L w3
Degree Program of Electrical and Computer Engineering

National Yang Ming Chiao Tung University

Master Thesis

# /& BCD #l#22 HV-PMOS £ LV-PMOS ¥ ¢ 4

WG

Study on Latchup between HV-PMOS and
LV-PMOS in High-Voltage BCD Technology

N AR §:F (Chao-Yang Chen)
do FHE P i #4 (Prof. Ming-Dou Ker)
4 88T ¥4 (Prof. Hsiao-Wen Zan)

PEAR--O0#f =

March, 2021



% & BCD | #2 HV-PMOS & LV-PMOS F er/® &

WhEKZF Y

Study on Latchup between HV-PMOS and
LV-PMOS in High-Voltage BCD Technology

Boyo4 R Student : Chao-Yang Chen
da 4R P & Advisor : Prof. Ming-Dou Ker

f BT K Prof. Hsiao-Wen Zan

A Thesis
Submitted to College of Electrical and Computer Engineering
National Yang Ming Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Electronics and Electro-Optical Engineering
March 2021
Hsinchu, Taiwan, Republic of China

S EAF- - Oz



% B BCD @ #&2 HV-PMOS & LV-PMOS R ¢
Be s g2 73

FLim® ¥ hERE R P H
4 a8 T k¥

RBPd~8 F#HFm T38L78p milsr

i &

L jE R "f/fﬂ’u’( ﬁ E 5 ?ﬁ%‘\- Isbﬁrs"’t”%\ﬂ\ui I'ﬂ'—'ﬂi%" B 3

3R
FEE AR - SR o F IC ATl Y 0 B TG o o

Flhopt B Ay ST RS A R R 4 & PMOS £ NMOS 2z ’F > ¥ 5 g 4 & HV-PMOS
g LV A2 e Bt AR BRI MBR A B2 Bl PR 4;#%7&&#%

F b A 2 )T&lﬁ"“fr%?’;f 4 %% B BCD @427 > HV-PMOS £ LV-PMOS R o™ 4
R FFTERH o AR A G e BREE AHT Oy - F 0 AHEPHRE
A % - % 2% 30V HV-PMOS £ 1.8V LV-PMOS R & Latchup B # ic # & {7
#3o % = & 2.4 80V HV-PMOS ¢ 1.8V LV-PMOS @ i Latchup ¥ % it 4 & i74%
Woodhd R AR SR Latchup P& s 4 hiF st > Blde: B4 F 2 SCR ehfs
& 22 12 e 4 (Spacing) ~ %3 7 £ %k (Guard Ring) 7 & & ~ % 3 4 7 E %
(Guard Ring) ¥z 34 % LV-MOS e NBL %4 > #8342 % Latchup b % & 4 @2 5%
Tgd § &5 %455 - & JEDEC Standard No. 78E 45 #7& 4 Immunity Level
ACC100mA) en# B S ki = Latchup P& # 3 1C % Jﬂ" RS T

y 2 ’iy
RS2 F S



Study on Latchup between HV-PMQOS and
LV-PMQOS in High-Voltage BCD Technology

Student : Chao-Yang Chen Advisor : Prof. Ming-Dou Ker
Prof. Hsiao-Wen Zan

Degree Program of Electrical and Computer Engineering

National Yang Ming Chiao Tung University

Abstract

Latchup is one of the reliability issues in the CMOS integrated circuits (ICs).
With integrated circuits continuing to innovate, the semiconductor dimension is
shrunk to achieve performance improvement and cost reduction. Nowadays,
high-voltage (HV) devices and low-voltage (LV) devices can be integrated into a chip.
The CMOS ICs application in this more complicated environment should be
evaluated more carefully. The latchup path exists between the PMOS and NMOS and
between the HV-PMOS and LV devices. An unexpected latchup path between the
high-voltage device and the low-voltage device was ever reported.

Therefore, the study on the latchup between HV-PMOS and LV-PMOS in the
high-voltage BCD technology is presented in this thesis. This thesis is divided into
four chapters. The first chapter is an introduction. In chapter 2, the study on the
latchup between 30V HV-PMOS and 1.8V LV-PMOS is presented. In chapter 3, the
study on the latchup between 80V HV-PMOS and 1.8V LV-PMOS is presented. The
latchup immunity is investigated by modulating the structure, such as increasing the
spacing between the anode and the cathode of the parasitic SCR, increasing the guard
ring's width, adding the guard ring, and modulation NBL structure of LV-MOS, to
discuss its impact on latchup immunity. Through experimental results to find out
layout parameters that meet the immunity level A (over 100-mA) requirements of

JEDEC Standard No. 78E and provide it to the designer as a reference for chip layout.



