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TECHNOLOGY Voltage Comparator
FEATURES DESCRIPTION
a Pin-Compatible with LM111 Series Devices The LT1011 is a general purpose comparator with signifi-
m (uaranteed Max. 0.5mV Input Offset Voltage cantly better input characteristics than the LM111.
® Guaranteed Max. 25nA Input Bias Current Although pin-compatible with the LM111, it offers four
® Guaranteed Max. 3nA Input Offset Current times lower bias current, six times lower offset voltage,
® Guaranteed Max. 250ns Response Time and five times higher voltage gain. Offset voltage drift—a
® Guaranteed Min. 200,000 Voltage Gain previously unspecified parameter—is guaranteed at
® 50mA Output Current Source or Sink 15uV/°C. Additionally, the supply current is lower by a
=+ 30V Differential Input Voltage factor of two with no loss in speed. The LT1011 is several
® Fully Specified for Single + 5V Operation times faster than the LM111 when subjected to large

overdrive conditions. It is also fully specified for DC
parameters and response time when operating on a
APPLICATIONS single +5V supply. These parametric improvements
allow the LT1011 to be used in high accuracy (=12-bit)
: %EAJ?ODF&O'D?;HSC onverters systems without trimming. In a 12-bit A to D application,
. Precigion R/ CqOSciIIZ\tor for instance, using a 2mA DAC, the offset error intro-
a Peak Detector duced by the LT1011 is less than 1/2 LSB. The LT1011
= Motor Speed Control retains all the versatile features of the LM111, including
= Pulse Generator single 3V to + 18V supply operation, and a floating tran-
= Relav/Lamp Driver sistor output with 50mA source/sink capability. It can
y p drive loads referenced to ground, negative supply or
positive supply, and is specified up to 50V between V~
and the collector output. A differential input voltage up to
the full supply voltage is allowed, even with + 18V sup-
plies, enabling the inputs to be clamped to the supplies

with simple diode clamps.
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LT1011/LT1011A

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (pin8topind) ................ 36V
Output to Negative Supply (pin 7 to pin 4)
LMOMAM, LT101IM ... .. 50v
LT1011AC,LT1011C . ... .......... oL 40V
Ground to Negative Supply ‘
(pinftopind) ................ .. ....... 3oV
Differential InputVoltage . . . ............... + 36V
Voltage at Strobe Pin (pin6topin8) ............. 5V
Input Voltage (Note 1) ............ Equal to Supplies
Output Short Gircuit Duration . ............. 10sec.
Operating Temperature Range (Note 2)
LT1011AM/LT101IM .. ... ... .. —55°Ct0125°C
LT1011AC/LT1011C .............. 0°Ct070°C
Storage Temperature Range .. .. ... —65°Cto 150°C
Lead Temperature (Soldering, 10sec.). . ...... 300°C

PACKAGE/ORDNER INFORMATION

TOP VIEW

ye ORDER PART
NUMBER

B LT1011AMH
LT1011MH
LT1011ACH
LT1011CH

H PACKAGE
T0-5 METAL CAN

TOP VIEW

LT1011AMJ8
LT1011MJ8
LT1011ACJ8
LT1011CJ8
LT1011ACN8
LT1011CN8

NOTE: PIN 4 CONNECTED TO CASE

J8 PACKAGE 8 PIN CERDIP
N8 PACKAGE 8 PIN PLASTIC

ELECTRICAL CHARACTERISTICS vs= +15v, vew=0v, Rs=0, T;=25°C, V,= —15V,

output at pin 7 unless otherwise noted.

LT1011AM/LT1011AC LT1011M/LT1011C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TP MAX UNITS
Vos input Offset Voltage Note 3 0.3 0.5 0.6 1.5 mv
1.0 3.0 mv
Vos * Input Offset Voltage Rg <502 (Note 4) 0.75 2.0 mv
1.5 3.0 mv
los *nput Offset Current Note 4 0.2 3 0.2 4 nA
5 6 nA
lp Input Bias Current Note 3 15 25 20 50 nA
I * (nput Bias Current Note 4 20 35 25 65 nA
50 80 nA
AVps Input Offset Voltage Drift Tuin=T =<Tmax 4 15 4 25 uV/°C
a7 (Note 5)
AyoL *Large Signal Voltage Gain R =1kQto +15V, 200 500 200 500 v/mv
—-10V SVOUT =145V
R =500Qto +5V, 50 300 50 300 v/mv
0.5v SVOUT <45V
CMRR Common-Mode Rejection Ratio 94 115 90 - 115 dB
*Input Voltage Range Vg=+ 15V —14.5 13 —14.5 13 v
(Note 8) Vg=Single +5V 0.5 3.0 0.5 3.0 v
Ty * Response Time Note 6 150 250 150 250 ns
VoL * Qutput Saturation Voltage Vin="5mV, Igng=8mA 0.25 0.4 0.25 0.4 v
Vj=0, lgink =50 mA 0.7 15 07 15 v
* Qutput Leakage Current Vin=5mV, V1= —15V 0.2 10 0.2 10 nA
Vour =35V (25V for LT1011C) 500 500 nA
* positive Supply Current 3.2 4.0 3.2 4.0 mA
*Negative Supply Current 1.7 2.5 1.7 2.5 mA
* Strobe Current Minimum to Ensure Output 500 500 7y
Transistor is Off
Input Capacitance 6 6 pF

*indicates parameters which are guaranteed for all supply voltages, including a single 5V supply. See Note 4.
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LT1011/LT107 1A

The @ denotes the specifications which apply over the full operating
temperature range.

Note 1: Inputs may be clamped to supplies with diodes so that max-
imum input voltage actually exceeds supply voltage by one diode drop.
See Input Protection in applications section.

Note 2: T; max=150°C for the LT1011AM/LT1011M and 95°C for
the LT1011AC/LT1011C.

Note 3: Output is sinking 1.5mA with Vg7 =0V.

Note 4: These specifications apply for all supply voltages from a single
+5V to + 15V, the entire input voltage range, and for both high and
low output states. The high state is Iy = 1004A, Voyr = (V¥ —1V)
and the low state is |k <8mA, Vgyr <0.8V. Therefore, this
specification defines a worst-case error band that includes effects due
to common-mode signals, voltage gain, and output load.

Note 5: Drift is calculated by dividing the offset voltage difference
measured at min and max temperatures by the temperature difference.
Note 6: Response time is measured with a 100mV step and 5SmV over-
drive. The output load is a 500Q resistor tied to +5V. Time measure-
ment is taken when the output crosses 1.4V.

Note 7: Do not short the strobe pin to ground. It should be current
driven at 3mA to 5mA for the shortest strobe time. Currents as low as
500uA will strobe the LT111A if speed is not important. External
leakage on the strobe pin in excess of 0.2xA when the strobe is **off”’
can cause offset voltage shifts.

Note 8: See graph, Input Offset Voltage vs Common-Mode Voltage.

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1011/LT10T1A

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1011/LT10T 1A

TYPICAL PERFORMANCE CHARACTERISTICS
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LTT0T1/LT1011A

APPLICATIONS INFORMATION

Preventing Oscillation Problems

Oscillation problems in comparators are nearly always
caused by stray capacitance between the output and in-
puts or between the output and other sensitive pins on the
comparator. This is especially true with high gain-band-
width comparators like the LT1011, which are designed for
fast switching with millivolt input signal levels. The gain-
bandwidth product of the LT1011 is over 10GHz. Oscilla-
tion problems tend to occur at frequencies around 5MHz,
where the LT1011 has a gain of ~2000. This implies that
attenuation of output signals must be at least 2000:1 at
5MHz as measured at the inputs. If the source imped-
ance is 1kQ, the effective stray capacitance between
output and input must have a reactance of more than
(2000) (1k2) =2MQ, or less than 0.02pF. The actual in-
terlead capacitance between input and output pins on the
LT1011 is less than 0.002pF when cut to printed circuit
mount length. Additional stray capacitance due to printed
circuit traces must be minimized by routing the output
trace directly away from input lines and, if possible, run-
ning ground traces next to input traces to provide shield-
ing. Additional steps to ensure oscillation-free operation
are:

1. Bypass the strobe/balance pins with a 0.01uF
capacitor connected from pin 5 to pin 6. This elimi-
nates stray capacitive feedback from the output to the
balance pins, which are nearly as sensitive as the
inputs.

2. Bypass the negative supply (pin 4) with a 0.1uF
ceramic capacitor close to the comparator. 0.1xF can
also be used for the positive supply (pin 8) if the pull-
up load is tied to a separate supply. When the pull-up
load is tied directly to pin 8, use a 2uF solid tantalum
bypass capacitor.

3. Bypass any slow moving or DC input with a capacitor
(=0.014F) close to the comparator to reduce high
frequency source impedance.

4. Keep resistive source impedance as low as possible.
If a resistor is added in series with one input to bal-
ance source impedances for DC accuracy, bypass it
with a capacitor. The low input bias current of the

LT1011 usually eliminates any need for source resist-
ance balancing. A 5k imbalance, for instance, will
create only 0.25mV DC offset.

. Use hysteresis. This consists of shifting the input off-

set voltage of the comparator when the output
changes state. Hysteresis forces the comparator to
move quickly through its linear region, eliminating
oscillations by ‘‘overdriving’’ the comparator under
all input conditions. Hysteresis may be either AC or
DC. AC techniques do not shift the apparent offset
voltage of the comparator, but require a minimum in-
put signal slew rate to be effective. DC hysteresis
works for allinput slew rates, but creates a shift in off-
set voltage dependent on the previous condition of the
input signal. The circuit shown below is an excellent
compromise between AC and DC hysteresis.

Comparator with Hysteresis
+15V

INPUTS

This circuit is especially useful for general purpose
comparator applications because it does not force any
signals directly back onto the input signal source. In-
stead, it takes advantage of the unique properties of
the balance pins to provide extremely fast, clean out-
put switching even with low frequency input signals
in the millivolt range. The 0.003uF capacitor from pin
6 to pin 8 generates AC hysteresis because the volt-
age on the balance pins shifts slightly, depending on
the state of the output. Both pins move about 4mV. If
one pin (6) is bypassed, AC hysteresis is created. It is
only a few millivolts referred to the inputs, but is suffi-
cient to switch the output at nearly the maximum
speed of which the comparator is capable. To prevent

5-10
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LT1011/LT1011A

APPLICATIONS INFORMATION

problems from low values of input slew rate, a slight
amount of DC hysteresis is also used. The sensitivity
of the balance pins to current is about 0.5mV input
referred offset for each microampere of balance pin
current. The 15mQ resistor tied from output to pin 5
generates 0.5mV DC hysteresis. The combination of
AC and DC hysteresis creates clean oscillation-free
switching with very small input errors. The curve
below plots input referred error versus switching fre-
quency for the circuit as shown.

Input Offset Voltage vs Time to
Last Transition

Cg-6="0.003uF

QUTPUT "'L0" TO “HI" {1}
N I EEsi I |
QUTPUT HI" T "LO"
o) | [ [] G | [ ]
1us 10us 100ps ms
TIME/FREQUENCY

o 4 MW s N ®
o

INPUT OFFSET VOLTAGE (mV)

Note that at low frequencies, the error is simply the DC
hysteresis, while at high frequencies, an additional
error is created by the AC hysteresis. The high fre-
quency error can be reduced by reducing C, but
lower values may not provide clean switching with
very low slew rate input signals.

Input Protection

The inputs to the LT1011 are particularly suited to general
purpose comparator applications because large differen-
tial and / or common-mode voltages can be tolerated with-
out damage to the comparator. Either or both inputs can
be raised 40V above the negative supply, independent of
the positive supply voltage. Internal forward biased
diodes will conduct when the inputs are taken below the

negative supply. In this condition, input current must be
limited to 1mA. If very large (fault) input voltages must be
accommodated, series resistors and clamp diodes should
be used (see drawing below).

Limiting Fault Input Currents

v+

INPUTS R4*

D1-D4 1N4148
*MAY BE ELIMINATED FOR
IFauLT <1mA
**SELECT ACCORDING TO ALLOWABLE
FAULT CURRENT AND POWER
DISSIPATION

The input resistors should limit fault current to a
reasonable value (0.1mA to 20mA). Power dissipation in
the resistors must be considered for continuous faults,
especially when the LT1011 supplies are off. And one
final caution: lightly loaded supplies may be forced to
higher voltages by large fault currents flowing through
D1-D4.

R3 and R4 limit input current to the LT1011 to less than
1mA when the input signals are held below V~. They
may be eliminated if R1 and R2 are large enough to limit
fault current to less than 1mA.

Input Slew Rate Limitations

The response time of a comparator is typically measured
with a 100mV step and a 5mvV-10mV overdrive. Unfor-
tunately, this does not simulate many real-world situa-
tions where the step size is typically much larger and
overdrive can be significantly less. In the case of the
LT1011, step size is important because the slew rate of
internal nodes will limit response time for input step sizes
farger than 1V. At 5V step size, for instance, response
time increases from 150ns to 360ns. See the curve la-
beled Response Time vs Input Step Size for more detail.

LT R
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LT1011/LT101 1A

APPLICATIONS INFORMATION

If response time is critical and large input signals are
expected, clamp diodes across the inputs are recom-
mended. The slew rate limitation can also affect perform-
ance when differential input voltage is low, but both
inputs must slew quickly. Maximum suggested common-
mode slew rate is 10V/ps.

Strobing

The LT1011 can be strobed by pulling current out of the
strobe pin. The output transistor is forced to an ‘‘off”’
state, giving a “*hi"’ output at the collector (pin 7). Cur-
rents as low as 250uA will cause strobing, but at low
strobe currents strobe delay will be 200ns-300ns. If
strobe current is increased to 3mA, strobe delay drops to
about 60ns. The voltage at the strobe pin is about 150mV
below V* at zero strobe current and about 2V below V+
for 3mA strobe current. Do not ground the strobe pin. It
must be current driven. The drawing below shows a
typical strobe circuit.

Typical Strobe Circuit
+15V +5V

TTL OR
CMOS DRIVE (5V SUPPLY)

Note that there is no bypass capacitor between pins 5
and 6. This maximizes strobe speed, but leaves the com-
parator more sensitive to oscillation problems for slow,
low level inputs. A 1pF capacitor between the output and
pin 5 will greatly reduce oscillation problems without
reducing strobe speed.

DC hysteresis can also be added by placing a resistor
from output to pin 5. See step number 5 under *‘Prevent-
ing Oscillation Problems’’.

The pin (6) used for strobing is also one of the offset ad-
just pins. Current flow into or out of pin 6 must be kept
very low (<0.2uA) when not strobing to prevent input
offset voltage shifts.

Output Transistor

The LT1011 output transistor is truly floating in the sense
that no current flows into or out of either the collector or
emitter when the transistor is in the ‘‘off’’ state. The
equivalent circuit is shown in the drawing below.

Output Transistor Circuitry

v+

D1 D2
T
=
"
> 170Q

=

I
0.5mA

$— COLLECTOR (OUTPUT)

OUTPUT
TRANSISTOR

i
i)

EMITTER (GND PIN)

Inthe “‘off’’ state, |1 is switched off and both Q1 and Q2
turn off. The collector of Q2 can be now held at any volt-
age above V™ without conducting current, including volt-
ages above the positive supply level. Maximum voltage
above V™~ is 50V for the LT1011 and 40V for the
LT1011C. The emitter can be held at any voltage between
V* and V~ as long as it is negative with respect to the
collector.

Inthe *‘on’" state, 11 is connected, turning on Q1 and Q2.
Diodes D1 and D2 prevent deep saturation of Q2 to im-
prave speed and also limit the drive current of Q1. The
R1/R2 divider sets the saturation voltage of Q2 and pro-
vides turn-off drive. Either the collector or emitter pin can
be held at a voltage between V+ and V—. This allows the
remaining pin to drive the load. In typical applications,
the emitter is connected to V= or ground and the collector
drives a load tied to V* or a separate positive supply.

5-12
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LT1I011/LT1I01 1A

APPLICATIONS INFORMATION

When the emitter is used as the output, the collector is
typically tied toV+ and the load is connected to ground or
V. Note that the emitter output is phase reversed with
respect to the collector output so that the ** +’" and
““—*" input designations must be reversed. When the
collector is tied to V+, the voltage at the emitter in the
“‘on’’ state is about 2V below V* (see curves).

Input Signal Range

The common-mode input voltage range of the LT1011 is

about 300mV above the negative supply and 1.5V below

the positive supply, independent of the actual supply
voltages (see curve in typical performance characteris-
tics). This is the voltage range over which the output will
respond correctly when the common-mode voltage is
applied to one inputand a higher or lower signal is applied
to the remaining input. /f one input is inside the common-
mode range and one is outside, the output will be correct.
If the inputs are outside the common-made range in op-
posite directions, the output will still be correct. If both in-
puts are outside the common-mode range in the same
direction, the output will not respond to the differential in-
put; it will remain unconditionally high (collector output).

TYPICAL APPLICATIONS

Offset Balancing

R2
3.0k

Driving Load Referenced
to Positive Supply

Rioao

V' OR GROUND
v

v+ CAN BE GREATER OR LESS THANV ™+

Strobing

NOTE: DO NOT GROUND STROBE PIN.

Driving Load Referenced
to Negative Supply

INPUTS*

* INPUT POLARITY IS REVERSED WHEN
USING PIN 1 AS QUTPUT
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LT1011/LTI011A

TYPICAL APPLICATIONS
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LT10171

/LT10T1A

PRACKAGE DESCRIPTION
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