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High Performance Voltage Comparators

The HT111, HT211 and HT311 are voltage comparators that have input currents nearly a thousand
times lower than devices like the LM 106 or LM710. They are also designed to operate over a wider
range of supply voltages: from standard +15V op amp supplies down to the single 5V supply used for
IC logic. Their output is compatible with RTL, DTL and TTL as well as MOS circuits. Further, they
can drive lamps or relays, switching voltages up to 50V at currents as high as 50 mA.Both the inputs

and the outputs of the HT111, HT211 or the HT311 can be isolated from system ground, and the
output can drive loads referred to ground, the positive supply or the negative supply. Offset balancing
and strobe capability are provided and outputs can be wire OR’ed. Although slower than the LM 106
and LM 710 (200 ns response time vs 40 ns)

Features

n Operates from single 5V supply

n Input current: 150 nA max. over

temperature n Offset current: 20 nA \

max. over temperature n Differential 3 g%_.
1 1

input voltage range: +30V

n Power consumption: 135 mW at
+15V -
1

ORDERING INFORMATION

HT311ANZ DIP8
LOGIC DIAGRAM HT311ARZ SOPS

HT311ARMZ MSOP8
Ta =-45°C to 85°C for all

packages
2 8
-+ 7
—o
PIN ASSIGNMENT
S (1 1
3 4
GND [| 1@ 81 Ve
[ ] [ ]
Input [] 2 70 Output
Input [ 3 6 [J Balance/Strobe
Input polarity is reversed when GND pin is used as an output. Ve [ 4 5[] Balance
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HT111/HT211/HT311
MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee+ Vged | Total Supply Voltage 36 \Y/
Vo - Vee Output to Negative Supply Voltage 40 \Y
Vee Ground to Negative Supply Voltage 30 \Y
Vo Input Differential VVoltage +30 \Y
Vin Input Voltage (Note) +15 \Y
- Voltage at Strobe Pin Vceto Vee -5 \Y

Power Dissipation and Thermal Characteristics
Po Plastic Dual In-Line Packages 625 mw
1/6;5 Derate above Ta =+25°C 5.0 mwW/°C

T max) Operating Junction Temperature +150 °C
Tstg Storage Temperature Range -60 to +150 °C

Note: This rating applies for £15 volt supplies. The positive input voltage limit is 30 volts above the negative
supply. The negative input voltage limit is equal to the negative supply voltage or 30 volts below the

positive supply, whichever is less.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee+ IMgeO | Total Supply Voltage 30 \Y
Ta Operating Temperature, All Package Types -45 +85 °C

ELECTRICAL CHARACTERISTICS (Vcc=+15V, Vee= -15V, T =+25°C unless otherwise noted

[Note 1])
Symbol Parameter Test Conditions Guaranteed Limits Unit
Min Max
Vio Input Offset Voltage Rs <50 kQ, Ta =+25°C 7.5 mV
(Note 2) Rs< 50 kQ, -45°C< T, < 85°C 10
lo Input Offset Current Ta=+25°C 50 nA
(Note 2) -45°C< TA<85°C 100
lis Input Bias Current Ta=+25°C 250 nA
Ta=-45°C 375
Ta=+85°C 500
Ay Voltage Gain 150000
toLH Propagation Delay Time 300 ns
Vps Saturation Voltage Ta=+25°C 1.5 \Y/
Vip £-10 mV, 1o=50 mA
ViR Input Voltage Range -14.5 13.0 \Y
lec Positive Supply Current +7.5 mA
lee Negative Supply Current -5.0 mA

NOTES:

1. Offset voltage, offset current and bias current specifications apply for a supply voltage range from a single

5.0 volt supply up to £15 volt supplies.

2. The offset voltages and offset currents given are the maximum values required to drive the output within a volt
of either supply with a 1.0 mA load. Thus, these parameters define an error band and take into account the

“worst case” effects of voltage gain and

input impedance.
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Typical Applications (Note 3) (Continued)

Digital Transmission Isolator Relay Driver with Strobe

vt

INPUTS

00570440

00570441
*Absorbs inductive kickback of relay and protects IC from severe voltage
transients on V** line.

Note: Do Not Ground Strobe Pin.

Strobing off Both Input and Output Stages (Note 2)

FROM D/A NETWORK

00570442
Note: Do Not Ground Strobe Pin.

Note 2: Typical input current is 50 pA with inputs strobed off.
Note 3: Pin connections shown on schematic diagram and typical applications are for HO8 metal can package.

Positive Peak Detector Zero Crossing Detector Driving MOS Logic
+15V

+ _
INPUT vi=50v

TO MOS LOGIC

R3
10k

00570424

00570423

*Solid tantalum
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HT111/HT211 Typical Performance Characteristics
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HT111/HT211 Typical Performance Characteristics (continued)

OUTPUT VOLTAGE (V)

INPUT VOLTAGE (mV)

SATURATION VOLTAGE (V)
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\D TN
-15
100 Vg = £15V T
50 Ta=25°C 4 |
0
0 1 2 3 a
TIME (s)

00570453

SHORT CIRCUIT CURRENT (mA)

OUTPUT VOLTAGE (V)

INPUT VOLTAGE (mV)

OUTPUT VOLTAGE (V)

INPUT VOLTAGE (mV)

140

120

100

80

60

a0

2

Input Bias Current
Input Overdrives

1T T 1
5 5V —
0} —
4 Vin 50
] 20 mv \ vO\ll —
2 = M —
5 m‘V J R
1 t2mVv
- -,
0
-~50 Vg = 115V
_ o
-100 l“ —125 (13
0 02 04 0.6 0.8
TIME (us)
00570450
Response Time for Various
Input Overdrives
T
15 20 mrvqT=
10 f5mV vt 1
|
5 T y n
0 2mVl /. Vin—y= ]
bl S
-5 ”/ r ) ourt |
K
-10 LMI11 h
-15 V- ~
0
-50 Vg = t15V
-100 Ta=25°C T
1 Il
0 1 2 3 4
TIME (p5)
00570452
Output Limiting Characteristics
T 07
Ta = 25°C
a2 $ 0.6
T P
‘;\\@\/ -
o 2
Q\Q\%’/ 05 5
N\ A pt
AN Q 04 2
D, 5
"' JzQZq 03 ;
V. 4 Cipg S
7/ UIT" cuRrReNT] 02 z
0
0
0 5 10 15

OUTPUT VOLTAGE (VI
00570454

Rev. 01



]H HTCSEMI
&£ % HT111/HT211/HT311

ypical Ferformance aracteristiCSs (Continued)

Supply Current Supply Current
s ! 10 Vs = +15V
IA =25°C s -
5 }
POSITIVE SUPPLY - = 8

< OUTPUT LOW E ~
E 4 = s POSITIVE SUPPLY —
[ 4 6
= w N OUTPUT LOW
w / -4
I POSITIVE AND «
S / NEGATIVE SUPPLY - o 4 _—
S OUTPUT HIGH > POSITIVE AND TS —
= ! & — NEGATIVE SUPPLY— -
£ @ OUTPUT HIGH
> ] 2 —
R

0 0

0 5 10 15 20 25 30 -55 -35 -15 § 25 45 65 B5 105 125
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
00570455 00570456
Leakage Currents
107 ——m
= Vs = 115V =
= )
~ 1078 4"“
z =: Y-
& < NS
: A
Q

: 1070 \Q\
3 : Y 6//”
§ %Q\\‘ /\'rl
Sqp >

“l-l 1
25 45 65 85 105 125

TEMPERATURE (°C)

00570457

HT311 Typical Performance Characteristics
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HT311 Typical Performance Characteristics (continued)

Offset Error Input Characteristics
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HT311 Typical Performance Characteristics (continued)

Response Time for Various
Input Overdrives
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HT311 Typical Performance Characteristics (continued)

Leakage Currents
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8.0 Application Hints

8.1 CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high-speed comparator such as the HT111 is used
with fast input signals and low source impedances, the out-
put response will normally be fast and stable, assuming that
the power supplies have been bypassed (with 0.1 pF disc
capacitors), and that the output signal is routed well away
from the inputs (pins 2 and 3) and also away from pins 5 and
6.

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high (1 kQ to
100 kQ), the comparator may burst into oscillation near the
crossing-point. This is due to the high gain and wide band-
width of comparators like the HT111. To avoid oscillation or
instability in such a usage, several precautions are recom-
mended, as shown in Figure 1 below.

1. The trim pins (pins 5 and 6) act as unwanted auxiliary
inputs. If these pins are not connected to a trim-pot, they
should be shorted together. If they are connected to a
trim-pot, a 0.01 pF capacitor C1 between pins 5 and 6
will minimize the susceptibility to AC coupling. A smaller
capacitor is used if pin 5 is used for positive feedback as
in Figure 1.

2. Certain sources will produce a cleaner comparator out-
put waveform if a 100 pF to 1000 pF capacitor C2 is
connected directly across the input pins.

3. When the signal source is applied through a resistive
network, Rg, it is usually advantageous to choose an Rg¢'
of substantially the same value, both for DC and for
dynamic (AC) considerations. Carbon, tin-oxide, and
metal-film resistors have all been used successfully in
comparator input circuitry. Inductive wirewound resistors
are not suitable.

4. When comparator circuits use input resistors (eg. sum-
ming resistors), their value and placement are particu-
larly important. In all cases the body of the resistor
should be close to the device or socket. In other words
there should be very little lead length or printed-circuit
foil run between comparator and resistor to radiate or
pick up signals. The same applies to capacitors, pots,
etc. For example, if Rg=10 kQ, as little as 5 inches of

lead between the resistors and the input pins can result
in oscillations that are very hard to damp. Twisting these
input leads tightly is the only (second best) alternative to
placing resistors close to the comparator.

Since feedback to almost any pin of a comparator can
result in oscillation, the printed-circuit layout should be
engineered thoughtfully. Preferably there should be a
groundplane under the HT 111 circuitry, for example, one
side of a double-layer circuit card. Ground foil (or, posi-
tive supply or negative supply foil) should extend be-
tween the output and the inputs, to act as a guard. The
foil connections for the inputs should be as small and
compact as possible, and should be essentially sur-
rounded by ground foil on all sides, to guard against
capacitive coupling from any high-level signals (such as
the output). If pins 5 and 6 are not used, they should be
shorted together. If they are connected to a trim-pot, the
trim-pot should be located, at most, a few inches away
from the HT111, and the 0.01 pF capacitor should be
installed. If this capacitor cannot be used, a shielding
printed-circuit foil may be advisable between pins 6 and
7. The power supply bypass capacitors should be lo-
cated within a couple inches of the HT111. (Some other
comparators require the power-supply bypass to be lo-
cated immediately adjacent to the comparator.)

It is a standard procedure to use hysteresis (positive
feedback) around a comparator, to prevent oscillation,
and to avoid excessive noise on the output because the
comparator is a good amplifier for its own noise. In the
circuit of Figure 2, the feedback from the output to the
positive input will cause about 3 mV of hysteresis. How-
ever, if Rg is larger than 100€2, such as 50 k<, it would
not be reasonable to simply increase the value of the
positive feedback resistor above 510 kQ. The circuit of
Figure 3 could be used, but it is rather awkward. See the
notes in paragraph 7 below.
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Application Hints (continued)

7. When both inputs of the HT111 are connected to active
signals, or if a high-impedance signal is driving the
positive input of the HT111 so that positive feedback
would be disruptive, the circuit of Figure 1 is ideal. The
positive feedback is to pin 5 (one of the offset adjust-
ment pins). It is sufficient to cause 1 to 2 mV hysteresis
and sharp transitions with input triangle waves from a
few Hz to hundreds of kHz. The positive-feedback signal
across the 82Q resistor swings 240 mV below the posi-

HT111/HT211/HT311

tive supply. This signal is centered around the nominal
voltage at pin 5, so this feedback does not add to the
Vs of the comparator. As much as 8 mV of Vog can be
trimmed out, using the 5 kQ pot and 3 kQ resistor as
shown.

These application notes apply specifically to the HT111,
HT211, HT311, and LF111 families of comparators, and
are applicable to all high-speed comparators in general,
(with the exception that not all comparators have trim
pins).

Pin connections shown are for HT111H in the HO8 hermetic package

O OUTPUT

00570429

FIGURE 1. Improved Positive Feedback

Ry
100
INPUT O—AAA—@——
4
A~
A
V-
= R

Pin connections shown are for HT111H in the HO8 hermetic package

c1
0.002 uF

510k

O 15V

p—O 0UTPUT

00570430

FIGURE 2. Conventional Positive Feedback
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Application Hints (continued)

HT111/HT211/HT311

c1
0.002 uF

00570431

FIGURE 3. Positive Feedback with High Source Resistance

Typical Applications (rin numbers
refer to HO8 package)

Zero Crossing Detector Driving MOS Switch

— v*

00570413

100 kHz Free Running Multivibrator

R1
20K

*TTL or DTL fanout of two

v¥=sv

RS
1K

SQUARE

00570414
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Typlcal Applications (Pin numbers refer to HO8 package) (Continued)

10 Hz to 10 kHz Voltage Controlled Oscillator

5mV —= 5V TRIANGULAR
o e
5mV TO 5V Q1
2N3972
R3 Z
330K
b
D1 D2
1N452 1N457 SQUARE
4 WAVE
OUTPUT
=15V
00570415
*Adjust for symmetrical square wave time when V5 =5 mV
FTMinimum capacitance 20 pF Maximum frequency 50 kHz
Driving Ground-Referred Load Using Clamp Diodes to Improve Response
FROM
LADDER 7 T

NETWORK

INPUTS*
prpu—

3

OUTPUT

ANALOG INPUT

00570417

00570416
*Input polarity is reversed when using pin 1 as output.

TTL Interface with High Level Logic

vt sy

RS
1K

TO TTL LOGIC

00570418
*Values shown are for a 0 to 30V logic swing and a 15V threshold.

tMay be added to control speed and reduce susceptibility to noise spikes.
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Typlcal Applications (Pin numbers refer to HO8 package) (Continued)

Low Voltage Adjustable Reference Supply

R1 vt=50V R4
3.9k 500

VOUY

+

C1

e,
T 1.54F*

00570422

*Solid tantalum

Positive Peak Detector Zero Crossing Detector Driving MOS Logic

+15V

TO MOS LOGIC

R3
10k

00570424
00570423

*Solid tantalum

Negative Peak Detector
+15V

00570425
*Solid tantalum
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Typlcal Applications (Pin numbers refer to HO8 package) (Continued)

Precision Photodiode Comparator

+5V

R3
1.0k

TTL
ouTPUT

00570426
*R2 sets the comparison level. At comparison, the photodiode has less than 5 mV across it, decreasing leakages by an order of magnitude.

Switching Power Amplifier

'
3
al
2N3763
2
R2
100k
v-
—— OUTPUT
R3 +
100k v
3 8
+
5 4
. LM111
1
10k 2
INPUT =AAA—@— 7 Q2
2N3735
—L c1 S R4 <
== 0.1uF i) LY %
‘—V'

00570427
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Typlcal Applications (Pin numbers refer to HO8 package) (Continued)

Switching Power Amplifier

V+

d

R1
620

1
2N3763

ouTPUT

R7
15k

REFERENCE

R8
15k

INPUT

00570428
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Schematic Diagram (Note 20)

BALANCE/STROBE BAL?NCE
6 5

R3 R4
300 300

R1
1.3k

R2
1.3k
<

HT111/HT211/HT311

¢
HSH

INPUTS
5V

2
+ 1]
Il' ' l p
D1 D2

5V

11
Q

R10
%

Q13

Q12

OUTPUT
7

|

Note 20: Pin connections shown on schematic diagram are for HO8 package.

Q15

GND
00570405
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Connection Diagrams

Note: Pin 4 connected to case

HTCSEMI
4R %

Dual-In-Line Package

GROUND 1 =g

INPUT 2 =
INPUT 3 =1

V7™ et

)

—rsV*
p=— 7 OUTPUT

p— 6 BALANCE/
STROBE

}—- 5 BALANCE

Top View

00570434

HT111/HT211/HT311

Metal Can Package

BALANCE/
STROBE

00570406

Top View
Order Number HT111H, HT111H/883(Note 21) , HT211H or HT311H

Order Number HT111J-8, HT111J-8/883(Note 21),
HT311 or HT311N

Note 21: Also available per JM38510/10304

oo —
|NPUT+:2
|NPUT—:3

Ne —
v-—3]

NC

GND

INPUT

INPUT

NC

v-

BALANCE

Dual-In-Line Package

1 om— U e 14
2 — P 13
3 n b 12
4 - P11
5 w— e 10
6 s— P
7 — ]
Top View

NC
NC
NC
vt
NC

OuTPUT

BALANCE/
STROBE

00570435

Order Number HT111J/883(Note 21)

LM111W

10
—

9
1 OUTPUT

8

L INC
7

6:| BALANCE STROBE

[ 1BALANCE

00570433

Order Number HT111W/883(Note 21), HT111WG/883

Rev. 01



HTCSEMI
4R

i

HT111/HT211/HT311

Physical Dimensions inches (millimeters) unless otherwise noted

< 0:350-0.370
(88903 398)
0.315-0.335
‘ > (8,001 —8.509)
MAX
0.025
0.165-0.185 | (0.635) Eg::gr:oum
(4.191-4.699) j
\i I !
REFERENCE PLANE ‘L == ) i CEATING PLANE
050 e P4 oos-00
2.70) MAX (0.381-1.016)
- 0.016—0.019
>l le a6 —oagy "
0.195-0.205 DIA
0.100 (4.953—5.207) P.C.
@oa0) T

0.029-0.045 #

(0.737-1.143)
0.028-0.034

{0.711-0.864) \//<

45° EQUALLY
SPACED

Metal Can Package (H)
Order Number HT111H, HT111H/883, HT211H or HT311H
NS Package Number HO8C

0.115-0.145

(2.921-3.683)
DIA

HO8C (REV E)

RO.010 TYP ’
_\ITI [71 [e] [s]
o.szo 0.31IMAX

/ 0.291 GLASS
R0.025 TYP l l

0.008

(—O.OIZTYP

I N X O R R
0.045
™ 0.065 """
0.290 [«— 0.005 GLASS
0 320 MIN /— SEALANT
0.180 } } } }
MAX 0.200 | < 0.020
WAX 0.060
L_ . }
f o150
| 0.125  MIN
0.200 l
90° £ 4° TYP
950 £ 5° TYP 0.310 0.055 MAX —»|
‘ 0.410 i BOTH ENDS
0.018 +0.003 TYP

0.100 £0.010 TYP Jo8A (REV K)

Cavity Dual-In-Line Package )
Order Number HT111J-8, HT111J-8/883
NS Package Number JOSA

Rev. 01



HTCSEMI
4R %

HT111/HT211/HT311

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.785
| (19.939)
MAX
0025 [1a] [13] [iz] [17] [ie] [o] [®]
(0.635)
RAD 0.220-0.310
(5.588-7.874)
Ll [2f =0 [ad [sf Lsf 2]
0.290-0.320 0.005 _, 0.200
(7.366-8.128) ("-“}IZIKI) "GLASS 0.060 +0.005 (5.080)
0
SEA'“‘”T {1,524 :0.127) MAX §.020-0.060
0180 o ! — (0.508—1.524)
(4.572)
f 86°94° Tv_\ )
[ 10°MAX 0.008-0.012
0.310-0.410 (0.203-0.305)
(7.874-10.41) 0.098 " L (g z;: :g gl;z)’“ w
2.489) (3.175-5.080)
MAX BOTH ENDS 0.100 +0.010 0.150
(2 540 +0.254) m
MIN J14A (REV G)
Dual-In-Line Package (J)
Order Number HT111J/883
0.189 —0.197
(4.800 —5.004)
| 8 7 6 5
0.228—0.244
{5.791—6.198)
0.010 yax
(0.254)
LEADNO. 17 ! 3 -
IDENT TYp
0.150-0.157
{3.810—3.988)
0.010-0.020 , g5o—go! g— 0.053-0.069.
(0.254-0.508) (1.386-1.753)
: : 8° MAX TYP 0.004—0.010
ALL LEADS (0.102-0.254)
L// j* L=t ¢ SEATING
} 0.008 A ? T ) \ ‘ ? PLANE
(0.102) 0.014
0.008—0.010 = 0.050 0.014-0.020
—_ ALL LEAD TIPS .| —0. 0.356) ——u —»| e TYP
{0.203—0.258) % (0.3%) =m0 nm‘"_' "~ {0356 -0.508)
TYP ALL LEADS VAL LEaoa P 008 Typ | —

(0.203)

MOBA (REV H)

Dual-In-Line Package (M)
Order Number HT311

Rev. 01



HTCSEMI
4R

i

HT111/HT211/HT311

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.373—0.400
(9.474—10.16)
0.090
> (2.286)
0.002 [ [7] [6] [5] 0.032+0.005 (81 [7]
(2.337) g L. (0.81320.127)
oI ND. 1 IDENT @ N 0.250+0.005 RAD
' o (6.35£0.127) PIN NO. 1 IDENT
oPTION1 |® e
O 2] [3] [a
—p 0:280 < 0.040
i7.11) "N 0.030 G ve—»] |« OPTION 2
Max 0.039 0.145—0.200
0.300—-0.320 (0.762) o —» (0T91] Sl T
e b=l R ¢ 20° £ 10— /<— : (3.683—5.080)
- ¢ e A 0.130+0.005 1
y  (3.302%0.127) ¢ v
A —
o 25 |4 i FE =T
: [\ : : 0.020
0.009—0.015 | 90°+4° {0.508)
(0.229-0.381) TYP MIN
0.018 40.003
+0.040 0.018:£0.003
0325 * e (0.457 £.0.076)
—> ————
(s 255 +1.u1s) . 0.100:+0.010
499 _ 0,381 (2.540£0.250)
0.045+0.015
1.1430.381 l
( ) 0.060
0.050 (1.524)
e —— .
(1.270) ~— NOBE (REV F)
Dual-In-Line Package (N)
Order Number HT311N
0.080 _,., . <0.270 MAX>
0.055 0.050 £ 0.005 —»I |<— —{ |« 0.005 MIN TYP
0.035 | 1ol e
0.026 10 6
TYP T
0.370
0.250
]
1 ]
0.270 MAX 0.260 .
GLASS 0.238
(] L_ 0.012
= 1 0.008
_/ DETAIL A
DETAIL A | 0.570 —_—
0.250
PIN #1
IDENT 1 - 5 W10A (REV E)
0.006 |l '
0.004 _»I
TYP 0.019 .o || | 0.045 MAX
0.015 TYP

Order Number HT111W/883, HT111WG/883

Rev. 01
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