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Abstract: This paper details the design of a 1,200 V class trench gate field stop IGBT (insulated gate bipolar transistor)

with a nano gate structure smaller than 1 um. Decreasing the size is important for lowering the cost and increasing the

efficiency of power devices because they are high-voltage switching devices, unlike memory devices. Therefore, in this

paper, we used a 2-D device and process simulations to maintain a gate width of less than 1 um, and carried out

experiments to determine design and process parameters to optimize the core electrical characteristics, such as breakdown

voltage and on-state voltage drop. As a result of these experiments, we obtained a wafer resistivity of 45 Q2 - cm, a drift

layer depth of more than 180 um, an N+ buffer resistivity of 0.08, and an N+ buffer thickness of 0.5 um, which are

important for maintaining 1,200 V class IGBTs. Specially, it is more important to optimize the resistivity of the wafer

than the depth of the drift layer to maintain a high breakdown voltage for these devices.
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Fig. 1. The structure of 1,200 V class trench gate field stop IGBT
unit cell.
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Fig. 2. The cross section of 1,200 V class high efficiency IGBT
after process simulation.
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Table 1. The process and design parameters for 2-D simulation.

Classification Unit Value
Pitch um 2.0
Depth um 130
Resistivity G -cm 40
Buffer depth um 0.8
Concentration of buffer layer fem® More than 2x10"
P-base dose fem? 3.5x10"
Trench depth um Less than 7
Trench gate width um Less than 1.0
N+ width um Less than 0.7
Drift depth um Less than 100
A, 3ol F= 0.4~0.6 umz WHIFAZ|HA 7
M9l S RSl B3 WHES P
AalA Fo B Fol WA =L S5 wHEL ¥
ARt 28E 35 dPste s-AIER0IES
Fodstioy, w3 FA= ol FUs7E oYy
Ao Wgts Fo] £AIS WtAZIT
3. @ ¥ mE
3.1 Eflix] Zolo U= S=5xtur 2 MEf MY
Zst 54
ERIR] Alo]E FLxof QlojA ERIA] Zlo]o] wistof

e A28 54 wets 13 30] L ube 7ol

1250

T T T T T
22
" e L 1200
\ e
2.1 \ / — 1150
\
A
- / 1100
— 20+ N\
b3 \ / F100
[
% 1o ! =
2 /\ e VCESAT) 1032
o s u BV
> 184 / N\ 630
// A
s \ /-\ kg00
174 // w l\
. . fE0
16 . . . : 800

w
=
o
o
~

Trench_Gate (um)

Fig. 3. The breakdown voltage and on state voltage drop characte-
ristics of 1,200 class IGBT according to depth of trench.
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Fig. 4. The breakdown voltage characteristics according to resistivity

of wafer.

3.3 E2|ZES9| Zo|o mE szt
2 ME| Mydst 54

a7 55 AR Al QAoldS Hastehs 28
Qjeto] cfgat] glstol ulAgo] e 40 Q -om &
Aog o 374 ¥ AAWSs G714, 1,200 V
3 2719 A8 h5He AR 9lstel IGBT 44}
of calmE £ Woto] e HH 54 WelE 1
geteict. EejmEse] £ Zvlo) wjE gEzdle)
574= ojojsty, =5&AIQ1 Vee, sate 32435 57t
st= EAS Hol1 9lon, 1,200 V9 IGBT &
2 galNEe =elmeso] Srucks gojmel A
g2 FAstst= Zlo] kg A w¥er FdH.

1200 T T T T T T T T T T

L22
1190 4 BV .
1150 47VCE-SAT| [y
1170 4 /.4-/' 20
1160 - P e [

] L19
e
S 11404 ¥ L1s ]
> 1130 -/ %

1120 4 /_/ 7 2
1110 . L16
1100 -/ 15
1090 { /

1080 r14

T T T T T T T T T T
100 120 140 160 180 200
N-Drift

Fig. 5. The breakdown voltage and on state voltage drop characte-

ristics of 1,200 class IGBT according to depth of drift layer.
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Fig. 6. The breakdown voltage and on state voltage drop characte-
ristics of 1,200 class IGBT according to depth and resistivity of
N-+buffer (a) breakdown voltage and (b) on-state voltage drop.
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