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ABSOLUTE MAXIMUM RATINGS

VCC IO AGND ..o +20V
VEETO AGND ..ottt -15V
Vecto VEE ...

VL to AGND..........

AGND to DGND -0.5V to +0.5V
Digital Inputs/Outputs ........cccoceviiiiiiiiee, -0.3V to (VL + 0.3V)
Al Other Pins to AGND ........cooooo.... (VEE - 0.3V) to (Ve + 0.3V)

Continuous Power Dissipation (Ta = +70°C)
MAX9951_CCB (derate 125mW/°C above +70°C)...10,000mW
MAX9952_CCB (derate 43.5mW/°C above +70°C).....3478mW
0yA MAX9951_CCB (Note 1) .oooiviiiiiieiiiccei +8°C/W

6JC MAX9951_CCB (Note 1) ..oooiiiiiiiiiiiiii +2°C/W
0JA MAX9952_CCB (NOte 1) cvvioiiiiiieiiiiieiec, +23°C/W
6Jc MAX9952_CCB (Note 1) ... . 4+2°C/W
Junction Temperature............coccovviiiiiiiiiiii +150°C
Storage Temperature Range ............cccccevie, -65°C to +150°C
Operating Temperature Range (commercial) ........ 0°C to +70°C
Lead Temperature (soldering, 10S) ........ccccocevviiieiiiien.. +300°C
Soldering Temperature (reflow)

Lead(Pb)-Free Packages..........cccooviiiiiiiiiiiii, +260°C

Packages Containing Lead(Pb).........ccccocoovviviiiiiiiinn, +240°C

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to china.maxim-ic.com/thermal-tutorial.

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

(Vce = +12V, VEE = -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 2)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS
FORCE VOLTAGE
Force Input Voltage VINO_, i}
Range VINT VEE +25 Vee - 25 Vv

Vce = +12V, VEg = -7V -2 +7
DUT current at full scale ce EE
Forced Voltage VpuTt Vce = +18V, VEg = -12V -7 +13 V
DUT current = 0A VEE+ 2.5 Vec-25

Input Bias Current +1 pA
Forced-Voltage Offset VFOs -25 +25 mV
Forced-Voltage-Offset o
Temperature Coefficient 100 WVPC
Forced-Voltage Gain VEGe | Nominal gain of +1 1 0.005 +1 %
Error
Forced-Voltage-Gain o
Temperature Coefficient =10 ppm/*C
I;?rr(():;ed—Voltage Linearity VFLER | Gain and offset errors calibrated out (Notes 3, 4) -0.02 +0.02 %FSR
MEASURE CURRENT
Measure-Current Offset IMOS (Note 3) -1 +1 %FSR
Measure-Current-Offset o
Temperature Coefficient +20 ppm/*C
Measure-Current Gain o
Error Imge | (Note 5) -1 +1 %
Measure-Current-Gain o
Temperature Coefficient +20 ppm/*C
Linearity Error IMLER (Gl\laol?ezr]Sd fo;;et errors calibrated out -0.02 +0.02 %FSR

MAXIMN
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DC ELECTRICAL CHARACTERISTICS (continued)

(Vce = +12V, VEE = -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 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Measure—Ou’[pu’[—Vol’[age V|OS = VDUTGND -4 +4
Range Over Full-Current VMSR_ \
Range Vios = 4V + VDUTGND 0 +8
Current-Sense Amp )
V Rel V -0.2 4.4 V
Offset-Voltage Input 108 elative to VDUTGND 0 *
Rejection of Output-
Measure Error Due to 0
Common-Mode Sense CMVRLER | (Notes 5 and 7) +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 vV Vi0s = VDUTGND -4 +4
Setting Forced Current V'NO—' \
Over Full Range INT_ 1 Vios = 4V + VputGnD 0 +8
Current-Sense Amp .
Offset-Voltage Input Vios Relative to VDUTGND -0.2 +4.4 V
IOS_ Input Bias Current +1 uA
Forced-Current Offset (Note 3) -1 +1 %FSR
Forced-Current-Offset o
Temperature Coefficient *20 ppm/°C
Forced-Current Gain (Note 5) g 1 %
Error
Forced-Current-Gain o
Temperature Coefficient *20 ppm/°C
Forced-Current Linearity Gain and offset errors calibrated out o
Error IFLER (Notes 3, 4, 6) 0.02 +0.02 PSR
Rejection of Output Error
Due to Common-Mode CMRIQER | (Notes 5 and 7) +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
AXIMN 3
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DC ELECTRICAL CHARACTERISTICS (continued)

(Vce = +12V, VEE = -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 2)

PARAMETER | SYMBOL | CONDITIONS | MmN TYP  MAX | UNITS
MEASURE VOLTAGE
Measure-Voltage-Offset VMOs -25 +25 mV
Gain Error VMGER | Nominal gain of +1 -1 +0.005 +1 %
mi:;:s I;/r(:!)tfge VMLER ?\le;l?ezn:gd’ Zj‘fg)et errors calibrated out 0.02 4002 %FSR
Measure-Output-Voltage DUT current at full scale Ve = +12V, Ve = -7V z il
Range Over Full DUT VMSR Voo = +18V, VEg = -12V -7 +13 Vv
Voltage DUT current = 0A VEE + 2.5 Vee-25
FORCE OUTPUT
gg;rsetstte Leakage g 1 nA
Short-Circuit Current ILiIm- -92 -65 mA
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 Vv
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 pA
VOLTAGE CLAMPS
Input Control Voltage Vewo., VEE + 2.4 Vce-2.4 V
VCLHI_
i'cacrgfagshage (Note 8) -100 +100 | mv
DIGITAL INPUTS
) VL =5V +3.5
:&%ﬁ; g')gh Voltage Vih  |vL=33v +2.0 v
VL =25V +1.7
Input Low Voltage Vi Vi =5Vor3.3V +0.8 v
(Note 9) VL =25V +0.7
Input Current lIN +1 pA
Input Capacitance CIN 3.0 pF
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DC ELECTRICAL CHARACTERISTICS (continued)

(Vce = +12V, VEE = -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 2)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS
COMPARATOR OUTPUTS
Output High Voltage VOH V| = +2.375V to +5.5V, Rpyp = 1kQ VL-0.2 V
Output Low Voltage VoL VI = +2.375V to +5.5V, Rpup = 1kQ +0.4 \Y
e . 0
High-Impedance-State
OL?tput gapaoitance 6.0 PF
DIGITAL OUTPUTS
Output High Voltage VoH 'rglglgvzelg”gé\ﬁt): +2.375V10 +5.5V, VL -0.25 v
Output Low Voltage VoL ng;;e'tgmtféxbz +2.375V10 +5.5V, 102 v
POWER SUPPLY
Positive Supply Vce (Note 2) +10 +12 +18 Y
Negative Supply VEE (Note 2) -15 -7 -5 \
Total Supply Voltage Vce - VEE | (Note 10) +30 Vv
Logic Supply Vi +2.375 +5.5 \
Positive Supply Current lcc No load, clamps enabled 10.0 mA
Negative Supply Current IEE No load, clamps enabled 10.0 mA
Logic Supply Current I No load, all digital inputs at rails 1.2 mA
Analog Ground Current IAGND | No load, clamps enabled 0.9 mA
Digital Ground Current IbDgND | No load, all digital inputs at rails 1.4 mA
Power—SuppIy Rejection PSRR 1MHz, measured at force output 20 4B
Ratio 60Hz, measured at force output 85

MAXIMN 5
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AC ELECTRICAL CHARACTERISTICS

(Vcc = +12V, VEg = -7V, V| = +3.3V, Ccm_ = 120pF, CL = 100pF, 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 2)

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 ys
Range B, R_B = 500Q 20
Range A, R_A = 15.6Q 25
FORCE VOLTAGE/MEASURE CURRENT (Notes 11, 12)
Range E, R_E = 500kQ 500
Range D, R_D = 50kQ 100
Settling Time Range C, R_C = 5kQ 30 55 ys
Range B, R_B = 500Q 25
Range A, R_A = 15.6Q 25
Range Change In additign 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 11, 12)
Range E, R_E = 500kQ 2500
Range D, R_D = 50kQ 350
Settling Time Range C, R_C = 5kQ 30 60 ys
Range B, R_B = 500Q 25
Range A, R_A = 15.6Q 25
Range Change In additign to force-current and measure-voltage
Switching settling times, range A to range B, R_A = 15.6Q, 12 us
R_B = 500Q
SENSE INPUT TO MEASURE OUTPUT PATH
Propagation Delay CLMSR = 100pF 0.2 us
MEASURE OUTPUT
o
COMPARATORS (CLcomp = 20pF, Rpup = 1kQ)
50mV overdrive, 1Vp.p, measured from input-
Propagation Delay threshold zero crossing to 50% of output voltage 75 ns
(Note 13)
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 14) 20 MHz
SCLK Pulse-Width High tcH 12 ns
SCLK Pulse-Width Low tcL 12 ns
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AC ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +12V, VEg = -7V, V| = +3.3V, Ccm_ = 120pF, CL = 100pF, 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 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SCLK Fall to DOUT Valid tbo 22 ns
CS Low to SCLK High

t 10
Setup €SS0 ns
SCLK High to CS High
Hold tCSH1 22 ns
SCLK High to CS Low ; 0 ns
Hold CSHO
CS High to SCLK High
It 5
Setup CSS1 ns
DIN to SCLK High Setup tDs 10 ns
DIN to SCLK High Hold tDH (Note 13) 0 ns
CS Pulse-Width High tCcSwH 10 ns
CS Pulse-Width Low tcswi 10 ns
LOAD Pulse-Width Low tLow 20 ns
Vpp High to CS Low
Note 1

(Power-Up) (Note 13) 500 ns
Note 2: The device operates properly with different supply voltages with equally different voltage swings.
Note 3: 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 +t64mA range, the full-scale range = 128mA, and a 1% error = 1.28mA.
Note 4: Case must be maintained +5°C for linearity specifications.
Note 5: Tested in range C.
Note 6: Current linearity specifications are maintained to within 700mV of the clamp voltages when the clamps are enabled.
Note 7: Specified as the percent of full-scale range change at the output per volt change in the DUT voltage.
Note 8: VcLLo_and VcLHi_should differ by at least 700mV.
Note 9: The digital interface accepts +5V, +3.3V, and +2.5V CMOS logic levels. The voltage at V| adjusts the threshold.
Note 10: Guaranteed by design.
Note 11: Settling times are to 0.1% of FSR. Cx_ = 60pF.
Note 12: 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 13: 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 14: Maximum serial clock frequency may diminish at V| < +3.3V.

MAXIMN 7
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BT EFFIE

(Vcc = +12V, VEg = -7V, CL = 100pF, Ccm_ = 120pF, Cox_ = 60pF, RL to +2.5V, range A: R_A = 15.6Q, RL = 70.3Q; range B: R_B =
500Q, RL = 2.25kQ; range C: R_C = 5kQ, RL = 22.5kQ; range D: R_D = 50kQ, RL = 225kQ; range E: R_E = 500kQ, R = 2.25MQ, Ta
= +25°C.)
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8 41 RAA PMU-A &2 2 A 15 B LB 7% 42231 .
9 40 RAB PMU-A & F2 B 14 £ L% B2 .
10 39 RAC PMU-A & F5 Ci5 B HL B 2 23
11 38 RAD PMU-A &2 18 D15 B FELFH 7% 42 .
12 37 RAE PMU-A & 2 E 5 & Hi BH % 23 .
13 36 RAX PMU-A H it &2 A 4G I e BELZE 20 . % B2 2 PMIU-A ¥ 7R E It B2 AR A I L REL
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INOA. INSELA 545425 17 5 INMODEA (7 #E4T “88” B #ins.
21 28 TEMP WEHH . Viemp = 10mV/°C. Tpg(°C) = (100)Vrgyp - 273.
22 27 DGND S e
23 26 VL AR R R . VLA 19N ER F R T B T
24 25 DOUT RATER T . ARESPIT™™ SR Fi
25 24 DIN BRI .
26 23 LOAD R AT AR A . TR TR SO B A T AR A A PMU T 745 -

SPI #2-Motorola, Inc.H 5 -
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50 63 THMINB | PMU-B# LR IFR RS A . A PMU-B % L # i & A st L T TBR .

51 62 CLHIB PMU-B = i £ 0o7 FLE A . 14 B e it 4 {7 FL P LT

52 61 CLLOB PMU-BAR i (00 FL R A o 5 B A it 7 007 FEL R FRLT-

53 60 INOB PMU-Bm#& I TBR BGi i A . FEFVAEL i BN E, 7EFR N & a i .

54 59 IN1B PMU-B/mzk IR HL RS . FEFVELE R E N R, FEFIBIE N i Bz s .

10

MAXIMN




X i 5 0 = 28 T

51 BT RE (£2)

515

ab
MAX9951 | MAX9952| P Wik

PMU-Bill &t . ZEFIMVEEZ T, HPMU-BHR HE4 F SENSEH R it 3 FEFVMIEE LT,

55 58 MSRE | SyPMU-B4 ft S DUTHU ALIE HAGHUE A1t . HI-ZB B 0 RHL T4, MSRBAL T AL
56 57 AGND A

57 56 10S | WEREHIA - BTG PSRRI B R L -

58 55 MSRA | PMU-AME%L . EFIMVEAT, HPMU-A$R (% T SENSERL )M, AEFVMIBGAT,

JPMU-A$R AL SDUTHL S SE FE A H RS . OT-ZA B AR HERS, MSRAANFRBHES.

59 54 INTA PMU-AfZRI TR A RS A . EFVE T E MEREE, AR T 5% &R .
60 53 INOA PMU-A & TR B A . FEFVE N & MR E T, FEFRC R E gk .
61 52 CLLOA PMU-A i 5507 L ER A - % B AR 45 007 FL R FL T

62 51 CLHIA PMU-A 1 3ty $5 007 F 46 A . 188 5 o i 7 (01 FHL FE HL T

63 50 THMINA | PMU-A% ELEC AR T TBR B R A . W PMU-A T U % 15 B o FEL T TBR

64 49 THMAXA | PMU-AR LU il IR RS A . APMU-A B L a3 B i LTI PR .

BREL . RN B E Ve BEIRE R Z 8GR ANZOR AR RS

- - EP HEHE .

MAXIMN "

CcG66XVIN/LS66XVIN



X i 5 0 = 28 T

ThEEHEE

MAX9951/MAX9952

TO EXTERNAL CURRENT BOOSTER
FOR HIGHEST RANGE —
f [
RE | |Cx7
RD
RC
—~/\W—9
RB
—~\V\VN—e
CM_ RA
) —~W——e
Vee  Vee VL q [
| [ cC_ CCOM_ EXTSEL_ [RX |RE |R.D [RC|RB |RA R_AS™
w_—— v
~oO—— +
N ——C0a RANGE RESISTOR SELECT
L > A FORCE_
OR _
GATE — ANA ——
INSEL_ —
VY A
15MQ
]
DGND
10S CLLO_
| 5] El
§ § | | g <
= Slg| sl el e
= T| | & x| o
1
o v————9
cS > 5 - CLHI_
SCLK o HN
_ o SERIAL
LOAD > INTERFACE FMODE_
DIN >
MMODE_
DOUT
\ 5\ 2' 10 ;RFSk
2| |2 T0 OTHER PMU CHANNEL
2| R
15MQ IS
e P
HI-Z_ o v
MSR O—i
=0 I SENSE_
L
' §/| * THVIAX_
DUTH_
| |l e MAXIM
MAX9951
)/I + — MAX9952
DUTL_ |
_ THMIN_
1
— AGND DGND
*Res INTERNAL TO MAX9951D/MAX9952D ONLY **CONNECT R_AS AS CLOSE TO RESISTOR “RA” AS POSSIBLE

12 MAXIMN




yELid
R 38 A TR] (14 FL JR F Y Bl (Ve MTVER), MAX9951/MAX9952
B gk a3 0 B L ETE Rl -2V 4TV E-TV E 413V, X8k
R AT 02 R B K £64mA R HL I, AR = FE VO
N£2nA . X TR E K T 64mA L, T ok MR
GEIP R A -

MSR_ iy 4 B 55 7 0 B = L 3t B AE L . HT-Z_ & WA
HLSFIF, MSR_#E AR . M. SRR A 4k
A g AR ETR , RE4R LR KT (DUTL_ )M “id &7
(DUTH_ ) HLJE WM far . A F e i e HLA T 6 B 1)
FIPHAS . X R4 (57 W FORCE_FISENSE_i# #2231 ,
DL R 4 T ) AR 4 . FORCE_fi i B A7 5 (CLHI) A
(CLLO_) ML EAF 07, DT A% i R PR i 78 A M BB 2 A
SE . H PMUE S 23 5 126 438 1) 7 A4 428 1) F F i A RE 42 {3t
R R G M.

X i 5 0 = 28 T

HirEO
MAX9951/MAX9952 % FFR#E ) 34% SPL/QSPI™/MICROWIRE™
FAPTED. - BRHEm ABIE S TR, SUEBMN
DOUTS| ik it . X A b oy 3 n] SEBE 2 A2 44 1) 26 16 4
. KL 23S TR TEONFE.

FOTHE

AT O B ALK 4) . B APMUAAE — 4 A FF 17
o, WE ORI A7 a R AR . BAPMURA — 4
AN B 72 e A B M PMU BF #7408 76 855 PMU
FFAF g Z BT A2 R PMU = R R0 . X0 AT 7 e i B 46 4
FEVFREANIE] JE A PMU R S A A R A7 A, 85 PR
i AT AR B B B PMU S 28 b, B PMU T R Bl
ZAADLERAE . %A AT A B B 45 H I8 AT AR 4R PMU B 25 A
BOMHER, FPUEPMURIRZS . B, %PMURER
55 HE PMU S 7] B T -

cs

DIN D15 | D14 )y D13 ) D12 } D11 Y D10 | D9

M munnil
NN

pout

FIRST BIT FROM
PREVIOUS WRITE

LOAD

REGISTER(S)
SCLK UPDATED

D8

INPUT

D7 D6 D5 D4 D3 D2 D1 D0

|
T Tt

LAST BIT FROM
PREVIOUS WRITE

17

PMU REGISTERS
UPDATED

B 1. RALHEZ A9 5 11

QSPILZMotorola, Inc.HJ R #5 -
MICROWIREZ National Semiconductor Corp.f 5 -

MAXIMN
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MAX9951/MAX9952

X i 5 0 = 28 T

CS
INPUT AND PMU
REGISTER(S)
SCLK UPDATED
DIN %; D15 Y D14 f D13 ) D12 X D11 X D10 | D9 D8 ) D7 D6 D5 D4 D3 D2 D1 DO ;%
DouT
FIRST BIT FROM LAST BIT FROM
PREVIOUS WRITE PREVIOUS WRITE
LOAD —
LOAD=0

2. [l A2 19 LTI

SCLK

tps —h: 34—

. 1
— tcowy ‘—

o TR T e TR e -

0 TR

pout D15Iast>< D14last >< D13last >< D12last >< D11last X D10last o o

. D1Iast>< DOlast ><

tbo —>1 34—

LOAD

3. HR I PR

14
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X i 5 0 = 28 T

x1. LA
CS BIT BIT NAME
SCLK D0 | Dt e e o o D15 [—DOUT
DIN H 15 INMODE
A 14 FMODE
! 12 13 MMODE
12 RS2
\ |/ 11 RS1
CONTROL
DECODE [ INPUT REGISTER A » [NPUT REGISTER B 10 RSO
9 CLENABLE
8 HI-ZFORCE
12 12
v v 7 HI-ZMSR
6 DISABLE
_ PMU REGISTER A PMU REGISTER B
LOAD —4 5 B2
1 4 B1
"12 3 A2
T0 PMUA TOPHUB 2 A
1 Cc2
4. Wk PMU & [1 77 fE [ 0 C1
{5 I LOAD ¥ i A7 % A\ 25 17 45 B30 5720 2 A PMU 27 /7 45 . x2. HHHfr
AR LOAD 1t £ 4 B 21 i A 2 77 ae I OR BRI RS, $ictls A2 Al OPERATION
SAEE R AT -
B iR B PMUR f7 2 0 0 Do not update any input register (NOP).
PMU# S| 1 Only update input register A.
. o . 0 Only update input register B.
JRUARIE R i 73 4" PMUZR RS i 2 — 1~ 164015 Bh B 8chs Update both input registers with the same
53 BIR B PMU G 95 BT 16615 1 I

3k 7 38 78 B 7 B A7 A 2 3 M A T AF A% . FR2ULH
Tk A ThRE

CUFIC2 L # E BU I B2 A S R PMUBF 74 . XA
AL DI RE S TOAD fs A MRl . CSBEAS A v FE A i
AT E R ERME, T LOAD i A W] 7EAT ] Bsf [R]85 B 25 A
PMUZ 4% . M4Cl1EC22 — MR PR, AHR A PMU A
e A . 23U T X A& 1 e .
NOPH#:EE R AL = A2 = Cl = C2 =0. HE, HIBER
DL ZFAF 2 AL ST A S AR g IR S

MAXIMN

R3. ZEHIL

C2 C1 OPERATION
0 0 Data stays in input register.
0 ’ Transfer PMU-A input register to PMU
register.
’ 0 Transfer PMU-B input register to PMU
register.
’ ’ Transfer both input registers to the PMU
registers.

15
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MAX9951/MAX9952

X i 5 0 = 28 T

Cl=C2 =0 ¥R m BT AL EEMATELR, M
R tEi% 2 PMU P 7 #5(BR IELOAD MK HL ). iXFE, %%
0] ITE UG FILOAD i 4 85 2 4~ 87 2IPMU AT /7
. ARG T EEIAMA I ATREE A . S — A4
PMU K ¥ 8 71 S48 87, 55 —ANPMU AY i A 35 17 25
TREEA R ECHE . Ik, XFPASPMU 2547 2% 2 3 S B
—ANPMU L B0 2E 47 B, 100 55 — N PMU R 7 224 1l

Bt
2 1) 19 DO A7 18 3 R R 1 2R & T/E L. INMODE
TR A i AR S5 I L IR 2 — . FMODE 388 PMU Jill
HL RS HL i . MMODE % # 4 DUTHL i s DUT HL ik 2
MSR_. HI-ZFORCE I ¥ K g K#n & T = PR AS . 3£S
Vb B T 25 Pz A 2 TAERE .

.

&4, (ERERIFOIHTZ E &/ PMURE

A2 A1 Cc2 C1 PMU-A OPERATION PMU-B OPERATION
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 |npu.t 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 Transfer mpult 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 1 Transfer PMU register A from input register A. Transfer input register B from shift register.
1 0 1 0 NOP. Transfer mpu? register B and PMU register B
from shift register.
1 0 1 1 Transfer PMU register A from input register A. Transfer mpuf[ register B and PMU register B
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 Tra”Sfe.r |nqu 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 mpuT register B and PMU register B
from shift register.
’ ’ ’ ’ Transfer input register A and PMU register A Transfer input register B and PMU register B
from shift register. from shift register.
16 NAXIW




5. PMUME M EE ik

Wtk 2 2 I E BB T

MAXIMN

—_————— FORCE MEASURE ACTIVE
INMODE* FMODE MMODE HI-ZFORCE PMU MODE 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 FVYMV Voltage VpuTt VIN1
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 VpuTt VIN1
FNMI High-
X 0 1 0 (range E only) Impegance Ut X
High-
X 0 0 0 FNMV Impegance VouT X
0 1 0 0 Termination Voltage VpuT VINO
1 1 0 0 Termination Voltage VpuTt VIN1
0 1 1 0 Termination Voltage IpuT VINO
1 1 1 0 Termination Voltage IpuT VIN1
*INSEL_ = 0.
x6. BiiEIRIAEF BB E
NOMINAL PR 0 =4 HAF RSO RSTAIRS24% I FI (i 2k HL it ) =
RS2 RS1 RSO | RANGE | RESISTOR VALUE MI (& LR ) B AR YO . 645 T HL i i = A VG
© EEGARTA
0 0 X +2UA R_E = 500k
0 1 0 +20pA R_D = 50k FELEEE
0 1 1 +200pA R_C = 5k CLENABLEA 2y 72 8 v LTI, (7 AE Jon i 1 PR IR 7
1 0 0 +2MA R_B = 500 JB AR A IR 4L MBI LI, FF A B A TR
1 X 1 +64mMA R.A=156 T HRBIES%AME . BIAL = O, ¥AME, (HIF
1 1 0 External — o FEL AN ARG 1
7. MSR @HEER el
TIZVSR Tz VISR fiﬂ% EI—ZMSR?EW HI-Z_fA, ﬂ{;ﬁM§R_ﬁi?1§E?ﬁ
1 1 - Measure outpL:t enabled ‘/{ﬁiﬁ‘] H Ilﬁﬂj_(j,} ) ?I_%_\EE}'SMQEEEH Wgﬁi?iing A
s MR ITIE RS 2 I HIMSR_fi . R A O,
0 ‘ High impedance A3 i HI-Z_ 4340 2 4-PMU MSR_ffi i (0 4h %652 R . %7
! 0 High impedance Wi B T MSR_ i B9 L H B
0 0 High impedance

#HFHH (DOUT)

Ty i S BR B A AT AR LA A AR 0 L — U, 7ESCLKHY
TR SRS 16.5 MR E B Z )5, DOUT #4775 H
WA BITBE R — L. R, AT LR AIDOUTHIAR
[a] IS A 1) 24 76 B 07 SO 42 S 2 O A 1
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MAX9951/MAX9952

X i 5 0 = 28 T

EHRIEES L RIERE"

TEBCAAEATIS B AL, 2 HCS J6 A8 MK LT 44 s i [1]
AL U AR A A B SO A B B PMU S A7 2% . 34
B$ fin 2 B A2 SP/QSPIMICROWIRE S [ (b T B . 1it
PO B E S LOAD I BE, R LOAD B

HEE RS
A EL RS I B O iR, FISRIEAMSR_. THMAX_
MTHMIN_E B & L8 s . KIIR. frafmddn
Tt IF B i s, SR — AR IO, %A AL T
W E T e, Rt IRIRES . F£SULH TMAX9951/
MAX9952 b5z a8 4 Hi IR TS

NHEE
TEM# R EFV)ELR R, FORCE_ % H o 19 H | 55 A5
R IE L . EmE B FOE X, FORCE_Hi H i
i A IR S e A R AR H . IE FR IR H PMU

T n#E(EN)#E R T, FORCE_ A =B .

TEM B (MDA N, MSR_ K H i A9 S 5 i 0
FORCE_{yH i B IE [t . IE B s PMU.
FEMEHEEMV)E T, MSR_%iH i ) B 55 SENSE_
A HL AR EE

Y ogl) N
HEREEMA

TOS 2 I A I R 2 G 2 sp i A« L S 6 0 R 4 K
NHE T (INO_B] INT_ )45 R m#k DUTHL R (FT), 3 HL

R8. LBHEER

DISABLE 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

CIE# TN ZE YV Evax > Viavin - B2 Viavn > Vavmax:
NEAE LA RAE P AT o] [

18

TR U Y DUT HEL i 6 #5 A MSR % tH HE R (M) . 24108
FXFFDUTGND (DUT_EAYGNDH [, i EDACHIADCf
FZHENE IS 5) AR, X T + 3 & 52 T A PR AR
LB -4V 2= +4V. AR /E I RIT0S b 1 HL R 4B 2 H 82
Tz i A e R R RS L, BN, TOSYE A
THAVHELERT, X R T i 5 R FL U A RS AR S0 2
+8V.
PUF 2 P 7 5% A H e sl il & L F AR G I (19 B E
L FE R I /) MELFI B KA :

VMAXCURRENT = VIOS + 4V

VMINCURRENT = V|OS - 4V
XFTOS i A B #EAT 1648, DA MSR_ % 4208 5 Vg a¢
VecHLIEHEER ZME R T2.8V. #lan, e EN+10V
FI-SVET, 54 MSR_fi 12108 IR HI7E-2.2VE+7.2V L .
HIt, BIOSKEE+L.SVE3.2VZE]. IR IOSARTE I
JEEI, WIMSR_fiH g S A, ARV AR
THEIOS B PR A -

&/hVios = VEE + 6.8V

A Vios = Vee - 6.8V

HBFRAEREENIERY Bax
MAXO9951/MAX9952 f) iy i FELIL £t R AE 2 £64mA ,  w] fif fi]
GG R A SE B R Y B E FEL (KD S) . AR AR
LR

CCOM_

EXTSEL_

=
>

4
Py

>
1

MAIN AMP £ 14
XA S:

MAXIM
CURRENT-\*
SENSE AMP

MAX9951
MAX9952

SENSE_

MSR_ | g [

B 5. S bRl YR

PMU

MAXIMN




R EXTSEL_ S = A 8ty 1% %0 H o 5 (]
BHEshy g4t . CCOM_TE MANERGZ has B A, PERE
I — N S0QPFR T FELRH . H5 ZEP 2% w45 14 i 11 5 1R L A
e BH Ry DA K 2 4F AY R_X M . 3 2 Ryt Y 55 — i
FFORCE_. i FI Mt (19 #M5B T 5% .

B T FE 1L

FL A7 FFR HIFORCE_fi i, I+ TAEFHAMEM B
Vi EE Py . M AhERIE i CLHL FMICLLO X B4 .
FORCE_ 1) i H HL il & #F D0E, 1 5 SENSE_ % AR
EXX. HEE)E, MO NEFIBER TREM. AR
FORCE_#0.7VAI L FORCE_MK0.7V I FF AL HLE ,  DARIIE
PMUIEH# TAE.

BB BR )

FEL I A il B2 R L O TR O R {2 TA] I, FORCE_R
U LB (B R fEL 92mA ) RER PR A1 RE R 4P ROMSR St . LI
KT IEm R, MSR_FUER KT +4V; B/
T E R AR, MSR_HE/NT-4V. thsh, FIH
A3 AT 4% 0 B2 AT SEBE 2.5 A% TR A Rl I VS L A FR 9 Y
FOL T LI BR M 1 AR -

RIGH XTI ETF KT EF

P B ) F 52 (SPDT) T EPMU M TERK . —
AT e P 5 ) i AR R AS A DUT FEL i 38 2 DUT HE
FE, AT o 2 MAX9951/MAX9952 42 fin 4% H, i i 2 %
5 — A R EMSR_JERDUT LA & DUTHL £ .

&9. HFARR I

FMODE RANGE B2 CURRENT LIMIT
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

X i 5 0 = 28 T

B 7 8 ) 0 8 R F /000 FEL T (B ML) A0 J1 286 P 3 /00 2 F
FE(FIMV) B AL, 3 #6590 37 45 i ATHI-ZFORCEJk
A AT SEBL AR 75 9 TAERESL. MAX9951/MAX99523¢
FrLUF AR

o FVMI

o FIMV

o FVMV

o FIMI

e ENMV

* FNMI ({EHE)

o L /M &V

o L /M ET
626 H T inZk B &/ s FEL g A X A P RIE B 5 A . HE
R/ B AR, R A a8 2 1) A A ) R B
(RLAZR_E)FIFAEMSR_fi w42 it — 4~ . SENSE_ZR
HEDUT L, K 281k 22 wh i) 45 5 I 1ok [|] P
%0 R AH S A . MSR_%i i HLE S FORCE_HR BUEHE
FHRFETAR:

VMSR_ = IFORCE_ X RSENSE x 4

B 746t T n A FL g/ B ER R AR ) P R S A A . FE
/M EREREAT, G40 NEER_AR
R_E) N HL RO A5 19 S Al A B2 At S it . SENSE_R
FEDUT FRELE, F7F MSR_ i H U 42 (e 22 v 45 51

INT_—+
RsENSE

FORCE_

DUTGND

MSR

6. It I/ 4 i D ERE I
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MAX9951/MAX9952

X i 5 0 = 28 T

INT_—— + ;
SENSE FORCE_
ouT
SENSE_ 1
DUTGND
MSR_ —

> Ipur_

B 7. I e Jic /4 HE T 2 REHE

BRIk
FORCE_. MSR_FN L %5 #% fay H EL A 0 57 19 v BEL Bt 428 o1 2
fe, LUK e E hE b, RN . ESBAT
MSR_FH HC 32 28 i 1 AE 5 H B PMU T AT EG 35 28 4 o se 3
MR . FORCE_Hi R 5 B 25 T S 30 26 5 45 A B m
TAERES, 75— Sop a4 2 B ek f 2%
FHBFFORCE_. MSR_FIHL 8 2846 H i BELIR 75 .

WA ESHEE

P A S 5 INO_FIINT_ B9 AE — AR AT RAFE il Jn 8, He
FUMZRAER . EXFMIEL T, WAHAE SR TR
FHE, AT O S INSEL k. B, B4
AT SRR 1T — AN AR T RE (B HE R B FRLR) -

HZRER T

FORCE_HMISENSE_ffir A5 (A7 HL YL L I 6 A S B I, #B
32 E PR AP R 32 HRR

20

[ 8. PMU Ii#e 4 i 75 F

TEEXIEET AR

BT e

MAX9951/MAX9952:% il 5 & Ja Wr i JF =k #2,  DAvsi/ Mk
T . SR R AT 07 D RE R REBR AR 1 4 S A ke G

DUTH [E#ZIE 5 DUTHE Tl
B R JERI X F

AT LA R Z R 1 T PMU T fig 42 gt #9 S2pRDUT HLJE -

o BRI EEEMBETFN AR, HAAELEA
HLUR L EAR 2.5V, SMmETik.

o FLIT B AR e R L RHL D % 54 0 R L R B 19 P S8 FEL 8 T 7
AR ERTE . BROCHEER, R B R LR (g
2.5V.

o HLYRHL R (9 3 -

o DUTHE -5 PMU Kb [ A5 % B A4S 1L

ZW 55 =SS DU I A 520, 845 T PMU Y I i Hi 38

Fl. *FZEDUTHLH, DUTHLJEIEIE A (VEg +2.5V)H

(Vee -25V)2Z M. XFE KA ERDUTHF, 1FEHERE

e 2 PR A, FEFE R KA B 2 (Ve - 5V) . 25,

XK DUTHL, 1 2R 2o MR PR AR, I

TE B K HLL I B 2= (VEg + 5V).

MAXIMN




ih. DUTHEFIIOS

MAX9951/MAX9952 A WA Rkt , AGND (F& ) A1
DGND ($F#b). 7EPCB b AGNDHIDGND % #7F — i .
E— MR ATE RS, PMU N HLE RLDUT 2
F. EXFERT, i AHEEINO_FINI_PIDUTH b2
# . KM, I0SHPIDUTH AS % . A0 AT ZXT LR
A& BT RS, EIOSEDUTHIHAS .

MSR_#i H DIDUTH h %% .

BT RT | FIFMEE &
Electrical Characteristics3<H 1Y EUHE X 20 g HE ]+ 1) v % 39
7TV, HE B H 46 — A5 i A R I Ee B HE 16 1 b
HZ(Cx ). HEERMMEER A, R B. R.C. R DAIR_E
4 B BEHL A CRA. CRB. CRC. CRDFICRE, W] X4
BT BIHEATIAL -
R I FLBE B i IR A A 5 R AR MER A CM_—
FEARE T & R T R AN R E M, RN T4
FEER T A EESLA ] .

HFBMAN(SCLK. DIN. CSFILOAD)

o A B AW AR, ARG T, JFREARA T
WG AE A GAR 1) Y6 B B A 1 -

MAXIMN

X i 5 0 = 28 T

BAwORE—-NMEEREBESTEMP, EEOSREN
+25°C (298K Hodm Fk g 4 B R 9 2.98V . %%t FL DA
10mV/°CH L ZR B IR B L BIAS L . 35 A% A A iy H B
PUA15kQ (HLAUAFE) . SR RUT A 200 B IR
TDIE = (100) x VTEMP - 273 [°C]
Ve dekey
WA Y B B R V. 4 S KT A 2 8 B g,

PABICE AR . R ER AR N I R . NEXTEPZEATH
SRR ECE T LUK HOE R £ Vep, AEMEPERZ 2.

briicki=q=]

PART DESCRIPTION

MAX9951DCCB | Internal 10kQ force-sense resistor

MAX9951FCCB External force-sense resistor

MAX9952DCCB | Internal 10kQ force-sense resistor

MAX9952FCCB External force-sense resistor

BHIEE

PROCESS: BiCMOS
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MAX9951/MAX9952

X i 5 0 = 28 T

1 A=

TOP VIEW

SENSEA[ 1 |
FORCEA [ 2 |
CCA[ 3]
Voo [ 4]
Vee [ 5]
cooma [ 6 |
RaaS [ 7]
RAA[ 8]
RaB [ 9|

RAC | 10
RAD [ 11
RAE [ 12
RAX | 13
Voo [14
VEE[]EZ

EXTSELA | 16

[ &3] THMINA
| =] CLHIA
[ =] cLLoa
[ =] Noa
[ ] iN1A

[ =] THUAXA

BE
[ <] 108

B
[ &) msrs

EE
] nos

[ S]cLLos
E:
B
[ &] Hmaxs

N AKX/
MAX9951

48 | SENSEB
47 |FORCEB
46 |CCB

[45]vec

[ 44]ver

43 {CCOMB
42 |RBAS
41 |RBA
40 |RBB

39 |RBC
38 |RBD
37 |RBE

36 |RBX

:@i]Vcc
34 ]Vee

33 |EXTSELB

“EP = EXPOSED PAD
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