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Design of ESD Protection Device for High Speed
and Very Small Snapback DDSCR
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Abstract: In order to solve the problems such as large trigger voltage, large voltage snapback margin and slow
turn—on speed of Electrostatic Discharge (ESD ) protection devices based on the Silicon Controlled Rectifier(SCR)
structure, a dual—directional SCR (DDSCR ) device embedded with PMOS and triggered by the RC circuit(DUT3)
was designed. Three types of devices including the conventional DDSCR (DUTI1 ),DDSCR embedded with PMOS
(DUT2) and DUT3 were fabricated in a 0.35 wm Bipolar—CMOS—-DMOS process. Their ESD characteristics were
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measured by the transmission line pulse system. The test results show that, compared with DUT1, the DUT?2 trigger

voltage decreases from 31.3 V to 5.46 V, the holding voltage increases from 3.59 V to 4.65 V,and the voltage snap—

back margin of DUT3 is very small, but the high leakage current up to 10 A makes it unsuitable for ESD protection.

By introducing an RC circuit to provide a fixed gate voltage for the embedded PMOS in the DUT2, the modified

DUT3 shows not only a further reduced voltage snapback margin but also a shorter response time of only 12.6 ns.

Compared with DUT1, the turn—on speed of DUT3 increases by about 71.5%, and the leakage current can be stabi-

lized at the order of 107"° A. This optimized DUT3 is suitable for ESD protection in the low—voltage integrated circuits

with requirements of high—speed, small snapback margin and narrow ESD design windows.

Key words:Electrostatic Discharge(ESD ) ; dual—directional silicon controlled rectifier; trigger voltage ; turn—on

speed ;leakage current
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Fig.1 Cross sections of conventional SCR
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Fig.4 TLP characteristics of experimental devices
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Tab.1 Key ESD performance parameters

of experimental devices

Devices ValIV VIV I,/A

SSSCR!! 9.5 5.2 6.2
DUTI1 31.3 3.59 4.71
DUT2 5.46 4.65 4.58
DUT3 5.56 4.23 4.67

it WFIE AR ESD BidRERE, X DUT2
A DUT3 #8471 1E S 6] TLP 3R, 25 R0 5 Jis.
i F DUT3 kb DUT2 £— RC §liBhfil & o, 7E1E
] ESD ik rpiiliZr, DUT3 [H RC 4B fil & VEFH , 2%
ARl %, H ESD &8 H5%. DUT2 H i iF =S
PMOS A= s LR, A Bl & SCR, $:3X DUT2 &
M5 DUT3 AR IE ) ESD F#1EAE S M) ESD ik
I, DUT2 PR g8 2540 52 e 6 FR , H s 1] ESD
R 55 T 161 Jpk il 2k ESD 4P AH R 4R 1T , F RC
fih %2 L B A A FH , DUT3 Hr 4% PMOS 4k
T H AL, LR PMOS 4bFSCWPRE , SR N7 =
AR T 2B KBER BRI, ESD S35,
I RT 0, B2 1) ESD R JIVERF DUT3 (9 1, 2924

6F

" DUT2IEf <

O DUT2 il % 4

° DUT3IEM &
o

O DUT3 JIA] ok

Voltage/V

o009

B 5 #atA SCR #4449 E 5% TLP M 3X b £
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curves of optimized SCRs
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Fig.6 TLP turn—on time waveforms of devices
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Tab.2 Key turn—on characteristics of experimental devices

Devices VIV R,./Q) T,./ns
SSSCR 17.3 6.1 10.6
DUT1 36.3 1.73 22.3
DUT2 5.73 4.87 13.4
DUT3 6.02 2.28 12.6
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