FEATURES

= Ultrafast: 4.5ns at 20mV Overdrive
5.5ns at 5mV Overdrive
Rail-to-Rail Inputs
Rail-to-Rail Complementary Outputs (TTL/CMOS
Compatible)
Specified at 2.7V, 5V and +5V Supplies
Output Latch
Inputs Can Exceed Supplies Without Phase Reversal
LT1711: 8-Lead MSOP Package
LT1712: 16-Lead Narrow SSOP Package

APPLICATIONS

High Speed Automatic Test Equipment

Current Sense for Switching Regulators
Crystal Oscillator Circuits

High Speed Sampling Circuits

High Speed A/D Converters

Pulse Width Modulators

Window Comparators

Extended Range V/F Converters

Fast Pulse Height/Width Discriminators
Line Receivers

High Speed Triggers

| t ]\D LT1/711/LT1712

TECHNOLOGY  Single/Dual 4.5ns, 3V/5V/+5V,

Rail-to-Rail Comparators

DESCRIPTION

The LT®1711/LT1712 are UltraFast™ 4.5ns comparators
featuring rail-to-railinputs, rail-to-rail complementary out-
puts and an output latch. Optimized for 3V and 5V power
supplies, they operate over a single supply voltage range
from 2.4V to 12V or from +2.4V to 6V dual supplies.

The LT1711/LT1712 are designed for ease of use in a
variety of systems. In addition to wide supply voltage
flexibility, rail-to-rail input common mode range extends
100mV beyond both supply rails, and the outputs are
protected against phase reversal for inputs extending
further beyond the rails. Also, the rail-to-rail inputs may be
taken to opposite rails with no significantincrease in input
current. The rail-to-rail matched complementary outputs
interface directly to TTL or CMOS logic and can sink 10mA
to within 0.5V of GND or source 10mAto within 0.7V of V*.

The LT1711/LT1712 have internal TTL/CMOS compatible
latches for retaining data at the outputs. Each latch holds
data as long as the latch pin is held high. Latch pin
hysteresis provides protection against slow moving or
noisy latch signals. The LT1711 is available in the 8-pin
MSOP package. The LT1712 is available in the 16-pin
narrow SSOP package.

ALY, L TC and LT are registered trademarks of Linear Technology Corporation.
UltraFast is a trademark of Linear Technology Corporation.
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LTT1711/LT1712

ABSOLUTE MAXIMUM RATINGS (ot 1)

Supply Voltage Output Current (Continuous) .........ccceevevevevenenee. +20mA
VA0 Ve, 12.6V  Operating Temperature Range................. -40°C to 85°C
VA0 GND e, 12.6V  Specified Temperature Range (Note 2) ... —40°C to 85°C
VTHOGND e, -10Vt0 0.3V Junction Temperature ..........cccceveveveeeeeevrveerennne, 150°C

Differential Input Voltage .........c.coceevverenennnn +12.6V  Storage Temperature Range ................. —-65°C to 150°C

Latch Pin VOltage ........coooveveveuceeecccceeeeeecee 7V Lead Temperature (Soldering, 10 SEC).................. 300°C

Input and Latch Current..........ccooveveveeiveeenns +10mA

PACKAGE/ORDER INFORMATION

ORDER PART TOP VIEW ORDER PART
NUMBER JINA E:[XLE LaTeH NUMBER
o vew LTI711CMS8 e e LT1712CGN
w e pe o LT1711IMS8 v 7 5] an LT1712IGN
[ S ) vl [ e
| ISSPACIAGE MS8 PART MARKING +INB Ejﬂr m oo GN PART MARKING
Tymax = 150°C, 84 = 250°C/ W (NOTE 12) LTTC -Ing [8] 9] ENABLE B 1712
LTTD GN PACKAGE 1712]
16-LEAD PLASTIC SSOP
Tamax = 150°C, 6y = 120°C/W (NOTE 12)

Consult factory for parts specified with wider operating temperature ranges.

ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.
V+=2.7TVorV*=5V, V- =0V, Vigym =V*/2, Vatch = 0.8V, Croap = 10pF, Voyerorive = 20mV, unless otherwise specified.

SYMBOL |PARAMETER CONDITIONS MIN TYP MAX UNITS
vt Positive Supply Voltage Range o 24 7 Y
Vos Input Offset Voltage (Note 4) Rs =50Q, Vgw = V*/2 0.5 5.0 mV
Rs =50Q, Vgw = V*/2 o 6.0 mV

Rs =50Q, Vgm = 0V 0.7 mV

Rg=50Q, Vg =Vt 1 mV

AVos/AT | Input Offset Voltage Drift o 10 pv/°C
los Input Offset Current 0.2 3 pA
o 6 PA

I Input Bias Current (Note 5) -18 -5 5 PA
o | -35 10 PA

Vew Input Voltage Range (Note 9) o | -01 V*+0.1 \
CMRR Common Mode Rejection Ratio V*=5V,0V<Vgy<dY 56 65 dB
V*=5V,0V<Vgy<hV o 53 dB

Vt=27V,0V<Vgy<2.7V 54 65 dB

Vt=27V,0V<Vgy<2.7V o 50 aB

PSRR* | Positive Power Supply Rejection Ratio 2.4V <VH< 7V, Vo = 0V 58 75 aB
o 56 dB
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LT1711/LT1712

ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are at T = 25°C.

V+t=2.7VorV*=5V, V™ =0V, Vgym = V*/2, Vi atch = 0.8V, cLOAD =10pF, Voyerprive = 20mV, unless otherwise specified.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

PSRR~ | Negative Power Supply Rejection Ratio -7V <V=<0QV,V*t=5V, Vg =5V 60 80 aB

58 aB

Ay Small-Signal Voltage Gain (Note 10) 1 15 V/mV

Vou Output Voltage Swing HIGH lout = 1mA, Voverorive = 50mV V+-0.5 V+-0.2 \

lout = 10mA, Voyerprive = 50mV V+-0.7 V*-04 V

VoL Output Voltage Swing LOW lout ==1mA, Voyerorive = 50mV 0.20 04 \

IOUT = —10mA, VOVERDRIVE =50mV 0.35 0.5 V

I* Positive Supply Current (Per Comparator) V* =5V, Voverorive = 1V 15 19 mA

26 mA

I~ Negative Supply Current (Per Comparator) V* =5V, Voveporive = 1V 8 10 mA

13 mA

Viy Latch Pin High Input Voltage 2.4 v

Vi Latch Pin Low Input Voltage 0.8 \

I Latch Pin Current Viaten = V* 15 pA

tpp Propagation Delay (Note 6) AV =100mV, Voverprive = 20mV 45 6.0 ns

AVyy =100mV, Voverprive = 20mV 8.5 ns

AV =100mV, Voyerprive = SmV 5.5 ns

Atpp Differential Propagation Delay (Note 6) AV =100mV, Voverprive = 20mV 0.5 15 ns

tr Output Rise Time 10% to 90% 2 ns

tf Output Fall Time 90% to 10% 2 ns

tLpp Latch Propagation Delay (Note 7) 5 ns

tsy Latch Setup Time (Note 7) 1 ns

ty Latch Hold Time (Note 7) 0 ns

topw Minimum Latch Disable Pulse Width (Note 7) 5 ns

fmAx Maximum Toggle Frequency Vin = 100mVp.p Sine Wave 100 MHz

tITTER Output Timing Jitter Vin = 630mVp.p (0dBm) Sine Wave, f = 30MHz 11 PSRMS
The « denotes specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.

V+ =5V, V= ==5V, Vo =0V, Viarch = 0.8V, Croap = 10pF, Voyerorive = 20mV, unless otherwise specified.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

vVt Positive Supply Voltage Range 2.4 7 Y

V- Negative Supply Voltage Range (Note 3) -7 0 v

Vos Input Offset Voltage (Note 4) Rs =50Q, Vgm = 0V 0.5 5.0 mV

Rs =50Q, Vgm = 0V 6.0 mV

Rs =50Q, Vgm =5V 0.7 mV

Rs =50Q, Vgy = -5V 1 mV

AVos/AT | Input Offset Voltage Drift 10 Wv/°C

los Input Offset Current 0.2 3 PA

6 HA

Ig Input Bias Current (Note 5) -18 -5 5 pA

-35 10 PA

Veou Input Voltage Range -5.1 5.1 v

CMRR Common Mode Rejection Ratio -5V <VeysbY 61 75 aB

58 aB

PSRR* | Positive Power Supply Rejection Ratio 2.4V <V <7V, Vo =-5V 58 85 dB

56 dB

PSRR™ | Negative Power Supply Rejection Ratio -7V <V= <0V, Vg =5V 60 80 aB

58 aB
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LTT1711/LT1712

ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.
V+=5V, V= ==5V, Veym = 0V, Viarch = 0.8V, Cpoap = 10pF, Voyerorive = 20mV, unless otherwise specified.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Ay Small-Signal Voltage Gain 1 15 V/imV
Vou Output Voltage Swing HIGH (Note 8) lout = 1mA, Voverorive = 50mV 45 4.8 v
lout = 10mA, Voyerprive = 50mV 43 4.6 \

VoL Output Voltage Swing LOW (Note 8) lout = —1mA, Voverorive = 50mV 0.20 0.4 v
lout =—=10mA, VoverpRrive = 50mV 0.30 0.5 Y

I* Positive Supply Current (Per Comparator) Voverorive = 1V 17 22 mA
30 mA

I~ Negative Supply Current (Per Comparator) Voverorive = 1V 9 12 mA
° 15 mA

Viy Latch Pin High Input Voltage ° 2.4 \
Vi Latch Pin Low Input Voltage o 0.8 Y
I Latch Pin Current Viaton = V¥ ° 15 PA
tpp Propagation Delay (Notes 6, 11) AV =100mV, Voverprive = 20mV 45 6.0 ns
AV =100mV, Voverprive = 20mV o 8.5 ns

AV =100mV, Voverprive = 5mV 55 ns

Atpp Differential Propagation Delay (Notes 6, 11) AV =100mV, Voverprive = 20mV 0.5 1.5 ns
ty Output Rise Time 10% to 90% 2 ns
t Output Fall Time 90% to 10% 2 ns
tLpp Latch Propagation Delay (Note 7) 5 ns
tsy Latch Setup Time (Note 7) 1 ns
ty Latch Hold Time (Note 7) 0 ns
topw Minimum Latch Disable Pulse Width (Note 7) 5 ns
fmax Maximum Toggle Frequency Vin = 100mVp_p Sine Wave 100 MHz
tITTER Output Timing Jitter Vn = 630mVp_p (0dBm) Sine Wave, f = 30MHz 11 PSRMS

Note 1: Absolute Maximum Ratings are those values beyond which the life
of a device may be impaired.

Note 2: The LT1711C/LT1712C are guaranteed to meet specified
performance from 0°C to 70°C. They are designed, characterized and
expected to meet specified performance from —40°C to 85°C but are not
tested or QA sampled at these temperatures. The LT17111/LT1712] are
guaranteed to meet specified performance from —40°C to 85°C.

Note 3: The negative supply should not be greater than the ground pin
voltage and the maximum voltage across the positive and negative
supplies should not be greater than 12V.

Note 4: Input offset voltage (Vgg) is measured with the LT1711/LT1712in
a configuration that adds external hysteresis. It is defined as the average of
the two hysteresis trip points.

Note 5: Input bias current (lg) is defined as the average of the two input
currents.

Note 6: Propagation delay (tpp) is measured with the overdrive added to
the actual Vpg. Differential propagation delay is defined as:

Atpp = tpp* — tpp~. Load capacitance is 10pF. Due to test system
requirements, the LT1711/LT1712 propagation delay is specified with a
1kQ load to ground for +5V supplies, or to mid-supply for 2.7V or 5V
single supplies.

Note 7: Latch propagation delay (t_pp) is the delay time for the output to
respond when the latch pin is deasserted. Latch setup time (tgy) is the

interval in which the input signal must remain stable prior to asserting the
latch signal. Latch hold time (ty) is the interval after the latch is asserted in
which the input signal must remain stable. Latch disable pulse width
(topw) is the width of the negative pulse on the latch enable pin that
latches in new data on the data inputs.

Note 8: Output voltage swings are characterized and tested at V* = 5V and
V= =0V. They are guaranteed by design and correlation to meet these
specifications at V™ =-5V.

Note 9: The input voltage range is tested under the more demanding
conditions of V* =5V and V= =-5V. The LT1711/LT1712 are guaranteed
by design and correlation to meet these specifications at V= = 0V.

Note 10: The LT1711/LT1712 voltage gain is tested at V* = 5V and

V= =-5V only. Voltage gain at single supply V* =5V and V* =2.7V is
guaranteed by design and correlation.

Note 11: The LT1711/LT1712 tpp is tested at V* = 5V and 2.7V with

V= = 0V. Propagation delay at V* = 5V, V™~ = -5V is guaranteed by design
and correlation.

Note 12: Care must be taken to make sure that the LT1711/LT1712 do not
exceed Tyyax When operating with 5V supplies over the industrial
temperature range. Ty is not exceeded for DC inputs, but supply
current increases with switching frequency (see Typical Performance
Characteristics).
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LT1/711/LT1712

TYPICAL PERFORMANCE CHARACTERISTICS
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LTT711/LT1712

TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS
LT1711

V* (Pins 1): Positive Supply Voltage, Usually 5V.

+IN (Pin 2): Noninverting Input.
—IN (Pin 3): Inverting Input.

GND (Pin 6): Ground Supply Voltage, Usually OV.

Q (Pin 7): Noninverting Output.
Q (Pin 8): Inverting Output.

V'~ (Pins 4): Negative Supply Voltage, Usually OV or -5V.
LATCH ENABLE (Pin 5): Latch Enable Input. With a logic

high, the output is latched.

www.BDTIC.com/Linear
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LT1711/LT1712

PIN FUNCTIONS

LT1712

—IN A (Pin 1): Inverting Input of A Channel Comparator.

+IN A (Pin 2): Noninverting Input of A Channel
Comparator.

V~(Pins 3, 6): Negative Supply Voltage, Usually—5V. Pins
3 and 6 should be connected together externally.

V* (Pins 4, 5): Positive Supply Voltage, Usually 5V. Pins
4 and 5 should be connected together externally.

+IN B (Pin 7): Noninverting Input of B Channel
Comparator.

—IN B (Pin 8): Inverting Input of B Channel Comparator.

LATCHENABLEB (Pin9): Latch Enable Input of B Channel
Comparator. With a logic high, the B output is latched.

GND (Pin 10): Ground Supply Voltage of B Channel
Comparator, Usually 0V.

Q B (Pin 11): Noninverting Output of B Channel
Comparator.

Q B (Pin 12): Inverting Output of B Channel
Comparator.

Q A (Pin 13): Inverting Output of A Channel
Comparator.

Q A (Pin 14): Noninverting Output of A Channel
Comparator.

GND (Pin 15): Ground Supply Voltage of A Channel
Comparator, Usually OV

LATCH ENABLE A (Pin 16): Latch Enable Input of A
Channel Comparator. With a logic high, the A output is
latched.

APPLICATIONS INFORMATION

Common Mode Considerations

The LT1711/LT1712 are specified for a common mode
range of —=5.1V to 5.1V on a +5V supply, or a common
mode range of—0.1Vt0 5.1V onasingle 5V supply. Amore
general consideration is that the common mode range is
from 100mV below the negative supply to 100mV above
the positive supply, independent of the actual supply
voltage. The criteria for common mode limit is that the
output still responds correctly to a small differential input
signal.

When either input signal falls outside the common mode
limit, the internal PN diode formed with the substrate can
turn on resulting in significant current flow through the
die. Schottky clamp diodes between the inputs and the
supply rails speed up recovery from excessive overdrive
conditions by preventing these substrate diodes from
turning on.

Input Bias Current

Input bias current is measured with the outputs held at
2.5V with a 5V supply voltage. As with any rail-to-rail

differential input stage, the LT1711/LT1712 bias current
flows into or out of the device depending upon the com-
mon mode level. The input circuit consists of an NPN pair
and a PNP pair. For inputs near the negative rail, the NPN
pair is inactive, and the input bias current flows out of the
device; for inputs near the positive rail, the PNP pair is
inactive, and these currents flow into the device. Forinputs
far enough away from the supply rails, the input bias
current will be some combination of the NPN and PNP bias
currents. As the differential input voltage increases, the
input current of each pair will increase for one of the inputs
and decrease for the other input. Large differential input
voltages result in different input currents as the input
stage enters various regions of operation. To reduce the
influence of these changing input currents on system
operation, use a low source resistance.

Latch Pin Dynamics

The internal latches of the LT1711/LT1712 comparators
retain the input data (output latched) when their respec-
tive latch pin goes high. The latch pin will float to a low
state when disconnected, but it is better to ground the

www.BDTIC.com/Linear 7



LTT1711/LT1712

APPLICATIONS INFORMATION

latch when a flow-through condition is desired. The latch
pin is designed to be driven with either a TTL or CMOS
output. Ithas built-in hysteresis of approximately 100mV,
so that slow moving or noisy input signals do not impact
latch performance.

For the LT1712, if only one of the comparators is being
usedatagiventime, itis bestto latch the second compara-
torto avoid any possibility of interactions between the two
comparators in the same package.

High Speed Design Techniques

The extremely fast speed of the LT1711/LT1712 necessi-
tates careful attention to proper PC board layout and
circuit design in order to prevent oscillations, as with
most high speed comparators. The most common prob-
lem involves power supply bypassing which is necessary
to maintain low supply impedance. Resistance and induc-
tance in supply wires and PC traces can quickly build up
to unacceptable levels, thereby allowing the supply volt-
ages to move as the supply current changes. This move-
ment of the supply voltages will often result in improper
operation. Inaddition, adjacent devices connected through
anunbypassed supply caninteract with each otherthrough
the finite supply impedances.

Bypass capacitors furnish a simple solution to this prob-
lem by providing a local reservoir of energy at the device,
thus keeping supply impedance low. Bypass capacitors
should be as close as possible to the LT1711/LT1712
supply pins. A good high frequency capacitor, such as a
1000pF ceramic, is recommended in parallel with larger
capacitors, such as a 0.1pF ceramic and a 4.7pF tantalum
in parallel. These bypass capacitors should be soldered to
the output ground plane such that the return currents do
not pass through the ground plane under the input cir-
cuitry. The common tie point for these two ground planes
should be at the board ground connection. Such star-
grounding and ground plane separation is extremely im-
portantforthe properoperation of ultra high speed circuits.

Poor trace routes and high source impedances are also
common sources of problems. Keep trace lengths as short
as possible and avoid running any output trace adjacent
to an input trace to prevent unnecessary coupling. If
outputtraces are longer than a few inches, provide proper

termination impedances (typically 100Q to 400Q) to
eliminate any reflections that may occur. Also keep source
impedances as low as possible, preferably much less than
1kQ.

The input and output traces should also be isolated from
one another. Power supply traces can be used to achieve
thisisolation as shown in Figure 1, atypical topside layout
of the LT1712 on a multilayer PC board. Shown is the
topside metal etch including traces, pin escape vias and
the land pads for a GN16 LT1712 and its adjacent X7R
0805 bypass capacitors. The V*, V= and GND traces all
shield the inputs from the outputs. Although the two V=~
pins are connected internally, they should be shorted
together externally as well in order for both to function as
shields. The same is true for the two V* pins. The two GND
pins are not connected internally, but in most applications
they are both connected directly to the ground plane.

(L-
d_-

Ty

171112 F01

Figure 1. Typical LT1712 Topside Metal
for Multilayer PCB Layout

Hysteresis

Another important technique to avoid oscillations is to
provide positive feedback, also known as hysteresis,
from the output to the input. Increased levels of hyster-
esis, however, reduce the sensitivity of the device toinput
voltage levels, so the amount of positive feedback should
be tailored to particular system requirements. The
LT1711/LT1712 are completely flexible regarding the
application of hysteresis, due to rail-to-rail inputs and the
complementary outputs. Specifically, feedback resistors
can be connected from one of the outputs to its corre-
sponding input without regard to common mode consid-
erations. Figure 2 shows several configurations.
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APPLICATIONS INFORMATION
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Figure 2. Various Configurations for Introducing Hysteresis
TYPICAL APPLICATIONS

Simultaneous Full Duplex 75Mbaud Interface
with Only Two Wires

The circuit of Figure 3 shows a simple, fully bidirectional,
differential 2-wire interface that gives good results to
75Mbaud, using the LT1712. Eye diagrams under condi-
tions of unidirectional and bidirectional communication
are shown in Figures 4 and 5. Although not as pristine as
the unidirectional performance of Figure 4, the perfor-
mance under simultaneous bidirectional operation is still
excellent. Because the LT1712 input voltage range ex-
tends 100mV beyond both supply rails, the circuit works

750k

3v
R2A R1A
2.55k %4999 A
R3A _% Roa
1240 | 21400

R3B <RIB _L

1240 S4990 A
R2B
2,55k

> .
38
SAMSAMA A

6-FEET

Zo=120Q

A 4990
DIODES: BAV99 p
x4

with a full 3V (one whole Vg up or down) of ground
potential difference.

The circuit works well with the resistor values shown, but
other sets of values can be used. The starting point is the
characteristic impedance, Zg, of the twisted-pair cable.
The input impedance of the resistive network should
match the characteristic impedance and is given by:

R1||(R2 +R3)
Ro +2+[R1]|(R2 +R3)|

Rin=2°Ro*

RxD

RIC
AA %
A b G 7| 4090
N 3 w
Ros
m\ \ 140Q g 4990 P
NN—
mwisteoPAR | | RIDS
>

171112 F03

Figure 3. 75Mbaud Full Duplex Interface on Two Wires
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TYPICAL APPLICATIONS

171112 F04

Figure 4. Performance of Figure 3’s Circuit When
Operated Unidirectionally. Eye is Wide Open

This comes out to 120Q for the values shown. The
Thevenin equivalent source voltage is given by:

. (R2+R3-R1)
(R2+R3 +R1)

Ro
Ro +2+[R1]|(R2 +R3)]

This amounts to an attenuation factor of 0.0978 with the
values shown. (The actual voltage on the lines will be cut
in half again due to the 120Q Zg.) The reason this
attenuation factor is important is that it is the key to
deciding the ratio between the R2-R3 resistor divider in
the receiver path. This divider allows the receiver to reject
the large signal of the local transmitter and instead sense
the attenuated signal of the remote transmitter. Note that
in the above equations, R2 and R3 are not yet fully
determined because they only appear as a sum. This
allows the designer to now place an additional constraint
on their values. The R2-R3 divide ratio should be set to
equal half the attenuation factor mentioned above or:

R3/R2 = 1/2 ¢ 0.0976".

Having already designed R2 + R3 to be 2.653k (by allocat-
ing inputimpedance across Rg, R1and R2 + R3 to get the
requisite 120Q), R2 and R3 then become 2529Q and
123.5Q respectively. The nearest 1% value for R2is 2.55k
and that for R3 is 124Q.

Vi = Vs

Voltage-Tunable Crystal Oscillator

The front page application is a variant of a basic crystal
oscillator that permits voltage tuning of the output fre-
quency. Suchvoltage-controlled crystal oscillators (VCXO)

171112 FO5

Figure 5. Performance When Operated Simultaneous
Bidirectionally (Full Duplex). Crosstalk Appears as Noise.
Eye is Slightly Shut But Performance is Still Excellent

are often employed where slight variation of a stable
carrieris required. This example is specifically intended to
provide a 4 x NTSC sub-carrier tunable oscillator suitable
for phase locking.

The LT1711 is set up as a crystal oscillator. The varactor
diode is biased from the tuning input. The tuning network
is arranged so a 0V to 5V drive provides a reasonably
symmetric, broad tuning range around the 14.31818MHz
center frequency. The indicated selected capacitor sets
tuning bandwidth. It should be picked to complement loop
response in phase locking applications. Figure 6 is a plot
oftuning inputvoltage versus frequency deviation. Tuning
deviation from the 4x NTSC 14.31818MHz center fre-
quency exceeds +240ppm for a 0V to 5V input.

1 Using the design value of R2 + R3 = 2.653k rather than the implementation value of 2.55k +
124Q = 2.674k.

9
14.3217MHZ\
8 //
g / //
= § /
S
= .| /
> 14.31818MHz /
[} 4 /
>
2 1
S 3 T
[«] 1
e 2 !
L 1
1 !
0 /1431‘40MHZ.
0 1 2 3 4 5

INPUT VOLTAGE (V)

171112 F06

Figure 6. Control Voltage vs Output Frequency for the
Front Page Application Circuit. Tuning Deviation from
Center Frequency Exceeds +240ppm
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PHCKHGG DGSCRIPTIOﬂ Dimensions in inches (millimeters) unless otherwise noted.
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TYPICAL APPLICATION

1MHz Series Resonant Crystal Oscillator
with Square and Sinusoid Outputs

Figure 7 shows a classic 1MHz series resonant crystal
oscillator. At series resonance, the crystal is a low imped-
ance and the positive feedback connection is what brings
about oscillation at the series resonant frequency. The RC
feedback around the other path ensures that the circuit
does not find a stable DC operating point and refuse to
oscillate. The comparator output is a 1MHz square wave
(top trace of Figure 8) with jitter measured at better than
28psrus on a 5V supply and 40pspys on a 3V supply. At
Pin 2 of the comparator, on the other side of the crystal, is
aclean sine wave except for the presence of the small high

R10 R5 100pF

— 0.14F

Figure 7. LT1711 Comparator is Configured as a Series
Resonant Xtal Oscillator. LT1806 Op Amp is Configured
in a @ = 5 Bandpass with fg = 1MHz

frequency glitch (middle trace of Figure 8). This glitch is
caused by the fast edge of the comparator output feeding
back through crystal capacitance. Amplitude stability of
the sine wave is maintained by the fact that the sine wave
is basically a filtered version of the square wave. Hence,
the usualamplitude controlloops associated with sinusoi-
dal oscillators are not necessary.2 The sine wave s filtered
and buffered by the fast, low noise LT1806 op amp. To
remove the glitch, the LT1806 is configured as a bandpass
filter with a Q of 5 and unity-gain center frequency of
1MHz, with its output shown as the bottom trace of
Figure 8. Distortion was measured at—70dBc and-60dBc
on the second and third harmonics, respectively.

2 Amplitude will be a linear function of comparator output swing, which is supply dependent
and therefore adjustable. The important difference here is that any added amplitude
stabilization or control loop will not be faced with the classical task of avoiding regions of
nonoscillation versus clipping.

1V/DIV

1V/DIV

171112 F08

200ns/DIV

Figure 8. Oscillator Waveforms with Vg = 3V. Top is
Comparator Output. Middle is Xtal Feedback to Pin 2 at
LT1711 (Note the Glitches). Bottom is Buffered, Inverted
and Bandpass Filtered witha Q =5 by LT1806

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LT1016 UltraFast Precision Comparator Industry Standard 10ns Comparator

LT1116 12ns Single Supply Ground Sensing Comparator Single Supply Version of the LT1016

LT1394 7ns, UltraFast Single Supply Comparator 6mA Single Supply Comparator

LT1671 60ns, Low Power, Single Supply Comparator 450pA Single Supply Comparator

LT1713/LT1714 Single/Dual 7ns, Low Power, 3V/5V/+5V, R-R Comparator 7ns/5mA versions of the LT1711/LT1712

LT1719 4.5ns, Single Supply 3V/5V/+5V Comparator 4mA Comparator with Rail-to-Rail Outputs and Level Shifting
LT1720/LT1721 Dual/Quad, 4.5ns, Single Supply Comparator Dual/Quad Version of the LT1719
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