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Design of Termination Structure with Non-equal

Potential Field Plate for Power Devices

Student : Yung-Chu Huang Advisor : Bing-Yue Tsui
Department of Electronics Engineering
Institute of Electronics

National Chiao Tung University

ABSTRACT

Poly silicon is a mature material. It-has stable deposition rate and etching rate
and combined on general IC’s process easily."In the thesis we use poly silicon as a
non-equal potential field plate in termination structure to increase breakdown voltage.

First we execute the simulation of termination structure which combines metal
field plate and poly resistor by ISE TCAD simulation and verify that the breakdown
voltage of the structure is greater than of metal field plate termination structure. In
reality, we fabricate the metal field plate termination structure and its breakdown
voltage is 300 V. After adding poly resistor, the breakdown voltage of the termination
structure is 2000V and leakage current is in microampere. Because poly resistor
connects two electrode of device, its resistance is a key factor of leakage current. We
make the effect width shorter and the effect length longer to decrease the leakage
current by the seams in the poly-resistor. There are two kinds of seam in our thesis.
One shape is spiral and the other is like a concentric circle.

Except for changing the structure of the poly resistor, we study that how to
increase the resistivity of the poly resistor and its total resistance. There are many
P-N-N-P structures to form in the poly resistor by n-type and p-type implantation and

annealing. A series P-N-N-P structure is encountered by the free charge carrier. A
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large resistivity is hence observed. Grain size, n-type doping concentration, annealing
time and annealing temperature are the key factor of resistivity. When 550 °C
amorphous silicon was deposited, the ion dose of boron and phosphorus are equal to
1x10"cm™2and 2x10"cm™ at 40KeV and 120KeV, annealing temperature is
1000 °C and annealing time is 30minute, the resistivity of resistor can reach 10°
Q-cm. If 625 °C was deposited, we also could use nitrogen implantation to
suppress the growth of the grain in annealing process. Then the resistivity of poly

o 6
silicon also can reach 10°Q-cm.
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Amorphous(550 &) 30 A48 60 A 48 120 ~ 48
900 & P:5x10" cm™ 2.39x10° 1.84 x10° 2.27 x10°
P:1x10"” cm™ 1.56 x10° 7.33 x10° 8.82 x10°
P:2x10"” cm™ 5.77:x10° 1.43 x10° 1.23 x10°

1000 A& P:5x10'"% cm™ .31 x10° 9.7 x10* 1.08 x10°
P:1x10"” cm™ 1.03,x10° 8.4 x10* 7.2 x10*
P:2x10" cm™ 1.86 x10° 1.25 x10° 1.83 x10°

1100 & P:5x10"% cm™ 2.62 x10° 2.27 x10° 2.85 x10°
P:1x10"” cm™ 2.72 x10* 3.03 x10* 4.29 x10*
P:2x10"cm™ 3.53 x10° 3.07 x10° 1.09 x10°

RESISTOR LENGTH : 1700 ¢ m
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RESISTOR WIDTH : 80 ym
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Poly(625 &) 30 A4 60 A 4 120 %~ 4
900 & P:5x10"%cm™ 2.13 x10° 9.03 x10* 3.56 x10*
P:1x10" cm™ 7:24 x10° 3.99 x10° 4.12 x10°
P:2x10" cm™ 6.71 x10° 3.13 x10* 2.47 x10*
1000 A& P:5x10"cm™ 2.231x10° 6.13 x10° 3.21 x10*
P:1x10" cm™ 7.52 x10° 5.23 x10° 5.79 x10°
P:2x10" cm™ 2.39 x10° 7.25 x10° 2.39 x10*
1100 & P:5x10'"% cm™ 64.3 44.5 328
P:1x10" cm™ 4.42 x10° 8.03 x10° 992.3
P:2x10" cm™ 593.48 1.5 x10° 2.35 x10°
RESISTOR LENGTH : 1700 gz m RESISTOR WIDTH : 80 ¢ m
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7.86 x10°
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9.86 x10°
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