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e A majority-carrier device: fast switching speed

e [ypical switching frequencies: tens and hundreds of kHz

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

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)

e Part number is selected on the basis of on-resistance rather than
current rating
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IRFP150NPbF

HEXFET® Power MOSFET
D
Vpss = 100V
Rgs{gn} = 0.036w
G
Ip = 42A
S
TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T = 25°C Continuous Drain Current, Vgs @ 10V 42
Ilp @ T¢ = 100°C| Continuous Drain Current, Vg @ 10V 30 A
lom Pulsed Drain Current ©@® 140
Pp 8Ty = 25°C Power Dissipation 160 W
Linear Derating Factor 1.1 Wr°C
Vas Gate-to-Source Voltage + 20 W
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Fig 1. Typical Output Characteristics

Vpg. Drain-to-Source Voltage (V)
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Vpg. Drain-to-Source Voltage (V)

Fig 2. Typical Output Characteristics
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Rps(on) : Drain-to-Source On Resistance
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The origin of the internal resistances in a power MOSFET.

= Rsou.rce + Rch + RA + RI+ RD + Rsub + chmi
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MOSFET-based Buck Converter Turn-on Waveforms
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Turn-on Equivalent Circuits for MOSFET Buck Converter
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Turn-on Waveforms with Non-ideal Free-wheeling Diode

* Equivalent circuit for
estimating effect of free-
wheeling diode reverse
recovery.
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MOSFEFET-based Buck Converter Turn-otf Waveforms
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® 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
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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

* Output current magnitude
* 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 BIT drives
* Speedup capacitors
» Front-porch/backporch currents

+ Component layout to minimize stray inductance and shielding from switching noise



Unipolar DC-coupled Drive Circuits- MOSFET examples

W
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Copyright © by John Wiley & Sons 2003

Vcontrol = Vreference

comparator output
high and Q o, on
A%

control = Vreference

comparator output
low and st off

\

control = Yreference

comparator output
high putting Q npn
on and thus Qg on
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low putting Q pnp ©n
and thus o—sw off
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o

L Drive Ckts - 5

25



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 4Q

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

University of Tehran
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o
nic [ 8| NiC
IN A 24>>_? OUT A
v- [3 6| v+
IN B 44Da—E| OUT B
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SWITCHING SPECIFICATIONS

ICL7667

Delay Time To2 35 a0 60 ns
Rise Time Tr 20 30 40 ns
Fall Time Te 20 30 40 ns
Delay Time To1 20 30 40 ns
15V
VCC o > Q
+1EE:.|"|:|{:
=2mA Ve IRFT30
[>T 1
SG1527 =
IN >— E | RFT30
GND =
1 e T
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Bilz_lolar DC-couEled Drive Circuit- MOSFET ExamEle
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Bipolar drive with substantial output
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« Simple bipolar drive circuit with
moderate (1 amp)output current
capability



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 (t) - negative dc -+ N f;giiilu drive —KT+ ZE F+
raill near safety gmund pn.:rtlentiall. T, ® Vy  |Logic ana rmcm T
emitter substantially positive with espect * Control 3 o
to safety ground if T is off Vsl T Elactronics ZS
) ° |- sighal |Dbase T Dg.
isolatior drive B
| circult
e . . . . Control
 Variation in emitter potentials with Inputs L
respect to safety and logic ground means ZF ?
that electrical isolation of emitters from
logic ground is needed.

Safety
Ground



Methods of Control Signal Isolation

| o Input to remainder of
‘ ‘ isolated drive circuit

Logic level
control ckts

[ TG Power switch reference node
) % (BJT emitter, MOSFET source)
Logic ground

¢  Transformer isolation

Light- Veps o Isolated
emitting dc supply
diode é
E:g:,‘al A H o Input to remainder of
control N isolated drive circuit * Opto-coupler isolation
logic T
= o Power switch
Control logic reference node
ground Photo-transistor
°Vppy

o
for drive circuits

AC T e ;H . T
power in Zg 1 * Isolated dc power supplies

© Vpp-



Opto-Coupler Isolated MOSFET Drives

Signal Opto-coupler T Vec+ M
from control i [
electronics

3 n

o3
AC - -
power ”
in o Zg

A"
Signal GG+

Opto-coupler ?
from control l q
electronics %

* | | CGG+ J-_

O j [IC buffer amp with ‘ -‘

totemn pole output -

}ikjﬁ: D50026 or ‘ r’
o1 LUCT 706507

GG- T
School of ECE

VGG {Circuitry for isolated
. dc supplies not shown)



Isolated Drive Without Auxiliary DC Supplies
- MOSFET Example

© Veontrol

Inverting A I;

cap
C Noninwverting L |
ﬂ/Wij | | (O— Buffer B

Schmitt

Zener diode voltage V;,
trigger must be less than negative
Veoneral _ . pulse out of transformer
— secondary or pulse will not
VA T P =t reach MOSFET gate to turn
v e N - ¢ it off.
VE -—
VA— VE =
Vsec : = t
(dotted) — ?
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Circuit/Component Layout Considerations

Prime consideration is minimizine stray inductance

vy Yy
Control Stray inductance in series with high-voltage side
Ps G I Signal Dt G)' o of power device Q_ causes overvoltage at turn-
Control Drive Q off
Signal L Circui SW . . . . .
c * Stray inductance in series with low-voltage side

i_ Drive | ko Lg power device Q_ can cause oscill-ations at turn-

Circui =W on and turn-off.

1

* One cm of unshielded lead has about 5 nH of
series inductance.
vy
1 + Keep unshielded lead lengths to an absolute
D minimum.
?&ntr;::l Twisted or f (+)| 0
'gna shielded (I
Drive conductors |: 0 [;:_T
t | 1 Control terminals G il Power terminals
S o——
S

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

Some power devices provided with four leads, two input
leads and two power leads, to minimize stray inductance
11 1nput circuit.



