i3 TEXAS
INSTRUMENTS

TMP113
JAJSTN3 — DECEMBER 2024

TMP113 #B/MBY, 1.4V~55V BB, +0.2°C SEE. ICTF Y IIEEL Y

155K
« WCSP /v —U s
- RF 4 YA X (DSBGA-6):1.5 x 1.0 x 0.525mm
o JRVWER{EHPH
— V+ B EHIPH: 1.4V~5.5V
— JREEHPH:-40°C~125°C
o BRI I TR A e R
— 0°C~50°CT %0.2°C (fx K1)
— -25°C~85°CT %0.3°C (H K1)
— -40°C~125°CTC #0.5°C (i KfiH)
« 12 EwhofiERE: 0.0625°C (LSB)
o FHRIRTVUHN AL B—T AR
— 12C "2F LT SMBus H.#i
— 13C IREANA ETOILFITHIS
o VTR E BT
— TUT 47 Ei: 55uA (FEUE(E)
— Ty TONA (BEHE(E)
— PHEG (1Hz FF): 1.4uA (FEYEfE)
o 1.4V~5.5V OJLWVEIREEFPHCTH 9% 2m°CIV
@ DC EJRE R ELZED
o BEVELALTIAT LA
— NIST hL—ZH[RE
o EEWEDEFE—REY TNy =T A
- TMP102, TMP110, TMP112
o HEMEDOBHDHT 2T IV V—RA F AL ZRE TR TATF
Al HE
277V —=3>
o L F—hA—Tgr
- iRk
- BT RTL
— HVAC:UA-VL 2B
o Ty IR) F—hA—=Tar ]l
v B Var AT
- BhHE=oh
- FEERPC:I N R—R avEa—H
CPU (PLC > b —%)
. Ef’?ﬁmﬁ%””
B & TAIIIN 72 [ U JAsS
o F—H LA —BIRTLE—TITAX A a—T
N4
— VUYR 27—k K547 (SSD)
- TIv7 Y= "—mFvP =R —K
o NR—YF) VLI E=TA
- PCBIXWN/—FPC. ¥7L vk, F—A
— TUHIN AT DATET VN BTG I AT

— JERHLSE (AR) AW %
— Av—h AE—F

3 M=

TMP113 (%, 6 &> WCSP /w4 — D 12C AT %
JRE B T4, TMP113 (%, IRE 4 fifhE 0.0625°C
DN 12 vk AID @ 23—% (ADC) (2LY, 0°C~
50°C DIRE I T £0.2°COREE L ER L TWVET,

TMP113 13/ 1.4V OFEIREE CEET DI E

SINTWET, EHER. VY M UVERIIZENLE L
1.4pA (1Hz B¥), 70nA LSV e A v T~ ROl
JEEHANRETHY, N T VHEmeb g KL TEFET, £
7. DC BIRRZENDTD 2m°ClV THATZ | K fhpE
¥RT IV r—armitic, EREEEAZRK 5.5V £T
EFBZELTEET, ZOT A AL, 7LF 7L PCB
IZEoT 0.28 EWVOIEF TR REAT v T INE 2 HBL
LET,

TMP113 D &FE ML, NIST b — A AT B2 1T L
T100% 7 ARSI, 512, ISO/IEC 17025 MK IZ AR
L7-BRIEIT LY NIST M — R A REZ RS 284 (8 B U CHREE
SINTWET,

ISyt — S8

R s 28— (1) Robr—D YA R()
1.5mm X 1.0mm X
TMP113 DSBGA (6) 0.525mm

(1) BEMICHOWTIE, B2y ar 12 %Z/%ﬁﬁbfﬂiéb\
(2) Sur— PAX (X x IB) ITAMMET, %4 T254
GENET,

VL)

V+=1.4V to 5.5V

§5ko 5kQ S5kQ

SCL J

I’Cc SDA
Controller

(2]
(@]
=

TMP113
Q@
4
o

>
=
m
A
3

GND ALERT—|

L

Note: Pull-up resistors are recommended to be higher than 5kQ.

LR [ 3R

2 ZOVY—ADTED S FHITHFET Y, TR ELE TR 260 T, ALY —/L (BREIER) 2L CWODZEBY, TI TIERIRRO EMEMEB L 0% Y

PEIZOFEL U —UIRGEN e L EE A, ERROR G2 E ORIIC

I3, ti.com TUT R OUGERE Z B MTZSNET IO BN ZLET,

English Data Sheet: SBOSAJ5

§%§ﬂ|

ADVANCE INFORMATION


https://www.ti.com/product/jp/TMP102
https://www.ti.com/lit/pdf/SNIS246
https://www.ti.com/product/jp/TMP112
https://www.ti.com/applications/industrial/building-automation/overview.html
https://www.ti.com/solution/occupancy-detection-people-tracking-people-counting
https://www.ti.com/solution/video-doorbell
https://www.ti.com/applications/industrial/building-automation/hvac-system/overview.html
https://www.ti.com/solution/wireless-environmental-sensor
https://www.ti.com/applications/industrial/factory-automation/overview.html
https://www.ti.com/solution/machine-vision-camera
https://www.ti.com/applications/industrial/power-delivery/overview.html
https://www.ti.com/solution/single-board-computer
https://www.ti.com/solution/cpu-plc-controller
https://www.ti.com/solution/continuous-glucose-monitor-sensor
https://www.ti.com/applications/enterprise-systems/datacenter-enterprise-computing/overview.html
https://www.ti.com/applications/enterprise-systems/datacenter-enterprise-computing/overview.html
https://www.ti.com/solution/solid-state-drive-ssd-enterprise
https://www.ti.com/solution/rack-server-motherboard
https://www.ti.com/applications/personal-electronics/overview.html
https://www.ti.com/applications/personal-electronics/pc-notebooks/overview.html
https://www.ti.com/applications/personal-electronics/tablets/overview.html
https://www.ti.com/applications/personal-electronics/gaming/overview.html
https://www.ti.com/solution/digital-still-camera
https://www.ti.com/solution/augmented-reality-glasses
https://www.ti.com/solution/smart-speaker
https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/jp/lit/pdf/JAJSTN3
https://www.ti.com/lit/pdf/SBOSAJ5

NOILVINYO4ANI 3ONVAQV

TMP113
JAJSTN3 — DECEMBER 2024

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

Table of Contents

TR e 1
2 T T VT U B s 1
B e 1
4 Related Products...............cccocevieiiiiiiieeeee e 3
5 Pin Configuration and Functions...................ccccccoon. 3
6 Specifications................ccccooiiiiii 4
6.1 Absolute Maximum Ratings.........cccccoeeviieiiiieneniieeene 4
6.2 ESD RatiNgS....cciueeiiiiie it 4
6.3 Recommended Operating Conditions............c.ccccuee... 4
6.4 Thermal Information............ccccoeciiieiiiiiiiiee e 4
6.5 Electrical Characteristics...........ccccoviiiiniiiiiiieeiniieee 4
6.6 12C Interface TiMINg..........cccoveveveeeeeeeeeeeeeeeeeee e 7
6.7 Timing Diagrams ........cccceeveeiiiiiiiee e 7
6.8 Typical CharacteristiCs.........c..oceveriiiiiiee e 8
7 Detailed Description..............ccocoeiiiiiiniii e 11
T OVEIVIEW.....iiiee ettt e e a e e 11
7.2 Functional Block Diagram...........ccccccvveeeieiiiieeneennnnns 11
7.3 Feature Description...........cooccvieiieiiiiiiiee e 11
7.4 Device Functional Modes..........ccccoocviiveeiiiciiereeees 15
7.5 Programming.........ccceeeeeeeiiieeeeesieiieeee e e 17
8 Register Map............coceeiiiiiiiiii e 22
8.1 Temp_Result Register (address = 00h) [reset =
(01000 o) PR 23
8.2 Configuration Register (address = 01h) [reset =
1070 o ) SRR 24
8.3 TLow_Limit Register (address = 02h) [reset =
2010 o ) SRR 25

8.4 THigh_Limit Register (address = 03h) [reset =

BO00N]. ..ttt s 26
8.5 Device ID Register (Address = 0Bh) [reset =
TABXN] e 27
8.6 Unique_IDO0 Register (Address = 0Ch) [reset =
Do e (o | RPN 27
8.7 Unique_ID1 Register (Address = 0Dh) [reset =
XXXXN] et 27
8.8 Unique_ID2 Register (Address = OEh) [reset =
XXXXN] e 28
9 Application and Implementation.................................. 29
9.1 Application Information...........cccccoeriiiininiee, 29
9.2 Equal I12C Pullup and Supply Application.................. 29
9.3 Power Supply Recommendations...........c...ccccceeen.. 31
9.4 LayOUL.....ceeeiie e 31
10 Device and Documentation Support.......................... 32
10.1 Device SUPPOMt......ccooieiiriiieiieeenree e 32
10.2 Documentation SUppOrt.........ccccvverrieeiniieeeieeee 32
10.3 R 2 A MO FB M AT ID T E e 32
104 TR U =R e, 32
10.5 FFERM AT DIEB FE o 32
106 FHFEEE oo 32
11 Revision History.............ccoocoieiiiiii e 32
12 Mechanical, Packaging, and Orderable
Information................oo 33
12.1 Package Option Addendum..........cccccevivierineennnnenn. 37
12.2 Tape and Reel Information............cccoeceiniieeiiiennns 38

2 BRHCT BT — RNy (DR RB bt B

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TMP113

English Data Sheet: SBOSAJ5


https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/jp/lit/pdf/JAJSTN3
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSTN3&partnum=TMP113
https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/lit/pdf/SBOSAJ5

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

TMP113
JAJSTN3 — DECEMBER 2024

4 Related Products

Similar devices in terms of software are available.

# 4-1. Related Temperature Sensors

BEST ACCURACY SOFTWARE ADDRESS/ALERT PIN
Dl i (MAXIMUM ERROR) COMPATIBLE FUNCTIONALITY e
i Yes DRL (6-pin SOT563)
TMP102 2.0°C (in Normal Mode) Address + Alert (1.6mm x 1.6mm)
R Yes Separate (Address & DPW (5-pin X2SON)
TMP110 1.0°C (in Normal Mode) Alert) (0.8mm x 0.8mm)
DRL (6-pin SOT563)
Yes Address + Alert (DRL) (1.6mm x 1.6mm)
TMP112 0.5°C .
(in Normal Mode) Separate (Address & DPW (5-pin X2SON)
Alert) (DPW) (0.8mm x 0.8mm)
TMP113 0.2°C Yes Address + Alert YBG (6-pin DSBGA)
(1.5mm x 1.0mm
5 Pin Configuration and Functions
1 2 3
//,‘\\ //,‘\\ //,‘\\
Al ALERT )/ eND )| scL |
\ / N\ / N\ /
N b N b N b
/ A N/ - A N/ - h N\
gl ADDO || v+ ) spa |
\ / N\ / N\ /
N b N b N b

Not to scale

B 5-1. YBG Package, 6-Pin DSBGA

ADVANCE INFORMATION

(Top View)
£ 5-1. Pin Functions
PIN

e e TYPE(™ DESCRIPTION
GND A2 — Ground
SCL A3 | Serial clock
ADDO B1 | Address select. Connect to GND, SCL, SDA or V+
ALERT A1 (0] Overtemperature alert. Open-drain output; requires a pullup resistor.

Note: if Alert pin is not used, connecting this pin to GND is preferred.
SDA B3 1/0 Serial data input. Open-drain output; requires a pullup resistor.
V+ B2 I Supply voltage
1. I=Input, O = Output, /O = Input or Output.
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6 Specifications

6.1 Absolute Maximum Ratings
Over free-air temperature range unless otherwise noted(")

MIN MAX UNIT
Supply voltage V+ -0.3 6 \Y
Input/Output voltage SCL, SDA, ADDO, ALERT -0.3 6 \%
Output current, o +3 mA
Operating temperature, T -40 125 °C
Junction temperature, T 150 °C
Storage temperature, Tgig -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") £2000
V(esD) Electrostatic discharge \%
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +500

(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

MIN NOM MAX UNIT
V+ Supply voltage 1.4 3.3 55 \%
Vio SCL, SDA, ADDO, ALERT V+ \Y
loL SDA, ALERT 0 3 mA
Ta Operating ambient temperature -40 125 °C
6.4 Thermal Information
TMP113
THERMAL METRIC (V) YBG (DSBGA-6) UNIT
6-PIN

Reua Junction-to-ambient thermal resistance 131.1 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 1.0 °C/W
Ress Junction-to-board thermal resistance 37.0 °C/IW
W Junction-to-top characterization parameter 0.1 °C/IW
Y Junction-to-board characterization parameter 36.8 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance - °C/IW
Mr Thermal Mass 0.7 mJ/°C

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
note.

6.5 Electrical Characteristics
Over free-air temperature range and V+ = 1.4V to 5.5V (unless otherwise noted); Typical specifications are at Tp = 25°C and
V+ = 3.3V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
TEMPERATURE SENSOR
4 BHEHZBTT 57— RN 2 (ZE SRR GPH) &35 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TMP113
English Data Sheet: SBOSAJ5


https://www.ti.com/lit/an/spra953c/spra953c.pdf?ts=1707774760058&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/jp/lit/pdf/JAJSTN3
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSTN3&partnum=TMP113
https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/lit/pdf/SBOSAJ5

13 TEXAS
INSTRUMENTS TMP113
www.ti.comlja-jp JAJSTN3 — DECEMBER 2024

Over free-air temperature range and V+ = 1.4V to 5.5V (unless otherwise noted); Typical specifications are at Tp = 25°C and
V+ = 3.3V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
25°C +0.1
Terr Accuracy (temperature error) 0°C 10 50°C 02 02 <
-25°C to 85°C -0.3 0.3
-40°C to 125°C -0.5 0.5
PSR DC power supply rejection 2 m°C/V
) 12 Bits
Tres Temperature resolution 625 oC
Trepear | Repeatability(") 1Hz conversion cycle +1 LSB
Tito Long-term stability and drift 1000 hours at 125°C(2 +1 LSB
2-layer FR4 PCB 1.5748mm
_ _ ~|thickness T=63% for step 1.1
tresp L |Response time (Stirred Liquid) Floxible PCB 0.2mm :es;);rése from 25°C s
thickness ° 0.2
tacT Active conversion time 11.4 12.8 ms
CR1=0,CR0=0 4 44
teony Conversion Period CR1=0,CRO=1 1 11 s
(Set by user) CR1 =1, CRO = 0 (default) 0.25 0.28
CR1=1,CR0=1 0.125 0.14
fyar l'lerail:gsvanatlon of all device 10 10 %
DIGITAL INPUT/OUTPUT
Cin Input capacitance 45 pF
Viy Input logic high 0.7 x V+ Vv
Vi Input logic low -0.3 0.3 x V+ \Y
Vuyst |Hysteresis 0.1 \%
Iin Input current 0.1 uA
VoL Output logic loL = -3mA 0 0.4 \Y
POWER SUPPLY
Continuous conversion mode
1Hz conversion period ) ) 14 4
Continuous conversion mode Serial bus idle
Ipp_ave |Average current consumption | 4Hz conversion period 34 7 A
One shot conversion mode | SCL = 400kHz 6.7
1Hz conversion period SCL = 1MHz 14
lon_sa | Standby current(” Seral bus e and sonnecied 0 Vs 085 33| A
;F/,:= +25°C, Serial bus inactive and connected to 0.07 0.2
Iop_sp (Sg:rti:?\ggscll;:/r:lni GND or V+) Ta=-40Cto 125°C 2l A
Serial bus active, SCL frequency = 400kHz 5.5
Serial bus active, SCL frequency = 1MHz 13
lop_acti | Supply current during active | 5 ¢ Conversion, serial bus idle 55 95| A
VE conversion
Copyright © 2025 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS PE) #55F 5
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Over free-air temperature range and V+ = 1.4V to 5.5V (unless otherwise noted); Typical specifications are at Tp = 25°C and
V+ = 3.3V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power-on reset threshold .
Supply risin 1.02 \Y

VpoRr voltage PRl 9

Brownout detect Supply falling 0.97 \Y
T Initialization time after power- 10 ms

on reset
treser |Reset Time General Call Reset 0.1 ms

(1) Repeatability is the ability to reproduce a reading when the measured temperature is applied consecutively, under the same conditions.

(2) Long term stability is determined using accelerated operational life testing at a junction temperature of 150°C.

(3) Hysteresis is defined as the ability to reproduce a temperature reading as the temperature varies from room — hot —room—cold—
room. The temperatures used for this test are -40°C, 25°C, and 125°C.

(4) Quiescent current between conversion periods in continuous conversion mode

6 BRHCIT BT — RS2 (DB RBE bt B
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6.6 I2C Interface Timing

Minimum and maximum specifications are over —40°C to 125°C and V+ = 1.4V to 5.5V (unless otherwise noted)(")

FAST MODE FAST MODE PLUS HIGH-SPEED MODE i
MIN MAX MIN MAX MIN MAX
fiscL) SCL operating frequency 0.001 0.4 0.001 1 0.001 3.4| MHz
Bus-free time between STOP
keUF) and START conditions 600 - 500 160 B
Hold time after repeated START
condition.
YHDSTA) | After this period, the first clock is 100 - 100 100 -|ns
generated.
Repeated START condition
t(SUSTA) setup time 100 - 100 100 - ns
tsusto) |STOP condition setup time 600 - 260 160 - ns
tppary | Data hold time(2) 10 900 10 150 10 105 ns
tisupar) |Data setup time 100 - 10 10 -/ ns
tLow) SCL clock low period 1300 - 500 160 -/ ns
t(HiGH) SCL clock high period 600 - 260 60 -/ ns
Data valid time (data response
tvoar) time)® ( P 900 450 ns
te SDA, SCL fall time - 300 120 - 80 ns
tr SDA, SCL rise time - 300 - 120 - 80 ns
Timeout (SCL = Low or SDA =
tﬂmeom LOW) ( 30 30 - 40 ms
tLpF Glitch suppression filter 50 50 - 40 ns

(1)  The controller and device have the same V+ value. Values are based on statistical analysis of samples tested during initial release
(2)  The maximum tppat) can be 0.9 ps for fast mode, and is less than the maximum tpar) by a transition time.
(3)  twvpar) = time for data signal from SCL LOW to SDA output (HIGH to LOW, depending on which is worse).

SCL

tHDsTA)

tsusTa)

tsupam)

SDA

/

|
|
|
| I
| |
Ls

6-1. I2C Timing Diagram
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6.8 Typical Characteristics
at Tp = 25°C and V+ = 3.3V (unless otherwise noted)

1 0.6
— Average TMP113 Max — Ta=-40C
08 — Average +3c oa|l — Ta=0C
06 —— Average -3¢ i 4= Ta=25C
-~ +.. 1 Y. o — Ta=125C
3 0.4 ' T 02
5 kol el R . S S T o e B IS sty
E 02 R |
(] ~ A A A A AW AT MALAN
° ] = O e e o
: g %
© 9]
g 021 . I N (N £ 02
1S ' @
£ 04 : e
~ I e e
06 T 0.4
-0.8
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S >
= 3 700
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6-4. Average Quiescent Current vs Temperature
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6-6. Active Conversion Current vs Temperature
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6.8 Typical Characteristics (continued)
at Tp = 25°C and V+ = 3.3V (unless otherwise noted)

24 50
— V+=14V 45| — TA= -40°C
22| — v+=18V 5| — Ta=25C
S| =2y 40— Ta=125C
_ — V+=3.3V <
< gl V= % 35
=z g 30
g 16 3 25
3 S
2 1.4 § 20
2 2 15
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» 10
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6.8 Typical Characteristics (continued)
at Tp = 25°C and V+ = 3.3V (unless otherwise noted)
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6-14. ALERT Pin Output Voltage vs Pin Sink Current
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6-16. Supply Current vs one Input Cell Input Voltage

40 50 60 70 80 90 100
Vin/ V+ (%)

10 BRHCBT B 71— RS2 (SERRB Bb) #2%15

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TMP113

English Data Sheet: SBOSAJ5


https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/jp/lit/pdf/JAJSTN3
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSTN3&partnum=TMP113
https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/lit/pdf/SBOSAJ5

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

TMP113
JAJSTN3 — DECEMBER 2024

7 Detailed Description
7.1 Overview

The TMP113 is a digital output temperature sensor that comes factory calibrated for accuracy. The device
features a two-wire, SMBus and I2C compatible interface with two modes of operation: continuous conversion
mode and one-shot conversion mode, designed for thermal management and thermal protection applications.
The TMP113 also includes an alert status register with individual high and low thresholds.

7.2 Functional Block Diagram
V+

1
Internal L:L—
; thermal
Oscillator BJT @
soa X Je——
Temperature
Register sensor circuit
Bank
« > ADC>

ADDO

A

ALERT

Digital
Core

>

GND
7.3 Feature Description

7.3.1 Digital Temperature Output

The digital output from each temperature measurement is stored in the read-only temperature register. The
temperature register of the TMP113 device is configured as a 12-bit, read-only register that stores the output of
the most recent conversion. The device output is as shown in 3 7-1.

# 7-1. 12-Bit Temperature Data Guidelines
Temperature Bit Length Q Notation LSB (°C) Range (+)
12 4 0.0625 127.93475

Range (-)
-128

Two bytes have to be read to obtain data. Byte 1 is the most significant byte (MSB), followed by byte 2, the least
significant byte (LSB). The first 12 bits are used to indicate temperature. The least significant byte does not have
to be read if that information is not needed. The data format for temperature is summarized in 3% 7-2. One LSB
equals 0.0625°C. Negative numbers are represented in binary two’s complement format. Following power-up or
reset, the temperature register has 0°C until the first conversion is complete. The unused bits in the temperature
register always read 0.

K 7-2. 12-Bit Temperature Data Format

TEMPERATURE (°C) DIGITAL OUTPUT (BINARY) HEX (four LSBs are not used)

>127.9375 0111 1111 1111 7FF
127.9375 0111 1111 1111 7FF

100 0110 0100 0000 640

80 0101 0000 0000 500

75 0100 1011 0000 4B0

50 0011 0010 0000 320

25 0001 1001 0000 190

0.25 0000 0000 0100 004
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# 7-2. 12-Bit Temperature Data Format (%iX)

TEMPERATURE (°C) DIGITAL OUTPUT (BINARY) HEX (four LSBs are not used)
0.0625 0000 0000 0001 001
0 0000 0000 0000 000
-0.0625 1111 111 111 FFF
-0.25 1111 1111 1100 FFC
-25 1110 0111 0000 E70
-55 1100 1001 0000 C9o0

3% 7-2 does not list all temperatures. Use the following rules to obtain the digital data format for a given
temperature or the temperature for a given digital data format.

To convert positive temperatures to a digital data format:
1. Divide the temperature by the resolution
2. Convert the result to binary code with a 12-bit, left-justified format, and MSB = 0 to denote a positive sign.

Example: (50°C) / (0.0625°C / LSB) = 800 = 320h = 0011 0010 0000

To convert a positive digital data format to temperature:

1. Convert the 12-bit, left-justified binary temperature result, with the MSB = 0 to denote a positive sign, to a
decimal number.

2. Multiply the decimal number by the resolution to obtain the positive temperature.

Example: 0011 0010 0000 = 320h = 800 x (0.0625°C / LSB) = 50°C

To convert negative temperatures to a digital data format:

1. Divide the absolute value of the temperature by the resolution, and convert the result to binary code with a
12-bit, left-justified format.

2. Generate the two’s complement of the result by complementing the binary number and adding one. Denote
a negative number with MSB = 1.

Example: (|-25°C|) / (0.0625°C / LSB) = 400 = 190h = 0001 1001 0000
Two's complement format: 1110 0110 1111 + 1 = 1110 0111 0000

To convert a negative digital data format to temperature:

1. Generate the two’s complement of the 12-bit, left-justified binary number of the temperature result (with MSB
= 1, denoting negative temperature result) by complementing the binary number and adding one. This
represents the binary number of the absolute value of the temperature.

2. Convert to decimal number and multiply by the resolution to get the absolute temperature, then multiply by —
1 for the negative sign.

Example: 1110 0111 0000 has two’s complement of 0001 1001 0000 = 0001 1000 1111 + 1

Convert to temperature: 0001 1001 0000 = 190h = 400; 400 x (0.0625°C / LSB) = 25°C = (|-25°C)); (|-
25°C|) x (=1) = —25°C

7.3.2 Decoding Temperature Data

The TMP113 temperature registers use a 12-bit format. The 12 bits are aligned to the left side, or most
significant side, of the 16-bit word. The four unused bits are on the right side, or least significant side. For this
reason, a shift is needed to discard the extra bits. Two’s complement is employed to describe negative
temperatures. C code can easily convert the two’s complement data when the data is typecast into the correct
signed data type. Q notation describes the number of bits which represent a fractional result. 4 bits of fractional
data, known as Q4, offer 0.0625°C resolution.
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£ 7-3. 12-Bit Q4 Encoding Parameters

PARAMETER VALUE
Bits 12
Q 4
Resolution 0.0625
Range (+) 127.9375
Range (-) -128
25°C 0x0190

& 7-4. 12-Bit Q4 Bit Values in °C

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Sign 64 32 16 8 4 2 1 0.5 0.25 | 0.125 | 0.0625 - - - -
-128 64 32 16 8 4 2 1 112 1/4 1/8 116 - - - -

-27 26 25 24 23 22 21 20 21 272 23 24 - - - -

/* 12-bit format will have 4 bits discarded by right shift
g4 is 0.062500 resolution
the following bytes represent 24.5C */
uint8_t bytel = 0x18;
uint8_t byte2 = 0x80;
float f = (((int8_t) bytel << 8 | byte2) >> 4) * 0.0625f;
int mC = (((int8_t) bytel << 8 | byte2) >> 4) * 1000 >> 4;
int ¢ = (int8_t) bytel;

7.3.3 Temperature Limits and Alert

The TMP113 has an alert feature and uses the TLow Limit register for low threshold comparison and
THigh_Limit register for high threshold comparison. The alert limit is programmed in the TMP113 in a 12-bit two's
complement format based in the Configuration register, with a resolution of 62.5m°C. At the end of each
temperature conversion, the temperature result is compared with the high limit and low limit registers, and the
alert status flag and ALERT pin are updated.

The alert status flag in the configuration register and the ALERT pin are updated after every temperature
conversion based on the Alert_Mode and Polarity bit settings in the configuration register.

As shown in [X] 7-1, in comparator mode (Alert_Mode = 0b), the ALERT pin and status flag become active when
the temperature equals or exceeds the value in THigh_Limit for Fault number of consecutive conversions. The
ALERT pin and status flag remain active until the temperature falls below the TLow_Limit for the same number
of consecutive conversions.
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THigh_Limit /\\//\
Temperature \
TLow_Limit //\ \/
Temperature | | | | | | | | | | |

Conversions

ALERT pin/flag
Polarity = 0b

ALERT pin/flag
Polarity = 1b

I°C Read | |

B4 7-1. Comparator Mode

As shown in 7-2, in Alert mode (Alert_Mode = 1b), the ALERT pin and status flag become active when the
temperature equals or exceeds the THigh_Limit for Fault number of consecutive conversion. The ALERT pin/flag
remains active until a read operation of any register occurs or the device responds to the SMBus Alert
Response. When the ALERT pin and status flag are cleared, the pin/flag becomes active only when the
temperature is less than the TLow_Limit for Fault number of consecutive conversion, and remains active until a
read operation of any register occurs or the device responds to the SMBus Alert Response. When the ALERT
pin/flag is cleared after a TLow_Limit crossing, the above cycle repeats. The ALERT pin and status flag can also
be cleared by issuing the General Call Reset command.
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THigh_Limit

Temperature

TLow_Limit
(Hysteresis)

Temperature | | | | | | | | | | |
Conversions

ALERT pin/flag
Polarity = Ob L] L L]

ALERT pin/flag ] — _
Polarity = 1b

I°C Read

7-2. Alert Mode

7.3.4 NIST Traceability

The TMP113 offers 3 Unique ID registers (48-bit) to support NIST traceability. These unique IDs can be used to
provide an audit trail to standards provided by the National Institute of Standards and Technology (NIST), a US
Commerce Department agency.

Reading the Unique ID registers requires a specific procedure to retrieve the content from the memory. The
procedure is as follows:

1. Place the device in Shutdown Mode by setting bit 8 of Register 01h (Configuration register) to 1b.
2.  Write 0x0000 to desired Unique ID pointer address (OCh, ODh, OEh, or OFh).

3. Read Unique ID from the same pointer address.

4. Repeat step #2 above for each pointer address as desired.

Note address OFh is expected to be read 0x0000 for this device and is reserved for future use. In addition, for
high speed mode, the user must wait 25us after step-3 and before communicating.
7.4 Device Functional Modes

The TMP113 can be configured to operate in continuous or one-shot (shutdown) mode. This flexibility enables
designers to balance the requirements of power efficiency and performance.

7.4.1 Continuous-Conversion Mode

When the Shutdown bit is set to Ob in the configuration register, the device operates in continuous conversion
mode. 7-3 shows the device in a continuous conversion cycle. In this mode, the device performs conversion
at fixed periods and updates the temperature result register at the end of every conversion, The typical active
conversion time is 11ms.
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Start of
conversion

'

) o | Standby Time
Active conversion time e — |

(tstanoey)
(tacr)

I Conversion Period |

.« —»

(tConv_Period)

7-3. Continuous Conversion Cycle Timing Diagram

The Conversion_Rate[1:0] bits in the configuration register control the rate at which the conversions are
performed. The device typically consumes 55pA during conversion and 0.85uA during the low power standby
time. By decreasing the rate at which conversions are performed, the application can benefit from reduced
average current consumption in continuous mode.

Use 3X 1 to calculate the average current in continuous mode.

Average Current = ((Ipp_acTive * tacT) * (Ipp_sB * tstanpBY)) / tcony_Period (1)

Where

* tacT = Active conversion time

*  tconv Period = Conversion Period

+ tstanDBY = Standby time between conversions calculated as tconv_Period - tacT

7.4.2 One-Shot Mode

When a 1 is written to the One_Shot bit in the configuration register, the TMP113 immediately starts a one-shot
temperature conversion as shown in [X| 7-4. Requesting another conversion when the TMP113 is performing a
temperature conversion, the device does not stop the active conversion. After completing the one-shot
conversion, the TMP113 enters shutdown mode and the One_Shot bit is set to 1b.

Start of
conversion

'

: S I l¢——Shutdown——p
Active conversion time e — |
(tact)

I’C One-Shot
Command
Temp_Result
Updated
B 7-4. One-Shot Timing Diagram
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The one-shot conversion is only supported when the Shutdown bit is set to 1b. Due to the short conversion time,
the TMP113 device achieves a higher conversion rate. A single conversion typically takes 11ms and a read can
take place in less than 80us. When using the one-shot mode, 50 or more conversions per second are possible.

7.5 Programming

7.5.1 Serial Interface

The TMP113 has a standard bidirectional 12C interface that is controlled by a controller device to be configured
or read the data from TMP113 device. Each target on the 12C bus has a specific device address to differentiate
between other target devices that are on the same I2C bus. Many target devices require configuration upon start-
up to set the behavior of the device. This is typically done when the controller accesses internal register maps of
the target, which have unique register addresses. A device can have one or multiple registers where data is
stored, written, or read. The TMP113 includes 50ns glitch suppression filters, allowing the device to coexist on
an I13C mixed bus. The TMP113 supports transmission data rates up to 3.4MHz.

7.5.2 Bus Overview

The physical 12C interface consists of the serial clock (SCL) and serial data (SDA) lines. The SDA line must be
connected to a supply through a pullup resistor. The size of the pullup resistor is determined by the amount of
capacitance on the I2C lines, the communication frequency and 12C bus voltage. For further details, see the 12C
Pullup Resistor Calculation application note. Data transfer can be initiated by a controller only when the bus is
idle. A bus is considered idle if both SDA and SCL lines are high after a STOP condition or time out events (see
7-5 and [X 7-6).

T ' Data Transfer ' T
START STOP
Condition Condition

B 7-5. Definition of Start and Stop Conditions
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SDA line is stable while SCL line is high

ACK

e e e —_—
e e — — —

MSB Bit Bit Bit Bit Bit Bit LSB ACK

Byte: 1010 1010 (AAh)

& 7-6. Bit Transfer

7.5.3 Device Address

To communicate with the TMP113, the controller must first address target devices through an address byte. The
address byte has seven address bits and a read-write (R/W) bit that indicates the intent of executing a read or
write operation. The TMP113 features an address pin to allow up to four TMP113 devices to be addressed on a
single bus simultaneously.  7-5 describes the pin logic levels used to properly connect up to four devices on
the same I2C bus.

# 7-5. Address Pin and Device Target Address

DEVICE TARGET ADDRESS' ADDO PIN CONNECTION DEVICE ORDERABLE
1001000 GND
1001001 v
bo TMP113
1001010 SDA
1001011 scL

7.5.4 Bus Transactions

7.5.4.1 Writes

To write on the 12C bus, the controller sends a START condition on the bus with the address of the target, as well
as the last bit (the R/W bit) set to Ob, which signifies a write. The target acknowledges, letting the controller know
the target is ready. After this operation, the controller starts sending the register pointer and data to the target,
and the controller terminates the transmission with a STOP condition.

Writes to read-only registers or register locations outside of the register map are ignored. The TMP113 still
performs and acknowledges when writing outside of the register map. 7-7 shows an example of writing a
single word write communication.

1 Additional address options can be available on request
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|:| Controller drives SDA
l:, Target drives SDA

Target Address
N
p = N — N

|S|A6|AS|A4|A3|AZ|A1|AU|O|A|—|0|U|D|0|P3|P2|P1|PD|A|—|D15|D14|D13|D12|D11|D10|DB|D8|A|—|D7|D5|D5|D4|D3|D1|D1|D0|A|P|

ACK from Target ACK from Target ACK from Target ACK from Target

Register Pointer (N) Data to Register N (MSB) Data to Register N (LSB)

7-7. Write to Single Register

7.5.4.2 Reads

For a read operation the controller sends a START condition, followed by the target address with the R/W bit set
to Ob (signifying a write). The target acknowledges the write request, and the controller sends the Register
Pointer. The controller initiates a restart followed by the target address with the R/W bit set to 1b (signifying a
read). The controller continues to send out clock pulses but releases the SDA line so that the target can transmit
data. At the end of every byte of data, the controller sends an ACK to the target, letting the target know that the
controller is ready for more data. For repeated read operations from the same register (like temperature
register), resending the register pointer is not necessary. The read operation from the same register can be
repeated as many time as the controller needs when the pointer is set. Once the controller has received the
expected number of bytes, the controller sends a NACK, signaling to the target to halt communications and
release the SDA line. The controller follows this up with a STOP condition. Reading from a non-indexed register
location returns 00h. 7-8 shows an example of reading a single word from a target register. Note that after
resetting, the pointer is set to zero and the temperature register must be addressed.

I:I Controller drives SDA
I:l Target drives SDA

Target Address Register Pointer (N) Target Address
AN N AN
e A e N
A3 | A2 | Al | A0 | 0 | A |—| 0 | 0 | 0 | 0 | P3 | P2 | P1 | PO | A |—| RS | A6

START R/W Repeated R/W
START

A6

A5

A4

A5

A4

A3

A2

Al

A0

ACK from Target ACK from Target

Data from Register N (MSB) Data from Register N (LSB)

r N r N
D15 | D14 | D13 | D12 | D11 | D10 | DO | DB | A o7 | o6 | D5 | D4 | D3 | p2 | p1 | oo | NA| P
STOP
ACK from Controller NACK from Controller

7-8. Read from Single Register

7.5.4.3 General Call Reset Function

The TMP113 responds to a general-call address (0000 000) if the eighth bit (R/W bit) is Ob. The device
acknowledges the general-call address and responds to commands in the second byte. If the second byte is
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0000b 0110b, the TMP113 internal registers are reset to power-up values as shown in SMBus General Call
Reset Timing Diagram. The serial address is unaffected by the general call reset.

Controller controls SDA line

Target controls SDA line

General Call Address Reset Command
N N
4 A 4 A
S{0|O0O]J]O0O]JO]JO]J]O]JO]|]O]A ojOoOf[O0O)JO] O 1 1 0O|A|P
START STOP
ACK from Target ACK from Target

7-9. SMBus General Call Reset Timing Diagram

7.5.4.4 SMBus Alert Response

The TMP113 device supports the SMBus alert response. When the TMP113 operates in Alert Mode, and the
ALERT pin is available, the controller can sense that an alert condition is present. Irrespective of the availability
of the ALERT pin, the alert status is set. As shown in [X] 7-10, if the controller sends an SMBus alert command
(19h or 00011001b) on the bus, and the alert is set, the device acknowledges the SMBus alert command and
responds by returning the device address on the SDA line. The eighth bit (LSB) of the device address byte
indicates if the alert condition is caused by the temperature exceeding THigh_Limit or falling below the
TLow_Limit. The value of the eight bit follows the Polarity bit setting.

Controller drives SDA

Target drives SDA
ALERT
SMBus Alert Function Target Addriirom Device
A - N
4 h
S 0 0 0 1 1 0 0 1 A A6 A5 A4 A3 A2 Al A0 S NA P
START Alert Status STOP
ACK from Target NACK from Controller

B 7-10. SMBus Alert Response

If multiple devices on the bus respond to the SMBus alert command, arbitration during the device address
portion of the SMBus alert command determines which devices the ALERT pin is activated. The device with the
lowest address wins the arbitration. On winning the arbitration, the TMP113 inactivates the ALERT pin and/or
clears the status bit. To prevent the device with lowest 12C address in continuous conversion mode sees the alert
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line and halt others with higher 12C address to report the alert, the controller has to temporarily disable the Alert
mode in device with smallest 12C address until all alerts in the system are cleared.

7.5.4.5 Time-Out Function

The TMP113 resets the serial interface if the SCL line is held low by the controller or the SDA line is held low by
the TMP113 for 30ms (typical) between a START and STOP condition. The TMP113 releases the SDA line if the
SCL pin is pulled low and waits for a START condition from the controller. To avoid activating the timeout
function, maintain a communication speed of at least 1kHz for the SCL operating frequency. If another device on
the bus is holding the SDA pin low, the TMP113 does not reset.

7.5.4.6 Coexist on I13C Mixed Bus

A bus with both I3C and I2C interfaces is referred to as a mixed bus with clock speeds up to 12.5MHz. The
TMP113 is an I12C device that can be on the same bus that has an I3C device attached, as the TMP113
incorporates a spike suppression filter of 50ns on the SDA and SCL pins to avoid any interference to the bus
when communicating with 13C devices.
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8 Register Map

# 8-1. TMP113 Register Map

ADDRESS TYPE RESET ACRONYM REGISTER NAME SECTION
00h R 0000h Temp_Result Temperature result register Go
01h R/W 40A0h Configuration Configuration register Go
02h R/W 4B00h TLow_Limit Temperature low limit register Go
03h R/W 5000h THigh_Limit Temperature high limit register Go

04h - OAh R xxxxh Reserved Reserved -
0Bh R 1130h Device_ID Device ID tria8.5
0Ch R xxxxh Unique_IDO NIST Data 0 Register &= 8.6
0Dh R xxxxh Unique_ID1 NIST Data 1 Register vrar 87
OEh R xxxxh Unique_ID2 NIST Data 2 Register /i a 8.8
OFh R xxxxh Reserved Reserved -

# 8-2. TMP113 Register Section/Block Access Type Codes

Access Type ‘ Code Description
Read Type
R R Read
RC R Read

C to Clear
R-0 R Read

-0 Returns Os
Write Type
w w Write
WOCP W W

oc 0 to clear

P Requires privileged access

Reset or Default Value

-n

Value after reset or the default value

2 BT ST — RN (DE

LG PE) EEE
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8.1 Temp_Result Register (address = 00h) [reset = 0000h]

This register stores the latest temperature conversion result in a 12-bit two’s complement format with a LSB

equal to 0.0625°C.
Return to Register Map.
£ 8-3. Temp_Result Register

15 14 13 12 11 10 9 8
Temp_Result[11:4]
R-xxh
7 6 5 4 3 2 1 0
Temp_Result[3:0] Reserved
R-xh R-0000b

£ 8-4. Temp_Result Register Field Description

Bit Field Type Reset Description

15:4 Temp_Result[11:0] R xxxh 12-bit temperature conversion result
Temperature data is represented by a 12-bit, two's complement
word with an LSB equal to 0.0625°C.

3.0 Reserved R 0000b Reserved
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8.2 Configuration Register (address = 01h) [reset = 40A0h]

This register is used to configure the operation of the TMP113 and also provides the alert status.

Return to Register Map.

£ 8-5. Configuration Register

15 14 13 12 11 10 9 8
One_Shot Reserved ‘ Fault[1:0] Polarity Alert_Mode Shutdown
R/W-0b R-11b R/W-00b R/W-0b R/W-0b R/W-0b
7 6 5 4 3 2 1 0
Conversion_Rate[1:0] Alert Flag ‘ Reserved
R/W-10b R-1b R-00000b
# 8-6. Configuration Register Field Description
Bit Field Type Reset Description
15 One_Shot R/W Ob One-shot conversion trigger applicable in shutdown mode only.
In continuous conversion mode the bit reads Ob. In shutdown
mode the bit reads 1b, then after the conversion is finished the
bit reads Ob. Triggering a one-shot conversion happens only
when the device is in shutdown mode.
Ob = Active conversion ongoing
1b = Trigger a one-shot conversion or active conversion
complete
14:13 |Reserved R 10b Reserved
12:11 Fault[1:0] R/W 00b Fault bits are used to set the number of consecutive conversions
for which the alert condition exists before the ALERT pin is
asserted and status bit is set.
00b = 1 fault
01b = 2 faults
10b = 4 faults
11b = 6 faults
10 Polarity R/W Ob The polarity bit allows the host to adjust the polarity of the
ALERT pin/flag output.
Ob = ALERT pin/flag output is active low
1b = ALERT pin/flag output is active high
9 Alert_Mode R/W 0b The alert mode bit indicates the how the temperature limits
operate.
0b = Comparator mode
1b = Alert mode
8 Shutdown R/W Ob The shutdown bit is used to change the device conversion
mode.
Ob = Continuous conversion mode
1b = Shutdown mode
7:6 Conversion_Rate[1:0] R/W 10b The conversion rate bits configure the device conversion period.
The default is conversion every 250ms.
00b =4s/0.25Hz
01b=1s/1Hz
10b = 0.25s / 4Hz
11b = 0.125s / 8Hz
5 Alert flag R 1b The alert bit is a read-only bit which provides the information
about the alert status in comparator mode and is affected by
Alert_Mode setting. The polarity bit affects the alert flag.
4:0 Reserved R 00000b Reserved
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8.3 TLow_Limit Register (address = 02h) [reset = 4B00h]

This register is used to configure the low temperature alert limit of the device. The limit is formatted in a 12-bit
two's complement format with a LSB equal to 62.5m°C. The default value on start-up is 4B00h or 75°C.

Return to Register Map.

& 8-7. TLow_Limit Register

15 14 13 12 11 10 9 8
TLow_Limit[11:4]
R/W-4Bh
7 6 5 3 2 1 0
TLow_Limit[3:0] Reserved
R/W-0h R-0000b

# 8-8. TLow_Limit Register Field Description

Bit Field Type Reset Description

15:4 TLow_Limit[11:0] R/W 4B0h 12-bit temperature low limit setting.
Temperature low limit is represented by a 12-bit, two's
complement word with an LSB equal to 62.5m°C. The default
setting for this is 75°C.

3:0 Reserved R 0000b Reserved

Copyright © 2025 Texas Instruments Incorporated

BRI BT 57— F 2 (ZERPHH O aPoE) &85 25

Product Folder Links: TMP113

English Data Sheet: SBOSAJ5

ADVANCE INFORMATION


https://www.ti.com/jp
https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/jp/lit/pdf/JAJSTN3
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSTN3&partnum=TMP113
https://www.ti.com/product/jp/tmp113?qgpn=tmp113
https://www.ti.com/lit/pdf/SBOSAJ5

NOILVINYO4ANI 3ONVAQV

13 TEXAS
TMP113 INSTRUMENTS
JAJSTN3 — DECEMBER 2024 www.ti.com/ja-jp

8.4 THigh_Limit Register (address = 03h) [reset = 5000h]

This register is used to configure the high temperature alert limit of the device. The limit is formatted in a 12-bit
two's complement format with a LSB equal to 62.5m°C. The default value on start-up is 5000h or 80°C.

Return to Register Map.
£ 8-9. THigh_Limit Register

15 14 13 12 11 10 9 8
THigh_Limit[11:4]
R/W-50h
7 6 5 4 3 2 1 0
THigh_Limit[3:0] Reserved
R/W-0h R-0000b

& 8-10. THigh_Limit Register Field Description
Bit Field Type Reset Description
15:4 THigh_Limit[11:0] R/W 500h 12-bit temperature high limit setting.
Temperature high limit is represented by a 12-bit, two's

complement word with an LSB equal to 62.5m°C. The default
setting for this is 80°C.

3:0 Reserved R 0000b Reserved
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8.5 Device ID Register (Address = 0Bh) [reset = 113xh]
This read-only register indicates the device ID and revision number.
Return to Register Map.

& 8-11. Device_ID Register

15 14 13 12 1 10

DID[11:4]

R-11h

DID[3:0] Rev[3:0]

R-3h R-0h

# 8-12. Device_ID Register Field Description

Bit Field Type Reset Description
15:4  |DID[11:0] R 113h Indicates the device ID.
3:.0 Rev[3:0] R Oh Indicates the revision number.

8.6 Unique_ID0 Register (Address = 0Ch) [reset = xxxxh]

This register contains bits 0:15 of the Unique ID for the device. The Unique ID of the device is used for NIST
traceability purposes. For the procedure how to read the Unique IDs, please go to ©/ a2 7.3.4.

Return to Register Map.
£ 8-13. Unique_IDO Register

15 14 13 12 11 10 9 8
Unique_IDO0[15:8]
R-xxh
7 6 5 4 3 2 0
Unique_IDOQ[7:0]
R-xxh

# 8-14. Unique_IDO0 Register Field Description

Bit Field Type Reset Description

15:0 Unique_ID0[15:0] R xxxxh Bits 15:0 of the device Unique ID

8.7 Unique_ID1 Register (Address = 0Dh) [reset = xxxxh]

This register contains bits 31:16 of the Unique ID for the device. The Unique ID of the device is used for NIST
traceability purposes. For the procedure how to read the Unique IDs, please go to 73132 7.3 4.

Return to Register Map.
£ 8-15. Unique_ID1 Register

15 14 13 12 1" 10 9 8
Unique_ID1[31:24]
R-xxh
7 6 5 4 3 2 0
Unique_ID1[23:16]
R-xxh
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# 8-16. Unique_ID1 Register Field Description
Bit Field Type Reset Description
15:0 Unique_ID0[31:16] R xxxxh Bits 31:16 of the device Unique ID

8.8 Unique_ID2 Register (Address = OEh) [reset = xxxxh]

This register contains bits 47:32 of the Unique ID for the device. The Unique ID of the device is used for NIST
traceability purposes. For the procedure how to read the Unique IDs, please go to 73 a2 7.3 4.

Return to Register Map.

£ 8-17. Unique_ID2 Register

15 14 13 12 11 10 9 8
Unique_1D2[47:40]
R-xxh
7 6 5 4 3 2 1 0
Unique_1D2[39:32]
R-xxh
# 8-18. Unique_ID2 Register Field Description
Bit Field Type Reset Description
15:0 Unique_1D2[47:32] R xxxxh Bits 47:32 of the device Unique ID
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9 Application and Implementation

E
Information in the following applications sections is not part of the Tl component specification, and Tl
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The TMP113 can be operated with a two-wire I2C or SMBus compatible interface and features the ability to
operate with a 1.4V to 5.5V bus voltage. The TMP113 features a uniquely small size of 1.5mm x 1mm with a
0.525mm z-height.

9.2 Equal I12C Pullup and Supply Application
V+ =1 .4¥ to 5.5V

§5ko §5ko 5kQ

SCL
I’Cc SDA Temperature
Controller Source
eND  ALERT
1

B 9-1. Equal I2C Pullup and Supply Voltage Application
9.2.1 Design Requirements
For this design example, use the parameters listed below.

# 9-1. Design Parameters

PARAMETER VALUE
Supply (V+) 1.4V to 5.5V
SDA, SCL VpuLLup 2 V+
SDA, SCL RpyLLup 2 5kQ
ALERT RpyLup = 5kQ (20kQ is preferred)

9.2.2 Detailed Design Procedure

The SDA and SCL pin voltage of the TMP113 can be the same as the supply voltage V+. The accuracy of the
TMP113 is not affected by the pullup voltage. However, using a minimal SDA and ALERT pins pull-up current is
recommended to prevent self-heating and temperature accuracy reduction. In addition, to minimize
measurement noise, having communication on the 12C bus during temperature conversion is not recommended.

9.2.3 Application Curve

9-2 shows the step response of the TMP113 to a submersion in an oil bath of 75°C from room temperature
(25°C). The time-constant, or the time for the output to reach 63% of the input step, is 0.2s (for flexible PCB) and
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1.1s (for rigid PCB). The time-constant result depends on the printed-circuit board (PCB) size and thickness that
the TMP113 is mounted on. For the rigid PCB, the TMP113 is soldered to a two-layer PCB that measured 0.5
inches x 0.5 inches.
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—— Flexible PCB (0.2032mm thickness)
— Rigid PCB (1.5748mm thickness)
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9-2. Temperature Step Response (TMP113 mounted on flexible and rigid PCBs)
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9.3 Power Supply Recommendations

The TMP113 operates with power supply in the range of 1.4V to 5.5V and slew rate as low as 10mV/ms. The
device can measure temperature accurately in the full supply range. A power-supply bypass capacitor is
required for proper operation. Place this capacitor as close as possible to the supply and ground pins of the
device. A typical value for this supply bypass capacitor is 0.01uF. Applications with noisy or high-impedance
power supplies can require additional decoupling capacitors to reject power-supply noise.

9.4 Layout
9.4.1 Layout Guidelines

The TMP113 is a simple device to layout. Place the power-supply bypass capacitor as close as possible to the
supply and ground pins. The recommended value of this bypass capacitor is 0.01yF. Additional decoupling
capacitance can be added to compensate for noisy or high-impedance power supplies. Pull up the open-drain
output pins (SDA, SCL and ALERT) through 5kQ or 20kQ pullup resistors.

9.4.2 Layout Example
RN
{ " )wCSPBall
~N_7
O Via to Power Plane
. Via to Ground Plane
: ) Via to Internal Plane
Internal Layer Trace
— Top/Bottom Layer Trace
\/ TMP113
MCU INT :
( - Top View
7N VRN
/ \ / \
H ADDO |ALERT
§ 5kQ N7 N__/
10nF ——=
/~ R /"~ R
N \ \
O V) | GNo —@)
\ - / \ - /
7N VRN
, / \ / \ -
_ »————T1 DA \ scL ——)
S~ S~ }IZCBus
5kQ
5kQ
B 9-3. Layout Example
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10 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

10.1 Device Support
10.2 Documentation Support

10.2.1 Related Documentation
For related documentation see the following:

» Texas Instruments, TMP102 Low-Power Digital Temperature Sensor With SMBus and Two-Wire Serial
Interface in SOT563, data sheet

+ Texas Instruments, TMP110 Ultra-Small, £1.0°C Accurate, I12C Digital Temperature Sensor for CostSensitive
System, data sheet

» Texas Instruments, TMP112x High-Accuracy, Low-Power, Digital Temperature Sensors With SMBus and
TwoWire Serial Interface in SOT563, data sheet

» Texas Instruments, TMP113 Evaluation Module, EVM

10.3 RFa AV MOEFBEMEZRITMDAE

RF 2 A PO EHINZ DOV TOMEIESZ T EDITIL, www.tij.co.jp DT /A AR 7 4 /L2 % BV TLIZE W, %] 27
Vo7 U TRERT D8, BREINZT R COREERICET I AV AN BHZ T IDIENTEET, BHEOFEMIC
DNTE, WETENTERF 2 AV MIEEN TCODSETBREEZ B LIS,

104 YR—F- VY=

THRA R A AV VALY E2E™ PR —h T3 —TAE, TP =T NRRERE A DR A LR T A Mg AN
— IS HGEN D EESEDLZ LN TEDGAT T, BEFORIZZMRELIZD, ME OERMELTZVT52L T, i T E
e RGN TEET,

Vo 7ENTWDar T o0E, HEEBEICIDHROFEF | #BHINDILDTT, ZNBIET I T R ARV ALY DL
AR T ALO TR BT LE TR R AL AV ALY O RfiEAE KL= DO TIEHOER A, TF PR AL A
VALY O G E BRI TLIZEN,

10.5 HESNEICEET 3 FEEIR

ZDIC 1, ESD 2L TR T2 AMBEMERHV ET, TV R AL AR L IC BB BT E @Y 72k B A2 LI s

A BAERLET, ELOBOROBEORE FIECIEDR VA, 7 A 2B T 5B Zh b T,
Aral\ ESD (C LA, DT DRMAEE F 35T A RD TR E CHIGI D0 E T, K72 IC DG, /$TA—F B DT
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10.6 FAs5
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OUTLINE

YBG0006-C04 DSBGA - 0.525 mm max height

DIE SIZE BALL GRID ARRAY

BALL A1T—/
CORNER

0.525
0.435

[

0.22 |
0.16

D: Max = 0.980 mm, Min = 0.920 mm
E: Max = 1.518 mm, Min = 1.458 mm

O OO ..

[04]TYP — - —-—-

X P9~ 1 E :
[ Joo15@]c[A[B] Sy
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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YBG0006-C04

EXAMPLE BOARD LAYOUT
DSBGA - 0.525 mm max height

DIE SIZE BALL GRID ARRAY

0.05 MAX
(®0.23) T
METAL \Q ‘
K" EXPOSED EXPOSED/, I (#0.23)

SOLDER MAS
METAL SOLDER MASK
OPENING METAL OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED
(PREFERRED)
SOLDER MASK DETAILS
NOT TO SCALE

SYMM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 50X

0.05 MIN METAL UNDER
Lo \/SOLDER MASK
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NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.

See Texas Instruments Literature No.

SNVAO009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YBG0006-C04 DSBGA - 0.525 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP
6X ([J0.25) —~ - (R0.05) TYP
1

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 50X
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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12.1 Package Option Addendum

Packaging Information

Orderable Package . Lead/Ball MSL Peak Device
O] @) °
Device Status' Package Type Drawing Pins Package Qty |Eco Plan Finish®) Temp® Op Temp (°C) Marking® ()
TMP113AlYBG |PRE_PROD DSBGA YBG 6 3000 RoHS & Green |SnAgCu Level-1-260C- |-40 to 125 Qu
R UNLIM

M

)

©)
4)
®)

6)

The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.

PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check www.ti.com/productcontent for the latest
availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the
requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified
lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used
between the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by
weight in homogeneous material).

MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

Multiple Device markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then itis a
continuation of the previous line and the two combined represent the entire Device Marking for that device.

Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the
finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on
information provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl
has taken and continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming
materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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12.2 Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

. ~>‘|<—K0 « P1-»]

I T

® & o|( Bo W

v
Reel X A
Diameter
Cavity —>| A0 |<—

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A 4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O 0O O O Sprocket Holes
| |
I I
Q1 : Q2 Q1 : Q2
A-=—q9-=1 t--7--1-
Q3 1 Q4 Q31 Q4 User Direction of Feed
[ 3 4 |
T T
N
Pocket Quadrants
Reel Reel "
. Package | Package " " . A0 BO KO P1 w Pin1
Eeice Type Drawing | TiNS Sha Dla:‘n':;er w'(?:::“)m (mm) (mm) (mm) (mm) (mm) Quadrant
TMP113AIYBGR DSBGA YBG 6 180 8.4 1.14 1.64 .59 4 8 Q2
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TAPE AND REEL BOX DIMENSIONS

Device

Package Type

Package Drawing

Pins | SPQ

Length (mm)

Width (mm)

Height (mm)

TMP113AlIYBGR

DSBGA

YBG

182

182

20
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TMP113AIYBGR Active Production DSBGA (YBG) | 6 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QU
TMP113AIYBGR.A Active Production DSBGA (YBG) | 6 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QU

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OUTLINE
YBGO0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

BALL AL—1"
CORNER |

0.5 MAX

0.20 _|
0.14
TYP
A R

N

C |

|

TYP

_ ! @ SYMM | D: Max = 1518 mm, Min =1.458 mm
B
T \ E: Max = 0.98 mm, Min = 0.92 mm
E’ ‘
Lo
|

027 i
6X¢0.23 1 SYMM 2

|9 [0.0150) [c|A[B]
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YBGO0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

r 0.4 TYP j

6X (3 0.23)

(0.4) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 50X

0.05 MAX 0.05 MIN METAL UNDER
(@0.23) /*\\,ﬁSOLDER MASK
METAL i’ N
1

|
\ 1

p N

. 2
SOLDER MASK—" EAE';‘XEED EXPOSED/’ SE%?_D?R MASK
OPENING METAL OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE
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NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YBGO0006 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

= (0.4) TYP |

(R0.05) TYP

(0.4) TYP
) PN
\ Y| SYMM
B 787\( + / T \\ - /‘1 q;
METALJ !
TYP \
(7NN 0 (T
cl I j
N i Ny,
SYMM
¢

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 50X
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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