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neering world.

hy? Why am I going to

all the trouble of writing

about “linear” and ana-

log circuits? Everybody
knows that linear circuits are dead.
Nobody’s buying or designing in lin-
ear circuits; they are all being re-
placed by digital signal processors.
Analog computers have been dead
for years. Why bother?

Well, these days, even though
there are trends to perform a lot of
functions with digital computations,
people are finding that there are still
a huge number of things that cannot
be done properly
without analog
circuits. It's true
that some of the
trendy new radios
claim to use a lot
of digital tech-
niques, but even
there, the receiv-
ers and amplifiers
are analog cir-

BOB PEASE cuits—even if the
OBTAINED A the receiver’s fre-
BSEEFROMMIT  quency appears to
IN1961 ANDIS.  be digitally con-
STAFF SCIENTIST  trolled.

AT NATIONAL When people
SEMICONDUC- are designing dig-
TOR CORP., ital computers,
SANTA CLARA, they need analog
CALIF. techniques to

make good lay-
outs for fast buses. They need power
supplies— either linear ICs or
switch-mode circuits (which use ana-
log circuits internally). And, as for us
analog designers, the old-timers and
the rookie engineers—well— this
column is intended as a soapbox for
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WHAT'S ALL THIS ANALOG
STUFF, ANYHOW?

This is the first of a series of columns about analog and “linear’
circuits written by Bob Pease, Staff Scientist at National Semicon-
ductor Corp, Santa Clara Calif: We think our readers will get a lot
out of Bob’s seemingly off-the-wall, yet insightful views of the engi-

)

me to talk about linear circuits, and

- then for me to listen to your opinions

and comments and questions.

I have a lot of opinions, but I'm
also very interested in what makes
you tick. I may not be the smartest
engineer in the whole analog jungle,
but I have sort of volunteered to
start writing this, and we’ll see what
happens—what interesting debates
we get into. I have a bunch of opin-
ions about ICs, data sheets, testing,
computer simulation, education,
troubleshooting, along with a whole
slew of little topics.

In every darned issue of Electron-
ic Design, I'll try to have some pro-
vocative or insightful topic. Some
will be pretty technical, others will
be more philosophical in nature. But
one thing’s for sure, I'll try not to
bore you. For example: What’s all
this heuristic stuff, anyhow?

HEURISTICS?

The other day I was talking with a
young college graduate from a pres-
tigious Eastern engineering school.
He explained that his specialty was
analog synthesis. I perked up my
ears—I hadn’t heard much about
that. Where could I read more about
this? “Oh,” he said, “in some of the
IEEE journals.” Hmm. He started to
explain the approach. It's a heuristic
approach, he said. Hmm. What’s a
heuristic? He said, “You don’t know
what a heuristic is? Really?”’ I ex-
plained no, that we didn’t have any
heuristics when I was in school.

(Note: Mr. Webster says that heu-
ristic means “serving to guide, dis-
cover, or reveal; specif.: valuable for
stimulating or conducting empirical

D ESTIGN

research but unproved or incapable
of proof—often used of arguments,
methods, or constructs that assume
or postulate what remains to be prov-
en or that leads a person to find out
for himself —from the Greek, heur-
iskein, todiscover, find.”’y—Gee, that
sounds like analysis or optimization
to me—not synthesis.

The young man explained that
when you make a lot of optimization
experiments, heuristic refers to the
starting place, the initial guess.
H’mm. He said, “You feed in some
requirements and some specifica-
tions, and it optimizes the perfor-
mance.” Hmm. Now, what circuit
does it use? “Oh, it uses the circuit
that you give it.” Hmm.

Tue KEY QUESTION

If you give it a circuit that doesn’t
work well enough, how does it gener-
ate a circuit that works better? “Oh,
it doesn’t.” I explained to this young
fellow, that in our whole product
line, about 99% of the circuits are not
optimized at all—at least not “opti-
mized” in the sense he understands.
If you really OPTIMIZED them,
they would all be a little different
than they are now. But each one has
a different circuit that is a revolu-
tionary—not just an evolutionary—
change from any previous circuit. So
there may be places in our company
where optimization is useful and a
good idea. -

But I wish he wouldn’t callit “ana-
log synthesis,” that seems to be a
misnomer. The circuits around our
area—the ones in the NSC Linear
data books (and, I bet, in the PMI and
Analog Devices data books, too),
were not “synthesized” except by
bright engineers who knew that the
old circuits wouldn’t cut it, and a new
circuit was needed. Good luck, young
fellow!

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.0. Box 58090

Santa Clara, CA 95052-8090
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WHAT'S ALL THIS NOISE
STUFF, ANYHOWS (PART I

ecently I was invited to a

meeting to see the results of

a new high-performance,

low-noise transistor project.
T looked at the technical report. The
new transistors were indeed quieter
than the old ones. In fact, they were 2
to 4 orders of magnitude quieter
than the conventional ones. I was
suspicious. What was the test meth-
0d? Oh, here is the test circuit (see
the figure).

Now, I asked, were the betas high
or low? I was told they were pretty
low, but they can be brought up lat-
er. I explained that when the betas
get low, if they’'re not very well
matched, the test circuit’s output can
peg—right up to the + or - rail
Then, of course, the apparent output
noise gets rather small. (Ohhhhh!)

When this cir-
cuit is running
okay, the current
noise is amplified
by a big resis-
tance: 1 MQ X
(N+1), where N is
the closed loop
gain, (Rg/R,). So,
the output will in-
clude: (I+ noise of

BOB PEASE Q;4) T+ (I- noise of
OBTAINED A Q;p) X 1000 MQ.
BSEEFROMMIT However, the off-
IN 1961 AND IS set current (I+) -
STAFF SCIENTIST (I-) will also be
AT NATIONAL magnified by 1000
SEMICONDUC- MQ. So even 9 nA
TOR CORP., of offset current
SANTA CLARA, will cause the op
CALIF. amp’s output to

try to go to +9 V.
If the power supply won’t let the out-
put get to a fair balance, the output
will peg. Naturally the output be-
comes very quiet—the circuit has
stopped amplifying the noise.

I also pointed out that ideally the
circuit could measure the base-cur-

rent noise of the transistor, or device
under test (DUT). But the layout of
the circuit is quite critical. Just 1 pF
of capacitance (Cg) from the output
to the base of @, will cause a lag in
the response: 1000 MQ X 1pF = 1ms,
so the noise will roll off above 160 Hz.
You can make a layout with less than
0.1 pF, but you have to think about it
and engineer it. _
When we checked the test box, it
was laid out very neatly: The output
wire was bused alongside the sum-

ming-point (base of Q) wire, and
the bandwidth was indeed less than
100 Hz. In a future column, I will talk
about what a picofarad looks like and
the harm it can do to you. So, even if
the output wasn’t pegged and you
looked for the noise at 1 or 10 kHz,
this test circuit would give an answer
that’s considerably quieter than the
theoretical minimum for the transis-
tor. Now here’s a good place for a
sanity check.

It’s not impossible to measure the
noise of a transistor’s base current,
but you must have a suitable circuit.
I wrote a paper back in 1968, and as I
look at it today, the only things that
changed are the names of the op
amps. You can’t buy any of those old
discrete-transistor, potted-module
op amps any more, but the testing
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approaches are just as valid. Maybe
I'll write an updated version. In this
case, the problem was that a 1-MQ
resistor and a noise gain of 100 or
1000 (provided by Ryand R,) wasn’ta
good idea. The stray capacitances
and the noise of the 1-MQ resistor
are detrimental to accuracy. It’s bet-
ter to use a real 100-MQ or 1000-MQ
resistor.

Infact, a 20-MQ or 5-MQ resistor is
justified because it will still give
plenty of signal-to-noise ratio, and a
lot moré bandwidth. More on how to
do this in the next issue.

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090 -
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What's All This Neatness Stuff, Anyhow?

"% October 25, 1990 12:00 AM
Electronic Design
Bob Pease

.

Once upon a time, there was a rapidly converging conflict: My boss thought my office was getting messier and messier,
and he wanted me to make it neater. Now, this was just a year or so after my desk had won a $500 prize for being the
"Ugliest Desk in Northern California." So I guess he thought he was justified in pressuring me to clean up my act. He
solved that problem by making it one of my goals to get my office to an acceptable (whatever that meant) level of
neatness. Well, we never found out what that meant. Every time he would ask me how I was coming on the neatness
campaign, I would tell him all of the other things T was doing to help our customers.

What if I came in on a Saturday with good intentions of neatening up some of my office, and the phone rang. Should I
tell the customer, "No, I won't help you, I have more important things to do"?

So every year he would mark me down points in my review for not fulfilling my goals. He finally got so discouraged that
he left the company. The poor guy. He just wasn't devious enough! He could have waited until the next earthquake and
told one of the guys to knock over a couple of my piles of papers. Then he could then explain that T had to get it at least
to a reasonable level of safety. But he never figured that out, and T didn't tell him until after he left.

Some people keep their desk neat because that's what feels good to them. I find that neatness is not a priority compared
to a number of other things, such as answering the phone when a guy needs help, or volunteering advice when a
customer has a problem. Some people find it easy to keep a neat desk because they throw out things that make it look
messy. I just don't operate that way.

One time T was working on a Saturday after being at National just a few months. My desk was already stack up pretty
high. Another guy was at his desk, which had just a few dozen things on it. He was picking them up, one by one,
studying them, and then throwing most of them in the wastebasket. I commented, "You sure do keep your desk neat."
He said, "Yeah, if I find something I don't need, I throw it out." I said, "Doesn't your wife ever get nervous?" He replied,
"Tt's my third wife ..." No, I don't operate that way.

One day, an engineer stepped gingerly into the entry way of my office and asked, "Bob, do you have a Siliconix catalog?'
I replied, "Sean ... you're standing on it." He looked down and, indeed, he was. He was impressed. But I knew right
where it was, because I had recently tossed it over by the doorway so I could then put it in the bookcase by the door.
Sean just happened to walk in before I put it in the bookcase.

More recently, I inherited a couple of filing cabinets and a huge 7 ft. x 3 ft. x 7 ft. cabinet from a Fairchild laboratory.
Our secretary explained that I would have to junk it unless I could find a use for it. I said, "Well, I could always put it in
my office." She looked at this huge ark and said, aghast, "No, you couldn't do that."

I thought about it. T got a yardstick, and I figured out that, with an inch to spare, I could do that. My technician and I
spent nearly all morning reassembling that cabinet and easing it into the corner of my office. I put about 1/3 of a millior
cubic inches of my paperwork into that, and into the other file cabinets, and improved the appearance of my office so
much that our senior secretary admitted that I qualified for an "Enviros Award." In the past, the various departments
would vie to achieve cleaner clean rooms and higher-yield fab lines by having better cleanliness. A whole department of
20 or 30 people would work real hard to cut down the number of particles in their area and win an Enviros Award. But -
got my Enviros Award single-handedly. I hate to guess how many particles I straightened up.

Right now, my office seems to be in the getting-messier-again phase. When I have to review a mask set, with precision
down to the last tenth of a micron, I get my head in the right mood to do that. And when I'm done, in sheer rebellion I
guess, I abandon the neatness for a while. T save what seems to me to be of value. Often that includes documents and
papers and notes that other people would think aren't very valuable - until they come to see me years later, hoping I
might have the information they need. Often I do. Go ahead, call me retentive. See if I care.

Now that the NBS has changed its name to the "NIST" or "National Institute of Standards and Technology," I have
figured out the next way to enhance the neatness of my office. I'm going to buy a big dresser with 6 big drawers and a
mirror and everything. I'm going to put it right at the entrance of my office, and put our ultra-precision resistors and
capacitors in those dresser drawers. And I'm going to call it "The National Bureau of Standards."

Comments invited! / RAP

Robert A. Pease / Engineer

RAP Update: This was the fourth column I wrote, the fourth to be published. And suddenly I began to get some Fan
Mail. A lot of people said they had desks that were pretty close behind mine in sheer messiness. My desk still is a
Federal Disaster Area. I tried to put a recent picture of my desk in this web page, but it isn't even recognizable as a desk.
Isit?
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WHAT'S ALL THIS GMRR
STUFF, ANYHOW?

ecently, many people have

asked me about how to test

op amps for common-mode

rejection ratio (CMRR),
which is defined as the delta of the
offset voltage (Vyg) versus the com-
mon-mode voltage (Vgy). The first
thing I tell them is how not to mea-
sure CMRR (Fig. 1). If you drive a
sine wave or triangle wave into point
A, it seems like the output error, as
seen by a floating scope, will be
(N+1) times (Voy divided by the
CMRR).

But that’s not quite true: you will
see (N+1) times (the CM error plus
‘the gain error). So, at moderate fre-
quencies where the gain is rolling off
and the CMRR is still high, you will
see mostly the gain error, and your
curve of CMRR vs. frequency will

look just as bad as
the Bode plot.
That’s because
with this circuit,
that’s just what
you will be seeing!
It turns out that
a few op-amp data
sheets still exist in
which the CMRR
curve is stated to

BOB PEASE

be the same as the

OBTAINED A Bode plot. The Na-
BSEEFROMMIT  tional LF400 and
IN 1961 AND IS LF401 are two ex-

' STAFF SCIENTIST ~ amples; next year
AT NATIONAL we will correct
SEMICONDUC- those curves to
TOR CORP., show that the
SANTA CLARA, common-mode re-
CALJF. jection ratio is ac-

tually much high-
er than the gain at 100 or 1000 Hz.
Ah, let’s avoid that floating scope.
We'll drive the sine wave generator
into the mid-point of the power sup-
ply, and ground the scope and
ground point A (Fig. 2). Then we’ll

get the true CMRR, because the out-
put won’t have to swing. Right?
Wrong! The circuit function hasn’t
changed at all; only the viewpoint of
the observer changed. The output
does have to swing, referred to any
power supply, so this still gives the
same wrong answer. You may say
that you asked for the CMRR as a
function of frequency—but the an-
swer is, in most cases, the curve of
gain vs. frequency.

What about, as an alternative, the
well-known scheme where an extra
servo amplifier closes the loop and
doesn’t require the op-amp output to
do any swinging (Fig. 3)? That’s
okay at de. So it’s adequate for de
testing with automatic test equip-
ment (ATE), for production test, and
for stepped dc levels.

Anditwill give the same answeras

my circuit (which I'll discuss a little
later) at all low frequencies up to
where it doesn’t give the same an-
swer. Now what frequency would
that be? Nobody knows! Because if
you have an op amp

worry about. I'll just avoid that by
using a circuit which gives very con-
sistent and predictable results.

When I ran an LF356 in the circuit
of figure 1, I got an error of 4 mV pk-
pk at 1 kHz—a big fat quadrature er-
ror, 90 degrees out of phase with the
output (Fig. 4, upper trace). If you
think that’s the CM error, you might
say the CMRR is as low as 5000 at 1
kHz, and falling rapidly as the fre-
quency increases. But the actual
CMRR is about 0.2 mV pk-pk (Fig. 4,
lower trace). As a result, the CMRR
isabout 100,000 at 1 kHz or any lower
frequency. In addition, the CM error
on this unit isn’t really linear. As you
get near -9 V, the error gets more
nonlinear (this is a -9-V to +12-V CM
range on a 12-V supply; I chose a
1-12-V supply so my function gener-
ator could overdrive the inputs).

As you can see, this business of
CMRR testing isn't trivial. Just how,
then, can we test for CMRR and get
the right results? Well, there’s a
darned fine circuit I invented myself
about 22 years ago (Fig. 5). It has
limitations, but it’s the best circuit
I've seen. Let’s choose R, =R,; = 1k,
R, =R, =10k, and R; =200k and R,
= a 500- single-turn carbon pot, or
its equivalent.

These values will permit us to set
up a more-or-less balanced bridge,
with a fine trim for de balance. In this

with low CMRR, [
the servo scheme | FuncTioN

will work accurate- | GENERATOR
ly up to one fre-
quency. And if you
have an op amp
with high CMRR,

e g

ouTPuT ERROR =
(Veror) x(n+1)

the servo scheme
will work accurate-
ly only up to a dif-
ferent frequency.
Also, the servo
amplifier adds so
much gain into the
loop that ringing,
overshoot, or mar-
ginal stability at
some mid frequen-
cies is inevitable.
That’s much too
horrible for me to

g
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sit down and com-
pute it, the noise
gain rises from 11
to 111. Namely, the
noise gain was (1 +
R,/R,), increasing
to (1 + Ry/Ry) plus
Ry + Rp)/Ryg- In
this example, that’s
an increase of 100.
So, you're now
looking at a change
of V,,, equal to 100
times the input er-
ror voltage, (and
that is Vy divided
by CMRR).

Of course, it’s un-
likely for this error

voltage to be a lin-

case, the noise gain is defined as (R;/
R, +1),orabout11. Let's puta +11-
volt sine wave into the signal input so
that the CM voltage is about 10
volts. The output error signal will be
about 11 times the error voltage plus
some function of the mismatch of all
those resistors.

Okay, first connect V,, to the
scope’s horizontal input, V, to the
vertical input, and operate the scope
in cross-plot (X-Y) mode. Trim pot R,
until the output error is very small,
or until the slope is nominally flat.
We don’t know if the CMRR error is
balanced out by the resistor error or
whatever, but it turns out we don’t
care. Just observe that the output er-
ror, as viewed on a cross-plot scope,
is quite small. Now connect in Ry, a
nice low value, such as 200 Q. If you

ear function of Vy, which is why I
recommend you look at it with a
scope in X-Y mode. Too many people
are inclined to make a pretend game
that CMRR is constant at all levels
and CM error is a linear function of
Ve So they just look at 2 points and
assume every other voltage has a lin-
ear error; and that’s just too silly.
Even if you want to use some ATE
you will want to look at this error in
atleast 3 places—maybe even at 4 or
5voltages.

Another good reason to use a
scope in the X-Y mode is so you can
use your eyeball to subtract out the
noise. You certainly can’t use an ac

voltmeter to detect the CMRR error. |

For example, with the waveform of
figure 4 (lower trace), the CM error is
fairly stated as 0.2 mV pk-pk, not 0.5

= nR
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meter might say if
you let it include
the noise).

Anyhow, if you
have a good ampli-
fier with a CMRR
of about 100 dB, the
CM error will be
about 200 uwV pk-pk.
When it's magni-
fied by 100, you can
easily see an output
error of 20 mV pk-
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pk. If you have a
really good unit
with CMRR of 120
or 140 dB, you’ll

want to clip in the Ry, such as 20 Q,
and then the delta (noise gain) will be
1000. The noise will be magnified by
1000, but so will the error, and you
can see what you need to see. Now, |
won’t get embroiled in the question:
Are you trying to see exactly how
good the CMRR really is, or just if
the CMRR is better than the data-
sheet value? In either case, this ap-
proach is the best way I have seen.

For use with ATE, you don’t have
to look with a scope; you can use a
step or trapezoidal wave and look
justatthe dclevels at the ends, or the
middle, or wherever you need. Note
that you needn’t trim that resistor
network all of the time, nor do you
have to trim it perfectly. Allyou have
to know is that when the noise gain
changes from a low value to a high
value, and the output error changes,
the change of the output error is of
interest—not really the pk-pk value
before or after, but the delta. You
don’t hawve to trim the resistor to get
the slope perfect, but that’s the easy
way for the guy working at his bench
to see and appreciate the changes.

This is a great circuit to fool
around with. When you get it run-
ning, you’ll want to test every op
amp in your area, because it gives
yousuchaneat hlgh -resolution view.
It gives you a good feel for what's
happening, rather than just hard,
cold, dumb numbers. For example, if
you see a 22-mV pk-pk output signal
that’s caused by a 22 uV error signal,
you know that the CMRR really is
way up near a million, which is much
more educational than a cold “119.2
dB” statement.

Besides, you learn rather quickly
that the display’s slope and curva-
ture are important. Not all amplifi-
ers with the same “119.2 dB” of
CMRR are actually the same. Some
have a positive slope, some may have
a negative slope, and some curve
madly, so that if you took a 2-point
measurement, the slope would
change wildly, depending on which
two points you choose (if you in-
crease the amplitude of the input sig-
nal, you can also see plainly where
severe distortion sets in—that’s the
extent of the common-mode range).

Limitations: If you set the noise
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Figure 4

gain as high as 100, then this circuit,
of course, willbe 3 dB down at (F¢pw)
divided by 100, so you would only use
this up to about 1 kHz on an ordinary
1-MHz op amp, and only up to 100 Hz
at a gain of 1000. That’s not too bad,
| really.

To look at CMRR above 1 kHz, you
might use Ry, = 2k to give good re-
{ sults up to 10 kHz. In other words,
you have to engineer this circuit a lit-
tle to know where it gives valid data.
You can't avoid the fact that think-
ing is required. Sorry about that.

For really fast work, I go to a high-
speed low-gain version where R, =
R,; =5k, Ry=R, =5k, and R,y =2k
or 1k or 0.5k. This works pretty well
up to 50 kHz or more, depending on
what gain-band-

decent bandwidth, but you should be
aware that you are probably measur-
ing the ac CMRR of your set-up, not
of the op amp. Actually, I was dis-
cussing this circuit with a colleague,
when I realized the best way to make
up this 20-Q resistor is to connect one
10-Q resistor to each input, and then
clip the other ends together with a
mini-gator clip up in the air. Bal-
anced strays, and all that.

~If you have an op amp with low
gain or low gm, you may want to add
in a buffer follower at a-b (Fig. 5,
again), so the amplifier does not gen-
erate a big error due to its low gain.
The LM6361 would need a buffer as
it only has a gain of 3000 with a load
of 10k, and its CMRR is a lot higher
than 3000. Altogether, I find this cir-
cuit has better resolution and gives
less trouble than any other circuit
for measuring CM error. And the
price is right: a few resistors and a
mini-gator clip.

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS: ,

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

width product your
amplifier has.

For best results
at ac, it’s important
to avoid stray ca-
pacitance of wires
or of a real switch
at the points where
you connect to Ry,
or Ry Usually I
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WHAT'S ALL THIS SPICEY
STUFF, ANYHOW? (PART I)

ecently, I was down in New
Orleans at one of the IEEE
conferences—the Interna-

tional Symposium on Cir-

cuits And Systems. The keynote
speaker, Professor Ron Rohrer from
Carnegie-Mellon University, com-
mented thoughtfully about many as-
pects of education for engineers. But
what he said that really stunned me
was his observation that “In the era
of Spice, nobody designs on the back
of envelopes any more”. Ouch! It is
becoming more and more true that
young (or lazy?) engineers can’t do
much designing without some com-
puters or high-powered calculators.
They really cannot design things
without a lot of assistance from com-
puters. Spice just happens to be one
of my pet peeves, and I will start
gnawing on its an-

kles today.
Now, I've al-
ways been a

friend of analo-
gies, analogues,
analogs, similes,
models, and meta-
phors. When 1
worked at George
A. Philbrick Re-

BOB PEASE searches, the com-
OBTAINED A pany’s motto
BSEEFROMMIT  was,“The analog
IN 1961 AND IS way is the model
STAFF SCIENTIST way.”” In those
AT NATIONAL days, we sold
SEMICONDUC- some analogue
TOR CORP., computers, even
SANTA CLARA, though that part
CALIF. of the business

was shrinking and
the popularity of the op amp was on
the rise. But we all tried to follow the
party line: that analog computation
was a serious business. And it still is,
although as a percentage of the elec-
tronies business, it has shrunk to a

ELECTTRUONTIC

tiny fraction.

Still, there are many times where a
little analog computation is exactly
the right thing, and someday I will
expound on that.... But, Spice (Simu-
lation Program with Integrated Cir-
cuit Emphasis) is a rather popular
and powerful tool these days, and al-
most everybody finds it useful to
some extent. I remember when my
old boss, Tim Isbell, showed me how
to use it—and then we spent half a
day horsing around because it said
we had 72-V forward voltage across
a diode, but there was no current
through the diode. I will emphasize
just a few of the basic problems with
Spice today. ‘

The main problem is that people
tend to trust its answers, as they
trust most computers, long after the
reason to trust it should have evapo-
rated. I have come very close to fist
fights and screaming contests when
a person claims that such-and-such
an answer is obviously right because
Spice gave it to him. Conversely, I
normally try to avoid working with
Spice unless I can first run a calibra-
tion program on it, so it gives me an
answer that makes sense—a sanity
check.

This is much like the old days of
the slide rule: You couldn’t use the
slide rule unless you already knew
approximately what the answer was.
It’s not like a calculator, where the
decimal place is provided on a plat-
ter. You have to provide your own
decimal place. In other words, you
are forced to be a pretty good engi-
neer before you even pick up your
slide rule, or your analog computer.
But people who use Spice are often
buffaloed or fooled by any absurd
kind of answer.

So, trusting your computer seems
to be one of the new trends that I
would like to see quashed. It's too

NOVEMBER 22, 1990

easy to find, weeks later, that the
computer told you a lie, because the
data you entered had a typo error or
a monumental goof.

Now, never let it be said that Pease
recommends you use analog comput-
ers or breadboards instead of Spice
because analog computers don’t
make errors. Spice lies, but analog
computers do not? Oh, please, don’t
say that: analog computers lie, too,
and so do breadboards. But I prefer
them because they often offer a
greater insight and understanding
as to what’s really going on. So if you
survive their problems, you are
smart enough to keep out of other
kinds of trouble. But that’s just a
bunch of philosophical stuff.

The thing that makes me nervous
about Spice is that it was largely de-
signed by a group of grad students
(Laurence Nagel and others at
Berkeley) back in 1973. Now, when
you find a problem, a discrepancy, a
glitch, a flaw, an error that seems to
be built into Spice, can you go back to
the people who designed it? Hardly.
There’s no continuity. There are
some people who claim to “support”
Spice, but I'm not usually impressed
with their statements.

My biggest gripe with Spice is its
lack of convergence. The ordinary
Spice 2G6 has all sorts of problems,
even if you don’t use FETs (we find
that FETs usually make the conver-
gence situation really unhappy). For
example, one time I had a moderate-
sized circuit with about 83 bipolar
transistors, and it didn’t converge
well. Then, all of a sudden, one day it
started to converge beautifully and
quickly.

I was so impressed, I backed up to
find the‘“scene of the crime.” I tried
to duplicate all of the changes I had
made since I last had problems.

It finally turned out that I had an
unused resistor and an unused ca-
pacitor each tied from one node to
ground. Nothing else was connected
to that point. They were originally
“commented out” by an asterisk.
But, at one point, I deleted the aster-
isk and the useless R and C were
dropped into the circuit—they just
happened to make the convergence a

D EsI G NEA
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lot better.

When I removed the R and C,
things got worse again. This lead me
to appreciate two things: that the
convergence is a-lot more fragile
than we suspect; and that we may be
able to randomly throw useless resis-
tors into a circuit, and sometimes
they may help to improve the conver-
gence.

In other words, if you have a cir-
cuit that shows bad convergence, the
computer might have a subroutine to
randomly sprinkle a few resistors
into the circuit and see if that helps—
akind of “autoconverge” scheme. At
present, we're still working on this,
and it may be a useful approach. But,.
this concept isn’t foo surprising if
you’ve ever heard that the conver-

| gence of a circuit may be improved or

degraded depending on the names
and numbers you call the nodes of
the circuit.

If you swap a couple nodes’ num-
bers, and things get better (or
worse), doesn’t that make you ner-
vous? Or at least suspicious?

Some people claim that dynamie
ramping up of the power supplies
can help improve the convergence.
Maybe. I agree, it’s worth a try, but I
recall a lot of circuits where even
ramping didn’t work. Another seri-
ous problem I had with Spice was
when I ran some simple transient
tests—triangle waves—on the col-
lector of a transistor. I ramped the

V¢ up and down from 5 Vto 15V,

back and forth, and ran several tests.
Then I added some complicating fac-
tors, and wanted to look at the circuit
for the first 202 us of a 10-kHz trian-
gle wave.

Namely, after the first two cycles
of the triangle wave, I decided to
look at the collector current (i = C x
dv/dt) of the transistor at t = 201 ps.
I got my answer printed and plotted,
and it didn’t make any sense. I stud-
ied the whole circuit, and I used ev-
ery troubleshooting technique I
could think of, and it didn’t make any
sense. The current through the 1 pF
of Cpcwasnot 0.2 pA, but 5uA. How
could that be?

After several hours, I finally de-
cided to look at the incoming wave-
form (which I knew would be a waste
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of time because I knew very well
what I had told it to do.... I had com-
manded it to go back and forth from
5V to 15V, at the rate of 50 ps per
each ramp). But when I looked att =
201 s, the dv/dt had suddenly in-
creased from 0.2 V/us to 5 V/us. It
turned out that because I had com-
manded the Plot mode to stop at 202
us, the transient generator had de-
cided to go from 15 V to 5 V—not in
the time from 200 to 250 us, butin the
span from 200 to 202 ps. The dv/dt
sped up by a factor of 25, without be-
ing asked to, for a completely unex-
pected reason.

Nothing I had ever seen about
Spice, nothing my friends had ever
heard, would lead you to expect this.
In fact, Spice sort of encourages you
to look at the waveforms any time
you want—it offers a sort of “infi-
nitely versatile, expanded-scale os-
cilloscope,” and if it has a dv/dt that
suddenly changes, well that’s quite a
surprise.

So, I immediately wrote an open
message to all of my friends at Na-
tional, warning them about this po-
tential problem; and now I'm writing
about this to warn all of my friends
everywhere. These are just some of
the reasons I'm not enthusiastic
about Spice. It's goofed me up, me
and my friends, too many times.

My boss points out, it's not neces-
sarily true that all kinds of Spice
have such bad problems with conver-
gence or bad computations or spuri-
ous signals. And that may be so. If
somebody who knows all about dif-
ferent Spice products wants to write
in and assure our readers that Ais
Spice will never do that, well, that’s
fine by me. But, meanwhile, just re-
member—I don’t hate these digital
computers. They hate me; I despise
them. Stay tuned for the next col-
umn, because I’'m not finished with
Spice yet.

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

DESTIGN




PEASE
PORRIDGE

WHAT'S ALL THIS SPICEY

he other day I was standing

out in the rain, talking with a

design engineer from the

East Coast. He said all of the
other engineers at his company ridi-
cule him because they rely on Spice,
and he depends on the breadboards
he builds. There’s just one hitch: his
circuits work the first time and their
circuits don’t.

To add insult to injury, his boss
forces him to help his colleagues get
their circuits working, since he has
so much time left over. I said that
sounds pretty good to me, so long as
his boss remembers who is able to
get out the circuits when it comes to
doing reviews for all of the guys.

This guy gave me a tip: Don’t de-
sign a circuit in Spice with 50- resis-
tors. Use 50.1 Q, it converges better.
Hmmmm. That
sounds kind of in-
triguing.

Right now I'm
struggling with a
Spice model of a
circuit. Not of a
new circuit, but of
an old circuit: the
bandgap refer-
ence of the old

BOB PEASE LM331 that I put
OBTAINED A into production
BSEEFROMMIT  back in "77. It's a
IN 1961 AND IS good thing I put it
STAFF SCIENTIST into production
AT NATIONAL before we got
SEMICONDUC- Spice, because if 1
TOR CORP., had first run this
SANTA CLARA, through Spice, I'd
CALIF. have been pretty

- discouraged.
Spice says this circuit not only has a
rotten tempco, but that it oscillates
like a politician.
I went back and double-checked
the actual silicon circuits. They soar
like an angel, have very low tempco,
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and are dead-beat when you bang on
them. They have no tendency to oscil-
late; they don’t even ring. So why
does Spice persist in lying to me?
Doesn’titrealize I will break its back
for the impertinence of lying to the
Czar of Bandgaps? I'm a little busy
right now, but in a while I will find
out why it lies to me. The Spice and
CAD experts around here tell me,
“Oh, you must have bad models.”
I've been told that before, when I
was right and the experts were abso-
lutely wrong (I mean, how can a sin-
gle FET oscillate at 400 kHz?? With
the help of 2 resistors...). More on
this topic later.

I've already gotten several letters
from readers expressing general in-
terest and enthusiasm concerning
this column about linear circuits. Al-
ready a couple writers have asked,
“How about all of these new models
for op amps? Won't they lead linear
designers in a new direction?” My re-
plies to them start out by covering a
couple examples of old op-amp ma-
cromodels that have raised ques-
tions for over a dozen years.

A guy calls up and asks me, “What
is the maximum dc voltage gain on
an LM108?” I reply, “well, it’s 40,000
min., but a lot of them run 300,000 or
500,000, and some of them are as

‘high as 8 or 4 million.” The customer

sighs, “Oh, that’s terrible....” When I
ask why it’s terrible, he explains that
when the gain gets high, the gain-
bandwidth (GBW) product will get so
high that it will be impossible to
make a stable loop if the GBW prod-
uct gets up to dozens or hundreds of
megahertz.

Sigh. I sit down and explain that
there’s no correlation between the de
gain and its spread when compared
to the GBW product and its spread.
The guy says, “Oh, I read in a book
somewhere that there’s good corre-
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lation, because the first pole is con-
stant.” I tell him to throw out the
book, or at least X out those pages,
because the first pole is not at a con-
stant frequency.

These days, I read that several op-
amp companies are giving away free
Spice models. What do I think of
these models?

Well, on a typical basis, I have
read that some are pretty good. In
several typical situations, they slew
and settle (and ring just a little, as
real op amps do) and have as good
accuracy as a real typical op amp
and its feedback resistors. Maybe in
a few years, models of slow op amps
will be trustworthy. But I don’t think
you can get very good results from
modeling the fast ones. Why? Pe-
board layout strays. Enough said.

And besides, how good are those
models if you ask their makers? Are
the models guaranteed to give such a
good representation of reality that if
Spice gives good results, the op amps

are guaranteed to work? Well...no,

not exactly. In fact, from what I've
read, none of the op-amp models are
guaranteed for anything. The only
thing they can do “guaranteeably” is
give a customer something when he
begs for Spice models. It's guaran-
teed to make the customer go away
happy and to keep him busy for a
while. But it's not guaranteed to
make him happy in the long run. This
is because the performance of high-
speed op amps and precision circuits
depends so critically on the layout
and on the resistors and capacitors,
making the model itself almost irrel-
evant.

Now some people might say,
“How does Pease dare to say that?”
It’s easy. I haven’t got any Spice
models of my op amps to give away.
Not at this time. And if I did, or when
I do, I won’t be able to guarantee
them either. At best,  may be able to
say, “If you are a good engineer and
use these models as a tool to pioneer
some experiments that are inconve-
nient to test on the breadboard, you
may find these models are helpful.
But you had better check things out
with a breadboard to confirm the cir-
cuit. For example, you can use Spice
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to ‘measure’ some voltages or cur-
rents that are so small and delicate
that you really could not measure
them with a scope, a buffered probe,
or current probe—not in the real
world. But, if you try to rely solely
on these models, without bread-
boarding, they won’t tell you the
whole story. Your crutches will col-

lapse, sooner or later, and you can’t |

say I didn’t warn you.”

I showed this column to Bettina
Briz in amplifier marketing, and she
said, “Bob, you can’t say that.” 1
said, “Oh, tell me where I have said
anything thatis untrue, and I will fix
it.” She admitted that what I had said
probably was...quite true. Then I
said, “Well, why try to soft-pedal the
truth, and pretend that you can trust
computers all of the time? Wouldn’t
that be a disservice to our custom-
ers?” And Bettina replied, “When we
have models, we’ll have to try to edu-
cate our users. We’ll point out when
you can trust the models, and when
you shouldn’t. So, after that, are we
in disagreement?” Well, maybe we
did agree after all.

Atpresent, we have a small library
of op-amp models released with
Analogy, Beaverton, Ore. They're
only level I models, (low precision),
and while we have made some pro-
gress on good-precision ones (level
IT), they’re not released yet. These
‘are “behavioral models” rather than
Spice models, and we think they have
several advantages over Spice mod-
els. There are some min/typ/max
specifications that pretty much cor-
respond to data sheet limits. If you
use them wisely, they may be help-
ful—subject to the conditions I listed
in the previous paragraph.

These models aren’t free, though.
They’re not even cheap. But

-you get in trouble.

I will also guarantee that
just because you made one bread-
board, and it works well, you can’t
put that circuit into production and
get 1000 units in a row to work well.
Unless, of course, you're a smart en-
gineer and design the circuit “prop-
erly” and do your worst-case design
studies, and plan for well-behaved
frequency response, and so on. And 1
think that’s true no matter where
you buy your op amps. What’s new?
What color is the king’s new under-
wear? Dirty gray, same as every-
body else’s.

I think there are a number of Elec-
tronic Design’s readers out there
who will want to comment on this
topic. You may be dubious or skepti-
cal of Spice models. You may be dubi-
ous or skeptical about my views.
Your comments are invited. You
may have experience with Spice or
other macromodels. Good? Bad?
You tell me, and I’ll pass along your
comments to the editors (we may
have to allot a little extra space for
the Letters-to-the-Editors column
for a while). The guys who believe in
Spice macromodels, whether they’re
somebody that buys or sells op amps,
well, they’re also invited to write in.
promise to faithfully pass all of the
letters along (with appropriate com-
ments on the side). But I

we think they’re worth what Why try to think you can already tell
you pay for them. Still, none soft-pedal how skeptical I am.
of these models are guaran- the truth I was at an evening ses-
teed. sion atthe IEEE Bipolar Cir-
Now, seriously, where and pretend cuits and Technology Meet-
can you get a model of a you can frust ing in Minneapolis recently.
transistor that’s guaran- COITIpUtBI'S Several companies that sell
| teed? And to run under all CAD tools had done some
conditions? I don’t think you all the serious work to analyze the
can beg or steal or borrow or time? circuit for a 12-bit a-d con-

buy a model of a transistor
that’s guaranteed. Or of a
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capacitor. The same holds | don’t Even the ones that had
true for a resistor. . only a little time to put in

But I can guarantee that . think you showed that macromodels
every op amp you can buy or can beg were feasible and effective
make has some characteris- or steal or as a way to do good analysis
tics that can’t be absolutely while saving computing
modelled by any computer borrow a time. That was the primary
model. If you happen to de- transistor objective of the study. But
_pend on that feature, or the model that's  ©ve" the ones that putin the
absence of that feature, it’s most time at analysis didn’t
only a matter of time before guaranteed. recognize (or didn’t com-

ment about) that the noise
of the reference and the
comparator were rather large, and
you could not achieve 12-bit resolu-
tion without slowing down the re-
sponse a lot more than you would
have to do. otherwise (for a circuit
where you didn’t have to consider the
effects of noise).

- If a good designer of ADCs had
these tools, and he knew where to
look for noise, or where to insert lead
inductance or extra substrate capaci-
tances, he might use some of these

| CAD tools to help him design a better

ADC. Butif hejustbelieved what the
computer told him, he would proba-
bly be badly fooled.

Once, a customer called me up and
asked me how to get my LM108s to
stop oscillating in his circuit. He ex-
plained it was a simulated LM108
with some simulated feedback resis-
tors, and simulated switches and fil-
ters. Hmmmm. I asked if he had
made up a breadboard, and if it oscil-
lated. He said he had made it and it
didn’t oscillate. Hmmmm. I asked
him, “If you built up a breadboard
and a computer model, and the real
breadboard oscillated, but the com-
puter did not, you wouldn’t be calling
up to complain, would you?” He
stopped and thought about it. He
cogitated for a while. He said “I’ll
call you back.” And he hung up. He
never did call back. I mean, what
would you do?

All for now. / Comments invited!
(Now there’s an understatement.) /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090-

Santa Clara, CA 95052-8090
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WHAT'S ALL THIS SPLICING
STUFF, ANYHOW?

everal months ago, a reader

wrote in to one of the local

newspapers, “If 1 want to

move my speakers a few feet
further from my amplifiers, can I
splice in a few more feet of speaker
cable, or should I buy all new cable?
My brother-in-law claims that splic-
ing would hamper the sound.” The
resident expert at the paper stated
that the brother-in-law was wise, as
the spliced wire would give inferior
audio results.

I promptly wrote in to the resident
expert, asking him on what basis he
could say this. Was he claiming that
he could hear the difference? I de-
manded that he show us readers how
the spliced wire could possibly make
any difference. I challenged him to
listen to any mu-
sic, under any au-
dio conditions,
and I would swap
in various pieces
of speaker wire
(enclosed in box-
es, on a double-
blind basis) that
hadOorlor2or6
or12splices. How,
short of clairvoy-

gg;;;gg i ance, could he tell
BsEEFROMMIT  Which wire had
IN1961 ANDIs  the splices, using
sTaFFsciEnTisT Ordinary audio-
AT NATIONAL frequency sig-
sEMICONDUC.  Dals? Of course, if
TOR CORP., yo:il used ari ;m—

pedance analyzer
A ARA T ith a bandwidth

of several giga-
hertz, you could
“see” some of the splices. But, for
good high-fidelity audio, there’s no
way you could discern this, especial-
ly as a splice may make the wire’s
impedance lower or higher or un-
changed.

72 B3

compelled to comment and raise
doubts. There are some experi-
ments that even I can propose and
that I could conduct, that would be
decisive, if the “expert” did not duck
the challenge.

Now, there are many persons who
have golden ears and will claim that
they can easily distinguish between

e bt Wb N How shortof 907 bttt
er wrote back. So, I sent Clair VOyance, However, when these per-
my criticism fco’ one of the could he tell sons are invited to a dou-
et BASIS e Bhy  Whichwire Lt e ey b
Area Skeptics Information had the demur. Some people like to
et e i gy, SPOESUSING ol thie the the shumes
and in their newsletter, ordmary this to the tendency of
they printed my complaint, audio- cockroaches to scuttle into
X berson dlim to ik 1o Trequeney e med o,
thg dead, or summon spir- signals? I was only slightly con-

its, or show extrasensory
perception, then we must
apply some skepticism so as not to
encourage gullible persons to invest
their money in these hoaxes.

But if a person who is endorsed as
the “high-fidelity expert” says that
you can hear the difference between
spliced and unspliced wires, then we,
as technical people, have an obliga-
tion to express our doubts and our
skepticism. Why should a hi-fi sales-
man be able to sell a bright-eyed yup-
pie a $50 hank of speaker wire, (or
$100 or $200 or $400 or more, which is
where the really high-end speaker
wire is priced these days—believe it
or not) just because an “expert” says

it’s better to buy new wires rather .

than splice on a few extra feet? Obvi-
ously, ethics in technical electronics
and science is involved here.

Many hi-fi experts, with their
“golden ears,” claim that they can
hear differences in sophisticated
speakers, expensive amplifiers, or
justfancy wires, that I can’t possibly
discern or detect. It might take many
thousands of dollars to just buy the
equipment and duplicate the experi-
ment. And, their ears might be cor-
rect—much more discerning than
mine, more than I could imagine.
But, when the “expert” talks about
wire and splices, then I find myself
LECTZRUONTIC
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cerned about how to con-
duct the test, because to do
a fair test, you might have to change
back and forth from, say, speaker
wire # 1tospeaker wire #2or #6.If
you do that with screwdrivers and
pliers, it might take a long time to
make the changes; a critical listen-
er’s judgment might be affected by
long delays, and it would be unfair to
ask for good judgment under those
conditions. But if I proposed to use a
number of selector switches, the
man with the “golden ears” might
argue that the switch’s impedance
would be worse than the splices, so a
switch would be suspect! No, you
can’t use switches when you want to
do an A-B comparison!

But in the last few weeks, the hi-fi
review column of this “expert” was

. discussing how he compares differ-

ent speakers: He said to change from |
one set of speakers to another, he
uses switches! I just hope the switch-
es don’t cloud his judgment, as if
they were (God forbid) splices.

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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WHAT'S ALL THIS TESTING
STUFF, ANYHOW?

he other day, Graham Bas-

kerville, my boss’ boss, and I

gotinto a screaming contest.

But we weren’t in disagree-
ment. We were in complete agree-
ment that there was a problem, and
we were thinking of examples to il-
lustrate the problem.

One of the first examples was
“The Noise Test.” Many years ago,
in a quarterly report, a manager
glowingly explained that on the mod-
el XYZ, the yield loss due to noise had
been cut to a trivially negligible level
for the last quarter. Graham said
that he inquired politely how this
was accomplished. After a little in-
vestigation, he found that the
“yield” was excellent because the
test circuit was broken. To restore

sanity, he made
' sure that the noise
test now had a
lower limit, so if
the tester was
broken, nothing
would pass, and
the tester would
have to be re-
paired. Now, that
was many years
ago, but the gen-

BOB PEASE eral problem of
OBTAINED A ensuring  that
BSEEFROMMIT  your tester makes
IN 1961 AND IS sense never goes
STAFF SCIENTIST away completely.
AT NATIONAL I  countered
SEMICONDUC- with the story of
TOR CORP., the reference cir-
SANTA CLARA, cuit that had a
CALIF. yield problem.

The marketing
manager wanted to take a big con-
tract for 1% trimmed parts, but the
yield wasn’t very good for parts with
a 1% tolerance. I got some data from
the product engineer and studied it.
That’s strange—the yield for 1%

JANUARY 10,1991

parts was okay before ’mmmmg the
output.

The problem turned out to be a
false algorithm. (What s an algo-
rithm? Isn’t it just a logarithm that
got twisted around? When I was a
kid, we had lots of logarithms, and I
think it’s kind of suspicious that you
don’t see them any more....) And
when we went back and corrected
the trim scheme, the yield was, of
course, quite adequate.

I guess the moral of the story is
that there are plenty of things that
we shouldn’t trust blindly. I tell the
test engineers that I'm going to
check to see that things make sense
when we’re all done. And they had
darned well better check on me, be-
cause nobody is immune from screw-
ups. Certainly not me.

Specifically, when you create a
test, you have to make sure that the
results make sense. If the answer is
zero, and that doesn’t make any
sense, then you should probably seta
minimum limit. What if a part nor-
mally has a power drain of 2mA, and
3.0 mA maximum? Whatif yousawa
batch of parts with less than 1/2-mA
current drain? Wouldn’t you tend to
get suspicious?

What if we assumed the slew rate
could be guaranteed by correlation
with the power-supply current but
there was no minimum limit on the
test for current drain? A sanity
check is in order! Some other time,
we can think about other interesting
cases that deal with “minimum lim-
its.”

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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WHAT'S ALL THIS
RZAMBLE STUFF, ANYHOW?

ometimes I go on hikes with

my sons and my wife. Some-

times I go on hikes without

them; sometimes they go on
hikes without me. Here in Northern
California, just in the San Francisco
Bay area, there are many dozens of
parks, and many hundreds of miles
of trails in these parks.

Sometimes my wife leads a hike
for the local chapter of the Sierra
Club. Sometimes my son Benjamin
(age 25, he has a full Red Cross cer-
tificate and I don’t, so I am not eligi-
ble to lead hikes) leads the same hike.
I have been on some of their hikes.
What they amount to is a Ramble.
Or, as I mistyped the other day, a
Rzamble, which is a word that
sounds pretty good to me.

The main point
is, that when you
go on a hike with
my wife, you will
probably have a
pleasant ramble.
If you go on the
same hike led by
my son, you will
have a pleasant
ramble, but it will
be a different

BOB PEASE ramble. If you join
OBTAINED A me on these hikes
BSEEFROMMIT  through the world
IN 1961 AND IS of analog ideas,
STAFF SCIENTIST  that will be a dif
AT NATTONAL ferent Rzamble,
SEMICONDUC- and I hope you
TOR CORP,, find it enjoyable. I
SANTA CLARA, read several daily
CALIF. columns in the

4 San  Francisco
Chronicle—columns by Herb Caen,
who has been writing daily columns
more than 50 years. I don’t know how
he can do that! I also read columns by
Jonathan Carroll, who is a little bit
meshugineh (alittle crazy) and quite

ELEC CTRONTICEC

amusing. Art Hoppe is another. I
have big thick envelopes full of col-
umns by Stanton Delaplane and
Charles McCabe who wrote for the
Chronicle for many years, but they
died a few years ago. I must say, I
have always been impressed with
people who can assemble a few hun-
dred words, everyday (or, every
weekday). This column I'm writing is
every 14th day, and I must admit,
that ratio of 14:1 or 10:1 is a huge dif-
ference. I maintain an awesome re-
spect for people who can put out a
column every day.

When I took on this project, I knew
immediately that if I had to meet a
deadline, I would be in deep trouble.
So, I would have to write a whole
bunch of columns, and get way
ahead of the game. Fortunately, I
have had a little help from my
friends, and I think I'm ahead of
schedule—thanks to Frank Good
enough, ELECTRONIC DESIGN’s editor
in Boston. I have been encouraged
and am making good progress at
keeping ahead. I'm sure if I start to
fall behind, Frank will chew on my
ankles and get me straightened out.

How can I crank out all these
words? Well, it helps to have a decent
word-processing machine to write
on. Why am I typing this on an IBM-
compatible Personal Computer
(made by Compaq)? Well, I own an
old Coleco ADAM word-processor at
home and it works perfectly ade-
quately for writing memos and let-
ters. But, it’s not set up to transmit
text encoded in ASCII, neither by
modem nor by floppy, to Frank
Goodenough in Boston or to the edi-
tors back in New Jersey. So I have
this IBM-compatible machine, with
processing by PC-Write-Lite* from
Quicksoft, which works pretty well.

And while I'm a great fan of ana-
log computers, I must say they’re

D ESIG
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not terribly successful at saving and
storing and transmitting text. I once
set up a pair of voltage-to-frequency
converters to put the X-Y coordi-
nates of some letters and words onto
a stereo cassette recorder. It did
work. [ was able to store the words.
But the resolution was marginal, the
throughput rate was awful, and the
amount of tape to store 100 words
would be absurd.

And when we played it back, using
a brace of frequency-to-voltage con-
verters and a pen-plotter, the words
and letters were shaky due to the jit-
ter and wobble and wow of the time-
base of even the best (analog) audio
tape recorder. So, I'm not going to
even try to use an analog-computer
word processor—even though it’s
not absolutely impossible. I'll use
one of these new-fangled digital
word-processors (which is not yet as
user-friendly as my old ADAM) and
plunk down my words. It works, and
I don’t gripe much about things that
work.

What I really want is a word pro- -
cessor like that new Super Food Pro-
cessor: You can feed in a 2 X 4, and
the processor will grind it up into
sawdust. Then you can put the saw-
dust into its hopper, and it will ex-
trude them out into a rigid 2 X 4.

I just want to be able to do that
with words, too!!

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

*PC-Write-Lite, available for $79
from Quicksoft Inc., 219 First Ave. N
#224, Seattle, WA 98109—a very
reasonable price, and a plausible,
darned-nearly user-friendly piece of
software. [ recommend.

p.8. —Herb Caen just announced
in June that—after 52 years in the
game,—he’s going to cut back from
6 columns to 5 columns per week.
That’s still a huge number of words
per week. But, no more “Sunday
columns’ from Herb Caen.
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WHAT'S ALL THIS TEFLON
STUFF, ANYHOW?

nce upon a time, a long time

ago, a friend of mine, Arnie

Liberman, designed a really

good operational amplifier
with a very low bias current—less
than 0.1 pA. Now, when you want to
measure and test a current as small
as that, you don’t just measure the I
X R drop across a resistor, because
even with a 100,000-MQ resistor, it’s
hard to get resolution or accuracy.
(0.1 picoamperes X 100 kMQ = just
10 mV). So Arnie set up a test with an
integrator. If this amplifier had an
output drift rate (or ramp rate) of 5
mV/s with a feedback capacitor of 10
pF, that would prove that the ampli-
fier’s input current was 5 milli X 10
pico, or 50 femtoamperes.

But you can’t just run an integra-
tor without reset-
ting it occasional-
ly. And Arnie
knew you could
not easily find a
relay that would
short out the feed-
back capacitor
without introduc-
ing lots of leakage
and a bad jump

BOB PEASE

when you turned
OBTAINED A off the drive to the
BSEEFROMMIT  relay’s coil. So he
IN 1961 AND IS made up a ‘“relay”
STAFF SCIENTIST by applying a le-
AT NATIONAL ver to a long push-
SEMICONDUC- rod which reached
TOR CORP., into the sealed box
SANTA CLARA, where the test
CALIF. was going on. The

push-rod would
close the contacts and short out the
capacitor. Then when you backed off
on the push-rod, the integrator
would integrate the current, and all
you have to do is measure the out-
put’s dV/dt to tell if the input cur-
rent was within spec. And this
worked fine, even at the level of

ELETCTR

small femtoamperes.

It worked fine in 1971...it worked
okay in 1972...it worked in 1973. But
after you started the test, you had to
wait many seconds for the output
dV/dt to stabilize to the point where
you could get the right answer. Lat-
er, in 1973, you had to wait almost a
minute to get the right answer.

In 1974, when you had to wait 3 or4
minutes to get any valid reading,
somebody in Production Test finally
complained to Arnie that you
couldn’t get very many units tested
in a day. So Arnie went to trouble-
shoot the test fixture. And he was
puzzled for a while. What could
cause such an erroneous reading?
Soon, he realized that the push-rod
was the culprit. If you pushed it back
and forth, just a tiny bit, the integra-
tor went berserk. But how could that
be? The push-rod was made of Tef-
lon. And it slid in Teflon bushings.
How could there be a big error
caused by the push-rod?

But as it turned out, that was in-
deed exactly the problem. When the
push-rod slid in its bushing, it gener-
ated thousands and thousands of
volts of static electricity. Now, on
most ordinary insulators, those
charges would drain off shortly. But
because Teflon is such a good insula-
tor, the charges would bleed off over
a long, long time (through the air).
Some of this charge would go into
the summing point of the amplifier—
for many seconds.

As the Teflon got drier with time,
the time constant got longer and
longer until he had to fix it. Arnie re-
placed the Teflon push-rod and Tef-
lon bushing with a grounded metal
push-rod, in a grounded bushing,
with just a tiny sliver of Teflon insu-
lator on the end that pushed against
the switch contacts. The problem
was banished. It just goes to show
that if you have the best materials,
0 NTIC D ESTIG
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and the finest concept, and you mis-
apply things just a little, you can get
some terrible results.

Recently, I was testing some of
my operational amplifiers,
LPC662’s, with MOSFET inputs. The
bias current was consistently down
in the 2- or 3-fA area. It was so small
that it really was hard to measure. I
had a 10-pF integrator running, simi-
lar to Arnie’s, but I was trying to get
20 times greater resolution. The res-
olution was marginal, as there were
some jumps in the signal. The signal
had long tails and additional errors if
you tested a good amplifier after a
bad one had pegged. And the switch-
es didn’t always give zero error on a
damp day. So I wrote down a list of
the fixes I needed, and I set my new
technician Paul to work on them.

Paul made some imaginative and
bold improvements. I had suggested
that he should plot the ramp on a
strip-chart recorder. Paul set up a
digitizing scope and programmed it
to spit out the answer scaled directly
in femtoamperes.

I asked Paul to set up a simple cir-
cuit to drive a 6-V reed relay so there
wouldn’t be much charge coupled
into the circuit from the voltage that
drives the coil. Paul set up a clever
adaptive circuit to take advantage of
the small difference between the re-
lay’s pull-in and drop-out current, so
that he fed the coil 2.6 V all of the
time. You only had to hit the coil with
a small pulse of voltage, positive or
negative, to close or open the con-
tacts, respectively.

I cautioned him that if the wires
wiggle, they can couple a lot of
charge and noise into the input. Paul
strung the whole circuit up on rub-
ber bands, as a shock mount, so that
people walking on the floor nearby
would not ruin the measurement.

Also, I cautioned him that we
would soon need a good, low-leakage
socket, guarded with Teflon insula-
tion. Again, Paul gave me better
than I asked for, with a big slab of
Teflon for all of the components to be
mounted on or above.

I explained to Paul that the slow
recovery from overload was caused
by the silver-mica feedback capaci-
N
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tor which had poor dielectric absorp-
tion. I gave him a capacitor that I had
made—filled with air—about 0.5-in.-
by-2 in.-by-4-in. of air, to make a 5-pF
capacitor. It had copper plates and
guarded copper side-frames.

Now, first of all, why am I telling
you all of these details? If I design a
tester with greatly improved perfor-
mance to help me test a really high-
performance product, why should I
tell all our competitors so that any-
body in the world can test their prod-
ucts using the improved tester? Why
should I give away all of these hard-
earned secrets?

Here’s a preliminary answer: It's
probably true that some competitors
might learn how to test bet-
ter and faster if I give them
my techniques. But my cus-
tomers will also learn fast-
er. There are more of them,
and it’s more important to
teach them, because they’re
still trying to come up the
learning curve. There’s not
much point in keeping se-

minute or two? He replied, “The out-
put is off-scale and doesn’t even
come on-scale for 2 minutes.” That
didn’t seem right. It wasn’t until 3
days later that I slapped myself on
the forehead at 6 A.M.—it was the
Teflon factor. Paul had added lots of
Teflon around the circuit, and the
charge stored on its surface was the
major cause of the long tails. When I
got to work, I asked Paul to cover up
as much of the Teflon as he could
with aluminum foil—and ground it.
He said the settling got a lot better.
So he then removed all of the Teflon,
and the slow settling went away.
Just like Arnie’s problem and Ar-
nie’s solution, 16 years earlier!

Keithley data sheets—and some
notes in Jiri Dostal’s book™ about
cosmic rays and charge.

Dostal observed that when a cos-
mic ray or alpha particle or other en-
ergetic subatomic particle passes
through matter, it often causes a dis-
charge of electrons. If there’s a sen-
sitive detector nearby, some charge
may come through the air and cause
several thousand electrons to arrive
at the detector.

Not just one electron, but several
thousand—hey, that was the size of
the jumps we were seeing—>5 pf X 10
mV is about 50 femtocoulombs,
equal to 300,000 electrons. So we re-
searched a little more and realized

that if we made a smaller

crets about testing if our
customers are kept in the
dark. It’s just not fair to
make your customers guess
what is a good way to test
your products.

Note that that is not the
same as telling the custom-
er exactly how we testit(we /

-~ BuT BE WARE
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have testers, big expensive
Teradyne setups, with monstrous in-
terface boxes and complex software,
and it would be much too complicated
to tell everybody exactly how we run
each test). But we do feel obligated
to give any customer a good, valid
test circuit that gives the same data
as our production tests.

Okay. Paul set up this fixture. But
there were a few little problems. For
one, the output ramp would occasion-
ally give a jump at random times.
This jumping seemed worse than
previously. Also, I asked Paul to test
a whole group of parts, and he said,
well, it would take longer than one
day to test those parts.

OH?? I knew Paul could test those
parts in less than a day—unless
there was something wrong. I asked,
well, why can’t you test a part in a

ELETCTTRUONTIGC

The next problem was with those
darn jumps. Now, we could program
the tester, not just to test the ramp
for 60 seconds, but to test for six 10-
second segments. If the answer was
the same for 3 or 4 of the segments,
then that is probably valid data and
we should just ignore segments
where the data had a big JUMP. Yes,
we could do that. But, where did
these jump errors come in?

The jumps were only 10 mV or so,
always in the same direction, and at
random times. Older fixtures did not
have as many jumps. Why? The an-
swer seemed to be related to that
nice big feedback capacitor I had
made. The circuit did have fast set-
tling—not such a long tail as the old-
er silver-mica feedback caps. But
Paul spotted some literature—some
D ESTIG
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{ volume of air adjacent to the
delicate summing point of
the amplifier under test, we
should be able to cut down
on the rep rate of these little
jumps. So we’re now prepar-
ing two feedback capaci-
tors. We're not sure which
one we will use, but they
should both work quite well.

One has an air dielectric,
but it’s only 1 in. by 1.2 in.
with 0.080-in. spacing be-
tween the plates. It will
have less than 1/10th of the
volume of the old air capaci-
tor. The other feedback ca-
pacitor will use about 5 inch-
es of twisted pair, using one
piece of bare bus wire, and another
wire with sleeving made of...Teflon.
If you put it in the right place, Teflon
is really good stuff. Some time I will
tell more about which capacitor we
used, and the other details we need to
test for femtoamperes. Sockets??
Relays?? Hall

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

*Jiri Dostal, Operational Amplifi-
ers, Elsevier Scientific, 6565 Avenue
of the Americas, New York, NY
10010; (212) 989-5800. About $113.
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WHAT'S ALL THIS GOST-
ACCOUNTING STUFF,

ANYHOW?

nce upon a time, I was down

at Lewis’ Restaurantin Nor-

wood, Mass., waiting in line

to order a Lewisburger,
which was a fantastic hamburger
with blue-cheese dressing and potato
salad and ham. A voice came boom-
ing across the noisy restaurant, “Hi
Bob.” T replied, “Hello Maurice,
what’s new?”’ Maurice wandered
over and said, “How come you are
still using the wrong formula, the
old formula, for Factory Cost?” Old
formula? I never heard of a new for-
mula. You mean the formula of
Parts Cost + 450% of Labor Cost is
obsoleted? Maurice said, “Oh, that’s
been obsolete for months. Didn’t
anybody tell you? The new Factory
Cost is 2 X Parts Cost + 3 X Labor
Cost.” Well, I or-
dered my Lewis-
burger, and ate
lunch and ban-
tered with my
friends. But on
the way back to
my office, the
wheels began go-
ing around in my
head. How could

BOB PEASE

they change the
OBTAINED A formula for Fac-
BSEEFROMMIT  tory Cost and not
IN 1961 AND IS inform people?
STAFF SCIENTIST How could they
AT NATIONAL accept that, after
SEMICONDUC- “a few months,”
TOR CORP., people were still
SANTA CLARA, using the incor-
CALIF. rect formula, but

it was no big deal?
And they wouldn’t bother to tell a
guy unless they happened to bump
into him at a restaurant? So I went to

ELEC CTTZ RUONTIGC

see my boss, Richard Randlett, to
ask him if he knew what was going
on.
He said, yes, he had heard about
the new formula, but he didn’t know
it was officially in effect. And, be-
sides, he didn’t want to bother us
with unimportant details. We should
keep on engineering our designs us-
ing good judgment, as usual, and not
worry about this ‘“New Factory Cost
Formula,” and other academic
things like that. Not a big deal. Well,
okay, I went back to work. But with-
in an hour, I was back at Richard’s
office.

“Hey, Richard, you know that low-
cost converter I am working on?”
Yeah. “Well, I was going to use a
double-sided pc board, but with the
new formula in effect, it would be
cheaper to use a single-sided board
and a few jumpers. The parts cost
will go down quite a bit, but the labor
will only increase a little.”

Richard sat there. He thought
about it for a few seconds. Then he
saw red! “No, don’t make that
change!!” 1 replied, “But Richard,
the new Factory Cost Formula says
it’s wise to add a few seconds of labor
to save a lot on parts cost.” But Rich-
ard pointed out that even though
that was what the bean counters
were telling us to do to save money, it
would be wrong. He told me to keep
oh optimizing the costs, assuming
that Labor Costs would be multiplied
by 4.5 compared to the Parts Cost.
Meanwhile, he would try to get this
resolved, and get the formula
changed back to a reasonable pro-
portion. He’d get me an answer with-
in a month.

Well, one month later, Richard
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was still trying to get the problem
resolved. Two months later he was
gone, and three months later, I re-
signed. So to this day, I don’t know
how this was ever worked out. But 1
did know that I could not do my job if
nobody would tell me the rules, and if
the rules kept changing to contradict
themselves. One set of rules told me
that it was wise to add jumpers in-
stead of plated through holes. And a
second set of rules told me that was
foolish and costly, and I should do it
the other way. And if no one could
tell me which rules were valid—hey,
that’s a problem. I needed to solve
that problem, but nobody could help
me resolve it. So I voted with my feet
and left that company, and I haven’t
worried about that kind of problem.
Until recently.

Of late, I was collaborating on a
small regulator chip where we want-
ed to trim the output to high accura-
cy. That would take about 10 Zener-
zap trims. And those would tend to
take up lots of die area—probably a
50% increase over the circuit area.

Conversely, if we put in laser
trims, that would keep the die size
small, but the cost for trimming each
die would rise considerably. How
much would it rise? We did not have
the cost data. And when we got the
cost data, it was kind of outdated,
and we did not entirely believe it.
But the time for trimming with 10 la-
ser cuts would basically take an ex-
tra second, due to the need to get the
laser aligned with the die. And the
cost of testing on a tester with a laser
is about double—about 4 cents/sec-
ond—versus 2 cents/second on a tes-
ter without a laser.

That is true, even for the tests
when you’re not using the laser. This
is because the whole machine must
be paid for, even if you're not utiliz-
ing all of the tester. So, 3 seconds X 4
cents/second is noticeably different
than 2 seconds X 2 cents/second. For
an 8-cent difference, you can pay for
a much bigger die area!! So that con-
vinced us there was probably a cost
advantage if we could avoid laser
trimming.

But those considerations were
overruled by a more important con-
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sideration: The need to fit the die in a
small package. There were some
small plastic packages that the larg-
er (cheaper) die would not fit into.
Still, we realized that in the future,
we will be sharpening up our pencils
more often. What is the right way to
keep the costs low? What are the
rules in our business? We're not
sure, but we're trying to get some of
these rules nailed down. Then when
it 2s important, we will have the rules
available—and believable. And
that’s not a trivial statement.

What are the rules in your busi-
ness? Do you know what they are?
Do you believe them? Are they ever
subjected to thoughtful scrutiny, or
are they so old and dusty that you
know darned well that nobody has
thought about them for many years?
Do people change them without un-
derstanding all of the ramifications
and repercussions? Maybe it’s time
for a sanity check.

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

LETTER TO BOB
Dear Bob:

The most disturbing thing to me
about Spice is that many compa-
nies have adopted a philosophy of
going directly from Spice to board
design. You know, and I know,
that analog design has too many
subtle traps—breadboards must
also be built.

I’ve seen too many simulations
where the problem wasn’t lack of
convergence, getting error mes-
sages, weird results, or weird wave-
Jorms; but rather something even
more disturbing: Getting good
simulation results on circuits that
I knew, or that breadboarding lat-
er showed, did not and could not
work worth a darn.

JERRY STEELE,
Applications Engineer

Apex Microtechnology Corp.
Tucson, AZ -
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School of American Baller student perfi

Thanks
to the Library,
Americandance
has taken great
leaps forward.

American dance is more
popular than ever, and one of the
reasons 1s The New York Public
Library’s Dance Collection.

Choreographer Eliot Feld
says the Library at Lincoln Cen-
ter 1s “as vital a workroom as
my studio.” Agnes de Mille says,
“the revival of any work is de-

ndent on access to the Li-
rary’s Dance Collection.”

And they’re not the only
ones. For dancers and choreog-
raphers everywhere, over 37,000
volumes, 250,000 photographs,
and an enormous film archive
have been essential elements in
the renaissance of American
dance.

That’s just one way The
New York Public Library’s re-
sources serve us. The Library

- offers plays and puppet shows

for children, programs for the
elderly and disabled, extensive
foreign language and ethnic col-
lections, and scientdfic journals
vital to the business community.

Again and again, the Li-
brary enriches our lives.

WHERE THE FUTURE IS
AN OPEN BOOK
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WHAT'S ALL THIS
STATISTICAL STUFF.

ANYHOW?

’ve always been a fan of Mark

Twain and his writing. He had a

rather good perception of the

American people, and many top-
ics that he wrote about are fascinat-
ing to this day. One of my favorite
quotes of Twain is: ‘“There are three
kinds of lies: there are “lies,” there
are dammned lies, and there are STA-
TISTICS....”

One thing that doesn’t help me a
darned bit is “statistics,” at least in
the sense that most mathematicians
and engineers use them. I find most
statistical analyses worse than use-
less. But I do like to use charts and
graphs. I took some data of diodes’
Ve versus Iprecently. The data was a
little suspicious when I wrote down
the numbers, but after I plotted the
data, I knew there
was something
wrong. Then I just
went back and
took more data
until I understood
what the error
was, ac current
noise that was be-
ing pumped out of
the inputs of the

BOB PEASE digital voltmeter,
OBTAINED A crashing into the
BSEEFROMMIT  diode, and causing
IN 1961 AND IS rectification. If
STAFF SCIENTIST data arises from a
AT NATIONAL well-behaved phe-
SEMICONDUC- nomenon and con-
TOR CORP., forms to a nice
SANTA CLARA, Gaussian distri-
CALIF. bution, then I

don’t care if peo-
ple use their statistical analyses—it
may not do a lot of harm. (Personally
I think it does harm, because when

ELETCTZ RONTI.C

you use the computer and rely on it
like a crutch, you get used to believ-
ing it and trusting it without think-
ing....) However, when the data gets
screwy, classical statistical analysis
is worse than useless.

For example, one time a test engi-
neer came to me with a big formal
report. Of course, itdidn’t help that it
arrived at 1:04 P.M. for a Production
Release Meeting that was supposed
to start at 1:00 P.M. But this was not

-just any hand-scrawled report. It

was handsome, neat, and computer-
ized; it looked professional and com-
pelling. The test engineer quoted
many statistical items to show that
his test system and statistical soft-
ware were great (even if the ICs
weren'’t). Finally he turned to the last
page and explained that, according
to the statistics, the ICs’ outputs
were completely incompetent and
way out of spec. Thus, the part could
not be released.

In fact, he observed, the median
output of the output was 9 V, which
was pretty absurd for the logical out-
put of an LM1525-type switching
regulator, which could only go to the
Low level 0of 0.2 V or the High level of
18.4 V. How could the outputs have a
median level of 9 V?

How do you get an R-S flip-flop to
hang up at an output level half-way
between the rails? Unlikely.... Then
he pointed out some other statis-
tics—the 3 sigma values of the out-
put were +30 Vand -8 V. Now, that’s
pretty bizarre for a circuit that only
has a +20-V supply and ground, (and
it isn’t running as a switching regu-
lator, it’s just sitting there at de). The
meeting broke up before I could find
the facts and protest, so that product

MARCH 14, 1991

wasn’t released on schedule.

It turns out, of course, that the tes-
ter was running falsely. So while the
outputs were all supposed to be set to
+18.4 V, they were actually in a ran-
dom state. Half of the time the out-
puts might be at 18.4 V and half of
the time at 0.2 V. If you feed this data
into a statistical program, it might in-
deed tell you that a lot of the outputs
would be at +9 V, and some of the
outputs might be at -8 V, assuming
that the data came from a Gaussian
distribution. But if you look at the
data and think, it’s obvious that the
data came from a ridiculous situa-
tion. Rather than ramming the data
into a statistical format, the engi-
neer should have checked his tester.

Unfortunately, this engineer had
so much confidence in his statistical
program that he spent a whole week
preparing the Beautiful Report. Did
he inform the design engineer that
there were some problems? No. Did
he check his data, check the tester?
No. He just kept his computer crank-
ing along, because he knew the com-
puter analysis was the most impor-
tant thing.

We finally fixed the tester and got
the product out a little late, but obvi-
ously I wasn’t a fan of that test engi-
neer (nor his statistics) as long as he
was at our company. And that’s just
one of a number of examples I trot
out when anybody tries to use statis-
tics that are inappropriate.

I do like to use scatter plots in two
dimensions to help me look for
trends, and to look for “sports” that
run against the trend. I don’t look at
lots of data on good parts or good
runs, but I study the heck out of bad
parts and bad runs. And when I work
with other test engineers who have
computer programs that facilitate
these plots, I support and encourage
those guys to use those programs,
and to look at their data, and to
think about those data. I support
anything that facilitates thinking.

A couple years ago, I was ap-
proached by an engineer who was
trying to use one of our good voltage
references with a typical character-
istic of about 20 ppm per 1000 hours
long-term stability at +125°C. He
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was using it around room tempera-
ture, and was furious because he ex-
pected it to drift about 0.1 ppm per
1000 hours at room temp, and it was a
lot worse than that. He asked why
our reference was no good. I pointed
out that amplifiers’ drifts and refer-
ences’ drifts do not keep improving

by a factor of 2 every time you cool
them off another 11 degrees more.
I'm not sure who led him to believe
that, but in general, modern elec-
tronic components aren’t greatly im-
proved by cooling or the absence of
heating. In fact, those of us who re-
member the old vacuum-tube days

remember that a good scope or volt-
meter usually worked better if you
kept it running nice and warm all the
time, because all of the resistors and
components stayed dry and never
got moist under humid conditions. I
won’t say that the electrolytic capac-
itors might not have liked being a lit-

Good Sines &
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tle cooler. But the mindless effort to
improve the reliability by keeping
components as cool as possible has
been overdone. I'm sure you can
blame much of that foolishness on
MIL-HBDK-217 and all its versions.
In some businesses, you have to con-
form to-217, no matter how silly it is,
but in the industrial and instrument
business, we don’t really have to fol-
low its every silly quirk and whim.

One guy who argues strenuously
about -217 is Charles Leonard of
Boeing, and you may well enjoy his
writing (Leonard, Charles, “Is reli-
ability prediction methodology for
the birds?,” PowerConversion and
Intelligent Motion,”” November
1988, p. 4). So if something is drifting
a little and you think you can make a
big improvement by adding a fan and
knocking its temperature down from
+75 to +55°C, I caution you that
you’ll probably be disappointed be-
cause there usually isn’t a lot of im-
provement to be had. It's conceivable
that if you have a bad thermal pat-
tern causing lots of gradients and
convection, you can cut down that
kind of thermal problem. In general,
though, there’s not much to be
gained unless parts are getting up
near their maximum rated tempera-
ture or above +100°C. Even plastic
parts can be pretty reliable at
+100°C. I know the ones I'm familiar
with are.

(This column is an excerpt from
the soon-to-be-published book I have
written entitled “Troubleshooting
Analog Circuits.” This endeavor will
be published by Butterworths in
April 1991.)

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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BoB'S MAILBOX

Dear Bob:

Sure enjoyed your Spice article in
Electronic Design. I've followed
your musings for years, gosh, de-
cades. Please don’t ever stop. There
is another aspect of the simulation
thing. It is a matter of philosophy, I
guess, and it has concerned me for a
long time: The sense of accomplish-
ment that comes from doing some-
thing the first time. Once you've
done it, you've done it (how many
endure the agony of climbing Mount
Everest a SECOND time?). In the
real world, this concept is intuitive, I
think. But in the world of simula-
tion, we confuse what we have ac-
complished with what we have
imagined; worse yet, what the com-
puter has imagined! Dreams and re-
ality mingle, and we are led astray.

Case in point: Stirling engine de-
velopment (one of my loves) has
gone high tech. The talent and mon-
ey is flowing toward the computer,
not the lathe. We simulate, learn,
simulate, etc. Each time we make an
improvement it is rewarding, and
provides the psychological boost
needed to continue. Because it isn’t
so rewarding to do the same thing
again, we don’t bother to repeatin
metal what we’ve already “built” on
the screen. Soon the simulation er-
rors compound until there is no way
to distinguish dreams from reality.

I sometimes wonder if we could
have experienced the industrial rev-
olution at all, if somehow the com-
puter had already existed. Itis very
tempting to simulate a thing rather
than constructing it. _

Simulation ain’t the same as real-
ly doing it. Perhaps a close parallel?
Or, to say it another way, is it possi-
ble that the boob tube in the office
takes us on the same sort of jour-
neys as the boob tube at home?

DARRYL PHILLIPS
President

The Airsport Corp.
Sallisaw, Okla.

I couldn’t agree more. -RAP

ELEC CTTZRUONTIC

Dear Bob:

T just finished reading your column “What'’s All This Spicey Stuff Any-
how? (Part 1) in the Nov. 22 issue and I thought I'd share my own experi-
ences with circuit simulation and EE education with you.

T am 83 years old, and was trained in math and computer science. Two
years ago, I decided to pursue a Masters degree in EE at a well-known
northeastern university. I told the boss that I was going to specialize in the
mathy end of EE, like Control Theory, Signal Processing ete., but I had a
hidden agenda. I wanted to learn electronics.

It’s all worked out because I have learned electronics, but only sort of.
You see, at this institution’s outlying campuses, where they crank out
BSEEs and MSEEs by the score, there are no labs. I repeat, no labs. No
breadboards, no scopes, no components, no nothing. Any design that takes
place is on the computer using a circuit simulation program. I have suggest-
ed to several professors that a real live lab would be very helpful, but they
just “hurrumph” about the computer being just as good as a learning expe-
rience. So you see, it’s not just lazy (young or otherwise) engineers copping
out on the design process, it’s the educational system taking the path of
least resistance.

T have improved the situation for myself somewhat. I designed and built a
de power supply (you're probably saying “big deal,” but that’s pretty good
for a mathematician!) I bought a breadboard, a selection of components, and
a digital meter. With this setup, I can do quite a bit of experimenting on my
own. My father, an “old tyme” electrical engineer, is so glad that his math-
ematician son has seen the light that he’s salvaged an old scope from who
knows where for me. I'm looking forward to its/arrival.

As far as my experiences with the circuit simulation program are con-
cerned, I concur with your opinion. We didn’t use Spice, but some other
Spice-like program. It was graphically oriented and very user-friendly, but
it had the same crazy convergence problems that you describe. One project
we had was to design an analog multiplier. Changing the quiescent current
through the Gilbert cell ever so slightly made the difference between fast
convergence for steady-state analysis and sitting for 15 minutes watching
the cursor blink. Then, to add insult to injury, the case that converged for
steady-state analysis didn’t converge for Fourier analysis. I finally was
forced to give it up. Interestingly enough, my professor accepted “Program
Did Not Converge” as a correct answer.

CHRISTOPHER LENNON
Bedford, Mass.

Ouch! This guy’s heading in the right direction,
but the schools aren’t. -RAP

Dear Bob:

I'feel that your most recent column (Spice, Part IT) needs some comment.
You say, “I don’t think you can beg or steal or borrow or buy a model of a
transistor that’s guaranteed.” First, to what kind of transistor are you re-
ferring: bipolar, JFET, MOSFET, small signal, large signal, power, micro-
wave, discrete, integrated devices?

Second, your statement implies that a single “transistor” model should be
guaranteed to “run” under all conditions. Suppose I suggest that you
should be able to design a single OP AMP that works equally well for all ap-
plications? I suspect that you would not only laugh in my face but that you
would think to yourself that I am a fool for having made the suggestion in
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the first place. Well, to suggest that
a single transistor model should
“run”” under all conditions is equally
laughable. Am I hitting below the -
belt?

Third, you seem to want to place
the total responsibility for the suc-
cess of the model upon that person
who developed the model. However,
I get the impression that you have
no sympathy (or respect?) for a user
of one of your op amps who misuses
your op amp. Below the belt again?

Fourth, you seem to believe that
those “transistor” models which
have been built into the circuit simu-
lation program Spice represent the
complete set of models from which
one can choose. The sad truth is that
those “transistor” models built into
Spice represent just about the worst
set of models from which one can
choose. Why is that the case? Be-
cause industry gets those models
for free from the Univ. of Calif. at
Berkeley as the result of student
slave labor and typically is not will-
ing to pay the price for truly physi-
cal and accurate models.

....You suggest that you may wish
to BUY a guaranteed transistor
model. Well, you can. My company
has developed and markets Spite
(SPI Transistor Emulator), the :
world’s best CIS/SIS (MOS if you
prefer) transistor model. The Spite
model does employ physically mean-
ingful parameters and parameter
values. It also simulates, with un-
precedented accuracy, a transistor
which is properly used. Would you
like to guarantee me that your op
amp will always “run” for me no
matter what I do to it? There just
isn’t any point in building a lot of un-
necessary complications into the
model to protect the unknowledge-
able user from himself.

So what do you want your guaran-
tee to say? Send me a reasonable
specification and a purchase order
and I will write your guarantee for
you.

DR.JAMES E. SMITH
President )
Semiconductor Physics, Inc.
Escondido, Calif.

Tuse mostly bipolars, but for
CMOS this looks tempting! -RAP
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WHAT'S ALL THIS
PERFECTION STUFF,

ANYHOW?

nce upon a time, a lady went
shopping for shoes. She
went into a shoe store and
said to the salesman, “My
good man, I would like to buy some
alligator shoes.”” The salesman
showed her some alligator shoes.
But ¢his one had a flaw, and that one
had a blemish, and tkat one had a
scratch. He went back and got more
shoes. But when the lady inspected
them, she found an imperfection that
was unacceptable to her every time.
Finally, he brought out every pair of
shoes he had, and she was not pre-
pared to buy shoes with such de-
fects. In great exasperation, the
salesman told her, “Look, lady,
you’re not perfect. I'm not perfect.
How do you expect an alligator to be
perfect?”

One of my lat-
est ventures in-
volves the writing
of a book. On Oc-
tober 30, 1990, I
handed in a com-
plete, polished
manuscript. I
don’t know how
many words, or

BOB PEASE how many pages,
OBTAINED A but it was about
BSEEFROMMIT 700,000 bytes, and
IN 1961 AND IS the Fed Express
STAFF SCIENTIST guy had to strug-
AT NATIONAL gle to get it on its
SEMICONDUC-  way. This was a
TOR CORP., refinement  of
SANTA CLARA, some stories on
CALIF. the troubleshoot-

ing of analog cir-
cuits I wrote a couple years ago. I
took the old stories and added a lot of
new info, tweaked and refined a lot

ELETCTRONTIC

of the text, and corrected some typo
errors, finally rounding it into pretty
good shape. With a little luck, the
book will come out on schedule this
month.

On November 14, I sent to the pub-
lisher a package of new corrections
and changes. Only one envelope, but
there were 28 items in there. When I
talked with the publisher, I could tell
she was smiling, seeing that I was
willing to put so much effortinto get-
ting things right. On November 30, I
agssembled an envelope with more

corrections, changes, refinements,

and upgrades. I mean, some of the
people had moved in the last month,
so I certainly had to putin an address
correction. In several cases, the dis-
tributors who sold things didn’t sell
them any more. In other instances, I
remembered a new technique that I
had forgotten previously. So, when I
send in this package, I'm really mak-
ing progress—because there are
only 27 items.

Next week I expect to remember a
couple more items. I’m not sure ex-
actly when the smile will completely
disappear from my publisher’s face,
butit’s only a matter of time. She will
say, “It’s time to shoot the engineer,
and put this to bed and print what
we've got.” And I'm sure I will have
to agree with her pretty quickly. But
meanwhile, I know I have to correct
the spelling of one guy’s name. We
can’t leave that wrong. And an old
friend is mailing me some more info
on some diodes...and there are
curves that don’t look quite right
...and there are some photographs
that still have to be developed, not to
mention the ones that haven’t yet
been taken....
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“Time to shoot the engineer.”
That’s a phrase that has been around
for a long time. Almost as soon as |
got out of school and into industry, I
began to hear people explaining that
the need for perfection was all very
fine, but it must not go on much fur-
ther. When is the circuit going to be
good enough? Perfection isn't neces-
sarily justifiable. What is good
enough? And whose opinion is to be
relied on? Sometimes the engineer is
correct that there are some improve-
ments that kave to be made. Other
times, it’s not so clear.

For example, we were recently
trying to release a new product, but
the distribution of one parameter
was not quite centered. The yields
might occasionally fall off more than
we liked. So we proposed an optional
metal mask that would bring the dis-
tribution back close to center. But
this might cause some problems at
high temperatures. And it might
cause some dynamic problems. And
even if it didn’t cause serious prob-
lems, it might get some of our cus-
tomers cross if they had to re-qualify
our product, because we had made a
change in a mask, even though it
would be a very tiny change.

What's the right thing to do? Ac-
cept the yield loss? Change the data
sheet? Delay the release of the prod-
uct and risk the loss of market
share? If we wanted to compromise,
where would we do it? Hey, I don’t
know how you run your business,
but in our business, there aren’t any
easy questions. If you’re making alli-
gator shoes, and your QC depart-
ment says you can ship only shoes
that have no visible flaws under a
magnification of 56X, you're not go-
ing to be selling a lot of shoes. But,
most of the time, our shoes are on
our feet, at least 3 or 4 feet away
from our eyes or anybody else’s
eyes. From that vantage point, “im-
perfection” is quite different.

Now, I'm not proposing that we re-
fuse to ship amplifiers because
they’re not “perfect.” I mean, if a
perfect amplifier is one that has less
than 0.5 mV of offset voltage, we
have a lot of perfect amplifiers. Just
10 years ago, customers were pretty
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happy to buy that kind of “perfect
amplifier.” But these days, even 15
RV isn’t “perfect.” And if you build
lots of amplifiers with less than 10
pV, and they all test out good, and
then you allow them to warm up, and
you temperature cycle them through
an oven, are they still “perfect’—
better than 15 pV? If you want to
buy a “perfect” amplifier, do you re-
quire big safety factors against ev-
ery possible condition? You may
wind up going barefoot: The price for
a “perfect” pair of shoes might be
more than you would be willing to
pay. Sometimes we have considered
that amplifiers at this level of preci-
sion might have a looser AQL than
normal—perhaps 0.5% instead of the
typical 0.01%. But our QC people
don’t want to concede that.

If we test an amplifier for noise,
and we do it 30 times, the data might
show low noise on 27 of the passes.
But on 2 or 3, there might be a small
deviation—an increase (or a de-

crease) in the test result—whether
or not the amplifier actually made
more noise. Heck, you can’t design a
noise test to be perfectly repeat-
able—that’s inherent in the nature
of noise. Now, if a unit passes a test
at its “class” or final test, it must
never be allowed to fail its guaran-
teed specs if you re-test it. That
means you must have wide guard-
bands, as wide as the deviations of
the system’s noise. If an amplifier
that reads 1 pV pk-pk most of the
time can read 0.8 uV some times, and
1.2 uV other times, that would tell
you that you must have a guardband
of at least 0.4 uV, and maybe 2 or 3
times that. So you could sell to a
guaranteed spec of 2.2 pV—even
though most of the parts are 1 uV pk-
pk. Is that the spec you want to buy?

Once, a long time ago, a bright
young engineer was working on
semiconductors in England. The
transistors were passing a 27-V
breakdown test very reliably. But

this semiconductor company was a
subsidiary of a large plumbing-sup-
plies company. And if you’re making
boilers or gauges or pipes, you've
got to have a 3:1 ratio between the
working pressure and the bursting
pressure. So, this semiconductor
company wrote their data sheets for
a 9-V transistor, while their competi-
tors were selling to a 25-V spec.
Needless to say, the young engineer
knew there was no future in a busi-
ness where perfection and safety
factors make the playing-field so
badly tilted. And that was why Bill
Frusztajer left England and came to
the United States, where he became
head of Teledyne Crystalonics.

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

For high resolulion

graphics and data
applications, these
Super-VGA display
monitors offer the
OEM, System Inte-
grator, and end-user

a high quality Trin-
itron-based display

in a compact package.
Offered in industrial,
open frame, or desktop

e 8.5" Display

* 800x600 Resolution
e Sony Trinitron CRT
e .26mm Dot Pitch

e Open Chassis or

e Full Enclosure

tilt and swivel enclosures, these ntronitar_s__e_:_r_g dqsigned
to meet size and weight sensitive applications.™
Call 1-800-327-9962 for further information.
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AUTOCAD

AT
/AN Electronic Engineers

AutoSchema”

Only $195

New Symbol icon browsing
Unlimited levels of hierarchy
Spice & Susie interfaces

AutoPCB"

* Best performance on a P.C.

¢ Double sided SMT

* Real time design rule check

¢ Interactive push & shove routing

AutoHybrid

Worlds only P.C. Hybrid system
Automatic component synthesis
Custom die geometry
0.5 micron resolution

CADISYS

2099 Gateway Place,
Suite 400,

San Jose, CA 95110
USA

FAX {408) 441-8300

CALL FOR
CATALOG
408-441-8800
EXT 200
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WHAT’S ALL THIS
IMENTORING STUFF,

ANYHow?

nce upon a time, a new en-

gineer came to work in our

group. A woman. Now, in

some areas, it’s really not a
surprise to have a new engineer or a
woman engineer, butinour group, that
did not happen very often. So when
Jane arrived, we all tried to be polite
and cheerful, for a change, and not just
scream at her and give her ahard time,
as newcomers are sometimes treated.
Now,Jane was a bright young woman,
but there were a lot of things that she
had to ask questions about, so she
would ask various people. Sometimes
she would ask me, and sometimes she
would ask Andy,
another of the old-
time experienced
engineers. We
didn’t just fall over
ourselves to help
this bright young
engineer. But we
did realize that the
more questions we
answered, and the
faster we could
bring her up the
learning curve, the
quicker we could

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF get alot of help out
SCIENTIST AT of her and turn her
NATIONAL into a real engi-
SEMICONDUCT-  peer.

OR CORP,, So we were rea-
SANTA CLARA,  sonably cheerful at
CALIF. answering some of

her dumb ques-
tions (like where do you find things
that aren’t filed or indexed ratio-
nally?), and some of her very thought-
ful questions (why do we keep telling
customers this or that when it’s not
true??). And we tried not to just throw
answers at her, but to explain the rea-
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sons behind the answer.

One day, I wandered over to get
some info out of a book, and Jane asked
me a question. Andy had the answer
quicker than I did, and I was standing
around reading the book, while Andy
explained theanswertoJane. Whenhe
was finished, I said, “Hey, Andy, you
know, Jane is your protégée, right?”
Andy agreed. I continued, “And Jane
is my protégée, too, right?” Andy
agreed.Ithensaid,“And, Andy,doyou
know what that makes us?” Andy
could not think of the correct word. 1
said, “That makes us dirty old men.”
And all three of us broke up into laugh-
ter. Around here, no-one and nothing
is taken very seriously....

Actually, there is a word that ap-
plies,soifapersonismy protégé (male)
or protégée (female), then I am a Men-
tor. I attended a nifty conference on
Bipolar Circuits and Technology in
Minneapolis in September. I must say,
although it doesn’t get nearly as much
publicity as ISSCC, it’s getting to be
nearly asgoodas ISSCC,solongasyou
arereallyinterested in bipolar circuits
(if you’re a hard-core MOS enthusiast,
there’s no reason for you to come to
Minneapolis in September). The after-
lunch speaker this past year was Jim
Williams of Linear Technology Corp.,
Milpitas, Calif. Jim talked about sev-
eral topics, but his most serious pitch
wasthat wemust doalot of mentoring.
We can’t just hire a bunch of kid engi-
neers, ignore them, throw garbage at
them, and then chew them out. We
probably never could do that. But in
the 1990s, it’s reasonably easy to see
that the nurturing of new or young en-
gineers is a major part of our jobs.

When I was a kid engineer at
Philbrick, I had a number of excellent
teachers, engineers who taught me
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many different aspects of the profes-
sion. Imust say, though, I was arather
green engineer, because I never had a
hobby of hamradio, as many engineers
did. Infact, I only transferred fromthe
Physics department to become an EE
in the fall of my senior year.

At Philbrick, Dr. Achard helped me
appreciate technical writing. Bruce
Seddon taught me a lot about worst-
case design. Al Pearlman answered
lots of my questions about transistors.
Bob Malter did not have much time for
dumb questions, but I studied his de-
signs and asked a few questions that
were not too dumb. I mean, learning
how to ask questions that are not too
dumb is a significant part of every stu-
dent’s education. After studying and
learning from a whole bunch of people
for over a year, I was just barely able
to design my way out of a paper
bag_with alittle help. It took me a few
more years before I understood the
whole picture, well enough that I could
design amplifiers without toomany fa-
tal flaws, or latch-up modes, or fea-
tures that did more harm than good.

So if we also want to hire good engi-
neers to work on linear or analog cir-
cuits, we can’tjustfind themin thin air,
and we can’t just hire them from our
competitors. And we certainly can’t
just find them coming out of colleges. I
mean, when a student graduates from
a good engineering school, the best I
can hope for is that the student has
learned some good study habits, some
good attitudes toward work, and some
ability to analyze several kinds of cir-
cuits. But not everything. Can I hope
that the student really knows how to
design an op amp? Well, T hope that an
engineer I am interviewing knows a
little bit about designing something. If
he(orshe)candesignandanalyzesome
things pretty well, there’s good hope I
can teach them enough to come up the
learning curve quickly. That’s only
fair. If I canmake them look good, then
they can make me look good.

So I should try to avoid the “mush-
room treatment,” not heap manure on
them and leave them in the dark. I
should teach them sometimes, throw
problems at them other times, chal-
lenge them, and try to set a good ex-
ample. [ should avoid letting them get
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stuck, or hung up, or discouraged. I
may not be able to answer every ques-
tion. I may demur, or duck certain
questions, and tell them to go figure it
out for themselves. It’s a little bit like
when you have kids. You can’t teach
your own kids everything, but you try
to steer them in a course where they
can learn what they need.
Iremember when our sons were just
learning to read. For a while, my wife
and I agreed that each of us read ev-
erything that Benjamin read. After
about a month, we agreed, well, one or
the other would try toread everything
Benjaminread because he was just too
omnivorous for each of us to fit in the
time to read everything. A month af-
terthat, wesort of gave up,as we could
not possibly keep up with his appetite
for reading. We tried to read samples
of what he was reading. But, we had
gotten him turned on and he was off to
the races, devouring every kind of
book and magazine that was suitable

for young people, and many grown-
ups’ topics as well. Now that both my
sons are taller than I am, they throw
me an occasional bone, some good
things for me toread that they canrec-
ommend. Turnabout is fair play.
Now, when we assign projects toen-
gineers at work, I can’t keep up with
all of the details, and I can’t know all of
the answers. But I have to keep in
touch, to tell if there’s trouble, to facil-
itate the search for answers, and to
prevent the guy from getting discour-
aged. This is even necessary for an ex-
perienced engineer! Because therere-
ally aren’t many easy projects that our
customers want us to do, every engi-
neer gets some very challenging pro-
jects. Challenges are great for young
engineers, but mentoring would ad-
vise you against loading on an unfairly
heavyload. Similarly, Thavetokeepan
eyeontheproject,tomake surethe en-
gineer doesn’t make a false assump-
tion and gobarrelling down a path that

is dead-end. Everybody recognizes
that afterithashappened, butit’salit-
tle harder to see it in advance.

Wow, Pease,itsoundslike youreally
areincharge ofabig group. How many
peopledoes Mr. Super-manager Pease
have working for him? Well, about 2
engineers, 2 technicians, and one guy
who is half-way up from technician to
engineer. But, I must say, by default,
T have given some of my technicians a
lot of liberty, and they have responded
by coming up with some brilliant
moves, interspersed with a few occa-
sional marvelous blunders. So, I have
2boysathome,and 5boysat work,and,
oh boy, do we have fun.

Allfornow./Commentsinvited!/RAP
Robert A. Pease/ Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090

DRAM Expansion Memory Cards

EPSON DRAM Expansion Memory Cards
plug into the computer through a slot in
the side of the case.

They afford users with instant add-on
memory...no need ever to touch the
delicate motherboard.
State of the art replacements

for conventional expansion SIM
modules

= Capacities of 1 Megabyte, 4 Megabytes
or 8 Megabytes, 60-pin cards for 16 bit
Microprocessors.

= Higher capacities for 16 bit cards plus a new
line of 88-pin cards for use with 32 it micro-
processors are coming.

= Cards are 86 mm X 54mm X 3mm, use JEDEC
standard 60-pin, pin-in-hole connectors.

= A new EPSON TAB technology process using
double sided PCB’s allows cards to be small
and compact with high memory capacities.

E Pso N®EPSON AMEHIGA,‘ INC.

Call your sales rep today. Component Sales Department Telephone: 213/787-6300

EPSON Sales Representatives: AL-GA-TN Concord Components 205/772-8883 - AZ-NM Fred Board Assoc. 602/994-9388 - CA-No. Costar 408/446-9339 - CA-So. Bager
Electronics 714/957-3367 - CO-UT Wn. Region Mktg. 303/428-8088 - FL Dyne-A-Mark 407/831-2822 - IL-WI LTD Technologies 708/773-2900 - IN-KY C C Electro 317/921-5000
- KS-MO-IA Microtronics 913/262-1444 - MA-NH-CT Rosen Assoc. 617/443-4700 - MD-VA Tech Sales Assoc. 301/461-7802 - MN Electro Mark 612/944-5850 - NC-SC WLA Assoc.
919/231-9939 - NJ JMR Sales 201/525-8000 - NY Elcom Sales 716/385-1400 - Metro, NY Niktronix 516/929-4671 - OH-MI J. D. Babb Assoc. 216/934-4454 - OR-WA Matrex
503/245-8080 - PA Omega Sales 215/244-4000 - TX-0K Component Tech. 214/783-8831 9101
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WHaT’S ALL THIS
“SMWISICDI” STuFF,

ANYHOW?

long time ago, I went out to

dinner with Dave Ludwig,

an old friend of mine from

Massachusetts. Wewentto
a fancy Italian restaurant. After we
had ordered our entrées, the waiter
asked, “Would you like a salad?” I de-
clined, but Dave said he would like one.
“What would you like in your salad?”
Dave said lettuce and tomatoes.

In a few minutes the salad arrived.
Yes,ithadlettuce and tomatoes. It had
three kinds of lettuce, and tomatoes
and chick-peas and croutons and onion
slices and green onions and Italian
cherry peppers and slices of hard-
boiled egg, and three kinds of salad
dressing on the
side. I sat there
with barely sup-
pressed astonish-
ment, and Dave
just sat there with
a quiet, resigned
smile. After the
waiter departed,
Dave explained:
There wasno point
in complaining or
griping or holler-
ing, because at the

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF best, the manager
SCIENTIST AT or the headwaiter
NATIONAL would just come
SEMICONDUCT- over and say,
OR CORP., “Hey, you don’t
SANTA CLARA, have to eat any-
CALIF. thing you don’t

want, and you
don’t have to pay for anything you
don’t want, so, what’s your complaint?
Show Me Where It Says I Can’t DoIt.”
And he explained that he was an afi-
cionado of these kinds of stories,
which we will of course abbreviate
to “SMWISICDIL.”

ELETCTHZ RUONTICEC

He pulled a faded clipping from his
pocket. The newspaper story was
about the advantages of home owner-
ship. “If you own your own home, you
can play the piano at midnight.” I
thought about it. I said, “Dave, I can’t
play the piano worth a darn. But this
story says that I can play the piano at
midnight if I own my own house.”

Dave smiled and agreed. “You just
think you can’t play the piano. But,
haveyouevertried at midnight?” Thad
to admit that I had not. But, one of
these days, I will try playing at mid-
night, to see if I'm any better than at
any other time. What I suspect is that
at 12:00:02, I’ll suddenly be a rotten pi-
anist again.

Now]I,too,have gotteninterestedin
SMWISICDI stories. In fact, last
week I mailed 5 ounces of
SMWISICDI stories and clippings to
Dave. For example, I clipped out a
story about how the Israeli Army
solved the problem of what to do when
Palestinians throw stones at the sol-
diers. The Israeli Military invented an
automated stone thrower to retaliate.
An eye for an eye, a tooth for a
tooth—and a rock for a rock? What if
the U.S. Army sent out a Request For
Quote on developing, manufacturing,
and deploying arock-thrower? What if
Jack Anderson got wind of this, and
confronted the Joint Chiefs of Staff?
They would just tell him, “Show Me
Where It Says I Can’t Do It.”

Last week, Wanda Garrett, our se-
nior applications engineer for ampli-
fiers and regulators, got a phone call
from an unhappy customer. He had
used one of our ICs to design a switch-
ing regulator, and it didn’t work well
at all. The output had glitches and
burps and excessive ripple and noise.
The regulation was poor, the loop sta-
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bility was rotten, and the efficiency
wasn't even very good.

After a lot of inquiry, Wanda dis-
covered that this person had built up
the switcher on one of those solderless
breadboards. OHHH!! Patiently,
Wanda explained, that is exactly what
you expect when you use one of those
solderless beasts. The inductances are
awful, the capacitances will cause
crosstalk between adjacent buses, and
ifyoutry tobuild aswitching-typereg-
ulator, of courseit will workbadly. And
the customer replied, “SMWISICDI1.”

Now, Wanda was a little taken
aback. She had to admit, of all the
things that we might have told people
they should not expect to work, this
was one that we didn’t specifically
warn against. But, to put the shoe on
the other foot, she asked, “Where does
it say you can do this?” And the cus-
tomer replied that in the solderless
breadboard’s promotional brochure, it
says, “Ideal for high-frequency and
high-speed/low-noise circuits.”
Wanda observed that was probably
not quite true—neither for linear cir-
cuits, fast digital circuits, fast ADCs,
nor switchers. Then she pointed out to
the customer that the LM2575 data
sheet does spell out: “Asinany switch-
ing regulator, layout is very impor-
tant. Rapidly switching currents asso-
ciated with wiring inductance
generate voltage transients that cause
problems. For minimum stray induc-
tance and ground loops, the length of
the leads indicated by heavy lines
should be kept asshortaspossible. Sin-
gle-point grounding or ground-plane
construction should be used for best
results.” ,

So we really did tell every customer
that you need a good layout, right in
the data sheet. Of course, if the cus-
tomer believes that solderless bread-
boards are really great for high-fre-
quency circuits, then we have a
problem—which Wandawasabletore-
solve and explain. The solderless
breadboards do cause many troubles.

First of all, most fast ICs, whether
linear or digital, require a good ce-
ramic power-supply bypass capacitor,
right close to the IC. But with those
long buses inside a solderless bread-
board, it’s hard to get a bypass capaci-
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tor with less than 3 or 4 inches of loop.
That won’t helpaswitcher oranyother
fast circuit. Then, the capacitance be-
tween adjacent buses—typically 2 to 4
pF, depending on the size—is going to
causestray coupling that will probably
make the circuit unhappy. That’s my
experience. Furthermore, when you
have a switching transistor turning
off,its collector or drain can easily slew
at 600 V/us or more. If your “catch”
diode is spaced more than an inch from
theinductor and transistor, the L di/dt
can cause dozens of volts of overshoot,
which may overstress the switching
transistor (exceeding its voltage rat-
ings), not to mention generating some
horrible spikes in the air.

And those white slabs—they are not
Teflon. They aren’t polystyrene or
polyethylene, either. They are made of
nylon, or something similar, so the
leakage can be pretty bad on a warm
or humid day. Even worse, if you push
awhole lot of wiresinto those little sol-

derless connectors, the little scraps of
solder will get scraped off until there’s
awhole pile of solder scraps hidden in-
side. Then they can start making in-
termittent short-circuits between ad-
jacent buses—won’t that be fun to
troubleshoot.

So Wanda explained all of these rea-
sonsnot touse asolderlessbreadboard
for making a switcher. She sent the
customer a little PC board that was
neat and compact to help himget apro-
totype of the circuit working—one of
the LM2575 “Simple Switchers.”
Note, we normally think that these
“Simple Switchers” cannot
miss—they’re very easy to apply. But,
if you try to build it on a solderless
breadboard, even a simple circuit can
be hurt—ruined—by the strays of a
poor layout. Simple, yes. But foolproof
and tolerant of a truly bad layout? No.

Then she warned the rest of us Ap-
plications Engineers that customers
might be having trouble when using

solderless breadboards, ultimately
complaining “SMWISICDL.” I'm just
passingonthiswarningtoyoureaders.
Finally, Wandasaid she was goingto
try to put a disclaimer in our linear
databooks and applications hand-
books, that the “solderless bread-
boards” are unsuitable for any appli-
cations other than medium-speed,
medium-impedance-level, and
medium-precision circuits. It may
sound silly, but I know that she’ll find
away toputina caution flag whereit’s
appropriate. Imean, Wandaisthe Cza-
rina of Linear Data Books. She can put
anything she wants in there. Show Me
Where It Says She Can’t Do It!

All for now. / Comments invited! /
RAP /Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

Today's ultra-high speed digital
transmission systems demand Bit
Error Rate Test Systems with
matching performance. To meet
this need, Microwave Logic has
developed the gigaBERT series of
test sets. Operating in ranges from
1 Mb/s to 2.7 Gbr/s, gigaBERTS are
the ideal test and development
tools for SONET systems, GaAs/
ECL based circuitry, ultra-wide
band optical LAN/FDDI, satellite
communications and digital
microwave systems.

Logic

The gigaBERT - 660, 1400 and
2700 systems are high-speed
digital pattern generators and
companion error measurement
detectors operating over a range of
1 Mb/s to 2.7 Gb/s. Featuring
“Four Function Auto Search
Synchronization”, gigaBERTs
provides painless error rate meas-
urement and automatic clock
timing, data-synchronization,
pattern and polarity selection.
Jump to light speed with
gigaBERTs!
For more information on the
gigaBERTs family call or write:
M'nrowave 20 Cummings Road

Tyngsboro, MA 01879
Tel: (508) 649-6099
Fax: (508) 649-4722

"EXCESS
INVENTORY
EDUCATES

Executive Director, EAL

Let EAL turn your obsolete inventory
into scholarships for needy kids.

Every year deserving kids miss the opportu-
nity to attend college because they lack the
necessary funds. EAL helps these kids by
bartering donated excess corporate inven-
tory and services for tuition credits with coop-
erating colleges and universities. The result is
a three-way win: the kids receive a college
education, the schools enroll more students,
and corporations invest in a qualified future
workforce, generate great PR and possibly
gain tax advantages.

If you have excess inventory or services to
donate we'll put it to work for deserving stu-
dents, colleges and your company. Call EAL
at (708) 690-0010.
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Whar’s ALL This BRick
STurr, ANYHOW?

hisis an esaeP’s fable. Once
upon a time, a very proper
Bostonian lady decided to
build a new home, so she
hired an architect to design a new brick
house. When he finished the design and
showed it to her, she said, “That’s very
nice. Now, how many bricks will it take?”
The architect replied, “About 76,000
bricks, ma’am.” She said, “How many
bricks, exactly?” He asked, “You really
want toknow exactly howmany bricks?”
She said, “That’s right. I want to buy ex-
actly the right number of bricks.”
The architect realized that this was
a reasonable request, so the next day
he told the lady. “Exactly 75,885
bricks.” So she had that exact number
of bricks delivered, and the masons
andbricklayersworked formany days.
Finally the last bricklayer set the last
brick into place at
the peak of the last
part of the house.
The bricklayer
turned around and
saw that one brick
was left. So, he
picked it up and

\\ threw it over
AN T his shoulder.
BOB PEASE Now if you were

planning a project,
you might want to
plan carefully so

OBTAINED A
BSEE FROM MIT
IN 1961 AND 1S

STAFF that you had the
SCIENTIST AT right resources to
NATIONAL finish the job. You
SEMICONDUCT- might even plan to
OR CORP,, have some safety
SANTA CLARA, factor or margin,
CALIF. "~ sothat if some un-

foreseen problem
caused delays or trouble, you would
still be able to fulfill your obligations.
For example, if a few bricks were bro-
ken, you wouldn’t want to have to go
back to the brickyard and ask them to
build some more bricks with the iden-
tical pattern, would you?

ELET CTURUONTIGC

Some managers, though, write a
schedule and if there are any unfore-
seen problems, they want the workers
to invent bricks out of thin air, just to
get the project back on schedule and
back on budget. They claim they

‘should not have to allow extra re-

sources that might just be wasted. 1
mean, if they bought 75,886 bricks, the
workers would just waste one or two,
wouldn’t they? They might just take a
brick and throw it over their shoulder.

Bytheway,haveyouevertriedlaying
bricks? I've done alittle bricklaying, and
while it looks like a simple “digital” pro-
cedure, it is not. It requires analog preci-
sion and judgment to get the brickslevel
and each course flat. Also, when you're
trying to fit an irregular space, you find
that the broken pieces are pretty useful,
asoftenyou canfind just theright length
to fit in. If not, you have to break a brick
intopiecesuntilyou getluckyand getthe
right size piece of brick. It’s an analog
business.

Now here’s another esaeP’s fable.
Sometime later, that same proper lit-
tleold Bostonianlady decided totravel
on the MTA to visit a friend. She

.started out on the subway with her lit-

tlepoodlesittingonherlap. Atthenext
stop, a large churlish man got on and
sat down beside her. He took out his
Record-American and spread it out at
full width. Naturally, the newspaper
flopped around in front of the little old
lady’s face, and right across the ears of
her poodle. Not very polite. After a
shorttime,shenudged the newspaper.
The man retaliated by nudging her
poodle. He put out the newspaper
again, encroaching on her space. She
gave a flounce to the newspaper. He
gaveashaketoherpoodle. She could
not abide this, throwing the newspa-
peron the floor. He threw the poodle
on the floor. She then took the news-

‘paper and threw it out the window!

He took the poodle and threw it out
the window!!
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Of course, at this point, pandemo-
niumensued. Shescreamed, and some- |
body pulled the emergency cord, and
the conductor came running up as the
trolleysereechedtoastop,andthelady
tried to explain, “This terrible man, he
threw my little dog right out this win-
dow.” And as the conductor and the
lady and the terrible manalllooked out
the window, the little dog came trot-
ting up the tracks. And what did he
have in his mouth? The newspaper?
No, the brick.

Now, this starts out with one absurd
story, and it rzambles along and
crashes into a fragment of the first fa-
ble. What’s the moral of this story? I'm
not sure. Maybe it's that you can’t
count on logical things happening all of
the time. If your train of thought de-
rails, what can get it back on the
tracks? There are no easy answers to
that one. Butinthereal world, youmay
find things happening that are worse
than you expect. You may also find
things working better than theory
predicts, and you should be prepared
to take advantage of them.

Remember, it 'was Branch Rickey
who said, “Good luck is the residue of
design.” Good luck doesn’t just happen
to the lucky; it sometimes “happens” to
those who are prepared to grasp it. An-
other aspect: Only a few years ago, we
were reading about “The office of the fu-
ture: The paperless office”—what a joke!
Our offices generate more paper than
ever (most of the computerized reports
areneverread) . Wenow have aquasi-in-
finite thicket of computer files, floppy
disks, floppy directories, and only the
vaguest idea where to find that memo
yousent out toanimportant client just
acouple years ago. Are there new “file
manager” programs that claim they
can find anything in all of your files?
Sure,and canIsellyouabridge? Ifyou
ask one of these file managers for a
newspaper, will it give you a brick?

All for now. / Comments invited! /
RAP /Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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WhaT’s ALL This
CRiTiCAL THINKING
STurr, ANYHOW?

ast year, I attended a little
conference of Community

College Electronics Teachers
upatTruckee Meadows Com-

munity College in the foothills north of
Reno, Nevada. I must admit, I was not
very familiar with the exact nature of
Community Colleges (two-year col-
leges). But I wanted to learn more, be-
cause we've had some very good luck hir-
ing bright young people from some
community colleges, and I wanted toun-
derstand why. I wanted to case the joint.
One of the first speakers asked the
entire audience of 100-plus teachers,
“How many of you built model air-

" planes when you were young?” To my
amazement, about
92% of the people
held wup their
hands. So, he ob-
served that many
people who now
work in technical
electronics were
intrigued by build-
ing little planes

BOB PEASE with balsa and
OBTAINED A glue. These days, I
BSEE FROM MIT doubt if you would
IN 1961 AND IS get such a signifi-

STAFF cant show of hands
SCIENTIST AT in a classroom, but
NATIONAL still I would guess
SEMICONDUCT- that most elec-
OR CORP., tronics engineers
SANTA CLARA, now older than 40
CALIF. oncehad ahobby of

building model
planes. So, that’s some of our “roots,”
our common heritage,and we wouldn’t
have known it if this guy had not asked
the question.

" Later, there was a panel session on
the topic, “What do you look for when
you are interviewing a person for a

ELECTHZ RUONTIGEC

technician’s job?” I observed that I
looked for a technician or young engi-
neer that could handle a tricky prob-
lem of a type that he (or she) has never
seen before. I think that’s more im-
portant than to ask a problem of a fun-
damental type that all students should
be able to handle well. I like to ask ob-
scure questions. I like to see what they
say when challenged with a question of
a sort they have never heard before. I
like to hear the gears clashing and
grinding inside their heads....

Then another panelist got up to pro-
pose that ifhe is deciding to hire anew
engineer or technician, he looks for
their ability to do critical thinking, be-
cause Title 5 of the California Educa-
tion Code calls for all college students
to be subjected to courses in Critical
Thinking. Boy, did I perk up my ears!
What ¢s this Critical Thinking? In the
simplest sense, Critical Thinking con-
sists of teaching students to be

thoughtful and reasoning and to ques- -

tion what they are learning. Does it do
any harm to memorize that Napoleon
was defeated at Waterloo in 18157 It
might seem to do no harm. But, in ev-
ery student’s schedule, there is only a
limited amount of time. If you waste all

‘of your time learning diddly facts like

that, you will not learn why things are
important. Why did Napoleon get
beaten at Waterloo? Why do we mea-
sure the CMRR of an op amp the way
we do? If a big expensive tester says
an op amp has a gain of 88 dB and we
measure 112 dB on the bench, the ex-
pensive tester must be correct, right?
Oh, but not necessarily so. If my boss
asks me totake some data, but I detect
apatternthat indicates something is
broken-what do I do if my boss isn’t
around to give me advice? When you
think of'it, a large amount of your learn-
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ingisinvolvedinfiguringout whatmakes
sense, and what to do when you come up
against contradictions.

WhenIamhiring atechnicianoranen-
gineer, I am really interested in hiring a
personwhohasgoodjudgment,andisnot
afraidtoquestionhisdata,orthemachine
that’stakingthedata,oreventoquestion
me if T ask him to do something that re-
ally has an error built into it. One of my
readers recently sent me some notes
about the Responsibility of the Experi-
mentalist: !

“When doing an experiment,itisim-
portant for the experimentalist not to
accept the data as correct without ad-
equately questioning it:-

1.Ifthe data are semi-automatically
recorded,thenexaminethe “raw” data
closely to determine whether the
equipment malfunctioned.

2. After recording the data in your
notebook, examine the numbers for
observational mistakes. Examination
of the numbers may also reveal an
equipment malfunction that was not
previously detected.

3. Before makinguse of the techniques
for propagating errors through the var-
iousintermediate steps and into the final

‘result, use common sense and ask your-

self whetheragivenexperimentalresult
or error is reasonable. If it’s not, there’s
anexcellent chancethateithertheequip-
ment malfunctioned or you made an
arithmetic or observational mistake
(note the distinction between mistake
and error). A standard sample or a stan-
dard test signal may often be available
forthe experimentorinstrumentationto
give aknownresult. You're urged to de-
visetests ofthissort inordertoavoid this
kind of mistake.”

So, when you take data, or when you
run tests, keep aware of how things
make sense, and flag it if things don’t
make sense. As Tom Milligan, one of
my old production test managers used
to tell his test technicians, “If it looks
funny, Record Amount of Funny.” We
callthat “Milligan’s Law,” in his honor.

Now, getting back more specifically
into Critical Thinking, I found a very
goodbookwiththat title writtenby Dr.
Richard Paul. Its subtitle read “What
every person needs to survive in a
rapidly changing world”. I went out
andboughtthebook,andit makes good
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reading.?Inaddition, the people at the
Foundation for Critical Thinking sent
me a nice brochure about their 11th
Annual International Conference on
Critical Thinking coming August 4-7,
1991 at Sonoma State University.?
The brochure said “A critical educa-
tion...appeals to reason and evidence.
Students should not approach their
classes as somany unconnected fields,

each with a mass of information to be
blindly memorized, but rather as or-
ganized systems for thinking clearly,
accurately, and precisely about inter-
connected domains of human life and
experience.” '
The conversemay wellbe expressed
as, “School is going fine...but I'm too
busy cramming content into my skull
tothinkabout whatIread,letalonede-
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velop an intelligent view. When do I
get to think for myself? Am I con-
demned to be a memory bank of mean-
ingless words?” Well, I should hope
not. The education that I get, that my
children get, that my technicians and
engineers get, had better consist of a
lot of Critical Thinking.

Recently Helen Cage, a furnace op-
erator in National’s Arlington, Texas
plant, was running a special new low-

‘temperature-oxide process. She was

reading in the log books that previous
operators had been logging in num-
bers for phosphine flow. She was sur-
prised because she knew this opera-
tion did not require phosphine. She
contacted Engineering, who investi-
gated and concluded that the phos-
phine notation must have been some
kind of incorrect entry. The next day,
Helen was watching the gas-flow indi-
cators on the next run-and the phos-
phine was flowing. She contacted En-
gineering again, and insisted that they
find out why the phosphine was flow-
ing when it was required to be off.
Whenthey searched alittle harder, they
found some kind of computer
error—phosphine wasbeing turned onfor
all processes, whether they needed it or
not. Helen Cage, by refusing to take Yes
for an answer, was a hero, because she
didn’t believe she should just follow in-
structions without thinking. Now, that’s
good Critical Thinking. I don’t know
where Ms. Cage went toschool, but she’s
the kind of person I want on my team!

All for now. / Comments invited! /
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

L From the book, The Art of
Experimental Physics, by Daryl W.
Preston and Eric Dietz, John Wiley
and Sons, NY.

2 Critical Thinking by Richard Paul;
available for $19.95 from the
Foundation for Critical Thinking, see
below.

8 Foundation for Critical Thinking,
4655 Sonoma Mountain Road, Santa
Rosa, CA 95404; (707) 546-4926.

DESTIGN




PEASE
PORRIDGE

WHaT'S ALL THIS
SPLICING STUFF,
AnyHow (PART Il

ightnow, mysolderingiron

is hot-about as hot as it

ever gets. [t’s alittle 37-W

iron, standard hobby-
grade, with a 3/16-in. wide tip. I have
two lengths of #12 stranded wire, so 1
will attempt to make a soldered
splice...

Yes, I could—just barely. With no
heat to spare, I was able to get a good
sweated joint. If I had wire any heav-
ier than that, I'd need at least 2 little
irons, or preferably, a big iron or sol-
der gun. But somany people have writ-
ten in after reading my previous col-
umn about splicing (see ELECTRONIC
DESIGN, Dec. 27,1990, p. 72), that T just
had to do a Sanity
Check.

Several people
said, “If you had a
bad splice, with
corrosion or poor
crimping, after a
while you might
get audible nonlin-
earity and distor-
tion from the poor
connection.” But
the Newspaper
Expertdidnotsay,

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF “A bad splice may
SCIENTIST AT hamper the sound
NATIONAL quality,” hesaid “a
SEMICONDUCT- splice....”

OR CORP,, Now, it’s true
SANTA CLARA, that I never said
CALIF. explicitly, “a good

splice” or “a sol-
dered splice,” but
obviously it’s only fair to assume that
a decent splice is what we're talking
about (there’s no point in making any
splice unless it would be a good splice).

One reader commented, “You may
start out with a good splice, which be-

ELETCTUZRONTITEC

comes bad over time.” I replied that,
by definition,ifaspliceis good,it will
stay good; if it goes bad, then it
wasn’t very good. There are lots of
soldered connections in my world,
both at home and at work, and I re-
ally must say that very, very few of
them go bad in any given year.

Now, it’s also true that in a car
where there’s heat, vibration, and
moisture, it’s not always easy to en-
sure a splice with good reliability
over many years. So let’s not say
that, under extenuating circum-
stances, no splice ever goes bad. If
my back porch looked out over the
Pacific Ocean, the possibility of los-
ing a speaker-cable splice every few
years due to salt spray and corrosion
is not negligible. But again, that’s a
special case.

Some people say that for the best
splice, you should use silver solder.
Maybeit would “soundbetter” tosome
people (I doubt they could tell any dif-
ferenceinadouble-blind test),but Iam
very dubious. I have done somessilver
soldering and you need a hot torch,
and if you're not an expert, it’s not
that easy to make a silver-soldered
joint, with the borax flux and all. Be-
sides, with the wire that hot, I would
expect the wire adjacent to the sol-
dered area to get badly oxidized and
corroded, and the insulation to be
badly over-heated, too. I think silver
soldering is a lousy idea.

The other way to make a splice is
with a mechanical clamp. The wire-
nuts in my house wiring are quite reli-
able, and some of them carry more am-
peres in a day than my speaker cables
do in a month. I don’t plan to snip out
an old wire-nut and check it for low re-
sistance and low nonlinearity, but I
suspect they would perform well be-
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cause the whole idea of a reliable con-
nection is the gas-tight crimp, where
nocorrosion can sneakinbetweenthe
two pieces of metal.

If you want to argue oxygen-free
copper, go right ahead. I'm not going
totell you what kind of wire to use, or
what not to use. I'm just saying that
you can, in almost every case, make a
splice in it.

Now, it’s true that you might have

such a big conductor that you can’t
solderit or getacrimp fitting around
it. If you had to bolt it, it might look
really funny to see alump the size of
your fist under the sofa. But, hey,
you really want big wires, you can
have big wires.
. It’s conceivable that some of the
ultra-high-tech wires are made with
such sophisticated technology that
when you buy them, the Owner’s
Manual tells you that soldering or
splicingisimpossible. But Iwouldn’t
know about that. When I buy 14-
gauge wire, it doesn’t come with any
Owner’s Manual, but T know darned
well T can solder it. With a big, kot
soldering iron.

Recently, a reader pointed out that
you can buy some splicing kits from
3M, such as Type U1R, which is rec-
ommended for general butt splicing.
The little subassembly is “filled with a
sealant to protect the connection
against moisture.” You can find this in
any Newark catalog. Unfortunately,
it’s only specified for AWG 19-24, so
most speaker cables would not find
that a good match.

And when I called up 3M, they did
not have any particular literature or
documentation available to show ex-
actly what reliability advantage is
gained, or, under what environmen-
tal conditions you get the biggest im-
provement in reliability. I tried toin-
voke a “need to know,” but they
weren’t prepared to show an engi-
neer or customer any documentation.
Maybe if you sound like a big cus-
tomer, they might pay attention.

The March 28, 1991 issue of Elec-
tronic Design carried a neat article by
Randy J. Kempf (Molex Inc., Lisle IL,,
708-969-4550) about “How To Recog-
nize a Good Conductor Crimp.” He
points out various procedures for mak-
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ing sure that your crimping tool can do
areliable job. Even a 0.125-inch diam-
eter brass pin can reliably carry 20
A-but that’s not quite the normal
connector for speaker cables. Still,
Mr. Kempfhas some good guidelines
for determining if you’re making
good crimped connections to your
wire.

And the IEEE Transactions on
Components, Hybrids, and Manufac-
turing Technology (Vol. 14, March
1991, p. 214-217) discusses the tech-
nique for drawing a constant 20-mA de
“Sealing Current” through telephone
circuits. Mr. Rudolf Schubert of Bell-
core, Red Bank, N.J., discusses vari-
ous test procedures and current biases
to try to prevent a degradation of re-
sistance in wire splices with poor me-
chanical integrity. The paper arrives
at the general conclusion that if your
wires are just loosely twisted together,
and you want to prevent the series re-
sistance from rising as high as 1 Q, a 20-
mA bias current is inadequate, and a
current as high as several amperes
may be required. Hey, it was still
worth a try.

Personally, I think Fred Davis (of
Hamden, Conn.), who wrote me af-
ter reading my original splicing col-
umn, has one of the best speaker-ca-
ble ideas. He uses multiconductor
ribbon cable. Fred solders up every
other conductor as kot, and then ev-
ery other conductor as ground, all
appropriately paralleled to get very
low inductance, moderately low re-
sistance, and very low phase shift.
You don’t have to use 00 gauge wire
just to get good results; in fact, the
fatter the wire, the more problems
you have...the ratio of inductance to
resistance tends to get worse, not
better. 1 just wanted to point out, it
really is not that hard to make a
GOOD, RELIABLE splice. There
are more ways than two to make a
good splice.

All for now. / Comments invited! /
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090
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WHAT’S ALL THIS
WIDLAR STUFF,

AnyHow?

henwegotthe word that

Bob Widlar had passed

away on February 27 at

the young age of 53

(heck, I'll be up there in a couple years,
if I'm lucky....), we all began to bring
out stories about things Widlar had
done.Thereare lots of good Widlarsto-
ries, and many of them have been
printed recently. I will just try to tell
herethe onesthatnobody else hastold.
First of all, Widlar did not bring in a
goattochewdownthe unmowedlawns
at National (when the pay to the gar-
deners was cut back). That would be
absurd. Widlar would not do that.
What he brought in was a sheep. I can
prove it, because
Fran Hoffart
showed me a pic-
ture of the sheep.
Widlar brought
the sheep in the
back seat of his
Mercedes-Benz
convertible. That
would be nice to
document with a
photo, but Fran
didn’t get a photo
of the sheep’s ar-

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF rival. However,
SCIENTIST AT Bob Dobkin told
NATIONAL me that he drove
SEMICONDUCT- upwith Widlarand
OR CORP., the sheep, after
SANTA CLARA,  Widlar bought the
CALIF. sheep in Morgan

Hill for $60.

Dobkin said that
after the sheep was tied up to a tree in
front of National’s headquarters, the
news photographers only took 20 min-
utes to show up. At the end of the day,
Widlar went over to a bar and took the
sheep with him. He left the sheep with

ELECTTZ R®ONTIC

the bartender.

That leads to another story, about
the time Bob made the gardeners un-
happy. Nobody remembers exactly
what he did to make them so unhappy,
butit must have been pretty good. One
person said maybe that was the time
Widlar could not find a good parking
place, so he parked his convertible on
the lawn-repeatedly. The gardeners
retaliated by letting a sprinkler run
into that area, and when he came out
to go home, the car had several inches
of water in it. Did Widlar retaliate af-
ter that? Nobody remembers, but
even Widlar knew that sometimes, it’s
time to quit when you are over-
matched.

Charlie Sporck, (who has just re-
tired as the president of National) told
me about the first time he met Bob. He
was in a hospitality suite of the IEEE
in New York City backin 1966. He was
reading in Electronic News that

-Raytheon had just brought out an

RMT709 as a second source to the
Fairchild 1A709. Bob, who was not
pleased at being second sourced, came
over and, uttering a generalized pro-
fanity, set fire to the newspaper. Char-
lie was astonished, and threw it into a
metal wastebasket. Unfortunately the
fire did not go out. As they tried to ex-
tinguish the fire, the smoke alarms
went off and the fire department ar-
rived. So much for first impressions...

When I first came out to National in
February of1976,I wasinagood mood,
and I set about my new work whistling
cheerfully—until Widlar came by. Bob
reminded me that my whistling was
bothering people. Infact, my whistling
was annoying him. He came by about
six times that day to remind me, and
eachtime I assured him I was tryingto
stop whistlingaswellasIcould, butthe
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music (Mendelssohn’s organ sonatas)
was really circling around gloriously
inside my head, trying to get out. He
was as good-natured as he could be,
and I finally broke the habit-after
about a week of reminders.

There were just certain kinds of an-
noying sounds that he felt he didn’t
have to put up with, and to a large ex-
tent he was fair about that. Hacksaw-.
ing large pieces of metal? Take it out-
side. Drilling many holes in a chassis?
Wait till everybody went to lunch.
Print out a huge print-out on the new
line printer? Well, if Widlar could not
get this noise delayed until “lunch
time,” Widlar would just go out to
lunch with Dobkin or Mineo or both,
right then. Whether it was 10 A.M. or
3 P.M., Widlar didn’t need much ag-
gravationtoconvineehimit was “lunch
time.” Some days, he did indeed drink
a lot of lunch. But that didn’t prevent
Bob from getting lots of good ideas
done. It may have helped.

We still have a sign around our lab,
“This is not a blacksmith shop.” But
there were times when Bob would dis-
cover he had wasted a day or two, just |
because one bad part had screwed up
his circuit. He would bring this bad
part-acapacitor, a pot, a transistor, an
IC, or whatever—over to the vise and
lay it on the anvil part. Then he would
calmly, methodically beat it with a
hammer until the smallest remaining
part was indistinguishable from the
dust on the floor. Then he would go
back to work and get the right answer.
He explained that it makes you feel
much better if you do this, and, you
know that bad part will never come
around again and goof you up. He was
right, and I recommend that you join
me in doing this “Widlarizing” when a
bad component fools you. You will feel
alot better.

One time Bob was standing up on a
lab stool in the hall outside his office,
taping a large firecracker to the pag-
ing system loudspeaker, when Pierre
Lamond happened by. Pierre was the
vice president in charge of R&D, and
Bob loved to give him a hard time.
Pierre asked, “What are you doing,
Bob?” Bobreplied, “I am going to blow
out these damn speakers.” Pierre used
all of his Gallic aplomb and replied,
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“Oh,” and turned and walked back out
the door. Widlar lit off the fuse and
hopped down. Then an M-84’s blast
ripped the cone out of the speaker. Bob
had torepeat the blast to get the paging
system to stop making noises in his lab.
And poor Pierre must have been under
great stress to realize Bob was setting
suchabad example, but Pierre could not
let on that it was bothering him.

So, Widlar was not averse to fight-
ing noise with noise. One of the cele-
brated things Widlar did was to put a
“hassler” in his office. When a person
came in to his office and spoke loudly,
thiscircuit would detect the audio, con-
vert the audio to a very high audio fre-
quency, and play back this converted
sound. The louder you talked, the
lower the pitch would come down into
the audio spectrum, and the louder it
would play. Soif you really hollered, it
would make sort of a ringing in your
ears. Of course, if you noticed this
“ringing” in yourears, and stopped for

_a while to listen, the “hassler” circuit
would shut up. He gradually got peo-
ple to stop yelling at him. I mean, Bob
really wasalmost alwaysasoft-spoken
person. He didn’t have to yell or shout
to get hismessage across. When he did
speak, and softly at that, people would
soon realize that it was a good idea to
listen to him.

One night Bob left the “hassler” on.
The next morning, his secretary tried
to do some typing, and every time she
hit a key, the “hassler” would chirp. It
drove her nuts until Widlar came in
and turned it off.

Onethingthat would have made Bob
gripe was to see “consultant” in his
obituaries. Bob never failed to point
outthathewas NOTaconsultant. Con-
sultants get paid for showing up. Bob
was a contractor, and contractors get
paid for making things that work. Bob
did get paid because his circuits did
work. Of course,sometimesittook sev-
eral masksets, and several years, be-
cause Bob was doing tasks that
weren’t easy.

Let me correct another error in the
obituaries. The first story we heard
was that Bob died while jogging on the
beach,astory that gotintoall of the pa-
pers. Actually, he had been running up
onahighridge,and was apparently de-
scending a steep trail down from this
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ridge when the heart attack hit him,
and he fell in a dive and died. Not just
an easy jog along the beach. Bob was,
in recent years, pretty much into fit-
ness, and he worked hard at his run-
ning. Recently, he had apparently cut
down a lot on his drinking, too. Maybe
the alcohol had chased away the coro-
naries, and the lack of alcohol con-
tributed to the heart attack? I'm no
doctor. But he did not die drunk, which
may have amazed a number of his col-
leagues.

One time Bob was out drinking beer
with his friends and he told his friend
Ken Craft that he could drink a mug of
beer faster than Craft could throw a
mug of beer over his shoulder. At the
word GO, Ken flung his beer over his
shoulder in about one second flat. Wi-
dler just stood there and smiled, and
then slowly raised his mug to his lips,
saying, "you win."

What technical things did Bob ac-
complish? Well, in addition to the op
ampsand thebandgap references, Bob
also brought out the industry’s first
high-power voltage regulator, the
LM109. A couple of people reminded
me that in the fall of 1967, there had
been a big controversy about whether
it would be possible for anybody to
build a high-power regulator on one
monolithic chip. There were little let-
terstotheeditorinseveralmagazines,
proand con. Finally, Widlar settled the
argument by writing an authoritative-
soundingletter. It pointed out that the
thermal gradients on a chip would
make it impossible to make a high-
power chip with good performance,
and the features would be impossible,
and the reliability would be impossi-
ble. That settled the argument. Ev-
erybody shut up, because obviously
Widlar knew what he was talking
about. Then two months later, Widlar
introduced the 20-W LM109, and it in-
cluded all those features that Widlar
had said were impossible. All of the IC
engineers realized Widlar had taken
themforaride,and that he had thelast
laugh. What amaster of the art of play-
ing games!

When the first LM109s were ready
for testing, Widlar designed a tester,
and Ken Craft built it up. Widlar came
over to try it out. He griped, “It works
OK, but the START pushbutton is on
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the left side, and it ought to be on the
right side.” The next day, Widlar came
by the box and there was a big arrow,
“PUSH to test,” pointing at a blank
area on the right side of the top of the
box. Widlar, being a curious sort, de-
cided to PUSH where it was indicated.
Immediately the test sequence began
and cycled through, with a green light
going on. What the heck?? There was
no pushbutton there, but every time
Widlar pushed that spot on the panel,
the test sequence occurred. Ken had
cut away the copper foil at that place
andinstalled asensitivelight-detector
under the epoxy pe-board material.
When you put your finger on that spot
and blocked off the light, it would trig-
ger the tester as a conventional push-
button would do. Widlar was pleased
that his guys would come up with a
sneaky, ingenious scheme like that.
What other technical things did
Widlar do? Even to the end of his ca-
reer, Bob eschewed Spice and similar
computersimulations. Hepreferred to
use breadboards, all sorts of bread-
boards, and also “the Mexican com-
puter.” Namely, he used Teledeltos
paper to make resistive analogues and
simulate the two-dimensional flow of
current. How many of you guys have
used it? I recall we used it in school, 32
years ago, and I still use it every other
year. You sketch the shape of your re-
sistive pattern onto this resistive pa-
per, at about 400 Q per square (give or
take 4 or 5 dB). You cut out the out-
lines, and paint on silver conductive
paint at the border where current
comes and goes. Then, after the paint
dries, you shove in some currents and
read the voltages and see if the ratios
seem right. If not, it’s cut-and-paste
time again. Bob used this technique a
lot to get some measure of how cur-
rents would flow. I don’t think he ever
actually did any of this work in Mex-
ico,but I guess he could haveifhe had
to. He never did any breadboarding
or measuring down in Mexico; he
would write in his notebooks and de-
cide what circuits to try, and then
come up to Santa Clara and try them.
He kept very neat notebooks, and he
also wrote neat script whenit came to
writing technical papers—some day I
intend to show that George
Philbrick’s penmanship and Widlar’s
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were uncannily similar.

Of course, the stories about Widlar
in a light mood were almost as bizarre
as they were true. He would some-
times go to the airport, walk up to a
ticket counter, and ask the clerk,
“What time does your next plane
leave?” The clerk would mention the
timeand the destination. “Ournextde-
parture is at 5:20 P.M., flight 772 to
Vancouver.” Then Widlar would haul
out his wallet and peel off some bills
and buy around-trip ticket to this ran-
dom place from the astonished clerk.
In a few days, Widlar would return
from his surprise vacation.

Sometimes, Widlar took one of his

secretaries and picked her up by the
ankles and lowered her head into a
fountain. She seemed to like it. (Jim
Dunkleytold methis. Hesaid hername
was Nancy....)

I gave a paper at a conference in
March of 1970 in Paris. Widlar also
gave a paper. I recall that at the end of
lunch, Widlar made sure that he got a
full bottle of wine to bring back with
him into the conference hall, in addi-
tion to the wine he had enjoyed with
his lunch. When it was time for Bob to
give his talk, he had knocked the level
of the wine bottle down quite low. He
alwayssaidhedidn’t finditeasy togive
abiglecture, unless he had some tran-
quilizer in his stomach. At this confer-
ence, Bobwaswelltranquilized,and he
was giving a good lecture about his
new circuits. But the translator (En-
glish into French) was having diffi-
culty keeping up with all of the obscure
technical phrases that Widlar was
tossing off'so easily and rapidly. A cou-
ple times, the translator begged some-
body to get Widlar to slow down. But
nobody could slow him down. Finally,
the translator gave an anguished ery
of distress and walked out. Bob just
keptonexplaining his circuits, without
slowing down or speeding up. After-
wards, when conference chairman
Jerry Eimbinder told Widlar he would
have to speak more slowly the next
time, Widlar responded, “The next
time I talk here, you'd better get bet-
ter interpreters...”

A year ago, Jim Williams was com-
piling the book “Analog Circuit De-
sign: Art, Science and Personalities”.
Iasked Widlarifhe would like to write

a chapter or two. Bob gave a shrug of
disinterest and kept on with what he
was doing. I asked if he would like to
just talk into a tape recorder and we
could get it typed. No, not interested.
I asked, well, surely there must be a
story that ought to be told, shouldn’t
you tell it? He explained, with weary
patience, that he really had nointerest
in telling any such stories. I knew bet-
ter than to try to argue with a guy who
obviously knew what he didn’t want to
do. Maybe I should have invented a
trick-taken a tape recorder down to a
bar and let the tape run? Obviously, if
you can predict when you're going to
losealegend like Widlar, youwould re-
sort to a trick like that. But, we just
saved all of the good stories we
could...and the ones printed here are
less than half of the good printable
ones,nottomention all of the ones that
could never be printed...

Obviously, there will never be an-
other engineer like Widlar. He led the
linear IC industry in many amazing
new directions. I think every circuit
designer has looked at one of Widlar’s
new circuits and said, “Good heavens.
Youcando that? Ifthat works the way
he says it does, then I could use some
of these ideas to improve my cir-
cuits....” I found several places where
I could correct or improve some of
Bob’s applications circuits, where he
added resistors and capacitors around
the IC. But I never found places toim-
prove his ICs. This fall there will be a
technical paperpublishedinthe IEEE
Journal of Solid State Cirecuits, on the
topie of substrate current flow in ICs.
And everybody will read it and say,
“But, of course he’s right. Why didn’t
I think of that myself, first?” I'm not
sureifBob Widlareverdesigned anob-
vious cireuit in his life.

All for now. / Comments invited! /
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

1published June 1991 by
Butterworth-Heinemann, Stoneham,
Mass.
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Whar’s ALL This
MULTIPLICATION STUFF,

AnYHOW?

everal months ago, I got a
strange call from a “cus-
tomer” (I get alot of strange
phone calls). He said he
needed a multiplier circuit to do some
simple multiplying, such as5 V X8V,
and heneeded 0.02% precision. He said
he had already talked to several com-
panies that make multipliers, and they
didn’t have any circuits with precision
nearly that good. Then he asked if we
had any ideas. I gathered that he was
kind of desperate, and that he had
called us even though he knew that Na-
tional doesn’t make any multipliers.

I asked, “Oh, what is the range of
eachofyoursignals?” Hesaid, “Oh, one
inputgoesfrom5V
to 9 V, and the
other input goes
from 4 volts to 8
volts.” T replied,
well, if you want
0.02% accuracy,
that’s a piece of
cake. I could hear
his jaw dropping.
“How do you plan
to do that?” Ah, I

BOB PEASE
OBTAINED A
BSEE FROM MIT

IN 1961 AND IS quite easy. Your

STAFF dynamic range is
SCIENTIST AT narrow enough, so
NATIONAL we can do an ex-
SEMICONDUCT- panded-scale am-
OR CORP,, plification of your
SANTA CLARA, signals and feed
CALIF. them into a decent

multiplier. Then
take the output
voltage from the multiplier and com-
bine it with some constant offsets and
some linear-gain signals,and add them
all up with some precision resistors,
and there’s your output.

He said, “Precision resistors—aren’t

ELECTZ RUONTICEC

replied, it’s really-

sion Wire-wound resistors,” so he had
his choice of a dozen good suppliers.

Then I sent him a schematic similar
tothe oneadjacent.ItoldhimI’'vedone
something like this before, and you
can’t go wrong.

I never heard from him again. So I
like to think that it worked okay for
him. Then, as I began thinking of good
topics and good ideas to write a column
about, I remembered this problem. I
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they the ones that cost $10 each?” I
said, “Heavens no, a couple bucks gets
you some good ones.” So the first thing
I sent him was a description of how
easy it is to buy precision wire-wound
resistors (copy available on request
with a SASE). I explained that the de-
livery canbe quite good, because there
are several competing companies
(some of them are right down the road
from each other, in southern New
Hampshire) that can sell you resistors
with excellent accuracy, 0.01% or bet-
ter, and at reasonable prices. Delivery
is also excellent, if you want to pay a
little surcharge for that. When I need
good resistors, I usually look in the
EEM or the Gold Book, and shop
around at two or three of the vendors
to do a sanity check and make sure I
havenot over-specified or under-spec-
ified the resistors I need. I sent him a

copy of that page in the EEM, “Preci-
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fished a couple inches down in the file
of papers on my desk and dug up the
problem and the solution. Now, I had
told this guy, “This is a guaranteed de-
sign. No problem.” But, I'm not going
to feed you any paper designs that
have not been built and tested. I
dropped by Haltek in Mountain View
and bought a few of the resistors that
I needed. Then I gave the whole batch
to my technician and told him that it
had to work. I said to come back when
the output erroris less than2mV.
Note, I don’t usually tell my techni-
cians that, because I'm perfectly capa-
ble of making mistakes, every kind of
mistake. [usually tell thetech, “Leave
extra room in case we have to change
some things in the input area...” or
‘whatever. But in this case, I just told
him to leave the leads of the resistors
at fulllength, asasort of a strain-relief
loop,sowhenthey’resoldered,itdoesn’t
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heat up the body of the resistor.

Howdoes this circuit work? It works
beautifully (no, that’s not what I
meant). It works by taking advantage
of the full dynamic range of the multi-
plier. If you merely feed in a signal in
the range of (+5 V to +9 V) to the ter-
minals of the multiplier, you’re using
only 1/5 of the usable range or span of
the multiplier. So, let’s take the signal
input, subtract 7V, and amplify it by a-
gain of -5. That signal, which we feed
to the input of the multiplier, now has
arange of + 10 volts. Therefore, we're
exercising the multiplier over its en-
tire rated operating range. We do like-
wiseforthe otherinput. Nowtogetthe
signal at the output of the multiplier
combinedintothe output,again of 1/25
is needed. The errors of the multiplier
are also attenuated by this factor of
25-that’s the key to getting the accu-
racy you want. Most of the signal goes
through the linear gain stages, and
only a little of the output comes
through the multiplier.

A reasonably-priced ($40) multi-
plier, such as Burr Brown’s 534KD
(see, I told you National doesn’t make
any multipliers) with an accuracy spec
of 0.5%, can provide a performance of
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0.02% in this circuit. Now, the ampli-
fiers are pretty inexpensive (Na-
tional’s LM607BN with Vg <60V is
barely $1.20) and the 13 precision re-
sistors are going to cost you about $30.
But, they get you to a place you could
not get to otherwise.

Paul built up the circuit, and tested

-

VinY Vin X Vout Column § Verror
5.0000 4.0000 -1.899399  -2.000000 0.000601
6.0000 4.0000 -2.399693  -2.400000 0.000307
7.0000 4.0000 -2.799666  -2.800000 0.000334
8.0000 4.0000 -3.199520  -3.200000 0.000480
9.0000 4.0000 -3.599620  -3.600000 0.000380
5.0000 5.0000 -2.499626  -2.500000 0.000374
6.0000 5.0000 -2.999929  -3.000000 0.000071
7.0000 5.0000 -3.499720  -3.500000 0.000280
8.0000 5.0000 -3.999440  -4.000000 0.000560
9.0000 5.0000 -4.499300  -4.500000 0.000700
5.0000 6.0000 -2.999830  -3.000000 0.000170
6.0000 6.0000 -3.600000  -3.600000 0.000000
7.0000 6.0000 -4.199930  -4.200000 0.000070
8.0000 6.0000 -4.799750  -4.800000 0.000250
9.0000 6.0000 -5.399350  -5.400000 0.000850
5.0000 7.0000 -3.500170  -3.500000 -0.000170
6.0000 7.0000 -4.200100  -4.200000 -0.000100
7.0000 7.0000 -4.900130  -4.000000 -0.000130
8.0000 7.0000 -5.600000  -5.600000 0.000000
9.0000 7.0000 -6.299500  -6.300000 0.000500
5.0000 8.0000 -4.000470  -4.000000 -0.000470 I
6.0000 8.0000 -4.800290  -4.800000 -0.000290 ‘V
7.0000 8.0000 -5.600360  -5.600000 -0.000360
8.0000 8.0000 -6.400360  -6.400000 -0.000360 O
9.0000 8.0000 -7.200230 -7.@
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it at several values of Vyy. I must ad-
mit, he had to change one resistor
value-I provided a 2k resistor to feed
the LM369, and Paul figured out
quickly that it should be 1k to provide
5 mA. The -10-V bus refused to regu-
late because the loads on that node
drew more than the 2.5 mA I was pro-
viding through the 2k.

Referring tothe box of data, you can
see that the worst output error was
about 0.7mV or 0.007%, about 9 times
better than the accuracy of the multi-
plier used by itself. It’s always nice to
know that when you tell a guy, “This
circuit can’t go wrong,” it really does
work the way you said it would.

All for now. / Comments invited! /
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

P.S. I was talking about this circuit
with some friends, and they agreed
you could do this with digital multi-
pliers, but that would not be cheap
nor easy, either. But then I coun-
tered, how about one ADC and an
MDAC? (multiplying DAC)-those
things can be inexpensive and quite
accurate. I'll build one of those and
see if it’s worth writing about.
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Whar’s AL This Box
STUFF, ANYHOW?

here are many things I do
with cardboard boxes. I
stow papers in some of the
nice boxes we get our Xerox
paper in, and we stow circuits and
partsin other boxes. And when people
complain that our printers are running
tooloud, we glue some foam rubber in-
side a big box and clap it over the
printer. Thatusually makes13to18dB
of improvement. The complaints are
hushed, along with the printer noise.

But that’s not the box I want to talk
about today. I want to talk about the
big (5 cubic-feet of volume) cardboard
box with the Calibration Stickers onit.
Most days, this box sits up on top of a
tall cabinet, but about once amonth we
pull it down and put it to work.

About 5 years ago, we introduced a
new temperature
sensor IC, the
LM34. It comes in
a small TO-46 her-

package, and also
in TO-92 plastic.
And we had the
production parts
meeting an accu-
racy specof £1°F,

BOB PEASE

OBTAINED A on a decent frac-
BSEE FROM MIT  tion of production.
IN 1961 AND IS But how do you
STAFF test atemperature
SCIENTIST AT  Sensor? And, how
NATIONAL do you calibrate
SEMICONDUCT- the tester? You
OR CORP. calibrate a volt-
SANTA CLARA,  2ge detector by
CALIF. putting the same

voltage into two
units and making
sure that you get the same answer
fromthem. So, with atemp sensor, you
have to put two (or more) parts in the
same temperature environment and
make sure they all give the right an-
swer. In our case, we had several kinds

ELEG CTRUONTIC

metic transistor

oftemp sensors, with a precision
platinum RTD (Resistance
Temperature Detector) as
our primary calibration
standard. It cost about
$800 15 years ago, and I
shudder at today's re-
placement cost.

So we put a little centrifugal
blower to blow air through a piece of
corrugated plastichose and over some
of the ICs and also over one or more of
our precision calibrated platinum
thermometers. We set up two sockets
side-by-side so we could put in two
units and cross-compare them with
quicker response, because devices in

the same package will have about the |

same time-constant.

After a few days, one of the techni-
cians was trying to take some precise
datain order to give them to other en-
gineers as “Golden Units.” The tech-

_nician griped that he was getting in-

consistent results—and they seemed to
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be related to when the parts were not
shoved all the way down in the socket.
Well, the I x R drop could change a lit-
tle-but this part only drew 55 mi-
croamperes, and the IR drop could only
be 100 nanovolts, whereas we were see-
ing 300 microvolts-equivalent to 0.03
degrees,forlessthananeighthofaninch
of movement. )

We finally set up some parts with
longleads,eschewingthesocket,and
moved the device under test around
intheairstream. Wefound that there
were temperature gradients in the
air flow coming out of the tube. We
tried a longer hose, but that did not
makethe gradients much better. We

thought about using a different
; kind of hose. But before
we could do that,
Idecided

totry

a big box for

the air to stir

around in, to circulate and mix and
swirl. Then, afterawhile, theairpoured
out onto the DUT’s sockets. When we
looked for gradients, they were gone,
at the level of 0.003°F. So we taped the
wholethingtogethersecurely. Butone
day we saw somebody trying to take
some cardboard boxes away to make
the lab look neater. We realized we
had to make sure our box would be
recognized as valuable. So we made
up a big Calibration Sticker and
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slapped one on all four sides .

Now, we could have had a stirred
oil bath, but that’s messy and bulky,
and the settling time isn’t really
much faster than moving air. And
when you can use a big leftover card-
board box, the price is right, and it’s
more fun, too.

-Could we have perhaps used a
somewhat smaller cardboard box?
Maybe, but we would have to do a cal-
ibration on it, and that wouldn’t be
worth the effort.

Now, around room temperature,
this cardboard box is fine, but at hot
and cold temperatures, we normally

usealittleoven. Buteverybody knows
| there are terrible gradients when you
runitat 125°C, or ~-565° orevenatroom
temp! So we put in a box to surround
the DUTs. Small help. Then we added
a metal plate (about 1/8-in.-thick alu-
minum) so we could strap the platinum
thermometer (we had a compact one,
about 8 in. long) to the same plate that

the DUTsweresetinto. Still,there were
errors. The hot air coming from the
oven’s duct would blow on one corner of
the box and heat it worse than another
side of the box. And the whole process
was quite slow if you kept the box cover
closed. If you want to guess how many
hours of tests we ran to discover which
partsreallyhad what errorat what tem-
perature, it was plenty.

We finally boiled the testing prob-
lem down to two problems—we had to
getaquick response when we changed
the temperature, as if the box were
open, and we had to get minimum gra-
dients when we were near the final
temperature. We solved the problems
withaboxinabox.The outside box had
some small slits and baffles, so the
oven’s air could not blow directly on
the inner box. Then we put a lever on
the cover so we could open the coverto
get fast response for 98% of the tem-
perature change. After that, we
turned the lever and closed the cover

to get a nice slow settling

And all it took was a box inside a
box,inside the oven. Could we have
used cardboard for that? Well, in
concept we could have, but it would
get pretty flaky after just a few
hours at 125°C, so of course we used
copper-clad material, which was
reasonably stable and easy to work
with (the covers did keep warping a
little bit, and we had to keep flatten-
ing them out). When the boxes were
closed, the gradients between the
metal plate, the 25 parts mounted in |
it, and the platinum sensor were re-
ally quite acceptable, <0.05°F.

All for now. / Comments invited! /
RAP/ Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0. Box 58090

Santa Clara, CA 95052-8090

Turn your
excess inventory
into a substantial tax break
and help send needy
kids to college.

Call for your
free guide
to learn how donating your
slow moving inventory
. can mean a generous
tax write off
for your company.

Call 708-690-0010
Peter Roskam
Executive Director

P.O. Box 3021, Glen Ellyn, IL 60138
Fax (708) 690-0565

Excess inventory today.....
student opportunity tomorrow

Frankly Fenton, when I named
you Manager of excess inventory,
this isn't what I had in mind.

1 Excess j
3nd

OBSOLETE

BEeLecTrrRONTC
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Whar’s ALL THiS
MATHEMATICS STUFF,

ANYHow?

hen I was at MIT, the

math instructors had

some famous problems.

They were all about
somemythical person called Little Eg-
bert, and all of the interesting mathe-
matical things that happened to him.
I’ve been intending to find some
more Little Egbert problems, and I
even intended to ask some guys
when I was at a class reunion this
summer. But I guess I didn’t ask the
right people. Still, I remember one
problem very well:

Little Egbert got a horn for Christ-
mas, and the shape of the horn was a
radius of r = (1/x) feet, from x = 1 to oo,
Egbert decided he
wanted topaint his
horn. (a) He de-
cided to compute
the area of the out-
side of the horn, so
he would know
how much paint to
buy. Then, (b) he
decided to com-
pute the volume of
the inside of the
horn, so he would
know how much
paint to buy for

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND 1S

STAFF that. What did Lit-
SCIENTIST AT tle Egbert decide?
NATIONAL Ifyoudoyourin-
SEMICONDUCT- tegration, the first
OR CORP,, answer is the inte-
SANTA CLARA, gralof2xw (1/x) dx,
CALIF. from 1 to oo, That’s

thenaturallog ofx,

and the natural log of  is still e, So,
(a) would take an infinite amount of
paint.

But if you integrate to get the vol-
wme of the horn, that’s the integral of
p1(1/x )dx, whlchworks outto-m(1/x),

ELECTRONTIC

evaluated at 1and ate-. That works out
to barely 8.14 cubic feet of paint, or
about 23-1/2 gallons—definitely a fi-
nite number for (b).

Hey, there’s a neat paradox. Little
Egbert can paint the inside of his
horn—but he can’t paint the outside.
What’sthe mathtryingtotellus? Well,
at any time, thinking is permitted
(evenifnotrequired). If youhad ahorn
with a diameter of even 1 micro-inch,
or a thousandth of a micro-inch, you
would still have to wrap two or three
molecules of paint around this very
thin shaft, to say that you had painted
it. Thenif the thin end of the horn goes
on forever, an infinite amount of paint
will be needed to try and coverit. Con-
versely,bythetimethediameterofthe
horn gets down to a small fraction of 1
milli-inch, a molecule of paint will
refuse to go any further down inside
the verynarrowpassage. Atthispoint,
you know that only a finite amount of
paint willbe needed tofill it up. So, Lit-
tle Egbert can paint the inside of his
horn by filling it up, even though it
would be impossible to paint the out-
side of the horn. You can philosophize
about the math, or you can philoso-
phize about the paint. Either way, the
answer makes some sense.

When I was a freshman at MIT, I
took the standard class—was it
M21?—on Fourier analysis. I did all of
the problems; I passed the tests. Then
I went on to more classes in math and
physics. Yearslater, whenIwastrans-
ferring into Electrical Engineering,
theinstructorsshowedyouhowtopre-
dict what would happen if you tried to
shoveabroadband signalintoawire or
cable that did not have infinite band-
width. How do you compute what kind
of modified, filtered, attenuated signal
comesoutat thefarend? Why, Fourier
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analysis tells you which components
will be attenuated.

Well, I was astonished. Youmean to
tell me that Fourier analysis was good
for something?? Why didn’t they say
so back in Freshman math? Nobody
ever indicated that Fourier analysis
was useful. As I got further and fur-
ther into E.E., I found that a whole
bunch of the mathematical techniques
we had been taught were, indeed, ac-
tually good for something. These
mathematical techniques had been in-
vented to help solve a problem, and
they were presented because they had
the potential for being useful, even if
they forgottotellusstudents. So,math
is a very useful science—the hand-
maiden of the sciences, as they used to
say—and sure enough, math is still
useful every day. Some people say,
why learn math or geometry or calcu-
lus or algebra if it’s something you will
never need? Of course, in some parts
of the world, you do need math every
day. How will youknowifyou willneed
it if you never try it? If you have the
aptitude, it may indeed turn out to be
very useful.

Now, what’s all this “math aptitude”
stuff, anyhow? Well, I’ve taken a
bunch of aptitude tests, and it won’t
surprise you to hear that I get high
scores in several kinds of math apti-
tudes. I took tests with the Johnson
O’Connor Research Foundation (with
offices in 12 major cities)* and they
found I'm good at Number Reasoning,
Accounting Aptitude, Analytical Rea-
soning, Number Memory, and Struc-
tural Visualization. Now, when I took
these tests, I already suspected I was
good at these things, because I sure
didn’t get through MIT by being ultra-
intelligent. I got through because I
was good at taking tests, and at ma-
nipulating the data to get reasonable
answers. [ went to take the aptitude
tests because I was curious why I was
having so much fun taking tests, and
the aptitude tests confirmed my sus-
picions. Not everybody has good math
aptitudes. Only a small fraction of
women have as good “Structural Vi-
sualization” scores as 1/4 of the mendo.
But the best women are just as good as
the best men. Both of my sons have
taken these aptitude tests, and both
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score very high on Structural Visual-
ization. But one son has low scores for
other kinds of math aptitudes, which
means he is great at geometry, but
lousy atalgebraand calculus (which we
already knew...).

I still do lots of math in my head, or
on a slip of paper. I rarely use my cal-
culator—maybe once aweek, and I use
my slide rule about as often. For ex-
ample, I used my slide rule to get the
23.5 gallons of paint. There’s no point
in knowing if it was 23.4875 or any
other number, because there are still
cases where “engineering accuracy”
of a percent or so is quite adequate.
Therestofthetime, [just dothemath
in my head, or on paper. But I do use
a digital calculator to do my taxes; I
stopped using my slide rule for that.
I figure it would be hard to explain a
few bucks of round-off error to the
IRS guys....

For example, the other day, a friend
of mine wanted toknowhowbigherold
aquarium was, as she was draining it
totransferthe fishtoanewtank. I took
a piece of graph paper and measured
out the number of inches in each di-
mension. I did some quick-and-dirty
multiplication, and then used long di-
vision to divide by 231, which is the
number of cubic inches in a gallon. I
told her about 30 gallons. Another guy
got afoot ruler, and used his calculator
to multiply the number of cubic feet by
62.4,toconvertthecubicfeetintopounds,
and divided by 16, the number of pounds
inagallon. Hegot16.18gallons. My friend
found this amusing, as she had already
removed 18 gallons of water and had a
good bit more to go. Of course, as we re-
constructed thescene ofthe crime, were-
alized that there are about 8 poundsin a
gallon, not 16, so the answer of 30 or 32
was indeed about right.

Still, when Linterview a prospective
engineer, I try to find out if he has any
aptitude for math, and if he is rusty or
on his toes. I wouldn’t refuse to hire
a guy who used a calculator to get the
right answer, but it had better not
slow him down. Math is a tool, and if
we're prepared touse it with skilland
ease, it leaves us more time to work
on the serious aspects of our project.
If a guy tells me he plans to double a
resistor so he can get more current
throughit, it makes me suspicious be-
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cause he’s liable to waste a lot of time
on wild-goose chases.

These days, Spice is supposed to
help us on our circuit analysis, and
whenit does, that’s nice. But many cir-
cuits don’t need the full precision and
power of Spice to give a suitable an-
swer. Sometimes a good rule-of-
thumb answer is just right. Then you
can use that as a sanity check, to con-
firm that Spice is performing a rea-
sonable computation, and that nobody
mistyped anything.

When I wasin the 7th grade, I gotin
some squabble with the math teacher.
He “won” the argument. So he forced
me to stay after class to memorize the
square roots of all the digits from 1 to
10.What ahorrible punishment!! It did
take me alittle time to get them mem-
orized correctly—and to this day,
they're awfully useful (with the ex-
ception of the square root of 7, which
really does not get used once in a
decade....). I mean, the square root of 2
and of 10 are used all the time in engi-
neering. And the square root of 3 tells
you about the side of a 30/60/90-degree
triangle. And the square root of 5,
about 2.236, is the voltage you see on
your ac voltmeter when you add 1 V
and 2V of noise.

Come to think of it, I don’t recall that
he ever forced any other kids to memo-
rize square roots. I remember a couple
of kids who had good music aptitudes,
and he set them the “punishment” of
learning “Stella by Starlight,” which he
said was his favorite song. [ bet they re-
member that, to this day, too!! I don’t
think I gave him much credit, at the
time, forbeing a very brightfellow. But,
maybeIoughttoadmitthat Mr. Holmes
was a pretty smart cookie, after all.
Please, Bre'r Fox,don’t throw mein the
briar patch....

All for now. / Comments invited! /
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090

*Call Johnson O’Connor Research
PFoundation, (415) 243-8074 for more
information.
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WHar’s ALL THIS
CopPER-GLAD STUFF,

AnyHow?

he other day, one of our ju-

nior engineers told me en-

thusiastically,“Isolved that

oscillation problem on the
new circuit. I just put down the probe on
that sensitive node I suspected, and the
oscillation went away.” I said that’s
great, but how many picofarads do you
think that is? He replied, “I don’t know,
how many?” I told him to measure it on
the Impedance Bridge.

He came back in a few minutes, kind
of glum, because the probe had 3.2 pF,
and he knew he didn’t have room to fit
in that much capacitance on the chip,
which was already rather crowded. I

: said, “Oh, don’t feel
bad, maybe it only
needs less than 3
puffs. Try a probe
with less capaci-
tance.” Hewentout
and measured ev-
ery kind of probe
that we had ever
bought, and they
were all kind of
gross, 2 or 3 or 4

BOB PEASE puffs. I said, “No
OBTAINED A problem, try this
BSEE FROM MIT  prober with a new
IN 1961 AND IS  arm that we just
STAFF madeup.” We fabri-
SCIENTIST AT cated the lever arm
NATIONAL out of small strips of
SEMICONDUCT-  copper-clad, with
OR CORP., insulation provided
SANTA CLARA, by peeling the cop-
CALIF. per off the glass-

epoxy material. He
went over and measured 0.22 pF. Then
he dropped this probe tip on his cireuit
and it turned out that even 0.22 pF was
enoughtostoptheoscillation. Becausehe
hadroom to fit in that much capacitance,
he was in pretty good shape.

ELEC CTRUONTITC

The moral of this
storyhasnothingto |
dowithoscillations,
but rather about
copper-clad,
printed-circuit- |
board material—
glass-epoxy board |
material. Now, I §
sort of take this
stuff for granted,

around, though, you can get the 1/32 in.
and the 1/8 in. and whatever else you
need.

Next, I must admit that the tools and
techniques for working with it aren’t
very obvious. If you try to cut up a slab
of copper-clad with a saw, you'll proba-
bly dull the blade pretty fast. But heavy
shears or tin-snips do quite well. Metal
nibblers (I'm delighted to say they’re
available at every Radio Shack) are
priceless. Inourlab we have abig shear;
il it can cut precision
lines across a big
sheet. However,
you may not need
one of those.

Thermal ap-
proaches are also
valuable. A good
hotiron (with alit-
tle solder to help
the heat transfer)

but I realized that
this rather magical
stuff is extremely
useful. Without it,
we’d have lots of

problems. I always .

’77')2_52 proéa STages are
Coyy\mqrc'm\\j ﬂ)roc{\LCed) but=

e wppar pr‘obz +1P has
a c,uf;ac(‘}'ance of 0.3pF
10 betfer 1an The store-

ays a=
bo ujm— one - B+Q,:TS;( ;W«c'f'uré.?

can easily remove
a strip of copper,
leaving some
pretty high-grade
insulator. In the
first example, a
strip of epoxy
board 1/2 in. wide

wanted to write a make
story about copper- & 5:5 f A

clad for Pop ‘Tron- ? oW Can maka
ics, or one of the
other popular elec-
tronics magazines for hobbyists, but
nowthat Ithinkofit, thisisabetterplace
towrite the story. I mean, we engineers
can bluff a lot and pretend we know
more than most technicians, but if we
get to Crunch Time needing to produce
amiracle, it’s nice to know how to solve
problems that even the smart techni-
cians can’t. And if we weren’t aware of
all the good things you can do with cop-
per-clad, maybe we couldn’t envision
the kind of little fixture we will need to
pull off that miracle. I'll try to list sev-
eral examples of useful, valuable things
youcandowithit.

First, 'llmentionthatherearound Sil-
icon Valley, several places sell the board
tohobbyists, over-the-counter, forabout
1 cent per square inch. So, if you want to
amake a 6-sided box about 4in. x4in. x4
in., that will cost you less than a buck—
not too bad. Of course, we're talking
about the conventional 1/16-in.-thick
glass-epoxy material. If you shop
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£ copper ~clad MﬂT"”'/‘lf/

Size and To any desired rigidiH.

by 4 in. long, with
a stripped area
just 1/21in. square,
had only 0.2 pF. If we had tried to get
low capacitance, we could have made
the unclad area 1/4 in. wide by 1in. long
and then drilled holes in it, getting the
capacitance down below 0.1 pF. Of
course, before you peel offan areaoffoil,
youneed to cut with a good knife orsaw
to define the edges.

Then, of course, when you want to join
twosheetstogether, youneed agood hot
solderingiron withadecent size oftip, 1/4
in. or bigger (those cute little ones with
the skinny tip don’t get the foil hot
enoughfastenough, whichtendstocause
delamination when you try to soak the
heat in there). You can put little dabs of
solder along a seam to make a mechani-
cally strong joint. If you want to make
something air-tight and water-tight, you
need a good continuous bead of solder.
It’s possible, but alot of workisrequired.

Okay—what can you make with cop-
per-clad? You can make BOXES of just
about any shape and size. Inherently,

an arm Ttoany
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these boxes give you good electrostatic
shielding, which is an added bonus. Just
remember that the copper gives youno
magnetic shielding: If you put one of
these boxes near a transformer, such as
onasoldering iron, the magnetic flux at
60 and 120 Hz comes booming on in and
can (temporarily) ruin a quiet bread-
board. If you need shielding from mag-
netic flux, add some iron, or push the of-
fending transformer away.

You can make any kind of boxes—
square, L-shaped, multi-shielded with
cute little compartments and walls, and
holes in the walls, and feedthroughs,
connectors, etc., ete. These boxes canbe
extremely strong if you put on a cover
that bolts on tight, and/or solder them
with heavy seams. You can make 3-

‘sided boxes, or 5-sided boxes. You can
bolt on real hinges, or make poor-man’s
hinges out of copper wire.

You can peel off strips of copper to
make zones where a slab of copperis in-
sulated. You can add heat sinks, fins, or
anykindof connector. One ofmyall-time
favorite discoveries was that you can
useametalnibblertocutslotsintheside
of a sheet of copper-clad, and then slide
5-way binding postsinto the slots. They
look neat and sit secure; no drillingisre-
quired. You can use
some of these tech- |
niques to get quick
results, saving a
huge amount of time
compared to conven-
tional metal-work-
ing techniques.

The next major
thing you can do is
make structural
beams—Dbrackets,
levers,cantilevers,I-
beams, L-brackets,
spacers,shims, push-
rods, flying but-
tresses—just about
any kind of levers or
beams or supports.
Cut first, solder sec-
ond, drill as
needed—it’s an aw-
fully creative

p.C, b oards

ﬁze,rc £sa s

say, “That’s neat.”
Now that reminds
me of some even
wilder arrange-
ments that will
occasionally be
useful.

I was recently
helpinganeighbor
with a serious
Meccano set pro-
ject, and I realized
that when I was a
kid playing with -
my Erector Set, [
built all kinds of
structures. It was
alotoffun,butifl couldhaveplayed with
an equivalent amount of copper-clad
and a soldering iron, I could have in-
vented some marvelous machines and
structures, just before I burned the
house down.

OtherthingsIliketobuild with copper-
clad are breadboards and circuits. When
people discard the 1/8-in.- or 1/4-in.-wide
stripsthat they cut offthe edge of asheet
with the shear, T scoop them up and save
themandusethem forlittle groundbuses
and power buses. When you solder them
to cross-braces (which have insulating
stripes peeled off),
they’re quite rigid
. andrugged,andvery
neat for op amps or
logic designs.

I'm also com-
pelled to state that
someofthecleanest,
\ lowest-leakage
(sub-picoampere)
layouts in the world
use the air over a
piece of copper-clad
as the insulator.
You can buy a clean
polyimide board or
you can get teflonpe
boards or teflon
stand-offs. But plain
old air above a
crummy piece of
copper-cladisjustas
good an insulator,

Heres
) Ckﬂr/

conlenience

wpporl Lo
ihside a boy,
Most 07: us Joni/ own

medium to work in. 4 W ‘ZM‘“D but we Camal/ andusually better.

The technicians in bw’/d’ hedt copper- lad Another trick I
our lab all look at g fructures with g coldgy. like to use with cop-
each others’ me- ih9 I Fon, ' per-clad, for a quick-

chanical designs and
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and-dirty applica-
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aview o a wire-

with the leads bent
/e_s/ ﬁor- 3oqb
in Mak(‘nj soldoed

Connecdions.

o varieas g

tions cireuit, is to
use a 16-pin wire-
wrap DIP socket
for a 14-pin IC. I
take the two pins
ononeend,andone
of the other pins
that will be
grounded, and sol-
der them to the
copper-clad
ground plane. All
of the other pins T
bend up at varying
angles, for ease of
soldering. I tack a
couple of capaci-
torstothe ground plane to use as power-
supply bypasses. Then I tack some
power-supply wires on them, and T have
a breadboard in about 2 minutes, all
ready for me to slap in the resistors and
other components.

Now, I think you readers ought to
know, I don’t just sit at home on an
evening and type out these ideas, then
shove them into print. First I type out a
good draft and make 30 copies and show
them to my friends. At this point of the
story, I threw copies to my Brain Trust,
and invited them to show me some more
things you can do with copper-clad.

Dennis Monticelli pointed out that
when you peel the copper off and file
down the tip, you can make a non-
metallic screwdriver or a non-mag-
netic tool for adjusting RF circuits.
Fran Hoffart explained how he uses
copper-clad for shims and spacers.

And at the last minute, I recalled a
little framework I had made, toholdup
a35-mmslide in front of my camera, so
I could take a photograph of the slide’s
image and thus make my own copies of
slides.

Inconclusion, there are almost anin-
finite number of things you can do with
copper-clad, pe-board materials, and I
wouldn’t mind hearing yourneatideas,
too.

All for now. / Comments invited!
RAP/Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090
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It’s mot often that the basic precepts under which design-
ers work get challenged. But now some industry experts
are questioning MIL-HDBK-217’s validity. For many
years, it’s guided engineers concerned with reliability.
Will it continue to do so? Here are three views on the
subject that highlight the growing controversy. We'd like
to know how you feel about the issue.

MIL-HDBK-217:
It Gers My Vore
OF GUNFIDENGE

" nthe January issue of this mag-
azine, I wrote an article dis-
cussing the techniques of design
for reliability. One technique I

advocated at that time was the use of
stress analysis and derating in elec-
tronic-circuit design. Among the
points covered in the article was the
need for some method to measure the
reliability of your designs on a “real
time” basis as you do the design work.
Therefore, you can make the neces-
sary design adjustments to achieve
the desiredreliability. I recommended
several methods of doing this, includ-
ing using the methods of MIL-HDBK-
217 in a computer-aided, reliability-
prediction program to simplify the
process.

This method of reliability predic-
tion was one of several reliability de-
sign methods used during the time
from October 1980 through October
1990. It was employed to improve the
reliability of our products by a factor
oftenand meet the challenge givento
us by John Young, the President of
Hewlett-Packard Co. This improve-
ment was measured by using actual
field reliability data from the begin-
ning 6-month period compared to the
ending 6-month period. It’s impor-
tant that you understand that relia-
bility engineering isn’t just predict-
ing reliability and changing the

ELECTRONTIC

design in some
way to respond to
the results of the
prediction. It in-
volves stress test-
ing; reviewing
field failure data;
analyzing circuit
variability; look-
ing for all possible
failure modes, in-

ROY WHEELER

WHO RECENTLY cluding user
RETIRED FROM abuse; and much
HEWLETT- more. For now, 1
PACKARD, WAS will be mainly ad-
PRODUCT QUALITY dressingtheissues
ENGINEERING of reliability pre-
MANAGER AT diction.

HP’S COLORADO After complet-
CPRINGS DIVI- ing the work on my
SION. HE HOLDS ~ January article, I
A BSEE FROM read two other ar-

THE UNIVERSITY
OF ILLINOIS.

ticles relating to
the subject of de-
sign for reliability
that I would like to comment on. The
first article was published in the Octo-
ber 1990 issue of PCIM, Power Con-
version and Intelligent Motion. This
recent articleis thelatest of several by
Charles T. Leonard of the Boeing
Commercial Airplane Group that crit-
icized theuse of MIL-HDBK-217tech-
niquestoanalyze thereliability of elec-
tronic circuits. In the October article,

OCTOBER 24, 1991

CONTROVERSY

it was suggested that the MIL-
HDBK-217 offers only one solution to
the problem of failure rate reduction.
The solution is the reduction of oper-
ating temperature. The point is that
reducingtemperatureisaccomplished
at great expense in weight and total
operating power by fans and other
costly cooling methods. While thismay
be true in the data quoted in the arti-
cle,it’snot generally the case, and cer-
tainly not in the use of MIL-HDBK-
217 predictions at the division of
Hewlett-Packard where I worked.

I’m unaware of a single instance
where our response toissues raised by
the reliability prediction process was
to reduce the ambient temperature.
As I stated in my article, the appro-
priate response to this kind of issue is
design changestoreduce the stress on
the component where the stress level
was found to be too high. This almost
alwaysinvolvesreduced current, volt-
age, power, or increased stress rating
by changing the choice of component
used.

Mr. Leonard’s article criticizes the
modeling techniques of MIL-HDBK-
217 as not realistically predicting the
actual field failures of our equipment.
My response is that the modeling
techniques of MIL-HDBK-217 are
based on millions of hours of field fail-
ure data and well known and under-
stood principles of the physics of the
failure of electronic devices. While
the actual model used is a much sim-
plified view of the actual failure
mechanisms and cannot be proven
theoretically,  have found by experi-
ence that this model is a reasonable
and “good enough” predictor of fail-
ures to be a very effective tool. The
use of the tool is to find design weak-
nesses without the time and expense
of life testing each design.

In our modern electronic circuits,
thefailurerate ofindividual parts are
generally measured in a few failures
per billion hours of operation. To use
life tests or field failure data to find
these failure rates would take thou-
sands of circuits tested over years of
time—a completely impractical ap-
proach in the fast paced business we
work in.

Letme give youasimple logical ar-
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gument to support the use of MIL-
HDBK-217 for predicting reliability.
These methods just make the as-
sumption that reliability is related in
some fashion to the stress applied. I
will support that argument by asking
youto accept that in thelimit, at Zero
stress, even a faulty part will not fail.
For a particular failure mode, the
Zero stress environment might be
dry cold storage with no voltage or
current.

This is the limit condition of no
stress. The other limit is at very high
stress. Here, even a perfect part
would fail with temperature, voltage,
current, or power set so high as to
melt, breakdown, cause migration of
metal or doping, ete., of some critical
element of the part and cause imme-
diate failure.

All that you have to accept to give
the MIL-HDBK-217 value is that
these two conditions are connected
by some continuous probability
curveof someshape. Therelationship
assumed for the MIL-HDBK predic-
tion is exponential, but this is cer-
tainly not correct for some failures.
It’s areasonably good approximation
of field failure experience when con-
sidered as a whole, over a lot of expe-
rience with a lot of different failure
mechanisms and a lot of different
parts.

Another criticism leveled at MIL-
HDBK-217isthatit won’t predict the
failures in a well designed piece of
electronic equipment. I agree. The
whole point of the prediction is to de-
sign out the kind of failures the pro-
cess predicts. I consider it as a suc-
cess that these kinds of failures
rarely show up any more in actual
field experience.

I can tell you from my experience
of many years of designing electron-
icsthatit’s only since we started pay-
ing careful attention to the stress
analysis of our designs that we
stopped having these kind of failures.
The prediction methods of MIL-
HDBK-217 are just a tool to make
sure we haven’t overlooked a stress
problemthat will lead to field failures
later.

The other problems, shown by the
data in the October article as the ma-
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jor cause of electronic-equipment
failures, are what’s left after proper
design has eliminated the stress-in-
duced failures. We as designers of
electronic equipment should also be
working to eliminate these failures.
Things like user abuse, assembly er-
rors,notrouble found, etc., are things
that can and should be addressed at
the design level to eliminate the root
causes of these problems. Our de-
signs should be nearly impossible to
damage by any reasonable level of
abuse, so easy to assemble correctly
that to assemble them incorrectly is
arare event, so well designed that to
misdiagnose a problem is nearly im-
possible.

One more comment about this Oc-
tober article. While the suggestions
concerning cost-effective design are
valid from a thermal design point of
view, it’s safe to say that it’s a rare
circuit indeed where you can place
components on the board in the man-

‘ner that was suggested.

The first thing the circuit has to do
is deliver the electronic performance
it was designed for. This requires
placing the components in the proper
relationship for circuit performance,
which usually severely limits placing
the components to achieve the de-
sired ideal passive cooling that was
advocated.

This isn’t meant to minimize the
need for good thermal design as part
of the design process. I just wanted
tosaythatthereareotherdesign con-
siderations that necessarily take pri-
ority over the placement of compo-
nents for optimum passive cooling.

The March 14 issue of Electronic
Design contains the second article I
want to talk about. It’s a very enter-
taining if somewhat inaccurate arti-
clebyone of my favorite authors, Bob
Pease. If you haven’t yet read it,
please do so. I think you will enjoy it.
In his article, Bob took some pretty
heavy hits at statistics and people
thatusethemandalsopeople thatuse
MIL-HDBK-217 methods to predict
reliability.

Bob and Mark Twain both agreed
that statistics were the work of the
devil. I have to disagree. In fact, I
would go so far to say that both Bob
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and Mark make or made use of statis-
tics every day in the conduct of their
daily activities. Everybody does.

Bob and I are contemporaries.
When he was working toward his
BSEE at MIT, I was doing the same
at the University of Illinois. At Illi-
nois, and perhaps at MIT also, a
course in statistics was required for
graduation in the school of electrical
engineering.

I wonder if Bob might just be
pulling your leg a little with his com-
ments on the subject of statistical
analysis. In fact, I would go so far to
say that I believe with a “99.99% con-
fidence” (statistical talk meaning
“damn sure”) that his company uses
statistical techniquesinalmost every
aspect of the design and manufacture
of semiconductor devices.

There’s another point where I re-
ally have to differ with Bob. That’s
when he totally discounts the use of
MIL-HDBK-217 for predicting relia-
bility performance of electronies.
Bob made the point that both statis-
tics in general and MIL-HDBK-217
in particular were faulty because he
had seen people use them and get in-
correct answers.

YouwillpardonmeifIobservethat
this is somewhat like refusing to use
a hammer because you once saw
someone hit his thumb with one.
Statistics and MIL-HDBK-217 are
tools. Sure they can and have been
misused by people that don’t take the
time to understand the tool and how
it works. I hope that you will look be-
yond the humor of Bob’s article and
my response to see the value in both
these tools. I don’t see how you can
survive in a modern high-tech indus-
try without them.

If you're interested in this topic I
canrecommend a good companion ar-
ticle that addresses the issue of reli-
ability prediction. It appeared in the
November/December 1990 issue of
the Journal of the Institute for Envi-
ronmental Science and is titled “Use
and Application of MIL-HDBK-217.”

Roy Wheeler

18890 Augusta Drive
Monument, CO 80132
(719) 481-3851
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Ir’s Time To

RETHINK IT

ntheJanuary 10thissue of Elec-
tronic Design, the article “De-
sign for Reliability Reshapes
Designing,” authored by Roy
Wheeler, states that its purpose is to
“convince you to take another look at
the way you do your job.” There’s no
questioning the high quality of the
products of Mr. Wheeler’s organiza-
tion, Hewlett-Packard, or of their ded-
ication to high quality. However, his
products possibly could be made bet-

ter and at lower

cost if some fondly
heldideas are mod-
ernized. Some of
hig reliability im-
provement recom-
mendations are
similar to some
that are common to
the aerospace in-
dustry, where reli-

CHARLES LEONARD abilityistheitem of
AN ENGINEER FOR first importance
THE BOEING COM- and virtually any
MERCIAL AIR- cost that yields im-
PLANE GROUP, proved reliability
INVESTIGATES will be accepted.
THE MECHANICAL However, some ac-
ENGINEERING tivities should be
ASPECTS OF RELI- questioned, for
ABILITY-ENHANC- they may result in
ING ACTIVITES unnecessary costs
EMPLOYED FOR  and actually de-
ELECTRONIC grade reliability
EQUIPMENT. because of addi-

tional complexity.
My employer is
concerned regarding the costs from
following the recommendation taken
from217. We have joined with some 16
others who are equally concerned to
sponsor research at the Electronic
Packaging Research Center at the
University of Maryland toimprovethe
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technical base. We feel that a new
paradigm for cost-effective reliability
is badly needed, directed mainly to
packaging issues.
Thesourcesof concernarethe beliefs:
eThat parts are the dominant source
ofunreliability. OQurresearchindicates

that properly selected and installed .

parts are quite reliable and cause a
trivial fraction of failures.

eThat parts fail in a mathematically
predictableway. Wefind that parts fail
for areason, and when the cause of the
failure is identified and corrected, the
cause is almost universally one of de-
sign, application, processes, etc., and
not at all something that’s predictable.

*That failures are accelerated expo-
nentially by temperature. Ourresearch
indicates this concept to be fallacious. It
appears that temperature is largely a
scapegoat blamed for electronic fail-
ures, a fig leaf that covers technical
nakedness. The temperature effects
can be accommodated by design so that
inmoderateranges,temperature canbe
removed as a consideration for reliabil-
ity. Or stated another way, reliability
would not be improved by lowering the
temperature. Therefore, the challenge
is to remove the cause of the problem,
not to lower the temperature. Elevat-
ing the temperature for design can
sometimes lead to major reductions in
cost, weight, complexity, and other
penalties.

*That screened or MIL-spec parts
willoperatemorereliably. Ourresearch
indicatesthisisn’t necessarily true. Part
supplier controls and track record of
successes are far more important.

*That derating to large amounts
provides improved reliability. Our re-
searchindicates thisisn’t the case. De-
rating can allow use of poorly made
parts, but a better tactic seems to at-
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tack the source of the problem—man-
ufacturing controls.

One example of the costs that can ac-
company the temperature ingredients
of “Reliability” efforts illustrates the
point. A major ground-based missile
systemis to be provided with a complex
cooling system for electronics to im-
prove the probability of the rocket’s
proper operation on demand. The ratio-
nale used by the reliability-and-manu-
facturability engineers was to take the
specified MTBF of the boxes to be used
and their coolant interface tempera-
ture, then select anew, lower, interface
temperature that gives a calculated im-
provement to desired levels using 217’s
Arrhenius relationship. By so doing, a
new temperature was established, and
thus the operational requirement for a
complex cooling system was estab-
lished. All in the name of “Reliability.”
Never mind that there are no data con-
cerning actual box performance, what
the actual failure mechanisms are, or
what stimulatesthem, or whatroletem-
perature plays, if any. Never mind that
the cooling system itself is so complex
that it’s a plumber’s nightmare, and
weighs a ton-and-a-half!

Roy discusses examples of sources
of unreliability that he has experi-
enced. In each case, his corrective ac-
tion required a design or process
change. Doing the things encouraged
by 217 to a greater extent wouldn’t
have made one bit of difference. Oper-
ating cooler, buying parts to tighter
screening levels, or using fewer of
them would not change anything ex-
cept raise costs. These are the same
conclusions as ours. Therefore, if it
doesn’t make any difference, why do
it? And, how much of the activities that
we do actually affect the end results,
and how do we know? Could we do less
of the expensive and complex things
and not reduce reliability? These are
important questions and it’s time we
have good answers for them. We don’t
have good answers now.

Roy’s discussion concerning the fu-
tility of accelerated testing as a means
to demonstrate reliability is puzzling.
We have a good bit of information to
demonstrate exactly the opposite. In
fact, we're in the process of expanding
our activities in this area, using the
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Packaging Research Center. Maybe
T'll have a full story for the readers in
the future.

For another vision of the same ques-
tion, Bob Pease’s Pease Porridge in the
March 14,1991 issuereferredtoaGuest
Editorial of mine (“Is Reliability Pre-
diction Methodology for the Birds?,”
PCIM,Power Conversion and Intelli-
gent Motion, November, 1988). The
message 1 relayed was that Failure
Prediction Methodology, FPM, (MIL-
HDBK-217, ete.) is erroneously based,
causing damage to those who take
guidance fromits concepts. Some of the
actions guided by FPM may not pro-
duce desired orintended results, all the
while causing increased costs, com-
plexity, and other penalties like in-
creased weight and volume. To use Mr.
Pease’s expression, “worse than use-
less” definitely applies to certain cur-
rentuses of FPM. Notwithstanding the
gross deficiencies and misleading as-
pects of FPM, it has become widely ac-
cepted as engineering guidance for re-
liability, such that it’s now the single
most influential document in existence
today affecting high-quality electronic
equipment.

Mr. Pease picked up upon a portion of
my argument, which stated that one
shouldnotlook tolowered temperature
as a means of improving the reliability
or performance of electronic equip-
ment. The source of unhappiness with
equipment that’s performing below ex-
pectations may havenothingat alltodo
with its temperature. He refers to the
“silliness of 217,” a sentiment I thor-
oughly support, though he recognizes
that those in “some businesses” must
use it regardless. He then goes on to
state, “..but in the industrial and in-
strument business, wedon’treally have
tofollowitseverysilly quirkand whim.”
From this, one could assume that Mr.
Pease has, and others in his field have,
escaped the damage from FPM, and
that they operate at greater heights of
intellectual integrity by not being be-
fuddled by FPM.

The concepts of 217, however, have
pervaded even Mr. Pease’s organiza-
tion. The device manufacturing indus-
try has years of complicity in perpetu-
ating the foundation cornerstone of
217, the notion of the exponential ef-
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fects of temperature (the “Arrhenius
relationship”) on reliability. Devices
manufactured by his company, and
those of virtually all others in the in-
dustry, are sold with representations
of Arrhenius-based predictions of fail-
ures versus temperature. “Base fail-
ure rate” data are gathered by device
manufacturers by their operating a
number of devices at a high tempera-
ture/electrical stress, measuring oper-
ating time and counting failures. Then,
using the Arrhenius relationship and
othermanipulations,they generateand
publish the well-known curves of expo-
nential failures versus temperature.
Never mind that the failures occur-
ring at the high stress condition are
due to failure mechanisms that don’t
usually follow Arrhenius. And never
mind that the failures that dooccur are
usually duetobuilt-indefectsinthede-
vices under test, which could be elimi-
nated by closer process controls. The
high stress failures are usually at-
tributable to failure mechanisms that
don’t occur in properly designed sys-
tems. Extrapolating those failures at
high stress conditions to more usual
conditions ofuse employing Arrhenius
models gives a falsely pessimistic pic-
ture of the failures that should be antie-
ipated atlower-stress usual operational
condition. Arrhenius models attach un-
deserved value to temperature reduc-
tion by emphasizing a quick fix rather

BOB PEASE
OBTAINED A BSEE
FROM MIT IN 1961
AND IS STAFF
SCIENTIST AT
NATIONAL
SEMICONDUCTOR
CORP., SANTA
CLARA, CALIF.

OCTOBER 24, 1991

s22l CONTROVERSY

than exposing the problem.

When device manufacturers are
queried concerning the technical
base for their temperature/failure
rate representations, the “nT factor”
of 217, their usual response is to the
effect that ‘there’s no basic for the
representation, but that’s what ev-
eryone else uses, so we do the same!V’
They make the plea that to validate
failure rates at lowered tempera-
tures would take too long (106 hours
is 114 years!) to be of value. In fact,
the time to failure at lowered stress
conditions may actually be several
service lifetimes for devices that are
carefully controlled in the manufac-
turing process, applied properly, and
installed with care.

It’s time we look critically into the
things we do to produce our products,
and to open issues that have laid dor-
mant for years. The statement has
been made that 217 is a valuable tool
and 25 years of good application is be-
hind it. I can’t think of a better reason
to open it up for scrutiny. We did just
that, and we’re quite unhappy at what
we’ve found.

Charles T. Leonard

Boeing Commercial Airplane Group
Box 3707

Mail Stop 6U-ER

Seattle, WA 98124

(206) 477-0278

‘WHat’s ALL This
. MIL-HDBK-217
" STUFF, ANYHOW?

ith all due respect to Roy Wheeler’s views, I
must say that I tend to agree with Charles
Leonard about MIL-HDBK-217. Just be-
cause a tool once did some good doesn’t mean
that it’s not now systematically doing harm. Designing cir-
cuits and systems to meet 217 wastes a lot of time and en-
ergy and money that would be well invested in other meth-
ods of improving reliability. »
As for derating factors that are foolishly maintained in
DESIGN
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systemslike 217, Imustsay thatIonce
heard of a request from Hewlett-
Packard for op amps and other ICs to
have an absolute max rating of 2 x the
operating voltage. Because it’s unrea-
sonable to ask a +15-V LM741 to have
an absolute max rating of +30 V, this
leads to a system where LM741s can
only be operated on +9-V supplies.
They can then have a 2:1 safety factor
versus thenormal+18-V absolute max
rating.

It really doesn’t seem reasonable to
methat LM741s operatingon+9 Vwill
be appreciably more reliable than on
+12 or £15 V. It also seems unreason-
able to specify high-voltage amplifiers
such as LM344, just to be able to run
on+15V with abig safety margin. And,
I don’t see much point in operating
TTLICsona+3-V supply to give them
that 2:1 safety factor.

T’ve also seen many customers ask-
ing, “Howmany transistors areinyour
IC?” Of course, when we ask why they
need to know, they explain that 217 re-
quires them to. Now I see that Analog
Devices has even started listing the
“number of transistors” in the charac-
teristics column of some of their data
sheets, so that users can get this valu-
able (?) piece of information without
bugging the customer-service people
at ADI.

Of course,ifthe computed reliability
isn’t good enough with a 42-transistor
IC, the reliability would be even bet-
ter with a22-transistor IC (just choose
an amplifier with the input-protection
transistors omitted and the output
protect/current limit transistors
| deleted).

Anditwouldbeevenhigheryet with
a UA702 that has only 9 transistors,
RIGHT? But, Mr. Leonard is much
moreknowledgeablethanaminthese
areas, and I will let him address these
topics.

At this point, T will address some of
Mr. Wheeler’s questions about what I
said about statistics. First of all, when
Iattended MITin 1961, NO, there was
not any specific requirement to study
a course in statistics.

In similar fashion, there was no spe-
cific requirement to study a course on
digital computers or operational am-
plifiers. We did study lots of obscure
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topics that were much more generally
valuable, like large motors and mi-
crowave VSWRs.

Do I use statistics every day? I use
many kinds of math, but almost always
when I want to look at a distribution, I
look at a one-dimensional distribution.
Some people call them histograms, but
around here we often call them
“ADARTSs”, whichis apparently anold
name devised by Teradyne (I think it’s
an acronym for Automatic Distribu-
tion Analysisin Real Time).

I have an absolute preference for
looking at ADARTS, and a well-rooted
aversion to any analysis that simply
says, “Average value = 1.20168 mV,
sigma = 0.17357 mV.” Too many evils
are hidden when the data aren’t Gaus-
sian. Yes, it’s posstble to get your sta-
tistical tools to check the data to see if
thedistributionis Gaussian, but almost
nobody checks that.

Imentionedinan earlier columnthat
when the yield to a 1% accuracy specis
worse after trimming than before,
somebody is being badly fooled. And
letting the statisticians wield a bigger
whip isn’t likely to solve the problems.
No, I eschew statistics. Yes, I use
graphical methods of analysis, which I
usetosolve problemsthat other people
get into when they let themselves be
fooled by statistics and computers (not
to mention spreadsheets that deceive
and lie....). Some of our product engi-
neersgetsomeverygood softwarethat
lets them provide two-dimensional
plots (scatter-plots) that are quite ed-
ucational. This I encourage...

Do other people at NSC use statis-
ties? Well, I’'m sure some people do. As
long as they don’t do any harm, so long
as they don’t do it in the streets and
scare the horses, I shan’t complain.
But, when they screw up, well, 'm the
guy they call in to fix the problem.

You ask me why I condemn statis-
ties in my column. Well, already I'm
getting letters from people who say
“You think things are screwed up at
your company, youshould see how bad
they are at my company.”

Then some truly horrifying stories
are spilled out. (So far, I've gotten
about 150 letters about my column. A
few dozen simply like my column. A
few dozen agreed that Golden-Eared
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experts were fools when it came to
splices. But many people have volun-
teered examples of outrageous things
in the industry).

Like the guy who wrote that hisboss
started to chew him out for having bad
averages and bad distributions on
some of his older designs. When he
searched into the situation, he found
that the test engineers were taking
statisticsonthe data without throwing
out the dead units.

So, if there were more shorts one
week, and more opens the next week,
theaverage value would goallover the
place, even though the distribution of
the good parts wasn’t moving any-
where at all.

In another case, an engineer de-
signed some operational amplifiers
that had extremely high gain, well
above 150 dB. The QC people con-
demnedtheperformancebecausethey
wanted to see a correlation between
the gain at room temp, and the gain at
hot and cold. Well, the gain was so high
that you could not see any correlation
at all, so they made him do 100% test-
ing at hot and cold, even though there
was no rational reason to do so. They
never did find any failures or prob-
lems, but they made him perform use-
less, unnecessary tests that were
never required on low-gain or
medium-high-gain amplifiers. He was
willing to list a relaxed spec at hot and
cold temperatures, to give a good
safety margin, and ensure that a bad
partwouldneverbeshipped that failed
the spec. But the QC people refused to
accept that on this very-high-gain
part, even though that was permitted
in the past.

So, I will continue to point out that
the absent-minded use of any comput-
erized procedures, such as Spice, or
Statistics, or Spreadsheets, or Analog
Synthesis, or any other mindless use
of computers, canlead to serious prob-
lems. Of course, there are absurd prob-
lems at many other places in the in-
dustry, and I'm pleased to see that
many of Electronic Design’s readers
count me as a helpful resource when I
point out these problems.

In Mr. Wheeler’s column in this is-
sue, he points out that “..it’s arare cir-
cuit indeed where you can place com-
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ponentsontheboardinthe mannerthat
was suggested... there are other design
considerations that necessarily take
priority over the placement of compo-
nents for optimum passive cooling.”
Maybe in high-powered instruments,
passive cooling isn’t an important con-
sideration—youjust give up onthe pas-
sive cooling and throw in a fan. But, if
you don’t let every other engineer pull
an absolute priority over the need for
wise location of hot components and
good thermal management, it’s indeed
possible to negotiate a good thermal
layout without degrading other electri-
cal specifications. Certainly on my
chips,Thavetoarrange the high-power
components very carefully, as thermal
gradientsareacriticalaspect ofthe per-
formance. And I don’t have any option
toput atiny little blower on the hot end
ofmy chiptopreventitfromheatingthe
precision front end. Even 5 or 10 mW
can be disastrous if not properly man-
aged.

Just last week, I had to troubleshoot
a “newly improved circuit,” which the
engineer had carefully analyzed with
Spice and other tools. The perfor-
mance was awful. Finally, I spotted a
strategic error in the layout. It turned
out there was absolutely nothing
wrong with the schematic, but the cir-
cuit’s performance was destroyed by a
bad layout.

Therefore, when you use statistics,
as with any kind of mathematical or
computerized scheme, you do so at
your peril. If you use the tools wisely,
that’s fine.

But, if you get in the habit of letting
the computer do all of the easy stuff,
you may forget the basics. Then you
will gradually lose the perception of
when a situation is normal and when
it’s going very wrong. I don’t think you
can train your computer to watch out
for every kind of “wrong.” And that’s
my point.

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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WHar’s ALL THIS
UAKEY SHAKEY STUFF,

NYHOW?

ou only have to read the

newspaper occasionally—

any newspaper—to be

aware of the earthquakes
that occasionally rock and rattle vari-
ous areas of California. People wholive
in the hills above Santa Cruz are
VERY aware. For several years, I've
proposed that we Californians need a
good earthquake detector. Then sud-
denly I came up with 3 good ideas—
three ideas with different levels of so-
phistication and usefulness. When a
major scientific panel came up with an
idea quite similar to my best idea, I
asked the editors at Electronic Design
to expedite this column.

Originally, a
friend of mine,
Carl Nelson, pro-
posed to make
a quake detec-
tor/recorder out
of10 cans ofbeans.
You put one right
near the edge of
the pantry shelf,
one further back,
etc., and the last
one you GLUE
down to the back
of the shelf. If the

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF

SCIENTIST AT front one rolls off,
NATIONAL you had a little
SEMICONDUCT- quake; if the last
OR CORP., one is smashed by
SANTA CLARA, falling beams, you
CALIF. know that was

The Big One—and
everything in be-
tween. But, you need to do this in at
least 2 dimensions, in 4 directions,

and most people would find this.

bulky, expensive, and dangerous.
So my first invention, costing as lit-
tle as $1, is to set up a stack of 30 pen-
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nies, a stack of 25 pennies, and stacks
of 20, 10, and 5 pennies, on a standard
sheet of paper. After a quake, you can
see which of the piles fell, and in which
direction. I set up one of these at home
and one at work. During the big 7.1
quake, at home, the stack of 30 pennies
fell, and the 20, but not the 25. At work,
everything fell except the 5. So, for a
small investment, you can compare
notes with your friends. It’s not abso-
lutely calibrated,but youcangetaball-
park indication of the amount of shock
in your area.

I was still not completely satisfied,
so I designed another detector-
recorder. It’s not exactly as techni-
cally correct or elegant as a seismo-
graph built with levers and 10,000
turns of wire, as shown in The Scien-
tific American. But you can use the lit-
tlecircuitshownbelow,tobetriggered
by a “swaying pendulum,” and make a
stretched-out pulse of perhaps 60 or
120 seconds.

This pulse can turn on your tape
recorder or your camcorder for a
minute ortwotodetect the creaking or
rattling of things in your house. If you
hear sirens, then the neighborhood
may be on fire. If it also turns on a lit-
tle radio, you can hear the radio an-
nouncersay, “Oh, my Gosh, that’sabig
one.” If all the books fall out of your
book-case, that will all be recorded,
too. I just got it built up this weekend.
I haven’t yet seen how touchy it is
about false alarms, but I can live with
that....

On a more serious level, I realized
that every time I climb under my car
to work on something, or jack up the
car even to change a tire, or climb up a
ladder, I wish I could get an early
warning of a far-off quake. When the
workers at the Cypress Structure in
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Oakland were using their heavy equip-
ment to demolish the ruined concrete,
they had the benefit of a little radio
transmitter that would detect any
quake down by Loma Prieta, the epi-
center. A little radio receiver at the
work site would give them 10 or 20 sec-
ondsof warning tojump offtheir crane,
to get away from the dangerous piles
of rubble, and increase their safety
considerably. I don’t know who engi-
neered this, but as far asit went, it was
adarned goodidea. It must have made
those brave workers feel a little less
nervous about a quake sneaking up on
them.

Well, I wanttotakethatideaand ex-
pand it. I want to add in a bunch of fea-
tures and make it available to every-
body:

e] want to have a whole bunch of
quake detectors, scattered all around
the San Francisco Bay Area, located
at interesting sites near and along
each major fault. (Los Angeles can
have their own network, and so can
Tokyo). _

el wantall of the sensorstotransmit
the warning of any significant quakes
to asuitable central station, which can
process the information and send it out
immediately on two or more radio sta-
tions or TV channels.

The first radio station can monitor
ALL quakes, large, medium, or small,
and broadcast the information, and
you can tune it in if you’re going up on
aladder orunder your car, or if you are
just interested or curious. This will be
a clear channel that will broadcast
nothing but earthquake information
and other related emergency info
(tsunami reports, ete.), with an occa-
sional tone to let you know you really
are tuned in.

Thesecondradiostation would mon-
itor all BIG quakes. Then you might
just leave this station on all the time,
even when you're asleep, soif it wakes
youup with a computerized voice say-
ing “Big one, Loma Prieta, Big one,
BIG ONE....” you would have some
warning to get under a table or a door-
way,tograbaflashlight oravideocam-
era, or to head for your kids’ bedroom,
or whatever you have decided in ad-
vance to do.

This second channel would be avail-
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abletoanyotherra— r o PoRT o Natif)nal. They
e o < S w B T considered the
could break in and 4 Tor)  pouk RECHDER cided it wasn’t re-
give you advance STRAND oF = ALKALINE lated to any of Na-
warning, even- if WIR:SMATED S e tional’s business,
you'relisteningtoa MRE Gl W T R so they told me I
ball game, or the 4{395‘2 o4 could do anything T
opera, or what- Il wanted to with it. I

ever. It could add
onto a TV station,
and break into the
regular program
material. The
number of useful,
life-saving possi-
bilities is large but
finite. You can use your own imagi-
nation.

Let’s say you're listening and you
hear aboutaquake startingin Sonoma.
If youlive in San Francisco, you know
that’s a few dozen miles away, so you
have a number of seconds (at the rate
of about 1.8 second per mile) to getina
safe mode.If youlive in adjacent Napa
county, you might have only a few sec-
onds. So, the broadcast would have to
tell you the location of the strongest
shock, from a standard list of places,
and you would have to be prepared to
act suitably and instantly, depending
on where YOU are located. You have
toplaninadvance,and you havetorec-
ognize all of the places on the standard
list.

The sensors havetogive youavery
quick indication of what is the signif-
icance of the magnitude of the quake.
Ireadinonepopularscientifictabloid
that some scientists were planning to
set up a network of sensors and (dig-
ital) computers to analyze the data,
and then give a warning in just “15 or
20 seconds.” Don’t look now, guys,
but most of the people closest to the
quake will be hit with the shock in
only 5 or 10 seconds.

Aperfectly computed analysisin1b
seconds would be no help at all. The
key to the sensor is to have some
wide-range logarithmic amplifiers
and sensors that can put out appro-
priate signals for every size of
tremor. Back in October of 1989, a
friend of mine was standing in his
garage, about 3 miles from the epi-
center. He said, “In the first second,

it knocked me on my butt”. If a quake
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sent a technical
note to a couple of
the majorradioand
TV stations and

newspapers in the
Bay Area. The si-
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TuRN N THE TRPE RECRPER
FEw DOZEN SECONDS AFTER N/}’“ACTWM‘}’.'

NOTE, oty oNE FALSE EVENT fycpp ., AP 199097

of that magnitude comes along, you
can have pretty simple sensors, lin-
ear and logarithmic amplifiers, and
discriminators or comparators that
will get out the message “in the first
second,” which is the right kind of
warning to save lives.

Whatifthe quake’s centeris so deep
underground (as it was in the Loma
Prieta quake of 1989) that the shock
waves hit areas several miles away
from ground-zero, at just about the
same time as it arrives at the sensors
at ground-zero? Easy—drill a deep
hole and put a few sensors down deep,
to give advanced warning. Every mile
of depth canhelp another few vital sec-
onds.

Obviously, there arelots of practical
and legal considerations. What if some
driver gets the message and jams on
his brakes, causing a pile-up worse
than the quake damage? What if peo-
ple get nervous and panicky and the
first thing they dois calltheirlawyers?
Obviously, the practical considera-
tions aren’t trivial. Still, if we planalit-
tle, this system can be much better
than no warning at all.

When I had this radio-warning idea
back in December of 1989, I took it im-
mediately to our Patent Committee at

TRONTIC
OCTOBER 24, 1991

lence was almost
overwhelming.
Butinlate August 0f1991,a National
Research Panel of experts from the
National Academy of Sciences pro-
posed a similar plan to assemble a
system of seismometers, computers,
and radios to give people an early
warning*.I immediately wrote off to
the chairman, Mr. I. Selwyn Sacks of
the Carnegie Institution in Wash-
ington. Soon I hope to hear more
about their proposals. But you have
already heard about my plans and
proposals.

So, if this system gets going and it
saves your life someday, you can buy
me a beer. Fully-paid licenses, of
course, are available at a very reason-
able fee.

You may not have many earth-
quakes in your area, but you have to
agree, it’s certainly a fascinating and
challenging set of problems to think
about. Maybe you have ideas that are
better than mine, or that would im-
provemine whenadded toit. Youdon’t
have to sit on top of a big fault to have
good ideas.

All for now. / Comments invited! /
RAP/Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

* “Experts Push High-Tech Quake
Detection System,” Warning of even
a few seconds could save lives; San
Francisco Chronicle, August 28,
1991, page 1.
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WHAT’S ALL THIS
PRoFiT STUFF, ANYHOW?

ere’s another esaeP’s Fa-

ble. The Class of 1966 was

starting to plan its 25th

Reunion. The Reunion
Committee went around and con-
tacted all the alumni, until they came
to Joe. Joe, as duly noted in the Year-
book, was the Person Least Likely to
Succeed in Business. That had been a
clear choice, back in 1966 — everybody
recognized that Joe was a klutz, with
no sense of proportion, no head for
math nor business. But Joe had filled
in his questionnaire: President and
CEO of Widget Enterprises —amulti-
billion dollar multi-national corpora-
tion. And Joe had just donated a new
Library to the Business School. How
could this be? So it was with great re-
spect and curiosity that the Reunion
Committee invited Joe to give the
key-note address
at the Reunion.

It was the same
old Joe who stood
up to give the
speech at the Re-
union. “I never was
much of a speech
maker. And I don’t
have any big se-
crets about how 1
do business. I just
buy Widgets for
$1.00, and I sell
them for $10.00.

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF I'm perfectly
SCIENTIST AT happy to take just
NATIONAL 2 10% profit.” End
SEMICONDUCT- of Fable.

OR CORP., When I started
SANTA CLARA,  yopk at George A.
CALIF. Philbrick Re-

searches in 1960, 1
observed a secret project going on—a
“skunk-works” project to bring out
Philbrick’s first solid-state opera-
tional amplifier. Technicians were
testing and grading diodes and tran-
sistors, night and day, to generate
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matched pairs. The data sheet was be-
ing rushed to completion. Test engi-
neers were learning how to measure
currents in the picoampere range. And
Saleshoped tosell afew of these P2 am-
plifiers, at a selling price of $185, to pay
for all this research effort.

Wow. An op amp with just 100 pi-
coamperes input current — with no
tubes, no heater power, no mechanical
choppers. That mustusethefinestnew
silicon transistors. No wonder it sells
for $185. But when I got to know the
senior engineer, Bob Malter, a little
better, he showed me that there were
not any silicon transistors in the P2.
There were just 7 little germanium
transistors in there. What? WHAT??

When Bob Malter arrived at
Philbrick Researchesin Bostonin 1957,
he was already a smart and accom-
plished engineer. After designing sev-
eral analog computer modules (which
were the flagships of the Philbrick prod-
uct line) he became intrigued with the
concept of the Varactor amplifier, just
about the time that George Philbrick,
the founder and chief Research Engi-
neer, was getting frustrated.

George had been trying to make a
parametric amplifier, using varactor
diodes and germanium transistor am-
plifiers. When the bridge started out
balanced, just a few millivolts of de in-
putcould cause enoughimbalancetobe
amplified and then rectified (syn-
chronously) to drive a dc amplifier. In
theory, you could make an operational
amplifier that way. But George had
worked for many months onanelegant
design he called the P7. It used 14 ger-
manium transistors, in a little cord-
wood assembly with 8 little pe boards
packed in between 2 mother boards.
He could not get good repeatable re-
sults, not for de accuracy or dynamics
or temperature drift.

Now, Bob Malter was a very prag-
matic, hard-headed engineer. You
would not want tobet himthat he could
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not do something, because he would
determinedly go out and do it; and
prove that he was right — and that you
were wrong. Bob had his own ideas on
how to simplify the P7,down to alevel
that would be practical —which he
called the P2. I donot know how many
false starts and wild experiments Bob
made on the P2, but when I arrived at
Philbrick as a green kid engineer in
1960, Bob was just getting the P2 into
production.

Instead of George’s 10 pc boards,
Bob had put his circuits all on just two
pe boards that lay back-to-back. In-
stead of 14 transistors, he had a basic
circuit of 7 transistors — just one more
device than the little 6-transistor AM
radios of the day. He actually had 2 lit-
tle transformers —one to do the cou-
pling from the 5-MHz oscillator down
into the bridge, and one to couple out
of the balanced bridge into the first of
four RF amplifier stages. (If you arere-
ally interested in the complete
schematics of the P2 and P7, and other
technical comments and details, you
will want to buy Jim Williams’ book.*)
Note, 25 years ago, these would have
been the center of fantastic technical
espionage; but today, it’s just a matter
of historical curiosity —industrial ar-
chaeology —on an obsolete product.
You can’t buy the parts to make these
amplifiers any more, and even when
youcould, youcouldbuild a circuit tofol-
lowtheschematic,andit wouldn’t work.

So what’s the big deal? Here’s a
pretty crude operational amplifier
with a voltage gain of 10,000, and an
output of +1 mA at £10 volts, with a vi-
cious slew rate of 0.03 volts per mi-
crosecond. Who would buy an ampli-
fier like that??? It turned out that
thousamds and THOUSANDS of peo-
ple bought this amplifier, because the
input bias current at either input was
Jjustafew picoamperes. Picoamperes?
What the heck is a picoampere?? Most
electrical engineersin 1960 didn’t even
knowwhat apicofarad was,not tomen-
tion a picoampere, but, they figured
out it was a heck of a small fraction of
a microampere. And for many high-
impedance instrumentation applica-
tions, the P2 was clearly the only am-
plifier you could buy that would do the
job. And it had this low bias current,
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only a few picoamperes, because all
those germanium transistors were
running at 5 Mcps, and their5or 10 pA
of dc base current had no effect on the
precision of the input current.

Theinput current waslow,thanksto
awell-matched bridge of four V47 var-
icaps. These were sold by Pacific Semi-
conductor Ine. (PSI) for use as varac-
torsin parametric amplifiers, upin the
hundreds of “Megacycles.” The “V47”
designation meant that they had a
nominal capacitance of47pF at4-Vre-
versebias, whichis where most RF en-
gineers would bias them. But Bob Mal-
ter biased them right around 0 Vdc,
with a minuscule £60 mV of ac drive.
At this bias, the capacitance was 110
pF plus 1 pF per 20 mV —not an ex-
tremely high gain slope.

At this level of drive, each diode
would only leak 20 or 40 pA. But Bob
had a gang of technicians working day
and night to match up the forward con-
duction characteristics and the re-
verse capacitance voltage coefficients,
and he was able to make sets of 4 var-
actors that would cancel out their off-
set drift versus temperature, and also
theirreverseleakage. Of course, there
was plenty of experimenting and hack-
ing around, but eventually a lot of
things worked OK. Afterall, when you
buy 10,000 V47s, some of them have to
match pretty well.

So, here’s a little do-hickey, a little
circuit made up of just about as much
parts as a cheap $12 transistor radio,
but there was quite a lot of demand for
this kind of precision. How much de-
mand? Would you believe $227 of de-

mand? Yes! The P2 originally started |

out selling for $185, but when the sup-
ply/demand situation heated up, it was
obviousthat at $185,the P2 wasunder-
priced. So the price was pushed up to
$227, toensurethat the people who got
them were people who really wanted
and needed them.

Meanwhile, what other kinds of
“transistorized” op amps could you
buy? Well, by 1963, for $70 to $100, you
could buy a 6- or 8-transistor amplifier,
with Iy;, ¢ in the ball-park of 60,000 to
150,000 pA, and acommon-moderange
0f 11 V.The P2 had a quiet stable input
current guaranteed lessthan 100pA (5
or 10 pA typical), and a common-mode
range of 200 V. (After all, with trans-
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former coupling, the actual de level at
the balanced bridge could be at any de
level, so there was no reason the
CMRR could not be infinite.)

Wow! A $227 gouge. (You couldn’t -

call it a “rip-off”, because the phrase
hadn’tbeeninvented,but perhapsthat
is the only reason....) Obviously, this
must be a very profitable circuit. Ev-
ery competitor —and many cus-
tomers —realized that the P2 must
cost a rather small amount to build,
even allowing for a few hours of work
for some special grading and matching
and testing. So, some people would in-
vest their $227 and buy a P2 and take
it home and pull it apart and try to fig-
ure out how it worked. The story I
heard was that one of our competitors
hired a bright engineer and handed
hima P2 and told him, “Figure out how
they do this. Figure out how we can do
it, t00.” In a few days he had disman-
tled the circuit and traced it out, and
had drawn up the schematic. Then he
analyzed it, and began experiments to
be able to meet or exceed the P2’s per-
formance. But he couldn’t get it to
work well. He tried every approach,
but he never could. After a full year,
they gave up.

Yousee, it turns out there was some
interaction between the input of the
first RF amplifier and the output of the
4th amplifier, that made the P2 work,
when youassembled the twopcboards
close together. It would not work with
any other layout, orientation, or cir-
cuit-assembly technique. So none of
our competitors ever second-sourced
the P2. And the P2 and P2A and SP2A
remained profitable and popular even
when the new FET-input amplifiers
camealongat muchlower prices. It was
yearslaterbeforethese costly and com-
plex parametric amplifiers were truly
and finally obsoleted by the inexpen-
sive monolithic Bifet amplifiers from
National Semiconductor and other IC
makers. Eventhen, the FET amplifiers
could not compete when your instru-
ment called for an op amp with a com-
mon-mode range of 50 or 200 V.

Still, itisan amazing piece of history,
that the old P2 amplifier did so many

things right. It manufactured its gain’

out of thin air, when just throwing
more transistors at it would probably
have done more harm than good. And
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it had low noise, and extremely good
input current errors— traits that
madeitalot offriends. The profits from
that P2 were big enough to buy
Philbrick a whole new building down
in Dedham, Massachusetts, where
Teledyne Philbrick is located to this
day, (notwithstanding a recent name
change to Teledyne Components).
And the men of Philbrick continued to
sell those high-priced operational am-
plifiers, and popularized the whole
concept of the op amp.

Then when good low-cost amplifiers
like the UA741 and LM301A came
along, they were readily accepted by
most engineers. Their popularity
swept right along the path that had
been paved by those expensive ampli-
fiers from Philbrick. If George
Philbrick and Bob Malter and Dan
Sheingold and Henry Paynter and
Bruce Seddon hadn’t written all those
applications notes and all those books
and stories, heck, Bob Widlar might
not have been able to give his UAT09s
and LM301s away! And the P2 —the
little junk box made up virtually of
parts left over from making cheap
transistor radios — that was the profit
engine that enabled and drove and
powered the whole operational-ampli-
fier industry.

One time, I was standing around in
front of the Philbrick booth at the big
IEEE show in New York City. A cou-
ple engineers were hiking past the
booth, and the one said to the other,
nodding his head toward the booth,
“...and there’sthe companythat makes
a big bloody profit....” Well, at that
time George A. Philbrick Researches
wasindeed making big profits fromthe
P2. We couldnever deny that.Just like
Joe and his Widgets.

All for now. / Comments invited!
RAP/Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

*Analog Circuit Design: Art,

Science, and Personalities, by Jim
Williams, about $45. Published by
Butterworths (617) 438-8464 x255.
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WhHar’s ALL THis
REUNION STUFF,

AnyHow?

henItravelbackto New

England, I don’t fool

around. I would not go

east without first visit-
ing my mother and sisters in Con-
necticut. I put in a day or two, visiting
and being helpful, and talking and ty-
ing up loose ends. That reunion goes
back 50-odd years, since the day I was
born.ThenItrytogettogetherwithall
sorts of other old friends.

Onmy mostrecent trip, [ had asmall
preliminary get-together with some
old friends from grade school. Now, if
we wait until the year 2003, we can
have a 50th reunion of when we all
graduated from
Broad Brook
Grammar School.
But nobody wants
to wait that long
because we'll start
losing people. In
the next 12 years,
people are going to
be dying.

So we decided it
might be fun to
start planning a
50th reunion of
when we started
the first grade. We

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF .

SCIENTIST AT EZ“PZ‘I) thit m le igfs,
NATIONAL from nb(l)w Wﬁich is
SEMICONDUCT- a pretty ’g 0od ex-
OR CORP,, cuse for a get-to-
SANTA CLARA, gether. So, five of
CALIF. ) ’

us got together on
a warm Monday
evening at the house of Helen Matulis
Senk. And we talked about what hap-
pened to the people in our class, and
how we could get together.
Fortunately, we won’t have tohire a
hall, or do fancy invitations. We'll just
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get on the telephone tree and pass the
word around, then drop in at a neigh-
borhood lounge that’s not too dark nor
disreputable to talk and gossip and sip
some juices. So our little planning
meeting did establish some feasibility,
and surely in September of 1995, about
the time of the first week. of school,
we'll make a reunion. A do-it-yourself
reunion. No fancy reunion committee,
noschoolauthorization, no official pho-
tographer. No big deal, because there
were rarely more than 30 people in the
class. But there are a few problems.
Some people have moved thousands of
miles away, some have died, and some
have moved only a few miles across
town. So we haven't seen some people
for years. Where is Dorothy Hearn?
Where are Bobby Tyler and Allan Gal-
lagher and Bobby Christian? How are
we going to find them?

Next year will be my 35th reunion at
Mount Hermon School. The school does
a good job of calling us back every 5
years. We formed some close ties back
in’57, and there are anumber of people
Twriteto2or3times per year. Sothat’s
always fun. But where the heckis Allan
Gates? Where is DixiJacobs? Where is
George Jacobs? Where is Dave Gille-
spie? Where are John Chaffee, Walter
Crofut, John Hsu, Harold Jensen, John
Lessard, Albert Merrill, Richard
Morse, Charles Ober, J. Richard
Phillips, Arnie Rolfe, Richard Van
Wagner, Steve Warner? Now, I know
some of these guys are perfectly willing
to dodge the Alumni Fund-raising
drives, but that doesn’t mean they
should stay out of touch. Al, Dixi,
George, Dave.. WHERE ARE YOU?

I just returned from the 30th re-
union of MIT’s class of 1961. This was
not a big year; b years ago there were
acouple hundred people at the 25th re-
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union, but barely 60 guys this year.
Still, we ran into several old friends
from ’61 and from other years, and we
made new friends, too. Still, there’s a
list of people that the Alumni Office
can’t locate. Hey, does anybody out
there know the whereabouts of Anil
Anand, Milton Clauser, Tom Laase,
Peter Crichton, Gary Rosenthal,
Lawrence Roven, Barry Stern, Karl
Josephy, William Kleinhans, and Fred
Reynard? Now, there was one guy |
from ’61 who did not attend, even
though he had been invited to give us
a speech. But we were not wor-
ried — we knew right where John Su-
nunu was —in Washington DC.

Whenwe wereat MIT,some of us ma-
jored in electronics or physies or chem-
istry. And some of usmajored in Outing
Club,aswellas winter mountaineering,
bicyecling, or rock climbing. Every year
or so, we have a reunion at Gardner
Perry’s house in Seattle, or Bert
Raphael’sin Los Altos. But if we knew
where to find Paul Pomeroy or Brian
Mokler or Bill Homeyer, we could im-
prove our reunions even more. Also,
where is Dave Berkowitz, Danny
Schwarzkopf, Gloria Goldberg, Tanya
Maria Atwater?

The next, and best, reunion was the
Philbrick Alumni Association. There
used to be a gravel bank right across
the street from Teledyne Philbrick on
Allied Drive in Dedham, Mass., so 1
told everybody to show up at that
bank. Then, I explained that there was
a new Hilton hotel recently built on
that site, and we’d meet (naturally) in
the bar.

Now, Philbrick Researches has
been one of the spawning grounds of
linear circuit companies, just as
Fairchild alumni went off into many
other semiconductor houses. So the
Philbrick Alumni group has splin-
tered into dozens and dozens of other
companies — Teradyne, LTX, Na-
tional, LTC, Analog Devices, Ana-
logie, Datel, Burr Brown, PMI, Sipex,
Powercube, Northrup Nortronics,
Hycomp, Hybrid Networks, and
many more. We can say, proudly or
sadly, we got our alumni into some of
the best and biggest companies in the
industry. Ah, if only they could have
stayed at Philbrick —but that’s a
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whole 'nother story.

Anyhow, people drove in from 50
miles south and 100 miles west and 90
miles north, and some people merely
had to walk across the street. Others
sent in their best regards by fax, from
5000 miles away. We had about 40 peo-
ple there. There were people who had
never attended one of our reunions be-
fore, and our Cruise Director, Al Ris-
ley of Datel, agreed that we were fi-
nally getting more efficient at inviting
people. Weinvited some by phone, and
others by mail, and our redundant
techniques caused some people to get
3 or 4 invitations.

Iranintoone young woman who just
happened tobe promoting asystem for
laser identification and labeling of
wafers and masks —which I just hap-
penedtohaveaseriousactiveneedfor.
I mean, every once in a while, we have
a project coming along great, and the
wafers come out not working because
somebody put on the wrong mask. It’s
beenmy pet peeve forafewyears, that
if every can of beans at the Safeway
gets a bar code, and every other letter
delivered to your door, then why can’t
a mask get a bar-code, too, to ensure
that a computer can lock out an im-
proper mask? So Pat Green had a real
piece of good news for me, and I hope
wedoa millioﬂr} dollars of business with
hercompany .Ifwedo,thenwe’llsave
$2 million. Of course, it will take some
additional hardware and software, so
that when a special engineering run
needs a screwy sequence of masks, we
can override the computer.

Fortunately, withthesebarcodes, we
won’trunoutoflegal codes very quickly.
Have you ever noticed the bar codes on
the front of a letter? Have you counted
the number of bars on that? I bet you
didn’t notice that they cleverly inserted
as many as 52 bars. The coding, of
course, isn’t true binary. It’s a 74,2,1
decimal code, with a parity bit and par-
ity word. But if it were in binary —well,
2% is a VERY large number —about 5
X 10%. With such a big number, you
could have a separate mail code for your
front doorand another one for yourback
door, because there are only about 6 X
10* square feet on the surface of the
whole earth. So I don’t think we will
run out of codes very soon, even if we
put a code on each wafer. Now, a code
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on each die, I’'m not so sure about...

So, as with the other reunions, I ran
into some nice people who had ideas
that were really stimulating. Not just
the enforced jollity of a group of ran-
dom people forced into proximity, but
the matching up of random pairs or
triplets of bright people with interest-
ing ideas. Just as, at the MIT reunion,
I ran into a guy who Wamtecik to buy a
dozen copies of my new book  to pass
around to his engineers and techni-
cians.Just as I raninto artistic and tal-
ented people at other reunions. Just as
I raninto a person at another reunion
who was having problems with her
word processor as it interfaced to her
printer, and I figured out how to trick
it into giving her the correct margins.

So, in addition to the good news of
the bar-code business, I found this re-
union business a good success. For in-
stance, there may be a person that you
associated with, years ago, and that
personmay havebeen (soyouthought)
a boring or useless or unpleasant per-
son. But (after a number of years) that
person suddenly becomes interesting,
skilled in a field that just happens tobe
fascinatingtous,as welistenandlearn.

I mean, once upon a time, we were’
all kids. But as we grow up, we become
better rounded individuals; and other
people do, too. So, if you're deciding
whether to attend a reunion, I would
recommend that you really should.
You may run into some fascinating
ideas, some pleasant memories, even
some good business —but you won’t be
bored, not for very long.

And the best part is, if you want to
call a reunion, you can figure out how
to do it yourself. I have attended
Amelco Semiconductor Alumni Re-
unions, and reunions of National Semi-
conductor’s ALIC group, and I have
also heard about some good Fairchild
reunions. All it takes is a park where
you can gather and picnic, oralocal bar
where anybody who will buy even a
ginger ale is always welcome. No mat-
ter where you worked, you can run
yourownreunions. I won’t say that the
art of getting everybody found and in-
vitedand actuallyinattendanceistriv-
ial, but you can figure it out.

Here’sonetechnique I'veused tofind
aperson who seems to have dropped off
the earth, and I used it to locate the for-
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mer owner of my house. An insurance
company kept sending her statements
about the value of her policy, but I had
no idea where to forward these letters.
But I did have her social security num-
ber: So I sent a polite note to the IRS,
asking them to forward the note to the
person with this social security num-
ber, as there was this valuable infor-
mation that I wanted to forward.
Shortly she wrote to me from Balti-
more, thanking me for getting this ma-
terial sent to her.

So if you know somebody’s social se-
curity number, I’'m sure you will admit
there are some people who can always
find their man! And they’re willing to
help you forward a little note; whether
the person wants to write back is an-
other matter.

Ah, that reminds me —even at the
Philbrick reunion, there were people
we could not invite because we had no
address for them. Where is Louis Wat-
son? Whereis Bob Boyd, Dave LeVine,
Brian O’Brien? Suzanne McGovern,
Adele Fata, Ann Havey, Sue Taipale,
Jeanne Finnert? Brad Vachon, Everett
A. Day, Ralph Daigle, Dan McKenna,
Dick Hewson, Bob Squarebriggs, Mau-
rice Goldwater, James Royer, Dick
Davis —where are these guys? Unfor-
tunately, we don’t know the social se-
curity numbers for these people. So I'd
appreciate it if my readers will just re-
mind these guys, all of these missing
persons, and anybody else that ever
worked for Teledyne Philbrick or
George Philbrick Researches, that we
really do want their addresses, so we
can invite them to the next reunion. If
we can get most of them to show up, we
can make a really great reunion.

All for now. / Comments invited!
RAP / Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090

*Computer Identics, 5 Shawmut Rd.,
Canton, MA 02021

>k*Tvﬂoubleshooting Analog Circuits,
Robert A. Pease; published by
Butterworths, (617) 438-8464.
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Whar's AL Tis
RerLEX RESPONSE
TUFF, ANYHOW?

must havebeen quitesmall when

Ilearned that if I dropped some-

thing heavy, I should jump so as

to pull my feet out of the way of
the falling object. For example, if I
dropped a brick that fell toward my
right foot, I didn’t have to worry about
my left foot, but my right foot had bet-
ter clear out quickly. Obviously, just
about everybody learns this early
enough that you have no recollection
or memory of how you learned it.

At a somewhat later age, I learned
that if T dropped my glasses, or my
watch, or any delicate object, it was
pretty easy to swing one foot under-
neath that object.
Evenif I could not
entirely prevent
my glasses from
hitting the floor, I
could deflect them
so it would only be
a glancing blow.
And I have devel-
oped that knack, so
it’s pretty auto-
matic for me.

Then, the other
day —in the sum-
mer of 1990 -1
dropped some-
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thatyou’resoblasé
about? I reached
down and picked up —astick of butter.
My leghad apparently made adecision
that a 4-ounce stick of butter was not
worth worrying about, one way or the
other. Smart leg!

I mentioned this at work, and a
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friend (who has a lot of experience as
an auto mechanic) said, “Okay, here’s
the fourth situation —the fourth
quadrant. Let’s say you are working
on a Porsche, and you leave the
starter motor up on a bench. Sud-
denly you notice that the starter has
just rolled off the bench and is on its
way to the floor. It weighs 30 pounds.
It costs $900. NOW, what do you do
with your leg?”

After some consideration, I figured
thatI'would trytokickthestarterwith
my toe, pretty hard, about 16 inches off
the ground, so my toe would not get
crushed, but it would have a chance of
slowing down that heavy object. But I
haven’t gone to try it out.

Now, there’s a very good and very
serious application for this kind of pre-
planning, pre-judging what kind of a
reflex reaction you will make, in-
stantly, in a particular situation. Let’s
sayyou'redrivingalongafreeway,and
suddenly you spot a dogin front of you.
You may blow your horn, but some
dogs really don’t pay much attention
(some of them are deaf, and others are
stupid enough, they might as well be
deaf). Okay. What do you do? You
might hit the brakes, but if there were
atruck on your tail, he could do lots of
damage to you. You might swerve.
That’s a better way to avoid the dog
(unless the dog dodges in the same di-
rection as you do — I’'ve seen that hap-
pen). But what if there’s a car passing
you? You could easily wreck your car
and any number of other cars, too, de-
pending on how many cars are around
you. Or, if you dodge really hard, you
could go off the road and cause addi-
tional trouble. A woman was observed
trying to dodge a dog on Route 93 in
Medford, Mass., about 20 years ago.
She missed the dog but went off the
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road, down an embankment, and was
killed. Bad move.

Now, I'm not suggesting that you
just hit the dog. In many states, if you
hit a dog, you have to file areport with
the police, and you might have to cart
inaninjured animal to the vet —no fun
at all. Nobody really wants to cause
pain to the dog, even if the dog is out
where it shouldn’t be. So, it’s worth
someeffort totrytoavoidthedog. But,
what is the right answer?

The answer, 'm convinced, istokeep
aware at all times of how much traffic
there is behind you and beside you. If
you're convinced there’s nobody beside
you, you can cut the wheel hard and
avoid the dog. If the road is empty, you
can also brake. Just try to avoid losing
control. You might damage your car if
you hit a big dog, but you might wreck
it if you lose control completely.

Andifyou know there’sheavy traffic
allaround you, well,you cantry squeez-
ing to one side of your lane to give the
dog a chance to miss you. And all of the
time you must have your thumb on the
horn. Maybethedogisn’t deaf, justalit-
tle hard of hearing. And, after all that,
ifyoudohitthe dog, youhavetried your
darnedest to avoid hitting it. You did
your best. But you can’t do your best
without being aware of traffic, and
without planning in advance.

Now, if you’re really aware of
what’s around you, you will also be
prepared to dodge a deer, or a con-
crete block, or a loose wheel— or a
child. Obviously, it’s worth alot to try
toavoid a deer, because at 50 mph, al-
mostevery car willhave several thou-
sand dollars of damage if you nail that
deer. And you’ll be lucky if you don’t
wind up withthe deerinthe front seat
with you. As for dodging a child—1
hope you never have to doit. But just
in case, I hope this column helps you
toplan what todo. T know that in Mas-
sachusetts there’s a truck line (the
Crystal Freight Co., Wakefield,
Mass.), and on every truck they have
painted a scene with the caption:
“Crystal says: After the bouncing
ball... comes a running child.” The
scene shows a kid about to chase a
bouncing ball out into a busy street. I
usedtolaughatthat becauseit seemed
so far-fetched. Then one day, two
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times, a bouncing ball sprang out from
behind a parked car, into the street,
right in front of me. In each case, a kid
stood hesitantly by the car, wise
enough not to run into the street. But
I stopped laughing at Crystal and her
silly sayings after that.

Here’s another angle on safe driving.
Suppose you think you see something
up ahead in your lane, and you're not
sure ifit’s a blob of cardboard, or a dog,
or whatever. As soon as you get at all
suspicious, bring your foot over and
givethebrakesatinytapandstartlook-
ing around for a clear lane behind you
or on one side. If there’s somebody be-
hind you, it will catch their attention
pretty quickly, so if you do have to hit
the brakes hard, the driver behind you
will be alert, too. Sometimes this is
called defensive driving, and it sounds
alittlesilly, butifyoucanusethesetech-
niques on the rare occasion therereally
is a dog or large object blocking your
lane, you won’t feel so foolish about tap-
ping your brakes a little early, before
you get all your plans made up.

When the N.Y. Giants played the
S.F. 49ers in December 1990, the foot-
ball experts said that Giants quarter-
back Phil Simms was playing much
better that year. He had learned to
throw the ball away or take a sack,
rather throw into a crowd. Now that’s
a sensible reflex reaction. But on the
game’s last play, with the Giants los-
ing 7-3, Mr. Simms could not find an
open receiver and wound up getting
sacked. The wisdom of refusing to
throw into a crowd is imperfect if
there’s only one play, and you don’t
have any other chance to win. Every
habit should be accompanied by an
awareness that there are times when
it doesn’t apply.

Now, at this point, I wanted to give
you some sage advice on how to use
pre-planning and reflex response to
help you in the electronics business. I
had written this far, and could not
think of a good example. But Frank
Goodenough read my first draft and
came to the rescue. He pointed out an
old saying, “Never try to catch a
falling knife.” No matter how fast you
think you are, it’s very unlikely that
you can grab forafalling knife 10 times
without getting your hand seriously
sliced at least once. Even if the knife
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isn’t moving very fast, your hand is
coming over rapidly, andit’s astonish-
inghowdeepacutyoucanmakeinthat
gituation. In other words, it ain’t
worth it, and you had best plan your
reflex response in advance so your
head will automatically tell your hand,
“Don’t try it.”

Inthe electronicsbusiness (see, [ told
you I would get there eventually)
there’s a good analogy: “Never try to
catchafalling soldering iron.” The odds
are about as poor as trying to catch a
falling knife, and the payback is equally
painful.So,it’sworthwhiletohaveahol-
ster where the iron can be kept safely
without likelihood of falling. Then drill
the idea into your head, that if the sol-
dering iron does fall, well, let it.

Frank related the story of the tech-
nician who was kneeling on the floor in
front of his bench, looking for a part he
had dropped. When he found it, he
reached up and set it on the bench.
Then, being an agile and sprightly fel-
low, hedecided to springtohisfeet. He
put his hands on the bench, and gave a
great LEAP —followed by roars of
pain. He had inadvertently put one of
hishands downreally hard on the busi-
ness end of his soldering iron, which
was not in any holster. He was lucky to
get out of the heavy bandagesin a few
weeks, but he got a very painful lesson
aboutleavinghotitemswheretheycan
be contacted accidentally.

Frank also proposed that T extend
the analogy to a stack of lab equip-
ment — a pulse generator on top of
three power supplies on top of a scope
on a cart. If you live in California, you
know there’s always a 0.05% chance of
having your set-up topple in case of a
‘quake. Even if you don’t work out
here, somebody could stumble and
bump into the cart. And then you have
the privilege of diving to see if you can
intercept a couple of those valuable
pieces ofequipment before they hit the
floor. It’s a little outrageous, but valu-
able things do sometimes take a dive.
Just make sure that your head auto-
matically decides that if there is a sol-
dering iron, that is not a good thing to
try to grab. And perhaps you could set
up your equipment so that the stack is
unlikely to topple. Maybe you can wire
it together, or tape or strap it up so it
cannot fall.
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Once upon a time, when virtually all
electronic equipment ran on vacuum
tubes, it was easy to remember that
you could easily get a shock from al-
most any node of a circuit you were
troubleshooting. So the rule devel-
oped: When probing or trouble-shoot-
ing a circuit, always keep one hand in
your pocket rather than hold onto a
chassis or rack. Then if you brush
against a high voltage, it will not cause
a lot of milliamperes to flow right past
your heart. The odds of being electro-
cuted used to be greatly reduced by
this simple precaution.

These days, the new transistorized
circuits are all at low voltage — except
when they aren’t. There are line-oper-
ated switch-mode power supplies, and
high-voltage boosters that can put out
180 volts —and suddenly that old pre-
caution of keeping one hand in your
pocket is beginning to look pretty
smart again.

So, whenever I start work on a high-
voltage circuit, I tack in a neon lamp in
series with a 100k resistor across the
high-voltage busses. Then when I see
the neon’s glow, I'm graphically re-
mindedthatthisreallyisahigh-voltage
circuit, and that the power is still ON (I
don’t care what the power switch says)
andIshouldreverttothemodeofHigh-
Voltage Cautions. IfI grabontoareally
hot wire, the shock might not injure me,
but I might convulse and jerk back-
wards. That’s not a good idea if I'm
standing on top of aladder, forinstance.
So, looking for the glow of a neon lamp
isaway toremind me to be serious, and
I recommend it for you, too.

Please do try to keep aware at all
times while you're driving, whether
there’s anybody beside you or behind
you, so if you do have to make an emer-
gency swerve, you will know ifit’s safe.
It may save your life, or it might save
your car. Be careful out there! And,
keep one hand in your pocket when
working on high-voltage circuits.

All for now./ Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090
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WhHat’s ALL Tuis
NEGATIVE FEEDBACK
STUFF, ANYHOW?

nce upon a time, I worked
as Director of Develop-
ment at Philbrick Re-
searches in Boston. I was
reporting directly to George Philbrick
himself. (T’ll have more stories to tell
about him another day.) One day
George askedme, could I name the ear-
liest example of a system with feed-
back? I thought for a few seconds and
then conceded, “No, I couldn’t.”
George proceeded to tell me about
some master clock builders who had
designed many beautiful high-preci-
sion clocks backin the 14th or 15th cen-
tury (I'm trying to give you this story
from memory af-
ter a full 20 years).
They had a tedious
procedure for
trimming and ad-
justing the rate of
the pendulum for
each new clock, to
bring it up to the
correct speed so

\ that it agreed with
: ' a master clock.
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trip a cog which
would then rotate
the screw on the new pendulum and
shorten it up, making it run it faster.
Conversely, if it ran ahead, the screw
would be turned so as to lengthen the
pendulum. Of course, this was operated
asasampled-datasystem —itdidnotex-
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actly work in real time. So if the pendu-
lum’s speed was too far out of synch, the
servo would not work. But the lazy fel-
low was able to do some first-order
tweaking and then go home. When he
came to work in the morning, the new
clock’s pendulum would be perfectly
matched with the reference.

WOW! Let’s give a cheer for 1550s
technology. This is not only a feedback
loop —it’s also one of the world’s first
PLLs (phase-locked loops). That
would, of course, be the first if there’s
any truth to this story. I've searched a
little and have not been able to confirm
its validity, though. But maybe there’s
an element of truth in there. Maybe I
don’t have the century quite right.
But, it’s an impressive story, and
George did tell it to me.

The next week, when it was time for
our meeting, I told George that I had
an example of feedback that was older
than his, by a large margin. He looked
at me quizzically and I explained.
Whenthe ox orbullock was first tamed
and domesticated thousands of years
ago, it was found that if you put a ring
through the nose of the ox, you could
easily lead it with a gentle tug, and the
beast would follow youclosely. At first,
the ox would follow closely to avoid
pain in his sensitive nose, but eventu-
ally he would learn to follow because it
was his job and habit.

Evenasmall child couldlearntolead
an ox pulling aheavy cart or sledge, by
tugging lightly on a thin cord. So here
is the original Unity-Gain Follower,
with a highinput impedance, and a low
output impedance. Even if the ox
didn’t pull theload quite far enough, he
was still under control “inside the
loop,” because even a child could tug a
few more inches on the cord to get the
load pulled up to exactly where he
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wanted it. I can’t tell if that feedback
goes back 5000 or 6000 years or more,
but it surely is a good old example, and
George had to concede that.

In the early 1800s, steam engines
were developed to arather high degree
of sophistication. Tomaintainspeed, the
governor wasinvented. The centrifugal
force onacouple ofrotating fly-balls was
coupled into a linear motion that could
openorclosethethrottle. Thebasicgov-
ernor had finite gain, soif aload was ap-
plied, the engine would slow down and
then work its way back up alittle —but
not all the way back, due to the finite
gain. To obtain substantially perfect
speed regulation, governors were de-
vised withtricky mechanicallinkagesso
that they had infinite gain. But some of
these were unstable. Finally, improved
designs had infinite de gain, but a well-
controlled dynamic response, to help
keep the loop stable. To think all this
stuffwentonbackinthe 1880s! I canlook
up a whole bunch of these old designs in
my old Encyclopedia Britannica, the
1891 edition. YES, 1891, not 1981!

Now, come to think of it, George
Philbrick told me of a saw mill he de-
signed when he was young. He said he
designedit toidle at amoderately slow
speed, to save on fuel and energy. But
whenaload wasapplied, it would speed
up smoothly, so as to apply maximum
power when the load was heaviest. Of
course, any simple governor could not
dothis, becauseifit sensed the inertial
load of the saw blade, it would speed up
as it sensed the torque being sent to
speed up the inertial load. It could not
easily distinguish this from a lossy
load, such as alog being cut by the saw
teeth. This loop would normally oscil-
late with a vengeance, back and forth
from the highest speed to astall speed.

But, of course, George claimed he
had designed a detector that could dis-
tinguish the difference between a dy-
namic load and a lossy load, and he
could servotheloop withadequate sta-
bility. In theory, one could indeed do
this. But when George was young (in
the 1930sand 1940s), I doubtifthe tools
were easily at hand. Still, I would not
want to bet him that he did not or could
not do it. After all, in 1970 I designed
an analog-to-digital converter that
could easily have been built in the
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1940s or earlier. But I still think
George was pulling my leg.

In the 1930s, Mr. Harold S. Black de-
vised his famous theories about nega-

tivefeedback at Bell Labs. The bestam- -

plifiers of the time still had excessive
distortion. When you cascaded 40 or 60
stages of amplifier, as you might doin a
long-distance telephoneline, the distor-
tion kept building up. With the aid of
feedback, the amplifiers’ distortion
could be cut tonegligible levels, even af-
ter many cascaded stages.

morepracticeheremovedthelags,and
the gunner was now quicker and more
accuratethanever. Sothis wasused as
part of the training.

George also devised controller net-
works that, under favorable conditions,
could aim a gun at the correct angle
ahead of the plane’s image —the
“lead” —better than a human could. He
designed controllers that were very
good at adapting to any changes in the
dynamics of the gun-aiming circuits.

your hands on the handlebars, your
servo will goof up and you will crash. I
tried it. I crashed. I will concede that if
you think really hard and lock up your
shoulder with your arms, you may be
abletosteerthebiketoservothingsand
not crash. But if you just let your arms
push and pull, as if they were not
crossed, well, I warn you now, it’s easy
to crash a bike. Please donot hurt your-
self. Youdonotreally have to tryit; just
think about it. But if go ahead with this
endeavor, tryitonasoftlawn

The story of how Black be-
came aware of the advan-
tages of negative feedback,
while crossing New York
harbor on a ferry-boat, was
recounted afew yearsagoin
the IEEE Spectrum, and
makes fascinating read-
ing....

It was only a matter of
time before this led to the
analog computer and the
operational amplifier.
Now, we all know that a ba-
sic operational amplifier
can integrate a signal. But
in the early days of analog
computation, even a single
pentode could perform in-
tegration (refer to the
sketch). George Philbrick
worked with many things
of this type — crude, imper-
fect, but inspiring. Who in-
vented the operational am-
plifier? Nobody argues
that there was only one in-
ventor, but there were
groups of engineers who
helped convert those
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crude, unidirectional cur-

T where you won’t get ruined
when you crash.

These days, there are so
many examples of negative
feedback,thatit’salmost pre-
posterous to try to count
them. Ifyouhavea VCR,the
motorsaredrivenataprecise
speed by a loop controller.
Radios have AFC and AVC
loops. A refrigerator’s ther-
mostat is a crude, bang-bang
controller. Kids’ toys act as
robots with feedback.

A single op amp may have
2 or 3 feedback loops. When
we are driving our cars or
riding our bicycles, if we get
off center in our lane, we
servoback towhere we want
to be. If the car’s speed errs
from the bogey value, the
speed control pullsit back to
the right speed. There’s al-
most no limit to the amount
ofnegative feedback that we
use in a given day. And the
more we think about the
Good Old Days, the better
we can appreciate how

things work, and how things

rent pumps into the famil-
iar op-amp functions we know. And
George was one of those pioneers.
During World War II, George
worked with analog computing sys-
tems, training gunners to do a better
jobofaiming their guns at fast-moving
planes. He found that if you inserted a
controllercircuit betweenthe manand
the gun, it could be tailored to improve
the response and accuracy. He could
also tailor this response to make the
job more difficult, more awkward. He
added lags to make it really very diffi-
cult to aim the gun. Then after some
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However, there was one situation
George said he could not handle with
hiscontrollers: Ifthegainreversed —if
the knob that was supposed to make
the gun go to the left made it go
right — he could not accommodate
that. These days, of course, you could
design a computer that would detect
this reversed response and then make
it work right. But back in the 40s, it
wasn’t so easy.

Now that reminds me of one of my pet
experiments. Somebody told me that if
you're riding a bicycle, and you cross
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got to be this way.

Now, I'm only writing about Nega-
tive Feedback. I was not intending to
write about George Philbrick. Imag-
ine what I’d have said if T had intended
to write about George.

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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WHAT’S ALL THIS
CUSTOMER SATISFACTION
STuFr, ANYHOW?

et’s start off with another

esaeP’s fable. Once upon a

time, there was a King who

told his Courtiers, “Send up

the Royal Wizard.” The Wizard
promptly came running up, asking,
“Sire, what is your desire?” The King
said, “Make me invisible.” So the Wiz-
ard went down to his cavern, got his
book of potions, brought up an Eye of
Newt, a Wing of Bat, and all of the
other good things he needed, and went
tosee the King. He sprinkled the right
potion andincanted the correct phrase
and, presto, the King was INVISI-
BLE.TheKing’srobesand crownkept
moving around the
throne room, but
the King himself
was invisible. The
whole court was
impressed. Good
stuff! Good magic!
The next morn-
ing, the Kingawoke
early and roared,
“Getthatlousy wiz-
ard up here.” The
Wizard came run-
ning up, in fear for
hislife,assoonashe
got the word. “Sire,
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intothings.” End of
; Sfable.

Think about it. The Wizard did what
he was asked to do, yet he didn’t get a
satisfied customer. The King specified
what he wanted, yet when he got what
he asked for, he was unhappy.

Doesthiseverhappenwithyour cus-
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tomers? How can we avoid this in the
future? It sure takes much better com-
munication than the King had with his
Wizard. Perhaps the Wizard should
ask what the King was trying to ac-
complish. What did he really want?

Here’s something to think about: Do
you ever ask your customers what
they really want? And are you then
prepared to give them what they re-
ally want, rather than what they said
they wanted?

For example, once an engineer at
company A went out for a bid on a sig-
nal conditioner circuit, and he defined
the function he wanted. “This function
must consist of an input filter followed
by anamplifier/comparator. Whenyou
put in 200 mV pk-pk at 100 kHz, the
output must give a TTL signal at 100
kHz. When you put in a 4-V pk-pk sig-
nal at 5 MHz, the output must not re-
spond.” His intention was to specify a
steep roll-off of the frequency re-
sponse, but he never really said that.
He just specified a couple of tests that
a good part ought to pass.

The Marketing Engineer at Com-
pany B looked at this specification and
figured out, “If I put a 200-mV clipper
orlimiterontheinput stage, [ canmeet
that spec with a simple 2-pole roll-off.”
Sure enough, this approach gave a
very simple and low-cost circuit. Com-
pany B won the bidding with a low
price that many would consider a low-
ball bid. They began production and
had no problem meeting the incoming
inspection tests. But when these sig-
nal conditioners were put into service,
some worked well. Others, though,
worked very badly if they happened to
be in a noisy environment (which was
the whole reason behind having a fil-
ter anyhow).

After some side-by-side compar-
D ESTIG
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isons, the circuit with the limiter was
found to perform quite differently from
the intention of Company A. The filter
circuit passed the specified tests and
fulfilled the spec. But it failed to meet
the intention of Company A, because
theyneverspelled out what theyreally
wanted. They really wanted to be able
to put in BOTH the 5-MHz noise and
the 100-kHz signal and get a 100-kHz
TTLoutput, whilerejectingthe 5-MHz
noises. The circuit from Company B
passed all of the specified tests, but it
did not meet this unwritten spec. So,
most users found that circuit unusable,
andthebusinessfellapart,eventhough
the units met every spec. But, YOU
would never get caught making that

~ kind of mistake. Would you?

All for now. / Comments invited!
RAP / Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

BOB'S MAILBOX

Dear Bob,

Your reasoning on the Little
Egbert problem in the Sept. 12, 1991
issue is wrong. Consider a horn
whose radius is 1/x2 instead of 1/x.
Both its area and volume are finite.
Yet by your reasoning, an infinite
amount of paint would be required to
paint the outside, since the surface is
still infinitely long. On the other
hand consider a horn whose radius is
1/x12, Both its area and volume are
infinite. Yet again by your reason-
ing, only a finite amount of paint is
required to paint the inside, since
there will be some point at which a
single molecule will no longer fit.
Thus the math tells us nothing about
the real-life situation because it is
improperly applied.

NORMAN D. MEGILL
Lexington, Mass.

I appreciate your restraint in punc-
turing my ad hominem arquments.
You're correct and I apologize.-RAP
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WHAT’S ALL THIS
Deap CAR STUFF,

AnYHow?

very year, in January, I

compile alist of all the Dead

Cars I've seen along the

highways over the last cal-
endar year. If you want to see a copy,
send an SASE and I'llmailit. This year
will be the 22nd annual list, going back
to when I lived in Massachusetts in
1969. 1t lists every car according to
their manufacturer, and sometimes by
type.

For example, I try to keep the GMC
cars separate from the Fords or the
Chryslers, but I can’t possibly segre-
gate the Chevys from the Buicks —for
all I know, they have the same engine
anyhow.

Idoseparatethe
Volkswagens from
the Saabs, which

tention. Back in
1969, I was trying
toshowsome of my
buddies that the
Saabs of that era
were less reliable
than VWs, even
though the Saab
engineshad “only7
moving parts.” I
found that there

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF werelotsofdeador
SCIENTIST AT abandoned Volk-
NATIONAL swagens along the
SEMICONDUCT- roads, but there
SAI_QN(;(zRgLARA were z’a.lso quite a
CALIF. » few dead Saabs. It

seemed that there
were more Saabs
than one would expect from the num-
ber of Saabs on the road. Over the
years, I kept on listing all of the cars I
saw, dead or abandoned, foreign or do-
mestic,

Now, what’s the significance of
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was my original in-

theselists? Do they prove that one car
is more reliable than another? No, not
really, because even though you could
tell how many cars are registered in
any state, that doesn’t tell you the
number being driven. But I have had
a lot of fun keeping notes on the Dead
Cars. And my friends find it amusing
to look at these lists.

Just the other day, I was writing
down the data for one dead Mercedes
Benz and one abandoned Ford with a
flat tire. My passenger asked, “You
mean, every time you see an aban-
doned car, you write down a note?” I
replied, “Sure... doesn’t every-
body?...”

Inthelastfiveyears, I begantokeep
a list of the cars I saw with no brake
lights. I carry an envelope that I can
holduptowarnadriver,“YOUHAVE
NO BRAKE LIGHTS”. I really don’t
like to see cars driving around with no
brake lights.

It’s all too easy for them to collect an
innocent car on their rear when they
hit their brakes and the following
driver can’t make this out all that well.
So an accident can happen, and in my
neighborhood, insurance rates go up
eventhoughmanyofushavehadnoac-
cidents at all.

On the other side of the placard it
says “YOU HAVE ONLY ONE
BRAKE LIGHT”. After one brake
light burns out, what happens next?
The other one burns out, and the caris
left with none. So I like to warn these
guys to get their brake lights fixed. In
1990, Inotified 69 carsthat they had no
brakelights,and 144 carsthat they had
only one brake light.

There were about six guys with no
brake lights that got away —some-
times they turn off in traffic before I
can cateh up with them, or sometimes
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alight changes against me. T hatetolet
a car with no brake lights get away.
Still, I think I'm doing something use-
ful, even though my wife sometimes
gripes that I beep my horn too much
just to tell a guy he has only one brake
light.

But think about this: A guy has only
aright brake light. He starts to signal
for a right turn. Then he hits his
brakes. In many cars, the brake light
and the blinkers are connected to the
same bulb, so when he hits the brakes,
no change occurs. In some cases, one
brake light burned out is as bad as no
brake lights at all.

What do I do about brake lights? On
each of my four cars, I've rigged extra
brake lights up high so that they’re re-
ally noticeable to the drivers behind
me. If 1 or 2 bulbs burn out, I still have
a couple left. Best of all, I can look in
my mirror and see if the extra bulbs
light up when I hit the brakes, so I can
tell if the brakes’ pressure-switch is
working. Now, with a broad pen and a
blank envelope, or a piece of paper
taped to an envelope, you, too, will be
able to warn drivers: “YOU HAVE
NO BRAKE LIGHTS” and “YOU
HAVE ONLY ONE BRAKE
LIGHT”.

Just what kind of car do you drive,
Pease, to get good reliability? Ah,
yes,Idriveacarwithexactly theright
amount of modern electronic, com-
puterized equipment—a 1968 VW

. Beetle (my wife drives a newer car, a

1969 Beetle).

Now, as an engineer, I suppose I
should say good things about all of the
fancy electronic fuel injection and
spark computers and diagnostic com-
putersand Lambda sensors. But I get
31 mpg and the car goes just as fast ag
Iwant,and that’s good enough for me.
The bottom line is that I prefer a car
that has proven itself by running reli-
ably for 244,000 miles. In fact, until a
couplemonthsago,it wasstillrunning
on the original engine, and the origi-
nal crank and pistons and cylinders
(though it’s true I had replaced the
cylinder heads).

Sometimes I do connect a Heathkit
electronicignition system to minimize
wear and tear on the breaker points.
Butright nowit’s on the blink, so I just
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wentbacktotheold conventional (Ket-
tering) ignition system, points and coil
and distributor and “condenser”. I set
my own timing and I adjust my own
valves. That’s one good thing about
old, simple cars —if something does go
wrong (which is rarely) you can fix it
yourself.

Do you ever count your own car,
Pease, whenit’s dead? Yes, but that’s
not very often. One time my coil
burned out. One time my distributor
got loose and lifted out of its spigot,
and it took me a full hour to figure out
that when the engine turned, there
had to be a reason why the distribu-
torandits rotor did not. Another time
afuel hose fell off, but I fixed that and
got going quickly, so I only counted it
as 1/2.

There are several cases where I
countacaras1/2.Forexample,ifaguy
with a Volvois talking to a guy with a
Datsun, and they both have their
hoods up, I may count 1/2 Datsun, 1/2
Volvo, 1 Helper. I count people who
are obviously helping out as a Helper,
not as a Dead Car. If ’'m not sure it’s
a Rabbit on the other side of the road
on arainy night, I may count 1/2 Rab-
bit and 1/2 Modern Boxy Car (1/2
Modbox). If I can’t even tell if it was
probably foreignor U.S.-made, it gets
scored as “1 car”.

Do I think that electronic systems
are going to improve the reliability of
vehicles? Well, maybe. I recall the
story of one ofthe first trucks that had
an anti-lock brake system. They were
driving innocently down the road
when a nearby driver keyed the
transmitter on his CB radio and the
truck immediately locked up all its
brakes. It turned out somebody had
decided it would hurt the reliability to
add bypass capacitors across all ofthe
sensors and the inputs of the sensor
amplifiers.

That’s what you learn from MIL-
HDBK-217...remember? So when the
transmitter went on, all of the ampli-
fiers went berserk. Oh, the amplifiers
were perfectly “reliable,” but the sys-
tem had not been engineered prop-
erly. It was a miracle that nobody was
behind the truck when it locked up all
its brakes.

Arethe new electronic systems bet-
ter for the environment? Maybe so.
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Maybe a new sedan can travel down
the road emitting even less smog and
emissions than my VW, so long as its
computer is working right. But in 10
years, what happens when you can’t
get parts for the computerized sys-
tems? My car will still be running just
fine. I think I’ll stand pat. '

After all, I have all of the tools and
techniques I need to keep old VWs
running forever. Forever? Well,there
areold VWsaround here that are over
35 years old, and if I can keep my good
new beetles running 35 more years,
they may outlive me. You would not
want tobet that I can’t keep themrun-
ning. Meanwhile, if I see another VW
broken down along the road, I stop
and see if I can help.

Sometimes I have a tool or a gallon
of gas, or the spare part they’re in
need of — a fan belt, or some points, or
aclamp for a fuel hose. So [ try to help
solve their problem. If we can’t figure
out what’s wrong, I leave them a
SASE so they can write to me and ex- |-
plain what was the problem once they
find out.

For example, one guy sent me alet-
ter stating that the 1969 bus he had
justbought wasmerely outofgas. The
gas gauge was broken, but the previ-
ous owner, of course, had not warned
him about that.

So, when I see a dead, abandoned,
or broken-down car along the free-
way, I scoreit. I categorize and count
it. Now, ifa guy is just changing a tire,
or pouring in a spare gallon of gas, |
list that problem, but I don’t count the
car as dead or abandoned. In 1990, I
saw 24 people that ran out of gas, 139
with a flat tire, 211 pulled over by a
cop, and 16 with a broken drive shaft
(remember, none of my cars has a
drive shaft). I counted 293.5 GMC
cars, 146 VWs, and one Citroen. What
arethe corresponding totals for 19917
T'lllet youknowassoonasIhavethem
all added up.

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address: :

Mail Stop C2500A

National Semiconductor
P.0. Box 58090

Santa Clara, CA 95052-8090
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Bos’s MaiLsox

Sir:

I'love you! (Do not get your hopes
up, I am b0, overweight...and male). I
was beginning to think I was the only
engineer left in the world who still
thought there was merit in bread-
boards, or common sense designs for
that matter.

I am fighting a losing battle against
the invasion of simulated labs (plastic
labs as a friend put it). Recently, the
administration at the engineering
school where I teach was talked into
replacing our logic design laboratory
(undergraduate) with a network of
workstations.

T have been trying to convince ev-
erybody that such an action was a
huge mistake, and that the only peo-
ple who should have (limited) access
to such tools were experienced de-
signers who could instinctively know
when they were being fed rubbish.
But I have been sadly outgunned by
those (almost all) around me. The
main argument against me and my
position has always been: “that is
how INDUSTRY does it.”

My contention that such machines
are a hindrance to learning and
should be banned from a learning en-
vironment was always received with
total disbelief, because “those are the
tools REAL ENGINEERS use to
improve their productivity.”

I also got absolutely nowhere when
pointing out that those engineers
who do derive advantages from such
tools are people who learned their
trade without these machines. They
use them to supplement their know-
ledge and abilities rather than re-
place them.

It gives me immense pleasure to
see that someone else (with maybe a
limited knowledge of the real world,
not an academic type like myself)
seems to be fighting the same battle.
I might not win the war, but I shall
not be alone in my abject defeat.

What can we do? These people will
not read (at least not seriously) such
“sour grapes” prose as yours. After

ELECTRUONTIC

all, they know that is how INDUS-
TRY does it. I sometimes get the
feeling technology is shooting itself in
the foot. By using technology to re-
place thinking, we are freezing it at
the state the software engineers used
to design their wares. And I sense
that, a generation or so from now,
when everyone else has forgotten
how a transistor works, and the com-
puters start to die off, nobody will be
left to fix them or design new ones.

Are we seeing the last technical
generation? Will the computer simu-
lations do to creativity what the cal-
culator has already done to mental
arithmetic? I fear it might, and I am
at aloss on how to stop it. Taking a
hammer to the darned things will
only divert more funds to fixing and
protecting them. Maybe a more di-
rect plea from people such as yourself
to university planners would help,
since it is not “politically correct” to
criticize computers within our walls.
People were less defensive of their
religion during the Spanish inquisi-
tion than they are of their computers
these days. Anything you can do
would be greatly appreciated.

GEORGES-EMILE APRIL
Professor of Electrical Engineering
Ecole Polytechnique de Montréal,
Montréal P.Q, Canada

I hear you! I agree.—RAP

Dear Bob:

I enjoyed your article “What’s All
This Spicey Stuff, Anyhow? (Part
IIT)” in the October 10, 1991 issue.
Unfortunately, the main idea of the
article expressed with a Russian
proverb “Trust, but verify” was
somewhat turned upside down for
me, because Proverai no doverai
means exactly the opposite: “Verify,
but trust.” The reason for this confu-
sion is that you misplaced two words.
This proverb should read Doveraino
proverai. Being a recent newcomer
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from Russia to the U.S., I couldn’t
help but notice this little mistake.

MIKE KORKIN
Development engineer
Fischer Imaging Corp.
Denver, Colo.

I sorry. Thanks for the correc-
tion.—RAP

Deayr Bob:

Gee, I wish we had more sensible
people like you. One of my young en-
gineers came to me with the plaintive
cry that his SCR R/C snubber circuit
was oscillating!

He had set up the circuit in Tutsim,
or something of the sort, and kept
juggling component values in an ef-
fort to “stabilize” it. He had not even
examined what he was doing far
enough to realize he had a passive cir-
cuit oscillating. The problem, of
course, was the default step size on-
the canned program.

KEITH H. SUEKER, PE
Engineering manager
Robicon Corp.
Pittsburgh, Pa.

Exactly my point!—RAP

Dear Mr. Pease:

I have read your article in the Oc-
tober 10, 1991 issue, “What’s All This
Spicey Stuff, Anyhow? (Part I1I)”,
and I find that I agree with most of
what you say.

The current debate on the extent
to which universities should rely on
simulation in the teaching of elec-
tronics has an interesting historical
parallel. Twenty years ago, many
universities replaced their electrical
machine labs with analog (and later
digital) simulations. The “old school”
regarded this as a backward step in
the education of practical electrical
engineers.

»Es 16 N B
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There is one part of your article on
which I would appreciate some fur-
ther elaboration: the paragraph on
metastability. Since this is a statisti-
cal phenomenon, a deterministic cir-
cuit simulation is not going to give
much directly usable information,
even if there were no artifacts due to
numerical problems.

However, the probabilistic model
for the metastable behavior of alatch
is simple, and has been thoroughly
tested over a number of years. The
circuit design problem is finding the
parameters to use in the statistical
model, and then to optimize the cir-
cuit with respect to its metastable op-
eration. Here, the use of Spice can
help. (Many papers have been pub-
lished on this topic, not all from uni-
versities.) Obviously, the only model
in which you can have full confidence
is the breadboard. But CAD can help,
in my opinion. Any comments?

MARTIN J.P. BOLTON
Inmos Ltd.
Bristol, England

Spice can develop the facts you
need to study metastability, but can't
do it directly —RAP

BfleLceEcrrRoONIC

Dear Bob:

Thank you for writing all those
great articles. I save all of them and
share your views of this linear world.

Would you believe that strain-
gauge power supplies are now ex-
tinet? I sure wish I could still buy
one, but have been unable to find a
single vendor that still sells them. I
think we need to raise a hue and cry
about this. I have always considered
them one of the true basic building
blocks and are about as close to bat-
teries as you can get. Too many
power supplies today have high ca-
pacitance between windings and they
transfer line noise right into the cir-
cuit we are trying to clean up. Once in
a while, we can find a simple foil
shield between windings. But almost
no one will tell us about it, much less
give any specs on the strays.

When you specifically buy an isola-
tion transformer, the single shield
seems to be added by the vendor as
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an afterthought, and there are no
specs. And to add insult to injury, it is
arbitrarily grounded at the case
and/or returned to the third wire on
the line cord.

I am convinced that nobody makes
decent power transformers anymore.
Any bench supply should have care-
fully isolated windings with adequate
shielding from the power line. A little
care in that area would save us hours
later on when the noise hunt begins.

In the meantime, I'm going to be
watching for old strain-gauge sup-
plies in the junk stores. There should
be alot of them out there, unwanted
and unused. Maybe it’s about time to
rediscover what they can do.

NEIL IVERSON
Boeing Co.
Seattle, Wash.

Can anybody recommend where to
buy good, well-isolated supplies; or a
good tramsformer so you can make
them?—RAP

Dear Sir:

Please keep up the good work. I
have read trade publications for ten
years now and have never regularly
read a columnist. But now I read
your column.

The pictures and handwritten cap-
tions are great. I have also never
written a letter to a columnist, which
means I'm enthused about yours.

I want more of the black magic of
analog engineering. Things like why
amplifiers oscillate, and why oscilla-
tors amplify. I’d also like to see more
of your circuit breadboards. I teach
“communications” here; we build (my
students and myself) RF amps,
VCOs, mixers, etc., on breadboards. I
want to see how you do it.

Send a copy of this letter to your
publisher and ask for a raise.’

DAVID D. DRAPER

Electronic Technology Dept.,
Utah Valley Community College
Orem, Utah

I'll hire your kids a lot quicker
than guys who can only drive a stmu-
lator—RAP
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HAT'S ALL THIS
PPLICATIONS
NGINEERING STUFF,

NYHOW?...

...Or, Why Being an Applications Engineer
18 Sometimes Like Being Nibbled to Death by Ducks.

hen I first started to

work for National 16

years ago, I thought I

was going to learn how
to design good monolithic ICs. And I
did, eventually. But the very first day
on the job, Pete Lefferts gave me Na-
tional’s new 1976 Linear databook,
withalist of 10 ICstaped ontothe front
cover. “These are the ICs that our
group is responsi-
ble for. In our
group, we design
engineers also
handle the applica-
tions engineering
for our parts,” Lef-
ferts said.

Well, that setup
sounded pretty
good. to me, be-
cause up to that
time I had been
pretty much an ex-
pert at applying
ICs. I soon figured

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF
SCIENTIST AT o e
NATIONAL calls cheerfully. Of
SEMICONDUCT- 1 1<e there \i]z'ere
OR CORP,, some célls tootech-
SANTA CLARA ;
’ nical for me to
CALIF.
know the answers.

So, Ijust took good
notes and then got some help from
other more knowledgeable guys. I
learned how to steer the customer to
the right op amp (whether we made it
or not). I learned how to explain to a
customer that a TO-3 regulator could

dissipate 20 W, but only if attached to
a heat sink. I even learned to refer to
an LM741, rather than a pA741.

The most important thing I learned
was that if you want to avoid lots of
“dumb” phone calls, you should write
averygood,clear,comprehensivedata
sheet. When customers ask for needed
information that wasn’t included, it’s
not a dumb question, but rather a
dumb data sheet. At least 30% of the
callswere caused by alack of sufficient
information in the data sheet. So I
learned toput lots and lots of good info,
necessary info, into my data sheets.
The penalty for not doing so is having
to answer “dumb” questions forever.

That reminds me of the Quality Con-
trol procedures for the “riggers,” the
people who pack parachutes. Obvi-
ously, packing parachutes is a very se-
rious, very responsible job. How doyou
make sure that the guy packing chutes
never gets sloppy, never goofs off? Ah,
very simple: At the end of every month
or 8o, each parachute rigger is invited
toselect onechuteatrandomfromapile
of allthe chutes he has packed, and then
he goes up and jumps out of a plane. Ah,
if only there were QC procedures as
good as that one, one that we could de-
sign for other jobs! If only we could all
havesuchagoodincentive todo perfect
work. Butin general thereisnot...if you
can name one, you tell me.

Anyhow, in the last five years, our
Linear group has moved further away
from the concept of having every De-
sign Engineer do applications engi-
neering, too. This certainly makes
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some sense. There are some people
who are really good at designing sili-
con, and it’s not fair to tell them they
can’t do it if they’re not also good at
talking with customers on the phone.

So now we have gone into a little bit
of specialization. Unfortunately, it of-
tenmeansthatanappsengineer getson
the phone to discuss a big project, and
soon needs “a band-aid to put on his
ear.” There are times when an hour on
the phone is needed for a special case,
and that really is tough on the ear. In
other cases, an apps engineer gets on
the “MAC,” and works on several data
sheets for a sprint lasting several days.
I don’t think I would enjoy that. Still,
there are detailed technical problems
that are appropriate for me to answer,
and I still help out on specialized facets
of applications engineering. I just don’t
get to take so many “cold” calls.

But what is the crucial thing about
the applications engineer’s job? 1
guess it’s that he (or she) is an nter-
face. Whenever the design engineer
wants to design a piece of silicon to
make a customer happy, the apps en-
gineer should help facilitate the pro-
cess, by showing the best way to teach
the customer how to apply the circuit.
He has to write a clear data sheet, list
all of the features and specs, spell out
cautions, and show what new applica-
tions are suitable.

What if the proposed silicon is lack-
inganecessary feature? Thenthe apps
guy has to holler “WHOA!,” until the
needforthatfeature (orthelack ofthat
feature) is resolved.

One time [ was doing a redesign of a
regulator,and the apps guy wanted me
to add in protection so all of the pins
would be ESD-proof, up to2000 V. But
I argued that if we added that protec-
tion,the circuit would not workinsome
existing sockets. Finally we compro-
mised. I agreed to add all of the ESD-
proofing I could so that the part could
work in existing sockets. We wound up
with a part that would pass only 800 V
by itself, but when plugged into a us-
age circuit, its ESD tolerance was im-
proved up to 2 kV because some pins
linked together. ‘

Other times, when a customer has
difficult questions about an IC, the
apps guy acts as a filter to make sure
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that all of the relevant questions get
asked.Thenthedesignengineerhasall
of the information he needs before he
starts to work on the problem. The
apps engineer is quite valuable when
he gets all the facts lined up for the ex-
perts. Of course, most of the time, the
appsengineer gets the factsandsolves
theproblembyhimself — heisthefirst-
line expert.

What other things do apps engi-
neers do? They design and evaluate
circuits. They write and rewrite data
sheets and applications notes. They
teach other people by giving seminars
and writing magazine articles. They
communicate with every kind of user,
from the grouchiest to the nicest, from
the laid-back to the desperate ones.
Their customers include op-amp ex-
perts, and also expert chemists who
need a little advice about how tointer-
face simple op-amp circuits to their
systems. They hold the customer’s
hand. They won’t let him fail.

Apps engineers act as a psycholo-
gist, and sometimes as a psychia-
trist —theycajoleanddebate,and they
know how to convince people to do
things. They also breadboard things.
And they run computers. They simu-
late things. They interpret ideas and
data and people’s wishes.

Dothey getrichand famous? Usually
not. Most of the time, they get (at best)
begrudging thanks from the customer
who did not like to be told that he needs
a heat sink to keep his 20-W regulator
fromgettinghot...orfromthe IC design
engineer who is mad that his project is
delayed because the apps engineer
talked him into redesigning his output
stage to add a necessary feature.

On top of everything else, the apps
engineer has the thankless job of de-
flecting and absorbing a thousand com-
plaints. Like an offensivelinemaninthe
National Football League, the best he
cansay is that he didn’t let the quarter-
back get sacked today, despite the op-
position’s best moves. Maybe he even
has the chance to make a brilliant play.
But most of the time, people just beat
on him, as if they were trying to wear
himdown. They ask every kind of picky,
niggling, quibbling question. They
bring his sanity into doubt. Sometimes
they make his day less than fun. Sigh.

Apps engineers don’t just get
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steamrollered. Sometimes they get
nibbled to death by ducks. They may
even get ulcers. But usually they have
a personality that lets them survive
these stresses. After all, just because
we put all of the info in the data
sheet —does that mean that people
READ That Fine Data Sheet? If all
elsefails, call the Apps Engineer? If all
else fails, read the data sheet? Never
happen!!

I'recall one friend, Jim, who had been
an apps engineer for many years, and
he gradually decided that he was not in
a mood to talk to customers on the
phone. One day his phone was ringing
and he was sitting at his desk trying to
ignore it, when his boss walked in. Af-
terafewmorerings,thebosssaid, “Jim,
doyou know whois on that phone?” Jim
replied that he did not. The boss said,
“Jim, the guy who is calling you on that
phone,isme”. Andhe went ontoexplain
why an apps engineer really has to an-
swer the phones. Jim was able to talk
hisbossintonot firing him outright, but
he was given a month to find a job he
could agree with.

There’s still one last thing that apps
people do, and I think it’s the most
valuable: They listen to people tell
them what they “need” and what they
“want.” Then they try to figure out
what the customer really needs to
make himhappy. That maybe quitedif-
ferent from what the customer says.

Sometimes the customer is unrealis-
tic. Sometimes the apps guy is “lucky.”
Sometimes there’s no brilliant or easy
answer. But when I was doing a lot of
apps work, I considered it my most
valuable privilege tohear 19 people ask
“simple” or “trivial” or “nasty” ques-
tions, and to answer them the best I
could, just so I could hear one customer
aska REALLY GOOD question.

Sometimes the question points out a
deficiencyinadatasheet,leadingtoan
improved data sheet, so every user
gets the advantage. Sometimes it
leads to an applications note, or amag-
azine article. Other times it leads di-
rectly to anew product. Other times it
leads to a debate, or an argument with
your boss, or a screaming contest. Out
of that argument often comes some
better way to do something. But you
never can tell which caller will be ask-
ingthereally valuable question. Some-
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times it's the op-amp expert—and
sometimes it’s the chemist.

My boss will probably be pleased to
hear that the amount of time I'm
“wasting” on apps engineering is less
than a couple hours a week. But when
someone asks me to put on my Appli-
cations Engineering hat, the calls I get
arereally some of the most interesting
and valuable ones. That time isn’t
“wasted” at all.

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

And now, here’s a comment from
Kerry Lacanette, Applications
Engineer for Data Acquisition
Circuits at NSC:

Bob, I don’t think the customers are
as bad as a reader might infer from
your discussion. I can think of lots of
those annoying “duck” calls in which a
series of customers would ask “why
don’t you build a...?”, or, “Do you have
an .. ICwithapinthatdoes...?” orsome
other question that we thought we had
spelled out clearly in the data sheet.
While we may have been annoyed by
some of these calls at the time, or we
carefully explained to the customer
why they couldn’t have what they
wanted, these customers were really
voting — voting for features, products,
and better data sheets. We have occa-
sionally counted these votes, and
brought out better products because
of them.

“Nibbled to death by ducks?” Yeah,
I'feelthat way on abad day. But would
I prefer to take only the “good,” “in-
telligent,” or “challenging” questions?
Nope. — Kerry. ,

Kerry, I agreewith you completely!
You have helped me complete what 1
wanted to say. Another way to look at
it may be that just because a question
s “dumb,” it doesn’t mean the “an-
swer” is dumb. The answer may be
challenging or complicated or valu-
able —and vice versa. Thanks for your
comments—RAP
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Bos’s MaiLsox

Robert:

...] especially enjoyed the article in
the Sept. 26,1991 issue regarding cop-
perclad. Oneapplication which Iwould
like to add to your excellent collection
is that of RF stripline design.

Being an old RF Dawg working in
the area of 300 to 1000 MHz, I used to
buy single-sided copper-clad boards of
various thickness to do stripline de-
sign. This was accomplished with aroll
of 3M copper tape and an Xacto knife
with plenty of spare blades for trim-
ming the tape once it was onthe board.
When my careful calculations were
done, I would lay out a board using the
copper tape and experimentally de-
termine the effects of inter-trace spac-
ing and trace shape. Using this tech-
nique has saved my company lots of
square feet of copper clad over the
years, and lots of prototype pc-board
layout.

LAWRENCE O. RICHARDSON,
P.E.

Senior development engineer
Halliburton Logging Services
Houston, Texas '

Sounds neat! And versatile for
breadboarding.—RAP

Dear Bob:

That was a great article on copper-
clad board. I use it to make microwave
horn antennas. Youjust need abig sol-
dering iron, a pair of shears, and a
waveguide flange.

TOM WEBB
Texas Instruments
Dallas, Texas

Honkifyou'reahornexpert! I'mmnot
much of an RF man myself.—RAP

L
Hi Bob:
...Having just finished your column

on the many uses of pe boards, let me
add another trick. Find the local store

ELECTUZRUONTICEC

Pease Porridge—A Neal
Certificate Winner
ELECTRONIC DESIGN is
pleased to announce that Bob
Pease’s “Pease Porridge” has been
honored by the
%5 Editorial Com-
mittee of the
American
Business
Presswith a
Jesse H. Neal
Certificate in the
category of Best Regu-
larly Featured Department or
Column. ELECTRONIC DESIGN’s
Chief Copy Editor Roger Engelke
shares the honors with Bob.

that deals in materials for STAINED
GLASS. One method for joining glass
panels is sticky-back copper tape,
available in several widths and very
solderable. Wrap that around the cor-
ners of a pe-board bex, run a bead of
solder along the seams, and I bet not
much will get past that boundary.

There is a certain art to soldering
copper foil using a big iron (>200 W).
Withpractice,apool ofsolderis formed
and theironislifted slightly off the foil.
Then, as the solder is drawn along the
foil and solderis fed in simultaneously,
a very beautiful bead forms that’s as
smoothassilk. Copper-sulfide crystals
dissolvedin waterand rubbed overthe
solder will return it to its copper color.
This might be useful for a “presenta-
tion” box. Oxalic acid is the standard
stained glass copper flux.

PETER DOHERTY
Address unavailable.

Neat ideas. Pretty, too/—RAP

Dear Bob:

...0On the top floor of a department
store called Seibu Loft in Shibuys,
Tokyo, they sell lots of “artsy” stuff at
exorbitant prices to Japanese yuppies
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and yuppie-wanna-bes... I was in
Japan recently on a business trip and
lo and behold, they were selling lamps
and clocks that used surplus pc boards
(without any components on them) for
the shades and faces. Evenmore amus-
ing were the prices — some were as
high as 50,000 yen for a lamp. Why
didn’t I think of that?...

...While Ilived in Tokyo, I found my-
self in desperate need of a major pro-
ject to keep from going totally
bonkers, so I decided to try building
some electrostatic speakers. The
speakers not only sound good, but due
to the voltages used (about 1200 V dc
with peak ac voltages that approach
4000), they also make great bug zap-
pers. Needless to say, good insulators
are essential. That’s where FR-4 cir-
cuit-board material comes in. The stuff
works great! My most recent project
uses FR-4 as the insulating frame,
which keepsthe diaphragm under ten-
sionand supportsthe perforated metal
sheets...

...Unfortunately, I didn’t realize
how difficult it is to saw FR-4 until af-
ter Iboughtit. What ahorrible job that
was! I ended up cutting the stuff with
a carbide hacksaw blade, which I mod-
ified to fit my electric scroll saw. You
may want to warn your readers about
the unhealthy effects of breathing the
dust generated by sawing epoxy-
fiberglass board.

MARK REHORST
Fremont, Calif.

Good info. I prefer using heavy tin
snips to sawing (or see Duncan Moy-
er's letter below). —RAP

Hello Bob:

What'’s all this penny a square inch
stuff, anyhow? Being along-time prac-
ticing frugal engineer, I was very in-
trigued by your article on copper-clad
innovations. I typically have to pay 10
times your mentioned price for the
stuff when I can find it. So PLEASE
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Pease, give me some

tips or clues or con-
tacts on your sources.
Thanks for the
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Dear Mr. Pease:

...Weuseasmallpaper cutterforcut-
ting circuit board. There is a tendency
forthe board tobe pulledintotheblade
so square cuts are difficult, but not im-
possible.

We also use the paper cutter to cut
thinaluminum. Cuttingboththese ma-
terialsdoesnotdestroytheedgeonthe
cutter and we are still able to cut paper
quite well.

We obtain, for free, scrap circuit
board material from our local board
fabricator. He hasa good supply of ma-
terial that is, for the most part, too
small for his use. He does see areturn,
though, because he does our board
manufacture.

Larger pieces of braid (outer braid
on coaxial cable) make good hinges.
Solder-wickalsoworks wellforhinges,
although it’s difficult to keep solder
from wicking into the hinge.

DUNCAN MOYER
Technical services manager
Radio Systems Technology Inc.

[leLeEcrTrRONIC DESI
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Grass Valley, Calif.

Good techmiques—thanks for shar-
ing.—RAP

Dear Mr. Pease:

...Yes,copper-clad boardis veryuse-
ful to me as well. I thought I’d add one
more use to the bag of tricks. When I
need to epoxy two things together, I
use a 2-in. square piece of copper-clad
board as an epoxy palette. The epoxy
I use has resin and hardener in sepa-
ratetubes,so [ squirt the stuffontothe
boardand mixitwithahunkof14 AWG
bus wire. Copper-clad palette is great
because it’s so plentiful (around here)
and the surface is clean as opposed to
paper products.

I suppose it would work just as well
for artistic painting.

DONALD J. DELZER
Electronic design engineer
Tektronix Inc.

Beaverton, Ore.

That stuff sure has many uses!—
RAP
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EDITORIAL

TAKING THE RESPONSIBILITY

or aslong as I can remember, the secret of successfully designing and
marketing a product has been “Find a need and fill it.” Some slick
marketers may have altered this to “Create the perception of a need
and then fill it.” In either case, the advice carries an implicit recom-
mendation for a pro-active approach. It essentially says “Don’t just sit there,
go out and do something if you want to succeed.” And, conversely, it means that
if something goes wrong, you have no one to blame but yourself. Controlling
one’s own destiny is the American way, at least until recently.

These days, that individualism is being replaced by a “it’s not my fault” mode
of thinking. There always has to be someone else to blame for our woes. This
trend is exemplified in our judicial system, where an overwhelming amount of
litigationisburdening the court system. Whenever misfortune befalls someone,
it seems the first reaction now is “Whom do I sue, because this obviously could
not have been my fault.” This litigation craze has even reached the extent that
a cab driver in San Francisco gets sued —and loses —because he injures a
mugger while restraining him after a crime. We also see this pass-the-blame
approach in our schools, where teachers push responsibility onto the parents
for a student’s poor performance.

“Our principal problems are within and not without... Toremain great we must
again emphasize politically, economically, and socially those basic methods that
madeus greatinthe first place.” These two points are made inarecentinsightful

“newspaper ad sponsored by George Romney, former Governor of Michigan and
CEO of American Motors. Ininternational trade, Americans can complain about
unlevel playing fields, but while we’re expending our energy doing that, com-
petitors steadily improve. In today’s world, you simply can’t afford to wait
around for government to redress inequities and expect that to solve competi-
tivemarketing problems. It’sfar bettertofocus on correcting our own problems,
from short-sighted management to a barely coping educational system.

A NEAL CERTIFICATE For PEASE PORRIDGE

On ahappier note, Electronic Design is proud to announce
that the Editorial Committee of the American Business
Press has bestowed a Jesse H. Neal Certificate of Merit on
Bob Pease’s column, “Pease Porridge.” The column was 4.
honored in the category of Best Regularly Featured Depart- ¥
ment or Column. Electronic Design’s Chief Copy Editor Roger
Engelke shares the honors with Bob.

Congratulations from your col-
leagues, Bob and Roger.

Y
17
-

A

Editor-in-Chief
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WHaAT’S ALL THiS

CALCULATOR
AnyHow?

STUFF,

(Thoughts on the Accuracy Limits of Scientific Calculators...)

ow willingly we trust our

calculators! Yet, like ev-

erything else, these ubiqg-

uitous tools dohavelimits.
Inparticular, their accuracy limits are
beginning to show in our ever more
complex and precise engineering cal-
culations. To illustrate the problem,
here’sasimple calculation that you can
work on your own calculator:

((1 = (cos (8/7))% — (sin (3/7))2)2)025 = 0 2777

Remembering the trigonometric
identity for squared sines and cosines,
you know the an-
swer hastobe zero.
But your 10-digit
calculator proba-
bly givesananswer
on the order of 4 X
10-8,amuch larger
discrepancy than
you would expect
from the calcula-
tor’s claimed 10-
. digit resolution.
This error, of
course, comes from
accumulated trun-
cation and round-

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF off errors in the
SCIENTIST AT transcendental al-
NATIONAL orithms — the
SEMICONDUCT- 2gom utational ver-
OR CORP, Sion of NOISE
SANTA CLARA, - Another soﬁrce
CALIF.

of squirrelly read-
ings is the low volt-
age levels used in modern calculators.
The MOSFET ICs’ inherent analog un-
derpinnings become apparent at low
supply voltages, where channel volt-
ages may vary only 10:1 between the 1
and 0 digital states. In essence, each

ELECTRONTIGZEC

FET is a linear amplifier at both of its
digital extremes. As a linear amplifier,
it can pick up and amplify strong RF or
pulsed fields. For some plastic-cased
models,operationnearaterminal’shor-
izontal transformer, a radar transmit-
ter, or a medium-frequency broadcast
station can jump the display reading
without any apparent cause.

The calculator IC’s analog roots are
in fact, the reason why you can’t buy
portable scientific calculators with
better than 12-digit precision. It be-
comes a matter of voltage regulation.
The battery’s voltage drops about 40%
as its energy is drained. Ordinary cal-
culator chips have Power-Supply Re-
jection Ratiosonthe order of180t0210
dB, allowing 8to 10 digit calculators to
operate without error (1020020 dB =
1010 =10 digits). Leading-edge compa-
nies like HP and T use voltage regu-
lators and factory calibration to gain
another60dB of suppression, bringing
dependable performance to the 13-
digit level. But that’s about it for
portable units.

Although careful analog design
keeps PSRR errors below digital sig-
nificance in scientific calculators,
those techniques can’t provide the
high precision needed in accounting
calculators. Consequently, calculating
a really large number —such as the
bottom line for the second overrun of a
military hardware contract — will
show some variable errors in the last
digits on a 14-digit accounting calcula-
tor. Infact, aerospace accountants are
rumored to earn their lunch money
simply by changing to fresh calculator
batteries before the final column addi-
tion. Fortunately for them, “calculator
faith”hidesthesesmalltransgressions
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from the GAO (Government Account-
ing Office).

The accounting calculators repre-
sentalarge market,and theiraccuracy
demands will likely fuel research for
improved battery and regulator tech-
nologyinthenextdecade.Japanesere-
searchers hope toproduce accurate 14-
digit machines by the turn of the
century, spurred by suspicions of low-
battery use when converting trade-
balance dollars to yen. Despite these
incremental improvements, however,
some analog experts smugly hint that
digital engineers will never design a
calculator accurate to one part in 1016

Analog engineers in the know infer
that the Digital Illusion can’t be sup-
ported beyond 16 digits. At that preci-
sion, the digital two-state simplicity
collapsesandall circuitsrevert totheir
basic analog nature. The prima donna
digital engineers must then face the
dirty “real world” uncertainties that
we analog engineers face every day.
Just as playtime for digital bus design
ended at 20-MHz data rates, the Digi-
tal Illusion ends at 16 digits.

The analog engineer — always
thoughtful, physically attractive, and
suave —doesn’t base the Digital Illu-
sion’s limit on mere speculation. Nay,
this limit has roots deep in theoretical
physies, a subject quite familiar to the
analog engineer’s restless intellect. In
fact, it’s the famous Heisenberg Un-
certainty Principle thatimposes anab-
solute 19-digit limit on digital-calcula-
tor accuracy. In 1927, as many
experienced analog engineers will re-
call, Heisenberg recognized that the
minimum energy kicked into a system
(when making a measurement) is in-
versely proportional to the measure-
ment time. That is, dE X dt can never
be less than Planck’s constant, 4.14 X
10-15electron volts per Hertz (e V/Hz).
Consequently, the longer you take to
do something, the less disruptive en-
ergyisinjected,and the more exactthe
result.

The occurrence of an Uncertainty
Erroris, of course, probabilistic. It can
occur in any calculation, as students of
engineering quickly discover, but it is
much larger and more likely in caleu-
lations where the disruptive energy is
large — i.e., where the calculation time
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is short (or when you are in a big
hurry). Consider some facts from your
own experience... calculations done on
a Cray super-computer at gigaflops
rates (earthquake prediction, rainfall
prediction, national debt prediction,
origins of the universe) are subject to
great uncertainties, whereas compu-
tations done on aslide rule at deciflops
rates (resistor values, the price of 120p

amps) are seldom wrong by more than
5%. These Uncertainty Ratios remain
valid even at microflop rates. For ex-
ample, computer programs that re-
quire several man-years of debugging
aremuchmorereliable than those that
work the first time.

Calculating the 19-digit limit is be-
yond the scope of this short article, but
is recommended as an exercise for the
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Gentle Reader. Start with Maxwell’s
equations. Usea3.6-Vlithiumbattery,

2N3904 transistors, and 99.2 eV

(12.648 nm) lithography to establish
boundary conditions (savvy analog en-
gineers will use their slide rule’s div,
curl, and grad scales to make quick
work of the vector differential equa-
tions). Your answer may differ some-
what from 19, depending on how much
you rush the calculations. If you must
use a digital computer, analog engi-
neers amicably recommend that you
stick with an Apple I, Altair 680, IM-
SAI 8080, or PDP-8 models to mini-
mize spurious answers.

I hope this peek into calculator the-
ory will dispel the blind trust in calcu-
lator and computer results, and in all

[ that complex digital stuff. Now that

you've been alerted to a future of con-
tinuing digital problems, you will not
be surprised when your naive col-
league’s new 17-digit calculator sinks
intoDigital Nirvanawhentryingtopin
down the penultimate digit. You will
know that caleulators, like everything
else, face limits. The Digital Illusion
can’t shelter usindefinitely. Although
the affable, warm-hearted analog en-
gineers have used all of the technology
at their disposal to stretch the Illusion
over the last 40 years, their numbers
dwindle, and the digital engineer’s age
ofinnocence must end. A moment of si-
lence, please, for those generous ana-
log folks who have worked so continu-
ously and indiscreetly during these
long, hard years.

Now just a couple of final comments
from RAP: While I would love to say
that I wrote this, I must give all the
credit to James A. Kuzdrall, P. E.,
Chief Engineer at Intrel Service Co.,
P.0O. Box 1247, Nashua, NH 03061.
When I saw Mr. Kuzdrall’s draft of
this, I knew it was a perfect choice for-
this guest editorial. He’s a man after
my own heart.

And, lastly, April Fool!

All for now. / Comments invited!
RAP / Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090
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Bos’s MaiLBox

Dear Mr. Pease:

I have been able to tolerate your vil-
ification of Spice as that of an unin-
formed user. However, your publica-
tion of a letter from another such user
forces me to respond.

Check the words leading to the
acronym Spice sometime. A review of
the original treatise by Vladimirescu
and Liumight be informative. See any-
thingaboutboard design? Ifyouare go-
ingtouseatoolforapurposeotherthan
what it was intended for, you had bet-
terunderstandhowtoapplyit. The cus-
tom Integrated Circuit designs that 1
have done performed as well or better
than indicated by Spice simulation.

There is no reason Spice can’t be
used for board design, if you pay at-
tentiontohowthe programconverges,
and whyit convergestoaparticularso-
lution. Any professional who uses pub-
lic domain versions gets what they de-
serve. The program was developed for
those of us that can’t breadboard a de-
sign, not those so foolish not to.
KEVIN J. McCALL ’
Custom Analog IC Design Engineer
Leominster, Mass.

Whatirritatesmeiswhenpeoplesay
I am uninformed and Spice has to be
telling the truth—when thetruthturns
outto beviceversa. I'mdelighted Spice
works for you—RAP

Dear Bob:

I particularly enjoyed your article
last year about your calibrated card-
board boxes. I work for a well-known
temperature-controller company. We
were having customer problems with
C-type thermocouples and chasing ev-
ery last tenth of a degree. Needless to
say, it wasn't the customer's fault or
our fault—the compensation cable did-
n't match the thermocouple table. It
turned out that the errors of an earlier
instrument matched the bad cable bet-
ter than the new one that Ohad smaller
errors!

..However, my fingers started to
rattle the keys after reading one letter
in your mailbag. Namely the guy from

ELECTHRONTIGEC

Boeing looking for some strain-gauge
power supplies.

Well, “my own bit on the side” just
happens to be precisely that. I sell
them, at the recommendation of our
National Physical Laboratory, to peo-
ple wanting very high stability for pre-
cision force measurement. Now, I took
a lot of care to develop a circuit that
would give Kelvinbufferingtoboththe
positive and negative outputs, and add
minimal errors to the basic reference.

I'haven’t taken that much care over
the noise immunity and earthing that
Mr. Iverson is looking for. However,
T’'vecheckedafewdetailsand canquite
easily get shielded transformers spe-
cially for him. So if anyone else is after
stable 10-V power supplies — mine will
put out up to an amp, making it a good
laboratory reference, too. Please pass
them my address.

And now while I'm writing to you,
here’saposerthat bemuses me. If1, as
an engineer, wish to start up my own
business at home while working for
someone else, it causes all sorts of
chaos. “Company loyalty, design
rights, conflict of interests” — you
name it and it’s there. But now, if hav-
ing left that company, [ apply to a new
company for a job, and openly declare
my own private business, I'll be
greeted by enthusiasm. “This man has
initiative...”

JIM EDWARDS

Quiet Electronic Designs
60 Clayton Rd.

Selsey, Sussex P028 9DF
Tel: (0243) 602132

That's o good conundrum. Thanks
forthe info on good supplies—RAP

Dear Mr. Pease:

I enjoyed the Pease Porridge about
splices in speaker wire. It reminded
me of the philosopher Paul Thagard’s
essay about astrology. He says the
thing that really marks astrology as a
pseudoscience is not that astrologers
don’t knowwhy it should work;it’sthat
they don’t care why it should work.

The same could be said for the
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speaker-wire cult. If these people had
really found an empirical correlation
between splices and poor audio qual-
ity,they’dbescrambling tofindaphys-
ical explanation. But no. Like Peter
Pan, “ya gotta believe” (and, in this
case, pay money).
MICHAEL A. COVINGTON
Assistant to the Director
The University of Georgia
Artificial Intelligence Programs
Athens, Georgia

A good point, wicely worded. —RAP

Dear Bob:

Re: What’s All This Reflex Re-
sponse Stuff, Anyhow? ...This is in re-
sponse to dropping a very small im-
portant item (also valuable in terms of
inconvenience if lost), such as a 1-mm
left-handed screw from a “grungle
plunger.” Don’t try to catch it or de-
flect it. Just watch where it goes!

The reason? Small items often
bounce and roll a long way. If you lose
sight of it, it can take a frustratingly
long time to find because it’s small.
JOHN FLEMING
Research technologist
Department of Midwifery
University of Glasgow
Queen Mother’s Hospital
Glasgow, Scotland

In your business, when you drop
something, you darned well better
watch to see where it rolls! —RAP

Dear Bob:

Sometimes I have a hard time get-
ting my colleagues to take a simple
path to an end. But if I remember cor-
rectly, you are currently collecting
other people’s common-sense stuff for
yournextbook. I know [ willhavemore
luck getting my cohortstotrythistrick
if it appears in your book first. So
please accept this widow’s mite.

People who design electronic pro-
jects often need to be concerned about
temperature. Hot spots accelerate
degradation of materials and thereby
cause premature (whatever that
means) failure. So how do we find hot
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spots? If we really care about temper-
ature uniformity, for example in a pre-
cision analog instrument, we set up a
tangle of thermocouples on a sacrifi-
cially modified prototype, and wait. A
long measurement period in which we
collect lots of data is followed by hours
of disagreeable evaluation, culminat-
ing in dubious conclusions.

If all we want to do is find hot spots,
though, we can use a simpler ap-
proach —liberal use of mercury-in-
glass fever thermometers. Fever
thermometers have a number of fa-
vorable characteristics for surveying
hot spots in electronic systems.

First, remember how you have to
initialize a fever thermometer? It’s a

Just One Of The 50 Million
Americans Who
Invests In US. Savings Bonds.

More and more Americans are plan-
ning for their children’s future with U.S.
Savings Bonds. This little slugger gets one
for each birthday. As he grows older, his
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ting a gift, he’s getting an investment. For
more information, call 1 800 4 US BOND.

US. Savings Bonds
Making American Dreams A Reality
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peak recorder. You have to shake it |
down to the arrow points before you
use it. You can shake down a few ther-
mometers and then leave them in the
system for aslong as you like. You can
operate the system in all it’s various
modes, some of which certainly gener-
ate different temperature distribu-
tions than others.

At the end of the exercise you sim-
ply take the thermometers out and
look at them, and learn what the worst,
peak temperatures were in all of the
spots you monitored. There is no ex-
cess data to discard.

Second, the fever thermometer’s
temperature range, 94° to 106°F, is
near ideal for surveying commercial
equipment. By testing your equipment
at room temperature ambient, you can
learn about an internal 25° to 35° rise.
If it turns out to be less than 25° it’s
safe and you don’t care to know any
more about it. Ifit’s more than 35°, you
need to understand it better and will
want to investigate it in more detail.

Third, a fever thermometer is self-
contained, tiny, and (unless you break
it) electrically insulative. You can in-
sulate it right where you want it and
secure it with sticky tape. Compared
to the average thermocouple wire, a
glass thermometer is an easily tamed
instrument.

Fourth, the mercury bulb of the
fever thermometer offers a small,
well-focused sensitive target. If lo-
cated in a convective plume above a
heat sink, a fever thermometer will
give asurprisingly high (but accurate)
reading. '

Ifyouthink you want alarger target
toaverageoveralargerarea, wrapthe
bulb end of the thermometer with sev-
eral thicknesses of 1-in.-wide alu-
minum foil, and insulate with clear

tape before installing in the system.
Or,surveytheplume withthree orfour
thermometers all at once.
DOUG RAYMOND
Teradyne ATWC
Walnut Creek, Calif.

The temperature of a hot spot is the
room ambient plus its rise above am-
bient. Ifyouwanttoresolvelargerises,
work in a cold room. To resolve small
rises, start in a warm room. So, your
thermometers are even more useful
than at first glance—RAP
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Vice-VERSA
AnYHOW?

ell, T always did want to

write a column about

* vice-versa stuff. As my

old friend Dave Ludwig

likestosay, “Inthis world,it’sdogeat

dog — or vice versa.” As I already

mentioned in my column about nega-

tive feedback, it’s nearly impossible

to ride a bicycle with your arms

crossed, because the arms get their

tasks all figured out one way, and

then you can’t tell them to do the job
vice versa.

So I wanted to write a good column
about other vice-versa stories, and
along came Jack Fogarty, Darryl
~ Phillips, Doug
Grant, and Gunnar
Englund, whobeat
metothepunch. At
this point, there’s
nothing I can do
better than to shut
up and let youread
their letters:

Dear Mr. Pease:
Enjoyed your
Jan. 9 column on
negative feed-
back. Let me add
one thing about

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFT crossed-arm bicy-
SCIENTIST AT cling

NATIONAL If 3.7011 try to bal-
SEMICONDUCT- oy bicycle
OR CORP., while rolling back-
SANTA CLARA, wards,you'llerash
CALIF. ’. :

But, if you can
Cross your arms,
hold them rigid and steer with your
shoulders, you'll find you can bal-
ance — at least for a little while.

If you think about what you’re do-
ing, you’ll erash, but if you let your
automatic balance prevail, well, sur-
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Whar’s ALt THis

STUFF,

prise! It works.
JACK FOGARTY
Professional Engineer
Columbia, MD

And I say, that’s marvelous. I be-
lieveit. I haven’t tried 1t yet, but [ will.
Next:

Hi Bob:

You sure hit anerve with your men-
tionofridingabike with crossed hands.
Of course you're right, and there are
implications that go beyond a showoff
stunt.

Probably more ingrained in our ge-
neticservowiringis control of our feet.
From the first creatures, the left foot
has pushed offto goright. This may ac-
tually be the reason the brainlobes are
crossed.

We take walking so much for
grantedit’sdifficulttoevendiscussthe
mechanics, so consider roller skating.
You push with the foot opposite to the
desired turn. It’s equally true on other
machines. Sit any kid on a sled, give
him a start down the slope, and he will
steeritfine withhisfeet. Push with the
left foot to turn right. Can you think of
an exception?

There is one. The airplane. The rud-
derpedals are hooked up “backwards”
(you push left to turnleft), and it cause
the same cross-control problems you
alludedto. One of myjoysis givingfirst
rides to kids, oftenin the 8-to 13-year-
old group.

Most of them really take to flying,
they do better than the typical adult.
But taxiing for the first time is anight-
mare. Invariably they go the wrong
way, and make some comment that it’s
hard to steer with your feet. They're
too overloaded by the unfamiliar sur-
roundings to realize the obvious: the
pedals are backwards.
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Over the years, I’ve mentioned the
problem to many pilots, and I've yet to
find one that agrees. Usually they give
me a look that says, “Well, buddy, I
don’t know about your rudder, but
mine is hooked up just fine!”

The humanisaveryadaptable crea-
ture. We learn to fly and do okay most
ofthe time. But withinthebrain, train-
ing is pulling one way and instinct the
other. And when things suddenly
come unglued —and millisecond re-
sponseisneeded —instinet sometimes
wins and the wrong foot is used. It
would be better to have the two forces
aiding rather than opposing, but it's
hard to make the changeover. Any-
way, | wanted to share this with some-
one who understands.

DARRYL PHILLIPS
The Airsport Corp.
Sallisaw, Okla.

Now that’s a scary thought. Yes, a
sled is easy to figure out how to steer.
Andyes,anairplaneisfeasibletocon-
trol, and many people figure out how
to fly it quite easily, after you think
aboutit a little. But I never thought of
its controls as being backwards orvice
Versa....

Now let’s go on to a story about
British Flying Officer H. M. Schofield,
who was a pilot for racing seaplanes in
1927: “He took the Short-Bristol "Cru-
sader’ out for a trial flight on Sunday
the11th. Nosoonerhad helifted offthe
water when he did a jerky half-roll and
slammed back into the sea again. The
impact tore the aircraft to bits and
ripped off most of Schofield’s clothing,
smashing his goggles against his fore-
head. Bewildered, half-drowned, and
infuriated, he was carried off to the
nearby Italian Naval Hospital. When
his aircraft had been reclaimed, it was
found that the aileron control cables
had been reversed! The best-laid
plans....” *

So, just as George Philbrick pointed
out that it was impossible for the auto-
matic or “computerized” controllers of
his day to accommodate a reversal of
polarity — you can be completely
gefoozled, even as a skilled human, if
somebody springs a surprise change
on you. As the seaplane’s airspeed be-
gantorise, the pilot saw the right wing

D ESIG¢ NE




PEASE
PORRIDGE

dropping. When he moved the stick to
the left to try to bring the wing up,
things got worse so fast he never had
time to realize that the controls were
reversed. Now there’s positive feed-
back for you!

It’s the same situation as the techni-
cian who was trying to mount a gyro-
scope on the bulkhead of a missile. It
was kind of inconvenient to get it
bolted down, so he decided to mount it
on the other side of the bulkhead —it
fit much better using the same mount-
ing holes.

But when the missile was launched,
the controls went “haywire,” and of
course, it also crashed, with controls
full-over against the stops. Both of
these cases are just like the next story,
which you can appreciate without be-
ing an airplane pilot:

Dear Bob: :

Your column on “Negative Feed-
back” reminded me of areal-life exam-
ple of positive feedback described by
one of my profs at Northeastern.

The example deals with a dual-con-
trol electric blanket, where the con-
trols have ended up on the wrong side
of the bed. From any initial condition
(for example both set at “5”), the sys-
tem soon goes unstable. The husband
is too cold so he turns “his” control up.
The wife, of course, gets too hot and
turns “her” control down. This makes
| thehusband colder,soheturnshisside
up more, causing her to turn hers
down. Eventually, both controls end
up at the stops and the humans end up
at each other’s throats.

DOUG GRANT
Wilmington, Mass.

Exactly! Now Ill finish up with a
letter about a ship that was moving
MUCH slower than 100 mph, when it
crashed, and crashed... and crashed
repeatedly:

Dear Bob:

It’s kind of a privilege to have an op-
portunity to write to you. I look for-
ward tosomeday passing the casualre-
mark tomy grandchildren, “...and then
Itold Bob Pease...”

This brings me a little bit closer to
thesubject. When [ was a child myself,
me and my friends did just that —bi-
cycling on a lawn with our arms

98 §o

crossed. You are right, it is very diffi-
cult and it hurts, too. Some of us got
rather good at it, and I recall that the
girls adapted faster than the boys. Is
there a lesson to be learned?

The experiment has been repeated
herein Swedenrecently. Orrather be-
tween Sweden and Denmark, on the
water separating Swedish Helsing-
borg from Danish Elsinore. Remem-
ber Hamlet?

A clever persondecided to make the
new ferry more efficient by allowing it
togoboth ways, withouthavingtoturn
around each time. The idea isn’t very
new,butthistimethecleverpersonde-
cided to save some money by using the
same steering wheel for both Den-
mark-bound and Sweden-bound traf-
fic. A steering wheel and an old-fash-
ioned machine telegraph seemed to be
a bad idea, so the two were combined
into one joystick.

Now there was some real confusion:
The difference between starboard and
backboard is tricky enough, but now
you also had to separate Swedish and
Danish starboard and backboard. If
that’s not enough, it seems there were
different forwards and backwards as
well. One set for Sweden and one set
for Denmark.

All good experiments have results.
In this experiment, we use the word
“consequence” instead. The conse-
quences were: heavy damage to both
harbors, heavy damage to the ferry
(both ends), damage to cars, and peo-
ple injured. The experiment went on
for some time. Obviously, the experi-
menters were anxious to rule out ran-
dom and systematic errors. After
some time, with consistent results, the
experiment was evaluated. We're still
waiting for the report. Moral: Know
your polarities, and stick to one set of
definitions.

For someone who knows anything
about northern Kurope, astronomy,
and folklore, it comes as no surprise
that the name of the ferry is Tycho
Brahe.

GUNNAR ENGLUND
Granbergsdal, Sweden

Well, Mr. Englund, someskiersand
some drivers are just “an accident
looking for a place to happen,” and
that ferry boatwas, too. Note, Mr. En-
glund observed that it was appropri-
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ate for the ferry to be named after the
great 16th-cemtury Danish as-
tronomer Tycho Brahe. Brahe pub-
lished o list of “bad-luck” days —the
“Tycho Brahe days” —when a great
project or journey should not be initi-
ated, because it will cometo a bad end.
Mr. Englund did confirm that no cor-
relation had been found between the
Brahe days and the ferry accidents or
the boat’s launching date. Perhapsthe
people who designed the control sys-
tem for the ferry will propose a 4-lane
vehicular tunnel between England
and France —with no center divider.
So, where do the drivers change over
Jrom driving on the left to driving on
the right? Any time they want
to! —wheneverthemoodstrikesthem!
Now, there’s a vice-versa situation!

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090

*Excerpted from The Great Air
Races by Don Vorderman, Bantam
Books.

BOB’S MAILBOX

Dear Bob:

Thank-you for writing all of those
very informative and enlightening ar-
ticles. They are both educational and
bring back memories of my forty years
inelectronics. I have clippedevery one
todate for further reference. I believe
I have a very good source for high-iso-
lation power transformers, bothlinear -
andswitchingtypes,for Mr. Neal Iver-
son of the Boeing Co. His letter wasin.
the February20issue. The companyis:
Glen Magnetics Inc., Third Avenue,
Alpha, NJ 08865; tel: (201) 454-3717;
fax: (201) 454-2702.

Mr. Iversonshould contact Mr. Emil
Badway, who is the vice president of
engineering. They have made many
extremely critical transformers for
companies [ have been employed by.
GLENN A. THOMPSON
Penn Yan, N.Y.

Thanks for the info.—RAP
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Dear Bob:

Congratulations on your Neal
Award.

It’s one thing to excel in circuit de-
sign, but now in your column too!
That’s a very rare combination. Your
column is a refreshing departure
from the stuffy, lightweight fare nor-
mally encountered. Keep up the good
work.

Also, thanks again for plugging our
multiplier in that earlier column.
JERALD GRAEME
Manager, Instrumentation
Components Design
Burr-Brown Corp.

Tucson, Ariz.

Let's all promote analog stuff, even

ifit's not linear. -RAP

Dear Bob:

Congratulations on the Neal Award
Certificate of Merit. Your columns are
great. Nomatter who won, in my opin-
ion you should have.

Don’t belittle such certificates.
They comeinhandy for covering ugly
places on walls. And they can buy
credibility with persons otherwise
not sufficiently intelligent tolisten to
you.

No money, too bad; you could have
used it to buy some superconducting
speaker wires!

RONALD A. ROHRER
Director of the Center for
Computer Aided Design
Carnegie-Mellon University
Pittsburgh, Pa.

Thanks, but I would have trouble
splicing them. —RAP

Dear Bob:

I very much enjoyed your article in
the March 5th issue describing Appli-
cations Engineers.Ithink youhavede-
scribed our profession perfectly.
When “Field” is added to the title of
Applications Engineer, it adds an-
other dimension to the job. You can no
longer let the phone ring in the hopes
that the customer will give up. They
hawe your number (pagers, voice mail,

my home number). There is nothing
quite like getting pinned to the coffee
barin a customer’s lobby to be nibbled
upon by the ducks.

I envy the inside position of being
abletogodownthehalltogettheright
answer to a question. And who can
find time to write the Great American
App. Note when half the day is spent
being chased by the ducks on the cus-
tomer’s factory floor. But at the same
time, there is a great sense of satis-
faction that comes with being able to
solve the customer’s problem on the
spot whilelooking for the next design-
in opportunity.

Beingin the fieldisaterrible job and
awonderful careerallatthe sametime.
I wouldn’t trade my position in the
“duck pond” for anything! Keep writ-
ing your column. I alwayslook forward
to a good sanity break.

GREG JURRENS

Compagq Field Applications
Engineering Specialist
NEC Electronics Inc.
Houston, Texas

1t's fum being an Apps. Engineer,
but 1t's good to be able to take a break
occasionally! —RAP

Dear Bob:

Just read Pease Porridge in the
February 6thissue. Since the late ‘60s,
T have had 25 W of power amplifier in
seven cars with a speaker behind the
front grille.

I use this to tell drivers of faulty
lights, no right turn where necessary
(left turn in your case), “move over
dum dum,” ete. In case of retribution,
T'usually look around to see where the
voice originates. “’Allo darlin’ ” to an
old lady makes her day! “Oi mate!”
makes pedestrians turn round, ete.,
ete. Great fun!

DAVE ST. GEORGE
St. George Electronics
London, England

A great idea! Even in California
you can do this legally, but don't blast
too loud. Check your local ordi-
nonces! —RAP
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Whar’s ALL Tis
BACHELOR'S DEGREE
STurr, ANYHOW?

ecently I got a letter from

an “engineer” with a prob-

lem. “Dear Mr. Pease: In

my company, engineers
who don’t have a bachelor’s degree
were recently demoted. I am, unfor-
tunately, one of those “demoted” en-
gineers, as I possess a non-tradi-
tional BSEET degree. The lack of a
conventional degree is stated to be
the only reason for the demotion. 1
have gathered the following infor-
mation as ammunition to fight this
tyranny:

1.Permypast performancereviews,
my supervisorshaveindicated thatmy
work has been
very good, with
performance
recognition.

2. Other depart-
ments affected by
these new rules
have “grandfa-
thered” their cur-
rent employees.
Only the Engi-
neering depart-
ment has had de-
motions.

3. Several years
ago, I chose to pur-

e

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF

SCIENTIST AT ZZ;ZZ%S:SES EE
NATIONAL was, at that time
SEMICONDUCT- accépted by m3;
OR CORP, company as an en-
SANTA CLARA, . .

CALIF. gineering degree.

Also, I could at-
tend classes in the
evening (which I could not do for any
school that awarded the traditional
BSEE). This was supported by my
company;in fact, they even offered in-
centives in the form of partial tuition
reimbursement.

@@dcrecrTrroNTIcC

So it has come about that due to the
“type” of degree I possess, I no longer
have the title of electrical engineer,
nor the work responsibilities, even
though my work assignments remain
the same. I do the work, and then an-
otherengineer witha‘“real” degree ap-
proves it. I now have a project engi-
neer who receives all of the credit for
my work.

What upsets me the most is the fact
that I dedicated over twelve years of
my life to this company, working my
way up from test technician to elec-
trical engineer, and now some bozo
demotes metoatechnician withnoop-
portunity for advancement. And
there’s no reasoning with the Chief
Engineer who made these decisions.

Maybe by discussing this subject in
your Pease Porridge column, we can
heighten the awareness of people.
And maybe even bring about some
change.

Maybe this isn’t an isolated case. If
it’s not, how should we deal withit, and
where should we turn to? Most people
advise me to look for another job.
Eventually I will do that, but first I
want to explore my options. Mean-
while, I appreciate your comments on
this difficult problem.

(signed) Mr. X. (Address with-
held).”

Well, I'll share with you here the
ideas I quickly fed to Mr. X to help him
resolve his problem.

First of all, I talked with some peo-
ple in the Human Resources field.
They had never heard of this “demo-
tion” happening to engineers, any-
where. But on the other hand, they
thought that it was probably not ille-
gal.

Then I suggested that Mr. X get in
touch with the IEEE. It’s not entirely
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clear if anybody in the IEEE would
want to get involved, but they might
be able to show what happened in sim-
ilar past cases.

I also gave Mr. X the addresses of
several organizations that have taken
over the work of Irwin Feerst—the
American Association of Concerned
Engineers and the American Engi-
neering Association. They surely
would be concerned and interested,
whether the IEEE was interested or
not.

I suggested that while he may want
to eventually hire a lawyer, he should
do as much research as possible by
himself, asit will be less expensive and
more effective.

I pointed out that even though this
is very sad for him, and for everybody
else at his company, it’s also sad for
his company’s customers, and he will
be doing the profession of engineer-
ing a service if he can solve this prob-
lem.

I also pointed out that, while he can
quit at any time, he can postpone his
departure until he has all of the condi-
tions right for him —he may even be
able to line up his next job. OR, he
might decide to outlast and outsmart
the Chief Engineer. [f nobody else has
run into this problem, it may just be a
matter of time until that stubborn, un-
fairboss discovers he has to change his
mind. Inoted that there arelots of very
good design engineers who never got
an engineering degree —or any other
degree.

Now, I respect the Bachelor’s de-
gree because it shows that a student
has alot of perseverance to complete a
big project. But exactly the same is
true of a BSEET. On the other hand,
I've seenreportsthat claimthere isin-
deed a correlation between an ad-
vanced degree and creativity —a
NEGATIVE correlation. And that’s
consistent with many people I have
met. Some of the most creative engi-
neers I know never even get through
a year or two of engineering school. I
don’t have to name any names.

So I sent off a letter to Mr. X, sug-
gestinghe doalot of homework. A cou-
ple of weeks later, I was talking this
over with Frank Goodenough in
Boston. Frank insisted I write up this
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column, to tell the story of the problem
and my suggestions for a solution just
in case anybody else in the world has
this problem. As I began tore-read his
letter, I spotted one more element and
quickly banged out a letter to Mr. X
pointing out this: When he embarked
on his BSEET studies, his company
encouraged him to consider this an
equivalent ofaconventional BSEE de-
gree. Now the company is trying to
change the rules in the middle of the
game. Quite unfair!!

So I encouraged Mr. X to quickly do
as much homework as he conveniently
could, onthe outside chance that some-
thing good would turn up, but mostly
to get a large mass of facts and infor-
mation. Then he should hire a lawyer
to explain politely but forcefully to the
president of the company that in-view
of this rule changing in the middle of
the game, the president had betterre-
scind that rule PRONTO, with apolo-
gies for all, or be slapped with a MAS-
SIVE lawsuit.

I haven’t heard back from the engi-
neer yet. But I have no doubt that he
will prevail. After all, every company
has employees who are occasionally
capable of doing something truly
stupid and/or wrong. Fortunately, in
most cases, someone has the wisdom
and perseverance to correct the mis-
take. How about you?

All for now. / Comments invited!/
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

BOB'S MAILBOX

Dear Bob:

Ijust wanted towriteandsaythanks
for writing your Pease Porridge col-
umn, “What’s all this Applications En-
gineering Stuff, Anyhow?” A col-
league dropped a copy of this on my
desk the other day and I gobbled it up.
Ithought I could’ve written it myself.
Everything you say is so true. Having
worked in both Design and Applica-
tions, I can say that there are benefits
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and disadvantages.

Coming out of Cornell in 1984 with ,

an M.Eng EE, I started as adesign en-
gineer with a company in Sunnyvale,
Calif. My entry into Applications was
not by choice. Nine monthsintomy de-
sign career, I was told that I was laid
off but they had an opening in Appli-
cations. Was I interested? Wanting to
continue to eat and pay my rent, I said
sure, I'll do it. Hence my introduction
into the Apps world.

Here is where I found out about the
toughest part of Applications. Lots of
times, you are expected to become the
instant expert for a product line. At
least, that’s what is expected from the
poor soul on the other end of the phone
line begging for help. In my case, I was
supposed to support a video product
line (consisting of about 150 products).
Believe me, for someone who was just
getting familiar with diff amps,
bandgaps, current sources, and emit-
ter followers, becoming an expert on
synestrippers, CRT drivers, NTSC to
RGB converters, and Genlock con-
verters was a bit of a leap.

Unfortunately, there’s just not
enough time to go to the lab and play
with the parts to become an expert on
all of them. Many times, the customer
knows the part better than the Apps
guy. Why? Because he focuses on that
onepart,spending endless hoursinthe
labtryingto get it to work. Andfinally,
when he can’t do anymore, he picks up
the phone and calls yours truly to get
some kind of tip to make his circuit
work. Talk about frustration!

After three and a half years in Ap-
plications, Itookanopeningbackinthe
IC design group and worked on a pro-
Jject withtwomore senior designers on
a fiber-optic postamplifier. My appli-
cations background came in handy, be-
cause I understood most of the system
issues involved in proving the part
worked in a full fiber-optic receiver
test system. This approximates more
closely the case youdescribed in which
the design people become their own
Apps engineers.

For a year and a half, it was a good
timebeinginthedesign groupuntilthe
division marketing manager saw all
the good work I was doing on the ap-
plications side of design. I was moved
into the group full time. This was the
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second time in five and a half years I
was forced out of design and into Apps!
So I left the company and joined
Elantec in Milpitas as a Design Engi-
neer. .

I thought, “Now I can be a Design
Engineer again.” After about a year,
the current Applications Engineer left
the company and they had an opening
they wanted me to fill. So, for the third
timeinnearlysevenyears,Imovedout
of Design into Apps. As my wife says,
“Maybe somebody is trying to tell you
something. Maybe you should stick to
Apps. Youseemtobe suited forit, oth-
erwise why would they keep putting
you there?”

So here I am doing Apps for the last
year and a half. Sometimes you don’t
get any respect from the designers be-
cause you aren’t actually designing
ICs. To the marketing people, you're
just another engineer.

I believe, however, that I'm one of
the most important people for the de-
signers andthe marketers. Forthede-
signers, I debug lots of the chips by
solving the customer’s problems, and
try to make sure changes get incorpo-
rated into the next design revision.
For the sales and marketing people,
I'm golden. I get called by many sales
guys because they might lose a lot of
design-insifthe customer can’t get the
part working properly.

One of the biggest advantages of
Apps over design is that there a lot of
daily victories. In design, an IC could
take 4 months to design, 2 months to
layout, 2 to fab, 1to characterize, and
1torelease. Sofromthe beginning ofa
project,itmaybeayearbeforethe pre-
vious work gets justified. In Apps, you
multiplex so many problems, you
sometimes forget how many good
things you actually get done because
they're not a.concrete thing like a part
in a databook.

So Bob, thanks once again for bring-
ingalittle publicity tothose guysinthe
trenches saving designs.

Michael J. Sadayao
Applications Engineer
Elantec Inc.
Milpitas, Calif.
Applications Engineers make up o

‘good team with the Designers. Some-

times they can't even tell which hats
they are wearing.—RAP
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Bos’s MAILBOX

Dear Bob:

Irecently read your article on appli-
cation engineering. I thought it was a
great piece. I enjoy reading your
columnsin each issue because they tell
it like it really is in the trenches. You
write from your heart and experience,
which is rare in technical journalism. I
always learn something from your ar-
ticles because they cause me to think
and feel.

The reason I wrote to you about this
application-engineering article is that
my first job was an entry position in
Central Applications at National
Semiconductor in the late 1970s. I was
one of those young kids who came to
you for help with questions I couldn’t
handle.IrememberthefirsttimeIsaw
the awesome filing system on your
desk.

Thanks for the help you so willingly
offered back then and thanks forthein-
sightful article on the role and impor-
tance of AEs today.

Inow work for Cadence Design Sys-
tems. Our products are design au-
tomationtoolsforelectrical engineers,
but your view of the AE role is just as
validin ourbusinessas yours. Wehave
over 300 AEs in Cadence today, with
more coming in the future.

They are as vital to our business in
providing service and product direc-
tion as you mention. I am going to pass
your article on to our AE managers,
salesmanagers,and general managers
because I think it offers a great per-
spective. It is good advice for AEs and
an important wake-up call for those
who may sometimes take AEs for
granted.

JOESPH B. COSTELLO
President and CEO

Cadence Design Systems, Inc.
San Jose, Calif.

I'm glad we agree on the value of
Apps guys! —RAP

Dear Bob:

~ Much appreciation for your April
editorial that provided a nightmarish
peek into the mind of an analog engi-

ELECTRUONTITCEC

neer. I read it with prayer and
thanksgiving that I, a digital de-
signer,am spared the futile struggles
that must be endured daily in that
Slough of Despond called “analog de-
sign,” where nothing is as it seems,
and where there isnobedrock except
in pitiless physical laws like Planck’s
Constant, Heisenberg’s Uncer-
tainty, and Rejection Ratios by
Power Supplies.

One useful fact did manage to per-
colate through Mr. Kuzdrall’s erudite
April foolery. To wit:

The fundamental minimum energy
requirement for an analog computeris
directly proportional to the amount of
actual information handled by the sys-
tem. In a digital computer the funda-
mental minimumis proportional to the
log of the information handled, n’est
pas?

Aside from the clear superiority of
digital over analog in every field — ac-
quisition, control, computing, simula-
tion, image processing, etc., etc. —
there is the outstanding fact straight
fromthe Creator: The entire Universe
in all aspects is digital to its founda-
tions, e.g.

1) Time is digital because all clocks
tick. Even streak cameras have s/n
digital limits.

2) Space is digital because there are
“forbidden zones” at the atomic level.

3) Matter is digital (as Democritus
suspected 23 centuries ago) because it
isin fact atomic.

4) Thought is digital because it is a
sequence of synapse snappings.

5) Life is digital because the infor-
mation for every living cell is carried
digitally within its DNA.

6) Sound is digital because all or-
ganic perceptors have digital design.

7)Acoustic“waves”aredigitalatthe
molecular level where they are a se-
quence of bumpings.

8) Electromagnetic radiation is dig-
ital via photons.

9) Color is digital because each and
every color in every shade is a digital
ratio of R, G, and B.
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10) Imagery is digital because all
perceptors have pixels, whether or-
ganic or inorganic. The pixels in old-
fashioned video are defined by digital
numbers like “s/n” and “lp/mm.” The
Pointillists were right.

11) Optical images themselves are
digital at the diffraction limit.

12) Even snowflakes and tree
shapes are digital, since the recent dis-
covery of fractals.

“Analog” in any senseis simply anil-
lusion of ignorance. The wise analog
engineer, living in the late 20th cen-
tury, will recognize that the time has
come to replace his warm heart with a
cool head, bit by bit.

PETER R. VOKAC
Digital Engineer
Tucson, Ariz.

1shan 't bothertorebutyourextreme
claims that all the world is digital,
though readers may wish to do so. But
the next time you need an analog volt-
age or circuit, and you refuse to useit,
I'll feel sorry foryou. What power sup-
plies do you run your computers on,
anyhow? —RAP

Dear Bob:

Enjoyed your “dead car stuff” arti-
cle in the Feb. 6 issue. You may not be
aware of it, but you have pointed out
the need for a new product: a solid-
state tail/brake light bulb.

My son owns a commercial trash
company, and I assure you a burned
outlightbulbisnotrivialmattertoday.
After being stopped, the truck is sub-
jected to a safety inspection and pa-
perwork inspection, which often un-
covers minor leaks and drips, minor
adjustments, and incorrect this or
that.

Loss of time/money/income can run
into the hundreds of dollars for each
problembecause ofthe barbaric1920s-
designedlightbulb witharchaicsocket
connections.

The majorreason for this problem is
severe vibration of the heavy truck.
Even new bulbs last only about a
month or so.

p Es 16 ~NEQ




PEASE
PORRIDGE

Several years ago, I “thought” I saw
an LED replacement tail-light bulb. If
youhavethe contacts, could youplease
agkifanyone makesthem. I feelaclus-
ter of LEDs grouped together would
have enough light to pass as marker
lights and tail lights. The brake light
would probably stillneed the old-style
light bulb? I also feel the truck owners
would pay $15 each for replacement
tail-light bulbs or marker lights which
would not burn out. :
DENNIS BRIGANCE
Vitro Corp.

Silver Spring, Maryland

PS: If you can’t find this thing, ask
National to make it. I'll be your East
Coast sales rep.

NSC quit selling LEDs several
years ago. But a smart guy could eas-
ily assemble redundant strings of
LEDs with ballast resistors and an-
tireversal diodes. Then the dirty,
rusty, bent socket becomes the unreli-

able element! Good Luck! —RAP

Dear Bob:

This letter is in response to the let-
ter from Neil Iverson of the Boeing
Company (February 20, 1982), stating
“...nobody makes decent power trans-
formers anymore.”

Grand Transformers Inc. is a de-

signer and manufacturer of custom-
‘built power transformers. If Mr.
Iverson will send us specifications,
we will build him a transformer with
single or multiple shields, grounded
or brought out to an external termi-
nation.

And they willbe built to comply with
any UL, CSA, VDE, or IEC Standard
he wishes. We have built units ex-
hibiting interwinding capacitances as
low as 0.05 pF.

The letters in the same issue re-
sponding to your article, “What’s All
This Spicey Stuff, Anyhow (Part I1I)”

(October 10, 1991), was also very in-
teresting to me.

We see the same situation in the
transformer field, where so-called “en-
gineers” only know how to “design”
transformers on a computer. I am old
enough to say that my first few years
were spent using a slide rule. Today I
do use a computer, but only to save
computationtime. The designsarestill
worked out from scratch on paper, and
more importantly we still build proto-
types to check out the design. Doveras
no proverai
KEITH L. WILLIAMS, P.E.

Senior Design Engineer
Grand Transformers, Inc.
Grand Haven, Mich.

I'm delighted that you still design
tramsformerstherightway—by think-
ing! Now, if you stocked and sold a
“well-shielded F91X” as a semi-stan-
dard product, would anybody buy
them? —RAP

Begin a new era in PCB design
productivity—uwith Protel for Windows.

It’s a first—advanced PCB design tools in the Windows™ 3.0 environment.
For the shortest learning curve. For the easiest-to-use EDA package ever.

\

pe Windows, of course, brings a host of productivity-boosting features. Like
multiple open documents. Virtual memory. Universal hardware support.
Multilevel Undo and Redo commands. Comprehensive on-line HELP
Windows perfectly complements Protel’s all-new family of design
tools—tools that set equally new price/performance standards.
\ With capabilities like global editing. “WYSIWYG” print/plot auto-
T2\ mation. More layers. Fast Design Rule Check. Global/interactive
Al-based autoplacement. And Rip-up Autorouting.
Call 1-800-544-4186 for a free demo that lets you evaluate
Advanced Pack, our specially priced set of layout, autoplace-
ment and autorouting tools. So, before purchase, you'll realize
that—except in cost—these new Protel for Windows tools
rival the most powerful, the most sophisticated, available.

Protel Technology Inc
151 Bernal Road
San Jose, CA 95119

Technology

L .

Electronic Design Automation Specialists
30 day money-back guarantee. Call toll-free 1-800-544-4186

‘Windows is a registered trademark of Microsoft Inc. © 1992 Protel Technology Inc.

CIRCLE 204 FOR U.S. RESPONSE
CIRCLE 205 FOR RESPONSE OUTSIDE THE U.S.
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WHAT’S ALL THIS
TAGUCHI STUFF,

AnyHow?

couple of years ago, some

friends suggested I join

them in a seminar on “the

Taguchi method.” It’s the
hot new method to optimize a manu-
facturing process, they assured me. So
Thiked overtobuilding 27 and watched
the lecture on a video session. At first,
I was just making notes in the work-
book and on scratch paper I had
brought along. But soon I found myself
getting suspicious and angry.

The first example was a special
“widget” amplifier in which the basic
design, we were told, did not meet its
specs with a good yield. The professo-
rial lecturer as-
sured us the prob-
lem was because
the betas of the
transistors were
too low and too
variable, leading
to sloppy toler-
ances on the fin-
ished product.
What to do? The
lecturer claimed
that the solution
was to specify
higher beta (by
just a factor of

i
BOB PEASE
OBTAINED A
BSEE FROM MIT
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STAFF two) on the tran-
SCIENTIST AT G o that the
NATIONAL sensitivity of this
SEMICONDUCT- . : v

circuit to beta was
OR CORP,, eatly decreased
SANTA CLARA, %(1: Virguall zero
CALIF. ; :

and the produec-
tion spread got
narrower. Ah, I thought, very nice,
but what exactly is that circuit?
WHY, exactly, did doubling the beta
cause less problems and a tighter pro-
duction spread? Why did tripling or
quadrupling the beta cause problems
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torecur? I vowed to find out.

Then the video lecturer went on to
study the problem of a high-pressure
molding machine that could make lit-
tle plasticspoons. There were several
variables —the temperature of the
plastic, the pressure, the mold time,
ete. Now, if you've never studied the
Taguchi method, I think I can safely
say that its analysis method is pri-
marily geared to design several tests
that combine changes of the vari-
ables. Then you can analyze the test
results to see which variables are
causing the most harm, and which
ones youshould tweak to optimize the
centering of the output and achieve
thebest, tightest distribution. In the-
ory, you can’t argue that a plausible,
logical, methodical approach like this
can go wrong.

But I began to get more and more
suspicious. Why did all of the data
have nice, simple round numbers as
results? Why was there no NOISE on
the measurements? Why did all of the
data come out nice and LINEAR?
Where I come from, I do not expect
the data to be perfectly linear and
noise-free, and to come out in round
numbers.

Itlooked to me asif somebody were
laying down some funny data to make
iteasy forustoanalyze. That made me
pretty nervous and suspicious, so I
was on my toes looking for any other
suspicious statements.

Thelecturer thenbelittled the oper-
ators of the machines —“Joe thought
he knew how to run the machine bet-
ter than anybody else, but the Taguchi
method found an optimum operating
point that Joe never thought of....”
Again, I was suspicious, because that
might be true, but maybe Joe knows
something that the computers don’t.
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For example, it’s easy to prove, by
math or by computer, that in many
cases you can get the best acceleration
and performance from a car if you slip
the clutch alot. All very true, until the
cluteh burns out.

As soon as 1 saw the full glory and
simplicity of the Taguchi method, I
spotted its first, deadly serious weak-
ness. The advantage claimed for the
Taguchi method is that it proposes a
MINIMUM numberoftests, the anal-
ysis of which will indubitably lead to
an optimum solution. But these meth-
ods only check the design-center zero
point and the design-center full-scale
point once.

The Method implies you can check
the design-center zero offset in the
morning, and the design-center full-
scale of the meter at noon, and take
data all day long. And you’ll never
have to recheck the design-center
zero reading or the gain, because that
would be wasteful and redundant.

Mr. Taguchi, pack up your “meth-
ods” and get out of my lab. DO NOT
TALK toany of my engineers or tech-
nicians. Do not suggest any other
ways to be more “efficient” or “opti-
mized.” Just get out.

When I have my technicians taking
data,they allknow to record some de-
sign-center or “reference” zero data
and gain data, at the beginning and at
theend,and afew timesinthe middle.
And when they’re just sitting around
sipping a cup of coffee, they tend to
keep their eyes on the experiment. If
it has any drifty tendencies or
“jumpy” habits, they can spot that.
And, as a “sanity check,” they nor-
mally repeat some of the early tests,
down near the end of the testing, to
make sure the data are more-or-less
repeatable. Is that “efficient?” Well,
it’s the right way to take data, and
that’s the important thing. One of my
oldsupervisors, Tom Milligan, used to
tell his technicians, “If you see some-
thing funny, Record Amount of
Funny.” And we call that Milligan’s
law,inhis honor. So, I suspect Mr. Mil-
ligan would have thrown Mr. Taguchi
out of his lab, too.

Back to Taguchi, the lecturer
pointed out that they would manipu-
late the variables they could con-

D ESI G NEA




PEASE
PORRIDGE

trol —the temperature of the plastic,
the pressure, the molding time. But
they would not worry about the vis-
cosity of the incoming plastic mate-
rial, because they didn’t have any
control of this. So they would ignore
it. Good Heavens!! If there is a big
variable, (like the sun coming up in
the morning?) and you have no c¢on-
trol over it, that doesn’t mean you
should not monitor it and try to com-
pensate forit. Let’s say you're trying
to mold little plastic spoons, and the
Taguchi method has told you an opti-
mum setting for the time, temp, and
pressure. Suddenly a new batch of
plastic material comes in with a much
lower viscosity. Are the optimums
going to change? You bet! And if I
keep monitoring the viscosity, I can
look up in my “cookbook” to see
where I should start searching for a
new optimum. The Taguchi method
sets a very poor example — there are
no plans for keeping track of the vis-
cosity and its changes, or compensat-
ing for it. .

Early oninthe lecture, we were told
that the Taguchi method tries to min-
imize the “loss to society.” We’re told
that widows and orphans will suffer if
we don’t make things correctly; thatis,
with the highest reliability. But then
everyexample we were given wassim-
ply a procedure to maximize produc-
tion yields and lower the production
cost. Suddenly it began to rankle me
that we were first motivated to be nice
to widows and orphans, but at the end
of the day, it turned into another pitch
toimprove manufacturing costs. I'min
favorofbothobjectives,butIdon’tlike
to see the approaches muddied with
unclear thinking.

As I went along through the rest of
the lecture, I spotted other discrepan-
cies. I noted them all in my workbook
and prepared to ask the lecturer some
serious questions. First, I had to find
his address —apparently nobody ex-
pected anybody to ask any real ques-
tions. But I did find his address, at one
of the respected eastern technical
schools. T sent him a nice letter. A
month later, I sent a second copy in
hopesof gettingaresponse. Ireallydid
want to find out about that Widget cir-
cuit that allegedly worked better with
moderately high beta.
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But the professor responded with
platitudes, just congratulating me on
my perceptions. He answered none of
my questions. So I wrote again, re-
questing that I would like to know the
circuit of the Widget amplifier, and
the answer to several other ques-
tions.

The professor claimed I had asked so
many questions that he could not an-
swer them all. So he answered none of
them. I wrote again, asking just one
question — exactly whatisthat Widget
cireuit?

Again he responded in platitudes.
He observed from my business card
that my title was “scientist,” and sci-
entists don’t have to follow the teach-
ings of Mr. Taguchi as engineers
should (hogwash). And he still evaded
my question, and he still didn’t include
a schematic.

I wrote back politely, stating that if
he expects us engineers to accept all
this Taguchi method on his say-so, on
faith, and to never question anything,
he was probably going to find some
massive rejection. I explained that
maybe in other parts of the world, you
can sell engineers simplistic solutions
as profound enlightenment. But
around here, we don’t just buy some-
thing on faith — we compare it to other
methods that have worked well in the
past.

I explained that I could not possibly
let my engineers or techniciansuse the
Taguchi method. Our measurement
methods are much more skeptical, and
theyhaveachance for working despite
nonlinearities and noise, something I
would never trust the Taguchimethod
to do. I also explained that if T found
anybody else pushing the Taguchi
method around my area, I would sit
them down and explain the weak-
nesses and disadvantages of the
method. And I would specify that I be-
lieved the Taguchipeople were trying
to sell them an optimization technique
fora“Widget” amplifier — one that ap-
parently never existed. After that, I
never heard from the professor again.

So, I caution you —if any new whiz-
bang method promises results that
soundtoogoodtobetrue —maybethey
are too good to be true. Recently, the
announcers on National Public Radio
promised that there would be a special
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program at 11:00 P.M., with “incredi-
ble” new political developments. At
11:00, John Hockenberry told about
how Richard Nixon was entering the
1992 politicalraces.... yes,it wassolate
atnightthatittookmeseveralminutes
to realize that only 23 hours of April 1
had passed by, and there was still one
houryet togo! Yes, the announcer was
right —it really was “incredible”... ab-
solutely unbelievable!

One of the people who reviewed my
first draft of this subject, Dan Calla-
han, had some experience with
Taguchi studies, and he agreed that I
wasn’t just imagining my complaints.
He suggested a book by William Dia-
mond, Practical Experiment Designs
for Engineers and Scientists*. 1 im-
mediately hiked over to our library
and checked it out, and it’s quite
thoughtfulindeed (especially by com-
parison). This book allows for the pos-
sibility of different types of noises,
nonlinearities, errors, and glitches in
the data. It advises the experimenter
how to deal with many of these as-
pectsofreality. “The best experiment
design results from the combined ef-
forts of a skilled experimenter who
has had basic training in experiment,
design methods, and of a skilled
statistician who has had training in
engineering or science. The statisti-
cian alone cannot design good exper-
iments....” That makes sense to me. I
can’t say I understand everything in
it —=I'malittle rusty on my statistical
mathematics —but Ilike everything I
understand. Much better!

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090

(The opinions expressed herein are
those of the writer and do not neces-
sarily reflect the views of National
Semiconductor Corporation.)

* Practical Experiment Designs for
Engineers and Scientists, William
Diamond. New York: Van Nostrand
Reinhold, 1981 (347 pages).
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Dear Mr. Pease:

I’ve been reading your articles in
Electronic Design since they began
and [ just wanted tosay thatI've thor-
oughly enjoyed them. Their contentis
certainly interesting to me, but not
nearly as interesting as the thoughts
they provoke. It warms my heart to
read the thoughts of someone who
seems tobelieve,as I do,that ourbest
problem-solving instrument is not on
the lab bench but right between our
ears. The biggest thing I learned at
M.1.T.wasnotany specificknowledge
but rather how to think. There are
plenty ofbright people but not enough
is done, in my opinion, to teach these
gifted peoplehowtoleverage theirin-
telligence into setting up and actually
solving problems (both everyday
problems and professional problems,
such as in engineering).

I believe your articles really en-
courage your readers to use their
brains more effectively by showing
them your thought processes. You
show how to use what I would call
‘“non-traditional” thinking.

Your articleinthe April 1issue was
quite funny. I rapidly surmised the
thrust of the column but I was
chortling nevertheless. It reminded
me of an April 1st issue of some elec-
tronic journal I read a few years ago.
It had an article about fuzzy logic, a
concept that was totally unfamiliar to
me. Well, as I got further into the ar-
ticle, I said to myself that fuzzy logic
was an amusing subject for what was
obviously a spoof. I was rather cha-
grined, though, to find at the end of
the article that fuzzy logic was quite
real. When I see consumer products
like camcordersmention fuzzy logicin
advertisements, I feel doubly cha-
grined. It’s here to stay. Perhaps my
reaction has been a typical one, which
explains why fuzzy logic has been so
hard to catch on here —everybody
laughs at it because it seems to chal-
lenge (but really doesn’t) some of our
basic engineering teachings. [ recall a
similar reaction to “sequency” theory
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the first time I was exposed toit. As1
get older, I am far less quick to make
value judgements on new ideas as we
obviously have only scratched the
surface in explaining and controlling
our physical universe.

Your February 6 column that men-
tioned dead cars was of special inter-
est. I used to have a 1970 Saab 99E,
which became a part of the case files
of the Attorney General’s Office and
the Federal Trade Commission. It
was the ultimate lemon (until I saw
the repair records for a friend’s Ford
Tempo). One relative called my car
the “slob” instead of “Saab.” After |
was able to extricate myself from my
Saab folly, I became interested in how
many Saabs were disabled alongside
the road. I was curious as to whether
Saabhadimproved their quality since
my car was built. I didn’t actually
count Saabs, but I sure saw a lot of
them with their emergency flashers
on and their hoods up! I think I saw
more than you would expect from
their market share in New England,
but possibly that is simply wish ful-
fillment.

You are truly a credit to our alma
mater. If you're ever in the New Eng-
land area in January for a week, you
should consider giving some sort of In-
dependent Activities Period course at
M.L.T. I think the students and M.I.T.
community would love hearing you for
an hour or two a day for a few days or
aweek!

ROBERT A. PIANKIAN
(another RAP!)
Consultant

Brighton, Mass.

Yeah, I've thought about writing
“What’s All This Fuzzy Logic Stuff,
Anyhow?,” but nothing I could write
would be as funny or weird as what 1
read in technical journals. —RAP

Dear Sir:

The proposal of Mr. Doug Raymond
about finding “hot spots” with a mer-
cury-filled fever thermometer (April
16issue) isaninteresting and working
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approach. BUT spilled mercury froma
broken thermometer nicely dis-
tributed through the interiors of an
electronic assembly might move more
than an eyebrow from a quality or se-
curity inspector!

The rough facts: Mercury is a con-
ductor and its vapor deposits are also
conductive. Also, it slowly vaporizes
and vapors are poisonous.

However, wespendfortunestomar-
ket our temperature recording labels
in the U.S.A. and other countries
worldwide, and here comes Doug Ray-
mond who hits my head with his pro-
posal...

Does anybody these daysread small
adsanymore? Companies withsmaller
budgets and smaller ads get lost and
the readers might miss interesting
products and technologies.

Readers: Small ads may also carry
very useful contents.

DIPL. ING. ERNEST SPIRIG
Rapperswil, Switzerland

You are quite correct; mercury ther-
mometers are kind of dangerous, and
I should have said that. But fever ther-
mometers filled with red alcohol are
safe enough. The little temp-sensing
dots sold by Spirig are, of course, even
smaller and faster. Andthey are good
for wider ranges —but with less reso-
lution. —-RAP

Dear Bob:

Your recent “Vice-Versa” column
plus a prior column on having people
accountable for their work reminded
me of an incident when we were leas-
ing hangar space from an aerial pho-
tography company near Dallas.
Whenever their aircraft were ser-
viced,the ownermadethe service me-
chanicride along on the first checkout
flight. During service to a helicopter,
the tail rotor pitch cables were re-
versed. The tail rotor is an antirota-
tion mechanism, with the pitch (an-
gle) of the blades determining the
amount of thrust to counteract the
natural tendency of the helicopter
body to rotate with the main rotor. As

D ESTITIGN




PEASE
PORRIDGE

they lifted a few inches off the pad, the

body began torotate. The pilot applied
what he thought was thrust to coun-
teract it, and as I'm sure you realize,
therotationjust spedup. The pilot was
quick-witted. He put the main rotor
backtoneutral pitchandthehelicopter
smacked down onto the pad, bending a
landing strut. But there was no other
injury,otherthantohispride.Ialsore-
call the animated discussions with
FAAinspectorsoverwhetherthiswas
a flying or taxiing accident and the ef-
fect this would have on their insurance
premiums. Sorry, I don’t know how
that was resolved.
MARVIN T. ANDERL
Richmond, Va.

Wow, what a sharp pilot! I like that
themechanic getstogoalongonthetest
flight! —RAP

Hello Bob: v
I've enjoyed your articles on feed-

back and polarities.There is a common
machine in which the polarities switch
depending on the situation. Operating
the typical, three clutch “caterpillar”
tractor uphill, one releases the clutch
onthesideofthedirectiontobeturned.
However, going downhill, with grav-
ity and the load pushing the tractor,
one releases the clutch opposite the
turning direction. On hilly terrain with
many obstacles, itisnot at allintuitive.
THOMAS LAKIA
Coastal Designs
Los Gatos, Calif.

Hey, that's a real vice-versa switch,
enough to make George Philbrick ner-
vous! —RAP

Dear Bob:

Your column on vice-versa stuff re-
minded me of a friend who used to win
drinks with motorcycle and bicycle
riders by betting them that when they
pressed their right thumb on the right

handlebar, a right turn would be initi-
ated. Of course, you had to let the
thumb go down and then come back to-
ward you to keep from falling over!

That front wheel is a classic gyro-
scope. Turning the handlebar left
causes precession totip the wheel, and
the bike to which it’s attached, toward
the right, thus initiating a right turn.
It'snotinitiated by leaning totheright
as most believe, because you uncon-
sciously push the handlebar first. Try
this when there is room to spare and
you are moving at least fast enough to
keep your balance without effort.
LEE SEELIG
Senior Staff Engineer
TRW LSI Products Inc.

La Jolla, Calif.

Come to think of it, to make a bike
LEAN left, you first STEER right. To
make it STOP leaming to the left, you
steer MORE to the left. Maybe that's
why it's hard for kids to learn. — RAP

MrLriri)
BPMICROSYSTEMS
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SENSIBLE AND DEPEND-
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WhHar’s ALL THis

Muntzing S

AnyHow?

ecently, a young engineer

wanted to show me a cir-

cuit he had been optimiz-

ing. We reviewed the
schematic and the breadboard, and we
studied the waveforms on the ’scope.
We realized that one of the resistors
was probably doing more harm than
good, so he reached over for a solder-
ing iron. When he turned back to the
circuit, the offending resistor was
gone! Howdidit disappearsofast? Ah,
Isaid, I always keep a pair of small di-
" agonal nippersin my shirt pocket. And
when I want to disconnect something,
it only takes a second to snip it out or
disconnect it on
one end — just like
Earl “Madman”
Muntz. The kid
looked at me.
“EarlWHO?” And
I explained.’

Back in the late
1940s and early
1950s, television
sets were big and
expensive and
complicated — a
whole armful of
vacuum tubes, lots
of transformers

\

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF
SCIENTIST AT anq rheostats and
adjustments that
NATIONAL had to be trimmed
SEMICONDUCT- 0" o
OR CORP., cated cir}:zuits ?01"
SANTA CLARA,  oio1a] processin
CALIF. N 3 %

And all to drive a
crummy - little
green-and-white b-in. or 7-in. picture
tube, where the whole family could
crowd around to watch.

Earl Muntz was asmart, flamboyant
businessman. Anybody who could
make a success of selling used cars in

ELECTTRUONTIC

TUFF,

1939 or 1946 had to know something
about salesmanship, and Muntz had
built up a $72 million business in Glen-
dale, Calif.

For example, Muntz would adver-
tiseaparticular car withaspecial price
as the “special of the day” —a car that
had to sell that day. If the car was not
sold by the end of the day, Muntz
vowed tosmashit tobits with asledge-
hammer, personally, on camera.
Needless to say, with tricks like that
he was able to generate alot of public-
ityandinterest,andsellalotofold cars,
too.

So when Muntz started his plans to
sell TV receivers in 1946, it was obvi-
ous that he would be looking for a com-
petitive advantage —in other words,
he had to have an angle. He wanted to
get the circuits simple — the manufac-
turing costs low —and he knew he
needed a lot of promotion.

Herealized that areceiver designed
for “far-fringe reception” (40 or 50
miles out) had to have at least 3 or
preferably 4 Intermediate Frequency
(IF) stages (with a pentode for each
stage, plus a transformer, 5 capaci-
tors, and 3 resistors), and loops to hold
the frequencies stable even when the
signals were very weak.

Muntz decided to relinquish that
“fringe” business to RCA and Zenith
and other established manufacturers.
Instead, HE would design for Man-
hattan and other urban areas, where
youcould look out your window and see
the doggone transmitting antenna on
top of the Empire State Building, or
equivalent.

HE knew he could get engineers to
design television receivers that would
be very inexpensive, very simple, and
would still work quite satisfactorily in
these strong-signal areas. Then he
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could get away with two IF stages, and
they would not need fancy loops, and
the tubes could all be biased up with
cheap-and-dirty biases.

As the circuits shrank, the power
supply shrank. And as the price
shrank, his sales volume began to
grow, leading to still further economy
of scale in manufacturing. Muntz
dropped his prices so fast, so low, that
his competitors again accused him of
being a madman, cutting prices and
competing unfairly. ,

When people watched Ed Sullivan
or other pioneering programs of the
era on their tiny 7-in. screens, who
came on at the end of the hour to pro-
mote his new, low-priced 14-in. (diag-
onal measurement) TV sets? Why,
Earl “Madman” Muntz himself!

“You ean have TV in your home
tonight,” he would say. “Your living
room is our showroom.” And, wearing
red long johns and a Napoleon hat, he
would vow, “I wanna give ’em away,
but Mrs. Muntz won’t let me. She’s
crazy.”

Muntz was a smart merchandiser,
and heknew that his competitors’jibes
could be turned to work to his advan-
tage. He knew that his TVs were not
built of cut-rate parts —in fact, his re-
ceivers were carefully engineered to
be at least as reliable as the competi-
tors’setsthat cost twice asmuch —and
they would perform just as well, so
long as you stayed in a strong-signal
area.

And how did Muntz get his circuits
designedtobesoinexpensive? Hehad
several smart design engineers. The
story around the industry was that he
would wanderaroundtoanengineer’s
workbench and ask, “How’s your new
circuit coming?”

After a short discussion, Earl
would say, “But, you seem to be over-
engineering this—1I don’t think you
need this capacitor.” He would reach
out with his handy nippers (insulated)
that he always carried in his shirt-
pocket, and snip out the capacitor in
question.

Well, doggone, the picture was still
there! Then he would study the
schematic some more, and
SNIP....SNIP....SNIP. Muntz had
made a good guess of how to simplify
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and cheapen the circuit. Then, usu-
ally, he would make one SNIP too
many, and the picture or the sound
would stop working. He would con-
cede to the designer, “Well, I guess
youhave toput thatlast partbackin,”
and he would walk away. THAT was
“Muntzing” —the ability to delete all
parts not strictly essential for basic
operation. And Muntz took advan-
tage of this story, to whatever extent
it may have been true, and he publi-
cized his “uncanny” ability to cut his
costs —in yet more televised adver-
tisements.

For several years, Ear]l Muntz kept
impressing his engineers to build in
only the circuits that were essential,
and for those years, his TV receivers
were competitive and cost-effective.
All because of his “Muntzing,” he
would say in his ads. But really, that
was just one aspect of good sharp en-
gineering. And of course, he had to
know where to start snipping. Al-
though he wasnot a degreed electrical
engineer, he was a pretty smart self-
taught engineer, and his marketing
and advertising campaigns capitalized
onthe story: He knew how to engineer
what people needed —right down to a
price.

Forexample,onlyinthelast10years
has Automatic Fine Tuning become
universally available on UHF as well
as VHF tuners, so that manual fine
tuning is unnecessary. But as early as
1958, Muntz TV bragged that there
was no fine tuning on their best re-
ceivers, on all 12 channels. Did Muntz
build in AFT before his time?? Heck,
no—he just left out the fine tuning
knob. The tuners were all tuned up at
the factory. Then if the tuning drifted
on a hot day, or the tuner components
aged, you just had to call in a service-
man to tweak it with a special screw-
driver. ‘

S0, Muntz had the gall to leave out

an important feature, and then he
| bragged about the apparent simplic-
ity! You can fool some of the people
some of the time....

Muntz got rid of the Horizontal Hold
AFC circuit to cut costs. He got his en-
gineers to use a straight Hold circuit,
which actually worked well under
strong signal conditions and was eas-
ier to troubleshoot than the tempera-
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mental AFC loops of the day. He pio-
neered and took advantage of the In-
ter-carrier sound (Parker System) so
thataudiotuning wasautomaticandno
separate tuning was needed. This was
a necessity before he could drop the
fine-tuning knob....

For some production adjustments,
his test technicians would clip a trim
potontothecircuit,twiddleittogetthe
alignment just right, and then remove
the pot and solder in a fixed resistor of
therequired value. All very fine, AND
inexpensive,butasthe carbon resistor
aged, and the circuit aged, the TV re-
ceiver would go“onthefritz.” Then the
TV repairman would have to make a
special trim, much more expensive
than just tweaking a pot. The repair-
men were happy to get all this repeat
business, but eventually the cus-
tomers figured out that a low initial
cost was not necessarily the best in-
vestment....

Finally, asthe TV receiver business
matured, Muntzrealized he hadsold all
of the cheap sets he could, and he got
out of the manufacturing business. Af-
ter a brief bout with bankruptey in
1954, he got back in the business of sell-
ing TV and electronics, “HiFi and
Stereo,” in a Los Angeles store, until
his death in 1987 at the age of 77. The
storeis still open, operated by his fam-
ily and heirs.

These are SAD days, because kids
don’t get a chance to build their own
TVsorradios or FM tuners. Heathkit
used tomakeiteasy tobuild theirkits.
I myself built three Heathkits and a
Knightkit 10-W amplifier, as well as a
couple other kits. And I helped some
of my friends when they were having
trouble with their Heathkits. NOT
because I was an expert on circuits
in those days at MIT, because I was
really pretty ignorant of electron-
ics—1 was a struggling would-be
physicist then, in Course 8. I just
thought this electronics stuff was
kind of fun! But I was interested be-
cause thesekits were suchinteresting
stuff.

These days, you can hardly buy akit.
Heathkit went out of the kit business
inJanuary of 1992. The kits were more
expensive than the assembled circuits
you could buy from any number of
stores. BUILD your own TV? How
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bizarre! The Japanese could build
them, with very high quality and very
low cost, and even if you threw in your
own labor for free, a Heathkit cost
more to buy!!

Let’s goback tothe scene where Mr.
Muntz was trying to justify which
parts could be safely left out of the TV
set. Ifhe snipped out aresistor that ap-
peared to be unnecessary, but it was
actually needed for operation on low
line voltage, or when the frequencies
shifted on a hot day, then I really be-
lieve Mr. Muntz would not prevent
the designer from justifying it on
a real need basis. But frivolous cir-
cuits — they were too expensive to
keep.

Nowlet memake some observations
about adding features and “frivolous”
circuits, which is what I tend to sup-
port. Anexample: IfI design anew cir-
cuit with 8 new features, I may argue
tothemarketing expertthatthese fea-
tures will surely sell lots of these parts
to new markets.

He may ask, “Bob, which of those 8
features willmakeit sellsowell?” And,
I'll admit, I have no way to guess ex-
actly which ones, but I believe that 2 or
3ofthem willbe very popular. Nomat-
ter how much he grills me, he can’t
shake me loose from my ignorance — I
really donot know which of the 8added
features will make the basic chip a
great'seller.

BUT, things have changed from the
days of Earl Muntz. Today, I canadd 5
transistor functions here, and 8 there,
and 14 here, and 27 there, and alto-
gether they will not add 2% to the area
ofthe chip, nor the cost, and they won't
hurt the yield.

They may not even impact the test
time all that much. They will surely
have no affect on reliability if I design
them properly. In Earl Muntz’ day,
though, NONE of these statements
were true. Things sure keep a’chang-
ing, don’t they??!!

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0O. Box 58090

Santa Clara, CA 95052-8090
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Youreaders already know how I feel
aboutthe correlation betweena BSEE,
a BSEET, a PhD, and the ability to be
an electronics engineer. I laid out my
opinions m the colummn about Mr. X, a
BSEET who was “demoted” by his
boss for not having a BSEE (What’s
All This Bachelor’s Degree Stuff, Any-
how?, May 28). Many readers wrotein
to say that they agreed with me —up to
a point —and then expanded on their
opinions. Here’s a good sampling of
some of those opinions and sugges-
tions....

Dear Mr. Pease,

I justread your article in the May 28
issue of Electronic Design, which was
about Mr. X with a BSEET who was
demoted from being an engineer back
to a technician by his company.

You mentioned the American Asso-
ciation of Concerned Engineers
(AACE) in your letter as one possible
place Mr. X could contact. I am an
AACE member myself, and brought
your article to the attention of the
AACE Board members.

The plight of Mr. X isn’t new or
unique to his company. It’s just an-
other example of how many companies
mistreat engineers and technical peo-
ple. It is not widely known, but many
companies are doing similar things to
engineers and technical people over
about age 35. Thatisifthey don’t down
right lay them off. And let’s call things
as they are, a “layoff” at least implies
the person could be called back to work
when things pick up. Laid off for some-
one over 35 usually means fired, be-
cause a snowball in the hot place has a
betterchancethanthese“middle-aged
engineers” do of being called back.

It could well be that what Mr. X’s
company is trying to do is encourage

- Mr. X to quit his job. Then they can
state he left of his own accord, ete., and
they’re free and clear of any age dis-
crimination problems. I wholeheart-
edly agree with you about companies
(or employees) not changing the rules.
This, however, also applies to govern-
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ments that arbitrarily change the
rules. Ithappenedherein Ohiowiththe
Workers Comp deciding that people
they had signed contracts with were
suddenly nolonger qualified to receive
payments. I believe this came down
fromthe governor’sofficeduringhisef-
forts to balance the state budget.

T’ve been making my living in the
electronics/electrical field forjustover
23 years now, and 1 know I’'m experi-
encing the “glass wall” of age discrim-
ination. I started “consulting” just
overfour years ago after being laid off
from a well-known company that
closed the facility where I worked. In
that layoff, some 350 employees lost
their jobs while another 150 people (all
underage 35) were offered similar jobs
at other company facilities.

AsTstartedintomyjob hunting,Idid
the usual things of getting registered
with several employment agencies,
mailing out lots of résumés, ete. That
first 12 months I personally sent out
over 100résumés, plus I wasregistered
with about seven technical employ-
mentagencies. Inthatsametimeframe,
I got less than five interviews, and NO
job offers once I attended the inter-
view. So I'vebeen consulting since then
to generate at least some income.

Your article came at an interesting
time, too. I sent out some more ré-
sumés about two weeks ago, looking
for a full-time job. After all, consulting
doesn’t have paid vacation or medical
benefits. I felt perfectly qualified for
one job with an area company that ad-
vertised it wanted someone with a
minimum 10 years experience in in-
dustrial controls, PLCs, and custom
circuit design; all of which I've done for
at least 15 years. Their ad also stated
they preferred an EE, but would con-
sider comparable technical education
and experience.

The company personnel manager
called and left a message on my an-
swering machine hinting he wanted to
goovermyrésuméand get mein foran
interview to cover the opening I ap-
plied for, which was a full-time design
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person. I called him back yesterday,
and while we talked, he asked if T had
at least 10 years working with PLCs,
motion controls, etc.

He also asked why I was a consul-
tant, and I told him my reason was I
liked to eat and pay my bills, and con-
sulting allowed me some income while
looking for a good full-time job. He was
reading through my résumé, and no-
ticed that I graduated tech school in
May of 1969.

His nextreply was tostate that that
gave me 23 years working in electron-
ics now, and pointed out my age should
be around or over 40 now, and then
asked if that was correct.

I’'mnot going tolie to the man. I said
YES. He paused a while, then said,
“Well John, I’d like to get you in here
to talk about possibly doing some con-
sulting work for us. Would you be in-
terested in that?” Funny how the tone
and direction of the conversation
changed when my age became known
for sure.

Another area where AACE is very
much concerned is Bill #1706 in the
U.S. Senate (which is how I learned
about AACE to begin with). The bill
would ban electronics, electrical, and
computer people from being consul-
tants, period. We could not have our
own business, and would HAVE to be
an employee of a company. If passed,
it could make my little consulting busi-
ness illegal. This kind of thing, in my
opinion, just kind of reinforces the
third biglie. Youmay rememberthem:
#1 - The check is in the mail, #2 - Your
partis on backorder, and #3 - I'm from
the Government, I'm here to HELP
YOU. Well in this case, the govern-
mentisatleastthinking ofhelping sev-
eral thousand technical consultants
out of work.

NAME AND ADDRESS WITHHELD

We should all be thoughtful of such
problems, which may vex us if we are
guilty of living long and growing old.
AND wateh out for preposterous no-
tions like that Bill #1706 —that would
prohibit consulting?!!? —RAP

D ESI G NE




PEASE
PORRIDGE

Dear Bob,

What’s all this B.S. about the BSEE
degree?T’ll admitit, 'm prejudiced be-
cause I have no degree (quite a few
years as a physics major at five uni-
versities and colleges). I preferred
working to school; the part-time jobs I
got as an electronics technician or field
engineer were always so much more
fun than school. I always ended up
chucking school to work full time. I do
regret it at times, because I wasted so
many years working as a bright tech
for really dumb engineers! Only a few
were like you (if there were more, I
probably would still be working as a
technician). I finally started my own
company so I could do engineering. 1
love it.

Tom Edison didn’t have a degree,
and if I remember right, he didn’t do
too badly. (Although ac power theory
did seem to be too much for him, as it
is for me. So what!) As the owner of
H&L Instruments, I've had the plea-
sure (?) of hiring degreed and non-de-
greed engineers,and [ can’t tellthe dif-
ference. My ex-partner (a BSEE
whom I considered to be a very good
hands-on engineer) tells me that he
thinks I am a better engineer than he
is. I'll take his word for that.

- I’'ve just been promoted to be a Se-
nior Member ofthe IEEE after spend-
ing almost 20 years as an Associate
Member (because I had no degree).
Apparently, I finally had enough ex-
perience (age) to make up for a four-
year degree. Senior and Fellow Mem-
bers recommended me and the board
had to vote me in. It was (and is) an
honor,especiallyifyoucould haveseen
my college G.P.A.

Mr. X should quit working for those
turkeys and go where he will be ap-
preciated. Forget the lawyers, the
company will only hate him for making
a stink. If there is one thing I've
learned in my 30-plus years of work,
you should try to be where you will be
appreciated. Moneyis great, but being
appreciated (and respected) is
greater.

BOB LANDMAN
H&L Instruments
Burlingame, Calif.

If'you’re not having fun at your job,
something’swrong. Being appreciated
1sthe key. —RAP

ELECTTZ RONTIC

Dear Bob,

I just finished reading your advice
toMr. X, holderofaBSEET “degree.”
If all of the details are correct, then I
agree that Mr. X’s company has
treated him badly and deserves what
it gets in the form of retaliation. Gen-
erally, however, I don’t think that
someone with a BSEET should be
considered an engineer. If engineer-
ing is ever to be truly regarded as a
profession (right now we're just tech-
nical laborers), then I don’t think it
should be encouraged.

Ifyouhadreally read [rwin Feerst’s
newsletters and those of the groups
that followed him, you would not sug-
gest that he contact them. He is not
likely to find a sympathetic ear among
those trying to abolish the BSEET.

Norshould youadvisehimtocontact
the IEEE, which has a history of doing
nothing in such cases.

I find it difficult to believe that there
is a negative correlation between ad-
vanced degrees and creativity. You
did not cite any references. If true,
then PhD engineers should be the low-
est paid, not the highest.

In my opinion, you neglected to give
Mr. X the most important advice that
he could possibly have: GetaBSEE (at
least). If he’s indeed qualified, it
shouldn’t be that difficult. Without it,
he will be stuck at one company and be
forced to endure a lifetime of frustra-
tion and the type of shenanigans de-
scribed in your article.

STEPHEN D. ANDERSON
ANSCO Ine.
Minneapolis, Minn.

ForMr. Xtogobackandgeta BSEE
would be a retreat from his principles
andawaste oftimeforagoodengineer.
AND, PhD engineers get paid for
many other things besides
creativity. —RAP

Dear Bob,

I just read your column regarding
the engineer who was demoted be-
cause his company lost respect for his
work and his BSEET degree. It made
my blood boil. During my career, I
have worked for five companies. At
eachofthelastthree — Avion, GE Val-
ley Forge, and Hughes Aircraft Com-
pany — some of the best work was done
by engineers who had no degree what-
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soever; we even had some highly com-
petent engineering managers who
lacked formal college degrees! So,Iam
happy to report that leading compa-
nies like Hughes and GE look at abil-
ity as well as sheepskin. Incidentally,
at one company I worked for, arather
inept “engineer” had a PhD!

No, I am a degreed engineer, so it is
not a personal axe I am grinding. I still
get mad when I see the idiocy going on
in the industry, even though I am now
retired. By the way, I wonder if the
case of the demoted engineer is not a
mis-directed case of belt-tightening
by the company (I assume that their
salaries have also been reduced). In
any event, somebody out there de-
serves a spanking.

GERARD L. ZOMBER, PE
Venice, Calif.

I'm glad to hear that some smart
managers appreciate smart non-de-
greed workers. —RAP

Dear Bob,

While my personal situation is not
exactly like the one you wrote about,
it’s close enough to send you my tales
of woe.

I am one of those non-degreed engi-
neers you talk about, and I think I am
very good at what I do—designing
power supplies.

I earned my ASEE degree the hard
way (at night) from Lowell Techno-
logical Institute in Massachusetts 25
years ago. I worked at several mili-
tary-aerospace companies that circled
Route 128 around Boston. A major
laser company hired measaprojecten-
gineer and moved me tothe state I cur-
rently residein. I stayed with them for
tenyears,thenwentontostartmyown
company, which I ran for ten more
years. '

I have stayed pretty current with
the trends in electronics design. I sold
my company to another similar elec-
tronics firm, with the agreement that
I would do the design and technical
support, and they would do the sales
and marketing.

Well, here is the real zinger. My
“boss,” owner of both companies for
three years, just announced that ef-
fective right now, my salary will be cut
exactly in half. There was no discus-
sion, or any opportunity for me to dis-
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cussthispay cut. Thishassent myhead
spinning. This is less than the going
rate for technicians in this area.

I don’t know what to do. Like other
places, our stateis overpopulated with
unemployed engineers from the mili-
tary and government agencies. In ad-
ditionto working every day “full speed
ahead,” I do most of my computer de-
sign time at night. So I put in a very
long day, typically 60-70 hours a week.

Obviously, the company is in finan-
cial trouble. But I certainly think my
technical skills shouldn’t be reduced
by 50%.

NAME AND ADDRESS WITHHELD

Ifyourboss must suddenly offeryou
a 50% pay cut, somebody was asleep at
the throttle. And if your company
doesn’t even offer you stock or paper
forthe other 50% of your pay, as an in-
centive for you to help the company,
they aren’t very bright. —RAP

Dear Bob,

HOORAY for your response to Mr.
X in the May 28 issue. I can’t believe
any company could give in to some
prima donna and demote engineers,
BSEE’d or not, without regard for en-
gineering performance. As you
pointed out, there are engineers ev-
erywhere, without any degree, engi-
neering or otherwise, who are as cre-
ativeand productiveasmost oftherest
of us.

So how can a company justify de-
moting employees because they just
figured out what degree they have? I
think that the company needs to do
some real soul-searching: With an at-
titudelike this, they either have a cozy
government contract, or they don’t
care about being competitive in their
market. Obviously, their first concern
is the paperwork, not the product or
the people.

I have a BSEET from Capitol Col-
lege in Maryland. My experience has
been mixed regarding my acceptance
as an “engineer.” I have recently
started working toward an MSEE at a
localuniversity. 'llbedriving about 30
mileseachway for classes (after work).
Thereis a college about two miles from
work, where I am taking some classes
totransfer to the other school. When I
applied at the closer school, I was (I
thought) prepared to defend my aca-
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demic background. I brought course
descriptions and most of the books I
used for the engineering and math
classes. So I plopped my stack of books
on the desk of the department chair-
man,and he proceedstotellmehowim-
pressed he is with them (he seemed to
be familiar with most of the books).
Thenhe announces, “...toobad we can’t
accept any of these class credits...” Af-
ter some discussion, the final result
was that I must first obtain a BSEE
from the school before being consid-
ered for graduate work.

That’s OK, but as it turned out, they
wouldn’t accept credit for any techni-
cal or mathematics classes from my
BSEET. It was clear to me that they
didn’t want an EET in their graduate
school.

About six months after this, a co-
worker of mine taking classes at this
school showed me that the instructor
for a junior year circuit design class
was using a paper that Thad written as
required reading. The paper was a
mathematical derivation, and was
published by an engineering maga-
zine. After being booted out of the
graduate admissions office a few
monthsbefore, thiswasarealsurprise.

So now I'm taking classes at this
school to transfer to another. I'm tak-
ing the same classes that other engi-
neering students take, and my grades
are above average. I'm satisfied that
I'm academically redeemed, but as
with Mr. X, alot of other people arestill
inthe position ofhaving todefend their
choice of an undergraduate curricu-
lum. Just as there are engineers with
non-engineering degrees, there are
people in all sorts of jobs with degrees
in other fields. I have always thought
that college prepares and trains us to
learn how tolearn: In the real world of
engineering, we must keep learning
new things. It’stheability toadapt and
to apply what we learn that makes a
good engineer.

DANIEL N. MEEKS
Lead Engineer
Q-Bit Corp.
Melbourne, Fla.

A school 1is a place to learn how to
learn. Later on, the challenge of learn-
g keeps you onyourtoes, not the fear
of flunking. Good bosses respect that,
not any mere diploma. —RAP
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WHAT’S ALL THIS
SPREADSHEET STUFF,

AnyHow?

ometimes people ask for my
opinions on Spreadsheets. 1
usually reply that they are
perfectly fine on beds. If the

people persistinfurtherinquiry,lask.

them to show me a definition of the
word in a dictionary. Of course, that
slows them down a little, because
that’saword toonew tobein mostdic-
tionaries. But when they try to ex-
plainwhataspreadsheetis,Isay,“Oh,
yeah, that’s one of those computer
programs that makes mistakes, and
lies a lot. We used to use those, but
they made too many errors.” Which,
alas, is partly the truth.

At one time we
had a procedure
for computing Re-
turn On Invest-
ment, using pencil
and paper and
maybe a calcula-
tor. It worked fine.
It actually took

- you 3 or 4 minutes
to crank through a
whole set of num-
bers, and if you

\ |
BOB PEASE
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therest ofthe com-
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SEMICONDUCT- e

up one day, and he
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SANTA CLARA, uterized the
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plug in the num-
bers, push a key, and out come the re-
sults. If you wanted to try a different
set of numbers, just plug them in and,
Bingo, you get the new results. You
could print out a dozen different ver-
sions on a stack of paper that weighed

ELECTTZRUONTICEC

whole thing. Just

only 2 or 3 pounds....

About a year later, one of the man-
agers, a singularly suspicious fellow,
asked why the spreadsheet’s outputs
did not match withthe numbershehad
calculated at home at midnight. After
a good bit of checking, he found that
the Spreadsheet was doing it
wrong —some kind of systematic er-
ror had been programmed in, and all
of the ROIs for the last year had this
error, and nobody had ever ques-
tioned it. Sigh... so much for people
who always trust acomputer, because
nothing can go wronx..?!? Fortu-
nately, we did not have to go back and
correct all of those errors, because
those ROI numbers don’t mean any-
thing, anyhow....

Even last month, a guy showed me
some figures on a frequency synthe-
sizer. He said he had optimized the nu-
merators and denominators forthe cir-
cuit, so as to get the output frequency
as close as possible to 60 Hz. I told him,
“That’s funny, how come my optimiza-
tion gives better optimization than
yours did, with different numbers? I
used a slide rule, and when I checked
it, I used a hand-held calculator. We
can’tbothbe wrong. Goback and check
your stuff.”

He went back and checked —he told
me, “no errors in my work.” I got mad
and didit by LONG DIVISION. I told
him he had better throw out his com-
puter because I was in no mood to put
up with any more lies. He went back
and discovered that his spreadsheet
was doing some rounding off — obvi-
ously a misapplication, because a
spreadsheet should not be asked to do
scientific or engineering computa-
tions if the round-off errors can cause
false answers. People shouldn’t use
computers when a simple calculator
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does a better job. But it’s the same as
saying that people should not drive a
3400-1b. car down the block just topick
up a loaf of bread. Now, if the calcula-
tor is broken (or if the rain is pouring
down), the Spreadsheet (or the car)
may make some sense. But just re-
member where to bring in a sanity
check.

The worst thingabout Spreadsheets
isthey get you out of the habit of think-
ing.Just as I said back in my column on
cost accounting —if you let an over-
simplified formula or computer pro-
gram tell you what to do, and that de-
fines your policy, then what are you
going to say when your policy forces
you to do something truly stupid? You
willthen find that you have been doing
stupid things for a long time, but not
stupid enough to notice. Some people
can have a Spreadsheet multiply 2.99
X 3.01 and they’ll never complain
when the answer pops up “6.” Unless,
of course, it applies to their
paycheck —and even then they won’t
notice it for a year.

I’'m supported in my wrath by
Michael Schrage, who writes about
technology’simpact onourlivesforthe
Los Angeles Times: “The most dan-
gerous, -hideously misused and
thought-annihilating piece of technol-
ogy invented in the past 15 years has
to be the electronic spreadsheet.”*
And he’s barely warmed up.

He details many other aspects of
foolishness in people’s trust of spread-
sheets. Hearguesthat plannersshould
plan out the future in terms of scenar-
ios —alittle story that argues, “what if
this happened?” In the past, planning
by scenario was used by wise man-
agers to imagine some unpredictable
situations.

However, “Companies are more
comfortable in the formal sense with
simple quantification because it re-
duces the apparent complexity of the
problem,” says Peter Schwartz, pres-
ident of Global Business Network, an
Emeryville-based think tank and con-
sulting firm. “I use the word ‘appar-
ent’ deliberately... Most managers be-
lieve that if they get the right
spreadsheet, the right formula, the
right methodology, all that complex-
ity will disappear.” But, of course, it
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will not go away. :
People who style themselves as “ex-
ecutives” can always pretend that

| complexity and risk do not exist. But

when they do so, they’re just fooling
themselves.

Schrage explains, “They’re just in-
creasing the risk and turning them-
selves into gamblers, not business-
men. Because real businessmen
understand risk.” But you won’t un-
derstandtherisk (nottomention, man-
age or reduce it) by manipulating it
within the framework of a spread-
sheet. “You need techniques that let
you creatively explore risk and vivi-
sect it,” he says.

Asking a spreadsheet to deliver a
best-case scenario is hopeless, be-
cause the spreadsheet is inherently
capable only of linear thinking. Now,
I like operational amplifiers because
they canbe verylinear when you want
themtobe.lenjoybuilding and study-
ing linear circuits.

But the business world is not a lin-
ear place. You can’t predict the future
by extrapolating linearly from the
pastnorthe present. So wheneveryou
get help from a spreadsheet, you're
envisioning a world that has no more
imagination than an old history book.
Can a history book tell a child how to
guess and predict what will happen in
the future? Probably not, and neither
can a spreadsheet —even if it doesn’t
make any numerical errors. That’s be-
cause the spreadsheet doesn’t help
you understand the significant as-
pects of a problem.

You don’t develop a feel for what’s
importantifyoulet machinesdoallthe
work. Spreadsheets, especially. But, I
say the same thing about SPICE....
what’s new?

All for now. / Comments invited!
RAP / Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.0. Box 58090

Santa Clara, CA 95052-8090

*'Spreadsheets Endanger
Corporate Health,” by Michael
Schrage, San Jose Mercury News,
April 15,1991, page 4F.
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Bos’s MaiLox

Greetings Mr. Pease,

Re: “All This Taguchi Stuft”

Right on! Another pot of snake oil
exposed for what it is. My favorite
skunks (changing metaphors) these
days are:

1. Concurrent engineering —as if
that is new. All projects, if done se-
quentially, will take too long. Under
time-to-completion pressures, paral-
lel paths will be taken. The skill and art
of management is to keep the relative
rates of progress balanced. This man-
agement challenge existed before the
Egyptians built the pyramids.

2. Scheduling — as if dividing a pro-
ject into a million little tasks, and ar-
ranging those tasks on a time-phased
chart, means that the project’s under-
stood and can be managed. My experi-

ence is that schedules will be gener--

ated to management’s request. The
real job is to get the guys to think
through what they do not understand
about the project and what they are
afraid to admit even to themselves.
Once that is accomplished, the project
will take on a form and direction that
makes the previous scheduling exer-
cise impossible to relate to except in
very broad strokes.

Keep it up man!

LAUREN MERRITT
Sunnyvale, Calif.

Experts are always bundling up a
package of old stuff with new buzz-
words—and sometimes it is of some
value. —RAP

Dear Mr. Pease,

Recently, in a minor reorganization,
I came across a few periodicals that
had been set aside into a “later” pile
over a year ago. It included an Elec-
tronic Design magazine with one of
your triple-column commentaries. I
regularly enjoy reading your works
because, although your circuits dis-
play great practicality, your mind of-
ten tends to stray toward whimsy.
Most of us could do with more doses of
levity, interspersed with handy hints.
Thank you.

[ 74 B

Thesubject ofthat triple columnwas
splices in wires to loudspeakers. That
brought to mind related facets of Eso-
teric Audio, like the perceived need for
Litz wire run to loudspeakers. The in-
creased surface area of Litz wire is be-
lieved to reduce distortions, which
would result from the use of Gigantic
SuperFlex Cable (from your local Au-
dio and Welding Center).

Those whoengagein Esoteric Audio
are far from united in their beliefs.
Like many other religions, the truthis
often misinterpreted. War may result.
One splinter group currently prophe-
sies that the physical shape and rela-
tionship of the conductors colors the
sound; they believe that the intercon-
ductor capacity is more important
than the Litz-believers’ surface con-
ductivity. As a result, they have de-
veloped rectangular conductors.
These are parallel strips of copper foil,
laminated between insulating films,
like an extended flexible circuit board.
This facilitates few farads per foot,
while maintaining reasonably low de
resistance. It should be noted that this
splinter group has, perhaps unwit-
tingly, contributed greatly to the aes-
thetically satisfactory installation of
loudspeakers in the home environ-
ment. However, it is not due to the
measurably minuscule interconductor
capacity, but rather to the fact that
speaker wires can be placed under car-
peting with no visible ripples. Zip cord
may be doomed...

On a more scientific front, splices in
speaker wires may cause grief, but
onlyifthey’re poorly done. Loose con-
nections tend to transmit audio inter-
mittently, and may oxidize. Copper
oxideis used tomakelow-voltagerec-
tifiers for meters. A rectifier in a
speaker lead can produce nasty-
sounding “crossover” distortion (a
discontinuity when the current is re-
versing direction). However, any-
body who believes he can hear a
properspliceislikely more artist than
scientist.

Now on to a phenomenon for which
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I seek an explanation: Several years
ago, I was cautioned that the use of
tantalum capacitors for audio could or
would result in perceivable distor-
tion. I placed that into my Esoteric
Audio fact file, and proceeded. A few
years later, I was developing yet an-
other audio circuit. It needed a cou-
pling capacitor, and I had suitable
value tantalum handy. The circuit
measured reasonably near perfect.
As is my practice, I listen to my cir-
cuits while I'm developing them, as
the earisoftenmuch quickertodetect
a flaw and suggest a solution than are
bench instruments (besides, this is
audio; the ear is the ultimate judge of
quality). That circuit did not sound
clean onorchestral program material.
Butit sounded normal on signals from
my oscillator.

I monitored the circuit at various
points. There was an obvious change
in program quality when I monitored
before and following the tantalum ca-
pacitor. The polarity was correct. I re-
placed it with a similar tantalum. No
improvement. I replaced it with an
aluminum electrolytic. The program
sounded normal. Disbelief. Then I re-
placed it with a different brand and
style tantalum. Bad again. I repeated
frequency response, THD, noise mea-
surements. Sine, square, and saw-
tooth waveshapes did not appear dif-
ferent thannormal on the oscilloscope
at any frequency or amplitude. The
meters gave the same numbers with
either capacitor type. But the pro-
gram sounded slightly distorted, un-
clean. Then I replaced it with another
aluminum, different brand. Good
sound again. Irepeated the same mea-
surements, and they were essentially
identical.

The sound of orchestral musie (from

' any good CD) was unquestionably al-

tered by the type of capacitor. I do not
enjoy phenomenathat are observable,
but not measurable with my instru-
ments. Obviously,Ididn’t maketheap-
propriate measurement. I do not have
access to an audio spectrum analyzer,

DESTIGN




PEASE
| PORRIDGE

perhaps that might show something.
Have you any experience with the
good-measuring, bad-sounding tanta-
lum coupling capacitor?

KEITH RAUCH

Senior Engineer

ACD Services

Santa Ana, Calif.

Someday I'll setup an A-B compar-
ison of audio amplifiers with elec-
trolytics vs. tantalums. A side-by-side
comparison will show us the differ-
ence. But does anybody outthere know
the answer already? —RAP

Dear Bob, .

" Lee Seelig’s interpretation on why
one steers right to turn left (which is
called counter-steering in the motor-
cycle safety courses) is interesting. I
have another interpretation. When
yousteerleft, the tiresmoveleft. When
this happens, the center of gravity isto
the right of the roll axis (the line be-
tween the contact patches of the tires).
This causes the bike to fall to the right.
To keep from falling, you have to start
turning right so inertia (centripetal
force) holds you up. Fortunately, the
geometry of the forks and steering
head naturally turns the front wheel in
the correct direction. To get the bike
back upright, you turn harder. This
causes inertia to raise you up and also
causes the tires to try to get back un-
der the bike. You can actually see this
happen if you watch someone take a
quick turn on a bike or motorcycle. The
tires actually move a bit to the left just
beforearight turn. Understandingthis
was a boon to the designers of racing
motoreycles. They used to think they
needed to keep the weight low to get
fast handling. Now they know they
need to keep the moment of inertia low
(along a front to back axis) so the tires
cangetoutfromunderthebike quickly.

Of course, you can steer a bike with-
out counter-steering (remember
“Look Ma! NO HANDS!”). Leaning
right causes the bike to fall right and
the fork geometry causes the wheel to
turn right, catching the fall. You can
see this, too. Just walk your bike by
just holding the seat.

I wonder what would happen if the
geometry were set up such that the
wheelturned left when the bikeleaned
right (ouch!).

ELETCTZRUONTIGC

CARL G. HAYSSEN
Principal Engineer
Ungermann-Bass
Andover, Mass.

Istill think a bicyclewillwork if you
use tiny wheels (like a roller skate) or
aniceskate bladewherethere’snogyro
effect —RAP

Dear Bob,

Ireadyourarticleonthe BSEET de-
gree with considerable interest. I hap-
pen to work for the government and
make occasional recruiting trips for
engineers. We have aninteresting pol-
icy on hiring engineers —if they take
and pass the EIT examination, we can
hire them as engineers. There is a con-
siderable pay differential and greater
opportunity, so it is quite an incentive
to do so. This might also work in the
case of “Mr. X,” but I agree with you
he should pursue the “changed rules”
path first.

...You also mentioned creativity
versus education. I more or less agree
with you, but feel it is more a funetion
of what type of school the engineer has
attended. I attended a technological
school, and got my MS from a similar
school. Had I opted for more theoreti-
cal schools, I doubt I would be as cre-
ative or effective as I am. My father, a
chemical engineer, referred to my
schools as “nuts and bolts” schools. We
learned to get our hands dirty, and
never lost our desire to do so. I work
with a number of engineers with lots
more textbook knowledge than I have,
who are unable to apply it in their jobs.

And this applies to Professors as
well. I had a chance to teach for a year
at Cal Poly in San Luis Obispo, in the
EL/EE Department. As I looked
around at my fellow instructors, I
noted that the ones who were the most
popular (and effective as well) were of-
ten the ones without PhDs.

MARK S. HUTCHENREUTHER
Computer Engineer (Yup, times
have changed again..)

Oxnard, Calif.

I'mwith you; I like to get my hands
dirty and operateinthe “cando”mode.
Ifwe can't apply theoretical knowlege,
why haveit? —RAP

Mr. Péase,
Over the past year or more, I have
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read “Pease Porridge” with a sense of
anticipation, and pleasure. You have
anoutlookthatis quiterefreshinginits
humor, realism, and style. Please keep
dishing out the porridge.

I read your May article “What’s All
This Bachelor’s Degree Stuff, Any-
how?” and felt that your comments
were reflective of “real world” condi-
tions.Ithinkthe “engineer”inthiscase .
is getting screwed and should stick to
his guns. Your comments about “very
good engineers who never got engi-
neering degrees” hithome like asmart
bomb. In short Mr. Pease, “En-
corel...Encore!...Encore!” -

As you have probably guessed by
now, I am a technician, with an associ-
ate degree in applied science, that has
been in the “real world” for twenty
years. L have along history of working
with engineers (BS’s and MS’s) and
have known both good and bad, but
that’s not what this letter is all about.
I would like to know what your read-
ers (BS’s, MS’s, AAS’s and tech school
grads) feel about technicians and their
role in the industry today.

I would also like to see information
presented for technicians much like it
is now presented for “Titled Engi-
neers.” The“CareerSurvey”isgoodin-
formation and helps keep me current.

For the past ten years [ have filled
an engineering position where I have
had sole responsibility for all techni-
cal duties, and feel that T havedone as
well as any “Titled Engineer.” I like
to call myself a “Pocket Engi-
neer” —that is an engineer in every
way except the money in my pocket.
Isthis a commonplace occurrence and
ifso, does thisreflect atrend in the in-
dustries?

I want to thank you for you com-
ments about the “Negative Correla-
tion” and “Most Creative Engineers,”
and please thank Frank Goodenough
forgiving youencouragement. I know
that technicians are not engineers,
but in many cases we “Techs” are the
ones that make things work.

NAME AND ADDRESS WITHHELD

Technicians arenotonly extensions
of my hands, they arereceiving anten-
nas and filters forinfowhich they help
digest, and pass on to me. Good ones
are very valuable. Comments,
guys? —RAP
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Whar’s ALL THIS
UNAVAILABII.ITY STUFF,

AnyHow?

had been waiting for this phone

call for some time. I knew it

would come soon, I just did not

know exactly when. Thenonthe
line came a would-be customer, Mike
Grimes (not his real name).

“I’ve been trying to order some .

LM78MGCPs,and the distributor said
I can’t place an order for them”.
Quickly T checked in the big price
list. The LM78MGCP waslisted there.
Hmmm —that’s usually a pretty good

indication that the part really is avail-

able. I asked him, “Did the distributor
say you couldn’t get delivery by any
particular time?”

“No, he just said
I couldn’t get
them,” the wistful
customer said.

I asked, how
many did he want
to buy —answer,
25. That’s not un-
reasonable. I
mean, some times
a guy wants to or-
der 2 pieces, and
sometimes
200,000, and in

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

may be a reason

STAFF why it’s inappro-
SCIENTIST AT rigte for thgpdis—
NATIONAL f:)ributor to book
SEMICONDUCT-

the order. Then I
OR CORP,, hit Mr. Grimes
SANTA CLARA,  Cit1) the sucker
CALIF. '

punch.

“Exactly who
was it that said you could not get the
parts?” He did not know. “Which dis-
tributor was it that said you couldn’t
getthem?” He could not recall. So I ex-
plained patiently that I could pin down
the problem and get him a good an-
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each case there.

swer, and I would like to educate the
distributor’s inside salesman to be
helpful.

But 1 could do that only if we knew
who that was. So I asked Mr. Grimes,
“Y ou find out who it was, the distribu-
tor and the name of the guy, and let me
know, and we will educate him. I will
go and find out what is the real avail-
ability on the LM78MGCPs. Okay?”
And he agreed.

AssoonasIgot offthe phone, I went
over to Applications and asked if
Wanda could get on the SWISS com-
puterandtellmetheavailability of this
part. No,she could not, because she did

_not have access to that computer. But

she was agood sport and wanted tosee
how it came out. So she volunteered to
get the info for me, which was a good
thing because I was trying to empty
outmy officein preparationforamove,
all 130 boxes and 5 file cabinets, or
about 3 tons. And I set back to work at
my packing business, grumbling, “I
wonder what the problem is this
time?7?7....”

About every 5 months, I get one of
these phone calls.

“Your distributor says I .can’t buy

L.M324Ns any more.”

“Your distributor told me the

LM741 has been discontinued....”

Andwhenweinquire,“Whotoldyou
that?,” the would-be customer never
has the name of the salesman. So I pa-
tiently explain that it’s kinda hard to
help if you can’t tell me who it was that
told you this story. Then we go off and
investigate, and we find the most

-amazing stories.

Sometimes, the guy talked to a dis-
tributor who is not a distributor for
NSC. Still, there are distributors who
aren’t authorized distributors for
NSC, and amazingly these people will
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sell you some NSC parts, and yet
refuse to take orders for others. I still
haven’t figured out exactly how they
dothat,butithappensoccasionally. So,
as soon as we find out which distribu-
tor it is, we can solve that problem,
pretty well, by referring him to a
proper distributor.

Other times, the guy asks for the

~wrong part number, or an obsolete

part number. No, the salesman can’t
accept an order for LM324Hs, even if
that sounds like a perfectly rational
part number, because we don’t sell a
quad op amp in an 8-lead TO-99 pack-
age. Other times, there’s a typo in a
data book, and he tries to order a part
that doesn’t exist.

Whenit’s our error, we owe the guy
anapology. Sometimes when we make
an error, we print a line in our price
list, explaining that even though this
looks like a legal number, it is not, and
we suggest what the customer really
might want.

But the people who guard our price
list are usually trying to keep every-
thing as simple as possible, so these
explanations often don’t get into the
price book.

For example, NSC discontinued the
LX5700 temp sensor about 10 years
ago, but the LM3911H-46 is the saine
chip in the same T0-46 package, with
slightly looser specs. I've tried for
many years to get a cross-reference in
there,soif youask for the one, it refers
youtothe other. But I guess I cangive
up on that since there haven’t been so
many requests for the LX5700 re-
cently.

Other times a guy wants to buy
some LM114s. But, it turnsout we dis-
continued the LM114 about 13 years
ago because business was negligible.
The fact that a guy wants to place an
order for some LM114s despite the
fact that neither he nor anybody else
has bought any for 13 years is lost on
him.

He wouldn’t care if our stock sits
there and nobody buys any. He just
wants his parts, when he wants them.
Fortunately, we have people who are
good at trying to explain things to
people like that....

Sometimes, there really is a com-
puter error, and we have to fix that. In
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years past, asalesman would be work-
ing out of an old or obsoleted or falsely-
marked-up price list that was printed
on paper.

Back then, we actually had to send
gsomebody to impound the offending
document. In the 1990s, though, most
such facts are contained in an on-line
computer,soifthere’samistake,it can
often be corrected from a master ter-
minal. But there are still more parts
that we sell than can fit into the mem-
ory of the on-line computer. As a re-
sult, the availability of many low-vol-
ume products is still defined by
paperwork —and the correctness of
that paperwork is still threatened by
all of the potential errors that canlurk
in paperwork.

Ah, but there is one marvelous ex-
ception: Here at NSC, over the years,
we’ve had so many enthusiastic peo-
ple who wanted to get their hot new
product onto the price list (so that it
could be officially listed for sale) that
we had to establish a set of interlocks
to prevent any one wild man from
putting the product on the list before
everybody has agreed. Consequently,
it takes an Act of Congress —asign-off
sheet signed by every cognizant
party — before the clerk is authorized
to put the new product on the list. I
guess that’s fair.

But if a part is to be obsoleted, any
number of people apparently have a
way to single-handedly, unilaterally
drop a part off the price list. And no
good safeguards exist to prevent an
accidental banishment. Sometimes a
single inadvertent keystroke has ban-
ished a perfectly good part, pushed it
right off the page, with no guardrail to
prevent it.

Then if a part is discovered to have
been dropped accidentally, it takes a
long time to get all of the signatures
and put it back on, despite the trivial-
ity of the error. So sometimes we have
parts in Box-Stock, and nobody can
buy them because some absent-
minded keystroke caused that part to
fall off the price list, and then it takes
a whole huge bureaucratic procedure
to get it back on....sigh.

In other cases, the customer wants
to buy 100 pieces “right away,” and
when the salesman explains that the
parts aren’t in stock, the unfortunate
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Purchasing Agent goes bleating to his
boss that these parts “are not avail-
able” from NSC. Now, 'm a bug about
Availability and Delivery, and that’s a
whole 'nothér story which'I plan to
write some day.

Anyhow, what we often find is that
the P.A. asked if he could get his 100
pieces right away, but when the an-
swer was no, he did not ask, “OK, what
1s the delivery?” Sometimes the an-
swer is 2 weeks, or 5 weeks (or some-
times 18, which I happen to think isnot
a good way of doing business). But if
the P.A. neglected to ask “What is the
actual availability?,” then he’s not
helping matters when he complains as
if the part had been stated to be com-
pletely unavailable.

There will be times when the guy
says he needs 5 pieces of LM109. For
production? No, for a breadboard. OH
well, if you’re just using it for a bread-
board, you can use LM309s, and they
will work just as well, and you can put
inyour LM109s later...sometimes that
solves the problem. And sometimes
you can substitute a more expensive,
tighter-spec part.

When I showed the first draft of this .

column to our Sales people, they
griped, “Why does Pease have to hang
out all our dirty laundry?” But, of
course, I bring out our conflicts be-
cause these are the ones I see most
clearly. :

Anybody who shops at many places
can tell his own horror stories about
miscommunication and confusion with
other salesmen. But if we tried to pre-
tend that other companies’ salesmen
had problems and that we never have
communications problems with our
customers, people would begin disbe-
lieving anything I said.

So I talked a few hours with some of
our sales managers about all of the
problems we have had and the im-
provements we’re making in the or-
der-entry business. And finally we
agreed that this column will be a defi-
nite part of the solution, helping to im-
prove communications.

Going back to this particular “un-
availability” case, Wanda returned in
10 minutes with the fact that these
78MGCPs were available with 6-week
delivery. Hamilton Avnet was run-
ning an active market in ordering and
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scheduling toshiptheseparts,sothere
should be no problem there. Also, the
computerized price list had nothing
that would lead anybody to say the
parts could not be ordered or obtained
within areasonable amount of time. So
I called the customer pronto and told
him the news that if he placed his or-
der, he could get the parts fairly soon.
And I assured him that we really did
still want to find out exactly which
salesman from which distributor had
told him what. So, maybe we will be
abletogettothebottomofthis,inafew
more weeks.

Meanwhile, I want toremind every-
body out there that if you’re talking to
any salesman, make sure you scribble
down his name. When you have been
waiting on the line, on hold, for 3 min-
utes, and finally the voice says “This is
Joe,” you may be so relieved that you
willimmediately start totell the sales-
man your story. But before you go off
half-cocked, note down JOE adjacent
tothe phone number that youdialed to
getintothedistributor. Thenifhetells
you a story that you don’t like, or a
story that you do like, but that some-
body triestodenyitlater, then at least
you'll be able to say “It was JOE who
told me that.” Without that identifica-
tion, you have no corroboration for
your story.

And whenever somebody tries to
tellyousomethingunreasonableabout
the availability of a part, try to get all
the facts you can before you complain
to the experts. Obviously in any area
of human endeavor, where strangers
get together to try to do business,
there’s a myriad of ways that misun-
derstandings and miscommunications
can occur — some hilarious, and some
pitiful. If you want to cry on my shoul-
der,that’s OK. Butthereal questionis,
can we solve and prevent these prob-
lems? If everybody jots down a note
that he was talking with “JOE,” that’s
a good first step.

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

‘Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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Bos’s MaiLBox

Dear Mr. Pease:

Your anonymous reader’s letter
that opened your columninthe August
6 issue contained some information
that was incorrect and may be misun-
derstood by the author of the letter.

He referred to a “Bill #1706,” which
would ban consultants in certain elec-
tronics-related fields. He was not com-
plete or accurate in his description..

The “Bill #1706” that he referred to
is Section 1706 of the Tax Reform Act
of 1986. That section of the Act, spon-
sored by Senator Dan Moynihan, was
proposed to offset a $60 million tax re-
duction of another section of that
Act —all amendments had to be tax
revenue neutral.

Section 1706 specifically applies to
“an engineer, designer, drafter; com-
puter programmer, systems analyst,
or other similarly skilled worker en-
gaged in a similar line of work.” The
Act subjects them to common-law
standards for determining who is an
employee and who is an independent
businessperson. Previously, a “safe
harbor” provision of the law permitted
them, as independent contractors, to
be exempted by the IRS from treat-
ment as common-law employees with
less generous tax benefits. .

Inthe six years since the passage of
the Act,independents have found that
it hasnot affected them as seriously as
first expected and has certainly not
made the profession illegal. What has
occurred is that in order for indepen-
dent consultantstobeconsidered busi-
nesses, they must look like businesses
and not employees.

Independents are regarded as a
business by:

® acquiring a business license

* controlling the methods of doing
the work. i

* being in a position to lose
money — that is, not work hourly

® working when and where will get
the job done most effectively, not nec-
essarily where your client wants you
to work '

ELETGCTURUONTIZC

e using your own equipment in your
own office

There are many more of these points
and it’s generally agreed that no con-
sultant can fulfill all of the points all of
the time. :

In addition, there’s a bill currently
pending in Congress to repeal Section
1706.

Bob, I assure you consulting is alive
and well. '

MARK C. DIVECCHIO

Vice President, San Diego Chapter
Independent Computer
Consultants Association

San Diego, Calif.

Thank you for educating us and get-
ting thefacts straight. Many of us part-
time consultants should get on your

- mailing list. —RAP

Dear Bob:

I enjoy your column a great deal.
Your offer to rebut Mr. Peter R.
Vokac’sclaimsintheJune 11issuethat
all the world is digital was too tempt-
ing to pass up.

In the real world, every digital cir-
cuit I have ever seenis made up of ana-
log circuits, with analog constraints,
andevenanalogsurprises. When I hire
adigital engineer,one ofthe important
skills I look for is the applicant’s abil-
ity to understand important analog
concepts. Without this skill, it is
chancytotrytodesignreal digital sys-
tems! Perhaps Mr. Vokac was just
having some fun teasing his analog en-
gineer friends.

. JOHN DARJANY

Griffin Technology Inc.
Rancho Domingues, Calif.

I agree that most digital guys must
have some expertise in various analog
aspects of digital circuits! — RAP

Dear Mr. Pease:
I very much enjoyed your piece on

“Muntzing” in the July 23 issue. It re-

minded me very much of an occasionin
the mid 50s while I was newsman, chief
engineer,announcer, etc.,ataS.F.Bay
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-area radio station. We had a popular

disc jockey who had a habit of acquir-
ing all sorts of goods by means of what
later came to be called pay-ola.

I was invited to dinner at the DJ’s
home, full wellknowing that he wanted
me to “have alook” at a slight problem
he was having with his TV/Hi-F1i set.
He mentioned that the TV didn’t hold
on vertical and that he had “TIGHT-
ENED UP ALL THE LITTLE
SCREWS THAT CAME OUT OF
THE LITTLE CANS.” ‘

Atthat point, I almost refused to go,
but he said that the picture seemed to
be just as good as before he “adjusted”
the set. I was curious and succumbed
to the invitation.

As you would guess, the set was a
MUNTZ — the first I had ever
seen — and sure enough the least criti-
cal as to adjustment. It had a minimum
of tubes, about half what I would ex-
pect compared to an RCA 630 chassis
or other quality set. The trouble as 1
recall was a bad 6SN7, which I had in
my tool box.

So my duty was done, the TV
worked —not the best definition, and
retrace lines were a little evident, but
the owner was happy with the four lo-
cal stations on VHF'. After dinner, he
hadthenervetoaskmetofixtherecord
player before dessert. It wasn’t of
MUNTZ origin, but rather a Webcor
turntable with a GE variable reluc-
tance cartridge courtesy of the station.
That was my evening— MUNCHING
and MUNTZING.

BOB MORRISON
Kensington, Calif.

I understand why you couldn’t de-
cide to visit this guy: A clear-cut case
of variable reluctance! — RAP

Dear Bob:

A while back you wrote a column
about having people accountable for
their work. Hereis anincident that fol-
lows that theme. »

I'wasonanairplanein Albuquerque,
New Mexico. The plane was perform-
ing pre-flight tests whenamalfunction
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' It takes a
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joints and long bones of the
skeleton, not simply a few
muscle groups.
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occurred. The flaps wouldnot godown,
so the pilot taxied back to the gate.
Then the ground maintenance crew
performed some tests. They managed
to get the flaps to move, but I could
hearasickly soundinghydraulic pump.
We had to wait six hours before the

| plane was repaired!

I could overhear two people dis-
cussing what was wrong with the air-
craft in some detail. One of the gentle-
man was the mechanic who made the
repair. ‘

The mechanic and his son got a free
round trip ticket to St. Louis. I think
this was how the company rewarded
his efforts. However, he would “pay
the price” if his work was inadequate.
I felt much more relaxed knowing the
mechanic was willing toride on a plane
he fixed.

MIKE SUTTON
Fairborn, Ohio

I’'m glad to see how some tncentives
really do help guarantee excellent
workmanship. And they instill confi-
dence in the customer, too! —RAP

Dear Mr. Pease

After reading the letter from
Robert A. Piankian in your “Mailbox”
in the July 9 issue, I couldn’t resist
sending you my own thoughts on
“fuzzy logic.”

1. Fuzzy logic is nothing but the
multi-valued logic first enunciated (I
believe) by Alfred Korzybski in the
1920s (7).

2. Fuzzy logic, as it is practiced to-
day, is actually an attempt to do ana-
log computation by digital means. Asa
result, it gives a limited number of dis-
crete results, rather than a continuum
of results, suchas atrue analog system
would.

Tt is unfortunate that the originator
of the name (in an attempt to be
“cute”?) didn’t echoose a more accurate
name, such as “continuous logic” or
“analogic,” or even the original “multi-
valued” logic. That choice has un-

doubtedly led to alot of (probably sub-

conscious) reluctance to use — or even
to investigate — “fuzzy logic,” because
of the implications of imprecision. A
similarly unfortunate choice of a name
was made in the case of the computer
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language LISP. When one stops to
think about it, doesn’t the word “lisp”
carry a connotation of immaturity
(“All T Want for Chrithmath ith My
Two Front Teeth”)?

Afterthought: I wonder whatthelit-
eral translation of the Japanese term
for “fuzzy logic” might be?

You might be interested to know
that I “cut my computer teeth,” so to
speak, on the electromechanical, ana-
log, fire-control computers that were
used in the B29, P61, and A26 aircraft
of WWIL
ROBERT J. NEDRESKI
Owner
Nedreski Industrial Service
Erie, Pa.

Thanks for your comments and in-
sights into the history of such
logic. —RAP

Dear Bob:
Re:Pease Porridge and fuzzy com-
mentary:

Pease Porridge hot
Pease Porridge cold
Pease Porridge in a pot much too old

Pease Porridge please

open up your eyes

something with a silly name
doesn’t mean it flies

Fuzzy logic is not fuzzy

nor a fuzzy wuzzy was he

Fuzzy logic is making money

and to some that’s sure nice honey

Pease Porridge hot

Pease Porridge cold

Pease thinking has gone to pot
because fuzzy logic is gold

- The poetry is not perfect, but I think
you get the idea. Your thought is
highly respected, but for such an une-
ducated comment referencing fuzzy
logic (July 9issue) to escape from your
pen, well, it is unfortunate.
CAMERONE A. WELCH
Director, Corporate
Communications
Togai InfraLogic Inc.

Irvine, Calif.

You have piqued my interest, and
when I figure out what to say about
fuzzy logic, I’ll be sure to let you
know. —RAP '
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Whar’s Act This Gzar
STUFF, ANYHOW?

ut first, an esaeP’s Fable....
Once upon a time, the Lion
woke up in an especially
powerful mood, so he
started out throughthe jungle. Hemet
a hyena and roared, “Who is the Lord
of the Jungle?” The hyena rephed.
“You are.”

The Lion met a wildebeest, and
roared, “Who is the Lord of the Jun-
gle?” The wildebeest replied, “You
are.” Further along, the Lion met a
monkey, and againroared, “Whois the
Lord of the Jungle?” And the monkey
confirmed, “You are.”

Then the Lion met an elephant, and
he asked the same question. Without a
word, the elephant grabbed the Lion,
hoisted him over his head, and
SLAMMED him to the ground. After
a few seconds, the
Lion collected his
wits, and strug-
gledtohisfeet,and
proceeded to slink
down the trail.

But he called
back over his
shoulder, “Well,
you don’t have to
get sore just be-
cause you don’t
know the answer.”
Endof Fable.

About 6 years
ago, I declared my-

BOB PEASE
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IN 1961 AND IS
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National Semicon-
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SANTA CLARA, fomni
signing a bandgap
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clear his design
withme. Sure enough since that time,
I’ve been fairly busy in my spare time,
checking the circuits and the layouts
for new bandgap circuits.

Recently, a reader wrote that he
thought that Paul Brokaw at Analog
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Devices was the Czar of Bandgaps. I
wrote a nice reply, and said that I had
never heard Paul claim to be the Czar
of Bandgaps, and Paul had never
slammed me to the ground. But if Paul
wanted to claim to be the Czar of
Bandgaps, well, I wasn’t going to ar-
gue with Paul. However, if anybody
had the right to claim to be the original
Czar of Bandgaps, it could have been
the late Bob Widlar, since kis LM113
and LM109circuits camefirst. But Bob
Widlar never slammed me to the
ground. And he never challenged me
about my Czardom — for good reason!
First of all, why would anybody
make the claim to be the First Czar of
Bandgaps?? I was the first to do so, as
nobodybeforemehad everbeenstupid
enoughtomakethat claim. I onlymade
that claim because my boss and his
boss were unhappy because several
new bandgap-reference circuits had
been observed to not work properly,
and the mistakes were the same as old
mistakes made years ago. It’s always
ashame when you make amistake, but
it’s especially sad when you repeat an
old mistakelike that.It’s akintothe old
saying, “Those who do not remember
history are condemned to repeat it.”
Ifigured I was pretty good at notic-
ing and remembering things, and as I
was a veteran of over 10 years at Na-
tional, I had a good chance of doing
more good than harm. At the time, I
had made a bunch of mistakes in my
own circuits, but I had never yet made
the same mistake twice. So I made this
outrageous bluff, and I promised to be
helpful to make sure that no old, fool-
ish, unnecessary mistakes were made,
and not too many new ones, either.
Sofar,Ithink’'vedoneapretty good
job of catching the mistakes in the
bandgap references brought to
me — at least half of them. I’ve encour-
aged the engineers to think about
worst-case design, and good layouts
and good testing. Our references and
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regulators have been coming out with
fewer dumb old mistakes, although a
some brand new mistakes still creepin
(whichwekeeplearning from).Inafew
months, I will demonstrate a few good
bandgap circuits that you can’t buy,
but that you can make for your general
amusement and edification.
Additionally, we decided, after a
while, to establish a couple other |
Czardoms: we have a Czar of Startup
Circuits, a Czar of Computer Goofups,
and a Czar of Czener Czaps. Now, that
would ordinarily be spelled, Czar of
Zener Zaps —that is, the expert on
trimming of circuits, using fuses and
“Zener Zaps.” But we decided the al-
literation wasalittle too good toresist.
Also,wehave aCzarinaof Linear Data
Sheets. And, oh, I almost forgot, I also
declared myself to be the Czar of
Proofreading. I am the best Proof-
readerlknow,and I haveaverybright
eye for typo errors. I've caught typo

errors in the telephone book, in the

Sears Roebuck catalog,andinthe Holy
Bible (RSV). But that does not say I'm
perfect at catching all of the errors in
my own work —I’'m NOT perfect when
it comes to my writing, because every
writer is too close to his own work.

InDec27,1990, I used the word ten-
dencytwiceinoneparagraphofmy col-
umn, and it was spelled two different
ways.The Englishlanguageisflexible,
but not that flexible. Bob Milne gra-
ciously conceded that he had put the
wrong “tendency” in there, at the last
minute, so late that it never had a
chance to meet the spell-checker. And
when he faxed a copy to me, I didn’t
spot it. It just goes to show that even a
Czar can miss an error if he’s too close
to it. I regularly have fistfights with
the spell-checker in my word proces-
sor. And Mr. Milne and Roger En-
gelke, Electronic Design’s chief copy
editor,have been known to shake their
heads at some of the odd spellings that
I think are perfectly correct....

What else have I done as Czar of
Bandgaps? I gave a40-minute Tutorial
at the IEEE Bipolar Circuits and
Technology Meeting, back in Septem-
ber of 1990, not just about how to do it
right, but, more interesting, how to do
it wrong. I mean, you can look in any
number of data sheets to see a circuit

DpEsSsIG¢NEA
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that works, but looking at a circuit that
DIDN’T work is more educational. I
can’tgiveawayeverysecretsothatev-
ery engineer can copy any circuit with
impunity, but it’s not to anybody’s
good to have everybody making all
sorts of dumb old mistakes.

For example, at National, when we
engineers have a circuit laid out as well
as we can (at least to the best of our
knowledge), we invite all our peers and
colleagues (engineers and technicians,
too) toseeif they can detect any errors
inthe circuit’slayout. If they find a sig-
nificant error, they win a mug of beer,
to be paid off later. That’s why we call
it a Beer check. It’s much cheaper for
me to give away a few pitchers of beer,
with pizza to match, than to have my
cireuit crash and burn just because of a
dumb oversight on my part. As I men-
tioned above, I can easily overlook a
dumb error on my circuit because I'm
too close to it. I can let through a mis-
take in my circuit that I would surely
spot if it were in somebody else’s cir- |
cuit. Isn’t that true for you, too?

So if you think there are certain
classes of errors that cause excessive
trouble, well, you too might declare
yourself (with, your boss’s approval)
the Lord of the Jungle, or the Czar of
Thingamabobs. Just don’t be too sur-
prisedifsomebodydoesn’tunderstand
and tries to slam you.... '

Recently [ wasgivingalecture,back
East, and I asked the engineers, “Do
youhave any Czarsin your company?”
A week later, I got anice letter from a
senior engineer who realized that his
company did have several Czars, ex-
perts in a particular niche, who didn’t
get enough recognition or apprecia-
tion. He said he was planning to give
them a little extra responsibility and
appreciation, as Czars. Maybe I'm on
therighttackafterall! So,I willask the
same of YOU, whether you have pre-
viously recognized them or not: Do
YOUhaveany Czarsinyour company?

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090 .

Santa Clara, CA 95052-8090
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No other Pease Porridge column
has generated more reader response
than “What’s All This Taguchi Stuff,
Anyhow? whichappearedintheJune
25 issue. Bob’s hot on the trazl of those
elusive Widget amplifiers, andwill be
devoting another column to the
Taguchi method in the near future. In
the meantime, here’s a sampling of our
readers’ opinions on the subject.

Dear Mr. Pease:

Your article “What’s All This
Taguchi Stuff, Anyhow?”isrefreshing
reading. I suppose one couldlook atthe
Taguchiissue betterif distinctions are
made among: (a) Taguchi the Master,
(b) Taguchi Methods, (¢) Taguchi
Preachers, and (d) Taguchi Disciples.
Then it would be clearer which are the
ones that ought to get out of real labs
that deal with real systems, and be
asked not tosellany more magical data

and beautiful parables concocted sup- -

posedly for the salvation of engineers.

. I am doing research on this Taguchi
phenomenon, and would like tokeepin
touch with you and everyone else that
has experience with the “Taguchi
Methods.”
T.N. GOH
Professor
National University of Singapore

1, too, am concerned about those

magical data and miracle cures and
I'll share my ideas and letters with
you. More later. —RAP

Dear Mr. Pease '

Wrapitup! Yourtwo-page putdown
of Taguchi only puts me off my Por-
ridge.

The Taguchi approach explores the
whole design space and enables many
factors to be evaluated for the signifi-
cance of their contribution. Confirma-
tory test work is always recom-
mended.

Please recheck your own signal-to-
noise ratio.

| RICHARD W. GILBERT

Product Engineering Manager
Basingstoke, England '

ELET CTURUONTIC

Ive been checking mywork. My S/IN
ratio is fine. It just bothers me when
people think they can use Taguchi’s
methods onnongaussian data, just be-
cause they see Dr. Taguchi doing

it. —RAP

Dear Bob:

I just read your article on the
“TaguchiStuff.” Itis very well written
and hits the nail directly on the head. I
thought I was the only one on the
planet that was suspect of this whole
thing.

As a senior process engineer for a
company that does injection molding,
occasionally I'm involved with trou-
bleshooting extremely difficult parts
to injection mold. The more time I
spent in our process development lab,
the more I saw of this “Taguchi Stuff.”
It had become a monster from the sim-
ple little method that it was originally
intended for (I personally think it
would be good for making pancakes if
you had no recipe, just the Bisquick,
eggs, and some milk).

On a serious note, the type of mold-
ing machinery we have is some of the
most sophisticated in the world and
has many closed-loop feedback sys-
tems that deal with outside distur-
bances, such as material viscosity. I
found out that our process technicians
were trying to do these “Taguchi
Tests” that were designed by quality
engineers. In order to run these tests,
though, they had to “fool” some of the
closed-loop systems. In short, they
generated information that could
never be used in manufacturing or the
test wouldn’t even run.

I asked a lot of technicians and pro-
cess engineers around the company if
they ever ran a Taguchi test that lead
to a better process than the one they
had. The answer was “Yea, once” but
only because one of the tests itself was
abetter process (I'd call that luck).

The tests still go on, but not on any
of my projects. I believe strongly that
comnion sense, intuition, logic, reason,
and experience bring muchmoretothe
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party than this “Taguchi Stuff” will
ever bring.

EDWARD J. DEVAULT

Sr. Process Engineer

Nypro Inc.

Clinton, Mass.

Obviously we agree on most aspects.
There are many goodways to optimize
asystem. Butthe Taguchimethoddoes
not provide me any insights. Thanks

for your real-world observations.
—RAP

' Dear Mr. Pease

I was sorry to read about your nega-
tive feelings concerning the Taguchi
Method. I was, however, pleased to
note your scientific curiosity as well as
your desire to learn a new method.

Thavebeenworkinginthefield ofthe
Taguchimethod, also known as the Ro-
bust Design method, forthelast twelve
years and I have seen it work ina wide
range of industries: telecommunica-
tions, microelectronics, xerography
(electrophotography), aerospace sub-
systems, defense electronics, steel
making, software testing, and soft-
ware development. These applications
range from early stages of technology
development, product design, and
manufacturing process design, to fire
fighting in manufacturing operations.
Of course, it goes without saying that
Robust Design is not a tool that solves
all problems. Selecting an appropriate
tool and applying it correctly are es-
sential for getting good results. When
applied correctly in appropriate situa-
tions, it has yielded excellent benefits.
The same thing can be said about sta-
tistical methods. They, too, have
yielded excellent benefits.

I would like to suggest a few refer-
ences for you. Keeping modesty aside,

- I would like to refer you to the book

Quality Engineering Using Robust
Design, by M. S. Phadke, Prentice-
Hall, 1989, foraclear explanationofthe
Robust Design method. It also has
some case studies relevant to the mi-
croelectronics field. The book Quality
by Design: Taguchi Methods and U.S.

D ESI ¢ NH
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Industry, by Lance Ealey, ASI Press,
1988, describes the experiences of sev-
eral industries in the United States
and other countriesinapplyingthe Ro-
bust Design method.

DR. MADHAV S. PHADKE
President

Phadke Associates, Inc.

Tinton Falls, N.dJ.

Iam definitely interestedin learn-

ing about other people’s ideas and
books for “robust design.” Engineers
have been designing mechanical
and electronic products for many
years. Sometimes good “robust” re-
sults were achieved. How did we ever
do this before Dr. Taguchz came
along? —RAP

CIRCLE 154 FOR U.S. RESPONSE
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Dr. Mr. Pease,

Regarding Taguchi, I couldn’t agree
more and I'd like to relate a similar ex-
perience. My company is putting all of |
its employees through “Five Lambda”
training as part of its quest for a well-
known quality award.

In this class, we were shown a video
tapein whicha PhD type from another
company. (from which we purchased
the course) showed us how to use Five
Lambdatechniquestooptimize thede-
sign of a stopband filter.

He chose one leg of the filter. First
he said his technique would eliminate
the archaic “tweaking” capacitor (he
never followed through with this). I
contend that most filters have to be
tweaked because of unpredictable ef-
fects, like mutual coupling between
components, putting thelid on the can,
ete. Second, he went to great lengths
to show that the value of the resistor
had little effect on what he called the
“Robustness” of the circuit. The idiot
didn’t even realize that there was no
actual resistor in the circuit, just the
resistance ofthe coil wire. Third, he op-
timized (by statistical methods) the
value of L and C for best input
impedance and passband insertion
loss. Thesearenotthe parametersthat
define the “Goodness” of such a filter.

I pointed all of this out to the in-
structor and suggested that this man

-and his company’s very expensive

course have no credibility with me.
NAME WITHHELD
Silicon Valley, Calif.

Some of these “experts” take them-
selves terribly seriously. They claim
to beexpertsin EVERYTHING, even
topics they really do not under-
stand. —RAP

Dear Mr. Pease

In regard to “What’s All Thls
Taguchi Stuff, Anyhow?,” your article
really misses the point. You have
clearly demonstrated a total lack of
understanding of the process. As a
case point, the Taguchi method is just
one tool in a toolbox of tricks, but you
treatitasthoughittotally replacesev-
erything in the lab, including common

| sense.

No,Mr.Pease, thatwon tworkinmy

lab. Take that Pease Stuff and shoveit

in the round file. I don’t need that
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Pease dividend or any others like it.

On a more positive note, I'd like to
hear more about the “Pease Stuff.” If
you don’t use the Taguchi method as
one of the tools in your arsenal, what
do you use? How do you perform pro-
cess optimization, design for higher
yields, and process control? '
CHARLES JACKSON
TRW
Redondo Beach, Calif.

Ah, but peddlers of the Taguchi
method don’t say it s just one tool in
the toolbox. They claim it’s the only
tool you'll ever meed. Myself, I opti-
mize my work using 2D scatter plots.
I use my eyes, skeptically (not any
mindless computer) to look for corre-
lation, trends, troubles, and solu-
tions. —RAP '

Dear Mr. Pease:

T hope that all readers of your col-
umn and those who have attended sim-
ilar Taguchi lectures are equally as
skeptical. I haveattendedseveralsuch
lectures and have come away from
eachwithagreatdeal offrustrationbe-
cause the Taguchi method seems to
oversimplify things and seems so
quick to ignore and discount things
that would ‘muck up’ the application of
the method.

Similarly, the examples used are al-
ways nonrealistic scenarios (such as
the magic widget amplifier); and the
solution could be easily figured out
without the Taguchi Method.

Oneothershortcomingthat youmay
wishtopoint out toyourreadersisthat
the Taguchi Method (as it has been ex-
plained to me) completely discounts
the use of random samples and tests of
processes and their outputs because it
is assumed that the process is always

under control — thereforenothing ran-

dom canhappen. So! Qur processes are
therefore. completely  under
control —we have just chosen lousy
yield tolerances? Weneed the Taguchi
Methodtotellustotweak thingsto get
tighter SPC? I don’t think so!

Finally, there is a ray of hope for
those who like to use a methodology in
their quest for better quality control:
“Design of Experiments,” by Keki R.

Bhote, is a method I have found to be’

muchmorelogical and scientificas well
as simple to learn and apply.

STEVEN J. VORNSAND
Audio Engineer
Dukane Corp.
Saint Charles, Ill.

Isn’tit funny how these gurus set up
a simple problem, to demonstrate the
superiority of their methods. And
when the methods, after massive
amounts of work, give useless or mis-
leading answers, then what? —RAP

Dear Mr. Pease:

Youare clearly very frustrated with
the poor presentation you got on the
Taguchi method. You also mentioned
the ridiculous attitude of the professor
you contacted. Your criticism mostly
centered around the inappropriate ex-
amplescited duringthelessonsandthe
frustrated interactions you have with
the professor. Lastly, you do not un-
derstandthetechniquesand youdonot
allow your people to practice the tech-
niques in your area.

However, from a scientific view
point, that criticism doesn’t seem ap-
plicable to the Taguchi way of experi-
ment design per se. Moreover, I can-
not agree with you on the following
arguments:

(1) You wrote: “The method implies
you can check the design-center zero
offset in the morning, and design-cen-
ter full-scale of the meter at noon, and
takedataalldaylong. Andyou’llnever

havetorecheck the design-center zero

reading or the gain, because that
would be wasteful and redundant.”
And you wrote that your people al-
ways include a sanity check.
To my understanding, the Method
doesnotmeanwhat yousaid. The “san-
ity check” can be included by simply
putting it in as an extra factor in the
Noise Matrix. In this way, you can en-

sure the corresponding repeatability

in your data, and at the same time not
expand the number of experiments.
The Methodis just providingus with
some techniques whichmay ormaynot
be useful, depending on the particular
situation. If people do not understand
them, and use them wrongly, obvi-
ously they will generate wrong data
from the experiment. Similarly, if peo-
ple are using calculus wrongly, and it
generates wrong results, this only
means there’s a problem with the way

| they are applying it. It’s nothing to do
ELECTU RUONTIC
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with the calculus itself.

(2) In another paragraph you wrote:
“...they would manipulate the vari-
ables they could control —the temper-
ature of the plastic, the pressure, the
molding time. But they would not
worry about the viscosity of the in-
coming plastic material because they
didn’t have any control of this. So they
would ignore it.”

I think this is seriously violating the
spirit of conducting experiments and
as far as I know, is not found in
Taguchi’s literature. The Method pro-
vides a new way of designing experi-
ments, but it’s not a substitute for the
basicskills of conducting experiments.
This might be a mistake or misquote
from the professor you mentioned.

I cannot see why you developed the
hostility towards the use of statistical
methods, although I agree with you
that there will be problems if designs
of experiments are “dictated” by
statisticians, or scientists, or engi-
neers... This is not the time to talk
about discrimination against a partic-
.ular profession or race. The world
functions well throughthe cooperation
of different professions and people in-
stead of unhealthy hostility.

I think a new method should be
judged on a merit basis. If it does not
violate scientific principles, thenitisa
sound method to use, whether it also
concentrates on reducing “manufac-
turing costs” or “loss to society.”

To what I see, the Taguchi method
is one way of doing DOE (design of ex-
periments). It is a sound and practical
method. It also gives us efficiency by
adopting different techniques from
various fields, such as orthogonal ma-
trices, graph theory, ANOVA, and so
on.
" The fact that you do not understand
the technique does not mean that the
method is no good. This only means
that you have to work harder. Maybe
consulting abettersource willgive you
more enlightenment. ~
WALLACE YONG
Advanced Engineering
Seagate Technology International
Singapore

Ah, but werefusetouseit becausewe
understand it all too well. And soon,
enlightenment will be provided for
all. —RAP

g 73|
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HAT'S ALL THIS

LOOBYDUST
NYHOW?

irst of all, I should explain

that “Floobydust” is an old

termthat wasinvented here

at National, a phrase coined
by Dennis Bohn, meaning “miscella-
neous” or “potpourri” —a “Mixed
bag.” A catch-all phrase. And that’s
what we have this month. For exam-
ple: o
¢ Several people have asked, “Why
do we now have a Pease Porridge col-
umn only every other issue?” Well, I
LIKE to write a column every issue,
twice a month. But after putting out
more than 40 columns, I am finding
thatallofthe easy oneshavebeenwrit-
ten. The ones I am
writing now take
more research,
more breadboard-
ing, more special
permissions and
approvals, more
time, more work.
I'd rather write
just one column

% per month and get
sospEAsE | OON e
OBTAINED A ?

there are so many
excellent letters
from readers, I'd

BSEE FROM MIT
IN 1961 AND 1S

STAFF .
SCIENTIST AT (i oot
NATIONAL them printed
SEMICONDUCT- Running a gOOd:
OR CORP., batch. of letters
SANTA CLARA, once amonth helps
CALIF.

keep me from
burning out on
writing columns on tough subjects.
And I hope you are enjoying the let-
ters, too. .

¢ Also, I just learned recently that
my columnisbeingtranslated and pub-
lishedinthe Russian-language version

EdE LECTR O.N

STUFF,

of Elektronics. A knowledgeable

friend assured me that the translation
is quite good, retaining much of the

style of the original. So if anybody is

studying the Russian language and
would like a few copies, hit me with a

52-cent SASE and I'll send you some -

good columns in Russian.

e Recently, I got a letter from
Michael Ellis, Research Engineer at
the U.S. Army Corps of Engineers,
Vicksburg, Miss.:

“Dear Mr. Pease, I have enjoyed
your commentaries on Spice, and your

own articles have enticed me to per-

sonally explore Spice. Since Spice ob-
viously solves for circuit voltages us-
ing numerical techniques, 1
presented a circuit to Spice for simu-
lation. This particular circuit repre-
sents the simplest case of a mathe-
matical class of differential equations
known as ‘stiff’ equations. The signif-
icance is that there is no known sta-
ble solution to ‘stiff’ equations using
numerical techniques (see the fig-
ure). The 1000-wF capacitor Cl is as-
sumed to have a 1-V dc charge as an
initial condition; then it is discharged
by the 1-kQresistor. Spiceis asked to
simulate the voltages V1and V2over
time. My Spice file is:

R1 1 0 1K

Cl 1 0 1000UF IC=1V
EAMP 2 0 1 2 10ES
.PRINT TRAN V(1)

.TRAN 1S 100S UIC

V(2)

The Spice solution is compared with
the exact solution V = e~t/RC at a few
points (seethetable). The solution con-
tinues to degrade and the percent er-
ror will increase to well beyond 1000%
as time goes on. One might ask why
such small voltages are significant.
However, in many areas, including ra-
dio astronomy, a signal of nanovolts in
a very narrow bandwidth might be of
utmost importance. This particular
Spice simulation uses an ideal op amp
and still gives the wrong answer (the
op amp works fine since V(2) tracks
V(1)exactly). At time =20seconds, the
voltage V(1)is negative, which inreal-
ity is impossible for any real or theo-
retical circuit with an initial condition
of +1.0 V dc on the capacitor. It would
also be impossible for any manufac-
turer to guarantee the Spice model of
his op amp in such a case because the
errors are entirely due to the passive
components.”

Obviously I found this letter in-
triguing, especially as I am such an ex-
pert with Spice. (That’s supposed tobe
ajoke.) I setupthe circuitin Spice, and
in a couple minutes I got a solution. I
fooled around some more and got sev-
eral other solutions. After some
thought, I constructed this answer:

No, you can’t just blame the errors

on the passive components. It is a set

of computational errors, and like any
other computer problem, you should
ask the computer a question for which
you know the answer, exactly as Mr.
Ellis has done. THEN if you don’t like
the answer, you trick the computer
into giving an answer you like.

Inthis case, I merely guessed that if
I'broke the question down into smaller

elements, I could get finer computa- f
tions. Onmyinitial computations, I got |
an error of just —20% at t = 20 sec-

onds — rather less error than the
—187% Mr. Ellis did. So on my next
run,laskedfor . TRAN 0.1S 205 UIC,
namely, I asked the computer to com-,

.END putetheanswer foreach 0.1-second in-
Time V(1) V(2) Exact Solution Percent Error
1 sec 0.3815 0.3815 0.3679 3.702
2 0.1253 0.1253 0.1353 -7.415
5 5.542E-3 5.542E-3 6.738E-3 -17.75
10 2.723E-5 2.723E-5 1.234E-4 -40.02
20 -7.605E-10 -7.605E-10 2.061E-9 -136.9

I C
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not found any doc-

umented example
that goes back
that far, but I did
get a letter from
Owen Gallagher,
Stratus Com-
puter, Marlboro,
Mass. He sent me
an excerpt from a
book about The
Origins of Feed-
back Control,

terval. (I decided to truncate the prob-
lemat t = 20 seconds, because whenthe
output is smaller than 0.001 ppm of the
input conditions, I really don’t care any
more. Even radar sets that transmit in
kilovoltsandthenreceiveinmicrovolts
don’t need much more dynamic range
than that....) The computation time
thenstretched outfrom0.25secondson
our mainframe to 1.2 seconds, a mere
factor of 5 extension. And the accuracy
at t = 20 seconds improved to 2%.
Hey, that’s pretty good engineering
accuracy. That’sreminiscent ofthe sei-
entist and the engineer who were both
put into a room with a beautiful
woman. They were told that each sec-
ond, they would move 1/2 the distance
to the woman. The scientist moaned,
“I'llnever getthere.” Butthe engineer
just smiled. “I’ll get close enough.”
Talsobounced this Spice question off
Dave Hindi, a real Spice expert. He
countered that when you really want
tighter relative accuracy, you should

ask for atighter RELative TOLerance

of the computation:

.OPTIONS RELTOL=1E-08,
which is much tighter than the normal
(default value) 0o£0.001. Indeed, this did
tighten up the computations. But Dave
was running his computations on a
small, powerful PC, and asking for such
a small RELTOL did cause the computa-
tion to slow down. And, his answers
werenotall as precise asmine. Still, this
indicates there are two ways to sweet-
talk the computerinto giving very good
computational accuracy.

* In my 1991 column on Negative
Feedback, I observed that according to
an old story George Philbrick told me,
somebody invented a clock-adjuster
back in the 1500s or 1600s —a big old
slow phase-locked loop. So far, we have

ELECTRONTIC

translated from
the German version (1969) and pub-
lished by the MIT Press, Cambridge,
Mass., in 1970. ,

First youshould note that the flyball
governor was probably invented by
Matthew Boulton about 1788, and con-
structed in James Watt’s workshop
about 1789.

In chapter X1 of this book, credit is
given to Abraham-Louis Breguet, a
skilled French-Swiss watchmaker liv-
ingin Paris, forinventing a watch-syn-
chronizer, along nearly the same lines
as I recited in George Philbrick’s old
story. Thisinvention was documented
by aletter dated June 29, 1795 — just a
few years after the centrifugal gover-
nor attributed to Watt. So, even
though the story I gave you was off by
acentury or two, the basic concept has
been confirmed.

¢ Lastly, I'll comment about old cars.
Several readers questioned me point-
edly: Evenifl cankeepmyold 1968 VW
Beetle running reliably and economi-
cally (now at 260,000 miles), isit right to
keep this old car running when it is “ob-
viously” polluting the air much worse
than modern cars?” A fair question....

I checked on some of the data on
smog tests taken onmy VWsinrecent
years. In California, these old cars do
not have test limits on pollutants at
running speeds, only at idle speeds.
BUTtheservice stations took the 2500
rpm data anyhow:

Hydrocarbons:

102 ppm, 185, 188, 148 ppm.
Carbon monoxide:

1.14%, 1.15%, 0.36%, 0.64%.

The corresponding test limits that I
have seen for modern cars are 220 ppm
of hydrocarbons and 1.2% CO. My old
car was passing these test limits with-
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out any special effort. Just because a
car is old or “obsolete” doesn’t mean
it is necessarily smoggy or polluting.
Besides, I am getting 29 mpg, and the
percentages are based on a total ex-
haust volume that’s obviously smaller
than for larger cars that burn more
gas and air.

All for now. / Comments invited!
RAP / Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

BOB'S MAILBOX

Dear Robert,

I have enjoyed your articles since
they began, because I have been an
analog circuit designer for about the
last 30 years. Normally I am in full
agreement with you, but your article
on spreadsheets surprised me.

I have used spreadsheets for about
the last 10 years and have found them
tobe very useful as an engineering in-
strument. Notice that I say instru-
ment because they must be built very
carefully, tested very extensively,and
used with common sense and care in
mind, just as we would use an oscillo-
scope or a voltmeter.

There are about a dozen fairly sim-
ple spreadsheets that I regularly use
for engineering calculations and esti-
mates. They work because they were
very carefully designed and tested us-
ing many examples checked by old-
fashioned methods and double-
checked by several other people.

The spreadsheet is just another in-
strument/tool, maybe similar to Spice,
which must be used with a lot of good
engineering judgment and care. Reg-
ular calibration checks are needed and
circuit modifications are made with
the greatest care and patience, fol-
lowed by rigorous testing.

ROBERT L. YOUNG
DuPont
Parkersburg, W.V.

Like any other calibrated instru-
ment, o calibrated spreadsheetisalot
more valuable than something un-
calibrated, untested, and uncon-
firmed. —RAP
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Whar’s ALt This
INCANDESCENT STUFF,

AnyHow?

couple months bgck, I was

reading one of the alumni

" bulletins from Northfield

Mount Hermon School,

which I attended 35 years ago. I was
poring through a whole bunch of not-
too-interesting social stories about
people whom I did not know when sud-
denly I ran across a technical story
written by Mike Hannon, another
NMHS alumnus who lives in Lompoc,
Calif. He was explaining how some
new incandescent lamps manufac-
tured by GE, Philips, Sylvania, and
others are now able to provide high ef-
ficiency as well as improved life. And

how do they
achieve these ad-
vantages?

Well, first of all,
they are halogen
lamps. Instead of
the filament boil-
ing off, it boils off
and then back on,
so the filament has
a good chance of
lasting several
thousand hours.
This is good tech-
nology, but noth-
ing new. The real

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF : i
SCIENTIST AT Ellc ;ril; ;St “;‘;‘t Z}f
NATIONAL closed in a new
SEMICONDUCT- : ; i
dichroic filter,
OR CORP., which is selective
-SANTA CLARA, to energy at lon
CALIF. &y :

(infrared) vs. short
(visible) wave-
lengths. Every lamp’s filament gener-
ates some energy in the visible wave-
lengths, and a lot more heat (radiation
in the infrared region). If all this en-
ergyisallowedtoradiate,thebulbputs
outalotmoreheatthanlight. Youhave

ELECTRONIC

to dissipate 100 W, for example, to
keep your filament hot while you get a
mere 60r8 W of visiblelight. However,
if we had a specially engineered coat-
ing to let the visible light out and re-
flect the heat radiation back in, we
might be able tokeep that filament hot
withonly 70 0or 60 or 50 W, yet still keep
the same light output. That’s not nec-
essarily more efficient than a fluores-
cent lamp, but if you want a bright, in-
tense lamp rather than a wan, weak
light source, then there may be places
where these new halogen-plus-IR
lamps have real advantages. GE de-
serves a lot of credit for engineering
these improved “dichroic” lamps and
bringing them to the market-place.
AND, Mike Hannondeservesalot of
credit for trying to educate people on
a real opportunity to save money and
energy. I mean, I've been trying to
keep an eye out for these bulbs ever
since I first heard of the concept about
6 years ago, but I had not found them
until Mike pointed them out to us.
Mike didn’t just recommend buying
these lamps; he did a lot of evaluation
on the best ways to apply them. He
studied the tradeoffs of lamp life vs.
brightness. Of course, most people are
aware that if you want the highest ef-
ficiency, you run the lamp at a fairly
highvoltage. But this degradesthelife
of the bulb according to a 12th-power
law. If you take a 115-V bulb and run it
at 125 V, your brightness is way up,
and the efficiency (lumens per watt)
risessignificantly, too, but the bulblife
isway down. A couple of times, I have
lived in a house where the line voltage
was up near 124.5 V. It was not un-
common to Jose two light bulbs in one
day. I kept a calibrated ac voltmeter
and I would check the line voltage
quite often. The line got up ever so
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close to 125 V—but it never exceeded
it. Ifthe voltage got ashighas 125.1V,
I would have complained to the Light
& Power people and forced them to
come out and adjust the taps on their
step-down transformer.

Conversely,if you want to get really
long life from incandescent bulbs, you
runthematrelatively low voltage. The
easiest way to do that is not by fooling
around with Triacs or transformers,
but rather to put a single silicon recti-
fier in series with the bulb. This cuts
the power dissipation by about 656%
and the light output by about 82% (19
dB), and bulb life is extended enor-
mously. This is what you may want to
doiflights are located in really rotten,
inaccessible locations.

The disadvantage of poor efficiency
will be well offset by the savings from
the reduced frequency of bulb re-
placement. Some of the new halogen
bulbs are alsoavailable with 130-V rat-
ings, which is another good way of
matching your requirements to the
available power.

Mike did many experiments in this
area. He found that some of the new
bulbs had problems with singing, vi-
brating filaments, an often annoying
problem that can cause early bulb fail-
ure. He found that putting a full-wave
bridge in the lamp wiring can feed de
with a lot less ac component to the fil-
ament, banishing the vibrating fila-
ment problem.

However, with one particular lamp,
the Sylvania CAPSYLITE, the lamp
brightness seemed to go way up with
thebridge. Hetook measurementsand
confirmed that the power drain was
greatly increased. What’s going on
here? He figured out that in this lamp,
a single rectifier was already built-in.
In normal operation, the lamp ran on
half-wave rectified power. But when
you inserted the full-wave bridge, the
lamprannearly twice asmuchaverage
current—extremely bright and ex-
tremely hot.

Mike also observed that some of the
cheap “miracle button” rectifiers
aren’t very reliable, and can fail in a
mode with bad local overheating. So if
youbuy some ofthoseinexpensiverec-
tifier disks that get stuffed downin the
socket, keep an eye on them for the
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first few hours....

Mike also did lots of research on the
startup characteristics of these lamps.
Because the filaments run SO hot, the
dc resistance when cold is even lower
thanonordinaryincandescentbulbs—
as low as 1/12 of the hot value. So the
in-rush current can be quitelarge, say,
6 A on a 50-W bulb. This can slightly
shorten the life of the bulb.

Again, the solution is fairly simple.'

You canbuy In-rush Current Limiters
(ICLs) from Keystone Carbon Corp.,
if you want to buy OEM quantities of
them. Orifjust adozen areneeded,you
can order them from Digikey (call 1-
800-344-4539) for about $1.39 each
(part number KCL013L-ND). These
thermistors come with ordinary leads,
ratherlike afat ceramicdisk capacitor,
about 0.42 in. in diameter. To install
them, you have to solder them care-
fully into your lamp’s wiring. This par-
ticular model, which I find suitable for
50-to 100-W bulbs, provides anin-rush
current of barely 2 A, sothelamp takes
many milliseconds to warm up gradu-
ally. I am buying a dozen of these, be-
cause they will improve the life of ev-
ery 100-W bulb in my house.

When we add this ICL to the new
halogen lamps, that should improve our
lamp life out from perhaps 2000 hours
toward 3000 or 4000 hours, in normal
service. That’s a rather good thing be-
cause right now these lamps cost some-
where from $7to $11 at retail. If we can
make them last 6 times as long as an or-
dinary 100-W bulb, the cost of the halo-
gen bulb (per hour) is still relatively
high. Thenwhybother? Answer:forthe
improved energy efficiency. If I canrun
a 50-W halogen bulb at 42 W and get
slightly more light than a 100-W bulb,
then over a 3000-hour lifetime it can
save 3000 hours X 58 W, which costs (at
8 cents per killowatt hour) about $13.

So there’s where you will break
even, and even start to save money.
Eventually, when manufacturing
costs fall, these halogen/dichroic
lamps will be even more cost-effective.

Ofcourse,nothingcompetesinavac-
uum (pardon the expression). The
modern fluorescents have already
come down in price. The recently an-
nounced Philips magnetic-induction
bulbs will be coming along the learning
curve, too. Five years from now, will
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there be a clear-cut winner for every
application? Maybe, maybe not. But it
will be fun to see how the competition
works out!

So, you should run right out and buy
adozen of these GE Halogen-IR 60-W
60PAR38/FL/HIR bulbs (GE’s part
number; product order code is 18626),
or the slightly more compact 50-W
50PAR30/FL/HIR, or a Sylvania
CAPSYLITE, at your corner hard-
warestore, right? Heck, no. First ofall,
iftherearetwoinstock,you'llbelucky.
If there are none, you may be able to
wave this ecolumn at the manager and
convince him to special order some for
you, and to stock them. But, will you
need a whole large number of them?

If you leave a light on many hours
perday,thatbecomesagood candidate
for installing a (relatively) expensive
high-efficiency lamp. If you leave it on
all the time, your break-even time on
the investment can be as short as six
months. But if there’s a lamp you use
just a few hours a week, you will not
get yourinvestment paid back for sev-
eral years—no point in fooling around
with that. So, until the price drops, you
might want to buy just one or two to
check out the situation. If you find the
light from the fluorescents adequate,
these lamps are already well devel-
oped along the learning curve.

Onthe otherhand, do youdislike the
idea of electronic ballasts humming in
your ear as you sit reading? Then the
newer halogens may find favor. I have
acouple of each. 'm trying to evaluate
where my preferences lie.

I must point out that right now the
best halogen/dichroics are in the form
of afloodlamp, with a 38-degree beam.
I'm still trying to get some lenses to
spread out the beam to be more like an
ordinary lamp’s spread. The floodlight
is not, by itself, exactly the light pat-
tern I want.

If,as youshop, yousee some thatare
semi-spot or spotlights (Model /SP/),
don’t buy one unless you're prepared
to use an 18-degree cone of light. One
engineer says you can spread out the
light to a wider pattern by sandpaper-
ingtheface ofthe bulb. Thismight give
a nice diffuse source, but I would not
sandpaper any glass that sees that
much stress and heating. However,
placing a separate piece of frosted or
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sandpapered glass in front of the bulb
should do the trick. I'll try that soon.

An additional caution: The bulb’s
shipping box has a rather weak warn-
ing, which states that if the outer glass
bulb breaks or cracks at all, you should
throw the bulb away, evenifit appears
to work okay. Why? Two reasons: the
inner halogen capsule emits lots of ul-
traviolet rays, and you could get a bad
sunburn, or go blind if the light shines
right on you. Also, the failure mode of
the halogen capsule can sometimes be
a blow-out, and you need the outer
glass for protection.

Additional comments—Mike Han-
non points out that using a dimmer is
one of the nicest things you can do with
one of these lamps. As you turn it on,
thelampintensity comesup gradually,
which is ideal for its life. You won’t
need any ICL. These halogens do like
torunonadimmer, which fluorescents
refuse to do. However, if you turn
down the dimmer too far, and the cap-
sule getstoo cool,lowerthan 250°C, the
filament material will refuse to
reevaporate back onto the filament. A
dark film willthen appear on theinside
of the capsule, and you’ll have to turn
thevoltagebackuptogetthebulbback
to full efficiency again (that’s a re-
versible mode of degradation of effi-
ciency). This might even happen if you
use a half-wave rectifier—the capsule
might not run hot enough for proper
halogen action. Further, running a fil-
ament on de can help accelerate a fail-
ure mode called “notching.” This
causes the boiling off of the filament to
belocalized ratherthanuniform,sothe
actual increase of filament life at low
linevoltagesisn’t asgreat aspredicted
theoretically. So'when the magic rec-
tifier peddlersclaim, “extendsbulblife
100 times,” they’re just blowing
smoke, as you suspected. They’re ex-
trapolating into regions where they
have never taken any data....

Onthe otherhand, if you're doing in-
dustrial lighting, you may be lighting
stairwells or hallways, 24 hours per
day, and if the lights are virtually
never turned off, an ICL would have
no advantage (however, the extra cou-
ple volts dropped in the ICL will cause
the halogen bulb to run a little cooler,
for a little longer life).

Iwentresearching at a Radio Shack.
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ﬁ 3M brand Y-inch mini data
cartridges are just what you
need for unattended backup of important
data or storing files and applications. (And
a lot less expensive than a growing pile of

diskettes.)

That’s why more and more busi-

nesses are buying low-cost Y-inch data
cartridge drives. They offer a proven track
record of reliability and performance. And
you can store up to 120 megabytes on a
single low-cost, pocket-sized cartridge—
even more with data compression.

It’s another reason why more busi-

nesses protect important information on
3M brand data storage products than any

other brand in the world. Find out more.

Call 1-800-888-1889, ext.53.

Store 120°disks...
Right here.

*Based on 3'2-inch DS, DD 1.0 MB diskette and
DC2120 cz y comparison. Quarter-inch
mini data cartridges require compatible drives.
€ 1992 3M

Innovation working for you*
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They don’t sell thermistor-type ICLs,
and they don’t sell little rectifiers as-
sembled in the magic-button format.
What they DO sell is a little Triac as-
sembly, (Part #61-2726, two for $4.25).
It claims to save 10% of power for an
“undetectable” decrease of bright-
ness. Butit does start up the SCR with
a small (656%) duty cycle, so it effec-
tively acts asa current limiter. Afterit
warmsup, the Triacfiresat ahighduty
cycle, sothelamp runs at substantially
full voltage. So, there’s one more game
you can play to improve longevity.

1 guess it would be fair for me to say
that at this state of application, these
new high-efficiency halogen lamps
are, like 'most every new product, still
inneed of some planning, engineering,
and experimentation. But in the long
run, there will surely be other formats,
other shapes, other products, that will
be very convenient and appealing and
efficient. Saving electricity by buying
more efficient lamps is one of the easi-
est and most effective ways we can
save energy and money, and the op-
portunities to do this are expanding
rapidly. ’'m getting my feet wet now
(of course, when changing bulbs, you
do not literally want to have your feet
wet....), starting to find out which
places in my house can benefit from
more light with less electricity. I'll be
darned if I buy two 22-W fluorescents
just to throw a decent amount of light
on my workbench. And people who al-
ready use a lot of flood lamps for insti-
tutional lighting can, right now, start
taking full advantage of these prod-
ucts to save on energy and on the cost
oflamp replacement. If these are used
in an air-conditioned location, every
watt of heat saved means your air con-
ditioner will have an easier job, too!
And, unlike the magic-button recti-
fiers that improve the bulb life while
ruining the efficiency, these new halo-
gen lamps provide long life plus daz-
zling improvements in efficiency.

All for now. / Comments invited!
RAP / Robert A. Pease / Engineer

Address:

Mail Stop C2500A

National Semiconduector
P.O. Box 58090

Santa Clara, CA 95052-8090
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