
voltage. Capacitors C11 and C12 pro-
vide equalization to boost the differ-
ential-video signal’s higher frequency
components.

Before applying cancellation, the
signals at the circuit’s outputs ROUT�

and ROUT�
would appear as: ROUT�

�VDIFF/2�VCM, and ROUT�
��VDIFF/

2�VCM, where VDIFF represents the
desired differential signal, and VCM
exists with respect to the circuit’s local
ground. After applying cancellation,
the output signals appear as: ROUT�

��VDIFF/2�VCM�VCMS��VDIFF/2,
and ROUT���VDIFF/2�VCM�VCMS�
�VDIF/2, where VCMS represents the

summed and inverted common-mode
voltage at IC1’s output.

Figure 2 shows a representative 1V
peak received signal that’s on the R�
line (yellow trace) and an accompa-
nying 2V peak common-mode signal
(pink trace). Figure 3 shows the 
circuit’s common-mode-cancellation
abilities. Although the differential
signal (yellow) remains unchanged,
the common-mode signal (pink)
exhibits an 80%, 14-dB reduction.
Any mismatch between the time delay
and the summed analog signal, which
the passive input network and IC1,
respectively, produce, prevents com-

plete cancellation. Also, for best per-
formance, the common-mode signal
must not exceed IC1’s common-mode
input-voltage rating. In addition, IC1,
an Intersil ISL55001, must exhibit
unity-gain stability over a wide band-
width and an excellent slew-rate re-
sponse and, for best results, must oper-
ate at relatively high-power-supply
voltages for good linearity. Use 10-�F,
nonpolarized input- and output-cou-
pling capacitors to accommodate ex-
tremely low-frequency common-
mode voltages. Ensure adequate by-
passing for IC1’s power-supply termi-
nals for all frequencies of interest.EDN
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A source of pulses with fast-ris-
ing edges that approximate the

step function can help you perform
many useful laboratory measure-
ments, including characterization of
coaxial cables’ rise times and location
of cable faults using time-domain-
reflectometry methods. For example,
evaluating the rise time of a 10- to 20-
ft-long RG-58/U cable requires edge-
transition times of 1 to 2 nsec. Agi-
lent’s (www.agilent.com) HP8012B, a

workhorse pulse generator that finds
use in many electronics labs, can deliv-
er pulses with rise times of 5 nsec that
are adequate for many applications but
not for cable characterization.

As an alternative, switching-regu-
lator-controller ICs can deliver gate-
drive pulses with rise and fall times of
less than 2 nsec, making them ideal
candidates for laboratory pulse-gener-
ation service. A simple implementa-
tion uses Linear Technology’s (www.

linear.com) LTC3803 constant-fre-
quency flyback controller, IC1 (Figure
1). The controller self-clocks at 200
kHz, and applying a sample of its out-
put to its Sense pin causes the con-
troller to operate at its minimum duty
cycle and produce a 300-nsec-wide
output pulse.

The LTC3803’s output can deliver
more than 180 mA into a 50� load,
so use a low-series-inductance bypass
capacitor that connects as directly as
possible between IC1’s power and
ground (pins 5 and 2). The decoupling
components, C1, a 10-�F ceramic
capacitor, and R1, a 200� resistor,
minimize pulse-top aberrations with-
out introducing amplitude droop.
The circuit’s output directly drives a
50� termination at amplitudes as high
as 9V. For applications that require
maximum pulse fidelity, use a back-
termination resistor, RBACKTERM, to
suppress triple-transit echos and
absorb reflections from the cable and
any mismatch in the cable’s far-end
termination impedance. Back-termi-
nation also helps when driving passive
filters, which expect to see a specific
generator impedance. The LTC-
3803’s output impedance is ap-
proximately 1.5�, which affects the
value of the back-termination resistor.
The back-termination technique

Use a switching-regulator controller 
to generate fast pulses

�

Mitchell Lee, Linear Technology Corp

Figure 1 Switching-regulator-controller IC1 delivers pulses with 1.5-nsec rise
and fall times into a 50� load.
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Sine waves with fixed phase rela-
tionships find application in

communications equipment, instru-
mentation, and power sources. Al-
though you can use any of several tra-
ditional analog techniques to generate
basic sine-wave signals, this Design Idea
offers a simple method that uses only
digital logic and fixed-value resistors
(Figure 1a). A common clock pulse
drives three of four sections of a pair of
CD4015 4-bit shift registers that recir-
culate a pattern comprising 12 zeros
and 12 ones—that is, 00000000000-
0111111111111. Each of the registers’
outputs drives a resistor, R1 through R12,
that connects to a summing node. If all
of the resistors were of equal value, their
summed output would comprise a
stepped linear triangular waveform at 
a repetition frequency one-twenty-
fourth that of the clock frequency.

To produce a stepped sinusoidal out-
put waveform, you replace the equal-
value resistors with the weighted val-
ues in Figure 1a. If you use resistors of
1% tolerance, the output’s amplitude
will approximate that of a true sine
wave to better than 1�. To produce a
cleaner sine wave, a lowpass filter helps
remove clock-pulse feedthrough and
stepped-edge transients (Figure 1b).
For many applications, a simple one-
pole lowpass filter/buffer provides ade-
quate filtering, but a more elaborate
multipole filter further increases output
purity.

You can add a second set of registers
and resistors, R13 through R24, to pro-
duce cosine and sine waves offset by a

90� phase shift—that is, two sine waves
in quadrature (Figure 2). Register
IC2A’s inverted and recirculated output
from Q4 generates the 0000000000-

00111111111111 bit pattern that the
first set of shift registers uses. IC2B’s Q4
output produces the D input that you
apply to the second set of shift regis-
ters—IC2B, IC3A, and IC3B—which in
turn generate a 90� phase-shifted ver-
sion of the bit pattern to form a cosine
wave. The cosine bit pattern requires
no recirculation and simply propagates

works well with load impedances of at
least 2 k�. At impedances higher
than that value, parasitic impedances
associated with the terminating resis-
tor and IC1 degrade bandwidth and
pulse fidelity.

In a back-terminated, 50� system,

the circuit delivers a 4.5V output pulse
with symmetric rise and fall times of
1.5 nsec, pulse-top-amplitude aberra-
tions of less than 10%, and amplitude
droop of less than 5%. Directly driv-
ing a 50� load doesn’t degrade the
output’s rise and fall times. For best

pulse fidelity, use stripline techniques
to route IC1’s output directly to the
termination resistor and output con-
nector J1. Using a 100-mil-wide trace
on a 1/16-in., double-sided, glass-epoxy
pc board approximates a 50� surge
impedance.EDN
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Shift registers and resistors deliver 
multiphase sine waves

�

Figure 1 A pair of shift registers, an inverter, and a handful of precision resis-
tors form a sine-wave generator (a). Two operational amplifiers form a resist-
ance-capacitance lowpass filter that removes clock-signal artifacts from the
output (b).

Gary Steinbaugh, 4 E A Transform, Loveland, OH

R1 1M

340k

215k

165k

143k

133k

133k

143k

165k

215k

340k

1M

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

D
Q1
Q2

Q3

Q4

DC

R

Q1
Q2

Q3

Q4

C

R

D

Q1

Q2

Q3

Q4

DC

R

Q1

Q2

Q3

Q4

C

R

IC2B

IC2A

IC1A

IC1B

IC3

SINE-
WAVE
OUTPUT

RESET ON
POWER UP

CLOCK IN
(24�fOUT)

DUAL 
FOUR-STAGE

SHIFT 
REGISTER

INVERTER

(a)

(b)

SINE-WAVE
INPUT

IC4

IC5

_

+

_

+

R

C

SMOOTHED
SINE-WAVE

OUTPUT

edn060401di.qxd  3/30/2006  10:24 AM  Page 106




