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ABSOLUTE MAXIMUM RATINGS

Voltage Range on Ve Relative to GND ............... -0.5V to +6.0V
Voltage Range on V+ Relative to GND ................ -0.5Vto +17V
Voltage Range on SDA, SCL, A0, A1

Relative to GND.......... -0.5V to (Vce + 0.5V), not to exceed 6.0V
Voltage Range on RH, RL, RW........ccooiiiiii, -0.5Vto V+
Voltage Range Across RHand RLPins ..................... -0.5Vto V+

Operating Temperature Range ...............cc....... -40°C to +100°C
Programming Temperature Range .............c..cc...... 0°C to +70°C

Storage Temperature Range .............cc.......

.-55°C to +125°C

Soldering Temperature ..........cccccoovvviiieiiiiennn. See IPC/JEDEC

J-STD-020 Specification

Maximum BW CUIrent ... 1TmA

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.

RECOMMENDED OPERATING CONDITIONS

(Ta = -40°C to +100°C)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Vce (Note 1) +2.7 +5.5 V
V+ Voltage V+ V+ > Vce +4.5 +15.5 vV
Input Logic 1 v 0.7 x Vce v
(SCL, SDA, A0, A1) IH vee +0.3
Input Logic 0 ) 0.3 x
(SCL, SDA, A0, A1) Vi 03 Vee v
Resistor Inputs (RL, RW, RH) VRES 0.3 +VO+ 3 v
Wiper Current IWIPER 1 mA
DC ELECTRICAL CHARACTERISTICS
(Ve = +2.7V to +5.5V, Ta = -40°C to +100°C, unless otherwise noted.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
| Note 2 2 mA
Vce Supply Current ce ( )
Icce (Note 3) 250 350 pA
Standby Supply Current ISTBY (Note 4) 40 60 pA
V+ Bias Current v+ +1 pA
Input Leakage (SDA, SCL, A0, A1) I -1 +1 A
Low-Level Output Voltage (SDA) VoL 3mA sink current 0.0 0.4 vV
I/O Capacitance Cio 5 10 pF
Power-Up Recall Voltage VPOR (Note 5) 1.6 2.6 \
Power-Up Memory Recall Delay tD (Note 6) 5 ms
Wiper Resistance Rw V+ = 15.0V 5000 Q
End-to-End Resistance (RH to RL) RTtoTAL 10 kQ
RToTAL Tolerance Ta = +25°C -20 +20 %
R1oTAL Temp Co. (Note 7) +200 ppm
CH, CL, CW Capacitance CpoT 10 pF
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TEMPERATURE SENSOR CHARACTERISTICS

(Ve = +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 5 -

ANALOG VOLTAGE MONITORING CHARACTERISTICS

(Ve = +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
% FS
Input/Supply Accuracy Acc At factory setting 0.25 1 (Full
Scale)
Input Supply Offset Vos (Note 7) 0 5 LSB
Update Rate (Temperature and
Sti)pply Conve(rsioinime) {FRAME 16 ms

VOLTAGE-DIVIDER CHARACTERISTICS

(Ve = +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
V+ = 4.5V
Zero-Scale Error ZSERROR (Note 10) 0 0.5 2 LSB
V+ =45V
Full-Scale Error FSERROR (Note 11) -2 -0.003 0 LSB
Ratiometric Temp Coefficient TCV WR set to 40h +4 ppm/°C

I12C AC ELECTRICAL CHARACTERISTICS
(Vcc = +2.7Vto +5.5V, Ta = -40°C to +100°C, timing referenced to Vi vax) and ViHmiN). See Figure 3.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SCL Clock Frequency fscL (Note 12) 0 400 kHz
Bus Free Time Bgtyveen STOP BUF 13 s
and START Conditions
gg:?diTt:?ne (Repeated) START {HD:STA 06 s
Low Period of SCL tLow 1.3 us
High Period of SCL tHIGH 0.6 ys
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I12C AC ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +2.7Vto +5.5V, Ta = -40°C to +100°C, timing referenced to Vi vax) and ViHmiIN). See Figure 3.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Data Hold Time tHD:DAT 0 0.9 ys

Data Setup Time tSU:DAT 100 ns

START Setup Time tSuU:STA 0.6 ys

SDA and SCL Rise Time R |(Note 13) 20+ 300 | ns

0.1Cp
; 20 +

SDA and SCL Fall Time tF (Note 13) 300 ns

0.1Cp

STOP Setup Time tsu:STO 0.6 us

SDA gnd SCL Capacitive Co (Note 13) 400 oF

Loading

EEPROM Write Time tw (Note 14) 10 20 ms

Pulse-Width Suppression Time at

SDA and SCL Inputs N (Note 15) 50 ns

A0, A1 Setup Time tsU:A Before START 0.6 us

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

SDA and SCL Input Buffer 0.05 x vV

Hysteresis Vce

NONVOLATILE MEMORY CHARACTERISTICS

(Vcc = +2.7V to +5.5V)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. Ta = +70°C 50,000 )
EEPROM Write Cycles Writes
Ta = +25°C 200,000

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: IsTRY is specified with SDA = SCL = Vcc = 5.5V, resistor pins floating, and CR2 bit O = 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); - (V(RW)o] / LSB(ideal) - i, fori = 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)j] / 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: 12C interface timing shown is for fast-mode (400kHz) operation. This device is also backward-compatible with 12C 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.
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(Ta = +25°C, unless otherwise noted.)

STANDBY SUPPLY CURRENT
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. SUPPLY VOLTAGE vs. TEMPERATURE
- 3 36 T T B
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I [ — Z
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sy LS0AZ 0L = Voc: R RL W ARE FLOATING sy LSDA=SCL= Voo RL RH RW ARE FLOATING 4o LSA=SCL=Voc: R, RL RW ARE FLOATING
40 20 0 20 4 60 8 100 27 41 55 40 20 0 20 40 60 80 100
TEMPERATURE (°C) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
INTEGRAL NONLINEARITY DIFFERENTIAL NONLINEARITY
vs. POTENTIOMETER SETTING vs. POTENTIOMETER SETTING
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1 36 BYTE B ! - R
PEL
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UPDATE MODE | ADDER MODE MODE
BIT (CR1.0) BIT (CR1.1)
0 X Default Mode (default)
1 0 LUT Mode
1 1 LUT Adder Mode
TIAIVME—F

DS3501 D774/ hE— RIZ3DDNTRELEM T,
FIAINBME—ROTOVIEICRENDELDIC, R
FUAR—ZIETAIIN—L TR /HEBEL P2 S
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EEPROM (IVR)D@E A IS E 9, FEICSEE = 1
DIBE. SRAM (WR)ICDHFLIMENEEAENE T,
SEEN'0TH o -18EIE. EEPROM/NA KIVR)IZISE
BOEETERMASEITONET, XEUT7 RLZX00h%E
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RK2. FIAIWPME—FDAERYYYT

REGISTER NAME AE:E:)E)S S VOLATILE/NONVOLATILE FACT%E(:/:SI‘_IYI_ER'UP
WR/IVR Wiper Register/Initial Value ooh* NV (Shadowed) 40h
CRO Control Register 0 02h V 00h
CR1 Control Register 1 03h NV (Shadowed) 00h
CR2 Control Register 2 OAh \ 00h

*TIAIME—RTIE. WREIVRIZES EH A EUMBOOMERT Y VRS NE T, BMBRIS. T4 M E—R]IDIEZ

ZRLTZS 0,

#£3. LUTE— FELUTMEE—ROXAEYY YT

REGISTER NAME A[::::)E)S S VOLATILE/NONVOLATILE FACT%@?:SIY;ER-UP
IVR Initial Value Register 00h* NV (Shadowed) 40h
CRO Control Register 0 02h V 00h
CR1 Control Register 1 03h NV (Shadowed) 00h
LUTAR LUT Address Register 08h \ N/A
WR Wiper Register 09h* V N/A
CR2 Control Register 2 OAh \ 00h
TEMP Temperature Value 0Ch V (Read-Only) N/A
VCC Vcc Voltage Value OEh V (Read-Only) N/A
LUTO Wiper Value for T <-37°C 80h NV 00h
LUTH 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 A1lh NV 00h
LUT34 Wiper Value for +96°C to +99°C A2h NV 00h
LUT35 Wiper Value for T = 100°C A3h NV 00h
LUTE— RELUTIIEE— RTId. WRIZXAED 7 FLROOhEHRT 7o SN, s, IVRIEAED 7 FLX00hDEET
TOEIENET,
LUTE—F TIDWIET DEEELRT A VTV I EGFETD

LUTE— RidUpdate ModeEy F(CR1.0)Z& 1. A
DAdder Modeky (CR1.1)Z0IZERET D EBIRS
nE9d, COE—RFDODS3IL0TOMEIFZ. LUTE—R
ELUTIEE—ROT7AOVIRICREINTNET,, Fie.
LUTE—RELUTIMEE—RDAED VY T3, R3IC
MRENTWET, ZO2DOLUTE— ROELHEEIS.
IVRDEA I Y 0T TF—TIVICHRIN SN TN B
MEINBZHEDSHTY, 7OV IRIIRSINI-RR/
KENZ. LUTE—RTI3ETZOT1TTY,

LUTE— RDBE. ERFZATIVROBHAWRL DX
HUOREINET, ZDEIF. EFBRABDODRVIDEE
TMHEHDITZEIICRESINE T, BEIdtrrAVE
TEISAESNE T, BEDEIE. Ly o7y TT—

eOlcEDNE T, DA Ty I AELUT L XL
DZAZ(LUTAR)EMIENE T, LUTARICEDTIELR
SNEBARICHDLUTICHEM S B, LUTVALE
MFINnExd, 20D%E. JA/N\—L X ZITIFLUTVALA
BEMICO—FEnEd. 20%. 2OT7OERIIEY
RBREN, BIL—TDEDICEHRLTITA/N—DEREE
hEfenE 9,

ZDE— KT, 36/N1 bDOLUTIZIE. 4CTDEED
AVRDTEDTAN—BREB/IIEHNTIVE T,
BWNETA/IN—REMEIFOOh~TFhTd, RIDAE!)
VY TIZIE LUTOXEY 7 RLZELUTADE /XA b
ICHITDWICTDREEEN TSN TNET, T,
LUTICIFTCOERT ) > ZAMEHh>THY . HIEED
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LUT20 - - J

DECREASING A
TEMPERATURE

R A J
\*;A

- INGREASING
H TEMPERATURE

LuT9

LUT18

MEMORY LOCATION

LUT17 4 v

2DDIA Y RODIRRICE OIBEDF &) IR
PFlEenEd, BRENERTDHBEIE. LUTIZBED
BEETCEELEIT(RIZ5R), BIOEENIMETTD
IBa. LUTIIZHMOREETEILL T,

LUTIIEE— F

LUTHIEE— RId. Update Modet"y F(CR1.0)& 1(C.
A DAdder ModetEw F(CRT.1)&TIZERET D &R

4N ENET, TOE— KIELUTE— KICBBfEE L3
Wwne T g oo IH. KEBEBWATDHY FEI(LUTE— RELUTM
II? ) T T ey %:E_Fd)—ju‘yﬁé;ééﬁﬁbt<fiéL\)o '74/\0_
T m @ % w0 L < 24ICIELUTVALEIVROMIA O— RenEd, &
TEMPERATURE (C) 512, ZOT— KT, LUTICRESh-EIZB e
1. LUTOEZF 2 D20@BEHERATYT, ZOFERKIT. RFMIVREICIEEE
DATEY hEBRITDDITERIEHETT,
DS3501D#HIL R 5
DS3501ZII3DDHEHIL X Z(CRO. CR1. BXUCR2)A'HW . FFDE— REHEEZBRL CHIET DD
IZfEHNE T,
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 A t
Reserved Reserved Reserved Reserved Reserved Reserved M%ddz' U,\ﬁggee
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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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.

temperature conversion.

0 = Normal LUT operation. The WR is automatically loaded with LUTVAL+IVR or LUTVAL following each

1 = Places the potentiometer in manual mode allowing WR (09h) to be written using 12C.

corresponding location in the LUT.

exercise LUT values and functionality.

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

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

bit0 Standby:
0 = Normal operating mode.

is still active in this state.

1 = Standby Mode. Places the DS3501 in a low-power consumption state specified by IsTgy. The I2C interface
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TYPICAL 12C WRITE TRANSACTION
LSB MSB LSB MSB LSB
| [ SLAVE SLAVE SLAVE
|START|| 0 | 1 | 0 | 1 | 0|A1|A0|R/\N|| o ” b7|b6| b5| b4| b3| b2| b1|b0|| o ||b7|b6|b5|b4|b3|b2|b1|b0|| o ||STOP|
N~ N J N J
SLAVE READ/ REGISTER ADDRESS DATA
ADDRESS* WRITE
*THE SLAVE ADDRESS IS DETERMINED BY ADDRESS PINS AQ AND At
EXAMPLE 12C TRANSACTIONS (WHEN AQ AND A1 ARE CONNECTED TO GND).
A) SINGLE-BYTE WRITE | ” """ || SLAVE ” ” SLAVE || """ || SLAVE " |
st |0 1010000 00001000 00000000 STOP
-WRITE LUTAR Ll ACK Ll ACK ||I|I|I ACK
REGISTER TO 00h
50n 02h 51h
B) SINGLE-BYTE READ | ” Y " SLAVE ” 000001 " SLAVE " REPEATED "0‘1 01 ‘0‘0‘0‘1" SLAVE " Ry ” MASTER " |
-READ CRO REGISTER SIELY 0\1\0\1\0\0\0\0 ACK U\ ! \ \ | \ | ACK START Ll ACK [ \ \ L NACK S
500 CR1 (03h) 01h
C) SINGLE-BYTE WRITE | ” TrrTTTT |SLAVE ” 000001 |SLAVE " OB " SLAVE " |
SETTO LUT MODE START [0 1010000fl %™ (100000 01 1)1 /0" 100000001]) " || STOP
D) TWO-BYTE WRITE | ” ‘ T " SLAVE” N ‘ ‘ T ||SLAVE " M ‘ ‘ U " SLAVE " N ‘ ‘ T " SLAVE " |
“\WRITE 80h AND 81h TO 00h START 0‘1‘0‘1‘0‘0‘0‘0 Aok ||1,0,0.00,00 0] °yey [(00000000) %" |[00000000 %0 || STOP
50n 80h 51h
E) TWO-BYTE READ | "“‘““”SLAVE”“““‘"SLAVE" REPEATED ”“““‘" SLAVE "“““‘"MASTER"“““‘"MASTER" |
- READ 80n AND 81H START 10,191 9009 “ack [|".0.02°8°9 "ack || smrrJ[°"2" 000" “ack (Lo R ] Caek STOP
4. 12CBIEDH
- ~ - = « ==x
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Zgh\n}bgj‘Hyét\ VZQL;\ Eii@%%?%ﬂ'_\?_fcéb
ICNACKZ R MEN DY, ZDHE. STOPERHEZER
L&Ed,

PIVr—2a gk

BROTFHYTII
DS3501 A L CRROERZFDI=HICIT. BIRiHE
FETAN=NA 7 IABRmFDOEHZ0.0TpFE IS
0 NWWFDAVFUHTTHY TINLTLEE W, AR
SIS, SHEDKARKEOEZI vV T V%
ERALTLLZS L\, RAXREHRIITM IIT U ek
IMET2DTHENRES N, ESZIV IO TUTIL
—MWICTFAYTIVIRELTHRBERARNEER
L&,
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O woESTBREOICIETIVT Y THRRBHPVETY,
TIVTy TS AERA-A—T AL oY BN, FT-
7Ty aTIVENZEFERT DV, SCLBICER
TRZENTEFT, SILT7 Y TOEMMEIT. [12C
AC Electrical Characteristics (I2COOACES 4T M) |3
ICESHINTAEYESTTURBBEIMMEERTHD &
MMREEESNDEDICBIRESNAITNIEEY ZEA, TIL
7Y TIEMBRORKRNEEIFL. TKQTT,

Fv 71EH
TRANSISTOR COUNT: 22,400
SUBSTRATE CONNECTED TO GROUND
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