19-1767; Rev 0; 10/00

AKXV

Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

General Description Features

The MAX9030/MAX9031/MAX9032/MAX9034 single/ ¢ Low-Cost Solution Available in Space-Saving

dual/quad comparators are optimized for single-supply SC70 Packages (MAX9030/MAX9031)

applications from +2.5V to +5.5V but can also be oper-
ated from dual supplies. These comparators have a +2.5 to +5.5V Single-Supply Voltage Range

188ns propagation delay and consume 35pA of supply
current per comparator over the -40°C to +125°C oper-
ating temperature range. The combination of low-
power, single-supply operation down to +2.5V, and
ultra-small footprint makes these devices ideal for
portable applications.

The MAX9030 is a low-cost single comparator with
shutdown. The MAX9031, MAX9032, and MAX9034 are
low-cost single, dual, and quad comparators without
shutdown, respectively. The comparators’ 4mV of built-
in hysteresis provides noise immunity and prevents
oscillations even with a slow-moving input signal. The
input common-mode range extends from the negative
supply to within 1.1V of the positive supply. The design
of the comparator output stage substantially reduces
switching current during output transitions, virtually
eliminating power-supply glitches.

Comparator Output Swings Rail-to-Rail®
Internal 4mV Comparator Hysteresis
188ns Propagation Delay

Low 35pA Supply Current

No Phase Reversal for Overdriven Inputs

® & & & o oo o

Space-Saving Packages
5-Pin SC70 (MAX9031)
6-Pin SC70 (MAX9030)
8-Pin SOT23 (MAX9032)
14-Pin TSSOP (MAX9034)

Ordering Information

The MAX9030 single comparator with shutdown is avail- PART TEMP. RANGE PIN-PACKAGE
able in the space-saving 6-pin SC70 and SOT23 pack- MAX9030AXT-T ~ -40°Cto +126°C  6SC70
ages. The MAX9031 single comparator is available in tiny MAX9030AUT-T -40°C to +125°C 6 SOT23
5-pin SC70 and S.OT23I packages. The MAX9032 dual MAX9031AXK-T ~20°C to +125°C 5 SC70
comparator is available in 8-pin SOT23 and uMAX pack- O .
ages, and the MAX9034 quad comparator is available in MAX9031AUK-T ~40°C to +125°C 550723
a 14-pin TSSOP package. MAX9032AKA-T -40°C to +125°C 8 SOT23
Applications MAX9032AUA* -40°C to +125°C 8 UMAX
Battery-Powered Digital Line Receivers MAX9032ASA 40°C10+125°C 850
Portab|e Systems Key|eSS Entry SyStemS MAX9034AUD -40°C to +125°C 14 TSSOP
Mobile Communications Threshold Detectors/ MAX9034ASD -40°C to +125°C 14 SO

Sensor Signal Detection Discriminators

Photodiode Preamps

*Future product-contact factory for availability.

Typical Application Circuit appears at end of data sheet.

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

MAXIN

For price, delivery, and to place orders, please contact Maxim Distribution at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.
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MAX9030/MAX9031/MAX9032/MAX9034

Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VDD t0 VSS) «vvivvveeiiiiiiiieiiciice -0.3V to +6V
Voltage Inputs (IN+, IN-to VsS). ...ooveenenn. -0.3Vto (Vpp + 0.3V)
Differential Input Voltage (IN+ t0 IN-=) ..o, +6.6V
Output Short-Circuit

Duration ..o 2s to Either Vpp or Vss
Current into ANY PiN ..o 20mA

Continuous Power Dissipation (TA = +70°C) ..coovoiiiiiiiiiiiine
5-Pin SC70 (derate 3.1mW/°C above +70°C)......
5-Pin SOT23 (derate 7.1mW/°C above +70°C)....
6-Pin SC70 (derate 3.1mW/°C above +70°C)......
6-Pin SOT23 (derate 8.7mW/°C above +70°C).............

8-Pin SOT23 (derate 9. 1mW/°C above +70°C)............. 72TmW

8-Pin uMAX (derate 4.5mW/°C above +70°C)

8-Pin SO (derate 5.88mW/°C above +70°C).................

14-Pin TSSOP (derate 9. 1mW/°C above +70°C) .......... 72TmW

14-Pin SO (derate 8.33mW/°C above +70°C)............... 667mwW
Operating Temperature Range

Automotive Application...........ccccevviiiiiiinn. -40°C to +125°C

Junction Temperature.................
Storage Temperature Range ............... ....-65°C to +150°C
Lead Temperature (soldering, 10S) ......c..cccocveviiiiiinnenne, +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

(Vpp = +5V, Vss = 0, Vcm = 0, VSHDN = +5V (Note 1), Ta = -40°C to +125°C, unless otherwise noted. Typical values are at

Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Voltage Range VbD Guaranteed by PSRR test 25 55 \
Supply Current per Comparator IDD 35 55 A
Supply Current in Shutdown VSHDN = 0 (Note 1) 0.05 1 uA
Shutdown Input Bias Current VSHDN = 0 to Vpp (Note 1) 0.1 2.5 A
Shutdown Logic High (Note 1) 0.7xVpD \Y
Shutdown Logic Low (Note 1) 0.3xVbD V
Input Offset Voltage Vos (Note 3) +1 +5 mV
lrne%];ng?jrtevggi%‘?cient TCVos * uv/eC
Hysteresis (Note 4) 4 mV
Input Bias Current IBIAS 80 nA
Input Offset Current los +2 +60 nA
Common-Mode Voltage Range Vcm Guaranteed by CMRR test Vss VoD - 1.1 Y
Common-Mode Rejection Ratio CMRR Vss<Vem < (Vpp - 1.1V), Vpp = +5.5V 72 100 dB
Power-Supply Rejection Ratio PSRR Vpp= +2.5V to +5.5V 72 100 dB
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Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = +5V, Vss = 0, Vcm = 0, VSHDN = +5V (Note 1), Ta = -40°C to +125°C, unless otherwise noted. Typical values are at
Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
VoH = VoD - Vour, ISOURCE = 10pA 2
Output Voltage-Swing VoL, VOH (Vin - Vine) 2 20mV ISOURCE = 4mA 165 400 mV
VoL = VourT - Vss, ISINK = 10pA 2
(VIN-- VIN+) 220mV | [g)NK = 4mA 165 400
Output Short-Circuit Current Isc 45 mA
Egztkc;(;\gn Mode Output zlm)s (0.3 x Vpp), Vout =0 to Vbp 1001 135 uA
Propagation Delay tPD+, tPD - R =10k, Vop = 10mV 228 ns
CL = 15pF (Note 5) Vop = 100mV 188
Rise/Fall-Time tR, tF VpD = +5V, RL = 10kQ, CL = 15pF (Note 6) 20 ns
Shutdown Delay Time ON/OFF (Note 1) 40 ns
Shutdown Delay Time OFF/ON (Note 1) 400 ns
Power-On Time RL = 10kQ, C| = 15pF 200 ns
Maximum Capacitive Load CL No sustained oscillations 150 pF

Note 1: MAX9030 only.

Note 2: All devices are production tested at +25°C. All temperature limits are guaranteed by design.

Note 3: Comparator Input Offset is defined as the center of the hysteresis zone.

Note 4: Hysteresis is defined as the difference of the trip points required to change comparator output states.
Note 5: Vop is the overdrive that is beyond the offset and hysteresis-determined trip points.

Note 6: Rise and fall times are measured between 10% and 90% at OUT.

Typical Operating Characteristics
(Vbp = +5V, Vss = 0, Vcm = 0, RL = 10kQ, CL = 15pF, VOD= 100mV, Ta = +25°C, unless otherwise noted.)
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MAX9030/MAX9031/MAX9032/MAX9034

Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

Typical Operating Characteristics (continued)

(Vbp = +5V, Vss = 0, Vem = 0, RL = 10kQ, CL = 15pF, VOD = 100mV, Ta = +25°C, unless otherwise noted.)
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Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

Typical Operating Characteristics (continued)

(Vbp = +5V, Vss =0, Vem = 0, RL = 10kQ, CL = 15pF, VOD = 100mV, Ta = +25°C, unless otherwise noted.)

PROPAGATION DELAY OUTPUT SWITCHING CURRENT, RISING
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200mV/div
RN out
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............................................. SW'TCH'NG
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MAX9030/MAX9031/MAX9032/MAX9034

Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

Pin Description

PN NAME FUNCTION
MAX9030 | MAX9031 MAX9032 MAX9034
1 1 — — IN+ Comparator Noninverting Input
2 2 4 11 Vss Negative Supply Voltage. Bypass with a 0.1uF capacitor.
3 3 — — IN- Comparator Inverting Input
4 4 — — ouT Comparator Output
5 — — — SHDN Shutdown
6 5 8 4 VbD Positive Supply Voltage. Bypass with a 0.1uF capacitor.
— — 1 1 OUTA Comparator A Output
— — 2 2 INA- Comparator A Inverting Input
— — 3 3 INA+ Comparator A Noninverting Input
— — 5 5 INB+ Comparator B Noninverting Input
— — 6 6 INB- Comparator B Inverting Input
— — 7 7 ouTB Comparator B Output
— — — 8 OouTC Comparator C Output
— — — 9 INC- Comparator C Inverting Input
— — — 10 INC+ Comparator C Noninverting Input
— — — 12 IND+ Comparator D Noninverting Input
— — — 13 IND- Comparator D Inverting Input
— — — 14 OUTD Comparator D Output

Detailed Description

The MAX9030/MAX9031/MAX9032/MAX9034 are sin-
gle/dual/quad low-cost comparators. They have an
operating supply voltage from +2.5V to +5.5V when
operating from a single supply and from £1.25V to
+2.75V when operating from dual power supplies, and
consume only 35pA. Their common-mode input voltage
range extends from the negative supply to within 1.1V
of the positive supply. Internal hysteresis ensures clean
output switching, even with slow-moving input signals.

Shutdown Mode
The MAX9030 comparator comes with a power-saving
shutdown mode. When in shutdown, the supply current
drops from a typical 35uA to 0.05puA, and the outputs
become high impedance. SHDN has a high input imped-
ance and typically draws 0.1uA when connected to Vss
or Vpp. A maximum logic low voltage of 0.3V x Vpp

applied to SHDN places the device in the shutdown
mode. A minimum logic high voltage of 0.7V X Vpp
applied to SHDN will enable normal operation. To dis-
able shutdown, connect SHDN to Vpp.

Applications Information

Adding Hysteresis
Hysteresis extends the comparator’s noise margin by
increasing the upper threshold and decreasing the
lower threshold. A voltage-divider from the output of the
comparator sets the trip voltage. Therefore, the trip volt-
age is related to the output voltage.

These comparators have 4mV internal hysteresis.
Additional hysteresis can be generated with two resis-
tors using positive feedback (Figure 1). Use the follow-
ing procedure to calculate resistor values:
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Low-Cost, Ultra-Small, Single/Dual/Quad

Single-Supply Comparators
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Figure 1. Additional Hysteresis

1) Find the trip points of the comparator using these
formulas:

VTH = VREF +[((VDD - VREF)R2) / (R1 + R2)
VTL = VREF(1 - (R2 / (R1 + R2))]

where VTH is the threshold voltage at which the com-
parator switches its output from high to low as VN
rises above the trip point. VTL is the threshold volt-
age at which the comparator switches its output from
low to high as V|N drops below the trip point.

2) The hysteresis band will be:
VHYS = VTH - VTL = VDD(R2 / (R1 + R2))
3) In this example, let Vpp = +5V and VREF = +2.5V.
VTH = 2.5V + 2.5(R2 / (R1 + R2))V
and
VTL = 2.5[1 - (R2/(R1 + R2))]

4) Select R2. In this example, we will choose 1kQ.
5) Select VHys. In this example, we will choose 50mV.
6) Solve for R1.

VHYs = VDD(R2/ (R1 + R2))
0.050V = 5(1000Q/(R1 + 1000Q)) V

where R1 = 100kQ, VTH = 2.525V, and VT = 2.475V.

The above-described design procedure assumes rail-
to-rail output swing. If the output is significantly loaded,
the results should be corrected.

MAXIMN

Figure 2. Time Averaging of the Input Signal for Data Recovery

Board Layout and Bypassing
Use 100nF bypass as a starting point. Minimize signal
trace lengths to reduce stray capacitance. Minimize the
capacitive coupling between IN- and OUT. For slow-
moving input signals (rise-time > 1ms), use a 1nF
capacitor between IN+ and IN-.

Biasing for Data Recovery
Digital data is often embedded into a bandwidth and
amplitude-limited analog path. Recovering the data can
be difficult. Figure 2 compares the input signal to a
time-averaged version of itself. This self-biases the
threshold to the average input voltage for optimal noise
margin. Even severe phase distortion is eliminated from
the digital output signal. Be sure to choose R1 and C1
so that:

fcar >> 1/ (2nR1CH)

where fCAR is the fundamental carrier frequency of the
digital data stream.
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Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

Typical Application Circuit

Chip Information

ViN

R1

ViN

Vop

0.1uF

IHF

IN+

VRer

R2

Vop

ouTt

MAXIW
MAX9031

RL

II}—Wx—l

MAX9030/MAX9031/MAX9032/MAX9034

TRANSISTOR COUNT/MAX9030/MAX9031: 123
TRANSISTOR COUNT/MAX9032: 184
TRANSISTOR COUNT/MAX9034: 368
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Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

Package Information

o
i
D )
e
y SYMBOL] MIN | MAX S
e D.65_BSC @
L D 1.80 [ 2.20
L1 *4 b 0.15 | 0.30
E 1.15 [ 1.35
P -, HE 1.80 | 2.40
Qi 0.10 | 0.40
A2 0.80 | 1.00
Al 0.00 | 0.10
HE R - E L A 0.80 | 1.10
v V V S 0.10 | 0.18
L 0.10 [ 0.30
K] 0.425 TYP
PIN 1 I LQW ‘ ‘
[
lemt— € —t | et— & —| - c
NOTE:
1. ALL DIMENSIONS ARE IN MILLIMETERS
2. DIMENSIONS ARE INCLUSIVE OF PLATING
3. DIMENSIONS ARE EXCLUSIVE
I OF MOLD FLASH & METAL BURR
i 4. ALL SPECIFICATIONS COMPLY TO EIAJ SC70
T ! : ! T 5. COPLANARITY 4 MILS. MAX.
A2 ! ‘ A
| & Li VI /1 X1 /VI
} FA AN
Al e
PACKAGE DOUTLINE, SC70, SL
APPROVAL DOCOMENT CENTROL 10 a
21-0076 ‘ B ‘/1
o
i
D ]
SYMBOL| MIN | MAX R
r—— € € —— jo]
; e 0.65 BSC @
L D 1.80 [2.20
R j b 0.15 [0.30
E 1.15 [1.35
T HE 1.80 [2.40
Q1 0.10 [0.40
A2 0.80 [1.00
HE E — Al 0.00 [0.10
f_ﬂ ‘ A 0.80 [1.10
. c 0.10 [0.18
ol L 0.10 [0.30
E— K] 0.425 TYP.
PIN 1 DOT—]
(SEE NOTE 6)
PIN 1
b c

1

. ALL DIMENSIONS ARE IN MILLIMETERS
. DIMENSIONS ARE INCLUSIVE OF PLATING

. DIMENSIONS ARE EXCLUSIVE
OF MOLD FLASH & METAL BURR

. ALL SPECIFICATIONS COMPLY TO EIAJ SC70
. COPLANARITY 4 MILS. MAX
. PIN 1 1.D. DOT

ZVI /1 X1 2V

PROPRIETARY INFORMATIO!

[SEN}

IS

> )
o 0

Al )
PACKAGE OUTLINE, SC70, 6L
APPROVAL DOGUNENT GONTROL 10, REV

1
21-0077 B /l
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Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

Package Information (continued)

MAX9030/MAX9031/MAX9032/MAX9034

(%]
&
s =
R z SYMBOL | MIN MAX o
b . = A 0.90 1.45 5
P AL 0.00 015 &
_|_ CIIVN A2 0.90 130
—I_ | L o 0.28 0.45
I c 0.09 0.20
! D 2.80 3.00
E 2.60 3.00
E1 1,50 1.75
2 E G El L 0.10 0.60
e 0.65 ref
/o el 195 ref
PIN 1 a 0° [ 10
(SEE NOTE 7
e —] o
D
C ——|=—
NOTE:
G . ALL DIMENSIONS ARE IN MILLIMETERS.
, FOOT LENGTH MEASURED REFERENCE TO FLAT FOOT
SURFACE PARALLEL TO DATUM “A”,
r 3. PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH &
A2 METAL BURR.
A 4, PACKAGE OUTLINE INCLUSIVE OF SOLDER PLATING
l 5. EIAJ REF., NUMBER” SC-74 (6 LEAD VERSION
6. COPLANARITY 4 MILS, MAX.
- __'_ 7. PIN 1 LD. DOT IS 0.3 MM ¢ MIN. LOCATED ABOVE PIN 1
Al
VI 1 X1 VI
PROPRIETARY INFORMATION
TITLE:
PACKAGE OUTLINE, SOT 23, 8L
APPROVAL DOCUMENT CONTROL NO. REV 1
21-0078 B /1
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Low-Cost, Ultra-Small, Single/Dual/Quad
Single-Supply Comparators

Package Information (continued)

[
o
n
I—-l-UU #1.00 2
o
32 1| o)
L0 &
o
A
Tho 3, COMMON_DIMENSIONS =
: % MILLIMETERS NCHES
H i MIN AX MI MAX.
Al — 10 043
A 0.05 15 [ 002 006
As|_0.85 055 | .033 37
o] 019 030 | .007 2
ol 019 0.25_| 007 10
c| 0,090 0.20 | .0035 | .00
N [cl 0090 35 | .0035 | .0053
BOTTOM VIEW D|SEE_VARIATIONS [SEE_VARIATIONS
10P VIEW E| 4.30 50 | 169 177
SEE DETAIL A e 0.65 BSC .026 BSC
E"l l— A N € Hl 625 | 650 | 246 | 256
A i S c 050 | 070 | .020 028
) B 1 I N|SEE_VARIATIONS [SEE_VARIATIONS
it S5 Nt ol 0° 1 8 [ 0° [ 8°
L\_ (NJo.10c (f} -~ ]
I
' D SEATING £ :1 JEDEC VARTATIONS
END_VIEW MO-153 | N MILLIMETERS INCHES
MIN. MAX. MIN. MAX.
AB 4|D | 490 510 193 201
b—y AC 16 4,90 5.0 193 201
o e e e
S~ AE. 24 i . . .
WITH P"ATING\ AF 28 560 1 580 | 378 1 386
1 |
/ cl c
DETAIL A BASE METAL —T = |
NOTES! LEAD TIP DETAIL
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 015mm PER SIDE
3. CONTROLLING DIMENSION: MILLIMETER /VI /J K I /VI
4, MEETS JEDEC OUTLINE MO-153 VARIATIONS- AB, AC, AD, AE, AF
. *N* REFERS TO NUMBER OF LEADS PROPRIETARY INTRHATION
THE LEAD TIPS MUST LIE WITHIN A SPECIFIED ZONE, THIS TOLERANCE
ZONE IS DEFINED BY TWO PARALLEL PLANES. ONE PLANE IS THE SEATING PLANE, F’ACKAGE OUTLINE, TSSOP, 4.40 MM BODY
DATUM [-C-1; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-1 IN THE FPPROVAL TOCIRENT CONTRIL 0. 1
DIRECTION INDICATED. 21-0066 /

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.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600 11
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