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Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

General Description

The MAX976/MAX978/MAX998 single/dual/quad, high-
speed, low-power comparators are optimized for
+3V/+5V single-supply applications. They achieve a
20ns propagation delay while consuming only 300pA
supply current per comparator. The MAX998 features a
low-power shutdown which, when activated, places the
output in a high-impedance state and reduces supply
current to 1nA.

The MAX976/MAX978/MAX998 inputs have a common-
mode voltage range that extends 200mV below ground.
Their outputs are capable of Rail-to-Rail® operation
without external pull-up circuitry, making these devices
ideal for interface with CMOS/TTL logic. All inputs and
outputs can tolerate a continuous short-circuit fault con-
dition to either rail. The comparators’ internal hysteresis
ensures clean output switching, even with slow-moving
input signals.

For space-critical applications, the single MAX998 is
available in a 6-pin SOT23-6 package, the dual
MAX976 is available in an 8-pin uMAX package, and
the quad MAX978 is available in a 16-pin QSOP pack-
age.

Applications

Battery-Powered Systems
Threshold Detectors/Discriminators
3V Systems

IR Receivers

Digital Line Receivers

Typical Operating Circuit

Features

* & & 6 O o o o

20ns Propagation Delay

300pA Supply Current

1nA Shutdown Supply Current

+3V/+5V Single-Supply Operation
Rail-to-Rail Outputs

Ground-Sensing Inputs

Internal Hysteresis Ensures Clean Switching

Available in Space-Saving Packages:
SOT23-6 (MAX998)
HMAX (MAX976)
QSOP-16 (MAX978)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX976ESA -40°C to +85°C 8 SO
MAX976EUA -40°C to +85°C 8 UMAX
MAX978ESE -40°C to +85°C 16 Narrow SO
MAX978EEE -40°C to +85°C 16 QSOP
MAX998ESA* -40°C to +85°C 8 SO
MAX998EUT-T* -40°C to +85°C 6 SOT23-6

*Future product—contact factory for availability.

Pin Configurations
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Pin Configurations continued at end of data sheet

Rail-to-Rail is a registered trademark of Nippon Motorola Ltd.

MAXIMN

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 408-737-7600 ext. 3468.
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MAX976/MAX978/MAX998

Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

ABSOLUTE MAXIMUM RATINGS
SUPPIY VOIAGE (VCC) e evreeirreeiiieeniiie e +6V

SHDN (MAX998).........

All Other PinS.......coevveeeieeiiieeee
Duration of Output Short Circuit to GND or Vcc

Continuous Power Dissipation (Ta = +70°C)
6-Pin SOT23-6 (derate 7.1mW/°C above +70°C) ......... 571mw
8-Pin UMAX (derate 4.10mW/°C above +70°C)............. 330mwW

.......... -0.3V to 6V
-0.3Vto (Vcc + 0.3V)

........ Continuous

8-Pin SO (derate 5.88mW/°C above +70°C)................. 471mwW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)..696mW
16-Pin QSOP (derate 8.33mW/°C above +70°C).......... 667mwW
Operating Temperature Range .............cccoceeueee. -40°C to +85°C
Storage Temperature Range............ccccevvveveeeees -65°C to +160°C
Lead Temperature (soldering, 10S€C) .........ccccvevvuveenenrenn +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(Vcc = +2.7V to +5.5V, Vcm = 0V, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Operating Range Vce Inferred from PSRR Test 2.7 55 Vv
Supply Current per Comparator Icc 300 650 HA
Shutdown Supply Current ISHDN | MAX998 only, SHDN = 0V 1 1000 nA
Power-Supply Rejection Ratio PSRR | 2.7V <Vcc <5.5V 63 100 dB
Common-Mode Voltage Range VCMR (Note 2) -0.2 Vce-1.2 \Y
Common-Mode Rejection Ratio CMRR | 0.2V<Vcm< (Vee-1.2V) 66 95 dB
_ Ta = +25°C 0.2 +2
Input Offset Voltage Vos Vce =5V (Note 3) TA= TN 10 ToAx 3 mV
Input-Referred Hysteresis VHYS Vcce = 5V (Note 4) 0.5 15 4 mV
Input Bias Current B 75 300 nA
Input Offset Current los +5 +100 nA
OUT Output Voltage High VOoH ISOURCE = 2mA, Vcc - VoH 0.1 0.4 \%
OUT Output Voltage Low VoL ISINK = 2mA 0.1 0.4 \Y
- Sinking 74
OUT Short-Circuit Current ISHORT | Vcc =5.5V - mA
Sourcing 90
Input Capacitance CIN 3 pF
SHDN Input Voltage High VIH MAX998 only 0.8 xVce v
SHDN Input Voltage Low ViL MAX998 only 0.2 xVce v
OUT Leakage Current louT {\/"nggiBO?/”t'é”chcDN = GND, 1 1000 | nA
SHDN Input Current MAX998 only 1 1000 nA
. C =10pF, Overdrive = 5mV 28
Propagation Delay tPD VégA=D5V. (Eote 5) | Overdrive = 50mV 20 40 ns
Propagation-Delay Skew tskew | CLoAD =10pF (Note 6) 2 ns
Ereot\'fvzgeitgﬂaai':é Matching Mpp | MAX976, MAX978 only 1 ns
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Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

ELECTRICAL CHARACTERISTICS (continued)

(Vcc =+2.7V to +5.5V, Vcm = 0V, Ta = TmIN to TmAX, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Output Rise/Fall Time TRITE CLoaD =10pF 1.6 ns
Shutdown Delay Time tpis MAX998 only, Vcc =5V, Icc = 10% of typical 5 us
Wake-Up from Shutdown tEN MAX998 only, Vcc = 5V, Icc = 90% of typical 60 us
Power-Up Delay tPu Vce = 0V to 5V step, Output valid 2 us

Note 1: The MAX998EUT specifications are 100% tested at Ta = +25°C. Limits over the extended temperature range are guaran-
teed by design, not production tested.

Note 2: Inferred from CMRR test. Either input can be driven to the Absolute Maximum Limit without false output inversion, as long
as the other input is within the Common-Mode Voltage Range.

Note 3: Vos is defined as the mean of trip points. The trip points are the extremities of the differential input voltage required to make
the comparator output change state (Figure 1).

Note 4: The difference between the upper and lower trip points is equal to the width of the input-referred hysteresis zone (Figure 1).

Note 5: Propagation Delay is guaranteed by design. For low overdrive conditions, VTRIp (see Figure 1) is added to the overdrive.

Note 6: Propagation-Delay Skew is the difference between the positive-going and the negative-going propagation delay.

Typical Operating Characteristics

(Vcc = +5V, Ta = +25°C, unless otherwise noted.)
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MAX976/MAX978/MAX998

Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

(Vcc = +5V, Vem = 0V, Ta = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
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Single/Dual/Quad, SOTZ23, Single-Supply,

High-Speed,

(Vcc = +5V, Vem = 0V, Ta = +25°C, unless otherwise noted.)

PROPAGATION DELAY

Low-Power Comparators

Typical Operating Characteristics (continued)

PROPAGATION DELAY

(tp+, Vcc =5V) 10MHz RESPONSE (tpp-, Ve = V)
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Vee —
il OUTPUT I SR L e R
2V/div
d
Vout GND — Vout
2V/div 2v/div
10ns/div 20ns/div 10ns/div
Pin Description
PIN
MAX976 | MAX978 MAX998 NAME FUNCTION
SO/UMAX | SO/QSOP | SOT23-6 SO
1,3 1,357 3 3 IN_+ Comparator Noninverting Input
2,4 2,4,6,8 4 2 IN_- Comparator Inverting Input
5 9,13 2 4 GND Ground
10, 11,
6,7 14,15 1 6 OUT_ Comparator Output
8 12, 16 6 7 Vce Supply Voltage, +2.7V to +5.5V
— — — 1,5 N.C. No Connection. Not internally connected.
e Shutdown Input. Drive low for shutdown mode. Drive high or con-
— — 5 8 SHDN .
nect to Vcc for normal operation.

Detailed Description

The MAX976/MAX978/MAX998 single/dual/quad com-
parators operate from a single +2.7V to +5.5V supply.
They achieve a 20ns propagation delay while consum-
ing only 300pA of supply current per comparator. The
MAX998 features a low-power shutdown mode that
places the output in a high-impedance state and
reduces supply current to 1nA. Activate shutdown
mode by driving SHDN low.

The MAX976/MAX978/MAX998 comparator inputs have
a common-mode voltage range of -0.2V to (Vcc - 1.2V).

MAXIMN

Either input can be driven to the Absolute Maximum
Limit without false output inversion, as long as the other
input is within the Common-Mode Voltage Range. Their
push/pull output structure is capable of rail-to-rail oper-
ation without external pull-up circuitry, making these
devices ideal for interfacing with CMOS/TTL logic. All
inputs and outputs can tolerate a continuous short-cir-
cuit fault condition to either supply. The comparator’s
internal hysteresis ensures clean output switching,
even with slow-moving input signals.

866 XVIN/8LEXVIN/ILEXVIN



MAX976/MAX978/MAX998

Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

Hysteresis
Most high-speed comparators can oscillate in the linear
operating region because of noise or undesired para-
sitic feedback. This tends to occur when the voltage on
one input is equal to or very close to the voltage on the
other input. The MAX976/MAX978/MAX998 have inter-
nal hysteresis to counter parasitic effects and noise.
The hysteresis in a comparator creates two trip points:
one for the rising input voltage and one for the falling
input voltage (Figure 1). The difference between the trip
points is the hysteresis. When the comparator input
voltages are equal, the hysteresis effectively causes
one comparator input voltage to move quickly past the
other, taking the input out of the region where oscilla-
tion occurs.

Figure 1 illustrates the case where IN- has a fixed volt-
age applied and IN+ is varied. If the inputs were
reversed, the figure would be the same, except with an
inverted output.

Input-Stage Circuitry
The MAX976/MAX978/MAX998 input common-mode
voltage range is from -0.2V to (Vcc - 1.2V). The voltage
range for each comparator input extends to both Vcc
and GND rails. The output remains in the correct logic
state while one or both of the inputs are within the com-

Vhyst l
y VIRP: == = = = 2= N Vog= VIRP:* ViRp-
[ int eiatatuis N R Al 2
VIRp- = A= ==L - - - - A - - Vin-=0

COMPARATOR
OUTPUT

|— VoH
VoL

Figure 1. Input and Output Waveforms, Noninverting Input
Varied

mon-mode range. If both input levels are out of the
common-mode range, input-stage current saturation
occurs and the output becomes unpredictable.

Shutdown Mode
The MAX998 features a low-power shutdown mode,
which is activated by forcing SHDN low. Shutdown
mode reduces the supply current to 1nA (typical), dis-
ables the comparator, and places the output in a high-
impedance state. Drive SHDN high to enable the
comparator. Do not leave SHDN unconnected. Since it
is a high-impedance input, leaving SHDN unconnected
could result in indeterminate logic levels, adversely
affecting comparator operation. Likewise, do not three-
state SHDN. Due to the output leakage currents of
three-state devices and the small internal current for
SHDN, three-stating this pin could also result in indeter-
minate logic levels.

Applications Information

Circuit Layout and Bypassing
The MAX976/MAX978/MAX998 have a high-gain band-
width and require careful board layout. We recommend
the following design guidelines:

1) Use a printed circuit board with an unbroken, low-
inductance ground plane. Surface mount compo-
nants are recommended.

2) Place a decoupling capacitor (a 0.1uF ceramic
capacitor is a good choice) between Vcc and
ground as close to the pins as possible.

3) Keep lead lengths short on the inputs and outputs,
to avoid unwanted parasitic feedback around the
comparators.

4) Solder the devices directly to the printed circuit
board instead of using a socket.

5) Minimize input impedance.

6) For slowly varying inputs, use a small capacitor
(—=1000pF) across the inputs to improve stability.

MAXIMN




Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

Additional Hysteresis
Generate additional hysteresis with three resistors
using positive feedback, as shown in Figure 2. This
positive feedback method slows the hysteresis
response time. Calculate resistor values as follows:

1) Select R3. The leakage current of IN+ is under 500nA,
so the current through R3 should be at least 50pA to
minimize errors caused by leakage current. The cur-
rent through R3 at the trip point is (VREF - VOUT)/R3.
Consider the two possible output states when solving
for R3; the two formulas are

R3 = VREF/50pA
or
R3 = (VREF - VcC)/50pA.

Use the smaller of the two resulting resistor values.
For example, if VREF = 1.2V and Vcc = 5.0V, the two
resistor values are 24kQ and 76kQ. Choose a stan-
dard value for R3 of 24kQ.

2) Choose the hysteresis band required (VHB). For this
example, choose 50mV.

ViN

MAXIMN
MAX976
MAX978
MAX998

Figure 2. Additional Hysteresis

MAXIMN

3) Calculate R1. R1 = R3 x (VHB/VcC). Plugging in the
values for this example,

R1 = 24kQ x (50mV/5.0V) = 240Q.

4) Choose the trip point for VN rising. This is the
threshold voltage at which the comparator switches
from low to high as VIN rises above the trip point. In
this example, choose 3.0V.

5) Calculate R2 as follows:

R2 =

= 161W
g 3.0v 0O 1

1
H2x2400 240 ~ 24k

Choose a standard value for R2 of 150Q.
6) Verify the trip voltage and hysteresis as follows:

L 01 1 10
VN rising: V- =V X R1 X + = + =
IN g: VTHR REF % R RBE

[R1 x VCC O

Vin falling: Ve = Vipr - =3

Hysteresis = VTHR - VTHF

IR Receiver
The Typical Operating Circuit shows an application
using the MAX998 as an infrared receiver. The infrared
photodiode creates a current relative to the amount of
infrared light present. This current creates a voltage
across Rp. When this voltage level crosses the voltage
applied by the voltage divider to the inverting input, the
output transitions.

866 XVIN/8LEXVIN/ILEXVIN



MAX976/MAX978/MAX998

Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

Window Comparator
The MAX976 is ideal for making a window detector
(undervoltage/overvoltage detector). The schematic
shown in Figure 3 uses a MAX6120 reference and
component values selected for a 2.0V undervoltage
threshold and a 2.5V overvoltage threshold. Choose
different thresholds by changing the values of R1, R2,
and R3. OUTA provides an active-low undervoltage
indication, and OUTB gives an active-low overvoltage
indication. ANDing the two outputs provides an active-
high, power-good signal. The design procedure is as
follows:

1) Select R1. The leakage current into INB- is normally
100nA, so the current through R1 should exceed
10pA for the thresholds to be accurate. R1 values in
the 5kQ to 10kQ range are typical.

2) Choose the overvoltage threshold (VoTH) when VIN
is rising, and calculate R2 and R3 with the following
formula:

RsuM = R2 + R3 =R1 x [VOTH / (VREF + VH) - 1]
where VH = 1/2VHyYST.

3) Choose the undervoltage threshold (VuTH) when VIN
is falling, and calculate R2 with the following formula:

R2 = (R1 + Rsum) X [(VREF - VH) / VUTH] - R1
where VH = 1/2VHyYST.
4) Calculate R3 with the following formula:
R3 = (Rsum) - R2

5) Verify the resistor values. The equations are as
follows:

VOTH = (VREF + VH) X (Rl + R2 + R3) /R1
VUTH = (VREF - VH) X (R1 + R2 + R3) / (R1 + R2)

Vee

R3
8.21k, 1%

viv 0—"\ AN\ —

+
12
MAXIM
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2.49k,
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Figure 3. Window Comparator
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Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

Pin Configurations (continued)

TOP VIEW
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Chip Information

TRANSISTOR COUNT: 415 (MAX976)
830 (MAX978)
300 (MAX998)

MAXIMN 9
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MAX976/MAX978/MAX998

Single/Dual/Quad, SOTZ23, Single-Supply,

High-Speed, Low-Power Comparators

Tape-and-Reel Information

-

—>

D
JAR JAR \"\ d
\J

N J N N DD
PO 9 o NV A NN RNV
F Dy
M M M
O O O \CK @,
—— P ——»
Ag
+0.305
w 8.001 -0.102
P 3.988 +0.102
E 1.753 £0.102
F 3.505 +0.051 NOTE: DIMENSIONS ARE IN MM.
AND FOLLOW EIA481-1 STANDARD.
+0.102
D 1.499 +0.000
+0.254
D1 0.991 +0.000
Po 3.988 +0.102
Pol0  40.005 +0.203
P2 2.007 +0.051
A0 3.200 +0.102
BO 3.099 +0.102
KO 1.397 +0.102
t 0.254 +0.127

— > Ko
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Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

Package Information

§;
O‘EOT{ ~ SYMBOL [ MIN MAX
N A 0.90 1.45
Al 0.00 0.15
b»‘ ‘« \«e»‘ A2 0.90 1.30
b 0.35 0.50
H’ B ‘Di’ c 0.08 0.20
SEE NOTE 2 280 300
‘ T ‘ E 2.60 3.00
EXAMPLE\ £l 150 175
TOP MARK N L 0.35 0.55
o - E e 0.95 REF
| a 0° [ 1o°
Il Il
PIN #1
D
NOTE:
[% {. ALL DIMENSIONS ARE IN MILLIMETERS.
/(A FOOT LENGTH MEASURED AT INTERCEPT POINT BETWEEN
? «J» DATUM A & LEAD SURFACE.
AP 3. PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH & METAL
A ! BURR.
¢ # 4., PACKAGE OUTLINE INCLUSIVE DOF SOLDER PLATING.
r 5. PIN 1 IS LOWER LEFT PIN WHEN READING TOP MARK
f FROM LEFT TO RIGHT. (SEE EXAMPLE TOP MARK)
Al
VI Z1 X1 /VI
RRRRRRRR ARY INFORNATION
TTTTT s
PACKAGE OUTLINE, SOT23, 6L
APPROVAL DOCUMENT CONTROL NO REV 1
21-0058 c |A

MAXIMN 1
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MAX976/MAX978/MAX998

Single/Dual/Quad, SOTZ23, Single-Supply,
High-Speed, Low-Power Comparators

Package Information (continued)

8LUMAXD.EPS

E H INCHES MILLIMETERS
MIN MAX MIN MAX

A 10.036 |0.044 |0.91 111
Al [0.004 [0.008 [0.10 0.20
B [0.010 [0.014 0.25 0.36
C 10.005 |0.007 |0.13 0.18
D |06 [0.120 |2.95 3.05
e 0.0256 0.65
E |oMi6 |0120 |2.95 3.05
B H [0.188 |0.198 [4.78 5.03
L |0.0l6 |0.026 [0.41 0.66
e ) ——————————— a 0° 6° 0° 6°

wores VI A X1 VI

1. D&E DO NOT INCLUDE MOLD FLASH. PROPRIETARY INFORMATION

TITLE:
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED .1SmmC.006".

8LD uMAX PACKAGE OUTLINE DWG.
3. CONTROLLING DIMENSION: INCHES e T RN Rz’i

21-0036 D

Vi

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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