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ABSOLUTE MAXIMUM RATINGS

VDD 10 VSS - rveeeeee oo 0.3V to +14V

Vss to CSGND or DRGND.. -1V to +0.3V
CSGND to DRGND............. 0.3V to +0.3V
CS1+, CS2+to Vss ... ..-0.3V to +34V
CST-t0 CSTH i -6V to +0.3V

orif CS1+ < 5.7V .. ...(-CS1-0.3)V to +0.3V
CS2-t0 CS2+ i -6V to +0.3V

orif CS2+ < 5.7V .. (-CS2-0.3)V to +0.3V
OUTT, OUT210 VSS .oooooeeeeeicieeeeeee -0.3to (Vpp + 0.3V)

CAL1, CAL2, SHDN to CSGND or DRGND.............. -0.3V to +6V
CLAMP1, CLAMP2 to CSGND or DRGND ............... -0.3V to +6V
OUTCS1, OUTCS210 VSS ..o -0.3V to +34V
INT, IN2 O VSS .o -0.3 to (Vpp + 0.3V)

Continuous Power Dissipation (Ta = +70°C)

20-Pin TSSOP (derate 11mW/°C above +70°C) ....... 879.1mW
Operating Temperature Range ..............c.cocoeee -40°C to +85°C
Storage Temperature Range .
Lead Temperature (soldering, 10S) ........cccccvviiiiiiiininnnn +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 = +10V, Vss = 0V, Vs _+ = 30V, CouTcst, Coutcs2 to CSGND = 10pF, Cout1, Coute to DRGND = 10nF, Ta = -40°C to

+85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS

HIGH-SIDE CURRENT-SENSE AMPLIFIER

R T : 2 |

Common-Mode Rejection Ratio CMRR 5V < Ves_+ < 32V, measured at DC 110 dB

CB)iL;rSre&t”?::tse Negative Input Ics. g +0.1 1 UA
MAX1352-MAX1355, Ta = +25°C -0.7 +0.2 +0.7

Input-Referred Offset Voltage Vos MAX1350/MAX1351/MAX1356/MAX1357, mv
Ta = +25°C (Note 1) 203040

Input-Referred Offset Drift +2 pv/eC

Full-Scale Sense Voltage Range MAX1350-MAX1353 1250

(Note 2) VSENSE I X 1354 MAX 1357 > s0 | ™
VSENSE = 100mV to 1250mV -1.0 +0.3 +1.0

(TNoft‘('eOgL)”p“t Voltage Error VSENSE = 20mV to 100mV 5 113 45 %
VSENSE = 2mV to 20mV -50 +13 +50

Output Impedance Routcs_ | Measured at DC 8.75 125 17.25 kQ
MAX1350/MAX1351 0.010 2.506

Output Voltage Range (Note 4) VouTes MAX1352/MAX1353 0.004 2.500 v

~ | MAX1354/MAX1355 0.02 5.00

MAX1356/MAX1357 0.05 5.03

Voltage Gain Error +0.1 %

-3dB Bandwidth BW 1.15 MHz

Output Settling Time to 0.1% of

FinaFI) Value ° 10 ks

Output Capacitive Load (Note 5) 10 pF

Input Referred Noise at 1kHz 25 nVVHz

Power-Supply Rejection Ratio PSRR 5V < Vcs_+ < 32V, measured at DC 110 dB
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ELECTRICAL CHARACTERISTICS (continued)

(Vpp = +10V, Vss = 0V, Vcs_+ = 30V, CouTcst, Coutcs2 to CSGND = 10pF, Cout1, Coute to DRGND = 10nF, Ta = -40°C to
+85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
\Ijzr:zr—Up Time to 0.1% of Final 100 us
Saturation Recovery Time 100 ys
Shutdown Recovery Time 100 us
DRIVE AMPLIFIER
Output Voltage Range for Full At OUT_, louT_ = +10mA Vss + 1 VDD - 1 v
Accuracy At OUT_, lout_ = +0.1mA Vss + 0.75 Vpp - 0.75
Drive Amplifier Input Bias Current IIN_ (Note 6) -20 +2 +20 nA
Output Impedance Rout_ Measured at DC 0.1 Q
Settling Time to 0.1% of Final Rs = 50Q, Cout_ = 15pF 10 ms
Value Rs = 0Q, Cout_= 10nF 20 us

» 0 10 nF
Output Capacitive Load COUT. 1506 in series with Cour_ 0 25 UF
Input-Referred Noise at 1kHz 20 nVVHz
Voltage Gain Error -0.20 +0.02 +0.20 %

) MAX1350/MAX1352/MAX1354/MAX1356 300
-3dB Bandwidth BW kHz
MAX1351/MAX1353/MAX1355/MAX1357 150

Input-Referred Offset Voltage Vos -0.75 +0.25 +0.75 mV
Input-Referred Offset Drift +2 uv/eC
Common-Mode Rejection Ratio CMRR Measured at DC (Note 6) 96 dB
Power-Supply Rejection Ratio PSRR Measured at DC (Note 6) 96 dB
Clamp to Zero Delay CLAMP_ driven high 1 us
Clamp to Zero Switch Impedance | RcLaMP 300 500 Q
Output Short-Circuit Current Isc 1s, sinking or sourcing +40 mA
\F;Ziﬁir_up Time to 0.1% of Final 100 us
Saturation Recovery Time 100 us
Shutdown Recovery Time 100 us
Maximum Power-On Transient +100 mV
DIGITAL INPUTS (SHDN, CLAMP1, CLAMP2, CAL1, CAL2)
Input High Voltage VIH 2.4 V
Input Low Voltage ViL 0.4 V
Input Hysteresis 0 mV
Input Bias Current -1.0 +0.1 +1.0 pA
Input Capacitance 5.0 pF
POWER SUPPLIES
Drive Supply Voltage VDD Vss = DRGND 4.75 11.00 \
Drive Supply Current IDD (Note 7) 4.75 7 mA
Sense Supply Voltage Range Ves+ 5 32 \
/XU 3
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ELECTRICAL CHARACTERISTICS (continued)

(Vpp = +10V, Vss = 0V, Vcs_+ = 30V, CouTcst, Coutcs2 to CSGND = 10pF, Cout1, Coute to DRGND = 10nF, Ta = -40°C to
+85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

V =200mV 135 195

Sense Supply Current lcs+ OUTCS, HA
VouTcs_ = 2.5V 320 450

VDD to Vss Voltage Range VDs 4.75 11.00 Vv

Vss to DRGND Voltage Range Vsg -1 0 V
SHDN = DRGND (Note 8), Ta = +25°C 0.1 1

Shutdown Supply Current pA
Ta = +85°C 25 10

Note 1: Input deliberately offset by 3mV for nulling purposes.

Note 2: The output does not reverse phase when overdriven. VSeNSE = Vcs+ - VCs-.

Note 3:

Note 4:

Note 5:

Note 6:

Note 7:
Note 8:

Total output voltage error = ((VOUTMEASURED - VOUT-IDEAL) / VOUT-IDEAL) x 100%

Total output voltage error = ((Total offset voltage error + total gain voltage error) / VouT-IDEAL) X 100%

where:

VouT-IDEAL = (VSENSE + 3mV) x 2 for the MAX1350/MAX1351

VOUT-IDEAL = VSENSE X 2 for the MAX1352/MAX1353

VOUT-IDEAL = VSENSE X 10 for the MAX1354/MAX1355

VouT-IDEAL = (VSENSE + 3mV) x 10 for the MAX1356/MAX1357

For the MAX1350-MAX1353, the minimum CS_+ to OUTCS_ voltage is 2.494V. For the MAX1354-MAX1357, the minimum
CS_+ to OUTCS_ voltage is 2.75V.

Adding a capacitor (Coutcs) to CSGND at OUTCS_ can limit the bandwidth below that of the sense amplifier by introducing
a pole at fpoLE, where fpoLE = 1/ (2n x RouTtcs x Coutcs). For example, for RouTcs_ = 12.5kQ, adding a 100pF capacitor
introduces a pole at 127kHz (x40%). This can be of benefit if noise needs to be restricted or the signal digitized.

For the MAX1350/MAX1352/MAX1354/MAX1356, the voltage input range is 0.18V < ViN = Vpp / 2. For the MAX1351/MAX1353/
MAX1355/MAX1357, the voltage input range is 0.18V < VN < VpD / 4.

Measured with all the digital inputs low, except SHDN, and no load.

All digital inputs low. Any digital input consumes current if left in a high state.

BT (B4
(Vbp = 10V, Vss = 0, Vos+ = 30V, VseNse = 100mV, Ta = +25°C, unless otherwise noted.)
SUPPLY CURRENT SUPPLY CURRENT SENSE-AMPLIFIER TOTAL OUTPUT
vs. SUPPLY VOLTAGE vs. TEMPERATURE VOLTAGE ERROR vs. SUPPLY VOLTAGE
550 5 7 . 0.10 .
525 g i 500 g
E £ Zom .
5.00 6 = L—T
_— & 007 —
s = —] _ S 006 |1
E / <é: \ ar
S 450 z 5 . 2 005
N - — S 004
425 — z 0
.00 ’ ) 3 0
' = 002
e
375 001
350 3 0
4 5 6 7 8 9 10 1 40 15 10 35 60 85 4 5 6 7 8 9 10 1
Voo (V) TEMPERATURE (°C) Vp (V)
4 M /XI
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TOTAL OUTPUT VOLTAGE ERROR (%)

GAIN ERROR (%)
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HBAT A (4)

(Vbp = 10V, Vss = 0, Vos+ = 30V, Vsense = 100mV, Ta = +25°C, unless otherwise noted.)
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SENSE-AMPLIFIER TOTAL OUTPUT
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IAX1350 toc04

\_
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Vsens (V)
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TRANSIENT RESPONSE

MAX1350 toc07

100ps/div

DRIVE-AMPLIFIER GAIN ERROR
vs. TEMPERATURE

35
TEMPERATURE (°C)

60 85

MAX1350 toc10

VSENSE
1V/div

0

Voutes_
1V/div

0

SENSE-AMPLIFIER TOTAL OUTPUT VOLTAGE
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IAX1350 toc05
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MAX1350 toc08
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DRIVE-AMPLIFIER
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MAX1350 toc11
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5V/div
0
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5V/div

0
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1 1,2, 8 N.C. Tz, WEbAREE:.
5 CALA RILHERCFE R A L. NSCBUE AR TIAE, CALIB ST UERCS1- 5CS1+. IE#
- TAER, JREHCALL BT,
3 3 SADN KB A . SHDNFARH-T-BT, K3 IR AR =X . 1E% T/ERY, SHDN
BEEH .
4 4 OUTCSHT PR R K # L ESTHE 1. Vourest = As x (Vesiy - Vestl) -
5 5 IN1 DRSO AR LA
6 6 IN2 KB KA 25 A -
7 7 OUTCS2 | MMM K2 ERH2. Voures, = As x (Vesas - Veso)-
8 o CAL? SR HERT A 2. S AR, CAL2#% M i V- DA CS2- 5 CS2+.  1E# TAEHT,
CAL2 K HL .
9 9 CSGND FEL IR It . FEL A IR 28 i 1 S 2
10 10 DRGND | IKBhBCK#HsG . 9R SR & 4 HRIEC A 2 % 1.
11 11 Vss FHRBH IR A . R FH0. 1pF B %8 3% 2 DRGND.
12 12 VpD IEIRBNHIERIA . R F 0.1 pFHL% 35 2 DROND.
2SR I A . CLAMP24% & HEI, 45 OUT24§ /7 2 DRGND.  1E# TAEM,
13 13 CLAMP2 |\ AMP2 2 (HLF-.
FEL A R I T R i A 2/ T A S P SRR A . CS 20 A1 RS I e, BEL R 000 7 08 b R, U
14 14 Cs2+ B . MAX1350-MAX1357 1E# TAERY, CS1+AICS2+ w4034 M A2 i) HL RS ] 1 .
15 15 CSe2- FEL AR I G ST A 2. CS2-J2 53R 5 AP BRI L PEL (Y T v . 2 LML R T/ P
16 16 out2 R AR 25t . Voura = Ap x Ving-
17 17 OuUT1 ISR AR L . Vourt = Ap x Ving-
18 18 CS1- FEL IS I SR il A 1. CS1-52: k-5 NHOAG I FEL PHL A % 120 . 2 DL LAY T VR R .
L AL 0 MR A 1A T B P R A . CS 12 A B ) e, BEL RO, 00 i it b, R 95
19 19 CS1+ B . MAX1350-MAX1357 IE# TAEN, CS1+F1CS2+ A 40 T4 1 B9 HA G Bl P
Wi 1z A . CLAMPL & BAEIE, K OUT1 457 2 DRGND.  1E % TAER},
20 20 CLAMPT | Cp AMP1 2 H1 T
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J_CSGND %7DRGND J_CSGND %7DRGND
Ag: SENSE-AMPLIFIER VOLTAGE GAIN Ag: SENSE-AMPLIFIER VOLTAGE GAIN
Ag = 2 FOR THE MAX1350/MAX1351 Ag = 2 FOR THE MAX1352/MAX1353
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. ILoAD
QUTCS! 1 o
:
uC
L LOAD
N = ourt| conTROL
DA >—» o /I VAL%AABLE
o Jovwez Q; o b—
N2
JT— MAXIMN
CLAMPT MAX1350-MAX1357
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= \V4
*MAX1350/MAX1351/MAX1356/MAX1357 ONLY
A1, T T AF B
1F A% BH Bk

MAX1350-MAX1357 8 4 — 3K #1455 60 475 19 A v i L A
MECR AR A IR BICR A . TR IR # 5 T,
FRALSV R 32V A LB . EW TIER, SR 2
Vpp & fit4.75V 2 1TV HL YR, fECS1+HCS2+ I ik SV
FI2VHELE . N ORIEFT A BOK & E R TAE, CS1+M
CS2+ 2B b T M8 R L REVE R Y . CS1+ M CS2+4 A
FRPERL A K A7 B LS, T BRI R, A 8%
W WA FEL 350 9 S 9R F >4 320 A (22 W, Electrical Characteristics) .

U R £ 05 CS_+ F1CS_-% A 22 8] 14 41 5646 00 e BHL
Repnsp R M A HL I L oap- M T MAX1350-MAX1353,
L MR S B (Vsense = Ves_y - Ves_.) 8 2mV E
1250mV, X FMAX1354-MAX1357, # il e, Fs 3 [
2mV E500mV. AR £ OUTCS1 I OUTCS2 it 42 {1t
FLFE T, R T S e e

Voutcs_ = As x (Ves_+ - Ves_-)
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MAX1350/MAX1351/MAX1356/MAX 1357 75 B2 4% 1 4
T ARG 3 mV SIS A SRR T . TTMAX1352-
MAX1355 IARFRE A RTHHE RO, M T4 AR RER T i,
B L EREAG TN 3 AR MR . @A B S AR 3mV A
RURHL R, 7] 2R FAMER R % O {5 oK i s R LR (Ag x
3mV) JEE . KRR T 100mVEs:, X i ok % 2k 4
PEAT R 2 1t 0% S 35 M DI S R R R 22
UK Bh CAL_ % 75 HE I AT 5 CS_+ M CS_-Aa A —i2, LA
FOUTCS_sm 2RI IEH TIER, JK3hCAL_FELH T,
CAL_ kb 38 FE B K F40ps. B ARG 40ps 5, FFR
FEOUTCS1/0OUTCS2.

IKFNEL A 7S
MAX1350-MAX1357 & BUH W sh i R 4%, MAX1350/
MAX1352/MAX1354/MAX1356 i P B 2 #35 (Ap) N2,
MAX1351/MAX1353/MAX1355/MAX 1357 (1) P &6 [ 5 34 25
H4.

1 #5{7 Z DRGND (CLAMP1F#ICLAMPZ2)
MAX1350-MAX1357 MUK SR 2548 (b B A Dhig . 3K
B CLAMP1 HMICLAMP2 & = B i, OUT1 F1OUT2 4351
Hi Z DRGND. CLAMP_ 75 £ OUT_ H i (¥ i ] J2E 38 38
# N 1ps (3 W Electrical Characteristics). 1EF TAYEWF, 3K
ZCLAMP1 fiICLAMP2 Z (% A1, F-.

trEEfi

FEENSE, ANESHDN AR, MAX1350-MAX1357
AL T el . 5 SHDN ($2 44 — 4B K 2 & i B AE)
Al g EIR Y e R . SHDN SR G 4K 22 FAE | - il & 11
RHECPA A . IER TAER, WX2hSHDN £ & H-F-.

HF#MA (SHDN. CLAMP1.
CLAMP2. CAL1FICAL2)

R3IVESVIZEMSECTHIA - X LA T IR
KR LR A 6V
KA 7%

1T 7R B S2 B, MAX1350-MAX 1357 fiE % % 7] 45 71 2%
O (G At AT LR A R R e — A e GRS U i

s -

—_— g

57 g

@m‘ﬁﬁﬂllgg ;#ngn
IKZIRT K 7
KAk, 5K TR A CS_+ FTCS_-3% 2 2 T A AY AR
FORARAICS_+3 . XA AT B4R R Y CS_+ 5 A4k T
RIS Y, DURIEIE® T/E. \FCS_+MCS_-4
R, RABKHRE S AT, TR RISk
2%, BRI (IN_) ZDRGND, FHIKF0AHM 1Y CLAMP_
2 = ECT DA A 5 S 2 DRGND.

h e

LG — B ik L DMOS R &

MAX1350-MAX1357 w] FF R AT 2 i Sl 2 Ao (2 00
K 2) LDMOS & 7R % i Itk 3 . LDMOS 191 B2 A8 L,
AR 2 VAR (9T PR R A & AR AR A, A SR AR R B R R
Bl E A, K S BRI MAX1350-
MAXI357 SZHRe A 7 28, R MILDMOS e FEL 3t IF 94
AR R B R, DURME TR RS .

244 i PUA MAX1350-MAX 1357 g, 1 2 7 ) B g% ]
B 251\ LDMOS A% . MAX12302& — /1~ 1217, 16
JEIEADC, ] 5 2 0 /\ B U AR AL A A A LDMOS 1 &
(BAFAE — ). MAXS30642& —N 1247, /EEDAC,
A f Z A R K SO B . SR A SV HE il 25 4 1
ER PN

FB 77 #a R FE 2 #E

M DL T AR ME R RopnsE:

1) HEEYE: KMRspnsplH & H T I2RIGHE S S IR H
FERAR . BN BB, Ropnsp MR AT EEAR

2) KR KBYRspnselE AT A U & B /N . X2
T2 A I RS, SRR 52 Mg/l

3) ReERMIhEE: KRR, Repnsg IPRFER K. 1
PP S HAUE R, MR — & MmH,
SRt B e, ] R EL A BEL (K ) PR RS

4)  FLIRAE: AR AY E A A BRI m AR AL, Y
BRFFBARR L ERE . Zek B ERER K, MEE
LR RE By — b, AR MR EE SRR, 548
RIS GEE R R R], I AL (E 4 R R R B AN SR 7

T RGeSk, TERA & B A, REER
KFI1Q.
9
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*MAX1350/MAX1351/MAX1356/MAX1357 ONLY
**SELECT Rr AND Cr BASED ON DESIRED FILTER CUTOFF FREQUENCY, WHERE
foutorr =1/(2 Re x Cp). LIMIT Re TO 1002 TO MINIMIZE OFFSET ERRORS.
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PART | AMPLIFIER | INPUT OFFSET | AMPLIFIER

GAIN (As) | VOLTAGE (mV) | GAIN (Ap)
MAX1350 2 3 2
MAX1351 2 3 4
MAX1352 2 0 2
MAX1353 2 0 4
MAX1354 10 0 2
MAX1355 10 0 4
MAX1356 10 3 2
MAX1357 10 3 4
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TRANSISTOR COUNT: 804
PROCESS: BICMOS
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