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Improved the ESD capability of 0.5um high voltage device

Student : Chia-Hsiang Pan Advisors : Dr. Yew-Chuang Sermon Wu

Degree Program of Semiconductor Material and Process Equipment
College of Engineering

National Chiao Tung University

ABSTRACT

In the real world, electronic product or could malfunction or be damaged when the electronic
product to be subjected to Electrostatic Discharge (ESD) event. So the ESD event is an
important issue of electronic product. All product must be pass ESD test before mass
production. Therefore, we need to design the ESD protection device or circuit to avoid ESD
failure for all process. This paper is describe ESD device in high voltage process, This ESD
protection device has been verified in 0.5um high voltage process. In this high voltage
process, the standard high voltage symmetric NMOS structure (without NBL) and standard
high voltage asymmetric NMOS structure (without NBL) need to depend on large area to
bypass ESD current, but both of two standard high voltage devices have higher MOS
breakdown voltage and trigger voltage. The trigger voltage of symmetric NMOS structure and
asymmetric NMOS structure are 80.1V and 109.7V, respectively. When the I/O PAD is
stressed negative current (ND mode), because the breakdown voltage of high voltage PMOS

only have 62V, it will cause damage in the 1/O cell.

In this ESD case, we do not change process parameter, process flow and Boolean operation,
we modify the NBL MASK to improved ESD ability, an extra highly dope buried layer
implant under the asymmetric NMOS structure, as a result, the breakdown voltage and trigger
voltage of asymmetric NMOS will be reduce to 60V, therefore, the asymmetric NMOS with



NBL structure can protect internal circuit more effectively. Furthermore, the parasitic VNPN
transistor can turn on quickly to bypass ESD current on the ESD event, Once the VNPN

transistor turn on, the ESD current can leave the surface of device. So, we can obtain high

enough ESD ability in small layout area.
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BAL A5k TSR N hE P G 00 H 0T 5 25 200pF o
Wﬁﬁgﬁ*’z’éﬁﬁf E T IE L 0 & H I F ALY ' o ’13—}52%‘2755(7?”/?'1}5*4 %‘Z*vi‘?f’l/L
MG EIR AT RAAL ST RS T {4 0 B BT AR 210 -
R A B
+
— Device
vV — -1 Under
T —  +200pF Test
) leﬁgﬁéi?‘ﬁf;\ _‘rﬁ‘j‘%;;?‘ﬁx:r 2E
A % % % #5% (Charged Device Model ©  CDM):
AAEATRTHAY J BT D B EES L8 T AR A
PSR R SRR BT 0 6 R RS S AT (P A R R

TEAMERN) - EEMTRERE DRI KT ) S e R T K€ R
TEMAIUED > GAFMTRIE > PARTENORIEFRE Q8 Tz o
BEBEERDEET M ERFHUTIBELE > ST BB 212 FIFR T R4
B FEFEMTEA LN DD R ST 33067 L8 T3 5 o 15l

EAREALE P T v iR ? 0 B o non-socketed CDM A & B %E 1 R ARE R E LR PR
ESD STM5.3.1-1999 -
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R A B
o
+ :
1 Device Short
vV — Under circuit
p— Test
) C
1
Bl 212 A2 ATHAHD T NERDTIRT LE -

Bl 2.13 & A f H550

2 on kv BB o Bl P @ﬁ%}éﬁﬁgzﬁ»é_i

CBERTHS A C AT S OB RIR AL Beame

Eer A e LT OT MR T RER S ) )

GLEES =¥ ST F R R S ST PR S TR
RETEIMBLEAL P TRTHFE At ARHEN IR EEL B T
"‘;Ca}'s"\‘ o
14 ESD| ¢ R L v
g 1] com cOM | 10pF 20 2 5nH 500V
E MM | 200 pF 20 L2 750 nH 500V
£ 81 HBM [100 pF |1.5k22 | 7500nH | S5kv
1}
E 57 100 ns TLP square pulse
5 5 N —\
% 1 T HBIM |// T \Ew
a ’ MM R =00
4
0 20 40 &0 80 100 120
Time t (ns™)

Bl 213 AHETHS S PERTHAEAE L

AL BATAL

ek AG R [1] -

B R4 *ﬁ"”»ﬂ,’fﬁ—}

533

-\ o do e
G TS £ o s

i) 2 1 9 S

D4 % 2KV L s dp e 1.33A R T A o A
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AR T ERRE O BPIONAMRTI AL TG (B g R T o
o EAFRFRF R PRI LRI REAPEFL R -PEFIFF.FR

B T T B R R

i ﬁs?]fsiﬂﬁﬁ A 4 B(TLPG > Transmission Line Pulsing Generator) * ** & jp] ~ i e
ZHFT IS RO ENED T B e 8> 2 u)4eF) 2.14
2 215 4 TR BRI R AL BOREANATTRBTE AT LTI §
e FR > ERMES FRFRE BT AN T A RIS HER SR RT

[17][18] -

Osciiioscone
Gate
- Sodrce Dyain : I
Curert <
= Substrate Probe _.-/Z

Bl 214 @ayaigil 2 2 F 40 L R[18] -
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Voltage

Transmission 450Q-5000 probe
—E]Hi)_/ Vlo! coverter () / Oscilloscope
WA
e .

b, Moo

_| High voltage 1 !
T DC source 500 é Current | : o
probe } | e 9
!
! |

B 2.15 @il 24 FEocR BT LR[S

HELDTDRH A TR kP AL B 216 A A EEF LT TR A 4
ORI TR R TR LIRS S By £ 2 B A e R SR T

CEEU P F5- 10 S REEAE S GIP SRS L

FHTEBERI PG I A O TE 2 KeyTek Zap master MK2 # & 1
i P& 24~ MIL-STD-883C method 3015.7 sipls# * s Svd# T sk 4 v i A gtk i
FTEREIEES LAk g2 Bt R FmL o It LR E LR A
BARTUGEF BNEFRPFEIFL TP O BT Y a3t Engis- La
ARAMEFHPIRLEOPEAE S W T RPFTRTFIESE A A afle

ECE e @ﬂi%]fs‘ilﬁ'%iﬁiéi B A AR A MR RGN E T R B R
VP mLF SR RSE] 0 A A E AT E S TR R AR EfHMS) P F &

i * P-ig % fhe(very fast rising square pulse © VF-TLP)Z% 3 -
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=+ = \oltage =%
Current
- Leakage Measurement

Initial Leakage Measurement

PassIFall f " i" F'H‘HfFaII

S
b1

l IV Plot 1

Voltage or
Current

I PassiFail
T,

" PasslFail

-
|

Time
I Plat " Plot IV Plat
H-1 M=1
7 \
— Ron
4

Curennt
L=
Curennt
Curennt
Curennt

=]
=

Voltage Voltage Voltage Volkage
Get TLP Parameter

Bl 216 2 F L3 R BRTEINDTINTRY R[L] -

N ERNEIER T EUPS S S ETREIEIRR S

Vtl: % = /& (Trigger Voltage » Vtl)(snapback \oltage) » & # & %7 @ in#-%F 4 T H
18 4R (MOS ~ 2 ca lag) e F 4 % N ARG (MOS ~ i i fef)R L &2 1
BTG @RI RF(RLAAETR) AL n#EFTAad AT 3 s WELL s
FEREF AT LW PR (MOS ~ i ihiEa) e F 2 7 & MO EAR(MOS & 2 g
BR)EPG0VRIBFATDLMEL A F2RLMEAFOTRELZ TR
FAI* F2NPN T HMAF TR WRHEF T R PREA LT rEFEdd
F B 2 e ok o

Itl: 7§ = on(Trigger Current > It1) > d fE#F R inechx ¥ U EF & 5 X sl T 00
TR R e A A EIEe BRRF LT HRMEL TP T 2
é:—fﬁ&i’ N-WELL/P-WELL k& ¢ & A kR A E & & 47 s @ W42 S feenif 27 F 12
R e N EDAEE R R P e

Vh: %4 7 & (Holding Voltage > Vh)>» F4 % GMEESE» § TIE® > d 3L

LN
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JF S REBR L S R 0 FRF AT R AR DPN LR PR T R ]

TR OEEE a5 F D] hiRE R e B E R R MO TR R

B4 B 4 (latch-up) 3 % eh3f 4 o

It2 . = = # T /i (Second Breakdown Current > [t2) f* £ # T 2c T T 3l ~ i fh o &
{%iinﬂa’ggmrﬁi RE gL T T iR ’:/t\ﬂi%‘r’ ’,%'LL fralgd s ¥t R A Mo A

R R > 0 AR T B8 2KV g E 0 S S MR ¥ 00 133 %5 ¢

B el TR MO NN T Bl TR A AR TR AR R O M R AL

(P=1*V) s i iEds TR B 5 RERA DT F L RT PR PR E

RFE TR B AP RS s MR LY B AR I Big 4R 2§ PNPN BT e
AERARAFLRLPFET LG EFTOFRRIPEL S > REAAR ST LRSS

g (latch-up)iRl2E ¥ A% 3 3 A g » — L A4 o P EEAES hE 2 NPN §
fe 1 PNP T & ’Eﬁ’%‘gﬂj‘:’\: T ERDDK T A TR :L"%;i’(fi

B AP (7] -
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<
c’.

el e —— ——— — —— ——— —— | p— . —

|ewsaiu)

h)
)

ESD
Protection
Window

JOA UMOPYE3IG BPIX(O-2)ED))

Current (A)

S0EJ0A UMOpPE3IYH 1INDIL

(abey

Trigger Voltage
@ (Vi)

th>VHlJ intarnal

Fail to Protect

nsVoo V0|tage (V)

Latch-up Issue |

— el Sl s i . s . it et s | s . . " s " et e ' s

W27 FLPE~POFTRFLEHELFHEF AR AP IREFT G MNEIET

R[] -

VR e R AR A L R RIT TR I S o e 218 ¢
SRR F AR AW T RRR A AR AT 75T R H S PN 6
VR HRE G e BEREE A fEE DRSS AT LERPERE FAT LM
T R R PRERE AR R R TR aE TR Y

1.5V) > vt 5 ) 218 # # o B eniadd TR P BT o

. Field-Oxide Device Lateral SCR
Diode NMOS (Lateral n-p-n BJT)

A A oA o A
Ir€1z = 7 1€ 12 T 1
VBD ~ Snapback Snapback Holding Region
0 V'
Breakdown

0' — YV, —_V L o 2.V

- Vsb  VED Vsb  Veo  Vhold Vawitch

Power = IESD x Voperating

R] T 9719 3 ik % [18] -
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TR R T A 4 RIBR PR 37 5N e W R B R g 4 SRR A W
T RN S BT W5 [19] 0 £ 4 p o 22 KeyTek Zap master MK2 g4 5 5 4 0n
EEFEFT TR I NFRAEH ARG B F o - LT R R
P RMAEL A TP ERENFRAESOETRT RN PR AT E
Foo PR FERKL S L L0 P Rl BT ER D P R R
Pk e TR TR AR RGN AT RRH e ehD 5 H A e -
SRR Y AR 2 VA BRA SRR T BRI A P p o Rl s

TR

AR B Ty At R BRI 0 A R R RE e E T 7T [16]:

1. 1/0 £%r¥t VDD & VSS £ %remplad
a. PS mode - Positive pulse & 1/0 #&%r¥t VSS £E%rip| & -
b. NS mode - Negative pulse & 1/0 #%r¥t VSS £E%rip|i& o
c. PD mode - Positive pulse ¢ /O £%r¥t VDD #%rip| 38 o

d. ND mode - Negative pulse ¢ /O =%r4t VDD $%rpl:# ©

I/O #%r&2 VDD/VSS £E:4renplid 8 4 7 & - fl%ﬁq?] ﬂ:/ﬁa?] » AR T & A BT R

B R TR L TR TR arT TR R RIEERrR] IR 0 4o B 2.19 fror
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(1) PS-mode (1) NS-mode

—— vDD —— ——— vDD —
| S— — — —
f — oV —> —
—— — v ——] —
—— — —— —
——] — —— —
—— — ——] —
—— — —— —
——] — —— —
—] VSS =|—‘ [ — VSS ='—‘
’41= VDDU — T VDDU —
—— — [ —
f — @ —
—— — [ —
— — [ —
——] — —
——] — —
— — —
— VvSs —— I Vool ———

B 2.191/0 #&%r¥ VDDIVSS & %ramplidr @ -

2. /0 #=%rez 1O H&HraipliF
a. Positive mode - Positive pulse & ¥ — /O 3=%r$t775 1/0 #&%ripl:# -

b. Negative mode - Negative pulse d H — 1/O #&%r¥t =75 /0 Z%ripl#
/O F=%rr 1O d%ranplid Adp = - B FRIF mﬁ%] :"./ﬁ%] rARYIRE & By LR

o D~ TR E R RS J R L RGE 0 @ VDD £ VSS AR R e

B 2.20 #777:
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(1) Positive mode (2) Negative mode

— VDDU

—— VvDD

@
!
A
|

|

— —_ —

—— — —
— — ——_

— —_ | — |
—— VSS — — VSS /3>

B 2.20 1/0 4&%r& 1/O d&%reniplidT & Bl o

3. VDD #:%r-VSS & %rerip) &
a. Positive mode - Positive pulse ¢ VDD #: %4+ VSS £ %rip| & o

b. Negative mode - Negative pulse & VDD %4+ VSS £ %rip| & o

4. VDD #&%r-VSS #E4%rfi chiplsd i & L A7E R A &4 =~ = (power clamp device) T it 74
R FEPMTRETBRHFAEH TSI LA d TRBEFI T FE

BT erndE TR 0 M AORIR R R > 4ol 2.21 T

(1) Positive mode (2) Negative mode
f vDD~~ S v ——r— VDDU
— | e— RY, — | e—
—] | s—| — | s—
—] | s—| —] | s—|
— | — — — |
— | s—| — —
— — —] | s—|
— — — —
—] | s—| — | m—
—] VSS /—73 —] VSS 1=j

B 2.21 VDD 3 %r-VSS & %reripli# 7 & Bl o
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133% MIL-STD-883C method 3015.7 S EREHTUETTRE S AFRF =X

—

SUEB R RERIFRPF DT - B R AT K EN ;B@Tf MEBOET L

B A LA AT TR AT TR T R e B R AT RE

PleriB T oim A P AR ] TR E T A AR TR L 2 H 2 N T

1 W RE-T R SRS 30%Y) T AWM T B R FIEF R T AR B E R do B 2.22 41

7F o
2. rld k3 T R(VDD)E BISHE FlehA IR T T n 4 2 LuA B R T B £ B4

BT R R B R o

FHTRET LT ARNHCE L FRTES L REA 2T | LHFUTE L%

Pin 3 Pre-stress, devicy

[Pin 3 Pre-stress, devici
[in 3 Pre-fail at 2.00 k¥
Pin 3 Postfail at 3.00 k

[Pin 3 Pre-fail at 2.00 kY
Fin 3 Post-fail at 3,00 K

[Pin 3 Pre-fail at -2.00 k'8 Pin 3 Pre-fail at-2.00 kY

IPin 3 Pre-fail at 2.50 kv Pin 3 Pre-fail at 2.50 k¥

[Fin 3 Pre-fail at -2.50 k! [Pin 3 Pre-fail at-2.50 kK

B 2.22 i¢ * KeyTek Zap master MK2 p|:& 158 B | ehg i 7 R d & o
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EER O § L2 TR iang i

AERAPEIET RO RNHI > AT HRF om0 i apailain
s A RS T S P %IR8 T 0 AT BT LE B RReE
K AP RIBEEFHERUELY  PEFL PRI hhrmlt F i h & &L
R F AT BHDATRGHEETF AN A OERE R FEN s o HFIRE
Bk fs g At HP-4156 £ ¢~ i DC # ik 7 R > sk WAL TR e PFL SR (T R -

P frenipld i a8 o fd DC IpIteig - L B LR BF ~ Mk (LR & L5 4 punch

through e i o %77 K i@ * Bk 22 FEF b A s DT 2 Egn > #

9

PR R-TnFEY R FAFT R FR N RSETRE - A MFTIE S
BWRERE S DR DPAEGEE R R L RES R R E S AR R
SR TR aE “%f VIR T R (S SRR - TR E AT R A A o KEiE I (S PRI
GEEFTRHES I AMIRN PR EEFR 2R e mEL T RFE L FELS
BT AR BN S B R B0 R PRI A RO T B0 8 R R iR
LEFEE EEafFl Ly mid TR EI NI EAE L) LE
PIRRERIRREET AN R A AT EATA AT R F] 0 T O ek SRR g PR
(Infrared Optical Beam Induced Resistance Change » IR-OBIRCH)#5 3] & 7 % i B % ez

¥ o @ {S De-layer sezn 4 2 3 (& B e ~ ~ 23 4 CONTACT spiking ¢ £_punch

through) » & 475 chiplsR4E Rl § L BREERI I sl s 41 8 3] g i K 34 AT R[4
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Study process

A

Test key design & layout

A

A

Run wafer

A

Electrical measurement (DC/TLP)

A

Package
‘ Pass
ESD test(MK2) ESD guideline setup
Fail

Failure analysis (OBIRCH/De-layer)

Bl 3.1 # 7 2T F R ALE ©

3.2 WArin AT

A& - B 4 % 0.5um 50V HV EPI process effil 2 v Az 82 ~ 2 54 > ot - HArdk %
5V & 4 4 [ 3 (isolate/non-isolate) N/PMOS » 50V HV N/PMOS ~ i+ » H ¢ 3 &R = i+ 3%
AL 2R (symmetric/asymmetric) B e M R BK P P E R o U FRAE L
7 % 1300 A hR &% i & (Gate oxide) F] 4t A &(Gate) 2 i & (Drain) mf /R 4z i 50 V> d 3¢
By 2t hhy FhhE g WUl 2 7R R T o e R ¥ Rd

PR R R i ARIEARE A R e T

1. PAD(1)-150A
2. ZERO %}
3. ZERO 4 %]

4, KreF “,ﬁ%
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5. N+BURIED #t#

6. N+BURIED +& » (element : Sbh)
7 REAE

8. LP-oxide-1.3K A

9. N+BURIED 5% »

10. SUB {2 » (element : B11)
1§ K4

12. Epitaxy % &

13. RCA #i%

14. PAD(1)-120 A

15. N-WELL %} (For LV PMOS)
16. N-WELL 4z » (element : P++)
17. N-FIELD +{& » (element : As)
18. krefiig

19. HVNW &

20. HVNW 1{& » (element : P++)
21. ErE A “ﬁ%

22. P-WELL %%

23. P-WELL 4z » (element : B11)
24. KL

25. HVPW #fi#&

26. HVPW +& » (element : B11)
27. KL

28. RCA i#i%
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29.

30.

31.

32.

SIN-1.8K(:w# # i # 1800A)
SIN 4%
§oibE ey

%ﬁﬁ%

33. WELL 5§ »

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

P-FILD %%

P-FIELD {& » (element : B11)

A

FIELD & » (blanket implant, element : B11)
3§ KR 3 i rpapilAe)

Fiepdop

RCA %

GOX(1)-200 A

RCA ji%

GOX(2)1500 A

RCA %

POLY1-in# 2K

7 Fe 42 ~ (element : P31)( % & HR 7 pefeig)
TEHE

T A A S 1E ~ (element : P3L) (&7 T m AT IE)

POLY-1 %43

POLY-14%](2& HR T IEE T F T2 RETILE)
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53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

1A

HVTP $ % (3 BicheTR)
HVTP & » (element : B11)
kAL

HVTN 2 (G B T R)
HVTN & » (element : P31)
AL

N-APT 3

N-APT & » (element : B11)
A f

LV 4t

LV {& » (element : B11)

LV20:1 4 %] (&% 4 %1)
GOX(3)-180A (LV W i&5 i &)
POLY2-2K A

N+3E % ("% KR H&T )

WSIX it 4% -1.6K A

POLY?2 %%

POLY?2 & %] (% % POLY2 M 1& % &)
A

HV $H8 (RS Z &4 » N+/P+EF L 2 ehi Lk ER)
HV 4 %]

A

NLDD 1&g » (blanket implant, element : P31)(spacer it # = {& » NLDD)

29



77.P-S/D %

78. PLDD t& » (element : BF2)(spacer i 4 = & » PLDD)
79.AP T 2K A

80. SPACER 4 %]

81. N+S/D 4t

82. N+S/D {& » (element : As)(NMOS Source/Drain implant)
83. P+S/D ¥t %

84. P+S/D & » (element : BF2)(PMOS Source/Drain implant)

d @ - ] S enflfenfe g ooy BRAES S B 3.2 2 B 35 kg~ o
s B RS H NMOS ~ 3 B4 S 1 NMOS » 5 B 244 54 PMOS & 3 R $#40
%1 PMOS » H ¢ 3 & PMOS ™ = 3 & » N+ buried layer(NBL) i 4 % /& PMOS i 1=

£ P-type ez 4 -

3.3.1 Asymmetric. NMOS without NBL structure

P+ N+/ N+

P- N-

P-substrate

B 32 & R4 NMOS ~ i i o
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3.3.2 Symmetric NMOS without NBL structure

| N+ N+
D= H el
N- P- N-

P-substrate

Bl 3.3 % BEH NMOS ~ = Fif -
3.3.3 Asymmetric PMOS with NBL structure

N- P-

NBL

P-substrate

Bl 3.4 B4 PMOS ~ i g 4f -

3.3.4 Symmetric PMOS with NBL structure

P+

NBL

P-substrate

Bl 3.5 % REH PMOS ~ 2 4 -
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r R FLRIPEAEG HHIEFELRIGES B LS RS S

A% 05k 50V B /R EPI A d Sk 2P HiFLY > ¥ U1 BERK

et U SenRRAE W MR TG RIS E N RG 16 BaRuahRERaE L

LW TF 2P o LB L HEAN 5 DIPAOPIn: A2 E R d kT RY HP-4156
LTEHSEIRRELR  LFERERER T HANWATLPG £ ] » 4 K sipli#

% ¥ * Thermo-KeyTek MK2 # > 1333 MIL-STD-883C method 3015.7 R i& 7 ip|3# -

=
ik

A1 #FTFHE~ L

\\\Xr

8 Sk
REIFETPEAEE T L AR R ek i 2 T AR T A

iE S NENE T EL RN £ & P[20] 0 - h R SEcheT

548 CONTACT 3| @ & srEdf
SR F AL ROFOURAER T B e X4 Pa Fl o d v ERA 2 P-N
oA E X TR o F 4o 4R CONTACT 3| ff R BT 11 i A 15
CONTACT i 4t i 4.5 2 CONTACT spiking 14 JE 8 { 4 erfs T b 3kas 4 o e E A%

iﬁéfifiﬁ%—g‘- o

i kol R
ﬂ_,}!fpﬁm"—ﬁ—@%ﬁl ?_, H’g %‘g#kaiﬁ*ﬂdﬂdm » ¥ ’f r#i%i 'L%]m }ig‘f’:;"’,%
AR F TR MR A S OB T R A 2R H R ATA S S

B F e nfeF 2 T HMEd -
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Wi R
NMOS = i chid i " & A_P-type > #>+F 4 T Bl A 2 ok >3 Htl ki )

ABTAREF T HWOEE > L ZsF el g £ R~ § 3k punch through s % 3 2 -

4p RS
FLIRTAEZTREHRNDRHFRRTITZ TG hoF LG PR
A kBHEOE RN RA RS R L 53 B ARG M PRE S

R KBRS BERAFTDELS

AL FHRET B B ¥4 5% NMOS(without NBL) ~ % & 25434 5 1 NMOS(without
NBL)# /& 2o 445 15 NMOS(With NBL) = i b4 » & 2 80 9 % 05 fo WA ] 7

hB 413 B 410 A=K F %A E hiwk Slicho T

N+ Buried layer (NBL):

NBL & & s it 8 ff & HV-PMOS cna a2 A & » HV-NMOS # £ ¥ % 2 & & *
N-type 532 & > 5 B BEHFH NMOS ~ & = 48 » N-type 512 & P € A1 2 hikE
BEIRFELL BN 0 7 aF B2AHHENMOS = 7 2 45 » N-type 532 & }
¥ € 75 = 4ie NPN T 5 48 (vertical NPN structure)(VNPN)§T e+ £ 3c ESD 7 7> 2 &3 7
W FINBL chg Jk B & & 2 8T § R % g '8 & & 4% punch through ¢ 4 > 5 pF A

IMAEETR Fp R g - TR R e
Partial NBL ‘&

BERADN-type AT A RFBAGHHFTEIRAGT S L L FEDHF

N-type 45 3 L B B & Hi4c b § > et BZ R 1 kje ok BEE 5~ d ke
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FRARNI 50 F H Ao A B2 A prfg(circle time) 0 &= F & 2 partial NBL i 5 > 3¢

¥R 2 e AR AR 2N K N-type 45 2k B [21][22] -

Partial butting contact: i 1
B R S FRIAFTEREXFTF AL LUFLHNFTEDTIRETI A%
F % 14 Partial butting contact 77 ;N3 4e 5w 8 B R FE > F 0w [ ) A TR )6
B

2 A iRd 6 A LY RSl S ﬁ%’%iffwﬁ‘i FUFAT R

[ § kb N VT B -

4.1.1 High voltage symmetric NMOS structure (without NBL)

~ S
SA DA
‘ . F
L
N- P- N-

P-substrate

Bl 4.1 5 B $#H % H NMOS(without NBL) -
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i
EbS
=
R

B 4.2 F & 45 H NMOS(without NBL) &

4.1.2 High voltage asymmetric NMOS structure (without NBL)

o

e

i

SA DA
F
P+ N+
S B N FOX
L
P- N-

P-substrate

B 4.3 & & 244 % NMOS(without NBL) «
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i
e
=
R

Bl 4.4 3 B4 5 H NMOS(without NBL)

4.1.3 High voltage asymmetric NMOS structure (with NBL)

o

EeS

i

SA DA
< EF
P+ N+
J_-FI_I/% FOX
L
P- N-
NBL

P-substrate

Bl 45 & B 214045 NMOS(with NBL) «
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i
EbS
=
R

Bl 4.6 # & 2445 NMOS(with NBL):s

4.1.4 High voltage asymmetric NMOS structure (partial NBL)

o

e

i

<A DA
«F 5
P+ N
S N FOXOr—
L
P- N-

NBL| MA_|NBL| MA_ | NBL| MA_| NBL
<—> <>

P-substrate

Bl 4.7 % 244455 NMOS (partial NBL) -
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i
EbS
=
R

Rl 4.8 B B4 5 H NMOS (partial NBL) -

4.1.5 High voltage asymmetric NMOS structure (partial butting contact)

#

ik

it

|
: 1 SA DA
<—>
|
(|
P+ N+/
e I I
L
P- N-

P-substrate

Bl 4.9 % & 2244 5% NMOS (partial butting contact)
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ek
=

=N
IHLLRRENRETID ¢
I.1.1.1.1.1.1
IIIIIIIIIIIII
IIIIIIIIIIIII
= -

%] 4.10 Partial butting contact i# & = ;% o

42 #R T RREESE

421 5 Mk 54T %5 £l

* = F % ¥ HANWATLPG $ip(84E 8 ) » 88 R0 Flen S cfise 5 £ 4.1

BT TR R HAL S NMOS & % B 2141 5% 4 NMOS eh i 8 £ & 4 w) &

78V & 84V > @ % HANWATLPG 7 & B3| chF 4 T Rt Ed TR A% 5 80V &

109V > & ﬁ RARR D X MFT AL 129 %2 8E 268 X8 0 DR R T B

\

ol

RS HENMOS il @ Rl R L AR DT » 2R ERGFEL LI E
Ak @ R ALHALEH NMOS B2 55 5% 57 -0% 25 % s ehiplid Lm0 w AP MenF 4
SR AFTRTRAFE A ET L EE 0 T R NMOS AR E 4 T LW E
PR RT RIRT A S G T TN T B B R LS NMOS(without NBL) 2 3

2L 4 NMOS(without NBL) & @ gy s i it 2 2 8 P12 0T 7n TR e ]
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4.11 &2 Bl 4.12 #7751

# 4.1 B BAHALS 4 NMOS(without NBL)# # /& 224455 15 NMOS(without NBL) 7] *

HANWATLPG #7& | 3| ch3 |+ - dic

. TLPG V predict
TESTKEY | 4156 BV(V

S split(um) 6 BVYV) Iy [ 1a) [ vhov) [12(A) | 12°1500
X50NS1#4 DA=3 78 80.1| 2.7E-03] 157 ] 1.29| 1935
X50NAL#4 DA=3 84 109.7 | 3.8E-03] 14.9] 2.58 | 3872

Symmetric NMOS(without NBL),W=50*4,DA=3um
1.E-12  1.E-11  1.E-10 1.E-09  1.E-08  1.E-07  1.E-06  1.E-05
3
—o— current
25
R —*—leak
< 2
IS
5 15 = |
3 1 \ /
0 w
0 20 40 60 80 100
voltage(V)

B 4.11 % B 4% NMOS(without NBL) TLP £ ip).% % -

Asym. NMOS without NBL, W=50*4pum,DA=3pum
1E-12 1E11 1E10 1.E-09 1.E-08 1.E-07 1E-06 1E-05 1E-04
3

—e— current
25
! r —s— |eak

/
e e e

0 25 50 75 100 125
voltage(V)

N

current(A)
o

[N

o
ol

o

 4.12 % /& 224455 NMOS(without NBL) TLP # i#]% %
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% 4.2 B 0 E_B R AL H NMOS(with NBL) 5 TLPG £ B8 % » F A58
HP-4156 * 48 S @ic & Bl &R ¥ 108 Rde » F k& e N-type#5 32 & (N+ buried layer> NBL)
BAEHHFTRY RANTEV X 45T 5 3 60V B2 A chH E T RT M 2 g
T HEARAHE0V Bk 1 ITE R s A3 55V (L1 %2 VOD)# L4 ie 7 RS 7 ¥
Kenh o Flt R P RF AR N-typed5ia k ch 2 2 € BT Bk (T o @ 516 HANWA
TLPG 2RI - SR RSP R RAFE BB EN A d G R R AR
A FHENMOS 4e » 3 R N-type 2 6 F 2 R oA~ dFF 28 FLT R
WP P A PR B 24 s MR - BT IR R

4B 4.13 -

% 4.2 % B 2AHAL I H NMOS(with NBLYFT* HANWA TLPG #7 £ ip| 3] e 14 53

. TLPG V predict
TEST KEY | 4156 BV(V
S split(um) 6 BVIY) Wb [ 1a) [vh(v) [ 2A) | 1271500
X50NA6#4 DA=3 60 60.6 1.5E-02 224 | 2.28 3423
Asymmetric NMOS (with NBL), W=20*2um, DA=3pum
1E-12  1E11  1E10 1.E-09 1.E-08 1E-07 1E-06  1.E-05
25
—e— current
2 —B— |eakage
g 15
5
3 1
0.5
0
0 10 20 30 40 50 60 70
voltage(V)
Bl 4.13 & B 224405 1 NMOS(with NBL) TLP & #].5 %

4 4.3 B 0L R 2L NMOS (partial NBL) e TLP £ i85 % » ot —

ik
&
=
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Lehp g EF AR RAR IN-type f L R "E M 2 SR T ORI ITR R T T AR 5
dok ek 2T )% N-type f5 A chiv K S 3o N-type £k 05 sk & 0 EUR
S NBL & ffeni®i2 il @2 A tgec @A HF TR HFLTRE G H 42V - 22

7 N-type#s sk » = it msﬂ,%’gjfifih"f 1 960VorE- 5 P AL R A NEF N-type
FREDGHFRCFLTLWDAFLT RS 2 A FRM A - LRRAPF TR N
A RRA R CTR O TR TR T Ry L] fma

o BT IR-T R SRl 4.14 ¢

% 43 F B EH NMOS (partial NBL) f1* HANWATLPG = £ ip| 5] e T 42 4 o

i TLPG V pred
TEST KE I 41 BV
S split(um) 56 Vsb (V) ItL(AJVh(\Jt2 (A)t2*15
X50NA11#1TYPE-IV,MA=4 60 68.1 29E-02 | 204 |[1.93 2892
X50NA11#2 TYPE-NV,MA=5 62 84.4 35E-02 [ 14.2 | 2.10 3150
X50NA11#3 TYPE-IV,MA=6 62 83.1 9.9E-03 | 16.2 | 2.14 3210
Asymmetric NM OS (partial NBL), W=20*2um, DA=3pum, M A=3um
1E-12  1.E-11 1E-10  1.E-09  1.E-08  1.E-07 1.E-06  1.E-05
25
—&— current
2 —=— leakage
< 15
E
3 1
0.5
0
0 10 20 30 40 50 60 70 80 90
voltage(V)

Bl 4.14 % B 2244 %1 NMOS (partial NBL) TLP £ 7% % -

# 4.4 B A3 B 224 % NMOS (partial butting contact) e TLP £ 2] 55 % » 14
Bl 36 enid b > VRS JR & 22 0K butting contact erdic P 2 M e R R PR o RIRE SR

w H s> butting contact #cp ¥ & 72 G oxtE ML SR HEW TR e £ % butting
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contact Ht*x T 4 T ix ¥ H 4 TN d AR ARG I A& contact shER SR R B OB R
FEH 4e o - KB T T KA TR 100V 5 KT 87V 0 e pEL M T

TR gl — ‘ifﬁmﬂdﬁ R W S 4.15 -

% 4.4 F BA¥AEH NMOS (partial butting contact) {1* HANWATLPG #7 & il 3] eh

TSk
. TLPG V predict
TESTKEY split 4156 BV
P V) [Veb T 1) [V [ 12A) | 1241500
X50NA1#4 normal butting 84 109.7 | 3.8E-03| 149 ]| 258 | 3872
X50NA4#3 1/8 butting 87 107.7| 7.1E-04| 16.2| 258 | 3866
X50NA4#4 partial butting 87 72.0| -2.2E-03[ 16.1| 241 | 3615
Asymmetric NMOS (without NBL & partial butting) , W=50*4um, DA=5um
1.E-12 1.E-11 1.E-10 1.E-09 1.E-08 1.E-07 1.E-06 1.E-05
3
25
—&— current
g 2 —B— |eak
§ 15
]
0.5 o
0
0 10 20 30 50 70 80 90 100
voltage(V)

B 4.15 % & Z2E A1 NMOS (partial butting contact) TLP £ 2] % -

d @A A BRR T RET RA PR - B SRR bk R
LB B2HAENMOS ~ i 5 5 45~ NBL eh i 3 £ BB 14202 5 4~ NBL e i
I & partial butting contact &+ r0 "% MjF # TR I 72V o wiplzE4EY 3 £~ NBL i~
BVt T EIApR O $FT G s T FEIpEA R & partial NBL %

gk AEFTRA S SEFFOTR T d ke EESE T ST

=

ﬁ%%aéﬁ2@ﬁ%§w$’k% LA S R B PRELS TR o
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422 % %R s T KT R
* =0 S i€ % Thermo-KeyTek MK2 # [ #3418 snipliaa it (70132 10 3 R
‘1 NMOS(without NBL) =~ i £ % /B 241 - 4 NMOS(with NBL) ~ i ft i el &

Ydod 4511 % £ 46

d % 45 PRl % BT B R 1 NMOS(without NBL)T 12 £ d 4 4 i &
CONTACT 3| Ff 45 crBE4t (DA 4c A H2e 3 a8 it 4 » DA d 0.7 Aok # 4 3| 5 ok o
HBM i 4 % 1200V # 4c 7] 400V » £ 4% # +c DA #] HBM it 4 & =% » ¥ ¢/t %¢ % DA

R VR TR 1AL

% 4.5 3 B ¥ % H NMOS(without NBL)# % 3% Iz 5 % -

. HBM test result MM test result

XS0NS1 | total width(um) samplel | sample2 | sample3 [ sample4 [ samplel | sample2 | sample3 | sample4
DA=0.7um W=50*4 1400V | 1200V | 1400V | 1600V -50V -50V -50V -50V
DA=1.0um W=50*4 1800V | 1800V | 1200V | 1600V -50V -50V -50V -50V
DA=2.0um W=50*4 1800V | 1400V | 1400V | 1400V -50V -50V -50V -50V
DA=3.0um W=50*4 3000V | 3500V | 1400V [ 1800V -50V -50V -50V -50V
DA=4.0um W=50*4 3500V | 3000V | 3000V [ 4000V -50V -50V -50V -50V
DA=5.0um W=50*4 4500V | 4000V | 4000V | 4000V -50V -50V -50V -50V
DA=6.0um W=50*4 5000V | 3000V | 2500V [ 3500V -50V -50V -50V -50V
DA=7.0um W=50*4 5500V [ 4500V | 3500V | 3500V -50V -50V -50V -50V

d A 4.6 Pl % BT B R LA H NMOS(with NBL) 7 7 & 3 40 2 4R

CONTACT 3| R =i (DA)T ¥ EF 3 W E R E R EFTHEN 2 > A T
2KV P S BTN 200V I A (BRI ARHETAT G A r Bk
B N-type 45 22 & = 71 20% -

4 46 B BHAEHE NMOS(without NBL)# % < % RIzE & % -

) HBM test result MM test result
X50NA total width
SONAG otal width(Lm) samplel | sample2 | sample3 [ sample4 [ samplel | sample2 | sample3 | sample4
DA=0.7um W=20*2 -3000V | -3000V | -3000V [ -3000V 250V -200V 300V 250V
DA=1.0um W=20*2 -3500V | 3500V | -3500V [ 4000V 700V -250V 300V 300V

DA=2.0um W=20*2 3000V _| 3000V | 3500V | 3500V | -350V 350V 350V -400V
DA=3.0um W=20*2 4000V_| 4500V | 3500V | 3500V 400V -350V -350V 400V
DA=4.0um W=20*2 3500V _| 4000V | 4000V [ 3500V 400V 400V -350V 400V
DA=5.0um W=20*2 3000V _| 3000V | 3000V [ 3000V 400V -350V -350V 400V
DA=6.0um W=20*2 3000V _| 3000V | 3000V | 3000V | -350V 400V -350V 400V
DA=7.0um W=20*2 2500V | 2500V | 3500V | 2500V | -350V -350V -350V -350V
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4.3 2 ¥ &3t

AR Y hR RS PR § RS H NMOS(with NBL) & 4 > 4 20 ik 1
TR BA R P L  FFRIFR Y 35um LG R RA G N-type F & L
¥ Tt R g EPLEAY A il etk R 2 i & EPLw b4e » e N-type
R T g 2R NMOS i) & 4 % 4 NPN R &80 d 0 P-§ L5 8
PERE R SR > 0 ATURINER R B 0 BEROIE R T S F 4 NPN T S HF i 1]
L4 B gain b § R ZLHAL S H NMOS(With NBL) $ 42 F L % 0 5T & dl 5 f#

TR - LEEFANPN T HWEL @ TiRBgA L a

il
=
=

o

N
a1

’e\té
a
,\cm
B/

BRLRTTTAA RN S BET L g L FLDIRREAE > AP R R
4o 4B+ CONTACT 3| 15 b4 (DA)s s ¥ 222 % % 2 CONTACT spiking £ punch

through > #712 &3] g 4 T aod8 B 3 s i 4
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5t A (pU" Up);b i g TR e R

" :H%?J @J BRI T LS d v e
PAARIEEAT TRAN DRE MRS A F 2T RN AN hF A

NPN T 88 B30 A B #-0 f HB 1% e g RS 1 T4 5 R -
- A L L oe L I B LB AC ] 5.1 T g g2y ) P PAD i R
G A K TR Y F 2L T ~ 5 NMOS 2 PMOS ¥ ¢ N-type
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B2 R R T e TR I TR e T

46



- I
|
| ]
| |
| |
| I
I |
I
: I
IPESD |! !
Protection | | | POIF’ ESD
Circuit rotection
: : Circuit
I
i i
: : Power
Input ! Internal ! Clamp ESD
Pad | ; . ! Output Protection
| Circuits | Pad Circuit
| I
| I
i i
I |
UPESD || E — E [
Protection : : O/P ESD
Circuit | | Protection
! ! Circuit
| |
| |
| I
I ‘ |
| I
I |
1 |
fffffffffffff T
nput T TTTTTTTTToT T o
Protection Input stage Output buffer utput vdd-Vss
Protection Protection

BISLIHTHLABAcE Gy iy » st TIRAL P AL

a. PSmode - I #&M5% brg ond r?i%l ﬁs?l =X o =R =Rl

B ARM G R AT B~ B SR M T B T e R o AL

PR (F 4 P-type - M) T IR > 0 TR A B T IRRS RN

(\x

oot Rin g TR S B B RN A - DA TR

P
Nl
™

g

S E AT R A TR (S T LR AT s A G KA A T n)

H
|
=3
el
4k

3 ‘aﬂz_q, (Y > _:_;“7( E L 2 . —
R E T I/E SR FTEFLT G P MTROM RS LG ThA

%
v
=
4
=
&3
R1

% s _,:3”“‘: e s . v
3\2:"\‘:1"Ejr ;Fi/rl /{J_‘QFEISZJ;‘ M_r...l. (J_liiF[—" ra’ ;—} ;E}H:’lﬁi';w ré.)o

-

b. NSmode - § H&{2% B it iy gy~ FLAPER S F R

‘:'_,/ 5 = ‘_‘_[,‘ . A > g4 P
RIS B S T R R~ R B O R 0 SN B
e ;u/:k , _ E ey > 12 ey =
PR (F 2 N-type = 1EA) % W R M DB EAoR 52 F At s (H o

LY R 3ok 34
mA R )

47



c. PD mode - I &4 7% w7 o d ﬂi%l ﬂi%l B urdt T R R iR

N U el SR BTG ﬁ%] ﬁg?] x4 PAD i~ F 88 T B 1S 0 iR eh N i
A AE(F 4L P-type - BH)M-T IR ER T RR 0 T INETAoB 5.3 F At (HE

TR RIS ) e

d. NDmode- f {EH5% BeR i d #5416 ~ st R AR

foE IR BT R By~ A0 02k PAD R T BT O % R P g

P A (F 2 N-type - 8 #-T R EIERR ST R~ BRI TRARS RS R
B BRI RN AT R R S AR A NT L A e - T AT
FRRHYFIAEP FAT LA T RFE(Z 2 HFTRALHAT I RAE L UhgD
AFTM)FALALTHMECRTTR2RIT RN LTSI P IRT R DR R &
o g SGEr P RTRESHE 0 LREELRS3 Aaia (BFo e s T
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I
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I
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nput | PMQS) 1 Internal ! Output| | Protection
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Circuit | | ! Circuit
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NMOS) E !
]
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Input e ) Qutput vdd-Vss
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] 5.2 PS mode £ NS mode 32 & 7 /RS o
VDD
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| | A
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PMQS) | :
|
I .
ZS I/P ESD E | | O/PESD m;\/l%ps() Prain oiHV'
Protecti Protecti
e B B | e I
I
P-type( D!r n of Hw . Power Clamp !
Input PMQS) ! Internal | Output Protection I
Pad pe( DI} in of v Circuits Pad Circuit 1
I NMC S) | : |
! P-type( Rickup ¢f H\
- PU I/P ESD i E — E O/P ESD NMOS )
Protection| | Protection I
»  Circuit ! ! Circuit |
I
I
lp type( Plckup off H\W 1
4oif Te_| -
L
I ]
Protection Input stage v Output buffer  protection Protection
VSS

%] 5.3 PD mode ¥* ND mode 32 & & /it S o

5.1.2 Open drain & g

EFRMBRALTEY TIRLBRMETRE @?J:H:#? it 2T * opendrain FE TR 0 B
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> 5 o L2 o Ll L , - 4 - s s L .
AEERIUINTAREZES RN AGT FANTRAG| A ) 0T S FLTR
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X50MS1 £_r2 B & 2=
TR BZHASHE PMOS #-5 § & Hm e R0 Flot g R
P HETRR 0 £ 51703

I/0-VSS mode ¥2 VDD-VSS mode’ # ¢ ¥ 3

b%’b& R TR T

¥ R AR by ok 2 o X50MS8 U § R 2L 1 NMOS(with NBL) 5 427 =
REE ) 7 o K~ aip|RE % % B o 1/0-VDD mode ~ I/0-VSS mode ~ VDD-VSS mode 2

TR A A T A B 2KV 2 8 BT 5 i i 200V iRl e

£51 @#*% 3R

TB%] %] » BOplRgERE RO > 4 W] 5 1/O-VDD mode ~

W (200V)ipzE2 > @

TH N EBERTHGRGRE % o

5% 1 NMOS(without NBL) & 4= *%

I1/0-VSS mode ¥

A% 1 NMOS(without NBL) = 4+ ¥

PVREN"

:E?;F:fié‘qﬁ; "L»],_ a_“g"‘ 21

$H4L. % 1 PMOS

i iR A BT B (2KY)

I/0-VDD mode £ VDD-VSS mode Y2 5 i 3| - 4%

E’

AT RE IR e

BERBHF A E DR T

HBM test result MM test result
Mode samplel | sample2 | sample3 Mode samplel | sample2 | sample3
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