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PART

TEMP RANGE PIN-PACKAGE

MAX9951DCCB

0°C to +70°C 64 TQFP-EPR

MAX9951FCCB*

0°C to +70°C 64 TQFP-EPR

MAX9952DCCB

0°C to +70°C 64 TQFP-EP

MAX9952FCCB*

0°C to +70°C 64 TQFP-EP

SR i — IS R

brige3i=1=]
PART DESCRIPTION
MAX9951DCCB | Internal 10kQ force-sense resistor
MAX9951FCCB | External force-sense resistor
MAX9952DCCB | Internal 10k force-sense resistor
MAX9952FCCB | External force-sense resistor

Maxim Integrated Products 1

AR Maxim IE S SCEORAY 3L, Maxim A 23 77 78 (19 22 57 R B 7= A 19 85 R 1A 5T . T TR T3 S0P AT REAT FE S0 41 R
B, WIFRHIAMETRE R ERE, 2% MadmIz 4y SO sEr .
ZNEBHERFSEIHRNEEER, BFiEMaximaJETT: www.maxim-ic.com.cn.
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ABSOLUTE MAXIMUM RATINGS

VCCIOAGND ... +20V
VEETO AGND ...t -15V
VO IO VEE t i +32V
VL0 AGND ... +6Y
AGND to DGND -0.5V to +0.5V

Digital Inputs/Outputs

All Other Pins to AGND ...

.................................. -0.3Vto (VL + 0.3V)
(VEg - 0.3V) to (Vce + 0.3V)

Continuous Power Dissipation (Ta = +70°C)
MAX9951_CCB (derate 43.5mW/°C above +70°C).....3478mW
MAX9952_CCB (derate 125mW/°C above +70°C)...10,000mW

6JA MAX9951_CCB
6Jc MAX9951_CCB
6JA MAX9952_CCB
6Jc MAX9952_CCB

Junction Temperature
Storage Temperature Range

Operating Temperature Range (commercial) ........ 0°C to +70°C

Lead Temperature (soldering 10s)

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.

DC ELECTRICAL CHARACTERISTICS

(Vcc = +12V, VEg = -7V, VL = +3.3V, Ta = +25°C, unless otherwise noted. Specifications at Ta = Tmin and Ta = Timax are guaranteed
by design and characterization. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS
FORCE VOLTAGE
Force Input Voltage ViNo_, -
Range VINT_ VEE + 2.5 Vce-25 Y

Vee = +12V, VEg = -7V -2 +7
DUT current at full scale ce EE
Forced Voltage VpuT Vce = +18VY, VEg=-12V -7 +13 V
DUT current =0 VEE + 2.5 Vcc-25
Input Bias Current +1 pA
Forced-Voltage Offset VFOs -25 +25 mV
Forced-Voltage-Offset
+1 V/°
Temperature Coefficient +100 WV/eC
Forced-Voltage Gain Vrge | Nominal gain of +1 1 0005  +1 %
Error
Forced-Voltage-Gain °
Temperature Coefficient =10 ppm/°C
E?rrgred—Voltage Linearity VELER | Gain and offset errors calibrated out (Notes 2, 3) -0.02 +0.02 %FSR
MEASURE CURRENT
Measure-Current Offset IMOS (Note 2) -1 +1 %FSR
Measure-Current-Offset o
Temperature Coefficient 20 ppm/°C
Measure-Current Gain o
Error Imge | (Note 4) -1 +1 %
Measure-Current-Gain o
Temperature Coefficient *20 pPM/C
. . Gain and offset errors calibrated out o

Linearity Error IMLER (Notes 2, 3, 5) 0.02 +0.02 %FSR

MAXIMN



DC ELECTRICAL CHARACTERISTICS (continued)

(Vee = +12V, VEg = -7V, VL = +3.3V, Ta = +25°C, unless otherwise noted. Specifications at Ta = TmiN and Ta = TmAx are guaranteed
by design and characterization. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

Wtk 2 4l 2 B T

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Measure-Output-Voltage Vi0S_ = VDUTGND 4 +4
Range Over Full-Current VMSR vV
Range Vios_ = 4V + VDUTGND 0 +8
Current-Sense Amp )
\ Rel \Y -0.2 4.4 \
Offset-Voltage Input 103 elative to VDUTGND 0 *
Rejection of Output-
Measure Error Due to 9
Common-Mode Sense CMVRLER | (Notes 4 and 6) +0.001  +0.007 | %FSR/N
Voltage
Range E, R_E = 500kQ -2 +2
Range D, R_D = 50kQ -20 +20 pA
Measure-Current Range Range C, R_C = 5kQ -200 +200
Range B, R_B = 500Q -2 +2 A
m
Range A, R_A = 15.6Q -64 +64
FORCE CURRENT
Input Voltage Range for v Vi0s_ = VDUTGND -4 +4
Setting Forced Current V'NO—' Vv
Over Full Range INT_" | Vios_ = 4V + VDUTGND 0 +8
Current-Sense Amp )
Offset-Voltage Input Vios Relative to VDUTGND -0.2 +4.4 V
IOS_ Input Bias Current +1 pA
Forced-Current Offset (Note 2) -1 +1 %FSR
Forced-Current-Offset o
Temperature Coefficient *20 ppm/°C
Forced-Current Gain (Note 4) 1 " %
Error
Forced-Current-Gain o
Temperature Coefficient 20 ppm/°C
Forced-Current Linearity Gain and offset errors calibrated out o
Error IFLER (Notes 2. 3, 5) 0.02 +0.02 %FSR
Rejection of Output Error
Due to Common-Mode CMRIQER | (Notes 4 and 6) +0.001 +0.007 | %FSR/NV
Load Voltage
Range E, R_E = 500kQ -2 +2
Range D, R_D = 50kQ -20 +20 pA
Forced-Current Range Range C, R_C = 5kQ -200 +200
Range B, R_B = 500Q -2 +2 A
m
Range A, R_A = 15.6Q -64 +64
N AXIW 3
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DC ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +12V, VEg = -7V, VL = +3.3V, Ta = +25°C, unless otherwise noted. Specifications at Ta = TmIN and Ta = Tiyax are guaranteed
by design and characterization. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS | MmN TYP  MAX | UNITS
MEASURE VOLTAGE
Measure-Voltage-Offset VMoSs -25 +25 mV
Tomperature Godticion 100 e
Gain Error VMGER | Nominal gain of +1 -1 +0.005 +1 %
Tompereture Gosfilert £10 ppm/°C
lli/ilszz:trj I;/rc?g?ge VMLER g\laol?eesmzdy gj‘f;)et errors calibrated out 0.02 4002 %FSR
Measure-Output-Voltage DUT current at full scale VeG = +12V, Veg = -7V 2 7
Range Over Full DUT VMSR Vcoe = +18V, VEg = -12V -7 +13 V
Voltage DUT current = 0 VEE + 2.5 Vee - 25
FORCE OUTPUT
gj;rset:tte Leakage R +1 nA
Short-Circuit Current ILim- -92 -65 A
Limit ILIM+ +65 +92
Force-to-Sense Resistor RFs D option only 8 10 12 kQ
SENSE INPUT
Input Voltage Range VEE + 2.5 Vcc-25 \
Leakage Current F option only -1 +1 nA
COMPARATOR INPUTS
Input Voltage Range VEE + 2.5 Vcc-25 V
Offset Voltage -25 +25 mV
Input Bias Current +1 uA
VOLTAGE CLAMPS
Input Control Voltage Velo_, VEE + 2.4 Veg-24| v

VCLHI_
iLaCTfaZS'tage (Note 7) -100 +100 | mv
DIGITAL INPUTS
. V=5V +3.5
lrlll?)l:; ;“)gh Voltage VIH VL =3.3V +2.0 V
VL =25V +1.7

Input Low Voltage VL =5Vor33V +0.8
(Note 8) IL N sy 107 v
Input Current lIN +1 pA
Input Capacitance CIN 3.0 pF
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DC ELECTRICAL CHARACTERISTICS (continued)

(Vee = +12V, VEg = -7V, VL = +3.3V, Ta = +25°C, unless otherwise noted. Specifications at Ta = TmiN and Ta = TmAx are guaranteed
by design and characterization. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS
COMPARATOR OUTPUTS
Output High Voltage VOoH Vi = +2.375V to +5.5V, Rpyp = 1kQ VL-0.2 \
Output Low Voltage VoL VL = +2.375V to +5.5V, Rpyp = 1kQ +0.4 V
o e i . 5
High-Impedance-State
Ot?tput Cpapacitance 6.0 PF
DIGITAL OUTPUTS
Output High Voltage VOH lr(e)llilIi\/ze1t?é’GVl\lLD= +2.375V10 +5.5V, VL-0.25 Y%
Output Low Voltage VoL lrggiv:e_gom[?é\N/E: +2.375V10 +5.5V, 102 v
POWER SUPPLY
Positive Supply Vce (Note 1) +10 +12 +18 \
Negative Supply VEE (Note 1) -15 -7 -5 \
Total Supply Voltage Vce - VEE | (Note 9) +30 \
Logic Supply VL +2.375 +5.5 \
Positive Supply Current Icc No load, clamps enabled 10.0 mA
Negative Supply Current lEE No load, clamps enabled 10.0 mA
Logic Supply Current IL No load, all digital inputs at rails 1.2 mA
Analog Ground Current IAGND | No load, clamps enabled 0.9 mA
Digital Ground Current IbgND | No load, all digital inputs at rails 1.4 mA
Power-Supply Rejection PSRR 1MHz, measured at force output 20 dB
Ratio B60Hz, measured at force output 85

MAXIMN 5
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AC ELECTRICAL CHARACTERISTICS

(Vcc = +12V, VEg = -7V, VL = +3.3V, Ccm = 120pF, CL = 100pF, Ta = +25°C, unless otherwise noted. Specifications at Ta = TMmIN
and Ta = Tmax are guaranteed by design and characterization. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP  MAX | UNITS
FORCE VOLTAGE (Notes 10, 11)

Range E, R_E = 500kQ 150
Range D, R_D = 50kQ 50

Settling Time Range C, R_C = 5kQ 20 30 us
Range B, R_B = 500Q 20
Range A, R_A = 15.6Q 25

FORCE VOLTAGE/MEASURE CURRENT (Notes 10, 11)
Range E, R_E = 500kQ 500
Range D, R_D = 50kQ 100

Settling Time Range C, R_C = 5kQ 30 55 us
Range B, R_B = 500Q 25
Range A, R_A = 15.6Q 25

Range Change In agditiqn to force-voltage and measure-current

Switching settling times, range A to range B, R_A = 15.6Q, 12 ys
R_B = 500Q

FORCE CURRENT/MEASURE VOLTAGE (Notes 10, 11)
Range E, R_E = 500kQ 2500
Range D, R_D = 50kQ 350

Settling Time Range C, R_C = 5kQ 30 60 us
Range B, R_B = 500Q 25
Range A, R_A = 15.6Q 25

In addition to force-current and measure-voltage
Range Change

o settling times, range A to range B, R_A = 15.6Q, 12 us
Switching R B = 5000
SENSE INPUT TO MEASURE OUTPUT PATH
Propagation Delay CLMsR = 100pF 0.2 us
MEASURE OUTPUT
l\/Iaxmym Stable Load 1000 pF
Capacitance
COMPARATORS (CLcowmp = 20pF, Rpup = 1kQ)
50mV overdrive, 1Vp.p, measured from input-
Propagation Delay threshold zero crossing to 50% of output voltage 75 ns
(Note 12)
Rise Time 20% to 80% 60 ns
Fall Time 80% to 20% 5 ns
SERIAL PORT (V| = +3.3V, CpouT = 10pF)
Serial Clock Frequency fscLk (Note 13) 20 MHz
SCLK Pulse-Width High tCH 12 ns
SCLK Pulse-Width Low tcL 12 ns
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AC ELECTRICAL CHARACTERISTICS (continued)

(Vce = +12V, VEg = -7V, VL = +3.3V, Ccm = 120pF, CL = 100pF, Ta = +25°C, unless otherwise noted. Specifications at Ta = TMmIN
and Ta = Tmax are guaranteed by design and characterization. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCLK Fall to DOUT Valid tpo 22 ns
CS Low to SCLK High
Setup tcsso 10 ns
SCLK High to CS High
Hold tCSH1 22 ns
SCLK High to CS Low ; 0 ns
Hold CSHO
CS High to SCLK High
Setup tcssi 5 ns
DIN to SCLK High Setup tDs 10 ns
DIN to SCLK High Hold tDH (Note 12) 0 ns
CS Pulse-Width High tCSWH 10 ns
CS Pulse-Width Low tcswi 10 ns
LOAD Pulse-Width Low tLow 20 ns
Vpp High to CS Low
(Power-Up) (Note 12) 500 ns
Note 1: The device operates properly with different supply voltages with equally different voltage swings.

Note 2: Interpret errors expressed in terms of %FSR (percent of full-scale range) as a percentage of the end-point-to-end-point
range, i.e., for the £64mA range, the full-scale range = 128mA, and a 1% error = 1.28mA.

Note 3: Case must be maintained +5°C for linearity specifications.

Note 4: Tested in range C.

Note 5: Current linearity specifications are maintained to within 700mV of the clamp voltages when the clamps are enabled.

Note 6: Specified as the percent of full-scale range change at the output per volt change in the DUT voltage.

Note 7: VciLo_and VcLHi_should differ by at least 700mV.

Note 8: The digital interface accepts +5V, +3.3V, and +2.5V CMOS logic levels. The voltage at V| adjusts the threshold.

Note 9: Guaranteed by design.

Note 10: Settling times are to 0.1% of FSR. Cx_ = 60pF.

Note 11: All settling times are specified using a single compensation capacitor (Cx_) across all current-sense resistors. Use an indi-
vidual capacitor across each sense resistor for better performance across all current ranges, particularly the lower ranges.

Note 12: The propagation delay time is only guaranteed over the force-voltage output range. Propagation delay is measured by
holding VsgNse_ steady and transitioning THMAX_ or THMIN_.

Note 13: Maximum serial clock frequency may diminish at V| < +3.3V.

MAXIMN 7
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#R T (EFIE

(Ve = +12V, VEg = -7V, CL = 100pF, Ccm_ = 120pF, Ccox_ = 60pF, RL to +2.5V, range A: R_A = 15.6Q, R = 70.3Q; range B: R.B =
500Q, RL = 2.25kQ; range C: R_C = 5kQ, R = 22.5kQ; range D: R_D = 50kQ, R = 225kQ; range E: R_E = 500kQ, R = 2.25MQ, Ta
= +25°C.)
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5[ Bl 85
bl e Tha
MAX9951 | MAX9952
’ 18 SENSEA PMU-AKE & A . FF/RCEREZEDUT. FVMIE R, APMU-AB R GES; FIMVELT,
SIPMU-A R A5 5
2 47 FORCEA | PMU-AUKzhgsti. JyPMU-ARYDUT AR H i 85 L %
3 46 CCA PMU-AfMERL A E B . WPMU-A F R HEAME . 7ECCAFICCOMA 2 [8)3%E 82 — 4~ 120pF
HLZ.
5, 15, 5, 15, R LR A
34, 44 34 44 VEE LTEDEERNETUN
4,14 4,14 e S
35, 45 a5, 45 Ve MR EDER L TUN
6 43 CCOMA | PMU-ARKICMAFICXA 2 e 3 .
7 42 RAAS PMU-A 2515 15 56 0 e BEL 3% 0 «
8 41 RAA PMU-A f A2 A 1% & HLBH % $20 «
9 40 RAB PMU-A & F8 B 14 & H L% B2 .
10 39 RAC PMU-A 5 Ci% B H B % 1223
11 38 RAD PMU-A 2 2 D15 B FL B 3% 422315 .
12 37 RAE PMU-A & F2 B 1% & HLPH % 72 i
13 36 RAX PMU-A FEL I 2 R AG 0 PR BELSZE 30 . 12482 28 PMIU-A P 40T FEL T #2 RE2 AG Y0 FELBEL
16 33 EXTSELA | PMU-A4MEFHLIT RFEERE . HPMU-ABERE SN EREL I AR .
17 - SUTLA PMU-A i H A a0 e o i D o Hh 1 2 D 6 e 88 AR I L K F Vorvva -
DUTLA Nl T i i -
18 31 SUTHA PMU-A T H A 25 e L e 2 o i o S s Hh 1 2 T 6 EL e 28 A ARG I R R /N T Virma XA -
DUTHA N ¥l T i i i -
19 30 HI-ZA MSRAZ=ZFEHRA . BHEACAHE T K MSRAE M & .
20 29 INSELA PMU-A#%fi A&+ . 1833 INSELA B 4 A E R INOA B INTA K A . K INSELA & A {i% B - i 1 4
INOA. INSELA 54527 17 22 INMODEA i #:47 “ 537 B Hins.
21 28 TEMP WERE . Vievp = 10mV/°C. Tpr(°C) = (100)Vremp - 273-
22 27 DGND B
23 26 VL TR IR A . VLA Y T2 e A i LT
24 25 DOUT PATEMRER . ARfESPIT™M 3RS fr . £ B MSBHF 43 MADOUTHir H .
25 24 DIN RATEIRERA . IAMSBIT 4 # £idiE izt 2 DIN.
26 23 LOAD ERATUR MR . AP BUE AT s R A PMU S 48

SPIE Motorola, Inc. BRI
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27 22 SCLK ERATHS B A . SCLK AT #2itiR K 20MHz (1 71 B B % .

28 21 CcS Rk A . CSEMKEMHRERITIO.

29 20 INSELB PMU-Bii A 3%#% . i i3 INSELB 2 4 46 A £ INOBEL IN 1B A . ¥4 INSELB & A1 FL - I INOB .
INSELB 545 #1247 17 ## Y INMODEB{ #47 “54E” #iizH.

30 19 HI-ZB MSRB =& Hl4i A . 2K T-# MSRB & Jy = B

31 18 DUTHB | PMU-BE L o i L Beae i . i Hh Oy e T 2 1 8 ERO R A R I FL P /N T Vs «
DUTHB 7 I 1% % i 1
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37 12 RBE PMU-B & FEE 4 i HLBH 2 #2201 .

38 11 RBD PMU-B# 2D 14 & H B 7% B2 .

39 10 RBC PMU-B f F2 C % i L PH % 423 .

40 9 RBB PMU-B# 2 Bi% & i BH & B2 .

41 8 RBA PMU-B &2 A 3 & HL B 72 B2 .

42 7 RBAS PMU-B 2 2 A 1 B Fo BELARS 037 422 s -

43 6 CCOMB | PMU-Bf{CMBFICXBZ Ftiii.

46 3 COB PMU-BAMAHLA HE He . PMU-B E UK B2 4. #ECCBRICCOMB Z [f] 3 # — 4~ 120pF
HLZ .

47 2 FORCEB | PMU-BEkzh##iit . HPMU-BAYDUT hizk B i o F 1% .

48 ] SENSER | PMU-BEIA . JF/RSCESEFEDUT. FVMIBUT, HPMU-BI LRI (E S FIMVEEAT,
APMU-BH#E (4 55 .

49 64 THMAXB | PMU-BfA bLe s mii [ TFR B RS . IPMU-B % LU B 15 B v HL R T FR

50 63 THMINB | PMU-Bf He & 1 TR F FE A A . S PMU-B T4 A 2 i 18 A0 s Pl I T PR

51 62 CLHIB | PMU-Bidifif (i FL IR A - 350 B i o i (0 FL IR HEL T

52 61 CLLOB | PMU-BARii i i ki A - 15 B AR T O b L P

53 60 INOB PMU-BIM#R IR LA . AEFVARN N BB N, AEFUE S N3 & i -

54 59 IN1B PMU-B iz TP i A . EFVE R &gk, fEFIBE T % &k A i .
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MAX9951 | MAX9952
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64 49 THMAXA | pPMU-ABT LB s m sl IBRHLEAR A . I PMU-AG HLA S B i L R TR
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MAX9951/MAX9952

Wtk 2 2l E B T

ThEEHER

TO EXTERNAL CURRENT BOOSTER
FOR HIGHEST RANGE —
f [
I
RD
RC
—~\VW\V——9
RB
—~W——e
cM RA
Vee  Vee VL ¢ vV g
| [ a CCOM_ EXTSEL_ | RX |R.E |R.D |R.C|[RB [RA
. ——y v
~o——+
N —— O at RANGE RESISTOR SELECT
L S e ‘\v,’\v,'\v -------------------------- FORCE_
P ; — AAAN—
INSEL_ —
Y A
15MQ
1
DGND
10S CLLO_
i J
] oc —
3 < | | |2 L
s TlglalglS
= |22 2|
1
o v—
cS > - CLHI_
SCLK > P a0
I -~ SERIAL
LOAD > INTERFACE FuioDE
DIN > y =
MODE
DOUT =
\' 5I 2‘ 10 §RFS'
2| | TO OTHER PMU CHANNEL
2 ]
15MQ S
. P
A-Z_ ® A
MSR_ O—i
=0 I SENSE_
¢ gyl + THMAX
DUTH_
| e MAXIMN
MAX9951
/O/I fy— MAX9952
DUTL_
| - THMIN_
L
— AGND DGND
*Res INTERNAL TO MAX9951D/MAX9952D ONLY
12 MAXI/MN




HI-Z_

EZih0
R A 7] 6 E 5 S B (Ve AT VeR), MAX9951/MAX9952
) TN AR B I £ P PR Y B -2V B +TV E-TV B 413V, X it
B AT MR B M K +64mA IR, B AR R AR T
A£2pA. X TFHERTEE K F64mA R, 75 R ASNE
SRR -

MSR_ i H H 5 7 I L R s RO A IE e . HI-Z_ 8 MK
HLFIE, MSR_BEAMGHER . S, £ ILB w4 sh
FEAT AR IR, AE4RAL 3K (DUTL.) A1 “dw&”
(DUTH_) HLEMER A . B4 i st b B n e 8 1
FIPEAS . X g R L0 57 9 FORCE_ I SENSE_J% £ ,
DL 4 T 4 B 454 . FORCE %t B & (CLHL) FIAi
(CLLO_) W/~ FEHTAL, AT 4 H S PR sk 72 SR EB1% S 1Y
TP . E PMIUASE 38 43 5 26 98 114 79 A 42 o L S B A i 42
MK R

Wtk 2 4l 2 B T

HEiTEO
MAX9951/MAX9952 % FFRHE ) 3£K SPI/QSPI™/MICROWIRE™
A F 7w H . — BB A BE A A7 Ay, BE K LIMSB
TESC AR NDOUT 5| e i - X i i 07 =T S2 B 24>
SRS EEE L. [’ 235 T AT O P A

FE1TimOL(E
AT O B (B4). BAPMURAE — i A 7777
o, AL A N AR AR . B4 PMULA — N
AT SR ABIR N PMU S 745 . BURTESIAPMUFF
4% Z R AR X PMUF LRI . X Fh 27 17 4 BC B 25 44 T
VFIRANI [ S5oKs PMU RO 3 A B AP A7, IR K
BT AF o B A7 I PMU %5 77 g 7, ML PMU B BERE 22
AR ECAE . %% 77 i G B 4 30 W] AR FR PMU I8 32 o
HEEoL, RALBEPMURIRE. Bk, ZPMURER S
HEPMU st P [a] I Rl -

DIN %

DO ¥ D1 D2 y D3 Y D4 )y D5 X D6

FIRST BIT FROM
PREVIOUS WRITE

REGISTER(S)
SCLK UPDATED

D7

INPUT

D8 Y D9 ) D10 f D11 Y D12 X D13 X D14 ¥ D15

:

LAST BIT FROM
PREVIOUS WRITE

LOAD

17

PMU REGISTERS
UPDATED

B 1. AL 09 5 1 7

QSPLAZ Motorola, Inc. i F5#5 -
MICROWIRE #2 National Semiconductor Corp. BJ i #5 -

MAXIMN
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MAX9951/MAX9952

Wtk 2 2l E B T

s
INPUT AND PMU
REGISTER(S)
SCLK UPDATED

D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 Y D10 f D11 x D12 ¥ D13 X D14 ) D15

]

NN EE R
NN ER R
) T

pout
FIRST BIT FROM LAST BIT FROM
PREVIOUS WRITE PREVIOUS WRITE
LOAD —
LOAD=0

2. [a]AEH 249 4 LT 7

SCLK

D
w

pout DOIast>< Dlast >< D2last >< D3last >< DA4last >< D5last o e o D14Iast>< D15last ><

tho — B> — ;
tLow — -—

m \I

3. 20 1IN PR
14 MAXIMN




Wtk 2 4l 2 B T

F1. LRI
BIT BIT NAME
_ 15 (MSB) INMODE
CS —»d
SCLK —»] SHIFT REGISTER /16 —DOUT 14 FMODE
DIN —
¢4 » 13 MMODE
12 RS2
1 v 11 RS1
CONTROL
DECODE || INPUT REGISTER A > INPUT REGISTER B 10 RSO
9 CLENABLE
’12 ! 12 8 HI-ZFORCE
7 HI-ZMSR
= PMU REGISTER A PMU REGISTER B 5 DISABLE
12 %12 5 B2
\J 4 B1
T0 PMUA T0 PMUB
3 A2
2 A1l
(614, 8% PMU 11 77 RE [ ! c2
0 (LSB) C1
# FHLOAD ¥4 It A i A\ 317 4 $Udfs 7 40 % APMU 1745
104 LOAD 7 54 807 21y A 27 AEa MR RRAICHR T, iR .
41535 5 PMU 17 45 *x2. Hudt{iL
. (BIT 3) | (BIT 2)
tk#;jﬁlllﬁfﬁ—? A2 A1 OPERATION
MAX9951/MAX9952% FIMSBJe i 56 R, AnZR 17w 0 0 | Do not update any input register (NOP).
. 0 1 Only update input register A.
PMU# ] 1 0 Only update input register B.
FHAR [ B0 Xt A~ PMU [RI B 9m F2 77 22— AN 16007 . L& ’ ’ Update both input registers with the same
B Fcd 43 3% A4S PMU ZR 8 U 75 B AN 1667 data.
Hiyhk 57 45 58 B AL AT A7 v BN A AT AR A . R2UHT T
kAL DI RE - .
CURC G B b A S — 8 PMU B fse. e R0 TR
#1001 fE 5 TOAD AL CSBUE AR AFII [ @im1) | @mo) OPERATION
TTRTHLE B 4AE, T LOAD fii A AT 75 AT o Bsf [A] R EicdE B A c2 c1
PMUZF 4. MClEC22 — MARH TS, AR PMUSF 0 0 | Data stays in input register.
fran i AR . RV T X P HIAL ) T RE - 0 | Transfer PMU-A input register to PMU
NOP #:fEBRAL = A2 = Cl = C2 = 0. BLi, $iR7ER register.
P25 FF 45 AR T A 2 e B SR AR . ’ 0 Transfer PMU-B input register to PMU
register.
’ ’ Transfer both input registers to the PMU
registers.

MAXIMN 15
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MAX9951/MAX9952

Wtk 2 2l E B T

Cl = C2 = Offi it BN AT AP ARGk B AT AR, 1
RefLi% 2 PMUF 4% (B IECOAD ARHL ). X HE,
s vr DLFE DLS 19 LOAD #4505 £2 44 F 8177 2| PMU
AR, ARG T EHIAMAOL AT RE & . 4 —
ANPMU (B 217 S8 8FE R, 55 —ANPMU 3 A 25 1%
TR FF AR . Ht, XTPIAPMUZ 77 2  3R 5d i
— APMU L £8iE o 17 Bl 35 1 55 — A PMU AR F7 5 24 11

B #E
5 1 7 B DY A7 e B AN ] 9 I N & TAERE . INMODE
TR A i A B4 i L R 2 — . FMODE 3£ PMU filn#k
MRS HL . MMODE#%#¥ DUTHL i s DUT HL ik 2
MSR_. HI-ZFORCE "] ¥ IEshii ki & T = LIRS, £S5
VB T &R R AN TAERE.

R

4. (ERESFBRAEAIZ E S PMUR(E

BIT (3:2) BIT (1:0)
PMU-A OPERATION PMU-B OPERATION
A2 Al Cc2 C1
0 0 0 0 NOP: data just passes through
0 0 0 1 Transfer PMU register A from input register A. NOP.
0 0 1 0 NOP. Transfer PMU register B from input register B.
0 0 1 1 Transfer PMU register A from input register A. Transfer PMU register B from input register B.
0 1 0 0 Transfer input register A from shift register. NOP.
0 1 0 ’ Transfer mpuf[ register A and PMU register A NOP.
from shift register.
0 1 1 0 Transfer input register A from shift register. Transfer PMU register B from input register B.
0 1 1 1 Transfelr |npu? register A and PMU register A Transfer PMU register B from input register B.
from shift register.
1 0 0 0 NOP. Transfer input register B from shift register.
1 0 0 Transfer PMU register A from input register A. Transfer input register B from shift register.
1 0 ’ 0 NOP. Transfer mqu register B and PMU register B
from shift register.
1 0 1 1 Transfer PMU register A from input register A. Transfer mpult register B and PMU register 8
from shift register.
1 1 0 0 Transfer input register A from shift register. Transfer input register B from shift register.
1 1 0 1 Transfer mpuT register A and PMU register A Transfer input register B from shift register.
from shift register.
1 1 1 0 Transfer input register A from shift register. Transfer |nqu register 8 and PMU register B
from shift register.
1 1 1 1 Transfer input register A and PMU register A Transfer input register B and PMU register B
from shift register. from shift register.
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&5, PMUMNEM SR E

Wtk 2 4l 2 B T

(BIT 15) (BIT 14) (BIT13) (BIT 8) PMU MODE FORCE MEASURE ACTIVE
IN MODE* F MODE M MODE HI-ZFORCE OUTPUT OUTPUT INPUT
0 0 1 1 FVMI Voltage IpuTt VINO
1 0 1 1 FVMI Voltage IpuTt VINA1
0 0 0 1 FVYMV Voltage VpuTt VINO
1 0 0 1 FVMV Voltage VbuTt VINT
0 1 1 1 FIMI Current IpuT VINO
1 1 1 1 FIMI Current IpuT VIN1
0 1 0 1 FIMV Current VpuTt VINO
1 1 0 1 FIMV Current VpuT VINA1
FNMI High-
X 0 1 0 (range E only) Impegance Ut X
X 0 0 0 FNMV High- VouT X
Impedance
0 1 0 0 Termination Voltage VpuT VINO
1 1 0 0 Termination Voltage VpuT VN1
0 1 1 0 Termination Voltage IpuT VINO
1 1 1 0 Termination Voltage IpuTt VN1
*INSEL =0
6. BieEIREF BB 1E
(BIT12) | (BIT 11) | (BIT 10) NOMINAL ?E%U%E‘JE‘/%I:%ESO‘ RS1FIRS2# I FI (bqﬁ?ifﬁ) i
ns2 | Rs1 | Rso | RANGE | RESISTORVALUE| NI (JIftHLJ) A9 RFLGH . %645 1 T il ilh B ARG
(@) P A 2 152 B
0 0 X +2UA R_E = 500k
0 1 0 +20pA R_D = 50k FHL(ERE
0 1 1 +200pA R_C = 5k CLENABLEY 3% %8 v FEL -0, (o BB 22k i HE LR 45007
1 0 0 +2mA R_B =500 NG P AR RO A B AR TR ER
1 X 1 +64mA R.A=156 5% F i e
1 1 0 External —
T E 5 H & FEFE#
i A HT-ZMSR % # . S HI-Z_ i A, MSR_W] SEHLAK I
R7. MSR_HHEER (R BLR AS. FITZ_ 1 LSMQEH A #E EHE V] . XA
BT FIoeR | A SR HOSHEFT IR 57 25 B RIMSRUB M. RS R 1,

1 Measure output enabled

High-Impedance

High-Impedance

o|lo|l=w|—

0
1
0 High-Impedance

MAXIMN

Al HI-Z_ SCB £ A4NPMU MSR_fi i 94 E . %7
WL T MSR i H B LA

#ZF#HH (DOUT)

Rt SR B R AT RS (V75 A7 e 9 B — U, ESCLKHY
TREEE SR L. 16,50 #E 2 )5, DOUT#H AT
AN BATEIRFR S — L. XHE, AT RUR AIDOUTHIAR
[e] sf b 1) 265 16 07 SR 2 R
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MAX9951/MAX9952

Wtk 2 2l E B T

AR ESEH “hiEREE"
FEEA AT AT b A LR, ISR CS 58748 MK HEL P 48 J5 3R (o]
LT, T AR A A O B s B BIPMU AR A7 28 . 1%
B 0 2 B8 A~ & SPI/QSPY/MICROWIRE # [ bR #ETH RE . 11t
PR AE S ILOAD I AE, HI LT HLOAD E1K.

& 7
P LEE A & M ey, FSRIMEAMIMSR_. THMAX_
MTHMIN_ B & L&, KITR. rafmssh
LAt TR o A RS [ E i DA P2 KA e
Wl E TR, Rt RIR A . FEBULH TMAX9951/
MAX9952 b # i RS

NAES
EME B E (FV) #3F, FORCE_ i Hi o 19 H8 J 5 iy A
PRI EROE L . FEmE G (FI) #X~, FORCE_ %
S R LU S e A B R B E L . IE BRI PMU.
Joim#Ek (FN) #2850, FORCE_ M= .

EWE R (MDD #X T, MSR_f i 5 B E 5 5 H
FORCE_RY Ll I . 1F HL 3 PMU.

FEMEHEE MV) X, MSR_%iH i 1 # % -5 SENSE_
TNV Y=

BRI A 75
WE B ERA

TOS J2 HEL 3t A I T A 2 18 % b iy N o L 0 A 00 K 28 5 B
AFEHIBEE (INO_INL) #48 h in#Z DUTH I (FI), FF

R8. LBHEER

BIT 6 _— _—
—D=SABL)E CONDITION DUTH DUTL
0 X High-Z | High-Z

1 VMSR > VTHMAX and VTHMIN 0 1

1 VTHMAX > VMSR > VTHMIN 1 1

1 VTHMAX and VTHMIN > VMSR 1 0

1 VTHMIN > VMSR > VTHMAX” 0 0

*IE# TAE 2 Vigax > Ve 52 Vg > Visvax A&
1 HE AR E P2 A AT fo] ]

18

FoF Pk A DUT B % 46 S MSR_fai i FL R (M) 24
10S A8 % FDUTGND (DUT_EAYGNDHL T, 18 E DACHI
ADC i FZH EAE D2 %) NREE, XN T i &R
T B FR AR FL R JE ] R-4V B4V . ATRIE A RITOS F i
FB s B Z A A e R R RS LY, il
TOSTEM T +4VELERT, X B T~ 2 A% FL 3 (1) L R 3 PRl AR
HOE+8V.
PUR A= E T 5 5 A H R 3 0 2 F s AF D B 19 B> F
TR I fe /I MELFI B R A :

VMAXCURRENT = VIOS + 4V

VMINCURRENT = V|0Os - 4V
XTTOS i A B #EAT 1648, DA MSR_ % 218 5 Vg a¢
VecHLIEH R ZME K T2.8V. Flan, fEfEEN+10V
FI-SVET, F54MSR_fi H 2R R H7E-2.2VE+T.2V L .
Hit, BIOSEEE+L.SVE3.2VZIE]. IR IOSARTEL
TLE Y, WIMSR_fH AT RE &= AR 45 0. AR DL A
VHETIOS [ FR il -

&/hVios = VEE + 6.8V

K Vios = Vcc - 6.8V

FAFEAXEREFENERY ERS
MAX9951/MAX9952 i) iy H4 HaL I B¢ KM 9 +64mA, a] ff
SNERZ MRCR AR LB KRS (K5). TR
PR

Rext

RA

RE

CCOM_

EXTSEL_| R_X | R_A [R_E

VIN_ 50Q
FORCE_ { DUT

4

4

MAIN AMP

MAXI
MAX9951
MAX9952

m
)
CURRENT- \**

SENSE AMP

SENSE_

MSR_ | g [

K5, Shabra iy R

PMU

MAXIMN




BB R MR A AL P AE EXTSEL_ Bl 12 i i e s o
A shy s . CCOM_TE Mo Grha iy A, e eR
X — > SOQPR T FRLBE . H SR s 14 i H 5 MR LA
IR BH Rexcr DA B2 @ P BOR X A - 4% Rpxr Y 73 — i
S FORCE_. {8 i it I 9 S 6T 5

B 5 1L

HL 47 T FR HIFORCE_fi i, I+ TAEFHAMEMH
VTG Py . A ARERIE i CLHI_FMICLLO_ ¥ B4 .
FORCE_ 1) fi i FL s fok & 47 7 T g, 1 5 SENSE_%i A HR
EXX. HEE)E, MAMNEFIBER TREEMR. RAK
FORCE_ 0.7V A L FORCE_{% 0.7V RO 45 7 FiL s, DURIIE
PMU IE# TAE.

R R

FEL I A2 ik 52 A5 FEL O R EL AT PR ] (B 22 [RI A, FORCE_ R
TFLE (BRME 92mA) BEHI PR YERE R 4 AIYMSR it . H
WART Em &R, MSR_HERK KT +4V; B
ANT R R AT, MSR_FLE/NT-4V. Besh, Fl
FHEATHE 0 B2 W] S 2.5 45 AR AR FRLIAL Vi R A BR T
FOL T LT RR A9 TAENE L -

RIGHXFIIETF KBTI EF

PA S TIREIE G (SPDT) TR EPMUR) TAEERA. —
AT 5 Y 5E 10 i A BB A I DUT HE A 2 DUT H
e, AT 2R E MAX9951/MAX9952 2 i i i 38 2 HL F
F—AIFRPEMSR_ A MDUT HL A ZDUTHLE .

*R9. HthR I

B2
FMODE RANGE (BIT 5) CURRENT LIMIT

X Any 0 65mA to 92mA
0 A 1 65mA to 92mA
0 B 1 5mA

0 C 1 500pA

0 D 1 50pA

0 E 1 5pA

MAXIMN

Wtk 2 4l 2 B T

B T 38 H G R R/ R (FVMID) 0 28 5 /) &2
L (FIMV) BAh, IS8T 3¢ [ 57 422 il A1 HI-ZFORCE
RAIE AT SEPL T 0 R G ) TAER . MAX9951/MAX9952
AU AP L

e FVMI

e FIMV

o FVMV

o FIMI

e FNMV

o ENMI ({W{EFIE)

o L /M EV

o Ly /T
El6gh T im0 2 g A X ) P BRI R A . AE
2R/ AR T, R A 2 A 2 1) A A 0 B
(RLAZER_E) HAEMSR i st it — ~HE. SENSE_R
FEDUT L HL R, FHK 28 22 b 1 &5 SR I i [0 H, s i K
I S ARSI A v . MSR_Hir i HL S FORCE_HL IR A IE B,
HHFEUTARK:

VMSR_ = IFORCE_ X RSENSE X 4

B 746 1T n A FL g/ R EE AR ) P R S A A . AR
A/ BT, AN R (RLAR
R_E) MHLERCK % 1 S A i A2 L S i FL . SENSE_R
FEDUT LR R, F7E MSR iy Hi i 2 ik 2 rh 4 5L

INl_—+
RSENSE

FORCE_

DUTGND

MSR

B 6. T v 1 / 1 4 FEL i T EHE ]
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MAX9951/MAX9952

Wtk 2 2l E B T

Vour_
INl_—+ A
RsEnSE PRCE || N Vee -2.5Y
* *********************
DUT
SENSE_ T > lour_
DUTGND
GGEREEE RREEEE i EREEREEEEEES VEg+5V
MSR_ —4 ‘
P VEE +2.5V
IMIN \ IMAX
] 7. I i/ IO L S T RERE [ 8. PMU I i
B ZE TERAFIEETHATE
. e AT
FORCE_. MSR_FIEb 45 #5 i 3 H A 3 57 11 7o BHL 0 45 1 2 Bt

AE, ATRURENTE N RBLYT. MRS . s A
MSR _ 1 e 85 i 1 BE -5 HC & PMU U B2 /01 LU 50 45 i 1 S 20
N HE . FORCE _Hai H A ey BHL 285 T SE B 22 5 45 A9 FF A
TARBE, 15— Sepy FArp Al 4 25 SRR LR -

EFUFFORCE_. MSR_F LS i oA e PR 2

BAESHEE

T A~ A A 5 INO_RIINT_ 94T — A~ 40 R LA $4 il o 2 L s
ARG . FEXFHFLL T, PIAHA G S AR B
BAE, P AT O SUNSEL_# T iR S, B4
Fr A AR TR — AR R (RIH R 3 -

bl

FORCE_FISENSE_ i A 5T fa] HL Y5 H 2 A6 4 s isf, 102>
ZEREP R Z IR

20

MAX9951/MAX9952 % H5¢ & Ja Wr i JF et 72, DA /M
W . SR T D RE [RIRE PR 1 4 o 19 Bk 48

DUTH E#IE S DUTE i #
HB B JERIX Z

PR JLARE Z BRI T PMU T BE4R AL A9 SEFRDUT L JE -

o WK BAH EEMBEBITN AR, BAELE
HLR L EL2.5V, S5MmEkik.

o FHL I 5 P 96 458 FEL L DA R 55 A Y b OEL B K Y Ay 5 FEL 8 T 7=
AERHERR TS . B RELRE, VA LR R OE B SR
2.5V.

o HLIE LR A 50

o DUT -5 PMU Mt () AR X B R4S 1L

255 = A DU ST A e, I8 44 HY T PMU RY i i 36

Bl. %F% DUT Hii, DUTHJEEE R (Ve + 2.5V)

(Vee - 2.5V) 2. P8R IERDUTHG, 1F#EEZ%

PEREAL, HERKHEIRANER (Voo - 5V). B, XF

FRARM G DUTH L, o EEE &AL, e

%j‘%{)ﬁﬂjﬁ%ﬁ (VEE + SV)o

MAXIMN




. DUTHEFIIOS

MAX9951/MAX9952 BA B4 Jm ki, AGND (i) F1
DGND (1), #EPCAHR ¥ AGNDFIDGND % # 7F — i .
E— MBI ATE &% H, PMUMNZLE ELAIDUTH b2
x. EXFENA T, fAHEJEINO_FINI_PIDUTH b &
%, B, I0SHIDUTHE HZ %, AR AT
P AT B, B IOS EDUTHHA .

MSR_#ii i ADUTH 2%

TR B FOMEE B
Electrical Characteristics 7% i) 88 X 2 i HE [ v 1) HL % 3
1T Ui, HER A 45— 55 B A R 0 e BE I 6 9 R M
HA (CX). HEAEMMEHR_A. R_B. R_.C. R_DH
R_E b #ul 3B HL 2 CRA. CRB. CRC. CRDAMICRE, ]
XA R AT

MAXIMN

Wtk 2 4l 2 B T

o I EL B B I BR LA 2 A S F R ERAME AR CML —
AR TIE T S5 K T30 67 28 P 5 A A A e e, IR AL T 48
SE ST SR

#HFHA (SCLK. DIN. CSFILOAD)
B N AT R, AR T, JFRESRA T
AR G2 () 00 B S A -

mEER
AR — AN S 5 TEMP, E8 SR E N
+25°C (298K) Hsf HoA A i th FL 242,98V . 12 i i FR R DA
10mV/°CHY bb SR BE I BE IE L B4Rk . LB 122 SRR 1 i R B
ik 15kQ (MLHME). R ALUT 2 U8 R -
TDIE = (100) x VTEMP - 273 [°C]

BR1ES

TRANSISTOR COUNT: 11,000
PROCESS: BiCMOS
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Wtk 2 2l E B T

5| KB &

TOP VIEW

SENSEA [ 1]
FORCEA [ 2 |
ceA[ 3]
vee [ 4]
Vee [ 5]
ccoma [ 6 |
RAAS [ 7|
RAA[S |
RAB [ 9 |

RAC [ 10
RAD [ 11

RAE [ 12

RAX [ 13
Vee E
VEe E

EXTSELA | 16

[ =] THMAXA
[ ] THMINA
| =] cLHiA

[ =] cLioa
=] iNoa
B
BIE
[ <] 108
B

| ] msre

BNk
E3E
<] cLLos
B

[ S ] Hming
[ & ] THvaxe

/MNAXIW
MAX9951

48 | SENSEB
47 |FORCEB
46 |CCB

EVCC
EVEE

43 |CCOMB
42 |RBAS
41 |RBA
40 |RBB
39 |RBC
38 |RBD
37 |RBE

36 |RBX

35 ] Ve
[34] Vee

33 |EXTSELB

DUTEA (=]
DUTHA (= |
Hi-Z
INSELA [ ]
TEMP[ =]
DGND [R3 ]
w[s]

DOUT [ ]
DIN[& ]
T0AD [

TQFP-EPR

SoLK [ ]
INSELB[ 3 ]
AB[£]
DUTHB [ |
DUTLE [ |
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Wtk 22l E B T

S E (%)
TOP VIEW 2 2 . g L B .
= E3z2E5£%8z3388::23z3:E
[o] [ss] [ee] [o] [oo] [ee] [se] [sr] [ee] [ss] [o+] [ee] [ [s] [eo] [o]

SENSEB |I/ 48 | SENSEA
FORCEB [ 2 | 47 | FORCEA
cce[ 3] FTTTTTTTTTTTIInnnoooossssssssscceiieiiiiiooo : 46 ] CCA
Voo [4] . | [45 Ve
VEEE EVEE
ccoms [ 6 43]CCOMA
RBAS [ 7 | 42 RAAS
RBA [ 8 | MAXIV 41 |RAA
RBB [ 9 | MAXsg52 40 |RAB
RBC [ 10 39 |RAC
RBD [11] 38 |RAD
RBE [ 12 37 |RAE
RBX [ 13 36 | RAX
VCCE ------------------------------------------------ EVCC
VEEE EVEE
EXTSELB [16 33 | EXTSELA
Tl Tl B e T Tl e T T ] Tl o T
EEEj 3B 8 "3:3kFECE
a B = 2 @ = = s = 2= B2

TQFP-EP
#HEREE

MERIAEHFIIEER, BT
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