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MAX965-MAX970

Single/Dual/Quad, Micropower,
Ultra-Low-Voltage, Rail-to-Rail /O Comparators

General Description Features
The MAX965-MAX970 single/dual/quad micropower e Ultra-Low Single-Supply Operation down to +1.6V
comparators feature rail-to-rail inputs and outputs, and e Rail-to-Rail Common-Mode Input Voltage Range

fully specified single-supply operation down to +1.6V.
These devices draw less than 5pA per comparator and
have open-drain outputs that can be pulled beyond V¢cc
to 6V (max) above ground. In addition, their rail-to-rail
input common-mode voltage range makes these
comparators suitable for ultra-low-voltage operation.

A +1.6V to +5.5V single-supply operating voltage range
makes the MAX965 family of comparators ideal for 2-cell
battery-powered applications. The MAX965/MAX967/
MAX968/MAX969 offer programmable hysteresis and an
internal 1.235V +1.5% reference. All devices are available
in either space-saving 8-pin UMAX® or 16-pin QSOP

e 3uA Quiescent Supply Current per Comparator

e Open-Drain Outputs Swing Beyond V¢cc

e 1.235V +1.5% Precision Internal Reference
(MAX965/967/968/969)

e 10us Propagation Delay (50mV overdrive)

e Available in Space-Saving Packages:
+ 8-Pin yMAX (MAX965-MAX968)
* 16-Pin QSOP (MAX969/MAX970)

Ordering Information

packages. PIN- PKG
A lications PART TEMP RANGE PACKAGE CODE

p2pC Il Batt P d/Portable Svst MAX965ESA -40°C to +85°C 8 SO S8-2
* c-Lel Datlery-rowered/irortable systems MAX965EUA-T  -40°C to +85°C 8 uMAX-8 Us-1
e Window Comparators MAX966ESA 40°C to +85°C 8 SO S8-2
e Threshold Detectors/Discriminators - ° .
e Mobile Communications MAX966EUA-T  -40°C to +85°C 8 uMAX-8 Us-1
e \oltage-Level Translation MAX967ESA -40°C to +85°C 8 SO S8-2
e Ground/Supply-Sensing Applications MAX967EUA-T  -40°C to +85°C 8 uMAX-8 uUs-1

Ordering Information continued on last page.

Selector Guide Typical Operating Circuit

PART INTERNAL COMP;\E;\TORS PROGRAMMABLE VIN Vee

REFERENCE PACKAGE HYSTERESIS .
MAX965 Yes 1 Yes Vee
31N+ + RpuLL-UP
MAX966 No 2 No ol
MAX967 Yes 2 Yes s ]
4] IN- Vour
MAX968 Yes 2 Yes -
MAX969 Yes 4 Yes = 5] HYST
MAX970 No 4 No 6] REF MAX965
1.235V
GND
1L
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MAX965-MAX970

Single/Dual/Quad, Micropower,

Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Absolute Maximum Ratings

Supply Voltage (VCE) - eerveemreememmieiieiieie ettt +6V
Voltages
IN_-, IN_+, REF, HYST....cccoiiiiiee -0.3V to (Vgc + 0.3V)
OUT e -0.3V to +6.0V
Current into INput Pins .......cccoooiiiiiiiiiieee e +20mA

Duration of OUT_ Short Circuit to GND or Vgg........ Continuous
Continuous Power Dissipation

8-Pin uMAX (derate 4.10mW/°C above +70°C).......... 330mw
14-Pin SO (derate 8.33mW/°C above +70°C)............. 667mwW
16-Pin SO (derate 8.70mW/°C above +70°C)............. 696mwW
16-Pin QSOP (derate 5.70mW/°C above +70°C) ....... 457TmW
Operating Temperature Range..........c.cccocoeeuene. -40°C to +85°C
Storage Temperature Range.................. ... -65°C to +150°C

Lead Temperature (soldering, 10S) ......cccccevvveveerriinnnnne +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

(Ve = +1.6V to +5.5V, Ta = TN to Tmax, unless otherwise noted. Typical values are at Vgc = 3V and Tp = +25°C.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
POWER SUPPLIES
All packages, Tp = 0°C to +85°C 1.6 55
Supply Voltage Range Vce SO/QSOP packages, Tp =-40°C to +85°C 1.7 5.5 Vv
MMAX package, Tp =-40°C to +85°C 1.8 5.5
Comparator Minimum 10 vV
Operating Voltage ’
MAX965 7.0 12
MAX966 6.0 10
Supply Current Icc MAX967/MAX968 10 16 MA
MAX969 14 22
MAX970 1 18
Power-Up Time
(Ve to output valid) Vcc stepped 0V to 5V 20 us
COMPARATOR
Power-Supply Rejection Ratio PSRR 1.7V £V £5.5V 0.1 1.0 mV/V
Ta=+25°C -0.25 Vce \Y
Common-Mode Voltage Range VCMR A
Ta=-40°C to +85°C -0.25 Ve -0.25 V
SO package 3.0
Common-mode [ n506p package 4.0
range = -0.25V to > 0
package |-40°C to +85°C 6.0
Input Offset Voltage Vos mV
SO package 7.0
Full common- QSOP package 10.0
mode range UMAX 0°C to +85°C 10.0
package | -40°C to +85°C 15.0
Input Hysteresis VHYST |HYST = REF +1 mV
) Common-mode range =-0.25V to (V¢ - 0.25V) 0.001 5
Input Bias Current Is nA
Full common-mode range, Tp = +25°C 0.001 +50
Input Offset Current los 0.2 pA
Input Capacitance CiN 7.0 pF
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MAX965-MAX970

Single/Dual/Quad, Micropower,
Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Electrical Characteristics (continued)
(Ve = +1.6V to +5.5V, Tp = TN to Timax, unless otherwise noted. Typical values are at Vo = 3V and Tp = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Common-Mode Rejection Ratio | CMRR 1.5 4.0 mV/V
HYST Input Voltage Range g%‘g':_ VREE %
HYST Input Leakage IHYST +10 nA
Hysteresis Gain 1.0 VIV
Input Voltage Noise en f=100Hz to 100kHz, Crer = 1000pF 10 MVRMS
| =100pA, 1.6V <V <27V 0.2

OUT Output Voltage Low VoL OuT H ce v
louTt = 500pA, 2.7V < Ve < 5.5V 04
Ve =55V, V =5.5V

OUT Output Leakage Current ILEAK ce OuT 1 100 nA
Vce = 1.6V, Voyt=1.6V

) R =1MQ 10mV overdrive 20

Propagation Dela tPD- PULLUP ¢ s
pagat Y CLoaD = 15pF, high to low | 50mV overdrive 10 H

REFERENCE

SO package 1.125 1.235 1.255

QSOP package 1.205 1.235 1.265
Ref Volt VREF v

elerence Vollage UMAX package, Ta = 0°C to +85°C 1205 1235 1.265

MMAX package, Tp = -40°C to +85°C 1185 1.235 1.285
Source Current IREF+ HYST = REF 15 50 pA
Sink Current IREF- 200 400 nA
Output Voltage Noise f=100Hz to 100kHz, Crgf = 0.1pF 10 MVRMS

Typical Operating Characteristics
(Vce = +3.0V, RpyLLup = 100kQ, Vom = 0V, Tp = +25°C, unless otherwise noted.)
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MAX965-MAX970

Single/Dual/Quad, Micropower,
Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Typical Operating Characteristics (continued)
(Vee = +3.0V, RpyLLup = 100kQ, Vom = 0V, Tp = +25°C, unless otherwise noted.)
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MAX965-MAX970

Single/Dual/Quad, Micropower,

Typical Operating Characteristics (continued)
(Vee = +3.0V, RpyLLup = 100kQ, Vom = 0V, Tp = +25°C, unless otherwise noted.)
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Ultra-Low-Voltage, Rail-to-Rail I/O Comparators
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MAX965-MAX970 Single/Dual/Quad, Micropower,
Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Typical Operating Characteristics (continued)
(Vee = +3.0V, RpyLLup = 100kQ, Vom = 0V, Tp = +25°C, unless otherwise noted.)
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Pin Descriptions
MAX965-MAX968
PIN
NAME FUNCTION
MAX965 | MAX966 | MAX967 | MAX968

— 1 1 1 OUTA | Comparator A Open-Drain Output

1 2 2 2 GND Ground

2 — — — N.C. No Connection. Not internally connected.

3 — — — IN+ Comparator Noninverting Input

— 3 3 3 INA+ Comparator A Noninverting Input

4 — — — IN- Comparator Inverting Input

— 4 — — INA- Comparator A Inverting Input

— 5 — 4 INB- Comparator B Inverting Input

— 6 4 — INB+ Comparator B Noninverting Input

5 . 5 5 HYST Hysteresis Input. Connect HYST to REF if not used. Input voltage range

is from VReg to (VRgf - 50mV).

6 — 6 6 REF Internal Reference Output. Typically 1.235V with respect to GND.
7 7 7 7 Vce Positive Supply Voltage, +1.6V to +5.5V

8 — — — ouT Comparator Open-Drain Output
— 8 8 8 OUTB | Comparator B Open-Drain Output

www.maximintegrated.com Maxim Integrated | 6



MAX965-MAX970

Single/Dual/Quad, Micropower,

Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Pin Descriptions (continued)

MAX969/MAX970
PIN
MAX970 NAME FUNCTION
MAX969
SO QSOP
1 1 1 ouTB Comparator B Open-Drain Output
2 2 2 OUTA Comparator A Open-Drain Output
3 3 3 VCC Positive Supply Voltage, +1.6V to +5.5V
4 4 4 INA- Comparator A Inverting Input
5 5 5 INA+ Comparator A Noninverting Input
6 6 6 INB- Comparator B Inverting Input
7 7 7 INB+ Comparator B Noninverting Input
— — 8,9 N.C No Connection. Not internally connected.
8 — — REF Internal Reference Output. Typically 1.235V with respect to GND.
9 . . HYST Hysteresis Input. Connect to REF if not used. Input voltage range is from
(VREF - 50mV) to VREF.
10 8 10 INC- Comparator C Inverting Input
1" 9 11 INC+ Comparator C Noninverting Input
12 10 12 IND- Comparator D Inverting Input
13 1" 13 IND+ Comparator D Noninverting Input
14 12 14 GND Ground
15 13 15 OUTD Comparator D Open-Drain Output
16 14 16 OouTC Comparator C Open-Drain Output

Detailed Description

The MAX965-MAX970 single/dual/quad, micropower,
ultra-low-voltage comparators feature rail-to-rail inputs
and outputs and an internal 1.235V +1.5% bandgap
reference. These devices operate from a single +1.6V
to +5.5V supply voltage range, and consume less than
5uA supply current per comparator over the extended
temperature range. Internal hysteresis is programmable
up to £50mV using two external resistors and the device’s
internal reference. The rail-to-rail input common-mode
voltage range and the open-drain outputs allow easy
voltage-level conversion for multivoltage systems. All
inputs and outputs can tolerate a continuous short-circuit
fault condition to either rail.

The MAX965 is a single comparator with adjustable
hysteresis and a reference output pin. The MAX966 is
a dual comparator without the reference and without
adjustable hysteresis. The MAX967 is a dual compara-

www.maximintegrated.com

tor configured as a dual voltage monitor with common
hysteresis adjustment and a reference output. The dual
MAX968 is similar to the MAX967, but is configured
as a window comparator. The MAX969 is a quad com-
parator with a common hysteresis adjustment and a
reference output pin. The MAX970 is a quad comparator
without a reference and without hysteresis adjustment.
(See Functional Diagrams and Selector Guide.)

Comparator Input

The MAX965-MAX970 have a -0.25V to V¢c input
common-mode range. Both comparator inputs may oper-
ate at any differential voltage within the common-mode
voltage range, and the comparator displays the correct
output logic state.

Low-Voltage Operation: Vcc Down to 1V

The minimum operating voltage is 1.6V. As the sup-
ply voltage falls below 1.6V, performance degrades
and supply current falls. The reference does not

Maxim Integrated | 7



MAX965-MAX970

Functional Diagrams

Single/Dual/Quad, Micropower,
Ultra-Low-Voltage, Rail-to-Rail I/O Comparators
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MAX965-MAX970

Single/Dual/Quad, Micropower,

Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

function below about 1.5V, although the comparators
typically continue to operate with a supply voltage as low
as 1V. At low supply voltages (<1.6V), the input common-
mode range remains rail-to-rail, but the comparator's
output sink capability is reduced and propagation delay
increases (see Typical Operating Characteristics).

Figure 1 shows a typical comparator application that monitors
Ve at 1.6V. Resistor divider R1/R2 sets the voltage
trip point (VTR|p) at 1.6V. As V¢ drops below 1.6V and
approaches 1V, the reference voltage typically falls below
the divider voltage (V+). This causes the comparator output
to change state. If OUT's state must be maintained under
these conditions, a latching circuit is required.

Comparator Output

The MAX965-MAX970 contain a unique slew-rate-
controlled output stage capable of rail-to-rail operation
with an external pull-up resistor. Typical comparators con-
sume orders of magnitude more current during switching than
during steady-state operation. With the MAX965 family
of comparators, during an output transition from high to
low, the output slew rate is limited to minimize switching
current.

Voltage Reference

With V¢ greater than 1.6V but less than 5.5V, the internal
1.235V bandgap reference is +1.5% accurate over the
commercial temperature range and +2.5% accurate over
the extended temperature range. The REF output is typically
capable of sourcing 50uA. To reduce reference noise or
to provide noise immunity, bypass REF with a capacitor
(0.1nF to 0.1yuF).

Noise Considerations

The comparator has an effective wideband peak-to-peak
noise of around 10uV. The voltage reference has peak-
to-peak noise approaching 1.0mV with a 0.1uF bypass
capacitor. Thus, when a comparator is used with the
reference, the combined peak-to-peak noise is about
1.0mV. This, of course, is much higher than the individual
components' RMS noise. Avoid capacitive coupling from
any output to the reference pin. Crosstalk can significantly
increase the references' actual noise.

Applications Information

Hysteresis

Many comparators oscillate in the linear region of operation
because of noise or undesired parasitic feedback. This
tends to occur when the voltage on one input is equal or
very close to the voltage on the other input. The MAX965—
MAX970 have internal hysteresis to counter parasitic
effects and noise. In addition, with the use of external
resistor, the MAX965/MAX967/MAX968/MAX969's
hysteresis can be programmed to as much as +50mV
(see the section Adding Hysteresis to the MAX965/
MAX967/MAX968/MAX969).

The hysteresis in a comparator creates two trip points:
one for the rising input voltage and one for the falling input
voltage (Figure 2). The difference between the trip points
is the hysteresis. When the comparator's input voltages
are equal, the hysteresis effectively causes one comparator
input voltage to move quickly past the other, thus taking
the input out of the region where oscillation occurs.

Vee

1.6V

1.0V V+
VREF

100kQ

= MAX965
ViRip= 1.2 (% + 1)

R1=<\1{T2%-1>XR2

THRESHOLDS

HYSTERESIS
BAND

Figure 1. Operation below 1.6V

www.maximintegrated.com

Figure 2. Threshold Hysteresis Band
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MAX965-MAX970

Single/Dual/Quad, Micropower,

Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Figure 2 illustrates the case in which IN- has a fixed
voltage applied, and IN+ is varied. If the inputs were
reversed, the figure would be the same, except with an
inverted output.

Adding Hysteresis to the MAX965/MAX967/
MAX968/MAX969

To add hysteresis to the MAX965/MAX967/MAX968/
MAX969, connect resistor R1 between REF and HYST,
and connect resistor R2 between HYST and GND (Figure
3). If additional hysteresis is not required, connect HYST
to REF. When hysteresis is added, the upper and lower
trip points change by the same amount in opposite direc-
tions. The hysteresis band (the difference between the
upper and lower trip points, Vyg) is approximately twice
the voltage between HYST and REF. The HYST input
voltage range is from REF down to (REF - 50mV). This
yields a hysteresis band from +1mV to a maximum of
+50mV. Calculate the values of R1 and R2 for the desired
hysteresis band with the following formulas:

R1=(Vug/2)/IReF
R2=(VRer -(VHB / 2))/ IReF

where IRgF (the current sourced by the reference) does
not exceed the REF source capability (12pA typical), and
is significantly larger than the HYST leakage current (5nA
typical). Irgf values between 0.1pA and 4pA are good
choices. If 2.4MQ is chosen for R2 (Irgr = 0.5pA), the
equation for R1 and Vg can be approximated as:

R1(kQ) = (VHB /2) /0.5 = VHB(mV)
In the MAX967/MAX968/MAX969, the HYST pin pro-

grams the same hysteresis for all comparators in the
package.

Due to the internal structure of the input developed for
ultra-low-voltage operation, the hysteresis band varies
with common-mode voltage. The graph Programmed
Hysteresis vs. Common-Mode Voltage in the Typical
Operating Characteristics shows this variation. Notice
that the hysteresis band increases to almost twice the
calculated value toward the ends of the common-mode
range. This is apparent only when programming addi-
tional hysteresis using the HYST pin. The hysteresis band
is constant when HYST is connected to REF.

Adding Hysteresis to the MAX966/MAX970

The MAX966/MAX970 do not have a HYST pin for pro-
gramming hysteresis. Hysteresis can be generated with
three resistors using positive feedback (Figure 4). This
method generally draws more current than the method
using the HYST pin on the MAX965/MAX967/MAX968/
MAX969. Also, the positive feedback method slows hys-
teresis response time. Use the following procedure to
calculate the resistor values:

1) Select R3. The leakage current of IN+ is under 5nA,
so the current through R3 should be at least 500nA
to minimize errors caused by leakage current. The
current through R3 at the trip point is (VRefr - VouT) /
R3. Taking into consideration the two possible output
states and solving for R3 yields two formulas:

R3 = VRer / 500nA
and

R3 = (VRef - Vcc / 500nA)
Use the smaller of the two resulting resistor values.
For example, if VRgr = 1.2V and V¢ = 5.0V, then the
two resistor values are 2.4MQ and 7.6mQ. For R3,
choose the 2.2MQ standard value.

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

+1.6VTO 455V
|
Rer  VoC

MAX965
MAX967
MAX968
MAX969

HYST

IREF
-—

R1

R2 GND

Vee

VIN

MAX966
MAX970
VREF

; ® ®

Figure 3. Programming the HYST Pin

www.maximintegrated.com

Figure 4. External Hysteresis
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3) Calculate R1: R1 = (R3 + R4) x (VKB / V). Putting
in the values for this example, R1 = (2.2MQ + 10kQ) x
(50mV / 5.0V) = 22.1kQ.

4) Choose the trip point for V| rising. This is the thresh-
old voltage where the comparator output transitions
from low to high as V| rises above the trip point. For
this example, choose 3.0V.

5) Calculate R2 follows:

R2 = !

ViR |11
VRer xR1) R1 R3+R4
R2 = L —14.76kQ

30V ) 1 1
1.2x22kQ) 22kQ 2.2MQ +10kQ

where VTHR is the rising-voltage trip threshold.
Choose a standard value of 15kQ.

Verify trip voltages and hysteresis as follows:

(2]
-

VN rising :

VTHR = VREF ><R1x(i+i+;j
R1 R2 R3+R4

VN falling :

R1xVee
VTHE = VTHR —| ———2&
THF = VTHR [R3+R4j

Hysteresis = VTHR - VTHF

where VTHR is the rising-voltage trip point, and VTHE
is the falling-voltage trip point.

Circuit Layout and Bypassing

Power-supply bypass capacitors are not needed if supply
impedance is low, but 100nF bypass capacitors should
be used when supply impedance is high or when supply
leads are long. Minimize signal lead lengths to reduce
stray capacitance between the input and output that might
cause instability.

www.maximintegrated.com

IR Receiver

Figure 5 shows an application using the MAX965 as an
infrared receiver. The infrared photodiode creates a cur-
rent relative to the amount of infrared light present. This
current creates a voltage across R1. When this voltage
level crosses the reference voltage applied to the invert-
ing input, the output transitions. Optional R3 provides
additional hysteresis for noise immunity.

2-Cell to TTL Logic-Level Shifter

Figure 6 shows an application using the MAX965
to convert a 2-cell voltage-level signal into a TTL-
compatible signal. The supply voltage for the comparator
comes from the 2-cell supply. The output is pulled up to
a 5V supply.

Vee R3 Vee

ReuLLup

ouT

Figure 5. IR Receiver

0.1pF .

1
2CELLS — :|:

INPUT

Figure 6. 2-Cell to TTL Logic-Level Translator
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Pin Configurations

TOP VIEW
[ ]
6ND [1] [8] our oua [1] 8] ours oura [1] 8] outs
NG [2] MAX965 7] vee GND [2] MAX966 7] vee GoND [2] mﬁ&ggg 7] Voo
IN+ [3] 6] ReEF INA+ [ 3] 6] INB+ INA+ [3] 6] REF
N- [4] 5] HysT INA- [ 4] 5] INa- INB+ [4] 5] HysT
(INB-)
SO/MAX SO/UMAX SO/MMAX
ours [1] ° 16] outc ouTB [1] 14] outc ouTs [1] 16] outc
oUTA [ 2 15] outD ouTA [ 2] 13] outD OUTA [ 2] 15] ouTD
vee [ 3] 14] oND Vee [ 3] 12] GND vee [3] 14] oND
ma-[4] MAX969  |[13] mp+ ma-[4] MAX970  [11] np+ ma-[4] MAX970  |[13] mp+
INA+ [ 5 12] IND- INA+ [ 5 [10] IND- INA+ [5 [12] IND-
INB- [ 6 [11] INC+ INB- [6 | 9] INC+ INB- [6| 1] INC+
INg+ [ 7] [10] Inc- INB+ [ 7] 5] inc- INg+ [7] [10] INC-
REF [ 9] HysT so NC. [8] 9] NC.
SO/QSOP QSOP
() ARE FOR MAX968 ONLY.
Ordering Information (continued) Chip Information
PIN- PKG TRANSISTOR COUNTS:
PART TEMPRANGE  packaGE ~ CODE MAX965 = 216
MAX968ESA -40°C to +85°C 8 SO S8-2 MAX966 = 190
MAX968EUA-T  -40°C to +85°C 8 pMAX-8 U8-1 MAX967/MAX968 = 299
MAX969ESE -40°C to +85°C 16 Narrow SO  S16-1 MAX969 = 465
MAX969EEE -40°C to +85°C 16 QSOP E16-1 MAX970 = 380
MAX970ESD -40°C to +85°C 14 SO S14-4
MAX970EEE -40°C to +85°C 16 QSOP E16-1

www.maximintegrated.com
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MAX965-MAX970 Single/Dual/Quad, Micropower,
Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Package Information

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”,
“#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing
pertains to the package regardless of RoHS status.

4X S—
8 o I 8 INCHES MILLIMETERS
MARKING DIM| MIN | MAX | MIN | MAX
A — | oo43] - 1.10
N | a1 | 0.002] 0.006] 0.05 | 0.15
AAAA a2 | 0.030] 0.037] 0.75 | 0.95
b |o0.010] 0.014| 0.25 | 0.36
so50404| E H ¢ | 0.005] 0.007] 0.13 | 0.18
| €§ D o114 ] 0122] 2.90 | 3.10
0.6401 e | 0.0256 BSC 0.65 BSC
E [o0114]o0122] 2.90 | 3.10
f H [o0.188] 0.198 | 4.78 | 5.03
L |o.016] 0.026] 0.41 | 0.66
0.6+0.1 ! ! X 0" & o &
SET T S . .
5 BOTTOM VIEW s ] (C:) Oong BSC 0.5250 BSC
TOP VIEW U8—1; U8—3; UBCN—T
A2 _[A1 A 1 1 !
— U
™ T T /
C o
~ ek —‘ Lb —1 L L
FRONT VIEW SIDE_VIEW
NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH.
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15MM (.006”).
3. CONTROLLING DIMENSION:  MILLIMETERS. maxim
4. COMPLIES TO JEDEC MO—187, LATEST REVISION, VARIATION AA. integrated
5. MARKING SHOWN IS FOR PKG. ORIENTATION ONLY. S
6. ALL DIMENSIONS APPLY TO BOTH LEADED (—) AND PbFREE (+) PKG. CODES. PACKAGE OUTLINE, 8L uMAX/uSOP
(APPROVAL DOCUMENT CONTROL NO. REV. 1
—DRAWING NOT TO SCALE- | 21—0036 L |%
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MAX965-MAX970 Single/Dual/Quad, Micropower,
Ultra-Low-Voltage, Rail-to-Rail I/O Comparators

Package Information (continued)

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”,
“#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing
pertains to the package regardless of RoHS status.

a
N /y\ COMMON DIMENSIONS VARIATION A
l;l l;l l;l l;l l;l l;l INCHES MM INCHES MM
SYMBOL SYMBOL
MIN. | MAX. | MIN. | MAX. MIN. | MaX. | MIN. | MaX.
A | 053|069 | 135 | 175 D | 189 | 197 | 480 | 500
E H Al | 004 | 010 | 040 | 025 N 8
b | 014 | 019 | 035 | 049 MS012 Iy
Q c 007 | o0 [ oas | 0es prG, | S8-2, S8-4, $8-5, SB-6F,
A A G | E | 150 | 157 | 3.80 | 4.00 CODE §g:171’?, 358, S810F,
E‘\I;' EI EI EI EI 1 L e .050 BSC 127 BSC
1 PIN 1 1D = H | 228 [ 244 | 580 | 620
L | 016 | 050 | 040 | 127 VARIATION B
TOP VIEW END VIEW « 0 8" o 8 INCHES MM
SYMBOL
MIN. | MaX. | MIN. | MaX.
D D | 337 | .344 | 855 | 875
N 14
)) I MS012 AB
;oA PG, | S14-1, Sta-4, S14-s,
| S14-6; S14M-4, S14M-S5,
el S j—t CODE | 514M-6, S14M-7
e A
SIDE VIEW VARIATION C
INCHES MM
SYMBOL
MIN. | MaX. | MIN. | MaX.
NOTES: D | 386 | .394 | 980 | 10.00
1. ALL DIMENSIONS ARE IN MILLIMETERS UNLESS OTHERWISE SPECIFIED. N 16
MS012 AC
2. MATERIAL MUST COMPLY WITH BANNED AND RESTRICTED SUBSTANCES SPEC # 10-0131. oxe, [S16-1, S1673, 165, Ste-e)
FKS. IS16-8, SI16-7F, S16-9F,
3. DIMENSIONS D AND E DO NOT INCLUDE MOLD PROTRUSION. S16-10F; SI6M-3, S16M-6

ALLOWABLE MOLD PROTRUSION IS 0.5 MM (006”> PER SIDE.

LEADS TO BE COPLANAR WITHIN 0.10mm <004, maxim
integrated
S. MEETS JEDEC MSO012

TITLE:

PACKAGE OUTLINE,

8L, 14L, 16L SOIC .150 INCH
APPROVAL DOCUMENT CONTROL NO. REV.

21-0041 | C|A

6. ALL DIMENSIONS APPLY TO BOTH LEADED ¢(-> AND PbFREE (+> PKG. CODES.

—DRAWING NOT TO SCALE-—
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
3 2/07 General updates 1-7,9, 11,12, 14
4 719 Updated Adding Hysteresis to the MAX965/MAX968/MAX969 section 10
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