
配备 SMAART Wire™/UART 接口的 TMP144 低功耗数字温度传感器

1 特性

• 多器件访问 (MDA)：
– 全局读/写操作

• SMAART Wire™/UART 接口

• 分辨率：12 位或 0.0625°C
• 最大值 ±1°C（–10°C 至 +100°C）
• 最大值 ±2°C（-40°C 至 +125°C）
• 低静态电流：

– 0.25Hz 频率下的工作 IQ 为 3μA
– 关断电流为 0.6μA

• 电源电压范围：1.4V 至 3.6V
• 推挽式数字输出
• 封装：

– 0.76mm × 0.96mm，最大高度 150µm，4 焊球 
YMT (DSBGA)

– 0.76mm × 0.96mm，最大高度 625µm，4 焊球 
YFF (DSBGA)

2 应用

• 手持终端
• 智能电话
• 平板电脑
• LED 背光照明

• 高清电视
• 企业级服务器
• 笔记本电脑
• 医疗

3 说明

TMP144 数字输出温度传感器可读取分辨率为 0.0625 
°C 的温度。

器件具有 SMAART Wire™/UART 接口，支持菊花链配

置。该接口还支持多器件访问 (MDA) 命令，可让主机

同时与总线上的多个器件通信。MDA 命令是向总线上

每个器件发送单独命令的替代方法。最多可以将 16 个 

TMP144 器件串行连接在一起，并可由主机读取。

TMP144 器件专为具有多个必须加以监视的温度测量

区域的空间受限、功耗敏感型应用而设计。该器件可在 
-40°C 至 125°C 的额定工作温度范围内正常运行，采

用两个不同四焊球、低高度晶圆芯片级封装 (DSBGA) 
选项。该器件的 YMT 封装高度为 150µm，比 0201 电
阻器薄 40%。更薄的 YMT 封装可以放置在系统上的散

热组件下方，以获得更好的精度和更快的热响应速度。

器件信息(1) 

器件型号 封装 封装尺寸（标称值）

TMP144
YFF DSBGA (4) 0.76mm x 0.96mm

YMT DSBGA (4) 0.76mm x 0.96mm

(1) 如需了解所有可用封装，请参阅数据表末尾的可订购产品附

录。
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最多支持将 16 个 TMP144 器件配置为菊花链。（请参阅 Device Nomenclature）
简化版应用
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5 Pin Configuration and Functions
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图 5-1. YFF Package 4-Pin DSBGA (Top View)
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图 5-2. YMT Package 4-Pin DSBGA (Top View)

表 5-1. Pin Functions
PIN

I/O(1) DESCRIPTION
NAME NO.
GND A2 G Ground

RX B2 I Serial data input pin

TX B1 O Serial data output pin (push-pull output)

V+ A1 I Supply voltage 1.4 V to 3.6 V

(1) I = Input, O = Output, G = Ground
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6 Specifications
6.1 Absolute Maximum Ratings
Over free-air temperature range unless otherwise noted(1)

MIN MAX UNIT

Supply voltage V+ –0.3 4.0 V

Input voltage RX –0.3
(V+) + 0.3 

and ≤ 4 V

I/O current TX ±15 mA

Operating junction temperature, TJ –55 150 °C

Storage temperature, Tstg –60 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings 
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under 
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device 
reliability.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) ±2000 V

Charged-device model (CDM), per JEDEC specification JESD22-C101(2) ±1000 V

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V 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 3.6 V

VI/O RX 0 V+ V

TA Operating ambient temperature -40 125 °C

6.4 Thermal Information

THERMAL METRIC(1)

TMP144

UNITYFF (DSBGA) YMT (DSBGA)

4 PINS 4 PINS

RθJA Junction-to-ambient thermal resistance 188.5 167.3 ℃/W

RθJC(top) Junction-to-case (top) thermal resistance 2.1 0.7 ℃/W

RθJC(bot) Junction-to-case (bottom) thermal resistance NA NA ℃/W

RθJB Junction-to-board thermal resistance 35.1 47.0 ℃/W

ψJT Junction-to-top characterization parameter 10.6 0.4 ℃/W

ψJB Junction-to-board characterization parameter 35.1 47.0 ℃/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics
Over free-air temperature range and V+ = 1.4 V to 3.6 V (unless otherwise noted); Typical specifications are at TA = 25 °C 
and V+ = 3.3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
TEMPERATURE SENSOR

TERR (1)
Temperature accuracy V+ = 3.3 V, TA = –10 °C to 100 °C ±0.5 ±1.0 °C

Temperature accuracy V+ = 1.4 V to 3.6 V, TA = –40 °C to 125 °C ±1.0 ±2.0 °C

PSR DC power supply rejection One-shot mode ±0.2 ±0.5 °C/V
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Over free-air temperature range and V+ = 1.4 V to 3.6 V (unless otherwise noted); Typical specifications are at TA = 25 °C 
and V+ = 3.3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

TRES Temperature resolution
Including sign bit 12 Bits

LSB 62.5 m°C

tCONV Conversion time One-shot mode 26 35 ms

tCONV_P Conversion Period

CR1 = 0, CR0 = 0 (default) 4 s

CR1 = 0, CR0 = 1 1 s

CR1 = 1, CR0 = 0 0.25 s

CR1 = 1, CR0 = 1 0.125 s

DIGITAL INPUT/OUTPUT
CIN Input capacitance 5 pF

VIH Input logic high level RX 0.7 × (V+) (V+) + 0.3 V

VIL Input logic low level RX –0.5 0.3 × (V+) V

IIN Input leakage current 0 ≤ VIN ≤ (V+) + 0.3V –1 1 μA

VOL Output low level
TX, V+ > 2V, IOH = 1 mA 0 0.4 V

TX, V+ < 2V, IOH = 1 mA 0 0.2 × (V+) V

VOH Output high level
TX, V+ > 2V, IOL = 1 mA (V+) – 

0.4 V+ V

TX, V+ < 2V, IOL = 1 mA 0.8 × (V+) V+ V

POWER SUPPLY
IDD_ACTI
VE

Supply current during active 
conversion V+ = 3.3V, Active Conversion, serial bus inactive 44 100 μA

IDD_AVG Average current consumption V+ = 3.3V, CR1 = 0, CR0 
= 0 (default)

Serial bus inactive 3 10
μA

Serial bus active 53

IDD_SB Standby current(2) V+ = 3.3V, Serial bus inactive 2.5 9.5 μA

IDD_SD Shutdown current V+ = 3.3V, Serial bus inactive 0.6 5 μA

VPOR
Power-on reset threshold 
voltage Supply rising 0.9 V

tRAMP_V
DD

VDD ramp time requirements Supply rising or falling 1 ms

(1) Does not include effects of self heating.
(2) Quiescent current between conversions
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6.6 UART Interface Timing
Over free-air temperature range and V+ = 1.4 V to 3.6 V (unless otherwise noted)

UART (8N1)
UNIT

MIN MAX

Baud Rate 4.8 114 kbps

tR Data rise time 0.5% Baud

tF Data fall time 0.5% Baud

Jitter ±1 Baud

6.7 Timing Diagrams

Jitter -
Jitter +

BaudTYP

tFtR

图 6-1. SMAART Wire™ / UART Interface Timing Diagram
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6.8 Typical Characteristics
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7 Detailed Description
7.1 Overview
The TMP144 is a digital output temperature sensor in a wafer chip-scale package (WCSP) that is designed for 
thermal management and thermal profiling. The TMP144 includes a SMAART Wire™ / UART interface that can 
communicate in a daisy-chain loop with up to 16 devices on a single bus. The interface requires two pins from 
the host: the first device in the daisy-chain receives data from the host and the last device in the daisy-chain 
returns data to the host, closing the loop. In addition, the TMP144 can do multiple device access (MDA) 
commands that allow multiple TMP144 devices to respond to a single global bus command. MDA commands 
reduce communication time and power in a bus that contains multiple TMP144 devices. The operation of 
TMP144, is specified over a temperature range of –40 °C to 125 °C.

The TMP144 can also configure the bus in a transparent mode, where the input from the host is sent directly to 
the next device in the chain without delay. Additionally, the TMP144 can disconnect the chain and create a serial 
communication controlled by each TMP144 on the bus, thereby allowing each device to have configurable 
addressing and interrupt capabilities. The input pin, RX, is a high-impedance node. The output pin, TX, has an 
internal push-pull output stage that can drive the host to GND or V+.

After an initialization sequence, each device on the bus is programmed with its own unique interface address 
based upon its position in the chain, that allows it to respond to its own address. The devices can also respond 
to general commands that permit the user to read or write to all devices on the bus without the need to send 
individual addresses and commands to each device.

The temperature sensor in the TMP144 is the chip itself. Thermal paths run through the package bumps as well 
as the package. The lower thermal resistance of metal and the low height of the devices, causes the bumps and 
the topside to provide the dominant thermal paths to the sensing element on the device. To maintain accuracy in 
applications that require air or surface temperature measurement, care should be taken to isolate the package 
from ambient air temperature. A thermally-conductive adhesive can help to achieve accurate surface 
temperature measurement.

7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 Power Up

After power-up or general-call reset, the TMP144 immediately starts a conversion as shown in 图 7-1. The active 
conversion time (tACT) of the device is 26 ms (typical) and the first result is available after the conversion is 
complete in the temperature result register.

Startup

tCONV

tACT

Start of 

Conversion

图 7-1. Conversion Start

7.3.2 Digital Temperature Output

The TMP144 by default provides a 12-bit digital output for each temperature conversion, which is stored in the 
temperature result register. The host application needs to read two bytes to obtain the data. Additionally, the 
application may program the ETM bit in the configuration register to get a 13-bit digital output. 表 7-1 
summarizes the temperature output format. One LSB equals 0.0625 °C resolution.

表 7-1. Temperature Data Format
TEMPERATURE (°C) DIGITAL OUTPUT (ETM = 0) DIGITAL OUTPUT (ETM = 1)

BINARY (T11-T0) HEX BINARY (T12-T0) HEX

+150 0111 1111 1111 7FF 0 1001 0110 0000 0960

+127.9375 0111 1111 1111 7FF 0 0111 1111 1111 07FF

+125 0111 1101 0000 7D0 0 0111 1101 0000 07D0

+100 0110 0100 0000 640 0 0110 0100 0000 0640

+80 0101 0000 0000 500 0 0101 0000 0000 0500

+75 0100 1011 0000 4B0 0 0100 1011 0000 04B0

+50 0011 0010 0000 320 0 0011 0010 0000 0320

+25 0001 1001 0000 190 0 0001 1001 0000 0190

+0.0625 0000 0000 0001 001 0 0000 0000 0001 0001

0 0000 0000 0000 000 0 0000 0000 0000 0000

-0.0625 1111 1111 1111 FFF 1 1111 1111 1111 1FFF

-25 1110 0111 0000 E70 1 1110 0111 0000 1E70

-40 1101 1000 0000 D80 1 1101 1000 0000 1D80

7.3.3 Timeout Function

A timeout mechanism is implemented on the TMP144 to allow for re-synchronization of the SMAART Wire™ 
interface if synchronization between the host and the TMP144 is lost for 28 ms (typical). If the timeout period 
expires between the calibration byte and the command byte, between the command byte and a data byte, or 
between any data bytes, the TMP144 resets the SMAART Wire™ interface circuitry and waits for the baud rate 
calibration command to restart. Every time a byte is transmitted on the SMAART Wire™ interface, this timeout 
period restarts.
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7.4 Device Functional Modes
7.4.1 Continuous Conversion Mode

When the TMP144 is in Continuous Conversion mode (M1 = 1), continuous conversions are performed at a rate 
determined by the conversion rate bits, CR[1:0], in the configuration register. The TMP144 performs a single 
conversion, then powers down and waits for the appropriate delay set by CR[1:0].

7.4.2 Shutdown Mode

Shutdown mode saves maximum power by shutting down all device circuitry other than the serial interface, 
reducing the current consumption to typically less than 0.5 μA. Shutdown mode is enabled when bits M[1:0] in 
the configuration register are set as "00". If there is an active conversion ongoing, the device completes the 
ongoing conversion, updates the temperature result register and shuts down.

7.4.3 One-Shot Mode

The TMP144 features a One-Shot Temperature Measurement mode. When the device is in Shutdown mode, 
writing 01 to bits M[1:0] in the configuration register, starts a single temperature conversion. During the 
conversion, the bits M[1:0] read 01. The device returns to the shutdown state at the completion of the single 
conversion. After the conversion, bits M[1:0] read 00. This feature is useful for reducing power consumption in 
the TMP144 when continuous temperature monitoring is not required.

As a result of the short conversion time, the TMP144 can achieve a higher conversion rate. A single conversion 
typically takes 26 ms and an individual read can take place in less than 300 μs. When using One-Shot mode, 
30 or more conversions per second are possible.

7.4.4 Extended Temperature Mode

At power on, the TMP144 operates with a 12-bit temperature output. However, the TMP144 can be programmed 
to operate in Extended Temperature mode, by setting the ETM bit in the configuration register as '1'. When 
operating in extended temperature mode, the temperature result and temperature limit registers will be 13-bit 
instead of 12-bit. This extra bit increases the range of the measurement. As shown in 表 7-1, with a 12-bit 
temperature, the maximum value is 7FFh or 127.9 °C. With a 13-bit temperature value, however, the maximum 
value is FFFh or 255.9 °C.

When the extended temperature mode is enabled, the EM bit for the temperature high limit register and 
temperature low limit registers is usable by the application. TI recommends that the user update the THIGH and 
TLOW register limits because the added bit will effectively left shift and double the register value. This will double 
the corresponding temperature limit. However, if the application exits the ETM mode, by changing the bit from 1 
to 0, this bit is not cleared. As a result, the limit will be right-shifted by 1 bit and halved unless the register values 
are updated by the application.

The ETM bit value is considered at the end of every conversion cycle, but the limit registers can be updated 
immediately after setting the bit to 1.

7.4.5 Temperature Alert Function

The TMP144 contains a temperature alert function that monitors the device temperature and compares the result 
to the values stored in the temperature limit registers to determine if the device temperature is within these set 
limits. As shown in 图 7-2, if the result of the temperature conversion is greater than the value in the temperature 
high limit register, the flag-high bit (FH) in the configuration register is set to '1'. If the result of the temperature 
conversion register is less than the value in the temperature low limit register, the flag-low (FL) in the 
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configuration register is set to '1'. The clearing of the flag bits depends on the setting of the latch bit (LC) in the 
configuration register.

Read of Configuration Register

FH Bit

(Transparent Mode)

FL Bit

(Transparent Mode)

FH Bit

(Latch Mode)

FL Bit

(Latch Mode)

Measured

Temperature

THIGH

TLOW

Time

图 7-2. Temperature Flag Functional Diagram

The LC bit in the configuration register when set to '1' is used to latch the value of the flag bits (FH and FL) until 
the host issues a read command to the configuration register. The flag bits are set to '0' when a read command 
is received by the device.

The LC bit when configured as '0', configures the device to operate in transparent mode, where the flag bits (FH 
and FL) are cleared only when the result of the temperature conversion is within the temperature limits.

7.4.6 Interrupt Functionality

The TMP144 interrupts the host by disconnecting the bus and issuing an interrupt request by holding the bus low 
if all of following conditions are met as shown in 图 7-3.

• INT_EN in the configuration register is set to 1;
• The temperature result of the last conversion is greater than the value in the temperature high limit register or 

less than the value in the temperature low limit register (also indicated by a 1 in either FH or FL, respectively);
• The bus is logic high and idle for more than 28 ms.
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Interface Logic

RX
TX

Interface Logic

RX
TX

Interface Logic

RX
TX

Host

RX

TX

Device(1) Device(2) Device(N)

图 7-3. TMP144 Daisy-Chain: Bus Status During an Interrupt Request (Logic Low) From Second Device

The interrupt on the bus is latched regardless of the status of LC. Writing a 1 to INT_EN automatically sets the 
LC bit. The TMP144 holds the bus low until one of the following events happen:

• Global Interrupt Clear command is received.
• Global Software Reset command is received.
• A power-on reset event occurs.

Each of these events clears the INT_EN. The TMP144 does not issue future interrupts until the host writes sets 
the INT_EN in the configuration register to re-enable future interrupts.

In a system with enabled interrupts, it is possible for a TMP144 on the bus to issue an interrupt at the same time 
that the host starts a communication sequence. To avoid this scenario, TI recommends that the host should 
check the status on the receiving side of the bus after transmitting the calibration byte. If it is 1, then the host can 
continue with the communication. If it is 0, one of the TMP144 devices on the bus is issuing an alert and the host 
must transmit a Global Interrupt Clear command.
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7.5 SMAART Wire™ / UART Interface
The TMP144 uses a TI proprietary, one-wire UART-compatible communication protocol called SMAART Wire™. 
The TMP144 has two dedicated pins for communication:TX and RX. Usually, these two pins are connected 
internally and the signal on the RX propagates to the TX, unless the device must send data on the bus or during 
address assignment and alert procedures.

The interface has built-in timeouts (typically 28 ms) that return the interface to a known state if communication is 
disrupted.

7.5.1 Communication Protocol

Each communication of the SMAART Wire™ / UART protocol consists of 8-bit word, transferred least significant 
bit (LSB) first. Each 8-bit word begins with a Start bit that is logic low, and ends with a Stop bit that is logic high. 
By using a Start bit and Stop bit for each 8-bit word, the TMP144 can calibrate each word and keep synchronous 
communication throughout the process.

The steps for the SMAART Wire™ / UART communication protocol are:
1. The host sends a Start bit to start the communication process.
2. The host sends the calibration byte (55h) to allow the TMP144 to sync to the baud rate of the host.
3. The host sends a Stop bit after the calibration byte.
4. The host sends a second Start bit, followed by the command register byte and a Stop bit.
5. The host sends a third Start bit, followed by the data byte only for writes.
6. The host will send the data byte(s) if the instruction is a write command.
7. The host sends a Stop bit to finish the process.

Note
The device will break the chain and send the data byte(s) if the instruction sent in the command 
register is a read command.

The sequence is shown in 图 7-4.
S 1 0 1 0 1 0 1 0 P S C0 C1 C2 C3 C4 C5 C6 C7 P S D0 D1 D2 D3 D4 D5 D6 D7 P S D9D8 D10 D11D12 D13D14 D15 P

Command with Address PointerCalibration Byte (55h) Register Data (8-bit) Register Data (8-bit)

S = Start condition of SMAART Wire¡�protocol

P = Stop condition of SMAART Wire¡�protocol

图 7-4. Generic Communication Write Bitstream

S 1 0 1 0 1 0 1 0 P S C0 C1 C2 C3 C4 C5 C6 C7 P S D0 D1 D2 D3 D4 D5 D6 D7 P S D9D8 D10 D11D12D13 D14 D15 P

Driven by TMP144

1-bit default delay for 

bus direction change

Command with Address PointerCalibration Byte (55h) Register Data (8-bit) Register Data (8-bit)

S = Start condition of SMAART Wire¡�protocol

P = Stop condition of SMAART Wire¡�protocol

图 7-5. Generic Communication Read Bitstream

The command byte is decoded by the TMP144 to determine the format of the subsequent communication 
operation. 表 7-2 lists the command register byte values.

表 7-2. Command Byte Value
COMMAND 
OPERATION

COMMAND BYTE ENCODING HEX VALUE

C7 (MSB) C6 C5 C4 C3 C2 C1 C0 (LSB)

GLBL IN3/ID3 IN2/ID2 IN1/ID1 IN0/ID0 P1 P0 R/W

Global software 
reset

1 0 1 1 0 1 0 0 B4

Global 
initialization

1 0 0 0 1 1 0 0 8C
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表 7-2. Command Byte Value (continued)
COMMAND 
OPERATION

COMMAND BYTE ENCODING HEX VALUE

C7 (MSB) C6 C5 C4 C3 C2 C1 C0 (LSB)

GLBL IN3/ID3 IN2/ID2 IN1/ID1 IN0/ID0 P1 P0 R/W

Global address 
assignment

1 0 0 1 0 0 0 0 90

Global clear 
interrupt

1 0 1 0 1 0 0 1 A9

Global write 1 1 1 1 0 P1 P0 0 Based on P[1:0]

Global read 1 1 1 1 0 P1 P0 1 Based on P[1:0]

Individual write 0 ID3 ID2 ID1 ID0 P1 P0 0 Based on ID[3:0] and 
P[1:0]

Individual read 0 ID3 ID2 ID1 ID0 P1 P0 1 Based on ID[3:0] and 
P[1:0]

7.5.2 Global Software Reset

The host can initiate a global software reset command (C[7:0] = 10110100) to all TMP144 devices in the daisy-
chain as shown in 图 7-6. Upon receiving this command, the TMP144 resets all of its internal registers except for 
the device ID and reconnects the bus. If the bus is broken before the initiation of this command, all TMP144 
devices before the broken bus point receive the command. If the host intends to initiate a global software reset 
across all TMP144 devices in the chain, this command must be transmitted multiple times until it echoes back to 
the host.

GLBLIN3/ID3IN2/ID2IN1/ID1IN0/ID0P1P0R/W

0 1 1 0 10 0 1S P0 1 0 1 01 0 1S P

Calibration Byte (55h) Command Byte

图 7-6. Global Software Reset Command Flow

7.5.3 Global Initialization and Address Assignment Sequence

At device power-up, every TMP144 in the daisy-chain is connected in transparent mode, as shown in 图 7-7.

Interface Logic

RX
TX

Interface Logic

RX
TX

Interface Logic

RX
TX

Host

RX

TX

Device(1) Device(2) Device(N)

图 7-7. TMP144 Daisy-Chain: Bus Status at Start of Global Initialization
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As shown in 图 7-8, the host must send the initialization command (C[7:0] = 10001100) for the bus to program its 
internal address, depending on the number of devices on the bus.

GLBLIN3/ID3IN2/ID2IN1/ID1IN0/ID0P1P0R/W

1 0 0 0 10 0 1S P0 1 0 1 01 0 1S P

Calibration Byte (55h) Command Byte

Address Assignment Command (90h)

0 1 0 0 11 0 0S P

Device 1 (TX) Device 2 (RX)

Host TX

Device-1 

TX

Device-2 

TX

Host TX

Device-1 

TX

Device-2 

TX

0 1 0 0 10 0 0S P

0 1 0 0 10 1 0S P

Device 2 (TX) Device 3 (RX)

Host TX

Device-1 

TX

Device-2 

TX

1 0 0 0 10 0 1S P0 1 0 1 01 0 1S P

1 0 0 0 10 0 1S P0 1 0 1 01 0 1S P

Devices 

in Pass 

Through

图 7-8. Global Initialization and Address Assignment Command Flow

Each TMP144 in the chain interprets the initialization command byte and disconnects the chain, as shown in 图 
7-9.

Host

Device(1) Device(2) Device(N)

RX

TX

Interface Logic Interface Logic Interface Logic

RX RX RX
TX TX TX

图 7-9. TMP144 Daisy-Chain: Bus Status at Start of Address Assignment

The host must then send the address assignment command, consisting of C[7:4] = 1001 and C[3:0] = 0000, 
where C[3:0] represents the address of the first device in the chain. This word is stored internally as its device 
ID. The first device increments the unit in the device address and then reconnects the bus, as shown in 图 7-10. 
This address is then sent to the next device in the chain.
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Interface Logic

RX
TX

Interface Logic

RX
TX

Interface Logic

RX
TX

Host

RX

TX

Device(1) Device(2) Device(N)

图 7-10. TMP144 Daisy-Chain: Bus Status After First Device Address Assignment

After all devices on the chain have received the respective addresses, the host receives the last programmed 
address on the chain + 1. The host can use this information to determine the total number of devices in the chain 
and the respective address of each device.

After the initialization sequence, every device can be addressed individually or through global commands. This 
global initialization sequence is a requirement and must be performed before any other communication.

7.5.4 Global Clear Interrupt

The host can initiate a global clear interrupt command (C[7:0] = 10101001) to all TMP144 devices in the daisy-
chain as shown in 图 7-11. Upon receiving this command, the TMP144 disables future interrupts (bit-11 in the 
Configuration Register is set to 0). If a TMP144 previously broke the bus connection and sent an interrupt (logic 
low on the bus), the device now stops holding the bus low. The device sends the baud rate calibration command 
and clear interrupt command to the next TMP144 in the chain, then reconnects the bus. In the case of multiple 
devices having active interrupts, the clear interrupt command propagates through the daisy-chain, disables all 
interrupts, and reconnects the bus across all devices.

GLBLIN3/ID3IN2/ID2IN1/ID1IN0/ID0P1P0R/W

1 0 1 0 11 0 0S P0 1 0 1 01 0 1S P

Calibration Byte (55h) Command Byte

图 7-11. Global Clear Interrupt Command Flow

7.5.5 Global Read and Write

The host can initiate a global read or write command to all TMP144s in the daisy-chain by sending the read/write 
command, consisting of C[7:3] = 11110 and C[2:1] to indicate the data register pointer P[1:0], as shown in 表 7-3. 
A global write command is indicated by C[0] = 0. The host must transfer at least one more byte of data for the 
register, and every TMP144 in the daisy-chain updates the appropriate register as shown in 图 7-12.

GLBLIN3/ID3IN2/ID2IN1/ID1IN0/ID0P1P0R/W

0 1 1 1 10 P0 P1S P0 1 0 1 01 0 1S P

Calibration Byte (55h) Command Byte

D11 D12 D13 D14 D15D8 D9 D10S PD3 D4 D5 D6 D7D0 D1 D2S P

Data Byte-1 Data Byte-2

图 7-12. Global Write Command Flow
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A global read command is indicated by C[0] = 1. As shown in 图 7-13, the TMP144 with the device ID of 0000 
then breaks the bus connection, transmits the data from the register indicated by bits C[2:1] (corresponding to 
data register pointer P[1:0]), and then reconnects the bus. The TMP144 with the device ID of 0001 then repeats 
the same sequence, followed by the rest of the TMP144 devices in the daisy-chain.

GLBLIN3/ID3IN2/ID2IN1/ID1IN0/ID0P1P0R/W

0 1 1 1 11 P0 P1S P0 1 0 1 01 0 1S P

Calibration Byte (55h) Command Byte

D11 D12 D13 D14 D15D8 D9 D10S PD3 D4 D5 D6 D7D0 D1 D2S P

Device-1 Data Byte-1 Device-1 Data Byte-2

Host TX

Host RX

Host TX

Host RX

D11 D12 D13 D14 D15D8 D9 D10S PD3 D4 D5 D6 D7D0 D1 D2S P

Device-2 Data Byte-1 Device-2 Data Byte-2

Host TX

Host RX

0 1 1 1 11 P0 P1S P0 1 0 1 01 0 1S P

Devices 

in Pass 

Through

图 7-13. Global Read Command Flow

表 7-3. Pointer Addresses
P1 P0 REGISTER
0 0 Temperature register (read-only)

0 1 Configuration register (read/write)

1 0 TLOW register (read/write)

1 1 THIGH register (read/write)

7.5.6 Individual Read and Write

The host can initiate an individual read and write command to a particular TMP144 device in the daisy-chain by 
sending the read/write command. The read/write command consists of these parameters:

• C[7] = 0 (Individual device access)
• C[6:3] = the device ID (ID[3:0])
• C[2:1] = the data register pointer (P[1:0]); see 表 7-3
• C[0] = indicates read/write control

As shown in 图 7-14, an individual device write command is indicated by C[0] = 0. The host must transfer at least 
one more byte of data for the register indicated by bits C[2:1]. The TMP144 in the daisy-chain that corresponds 
to the device ID noted by bits C[6:3] then updates the appropriate register.

GLBLIN3/ID3IN2/ID2IN1/ID1IN0/ID0P1P0R/W

ID0 ID1 ID2 ID3 00 P0 P1S P0 1 0 1 01 0 1S P

Calibration Byte (55h) Command Byte

D11 D12 D13 D14 D15D8 D9 D10S PD3 D4 D5 D6 D7D0 D1 D2S P

Host Data Byte-1 Host Data Byte-2

图 7-14. Individual Write Command Flow
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As shown in 图 7-15, an individual device read command is indicated by C[0] = 1. As shown in 图 7-16, the 
TMP144 in the daisy-chain that corresponds to the device ID pointed by bits C[6:3] then breaks the bus, 
transmits the data from the register pointed by bits C[2:1], and reconnects the bus.

GLBLIN3/ID3IN2/ID2IN1/ID1IN0/ID0P1P0R/W

ID0 ID1 ID2 ID3 01 P0 P1S P0 1 0 1 01 0 1S P

Calibration Byte (55h) Command Byte

D11 D12 D13 D14 D15D8 D9 D10S PD3 D4 D5 D6 D7D0 D1 D2S P

Device-1 Data Byte-1 Device-1 Data Byte-2

Host TX

Host RX

Host TX

Host RX

ID0 ID1 ID2 ID3 01 P0 P1S P0 1 0 1 01 0 1S P

Devices 

in Pass 

Through 

图 7-15. Individual Read Command Flow

Host

Device(1) Device(2) Device(N)

RX

TX

Interface Logic Interface Logic Interface Logic

RX RX RX
TX TX TX

图 7-16. TMP144 Daisy-Chain: Bus Status During Individual Read Operation of Second Device
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7.6 Register Maps
图  7-17 shows the internal register structure of the TMP144. Communications between the registers are 
transferred through the interface in LSB-first order. The 8-bit command register as shown in , is used to 
determine the address pointer for the register that the host device wants to access.

I/O

Control

Interface

Temperature 

Register

Configuration 

Register

Temperature Low 

Limit Register

Temperature High 

Limit Register

Command

Register

RX

TX

图 7-17. Internal Register Structure

表 7-4. Register Map
ADDRESS 

POINTER P[1:0]
TYPE RESET ACRONYM REGISTER NAME SECTION

00 R 0000h Temp_Result Temperature result register Go

01 R/W 0200h Configuration Configuration Register Go

10 R/W 3C00h Tlow_limit Temperature low limit register Go

11 R/W F600h Thigh_limit Temperature high limit register Go

表 7-5. 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 0s

Write Type
W W Write

W0CP W W
0C 0 to clear
P Requires privileged access

Reset or Default Value

-n Value after reset or the default value
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7.6.1 Temperature Result Register (P[1:0] = 00) [reset = 0000h]

The temperature result register stores the results of the conversion in 12-bit or 13-bit format, depending on the 
state of the ETM bit in the configuration register. Negative numbers are represented in two's complement format. 
Following power-up or reset the temperature result register reads 0 °C, until the first conversion is complete.

When the ETM bit is configured as '0', the temperature result register of the device is configured as 12-bit value 
with the least significant bit always reading '0'. One LSB for the temperature result equals 0.0625 °C.

表 7-6. Temperature Result Register (ETM = 0)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T[11:0] EM Reserved

R-000h R-0 R-0h

表 7-7. Temperature Result Register (ETM = 0) Field Description
Bit Field Type Reset Description

15:4 T[11:0] R 000h 12-bit temperature result after last conversion

3 EM R 0 Extended mode bit

2:0 Reserved R 0h Reserved

When the ETM bit is configured as '1', the temperature result register of the device is configured as 13-bit value. 
One LSB for the temperature result equals 0.0625 °C.

表 7-8. Temperature Result Register (ETM = 1)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T[12:0] Reserved

R-0000h R-0h

表 7-9. Temperature Result Register (ETM = 1) Field Description
Bit Field Type Reset Description

15:13 T[12:0] R 0000h 13-bit temperature result after last conversion

2:0 Reserved R 0h Reserved

7.6.2 Configuration Register (P[1:0] = 01) [reset = 0200h]

The configuration register is used to store bits that control the operational modes of the temperature sensors and 
read the status of alert flags. Read/write operations are performed LSB first.

Return to Register Map.

表 7-10. Configuration Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INT_E
N

CR[1:0] FH FL LC M[1:0] ETM Reserved

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-10 R/W-0 R-00h

表 7-11. Configuration Register Field Description
Bit Field Type Reset Description
15 INT_EN R/W 0 Interrupt enable bit

0 = Interrupt is disabled
1 = Interrupt is enabled

14:13 CR[1:0] R/W 0 Conversion rate select
00 = 0.25 Hz conversion rate (default)
01 = 1 Hz conversion rate
10 = 4 Hz conversion rate
11 = 8 Hz conversion rate
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表 7-11. Configuration Register Field Description (continued)
Bit Field Type Reset Description
12 FH R 0 Flag high temperature

0 = High temperature limit not crossed
1 = High temperature limit crossed

11 FL R 0 Flag low temperature
0 = Low temperature limit not crossed
1 = Low temperature limit crossed

10 LC R/W 0 Latch control bit
0 = Flag bits are cleared on read
1 = Flag bits are latched

9:8 M[1:0] R/W 10 Conversion mode select
00 = Shutdown mode
01 = One shot conversion mode
1x = Continuous conversion mode

7 ETM R/W 0 Extended temperature mode select
0 = Mode is disabled
1 = Mode is enabled

6:0 Reserved R 0 Reserved

7.6.3 Temperature Low Limit Register (P[1:0] = 10) [reset = F600h]

The temperature low limit register is used to store the low temperature threshold for the device low limit flag. The 
default power up reset value is -10 °C. The power on default value is valid only when ETM = 0. At the end of 
each temperature conversion, the device compares the temperature result with the temperature low limit register. 
If the temperature result is less than the threshold set in this register, the FL bit in the configuration register is 
set.

When the ETM bit in the configuration register is updated, it is strongly recommended that the user update the 
low limit register.

Note
When the ETM bit is set to 0, any writes to the EM bit will be ignored.

表 7-12. Temperature Low Limit Register (ETM = 0)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L[11:0] EM Reserved

R/W-F60h R/W-0 R-0h

表 7-13. Temperature Low Limit Register (ETM = 0) Field Description
Bit Field Type Reset Description

15:4 L[11:0] R/W F60h 12-bit temperature low limit threshold

3 EM R/W 0 Don't care when ETM = 0

2:0 Reserved R 0h Reserved

表 7-14. Temperature Low Limit Register (ETM = 1)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L[12:0] Reserved

R/W-F600h R-0h

表 7-15. Temperature Low Limit Register (ETM = 1) Field Description
Bit Field Type Reset Description

15:3 L[12:0] R/W F600h 13-bit temperature low limit threshold

2:0 Reserved R 0h Reserved
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7.6.4 Temperature High Limit Register (P[1:0] = 11) [reset = 3C00h]

The temperature high limit register is used to store the high temperature threshold for the device high limit flag. 
The default power up reset value is +60 °C. The power on default value is valid only when ETM = 0. At the end 
of each temperature conversion, the device compares the temperature result with the temperature high limit 
register. If the temperature result is greater than the threshold set in this register, the FH bit in the configuration 
register is set.

When the ETM bit in the configuration register is updated, it is strongly recommended that the user update the 
high limit register.

Note
When the ETM bit is set to 0, any writes to the EM bit will be ignored.

表 7-16. Temperature High Limit Register (ETM = 0)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

H[11:0] EM Reserved

R/W-3C0h R/W-0 R-0h

表 7-17. Temperature High Limit Register (ETM = 0) Field Description
Bit Field Type Reset Description

15:4 H[11:1] R/W 3C0h 12-bit temperature high limit threshold

3 EM R/W 0 Don't care when ETM = 0

2:0 Reserved R 0h Reserved

表 7-18. Temperature High Limit Register (ETM = 1)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

H[12:0] Reserved

R/W-3C00h R-0h

表 7-19. Temperature High Limit Register (ETM = 1) Field Description
Bit Field Type Reset Description

15:3 H[12:0] R/W 3C00h 13-bit temperature high limit threshold

2:0 Reserved R 0h Reserved
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8 Application and Implementation
Note

以下应用部分中的信息不属于 TI 器件规格的范围，TI 不担保其准确性和完整性。TI 的客 户应负责确定

器件是否适用于其应用。客户应验证并测试其设计，以确保系统功能。

8.1 Application Information
The TMP144 devices are typically used to for thermal management of multiple hotspots. The MDA commands 
make it easy to manage multiple devices at the same time, which reduces communication time and power. The 
WCSP package enables the device to be placed in space-constrained designs and allows the device to have a 
fast thermal response.

8.2 Typical Application
图 8-1 shows typical connections for TMP144 devices in a daisy-chain configuration.

图 8-1. Typical Application With Multiple Devices

8.2.1 Design Requirements

Multiple devices are connected in this typical application. The key design requirements are discussed in the 
following sections.

8.2.2 Detailed Design Procedure
8.2.2.1 Trace Length

The maximum trace or cable length between two TMP144 devices can vary because of the effective resistance 
and capacitance of the type of cable used in a customer application. Design the trace or cable such that timing 
specifications in Timing Diagrams can be satisfied for each TMP144 device in the daisy-chain.

8.2.2.2 Voltage Drop Effect

Take into account the voltage drop that occurs along the supply and ground lines as a result of the currents of all 
the devices on the line. This voltage drop occurs as a result of multiple devices simultaneously consuming 
current through the combined resistance of the common wire, connectors, and solder contacts. Make sure that 
the supply on the last device does not fall below the minimum operating supply of 1.4 V.
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8.2.2.3 Power Supply Noise Filtering

To reduce power supply noise, a 0.1-μF bypass capacitor is used for each TMP144 device. Depending on the 
environment, additional bypass capacitors (for example, 1 nF) may be required.

8.2.3 Application Curves
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-60 -20 40 60 160

I
(

A
)

m
Q

-40 0 20 80 100 120 140

12

0

8

6

4

2

10

V+ = 1.4 V

V+ = 1.8 V

V+ = 3.6 V

 

图 8-2. Typical Quiescent Current vs. Temperature
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图 8-3. Temperature Error vs. Temperature

9 Power Supply Recommendations
The TMP144 operates on a power-supply range from 1.4 V to 3.6 V. The device is trimmed for operation at a 
3.3-V supply, but the TMP144 can measure temperature accurately in the full supply range.

The TMP144 is a very low-power device and generates very low noise on the supply bus. Applying a bypass 
capacitor to the V+ pin of the TMP144 can further reduce any noise the TMP144 might propagate to other 
components. Use a CF capacitor with a value greater than 0.1 μF as shown in 图 9-1. Place the bypass 
capacitor as close to the supply and ground pins of the device as possible for best results.

RX

V
+

VCC

TX

GND

CF

��0.1 PF

图 9-1. Power Supply Noise Reduction With a Bypass Capacitor
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10 Layout
10.1 Layout Guidelines
Mount the TMP144 to a PCB as shown in 图 10-1. Obtaining acceptable performance with alternate layout 
schemes is possible, however this layout produces good results and is intended as a guideline:

• Bypass the V+ pin to ground with a low-ESR ceramic bypass-capacitor. The typical recommended bypass 
capacitance is a 0.1-μF ceramic capacitor with a X5R or X7R dielectric. The optimum placement is closest to 
the V+ and GND pins of the device. Take care to minimize the loop area formed by the bypass-capacitor 
connection, the V+ pin, and the GND pin of the IC. Alternatively, the bypass capacitor can also be grounded 
through a via connected to the GND plane.

• Use larger copper area pads to reduce self-heating and lower thermal resistance to the environment.
• If possible, use PCB boards with thick copper layers.
• If possible, do not use stain to protect the IC because stain can increase thermal resistance.

10.2 Layout Example

0.1µ F

VIA to power plane

VIA to ground plane

B2/
RX

A1/
V+

B1/
TX

A2/
GND

图 10-1. Layout Example
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11 Device and Documentation Support
11.1 Device Support
11.1.1 Device Nomenclature

daisy-
chain

A method of propagating signals along a bus in which the devices are connected in series and the 
signal passed from one device to the next. The daisy-chain scheme permits assignment of device 
priorities based on the electrical position of the device on the bus.

11.2 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper 
right corner, click on Alert me to register and receive a weekly digest of any product information that has 
changed. For change details, review the revision history included in any revised document.

11.3 支持资源

TI E2E™ 支持论坛是工程师的重要参考资料，可直接从专家获得快速、经过验证的解答和设计帮助。搜索现有解

答或提出自己的问题可获得所需的快速设计帮助。

链接的内容由各个贡献者“按原样”提供。这些内容并不构成 TI 技术规范，并且不一定反映 TI 的观点；请参阅 

TI 的《使用条款》。

11.4 Trademarks
SMAART Wire™ and TI E2E™ are trademarks of Texas Instruments.
所有商标均为其各自所有者的财产。

11.5 静电放电警告

静电放电 (ESD) 会损坏这个集成电路。德州仪器 (TI) 建议通过适当的预防措施处理所有集成电路。如果不遵守正确的处理

和安装程序，可能会损坏集成电路。

ESD 的损坏小至导致微小的性能降级，大至整个器件故障。精密的集成电路可能更容易受到损坏，这是因为非常细微的参

数更改都可能会导致器件与其发布的规格不相符。

11.6 术语表

TI 术语表 本术语表列出并解释了术语、首字母缩略词和定义。

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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NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
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4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

TMP144YFFR ACTIVE DSBGA YFF 4 3000 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 125 C2

TMP144YFFT ACTIVE DSBGA YFF 4 250 RoHS & Green SNAGCU Level-1-260C-UNLIM -40 to 125 C2

TMP144YMTR ACTIVE PICOSTAR YMT 4 3000 RoHS & Green CUNIPD Level-1-260C-UNLIM -40 to 125

TMP144YMTT ACTIVE PICOSTAR YMT 4 250 RoHS & Green CUNIPD Level-1-260C-UNLIM -40 to 125

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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

 
(5) 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 it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead finish/Ball material - Orderable Devices 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.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI 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

http://www.ti.com/product/TMP144?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TMP144?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TMP144?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TMP144?CMP=conv-poasamples#samplebuy


PACKAGE OPTION ADDENDUM

www.ti.com 11-Jan-2022

Addendum-Page 2

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.
TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION
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TMP144YFFR DSBGA YFF 4 3000 180.0 8.4 0.86 1.06 0.69 4.0 8.0 Q1

TMP144YFFT DSBGA YFF 4 250 180.0 8.4 0.86 1.06 0.69 4.0 8.0 Q1
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AR

YMT 4 3000 180.0 8.4 0.87 1.07 0.2 2.0 8.0 Q1
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AR

YMT 4 250 180.0 8.4 0.87 1.07 0.2 2.0 8.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 23-Apr-2021

Pack Materials-Page 1



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TMP144YFFR DSBGA YFF 4 3000 182.0 182.0 20.0

TMP144YFFT DSBGA YFF 4 250 182.0 182.0 20.0

TMP144YMTR PICOSTAR YMT 4 3000 182.0 182.0 20.0

TMP144YMTT PICOSTAR YMT 4 250 182.0 182.0 20.0
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3. NanoFreeTM package configuration.

NanoFree Is a trademark of Texas Instruments.
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NOTES: (continued)
 
4. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
    For more information, see Texas Instruments literature number SBVA017 (www.ti.com/lit/sbva017).
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)
 
5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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重要声明和免责声明
TI“按原样”提供技术和可靠性数据（包括数据表）、设计资源（包括参考设计）、应用或其他设计建议、网络工具、安全信息和其他资源，
不保证没有瑕疵且不做出任何明示或暗示的担保，包括但不限于对适销性、某特定用途方面的适用性或不侵犯任何第三方知识产权的暗示担
保。
这些资源可供使用 TI 产品进行设计的熟练开发人员使用。您将自行承担以下全部责任：(1) 针对您的应用选择合适的 TI 产品，(2) 设计、验
证并测试您的应用，(3) 确保您的应用满足相应标准以及任何其他功能安全、信息安全、监管或其他要求。
这些资源如有变更，恕不另行通知。TI 授权您仅可将这些资源用于研发本资源所述的 TI 产品的应用。严禁对这些资源进行其他复制或展示。
您无权使用任何其他 TI 知识产权或任何第三方知识产权。您应全额赔偿因在这些资源的使用中对 TI 及其代表造成的任何索赔、损害、成
本、损失和债务，TI 对此概不负责。
TI 提供的产品受 TI 的销售条款或 ti.com 上其他适用条款/TI 产品随附的其他适用条款的约束。TI 提供这些资源并不会扩展或以其他方式更改 
TI 针对 TI 产品发布的适用的担保或担保免责声明。
TI 反对并拒绝您可能提出的任何其他或不同的条款。IMPORTANT NOTICE

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022，德州仪器 (TI) 公司

https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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