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An analysis of new IGBT(Insulator Gate

Bipolar Transistor) structure having a
additional recessedwith E-field shielding
layer
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Abstract
The recessed gate IGBT has a lower on-state voltage drop compared with the DMOS IGBT, because
there is no JFET resistance. But because of the electric field concentration in the corner of the gate edge,
the breakdown voltage decreases. This paper is about the new structure to effectively improve the Vce(sat)
voltage without breakdown voltage drop in 1700V NPT type recessed gate IGBT with p floating shielding
layer. For the fabrication of the recessed gate IGBT with p floating shielding layer, it is necessary to
perform the only one implant step for the shielding layer.

Analysis on the Breakdown voltage shows the improved values compared to the conventional recessed

gate IGBT structures. The result shows the improvement on Breakdown voltage without worsening other

characteristics of the device. The electrical characteristics were studied by MEDICI simulation results.

Key words © IGBT, Recessed Gate, shielding layer

I . Introduction

0
>
o
Im
=
K
e
k)
(m
)
N
[>
o
3
o
=
T
&l
Y

o
)
sy
sy
e
-+ 2
I jins
[ ou K oo
fo ot 2 o2 joo
L % 2

L)
2 o
o
ol
ol
o
iyl
ot

F4 A7) S A7E Fasa Ak
DMOS #4& AH§3te]
714 JFETA el 27be] 24

A 2}

(=1 VNS Y I R R S I i
(Department of Electrical Engineering, Korea University)
fFEysta AFHYLEFY

WAIA A} (Corresponding author)

(247)

Aol & &g A 24H AGAstE =4
gt} E@dlx IGBTE planar IGBTE U #Hold 24
B 54& RHolzd 1 ol Fx24 714 JFET A
ol LAEHA gom FAROR FHH AL T
Ao ZE] AAdxgr] wEolth Ly EWUX

IGBT®] channel density7} &¥F DMOS % IGBT

Bt} 7] wiol saturation current density’} o

u o]+ short circuit AN FA &= EAS U
Ehl A wh vre 2 e dgAsket B2 current

= O
S8=

saturation grstr] g8 27 1l(a)9t 2o
recessed gate IGBT TZ[2]7} A¢tE AT} o] =%
v EWA Fx2AY JFET 995 AAs el & A

Agge 4L AN & Qed =@ DMOS

IGBT# %% w8 saturation current densityS
A &ke]  short circuitZzAolA =& EAS 313l

DMOS IGBT %9} E#dlx IGBT %9 #HHS oA
< F du. 28y Edx GF+x IGBT +x¢F npztk
7YA & recessed gate dtetol] HTH= HAR <lEk
o] FgHAge] FadhE @] Ak olF KA

213l shielding layerg ©]-83} recessed gate IGBT



120

TZE AorstA Y. shielding layer= gatedtehol #
FHE AAE S3AA FEALG 5SS FHAIE
54

ZFA . gloew o]E A%} simulation tool$l
MEDICIE o] &3te] Agtd Axlo] BYAdS AF3)t

a2 skl

O. DEVICE STRUCTURE AND
FABRICATION PROCESS

p Collector

(a)

p Collector

(b)

(a) Recessed gate
(b) Recessed gate with shielding layer
a8 1, AKX 7A=x

a9 1.(bh)E B =FoA Atski= shielding layer
= o] &3lE= recessed gate IGBTFZxolt}l. #or3h
FREAE 29 20040 A F 5 vk o
gate IGBT Tx¢ | shielding
recessed gate IGBT T2& E#Z

3 %  borong implantA]# p floating
shielding layer7+ %2 "=+ 37} implant 34°] 2

recessed
=3

ol g8t

Q3lA Y Edx FA F 8lE implant 34& 7]

ol F7HAQ mh=mE da glrh ol o]l F
) FA4ANA borone] EWMA 9] AW FUHH 22b
o] wHHSte] FFE F7] widel dold mWAe &
ZoR ol2FYS FomH EdMA gdd o]
FAHA FEE Fodof sl hleldlng layere] &
AL p base’t FAE W dTAHE RolgozH T
Aol FAA1Z 4= At} p base¢} shielding layer &
A4 5 gg AL dv DMOS A3 7ol PR

3ol n+ emitter 99<S implant ¥
self align¥ Al gH=t},

o]- &3 recessed gate IGBT

patterning <
diffusionA] #
Shielding layerg

=&X|(Journal of IKEEE) Vol. 11.

(248)

No.4

321 O
OOE

% o4k DMOS &4l vwsle
F7F vtz & o] H Q3 shielding layers
PAdet7] f8l F7F impant &g o] Fastth. UMOS

TAY vustel M= F7) impant &4 o] FQdA|

=4 9

)

Poly gate &3} 2ol @8 glom AAE T4
7171 Y&l P baseHt} EAXZ

2 s Zevt 9l

H

Boron Implant Oxidation

122 Gate

Poly Si Dep. Poly Si

Patternin:

Drive in

Beron Implant

Contact Etch
Boron Implant

Electrode

Phos. Implant

BPSG 1um Dep.
Reflow

a7 2 38 =AM

M.SIMULATION RESULTS AND
DISCUSSION

260um

p Collector (1e19)

a7 3 deksel IGBT #+&

A&t recessed gate IGBT
S8 2D AwAola e A

Shielding layer&
o FTAS AHRYI



An analysis of new IGBT(Insulator Gate Bipolar Transistor) structure

having a additional recessedwith E-field shielding layer

o EdF Zolgk YHolE: 3 umE LAY
shielding layer?d] ¥%& 1x10"° Cm 7 stglth. 4w

¢

A T3¢} recessed gate IGBT %, shielding layer
AH8-3HE recessed gate IGBTS] %
stom thE &x 2 19 4] dukrxet
dstry. ARk Re ZEZE 9
5‘0*1013 Cm-32.% 3%, gate oxide® 7% 5000
A, half cell pitchi= 15 yme]t}. n drift F4% 250
um ]t}

IGBTE gated] Hgs A7tste] 4oz AdS
P35t nt+ emitter®] A&} p collectore] =&

2 Wa

On‘I 2o g

T =
TEE

Nk

l°l- m‘o

27 sk A9 ”P‘Exﬂolq 2974 &AARA gate
Ao HE, HexZE 3 ZAHE fA3=
17} & 4 = AU collector AStS FEHAYJOR

A elgtt}, Shielding layerg AF83F& recessed gate
IGBT?e] FEEAL gatevlo]o]~E AZE 3 F
collector S TVHAZeEA & 5 Qth 1"
4004 B ule} 2ol shielding layer7F §lE Qukd
1 recessed gate IGBT %9} shielding layerS ©

loJ

o T
[e)
A9

at

il

43} recessed gate IGBT 7% , 9wzl Fx9]
FEALG 54 YA
8 [ 1 T {YRecedsed Gate IGBT|
P £ "‘ ‘with shielding layer

Recessed Gate IGB T 1%
H 1

c:gventio;nal 1GBT

0.75

0.50

I(collector) (Amps/um) *107°
0.25

0.00
]

1.88 1.89 1.90 1.91

V(collector) (Volts) *10°
a7 4 gEMe bl

Recessed gate IGBT T+%9]
w49l IGBT %9 &5 1919
shielding layerS ©] &3} recessed gate IGBT +%

o] g&EAJFL 1920 V ZA shielding layer’} ¢l
TERET FEHS] 17 V AEeta dukg et H
53t AS & 4 At} o] shielding layer% 7HH
recessed gate IGBT7} gate oxide edge°l| HF ¥+
AAE BAdoR ¢ 52 FEHAUAS Oé% A o]

(249)

121

a9 58 B %9 @ &

25¢10° (V/Cm)¥ v shielding layer7}
gate edge A7} HFdte] Weto] &
213l shielding layer’} &

A= FEXRE gate
AAZE Weto] Lol ozA sty S

e 2zl
fe

O
e

Linear

250405
Ze+05
1.75e+05
1.5e+05
1.256+05
le+05
T.5e+04
Se+0d
256+04

(a)recessed gate IGBT SX ¢ o

Linear

256405
28405

1. 75e+05
1.5e+05
1.25e+05
Le+05
T.5e-+04
Se+d
2.50+04
0

(b)recessed gate IGBT with shielding layer&® 2™

a2l 5 SHeH sl

1% 6E
7Fsted
7141
AgHe
24

-V EXFHOE gated] At 15VE
H2S A7 F Collectore] AHE A A3)
100 A/Cm°e] AH7F 527 s Collector
“]ﬂé}oi"/} % 69} Zo] dwrARl Fx9
74ekE 196 Vol recessed gate 7% 9]
k| J Jati= 1.86 V, A ¢kst shielding layers
7FA1= recessed gate IGBT %9 &A4te] #<t7s)
= 187 V o]t} shielding layer’} $l& recessed
gateT-Z et 2 Apol7b glom ARkAQl FxHETE 01
V Ze 24 dAgAstE R deE AS & F
9ltl. o] shielding layerE 7}A|& recessed gate
IGBT %2 27} shielding layer’F $1& recessed
gate¥rF JFET o dAgAsts Fw3 AANT

oy o

7]
\__

&40



122

2k &= 9tk
1% 78 A Z2#¢] Hole Current 384 Hlx

Holt}. recessed gate IGBTS} shielding layera

e

O]% 3}+= recessed gate IGBT 2| Hole Current-4
Fol & Ao/t s & F Utk F a4 BF

JFET @il =d
JFET 99& Au7iA
2 dubgel

A gate® <13} Hole Current”}
s & F Utk "gxHe

whH =
Tz IGBTE JFET < Hole

Current/b A%3te] A9l % sk wlawste] 0.1 V
A Adesh e A Fel @ 5 ot

100

Recessed Gate BT

50 with shi ngfayer

I(collector) (A/Cm?

100
V(collector) (Volts)
a8l 6. 2 AE Motz ulm

1.50

©
(a) recessed gate IGBT
(b) recessed gate IGBT with shielding layer
(c) Conventional IGBT

a3 7. Hole Current & H|W
IV. CONCLUSIONS
o] §-3h+=

Shielding layers recessed gate IGBT

=&X|Journal of IKEEE) Vol. 11.

(250)

No.4

&<t gate oxideZ n-drift
oA WAt DAAZREE ®BIE] Y At
Atk recessed gate IGBTOIA shielding layer
e ddste] Frhglel FEHGS Eole

Z7}A ¢l implant Ao =

&} shielding layers o] &38}+=
2 498 wrEAe 9lojA
, &% shielding layero©l
?i:rLe =3l XA 3l¥ shielding &
T Us AoRE VgEn

[1] B. J. Baliga, Power Semiconductor Devices,
PWS, 1996

[2] Michio Nemoto and B. Jayant Baliga,

Recessed-gate  IGBT 1999,

149-152.

[3] Jong-Seok Lee, Ho-Hyun Shin, "The Effect of

"The

Structure," pp-

a Shielding Layer on Breakdown Voltage in
Trench gate IGBT," ISPE07, Oct 2007, pp.
62-65.

[4] O. Spulber, E. M. Sankara Narayanan, "A

novel gate Geometry for the IGBT: The Trench
Planar Insulated gateBipolar Transistor (TPIGBT),"
IEEE ELECTRON DEVICE LETTERS, VOL. 20,
No. 11, 1999, pp. 580-582.

NIPEAIP

L R ERN

1 20064 ¢ el vska A7 AR
5 FeR 29 (A
20061 9€ & A s R i A

A BEAY A
J Semiconductor Device & IC
Design




An analysis of new IGBT(Insulator Gate Bipolar Transistor) structure

having a additional recessedwith E-field shielding layer

1989 present : Professor in
Electrical Engineering at Korea
University.

Power Semiconductor Device &
8| IC Design

(251)

123



