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International
Rectifier

PD-9.512B

IRFP460

HEXFET® Power MOSFET

* Dynamic dv/dt Rating

* Repetitive Avalanche Rated

* |solated Central Mounting Hole
¢ Fast Switching

* Ease of Paralleling

® Simple Drive Requirements

i Vpes = 500V
HDS{DI‘I} = 0+2?£1
. I = 20A

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the bast combination of fast switching, ruggedized device design, low

on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

maet the requiremaents of most safety specifications.

Absolute Maximum Ratings

- Parameter Max. Units
Ip @ To=25"C Continuous Dra'i'n_cl':rr_enl._‘d'c.s_@ oV 20 o
Ip @ Tg = 100°C__| Continuous Drain Current, Vas @ 10V 13 A
lom | Pulsed Drain Currant @ 80
Po@ Tc=25°C | PowerDissipation | 280 W
| | Linear Derating Factor | 22 _ Wi
Vas | Gate-to-Source Voltage +20 v
Ens fSingle Puise Avalanche Energy @ 960 | md
o |AvalancheCurrent ® R
Eas Repelitive Avalanche Energy © 28 mJ
dwidt | Peak Diode Recovery dvidt @ 3.5 | Vins
T. | Operating Junction and -55 to +150 '
Tara _| Storage Temperature Range ) _| - | C
| Soldering Temperature, for 10seconds | 300 (1.6mm from case) o
| Mounting Torque, 6-32 or M3 screw | 10 Ibfein {1.1 Nern) -
Thermal Resistance
T Parameter | Mn. | Typ. | Max. | Units
Rac | Junction-to-Case — — | 045
Racs Case-to-Sink, Flat, Greased Surface — 0.24 — | ow
Raw | Junction-to-Ambient — — [ a0 [
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IRFP460

IOR)|

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max, | Units Test Conditions
Viarinas Drain-to-Source Breakdown Voliage 500 | — — V| Vas=0V, lp= 250uA
AVipmnssfAT)| Breakdown Vollage Temp. Coefficient — | 0.83 — | V°C | Referance to 25°C, o= 1mA
Rosion) Static Drain-to-Souree On-Resistance —_ — | 0.27 0 (Ves=10V, Ig=124 @&
Vs Gate Thrashaold Voltage 20 | — | 40 V| Vps=Vas, lp=250pA
Qis Forward Transconductance 13 - o S | Woeg=50V, [p=12A @
Inss Drain-to-Source Leakage Current — — 25 A Vos=500V, Vie=0V
— — | 230 Vos=400V, Ves=0V, T;=125°C
lass Gate-1o-Source Forward Leakage | = —_ 100 nA Y ag=20V
| Gale-lo-Source Reverse Leakage —_ — | -100 Vos=-20V
Qg Total Gale Gharge — | — [ 210 =204
Qs Gate-to-Source Charge — | — | 29 | nC |Vps=400V
[ Gate-to-Drain ("Miller") Charge — — 110 Was=10V See Fig. 6 and 13 @
telfan) Turn-0n Delay Time — 18 — | Voo=250V
tr Rise Time — 58 — s | =204
i tdfar Turn-Off Delay Time — 110 — Ra=4.30
LI Fall Time — | 58 | — Fo=1301 See Figure 10 @
Le Internal Drain Inductance - 5.0 —_ gﬂu;e?;zlg?r?} /I—Hé\
nH | from package “—Q |
Ls Internal Source Inductance — | 13| — and center of FI%
dig contact 5
Ciss Input Capacitance — 4200 | — Vag=0W
Cos Cutput Capacitance | — B0 | — pF | Vps= 25V
Crss Reverse Transfer Capacitance | — 30| — | f=1.00MHz See Figura 5
Source-Drain Ratings and Characteristics
Parameter Mirn, | Typ. | Max. | Units Test Conditions
e Continuous Source Current . . ! 20 { MOSFET symbol o
{Body Diode) a | showing the —
W Pulsad Source Current — | = | 80 integral reverse @ |
{Body Diodé) @ p=n junction diode. s
Vso Dicde Forward Voltage — — | 18 V| T=25°C, 15=20A, Vis=0V @
L Reverse Recovery Time —_ 570 | 880 ng | T =25C, |e=20A
i Heverse Recovery Charge — | 57 | 88 uC | difdi=100A/us @
tan Faorward Tum-0On Time Intrinsic turn-on time is neglegible (urn-on ks dominated by Le+Lp)
Motes:

{: Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

@ Vpp=50V, starting T=25°C, L=4.3mH
RG=2502, |ag=20i {Sea Figure 12)

@ Isp=20A, diidi=160A/ps, VopsVieRiDss,

Tu£180°C

@ Pulse width = 300 us: duty cycle 2%,
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IRFP460

Ig. Drain Current {Amps)

Ip, Drain Current {Amps)
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IRFP460

Capacitance (pF)

lsp, Reverse Drain Currant (Amps)
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Fig 5. Typical Capacitance Vs.
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Fig 7. Typical Source-Drain Diode
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Wag, Gate-to-Source Voltage (volts)

Ig, Drain Current {Amps)

Vpg, Drain-to-Source Vollage {volts)
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Ip, Drain Current (Amps)

IRFP460
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Crawing — See page 1511

Appendix C: Part Marking Information — See page 1517 International
1or| Rectifier
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International
IGR Rectifier 30CPHO3

Ultrafast Rectifier

Features
Ultrafast Recovery Time trr = 40ns
» Low Forward Voltage Drop —
+ Low Leakage Current |F|:,-'.'h,'-_-'] EDﬂmp
175°C Dperating Junction Temperature III"'IIR =300V
Description/ Applications

nternational Rectifier's 300V series are the state of the art Ultrafast recovery rectifiers designed with optimized
performance of forward voltage drop and Ultrafast recovery time

The planar structure and the platinum doped life time confrol guarantee the best overall perfformance, ruggedness
and reliability characteristics.

These devices are intended for use in the ocutput rectification stage of SMPS, UPS, DC-DC converters as well as
freewheeling diedes in low voltage inverters and chopper motor drives.

Their extremely optimized stored charge and low recovery current minimize the switching losses and reduce over
dissipation in the switching element and snubbers.

Absolute Maximum Ratings

Parameters Max Units
Vearm Repetiive Peak Reverse Voltage 300 W
lrgy Average Rectfied Forward Cument Per Leg 15 A

@T,=142°C Total Device 30
lezp Mon Repetiive Peak Surge Current Per Leg 140

@ T, =25C
T, Tars Operating Junction and Storage Temperatures -85 to 175 "C

Case Styles
J0CPHO3

TO247
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J0CPHO3

Bulletin  PD-20035 rev. D 04/03

Internationa
TR Reclifier

Electrical Characteristics @ T = 25°C (unless otherwise specified)

Parameters Min | Typ | Max |Units| Test Conditions
Vem, Vr Breakdown Voltage, oo - - v r= 100pA

Blocking Voltage
VE Forward Voltage - (108125 W | =184, Ty=25°C

OBS| 100 W | g =154, T,=125°C
Ir Reverse Leakage Cument - |0056( 40 | pA | Va=VrRated
12 | 400 | pA [ Ty=125C. Ve =VsRated

Cr Junction Capacitance - 45 - pF | WV g=300V
Ls Series Inductance - 8 - nH | Measured lead io lead Smm from package body

Dynamic Recovery Characteristics @ T = 25°C (unless otherwise specified)

Parameters Min | Typ [Max |Units| Test Conditions
by Rewverse Recovery Time - - 40 ns Iz = 1.0A, di=idt = B0A s, Vg = 30V
iz - T.=25°C
45 - T,=125°C .= 154
== Peak Recovery Cument - |24 | - A& | Tu= 3‘:?;];:%}15
6.1 - T,=125°C
Qn Rewverse Recovery Charge - 3 - nc | T,=
137 | - Ts=125°C
Thermal - Mechanical Characteristics
Parameters Min Typ Max Units
Ta Mazx. Junction Temperature Range ] - 176 *C
Tes Max. Storage Temperature Range - 85 - 175
Rinac Thermal Resistance, Junction to Case Per Leg - 0. 20 “CIW
Rihsa® Thermal Resistance, Junction to Ambient  Per Leg - - 40
Rincs’ Thermal Resistance, Case to Heatsink - 0.4
W Weight - 6.0 |
- 021 (oz)
Mounting Torgue 6.0 - 12 Kg-cm
5.0 - 10 bf.in

«  Typical Socket Mount
HDL"II‘.I’I; Surface, Flat, Smooth and Greasead
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International
TGR Reclifier Buletn PD-20035

30CPHO3

rev. O 0403

Reverse Recowvery Circuit

Vg =200V
o

= TiuH %‘

dl g fdt P
|—| ]-l ADJUST G | ‘I.'.'i IRFF250
i nﬁ 5 Z Ty

S difrec)Midt (%)

Jr b

0.75 IRAM
- e |
1% o
(1) i Mt
1. dipdt - Rate of change of curent through zeno 4. Q- - Area under curve defined byt
cressing ard IRAM
tmxl RRM
Z. Igmpa - Peak reverss recovery curment Qge—
3.8, - Reverse recovery ime measwrsd om 28 E.dl jriec) M/ dt - Feak rate of change of
crossing point of megative going | 85 point whene current during t b portion of T

a line passing through 0.7S Iggy and 050 Igmy
extrapolated bo zeno curment

Fig. 10 - Reverse Recovery Waveform and Definitions
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Internationa

J0CPHO3
Bulletin PD-20035 rev.D 04/03 TR Reclifier
Outline Table
385 (0144 ‘s .
15.90 (0628 Caalaandl 5.30 {0.209) -
355 013 p—
15.30 {0502 : amopiEs | |, 2500 e
- ¥ [ 15 o= Commen
. | ¥ s7p2zs - Cathode
530 0204 — z
2030 {0,800} -
1970 (0775 T S
450 0177
L s, § PP Al
1450 05831 [ . ;
3420 00,558 430 (0.170) Anoce e
370 (0.125) i A
22010087 1| | 2.0 moes) Cathod
1.40 [0.055) M — b i
100 @) 3 . 0,80 (0.032) )
3.20(0.126) s
. MAX. 04D [0.213)
547 [0.2%)
5.43 (0213

Conforms to JEDEC Outline TO-247
Dimensions  in millimeters and (inches)

Marking Information

EXAMPLE: THIS IS A 30CPHD
WITH ASSEMBLY

LOT CODE 5657

ASSEMBLED ON WW 35, 2000
IN THE ASSEMBLY LINE "H

INTERMATIONAL
RECTIFIER —._

LOGO

b 56

O

JOCPHOZ
-T0R 135

PART NUMBER

DATE CODE
YEAR O = 2000
WEEK 35

LINE H
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TOSHIBA

TLP250

TOSHIBA Photocoupler

TLP2350

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

* Input threshold current: IF=bmA(max )

e Supply current (Icc): 11mA{max )

» Supply voltage (Vog): 10-35V

« Qutput current (I0): =1 5A (max )

« Switching time (tpL HftpHL): 1.5ps(max.)

« Isolation voltage: 2500Vyms(min )

» UL recognized: UL1577, file No.E67349

» Option (D4) type
VDE approved: DIN VDE0884/06.92, certificate No.76823
Maximum operating insulation voltage: 830VPE
Highest permissible over voltage: 4000Vpr

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
« Creepage distance: 6. 4mm(min )
Clearance: 6 4mm(min )

Schmatic
lcc
«— -
* L d Vee
IF
—>
2+ :] Vo
3 Vo
L b GND

A 0_1yF bypass capcitor must be
connected between pin 8 and § (See Note 5).

Truth Table

R il Tr2
Input On an Off
=) off off on

GaAlAs Ired & Photo-IC

Unit in mm

Bd+0.25

z
=
z
o

254 025

7.62+0.25

e = D

f

i
ja.
=3
+
o
=3

1100

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (top view)

il
2[j
3]
4 [

Egdi

/

s
7
e

s

N.C.

- Anode

- Cathode
NG

:GND

“¥o (Output)
Vo

“Vee

M=l 0 & Wk =
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TOSHIBA TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta = 70°C) Alg 1 ATa -0.36 mA{°C
@ Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 v
Junction temperature Ti 125 "C
“H"peak output cumrent (Py = 2.5ps,f = 15kHz) (Note 2) loPH -1.5
“L"peak output current (Pyy = 2 5ps.f = 15kHz) {Nate 2) lopL +15
Output voltage Ledaliid, Yo 3 v
5 (Ta=185C) 24
;?3 (Ta=T70°C) 35
2 Supply voltage = Vee v
(Ta=185°C) 24
Output voltage derating (Ta = 70°C) AVl ATa -0.73 viI°C
Supply voltage derating (Ta = 70°C) AVec/ ATa -0.73 vi®C
Junction temperature Ti 125 “C
Operating frequency {Note 3) f 25 kHz
Operating temperature range Topr -20~85 i &
Storage temperature range Tatg -55~125 "C
Lead soldering temperature (10 s) Teal 260 "C
Isclation voltage (AC, 1 min., R.H.= 60%) (Note 4) BVsg 2500 Vs

(Note 1)  Pulse width Pyy < 1ps, 300pps
(Note 2) Exporenential wavefom
(Note 3) Exporenential wavefom, lopH < —1.0A( < 2.5¢s), lopL = +1.0A( = 2.5ps)

(Note 4) Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted fogether, and pins 3, 6, 7 and 8 shorted
together.

(Note 5) A ceramic capacitor(0.1pF) should be connected from pin 8 to pin £ to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Uit
Input current, on IF(any 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8
Supply voltage Vee 15 . 20 | 20
Peak output current lopwlopL — = 05
Operating temperature TGpr -20 25 70 ‘ 85 *C
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Electrical Characteristics (Ta =-20~-70°C, unless otherwise specified)
Test
Characternstic Symbaol Cir- Test Condition Min. Typ." Max Uit
camt
nput forward wvoltage VE — Ir= 10 mA | Ta=25°C 1.8 1.8 v
nput reverse cument IR — Vr=58V,. Ta=25C — 10 wh
nput capacitance Cr — V=0,f=1MHz , Ta=25"C — 45 250 pF
. IF=10mA
H™ lewel loeH k] 05 -1.5 —
= Vg-g=4V
Owrtput current .:':?C e — A
- L F= _
L™ leve oEL 2 Vp.5= 25V 05 2
= Vet = #15V, Vg1 =-15V - _
H™ lewel VioH 4 RL= 2000 Ir = 5mA 2.8
Output woltage v
- = Viogy = #15V, Vg1 =15V _ _ _
L™ lewe VoL 5 Ry = 2000, Vg = 0.8V 142 125
Voo =30, |g = 10mA _ 7 _
“H" level lecH — |Ta=25%C
Supply current Voo =30, |g = 10mA — — 1 .
Voo =30, |p = 0mA - 75 -
L ey coL — Ta=25"C
Voo = 30V, | = OmA — — 11
Threshold mput “Output I Vioet = #15V, Vg1 =15V _

. FLH — — 1.2 5 A
current L—H Ry = 2000, Vg > OV "
Thresheld mput “Cutput | Vegr = +15V, Ve =-15V

. FHL — 0.8 — — v
voltage H—L R = 2000, Vg <OV
Supply voltage Vo — 10 - 35 v
I;zu::a.a:nance . Cs _ Vg = Cl_ f=1MHz _ 10 20 oF
{input—output) Ta=25"C
Resistance{input—ocutput) Rs — EGHZ&gI]D;I Ta=25%C 11':'12 1IZI1'1 — {1
* All typical values are at Ta =25°C  (*1): Duration of lo time = S50ps

Switching Characteristics (Ta = -20~-70°C , unless otherwise specified)
Test
Charactenstic Symbeol Cir Test Condition Min. Typ." Max Uinik
cuit
Propagation L—H tpLH — [IREi] 05
delay time HeL tpHL g = BrA ~ _ 015 ]
i Voot = +15V, VEpg =15V us
Owurtpart rise time tr R =2000 — — —
Owrbpart fall time tr — — —
Common mode transient _ _
immunity at high lewel CuH 7 ECH _ SEEVT.LF;EETJC!\ -5000 — — Vips
output cC ' -
Common mode transient
; - Vi = 600V, |r = 0mA !
:zm“::an ty at low leve CmL 7 Vg = 30V, Ta=25°C 5000 - - Vips

* All typical values are at Ta = 25°C
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TOSHIBA

TLP250

[y

IF

Fonward curment

Allowable forward cument

Allowable peak output cument

{may)

IF

()

lopH, lopl

IF=VF AVE! ATa-IF
100 2.6
_|Ta=25°cC
50 Ca
Y —1= =
10 / -
=
5 F E E
a
3 4 = Pt
g S
L
1 Sy -20
o 7 2>
05 f S
13 7 BE 48
/ $3
01 5 £
0.05 gi -1.6
0.03 7
oo ! 14
1.0 12 14 16 18 20 01 03 o5 1 3 b 10 an
Forward voltage VE (V) Forward current IF (ma)
IF-Ta Vec—-Ta
40 40
30 2 30 \
= \
@
&
=
2 S
=
I g
H
L}
10 ﬁ 10
=
=
=
o i)
/] 0 40 L] BO 100 o 20 40 &0 B0 100
Ambient temperature Ta (°C) Ambient temperature Ta  (*C)
loPH, lopL—Ta
PW = 25ps. 3 15KHz
2
1
a
/] 20 40 L] ED 100
Ambient Temperature Ta (°C)
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MICROCHIP

dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

Mote: This data shest summarizes features of this group
of dsPIC30F devices and is notintended to be & complsts
reference source. For more information on the CPU,

descriptions and genaral device
functionality, refer to the osPIC30F Family Reference
Manugl (DSTO046), For more information on the device
ing, refer i the dsPIC30F

pernipharals, regisier

instruction set and TETHTNG
Programmer's Refers nce Manua! (DST0030).

High-Performance Modified RISC CPU:

Modified Harvard architectun
C compiler cplimized instruction set archiBciune

B4 basea instructions with flexible addmessing
mades

24-bit wide instructions, 16-bit wide data path
12 Kbwyles on<chip Flash program space

512 bytes onchip data RAM

* 1 Kbyle non-valatile data EEPROM

» 16 x 16-bit working register array

Upto 30 MIPs operation:

- DC to 40 MHz exdernal dock input

= 4 MHz-10 MHz csdllator input with
PLL active (4x, Bx, 16x)

27 interrupt sources

Threa extemal interrupl sources

+ B user selectable piodty levels for each infermupt
* 4 processor exceptions and soflware traps

D5SP Engine Features:

Maodulo and Bit-Reversed modes

Two, £0-bil wide accumulators with optional
saturation logic

17-bit x 17-bil single cycle hardwane fracticnal/
integer multlplier

Single cycle Mulliply-Accumulate (MAC)
operation

40-stage Barel Shifter

Dual data fetch

Peripheral Features:

High cumrent sinkisource /O pins: 25 mA&/25 mA
Threa 16-bit timers/counters; optionally pair up
16-bit timars into 32-bit timer modules

Feur 16-bil Captlure input functions

Two 16-bil Compana/PWM outpul functions

= Dual Compare mode available

» J-wire SPI™ modules (supports 4 Frame modes)

+ [2C™ module supports Mult-Master/Slave mode
and T-bit/104bt addressing

Addmessable UART modules with FIFO buffers

Motor Control PWM Module Features:

= & PWM output channels
- Complementary or Indepandent Output
modes

- Edge and Center Aligned modes

4 duty cycle generators

» Dadicated time base with 4 modes

* Programmable output polarity

Dead time control for Complementary mode
Manual oulput control

Trgger for synchronized A/D conversions

Quadrature Encoder Interface Module
Features:

Phase A, Phasa B and Index Pulse input
1650t up/down position counter

Count direction status

Posiion Measurement (x2 and x4) mode
Programmable digital noise fillers on inputs
Alternate 16-bit Timer/Counter mode

Interupl on position counter rollover/underlow

Analog Features:

» 10-bil Analog-lo-Digital Converier (A/D) with:
= 500 Ksps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Skeep and Idle

* Programmable Brown-out Delection and Resel
generation
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Special Microcontroller Features:

Enhanced Flagh program memary:

= 10,000 easaiwrite cycle (min.) for
industrial termperature range, 100K (typical)

Data EEPROM memary:

- 100,000 araseiwrite cycle (min.) for
industdal temperature range, 1M (typical)

Selfreprogrammable under software control
Power-on Reset (POR), Power-up Timer (PWRT)

and Oscllator Start-up Timer (OST)

Flexible Watchdog Timer (WDT) with on-chip low

power RC osdllator for reliable operation

Fail-Safe dock monitor operation

Datects clock failure and switches to on-chip low
power RC oscllator

Programmable code protection

In-Circuit Serial Programming™ (ICSP™)
Selectable Power Management modes

- Sleap, Idle and Allernate Clock modes

CMOS Technology:

Low power, high speed Flash technology
Wide operating woltage range (2.5 o 5.5V
Industral and Extended temperature ranges
Low power consumption

dsPIC30F Motor Control and Power Conversion Family®

Oevice | pins | Mem Byes| SEAM EEPROM | Tmer rput i | ot 840 10001 00 & | 13,2
Instructions PWM PWM =

dsPIC3I0F2010 | 28 12K/4K 512 | 1024 3 4 2 &ch Gch | Yes |1 |1|1]-
dsPICI0F3010 28 24H8K 1024 1024 3 4 2 & ch & ch Yes [ 1 [11]-
dsPIC30F4012 28 ABK M GK 2048 1024 3 4 2 Gch &ch Wes | 1 [1 1|1
dsPICI0F3011 | 40744 2417 8K 1024 1024 3 4 4 Gch 9ch Yes [ 2 (11 -
dsPICI0F4011 | 4044 | 4BKMEK 2048 1024 -] 4 4 &ch 9ch Wes |2 [1 1|1
dsPIC30F5015 [:2} BEK 22K 2048 1024 5 4 4 &ch 16 ch Yes |1 [2[1]1
dsPICZ0F&010 20 THE48K | 8192 4096 5 -} -} &ch 16 ch Yes |2 (2|1 |2

* This table provides a summary of the dsPIC30F2010 perpheral features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparson.

Pin Diagrams

28-Pin SDIP and S0IC
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FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
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Table 1-1 provides a brief description of device 11O
pinouts and the functions that may be multipleced to a
port pin. Multiple functions may exist on one port pin.
When multiplexing occurs, the peripheral module's
functional requirements may force an overrdde of the
data direction of the port pin.

TABLE 1-1: PINOUT 1/O DESCRIPTIONS
Pin Buffer
Pin Name Description
Type | Type 4

AND-ANS | Analeg  |Analog input channels.

AVDD P P Positive supply for analog modubke.

Ass P F Ground reference for analog module.

CLEI | ST/CMOS |Extemal clock sounce input. Always associated with O3C1 pin function.

CLKO o] — (Ozdillator crystal cutput. Connects to crystal or resonator in Crystal
(Ozdillater mode. Optionally functions as CLKO in RC and EC modes. Always
agssociated with OSC2 pin functicn.

CNO-CNT | ST Input change notification inputs.
(Can be software programmed for internal weak pull-ups on all inputs.

EMUD o ST ICD Primary Communication Channel data inputioutput pin.

EMUC o ST ICD Primary Communication Channel clock input/output pin.

EMUDA o 5T ICD Secondary Communication Channel data inputioutput pin.

EMUCA le] 5T ICD Secondary Communication Channel clock input/cutput pin.

EMUD2 o ST ICD Tediary Communicaticn Channal data input/output pin.

EMUC2 o ST ICD Teriary Communication Channel dock input/output pin.

EMUD3 o ST ICD Quatemary Communication Channel data inputiutput pin.

EMUC3 o ST ICD Quatemary Communication Channel clock input/cutput pin.

IC1, IC2, ICT, | ST [Capture inputs. The dsPICI0F2010 has 4 caplure inputs. The inputs are

ICa numbsened for consistency with the inputs on langer device variants.

IND X | ST ‘Quadrature Encoder Index Pulse input.

QEA | ST ‘Quadrature Encoder Phase A input in QE| mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB | ST [Quadrature Encoder Phase A input in QE| mode.
Auwxiliary Timer External Clock/Gate input in Timer mode.

INT D | 5T Extemal interrupt 0

INT4 | 5T Extemal interrupt 1

INT2 | ST Extemal inkerrupt 2

FLTA | a7 PWM Fault A input

PWMIL [#] —_ PWM 1 Low output

PWM1H o] — PWM 1 High cutput

PWMZL 8] - PWM 2 Low output

PWM2ZH [a] - PWM 2 High output

PWM3L [a] — PWM 3 Low output

PWM3H 8] — PWM 3 High output

MCLR P ST Master Clear (Reset) input or programming voltage input. This pin is an active
low Reset to the device.

OCFA | 3T (Compara Fault & input (for Compare channels 1, 2, 3 and 4).

OC1-0C2 o] — (Compare outputs.

03C1 | STICMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.

0sC2 o — (Ozdillator crystal cutput. Connects to crystal or resonator in Crystal Oscillator

made. Optionally functions as CLKO in RC and EC modes.

Legend: CMOS

5T
I

=CMOS compatible input or cutput Analog=  Analog input
=Schmitt TAgger input with CMOS levels O=  Output
=Input P

= Power
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TABLE 1-1: PINOUT VO DESCRIPTIONS (CONTINUED)
Pin Buffer
Pin Name Description
Type | Type -
PGD e ST In-Circuit Sedal Programming data input/output pin.
PGC | 5T In-Circuit Sedal Programming clock input pin.
REO-RBS o T PORTE is a bidirectional /O podt.
RC13-RC14 o 5T PORTC is a bidirectional /O port.
RDO-RDA o T PORTD is a bidirectional VO port.
REQ-RES, o T PORTE is a bidirectional V'O port.
RES
RF2 RF3 [[e] sT PORTF i= a bidirectional 1/O port
SCK1 [{e] 5T Synchronous serial clock inputioutput for SPI™ #1.
sDN | 5T 3Pl #1 Data In.
SDOM o - SPl1 #1 Data Out.
581 | 5T SP1 #1 Slave Synchronization.
SCL e ST Synchronous serial clock inputioutput for c.
sDA s ST Synchronous serial data input'output for 12G.
S0sC0O o — 32 kHz low power osdllator crystal cutput.
S0SCI | STICMOS |32 kHz low power oscillator crystal input. ST buffer when configured in RC
made; CMOS otherwise.

T1CK | ST Timer1 extemal clock input.
T2CK | ST Tirmer2 extemal clock input.
U1RX | ST UART1 Recalva.
UMTX o — UART1 Transmit.
U1ARX | 5T UARTA1 Allernate Receive.
U1ATX o — UART1 Alternate Transmit.
Voo P —_ Pasitive supply for logic and /0 pins.
Vi P — Ground refersnce for logic and 11O pins.
VREF+ | Analog  |Analog Vdtage Reference (High) input.
VREF- | Analog  |Anakeg Vdtage Reference (Low) input.

Legend: CMOS

T
|

=CMOS compatible input or output Analeg=  Analog input

=Schmitt TAgger input with CMOS levels O=  Output
=|nput P

= Power
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Data Sheet No. PD60147 Rewv.T

Infernational
IR Rectifier IR2110(s)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
# Floating channel designed for bootstrap operation
Fully sperational to +500V or <800V Vorrser (IR2110) 200V max.
Tolerant to negative transient voltage (IR2113) 600V max.
d\idt immune
®* Gate drive supply range from 10 to 20V lo+/- 281 2A
* Undervoltage lockout for both channels
® 3.3V logic compatible Vour 10 - 20V
Separate logic supply range from 3.3V to 20W
Logic and power ground +5 offset tonioff (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-dowmn ;
® Cycle by cycle edge-triggered shutdown logic DE|3}" Matchlng U:;%?I?]%} 12[]'] NS max.
# Matched propagation delay for both channels { :I ns max.

# Outputs in phase with inputs
# Alzo available LEAD-FREE

Description Q
The IR2110MR2113 are high voltage, high speed power MOSFET and

IGBT drivers with independent high and low side referenced output 18-Lezd S0I0
channels. Proprietary HVIC and latch immune CMOS technologies 14-Lead PDIF B211051R21135
enable ruggedized monolithic construction. Logic imputs are compat- IR2TI0IRZT13

Packages

ible with standard CMOS or LSTTL output, down to 3.3V logic. The
output drivers feature a high pulse curment buffer stage designed for minimum driver cross-conduction. Propaga-
tion delays are matched to simplify use in high frequency applications. The floating channel can be used to drive
an MN-chanmel power MOSFET or IGBT in the high side configuration which operates up to 500 or 800 valts.

Typical Connection up to 500V or 80OV

=

— HO —| r_—l_:ru T
Vop© ; Voo Va2 -]
HIN e - HIN v, 0
SD e 5D Y LOAD
LIN LIN Voo — ]
Vg, o Vee  COM : ( il‘;‘j
Ve °_| ] Lo N ]

{Fefer to Lead Assignments for comect pin configuration). This These diagramis) show electrical
connections only. Flease refer to our Appilcation Motes and DesignTips for proper circut board Layout.
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Absolute Maximum Ratings

Internationao
TR Rectifier

Absolute madmum ratings indicate sustained Bmits beyond which damage to the device may cccur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation &atings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbaol Definition Min. Max. Units
VB High side fioating supply voltage {IR2110) 0.2 525
[IF2113) 0.3 625
Vs High side floating supply offset voltage VB-25 Vp+03
VHo High side floating outpart woltage Ve -0.3 Ve+ 0.3
Veo Low side fixed supply voltage 0.3 25
VLo Low side output voltage 0.3 Voo #0323 v
Voo Logic supply voltage 0.3 Ven +25
Vg Logic supply offset voltage Voo - 25 Voo #03
ViN Logic mput voltage (HIN. LIN & 5D) Ves-03 Voo +# 0.3
dVg/dt Allowabde offset supply voltage transient (figure 2) 50 Vins
Po Package power dissipation @ Ta < +25°C (14 lead DIF) — 1.8
(16 lead S0IC) — 1.25 W
RrHae Thermal resistance, junction to ambient {14 lead DIP) — 75 _
(16 lead 50IC) — 100 W
TJ Junction temperature — 150
Ts Storage temperature A5 150 L+
TL Lead temperature (soldenng, 10 seconds) — i

Recommended Operating Conditions
The inputioutput kegic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and V55 offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

VB High side floating supply absolute witage Wz + 10 Vg + 20

Vg High side floating supply offset woltage  (IR2110) Naote 1 500

{IR2113) MNote 1 800

VHO High side floating output voltage Vg VB
Voo Low side fixed supply woltage 10 il W
Vo Low side output voltage o Voo
Voo Logic supply voltage Vg +3 Vas + 20
Vag Logic supply offset voltage -5 [MNote 2) 5

Vi Logic input voltage (HIM, LIN & 50 Vaxg Voo

Ta Ambient temperature -40 125 G

Mote 1: Logic cperational for Vg of 4 fo +500V. Logic state held fior Vs of -4V to -

DTE7-2 fior more details)
Mote 2- When Voo < 5V, the minimum Vss offset is limited to -Vioo,

g5 (Please refer to the Design Tip
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IR2110(S)/IR2113(S) & (PbF)

Dynamic Electrical Characteristics

Vaas Voo Vas. Vpp) = 15V, €L = 1000 pF. Ty = 25°C and Vgs = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3

Symbaol Definition Figure | Min. | Typ. [Max.| Units [Test Conditions

ton Turn-on propagation delay T — 120 | 150 Ve =0V
foe Turn-off propagation delay B — Qs 125 Vg = BOOVIE00V
tsd Shutdown propagation delay 2 — 110 | 140 e Vg = BOOVIE00V
I Turn-on rise time 10 — 5 a5
tr Turn-off 2l time 1 — 17 25
MT Delay matching, HS & LS (IR2110}) — — — 10

mrn-ontoff (IRZ2113) — —_ — 20

Static Electrical Characteristics

Vewas (Vec, Vas. Vop) = 15V, Ta = 25°C and Vss = COM unless ctherwise specified. The Vin, VTH and iy parameters
are referenced to Ves and are applicable to all three logic nput leads: HIM, LIN and SD. The Vg and | parmmeters are
referenced to COM and are applicable to the respective cutput leads: HO or LO

Symbaol Definition Figure [Min. | Typ. Max.| Units |Test Conditions
VIH Ligic “17 input voltage 12 B.5s — —
ViL Ligic 07 input voltage 13 — — 6.0
Vior High level output voltage. Veas - Vg 14 — — 12 v o =04
Vo Low lewel cutput woltage, Vg 15 — — 0.1 o=0A
ILK (Oifset supply beakage curment 18 — — i Vg=\'=z = S00VB00V
QES Quiescent Vgs supply cument 17 — 126 | 230 Vi =0V or Voo
laee Quiescent Vo supply cument 18 — 180 | 240 A Vin =0V orVipp
aDD Quiescent Voo supply cument 14 —_ 15 30 Vin =0V orVDo
I+ Ligic “17 input bias current 20 — 20 40 Vin=Voo
IN- Ligic "0 input bias curment 21 — — 1.0 Vi =0V
Vasuws | VBS supply undervoltage positive going 2 r.5 8.6 By
threshold
VBsSU- VBS supply undervoltage negative going 3 7.0 a2 b4
threshold
Vieouws | Vo supply underwoltage positive going 24 7.4 4.5 pa
threshold v
Voowe | Voo supply undensoltage negative going 25 7.0 a2 b4
threshold
O+ Qutput high short circuit pulsed cament ] 20 25 — Vo =0V, ViN=VDD
PW<=10ps
o- Qutput low short cincuit pulsed cument ) 20 25 — A Vo =180 Vin =0V
PW =10 ps
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Infernationa

IGR Rectifier
Functional Block Diagram
""""""""""""""""""""""""""""""""""""""""""""""" - "%.ﬁ
E |
I =
FILTER K‘ |

uze b

Vog Mg

LEVEL
SHIFT —|

Lead Definitions

Symbaol| Description

VDD Logic supply

HIN Logic input for high side gate driver output (HO), in phase
s5D Logic input for shutdown

LIM Logic input for low side gate driver output (LO), in phase
WEs Logic ground

VB High side floating supply

HO High side gate drive output

W5 High side floating supply return

Voo Low side supply

LO Low side gate drive output

COM Low side return

Lead Assignments

: 52
= = [GE]
0F] Voo va ] o
Ouj Hei ] Gz
Or] = [z
2] um s =] |
3] sy 7] 5] vag F]
i P =] .. T
14 Lead PDIP 18 Lead SOIC (Wide Body)
IR2110/IR2113 IR21105/1RZ1138
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Figure 1. Input/Qutput Timing Diagram
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Figure 3. Switching Time Test Circuit

Figure 3. Shutdown Waveform Definitions
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Figure 2. Floating Supply Voltage Transient Test Circuit

Figure 4. Switching Time Waveform Definition
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Figure &. Delay Matching Wawveform Definitions
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iermationd IR2110(S)/IR2113(S) & (PbF)
Case Outlines
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