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SHOULD YOUR EQUIPMENT REQUIRE SERVICE

A. Contact the factory (609/452-2111) or your local factory
representative to discuss the problem. In many cases it
will be possible to expedite servicing by localizing the
problem.

B. Ifitis necessary to send any equipment back to the fac-
tory, we need the following information.

(1) Model number and serial number.

(2) Your name (instrument user).

(3) Your address.

(4) Address to which instrument should be returned.
(5) Your telephone number and extension.

(6) Symptoms (in detail, including control settings).

(7) Your purchase order number for repair charges (does
not apply to repairs in warranty).

(8) Shipping instructions (if you wish to authorize ship-
ment by any method other than normal surface
transportation).

C. U.S. CUSTOMERS—Ship the equipment being returned
to:

EG&G PRINCETON APPLIED RESEARCH
7 Roszel Road

(Off Alexander Road, East of Route 1)
Princeton, New Jersey 08540

D. CUSTOMERS OUTSIDE OF U.S.A.—To avoid delay in
customs clearance of equipment being returned, please
contact the factory or the nearest factory distributor for
complete shipping information.

E. Address correspondence to:
EG&G PRINCETON APPLIED RESEARCH
P. O. Box 2565
Princeton, NJ 08540

Phone: 609/452-2111
TELEX: 843409

WARRANTY

EG&G PRINCETON APPLIED RESEARCH warrants each in-
strument of its manufacture to be free from defects in material
and workmanship. Obligations under this Warranty shall be
limited to replacing, repairing or giving credit for the purchase
price, at our option, of any instrument returned, freight
prepaid, to our factory within ONE year of delivery to the
original purchaser, provided prior authorization for such return
has been given by our authorized representative.

This Warranty shall not apply to any instrument which our in-
spection shall disclose to our satisfaction, has become defec-
tive or unworkable due to abuse, mishandling, misuse, acci-
dent, alteration, negligence, improper installation or other
causes beyond our control. Instruments manufactured by
others, and included in or supplied with our equipment, are not
covered by this Warranty but carry the original manufacturer’'s
warranty which is extended to our customers and may be more
restrictive. Certain subassemblies, accessories or com-
ponents may be specifically excluded from this Warranty, in
which case such exclusions are listed in the Instruction
Manual supplied with each instrument.

We reserve the right to make changes in design at any time
without incurring any obligation to install same on units
previously purchased.

THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE
DESCRIPTION HEREIN. THIS WARRANTY IS IN LIEU OF, AND
EXCLUDES ANY AND ALL OTHER WARRANTIES OR REPRE-
SENTATIONS, EXPRESSED, IMPLIED OR STATUTORY, IN-
CLUDING MERCHANTABILITY AND FITNESS, AS WELL AS
ANY AND ALL OTHER OBLIGATIONS OR LIABILITIES OF
EG&G PRINCETON APPLIED RESEARCH, INCLUDING, BUT
NOT LIMITED TO, SPECIAL OR CONSEQUENTIAL DAMAGES.
NO PERSON, FIRM OR CORPORATION IS AUTHORIZED TO
ASSUME FOR EG&G PRINCETON APPLIED RESEARCH ANY
ADDITIONAL OBLIGATION OR LIABILITY NOT EXPRESSLY
PROVIDED FOR HEREIN EXCEPT IN WRITING DULY EXE-
CUTED BY AN OFFICER OF EG&G PRINCETON APPLIED
RESEARCH.
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SECTION |
CHARACTERISTICS

1.1 SAFETY CONSIDERATIONS
(Read before operating instrument)

1.1A INTRODUCTION

The apparatus to which this instruction manual
applies has been supplied in a safe condition.
This manual contains some information and warn-
ings which have to be followed by the user to en-
sure safe operation and to retain the apparatus in
a safe condition. The described apparatus has
been designed for indoor use.

1.1B INSPECTION

Newly received apparatus should be inspected for
shipping damage. If any is noted, notify EG&G
PARC and file a claim with the carrier. The ship-
ping container should be saved for possible in-
spection by the carrier.

WARNING!

THE PROTECTIVE GROUNDING COULD BE
RENDERED INEFFECTIVE IN DAMAGED AP-
PARATUS. DAMAGED APPARATUS SHOULD
NOT BE OPERATED UNTIL ITS SAFETY HAS
BEEN VERIFIED BY QUALIFIED PERSONNEL.
DAMAGED APPARATUS WAITING FOR SAFETY
VERIFICATION SHOULD BE TAGGED TO IN-
DICATE TO A POTENTIAL USER THAT IT MAY BE
UNSAFE AND THAT IT SHOULD NOT BE OPER-
ATED.

1.1C SAFETY MECHANISM

As defined in |IEC Publication 348 (Safety Require-
ments for Electronic Measuring Apparatus), this is
Class | apparatus, that is, this apparatus depends
on connection to a protective conductor to earth
ground for equipment and operator safety. Before
any other connection is made to the apparatus,
the protective earth terminal shall be connected
to a protective conductor. The protective connec-
tion is made via the earth ground prong of the
power cord plug. The power cord plug shall only
be inserted in a socket outlet provided with the re-
quired earth ground contact. The protective action
must not be negated by the use of an extension
cord without a protective conductor, by use of an
“‘adapter” that doesn’t maintain earth ground con-
tinuity, or by any other means.

The power cord plug provided is of the type illus-
trated in Figure I-1. If this plug is not compatible
with the available power sockets, the plug or
power cord should be replaced with an approved
type of compatible design.

L=LINE OR ACTIVE CONDUCTOR (ALSO CALLED "LIVE" OR "HOT"}
N =NEUTRAL OR IDENTIFIED CONDUCTOR
E = EARTH OR SAFETY GROUND

Figure I-1. POWER CORD PLUG WITH POLARITY
INDICATORS

WARNING!

IF IT IS NECESSARY TO REPLACE THE POWER
CORD OR THE POWER PLUG, THE REPLACE-
MENT CORD OR PLUG MUST HAVE THE SAME
POLARITY AS THE ORIGINAL. OTHERWISE A
SAFETY HAZARD FROM ELECTRICAL SHOCK,
WHICH COULD RESULT IN PERSONAL INJURY
OR DEATH, MIGHT RESULT.

1.1D POWER VOLTAGE SELECTION AND

LINE FUSES
Before plugging in the power cord, make sure that
the equipment is set to the voltage of the ac power

supply.

CAUTION!
THE APPARATUS DESCRIBED IN THIS MANUAL
MAY BE DAMAGED iF IT IS SET FOR OPERATION
FROM 110 V AC AND TURNED ON WITH 220 V AC
APPLIED TO THE POWER INPUT CONNECTOR.

A detailed discussion of how to check and, if
necessary, change the power voltage setting
follows.

The line voltage is selected by means of a rear-
panel switch. FOR SAFETY, UNPLUG THE
POWER CORD WHEN CHECKING THE LINE
VOLTAGE SETTING OR WHEN CHECKING THE
FUSES. FUSES SHOULD ONLY BE CHANGED BY
QUALIFIED SERVICE PERSONNEL WHO ARE
AWARE OF THE HAZARDS INVOLVED. Depend-
ing on the switch position, either “115” or 230"
(both are printed on the switch) will be visible to
the viewer. For operation from a line voltage in the




range of 95 V to 130 V, 50-60 Hz, “115” should
show in the switch “window”. For operation from
a voltage in the range of 190 V to 260 V, 50-60 Hz,
“230"" should show.

The line fuse holder is located at the rear panel as
well. For operation from a line voltage of nominal-
ly 115V, use a slow-blow fuse rated at 1 A (voltage
rating 250 V or higher). For operation from a line
voltage of nominally 230 V, use a slow-blow fuse
rated at 500 mA (voltage rating of 250 V or higher).

WARNING!
TO AVOID THE POSSIBILITY OF A SAFETY HAZ-
ARD FROM ELECTRICAL SHOCK, WHICH
COULD RESULT IN PERSONAL INJURY OR
DEATH, DISCONNECT THE POWER CORD
BEFORE REMOVING OR INSTALLING A FUSE.

Make sure that only fuses with the required rated
current and of the specified type are used for re-
placement. The usé of makeshift fuses and the
short-circuiting of fuseholders are prohibited.

1.1E VENTILLATION

Neither the Model 5205 nor the Model 5206 incor-
porates forced air ventilation. With a power con-
sumption of less than 60 watts, these instruments
can be operated on any laboratory bench. Alterna-
tively, they can be rack mounted, if desired, the
only requirément being that the ambient tempera-
ture be restricted to the range of 10°C to 40°C.

1.1F DEFECTS

Whenever it is likely that the protection provided
by the connection to earth ground has been im-
paired, the apparatus should be made inoperative
and secured against unintended operation. The
protection is likely to be impaired if, for example,
the apparatus:

(1) Shows visible' damage,
(2) Fails to perform the intended measurements,

(3) Has been subjected to prolonged storage
under unfavorable conditions, or

(4) Has been subjected to severe transport
. stresses.

Such apparatus should not be used until its safety
has been verified by qualified servicing personnel.

1.2 TRANSIENT SENSITIVITY

Generally speaking, the design and construction
techniques used in equipment manufactured by
EG&G are conducive to assuring normal operation

in the presence of moderate transient levels.
Although these provisions are sufficient for opera-
tion in most places where this equipment is used,
it is certainly possible for the transient levels in
particular environments to be so severe as to
make reliable operation uncertain. High-level tran-
sients are usually of the following types.

(1) STATIC DISCHARGE TRANSIENTS: These
generally affect input or output circuits. Input
circuits that include MOS field-effect transis-
tors to achieve a high input impedance are
particularly susceptible to damage from this
source. Damage typically occurs when the
charge built up on a user’'s body discharges
into an input or output connector as a con-
nection is being made. Among the factors
determining the tendency for charges to build
are the kind of clothing fabrics worn, shoe
materials, and the materials in the floor or
floor covering.

(2) TRANSIENTS ARISING IN NEARBY EQUIP-
MENT: Such transients almost always enter
the instrument via the line cord. Possible
sources include heavy-duty electric motors, rf
equipment, lasers, diathermy machines, arc
welders, spark chambers, etc.

LIGHTNING: Unless the equipment is con-
nected to remote sensors, or other devices so
located as to be vulnerabie to lightning
strikes, transients caused by lightning almost
always enter the instrument via the line cord.

If a user is having problems due to transient in-
terference, or if operation in a high-transient en-
vironment is anticipated, steps should be taken to
minimize the transient problem. Static discharge
problems c¢an be sometimes avoided by judicious-
ly selecting one’s clothing and shoes, or by alter-
ing the floor covering in the work area. The
simplest approach to the problem is to discharge
one’s body by touching a grounded metal object
immediately prior to touching the instrument, par-
ticularly when making connections to it. Tran-
sients entering the instrument via the line cord
can generally be suppressed by means of external
line-transient filters. Suitable devices are com-
mercially available. '

1.3 THIS APPARATUS AS A SOURCE
OF RADIO FREQUENCY
INTERFERENCE

In a typical application, it is unlikely that this ap-
paratus will act as a source of noticeable radio fre-
quency interference. However, when operated
near particularly sensitive equipment, interfer-
ence emanating from this apparatus could be a
problem. Should this be the case, steps can be
taken to minimize that interference. A discussion
of the recommended steps follows.



Interference below about 10 MHz is most likely to
be caused by radio-frequency currents flowing in
the input and output cables, in the digital inter-
face cables, or in the power line cord. The use of
coaxial cables in making the analog signal input/
output connection will usually prevent these lines
from becoming a source of “below 10 MHz"' radio
frequency interference. Two approaches are sug-
gested for reducing interference that has its
source in the digital interface cables. The first is
simply to shield these cables. The second is to
provide a heavy ground connection between the
grounds of all equipment sharing the interface
bus. Practically, this is accomplished by strapping
the chassis together with a metal braided or solid
strap (solid strap does a better job but is more
clumsy; copper, aluminum, or brass are the rec-
ommended materials). Because the M5205/6 has
an internal low-pass filter connected to the power
line, the ac line cord is unlikely to be a source of
radio frequency interference, If the internal filter
seems to be inadequate, try decoupling the power
line with an external filter. At frequencies below
100 kHz, an external isolation transformer could
be helpful.

WARNING!
TO REDUCE THE RISK OF POTENTIALLY DAN-
GEROUS ELECTRICAL SHOCK, THIS WORK
SHOULD ONLY BE PERFORMED BY A QUALIFI-
ED SERVICE TECHNICIAN, AND THEN ONLY
WITH THE INSTRUMENT DISCONNECTED FROM
ALL SOURGCES OF POWER.

At frequencies above 10 MHz, these measures
may not suffice to prevent radiation from being a
problem, particularly at the VHF frequencies. Ad-
ditional measures will then be required. Shielding
is generally effective. A suitable shield can be
constructed using metal foil, wire screening, or
similar materials. Once the apparatus is complete-
ly surrounded by the shield (taking care not to un-
duly restrict ventilation), the only additional re-
quirement is to install low pass filters where lines
pass through the shield (all openings through the
shield should be as small as possible). A capacitor
between a line and the shield can function as a
suitable low-pass filter. The leads of the capacitor
should be as short as possible. This requirement
is optimally satisfied by using coaxial feed-
through capacitors. In the case of a signal lead, it
is essential that the capacitor’s value be such as
to attenuate the interference frequencies without
unduly attenuating critical frequency components
of the signal itself. The need to keep filter
capacitor leads short cannot be overemphasized.
Long leads establish sizable ground loops and
may additionally act as radiating antennae.

Coaxial cables are a special case in that the cable
shield acts as an extension of the enclosure
shield. this being the case, the filter can be
mounted in a shielded box fitted with coaxial con-
nectors without undue concern for keeping the
box extremely close to the enclosure. If more con-
venient to do so, it can be located at some dis-
tance from the enclosure as long as the integrity
of the coaxial shield is maintained.

The techniques described are extraordinary mea-
sures that should be required for unusual cases
only. If they are applied with care, radio frequency
interference should be reduced to an acceptably
low level in all but the most critical applications.
However, if these techniques are applied incor-
rectly, the efforts to reduce the interference could
prove disappointing. Users are advised to contact
the factory for advice in the case of a problem that
does not yield to these measures.

1.4 INTRODUCTION

The Model 5205 (single-phase) and the Model 5206
(two-phase) are the first commercial lock-in
amplifiers that can be fully controlled by a com-
puter. An optional Digital Interface allows total
programmability of either model (via RS232C or
IEEE-488 data links) and talk/listen operation with
other devices on the bus. Computer-controllable
functions include sensitivity, averaging time con-
stant, phase, operating frequency, offset, dynamic
reserve, display mode, and others. Standard fea-
tures include auto-phasing, auto-ranging, and
‘“sine-wave” response.

Both the Model 5205 and the Model 5206 have a
built-in microprocessor that gives these instru-
ments hitherto unavailable power combined with
ease of operation. When the autofunction capa-
bility is enabled, these instruments can:

(1) AUTO-SET: Automatically adjust their full-
scale sensitivity and phase to match the
signal of interest.

(2) AUTO-NORMALIZE: Set a given output ampli-
tude to represent 100% of full scale. Subse-
guent measurements are then quantified with
respect to the full-scale level thus estab-
lished.

(3) AUTO-OFFSET: Automatically supply dc off-
set so that the output resulting from some
given signal level is adjusted to zero.

(4) AUTO-RANGE: Automatically adjust full-
scale sensitivity to maintain maximum out-
put.

Both units incorporate digital and analog dis-
plays. A large four-digit display presents measure-
ment results conveniently in terms of voltage,



dB’s, or degrees. Also displayable are operating
parameters such as the internal-oscillator fre-
quency, the amount of dc output suppression, and
the phase shift. An analog meter augments the
digital display to allow trend following; a second
analog meter on the M5206 also allows simultane-
ous read-out of additional information. The two
mixer channels of the Model 5206 allow it to
simultaneously measure the in-phase (X) and
quadrature (Y) components of a signal, or to
measure the resultant magnitude and phase
angle, all with respect to the applied reference. All
display functions are under pushbutton control.
Moreover, all processing, display modes, and
commands associated with the front-panel push-
buttons can be controlled by a computer through
the optional Digital-Interface card.

Advanced technology has been used in these in-
struments to provide excellent performance and
convenience. For example, ‘“sine-wave’” or
harmonic-free response at higher operating fre-
quencies is now achieved without degrading the
specifications for dynamic reserve and dc¢ output
stability. Design innovations in the M5205/6 allow
three band-determining cards to be housed simul-
taneously to achieve an operating frequency
range of 0.2 Hz to 200 kHz. A front-panel pushbut-
ton allows convenient selection of the operating
band.

Lock-in amplifiers are now the keystone of many
analytical and control systems. They are almost a
necessity for recovering amplitude and phase in-
formation for signals overwhelmed by noise and
interference. Together with associated acces-
sories such as light choppers and waveform re-
corders, these new programmable lock-in ampli-
fiers offer a new sophistication and freedom to
both research and industry. With their versatility,
precision, and measuring power, both the Model
5205 and the Model 5206 should prove invaluable
wherever signal amplitude and phase character-
istics are to be measured under difficult condi-
tions.

1.5 SPECIFICATIONS

1.5A SIGNAL CHANNEL
FULL-SCALE SENSITIVITY:

(1) Model 5205: 1 uV to 5 V rms, 1-2-5 sequence.
x 10 output expansion increases the maxi-
mum full-scale sensitivity to 100 nV.

(2) Model 5206:

(a) Channel 1: Same as for Model 5205.
(b} Channel 2:1 4V to5V rms, 1-2-5 sequence.

INPUT IMPEDANCE: AC coupled, 100 M@ shunted

by 40 pF. Input Connector shell is 10 Q above
chassis ground.

INPUT MODES: Single-ended (A), or differential
(A —B).

MAXIMUM DC INPUT: 100 V.

FREQUENCY RANGE: The frequency range is
determined by plug-in cards, one for each of the
three ranges, BROADBAND (BB), AUDIO FRE-
QUENCY (AF), and LOW FREQUENCY (LF). One,
two, or all three of these cards can be installed. A
front-panel switch selects the ““active” range. The
limits for each range are:

BAND SPECS APPLY OPERATES OVER
BB 200 Hz-200 kHz 2 Hz-200 kHz

AF 20 Hz-20 kHz 2 Hz-20 kHz

LF 0.2 Hz-2 kHz 0.2 Hz-2 kHz*

Figures I-2, I-3, 1-4, and I-5 show the effect the
choice of F BAND has on the pre-PSD (phase-
sensitive detector) characteristics of the instru-
ment.
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Figure 1-2. TYPICAL LOW-PASS FILTER RESPONSE AS A
FUNCTION OF F BAND

*The lower limit of the operational LF range is 2 Hz (standard) or 0.2 Hz (optional).
Because the response time of the 0.2 Hz option is much slower than that of the 2 Hz
standard LF card, users are advised {0 purchase the 2 Hz lower limit card unless
they intend to operate below that frequency.
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INTERNAL NOISE (shorted input): 5 nV rms per
root Hz, typical, at 1 kHz.

COMMON-MODE REJECTION RATIO (CMRR): 100
dB at 1 kHz.
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Figure I-5. TYPICAL PHASE SHIFT AS A FUNCTION
OF F BAND

MAXIMUM COMMON-MODE INPUT: 5 V rms sine
wave.

GAIN STABILITY: +£200 ppm/°C; +200 ppm/24
hours. :
DYNAMIC RESERVE:* Three different levels can
be selected, as follows.

(1) High Stability: 20 dB
(2) Normal: 40 dB
(3) High Reserve: 60 dB

1.5B REFERENCE CHANNEL

FREQUENCY RANGE: 0.2 Hz to 200 kHz; frequen-
cy coverage is determined by operator-selected
cards (BB, AF, or LF).

MODES OF OPERATION:

(1) EXTERNAL: Reference locks onto and tracks
the frequency (2 Hz** to 200 kHz) of external
reference source. There are two variations of
this mode. “F”, in which demodulation oc-
curs with respect to the reference frequency,
and “2F”, in which demodulation occurs with
respect to twice the reference frequency.
Critical reference channel parameters are:

(@ INPUT IMPEDANCE: 10 MQ shunted by 30
pF.

*Dynamic Reserve is defined as the ratio, in decibels, of the maximum rms voltage
of an interfering sine wave, just before overload, to the full-scale sensitivity setting.
In no case should the interfering signal (noise) exceed 14 V pk-pk. Dynamic reserve
depends on the sensitivity setting and the frequency structure of the interfering
noise.

**When operating with LF card, range extends to 0.2 Hz.



(b) WAVEFORM REQUIREMENTS: Sym-
metrical signals having equal excursions
above and below ground.

(c) AMPLITUDE REQUIREMENTS: 140 mV to
2 V pk-pk. Indicator light (REFERENCE
LOW) glows if amplitude of applied refer-
ence signal is too low.

(dy ACQUISITION TIME:
100 Hz or higher: 5 s maximum.
10 Hz: 18 s maximum.
1.0 Hz: 60 s maximum.
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Figure I-6. TYPICAL ACQUISITION TIME

(e) MAX. SLEW RATE: Externally derived ref-
erence signal can be slewed in frequency
as fast as one decade per fifty seconds
with no more than 5° phase offset while
the frequency shift is in progress.

(2) INTERNAL (optional): Reference channel is
driven at the frequency (2 Hz to 100 kHz) of the
internal oscillator. Specifications for oscil-
lator option are provided in Subsection 1.5H.

PHASE-SHIFT CHARACTERISTICS:

(1) PHASE-SHIFT CONTROL: 90° steps, ac-
curate to 0.1°, and “continuous’ control in
0.025° steps over the range of 0 to 359.975°.
Advances phase of demodulator drive signal
relative to signal-channel input.

(2) PHASE NOISE: 5 millidegrees rms at 1 kHz,
300 ms time constant (— 12 dB/octave).

(3) PHASE DRIFT: 30 millidegrees per degree
Celsius.

(4) PHASE ORTHOGONALITY (Model 5208): The
Channel 1 and Channel 2 demodulating
signals are orthogonal. Deviation from true or-
thogonality (90°) depends on the selected fre-
guency card, as follows.

CARD ORTHOGONALITY
LOW FREQUENCY .......cocoiiiciiiiinens 90°+0.1°
AUDIO FREQUENCY......coiviiiiiiinn 90°+0.2°
BROADBAND ...t 90°+0.5°

1.5C PHASE-SENSITIVE DETECTORS

DYNAMIC RESERVE/DC OUTPUT STABILITY: The
following table applies to the Model 5205 and to
Channel 1 of the Model 5206 (x 10 Expand func-
tion “off”). If the x 10 Expand function is “on”,
numbers are increased by x10 (add 20 dB to
Dynamic Reserve values).

Dynamic Res. Dynamic Output Drift
Setting Reserve (dB) (ppm/°C) -
HIGH RES 60 1000
NORMAL 40 100
HIGH STAB 20 20

Table I-1. DYNAMIC RESERVE AND OUTPUT DRIFT

FILTER TIME CONSTANTS: 1 ms to 100 s in 1-3-10
sequence.

FILTER ATTENUATION RATE: —6 or —12 dB/

octave, switchable.

ZERO SUPPRESSION: The signal in the Model
5205, and the Channel 1 signal (“X’* and “R’’) in the
Model 5206, can be offset as follows.

(1) x 10 Expansion OFF: = 1x full scale.

(2) x 10 Expansion ON: =10 x full scale.
HARMONIC REJECTION: 55 dB or higher.
OVERLOAD INDICATOR LIGHTS:

(1) Model 5205: Signal pre-mixer channel and
output.

(2) Model 5206: Signal pre-mixer channel, “X” (in
phase) output, and “Y” (quadrature) output.

1.5D AUTOMATIC FUNCTIONS :
AUTORANGE: Provides automatic and continu-
ous ranging of ac and dc¢ gain.

AUTOSET: Automatically sets the M5206 initial
phase and sensitivity. The phase setting can be
read on the digital display.

AUTO-OFFSET: Automatically sets the output
voltage to zero and holds the offset. The offset
value may be read on the digital display.

AUTO-NORMALIZE: The output voltage is normal-
ized to full scale when this function is selected.
Subsequent readings are, therefore, referred to
full scale, and the display annunciation is switch-
ed off.



1.5E MODEL 5205 OUTPUTS
ANALOG METER:

(1) READINGS: Full-scale deflection for a full-
scale input as determined by the combination
of the input sensitivity setting and the output
expansion.

(2) METER STYLE: 3" mirrored center-zero scale,
+ 2% error (maximum).

DIGITAL METER:
(1) Readings:
(a) Demodulator Output.
(b) Phase-shifter settings (0-359.9°).
(c) Internal-oscillator reference frequency.

(d) Zero Suppress Offset, 0 to 100% of full
scale.

(e) Auxiliary outputs from plug-in options.
(fy Error Messages.

(2) Meter Style: Four-digit display (0.56” high),
with polarity sign.

BNC CONNECTOR: Parallels analog meter; full
scale= =10 V dc, 600 © output impedance.

1.5F MODEL 5206 OUTPUTS
ANALOG METERS (two, one for each channel):

(1) Channel 1 Readings:

(@ “X” (in-phase signal component).

(b) “R” (resultant or magnitude).

(c) Log R (dB reading of signal magnitude
relative to full scale; 0 to — 60 dB useful
range).

(2) Channel 2 Readings:

(@) “Y” (quadrature signal component).

(b) Phase angle: Phase of signal (with respect
to reference) minus phase offset intro-

duced with Phase controls,

(3) Meter Style: Two-inch mirrored center-zero
scale, £2% error (max).

DIGITAL PANEL METER:
(1) Displayable Parameters:

(@ “X7,“Y”, “R”, log R, and Phase.

(b) Phase shifter settings.
(c) Internal-oscillator reference frequency.

(d) Channel 1 Zero Suppress Offset, 0 to
100% of full scale.

(e) Auxiliary outputs from plug-in options.
(f) Error Messages.

(2) Meter Style: Four-digit display (0.56” high),
with polarity sign.

BNC CONNECTORS (Channel 1 and Channel 2):
Connectors parallel corresponding analog meters;
full scale= =10 V dc, 600 @ output impedance.
During log R operation, the calibration factor is
— 10 dB/volt (— 60 dB max.). Phase readings are
calibrated as =50 mV/degree (9 V max).

1.5G GENERAL
AUXILIARY POWER OUTPUT: =15V, 50 mA for re-
mote or plug-in preamplifier.

OPERATING TEMPERATURE RANGE: 10°C to
40°C.

POWER REQUIREMENTS: 95-130 V ac, 60 Hz;
190-260 V ac, 50 Hz; 60 watts.

SIZE: 17-1/2” Wx 22" Dx5-1/4” H (44.5x 55.9 x
13.3 cm).

WEIGHT: 25 Ib (1.3 kg).

1.5H CHASSIS PLUG-IN OPTIONS
INTERNAL OSCILLATOR (Models 5205/94 and
5206/94):

(1) FREQUENCY RANGE: Continuously variable
over six decade bands (0.1 to 1 Hz), 1 to 10 Hz,
10 to 100 Hz, 100 Hz to 1 kHz, 1 kHz to 10 kHz,
and 10 kHz to 100 kHz). Frequency resolution
is determined by a ten-bit (1/1000) Digital-to-
Analog - Converter (DAC) at each selected
band.

(2) AMPLITUDE: Rear-panel potentiometer
allows adjustment of 0 to 5 V rms.

(3) SECOND-HARMONIC DISTORTION:
(a) 10 Hz: 0.5%
(b) 1 kHz: 0.3%
(c) 100 kHz: 2%

(4) OUTPUT IMPEDANCE: 600 .

DIGITAL INTERFACE (Models 5205/95 and
5206/95): This option allows the lock-in amplifier
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to communicate with a system via both |[EEE-488
and RS232C data links.

(1) INTERFACE FUNCTIONS: Complete source
and acceptor handshakes, basic talker with
serial poll, complete service request.

(2) INSTRUMENT FUNCTIONS CONTROLLED:
Sensitivity, expand, time-constant, phase, ref-
erence mode, internal oscillator frequency,
dynamic reserve, frequency-range card, zero
offset, autofunctions, display selection, and
all other front-panel settings.

BROADBAND PLUG-IN CARD (Models 5205/97
and 5206/97): See Signal Channel FREQUENCY
RANGE specifications.

AUDIO FREQUENCY PLUG-IN CARD: See Signal
Channel FREQUENCY RANGE specifications.

LOW FREQUENCY PLUG-IN CARD (Models
5205/99 and 5206/99): See Signal Channel FRE-
QUENCY RANGE specifications.

1.6 DESCRIPTION

1.6A INTRODUCTION

The Model 5205/6 is a heterodyning lock-in ampli-
fier. Input signals at the reference frequency are
mixed with an internally developed signal derived
from the reference signal. The resulting sum and
difference frequency signals are applied to a
guasi-resonance filter to remove the upper side-
band. The difference frequency is then processed
as the information signal. This approach allows
the use of narrow-band fixed-frequency filters
while still allowing operation over a wide fre-
guency range. The functioning of the M5205/6 is
discussed in greater detail in the following para-
graphs, which are keyed to Figure I-7, a simplified
block diagram of the M5206. This figure can be
readily adapted to the M5205 by simply deleting
those blocks that denote functions provided in
the M5206 but not in the M5205.

1.6B SIGNAL CHANNEL

Input signals are first applied to an internal pre-
amplifier. This circuit, together with the accom-
panying gain switching amplifiers and attenua-
tors, buffers the signal and helps set its amplitude
at the input to the signal mixer. Next is the low-
pass filter. Its purpose is to pass all signals in the
passband of the selected frequency range, while
very sharply attenuating signals above the pass-
band of the range. As indicated in the figure, the
3 dB down frequency in BROADBAND operation
is 400 kHz. In AUDIO operation it is 40 kHz and in
LO it is 4 kHz. Not only does this fast-rolloff filter
reduce the total noise bandwidth of the instru-
ment and thereby contribute to the improvement
in signal-to-noise ratio achieved, but it provides a

very great attenuation of signals at image frequen-
cies, thereby eliminating a significant source of
measurement error.

The low-pass filter is followed by some more gain
switching circuits. Their output, which includes
the signal of interest at the reference frequency,
f,, together with noise and interference, is applied
to one input of the Signal Mixer. The output of the
Reference Channel is applied to the mixer’s other
input. This signal is at f, + f, where f, is the refer-
ence frequency and f; is the intermediate fre-
gquency (i.f.). the Signal Mixer has the sum [f, +
(f,+ f)]=2f.+ f. and difference [f.— (f,+ )] =f; fre-
guencies as its output. The sum frequency is
removed by the following I.F. Amplifier, which, as
shown in the figure, has a quasi-resonance re-
sponse. Below the resonant frequency, the re-
sponse rolls off steeply to provide a great attenua-
tion of frequencies above f.. The effect is to fur-
ther reduce the noise bandwidth, thereby improv-
ing the signal-to-noise ratio ahead of the phase-
sensitive detectors. Also, in the same manner that
the post-preamp low-pass filter eliminated the
image frequencies as a source of error, the I.F.
Amplifier attenuates the harmonics, removing
them as a potential source of measurement error.
Note that the intermediate frequency is different
for each of the frequency bands. In the BROAD-
BAND mode it is nominally 1 MHz. In AUDIO it is
100 kHz, and in LOW it is 10 kHz. The lower the
selected passband, the lower the noise bandwidth
is ahead of the phase-sensitive detectors, and the
better the performance of the instrument with
regard to improvement in signal-to-noise ratio.

Thus the Signal Mixer accepts synchronous input
signal at the reference frequency and transposes
it to the I.F. frequency, which is 10 kHz, 100 kHz,
or 1 MHz, according to the selected F BAND. At
the output of the Signal Mixer, noise components
will be the same number of cycles above or below
the I.F. frequency as they are at the signal channe!
input. However, due to the effects of the Lo Pass
Filter and the |.F. Amplifier, noise components
above the intermediate frequency will be greatly
attenuated. The Lo Pass Filter suppresses image
frequency input components and the I|.F.
Amplifier suppresses harmonics. Together they
reduce measurement errors from these sources.

1.6C REFERENCE CHANNEL

The actual reference channel circuitry, even at the
block diagram level, is far more complex than
depicted in Figure I-7 and described here. Never-
theless, this description should aid the reader in
getting a “feel” for how the reference channel
function is achieved.

Referring to Figure I-7, note that the applied refer-
ence signal is buffered and then applied to a
Phase Detector. Also applied to the Phase Detec-
tor is the output of a Low-Pass Fiiter, which, in
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turn, is driven by the Reference Mixer. If the out-
put of the Low-Pass Filter is a signal at f,, the case
when frequency-phase lock is established, there
will be no output from the Phase Detector. If the
output of the Low-Pass Filter is not at f,, there will
be a net dc output from the Phase Detector. The
Phase Detector output is applied to an integrator,
which controls a Voltage Controlled Oscillator
(VCO). When there is zero Phase Detector Output,
the output of the VCO is constant. If there is a net
Phase Detector Output, the output of the VCO will
be driven in the direction necessary to restore
reference lock.

Note that the VCO output drives the Signal Mixer.
It is additionally applied to one input of the
Reference Mixer, which has as its other input the
output of the I.F. Oscillator. The L.F. Oscillator
generates a signal at the I.F. Frequency, 1 MHz,
100 kHz, or 10 kHz. This signal is mixed with f,, the
output of the VCO, providing sum and difference
frequencies. The sum frequency is removed by the
Low-Pass Filter. At reference lock, f, equals f, + f..
When this is the case, the frequency at the output
of the Low-Pass Filter will simply be the differ-
ence frequency, f,. The loop will always operate to
establish and maintain this condition. As a result,
the Signal Mixer will have applied to it the signal
of interest at f, and the reference signal at f, +f..
The difference frequency out of the Signal Mixer
will be at f.. This frequency is passed by the L.F.
~Amplifier and applied to the Demodulators. The
Demodulators are driven at f, by the |.F. Oscillator.
A Quadrature Phase Shift circuit is interposed be-
tween the LF. Oscillator and the Demodulators.
The Phase Fine Adjust circuit, not shown, oper-
ates on the f, drive to the Signal Mixer.

1.6D OUTPUT CHANNEL

The signal out of the I.F. Amplifier is applied to
the Phase Sensitive Detectors. These detectors
are driven by a signal at the |.F. frequency produc-
ed in the Reference Channel as previously de-
scribed. The two drives are in quadrature, that is,
they are always at 90° with respect to each other.
Thus, while one detector demodulates at 0°, the
other demodulates at 90°. The phase of the drive
signals can be shifted in increments of 90°
(Coarse Phase Adjustments). The Fine Phase Ad-
justment works on the drive to the earlier describ-
ed Signal Mixer. The coarse and fine phase adjust-
ments are used 1o establish the desired phase re-
lationships at the two Phase Sensitive Detectors.
Usually, the phase is set so that the signal input to
these detectors will be in phase with the drive to
one of them and 90° out of phase with the drive to
the other.

Like the previously described mixers, the Phase
Sensitive Detectors have sum and difference fre-
quencies at their output. Since the signal and
drive inputs to these detectors are at the same fre-
quency, the difference output is at 0 Hz, that is,
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dc. The magnitude of the dc varies directly with
the magnitude of the applied signal frequency and
with the cosine of the angle between the signal
and drive frequency. Thus, the output will be maxi-
mum when the signal is at 0° with respect to the
drive, and zero when the signal is at 90° with
respect to the drive. The sum component at twice
the LF. frequency will also be present. This
component, together with asynchronous noise
and interference, is removed by the low-pass
filters that follow. There are two filters in each
channel. If 6 dB/octave is selected, one filter is
“in”. If 12 dB/octave is selected, both are “in”. The
passband is set by the user-selected time con-
stant. The larger the time constant, the greater the
noise suppression. Most of the improvement in
signal-to-noise ratio achieved by the instrument is
provided by these filters. When the phase adjust-
ments have been properly made, the filter output
in Ch 1 will be a dc voltage proportional to the rms
amplitude of the fundamental frequency compo-
nent of the synchronous input signal. The filter
output of Ch 2 will be zero because of the cosine
response of the phase sensitive detector. If the
phase relationships at the phase sensitive detec-
tors are other than 0° and 90°, both channels will
have non-zero output levels.

The filter outputs are applied to normalizing am-
plifiers. If the NORMALIZE capability has not been
activated, the gain of these amplifiers is fixed so
as to provide correct output levels with respect to
the selected full-scale sensitivity. On the other
hand, if NORMALIZE has been activated, the gain
of these amplifiers will be automatically servoed
to the value required to give full-scale output
(““R” OUT in M5206) for the given input level. Note
that the Ch 1 Offset voltage is applied to the Ch 1
Normalizing Amplifier.

These amplifiers are followed by the circuits that
develop the various output functions. The magni-
tude function, R, is developed by taking the
square root of the sum of the squares of the indi-
vidual X and Y output levels. “R” then serves as
the input to a Log Converter to generate the LOG
R function. A Phase Computer develops a voltage
proportional to ¢, the angle between the signai ap-
plied to the “In-Phase” Phase Sensitive Detector
and the reference drive to that detector.

As shown in Figure I-7, these different functions
are applied to the Output Mode Multiplexer, which
determines which functions will be displayed on
the analog meters and provided at the OUTPUT
connectors. The Ch 1 and Ch 2 output functions
are made available to another Multiplexer, to-
gether with “R” and the AUX input line. This multi-
plexer selects which analog function is to be
routed to the input of an A/D Converter. The out-
put of the A/D Converter is placed on the Data
Bus. Other inputs to the bus include the Phase
setting, the set value of Offset, and the set fre-



quency of the optional Internal Oscillator. The
parameter selected with the Display key is routed
to the Digital Panel Meter for display. Note that
the data bus also drives a ten-bit digital-to-analog
converter. This converter receives the digital Off-
set information and develops from it proportional
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analog voltages. The Ch 1 Buffer amplilfier that
follows the Output Mode Multiplexer provides the
Expand function. The R Offset voltage is summed
with the R input on the appropriate input line of
the Output Mode Multiplexer.



SECTION 1i
INITIAL CHECKS

2.1 INTRODUCTION

The following procedure checks the performance
of the M5205/6. In general, this procedure should
be performed after inspecting the instrument for
obvious shipping damage (any noted to be report-
ed to the carrier and to EG&G PARC; take care to
save the shipping container for inspection by the
carrier). Note that the procedures that follow are
not intended to demonstrate that the instrument
“meets specs”, but rather to simply demonstrate
that it has arrived in good working order. Each in-
strument receives a careful checkout before leav-
ing the factory, and ordinarily, if no shipping
damage has occurred, will perform within the
limits of the specifications. If any problems are
encountered in carrying out these checks, contact
the factory or the authorized factory representa-
tive in your area for aid.

2.2 EQUIPMENT REQUIRED
(1) Sine Wave Oscillator to provide 1 V rms sine
wave at 1 kHz.

(2) Suitable cables for connecting the oscillator
output to the signal and reference inputs of
the lock-in amplifier.

2.3 PROCEDURE

2.3A LINE VOLTAGE
(1) Check the position of the rear-panel Voltage
Selection switch. For operation from a line
voltage of nominally 115 V, “115” should
show in the switch “window”. For operation
from a line voltage of nominally 230 V, 230"
should show.

(2) Plug the line cord into an appropriate source
of power.

2.3B TEST CONNECTIONS
(1) Set the M5205/6 Input switch to the “A” posi-
tion. ]

(2) Turn on the external oscillator and adjust it
for a1V rms output signal at 1 kHz.

(3) Connect the oscillator output to both the
REFERENCE and “A” inputs of the lock-in
amplifier.

2.3C TURN ON SEQUENCE
(1) Set the POWER ON switch to ON.

(2) Observe the digital display. It should remain
dark for about a second after the power
switch is set to ON. Then the model number,
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5205 or 5206, should appear for a second or
two. After the model number extinguishes,
the display indication will be indeterminate
because the “turn on” control settings are
those in effect at the time the instrument was
last operated.

2.3D TEST CONTROL SETTINGS

(1) Press the AUTOFUNCTION SELECT key and,
while itis held in, press the SENSITIVITY key,
thereby selecting the default values for the
front-panel controlled parameters. (This oper-
ation is referred to as doing a DEVICE CLEAR.
NOTE: If the unit is NOT equipped with the
AUDIO FBAND card, ERR1 will be briefly dis-
played. FBAND card selection takes place in
step 4.)

Press the MODES key as necessary to light
the RESERVE LED.

(@)

(3) Press the MODES key as necessary to light
the FBAND LED.

(4) Press the SET up-arrow or SET down-arrow
key as necessary to light the BROAD BAND
LED, if the unit is equipped with the broad-
band circuit card. If the unit is not equipped
with the broad-band circuit card, advance the
lighted position to AUDIO or LOW, whichever
applies. If the unit is equipped with both the
audio and the low-frequency cards (but not
with the broad-band card), select AUDIO.

(5) Press the TIME CONSTANT key as necessary
to light the SET LED.

(6) Press the SET down-arrow key as necessary
to light the “30” and “ms” LED’s.

(7) Press the SENSITIVITY key as necessary to
light the SET LED.

(8) Press the SET down-arrow key as necessary
to light the “1”” and *“V” LED’s.

2.3E PHASE
(1) Press the PHASE key as necessary to light
the 90° LED.

(2) Press the SET up-arrow or SET down-arrow
key as necessary to light the 270°-360° LED.

(3) Press the PHASE key again to light the FINE
LED.

(4) Observe the analog meter indication (Channél
1 meter in the M5206) and, while so doing, tap
the SET up-arrow or down-arrow key as neces-
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sary to get a meter indication of “0”. Should
you overshoot the optimum point, use the
“other” SET arrow key to reverse direction,.

Press the PHASE key, thereby lighting the 90°
LED.

Press the SET up-arrow one time. The meter
indication should go to positive full scale,
indicating an input signal level of 1 V rms.
Similarly, the digital display should indicate
1.000 V. Note that the sensitivity tolerance of
the lock-in amplifier as well as the output
tolerance of the external oscillator could
cause the actual indication to vary some from
the ideal 1V level.

Press the DISPLAY key as necessary to light
the PHASE LED. The digital panel meter
should display the phase shift introduced to
bring the input and reference signals into
phase at the input of the phase-sensitive de-
tector. Since the same signal was applied to
both inputs, the requisite phase shift should
be approximately 0° or 360° (depending on
the direction of the residual error) and the
display should indicate this value. Some
phase difference between the reference and
signal channels will be present, and the ac-
tual phase shift required to bring the two
signals into phase will be other than 0° (360°).
If the instrument being checked is a Model
5205, press the DISPLAY key as required to
light the OUTPUT LED and go to Subsection
2.3F. If a Model 5206, go to step 8.

Press the OUTPUT MODE key as necessary to
light the R,0 LED. The CHANNEL 1 meter
should indicate full scale (plus or minus the
signal level and sensitivity tolerances) and
the CHANNEL 2 meter should indicate the
difference angle at the input of the Phase
Sensitive Detector. That angle will be approx-
imately 0° if the phase adjustments were
properly made. This angle can also be dis-
played with greater sensitivity on the digital
panel meter by pressing the DISPLAY key as
necessary to light the CH 2 LED. If desired,
the user may touch up the phase setting
(PHASE FINE LED must be lighted; press the
SET up-arrow or down-arrow key to adjust the
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phase as required). When satisfied with the
phase indication, leave the CH 1 and X)Y
LED’s lighted. NOTE: In an actual measure-
ment, a more accurate phase setting will re-
sult if the fine phase adjustment is made for
exactly zero Y output, rather than for zero 6.

(9) Press DISPLAY until OUTPUT (M5205) or CH 1

(M5206) is lighted.

2.3F OFFSET AND EXPAND
(1) Disconnect the input signal from the “A’” con-

nector. The meter indications should zero.

(2) Press the OFFSET key (CH 1 OFFSET in the

~

M5206) as required to light the POLARITY
LED. Then press the SET up-arrow key as re-
quired to light the “+ " LED. Next press the
OFFSET key again to light the SET LED. Then
press the SET up-arrow key as required to ob-
tain a digital panel meter indication of.
+ 0.100. The analog meter (CH 1 meter in the
M5206) should indicate positive 10% of full
scale.

Press the EXPAND key (CH 1 EXPAND in the
M5206). The x 10 EXPAND LED should light,
indicating that an additional factor of ten gain
has been introduced. The digital panel meter
should still indicate =0.100 and the analog
meter (CH 1 analog meter in the M5206)
should deflect full scale to the right.

Press the EXPAND key again, thereby extin-
quishing the x 10 EXPAND LED. Then press
the OFFSET key (CH 1 OFFSET in the M5206)
as required to extinguish SET and light
POLARITY. Next, press the SET up-arrow or
down-arrow key as required to extinguish the
“+” LED. Be sure the “— " LED is off as well
(when both polarity indicators are extinguish-
ed, the Offset Function is turned OFF).

This completes the Initial Checks. If the indicated
behavior was observed, the user can be reason-
ably sure that the unit incurred no “hidden’’ ship-
ping damage and is in good working order. Users
are not advised to make more detailed evaluations
of the instrument’s performance without first
reading Section IV, OPERATING INSTRUCTIONS.



SECTION Il
CONDENSED OPERATING INSTRUCTIONS

3.1 INTRODUCTION

The instructions contained in this section are pro-
vided as an operator convenience. Their principal
utility is as an aid to someone who already has an
operating knowledge of the instrument, but who
may feel the need for a quick review before going
ahead. This section is not intended to meet the re-
quirements of the first-time operator. Many con-
siderations of critical importance in particular ap-
plications are bypassed for the sake of brevity,
making it essential that the user read Section IV to
be assured of optimum measurement results.
Note that these condensed operating instructions
are confined to control via the front-panel keys.
Computer controlled operation is too complex for
the level of discussion in this section.

3.2 INSTALLATION

The Model 5205/6 can be operated in most labora-
tory environments. The power requirements and
temperature range are stated in the specifica-
tions.

3.3 USE

The Models 5205 and 5206 are lock-in amplifiers,
best described as high sensitivity, high perfor-
mance ac voltmeters. They respond to the rms
amplitude of the fundamental frequency compo-
nent of the input signal, and read out in rms units.
Through the use of phase-sensitive detection and
averaging, these instruments are able to accurate-
ly measure the amplitude of minute signals mask-
ed with noise. The phase-sensitive detection pro-
cess requires that a second signal, referred to as
the reference signal, be applied as well as the
signal to be measured. The reference signal must
be synchronous with the signal to be measured,
must be “clean”, and must be at a fixed phase
with respect to it.

3.4 DEFAULTS

At power up, the Model 5205/6 does not “default”
to factory-determined values for each operating
parameter. Instead, it “remembers” the values in
effect the last time it was operated. Nevertheless,
default values are available. Once the unit is
powered up, they can be established by simply
pressing the SELECT key, and, while it is held in,
momentarily pressing the SENSITIVITY key (DE-
VICE CLEAR function). The defaults are:

FRONT-PANEL

PARAMETERS DEFAULT
DISPLAY (M5205).....ooeeomveoeeeeeeeeeeeeeeeseseeeseeeeeeeseeee oo OUTPUT
DISPLAY (M5206)..........oeveeoeeeeeereeseeeeeeeeeee oo, CH 1
OFFSET (MB5205).....o.eeeeeeeeoeeeeeeeeeeoeseeeeeereeseeeneene ZERO and OFF

111

RESERVE.......coiiiiiiciicenne e HIGH STAB

PHASE

OUTPUT MODE (M5206)
EXPAND (M5205..................
CH 1 EXPAND (M5206)..........ccoooveeeeeeeeeeereseeeresseseeeesseeseeesseroon

INTERFACE PARAMETERS

SRQ MASK ettt e en e neerens 0
PROMPT L.t eann ON
ACKNOWLEDGMENT ... eeeeeesaen e OFF
DELIMITER ..ottt ettt eenenns comma

When the M5205/6 is powered up, the front-panel
LED’s indicate the *“‘remembered” parameter
selections. They may or may not be suited to the
intended measurement. If they are “closer” to the
desired settings than the default values, don’t do
a DEVICE CLEAR. If the default values are closer,
do a DEVICE CLEAR (press SELECT and SENSI-
TIVITY).

Since these Condensed Instructions apply to
LOCAL operation only, if the REMOTE LED is
lighted, do a DEVICE CLEAR before proceeding. If
SRQ is lighted, it means that the M5205/6 was re-
questing a service request when it was last turned
off, and that the service request simply continued
when the instrument was turned back on. The fact
that there is a service request will not interfere
with LOCAL operation. However, if the instrument
is connected to a computer, it might be advisable
to do a DEVICE CLEAR, terminating the service re-
quest, and reducing the possibility of interference
by the computer.

3.5 CONNECTIONS

The reference signal should be connected to the
REFERENCE INPUT connector. This signal must
be at the frequency of the signal to be measured
and at a fixed (but not necessarily the same) phase
with respect to it. A 1 V rms sine wave or square
wave is optimum. However, reference signals as
small as 140 mV pk-pk can be used. The signal to
be measured is applied to the connector(s) at the
right of the front panel. For a single ended
measurement, set the Input Selector switch to
“A” and connect the signal to the “A” Input. For
differential measurements, set the Input Selector
switch to “A — B”, and connect the signal differen-
tially to the “A” and “B” Inputs.

*If the AUDIO card is not present, ERR1 will be displayed briefly. The user will have
to select BROADBAND or LOW, as appropriate.



3.6 OPERATION

The parameters are set by means of the front-
panel keys. For most parameters, the SET up-
arrow and down-arrow keys are used in conjunc-
tion with the Parameter Selection key to make the
user’s selection or set an operating value. Since
the underlying assumption of these condensed
operating instructions is that the user has some
operating familiarity with the instrument, the
specific details of how these keys are used and in-
teract are not provided here. Detailed information
on the use of all keys is provided in Section V.
The following text suggests a general approach to
making the required selections.

(1) DISPLAY: Usually, the best approach is to
begin by monitoring the output. This is done
by selecting OUTPUT (M5205) or CH 1 OUT-
PUT (M5206).

(2) EXPAND: Begin with the EXPAND OFF. It can
be activated at any time, if necessary.

(3) OUTPUT MODE (M5206 only): Begin with X,Y
selected. Other viewing modes can be
selected later, if required.

(4) OFFSET (CH 1 OFFSET in M5206): Begin with
the OFFSET OFF, that is, neither Offset “ 4"
nor Offset *“— " should be lighted.

MODES: This key is used in specifying the fre-
guency range and dynamic reserve capabil-
ities of the instrument. The F BAND selected
must correspond with the F BAND circuit
card in the unit. Every unit will have at least
one. Some may have two or all three. In units
having one card only, the card is most prob-
ably the BROAD BAND card, which works
well in most applications. The initial reserve
selection should be made on the basis of the
amount of noise accompanying the signal. If
the signal is essentially noise free, select
HIGH STAB. If the signal is moderately noisy,
select NORMAL. If the signal is very noisy,
select HIGH RESERVE. Note that each re-
serve setting works over a range of Sensitivity
settings as opposed to working with all Sensi-
tivity settings. Sensitivity dominates. If the
user tries to select a reserve setting that is in-
compatible with the Sensitivity setting, that
attempt will be unsuccessful and a compati-
ble reserve value will remain selected. The
user will have to change the selected sen-
sivity to use the desired reserve range. If the
sensitivity is later changed to one that is in-
compatible with the selected reserve, the
reserve will be changed automatically to an
acceptable setting.

(5)

REFERENCE: For most measurements the
user will want to select the EXT F mode. The
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EXT F/2 mode is used for second harmonic
measurements. In the INT mode, the lock-in
amplifier is the source of the reference signal.
To use this mode, the instrument must be
equipped with the Internal Oscillator option.
Internal reference mode operation is outside
the scope of these condensed operating in-
structions.

PHASE: The phase adjustments are used to
bring the input signal and the reference
signal into phase at the input of the phase
sensitive detector. When they are in phase,
the output is maximized (CH 1 Output in the
M5206). Phase and Sensitivity are usually ad-
justed alternately. First the Sensitivity is ad-
justed for an output indication. Then the
Phase setting is roughly adjusted for a peak.
The Sensitivity can then easily be changed to
optimize the output indication, if necessary,
after which the Phase adjustment can be
brought *“right on”. In the case of the Model
5206, better Phase setting sensitivity and ac-
curacy is obtained by adjusting for “0” on the
CH 2 meter instead of for maximum on the
CH 1 meter. This technique can also be used
with a Model 5205. The user simply adjusts
for “0” with the Phase controls (first adjust
for arough peak to be sure the Sensitivity set-
ting is reasonable), followed by incrementing
the phase by 90° in one step to establish the
final peak reading.

(8) TIME CONSTANT: The higher the time con-
stant, the greater the noise reduction the in-
strument achieves, but at the expense of in-
creased response time. A time constant of
30 ms is generally a good value to use at the
start. It’'s long enough to give good noise
reduction, but not so long as to unduely de-
grade the response time. As for the rolloff
rate, try 6 dB/octave initially. If the noise at
the output is still too high, the time constant
can be increased and/or the rolloff rate in-
creased to 12 dB/octave.

(2) SENSITIVITY: The optimum sensitivity set-
ting is the one which yields the highest on-
scale reading consistent with preventing in-
put overfoad from noise accompanying the
signal. Should overload occur, a higher re-
serve setting can be selected. If the overload
persists, a lower sensitivity can be selected.
The resulting loss in output can sometimes
be compensated for by use of the EXPAND
capability.

AUTOFUNCTIONS: The AUTORANGE and
AUTOSET auto-functions can greatly simplify
the measurement taking process. The AUTO-
RANGE function automatically adjusts the
Sensitivity every six time constants (6 dB/
octave) or every 12 time constants (12 dB/



octave). The maximum setting rate is once
every 1.2 s (6 dB/octave) or 24 s (12
dB/octave). The maximum sensitivity to which
the instrument can range, if desired, can be
set via the SENSITIVITY AUTO LIMIT func-
tion. The AUTOSET function is more powerful
than the AUTORANGE function in that it
automatically adjusts the phase as well as the
sensitivity. However, unlike the AUTORANGE
function, which repeats automatically, the
SET function cycles once only each time it is
activated. One convenient way of taking
measurements is to manually set all
parameters except PHASE and SENSITIVITY.
Then simply activate AUTO-SET, wait for the
auto-set cycle to go to completion, and take
the reading. AUTO-OFFSET introduces exact-
ly the amount of offset necessary to reduce
the output indication to zero, useful for track-
ing changes in output level about some pre-
viously established level. AUTO-NORMALIZE
automatically adjusts the sensitivity as re-
quired to give full-scale output with an arbi-

trary input level. It will only do this if the ap-
plied signal is between 40% and 110% of full
scale. This function is useful for evaluating a
series of measurements against some *‘stan-
dard” measurement which has been normaliz-
ed to full scale. Note that only one auto-
capability can be active at a time.
(11) REMOTE INTERFACE: As far as these con-
densed operating instructions are concerned,
the only point to be made is that the REMOTE
indicator be extinguished. The instrument
must be under LOCAL control. If REMOTE or
SRQ is lighted, do a DEVICE CLEAR.

~

This completes the condensed operating instruc-

" tions. Again, it must be emphasized that these
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condensed instructions are intended primarily as
a quick review for someone who already has
operating experience. They should not be used as
a substitute for SECTION IV, OPERATING IN-
STRUCTIONS.






SECTION IV
OPERATING INSTRUCTIONS

4.1 INTRODUCTION

Although operation of the Models 5205 and 5206
is straightforward, there are a number of factors to
consider to be assured of optimum performance
in every application. This section of the manual
treats those factors in some detail. Topics
covered include the operating controls, dynamic
range, harmonic sensitivity, noise improvement,
and operation with a computer.

4.2 FRONT-PANEL CONTROLS,
SWITCHES, AND INDICATORS

4.2A INTRODUCTION

The Models 5205 and 5206 Lock-In Amplifiers are
well designed from a human engineering point of
view. A combination of keys and LED (light-emit-

RN -

ting diode) indicators are provided on the front
panel so that the desired operating parameters
can be established quickly and easily. Moreover,
these LED indicators allow the operator to deter-
mine the instrument’s status at a glance when the
measurement is underway. This is as true for
computer-controlled operation as for direct
operator controlled operation. The digital panel
meter allows the operator to directly read any of
several critical parameters at any time.

Users will find the human engineering features in-
corporated into the froni-panel design make oper-
ation of these instruments largely self-teaching.
Nevertheless, users are advised to carefully read
through the following descriptions of the front-
panel features before using the instrument in an
actual measurement situation.
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4.2B KEYS

Observing the front panel, note that the various
features and functions are grouped for operator
convenience. The LED’s marking the functions
controlled by any select key are located in a clear-
ly delineated area near the key. For example, the
DISPLAY key sets the function displayed by the
digital panel meter. At any time, one LED in the
group will be lighted to indicate the displayed
function. Each time the DISPLAY key is pressed,
the lighted position shifts. By holding down the
key, the user can quickly advance through the
available display functions to reach the one
wanted. The other select keys work in similar
fashion, although in some cases, the complexity
of the select/set operation requires a slightly more
complex procedure. For example, note that the
CONTROL SET & MONITOR select keys, OFFSET,
MODES, REFERENCE, PHASE, TIME CONSTANT,
and SENSITIVITY, are all part of a single grouping.
All of these keys are operated in conjunction with
the SET keys (there are two, UP and DOWN) to
achieve the desired function. When any of these
six select keys is pressed, the associated func-
tion “controls’ become active as indicated by one
of the two LED’s directly above the key. For each
function, there are two possible selections. The
user alternates between the two by pressing the
select key. Once the desired selection has been
made, the UP/DOWN Kkeys are used to refine the
selection or set the parameter values. Although
this system of interacting key controls may initial-
ly seem to be complex, in practice it is simple and
convenient. Specific information regarding each
key and function is provided in the following para-
graphs.

(1) CONTROL SET AND MONITOR KEYS

SET: This pair of keys is located just to the
right of center and near the bottom of the
panel. The key to the left is called DOWN,
symbolized by a downward pointing arrow
directly above the key. That to the right is call-
ed UP, symbolized by an upward pointing ar-
row above the key. As indicated by the front-
panel symbolization, these keys interact with
the OFFSET (CH1 OFFSET in the Model 5206),
MODES, REFERENCE, PHASE, TIME CON-
STANT, and SENSITIVITY keys to determine
the corresponding functions and parameters
as follows.

(a) OFFSET (CH1 OFFSET in the M5206): This
key, used in conjunction with the
UP/DOWN keys, controls the dc offset. In
the case of the Model 5208, offset is intro-
duced into Channel 1 only.

The operator can turn the offset on or off,
and, when the offset is on, set its magni-
tude and polarity. Pressing the OFFSET
key transfers the lighted position from
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POLARITY to SET, or vice versa.

When POLARITY is the lighted position,
the UP/IDOWN keys set the offset. UP
selects POSITIVE (“+ ” indicator lights)
and DOWN selects negative (*‘— " indica-
tor lights). If UP is pressed when the off-
set is positive (“ + " indicator lighted), the
offset will turn off. Pressing DOWN when
the offset is negative (“—" indicator
lighted) will also turn off the offset. When
the offset is off, both the “+ " and “— " in-
dicators are extinguished. Note that the
offset capability must be on, either “+”
or “—=" illuminated, before the offset
magnitude can be set.

When SET is the lighted position, the UP/
DOWN keys are used to set the offset
magnitude. The UP arrow increases the
magnitude. The DOWN arrow decreases
it. When either of these keys is pressed,
the offset changes in increments of 0.1%
of full scale. The rate is slow enough to
allow the user to easily advance the offset
one 0.1% increment at a time. If the key is
pressed down long enough for ten in-
cremental advances to occur, the size of
the steps increases to 1% of full scale.
This two-speed advance system allows
users to increment rapidly to the desired
offset, while still maintaining sufficient
resolution to set the offset to exactly the
desired value. To observe the selected off-
set, simply press DISPLAY as many times
as necessary to light the OFFSET (CH1
OFFSET in the M5208) indicator. As long
as this indicator is lighted, the offset
polarity and magnitude will be displayed
on the digital panel meter. Should the off-
set capability be off, (both ““+” and “-"
extinguished), the digital panel meter will
display the word OFF if the user attempts
to display the OFFSET potential.

In the case of the Model 5206, the offset
function is even further refined. It can be
used to shift the “X” output level, or the
“R” output level according to the OUTPUT
MODE selected at the time the offset is
specified. If the OUTPUT MODE is either
“X” or PHASE LOCK when the offset is
specified using the CH 1 OFFSET and
UP/DOWN keys, the offset appears at the
“X” output only. If the OUTPUT MODE is
either “R” or LOG R when the offset is
specified, the offset appears at the “R”
output only. Note that offsetting “X” af-
fects “R”, but not vice versa.

EXPAND (CH1 EXPAND in M5208): This
key works directly to turn the x 10 output
expand feature on or off. When the ex-



pand is ‘“on”, the corresponding LED
lights to inform the user of the expansion
status. The Expand indicator is near the
OFFSET ‘“‘controls” because the offset is
affected by the expansion. In the case of
the Model 5206, note that the expansion
affects Channel 1 only.

MODES: This key, in conjunction with the
UP/DOWN keys, is used to select the
DYNAMIC RESERVE and FREQUENCY
BAND modes. When the MODES key is
pressed, either RESERVE (Dynamic Re-
serve) or F BAND (Frequency Band) will
light. To set the Dynamic Reserve,
RESERVE must be lighted. To set the Fre-
quency Band, F BAND must be lighted.
When RESERVE is lighted, the UP/DOWN
keys are used to choose the desired
Dynamic Reserve, HIGH RES (60 dB),
NORMAL (40 dB), and HIGH STAB (20 dB).

The corresponding output drift specifica-
tions are 1000, 100, and 20 ppm/°C respec-

tively.

Users should note that there is an inter-
action between RESERVE and SENSITIV-

ITY, as follows:

RESERVE SENSITIVITY RANGE
HIGH STAB....oooeiveieeeeeeeee 100 nV through 5V
NORMAL. ..ot 10 nV through 50 mv
HIGH RES......cciiiieee e 1pVto5mv

Should the user attempt to select a re-
serve setting inconsistent with the sensi-
tivity, the reserve won’t change. Instead,
the LED indicating the selected sensitiv-
ity will flash to indicate the problem. On
the other hand, should the operator set
the sensitivity to a value inconsistent with
the selected reserve, the reserve will auto-
matically change to a value that will allow
the sensitivity setting being made. The
reserve LED will flash to indicate that an
adjustment is being made.

When F BAND is lighted, the UP/DOWN
keys are used to choose the desired sig-
nal-channel frequency band, BROAD
BAND (2 Hz to 200 kHz), AUDIO (10 Hz to
20 kHz), and LOW (1 Hz to 2 kHz). For a fre-
guency band to be selected, it is first nec-
essary that the corresponding Frequency
Determining Card be instalied. If the card
corresponding to the selected frequency
range has not been installed, the digital
panel meter will briefly display the mes-
sage ERR1 when the selection is attempt-
ed. (If there are no FBAND cards in the
unit when it is turned on, ERR1 will be dis-
played continuously.)
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(d)

REFERENCE: This key, together with the
UP/DOWN keys, is used to select the ref-
erence mode and, if the INTERNAL refer-
ence mode is selected, to set the frequen-
cy. When REFERENCE is pressed, either
SELECT or SET FREQ will light. SELECT
has two functions. It allows selection of
the reference mode, and, if the selected
mode is internal, it allows the internal fre-
quency range to be specified. The lighted
position advances through the six internal
range positions and then through the two
external mode positions. When any of the
six internal range indicators are lighted,
the instrument is operating in the Internal
Reference mode, and the specific range
over which the frequency can be adjusted
is given by the labels immediately above
and below the LED’s. For example, if the
range were 10 kHz to 100 kHz, the LED be-
tween “10k” and “100k” would be lighted.
Note that internal reference mode opera-
tion is only possible if the Internal Oscil-
lator card has been installed. If the card is
missing and the Internal Reference mode
is selected, the digital panel meter will
briefly display the “message’” ERR1.

There are two External Reference modes,
F and 2F. In the “F”’ mode, the reference
channel operates at the frequency of the
applied reference signal. In the “2F”
mode, it operates at twice the frequency
of the applied reference signal.

When SET FREQ is lighted, the UP/DOWN
keys can be used to set the internal refer-
ence frequency to the specific desired
value in the selected range. The incre-
ments are 0.1% of full scale (full scale is
the upper end of the band as indicated by
the symbolization directly above the
lighted Internal Reference Mode LED). If
the key is pressed in long enough for the
frequency to advance through ten incre-
ments, the increments increase to 1% of
full scale. This system of two-speed incre-
menting allows the user to rapidly ad-
vance to the desired frequency while
maintaining sufficient resolution to set
the frequency to the desired value. To dis-
play the internal reference frequency,
simply use the DISPLAY key to advance to
the INTERNAL FREQ display mode.

PHASE: This key, together with the UP/
DOWN keys, sets the phase shift intro-
duced in the reference channel. When
PHASE is pressed, either FINE or 90°
lights. if 90° is lighted, the UP/DOWN
keys are used to select the phase quad-
rant. There are four quadrant indicator
LED’s. The symbolization to the left of the



LED’s indicates the quadrant boundaries,
although the actual range extends an ad-
ditional 2.5° in both directions beyond the
values symbolized on the front panel. All
phase angle indications are in degrees of
advance introduced in the reference chan-
nel.

When FINE is lighted, the UP/DOWN keys
can be used to set the phase precisely
within the selected range. Each phase in-
crement is 0.025°. If the UP or DOWN key
is held in, the first increment will be
0.025° and the next nine increments will
be 0.1°. After that the increments in-
crease to 1°. This system of three differ-
ent sized phase increments allows the
user to advance the phase rapidly, while
still maintaining fine resolution for pre-
cise phase setting. The amount of phase
advance introduced at any time can be
read directly from the digital panel meter
when it is operating in the PHASE mode
as established by the DISPLAY key.

TIME CONSTANT: Together with the UP/
DOWN keys, this key sets the averaging
time constants and the rolloff rate of the
time-constant filter. When TIME CON-
STANT is pressed, either the SET or
dBl/oct LED lights. When SET is lighted,
the UP/DOWN keys are used to select the
desired time constant. Values from 1 ms
to 100 s* in 1-3-10 sequence are provided.
When dB/oct is lighted, the UP/DOWN
keys are used to select the filter rolloff
rate, either 6 dB/octave or 12 dB/octave.

SENSITIVITY: This key is used together
with the UP/DOWN keys to set the sen-
sitivity of the instrument and, if desired,
to set the automatic sensitivity limit in
auto-range operation. When SENSITIVITY
is pressed, either SET or AUTO LIMIT
lights. When SET is lighted, the user
selects the desired full-scale sensitivity
with the UP/DOWN keys. This is the sen-
sitivity unaided by any optional pre-
amplifiers. If the x 10 EXPAND function
has been activated, the sensitivity is in-
creased by a factor of ten over that
selected. In other words, when EXPAND
is “on”’, the sensitivity range is 100 nV to
500 mV. In the case of the Model 5208, the
EXPAND function affects the Channel 1
sensitivity only; the Channel 2 sensitivity
range is always 1 uV to 5 V.

Note that sensitivity and reserve interact.
Sensitivities from 100 xV to 5 V inclusive
are available with the reserve set to HIGH

*10 s maximum with HI STAB reserve setting.
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STAB. Sensitivities from 10 xV to 50 mV
inclusive are available with the reserve set
to NORMAL. Sensitivities from 1 pV
through 5 mV are available with the re-
serve set to HIGH RES. Should the opera-
tor (or autorange) select a sensitivity in-
consistent with the reserve setting, the re-
serve setting will automatically change to
a value consistent with the sensitivity be-
ing set and the reserve LED will flash to
indicate the change. The converse is not
true, that is, if the reserve is set to a value
inconsistent with the set sensitivity, the
sensitivity does not change. However, the
LED indicating the selected sensitivity
flashes to indicate the problem. Sensitivi-
ty is the dominant parameter.

When AUTO LIMIT is lighted, the UP/
DOWN keys are used to set the maximum
sensitivity to which the unit will auto
range. The AUTO LIMIT setting has no ef-
fect on the sensitivity when it is being
controlled by the operator; it affects auto-
range operation only. As an example,
assume an experiment in which the sen-
sitivity is to be autoranged. Although the
signal amplitude is expected to vary over
a wide range, the user decides to limit the
maximum sensitivity to 10 xV. To do so he
has only to press SENSITIVITY to light
AUTO LIMIT, followed by using the UP/
DOWN keys to light the 10 xV LED. In the
subsequent measurement, the sensitivity
will be able to take values in the range of
10 1V to 5 V as required to track the chang-
ing signal amplitude, but no matter how
small the signal becomes, the unit will not
become more sensitive than 10 pV.

(2) AUTO FUNCTIONS
(a) SELECT: The SELECT key determines

which of the autofunctions is subject to
RUN/CLEAR control. Each time the
SELECT key is pressed, the lighted posi-
tion advances one step. The sequence is
OFF (none lighted), followed by RANGE,
SET, OFFSET, NORMALIZE, and then
back to OFF. Positions A5 and A6 are re-
served for possible future developments.
In the SELECT OFF state, none of the
autofunctions can be activated or deactiv-
ated. Their status remains constant. For
the status of an autofunction to be chang-
ed by the user, it is first necessary that
the corresponding SELECT LED be lit.
The SELECT key simply provides that
function. No advance will occur if the
selected function is active, and the LED
for the selected function will flash to in-
dicate the problem.



(b) RUN/CLEAR: This key activates or de-

activates the various auto functions. Only
one at a time can be active. Otherwise
stated, the ACTIVE light for a given auto-
function cannot be turned on unless all of
the autofunction ACTIVE lights are out.
Each of the autofunctions is briefly de-
scribed below.

RANGE: This autofunction allows the sen-
sitivity to be automatically ranged. When
AUTORANGE is activated, the magnitude
of the “R” output (“X” output in the
M5205) is monitored at approximately six
time constant intervals (12 TC intervals at
12 dB/octave). The RUN/CLEAR key is
used to activate or deactivate the func-
tion, as desired. Once activated, it re-
mains active until turned off.

The upper switching threshold is at 110%
of full scale. For example, suppose an in-
put signal level of 7 mV. The sensitivity
would autorange to 10 mV full scale. If the
input signal then increased to 11 mV
(110% of full scale), the sensitivity would
autorange to 20 mV. In the other direction,
the sensitivity autoranges as soon as the
signal level crosses the full-scale level of
the next higher range. In the example be-
ing considered, should the signal drop be-
low 10 mV, the sensitivity will autorange
from 20 mV full scale back to 10 mV full
scale. Should the signal level continue to
drop, the next autorange would occur
when the signal level reached 5 mV, the
next at 2 mV, and so forth. When operat-
ing with the autorange active, it is impor-
tant to consider the AUTO-LIMIT param-
eter, which is set by the SENSITIVITY and
UP/DOWN keys as previously described.
The AUTO LIMIT function sets the max-
imum sensitivity to which the unit can
autorange. Consider the example again.
Suppose the AUTO-LIMIT had been set to
1 mV. If the signal dropped below 500 pV,
the expected autorange would not occur
because of the limit imposed by the
AUTO-LIMIT function.

In the Model 52086, autoranging is always
done with respect to the “R’* output, in-
dependent of the selected Output Mode.
In both the Model 5205 and the Model
5206, autoranging occurs no more often
than once every six time constants (once
every 12 TC if 12 dB/octave). For example,
if the time constant were one second, the
signal level would be checked every six
seconds. The maximum autoranging rate
of once every 1.2 s (2.4 s if 12 dB/octave)
applies with a time constant of 1, 3, 10, 30,
or 100 ms.
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Note that the AUTOSET and AUTORANGE
routines are not intended to be run with
an offset present. However, they will func-
tion with offset unless the values of the
offset and signal are such that the result-
ing magnitude is less than 50% of full
scale on one range but greater than 110%
of full scale on the next more sensitive
range. If this is the case, the autoranging
criterion can never be satisfied and the
auto-range routine will simply oscillate
between one range and the next. This hap-
pens because offset is generated as a
percentage of full scale; when the range
changes, the magnitude of the offset
changes too.

Another AUTOSET/AUTORANGE con-
straint is that neither will proceed if the
applied reference signal is too low in
amplitude.

Operation with AUTORANGE active pre-
cludes certain user operations. Specific-
ally, one cannot change the offset or
manually change the sensitivity. How-
ever, offset can be added before going to
autorange operation, although the use of
offset in AUTORANGE (or AUTOSET)
operation is better avoided as previously
discussed. Should one attempt to change
the offset status or change the sensitivity
during autorange, the AUTORANGE AC-
TIVE light will flash rapidly for about a
second to indicate the problem. Since all
of the autofunctions are mutually ex-
clusive, one cannot activate any
autorange function if another is already
active. Should this be attempted, again
the appropriate ACTIVE light will flash to
indicate the operating error.

SET: A more powerful function than
RANGE, SET works on both the sensitivity
and the phase. With respect to sensitivity,
autoranging is done in the same way as
for RANGE except that it cycles only once
each time SET is activated. However, in
each cycle, the autoset routine will try as
many as twenty-one times to get the resul-
tant (Output in the M5205) between 40%
and 110% of full scale. In addition to rang-
ing the sensitivity, SET automatically ad-
justs the phase relationship between the
input and reference signals as necessary
to obtain maximum output (M5205). In the
case of a Model 5206, the phase is ad-
justed for maximum “X’ output and
minimum “Y” output. At the same time,
the Output Mode is set to “R, ¢” so that
the routine will have access to the phase
information.



The Model 5205 uses a different algorithm
for computing the phase information. This
routine proceeds in steps that are approx-
imately six time constants apart (12 time
constants apart if 12 dB/octave is select-
ed). The routine proceeds as follows.

(i) First the Output level is read. If it is
greater than 110% of full scale, the sen-
sitivity is decreased. If it is less than
110% of full scale, the phase is shifted by
one guadrant and the routine proceeds to
the following step.

(i) The Output level is read again. If it is
greater than 110% of full scale, the sen-
sitivity is decreased. If it is less than
110% of full scale, the microprocessor
computes the “proper phase” from the
two measured values for the Channel 1
Output. The Phase Shifter is then set to
the computed value and the routine pro-
ceeds to the following step.

(iiiy The unit reads the Output level a third
time. If it is not within proper bounds, the
sensitivity is adjusted in the proper direc-
tion and the routine returns to step (i). If
the output is within the allowable range,
the routine is finished.

The proper bounds for the routine are de-
fined as 110% of the current range and
50% of the next higher range. For exam-
ple, if the sensitivity is 5 mV, the allow-
able range would be 1 mV to 5.5 mV. Note
that the time between steps is doubled if
12 dB/octave is selected.

One particularly useful feature of the SET
function is that, when it is running, other
non-conflicting functions can be invoked.
This is specially useful if the user wants
to go to a shorter time constant while the
autoset routine is running, thereby speed-
ing up the autoset operation.

SET differs from RANGE in that it remains
active only long enough to make a single
sensitivity and phase adjustment. (An
autoset operation in progress can be
aborted with the RUN/CLEAR key, if de-
sired.) As soon as an autoset operation is
completed, SET is automatically deactiv-
ated. Should the user wish to autorange
the sensitivity and phase again, it will be
necessary to reactivate the SET function
with the RUN/CLEAR key. The restrictions
that apply to RANGE with respect to
changing the OFFSET status, manually
changing the SENSITIVITY, and activating
another autofunction apply to SET as
well. However, since SET is generally ac-
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tive only for a short time (the actual time
can vary considerably depending on the
specific operating conditions), they are
less likely to be noticed by the operator.

OFFSET: This autofunction automatically
introduces dc offset that neutralizes the
signal at the output. This action occurs
each time OFFSET is activated, and takes
less than a second. In the Model 5206,
either the “X’’ or “R” output is neutraliz-
ed, according to the OUTPUT MODE
status at the time auto-offset is activated.
If the output mode is either “X” or PHASE
LOCK, the “X” output is offset to zero. If
the output mode is either “R” or LOG R,
the “R” output is offset to zero.

NORMALIZE: This autofunction controls
the lock-in amplifier’s gain to achieve full-
scale output for any signal in the range of
40% to 110% of full scale. In the Model
5205 the “X” (only) output is normalized.
in the Model 5206 the “R” output is nor-
malized. The signal level is read and the
gain adjusted once only when AUTO-
NORMALIZE is activated. The “X”, “Y”,
and “R” outputs* are then displayed as
percentages of full scale so that changes
in signal level relative to that present
when the function was activated can be
readily tracked. The output levels con-
tinue to be displayed as percentages of
full scale for as long as NORMALIZE re-
mains active, that is, until deactivated
with the RUN/CLEAR key. If the signal
level is not between 40% and 110% of full
scale, normalization will not occur. The
only constraint on NORMALIZED opera-
tion is that common to all of the auto-
functions, namely, that only one auto-
function can be active at a time.

(3) DISPLAY

The DISPLAY key selects the parameter dis-
played by the digital panel meter. Each time
the DISPLAY key is pressed, the displayed
function changes, as indicated by the LED’s
just above and to the left of the DISPLAY key.
The displayed function for each is as follows.

(@) OUTPUT (M5205 only): The digital panel
meter displays the instrument’s output
level in units of V, mV, or xV, as indicated
by the lighted “units” LED to the right of
the display (nV is reserved for future use).
In AUTONORMALIZED operation, the out-
put level will be displayed as a percentage
of full scale and all of the units LED’s will
be unlighted.

*OUTPUT in the M5205; X", “Y", and “R" in the M5206.



(b) CH1 (M5206 only): The digital panel meter
displays the function selected with the
OUTPUT MODE key. Either “X’, “R”, LOG
R, or PHASE LOCK can be selected. The
significance of each is:

XX is the amplified and filtered out-
put of the In Phase demodulator. The
units are those indicated by the lighted
units-LED or in % of full scale (all units-
LED’s unlighted).

“R: “R” is the signal magnitude, calcu-
lated by taking the square root of the sum
of the squares of the In-Phase and Quad-
rature demodulator outputs. The units are
indicated to the right of the display. If all
of the units-LED’s are unlighted, the units
are % of full scale. This output remains
constant as the phase between the input
and reference signal changes.

LOG R: This output is computed by find-
ing the logarithm to the base ten of the
magnitude ““R”. The units are dB below
full scale.

PHASE LOCK: The digital display indi-
cates the CH1 magnitude “R” output level
once phase lock occurs.

{c) CH2 (M5206 only): The digital display in-
dicates the level of the function selected
with the OUTPUT MODE switch, as
follows.

“Y' Y is the output of the Quadrature
Demodulator. The units are those indicat-
ed by the units-LED’s. If all of these in-
dicators are unlighted, the units are % of
full scale. ‘

9: 6 is the phase of the input signal (with
respect to the reference signal) minus the
phase offset introduced with the Phase
controls. In other words, ¢ indicates the
phase angle between the signal and
reference inputs to the In-Phase Phase
Sensitive Detector. The units are in
degrees. Note that ¢ is selected for two
OUTPUT MODE positions.

PHASE LOCK: The digital panel meter dis-
plays the phase-lock “‘error voltage”.

(d) PHASE: The digital display indicates the
amount of phase shift introduced in the
reference channel in degrees. Because
the display is limited to four places, phase
changes smaller than the least significant
place units are not displayed. This “trun-
cation” may be noticed by the user. For
example, suppose the phase to be
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100.050°. Only the first four places will be
displayed, giving a displayed phase of
““100.0°". Two phase increments would be
required to change the indication. The
first would advance the phase to 100.075°
where the “75” would be lost by trunca-
tion. The second would advance the
phase to 100.100°, giving a display indica-
tion of *“100.1°".

(e) OFFSET (CH1 OFFSET in M5206): The
digital display indicates the amount of
offset introduced as a percentage of full
scale. There is no distinction made be-
tween manual offset and that introduced
by the AUTO-OFFSET function.

(f) INTERNAL FREQ: The digital panel meter
displays the frequency of the internal
oscillator in either Hz or kHz. This is true
even if the M5205/6 is operating in the
EXT. Reference mode. If the M5205/6 isn’t
equipped with the Internal Oscillator Op-
tion, a meaningless frequency reading
will be displayed.

(g AUX: The digital panel meter displays the
output of one of the rear-panel plug-in
modules, if present. The units are % of
full scale (10 V).

(4) LOCAL

This key does not implement the Remote/
Local function of the GPIB as defined by the
IEEE 488 standard. With respect to the stan-
dard, the M5205/6 is classified as having no
remote/local function capability.

The LOCAL key determines whether the in-
strument is subject to control from the front
panel. When LOCAL is pressed, the REMOTE
LED lights, indicating that the instrument can
be controlled via the GPIB or RS232 interface
and that it will not respond to the front-panel
controls. Note that the GPIB and RS232 inter-
faces are only present in units equipped with
the Digital Interface Option (M5205/95 or
M5206/95). To return to local (front-panel)
operation, it is only necessary to press the
LOCAL key again. Note that the REMOTE in-
dicator also lights under other circumstances
as explained in the discussion of the GPIB in-
dicators, which follows.

(5) GPIB INDICATORS

There are four, TALK, LISTEN, REMOTE, and
SRQ. Their purpose is to facilitate the de-
velopment of computer control programs. Al-
though the front-panel heading is “GPIB”,
users should bear in mind that these indica-
tors are also germane to operation with



RS232C data links. The specific function of
each indicator is:

(a) REMOTE: When the lock-in amplifier
senses the arrival of the first character of
a command, this indicator lights. It re-
mains lighted until the command has
been executed. The REMOTE light is also
controlled by the LOCAL key as previous-
ly described.

(b) LISTEN: This indicator lights when the
lock-in amplifier senses the first charac-
ter of a command. It remains lighted until
the terminator is sensed. This indication
does not mean that the host computer
has transmitted the LISTEN message.
Rather, it means that the M5205/6 is ex-
pecting more input before the current
command is complete.

(c) TALK: This indicator does not mean that
the host computer has transmitted the
TALK message. Rather, it lights when the
lock-in amplifier has output ready to be
sent. It goes out when the lock-in
amplifier has finished sending. When
lighted, it indicates that the M5205/6 has
more output to dump before the com-
mand is completed.

(d) SRQ: This indicator lights when an event
occurs that caused the lock-in amplifier to
assert SRQ (make a service request). It re-
mains lighted until the controller has
completed a serial poll on the lock-in
amplifier. See the discussions of the
Digital Interface Option functions for ad-
ditional information,

(6) OUTPUT MODE (M5206 only)

This key determines which functions are
available for display on the digital panel
meter. There are two parameters for each
selection. The one on the left is displayed in
Channel 1. The one on the right is displayed in
Channel 2. The significance of each selection
is:

(@ X,Y: The output of the In Phase (“X”)
demodulator is the Channel 1 output. The
output of the Quadrature (“Y”) demod-
ulator is the Channel 2 output.

(b) R,0: The magnitude (square root of the
sum of the squares of the In Phase and
Quadrature Demodulators) is the Channel
1 output. The phase angle between the
signal and reference inputs to the In-
Phase PSD is the Channel 2 output.

(c) LOG R,f: The log of the magnitude is the
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Channel 1 output. The angle between the
signal and reference inputs to the In-
Phase PSD is the Channel 2 output.

(d) PHASE LOCK: This position establishes
phase-lock operation. This is a special
operating mode that only applies in units
having the internal oscillator option and
operated in the Internal Reference Mode.
In this mode, the internal oscillator
“locks” to the input signal in frequency
and phase, allowing measurements to be
made without the need for an external ref-
erence signal. The feature is best used
with relatively ‘“clean’ input signals. To
establish phase lock, the frequency is
manually adjusted (REFERENCE and
UP/DOWN keys) until the frequency is
within one percent of full scale of the
signal frequency. As the oscillator fre-
guency comes closer and closer to the
signal frequency, the panel-meter indica-
tions will change more and more slowly
until lock-on occurs. At that point the
readings will stabilize.

In Phase Lock operation, the normal X and
Y output levels are applied to the analog
meters. If the phase lock is perfect, the X
indication will be maximum and the Y out-
put will be zero. Since X and R are equal
when the phase is locked, the Ch 1 panel
meter indication is called “R’ on the front
panel. Similarly, any Ch 2 (Y) analog meter
indication gives the error in the phase
lock; a “perfect” lock/iphase will give zero
Ch 2 output. The utility of the ERROR out-
put is simply to give a sensitive indication
of phase lock. If the indication, even if
non-zero, is stable, “lock’ has occurred. If
the ERROR output is fluctuating, the
phase has not locked.

(7) DOUBLE KEY FUNCTIONS

A number of special functions are provided
that require the operation of two keys for ac-
tivation. With but one exception, the function
is activated by pressing the RUN/CLEAR key,
and, while it is pressed, momentarily pressing
another key as explained below. It is strongly
advised that NO autofunction be selected (all
LED’s above SELECT key should be extin-
guished) before activating a double-key func-
tion. The reason is simply that, if an auto-
function is selected, that function will be ac-
tivated when the RUN/CLEAR key is pressed.
The result will be more things going on at
once than the operator intended, with con-
fusion a distinct possibility.

(a) GPIB ADDRESS: Briefly pressing REF-
ERENCE while RUN/CLEAR is pressed



causes the GPIB address currently
selected by the GPIB address switches,
located on the Digital Interface card, to be
displayed (hex code) for about three sec-
onds. The displayed quantity are switch
settings only. TO ACTUALLY CHANGE
THE ADDRESS, IT IS NECESSARY TO DO
A POWER UP INITIALIZATION (turn the
power off, wait a few seconds, change the
switch settings, and turn the power back
on).

RS232 PARAMETER SELECTIONS: Brief-
ly pressing PHASE while RUN/CLEAR is
pressed causes the RS232 DIP switches,
located on the Digital Interface card, to be
displayed (hex code) for about three sec-
onds.

FIRMWARE REVISION LEVEL: Briefly
pressing the TIME CONSTANT key while
RUN/CLEAR is pressed causes the firm-
ware revision level number to be display-
ed (hex code) for about three seconds.
This information should be noted so that
it can be reported to the factory in any
subsequent discussions of operating or
service problems.

PANEL LIGHTS OFF: Briefly pressing the
SENSITIVITY key while RUN/CLEAR is
pressed causes all of the front-panel
LED’s to be extinguished. Repeating this
operation restores them to their normal
mode.

POWER-ON INITIALIZATION: Briefly
pressing the OFFSET (CH1 OFFSET in the
M5206) key while RUN/CLEAR is pressed
causes the power-on initialization se-
quence to be executed.

DEVICE CLEAR: Briefly pressing the SEN-
SITIVITY key while the SELECT key is
pressed causes the instrument param-
eters to assume the default state, as
follows:

FRONT-PANEL

PARAMETERS DEFAULT SETTING
DISPLAY (M5205)......c.coveerieereeceeeveeee e, OUTPUT
DISPLAY (MB5208).....ccueeueeeeeereeeeeeeeeieeeee e, CH 1
OFFSET (M5205.......ccooiiecieeceeeeen. ZERO and OFF
CH 1 OFFSET (M5206).........c.ccoveveeen. ZERO and OFF
RESERVE......o e HIGH STAB
FBAND .o AUDIO*
REFERENGE.......c e EXT. F
OSCILLATOR . e 40 kHz
PHASE. ... 0° in Quadrant 0° to 90°
TIME CONSTANT ..ot 100 ms
ABIOCTAVE ...t 6
SENSITIVITY e 5V
AUTOFUNCTIONS.......covioieiieee e all OFF
OUTPUT MODE (M5206)........ccceveeeeeriieeeeeeeereeee XY
EXPAND .o OFF

INTERFACE PARAMETERS

SRQ MASK ZERO
PROMPT...coviviine ...ON
ACKNOWLEDGMENT ... OFF
DELIMITER................ omma (hex 2C)

LOCAL/REMOTE.....

4.2C ERROR INDICATORS

There are two ways of indicating errors, first by
means of the three (four in the M5206) Error LED’s
at the left of the digital panel meter, second, by
displaying messages on the digital panel meter. A
brief discussion of each follows.

(1) LED ERROR INDICATORS

(@)

REFERENCE LOW: This indicator lights if
the applied reference signal is too small
in amplitude to assure proper reference-
channel operation. The reference signal
range is 140 mV to 2 V pk-pk.

SIGNAL OVERLOAD: This indicator lights
if a stage ahead of the mixer is overdriven.
Should this happen, the recommended
action is to increase the pre-mixer reserve
range. If operating with HIGH STAB se-
lected, try either NORMAL or HIGH RES.
If operating with NORMAL, try HIGH RES.
If the unit is already operating with HIGH
RES selected, there is no alternative but
to reduce the sensitivity.

OUTPUT OVERLOAD: This indicator
lights if the output exceeds full scale.
Such an indication could be caused by ex-
cessive noise at the output (try increasing
the time constant), by operating with the
sensitivity set too high for the signal level
(decrease the sensitivity), or by introduc-
ing OFFSET sufficient to.cause the out-
put to exceed full scale (turn the offset off
or reduce it). Another possibility is that
the instrument is operating with x 10 ex-
pansion when the pre-expand output sig-
nal level is too large to permit it.

X OVERLOAD and Y OVERLOAD (Model
5206 only): These indicators work exactly
the same as the OUTPUT OVERLOAD de-
scribed in the preceding paragraph, the
only difference being that, in the Model
5206, there are two output channels to
consider. Note that the expansion and off-
set functions affect Channel 1 only.

(2) DISPLAY ERROR INDICATIONS

(@)

ERR1: This message indicates that the
option card has not been installed for the
option function selected. It is active for
functions relating to the FREQUENCY
BAND and INTERNAL OSCILLATOR

*1f an Audio Band Card is not installed, ERR1 will be displayed briefly. This is nor-
mal and indicates that the user must set the FBAND manually.

cards. If the unit is turned on with no
V-9



FBAND card installed, ERR1 will be
displayed continuously. If a DEVICE
CLEAR is executed in a unit not having an
AUDIO card, ERR1 will be displayed brief-
ly, and there is no FBAND selection until
made by the operator.

ERR2: This message indicates that an in-
valid command has been received by the
digital interface.

ERR3: This message indicates that an in-
valid parameter has been received by the
digital interface.

ERR4: COMMAND OVERRUN; indicates
that a character has been received from
the interface while the lock-in amplifier is
busy processing the previous command.
This COMMAND OVERRUN error alerts
users to the need for pacing commands in
an orderly manner by using the serial poll
via the GPIB or by using the prompt
character via RS232. When this error oc-
curs, ERR4 is flashed when the initial
command is finished, and the TALK and
LISTEN LED’s turn on to indicate the over-
run condition. These LED’s stay on until
the next command is received.

4.2D DIGITAL DISPLAY AND METER(S)

Both the Model 5205 and the Model 5206 use the
same four-digit (plus sign) digital display. The
parameter displayed is determined by the DIS-
PLAY key and, in the Model 5206, by the OUTPUT
MODE key as well. LED indicators to the right of
the display indicate the units of the displayed
parameter. If all of the units-LED’s are extinguish-
ed, the parameter is displayed as a percentage of
full scale. In the Model 5205 there is a single
analog panel meter directly below the digital dis-
play. In the Model 5206 there are two analog
meters, located side by side below the digital dis-
play. The parameter displayed on the analog
meter(s) depends on the model of the lock-in
amplifier, as follows.

(1) MODEL 5205: The analog meter displays the
amplified and filtered mixer output. Assum-
ing the phase is adjusted correctly, the meter
directly indicates the amplitude of the input
signal. The meter has a center-zero, three-
inch scale and is accurate to 2% of full
scale.

MODEL 5206: The analog meters display the
guantities selected with the OUTPUT MODE
key (previously described). The Channel 1
(left) meter can indicate the “X” output, the
“R” output, the log of the “R” output, or the
“R” output in Phase Lock Mode operation.
The Channel 2 (right) meter can indicate the

~
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“Y” output, the phase angle between the in-
put and reference signals at the mixer, or the
“arror” output in Phase Lock Mode operation.
These meters have center-zero scales and are
accurate to 2% of full scale.

4.2E OUTPUTS

In the Model 5205 there is an output BNC connec-
tor located below and to the right of the analog
panel meter. The output at this connector tracks
the analog meter indication. Full-scale is =10 V
and the source resistance is 600 Q. The Model
5206 has two front-panel output connectors, one
for each channel. The output at the connector be-
neath the Channel 1 analog panel meter tracks the
Channel 1 meter indication. The output at the con-
nector beneath the Channel 2 analog panel meter
tracks the Channel 2 meter indication. The source
resistance at both output connectors is 600 Q.

4.2F INPUTS
There are three input connectors, one for the refer-
ence input, the other two for the signal input.

(1) REFERENCE INPUT: This input is located at
the lower left-hand corner of the front panel.
The lock-in amplifier can operate in the exter-
nal reference mode only if a suitable signal is
applied to this connector (input impedance 10
Mg.). Symmetrical signals with amplitude in
the range of 140 mV to 2 V pk-pk are accept-
able.

(2) SIGNAL INPUT CONNECTORS: There are
two, located at the lower right-hand corner of
the front panel. An associated toggle switch
determines whether the input is single-ended
or differential. For single-ended operation,
the switch is set to “A” and the signal is ap-
plied to the left-hand “A’” connector. For dif-
ferential operation, the switch is set to
“A — B” and the signal is applied differentially
to the two connectors. The input impedance
at both connectors is 100 M. The shell of
both connectors “floats” off ground by 10 Q.

4.2G SWITCHES

There are two switches (other than the keys, de-
scribed already). The first is the POWER switch,
located in the upper left-hand corner. This switch
controls the line power to the instrument. In the
OFF (down) position, it interrupts both sides of
the ac power to the primary of the power .trans-
former. The second switch is the Input Configura-
tion switch, located above and midway between
the input connectors. This switch determines
whether the input is single ended or differential.
In the “A” position, the input is single ended. In
the “A — B” position, the input is differential.



4.3 REAR PANEL

4.3A INTRODUCTION

The rear panel of both models is the same. As can
be seen in Figure IV-3, there are a number of con-
nectors and switches located at the rear panel.
Several of these will only be present if the instru-
ment is equipped with certain options. A discus-
sion of each rear-panel feature follows.

4.3B OUTPUT BNC CONNECTORS

In the case of a Model 5206, two connectors are
provided, one for Channel 1, the other for Channel
2. The functions available at these connectors ex-
actly parallel those of the front-panel Channel 1
and Channel 2 Output connectors, and the de-
scriptions of those connectors apply equally to
the rear-panel outputs. Only one connector, Chan-
nel 1, is provided in the Model 5205. It parallels the
front-panel output connector in every respect.

Users of early units will notice “X ZERO” and
“Y ZERQ’ adjustment ports adjacent to these out-
puts. There are no user adjustments behind these
ports. Under no circumstances should users re-
move the covers over these ports.

4.3C IEEE 488 INTERFACE CONNECTOR

If the instrument is equipped with the Digital Inter-
face Option, an IEEE 488 interface connector is
provided at the rear panel in the IEEE 488 INTER-
FACE area. In the case of early units, there is a
space to the right of the connector for an address
switch. However, design and space constraints
have made it necessary to locate this switch in-
side the unit on the Digital Interface Card.

A detailed treatment of the IEEE 488 Interface
capabilities is provided in the discussion of the
Digital Interface Option.

1EEE 488 INTERFACE %
) rea—
i 12345t im0

4.3D OSCILLATOR OUTPUT

In units equipped with the Internal Oscillator Op-
tion, a BNC connector and level adjustment are
provided in the OSCILLATOR OUTPUT area of the
rear panel. The oscillator output is provided at this
connector at an impedance of 600 Q. The ampli-
tude can be varied from 0 to 5 V rms with the asso-
ciated adjustment.

4.3E PREAMP POWER

Any of several different optional preamplifiers can
be purchased for use with the Model 5205 or
Model 5206. These preamplifiers are powered via a
cable that extends between the power connector
on the front panel of the preamplifier and the
PREAMP POWER connector on the rear panel of
the lock-in amplifier.

4.3F AC POWER

The ac line-voltage selector switch, line fuse, and
power input connector are all located at the lower
right corner of the rear panel. Power and safety
considerations for these lock-in amplifiers are
discussed in Subsection 1.1.

4.3G ACCESSORY INSTALLATION OPENINGS
There are two openings for mounting accessories
on the rear panel. Each opening is furnished with
a cover secured by a screw. To gain access to the
opening so that an accessory can be installed, it is
only necessary to loosen the screw that secures
the cover*.

If the unit is not equipped with the Digital Inter-
face Option, two options can be instailed. If the
unit is equipped with the Digital Interface Option,
the RS232 Interface connector is mounted on the

*The installation of rear-panel accessories should only be performed by an ex-
perienced electronics technician. and then only with the lock-in amplifier discon-
necied from all sources of power.

OSCILLATOR
{ OUTPUT
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Figure IV-3. MODEL 5205/6 REAR PANEL
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REFERENCE 2 BOARD
REFERENCE 1 BOARD

OSCILL.ATOR BOARD
CPU BOARD
DIGITAL INTERFACE BOARD
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OUTPUT 2 BOARD (M5206 ONLY)

PUT 1 BOARD
DEMODULATOR 2 BOARD (M5206 ONLY)
DEMODULATOR 1 BOARD
AUXILIARY CONNECTORS (PREAMPLIFIERS)

R112
R 114

. cva
BAUD RATE JUMPER - E\\//:
PRESENT ON EARLY
R5232 SWITCHES UNITS ONLY

GP1B SWITCHES

RV6 RVS5 RV4 RV1 Rv2

RV6

RV1 RV3
RV4

RV1

Rv2

SIGNAL BOARD
MIXER BOARD
BROADBAND FREQUENCY BOARD

SPARE (RESERVED FOR FUTURE DEVELOPMENT)
LOW FREQUENCY OR ULTRA LOW FREQUENCY BOARD
AUDIO FREQUENCY BOARD

Figure IV-4. BOARDS, SWITCHES, JUMPERS, CONNECTORS, AND FIELD-CALIBRATION ADJUSTMENTS

right-hand option-opening cover, with the result
that only one rear-panel option can be installed.
Another Digital Interface configuration that allows
operation with two rear-panel options in addition
to RS232C is available. Contact the factory for in-
formation. Figure IV-4 shows the location of the
various internal switches and connectors.

4.4 DIGITAL INTERFACE
CONSIDERATIONS

4.4A INTRODUCTION

The Digital Interface Option (M5205/95 and
M5206/95) allows the lock-in amplifier to be inter-
faced via either a GPIB (IEEE 488) or RS232 data
link. The Digital Interface Option makes provision
for complete control of the lock-in amplifier from
an external source. The SENSITIVITY, EXPAND,
TIME CONSTANT, PHASE, REFERENCE MODE,
INTERNAL OSCILLATOR, FREQUENCY, DYNAM-
IC RESERVE, FREQUENCY RANGE CARD, ZERO
OFFSET, AUTOFUNCTIONS, DISPLAY, and all
other front-panel operating capabilities can be
controlled externally via the digital interface.
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4.4B RS232, AN OVERLOOK

INTRODUCTION

Users need not understand the material in Sub-
section 4.4B to make use of the Digital Interface
Option’s RS232 capability. This information is pro-
vided for background convenience only. Users
may find it helpful Yn the sense that any back-
ground information can aid in giving insights that
could be useful in solving specific problems. The
source of this information is the excellent article
by Steve Leibson, THE UNSTANDARD INTER-
FACE, SERIAL /O, that appeared in the NOV/DEC
79 issue of the Hewlett Packard publication, KEY-
BOARD. Specific information for using the RS232
capability is provided in Subsection 4.4C.

RS232, ITS HISTORY AND PROBLEMS

Serial data transmission is not new. Beginning
with Morse Code and its use in telegraphy, the
technology of serial data transmission has im-
proved steadily to where today there is wide-
spread reliable electronic data communications
via serial coding. With the development of com-



puters, the efficacy of serial data transmission in
communications between humans and computers
was quickly recognized. Serial data communica-
tions in computer applications were widely
adopted. Initially, teletypewriters were almost ex-
clusively used as combination terminal/display
devices in communications between men and
computers. With time, terminals and display de-
vices advanced far beyond the teletypewriters
used initially, but the serial I/O data handling
characteristics of teletypewriters was maintained.

These communications reached a critical point
when the distances involved became long. Clearly
it was impractical to string wires between widely
separated devices if it could be avoided. The ready
solution was to make use of the existing tele-
phone line system. Unfortunately, the telephone
system was not designed with serial data trans-
mission in mind, but rather voice communications
with telephones serving as the /O devices. The
situation was additionally complicated by the in-
clusion in the telephone system of non-wire ““‘con-
nections” such as microwave data links. The prob-
able chaos of allowing direct connections be-
tween the various serial /0O devices and telephone
lines was not acceptable, and some sort of stan-
dard had to be established. RS232C is that stan-
dard. It defines signal and mechanical standards
for communications between a piece of Data Ter-
minal Equipment (DTE) and a piece of Data Com-
munications Equipment (DCE). This standard has
served well and is the basis for almost all long-
distance data transmission. However, its very suc-
cess has led to its adoption in applications for
which it was not intended. Today there are count-
less communications links that use the RS232C
standard, even though the standard is not intend-
ed to apply to them. Computers, printers, termi-
nals, measuring instruments, etc., all are provided
with serial data links claimed to be “RS232C”.
However, since many of these devices are neither
terminals nor modems, they cannot, by definition,
comply strictly with RS232C. Although users may
expect that two pieces of equipment having
RS232C ports should successfully communicate
as soon as they are connected, it almost always
happens that they do not. There are several possi-
ble reasons why successful communications may
be thwarted.

The first stems from the direction of the data flow
as a function of the assigned interconnecting
wire. The standard specifies that data transmitted
from a terminal to a modem be routed via pin 2 of
the terminal connector, and that received from the
modem enter the terminal via pin 3 of its interface
connector. Where the device in question is neither
a terminal nor a modem, the manufacturer has to
arbitrarily select which pin is used to output data
and which to receive data. As a result, it some-
times happens that users have to cross-wire from

pin 2 to pin 3 for two pieces of “RS232C Standard”’
equipment to communicate.

Handshake compatibility is another problem,
sometimes a serious one. RS232C has limited
handshake requirements. The standard is con-
cerned solely with terminal-modem communica-
tions, and the Request-to-Send and Clear-to-Send
lines (pins 4 and 5 respectively) fill that require-
ment. They do not necessarily satisfy the hand-
shake requirements for other equipment. Accord-
ing to the standard, the DTE is supposed to assert
Request-to-Send when it has data to send. Having
asserted Request-to-Send, it is then supposed to
wait for Clear-to-Send to be asserted by the DCE.
Thus far no problems. Once data transfer begins,
however, the DCE is not allowed to drop Clear-to-
Send until the DTE drops Request-to-Send. Clearly
there is a potential for the DCE being asked to
take a longer drink than it can handle. if the Clear-
to-Send line is arbitrarily used as a spigot to turn
the data flow on and off (definitely NOT according
to the standard), there is the question of determin-
ing just when it should switch. If it changes states
when its buffer is full, it might stop in the middle
of a character and garble the data. If it waits, the
buffer will overflow and data will be lost. The pro-
blem is simply that RS232 was not designed for
the job it is often asked to do, even though it can
generally be “made” to work well.

Another problem has its origin in the RS232 volt-
age levels. Because RS232C was around long
before TTL, its voltage levels differ from those of
TTL. Negative true logic is used for data commu-
nications; positive true logic is used for com-
mands. The levels are +3 V to +25 V for the
positive logic level, and —3 V to —25 V for the
negative logic level. The region between =3 V is
undefined. As a result, TTL levels cannot be used
in implementing “RS232” communications.

Users also must take care to ascertain that both
pieces of equipment operate at the same data-
transmission rate (baud rate), agree on parity, have
the same number of stop bits, and use the same
character code (usually ASCII). A mismatch in any
one of these parameters will cause data to be
garbled or lost.

Between data transmissions, the data line idles at
the negative voltage level. Each transmission
begins with a start bit, the leading edge of which
is defined by the data line going positive (logic 0).
The start bit lasts for one bit time (the duration of
each bit is set by the baud rate), and acts as a
signal to the receiving device to begin sampling
the level on the line at the center of each bit time
interval in the sequence. Clearly, both devices
must agree as to the number of bits to follow if
they are to communicate successfully. The start
bit is followed by the data bits, seven for ASCIi,
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that define the character transmitted. Next is the
parity bit. The user has the option of having even
parity, odd parity, or no parity (no parity-bit time in-
terval included in the sequence). However, both
instruments have to be set the same with respect
to the parity bit. The parity bit is then followed by
either one or two stop bits. The line comes back to
the negative logic level for the duration of the stop
bits and continues idling at the negative level until
another start bit is transmitted, marking the begin-
ning of the subsequent communication. Most
RS232-compatible devices have provision for user
selection and control of the parity bit, the number
of stop bits, and the baud rate. Most use the ASCI|
code. Sometimes eight bits are used instead of
seven, convenient for byte-oriented 1/O. Suc-
cessful communications can usually be establish-
ed. It’s just not so straightforward as users may
expect.

Serial interfacing is popular and reliable.
However, when two pieces of equipment are to
communicate serially, the communications link
must be established with care and attention to
detail, even though both devices have serial ports
implemented “in accordance with the RS232C
Standard”. Users who wish to have more detailed
information about the RS232C standard can pur-
chase a copy of it from:

Electronic Industries Association
Engineering Department

2001 | Street, N.W.

Washington, D.C.

4.4C RS232C, AS IMPLEMENTED IN THE M5205/6

INTRODUCTION

Before the Serial Interface can be used, several
factors have to be considered. Included are the de-
tails of the pinout, construction of the intercon-
necting cable, the handshake, and several user-
controlled serial interface parameters. The
RS232C pinout is indicated in Table IV-1.

RS232C SWITCH ASSEMBLY

One of the two internal switch assemblies located
on the Digital Interface board (Figure IV-5) sets the
RS232 parameters (the other sets GPIB addresses).
For successful serial interface communications,
the switches that affect RS232 communications
must be correctly set. Table 1V-2 indicates the
functions controlled by switches 3, 4, and 5.
Switches 1, 2, 7, and 6 are not used. Switch 8 pro-
vides an ECHO function. When switch 8 is in the
ON position, there is no echo. When it is in the
OFF position, each character received by the
M5205/6 is echoed back to the computer, allowing
it to ascertain that the character received was, in
fact, the character sent.

A SWITCH IS ON WHEN THE END WITH THE
SWITCH NUMBER IS PRESSED DOWN.
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PIN FUNCTION COMMENT
Ties the chassis of the M5205/6
to that of the Computer.

The M5205/6 transmits on this
line. It must connect to the
computer connector pin that
receives serial data.

The Mb5205/6 receives data on
this line. It must connect to the
computer connector pin that
transmits serial data.

This line is permanently assert-
ed in the M5205/6, that is, it is
always at a positive voltage
level {+10 V). In other words,
the computer continuously re-
ceives the message that the
M5205/6 is ready to receive a
character.

The computer can control the
M5205/6 via this line. To enable
the M5205/6 to transmit, the
line is placed at the positive
voltage level (+3 V to +12 V).
To hold off transmission by the
M5205/6, the line must be at the
negative voltage level (-3 V to
—12 V). Once this line goes
positive, data transfer, if initi-
ated by an appropriate com-
mand, will take place. The com-
puter must be able to accept all
of the data that can be trans-
ferred, or pull this line negative
at the proper moments to pre-
vent overflow. NOTE: If the
user doesn’'t wish to use
CLEAR TO SEND, simply leave
pin 5 unconnected. It will
“float” to about + 12 V, contin-
uously enabling the M5205/6 to
transmit.

1 Earth Ground

2 Transmit Data

3 Receive Data

4 Request to Send

5 Clear to Send

6 unused

Logic Ground Data signal levels should be
with reference to logic ground.
The logic ground line of the
M5205/6 should interconnect
with the fogic ground line in the

computer.

8,9,
10, 11 unused
12,22 unused

24, 25 unused

Table IV-1. M5205/6 SERIAL INTERFACE PINOUT

# of

Switch Setting Time
SW5 SwW4 Sw3 Selected Parameters Slots
OFF OFF OFF 7 BITS, EVEN PARITY, 2 STOP BITS 1

OFF OFF ON
OFF ON  OFF
OFF ON  ON
ON OFF OFF

BITS, ODD PARITY, 2 STOP BITS 11
BITS, EVEN PARITY, 1 STOP BIT 10
BITS, ODD PARITY, 1 STOP BIT 10
BITS, NO PARITY, 2 STOP BITS 11

MW~~~

ON OFF ON BITS, NO PARITY, 1 STOP BIT 10
ON ON OFF BITS, EVEN PARITY, 1 STOP BIT "
ON ON ON 8 BITS, ODD PARITY, 1 STOP BIT 11

NOTE: The combination of 8 BITS, NO PARITY, and 2 STOP BITS is recommended
for operation above 9600 baud. The use of two stop bits increases the reliability by
reducing the possibility of the receiver and transmitter getling out of synchroniza-
tion.

Table IV-2. PARAMETER COMBINATIONS SELECTED
BY SWITCHES 3, 4, AND 5



BAUD RATE JUMPER

RS232 SWITCHES
GPIB SWITCHES

j1e2

: A SWITCH IS ON WHEN THE END WITH

THE SWITCH NUMBER IS PRESSED DOWN.

Figure IV-5. GPIB SWITCH, RS232 SWITCH, AND BAUD-RATE JUMPER LOCATION

WORD CONSTRUCTION

Between transmissions, the transmit data line
rests at the low logic state. Each transmission
begins with a START bit, the leading edge of
which is marked by the transmit line going to the
positive logic level. The START bit is then follow-
ed by the seven data bits that define the character
being transmitted. Bit 8, if transmitted, is a logic 0.
The ASCII Character code is used and the most
significant bit is sent first. If the user has elected
to include a parity bit, it directly follows the bits
that define the character. Parity maintenance in-
volves keeping the total number of “1’s” in the
data (start and stop bits don’t count) either even or
odd, as desired. If odd parity is selected, the parity
bit will be a “1”” when that is necessary to have the
total number of data bits, including the parity bit,
odd. For example, if the data word in question is
0010010, the parity bit would be ““1” so that there
would be three “1’s” in all. If the number of “1’s”
in the word is already odd, such as in the word
0010110, the parity bit would be a “0”. Even parity
is similar except that the parity bit is made “1" or
“0” as necessary to keep the total number of
“1’s”, including the parity bit, even. The utility of
parity maintenance is that it provides a direct way
of detecting garbled data if the computer is pro-
grammed to only accept words having the select-
ed parity. If a word having incorrect parity is read,
it is a message to the computer that data loss is
occurring. Although the M5205/6 generates the
parity bit, if selected, it does not itself check the
incoming parity information.

The parity bit is followed by either one or two stop
bits, as selected. The stop bits are at the negative
logic level, returning the line to the quiescent
state. If the user has elected “no parity”, the parity
bit time slot will be deleted, and the time slot im-
mediately following the last data bit will be allo-
cated to a stop bit.

BAUD RATE

The user sets the M5205/6 baud rate. The rate
selected must be compatible with the rate at
which the computer can accept and process the
data. Nine different rates are available as selected
by means of an internal jumper*. To check and/or
change the baud rate, proceed as follows.

(1) With the cover removed (always unplug the
line cord before removing the cover), note
that there is an assembly of nine pairs of Berg
pins just to the left of the RS232 switch
assembly (Figure IV-5). A small removable
jumper is mounted on one of the nine pairs of
pins. The location of this jumper determines
the baud rate; the baud rate is that corre-
sponding to the pair of pins that are jumpered
together. The lowest baud rate is on the right
and the highest is on the left. The actual rates
available are: 150, 300, 600, 1.2 k, 2.4 k, 4.8 k,
9.6 k, 19.2 k, and 38.4 k bits per second.

If the jumper is not on the pair of pins corre-
sponding to the desired rate, simply pull it off
to free it, and transfer it to the pair of pins cor-
responding to the desired rate.

~
o

CONCLUDING STATEMENTS

The preceding paragraphs contain all of the infor-
mation a user needs to know about the Serial
interface per se. To actually use the interface, the
user will have to understand and implement the
appropriate user commands according to the
Model 5205/6 Interface Communications Protocol.
The protocol is discussed in Subsection 4.4G. The
commands are discussed in Subsection 4.4H.

*This operation should only be performed by an experienced electronics technician.
and then only with the unit disconnecied from all sources of power.
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4.4D GPIB (IEEE 488, 1978), AN OVERLOOK

INTRODUCTION

It is not necessary to understand the material in
this subsection to make use of the GPIB interface
capability. This information is provided for back-
ground only. Users may find it helpful in the sense
that any background information can aid in giving
insights potentially useful in solving problems.
Detailed information regarding use of the GPIB
data link as implemented in the Model 5205/6 is
provided in Subsection 4.4E.

DESCRIPTION

The I|EEE 488-1978 Instrument Bus Standard
defines a bit-parallel, byte-serial bus structure de-
signed to allow communications between intelli-
gent instruments. Using this standard, many in-
struments may be interconnected and remotely
controlled or programmed. Data can be taken
from, sent to, or transferred between instruments
via one connector or port. The standard defines all
voltage and current levels, pinouts, connector
specifications, timing, and handshake require-
ments. As a result, it should be possible to take
two or more devices equipped with a GPIB port,
remove them from their shipping cartons, connect
them to the bus, and expect that they will be able
to communicate on the bus. However, the stan-
dard cannot guarantee that they will necessarily
understand one another.

OPERATING STATES

With respect to operating on the bus, there are
only three operating states, controller, talker, and
listener. The controller (computer) coordinates
communications on the bus by commanding the
other devices connected to it. Talkers can put in-
formation on the bus. Listeners accept messages
that have been placed on the bus. Clearly, any
given device may be able to support more than
one of these states. The controller generally both
talks and listens. Individual instruments or periph-
erals connected to the bus may have one or either
capability. For example, the Model 5205/6 can act
as both a talker and listener, as commanded by
the controller. Systems could exist where a volt-
meter connected to the bus would function as a
talker only. A printer on the same bus, by way of
contrast, might function as a listener only, pro-
viding a permanent record of the voltage readings
when commanded to do so by the controller. Al-
though a system could contain more than one
controller, only one can be active at a time.
Similarly, only one talker at a time can be active.
Since listening is a passive activity, more than one
device is allowed to listen. Devices are assigned
addresses for identification. The controller activ-
ates each device at the proper time by placing its
address on the bus. Once the instrument has been
“alerted” in this manner, the appropriate com-
mand can be transmitted to it. There is provision
for commands that will be recognized by all

devices, or by only those designated via the ad-
dressing technique.

NUMBER AND KINDS OF LINES

The bus operates with sixteen signal lines. Of
these, eight are data lines. The data lines are bi-
directional and carry both data and commands.
Together, they constitute the data bus. Of the re-
maining eight lines, three are designated the byte
transfer control group. Their function is to imple-
ment the handshake required to transmit a data
byte or command. Last is the general interface
management group of five lines. These are for
single-line commands and status messages. They
function independent of the handshake require-
ment. TTL levels with negative true logic are used
throughout.

THE HANDSHAKE

As mentioned in the preceding paragraph, the
handshake is implemented on the three byte-
transfer control lines, designated DAV (data valid),
NRFD (not ready for data), and NDAC (no data ac-
cepted). The following sequence occurs each time
a dataword or command is transferred. Figure IV-6
iHlustrates a data transfer.

FIRST DATA BYTE SECOND DATA BYTE

DATA 7
unes (.. 2 U /]
m NOT VALID NOT VALID NOT VALID
VALID VALID
SOME READY SOME ,READY
a— 7Y ALL READY T ALL READY
NRFD " INEREE!
1 NONE READY 1411l NONE READY
o / ALL ACCEPTED
NDAC : ;
; ]

NONE ACCEPTED

TTTVT
[
1
1 11

| o——— )

SOME
ACCEPTED

T NONE
Lh ACCEPTED
== \

ACCEPTED ACCEPTED
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Figure IV-6. GPIB DATA TRANSFER

(1) Quiescently, the talker may or may not have
meaningful data on the bus. As far as the up-
coming transfer is concerned, it doesn’t
matter.

(2) The talker continuously monitors the NRFD
line. This line is controlled by all active
listeners in such a way that it can change
state (low to high) only if every active listener
is ready to accept data. As long as any active
listener is not ready to accept data, NRFD will
be low. Once all active listeners are ready,
NRFD goes high, initiating the transfer.

(3) On sensing that NRFD has gone high, the
talker is free to put data on the bus and pull
DAV down. If the data is already on the bus (it
may have been there for some time), DAV
goes low immediately. If there is no data on




the bus, the byte to be transmitted is placed
on the bus first. Then, at least two micro-
seconds later, DAV is pulled down, signaling
the active listeners that they can read the
data byte.

(4) On sensing that DAV is low, the active
listeners know that there is a valid data word
on the bus and that they are to read it. In so
doing, they become ““busy’” and NRFD returns
to the low state, where it remains until every
active listener is ready to receive data again.

(5) The active listeners also control the NDAC
line. It is held low during the quiescent state
and while the data is being accepted. The ac-
tive talker monitors the NDAC line. Only when
every listener has accepted the data byte
does this line go high, notifying the talker that
the data byte has been transmitted.

(6) On sensing the positive transition of NDAC,
the talker releases DAV, allowing it to return
to the high state. The listeners sense this and
respond by again pulling down on NDAC,
thereby restoring the quiescent conditions in
preparation for the next data transfer.

This sequence repeats with the transmission of
every data or command byte.

THE GENERAL INTERFACE
MANAGEMENT GROUP
(1) ATN (Attention): This is a critically important

line. When asserted (low), it causes the active
talker to relinquish control of the DAV line.
The controller takes the place of the active
talker, and both talkers and listeners alike ac-
cept the information transmitted when ATN is
asserted. Specific_control information is
transmitted when ATN is asserted.

It is important to understand that some of the
codes transmitted when ATN is asserted will
have different but equally valid meanings if
transmitted when ATN is not asserted. The
commands that can be transmitted when ATN
is asserted, Remote Message Commands, are
defined by the standard. ATN is also asserted
when transmitting_an address. Commands
transmitted when ATN is not asserted are
user defined. Note that it is not necessary
that each device connected to the bus
understand all of the standard commands. In-
dividual device manufacturers can select
those commands their device will recognize.
Should the others appear on the bus, they will
simply be ignored. Besides transmitiing a
command when ATN is asserted, the -con-
troller could also transmit an address (listen
or talk). A device becomes an active talker
when its talk address is placed on the bus. It
becomes an active listener when its listen ad-
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dress is placed on the bus.

(2) IFC (Interface Clear): This line is asserted
(pulled low) to override all bus activity and
return the bus to a known ‘“clear” state. Or-
dinarily, it is asserted by the system con-
troller, when it powers up. Otherwise, IFC is
not used, but is reserved for situations where
something has gone wrong. Any data on the
bus may be lost when IFC is asserted.

(3) REN (Remote Enable): This line is asserted to
transfer devices on the bus from local to
remote control.

(4) EOI (End or Identify): This line has two func-
tions. First, it may be asserted by the talker to
designate the last byte of a multi-byte
message. Second, it can be used as part of
the parallel polling process described in the
following step.

(5) SRQ (Service Request): All devices on the bus
share this line. Any device on the bus can
assert the line, indicating to the controller
that some device requires attention. For ex-
ample, a voltmeter might assert SRQ after it
has taken a reading to indicate to the con-
troller that it is ready to place the reading on
the bus for transfer and further processing.
All service requests look alike. The controller
must use either serial polling or parallel poll-
ing to identify the devices requiring service.

In serial polling, every device on the bus is
successively queried as to its status by the
controlier. In each case, the device answers
with an eight-bit status byte that carries the
necessary information. The controller then
transmits a serial poll disable command to
return the device to the data mode. By the
time the controller has queried each device, it
will “know” which one required the service,
and will act accordingly.

In parallel polling, the controller asserts ATN
and EOI simultaneously, thereby requesting a
parallel poll. As many as eight devices can
respond simultaneously, each on a different
previously-assigned data line. The data line
corresponding to the device requiring service
will be low, allowing it to be recognized by the
controller,

ADDRESSING

Addressing is an essential GPIB concept. Each
device on the bus is assigned a listen address and
a talk address (assuming both are relevant to the
device in question). These addresses are set by
switches or jumpers at the device. When the con-
troller wishes to communicate with a specific
device on the bus, it uses the address of the
device in question. Only the device having the cor-



responding address will respond to the subse-
guent message.

There are thirty-one listen addresses, from 0100000
to 0111110 (all listen addresses begin with 01).
The last code in the listen group, 0111111, is the
unlisten command, which causes all devices to go
to the listener idle state as opposed to the listener
active state. Similarly, if the controller wants a
device to talk, it sends the talk address of the
device in question, followed by the specific com-
mand. The talk addresses range from 1000000 to
1011110 (all talk addresses begin with 10). The last
address in the tatk group, 1011111, is the untalk
command. Since there can be but one talker on
the bus at a time, transmitting the untalk com-
mand will result in there being no active talker on
the bus.

FINAL COMMENTS

The preceding discussion of how the GPIB func-
tions is by no means complete. A great deal of ad-
ditional detail has to be considered by device de-
signers. The utility of the standard is that users do
not have to understand or know any of this. What
is required of the user is the controller program
that coordinates all the bus activity necessary to
accomplish the task at hand. For more detailed in-
formation concerning IEEE 488 1978, the reader is
advised to purchase a copy of the standard from:

IEEE
345 East 47th Street
New York, New York 10017

4.4E GPIB BUS OPERATING CONSIDERATIONS
FOR THE MODEL 5205/6

INTRODUCTION

Although conformance to I|EEE 488 assures
freedom from the uncertainties that plague
RS232C data links, there are, nevertheless, a
number of factors that have to be considered, in-
dependent of programming, for successful opera-
tion on the bus. These are discussed in the follow-
ing paragraphs.

ADDRESS (INTERNAL GPIB SWITCH ASSEMBLY)
When the controller wishes to communicate with
one device on the bus, it begins by placing the ad-
dress of that device on the bus with ATN asserted.
Naturally, each device must “know” its own talk
and listen address. In the case of the M5205/6,
these addresses are set by switches 1 through 5
of the internal GPIB switch assembly. A switch is
ON when the side of the rocker having the number
is pressed down. Setting a switch to ON selects a
1", Setting it to OFF selects a ““0”". Switch 1 sets
the least significant bit. Switch 5 sets the most
significant bit of the five that can be set with
these switches. Each address is seven bits in
length. Every listen address begins with 01, and
every talk address with 10. Thus the five address
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switches at any time define not one address, but
two. For example, suppose the switches were set
as follows.

SWITCH SETTING
L e 0
e e 1
OO P 1
4o e 0
D s 1

Since switch 1 defines the least significant bit,
the selected address would be 10110. Recalling
that every listen address begins with 01, and every
talk address with 10, the two addresses defined by
this set of switch settings would be:

LISTEN oo 0110110
TALK e 1010110

If the controller wished to designate the device an
active listener, it would place the address 0110110
on the bus. If it wished to designate the device an
active talker, it would place the address 1010110
on the bus.

Table IV-3 lists all possible combinations for GPIB
address switches 1 through 5, together with the
decimal equivalent in each case. Also indicated
are the hex and ASCII equivalents of the complete
seven-bit talk and listen addresses.

Hex Taik Hex Listen
Switch Bit Decimal Address Address
Sequence Equiv. (1st digits 10) (1st digits 01)
00000 0 40 20
00001 1 41 21
00010 2 42 22
00011 3 43 23
00100 4 44 24
00101 5 45 25
00110 6 46 26
00111 7 47 27
01000 8 48 28
01001 9 49 29
01010 10 4A 2A
01011 11 4B 2B
01100 12 4C 2C
01101 13 4D 2D
01110 14 4E 2E
01111 15 4F 2F
10000 16 50 30
10001 17 51 31
10010 18 52 32
10011 19 53 33
10100 20 54 34
10101 21 55 35
10110 22 56 36
10111 23 57 37
11000 24 58 38
11001 25 59 39
11010 26 5A 3A
11011 27 5B 3B
11100 28 5C 3C
11101 29 5D 3D
11110 30 5E 3E
11111 Not an Untalk Unlisten
Address Command Command

NOTE: Switch 1 sets least significant bit. ON selects "1"". OFF selects logic “0".
Table IV-3. ADDRESS SWITCH CODING



OTHER GPIB SWITCH ASSEMBLY
CONSIDERATIONS

There are eight switches in the GPIB switch
assembly. Five of them set the address as pre-
viously described. A special GPIB TEST ECHO
operating state, involving switch 8, can be estab-
lished in which all characters sent or received via
the GPIB data link are echoed to the RS232 port.
This feature is useful in solving GPIB interface
problems. To select this state, switch 8 should be
OFF, with switches 1 through 5 set to any com-
bination except all ON. In normal operation,
switch 8 is left in the ON position.

Switch 7 defines the terminator. In the OFF posi-
tion the terminator is a LINE FEED. in the ON posi-
tion it is a CARRIAGE RETURN. Switch 6 is reserv-
ed for future use.

GENERAL INTERFACE MANAGEMENT LINES
There are five general interface lines. Their func-
tion is defined by the standard and briefly dis-
cussed in Subsection 4.4D. Some additional com-
ment is appropriate for them as they apply to the
Mb5205/6. First, the instrument recognizes ATN
and IFC as defined in the standard. It does not rec-
ognize REN (Remote Enable). The Model 5205/6
accepts EOI as a delimiter for a multi-byte mes-
sage. The instrument does respond to SRQ. That
response is discussed in detail in Subsection
4.4H.

REMOTE MESSAGE COMMANDS

IEEE 488 defines a large number of commands
which the controller can place on the bus when
ATN is asserted. Of these, the M5205/6 recognizes
DEVICE CLEAR only (code 0010100 with ATN
asserted). On receiving the DEVICE CLEAR (DCL)
command, the default parameters are established
as follows.

FRONT-PANEL DEFAULT
PARAMETERS SETTING
DISPLAY (MB5205)......ueeieerieieeeeeeeeeeeeeeeeeeeeeiee e OUTPUT
DISPLAY (M5206).....ccccoiaiaeeeee et CH 1
OFFSET (M5205........eei et ZERO and OFF
CH 1 OFFSET (M5206).......cceeoeieeeeeeeeiee e, ZERO and OFF
RESERVE.. ...ttt HIGH STAB
FBAND ..ot AUDIO*
REFERENGE. ...ttt EXT. F
OSCILLATOR. .ttt 40 kHz
PHASE....cooieerenn °in Quadrant 0° to 90°
TIME CONSTANT .ttt 100 ms
ABIOCTAVE. ... ettt eett e 6
SENSITIVITY oottt et eeeeae e vreae e 5V

AUTOFUNCTIONS

OUTPUT MODE (MB206)......ccmeeeeeereercrierieieeeee e XY
EXPAND ...ttt e enens OFF
INTERFACE PARAMETERS

SRQ MASK ...ttt ZERO
PROMPT .ttt ON
ACKNOWLEDGMENT ...t OFF
DELIMITER. ...t comma (hex 2C)
LOCAL/REMOTE....c..iiiiee e LOCAL

*If an Audio Band Card is not installed, ERR1 will be displayed briefly. This is nor-
mal and indicates that the user must set the FBAND manually.
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4.4F COMMUNICATIONS PROTOCOL

A transmission to the M5205/6 consists of a com-
mand followed by a space, arguments if neces-
sary, and a terminator. If a command is followed
by one or more parameters, it is taken to be a re-
quest to set the associated function according to
the parameters. If the command is NOT followed
by one or more parameters, it is taken to be a re-
quest to read the associated setting. For example,
“S 9” is a command to set the sensitivity to set-
ting “9”. but “S” is a request to know what the
sensitivity setting is. If a command has param-
eters associated with it, a space MUST separate
the command from the parameters. Parameters of
a command will be integer numbers separated by
a delimiter. The default delimiter is a comma. (For
examples, see commands O, J, P, & T in Table
IV-4.) Should the comma delimiter be unaccept-
able to the computer, another delimiter can be
specified. The terminator that follows each com-
mand message can be either a LINE FEED or a
CARRIAGE RETURN, as set by switch 7 of the
GPIB switch assembly. At the GPIB port, the
M5205/6 accepts EOI asserted as a terminator,
and will itself assert EOl with the last character in
each message.

Several commands can be sent in one line by us-
ing a semicolon to separate the commands*. For
example:

S9
0,
0
0

TO0,1
X
D
could be transmitted all at once as:
S9T0,1;X0,D0O

However, if an error is detected at any point in the
line, the rest of the command is ignored. The size
of the M5205/6’s input buffer is 80 characters.
Commands longer than 80 characters will be trun-
cated at 80 characters. Similarly, the size of the
M5205/6°’s output buffer is 80 characters. Any
compound command that generates more than 80
characters of output will cause data to be lost.

At the RS232 port, the user has the option of hav-
ing the interface echo all characters received.
This function is controlled by switch 8 of the
RS232 Switch Assembly, as previously described
(ON position gives no echo; OFF position gives
echo).

Numbers are transmitted as ASCIl decimal with
the most significant digit transmitted first. No
more than five leading blanks are permitted.

*Placing multiple commands on one line is faster. Also, it saves paper during a
printout. Disadvantages are: (1) additional opportunities for errors are introduced,
and (2) some computers have no provision for structuring command sequences in
this way.



COMMANDS CANNOT BE TRANSMITTED TO
THE M5205/6 WHILE IT IS BUSY EXECUTING A
PREVIOUSLY RECEIVED COMMAND. SHOULD A
COMMAND BE SENT WHEN THE LOCK-iN
AMPLIFIER IS BUSY, IT WILL BE IGNORED, AND
AN ERR 4 MESSAGE DISPLAYED.

If the ACKNOWLEDGE function has been ac-
tivated by sending the appropriate command, the
lock-in amplifier responds to each command with
either an OK or a question mark. OK signifies that
the command has been understood. A question
mark means that it has not been understood.
These responses precede any response required
by the command itself.

Each command consists of one upper case letter.
In some cases the letter will be followed by a digit
between 0 and 9, if required. Each command letter
suggests the associated function. Where there is
a conflict, one of the command letters has been
selected arbitrarily. For example, the letter “R” is
appropriate for both reserve and reference. As it
turns out, “R” has been assigned as the reserve
function and ““J” to the reference function. In the
case of ON/OFF functions, “1” is used to denote
ON and “0” to denote OFF.

When interfacing a computer to the M5205/6, it is
important to keep the structure of the interface
simple, clear, and correct. In keeping with this
goal, it is advisable that:

(1) There be only one subroutine to send a com-
mand.

(2) There be only one subroutine to receive a
command.

(8) Provisions be made to assure that no com-
mand is sent until the M5205/6 has completed
processing initiated by the previous com-
mand.

(4) Any response by the instrument to the com-
mand must be read by the computer.

The COMMAND COMPLETE and OUTPUT READY
bits of the STATUS byte are well suited to aiding
the user in meeting these requirements. These
bits can be used to control the program flow. One
benefit of the illustrated control scheme is that
the programmer need not specify the number of
response numbers expected for each command. It
will work correctly independent of the execution
timing of the commands.

4.4G RS232 AND GPIB DEVICE DEPENDENT
COMMANDS

INTRODUCTION
independent of the choice of data link (serial or
GPIB), most messages from the controller to the
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Mb205/6 will be device dependent commands.
These commands are listed in Table 1V-4 and
discussed in the paragraphs that follow the table.
Many of these commands must be accompanied
by operands that are either addresses or integer
values. All commands should be terminated by CR

M5205/6 PARAMETER
COMMANDS FUNCTION RANGE
D N* Selects what data digital panel meter will display. (0-to-5)
M N Selects data indicated by panel meter{s). (0-to-3)
XN Sets EXPAND on or off. (0or1)
O N1,N2 Sets OFFSET
N1 is offset. {0-to-1000)
N2 is the polarity. {0ort)
RN Selects RESERVE. {0-to-2)
EN Selects FREQUENCY BAND. {0-to-2)
J N1,N2 Selects Frequency of Oscillator and Reference
N1 is the numerical frequency. (100-to-1000)
N2 is the band. (0-to-7)
P N1,N2 Selects PHASE SHIFT
N1 is the Quadrant. {0-to0-3)
N2 is the numerical value. (100-t0-3900)
(100 gives a phase shift of —2.5°)
(3900 gives a phase shift of 92.5°)
T N1,N2 Selects TIME CONSTANT and dB/OCTAVE
N1 seiects the TC. (0-to-10)
N2 selects the dB/octave. Qor1)
SN Selects the SENSITIVITY. (0-to-20)
LN Selects the sensitivity LIMIT. (0-to-20)
A1N Selects the AUTORANGE on or off. 0 or 1}
A2 N Sets AUTOSET on or off. (0ort)
A3 Causes the AUTO-OFFSET routine fo run.
A4 N Selects AUTONORMALIZE on or oft. O or1)
A5 Reserved for future use.
AB Reserved for future use.
A7 Causes the AUTOPHASE routine to run.
Q1 Causes integer value of CH1 to be sent.
Q2 Causes integer value of CH2 to be sent.
Q3 Causes integer value of AUX to be sent.
GN Sets X" and "Y" Channel gain. {0-t0-4095)
HN Selects mode of front-panel LED’s. {0-to-2)
KN Causes the routine associated with the specified
key to run exactly as if the key had been pressed
at the front panel. {0-to-13)
YN Turns ACKNOWLEDGMENT function on or off. ©ort)
UN Turns RS232 PROMPT function on or off. {0ori)
v Causes firmware version number to be sent.
E Gauses error number of previous command to be
sent.
z Causes STATUS byte to be sent.
8N Specifies SRQ MASK byte. {0-t0-255)
CN Specifies delimiter between numbers in all com- {any ASCIIl
mands. character)
WN Duplicates function of front-panel LOCAL key. (0 or1)
N Allows status of the three overload indicators to

be read via the interface.

““N" represents any number in the indicated range for the parameter.

Table IV-4. M5205/6 DEVICE-DEPENDENT COMMANDS



(carriage return) or by LF (line feed) characters, as
set by switch 7 of the GPIB switch assembly (ON
for CR, OFF for LF). The M5205/6 uses integer
numbers only.

Many commands can be sent with or without an
operand. Where such a command is followed by
an operand (N), it is taken to be a request to set
the associated function according to the operand
value. If the command is NOT followed by an
operand, it is taken to be a request to read the
associated setting. Some commands, such as
"V “E” and “Z” are always commands to send
information, and never take an operand. A few
commands are used solely to initiate routines,
specify control parameters, or turn functions on or
off. Included in this group are “A3”, “A4 N”,
“K N7 Y N7, “UN”, “BN”, and “C N”.

DETAILED DESCRIPTION OF COMMANDS

(1) D N: When followed by N, the D command
sets the parameter displayed by the digital
panel meter. If N is not included, the com-
mand is a request for the display parameter
currently selected. The selections as a func-
tion of “N” are:

N M5205 M5206
0 OUTPUT CH 1
1 PHASE CH2
2 PHASE PHASE
3 OFFSET CH 1 OFFSET
4 INT. FREQ INT. FREQ
5 AUX AUX

(2) M N: When followed by N, the M command
selects the parameter to be displayed by the
analog panel meters in the Model 5206. If N is
not included, the command is a request for
the current “‘meter selection”. The command
has no validity for the Model 5205. The selec-
tions as a function of “N” are:

N CH 1 METER CH 2 METER
0 X Y
1 R 0
2 LOG R 0
3 X (Phase Lock) Y (Phase Lock)

(3) X N: When followed by N, the X command
switches the EXPAND on or off. If N is not in-
cluded, the command is a request for the cur-
rent EXPAND status. An “N” of “1’’ switches
the EXPAND ON. An “N” of “0” switches it
OFF.

(4) O N1,N2: When followed by N1 and N2, the O
(this is upper case OH, not zero) command
controls the offset. If N1 and N2 are not in-
cluded, the command is a request for the cur-
rent OFFSET status. The magnitude is set by
N1, where N1 can range from 0-to-1000. The
units are tenths of one percent of full scale.
N2 switches the offset on or off and sets the
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polarity. An N2 of “0” turns the offset OFF.
An N2 of “1” turns the offset ON with the
polarity POSITIVE. An N2 of “2” turns the off-
set ON with the polarity NEGATIVE.

R N: When followed by N, the R command
controls the dynamic reserve. If N is not in-
cluded, the command is a request for the
RESERVE status. The reserve as a function of
“N” is:

RESERVE

F N: When followed by N, the F command
selects the FREQUENCY BAND. If N is not in-
cluded, the command is a request for the
selected F BAND. The selected mode as a
function of “N ” is:

N BAND
Dttt BROAD BAND
OO N AUDIO
et LOW

(7) J N1,N2: When followed by N1 and N2, the J
command selects the reference mode and
controls the Internal Oscillator Option. If N1
and N2 are not included, the command is a re-
quest for the REFERENCE status. If an Inter-
nal Reference Band is selected, N1 sets the
frequency within the selected band as a
percentage of full scale (full scale is the up-
per limit of the band). The range is
100-t0-1000, with each increment being 0.1%
of full scale. N2 selects the reference mode,
EXT F, EXT 2F, or, via any of the Internal Fre-
quency bands, INT, as follows:

N1 N2 BAND
100-1000 0 10 kHz-to-100 kHz
100-1000 1 1 kHz-to-10 kHz
100-1000 2 100 Hz-to-1 kHz
100-1000 3 10 Hz-to-100 Hz
100-1000 4 1 Hz-to-10 Hz
100-1000 5 .1 Hz-to-1Hz
100* 6 EXT.F
100* 7 EXT. 2F

*N1 value must be entered, even if selecling External Mode operation. 100" is a
suitable value.

(8) P N1,N2: When followed by N1 and N2, the P
command sets the Phase Shift. If N1 and N2
are omitted, the command is a request for the
current PHASE setting. ‘“N1” selects the
quadrant, 0 (0°-t0-90°), 1 (90°-t0-180°), 2
(180°-t0-270°), or 3 (270°-t0-360°). ‘“‘N2”
specifies the phase shift within the quadrant
in increments of 0.025 degrees. The range of
N2 is 100-t0-3900. The phase shift con-
tributed by N2 equals .025 times (N2 - 200).
For example, if N2 is 100, the phase shift con-
tributed by N2 will be —2.5°. I1f N2 is 3900, the



phase shift contributed by N2 will be 92.5°.
The formula relating total phase shift to N1
and N2 is:

Total Phase Shift in degrees equals
(N1 x 90)+ [0.025(N2 — 200)]

If you know the desired phase shift and want
to find N1 and N2, use:

N1 = INT (P/90)
N2 = (40*P) — (3600*N1) + 200

Two convenient reference points are 0° (N =
200y and 90° (N = 3800).

(9) T N1,N2: When followed by N1 and N2, the T
command selects the Time Constant and the
dBl/octave rolloff rate. If N1 and N2 are omit-
ted, the command is a request for these
parameter settings. ‘“N1” selects the time
constant, as follows:

N1 TIME CONSTANT
0ttt b e e e e e e ta s e e s e e earare e e e eeennrataeeeenreees 100 s
OSSR U PO 30 s
et e e e e e s tnae s e e nnreaeernrreaeen 10 s
I TS SRR U RPN 3s
L OO RN 1s
Dttt ettt ettt e rab e e et e e et e se e re s ee e rreeean e e nbaaesarseennen 300 ms
Bttt et et a e e a e e ar e ar e e s eanesennras 100 ms
et e e e et b et e et e nnens 30 ms
< TR 10 ms
LS TSROSO OO USSR 1ms

0 ettt e et e e s e ar e e enaranas 1ims

“N2" selects the dB/octave rolioff rate. If N2
is 0, the rate is 12 dB/octave. If N2 is 1, the
rolloff rate is 6 dB/octave.

(10) S N: When followed by N, the S command
selects the sensitivity. If the N is omitted, the
command is a request for sensitivity.The
range for “N” extends from “0” to 20", cor-
responding to a Sensitivity Range of 5 V-to-1
pV rms full scale in 5-2-1 sequence.

L N: When followed by N, the L command
sets the auto-range sensitivity limit. If the N is
omitted, the command is a request for the
limit. The range for N is 0-0-20, corre-
sponding to a sensitivity range of 5 V-to-1 uV
in 5-2-1 sequence.

Expressed as a “BASIC” formula:

N = INT (ABS (3.0*LOG (V) — 2.4))

where N = M5205/6 code and S = sensitivity in
volts.

The formula for finding S, given N, is:

S=10A— (INT (N/3))*N1
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The following BASIC program uses this for-
mula to find S, given N:

10 N1=N—(INT (N/3)*3) + 1
20 IF N1=1 THEN N1=5
30 IF N1=3 THEN N1=1
40 S=10A— (INT (N/3))*N 1

(12) A1 N: If followed by N, the A1 command turns
the AUTORANGE function on and off. If the N
is omitted, it is a request to the AUTORANGE
status. N=0 turns the function OFF. N=1
turns the function ON.

(13) A2 N: If followed by N, the A2 command turns
the AUTOSET function on and off. If the N is
omitted, it is a request for the AUTOSET
status. N=0 turns the function OFF. N=1
turns the function ON.

(14) A3: This command causes the AUTO-OFFSET
routine to run. [The sequence O 0 0 (that's OH
ZERO ZERO) turns the AUTO-OFFSET func-
tion off.]

(15) A4 N: If followed by N, the A4 command con-
trols the AUTONORMALIZE routine. If the N
is omitted, it is a request for the AUTO-
NORMALIZE status. N=1 turns the function
ON. N=0 turns it OFF.

(16) A5 and A6: These commands are reserved for
future use.

(17) A7; AUTO-PHASE: In the Model 5206, the A7
command invokes a single iteration of the
AUTO-RANGE routine and then an AUTO-
PHASE routine. In the case of the M5205,
each time an A7 command is received, one of
the three steps required to complete an
AUTO-PHASE routine is invoked. As a result,
A7 is not generally a useful command in an
actual experiment with a M5205. The AUTO-
SET command (A2) is preferred.

(18) Q1, Q2, and Q3: These commands cause the
Channel 1 Output, the Channel 2 Output
(M5206 only), or the Auxiliary Output value
respectively to be transmitted via the inter-
face. The number sent is an integer where
—2000= —f.s. and +2000= + f.s. Readings
may be up to 20% greater than full scale
before data loss occurs. In the case of the
Model 5205, the output (analog meter reading
or AUX potential) is the actual parameter
transmitted. In the case of a Model 5206, the
quantity transmitted can be any of several
parameters according to the selected OUT-
PUT MODE. Either voltage (CH 1, CH 2, or
AUX), log of voltage, or phase angle (§) can be
selected (front-panel OUTPUT MODE key or
“M N command).

The instrument can execute a Q1 command



(19)

N
L

(21)

once in approximately 40 ms. If Q1 and Q2
commands are interleaved, one reading can
be taken every 80 ms, and both channels can
be read in approximately 160 ms. These inter-
vals do not account for any time required by
the host computer to receive the results of
one command and transmit the next.

Here are some examples of Q1 commands
not interleaved with Q2 commands:
Q1 (CR)
Q1 (CR)
or
Q1;Q1;Q1;Q1

Here are some examples of interleaved com-
mands;
Q1;Q2
or

Q1 (CR)
Q2 (CR)

G N: If followed by N, the G command ac-
cesses the Gain DAC’s used by the AUTO-
NORMALIZE routine to scale the output
voltage. If N is omitted, the command is a re-
guest for the present GAIN value. The
allowable range for “N” is 0-t0-4095. The
default or “normal’ value of “N’’ is 1638. With
this value, a full-scale input signal will result
in a full-scale output. The gain factor for other
values of “N” is: N/1638. For example, the
command G 4095 would increase the gain by
a factor of x2.5. The command G 819 would
decrease the gain to 0.5 of its normal level,

H N: If followed by N, the H command con-
trols the front-panel LED’s. If N is omitted, the
command is a request for the LED status.

N OPERATION
Ottt n et eerrene All LED’s OFF
3 OSSO U SRTRRR Normal Operation
2t All LED’s ON (test function)

K N: If followed by N, the K command has ex-
actly the same effect as pressing one of the
front-panel keys. If N is omitted, the com-
mand is invalid. The key selected as a func-
tion of “N” is:

N SELECTED KEY
0 ettt et ettt e e st enre b n s ne e eneane DISPLAY
1 SOOI CH 1 OFFSET (OFFSET in M5205)
2t r et MODES
TSSOSO PO OO PO PO REFERENCE
OV SP YOO POUP PO PP PHASE
Dt TIME CONSTANT
B ettt ettt e et eb e SENSITIVITY
T e ettt nes e ene e nnenn SELECT
B e et RUN/CLEAR
Dttt et n et e n et e e e nes LOCAL
T0h e OUTPUT MODE (M5206 only)
T CH 1 EXPAND (EXPAND in M5205)
T SET (arrow down)
L T PO SET (arrow up)
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(22)

(24)

There is an ambiguity problem that has to be
taken into consideration in using a “KN”
command. It is possible that the computer,
not knowing which parameter is already ad-
dressed at the front panel, will select the
parameter that is already addressed. The
result will be a different selection than would
have occurred if any other parameter were the
one addressed prior to issuing the command.
For example, assume the computer wanted to
“press’”’ the MODES key. If any parameter
other than MODES-RESERVE were the one
addressed when the “K2” command was
sent, MODES-RESERVE would be selected.
However, if MODES-RESERVE were the one
already addressed when the “K 2” command
was sent, MODES-F BAND would be selected.
The action exactly parallels that prevailing
when pressing the keys manually. This ambi-
guity can be averted by always issuing “K”
commands in pairs, where the first “K” com-
mand ‘“presses” a key other than the one
“wanted”, and the second duplicates the ac-
tion of the key of interest. Applied to the ex-
ample, this would assure that MODES-
RESERVE would be selected.

Y N: When followed by N, the Y command
controls the acknowledgment function. if N is
omitted, the command requests the
acknowledgment status. The default condi-
tion is no acknowledgment. The command
“Y 1 turns the function ON. “Y 0” turns it
OFF. When the function is ON, the lock-in
amplifier will respond with an OK (command
recognized) or question mark (command not
recognized) whenever it receives a command.
The effect of the *Y N’ command begins with
the subsequent command. This is primarily
useful during development of programs that
use the RS232 Interface; the RS232 Interface
cannot detect any invalid command via the
Serial Poll. Once the program is developed,
there is no need for the acknowledgment.

U: The U command controls the PROMPT
function and applies to the RS232 Interface
only. It is a write-only command and cannot
be used without the parameter. When the
PROMPT function is ON (U 1), on completing
the execution of any command, the lock-in
amplifier sends the asterisk to the host com-
puter to advise it that the lock-in amplifier is
ready for the next command. A PROMPT is
also sent after the POWER-UP sequence to
advise the computer that it is ready for the
first command. A “U 0” command turns the
PROMPT function OFF. The default state is
ON.

V: This command causes the version number
of the firmware in the lock-in amplifier to be
sent. This number is provided to facilitate



communications between the factory and the
user regarding firmware, operating, and ser-
vice questions about the particular lock-in
amplifier.

(25) E: A read-only command, E causes the ER-

ROR status of the previous interface com-
mand to be sent. Its purpose is to allow the
host computer to verify that the previous
command and its parameters were valid
before proceeding to the next command. E is
most useful during program development via
the RS232 Interface. The error codes are:

ERROR CODE MEANING
0 NO ERROR
T OPTION NOT INSTALLED
2 INVALID COMMAND VIA THE INTERFACE
K R ....INVALID PARAMETER VIA THE INTERFACE
B COMMAND OVERRUN—LOCK-IN

STILL EXECUTING PREVIOUS COMMAND

(26) Z: This command causes the STATUS byte to

be sent by the lock-in amplifier. The STATUS
byte contains information which is used to
control the generation of service requests on
the GPIB Interface. Each bit in the STATUS
byte has an assigned meaning as follows:

BIT MEANING

0 COMMAND COMPLETE: Signifies that the lock-in
amplifier is ready for the next command. This bit is
set to “1” at power-up and when the lock-in
amplifier is ready for the next command. It is
always cleared when the “Z” command is invoked.

1 INVALID COMMAND: This bit is set if the previous
command was invalid. The principal utility of this
bit would be in program development.

2 PARAMETER ERROR: This bit is set if the previous
parameter was invalid. The principal utility of this
bit would be in program development.

3 REFERENCE LOW: This bit is set if the reference
signal is too low. If this happens, the user should
check the applied reference signai and increase its
amplitude as required.

4 OVERLOAD: This bit is set if there is an overload in
the fock-in amplifier. If this occurs, the user should
adjust the Sensitivity as required to end the over-
load. The OFFSET and EXPAND functions can aiso
cause overload if used improperly.

5 SETTLED: This bit is set when the autoranging pro-
cess has settled on a sensitivity. More specifically,
it is set six time constants after the last change of
range in an autoranging or autophase sequence. It
is also set at power up and whenever the autorang-
ing is turned off. It is cleared when autoranging is
started, and is updated every six time constants
when autoranging is active. NOTE: If 12 dB/octave
is selected, it is set or updated after twelve time
constants. With time constant values of 1 us
through 100 ms, it is set or updated after 1.2s(2.4 s
with 12 dB/octave).

6 SRQ ASSERTED: This bit is set if a Service Re-
quest is currently being generated in the lock-in
amplifier.
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7 OUTPUT READY: This bit is set when the Lock-In
Amplifier has output to send to the host computer.
It is cleared whenever Z is invoked.

(27) B N: A write-only command, ‘“B” specifies the

SERVICE REQUEST MASK BYTE (N is the
decimal value of the byte). It, together with
the STATUS BYTE (Z), determines whether
the lock-in amplifier will generate a SERVICE
REQUEST (SRQ). After a DEVICE CLEAR
operation, the value of the byte is zero. At
power-up, the value is that prevailing prior to
the previous power-down. The SRQ MASK
BYTE allows the user to specify which status
conditions will cause an SRQ to be gener-
ated. The meaning of each bit in the SRQ
MASK BYTE is the same as the correspond-
ing bit in the STATUS BYTE. The logic state
(17 or “0”) of each bit in the SRQ MASK
BYTE is specified by the user. The logic state
of the bits in the STATUS BYTE is determined
by conditions in the lock-in amplifier. When a
“1” in the STATUS BYTE matches a “1” in the
corresponding bit of the SRQ MASK BYTE,
the lock-in amplifier asserts the SRQ line. If a
“1”in the STATUS BYTE matches a *‘0” in the
corresponding bit of the SRQ MASK BYTE,
SRQ is not asserted.

REF LOW and OVERLOAD are special cases.
If one of these bits is unmasked (bit 3 or 4 in
STATUS BYTE at logic “1” with logic “1” in
corresponding MASK bits), the SRQ will be
generated and the corresponding bit in the
SRQ MASK will be cleared. The host com-
puter must then try to correct the fault condi-
tion so that valid measurements can be taken.
When the fault condition has been corrected,
the host computer should re-arm the appro-
priate bit of the SRQ MASK. By correcting the
fault and re-arming the bit, a low-reference or
overload condition cannot cause an endless
stream of SRQ’s to be generated.

(28) C N: A write-only command, when followed by

N, the C command specifies the ASCII char-
acter to be sent by the lock-in amplifier as the
delimiter between two numbers. The default
or power-up delimiter is the comma. Any
other ASCII character can be specified by the
“N” byte, if desired. N is the decimal
equivalent of an ASCII non-numeric charac-
ter, viz., N =44 for acomma, N = 59 for a semi-
colon. Note that this command governs only
the delimiter for transmitted commands. The
M5205/6 will accept any non-numeric charac-
ter as a delimiter.

(29) W N: A write-only command, when followed

by N, the W command allows the function of
the front-panel LOCAL key to be implemented
via the interface. If N=1, the front panel is
locked out. If N=0, the front panel is active.



(30) N: This command allows the status of the
three overioad indicators to be read via the in-
terface. On receiving “N”, the lock-in ampli-
fier responds with a binary coded decimal
number from one to seven. A ““1”’in bit 0, bit 1,
or bit 2 signifies an overload indication as

follows:

BIT M5206 M5205
) CH2OVERLOAD oo
1 CH 1 OVERLOAD OUTPUT OVERLOAD
2 SIGNAL OVERLOAD  SIGNAL OVERLOAD

4.5 PRELIMINARY OPERATING
CONSIDERATIONS

4.5A POWER REQUIREMENTS

The Model 5205/6 requires 95-130 V or 190-260 V,
50-60 Hz and has a power consumption of
nominally 60 watts. A rear-panel switch selects
the operating line-voltage range as discussed in
Subsection 1.1D.

4.5B LINE FUSE

The Model 5205/6 is protected by a single fuse
located at the rear panel. For operation from a
nominal line voltage of 115 V, use a slow-blow
fuse rated at 1 A. For operation from a nominal
fine voltage of 230 V, use a slow-blow fuse rated at
500 mA. See Subsection 1.1D for additional infor-
mation regarding the line fuses.

4.5C WARM-UP

For most applications, five minutes should be suf-
ficient. However, wheré it is necessary to achieve
the best possible gain and phase stability, allow
an hour,

4.5D OPERATING FREQUENCY

Although one can, in principle, make equally ac-
curate measurements at any frequency within the
operating range of the instrument, operation is
simplest and least subject to error over a range
having as its lower limit, perhaps a few hundred
Hz, and as its upper limit, perhaps 10 kHz. At low
frequencies, 1/f noise, including both that which
develops in the Model 5205/6 and that which
originates in the experiment itself, degrades the
signal-to-noise ratio. In addition, increased
response and settling time could be a significant
problem at very low frequencies. At high frequen-
cies, radiation and associated pickup tend to be
bothersome. Another high frequency problem is
that of signal attenuation as a result of the input
cable capacitance. This can be particularly
noticeable when working from a high source
resistance. Other frequencies to avoid are the
power frequency and its lower order harmonics.
By avoiding them, the likelihood of the output be-
ing influenced by power frequency pickup, either
internal or external, will be minimized.

4.5E GROUNDING

in any system processing low-level sighals, proper
grounding to minimize the effects of ground loop
currents, usually at the power frequency, is an im-
portant consideration. In the case of the M5205/6,
special design techniques have been employed to
give a high-degree of ground-loop signal rejection
in single-ended measurements. The outer shells
of both the “A” and ‘B’ signal input connectors
are tied together and returned to ground through a
10 Q resistor. This 10 Q resistor attenuates ground
loop currents by the ratio of the 10 Q to the braid
resistance of the input cables. Moreover, this
ground-loop current reduction is achieved without
adversly affecting the signal to be measured in
any way. Figures IV—-7 and IV -8 illustrate two
ways of measuring single-ended signals. Refer-
ring to Figure IV — 7, note that the signal source is
located inside a grounded enclosure to which
signal source common is attached at one point.
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Figure IV-7. GROUND LOOP SUPPRESSION BY
10 @ INPUT GROUND

The braid of the signal is grounded directly to
signal source common as well, thereby assuring
that no signal currents or ground-loop currents
will flow through the shield (desirable for op-
timum shielding). The Model 5205/6 Input switch
is set to “A” (“A” connector only is active with the
switch in this position) and the shell of the input
connector is returned to ground through an inter-
nal 190 Q resistor. A ground-loop generator is in-
dicated as being connected between the chassis
of the M5205/6 and signal source common. This
path would ordinarily consist of the line cord
“third wire” (ground) paralleled by the braids of
other cables connecting the system components.
The ground loop generator causes currents at the
power frequency to flow through the braid of the
signal cable, through the 10 Q resistor, and back
through the ac ground path to complete the loop.
The 10 Q resistor reduces the magnitude of the
ground-loop currents. More importantly, most of
the ground loop signal is dropped across the 10 Q
resistor and little across the braid of the signal
cable, the ratio being the 10 @ of the resistor to the
10 — 20 milliohms (typical) of the braid resistance.
As far as the M5205/6 is concerned, the ground
foop signal is reduced by this ratio, and the
ground loop interference is thus perhaps a factor
of a thousand less than it would have been had the



input connector shell been returned directly to
ground. This operating input configuration should
give excellent results in most applications involv-
ing the measurement of single-ended signals.
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Figure IV-8. DIFFERENTIAL MEASUREMENT OF
SINGLE-ENDED SIGNAL

Conceivably, there might be applications where
input ground-loop signal would still be a source of
significant interference. Figure 1V-8 shows how
“A-B” operation using both inputs can be used to
obtain an even greater rejection of ground-loop in-
terference. Two input cables are used, one con-
nected to the signal source and the other to signal
source common. At the source end, the braid of
both cables is returned to signal source common.
At the lock-in amplifier end, the 10 Q ground
serves to attentuate the ground-ioop currents and
minimize the ground loop signal drop across the
cable braids, the same as in the single-input
measurement. However, the major reduction in
ground-loop interference comes not from the 10 Q
ground return, but rather from the use of the dif-
ferential measurement technique. In the example
illustrated in Figure IV-7, the amplifier “looked” at
the potential difference between the center con-
ductor of the cable and the braid. In the differen-
tial measurement (Figure IV-8), the amplifier
“looks” at the potential difference between the
“A” Input and “B” Input. The ground-loop current
in the signal braid is of no consequence. The com-
mon mode rejection of the amplifier prevents the
braid signal from interfering. In operating differen-
tially, it is important to assure that all common-
mode interference arising in ground loops is just
that, that is, without a significant differential com-
ponent. This should not prove a problem as long
as both signal cables are the same length and
follow the same path.

Figure IV-9 shows the M5205/6 operated differen-
tially to measure an “‘off ground’ signal. The most
important consideration in using this measure-
ment configuration is to be sure the common
mode signal component is not so large as to ex-
ceed the common-mode input limit of the M5205/6
(see specifications).
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Figure IV-9. DIFFERENTIAL MEASUREMENT OF
“OFF GROUND” SIGNAL

The reduction of power frequency interference is
not the only benefit to be derived from proper
grounding and differential operation. A much
more serious source of interference is coherent
interference at the signal frequency, such as is
produced when reference current is present in the
signal cable braid. Figure IV-10 shows a measure-
ment in which care has been taken to avoid
coherent interference. All of the reference drive
signal current is returned directly to the drive
signal source except for the very small compo-
nent (reference channel input resistance of the
M5205/6 is 10 MQ) applied to the M5205/6 by way
of the Reference Input. No current, whether drive
current, reference current, or signal current, is
permitted in the experiment shield; the shield con-
tacts ground at one point only. The only coherent
signal in the parallel path of the signal cable braid
is a small portion of that allowed by the 10 MQ
Reference Input resistance. Furthermore, by
measuring differentially, the influence of that
small component is reduced to a negligibly small
level. By using the illustrated techniques, one
could operate with very large drive currents
without concern that they will contaminate the
signal of interest. If electro-static coupling of the
drive signal to the detector is a problem, mounting
a conducting material around the signal detector
should prove helpful. The electrostatic shield
should be connected to the system at but one
point, signal source common.
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4.5F NOISE

Any electronic signal processing system adds
noise to that already accompanying the signal to
be measured, and the M5205/6 is no exception.
Even though the method of signal processing
used allows very large improvements in signal-to-
noise ratio to be achieved, the amount of noise
contributed by the instrument itself affects its
performance and limits the achievable improve-
ment. The following discussion of noise figure is
potentially important if the M520is to be used with
a preamplifier for which noise figure contours are
available. If this is not the case, this noise discus-
sion will mainly bé of academic interest only.

One convenient way of specifying the noise per-
formance of an amplifier is to speak of its noise
figure, which specifies the amount of noise the
amplifier adds to the source thermal noise.
Source thermal noise is used as the basis for com-
parison because it is completely predictable,
always present, and is the least amount of noise
that can possibly accompany any signal. Its value,
in volts rms, is given by:

E,= (4kTBR,)""?

where:

E.=rms noise voltage within the bandwidth of the
measurement
k=Boltzmann’s
joules/kelvin

T = absolute temperature in kelvins
R,=resistance in ohms of the resistive compo-
nent of the impedance across which the voltage is
measured

B =Bandwidth over which the measurement is
made.

constant=1.38x 10-23

Mathematically expressed, noise figure can be
stated as:

Noise Voltage at Output of Amplifier
Portion of Numerator Attributable
to Source Thermal Noise

NF (dB)=20 log,,

Noise figure is not constant but varies as a func-
tion of the source resistance, frequency, and
temperature. When the loci of all points having the
same noise figure are plotted as a function of fre-
guency and source resistance (temperature con-
stant), the result is a noise-figure contour. A full
set of contours completely specifies the noise
characteristics of an amplifier over its working
range. Although noise-figure contours are not pro-
vided for the M5205/6 per se, they are available for
most of the preamplifiers that can be used with
the M5205/6. When a lock-in amplifier is used with
a preamplifier, the noise figure of the measure-
ment system in most situations will simpiy be that
of the preamplifier for all practical purposes.
Noise figure contours clearly indicate the best
noise performance region in terms of operating

V.27

frequency and source resistance. They additional-
ly allow one to directly compute the total noise ac-
companying the signal (amplifier noise and
source thermal noise considered, other noise
sources neglected). The relating formula is:

Er = (4KTBR)!/2 x 1M/20

where E, is the total noise referred to the input in
volts rms and all other terms are as defined
previously. With a noise figure of 3 dB, the amount
of noise contributed by the amplifier is 1.4 times
the source thermal noise. At 1.4 times the thermal
noise, the amplifier noise just ‘begins to be
noticeable. At lower noise figures, the amplifier
for all practical purposes may be regarded as
noiseless. Generally, if one can operate anywhere
inside the 3 dB contour, amplifier noise considera-
tions may be neglected.

As critical as amplifier noise is in certain applica-
tions, it is nevertheless possible to over-
emphasize its general importance. For example, if
the signal amplitude is significantly higher than
the amplifier noise, the subject becomes purely
academic. Also, as previously mentioned, if a pre-
amplifier is used ahead of the lock-in amplifier,
the noise figure of the system is generally that of
the preamplifier. The principal consideration in
such a case should be to operate inside the 3 dB
contour of the preamplifier.

Two situations deserve special attention, the first
being operation from a source resistance very
much lower than optimum, and the second being
operation from a source resistance very much
higher than optimum. In either case, there may be
a temptation to “improve” the noise performance
by using an external resistor to obtain a “better”
source resistance. In the case of the low source
resistance, the user may be tempted to connect a
resistor in series with the source. In the case of
the high source resistance, the user may be
tempted to connect a resistor in parallel with the
source. Unfortunately, neither approach to the
problem does any good and, in fact, both will
result in further degradation of the signal-to-noise
ratio ahead of the lock-in amplifier. The series
resistor adds its thermal noise to that already ac-
companying the signal. Although the amplifier
shows a ‘“better” noise figure than before, it is
only because the amplifier noise is now less
relative to the thermal noise of the combined
resistance (source plus series resistor). The signal
is no larger (in fact, it may well be attenuated), the
noise is greater, and the improved noise perfor-
mance is illusory. Recall that noise figure only
relates amplifier noise to thermal noise, and does
not denote the absolute value of amplifier noise.



Connecting a parallel resistor to lower a high
source resistance has a similar effect. Even
though the thermal noise does go down, the
signal amplitude goes down even more. For exam-
ple, if a source of resistance R were paralieled by
another resistor of the same value, the signal
amplitude would go down by a factor of two.
However, the thermal noise would only be re-
duced to .707 of its initial value (thermal noise
varies directly with the square root of the
resistance), with a net degradation in signal-to-
noise ratio.

CAUTION

DO NOT CONSTRUE THIS TO MEAN THAT A
LOAD RESISTOR ISN'T REQUIRED WHEN WORK-
ING FROM A PHOTOMULTIPLIER. PHOTOMULTI-
PLIERS ARE DC DEVICES. THE INPUT TO THE
LOCK-IN AMLIFIER IS AC COUPLED. IF THE
USER DOESN’T PROVIDE A LOAD RESISTOR BE-
TWEEN THE OUTPUT OF THE PHOTOMULTI-
PLIER AND GROUND, THE PHOTOMULTIPLIER
WILL NOT WORK CORRECTLY. THE OPTIMUM
VALUE FOR THIS RESISTOR WILL DEPEND ON
THE TUBE AND EXPERIMENTAL PARAMETERES.
HOWEVER, IN MANY APPLICATIONS, 1 M@ WILL
GIVE GOOD RESULTS.

One can usually improve an amplifier’s noise per-
formance dramatically when working from a lower
source resistance by using a signal transformer to
raise the source resistance seen by the amplifier.
The improvement obtained with a transformer is
real. The amplitude of both the signal and noise
increases by the turns ratio, but the source
resistance increases by the square of the turns
ratio. By selecting the proper turns ratio, one can
- operate at a source resistance where the amplifier
is essentially noiseless. For example, if one were
working from a 10 Q source into a preamplifier hav-
ing avery low noise figure at 100 k2, one could use
a 1:100 step-up transformer so that the preampli-
fier would see a source resistance of 100 k. At
100 k2 the preamplifier would add little additional
noise. Even though the thermal noise of the
transformer adds to that of the source, a very con-
siderable improvement is usually achieved. EG&G
PARC manufactures a line of signal transformers
that can be used to raise the source resistance of
signals. Performance informaticn can be obtained
from the factory or one of its representatives.

When working from a high source resistance, one
could, in principle, use a transformer in an
analogous manner to improve noise performance.
Unfortunately, practical transformer design con-
siderations usually prevent one from doing so. As
a result, the options available to an experimenter
working with a high source resistance are limited.
If working with a photomultiplier, the best one can
usually do is to make the load resistor as large as
possible. The larger the load resistor, the less the

shunting effect it will have, and the better the
signal-to-noise ratio will be at the input of the
amlifier. This occurs because the signal ampli-
tude varies directly with the load resistance, while
the thermal noise varies with the square root of
the noise resistance.

Note that the preceding discussion of noise is
based on comparing the noise generated by the
amplifier with the source thermal noise. In many
situations, other types of noise or interference
may accompany the signal as well and could even
dominate it. Where this is the case, the amplifier
can only perform “better” than the noise figure
contours indicate because noise figures are
based on a comparison of amplifier noise with the
minimum possible noise that can accompany any
signal, namely, the source thermal noise.

4.6 OPERATING THE M5205/6

4.6A INTRODUCTION

Operation of the M5205/6 is straightforward. In
most instances, the user simply connects the
reference signal and the signal to be measured,
uses the Set and Select keys to establish the
operating parameters, and then reads the signal
amplitude and/or phase from the digital display or
panel meter.

In many situations, achieving a successful mea-
surement will depend not so much on critically
adjusting the M5205/6 controls as on taking the
proper steps with respect to the constraints
discussed in Subsection 4.5. Factors such as
proper grounding and operating inside the 3 dB
contour of the preamplifier can be important in
making low level measurements.

4.6B A TYPICAL MEASUREMENT

Although the details may vary from one situation
to another, most measurements involve going
through a sequence pretty much like the one that
follows.

(1) Press in the SELECT key and, while it is
depressed, press SENSITIVITY, thereby
establishing the “default” selections.

(2) Connect the reference signal (1 V rms sine
wave is ‘ideal”). The time to establish
reference lock will vary with the frequency as
given in the specifications.

(3) Connect the signal to be measured. If doing a
single-ended measurement, connect the
signal to the “A” connector and set the
associated toggle switch to “A”. If doing a
differential measurement (including one of a
single-ended source), connect one signal in-
put cable to “A”, the other to “B”, and set the
associated switch to “A-B”.
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(4) Press the AUTOSET key as required to light
the AUTO-SET LED.

(5) Press the RUN/CLEAR pushbutton to initiate
the automatic measurement sequence. The
AUTO-SET ACTIVE LED wili light and remain
lighted while the measurement is in progress.
During this time, the instrument automatical-
ly adjusts the sensitivity and phase as re-
quired to make the measurement. When this
LED extinguishes, the digital display will in-
dicate the amplitude of the applied signal.

More often than not, simply establishing the
default parameters and using the auto-set func-
tion in this way will result in a valid, accurate
measurement. However, situations may arise
where the experimental constraints are such as to
preclude the use of this simple procedure. Where
this is the case, it will be necessary to have a more
detailed understanding of the instrument’s opera-
tion and capabilities, and to set the various
parameters manually to obtain a good measure-
ment. These factors are discussed in the follow-
ing paragraphs.

4.6C REFERENCE CHANNEL

REFERENCE SIGNAL REQUIREMENTS: The
M5205/6 can lock onto and track a wide range of
possible signals. Once locked on, the reference
channel remains locked, even if the reference in-
put signal changes frequency. The time to achieve
reference lock depends on the frequency of the
applied signal and on the selected frequency
band. There is no direct indication of when fre-
quency lock occurs. At a low frequency, as much
as a minute might be required. At high frequen-
cies, frequency lock occurs in a few seconds.

The only requirements of the reference signal are
that its amplitude be at least 140 mV pk-pk, that it
cross its mean twice each cycle, and that it remain
on each side of the mean for at least one micro-
second. Sine waves, square waves, triangle
waves, and others are all suitable. Perhaps the
“ideal” reference signal is a 1 V rms sine wave.

Even though the M5205/6 can accept and track a
wide range of possible reference signals, it is
nevertheless important that the reference signal
used be relatively noise free. Any superimposed
noise can cause many small zero crossings to oc-
cur in the region of the main waveform zero cross-
ings, with the result that the Reference Channel
momentarily ‘“sees” a much higher frequency
than what is actually being applied. When this
happens, the reference “lock” can be lost. Fre-
quentiy, moderately noisy signals can be cleaned
up sufficiently for satisfactory use by interposing
a single-section low-pass filter between the refer-
ence signal source and the Reference Input con-
nector.
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FREQUENCY SLEWING: One particularly attrac-
tive feature of the M5205/6 is that it maintains
reference lock as the reference frequency is
changed. However, some phase slippage devel-
ops while the frequency change is in progress. As
soon as the frequency stops changing, the pre-
existing phase relationship is re-established. The
slippage specification for the M5205/6 is 5° max-
imum phase shift if the slew rate is no faster than
one decade per fifty seconds.

REFERENCE MODES: There are three reference
modes, INTERNAL, EXT. f, and EXT. 2f. The modes
are accessed with the REFERENCE and SET keys
as previously discussed. In making external mode
measurements, the reference channel is driven
from an externally derived signal applied to the
REFERENCE INPUT connector. This signal is
usually derived from the experiment drive signal,
that is, both it and the signal to be measured can
be traced to a common source. Of the two external
modes, the EXT.f mode is the one most commonly
used. In this mode, the instrument demodulates
with respect to the frequency of the applied
reference signal. The EXT. 2f mode is used for
second-harmonic measurements. The applied ref-
erence signal is presumed to be at the frequency
of the signal being measured, but demodulation is
done at twice that frequency. The output level
then varies only with the amplitude of the 2f com-
ponent of the input signal, and is not influenced
by the fundamental.

Operation in the INTERNAL reference mode dif-
fers in that the lock-in amplifier acts as the source
of the drive signal. An internal oscillator running
at the user-programmed frequency generates a
signal that drives the demodulator(s). In addition,
this signal is provided at the rear-panel OSCIL-
LATOR OUTPUT connector so that it can be
routed to the experiment to control the timing
there. This mode is well suited to applications in
which the experiment does not produce a suitable
reference signal, but is capable of being timed by
such a signal developed in the lock-in amplifier.
INT. reference mode operation can only be estab-
lished in units equipped with the INTERNAL OS-
CILLATOR option.

PHASE CONTROLS: The PHASE and SET keys
determine the phase of the synchronous detec-
tion process. These keys set the phase shift in-
troduced in the reference channel in degrees of
advance. The M5205 and M5206 differ primarily in
that, where the M5205 has one phase-sensitive
detector (demodulator), the M5206 has two. The
output of these detectors varies with the cosine of
the angle between the reference and signal inputs
to them. Thus, a demodulator's output is maxi-
mum when the reference and signal, at its inputs,
are in phase. If the inputs to a demodulator are in
quadrature, the demodulator output will be zero.
In the Model 5206, the two demodulators are



driven in quadrature. Therefore, when the phase is
adjusted for maximum indication at one output,
the other output will be zero. Since the rate of
change of the cosine function with phase is much
faster at 90° than it is at 0°, the phase adjustment
is most sensitive when adjusting for ‘“‘zero” out-
put. Suitable procedures follow for making the
phase adjustments manually. (The Phase ad-
justments can be made automatically using the
AUTO-SET capability as previously described.)

(1) MODEL 5205

(@) With the reference and input signals ap-
plied, adjust the sensitivity for some in-
dication on the panel meter. (Although un-
likely, it is at least possible that the refer-
ence and signhal would already be exactly
in quadrature, with the result that there
would be no meter indication. Conse-
quently, if the meter does not deflect, try
shifting the phase 90° to get the meter to
deflect.)

Shift the phase as necessary to peak the
meter indication. This is a rough adjust-
ment only. If the amplitude of the signal
warrants, change the sensitivity as neces-
sary to obtain as near full-scale indication
as possible. If the meter indication fluc-
tuates due to noise accompanying the
signal, try increasing the time constant as
required to get a stable reading.

Increment the phase setting by 90°, plac-
ing the reference and signal in quadra-
ture. Then, using the FINE phase shift
function, bring the reference and phase
exactly into quadrature as indicated by a
panel meter reading of exactly zero. If the
digital display is monitoring the output, it
will also indicate “0”. However, if there is
any noise at all at the output, it will be
easier to set the phase for the desired
zero reading while observing the analog
meter than while observing the digital
display. (The eye readily integrates the
analog fluctuations.)

(©)

Having established exact quadrature be-
tween the reference and signal, the user
has only to increment the phase by 90° to
bring the signal and reference at the input
to the detector exactly into phase (posi-
tive output indication) or 180° out of
phase (negative output indication),
depending on the direction of the 90° in-
crement. The signal level can then be read
from the panel meter or digital display. To
determine how much phase shift was in-
troduced in the reference channel to es-
tablish the desired phase relationship at
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the demodulator, simply use the DISPLAY
key to activate the read-phase function.

(2) MODEL 5206

(@) With the reference and input signals ap-
plied, adjust the sensitivity so that at least
one of the panel meters deflects (use the
X,Y Output Mode).

Adjust the phase so that one panel meter
indicates zero and the other one peak.
Usually users adjust for peak on the X
meter and zero on the Y meter, although it
could as well be reversed. If necessary,
change the sensitivity to keep the peak in-
dicating meter on scale. If there are any
meter fluctuations due to noise accom-
panying the signal, try increasing the time
constant as required to reduce the noise
to an acceptable level.

(b)

Continue the phase-setting process while
observing the zero-indicating meter and
fine-adjusting the phase for a meter
reading of exactly zero. When the meter
reads “0”, no further improvement in the
phase setting can be made. The signal
level can be read from the other meter or
from the digital display. Note that the
digital display can also be used for the
phase adjustment. However, when adjust-
ing for zero, if there is any noise at all at
the M5206 output, it will be easier to set
the phase while observing the analog
meter than while observing the digital dis-
play. To determine how much phase shift
was introduced in the reference channel
to establish the desired phase relation-
ship at the demodulator, simply use the
DISPLAY key to select the phase-reading
function.

(©)

Note that the phase is not shifted with respect to
that at the Input and Reference input connectors,
but rather with respect to the phase relationship
prevailing at the reference channel ““firing point”,
which is at nominally =100 mV. Given a reference
signal that is at 0° with respect to the input signal,
the firing point will be very near 0° if the reference
signal is large (1 V rms sine wave for example).
With lower amplitude sine wave signals, or with
waveforms of other shapes, the firing point may
not be at 0°. For example, with a sine-wave refer-
ence just large enough to trigger the reference
channel, there will be a phase delay of nearly 90°.
Square waves have the smallest phase delay ver-
sus amplitude transfer function. Sawteeth have a
larger transfer function than sine waves. Any in-
stability in the amplitude of the reference signal
will introduce phase jitter.



4.6D SIGNAL CHANNEL

INTRODUCTION: Configuring the Signal Channel
to the experiment consists of making the input
connections properly, making the mode selec-
tions, and setting the sensitivity. Each of these is
discussed below.

INPUT CONNECTIONS: There are two input con-
nectors, one labeled *“A”, the other “B".
Associated with them is a toggle switch that
allows the user to select “A” or “A-B”. When the
switch is set to “A”, the “A” Input connector only
is active. When the switch is set to “A-B”, both in-
puts are active. The “A only” configuration is used
for single-ended measurements. The “A-B” con-
figuration is used for differential measurements.
Note that signals from single-ended sources can
be processed differentially as previously explain-
ed to minimize ground-loop interference. There is
a 180° phase difference between the two inputs. If
a signal that is in phase with the reference signal
is applied to the *“A” input, it will arrive at the
demodulator (In-Phase Demodulator in the M5206)
in phase and develop a positive output. The same
signal applied to the “B” input will arrive at the
demodulator 180° out of phase and develop a
negative output.

MODES: The MODES key provides the means of
selecting the desired F BAND and RESERVE

modes.

(1) RESERVE: Reserve is a measure of how large
an interfering signal can be without causing
overload. There are three Reserve modes,
HIGH RESERVE, NORMAL, and HIGH STA-
BILITY. in the HIGH RESERVE mode, non-
coherent interfering signals can be 60 dB
above full scale without overloading the in-
strument. In the NORMAL reserve mode, the
reserve is 40 dB, and in the HIGH STABILITY
mode, it is 20 dB. In terms of voltage, the re-
serve ratios are 1000:1, 100:1, and 10:1 respec-
tively, with the constraint that interfering
signals cannot exceed 14 V pk-pk at the input
of the lock-in amplifier. In choosing a reserve
setting, the user is making a tradeoff between
the amount of interference that can be
tolerated and the instrument’s output sta-
bility. In the HIGH RESERVE mode, the out-
put stability is 1000 ppm/°C. In NORMAL it is
100 ppm/°C, and in HIGH STABILITY it is 20
ppm/°C. For the the output to be as stable as
possible, the reserve setting should be no
higher than necessary. What this means prac-
tically is using the HIGH STABILITY mode
when measuring steady signals or signals ac-
companied by little interference, using the
NORMAL mode when measuring moderately
noisy signals, and using the HIGH RESERVE
mode when the noise level is high enough to
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cause overload in the NORMAL mode. Users
should additionally note that there are sen-
sitivity restrictions on the three reserve
modes as well. HIGH STABILITY measure-
ments can be made with sensitivities of 100
uV through 5 V, NORMAL measurements can
be made with sensitivity settings of 10 uV
through 50 mV, and HIGH RESERVE
measurements are restricted to the range of
1 xV through 5 mV.

The EXPAND function affects dynamic re-
serve and output stability as well. When activ-
ated, it increases the reserve and degrades
the output stability by a factor of ten. In the
case of the M5206, Channel 1 only is affected.

F BAND: There are three frequency bands,
each supported by a different plug-in circuit
card. A given unit may have one, two, or all
three cards. If the user attempts to select a
frequency band for which the corresponding
circuit card has not been installed, an errorin-
dication will occur. Users should not take the
specified frequency limits for each band as
defining the frequency range over which mea-
surements can be made with a given F BAND
circuit card, but rather the range over which
instrument performance will be optimized by
the use of a particular card. Each card will in
fact operate a little above and below its
specified range. The choice of frequency
band affects many parameters, including in-
put low-pass filter response, intermediate fre-
quency response, phase shift, and maximum
noise rejection as a function of frequency.
These parameters, which differ from one F
BAND card to another, can be important in a
critical measurement, although users are
most unlikely to be concerned about any of
these parameters in a typical measurement.
Typical curves for these parameters are pro-
vided in the specifications.

Summarizing F BAND selection considera-
tions, select the F BAND which ‘“‘contains”
the operating frequency (see Specifications).
If the operating frequency falis in the range of
more than one of the available F BANDS, ex-
cellent results with either (or all three) can be
expected. in certain measurements, image re-
jection or other considerations may make one
band preferable over the other (see Specifica-
tions for typical curves for each band). If the
operating frequency is outside the specified
range of the available F BAND circuit cards,
try making the measurement anyway. De-
pending on the characteristics of the signal
and/or interference, good measurements may
be possible, particularly where the frequency
is below the range of the F BAND card avail-
able.



SENSITIVITY: The selected sensitivity sets the
amount of coherent in-phase signal at the input
that results in full-scale output. The sensitivity is
manually selected with the SENSITIVITY key (SET
lighted), and is directly indicated by the LED’s
above the SENSITIVITY key. It can also be con-
trolled automatically via AUTORANGE or AUTO-
SET. Users also have the option of increasing the
sensitivity by a factor of ten using the EXPAND
function. If activated, the EXPAND ON LED above
the SENSITIVITY key will light. Note that the Ex-
pand function affects the Dynamic Reserve as
well as the sensitivity. When EXPAND is on, the
amount of noise (relative to the fuli-scale input
level) that can be tolerated increases by a factor of
ten. The tradeoff is that the output stability is
degraded by a factor of ten as well. Thus the ex-
pand capability can be beneficial when measuring
very noisy or very small signals.

When AUTO LIMIT is lighted, the SENSITIVITY key
is used to set the maximum sensitivity to which
the instrument can range in AUTO RANGE or
AUTO SET operation.

Note that Sensitivity and Dynamic Reserve inter-
act. HIGH STAB operation is available for sen-
sitivities from 100 uV to 5V inclusive. NORMAL
RESERVE operation is available from 10 .V to 50
mV inclusive, and HIGH RESERVE from 1 xV to 5
mV. If a sensitivity outside the range of the
selected reserve is selected, the reserve selection
will automatically change to accommodate the
new sensitivity. In other words, sensitivity
dominates reserve.

To set the sensitivity manually, begin with a low
setting (5 V) and step through the available sen-
sitivity settings until the meter deflects. If
necessary, adjust the phase to maximize the in-
dication during the Sensitivity setting process. If
overload occurs with less than full-scale meter in-
dication, increase the time constant and/or set the
reserve to NORMAL or HIGH RESERVE, as re-
guired. Bear in mind that each-reserve value is
available over a specific range of sensitivity set-
tings. The greater the time constant, the greater
the output smoothing. However, if the instrument
is overloading ahead of the mixer (not enough
reserve), increasing the time constant will not pre-
vent overload. With moderately noisy signals, a
time constant of 300 ms is generally suitable for
the sensitivity and phase-setting processes.
(Three hundred milliseconds gives good smooth-
ing without unduely slowing the response time.)
Once the optimum sensitivity setting has been
determined, the time constant can be increased to
further smooth the output indication, if desired. A
time constant smaller than 300 ms can, of course,
be used if the noise level is small.

Because the EXPAND capability degrades the out-
put stability, it is better reserved for use in situa-
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tions where the additional reserve it provides is
really required. For example, suppose that, in at-
tempting to set the sensitivity to measure a noisy
30 pV signal, the unit overloads with a sensitivity
setting of 500 nV (HIGH RESERVE). By setting the
sensitivity to 1 mV, the overload is brought under
control, but the resulting meter indication (phase
optimized) is only 3% of full scale. The expand
can be used to increase the meter indication to
30% of full scale, corresponding to an indicated
signal level, taking the expansion into account, of
30 uV.

4.6E OUTPUT CONTROLS

TIME CONSTANT: The coherent signal at the in-
put of the lock-in amplifier is converted to dc by
the synchronous detector(s). Input noise that
reaches the detector is not converted to dc, but
simply shifted in frequency. For example, a noise
component that is 100 Hz below the i.f. frequency
at the input to the detector will simply be at 100 Hz
at the output of the detector; the detector sub-
tracts the i.f. frequency from each input compo-
nent. Thus, noise reduction after detection is an
important consideration in evaluating lock-in
amplifier performance. Output noise reduction is
implemented by means of low-pass filters con-
trolled by the TIME CONSTANT key. Time con-
stants from 1 ms to 100 s (6 dB/octave or 12 dB/oc-
tave) can be selected. In principle, the signal-to-
noise ratio can be improved to any arbitrary
degree simply by making the filter time constant
long enough. Practical considerations, however,
generally set a limit on what can be achieved. The
improvement in signal-to-noise ratio varies with
the square root of the time constant. As a result,
the measurement time becomes very long as the
time constant is increased to obtain a better
signal-to-noise ratio. As a practical guide, the cor-
rect time constant is that which reduces the noise
to an ‘‘acceptable” level,

The equivalent noise bandwidth (ENBW) of a
single-section 6 dB/octave filter is 1/4 TC. Its rise
time from 10% to 90% of full amplitude is 2.2 TC
(0% to 95% is 3 TC). With a 12 dB/octave time con-
stant, the ENBW is 1/8 TC and the 10% to 90%
rise time becomes 3.3 TC (0% to 95% is 4.8 TC).
Note that the pre-detector passband limiting cir-
cuits affect the ENBW as well. Typical response
curves for these circuits as a function of the
selected reserve mode are provided in the
specifications.

ZERO OFFSET: Both manual and automatic offset
capabilities are provided. These capabilities
facilitate measuring small changes in signal
amplitude as a function of time or some other ex-
perimental parameter. For example, suppose one
had a 70 pV signal. Assuming this signal were
measured on the 100 xV sensitivity range with no
output expansion, the resulting meter indication



would be 70% of full scale. To examine small
variations in this signal using the manual offset
capability, one would turn on the function with the
OFFSET key (CH 1 OFFSET key in the case of the
M5206), taking care to select the negative polarity
(negative polarity is used to offset positive output
indications; positive polarity is used to offset
negative output indications). Then, while noting
the output level on either the analog or digital
meter, increment the offset until the meter indica-
tion is reduced to “@”. At that point, full scale
would be * 100 pV with respect to the 70 uV zero
indication, allowing amplitude variations to be
easily tracked. If the signal level were to increase
to 80 xV, the meter would indicate + 10% of full
scale. If it were to decrease to 60 pV, the meter
would indicate —10% of full scale. For greater
sensitivity, the EXPAND function could be activat-
ed, giving a sensitivity of =10 uV full-scale. With
the EXPAND activated, zeroing the output indica-
tion can be done more precisely and with greater
sensitivity than it can with EXPAND off. Bear in
mind that, in the case of the Model 5206, the Chan-
nel 1 Output only has the offset capability.

Rather than manually adjust the offset, it will
usually prove easier to take advantage of the
AUTO-OFFSET capability. Each time AUTO-
OFFSET is activated, the precise amount of offset
required to zero the output is automatically in-
troduced, the process taking about a second. As
with manual offset control, EXPAND can be either
ON or OFF, as appropriate for the desired sen-
sitivity.

NORMALIZE: The AUTO-NORMALIZE function
ideally configures the M5205/6 for measurement
against a standard. When this function is ac-
tivated, the instrument gain is automatically ad-
justed so that the “standard” input signal yields
full-scale output, the only prerequisite being that
the standard input signal be between 40% and
110% of full scale. This capability has application
wherever a large number of readings are to be
compared with a standard. For example, suppose
an electronic manufacturing process in which
each manufactured component is evaluated by a
measurement made with the M5205/6. Further
assume that a particular component has been
selected as being the standard against which all
others are to be compared. With this component
in the measurement circuit, the gain of the
M5205/6 would be adjusted for an output between
40% and 110% of full scale. Next, AUTO-
NORMALIZE would be activated, automatically
adjusting the M5205/6’s sensitivity for exactly full-
scale output. Based on the previous history of the
components, one could then select some mini-
mum reading, relative to the standard, that each
component must yield to be considered ‘“‘good”.
For example, one might determine that those
components with readings lower than 70% of
standard should be rejected. AUTO-NORMALIZE
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assures that this decision point will correspond
with measurement readings of 70% of full scale.
“Conversion factors” would not have to be ap-
plied, the readings could be made easily and
quickly, and the possibility of reading errors
would be reduced.

Another application for the AUTO-NORMALIZE
capability might be in making noise measure-
ments. In this case, the standard component
would be the one that yields the maximum accept-
able noise. By setting the measurement level for
this component to full scale, a convenient stan-
dard reading is established. Any component
which subsequently yields a reading greater than
full scale would be considered unacceptable.

OUTPUT CONNECTORS AND METERS: In the
Model 5205 there is a single front-panel QUTPUT
connector. In the Model 5208, there are two OUT-
PUT connectors, one for each channel. For both
instruments, these connectors are paralleled by
connectors on the rear panel for operator conve-
nience in making system connections. The source
resistance at all of these connectors is 600 @ and
full scale outputis £10 V. In each case, full-scale
connector output corresponds to full-scale deflec-
tion on the associated analog panel meter. The
analog meter capabilities are a bit different for the
two instruments. In the Model 5206, the user can
choose to display any of several different
parameters on these meters as selected with the
OUTPUT MODE switch. In the M5205, the meter is
always connected to the output of the phase-
sensitive demodulator.

Both models are additionally equipped with a
digital panel meter. In the Model 5205, the digital
panel meter can display the Output level, the
phase, or the offset. If the unit is equipped with
the Internal Oscillator Option, the set oscillator
frequency can be displayed as well by selecting
INTERNAL FREQ. (An oscillator frequency indica-
tion will be generated even if the unit is not equip-
ped with the Internal Oscillator Option. Such an
indication has no validity.) AUX allows the output
of an accessory operating in one of the rear-panel
accessory slots to be displayed as a percentage of
full scale.

The Model 5206 differs in that the Channel 1 and
Channel 2 output levels can be separately dis-
played on the Digital Panel Meter. Moreover, these
levels do not necessarily represent the output of
the phase-sensitive detectors. The OUTPUT
MODE key gives the user access to several dif-
ferent sets of parameters. If X,Y is selected, the
outputs are connected to the demodulators. Ex-
cept that two demodulators are involved, the
situation exactly parallels that in the M5205. If R,6
is selected, the magnitude is provided at the
Channel 1 Output, and the difference phase at the
Channel 2 Output. Note that this phase indication



is not the same as that displayed on the digital
panel meter when PHASE is selected with the DIS-
PLAY key. The following example should help to
illustrate the difference. Assume an input signal
which is at 30° with respect to the reference. Fur-
ther assume that the phase shift capability has
been used to obtain maximum Channel 1 output
(X,Y selected with the OUTPUT MODE key). If the
DISPLAY key is then used to select PHASE, the
digital panel meter will indicate 30°, the phase
shift introduced by the operator to bring the signal
and reference into phase at the input of the phase-
sensitive detector. If the DISPLAY key is then
used to display CH 2, and the OUTPUT MODE key
is used to select R,8, both the Channel 2 analog
meter and the digital panel meter should indicate
zero, the difference phase at the input of the
phase-sensitive detector. LOG R,§ can also be
selected. Except that the log of R in dB below full
scale is displayed, as opposed to R, this output
display function is the same as R,§. PHASE LLOCK
is a special measurement mode, functional only in
units equipped with the Internal Oscillator Option
and operating in the internal reference mode. As
previously discussed, this mode can be used to
make measurements without the need for a refer-
ence signal. However, it is limited to the measure-
ment of ‘“clean signals” at a known stable fre-
guency.

4.7 INTERNAL (CIRCUIT CARD)
OPTIONS

4,7A F BAND CARDS

The Model 5205/6 has three operating frequency
bands, each determined by the choice of F BAND
circuit card installed. One, two, or three circuit
cards can be installed. Most often units are pur-
chased with the broad-band card, which yields ex-
cellent measurement results over a wide frequen-
cy range. However, for optimum results in a
specific application, one of the other cards may
be preferred. These cards can be installed at the
factory or in the field. Users are cautioned that the
three cards are similar in appearance. If the cards
that come with the unit are removed, carefully
label them so that they can be readily distinguish-
ed from one another. For proper operation, each
card must be plugged into the proper connector.
Since the cards look very much alike, and can be
physically installed in the wrong slot, it is essen-
tial that the user absolutely know which card is
which. The location of the three is indicated in
Figure IV-4. Installation consists of nothing more
than plugging the card in question into the proper
slot. Do not touch the adjustments; the boards are
prealigned at the factory. NOTE: FOR PERSON-
NEL SAFETY, THIS INSTALLATION SHOULD ON-
LY BE PERFORMED BY A QUALIFIED SERVICE
TECHNICIAN AND THEN ONLY WITH THE
M5205/6 DISCONNECTED FROM ALL SOURCES
OF POWER.

4.7B INTERNAL OSCILLATOR

Like the F-BAND cards, the Internal Oscillator
card can be field installed. However, the instalia-
tion is a bit more complex since, in addition to the
circuit card, it involves a cable, a BNC connector,
and a potentiometer. The cable provided with the
circuit card has a connector at one end and a
potentiometer and BNC connector at the other
end. When installed, the circuit card is positioned
as shown in Figure 1V-4. Note that the cable con-
nector mates with matching pins on the circuit
card. From there, the cable is dressed along the
rear of the instrument to the panel mounting
holes. As shown in Figure IV-12, the BNC connec-
tor mounts in the upper opening and the poten-
tiometer in the lower opening. The circuit board
adjustments should not be disturbed; the board is
prealigned at the factory. The installation is the
same for both the M5205 and the M5206. NOTE:
FOR PERSONNEL SAFETY, THE INSTALLATION
SHOULD ONLY BE PERFORMED BY A QUALI-
FIED SERVICE TECHNICIAN, AND THEN ONLY
WITH THE INSTRUMENT DISCONNECTED FORM
ALL SOURCES OF POWER.

4.7C INTERFACE OPTION

When installed, the Interface Option gives the
Model 5205/6 GPIB and RS232 Interface
capabilities: The Interface Card can be installed in
the factory or in the field. The installation consists
of plugging in the required ciruit and installing the
cable that interfaces the card to the rear panel.
The card simply plugs into the appropriate slot as
shown in Figure IV-4. The installation is the same
for both the M5205 and the M5206. One end of the
cable terminates in a connector that mates with a
set of matching pins on the Interface card, as
shown in the figure. The other end of the cable ter-
minates in two connectors (GPIB & RS232). The
GPIB connector (black) is installed in the IEEE 488
INTERFACE slot. There are two possible but dif-
ferent connectors that may be provided for the
RS232 interface. Early units are provided with a
“standard” RS232 connector that mounts on the
cover of the right-most (viewed from the rear)
module opening. Implementation of the RS232
capability using this connector reduces the
number of accessory modules that can be install-
ed from two to one. For this reason, an alternative
method of implementing RS232, one using a “non-
standard” round connector that mounts in a panel
opening to the left (viewed from the rear) of the
two rear-panel OUTPUT connectors, has been
developed. Consult the factory for additional in-
formation. The details of Digital Interface opera-
tion are discussed in Subsection 4.4. NOTE: FOR
PERSONNEL SAFETY, INSTALLATION OF THE
DIGITAL INTERFACE OPTION SHOULD ONLY BE
PERFORMED BY A QUALIFIED SERVICE TECH-
NICIAN, AND THEN ONLY WITH THE INSTRU-
MENT DISCONNECTED FROM ALL SOURCES OF
POWER.

1V-34



4.8 INTERFACING THE MODEL 5205/6
TO A HOST COMPUTER

4.8A INTRODUCTION

Successful interface between the Model 5205 or

Model 5206 and an external computer requires

detailed knowledge of a number of areas, in-

cluding:

(1) The response of the instrument to incoming
commands.

(2) The protocol required by the instrument to
enable an orderly flow of commands and
responses.

{3) The protocol required by the host computer.

(4) The capability and requirements of the
language in which the host computer is pro-
grammed.

Additionally, the user must be aware of interac-
tions between these various factors. In the event
that the system does not function as expected,
there is ample room for uncertainty as to the
cause of the malfunction. By taking a methodical
approach, the user can eliminate most of this
uncertainty. A suggested approach follows. Addi-
tional ancillary information is provided in Subsec-
tion 4.4.

4.8B RECOMMENDED STEPS FOR
INTERFACING TO A HOST COMPUTER

(1) GPIB INTERFACE: After the instrument is
connected to the host computer, try doing a
serial poll on the instrument. If this can be
done, it confirms that the GPIB address is
configured properly and that the host com-
puter and the instrument are able {o transmit
data back and forth.

RS232C INTERFACE: After the instrument is
connected to the host computer, determine
whether the computer receives an asterisk
from the instrument when it is first turned on.
The host computer will not receive an asterisk
unless the baud rate, stop bits, and parity bits
of the instrument and the computer match,
and unless the Transmit Data Output of the
M5205/6 is connected to the Receive Data
Input of the computer.

(2) Send the instrument a simple command that
will have an easily recognized effect. The A3
command, for example, should cause the
front-panel AUTO-OFFSET lamp to turn on
momentarily. Doing this will confirm that a
command can be sent from the host com-
puter to the instrument.

() Send a command that requires a response
from the instrument and thus determine
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whether bi-directional data transfer is possi-
ble. Sending the S command, for example, re-
quires that the instrument reply with the code
for the sensitivity.

If this step is successful, it confirms that the
terminator character has been properly speci-
fied by the appropriate.switch on the Inter-
face board. If it is not successful, the cause
may be that the instrument is configured for a
<CR> terminator and the host computer ex-
pects a <CRLF>. This is a common problem
when interfacing to Hewlett-Packard equip-
ment, which generally expects a <CRLF>
terminator.

(4) At this point it is often useful to know
whether the host computer can receive a -
response consisting of more than one
number. The command T, for example, should
cause the instrument to return the codes for
both the time constant and the dB/octave.

NOTE: If the interface passes the test in (3)
but fails the test in (4), it is possible that the
host computer will not accept the commaas a
delimiter between numbers. Determine what
delimiter is acceptable to the host computer.
Then, if necessary, try changing the delimiter
with the CN command, where N is the
decimal ASCIlI code for the new delimiter
character. (The sequence C 13, for example,
sets the delimiter to <CR>, which is accept-
able to many computers that will not accept a
comma.)

(5) A dumb RS232C terminal is especially useful
in developing a complex program to control
the Model 5205 or Model 5206. By interacting
directly with the instrument, the programmer
can resolve any ambiguity regarding the in-
strument’s response to specific commands.

An RS232C terminal can be used for develop-
ing programs even if the GPIB interface has
been selected for connecting the host com-
puter to the instrument. If switch 8 of the
GPIB switch bank is turned OFF, the GPIB
TEST ECHO mode is enabled, and every
character sent or received via the GPIB inter-
face is echoed to the RS232C terminal. Note
that the rate of character transfer is determin-
ed by the baud rate of the RS232C port. Be
careful not to send commands via both the
RS232C and GPIB interfaces simultaneously
because the instrument will ignore one of
them. Turn switch 8 of the GPIB switch bank
back to ON after the program development is
concluded.

(6) The host computer must pace the flow of
commands so that the instrument completes
the previous command before it receives a



new one. For this reason, a single subroutine
is recommended for sending all commands to
the instrument. A string containing the com-
mands can be passed to this subroutine. In
the same vein, it is also recommended that a
single subroutine be used to receive
responses from the instrument. Figures 1V-11
and IV-12 illustrate suitable flowcharts.

To insure that the instrument does not re-
ceive a new command before it has process-
ed a previous command, a subroutine for a
GPIB interface can check the COMMAND
DONE bit in the SERIAL POLL register. Foran
RS232C interface, it is necessary for the host
computer to wait until it receives the prompt
character, which indicates that the previous
command is done.

(7) A useful exercise at this point is to write a

simple program that displays and updates the
status of the instrument. The commands Q1
and S, for example, might be embedded in a
program that continuously displays the mag-
nitude of the instrument’s output in volts on
the host computer’s video terminal: If the pro-
gram runs successfully, it can be assumed
that it contains the necessary structure for
monitoring the instrument’s output and pac-
ing the command flow.

(8} A final recommendation is that the control-

ling program be as modular and structured as
possible to permit quick and logical tracing if
a problem occurs.

4.8C FLOWCHARTS AND LISTINGS
(1) SIMPLE STATIC INTERFACE ROUTINE: This

program provides the software necessary to
control the Model 5205 or Model 5206 from a
host computer. The routine follows the pro-
gram flow illustrated in Figure IV-11. It has
been coded for an Apple I, a Tektronics 4051,
an HP85, an HP9825, an HP9845, a MACSYM,
and a PET. (NOTE: The coding for the HP9845
and MACSYM had not been validated as of
the time this manual was written.)

The routine illustrated in Figure IV-11 initially
clears the video terminal of the host com-
puter, asks the operator for the instrument’s
GPIB address, and then issues the prompt
ENTER COMMAND:. The program then sends
a command string entered from the host com-
puter's keyboard to the instrument. If the in-
strument generates an output as a result of
this string, the host computer’'s video ter-
minal will display the output and then the
prompt, ENTER COMMAND. If there is an in-
valid command in the command string, the

routine issues the error message COMMAND
ERROR before the prompt.

Since the the Simple Static Interface Routine
doesn’t involve complex interface and control
software, programmers can use it to become
familiar with the essential features of
M5205/6 software control. These include
sending commands, receiving responses, and
checkings the instrument’s SERIAL POLL
status register.

(2) THE DEVICE DRIVER SUBROUTINES: Pro-

grammers are advised to use these subrou-
tines (Figure IV-12) to handle basic input and
output. With these subroutines, 1/0 is ac-
complished by putting a command string into
a string variable and calling the appropriate

[ INITIALIZE 1/0 |

[
| CLEAR SCREEN |
»l

N
[ PRINT PROMPT |

l
| GET CMD STRING ]

[
| SUBROUTINE 3 |

ERROR? NO

[ PRINT ERROR MESSAGE |
[

| i

OUTPUT GENERATED?

| PRINT QUTPUT |

Figure IV-11. SIMPLE STATIC INTERFACE ROUTINE



subroutine. Subroutine 1 sends the command
string to the instrument. Subroutine 2 reads
the output from the instrument and places the
output in the host computer’s input array.

Subroutine 3 is a concatenation of subrou-

tines 1 and 2.

(3) USER’S ROUTINES: the factory’s applica-

tions engineers seek additional implementa-
tions of the Simple Static Interface Routine
for other host computers. Anyone willing to
share an implementation of the routine is en-
couraged to get in touch with the factory.

(SUBROUTINE 1) (SUBROUTINE 2)
e
READ STATUS READ STATUS
NO
CMD DONE ? OUTPUT READY ? ,
SEND CMD INPUT NUMBER
END

CMD DONE ?

(SUBROUTINE 3)

|
SUBROUTINE {

SUBROUTINE 2

END

Figure IV-12. DEVICE DRIVER SUBROUTINES
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4.8D EXAMPLES OF SIMPLE STATIC INTERFACE PROGRAMS

APPLE Il
SIMPLE STATIC INTERFACE FROGRAM FOR APFLE II

18 REM APPLE II SIMPLE STATIC INTERFACE

20 De=CHR% (4)

3@ Z$=CHR%$ (26)

4¢ DIM A(1@@) : REM ARRAY OF RESPONSES FROM DEVICE

166 HOME

11¢ PRINT "DEVICE MUST BE SET FOR™

129 PRINT "CARRIAGE RETURN TERMINATOR"

13¢ INPUT"ENTER DEVICE GPIB ADDRESG: "; A9

14¢ INPUT"ENTER SLOT NUMBER OF APPLE GFIB CARD: "; SL

158 PRINT
160 LA = "WT" + CHR%(32 + A%) + 7% : REM GPIB LISTEN COMMAMD
176 TA%$ = "RD" + CHR%(&4 + A9) + Z% : REM GPIB TALK COMMAND
188 5P+ = "SP" + CHR$(&4 + AY) + 7% : REM GPIB SERIAL FOLL COMMAND
196 Cs="C 13" : REM DEFINE CR AS DELIMITER
195 PRINT D#;"PR#";SL : FRINT D®; "IN#";5L : PRINT "RA™ :
GOSUB 14@@ : PRINT D$; "PR#0" : PRINT D%; " IN#3"

280 REM MAIN LOOP

205 179=0

216 PRINT : INPUT "ENTER COMMAND: ";C%

22¢ PRINT D%; "PR#";SL : PRINT D%; "IN#";5L

23@ GOSUB 1209 : REM SEND COMMAND AND GET RESFONSES IF ANY
240 PRINT D%; "PR#6" : PRINT D%; " IN#B"

258 SP=INT(59/2) : REM CHECK FOR ERROR

2680 IF 59 <> 2 % INT(59/2) THEN PRINT “COMMAND ERROR™
300 REM PRINT RESPONSES

31@ IF I9 = ¢ THEN 350

326 FOR I = 1 TO I

330 PRINT "RESPONSE#"3;I;" = ";A(I)

344 NMEXT 1

358 60TO 200

169@ REM OUTPUT COMMAND

1816 GOSUB 1400

1829 IF S9 = 2 ¥ INT(S%2/2) THEN 181# : REM WAIT FOR PREVIOUS CMD DONE
14636 PRINT LA%;C% : REM SEND CHD

164¢ RETURN

1166 REM GET RESPONSES

111¢ GOSUB 1408

1128 IF 8§92 < 128 THEN 11448

11380 I79=1%+1 = PRINT TA%:; : INPUT A(I?)
1148 IF 89 = 2 % INT(5%7/2) THEN 111@
1156 RETURN

12¢8 REM DEVICE DRIVER
1219 GOSUB 1800@

122¢ GOSUB 1160

1239 RETURN

148@ REM DO SERIAL POLL

141¢ PRINT SP%;

1426 INPFUT S%

1436 PRINT "UT" : REM UNTALK DEVICE

1446 REM CONVERT HEX SERIAL POLL STATUS TO A NUMEER

1456 S1 = ASC(RIGHT$(5%,1)) — 48 : IF S51>% THEN 51 = 51-7
1468 S2 = ASC(LEFT% (S5%,1)) — 48 : IF 52>% THEN §2 = 52-7
1476 S9 = S1 + (1& %X 52 )

1486 RETURN

1vV-38



TEKTRONIX 4051

19
20
3@

108
11g
120
136
149
150

208
216
220
238
24a
258
268
279
300
319
320
338
340
350

1960
1810
1620
10933
1940
1445
1858

1105
1115
1128
1138
1148
1159
1168
1178

1206
1210
1226
1236

1406
1416
1428
1438
144@
1456

TEKTRONICS 4851 SIMFLE STATIC INTERFACE

REM TEKTRONICS SIMPLE STATIC INTERFACE
DIM A(163)
REM Maximum number of responses expected is 106

PAGE

PRINT "Enter device GPIB address: "
INPUT A9

REM Define carriage retwn as delimiter
CH="C 13"

G05UB 1000

REM Main loop

PRINT "Enter command: ";

INPUT Cs%

GOSuUB 120@

REM Check for error

59 = INT(59/2)

IF 89 = 2 X INT(59/2) THEN 383
PRINT "COMMAND ERROR™

REM Print responses if any

IF I9=@ THEN 35@

FOR I=1 TO 19

PRINT "Response#";I;" = ";A{(I)
NEXT I

GO TO 200

REM Output command

REM Wait for previous cmd to finish

GO0SUB 1499

IF 89 = 2 % INT(S59/2) THEN 1&82@

PRINT 2A%,32: C%

REM Use of 32 suppresses secondary address
RETURN

REM Get responses

I19=0@

GOSUB 1490

IF S92 < 128 THEN 1149

I19=19+1

INPUT 2A9,32:A(17)

IF 82 = 2 % INT(S59/2) THEN 112¢
RETURN

REM Device driver
GOSUB 1@ag

GOSUB 1180
RETURN

REM Do a serial poll
WBYTE 295,24:

WBYTE 2AF+64:

RBYTE 59

WBYTE 295,25:

RETURN
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HP 85
SIMPLE STATIC INTERFACE PROGRAM FOR HF85

14 ! HP83 SIMPLE STATIC INTERFACE
24 RESET 7

3¢ SET TIMEOUT 7;5804

4@ DIM A(168)

1¢@ CLEAR

116 DISP "ENTER DEVICE GFIB ADDRESS: “;

115 INPUT A%

128 AP=A9+700

13@¢ DISF "DEVICE MUST BE SET FOR™

14¢ DISF "LINEFEED TERMINATOR"

153@ DISFP "™

16@ Ce="C 1¢g" 2 GOSUB 16@F ' LINEFEED IS DELIMITER

2@@ ' MAIN LOOF

2i® DISFP "ENTER COMMAND: “j;

2268 INPUT C%

23¢ GOSUR 128@ ' SEND COMMAND ANMD GET RESPONSES IF ANY
24¢ IF BIT (59,1)=1 THEN DISF "COMMAND ERROR"

258 IF I9=@ THEN 298

268 FOR I=1 TO I%

27¢ DISF "RESPONSE#":;I:;" = ";A((I)

284 NEXT 1

294 6O0TO 208

i@@@ | ouTPUT COMMAND

i@1g GOSUB 14@@ ! DO SERIAL FOLL

1829 IF BIT(59,@)=¢ THEN 1&1¢ ! WAIT FOR PREVIODUS CMD DONE
1638 OUTPUT A? USING "K"; C%

1g4@ RETURN

1193 REM GET RESPONSES

1118 19=6

112¢ GOSUB 14@® ' CHECEK CMD DONE AND OUTFUT READY BITS
113@ IF BIT (5%2,7)=8 THEN 1158

114 19=19+1 2 ENTER AZ;4H0(IF)

1154 IF BIT(57,#8)=8 THEN 1123

11468 RETURN

1288 REM DEVICE DRIVER
1219 GO5UB 1609

1226 6O5UB 1186

12358 RETURN

144 ' DO A SERIAL POLL

1418 59=5F0OLL (A7)
142@¢ RETURN
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HP 9845
SIMPLE STATIC INTERFACE PROGRAM FOR HF 2845

1g ! HP 9845 SIMPLE STATIC INTERFACE
20 ABORTIO 7 ! INTERFACE CLEAR
3@ DIM A{106)

188 FRINT FAGE

11@ DISP "ENTER DEVICE GPIB ADDRESS: “;

124 INPUT A9

13@ A9=A9+7@@ ! GPIB INTERFACE IS5 INTERFACE 7

14@ DISF "DEVICE MUST BE SET FOR LINEFEED TERMINATOR®
154 Cs="C 1a"

16 GOSUB 19@@ ' LINEFEED IS5 DELIMITER

268 ! MAIN LOOP

216 PRINT "ENTER COMMAND:z: “;

22¢ INPUT C%

22Z@ 60SUB 1289 ! SEND COMMAND AND GET RESPONSES IF ANY
2449 IF (589 DIV 2) MOD 2) THEN PRINT "COMMAND ERROR"
258 IF I9=@ THEN 380

268 FOR I=1 TO I9

278 PRINT “"RESFPONSE#":;I;" = ";A(I)

288 NEXT 1

296 PRINT

33 GOTO 200

1gg@ ! oUTPUT COMMAND

1¢1g GOSUB 14¢@ ' DO SERIAL POLL

162@ IF (59 MOD 2) = @ THEN 1016 ! WAIT FOR PREVIOUS CMD DONE
18363 OUTFUT AS USING "K'; C$

184¢ RETURN

11@# REM GET RESFONGES

1118 I9=8

112 GOSUB 14@a@ ! CHECEK CMD DONE AND DUTPUT READY BITS
1138 IF ((5% DIV 128) MOD 2) = & THEN 1158

1146 I9=19+1

1145 ENTER AZ?;A {19

115 IF (5% MOD 2) = & THEN 1128

1168 RETURN

1Z2@@ REM DEVICE DRIVER
1219 GO5SUB 1666

1226 605U 1146

1236 RETURN

14@@ ' DO A SERIAL POLL

1414 STATUS AZ; 59
1428 RETURN
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MACSYM

1@
20
3@
449

=
o

166
115
126
136
144
158

286
214
22a
238
244

1365
1a1@
1815
1828
1625
1430
1646
1845
1858
18468
1478
1@8a
1998

116@
i1i@
1126
11348
11408
115@
1166
1176
1184
11946

1209
1218
122@

1486
141¢
142@
1430

MACSYM COMPUTER SIMPLE STATIC INTERFACE

REM MALCSYM SIMPLE STATIC INTERFACE

DIM A(18)

REM MAXIMUM NUMBER OF RESPONSES EXPECTED IS 1@
N=1

REM M IS5 CHANNEL NUMBER FOR I/0

{ CLEAR SCREEN 3

INPUT "ENTER DEVICE GFIB ADDRESS:

GFIB M,6,A%

REM DEFINE CARRIAGE RETURN AS DELIMITER

C$="C 13"
GOSUB 1800

REM MAIN LOOP
PRINT "ENTER CMD: ™
INPUT C%

GOSUB 1089

GOTO 286

REM DEVICE DRIVER

I19=@

REM I%? IS INDEX FOR INPUT
CONFIGURE @, A9

REM SENMD COMMAND

PRINT C%

CONFIGURE A%.@

REM PREFPARE FOR INFUT IF ANY
GOSUR 1Z2@a

IF 592 <> 2 % INT(S5%/2) THEN 1106
IF 52 < 128 THEN 1658

60SUB 14a@

GOTO 1858

REM CHMD DDNE

CONFIGURE ©,d

S9=INT (5%/2)

IF 89 = 2 ¥ INT(5%9/2) THEN 1158
PRINT "COMMAND ERROR"

IF I9=% THEN 1199
FOR I=1 TO 1%
PRINT "RESPONSE#":I9;" = ":;:A(I9)
NEXT I

RETURN

REM DO SERIAL POLL
STATUS A9,.59
RETURN

REM GET A RESFONSE
INPUT A(I?)
I?=I9+1

RETURN
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PET

PET SIMPLE STATIC INTERFACE ( CBM 2661 BASIC 2.9 )

18 REM PET SIMPLE STATIC INTERFACE
2@ F1=3 : REM FILE NUMBER
39 DIM A(18@)

186 PRINT " " : REM CLEAR SCREEN

116 FOR I = 634 TO &34 + 199

111 READ N : POKE I,N : REM FOKE SERIAL POLL ROUTINE
112 NEXT

126 INPUT "ENTER DEVICE GPIB ADDRESS: ";A9

125 POKE 4,A% : REM PASS ADDRESS TO MACHINE LANGUAGE ROUTINE
139 OPEN F1,A9

14@ C$="C 13" : REM DEFINE CARRIAGE RETURN AS DELIMITER

15¢ GOSUB 18089

2¢¢ REM MAIN LOOR

205 19=@

216 PRINT : PRINT “ENTER COMMAND: *;
228 INPUT C%

230 GOSUB 12808

249 1IF (5% AND 2) THEN PRINT" COMMAND ERROR"
2506 IF I9=¢ THEN 299

260 FOR I=1 TO 19

273 PRINT "RESPONSE#";I;" = ";A(I)
280 NEXT I

296 GOTO 200

1668 REM OUTPUT COMMAND

1814 GOSUB 1460

192¢ IF (59 AND 1)=@ THEN 1#14

163@¢ PRINTH#F1,C$ : REM SEND COMMAND
1348 RETURN

1166 REM GET RESFONSES

1116 GOSUB 1409

1120 IF (S% AND 128)=¢ THEN 1144
11306 I9=I9+1 : INPUTH#F1,A(I9)
114@ IF (5% AND 1)=¢ THEN 1114
1158 RETURN

1286 REM DEVICE DRIVER
121¢ GOSUB 1690

1224 GOSUR 1168

123@ RETURN

14688 REM DO A SERIAL POLL

1414 SYS(736) : REM CALL MACHINE LANGUAGE ROUTINE
1423 SP=FEEK (2)

1438 RETURN

9@@% REM MACHINE CODE FOR SERIAL POLL ROUTINE
9651 DATA 173,44,232,41,64,240,249,165, 1

9@92 DATA 73,255, 141,34,232, 169, 247,45,35, 232
9693 DATA 141,35,232,173,464,232,41,1,240,249
9@94 DATA 169,8, 13,35, 232, 141,35,232, 169,255
9695 DATA 141,34,232,94

9616 DATA 169,2,13,64,232,141,64,232,173, 64,232
9611 DATA 41,128,298, 249,173,32,232,73,255

9612 DATA 133,2,169,253, 45, 64,232, 141, 64,232
9813 DATA 14&9,8,13,33,232,141,33,232, 173, 64,232
9614 DATA 41,128,240,249,169,247,45,33,232

9615 DATA 141,333,232, 149,255, 141,34,232,96

9928 DATA 169,251,45,64,232,141,464,232,169,24
9621 DATA 133,1,32,122,2,165,6,9,64

9822 DATA 133,1,32,122,2,149,253, 45, 64,232

9623 DATA 141,464,232, 169,247,45,33,232, 141,33,232

9624 DATA 169,4,13,64,232,141,64,232,32,165,2

9625 DATA 169,8,13,33,232, 141,33,232,16%9,2,13, 64,232,141, 64,232
9826 DATA 169,251,45,64,232,141,64,232,169,95

9827 DATA 133,1,32,122,2,169,25,133,1

9828 DATA 32,122,72,169,4,13,64,232,141,464,232,96

NOTE: SERIAL POLL ROUTINES ADAPTED FROM "PET AND THE IEEE 488 BUS" BY
FISHER AND JENSEN.
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4.8E M5205/6 NUMBER CONVERSION FORMULAE

M32@05/6 NUMBER CONVERSION FORMULAE

COMMAND

S N TL = N — [ INT(N/3) ¥ 2 1 + 1 ¢ TO
IF T1 = 1 THEN T1 = 5 ¢ IN
IF T1 = 3 THEN T1 = 1
V=1IL[ 18 -~ —INT(N/3Z) 1 % T1
N = INTL ABS( 3.9 x LOG(YY — 2.4 ) 1 ( TO

0O N1,h2 IF N2 = 2 THEN NZ = -1 ¢ 10
0= (Nt X N2 ) / 1@ ( %
Ni = ABS (0O % 1@ ) ( TO
NZ = 1
IF 0O < & THEN NZ = 2

J N1,NZ2 F= Nix [ 18 ~ (2 - NZ ) 1] ( TO
N2 =5 — INTL LOG(F) + 1 1 ( TO
IF N2 < & THEM N2 = @
Ni = INMTL F =~ ( N2 — 2 ) 1

P Ni,N2 P = (Nl 2 98 ) + @25 % ( N2 — 2@@ ) ( TO
N1 = INT{( F/98 )} ( TO
N2 = (48 ¥ F ) — ( 3486 % N1 ) + 288

T N1,NZ T =1 ~ [ 2 — INT{ N1/2 ) 1 ( TO
IF N1 <> L INT( M1/72 ) ¥ 2 1 THEN T =T % .3
NI =4 — [ 2 % INT( LOG(TY ) 1 « T0
IF LOG(TY <> INTL LOG(TY 1 THEN NI = N1 - 1
DB = 12 — ( & ¥ N2 ) ( TO
MZ =1 — INTL (DB/1Z2) 1 ( TO

G N G =N/ 1638 {( TO
N = INT ( 146438 / G ) ( TO

NOTES:

N AND N1 AND N2 REPRESENT INTEGER PARAMETERS FOR
COMMANDS.

T1 IS A TEMPDRARY VARIABLE.

LOGS ARE TO THE BASE 1#.
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SENSITIVITY )
VOLTS )

INTEGER ?

OFFSET INT )

FULL SCALE

INTEGER )

FRERQUENCY IN HERTZ )

INTEGER

FHASE IN DEGREES )

INTEGER )}

TIME CONSTANT IN SECS)

INTEGER )

DE/OCTAVE )
INTEGER )
GAIN FACTOR )

INTEGER

Ma205/6



4.8F DEFINITIONS

DEVICE

HOST COMPUTER

COMMAND

PARAMETER

TERMINATOR

<CR>

<LF>

<CRLF>

RESPONSE

DELIMITER

MULTIPLE
COMMAND

Apparatus (in this case the Model
5205 or Model 5206) configured to
receive commands and transmit data
via a GPIB interface or RS232C inter-
face.

A controlling computer programmed
to issue commands and receive data
from one or more devices.

A string of ASCIlI characters sent
from the host computer to the device.

A number that must be sent after a
command mnemonic to specify what
the device must do.

The ASCIlI character or characters
designated as the signal that the host
computer has sent a complete com-
mand to the device.

Abbreviation for the carriage return
character.
linefeed

Abbreviation for the

character.

Abbreviation for the carriage return,
linefeed sequence. :

Output sent by the device in response
to a command from the host com-
puter. Not all commands generate a
response. Responses may be single
number or multiple numbers.

An ASCII character sent by the device
in a response consisting of more than
one number. The default delimiter is
the comma. (The host computer can
change the delimiter character by is-
suing the proper command.)

A device usually requires a delimiter
between parameters of a command.
The delimiter required by the device
may differ from the delimiter required
by the host computer.

A command created by con-
catenating two or more commands.

An ASCIl character sent between
commands if several commands are
concatenated into one multiple com-
mand. Only one terminator is sent at
the end of the entire muitiple com-
mand.

SEPARATOR

4.8G EXAMPLES

The following examples illustrate some com-
mands and responses. These examples assume
that <CR> is an acceptable terminator for the
host computer and that the instrument has been
properly programmed for a <CR> terminator by
setting switch 7 of the GPIB switch assembly
(located on the Interface Board) to the ON posi-
tion. If the host computer requires <CRLF> as
the terminator, switch 7 of the GPIB bank must be
set to the OFF position. (Power must be OFF for
the change to “take”; switch settings are scanned
only immediately after the unit is powered).

HOST

COMPUTER DEVICE

SENDS RESPONDS COMMENT

Q1 <CR> 1096 <CR> A single command
issued and followed by a
single response.

Q1;Q2 <CR> 1096 <CR>

—312 <CR> A multiple command
issued with a semicolon
separator. Each com-
mand generates one re-
sponse.

T <CR> 6,0 A single command
followed by a response
consisting of two
numbers.

S 13 <CR> A single command with
one parameter.

P0,0 <CR> A single command with

two parameters and a
comma delimiter.
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SECTION V
SERVICE

5.1 SAFETY

WARNING!
POTENTIALLY LETHAL VOLTAGES ARE PRES-
ENT INSIDE THIS APPARATUS. THESE SERVICE
INSTRUCTIONS ARE FOR USE BY QUALIFIED
SERVICE PERSONNEL ONLY. TO AVOID ELEC-
TRIC SHOCK, DO NOT PERFORM ANY SERVIC-
ING UNLESS YOU ARE QUALIFIED TO DO SO.

Any adjustment, maintenance and repair of the
opened apparatus under voltage shall be avoided
as far as possible and, if unavoidable, shall only
be carried out by a person skilled in the repair of
electronic apparatus who is aware of the hazard
involved.

When the apparatus is connected to a power
source, terminals may be live, and the opening of
covers or removal of parts is likely to expose live
parts. The apparatus shall be disconnected from
all voltage sources before it is opened for any ad-
justment, replacement, maintenance, or repair.

Note that capacitors inside the apparatus may
still be charged even if the apparatus has been
disconnected form all voltage sources. For this
reason, service personnel are advised to wait
several minutes before assuming that all capaci-
tors are discharged.

If a fuse is replaced, make sure that only fuses
with the required current and voltage rating, and
of the specified type, are used for replacement.
The use of makeshift fuses and the short-circuit-
ing of fuse holders are prohibited.

5.2 INTRODUCTION

Servicing an electronic instrument generally com-
prises aligning it or repairing it. Although these
are different activities, they may be linked to the
extent that a partial alignment may be necessary
after a repair. The Model 5205/6 was not designed
with field service in mind. The alignment requires
special fixtures and software that are not available
for release outside the factory. For this reason,
EG&G PARC does not recommend that the
M5205/6 be included in routine maintenance/
alignment programs. Field troubleshooting, on
the other hand, if performed by one skilled in the
art, is certainly possible. A skilled troubleshooter
familiar with the M5205/6 circuitry should be able
to isolate the problem to a circuit board. In some
cases, it may be possible to identify and replace
the faulty component from supplies on hand.
However, since many of the components in these
instruments are either not generally available or
are selected for optimum performance, immediate
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field repair may not be possible, and it may be
necessary to ship the unit or the faulty circuit
board to the factory for service. Users are advised
to always contact the factory for advice on how to
proceed. It is particularly important that users not
attempt to make field repairs on units still in War-
ranty, as any damage done on such units in the
process of attempting such repairs may invalidate
the warranty.

The text in this section of the manual consists for
the most part of circuit descriptions. This text
complements and expands on the ideas develop-
ed in Subsection 1.6. These descriptions should
be useful to a person knowledgeable and skilled
in troubleshooting electronics instruments. No
detailed troubleshooting “procedure” is provided.

5.3 SIGNAL CHANNEL

5.3A PREAMPLIFIER (schematic on page VI-2)
Observing the schematic, note that the input
signal is coupled through capacitors C2 and C3 to
the differential input stage, Q10. Transistors Q1
through Q6 are used as diodes in an input protec-
tion network and are not involved in processing
the input signal. The current available to Q10 is
supplied by constant-current source, Q11. Q8 and
Q9 serve to keep the Q10A potential and current
constant. Q12 and Q13 do the same for Q10B. The
differential output of the input stage is supplied
by Q8 and Q12. This differential current signal is
injected into the emitters of Q14 and Q16. Q15 is
connected as a diode to compensate the tempera-
ture coefficient of Q17, which is connected as a
current reflector. The signal current at the com-
mon collector of Q14 and Q17 is applied to
current-to-voltage converter IC5. The gain will de-
pend on the value of the feedback resistor. As
shown, a solid-state switch array controlled by the
selected Sensitivity and Dynamic Reserve deter-
mines the magnitude of the resistance connected
between the output and summing junction of IC5.
The preamplifier output is taken from pin 6 of iC5
and leaves the board via pin 13 of the card-edge
connector. Note that there is an alternative path. If
some sort of “filter” is installed in one of the rear-
panel accessory compartments, and provision is
made for switching Q18 into conduction, the pre-
amplifier output signal can be brought out via pin
14 of the card-edge connector. This line leads to
the input of the accessory.

Either the direct preamplifier output or the ac-
cessory output is applied to the input of the LO-
PASS filter located on the FBAND circuit board.



5.3B LO-PASS FILTER (pages VI-3 & VI-4)

A given instrument could have one, two, or three
FBAND cards, corresponding to the BROAD-
BAND, AUDIO, and LO passband capabilities.
There are actually two different kinds of FBAND
circuit cards. Except for critical component
values, the LO and AUDIO cards (schematic on
page VI-4) are identical. The BROADBAND circuit
card (schematic on page Vi-3 has somewhat dif-
ferent circuitry). In any case, the preamplifier out-
put signal is applied to pin 16 of whatever FBAND
cards are present. Observing either schematic,
note that the signal is directly applied to an FET
switch. Depending on which FBAND is selected,
the input switch on one of the cards will be biased
on, allowing the signal to be applied to the Lo-
Pass Filter circuit that follows. Both the Audio/Lo
and Broadband cards use modified Butterworth
filters. Three stages of filtering are cascaded, with
each providing a 12 dB per octave rolloff for a total
of 36 dB/octave. The 3 dB down frequency is either
4 kHz (LO), 40 kHz (AUDIOQ), or 400 kHz (BROAD-
BAND). The purpose of the filter is to provide a
high rejection of components at the image fre-
quency. The output of the last Butterworth stage
is routed through an FET switch so that the output
of the selected card only is applied to the Mixer.
The filtered signal leaves the circuit card via pin
12 of the card-edge connector. From there, the
signal is routed to the signal amplifier on the
Preamplifier Board.

5.3C SIGNAL AMPLIFIER (page VI-2)

Referring to the schematic, note that the signal re-
enters the Signal Channel Board via pin 9 of the
card-edge connector. As shown, this signal is ap-
plied to source follower Q19. Another section of
Q19 acts as a current source to this stage. Q19
drives gain-switching amplifier 1C6. The gain of
this stage is determined by state of solid-state
switch arrays IC7 and IC8, which are controlled via
the Sensitivity and Dynamic Reserve selections.
The amplified signal exits via pin 7 of the card-
edge connector.

5.3D MIXER (schematic on page VI-7)

As shown in the schematic, the signal from the
gain-switching stage that follows the Preamplifier
is applied to pin 13 of the Mixer Board. From there
the signal is routed to the input of U1, a non-
inverting amplifier with a gain of nominally three.
The output of this stage is capacitively coupled to
the input of U2, the input to the actual Mixer. The
gain of this amplifier, measured from the output of
U1 to pin 6 of U2, is one sixth, as determined by
the ratio of R12 or R14 to R4. The feedback path
for U2 is not immediately obvious, and takes
either of two routes depending on the state of the
mixer at any moment. When Q2 and Q5 conduct,
the feedback path extends from pin 6 of U2
through R9 to the emitter of Q1, and from there
through Q1, through Q2, and through R12 to the
summing junction of U2. When Q3 and Q4 con-
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duct, the path is similar, except that the involved
parts are R18, Q6, Q4, and R14. In any case, the
output of U2 is injected into the emitters of Q2
and Q4. The switching is done by Q2, Q3, Q4, and
Q5. The square-wave drive applied to their bases
switches them on and off. Q2 and Q5 conduct for
one half cylce. Q3 and Q4 conduct for the other
half cycle. The drive signal is derived from the
Reference Channel, which supplies a signal to pin
7 of the Mixer Board. The frequency of this signal
is the sum of the reference signal frequency plus
the i.f. frequency, where the i.f. frequency is either
10.1 kHz (LO), 101 kHz (AUDIO), or 1.01 MHz
(BROADBAND). Since the signal input to the mix-
er is at the reference frequency, the mixer dif-
ference frequency output will be at the i.f. fre-
quency. The signal at pin 7 is ““sharpened” by U3
to make the switching transitions as fast as possi-
ble. Q15 and U4 simply develop the potentials and
level shifts required by U3. The output of U3 is ap-
plied to Q2, Q3, Q4, and Q5 to do the switching as
previously described. The mixer outputs are com-
bined by the following amlifier to develop the ex-
pected double-sideband signal. Mixer input com-
ponents at the reference frequency will be at the
i.f. frequency at the mixer output. Input com-
ponents some number of cycles above or below
the reference frequency will appear at the mixer
output the same number of cycles above or below
the i.f. frequency.

Looking at the post-mixer amplifier in a bit more
detail, note that Q10 and Q11 are current sources
for the two halves of the input stage, Q9. Q7 and
Q8 keep the potential across Q9 constant. The dif-
ferential output of the input stage is applied to
Q12 and Q13. The amplifier output is taken from
the shared collector circuit of Q13 and current-
reflector Q14. The signal exits the Mixer board via
pin 16 of the card-edge connector, and from there
is routed back to the i.f. amplifier on the active
FBAND card.

5.3E L.LF. AMPLIFIER (pages VI-3 & VI-4)

The LF. Amplifier circuit differs according to
selected FBAND circuit card. The LO and AUDIO
cards use the circuit depicted on page Vi-4. The
BROADBAND card I.F. Amplifier is depicted on
page VI-3. For either type FBAND card, the signal
is applied via pin 9 of the card-edge connector.
From there the signal is routed through an FET
switch. Note that there is a pair of FET switches at
the output of the I.F. Amplifier, one in the X path,
the otherin the Y path (This is the first point where
the signal path is divided.) The switches routing
the signal to and from the |.F. Ampilifier are biased
“on” for the selected card and off for any other
FBAND cards which may be present. These
switches effectively isolate the tuning circuits on
the unselected cards.

Referring to the schematic of the broadband cir-
cuit, note that there are two very similar two-pole



tuning circuits interposed between Q4, the input
switch, and Q12 and Q13, the output switches.
These two circuits provide a highly peaked ampli-
fier response, as shown in the specifications. Its
primary purpose is to eliminate harmonics from
the signal. The LO/AUDIO L.F. Amplifier is similar
except that it uses integrated-circuit amplifiers in-
stead of discrete transistors. Also, it uses R’s and
C’s only for tuning whereas the broadband circuit
uses inductors as well. The signal exits the card
via pins 4 and 5 of the card-edge connector.

5.3F DEMODULATOR (pages VI-9, VI-10, & VI-i1)
There are two demodulators (one in the M5205),
one for the X signal, the other for the Y signal.
Recall that the separation takes place in the I.F.
Amplifier, and that there is no difference between
these signals at the input to the demodulator(s).
The difference results from the respective demod-
ulator drives being in quadrature, as described in
Subsection 1.6.

Referring to the schematic on page VI-9, note that
the signal is applied to FET switches Q1 and Q2.
These switches have a complex drive. The drive is
at the I.F. frequency, so that the applied signal will
be demodulated (synchronously rectified). The
drive to Q2 is 180° out of phase with that to Q1. In
addition, the drive signal is inverted at a frequency
of 1 kHz, that is, at one millisecond intervals, the
drive signal undergoes a 180° phase reversal. Q1
and Q2 are followed by another demodulator, U1,
driven by the same 1 kHz signal that provides the
inversions to the Q1-Q2 drive. The scheme used
results in a differential rectified i.f. frequency out-
put proportional to the amplitude of the i.f. signal
at the input (pin 17). Any dc offset in Q1 and Q2 is
converted to a 1 kHz signal which, on being rec-
tified by U1, is applied equally to U2A and U2B.
The result is two equal and opposite voltages (U3
provides an inversion) that cancel when they are
added at the junction of R26 and R27. The only net
output results from the signal input.

U4A and U4B are “Howland Amplifier” circuits. As
a result of their being in the circuit, U2A and U2B
see a high impedance looking back to Q1 and Q2,
thereby assuring that the gain of U2A and U2B to
their own voltage temperature drift is minimized.

Switches Q3 and Q4 are controiled by the choice
of FBAND. When BROADBAND is selected, these
two switches are ON. When LF or AUDIO are
selected, they are OFF. Because the drive effects
in Q1 and Q2 are somewhat different at 1 MHz
than they are at 100 kHz or 10 kHz, the additional
Howland circuit shunting provided by Q4 is re-
quired when BROADBAND is selected. Similarly,
there is shift in the offset of U3 when BROAD-
BAND is selected. Q3 switches in the compen-
sating voltage.

Q6 and Q7 act as another modulator driven at
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1 kHz. They sample the error voltage on the invert-
ing input of U7 (schematic on page VI-10) and con-
vert it to a square wave at 1 kHz. U18A and U18B
make the voltage differential. After being coupled
through C43 and C44, this error signal is routed to
the input of the 1 kHz demodulator, U1, where it is
rectified. After being routed through the U2-U3
buffer/adder stages, the voltage arrives at R42
(page VI-10). The circuit values chosen are such
that the error voltage at R42 (TP4) is exactly equal
to that at pin 2 of U7. As a result, there will be no
current through R42 and R43 due to offset in U7.
By maintaining zero current due to offset in these
resistors, the gain of U7 can be switched without
offset-current shifts. Q5 and U9 are gain-switching
circuits controlled by the Sensitivity and Dynamic
Reserve settings. U9 provides balanced im-
pedances to U7 (R49 paralleled by R50 equals R44
paralleled by R45).

5.4 OUTPUT CHANNEL

5.4A DEMODULATOR BOARD
(pages VI-10 and VI-11)

The demodulator output is applied to gain-
switching amplifier U7. The gain of this amplifier
is controlled by Q5 and U9 as previously describ-
ed. U7 also provides the first of the two stages of
time-constant filtering. When 6 dB/octave is
selected, only the first of these stages is “in”.
When 12 dB/octave is selected, the signal passes
through both. The time constant is varied by
changing the size of the capacitor connected be-
tween the input and output of U7. As can be seen
from the schematic, capacitors C16 through C26
can be selected. U5 and U6 are multiplexers that
respond to latches (U16 and U17; schematic on
page VI-11) controlled by the Time Constant
Selection lines.

U8 is a ‘“filler circuit”. This circuit is basically a
sample-and-hold controlled by complementary
switches U9A and U9B. Normally, the switch con-
nected between the output of U7 and the input of
U8 is ““on”, while that connected between the out-
put of U8 and the summing junction of U7 is “‘off”.
When the time constant selection is changed, a
fill sequence is initiated. The U8 input switch
turns off, causing the output of U8 to hold at the
voltage on the formerly selected capacitor. The U9
output switch turns “on”. If the voltage on the
newly selected capacitor is any different from that
on the formerly selected capacitor, there will be a
net error voltage to U7 developed at the junction
of U51 and U52. This voltage will force the output
of U7 to the voltage that was on the formerly
selected capacitor, in the process rapidly charg-
ing the newly selected capacitor to the voltage
that was on the one formerly selected. As soon as
the fill is completed, the U8 conirol switches
resume their original state.



Q8 and Q9 are limiters to protect U5 and U6.

The second time-constant filter stage is
schematically depicted on page VI-11 Note that it
is identical to that described above. Also shown
on this schematic are the latches that control the
time-constant multiplexers.

5.4B OUTPUT BOARD 1 (page VI-12)

The demodulated X and Y signal levels enter Out-
put Board 1 via pins 21 and 22 respectively. The X
signal is applied to MDAC (Multiplying Digital to
Analog Converter) IC2 and the Y signal to IC3.
These devices are incorporated into the feedback
paths of amplifiers IC1a and IC1b such as to allow
the gain of the amplifiers to be set by the
microprocessor via the data bus. This is the way
the gain shift required to achieve NORMALIZED
operation is accomplished. 1C4, IC5, and IC6 are
latches that control the MDAC’s. The gain-
adjusted X level appears at the output of IC1a, and
from there exits the board via pin 33. The gain-
adjusted Y level appears at the output of IC1b, and
from there exits the board via pin 37. These
signals are also applied to Multiplexer, 1C13,
together with the magnitude signal (R), log R, and
6. This multiplexer selects the levels applied to
the panel meters. Either X and Y, R and 6, log R
and 6, or X and Y (Phase Lock Mode) are selected.
The selected pair of signals is applied to
amplifiers 1C29 and 1C31 respectively. Their out-
put in turn is applied to the panel meters, to the
corresponding BNC connectors, and to the Multi-
plexer, IC12, that determines the signal applied to
A/D converter, IG27. This device develops the data
word to be applied to the digital display. Note that
the EXPAND function is accomplished by con-
trolling the gain of 1C29. Latch IC9 applies the pro-
per gain-control data word to the gain-setting cir-
cuit. The Offset circuits consist of 1C11, 1C18a,
[C18b, [C254a, IC25b, and IC25b, together with their
associated components. The programmed offset
appears as a word on the data bus. IC8 and IC9
latch the word and apply it to DAC IC11, which
develops the dc offset level. Two different offsets
are provided by the circuits that follow. The R OF-
FSET level exits the board via pin 17 and from
there is applied to the Phase Computer circuit on
Output Board 2. The CHANNEL 1 level is routed
back to the “X” Normalizing Amplifier, IC1a. Other
signals applied to the IC12 Multiplexer are “R”
and AUX. IC19 is a clock for IC27. IC14, 15, 16, 17,
and their associated passive components and
latches provide the Overload Detect functions.
IC24 is a buffer between the detector latches and
the data bus. IC7 buffers a number of data lines for
placement on the bus.

5.4C OUTPUT BOARD 2 (page VI-13)

MAGNITUDE: The X and Y signals enter Output
Board 2 via pins 27 and 31 respectively. The X
signal is applied to the X Absolute Value circuit
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(IC2a and IC2b), and the Y signal is applied to the Y
Absolute Value circuit (IC2c and 1C2d). These cir-
cuits provide a signal proportional to the absolute
value of the X and Y inputs respectively. The ab-
solute value of X is squared by the Q2a-Q2b pair.
The absolute value of Y is squared by the Q4a-Q4b
pair. The squared signals are summed and their
square roots taken at the junction of Q2b and Q4a
to provide the magnitude signal. This signal is
amplified to the proper level by IC8, the output of
which is “R”, or MAGNITUDE. Note that the R
OFFSET signal developed on Output Board 1 is
applied to pin 23 of the Output Board and from
there is routed to the input of IC8 where it shifts
the R reference level. The polarity of R is sensed
by comparator IC10. This information is used by
MDAC IC19 in deveioping the Phase Signal. The R
signal exits Output Board 2 via pin 28.

LOG R: IC3a, IC3b, IC3c, and 1C3d develop the log
R signal. The inputs to the Log R circuits are the
magnitude signal applied to the non-inverting in-
put of IC3a, and the +10 V reference, which
enters the board via pin 7. The log R signal, which
is not used on Output Board 2, exits the board via
pin 29.

PHASE COMPUTER: Most of the remaining cir-
cuits on the board belong to the Phase Computer,
which develops the arc tan Y/X signal. The actual
phase' computation is performed by 1C9c, 1C9d,
and the two associated sections of IC15.

The X2 and Y2 signals are routed through 1C9a and
IC9b, through pairs Q3a-Q3b and Q6a-Q6b, and
then through buffers IC4a and IC4b respectively.
These signals are then applied to comparator IC5,
as well as to two of the switches in IC11. IC5
senses the polarity relationship of X? and Y?, and
controls 1C11 so as to apply either one signal or
the other to R68 at the input of one section of
IC15.

IC1 is a comparator that senses the polarity of X.
Similarly, IC12 is a comparator that senses the
polarity of Y. IC10 senses the polarity of R. The
output of all three comparators is applied to IC19,
which, on the basis of the polarity relationships,
selects the correct outputs of the phase computa-
tion circuits to bring out to the stage of IC15 that
provides the arc tan Y/X signal. Another section of
IC15 (pins 1,2,&3) provides the — 10 V reference
fevel required by the phase computing circuits.

OTHER: IC7,1C13, IC14, and a section of IC11 help
provide the Phase Lock operating mode. IC16 and
IC17 are Overload Detectors. The two sections of
IC18 provide one of the drives to the Y Channel
Demodulator.

5.5 OSCILLATOR BOARD (page VI-5)
Referring to the schematic, note that the oscilla-
tor is basically an integrator, IC8, which ramps



linearly upwards or downwards as controlled by
Q5. The ramping rate (oscillator frequency)
depends on magnitude of the capacitance around
the integrator (selected by multiplexers IC6 and
IC7) and by the supplied current. The current in
turn depends on the resistor selected by multi-
plexer IC4 and by the voltage applied by IC5a,
which buffers the output of MDAC IC3. IC1 and
IC2 are latches that read and hold the digital data
representing the desired frequency. IC1 and IC2
controls IC3 and the three switches, Q1, Q2, and
Q3 that drive the multiplexers. The triangular wave
signal at the output of IC8 is applied to com-
parator 1C9, which alternately switches the ramp-
ing direction as the thresholds are crossed, and to
Q4 and IC5c¢c, which shape the triangular wave into
a reasonable sine wave. The signal to the Refer-
ence Circuits exits via pin 11. This signal controls
the Reference Channel when operating in the In-
ternal Reference Mode. The variable-amplitude
signal available at the rear panel is generated from
the 1C5c¢ direct output signal. This signal is cabled
to the rear-panel Oscillator Amplitude poten-
tiometer. The center tap of this potentiometer is
applied to the the non-inverting input of buffer
IC5d, and from there is applied to the OSC. OUT
connector.

5.6 REFERENCE BOARDS

5.6A INTRODUCTION

The description of the reference channel in Sec-
tion |, together with the corresponding portions of
the Simplified Biock Diagram (Figure 1-7) illustrate
the “classical” approach to making a frequency-
tracking reference channel. It is important to note
that the M5205/6 reference channel does not
strictly function as described in Section I. In the
classical method, f, and f, are mixed, producing
sum and difference frequencies. A low-pass filter
following the mixer removes the sum frequency
and the resulting difference frequency is com-
pared with a signal derived from the applied
reference signal to generate an “error” voltage.
This voltage controls the VCO in such a way as to
maintain the VCO output at f,+ f..

In the M5205/6 there is no Reference Mixer, but
rather a "Pulse Nibbler” that accomplishes a
similar function digitally. This circuit has as its in-
puts f; and a signal derived from the reference in-
put. The two are directly added such that the out-
put is a digital stream of pulses at f, with an extra
pulse added each f, period. This pulse stream is
then processed so as to make each succeeding
pulse wider than the one before it, with resetting
to the minimum width occuring at f, intervals. The
result is a “‘digital”’ sawtooth. As shown in the
reference channel block diagram on page VI-31,
this pulse stream is applied to the integrator in-
put. Although this signal alone would control the
VCO, the sawtooth dithering of the VCO is unde-
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sirable. To remedy this problem, an analog saw-
tooth signal developed from f, is summed with the
digital sawtooth to exactly neutralize the saw-
tooth value of the cycling pulse stream from the
Pulse Nibbler. The result is a smooth control dc
voltage applied to the integrator. This dc controls
the VCO in much the same manner as in the
classical approach. The Signal Mixer is driven at
f.+ f, yielding a signal at f, that is applied to the
demodulator. The drive to the demodulator is at f;
to obtain the dc levels processed by the Output
Board circuitry. As explained in the earlier discus-
sion of the Demodulator, the demodulator drive is
synchrohetted (phase reversed at synchrohet fre-
quency, 1 kHz in the M5205/6). A separate | kHz
drive is thus also required by the demodulator to
complete the demodulation process.

5.6B REFERENCE BOARD 2 (page VI-15)

INPUT SCHMIDT TRIGGER: This circuit, which
comprises 1C12 and its associated components,
accepts either the applied externally derived
reference signal (pin 11) or a signal from the inter-
nal oscillator (pin 45), and shapes it for processing
by the digital circuits that follow. In the External
Reference Mode, the externally derived reference
signal is processed. In the Internal Reference
Mode, the output of the internal oscillator (op-
tional) is processed.

Transistors Q2 and Q3 are connected as diodes
which become forward conducting if the applied
signal exceeds plus or minus ten volts respective-
ly. These “‘diodes” provide overload protection by
clamping the input signal to the nominally ten volt
level at the emitter of Q4 or Q5, as appropriate.

The reference signal is applied to pair Q6 which
acts as an impedance buffer for the Trigger circuit
that follows. Note that Q6 is followed by a switch
that sets the Trigger reference potential at 0 V,
+0.1 V, or —0.1 V. The 0 V position is used for
reference signals that extend equally above and
below ground. The + 0.1V refernce optimizes trig-
gering with positive pulses and the —-0.1 V
reference optimizes triggering with negative
pulses. Note that the switch is arranged so that
the Trigger circuit “fires” on the positive-going
edge of positive pulses (switch to positive
reference position) and on the negative-going
edge of negative pulses (switch to negative
reference position). :

PHASE TRIM ONE-SHOTS: The output of the Trig-
ger circuit is applied, in parallel, to monostables
IC15a, IC15b, IC16a, and IC16b. Each of these
monostables provides precisely the correct
amount of delay to trim the phase accuracy of the
high end of each of the operating bands. Multi-
plexer IC19a selects the output of one of these
delays as determined by the state of Latch IC4,
which monitors the data bus. Thus the signal at



the output of IC19a is simply a square wave at f,,
the frequency of the applied reference signal.

F.;2 QUADRATURE GENERATOR: The output of
IC19a is applied to One-Shot 1C20, and to the in-
puts of D flip-flops 1C21a and 1C21b. 1C20 simply
provides short pulses at f.. IC21a and IC21b are
connected as a divide-by-four. They drive D flip-
flops 1C23a and IC23b in such a way as to provide
the four phases (0°, 90°, 180°, and 270°) of a
signal at f/4. These signals are applied to Ex-
clusive OR gates IC27a and 1C27b, which act as
digital multipliers such that their outputs are com-
plementary square waves at f,/2. These signals,
GATE 1 and GATE 2, are applied to NAND gates
IC1c and IC1d. They are also brought out at pins
18 and 20 from where they are routed to the
Reference 1 board.

Note that IC1c and 1C1d are also driven by the
pulse output (at f) of 1C20. As a result of the
gating provided by IC1c and IC1d, quadrature-
related signals at f/2 are generated. These
signals, RESET 1 and RESET 2, are brought out at
pins 16 and 19 from where they are routed to the
Reference 1 board.

1IC29a and 1C29b produce a similar pair of signals,
SAMPLE & HOLD 1 and 2, also quadrature related
and synchonous with RESET 1 and RESET 2.

The primary function of the reference circuits
discussed to this point is to generate the GATE 1,
GATE 2, RESET 1, RESET 2, S/H 1 and S/H 2
signals, all of which are used to control the
Sawtooth Generators on Reference Board 2. In ad-
dition, 1C21a and 1C21b supply quadrature-related
signals at f,/4 to 1C24a and 1C24b, which are part of
the Pulse Nibbler.

OSCILLATOR KEEP ALIVE: The block of circuits
consisting of 1C34, 1C35b, Q7, Q8, Q9, Q10 and
their associated components prevent the voitage-
controlled oscillator from drifting to a very low fre-
guency when no reference is applied. Observing
the schematic, note that S/H 1 and S/H 2 are ap-
plied through resistors to the base of Q7. Since
these two pulse streams are at f,/2, the net effect
is to pulse Q7 at f,, developing a voltage on C34.
The circuit acts as a Ratemeter in the sense that
the potential on C34 is proportional to f. This
voltage is compared with + 10 V at the input of
IC34. Should the voltage on C34 drop below 10 V,
1C34 will act through Q10 to switch the logic level
applied to C35b. The change is clocked out by f,.
This output, FAST ACQ, is routed to Reference
Board 1. There it locks up the Phase Detector to
keep the oscillator running at a high frequency. It
additionally establishes a high ramping current at
both Sawtooth Generators.

I, and SYNCHROHET: The i.f. frequency drive has
as its source the crystal-controlled oscillator com-
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prising IC1a, IC1b, and their associated com-
ponents. The output of this oscillator, which is at
nominally 4 MHz, is applied to a series of cascad-
ed divide-by-ten stages, IC6a, IC6b, IC10a, and
IC10b. Note that the available frequencies are a
factor of four high with respect to the desired i.f.
drive frequencies. The output of each divider is ap-
plied to Multiplexer IC14a, which is controlled by
Latch IC4. The Multiplexer output (4f,) is applied to
the divide-by-four circuit consisting of 1C9a and
IC9b. The resulting multi-phase output is applied
to Multiplexer IG13a, which is controlled by Latch
IC3. The control line states correspond to the
selected Phase Quadrant such as to cause a
correctly-phased signal at f, to be provided at pin 7
of IC13a. Note that the 4f, signal at the output of
{C14a also clocks D flip-flops IC31a and IC31b. In
addition, the signal exits the circuit board via pin
26.

The Synchrohet frequency of nominally 1 kHz is
generated by Exclusive OR Gate 1C27d, Gates
1C32¢, 1C32d, Dividers 1C30b, IC33a, 1C33b, and
Multiplexer IC19b. Observing the circuit, note that
the pulse train at f, is applied to pin 2 of IC27d. The
output of this gate is also a pulse train at f.
However, because of the following dividers and
the feedback to pin 1 of the gate, this pulse train
reverses phase at a 1 kHz rate. The signal at the
output of 1C27d is divided by 10, 100, or 1000, ac-
cording to the selected band. However, the selec-
tion is done in reverse sequence with respect to
the f; selection. When f; is 1 MHz, the synchohet
division factor is 1000. When it is 100 kHz, the syn-
chrohet division factor is 100. When it is 10 kHz,
the synchrohet division factor is 10. In other
words, the synchrohet division factor, as selected
by the multipiexer, is always that which will give
1 kHz at the output of the Multiplexer (pin 7 of
IC19b). This signal, which is fed back to pin 1 of
IC17d, causes the output of that gate to reverse
phase at a 1 kHz rate. This synchrohetted f; signal
is applied to D flip-flop IC31b, which is clocked by
a 41, signal from the output of IC14a. The result is
a synchrohetted f; signal delayed by a quarter cy-
cle. This signal and its complement are brought
out at pins 32 and 31, and from there are routed to
the Demodulator. Similarly, the 1 kHz synchrohet
signal, also required by the demodulator, is
brought out at pins 29 and 30. The 4f, signal exits
the board via pin 26.

VCO PROCESSING: A signal from the VCO is ap-
plied to pin 12 of IC7a. This signal is applied to a
chain of Divide-by-Ten circuits, which, in turn,
drive a Multiplexer. The multiplexer selects the
output appropriate for the selected band. This
signal is then divided by two (IC17a) to develop the
complementary signals at f, required by the Mixer
and Pulse Nibbler.

PULSE NIBBLER: As mentioned in the introduc-
tion, the Pulse Nibbler generates a cyclic stream



of pulses at f; + f,. This circuit consists of IC24a &
b, iC25a & b, 1C28a, and IC17b. Referring to the
schematic, note that the f, output of Multiplexer
1C22 is applied to 1C25a and IC25b. These two D
flip-flops are configured as a Divide-by-Four
counter, providing four quadrature-related outputs
at f./4. These four signals are applied to Multiplex-
er 1C28a, which is controlled by IC24a and |C24b.
These two D flip-flops have as their inputs the
gquadrature-related f,/4 outputs of IC21a and IC21b.
IC24a and 1C24b are clocked by the output of
Mulitplexer 1C28a. Thus the inputs to |IC24a and
IC24b are at f,/4, while being clocked at f./4. This
arrangement results in pulses at f,/4 being added
to the f./4 pulse stream. In effect, the circuit acts
as an ‘“‘upper sideband only” mixer. This complex
pulse stream is applied to IC17b and clocked out
by f. The resultant f, signal is routed to the in-
tegrator, located on Reference Board 1.

Note that the 1CG24a/b outputs are applied to Ex-
clusive OR IC17c to develop the SAW SELECT
signal that selects either of two analog sawtooth
waveforms at Reference Board 1.

F/2 CIRCUIT: There are two dividers, IG18a and
IC18b, in this circuit, together with Multiplexer
1G22.1C18a has f; as its input. IC19b has f, as its in-
put. The divided AND undivided versions of both
signals are applied to Multiplexer 1G22, which also
looks at two different phases of f.. This Multiplex-
er can be thought of as containing three single-
pole, double-throw switches. The upper switch
connects either pin 2 or 3 to pin 4, the middie
switch connects either pin 5 or 6 to pin 7, and the
bottom switch connects either pin 10 or pin 11 to
pin 9. The selected signals, determined by
whether the “f” or ““f/2”” mode has been selected,
will be at the ““full frequency” or at half that fre-
quency. Thus the circuits driven by 1G22 will see
either of two frequencies, according to the
selected Reference Mode.

PHASE VERNIER: The Phase Vernier setting is
digitally encoded and placed on the data bus. This
phase information is captured by latches 1C2 and
IC3, and applied to DAC IC5. IC8 buffers the
resulting dc phase signal, which is then routed to
Reference Board 1 where it is summed with the
other levels that control the VCO.

5.6C REFERENCE BOARD 1 (schematic on
page VI-14)

VCO: The VCO comprises Q16, Q17, Q18, and Q19,
together with their associated components. This
varactor-tuned oscillator is controlled by the
voltage at the output of buffer IC16. Multiplexer
IC14 applies the output of any one of four toop in-
tegrators to IC16. The multiplexer input is the
summing junction for the various VCO control
levels, of which there are three. The first is the
pulse stream output of IC12, determined by f,, f./4,
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and =10 V reference levels. This is the input that
contains the “error” information that corrects the
VCO frequency. Next is the analog sawtooth from
one or the other of the two Sawtooth Generators.
This sawtooth compensates the ‘‘digital saw-
tooth” characteristic of f, to prevent dithering of
the VCO output. Third is the Phase Vernier poten-
tial developed by a DAC on Reference Board 2.
This input “offsets’ the phase loop as required to
establish the desired phase at the output of the
VCO.

SAWTOOTH GENERATORS: There are two iden-
tical sawtooth generators, operated in quadrature.
They are controlled by the GATE, RESET, and
SAMPLE and HOLD signals developed on Refer-
ence Board 2. The timing is such that each time a
reference pulse is added in the Pulse Nibbler,
IC133 switches, alternating the sawtooth output
connected to the VCO Control summing line. This
scheme is required for proper compensation of
the “digital sawtooth”. The actual sawtooth gen-
erators are IC2 in one circuit and IC4 in the other.
The associated circuits are primarily concerned
with maintaining constant sawtooth amplitude as
a function of frequency (the ramping current must
vary linearly with frequency to maintain constant
amplitude). At all times IC13 connects one
sawtooth or the other to the integrator summing
line, in response to the SAW CLOCK and SAW
SELECT signals developed on Reference Board 2.

DIGITAL SAWTOOTH GENERATOR: The ‘“upper-
two’’ gates of IC12 are controlled by IC8a, which is
clocked by f,. The “lower-two” gates of IC12, are
controlled by 1C8b, which is clocked by f,/4. These
two clocks are not synchonized but rather “slide”
with respect to each other at a rate governed by
the difference between the f, and f; frequencies.
As a result, the output of IC12 is a stream of =10
V pulses at f,, but with each succesive pulse
longer than the one preceding. At f./4 intervals,
the changing-width resets to its narrowest width,
and the process repeats. In effect, the circuit acts
as a ‘“‘digital-sawtooth” generator. Note that the
—10 V regulated level is provided by IC15. The
+ 10V level is generated elsewhere. IC9a, b, and ¢
simply provide delay in the Clear line.

REF LOW DETECTOR: IC17 is the Reference Low
Detector. Observing the schematic, note that the
non-inverting input of this comparator is returned
to + 2.5V at the junction of R39 and R45. The in-
verting input is returned to the two sawtooth
waveforms via diodes D9 and D10. If the amplitude
of the sawtooth waveforms drops below the aver-
age 2.5V level, which will happen if the amplitude
of the applied reference signal is too low for prop-
er reference channel operation, IC17 will switch
and current will be supplied to the front-panel REF
LOW indicator.



5.7 FRONT PANEL {pages VI-16 (M5205)
and VI-17 (M5206)}

Except that the Model 5206 front-panel board has

a few more LED’s than does the M5205 front-panel

board, the two are practically identical. Referring

to either schematic, note that there are two LED

drivers, IC3 and IC4, each of which can drive as

many as 64 LED’s. These drivers monitor the in-

coming data lines and supply current to the
selected LED’s and display elements. The front-
panel switches are monitored by IC1 and IC2 and
the obtained information is routed to the data bus
where it can be read by the microprocessor.

5.8 CPU BOARD (page VI-19)
Referring to the schematic, note that the
microprocessor is a 6809 (U9). This processor
monitors and controls all unit functions. Note that
its RESET input (pin 37) is driven by the circuit
comprising Q1, Q2, and their associated com-
ponents. This circuit monitors the +5 V supply
level. When the unit is powered down, the falling
+5 V is detected and the microprocessor is
forced into reset, thereby preventing any disrup-
tive logic sequences from being applied to the
data bus as the microprocessor begins losing
power.

There are several address decoders, U3, U4, U6,
U5, U1, and U2. These address the CPU-board
EPROMS, RAM, and various digital circuits
located on other circuit boards. The instrument’s
firmware consists of the four 4 K EPROMS, U18,
U19, U20, and U21. The eight 1 Kx 4 RAMS, U10,
U11, U12, U13, U14, U15, U16, and U17 are func-
tionally organized into four 1024 byte blocks. Note
that a 3.4 V lithium battery keeps U17 and U10
alive when the unit is powered down. This battery
should have a life of at least four years. Timer U22
generates the interrupts that initiate such micro-
processor functions as sampling data, checking
the keyboard, auto-ranging if appropriate, and up-
dating the display LED’s. U8 is simply a data-line
buffer.

5.9 GPIB/RS232 INTERFACE BOARD
(page VI-21)

Referring to the schematic, note that U4 and U5
allow selection of the RS232 switches or the GPIB
switches (or neither). The data on the switches is
routed through buffer U10, and from there to the
buffered data bus via pins 41 through 48 of J1.
Two sections of U9, together with their associated
components, make up the Baud-Rate Oscillator.
U11 is a divider that provides the available baud
rates, one of which is selected via the baud-rate
jumper and applied to U3, the RS232 Interface
Chip. U7 is the RS232 Transmit Buffer and U8 is
the RS232 Receive Buffer. U12 and U13 are regula-
tors that provide the +12 V and — 12 V levels re-

quired by U7. U1 and U6 are buffers for the GPIB
bus.

5.10 POWER SUPPLY (page VI-22)
Observing the schematic, note that the ac input
power is routed through the line switch, through
the fuse, and from there is applied to the split-
winding power transformer. For operation from a
line voltage of nominally 115 V ac, the two wind-
ings are in parallel. For operation from a line
voltage of nominally 230 V ac, the two windings
are in series. There are two secondary windings,
one center-tapped, the other not. The output of
the “lower” winding is applied to a bridge and
from there to the two regulators, IC4 and IC5,
which develop the two regulated +5 V levels
distributed throughout the instrument. The center
tapped winding is used to develop three different
potentials, +24 V, + 15V, and — 15 V. Note that
the +24 V circuit includes a voltage doubler (C4,
D1, D2, and C5) and a two stage regulator (Q1 and
IC1). The + 15V and — 15V levels are developed
by regulators I1C2 and IC3, which accept the un-
regulated outputs of bridge BR2.

5.11 FIELD CALIBRATION

5.11A INTRODUCTION .
The following field calibration procedure allows
users to “touch up” those adjustments most like-
ly to drift with time, and those adjustments which
require setting if a Broadband, Audio, or Low Fre-
quency card is installed in the field. The Ultra-Low
Frequency Card is a special case. Although it can-
not be installed in the field, its alignment can be
“touched up” with this procedure. Simply proceed
the same as for a Low-Frequency card. Take care
not to disturb any adjustments other than those
mentioned in the procedure. A complete align-
ment of this instrument requires special fixtures
and ancillary equipment available at the factory
only.
5.11B REQUIRED EQUIPMENT
(1) Signal Generator with a fixed 1 V rms output
and an in-phase variable output. EXAMPLE:
Krohn-Hite M4200A.

(2) Four digit (or better) DVM that measures rms
volts.

(3) Source of +10.00 V accurate to 5 mV.
(4) Two BNC cables and a “tee” connector.
(5) BNC shorting plug.

5.11C INITIAL SETUP
(1) Remove the top cover.

(2) Make sure the frequency-range cards are in



their proper slots as marked on the main
board. Broadband cards are labeled for easy
identification. Audio and Low-Frequency
cards are not labeled. However, they can be
readily distinguished by the number of trim-
potentiometers. An Audio card has two trim-
potentiometers. A Low-Frequency card has
four. CAUTION: In the case of early units, the
Audio card also has four trim-potentiometers.

Power up the M5205/6 and allow it to warm up
for one hour,

(3)

(4) If the unit is equipped with an Audio Fre-
guency Card (Option /98), do a system reset
(Press SENSITIVITY and SELECT simul-
taneously) to establish the default param-
eters. If the unit is NOT equipped with an
Audio Frequency Card, set the operating
parameters as follows.

Display (M5208): CH 1

Display (M5205): OUTPUT
Output Mode: XY

OUTPUT

REFERENCE 2 BOARD
REFERENCE 1 BOARD
OSCILLATOR BOARD
CPU BOARD
DIGITAL INTERFACE BOARD

RVS

BAUD RATE JUMPER -

R5232 SWITCHES

GP1B SWITCHES

RV6 RV5 RV4 RV1 RVZ RV6

SPARE (RESERVED FOR FUTURE DEVELOPMENT)
LOW FREQUENCY OR ULTRA LOW FREQUENCY BOARD
AUDIO FREQUENCY BOARD

Expand (M5205): ON

CH 1 Expand (M5206): OFF

Offset: OFF

Reserve: HIGH STAB

F Band: Any Installed Band
Reference: F (EXT)

Phase: 0° — 90° Quadrant Selected
Time Constant: 100 ms, 6 dB
Sensitivity: 5V

Select and Local: OFF

5.11D PROCEDURE

NOTE: The following procedure makes provision
for Broadband, Audio, and Low-Frequency Band
cards. Make only those adjustments that apply to
the cards actually installed in the unit. Note that
the location of the adjustments is indicated in
Figure V-1.

DEMODULATOR ZERO ADJUSTMENTS
(1) Steps That Apply to All F-Band Cards.

(@) Apply a1V rms, 1 kHz sine wave to the
Reference Input.

2 BOARD (M5206 ONLY)

OUTPUT 1 BOARD

DEMODULATOR 2 BOARD (M5206 ONLY)
DEMODULATOR 1 BOARD
AUXILIARY CONNECTORS (PREAMPLIFIERS)

R112
R114
RV 2

cva

RV1

cv1

PRESENT ON EARLY
UNITS ONLY

RV1

RV3

SIGNAL BOARD
MIXER BOARD
BROADBAND FREQUENCY BOARD

Figure V-1. FIELD CALIBRATION ADJUSTMENTS
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(b) Connect a BNC shorting plug to the
signal “A” Input.

(c) Set the A/A-B switch to “A”.

(d) Set the reserve to HIGH RES and the sen-
sitivity to 5 mV.

(2) Audio Band
(a) Select the AUDIO band.

(b) Adjust R112 on the DEMOD 1 board for an
indication of less than 0.005 mV on the
M5205/6 display.

(c) (Applies to M5206 Only) Select CH 2
Display. Then adjust R112 on the DEMOD
2 board for a display indication of less
than 0.005 mV.

(3) Broadband

(@) Select BROADBAND and CH 1 display
(OUTPUT display if M5205).

(b) Adjust R114 on the DEMOD 1 board for a
display indication of less than 0.010 mV.

(c) (Applies to M5206 Only) Select CH 2
Display. Then adjust R114 on the DEMOD
2 board for a display indication of less
than 0.010 mV.

(4) Low Frequency

(@) Select LOW BAND and CH 1 display (OUT-
PUT display if M5205).

(b) Adjust RV4 onthe Low Frequency card for
a display indication of less than 0.005 mV.

(c) (Applies to M5206 Only) Select CH 2
display. Then adjust RV3 on the Low Fre-
guency card for a display indication of
less than 0.005 mV.

A/D CONVERTER ADJUSTMENTS

(1) Apply an accurate +10.00 V level to pin 6 of
one of the Auxiliary Input Plugs (white con-
nectors just behind the F Band Cards).

(2) Select the AUX display mode.

(3) Adjust RV6 (a ten-turn trim-potentiometer) on
the Output 1 board for a display indication of
100.0.

(4) Remove the + 10 V level and select display
CH 1 (display OUTPUT if M5205).

PHASE ADJUSTMENTS

(1) Remove the shorting plug from the Signal “A”
input.

(2) Using a BNC “TEE” connector, connect the
1V reference signal to both the Reference
and Signal “A” Inputs.

(3) Set the Signal Input switch to “A”.

(4) Set the sensitivity to 1 V and the phase
quadrant to 90°-180°.

(5) Adjust RV5 on the REF 1 board for a display
indication of 0.000 V.

(6) Set the sensitivity to 100 mV. Then reduce the
amplitude of the signal applied to the signal
and reference inputs to 100 mV rms.

(7) Adjust RV1 on the REF 2 board for a display
indication of 0.000 V.

(8) Set the sensitivity to 1 V and increase the
amplitude of the signal applied to the signal
and reference inputs to 1 V rms. The display
indication should be less than 0.05 V. If it
isn’t, repeat steps 5 through 8 until the
reading is in tolerance.

(9) Note and record the display indication. Then
select the 0°-90° Phase Quadrant.

(10) Select Display PHASE. Then, using the Phase
FINE adjust function, set the phase for a
display indication of exactly 90.0.

(11) Select Display CH 1 (M5206) or Display OUT-
PUT (M5205).

(12) Adjust RV2 on the REF 2 board for the same
reading as was recorded in step 9.

(13) Select Display PHASE.

(14) Using the Phase FINE adjust function, set the
phase for a display indication of 0.0.

(15) Select the 90°-180° Phase Quadrant. Then, of
the following outlined adjustments, do those
that apply to the F Band cards in the unit.

BROADBAND

(1) Select Display CH 1 (Display OUTPUT if
M5205).

(2) Adjust CV1 and CV2 on the BROADBAND
card for a display indication of less than
0.002 V.
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(3) Set the input frequency to 100 kHz. Then ad-
just RV6 on the REF 2 board for a display in-
dication of less than 0.003 V.

LOW FREQUENCY BAND

(1) Set the input frequency to 100 Hz. Then adjust
RV2 on the LOW FREQUENCY card for a
display indication of less than 0.003 V.

(2) Set the input frequency to 1 kHz. Then adjust
RV4 on the REF 2 board for a display indica-
tion of less than 0.003 V.

AUDIO BAND

(1) Set the input frequency to 100 Hz. Then adjust
RV2 on the AUDIO card for a display indica-
tion of less than 0.005 V.

(2) Set the input frequency to 10 kHz. Then adjust
RV5 on the REF 2 board for a display indica-
tion of less than 0.003 V.

GAIN ADJUSTMENTS

(1) Apply a 1V, 1 kHz signal to the reference in-
put and a synchronous 500.0 mV rms sine
wave to the “A” input (measure with ac DVM).

(2) Restore the parameters established in 5.11C
with the exception that the sensitivity should
be set to 500 mV and EXPAND (CH 1 EXPAND
in M5206) should be set to OFF.

(3) Select each installed frequency band sequen-
tially and adjust RV1 on each Frequency Card
for a display indication of 500.0'mV.

This completes the touch-up calibration.
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HP 9825

HP 2825 SIMPLE STATIC INTERFACE

"HP?825 SIMPLE STATIC INTERFACE":

“"INITIALIZE I/0":
fxd @

ent "Enter device GPIB address:

II,A

"HPIB ADDRESS ADDED TO DEVICE ADDRESSY:
dim BLS5@@1,CHL261,D$L3E]

1 >N

beeps;dsp "Set PARC device to CRLF terminatar®

wait 2860;beep

"main loop":ent "Enter command:

gsb "Device driver"

if bit{(1,5)=1;beepsdsp

"COMMAND: ™ % C% —> D%;prt D%

it I=@z;gto 20
for K=1 tao I
"rop#" & str{K) & “:

prt D&
next K
spC

gto "main loop"
"SUBROUTINE 3":
"Device driver":
gsb "Output command”
gsb "Read responses”
ret
"SUBROUTINE 1":
"Output command":
gsb "Serial poll"”
if bit(@,8)=@; jmp —1
wrt A,CS
ret

-
"SUBROUTINE 2%":
"Read responses":
g —> 1
gsb "Serial poll™

if bit(7,5)=@; gto 42

I+1 ->» 1

red A,BLI]

if bit(#,58)=@;gto 38
ret

"Serial poll®”:
rds{a) —-> 85

ret

" & str(BLKI1)

IV-41

II’C$

"COMMAND ERROR";beepjwait 2000

—-> D%

7848 + A
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