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线性器件                                 www.ti.com/linear
• 别具一格的新型解决方案——简易开关、1V基准、ESD（静电放

电）保护、运算放大器、LED驱动器

• 针对电池供电便携式电子领域的先导产品

信号开关             www.ti.com.cn/signalswitches
• 针对模拟器件、视频、局域网(LAN)、USB、数字可视化接口(DVI)
以及高解析度多媒体接口(HDMI)的新型特定应用解决方案

• 用于移动通信、计算、电信领域的更高性能数字总线开关

 绪论

转换                         www.ti.com.cn/translation
• 用于内存卡接口以及无定向架构(directionless architecture)的特定

应用解决方案

• 最宽范围的供应，提供电压为0.8至5.0V的接口，以及1至32比特位

的数位格式

I2C接口                                 www.ti.com.cn/i2c
• 双线、符合业界标准的通信接口

• 直接替换其他的供应商方案

• 针对电池供电便携式电子领域的先导产品

封装发展

• 最小型化及最先进的封装解决方案：BGA、QFN、WCSP
• 无铅及绿色封装的转变：www.ti.com.cn/ecoinfo

线性及逻辑器件新产品优先性

Must-Have器件 
Must-Have器件是从TI广阔的线性及逻辑器件产品组合

中，针对线性器件、接口、开关、转换、I2C领域所挑

选出的杰出产品。此类器件提供现货供应，并可通过TI
的免费样片计划索取样片。

www.ti.com.cn/musthave

must
have

3

Linear and Logic 5-Minute Guide Introduction

Texas Instruments  •  Analog Products 3

Linear www.ti.com/linear
• Differentiated new solutions—simple switchers, 1-V

reference, ESD protection, op amps, LED drivers

• Leadership products for battery-powered portable
electronics

Signal Switches www.ti.com/signalswitches
• New application-specific solutions for analog, video, LAN,

USB, DVI, HDMI

• Higher-performance digital bus switches for mobile, com-
puting and telecom

Translation www.ti.com/trans
• Application-specific solutions for memory-card interfaces

and directionless architecture

• Broadest offering, with interfaces from 0.8 to 5.0 V and
formats from 1 to 32 bits

I2C Interface www.ti.com/i2c
• Two-wire, industry-standard communication interface

• Drop-in replacements for other supplier solutions

• Leadership products for battery-powered portable 
electronics

Package Development
• Smallest and most advanced packaging solutions: BGA,

QFN, WCSP

• Pb-Free and Green conversion: www.ti.com/ecoinfo

Linear and Logic New-Product Priorities

Must-Have Devices
Must-Have devices are premiere products in
the Linear, Interface, Switch, Translation and
I2C segments of TI’s broad Linear and Logic
portfolio. These devices offer off-the-shelf
availability and are available through TI’s free
sample program.

www.ti.com/musthave

must
have

77029.qxp  11/26/2007  4:05 PM  Page 3
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 计算领域

概览

线性及逻辑器件的高端计算应用

• PCI Express多路复用技术

• USB、局域网、视频多路复用技术

• I2C 输入/输出(I/O)扩展及LED驱动器

• RS-232串行通信接口

• 静电放电保护

计算领域对线性及逻辑器件的高端需求

• 系统成本

在业已存在的复杂ASIC（特定用途集成电路）中，即使仅添加少

量的引脚，也会增加芯片的尺寸及成本并提升封装的价格。特定的

转换开关及输入/输出扩展器可增加电路板的附加功能及特性，同

时保持ASIC的低成本。新型的RS-232器件结合了静电放电(ESD)保
护技术，不仅节省空间，更有助于降低总的系统成本。

• 功能扩充

特定的转换开关允许设计者通过添加额外的视频端口、USB端口、局

域网链接、PCI Express插槽或I2C多用途输入输出端口(GPIO)，轻松

实现板载功能的扩展，并释放处理器端口以用于不同功能的应用。

snoitcennoC yra
mirP

snoitcennoC yradnoceS

TI Devices

RS-232
Interface

Amplifier

Control
Functions

Processor

ICH
DVI Switch

VGA Switch

LAN Switch

USB Switch

PCI Bus Switch

LAN MAC/PHY

Super I/O

Codec

I C I/O Expanders
or LED Drivers

2

SRAM

DRAM

IDE HDD

IDE HDD

External
Graphics

Internal
Graphics

PCIe
Signal
Switch

Translation

Memory
Switch

Bus
Switch

SATA

MCH

PCI Bus Switch PCI Bus Switch

PCI/PCIX PCI/PCIXPCI/PCIX PCI/PCIX

资源

•  笔记本计算解决方案指南(Notebook Computing Solutions Guide)：
Lit. # SLYY016

4

计
算
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 计算领域

PCI Express® 多路复用技术

TS2PCIE2212可用于两个PCI Express插槽的多路复用/解多路复用

(multiplex/demultiplex)。此开关工作于PCI Express 2.5Gbps的信号处

理速率，由两个存储区(bank)组成。每个存储区可容纳两个输入来源

（A和B）以及两个输出目标(destination)（A和B）。

当控制引脚(CTRL)处于低位准时，输入来元A连接至输出目标A，输入

来源B则连接至输出目标B。而当控制引脚处于高位准时，输入来源A连
接至输出目标B，同时输入来源B与输出目标A均处于开放状态。

应用

• 服务器及工作站

• 台式机及笔记本电脑

• 笔记本电脑扩展坞(docking stations)

资源

• 模拟开关选择指南(Analog Switch Selection Guide):
 Lit. # SLYB125  
www.ti.com/analogswitchguide

高级封装选项 0.201
(5,10)

0.201
(5,10)

48-Ball
BGA (ZAH)

4 x TS2PCIE2212

Root
Complex

A

Root
Complex

B

16

8

8 Lanes 0–7

Lanes
8–15

x16 Slot x8 Slot

Lanes 0–7

8

CTRLn

VDD ron Data Off
(min/max) No. of (typ) Rate ICC CIO(ON) Crosstalk Isolation

Device (V) Lanes (Ω) (Gbps) Description (µA) (pF) (dB) (dB)
TS2PCIE2212 1.7/1.9 2:4 10 2.5 2-lane 1:2 PCI Express® 160 3.5 –39 –38

MUX/DeMUX

器件特性

5

计
算
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gUSB, LAN, Video Multiplexing

These high-performance multiplexing switches allow
designers to increase board functionality without paying for
an additional port from ASICs like the LAN controller, USB
controller or video chip. The multiplexing functionality also
allows routing from one source to multiple destinations.

Suggested Devices
Interface

Type Device Description Pins/Packages
TS3DV416 Gigahertz switch, low ron(flat) (8:16 MUX) 48/TSSOP, TVSOP

DVI
TS3DV520/E High-speed video switch (10:20 MUX) 52/QFN
TS5V330 5-V video switch, lower ron (4:8 MUX)

VGA (R,G,B)
TS3V330 3.3-V video switch, lower ron (4:8 MUX)

16/SOIC, SSOP, TSSOP, QFN

TS5A23157 S-video #2 bits (2:4 MUX) 10/MSOP
TV-Out S-video #2 bits (2:4 MUX) with overshoot

TS5A623157
and undershoot protection

VSSOP, QFN

TS3L110 3.3-V, 4:8 MUX (10/100 Base-T LAN) 16/SOIC, SSOP, TSSOP, TVSOP, QFN
TS3L301 3.3-V, 8:16 MUX (1000 Base-T Gigabit LAN) 48/TSSOP, TVSOP

LAN
3.3-V, 11:22 MUX (1000 Base-T Gigabit 

Interface TS3L500
LAN including LED MUX) 52/QFN

TS3L500E High-ESD version
TS3USB221 2.5-V/3.3-V USB 2.0 1:2 MUX/DeMUX 10/QFN, SON

USB TS3USB30 USB 2.0 1:2 MUX/DeMUX 10/QFN
TS3USB31 USB 2.0 1-port switch 8/QFN

10/100/1000
Base-T

MAC & PHY

Only
One PHY
Needed

Notebook

Docking
Station

MDI+

MDI –

LED

TS3L500
4

4

4

4
4

4

3
3

3

LEDs

LEDs

Docking Connector

10/100/1000

MAC & PHY
Base-T

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)

0.124
(3,15)

0.124
(3,15)

10-Pin
SON (DRC)

Advanced Package Options
(Additional packages may be available)

Multiplexing Applications
• 10/100/1000 Base-T Ethernet

• USB 1.0/1.1/2.0 • RGB

• DVI • HDMI

Resources
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide

77029.qxp  11/26/2007  4:05 PM  Page 6
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 计算领域

USB、局域网、视频多路复用技术

此类高性能多路复用开关允许设计者添加板载功能，而无需额外的占用

ASIC器件（诸如局域网控制器、USB控制器或视频芯片）上的端口。

多路复用技术的功能还支持从单源至多个目标之间的路由。

多路复用技术的应用

• 10/100/1000 Base-T 以太网

• USB 1.0/1.1/2.0
• RGB（三原色红、绿、蓝成像应用）

资源

• 模拟开关产品演示：www.ti.com.cn/casts
• 模拟开关选择指南(Analog Switch Selection Guide) : Lit. # SLYB125

www.ti.com/analogswitchguide
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3.3-V, 11:22 MUX (1000 Base-T Gigabit 

Interface TS3L500
LAN including LED MUX) 52/QFN
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TS3USB221 2.5-V/3.3-V USB 2.0 1:2 MUX/DeMUX 10/QFN, SON

USB TS3USB30 USB 2.0 1:2 MUX/DeMUX 10/QFN
TS3USB31 USB 2.0 1-port switch 8/QFN

10/100/1000
Base-T

MAC & PHY

Only
One PHY
Needed

Notebook

Docking
Station

MDI+

MDI –

LED

TS3L500
4

4

4

4
4

4

3
3

3

LEDs

LEDs

Docking Connector

10/100/1000

MAC & PHY
Base-T

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)

0.124
(3,15)

0.124
(3,15)

10-Pin
SON (DRC)

Advanced Package Options
(Additional packages may be available)

Multiplexing Applications
• 10/100/1000 Base-T Ethernet

• USB 1.0/1.1/2.0 • RGB

• DVI • HDMI

Resources
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide
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高级封装选项（还可提供额外的封装类型）

6

• 数字可视化接口(DVI)
• 高解析度多媒体接口(HDMI)

计
算
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 计算领域

I2C 输入/输出扩展及LED驱动器

随着越来越多的特性及处理需求被添加到计算应用中，微处理器中为数

不多的GPIO（多用途输入输出）端口也将更受限制。通过使用TI的I2C
扩展器，设计者可将GPIO端口用于重要的功能，并采用I2C输入输出扩

展器实现如温度感应及键区通信等其他功能。

Linear and Logic 5-Minute Guide Computing

Texas Instruments  •  Analog Products 7

C
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m
p

u
ti

n
g

As more features and processing requirements are added to
computing applications, the limited number of GPIOs on micro-
processors is becoming restricting. By implementing I2C I/O
expanders from TI, designers can use the GPIOs for impor-
tant functions and use the I2C I/O expanders for other duties
like temperature sensing and keypad communications.

I2C I/O Expansion and LED Driver
Suggested Devices

Max Frequency I2C VCC Range Bit or Channel
Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit
LED Driver
TCA6507 400 100 0101 1.65 to 7.6 7-channel

• LED status

• Hardware control monitor

Applications
• Temperature, fan and 

audio control

• Humidity sensors

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Vcc Vcc 5 V

SDA

SCL

INT

A0
A1
A2

P0

P1

P2

P3

P4

P5

P6

LED
P7

TCA6408

Core
Processor

Temperature Sensor

Power Management

Enable Control for Latch

Enable Control for Switch

Enable Control for Audio

Enable Control for Camera

Enable Control for MP3

RESET
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As more features and processing requirements are added to
computing applications, the limited number of GPIOs on micro-
processors is becoming restricting. By implementing I2C I/O
expanders from TI, designers can use the GPIOs for impor-
tant functions and use the I2C I/O expanders for other duties
like temperature sensing and keypad communications.

I2C I/O Expansion and LED Driver
Suggested Devices

Max Frequency I2C VCC Range Bit or Channel
Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit
LED Driver
TCA6507 400 100 0101 1.65 to 7.6 7-channel

• LED status

• Hardware control monitor

Applications
• Temperature, fan and 

audio control

• Humidity sensors

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032
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资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C产品演示：www.ti.com.cn/casts
• I2C总线选择指南 (I2C Bus Selection Guide) ： Lit. # SSZC003A
• 应用手册： Lit. # SCPA032
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推荐器件

应用
• 温度、风扇及音频控制 • LED状况

• 湿度传感器 • 硬件控制监视器

计
算
领
域

www.BDTIC.com/TI
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德州仪器•模拟产品

 计算领域

RS-232串行通信接口

TI 所提供的新型RS-232接口器件附带了系统级(system-level)、且符

合国际标准IEC61000-4-2的静电放电(ESD)保护。此项保护技术使得

RS-232接口避免了当系统启动或运行时（例如：当RS-232电缆线连接

时）可能发生的静电放电冲击所带来的伤害。此类器件采用插入式替

换，其功能性与业已存在的业界标准的解决方案一致，从而为认证流程

提供了无缝(seamless)的转变。

优点

• 大多数器件无需外置静电放电保护

• 灵活的节电(power-saving)选项，有效延长电池寿命

• 无铅(NiPdAu Pb-Free)解决方案提供了无晶须(whisker-free)的可靠

封装

• 空间缩减型的QFN封装选项

资源

• RS-232：www.ti.com/rs-232
• RS-232 产品演示：www.ti.com.cn/casts
• 接口选择指南(Interface Selection Guide) ：Lit. # SSZT009C
• RS-232应用说明(RS-232 Application Clip)：Lit. # SLLB103A

高级封装选项
（还可提供额外

    的封装类型）

推荐器件

*前瞻性产品
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TI offers new RS-232 devices with system-level IEC61000-4-2
electrostatic discharge (ESD) protection. This protection
makes the RS-232 interface immune to damage from ESD
strikes that may occur while the system is up and running,
such as when a connection to the RS-232 cable is made.
These devices are drop-in replacements that are functionally
identical to the existing industry-standard solutions, providing
a seamless transition in the qualification process.

Advantages
• No external ESD protection needed with most devices

• Flexible power-saving options enable longer battery life

• NiPdAu Pb-Free solution provides whisker-free, reliable
packages

• Space-saving QFN package options

Resources
• RS-232: www.ti.com/rs-232
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

• RS-232 Application Clip: Lit. # SLLB103A

Smart Card
MMC SD

LEDLCD
Display

USB Plug
Keypad

Camera
Bluetooth
Controller

RS-232

CPU

IrDA

RS-232 Serial Port Interface

Suggested Devices
Tx/Rx Device (Speed)

1/1 TRSF3221E (1 Mbps) TRS3227E (1 Mbps)
TRSF3232E (1 Mbps) TRSF3223E (1 Mbps)

2/2
TRS3318E (500 kbps) TRSF3222E (1 Mbps)

3/2 TRS3386E (250 kbps)
3/5 TRSF3243 (1 Mbps) TRS3243E (500 kbps)
4/5 TRS213 (120 kbps) TRS211 (120 kbps)
5/3 TRSF3238E* (1 Mbps) TRS3237E (1 Mbps)

*Preview

Advanced Package Options
(Additional packages 
may be available)

0.203
(5,15)

0.203
(5,15)

32-Pin
QFN (RHB)

0.144
(3,65)

0.222
(5,65)

24-Pin
QFN (RHL)
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静电放电保护

对于任意外部接口连接器的端口来说，静电放电的冲击一直是对器件可
靠性的威胁。许多低电压核心芯片或系统级的特定用途集成电路(ASIC)
提供了器件级的人体模型(HBM)静电放电保护，但无法应付系统级的静
电放电。一个卓越的静电放电解决方案应该是一个节省空间且经济高效
的解决方案，可保护系统的相互连接免受外部静电放电的冲击。

优点

• 针对高速应用的系统级静电放电保护：

– ±8kV IEC 61000-4-2，接触放电

– ±15kV IEC 61000-4-2，空气隙隔离放电 
• 输入/输出引脚电容小于1.5 pF
• 超低的1nA漏电流

• 工作电压范围：+0.9V至+5.5 V
• 空间节省型封装：DRY、DRL、DRS及RSF

利益

• 针对高速互连的系统级静电放电保护

• 低电容，适用于USB 2.0高速设备

• 超低的1nA漏电流，可支持精密的模拟测量，诸如血糖仪

• VCC引脚允许器件作为瞬变(transient)抑制器

资源

• 接口选择指南(Interface Selection Guide)：Lit. # SSZT009C

推荐器件

高级封装选项
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Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL

77029.qxp  11/26/2007  4:05 PM  Page 9

Linear and Logic 5-Minute Guide Computing

Texas Instruments  •  Analog Products 9

C
o

m
p

u
ti

n
gESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL

77029.qxp  11/26/2007  4:05 PM  Page 9

Linear and Logic 5-Minute Guide Computing

Texas Instruments  •  Analog Products 9

C
o

m
p

u
ti

n
gESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL

77029.qxp  11/26/2007  4:05 PM  Page 9

9

计
算
领
域

www.BDTIC.com/TI



线性及逻辑器件5分钟指南        

德州仪器•模拟产品 www.BDTIC.com/TI



线性及逻辑器件5分钟指南        

德州仪器•模拟产品

 服务器/存储

概述

线性及逻辑产品的高端服务器应用

• GTL/GTL+至LVTTL的转换器

• PCI Express® 信号开关多路复用

• I2C及SMBus接口

• RS-232接口

• 静电放电保护

服务器/存储领域对高端线性及逻辑器件的需求

• 系统成本

由于存储器市场的不确定性，使得总体的系统成本难于衡量。专

用的开关及I/O扩展器可用于为系统添加功能及特性并同时保持低

廉的成本。新型的RS-232设备整合了静电放电保护，在提供了额

外的空间节省的同时还有助于降低总体的系统成本。

• 强健的设计

高静电放电暴露、高噪声电平及高温使得环境变得越来越严苛，

宽容度越来越低。TI提供了多系列的产品，具有增强型的系统级静

电放电保护及更优异的噪声免疫性能。此外，我们的众多标准产

品还提供了高达125°C的扩展温度范围。

Linear and Logic 5-Minute Guide Server/Storage
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Top Server Applications for Linear and 
Logic Products

• GTL/GTL+ to LVTTL Translation

• PCI Express® Signal Switch MUX

• I2C and SMBus Interface

• RS-232 Interface

• ESD Protection

Top Linear and Logic Device Requirements
for Server/Storage

• System Cost
It is difficult to gauge overall system cost due to the
volatility of the memory market. Specialty switches and
I/O expanders can be used to add functionality and fea-
tures to the system while keeping costs down. The
new RS-232 devices incorporate ESD protection, which
also helps reduce total system cost while providing the
bonus of space savings.

• Robust Design
High ESD exposure and high noise levels and tempera-
tures make this environment harsher and less forgiving.
TI offers a wide array of products with enhanced system-
level ESD protection and better noise immunity. In addi-
tion, many of our standard products offer an extended
temperature range of up to 125°C.

GPIO
Expander
TCA6408

LED Driver
TCA6507

PCI-E Switch
TS2PCIE2212

CBT6800 Bus Switch
For Hot Plugging

AUC
1.8-V Logic

ESD
Protection

I C/SMBus2

PCI-E

PCI-E

Storage
Controller

Storage
Controller

Hard Disk
(RAID)

MCH

ICH

SATA Bus

Memory
Bank

PCI-E Bus
PCI-X 133
USB X 8

RS-232 Transceiver
TRS3243E/TRS211/213

Super I/O

GTL2107GTL2107

Processor

SN74CB3Q3257

Processor

I C MUX2

PCA9546A

Overview
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

 服务器/存储

GTL/GTL+至LVTTL的转换器

在服务器/存储应用中，混合信号的环境较为常见。当处理器工作于GTL
电平而外设芯片集工作于LVTTL电平时，必须对信号进行转换以确保系

统适当的运作。TI的GTL/GTL+至LVTTL转换器可用作适当的接口。

优点

• 此类器件可作为GTL–/GTL/GTL+至LVTTL或LVTTL至GTL–/GTL/
GTL+的转换器

•  30欧姆LVTTL输出端串联电阻(即输出端串无需外接电阻)
• 闩锁效应测试(Latch-up testing)达到了JEDEC(电子工程设计发展联

合会)的JESD 78标准

• 通过了JESD 22静电放电性能测试

– 2000V 人体模型(A114-B，Class II)
– 200V 机器模型(A115-A)
– 1000V 充载器件模型(C101)

资源

• 接口：www.ti.com/interface
• 接口选择指南(Interface Selection Guide)：Lit. # SSZT009C
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GTL/GTL+ to LVTTL Translation
Mixed-signal environments in this application are a common
occurrence. In cases where processors are operating at GTL
levels and peripheral chipsets at LVTTL levels, it is necessary
to translate the signals for proper system operation. TI’s
GTL/GTL+ to LVTTL translator allows for proper interface.

Advantages
• Devices operate as GTL–/GTL/GTL+ to LVTTL or LVTTL

to GTL–/GTL/GTL+ translators

• Series termination on TTL output of 30

• Latch-up testing done to JEDEC standard JESD 78

• ESD performance tested per JESD 22

– 2000-V human-body model (A114-B, Class II)

– 200-V machine model (A115-A)

– 1000-V charged-device model (C101)

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
VCC Range Smallest Footprint

Device Description (V) Pins/Packages
GTL2107 12-bit GTL–/GTL/GTL+ to LVTTL translator 3.0 to 3.3 28/TSSOP
GTL2006 13-bit GTL–/GTL/GTL+ to LVTTL translator 0.5 to 4.6 28/TSSOP
GTL2007 12-bit GTL–/GTL/GTL+ to LVTTL translator 3.0 to 3.6 28/TSSOP

GTL2107

Processor

GTL2107

Processor

MCH
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GTL/GTL+ to LVTTL Translation
Mixed-signal environments in this application are a common
occurrence. In cases where processors are operating at GTL
levels and peripheral chipsets at LVTTL levels, it is necessary
to translate the signals for proper system operation. TI’s
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Advantages
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Resources
• Interface: www.ti.com/interface
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PCI Express® 信号开关多路复用

TS2PCIE2212可用于实现两条PCI Express® 插槽的多路复用/解多路复

用，分别表现为接收(Rx)及发送(Tx)信号的差分对(differential pairs)。此

开关工作于PCI Express带宽标准的2.5Gbps的信号处理速率，由两个存

储区(bank)组成，每个存储区可容纳两个输入来源（A和B）以及两个输

出目标(destination)（A和B）。

优点

• 采用双插槽1:2多路复用/解多路复用实现了PCI Express信号的带宽

分配

• VCC运转范围：1.7V至1.9 V
• 支持2.5 Gbps的数据率 
• 端口间串扰(crosstalk) （于1.25 GHz时仅为–39 dB）

• 断路端(Off-port)隔离（于1.25 GHz时仅为–38 dB）

• 低通态阻抗（10Ω典型值）

• 低输入/输出电容（3.5 pF典型值）

• 卓越的差分偏移特性（5 ps最大值）

资源

• 模拟开关： www.ti.com/switches
• 模拟开关选择指南(Analog Switch Selection Guide) ：

Lit. # SLYB125
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PCI Express® Signal Switch MUX
The TS2PCIE2212 can be used to muxltiplex/demultiplex
two PCI Express® lanes, each representing differential pairs
of receive (Rx) and transmit (Tx) signals. The switch operates
at the PCI Express bandwidth standard of 2.5-Gbps signal-
processing speed. The device is composed of two banks,
with each bank accommodating two sources (A and B) and
two destinations (A and B).

Advantages
• Offers bandwidth allocation of PCI Express signal using

two-lane 1:2 multiplexer/demultiplexer

• VCC operating range from 1.7 to 1.9 V

• Supports data rates of 2.5 Gbps

• Port-port crosstalk (–39 dB at 1.25 GHz)

• Off-port isolation (–38 dB at 1.25 GHz)

• Low on-state resistance (10 Ω typ)

• Low input/output capacitance (3.5 pF typ)

• Excellent differential skew (5 ps max)

Resources
• Analog Switches: www.ti.com/switches
• Analog Switch Selection Guide: Lit. # SLYB125

Suggested Device
VCC Range Smallest Footprint

Device Description (V) Pins/Packages
TS2PCIE2212 PCI Express® signal switch 1.7 to 1.9 48/BGA

PCI-E Switch
TS2PCIE2212

CBT6800 Bus Switch
For Hot Plugging

ICH

SATA Bus

PCI-E Bus

PCI-X 133

USB X 8
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I2C及SMBus接口

13

随着更多的特性及处理需求被添加至计算应用中，微处理器上有限的

GPIO端口已经越来越紧张。通过采用源自TI的I2C I/O扩展器，设计人

员可将GPIO端口用于重要的功能，转而采用I2C I/O扩展器实现其他任

务。

设计人员还可采用I2C多路复用器及开关来解决I2C总线上的地址冲突问

题。在某些服务器设计中，若干个SFP(小型可插拔式模块)可能使用同一

个I2C地址，或是多个风扇传感器具有同一个I2C地址。I2C多路复用器及

开关可在适当的时刻选择与主控或处理器通信的器件，从而使得运作更

为流畅。而对于诸如指示灯的照明功能来说，I2C LED驱动器也很重要。

应用

• 温度及风扇控制

• LED状态

• 硬件控制监测

Resources
• I2C总线解决方案：www.ti.com.cn/i2c
• I2C总线选择指南(I2C Bus Selection Guide) ：Lit. # SSZC003A
• I2C产品演示：www.ti.com.cn/casts

推荐器件
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I2C and SMBus Interface
As more features and processing requirements are added
to computing applications, the limited number of GPIOs on
microprocessors is becoming restricting. By implementing
I2C I/O expanders from TI, designers can use the GPIOs for
important functions and use the I2C I/O expanders for other
duties.

Designers can also use I2C muxes and switches to
resolve address conflicts on the I2C bus. In some server
designs, multiple SFPs with the same I2C address are used,
or there can be multiple temperature sensors with the same
I2C address. I2C muxes and switches facilitate smooth oper-
ation by selecting which device the master or processor
should communicate with at the appropriate time. I2C LED
drivers are also essential for lighting functions such as 
indicator lights.

Applications
• Temperature and fan control

• LED status

• Hardware control monitor

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Bus Selection Guide: Lit. # SSZC003A

• I2C Product Casts: www.ti.com/casts

GPIO
Expander
TCA6408

I C/SMBus2

PCI-E

PCI-E

Storage
Controller

Storage
Controller

Hard Disk
(RAID)

MCH

ICH

LED
Driver

TCA6507 I C MUX2

PCA9546A

Suggested Devices
VCC Range

Device Description (V) Applications
TCA6507 Low-voltage, 7-bit LED driver with 1.65 to 3.6 Indicator lighting

intensity control and shutdown
TCA6408 Low-voltage, 8-bit I2C I/O expander with 1.65 to 5.5 I/O expansion

interrupt and reset
PCA9539 16-bit I/O expander w/interrupt and reset 2.3 to 5.5 I/O expansion
PCA9546A 4-channel I2C multiplexer with reset 2.3 to 5.5 Resolves I2C

and up translation address conflicts
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ation by selecting which device the master or processor
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Applications
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• Hardware control monitor
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• I2C Bus Solutions: www.ti.com/i2c
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RS-232串行通信接口

14

TI所提供的新型RS-232接口器件附带了系统级(system-level)、且符合国

际标准IEC61000-4-2的静电放电(ESD)保护。此项保护技术使得RS-232
接口避免了当系统启动或运行时（例如：当RS-232电缆线连接时）可

能发生的静电放电冲击所带来的伤害。此类器件采用插入式替换，其功

能性与业已存在的业界标准的解决方案一致，从而为认证流程提供了无

缝(seamless)的转变。

优点

• 大多数器件无需外置静电放电保护

• 灵活的节电(power-saving)选项，有效延长电池寿命

• 无铅(NiPdAu Pb-Free)解决方案提供了无晶须(whisker-free)的可靠

封装

• 空间缩减型的QFN封装选项

资源

• 接口：www.ti.com/interface
• 接口选择指南(Interface Selection Guide)：Lit. # SSZT009C
• RS-232产品演示：www.ti.com.cn/casts

推荐器件
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RS-232 Interface
TI offers new RS-232 devices with system-level IEC61000-4-2
electrostatic discharge (ESD) protection. This protection
makes the RS-232 interface immune to damage from ESD
strikes that may occur while the system is up and running,
such as when a connection to the RS-232 cable is made.
These devices are drop-in replacements that are functionally
identical to the existing industry-standard solutions, provid-
ing a seamless transition in the qualification process.

Advantages
• No external ESD protection needed with most devices

• Flexible power-saving options enable longer battery life

• NiPdAu Pb-Free solution provides whisker-free, reliable
packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C

• RS-232 Product Cast: www.ti.com/casts

RS-232 Transceiver
TRS3243E/TRS211/TRS213

ICH

Super I/O

Suggested Devices
Smallest Footprint

Device Description Pins/Packages
TRS3243E 3.3-V, 3-Tx, 5-Rx, RS-232 transceiver with ESD air gap 32/QFN

15 kV, contact 8 kV
TRS211/E 5-V, 4-Tx, 5-Rx, RS-232 transceiver with 15-kV HBM 28/SOIC

ESD protection
TRS213/E 5-V, 4-Tx, 5-Rx, RS-232 transceiver with 15-kV HBM 28/SOIC

ESD protection
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strikes that may occur while the system is up and running,
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These devices are drop-in replacements that are functionally
identical to the existing industry-standard solutions, provid-
ing a seamless transition in the qualification process.

Advantages
• No external ESD protection needed with most devices

• Flexible power-saving options enable longer battery life

• NiPdAu Pb-Free solution provides whisker-free, reliable
packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C
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RS-232 Transceiver
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Super I/O

Suggested Devices
Smallest Footprint

Device Description Pins/Packages
TRS3243E 3.3-V, 3-Tx, 5-Rx, RS-232 transceiver with ESD air gap 32/QFN

15 kV, contact 8 kV
TRS211/E 5-V, 4-Tx, 5-Rx, RS-232 transceiver with 15-kV HBM 28/SOIC

ESD protection
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静电放电保护

15

对于任意外部接口连接器的端口来说，静电放电的冲击一直是对器件可

靠性的威胁。许多低电压核心芯片或系统级的特定用途集成电路(ASIC)
提供了器件级的人体模型(HBM)静电放电保护，但无法应付系统级的静

电放电。一个卓越的静电放电解决方案应该是一个节省空间且经济高效

的解决方案，可保护系统的相互连接免受外部静电放电的冲击。

优点

• 针对高速应用的系统级静电放电保护：

– ±8kV IEC 61000-4-2，接触放电

– ±15kV IEC 61000-4-2，空气隙隔离放电 
• 输入/输出引脚电容小于1.5 pF
• 超低的1nA漏电流

• 工作电压范围：+0.9V至+5.5 V
• 空间节省型封装：DRY、DRL、DRS及RSF

利益

• 针对高速互连的系统级静电放电保护

• 低电容，适用于USB 2.0高速设备

• 超低的1nA漏电流，可支持精密的模拟测量，诸如血糖仪

• VCC引脚允许器件作为瞬变(transient)抑制器

资源

• 接口选择指南(Interface Selection Guide)：Lit. # SSZT009C

推荐器件
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ESD Protection

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

Protected
Circuit

I/O I/O

TPDxE001

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
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TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL

77029.qxp  11/26/2007  4:05 PM  Page 15

Linear and Logic 5-Minute Guide Server/Storage

Texas Instruments  •  Analog Products 15

C
o

m
p

u
ti

n
g

S
er

ve
r/

S
to

ra
g

e

ESD Protection

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

Protected
Circuit

I/O I/O

TPDxE001

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF
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No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

消费医疗

概览

16

线性及逻辑器件的高端消费医疗应用

• 电源管理

• 信号调节

• I2C总线输入/输出扩展

• 电平转换

• 静电放电保护

消费医疗对高端线性及逻辑器件的需求

• 尺寸

在进行PCB布板时，板上真正可用的空间是十分宝贵的。因此在

设计时，拥有小外形(small-scale)的封装是对线性及逻辑功能器

件的要求之一。而从WCSP到微小型QFN封装，直至业界标准的

SC-70及 SOT-23铅架封装，TI拥有业界最宽范围的小外形封装产

品组合。

• 功率

功耗对于便携式产品的设计是至关重要的。在增强功能的同时，

客户们还要求更长的电池寿命。TI的超低功耗(AUP)工艺比业界

标准的3.3V逻辑降低了91%的静态功耗及83%的动态功耗。

资源

• 医疗：www.ti.com/medical
• 医疗应用指南(Medical Applications Guide)：Lit. # SLYB108B
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Top Consumer Medical Applications for 
Linear and Logic Devices

• Power Management

• Signal Conditioning

• I2C Bus I/O Expansion

• Voltage-Level Translation

• ESD Protection

Top Linear and Logic Device Requirements for 
Consumer Medical

• Size
Board real estate is at a premium on PCBs. Small-scale
packaging is a requirement for linear and logic functions
on the design. From WCSP and micro QFN packages to
the industry-standard SC-70 and SOT-23 leadframe
packages, TI offers the industry’s broadest portfolio of
small-scale packaging.

• Power
Power consumption is critical in portable designs.
Consumers require long battery life with increased
functionality. TI’s AUP technology requires 91% less
static power and 83% less dynamic power than
industry-standard 3.3-V logic.

Op Amp

LCD Display

LPV324

3.3 V3.0 V

Keypad

DC Motor
Power Management

Charge Pump
Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA

Overview

www.ti.com/medical

Resources
• Medical: www.ti.com/medical
• Medical Applications Guide: Lit. # SLYB108B
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

消费医疗

电源管理

17

电池驱动的消费医学应用需要各种各样的低功耗管理器件。TI拥有广阔

的低压降(LDO)稳压器及电压基准产品组合，可理想的用于此类便携式

设备。

应用

• 精密基准电路

• 低功耗电压校准

资源

• 电源管理：power.ti.com
• 电源管理选择指南 (Power Management Selection Guide) ：

 Lit. # SLVT145F

高级封装选项

（还可提供额外的封装类型）
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Various devices for low-power management are needed for
battery-operated consumer medical applications. TI offers a
broad portfolio of LDO regulators and voltage references
ideal for this type of portable equipment.

Applications
• Precision reference circuits

• Low-power voltage regulation

Resources
• Power Management: power.ti.com
• Power Management Selection Guide: Lit. # SLVT145F

Advanced Package Options
(Additional packages may be available)

Power Management

Op Amp

LCD Display

LPV324 3.3 V

3.0 VKeypad

DC Motor

Power Management
Charge Pump

Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA

Suggested Devices
Device Type Device Description

LP2985-33 150-mA, low-noise LDO regulator with shutdown
Power LP2985A-33 150-mA, low-noise LDO regulator with shutdown, 1% tolerance

Management TLV2217-33 LDO 3.3-V PnP fixed-voltage regulator
TLV1117-33 Fixed-LDO regulator
LM236-2.5 2.5-V integrated reference circuit
LM285-2.5 µP VREF

LM336-2.5 2.5-V integrated reference circuit
LM336B-2.5 Precision VREF

LM385B-2.5 µP VREF

Voltage LM4040A25 2.5-V precision µP shunt VREF, 0.1% accuracy
References LM4040B25 2.5-V precision µP shunt VREF, 0.2% accuracy

LM4040C25 2.5-V precision µP shunt VREF, 0.5% accuracy
LM4040D25 2.5-V precision µP shunt VREF, 1% accuracy
LT1004-2.5 µP integrated precision VREF

LT1009 2.5-V integrated reference circuit
TLV431B Low-voltage, adjustable precision shunt regulator

0.118
(3,00)

0.118
(3,00)

5-/6-Pin
SOT-23 (DBV)

0.085
(2,15)

0.091
(2,30)

5-/6-Pin
SC-70 (DCK)

0.264
(6,70)

0.287
(7,30)

4-Pin
TO/SOT (DCY)
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Various devices for low-power management are needed for
battery-operated consumer medical applications. TI offers a
broad portfolio of LDO regulators and voltage references
ideal for this type of portable equipment.

Applications
• Precision reference circuits

• Low-power voltage regulation

Resources
• Power Management: power.ti.com
• Power Management Selection Guide: Lit. # SLVT145F

Advanced Package Options
(Additional packages may be available)

Power Management

Op Amp

LCD Display

LPV324 3.3 V

3.0 VKeypad

DC Motor

Power Management
Charge Pump

Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA

Suggested Devices
Device Type Device Description

LP2985-33 150-mA, low-noise LDO regulator with shutdown
Power LP2985A-33 150-mA, low-noise LDO regulator with shutdown, 1% tolerance

Management TLV2217-33 LDO 3.3-V PnP fixed-voltage regulator
TLV1117-33 Fixed-LDO regulator
LM236-2.5 2.5-V integrated reference circuit
LM285-2.5 µP VREF

LM336-2.5 2.5-V integrated reference circuit
LM336B-2.5 Precision VREF

LM385B-2.5 µP VREF

Voltage LM4040A25 2.5-V precision µP shunt VREF, 0.1% accuracy
References LM4040B25 2.5-V precision µP shunt VREF, 0.2% accuracy

LM4040C25 2.5-V precision µP shunt VREF, 0.5% accuracy
LM4040D25 2.5-V precision µP shunt VREF, 1% accuracy
LT1004-2.5 µP integrated precision VREF

LT1009 2.5-V integrated reference circuit
TLV431B Low-voltage, adjustable precision shunt regulator

0.118
(3,00)

0.118
(3,00)

5-/6-Pin
SOT-23 (DBV)

0.085
(2,15)

0.091
(2,30)

5-/6-Pin
SC-70 (DCK)

0.264
(6,70)

0.287
(7,30)

4-Pin
TO/SOT (DCY)
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Various devices for low-power management are needed for
battery-operated consumer medical applications. TI offers a
broad portfolio of LDO regulators and voltage references
ideal for this type of portable equipment.

Applications
• Precision reference circuits

• Low-power voltage regulation

Resources
• Power Management: power.ti.com
• Power Management Selection Guide: Lit. # SLVT145F

Advanced Package Options
(Additional packages may be available)

Power Management

Op Amp

LCD Display

LPV324 3.3 V

3.0 VKeypad

DC Motor

Power Management
Charge Pump

Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA

Suggested Devices
Device Type Device Description

LP2985-33 150-mA, low-noise LDO regulator with shutdown
Power LP2985A-33 150-mA, low-noise LDO regulator with shutdown, 1% tolerance

Management TLV2217-33 LDO 3.3-V PnP fixed-voltage regulator
TLV1117-33 Fixed-LDO regulator
LM236-2.5 2.5-V integrated reference circuit
LM285-2.5 µP VREF

LM336-2.5 2.5-V integrated reference circuit
LM336B-2.5 Precision VREF

LM385B-2.5 µP VREF

Voltage LM4040A25 2.5-V precision µP shunt VREF, 0.1% accuracy
References LM4040B25 2.5-V precision µP shunt VREF, 0.2% accuracy

LM4040C25 2.5-V precision µP shunt VREF, 0.5% accuracy
LM4040D25 2.5-V precision µP shunt VREF, 1% accuracy
LT1004-2.5 µP integrated precision VREF

LT1009 2.5-V integrated reference circuit
TLV431B Low-voltage, adjustable precision shunt regulator

0.118
(3,00)

0.118
(3,00)

5-/6-Pin
SOT-23 (DBV)

0.085
(2,15)

0.091
(2,30)

5-/6-Pin
SC-70 (DCK)

0.264
(6,70)

0.287
(7,30)

4-Pin
TO/SOT (DCY)
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

消费医疗

信号调节

18

血压计可采用Korotkoff音法、示波法(oscillometric)或脉搏传导时间法

(pulse-transit-time)来测量血压，同时，体温计可采用热电堆/热敏电阻

结合的方法测量温度。通常会采用运算放大器先调节此类信号，而后通

过接口输送至微控制器。

资源

• 运算放大器：www.ti.com/standardlinear
• 运算放大器选择指南(Operational Amplifiers Selection Guide) ： 

Lit. # SLYB115A

高级封装选项

（还可提供额外的封装类型）
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Blood pressure monitors can use the Korotkoff, oscillometric
or pulse-transit-time methods to measure blood pressure,
while a thermometer uses a thermopile/thermistor combina-
tion to measure temperature. It is common to use an op
amp to condition these types of signals before interfacing
them with the microcontroller.

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A

Advanced Package Options
(Additional packages may be available)

Signal Conditioning

Op Amp

LCD Display

LPV324

3.3 V3.0 V

Keypad

DC Motor
Power Management

Charge Pump
Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA

Suggested Devices
Device

Family Features Single Dual Quad
Low-voltage, RRO LMV321 LMV358 LMV324

Op Amps
CMOS, RRO, shutdown LMV341 LMV342 LMV344

Low-Power Low-voltage, low-power, RRO LPV321 LPV358 LPV324
Op Amps Ultra low-power, wide supply range — LP358 LP324

Low-voltage, low-power, RRO LMV821 LMV822 LMV824
Low-power, RRIO, high output-current, shutdown LMV710 — —

High-Speed
LMV711 — —

Op Amps
LMV715 — —

Low-noise, low-voltage, low-power, RRO LMV721 LMV722 —
1.8-V RRIO LMV931 LMV932 LMV934

Op Amps CMOS, RRO, shutdown TLV341 TLV342 TLV344

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)
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Blood pressure monitors can use the Korotkoff, oscillometric
or pulse-transit-time methods to measure blood pressure,
while a thermometer uses a thermopile/thermistor combina-
tion to measure temperature. It is common to use an op
amp to condition these types of signals before interfacing
them with the microcontroller.

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A

Advanced Package Options
(Additional packages may be available)

Signal Conditioning
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LCD Display
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Keypad

DC Motor
Power Management

Charge Pump
Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA

Suggested Devices
Device

Family Features Single Dual Quad
Low-voltage, RRO LMV321 LMV358 LMV324

Op Amps
CMOS, RRO, shutdown LMV341 LMV342 LMV344

Low-Power Low-voltage, low-power, RRO LPV321 LPV358 LPV324
Op Amps Ultra low-power, wide supply range — LP358 LP324

Low-voltage, low-power, RRO LMV821 LMV822 LMV824
Low-power, RRIO, high output-current, shutdown LMV710 — —

High-Speed
LMV711 — —

Op Amps
LMV715 — —

Low-noise, low-voltage, low-power, RRO LMV721 LMV722 —
1.8-V RRIO LMV931 LMV932 LMV934

Op Amps CMOS, RRO, shutdown TLV341 TLV342 TLV344

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)
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Blood pressure monitors can use the Korotkoff, oscillometric
or pulse-transit-time methods to measure blood pressure,
while a thermometer uses a thermopile/thermistor combina-
tion to measure temperature. It is common to use an op
amp to condition these types of signals before interfacing
them with the microcontroller.

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A

Advanced Package Options
(Additional packages may be available)

Signal Conditioning

Op Amp

LCD Display

LPV324

3.3 V3.0 V

Keypad

DC Motor
Power Management

Charge Pump
Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA

Suggested Devices
Device

Family Features Single Dual Quad
Low-voltage, RRO LMV321 LMV358 LMV324

Op Amps
CMOS, RRO, shutdown LMV341 LMV342 LMV344

Low-Power Low-voltage, low-power, RRO LPV321 LPV358 LPV324
Op Amps Ultra low-power, wide supply range — LP358 LP324

Low-voltage, low-power, RRO LMV821 LMV822 LMV824
Low-power, RRIO, high output-current, shutdown LMV710 — —

High-Speed
LMV711 — —

Op Amps
LMV715 — —

Low-noise, low-voltage, low-power, RRO LMV721 LMV722 —
1.8-V RRIO LMV931 LMV932 LMV934

Op Amps CMOS, RRO, shutdown TLV341 TLV342 TLV344

0.067
(1,70)

0.067
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5-/6-Pin
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德州仪器•模拟产品

微控制器通常缺少足够的可用GPIO端口（多用途输入/输出端口）来

控制所有需求的外设。而I2C总线扩展则能增加系统可用的GPIO端口数

量。PCA9536可扩展至4个GPIO端口，并通过8引脚的WCSP封装占用

最少的板载空间。

优势 应用

• 节省处理器引脚 • 键区控制

• 改善电路板路由 • LED 控制

• 减小板载空间 • 温度测量

资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C产品演示：www.ti.com.cn/casts
• I2C总线选择指南(I2C Bus Selection Guide)： Lit. # SSZC003A
• 应用手册：Lit. # SCPA032

消费医疗

I2C总线输入/输出扩展

19

推荐器件
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Often there are not enough GPIOs available on the micro-
controller to control all the desired peripherals. An I2C bus
expander can increase the number of GPIOs in the system.
The PCA9536 expands to four GPIOs while taking up minimal
board space with the 8-pin WCSP.

I2C Bus I/O Expansion

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing

Suggested Devices
Max Frequency I2C VCC Range Bit or Channel

Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit

Advanced Package Options
(Additional packages 
may be available)

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Op Amp

LCD Display

LPV324

3.3 V3.0 V

Keypad

DC Motor
Power Management

Charge Pump
Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA
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Often there are not enough GPIOs available on the micro-
controller to control all the desired peripherals. An I2C bus
expander can increase the number of GPIOs in the system.
The PCA9536 expands to four GPIOs while taking up minimal
board space with the 8-pin WCSP.

I2C Bus I/O Expansion

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing

Suggested Devices
Max Frequency I2C VCC Range Bit or Channel

Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit

Advanced Package Options
(Additional packages 
may be available)

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Op Amp

LCD Display

LPV324

3.3 V3.0 V

Keypad

DC Motor
Power Management

Charge Pump
Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA
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Often there are not enough GPIOs available on the micro-
controller to control all the desired peripherals. An I2C bus
expander can increase the number of GPIOs in the system.
The PCA9536 expands to four GPIOs while taking up minimal
board space with the 8-pin WCSP.

I2C Bus I/O Expansion

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing

Suggested Devices
Max Frequency I2C VCC Range Bit or Channel

Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit

Advanced Package Options
(Additional packages 
may be available)

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Op Amp

LCD Display

LPV324

3.3 V3.0 V

Keypad

DC Motor
Power Management

Charge Pump
Switching Regulator

Pressure Sensor
1.  Silicon Pressure
2.  Load Cell

Power Management
LDO Regulator

VREF
TLV431B 2.5 V

Microcontroller
with Integrated
14/24-Bit ADC
and LCD Driver

EEPROM

RS-232 I C Bus2Optional IrDA
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

消费医疗

电平转换

20

随着微控制器工作电平的下降，有可能产生外设器件与处理器之间的无

效性(void)，从而中断器件间的接口连接。TI的转换器可支持非兼容输

入/输出端口间的通信，其电平转换可介于1.2V、1.5V、1.8V、2.5V 以及

3.3V节点之间。

应用

• LCD 接口

• 拥有不同电源电压的接口器件

资源

• 电平转换：www.ti.com/translation
• 转换选择工具：www.ti.com.cn/translation
• 转换产品演示：www.ti.com.cn/casts
• 转换选择指南(Translation Selection Guide)：Lit. # SCYB018C
• 应用手册：Lit. # SCEA035

高级封装选项

（还可提供额外的封装类型）
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Suggested Devices
Max ICC Smallest Footprint

Device Description (µA) Pins/Packages
TXS0102 2-bit bidirectional voltage-level 14.4 8/WCSP

translator for open-drain applications
TXB0102 2-bit bidirectional voltage-level 8 8/WCSP

translator with auto direction sensing
SN74AUP1T97 Single-supply voltage translator 0.9 6/WCSP (NanoStar™)
SN74AUP1T98 Single-supply voltage translator 0.9 6/WCSP (NanoStar)
SN74AVC1T45* Single-bit dual-supply bus transceiver 20 6/WCSP (NanoStar)
SN74AVC2T45* Dual-bit dual-supply transceiver 20 8/WCSP (NanoStar)
SN74LVC1T45 Single-bit dual-supply bus transceiver 4 6/WCSP (NanoStar)
SN74LVC2T45 Dual-bit dual-supply transceiver 4 8/WCSP (NanoStar)

*Bus-hold option available.

As operating voltage levels in microcontrollers continue to
drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V and 3.3-V nodes.

Applications
• LCD interface

• Interface devices with different supply voltages

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Translation Product Cast: www.ti.com/casts
• Translation Selection Guide: Lit. # SCYB018C

• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Voltage-Level Translation

V ACC V BCCTXB010x
Level Translator

PeripheralProcessor

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)
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Suggested Devices
Max ICC Smallest Footprint

Device Description (µA) Pins/Packages
TXS0102 2-bit bidirectional voltage-level 14.4 8/WCSP

translator for open-drain applications
TXB0102 2-bit bidirectional voltage-level 8 8/WCSP

translator with auto direction sensing
SN74AUP1T97 Single-supply voltage translator 0.9 6/WCSP (NanoStar™)
SN74AUP1T98 Single-supply voltage translator 0.9 6/WCSP (NanoStar)
SN74AVC1T45* Single-bit dual-supply bus transceiver 20 6/WCSP (NanoStar)
SN74AVC2T45* Dual-bit dual-supply transceiver 20 8/WCSP (NanoStar)
SN74LVC1T45 Single-bit dual-supply bus transceiver 4 6/WCSP (NanoStar)
SN74LVC2T45 Dual-bit dual-supply transceiver 4 8/WCSP (NanoStar)

*Bus-hold option available.

As operating voltage levels in microcontrollers continue to
drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V and 3.3-V nodes.

Applications
• LCD interface

• Interface devices with different supply voltages

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Translation Product Cast: www.ti.com/casts
• Translation Selection Guide: Lit. # SCYB018C

• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Voltage-Level Translation

V ACC V BCCTXB010x
Level Translator

PeripheralProcessor

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)
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Suggested Devices
Max ICC Smallest Footprint

Device Description (µA) Pins/Packages
TXS0102 2-bit bidirectional voltage-level 14.4 8/WCSP

translator for open-drain applications
TXB0102 2-bit bidirectional voltage-level 8 8/WCSP

translator with auto direction sensing
SN74AUP1T97 Single-supply voltage translator 0.9 6/WCSP (NanoStar™)
SN74AUP1T98 Single-supply voltage translator 0.9 6/WCSP (NanoStar)
SN74AVC1T45* Single-bit dual-supply bus transceiver 20 6/WCSP (NanoStar)
SN74AVC2T45* Dual-bit dual-supply transceiver 20 8/WCSP (NanoStar)
SN74LVC1T45 Single-bit dual-supply bus transceiver 4 6/WCSP (NanoStar)
SN74LVC2T45 Dual-bit dual-supply transceiver 4 8/WCSP (NanoStar)

*Bus-hold option available.

As operating voltage levels in microcontrollers continue to
drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V and 3.3-V nodes.

Applications
• LCD interface

• Interface devices with different supply voltages

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Translation Product Cast: www.ti.com/casts
• Translation Selection Guide: Lit. # SCYB018C

• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Voltage-Level Translation

V ACC V BCCTXB010x
Level Translator

PeripheralProcessor

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)
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推荐器件

*可支持总线保持(Bus-hold)选项
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消费医疗

静电放电保护

21
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ESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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ESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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ESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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对于任意外部接口连接器的端口来说，静电放电的冲击一直是对器件可

靠性的威胁。许多低电压核心芯片或系统级的特定用途集成电路(ASIC)
提供了器件级的人体模型(HBM)静电放电保护，但无法应付系统级的静

电放电。一个卓越的静电放电解决方案应该是一个节省空间且经济高效

的解决方案，可保护系统的相互连接免受外部静电放电的冲击。

优点

• 针对高速应用的系统级静电放电保护：

– ±8kV IEC 61000-4-2，接触放电

– ±15kV IEC 61000-4-2，空气隙隔离放电 
• 输入/输出引脚电容小于1.5 pF
• 超低的1nA漏电流

• 工作电压范围：+0.9V至+5.5 V
• 空间节省型封装：DRY、DRL、DRS及RSF

利益

• 针对高速互连的系统级静电放电保护

• 低电容，适用于USB 2.0高速设备

• 超低的1nA漏电流，可支持精密的模拟测量，诸如血糖仪

• VCC引脚允许器件作为瞬变(transient)抑制器

资源

• 接口选择指南(Interface Selection Guide)：Lit. # SSZT009C

推荐器件

高级封装选项

计
算
领
域

 服
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www.BDTIC.com/TI
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德州仪器•模拟产品

手持设备

概述

22

• 电平转换                                     • 静电放电保护

• 音频信号路由                              • 键区控制

• I2C基带I/O扩展                           • 娱乐灯光显示

• 可配置小型逻辑器件                   • USB接口

手持设备对高端线性及逻辑器件的需求

• 尺寸

在进行PCB布板时，板上真正可用的空间是十分宝贵的。因此在

设计时，拥有小外形(small-scale)的封装是对线性及逻辑功能器

件的要求之一。而从WCSP到微小型QFN封装，直至业界标准的

SC-70及 SOT-23铅架封装，TI拥有业界最宽范围的小外形封装产

品组合。

• 功率

功耗对于便携式产品的设计是至关重要的。在增强功能的同时，

客户们还要求更长的电池寿命。TI的超低功耗(AUP)工艺比业界标

准的3.3V逻辑降低了91%的静态功耗及83%的动态功耗。
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Top Handset Applications for Linear and
Logic Devices

• Voltage-Level Translation • ESD Protection

• Audio Signal Routing • Keypad Control

• I2C Baseband I/O Expansion • Fun Light Display

• Configurable Little Logic • USB Interface

Top Linear and Logic Device Requirements 
for Handsets

• Size
Board real estate is at a premium on PCBs. Small-scale
packaging is a requirement for linear and logic functions
on the design. From WCSP and micro QFN packages to
the industry-standard SC-70 and SOT-23 leadframe
packages, TI offers the industry’s broadest portfolio of
small-scale packaging.

• Power
Power consumption is critical in handset designs.
Consumers require long battery life with increased
functionality. TI’s AUP technology requires 91% less
static power and 83% less dynamic power than
industry-standard 3.3-V logic.

Audio
Signal

Conditioning

Touch-Screen
Controller

Audio
Codec

Audio
Signal

Conditioning
and Routing

Camera
Control

Lens

Logic

WLAN RS-232 USB

JTAG

Fun Lights

Keypad

Bluetooth
Module

Dual-Supply
Level Shifter

Compact
Flash

Interface

Compact
Flash

Multimedia/
SD Card
Interface

Multimedia/
SD Card

LCD
Controller

IrDA
TI Solutions

RF Module

GPIO
Expander

Power
Supplies

Power
Control

Li-Ion
Battery

Charger
Input

Flash

TFT
Display

LED Driver

LED Driver

GPIO Expander

SDRAMLogic
Baseband

Chipset

Overview
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德州仪器•模拟产品

手持设备

电平转换

23

随着基带处理器工作电平的下降，有可能产生外设器件与处理器之间的

无效性(void)，从而中断器件间的接口连接。TI的转换器可支持非兼容

输入/输出端口间的通信，其电平转换可介于1.2V、1.5V、1.8V、2.5V 、
3.3V节点之间。

应用

• LCD接口

• SD闪存或SDIO接口

• 不同供电电压的接口器件

资源

• 电平转换：www.ti.com/translation
• 转换选择工具：www.ti.com.cn/translation
• 应用手册：Lit. # SCEA035

高级封装选项

（还可提供额外的封装类型）
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Voltage-Level Translation
As operating voltage levels in baseband processors continue
to drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V, 3.3-V and 5-V nodes.

Applications
• LCD interface

• SD memory or SDIO interface

• Interface devices with different supply voltages

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Bit VCC Range Pins/

Device Width (V) Description Packages*
TXB0101 1 1.2 to 3.6/1.65 to 5.5 Bidirectional 6/WCSP
TXS0102 2 1.65 to 3.6/2.3 to 5.5 Bidirectional for open-drain app. 8/WCSP
TXB0102 2 1.2 to 3.6/1.65 to 5.5 Bidirectional 8/WCSP
SN74AUP1T97 1 2.3 to 3.6 Single-supply 6/WCSP
SN74AUP1T98 1 2.3 to 3.6 Single-supply 6/WCSP
SN74AVC1T45† 1 1.2 to 3.6 Dual-supply bus transceiver 6/WCSP
SN74LVC1T45 1 1.65 to 5.5 Dual-supply bus transceiver 6/WCSP
SN74AVC2T45† 2 1.2 to 3.6 Dual-supply bus transceiver 8/WCSP
SN74LVC2T45 2 1.65 to 5.5 Dual-supply bus transceiver 8/WCSP
SN74AVCA406 — 1.4 to 3.6 MMC, SD card, Memory Stick,™ 48/BGA

SmartMedia, and XD-Picture card
SN74AVCA406L — 0.5 to 4.6 MMC, SD card, Memory Stick 20/BGA
CF4320H — 0.5 to 6.5 CompactFlash™ bus-interface chip 114/BGA

*Smallest footprint package shown.   †Bus-hold option available.

V ACC V BCCSN74AVCA406L
Level Translator

SD/SDIO
Card

Processor
DATA_A

4 4

CMD_A

CLK_A

DATA_B

CMD_B

CLK_B

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)
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Voltage-Level Translation
As operating voltage levels in baseband processors continue
to drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V, 3.3-V and 5-V nodes.

Applications
• LCD interface

• SD memory or SDIO interface

• Interface devices with different supply voltages

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Bit VCC Range Pins/

Device Width (V) Description Packages*
TXB0101 1 1.2 to 3.6/1.65 to 5.5 Bidirectional 6/WCSP
TXS0102 2 1.65 to 3.6/2.3 to 5.5 Bidirectional for open-drain app. 8/WCSP
TXB0102 2 1.2 to 3.6/1.65 to 5.5 Bidirectional 8/WCSP
SN74AUP1T97 1 2.3 to 3.6 Single-supply 6/WCSP
SN74AUP1T98 1 2.3 to 3.6 Single-supply 6/WCSP
SN74AVC1T45† 1 1.2 to 3.6 Dual-supply bus transceiver 6/WCSP
SN74LVC1T45 1 1.65 to 5.5 Dual-supply bus transceiver 6/WCSP
SN74AVC2T45† 2 1.2 to 3.6 Dual-supply bus transceiver 8/WCSP
SN74LVC2T45 2 1.65 to 5.5 Dual-supply bus transceiver 8/WCSP
SN74AVCA406 — 1.4 to 3.6 MMC, SD card, Memory Stick,™ 48/BGA

SmartMedia, and XD-Picture card
SN74AVCA406L — 0.5 to 4.6 MMC, SD card, Memory Stick 20/BGA
CF4320H — 0.5 to 6.5 CompactFlash™ bus-interface chip 114/BGA

*Smallest footprint package shown.   †Bus-hold option available.

V ACC V BCCSN74AVCA406L
Level Translator

SD/SDIO
Card

Processor
DATA_A

4 4

CMD_A

CLK_A

DATA_B

CMD_B

CLK_B

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)
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推荐器件

*所示为最小占面积的封装。 可支持总线保持 (Bus-hold) 选项
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Voltage-Level Translation
As operating voltage levels in baseband processors continue
to drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V, 3.3-V and 5-V nodes.

Applications
• LCD interface

• SD memory or SDIO interface

• Interface devices with different supply voltages

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Bit VCC Range Pins/

Device Width (V) Description Packages*
TXB0101 1 1.2 to 3.6/1.65 to 5.5 Bidirectional 6/WCSP
TXS0102 2 1.65 to 3.6/2.3 to 5.5 Bidirectional for open-drain app. 8/WCSP
TXB0102 2 1.2 to 3.6/1.65 to 5.5 Bidirectional 8/WCSP
SN74AUP1T97 1 2.3 to 3.6 Single-supply 6/WCSP
SN74AUP1T98 1 2.3 to 3.6 Single-supply 6/WCSP
SN74AVC1T45† 1 1.2 to 3.6 Dual-supply bus transceiver 6/WCSP
SN74LVC1T45 1 1.65 to 5.5 Dual-supply bus transceiver 6/WCSP
SN74AVC2T45† 2 1.2 to 3.6 Dual-supply bus transceiver 8/WCSP
SN74LVC2T45 2 1.65 to 5.5 Dual-supply bus transceiver 8/WCSP
SN74AVCA406 — 1.4 to 3.6 MMC, SD card, Memory Stick,™ 48/BGA

SmartMedia, and XD-Picture card
SN74AVCA406L — 0.5 to 4.6 MMC, SD card, Memory Stick 20/BGA
CF4320H — 0.5 to 6.5 CompactFlash™ bus-interface chip 114/BGA

*Smallest footprint package shown.   †Bus-hold option available.

V ACC V BCCSN74AVCA406L
Level Translator

SD/SDIO
Card

Processor
DATA_A

4 4

CMD_A

CLK_A

DATA_B

CMD_B

CLK_B

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

手持设备

音频信号路由

24

模拟开关最常见的应用之一就是路由信号。 此类操作可能将源自单一

来源的信号路由至多个不同目标，或将多个不同来源的信号路由至单一

目标。单刀双掷的模拟开关可用于任一情形。例如，开关可将音频功率

放大器的输出重新路由(reroute)至不同的扬声器。另一个常见应用是将

源自基带移动通信的音频放大器信号转换至另一音频功率放大器，以获

得更高功率的输出。

应用

• 解多路复用（DeMUX，也称信号分离型）内置/外置扬声器

• 多路复用音频功率放大器

• 低功耗路由（小于100mA）

• 放大器增益调节

资源

• 模拟开关： www.ti.com.cn/switches
• 模拟开关产品演示：www.ti.com.cn/casts
• 模拟开关选择指南 (Analog Switch Selection Guide)：Lit. # SLYB125

www.ti.com/analogswitchguide
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Audio Signal Routing
One of the most common applications for analog switches
is signal routing. This may be routing from one source to
multiple destinations or from several sources to a single
destination. A single-pole, double-throw analog switch can
be used for either situation. For example, the switch could
be used to reroute the output of the audio power amplifier
to two different speakers. Another common application is
switching from an audio amplifier in the baseband of a
mobile to an audio power amplifier for higher power output.

Applications
• DeMUX internal/external speakers

• MUX audio power amplifier

• Low-power routing (<100 mA)

• Amplifier gain adjustment

Resources
• Analog Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide

Suggested Devices
V+ ron Smallest Footprint

Device Configuration (V) (Ω) Pins/Packages
TS3A24157 2 x SPDT 1.65 to 3.6 0.65 10/QFN
TS3A24159 2 x SPDT 1.65 to 3.6 0.34 10/WCSP
TS5A3159A 1 x SPDT 1.65 to 5.5 0.9 6/WCSP
TS5A3166 1 x SPST 1.65 to 5.5 0.9 6/WCSP
TS5A23166 2 x SPST 1.65 to 5.5 0.9 6/WCSP
TS5A3153 1 x SPDT 1.65 to 5.5 0.9 8/WCSP
TS5A6542 1 x SPDT 1.65 to 5.5 0.75 8/WCSP
TS5A23159 2 x SPDT 1.65 to 5.5 0.9 10/QFN
TS5A26542 2 x SPDT 1.65 to 5.5 0.75 12/WCSP
TS5A3359 1 x SP3T 1.65 to 5.5 0.9 8/WCSP

External

Internal

16–32 Ω

8 Ω

TS5A3159A

Audio
Power
Amp

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)

Advanced Package Options
(Additional packages 
may be available)
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Audio Signal Routing
One of the most common applications for analog switches
is signal routing. This may be routing from one source to
multiple destinations or from several sources to a single
destination. A single-pole, double-throw analog switch can
be used for either situation. For example, the switch could
be used to reroute the output of the audio power amplifier
to two different speakers. Another common application is
switching from an audio amplifier in the baseband of a
mobile to an audio power amplifier for higher power output.

Applications
• DeMUX internal/external speakers

• MUX audio power amplifier

• Low-power routing (<100 mA)

• Amplifier gain adjustment

Resources
• Analog Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide

Suggested Devices
V+ ron Smallest Footprint

Device Configuration (V) (Ω) Pins/Packages
TS3A24157 2 x SPDT 1.65 to 3.6 0.65 10/QFN
TS3A24159 2 x SPDT 1.65 to 3.6 0.34 10/WCSP
TS5A3159A 1 x SPDT 1.65 to 5.5 0.9 6/WCSP
TS5A3166 1 x SPST 1.65 to 5.5 0.9 6/WCSP
TS5A23166 2 x SPST 1.65 to 5.5 0.9 6/WCSP
TS5A3153 1 x SPDT 1.65 to 5.5 0.9 8/WCSP
TS5A6542 1 x SPDT 1.65 to 5.5 0.75 8/WCSP
TS5A23159 2 x SPDT 1.65 to 5.5 0.9 10/QFN
TS5A26542 2 x SPDT 1.65 to 5.5 0.75 12/WCSP
TS5A3359 1 x SP3T 1.65 to 5.5 0.9 8/WCSP

External

Internal

16–32 Ω

8 Ω

TS5A3159A

Audio
Power
Amp

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)

Advanced Package Options
(Additional packages 
may be available)
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Audio Signal Routing
One of the most common applications for analog switches
is signal routing. This may be routing from one source to
multiple destinations or from several sources to a single
destination. A single-pole, double-throw analog switch can
be used for either situation. For example, the switch could
be used to reroute the output of the audio power amplifier
to two different speakers. Another common application is
switching from an audio amplifier in the baseband of a
mobile to an audio power amplifier for higher power output.

Applications
• DeMUX internal/external speakers

• MUX audio power amplifier

• Low-power routing (<100 mA)

• Amplifier gain adjustment

Resources
• Analog Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide

Suggested Devices
V+ ron Smallest Footprint

Device Configuration (V) (Ω) Pins/Packages
TS3A24157 2 x SPDT 1.65 to 3.6 0.65 10/QFN
TS3A24159 2 x SPDT 1.65 to 3.6 0.34 10/WCSP
TS5A3159A 1 x SPDT 1.65 to 5.5 0.9 6/WCSP
TS5A3166 1 x SPST 1.65 to 5.5 0.9 6/WCSP
TS5A23166 2 x SPST 1.65 to 5.5 0.9 6/WCSP
TS5A3153 1 x SPDT 1.65 to 5.5 0.9 8/WCSP
TS5A6542 1 x SPDT 1.65 to 5.5 0.75 8/WCSP
TS5A23159 2 x SPDT 1.65 to 5.5 0.9 10/QFN
TS5A26542 2 x SPDT 1.65 to 5.5 0.75 12/WCSP
TS5A3359 1 x SP3T 1.65 to 5.5 0.9 8/WCSP

External

Internal

16–32 Ω

8 Ω

TS5A3159A

Audio
Power
Amp

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)

Advanced Package Options
(Additional packages 
may be available)
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高级封装选项

（还可提供额外

   的封装类型）

计
算
领
域

 服
务
器

/存
储

消
费
医
疗

手
持
设
备

www.BDTIC.com/TI
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德州仪器•模拟产品
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I2C Baseband I/O Expansion
As more features and processing requirements are added
to applications such as LED control and camera interfaces in
handsets, the limited number of GPIOs on microprocessors
is becoming restricting. By implementing I2C I/O expanders
from TI, designers can use the GPIOs for important functions
and use the I/O expanders for other duties like temperature
sensing and keypad communications.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O expander with 1.65 to 5.5 20/BGA

interrupt output, reset, and configuration registers
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 16/QFN

with reset and configuration registers
PCA9539 Remote 16-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 24/QFN

with interrupt output and configuration registers

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing

ADDR

P7

P6

P5

P3

P2
P1

P4GND

INT
SDA
SCL

TCA6408

SDA
SCL

INT

GND

Keypad

A

B

Enable

Master
Controller

5

6

7
9

10

11

12

14

15

13

2

8

161

RESET
3

RESET

V
(1.8 V)

CCI

VCC VCCP
10 k
(x 4)

Ω

P0 Alarm
4

100 k (x 3)Ω

VCCPVCCI

VCCI
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随着越来越多的特性及处理需求被添加到手持设备的应用中，诸如LED
控制及相机接口，微处理器中为数不多的GPIO（多用途输入输出）端

口也将更受限制。通过使用TI的I2C输入/输出扩展器，设计者可将GPIO
端口用于重要的功能，并采用输入输出扩展器实现其他功能，诸如温度

感应及键区通信。

优势

• 节省处理器引脚

• 改善电路板路由

• 减小板载空间

资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C产品演示：www.ti.com.cn/casts
• I2C总线选择指南(I2C Bus Selection Guide) ：Lit. # SSZC003A
• 应用手册：Lit. # SCPA032

高级封装选项

（还可提供额外的封装类型）

应用

• 键区控制

• LED 控制

• 温度测量

手持设备

I2C 基带输入/输出扩展

25
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I2C Baseband I/O Expansion
As more features and processing requirements are added
to applications such as LED control and camera interfaces in
handsets, the limited number of GPIOs on microprocessors
is becoming restricting. By implementing I2C I/O expanders
from TI, designers can use the GPIOs for important functions
and use the I/O expanders for other duties like temperature
sensing and keypad communications.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O expander with 1.65 to 5.5 20/BGA

interrupt output, reset, and configuration registers
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 16/QFN

with reset and configuration registers
PCA9539 Remote 16-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 24/QFN

with interrupt output and configuration registers

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing

ADDR

P7

P6

P5

P3

P2
P1

P4GND

INT
SDA
SCL

TCA6408

SDA
SCL

INT

GND

Keypad

A

B

Enable

Master
Controller

5

6

7
9

10

11

12

14

15

13

2

8

161

RESET
3

RESET

V
(1.8 V)

CCI

VCC VCCP
10 k
(x 4)

Ω

P0 Alarm
4

100 k (x 3)Ω

VCCPVCCI

VCCI
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I2C Baseband I/O Expansion
As more features and processing requirements are added
to applications such as LED control and camera interfaces in
handsets, the limited number of GPIOs on microprocessors
is becoming restricting. By implementing I2C I/O expanders
from TI, designers can use the GPIOs for important functions
and use the I/O expanders for other duties like temperature
sensing and keypad communications.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O expander with 1.65 to 5.5 20/BGA

interrupt output, reset, and configuration registers
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 16/QFN

with reset and configuration registers
PCA9539 Remote 16-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 24/QFN

with interrupt output and configuration registers

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing

ADDR

P7

P6

P5

P3

P2
P1

P4GND

INT
SDA
SCL

TCA6408

SDA
SCL

INT

GND

Keypad

A

B

Enable

Master
Controller

5

6

7
9

10

11

12

14

15

13

2

8

161

RESET
3

RESET

V
(1.8 V)

CCI

VCC VCCP
10 k
(x 4)

Ω

P0 Alarm
4

100 k (x 3)Ω

VCCPVCCI

VCCI
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Configurable Little Logic
Little Logic devices are needed on handsets to implement
simple logic functions, signal conditioning or bug fixing. With
TI’s configurable Little Logic devices, a single device can be
configured to perform up to nine different logic functions.
This reduces costs since a single device, rather than multiple
logic parts, needs to be qualified, sourced and inventoried.

Advantages
• Improved board routing

• Reduced board space

• Lower inventory costs

Resources
• Little Logic: www.ti.com/littlelogic
• Configurable Little Logic Product Clip: Lit. # SCYB010A

• Application Note: Lit. # SCPA010

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
SN74AUP1G97 Low-power configurable multiple-function gate 0.8 to 3.6 6/WCSP
SN74AUP1G98 Low-power configurable multiple-function gate 0.8 to 3.6 6/WCSP
SN74AUP1G99 Low-power ultra-configurable multiple-function 0.8 to 3.6 8/WCSP

gate with 3-state outputs
SN74AUP1T97 Single-supply voltage-level translator with nine 

configurable gate logic functions 2.3 to 3.6 6/WCSP
SN74AUP1T98 Single-supply voltage-level translator with nine 

configurable gate logic functions 2.3 to 3.6 6/WCSP

GND

Inverter (04/14) + AND (08) 1G97/98

VCC

GND

Y

A

B

GND

VCC

A

B Y

Board-Space Reduction

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

Applications
• Bug fixes

• Voltage translation

• Logic implementation

Board-Space Reduction

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)
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手持设备

可配置小逻辑器件

26

小逻辑器件(Little Logic device)被用于各种手持设备中以实现简单的逻

辑功能、信号调节或错误修正 (bug fixing)。TI的可配置小逻辑器件在单

个器件上最多可实现9个不同的逻辑功能。较之多个逻辑部件的设计，

单个器件降低了在认证、产品来源及存量上的要求，从而降低了成本。

优势

• 改善电路板路由

• 减小板载空间

• 降低了存货成本 

资源

• 小逻辑：www.ti.com/littlelogic
• 可配置小逻辑产品说明： Lit. # SCYB010A
• 应用手册： Lit. # SCPA010

高级封装选项

（还可提供额外的封装类型）

应用

• 错误修正

• 电压转换

• 逻辑功能实现

板载空间缩减
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Configurable Little Logic
Little Logic devices are needed on handsets to implement
simple logic functions, signal conditioning or bug fixing. With
TI’s configurable Little Logic devices, a single device can be
configured to perform up to nine different logic functions.
This reduces costs since a single device, rather than multiple
logic parts, needs to be qualified, sourced and inventoried.

Advantages
• Improved board routing

• Reduced board space

• Lower inventory costs

Resources
• Little Logic: www.ti.com/littlelogic
• Configurable Little Logic Product Clip: Lit. # SCYB010A

• Application Note: Lit. # SCPA010

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
SN74AUP1G97 Low-power configurable multiple-function gate 0.8 to 3.6 6/WCSP
SN74AUP1G98 Low-power configurable multiple-function gate 0.8 to 3.6 6/WCSP
SN74AUP1G99 Low-power ultra-configurable multiple-function 0.8 to 3.6 8/WCSP

gate with 3-state outputs
SN74AUP1T97 Single-supply voltage-level translator with nine 

configurable gate logic functions 2.3 to 3.6 6/WCSP
SN74AUP1T98 Single-supply voltage-level translator with nine 

configurable gate logic functions 2.3 to 3.6 6/WCSP

GND

Inverter (04/14) + AND (08) 1G97/98

VCC

GND

Y

A

B

GND

VCC

A

B Y

Board-Space Reduction

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

Applications
• Bug fixes

• Voltage translation

• Logic implementation

Board-Space Reduction

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)
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Configurable Little Logic
Little Logic devices are needed on handsets to implement
simple logic functions, signal conditioning or bug fixing. With
TI’s configurable Little Logic devices, a single device can be
configured to perform up to nine different logic functions.
This reduces costs since a single device, rather than multiple
logic parts, needs to be qualified, sourced and inventoried.

Advantages
• Improved board routing

• Reduced board space

• Lower inventory costs

Resources
• Little Logic: www.ti.com/littlelogic
• Configurable Little Logic Product Clip: Lit. # SCYB010A

• Application Note: Lit. # SCPA010

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
SN74AUP1G97 Low-power configurable multiple-function gate 0.8 to 3.6 6/WCSP
SN74AUP1G98 Low-power configurable multiple-function gate 0.8 to 3.6 6/WCSP
SN74AUP1G99 Low-power ultra-configurable multiple-function 0.8 to 3.6 8/WCSP

gate with 3-state outputs
SN74AUP1T97 Single-supply voltage-level translator with nine 

configurable gate logic functions 2.3 to 3.6 6/WCSP
SN74AUP1T98 Single-supply voltage-level translator with nine 

configurable gate logic functions 2.3 to 3.6 6/WCSP

GND

Inverter (04/14) + AND (08) 1G97/98

VCC

GND

Y

A

B

GND

VCC

A

B Y

Board-Space Reduction

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

Applications
• Bug fixes

• Voltage translation

• Logic implementation

Board-Space Reduction

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)
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静电放电保护

27

对于任意外部接口连接器的端口来说，静电放电的冲击一直是对器件可

靠性的威胁。许多低电压核心芯片或系统级的特定用途集成电路(ASIC)
提供了器件级的人体模型(HBM)静电放电保护，但无法应付系统级的静

电放电。一个卓越的静电放电解决方案应该是一个节省空间且经济高效

的解决方案，可保护系统的相互连接免受外部静电放电的冲击。

优点

• 针对高速应用的系统级静电放电保护：

– ±8kV IEC 61000-4-2，接触放电

– ±15kV IEC 61000-4-2，空气隙隔离放电 
• 输入/输出引脚电容小于1.5 pF
• 超低的1nA漏电流

• 工作电压范围：+0.9V至+5.5 V
• 空间节省型封装：DRY、DRL、DRS及RSF

利益

• 针对高速互连的系统级静电放电保护

• 低电容，适用于USB 2.0高速设备

• 超低的1nA漏电流，可支持精密的模拟测量，诸如血糖仪

• VCC引脚允许器件作为瞬变(transient)抑制器

资源

• 接口选择指南(Interface Selection Guide) ：Lit. # SSZT009C

推荐器件

高级封装选项

Linear and Logic 5-Minute Guide Handsets
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ESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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ESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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ESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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键区控制

28

键区控制是I2C输入/输出扩展器的新应用领域之一。对于诸如PDA电话

的终端应用来说，I2C输入/输出扩展器极为有用，因为应用中有可能需

要不止一个键区控制器。例如，某些PDA电话包括了一个软件键区及一

个硬件键区。此时，处理器可支持其中一个键区，而另一个键区可通过

I2C I/O扩展器实现控制，如TCA6408。TCA6408还可用于解决便携式

医疗设备中微控制器在多任务下过载的问题。此时，键区功能可转移至

I2C输入/输出扩展器负责，从而可支持若干个应用中所需的按键。

优点

• 工作电源电压范围为：1.65V至5.5 V

• 允许下列情况之间的双向电平转换及GPIO扩展：

– 1.8V SCL/SDA 与1.8V、2.5V、3.3V或5V P端口

– 2.5V SCL/SDA 与1.8V、2.5V、3.3V或5V P端口

– 3.3V SCL/SDA 与1.8V、2.5V、3.3V或5V P端口

– 5V SCL/SDA 与1.8V、2.5V、3.3V或5V P端口

• I2C至并行端口的扩展

• 低待机电流消耗：1μA

资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C总线选择指南(I2C Bus Selection Guide) ： Lit. # SSZC003A
• I2C产品演示：www.ti.com.cn/casts

推荐器件
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Keypad Control

Keypad control is one of the new application areas for I2C
I/O expanders. It is useful in end applications like PDA
phones that may need more than one keypad controller. For
example, some PDA phones include a software keypad and
a hardware keypad. In these cases, the processor can sup-
port one keypad and the second keypad can be controlled
by an I2C I/O expander like the TCA6408. The TCA6408 can
also be used in portable medical devices where the micro-
controller is overloaded with several tasks. Here, the keypad
function can be transferred to the I2C I/O expander, which
can then support the few keys required in this application.

Advantages
• Operating power-supply voltage range of 1.65 to 5.5 V

• Allows bidirectional voltage-level translation and GPIO
expansion between:

– 1.8-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

– 2.5-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

– 3.3-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

– 5-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

• I2C to parallel port expander

• Low standby current consumption of 1 µA

Rows
(or Inputs)

Columns
(or Outputs)

4 x 4 Keypad

Pressed Key

Active Lines When
Key is Pressed

VCCI
(1.8 V)

Row 0

Row 2

Row 1

Row 3

Col 0

Col 2

Col 1

Col 3

PO

P1

P2

P3

P4

P5

P6

P7 ADDR

SCL

SDA

VCCI

INT

RESET

VCCP

GND

TCA6408

Processor

VCC

Suggested Device
VCC Range Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage, 8-bit I2C and SMBus 1.65 to 5.5 20/BGA

I/O expander

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Bus Selection Guide: Lit. # SSZC003A

• I2C Product Casts: www.ti.com/casts
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Keypad Control

Keypad control is one of the new application areas for I2C
I/O expanders. It is useful in end applications like PDA
phones that may need more than one keypad controller. For
example, some PDA phones include a software keypad and
a hardware keypad. In these cases, the processor can sup-
port one keypad and the second keypad can be controlled
by an I2C I/O expander like the TCA6408. The TCA6408 can
also be used in portable medical devices where the micro-
controller is overloaded with several tasks. Here, the keypad
function can be transferred to the I2C I/O expander, which
can then support the few keys required in this application.

Advantages
• Operating power-supply voltage range of 1.65 to 5.5 V

• Allows bidirectional voltage-level translation and GPIO
expansion between:

– 1.8-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

– 2.5-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

– 3.3-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

– 5-V SCL/SDA and 1.8-, 2.5-, 3.3- or 5-V P port

• I2C to parallel port expander

• Low standby current consumption of 1 µA

Rows
(or Inputs)

Columns
(or Outputs)

4 x 4 Keypad

Pressed Key

Active Lines When
Key is Pressed

VCCI
(1.8 V)

Row 0

Row 2

Row 1

Row 3

Col 0

Col 2

Col 1

Col 3

PO

P1

P2

P3

P4

P5

P6

P7 ADDR

SCL

SDA

VCCI

INT

RESET

VCCP

GND

TCA6408

Processor

VCC

Suggested Device
VCC Range Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage, 8-bit I2C and SMBus 1.65 to 5.5 20/BGA

I/O expander

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Bus Selection Guide: Lit. # SSZC003A

• I2C Product Casts: www.ti.com/casts
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

手持设备

娱乐灯光显示

29

TCA6507是7位LED明暗调节器，适用于双线式的双向(I2C)总线，设计

通过I2C接口（串行时钟[SCL]/串行数据[SDA]）控制LED（或调节其明

暗）。在缺少该器件之时，处理器或微控制器必须不厌其烦得调节LED
的通与断（以每一所需的明暗速率），从而消耗了宝贵的处理时间，加

剧了I2C总线的超载。TCA6507通过限定了使LED闪烁时处理器所需的

操作数量来解决此问题，从而有助于建立更为高效的系统。

优点

• 7位LED驱动器，可实现可编程速率的导通(on)、关断(off)、闪烁

(blinking)、明暗变化(fading)信号输出

• 支持同步亮度控制及闪烁模式

• 漏极开路输出直接驱动LED至40mA最大值

• 可配置为两个独立的LED驱动器组

• 范围宽阔的可编程闪烁速率、变亮及变暗速率、最大亮度

• 带脉冲宽度调制(PWM)的LED亮度设定

• 输出端不作为LED驱动器时，可用作多用途漏极开路输出

• 从全关断(off)到全导通(on)的最大16级的亮度控制

• 256级的变亮或变暗灰度级，以实现可感知的流畅过渡

• 工作电源电压范围为：1.65V至3.6V

Linear and Logic 5-Minute Guide Handsets
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Fun Light Display
The TCA6507 is a 7-bit LED dimmer for the two-line bidirec-
tional (I2C) bus designed to control (or dim) LEDs via the I2C
interface (serial clock [SCL]/serial data [SDA]). Without this
device, the microprocessor or microcontroller must be actively
involved in turning on and off the LEDs (per the required dim-
ming rate), which uses valuable processor time and overloads
the I2C bus. The TCA6507 alleviates this issue by limiting
the number of operations the processor requires to blink
the LEDs, thus helping to create a more efficient system.

Advantages
• 7 LED driver outputs with on, off, blinking, and fading

at programmable rates

• Supports simultaneous brightness control and blink modes

• Open-drain outputs that directly drive LEDs to 40 mA max

• Configurable into two independent banks of LED drivers

• Widely programmable blink rates, fade-on and fade-off
rates and maximum intensity

• LED intensity set with pulse-width modulation (PWM)

• Outputs not used as LED drivers can be used as general-
purpose open-drain outputs

• 16 steps of maximum intensity control from fully off to
fully on states

• 256 intensity levels during fade on or fade off for 
perceived smooth transition

• Operating power-supply voltage range of 1.65 to 3.6 V

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Bus Selection Guide: Lit. # SSZC003A

• I2C Product Casts: www.ti.com/casts

TCA6507

COUT

VBAT

CIN
P

P

PP

Li-Ion

L

Flash
Synchronization

Camera Engine

Voltage Mode Enable
Baseband Engine

10 µF
2.2 µH

D0

D1

D2

I2C
Interface

1.8 V

TPS61052
VOUT

PGND

LED

ENVM

PGND

SW

SW

AVIN

AGND

SCL
SDA

FLASH_SYNC

VCC

SCL

P0

P1

P6

P5

P4

P3

P2

SDA

EN

GND

I2C Interface

D3

D4

D5

D6

Suggested Device
VCC Range Smallest Footprint

Device Description (V) Pins/Packages
TCA6507 Low-voltage, 7-bit I2C and SMBus LED 1.65 to 3.6 12/RUE

driver with intensity control and shutdown
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Fun Light Display
The TCA6507 is a 7-bit LED dimmer for the two-line bidirec-
tional (I2C) bus designed to control (or dim) LEDs via the I2C
interface (serial clock [SCL]/serial data [SDA]). Without this
device, the microprocessor or microcontroller must be actively
involved in turning on and off the LEDs (per the required dim-
ming rate), which uses valuable processor time and overloads
the I2C bus. The TCA6507 alleviates this issue by limiting
the number of operations the processor requires to blink
the LEDs, thus helping to create a more efficient system.

Advantages
• 7 LED driver outputs with on, off, blinking, and fading

at programmable rates

• Supports simultaneous brightness control and blink modes

• Open-drain outputs that directly drive LEDs to 40 mA max

• Configurable into two independent banks of LED drivers

• Widely programmable blink rates, fade-on and fade-off
rates and maximum intensity

• LED intensity set with pulse-width modulation (PWM)

• Outputs not used as LED drivers can be used as general-
purpose open-drain outputs

• 16 steps of maximum intensity control from fully off to
fully on states

• 256 intensity levels during fade on or fade off for 
perceived smooth transition

• Operating power-supply voltage range of 1.65 to 3.6 V

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Bus Selection Guide: Lit. # SSZC003A

• I2C Product Casts: www.ti.com/casts

TCA6507

COUT

VBAT

CIN
P

P

PP

Li-Ion

L

Flash
Synchronization

Camera Engine

Voltage Mode Enable
Baseband Engine

10 µF
2.2 µH

D0

D1

D2

I2C
Interface

1.8 V

TPS61052
VOUT

PGND

LED

ENVM

PGND

SW

SW

AVIN

AGND

SCL
SDA

FLASH_SYNC

VCC

SCL

P0

P1

P6

P5

P4

P3

P2

SDA

EN

GND

I2C Interface

D3

D4

D5

D6

Suggested Device
VCC Range Smallest Footprint

Device Description (V) Pins/Packages
TCA6507 Low-voltage, 7-bit I2C and SMBus LED 1.65 to 3.6 12/RUE

driver with intensity control and shutdown
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资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C总线选择指南(I2C Bus Selection Guide) ： Lit. # SSZC003A
• I2C产品演示：www.ti.com.cn/casts
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

手持设备

SB接口

30

众多手持设备都提供了USB接口，以实现电池充电及连接下载多媒体文

件，诸如MP3、MPEG等。TI提供了宽泛的USB外设IC产品组合，包括

了多路复用器及收发机。

优点

• 宽VCC 范围（3.0V至4.3 V）

• 兼容1.8V的控制引脚输入

• IOFF支持局部掉电模式下的运转，以降低功耗

• 低插入损失(insertion losses)：ron = 10Ω 最大值

• 大带宽，支持USB 2.0 (480 Mbps)：

– TS3USB30：> 950 MHz
– TS3USB31：>1.2 GHz

• 低功耗（1μA最大值）

• 超小型封装选项：RSW-10 (1.8 x 1.4)及RSE-8 (1.5 x 1.5) QFN封装

资源

接口：www.ti.com.cn/interface
接口选择指南(Interface Selection Guide) ：Lit. # SSZT009C

推荐器件
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USB Interface
Many handsets offer the USB interface for battery charging
as well as for connectivity to download multimedia files
such as MP3, MPEG, etc. TI offers a broad portfolio of USB
peripheral ICs, including multiplexers and transceivers.

Advantages
• Wide VCC range (3.0 to 4.3 V)

• 1.8-V-compatible control-pin inputs

• IOFF supports operation in partial power-down mode to
conserve power

• Low insertion losses (ron = 10 Ω max)

• High bandwidth supports USB 2.0 (480 Mbps):

– TS3USB30: > 950 MHz

– TS3USB31: >1.2 GHz

• Low power consumption (1 µA max)

• Ultrasmall packaging options: RSW-10 (1.8 x 1.4) and
RSE-8 (1.5 x 1.5) QFN

Resources
Interface: www.ti.com/interface
Interface Selection Guide: Lit. # SSZT009C

TS3USB30
USB 2.0

High-Speed
Controller

USB 2.0
High-Speed
Controller

1.8-V GPIO

Ultralow-Voltage
Control Signal

Suggested Devices
Speed Voltage Single-Ended Smallest Footprint

Device Description (Mbps) (V) Input Pins/Packages
TS3USB221 1:2 USB MUX/DeMUX 480 2.5 to 3.3 Yes 10/QFN (RSE)
TS3USB30 1:2 USB MUX/DeMUX 480 3 to 4.3 Yes 10/QFN (RSW)
TS3USB31 1-port switch 480 3 to 4.3 Yes 10/QFN (RSE)
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USB Interface
Many handsets offer the USB interface for battery charging
as well as for connectivity to download multimedia files
such as MP3, MPEG, etc. TI offers a broad portfolio of USB
peripheral ICs, including multiplexers and transceivers.

Advantages
• Wide VCC range (3.0 to 4.3 V)

• 1.8-V-compatible control-pin inputs

• IOFF supports operation in partial power-down mode to
conserve power

• Low insertion losses (ron = 10 Ω max)

• High bandwidth supports USB 2.0 (480 Mbps):

– TS3USB30: > 950 MHz

– TS3USB31: >1.2 GHz

• Low power consumption (1 µA max)

• Ultrasmall packaging options: RSW-10 (1.8 x 1.4) and
RSE-8 (1.5 x 1.5) QFN

Resources
Interface: www.ti.com/interface
Interface Selection Guide: Lit. # SSZT009C

TS3USB30
USB 2.0

High-Speed
Controller

USB 2.0
High-Speed
Controller

1.8-V GPIO

Ultralow-Voltage
Control Signal

Suggested Devices
Speed Voltage Single-Ended Smallest Footprint

Device Description (Mbps) (V) Input Pins/Packages
TS3USB221 1:2 USB MUX/DeMUX 480 2.5 to 3.3 Yes 10/QFN (RSE)
TS3USB30 1:2 USB MUX/DeMUX 480 3 to 4.3 Yes 10/QFN (RSW)
TS3USB31 1-port switch 480 3 to 4.3 Yes 10/QFN (RSE)
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

工业自动化

概述

31

线性及逻辑器件的高端工业自动化应用

• 接口—RS-232、USB、RS-485/422
• 继电器及电机控制

• 保持及控制：I2C 输入/输出 (I/O) 扩展

• 信号调节

工业自动化对高端线性及逻辑器件的需求

• 强健的设计

过高的静电放电(ESD)、过高的噪声电平以及温度使得工业环境更

为苛刻和严格。TI 提供了宽泛的，带增强型系统级静电放电保护

以及更佳噪声消除的产品系列。此外，我们的许多标准产品还可

支持高达125°C 的扩展温度范围。

• 可靠的支持

工业应用的典型生命周期都比较长，而TI则拥有市面最优的产品废

弃策略之一。

Linear and Logic 5-Minute Guide Industrial Automation
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Top Industrial Automation Applications for 
Linear and Logic Devices

• Interface—RS-232, USB, RS-485/422

• Relay and Motor Control

• Maintenance and Control: I2C I/O Expansion

• Signal Conditioning

Top Linear and Logic Device Requirements for 
Industrial Automation

• Robust Design
Higher ESD exposure and higher noise levels and tem-
peratures make the industrial environment harsher and
less forgiving. TI offers a wide array of products with
enhanced system-level ESD protection and better noise
immunity. In addition, many of our standard products
offer an extended temperature range of up to 125°C.

• Reliable Supply
The typical lifetime for industrial applications is very
long, and TI has one of the best product obsolescence
policies in the market.

Overview

Control Data

Red

Status

Control

Nonvolatile
Memory

Power
Supply

9 to 36
VDC

Interface: RS-232/
485/USB/EthernetReal Time Clock

SD
Memory
Socket

Green

14-Bit
ADC

Microcontroller

Scan
List

Interface
Code

SD
Code

Sample
Rate

Clock
Sample
Buffer

MUX

Industrial Data Acquisition
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

工业自动化

接口—RS-232、USB、RS-485/422

32

RS-232：TIA/EIA-232提供了一个可用于数据终端设备(DTE)以及数据

通信设备(DCE)之间的单端接口。 
USB：TUSB1105/6以及TUSB2551提供了一个模拟USB接口，拥有灵

活的电平转换以及系统级的静电放电保护。

RS-485/422： TI强健的TIA/EIA-485/422兼容型器件专为苛刻的工

业环境而设计，可支持高达50Mbps的差分信号传输，传输距离可达

1.2km。

优势

• 系统级的静电放电保护

• 无铅 (NiPdAu Pb-Free) 解决方案提供了无晶须 (whisker-free) 的可

靠封装

• 空间节省型的QFN封装选项

资源

• 接口：www.ti.com.cn/interface
• RS-232产品演示：www.ti.com.cn/casts
• 接口选择指南 (Interface Selection Guide)： Lit. # SSZT009C

高级封装选项

其工艺可支持多种不同的封装选项。
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RS-232: The TIA/EIA-232 devices provide a single-ended
interface between data terminal equipment (DTE) and data
communication equipment (DCE).

USB: The TUSB1105/6 and TUSB2551 provide an analog
USB interface along with flexible voltage-level translation
and system-level ESD protection.

RS-485/422: TI’s robust TIA/EIA-485/422-compliant devices
are specially designed for harsh industrial environments that
can require differential signal transmission at up to 50 Mbps
or as far as 1.2 km.

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Interface—RS-232, USB, RS-485/422

Suggested Devices
Type Tx/Rx Device (Speed)

1/1 TRSF3221E (1 Mbps)
TRSF3222E (1 Mbps) TRSF3223E (1 Mbps)

RS-232
2/2

TRSF3232E (1 Mbps)
3/2 TRS3386E (250 kbps)
3/5 TRS3243E (500 kbps)
1/1 SN65ALS176/A/B (35 Mbps)
2/2 TRSF1167 (10 Mbps) TRSF1168 (10 Mbps)

RS-485
0/4 AM26LS32A (10 Mbps) AM26LV32 (10 Mbps)
4/0 AM26LV31 (10 Mbps) SN75ALS192 (20 Mbps)

USB 2.0 1/1 TUSB1105/6* and TUSB2551* (Full and low speed)
*Preview

Microcontroller

VCC

VCC(I/O)

1.65 to
3.6 V 3.3 V0.1 µF

0.1 µF

1.5 kΩ

V = 5 VBus

33 Ω

33 Ω

USB
Connector

TUSB1105/6

V

V

V

D

D

reg(3.3)

CC(5.0)

pu(3.3)

+

–

OE
SPEED
SOFTCON
SUSPND
MODE

RCV
VMO/FSE0
VPO/VO
VP
VM
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RS-232: The TIA/EIA-232 devices provide a single-ended
interface between data terminal equipment (DTE) and data
communication equipment (DCE).

USB: The TUSB1105/6 and TUSB2551 provide an analog
USB interface along with flexible voltage-level translation
and system-level ESD protection.

RS-485/422: TI’s robust TIA/EIA-485/422-compliant devices
are specially designed for harsh industrial environments that
can require differential signal transmission at up to 50 Mbps
or as far as 1.2 km.

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Interface—RS-232, USB, RS-485/422

Suggested Devices
Type Tx/Rx Device (Speed)

1/1 TRSF3221E (1 Mbps)
TRSF3222E (1 Mbps) TRSF3223E (1 Mbps)

RS-232
2/2

TRSF3232E (1 Mbps)
3/2 TRS3386E (250 kbps)
3/5 TRS3243E (500 kbps)
1/1 SN65ALS176/A/B (35 Mbps)
2/2 TRSF1167 (10 Mbps) TRSF1168 (10 Mbps)

RS-485
0/4 AM26LS32A (10 Mbps) AM26LV32 (10 Mbps)
4/0 AM26LV31 (10 Mbps) SN75ALS192 (20 Mbps)

USB 2.0 1/1 TUSB1105/6* and TUSB2551* (Full and low speed)
*Preview

Microcontroller

VCC

VCC(I/O)

1.65 to
3.6 V 3.3 V0.1 µF

0.1 µF

1.5 kΩ

V = 5 VBus

33 Ω

33 Ω

USB
Connector

TUSB1105/6

V

V

V

D

D

reg(3.3)

CC(5.0)

pu(3.3)

+

–

OE
SPEED
SOFTCON
SUSPND
MODE

RCV
VMO/FSE0
VPO/VO
VP
VM
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德州仪器•模拟产品

工业自动化

继电器及电机控制

33

TI的TPL920x系列器件可理想的应用于使用单个微控制器的系统，以驱

动继电器、发光二极管(LED)、步进电机、螺线管(solenoid)、金属氧化

物半导体场效应晶体管(MOSFET)、蜂鸣器等组件。此类器件还可为微

控制器供电、提供欠压保护(brown-out protection)以及复位的特性。

应用

• 步进电机控制

• 继电器驱动器

• 微控制器供电

资源

• TPL920x产品演示：www.ti.com.cn/casts
• TPL920x系列产品说明：Lit. # SCYB045A

高级封装选项
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TI’s TPL920x devices are ideal for systems using a micro-
controller to drive relays, LEDs, stepper motors, solenoids,
MOSFETs, buzzers, etc. The devices can also provide 
microcontroller power and offer brownout protection and
reset features.

Applications
• Stepper motor control

• Relay driver

• Microcontroller power supply

Resources
• TPL920x Product Cast: www.ti.com/casts
• TPL920x Product Clip: Lit. # SCYB045A

Advanced Package Options

Relay and Motor Control

Suggested Devices
LDO Output

Device Description (V)
TPL9201 Integrated 8-output relay driver with zero-volt detect 5
TPL9202 Integrated 8-output relay driver with brownout detect 5

V = 7 to 18 VIN

4 kHz

5 V
3

4

SPI

BO

TPL920x

VIN

I/0

I/0

I/0

EN1

MOSI
NCS
SCLK

VOUT

LEDs

MCU

Relays

Buzzer

Step
Motor

AC Input
Low-Pass

Filter/Regulator

0.260
(6,60)

0.260
(6,60)

20-Pin
HTSSOP (PWP)

0.975
(24,77)

0.310
(7,87)

20-Pin
PDIP (N)
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TI’s TPL920x devices are ideal for systems using a micro-
controller to drive relays, LEDs, stepper motors, solenoids,
MOSFETs, buzzers, etc. The devices can also provide 
microcontroller power and offer brownout protection and
reset features.

Applications
• Stepper motor control

• Relay driver

• Microcontroller power supply

Resources
• TPL920x Product Cast: www.ti.com/casts
• TPL920x Product Clip: Lit. # SCYB045A

Advanced Package Options

Relay and Motor Control

Suggested Devices
LDO Output

Device Description (V)
TPL9201 Integrated 8-output relay driver with zero-volt detect 5
TPL9202 Integrated 8-output relay driver with brownout detect 5

V = 7 to 18 VIN

4 kHz

5 V
3

4

SPI

BO

TPL920x

VIN

I/0

I/0

I/0

EN1

MOSI
NCS
SCLK

VOUT

LEDs

MCU

Relays

Buzzer

Step
Motor

AC Input
Low-Pass

Filter/Regulator

0.260
(6,60)

0.260
(6,60)

20-Pin
HTSSOP (PWP)

0.975
(24,77)

0.310
(7,87)

20-Pin
PDIP (N)
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TI’s TPL920x devices are ideal for systems using a micro-
controller to drive relays, LEDs, stepper motors, solenoids,
MOSFETs, buzzers, etc. The devices can also provide 
microcontroller power and offer brownout protection and
reset features.

Applications
• Stepper motor control

• Relay driver

• Microcontroller power supply

Resources
• TPL920x Product Cast: www.ti.com/casts
• TPL920x Product Clip: Lit. # SCYB045A

Advanced Package Options

Relay and Motor Control

Suggested Devices
LDO Output

Device Description (V)
TPL9201 Integrated 8-output relay driver with zero-volt detect 5
TPL9202 Integrated 8-output relay driver with brownout detect 5

V = 7 to 18 VIN

4 kHz

5 V
3

4

SPI

BO

TPL920x

VIN

I/0

I/0

I/0

EN1

MOSI
NCS
SCLK

VOUT

LEDs

MCU

Relays

Buzzer

Step
Motor

AC Input
Low-Pass

Filter/Regulator

0.260
(6,60)

0.260
(6,60)

20-Pin
HTSSOP (PWP)

0.975
(24,77)

0.310
(7,87)

20-Pin
PDIP (N)
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

工业自动化

保持及控制：I2C I/O扩展

34

通过采用TI的I2C输入/输出扩展器及多路复用器对单个I2C端口实现多外

设分时共享(time-share)，设计者可以使得有限的GPIO端口得到更好的

应用。例如，输入/输出扩展器及多路复用器可利用业已存在的I2C 总线

实现对整个系统的监视及控制。

优点

• 节省处理器引脚

• 改善电路板路由

• 减小板载空间

资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C产品演示：www.ti.com.cn/casts
• I2C总线选择指南(I2C Bus Selection Guide) ： Lit. # SSZC003A

应用

• LED 控制

• 温度测量 
• 风扇控制

推荐器件
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Maintenance and Control: I2C I/O Expansion
Designers can make better use of their scarce GPIOs by
using TI’s I2C I/O expanders and multiplexers to time-share
multiple peripherals to a single I2C port. For example, the
I/O expanders and multiplexers can be used to monitor and
control a total system by taking advantage of the already
available I2C bus.

Applications
• LED control

• Temperature sensing

• Fan control
0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Suggested Devices
Max Frequency I2C VCC Range Bit or Channel

Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit

Advanced Package Options
(Additional packages 
may be available)

/INT

/RESET

SCL
SDA

Temp
Control

Controller
Hub

CPU
Fan

Control

Humidity
Sensors

LED
Status

Other

I C
I/O Expander

2

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A
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Maintenance and Control: I2C I/O Expansion
Designers can make better use of their scarce GPIOs by
using TI’s I2C I/O expanders and multiplexers to time-share
multiple peripherals to a single I2C port. For example, the
I/O expanders and multiplexers can be used to monitor and
control a total system by taking advantage of the already
available I2C bus.

Applications
• LED control

• Temperature sensing

• Fan control
0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Suggested Devices
Max Frequency I2C VCC Range Bit or Channel

Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit

Advanced Package Options
(Additional packages 
may be available)

/INT

/RESET

SCL
SDA

Temp
Control

Controller
Hub

CPU
Fan

Control

Humidity
Sensors

LED
Status

Other

I C
I/O Expander

2

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A
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Maintenance and Control: I2C I/O Expansion
Designers can make better use of their scarce GPIOs by
using TI’s I2C I/O expanders and multiplexers to time-share
multiple peripherals to a single I2C port. For example, the
I/O expanders and multiplexers can be used to monitor and
control a total system by taking advantage of the already
available I2C bus.

Applications
• LED control

• Temperature sensing

• Fan control
0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Suggested Devices
Max Frequency I2C VCC Range Bit or Channel

Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit

Advanced Package Options
(Additional packages 
may be available)

/INT

/RESET

SCL
SDA

Temp
Control

Controller
Hub

CPU
Fan

Control

Humidity
Sensors

LED
Status

Other

I C
I/O Expander

2

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品

工业自动化

信号调节

35

调节信号早于与系统微控制器接口

应用

• 开关模式(Switch-mode)的电源及电池充电器

• 电压及电流测量——供电良好、过压、欠压、过电流

• 窗口比较器

• 告警器、探测器及传感器

资源

• 运算放大器：www.ti.com/standardlinear 
• 运算放大器选择指南 (Operational Amplifiers Selection Guide) ： 

Lit. # SLYB115A

推荐器件
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Signal Conditioning
Condition signals prior to interfacing with the system’s
microcontroller.

Suggested Devices
Power

No. of Supply VREF VZ
Family Device Description Channels (V) (V)

LP324 Ultra-low-power quad op amps 4 3 to 32 —
LP2902 Ultra-low-power quad op amps 4 3 to 32 —

Wide-Voltage
LP358 Ultra-low-power dual op amp 2 3 to 32 —

Op Amps
LP2904 Ultra-low-power dual op amp 2 3 to 32 —
TS321 Low-power single op amp 1 3 to 30 —
MC33078 Dual high-speed low-noise op amp 2 10 to 36 —

Low-Noise
TL5580 Dual low-noise wide-bandwidth precision amp 2 4 to 36 —

Op Amps
TL5580A Dual low-noise wide-bandwidth precision amp 2 4 to 36 —
TL103W Dual op amp with internal reference 2 3 to 32 2.5
TL103WA Dual op amp with internal reference 2 3 to 32 2.5

Op Amps TSM102 Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36
with VREF TSM102A Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36

TSM104W Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36
TSM104WA Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36

Package Options
(Additional packages 
may be available)

0.344
(8,75)

0.244
(6,20)

14-Pin
SOIC (D)

0.201
(5,10)

0.260
(6,60)

14-Pin
TSSOP (PW)

Applications
• Switch-mode power supplies and battery chargers

• Voltage and current sensing—Power Good, overvoltage,
undervoltage, overcurrent

• Window comparators

• Alarms, detectors and sensors

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A

Power
Factor

Correction

Current
Voltage
Sense

Current
Voltage
Sense

Motor Drive
Motor

and Load

DSP
MCU

ADC

ADC

DAC

Aux Input

Aux Output

Op Amps

Power
Converter

RS-485
Interface

RS-232
Interface

Ethernet
Interface

Memory

Hall-Effect
SensorResolver Encoder
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Signal Conditioning
Condition signals prior to interfacing with the system’s
microcontroller.

Suggested Devices
Power

No. of Supply VREF VZ
Family Device Description Channels (V) (V)

LP324 Ultra-low-power quad op amps 4 3 to 32 —
LP2902 Ultra-low-power quad op amps 4 3 to 32 —

Wide-Voltage
LP358 Ultra-low-power dual op amp 2 3 to 32 —

Op Amps
LP2904 Ultra-low-power dual op amp 2 3 to 32 —
TS321 Low-power single op amp 1 3 to 30 —
MC33078 Dual high-speed low-noise op amp 2 10 to 36 —

Low-Noise
TL5580 Dual low-noise wide-bandwidth precision amp 2 4 to 36 —

Op Amps
TL5580A Dual low-noise wide-bandwidth precision amp 2 4 to 36 —
TL103W Dual op amp with internal reference 2 3 to 32 2.5
TL103WA Dual op amp with internal reference 2 3 to 32 2.5

Op Amps TSM102 Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36
with VREF TSM102A Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36

TSM104W Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36
TSM104WA Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36

Package Options
(Additional packages 
may be available)

0.344
(8,75)

0.244
(6,20)

14-Pin
SOIC (D)

0.201
(5,10)

0.260
(6,60)

14-Pin
TSSOP (PW)

Applications
• Switch-mode power supplies and battery chargers

• Voltage and current sensing—Power Good, overvoltage,
undervoltage, overcurrent

• Window comparators

• Alarms, detectors and sensors

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A

Power
Factor

Correction
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Current
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Sense

Motor Drive
Motor

and Load

DSP
MCU

ADC
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DAC

Aux Input

Aux Output

Op Amps

Power
Converter

RS-485
Interface

RS-232
Interface

Ethernet
Interface

Memory

Hall-Effect
SensorResolver Encoder
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Signal Conditioning
Condition signals prior to interfacing with the system’s
microcontroller.

Suggested Devices
Power

No. of Supply VREF VZ
Family Device Description Channels (V) (V)

LP324 Ultra-low-power quad op amps 4 3 to 32 —
LP2902 Ultra-low-power quad op amps 4 3 to 32 —

Wide-Voltage
LP358 Ultra-low-power dual op amp 2 3 to 32 —

Op Amps
LP2904 Ultra-low-power dual op amp 2 3 to 32 —
TS321 Low-power single op amp 1 3 to 30 —
MC33078 Dual high-speed low-noise op amp 2 10 to 36 —

Low-Noise
TL5580 Dual low-noise wide-bandwidth precision amp 2 4 to 36 —

Op Amps
TL5580A Dual low-noise wide-bandwidth precision amp 2 4 to 36 —
TL103W Dual op amp with internal reference 2 3 to 32 2.5
TL103WA Dual op amp with internal reference 2 3 to 32 2.5

Op Amps TSM102 Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36
with VREF TSM102A Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36

TSM104W Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36
TSM104WA Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36

Package Options
(Additional packages 
may be available)

0.344
(8,75)

0.244
(6,20)

14-Pin
SOIC (D)

0.201
(5,10)

0.260
(6,60)

14-Pin
TSSOP (PW)

Applications
• Switch-mode power supplies and battery chargers

• Voltage and current sensing—Power Good, overvoltage,
undervoltage, overcurrent

• Window comparators

• Alarms, detectors and sensors

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A

Power
Factor

Correction

Current
Voltage
Sense

Current
Voltage
Sense

Motor Drive
Motor

and Load

DSP
MCU

ADC

ADC

DAC

Aux Input

Aux Output

Op Amps

Power
Converter

RS-485
Interface

RS-232
Interface

Ethernet
Interface

Memory

Hall-Effect
SensorResolver Encoder

77029.qxp  11/26/2007  4:05 PM  Page 35

封装选项

（还可提供额外的封装类型

工
业
自
动
化

计
算
领
域

 服
务
器

/存
储

消
费
医
疗

手
持
设
备

www.BDTIC.com/TI



线性及逻辑器件5分钟指南        

德州仪器•模拟产品 www.BDTIC.com/TI



线性及逻辑器件5分钟指南        

德州仪器•模拟产品

便
携
式
工
业

 (掌
上
电
脑

/扫
描
仪

)

便携式工业 (掌上电脑/扫描仪)

概述

36

线性及逻辑器件的高端便携式工业应用

• 多路复用 USB 外设

• 卡接口

• 接口—RS-232、USB、RS-485/422
• I2C控制

• 静电放电保护

便携式工业对高端线性及逻辑器件的需求

• 尺寸

在进行PCB布板时，板上真正可用的空间是十分宝贵的。因此在

设计时，拥有小外形(small-scale)的封装是对线性及逻辑功能器

件的要求之一。而从WCSP到微小型QFN封装，直至业界标准的

SC-70及 SOT-23铅架封装，TI拥有业界最宽范围的小外形封装产

品组合。

• 功率

功耗对于便携式工业的设计是至关重要的。TI为此提供了多种低

功耗的线性及逻辑器件技术。

Linear and Logic 5-Minute Guide Portable Industrial (PDAs/Scanners)
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Top Portable Industrial Applications for 
Linear and Logic Devices

• Multiplexing USB Peripherals

• Card Interface

• Interface—RS-232, USB, RS-485/422

• I2C Control

• ESD Protection

Top Linear and Logic Device Requirements for 
Portable Industrial

• Size
Board real estate is at a premium on PCBs. Small-scale
packaging is a requirement for linear and logic functions
on the design. From WCSP and micro QFN packages to
the industry-standard SC-70 and SOT-23 leadframe
packages, TI offers the industry’s broadest portfolio of
small-scale packaging.

• Power
Power consumption can be critical in designs for
portable industrial applications. TI offers a variety of
low-power Linear and Logic technologies.

Touch-Screen
Controller

Battery Power
Management

Audio
Routing

DSP/CPU

Headphones

Microphone

Speaker

Antenna

Frequency
Synthesizer

Clock
Driver

SAW
Filter IrDA

USB

MMC
SmartCard

EEPROM
Flash

SRAM

LCD
Controller

VCO

OSC

SAW
Filter

ADCLNA

Keypad

Overview
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Industrial handheld units contain multiple USB ports to 
support additional connections. USB-specific and digital bus
switches can be used to expand a single USB 2.0 port to
multiple ports.

Applications
• Multiplexing multiple external ports

Resources
• Analog Switch: www.ti.com/switches
• Bus Switch: www.ti.com/busswitches
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide
• Bus Switch Selection Guide: Lit. # SCDB006

Advanced Package Options
(Additional packages may be available)

Multiplexing USB Peripherals

D1+

D2+

D+

D1–

D2–

D–

S

OE

TS3USB221

USB
Controller

2.0
USB

USB

Control
Logic

Suggested Devices
VCC Range ron (max) Pins/

Device Description (V) (Ω) Packages
TS3USB30 High-speed USB 2.0 3 to 4.3 10 10/QFN

1:2 MUX/DeMUX switch
TS3USB31 High-speed USB 2.0 1-port switch 3 to 4.3 10 8/QFN
TS3USB221 High-speed USB 2.0 (480-Mbps) 2.3 to 3.6 7 10/QFN, SON

1:2 MUX/DeMUX switch
SN74CB3Q3306A Dual FET 2.5/3.3-V low-voltage, 2.3 to 3.6 9 8/TSSOP, US8

high-bandwidth bus switch
SN74CB3Q3125 Quad FET 2.5/3.3-V low-voltage, 2.3 to 3.6 9 14/QFN

high-bandwidth bus switch

0.144
(3,65)

0.144
(3,65)

14-Pin
QFN (RGY)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)
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多路复用USB外设

37

业界的手持单元设备都包含了多个USB端口，以支持额外的连接。采用

USB专用的、数字化的总线开关可将单个USB 2.0端口扩展成为多个端口。

应用

• 多个多路复用外部端口

资源

• 模拟开关：www.ti.com.cn/switches
• 总线开关：www.ti.com/busswitches
• 模拟开关选择指南 (Analog Switch Selection Guide)：Lit. # SLYB125

www.ti.com/analogswitchguide
• 总线开关选择指南 (Bus Switch Selection Guide)：Lit. # SCDB006

高级封装选项

（还可提供额外的封装类型）
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Industrial handheld units contain multiple USB ports to 
support additional connections. USB-specific and digital bus
switches can be used to expand a single USB 2.0 port to
multiple ports.

Applications
• Multiplexing multiple external ports

Resources
• Analog Switch: www.ti.com/switches
• Bus Switch: www.ti.com/busswitches
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide
• Bus Switch Selection Guide: Lit. # SCDB006

Advanced Package Options
(Additional packages may be available)

Multiplexing USB Peripherals

D1+

D2+

D+

D1–

D2–

D–

S

OE

TS3USB221

USB
Controller

2.0
USB

USB

Control
Logic

Suggested Devices
VCC Range ron (max) Pins/

Device Description (V) (Ω) Packages
TS3USB30 High-speed USB 2.0 3 to 4.3 10 10/QFN

1:2 MUX/DeMUX switch
TS3USB31 High-speed USB 2.0 1-port switch 3 to 4.3 10 8/QFN
TS3USB221 High-speed USB 2.0 (480-Mbps) 2.3 to 3.6 7 10/QFN, SON

1:2 MUX/DeMUX switch
SN74CB3Q3306A Dual FET 2.5/3.3-V low-voltage, 2.3 to 3.6 9 8/TSSOP, US8

high-bandwidth bus switch
SN74CB3Q3125 Quad FET 2.5/3.3-V low-voltage, 2.3 to 3.6 9 14/QFN

high-bandwidth bus switch

0.144
(3,65)

0.144
(3,65)

14-Pin
QFN (RGY)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)
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Industrial handheld units contain multiple USB ports to 
support additional connections. USB-specific and digital bus
switches can be used to expand a single USB 2.0 port to
multiple ports.

Applications
• Multiplexing multiple external ports

Resources
• Analog Switch: www.ti.com/switches
• Bus Switch: www.ti.com/busswitches
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide
• Bus Switch Selection Guide: Lit. # SCDB006

Advanced Package Options
(Additional packages may be available)

Multiplexing USB Peripherals

D1+

D2+

D+

D1–

D2–

D–

S

OE

TS3USB221

USB
Controller

2.0
USB

USB

Control
Logic

Suggested Devices
VCC Range ron (max) Pins/

Device Description (V) (Ω) Packages
TS3USB30 High-speed USB 2.0 3 to 4.3 10 10/QFN

1:2 MUX/DeMUX switch
TS3USB31 High-speed USB 2.0 1-port switch 3 to 4.3 10 8/QFN
TS3USB221 High-speed USB 2.0 (480-Mbps) 2.3 to 3.6 7 10/QFN, SON

1:2 MUX/DeMUX switch
SN74CB3Q3306A Dual FET 2.5/3.3-V low-voltage, 2.3 to 3.6 9 8/TSSOP, US8

high-bandwidth bus switch
SN74CB3Q3125 Quad FET 2.5/3.3-V low-voltage, 2.3 to 3.6 9 14/QFN

high-bandwidth bus switch

0.144
(3,65)

0.144
(3,65)

14-Pin
QFN (RGY)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)
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卡接口

38

当微控制器及内存卡之间的电压出现不匹配时，AVCA406系列电压位准

转换器可提供一个便利的转换接口。此类电压位准转换器支持多媒体卡

(MMC)、安全数据卡(SD)、记忆棒、智能媒体卡(SM)及xD图形卡。

应用

• 内存卡接口

• SDIO卡接口 （无线网络、蓝牙、GPS）

• CF/CF+接口 （无线网络、微驱动(MicroDrive)、CF内存卡）

资源

• 转换：www.ti.com.cn/translation
• 转换选择指南 (Translation Selection Guide)： Lit. # SCYB018B

高级封装选项

（还可提供额外的封装类型）
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The AVCA406 series of transceivers provides a convenient
interface when there is a voltage mismatch between the
microcontroller and memory card. These transceivers support
MultiMediaCard (MMC), Secure Digital (SD), Memory Stick,
SmartMedia and xD-Picture Card.

Applications
• Memory-card interface

• SDIO card interface (WLAN, Bluetooth, GPS)

• CF/CF+ interface (WLAN, MicroDrive, CF memory card)

Resources
• Translation: www.ti.com/trans
• Translation Selection Guide: Lit. # SCYB018B

Advanced Package Options
(Additional packages may be available)

D2 DAT0B

CLKB

0
1
2
3
4
5
6
7
8
9

10
11
12
13

CD

WP

DAT0B
DAT1B

DAT2B
DAT3B
CMDB

U1A U1

Processor
SD/SDIO MMC

54794-0978
SD/SDIO Card

Connector

SN74AVCA406L

U2

VCCA

C3
0.1 µF

C1
0.1 µF C1

0.1 µF

VCCB VCCB VCCBVCCA

D5

R1 R2 R3 R4 R5 R6 R7

WP
CD

A5
C5
B2
C1
A2
B4
A4
B5
B1
A3
A1
C3
B3

D1 DAT1B
C4 DAT2B
D4 DAT3B

C2 CMDB
D3 CLKB

VCCA
DAT0-dir
DAT0A
DAT123-dir
DAT1A
DAT2A
DAT3A
CMU-dir
CMUA
CLKA
CLK-f
GND
GND

DAT2
DAT3
CMD
VSS1
VDD
CLK

DAT0
DAT1

CD (Physical)
GND
GND

VSS2

WP/CO (Physical)

WP (Physical)

VDDA
DAT0-dir

DAT0
DAT123-dir

DAT1
DAT2
DAT3

CMD-dir
CMD

CLK
CLKin

GND
WP
CD

VCCB

DAT0R

DAT1D
DAT2D
DAT3D

CMDB
CLKB

10
0 

kΩ
10

0 
k

10
0 

k
10

0 
k

10
0 

k
10

0 
k

10
0 

kΩ Ω Ω Ω Ω Ω

Suggested Devices
Voltage tpd

Nodes (max)
Device Description (V) (ns) Pins/Packages
SN74AVCA406 Voltage translation transceiver 1.5, 1.8, 2.5, 3.3 5 48/BGA
SN74AVCA406L Voltage translation transceiver 3.3 2.7 20, 24/BGA
CF4320H CompactFlash bus interface chip 1.65 to 5.5 5.5 114/LFBGA

0.122
(3,10)

0.102
(2,60)

20-Ball
VFBGA (ZXY)

0.161
(4,10)

0.161
(4,10)

48-Ball
VFBGA (GQC/ZQC)
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The AVCA406 series of transceivers provides a convenient
interface when there is a voltage mismatch between the
microcontroller and memory card. These transceivers support
MultiMediaCard (MMC), Secure Digital (SD), Memory Stick,
SmartMedia and xD-Picture Card.

Applications
• Memory-card interface

• SDIO card interface (WLAN, Bluetooth, GPS)

• CF/CF+ interface (WLAN, MicroDrive, CF memory card)

Resources
• Translation: www.ti.com/trans
• Translation Selection Guide: Lit. # SCYB018B

Advanced Package Options
(Additional packages may be available)
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Suggested Devices
Voltage tpd

Nodes (max)
Device Description (V) (ns) Pins/Packages
SN74AVCA406 Voltage translation transceiver 1.5, 1.8, 2.5, 3.3 5 48/BGA
SN74AVCA406L Voltage translation transceiver 3.3 2.7 20, 24/BGA
CF4320H CompactFlash bus interface chip 1.65 to 5.5 5.5 114/LFBGA

0.122
(3,10)

0.102
(2,60)

20-Ball
VFBGA (ZXY)
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(4,10)

0.161
(4,10)

48-Ball
VFBGA (GQC/ZQC)

77029.qxp  11/26/2007  4:05 PM  Page 38

推荐器件

Linear and Logic 5-Minute Guide Portable Industrial (PDAs/Scanners)

Texas Instruments  •  Analog Products 38

P
o

rt
ab

le
 In

d
u

st
ri
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The AVCA406 series of transceivers provides a convenient
interface when there is a voltage mismatch between the
microcontroller and memory card. These transceivers support
MultiMediaCard (MMC), Secure Digital (SD), Memory Stick,
SmartMedia and xD-Picture Card.

Applications
• Memory-card interface

• SDIO card interface (WLAN, Bluetooth, GPS)

• CF/CF+ interface (WLAN, MicroDrive, CF memory card)

Resources
• Translation: www.ti.com/trans
• Translation Selection Guide: Lit. # SCYB018B

Advanced Package Options
(Additional packages may be available)
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接口—RS-232、USB、RS-485/422

39

RS-232：TIA/EIA-232提供了一个可用于数据终端设备(DTE)以及数据

通信设备(DCE)之间的单端接口。 

USB：TUSB1105/6以及TUSB2551提供了一个模拟USB接口，拥有灵

活的电平转换以及系统级的静电放电保护。

RS-485/422：TI强健的TIA/EIA-485/422兼容型器件专为苛刻的工

业环境而设计，可支持高达50Mbps的差分信号传输，传输距离可达

1.2km。

优势

• 系统级的静电放电保护

• 无铅 (NiPdAu Pb-Free) 解决方案提供了无晶须 (whisker-free) 的可

靠封装

• 空间节省型的QFN封装选项

资源

• 接口：www.ti.com.cn/interface
• RS-232产品演示：www.ti.com.cn/casts
• 接口选择指南(Interface Selection Guide)： Lit. # SSZT009C

高级封装选项

其工艺可支持多种不同的封装选项。
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alInterface—RS-232, USB, RS-485/422
RS-232: The TIA/EIA-232 devices provide a single-ended
interface between data terminal equipment (DTE) and data
communication equipment (DCE).

USB: The TUSB1105/6 and TUSB2551 provide an analog
USB interface along with flexible voltage-level translation
and system-level ESD protection.

RS-485/422: TI’s robust TIA/EIA-485/422-compliant devices
are specially designed for harsh industrial environments that
can require differential signal transmission at up to 50 Mbps
or as far as 1.2 km.

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Microcontroller

VCC

VCC(I/O)

1.65 to
3.6 V 3.3 V0.1 µF

0.1 µF

1.5 kΩ

V = 5 VBus

33 Ω

33 Ω

USB
Connector

TUSB1105/6

V

V

V

D

D

reg(3.3)

CC(5.0)

pu(3.3)

+

–

OE
SPEED
SOFTCON
SUSPND
MODE

RCV
VMO/FSE0
VPO/VO
VP
VM

Suggested Devices
Type Tx/Rx Device (Speed)

1/1 TRSF3221E (1 Mbps)
TRSF3222E (1 Mbps) TRSF3223E (1 Mbps)

RS-232
2/2

TRSF3232E (1 Mbps)
3/2 TRS3386E (250 kbps)
3/5 TRS3243E (500 kbps)
1/1 SN65ALS176/A/B (35 Mbps)
2/2 TRSF1167 (10 Mbps) TRSF1168 (10 Mbps)

RS-485
0/4 AM26LS32A (10 Mbps) AM26LV32 (10 Mbps)
4/0 AM26LV31 (10 Mbps) SN75ALS192 (20 Mbps)

USB 2.0 1/1 TUSB1105/6 and TUSB2551* (Full and low speed)
*Preview
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alInterface—RS-232, USB, RS-485/422
RS-232: The TIA/EIA-232 devices provide a single-ended
interface between data terminal equipment (DTE) and data
communication equipment (DCE).

USB: The TUSB1105/6 and TUSB2551 provide an analog
USB interface along with flexible voltage-level translation
and system-level ESD protection.

RS-485/422: TI’s robust TIA/EIA-485/422-compliant devices
are specially designed for harsh industrial environments that
can require differential signal transmission at up to 50 Mbps
or as far as 1.2 km.

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Microcontroller

VCC

VCC(I/O)

1.65 to
3.6 V 3.3 V0.1 µF

0.1 µF

1.5 kΩ

V = 5 VBus

33 Ω

33 Ω

USB
Connector

TUSB1105/6

V

V
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D

reg(3.3)

CC(5.0)

pu(3.3)

+

–

OE
SPEED
SOFTCON
SUSPND
MODE

RCV
VMO/FSE0
VPO/VO
VP
VM

Suggested Devices
Type Tx/Rx Device (Speed)

1/1 TRSF3221E (1 Mbps)
TRSF3222E (1 Mbps) TRSF3223E (1 Mbps)

RS-232
2/2

TRSF3232E (1 Mbps)
3/2 TRS3386E (250 kbps)
3/5 TRS3243E (500 kbps)
1/1 SN65ALS176/A/B (35 Mbps)
2/2 TRSF1167 (10 Mbps) TRSF1168 (10 Mbps)

RS-485
0/4 AM26LS32A (10 Mbps) AM26LV32 (10 Mbps)
4/0 AM26LV31 (10 Mbps) SN75ALS192 (20 Mbps)

USB 2.0 1/1 TUSB1105/6 and TUSB2551* (Full and low speed)
*Preview
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As more features and processing requirements are added
to applications such as LED control and camera interfaces in
handsets, the limited number of GPIOs on microprocessors
is becoming restricting. By implementing I2C I/O expanders
from TI, designers can use the GPIOs for important functions
and use the I/O expanders for other duties like temperature
sensing and keypad communications.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O expander with 1.65 to 5.5 20/BGA

interrupt output, reset and configuration registers
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 16/QFN

with reset and configuration registers
PCA9539 Remote 16-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 24/QFN

with interrupt output and configuration registers

Vcc 5 V

SDA

SCL

A0
A1
A2

P0

P1

P2

P3

P4

P5

P6

LED
P7

TCA6408

Core
Processor

Temperature Sensor

Power Management

Enable Control for Latch

Enable Control for Switch

Enable Control for Audio

Enable Control for Camera

Enable Control for MP3

RESET

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing
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I2C控制

40

随着越来越多的特性及处理需求被添加到诸如手持设备上的LED控制及

相机接口等应用中，微处理器中为数不多的GPIO（多用途输入输出）

端口也将更受限制。通过使用TI的I2C扩展器，设计者可将GPIO端口用

于重要的功能，并采用I2C输入输出扩展器实现如温度感应及键区通信

等其他功能。

优点

• 节省处理器引脚

• 改善电路板路由

• 缩减板载空间

资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C产品演示：www.ti.com.cn/casts
• I2C总线选择指南(I2C Bus Selection Guide) ： Lit. # SSZC003A
• 应用手册：Lit. # SCPA032

高级封装选项

（还可提供额外的封装类型）

应用

• 键区控制

• LED 控制

• 温度测量
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As more features and processing requirements are added
to applications such as LED control and camera interfaces in
handsets, the limited number of GPIOs on microprocessors
is becoming restricting. By implementing I2C I/O expanders
from TI, designers can use the GPIOs for important functions
and use the I/O expanders for other duties like temperature
sensing and keypad communications.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O expander with 1.65 to 5.5 20/BGA

interrupt output, reset and configuration registers
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 16/QFN

with reset and configuration registers
PCA9539 Remote 16-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 24/QFN

with interrupt output and configuration registers

Vcc 5 V

SDA

SCL

A0
A1
A2

P0

P1

P2

P3

P4

P5

P6

LED
P7

TCA6408

Core
Processor

Temperature Sensor

Power Management

Enable Control for Latch

Enable Control for Switch

Enable Control for Audio

Enable Control for Camera

Enable Control for MP3

RESET

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing
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alI2C Control
As more features and processing requirements are added
to applications such as LED control and camera interfaces in
handsets, the limited number of GPIOs on microprocessors
is becoming restricting. By implementing I2C I/O expanders
from TI, designers can use the GPIOs for important functions
and use the I/O expanders for other duties like temperature
sensing and keypad communications.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

Advanced Package Options
(Additional packages may be available)

Suggested Devices
VCC Smallest Footprint

Device Description (V) Pins/Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O expander with 1.65 to 5.5 20/BGA

interrupt output, reset and configuration registers
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 16/QFN

with reset and configuration registers
PCA9539 Remote 16-bit I2C and SMBus low-power I/O expander 2.3 to 5.5 24/QFN

with interrupt output and configuration registers

Vcc 5 V

SDA

SCL

A0
A1
A2

P0

P1

P2

P3

P4

P5

P6

LED
P7

TCA6408

Core
Processor

Temperature Sensor

Power Management

Enable Control for Latch

Enable Control for Switch

Enable Control for Audio

Enable Control for Camera

Enable Control for MP3

RESET

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)

Applications
• Keypad control

• LED control

• Temperature sensing
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alESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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静电放电保护

41

对于任意外部接口连接器的端口来说，静电放电的冲击一直是对器件可

靠性的威胁。许多低电压核心芯片或系统级的特定用途集成电路(ASIC)
提供了器件级的人体模型(HBM)静电放电保护，但无法应付系统级的静

电放电。一个卓越的静电放电解决方案应该是一个节省空间且经济高效

的解决方案，可保护系统的相互连接免受外部静电放电的冲击。

优点

• 针对高速应用的系统级静电放电保护：

– ±8kV IEC 61000-4-2，接触放电

– ±15kV IEC 61000-4-2，空气隙隔离放电 
• 输入/输出引脚电容小于1.5 pF
• 超低的1nA漏电流

• 工作电压范围：+0.9V至+5.5 V
• 空间节省型封装：DRY、DRL、DRS及RSF

利益

• 针对高速互连的系统级静电放电保护

• 低电容，适用于USB 2.0高速设备

• 超低的1nA漏电流，可支持精密的模拟测量，诸如血糖仪

• VCC引脚允许器件作为瞬变(transient)抑制器

资源

• 接口选择指南(Interface Selection Guide)：Lit. # SSZT009C

推荐器件
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alESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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alESD Protection

Protected
Circuit

I/O I/O

TPDxE001

0.067
(1,70)

0.067
(1,70)

5-/6-Pin
SOT-563 (DRL)

0.041
(1,05)

0.059
(1,5)

6-Pin
SON (DRY) 

Advanced Package Options

For any external interface connector port, an ESD strike is a
constant threat to device reliability. Many low-voltage core
chip or system ASICs offer only device-level human-body-
model (HBM) ESD protection, which doesn’t address system-
level ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications:

– ±8-kV IEC 61000-4-2, contact discharge
– ±15-kV IEC 61000-4-2, air-gap discharge

• Less than 1.5 pF I/O pin capacitance
• Ultra-low 1-nA leakage current
• Operating supply voltage range: +0.9 to +5.5 V
• Space-saving packages: DRY, DRL, DRS and RSF

Benefits
• System-level ESD protection for high-speed interconnects
• Low capacitance suitable for USB 2.0 high-speed devices
• Ultra-low 1-nA leakage current enables precision analog

measurements like a glucose meter
• VCC pin allows devices to work as a transient suppressor

Resources
• Interface Selection Guide: Lit. # SSZT009C

Suggested Devices
No. of VDD I/O Cap, Resistor VBR

Device Channels (V) Level (V) (pF) (min) (V) Packages
TPD2E001 2-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY, DZD
TPD3E001 3-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRY
TPD4E001 4-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 DRL, DRS
TPD6E001 6-channel ESD 0.9 to 5.5 0 to VDD 1.5 12 RSE, RSF
TPD4E002 4-channel ESD No VDD pin 0 to 6 11 6 DRL
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电信

概述

42

线性及逻辑器件的高端电信应用

• 电平转换

• 保持及控制：I2C输入/输出扩展、开关及缓冲器

• 背板信号传输 (Backplane Signaling)
• 接口——RS-232、USB、RS-485/422

电信对高端线性及逻辑器件的需求

• 功耗

功耗对于大型电信设计是至关重要的。IC 所消耗的功率越大，硬

件设计者就越是注重散热以及如何将系统冷却至可接受的水平。

TI 所提供的业界领先的解决方案拥有低功耗的特性。

• 性能

总体的系统性能对于网络交换机、路由器及集线器的设计是极为

重要的。不管您是选择在单端并行总线上使用高速串行接口，还

是通过背板 (backplane) 发送数据，TI都可以为您提供行之有效

的解决方案。
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Top Telecom Applications for Linear and 
Logic Devices

• Voltage-Level Translation

• Maintenance and Control: I2C I/O Expansion, Switches
and Buffers

• Backplane Signaling

• Interface—RS-232, USB, RS-485/422

Top Linear and Logic Device Requirements 
for Telecom

• Power Consumption
Power consumption is critical in large telecom designs.
The more power an IC consumes, the more the hardware
designer is concerned about heat dissipation and how to
cool the system to acceptable levels. Leading solutions
from TI offer the required low-power performance.

• Performance
Total system performance is of utmost importance in
the design of network switches, routers and hubs.
Whether you are using high-speed serial interfaces on
single-ended parallel buses or transmitting data along
the backplane, TI has the solutions to do the job.

Termination

Backplane
Trace

Connector

ASIC

Bus
Transceiver

Bus
Transceiver

Overview

www.ti.com/telecom
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电信

电平转换

43

随着微控制器工作电平的下降，有可能产生外设器件与处理器之间的无

效性(void)，从而中断器件间的接口连接。TI的转换器可支持非兼容输

入/输出端口间的通信，其电平转换可介于1.2V、1.5V、1.8V、2.5V 、
3.3V以及5V节点之间。

应用

• 作为具有不同电源电压的微处理器及外设之间的接口

• 作为不同逻辑器件系列之间的接口

资源

• 电平转换：www.ti.com.cn/translation
• 转换选择工具：www.ti.com/transtool
• 应用手册：Lit. # SCEA035

高级封装选项

（还可提供额外的封装类型）
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Voltage-Level Translation
1.8 V 3.3 V

Level
Translator

V
DIR
A1
A2
A3
A4
A5
A6
A7
A8
GND
GND

CCA V
V

B1
B2
B3
B4
B5
B6
B7
B8

GND

CCB

CCB
OE

3.3-V
Peripheral

1.8-V CPU

As operating voltage levels in microprocessors continue to
drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V, 3.3-V and 5-V nodes.

Applications
• Interface microprocessors to peripherals with different

supply voltages

• Interface between various logic families

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Bit VCCA VCCB Smallest Footprint

Device Width (V) (V) Pins/Packages
TXB0104 4 1.2 to 3.6 1.65 to 5.5 12/BGA
TXB0108 8 1.2 to 3.6 1.65 to 5.5 20/BGA
SN74AVC4T245* 4 1.2 to 3.6 1.2 to 3.6 16/QFN
SN74AVC8T245* 8 1.2 to 3.6 1.2 to 3.6 24/QFN
SN74LVC8T245* 8 1.65 to 5.5 1.65 to 5.5 24/QFN
SN74AVC16T245* 16 1.2 to 3.6 1.2 to 3.6 56/VFBGA
SN74LVC16T245* 16 1.65 to 5.5 1.65 to 5.5 56/VFBGA
SN74AVC20T245* 20 1.2 to 3.6 1.2 to 3.6 56/VFBGA
SN74AVC24T245* 24 1.2 to 3.6 1.2 to 3.6 83/LFBGA
SN74AVC32T245* 32 1.2 to 3.6 1.2 to 3.6 96/LFBGA

*Bus-hold option available.

0.181
(4,60)

0.280
(7,10)

56-Ball
VFBGA (GQL)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)
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Voltage-Level Translation
1.8 V 3.3 V

Level
Translator

V
DIR
A1
A2
A3
A4
A5
A6
A7
A8
GND
GND

CCA V
V

B1
B2
B3
B4
B5
B6
B7
B8

GND

CCB

CCB
OE

3.3-V
Peripheral

1.8-V CPU

As operating voltage levels in microprocessors continue to
drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V, 3.3-V and 5-V nodes.

Applications
• Interface microprocessors to peripherals with different

supply voltages

• Interface between various logic families

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Bit VCCA VCCB Smallest Footprint

Device Width (V) (V) Pins/Packages
TXB0104 4 1.2 to 3.6 1.65 to 5.5 12/BGA
TXB0108 8 1.2 to 3.6 1.65 to 5.5 20/BGA
SN74AVC4T245* 4 1.2 to 3.6 1.2 to 3.6 16/QFN
SN74AVC8T245* 8 1.2 to 3.6 1.2 to 3.6 24/QFN
SN74LVC8T245* 8 1.65 to 5.5 1.65 to 5.5 24/QFN
SN74AVC16T245* 16 1.2 to 3.6 1.2 to 3.6 56/VFBGA
SN74LVC16T245* 16 1.65 to 5.5 1.65 to 5.5 56/VFBGA
SN74AVC20T245* 20 1.2 to 3.6 1.2 to 3.6 56/VFBGA
SN74AVC24T245* 24 1.2 to 3.6 1.2 to 3.6 83/LFBGA
SN74AVC32T245* 32 1.2 to 3.6 1.2 to 3.6 96/LFBGA

*Bus-hold option available.

0.181
(4,60)

0.280
(7,10)

56-Ball
VFBGA (GQL)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)
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Voltage-Level Translation
1.8 V 3.3 V

Level
Translator

V
DIR
A1
A2
A3
A4
A5
A6
A7
A8
GND
GND

CCA V
V

B1
B2
B3
B4
B5
B6
B7
B8

GND

CCB

CCB
OE

3.3-V
Peripheral

1.8-V CPU

As operating voltage levels in microprocessors continue to
drop, a void may be created between peripheral devices
and processors that disrupts interfacing between the
devices. TI’s translators enable communication between
incompatible I/Os with level translation between the 1.2-V,
1.5-V, 1.8-V, 2.5-V, 3.3-V and 5-V nodes.

Applications
• Interface microprocessors to peripherals with different

supply voltages

• Interface between various logic families

Resources
• Voltage-Level Translation: www.ti.com/translation
• Translation Selection Tool: www.ti.com/transtool
• Application Note: Lit. # SCEA035

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Bit VCCA VCCB Smallest Footprint

Device Width (V) (V) Pins/Packages
TXB0104 4 1.2 to 3.6 1.65 to 5.5 12/BGA
TXB0108 8 1.2 to 3.6 1.65 to 5.5 20/BGA
SN74AVC4T245* 4 1.2 to 3.6 1.2 to 3.6 16/QFN
SN74AVC8T245* 8 1.2 to 3.6 1.2 to 3.6 24/QFN
SN74LVC8T245* 8 1.65 to 5.5 1.65 to 5.5 24/QFN
SN74AVC16T245* 16 1.2 to 3.6 1.2 to 3.6 56/VFBGA
SN74LVC16T245* 16 1.65 to 5.5 1.65 to 5.5 56/VFBGA
SN74AVC20T245* 20 1.2 to 3.6 1.2 to 3.6 56/VFBGA
SN74AVC24T245* 24 1.2 to 3.6 1.2 to 3.6 83/LFBGA
SN74AVC32T245* 32 1.2 to 3.6 1.2 to 3.6 96/LFBGA

*Bus-hold option available.

0.181
(4,60)

0.280
(7,10)

56-Ball
VFBGA (GQL)

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)
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电信

保持及控制：I2C输入/输出扩展、开关及缓冲器

44

通过采用TI的I2C输入/输出扩展器及多路复用器对单个I2C端口实现多外

设分时共享(time-share)，设计者可以使得有限的GPIO端口得到更好的

应用。例如，输入/输出扩展器及多路复用器可利用业已存在的I2C总线

实现对整个系统的监视及控制。 
设计人员还可采用I2C多路复用器及开关来解决I2C总线上的地址冲突问

题。在某些服务器设计中，若干个SFP(小型可插拔式模块)可能使用同

一个I2C地址，或是多个温度感应器具有同一个I2C地址。I2C多路复用器

及开关可在适当的时刻选择与主控或处理器通信的器件，从而使得运作

更为流畅。

优点 应用

• 解决了I2C总线的地址冲突 • I2C总线隔离

• 节省处理器引脚 • LED控制

• 改善电路板路由 • 温度测量

• 缩减板载空间 • 风扇控制

资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C产品演示：www.ti.com.cn/casts
• I2C总线选择指南(I2C Bus Selection Guide)： Lit. # SSZC003A

推荐器件

Linear and Logic 5-Minute Guide Telecom

Texas Instruments  •  Analog Products 44

P
o

rt
ab

le
 In

d
u

st
ri

al
Te

le
co

m

Maintenance and Control: I2C I/O Expansion, Switches and Buffers

Applications
• I2C bus isolation

• LED control

• Temperature sensing

• Fan control

Designers can make better use of their scarce GPIOs by
using TI’s I2C I/O expanders and multiplexers to time-share
multiple peripherals to a single I2C port. For example, the
I/O expanders and multiplexers can be used to monitor and
control a total system by taking advantage of the already
available I2C bus.

Designers can also use I2C muxes and switches to
resolve address conflicts on the I2C bus. In some server
designs, multiple SFPs with the same I2C address are used,
or there can be multiple temperature sensors with the same
I2C address. I2C muxes and switches facilitate smooth oper-
ation by selecting which device the master or processor
should communicate with at the appropriate time.

Advantages
• Resolves I2C address conflicts

• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

Suggested Devices
Max Frequency I2C VCC Range Bit or Channel

Device (kHz) Address (V) Width
I/O Expanders
PCA9536 400 1000 001 2.3 to 5.5 4-bit
PCA6107 400 0011 xxx 2.3 to 5.5 8-bit
PCA9534 400 0100 xxx 2.3 to 5.5 8-bit
PCA9534A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9538 400 1110 0xx 2.3 to 5.5 8-bit
PCA9554A 400 0111 xxx 2.3 to 5.5 8-bit
PCA9554 400 0100 xxx 2.3 to 5.5 8-bit
PCA9557 400 0011 xxx 2.3 to 5.5 8-bit
PCA9535 400 0100 xxx 2.3 to 5.5 16-bit
PCA9539 400 1110 1xx 2.3 to 5.5 16-bit
PCA9555 400 0100 xxx 2.3 to 5.5 16-bit
PCF8575 400 0100 xxx 2.5 to 5.5 16-bit
PCF8575C 400 0100 xxx 4.5 to 5.5 16-bit
Low-Voltage I/O Expanders
TCA6408 400 0100 00x 1.65 to 5.5 8-bit
TCA6416 400 0100 00x 1.65 to 5.5 16-bit
Multiplexers and Switches
PCA8550 400 1001 110 3.0 to 3.6 5-bit
PCA9543A 400 1110 0xx 2.3 to 5.5 2-channel
PCA9544A 400 1110 xxx 2.3 to 5.5 4-channel
PCA9545A 400 1110 0xx 2.3 to 5.5 4-channel
PCA9546A 400 1110 xxx 2.3 to 5.5 4-channel
PCA9548A 400 1110 xxx 2.3 to 5.5 8-channel
Hubs, Buffers and Repeaters
PCA9515A 400 None 2.3 to 5.5 2-channel
PCA9517 400 None 0.9 to 5.5 2-channel
PCA9518 400 None 3.0 to 3.6 5-channel
P82B96 400 None 2 to 15 2-channel
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电信

背板信号传输

45

数据通过背板发送，并需要抵达预定的目标，其信号的完整性要求在传

输过程中无信号的恶化及衰退。TI拥有业界内最庞大的总线-接口器件备

选集。其驱动器、接收机及收发机可用于一切总线技术，以支持单端、

差分、点对点、多支路(multidrop )及多点(multipoint)的信号输送。

优势

• 改善信号完整性               • 流通型引脚输出(Flow-through pinouts)

应用

• 大容量存储                      • 异步传输模式(ATM)交换机

• ISDN远程访问                  • 无线基站

• 互联网路由器

资源

• 接口：www.ti.com.cn/interface 
• www.ti.com/gtlp
• www.ti.com/vme
• 接口选择指南(Interface Selection Guide): Lit. # SSZT009C

高级封装选项

其工艺支持多种不同的封装选项。
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Suggested Technologies
Maximum Maximum Maximum Power

Supply Controlled High-Drive Low-Drive Consumption
Process Voltage Slew Capability Capability per Output

Technology Family (V) Rates (mA) (mA) (mW)
ALS 5 No –15 24 48.5

Bipolar
F 5 No –15 64 90.1

ABT 5 Yes –32 64 65.6
ABTE 5 Yes –64 90 136
BCT 5 No –15 64 40.1

CDFCT 5 No –15 64 37.1
BiCMOS

CYFCT 5 No –32 64 65.6
FB 5 Yes — 100 115
LVT 3.3 Yes –32 64 38.4
VME 3.3 Yes –48 48 50.4
ALVT 3.3 Yes –32 64 38.4

CMOS 100 55
GTLP 3.3 Yes —

50 27.5

Backplane Signaling
Data that is sent along the backplane must arrive at the
intended destination without any corruption or degradation in
signal integrity. TI offers the largest selection of bus-interface
devices in the industry. Drivers, receivers and transceivers
are available for all bus technologies to support single-
ended, differential, point-to-point, multidrop and multipoint
signal distribution.

Advantages
• Improved signal integrity • Flow-through pinouts

Applications
• Mass storage • ATM switches

• ISDN remote access • Wireless base stations

• Internet routers

Resources
• Interface: www.ti.com/interface
• www.ti.com/gtlp
• www.ti.com/vme
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Bus Card 1
Bus Card 2

Bus Card 3

Bus Card 10

Bus Card 21

ASIC Transceivers

Interface
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Suggested Technologies
Maximum Maximum Maximum Power

Supply Controlled High-Drive Low-Drive Consumption
Process Voltage Slew Capability Capability per Output

Technology Family (V) Rates (mA) (mA) (mW)
ALS 5 No –15 24 48.5

Bipolar
F 5 No –15 64 90.1

ABT 5 Yes –32 64 65.6
ABTE 5 Yes –64 90 136
BCT 5 No –15 64 40.1

CDFCT 5 No –15 64 37.1
BiCMOS

CYFCT 5 No –32 64 65.6
FB 5 Yes — 100 115
LVT 3.3 Yes –32 64 38.4
VME 3.3 Yes –48 48 50.4
ALVT 3.3 Yes –32 64 38.4

CMOS 100 55
GTLP 3.3 Yes —

50 27.5

Backplane Signaling
Data that is sent along the backplane must arrive at the
intended destination without any corruption or degradation in
signal integrity. TI offers the largest selection of bus-interface
devices in the industry. Drivers, receivers and transceivers
are available for all bus technologies to support single-
ended, differential, point-to-point, multidrop and multipoint
signal distribution.

Advantages
• Improved signal integrity • Flow-through pinouts

Applications
• Mass storage • ATM switches

• ISDN remote access • Wireless base stations

• Internet routers

Resources
• Interface: www.ti.com/interface
• www.ti.com/gtlp
• www.ti.com/vme
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Bus Card 1
Bus Card 2

Bus Card 3

Bus Card 10

Bus Card 21

ASIC Transceivers

Interface
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接口—RS-232、USB、RS-485/422

46

RS-232：TIA/EIA-232提供了一个可用于数据终端设备(DTE)以及数据

通信设备(DCE)之间的单端接口。 

USB：TUSB1105/6以及TUSB2551提供了一个模拟USB接口，拥有灵

活的电平转换以及系统级的静电放电保护。

RS-485/422： TI强健的TIA/EIA-485/422兼容型器件专为苛刻的工

业环境而设计，可支持高达50Mbps的差分信号传输，传输距离可达

1.2km。

优势

• 系统级的静电放电保护

• 无铅 (NiPdAu Pb-Free) 解决方案提供了无晶须 (whisker-free) 的可

靠封装

• 空间节省型的QFN封装选项

资源

• 接口：www.ti.com.cn/interface
• RS-232 产品演示：www.ti.com.cn/casts
• 接口选择指南 (Interface Selection Guide)： Lit. # SSZT009C

高级封装选项

其工艺可支持多种不同的封装选项。
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Interface—RS-232, USB, RS-485/422
RS-232: The TIA/EIA-232 devices provide a single-ended
interface between data terminal equipment (DTE) and data
communication equipment (DCE).

USB: The TUSB1105/6 and TUSB2551 provide an analog
USB interface along with flexible voltage-level translation
and system-level ESD protection.

RS-485/422: TI’s robust TIA/EIA-485/422-compliant devices
are specially designed for harsh industrial environments that
can require differential signal transmission at up to 50 Mbps
or as far as 1.2 km.

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Microcontroller

VCC

VCC(I/O)

1.65 to
3.6 V 3.3 V0.1 µF

0.1 µF

1.5 kΩ

V = 5 VBus

33 Ω

33 Ω

USB
Connector

TUSB1105/6

V

V

V

D

D

reg(3.3)

CC(5.0)

pu(3.3)

+

–

OE
SPEED
SOFTCON
SUSPND
MODE

RCV
VMO/FSE0
VPO/VO
VP
VM

Suggested Devices
Type Tx/Rx Device (Speed)

1/1 TRSF3221E (1 Mbps)
TRSF3222E (1 Mbps) TRSF3223E (1 Mbps)

RS-232
2/2

TRSF3232E (1 Mbps)
3/2 TRS3386E (250 kbps)
3/5 TRS3243E (500 kbps)
1/1 SN65ALS176/A/B (35 Mbps)
2/2 TRSF1167 (10 Mbps) TRSF1168 (10 Mbps)

RS-485
0/4 AM26LS32A (10 Mbps) AM26LV32 (10 Mbps)
4/0 AM26LV31 (10 Mbps) SN75ALS192 (20 Mbps)

USB 2.0 1/1 TUSB1105/6 and TUSB2551* (Full and low speed)
*Preview
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Interface—RS-232, USB, RS-485/422
RS-232: The TIA/EIA-232 devices provide a single-ended
interface between data terminal equipment (DTE) and data
communication equipment (DCE).

USB: The TUSB1105/6 and TUSB2551 provide an analog
USB interface along with flexible voltage-level translation
and system-level ESD protection.

RS-485/422: TI’s robust TIA/EIA-485/422-compliant devices
are specially designed for harsh industrial environments that
can require differential signal transmission at up to 50 Mbps
or as far as 1.2 km.

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

Advanced Package Options
Technology available in a variety of package options.

Microcontroller

VCC

VCC(I/O)

1.65 to
3.6 V 3.3 V0.1 µF

0.1 µF

1.5 kΩ

V = 5 VBus

33 Ω

33 Ω

USB
Connector

TUSB1105/6

V

V

V

D

D

reg(3.3)

CC(5.0)

pu(3.3)

+

–

OE
SPEED
SOFTCON
SUSPND
MODE

RCV
VMO/FSE0
VPO/VO
VP
VM

Suggested Devices
Type Tx/Rx Device (Speed)

1/1 TRSF3221E (1 Mbps)
TRSF3222E (1 Mbps) TRSF3223E (1 Mbps)

RS-232
2/2

TRSF3232E (1 Mbps)
3/2 TRS3386E (250 kbps)
3/5 TRS3243E (500 kbps)
1/1 SN65ALS176/A/B (35 Mbps)
2/2 TRSF1167 (10 Mbps) TRSF1168 (10 Mbps)

RS-485
0/4 AM26LS32A (10 Mbps) AM26LV32 (10 Mbps)
4/0 AM26LV31 (10 Mbps) SN75ALS192 (20 Mbps)

USB 2.0 1/1 TUSB1105/6 and TUSB2551* (Full and low speed)
*Preview
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概述

47

线性及逻辑器件的高端电视及立体声应用

• 视频输入多路复用器/端口扩展

• 音频信号路由

• 视频控制器输入/输出扩展

• RS-232接口

• USB接口

• 系统级静电放电保护

电视及立体声对高端线性及逻辑器件的需求

• 带宽

TI拥有宽范围的大带宽开关产品组合，适用于高频的视频信号

（此类视频信号需要一个低插入损耗(low insertion loss)开关来实

现传输或重路由）。

• 系统成本

TI的专业开关产品为设计中的端口扩展提供了一个经济高效的解

决方案。
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Top TV and Stereo Applications for Linear and
Logic Devices

• Video Input Multiplexer/Port Expansion

• Audio Signal Routing

• Video Controller I/O Expansion

• RS-232 Interface

• USB Interface

• System-Level ESD Protection

Top Linear and Logic Device Requirements 
for TV and Stereo

• Bandwidth
TI offers a wide portfolio of high-bandwidth switches for
high-frequency video signals; a low insertion loss switch
is required to pass, or reroute, these video signals.

• System Cost
TI’s specialty switches provide a cost-effective solution
for port expansion in designs.

LNB
Controller

Tuner

1394
PHY/LYN

PCMCIA

Modem
Memory

Memory

CPU

Audio
DACs

Graphics
Controller

Color
Spacer

Video
DAC

Video
ADC

NTSC/PAL
Encoder

NTSC/PAL
Decoder

Video
DAC

Audio
Power

Amp

CVBS Y/C

LNB

In
te

rf
ac

e

KB IR

Audio

Audio

Audio

USB

RS-232
Hard Drive

MPEG2
DeMUX

MPEG2
Decoder

A/D
Demod PLL

Video
Interface

Audio
Pre-Amp

Audio
MUX

B

V

C

V/R

G

U

Y

U/B

R

Y

CVBS

Y/G

Memory Card
Interface

Memory Card
Reader

I C2

Overview
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视频输入多路复用器/端口扩展

48

开关最常见的应用之一就是路由视频信号。典型的电视或其它视频系

统可能要求开关具有将来自多个信号源的信号切换至单个接收机的能

力。从而使得单个接收机通过相对廉价的视频开关，实质性的扩展至

两个或更多的端口，节省了成本。而取决于其自身的特性，每一类视频

开关都具有其特定的应用。最常见的应用包括了分量视频(component 
video)、合成视频(composite video)、S-video以及近来脱颖而出的

HDMI（高清多媒体接口）。HDMI是完全的数字接口，包括了高清晰

度的视频以及5.1声道的音频。

应用

• 将单个视频接收器扩展成为多个视频接收机，以处理多个来源信号

资源

• 专业开关：www.ti.com.cn/switches
• 模拟开关产品演示：www.ti.com.cn/casts
• 模拟开关选择指南 (Analog Switch Selection Guide)： Lit. # SLYB125
• TS5V330 应用产品说明： Lit. # SCYB027
• 音频解决方案指南 (Audio Solutions Guide) ： Lit. # SLYY013

高级封装选项

选项包括了80引脚TQFP封装、56及16引脚QFN封装。
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Video Input Multiplexer/Port Expansion

Suggested Devices
Device Description Signal Rate Applications
TS3DV416 4-channel differential 8:16 MUX 900 MHz to support DVI, HDMI

switch 1.8 Gbps
TS3DV520E 5-channel differential 10:20 MUX 1200 MHz to support DVI, HDMI

switch 2.4 Gbps
TMDS341/A 3-to-1 DVI/HDMI switch with pre- 1.65 Gbps DVI, HDMI

emphasis and input equalization
TS3V330 Quad SPDT wide-BW video 300 MHz S-video, composite video,

switch with low ron analog component video
TS3V340 Quad SPDT high-BW video 500 MHz S-video, composite video,

switch with low ron(flat) analog/digital component video
TS5V330 Quad SPDT wide-BW video 300 MHz S-video, composite video, 

switch with low ron analog component video
TL52055 Wide-BW, 2-input, 1-output, 40 MHz Component video

3-circuit video switch

Multimedia PC

DVD Recording

Game Console

Set-Top Box

One of the most common applications for switches is routing
video signals. A typical television or other video system may
need the ability to switch between multiple sources to a
single receiver. This is a cost savings as a single receiver
can essentially be expanded into two or more ports with a
relatively inexpensive video switch. Each video switch has a
specific application depending on its characteristics. The most
common applications are component video, composite
video, S-video and emerging HDMI. HDMI is a fully digital
interface that includes high-definition video and 5.1 audio.

Applications
• Expand a single video receiver into multiple video

receivers to handle multiple sources

Resources
• Specialty Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

• TS5V330 Application Clip: Lit. # SCYB027

• Audio Solutions Guide: Lit. # SLYY013

Advanced Package Options
Options include 80-pin TQFP, 56- and 16-pin QFN.
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Video Input Multiplexer/Port Expansion

Suggested Devices
Device Description Signal Rate Applications
TS3DV416 4-channel differential 8:16 MUX 900 MHz to support DVI, HDMI

switch 1.8 Gbps
TS3DV520E 5-channel differential 10:20 MUX 1200 MHz to support DVI, HDMI

switch 2.4 Gbps
TMDS341/A 3-to-1 DVI/HDMI switch with pre- 1.65 Gbps DVI, HDMI

emphasis and input equalization
TS3V330 Quad SPDT wide-BW video 300 MHz S-video, composite video,

switch with low ron analog component video
TS3V340 Quad SPDT high-BW video 500 MHz S-video, composite video,

switch with low ron(flat) analog/digital component video
TS5V330 Quad SPDT wide-BW video 300 MHz S-video, composite video, 

switch with low ron analog component video
TL52055 Wide-BW, 2-input, 1-output, 40 MHz Component video

3-circuit video switch

Multimedia PC

DVD Recording

Game Console

Set-Top Box

One of the most common applications for switches is routing
video signals. A typical television or other video system may
need the ability to switch between multiple sources to a
single receiver. This is a cost savings as a single receiver
can essentially be expanded into two or more ports with a
relatively inexpensive video switch. Each video switch has a
specific application depending on its characteristics. The most
common applications are component video, composite
video, S-video and emerging HDMI. HDMI is a fully digital
interface that includes high-definition video and 5.1 audio.

Applications
• Expand a single video receiver into multiple video

receivers to handle multiple sources

Resources
• Specialty Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

• TS5V330 Application Clip: Lit. # SCYB027

• Audio Solutions Guide: Lit. # SLYY013

Advanced Package Options
Options include 80-pin TQFP, 56- and 16-pin QFN.
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音频信号路由
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模拟开关最常见的应用之一就是信号路由。多个来源可以被路由到不同

的目标。单刀四掷的模拟开关即可用于任一情形。此类开关可将多个来

源的输出信号重路由至通用的音频处理器。

应用

• 路由来自多个信号源的多路复用 (MUX) 或解多路复用（deMUX，
也称信号分离型）音频信号

资源

• 模拟开关产品演示： www.ti.com.cn/casts
• 模拟开关选择指南 (Analog Switch Selection Guide)： Lit. # SLYB125
• TS5V330 应用产品说明： Lit. # SCYB027
• 音频解决方案指南 (Audio Solutions Guide)： Lit. # SLYY013

高级封装选项

（还可提供额外的封装类型）

推荐器件
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One of the most common applications for analog switches is
signal routing. This may be routing from several sources to
various destinations. A single-pole, quadruple-throw analog
switch can be used in this situation. The switch can reroute
the output of multiple sources to a common audio processor.

Applications
• Route MUX or deMUX audio signals from 

multiple sources

Resources
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

• TS5V330 Application Clip: Lit. # SCYB027

• Audio Solutions Guide: Lit. # SLYY013

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Configuration Device (ron)

TS5A3166 (0.9 Ω) TS5A4595 (8 Ω) TS5A4597 (8 Ω)
SPST TS5A3167 (0.9 Ω) TS5A4596 (8 Ω) TS5A1066 (10 Ω)

TS5A4594 (8 Ω)
SPST x 2 TS5A23166 (0.9 Ω) TS5A23167 (0.9 Ω) TS5A2066 (10 Ω)
SPST x 4 TS3A4751 (0.9 Ω)

TS5A3154 (0.9 Ω) TS5A4624 (1.1 Ω) TS5A63157 (12 Ω)
SPDT TS5A3153 (1 Ω) TS5A2053 (7.5 Ω) TS5A3160 (1 Ω)

TS5A3159/A (1.1 Ω) TS5A3157 (10 Ω)
TS5A23159 (0.9 Ω) TS5A23160 (0.9 Ω) TS5A23157 (10 Ω)

SPDT x 2
TS5A623157

SPDT x 4 TS3A5018 (10 Ω)
SP3T TS5A3359 (0.9 Ω) TS5A3357 (15 Ω)
SP4T x 2 TS3A5017 (12 Ω)

Audio
Source
(Left)

Audio
Processor

TS3A5017

Audio
Source
(Right)

Audio Signal Routing

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)
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One of the most common applications for analog switches is
signal routing. This may be routing from several sources to
various destinations. A single-pole, quadruple-throw analog
switch can be used in this situation. The switch can reroute
the output of multiple sources to a common audio processor.

Applications
• Route MUX or deMUX audio signals from 

multiple sources

Resources
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

• TS5V330 Application Clip: Lit. # SCYB027

• Audio Solutions Guide: Lit. # SLYY013

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Configuration Device (ron)

TS5A3166 (0.9 Ω) TS5A4595 (8 Ω) TS5A4597 (8 Ω)
SPST TS5A3167 (0.9 Ω) TS5A4596 (8 Ω) TS5A1066 (10 Ω)

TS5A4594 (8 Ω)
SPST x 2 TS5A23166 (0.9 Ω) TS5A23167 (0.9 Ω) TS5A2066 (10 Ω)
SPST x 4 TS3A4751 (0.9 Ω)

TS5A3154 (0.9 Ω) TS5A4624 (1.1 Ω) TS5A63157 (12 Ω)
SPDT TS5A3153 (1 Ω) TS5A2053 (7.5 Ω) TS5A3160 (1 Ω)

TS5A3159/A (1.1 Ω) TS5A3157 (10 Ω)
TS5A23159 (0.9 Ω) TS5A23160 (0.9 Ω) TS5A23157 (10 Ω)

SPDT x 2
TS5A623157

SPDT x 4 TS3A5018 (10 Ω)
SP3T TS5A3359 (0.9 Ω) TS5A3357 (15 Ω)
SP4T x 2 TS3A5017 (12 Ω)

Audio
Source
(Left)

Audio
Processor

TS3A5017

Audio
Source
(Right)

Audio Signal Routing

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)
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One of the most common applications for analog switches is
signal routing. This may be routing from several sources to
various destinations. A single-pole, quadruple-throw analog
switch can be used in this situation. The switch can reroute
the output of multiple sources to a common audio processor.

Applications
• Route MUX or deMUX audio signals from 

multiple sources

Resources
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

• TS5V330 Application Clip: Lit. # SCYB027

• Audio Solutions Guide: Lit. # SLYY013

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Configuration Device (ron)

TS5A3166 (0.9 Ω) TS5A4595 (8 Ω) TS5A4597 (8 Ω)
SPST TS5A3167 (0.9 Ω) TS5A4596 (8 Ω) TS5A1066 (10 Ω)

TS5A4594 (8 Ω)
SPST x 2 TS5A23166 (0.9 Ω) TS5A23167 (0.9 Ω) TS5A2066 (10 Ω)
SPST x 4 TS3A4751 (0.9 Ω)

TS5A3154 (0.9 Ω) TS5A4624 (1.1 Ω) TS5A63157 (12 Ω)
SPDT TS5A3153 (1 Ω) TS5A2053 (7.5 Ω) TS5A3160 (1 Ω)

TS5A3159/A (1.1 Ω) TS5A3157 (10 Ω)
TS5A23159 (0.9 Ω) TS5A23160 (0.9 Ω) TS5A23157 (10 Ω)

SPDT x 2
TS5A623157

SPDT x 4 TS3A5018 (10 Ω)
SP3T TS5A3359 (0.9 Ω) TS5A3357 (15 Ω)
SP4T x 2 TS3A5017 (12 Ω)

Audio
Source
(Left)

Audio
Processor

TS3A5017

Audio
Source
(Right)

Audio Signal Routing

0.037
(0,95)

0.057
(1,45)

5-/6-Ball WCSP
NanoStarTM (YZP)

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.061
(1,55)

0.082
(2,05)

10-Pin
QFN (RSE)
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视频控制器I/O扩展

50

随着视频芯片集的日益复杂化，典型的视频控制器使用了更多的引脚以

支持芯片集所提供的新特性。而同时，减少用于控制外部器件（诸如视

频开关、接收机以及其它外设）的GPIO端口数量有助于降低视频芯片集

的成本。I2C输入/输出扩展器可在有需要的时候实现GPIO端口的扩展。

应用

• 节省处理器引脚

• 改善电路板路由

• 缩减板载空间

 资源

• I2C 总线解决方案：www.ti.com.cn/i2c
• I2C 产品演示：www.ti.com.cn/casts
• I2C 总线选择指南(I2C Bus Selection Guide)： Lit. # SSZC003

高级封装选项

（还可提供额外的封装类型）
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As the video chipset becomes increasingly more complex,
more pins on a typical video controller are being used by new
features offered in that chipset. At the same time, reducing
the number of GPIOs that control external devices such as
video switches, receivers and other peripherals helps reduce
the video chipset’s cost. I2C I/O expanders allow for the
expansion of these GPIOs when more are needed.

Applications
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Standby Mode Maximum

Power ICC Frequency Pins/
Device Description (µA) (kHz) Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O 1 400 20/BGA

expander with interrupt output, reset 
and configuration registers

PCA9536 Remote 4-bit I2C and SMBus I/O 1 400 8/MSOP
expander with configuration registers

PCA9557 Remote 8-bit I2C and SMBus low- 1 400 16/QFN
power I/O expander with reset and 
configuration registers

PCA9539 Remote 16-bit I2C and SMBus low- 1 400 24/QFN
power I/O expander with interrupt 
output and configuration registers

TS3DV416/TS3DV520
Select Pin

SN74LV4051/2/3
Select Pin

TS5V330/TS3V340
Select Pin

#OE
DIR

TS5A23157
Select Pin

Memory Chips
Chip Select

Video
Controller

TCAxxxx/PCA95xx
GPIO Expander

VCC

SCL

SDA

GPIO#1
GPIO#2
GPIO#3
GPIO#4

.

.

.
GPIO#n

Transceiver

SCL

SDA

GPIO
(4/8/16 Ports)

Video Controller I/O Expansion

0.163
(4,15)

0.163
(4,15)

16-Pin
QFN (RGV)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)
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As the video chipset becomes increasingly more complex,
more pins on a typical video controller are being used by new
features offered in that chipset. At the same time, reducing
the number of GPIOs that control external devices such as
video switches, receivers and other peripherals helps reduce
the video chipset’s cost. I2C I/O expanders allow for the
expansion of these GPIOs when more are needed.

Applications
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Standby Mode Maximum

Power ICC Frequency Pins/
Device Description (µA) (kHz) Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O 1 400 20/BGA

expander with interrupt output, reset 
and configuration registers

PCA9536 Remote 4-bit I2C and SMBus I/O 1 400 8/MSOP
expander with configuration registers

PCA9557 Remote 8-bit I2C and SMBus low- 1 400 16/QFN
power I/O expander with reset and 
configuration registers

PCA9539 Remote 16-bit I2C and SMBus low- 1 400 24/QFN
power I/O expander with interrupt 
output and configuration registers

TS3DV416/TS3DV520
Select Pin

SN74LV4051/2/3
Select Pin

TS5V330/TS3V340
Select Pin

#OE
DIR

TS5A23157
Select Pin

Memory Chips
Chip Select

Video
Controller

TCAxxxx/PCA95xx
GPIO Expander

VCC

SCL

SDA

GPIO#1
GPIO#2
GPIO#3
GPIO#4

.

.

.
GPIO#n

Transceiver

SCL

SDA

GPIO
(4/8/16 Ports)

Video Controller I/O Expansion

0.163
(4,15)

0.163
(4,15)

16-Pin
QFN (RGV)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)
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As the video chipset becomes increasingly more complex,
more pins on a typical video controller are being used by new
features offered in that chipset. At the same time, reducing
the number of GPIOs that control external devices such as
video switches, receivers and other peripherals helps reduce
the video chipset’s cost. I2C I/O expanders allow for the
expansion of these GPIOs when more are needed.

Applications
• Processor pin savings

• Improved board routing

• Reduced board space

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

Advanced Package Options
(Additional packages may be available)

Suggested Devices
Standby Mode Maximum

Power ICC Frequency Pins/
Device Description (µA) (kHz) Packages
TCA6408 Low-voltage 8-bit I2C and SMBus I/O 1 400 20/BGA

expander with interrupt output, reset 
and configuration registers

PCA9536 Remote 4-bit I2C and SMBus I/O 1 400 8/MSOP
expander with configuration registers

PCA9557 Remote 8-bit I2C and SMBus low- 1 400 16/QFN
power I/O expander with reset and 
configuration registers

PCA9539 Remote 16-bit I2C and SMBus low- 1 400 24/QFN
power I/O expander with interrupt 
output and configuration registers

TS3DV416/TS3DV520
Select Pin

SN74LV4051/2/3
Select Pin

TS5V330/TS3V340
Select Pin

#OE
DIR

TS5A23157
Select Pin

Memory Chips
Chip Select

Video
Controller

TCAxxxx/PCA95xx
GPIO Expander

VCC

SCL

SDA

GPIO#1
GPIO#2
GPIO#3
GPIO#4

.

.

.
GPIO#n

Transceiver

SCL

SDA

GPIO
(4/8/16 Ports)

Video Controller I/O Expansion

0.163
(4,15)

0.163
(4,15)

16-Pin
QFN (RGV)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)
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RS-232 Interface
The TIA/EIA-232 devices provide a single-ended interface
between data terminal equipment (DTE) and data communi-
cation equipment (DCE).

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

• RS-232 Application Clip: Lit. # SLLB103A

Advanced Package Options
Technology available in a variety of package options.

Suggested Devices
VCC Number of HBM ESD

Device (V) Rate Capacitors (kV)
TRS232E 5 120 kbps 4 x 1 µF 15
TRS202E 5 120 kbps 4 x 0.1 µF 15
TRS3232E 3/5 250 kbps 4 x 0.1 µF 15
TRSF3232 3/5 1 Mbps 4 x 0.1 µF 15

TV

Subwoofer
RGB Out

Component 1 Component 2

AV1AV2
RS-232

RGB InDVI IN
RJ-45

Rear Panel Connection

RS-232

8

3

9

45

7

2

6

1
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RS-232 Interface
The TIA/EIA-232 devices provide a single-ended interface
between data terminal equipment (DTE) and data communi-
cation equipment (DCE).

Advantages
• System-level ESD protection

• NiPdAu Pb-Free solution for whisker-free, reliable packages

• Space-saving QFN package options

Resources
• Interface: www.ti.com/interface
• RS-232 Product Cast: www.ti.com/casts
• Interface Selection Guide: Lit. # SSZT009C

• RS-232 Application Clip: Lit. # SLLB103A

Advanced Package Options
Technology available in a variety of package options.

Suggested Devices
VCC Number of HBM ESD

Device (V) Rate Capacitors (kV)
TRS232E 5 120 kbps 4 x 1 µF 15
TRS202E 5 120 kbps 4 x 0.1 µF 15
TRS3232E 3/5 250 kbps 4 x 0.1 µF 15
TRSF3232 3/5 1 Mbps 4 x 0.1 µF 15

TV

Subwoofer
RGB Out

Component 1 Component 2

AV1AV2
RS-232

RGB InDVI IN
RJ-45

Rear Panel Connection

RS-232

8

3

9

45

7

2

6

1
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TIA/EIA-232 提供了一个可用于数据终端设备 (DTE) 以及数据通信设备 
(DCE) 之间的单端接口。 

优势

• 系统级的静电放电保护

• 无铅 (NiPdAu Pb-Free) 解决方案提供了无晶须 (whisker-free) 的可

靠封装

• 空间缩减型的 QFN 封装选项

资源

• 接口：www.ti.com.cn/interface
• RS-232产品演示：www.ti.com.cn/casts
• 接口选择指南 (Interface Selection Guide) ： Lit. # SSZT009C
• RS-232应用说明(RS-232 Application Clip)：Lit. # SLLB103A

高级封装选项

其工艺支持多种不同的封装选项。

推荐器件

www.BDTIC.com/TI



线性及逻辑器件5分钟指南        

德州仪器•模拟产品

电视及立体声

USB接口

52

Linear and Logic 5-Minute Guide TV and Stereo

Texas Instruments  •  Analog Products 52

P
o

rt
ab

le
 In

d
u

st
ri

al
Te

le
co

m
T

V
 a

n
d

 S
te

re
o

USB Interface
Many new televisions offer the USB interface that allows
consumers to view photos, videos, etc. on the larger TV
screen. TI offers a broad portfolio of USB peripheral ICs,
including multiplexers and transceivers.

Advantages
• Broad portfolio of USB peripheral devices

• Complies with USB 2.0 specification

• Advanced package offerings

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C

TUSB1105/6
USB

MCU

TS3USB221

Audio/Video
Processor

Suggested Devices
Voltage Single-Ended Smallest Footprint

Device Description Speed (V) Input Pins/Packages
USB Transceivers
TUSB1105 USB transceivers Full, low 1.6 to 3.6 Yes 16/QFN (RTZ)
TUSB1106 USB transceivers Full, low 1.6 to 3.6 No 16/QFN (RTZ)
USB MUX
TS3USB221 1:2 USB MUX/DeMUX 480 Mbps 2.5 to 3.3 Yes 10/QFN (RSE)
TS3USB30 1:2 USB MUX/DeMUX 480 Mbps 3 to 4.3 Yes 10/QFN (RSW)
TS3USB31 1-port switch 480 Mbps 3 to 4.3 Yes 10/QFN (RSE)
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USB Interface
Many new televisions offer the USB interface that allows
consumers to view photos, videos, etc. on the larger TV
screen. TI offers a broad portfolio of USB peripheral ICs,
including multiplexers and transceivers.

Advantages
• Broad portfolio of USB peripheral devices

• Complies with USB 2.0 specification

• Advanced package offerings

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C

TUSB1105/6
USB

MCU

TS3USB221

Audio/Video
Processor

Suggested Devices
Voltage Single-Ended Smallest Footprint

Device Description Speed (V) Input Pins/Packages
USB Transceivers
TUSB1105 USB transceivers Full, low 1.6 to 3.6 Yes 16/QFN (RTZ)
TUSB1106 USB transceivers Full, low 1.6 to 3.6 No 16/QFN (RTZ)
USB MUX
TS3USB221 1:2 USB MUX/DeMUX 480 Mbps 2.5 to 3.3 Yes 10/QFN (RSE)
TS3USB30 1:2 USB MUX/DeMUX 480 Mbps 3 to 4.3 Yes 10/QFN (RSW)
TS3USB31 1-port switch 480 Mbps 3 to 4.3 Yes 10/QFN (RSE)
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许多新型的电视都提供了USB接口，可供消费者在更大的电视屏幕上浏

览照片、视频等。TI提供了宽泛的USB外设IC产品组合，包括了多路复

用器及收发机。

优点

• 宽范围的USB外设器件组合

• 兼容USB 2.0规范

• 提供高级封装

资源

接口：www.ti.com.cn/interface
接口选择指南(Interface Selection Guide)：Lit. # SSZT009C
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系统级静电放电保护
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System-Level ESD Protection
For any external HDMI interface connector port, an ESD
strike is a constant threat to device reliability. Many low-
voltage core ICs offer only device-level human-body-model
(HBM) ESD protection, which doesn’t address system-level
ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C

Suggested Device
Smallest Footprint

Device Description Pins/Packages
TPD12S520* HDMI receiver ESD protection up to 8 kV with —

level shifting for DDC channel and HPC
*Preview
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(HBM) ESD protection, which doesn’t address system-level
ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C

Suggested Device
Smallest Footprint

Device Description Pins/Packages
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System-Level ESD Protection
For any external HDMI interface connector port, an ESD
strike is a constant threat to device reliability. Many low-
voltage core ICs offer only device-level human-body-model
(HBM) ESD protection, which doesn’t address system-level
ESD. A stand-alone ESD solution is a space- and cost-
effective solution to protect the system interconnects from
external ESD strikes.

Advantages
• System-level ESD protection for high-speed applications

Resources
• Interface: www.ti.com/interface
• Interface Selection Guide: Lit. # SSZT009C

Suggested Device
Smallest Footprint

Device Description Pins/Packages
TPD12S520* HDMI receiver ESD protection up to 8 kV with —

level shifting for DDC channel and HPC
*Preview
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对于任意外部HDMI接口连接器的端口来说，静电放电的冲击一直是对

器件可靠性的威胁。许多低电压核心芯片仅提供了器件级的人体模型

(HBM)静电放电保护，但无法应付系统级的静电放电。一个卓越的静电

放电解决方案应该是一个节省空间且经济高效的解决方案，可保护系统

的相互连接免受外部静电放电的冲击。

优点

• 针对高速应用的系统级静电放电保护

资源

• 接口：www.ti.com.cn/interface
• 接口选择指南(Interface Selection Guide) ：Lit. # SSZT009C

推荐器件

*前瞻性产品
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概述
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Top White Goods Applications for Linear and
Logic Devices

• Relay or Motor Control

• Analog Signal Routing

• Microcontroller I/O Expansion

• Signal Conditioning

Top Linear and Logic Device Requirements 
for White Goods

• Size
Board real estate is at a premium on PCBs. Small-scale
packaging is a requirement for linear and logic functions
on the design. From WCSP and micro QFN packages to
the industry-standard SC-70 and SOT-23 leadframe
packages, TI offers the industry’s broadest portfolio of
small-scale packaging.

• Relay Control
Most microcontrollers are not capable of withstanding
the large transients incurred during relay switching. The
TPL920x series of relay drivers integrates eight low-
side drivers, features power-on reset and an on-board
5-V regulator, and is controlled with a serial interface
that simplifies system design and part count.

120/240 VAC
7–18 VDC

Lamp

Valve 1

Valve 2

Motor 1

Motor 2

Buzzer

LED 1

LED 2

5 VOUT

Micro-
controller

SPI I/F

POR

12-V
Relay

12-V
Relay Temp

Sensor

Power
Supply

Display

I/O Expander

Optical
Sensor

Input
Switch

Analog
MUX

Op
AmpsGPIO

Keypad

12-V
Relay

12-V
Relay

12-V
Relay

12-V
Relay

12-V
Relay

TPL920x

Relay
Drivers

Overview
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线性及逻辑器件的高端白色家电应用

• 继电器或电机控制

• 模拟信号路由

• 微控制器输入/输出扩展

• 信号调节

白色家电对高端线性及逻辑器件的需求

• 尺寸

在进行PCB布板时，板上真正可用的空间是十分宝贵的。因此在

设计时，拥有小外形(small-scale) 的封装是对线性及逻辑功能器

件的要求之一。而从WCSP到微小型QFN封装，直至业界标准的

SC-70及 SOT-23铅架封装，TI拥有业界最宽范围的小外形封装产

品组合。

• 继电器控制

大多数的微控制器不可能承受继电器转换时所引起的巨大瞬变 
(transient)。 TPL920x系列继电器驱动器集成了8个低侧驱动器，

具有上电复位的特性以及板载的5V稳压器，并通过串行接口实现

控制，从而简化了系统设计，减少了组件数量。
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继电器或电机控制

55

TI的TPL920x系列器件可理想的用于使用单个微控制器的系统，用以驱

动继电器、发光二极管(LED)、步进电机、螺线管(solenoid)、金属氧化

物半导体场效应晶体管(MOSFET)、蜂鸣器等组件。 此类器件还可为微

控制器供电、提供欠压保护(brownout protection)以及复位的特性。

应用

• 电子设备

• 供暖、通风及空调设备 (HVAC)
• 安全系统

• 汽车

资源

• TPL920x产品演示：www.ti.com.cn/casts
• TPL920x系列产品说明：Lit. # SCYB045A

高级封装选项
推荐器件
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Relay or Motor Control
TI’s TPL920x devices are ideal for systems using a micro-
controller to drive relays, LEDs, stepper motors, solenoids,
MOSFETs, buzzers, etc. The devices can also provide 
microcontroller power and offer brownout protection and
reset features.

Applications
• Electrical appliances

• HVAC

• Security systems

• Automotive

Resources
• TPL920x Product Cast: www.ti.com/casts
• TPL920x Product Clip: Lit. # SCYB045A

Advanced Package Options

Thermistor
(Freezer)

Thermistor
(Refrigerator)

Door
Keypad

Motor
Driver

Ice Cube
Motor

Dispenser
Light

Crushed
or Cubed

Ice
Dispenser

Switch

Water
Dispenser

Switch

Holding
Switch

Shutoff
Switch

SPST
Relay
(12 V)

SPST
Relay
(12 V)

SPST
Relay
(12 V)

SPST
Relay
(12 V)

SPST
Relay
(12 V)

SPST
Relay
(12 V)

Door-Open
Buzzer

5 VDC

Supervisor
Reset

TPL920x

120/240-V
AC Input

7- to 18-VDC
Power Supply

MCU

0.260
(6,60)

0.260
(6,60)

20-Pin
HTSSOP (PWP)

0.975
(24,77)

0.310
(7,87)

20-Pin
PDIP (N)

Suggested Devices
LDO Output

Device Description (V)
TPL9201 Integrated 8-output relay driver with zero-volt detect 5
TPL9202 Integrated 8-output relay driver with brownout detect 5
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Relay or Motor Control
TI’s TPL920x devices are ideal for systems using a micro-
controller to drive relays, LEDs, stepper motors, solenoids,
MOSFETs, buzzers, etc. The devices can also provide 
microcontroller power and offer brownout protection and
reset features.

Applications
• Electrical appliances

• HVAC

• Security systems

• Automotive

Resources
• TPL920x Product Cast: www.ti.com/casts
• TPL920x Product Clip: Lit. # SCYB045A

Advanced Package Options

Thermistor
(Freezer)

Thermistor
(Refrigerator)

Door
Keypad

Motor
Driver

Ice Cube
Motor

Dispenser
Light

Crushed
or Cubed

Ice
Dispenser

Switch

Water
Dispenser

Switch

Holding
Switch

Shutoff
Switch

SPST
Relay
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SPST
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(12 V)

SPST
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(12 V)
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(12 V)
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Door-Open
Buzzer

5 VDC

Supervisor
Reset

TPL920x

120/240-V
AC Input

7- to 18-VDC
Power Supply

MCU

0.260
(6,60)

0.260
(6,60)

20-Pin
HTSSOP (PWP)

0.975
(24,77)

0.310
(7,87)

20-Pin
PDIP (N)

Suggested Devices
LDO Output

Device Description (V)
TPL9201 Integrated 8-output relay driver with zero-volt detect 5
TPL9202 Integrated 8-output relay driver with brownout detect 5
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Relay or Motor Control
TI’s TPL920x devices are ideal for systems using a micro-
controller to drive relays, LEDs, stepper motors, solenoids,
MOSFETs, buzzers, etc. The devices can also provide 
microcontroller power and offer brownout protection and
reset features.

Applications
• Electrical appliances

• HVAC

• Security systems

• Automotive

Resources
• TPL920x Product Cast: www.ti.com/casts
• TPL920x Product Clip: Lit. # SCYB045A

Advanced Package Options
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Motor
Driver
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Shutoff
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120/240-V
AC Input

7- to 18-VDC
Power Supply

MCU
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(6,60)

0.260
(6,60)

20-Pin
HTSSOP (PWP)

0.975
(24,77)

0.310
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PDIP (N)

Suggested Devices
LDO Output

Device Description (V)
TPL9201 Integrated 8-output relay driver with zero-volt detect 5
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模拟信号路由
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Analog Signal Routing
One of the most common applications for analog switches
is signal routing. This may be routing from one source to
multiple destinations or from several sources to a single
destination. A single-pole, double-throw analog switch can be
used for either situation. For example, the switch could be used
to select different gain settings on an operational amplifier.

Applications
• DeMUX inputs for microcontroller

• Op amp gain adjustment

• Op amp filter selection

Resources
• Analog Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide

Advanced Package Options
(Additional packages may be available)

VI
VO

TS5A3357

RG

RF4

RF3

RF2

RF1

+

–

Suggested Devices
V+ ron

Device Configuration (V) (Ω) Packages
TS5A1066 1 x SPST 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A2066 2 x SPST 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A2053 1 x SPDT 1.65 to 5.5 10 SM8, US8
TS5A3157 1 x SPDT 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A23157 2 x SPDT 1.65 to 5.5 10 MSOP, QFN
TS5A3357 1 x SP3T 1.65 to 5.5 5 SM8, US8
TS5A623157* 2 x SPDT 1.65 to 5.5 10 VSSOP, QFN

*Preview

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.163
(4,15)

0.163
(4,15)

16-Pin
QFN (RGV)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)
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Analog Signal Routing
One of the most common applications for analog switches
is signal routing. This may be routing from one source to
multiple destinations or from several sources to a single
destination. A single-pole, double-throw analog switch can be
used for either situation. For example, the switch could be used
to select different gain settings on an operational amplifier.

Applications
• DeMUX inputs for microcontroller

• Op amp gain adjustment

• Op amp filter selection

Resources
• Analog Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide

Advanced Package Options
(Additional packages may be available)

VI
VO

TS5A3357
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RF4

RF3

RF2
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+

–

Suggested Devices
V+ ron

Device Configuration (V) (Ω) Packages
TS5A1066 1 x SPST 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A2066 2 x SPST 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A2053 1 x SPDT 1.65 to 5.5 10 SM8, US8
TS5A3157 1 x SPDT 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A23157 2 x SPDT 1.65 to 5.5 10 MSOP, QFN
TS5A3357 1 x SP3T 1.65 to 5.5 5 SM8, US8
TS5A623157* 2 x SPDT 1.65 to 5.5 10 VSSOP, QFN

*Preview

0.037
(0,95)

0.077
(1,95)

8-Ball WCSP
NanoStarTM (YZP)

0.163
(4,15)

0.163
(4,15)

16-Pin
QFN (RGV)

0.163
(4,15)

0.163
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24-Pin
QFN (RGE)
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Analog Signal Routing
One of the most common applications for analog switches
is signal routing. This may be routing from one source to
multiple destinations or from several sources to a single
destination. A single-pole, double-throw analog switch can be
used for either situation. For example, the switch could be used
to select different gain settings on an operational amplifier.

Applications
• DeMUX inputs for microcontroller

• Op amp gain adjustment

• Op amp filter selection

Resources
• Analog Switch: www.ti.com/switches
• Analog Switch Product Cast: www.ti.com/casts
• Analog Switch Selection Guide: Lit. # SLYB125

www.ti.com/analogswitchguide

Advanced Package Options
(Additional packages may be available)

VI
VO

TS5A3357

RG

RF4

RF3

RF2

RF1

+

–

Suggested Devices
V+ ron

Device Configuration (V) (Ω) Packages
TS5A1066 1 x SPST 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A2066 2 x SPST 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A2053 1 x SPDT 1.65 to 5.5 10 SM8, US8
TS5A3157 1 x SPDT 1.65 to 5.5 10 SOT-23, SC-70, WCSP
TS5A23157 2 x SPDT 1.65 to 5.5 10 MSOP, QFN
TS5A3357 1 x SP3T 1.65 to 5.5 5 SM8, US8
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*Preview
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模拟开关最常见的应用之一就是路由信号。 此类操作可能将来自单个

信号源的信号路由至多个不同目标，或将多个不同信号源的信号路由至

单个目标。单刀双掷的模拟开关即可用于任一情形。例如，此类开关可

用于为单个运算放大器选择不同的增益设定。

应用

• 用于微控制器的解多路复用（DeMUX，也称信号分离）输入

• 运算放大器增益调节

• 运算放大器滤波器选择

资源

• 模拟开关：www.ti.com.cn/switches
• 模拟开关产品演示：www.ti.com.cn/casts
• 模拟开关选择指南 (Analog Switch Selection Guide) ：

 Lit. # SLYB125
www.ti.com/analogswitchguide

高级封装选项

（还可提供额外的封装类型）

推荐器件

*前瞻性产品
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微控制器输入/输出扩展

57

当今的各类应用较之先前拥有更多的特性及处理需求。I2C输入/输出扩

展器可支持新特性的添加，且无须升级较为昂贵的微控制器。TI的I2C输
入/输出扩展器极为适用于LED控制、键区通信、增加数字输入端以及控

制新的外设。

优势

• 节省处理器引脚

• 改善电路板路由

• 缩减板载空间

应用

• 键区控制

• LED 控制

• 温度测量

资源

• I2C总线解决方案：www.ti.com.cn/i2c
• I2C产品演示：www.ti.com.cn/casts
• I2C总线选择指南(I2C Bus Selection Guide)： Lit. # SSZC003A
• 应用手册： Lit. # SCPA032 高级封装选项

（还可提供其他类型的封装）
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Microcontroller I/O Expansion
Today’s appliances have more features and processing
requirements than those of previous generations. I2C I/O
expanders allow new features to be added without the
need to upgrade to more expensive microcontrollers. TI’s
I2C I/O expanders are well suited for LED control, keypad
communications, increasing digital inputs and controlling
new peripherals.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Applications
• Keypad control

• LED control

• Temperature sensing

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032

/INT

/RESET

SCL

SDA

Temp
Control

Controller
Hub

CPU
Fan

Control

Humidity
Sensors

LED
Status

Other

I C
I/O Expander

2

Advanced Package Options
(Additional packages 
may be available)

Suggested Devices
VCC

Device Description (V) Pins/Packages
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O 2.3 to 5.5 16/SOIC, SSOP, 

expander with reset and configuration registers TSSOP, TVSOP, QFN
PCA9539 Remote 16-bit I2C and SMBus low-power 2.3 to 5.5 24/SOIC, SSOP, 

I/O expander with interrupt output and TSSOP, TVSOP, QFN
configuration registers

0.144
(3,65)

0.163
(4,15)

16-Pin
QFN (RGY)

0.163
(4,15)

0.163
(4,15)

24-Pin
QFN (RGE)
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Microcontroller I/O Expansion
Today’s appliances have more features and processing
requirements than those of previous generations. I2C I/O
expanders allow new features to be added without the
need to upgrade to more expensive microcontrollers. TI’s
I2C I/O expanders are well suited for LED control, keypad
communications, increasing digital inputs and controlling
new peripherals.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Applications
• Keypad control

• LED control

• Temperature sensing

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032
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(Additional packages 
may be available)

Suggested Devices
VCC

Device Description (V) Pins/Packages
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O 2.3 to 5.5 16/SOIC, SSOP, 

expander with reset and configuration registers TSSOP, TVSOP, QFN
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Microcontroller I/O Expansion
Today’s appliances have more features and processing
requirements than those of previous generations. I2C I/O
expanders allow new features to be added without the
need to upgrade to more expensive microcontrollers. TI’s
I2C I/O expanders are well suited for LED control, keypad
communications, increasing digital inputs and controlling
new peripherals.

Advantages
• Processor pin savings

• Improved board routing

• Reduced board space

Applications
• Keypad control

• LED control

• Temperature sensing

Resources
• I2C Bus Solutions: www.ti.com/i2c
• I2C Product Casts: www.ti.com/casts
• I2C Bus Selection Guide: Lit. # SSZC003A

• Application Note: Lit. # SCPA032
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Advanced Package Options
(Additional packages 
may be available)

Suggested Devices
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Device Description (V) Pins/Packages
PCA9536 Remote 4-bit I2C and SMBus I/O expander with 2.3 to 5.5 8/WCSP

configuration registers
PCA9557 Remote 8-bit I2C and SMBus low-power I/O 2.3 to 5.5 16/SOIC, SSOP, 

expander with reset and configuration registers TSSOP, TVSOP, QFN
PCA9539 Remote 16-bit I2C and SMBus low-power 2.3 to 5.5 24/SOIC, SSOP, 

I/O expander with interrupt output and TSSOP, TVSOP, QFN
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线性及逻辑器件5分钟指南        

德州仪器•模拟产品
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Signal Conditioning
Condition signals prior to interfacing with the system’s
microcontroller.

Suggested Devices
Power

No. of Supply VREF VZ
Family Device Description Channels (V) (V)

LP324 Ultra-low-power quad op amps 4 3 to 32 —
LP2902 Ultra-low-power quad op amps 4 3 to 32 —

Wide-Voltage
LP358 Ultra-low-power dual op amp 2 3 to 32 —

Op Amps
LP2904 Ultra-low-power dual op amp 2 3 to 32 —
TS321 Low-power single op amp 1 3 to 30 —
MC33078 Dual high-speed low-noise op amp 2 10 to 36 —

Low-Noise
TL5580 Dual low-noise wide-bandwidth precision amp 2 4 to 36 —

Op Amps
TL5580A Dual low-noise wide-bandwidth precision amp 2 4 to 36 —
TL103W Dual op amp with internal reference 2 3 to 32 2.5
TL103WA Dual op amp with internal reference 2 3 to 32 2.5

Op Amps TSM102 Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36
with VREF TSM102A Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36

TSM104W Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36
TSM104WA Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36

Package Options
(Additional packages 
may be available)

0.344
(8,75)

0.244
(6,20)

14-Pin
SOIC (D)

0.201
(5,10)

0.260
(6,60)

14-Pin
TSSOP (PW)

Applications
• Switch-mode power supplies and battery chargers

• Voltage and current sensing—Power Good, overvoltage,
undervoltage, overcurrent

• Window comparators

• Alarms, detectors and sensors

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A

Power
Factor

Correction

Current
Voltage
Sense

Current
Voltage
Sense

Motor Drive
Motor

and Load

DSP
MCU

ADC

ADC

DAC

Aux Input

Aux Output

Op Amps

Power
Converter

Memory

Hall-Effect
SensorResolver Encoder
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信号调节

58

调节信号早于与系统微控制器的接口连接

应用

• 开关模式(Switch-mode)的电源及电池充电器

• 电压及电流测量——供电良好、过压、欠压、过电流

• 窗口比较器

• 告警器、探测器及传感器

资源

• 运算放大器：www.ti.com/standardlinear
• 运算放大器选择指南 (Operational Amplifiers Selection Guide)：

 Lit. # SLYB115A
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Signal Conditioning
Condition signals prior to interfacing with the system’s
microcontroller.

Suggested Devices
Power

No. of Supply VREF VZ
Family Device Description Channels (V) (V)

LP324 Ultra-low-power quad op amps 4 3 to 32 —
LP2902 Ultra-low-power quad op amps 4 3 to 32 —

Wide-Voltage
LP358 Ultra-low-power dual op amp 2 3 to 32 —

Op Amps
LP2904 Ultra-low-power dual op amp 2 3 to 32 —
TS321 Low-power single op amp 1 3 to 30 —
MC33078 Dual high-speed low-noise op amp 2 10 to 36 —

Low-Noise
TL5580 Dual low-noise wide-bandwidth precision amp 2 4 to 36 —

Op Amps
TL5580A Dual low-noise wide-bandwidth precision amp 2 4 to 36 —
TL103W Dual op amp with internal reference 2 3 to 32 2.5
TL103WA Dual op amp with internal reference 2 3 to 32 2.5

Op Amps TSM102 Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36
with VREF TSM102A Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36

TSM104W Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36
TSM104WA Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36

Package Options
(Additional packages 
may be available)

0.344
(8,75)

0.244
(6,20)

14-Pin
SOIC (D)

0.201
(5,10)

0.260
(6,60)

14-Pin
TSSOP (PW)

Applications
• Switch-mode power supplies and battery chargers

• Voltage and current sensing—Power Good, overvoltage,
undervoltage, overcurrent

• Window comparators

• Alarms, detectors and sensors

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A
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Signal Conditioning
Condition signals prior to interfacing with the system’s
microcontroller.

Suggested Devices
Power

No. of Supply VREF VZ
Family Device Description Channels (V) (V)

LP324 Ultra-low-power quad op amps 4 3 to 32 —
LP2902 Ultra-low-power quad op amps 4 3 to 32 —

Wide-Voltage
LP358 Ultra-low-power dual op amp 2 3 to 32 —

Op Amps
LP2904 Ultra-low-power dual op amp 2 3 to 32 —
TS321 Low-power single op amp 1 3 to 30 —
MC33078 Dual high-speed low-noise op amp 2 10 to 36 —

Low-Noise
TL5580 Dual low-noise wide-bandwidth precision amp 2 4 to 36 —

Op Amps
TL5580A Dual low-noise wide-bandwidth precision amp 2 4 to 36 —
TL103W Dual op amp with internal reference 2 3 to 32 2.5
TL103WA Dual op amp with internal reference 2 3 to 32 2.5

Op Amps TSM102 Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36
with VREF TSM102A Dual op amp, dual comparator w/voltage ref. 2 3 to 30 2.5 to 36

TSM104W Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36
TSM104WA Quad op amp and programmable voltage ref. 4 3 to 32 2.5 to 36

Package Options
(Additional packages 
may be available)

0.344
(8,75)

0.244
(6,20)

14-Pin
SOIC (D)

0.201
(5,10)

0.260
(6,60)

14-Pin
TSSOP (PW)

Applications
• Switch-mode power supplies and battery chargers

• Voltage and current sensing—Power Good, overvoltage,
undervoltage, overcurrent

• Window comparators

• Alarms, detectors and sensors

Resources
• Operational Amplifiers: www.ti.com/standardlinear
• Operational Amplifiers Selection Guide: Lit. # SLYB115A
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重重要要声声明明

德州仪器 (TI) 及其下属子公司有权在不事先通知的情况下，随时对所提供的产品和服务进行更正、修改、增强、改进或其它更改，
并有权随时中止提供任何产品和服务。 客户在下订单前应获取最新的相关信息，并验证这些信息是否完整且是最新的。 所有产品的
销售都遵循在订单确认时所提供的 TI 销售条款与条件。

TI 保证其所销售的硬件产品的性能符合 TI 标准保修的适用规范。 仅在 TI 保修的范围内，且 TI 认为有必要时才会使用测试或其它质
量控制技术。 除非政府做出了硬性规定，否则没有必要对每种产品的所有参数进行测试。

TI 对应用帮助或客户产品设计不承担任何义务。 客户应对其使用 TI 组件的产品和应用自行负责。 为尽量减小与客户产品和应用相关
的风险，客户应提供充分的设计与操作安全措施。

TI 不对任何 TI 专利权、版权、屏蔽作品权或其它与使用了 TI 产品或服务的组合设备、机器、流程相关的 TI 知识产权中授予的直接
或隐含权限作出任何保证或解释。 TI 所发布的与第三方产品或服务有关的信息，不能构成从 TI 获得使用这些产品或服务的许可、授
权、或认可。 使用此类信息可能需要获得第三方的专利权或其它知识产权方面的许可，或是 TI 的专利权或其它知识产权方面的许
可。

对于 TI 的数据手册或数据表，仅在没有对内容进行任何篡改且带有相关授权、条件、限制和声明的情况下才允许进行复制。 在复制
信息的过程中对内容的篡改属于非法的、欺诈性商业行为。 TI 对此类篡改过的文件不承担任何责任。

在转售 TI 产品或服务时，如果存在对产品或服务参数的虚假陈述，则会失去相关 TI 产品或服务的明示或暗示授权，且这是非法的、
欺诈性商业行为。 TI 对此类虚假陈述不承担任何责任。

可访问以下 URL 地址以获取有关其它 TI 产品和应用解决方案的信息：

产产品品

放大器 http://www.ti.com.cn/amplifiers

数据转换器 http://www.ti.com.cn/dataconverters

DSP http://www.ti.com.cn/dsp

接口 http://www.ti.com.cn/interface

逻辑 http://www.ti.com.cn/logic

电源管理 http://www.ti.com.cn/power

微控制器 http://www.ti.com.cn/microcontrollers

应应用用

音频 http://www.ti.com.cn/audio

汽车 http://www.ti.com.cn/automotive

宽带 http://www.ti.com.cn/broadband

数字控制 http://www.ti.com.cn/control

光纤网络 http://www.ti.com.cn/opticalnetwork

安全 http://www.ti.com.cn/security

电话 http://www.ti.com.cn/telecom

视频与成像 http://www.ti.com.cn/video

无线 http://www.ti.com.cn/wireless

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2006, Texas Instruments Incorporated
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