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Part Symbol Description
Vin [V] Threshold voltage

Kpiin [A/V?  Transconductance coefficient in linear region

MOSO OO | Kpsar [A/V?]  Transconductance coefficient in saturation region

6 [V Transverse field transconductance factor

AV Short channel parameter
0o S [em?] Effective die area

Wg [cm] Width of N-drift region

Np [cm™3] Doping concentration of N-drift region

Tar [1s] Carrier high-level lifetime in N-drift region
o000 h, [cm*/s] Hole recombination coefficient in emitter (NPT)
oo0 Wy [em] Width of N-buffer layer (PT)

Ny [em™?] Doping concentration of N-buffer layer (PT)

Ter |us] Carrier lifetime in N-buffer layer (PT)

Tsne [A] Minority carrier saturation current (PT)
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gooboobodooodododiod ., 0D000000000000000 7gp 00
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OO00o0o0OoPTO IGBTOOOODODODOOOOOODDODODOOOOOOOOOOOOO
O000000000000000000000000 550

00000000 A UOONPTO IGBTOOOptOODOOUOOOO - 000000
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O000000U0oU0oU0pf00O00OD0U0OO0n OOODODOOODOODOOOOO
I,, 0

L1 = qhySp(z)? (3.32)

Wpg (3.31)

00000 220

OOOPTO IGBTOOONPTO IGRTOOOO0OOODOOOOOOOOOOOO
00000000000 0000000Wy, Ny, I, 0000000000 Wy =4
1000000000 Ny=1x10em=2000000000000000000
000000000000 000000000000000 CSTBTO FSO IGBT
00000000 Wy, Ny0OOOOOOOOOO0DO00O0000000000000
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0000 V,00O0OOODO0O000O0000000 38000000000000
000000000 380000000 Vy,=48600000
0000000000000000000 K,wDK,y,00O0OO0000000 600
0000000000000000000000000000000000000 A=0
0000000 39000000000000000000000000 A=0000
00V, =48000000000000000V,=7V09vVOO0000 (3.30)0
00060 K, 00000027°CO00060=020K,,,=1020000000000
00000000000000 Ky, 000000 Ky, =13.60000
000003900000000000000000000007°C00000
Vin = 4.610 Kpey = 910 Ky, = 121 0000000125°C 00000 Vy, = 4.420
Kpsat =820 K, = 10800000000000000000000000 V00

000000000000000 Kpwd Ky 0000000000000 (3.33)00
(3.34)00 (3.35) 000000000000 [40]0

Vy, = 4.86 + 0.0047 x (300 — T) (3.33)
300\ %"
Kpsat = 102 X (T) (334)
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Le(t) = 1.(0+) ( +)t 1.(0+) (3.36)
|55+ 1] expe) - 0
oooo
2 A2 2
q“A*Dyn;
=127 3.37
F IsneTHL ( )
0ooOoo0o
3.88 x 106 x T3
(T) = 3.38
(T = = o 77000/ T) (3:38)
1% 10712 x (300/7)°5
. X (300/T) (3.39)

Lone = 5 {12000 % (1/T — 1/300)}
0ooooo
0 (3.36)-0 (3.39)00000000000000000000000000000
00000002°C0000000000 74,00 100ns000000000000
0000000000000000 S000000000 400000000 WsOO
000000000000 N3O IGBTOOOODOOOO00D000000000000
0000000000 SO00000000000000000 0.25em?00000
00000000000000 200000000 3x108em?/s00000000
0000000 WD 65pumO0000000000000000 NpO 3x 10 cm™3
000000000 WO NpOOOOODO000 Ec=3x10°V/emO0OOO0O0
0 (3.31)0000000000
00000000000000033000000000000000000000
0000000000000000000031100000000000000000
0000000000000000000000000000000 AV,emD000
0000 Vieatyave 0000000

. A‘/ce(sou‘/)

Epror = x 100 [%] (3.40)

‘/;e(sat) ,ave

O00000Oo2r7eCOrs°CO 125°CO000O0O000O0O000O0O0O0O0O0O0OO0O0O0 6.1%,
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Symbol Description Value

Vin [V] Threshold voltage 4.8740.0043 x (300—1T")
Kpsar [A/V?] Transconductance in saturation region  10.2 x (300/7)"""
Kpiin [A/V?] Transconductance in linear region 13.6 x (300/7)"%
6 [V Transverse field transconductance factor 0.2

S [em?] Effective die area 0.25

Wg [pm] N-drift region width 65

Np [em™3] Doping concentration 3 x 101

T [ps] High-level lifetime 0.1 x (7/300)*°

h, [cm*/s] Hole recombination coefficient 3x 10713

Lone [A] Carrier saturation current 110~ 12 x_(300/T)%

Electron mobility
Hole mobility

exp{14000 x (1/T—1/300)}
1400 x (300/7)*°

450 x (300/T)*°
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Cge = Cies - Ores (341)
Cce = Coes - Cres (342>
ch = Cres (343)

0D000000000000000000000 ¢, 00000 -0000000
1, =0VO000000000000000000000000000 v, 00000
O0000O0O00C0OLCROOOOOOOOOOOOOOOOODOOOOOOONOOD
00 (600 000000000000000000000000000000

0 3.130 NPT-IGBTOOO0O0O0000000000000OO 5500000 -00
0000 C,000000 CyO MOSOO C,,000000000000000 3.14
0000000000004, 00000-0000000C,000000 4,000
00 -000000C¢,0000004,0000000000000IGBTOO0O00DO
000000000000 (344)00 (345000000

Ooa: : Cdep Cdep
= - 3.44
g Com + Cdep 1 + Cdep/ Com ( )
) . . dvge dCe dv, dC.,
lg = lge + leg = Cged—i + Uged—'f — ch dtg — Veg dtg (345)
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o
Cox p well
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pT emitter

L

C

0 3.13: IGBTOOOODOOOO [55].
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031500000000000000000000000000000000000
00000 10002000300000000000000000

00 1(t,<t<¢)00000-0000000 0. 000001000000000
00 Cgp 0 MOSODO €, 0000000000000000 C,y 00 (344)00 Cep
0000000000000 ¢,0000-0000000 C,000000000
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Vce, Uge, lc

>
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000000004, 0000-0000000C,00000000000
002t <t<t)0IGBTOOOODOOOODOOOOO0OOODOO0O0OOO0O0O00 -0
000000 v, 00000 Veuey 00000000000000000000O0 4,
00000 C,00000000000-0000000 4,00000000000
000000000000000

00 3(t,<t<t)0IGBTOOOOODODO0O000000000 -0000000 v
00000 Viway 000000000 4,0000-0000000 C,, 00000 Cy
00000000000 -000000000000000000000000
00100000004,0000-0000000C,0000000000000
00C,00 (346)0000000000000000000000
dQue _ Quelvge + Avye) — Quelvye)

 dvge (Vge + AUge) — Vge

Cye (3.46)

Oo00002000000000000000 4, 00000 -000000 C,0O
ooooooooooc,o0 34noo0ooon

dQeq _ Qeg(Veg + Aveg) — Qcg(vey)

. =— -
! dueg (Veg + AVeg) — Vg

(3.47)

gobodoboooobdobdoooodbd -oobdboodey .0oood -o00
gobde 00000 -00004d0 0, 000000, 0000000000000
-0goooooo c,00000 -000000 ¢, 000000o0oo0o0o0



3.2 IGBTOOO 67

120 F ’,,'-/’ =
100
-g 80
‘—'% 60
O 40
20

ok -

-20 -10 0 10 20

Ve [V

0 3.16: o oouoooobobodggg -ogoobboood

10 o _o o .’ o oq
J |
: ¢
L 4
=h
% 3
O
2
‘““ L ]
1
-20 -10 0 10 20
Ve [V]

g317. 000 -0000000

g3letpioiobobboddgouuuooobbbbbboooooououooon
gt -ouggoooobbbbbouoooooobbobbboooooooboob
0000000031600 (346)00000 -0000000O0O0OOOOO 317000
gogoo

gboo3isgbogboboobgobgooooooboob -gbobobobobobo
0000000000000 0000000o0000bO0OO0OD 3.1800 (347)0o0OO
g .-uggobbbdoogob 3190b0040dn

oooooooo -ooooobob Cc. 00000 LCRODODODOODODODOODOD
(342)00 (343)0000000O0O0OOODODO 32000000 -000000O0 Cee O



68 030 0000000000000

6OF 2» T T T T R
50 i .
40 T .
0 .
20 N S e .

Qq [nC]

10 —

-20 0 20 40 60 80 100
Veg [V]

03.18: Jidbooouoooobobodggub -ooobbboood

™ :

= i

s ..L £ |

. .

0oLk 44y i
-200 0 200 400 600

Veg [V]

g 3.19: Uogd

ERERE

3.3 Uooobouoobonogn

03210000000000000000000000000O00O00O0000 Vpe =
joovoooooooooooooooooo R,=24Q000000000030A0
gogoobo

O000b0o00O0obOoU0ooOOooboOooboomycOogbobbooboobooboon
gog 32200 323 00000000000000000000004000000DO0



3.3 Doogooooodagnd 69

Cee [NF]
2
{—.
°
|

0.01
-200 0 200 400 600

Vee [V]

0 3.20: bogd -oggogooon

000000
00000000000000000000000000 10%000000 10% 0
0000000000000 0000000000000000000000 10%00
0000 10%000000000000000000000000
0D00000000000000000000000000000000000 E.,0
E.,00000000 E,000000000000000 Eeper O

Eeazp - Esim

Eerror - E
ave

x 100 [%] (3.48)

gooboboood

O00002reCO0000000DO000000O0O0O00O00OODO0Og 17.5%0
6.0%000000012°CO0000000O000O0000D0D0D0DOODODOOOOO
00 11.5%04.5% 0000



Ic [A]

Ic [A]

70

030 0000000000000

:Logouooooobogoon

L,
R,
Drive

Vie circult

O 3.21
50 500
40 A 400

I, m Vee
30 . 300
20 \ 200
10 100
0 0
3.6 3.8 4.0 42 4.4 46
time [us]
50 500
40 A 400
Ve N ]
30 ey 300
20 lﬁ ‘\ 200
10 / \ 100
0 il s 0
6.0 6.2 6.4 6.6 6.8 7.0

time [us]

Vce [V]

Vce [V]

Vge [V]

Vge [V]

20

10

-10

-20

N

3.6 3.8

20

10

0

-10

-20

4.0 4.2
time [us]

4.4 4.6

'As

/

_“

6.0 6.2

6.4 6.6
time [us]

(a)27°CO0O0000D0O0O0ODOOOOOOOOODODOOO

6.8 7.0

0 3.22: O00000000L =30 A0R,=24Q000000000000000O



Ic [A]

Ic [A]

3.3 Doogooooodagnd 71

50 500 20
40 A 400 TN
V 10
I( ce \
30 300 5 5 mﬁ\
% 9 0
20 20 S % \a\
\ =
10 : h 100 e
0 B 0 20
36 37 38 39 40 41 42 43 44 45 46 36 37 38 39 40 41 42 43 44 45 46
time [us] time [us]
50 500 20
40 400 p—
v AN I, 10 2\ ==
€
30 Saatlec 300 5 5 /
g 9 0
20 / \ 200 £ /
10 j \\ 100 -10 //
0 0 -20
6.0 6.2 6.4 6.6 6.8 7.0 6.0 6.2 6.4 6.6 6.8 7.0
time [us] time [us]

(b)y 125°CO0D000D0O0O0O0OOOOOOOOOOOO
03.23: 000000000L=30A0R,=24Q000000000000000



72 030 0000000000000

34 030000

pn0000000D0O0O0O000ODOOO0OODODOO0O0bLbObOO00bbDO00npin
gobooboobobooooboboooooobobooooboboboobo 1IGBTOOOO
gogbobobooogooobogo

OO0O0OIGBTDODUOOOOO MOSFETO pinO000D0OO0O0OO0OODOOOODOODO
OoOoooo IiGBroooooobobooooooooooooooooooooDoon
obo0o0obOooboboobobo0oobob0boob00oobDbOo0obODOUO0bOUOLeR
gobobbbdoooobbooouobbbdoouobooboooobboooooann
gogodgooooooobbobbbbbbb -dddduogoooo -obooobobo
gobbbugoobboboooobbbooobbboooobboboooobon
goooog
IGBTOOOODO000ODOOO0O0ODooooo%O0o0oooooooooooo
0000000 8% 0000000000000 0000
ggobbobobodoooooobboobbooooooobobb -ooooboboob
ggbbbuooobbodooobobbbooobbboooobbbooon



73

1 40

Joooobobboobobobobboodd
HRERERE

ooboboooboboooboooobooooobooboobooboobon0 EMI
0000000000000 8OO OOoOoO000OL0O00D000ooooooo
ggbbobuooobbbooooboboboooobboboooob

gobbobooooboboooooboboooobbboooobbboooobon
gobbobuoooobbboooobbbooobbbbooooboboboooobon
gobbbuoogobbobooooobbbooobbbboooobboboooobbn
gobbobuoggobobboooobbboooobbboooobooboooobon
gobbobuggobbouoooobbbooobbboooobbobboooobobn

O0000pin00000OD0 IGBTOOOODOOODOODODOODOOOpin0ODOOODO
ggobobbbbouogooooobbobbouooooooobbobboooooo 2
gbobooobboobbooobbooobboobbooobbooobboon
gobbobuoggobobbooooobbbdooobobbboooobooboooonbon
gobobuooobbboooobbbooon

OO0o0oIGBTOODOOO0OO0O0O0OO0ODOO0OOobODooooobooooooooooo
goggobobbbbbOpmbUbOb0ObOO0OO0O0O0O0O0O0O00O0O0O0O0O0O0ODODOOODODODO
gooboood



74 U040 0000000000000000000000

4.1 pinU0 0000000 0OOOOOOOOOO

O0000000b0ooooooonogeoo-vV,s0-A000D000oooooooon
goddddooooooououoaoooobobbobb s1bbobbobobbbbbn
goggobobbbbpmbbbbObbO0O000dooooooooobbbbobbD
00O0(l)0D00o0oooOO0oC00O0O0000U00(?)ooooUoooooDoooD 2000
gbb00OpmbO00b0O000bOO0OO0oO0bOO0O0bObO0O0bObO0o0bbO0ObObOoOnDD
ERERE

4.1.1 0OU00OO0O0O0OUOobOOoOoOoooo

04100000000000000000000000000000000000
000000 Vpe =300 VOOOOOO R, =51 0000 7T'=25°CO00000000
00000 100ADC0OOOOOOODO MOSFETOODOOOOOOOOOOOOOO
000 L,0 R,OOD0O0O000O000O0000000000000O

0000000000000 200 pin00000 (D, D,)00000000O0O
00000000000 0000000000000000000000000000
000000000000000000000000000000000000000
000000000000 000300000000000000000000000
000000000O0D 0D, 00000000000 00000000000000n
00000000000000000 410000

00000000000000 MOSFETOODOOOSPICED OO0 NMOS LEVEL3
000000000000 0000000000000000000000000
00000000000000000000000000000 [87]00000
00000000000000 L,OO0OO00 R, OO00D00D0O00O00O000O000O
L,=60nH,R,=300mQ 0000000

042000 1000000000000000000000000000000 4.2
000000000000 000000000 D, 0000000000000000
00D, 00000000000000000000000000000000000O
000oo0o0oo

O0000 pin000000000On 000000000 O00000000000



4.1 pin000000O0O0O0OOODOODOOO 75

L, vak | ANp, Db, 31
Tial Tiaz
Rs
Voo e R, | :
MW H MOSFET
Vg

04.1: 0000 pin0000O0OOOOO

04.1: D, 0 D, 000O0O0O0OO0O

D, D,

00l 11 nH 20 nH
oo I 15 nH 20 nH
OO0 o 17nH 20 nH

gbbuogbboobobooobooobbodbbn-bboobboobboabb
gboboobobooobooobboobD 430b0Il0o0obboooboooboooD
000000000000 00000000OD0DOO00 Dy00(Mb)00ooooon
oobooo b, 0b00bobobbobooboobobooboootsbobobobbodn n™
gogobboobbotouood 31b0boouoooooonobbobbibd n < i
000000000 AR, >h, 0000000000pT000O0n"0D0O0DO0O0OOODOO

gobbobbogggobobbdgdpmbbobbogoobbobbooooooon
4200 43000000000

gobobobbod pmdbbob0ooooobbobboooobbbbooooobon
gboobobooboobob 4200000000 b y0ooboobobboon



76 U040 0000000000000000000000

o [A]

04.2: J0000O0O0OO0O0OOO0O D;O D, O00D00O0DOODDOOnD I0

OoooooooooDoooooboboosADDOODOOOOD430000D0O0
gobbobuoggobobbooooobbbdooobobbboooobooboooonbon
00000000000000000O0O0OO0OD,;0 D, 0000000 di/dt0DDOO0O
0000 420000000000000000000 D0 d/dt0000000O0O0O
0000000000000 D, 0di/dt000000 430000000000000
gooobooobobooob,0boobooboobooboboooob,bOobObOoob
gobobobooogbbodao

00+ 000000D, 00000000000 43()000000 ptOO0O0O0O0
O000O0oO0O0O0OO0OOO0OO00OoOoUOb,00D0ODODOODOOC0OD 43(b)000O0OO
ggbbobuoooobbbuoooobboboodan

oo« 00t biooooob, 000 x», 0000000000 0O0bO00b0000O0
gboobuooboobuoobooobob, b0l v 0O00bO0o0bOoobooboon
gbobooobobooobbooobooobbuooobbooobboobboon
O000000000000000n 000000 pfO0000000O0O0O0OOOOO
gboobooboobbuoob bybooboboobbooboboooboooboooo
gobooooboboooobob, bbb ooobobooooboboooboo
oD, goboobobboobodb,0boobuooboobg

000000 L, 000000D, 00000 n 000000 pt00oooooooo
gbobooboobobuooboboo t,obooboby,bobooooooo
gobbbuoogobboboooobbbooobbbboooobbboooobbo



4.1 pin000000O0O0O0OOODOODOOO 77

- 25

5 20 t
o 0
= 15 /
c

9 /

g 1.0 /

= t
3 050> ,/_/_tl
g \ i \%3
° 00 ! 4

0 15 30 45 60 75 90
position [um]
() D, 000000000000

— 25
05 2.0 .
" 0
2 15 /
s /

B 1.0 / 2!
[}

g 0.5 : — ¢
© 0.0 ! i f4

0 15 30 45 60 75 90

position [um]
(b) D,000O0O0O0COODODOOO

043: 000000000O0O0O0O0 DO D, 000OO0OD0OODDOO IO

gboboobdob,bobbobooboboobuooboboobooboob,00on
gboooboooog
gobbboogobbooogbbobuoooobbobuoooobbboooobon
gogobgobobD D,0 Db, 0bboboobooboobo
gobbbuoggobobooooboobuoooobboboooobbbooooboon
ggbbobuoooobboboooon
golobobobobooooooboobobobobobooouobD440b0000nbO
gobbobuogobobboooobbbooobobbbooooboboboooobon
oboobooboobobooobobboboobo oo mooooboooDo
gbobooobobobooboboobooobuo 4o 46boobobononoon
gobboboooobbbuooooboo
gobbboogoboboooobooboooobbboooobbbooooobooon



78 U040 0000000000000000000000

60 feurrent 100
TN voltage
40 ot 0
_ N -
< 20 \ 100 <
© [
: |\ e
0 \po N s se o] =200
Oll.,lé \ ‘a\ls-h..‘ I
-20 ] -300
(1) D; 00000000
60 feurrent 100
R It
40 Ki\agg 0
< 20 \\\ 100 =
[ ©
_ \\ K
0 v -200
0.1us \)K““k Ty
-20 ] -300

(b)D, 00000000

044 O0O0O0ODODODOODODODODOD DO D, 000000000 OoO I
(DOoODDODOOOOoDDoOoOoOoooo)

000000000000000000000000000000000000000
000000000000 10%000000000000000000000

0 420000000000000000000000 D,0D, 000000000
0D00000000000000000000000000000 EedEy,0000
0000 E, 0000000000000 E.ypor O

Eez - Esim
Boppor = == 5 100 %) (4.1)

gobodobboo 420000000 10000 Db, oobbooboboooo
000000000000000 61%000000 I0MMO0000O0OD,;OD, 000
000000000000 000000000D000000 7.0%04.0%00000
0000000 I0cmOo0O0o0O0O000OoOooooooDoooOOOoOoOOoOoOOOD 10%
gobbooodgbbodd



4.1 pin0000D0000O0OODOOOOOOODO 79
60 current 100
40 - \l\ voltage 0
— \ s
< 20 \ -100 -
- \ <
\ >
0 P e s B0 0]
0.1us MRl e
-20 — -300
() D; 00000000
60 Ferront 100
40 - ‘\\ voltage 0
— \ S
< 20 100
- AY >
0 —eerzerrse—r -200
0.1us \r)é"‘* s
-20 — -300

(b)D, 00000000

045 DO0O0OOOODOODOOOO DO D, O0DDOOOOO0O0ODOOO IO

(COoODoODOOOOoDDoOoOoOoooOo)

4.1.2 O0O0OOOOOQOOOO

N

gobbbbuoddpmbbogooobbbbooooobbbodgoaobon
00 4100000000000D0O0O0O0ODOD 100AODO0DDODOOODOO MOSFET
O0bo0ooooooooooMOSFETO DO 2°COO0OD, 00000 DOOODOOO
OOoOobDbOeeCODOOOODDOOODOO

gbogbuodgbogbogobobbobboobooboobougobooboon
000000000 3.1 0000000000000000000O0000O [23040052]
000 (42)000000000000000ODDOO

1) 3.88 x 1016 x 715
n; =
exp (7000/T)

(4.2)

gobboboogogobbooooboboooobbboooobbbooooboon



80 U040 0000000000000000000000

60 Feurrent 100
TS oltage
40 N 0
\
— S
< 20 N\ 100 =
© \ E
s \ \ X
0 N\ Pl B iR it -200
0.1us Ve e
-20 ] -300

(a) D, 00000000

60 feurrent 100
40 '\\ voltage 0

< 20 \ 100 =
[ ©
~ N 3

0 \ T T hnd '200

0.1us \/k‘*-& —————
-20 — -300

(b)D, 00000000

04.6: D00DDOO0OODOOOO D0 D, 0DDOOO0O0DLDDOODO D
(COoODoODOOOOoDDoOoOoOoooOo)

ggbbobuogoobbboooobobobbooooboon

g47000000o0oobbobbboooooooboboobbbooooooobooon
ODboooooobOooooD, 0 b, 00Ob0DbOo0on 2°CheeCOODDODODO
D,0000O b, 000boboooogonog

0470000000000 0O00O00ODO00ODO0ODO0ODOODODO D;O0O48A00
0000 Db,005/2A000000D0CO000DOODOODOODOOOODDOO byO0O Dy
gobbobuogoobobboooobbboooobbbooobobobouooooboon
oo obboobooobbbbbbbbbbbbbn
gobooooboooboob bybbooboobboobooboboooboobo baood
goooo

gbbooobogoboooboobbdoob byOOoobobOoobboobDbOon



4.1 pin000000O0O0O0OOODOODOOO 81

U4.2. 0000000O00OOOOOO

0o 0ooo 0oooo oooo 0oo
D, 118.0 puJ 111.0 pJ 6.1%

: D, 145.4 puJ 147.3 puJ ~1.3%
D, 124.4 puJ 129.4 puJ —3.9%

! D, 138.4 puJ 148.5 puJ —7.0%
D, 127.6 puJ 126.4 pJ 0.9%

. D, 135.9 puJ 141.5 puJ —4.0%

60F— ™ - rrr 1T T
o D}: 25 °C
I 1 Dg:§65 °C
Or L NL T B AR
— ; N "
< oo AN\ PRI S B
© 1 I 1 1 o 1
- % I % 1 o %
i i ; 1 [ :
o+ o e b - ;
: I : 1 1 :
N L Qs
20 b I L Lovvs 4o [ b gl

to titats tq

04.7: 0000000000 DO D, O0DOO0ODOODO

gbooobdb pmbObdbooobooboboboboooboobuooDb; Do OOO
gogbbbugoobbobuoooobbbooobbboooobbobboooobobo
gobboooogooon

g480000b0o0oobooboobboobuoobboobuooboobobon
O000000000000000 48(x) 0000000 KL, O0ODDOOO00OOO D;OOO
000000000000000D000O0O0O0O0O0O0 ptO0000O0O0O0OOOOOO
gbgobobobodbd bybboobuobobooboobobboobdby b
gobooboboooboooboooooob, b, 0b0oobboobboooo
gobbbuoggobbodo

00+#00¢t,0O000000000000O00n 000000 ptO0OoOoOOOO



82 U040 0000000000000000000000

o 2.5

.5 20

o

= 15 t
c

S /
< 1.0 /

§ 0.5 // . %
© 0.0k== ! L

0 15 30 45 60 75 90
position [um]
() D, 000000000000

— 2.5
@ tO
o% 2.0 /
2 /

= 15 /

c

5. -
g L t3
= e —
8 05 : —t
3 ] 121

0.0 l
0 15 30 45 60 75 90
position [um]

(b)D, 000000000000

048 0000000000 DO D, O0ODOOODOO

gboboooboooboooboboobboo b,bboobboobooobooon
obob, 000000000000 D,0bO0o0O00obOob0OobobOooDb,00bOo0bOo
gbooobogobob, 0obbobooboogn
000000 ¢,00000D, 00000 n 000000 ptO000000D00OO0
gogbbobouooobobobooogn
gb¢eLoOooboob,b0bobooboooboobobooboobobon
goobooboooobooobooboboobooobooob b,oooboooo
gbooboobobboboobuoobuoobuoob,bbobboboon
obobooobooboobooooobooboboboobooobooboboboooDb, b
b,dbbooboooobuooobuooboboobuoobbuoobbooob (wobho
gobboobooodgbbodd
g4900d0d0ooooobobobbboogoooobboobbbooooooboon



4.1 pin000000O0O0O0OOODOODOOO 83

60 [eurront 100
40 ‘e O
—_ \ _
~ A 100 =
© \ «s
o \ \\ >
0 ‘\‘ \:'-.o- ..... eeeed] =200
Olué e O S )
> - -300

(a) D, 00000000

60 Ferrrait 100
\ voltage
40 . 0
< 20 \\ \ 100 =
= >
0 N\ B amel 200
0.1@ =
-20 -300

(b)D, 00000000

04.9: 0000000000 D0 D, 000D00DOODLODODOOOOOOD
ggbbooood

04.3: 00000000 OOOO0OO0OOOOO

0ooo 0000 0oon 000
D, (T=25°C)  119.1 uJ 127.7 puJ —7.0%
D, (T =65°C)  207.7 puJ 205.8 11 0.9%

gobbobuoooobbboogobbboooobboooobobobod
goooooooooooobobobbobbobobobbbbbbbbDb 43000000
00000000oooooo D0Db,00000000D0D00OD 6.7%0000



84 U040 0000000000000000000000

044: IGBTUOOODOODOOOO

Symbol Description Value
Vin [V] Threshold voltage 4.8740.0043 % (300—1")

psat | A/V?] Transconductance in saturation region  10.2 x (300/7)*""

Kpiin [A/V?] Transconductance in linear region 13.6 x (300/7)"%
6 [V Transverse field transconductance factor 0.2

S [em?] Effective die area 0.25

Wp [pm] N-drift region width 65

Ng [em™3] Doping concentration 3 x 10t

T [ps] High-level lifetime 0.1 x (7/300)*®
h, [cm*/s] Hole recombination coefficient 3x 10713

Tgne [A] Carrier saturation current 110~ % x_(300/T)

Electron mobility
Hole mobility

exp{14000 x (1/T—1/300)}
1400 x (300/T)*°

450 x (300/T)*°
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Ty ()~ T.(t) = / p(r)2/(t - 7)dr (5.1)
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z(t):ii [Ti-{l—exp (_c:ri) H (5.2)

0(.1)0000000000000000000000000000000000
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LI(0)] = 2(5) = Z(H—) (5.4)
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