Tl Technology Days 2010

HVL-SLL-Analog Losungen fur
typische Schaltungsprobleme




Agenda

LOsungen fir typische Schaltungsprobleme

« [] Signale aufbereiten und verteilen (Pegelwandler, Schalter)

« [] Leistung steuern und einsparen (Analogschalter und LED-Treiber)
« [JSchnittstellen schitzen (ESD/EMI)

« [ Typische Entwurfsprobleme (PCB) vermeiden (intelligente Logik)
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SysACE Config, Mode
Pins DIP Switch, SW3

USB Host, J18
SFP Module, P19

SPDIF Out, P14

Parallel Cable IV
(PC4) JTAG, J1

VGA Port P8 s

MGT Connection
J42-J45

Ethernet P6

Diff CLK In
J10, J11

Digital Video
Connector, P7

SATA Connectors
J40, J41

Prog Pushbutton, SW5
SYSACE Reset, SW4

CPU Reset, SW7

USB Peripheral - J17

PS/2 Mouse and
Keyboard, P4, PS5

Serial Port
COom2

Serial Port
COM1

Line Out - P12
Amplified Line Out - P13
Line In - P11
Microphone In - P10
Power Connector, P20

Power-On Switch
SWi1

Diff CLK Out
J12,J13

Piezo Transducer
SWi1

Signale aufbereiten und verteilen

(Pegelwandler, Schalter)

Il |
Status &
Error LEDs

PCle Interface

GPIO LEDs

Rotary Switch
SW3

EKEENEEE

GPIO PBs
GPIO DIP SW8
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Logi

=
B SVTTL L w rib‘w\'.‘.-r“; A ey -.I:'f; 5.0y Reference
B 5V CMOS I Logic
m LVTTL B Vo AN S-CMOS
TTL 24viD.4V
LT
e BirEl SR ‘-"I" ti:."tt_ii:. 3.3V
e ':.;":i‘f,_”.[ LVTTL I 1.5v.8Y I 24NI0.4V LVCILV-A
E K JEDIES #-8 1.0¥
Wi = B = W Vi 8 - .,-.;.u:ﬂ_”,l reﬁll .}j-_u 2.5V
Vi = 0¥ Wy ® A i = 24V CMOS I 1.0 I 204 LWVCILW-A
I i e vis L 1.0% & 1N b P = C=th
: U BEEY 1.8v
Vg = 0.6 Wp =08 T m BTV Pa—— CMOS 0.65x\co/ Vec-0.45W ALC
. oo w AW o w QA ¥ ¥ Vop = ¥ oy = BATY 0.35x Vee | pasv
m Open-Drain Switching Level
E CMOS The Input (VIH/VIL/VOL) is referenced to Supply Vcc of the Chip and Outputs (VOH) is
| G‘F'EI'I Drain referenced to external PH"-UP RESI_SIDFJ v
Supply Vollage Viess | LVCHT undentands | Pullup reckior may bs connsoled fo | Laved Convercion ramgs i
1.8 1.8V Levels 184, 25V, 23V and S 186 = LEW - 55N
z5v L5V Levels 184, 25V, 23V and SV 5N = LEY - 55N .
v 2.3V Levels LBV, 2:5v, 23V and 5V 330 LV -5V e Rpl" LLIP
= 5V Lisanis 4L 25V, 23V and S SN = 1BV - 55 ] T1 e
Required Input level  : #
depends on \/, ] |
v ] CQutput level
e depends on V.,
41412010

O

Levels Overview
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Four Different Voltage Translation Classes

Direction-Controlled:

= Support signal Data Rates of 200 Mb/s + v

= Offered in variety of bit-widths (i.e. 1-32) v

= Supports supply-voltages from 1.2V to 5.5V ¥
»  Good DC drive strength of 12mA v

«  Capable of driving Resistive loads v

- Support signal Data Rates up to 100 Mb/s v

. Offered in variety of bit-widths (i.e. 1-8) v

- Supports supply-voltages from 1.2V to 5.5V ¥

«  Average DC drive strength of 100's uA
capable of driving Hi-Z loads up to 70pF v

. Push-Pull driver optimized v

- Support signal Data Rates up fo 40 Mb/s + v

«  Offered in variety of bit-widths (i.e. 1 -8) v

«  Supports supply-voltages from 1.2V to 5.5V v

«  Average DC drive strength of 100's uA
capable of driving Hi-Z loads up to >100pF v

. Open-Drain driver optimized v

Application Specific:
: (Memory Canf urisca)

«  Hybrid architecture solutions v
«  Offered in variety of bit-widths (i.e. 1 -32) v
: . Supports supply-voltages from 1.2V to 5.5V v
Precsssor _m W $U/S010 « Includes translators with integrated LDO power-sources v

i

i3 TEXAS
INSTRUMENTS




AVC Technology Translator

€ Translate the particular logic level
to another required logic Voltage
Level(e.g:1.8V to/from 3.3V)

@ Driving capability to ensure the
signal integrity.

€ DIR control pin to manage the
direction of data transmission.

€ /Output enable to reduce power
consumption.

@ Partial power down (loff)

Need to control

for direction

Logic-Level

1.8V CPU

1.8V

33V —>

Can force “0"V
For power save

Level
Translator
Disable Feature

For Hi-Impedance

33V
Peripheral

4-vV
3.5-V
3-V

2.5-V
2-V

1.5-vV

1-v

0.5-Vv

0-v

i
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Direction-Controlled Voltage Translation

LVC1T45 LVC2T45 LVC8T245 LVC16T245
5
[0D)
(@)
c
S 4
% AVC4T245 AVC20T245
o) AVC1T45 AVC2T45 AVC8T245 AVC16T245 AVC24T245 AVC32T245
S
(@)
S 3
(@)
£
=
s
2 2
@® || || L] ||
S
|_
1
1 2 4 8 16 20 24 32
» ] Bit Width
- - | S—
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TXB Translator

APPLICATION 1SPI

B Data-Rate 1.8v Interface 3.3V
Veen 1.2V <> Vs 20 Mbps ? 4
Veen 1.5V <> Vg 40 Mbps Mgt oLt |, ——

Vcea 1.8V <> Vg 60 Mbps <20 s |(_ J - SPI Device
Veep 2.5V <> Veg 100 Mbps f%'\i’ogp‘z]’%» Ml dola— 1
Veea 3.3V <> Vg 100 Mbps ' —===" T

B Low Power Consumption 4-pA Max. lec 2 ©

B |/Os Push-Pull CMOS TXB0104
Vi = Ve X 0.65
V| = Ve X 0.35
Vo = Ve — 0.4V, TX |B|01|04
VoL = 0.4V 1 t

B OE is referenced to V¢, and 5.5V Input Tolerant (CMOS) Tl Translator Grade I

B Either Vg Or Vg Power-Supply can be ramped first Buffer-type Bit-

B Driving Load Capacitance up to 70-pF width
B External Pull-Up/Down Resistors must be >50kQ

o =
Device  Pins. # I/O Level Translator ESD 2z 8
bits Range (B-Ports) T332
SRl
TXB0101 6 | 1 | 15V,1.8V,25V,3.3V,5V | HBM: £ 15KV v v | e o
TXB0102 8 | 2 | 15v,1.8v,25V,3.3V,5V [ HBM: £ 15KV v v () o
TXB0104  |14/12| 4 | 15V,1.8V,25V,3.3V,5V | HBM: £ 15KV v v o(o|o o
TXB0106 16 | 6 | 1.5V,1.8V,25V,3.3V,5V | HBM: £ 15KV v v o o
TXB0108 20 [ 8 [ 1.5v,1.8V,25V,3.3V,5V [ HBM: £ 15KV v v ojo|o
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Auto-Direction Sensing Switch Type Translators
Device Operation — Transmitting a High Signal

VCCA

R1
10k

<
@)
£
S 4

___________

Open—ljrain Driver

Features:

No Direction Control Signal Needed v
Up to 20Mbps Data Rates v

One-shots act to speed up Low to High Transitions v
Can drive heavier Capacitive Loads than the TXB Translators v
Integrated pull-up resistors save board space and cost in open-

drain applications v

Vee Vee
B g4
One-
shot
R2
ok i
Gate Bias i :
— B | . High
OFF B gl
TXS01xX L |
Receiver
TX S|101|04
) 1
Tl Translator Grade
Switch- Bit-
type width

I
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TXS “Switch” Type Translator

B Data-Rate TXS010X E  xxx
20-Mbps to 24-Mbps B Port for TXS0104E/0108E E > Alr-Gap/Contact ESD
B 10K-Q Integrated Ry, on both 1/0Os Number Of Bits

* 15-kV Human-Body Model (A114-B) >
M |/Os Push-Pull/Open Drain + 200-V Machine Model (A115-A)

B OE is referenced to Vg, and 5.5V » 1000-V Charged-Device Model (C101) VCCB
Input Tolerant

B Open Drain/Push Pull Type
W 12C, 1-Wirebus, MMC Card I/F

vCCA

IEC 61000-4-2 ESD (B Port)

+ +8-kV Contact Discharge
+ +10-kV Air-Gap Discharge

3.3-V 5-V
APPLICATION
T EXAMPLE 1
&y B2 ] 1 8] Bl =D
GND ] 2 7 3 Vees 12C
12C Port AT Veea O] 3 6 [ 1 OE Peripheral
—> A2 ]2 5[0 A1 >
TXS0102

Q)

loff wn

# I/O Level Translator ESD AirGap & g

" bits Range (B-Ports) ®

HI-z >

TXS0101 6 1 | 1.8v,25V,33V,5V HBM: + 8KV v | o o

TXS0102 8 2 | 1.8v,25v,33v,5v HBM: + 8KV v o o

TXS0104E  [14/12| 4 | 1.8V, 2.5V, 3.3V, 5V HBM: £ 15KV | + 10KV olo|o|o

TXS0108E 20 | 8 | 1.8v,25v,3.3v,5v HBM: + 15KV | + 15KV olo
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For every protocol a translator

Data  Clock
Rate  Rate
Interface  Name Spec-Type VLT-Type #bits (Mb/s) (MHz) Signal Names Voltage-Levels TI-Translator
Initialization: 2V to 3.6V
SDIO Secure-Digital I/O Full-Speed Switch 4 100 0-25 DAT[3:0], CMD, CLK Operation: 3.1V to 3.5V TXB0104, TXS0206
Initialization: 2V to 3.6V
SDIO Secure-Digital I/O Low-Speed Switch 4 0-0.4 DAT[3:0], CMD, CLK Operation: 3.1V to 3.5V TXB0104, TXS0206
MOSI (Serial Data
Input)
4-wire - MISO (Serial Data
Synchronous Output) 1.5V, 1.8V, 2.5V, 3.3V,
SPI Serial-Peripheral-Interface Serial I/F Switch 4 20 0,5 - SCK (Serial Clock) 5V TXB0104
SCL = Serial Clock 1.5V, 1.8V, 2.5V, 3.3V,
Pc Inter-Integrated-Circuit Fast-Mode Switch 2 0,4 SDA = Data I/O 5V TXS0102
SCL = Serial Clock 1.5V, 1.8V, 2.5V, 3.3V,
l’C Inter-Integrated-Circuit ~ Fast-Mode-Plus  Switch 2 1 SDA = Data I/O 5V TXS0102
SCL = Serial Clock 1.5V, 1.8V, 2.5V, 3.3V,
l’c Inter-Integrated-Circuit ~ High-Speed-Mode Switch 2 3,4 SDA = Data I/O 5V TXS0102
SCL = Serial Clock 1.5V, 1.8V, 2.5V, 3.3V,
SMBus System-Management-Bus SMBus 2.0 Switch 2 SDA = Data I/O 5V TXS0102
SCL = Serial Clock 1.5v, 1.8V, 2.5V, 3.3V,
PMBus Power-Management-Bus PMBus Switch 2 0,4 SDA = Data I/O 5V TXS0102
1.5V, 1.8V, 2.5V, 3.3V,
1-wire One-Wire Microlan Switch 1 0,163 1WI/IWO 5V TXS0101
RST = Reset
CLK = Clock Input = 3.05V to 5V
SIM Subscriber Identity Modul ISO/IEC7812 Switch/Buffer 3 I/O = Data I/O Output = 1.8V or 3.0V  TXS02326E
D+ = Diff Data Line
IC-USB Inter-Chip USB 2 12 D- = Diff Data Line 1.1V to 3.6V AVC2T872, TXS0202
D+ = Diff Data Line
HSIC High-Speed Inter-chip USB 2 480 D- = Diff Data Line 1.1V to 3.6V TXS0202
LCD Liquid Crystal Display Buffer 32 1.1V to 3.6V AVC32T245
i3 Texas
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Voltage Translation EVM

Features
* Demonstrates capabilities of our Direction controlled and Auto-Direction Voltage Translators

* Includes foot-print for I/O data line Ry, and Ry and/or Capacitors

* EVM supports three separate 8-bit width voltage translators

— SN74AVC8T245PWR
= Supports 1.2V — 3.3V V¢ Supplies

— TXB0O108PWR
» “Buffer-Type” for “Push-Pull” (PP) Apps
= Supports 1.2V — 5.5V V. Supplies

— TXS0108PWR
= “Switch-Type” for PP (60 Mbps)
“Open-Drain” (OD) 2 Mbps

t@ Translator EUM

Texas Instruments

CONNECTION DESCRIPTION

Label Description
VCCA A-side Power-Supply
VCCB B-side Power-Supply
GND Power-Supply Ground (i.e. 0V)
Al - A8 A-side Data Signal I/O pins
B1 - B8 B-side Data Signal I/O pins

Output Enable control signal pin (Active Low for AVC8T245 and
OE active High for the TXB0108 and TXS0108E)
DIR Direction control signal pin (Applicable for the AVC8T245)
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Logic Product Life Cycle

this line on a family level

A Bipolar
€ cwvos

@ BiCMOS

Tl remains committed to be the last major supplier in every logic family




SN74AUP1T97/98

Single-Supply Voltage Level Translator w/9 Logic Functions

o Features

Single Supply Voltage Translator
- 1.8Vt03.3V(atVe.=3.3V)
- 25Vt03.3V(atVe=3.3V)
- 1.8Vto25V(atVec=25V)
- 33Vto25V(atVec=25V)

Can be configured as 1 of 9 logic functions

Schmitt-Trigger Inputs

. Benefits
. Simplified PCB Routing

Flexible Functionality Simplifies Inventory Management (9-inj |, & F |
Tolerant to Slow Input Transitions and Noisy Signals : I[EZD

Body Package
Length | Width

NanoStar/NanoFree 1.4mm 0.9mm
SC-70 2mm 2mm
SOT-23 2.9mm 2.8mm

Package Dimensions

Nanostar™

Op Oy
GND VCC

Op O¢

(Bottom View)

SOT23/SC70

@
au
L%
o
L=}
£
CE
o3

-
[=]
-
]
w
c
I
=
=

(Top View)

’97-Function

157: 2-to-1 Data Selector/MUX

14402/14+08: 2-Input AND/NOR
Gate with One Inverted Input

32: 2-Input OR Gate

’98-Function

158: 2-to-1 Data Selector/MUX
with Inverted Output

= Sk

02: 2-Input NOR Gate

14400/14432: 2-Input NAND/OR
Gate with One Inverted Input

Vec A
A
A8 &
8 Y 25 8
A B
GND

N D

Each Device Can Perform Multiple Logic Functions

14400/14432: 2-Input OR/NAND
Gate with One Inverted Input

Ve Vee
.
8—{7
b4 B Y A v
= = B
GND

08: 2-Input AND Gate

04/14: Inverter

F > >

17/34: Noninverted Buffer

144+02/14+08: 2-Input NOR/AND
Gate with Om Inverted Input

=
> R

04/14: Inverter

00: 2-Input NAND Gate

17: Noninverted Buffer

33V

1.8-v

3.3V

System

U

System

y

V1+(max) = Vjy(min) =119V — —
V1-(min) =V (max) =05V — ——/—~——

Input Switching Waveform

Example: 1.8V LVCMOS to 3.

———— VpH min
—— — VoL max
Output Switching Waveform

3V LVTTL/LVCMOS Translation

i
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Translating FET Switches / BUS Switches:

o

FET switches are ideal for translation applications in which active
current drive is not required or where very fast propagation delays
are desired.
When ON, a Bus Switch Provides

—Bi-directional signal passing

—Near zero propagation delay (0.25ns) for maximum

system performance

—Very low resistance (Ron = 50 to 10Q)

~Very low capacitance (Cio = 8pF to 12pF)

—Fast data throughput (100MHz to 500MHz)

—No drive current (pass-through current only)

When OFF, a Bus Switch Provides
—Excellent isolation with very high resistance (Ron = 10's
of MQ))
—Very low capacitance (Cio = 3pF to 5pF) minimizes
capacitive loading and signal distortion

Many Bit width Options

Many Signal Routing Options (Isolation, MUX, DeMUX, Exchange)

13 TEXAS
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Digital Bus Switch

CB3T — 2.5V/3.3V Low-Voltage Translator Bus Switch
 Output Voltage Translation Tracks Vcc
* Supports Mixed-Mode Signal Operation On All Data 1/0 Ports
- 5V Input Down to 3.3V Output Level Shift with 3.3V Vcc
- 5V/3.3V Input Down to 2.5V Output Level Shift with 2.5V

Vcc

* Ideal for Low-Power Portable Equipment

CB3Q - 3.3V/2.5V High-Bandwidth Bus Switch Family

 High-Bandwidth Data Path (Up to 500MHz)
* Provides Low and Flat On-State Resistance (Ron)

Characteristics

* Supports Rail-to-Rail I/0 (RRIO) Switching from 0V to 5V
» Ideal for Broadband Communications and Networking

Systems

CBT-C — Improved 5V General Purpose Bus Switch Family

* Active Undershoot Protection Circuitry Provides Protection to -2V
* loff Supports Partial-Power-Down Mode Operation

* Enhanced Performance vs. CBT (Faster Ten/Tdis, Lower Ron)

* Improved ESD Protection; 2KV HBM, 1KV CDM

CBT — 5V General Purpose Bus Switch Family

* Supports 5V Operation (Vcc = 4V — 5.5V)

» CBTD Switches Configured as Level Shifter with Level Shifting
Diode

* CBTR Features Series Damping Resistors for Improved Noise
Control

CBTLV — 3.3V/2.5V General Purpose Bus Switch Family

* Supports 3.3V/2.5V Operation (Vcc = 2.3V — 3.6V)

« Offers Rail-to-Rail I/0 (RRIO) Signal Transmission (No Voltage
Clamping)

Parameters CBT CBT-C CBTLV CB3T CB3Q
vCC 5V 5v 2.5/3.3V 2.5/3.3V 2.5/3.3V
Ron 50 30 50 50 40
Ron Flat na na na na YES 40
Speed 0.25ns 0.15ns 0.15/0.25ns | 0.15/0.25ns 0.12/0.2ns
Bandwidth na na na na 500MHz
Undershoot (Off) na -2V na na na
Translation na na na YES na
i3 TEXAS
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CBT Application Diagram

5-V Bus Switch Application

CBTezaz

Memory Bus Data-bus loading sharing

*« CBT16292 is internal pull down when disconnected.
» Optimized on memory data-bus load sharing with
Zero Delay switching the MUX.

Noise Filtering

Noisy Input Clean Output

CBTs reduce switching noise from voltage spikes and overshooting generated by line
reflections, crosstalk or simultaneous switching.

* Flow-through pinout for simpler
BIASV /\ board layouts

» Precharged outputs for live
insertion

Precharge is optional feature to
ensure the signal at proper
level when Card Insertion.

SNd INV1dAIvdE
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CBT Application Diagram

Memory
Controller

Memory

Memory

Memory

Memory

Memory

Memory

CBT16214C

CPU1 CPU2 /0
Module
400pF Loading
Limitation
|2C ® Py
Bus
Isolate the 12C
ORKGIOM . — Bus to another
12C bus
12C
Device

Server Workstation

« Switching 1:3 Mux to different Module and
CPU.

3.3V 3.3V-Bus 5v SV-Bus

 Translating the Volt. Level | s |

« Hot Insertion Plug/Play %% E
* Protect the I/O Chip

for keyboard

/0 '/ CBTD3306C ’/
Chip 5V-PS2 Bus
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CBT with Additional Features

CBT/C CBTD CBTS CBTK

Vee(V) 4-55 45-55 4-55 4-55 4-55
Speed 250 ps 250 ps 250 ps 250ps 250 ps

. . Improve Enhance
Benefits Very Fast Ext. Diode to Vcc Undershoot Undershoot Bus-Hold
Optimized

P L Isolation Level-shifting Isolation Isolation Latch data
Application
CBTD Voltage From BIAS Generator CBTK
Vog™ ¥

=

NMOS Transistor

: Gate [ cl‘mp [
i) Drain i =
PN PERr—
- 1 =
V0
—————
4% |
CBTH ® :
I
- ~. . CBTR
i ) !
ETTTTTTTTTTT T T Ci 1
! == Hild Tl E i
: a Output
Local bus o i —— _[: i ﬁ' *——w——
Vi N | @ )
=+ L’ ] = - | |
11 :| ] E | Resistor
--------------------- | S
-~
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CBTLV Application

MPU/
ASIC

/N

Insertion

A

v

Mother
Board

v

<
CBTLV «

N

Hot Swapping the Bus

3.3-V Bus Switch Application

CBTLV16292

Intemal _E

CBTLV16292

3.3V Live Insertion Bus

* Backplane Module
e TTL/CMOS Camera Module

Memory Bus Data-bus loading sharing

* CBT16292 is internal pull down when disconnected.
» Optimized on memory data-bus load sharing with
Zero Delay switching the MUX.
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CBTLV Application

= .| SPI
12 "| Memory - Expand SPI Bus.
: P « SD Memory Bus Mux
o ) - PDA Mobile Phone
- . SPI * Portable Equipments
» (SD Slot)
Baseband CPU
(Embedded CPU)
.o .| UART
U « Bt. « Expand RS-232
| <
= ) 21X, 2Rx |
'R - Using Bi-directional Switch
|
[_-I_- _: MAX3232 MUX
< Transceiver
Baseband CPU )
(Embedded CPU)
i3 Texas
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CB3T Application

5V 3.3V 3.3V 3.3V . .
| « Most Video Input from Tuner is
YL \ _ 5V Voltage Level.
Tuner , Video « CB3T can limit the output to
Circuit 3.3V protect the Video Chip.
SV 3.3V-Bus  aav 5V-Bus 3.3V 400pF Loading
| / | / 2c o Limitation
|
/o CB3T3306 DL ?
Chip * 5V-PS2 Bus Bus IOt
for keyboard IRV . | Bus to another |
* Translating the Volt. Level - | IZCbus
* Hot Insertion Plug/Play % :
« Protect the 1/0 Chip % » Translateto
12C (3.3V) 3V
Device
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CB3Q Switch Application

Laser Memory Interleaving

CPU CB3Q3257 « High densities of memory at high speed will
M\év,;]tgry — increase the loading huge data.
Controller « CB3Q High Speed Switch MUC can share
the loading of Address, RAS, CAS which are
CB3Q3257 connecting to all Memory Chips.
DDR Memory Slots
* MUX High Speed USB 2.0
to Docking and USB
Connector
= O
= o
CPU = 3
= Q
= o
ICH —
= 2
MCH
* Isolating the D+ D- Data

Lines and protect the chip
and power saving with
Enable Pin
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INSTRUMENTS




CB3Q Switch Application

Audio Applications

_____ 1

! : .

@ :

| >

, @ © g CB3Q3253 ——  Audio
! ! ‘ 4:1 Processor
! ® O my DEMUX

I

_____ d

Internal Speaker

« CB3Q is Ron (FLAT) which make Audio
Signal (Analog) output less distortion.
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Applications - Single SP3T — Amplifier Gain Adjustment

TS5A3357
Re T§§A_3_359
\/\/\ : i
Rr; | \
® VvV :
Re ||
® VvV |
Res
VAVA °
vi T\
® Vo
| ® TS5A3357
NOO — A
. - . : NO1 jbﬁ\@— COM
Considerations: Single SP3T — Amplifier Gain Adjustment NO2 | A | I N
1. Rg, versus r,, Logie IN2
2. r.. flathess GND Control
" Ton
3' CVO |k SM8 package currently in development!
4. Bandwidth, Off-Isolation, Cross-Ta
i3 TEXAS
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Parameter Definitions

On-resistance —The resistance inserted into the signal path as a result of the
switch path being turned on.

On-resistance flatness - Difference between the maximum and minimum
value of r., in a channel over the specified range of conditions. Sometimes
tested over the full range, or at fixed points where the variation is likely
highest.

on

20

Flatness :: 15 / ;\; i / -

10

Flatness = 5 ohms
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Analog Switch Applications

Single SPDT — Low Pass Filter Select
TS12A4516

A

-20dB/dec

LPF1

-40dB/dec

J

u 5 —— LPF2

Single SPDT - Low Pass Filter Select

Considerations:

1. Bandwidth, Off-Isolation, Cross-Talk
2. Break-Before-Make Switching

3. Cyo

4.r1,,

5.r,, flatness
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Parameter Definitions

Bandwidth — The 3dB frequency response.

Cross-Talk — A measurement of unwanted signal coupling from an ON
channel to an OFF channel. This is measured in a specific frequency and in
specified in dB.

Off-Isolation — A measurement of OFF-state switch impedance. This is
measured in dB at a specific frequency, with the corresponding channel in the
OFF state.

n OFF Isolation
-10 > T N1 | -1
Bandwidth” M
-20 -2
P gl
-30 /,f Crosstalk” -3 @
— |
m 40 -4 w
p ' 8
w —50 k. _5 -
U] Py
) -6
-/
70 -7
Pe }
-80 zf -8
—a0 -9

- 04 1 10 100 1K
Frequency (MHz)
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Parameter Definitions

Make-Before-Break (MBB) time — Guarantees that in a multiplexer, two mux
signal paths are never electrically connected when the signal path is changed
by the select input. This parameter is measured under a specified range of
conditions and by the propagation delay between the output of two adjacent
analog channels (NC and NO), when the control signal changes state.

Break-Before-Make (BBM) time — Guarantees that in a multiplexer, two
multiplexer paths are never open when the signal path is changed by the
select input. This parameter is measured under a specified range of
conditions and by the propagation delay between the output of two adjacent
analog channels (NC and NO), when the control signal changes state.

V.
v I
T v Logic
Logic + NC Ve Input 50%
VNcorVNo Input 50% . 2 ¢ ‘ V)
| NC or NO v Wi 0 Veo com | Ji
R4 com NO Vno CL® < Ro
“o-CoM |a__NO | J_ j_ Vio o
NC orNO 4 | { | — = Switoh 0.8 Vout
< Switch 90% 0% | wite |
| c (== ﬁ RL Output | v N | Output 0.8 Vour
| T 1 v - s \
com) | c@ == >R |
V, IN | — — Logi L < Vng e
— b “— toou ¥ ot T [veousv. 7
Logic i T = = R.=50Q <+ '—» tuss
Input(1) GND ;NC Z;Y_;lo:v""z = = CL=35pF
L=
= L CL=35pF

(1 Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Z5 =50 €}, t, < 5ns, ;< 5 ns.
(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo=509Q, tr<5ns, tr<5ns. (3 C_ includes probe and jig capacitance.
(2) ¢ includes probe and jig capacitance

Figure 18. Make-Before-Break Time (tygg)
Figure 16. Break-Before-Make Time (tgg)
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Analog Switch Applications

Dual SPDT — Mux ADC inputs

TS5A23159
— TS3A24517
Input 1 o
i R
—E—\ i < ADC Processor
— | v —
Input 2 L
Considerations: Dual SPDT — Mux ADC inputs
1. Settling Time
2. Bandwidth, Off-lsolation, Cross-Talk
3. Break-Before-Make Switching
4. Cyo
S. Iy,
6. r,, flatness
7. THD
8. Charge Injection
i3 Texas
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Parameter Definitions

« Settling Time — The time required for the switch output to settle within a
given percentage of the final value following a change in the digital input
level. Usually the worst-case settling time occurs when the switch is required

to slew across its full dynamic range.

Vin

Simplified Switch Simplified Load
Model Model

13 TEXAS
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Application Example with Medium Voltage Analog Switches

TS12A4516 TS1244517
D OR P PACKAGE D OR P PACKAGE
(TOP VIEW) (TOP VIEW)
\J -

TL7660! Ve +9V N A T EAS m

NC. [3] % 71 v.  NC. [F] ZE 7] v

:r_________________________1: N.C. E E IN N.C. E E IN
i ' V. [4] [5] N.C. V. [4] [5] N.C.

‘ SWITCH STATE

INPUT
T512A4516 TS12A4517
+5V LOW OFF OoN
HIGH ON OFF
N.C.= Not imternally connected
NC = Mormally closed
NO = Nomally open
VI N \/\/\ -
-_—me 0  heeeee_e_———————
.
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0.6-Q Dual SPDT Analog Switch With Negative Rail Capability and

Click-Pop Suppression for audio routing
TS5A22362, TS5A22364

Features
* Negative Signaling Capability : Analog I/O Range =V, - 5.5V to V+

* Internal Shunt Switch prevents audible click-and pop when switching between two
sources (TS5A22364 only )

« Low ON-State Resistance (0.6-Q typ or 0.8-Q typ for TS5A22366)
« Low Charge Injection
+ Excellent ON-State Resistance Matching
« 2.3-Vto 5.5-V Power Supply (V+)
+ Packaging Options
— 10-WCSP (0.5mm pitch -YZP)1.9x 1.4
— SON-10 (DRC) 3x 3
— VSSOP-10 (DGS) 4.9x 3

TS5A22362

R1

Audio Source 1

Ref[RI L | E‘V o

R2

L2

L1 TPAG6130A2

Audio Source 2
13 TEXAS
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T1 Signal Switch

Overview — 3 general categories available in the market

1. Digital “bus” Switches

« Designed to pass (or isolate) digital signal levels.

Signal integrity is important, but some distortion is allowed
Wide variety of pin counts (5-96 pins, 1-32 “bit” buses)

2. Analog Switches

« Designed to pass (or isolate) analog signals.

«  Usually low pin count parts (5-16 pins)

*  Provide analog specs similar to op amps (BW, X-Talk, Off-Isolation, THD)
*  Major Suppliers:

3. Application Specific (aka “Specialty”’) Switches (ASSP)

« Targeted directly for use in application specific areas — Video, LAN, Network,
USB, Audio, PCI Express, etc.

«  More application specific specs than Digital or Analog

13 TEXAS
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1°C Product Groups

GPIO expanders * 4,8, 16 Bits |/O Expansions
: « LED Driver (Programmable Blink Rate)
VO M DR =]Tal’@ - 1.8V I2C Level with 5V Open-Drain

\
* |2C Bus Expands to 4 I°C Bus With
Translation Function by Pull Up.

PCA9306 = I12C Level Translators -

\
*P82B96 Bus Buffer Up to 20-M)

‘PCA9515A Bus Repeater

Buffer/Repeater

13 TEXAS
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12C 1/0 Expanders

« General Purpose 12C 1/0O Expanders support low level control features
* Moving all devices into 1.8V operation-node for next-gen applications

Complexity
Level Translation — TCA6408 TCA6416 TCA6424
TCAG408A TCAG416A TCAG424A
Reset, Interrupt, — PCA6107
3 address pins TCA6107
Low Power
Reset, Interrupt, — PCA9538
2 address pins TCA9538
Reset — PCA9557 PCA9539
TCA9557 TCA9539
Interrupt _ PCA9534/A PCA9535
TCA9534/A TCA9535
PCA9554/A PCA9555
Interrupt = TCA9554/A TCA9555
Basic | PCA9536
TCA9536 Configuration Registers
_ PCF8574/A PCF8575/C Development
Basic — TCA8574A TCA8575/C to add 1.8V
| | | I operation
I I I I .
4 8 16 24 Number of 1/0O Bits
i3 TExas
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http://focus.ti.com/docs/toolsw/folders/print/tmdsdsk6713.html

TCAGB6408A, TCA6416A, TCABG424A
1.8-V I/O Expander w/ Interrupt & Reset

Product Released Product Released Call For More Info

Features
. 8-, 16-, or 24-bit variants [ T 7]
. V¢c range of 1.65V to 5.5V on 12C and /O side Ll veel veep
. Bidirectional voltage-level translation and GPIO expansion between % S PO
- 1.8V SCL/SDA and 1.8V, 2.5V, 3.3V, or 5V P Port ROCESSOR & SCL p1[¢
- 2.5V SCL/SDA and 1.8V, 2.5V, 3.3V, or 5V P Port < SDA P2 [€
- 3.3V SCL/SDA and 1.8V, 2.5V, 3.3V, or 5V P Port =N Vv
- 5V SCL/SDA and 1.8V, 2.5V, 3.3V, or 5V P Port TCAGB4AXXA
. 400 kHz operation P4 |
Benefits :
. Built-in voltage level translation eliminates the need for external oD o7
translators on the 12C and /O side 33V
. Can interface with legacy and next generation processors G PACKAGE
. PW PACKAGE RSV PACKAGE (BOTTOM VIEW)
. Lower power consumption (TOP VIEW) (TOP VIEW) cougzmes
Applications _ _ Voo I Vee  CUEEYYETE
. Housekeeping Functions ADDR [J2 SDA A = =
. RESET [ 3 SCL sr;: 30 [ 11 P12
- Temperature, Fan, Audio Control Po [| 4 NT sl 2 e e
- Humidity Sensors P1(s P7 el = g he
P2 [ 6 P& ADDR 26 [ 115 Pis
— LED Status P3 [ 7 P5 GND 25 Dﬂﬂﬂnnnﬂﬂc 16 P17
- Hardware Control Monitor GND [|8 P4 S
. Keypad control U
ek P TCAG408A TCAG424A
aC ag es CKAGE RTW PACKAGE
. TCAB408A — Standard TSSOP (PW), QFN (RSV) — 1.8 x 2.6 mm "°3’“" T
i i 24 Veep @ 5L 8543 208 PACKAGE
. TCA6416A — Standard TSSOP (PW), QFN (RTW) — 4 x 4 mm, leallz I son 2224 (TR VE
BGA (ZQS) —3x3mm ';%(: ‘; zo ’P\?ER oo 1 nEETm ‘gwa ADDR ;
2 Poi| 2z 17| P17
. TCAB6424A — QFN (RGJ) —5 x5 mm | | g5 Poz 2 ol p1e ¢
o [ < B S [
P0G [] 10 s{] P12 7 8 8 10 1112 54321
POT ] 11 1] P11 [ —
GND[] 12 3f] P10 EEgEaa
TCAB416A
[ TCAB408A ] [ TCAB416A ] [ TCAB424A ] 2 Tixas
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TCA8418: Next Gen Keypad Controller

Features TCA8418 APPLICATION TO SUPPORT 4 x 4 KEYPAD
. 18 GPIOs can be Configured into Eight
Inputs and Ten Outputs to Support an 8 x | I 2/1080\})
10 Keypad Array (80 Buttons) 4 x 4 KEYPAD veel T S '
+  ESD Protection Exceeds IEC61000-4-2 on zf oL e Voo
a” 18 GPlOS < »| PROCESSOR
—  +15-KV Human Body Model (HBM) Z VEZ’; , A
—  +8-kV IEC61000-4-2, Contact i
Discharge P4 INT
— +15-kV IEC61000-4-2, Air-Gap ::Z /RESE;— @  PRESSEDKEY
Discharge —— ACTIVE LINES
. 10 Byte FIFO to Store 10 Key Presses ) il ADDR PRESSED
and Releases (8 GPIOS not shown for clarity)
*  Supports 1-MHz Fast Mode Plus 12C Bus HTW PAGKAGE
. Open-Drain Active-Low Interrupt Output, (TOPWEW]E
Asserted when Key is Pressed and Key is TERIE YFP PACKAGE
Released TN R 5T E
«  1/Os not used for keypad control can be o le oo !
used as GPIOs ROWS [5 8] coLz 8
ROW4 [ 43 | (18] COL6 A
. Ultra-small Packages: ROWs [5: | e covs T
24-pin RTW Package (QFN) — 4mm x 4mm Rowz & Nm@o:m b
25-ball YFP Package (WCSP) — 2mm x s g Igl é gl ;
2mm 298088

13 TEXAS
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I2C Muxes, Switches and
Buffers

UMEN

TS




12C Multiplexers and Switches

Resolves I2C address conflicts.
The microprocessor can select and
activate 1 of the 2 temp sensors
based on system area that needs to
be monitored.

Can isolate a section on the I2C
Bus.

If the system temperature is at the
optimal level, SCL3/SDA3 can be
isolated such that the alarm system
is deactivated.

Saves GPIO pins on
microprocessor as each
SCLn/SDAnN channel is activated or
isolated through the I°C software

Supports voltage level
translation between 2.5V, 3.3V
and 5V buses which is essential in
mixed voltage 12C systems. Here,
the microprocessor is at 3.3V while
the peripheral components need to
operate at 5V.

uP

SCL
SDA

3.3V

H:

VCC =3.3V

PCA954xA

scL—e— —>sCLo
-e—"——>SDAO

& —"—>scL1

—>SDA1

'——/—>SCL2

—>SDA2

& —"—>scL3

—>SDA3
GND

o e o e
a a a a
< < < <

H

Temp Sensor E g
#1 Ho
Temp Sensor | =H g g
#2 .\DDiE c I
GPIO
Expander for
Fan Control
GPIO .
Expander for !—!; ’
Alarm Control [y

Each SCLn/SDAnN channel can be activated through 1°C software

13 TEXAS
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12C Multiplexers and Switches Portfolio

Max vee Number Additional Features
I2C Muxes & | Frequency 12C Range of 5-V Tolerant | Open-drain
Switches (kHz) Address V) Channels | Interrupt | Reset I/0 I/Os
PCA9544A 400 1110 xxx 2.3t055 4 Yes Yes Yes
PCA9545A 400 1110 Oxx 2.3t055 4 Yes Yes Yes Yes
PCA9546A 400 1110 xxx 2.3t055 4 Yes Yes Yes
PCA9548A 400 1110 xxx 2.3t0 5.5 8 Yes Yes Yes
PCA9543A 400 1111 Oxx 2.3t0 5.5 2 Yes Yes Yes Yes
TCAXXXX 400 XXXX XXX 2.3t055 16 Yes Yes Yes Yes
TCAxXxxx (w/
Hot-swap) 400 XXXX XXX 23t05.5 2 Yes Yes Yes Yes
TCAXXxx (w/
| Hot-swap) 400 XXXX XXX 2.3t0 55 4 Yes Yes Yes Yes
FutureTrends:
12C switch with hot-swap capability
i3 Texas
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12C Buffers and Repeaters

- - « Extends the I2C bus without degradation of system
T performance:
L 1 ,__|; « PCA9515A/PCA9517: Enables two buses of 400-pF
7 T bus capacitance to be connected in an I2C application
SDA * sDa0  SDAT4—e »| sDA « 2 PCA9517 devices can be connected together
s le colo scLtle o scL * P82B96: Enables bus of 400pF capacitance on 1°C
PCASS15A side and 4000pF on slave side. Also, useful for
::an;L:is MASTER . I BUS&}LT:; operation with opto-couplers.
J?' BUS D J?' BUS1 J?' * [2C Bus Expansion
* Resolve 1°C Address Conflicts
Vee [2-15 V)
s| * Supports voltage level translation between 2.5V, 3.3V and 5V
o som_ ~_ . buses which is essential in mixed voltage I1°C systems
) Tx [TxD, SDA
=
2
< Rx (RxD, SDA) o — ‘-"_:f B o
Sy (SCL)—L } 5 1y (TxD, SCL) mmé émm 1um% émm mmé %’mm mm% émm
,/"'"1 . SDA 4 l # SDAA SOAE— #| SDAA SDAB[ 4 ¥ S0AaA SDAB[ i B
~] Ry (RxD, SCL) SCLpe *|SCLA SCLE[* ¥ sCLA SCLBJ* MscLa SCLE *| scL
PEZBOG BUIS PCAgs17 PCA9S1T PCABSIT SLAVE
7 MASTER JEn EN EN 400 kHz
| | X A
GHD

13 TEXAS
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12C Buffers Portfolio

S | m o
. = 3> —
B IN/OUT i vV I2C Level Shift Range o) 2 ClolnlZ|lo o
Device = Pin /U Bu§ ce = & 2 10| » 8 @] 9‘! @
(kHz) (12C) [Capacitance V) v o o SlolQlel 2>
N w @ = 0
- v | w | QZ.) o ? o
|| |<|&] 2 E
PCA9515A 400 8 1:1 400pF 23t05.5 v | v | vV 4 1 o|jo(o|jO0|O
VccA: 0.9t0 5.5
PCA9517 400 8 1:1 400pF 4 v | v | Vv v 1 o o
VceB: 2.7v1t0 5.5
PCA9518 400 20 1:5 400pF 3V1t0 3.6 v | v | vV 4 4 0| 0|0
P82B96 400 8 11 4000pF 2t0 15 v | v | v | 15 | 20-M Cable o|0(0O
P82B715 400 8 1:1 3000pF 3to 12 v | v | 12 | 50-M Cable o
TCA4311 400 8 1:1 400pF 2.7t05.5 v | v Hot Swap o o
i3 TExas
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TCA4311 - Hot-Swappable 12C-Bus
Buffer

Supports I/O card insertion into a live backplane without corruption of the
data and clock busses
1 V Pre-charge on all SDA and SCL Lines
— minimizes the worst-case voltage differential these pins will see at the
moment of connection
— minimizes the amount of disturbance caused by the I/O card

Bi-directional buffering, keeping the backplane and card capacitances
isolated

BACKPLANE

CONNECTCR
BACKPLANE NNECT I peroer— VO PERIPHERAL CARD 1
OWER SUPPLY o

" o - 1 | POWER SUPPL & -
e T - =TT rorswe - =, - — 1
=1 R2 = i g e F R4 R 3
0% 108 LIS — LU 10k 10k 10k
- u =2 1 CARD - - T TER
z i EMABLE/DISARLE
BOD_SEL < =1 EM Voo SDAOUT l CARD_SDa

CARD_3CL

RED CONNECTOR

1
S0 — g ! SDAIN TcAGM1  SCLOUT

SCLIN GND READY

ol i

|
-
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12C-Bus Hot-Swappable Buffer-Channel

Master Manager Slave Manager

CPU 12C 1 CPU 12C 1
PCA9518 PCI19518

TCA4311 (Hot Swap) TCA4311 (Hot Swap)

| Middle Plane
12C H4
12C_H3
1 2 3 4 5 1 6 7 8 9 1 2 3 4

0

i3 TEXAS
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LVC1GX04 (Crystal OSC Driver)

Features:
Available in Texas Instruments NanoStar™

D :
and NanoFree™ Packages

X1 >:: oxe ® Supports 5-V V¢ Operation
® |nputs Accept Voltages to 5.5V
® One Unbuffered Inverter (SN74LVC1GUO04)

DBV OR DCK PACKAGE

(TOP VIEW) and One Buffered Inverter (SN74LVC1G04)
U ® Suitable for Commonly Used Clock
NC[ 1 6lY Frequencies:
GND[ 2 5 U Vee - 15 kHz, 3.58 MHz, 4.43 MHz, 13 MHz,
X1 [ 3 all x2 25 MHz, 26 MHz, 27 MHz, 28 MHz
® Maxtpgof24nsat33Vv
NC - No internal connection ® Low Power Consumption, 10-uA Max lcc
® +24-mA Output Driveat 3.3V
YEP OR YZP PACKAGE ® |, # Supports Partial-Power-Down Mode
(BOTTOM VIEW) Operation
® |atch-Up Performance Exceeds 100 mA Per
X1]o3 40|X2 JESD 78, Class ||
GND |02 50 |Vee ® ESD Protection Exceeds JESD 22
DNUIl2o1 s lY = 2000-V Human-Body Model (A114-A)
- 200-V Machine Model (A115-A)

- 1000-V Charged-Device Model (C101)
DNU - Do not use

13 TEXAS
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LVC1404 (OSC Buffer with Enable)
LVC1404

Benefits:

» Can set CLK Output Range by Vcc.

» Can filter Clock Noise by Driving.

» Control Pin to enable/disable Clock.

» Convert to a single Clock Output
» from XIN and XOUT.
» Additional LVC1G14 integrated

Rr 2.2MK2

32pF

GND | 4

[

Features:
» Up to 28Mhz Common Frequency.
* Wide Operating Voltage range 1.65V to 5.5V.
« 24mA Output Driving at 3.3V.
* Integrated with Dual LVC1GUO04 with Control
Circuit enable/disable Clock Output.
» Smaller Package US8(DCT), SM8(DCU).
* ESD Protection HBM 2KV

i3 TEXAS
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Clock Tree Solution

Board Space: PERIPHERAL #1
Multiple TCXOs, VCTCXOs are replaced with a single BLUETOOTH
centralized clock distributor packaged in
CSWP or SMD or QFN

PERIPHERAL #2

Power Consumption : O 9 WLAN
AL . L
Each output is individually switchable 5 ad
An internal LDO acts as TCXO switch — a)
@) PERIPHERAL #3

Noise : GPS

We guarantee the same PN performances of standard TCXO
We offer both sine-wave or square-wave outputs upon needs

—>
Price;

If you technically like our solution you will like our price even more

13 TEXAS
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CDC3RLO1

1:1 Channel Clock buffer with LDO

FEATURES

. Fans out the master clock signal (from the

Sampling Now

processor) to 1 clock output based on VBATT .| | LDO VLDO >
external clock request g
. Tight jitter specifications EN_LDO
— 10 ps (typ) for output peak-to-peak GND
jer : : CLK_OUT 1
—  Superior phase noise of -143 dBc/Hz MCLK_IN | glLGC:\%S i CLKREG >
. Supports output load of 10 pF to 50 pF CONTROL
. Supports an output rise time of 1 nsto 5 ns
«  LDO specs: JCLK_REQ
— 50mA
— 1.8 V Output Voltage
— VBATTof2.3Vto55V
»  8-ball WCSP (YFP): 1.6 mm x 0.8 mm, Cat) a2
0.4 mm pitch *:ﬁ_:’ \fij 1 2
'B1" ! B2) A VBATT EN_LDO
BENEFITS o B VLDO CLK_OUT
«  Inputs can be sine or square waveforms Lc1) c2) c GND CLK REQ
- Outputs are square waveforms D MCLK IN | MCLK REQ
«  Independent outputs enable for power 1\HD1‘,’ D2
saving
. Internal LDO acts as TCXO switch
Sampling Now g
[ 1Q'a0 gTM ] I -{IE)S(?ISZUMENTS




CDC3RLO02

1:2 Channel Clock buffer with Integrated LDO

FEATURES

*  Fans out the master clock signal (from the Vearr V0o
processor) to 2 clock outputs based on " LDO | . >
external clock requests \I CLK OUT 1

. Tight jitter specifications ) ‘CLK:RE Q:l >

— 10 ps (typ) for output peak-to-peak jitter —___GND ] $ <
— Superior phase noise of -143 dBc/Hz MCLK_IN 'T\K CLK_OUT 2

«  Supports output load of 10 pF to 50 pF > Wi CLK REQ 2

. Supports an output rise time of 1 nsto 5 ns ¥

. LDO specs: MCLK_REQ

— 50mA Switch/Decoder
— 1.8 V Output Voltage
— VBATTof23Vto55V

. 8-ball WCSP (YFP): 1.6 mm x 0.8 mm, 0.4
mm pitch Engineering samples AVAILABLE

. 8-_p|n DQM: 1.2_mm x 1.8 mm, 0.4-.mm F,’I'[Ch DQM PACKAGE
MicroQFN Engineering samples in 1Q’10 _ (TOP VIEW)

1 2 ,"A;: ,’:‘A-i:l
A| VBATT | CLK OUT | L VearT CLK_OUTA1
B EN EFITS B VILDO CLK REQ 1 VLDC’ CLK_REQA
«  Inputs can be sine or square waveforms C| MCIK IN | CIK REQ 2 o MCLK_IN CLK_REQ2
GND CLK_OUT 2 e GND ClLK_oUT2

«  Outputs are square waveforms D

. Independent outputs enable for power saving

. Internal LDO acts as TCXO switch

Sampling Now ] i3 TExas
[ 4Q'09 RTM INSTRUMENTS




SysACE Config, Mode
Pins DIP Switch, SW3

USB Host, J18

SFP Module, P19

SPDIF Out, P14

Parallel Cable IV

(PC4) JTAG, J1

VGA Port P8 s

MGT Connection
J42-J45

Ethernet P6

Diff CLK In

USB Peripheral - J17

J10, J11

Digital Video
Connector, P7

SATA Connectors
J40, J41

Prog Pushbutton, SW5
SYSACE Reset, SW4
CPU Reset, SW7

Serial Port
COom2 Line Out - P12

Amplified Line Out - P13
Line In - P11
Microphone In - P10

PS/2 Mouse and  Serial Port
Keyboard, P4, P5 COM1

Power Connector, P20

Power-On Switch
SWi1

Diff CLK Out
J12,J13

Piezo Transducer
SWi1

Leistung steuern und einsparen

(Analogschalter und LED-Treiber)

Rotary Switch
SW3

KKK EEY
U | |
Status & GPIO LEDs
Error LEDs GPIO PBs
PCle Interface GPIO DIP SW8
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Application Example

1.8-V
DC/DC
(Current Limited), ey PROI\éAEIgSOR
DC/DC TPS229xx
(Current Limited), O
1.8-V
MAIN
EN DC/DC
mall(Current Limited) FROIGSESOl
DSP DSP
1.2-V
DC/DC
MEMORY (Current Limited), MEMORY
Conventional Solution Load Switch Solution

(Switch-off the DSP & Memory sub-system

using EN of the SMPS) > Save board space

=>» Cost optimized Solution
=>» Save Camera sub-system leakage

13 TEXAS
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Advanced Alarm
System

Application Example

TPS22951

Vbatt
RF Tx Module

FingerPrint
Module

o Power consumption Optimization
External Event iy
Eq door trigger Save sub system Leakage
Motion sensor Protect Subsystems
etc

13 TEXAS
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Conventional Solution
Example : Non Current-Limited Load Switch

PMOS Switch
............................................... , _ o
: f_m'_ﬁ / —‘VOUT Discrete Solution =
\
[ Several components
‘o e » Complex
~]-- 1 * PCB Area
GND

* Design and Layout
‘Need expertise
‘Need time

Integrated Solution =

1 unique device

» Small PCB Area
Slew-Rate Control to * Design and Layout
Avoid inrush currents « Easy to design
» Fast to design

!
.
.
)
.
.
.
.
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Key Parameter : ON resistance (1/2)

DC/DC Peripheral
1.2-V +2% 1.2-V +5%

200mA

« User has a 0.026-V dropout maximum

=» Conclusion: the switch solution must be
= 130-mQat 1.2-V Over Temperature

13 TEXAS
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Key Parameter : ON resistance (2/2)

Ron vs Vin

0.8b-

0.075-0 @ 1.p-V] 0.0259 @ 3.0-V

ON-State Resistance, Ron (Ohm)

e
\\

——
D

P~

© O+ HN®MmTL O~ ® O N ™
o L B B I U B B |

1.9
2.2

™~ o F! M e WL O~ 00 4T N M S 0O
o o o A a 1o T B T B B o7

Input Voltage, Vin

©
@

Example for a 200mA Load
* For a 3.3-V Rail .
* For a 1.2-V Rail .
* For a 0.85-V Ra|I

DROP =0.025 * 0.2 = 0.005-V =» 0.02% of the rail (acceptable)
Vprop = 0.075 * 0.2 = 0.015-V =» 1.25% of the rail (acceptable)
Vprop = 0.4 * 0.2 = 0.08-V =» 9.4% of the rail (non acceptable)

i3 TEXAS
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Key Parameter : Output Discharge

C/ O Peripheral

Switch open ]

Floating ?

 \When the switch is turned off

— Some users prefer to not have the power rail floating : need to tie Vout to
Ground with a transistor

— Some users prefer to not have the rail tied to ground to avoid any
leakages coming from the peripheral supply line

« TI Load Switch have integrated output discharge (TPS229x2) or not
(TPS229x1)

13 TEXAS
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# of Channels

Integrated Power Switch Product

P O rtf O I i O (Products Highlighted in RED are New Arrivals, and Gray are Future)
A i i i

500

| | | TPS22949/A €@
1 1 1 Integrated 100mA Current Limited
' ' ' Switch and Low Noise LDO
: : : CSP-8 and SON-8
| | |
1 1 1
2 ! ! | TPS22960
! ! ! Dual Channel Load Switch
1 1 1 fon = 435-mQ, 75uS or 660pS tg Q2
' ' ' SOT-8 or uQFN
| | |
1 1 1
1 1 1
1 T r
1 1 1
1 1 1
1 1 1
TPS22921 | TP88229(())]é | TPS2550/1 o | TPS22942 @
ron = 14-mQ, 30pS tg, ' fon = 78-mQ, 40S tg ' USB Current-Limited Switch ' fni
CSP-6 (0.4mm and 0.5mm pitch) i CSP-4 (0.4mm pitch) i 30% CL accuracy i 100mA Current L|m1t, Shutdown and
! ! SON & SOT23 Package ! Auto-restart. rgy = 500-mQ, SC70
1 1 1
TPS22922 ; TPS22902 ; ;
fon = 14-mQ, 30 t, QOD : fon = 78-M0, 404S ts, QOD : TPS2552/3 @ : £ 5)
CSP-6 (0.4mm and 0.5mm pitch) ! CSP-4 (0.4mm pitch) ! USB Current-Limited Switch ! TP522945
. . 7.5% CL accuracy : 100mA Current Limit, Shutdown and
TPS22922B i TPS22902B i SON & SOT23 Package : Auto-restart. rgy = 500-mQ, SC70
fon = 14-mQ, 200uS tg, QOD ! fon = 78-MQ, 220uS tg, QOD ! !
CSP-6 (0.4mm & 0.5mm pitch) : CSP-4 (0.4mm pitch) : BQ2431X : - 046
1 1 1 —
i i OVP/OCP ' o
= TPS22903 = | e
1 52291x (A/B/C ! fon = 66-MQ, 1S ty : : @
0-mQ, multiple t options ! CSP-4 (0.4mm pitch) ! [ 028/29 (A/B !
CSP-6 (0.5mm pitch) @ | | 125-mQ, multiple t opti :
! 2% ; TPS22951
! ! ! 300mA Current Limit,
! i » 0 1 fon = 1-Q, CSP -6
1 1 U 1
= = :
! TPS22906 ' !
' ron = 90-mQ, 220pS tg, QOD ' '
1 CSP-4 (0.5mm pitch) 1 1
| | |
50 100 250
ON Resistance (Typ @ 3.6-V) (mQ)
(f) = Current Limited Load Switch I TEXAS

@ = Expected Quarter Of Release
QTD = Quick Output Discharge
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DLS LED Driver Types

« Serial In — Parallel Out (SIPO)

— Cascade-able — high speed communication
(30MH2z)
» Large and Medium full-motion video panels
» Billboards (motion and stable)
» Scrolling Signs
* Informational Panels
* Constant Current, Sink Drivers
— Non-Cascade-able (w/Address) — medium
speed communication (1MHz)
« Small display panels
* Indicator lights
» Scrolling signs
* Informational Panels
* Constant current and Open-drain, Sink Drivers

« Parallel In — Parallel Out (PIPO)

— Clocked
* Small system indicator
* 7-segment display control MCU
* Open-Collector, Sink or Source
— Non-Clocked
* Small system indicator
* Open-Collector, Sink or Source

« Other
— Single Channel — Lighting
— Open Detection - Lighting

MCU

MCU

XN

13 TEXAS
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DLS LED Driver Portfolio

Production 1 and 4 channel
Other O Dpeveloping T La2an LED Open protector | csg14x
O Plan
ldea 1 channel 0.5A 1A, 1-4 channels
Parallel : Parallel TLC59210  (TLcs59219  (TLC59213 - 15ns hold
200ma/ch @
8 channels Sink fLcs921) 40ma/ch -500ma/ch
| Sink Source

: TLC59108
Small Panel, Gaming 24 channel
’ ’ L C59208]

) 16 ch I
White Goods / 12C Interface channel g channel

8 channel no F = Constant Current
JLC59116'  {| c59108F

Large Display Panel / 30MHz — SPI Interface

F = Open Drain

8 channel 16 channel
S5CD, OCD (TLCB5917) =wreersrneaess » (TLC5927
ocp  (TLCB916) reeeeneens > (7LC5928 No Diagnostics — no brightness ctrl
. TLC59025
8 bit brightness ctrl L5928
5/19/2010 Now Next Future 62

13 TEXAS
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TLC5916/17/25/025/26/27

8 & 16 Channel SIPO Constant Current Sink Drivers

«8 or 16 Channels *Programmable constant load current
« 8-bit Global Brightness (0~100%) *Fault Reporting
« 45mA / 120mA Constant Current «Cascade-able for large panels
* LED Open, Short and Over-Temperature
Detection

« 3.0V-5.5V Input Voltage Range
* Chip to Chip Accuracy: 3% typical
 Serial Communication Interface (4-wire, 30MHZ2)

 Current Programmable by External Resistor ]

LED illumination and intensity control
Video walls and signs

Traffic Signalization

Scrolling Signs

sl

g
|

m

Concder

(Contact Factory)

13 TEXAS
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Open-Load Detection

LED

If open-circuit then :

lour = IrirestoLp

(1)

If lout < |TrResHoLD = Open-Circuit

Open on LED
detected

NoO error
Detected

lout

lout < ltrRESHOLD

lour>= lTRESHOLD

Error bit

0

1

Open Load .
Detection

Over-Temp

el Key Features y

ouT

Short-Circuit

Detection / \

GND
Programmable

(M)

Vpp = 3.3V t0 5V

— * H
thresHoLD = 0-9 ¥ louTtarget (typical)

13 TEXAS
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Over-Temperature Detection

Over-Temp

¥

\ VLED

VOUT

* 8/16 individual, channel-specific

Each device is equipped with :

over temperature sensors.

GND

» Aglobal over temperature sensor

detection /
Short-Circuit
Detection Open-Load
< >

Gain

STATE OF OUTPUT PORT CONDITION ERRCR STATUS CODE MEANING
Off lgur =0 mA 0
On T) = Tyap glzbal 1 Marmal
On — all channels _
Off 1 Ty giobal All rstatus b ] Global cvertemperature
on Tj = Ty channel n | Marmal
On — Off T; # Ty channel n hannzl n emmor 5 b Channel n overtemperature

P bl
rogramman’e ‘ Key Features

13 TEXAS
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Short-Circuit Detection

VLED
If short-circuit then :
*VF 20
| V. * Vour = Vien
‘ If Vout > VtrRestop = Short-Circuit
VOUT
Short-Circuit \ Short on LED or Short to .
o error Detected
V. ep detected
Vour Vout >= VTrESHOLD Vout< VTrESHOLD
Programmablée ble
Gain Error bit 0 1
GND

Vpp = 3.3V to 5V

-
Open-Load
/ Detection
Key Features

Part-Numbers Short-Circuit Detection
TLC5916, TLC5926 None
TLC5917, TLC5927 Fixed Viprestolp = 2.5V

i3 TEXAS
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Programmable Gain (Dimming)

 Programmable Gain
— 8 bit current setting (256 steps)
— | ref set with the external resistance
— from the 100% value down to almost O

1.00 -

rogrammable

i
CM = 0 (Low Current Multiplier) | f

0.75 | HC =0 (Low i‘,

Voltage SubBand) ‘.f.
__HC =1 (High )

| Voltage SubBand) /’
0.50 [ HC=0(Low
Voltage SubBand)
b HC =1 (High
g Voltage SubBand)

CM 1 (High Current Multlpller)

(cG)

Detection

rent Gain

Cur

Over-Temp

Detection

Open-Load

Key Features

|: c. = = =
€ € € § € ¢ € € £ S 2t 55 = o

Configuration Gode (CM, HC, CC[0:5]) in Binary Format

i3 TEXAS
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Summary

TLC5916 TLC5926
TLC5917 TLC5927 TLC5925 TLC59025
Channels 8 16 16 16
Current 5mA - 120mA 5mA - 120mA 3mA - 45mA 5mA - 45mA
Input Voltage 3V -5.5V 3V -5.5V 3V -55V 3V -55V
Output Voltage 17v 17v 17v 17v
accuracy
channel / chip 3% /6% 6% / 6% 6% / 6% 6% / 6%
Data transfer 30MHz 30MHz 30MHz 30MHz
Switch time
on/ off (ns) 370/ 105ns 485/ 245ns 485/ 245ns 485/ 245ns
Open Load
(Current Yes Yes No No
Programmabl S T detection)
Gain y short circuit / TLC5917 TLC5927
over Only Only
voltage Fixed 2.5V Fixed 2.5V No No
- detection Threshold Threshold
Over-
temperature Yes Yes Yes Yes
Short-Circuit protection
: Open-Load ,
Detection Current gain 256 steps 256 steps N/A N/A
24 (DBQ, 24 (DBQ,
Packages 16 (D, N, PW 16 (D, N, PW
Over-Temp 9 ( ) ( ) PW, DW) PW, DW)
Detection
i3 TEXAS
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TLC59108/108F/116/116F/208F/224F

8 & 16 Channel 12C Sink Drivers with PWM / Channel

e 8or 16 Channels
» 8-bit Global Brightness (8~99%)

* 8-bit PWM per pin

» Programmable constant load current

¢ 100mA Constant Current (Open-Drain on “F” versions) e Fault Reporting
+ 1MHz Fast-Mode Plus Transfer Rate . Ind q PWM Ch |
+ 256 step Group Blinking (42ms — 10.73s) In epen ent per anne

3.0V-5.5V Input Voltage Range

* LED Open Detection 3.3V -5V Vv |
« Channel Over-Temperature Detection _ v StpRY
+ Chip to Chip Accuracy: 4% typical Vee f
* [2C Serial Communication Interface (2-wire, 100KHz, 400KHz and 1MHz) out 0 /N
 Current Programmable by External Resistor i ﬁlﬁ
« 4 Software Programmable 12C Addresses sk i e o
SDA O p
‘e
«— o O 1< )
I R
. L : : B o je—4
* LED illumination and intensity control O ,
« Video walls and signs N
» Traffic Signalization - |
. . RESET/ f\
» Scrolling Signs o
L Out 15 @
¥

TLC59116EVM L
; EVM

13 TEXAS
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TLC59210/211/212/213/213A

8 Channel PIPO Sink Drivers or Source Driver

8 Channels

« 40mA or 200mA Sink Current per Channel * Direct Control of Outputs
« -500mA Source Current per Channel « Outputs Stable During Data Transition
+ 3.0V-5.5V Input Voltage Range . Outputs Change on Clock

* Vpg =24V or 30V

* Clear function turns all channels off

* Clock pin for data latch

* Clock speeds up to 1MHz

» Schmitt-trigger buffers

* 20-pin PW, 20-pin N — ;U
D2 [[
D3 -
D4

CPU [ U

o p———-71

« LED illumination o1
* Lamps and Displays — 1]
« Traffic Signalization TLC59213

« Gaming, Relays

:

O om o ®m ot B WM =

20
19
18
17

16

15
14
13
12

N A N N N [ N I
_‘:
o

=

— 8-Channel Sink Driver

GND

i3 TEXAS
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TLC59901 / TLC59904 w2010
1 and 4 Channel LED Open Protectors

*LED String protection

» Monitors LED for open condition

» Protects individual LED or LED strings
* Turns ON when LED Open Detected
 1-channel and 4-channel versions

» 350mA per channel

 Detection Voltage ~7V (typical)

* On Voltage ~ 1V (typical)

« 35V Input Voltage Range

ol
1)

*Fault reporting

«Cascade-able for strings

N

«JW

|4l

706650711

Error

VLED
+ LED strings TLC59904 senses |
S open LED .
* General Lighting
- Traffic Signalization Current flows g
around open LED ék
All good LEDs turn é
on \
Tv \
LED Driver

CPU

All LEDs good,
current flowing

LED2 = Open
No current flow

All LEDs OFF

I

TEXAS
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TL4242
1 Channel 42V, 500mA Linear LED Driver

*Supply voltage independent current

- Adjustable current up to 500mA (+/-5%) and brightness
» Wide input voltage range — up to 42V Fault reporting
* LED Open Detection *Programmable constant current load

» Die Over-temperature shutdown and restart

* Short circuit proof

* Reverse voltage protection

« Wide operating temperature (-40°C to +150°C)
* SON - 8-pin with power pad

LED illumination and intensity control

General Lighting

Exterior: DRL, Fog light, turn lamp, headlamp
Interior: vanity, map, courtesy

TL4242EVM-543

I 1ku Pricing $0.65 I

13 TEXAS
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LED Open Protector Application Example

VIN = 35V

TL4242

GND REF

4

4

4

/

706650711

—— Error

4

4

4

4

T e

706650711

— Error

o
[
@)

1-TL4242
8 — LEDs with VF =4V
VIN = 35V
IOUT = 350mA (Rggr = 0.5Q)
2 — TLC59904 Open Protectors

TL4242 supplies constant current
TLC59904 devices protect LED String

Result: 8 sting LED that will function
with multiple LEDs open

13 TEXAS
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LED Open Application Example

Typical 8-LED string Traffic Light

Two bad LEDs
With Open LED Protection

One bad LED
turns off full 8-LED string

Two bad LEDs
turns off 2 full 8-LED strings

13 TEXAS
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TCAG6507 - 12C LED Drivers (7-bit)

scL Glitch I'C Bus —
SDA x Filters Control | "l selectz
[ — Register
]
| aE Select1
p| Register
] seiecto A
p| Register
y X% {ed Iml;lligily P,
o ¥ T e e Sl [t o ree
*
v Power-On 4 m::::;rly l;::llz:-'ll-'::
= Reset » Control Logic 1
Registers
Features
* Frees processor from LED blink operations
. . IXU PACK AGE
* 7 LED Drivers: On, Off, Flashing at programmable rate [BOTTOM VIEW)
« Dual PWMs for 2 different blink-rate selections on any LED (,1] A B2 F
* 16 Intensity control steps from Fully OFF to Fully ON tca6507_demo2.w :_ S E'; f_j
» Each LED driver supports constant intensity over temperature m (2M8) locoo
« Can support brightness control and blink modes at the same time 1000
* 1.8V I2C compatible (1.65V to 3.6V on 12C side, 5.5V tolerant on output side) 12-ball BGA

Internal oscillator — requires no external components

2mm x 2.5mm x 0.6mm (max)
Outputs not used as LED Drivers can be used as regular general purpose outputs

13 TEXAS
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TCAG6507 Drives 2 RGB LEDs

5.5V
oW 288 B A 2

intensity control
|

1.8V

—L 40mA
SO per LED
T channel
EN —»

T » GPO

13 TEXAS
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Protect your system

Serial Port
CcOomM2 Line Out - P12

Amplified Line Out - P13
PS/2 Mouse and  Serial Port .
Line In - P11

v Keyboard, P4, P5 COomM1
N Microphone In - P10
Pir Power Connector, P20

USB Host, J18 wee

USB Peripheral - J17

Power-On Switch

SWi1
SFP Module, P19

Diff CLK Out
J12,J13

SPDIF Out, P14

Piezo Transducer

P \% Swi

v
&‘»“

M\ : L_  Schnittstellen schiitzen (ESD/EMI)

i

Rotary Switch

=" - - - > Sw3
L | —— _ - s o 155 3 — T
Coni ; i =5 vis - =
o . } »xt ' - » o~ -
|S—— . A | bk e o T ore— y R !
T TP Y P o R i ELas i At L ARG
SATA Connec. s ] = ||
J40, J41 1111l [ T
Status & PIO LED
Prog Pushbutton, SW5 Error LEDS GRIQLEDS GPIO PBs
SYSACE Reset, SW4
CPU Reset, SW7 PCle Interface GPIO DIP SW8
i3 Texas
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Why External ESD Protection?

It becomes very expensive to design IEC Clamp at low geometry process

N P35
Cost of
ESD design
Dependent on
- chip area
- respins $$
- FreSources , ﬂ
- circuit performance 60
- time-to-market A\
-
TE{:h“ﬂ-Iﬂgr node @ 90 nm 65 nm 4% nm EEEEEEEEI
product qualification 2003 2005 2008

With advanced process we need more die area to design the same IEC Cell
- You can scale down the core design, but you can’t scale down the IEC Cell

13 TEXAS
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Why External ESD Protection?

It iz technically and economically challenging to integrate IEC ESD in core ICs based off advanced process
nodes

External Connectors, Keypad, Side keys, Audio Jack, etc. are sensitive to system level ESD
— Ittakes only one ESD stress to damage a system!

More $$ to design IEC cell in Core Chip

Memory
Stick (PRO)

B RF
Receiver
Synthesizer -
Power : T~
amp (= priver Modulator
- Pad
M. :A W&rgjlle‘::nd
Baseband rsc | [ B
Cellular Codec i AN : .
Phone Block J |—’ N T -
Diagram Commctor Silicon Area for 2KV HBM Silicon Area for IEC 8KV Contact ESD
PMU Dsp
—{‘; usB —
Key to symbols T
[O] Connectors v e = = ZxE
4= ESD sensitive interconnect H Display
¢&= Internal interconnect Keypad -9 b J —9
| | Device or interface
x x x

Stand alone ESD protection devices ‘cost effectively’
saves the system from ESD damage

13 TEXAS
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why EMI Filter?

RF section of portable equipments generate conducted and radiated EMI interference
Non-optimized board layout often generates EMI interference among signal lines
EMI interference can cause both functional and reliability failure

fc  TcarmEr -
0 ! Lo -
- Frequency
20 |
RF Section Harmonics

. TTTTTTTTTETT T LN II." ﬂffCARF{IER .

. 40 — | / EMI Filter to reduce/ block
] Attenuation PN conducted & radiated EMI

asy, interference

Escaped \ nnnnmn

RF EMI \,\ N Uy

5 \ "'.I
VoA 1Irl|ﬂl I'"||",J"|II'| [ Conducted RF EMI
R
CLK I '|| ° Data Port
1 - H
SoC |+ JWI _conducted RF EMi LG{EHE::EE?
Data : SD/MMC Card
l JIIN/|)_Conducted RF EMI
— - - Ay \.\ :<:>
|
i3 TExas
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Integrated Protection Devices Vs Discrete Solutions

4 =y + = o 13 Discrete (0603) Discrete (0402)
E A cd  ca T £ Four Different

5 o1z 12 Implementations
i: — cd  ca L i:

& A il 1 I:I o
$: I cd  ca T %Z

e 10 ASIP (Leaded Package) ASIP (WCSP Package)

° @ Board Space: Discrete Versus TI IPD Solutions

8-Channel EMI Filter

TI's Integrated Protection Devices provide significant board space saving over discrete:
1) Silicon level integration of resistors, capacitors, inductors
2) Eliminate the routing through the board except for filter input, output lines

i3 TEXAS
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ESD Opportunity By Interface

Data swing omy TPD3E001
ata swing Om
TPD4S012
USB 2.0 480Mhz to 400mV 3 Data lines +1 VBUS Computing, Portables
_ TPD4S009
VBUS =5V
TPD2S017
Data swing OV to 6 Data lines +1 VBUS
USB3.0 5Gbps 400mV line/ Computing, Portables TPD2E009
' P _ 7 Data lines +1 VBUS puting. TPD4S010
VBUS =5V .
line
. 5 Line (9-pin
Data line 0.7V . TPD4EOO1
connector)/
VGA <50Mbps | S ol fine 5y ! ) | Consumer, Computing TPDSECOL
9 line (15 pin connector)
Data Swing 2.7V
DVI/ iy TPD8S009
HDMI/ 3.4Gbps N 12 Data Lines Consumer, Computing TPD12S520
i<l Control Lines up TPD12S521
DisplayPort to 5V
LVDS 1.2Gbps | -4Vto 5V 2 Line or multiples Communication, Industrial | TPD2E007
SDIO <50Mb 3.3V 7 Lines Portables TPD4E001
S| = TPD4E002
RS-485/
RS-422/ >200Mbps | -15V to 15V 2 Line or multiples Communication, Industrial | TPD2E007
RS-232
‘eSATA 6 Gbps v 4 Line Computing TPD2E009

13 TEXAS
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IPD @ Computing Interface

1394/ USB
5S/2 TPD451394
TPD4E002 TPDGE0OL
TPD4S009
TPD3E001
VGA
TPDG6EOO1 LAN
TPD4E001 )
TPD6E001
S-SATA
TPD2E009 > o
élArA
TPD4S009

Audio/CVBS
TPD4E002
TPD2E007
TPD4E001 High Speed
TPD12S521
S-Video
—»| TPD4S010
TPD4E001
TP8S009
TPD4E002
i HDMI | DisplayPort
_ ‘ L1? 18)119)/20||21||22]|23 |24

13 TEXAS
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http://images.google.com/imgres?imgurl=http://media.wiley.com/assets/1011/51/0-7645-7414-0_020306.jpg&imgrefurl=http://www.dummies.com/WileyCDA/DummiesArticle/id-3567,subcat-MULTIMEDIA.html&h=525&w=525&sz=31&hl=zh-TW&start=8&sig2=ARBCQascrHfZSXYi-Q07Cg&um=1&tbnid=S9d9zWBpqET_NM:&tbnh=132&tbnw=132&ei=wo9CR8vhCp7KiwHo-6iUCA&prev=/images?q=S-VIDEO+CONNECTOR&ndsp=20&svnum=10&um=1&hl=zh-TW&rls=com.microsoft:en-us:IE-SearchBox&rlz=1I7GGIG&sa=N

IPD @ LCD TV Interface

1394/ USB _
Audio/CVBS
TPD4S1394
RS232 TPD4EQ02
TPD2E007DCKR TPD6EOOL
TPD4S009 TPD2E007
TPD3E001 :
— TPD4E001 High Speed
TPD12S521
TPD3E001 LAN S-Video
TPD4E001 —»|_ TPD4S010
< TPD4E001
* TP8S009
TPD6EOO1 TPD4E002
S-SATA
TPD2E009 < o
elAiA ‘
TPD4S009 i
B 3 e
=) =
w_@® HDMI | DisplayPort
o & @
°Z @
2 % = T 112345678
82 LQ 101(11 |12 (|13 |[14||15(/16 : DZJ
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ESD / EMI Product Portfolio

(Products Highlighted in RED are New Arrivals, and Gray are 1H,09 Release)

TPD12S521 @

CIN = 0.9pF, VBR = 9V

TPD12S520 @ TPD8S009
Cin = 0.9pF, Ver = 9V Cin = 0.8pF, Vgr = 9V

TPD6E004 @
C|N = 1.6pF, Ver =7V

TPD6E00L = ©
C|N = 1.5pF, Ver = 11V

TPD4E004 ©
Cin 16pF, Ver =7V

SN75240 ()
C|N = 35pF, Ver =7V

# of Channels

TPD4EOO1 @ TPD4S009
Cin= 1.5pF, Ver = 11V Cn= O-SDF. Ver = 9V

TPD3EOO1
C|N = 1.5pF, Ver = 11V

sNes240 2 ©
C|N = 35pF, Ver =7V

2
SN65220 TPD2E001 @
C|N = 35pF, Ver =7V C|N = 1.5pF, Ver = 11V
) 1 2. 3
@ ESD + EMI @ ESD only 3dB Bandwidth (GHz)
i3 TEXAS
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We have Wide Package Solutions for Applications

6-Bit
DQD
—
L_! [
1 1
o 17
[} 11
A
b
.
GN) . L [
() 4-Bit S
< DRY o
(@) L b | 1 : 1
g 2-Bit D1+ |di 164 D1- S ! :
...... L _ ! Pt
é_% DRE GND [2: i34 Ve
-Bi -Bi =T
P'2 BSIt V\ZICI:BSItP D2+ [38F i4] D2- TPD6F003DSV
cootar GND B (2.5-mm  1.35-mm x 0.75mm)
M D- TPD4S009DRY
(1.45mm * Imm * 0.6mm)
TPD2E009DRT
TPD2EO07YFN TPD2EQ04YFP (Imm *Imm *0.5mm)

(0.8mm *0.8mm *0.15mm)  (0.8mm * 0.8mm * 0.5mm)

e ——
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Samples Now

TPD2EO0Q09

Two Channel ESD Differential Signal

Key Performance Parameters

> 3-db Bandwidth in excess of 4GHz £
> Optimized package, pin-mapping for Core Chip / =
high-speed differential lines ASIC £
» System level ESD protection: -
v 8kV—Contact
v 15kKV—AI r_gap Layout Example at
> Differential matching less than 001p|: DisplayPort Interface
» Pin capacitance Less than 0.7pF
> | ot Package |Pitch Length |Width Height
3-DBZ 1.9mm 2.9mm 2.37mm |1mm
6-DRY 0.5mm 1.45mm [1.0mm 0.55mm
3-DRT 0.7mm 1.0mm 1.0mm 0.5mm
Benefits
> Flexible layout option to populate ESD
chip only if the system ESD is not . o
passing w/o external ESD chip
» No Layout skew for the differential pair
» Minimum distortion in the high-speed
lines "GND

13 TEXAS
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TPDxEOO1: 10/2000BASE-TX PROTECTION

RJ-45
""" TX+
""" TX-
Ethernet
Transceiver
------ RX+
------ RX-




TPD2S017: Dual Channel ESD with Series Resistor Isolation

for USB Port

Key Features:

« Ultra low clamp voltage ensures the ch1_out [ —] ch2_out
protection of ultra-low voltage core chipset

_ GND [ ] Vec
during ESD events

chi_In [} ] Ch2_In

* Drop-in for the CM1231

6-DBV (Top Side)

« Matching-of-series resistor (R =1Q) of Ve (Optional)
+10mQ typical -

« Differential channel input capacitance

matching of 0.05pF typical. Ch1_In ?/ * % Ch1_Out

* High speed data rate and EMI filter action at
high frequencies (-3dB bandwidth ~2GHz)

+  Available in a 6-pin DBV package Ch2_in ?/ % ? Ch2_Out

*  Flow-through Single-In-Line Pin Mapping for
the High-speed Lines Ensures no Additional
Board Layout Burden while Placing the ESD
Protection Chip near the Connector

INSTRUMENTS




TPD8S009

8-Channel ESD Protection for HDMI / DisplayPort

features Benefits
> System-level IEC-61000-4-2 (Level > Design allows for line impedance
4) ESD protection compensation with varying trace
> Complies with the HDMI 1.3 and widths on-board
Display Port data rate » Ultra low capacitance ideal for higher
> Differential matching of less bandwidth applications
than 0.05pF » Minimum signal distortion on the high-
> Pin capacitance less than 0.8pF speed lines
> |4 feature » Ontionatk ®¥ssrerconnection (V~~ pin can v
» LVDS signaling lines B
> HDMI / DVI D3- D3+ D2- D2+ D1- D1+ Do- Do+
» Display Port
> eSATA interface r r r7r r+r 1t
» Serial link GNDJ__
> Ethernet port -
» PCI Express

13 TEXAS
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TPD8S009: HDMI/ DisplayPort ESD Solution

Layout Guidelines for High-speed Differential Lines

Recommended trace width 10-mills or
higher. It is okay to start with ~103-105 ohm
differential immpedance target (margin of
error on the upper side is preferred). When
a narrower trace needs to be selected due
to board manufacturing cost or other pre-
conditions, it is particularly helpful to start
with little over 100-ohms and be still within
the 15% trace impedance variations with
the ESD capacitance effect.

Minimum separation needs to be same as
the trace width. For example, if the trace
width is 10 mills, select the trace separation
as 10-mills as well

It is better practice to couple differential
traces together as long as possible (as
shown in the right layout figure).

Use shorter stubs to the vias connected to
GND, Power supplies, and by-pass
capacitors.

DO+

..........

..........

..........

HTP_D

Class Al B
Connector

Core Scalar/
Switch
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TPD4S012: USB Charger ESD Solution

VBUS

i x | &%

101

VBUS

D+

ID

Controller /\M ’_A_'IO+ T %
BEE;

102

ey

TPD4S012 in USB2.0 Application

Single-chip ESD solution for USB
charger port

» System level IEC-61000-4-2 (Level 4) ESD
protection
»USB HS Lines (D+, D-, ID)

»~0.9pF Line Capacitance for

» 6-V (min) Tolerance

»VBUS Line (Vg,s)

»~9pF Line Capacitance
» 20-V (min) Tolerance

Core PMU Chip/
USB Controller

GND 3 E

]

Board Layout with the TPD4S012DRY
DRY (1.45mm

Imm 0.55mm)
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EMI Filter: L-C vs R-C?

CH1821 LOG 6 dB / REF 0 dB
1: -35.435 dB
800 MHz
0 dB ¢ —]
P 2:-39.383 dB
-6 dB 1.8 GHz
3:-34.482 dB
12 dB 3 GHz
-18 dB !
-24dB \.I
-30dB
¥
-36dB =
42 dB ﬁl J.'é
-48 dB
54 dB 1 10 100 1 3
MHz MHz MHz GHz GHz

More challenging to manage series inductor

INSERTION LOSS

ods

-10d8

S

—— GND

Sp4 log MAG 5 dB/ REF O dB 1; -5.8909 dB
] 1|4 00 MHZz
3 528 [aB|
T~ 83 MHz
> .
2 N Z
\ HE 894 |d
3 GHz

F

03 1 10 100 1000 3000

FREQUENCY (MHz)

Less noisy and easy to design with
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TPD6FO003

6-Channel EMI Filter for LCD Display Port
Key Performance Parameters 1000

» Six Channel EMI Filtering for Data Ports Ch_In ° o Ch_Out
» Greater than 32dB attenuation at 1GHz NV V V
»-3dB Bandwidth 200MHz 6.5pF 6.50F
»R-C Topology (R=1000hm, C=8.5pF) /1—/ = L \_K\
» System level ESD protection for high speed application:
v' 15kV—Human Body Model
v' 8kV—IEC 61000-4-2, Contact Discharge ® ®
v' 15kV—IEC 61000-4-2, Air-Gap Discharge _T_
» Operating 10 Voltage Range up to 5.5V

— GND

> Space saving package solutions Schematic Representation
Chl_In|1i ;-7 12} Ch1_Out e Teonse b e
- ' I -—— —— EMI FILTER W/ GND THROUGH BACKSIDE OF DIE ( USED CONDUCTIVE GOLD AND PULLED GND FROM SLUG)
Ch2_In]2:i . 11Ch2_Out
1 1
Ch3_In|3i:1 :i10]Ch3_Out ‘ il
- I I —_— -10
Ch4_InJ4::1 1i9]Ch4 Out
1 1
Ch5_In]5. 1 1 i8]Ch5 Out
1 1
Ch6_In|6: +--: [ 7] Ch6_Out N\
, Wy,
2.5'mm 1.35'mm X O.75mm DQD 1-40000905 1.000E+07 1.000E+08

Insertion-loss VS Frequency
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PicoStar Embedded Package Technology

Board Cross Section

PCB
Metal Layers

Lo vl - TS W I N TR W L3 R TS ] 1mm

PicoStar™
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TPD2E007YFMRG4
2-Channel ESD in PicoStar Package

Features 101 102
» System level ESD protection for high speed application:
« 8kV—IEC 61000-4-2, Contact Discharge
« 15kV—IEC 61000-4-2, Air-Gap Discharge

« Breakdown voltage > 14V (@ l1=1mA) _‘!_ j
» Pin capacitance <15pF (Measured @ VI=2.5V)
» Package height less than 0.15 mm GND—

PicoStar Package & Circuit Diagram

Industry’s thinnest package
for portable consumer electronics

ESD
Protection

PCB
Metal Layers

i3 Texas
INSTRUMENTS

PicoStar™

SMT Part
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Reducing power consumption

and noise

SysACE Config, Mode
Pins DIP Switch, SW3

USB Host, J18
SFP Module, P19

SPDIF Out, P14

Parallel Cable IV
(PC4) JTAG, J1

VGA Port P8 s

MGT Connection
J42-J45

Ethernet P6

Diff CLK In
J10, J11

Digital Video
Connector, P7

SATA Connectors
J40, J41

: Serial Port
USB Peripheral - J17 CcoM2 Line Out - P12
Amplified Line Out - P13
PS/2 Mouse and  Serial Port Line In - P11
Keyboard, P4, P5 COM1

Microphone In - P10
Power Connector, P20

2oy Power-On Switch
SWi1

Diff CLK Out
J12,J13

Piezo Transducer
SWi1

Typische Entwurfsprobleme (PCB)

vermeiden (intelligente Logik)

Rotary Switch
SW3

1 Y

P ekl 'ux IR CCE kG
== 1
il ! T
Status & GPIO LEDs
Error LEDs
PCle Interface

EKEENEEE

GPIO PBs
GPIO DIP SW8

Prog Pushbutton, SW5
SYSACE Reset, SW4
CPU Reset, SW7
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Benefits of AUP

6T T Voltage
Tolerance
5+
Optimized
8_) 4 © Voltage
©
% 3 + ' Data Sheet
> O Limits
2+

1+ B Functional

AHC LvC AUP AUC

General Purpose | Broadest Portfolio | Lowest Power

lon/low 8 mA 24 mA 4 mA Oean

Supports low voltage
requirements commonly
found in portable
devices.

Low static power
consumption and
leakage current for
prolonged battery life.

Low dynamic power
consumption for
minimizing battery drain
when the device is
toggling.

More than adequate
speed for most
applications.

Reduced drive strength
to minimize over /

undershoots. Improved

TeEXAS

ﬂ\l signal integrity.
i,
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Little Logic Technology Overview

Little Logic Package Trend

2.9x 2.8x 1.45 (H)
Lead Pitch 0.95

2x21x1.1(H)
Lead Pitch 0.65

I
- N
3
/_/

1.6x 1.6 x0.6 (H)
Lead Pitch 0.5

(o6
[e)e]

WCSP
(YFP)
0.77 x 0.77 x 0.5 (H)
Lead Pitch 0.4

HH

QFN
(DRY)
1x 1.45 x 0.6(H)
Lead Pitch 0.5

O OO
O 0O

WCSP
(YZP)
0.9x 1.45x 0.5 (H)
Lead Pitch 0.5

000
WCSP
(YFP)

0.77 x 1.17 x 0.5(H)
Lead Pitch 0.4

o M
/—v)> UQFN

(DSF)
1x 1x0.4(H)
Lead Pitch 0.35

O O
O O

WCSP
(YZV)
0.9x 0.9x 0.5 (H)
Lead Pitch 0.5

Q000
000YQ

WCSP
(YFP)
0.77 x 1.57 x 0.5(H)
Lead Pitch 0.4

UQFN
(DSF)

1mm

1 mm

1 mm?2

'

13 TEXAS
INSTRUMENTS




Tl Logic special features

Special features of Tl standard logic devices are designated in the device number by abbreviation

C — Configurable VCC
Is a feature of devices that are B
designed as dual-supply level
shifters. Using these devices allows
selection of the voltage to be
applied to VCC on the B-port side
(VCCB) and/or A-port side (VCCA)

F”_xﬁg
en be G PR3 —

Designers can use these devices in existing
single-voltage systems. When systems become
mixed-voltage systems, these devices do not
need to be replaced, allowing for quicker time to
market.

'S

T= T

m—qnn

GND

ceal]
|
|
2]
3]
adfle
|
Gl
Il
|
[
aND ]l

H - Bus Hold

A bus-hold circuit is implemented in selected logic

families to help solve the floating-input problem e o Deee

inherent in all CMOS inputs). The bus-hold circuit g | Bus ol Cirei

maintains the last known input state into the device ~ ®w ':>':H.TDC [ O—> &
and, as an additional benefit, pull-up or pull-down i T o<|

resistors no longer are needed. E—
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Tl Logic special features

Special features of Tl standard logic devices are designated in the device number by
abbreviations

Z- Power- UP 3-State

R T

R

RN

Supply Trip |
Point

PU3S is checked dynamically by ramping the 7777 S
power supply from 0 V to its maximum ﬂ%ﬁ%& et or ot o
recommended value, then back to 0 V, AAVCC voisge - e setue

gk
f_\_\ A

R

S
NN
N

\

i

the recommended operating conditions

Loglc Owtput

I

VoL -

ov -
R- Damping Resistor on Inputs/Outputs
Series damping resistors (SDR), denoted by R in the vee
device number, are included at all input/output and _G|J
output ports of designated devices. The SDRs limit From nternal — :T_E,ET_D Output
the current, thereby reducing signal undershoot and Logie Cireuiny |
overshoot noise. Additionally, SDRs make line 1

termination easier, which improves signal quality by
reducing ringing and line reflections.
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Tl Logic special features

Special features of Tl standard logic devices are designated in the device number by
abbreviations

S-Schottky Clamping Diode

Schottky diodes are incorporated in inputs and outputs to clamp " § inE %
undershoot. The Schottky diodes prevent undershoot signals from = =
dropping below a specified level, reducing the possibility of o>

damage to connected devices.

K -Undershoot-Protection Circuitry s
Tl undershoot-protection circuitry (UPC) functions similarly to =21~ i~
Schottky clamping diodes, with one major difference. UPCisan ;| |
active clamping structure. UPC can greatly reduce undershoot = ;7| | eersow |
voltage, increasing protection from corrupted data oy '\“ /"

Time —ns
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Logic Families Extra Features

Bus Hold - ABT, ALVC, ALVT, AVC, AUC, FCT, GTL, GTLP, LVC, LVT, VME

- Bus-hold circuitry in selected logic families helps solve the problem of floating inputs and eliminates the need
for pull-up or pull-down resistors by holding the last known state of the input. See |5, 0) or lgu., lnn, lanie.
and lguun on data sheet.

Series Damping Resistors — ABT, ALVC, ALVT, F, GTLP, LVC, LVT, VME

- Series damping resistors imit signal overshoot and undershoot by providing better impedance matching and
line termination without the need for external resistors.

Partial Power Down (Level 1 Isolation - |_g) — ABT, ALVT, AVC, AUC, AUP, CBTLV, CBT-C, GTL, GTLP LV-A,
LVC, LVT, VME

- |OFF circuitry prevents the device from being damaged during hot insertion. See |OFF specifications on data
sheet.

Hot Insertion (Level 2 Isolation — loff and Power-up 3-state) — ABT, ALVT, GTLP, LVCZ, LVT, VME

- Power-up 3-state ensures valid output levels during power up and valid £ on the outputs during power down_
See [OZPU, 10ZPD.

Live Insertion (Level 3 Isolation — loff, Power-up 3-state, and BIAS VCC) - GTLP, FB, CBT, CBTLV, VME
- Precharges /O capacitance, preventing glitching of active data.
Mixed-Voltage-Tolerant I/Os and Level Shifting - AVC, ALVC, ALVT, AUC, AUP, GTL, GTLP, LV-A, LVC, LVT

- Systems use mixed supply voltages and TLL or CMOS levels in many designs. Most advanced-logic families
allow mixed-signal interfacing and provide level-shifting functions for certain mixed-voltage applications.

JTAG - ABT, ACT, BCT, LVT
(tselected functions)
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