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PART TEMP RANGE PIN-PACKAGE

DS3501U+ -40°C to +100°C 10 μSOP

DS3501U+T&R -40°C to +100°C 10 μSOP
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2 _____________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

RECOMMENDED OPERATING CONDITIONS
(TA = -40°C to +100°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.

Voltage Range on VCC Relative to GND ...............-0.5V to +6.0V
Voltage Range on V+ Relative to GND ..................-0.5V to +17V
Voltage Range on SDA, SCL, A0, A1 
Relative to GND..........-0.5V to (VCC + 0.5V), not to exceed 6.0V
Voltage Range on RH, RL, RW...................................-0.5V to V+
Voltage Range Across RH and RL Pins .....................-0.5V to V+

Operating Temperature Range .........................-40°C to +100°C
Programming Temperature Range .........................0°C to +70°C
Storage Temperature Range .............................-55°C to +125°C
Soldering Temperature .......................................See IPC/JEDEC

J-STD-020 Specification
Maximum RW Current ...........................................................1mA

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Supply Voltage VCC (Note 1) +2.7 +5.5 V

V+ Voltage V+ V+ > VCC +4.5 +15.5 V

Input Logic 1
(SCL, SDA, A0, A1)

VIH
0.7 x
VCC

VCC
+ 0.3

V

Input Logic 0
(SCL, SDA, A0, A1)

VIL -0.3
0.3 x
VCC

V

Resistor Inputs (RL, RW, RH) VRES -0.3
V+

+ 0.3
V

Wiper Current IWIPER 1 mA

DC ELECTRICAL CHARACTERISTICS
(VCC = +2.7V to +5.5V, TA = -40°C to +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ICC (Note 2) 2 mA

VCC Supply Current
ICC2 (Note 3) 250 350 μA

Standby Supply Current ISTBY (Note 4) 40 60 μA

V+ Bias Current IV+ +1 μA

Inp ut Leakag e ( S D A, S C L, A0, A1) IL -1 +1 μA

Low-Level Output Voltage (SDA) VOL 3mA sink current 0.0 0.4 V

I/O Capacitance CI/O 5 10 pF

Power-Up Recall Voltage VPOR (Note 5) 1.6 2.6 V

Power-Up Memory Recall Delay tD (Note 6) 5 ms

Wiper Resistance RW V+ = 15.0V 5000 Ω
E nd - to- E nd  Resi stance ( RH  to RL) RTOTAL 10 kΩ
RTOTAL Tolerance TA = +25°C -20 +20 %

RTOTAL Temp Co. (Note 7) ±200 ppm

CH, CL, CW Capacitance CPOT 10 pF
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ANALOG VOLTAGE MONITORING CHARACTERISTICS
(VCC = +2.7V to +5.5V, TA = -40°C to +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Supply Resolution LSB Full-scale voltage of 6.5536V 25.6 mV

Input/Supply Accuracy ACC At factory setting 0.25 1
% FS
(Full

Scale)
Input Supply Offset VOS (Note 7) 0 5 LSB

Update Rate (Temperature and
Supply Conversion Time)

tFRAME 16 ms

TEMPERATURE SENSOR CHARACTERISTICS
(VCC = +2.7V to +5.5V, TA = -40°C to +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Temperature Error ±5 °C

Update Rate (Temperature and
Supply Conversion Time)

tFRAME 16 ms

VOLTAGE-DIVIDER CHARACTERISTICS
(VCC = +2.7V to +5.5V, TA = -40°C to +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Integral Nonlinearity INL (Note 8) -1 +1 LSB

Differential Nonlinearity DNL (Note 9) -0.5 +0.5 LSB

Zero-Scale Error ZSERROR
V+ = 4.5V
(Note 10)

0 0.5 2 LSB

Full-Scale Error FSERROR
V+ = 4.5V
(Note 11)

-2 -0.003 0 LSB

Ratiometric Temp Coefficient TCV WR set to 40h ±4 ppm/°C

I2C AC ELECTRICAL CHARACTERISTICS
(VCC = +2.7V to +5.5V, TA = -40°C to +100°C, timing referenced to VIL(MAX) and VIH(MIN). See Figure 3.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SCL Clock Frequency fSCL (Note 12) 0 400 kHz

Bus Free Time Between STOP
and START Conditions

tBUF 1.3 μs

Hold Time (Repeated) START
Condition

tHD:STA 0.6 μs

Low Period of SCL tLOW 1.3 μs

High Period of SCL tHIGH 0.6 μs
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NONVOLATILE MEMORY CHARACTERISTICS
(VCC = +2.7V to +5.5V)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
TA = +70°C 50,000

EEPROM Write Cycles
TA = +25°C 200,000

Writes

Note 1: All voltages are referenced to ground. Currents entering the IC are specified positive and currents exiting the IC are nega-
tive.

Note 2: ICC is specified with the following conditions: SCL = 400kHz; SDA pulled up; and RL, RW, RH floating.
Note 3: ICC is specified with the following conditions: SCL, SDA pulled up; RL, RW, RH floating; and temperature sensor on.
Note 4: ISTBY is specified with SDA = SCL = VCC = 5.5V, resistor pins floating, and CR2 bit 0 = logic-high.
Note 5: This is the minimum VCC voltage that causes NV memory to be recalled.
Note 6: This is the time from VCC > VPOR until initial memory recall is complete.
Note 7: Guaranteed by design.
Note 8: Integral nonlinearity is the deviation of a measured resistor setting value from the expected values at each particular resis-

tor setting. Expected value is calculated by connecting a straight line from the measured minimum setting to the measured
maximum setting. INL = [V(RW)i - (V(RW)0] / LSB(ideal) - i, for i = 0...127.

Note 9: Differential nonlinearity is the deviation of the step-size change between two LSB settings from the expected step size. The
expected LSB step size is the slope of the straight line from measured minimum position to measured maximum position.
DNL = [V(RW)i+1 - (V(RW)i] / LSB(ideal) - 1, for i = 0...126.

Note 10: ZS error = code 0 wiper voltage divided by one LSB(ideal).
Note 11: FS error = (code 127 wiper voltage - V+) divided by one LSB (ideal).
Note 12: I2C interface timing shown is for fast-mode (400kHz) operation. This device is also backward-compatible with I2C standard

mode timing.
Note 13: CB—total capacitance of one bus line in picofarads.
Note 14: EEPROM write time begins after a STOP condition occurs.
Note 15: Pulses narrower than max are suppressed.

I2C AC ELECTRICAL CHARACTERISTICS (continued)
(VCC = +2.7V to +5.5V, TA = -40°C to +100°C, timing referenced to VIL(MAX) and VIH(MIN). See Figure 3.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Data Hold Time tHD:DAT 0 0.9 μs

Data Setup Time tSU:DAT 100 ns

START Setup Time tSU:STA 0.6 μs

SDA and SCL Rise Time tR (Note 13)
20 +

0.1CB
300 ns

SDA and SCL Fall Time tF (Note 13)
20 +

0.1CB
300 ns

STOP Setup Time tSU:STO 0.6 μs

SDA and SCL Capacitive
Loading

CB (Note 13) 400 pF

EEPROM Write Time tW (Note 14) 10 20 ms

Pulse-Width Suppression Time at
SDA and SCL Inputs

tIN (Note 15) 50 ns

A0, A1 Setup Time tSU:A Before START 0.6 μs

A0, A1 Hold Time tHD:A After STOP 0.6 μs

SDA and SCL Input Buffer
Hysteresis

0.05 x
VCC

V
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(TA = +25°C, unless otherwise noted.)
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I2C
INTERFACE

WIPER
REGISTER/

INITIAL VALUE
REGISTER

(WR/IVR)

00h

VCC

SDA

A0

A1

CONTROL
LOGIC/

REGISTERS

RH

RL

V+

POS 7Fh

POS 00h

GND

SCL

SEE BIT

RW

DS3501

I2C
INTERFACE

LUT
ADDRESS
REGISTER

CONTROL
LOGIC/

REGISTERS

ADC

VCC

SDA

A0

A1

GND

SCL

TEMP
SENSOR

VCC
VOLTAGE

TEMP
0Ch

VCC (V)
0Eh

DATA

CONTROL
RH

RL

V+

POS 7Fh

POS 00h

RW

(LUTAR)

08h

36 BYTE
LOOKUP
TABLE

(LUT)

80h-A3h

WIPER
REGISTER

(WR)

09h*

INITIAL VALUE REGISTER
(IVR)
00h*

∑

ON
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LY

 W
HE

N 
IN

LU
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AD
DE

R 
M
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E

IV
R

LUTVAL OR
LUTVAL+IVR

LUTVAL

*NOTE THAT WHEN IN LUT OR LUT ADDER MODE, WR IS ACCESSED THROUGH 09h (UNLIKE DEFAULT MODE) WHILE IVR REMAINS AT 00h.

DS3501



_____________________________________________________________________ 7
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SEE SEE

SEE

SEE

SEE
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WR

V VRW RL RH RL= + −( )
127

S 26 25 24 23 22 21 20

UPDATE MODE

BIT (CR1.0)

ADDER MODE

BIT (CR1.1)
MODE

0 X Default Mode (default)

1 0 LUT Mode

1 1 LUT Adder Mode
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REGISTER NAME
ADDRESS

(HEX)
VOLATILE/NONVOLATILE

FACTORY/POWER-UP

DEFAULT

WR/IVR Wiper Register/Initial Value 00h* NV (Shadowed) 40h

CR0 Control Register 0 02h V 00h

CR1 Control Register 1 03h NV (Shadowed) 00h

CR2 Control Register 2 0Ah V 00h

*

REGISTER NAME
ADDRESS

(HEX)
VOLATILE/NONVOLATILE

FACTORY/POWER-UP

DEFAULT

IVR Initial Value Register 00h* NV (Shadowed) 40h

CR0 Control Register 0 02h V 00h

CR1 Control Register 1 03h NV (Shadowed) 00h

LUTAR LUT Address Register 08h V N/A

WR Wiper Register 09h* V N/A

CR2 Control Register 2 0Ah V 00h

TEMP Temperature Value 0Ch V (Read-Only) N/A

VCC VCC Voltage Value 0Eh V (Read-Only) N/A

LUT0 Wiper Value for T ≤ -37°C 80h NV 00h

LUT1 Wiper Value for -36°C to -33°C 81h NV 00h

LUT2 Wiper Value for -32°C to -29°C 82h NV 00h

— — — — —

LUT33 Wiper Value for +92°C to +95°C A1h NV 00h

LUT34 Wiper Value for +96°C to +99°C A2h NV 00h

LUT35 Wiper Value for T ≥ 100°C A3h NV 00h

*



_____________________________________________________________________ 9

M
EM

OR
Y 

LO
CA

TI
ON

LUT20

LUT19

LUT18

LUT17

LUT16

24 28 32 36 40 44

INCREASING
TEMPERATURE

TEMPERATURE (°C)

1°C HYSTERESIS
WINDOW

DECREASING
TEMPERATURE

Control Register 0 (CR0)
POWER-UP DEFAULT 00h

MEMORY TYPE Volatile

02h SEE Reserved Reserved Reserved Reserved Reserved Reserved Reserved

bit7 bit0

bit7 SEE: Controls functionality of shadowed NV registers (such as the WR/IVR register).
0 = Data written to shadowed NV memory is stored in both SRAM and EEPROM (default).
1 = Data written to shadowed NV memory is stored only in SRAM.

bit6:0 Reserved

Control Register 1 (CR1)

FACTORY DEFAULT 00h

MEMORY TYPE Shadowed Nonvolatile

03h
Reserved Reserved Reserved Reserved Reserved Reserved

Adder
Mode

Update
Mode

bit7 bit0

bit7:2 Reserved

bit1 Adder Mode: This bit is valid only if the Update Mode bit = 1.
0 = Sets the DS3501 to LUT Mode.
1 = Sets the DS3501 to LUT Adder Mode.

bit0 Update Mode:

0 = Sets the DS3501 to Default Mode. In this mode the DS3501 is compatible with the ISL95311 (default).
1 = Sets the DS3501 to one of the two LUT-based modes depending on the Adder Mode bit.
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W

Control Register 2 (CR2)

POWER-UP DEFAULT 00h

MEMORY TYPE Volatile

0Ah Reserved Reserved Reserved Reserved Reserved TEN AEN Standby

bit7 bit0

bit7:3 Reserved

bit2 TEN: Temperature Update Enable bar. This bit is valid only in LUT Mode and LUT Adder Mode.
0 = Normal LUT operation. The WR is automatically loaded with LUTVAL+IVR or LUTVAL following each 

temperature conversion.
1 = Places the potentiometer in manual mode allowing WR (09h) to be written using I2C.

bit1 AEN: Address Update Enable bar. This bit is valid only in LUT Mode and LUT Adder Mode.
0 = Normal LUT operation. LUTAR (08h) is calculated following each temperature conversion that points to the 

corresponding location in the LUT.
1 = Disables automatic updates of LUTAR. This allow the user to directly write to the LUTAR register in order to 

exercise LUT values and functionality.

bit0 Standby:

0 = Normal operating mode.
1 = Standby Mode. Places the DS3501 in a low-power consumption state specified by ISTBY. The I2C interface 

is still active in this state.

0 1 10 R/WA0A10

MSB LSB

SLAVE ADDRESS*

*THE SLAVE ADDRESS IS DETERMINED BY ADDRESS PINS A0, A1.
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SDA

SCL

tHD:STA

tLOW

tHIGH

tR tF

tBUF

tHD:DAT

tSU:DAT REPEATED
START

tSU:STA

tHD:STA

tSU:STO

tSP

STOP

NOTE: TIMING IS REFERENCE TO VIL(MAX) AND VIH(MIN).

START
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μ
μ

Ω

TRANSISTOR COUNT: 22,400

SUBSTRATE CONNECTED TO GROUND

SLAVE
ADDRESS*

START

START

0 1 0 1 0 A1 A0 R/W SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

MSB LSB MSB LSB MSB LSB

b7 b6 b5 b4 b3 b2 b1 b0

READ/
WRITE

REGISTER ADDRESS

b7 b6 b5 b4 b3 b2 b1 b0

DATA

STOP

SINGLE-BYTE WRITE
-WRITE LUTAR
 REGISTER TO 00h

SINGLE-BYTE WRITE
SET TO LUT MODE

SINGLE-BYTE READ
-READ CR0 REGISTER

TWO-BYTE WRITE
- WRITE 80h AND 81h TO 00h

START REPEATED
START

51h

MASTER
NACK

STOP0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0

02h

0 1 0 1 0 0 0 1

0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0

50h 08h

STOP

START 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1

50h CR1 (03h)

STOP

DATA

01h

EXAMPLE I2C TRANSACTIONS (WHEN A0 AND A1 ARE CONNECTED TO GND).

TYPICAL I2C WRITE TRANSACTION

*THE SLAVE ADDRESS IS DETERMINED BY ADDRESS PINS A0 AND A1.

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1

50h

A)

C)

B)

D)

SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

START 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0

50h 80h

STOP

00h

0 0 0 0 0 0 0 0SLAVE
ACK

SLAVE
ACK

SLAVE
ACK

00h

0 0 0 0 0 0 0 0 SLAVE
ACK

TWO-BYTE READ
- READ 80h AND 81h

E)
START 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0

50h 80h

STOPSLAVE
ACK

SLAVE
ACK

SLAVE
ACK

MASTER
ACK

51h

0 1 0 1 0 0 0 1

DATA DATA
MASTER

NACK
LUT 1LUT 0REPEATED

START
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