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High Passivity Integrated Semiconductor Bridge Chip Design Based on Metal-insulator Phase Change Material
CHENG Peng-tao', LIHui"?, LUO Jian-jun', FENG Chun-yang', LUO Yi', REN Wei®, LIANG Xiao-hui'
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Shaanxi Applied Physics and Chemistry Research Institute, Xi’an, 710061)

Abstract: In order to improve the safety and reliability of semiconductor bridge (SCB) pyrotechnic devices, metal insulator
phase change material VO, was parallelly connected at both ends of the SCB through on-chip integration to provide shunt
protection. A snake shaped design method was proposed to reduce the resistance value of VO, thin films in the metallic state and
match it with the resistance value of SCB. The resistance curves of VO, thin films with different aspect ratios and the
corresponding integrated chips were tested in the range of room temperature (25 °C) to 100 °C, and the heat transfer processes of
the integrated chips and individual SCB in the 1A1W5min and 1.5A2.25W5min safety current tests were simulated. The results
show that the snake shaped design can effectively reduce the resistance of VO, thin films, and its resistance value is inversely
proportional to the snake shaped aspect ratio (W,/L); VO, thin film can provide certain shunt protection for SCB; The size of the
integrated chip has a certain impact on the equilibrium temperature of the thermal conduction process in the safety current test;
The maximum VO, resistance that can pass the 1.5A safety current test is 5 Q, which is the next design goal.
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Fig.1 Diagram of snake shaped VO, thin film integrated SCB
chip structure and its equivalent circuit
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Fig.2 Design layout of snake shaped VO, thin film integrated
SCB chip
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Fig.3 Mask plates used in integrated chip layout design
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Fig4 Snake shaped design principle diagram
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Tab.1 Size of snake shaped VO, thin films in integrated chips
aEiE] L/um d/um Wium WL
D1 5 260 485 1485
D2 5 260 985 3045
D3 5 260 1485 4568
D4 4 260 485 2080
D5 4 260 985 4200
D6 4 260 1 485 6300
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Fig.5 Four probe resistance analysis tester
2.2 RIGHER
2.2.1VO, %5, i

ANFEHE S8 F AT VO, T R B ZE SR ] 6
T2 2 fiR. HilE 6 Al L, VO, HEEAE IR R e BH
HkQ mH (A5 ); YIRS 2R (2
70 °C )i, HeHBHA AR, VO, il E R B m A
ZJa, BEEREEZHTRINE 45 °C), JLHpH SR,
VO, HIEEHH A A A . TR 2 AIIL, 7E25 °C
J 100°CF, Rp; : Rpy : Rps 5 Rpa * Rps : Rpe YT

K321, SHKSEHEARS I, FFEHH,

10
— DI
—D2
10° —D3
G
54
10°F
10

0 200 400 600 800 1000
t/s
(a)

101
— D4
oF —D5
—D6
a
I~
10°}
10 . . . .
0 200 400 600 800

t/s
(b)

Bl 6 AEHCTELLEER VO, A% E PR ALk
Fig.6 Resistance curves of snake shaped VO, thin films with
different aspect ratios
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Tab.2 Resistance data of snake shaped VO, thin films with
different aspect ratios

e RQ
B 25°C 100°C WL
DI 3300 2 1485
D2 1 600 25 3045
D3 1 000 15 4568
D4 2200 55 2080
D5 1 500 83 4200
D6 800 30 6300
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T 1.7 QY SCB 5 2 MERESHN 159 QY
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ZEBRTR, MERIEAE 100 °CRyd it i
VO, HHEAHAS F A HL BHAS T 2 GRS IEHL,
HARGEHRRA, A BH/ N, FHE R, VO, Al
ANRBEL A 70 °C; BELSRRT, VO, AR LY
R 45 °C; FARIR RIS B 2497 25 °C, - H A
R RTSAASREE, SRR (AU, VO, HilE
SRR (1Q3Q), XZEHT VO,
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Fig.7 The system internal resistance and SCB resistance of
D6 chip at high and low temperatures
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Fig.8 Heat transfer model of SCB+VO,
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Tab.3 Material parameters of SCB+VO, model

K A ) GHFH
(kg"K) (kgm®) W-m K
Si 700 2329 1412
Zinfit (SCB) 678 2320 71.45
Feigs 850 3980 160

3.2 {HELZ:
IATW5min F1 1.5A2.25W5min ZE4HLE T AN
SRR | SCB+VO, FRFHHIZRUnE 9 ~ 10 Frs.
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Fig.9 SCB+VO, heat conduction simulation results under

1A1W5min conditions
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Fig.10 SCB+VO, heat conduction simulation results under
1.5A2.25W5min conditions

F4 ThRIHRRABLHNZNE (WELERE SCB)
Tab.4 Influence of chip size on safety current test (only SCB
on the substrate)

5P Rt /mm . S C '
1A1WS5min 1.5A2.25W5min
1.0x1.0 147 335
1.0x1.5 145 315
1.0x2.0 144 305
R 3 20

x5 A RSTHV0, 8% EE A EN RRIR IR
Tab.5 Influence of chip size and resistance value of VO,
phase change on safety current test

n ) SERRAETC
AR im0, A —— e SWamin
1.0<1.0 1 ~45 ~75
1.0x15 1 ~45 ~75
1.0x2.0 1 ~45 ~75
EER - <1 <1
1.0x1.0 35 135 300
1.0x15 18 125 270
1.0x2.0 8 105 20
W2 - 30 80
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