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PART TEMP. RANGE PIN-PACKAGE
MAX9000EUA -40°C to +85°C 8 UMAX
MAX9000ESA -40°C to +85°C 8 SO
MAX9001EUB -40°C to +85°C 10 pMAX
MAX9001ESD -40°C to +85°C 14 SO

Ordering Information continued at end of data sheet.
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INTERNAL OP-AMP GAIN OP-AMP GAIN
PART PRECISION STABILITY SHUTDOWN BANDWIDTH PIN-PACKAGE
REFERENCE (VIV) (MH2)
MAX9000 Yes 1 No 1.25 8 SO/UMAX
MAX9001 Yes 1 Yes 1.25 10 pMAX, 14 SO
MAX9002 No 1 No 1.25 8 SO/UMAX
MAX9003 Yes 10 No 8 8 SO/UMAX
MAX9004 Yes 10 Yes 8 10 pMAX, 14 SO
MAX9005 No 10 No 8 8 SO/UMAX
MAXIM Maxim Integrated Products 1
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VDD t0 VSS) «voovveveeiiiiiiiiieiciicie -0.3V to +6V
Voltage Inputs (AIN_, CIN_)............. (Vss - 0.3V) to (Vpbp + 0.3V)
Output Short-Circuit Duration (AOUT, COUT, REF)...Continuous
to either Vss or Vpbp

Continuous Power Dissipation (Ta = +70°C)
8-Pin SO (derate 5.88mW/°C above +70°C)................. 471mw
8-Pin UMAX (derate 4.1mW/°C above +70°C).............. 330mw

10-Pin pMAX (derate 5.6mW/°C above +70°C)............ 444mwW

14-Pin SO (derate 8.3mW/°C above +70°C)................. 667mwW
Operating Temperature Range

MAX900_E _ oo -40°C to +85°C
Maximum Junction TeMperature ..........cccevvveevrveeneeeeenn. +150°C
Storage Temperature Range ...........ccccoeccvvveeene -65°C to +160°C
Lead Temperature (soldering, 10SeC) ........ccceeevivvveeennnnns +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 = +2.5V to +5.5V, Vss = 0, SHDN = Vpp (MAX9001/MAX9004 only), Vcmopr AmP) = 0, VaouT = VpD / 2, Vem(comp) = 0 (for
MAX9001/MAX9002/MAX9004/MAX9005), COUT = low, louT(ReF) = 0, TA = TMIN to TMAX, unless otherwise noted. Typical values are

at Vpp =5V and Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Range VDD Guaranteed by PSRR tests 25 55 \Y
MAX9000/MAX9001/ Vpp = 3V 410 500 A
MAX9003/MAX9004 Vpp = 5V 450 550 H
Supply Current IbD
Vpp = 3V 340 425
MAX9002/MAX9005 HA
Vpp =5V 375 475
Supply Current in _
Shutdown (=T MAX9001/MAX9004 (VsHpr = 0) 2 5 A
(S:Z‘r‘::r‘l’t"vn Input Bias INHDN) | MAX9001/MAX9004 (Vg = O to Vo) 1 25 | A
Shutdown Logic High VIH(SHDN) 0.7 x VDD v
Shutdown Logic Low VILSHEDN) 0.3 x VbD \Y
OP AMP
Input Offset Voltage Vos MAX900_ES +0.5 +1.5 mV
Input Offset Voltage
-+ o
Temperature Coefficient TCVos MAX900_ES_ £l W
Input Bias Current IBIAS AIN+, AIN- +0.05 +2 nA
Input Offset Current AIN+, AIN- +0.02 +1 nA
Input Resistance RIN Differential or common mode 1000 MQ
Input Common-Mode CMVR | Guaranteed by CMRR test -0.15 Vop-12| Vv
Voltage Range
Common-Mode CMRR MAX?OO_ES_, (Vss - 0.15V) < Ve < (Vb - 1.2V), - %6 dB
Rejection Ratio Vpbp = 5.5V
Power-Supply Rejection PSRR | Vpp =25V 1055V 74 100 dB
Ratio
Output Resistance Ay = 1VIV 0.01 Q
Output Short-Circuit Shorted to Vss 10 oA
Current Shorted to Vpp 65
Disabled Mode Output louT
Vv <(0.3VxVpp), V =0toV +0.01 +1 A
Leakage (DISABLED) SHDN < ( bD), Vaout bb H
2 N AXIW
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ELECTRICAL CHARACTERISTICS (continued)

(Vpbp = +2.5V to +5.5V, Vss = 0, SHDN = Vpp (MAX9001/MAX9004 only), Vcmopr AmP) = 0, VaouT = Vpp / 2, Vemcomp) = 0 (for
MAX9001/MAX9002/MAX9004/MAX9005), COUT = low, louT(ReF) = 0, TA = TmIN to TMAX, unless otherwise noted. Typical values are
at Vpp =5V and Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
VaouT = 0.05V to 2.45V, R = 100kQ 94 125
Vpp = 2.5V
. . VaouTt = 0.2V to 2.3V, RL = 1kQ 84 115
Large-Signal Voltage Gain AvoL dB
v 55y VaouT = 0.05V to 5.4V, RL = 100kQ 94 120
DD = 2.
VaouT = 0.25V to 5.2V, R = 1kQ 86 106
VDD - VOH 1 5
RL = 100kQ °
. VoL 1 5
Output Voltage Swing VoL /VoH| |VAIN+ - VAIN-| = 10mV mv
VDD - VOH 140 250
RL = 1kQ
VoL 60 100
. . MAX9000/MAX9001/MAX9002 1.25
Gain-Bandwidth Product GBW MHz
MAX9003/MAX9004/MAX9005 8
) MAX9000/MAX9001/MAX9002 75
Phase Margin degrees
MAX9003/MAX9004/MAX9005 80
) ) MAX9000/MAX9001/MAX9002 30
Gain Margin dB
MAX9003/MAX9004/MAX9005 40
MAX9000/MAX9001/ 0.009
Total Harmonic Distortion f=10kHz, MAX9002 (Av = 1VIV) '
. THD+N | VaouT = 2Vp-p, %
plus Noise Vpp = 5V MAX9003/MAX9004/ 0.025
MAX9005 (Ay = 10V/V) :
MAX9000/MAX9001/ 0.85
VDD = 5V MAX9002 (Av = 1V/V) '
Slew Rate SR iy Vlius
Vaour = 4V step MAX9003/MAX9004/ 6.0
MAX9005 (Ay = 10V/V) :
MAX9000/MAX9001/ 6.9
VDD = 5V MAX9002 (Ay = 1V/V) '
Settling Time to within 0.01% iy ps
Vaout = 4V step MAX9003/MAX9004/ ”1
MAX9005 (Ay = 10V/V) '
Input Capacitance CIN 2.5 pF
Input Noise Voltage Density VNoIse | f=10kHz 36 nViVHz
Input Noise Current Density INoISE | f=10kHz 1 fANHZ
Shutdown Delay Time 0.2 us
Enable Delay Time 2 us
Power-On Time 2 us
» . MAX9000/MAX9001/MAX9002 (Ay = 1V/V) 250
Capacitive-Load Stability CLOAD pF
MAX9003/MAX9004/MAX9005 (Ay = 10V/V) 250
COMPARATOR
Input Offset Voltage Vos MAX900_ES_ (Notes 1, 2) +1 +2 mV
Input Offset Voltage .
-+
Temperature Coefficient TCVos | MAX900_ES_ £l W
Input-Referred Hysteresis Vpp =5V (Notes 2, 3) 4 7 mV

MAXIMN 3
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ELECTRICAL CHARACTERISTICS (continued)

(Vpbp = +2.5V to +5.5V, Vss = 0, SHDN = Vpp (MAX9001/MAX9004 only), Vcmopr amP) = 0, VaouT = Vpp / 2, Vem(comp) = 0 (for
MAX9001/MAX9002/MAX9004/MAX9005), COUT = low, louT(ReF) = 0, TA = TMIN to TMAX, unless otherwise noted. Typical values are
at Vpp =5V and Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Bias Current IBIAS 8 80 nA
Input Offset Current los MAX9001/MAX9002/MAX9004/MAX9005 +2 +15 nA
Common-Mode Vss - VbD -

Voltage Range Vcwm Guaranteed by CMRR test 015 11 \
Common-Mode MAX9001/MAX9002/MAX9004/MAX9005,
Rejection Ratio CMRR 0.15V <Vcwm < (Vpp - 1.1V), Vpp = 5.5V 2 100 ds
Power-Supply Rejection PSRR | Vpp = 2.5V to 5.5V 72 100 dB
Ratio
ISOURCE = 10pA 5

(VcIN+ - VCIN-) VoD - Vo ISOURCE = 4mA 400

Output Voltage Swin VoLV AR — mv
p 9 g OLVOH | 3 5oy ISINK = 10pA 5
VoL
ISINK = 4mA 400

Output Short-Circuit 55 mA
Current
Disabled Mode Output louT

\Y <(0.3VxVpD), V =0toV +0.01 +1 A
Leakage (DISABLED) SHDN < ( pD), VcouT DD M
Propagation Delay tpD+, tPD- | VoD = 25mV, RL = 10kQ, CL = 15pF (Note 4) 185 ns
Rise/Fall Time R, tF Vpp =5V, RL = 10kQ, C|_ = 15pF (Note 5) 10 ns
Shutdown Delay Time 100 ns
Enable Delay Time 100 ns
Power-On Time 100 ns
VOLTAGE REFERENCE (MAX9000/MAX9001/MAX9003/MAX9004)
Output Voltage VREF MAX900_ES _, Vpp =5V, Ta = +25°C 1.218 1.230 1.242 Y
Output Voltage o
Temperature Coefficient TCVReF 8 ppm/°C
Line Regulation Vpp = 2.5V to 5.5V 20 250 uviv

= Sourcin 0.15 0.8 mV/mA

Load Regulation VoD =5V, — 9

lout =0to ImA Sinking 0.6 2.0 | mV/ImA
Output Short-Circuit Shorted to Vss 6 mA
Current Shorted to Vpp 10
Disabled Mode Output

< = + +

Leakage VSHDN < (0.3V x VpD), VReF = 0to VbD +001  *1 WA
Output Noise 0.1Hz to 10Hz 20 uVp-p
Shutdown Delay Time 1 ys
Enable Delay Time RL = 100kQ to Vss, VREF within 1% 16 us
Power-On Time RL = 100kQ to Vss, VReF within 1% 16 ys
Capacitive Load Stability 0to 100 nF

Note 1:
Note 2:
Note 3:
Note 4:
Note 5:

Comparator Input Offset is defined as the center of the input-referred hysteresis zone.

Measured at Vcmcomp) = 0 for the MAX9001/MAX9002/MAX9004/MAX9005; or Vemcomp) = VREF for the MAX9000/MAX9003.
Input-referred hysteresis is defined as the difference of the trip points required to change comparator output states.

Vop is the overdrive that is beyond the offset and hysteresis-determined trip points.
Rise and fall times are measured between 10% and 90% at COUT.

MAXIMN
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(Vbp = +5V, Vss =0, Vcm (op amp) = 0, SHDN = Vpp, COUT = low, RL = «, Ta = +25°C, unless otherwise noted.)

SUPPLY CURRENT SHUTDOWN SUPPLY CURRENT SHUTDOWN LOGIC THRESHOLD
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
500 ‘ ‘ ‘ ‘ ‘ 5 35 8 25 g
u i g S
450 MAxgoOO/MAx9001/MAx9003/w47 2 ; 2 S 20 L1
< 400 // £ 25 /, % //
= —, o a
= /, // 8 A & 15 1
& // > 20 / = - =
g 0 lmm MAX9005 8 pd 2 | —
> 3 15 s 2 10
o = = 3
S 300 z / g
] a 1.0 =]
2 2 05
250 P 05 B3
200 0 0
25 30 35 40 45 50 55 25 30 35 40 45 50 55 25 30 35 40 45 50 55
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
MAX9000/MAX9001/MAX9003/MAX9004 SHUTDOWN SUPPLY CURRENT SHUTDOWN LOGIC THRESHOLD
SUPPLY CURRENT vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
500 s 5.0 g 2.00 5
g g = g
\\\ e |FOE 40 Vpp=55vV % g 1% E
= 450 1 Vop=55V z | — =)
e — & 35 — &
= =) o
z o 30 $19
= g 25 o I
3 400 g 2 3 —
(&} T—
~ \\\\ Vpp= 2.5V 3 20 S 194 T —
o ——— = 2 =1
a ~ = =
3 250 § 15 Vpp = 2.5V g
[0
2 10 B = 219
05
300 0 1.90
40 200 0 20 40 60 80 100 40 20 0 20 40 60 80 100 40 20 0 20 40 60 80 100
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
MAX9002/MAX9005 OP-AMP OUTPUT VOLTAGE SWING HIGH (VoH) OP-AMP OUTPUT VOLTAGE SWING LOW (Vor)
SUPPLY CURRENT vs. TEMPERATURE vs. SOURCE CURRENT vs. SINK CURRENT
500 5 450 ‘ g 600 g
8 /I° 8
8 400 8 2
g Ta=+85°C g g
= 450 : 350 : | /A = 500 Ta= +85°C E
=z Th=+25°C X// \ P
= s 300 % 400 Tp=+25°C 7
& = 250 / / = //
o . S Y E Pl
3 400 S R /A/{ 2 300 o
z — [=} / >
g = | e ]
% 150 V A 200 ////
350 Vop = 25V . Ta=-40°C
I DD 3 100 100 é/
I 7~
? /
300 0 0
40 20 0 20 40 60 80 100 0 1 2 3 4 5 6 0 2 4 6 8 10 12 14 16 18 20
TEMPERATURE (°C) SOURCE CURRENT (mA) SINK CURRENT (mA)
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(Vbp = +5V, Vss =0, Vcm (op amp) = 0, SHDN = Vpp, COUT = low, RL = «, Ta = +25°C, unless otherwise noted.)

CHANGE IN Vs (V)

GAIN (dB)

GAIN (dB)

CHANGE IN OP-AMP OFFSET VOLTAGE (Vos)
vs. SUPPLY VOLTAGE

30 g
20 g
10 \\\
0
-10
-20
-30
25 30 35 40 45 50 55
SUPPLY VOLTAGE (V)
OP-AMP LARGE-SIGNAL GAIN
vs. OUTPUT VOLTAGE
140 T °
Vpp=5.5V 2
RLTO GND g
130 RL = 100kQ E:
/ //
120 [ /Ir=1e
110 /
/ / RL = 2kQ
100 /
90 //
80
0 100 200 300 400 500 600

OUTPUT VOLTAGE FROM EITHER SUPPLY (mV)

OP-AMP LARGE-SIGNAL GAIN
vs. OUTPUT VOLTAGE

140 \ \ g
RL = 100kQ :
130 | i i H
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120 l — i
/ RL= 2k
110 / /
100
90 Vpp=5.5V ]
l RLTO Vpp
80 L
0 100 200 300 400 500 600

OUTPUT VOLTAGE FROM EITHER SUPPLY (mV)

CHANGE IN Vog (uV)

GAIN (dB)

GAIN (dB)

CHANGE IN OP-AMP OFFSET VOLTAGE (Vos)
vs. TEMPERATURE

100

MAX9000 TOC11
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\

-100 \
-150 A
40 20 0 2 40 60 80 100
TEMPERATURE (°C)
OP-AMP LARGE-SIGNAL GAIN
vs. OUTPUT VOLTAGE
140 3
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120 [ p L
/
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100 /
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OUTPUT VOLTAGE FROM EITHER SUPPLY (mV)
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vs. OUTPUT VOLTAGE
140 T 5
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Ed
=
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L
|
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—
f RL= 2Q
110
100
0 100 200 300 400 500 600

OUTPUT VOLTAGE FROM EITHER SUPPLY (mV)

CMRR (dB)
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OP-AMP COMMON-MODE REJECTION RATIO
vs. TEMPERATURE
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z
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\
100 —~—
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80
40 20 0 20 40 60 80 100
TEMPERATURE (°C)
OP-AMP LARGE-SIGNAL GAIN
vs. TEMPERATURE
140 ‘ s
130 R = 100kQ %
\\\ T =
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120 Nz 0
\ ’\\
N
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100 S
| Vop=2.5V
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(Vbp = +5V, Vss =0, Vcm (op amp) = 0, SHDN = Vpp, COUT = low, RL = «, Ta = +25°C, unless otherwise noted.)

MAX9000/MAX9001/MAX9002
OP-AMP GAIN AND PHASE
vs. FREQUENCY (NO LOAD)

MAX9000 TOC

60 180
Ay = +1000 144
40 | NoLoAD \ 108
N
GAIN ] 72
\\
20 N 3%
N
-"‘\‘ N 0
0 i -36
N N
N Hprase - NG 72
N
20 a -108
\\
il -144
-40 -180
100 1k 10k 100k IM  10M
FREQUENCY (Hz)
MAX9003/MAX9004/MAX9005
OP-AMP GAIN AND PHASE
vs. FREQUENCY (NO LOAD)
60 == wy PR 180
| Ay=+1000 | |{[|[™N
NO LOAD ANy 14
40 GAIN 108
N
\{ 7
N
20 ) 36
N
\\\ \
0 | -36
™~ s BHASE 72
-20 I \\\ -108
-144
-40 -180
100 10k 100k IM  10M
FREOUENCY (H2)
MAX9000/MAX9001/MAX9002
OP-AMP PERCENT OVERSHOOT
vs. LOAD CAPACITANCE
50 T 9
PR \ §
RLTO Vpp/2 R\ = 100kQ §
2
40 Iy ]
; L —
30 A >
RL= 1kQ
/ J/ R=10@
“ /2
10 /,/
. A/

0 100 200 300 400 500 600 700 800 900 1000
Croap (pF)

MAXIMN

PHASE (DEGREES)

PHASE (DEGREES)

GAIN (dB)

GAIN (dB)

OVERSHOOT (%)

MAX9000/MAX9001/MAX9002
OP-AMP GAIN AND PHASE
vs. FREQUENCY (WITH CLoap)
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MAX9000/MAX9001/MAX9002
OP-AMP POWER-SUPPLY REJECTION
vs. FREQUENCY
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(Vbp = +5V, Vss =0, Vcm (op amp) = 0, SHDN = Vpp, COUT = low, RL = «, Ta = +25°C, unless otherwise noted.)
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CHANGE IN Vog (V)
o
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-150

-200

MAX9000/MAX9001/MAX9002
OP-AMP TOTAL HARMONIC DISTORTION
PLUS NOISE vs. FREQUENCY

F Ay=+1 1 Eg
[ Vin=2Vp- g
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MAX9003/MAX9004/MAX9005
OP-AMP TOTAL HARMONIC DISTORTION
PLUS NOISE vs. FREQUENCY
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CHANGE IN COMPARATOR OFFSET
VOLTAGE (Vos) vs. SUPPLY VOLTAGE

MAX9000 TOC34

2.5 3.0 35 40 45 5.0 55
SUPPLY VOLTAGE (V)

MAX9000/MAX9001/MAX9002
OP-AMP TOTAL HARMONIC DISTORTION
PLUS NOISE vs. Vaout
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(Vbp = +5V, Vss =0, Vcm (op amp) = 0, SHDN = Vpp, COUT = low, RL = «, Ta = +25°C, unless otherwise noted.)
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(Vbp = +5V, Vss =0, Vcm (op amp) = 0, SHDN = Vpp, COUT = low, RL = «, Ta = +25°C, unless otherwise noted.)
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(Vbp = +5V, Vss =0, Vcm (op amp) = 0, SHDN = Vpp, COUT = low, RL = «, Ta = +25°C, unless otherwise noted.)
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PART TEMP. RANGE  PIN-PACKAGE
MAX9002EUA  -40°C to +85°C 8 UMAX TRANSISTOR COUNT: 283
MAX9002ESA 40°Cto +85°C  8SO
MAX9003EUA  -40°C to +85°C 8 UMAX
MAX9003ESA 40°Cto +85°C  8SO
MAX9004EUB  -40°C t0 +85°C 10 UMAX
MAX9004ESD 40°Cto +85°C 14 SO
MAX9005EUA  -40°C to +85°C 8 UMAX
MAX9005ESA 40°Cto +85°C  8SO
ooogoo
:
£ oH INCHES MILLIMETERS
MIN MAX MIN | MAX
A 0.036 [0.044 |0.91 1.11
Al |0.004 |0.008 0.10 0.20
B |0.0i0 |0.014 0.25 0.36
C 0.005 |0.007 0.13 0.18
D |0.116 |0.120 2.99 3.05
e 0.0256 0.65
E 0.116 |0.120 295 3.05
T H 0.188 |0.198 4,78 2.03
L |0.016 |0.026 |0.41 0.66
————— D ——= Q 0° 6° 0° 6°

= T

JQETL } s DLL

VI /A X1 VI

PROPRIETARY [INFORMATION
TIILE:

8LD uMAX PACKAGE OUTLINE DWG.

APPROVAL DOCUMENT CONTROL NO. REV

21-0036 D

NOTES:

1. D&E DO NOT INCLUDE MOLD FLASH.

2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED .15mm<.006").
3. CONTROLLING DIMENSION: INCHES

Vi

18 MAXIMN
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©
- e —~I's 0
] INCHES | MILLIMETERS 2
DIM| MIN | MAX | MIN | MAX 2
4 A | 0037 ] 0043 ] 0939 1.092 -
A1] 0002 | 0006 [ 0051 [ 0152
A2] 0030 [ 0038 0.762] 0.965
D1 0112 | 0124 | 2.845] 3.150
£ D2| 0110 | 0122 | 2.794] 3.099
. E1] odf2 | 0124 [ 2.845] 3.50
DN E2| 0110 | 0122 | 2.794] 3099
i E | 0185 0.201 [ 4699] 5.105
0.020 | L [0.0155 [0.0275] 0.394[ 0.699
1—L — L1]0.037 REF 0.940 RET
b | 0007 ] 00106 0177 | 0.270
e | 00197 BSC | 500 BSC
12 c [0.0035]0.0078] 0.090 ] 0.200
0.020- S | 00196 REF | 498 REF
TOP VIEV ajo e S
be I
A GAGE Ee
TR . A
— C
b é lcﬁ L r
[o8 L f=—
D1 — L1 |
FRONT VIEW SIDE VIEW
/I A X1 /v
1. D&E DO NOT INCLUDE MOLD FLASH. PROPRIETARY DIFORMATION
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 15mm¢.006%. e
3. CONTROLLING DIMENSION: INCHES IPACKAGE OUTLINE, 10L MICRO MAX
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INCHES  MILLIMETERS INCHES ~ MILLIMETERS
MIN | MAX | MIN | MAX MIN | MAX | MIN | MAX | N |MS012

A10.053]0069| 1.3951]1.79 D10.189 |0.197 | 4.80(5.00 |8 A

A110.004 |{0.010 | 0.10 |0.25 D10.33710.344| 855/8.75(14| B

B10.014 |0.019 | 0.35(0.49 D10.386|0.394| 9.80]10.00(16| C

C|10.007 0010 | 019 (0.25

e 0.050 1.27 NOTES:

E 0150 []157 38[] 4[][] {, D&E DO NOT INCLUDE MOLD FLASH

H|0.228]0.244] 5.80(6.20 B EEEr Y 1o coneey NS AT

h OO]O [][]8[] []85 []5[] 3. LEADS TO E%/E COPLANAR WITHIN

L0016 [0.050 [ 0.40]1.27 o CONTROLLING DIMENSION MILLIMETER
S. MEETS JEDEC MS012-XX AS SHOWN

IN ABOVE TABLE
6. N = NUMBER OF PINS
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