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Abstract

In integrated circuits, protection circuits are required to protect the internal nodes from the
harmful ESD(Electrostatic discharge). This paper discusses the characteristics of the circuit
components in ESD protection circuitry in order to analyze the ESD phenomina, and the design
methodalogy of ESD protection circuits, using test pattern with a variation of the number of diode
and transistor. The test devices are fabricated usinga 0.8xm CMOS process, SPICE simulation was
also carried out to relate output node voltage and measured ESD voltage. With increasing number
of diodes and transistors in protection circuit, the ESD voltage also increases. The ESD voltage of
the bi-directional circuit for both input and output was 100—300LV],which in higher than that of
only output (uni-directional) circuit. In addition, the ESD protection circuit with the diode under the
pad region was useful for the reduction of chip size and parasitic resistance. In this case, ESD volt-
age was improved to a value about 400[V].
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The structures of output ESD
protection circuits.
(a) The protection circuit consisted
of only transistors,
(b) The protection circuit consisted
of diodes and transistors,
(¢) The bi-directional protection circuit.
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The protection mechanism under (+) ESD

pulse in output protection circuit which
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(a) The cross section in output circuit,

(b) The equivalent circuit.
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(b) The equivalent circuit,



100 2H G ESD HEsige] AA ¢ 21 A7) A SAdo 33k At

TWIN WELL 373
N-WELL: Phos, 125KeV, 1.3 X 10! 3/cn?
P-WELL:BF2, 60KeV, 4.0 X 10!2/ca?

I

LOCOS ISOLATION 33
N-FIELD I/1:BFz,60KeY,4.0X1013/caZ
FIELD OXIDE:7000A

l

GATE 2%
CAP OXIDE 30002
POLY: 4000A

GATE OXIDE:200A

o 2
n- 1/1:Phos, 80KeV,1.0X 10'3/ca?
XLDD 23 -gob aleded

|

r SPACER ®34 ]
l

n+,p*r S/0 27 J
|

CONTACT 324 |

|

VETAL 274 4]
l

r PASSIVATION 273 J

a4 AlE A EY BEE

Fig. 4. The process flow for sample preparation.

—
[
-

gk A FEA Aade] 4dF 2219 5(b)-2)
2 g ol tele =) Sl Hej(s18] 5(b)-3)E
[e]

o] HlAE Heldo] et tlo] Qo) Edl 2] A~E 9
HHo| ule: ESD 5AS Hlaahy] 98 vholoret B
M2l e] AFE 17fNA 37 7HA]) HSRAITI A A
HAa, 78 Ed x| =E e Ad dolE 0.8um, 1.0xm,
20.0pm 37FA 2 b QAL (217 5(a)) A 2ol

2 ESD #Hg¢he] was #Esielu. 3§ bidirec
tional TEE &7 dAsIE SHTU A= A9} vl
g s n, 73S 4 MAste] LDD 738 Al
24 Zd Axpele] ESD B4 vlastda, 11 A=
(Pad)ol A 8% 327 A R 478 3ol A 2= =
Yy Ao HAs 2 HF 3av) AXsh: BEE H
Az Zo Fo F&84E =ol7] A8 A= A el o

ot ¥ E2E FvhE dAstden (D" 5
(b)), 24 ®AA 2 =3 (Power, Force) & H3}A]7)

A w4 S chedl Alsehel T 548 s

LA A

25 H2E siele] e (HHE)
(a) 2E€cESD M3 3|2 (AA] HAE
St gololg-)
(b) 3712 Hehe] ESD 5.3 3|8

b)-2 bi-directional$l 7-$-
b)-3 e the] e =7} e B¢
Fig. 5. The feature of ESD test pattern
(Top view).
(a) The output ESD protection circuit.
(Total test pattern layout),
(b) The three types of output ESD
protection circuit layout.
(b)-1 The layout of ESD protection
circuit consisted of diode
and trnasistor,
(b)-2 The layout of Bi-directional
protection circuit,
(b)-3 The layout of the protection
circuit which was located under
the pad.

(
(
(

(1069)



19924 115 EFLP&RCE

in

4. NEdold 2 &F
ESD #4& EE}

3t
gHo= RAs] s

ol&
SPICEZ o] &3t ’\] ol A& 2 EG}‘EOF’% a9 62
SPICE Alg8d o)A 171 913 ESD B3 379 57}
3] 2o},
1 r-[ll new
n (1.840) xsql
M1 M2 oe
Vo = 1 cew 03
{2000v) [ (100 pF) D1 al
‘ I
A B c D
T8l6. ABACIMG 919 ESD wEslne] $w
AXFE: HBM 571812
B 8 vheloxe] sl e
C H-5 : NMOS Edl %) ~E| 9] 57}3] %
D3 EH IS A H O ALgAle]

ol ik
Fig. 6. The ESD protection equivalent circuits
for simulation.
A part : HBM equivalent circuit,
B part : Diode equivalent circuit,
C part : Transistor equivalent circuit,
D part : The equivalent circuit in case
of bi-directional,

A BHE-& HBMe| 57} 3|=2el (MIL-STD-883C),
Via)& M9& sk d9asoela, oju R,Ci= 7}
2} 1.5kQ3} 100pFEA Q& A & AMAld Ai w
ek grolch wd M), Motz NMOS Figh 2] ~E] 2 4]
AR 2 QE-G Gl whiso] 428 22903 BAv
HEFA shATE Alseoldel ARS-El W]k 20000
E[V]el ¢ige] 708 Wiz 2 2018 U 4] 13
¢ro] Lhehd 4 qlup

5

1
€=y XCXV2=0.2[mJ]
t=RXC = 150 [nS]

1%
I—R—l..?LA] (1)
B #&#2 tfo]lo =7t ESD #H]) I7Eslol M o] E 2%

23 571 sl=olth WH Ha(rp) S AA 2 FAHA
MFAE 7| A AdRoelw, thel o (D) AdA]

al
|

>
7

F2% AR 5 11 & 101

Ha A9 8 g 2e3n 93 iy A e
Aulolol X FAG o] &stA €t EF C »i2 &Y
@ EW@A2E 7 ESD g Q7tslell A 9] B2 aa
S7slzol, Q& ESD Q) A7 iR A o2 doi
U vtol &t EW@RAE EAS Yehl L, D =8
Q13 7]4k Afo] o] efntelo] 27} Hele tio] Q =olt}, uf
Auhde] DRES 293 ¥ & dHEeg ARgshe
A H5-9] 57F s2om, rbR Dyxr 242 Y8 SE BRI
szo) Bg 9l Mg vl e =g Yrhlw 3
29 69l 57 M2 S @ SPICE AlEalold
Aakg Rtk gk WA A Ed A e e
B5(17 9] ANt Crio e g olN 714y
NPN vlo] £} Eah 2] dF o] % gkt 714 o
ole=(D2)oll XFHH &4 o] & Mgty (¥
3(a)e] @) uhe] Hakk( rd2)°l W sle) uhE
oA B4E O 7ol JERll gite]l EF
rd29] o]l FIEFE == A9l e Welx]A i
o3z 7] ¥ NPN niolZeh(Ql) o) g7k AAE dR/E &
FgF s ggko] ARY] ufF-o)m, & rd27} -

5% NPN slo#e} wo) 2o 323 AR7h obd 4

>

-fﬂ

QA0 e A BN 5 97 oz 4o
EES
1000

] rd2(2): - 1000 <~ 800 -¥€ 500
: +3- 300 > 200 k100

Node A Voltage (V]
]
2

W

10 L e e o o e ARASE e o

0.1 1 10 100 1000
Beta

O 7. E ERR e oA 2] g9} rd2el] up
Algelold = A A} £HA

Fig. 7. The simulated node A voltage
characteristics in single transistor
according to the 8 and rd2.

Eyz|sE o] ttolemrh v AH$- (213 62 AN
i, B, CHELR g oA (Efix A C R
1 Q19 /9“ 20, D29] rd23i= 200Qo. 2 1l1") tlo] o =
(D1) ] W8k (rdl) 2710l ot = Aol QLS 1

(1070)



102

ZHVESD Ragzo A4 1

Hgoll FAIBIATE EWBALESL tolex= 2 74

H A9 rdie] 52 vu A AGS gash, £33
EAN2H A7) EESE w2 A9 Y] SolR
& ¢ 5 Uk 1AL tole =it ERAE 9] HEo|
ARA HE HF F5 S0l 7S ot

36

344

32

T8l 8. EdA2E ) ol o=z w4 7

Node A Voltage (V)
N
o

o A4
—s— {ea—+ 26a —» 3ea

*

20
(o]

Fig. 8.

Node A Voltage (V]

100 200 300 400 500 600 700 800 900 1000
Resistance rd1 [Ohm]

ol A
thol o= A & (rdl) ¥ EAX iH
Aol Wz AlEdolAd = A Mt E
The simulated node A voltage
characteristics according to the diode
internal resistances(rdl) and the amount
of transistors in the circuit consisted

of transistor and diode,

,)\6)

4

34
334
* toles 13 A4
* —&- 1ea —+— 2ea % 3ea
32 T T T 7 r
0 200 400 600 800 1000 1200
Resistance rb [Ohm]

12! 9. bi-directional®] 73-$-olA 42 A& (rb) 7}
t}o] 9 =(D3) Aol WE Al ol
=E A HGEA

Fig. 9. The simulated node A voltage

characteristics according to the input
resistance (rb) and the amount

of diode(D3) in the bi-directional
protection circuit.

A7NH EAol| Agt A 4 P St

A bi-directional?l 4% (29 69 A, B, C, DA
22 FAE)M thole= D1 WRAEE 190Q, 1p
= 10002 1, EXRALE Q12 4o 499 F
Q3 zrHozm A3 AlefolA ¢HEA3E} rb 9} tio]l e
& D39 A5-5 HEA7IEA e A HAE -9l
eldigln}. olu tho) @ =2, D39} D12 Y 3lvtar 714 5t
adt. A71oA rbrt AEeE, teles D39 ATt

BOHE v o A AYL HolR=t), ol 4] AL
FYstl A8 F Jom, e bi-directional?] %9

7 EAA2E S} tholemg dE BT 2 ks

B 1. H2E sjeljel] AR 271X v 3z 9
259, Wy Aol =2 A At
(2000Ve] A #sto] 7hald 74-9-) 2 S|
ESD #s}t

Table 1. The simulated node A voltage{when the
input ESD voltage is 2000V) measured
ESD voltage in several kinds of variables
and protection circuits which were
designed in the test pattern.
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