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Abstract: Protected Circuit Module protects battery from over-charge and over-discharge, also prevents
accidental explosion. Therefore, power MOSFET is essential to operate as a switch within the module. To
reduce power loss of MOSFET, the on state voltage drop should be lowered and the switching time
should be shorted. However there is trade-off between the breakdown voltage and the on state voltage
drop. The TDMOS can reduce the on state voltage drop. In this paper, effect of design parameter
variation on electrical properties of TDMOS, were analyzed by computer simulation. According to the
analyzed results, the optimization was performed to get 65% higher breakdown voltage and 17.4% on

resistance enhancement.
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Fig. 1. Trench gate MOSFET structure and design
parameters.
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Table 1. Parameter values employed in the simulation.

Parameter Value
14, —2
P+ Base Dose 5.0x10"em
Energy 100 KeV
17, —2
N+ Source Dose 5.0x10" 'em
Energy 100 KeV
12, -2
N JFET Dose 5.0x10"“em
Energy 40 KeV
Trench Depth 1.65 pum
Trench Width 05 um

£ 65 ymZ AAE 33 7|8t FX9} trench depth,
trench width 5 ¥ 19 3egu|go] g3o] A&
o] A &3] ok

3. @47 ¥ 1@
3.1 Threshold voltage0il ¥&& F£ parameter

N-drift 59| ¥%X°| @& threshold voltages] %t
S NEHolAT Z2AE 19 29 (a)dlA N-driftF
o] Fx9 A#glo] threshold voltage: YA F <
T AL AT F A4St 479 Epi v= o
P-base 58 W32 2% 2o wg w3}s}
g3 oA Hed 27 29 (@A olE U
T Utk A3 threshold voltage® ZAA =4 713
Z 98L& = AL P-base =Y FAHAUL

:;'!-:N‘f-

3.2 BV} 2X &0l & F£= parameter

a9 29 (b)$} (©)olA P-based =% w9} & A
Agdsl, FEAGS] #AE #FE F 3ok Basedd
8 £%0] EolAH a%F Ade] 47 oHAAx
diffusionl] °}3 base®] Z1°]7} AoiA Ad o]zt Ao
AA Bt EF base A =ZE Fo AF =3
SolUA Hol & BH AEst Sk 84 19
©9 FEAYLE 4 ()& T3t o] 7153

7

Winax = 2.67X 10N, 8 )

(a)

[—=— P-Base = 1.2E1
|—a— P-Base = 2 2E1
7 |—a— P-Base = 3.2E1
|—»— P-Base = 4.2E1
S 6-
)
3 .
i - .
=
3
2 T T T
7x10" 8x10™ 910" 10x10"
N-Drift (em™)
54
|—=— P-Base = 22E1
524 + -3.2E1
4151
5™
5
46-
fu
2 424
3
& 40
384
?x1u" mo“ 9x10
N-Drift {em®)
(©)
B4+ [—=—P-Base = 1.2E13]
824 —e— P-Base = 2.2E13
804 (—d— P-Base = 3.2E13 )
78] |—w—P-Base = 4.2E1 5
B
g“m-
S 72+
704
684
66 -
& et
62
60
710" ax10" 9x10" 10x10"
N-Drift (cm)

Fig. 2. (a) Threshold voltage, (b) on state voltage drop,
and (c) breakdown voltage as design parameters.
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Fig. 3. Electric field of trench MOSFET half-pitch (a)
25 pym, (b) 2 pm.
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Fig. 4. (a) On state voltage drop and (b) breakdown
voltage as epi concentration with half-pitch 2 um.
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Table 2. Optimized parameters for 60 V trench gate

MOSFET.
Parameter Value
14 =]
P+ Base Dose 5.0 10" e¢m
Energy 100 KeV
17 -2
N+ Source Dose 50X 10" cm
Energy 100 KeV
0% 12 -z
N JFET Dose 5.0X 10" e¢m
Energy 40 KeV
Trench Depth 1.65 um
Trench Width 05 pm
P base dose 22x10"% em ™3
N epi 1.0% 10" em ®
Half Pitch 25 um

Table 3. Analyzed results.

Characteristics Breakdawn On resistance
Voltage
Conventional 0V 0 / 9
Value 0.454 cm
Optimized Value 66 V 0.375 2/em?
Im t
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