LT1011, LT1011A
VOLTAGE COMPARATORS

D3179, JANUARY 1989
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Low Input Offset Voltage ... 1.5 or
0.5 mV Max

Maximum Input Bias Current. .. 50 or 25 nA
Low Input Offset Current. .. 4 or 3 nA Max
Output Response Time . . . 250 ns Max
Voitage Gain . .. 200 V/mV Min

Output Current .. .50 mA Source or Sink
Differential Input Voltage ... 30V

Can Operate from Single 5-V Supply
Pin-Compatible with LM111 Series

Designed to be Interchangeable with Linear
Technology LT1011 and LT1011A

description

The LT1011 and LT1011A are general-purpose
comparators that are pin-compatible with the
LM111. The LT1011A offers significantly better
input characteristics than the LM111: four times
lower bias current, six times lower offset voltage,
and five times higher voltage gain. Additionally,
the supply current is considerably lower than that
of the LM111 with no loss in speed. The offset
voltage temperature coefficient of the LT1011Ais
15 MV/°C. The LT1011 and LT1011A are fully
specified for dc parameters and output response
time when operating from a single 5-V supply.

The LT1011 and LT1011A can be used in high-accuracy (= 12-bit) systems without trimming. The devices
retain all the versatile features of the LM111 including single-supply operation (3 V to 36 V) or dual-supply
operation (+1.5 V to +18 V) and a floating transistor output with 50-mA source or sink capability. The devices
can drive loads that are referenced to ground, the negative supply, or the positive supply, and are specified up
to 50 V between VoG — and the collector output. A differential input voltage up to the full supply voltage is
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allowed, even with +18-V supplies, enabling the inputs to be clamped to the supplies with simple diode

clamps.

M-suffix devices are characterized for operation over the full military temperature range of —55°C to 125°C.
C-suffix devices are characterized for operation from 0°C to 70°C.
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AVAILABLE OPTIONS
PACKAGE
V4 MAX
Ta ;?25' c CERAMIC DIP METAL CAN PLASTIC DIP
(JG) L P)
O:OC 1.5 mV LT1011CJG LT1011CL LT1011CP
70°C 0.5 mV LT1011ACJG LT1011ACL LT1011ACP
e 15mv LT1011MIG LT1011ML
125°C 0.5mV LT1011AMJG LT1011AML
PRODUCTION DATA documents contain information Copyright ©® 1989, Texas Instruments Incorporated
current as of publication date. Preducts conform to
specifications per the terms of Texas lastruments EXAS
standard warranty. Production processing does not
necessarily include testing of all parameters. lNSTRUMENTS
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LT1011, LT1011A
VOLTAGE COMPARATORS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VORAGE, VOO + - o o oo oo e e e e 18V
Supply voltage, VoG — - oo v e e e —-18V
Voitage from outputto Voo—:M-suffix ......... .. ... ... . ... i 50V
C-sUfiX . . . e 40V

Voltage from GND O VGG — « - - o oo e e e e 0V
Voltage from strobe o VO G+ -+« « v v o v e e 5V
Differential input voltage (seeNote 1) . .. ... .. .. . e +36V
Input voltage (either input, seeNote 2) .. ........ ... ... . i i Voo +
Duration of output short circuit (see Note 3) . . . ... ... .. .. . . 10s
Continuous power dissipation ... ............. .. ... . .. See Dissipation Rating Table
Operating free-air temperature range: M-suffix ............. ... ... ... .. ..... —~55°C to 125°C
Csuffix ... 0°C to 70°C

Storage temperature range .. . ... ... e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JGor L package . . ... ....... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Ppackage . ... ............ 260°C

NOTES: 1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

2. Inputs may be clamped to supplies with diodes so that the maximum input voltage actually exceeds the supply voltage by one diode
drop (refer to "input protection” in the applications section).
3. The output may be shorted to ground or to either power supply.

DISSIPATION RATING TABLE

ACKA Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C
PACKAGE POWER RATING ABOVETp =25°C  POWER RATING POWER RATING
JG (M-suffix) 1050 mwW 8.4 mW/°C 672 mwW 210 mwW
JG (C-suffix) 825 mW 6.6 mW/,°C 528 mW N/A
L {M-suffix) 825 mwW 6.6 mW/°C 528 mw 165 mwW
L {C-suffix) 650 mwW 5.2 mW/rC 416 mwW N/A
P 1000 mW 8.0 mW/rC 640 mwW N/A

recommended operating conditions

M-SUFFIX C-SUFFIX
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Voc + 15 18 v
Supply voltage, Voo -~ -15 -15 v
Input voltage, V), (see Note 4) h(€o3 =,i15 v —148 13]7145 13 Y
Voo = single 5-V 0.5 3] 05 3
Operating free-air temperature, Ta -55 125 0 70 °C

NOTE 4: See "Input Signal Range" under "Typical Application Data."
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LT1011, LT1011A
VOLTAGE COMPARATORS

electrical characteristics, Voc+ = =15V, Vic = O, Rg = O, pin 1 at VCC -, output at pin 7 (unless
otherwise noted)

PARAMETER TEST CONDITIONS Tat L1011 LT1011A UNIT
A" [MIN TYP MAX|MIN TYP MAX
I~ = 15mA Vo = 0 25°C 06 15 03 05
0 =1°mA Yo = Full range 3 1
Vio Input offset voltage myv
Rg < 50 k{1, See Note 5 25°C 2 0.78
S g Full range 3 15
Average temperature
oyio  coefficient of input See Note 6 Full range 4 25 4 15| WVFC
offset voltage
25°C 0.2 4 0.2 3
Not nA
o input offset current See Note 5 Full range 5 3
g =15mA Vg =0 25°C -20 50 -15 +25
[T:3 Input bias current 25°C -25 x65 -20 %35] nA
See Note 5 Fullrange 80 <50
Low-level strobe current
[ 25°C -500 -
ILIS)  (see Note 7) S00f wA
c ~14.5 —14.5
input
3 VicR v:gg':gg'g%de inp Fullrange| to to Y
13 13
Large-signal differential RL =1k0to Voo+.
Ay 25°C 2 0 v
& |""P_ vottage ampiification Vo= -10Vi0 145V 5 200 500 00 50 vim
o ‘F’.gg fa;g\'l“v' loL=8mA. ) range 0.4 0.4
~aA/e! Low-level output voltage v
o L Vip = =5 mV, Igg = 50 mA, Full range 15 15
Gg Pin1atoV
Vip=5mV,Pin1at-15V, 25°C 0.2 10 0.2 10
it
) |'otkg) Outputleakage current Vo = 35 V (25 V for LT1011G) [Full range 500 s0| ™
Q CMRR Common-mode rejection ratio  [ViG = VICR min: BS = 50 kQ 25°C 80 115 94 115 dB
3 lcc+  Supply current from Voo + 26°C 3.2 4 3.2 41 mA
'g IcC— _ Supply current from VoG — 25°C 1.7 -25 =17 -25| mA
- (o] fnput capacitance 25°C 6 8 pF
2 1 Full range is —55°C to 125°C for the LT1011M and LT1011AM. Full range is 0°C to 70°C for the LT1011C and LT1011AC.
© NOTES: 5. These specifications apply for single supply voltages from 5 Vto 30 V and dual supply voltages from +2.5V to +15 V for the entire
a input voltage range, and for both high and low output states. The high state isigH = 100 pAand Vo 2 (Voo + — 1V). Thelow state
islpL = 8mAand Vg < 0.8 V. Therefore, this specification defines & worst-case error band that includes effects due to common-
mode signals, voltage gain, and output load.
6. Average temperature coefficient is calculated by dividing the offset voltage difference measured at minimum and maximum
temperatures by the temperature difference.
7. This is the minimum current that must be drawn from the strobe ta ensure that the output is off regardiess of differential input voltage.
3-40 | TEXAS
NSTRUMENTS
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LT1011, LT1011A

VOLTAGE COMPARATORS

electrical characteristics, Vcc+ =5V, Vgc- =0,Vic = O,Rg = O, pin1 at0V, outputat pin7
(unless otherwise noted)

PARAMETER TEST CONDITIONS Tal LTion LT1011A UNIT
A MIN TYP MAX | MIN TYP MAX
25°C 2 0.75
Vv
vio Input offset voltage Rg = 50 k), See Note 5 Full 7arge 3 15 m
25°C 0.2 4 02 3
N
o Input offset current See Note 8 Full range s s
25°C 25 65 20 35
. N nA
hg Input bias current See Note 8 Fullrangs 30 =0
Low-level strobe current
! 25°C -500 -500
ILS)  (see Note 7) KA
05 0.5
Common-mode input
VICR valtage range Full range t; t; v
§ i i = 0.5kl to V, .
AD Large-signal F!lﬁefentlal RL =05 o Ve + 25°C 50 300 50 Vimv
voltage amplification Vo=05Vto45V
Vip=-5mV,lpL=8mA Full range 0.4 0.4
-level t v
VoL  Low-level output voltage Vip = 5V, loL = 50mA | Fullrange 5 15
ViD = 5mV, 25°C 0.2 10 0.2 10
I t nA
‘o Output leakage curren Vo = 50V (40 V for LT1011C) [Full rangs 500 560
lcc+ Supply current from Voo + 25°C 3.2 4 3.2 4] mA
lcc- Supply current from Voo - 25°C -1.7 -25 -1.7 -25{ mA

1 Full range is ~55°C to 125°C for the LT1011M and LT1011AM. Full range is 0°C to 70°C for the LT1011C and LT1011AC.

NOTES: 6. Average temperature coefficient is calculated by dividing the offset voitage difference measured at minimum and maximum
temperatures by the temperature difference.

7. This is the minimum cutrent that must be drawn from the strobe to ensure that the output is off regardless of differential input voitage.

8. These specifications apply for all single-supply voltages from 5 V to 30 V for the entire input voltage range, and for both high and low
output states. The high state is ipH = 100 pAand Vg 2 (Vog+ — 1V). Thelow state is g s 8 mA and Vg < 0.8V. Therefore, this
specification defines a worst-case error band that includes effects due to common-mode signals, voltage gain, and output load.

switching characteristics, Vec+ =5V, Vec- = 0,pin1at0V,TA = 25°C

PARAMETER TEST CONDITIONS LTiot LT1011A UNIT
MIN TYP MAX| MIN TYP MAX
Output response time Rc =500Qto5V, Cp =5pF, SeeNote9 180 250 150 250 ns

NOTE @: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the
instant when the output crosses 1.4 V.

W

Voltage Comparators

TeEXAs ‘W
INSTRUMENTS

POST OFFICE BOX 655012 = DALLAS, TEXAS 75265

3-41

il



siojesedwon abeyjjopn HN)

LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL CHARACTERISTICSt

INPUT OFFSET VOLTAGE
\'L]

COMMON-MODE INPUT VOLTAGE OFFSET ADJUSTMENT CHARACTERISTICS
2.5 — < < 08 |
Ty = 25°C S Vec: = 2165V
2.0 $ 0.6
> a
E 15 é? 0.4 ]
l Upper Common-Mode e
$ 10 Limit = Voc4+ = 1.5 V7| ‘o Change in V|Q for Current
% -4 0.2 into Pin 5 or 6
S 05 2
3 s 0
£ 0 * y
S -200 mV
g -05
_% -150 mV
T -1.0
;‘D -15 ——Vee - {or GND with -100 mV Voltage on Pins 5 and 6
hsingle supply) vee + With Respect to VCC +
-2.0 i i " -50 mV
-2.5 T ]
0 0.10.20304050607-2-1 0 50 -256 0 256 50 76 100 125 150
Vic— Common-Mode Input Voltage —V Ta—Free-Air Temperature— °C
(Referred to Supplies)
FIGURE 1 FIGURE 2
LT1011
INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
0.9 T T T -45 T T T
Vec: = 15V Vee: = 216V
0.8 -40
<
T 0.7 < _35
£ 4
§ 0.6 § -30
o 5
$ 05 O _28
0 -]
b ig —
© 04 - —20
5 N 3
a N 5
£ 03 = ~185
' A A = \
2 02 = -10 \
0.1 -5
0 o]
-50 -256 O 25 50 75 100 125 150 -50-25 O 26 50 75 100 126 150
Ta —Free-Air Temperature— °C TA—Free-Air Temperature— °C
FIGURE 3 FIGURE 4

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL CHARACTERISTICSt

INPUT VOLTAGE LIMITS
Vs
FREE-AIR TEMPERATURE

- 0 5
1 0.5
2 -0.
§' vVee+

- Positive Limit
e 1.0 et
3 pomee ™"
E -1.5
s
€ -2
>I T

0.4
[ ]
-3
2 0.3 //
-] .
>
g o2 Negative Limit
$ o L¥eC-
s ©

o L
-50 -26 0 25 50 75 100 125 150
Ta—Free-Air Temperature— °C
FIGURE 5

EQUIVALENT OFFSET VOLTAGE
vs
SOURCE RESISTANCE

100

fVec: = 16V

FTa = 25°C

LM311 {For Comparison)

bbb +

10

—LT1011M, LT1011C

o d Ll Ll

o e [ I _Il_'/’

FLT1011AM, LT1011AC

Equivalent Offset Voltage—mV

0.1
10 k 100 k
Rg—Source Resistance—

FIGURE 7

1k

1M

li—Input Current-nA

LT1011
INPUT CHARACTERISTICS
(EITHER INPUT WITH OTHER
INPUT GROUNDED)

5 T T T
Vec: = 215V
0
~B
-10
-156
-20 At -
-25 /r
-30 '/
-35
-40
-20 -15 -10 -5 O 5 10 15 20
V)—input Voltage —V
FIGURE 6
VOLTAGE TRANSFER CHARACTERISTICS
50
vee: = 30V M-sufflix
[Vec- =0 I
Ta = 25°C I C-suffix
40
> |
| Coll Output |
8 {Pin 7)
= 30 RL = 1 k0 —
J
> \
g \
?s 20 \
(2]
>
10 \ Emitter Output
{Pin 1) ]
\ AL - 6000
o 1 L 1
-05 -03 =010 01 0.3 0.5
Vip~ Ditferential input Voltage—mV

FIGURE 8

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL CHARACTERISTICSt

LOW-LEVEL OUTPUT VOLTAGE

vs
INPUT OVERDRIVE

LOW-LEVEL OUTPUT VOLTAGE
Vs

0.6 I | LOW-LEVEL OUTPUT CURRENT
> 1.0
| loL = 8 mA L[ [ ] I
e 0.5 ‘ > 09 5o
? & Pin 1 Grounded Ta = 125°C/
5 g o8 <
o \ I 1
Z 04 Ty = 125°C S M
s O \ J > 0.7 i
2 \ -1 ‘a' -~
3 \TJ = 25°C P~ g os —r<1Ta = 25°C
3 03 i © os o [ |+
3 3 LA |
3 - 2 04 +rZ Ta = —55°C]
g 0.2 Ty = -55°C 3 ’./Z’//
| 5 03 A
3 Loz 4
> 01 °
3 > o
0 (V]
< 0 1 2 3 4 5 6 0 5 10 15 20 25 30 35 40 45 50
() Input Overdrive-mV 1oL —Low-Level Output Current—mA
o FIGURE 9 FIGURE 10
«Q
[ SHORT-CIRCUIT OUTPUT CURRENT
O AND DISSIPATION
(=] OUTPUT LEAKAGE CURRENT {3 MINUTES AFTER SHORT)
3 vs vs
b~} FREE-AIR TEMPERATURE OUTPUT VOLTAGE
2 10-7 = - : ; 140 700
Ev -+ 1B V—/——— ! <
-] g = Vecs 3 X} <
o 9 " { 120 72— 600
e = Pe £ P 2
- e
g 10-8 Aot £ 100 o 7 500 |
3 N Q \ &7 g
e o 5 \ | %
e ’ 7 2 8o Vect = £15V1 400 &
= 9 30 5 | t=3min | 2
e 10~ £ 60 Vip = =10 mV ] 3009
- i b L I
& 0 .
3 £ 40 l 200 ©
i 10-10 2 I 10s (Left scale) In
° « a
= ‘ln 20 I 100
S 3 .
10-11 0 0
25 45 65 85 105 0 5 10 15
Ta—Free-Air Temperature— °C Vo —Output Voltage—V
FIGURE 11 FIGURE 12
t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
EXAS %
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LT1011, LT1011A

VOLTAGE COMPARATORS
TYPICAL CHARACTERISTICST
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
5 T 6
Ta = 26°C Vet = 165V
4 5
< <
% Icc + (Output Low) ? 4
£3 € [~~~ IcC + (Output Low}
5 / £ - | ]
z2 z [~~~
g g2
n H @ \\
1 nd — Igc -~ (Output High) he—
1 cC+ @ C f—
1fFlcc+ and - Icc - (Output High)
0 0 3
0 5 10 15 20 25 30 -50 -25 0 25 &0 75 100 125
|Vee £ | —Supply Voltge—V Ta—Free-Air Temperature— °C »
FIGURE 13 FIGURE 14 ]
]
OUTPUT SATURATION VOLTAGE ‘E
(GROUND {NPUT) QUTPUT RESPONSE TIME g
Vs vs E
OUTPUT CURRENT INPUT STEP SIZE o
5 1000 T T r T O
> vec: = 15V I ‘ ‘ I '
4 RL = 500Qto 5V )]
4 Overdrive = 5 mV g’
4 , 800 )
> c INPUT —
= | (=
H >
s 3 F—TJ - —55°C é 600
& 8 - - o
- s ] o]
5 f _———-—"‘T ) L~
£ 2 ot \ g 400
° B e £ Rising Input
4 e T, = 125°C— T = 25°C| 0 feing Inp //
°
Falling Input
>| 1 ! ! < 200 4/ g ey
. Referred to VCC + -
[*]
o
20 0
o 10 20 30 40 50 0 1 2 3 4 5 6 7 8 8 10
lo —Output Current—mA Input Step—V
FiGURE 15 FIGURE 16

t Data at high and ow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES

OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES

I [ T T T
15 [20 mVTJ, 15 Vee+ —
> i1 vee+ > \ —
1 10 15 mv ‘|’ 10 \ v
2 | -] —
o 5 - 5 t20 mV
g kel / v £ Y Vo
S ) B > 05 mv = = -
Vo - \ .~ 2 k0
5 _s E 2 -5 | —
2 = g
5 10 - 2 kQ 5 10 2 mV-—_| \ vee
e - 4 - _ -
\t\\\l Ll
15 vee - -15 | !
_ e | _ @ v 15V
g g 3 g g -rcctz-ai 5
§3 100 mv Vecs = 15V £3 100 mv A = 25°C
£ v Ta = 25°C g 3
£3 E3
- [ CE
3 0 1 2 3 4 0 1 2 3 4
t—Time—us t—Time—us
< FIGURE 17 FIGURE 18
(=]
- HIGH- TO LOW-LEVEL LOW- TO HIGH-LEVEL
(g QUTPUT RESPONSE OUTPUT RESPONSE
@ FOR VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
] v T T T T 6
9 S 5V
| g > 5
3 3 . /A
u :: 4 g 4 | OVERDRIVE vcc: - +£15 V—]
2 3 S 20 mV / TA = 25°C
Q) % 3 |—OVERDRIVE >3 5 mV
o 32 20 mV —» 3 v L/
O 3 2 9-' 2 2m y ¥ 1
= o 5 mV 5
o 2mv Q /
o 1 = o
> > Vi e
0 o]
Vec: = 215V
33 Ta = 25°C .- [‘J
£8 £ s =
52 I1oomv §>° I'lODmV
£3 5
5 5 ¢
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
t—Time—ns t—Time—ns
FIGURE 19 FIGURE 20
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATION DATA

preventing osclllation problems

Oscillation problems in comparators are often caused by stray capacitance between the output and inputs or
between the output and other sensitive pins on the comparator. This is especially true for comparators with
high gain and wide bandwidth, like the LT1011 (GBW = 10 GHz), that are designed for fast switching with
millivolt input signal levels. Because oscillation problems tend to occur at frequencies around 5 MHz, where
the LT1011 has a gain of approximately 2 V/mV, attenuation of output signals must be at least 2000:1 at5 MHz
as measured at the inputs. If the source impedance is 1 ki), the effective stray capacitance between output
and input must have a reactance of more than {2000)(1 k) = 2 MQ, or less than 2 pF. The actual inter-iead
capacitance between input and output pins on the LT1011 is less than 0.002 pF when cut to mounting length
for printed circuit boards. Additional stray capacitance due to printed circuit traces must be minimized by
routing the output trace directly away from input lines and, if possible, running ground traces next to input
traces to provide shielding.

Additional steps to prevent oscillation problems are:

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

2. Bypass the negative supply (pin 4) with 2 0.1-uF ceramic capacitor close to the comparator. A 0.1-uf
capacitor 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 2-F solid tantalum bypass capacitor.

3. Bypass any slow-moving or dc input with a capacitor {= 0.01 uF) 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,
bypass it with a capacitor to balance source impedances for de accuracy. The low input bias current
of the LT1011 usually eliminates any need for source resistance balancing. A 5-k} imbalance, for
example, creates only 0.25-mV offset. :

5. Use hysteresis, which consists of shifting the input offset voltage of the comparator when the output
changes state. Hysteresis forces the comparator to move quickly through its linear region, efiminating
oscillations by “overdriving" the comparator under all input conditions. Hysteresis may be either ac or
de. An ac hysteresis technique does not shift the apparent offset voltage of the comparator but
requires a minimum input signal slew rate to be effective. A dc hysteresis technique works for all input
slew rates but creates a shift in offset voltage dependent on the previous condition of the input signal.

The circuit shown in Figure 21 is an excellent compromise between ac and dc hysteresis. The
0.003-uF capacitor from pin 6 to pin 8 generates ac hysteresis by slightly shifting the voltage on the
balance pins; both pins move about 4 mV depending on the state of the output. If pin 6 is bypassed, a
leve! of ac hysteresis is created that is sufficient to switch the output ata speed near the comparator’s
maximum speed.

A small amount of dc hysteresis is also used to prevent problems due to low values of input slew rate. The
sensitivity of the balance pins to current is about 0.5-mV input referred offset for each microampere of balance
pin current. The 15-MQ resistor tied from output to pin 5 generates 0.5-mV dc hysteresis.

The circuit is especially usetul for general-purpose comparator applications because it does not force any
signals directly back onto the input signai source. Instead, it takes advantage of the unique properties of the
balance pins to provide extremely fast, clean output switching even with low-frequency input signals in the
millivolt range. The combination of ac and dc hysteresis creates clean oscillation-free switching with very
small input errors. The curve in Figure 22 plots input referred error versus switching frequency for the circuit
shown in Figure 21. 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-frequency error can be reduced by
reducing CH, but lower values may not provide clean switching with very low slew-rate input signals.

w
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATION DATA

INPUT OFFSET VOLTAGE
Vs
TIME TO LAST TRANSITION

INPUTS

N WA N

-

R Outout Low to High |
0 i 1
Output High to Low
1 J

50 kiz)| | || (5 kra| | |

il

10 100 1000
t—Time—us

FIGURE 21. COMPARATOR WITH HYSTERESIS FIGURE 22

Vjo—Input Offset Voltage -mV

-2

Input protection

The inputs to the LT1011 are particularly suited to general-purpose comparator applications because large
differential and/or commaon-mode voltages can be tolerated without damage to the comparator. Either or both
inputs can be raised 40 V above the negative supply, independent of the positive supply voltage. Internal
forward biased diodes conduct when the inputs are taken below the negative supply. In this condition, input
current must be limited to 1 mA. If very large (fault) input voltages must be accommodated, series resistors
and clamp diodes should be used, as shown in Figure 23,

si0)jesedwo?) abejjoAn !
|

Vee+
I
R1 300¢Q
{See Note C} {See Note B)
—WA- . a— N8
INPY {See Note C) LT1013
— AAA— ® smA—- A
R4
D3 DAL 3509
(See Note B}

vee -

NOTES: A. D1-D4 1N4148.
B. May be eliminated for fault current < 1 mA.
C. Select according to allowabie fault current and power dissipation.

FIGURE 23. LIMITING FAULT INPUT CURRENTS
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATION DATA

The input resistors should fimit fault current to a value between 0.1 mA and 20 mA. Power dissipation in the
resistors must be considered for continuous faults, especially when the LT1011 supplies are off. 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 1 mA when the input signals are held below Vcc—.
They may be eliminated if R1 and R2 are large enough to limit fault current to less than 1 mA.

input slew rate limitations

Inthe LT1011, step size is important because the slew rate of internal nodes increases response time for input
step sizes larger than 1 V. For example, at 5-V step size, response time increases from 150 ns to 360 ns (see
Figure 16). If response time is critical and large input signals are expected, clamp diodes across the inputs are
recommended. The slew rate limitation can also affect performance when differential input voltage is low, but
both inputs must slew quickly. The maximum suggested common-mode slew rate is 10 V/us.

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 high output at the collector (pin 7). Currents as low as —250 wA may cause strobing, but when
the strobe current is Jow, strobe delay increases to between 200 ns and 300 ns. If strobe current is increased
to —3 mA, strobe delay drops to about 60 ns. When the strobe current is 0, the voltage at the strobe pin is
approximately 150 mV below VCG +; when the strobe current is increased to —3 mA, the strobe pin voltage is
approximately 2 V below VG +. Do not ground the strobe pin; it must be current driven.

W

Figure 24 shows a typical strobe circuit. Note that there is no bypass capacitor between pins 5 and 6, which
maximizes strobe speed but leaves the comparator more sensitive to oscillation problems for slow, low-level
inputs. A 1-pF capacitor between the output and pin 5 greatly reduces oscillation problems without reducing
strobe speed.

15V 5V

Voitage Comparators

TTL OR CMOS DRIVE
{5-V SUPPLY)

FIGURE 24. TYPICAL STROBE CIRCUIT

Placing a resistor from the output to pin 5 adds dc hysteresis. See step number 5 under "preventing oscillation
problems."

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

output transistor

When the LT1011 output transistor is in the off state, negligible current flows into or out of the collector or
emitter. The equivalent circuit is shown in Figure 25.
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LT1011, LT1011A

VOLTAGE COMPARATORS
TYPICAL APPLICATION DATA
Vee+
b
I §
0.5 mA E
D1 D2
9—COLLECTOR (OUTPUT}
Q12
< R12
$ar00
vee- 1 Q15 OUTPUT TRANSISTOR
1 EMITTER (GND PIN)

siojesedwo?) abejjopn !

FIGURE 25. OUTPUT TRANSISTOR CIRCUITRY

output transistor (continued)

In the off state, 14 is switched off and both Q12 and Q15 turn off. The coltector of Q15 can then be held above
VG C— without conducting current. The maximum voltage above VGG — is 50 Vfor the LT1011 and 40 Vforthe
LT1011C (these maximum voltages may exceed VGC+). The emitter can be held at any voltage between
Veo— and Voo + as long as the voltage is negative with respect to the collector.

Inthe on state, |1 is connected, which turns on both Q12 and Q15. Diodes D1 and D2 prevent deep saturation
of Q15 to improve speed and also limit the drive current of Q12. The R11/R12 divider sets the saturation
voltage of Q15 and provides tum-off drive. Either the collector or emitter pin can be held at a voltage between
Voc— and Voe+. which allows the remaining pin to drive the load. In typical applications, the emitter is
connected to VG- or ground, and the collector drives a load tied to VGG + or a separate positive supply.

When the emitter is used as the output, the collector is typically tied to VCC +, and the load is connected to
ground or VoG —. 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 VCC+, the voltage at the
emitter in the one state is about 2 V below VGG +.

input signal range

The input voltage range of the LT1011 is typically 300 mV above the negative supply and 1.5V below the
positive supply, independent of the actual supply valtages. This is the input voltage range over which the
output will respond correctly when a voltage within the range Is applied to one input and a higher or lower
signal is applied to the other input. If one input is inside the range and one is outside, the output will be
correct. If both inputs are outside the rangse, in opposite directions, the output will still be correct. If, however,
both inputs are outside the range in the same direction, the output will not respond to the differential input; it
will remain unconditionally off.

3-50
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATIONS

Vce - OR GROUND
Vee -
NOTE: Vc can be greater or less than Vce 4 -

FIGURE 28. DRIVING LOAD REFERENCED TO
POSITIVE SUPPLY

vee+ Ve

INPUTS
(See Note A)

3

Vee-

NOTE A: Input polarity is reversed when using
Pin 1 for output.

NOTE: Do not ground strobe pin. FIGURE 29. DRIVING LOAD REFERENCED TO
FIGURE 27. STROBING NEGATIVE SUPPLY
CURRENT-MODE INPUT 2 A
(DAC, ETC)
7
QUTPUT
02 LT1011
3 —_
VOLTAGE
INPUT A1

GROUND OR LOW-
IMPEDANCE REFERENCE

FIGURE 30. USING CLAMP DIODES TO IMPROVE FREQUENCY
RESPONSE (See Figure 16}

Voltage Comparators H

Texas
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LT1011, LT1011A

Hl

VOLTAGE COMPARATORS
TYPICAL APPLICATIONS
vee+ Ve
2 {See Note B)
NPUTS Ve«
(See :Mot‘ej A) l

3

Vee- L

NOTES: A. Input polarity is reversed when using Pin 1 for output.
B. V¢ may be any voltage above Vee - Pin 1 swings
to within approximately 2 V of Vog 4+

FIGURE 31. DRIVING LOAD REFERENCED
TO GROUND

V
5k cC+

LT1011

FIGURE 33. DIRECT STROBE DRIVE WHEN
CMOS LOGIC USES SAME Vce +
SUPPLY AS LT1011
{Not applicable for TTL logic)

2Ry

3 {See Note B}
vec+
R
<
=3
-
@
[ TTL OR CMOS
5V
(@] =
s NOTES: A. Hysteresis is approximately 0.45 mV/uA change in
current in Ry.
g B. This resistor causes hysteresis to be centered around
E Vio-
8 FIGURE 32. COMBINING OFFSET ADJUSTMENT FIGURE 34. COMBINING OFFSET ADJUSTMENT
a AND HYSTERESIS AND STROBE
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INSTRUMENTS

POST OFFICE BOX 655012 + DALLAS, TEXAS 75265



LT1011, LT1011A
VOLTAGE COMPARATORS

HIGH
LMIT

vi

LOW
LumMIT

NOTE: Output is high inside ‘‘window’’ and low

FIGURE 36. WINDOW DETECTOR

TYPICAL APPLICATIONS

1BV

s

4 L

+
1
s0.F L S1ke

Q1 (See Note B)

<R2
S470

2N6e867

M(:H’()H-TA(:I'I—-I
GLOBE 397A120-2|

Q R3Z
(See Nots A}
10 k0 S

5BV

M
7

(1)
N

>
-5V TO 1 ko

-15V o—lav
INPUT

NOTES: A. R3/C2 determines oscillation frequency of controller.
B. Q1 operates in switch mode.

FIGURE 35. HIGH-EFFICIENCY MOTOR SPEED CONTROLLER

Vee+

above high limit or below law limit.

i"”

Voltage Comparators H

5V
10k
VW $50 kn
> <
21k0
9—OuT
{ 10 k2
%10 Kt
FIGURE 37. CRYSTAL OSCILLATOR
TeExas *’? 3.53
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LT1011, LT1011A

VOLTAGE COMPARATORS

Al

—

1
= {See Note D)
0.015 uF

c

W
2z
]
=1
)
»

TYPICAL APPLICATIONS

25 kQ < Rg = 200 kQ

{See Note C}
15V

(Ses Note B) <

10k0S

BUFFERED
OUTPUT

SN74HCO04

S 10 kQ
{See Note B)

10

~AA—15 V

Wy

k@

(Sea Note B)

bias current of the comparator.

. Low drift and accurate frequency are obtained because this configuration rejects effects due to input offset voltage and input

B. 1% metal film.
< C. Rg = TRW type MTR-5/ + 120 ppm/°C.
o D. C1 = 0.015 yF = polystyrene : 120 ppm/°C +30 ppm WESCO type 32-P.
— E. Comparator contributes = 10 ppm/°C drift for frequencies below 10 kHz.
8 FIGURE 38. LOW-DRIFT R/C OSCILLATOR
@ 3.9 k2
R1
g 1 kQ
FULL-SCALE _
k=) TRIM Y
2 R2 = uF
(See Note)
9' 6.49 k2 0.001
0 15V
- IZO 16 17 INPUT
[/ ] o—-10V
19 1 Ra 5v
6012 12-BIT {See Note)
13| D/A CONVERTER 2.49 k@ RS
_[___ 18 o - 2 1kQZ
= 2o B P e RPRD 2 7
o—9 o R62 p
o— 8200 < 3
PARALLEL J O—— —o L PARALLEL — — >
OUTPUTS 1) O- o OUTPUTS - - . LT1011A
o— o -
a |5 [6 |7 |8 Jo I1e 1701819 20]21 SERIAL OUTPUT  gn7475
5 v—24 D 8 1
AM2504
SAR REGISTER - o1
CC| c
E 5 CP S| .
-]:2 l I LATCH
= = START CLOCK f=1.4 MHz
NOTE: R2 and R4 should TC track.
FIGURE 39. 10-us 12-BIT A-D CONVERTER
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATIONS
5V
R3
R2 S1k
(see Note A} 7-? .\".“?
R1
60 Hz g 330 kD N Juus
INPUT 8
2v-25V OUTPUT
rms

60 Hz

NOTES: A. Increase R1 for larger input voltages.
B. LT1011 self-oscillates at approximately 60 Hz, thereby “‘lacking’’ onto incoming line signal.

FIGURE 40. NOISE-IMMUNE 60-Hz LINE SYNCHRONIZATION

W

R4 R?

(]
15V 1"51'1 47k i
R1 c1 [*]
4.7 k@ 0.002 uF 16
POLYSTYRENE ©
o L -]
4 o
a2 15V £
5 kit R5<

FULL-SCALE T BV 2k3 Re =
eyt _ TRIM . 2 ko o
o-10Vv i LINEARITY = 0.01% o
7 o
15V o
10 Hz R16 -
TRIM 50 k0 o
-5V >

15V 0.002 uF ” ” ||

[ 16 V TTL QUTPUT
’_)}?) pF 10 Hz-100 kHz
)| AN o2 3RO
il R11 <2.7 k9 1.5 ps—p| j¢—
R15 <R14 20 kgt
22 k 1k 4
R12 =
= 100 k9
L 2 Av‘v‘v
a1 At R13
(See Note B) T2uF 620 k@
-15V

NOTES: A. All diodes 1N4148, transistors 2N3904.
B. Used only to guarantee start-up.
C. R17 may be increased for better 10-Hz trim resolution.

FIGURE 41. 10-Hz TO 100-kHz VOLTAGE-TO-FREQUENCY CONVERTER

7
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATIONS

{See Note B)
(See Note A}

T
T

NOTES: A. Mylar
B. Set for required reset time constant.

FIGURE 42. POSITIVE PEAK DETECTOR

15V
b
2 -
1 MQ 3
N8 10 k0 LT1008>Sé—0uTPUT
{See Note B) | . N7 214 8
INPUT — A — 2+ 1 100 pF
2 k0 ———|
Th
-15V L (See Note A)

NOTES: A. Myilar
B. Select for required reset time constant.

FIGURE 43. NEGATIVE PEAK DETECTOR

si0)esedwo”) abejjop N
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATIONS

1m0
—AM———
4.7 kQ D [
v AMA—
) |
347 k1 OFfMaA | — |

(see Nota 81 $4 |

~N

OUTPUT

w

15V
5 k(2

THRESHOLD 7]

]

o

-t

[

.

©
g

3

Y]
=)

[

NOTES: A. The comparators drive the opto-coupled FET “‘on’’ when the difference between the output and the input exceeds threshold. 3=
When the output approaches the input, the FET turns '‘off” and low-pass filtering occurs. [=]

B. From Theta-J Corporation, Waburn, Massachusetts. >

FIGURE 44. FAST-SETTLING FILTER
| TEXas ‘QP 3-57
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATIONS

0.033 uF

U T

AC INPUT WA-0—§

HP5082-2800 (4)

RECTIFIED
OUTPUT

-5V =

FIGURE 45. 100-kHz PRECISION RECTIFIER

INPUT
o-10vV o 5 v
RS
47 k0 R6
2p8 ==C8 4.7k
I _)c4 + g 0.01 uF
7
= 0.01 4F LT1011 '
3 i CLOCK OUTPUT =1 COUNT
1 1 MHz PER mV. f=1 MHz

C2 1
{See Note C)
15 pF =

siojesedwo?) abejjop N

START

NOTES: A. All diodes 1N4148
B. Polystyrene
C. NPO

FIGURE 46. 4-DIGIT {10,000-COUNT) A-D CONVERTER

Exas W
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LT1011, LT1011A

VOLTAGE COMPARATORS
TYPICAL APPLICATIONS
TH = [Cpmax tpFI] [T ps/pF]
I | I | Ty = 10 « Cpax * (1 us/pF)
TTL OR CMOS D1
{OPERATING——4
ON 5 V)
10 p.F;\
{See Note B}
c=
{See Note C)7
D2 10 4F
(See Note BY {See Note B) 459: Note 81

NOTES: A. PW = {(R2 + R3) « (C) + [(R1 + R4)/R1]. The input capacitance of the LT1011 is approximately 6 pF. This is an offset term.
B. These components may be eliminated if negative supply is available (-1 V to - 15 Vi.
C. Typical two sections of 365-pF variable capacitor when used as shaft-angle indication.

FIGURE 47. CAPACITANCE-TO-PULSE-WIDTH CONVERTER

Voltage Comparators

7
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