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VDMOS

BEEHSRE-W H-EB-SFSHE-FS -1 RTE
Vertical-Double diffused—Metal-0xide—Semiconductor Field—
Effect Transistor,

VDMOS stands for “Vertical Double diffused Metal Oxide Semiconductar”.
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Fig. 1 Schematie diagram of @ power MOSFET

Electric field is one dimensional for conventional planar DMOS
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N pillar doping is
typically 1 order higher
than that of conventional
olanar DMOS, accordingly
super junction MOSFET
Ronsp reduces
significantly.

Fig. 2 Schematic diagram of a superjunction power MOSFET

Electric field is two dimensional far from device edge for super junction DMOS
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* Planar MOSFET * Super-Junction MOSFET

Area is proportional to BV Area is twice so BV is twice for
same doping thanks to charge balance

» Si limitation : On resistance and BV is trade-off » On resistance is in linear relation on BV



o :
=2 mFERst

BHYFTEMNEEFITE

##?IE%-J\E % BHRSD (=R (ds) on*Ach : p) 5@ EE

30
25 - VD MOSFET
T Ron X A ~Vigripss*®
£ 20-
]
'_% 15 -
< Si % EVDMOS H bl
. 1
B . %5 MOS
: RonX A ~ V(grpss™1’
400 500 600 700 800 900 1000
HE

MOSFET Y43 1IEFE FER, , 5T ZF EE JE BV, s AU K B



= mFEAst BFTRFNE L SIEE

HETEZR=E  (ZEVDMOS VS. FBLEMOS)

Break through
\J J \J " . of Silicon limit ,

FBLZEMOS EBLEM0S
18 3 T VDMOS ZIRINET Z AT Z



2 mFmsau mTTIRIFME F2I LA

Split—gate MOSFET 4>z #MOSFET
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Specific on-resistance of Split-Gate MOSFET
against breakdown voltage
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SJ MOSFET
VDMOS
GEN 1 GEN 2
Die Size: 21.6 mm? Die Size: 12 mm? Die Size: 8. '
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6.368
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MOSFET A1 4& P i~ PR1E

2 Maximum ratings
at T; = 25°C, unless otherwise specified

Table 2 Maximum ratings

Parameter Symbol Valuos Unit |Note [/ Test Condition
Min. |Typ. |Max.
Continuous drain current" Io I ) fgg A %33:)90
Pulsed drain current® I puise - - 68 A Tc=25C
Avalanche energy, single pulse Exs - - 497 |md ' |Ib=4.1A7 Voo=50V; see table 12
Avalanche energy, repetitive Enr 4 o 0.75 |mJ |lb=4.1A; Vop=50V; see table 12
Avalanche current, repetitive lar = - 4.1 A -
MOSFET dv/dt ruggedness dvi/dt - - 100 [Wins |Vps=0...400V
Gate source voltage (static) Vies -20 - 20 ' static;
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Values ) o
Parameter Symbol = = = Unit |Note / Test Condition
in. yp. ax.
Power dissipation (Non FullPAK) P i | 176 W Te=25°C

TO-220, TO-263, TO-247

Power dissipation (FullPAK)

TO-220FP Pot = : 34  |W. [Te=25°C
Storage temperature Teg -55 - 150 °C -
Operating junction temperature T; =55 - 150 0% -

Mounting torque (Non FullPAK)
TO-220, TO-247

Mounting torque (FullPAK)

- - - 60 Nem M3 and M3.5 screws

S - - 50 Nem |[M2.5 screws

TO-220FP
Continuous diode forward current Iz - - 206 |A Te=25°C
Diode pulse current” Is puise = - 68 A Te=25°C
Y Vos=0...400V, lsp<=ls, T=25°C
) % L i

Reverse diode dv/dt® dvidt 15 VIns | oe table 10

: - : . - L Vps=0...400V, lsp<=ls, T=25°C
Maximum diode commutation speed diy/dt 500 Alus sassable 10

Insulation withstand voltage for

TO-220FP Viso - - 2500 |V Vims, Tc=25°C, t=1min
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Table 4 Thermal characteristics (FullPAK) TO-220FP

Values ; -
Parameter Symbol , Unit |Note / Test Condition
Min. |[Typ. [Max.
Thermal resistance, junction - case Rinic = = 367 |°C/W |-
Thermal resistance, junction - ambient |Rua - - 80 °C/W |leaded
Soldering temperature, wavesoldering _ A , s "
only allowed at leads Tsold 260 C 1.6mm (0.063 in.) from case for 10s
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Table 6 Static characteristics

VETERS . "
Parameter Symbol - Unit |[Note / Test Condition
Min. |Typ. |Max.

Drain-source breakdown voltage Vigrjoss 600 - E Vv Ves=0V, Ib=1mA
Gate threshold voltage ViGsih 345 4.0 45 V Vps=Ves, Ip=0.75mA

; - - Vos=600, Ves=0V, T=25°C
Zero gate voltage drain current Ipss A 10 HA Vos=600, Vas=0V, T=150°C
Gate-source leakage current less - - 100 nA Ves=20V, Vos=0V

: > . - 0.144 |0.160 Ves=10V, b=8A, Tj=25°C

Drain-source on-state resistance Rosion) . 0.374 |- Q Vos=10V, Ip=0A, Tj=150°C
Gate resistance Rc - 1.6 - £ f=1MHz, open drain
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Table 7 Dynamic characteristics

Values
Parameter Symbol - Unit |[Note / Test Condition
Min. |Typ. (Max.

Input capacitance Ciss - 2080 |- pF Ves=0V, Vos=100V, =1MHz
Output capacitance Coss - 89 - pF Vies=0V, V=100V, F1MHz
Effective output capacitance, | o = =

energy related” Coten 72 pF  |Ves=0V; Vps=0...400V

Effective cut?ut capacitance,

Hithe rol- il Coirr) - 313 - pF Io=constant, Vies=0V, Vps=0...400V
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Table 8 Gate charge characteristics

Values
Parameter Symbol - Unit |Note / Test Condition
Min. |[Typ. [Max.
Gate to source charge Qqgs - 13 - nC Vop=400V, lp=11.3A, Vas=0to 10V
Gate to drain charge Qqa - 15 - nC Vop=400V, Ip=11.3A, Ves=0 to 10V
Gate charge total Qq - e - nC | Vop=400V, lb=11.3A, Vas=0 to 10V
Gate plateau voltage Vpiateau - 6.1 - vV Vopo=400V, Ip=11.3A, Ves=0to 10V
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Table 9 Reverse diode characteristics

Values
Parameter Symbol - Unit |Note / Test Condition
Min. |Typ. |Max.
Diode forward voltage Vsp # 0.9 E V Ves=0V, Ir=11.3A, T=25°C
; _ 3 Vr=400V, [r=11.3A, dirfdt=100A/us;
Reverse recovery time ter 350 ns see tabig 10
_ \ Vr=400V, lr=11.3A, dig/di=100A/ps;
Reverse recovery charge (@ 8.3 ucC Boe table 10
Vr=400V, [r=11.3A, dir/dt=100A/us;
Peak reverse recovery current - - 28 - A £k table 10




=2 mFmsam mFTIRIFME F2IFa

GSANDSTHZEER [
Ves: #it# (G) 5iE4% (S) Z 18] Fr BERE N B & KEEJE 1B -

AR IR AR 2 [8) 38 B

¥ \Ds

LTI

L

1d]o

L
N




A X
2 EBFERT

| BFTREINNELFIFEE
FarSTAE
Compoun 3
e | (G
s5<t _ Chp T, +— @

D Case Tg

1

Junction Case Sink Ambient
—\\N\——-\\\—e—\\\—0
+ W i § BRWT

B\ )T To Ts Ta

_l_ 0o




<\>ﬁﬁa?rﬁﬂ~‘_|i1 mFTIRFNZE F2IT L

%’D\IL:\I\\\ [‘H

Junction

Ry c=hs

Heatsink RpHS

Ry hs-a

Ambient - ———




= B FERSAMT BT TRIFNE E¥IF4

F3% BEL K] 2%

/.

V4 |

Chip / f .\ ]

|
rfrw?ff"//l; |

Metal base Insulation sheet Cooling body
‘Pﬂ‘ FT? C'-;.F J'tl-),f J'rl,"': i 1 i ) K g
= — W—9— W\ AN *— " \N—=e AV

11
[ R
il
B}
Il

w T €2 Cs [ 'y




2 mFmsam mFTRIFNE L2ITE

FE BTN PDFNELLmAR B AT 1 D

Diagram 2: Power dissipation (FullPAK)
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Diagram 17: Drain-source breakdown voltage
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Diagram 6: Typ. output characteristics
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Dynamic characteristics

Input capacitance o Ves=0 V. Vps=100 V,
Output capacitance Cos [[=1MH2 5
Effective output capacitance, energy
related”’ C oten 3

Vigs=0V, V=0V

Vv

Effective output capacitance, time c e
related® o

%) C oen 1S a fixed capacitance that gives the same stored energy as C 4., While Vgg is nising from 0 to 80% Vpss.

® C o IS @ fixed capacitance that gives the same charging time @s C 45 While Vps is rising from 0 to 80% Vpss



-2 EBF GRS B F TRIFHE E¥ T4

MOSFET K B, a7 Qg

(N [ e i i o gl R N

V,.(th)

A Charge nC



BHYLiEMNELFITA

=zt
AN[E] [E 2= X Q2 B 22 (]
Vas /
(V) reuucadvus/[_/
Q?s
\ | Qoo
/ r ed
A S\ QG (nC)




2 mFmsau mTTIRIFME F2I LA

Z 4 T {EXSOA

Safe Operating Area
|, =f(V,):Duty=0(Single pulse), Tc=25 °c
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Table 9 Reverse diode characteristics
Parameter Symbol Values Unit |Note/

Min. Typ. Max. Test Condition
Diode forward voltage Vso - 0.9 E V Ves=0V, I:=11 A,

I=25°C

Reverse recovery time Ter - 410 - ns V=400V, Ir=11 A,
Reverse recovery charge o - 6.1 - uc  |dig/dr=100 Alps
Peak reverse recovery current & - 28 - A
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MOSFET 2 BF gE /]

Characteristics Symbol Rating Unit
Drain-source voltage Vpss 650 V
Gate-source voltage Vaess +30 V'
Drain current pe el D P A

Pulse (Note 1) lpp 26
Drain power dissipation (Tc = 25°C) Pp 40 W
Single pulse avalanche energy( 2 Eas 86 n
Avalanche current AR 13 A
Repetitive avalanche energy (Note 3) EAR 40 mJ

Note 2: Vpp =90V, Teh = 25 °C (initial), L= 0.9 mH, Rg =25 Q, Iar = 13 A

Note 3: Repetitive rating: pulse width limited by maximum channel temperature
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Characteristics Symbol Rating Unit
Drain-source voltage VDss 650 V
Gate-source voltage Vass +30 Vv

DC (Note 1) Ip 13
Drain current A
Pulse (Note 1) Ipp 26

Drain power dissipation (Tc = 25°C)

E. Single pulse avalanche energy .
(Note 2) Eas 86 mdJ
= | Avalanche current AR 13 A
: | Repetitive avalanche energy (Note 3) Ear 4.0 mJ

Note 2: Vpp=90V, Teh =25 °C (initial), L= 0.9 mH, Rg =25 Q, AR = 13 A

Note 3: Repetitive rating: pulse width limited by maximum channel temperature
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CH1: Vin (yellow, 200V/div);
CH2: MOS VDS (green, 5V/div);
CH3:MOS IDS (purple, 5A/div);
Time: 100us/div 200ns/div ZOOM
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® Oscillator Operation

During the full load power operation, OB2281
operates at a 65KHz (typical) fixed frequency. The
efficiency and system cost is controlled at an
optimal level. A peak power mode is implemented
to supply a peak current output requirement. In
peak power mode, frequency is increased from
65KHz (typical) to 142KHz (typical).

At light load levels, OB2281 enters the light load
mode, where the output current is reduced. The
switching losses are reduced by lowering the
switching frequency.

Fr
142KHZ

""" 0B2281

.......

| |

VBURST VGREEN VRISE

Vo FB

SP6018

Synchronous Rec

DESCRIPTION

The fundamental of SP6018 synchronous
rectifier (SR) driver IC is based on our U.S.
patented methods that utilize the principle of
“prediction” logie circuit. - The IC deliberates
previous cyele fumimng to control the SR i
present cycle by “predictive” algorithm that
makes adjustments to the tum-off tume. in order
to achieve maximum efficiency and avoid
cross-conduction at the same time. Specially.
SP6018 1s designed for Resonance. It also
maintains the MOSFET’s body diode conduction
at mummum level. The SP6018 1s capable to
adapt 1 almost all existing Resonance
converters with few adjustments considered

necessary.
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B =R (5V-4.8A)
MOSFET IDSmax=11.615A. Vdsmax=851V
CH1 Vgs, CH2 Vds, CH3 Ids.
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LLCEEHRES

Voltage Gain

ket

.......

DC Charactenstic of LLC. Resanant Cunverter

--{ — Qs=6.9895

— Ge=0.3011
— Qs=0.56958 |
{— 0s=081491 |3

—_— Js=1,1659

— Cls=1.6681

— Qs=3.4145
o— DFﬂ:m

0.8
Switching Freq(Hz)
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Clark Person, Selection of Primary Side Devices for LLC Resonant
Converters, CPES Thesis
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SJ VDMOS 20A
CH1: Vbs 100V/div; CH3: Isp 10A/div

e
r
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Wi B e

8 VDMOS 20A
CH1: Vbs 100V/div: CH3: Isp 10A/div

5=
i
==

Time: 100ns/div
IF=10A, diz/dt=100A/us, VbD=50V

Time: 100ns/div
IF=10A, di-/dt=100A/us, VbD=50V
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IF=10A, di-/dt=100A/us
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CH1: Vbs 100V/div; CH4: Isb
5A/div

Time: 50ns/div

IF=5.1A, Rg=51Q), VDD=50V

CH1: Vbs 100V/div; CH4: IsD
5A/div

Time: 50ns/div

IF=5.1A, Rg=51Q), VDD=50V
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CH1: Vbs 100V/div; CH3: Isb 10A/div

Time: 100ns/div
IF=5.5A, di/dt=100A/us, VbD=50V
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CH1: Vbs 100V/div; CH3: Isp 10A/div

Time: 100ns/div
IF=5.5A, di/dt=100A/us, VDD=50V
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Figure 5. Reverse Recovery Current vs. Current Rate of Change
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New control scheme
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Drain-Source Diode Characteristics

40V/80A/2. 1mQ {EKJEMOSFET

S lsp = 35A 0.8 1.25 v

V Source to Drain Diode Voltage
SD . lop = 15A 08 | 10 | V
t Reverse Recovery Time Ig = 35A, di/dt = 100A/us 52 68 ns
Qp Reverse Recovery Charge = 35A, di/dt = 100A/us 76 99 nC

Reverse Diode

80V/120A/2. 8mQ 1K EMOSFET

Diode continous forward current ls - - 100 JA
Tc=25°C

Diode pulse current | s.pulse - - 400

, Ves=0V, =100 A,

Diode forward voltage Vsp . - 1.0 12 |V
T7=25°C

Reverse recovery time ter V=40V, I =, E 113 - ns

Reverse recovery charge Qn di¢/dt=100 A/ps : 317 - |nC
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SiC MOSFET{A—RE & [a]1k 2 4514

@

o SiC MOSFET N

b

- 650V/120 mOhm (= 1)

{1y [
CH1: Vbs 50V/div \il;
CHa3: Isp 2A/div
Time: 50ns/div
dig/dt=100A/us
| VDD=50V
i T IF=10A

Forward voltage Vep °  [Vaes=0V, Is= 10A ! {| 43 |; - vV
Reverse recovery time (. - 733> ns
w  [I-=10A, Vg =400V
Reverse recovery charge 5 - Il s3 |1 nC
e A di/dt = 160A/us \ ]
Peak reverse recovery current | \i‘:"/ A
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Cascade GaN HEMT Jz [o]43F 4

transpherm TPH3206(B

Reverse operation

Is Reverse Current - - 1 A | Ves=0V, T=100°C
- 22 - Ves=0V, Is=11 A, T,=25°C

¥R || Remme)olege - | 88 |- bV | Vesm0 VL= 11 AT =175°C
Vsp Reverse Voltage - 1.48 - V Ves=0 V, 1s5=5.5 A, T,=25°C

ter Reverse Recovery Time - 17 - ns .

Is=11 A, Vpp=400 V, di/dt =2000A/us,
Qy Reverse Recovery Charge - 54 nc | T=25°C
D

1= | -

s  8x8 PQFN Package

(bottom view)
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On-state |-V Characteristics

| — | e 400 :
o FET mode
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GaN HEMT (E-Mode ) [z [@)43 |4

Panasonic PGA26E19BV
Source-drain forward voltage VSD |VGS=0V ISD=5A 26 vV
Reverse recovery charge Qrr VDS=400V, ISD=5A, di/dt=400A/us 26 nC

G @ cisteins GS66508T
Top cooled 650V enhancement mode GaN transistor

P| GSB6508P (E-HEMT) Reverse Bias Characteristics

Features
— 650V enhancement mode power switch
—  Top cooled configuration
— Ultra low FOM Island Technology™ die
— Low inductance GaNPx™ package
- Reverse current capability
— Integral source sense
- Dual gate pads for optimal board layout
- Zeroreverse recovery loss

Id [A)
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