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N-Channel Power MOSFETs
Avalanche Energy Rated*

Features

* 0.5A and 0.4A, 350V ~ 400V

* rps(on) = 1.80 and 2.5Q

¢ Single Pulse Avalanche Energy Rated*
* SOA is Power-Dissipation Limited

* Nanosecond Switching Speeds

* Linear Transfer Characteristics

* High input Impedance

Description

The IRFD320, IRFD332, IRFD322, and IRFD323 are
n-channel enhancement-mode silicon-gate power field-effect
transistors. IRFD320R, IRFD332R, IRFD322R, and IRFD323R
types are advanced power MOSFETs designed, tested, and

Package
4-PIN DIP
TOP VIEW

] SOURCE
DRAIN [

] GATE

Terminal Diagram
N-CHANNEL ENHANCEMENT MODE

guaranteed to withstand a specified level of energy in the D
breakdown avalanche mode of operation. All of these power
MOSFETs are designed for applications such as switching
regulators, switching converters, motor drivers, relay drivers,
and drivers for high-power bipolar switching transistors G
requiring high speed and low gate-drive power. These types
can be operated directly from integrated circuits.
The IRFD types are supplied in the 4-pin dual-in-line plastic s
package.
Absolute Maximum Ratings (Tg = +250C), Unless Otherwise Specified
IRFD320 IRFD332 IRFD322 IRFD323
IRFD320R IRFD332R IRFD322R IRFD323R UNITS
Drain-Source Voltage (1) .........coviiiiiiinennans. Vps 400 350 400 350 \
Drain-Gate Voltage (RGg =20KS2)(1)......coveeen. o VDGR 400 350 400 350 \
Continuous Drain Current
TE=425%C .t Ip 05 05 04 0.4 A
PulsedDrain Current(3) ... vvveern e iieiiiannnnnnn, Iom 2.0 2.0 16 1.6 A
Gate-SourceVoltage .............oiiiviiiiiiinan.s vVGs *20 +20 +20 +20 v
Maximum Power Dissipation
To=+25%C (SeeFigure 13) .......oveneeneiunnnann Pp 1.0 1.0 10 1.0 w
Linear Derating Factor(See Figure 13) .................... 0.008 0.008 0.008 0.008 W/0oC
Inductive Current, Clamped ..............cooieieinn... ['RY 2.0 2.0 1.6 1.6 A
(See Figure 14, L = 100uH)
Single Pulse Avalanche Energy Rating (4). ............. Eas* 100 100 100 100 md
Operating and Storage Junction . ................. Ty TsTG -55t0+150 -55t0+150 -5510+150 -55t0+150 oC
Temperature Range
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oG
(0.063" (1.6mm) from case for 10s)
NOTES:
1. Ty = +25°C to +150°C. 3. Repetitive Rating: Pulse width limited by maximum junction

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%.
4.

* R Suffix Types Only

temperature. See Transient Thermal impedance Curve (Figure 5).

Vpp = 40V, starting Ty = +250C, L = 29.09mH, Rgg = 5011,
IpEAK = 2.5A. See Figure 15.

CAUTION: These devices are sensilive 10 electrostatic discharge. Proper 1.C. handling procedures should be followed.

Coupyrighl ©® Harris Corporation 1931
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IRFD320, IRFD321, IRFD322, IRFD323 [RFD320R, IRFD321R, IRFD322R, IRFD323R

Electrical Characteristics Tg = +250C, Unless Otherwise Specified

N-CHANNEL
POWER MOSFETs

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Drain-Source Breakdown Voitage BVpss [V@s =0V, Ip=250pA
IRFD320/322, IRFD320R/322R 400 - - \
IRFD321/323, IRFD321R/323R 350 - - \
Gate Threshold Voltage VGS(TH) | VDS = VGs: Ip = 250pA 2.0 - 4.0 \
Gate-Source Leakage Forward lgss | Vag =20V - - 500 nA
Gate-Source Leakage Reverse IGss VGs =-20V - ~ -500 nA
Zero Gate Voltage Drain Current Ipss Vpg = Max Rating, Vgg = 0V - - 250 uA
Vps = Max Rating x 0.8, Vgg = 0V, - - 1000 BA
Tc = +1250C
On-State Drain Current (Note 2) ID(ON) | VDS > ID{ON) X 'DS(ON) Max, Vgg = 10V
IRFD320/321, IRFD320R/321R 0.5 - - A
IRFD322/323, IRFD322R/323R 0.4 - - A
Static Drain-Source On-State 'DS(ON) |VGs =10V.Ip = 0.25A
Resistance (Note 2}
IRFD320/321, IRFD320R/321R - 1.5 1.8 Q
IRFD322/323, IRFD322R/323R - 1.8 2.5 Q
Forward Transconductance (Note 2) dfs VDS > ID(ON) X 'DS(ON) Max D = 0.25A 1.0 20 - S{(U)
Input Capacitance Ciss Vas =0V, Vps =25V, f = 1.0MHz - 455 - pF
Output Capacitance Coss See Figure 10 - 100 - pF
Reverse Transfer Capacitance Crss - 20 - pF
Turn-On Delay Time tdfoN) [ VoD =0.5BVpsg, Ip = 0.5A,Rg =9.1Q - 20 40 ns
Rise Time t, See Figure 16. (MOSFET switching times _ 25 50 ns
- are essentially independent of operating
Turn-Off Delay Time td(OFF) temperature) - 50 100 ns
Fall Time tf - 25 50 ns
Total Gate Charge Qg Vgs = 10V,Ip = 0.5A,Vpg = 0.8 Max - 12 15 nC
(Gate-Source + Gate-Drain} Rating. See Figure 17 for test circuit.
Gate-Source Charge Qgs (Gate charge is essentially independent of - 5.0 ~ nC
operating temperature.
Gate-Drain (“Miller’) Charge Qga | PEenoemP ) = ) . nC
Internal Drain Inductance Lp Measured from Maditfied MOSFET - 4.0 - nH
the drain lead, symbol showing the
2.0mm (0.08 in.) internal device
from package inductances.
to center of
die.
Internal Source Inductance Ls Measured from the - 6.0 - nH
source lead, 2.0mm
(0.08") from
package to source
bonding pad.
Junction-to-Ambient Rgya | Free air aperation - - 120 OC/W
Source Drain Diode Ratings and Characteristics
Continuous Source Current Is Modified MOSFET b - - 05 A
{Body Diode) symbol showing the
Pulse Source Gurrent ISMm integral reverse — - - 2.0 A
(Body Diode) (Note 3) P-N junc. rectifier. G b_’ll’
3
Diode Forward Voltage (Note 2) Vsp Ty =+259C, 13 = 2.0A,VGgg = OV - - 1.6 \
Reverse Recovery Time trr Ty = +1500C, I = 2.0A, dIp/dt = 100A/us - 450 - ns
Reverse Recovered Charge QRR Ty = +1500C, [f = 2.0A, dig/dt = 100A/us - 3.1 - uG
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by Lg + Lp.

NOTES:

1. T) = +25°C to +150°C 3. Repetitive Rating: Pulse widih limited by max.
junction temperature. See Transient Thermal

Impedance Curve (Figure 5).

4. Vpp = 40V, slarting Ty = +25°C,
L = 28.09mH, Rgg = 50(1, ippak = 2.5A.

2. Pulse Test: Puise width < 300us, {See Figure 15)

Duty Cycle < 2%

4-419



IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321R, IRFD322R, IRFD323R

] ™TT 5‘| L

i |
L egseuiseesT — 4| ﬁﬁ aummse *ssv %—*

= f Vus > 'O(on) * RDS{an) max.

- iﬂ;

2 2
g Eoef At T
= s i
< = I
= = | I |
= = 3 + ; l
g z | |
> > | H
3 3 | | i T
z z
< < Ty=1259C
g R T = AN —
s e - j T
[ T T
! ‘T)*—SSOE
1 - + T
ERENREN /e
| T
[ 100 200 o0 0 1 2 1 4 5 6
Vps. DRAIN-TO-SQURCE VOLTAGE (vVQLTSI Vs GATETOSOURCE VOLTAGE (VOLTS)
Fig. 1 — Typical Output Characteristics Fig. 2 - Typical Transter Characteristics

IAFD320R, 1R

2
= =
= o JIRFD322R 3R K ‘\ DY |
@ o T
o H [RFDSZ0F, i1y P 10,8
_ z G
4] a . ~ 100 s
h
& H \\ \\ N 10
a ~ 2 N & 1ms
E £ AN 3 il
< £ o044 -
= -3 8RFD322R, 3 e W toms
g =T I Y I
2 L[ N (W1 1
< o 4 N T
3 [ 3 N 100
3 z N ) ms | ]
= = TA=25°C NI~ | I
= O 0.01 4 Tg=150°C MAX. N
S S §[ Runua:120K/W N T
& - o | SINGLE PULSE o R
= 1 il
| IS
2 FDJI21R, 3R+
L ’ | J NETI 320R, 2R
L__oo01 | iy ]
2 ) 4 68| Z e8]
1 10 100 350 t000
Vps, DRAIN TO SOURCE VOLTAGE (VOLTS)
92cs- 7
Vps. ORAIN TO SOURCE VOLTAGE (vaLTS) §-42799
Fig. 3 — Typlcal Saturation Characteristics Fig. 4 — Maximum Safe Operating Area

5 y 2
T T T 111 ]
[~—t— 80 1 PULSE TEST } 4 - !
] t H 1 — 102 +
5 [—1— Y05 > 10(an) X RDSton} max. &
= | i & R
2 ] % 5 T ztzllL)_,\l\T
= < -
2 : ——1- T} = -650C ——~——{ = ‘
w t i ="15g0
% — e e , ,/ Ty=1509C |
! . S
5, P ] 2 i
=2
=} - ! =3
H A - Ty = 1280 g 10 77
2 /// w — y 74
32 i g F 44
- A _ 2 [Ty-seec /
ES // 1 = s
1 t ‘ .g 2 \7 :
|
7 : —— [ ] II T 250ET
| | 10 .
0 1 2 3 4 5 6 ) 1 2 3 4
1g. ORAIN CURRENT (AMPERES) Vgp. SOURCE TO-DRAIN VOLTAGE (VOLTS)
Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage

4-420



IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321R, IRFD322R, IRFD323R

125 22 ! T 1 1 ‘ T \‘
| 1 | !
| - . —
=} T I i ;
= w | | | !
Z s z 8 e e am—
S S ! | |
z ol z Lo ,,,‘r, 4 ]
3 2 ;
=} i i
, i |
25 106 ,4/ F- PR W S S } ]
bRl o !
gN L~ gn |
ui 2z . ]
T T
£z 2E | !
Pz 095 Szt —t ’#*f ——
2 E | L b
z o }—— } + | +
< e ' 1
a 088 s , 1 | vgg = 10V
A Z 06 ; — .
8 & 7 I \! T |D‘ 154
>
: . L
078 L 02 | ‘ ‘ 1 .
40 [] 40 80 120 160 .40 0 4 80 120
T3, JUNCTION TEMPERATURE {°C) Ty, JUNCTION TEMPERATURE (9C)
Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resist Vs. Temperature
1000 — T
1 T P 2 } ™ T
i . !
e b | HRE
T e L | ] 4
g00 Vo i o Ciss = Cgs* Cya, Cos SHORTED = ‘ 1 [ | o i |-'3
Cess = Cod o i Vgg = 80V
L A% D S i - LS — e
R P gs Lga - > i | TR
< oss = Lds* Ty~ Tyg = , Vs = 200V . =20
= s00 [ = bt - - 1 z9Q
b= 3 g =
z S | T
5 S p———t--4 o - 9 Fu
a < | |
g 2 | z2
< 400 2 i '
> 3N S ] 2
= | ' \
< 3
ERE - #—744————1—— —
200 2 b Ip = 0.5A
| .l i ___ FORTESTCIACUIT
: SEE FIGURE 17
| | ' |
| | i . 1
0 10 20 30 40 50 0 4 8 2 18 2
vps. DRAIN-TOSOURCE VOLTAGE (VOLTS) Qg TOTAL GATE CHARGE In0)

Fig. 9 — Typlical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Vollage

a5
Rsian) MEASURED WITH CURRENT PULSE OF

| 200s0uRATION INITIAL Ty = 250C (HEATING =N
Z ] EFFECT OF 2.0 4s PULSE IS MINIMAL ) ™
FY . L | —
2 ! ! 04 IRFD320, 321
S 1 ‘ : = |RFD320R, 321R
: - / :
%4 ; o
2 i 1/ &
] ‘ Vs F 10V Z o3 AN AN
E = N
z z N\
o
g’ } ; N N
3 1 ‘ 3 RFD322,322 N I\
2 ; ' { z 02 IRFD322R, 323R N

i <
z2 f 1 z \ N
: ] :
g ‘ N
Eh | 0.1
% I
3
o« i

| :

0 2 4 § 3 19 [ b3 50 78 100 125 150
g, DRAIN CURRENT (AMPERES: T, CASE TEMPERATURE {°C)

Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature

4-421



IRFD320, IRFD321, IRFD322, IRFD323 [RFD320R, IRFD321R, IRFD322R, IRFD323R
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Fig. 14b - Clamped Inductive Waveforms
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Fig. 15b - Unclamped Energy Waveforms

+Vpg
CURRENT {ISOLATED
REGULATOR SUPPLY)
SAME
TYPE
AS DUT

50
'|'k.‘7.

Vgs= 10V

PULSE WIDTH < 108
DUTY FACTOR < 0.1%

Fig. 16 - Switching Time Test Circuit
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Fig. 17 - Gate Charge Test Circuit



