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Latch up Effect
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Abstract

In this paper, a new conductivity modulated power transistor called the Lateral Insulated Gated
Bipolar Transistor which included n+ ring and p-channel gate is presented. A new lateral IGBT
structure is proposed to suppress latch-up and to improve turn off time by imploying n+ ring and
p-channel gate and verified by MEDICI. The simulated [-V characteristics at V=15V show that the
latch up occurs at Va=18V and 69 X 10 5A/um for the proposed LIGBT while the conventional LIGBT
latches at Va=13V and 1.96 X 10°A/um. It is shown that the latch up current of new LIGBT is 10
times than that of conventional LIGBT. Specially, Turn off time of new LIGBT is 0.25us while Tum
off time of the conventional LIGBT 1.6gs. It is shown that turn off characteristic of new LIGBT is 8
times than that of conventional LIGBT. And noble LIGBT is not n+ buffer layer because that It
includes p channel gate and n+ ring. Therefore, Mask for the buffer layer isn't needed. The
concentration of n+ ring is and the numbers of n+ ring and p channel gate are three for the optimal

design.
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Fig. 1 The structure of proposed and conventional
LIGBT

(a) Conventional LIGBT (b) The proposed
LIGBT with one n+ ring and one p-channel
gate (c) The proposed LIGBT with two nt
ring and two p-channel gate(b) The proposed
LIGBT with three n+ ring and three p-channel
gate
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Table 1 Design parameter of LIGBT for Simulation

¥ 2zl o] ¥ =
n- o3 & 3 um 1x10Mem ™2
pr fm= 1 um 1x10%0m ™3
p Welx 0.5 mm 1x10Yem 3
p+ #ol~ 1.5 um 1x10%em ™
n+ AMAas 0.21um 1x10%em

n+ & 1 ym 1x10%em ™3

Aol E
AEEE T 300 A

A 7ol 3 um

3 Apol g 3

A 7o) 2
uf & Akgled ‘

%7 3 um

A7 AR N8 =FA Vol. 13, No. 5. May 2000,

3. Algdold Aat g i

D A& B¢l MEDICIE o] &3], #tsl A
LIGBT+Z9 ¥4 SOI LIGBTe #7134l
S umeRT. ¢4 19 27 vdehin e
Hx F EAJojct 71E9] FXAME ofix
13Veh 1.96x10 °A/mel HAFAA A 5
et gled, ke FrAME  Huy)
18Ve] o= #Hgtzk 6.9x10 A/me) A FelA
A% B4e] Jehtm gk

weba] AE FR7} 71Ee) FzREU 109
o= Hots eMAEY ofrr HFoM @A o
ol gleE $4% E4L BdFu Yo oy
3 AolE oA HAsY, oo F9d
gaol mgZE d o] A BEE Ro| of
Lu Azte] BUiS WM s2RE 97 gE
HA Akt l_%: AMAAAZ = Qddw Rew

O R o
2 rlo ox Ao

ox
9,

P

E
[=:]
==

GHT
1‘%} 3°ﬂ*1 Aekst Fxre} & FRe © O Q
BoFn 9l A IGBTOﬂH 9wk o
PR QL e & AHY d s HiY 2
“17ke) 10% 7¢ 9 w7pA e Azteg AHesHEy,
71E9] BE IGBT £A49 © 93 AIZF2 &= sl
9lg ded 3 B =EAME 16us9 #E 7R
= Ao veht gtk aya AHAdE FRAME
01~02ps2 8 SZ AE Zted 7)&9) pxH
v g AE mE H 9 EAL BHoFa 9o

0% 4% YR G LA Azpe] Wy wEke] o)
siM zo] waom 77k 05, 1, 2mel e AFHHY
=g BoFa glvd agdA vEid A A gH
AFUEE 9388 )& F2EG AUE T&
°F7 e BAE BAFJT &Y 7
1<10°A/cm® 459 FEUEE Yl gl
dotel FRAME ZF 1x10'A/cm” HEe
L HE UE EMS HAFD o)

a9 5% 1y 6-— Aoty Axpe) HAH /5374] W

243 EM Eo:;_r__ﬂ Al‘jr 1

>

N
¢

B
o

[

[T R §3
o % N oo M g
H
o
v
DY of
oo 2
)
i
BN
ofi
N o
o

L

L=
Wtz matdh o F g
e Rz MY §5% A4
9 4% 2dFD Atk P9 TR} FrsE @

~ 1x10%em ™2 A=A



} KIEEME Vol 13, No. 5, May 2000

% 439 79¢ aRHo AHT & AN
o Bgdd. 1Y 6elME 19 59 ¥k w3 .
0E H X EAE HAFL Qe 44 g2 ;
1x10%cm s 2olA 7bg wa 8 ox 548 3
BoFQE oS doldlie 25l FFol . ' “""Q
s ap il .
p AHE B4 Ak AR gAT o 5 3 Bl
=7 2od ¥S9E AFdgEHe HEE o @ol ]
A Aow Husd i LT
(@
"
. .
s
j‘ -6% - &=~ Canventional 1687 N AL LAL ALITE DR EEPERRPEN.
> ——— propoead IGBT : p-channal gats 1 a
g ——#—— propoead IGBT : p-channel gate 2 ':
g, T Rt et + piahanne) e 3 g,
z b
3 ettt
-5 .
P.¢ 2.5 5.8 7.5 18.8 |2'.S 15.8 17‘.5 20.9 * e an.0 7y 8.8 LTH ] e
vlanode) (Volt e} f1etence <Nloronel
g 2 A RS V)& Fre] RN EA b)
Fig. 2 Latch up charateristics of proposed and
conventional LIGBT
v -
-4 v és -
§
~ % A Oevioe duptt v=2 ¥
[ 0 semvantlonsl 1087 -
N -4 prapased [GBT: p-ohannsl gata ! 1 -1 '
£ —+ prapased [687: p-ohaonel gete : 2
€ B prupased [G8T: p-shannal qate : 3 l
H o]
‘é,-a
(c)
]
]
- ] ] i
.29 It .60 .80 1.9 =
Line oeoonde> +1Br-8
g3 Ay Fae J1E PR W 9L 54y AN
Fig. 3 Turn off characteristics of proposed and ; ,‘
: ™ £ © Darios vaoin biiia
conventional 1.IGBT £l Tomimimh
haadarers as.0 ) ) €60 1.0 Te.»
Dimtance (Niorone>
{d)
a4 HA g "wAA At"E FEREHS V)E
ol HHsE

374

b



712 ¥4 LIGBT+3 (b) 170 ne#H 3} 17
ol p Ald AoleE ¥g% LIGBT +& (¢) 224
nH 2709 poAld AelEE X LIGBT +&
(d 3749 nt"H = 3702 p Ald AlolEE XEEg
LIGBT +&

Fig. 4 Current Density of proposed and
conventional LIGBT when Latch up
is occered

(a) Conventiona! LIGBT (b) The proposed

LIGBT with one nt ring and one p-channel

The proposed LIGBT with two n+
ring and two p-channel gate (b) The proposed
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