o

hilnveayAna e Wizeeund I Ians=sis

A% - A% ADUIIDTIADS LUVFDINANI
BIDIRECTIONAL DC — DC CONVERTER

W)

Tag
o A v
eI 170ang
IBATA  THaH
wegNYe.  YudEy

% Qd Y v
Wwegafing  Helna)

TR
919158015 HN
SA.03. 3382 Wyugdisay

v
A3. auaw HWals

OUHY corrrenreere NN T *‘!
munzden... 02124 . ’
e ITRG ar‘fJ31nﬂ254 g : SR —
ﬂ?@@ﬁwufﬁyﬂumuwﬁwmmiﬁﬂmmuwﬁﬂqwiﬂ?@fgﬁmnﬁmmmsﬁm i
mad¥Imanssulih
ANZIMINTSUMans

aniuma luTagnssvemnduigunmsaansyals

msnui 2547



a

Psygiinusilmsfinm 2547
MAI Jeanssu i
Az amnssumans aofunaluTainszvomnduiqammsaanssds

599 3% — A% neunesines LU desfiAN1g
Bidirectional DC-DC Converter

1. wendnal ifedes  siadlses16n 45015114
2.W0ONWIE WY1 317ase$6a 45015135
3. WenTe YUy 5Werilszdina 45015170

4. wogadng Havlngl - sialszdiei 45015171

S SBEEIANN st

(57.913. 250z W!%B"ﬁiﬂliﬂl)

/(/ <) P
% ' ) 91156M15 17

(@3 auan wa'lih)




A A d d a
P1%-016 ABULIBIABT UUVABINANIG

wendnal 1doaes 45015114
WA W 45015135
mogndy yuday 45015170
wogndng ielnaj45015171
AR50 WS Uy

a3, quan wa'ld e10156M5nm

Umsdnwi 2547

UNAAED

Ada a4

a a Jd @

Wnaninuatiut §himemahouves 4585 ABUINOSIADS WLLTRITAMI Ty
annsaaarinuiae i g 2 damns wﬁwwusmﬂumﬁmwmmm'Mﬁwmmwmummuauwm
Ilﬂmmmummummww Tavineunesinosaziuthiiuisasualas Tiinse FUAATILTIAUG
Tdlunsdudmummdesns firmisiiaoutiumsdemda i vadounduaind s s
Tdsdnumseduge asaiugualsine waznan1Ims lnavessids i w18 Tasmssumuna

o N o Qy < 4 = a o A—) dy ' = sldy
nndyauRsiianey woulyTwaid 20 kHz hulSaapinusaduiingonennudiug ey
@ ° A aa < N, @ a

HANMSIUYRIAT-AT aounesivies  Tumsdsdondeathassfianieaaonsuieosuas

= ) Ho Yo aa
gunsaininItes uennnueldihad-as ﬂaunmmmwaﬂwu"lﬂﬂswaﬂﬁ“hf‘lummaﬂmsm
Tundoudaoneines s s wuLIMENaTIs MsnaaoulszansnImwueneunesmasiay

mmai’"lﬂgﬂﬁnﬁumsTﬂﬂﬂmﬂﬁauﬁmﬁﬂmsnﬂﬂumsamafammf



Bidirectional DC-DC Converter

Payak Sualong

Eakpong pongsa

Supachai Khunwiset

Supasak Huayyai
Assoc.Prof.Dr.Viriya Phichetjamroen
Dr._Sompob__Polmai__Advisor

ABSTRACT

This project is purposed for studying operation and control of bidirectional power-
flow DC-DC converter. This converter is designed to convert high voltage DC input to low
voltage DC output. The power flow of the converter can be in either direction depending on
the pulse-width of the switching signal. In this  project, bipolar switching scheme having
switching frequency of 20 kHz is adopted. In this thesis, basic knowledge and principle of
operation of the DC-DC converter-as well as other related circuits and devices are explained.
Finally, the DC-DC converter-is installed. in an electric patrol car for driving a permanent
magnet dc motor. Efficiencies of the system, the motor and the converter are experimentally
determined by varying the weight of car load.
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2.5 ﬂﬁmaﬂma‘imﬁa (Switching Transformer)
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: (20us/div)

=Tracel= P=p | 2

S Freq T21,37kHz
=Trace2= P-P 34,40V

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CHI1 : o0.ov Main : 10K Mode : AUTO
BW @ FULL CH2 : o0.0v Zoom 1K Type : EDGE CH1 &
Delay : 0.0ns

Hold OFf :  MINIMUM
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=
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4.2.5 dyanuiduidagouvoays-waneunosines

]

o o o [ A = ) =
dyanuiuagouveY-yaneunesines innudvesdaanuiian 50 kHz v

De

MmaunaAmunal (Duty ratio) WAy 50%

Stopped g 2005/03/10 23:17:29
CHISIOV | CH2=10vV . : : T 10us/div

DC 11 © DC 101 : : ¢ (10us/div)
: s 3 : : NORM:100MS /s

=Filter= =0ffset= =Record Length= =Trigger=
8moothing : OFF CH1 : o.ov Main ;10K Mode : AUTO
BW © FULL CH2 : o.ov Zoom 1K Type : EDGE CH1 &
Delay 0.0ns

Hold Off :  MINIMUM

@

o = a o d 4
4.8 AYYIUNAUNAAONUDINH-NOADUIIBSTINDT

=b.
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[ @ J 4
4.2.6 AN VUL FHINYII NITHI-WAADUNDSIADS

2005/03/10 23:19:43
: 10us/div
* (10us/div)
NORM:100MS/s

.ot

ST
=
....... '™
=Tracel= P-P 16180 .  Max 1560V pva 6182y
=TracefZ= ¢
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : AUTO
BW : FULL CH2 : o0.0v Zoom : 1K Type : EDGE CH1 §

Delay : 0.0ns
Hold Off : MINIMUM
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4.3 dszansmw

4.3.1 dszansamuouomes (n ) Full Load

ey P

Vit

i 4.10resadouvesumnes Tiihnszuanse

Y L4 T @
mﬂmﬂmamﬁmz"lﬂﬂizummmmmmmz no-load 1y 1.5 A

Ea
p

rot

ANTLUAUDINNADS VDI
Pey

PIN

miszansmmvosuoine

% m

= Eala(no _ load)
Ra
AV

Ea

= Vt-IaRa

= (Vt -IaRa)la

Vtla- Ia’Ra

174 535) [ b/ pithi)
34.635 W

Full Load tmny 14.6 A

= Ia’Ra

14.6% x 0.62

132.159 W
9) it Pl

rot

350 +132.159 4+ 34.625
516.784 w

I

[T~ I

Il

<l

5Ue Full Load

= Eoix 100

Py
350

516.784 100

= 67 A3%

(4.9)

(4.10)

(4.11)
(4.12)

(4.13)

(4.14)

(4.15)
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4.3.2 dszaninmanauemes (yuzliTnan)

B i VTS (4.16)

Por =  Vtla- Ia’Ra-P,, (4.17)

%o = @T_x 100 (4.18)
Py

d' Aa a o
MINN 4.2 YseanTmwusIuones

vmin | awda | auda L B P, 1 d
ke) | s | kmm) (D] W | W | wy | D
40-50 5.9 20.5 15 139.5 360 185.87 51.63
50-60 55 19.8 1 5] 139.5 360 185.87 51.63
60-70 .4, 194 17 179.18 408 194.18 47.59
70-80 | 18.4 18 200.88 432 196.48 45.48
80-90 Sl 18.4 19 223.82 456 197.54 | 43.32
90-100 Y 18 20 248 480 197.36 | 41.12

100-110 5 18 20 248 480 197.36 41.12

300 — P a

250
/— > @
200
I e U0 2
N\ \/ —= UsERNBEMN

100 - LS|
a
50
e — k— a7
0 A‘iﬂ IO T T | SR PNIE ety vy |
w Q. O [ o () o
IO N © &® O -«
o ' 1 i -— -—
b 2 IR o> AR o 1 1
TSR Y TR s
(0] o

s 411 nswluamsanuduiusveslszAnnmussuomes
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4.3.3 Us=anTamueaueineunosnes
Taon  useduNdI=24 v
AanudunUmelumemnn (Rps) = 0.012 Q

la

—_

Rds Rds

+
Py
Q0

28V — ‘“:la»“”
T
+
Vit Ea
Ui 4.12 s99sR0undiAng
Uszininmvesaeunasines (n)
R
PR S Vt1a+1a2(—29~i) (4.19)
20|00 =BGl (4.20)
P
Yooy~ =1 22275100 4.21)

- A a 2 %
MINN 4.3 ﬂizﬁwﬁmwmamaunmmm

vanin | L, A e ?
(k) A=Wy | O

40-50 15 373.5 360 96.39

50-60 15 3735 360 96.39

60-70 17 | 425.34 408 95.92

70-80 18 | 451.44 432 95.69

80-90 19 | 477.66 456 95.47

90-100 20 504 480 95.24

100-110 | 20 504 480 95.24




4.3.4 U52@nTNUW0ITZUY

Taen usaiuNi1 =24 v

MIGYITININA (Proy) = 34.635 W

MANuMUMUITIIeS (R,) = 0.62 Q

manudgumumeluyesn (Rps) = 0.012 Q

!;+

A s W s ) s
7N 4.13 299300051005 Ne0T WRVNBNDS

UsganEnmvoeszu ()

PR S SXUa T Iaz(%’—s) (4.22)
Poyr. = . Vitla-Ia’Ra-P,, (4.23)
%n = Pogt x 100 (4.24)
PIN
M dd sz ansMmMIasEIY
A N L B P, ot il
ke) | ) | Gmm) W] W) | W | wy | @
40-50 5.7 20.5 15 | 1395 | 36135 | 185.87 | 51.44
50-60 5.5 19.8 15 | 139.5 | 36135 | 185.87 | 51.44
60-70 5.4 19.4 17 | 179.18 | 409.73 | 194.18 | 47.39
70-80 5.1 18.4 18 | 200.88 | 433.94 | 196.48 | 45.28
80-90 el 18.4 19 | 223.82 | 458.17 | 197.54 | 43.28
90-100 5 18 20 | 248 4824 | 197.36 | 40.91
100-110 5 18 20| . 248 482.4. 11°197,36.| 1 40.91
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International
ISR Rectifier

PD -91670

IRF1010E

HEXFET® Power MOSFET

Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

D
Vpss = 60V

Rps(on) = 12mQ

Ip = 84A®@

Description
Advanced HEXFET® Power MOSFETs from International
Rectifier utilize advanced processing techniquesto achieve
extremely low on-resistance per siliconarea. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides the designerwith an extremely efficient
and reliable device for use in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220 contribute
to its wide acceptance throughout the industry.

Absolute Maximum Ratings

(3

TO-220AB

Parameter

Max. Units

Ip @ T¢ =25°C Continuous Drain Current, Vgg @ 10V

84@

Io @ Tg = 100°C

Continuous Drain Current, Vgs @ 10V

59

Iom

Pulsed Drain Current ®

330

Po@Tc = 25°C

Power Dissipation

200

Linear Derating Factor

1.4

wi°C

Ves

Gate-to-Source Voltage

+ 20

Iar

Avalanche Current®

50

Ear

Repetitive Avalanche Energy®

17

mJ

dv/dt

Peak Diode Recovery dv/dt @

4.0

Vins

Ty
Tste

Operating Junction and
Storage Temperature Range

-55 to + 175

Soldering Temperature, for 10 seconds

300 (1.6mm from case )

°C

Mounting torque, 6-32 or M3 srew

10 Ibfein (1.1Nm)

Thermal Resistance

Parameter

Typ. Max.

Units

Resc

Junction-to-Case

— 0.75

Recs

Case-to-Sink, Flat, Greased Surface

0.50 J—

Reya

Junction-to-Ambient

°Cw

www.irf.com

1
3/16/01



IRF1010E International

IGR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min.| Typ. | Max. | Units Conditions
V(er)pss Drain-to-Source Breakdown Voltage 60 | — | — | V | Ves=0V,Ip=250pA
AVgripss/AT, | Breakdown Voltage Temp. Coefficient | — [0.064] — | V/°C| Reference to 25°C, Ip = TmA
Rps(on) Static Drain-to-Source On-Resistance | — | — | 12 [ mQ | Vgs =10V, Ip =50A @
Vasith) Gate Threshold Voltage 20 [ —| 4.0 Vv Vps = Vgs, Ip = 250pA
Ofs Forward Transconductance 69 | — | — S | Vps =25V, Ip = 50A®
Ipss Drain-to-Source Leakage Current : : 22:() HA \\;zz ; 22& xz: ; (())x T,=150°C
R Gate-to-Source Forward Leakage — | — | 100 o Vgs =20V
i Gate-to-Source Reverse Leakage —= k3 [F700 Vas = -20V
Qq Total Gate Charge — | — | 130 Ip = 50A
Qgs Gate-to-Source Charge — | — 1 28 | nC | Vps =48V
Qg Gate-to-Drain ("Miller") Charge — | —| 44 Vgs = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time — | 12 | — Vpp =30V
tr Rise Time — | 78 | — PR Ip.= 50A
ta(ofn) Turn-Off Delay Time — | 48 | — Rg =3.6Q
te Fall Time — | 53 | — Vgs = 10V, See Fig. 10 @
5 Intemal Drain Inductanice CA 434\ N —— °
] 2\
Tom p
Ls Intemal Source Inductance — | 75— B N ontach 1
Ciss Input Capacitance — 3210 — Vgs =0V
Coss Output Capacitance — | 690 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 140 | — | pF | f= 1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy@ — [11808320® | mJ | Ias=50A, L = 260uH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current MOSFET symbol 2
(Body Diode) =/, gl i A | showing the
Ism Pulsed Source Current =N 2R 40 integral reverse 8
(Body Diode)® p-n junction diode. s
Vso Diode Forward Voltage — | — 1.3 V | Ty=25°C, Is =50A, Vgs =0V @
trr Reverse Recovery Time — 73 | 110 | ns | Ty=25°C, Ig = 50A
Qr Reverse Recovery Charge — 1 220| 330 | nC | di/dt=100A/uys ®
ton Forward Turn-On Time Intrinsic tum-on time is negligible (tum-on is dominated by Lg+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Pulse width < 400ps; duty cycle < 2%.
max. junction temperature. (See fig. 11) ® This is a typical value at device destruction and represents
@ Starting T,=25°C, L = 260pH operation outside rated limits.
Rg = 25Q, Ipg = 50A, Vgs =10V (See ® This is a calculated value limited to Ty = 175°C .
@Q‘é’{f’s@b A, difdt < 230A/ps, Vop < Vigrposs. @ C?lculgted continuous current bas;ec? o? maxmum‘ allowable
T,<175°C junction temperature. Package limitation current is 75A.

2 www.irf.com
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IGR Rectifier

g

TOP

<
[ Sov
s BOTTOM 4.5]VI
o 100 ;
) X}
e
3
[e]
()
é 4.5V
é 1
® 10 P
a L7
5
20ps PULSE WIDTH
4 TJ=25°C
0.1 1 10 100

Vps » Drain-to-Source Voltage (V)

Fig 1. Typical Output Characteristics

1000

T,=175°C

8

Ip. Drain-to-Source Current (A)

Vps=25v
20ps PULSE WIDTH

10

5 6 7

8 9 10 1

Vs Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

www.irf.com

RDS(on) , Drain-to-Source On Resistance

(Normalized)

IRF1010E

1000 VoS
TOP 15V
10V
< £
< s:o\\;
- 55 -
g 5.0V
2 BOTTOM 4.5V
=]
(6]
a:
2
3 100
@
2
£ —
Jid
Q 4.5V-
=)
20pus PULSE WIDTH
N TJ=175°C
0.1 1 10 100

Vps. Drain-to-Source Voltage (V)

Fig 2. Typical Output Characteristics

3.0

Ip=84A
25
|
2.0 4
V.
15 .
"
1.0 =
-
0.5
Vgs=10V
o Gs

.60 40 -20 0 20 40 60 80 100 120 140 160 180
T, Junction Temperature (°C)

Fig 4. Normalized On-Resistance
Vs. Temperature



IRF1010E

6000

5000

Ciss

Crss =G
Coss =Cs* ng

H
g

Vgs =0V, f=1MHZ
= %s + ng, Gys SHORTED|

=
& e
c Pt
] N
= 3000
[%]
§. \Ccss
1] N\
- 2000 J
(&) N

1 10 100
Vpg. Drain-to-Source Voltage (V)
Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

1000

e =

s P

€ 100 === —

E En=115cER

o B 7

= 7

B i)

a 1 4 F

3 i

g 11

2 T,=25°C

o

| EEEADE.

o ¥ &

w0 i ¥
 § 1
] |

Vgs =0V
0.1 I <=
0.0 0.6 12 18 24

Vgp.Source-to-Drain Voltage (V)

Fig 7. Typical Source-Drain Diode

Forward Voltage

International

IGR Rectifier
20 ID = 50A l | l I

— VDS =48
" VEEERS
E DS~ 7
g 12 é

[+2]

3 v/

- y 4
v A

O
< 8
5 A

©
0] r‘

D4

O

£ )4

FOR TEST CIRCUIT
SEE FIGURE 13

0 20 . 40 60 80 100 120 140
Qg. Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage

1000 _—
OPERATION IN THIS AREA
LIMITED BY Riyg(on)
Y LA IR XE.
< ] S
= A 71 =
£ 100 petallt >
3
5] S <
[+]
g A A ] 100psec,
o S
(‘g h‘ LS L
£ 10 a 1mse
i =
(o]
= (Tc = 25°C A
Ti=175°C 10msec
3 Lomgle Bllse |
1 10 100 1000

Vps . Drain-toSource Voltage (V)
Fig 8. Maximum Safe Operating Area
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IGR Rectifier
100 R
T v D
|LIMITED BY PACKAGE DS
I,
80 { 9D.U.T.
— N 4
:<_," N J-:-VDD
c
60
g N 1} Vas
o Pulse Width < | ps
£ \ Duty Factor 0.1 %
L 40 3 T
5 C :
o G ’ g
T \\ Fig 10a. Switching Time Test Circuit
20
Vbs
Y-8 7 N a
| | 1
0
25 50 750 4 100 125, fgs0 - Ji7s ! !
Tc. Case Temperature (°C) : : :
10% ' .
; . . fode /N g/ L2 ; :
Fig 9. Maximum Drain Current Vs. [ o
Case Temperature o~ (o)
' Fig 10b. Switching Time Waveforms
1
i3 LD =0
£ =
N T
o .20, L1 "2
2 |t //
8 01 o1 —
Q
E [——0.0: — 4 ,‘,/ ;'D_MI I I
g %
s SINGLE PULSE 1
2 -g‘gf' ] | (THERMAL RESPONSE) tin
= L~ ,/
Notes:
/ 1.Dutyfactor D= tq/t »
2.Peak T y=P pmMx Zthyc + Tc
0.01
0.00001 0.0001 0.01 0.1
t1, Rectangular Pulse Duration (sec)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
www.irf.com 5
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1sv

L DRIVER

Fig 12a. Unclamped Inductive Test Circuit

[ ] VisriDSS
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las - __Z
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IRF1010E

Peak Diode Recovery dv/dt Test Circuit

+ Circuit Layout Considerations

e Low Stray Inductance

e Ground Plane

e Low Leakage Inductance
Current Transformer

D.U.T* | 3

) o

2 \Wizs

=)
Rg m e dv/dt controlled by Rg

e lsp controlled by Duty Factor "D"
e D.U.T. - Device Under Test
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r. Voo

-

* Reverse Polarity of D.U.T for P-Channel

(©) Driver Gate Drive
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—
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!

*
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Vgs = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For N-channel HEXFET® power MOSFETSs
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IGR Rectifier
Package Outline
TO-220AB
Dimensions are shown in millimeters (inches)
27 f:;g: ~{ 103 “;:; Bin f:;:; 4.69 (185)
X B 4.20 (.165)
il e (e
Tl iR o
1o tone) I
— 1.15 (.045) LEAD ASSIGNMENTS
MIN 1-GATE
}—~ ~ N,
i 4 -DRAIN
:;f: 5233} i 4,06 (.160)
f 3.55(.140)
140 (055) X s {82;; o | ol fgf:;
X 115 (045) 2.2 (:415)
2.64 (.104)
NOTES:
1 DIMENSIONING & TOLERANGING PER ANSIY14.5M, 1982. 3 OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
2 CONTROLLING DIMENSION :INCH 4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
Part Marking Information
TO-220AB
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY O
LOT CODE 9BiM INTERNATIONAL PART NUMBER
RECTIFIER \ lF{me“’/
LOGO TOR9246
98 1M
™k DATE CODE
ASSEMBLY (YYWW)
LOT CODE YW EAR
WW = WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the automotive [Q101] market.
Qualification Standards can be found on IR’'s Web site.

International
ISR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information. 3/01
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PD - 94053

IRFZ44N

HEXFET® Power MOSFET
e Advanced Process Technology D
e Ultra Low On-Resistance Vpss = 55V
e Dynamic dv/dt Rating
e 175°C Operating Temperature Rps(on) = 17.5mQ
e Fast Switching
®

Fully Avalanche Rated

Ip =49A

Description
Advanced HEXFET® Power MOSFETSs from Intemational
Rectifier utilize advanced processing techniques toachieve
extremely low on-resistance per silicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETSs are well
knownfor, provides the designer with an extremely efficient
and reliable device for use in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry. g
Absolute Maximum Ratings
Parameter Max. Units
Ib @ Tc =25°C Continuous Drain Current, Vgg @ 10V 49
Ip @ Tc =100°C| Continuous Drain Current, Vgg @ 10V. 35 A
lom Pulsed Drain Current ® 160
Pp @Tc = 25°C Power Dissipation 94 w
Linear Derating Factor 0.63 wreC
Ves Gate-to-Source Voltage + 20 \
laR Avalanche Current® 26 A
Ear Repetitive Avalanche Energy ® 9.4 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.0 Vins
Ty Operating Junction and =556 to + 175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units
Resc Junction-to-Case — 1.5
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_ °C/IW
Roua Junction-to-Ambient — 62
www.irf.com 1
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IRFZ44N International

IGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max. |Units Conditions
V(8Rr)DSS Drain-to-Source Breakdown Voltage 55 | — | — V [ Ves=0V,Ip= 250pA
AVeRrpss/ATy | Breakdown Voltage Temp. Coefficient | — [ 0.058] — V/I°C | Reference to 25°C, Ip = 1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — 17.5 | mQ | Vs =10V, Ip = 25A @
V(;s(gh) Gate Threshold Voltage 5 —1 4.0 \% VDS = Vgs, ID = 25OIJA
dfs Forward Transconductance 19 | — | — S Vbs =25V, Ip = 25A®
. ~ o 25 VDS = 55V, VGS =0V
Ipss Drain-to-Source Leakage Current — L —r HA Vos = 44V, Vos = OV, T) = 150°C
o Gate-to-Source Forward Leakage — | — | 100 2y Vgs =20V
Gate-to-Source Reverse Leakage — | — | -100 Vgs =-20V
Qq Total Gate Charge — | — | 63 Ip = 25A
Qgs Gate-to-Source Charge —_— | —| 14 nC | Vps =44V
Qqq Gate-to-Drain ("Miller") Charge — | — 23 Vs = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time ——= =12 — Voo =28V
tr Rise Time — | 60 | — o Io = 25A
ta(ofr) Turn-Off Delay Time — | 4 | — R =12Q
te Fall Time — | 45 | — Vs =10V, See Fig. 10 ®
J Between lead, o
Lp Intemal Drain Inductance — | 45| — 6mm (0.25in.)
Pe from package ¢
Ls Intemal Source Inductance — | 7.5 — and center of die contact 1
Ciss Input Capacitance — | 1470 — Ves =0V
Coss Output Capacitance — | 360 | — Vps =25V
Crss Reverse Transfer Capacitance —— | 88 | — | PF | f=1.0MHz See Fig. 5
Eas Single Pulse Avalanche Energy @ —— [9300{150® | mJ | Ias=25A, L =0.47mH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current (| W MOSFET symbol o
(Body Diode) A showing the
Ism Pulsed Source Current integral reverse g
(Body Diode)® 7 N p-n junction diode. s
Vso Diode Forward Voltage — | —1 1.3 V | Ty=25°C, Ig = 25A, Vs =0V @
ter Reverse Recovery Time 3 a63. |1 95 ns | Ty=25°C, |g = 25A
Qr Reverse Recovery Charge — | 170] 260 | nC | di/dt = 100A/pus @
ton Forward Turn-On Time Intrinsic tum-on time is negligible (tum-on is dominated by LstLp)
Notes:
O Repetitive rating; pulse width limited by ® Isp < 25A, dildt < 230A/ys, Voo £ Vigr)pss.
max. junction temperature. (See fig. 11) Ty<175°C
@ Starting T, = 25°C, L = 0.48mH ® Pulse width < 400ps; duty cycle < 2%.
Rg = 25Q, Izs = 25A. (See Figure 12) © This is a typical value at device destruction and represents

operation outside rated limits.
® This is a calculated value limited to Ty = 175°C .

2 www.irf.com
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Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance
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N VGs =0V,  f=1MHz
Gss =Cgs +Cqq, Cygs SHORTED
ss = Cgd
2000 ~J Coss = Cgs + ng
= B [l
%i \~.1|
= \ Ciss\
8 1500
5 N
g N
8 1000
S N
0 o
COSS
500 \\ L ;\
\\"‘\ II N
' rss
o |
1 10 100
Vps, Drain-to-Source Voltage (V)
Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
1000
< =k —
=
g T)=175° CRAE s
8 725 57
- 7 1%
b /
g 10
o 7
4 —7
o
3 11 ]
L [ ] T,=25°C
o == J—
0 & i
I | [ |
I |
Vgs =0V
0.1 [ 1] Gs
0.0 0.6 12 1.8 24
Vsp,Source-to-Drain Voltage )
Fig 7. Typical Source-Drain Diode
Forward Voltage
4

20
S
o 16
(o]
8
G
>
o 12
<
3
o
@
L 3
5o}
[0}
O
(2]
A
=~
0

1000

100

Ip. Drain-to-Source Current (A)
L. =)

0.1

International
IGR Rectifier
ID = 25A | | l
Vpg = 44V
Vog = 27V
VDS = 11V\\§
y,
/ v
Vs
T

Vps . Drain-toSource Voltage v)

Fig 8. Maximum Safe Operating Area

10 20 30 40 50 60 70
Q. Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
OPERATION IN THIS AREA 3]
LIMITED BY Rijg(on)
-----zu-----.‘:------ ---;
— < T
B Y L ol LY - = :
14 1~ ]_100psec!
~ ol "1msec]]
~ N [
Tc = 25°C 10msech
Tj=175°C ’
Single Pulse ]
1 10 100

www.irf.com



International IRFZ44N
IGR Rectifier
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Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12a. Unclamped Inductive Test Circuit
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Rg m e dv/dt controlled by Rg
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IRFZ44N

Peak Diode Recovery dv/dt Test Circuit

Circuit Layout Considerations
e Low Stray Inductance
e Ground Plane
e Low Leakage Inductance
Current Transformer

D.U.T%
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et

W

e Isp controlled by Duty Factor "D" i Voo

e D.U.T. - Device Under Test
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*** Vgs = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For N-channel HEXFET® power MOSFETs
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Package Outline
TO-220AB
Dimensions are shown in millimeters (inches)

International
IGR Rectifier

1054 (415) 781149
2.87 5413) 10.20 (405) PB3ss §m§ 4.69 (.185)
2.62 (.103) 25 4.20 (.165) (.052)
| (048)
8.47 (.255)
¥ y 6.10 (240
15.24 (.600)
14.84 (584) f
-—, 1.15 (045) LEAD ASSIGNMENTS
MK 1-GATE
1ol ff ¢ 2-DRAIN
3-SOURCE
’ | 4-DRAIN
14.00 (.555) Ht:
13.47 (.530) ’ ;.g: {,:gg:
0.93 (.037) 0.5 (.022)
ax i =
Yy 4 0.69 ((027) -~ 3X 046 (018)
1.15 (045) & 036 (014) B[ A 2,02 (115)
T 2.64 (.104)
2X

NOTES:

1 DIMENSIONING & TOLERANCING PER ANSIY14.5M, 1982,

2 CONTROLLING DIMENSION :INCH

Part Marking Information
TO-220AB

EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY
LOT CODE 9B1M

This product has been

3 OUTLINE CONFORMS TO JEDEC OUTLINE T0-220A8.
4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.

INTERNATIONAL

RECTIFIER \

LOGO

PART NUMBER

IRF10104
IOR9246

2Nz
Y

98 1M
A DATE CODE
ASSEMBLY
(YYWW)
LOT CODE WA AR
WW = WEEK

Data and specifications subject to change without notice.
designed and qualified for the Automotive [Q101] market.
Qualification Standards can be found on IR's Web site.
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
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HIGH SPEED-10 MBit/s

LOGIC GATE OPTOCOUPLERS

e R e A LT

SEMICONDUCTOR®

)INGLE-CHANNEL DUAL-CHANNEL
N137 HCPL-2630
1CPL-2601 HCPL-2631
1CPL-2611

DESCRIPTION

The 6N137, HCPL-2601/2611 single-channel and HCPL-2630/2631 dual-channel

optocouplers consist of a 850 nm AlGaAS LED, optically coupled to a very high

speed integrated photodetector logic gate with a strobable output. This output 8

features an open collector, thereby permitting wired OR outputs. The coupled

parameters are guaranteed over the temperature range of -40°C to +85°C. A
maximum input signal of 5 mA will provide a minimum output sink current of 13

1
mA (fan out of 8).
An internal noise shield provides superior common mode rejection of typically 10
kV/us. The HCPL- 2601 and HCPL- 2631 has a minimum CMR of 5 kV/us.
The HCPL-2611 has a minimum CMR of 10 kV/us.
8
8
1
FEATURES 1
o] Ve
Lo
v,
Evﬂ
z~
_HGND

¢ Very high speed-10 MBit/s

* Superior CMR-10 kV/us

* Double working voltage-480V
* Fan-out of 8 over -40°C to +85°C wei] o] Ve 4 E}

* Logic gate output v,
» Strobable output - Bl 7]v. -H
¢ Wired OR-open collector v

* U.L. recognized (File # E90700) =5

a vo 1 E
vFZ }/
n |5]eno +F

APPLICATIONS

e Ground loop elimination

e LSTTL to TTL, LSTTL or 5-volt CMOS

* Line receiver, data transmission 6N137 HCPL-2630
* Data multiplexing HCPL-2601 HCPL-2631
* Switching power supplies HCPL-2611

* Pulse transformer replacement
* Computer-peripheral interface

TRUTH TABLE
(Positive Logic)

Input Enable Output
H H L

H
L

L
NC

i LiriTir
Il X)X | X

NC

A 0.1 UF bypass capacitor must be connected between pins 8 and 5.
(See note 1)

© 2001 Falrchild Semiconductor Corporation
DS300202 7/9/01 1 OF 11 www. fairchildsemi.com




HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR?®

5INGLE-CHANNEL DUAL-CHANNEL
’N137 HCPL-2630
1CPL-2601 HCPL-2631
1CPL-2611
“

ABSOLUTE MAXIMUM RATINGS (No derating required up to 85°C)

Parameter Symbol Value Units

Storage Temperature : Tsta -55 to +125 °C

Operating Temperature Torr -40 to +85 °C

Lead Solder Temperature TsoL 260 for 10 sec °C
EMITTER

DC/Average Forward Single channel I R mA

Input Current Dual channel (Each channel) 30

Enable Input Voltage Single channel v 55 v

Not to exceed V¢ by more than 500 mV e '

Reverse Input Voltage Each channel VR 5.0 \

Power Dissipation Single channel 100

Dual channel (Each chamnel) ] 45 m

DETECTOR

Supply Voltage Vee 7.0 \%

(1 minute max)
Output Current Single channel 50
Dual channel (Each channel) lo 50 g

Output Voltage Each channel Vo 7.0 \"

Collector Output Single channel 85

Power Dissipation Dual channel (Each channel) Po 60 Fayy
RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Max Units

Input Current, Low Level Il 0 250 HA

Input Current, High Level ley *6.3 15 mA

Supply Voltage, Output Vee 4.5 5.5 \%

Enable Voltage, Low Level VEL 0 0.8 \

Enable Voltage, High Level VEH 2.0 Vee \Y

Low Level Supply Current Ta -40 +85 °C

Fan Out (TTL load) N 8

* 6.3 MA is a guard banded value which allows for at least 20 % CTR degradation. Initial input current threshold value is 5.0 mA or less

“

www.falrchildsemi.com
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HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

INGLE-CHANNEL DUAL-CHANNEL
N137 HCPL-2630
{CPL-2601 HCPL-2631
{1CPL-2611

ELECTRICAL CHARACTERISTICS (T, = -40°C to +85°C Unless otherwise specified.)
INDIVIDUAL COMPONENT CHARACTERISTICS

Parameter Test Conditions Symbol Min Typ** Max Unit
EMITTER (Ie = 10 mA) 1.8
Input Forward Voltage [Ta =25°C VE 1.4 1.75 v
Input Reverse Breakdown Voltage (lr = 10 pA) Bvr 5.0 \Y
Input Capacitance (VE=0,f=1 MHz) Cin 60 pF
Input Diode Temperature Coefficient (=10 mA) | AVE/ATA -1.4 mV/°C
JETECTOR
High Level Supply Current _Single Channel | (Voc =55V, Ig =0 mA) lccH % 10 mA
Dual Channel (VE=0.5V) 10 15
Low Level Supply Current _Single Channel | (Vcc=55V, I = 10 mA) 9 13
Dual Channel (Ve=05V) | lect 14 21 mA
Low Level Enable Current (Vcc=55V, VE=0.5V) = -0.8 -1.6 mA
High Level Enable Current (Vcc=55V,VE=2.0V) len -0.6 -1.6 mA
High Level Enable Voltage (Vcc=5.5V, I = 10 mA) Ve 2.0 \Y
Low Level Enable Voltage . (Vcc =55V, [r = 10 mA) (Note 3) VeL 0.8 Vv

SWITCHING CHARACTERISTICS (Ta =-40°C to +85°C, Vge = 5V, I = 7.5 mA Unless otherwise specified.)

AC Characteristics Test Conditions Symbol Min Typ** Max Unit
Propagation Delay Time (Note 4) |(Ta =25°C) 20 45 75
to Output High Level (Ru =350, C_= 15 pF) (Fig. 12) TrLy 100 i
Propagation Delay Time (Note 5) | (T4 =25°C) 25 45 75
to Output Low Level (RL =350 0, C, = 15 pF) (Fig. 12) TPHL 100 5
Pulse Width Distortion (RL =350 0, C_ = 15 pF) (Fig. 12) [TPaL-TeLH] 3 35 ns
: o (RL =350 Q, G =15 pF)
Output Rise Time (10-90%) (Note 6) (Fig. 12) T 50 ns
& (RL =350 Q, C_= 15 pF)
Output Fall Time (90-10%) (Note 7) (Fig. 12) t 12 ns
Enable Propagation Delay Time (lF=75mA, Vey=3.5V)
to Output High Level (R = 350 Q, C = 15 pF) (Note 8) (Fig. 13) teLH 20 &
Enable Propagation Delay Time (lF=75mA, Vey=3.5V)
to Output Low Level (R, = 350 0, C, = 15 pF) (Note 9) (Fig. 13) teHL 20 ns
Common Mode Transient Immunity (Ta =25°C) |Vom| = 50 V, (Peak)
(at Output High Level) (IF=0mA, Vou (Min.) =2.0 V)
6N137, HCPL-2630 (R = 350 Q) (Note 10) |ICMH| 10,000 Vius
HCPL-2601, HCPL-2631 (Fig. 14) 5000 10,000
HCPL-2611 [Vcwm| = 400 V 10,000 15,000
(RL =350 Q) (Ir = 7.5 mA, VoL (Max.) = 0.8 V)
Common Mode  6N137, HCPL-2630 [Vou = 50 V (Peak) 19,000
Transient Immunity HCPL-2601, HOPL-2631 (Ta =25°C) ICM| Vips
(at Output Low Level) (Note 11) (Fig. 14) 5000 | 10,000
HCPL-2611 (T =25°C) [Vou| = 400 V 10,000 15,000

E
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——T—y T T — HIGH SPEED-10 MBit/s
=AIRCHILD
et e LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

)INGLE-CHANNEL DUAL-CHANNEL
iIN137 HCPL-2630
iCPL-2601 HCPL-2631
1CPL-2611

E

TRANSFER CHARACTERISTICS (T =-40°C to +85°C Unless otherwise specified.)

DC Characteristics Test Conditions Symbol Min Typ** Max Unit
High Level Output Current (Vec=5.5V, Vg =55V)
lon 100 LA
(Ir =250 pA, Vg = 2.0 V) (Note 2)
Low Level Output Current Vec=5.5V, I =5mA
. Vee bS] Vo 35 0.6 v
(Ve =20V, I = 13 mA) (Note 2)
(VCC =55 V, Vo = 06 V,
h g 5 mA
Input Threshold Current Ve = 2.0V, Io. = 13 mA) let
ISOLATION CHARACTERISTICS (Ta = -40°C to +85°C Unless otherwise specified.)
Characteristics Test Conditions Symbol Min Typ** Max Unit
Input-Output (Relative humidity = 45%)
Insulation Leakage Current (Ta=25°C, t=55) 5
l| o) 1.0 UA
(V.0 =3000VDC)
(Note 12)
Withstand Insulation Test Voltage (RH < 50%, T, = 25°C) v fea v
(Note 12) (t = 1 min.) 20 RS
Resistance (Input to Output) (Vi.o =500 V) (Note 12) Ri.o 1012 Q
Capacitance (Input to Output) (f =1 MHz) (Note 12) Ci.o 0.6 pF

" All typical values are at Vg = 5V, Ty = 25°C

NOTES

The V¢ supply to each optoisolator must be bypassed by a 0.1uF capacitor or larger. This can be either a ceramic or solid tantalum

capacitor with good high frequency characteristic and should be connected as close as possible to the package Vce and GND pins
of each device.

Each channel.
Enable Input - No pull up resistor required as the device has an internal pull up resistor.
tpLH - Propagation delay is measured from the 3.75 mA level on the HIGH to LOW transition of the input current pulse to the 1.5 V
level on the LOW to HIGH transition of the output voltage pulse.
tey - Propagation delay is measured from the 3.75 mA level on the LOW to HIGH transition of the input current pulse to the 1.5 V
level on the HIGH to LOW transition of the output voltage pulse.
t - Rise time is measured from the 90% to the 10% levels on the LOW to HIGH transition of the output pulse.
t - Fall time is measured from the 10% to the 90% levels on the HIGH to LOW transition of the output pulse.
teLw - Enable input propagation delay is measured from the 1.5 V level on the HIGH to LOW transition of the input voltage pulse
to the 1.5 V level on the LOW to HIGH transition of the output voltage pulse.

.ty - Enable input propagation delay is measured from the 1.5 V level on the LOW to HIGH transition of the input voltage pulse
to the 1.5 V level on the HIGH to LOW transition of the output voltage pulse.

0. CMy; - The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the high state
(i.e., Vout > 2.0 V). Measured in volts per microsecond (V/us).

1. CM_ - The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the low output state
(i.e., Voyr < 0.8 V). Measured in volts per microsecond (V/us).

2. Device considered a two-terminal device: Pins 1,2,3 and 4 shorted together, and Pins 5,6,7 and 8 shorted together.
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HIGH SPEED-10 MBit/s
S LOGIC GATE OPTOCOUPLERS
SEMICONDUCTOR®

\
SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631

HCPL-2611
\

' TYPICAL PERFORMANCE CURVES

Fig.1 Low Level Output Voltage vs. Ambient Temperature Fig. 2 Input Diode Forward Voltage
vs. Forward Current

0.8 .
Conditions:
Ig = 5 mA 30
0.7 F ]
V=2V
s Veom 5.5V "i’-= tem 1 =
g 28 fo= 128 mA \ P
g 05 \ E 1
- \ 1A :
g o4 e 2 " g
3
[¢) ———— = g 01 L
B 03 -
g 117 £ /
g o2 7 ‘g 0.01 L
'é / log = 9.6 mA u
S o1 { {
o lo=6.4 n:A | 0.001
-0 -20 0 20 40 60 80 0.9 1.0 1.1 12 13 1.4 15 16
Ta - Ambient Temperature (C) Vg - Forward Voltage (V)
Fig.3 Switching Time vs. Forward Current Fig.4 Low Level Output Current
vs. Ambient Temperature
120 50
Voo =5V F le=15mA
100 oY ———
) E y — Ie =10 mA
£ \ = \:
§’ 80 \ E w
o
c Ri=4 k0 (To) le=5mA B
S é ad / \\
g . N
°e' by N § 2 Conditi
,Of ions:
e TN\ 3 oy
* R =1k \Rt=‘kﬂ(Tm)_ _'5' 25 Vo =06V
R =4 k) (Tpyy)
R =3500 (Try) B =350k
0 L L 20
5 7 ] 11 13 15 -40 -20 0 20 40 60 80
Ir - Forward Current (mA) Ta - Ambient Temperature ('C)
Fig.5 InputThreshold Current Fig.6 OutputVoltage vs. Input Forward Current
P vs. Ambient Temperature o
T
Conditions:
Vee= 5.0V
Vo= 0.6V R =350 0 5
R, =350 0
z . i R
=9 S 4
€ L—
g L/ A g’ F"~"kn\ \ A =1k
[&]
o // £.3
2 L — 5
g Y o g
g \ e
g 1
E Ry =1k 1
o : Ry=4kn p
-40 -20 [} 20 40 60 80 o 1 2 3 4 5 6
Ta - Ambient Temperature ("C) I - Forward Current (mA)

DS300202 7/9/01 5 OF 11 www.fairchildsemi.com



HIGH SPEED-10 MBit/s
T A LOGIC GATE OPTOCOUPLERS
SEMICONDUCTOR®
SINGLE-CHANNEL DUAL-CHANNEL
yN137 HCPL-2630

1CPL-2601 HCPL-2631
1CPL-2611

Fig. 7 Pulse Width Distortion vs. Temperature Fig. 8 Rise and Fall Time vs. Temperature
80 600
REiEEw -
60 — 3 P
- Conditions: )
itions:
g Ie=7.5mA o Bt
é RL=4kf E vec =5V AL 4 ka2t
5 4 |
k] g %0 d
2] RL=1kN v RL= 1k ()
g AL =350 02 S 00 -/ [
S 2 A e AL =350 M (tr)
z % / i /
=} - 100
a 4 E V4
5 0 7
o RL=1k0
E S\ RL=4kn )
RL =350 0
-60 -40 -20 0 20 40 60 80 100 -60 40 -20 0 20 40 60 80 100
Ta - Temperature (*C) Ta - Temperature (*C)
Fig.9 Enable Propagation Delay vs. Temperature Fig. 10 Switching Time vs. Temperature
120 ; y 120
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L | —
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100 N —T |
= - =
13 2
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a 2 ®
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g RL= 1k 0 (TELH) = | |
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a D 3 N\
a o —
2 N\ N - . |
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g R AL=3500' RL=1kn
“ gLnltg (TEHL) RL=4kn | TPHL
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Fig. 11 High Level Output Current
vs. Temperature

20 T I
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— Ve =55V
3 Vo=55V
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3
o \
5 \
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3 —] B
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\
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HIGH SPEED-10 MBit/s
e L LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

Pulse

Generator

tr=5ns

Zo=500 +5V

--------- lp=75mA

Input
Monitor

Fig. 12 Test Circuit and Waveforms for teuns tpa, tr and t;.

Pulse

Generator Input
tr=5ns Monitor
Zo=500 Ve

Fig. 13 Test Circuit tgy and tgy,.
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HIGH SPEED-10 MBit/s
o e LOGIC GATE OPTOCOUPLERS

Ik o

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
5N137 HCPL-2630
1CPL-2601 HCPL-2631
ACPL-2611

—o +5V

7| Af J 3500
}\:ﬁi bypass ‘[

5 Output
E 6 (Vo)
LAY anp |2
V,
. 1z
Pulse Gen

CMu

p

--------- Vo (Max)
v MWchlng Pos. (B), | ;=7.5 mA
Vo _
05V CML

Fig. 14 Test Circuit Common Mode Transient Immunity
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;A":,CH "_D HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

:EMIGDNDLJGTOF?”

3INGLE-CHANNEL DUAL-CHANNEL
’N137 HCPL-2630
1CPL-2601 HCPL-2631
1CPL-2611
Package Dimensions (Through Hole) Package Dimensions (Surface Mount)
PIN 1 | 03099 |
£ q /o 0.370 (9.40) =
J 0.270[6.86) = A A a 'T
0.250 (6.35) df
MR | 0270 6.86)
e — = 0.2501(6.35)
— e — - PR 7ZAVA
3 Gor (: ::5) 0070 (1.78) 0.300 (7.62)
2 T 0.045 (1.14) [’ TYP "
g RTXES AR 0.020 (0.51) 0.016(0.41
2 140(35)\ { " i i e, m
0.154 (3.90;
| 0120(305) J 0045“1]
0.022 (0.56 15° MAX - 0.022(0.56) u
0.016 (0.41) 0.016 (0.40) 0016(041)
—~ [—0.100(2 54) TYP 0008(020)4[‘ L_osooasz)__j 0.400 254) ‘ TINL J
Lead Coplanarity : 0004(0 10) MAX 0405;4%030)

Package Dimensions (0.4"Lead Spacing) - Recommended Pad Layout for
: Surface Mount Leadform

JaTRA
. ;Mfm ‘, ’y 0.070 (1.78)
0.250 (6.35) L] I_] [] E] m%.SZ)
=

FRRARL; T
0370 ga0— 0.100 (2.54)

0.295 (7.49)
0.070 (1.78
- ' 0.045 (1.14) 0.415 (10.54) 0.030 (0.76)
3.200 (5.08) 0.004 (0.10) MIN
.140 (3.55)
\ A

i Gl ElE]

0.120 (3.05)

%&TS?HI- I 0016 0.40) L/ 0 to 15—
o8 t020) I___oaoono 16) l

.100 (2.54) TYP

I SEATING PLANE

NOTE
All dimensions are in inches (millimeters)

\
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HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS
SEMICONDUCTOR®

\

5INGLE-CHANNEL DUAL-CHANNEL
’N137 HCPL-2630
1CPL-2601 HCPL-2631
1CPL-2611

\

JRDERING INFORMATION

Order

Entry

Identifier Description
S .S Surface Mount Lead Bend
SD .SD Surface Mount; Tape and reel
W R 0.4” Lead Spacing

QT Carrier Tape Specifications (“D” Taping Orientation)

12.0£0.1

= 4.90&020
4.0+0.1-] 1.55 +0.05
0.30 +0.05 4.0:0.1 lo r1 75 +0.10
6 & o

© 0 0 0 0 0 o0 6ocfo“r(

7k 5

jo fo fo \ W)
132+02/ 0 01lg i & 16.0 0.3

a e : 10.30 £0.20
J_ \
Y g
0.1 MAX 10.30 £ 0.20 \— 21.6+0.1
User Direction of Feed

\
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FAIRCHILD
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SEMICONDUCTOR®

MARKING INFORMATION

g
60 &

Definitions

Fairchild logo

Device number

VDE mark (Note: Only appears on parts ordered with VDE
option — See order entry table)

Two digit year code, e.g., ‘03’
Two digit work week ranging from ‘01’ to ‘53’
Assembly package code

Reflow Profile ’ : : : :

300 4

D) W N =

215C, 10-30s

Time above 183C, 60-150 sec

\ Ramp up = 3C/sec

R i | ey e Sl e S
Time (Minute)

Temperature (°C)
g

* Peak reflow temperature: 225C (package surface temperature)
 Time of temperature higher than 183C for 60~150 seconds
* One time soldering reflow is recommended

\



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST® ISOPLANAR™ Power247™ Stealth™
ActiveArray™  FAST™ LittleFET™ PowerEdge™ SuperFET™
Bottomless™  Fpg™ MICROCOUPLER™ PowerSaver™ SuperSOT™-3
CoolFET™ FRFET™ MicroFET™ PowerTrench® SuperSOT™-6
CROSSVOLT™ GlobalOptoisolator™ MicroPak™ QFET® SuperSOT™.8
DOME™ GTO™ MICROWIRE™ Qs™ SyncFET™
ECoSPARK™  HiSeC™ MSX™ QT Optoelectronics™  TinylLogic®
E2CMOS™ kC™ MSXPro™ Quiet Series™ TINYOPTO™
EnSigna™ i-Lo™ OCxX™ RapidConfigure™ TruTranslation™
FACT™ ImpliedDisconnect™ OCXPro™ RapidConnect™ UHC™

FACT Quiet Series™ OPTOLOGIC® pSerDes™ UltraFET®
Across the board. Around the world.™ OPTOPLANAR™ SILENT SWITCHER® VCX™

The Power Franchise® PACMANT™ SMART START™

Programmable Active Droop™ POPT SPM™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TOANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY
ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR GIRCUIT DESCRIBED HEREIN; NEITHER DOES IT
CONVEYANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. 113




Data Sheet No. PD60147 Rev.T

International
ISR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V Vorrser (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lot/- 2A [ 2A
® Undervoltage lockout for both channels
* 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down ;
® Cycle by cycle edge-triggered shutdown logic De|ay MatChmg (:2311?}) 12(()) ns/max.
® Matched propagation delay for both channels ( ) QS max.

® Outputs in phase with inputs

: Packages
® Also available LEAD-FREE

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan- ‘
nels. Proprietary HVIC and latch immune CMOS technologies enable

ruggedized monolithic construction. Logic inputs are compatible with lg{42-1L f gﬁ;ﬁ% 'R(i} ;g gc;éuss
standard CMOS or LSTTL output, down to 3.3V logic. The output LEAD-FREE (PbF))
drivers feature a high pulse cument buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

16-Lead SOIC

Typical Connection up to 500V or 600V
'_._.
| X vvv—@r> i
Voo 0-——/1—— Voo Vg 9
TN
HIN o— HIN v -3 oo
SD o— SD (2t A ‘OLOAD
LIN o— LIN Vee o &
Vg o— Ve  COM |—B E@
Ve i LO
(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1



IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limit
eters are absolute voltages referenced to COM.
under board mounted and still air conditions. Add

International
IGR Rectifier

s beyond which damage to the device may occur. All voltage param-
The thermal resistance and power dissipation ratings are measured
itional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Ve High side floating supply voltage (IR2110) -0.3 525
(IR2113) 03 625
Vs High side floating supply offset voltage VB -25 Ve + 0.3
VHo High side floating output voltage Vs -0.3 Vg +0.3
Vce Low side fixed supply voltage 0.3 25 v
Vio Low side output voltage -0.3 Vce +0.3
Vpp Logic supply voltage -0.3 Vss + 25
Vss Logic supply offset voltage Vce-25 Vec+0.3
VIN Logic input voltage (HIN, LIN & SD) Vss-0.3 Vop + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6 "
(16 lead SOIC) — 1.25
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 )
(16lead SOIC) — 100 ¥
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions

The input/output logic timing diagram is shown in fi
recommended conditions. The Vg and Vsgoffset r

ratings at other bias conditions are shown in figures 36 and 37.

atings are tested with all su

gure 1. For proper operation the device should be used within the
pplies biased at 15V differential. Typical

Symbol Definition Min. Max. Units
Vs High side floating supply absolute voltage Vs +10 Vs +20
Vs High side floating supply offset voltage  (IR2110) Note 1 500
(IR2113) Note 1 600
VHo High side floating output voltage Vs Vg
Vce Low side fixed supply voltage 10 20 Vv
Vio Low side output voltage 0 vce
Vbop Logic supply voltage Vsg +3 Vss + 20
Vss Logic supply offset voltage -5 (Note 2) 5
VIN Logic input voltage (HIN, LIN & SD) Vss Voo
Ta Ambient temperature -40 125 °C

Note 1: Logic operational for V.

DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vss offset is limited to -Vpp_

2

s of -4 to +500V. Logic state held for Vs of -4V to -Vgs. (Please refer to the Design Tip

www.irf.com



International
IGR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Dynamic Electrical Characteristics

VBias (Vce, Vas, Vpp) = 15V, C_ = 1000
electrical characteristics are measured usi

PF, Ta =25°C and Vsg = COM unless otherwise specified. The dynamic
ng the test circuit shown in Figure 3.

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

ton Tum-on propagation delay 7 — 120 | 150 Vs =0V
toff Tum-off propagation delay 8 — 94 125 Vs = 500V/600V
tsq Shutdown propagation delay 9 — 110 | 140 N Vs = 500V/600V
tr Tum-on rise time 10 — 25 35
tf Tum-off fall time 1 — 17 25
MT Delay matching, HS & LS _(IR2110) — - — 10

turn-on/off (IR2113) — < — 20

Static Electrical Characteristics

VBias (Vce. Vas, Vpp) = 15V, Tp = 25°
are referenced to Vsg and are applicabl

referenced to

COM and are applicable to the respective output leads: HO or LO.

C and Vgg = COM unless otherwise specified. The Vj,
e to all three logic input leads: HIN, LIN and SD. The V,

VTH and Iy parameters
0 and Ip parameters are

Symbol Definition Figure |Min. | Typ. Max.| Units [Test Conditions
| Oy yp
ViH Logic “1” input voltage 12 9.5 — —
ViL Logic “0” input voltage 13 -— — 6.0
Vou | High level output voltage, Vgias - Vo 14 SRR .20 | | AV Io =0A
VoL Low level output voltage, Vg 15 — — 0.1 lo =0A
ILk Offset supply leakage curent 16 - — 50 VB=Vs = 500V/600V
lass Quiescent Vgs supply current 17 - 125 1 230 VIN=0VorVpp
lacc Quiescent Ve supply current 18 — 180 | 340 uA ViN =0V or Vpp
lapp Quiescent Vpp supply current 19 — 15 30 VIN =0V or Vpp
Iin+ Logic “1” input bias current 20 — 20 40 ViN = VoD
IIN- Logic “0” input bias current 21 — — 1.0 ViN=0V
VBsuv+ Vas supply undervoltage positive going 22 7.5 8.6 9.7
threshold
VBsuy- VBs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Vceuv+ | Vec supply undervoltage positive going 24 74 8.5 9.6
threshold v
Vceuv- Ve supply undervoltage negative going 25 7.0 8.2 94
threshold
lo+ Output high short circuit pulsed current 26 2.0 2.5 — Vo=0V, Vin=Vpp
PW <10 ps
o Output low short circutt pulsed current 21 T20 38— A [Vo=tuvp=ov
PW<10ps
www.irf.com 3




IR2110(S)/IR2113(S) & (PbF) Inferational

IGR Rectifier
Functional Block Diagram

I ————————————————————————————————————————————————— a
i < —3v,
|
uv |
VDD+—> DETEC R @ |
4 |
! L PULSE R HO
: Rs9 v SHIFT FILTER 5
HIN b2 LBVEL I
| 1 SHIFT PULSE Ve
: L GEN | |
|
SD rz&—o —9 Ve
| uv !
[ 7 o DETECT
LIN 28 LBVEL o
| Q SHIFT —L |
| = R DELAY :
|
coM
Ves T:—l—- [
L________________________________________________J
Lead Definitions
Symbol| Description
Vbbb Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
VB High side floating supply
HO High side gate drive output
Vs High side fioating supply return
Vee Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
=] HO [B
% Voo :Z : 0o ve [7]
o] HiN vs [3] 1] voo vs [6]
o so 3 (BB 2m)
0z] un vee [3] 03] so =
03] vss com [Z] G L vec (3]
T3 w 1] 15] Vss com [ 2]
T 16 ~ [T
14 Lead PDIP 16 Lead SOIC (Wide Body)
(Also available LEAD-FREE (PbF))
IR2110/IR2113 IR2110S/IR2113S
Part Number

4 www.irf.com



International

ol reions IR2110(S)/IR2113(S) & (PbF)

Vee =15V HV = 10 to 500V/600V
Iy B
10 Lo = .
L"F Tw 9 :I, g ==z'; iol'? "mKFsl e
HIN 5
LIN

SD

HO .
—1 11 | ¥ r —3550 Vins
12 DJ_ OUTPUT 10KF6 dt
MONITOR |

13 2
ey JL
IRF820 S El ’ :]
Lo l |

Figure 1. Input/Output Timing Diagram

) =

Figure 2. Floating Supply Voltage Transient Test Circuit

Vee=15V
[ VB
10 01 0 —
I“F I"F | ol o,
N E B i s T A
10 S PO
HIN O
71 _ebh (010 500V/500V)
8D O——d 11 " 12
Lo u
UNO___12_I>_J'—T'°C
TCt
13 =
¥

Figure 3. Switching Time Test Circuit Figure 4. Switching Time Waveform Definition

50%
SD Lo/ /ro
tsd
10%
HO 90%
LO MT MT
90%
LO HO

Figure 5. Shutdown Waveform Definitions Figure 6. Delay Matching Waveform Definitions
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IR2110(S)/IR2113(S) & (PbF)

250
200 —
E i ==
Biqog jio et ] = 7<<
= — i |_—
& Mex. | |_—1
2 <= |_—1
& 100 13—
£
=
50
0
-50 -25 0 25 50 75 100 125

Temperature (°C)
Figure 7A. Tum-On Time vs. Temperature

zso-ﬁw.
200 | :
£ Tyu\\n-.
£ 150 e ——
% \\
S 100
2 50

0

0 2 4 6 8 10 12 14 16 18 20

VDD Supply Voltage (V)

Figure 7C. Turn-On Time vs. VDD Supply Voltage

250
200
z
= Max,
‘§1so-+ =
I3 i
2 Ty, + -
5 100 | ——— ik S
g e
50
0
10 12 14 16 18 20

Vcc/ves Supply Voltage V)
Figure 8B. Turn-Off Time vs. Vcc/Vass Supply Voltage

International
IGR Rectifier

250
200
Max.
e e O
£ 150 17 i N -
= '\\ E K aisog)
& | ‘
& 100
¢ =
S
50
0
10 12 14 16 18 20

Vee/ves Supply Voltage (V)

Figure 7B. Turn-On Time vs. Vcc/Ves Supply Voltage

250
200
& -
£ 150 —
& -~ L —
© —— 1 [ "]
g B |
5 Typ. [
50
0
-50 25 0 25 50 75 100 125
Temperature (°C)

Figure 8A. Tun-Off Time vs. Temperature

250 3
200 %
= \'.‘ Vax.
V150 N ~l.. .
lg \\ [~ d
Y \\ ~'~
= 100 N .
5 Typ [~~~
5 50
0

0 2 4 6 8 10 12 14 16 18 20
VDD Supply Voltage (V)

Figure 8C. Turn-Off Time vs. Voo Supply Voltage
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International IR211 0(S)/|R21 1 3(8) & (PH:)

IGR Rectifier

250 250

g
g

g
!

Shutdown Delay Time (ns)
B g
3
\
\
\
\
\
\
\ \
Shutdown Delay time (ns)
/
)
1
|

|

8
g

0 0
-50 -25 0 25 50 75 100 125 10 12 14 16 18 20
Temperature (°C) Vcc/Ves Supply Voltage (V)
Figure 9A. Shutdown Time vs. Temperature Figure 9B. Shutdown Time vs. Vcc/Ves Supply Voltage
250 x 100
\
2 200 s
(=
:; \ ‘o n Max. s
£ Slsal z
F 150 \\ = A
F T S e 5
8 100 — &
§ Typ BCADAGN Y & NI T =T
B = —
< 50 h¢
2 20 |
7
0
0
0 2 4 64 =10, 12 94 d6, 820 =5 e = [ A P id 155
VDD Supply Voltage (V) Temperature (°C)
Figure 9C. Shutdown Time vs. Voo Supply Voltage Figure 10A. Tum-On Rise Time vs. Temperature
100 50
80 40
z g
£ o0 e A A s e
ig Mex. g Mo — — = T 7]
g 40 - ===t 2 B
= Typ. T s i = Typ. [t
— - —
20 10
0 0
10 12 14 16 18 20 -50 -25 0 25 50 75 100 125
Vaus Supply Voltage (V) Temperature (°C)
Figure 10B. Tum-On Rise Time vs. Voltage Figure 11A. Turn-Off Fall Time vs. Temperature
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IR2110(S)/IR2113(S) &(PbF) International

IGR Rectifier

15.0
40 12.0
7 == 2
ey S E s by bl D il e S SR,
E i 3 90
E e o =
E 20 + = E— i
B e ¥
g ] 5
10 1= 3.0
0 0.0
10 12 14 o 18 24 50 | 25 0 25 50 75 100 125
Vaus Supply Voltage (V) Temperature (°C)
Figure 11B. Tum-Off Fall Time vs. Voltage Figure 12A. Logic “1” Input Threshold vs. Temperature
15 15.0
e 12 R 12.0
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IGR Rectifier
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Case Outlines

20.19 [.795
5 18.42 {,725% — NOTES:
Ao S 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
—E3 F3 F3 F3 3 F3 F i 2. CONTROLLING DIMENSION: INCH.
14 711 [.280 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
6.10 & 240]] 4. OUTLINE CONFORMS. TO JEDEC OUTLINE MS-001AC.

MEASURED WITH THE LEADS CONSTRAINED TO BE
PERPENDICULAR TO DATUM PLANE C.

‘ DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
PROTUSIONS SHALL NOT EXCEED 0.25 [.010]

533 [.210]
MAX

0.558 [.022 14y 0:381 [.015)
L MX 356 [_0,4]] 0.204 [.008]
12X ©10.25 [.010] W[C BOA®
01-6010
14-Lead PDIP 01-3002 03 (MS-001AC)
10.50 [4133]
= 10.10 [.3977] NOTES:

1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.

\{ 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS ARE SHOWN'IN MILLIMETERS [INCHES]
10.65-[.419] 4. OUTLINE CONFORMS TO JEDEC OUTLINE MS=013AA.
10.00 | 394] DIMENSION. IS THE LENGTH  OF LEAD FOR'SOLDERING T0

A SUBSTRATE.
DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
PROTUSIONS ‘SHALL NOT EXCEED 0.15 [.006 ].

P’" ["*025 010 [x s

0.30 [.0118]

0.10 [.0040]
=r 265 [ 1043]
iyl J % 2.35 [.0926]
ErmN JLIGX 049 [0197] Al 27 o) [ *

[©[025 Lo]@[c[p ,

=

L

J

14X 0.35 [ 0138] 40 (016] 0.32 [.0125]
Gl [TOL Ol (5] X 023 [0091]
16-Lead SOIC (wide body) 013014 03 (MS.0TIAR
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IR2110(S)/IR2113(S) & (PbF) Infernational

IGR Rectifier
LEADFREE PART MARKING INFORMATION
Part number__4 RXXXXXX
Date code—— YWW? IG?R B IR logo
44N PXXXX—|
et ® -
Lot Code
? MARKING CODE (Prod mode - 4 digit SPN code)
Lead Free Released
Non-Lead Free
Released
Assembly site code
Per SCOP 200-002
ORDER INFORMATION
Basic Part (Non-Lead Free) Leadfree Part
14-Lead PDIP IR2110 order (R2110 14-Lead PDIP IR2110 order IR2110PbF
14-Lead PDIP IR2113 order IR2113 14-Lead PDIP IR2113 order IR2113PbF

16-Lead SOIC IR2110S order IR2110S 16-Lead SOIC IR2110S order IR2110SPbF
16-Lead SOIC IR2113S order IR2113S 16-Lead SOIC IR2113S order IR2113SPbF

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
This product has been qualified per industrial level
Data and specifications subject to change without notice.  4/2/2004
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PRELIMINARY CSD20030

ZERO REcovERY™ RECTIFIER

Features

Benefits

® 300 Volt Schottky Rectifier
® Zero Reverse Recovery

® Zero Forward Recovery

High Frequency Operation

® Temperature Independent Switching Behavior

Extremely Fast Switching

Positive Temperature Coefficient on Ve

Applications

* Replace Bipolar with Unipolar Rectifiers

* Essentially No Switching Losses

Higher Efficiency

Reduction Of Heat Sink Requirements

Parallel Devices without Thermal Runaway

Package

* Switch Mode Power Supplies
* Power Factor Correction

e Motor Drives

® Output Rectification

CSD20030D

Maximum Ratings
’ Parameter Symbol Value Unit
‘ Repetitive Peak Reverse Voltage VRrM 300 \"
! Surge Peak Reverse Voltage Vrsm 300 \
' DC Blocking Voltage Vic 300 v
' Average Forward Current (Per Device) I 20 A
| Tc=150C (Per Leg) £ 10
Repetitive Peak Forward Surge Current (Per Leg) | 40 A
Tc=25°C, tp=8.3ms, Half Sine Wave i
Non-Repetitive Peak Forward Surge Current (Per Leg) I 200 A
Tc=25°C, tp=10s, Pulse s
Power Dissipation (Per Leg)
Te =25°C Prot 79 w
- Operating Junction and Storage Temperature T T -55to +175 °C

Page 1 - CSD20030, Rev B
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PRELIMINARY CSD20030
ELECTRICAL CHARACTERISTICS (PER LEG)
Parameter Symbol | Min | Typ | Max | Units
Forward Voltage
le=10A T;=25°C Ve ol [
lg=10A T,=175°C 1.4 1.8
Reverse Current
Vg=300V T,=25°C I 50 200 A
Vg =300V T,=175°C 1000 2000
Total Capacitive Charge
Vg = 300V,l¢ = 10A, dildt = 500 Alyss, T, = 25°C Qc 1.5 nC
Total Capacitance
Ve =0V, T; = 25°C, f =IMHz 660
Vg =150V, T, = 25°C, f =1MHz G 62 pF
Vg =300V, T, = 25°C, f =1MHz 58
NOTE:
1. This is a majority carrier diode, so there is no reverse recovery charge.
THERMAL CHARACTERISTICS
Characteristic Symbol Min Typ Max | Units
Thermal Resistance from Junction to Case Per Leg Rayc 1.9 °C/W
Per Device | Ry 0.95 ‘W

Typical Performance (Per Leq)

Figure 1. Forward Characteristics

Figure 2. Reverse Characteristics
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PRELIMINARY
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Figure 4. Capacitance vs. Reverse Voltage
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PRELIMINARY CSD20030

Package Dimensions

Package TO-247-3

e H
r———A \Vj . J
A e B Inches Milimeters
‘/H ROS Mi Max in ax
L A | 621 | 631 | 15.773] 16.027
B | 820 | 830 | 20.823] 21.077
L
C_| 789 | 799 | 20. 20.307
B O O D | 120 | 126 | 3.044] 3.196
R~ =S E | 047 | 052 | 1.000 | 1327
075 | 084 | 1.903 | 2.130
| S S ) G 215 1Y 4!
N s e mm—1 mn H .193 .203 4.903 5.157
iy 2 075 |_.081 1i904 zéqse
1 5 19° | 1< 9¢ .
T \JP U L 40 < 40 <
M 2° 4° 2° 4°
D N 2° 4° 2° 4°
C P P 1093 | 097 | 2.349 | 2.451
Q 024 | 030 |_600 | .750
© 11° g° 11°
S s 11° g° 11°
o 40 2! 40
U zn 40 25 40
Lol % U V4 134 [ 3560 3
E_JL
F G Sl 0 |
PIN 1 o—p}_
PIN2O——— | _©CASE
PIN3 O—p| |
Part Number Package Marking

CSD20030D TO-247-3 CSD20030
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PRELIMINARY

Recommended solder pad layout.

This product has not been designed or tested for
use in, and is not intended for use in, applications
implanted into the human body nor in applications
in which failure of the product could lead to death,
personal injury or property damage, including but
not limited to equipment used in the operation of
nuclear facilities, life-support machines, cardiac
defibrillators or similar emergency medical
equipment, aircraft navigation or communication or
control systems, air traffic control systems, or
weapons systems.

CSD20030

Copyright © 2001-2004 Cree, Inc. All rights
reserved. Permission is given to reproduce this
document provided the entire document (including
this copyright notice) is duplicated.

The information in this document is subject to
change without notice.

Cree and the Cree logo are trademarks of Cree,
Inc.

Cres, Inc.
Power Products
4600 Silicon Drive e Durham, NC 27703 ¢ USA
Tel: 919-313-5300 ¢ Fax: 919-313-5451
www.cree.com
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International
ISR Rectifier

Bulletin  PD-20745 rev.D 07/01

60EPU0O4
60APU04

Ultrafast Soft Recovery Diode

Features

* Ultrafast Recovery
* 175°C Operating Junction Temperature

Benefits

* Reduced RFl and EMI

* Higher Frequency Operation
* Reduced Snubbing

* Reduced Parts Count

Description/ Applications

tr = 50ns (typ)
Irav) = 60Amp

V,, = 400V

These diodes are optimized to reduce losses and EMI/ RFl in high frequency power conditioning systems.
The softness of the recovery eliminates the need for a snubberin mostapplications. These devices are ideally suited
for HF welding, power converters and otherapplications where switching losses are not significant portion of the total

losses.

Absolute Maximum Ratings

CATHOODE ANODE

TO-247AC (Modified)

Parameters Max Units

VR Cathode to Anode Voltage 400 \4
I(avy Continuous Forward Current, Te = 127°C 60 A
lrsm Single Pulse Forward Current, Tc = 25°C 600

lrrm @ Maximum Repetitive Forward Cument 120

Ty Tste  Operating Junction and Storage Temperatures -55t0 175 °C
® Square Wave, 20kHz

Case Styles
60EPU04 60APU04

ANODE ANODE

TO-247AC

www.irf.com




60EPU04/ 60APUO4 International
Bulletin PD-20745 rev. D 07/01 IGR Rectifier

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

Parameters Min | Typ [Max | Units| Test Conditions
Ver, Vi Breakdown Voltage, 400 | - - \% Ir = 100pA
Blocking Voltage
VF Forward Voltage - 105125 Vv IF = 60A
- (087103 Vv lIF=60A, Ty=175°C
- [0.83(1.10] V Ir=60A, Ty=125°C
IR Reverse Leakage Current - - 50 | pA VR = Vg Rated
2 - 2 | mA | Ty=150°C, Vg = VR Rated
Cr Junction Capacitance - 50 - pF VR =400V
Ls Series Inductance - | 35 - nH Measured lead to lead 5mm from package body

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

Parameters Min |Typ | Max | Units| Test Conditions

ter Reverse Recovery Time - 50 | 60 ns IF=1A, die/dt = 200A/ps, VR = 30V
>N 35 \J/- Ty=25°C I.= 60A
=4 P Ty=125°C :!/i:/jitiog(\)/OA/;s

IrRrRM Peak Recovery Current -./88 - A Ty=25°C
- 154 | - Ty=125°C

Qn Reverse Recovery Charge # [\ 375\ s nC | Ty=25°C
- (1120 - Ts=125°C

Thermal - Mechanical Characteristics

Parameters Min Typ Max Units
Rthic Thermal Resistance, Junction to Case 0.70 Kw
Rihcs @  Thermal Resistance, Case to Heatsink 0.2
wt Weight 55 g
0.2 (oz)
T Mounting Torque 1.2 24 N*m
10 20 Ibf.in

@ Mounting Surface, Flat, Smooth and Greased

2 www.irf.com



International B60EPU04/ 60APUO4
IGR Rectifier Bulletin PD-20745 rev.D 07/01
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60EPUO4/ 60APU04 International
Bulletin PD-20745 rev.D 07/01 TGR Rectifier
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(3) Formulaused: Tc =T ,-(Pd +Pde, ) x thJC;
Pd=FOtwardPowefLoss=IF(Av)xVFM@(IF(AV)ID) (seeFig.6);
Pdge, =Inverse PowerLoss=VR1 Xlg (1-D); e @ Vg, =80%rated Ve
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International 60EPU04/ 60APUO4
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Reverse Recovery Circuit

VR =200V

L J’]/K

di ¢ /dt
ADJUST

®|RRM Ve

0.5 Irrm
S S—direc)Midt ©)
R
: 0.75 Irrm
— e
(@ dig/dt

1. diF/dt - Rate of change of current through zero 4. Qy - Area under curve defined byt

crossing and IRRM
2.IRRM - Peak reverse recovery current Q= l"—x?f;'!&M
3., - Reverse recovery time measured from zero 5.di (rec) M / dt - Peak rate of change of

crossing point of negative going I to point where curent during t b portion of t ¢

aline passing through 0.75 Irrm and 0.50 IRRM
extrapolated to zero current

Fig. 10 - Reverse Recovery Waveform and Definitions
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60EPUO4/ 60APU04 International
Bulletin PD-20745 rev.D 07/01 IGR Rectifier
Outline Table
144 60EPUO04
15.90 (0.626) hieelitea) D 5.30 (0.209) 2 pins
3.55(0.139) 470 (0.185) [
15.30 (0.602) »| |25(0.09)
v || 15(0.059)
¥ 570(0.225) o CATHODE
5.30 (0.208) = TO BASE
20.30 (0.800) L) —r 7t
19.70 (0.775) f 5.50 (0.217) |
450 (0.177) I'
i (2PLCS,) j
] | J;' i
14.80 (0.583) 5 CATHODE ANODE
14.20 (0.559) 4.30 (0.170)
3.70 (0.145) J
2:20(0.
1.40 (0.056) L ', ' *2'“:4(:3295)
1.00 (0.039) 0.80(0.032)
0.40 (0.213)
10.94 (0.430)
10.86 (0.427)
Conforms to JEDEC Outline TO-247AC (Modified)
Dimensions in millimeters and (inches)
60§RUM
ins
poosn o SB0 L, s i
15.30(0.602) l S 4.70 (0.185) | 1o 25(0.09)
{ * | 1.5(0.059) CATHODE
¥ 570(025) [ -ﬁ TO BASE
D 5.30(0.208) 1
20.30 (0.800) ;_f iz
19.70 (0.775) 1 5.50(0.217)
4.50(0.177)
1 2 3 ¢ gies) dlli
| 1 3
14.80 (0.583) /) ANODE ANODE
14.20 (0.559) 430(0.170)
3.70 (0.145) J
2.20 (0.087
1.40 (0.056) L M;(\x ! ! +2'40$x095)
1.00 (0.039) 320 (0.126) 0.80 (0.032)
MAX. 0.40 (0.213)
547 (0.216
5.43(0.213)
Conforms to JEDEC Outline TO-247AC
Dimensions in millimeters and (inches)
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Infernational 60EPU04/ 60APUO4
ToR Rectifier Bulletin PD-20745 rev.D 07/01

Ordering Information Table

Device Code
60 | E P u 04
- i 60 = 60A
(1] Current Rating ( ) =25
E - SsingeDiode :
A =3 pins
B - T10-247AC (Modified)
Bl - Uitrafast Recovery
BH - VoltageRating (04 = 400V)

Data and specifications subject to change without notice.
This product has been designed and qualified for Industrial Level.
Qualification Standards can be found on IR's Web site.

International
ISR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7309
Visit us at www.irf.com for sales contact information. 07/01
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