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* Brief Summary of ESD & IEC Standards
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Device Level ESD Testing

*  Human Body Model (HBM)

— Simulates a human body discharging the accumulated static charge through
a grounded device.
?g{ ——
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« Machine Model (MM) 7 e

— Simulates a robotic arm discharging accumulated static charge through a
grounded device

+ Charge Device Model (CDM) e -

— Simulates a charged device (due to a m nufacturina process) that is
subsequently grounded. -

w
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The ESD threat can come from humans as well as machines and these
are represented by the three important stress models: the Human Body
Model or HBM, the Machine Model or MM, and the Charged Device
Model or CDM. The MM is very similar to the HBM but is losing its
relative importance. Meanwhile, CDM, which is caused by the discharge
from a package itself, is rapidly becoming a sensitive issue. Even when
the chip is in the system it can be subjected to ESD which is
represented as the IEC system level simulation. The details of the
various models are given in later slides.



Device Level ESD Model
Comparison
Model HBM MM CDM
Test Levels | 500, 1000, 1500 250, 500,
(Volts) 2000, 2500 100, 150, 200 750, 1000
Pulse Width ~150 ~80 >
(ns)
Rise Time 2-10 ns n/a <400 ps
¢ Junction Damage
Typical « Metal Penetration * Gate Oxide Damage
ESD o Metal Melt e Charge Trapping
Failures .
¢ Contact Spiking ¢ Junction Damage
¢ Gate Oxide Damage
wﬁUMENTﬁ

The three models are represented here where HBM has the longest
pulse width at 150 ns, followed by MM at 80 ns, and CDM at 1 ns. The
rise times are also different. The CDM rise time at <400 ps is much
faster than for the other models. Note again that the damage
phenomena to HBM and MM are the same but different from CDM.



System Level Specifications

|IEC 61000-4-xx is a set of about 25 testing specs from the IEC
-2 ESD Immunity

-3 Radiated RF EM Field Immunity

-4 Electrical Fast Transient Immunity
-5: Surge Immunity

-6: Conducted RF Immunity

-8-9-10: Magnetic Field Immunity

-11: Voltage Dips & Variations Immunity

many more
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How does ESD Enter a
System?

Current/charge injection

Damages the gates of MOSFETs and CMOS devices

Very common

Electric field coupling

Triggers latch-up in CMOS devices Common
Causes a voltage pulse on conductors (V =L * dl/dt) Common
Capacitively couples to nets with a large surface area | Rare

and generates high electric field

Magnetic field coupling

Induces currents in every wiring loop in the vicinity
and causes soft failures

Very common

Electromagnetic coupling

EM field couples into long wires that act as receiving
antennas

Rare

ESD close to the system

E£SD dirsctly into the system
-
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Comparison of Device Level &
System Level ESD Specifications

How does the IEC ESD stress differ from the tests we’ve been doing?

The stress is like a CDM stress followed by an HBM stress.

2000V CDM is 2 to 5 Amps peak (depending on package) and 1 ns wide.

2000V HBM is 1.3 Amps peak and about 150 ns wide.

8000V IEC is 30 Amps peak, 1 ns wide plus a
/ secondary pulse of 16 Amps peak, about 50 ns wide.

T
50 ns 100 ns
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Common Techniques to Protect
Systems from ESD/ EMI

Metallic shielding for both ESD and — B
EMI s

Chassis GND isolation from board
GND

Air gap designed on board to absorb
ESD energy

Capacitors to divert ESD energy

Meticulous Board Layout Design to
suppress ESD/ EMI stresses

Stand alone IPD solutions .
Board layout with isolated chassis GND

* Tt RumenTs




* Why Do We Need IPD Solutions?
— Benefits of External ESD/ EMI Solutions
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Why External ESD Protection?

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

Cost of
ESD design
Dependent on
- chip area
- resping $$
- resources ’
- circuit performance 60
- time-to-market S
-
-
- _/
2KV HBM
Technology node @ 90 nm 65 nm A5nm  meeee
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
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. It i(si 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
— It takes only one ESD stress to damage a system!

More $$ to design IEC cell in Core Chip

pecll Ll

Pad

Callular Cattec:
Phone Block
iagram
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Stand alone ESD protection devices ‘cost effectively’
save the system from ESD damage
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Why EMI Filter?

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

To  Toammier
0 : ;
H [ m— Frequency
20
RF Section > Harmonics
L - Of fearmien
T~ -40 .
] Attenuation PN EMI Filter to reduce/ block
dBy conducted & radiated EMI interference
Escaped . —_______/'
RFEMI \ W _
\
A A
\ ‘. '”"U”H"‘F‘J\Fl Conducted RF EMI
m
G o '_L\ GT3 Data Port
SoC | | uIH I} _Conducted RE Emi ' LCD Display
pata (< - oGVl sDMMC Card
l N _Conducted RF Enn T b T

o< S TEEES
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Integrated Protection Devices Vs Discrete
Solutions

1 16
% I Cd CﬂI %
LT = = T .
% T Cd Cﬂ—r i

e ; TN T ‘} e Discrete (0603) Discrete (0402)
L £ Four Different

* % AR | % ° 1 Implementations
I Cd Cd:_E

5 12

FIor O o
-] "
% T CUI ? ASIP (Leaded Package) ASIP (WCSP Package)

' F I ot & ’ Board Space: Discrete Versus Tl 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
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* What are the End-Equipments for IPDs?
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IPDs Can Be found in Almost any Applications
There is no System without Interface!

Industrial Automotive Digital Radio & Audio
Motor Control, ATE & Entertainment, NAV &
Automation Vision

Digital
Cameras &
Camcorders

Medical " *
Electronics

Communication

Peripherals

IP Phones, PoE & WAPs Personal Media

Players

- ‘
Wireless
Handsets & TV, STB & DLP®
PDA
- Video
Communication ) Conferencing &
Infrastructure Surveillance

Gateway, Router & Switch Computing

* INSTRumENTS




*  What are the Key Parameters for IPDs?
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Key Considerations
+ ESD Ratings

* 10 Capacitance

* Dynamic Resistance
» 10 Voltage Tolerance
* Breakdown Voltage

+ Package

Y x 17
101

103|

Inrush Current ~15A

L

s Parasitic Resistance ~1-3 Q

1\ =)

i— Diode Breakdown Voltage ~10V
\4

ESD Event: Equivalent Circuit Representation
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Important Parameters for EMI
Filters

Key Considerations

» Cut-off Frequency

+ Pass-band Attenuation
» Stop-band Attenuation
» Package Parasitic

. 0
* Filter Topology- LC or RC? Frequency
+ ESD Ratings | |
-207] |
* Breakdown Voltage aF secton § -
:——-,‘_ - I T - ! o nfTCARRIER
= \ Aﬂenlfagc; ;
dBy
Escaph - 4______//'
reem \ N\ Y I ~ Vi
—\\\ \
\\ AWV Conducted Re Emi _
CLK T SR Data Part
e \ \ N conducted RF EMI DRy
Data < ; SD/MMC Card
l JW_conducted RF EMI — 'VF
cMD = é\g_'\é\; T éC&E}{}
37
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e
CHI1S21 LOG ‘E[REV“”
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More challenging to manage series inductor

In

EMI Filter: L-C vs R-C?

R
Out
c1 c2
T Py T
—— GND

- 1og mam = s _ner o s

. a

-

s ' " )

Less noisy and easy to design with
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+ How to Select the right IPD Solutions form Tl for your Application
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IPD Opportunity By Interface

) TPD3E001
USB 2.0 480Mhz SZ‘S;Y'R OmV10 400mV" |5 ot lines +1 VBUS Computing, Portables TPD4S012
B TPD2S017
Data swing OV to 400mV | 6 Data lines +1 VBUS line/ ) TPD2E009
usB3.0 SGops VBUS = 5V 7 Data lines +1 VBUS line Computing, Portables TPD4S010
Data line 0.7V Control line 5 Line (9-pin connector)/ . TPD4E001
VGA M t
G <50Mbps 5v 9line (15 pin connector) Consumer, Computing TPD6E001, TPD6S019*
bW/ ) TPD8S009
Data Swing 2.7V to 3.3V
HDMI/ 3.4Gbps c:r:m;”L'?nges ! 1: o 12 Data Lines Consumer, Computing TPD125520
DisplayPort p TPD128521
LvDS 1.2Gbps 4V 105V 2 Line or multiples Communication, Industrial TPD2E007
’ TPD4E001
SDIO <50Mbps 3.3v 7 Lines Portables TPD4E002, TPDXF003
RS-485/
RS-422/
RS-232 >200Mbps -15V to 15V 2 Line or multiples Communication, Industrial TPD2E007
CAN
LCD Display/
KeyPad/ <100MHz 0V to 5V Multiples Portables, Consumer TPD6F002, TPDXFO03
Memory
Audio <20KHz 5V 10 5V 2 Lines Portables, Consumer TPD2F702, TPD2E007
‘eSATA 6 Gbps v 4 Line Computing TPD2E009

*IN DEVELOPMENT
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IPD Solution for Portable
Applications

,3,4& .
TPngiE:]():1 ,25p3F 4&6¢ch \/ \/ \/ \/
TPD4E002 4 ch, Cin=11pF, Vbr= \/ \/

6V

TPDX\ES?:Gé& 6 ch, Cin=1.6pF, \/ \/ \/

ESD TPD2EO007 2 ch, Cin=14pF, 0.8x \/ \/
Only 0.8 mm

TPD2EO00Q9 2 ch, Cin=0.7pF, 1.0x \/
1.0 mm

TPD4S012 4 ch, Cin=0.9pF, 20V \/
Vbus clamp

TPD4S014 4 ch, Cin=0.9pF, 15V \/
Vbus clamp

TPD6F002 6 ch, Cin=17pF,
R=100Q \/ \/

ESD+ TPDxF003 4,6,8 ch, Cin=9.5pF,
EMI R=100Q \/ \/ \/

TPD2F702 2 Ch, Cio = 5nF, R = \/
15Q
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IPD @ Computing/ TV Interface

*IN DEVELOPMENT

1394/ USB
— TPD4S1394
TPD4E002 TPDGE0O
TPD4S009
TPD3E001
VGA
TPD6S019* LAN
TPDGE001 TPD4E001
TPD6E0D1
s-SATA
TPD2E009
TPD4S009
7S m

Audio/CVBS
TPD4E002
TPD2E007
TPD4E001 Al S
TPD12S52x
S-Video |«
—»| TPD4sO010
TPD4EO001
TPD125015*
TPD4E002
TP8S009

DisplayPort




* IPD Product Roadmaps
— How Tl Adds More Value to System Designers?
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Broad Portfolio

Integrated Protection Devices [ reiesedproducs

d And Growing
A
2Ch ESD 2 Ch ESD with series 4.Ch USB3.0 ESD with .
TPD2E007 ) 15pF Cap, VBR 14V resistor isolation TPD4S022 | L-R-C Compensation 0 Production
PicoStar Package for 1.0pF Cap, VBR 8V )
imbedded Applications <20V clamp voltage © Developing
a
m 4Ch HDMI 1.3 ESD Plan
0.7pF Ch cap
NI 0.05pF Diff Cap
2 Ch ESD for USB3.0,
TPD2E009 ) SATA, Ethernet
0.7pF Ch cap, VBR 9V
Matching Pin out
OELEIELG 2 Ch EMI Filter
ilter for 4,6, 6 Ch EMI Filter for AVIF
_ TPDEF002 ) Ycmary. LCD Display (IPD4F003) 1810 Cn Eh TPD2F702) for AvE
o) C=17pF R=1000hm Display 5nF Cap
= 0.5mm Pitch SON C=8.5pF
32dB Att @ 1GH =
= e (qPDeFo) Siig a1
s TPD10F010) 10Ch L-R-CEMI
w Filter for High-
+ speed Digital
[a) TPDSF003 Interface
0
w
>
= FireWire ESD
< 12 Ch ESD ;
o TPD12S015 ) iom Type C Connector TPD4S1394) ciamp with
) 2.3V Battery Voltage Live-Insertion
o 0.9pF Ch cap Detection
%] 0.02pF Line Matching Circuit
2Q09 3Q09 4Q09 1Q10
‘.
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IPD Solutions- Why TI?
Easy Suppller To Work With

= We offer application specific ESD, EMI solutions that are compatible with the
core micro-controller or connector interfaces

= We can demonstrate ESD, EMI compatibility in reference boards based off Tl
core chip-set

= We can integrate many of the discrete components (active and passive) on your
board

= We offer reliable second source options in the ESD, EMI areas

Broad Portfolio

= We Continue to invest in new ESD, EMI solutions as part of the Tl-analog
strategy

= Pb-Free/Green products

Reliable

= “Best in industry” obsolescence performance (one device ~4 years)

w
INSTRUMENTS

Responsive

RFQ

Documentation — data sheet, Q/A documentation, etc
problem solving



We have Wide Package Solutions for
ApplicatiOnS 12-Bit

o
5V_SUPPLY NC
LV_SUPPLY ESD_BYPASS
GND GND
o2+ D2+
GND GND
02 D2
D1+ D1+
GND GND
D1- D1
Do+ DO+
8-Bit oNo anD
DO- DO-
Do+ ouke clke
GND GND GND
(] DO- CLK- CLK-
% D1+ Voo CE_REM_IN CE_REM_OUT
(] GDN:) DDC_CLK_IN DDC_CLK_OUT
E D2+ Ne DDC_DAT_IN DDC_DAT_OUT
Q GND HPD_DET_IN HPD_DET_OUT
©
o D2- v
4-Bit b3+ o TPD125520DBT
-Bi GND (9.7mm * 6.4mm)
2-Bit o
. TPD8S009DSM
_2'B't D+ (6.5mm * 2.5mm)
PicoStar g\p 5
D- We have more IPD devices released in other industry standard packages
TPD4S009DRY
TPD2E009DRT (1.45mm * 1mm)
TPD2E007YFM (1mm * 1mm)
(0.8mm * 0.8mm|
j
E‘ INSTRUMENTS




Sample Now

TPD2E007 in DCK Package

* The TPD2E007 can handle interfaces that needs swing both positive and negative
signals (+14V min)

* The TPD2EO007 has very robust ESD protection which is suitable for industrial
interfaces

I legic diag {p logic)

ot

 » i o1 102 i D+
; GND
Circuit Damage Protection of 400-W Peak 1 |
SN75LBC184 (Typical) Per IEC 61000-4-5 i 1 D-
: 4 GND '
TPD2E007DCKR

Key Requirements

« We need to pass 15KV Air-gap & 8kv Contact

« We need to check this solution for Surge capability
for industrial application

o sops —M

Figure 1. Surge Waveform — Combination Wave

@ -IENS'XAH-?I.MENTS




Key Features:

Ultra low clamp voltage ensures the
protection of ultra-low voltage core chipset
during ESD events

Drop-in for the CM1231

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

Differential channel input capacitance
matching of 0.05pF typical.

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

Available in a 6-pin DBV package

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

TPD2S017: Dual Channel ESD with Series
Resistor Isolation for USB Port

Sample Now

()
ch1_out [ [] ch2_out
GND ] [ Vec
chi_in [] [Jch2_n

6-DBV (Top Side)

Cl | Cl (0]
* /* ’
Ch2_I Ch2_Out
? ? u

— GND
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TPD4S012: USB Charger ESD
Solution

Veus

Veus
Ry x X X |0
usB D+
Controller ET :?3’
X 103 A 102 oND
x X X =
GN

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 (Vgys)

»~9pF Line Capacitance .
> 20-V (min) Tolerance Board Layout with the TPD4S012DRY

DRY (1.45mm x 1mm x 0.55mm)

Core PMU Chip/
USB Controller

@ FNS‘XAH%WENTS




Layout Comparison: TPD4S012DRY &
RClamp1654

Core PMU Chip/
USB Controller

Core PMU Chip/
USB Controller

Board Layout with the TPD4S014DRY (or, TPD4S012DRY) N .
(1.45mm x 1mm x 0.55mm) Board Layout with the Competition Package (1.6mm x 1.6mm x 0.58mm)

Parameters TI Semtech Comments
TPD4S014 Rclamp1654
Package 1.45mm x 1mm | 1.6mm x 1.6mm | Competition package 75% bigger than TI package
Size
Central GND No Yes . Tl package allows flow-through layout while
Pad mounted either side of the board
. Semtech package needs via to route the high-speed
D+, D- lines

* Tt RumenTs




@\ TPDXE001: 10/1000BASE-TX
~ PROTECTION

w
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TPD2E009

Key Performance Parameters

>
>

3-db Bandwidth in excess of 4GHz
Optimized package, pin-mapping
for high-speed differential lines
System level ESD protection:
v" IEC 6100-4-2 Level 4 Spec
v' 5-A Peak Pulse Current (8/20
ms Pulse)
Differential matching less than
0.05pF
Pin capacitance Less than 0.7pF

Two Channel ESD for High-speed Differential Signal

Core Chip /
AsIC

Layout Example at DisplayPort
Interface

TPD2E009 SOT-3 (DBZ)
SON-3 (DRT)
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>

Key Performance Parameters

3-db Bandwidth in excess of
1.5GHz
Optimized package, pin-mapping
for high-speed differential lines
System level ESD protection:

v' 15KV IEC Contact ESD

v" 10-A Peak Pulse Current

(8/20 ms Pulse)

Differential matching less than
0.05pF
Pin capacitance Less than 1.6pF

TPD2E4P50

Two Channel ESD with Robust ESD/ Surge Specification

Core Chip /
AsIC

Layout Example at USB2.0 Interface

TPD2E4P50 SOT-3 (DBZ)
SON-3 (DRT)
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TPD2EOO9DRTR @ eSATA Connector
Interface

o= T o=l
1.27mm 1.27mm
—m = ﬁ
= -
== =
=1 =1
Board Layout for DRT Package TPD2EOO9DRTR @ the eSATA Port
LEGENDS: === D+ === D- === GND Q@GNDVIA
¢FWX§WENN




TLK6201EA
Measurement Setup: Jitter at 6.25 Gbps Serial Speed

Pattern Generator

5 /Lossy Trans,
y)/ mission Line™s! 3, |

Wy Wi

=y

Verification: Combine TPD2E009 and

TPDZeOOQ.assembIed
in i!oal&uqf TLK6204EA

- BOuT-
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TLK6201EA

Verification: Combine TPD2E009 and

Measurement Results at 6.25Gbps Serial Speed

Li fie Conwal
- EyeMacs Mogs

ey Meaure Calbeate [Niltes Hep 10 War 2008 1298

Bk Tt

' Medsure

Py

L A S

Jitter prpdl 1)

| gk Cowol Senp Mesare Calbate LMites ep

i

of Bl EECR 5§|_E

vy

10 Mar 2008 1332
—Eynibdask Mode..

wake Teawt = |2

i
£

o MeasURe

i,

A ]

HAFD, EMPR e

[Jitter pplli)

=

i

Tl

vy

TRInVAY | gy TRIMAASY | g1 o) Pracsion Tmatace ToeaTspuie | Tap g | e TTT A | )TV | g1 ) Packon Tsbas Tnnd6Tpue | T DN | eam
2 37 my ﬂnw ﬂémm.ﬂmon Delay 24 1037 ra | A Couplad I-\lm I 2 33my E-nsmf 2 me-nmman Delapa 175 | A couged I.nun\ I

Output eye diagram without TPD2e009

Output eye diagram with TPD2e009

Addition of the TPD2e009 in the signal path results in a ~5 ps jitter penalty which is
acceptable. The TPD2e009 has a very small impact on signal quality. The output eye
quality after the equalization by the TLK6201EA is still excellent!

w
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Key Performance Parameters

»  System level IEC 61000-4-2 (L 4)ESD protection:

»  Differential matching less than 0.01pF

> Pin capacitance 0.9pF

»  Flow-through Package (pitch 0.5mm)

> Level shifting

> IO"

Benefits

»  Single-chip ESD protection for the HDMI Port.

»  Internal Level shifting eliminates the need for
additional level-shifting IC

»  No Layout skew for the differential pair

Applications:

> Digital TV

»  Display Terminal

»  Monitor

»  Video Console

TPD12S520: HDMI Receiver
ESD Solution

HDMI Core Chip

Connector
[ iigh-speed Lines [ N0 [ Control Lines [N 5V Out wemm Board Traces
@ ViA Connected to 5V Plane @ VIA Connected to LV Plane @ VIA Connected to GND Plane

—t —t =t =t —t —t —t —oot

CTRLIN TTRL_ouT
3
-

4Lines

TPD12S520 Board Layout & Circuit Schematics

w
INSTRUMENTS




TPD12S521: HDMI Driver
ESD Solution

Key Performance Parameters

»  System level IEC 61000-4-2 (L 4)ESD protection:

»  Differential matching less than 0.01pF

> Pin capacitance 0.9pF

»  Flow-through Package (pitch 0.5mm)

> 50mA Cl.!rlient limiting switch HDMI Core Chip -__

> Level shifting —

o oy

Benefits Gomnactor
»  Single-chip ESD protection for the HDMI Port.

» Internal Level shifting eliminates the need for [ High-speed Lines [N GNo [ Control Lines [N 5v Out memm Board Traces

additional level-shifting IC
»  No Layout skew for the differential pair
»  Current switch enables HDMI port detection when

@ ViA Connected to 5V Plane @ VIA Connected to LV Plane @ VIA Connected to GND Plane

W Vo
the receiver is turned off PR I
I
* & x % * % % %
Applications: wwt T w1 o T w1 w1 o
»  Notebook % 3 x * * I I 3 SomA
- o) Cur[em
»  Set-top Box = Switch
» DVD Player = _ T
> Media Player TR SR our svour
x
-

4Lines

TPD12S521 Board Layout & Circuit Schematics

w
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Recommended trace width 10-mills or
higher. It is okay to start with ~103-105
ohm differential impedance 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.

TPD8S009: HDMI/ DisplayPort ESD Solution

Layout Guidelines for High-speed Differential Lines

3.5mm

2.5mm

6.5mm

Core Scalar/

Switch

CER

NC

D_CLK

D_DAT

GND

5V

HTP_D

Class A/B
Connector

w
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/In De ve/opme/?
Integration of Active and Passive Components

TPD12S015: HDMI Companion Chip for Portable Applications

+5V/
DC/DC ., Power
Converter +5V Power J T
CT_CP_HPD*
e —
x x x x x x x x
LS OE* ’4 CLK-, CLK+! D2- D2+, D1- D1+! _DO- DO+ L
— LDO -
3.3V (Internal)
x x £y T T Y x £y
v, 5v. .

A
HPD_A /- HPD_B GND=

10k

WW

3.3V (internal)

AN

= 26kQ+15%
CEC_A CEC_|

*LS_OE & CT_CP_HPD will be active high signal
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= Package
Block Diagram

1 2 3 4
& L5_oE Rl =3 =8
0 SCLA CEC_A BGNO o1+
3 5044 HPD_A GND D1-
o et cr_neo GHND CEC_B O+
[ FB aND SCL_R £o
F VECB B SCA_B CLK=
G PGND VAT HPD_S CLK-
Top View
1.2 3 4
Al _—
B ]
c -
D
E
F O .
G

WESE Package Dimansions
Ball Count = 28

Package Pitch = 0 40mm
Package Height = 0.55mm (max)
Package Length = Zamm (fypcal)
Package Width = 1 mm (typical)

[}

TPD12S015 Pin Mapping in 28-YFF

CIRCUIT BLOCK DIAGRAMS

LHI BAIEC) VBAT (IEC} Ll—]swuusl
VCCH (IEC) ) CT_CP_HPD
[} - == . ]

AT DE AT

5
} 7 coc
. [ a3
y LD 1 feteena
» e
s —C
Pl B

HPD_B pEC)

wE A

CEC_B pEC)

S00_B EC)




TPD4S1394: Functional Block Diagram

D2+ D2- Vowr D1+ D1- vcec FWPWR_EN

Reference
Generator

‘A P

1

GND

» The TPD4S1394 provides a robust system level ESD solution for the IEEE.1394 port along with
a live insertion detection mechanism for high-speed lines interfacing a low-voltage, ESD
sensitive core chipset.

» The TPD4S1394 conforms to the IEC61000-4-2 (Level 4) ESD protection and 15KV HBM ESD
protection only for the data lines.(D1+, D2 *)

w
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vee |1

GND | 2
TPD4S13%4

Vewr

IS

FWPWR_EN

[+]

D1+

D1-

D2+

D2-

» Package option used is a 8-

pin DQL package.

» It has a 0.5mm pitch allowing

flow though routing.

Jemr

)_U_| ] ]_]I_| j“n,zn
s

-

JL —
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YV VYV

» Integrated 7-ch ESD solution with level shifting
buffer & back drive protection for DDC signals

» |EC61000-4-2 (Level 4) ESD protection

»  Buffer and impedance matching resistors for
SYNC signals

»  Differential matching less than 0.01pF

»  Pin capacitance 0.9pF

Benefits

»  Single-chip ESD protection for the VGA Port.

» Internal Level shifting eliminates the need for
additional level-shifting IC

»  No Layout skew for the differential pair

Applications:

PCs

Notebooks

Graphics Cards

Consumer Systems w/ VGA
Port & DVI-I ports

VIDEO_2

TPD7S019: Integrated ESD < iICTE>

Solution for VGA Port

Key Performance Parameters

£ DOC_OUTH
o poc_ouT2
Voo svic

VIDED_3 0=

anp o

=] HT
[

B
w
»
i
—
1
»
L
»
»
b

0OC_ 1 o
00C_Be o

o SYNC_OUTH

L 3
A gl Lok Lax
4 + M F[ %
p! ’7? ‘ L 25 SYNC_OUT2

SYNG_BY ::

SYNG_ M2

RGB
ESOD

—a HSYNC
i vSYNC
_—
—y

ARERAAAR

TPD7S019

DDC_CLK
DDC_DAT

TPD7S019 (16-DB Package) Interfacing VGA Port
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Sample Now

TPDG6F002
6-Channel EMI Filter for LCD Display Port

Key Performance Parameters 1000
»Six Channel EMI Filtering for Data Ports Ch_In Ch_Out
»Greater than 32dB attenuation at 1GHz
»-3dB Bandwidth 100MHz
»R-C Topology (R=1000hm, C=17pF)
»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

17pF \
»Operating 10 Voltage Range up to 5.5V

> Space saving package solutions Schematic Representation

17pF

I

— GND

3.0-mm x 1.35-mm DSV Package
Insertion-loss versus Frequency
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TPD6F003

6-Channel EMI Filter for LCD Display Port

Key Performance Parameters 1000
»Six Channel EMI Filtering for Data Ports Ch_In
»Greater than 32dB attenuation at 1GHz
»-3dB Bandwidth 200MHz
»R-C Topology (R=1000hm, C=8.5pF)
»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
»Operating 10 Voltage Range up to 5.5V

Ch_Out

T, 17

— GND

> Space saving package solutions Schematic Representation

chi_n[ii -3 fiZdch1_out s

—— LI
Ch2_In[2i | ! fif|ch2_out
ch3_[3i! ! fojch3_out : i
cha_infait !g|cha_out

L. [
chs_inf5i 1 !8|chs_out :

'
ché_In|&: i--2 {7} che_out J
2.5-mm x 1.35-mm x 0.75mmbDQD ol P Sonecn Lomnen

Insertion-loss VS Frequency

E
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TPD4F003, TPD6F003, TPD8F003

4, 6, & 8-Channel EMI Filter for LCD Display Port

Key Performance Parameters ch In 1000 Ch_Out

»Six Channel EMI Filtering for Data Ports

»Greater than 32dB attenuation at 1GHz

»-3dB bandwidth 200GHz

»R-C Topology (R=1000hm, C=8.5pF)

»System level ESD protection for high speed application:
v+ 15kV—Human Body Model
v’ + 8kV—IEC 61000-4-2, Contact Discharge ‘ _L
v+ 15kV—IEC 61000-4-2, Air-Gap Discharge —— &ND

»Operating 10 Voltage Range up to 5.5V =

Schematic Representation

chi_in |1} 116] ch1_out
- :
Ch2_In Out
[~ i
Ch1_Out Ch3_In (A5 out
X Out Chd_In Ché4_Out
Chi_in AWout ()
3_Out Chs_in 112| chs_out
Ch2_In h2_Out 8| cha_out craffy 131 cne._out
Ch3_In (2 Ch3_Out \ R
- - 18] Ch5_Out Ch7_In 110] Ch7_Out
Cha e Chd_out 0 ; 17| che_out che_in |8 s | che_out

1.7-mm x 1.35-mm x 0.75mm SON (0.4-mm Pitch) 2.5-mm x 1.35-mm % 0.75mm SON (0.4-mm Pitch) 3.3-mm x 1.35-mm x 0.75mm SON (0.4-mm Pitch)
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TPD2F702 -

2-Channel EMI Filter for Audio

R=150
chin Ch_out

Headphone — AN
Key Performance Parameters
» Two Channel EMI Filtering for Audio Ports c1= 30pF 2= s000pF
> Pi-Style (C-R-C) Filter Configuration (C1 = G | —— | | s
30 pF, R=15Q, C = 5000 pF)
» -3dB Bandwidth 3MHz
» ESD Protection Exceeds IEC61000-4-2
(Level 4) on the Connector Side J_
> +8-kV IEC 61000-4-2 Contact Discharge S
> +15-kV |IEC 61000-4-2 Air-Gap Discharge -

» Low 10-nA Leakage Current
» Space Saving WCSP Packages and Flow-
Through Pin out

35

40
A
A1 Ch 1 Input, ESD Level 1 A2 Ch 1 Output, ESD Level 4 45
Depopulated Ball B2 Ground 50 /'
55
c1 Ch 2 Input, ESD Level 1 c2 Ch 2 Output, ESD Level 4 60
1KHz 10 KHz 100 KHz 1 MHz 10 MHz 100 MHz 1GHz 10 GHz

Frequency

w
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TPD1E2510

Key Performance Parameters
» Bare die ESD solution for ultra space
saving applications

» Robust system level ESD protection:
v' + 20kV—Contact
v’ + 20kV—Air-gap

» Single direction or bidirectional
vertical clamp solutions

» Varying breakdown voltage levels to
support single or multi-LED products

» Various metallization options to meet
most manufacturing requirements

ESD Clamp for LED:

-

Top PAD
Size 1.0mm X 1.0mm
Die 1.5mm X 1.1mm X
Dimensions | 0.25mm

Bond Wire

LEDDIE

PCB Substrate

E
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PicoStar Embedded Package
Technology

Board Cross Section

PCB L s St oo o S o oo oo - -
Metal Layers

B B R T i DN O M R R S DR O TN R 1mm

PicoStar™
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PicoStar (YFM) & WCSP (YZT)
Package Comparison

Different concept

(Small as a pin of a needle)

PicoStar (YFM) Comparison
with WCSP (YZT) & provide
thickness




TPD2EO007YFM

Package

Key Performance Parameters

»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 (@ lI=1mA)

» Pin capacitance <15pF (Measured @ VI=2.5V)

> Package height less than 0.15 mm

2-Channel ESD in PicoStar

101 102
GND GND

101

Length = 0.8 mm
Width = 0.8 mm
Height <0.15 mm
Pitch = 0.4 mm

102

PicoStar Package & Circuit Diagram

oND—L-
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Thank You!
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