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Correct voltage drop and phase shift
in transmission lines

Ron Shakery, Texas Instruments, Dallas, TX

ANY PRECISION test-and-measure-
M ment and high-speed analog appli-

cations require an exact targeted
voltage to be delivered to the de-
vice under test or intended load
to accurately analyze the device. Design
and test engineers are well-aware that this
goal is sometimes unattainable, because
the impedance across the traces delivering
the signal to the load alters the original sig-
nal. Traditionally, engineers use a Kelvin
connection to measure the accurate volt-
age that the load or the device under test
sees at its terminals. The Kelvin-connec-
tion method enables you to accurately
measure the voltage at the load terminal,
but it may not correct for the voltage drop
or the phase shift that occurs dynamical-
ly across the signal lines with various im-
pedances. In high-frequency signals, the
RLC (transmission-line effects) of the
traces come into play and cause a signifi-
cant signal phase shift. As a result, design-
ers always look for the least expensive
methods to correct the voltage drop and
the phase shift across the transmission
lines. The circuit in Figure 1 is a fully dif-
ferential line driver comprising a fully dif-
ferential amplifier and two high-frequen-
cy, high-impedance feedback paths.
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This fully differential circuit compensates for voltage drop and phase shift in transmission lines.

The resistance associated with each
trace causes a voltage drop through the
path. Thus, the signal amplitude delivered
to the load is lower than the signal am-
plitude at the output of the fully differ-
ential line driver. This voltage drop is pro-
portional to the resistance value of the
trace, R ,,.» and the current flow
through the corresponding trace. For ex-
ample, if the output current of the line
driver is 100 mA and the trace resistance
is 10Q), a 1V drop develops across
R pacee As a result, if the output am-
plitude is 10V p-p, the load sees a 9V p-p
signal. The feedback paths, which work as
subtracters, accurately measure this volt-
age drop. The feedback paths measure the

Figure 2 I

voltage drop across R, .- This voltage
then adds to the input of the line driver
at the summing Node A. Because the cir-
cuit is symmetrical, the same function oc-
curs at the opposite corresponding points.
As a result, regardless of the value of the

total voltage drop across R, ., the sub-

This circuit represents a simulated transmis-
sion line inserted between points A and B of
the circuit in Figure 1.
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tracter measures it and adds it back into
the input signal of the line driver. Conse-
quently, the output of the line driver in-
creases by the measure of the voltage drop
across R, ., and the load sees the exact
voltage it was initially intended to see. Be-
cause the circuit is a closed-loop system
and has negative feedback, the circuit re-
mains in a stable condition.

The buffers in the feedback paths form
a high-input-impedance node to prevent
any load alteration. For example, without
buffers, the series and parallel resistors of
the subtracter would cause the value of the
load to vary. These buffers, in conjunction
with the subtracter, form an instrumenta-
tion amplifier. You can adjust this config-
uration for different gains to create varia-
tions of this circuit for different appli-
cations. The instrumentation amplifier
creates a high-input-impedance path that
works similarly to the sense lines of a
Kelvin connection. The main difference is
that the sense line in this circuit measures
the actual voltage drop across R, ., over
various frequencies and adds it back to the
original signal. You should pay attention
to the ratio of the line driver’s gain con-
figuration and the subtracter’s gain con-
figuration to ensure stability of the circuit.
Additionally, you should verify that the
bandwidths of the feedback-path devices
are greater than the bandwidth of the line
driver to prevent any added errors to the
system via feedback paths’ bandwidth lim-
itations. You may choose to design the
feedback paths with much greater band-

300
width than the line driver 200 WITHNEB-I:EDBBF
(two times greater, for ex- NODE B
ample). Doing so enables NODE C ——> «— WITHouT
fe o ; PHASE WITHOUT FEEDBACK
this circuit to correct the SHIFT() 100 FEEDBACK
phase shift across the
transmission line if the NV?"%%C -
traces manifest RCL char- 0 FEEDBACK
acteristics. N
For exam- Figure 3 100
ple, assume that you insert 1 Hz 1 kHz 1 MHz 1 GHz
a transmission-line mod- FREQUENCY
el between nodes B and C | The phase-shift curves at Node B before the transmission line
in the circuit of Figure 1,as | and at Node C after the transmission line show the effect of the
in Figure 2. The bandwidth | feedback path in correcting the phase shift at the end of the
of the fully differential am- | transmission line.

plifier is 300 MHz at unity

gain, and the input signal is 2V p-p. The
bandwidth of the feedback paths is 600
MHz to prevent any added phase shift to
the signal from the feedback circuit. Con-
figuring the test circuit as such lets you see
the phase shift that the transmission line
alone introduces. The transmission line
causes a significant phase shift in the sig-
nal delivered to the load. Figure 3 shows
the phase-shift curves at Node B before
the transmission line and at Node C after
the transmission line, right above the
load. These curves show the effect of the
feedback path in correcting the phase shift
at the end of the transmission line where
the load is located. This circuit configu-
ration essentially corrects the phase shift
of the signal that the RCL of the trans-
mission line causes. The fully differential
line driver enables you to deliver twice the
voltage swing across the load as opposed

to using a single-ended line driver with
the same power supplies and similar spec-
ifications. However, the nature of fully dif-
ferential configurations requires that you
pay close attention to maintaining the
balance of passive and active components
to preserve the signal integrity delivered
to the load. Therefore, you should set
equal resistor values on the top and the
bottom feedback paths. This design can
correct for voltage drop and phase shifts
across the transmission lines in low- and
high-frequency cases. Design simplicity
and the fact that the design uses few com-
ponents make it cost-effective for many
applications dealing with voltage-correc-
tion and phase-shift issues.

Is this the best Design Idea in this
issue? Select at www.edn.com.

Why limit your power supply’s input range?

Michael Day, Texas Instruments, Dallas, TX

input-voltage ratings of your power-

supply IC can limit the usable input-
voltage range. With careful examination
of an IC’s operating specifications and
circuit topology, you may be able to work
around that input-voltage limitation. For
instance, The data sheet for TIs
(www.ti.com) TPS61042 shows that it
has all the functions necessary for pro-
viding a constant-current drive to a
white-LED circuit; however, the input
voltage of the IC does not meet the input-

TAKING ONLY A CURSORY LOOK at the
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voltage requirements of this Design Idea.
The dual lithium-ion input voltage varies
from 6 to 8.4V, but the TPS61042 input-
voltage range is 1.8 to 6V. Closer exami-
nation of the circuit shows that the pow-
er stage need not connect to the same
voltage rail as the control IC. Figure 1
shows that by separating the input volt-
age to the TPS61042 from the power
stage, you can power the LED driver from
an input voltage greater than 6V.

The IC can receive power from any
available system voltage of 1.8 to 6V by

connecting this voltage to the VIN pin.
The input to the power stage can now con-
nect directly to the battery. In general, the
power stage can connect to any voltage
that is lower than the required output volt-
age. With a boost topology, the input volt-
age to the power stage must be less than
the output voltage, or the inductor and
diode pass the input voltage directly to the
output. The maximum allowable voltage
on the SW pin, 28V, also limits the maxi-
mum input voltage to the power stage.
This technique also improves system ef-

www.edn.com
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A\ L\ L\ A\ ficiency. Efficiency data for this circuit
e —i— shows that higher input voltages provide
WHITE  WHITE — WHITE  WHITE higher efficiency. If you have to run the
DUALBlz\I#EIE\'}A -ION 2.2 M LED driver from a voltage that is lower
o 61084V _ = than 6V, the power to drive the LED is
E _L “double-converted.” It first converts from
BREAK . 4.7 yF ICy ZHCS400 1, theraw lithium-ion input into an inter-
CONLIEI(:STIC)I\I—>>:< I 1TPS61042QFN8 mediate system voltage and then converts
: ] N I — from the intermediate-system voltage
SYSTEM 33V o 3 55\? g&/g 6 - into the LED-drive current. By carefully
l Aleg CTRLEE examining the operating specs for the IC,
0.1 pF 4 PWP - you can get around around its input-volt-
I 13.7 é J_9 age limitation, save cost and board space,
Figure 1 = - and increase system efficiency.
- Is this the best Design Idea in this
This circuit provides a way to get around a power-supply IC’s input-voltage limitations. issue? Select at www.edn.com.

Virtual-zener circuit simplifies high-voltage interface

Philip Lane, Transparent Networks Inc, Bellevue, WA

needs more than approximately 70V | (GROUND-REFERRED)

at the cathode of a duo-lateral opti- 7ov SHUNT
cal position-sensing device. . REGULATOR
This voltage gets speedy re- Figure 1 eov
sponse at longer wavelengths, such as 980 S0V =
nm. The circuit uses fast transimpedance 1k
amps, “floated” at 70V. Two “virtual-zen-
er” circuits step down the high-voltage
signals for subsequent processing in a IOy >
ground-referred differential-amplifier
stage (Figure 1). The circuit drops ex-
actly 65.58V dc with the component val-
ues shown, notwithstanding errors aris-
ing from op-amp offset voltages and
resistor tolerances (Figure 2). The func-

THIs DESIGN FOR a photonic switch 80V (EXTERNAL POWER)

VIRTUAL
ZENER

Y POSITION

10V POWER
"FLOATING"
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VIRTUAL DIFFERENTIAL  16-BIT, 500k-

CATHODES
ZENER |5y ~ AMPLIFIER  SAMPLE/SEC ADC

(X AXIS)
(70V)

1k -«——HIGH-VOLTAGE

tion of the virtual-zener circuit is to pro- POSITION-SENSING DEVIGE/ CIRCUITRY

vide a regulated, floating dc voltage drop DUO-LATERAL SENSOR

between input and output. The size of 1k

the drop depends on the ratio of R to R, _‘/WT

and the magnitude of the reference volt- ?)’(“2)%%?

age. The input of the circuit, nominally (GND) ITOV>—e

at 70V dc, draws a constant 3.65 mA. The % é))\(/TIE%V,\\lIEE L X POSITION

THS3001 sources or sinks this current
plus any additional current as necessary,
adjusting the output voltage until the
voltages at its two inputs are equal. This
equality occurs whenV,=(V =V
VREF( 1+ RI/RZ)'

The op amp’s power-supply rails and
output range, along with the voltage
drop across R, limit the output-voltage EHLV'L'Y'F':\‘EGR SAl,\?;,BL'ET/S%%OK'DC
compliance. C, bypasses R,. This bypass
swamps the bandwidth-reducing effect of | “Virtual-zener” circuits simplify the high-voltage interface in this position-sensing system.

GROUND-REFERRED)

|_DIFFERENTIAL 16-BIT, 500k-
AMPLIFIER ~ SAMPLE/SEC ADC

our) = 1k TOTAL POWER
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Figure 2

This virtual-zener circuit provides a regulated, “floating” voltage between the input and output.

capacitance at the noninverting input,
and it greatly reduces the noise at the out-
put. Without C,, the op amp’s inherent
noise would gain up by a factor of
(1+R/R)).R, protects IC ’s noninverting
input by limiting the transient current
supplied by C, during power-up and

power-down. R and the output, R .,

have a similar protective effect on the in-
verting input, limiting any transient cur-
rentin C.. R, is necessary to ensure feed-
back stability of the op amp. The
inclusion of this resistor is standard op-
erating procedure for a current-feedback
op amp, such as the THS3001. If you use
avoltage-feedback type, you could possi-

TEK RUN: 500MS/s
SAMPLE

Figure 3

The transient response of the circuit in Figure 2
is exceedingly fast.

bly eliminate R,. Bandwidth is extremely
high. Figure 3 shows the pulse response
at 100 nsec per division. (Blue is the in-
put, and red is the output.)

Is this the best Design Idea in this
issue? Select at www.edn.com.

Multilayer capacitor doubles as varactor

Susanne Nell, Breitenfurt, Austria

circuit in Figure 1 is to study the idio-

syncrasies of X5R, Z5U, and Y5V
multilayer ceramic capacitors. The circuit
is also an inexpensive VCO (volt-
age-controlled oscillator) with
only five components. Many types of ce-
ramic capacitors for surface-mount
placement are on the market. The parts
become continually smaller because of
space problems on the board, and the ca-
pacitance values continually increase to
compete with more expensive tantalum-
electrolytic units. Unfortunately, capaci-
tors with X5R, Z5U, or Y5V dielectrics
have some undesirable properties. They
exhibit voltage-dependent capacitance
values. The idea behind the circuit in Fig-
ure 1 is to check the influence of a dc bias

THE MAIN PURPOSE for building the
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This simple oscillator shows the effect of a dc bias on a multilayer capacitor, C,.
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voltage on the frequency of a simple os-
cillator. The net result is a low-frequen-
cy VCO with a relatively large voltage-
gain figure, which depends largely on the
type of capacitor you use.

The circuit is a simple oscillator using
a Schmitt-trigger inverter. The frequen-
cyisafunctionof R,C,and C,.C, is the

200
150
. 4.7 yF
out
(Hz) 100
"”,,— 10 yF
0 T T 1
0 5 10 15
Figure 2
The frequency of the oscillator in Figure 1
exhibits almost a 4-to-1 shift for a 4.7-p.F Z5U
multilayer capacitor.

ceramic capacitor with voltage-depend-
ent capacitance. Using the value of C,
you can shift the frequency independ-
ently of C,. This design uses a stable-foil-
type capacitor for C, to avoid bias-volt-
age-dependent effects in the measured
results. If necessary, you can compensate
the temperature coefficient of the ca-
pacitor with a combination of NTC,
PTC, and metal-film resistors for R .

For measurements, this design uses

a simple metal-film resistor. The capac-
itance change with temperature is nor-
mally less than 10% from 10 to 35°C for
75U and Y5V and much lower for X5R.
Figure 2 shows the measured voltage-
versus-frequency graphs with different
values and types for C,. For Figure 2,
C,=10 pF; the orange curve represents
a 4.7-pF 10V, Z5U multilayer capacitor,
and the purple curve represents a 10-p.F,
10V, Z5U multilayer capacitor. Figure 3
shows similar plots for values of C, (or-

Buck regulator and two inductors
make dual-polarity converter

Keith Szolusha, Linear Technology Corp, Milpitas, CA

ply designers is to create a compact,

dual-polarity step-down converter.
If space and cost are not concerns, the ob-
vious solution is a pair of dc/dc convert-
ers, one for each output. But space and
cost are almost always issues for commu-
nications, data-acquisition, and disk-
drive applications. Figure 1 shows a sin-
gle current-control- regulator approach
that supplies 5V at 700 mA and —5V at
500 mA from a 12V system source. The
circuit features efficiency similar to that
of a two-regulator solution and has no
component measuring more than
3 mm high. The low profile and
low board real estate that this de-
sign requires are almost impossible to
match using a flyback design or a similar
dual-output SEPIC design using a trans-
former instead of two inductors. Note,
however, one important limitation of this
circuit that makes it inappropriate for
some applications: For the circuit to
maintain regulation, the positive load

ACOMMON PROBLEM for power-sup-
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Figure 1
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The value of C, has little effect on the frequen-
cy curves for the circuit in Figure 1.

ange: 1 wF; purple: 10 wF). The moral of
the story is: Be wary when using high-ca-
pacitance ceramic capacitors with high
or variable dc bias; the varying capaci-
tance can greatly influence circuit per-
formance.

Is this the best Design Idea in this
issue? Select at www.edn.com.

970 16V
36V TRANSIENT D2
Vin IN3148
J_ 1€
O.(l:l;LF Vour
BOOST T
Vin Vsw YN
Ly 5V
O——SYNC ic y— CDRH4D28-150 700 mA
LT1956EFE
== 2.2uF O——SHDN 15.4k
50V CERAMIC
v FB . 10 wF
c  GND T 63V c
0805 CERAMIC 10 2 r
2.2k 220 pF 4.99 X5R LA D, ohr L
BOS40W 0805 X5R
3300 pFT CERAMIC
L, 10pF |
CDRH4D28-150 __6:3V
L 0805 X5R Voura

= CERAMIC
il ?
LY —5V

D3 500 mA
BO540W

This dual-polarity dc/dc converter uses a single-switch buck regulator.

must always outweigh the negative load.
Figure 2 shows some efficiency curves at
various positive-output currents.

The dual-polarity output circuit is

similar to that of a typical single-output
positive buck regulator. The circuit adds
asecondary negative output by attaching
a coupling capacitor (C,), a second in-

www.edn.com
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ductor (L,), a catch diode (D,), and an
output capacitor (C,). The negative out-
put voltage maintains regulation based
on the voltage of the coupling capacitor’s
remaining constant and equal to the 5V
output voltage. Current ramps up and
down in the secondary inductor, L,, with
the same peak-to-peak ripple as that of
the primary inductor, L,. The low-im-
pedance path of the coupling capacitor
provides the current to L, during
the on-time of the switch and in-
duces the same voltage across L, as ap-
pears across L,. The Schottky catch diode,
D,, provides a current path for the in-
ductor during the off-time of the switch
and a current path from the coupling ca-
pacitor when discharging into the posi-
tive output. Current must flow from the
coupling capacitor into L, during the off-
time of the switch for the capacitor to
discharge all the charge gained during the
on-time of the switch. This current flow-

Figure 2
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These curves represent efficiency figures for various positive and negative output currents.

ing into the positive inductor during the
off-time takes the place of some of the
current that would normally be sourced
from the positive catch diode, D,, reduc-

ing the losses in D, but increasing the
losses in D,.

The need for the coupling capacitor
to charge and discharge equally creates

114 epx | MARCH 20, 2003
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an important limitation of the circuit:
To maintain regulation on both outputs,
the negative-supply output current
must always be less than the positive-
supply output current (Figure 3). If the
negative-supply output current increas-
es enough to equal the positive-supply
output current, regardless of how great
the positive current is, the output volt-
age begins to collapse. Also, if
the negative-supply output cur-
rent is too low (below 5 to 25 mA, de-
pending on input voltage), the negative-
supply voltage can balloon. With
extremely light negative loads, the cou-
pling-capacitor discharge current dur-
ing switch off-time and the inductor
current (L,) during switch on-time
come only from the negative output ca-
pacitor, C, (as opposed to both the neg-
ative output capacitor and the negative
dc load). Thus, the output capacitor
charges well past its intended voltage

500
400 +
MAXIMUM
AVAILABLE
CURRENT 300 T
FROM —5V
SUPPLY
(mA) 200 L
ure 3
100
0 f f f f f : :
0 100 200 300 400 500 600 700
POSITIVE SUPPLY (mA)

This curve gives the maximum available negative-output current as a function of positive-supply

current.

because no negative dc load is available
to discharge the capacitor. If you use this
circuit in an application in which the
negative output will see light loads, use

a 25-mA preload to maintain regula-
tion.

Is this the best Design Idea in this
issue? Select at www.edn.com.
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