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Power MOSFET
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Power MOSF

H 4 RMOSFET, £ XMOSFET
Metal - Oxide — Semiconductor Field Effect Transistor

MOSFET is a three-terminal devices which in basic term behaves
as a voltage controlled switch
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Source Gate
Circuit Symbol Package Pin Layout
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MOSFET:%!
Metal Oxide Semiconductor Field Effect Transistor
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Power MOSFET
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FEHFHEEMOSFET
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Power MOSFET

¢ EHSHAMOSFET

52—1 yid

I

-k MR SEEK. ERRMER. FEHEMOSHA X &kt
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= YRR, THERSBEBARIEL, Epitaxial LayerEE 58 EBRIEL.
» R¥E: Inversion Layer

= DMOS: XXEPH #IMOS, Double Diffused

o MOSxe%?Eﬁ‘&’*é%%% (bF) , HEZEERZM/N, PMOSEZ T &
=58, NMOSZ FR2HF, Majority Carrier

= FMHEMHATAHEE Dielectric Material (Dielectric constant), #£2%
Doged, &K E X Heavily doped region.
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Power MOSFET

¢+ AOSHIMOSFET
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Power MOSFET

¢ Closed Cells and Strip Cells

L

A=W*W A=W*L

FOM=Rdson*A=W/A




Power MOSFET

¢ MOSFETT /&E#
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MOSFET L{ER
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MOSFETH R &S24

O\

o
ébsu!ute Maximum Ratings T,=25"Cdnless otherwise noted
Parameter

-7 Symbol Maximum Units
Drain-Sourg€ Voltage Vpe B0 W
Gate-S/oﬁh:e Voltage Vs +20 V'

Contfiuous Drain T.=25°C 85
mANEME: RS R&KEE T, Wit Z2RIEE RGARE S FMF T, AEE
X e . B 7 VdsAVdgriE [ %€ Havalanche 4644 F ] LLEE I

Avalanche Current © | 80 A

Repetitive avalanche energy L=0.1mH © E.x 320 mJ
T.=25°C = 268 W

Power Dissipation® |T.=100°C 0 134

Junction and Storage Temperature Range |T,, Tere S50 175 C

Thermal Characteristics
Parameter Symbol Typ Max Units
Maximum Junction-to-Ambient * Steady-State Rasa 45 60 "CIW
Maximum Junction-to-Case © Steady-State Raic 0.45 0.56 "CAW




AP AR R

Absolute Maximum WEFE unless otherwise noted
Parameter Maximum

I| MOSFET Hjavalancheth; 75 B & &L 2 KT hriE R4 € B s BT 1

Drain-Source Voltage < Ve > G0

Gate-Source Voltage i |Vas +20

Continuous Drain To=25°C I \ 8o

Current® T-=100°C I \ 85

Pulsed Drain Current © lom 250

Avalanche Current © .- | BT Vgs FEER M EREMIPER, HTEL

Repetitive avalanche energy L=0.1mH " |E,.| /& BT 28 A1 EEL AT o 40 2 R 28T . SERR HY AL
To=25°C - | ERE R IR T IE, HEEE R

Power Dissipation ® [T.=100°C | R MWEEAR AERMP T H 100%M A LR

Junction and Storage Temperature Range [T, | uF

Thermal Characteristics

Pa R TRIER SR, R TAERM T, TIEREREAFHEM. &AM

RN R A (1 0070~90% , BEAAE .




MOSFETH R &S24

Tj b 4

U KT 150°C. K2 Al PRI AE 5 K45 7R 21T WHTRB High Temperature Reversed |
Bias AIHTFB High Temperature Forward Bias. XS8iX%5 R HIAETHE A R ] SEPERI A I B |
THRRAGS . WHHERE, BNEE30° CRIZEFMTBF M EEH . RRR/ AR |
I Ta) o AEBEZE A N TARCRIESSIRAR T Timax ] $2 = I 8] TAF B 5 6

Gate-Source vonage Vos 70 vV '
Continuous Drain ~ |T.=25°C 85 P //
(Crrant® T _—40nse 85 > A
Al T —Te _150-25 m
A tot a0 — A
Ry e Ry 1=

R | 320 m.

To=25°C N = 268 \> "
Power Dissipation® |T.=100°C 134
Junction and Storage Temperature Range TJ,‘&{ 55 to 175 °C

_ ES\EtothD Rdson % 2k B2 BR il (3 fe fuse R M )
Thermal Characteristics
Parameter / \ ‘Symbﬂl Typ Max Units
Maximum Junction-to-Ambient * Steadyzétate\ W 45 60 [ —~ °C/W
Maximum .J T _T ate \ | W | 045 056 | — °*C/W
J max C \ 5
— o
Ron@TJ max Rl‘hJC EOt ROH@TJ max [
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MOSFETH## &S

Thermal Characteristics

Parameter Symbol Typ

Maximum Junction-to-Ambient * Steady-State Raa 45

Maximum Junction-to-Case ® Steady-State Raic 0.45
PH

= WSHRPRENASRIBRIS M ZE . DRTHERY A E A
ZNEIB R, P AERPNIREZER . KEIRTHZR B 23 FRE R E A R
ZNEIB R, P AERKHREZER . REHE XOY:

T, —T
Ryp-ay = BP :

diss

o NEEF B S EERS . R - RO A
n f R A IR fE e -HE SR G
B G -H AR N 2% B B 28 -BAER - ARG . R % - BER- B R
= Rjc: £ 5G4 Fre-Padff)df 3 #Ultra-SO8, DFN5*6,  #4[H /2 M &t 7T 214
RjL: &FXfq o4 Fre-PadiiEt 3, inSO8, SOT23, #BH /& M & 7o 38 il
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MOSFETH/J ﬁ%/u\ = ;5&
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Power MOSF

MOSFETI#SOA 1000
: : . — Rosjon
Absolute Maximum Ratings T,=25°C unless otherwise noted — limited
Parameter Symbol Maxdmum_ Units — - == +
Drain-Source Voltage Vos 60 V
Gate-Source Voltage Vas +20 V 10
Continuous Drain - [T.=25°C 89
Current® T.=100°C Iy 85 % <
Pulsed Drain Current © lom ( 250 5 0
Avalanche Current © g 80 A 10
Repetitive avalanche energy L=0.1mH © Eur 320 m.J
T.=25°C o 268
. . - B . o ¥ W
Power Dissipation = |T.=100°C 134 T —1T5°C
Junction and Storage Temperature Range |T,, Tere 5510 175 'C i '|:J ':“_H °C
o=
Thermal Characteristics P ! 1 1h
Parameter Symbol Typ Max [ Units \ V: RO n T *I
Maximum Junction-to-Ambient *|  Steady-State Ress 45 60 \ ‘cw /\ (@ J ) Ve (V)
Maximum Junction-to-Case ® Steady-State Rasc 0.45 0.96 T Maxi F d Bi
10 aximum rorwar |lasSe
D=T,/T In descending order :
- TiacT P ZuoRee [ D=05, 03,04, 0.05, 0.02, 0.01, single puse Safe Operating Area
= . C
@ g Reye=0.45°CIW
=
e n
= on = =
T g
N — — -
L D iR Zth=kRth [ V |=(Tj-Tc)/Zth
EE
g5 /
gk —
hjb
Single Pulse
0o Normalized Maximum Transient
0.00001 0.0001 0.001 0.0 0.1 Th | | d
Pulse Width (s) erma mpe ance




Power MOSFET

Symbol Parameter Conditions Min | Typ | Max | Units
ARAMETERS P

BVpzes Prain-Source Breakdown Voltage IDZEEUUI&) 60 v
Vs v 10

lnzs Zero Gate Voltage Drain Current bs P oes 20 LA

laes (Gate-Body leakage current V=0V, ‘u’%{ﬂ{]\! 100 nA

Vasim) (Gate Threshold Voltage Vos=Vas, IDZEM \2\ 2.95 4 v

loion (On state drain current V=10V, UDEZEU\ 250 \ A
V=10V, 15=30A 6.3 7.5

Rosiony  |Static Drain-Source On-Resistance = = \_ . ma

T,=128C 105 | 13

Ues Transconductance V=0V, 15=30A \ 40 S

Vep Diode Forward Voltage ls=1A, V=0V \% 1 V

| Maximum Body-Diode Continuous Current - \E’.g A

Tracer waveform

BhassCh

Crorrl

1.1

1.05

1.0

0.85

0.9

Q.85

Hw11480

In=1m& p
)d
/ a
/f
’/
/
—50 0 20 100 150 T

zhiE T, BV 2RI



Power MOS

Symbol Parameter Conditions Min | Typ | Max

STATIC PARAMETERS
55 |Drain-Source Breakdown Voltage //BD \V\

Yero Gate Voltage Drain Current

s |Gate-Body leakage current Vps=OV Vie=220 100
Vag  |Gate Threshold Voltage Vos=Vas, [p=250uA ~= 2Hh | 4
lnow (O state drain cument V=10V, Vge=hV 20l \\
Ves=10V, ;=30 63 | 75
Roson  [Static Drain-Source On-Resistance =2 TARE

Os Transconductance Vos=aV 1,=30A a0
Ve |Diode Forward Voltage :=1A V=0V 0r | 1
o Maximum Body-Diode Continuous Current” 85

IDSSHTIE L+ U, A IEREE R




D o - ‘ «Q
Symbol Parameter Conditions Min | Typ | Max
STATIC PARAMETERS
BVpes  (Drain-Source Breakdown Voltage  {1,=250uA, Vae=0V Al
| V=60V V=0V 10

sz |Zero Gate Voltage Drain Current T
2 ero Gate Voltage Drain Curren _W -
:)|Gate-Body leakage cument Vo0 V=20V 100
Vagw  |Gate Threshold Voltage Vo, Ip=290uA 2 2% 4
oy (On state drain current Vs 10WNz=aY 250

L _ V=10V, 1573 6.3 | 75
Rozow | Static Drain-Source On-Resist
s [otatic Drain-Source On-Resistance T TRT
Os  |Transconductance Vge=aV, 1;=30A 00
Ve;  |Diode Forward Voltage =1A Vo=V 0r | 1
; Maximum Body-Diade Confinuous Current” 89




Power MOSI

Symbol Parameter Conditions Min Typ | Max | Units
STATIC PARAMETERS

BVpes Drain-Source Breakdown Yoltage |5=250uA, V=0V 60

les Zero Gate Voltage Drain Current UDWZEST ;g

| =g (Gate-Body leakage current o [TV, Vaa=t20V 100

Ve )Gate Threshold Voltage N Vo Nes, 1n=250pA 2 | 295 | 4

oo |On state drain current Vee=10V W5=5V 250
Ve==10V. |,=30A 6.3 7.5
Rosiony  |Static Drain-Source On-Resistance = — Xﬁ} 13 me
=

10.5
OFs Transconductance Vipe=0V, 15=30A \98\

5
¥'
Vean Diode Forward Voltage |==1A, V=0V 0.7 1
| Maximum Body-Diode Continuous Current ~ 85
N < HY 11470
lﬁk‘j /fE Ei :I:‘:VGS (th) ﬁiﬂ;jx WIs= 65

1.1 ™, Pq

O B T 2 e 3 L A ) s /N R L N

0.9 -
//// \
A"
Ves (th) A fh IR FF 2R 5 ‘
0.7

-30 0 50 100 150TLT)
]




Power MOSFE

Symbol Parameter Conditions Min Typ | Max | Units
STATIC PARAMETERS
BVpes Drain-Source Breakdown Yoltage |5=250uA, V=0V 60
Vpe=60V, V=0V 10
loas Zero Gate Voltage Drain Current oS e T=55°C 0
lss (Gate-Body leakage current V=0V, V=220V 100
v@s,:m:. Gate Threshold VDItage l"u'rngz"'u"rc',gr ID:-EE'EI =L e
loom) On state drain current M= Vpe=2d— 250
('\ V=10V k=304 6.3 7.5
(Roson) Batic Drain-Source On-Resistance Q L ' ) — mo
N ~ T,=125°C 105 13
Ue= Transconductance Vpe=0V, Ip=30A 40
Vean Diode Forward Voltage l==TA, V=0V ~07 | 1
| Maximum Body-Diode Continuous Current ~ 85
RDS (on) Xt T IdFFAVE E 2.2
7.2 @ 2
7 'E 1.8
E 16
= 6.8 :
S S 14
5 66 2 12
g =
® g4 E 1=
[
=
6.2 = <
RDS (OH) ﬁl:ﬁ%llg/%ﬁ 06
6 50 25 0 25
0 20 40 G0 80 100
Ip (A)

50 75 100 125 150

Temperature (*C)
]

173




Power MOSFET

¢ Trench MOS T Z,

GATE
DIELECTPIC

Gate areas channel Length 1

Source metal

Epi layer g

GATE
THICY DIELECTPIC
DIELECTPIC s

Drain metal




Power MOSF

Power MOSFET Structure

= Voltage is supported largely in the low
doped drift layer

= This layer is thicker and more resistive at
higher voltage ratings

Rds O BV*®

= Techniques exist to improve this
relationship to a linear one

State Potential Contours

Channel <1pm

I
/

Drift <1.5-3um

Substrate
y <150-200pm

Trench MOSFET




Symbol Parameter Conditions Min Typ | Max | Units
STATIC PARAMETERS
BVpes Drain-Source Breakdown Yoltage ln=2500A, V=0V 60
Vpe=60V, V=0V 10
Ipss Zero Gate Voltage Drain Current BeT e
DS ero Gate Yoltage Drain Curren T=55°C 20
lass Gate-Body leakage current Vps=0V, Vae=£20V / TOO
Vasim Gate Threshold Voltage Vos=Vas, [0=250u4 /2 2.95 4
loion On state drain current HEE—W‘J "JDﬁ—E‘v’/ 250
. . i V=10V, |52 6.3 7.5
Static Drain-Source On-Resistance P T=125°C 05 3
) ransconductance Vipe=0V =304 3 40
Diode Forward Voltage l:=1A Vo—tv—" 07z 1
Maximum Body-Diode Continuous Current ~ 85
dlds
Gfs=
Transconductancr Transfer Characteristics dVgS Vds=const
S) T : s S HY11445
ng( Ye— 1Y ID(A) Yes=10V | |D(A) —
| 8Y Vos=10V
20 o 20 / /
. 7V s ‘f
T {
//
10 10 I
BY /
5 e 5
5V y
3 Z




Power MOS

MOSFETL{ERHE: B4

b BB

DjiHJj.MIE PARAMETERS

Lru Input Capacitance g e |
<E:c,55 Cutput Capacitance V=0V, V=30V, =1MHz

(i Feverse Transfer Capacitance < —

R?'/ Gate resistance Viee=0V, ‘JDE:EI\I,\:“I MHV

SWITCHING PARAMETERS X

Q,(10V) |Total Gate Charge

(,(4.0V) |Total Gate Charge

- Gate Source Charge

Qg Gate Drain Charge

5

T

LB LN
g 7é

Capacitance (nF)

0 15 30 45 G0
Vs (VoIts)




Power MOS

DYNAMIC PARAMETERS

Cics Input Capacitance

Coss Qutput Capacitance Vae=0V, V=30V, =1MHz
Cres Reverse Transfer Capacitance

R Gate resistance Ves=0V, V=0V, =1MHz

SWITCHING PARAMETERS

L T0Y) 0 [Total Gate Charge
Qg (4.5V) |Totareatg Charge
| s Gate Sﬂurct—:\gharge \
e Gate Drain Chayae \
Feseigie 1. Pulsed: Pulse duration ¥ 300 ps, duty cycle 1.5 9.
< >
10
8
[
o
=
S 4
2
0
0 20 40 60 80
Qg (nC)

FRk e A B Qg, ESRFGCiss MOV IS FE 2|10V

v




Power MOSFET

¢

1/c, =t,/le
1/c, =t, /e

Parasitic capacitances

Ciss = Cgs + Cgd
Crss = Cgd
Coss = Cgd + Cds

A )+w

ox~*gs dep,gs

A, )+w

ox* "gd dep
C — gSi Ads
dep ~— W

dep
Wdep D \/(VDi\;F Vbz)
A

Cds -

/(gSi Ags )
/(gSi Agd )




Power MOSFET

1B I R BIMOSFETF

¢ N

Cran Cirair
= 0 — |:|:|E__ ::I:EII:|
ot— B fot—
Gate | — Gae | —_ I:dg—:
Wil b Cigs
:!: JE—
Source Source
Coss = CDS t CGD :IL)rE IR JE{: 48s
C — C il _/}% Eiﬁj—f: di
rss GD




Power MOS

BH 4 471 2% FF- SWITCHING ON
Symbol Parameter Test Conditions Min. | Typ. | Max.
ton) | Tum-on Delay Time Vpp=200V, Ip=45A 2
L |Rise Time Ra=470Vag=10V 20
. . \\ (Resistive Load see, Fiqure 3)
E. 2200 3.5 >
wF wF Voo R by il S\ Gl il N T N
Yo = = = | :
Vog . |
I Rg . |
| 0.U.T. : :
Pr 4 # E |
-L SCOSRAN 100 - - - - - - - ‘ S nhEhhhh :
e — t off
OH DE t, OFF DELAY t
TE RISE TIME TIME FALL TIME
SWITCHING OFF
Symbol Test Conditions Min. Typ. Max.
ta(offy — 1 Turn-off Delay Time Vpp=200V,Ip=45A 40
Fall Time Re=4.7QVes=10V 18
(Resistive Load see, Figure 3)
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MOSFET )& %% FFiE T &

= FREBIER A Etd(on): IR EME S0 LV g =0BIV 5 =U 35 FF 4 H Bl F B 1) B 5

o _EFEEItr Vg AV, EFH BIMOSFET 3\ JEM AN X I RV g op (K EIF & ) B 18]
B;
ipFa ASME H IR AR FE VB R U AR R F 3R H BH R E . Vgspﬁﬁﬁd\%ﬂbﬂ@%* ]
K, VeslkBlVoep/a, ERIESIEATHEAREZRRIRS, Hi,EAE,

= JRER Eton: FFEER K 8] 5 _EFHafja] 2 fl.

= SCWTZEIR I [E]td(off): IX3h{E 5 e, CinliIRsMRGHHE, Vi&fasihs

TRERIUG T, i FFIRH/IN N RIBT E] B .

= T RERF At — Vo MV gep R TR, i/, FVigg

= %W [R]toff—o% Wt ZE IR B ] A1 T PR fB] 2 A,

= MOSFETHIFFRHEE .
MOSFETHIHFREFEMCINnTHEBEHIRRKRR, LiEFEKCIinT] P&EEIXS) H 2% N
FHRsUR/NET B ¥, IniRFFXERE, MOSFETRELZ F5H, fHEEDFMEE
MR, RHTmREEEIEE RE, FFRr EIE10—100ns 2 8], TAESZFRT]IA
100kHzDL b, REEHTHFRHFIEREN. HEREFHFSHIILIFATMAR
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