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Abstract: Power MOSFET(metal oxide silicon field effect transistor)

operate voltage-driven devices,

design to control the large power switching device for power supply, converter, motor control, etc. But

on-resistance characteristics depending on the increasing breakdown voltage spikes is a problem. So 600

V planar power MOSFET compare to 1/3 low on

-resistance characteristics of super junction MOSFET

structure. In this paper design to 600 V planar MOSFET and super junction MOSFET, then improvement
of comparative analysis breakdown voltage and resistance characteristics. As a result, super junction
MOSFET improve on about 40% on-state voltage drop performance than planar MOSFET.
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Fig. 1. Structure of planar power MOSFET and super
junction power MOSFET, electric field when device have

breakdown voltage.
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Fig. 2. Optimize 600 V planar power MOSFET.

Table 1. 600 V planar power MOSFET parameter.

Parameter 600 V/7 A
Cell Pitch 6.5 m
Gate Width 4 m
N+ Width 0.8 m
JFET Depth 3.7 im
P Base Depth 3.3 um
N-Drift Epi Depth 43 ym
Wafer Depth 277 um
Wafer resistivity 0.018 Qcm
Epi resistivity 17 Qcm

3.0°15@120 KeV cm
5.0°15@100 KeV cm
6.0°13@100 KeV cm
1.0°12@100 KeV cm >

P+ Concentration

N+ Source Concentration

P Base Concentration
N JFET Concentration
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Fig. 3. 600 V planar power MOSFET ID-VG (Vth= 39 V).
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Fig. 4. 600 V planar power MOSFET ID-VD Rps(n=

785 mQem’@40 A/cm?).
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Fig. 5. 600 V planar power MOSFET ID-VD (BV= 654

V).
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Table 2. 600 V planar power MOSFET character.

Vth BV

RDS(on)

39V 785 mQcm?’ 654 V

o]¢} o] 600 VF planar power MOSFETE A
Astel AAHY (threshold voltage) 3.9 V, Rpsem=
785 mQem’@40 A/em®, FHEAY 654 VO

e 2AE AAGRE,

- o
s
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Fig. 6. Design 600 V super junction MOSFET.
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Table 3. According to process p/n pillar change
resistance BV and result of electrical properties.

N-pillar N-pillar P-pillar P-pillar
resistivity dose resistivity dose
1.2 4.0°15 1.9 7.64°15
1.25 3.90"15 1.95 7.31"15
1.3 3.74°15 2.05 7.02°15
1.35 3.59°15 2.15 6.74"15
1.4 3.46"15 2.2 6.50"15
N.fp1hll;i1r Vih Ron(40 A/)) BV(Y)
resistivity mohms*cm”
1.2 4.2 20.375 723
1.25 4.1 21.25 752
1.3 3.6 22.25 758
1.35 3.6 22.75 770
1.4 4 23.75 787
Table 4. Optimize 600 V super junction MOSFET
parameter.
Parameter 600 V/7 A
Cell Pitch 6.5 um
Gate Width 4 (m
N+ Width 1.3 um
P Base Depth 2.64
N-Drift Epi Depth 59
P-pillar Depth 44 ym
P-pillar Width 5 um
Wafer Depth 255 ¢m
Wafer resistivity 0.018 Qcm

P+ Base 3.0°15 (Energy 160 KeV) cm>
N+ Source 1.0°16 (Energy 110 KeV) cm 2
P Base 6.5°13 (Energy 80 KeV) cm °

N Pillar resistivity 1.30 Qcm
P Pillar resistivity 2.02 Qcm
Trench Angle 89.5°

N JFET dose
P pillar Bottom dose

1.0°12 (Energy 100 KeV) cm 2
45°12 (Energy 100 KeV) cm >

pillar ¥ A3 ®W3}e} BV (breakdown voltage) 2
A71% 54 ®stE Al g el Attt

AEFYolHA A —pillar &% 3.74"15, P-pillar &
A 702A15i Eg5tds W oA T2 AHE
A5A g2 E boll YERAAL ojwe] 3
E‘rU]Ei %}\% % 49 2

600 V super junction MOSFET® %% E4&
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Fig. 7. According to split p/n pillar resistance 600 V
super junction MOSFET BV.

Ppillar resistivity (ohm*cm)
16 165 1.75 1.8 1.9 1.95 2.05 2.15 2.2 23 235 245 255 2.6 2.7 275
4 T T T T T T T T T T T

T T T
—=— Ron(40A/cm2

Ron(40A/cm2) (mohm*cm2)

T T T T T T T T T T T T T T
1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.75

Npillar resistivity (ohm*cm)

Fig. 8. According to split p/n pillar resistance 600 V
super junction MOSFET on-state voltage drop.
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Fig. 9. According to split p/n pillar resistance 600 V
super junction MOSFET Vth result.

Table 5. Character of 600 V planar power MOSFET.

Vth
3.6V

RDS (on) BV
22.25 mQem’ 758 V

¥ 7~9% p/n-pillar ¥ A splits F3F 600 V
super junction MOSFET$® BV, on-state voltage
drop, Vth Al&d ol A¥}E Tz YeRH 3o
t}. 600 VH planar power MOSFET Ht} &2 2t

[e) [e) S &
E4S Hol: AL AAT F 9
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< splitdte] Aepidt g & o F= HH =S F
HAo 2-AY EAS Fux 3. AEHA
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A ael A4 2 Ay gy ShA AAYE 600 V
= planar power MOSFET®] breakdown voltage,
on-state voltage drop, Vth 23} & H|W3}A
HEzHo=z AA3 600 V& super junction MOS
FET# <A AAFAYE 600 VF planar power MOS
FETS &2 E5A4&
MOSFET?®] breakdown voltagee ¢F 104 V, on-
state voltage drop®] ¢F 56.25 mQem® VthEe °F 0.3
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Fig. 10. 600 V super junction MOSFET ID-VD result
(breakdown voltage).
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Fig. 11. 600 V super junction MOSFET ID-VD result
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Fig. 12. 600 V super junction MOSFET ID-VD result
(Vth).

Table 6. Character of 600 V super junction MOSFET
and 600 V planar MOSFET.

Super Junction Planar
MOSFET MOSFET
Breakdown voltage B8V 654 V
On-state voltage drop 22.25 mQem® 785 mQcm?
Threshold voltage 36V 39V
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