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Micropower Quad
Comparator
FEATURES BENEFITS APPLICATIONS
® Programmable Supply ® Allows User to Program ® Smart Munitions
Current Speed/Power Trade-Off
e Battery-Operated
® Ultra-Low Power ® Minimizes System Power Systems

Consumption

Requirements

® Miniaturized Systems

® Four Comparators on ® Reduces Board Space
Single Chip ® CMOS Logic Systems
e Simplifies Logic
e Direct CMOS Logic Interface ® Level Detectors
Compatibilit i
P Y e Simplifies Single- ® Window Comparators
ing N d Supply Operation
® Input Sensing Near Groun upply Op: e Oscilators and Ramp

Generators

DESCRIPTION

The L161 is a monolithic quad comparator featuring
control of both DC and AC parameters with a single
power-supply current setting resistor. Operation at
very low supply current levels with power dissipation
typically in the microwatt region makes the L161
ideally suited for battery operation. The
programmable supply current feature allows the
user to optimize the speed-power trade-off to the
specific application, truly minimizing system power
dissipation. The L161 is fabricated in a standard

bipolar process, resulting in a wide range of
operating supply voltages and currents, and
allowing low-drift operation over the entire military
temperature range. The L161 is available in the
16-pin plastic DIP. Performance grades include a
military, A suffix (-55 to 125°C), industrial, B suffix
(-25 to 85°C), and commercial, C suffix (0 to
70°C) operation.

For more information on the L161, please refer to
Siliconix Application Note AN76-7.

PIN CONFIGURATION

Flat Package

+HN  —— 3 v+
-IN g 2 1 ) IseT
+IN 2 3 14k 1 NC
N =— 4 1:.-'L 3 OUTy
-INg ¢ 5 12 y OUT,
+N 3 = 6 11 1 OUTy
-INg 7 108 1 OUT,
+N 4 ¢ : 8 g SRV

Top View

Order Numbers: L161AL/883

Dual-In-Line Package

+N 1
-INy
+N o
~IN,
=INg
+N g
-INg4
+N 4

Top View

Order Numbers:

Side Braze: L161AP, L161BP
Plastic: L161CJ
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SCHEMATIC DIAGRAM (ONE COMPARATOR)
(ONE COMPARATOR) TOUTPUT F———————— L
t o v+
BIAS NETWORK
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| |
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| |
(+) O
Ve, a j_l__ s |
7 8 10
< o] |
D4 Qg | |
| |
} o v-
Lo e e — J
ABSOLUTE MAXIMUM RATINGS
Supply Voltage ........c..oviiiiiii s 18V Power Dissipation (Package)***
430 V Flat Package ............cviiivuiiannnn 750 mW
Differential Input Voltage ...............ccooennn 13 16-pin DIP (Side braze) .................. 900 mW
INPUL VOIRAGE™ . . oo v eeeoee it inne e +18 V 16-pin Plastic DIP ..o 470 mwW
Output Short Circult Duration** ............... indefinite *  For supply voltages < 18 V, maximum input voltage is
equal to the supply voltage.
ting T t
Oper(aA sgufﬂir)npera ure _55 to 4125°C ** Continuous short circuit current is allowed for case
(B SUBIXE + v oneee e _25 to +85°C i?rgfgrature to +125°C and amblent temperature to
CSUFfIX) .. e 0 to +70°C )

{ uffix) **+ All leads welded or soldered to PC board. Derate
Storage Temperature 10 mW/°C above 75°C for the flat package, 12 mW/°C
(Aand B Suffix) .................... -85 to 150°C above 75°C for the side braze DIP and 6.3 mW/°C

(CSUffiX) ... -85 to 125°C above 25°C for the plastic DIP.

LOW POWER ELECTRICAL CHARACTERISTICS a

LIMITS
Test Conditions T35°C
Unless Otherwise Specified:}_~ R A B,C
2=125,85,70°Cl  SUFFIX SUFFIX
Vg =13V, lggr=101A 3225 -550°C
Ry =10 M) c N & b ©
PARAMETER SYMBOL TEMP | TYP | MI MA MIN | MA UNIT
INPUT

Input Offset Voltage Vos 213 1 g 8 mV

Input Offset Current los 1 1 20 25
nA

Input Blas Current lgt 1 20 100 200
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LOW POWER ELECTRICAL CHARACTERISTICS 2

LIMITS
Test Condltions To35°C
Unless Otherwise Specified:] A B,C
2=125,85,70°Cl  sUFFIX SUFFIX
Vs =13V, lger=108A 3-_25 55,0 °C
PARAMETER SYMBOL RL=10 MO TEMP | TYP °| MIN[MAX®] MIN® MAX| uniT
1,2 | 30 | 20 10
DC Open Loop A . Vimv
Voltage Gain VoL 3 30 10 5
Low Output Voltaged VoL RL =20k, 1 ]-2.95 -2.6 -2.8
v
High Output Voltaged RL= 200 k&) 1 29| 25 2.5
DYNAMIC
Positive Limit 1.3
v
Common Mode Range CMR Negative Limit 1 3.0
100 mV Overdrive
Response Time t CL=10pF 1 5 us
Romaon Moge CMRR Vin = CMR 1 | s | 75 75 dB
Power Supply
Relsotion Ratio PSRR 1 80 | 65 65 dB
All Outputs Low 1 210 325 325
Suppl e I
upply Current s R_=oo 2,3 | 210 325 as0 | HA
HIGH POWER ELECTRICAL CAHRACTERISTICS 2
a LIMITS
Test Conditions 1o25°C
Unless Otherwlise Specified:] R A B,C
2=125,85,70°C}]  SUFFIX SUFFIX
Vs =*15V, lger = 100UA  |3--25 -55,0 °C]
PARAMETER SYMBOL RL-2MQ TEMP [ TYP °| MinN[Max®] MmN max?] uniT
NPT
1 1.5 3 6
Input Offset Voltage Vos 2.3 15 6 mvV
Input Offset Current los 1 5 60 90
nA
1 100 400 800
Input Bias Current It 2.3 100 500
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HIGH POWER ELECTRICAL CHARACTERISTICS °

LIMITS
Test Conditions 1o55°C
Unless Otherwise Specified:] " o A B,C
2=125,85,70°C SUFFIX SUFFIX
Vg =*15V, Iggr = 100 HA ]3-_25,-55,0°C
Ri=2MO c b ° bl b
PARAMETER SYMBOL TEMP | TYP § MIN |MA MIN [MAX| UNIT
1,2 100 50 30
DC Open Loop AvoL : VimV
Voltage Gain 3 100 25 15
Low Output Voltage® Voo R =20k} 1 -14.9 -14.6 -14.6
\%
High Output Voltage® VoH Ry =200 k) 1 14.9 | 14.5 14.5
DYNAMIC
Positive Limit 1 13
Common Mode Range CMR v
Negative Limit 1 -15
100 mV Overdrive
Response Time t CL =10 pF 1 1 us
oo Mode CMRR Vi = CMR 1 0 | 75 75 dB
Power Supply
Rejection Ratio PSRR 1 80 65 65 dB
All Outputs Low 1 2.1 3.75 3.75
Supply Current® 1 . .
PRly s RL= 00 2,3 | 2.1 4.0 a0 | M

NOTES:

a. Refer to PROCESS OPTION FLOWCHART for additional information.

. ThrI\e glgebrﬁlc convention whereby the most negative value is a minimum and the most positive a maximum, s used in
this data sheet.

. T%plcal values are for DESIGN AID ONLY, not guaranteed nor subject to productlon testing.
The output current drive of the L1861 s non-sxmmetrlcal. This facilitates the wire-ORing of two comparator outputs.

. The output pull-down current is typically 75-100 times the pull-up current.

Set current ( IgeT) and supply current (lguppLy } can be determined by the following formulas:

o

200

[ (V+) - (2Vge) - (V) ]
Rser

lseT=

IsuppLy =21 X 1ggT
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DIE TOPOGRAPHY

Pad Function
No.
- 54 mll1s 16——* 1 N,
15 2 AN,
3 +INp
4 -IN,
4 13 5 -IN3
5 48 mlis 6 +INg
-~ 7 -INg4
12 8 +INg
6 11 9 V- (substrate)
10 ouT,
IBAJA 11 OUT,
12 ouT,
20 PNP Transistors 3 T
11 NPN Transistors 1 ouT,
1 Epi FET 15 lser
16 V+
TYPICAL CHARACTERSITICS
Input Blas Current vs. Supply Current - Supply Current vs. Temperature
1 |
= ==
it Vg = +15V
Vg = +3V H 800
10 HHE EH
600
74
() ’ 5
/'V's"=! Y (3 )400
1
200
/)
0.1 Q
1 10 100 1K 10K -40 0 40 80 120
IsuPPLY ~ SUPPLY CURRENT (LA) T - TEMPERATURE (°C)
RseTvs.VsuppLy for
Varlous | gupp s Slew Rate vs. Supply Current
LI D N S R | 200 | A 10
10 IsuppLy = 101A I = p
. 180 T > / 9
/ 5‘0 A | NEGATIVE y
8 ,/r P 160 TRANSITION // // 8
V. = 140 P’ 7
8 7 —7T 1 1004A 0 /] B pd .
Y
Rger 4 e = /] 7 POSITIVE  _ R
. H 100 y "1 TRANSITION 5\ SP*
(ML) > 250UA (V/ps ) / /' i (Vigs)
| T - 80 /' | l 4
0.8 / |/ 00 LA 60 Vg = t18V —3
‘ 4 30047 VN = +100mVp |
1717 1~ 40 R = 10 MO 2
0.4 1mA 20 C_=10pF 1
0 [ 1] o Y T N
+2 15 110 15 "] 200 400 600 800 1000
Vg - SUPPLY VOLTAGE (V) ls - SUPPLY CURRENT (LA}

NOTE: The output current drive of each comparator In the L161 is non- stmetrIcal The pull-up current Is typically
2[V+ - {V-)/RggT] and the pull-down current capability is typically from 75 to 150 times the pull-up current.
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TYPICAL CHARACTERSITICS (Cont’d)

Voltage Gain vs. Temperature

220 | I
Vg =t 15V _|
lg =1mA
180
140
AV ™
(V/mV)
100 o
—
]
60
20
-40 0 40 80 120
T - TEMPERATURE (°C)
Transfer Characteristic
e Vv b = +1I5 Vl
[—VsupPPLy = X
o b=Ta=20C AT
+
I//
+5 //
/|
& 4
-5 /
-10 /
) 200 -100 0 100 200
Vin - DIFFERENTIAL (1V)
Fall Time vs. Supply Current
with One CMOS Load
1000 3
N
AN
N
100
I suppLY
(8A)
\\
10
1 10 100

FALL TIME 90% TO 10% (us)

Voltage Gain vs. Supply Curent

120 ™1 11T
Vg=$156V
100 I a
80 ,'/
(V/>VV) 1 i
m
60 /’
= +
401 Vg = 3V
20
10 100 1k 10 k
Is - SUPPLY CURRENT (LA)
Rise Time vs. Supply Current
with One CMOS Load
1000 3
M
100 \
I suppLY S
(HA)
S
N
A
N
10
1 10 100
RISE TIME 10% TO 90% {us)
Response Time vs. Input Overdrive
Negative Transition
200115V, I = 1 mA 100 mv
vy 100 20 mv
(mv) 0 5mv
—100‘1; .
15
10
Vour 5
vV} o RL =10 MO, ]
s CL = 101 pF
~N I
10 |- 100 mv 4} 20 mv —W —
_15 ] |
0 1 2 3

TIME (4s)

NOTE: The output current drive of each comparator in the L161 is non-symmetrical. The pull-up current is typically
2{(V+) -1 -{V-)/Rgg7] and the pull-down current capabllity is typically from 75 to 150 times the pull-up current.
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TYPICAL CHARACTERSITICS (Cont’d)

Response Time vs. Input Overdrive
Positive Transition

200 Vs'= £15V ! |
| Vs = ¢
100 s =1 mA -5 mV
L
0 1
| —20.mY
-tool 100mV 20 mv 100 mv-L
Vin 15 5mVl
(mV) 4o /
5 /
0 /(
5 /
R =10 MO _]
-10 [ C_ =10 pF
-15
0 1 2 3 4 5 6

TIME (us)

NOTE: The output current drive of each comparator in the L161 is non-symmetrical. The pull-up current is typically
2[(V+) -1 ~(V-)/Rger] and the pull-down current capabllity is typically from 75 to 150 times the pull-up current.

APPLICATIONS
The L161 is a monolithic quad micropower processing. The circuit (Figure 1) is composed of
comparator with an external control for varying its five majcr blocks -- four comparators and a
AC and DC characteristics. The variation of a common bias network. Q1 - Q6 and D1 form a
single programming resistor will simultaneously darlington differential amplifier with double-to-single
alter parameters such as supply current, input bias ended conversion. Q6 is a dual current source
current, slew rate, output drive capability, and gain. whose outputs are exactly twice the current flowing
By making this resistor large, operation at very through Q8. The collector current of Q8 is a
small supply current levels and power dissipations function of the current supplied externally to Q9 -
—-- typically in the low microwatt region —- is Q10, which in turn is known as the set current or
possible. The L161 is therefore ideal for systems IseT. This set current is established by a resistor
requiring minimum power drain, such as connected between the et terminal and a voltage
battery-powered instrumentation, aerospace sys- source, most commonly the positive supply. Q11
tems, CMOS designs, and remote security prevents excessive current from flowing through Q9
systems. and Q10 in the event the IsgT terminal is shorted to n
the positive supply; it has no effect on circuit
The L161 is fabricated using standard bipolar operation under normal conditions.
r—-————-— A
=1 5as cRouT o +v
| (COMMON TO |
as I | AVeLRERS) !
: ISET
33 s —OOouT :
+N Q4 Qp 1
5 |
107 Qg
Dy Qs
O -V

Figure 1. Schematic of One Channel of the L161 Plus the Common Bias Network

8-47



L161

Siliconix
incorporated

APPLICATIONS (Cont’d)

SETTING THE SET CURRENT
The set current can be expressed as:

((V+) - (2 Vge) - (V-)

IseT = (1)
RseT

where V+ is the voltage to which the control resistor
is connected, V- is the negative supply voltage,
Vgg is the base emitter drop of Q9 or Q10 (about
0.7 V), andRgseT is the value of the external controt
resistor or set resistor. Equation 1 is simply a
derivative of Ohms Law. There is also an analytical
relationship between Isget and the total supply
current:

@)
IsuppLy = (IseT (current sourced by Q6 to Q8)

+2 IgeT (current sourced to the differential
amplifier by Q6)

+2 IseT (current sourced to the comparator
output by Q8})

X 4 (the total number of comparators)

+lggT (current sourced through Q11, Q10,
and Q9 to V-)

= (IseT + 2 IseT + 2 IseT ) X 4 + 1T
=21 IgeT

The output current pulldown capability (lon) of the
L161 is about 2 orders of magnitude greater than
the high output drive current, (IoH), which allows
wire-ORing the outputs. |on is simply the current
sourced by Q6:

loH = 2 X IggT 3)
loL is found by multiplying the current sourced by
the collector of Q6 by the gain
Q7:

loL=8 (Q7) X 2 IseT (4)

The beta of Q7 is about 75-150.

INPUT BIAS CURRENT

Input bias current is a function of the betas of input
devices Q1 - Q2 and Iget. This is difficult to
express analytically because B varies greatly with
both processing and collector current; however it is
roughly proportional to the set current and can
easily be determined experimentally (see Figure 2).

Figure 2. Input Blas Current vs. Supply

Current
100
Z
m
Vg = +3 V 1y
10 (-
Is AT
(nA) Vg = +15V
1
T
.,
0.1
1 10 100 1k 10 k
isuppLy - SUPPLY CURRENT (WA)
GAIN

Gain varies logarithmically with changes in supply
voltage and linearly with changes in set current.
Primary causes are the decrease in output
impedance of Q7 with decreasing supply voltage
and an increase in transistor betas with increasing
set current. Other AC parameters such as slew
rate and transition time are also effected by set
current; however, current dependent parameters
such as beta and chip capacitances make
mathematical expressions imprecise. These
relationships have been determined empirically and
are presented in Figure 3 and 4.
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APPLICATIONS (Cont’d)

Figure 3. Slew Rate vs. Supply Current

Figure 4. Rise and Fall Times vs. Supply
Current With One CMOS Load

200 T [ i 1000 'R
NEGATIVE 7 0 Y N
180 TRANSITION /' RISE TIME
160 v 8
Pa 4/ \‘ N
140 7 7 N,
120 7 6 \ \
SR- 100 ,/ POSITIVE -5 SR+  lsupriy 100
(Vius) P TRANSITION 4(V/us ) (MA) -
80 i
4 / [ 1 1
60 11 3 N\ N
/ Vg = 15V N
40 Vin = $100 mvp 2 FALL TIME N
RL =10 M) 41 \
2 Sy = 10 pF L ‘
° ] 1 1 1 0 10
0 200 400 600 800 1000 1 10 100

IsuppLy ~ SUPPLY CURRENT (LA)

The designer's ability to program the key
parameters of the L161 enables him to program
just enough supply current to meet his design
objectives. This coupled with the L161's
performance using only microwatts of power makes

RISE TIME 10% TO 90% ( us)

it ideal for any micropower or battery-powered
system, as well as a replacement for existing higher
power comparators. The following applications
illustrate the flexibility and unique capabilities of the
L161.

OoVs+

VREF1

Vin O——¢
10 M)

LED 2
+ 2N4400 MV 55

VREF2

OVour

ForV=4+3V
Pp =30 uw

VRers

Zero Crossing Detector

VReFs

Voltage Level Detector
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APPLICATIONS (Cont'd)
+5V
:-)V IsuppLy = 800 LA
UPPER LIMIT
R1 16
100 kL RseT
1 5S 100 kL
+ 13 . 14 \
Vin Vour R L1s1 CD4011 —O ouT
O — gL
9 7
= Enable Input
OoO—
LOWER LIMIT ForV =15V 'YqV\r
Pp = 60 uW R, 3
100 k2 1 MO
V-
Double Ended Limit Detector CMOS Line Receiver
SV Q +15 V
4 RS
Ry 15 kY
300 k€L S D2
15V ovour
L1
2 mH
R2
300 k2 $ c4 =4
10 WF
VouTt
= -12V @ 5mA co(.)z%hfiF

A Regulated DC to DC Converter

The L1681 as an X100 Operational Amplifler
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APPLICATIONS (Cont’'d)

49V
ISUPPLY = 104A

O +10 V
=)
18 S
Ry b R2
1ma$ s M3 < 2N
TRIP AJUST__ 174 L1612

2N4274
A Low Battery Indicator Square Wave Osclllator
o]
Y !suppLy = 3504A
< R3
> 50 k&) 3
12 +
IC1¢c
> 4 _ls4
75Rk'n 5: 18
2 RSET1
— 1M
IC1A
1
+ 9
5
- > R =
< 2 = -+
c 250 kL 11
o.omj 1 (31}
5V
\
c ov II/l/

A Versatile 2 ¢ Pulse Generator
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