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Using the LT1719 Comparator for
Low Dispersion Sine Wave to
Square Wave Conversion by Joseph G. Petrofsky

The LT1719 is an UltraFastTM,
4.5ns comparator with separate ana-
log and digital supplies. Both supplies
can be as low as 2.7V, or the LT1719
can be used as a level translator in
mixed 3V/5V systems. The propaga-
tion delay of comparators is typically
specified for a 100mV step, with some
fraction of that for overdrive. But in
many signal-processing applications,
such as in communications, the goal
is to convert a sine wave, such as a
carrier, to a square wave for use as a
timing clock. The desired behavior is
for the output timing to be dependent
only on the input timing. No disper-
sion or phase shift should occur as a
function of the input amplitude, as
this would result in AM to FM conver-
sion. The LT1719 is an excellent choice
in these applications, particularly
when the input signal is larger than
100mVP-P.

Test Circuit
The circuit of Figure 1 was used to
test an LT1719-based sine wave to
square wave converter. The ±5V sup-
plies on the input allow very large
input swings; the 3V logic supply
keeps the output swing small to mini-

mize coupling back into the inputs.
Characterization of the delay, which
varies just a fraction of a nanosecond
over a decade of input amplitude
change, is not simple. A fast oscillo-
scope can have ±500ps of variation in
any given channel. This can be cali-
brated by swapping input and output
channels and averaging the readings
if the two signals allow the same
vertical scale factors. But for a mea-
surement of delay changes over a
decade or more of amplitude range,
accuracy is degraded by delay depen-
dence on the gain settings of the
oscilloscope’s vertical path.

To characterize the delay, an
HP4195 Spectrum/Network Analyzer
was used to look at the phase of the
output relative to the input (Test/
Ref). Because the HP4195 is a spec-
trum/network analyzer, it can reject
the harmonics of the output square
wave, unlike some network-only ana-
lyzers. The phase of the fundamental
component of the LT1719 output can
be slightly affected by the exact nature
of any overshoot or undershoot of the
transitions, so a pair of antiparallel
diodes is used to clip off these por-
tions of the output waveform. The

rest of the circuitry on the output is a
filter whose exact behavior does not
affect the measurement because the
same amplitude and frequency signal
will always be present there and only
relative changes in phase will be
examined.

The input signal is terminated in a
resistive –12dB pad that creates the
reference signal for the analyzer. The
HP4195 maximum oscillator level is
15dBm or 3.56VP-P. The 1:2 trans-
former steps this up to 7.12VP-P
differential at the DUT input. An
amplifier could be used to boost the
amplitude further, but distortion in
the amplifier could result in phase
errors because the LT1719 will
respond to the zero-crossings,
whereas the HP4195 will respond to
the phase of the fundamental. The
results without a transformer,
grounding the unused comparator
input, were unchanged but for the
loss of 6dB.

Results
Figure 2 shows the time delay of the
sine wave to square wave converter
responding to an amplitude sweep at
10MHz. The delay is calculated as:

tDELAY = tDELAY|0dBm – 
(θ –  θ|0dBm)

360° • 10MHz
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Figure 1. Sine to square wave converter schematic
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where θ is the phase in degrees mea-
sured by the network analyzer and
tDELAY|0dBm is the absolute delay at
0dB input amplitude, which was mea-
sured with a fast oscilloscope using
the calibration method described ear-
lier.  The LT1719 delay changes just
0.65ns over the 26dB amplitude

range; 2.33 degrees at 10MHz. The
delay is particularly flat, yielding
excellent AM rejection, from –5dBm
to 10dBm, a common range for RF
signal levels.

With small input signals, the hys-
teresis of the LT1719 (3.5mV typ.)
and increased propagation delay make
the LT1719 act like a comparator
with a 12mV hysteresis span. In other
words, a 12mVP-P sine wave at 10MHz
will barely toggle the LT1719, but
with 90° of phase lag or 25ns addi-
tional delay. Above 5VP-P at 10MHz,
the LT1719 delay starts to decrease
due to the internal capacitive feed-
forward in the design of the input
stage. Unlike some comparators, the
LT1719 will not falsely anticipate a
change in input polarity, but the feed-
forward is enough to make a transition
propagate through the LT1719 faster
once the input polarity does change.

At frequencies higher than 10MHz,
attention to detail in the physical
construction of circuits becomes par-
ticularly important. With a poor
layout, the output toggle action can
capacitively or inductively couple back
to the input signal, causing distor-
tion. This must be avoided in order to
measure the actual performance of
the comparator. The LT1719 pinout
has been optimized to shield the input
signals from the digital signals with
two intervening power supply pins.

Conclusion
The new LT1719 comparator can eas-
ily be used to create a low power, high
performance, sine wave to square
wave converter. The fast, 4.5ns delay
barely changes with input amplitude
fluctuations. The delay is particularly
flat, for excellent AM rejection, from
–5dBm to 10dBm.
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Calculate CIN4 as in the previous steps
and adjust the value of RIN4. The
choice of capacitors will most likely
alter the original ratio of RG/RIN4, so
readjust the value of the input resis-
tor RIN1 to restore the DC gain of the
filer to its original value.

2d-1. Set the overall gain of the
lowpass filter to its desired value
(here we are assuming 1V/V) and
calculate the ratio of RG/RIN4:

(VOUT/VIN) DC = (RG/RIN4) • (R23/RIN3)
• (R22/RIN2) • (R21/RIN1) = 1V/V (11)
RG/RIN4 = 1.9656

2d-2. Start with an arbitrary, yet
reasonable value, for example RG
= 20k, and solve for CRP to obtain
the 7th real pole frequency of
61.332kHz.
CRP = 129.75pF; choose CRP = 120pF

and adjust RG to 21.625k
Solve for RIN4 = RG/1.956 = 11.05k

2d-3. Calculate CIN4 = ((R23 • C)/
RIN4) • (fO3/fN3)2 = 7.595pF
Choose CIN4 = 8pF (standard value)

and readjust RIN4 to
R I N 4 ( R E A L ) = (7 .595pF/8pF ) •

(11.05k) = 10.49k

2d-4 As the new ratio (RG/RIN4) has
changed slightly [(RG/RIN4)REAL =
2.06 instead of 1.9656], adjust
RIN1 to reestablish 0dB of DC
gain: RIN1(REAL) = 17.37k •
(2.06/1.9656) = 18.2k.

Experimental Results
The resistor values derived above are
first rounded off to their nearest 1%
values, as shown below:
1% surface mount resistors, type
0805:

RIN1 = 18.2k, R21 = 17.4k, RQ1 = 9.53k
RIN2 = 9.76k, R22 = 10.5k, RQ2 = 15.8k
RIN3 = 16.9k, R23 = 8.25k, RQ3 = 48.7k
RIN4 = 10.5k, RG = 21.5k

The choice of the above 1% values
increases the DC gain by 0.24dB so
the value of RIN1 is raised from 18.2k
to 18.7k (1%) to restore the 0dB value
of the passband gain.

Resistors RQ2 and RQ3 are also
slightly changed to predistort the val-
ues of Q2 and Q3, as shown in the
LTC1562 data sheet curve (Q error vs
nominal fO). This is done by lowering
the values of RQ2 and RQ3 by the same
percentages as the Q error. The new
values are RQ2 = 15k (1%) and RQ3 =
45.3k (1%).

The filter of Figure 2 was con-
structed with the resistor values
shown above and with 5% type X7R
surface mount capacitors:

CIN2 = 39pF, CIN3 = 15pF, CIN4 = 8pF,
CRP = 120pF

The act ive devices are the
LTC1562A and the LT1360 op amp.
Figure 4 shows the filter gain response.
The measured passband error is
0.15dB and the total output RMS
noise is 60µVRMS. With a dual 5V
supply, the filter can easily provide a
5V peak-to-peak signal with a 90dB
signal-to-noise ratio and better than
0.01% distortion. The attenuation of
the filter remains below 80dB for input
frequencies up to 6MHz.

Conclusion
A simple method of how to systemati-
cally synthesize and design a high
performance lowpass elliptic filter is
fully illustrated above. The experi-
mental results match the theoretical
calculations provided; the Q-setting
resistors are slightly adjusted to
account for the small Q errors of the
LTC1562A.

Figure 2. Time delay vs sine wave input
amplitude

LTC1562 notches, continued from page 33


