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Power MOSFET (SIPMOS planargatestructrure) c) MOSFET with trench gate structure
d: length of channel
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drain T drain current
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p-n- junction is
slightly reverse-
biased

positive gate voltage
induces conducting
channel

drain current flows
through »- region
and conducting
channel

on resistance = total
resistances of n-
region, conducting
channel, source and
drain contacts, etc.
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p-n- junction forms
an effective diode, in
parallel with the
channel

* negative drain-to-

source voltage can
forward-bias the
body diode

» diode can conduct

the full MOSFET
rated current

» diode switching

speed not optimized
—body diode is
slow, Q is large 16
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C
gd2 <4— idealization
\t actual
Cgd1 =
+ £—— drain-body
N depletion layer } I pv
4) Vos™ Vpg 200V Ds
drain
D
Q - C,, :large, essentially constant
r + C,,:small, highly nonlinear
C : : : :
gd —|— » C, :intermediate in value, highly
G - nonlinear
— |l &=
+ switching times determined by rate
Cos at which gate driver
L charges/discharges C,, and C,,

-t . / V CTI
Cae(Var) = v, Culvy) = C, \‘ff ?—; 1_:{;
A * 3 17
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e A majority-carrier device: fast switching speed

e Typical switching frequencies: tens and hundreds of kHz

e On-resistance increases rapidly with rated blocking voltage
e FEasytodrive

e The device of choice for blocking voltages less than 500V

e 1000V devices are available, but are useful only at low power levels
(100W)

¢ Part number is selected on the basis of on-resistance rather than
current rating

School of ECE University of Tehran 20
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HEXFET® Power MOSFET
D
Vpss = 100V
RDS{G!‘I} = 0.036w
G
Ip = 42A
S
TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
lp @ Te = 25°C Continuous Drain Current, Vgg @ 10V 42
Ilp @ T¢c =100°C| Continuous Drain Current, Vgg @ 10V 30 pat
loa Pulsed Drain Current ©® 140
Pp @T¢ = 25°C Power Dissipation 160 W
Linear Derating Factor 1:] W/°C
Vas Gate-to-Source Voltage + 20 W
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Fig. 3 a) Output characteristic of MOSFETs
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School of ECE

1000

100

Ip, Drain-to-Source Current (A)

VGES ==

TOP 15W

1w 1

8.0V

T0M 1110

6.0V
5.5V
5.0V
BOTTOM 4.5

10 . e
= (8 A  ——
=l 1 W

- -4 5 I + 1 ..I
| 20us PULSE WIDTH
: TJ=175°C
0.1 1 10 100

Vpsg . Drain-to-Source Voltage (V)

Fig 2. Typical Output Characteristics
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MOSFET-based Buck Converter Turn-on Waveforms

Vv

~¥

* Free-wheeling diode
assumed to be ideal.
(no reverse recovery

GG+
; V. (L)
GS
VGs, 1, \
v - T~ RG(ngz + (g:s )
GS(th) -
A iG (t)
Charge on C
d
Charge on Cgs + Gq g
V.
in -
tfv2
- vp S(t} C©
i
\ D™ current).
N v fo
o
Sc t L tri v 4
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Tum-on Equivalent Circuits for MOSFET Buck Converter

. L V;
® Equivalent circuit ® Equivalent circuit ne
during tg(on)- during tr;.
DF .......
—AAAA
Vv +
— VYgo |
® Equivalent circuit e Equivalent circuit 'in
during tfy1- Vin during tgy2.
v o To *DS(on
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Turn-on Waveforms with Non-ideal Free-wheeling Diode

* Equvalent circuit for
estimating effect of free-
wheeling diode reverse
IECOVery.

School of £ _ _
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Sch

MOSFET-based Buck Converter Turn-off Waveforms

/1= ReGa1*§s )
Vv
GG Ves,1 Ves(th)
— | :
a4 ig(
L d(off) —
- VDS(t]
in ()
15”rin
ID-
-
- t
trv2 | trvi tei

® Assume ideal free-

w heeling diode.

Essentially the
inver se of the turn-on
process.

Model quanitatively
using the same
equivalent circuits as
for turn-on. Simply
use correct driving
voltages and initial

conditions
32
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Drive Circuit Design Considerations

* Drive circuit topologies

* Qutput signal polarity - unipolar or bipolar
* AC or DC coupled
* Connected in shunt or series with power switch

. / \ >
+ QOutput current magnitude O t

* Large I shortens turn-on time but lengthens turn-off delay time Unipolar
» Large I ; shortens turn-off time but lengthens turn-on delay time

* Provisions for power switch protection
*  Overcurrents

* Blanking times for bridge circuit drives 0 / \ > t

+  Waveshaping to improve switch performance Bipolar
 Controlled dig/dt for BJT turn-off
* Anti-saturation diodes for BJT drives
* Speedup capacitors
* Front-porch/backporch currents

*  Component layout to minimize stray inductance and shielding from switching noise
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Unipolar DC-coupled Drive Circuits- MOSFET examples

A\
EBE
Comparator = AN
1
v Rz .
trol [—_ I
contro » —_|___ . [+ Qow
o Ly T
Vreference =
A
GG o

Vecontrol

o

School of |

IC burrer amp with

Totem pole output
DSO0Z6 or UC1 7F¥O&e,07

Copyright © by John Wiley & Sons 2003

Vcontrol = Vreference

comparator output
high and Q g,,, on

Vcontrol = Vreference

comparator output
low and D_SW off

W

control = Yreference

comparator output
high putting Q npn
on and thus Qg on
\Y

control = Vreference

comparator output
low putting Q pnp ©n
and thus C'—sw off

Va

o

34
= Drive Ckts - 5
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Dual Power MOSFET Driver

Features

* &

School of ECE

Fast Rise and Fall Times — Typically 20ns
with1000pF Load

Wide Supply Range: Vpp = 4.5V to 17V

Low Power Consumption:
6mW with Inputs Low
120mW with Inputs High

TTL/CMOS Input Compatible
Low Rourt - Typically 4%

Pin Equivalent to DS0026/DS0056, TSC426,
SG1626/5G2626/SG3626

University of Tehran

L99.LT1OI

NS
Nic [ E NIC
INA [2 >;- 7| OUTA
v- [3 6| v+
INB [4 >a—E| ouT B
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SWITCHING SPECIFICATIONS

Vee o
=2mA é
|

IN)—l

School of ECE

+163V e
L=

Delay Time To2 35 50 60 ns
Rise Time Tr 20 30 40 ns
Fall Time Te 20 30 40 ns
Delay Time To1 20 30 40 ns
. 15V
e IRFT30
%(:tADQ— ol
L SG1527
GHND =
1 i I SE—

University of Tehran
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BiEOlﬂI‘ DC-couEled Drive Circuit- MOSFET ExamEle

V6640
Comparator
T - .
Vcontrol § B+ CGG " * Bipolar drive with substantial output
o—r ( - current capability
PRI Qw
o= G
Vreference Tg.
1 L
C
T Cee-
Vee- o
? Vea+ |
CEGH :l:
\% IC buffer amp with . . . e
control totem pole DFL tput o » Simple bipolar drive circuit with
e e Rg 'H| “&sw mode:. alte (1 amp)output current
- T capability
GG- T

Vae- &
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Need for Electrical Isolation of Drive Circuits

# Isolated auxiliary

* Negative half cycle of v (1) - positive dc power to base
. ) . drive circuits
rail near safety ground potential. T +
emitter potential large and negative with

respect to safety and logic ground

. . | base D

* Postive half cycle of v (1) - negative dc + N f;g;;ﬁilo  drive —K T ZS F+

rail near safety ground potential. T, ® Vy |Logic ana I i T

emitter substantially positive with espect * Control 3 o

to safety ground if T_ is off Y\, b Electronics ZS

_ ® — sighal bar;e T DF—
isolatiog drive
| circult
e . . . . Control

+ Variation in emitter potentials with Iaputs -

respect to safety and logic ground means ? ?

that electrical isolation of emitters from

logic ground is needed.

R — Sﬂret}'
= Ground
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Methods of Control Signal Isolation

| O Input to remainder of
‘ ‘ isolated drive circuit

Logic level

control ckts » Transformer isolation

[ TG Power switch reference node
) % (BJT emitter, MOSFET source)
Logic ground
Li:gh_t— Vegps o Isolated
emitting dc supply

diode é
sSignal  o—— H o Input to remainder of

from Fava = i ' ircui i 1
contror A isolated drive circuit * Opto-coupler isolation
logic o1
= o Power switch
Control logic reference node
ground Photo-transistor
°Vep+
AC T ;H . T
power inG | 1 » Isolated dc power supplies
T for drive circuits
Sc ’

© Vpp.
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Opto-Coupler Isolated MOSFET Drives

Signal Opto-coupler ? Vecy Vo
from control £ |
electronics D I o
.2 S cecn
VW
AT T -

i W
Signal Opto-coupler GGT_'_ d
from control l ;
electronics | c _L [ :::!C*:)
* | GG+ .
o j [IC buffer amp with -‘
totem pole output !
}i&*i: DS0026 or ‘ [} RS = Qsw
)
UC1 706,07
D_I 1
“GG- T
School of ECE Vgg. (Cireuitry for isolated 40

dc supplies not shown)
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Isolated Drive Without Auxiliary DC Supplies
- MOSFET Example

controel

Inverting A
Buffer

I j
T&T

cap

C Noninverting
T J]_ | Buffer

— Zener diode voltage V;,
trigger must be less than negative
Veoreral o pulse out of transformer
I  E— secondary or pulse will not
VA 1 =t reach MOSFET gate to turn
v ¢ AN - ¢ it Off.
VE =
VA— VE =t
_! ?Vz
VSEC : -t
(dotted) ?
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Type HD‘S{OI\} lout | Veemax
45mQ
VNH3SP30-E MREMax—1 a0a | 4ov
(per leg)

éﬁ\wa@.&_ﬁu

MultiPowerSQ-30™
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Figure 1. Block diagram
Vo
[
|VERTEMPERATUREA| [ Ov+Uv | | OVERTEMPERATURE &
CLAMP A CLAMPE
HSy ;: | ~traven LOGIC CRER~, | :: HSg
| e, ME, Heg |
t4 -~ (=
CURRENT GURRENT
LIMITATION A LIMITATION B
OuT, 1 OUT
L5 N e 'b'n:...rsn Lﬁ;'-s'iz‘ . i LS
Al LS [ i VB
- -~ -
m Il r 11 ! !

GND,

DIAGLEN, [Ny PWM  INg DIAG/ENG

GNDg

Sl Slose 5 Solad las
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Circuit/Component Layout Considerations

Control

D, <+ g signal

(=8

Prime consideration is minimizine strav inductance

Stray inductance in series with high-voltage side
G)' o of power device Q_ causes overvoltage at turn-

- off
Control Drive Q
Signal L Circui SW . ) ) ) ) .
o + Stray inductance in series with low-voltage side

i_ Drive _| st

Circui
T

Control

!
flj)“]

S | Twisted or
'gna shielded
Drive conductors [
- O
o | 1

Use shielded conductors to connect drive
circuit to power switch if there must be
any appreciable separation (few cm or
more) between them

Control terminals

Ly power device Q,, can cause oscill-ations at turn-
on and turn-off.

*  One cm of unshielded lead has about 5 nH of
series inductance.

+ Keep unshielded lead lengths to an absolute
minimum.

o
G - Power terminals
S l

5

Some power devices provided with four leads, two input
leads and two power leads, to minimize stray inductance
in input circuit.
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