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Design of a TID radiation hardened power MOSFET with waffle layout
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Chengdu Sichuan 610054, China)

Abstract: Power Metal Oxide Semiconductor Field Effect Transistor(MOSFET) is widely used in
power Integrated Circuit(IC). Radiation in space may cause the leakage current at the edge of the channel
in power MOSFET, which will lead to the degeneration of power IC. This paper presents a new waffle
layout for power MOSFET in 0.35 pum Bipolar CMOS DMOS(BCD) process. Packaged power MOSFETs with
finger and waffle layout are tested after Co-60 based irradiation experiment. The Total lonizing Dose(TID)
radiation induces the leakage current only in N-channel power MOSFET with finger layout. The presented
waffle layout with its edgeless structure is proved to be effective to control the leakage current, which
enhances the TID-tolerance of power MOSFET a lot.
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Fig.6 I-U characteristic of MOSFETs in (a) constant and (b) logarithmic axis
&l 6 THFAFLE R B ALFR () FIXT B AL FR(b) T I 1-U Rt

22 MEEEEFEBRH THHRERER

AWM T Zd, % MOS EHHELZRIEE A 15.5 nm, K0 ZREREMELZ L, S35
Th AT A LR BV RS, HL B R A TR M AR I B R

F 1 R ARTE M T ERAE AR SR DF T A Y B F R B R S R R AR A OC R, T LABT AR, W Y B R
A0 i ) S A A SRR AR . N B ST T R AT TR B AT U R 0.62 V., B 600 krad(SH)IHR ST IG Uy FEAK
H}0.57 V, REERET 7.1%, HRZTETMAAERM, ER01ERT A S (785 BE a7, 5 (e R



% 4

B %% fEAEESEXRGHRERELT

733

FoRFR . R AT LUE Y, A2 RO D A4 2 TR M 0 A48 i 15 DL AR #4500 , AR R DF &5 4 X SR AR R
1 1 FL P A% TG P ik o

R 1 FIBMAIHE D A 1) 10 {EL P TR B 8 50 ek B P O R

Tablel Uy, variation of finger/waffle power MOSFET with total ionizing dose radiation

before irradiation after irradiation
0 krad(Si) 50 krad(Si) 100 krad(Si) 200 krad(Si) 300 krad(Si) 400 krad(Si) 600 krad(Si)

Up/mV 618 615 606 598 590 586 574

waffle  variation of Uy, /mV - -3 -12 -20 -28 -32 -44
percentage variation - -0.49% -1.94% -3.24% -4.53% -5.24% -7.10%

Uy, /mV 620 616 610 600 595 589 575

finger  variation of Uy, /mV - -4 -10 -20 -25 -31 -45
percentage variation - -0.65% -1.61% -3.23% -4.02% -5.00% -7.29%

23 WEEELFERH THRAER

B 7 J 4 TE M )y 348 R R DF I RAEAE R AR U,=0 V, B 0 krad(Si)FT 600 krad(Si)IF Y 14-Uys %
Fo WA, FJEMIREMERGDRENRBR 1 MEILFRE2ES, WERBIRINLT ., 75857
BN 600 krad(SiE, FIEMUIRER 1, BB K. FOVAELF RS WERT, MEHE X NI T Ik i
B, IREL IR, AERDFIIRA M 1y TR 600 krad(Si)IT I A7 KRB K, F4RE BERT A9 £ le a0 .
ATLLVE Y, G R YR BS54, 7T LA 80 il s da i iy 7=, 4R TH DR P B R B ae .

0.26 |
0.24 F 10
—&— waffle 0 k

022 —— normal 0 k v E i
020 | s waffle 600 k 7 107
0.18 | —%— normal 600 k
0.16 | i g i

S o4 f < 10°F

Zon2f =
0.10 | i 10-9 L )
0.08 |

—&— waffle 0 k
0.06 | 1010 o —— normal 0 k
004 F - % waffle 600k | -
0.02 | —3¢— normal 600 k
ok S 10—11 |
20.02 1 N 1 N 1 N 1 N 1
0 2 4 6 8 10 0 2 4 6 8 10
Ug/V Uy/V
(a) constant axis (b) logarithmic axis
Fig.7 Leakage current of MOSFETs in (a) constant and (b) logarithmic axis
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