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♦
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PART
PIN-
PACKAGE

SMBus
ADDRESS

PKG
CODE

MAX6641AUB90 10 μMAX 1001 000x U10-2

MAX6641AUB92 10 μMAX 1001 001x U10-2

MAX6641AUB94 10 μMAX 1001 010x U10-2

MAX6641AUB96 10 μMAX 1001 011x U10-2

1
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4
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10

9

8

7

6

PWMOUT

VCC

SMBDATA

SMBCLKGND

DXP

DXN

I.C.

MAX6641

μMAX

TOP VIEW

I.C.OT

____________________________

μMAX Maxim Integrated Products, Inc.
SMBus Intel Corp.

-40°C +125°C
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VCC = +3.0V to +5.5V, TA = 0°C to +125°C, unless otherwise noted. Typical values are at VCC = 3.3V, TA = +25°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.

(All voltages Referenced to GND.)
VCC, OT, SMBDATA, SMBCLK, PWMOUT...............-0.3V to +6V
DXP.........................................................…-0.3V to (VCC + 0.3V)
DXN ......................................................................-0.3V to +0.8V
ESD Protection 

(all pins, Human Body Model) ......…………………….±2000V

Continuous Power Dissipation (TA = +70°C)
10-Pin μMAX (derate 5.6mW/°C above +70°C) .......... 444mW

Operating Temperature Range .........................-40°C to +125°C
Junction Temperature ......................................................+150°C
Storage Temperature Range ............................-65°C to +150°C
Lead Temperature (soldering, 10s) ............................... +300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Operating Supply Voltage Range VCC 3.0 5.5 V

Operating Current SMBDATA, SMBCLK not switching 0.5 1 mA

+25°C ≤ TR ≤ +125°C,
TA = +60°C

±1

0°C ≤ TR ≤ +145°C,
+25°C ≤ TA = ≤ +100°C

±3External Temperature Error VCC = 3.3V

0°C ≤ TR ≤ +145°C,
0°C ≤ TA ≤ +125°C

±4

°C

+25°C ≤ TA ≤ +100°C -3 +3
Internal Temperature Error VCC = 3.3V

0°C ≤ TA ≤ +125°C -4 +4
°C

1 °C
Temperature Resolution

8 Bits

Conversion Time 200 250 300 ms

PWM Frequency Tolerance -20 +20 %

High level 80 100 120
Remote-Diode Sourcing Current

Low level 8 10 12
μA

DXN Source Voltage 0.7 V

I/O

OT, SMBDATA, PWMOUT Output
Low Voltage

VOL IOUT = 6mA 0.4 V

OT, SMBDATA, PWMOUT
Output-High Leakage Current

IOH VCC = 5.5V 1 μA

SMBDATA, SMBCLK Logic-Low
Input Voltage

VIL VCC = 3V to 5.5V 0.8 V

SMBDATA, SMBCLK Logic-High
Input Voltage

VIH VCC = 3V to 5.5V 2.1 V

SMBDATA, SMBCLK Leakage
Current

1 μA

SMBDATA, SMBCLK Input
Capacitance

CIN 5 pF
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Note 1: Timing specifications guaranteed by design.
Note 2: The serial interface resets when SMBCLK is low for more than tTIMEOUT.
Note 3: A transition must internally provide at least a hold time to bridge the undefined region (300ns max) of SMBCLK’s falling edge.

ELECTRICAL CHARACTERISTICS (continued)
(VCC = +3.0V to +5.5V, TA = 0°C to +125°C, unless otherwise noted. Typical values are at VCC = 3.3V, TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SMBus-COMPATIBLE TIMING (Note 1) (See Figures 2, 3)

Serial-Clock Frequency fSCLK (Note 2) 100 kHz

Clock Low Period tLOW 10% to 10% 4 μs

Clock High Period tHIGH 90% to 90% 4.7 μs

Bus Free Time Between Stop and
Start Condition

tBUF 4.7 μs

Hold Time After (Repeated) Start
Condition

tHD:STA 4 μs

SMBus S tar t C ond iti on S etup  Ti me tSU:STA 90% of SMBCLK to 90% of SMBDATA 4.7 μs

Start Condition Hold Time tHD:STO 10% of SMBDATA to 10% of SMBCLK 4 μs

Stop Condition Setup Time tSU:STO 90% of SMBCLK to 10% of SMBDATA 4 μs

Data Setup Time tSU:DAT 10% of SMBDATA to 10% of SMBCLK 250 ns

Data Hold Time tHD:DAT
10% of SMBCLK to 10% of SMBDATA
(Note 3)

300 ns

SMBus Fall Time tF 300 ns

SMBus Rise Time tR 1000 ns

SMBus Timeout tTIMEOUT 29 37 55 ms

Startup Time After POR tPOR 500 ms

____________________________________________________________________
(VCC = 3.3V, TA = +25°C, unless otherwise noted.)

OPERATING SUPPLY CURRENT 
vs. SUPPLY VOLTAGE

M
AX

66
41

 to
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1
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3.0 5.5

NO SMBus ACTIVITY

REMOTE TEMPERATURE ERROR
vs. REMOTE-DIODE TEMPERATURE
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LOCAL TEMPERATURE ERROR
vs. DIE TEMPERATURE
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REMOTE TEMPERATURE ERROR
vs. POWER-SUPPLY NOISE FREQUENCY

M
AX

66
41

 to
c0

4

FREQUENCY (kHz)

TE
M

PE
RA

TU
RE

 E
RR

OR
 (°

C)

100101

-1.25

-1.00

-0.75

-0.50

-0.25

0

-1.50
0.1 1000

TA = +80°C, 250mV SQUARE WAVE APPLIED
AT VCC, NO BYPASS CAPACITOR

LOCAL TEMPERATURE ERROR
vs. POWER-SUPPLY NOISE FREQUENCY

M
AX

66
41

 to
c0

5

FREQUENCY (kHz)

TE
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PE
RA

TU
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RR

OR
 (°

C)

100101

-1.5

-1.0

-0.5

0

0.5

1.0

-2.0
0.1 1000

TA = +25°C, 250mV SQUARE WAVE APPLIED
AT VCC, NO BYPASS CAPACITOR

REMOTE TEMPERATURE ERROR
vs. COMMON-MODE NOISE FREQUENCY

M
AX

66
41

 to
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FREQUENCY (kHz)
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M

PE
RA

TU
RE

 E
RR

OR
 (°

C)

100101

-1.0

-0.5

0

0.5

1.0

-1.5
0.1 1000

TA = +80°C, VIN = 100mVP-P
SQUARE WAVE APPLIED TO DXP

REMOTE TEMPERATURE ERROR
vs. DIFFERENTIAL-MODE NOISE FREQUENCY

M
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66
41

 to
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7

FREQUENCY (kHz)

TE
M

PE
RA

TU
RE

 E
RR

OR
 (°

C)

100101

-0.5

0

0.5

1.0

1.5

-1.0
0.1 1000

TA = +80°C, VIN = 10mVP-P
SQUARE WAVE APPLIED
TO DXP - DXN

REMOTE TEMPERATURE ERROR
vs. DXP - DXN CAPACITANCE

M
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66
41

 to
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8

DXP - DXN CAPACITANCE (nF)
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RM
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-4

-3

-2

-1

0

1

2

3

-5
0.1 100

TA = +80°C

PWM FREQUENCY ERROR
vs. DIE TEMPERATURE
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PWM FREQUENCY ERROR
vs. SUPPLY VOLTAGE
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41

 to
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SUPPLY VOLTAGE (V)
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M

 F
RE
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 E

RR
OR

 (H
z)

5.04.54.03.5

-0.5

0

0.5

1.0

1.5

2.0

-1.0
3.0 5.5

TA = +25°C

_______________________________________________________________ ( )
(VCC = 3.3V, TA = +25°C, unless otherwise noted.)
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CPU FPGA ASIC pnp MAX6641
3.0V 5.5V
500μA PWM

SMBus

MAX6641

SMBus 2

SMBus MAX6641

4 SMBus
( 1 2 3)

MAX6641
MAX6641

0°C +255°C
(00h) 0°C +125°C

(01h)
8 LSB +1°C ( 1)

MSB +128°C MSB 0°C
00h

1
(POR) 1–5

4 MAX6641
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1, 6 I.C.

2 DXN

3 DXP

4 GND

5 OT

7 SMBCLK

8 SMBDATA

9 VCC

10 PWMOUT

_____________________________________________________________________

GND

OT
VCC OT 5.5V VCC = 0 OT

SMBus SMBCLK 5.5V VCC VCC = 0
SMBCLK

SMBus / SMBDATA 5.5V VCC
VCC = 0 SMBDATA

0.1μF GND

PWM PWMOUT MOSFET
PWM PWM
PWM PWM PWMOUT

5.5V VCC

A/D DXN

A/D DXP
DXP DXN DXP DXN

2200pF
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READ/
WRITE

REGISTER
ADDRESS

POR
STATE

FUNCTION/
NAME

D7 D6 D5 D4 D3 D2 D1 D0

R 00h 0000 0000
Read remote

(external)
temperature

MSB
(+128°C)

(+64°C) (+32°C) (+16°C) (+8°C) (+4°C) (+2°C)
LSB

(+1°C)

R 01h 0000 0000
Read local
(internal)

temperature

MSB
(+128°C)

(+64°C) (+32°C) (+16°C) (+8°C) (+4°C) (+2°C)
LSB

(+1°C)

R/W 02h 0000 00xx
Configuration

byte
Reserved
set to 0

Reserved
set to 0

Timeout: 0 =
enabled, 1 =

disabled

Fan
PWM
invert

Min duty
cycle:

0 = 0%,
1 = fan-

start duty
cycle

Spin-up
disable

X X

R/W 03h 0110 1110
Remote-diode
temperature
OT limit

MSB
(+128°C)

(+64°C) (+32°C) (+16°C) (+8°C) (+4°C) (+2°C)
LSB

(+1°C)

R/W 04h 0101 0000
Local-diode
temperature
OT limit

MSB
(+128°C)

(+64°C) (+32°C) (+16°C) (+8°C) (+4°C) (+2°C)
LSB

(+1°C)

R 05h 00xx xxxx OT status
Remote 1

= fault
Local 1 =

fault
X X X X X X

R/W 06h 00xx xxxx OT mask
Remote 1
= masked

Local 1 =
masked

X X X X X X

R/W 07h
0110 000x
(96 = 40%)

Fan-start duty
cycle

MSB
(128/240)

(64/240) (32/240) ( 16/240) (8/240) (4/240)
LSB

(2/240)
X

R/W 08h
1111 000x

(240 =
100%)

Fan maximum
duty cycle

MSB
(128/240)

(64/240) (32/240) ( 16/240) (8/240) (4/240)
LSB

(2/240)
X

R/W 09h 0000 000x
Fan target duty

cycle
MSB

(128/240)
(64/240) (32/240) ( 16/240) (8/240) (4/240)

LSB
(2/240)

X

R 0Ah 0000 000x
Fan

instantaneous
duty cycle

MSB
(128/240)

(64/240) (32/240) ( 16/240) (8/240) (4/240)
LSB

(2/240)
X

R/W 0Bh 0000 0000
Remote-diode

fan-start
temperature

MSB
(+128°C)

(+64°C) (+32°C) (+16°C) (+8°C) (+4°C) (+2°C)
LSB

(+1°C)

1.
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READ/
WRITE

REGISTER
ADDRESS

POR
STATE

FUNCTION/
NAME

D7 D6 D5 D4 D3 D2 D1 D0

R/W 0Ch 0000 0000
Local-diode

fan-start
temperature

MSB
(+128°C)

(+64°C) (+32°C) (+16°C) (+8°C) (+4°C) (+2°C)
LSB

(+1°C)

R/W 0Dh 0000 xxxx
Fan

configuration

Hyster esi s:
0 =  5°C,
1 =  10°C

Temp
step: 0 =
1°C, 1 =

2°C

Fan control:
1 = remote

Fan
control:
1 = local

X X X X

R/W 0Eh 101x xxxx
Duty-cycle

rate of change
MSB — LSB X X X X X

R/W 0Fh 0101 xxxx
Duty-cycle
step size

MSB — — LSB X X X X

R/W 10h 010x xxxx
PWM

frequency
select

Select A Select B Select C X X X X X

R FDh 0000 0001
Read device

revision
0 0 0 0 0 0 0 1

R FEh 1000 0111
Read

device ID
1 0 0 0 0 1 1 1

R FFh 0100 1101
Read

manufacturer
ID

0 1 0 0 1 1 0 1

1. ( )

X = 
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Write Byte Format

Read Byte Format

Send Byte Format Receive Byte Format

Slave address: equiva-
lent to chip-select line of
a 3-wire interface

Command byte: selects to
which register you are writing

Data byte: data goes into the register
set by the command byte (to set
thresholds, configuration masks, and
sampling rate)

Slave address: equivalent
to chip-select line

Command byte: selects
from which register you
are reading

Slave address: repeated
due to change in data-
flow direction

Data byte: reads from
the register set by the
command byte

Command byte: sends com-
mand with no data, usually
used for one-shot command

Data byte: reads data from
the register commanded
by the last read byte or
write byte transmission;
also used for SMBus alert
response return address

S = Start condition Shaded = Slave transmission
P = Stop condition /// = Not acknowledged

1. SMBus

S ADDRESS RD ACK DATA /// P

7 bits 8 bits

WRS ACK COMMAND ACK P

8 bits

ADDRESS

7 bits

P

1

ACKDATA

8 bits

ACKCOMMAND

8 bits

ACKWRADDRESS

7 bits

S

S ADDRESS WR ACK COMMAND ACK S ADDRESS

7 bits8 bits7 bits

RD ACK DATA

8 bits

/// P

SMBCLK

A = START CONDITION
B = MSB OF ADDRESS CLOCKED INTO SLAVE
C = LSB OF ADDRESS CLOCKED INTO SLAVE
D = R/W BIT CLOCKED INTO SLAVE

A B C D E F G H I J

SMBDATA

tSU:STA tHD:STA

tLOW tHIGH

tSU:DAT
tSU:STO tBUF

L MK

E = SLAVE PULLS SMBDATA LINE LOW
F = ACKNOWLEDGE BIT CLOCKED INTO MASTER
G = MSB OF DATA CLOCKED INTO SLAVE
H = LSB OF DATA CLOCKED INTO SLAVE

I = MASTER PULLS DATA LINE LOW
J = ACKNOWLEDGE CLOCKED INTO SLAVE
K = ACKNOWLEDGE CLOCK PULSE
L = STOP CONDITION
M = NEW START CONDITION

2. SMBus



(00h 01h)

8 00h
01h

MSB +128°C LSB +1°C
MSB POR 00h

(02h)

PWMOUT
POR 00h

2

OT (03h 04h)

(03h) (04h)
OT (

) OT POR
6Eh OT POR 50h

OT (05h)

OT
D7

D6 OT

OT
OT

OT
OT

POR 00h

M
A

X
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SMBCLK

A B C D E F G H I J K

SMBDATA

tSU:STA tHD:STA

tLOW tHIGH

tSU:DAT tHD:DAT tSU:STO tBUF

A = START CONDITION
B = MSB OF ADDRESS CLOCKED INTO SLAVE
C = LSB OF ADDRESS CLOCKED INTO SLAVE
D = R/W BIT CLOCKED INTO SLAVE
E = SLAVE PULLS SMBDATA LINE LOW 

L M

F = ACKNOWLEDGE BIT CLOCKED INTO MASTER
G = MSB OF DATA CLOCKED INTO MASTER
H = LSB OF DATA CLOCKED INTO MASTER
I = MASTER PULLS DATA LINE LOW

J = ACKNOWLEDGE CLOCKED INTO SLAVE
K = ACKNOWLEDGE CLOCK PULSE
L = STOP CONDITION
M = NEW START CONDITION 

3. SMBus

4. 

GND

SMBus
INTERFACE AND

REGISTERS

LOGIC

PWM
GENERATOR

BLOCK

VCC

TEMPERATURE
PROCESSING

BLOCK

SMBDATA

SMBCLK

DXP

DXN

PWMOUT

OT

MAX6641



7 — 0

6 — 0

5 TIMEOUT 0

4 FAN PWM INVERT 0

3 MIN DUTY CYCLE 0

2 SPIN-UP DISABLE 0

1 — X

0 — X

SPIN-UP DISABLE 1
0
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2. (02h)

OT (06h)

OT D7 1
OT D6 1

OT OT
POR 00h

(07h)

PWM
D3 (MIN DUTY 

CYCLE) MIN DUTY CYCLE
1

MIN DUTY 
CYCLE 0
0

240 100% 240
100%

POR 60h 40%

(08h)

PWMOUT
2/240 (0.83%) 240/240 (100%)

240 100%
POR F0h

100%

(09h)

PWM

0

PWM
POR

00h

POR

0

0

TIMEOUT 0 SMBus
1

FAN PWM INVERT 0 100%
PWMOUT 1

100% PWMOUT

MIN DUTY CYCLE 0
0%

MIN DUTY CYCLE 1
PWM



M
A

X
6641

SMBus
PWM

______________________________________________________________________________________ 11

(0Ah)

PWMOUT
POR

00h

(0Bh 0Ch)

PWM

POR 00h

(0Dh)

PWMOUT 1
D7 0

5°C D7 1 10°C D6
0 1°C D6
1 2°C D5
1 D4
1 D5

D4 PWM
D5 D4 0 MAX6641

(09h) PWMOUT

240 240
POR 00h

(0Eh)

D7 D6 D5
2/240 3

33% 100% 5s 320s

D7, D6, D5 = 000
POR A0h ( 1s)

(0Fh)

D7–D4
POR

50h 4

PWM (10h)

PWM D7 D6 D5 (select A
select B select C) PWMOUT 5

PWM POR 40h 33Hz

33Hz 35kHz

D7, D6, D5
TIME BETWEEN
INCREMENTS (s)

TIME FROM 33%
TO 100% (s)

000 0 0

001 0.0625 5

010 0.1250 10

011 0.2500 20

100 0.5000 40

101 1.0000 80

110 2.0000 160

111 4.0000 320

3. (0Eh)

D7–D4
CHANGE IN DUTY

CYCLE PER
TEMPERATURE STEP

TEMPERATURE RANGE
FOR FAN CONTROL

(1°C STEP, 33% TO 100%)

0000 0/240 N/A

0001 2/240 80.00

0010 4/240 40.00

0011 6/240 26.67

0100 8/240 20.00

0101 10/240 16.00

0110 12/240 13.33

0111 14/240 11.43

1000 16/240 10.00

1001 18/240 8.89

1010 20/240 8.00

1011 22/240 7.27

1100 24/240 6.67

1101 26/240 6.15

1110 28/240 5.71

1111 30/240 5.33

4. (0Fh)



PWM
35kHz 2/240

4/240

PWM

PWMOUT

1) PWMOUT MOSFET
PWMOUT

n MOSFET PWM
( 0 2 h D 4 ) 1 5

PWMOUT p MOSFET PWM
0

2) PWMOUT ( )

1)
6 PWM

PWMOUT = 0V
02h D4

0

3) PWMOUT PWM
( )

1) 2)
7 PWMOUT

02h
D4 1

PWMOUT
2s PWMOUT

( 2
= 1) 0
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PWM
FREQUENCY

 (Hz)
SELECT A SELECT B SELECT C

20 0 0 0

33 0 1 0

50 1 0 0

100 1 1 0

35k X X 1

5. PWM (10h) VCC

PWMOUT

10kΩ

5V

P

5. p MOSFET PWM

+3.3V

PWMOUT
18kΩ

27kΩ

10kΩ 120kΩ

P

+3.3V

+12V

500kΩ

VOUT
TO FAN

1μF
1μF

0.01μF

6. PWM-DC

VCC

PWMOUT

4.7kΩ

5V

7. MAX6641 PWM ( 35kHz PWM )
PWM
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PWM PWM
PWM (

33Hz)
PWM-DC 6

(35kHz)
PWM

PWM

PWM

1) PWM
(09h)

2) PWM

PWM

(0Dh) D5 D4 0
PWMOUT

PWMOUT
240 100%

PWM

( 03h 04h )

0%
D3 8

>

DC = 

FSDC = 

T = 

FST = 

DCSS = 

TS = 

5°C
5°C

+85°C
+80°C +85°C

+75°C

< D3 =
0

= 0

< D3 =
1

=

0%
D7

DC FSDC T FST
DCSS

TS
= + ×  (  )  -

FAN START
DUTY CYCLE

TEMPERATURE

DUTY CYCLE

REGISTER 02H,
BIT D3 = 1

DUTY CYCLE
STEP SIZE

FAN START
TEMPERATURE

TEMP
STEP

REGISTER 02H,
BIT D3 = 0

8. PWM
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(0Dh) D6

MAX6641

1 MAX6641

•

• OT = +110°C

• OT = +80°C

•

• = 0

• PWM = 0

• PWMOUT

nMOS npn

____________________________

CPU IC (
) MAX6641 CPU IC

MAX6641

(
) (n) MAX6641 n = 1.008

Intel Pentium® III AMD AthlonTM MP 6

(nNOMINAL)
n1

TM

Kelvin

MAX6641 1.008
MAX6641 1 .002

CPU

+85°C (358.15K) +82.87°C
(356.02K) -2.13°C

10μA 100μA

ΔVM = RS(100μA - 10μA) = 90μA x RS

1°C 198.6μV

3Ω

3 0 453 1 36Ω×
°

Ω
=+ °. .

C
C

90

198 6
0 453

μ

Ω
μ

°

=
°

Ω

V

V
C

C

.
.

T T
n

nM ACTUAL
NOMINAL

=
⎛

⎝
⎜

⎞

⎠
⎟

1

Pentium Intel Corp.
Athlon AMD
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1.002 3Ω

1.36°C - 2.13°C = -0.1477°C

+85°C

GND DXN 6
MAX6641

A/D
10μA 0.25V

100μA 0.95V

100Ω ( 50 < β < 150)
VBE

ADC

ADC
60Hz/120Hz

EMI DXP DXN 2200pF

3300pF

1) MAX6641

4in 8in
CRT

ISA/PCI

2) DXP-DXN CRT

30°C

3) DXP DXN
12VDC

DXP
20MΩ 1°C

DXP-DXN
( 9)

4) /

5) DXP DXN
- 3μV/°C

DXP-DXN 200μV
1°C

6)
9 10mil

7) 200Ω
VCC ( )

8) EMI
DXP-DXN

EMI

MANUFACTURER MODEL NO.

Central Semiconductor (USA) CMPT3906

Rohm Semiconductor (USA) SST3906

Samsung (Korea) KST3906-TF

Siemens (Germany) SMBT3906

6.
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MINIMUM

10 mils

10 mils

10 mils

10 mils

GND

DXN

DXP

GND

9. DXP-DXN

MAX6641

_________________________ ____________________________
TRANSISTOR COUNT: 18,769

PROCESS: BiCMOS
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