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ESD Protection of Handset Video Products
Student * Shun-Ping Tung Advisor : Dr.Lin-Kun Wu
Degree Program of Electrical Engineering and Computer
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National Chiao Tung University

Abstract

With the coming of the age of nano-meter of semiconductor
process, the electronic components are becoming smaller and smaller The
mainstream of consumer electronic products emphasizes light-weight and
small-size. However, the problem .of :Electromagnetic Compatibility (EMC)
has become evermore serious: Generally. Speaking, the products not only
should obtain certification ofithe Electromagnetic Interference (EMI), but also
should comply with various susceptibility, ~tests. The Electromagnetic
Susceptibility (EMS) test 1s “a regulation of law in European Union, and the
Electrostatic Discharge (ESD) 18 one of EMS .

Due to the small size of handhold products, it 1s susceptible to ESD, the
phenomenon of power off occurs frequently due to the ESD. In this thesis, we
use the power on/off circuit of the handset of a specific video product to
analyze ESD. The test procedures are according to the IEC 61000-4-2. We
also analyses the coupling paths of ESD, and explore the effect of low pass
filter on the ESD event.
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1Pk (Conductivity)

2HMEREE

BAPRI AP

4.1 751" (Rate of Recombination)
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23 IR

WL e P TR/ A

S RS ANSI/ESD STM 5.1 15002/100pF

(Human Body JEDEC A114A 1500€2/100pF
Model, HBM) IEC 61000-4-2 330€2/150pF
RFERPE]  ESD STMS.2 0Q/200pF
(Machine Model, JEDEC A155A 0€2/200pF

MM) EIAT IC-121-1988 0€2/200pF

Fo %ﬁ FALE] ESD STMS.3.1 Device Dependent

(Charged Device EIA/IESD22-C101-A Device Dependent

Model, CDM)
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F< 2-4 TEC61000-4-2 Hrp e EE it

B @%WV“FILT*(Contact Discharge)

P T FILT*(Air Discharge)

¥E i (Level) HIRSFEEKY) ¥E AP (Level) HEEKY)

1 2 1 2

2 4 2 4

3 6 3 8

4 g 4 15

X Special X Special

X F (RBHPE R (Open Level)

< 2-5 TEC61000-4-2 FE T2 5

Level Indicated First Peak Current | Rise Time tr Current Current

Voltage of Discharge £10% with (F30%) at (F30%) at
(A) Discharge 30nsec 60nsec
switch (A) (A)
(ns)

1 2 7.5 0.7~1 4 2

2 4 15 0.7~1 8 4

3 6 11.5 0.7~1 12 6

4 8 30 0.7~1 16 8
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Source

150p
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EUT
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HV
Source

EUT

q@aﬁ' 2-3

A
I

EUT

HV
Source

1 2-4




ES

Printed Circuit Board

B 2-5 R

ESD\A

Metallic Bar

qal 2-6 = ﬁ'ﬁv?q—‘

= #WF%

Printed Circuit

Board
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L
Source 4 O Load
! S Vsix) @ Is(x)
2z
Ei
i
[ 2-7 YRR R R T SR
R,=50-100MQ R, =3300
. l::] Téte de décharge
Discharge tip
Commutateur do décharge
Alimentation HT CC 1 Discharge switch
DC HV supply T Cg = 150 pF
g:nmion de retour
courant de décharge
—0 Discharge return
connaction

ﬁ%ﬁ' 2-8 [EC61000-4-2 ??’%‘?”FICT‘FW F{ﬁﬁﬂ
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"ermc
"pllk

100 % — —— _—— e — e e e | —— —

90 % ——
a
!.t;wﬂs u
a
I“BOM

10%-|-

30 ng —— t
80 ns
—— f———

t, =07 ;.1 ns

[ 2-9 TEC61000-4-2 f e B i)

Typical positian for indirect Typical position for indinect
ofi

scharge to VCP

Horizontal coupling
"‘ plane (HCP)
& 1.6 m x 0.8m

&

IEC 063598

ﬁ%}' 2-10 [EC61000-4-2 ??Q%F%fﬁl'
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Corps du générateur

Wi
/

(Note)

Téte interchangeable =N :]
Interchangeabile part (tip) /

Sharp point

ﬁ%}' 2-11 IEC61000-4-2 ??ﬁ”FIJT“W“ ijT‘%E'

Coax shield—

= §!

— Scope chassix
50 ohm termination

ﬁ%ﬂ' 2-12 Coaxial Current Probe =~ ﬁlﬁ%ﬂ'
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Bl 2-13 FEPRAR I A

B 2-14 FISHRR SO WA
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i 215 RS LA

[fi 2-16 FIoifps I PR Y
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218 B
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R1

Vin C1 Vout

0 R2 0
C2

[f 2-19 %ﬁiﬁfﬁm—* [

27 Jun Z288e  ZAIE3:43
EHI s=21 LOG 18 dB+ REF B dB 4i-21.756 dE 1.8608 BEE BOE GHz

CH1 Markers

1:-22.576 dBE

Cor SH.B958 MH=z

2i-23.269 dBE
488,875 MH=

F-23.886 dB
T15.284 MH=z

START 858 888 888 GH= STOP 1.888 688 6808 GH=

B 2-20 FIEIFER S21 = Ey
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Bl ~:\1F1;|

?’I&%‘%E\'Eﬁ*ﬁa«]‘ﬁﬁ

F It TEC61000-4-2 HIRSRIT > Y BEiE & o isillet - o
W“Fii?ﬁ 25 £ NoiseKen ESS-2002, 2 5 htF F’jLT* N BB [EMBE - W@%ﬁ}%g bwr%i g
OPIt 3-1 % 3-2 7 o SRR RY e e - 8 (A9 A e o dp
33 o Wi R AR RO R ) R

s o Wt BRI R 3-4 B o

32 Y RIS T g

SR QTS 7 S IS » IR STABKY B » Tyt 45
B TR 1% % AR G EF AL TN e i
VS TEC 61000-4-2 ORI o FfIsBAozH GRS » i1 SELp
S (EE S o [ BRSO 3.5 . R
Hi POWER_ON Fu@B%h HI ¥ o6 (HI 3 S et - 2.3V)R - 1] BIT

&3E] - POWER_OFF ST 1 HI ¥ 50 gHEE Low ¥E 50 - 113 £ POWER_OFF 7
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B[ ASIC GPIO £ HIHE 52 Low KIS (Low ¥ KL FEHRSIE (F [542 0.9V)S
Tﬁ'*ﬂ%’ﬁfﬂ 7 }l"'ﬁﬁfﬁ?ﬁ&* P H‘E'Iﬁﬁjﬁﬂrﬁl%ﬁf F%EJ SRR H I
#%(Printed Circuit Board, PCB)FY | b Ul 3-6 - o [ REenb il iy * el o

IR RS oo TN 327 T -

3.3 R RS T

PPV ESGRRGA Y 5T RFEFAE S IRQE o [ P IIp RR PR
Tektronix TDS540C (500MHz, 2GS/s i/['ﬁi‘a\' 3-8 A ) L B e s S BN - T
= T B AR ISR

FIIET3-5~ 1A' 3-6 5 fF'EJFIJ«'\JiT%FpM HBVTHIVT B 1 B8 SR LA 500
FEF TR S L R Bt o TR > TR RIS PCB U Ground =
R [T Y SRIRIASCE BIT 19 Ground Pin » PB4 f [ Jo = 1
RO RR ™ o SE BIT PRI O B B9YE o pOR (R ™ S5 Y
IR Fﬁ%w&é} A B 3] TJ B RE [ B "F@F%ﬂpl POWER_OFF
w T VR (% 5 4RI POWER_OFF FHIV LT - pligl 3-9
%57 I 325 POWER_OFF Pt 7% 5 11 Hi 35 [EZ] Low Y80t 1f
pd > BB Fer?i—?{ ?E@M‘Eﬁﬂ\ VRURLHMESE B RE 2 > & S FTJq&J‘ il

T B R R
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A SRS R B O RD) I+E"SF@F'#JF§%§5LE%‘.HIE@
FHROTEI RDFERE - 25 1Pl BIT LT (SRR - feihi 1=

A e ]
l . < B 1, an
| _ \% B \ be
B R, (12)
I _ 3.3V =V (a) ,
¢ R . (13)
ol

Ve o EREY S = Fjé@t
Re : K% w&qlﬁﬁ*rfﬁ%ﬁg

Veesw @ BJT 7 ﬁ@ﬂl

ﬁ%‘l'3 -6 55 DTCI43ZE =357 FIJT“”?IH%I, EFIIRI =2 R2 Y=Y (Wl FiEl DATA
SHEET # ¢4 R1 ¥% 47K Qfi| R2 £§ 47K Q. [ij POWER_ON fi{=FHESE; 4.5V
125 (P SR S RO R DS THS LK QY Ao i 1=
LT

e+ AR (RDPVEELY o S e Qe ey TRyl - b
S MR R < S SRR R A o 1) i IR Y YR
FEIRFD 0 PR - [ 2 B A AV RS (RDFV RS~ -

32



TET RSB [ P PLfER BSD & (VRIS T AR E
ENFIpoERElE A7 H5E = Null Experiment 3¢ » BNIZIFORER IPH 3-11
I o FF AR R UL i H FELISINE 312 2 3-14 57 - ELEfR 3412
Z[f 3-14 =5 1/ 2] Null Experiment BRI SN & 15 F'Eff%?ﬁmﬁf
FTEE b RSB 0 ] B RO B R T R kL O -

A AR TS RO BRSSP [ EREE TRIv Y & (DoAY Voe
FEESLFS YR 3-15 Hr SRR B Ve » DR 3-16 1 3-17 A2 Bt >
SR T ST BIT Y Vbe PSR AR | o £l 3-17 KLI JREMET
" Bead ; BPFEFGESRGY o [Bead PORE L S ST TR 3-18
T+ Bead ) SIS FERE R WL - PESTIE I 317
i1 PSR HASH T Bead ) JRGRE FEFCSE M < i) POWER_OFF F k(1Y s
PRSI 3-19 [ 3-20 H o IRV 2E 5255 POWR _OFF FHok 1 A [~ Tf’{ s
WAPR I R RIS > RSO R S gy
[N A1 L (RS Py <0 o [ AR 31

B R ?F S (R2), @A R [V ) el R (R2)
SEPF T EEIO PR EL P < $5 0 BIT R EAVRYEE - AR PR
BIT PIRE SRS fIv i (R2) D FRTHESLP O 3-21 = 325 POWER
_OFE G 1[I fl sl SR P (R2)VRAA i, POWER_OFF Sty s g

[fi' 3-26 = [ 3-28 A > Z5 [ F O EURCE B QAR > ¢ POWER _OFF
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%gyﬁrg T 8 FEE IKQ Y I D & - POWER_OFF 740 ﬁg‘q
FBIVEERZIA » iy B HTIPD PR A RIRRAL ISR A o [ R Py
AR 32

ZEER2 L IKQEERF™ > B - C2 > % POWER_OFF %49 R-C {J]
VRS A8 C R T S PR O PR LT H SR
F 33 Fr . o

FL AR T RSk - POWER_ON FHUAEL FTJ AR TR
P2l C1PY 1uF § Bl Fk FlE& .1?%737@3, IOEIEE > H = I%i/p%h 3.4 > @HIF[ ]
SLEHHFERE CLE - P Feasf= gy e - Al i 2 B
POWER_ON 7H¥E%] Fﬁwﬁ\” Ak d T R .

o Y TS POWER “ON BRI % & 19T 48 > 7 BIT % C1 ¥
It = PR 33Q > RN 33Q L FESETY, » I iR g
P G 3-20 PR o S POWER_ON PRV 1 i - 11 £HH] POWER_OFF

B 1 AR PR TSR L RS DR 3-30 e

3-4 (SRR B SRR B

P 3-12 [l 3-14 0 1)1 > B iy p 7 [l P e s

(SRR £V Ground Bounce > BIT . Vbe {737 % Ground Bounce .
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SRR I—”ﬁfj"lﬁiﬁ“ TEry OV VIEERE S A@sy ZEQV VIR WLWT%EJEJ%?&'\E%‘.
i PLER R R R [ BB I 1 Ty A P RDI
BIT UMy B IR L > Aihhy oI R M 76 sy
Ripple @[ » FHIA 3-15 = [ 3-17 25 P97 1| 52 BIT fl1p ESH A5 Vbe i
(IR A P (RDBZ e - iy [5 - ) POWER_OFF G0k 7
FOTRE | o115k 3140 i (R 7 S S B2 ) g = 5 BIT 2 Base Gate
& TR ALV BIT T 7E Vbe b R (e -
ik 3-2 IR 3-21 2 [l 3-25 FS{f* 1) #i17 POWER_OFF 78kl F
(=T ﬁgﬁa‘@’%ﬁfké 2y S g Tl R R SR
FE o BT AR S ARSHE A =) POWER_OFF RIS T R
SN PRV IS E s W R (s -
(o Py C2 R RIS M 3-3 i h > & R2 L IKQEVRUA oy
R AR 8IKV (RS C2 1 A i 1 33pF H| O.1uF’§§ﬁEfﬁ@iﬂ FUE
Fupsfo 0 o FHVRUR Spds) 8.9KV [ i gy 22 ok i 8. 0KV Fujfifeye= &
0 SR TEC 61000-4-2 i 8 0KV AU «
lﬁﬁ‘f P3=5 [’ ' POWER_OFF 1y GPIO Port V795555 [
Foploi gy HESREE DA 331 FrA, Wl PAD R RLE
POWER_OFF . fiij * %

G JD == FL I/Frji_plf ﬁr "' R2 ¥ Diode % % 55 !Eit, .Jﬁkifkl[gl’}}ﬁ‘mj
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BEr ] | RO BRI I 5 T = 5 fe o
" FEY TR2 Frip g hpop = C2 R > P C2 2 Diode [Fil £ (= P iﬁ’?‘??’ﬁiﬂf

SRV (2] [ 8KV R B
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3 31 IBAOE FIRD P RS ESD (1 ot S

RIFE @0 Q |33Q 682 100€2 | MLB-160808-01000B
PIEWER ( Bead)
8KV FAIL |FAIL |PASS |PASS |PASS
8.3KV FAIL | PASS | PASS
8.6KV FAIL | PASS

322 F'ﬁJFéfaﬁé&E%Hlﬁ&,

T RS ESD it k2

R2MEff 10 Q| 100€27 | 100092 13.3K 5.1K(2 10K
IR
8KV FAIL |FAIL |PASS |PASS |PASS PASS
8.3KV PASS | PASS | PASS PASS
8.6KV PASS | PASS | PASS PASS
8.9KV PASS | PASS | PASS PASS
9.5KV FAIL | PASS | PASS PASS
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Fo 33 R 2

7 (C2)%H ESD IV jiro e

C2[=ffi | Open | 33pF | 100pF | 1000pF | 5600pF 0.1uF
R E
8KV PASS |FAIL |FAIL |FAIL FAIL FAIL
8.3KV PASS
8.6KV PASS
8.9KV PASS

e 3-4 P B REAREE

]

RI = | 68Q2 | 10082 MLB-160808-01000B
PIFER 1000Q) Bead
8KV FAIL | PASS PASS
8.3KV FAIL PASS
8.6KV PASS
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[ 3-4 Y (bl 4 S W paRir

40



+3.3VD
A

R7
10K
R2
ANAN >>POWER_OFF
“ R4
B
POWER_ON > Hﬁé DTC1437E —
c1 u
1uF 2 R1
PGND N
DGND

35 B

41



ﬁ%’l 3-6 E@f’%&ﬁﬂ%;ﬁi% PCB {ﬁj FIB ﬁi"f%ll
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[ 3-7 BRI T PCB e

43



C1 Max
1,280V

Clipping
o5 # neg

1 Min
=1.280 ¥

Clipping
[MOSS neg

8 | P

Lodns

TR %

[fi' 3-9 POWER_OFF “f Vi 1 FI 7
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PIN 3

COLLECTOR
e w 5 (OUTPUT)
BASE o
(INPUT) @
a PIN 2
EMITTER
(GROUND)

A 3-10 DTCI43ZE F ¥l

TekK Run: 500MS/s Sample

iG]

ﬁ%ﬁ' 3-11 Null Experiment ] &£ ad
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C1 Max
190mV

C1 Min
—130mV

"M T00ns Chi # 130MV 20 jun 2006
19:29:36



Tek 1.00GS/s

R e L F R T ] e
' ik ' ﬁ ﬁ ﬁ : 2.33V

C1 Min
—2.535V
Clipping
negative

230mV 20 Jun 2006
19:56:39

“M50.0ns Ch1 7

B 3-12 B F%J A P33 ORIV B TR

Tek S00MS/s

T AL TR TR TR TR 1 g
: : 2.37 V

C1 Min
—930mv

M Toons Chi #  230MV 20 jun 2006
20:11:49

EEE] Soo0mve

il 3-13 BRI 68 OHM 7 s
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Tek Run: 1.00GS5/s Sample |IEFEH

B ¥

C1 Max
460mVv

C1 Min
—692mv

WY 200mve M s0.0ns Chi 7 T28mV 20 )un 2006
Chil 19:34:15

[f' 3-14 B F%J&J' FH eI 100 OHM FEFHFE

Tek E{sJH 2000575 65 Acqs
] I

el =

: . . . . i . . . . {1 Ch1 High
. ) ) ) ) i ) ) ) ) . 1V

Unstable
histogram

Ch1 Pk—Pk
34V

TV T WM 230ns ChT F 630mV
23 May 2006
19:20:38

[ 3-15 SFPRFERS £ 0 OHM 7 Vbe HEHFEES
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Tek SIIH 200MS/s

=

]

Ea#' 3-16

Tek EITTR 200MS/s
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T

M 250ns  ChT F 630mV

PP 1 63 OHM, 0 Vhe PR

| b

] b

M250ns ChT J  680mv

Ch1 High
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histogram
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Ch1 High
240my
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histogram

Ch1 Pk-Pk
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19:33:46

%'3 17 «Hﬁf] 1= 55 MLB-160808-01000B . Vbe F&7Vey FLf
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i /N
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E 800F
Z 600 | i
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1 10 100 1000
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pos/neq
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C1 Max
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EllpFing
positive

: : C1 Min
_ ] 283mV

|~ e R R R R R R R e e e e et
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Tek ElE

C1 Max
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Ellplaing
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I00Rs THRT %

AWMV 9 Aug 2006

16:03:14

[f 3-27 R2 % 3.3K QVEIY 5 POWER_OFF 8%

53



1 Max
F2my

C1 Min
amy

Ch | R T — T Z0TRs CRT Y 3V g Aug 2006
15:46:17

[fi! 3-28 R2 £ 5. 1K Q¥ % POWER_OFF @45

Tek 1.00G5/s 5 Acqs
1 T

i

MMa.

1 X
1.130 V¥V

C1 Min
—1.280V

BRI TN LTSI

MS0.0Rs CA1 # 0V 20jun 2006
20:41:04

il 3-20 SLA 113 33 Qb v

54



EITTER S00kKS /s 158 Acqgs

C1 Max
27 2y

WWWMMWMM C1 Min
- : : : : _ _ + 224my

1+ ! ! ! ! ! 5 1 €1 High
. . . . -— . . . . p 143“'

. . . . i . . . . Unstable

..... P P P - :: - P P P - _- hlgtﬂgram

W T00ps Ch1 7 T76MV 11 Aug 2006
16:11:01

330 SfI1 33 Q- ROYER OFF 707

2
:D—H? -
ﬂﬁﬁ{ I

H>H
X3

q%ﬂ 3-31 POWER_OFF %% GPIO PORT %Wf%q-‘i‘%‘. ﬁ%\'

55



JL
=
_C
=

%

i
AR ZSPFR TSP RSO S S B > ] NULL
EXPERIMENT “f [&rB LY [l » 3&— WS~ (W e 2 B pl )5
170 3 HF R AR e 35 NOISE ! I - 1 JHA fegphop= o IRy

£ IEC61000-4-2 il et -
A o3l ST EN S POsEREN
. RSk % GROUND BOUNCE ) SIS 2 5 FE iy
PR UIEFE PR % RETES SRR F | GRS R1) 4R
I BIRERRER P ARELE - SRR R =
2. Z5 PP AP | e RO A YRS AR 000 e Pty E1 (ZuF
[ SEPIE Rl B (Z0) R P T e R o
3. BPIELAEHRL FIEkZ0) » PRI S B il (O Ry COR R
WA NN [

4, % LAYOUT Eﬁ b et e B N B e < LA HCAIAHA o

56



%
s
,—_Eﬂ.;k'i[

(1) Pyt e ST,

http://www.t-esda.org/tech/TESDC-2002/01.html

[2] ﬁ;ﬁ?‘?ﬁﬂi H A, 1’21’?‘?‘{[[‘:' fab 89 F @ R~ rE %g'rﬁf P //_"“‘*?f
TR 2000

[3] Tim Williams, EMC for Product Designers,3rd edition Newnes , 2001

[4] Clayton R. Paul, Introduction to Electromagnetic Compatibility, 1992

[5] Douglas C. Smith , High Frequency Measurements and Noise in Electronic
Circuits: A Practical guide:of Successful Techniques for Designing Degugging,
and Reducing noise, Van ' Nostrand-Reinhold 1992

[6] Basics of Electrostatic Discharge Part Five---Device Sensitivity and Testing °
By ESD Association,1998

[7] Mark I. Montrose, Edward M. Nakauchi 'f(5, Testing for EMC Compliance

Approaches and Techniques, %< ?yﬁ ?r e, EMC FfAt! FL I ERES SN

LH

EN =1
e 2 i ﬂﬁﬁ%ﬂ i » 2005
[8] EN61000-4-2:1995 Electromagnetic Compatibility-Part 4-2 Testing and
measurement techniques — Electrostatic discharge immunity test
[9] IEC61000-4-2:1995 Electromagnetic Compatibility-Part 4 Testing and

measurement techniques , Section 2 Electrostatic discharge immunity test

57


http://www.t-esda.org/tech/TESDC-2002/01.html

[10) James E. Vinson et al. , ESD Design and Analysis Handbook, Kluwer

Academic, 2003

58



	目錄
	ESD Protection of Handset Video Products
	Degree Program of Electrical Engineering and Computer Scienc

	碩士論文書面資料
	ESD Protection of Switching Circuit of Handset Video Product
	ESD Protection of Switching Circuit of Handset Video Product


