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ABSTRACT

This thesis presents a prototype 'of 1kW hybrid inverter drive for PMSM
(Permanent Magnet Synchronous Machine) application. This hybrid inverter consists
of two inverters: main inverter and -auxiliary inverter. . The main inverter is a
conventional | 3 "phases. inverter (six switches) operating  in. six-step mode. The
auxiliary inverter is a single phase H-Bridge inverter ( four switches)-operating in
PWM mode. The advantage of this hybrid inverter ‘is boost voltage capability with
inductorless. Normally, inverter drives require a boost converter in order.to boost DC
— link voltage at high speed drive; therefore, this inverter requires a_big inductor.
However, for hybrid inverter, the DC-link boost voltage can be achieved by auxiliary
inverter. Thus, hybrid inverter - can have a boost voltage capability ‘without an

inductor. And the resuit of prototype of 1TkW hybrid inverter can-be drives moter.
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nanduai Digital Oscilloscope
(YOKOGAVA) (2 Channel)
3u DL1620

ERLGEIGED
-Bandwidth 200 MHz
«200-MS/s sampling rate on one channel

-8 bit vertieal“resolution
-DC/10,30 MH2., 425V (DC+AC peak)
W%/ DC -accuracy,Intérnal low pass filter

nandein - Band Differential\, Brobe
2 700924

Sy PR

<Sampling ‘Rate-100 MHz

<A) Probesliets=You, Make, Wide-Band
-Differential Input Measuréments

waasn el Multi-Meter(Héwlett Packard)
W I973A

-
ERL el e]

“True RMS~20KHz Accuracy =0.1%
=Vac_or-Vdc: 0 to 100 Volts
-lac or Idc : 0 to 10 Amperes.
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TREE PHASE-INGUCTON MOTOR
TYPE SF-JR |IP 7 44
HP/KW 1/0.74 | YoLTS 220/380
POLES ~—g— 5 50
AMP'S 3.4/12.0 | RPM 1400
FRAME 80M | INS CLASS B
BEARING 6204-6203 22




MAHUIN A

[ ¢
"ayamlnsa
TOSHIBA {DISCRETE/OPTO} a0 pe | 9097250 0016231 8 [
l} 9097250 TOSHIBA (DISCRETE/OPTO) 900 1623t 0T-33-35 |
I MG50C1BL3 l
F 177“ SEMlCONDUCTOR NGSOGIJLI
| A MGSO0C2CL3
; TECHNICAL DATA MGCS50G2DL1
: NCSOG6EL 1
Unit in am
. ;' N\ 2-#ss {
Mcs506G62DL1 aysis s M4
El o= |
B L e |
©1 0—i{ -T b——0 2 08 26

4} [

IEDEC s
BIAT =
l TOBHIBA 2—-B0ALA
Weight : 245g -
i
x a-pias -
v-Ne
NG30GE6EL1 als v x k
l 4
.- 8

N v
"

e

PAST—ON $110X10

L ol

A

oe
JEDRC - i
E1AJ - 1
TOBHIBA 2~94AlA I
Weight : 600g

TOSHIBA CORPORATION

GTI1AZA
- 237~




TOSHIBA {DISCRETE/OPTO} 0 e aovaso nowee3z o [

9097250 TOSHIBA (DISCRETE/OPTO) 900 16232 DT-3A-38
' MGSO0OG1BL3
i MG506G6G2CL3
il MG50G2DPL1
HRSE  TECHNICAL DATA : NG50G6EL]!
t
. MAXIMUM RATINGS (Ta=25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage veso 600 v
Collector-Baitter Volcage VCEO 600 v
Collector-Emitter Sustaining Voltage VCEO(SUS) 450 v
Emitter-Base Voltage VEso 6 v
DC Ic 50 A
Collector Current 1ms Ic 100 A
DC ~Ig 50 A
Base Current Iy 3 A
JCollector Power Dissipation (Tc=25°C) e 300 1
Junction Temperature T4 150 ‘c
Storage Temperature Range Tatp =40~125 °C
Isolacion Voltage Visol 2500 (AC 1 Minute) v
Screw Torque (Yerminal/Mouating) 20/30 kgecm
ELECTRIB&L CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CORDITION MIN. | TYP.| MAX.| UNIT
! Collector Cut—off Current IcEO Vcp=600V, Ig~0 - - .0 mA
Emitter Cut-off Current IEBO Vpg=6V, Ic=0 - - 200 mA
::i:::::;:;%i;:::e Vceo(sus) Ic=0.54, L=40oH 450 - - v
DC Current Gain h¥E Veop=5V, Ic=504 10¢ - ~
Ty 8 7. Dy e | Y ED I
Base-Emitter v ¢ - 2.5 v
Saturation Voltage BE(sat) > 3
Emitter-Collector Voltage Veco 1g=S0A, l1g=0 : - = 1.5 v
Reverse Recovery Time trr =Le=504,Vgp=3V,VoE=300V| - - 2.0 KE
Turn-oa Tise ton sMﬂnmrr :_2_.1 b P - 1.0
Switching Time |Storage Time tetg xﬂﬂm Ip2 S1- i 12| as
T B i B IR Y
Thermal Resistance R Transistor - - {0.41 ool
(Junction to Case) th(j-c) Dlods = .
. TOSHIBA CORPORATION
GYiA2
—238—




PIC18F2331/2431/4331/4431

Pin Diagrams
28-Pin SOW, SOIC
MCLRVerREl — [ '1U20]«-—- RBI/ABIIPGD
RAANT —— [ 13 26 [ ] = R8sKBIPWMAPGMTY
RA2/AN2IVREF-JCAPIANOX ~—— []4 25 [] +—— RBANBIOIPWMS
RANANIVREFHCAPHOEA = (15 § 24[ ] «— RB3PWM3
RAVANUICAPIIOEB «— [ ]6 & 23]~ RB2PWM2
AVDD : 7 5 22["] =—— RBI/PWM1
AVss __,Ea = 21 :].—-—.m
OSCUCLKWRAT —— []9 & [ ]+— Voo
OSCUCLKOMAS —— [ |10 & 19[ J-— Vss
RCHT10SOM1CKI ———= ] 11 18] «——— RCTRXDT/S00
RCUTIOSYCCP2ALTA —— [| 12 17 [} =—— RCGTX/CK/SS
RCCCPARLIB = [ ] 13 16 | ]~ RCSANT2/SCKISCL
RCHTOCKUTSCKVINTO -—e [1] 14 151 ] +—= RCAANT1/SOVSDA
Note 1: Low-voltage programwning must be enabled.
40-Pin POIP
MCLRAVPPRES ——— [} 1 NS 40 |1 ~—— RB7/KBIVPGD
RANANG «—— = [12 39 (] =—» RBGKBIZPGC
RAYANT ——»[}3 38 [[] =———» ROSKBHPWMIPGME
RAZIANIVREFICAPAMNDX o1 4 arp RBAKBIPWMS
RANANSAREF HCAPZIQEA -] 5 36 {1 ——— RBIPWM3I
RAVAMMCAPYQEB <+ [} 6 - 35 [1 e REB2ZPWMZ2
RASIANSAVOIN ~—— (] 7 3 34 0 —— RBIPWMI
REGIANG ——— (] 8 — 33 [ =—— RBOPWMO
REVANT ~——= (19 o 323 Voo
RE2IANG -——= (] 10 = - vss
oo, —— 11 = 30 {3 ——— ROTPWMT
Mss — o] 12 o 29 [0 «———= ROGIPWME
OSCUCLKWRAT ———=(] 13 o 28 [ =—— ROSPWM4Y
OSC2ICLKORAS —— (114 ZYJHMTA“
RCOTIOSOMICK! “+—[] 15 26 |3~ RCTRXOT/S00M
RCITIOSUCCP2FLTA -——{] 16 250 RCBTX/ICKISS
RC2IOCPIFALTB ——( 17 24 [J +——e RCSMNTZSCKNSCLIY
RCITOCKAYTSCHKIIANTO ~—— ] 18 23 [0 =— reamnTusOspaAl
RDWTOCKNTSCK] =——e-[] 19 22 [ «——= ROMSCKISCL
RDA/SDO —[] 20 21 {1 =——= RDHSOVSDA
Note 1: RC3 is the altemate pin for TOCKVTSCKY; RC4 is the allemate pin for SOVSDA; RCS is the altlemate pin
for SCK/SCL.
2: Low-voltage programming must be enabled.
3: RDM4 is the altemate pin for FLTA.
4: ROS5 is the alemate pin for PWMA4.

DS396168-page 2 Preliminary © 2003 Microchip Technology inc.




PIC18F2331/2431/4331/4431

FIGURE 1-2: PIC18F4331/4431 BLOCK DIAGRAM

18]

16

osclin | kol crmem.,
&)

T10S0

voo, vss D3

TunarQ

it
b

§§<==*-.>i'
1 1

Serial Port EUSART PCPWM MFM

Note 1: RE3 is available only when MCLR is disabled.

2: RDA is the alternate pin for FLTA.

3: RC3, RC4 and RCS are allemnate pins for TOCKVT5CKI, SDYSDA, SCK/SCL
respectively.

4: RDS5is the altemate pin for PWM4.

W R
© 2003 Microchip Technolagy Inc. Preliminary DS396168-page 11
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XC9536XL High Performance
CPLD

DS058 (v1.2) June 25, 2001

i’m!imlnaq Product Specification

Features
* 5 s pin-lo-pin logic delays
+  System frequency up to 178 MHz
* 36 macrocells with 800 usable gates
+  Available in small footprint packages
- 44-pin PLCC (34 user YO gins)
- 44-pin VQFP (34 user YO pins)
- 48-pia CSP (36 user VO pins)
= 64-pin VOFP (36 user 1O pins)
. Optu'nmsdforhlgh-pedormm33Vsystems
Low power operation
- 5V tolerant /O pins accept 5 V, 3.3V, and 2.5V
signals
- 3.3V or 2.5V output capability
- Advanced 0.35 micron feature size CMOS
FastFLASH™ technology
<« Advanced system features
- In-system programmable
- Superior pindocking and routability with
FastCONNECT U™ switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-taitns par macrocall with
individual product-term allocation
- Locat clock icwersion with three giobal and one
product-tarm clocks
- Individual output enable per output pin
- lnput hysteresis on all user and boundary-scan pin
inputs

- Bus-hold circuitry on all user pin inputs
- Fult IEEE Standard 1149 1 boundary-scan (JTAG)

Excelient quality and reliability
- Endurance exceeding 10,000 progranverase
cycles

- 20 year data retention

- ESD protection exceeding 2,000V

Pin-compatible with 5V-core XC9536 device in the

44-pin PLCC package and the 48-pin CSP package
-escription

10 XCI536XL is a 3.3V CPLD targeted for high-perfor-
ance, low-voltage applications in leading-edge communi-

cations and computing systems. It is comprised of two
54V18 Function Blocks, providing 800 usable gates with
propagation delays of 5 ns. See Figure 2 for architecture
overview.

Power Estimation

Power dissipation in CPLDs can vary substantially depend-
ing on the system frequency, design application and output
loading. To help reduce power dissipation, each macrocell
in a XC9500XL device may be configured for low-power
mode (from the default high-performance mode). In addi-
tion, wnused product-terms and macrocells are automati-
cally deactivated by the software to further conserve power.

For a general estimate of {-c, the following equation may be
used:

o (MA) = MCp(0.5) + MC; p(0.3) + MC(0.0045 mA/MHzZ) f
Where:

MCyp = Macrocells in high-performance (default) mode

MC, p = Macrocells in low-power mode

MC = Total number of macrocells used

F = Clock frequency (MH2)
This calculation is based aon typical operating conditions
using a pattern of 16-bit up/down counters in each Function
Block with no output loading. The actual { value varies
with the design application_and should be verified during
normal system operation.
Figure 1 shows the above eslimation in a graphical form.

60

a6 178 MHz
T 40 J/
E Py
Qo
:: - MQ%ZI
a 125 MH
2 2 A;y 25 Mtz

10

0 50 100 150 200 250

Cilock Frequency (MHz)

D5056_01_061101

Figure 1: Typical lgc vs. Frequency for XC9536XL

© 2000 Xibnx, inc. Af rights resarvad. Al Xiline trademarks, registered trademarks, patents, and disciaimerns are as ksiad at
mmwmwmm“umummmmmmmmbwwm

058 (v1.2) June 25, 2001 www.xilinx.com 1
Miminaty Product Spacification 1-800-255-7778



XC9536XL High Performance CPLD

S 3,
JTAG Port { - 1, CJTIAGu - - in-System Programming Centrolier
f \
Y .Y N A
- 4, ol o
w K3 18 Block 1
- | Macrocells
vo h * 110 18
1w 3 A A4
Y
»
| z |8 Block 2
. .
° xse Macrocells
¢ w | 2 g 11018
. . Blocks 2
v &3 o
vo 3 %
wE 3 9=
('
WE IF———
3
YOIGCK B d—7—¢—
1
HOIGSR B d—~
2
wocTs K _ 44—+

Figure 22 XC9536XL Architecture
Function Block outputs (indicated by the boid ine) drive the VO Blocks directly.

1-800-255-7778

DS058 (v1.2) June 25, 2001
Preliminary Product Specification
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XC9536X1. High Performance CPLD

Absolute Maximum Ratings

Symbol Description Vaiue Units

Vee Supply voitage rolative to GND 05040 v

Vi Input voltage refative to GND(1) 05155 v

Vis Vokage apphied to 3-state output(") 05155 v

Tste Storage temperature (ambient) 65 to +150 oC

Tsor Maximum soldering temperature (10s @ 1/16 in. = 1.5 mim) +260 °C

! T, Junction temperature +150 oC
‘Notes:

1.  Maximum DC undershoot below GNO must be limited 0 either 0.5V or 10 mA, whichever is easier to achieve. During

mwmwmmm

2. WMWMMWRMMWWWbMW These are stress
: mms functional aperation of the device at these or any other condilions beyond
mﬁlad mnmmmmvmmdmmmmm

Recommended Operation Conditions

those listed under Operating Conditions

Symbot Pacameter Min Max Units
Veewr Supply voltage for internal fogic | Commercial T4 =0°C to 70°C 30 3.6 v
and input bisfiers industrial T, = —40°C to +B5°C | 3.0 3.6 v
Veowo Supply voltage for output drivers for 3.3V operation 30 3.6 v
Supptly voltage for output drivers for 2.5V operation 23 27 Y
Vi Low-level input voltage 0 0.80 v
Vig High-avel input voitage 2.0 55 v
Vo Output voltage 0 Veeio v
Auality and Reliability Characteristics
Tor Data Retention 20 - Yoais
Npe Program/Erase Cycles (Enduranice) 10,000 - Cydes
Veso Electrostatic Discharge (ESD) 2,000 - Voks
)C Characteristic Over Recommended Operating Conditions
Symboi Pacsmeter Test Conditions Min Max | Units
Vou | Output high voltage for 3.3V outputs low = —4.0.0A 24 v
Output high vokage for 2.5V outputs loe = —500 A 90% Voo v
VoL | Output low voitage for 3.3V outputs o, =80 mA : 04 v
Output fow voltage for 2.5V outputs loL = 500 pA - 0.4 v
I Input leakage cument Ve = Max - +10 pA
Vin = GND or Ve
T 1O high-Z leakage cument Ve = Max - +10 MA
Vi = GND of Ve
Ci /O capacitance Vi = GND - 10 pF
f= 1.0 MHz
lee Operating supply curent = GND, No load 10 (Typical) mA
{low power mode, active) f=1.0 MHz
3058 (v1.2) June 25, 2001 www.xilinx.com

eliminary Product Specification 1-800-255-7778

fransitions, the
device pins may undershoot 10 —2.0 V or overshoot to +7 .0V, provided this over- or undershoot lasts less than 10 ns and with the




XC9536XL High Performance CPLD & AUNX"

AC Characteristics
XC9536XL-S | XC9536XL-7 | XC9536XL-10
Symbol Parameter Min | Max | Min | Max | Min | Max |Units
Teo | VYO to output valid - 5.0 . 75 - 100 | ns
Ty |VO setup time before GCK 37 - 48 - 6.5 - ns
Ty | VO hold time after GCK 0 - 0 - 0 - ns
Tco |GCK to output valid - 35 - 45 - 58 | ns
fsysTEm | Multiple FB intamal operating frequency - 1786 | - 125 - 100 | MHz
| Tpsy | VO setup time before p-term clock input 1.7 - 1.6 - 21 - ns
Tew | VO hold time after p-term clock input 20 - 32 - 44 - ns
Tpoo |P-term clock output valid - 5.5 - 17 - 102 | ns
Toe |GTS b output valid - 4.0 - 5.0 - 70 | ns
| Top |GTS to output disable - 4.0 - 5.0 - 70 | ns
i Tpoe |Product term OE to output snabled - 7.0 - 9.5 - 110 | ns
Teop |Product term OE to output disabled A 7.0 - 95 - 10 | ns
Tao |GSR to output valid - 10.0 - 12.0 - 145 | ns
Tmo |P-term S/R to output valid - 10.5 - 12.6 - 153 | ns
T | GCK pulse width (High or Low) 248 § 40 - 45 - ns
Toun | P-term clock pulse width (High or Low) 5.0 - 6.5 - 7.0 - ns
VYesT
3
o Output Type|  Vocio | Vrest Ry Rz C
Device Output o @ 3.3v 3.3V 300 600 | 35pF
2.5v 25v 2500 6600 | 35pF
% Ry Co
= D D509 _03_08 1%
Figure 3: AC Load Circuit
www.xilinx.com DS058 (v1.2) June 25, 2001
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$OANX" XC9536XL High Performance CPLD

Internal Timing Parameters

XC9536XL-§ | XC9536XL-7 | XC9536XL-10
Symbol Paramater Min | Max | Min | Max | Min | Max |Units
| Buffer Delays
Tin | lnput bufier detay - 1.5 - 2.3 - 35 | ns
Tock | GCK buffer detay - 11 - 1.5 - 18 | ns
Tesr | GSR buffer delay - 2.0 - 3.1 - 45 | ns
Tgrs |GTS buffer delay - 4.0 - 5.0 - 70 | ns
Tour |Outbut buffer delay - 20 - 25 - 30 | ns
| Ten |Output buffer enableldisable delay - 0 - 0 - 0 ns
[ Product Term Controt Detays
| Tercx |Product term clock detay - 1.6 - 24 - 27 | ns
Tpysr | Product term setireset delay - 1.0 " 14 - 18 | ns
Tprrs | Product term 3-state delay A 5.5 . 7.2 - 75 | ns
Internal Register and Combinatorial Delays
Tppy | Combinatorial logic propagation delay - 0.5 - 1.3 - 17 | ns
Tou |Register setup time 2.3 % 26 - 3.0 - ns
T | Register hold time 14 > 22 - 35 - ns
Tecsy |Register clock enable setup time 23 - 2.6 - 3.0 - ns
Tecwo |Register clock enabie hold time 14 - 22 - 35 - ns
Tooi | Register clock to output valid time A 0.4 S 0.5 - 10 | ns
Taoi | Register async. SR 10 output daiay Z 6.0 b 64 - 70 | ns
Taa | Register async. S/R recover before clock 5.0 75 10.0 ns
Tio | Intemal logic delay 3 1.0 ! 14 ] 18 | ns
T ogup | Internal low power logic detay 1 5.0 E 6.4 A 73 | ns
Feedback Delays
Te ]Fastoomecrumway J = | 1.9 J J 35 ] - ] 42 ] ns
Time Adders
Tema | Incrementat product term allocator delay = 0.7 ¢ 0.8 - 10 | ns
Tsiew. | Stew-rate imited delay eV ilarr 30t a0 [ - | 45 [ s
5058 (v1.2) June 25, 2001 www.xilinx.com 5

‘sliminary Product Specification 1-800-255-777!



XC9536XL High Performance CPLD
XC9536XL /O Pins
. Function | Macro- BScan Function | Macro- 8Scan
Block | cell | PC44 | VQ44 | CS48 | VOGS4 | Order Block cell | PC44 | VQ44 | CS48 | VQE4 | Order
1 1 2 40 | D6 9 105 2 1 1 39 | D7 8 51
1 2 3 41 c7 | 10 | 102 2 2 44 | 38 | E5 7 48
1 3 §(1) | 43() [ B7(N | 15(} | 99 2 3 420 | 36 [ E6(N | 51 | 45
1 4 4 42 | c6 | 1 96 2 4 43 | 31 | EV 6 42
1 5 6(" | 44(V) | ga() | 160"} | 93 2 5 40(1 | 340 | Fe(M) | 2(1) | 39
1 6 8 2 A6 | 19 90 2 6 39(M | 330 | G7 | 64 | 36
1 7 7N | 4D | AT [ 17| 87 2 7 s 32 Gb 63 a3
1 8 9 3 cs5 | 20 84 2 8 37 | 3t F5 | 62 30
1 9 1 5 B | 2 81 2 9 36 | 30 | G5 | 61 27
1 10 12 6 M | 24 78 2 10 35 | 29 | F4 | 60 24
1 11 13 7 84| 25 75 2 11 34 | 28 | G4 | 57 21
1 12 14 8 AY | 27 T2 2 12 33 | 27 | E3 | 56 18
1 13 18 12} B2 133 69 2 13 2| 23 | F2 | 50 15
1 14 19 13 | B1 35 66 2 14 28 | 2 | G1 | 48 12
1 15 20 14 | C2 /| -36 63 2 15 27T |21 Ft 45 g
1 16 2 16 .C3. | 38 60 2 16 26| 20 | E2 | 44 6
1 17 24 18 | D2 | 42 57 2 17 25 19 | E1 43 3
1 18 - - D3 | 39 54 2 18 - L E4 | 49 0
Notes:
1. Gilobal control pin.
XC9536XL Global, JTAG and Power Pins
Pin Type PC44 vQe4 CS4s vae4
HOIGCK 1 5 43 87 15
VOIGCK2 6 44 B6 16
VO/GCK3 7 1 A7 17
VOIGTSH 42 36 E6 5
VOIGTS2 40 M F6 2
VO/GSR 39 33 G7 64
TCK 17 11 Al 30
TDI 15 [ B3 28
DO 30 24 G2 53
T™MS 16 10 A2 29
Voo 3.3V 21, 41 15,35 C1,F7 3,37
Vecio 2.5V/3.3V 32 26 G3 55
GND 10, 23, 31 4,17,25 A5,D1,F3 21,41, 54
No Connects - - C4,D4 1,4, 12,13, 14,18,
23, 26, 31, 32, 34, 40,
46, 47, 51, 52, 58, 59
www.xilinx.com DS058 (v1.2) June 25, 2001
1-800-255-777 Preiiminary Product Specification
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600V, SMPS Series N-Channel IGBTs

The HGTP12N60A4, HGTG12NGOA4 and
HGT1S12NG0A4S are MOS gated high voltage switching
devices combining the best features of MOSFETS and
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C.
This IGBT is ideal for many high voltage switching
applications operating at high frequencies where low

Formesrly Developmental Type TA49335.
Onrdering Information

PART NUMBER PACKAGE BRAND
HGTP12NGOA4 TO-220A8 12N60A4
HGTG12NG0OA4 T0-247 12NGOA4
HGT1S12N60A4S TO-263A8 126044

o obtain the TO-263A8 variant in tape and reel, e.g.
HGT1S12NGOA4S9A

Symbol

HGTP12N60A4, HGTG12N60A4,
HGT1S12N60A4S

Features

« >100kHz Operation at 390V, 12A
« 200kHz Operation at 390V, 9A

. Typical Fall Time. . ............... 70ns &t T) = 125°C
- Low Conduction Loss

« Temperature Compensating SABER™ Model
* Related Literature
=~ TB334 “Guidelines for Soldering Swface Mount
Components to PC Boards

Packaging

JEDEC TO-220A8 ALTERNATE VERSION

G
JEDEC TO-263A8
E &
JEDEC STYLE T0-247

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING UL.S. PATENTS

4,364,073 4,417,385 4,430,792 4.443,931
4,598,461 4,605,948 4,620,211 4,631,564
4.682,195 4,684413 4,694,313 4717679
4.803,533 4,809,045 4,808,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904 609

4,466,176 4,516,143 4,532,534 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,763,690 4,794,432 4,801,906
4,823,176 4,837,606 4,860,060 4,883,767
4,933,740 4,963,951 4,969,027

€2002 Foi ot

HGTP12N60A4d, HGTG12N60A4, HGT1ST12NG0A4S Rev. B1Y



HGTP12N60A4, HGTG12NGOA4, HGT1S12NGOA4S

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

HGTG12NGRA4L, HGTP12NGOA4,
HGT1S12NGOALS UNITS
Collectorto Emitler Voltage . .. .. .. ... ... ... ...l BVces 600 v
Cotlector Curent Continuous
AT =250 s icos 54 A
ATC=1100C c110 23 A
Cotliector Curment Putsed (Nt ) . . ... ... .........oouiieaeiiannaiannnn.n. o 96 A
Gaile 10 Emitter Voltage Conlinuous. . .. . ... ...l Vges 120 v
Gate 10 Emitter VORage PUSAd . ... ... ... ... Veem 30 v
Switching Safe Operating Area at Ty = 150°C. Figure 2 . .. ... ... .. .. ........ 5S0A 60A at 600V
Power Dissipation Total s T =25°%C .. .. .. .. .. e et iaiseeaaaieaaas Pp 167 W
Power Dissipation Dersting Tc >25%C . ... ... ... ... ... 1.33 wrec
Operating and Storage Janclion Temperatuwe Range . .. . ... ... _........ T TsTG -55 10 150 o°%c
Maxirmum Lead Temperature for Soldering
Leads at 0.063 (1.6mm) from Case Sor 10S. . ... .............._.._........ .. T 300 °c
Package Body for 10s, See Tech Brief 334 .. ... ... ... ....... . ... . ... Texg 260 °c
CAUTION: Stresses above those listod in “Absolute Maximum Relings” may cause permanent damage 1o the device. This is a stress only rating and operation of the
davice at these or any other condilions aove those indiceted in the aperalionsl seclions of this speciicalion is not impliad.
NOTE:
1. Puise width limiled by maximum junction temperasture .
Electrical Specifications T;=25°C, Unless Otherwise Specified
PARAMETER SYNaoL TEST CONDITIONS MIN W TYP MAX UNITS
Cotlector 10 Emitter Breakdown Voltage 8Vees ic = 250pA, Ve = OV 600 - - v
Emitter to Collector Breakdown Voltage BVecs I = 10mA, Vgg =0V 15 & - v
Coliector to Emitter Leakage Current lces VoE = 600V T =25 - - 250 pA
T, =1289% ] - 2.0 mA
Collacior 40 Emitter Saturation Voltage Vegsan (o= 124, T;=25% I 2.0 27 v
Voe = 15V Ty = 125°C . 1.6 20 v
Gate o Emilter Threshold Voltage Vm i = 250pA, Ve = 600V - 5.6 - v
Gate to Emitter Leakage Cumant IGeS Vge = 20V - - 1250 nA
Switching SOA SSOA T;=150°C, Rg = 1002 Vge = 15V 60 - - A
L = 100pH, Ve = 600V
Gate ¥ Emitter Platsau Voltage Veep o= 12A, Vo = 300V - 8 - v
On-State Gate Charge Qgion ic=12A, Ve = 15V - 78 96 nC
Ve = 300 Vge = 20V y 97 120 aC
Current Tum-On Delay Time taoNy 38T and Diode at T ;= 25°C - 17 - ns
ce = 124
Current Rise Time ta Ve =390V - ] - ns
Current Tum-Of Delay Time Voe =15V - 96 - ns
Rg = 10Q
. | Current Fak Time ta L = 500H - 18 - ns
Tum-On Enevgy (Note 3} Eomt Test Cirouit (Figure 20) _ 55 - ud
Tum-On Energy {Note 3) Eonz - 160 - w
Tum-Off Energy (Note 2) Eopr - 50 - [1X}

€©2002 Fairchild Semiconducior Corporation HGTP1ZNGOA, HGT G12NB0A4, HGT1S12NG0A4S Rev. B1
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International
IGR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER
Featyres . Product Summary
) Fwyopecaﬁautom:rm VorrseT (IR2110) 500V max.
mbmmm (IR2113) 600V max.
& Gate drive supply range from 10 10 20V lo+/- 2A [ 2A
* Undervoltage fockout for both channels
® 3.3V logic compatible Vour 10 - 20V
Logic and powsr (e ofoat e fordom (typ ) 120 & 94 ns
. O Sch gl Do O™ Delay Matching (IR2110) 10 .
] mmmmm - ((|R2113)) 20nnssmm::
® Outputs in piySgl with inputs Packages

o Also available LEAD-FREE

i @
The [R2110/R2113 are high voltage, high spead power MOSFET and

channels. Proprietary HVIC and iaich immune CMOS fechnologies | 14-ead PP | 16-Lead SOIC
enable ruggedinad monolithic construction. Logic inpuls are compat- 1R21104R2113 12y 105AR21135
ible with standard CMOS or LSTTL output, down 80 3.3V logic. The
output drivers feature a high pulse cument bufier stage designed for minimum driver cross-conduction. Propaga-
fion delays are matched to simpliify use in high frequency applications. The floating channel can be used to drive
an N-channct power MOSFET o IGBT in the high side configurasion which operates up 1 500 or 600 volts,

Typical Connection p t0 500V or 600V
1j
— HO L ED T~
Voo 1V Vel o E
o T e
HINo HiIN Vg & < 1o
S0 o S0 —— A CLOAD
LIN o LIN Vee —9-
Vo o v com | g
SsS SS 15
Vcc°—'l — LO ::L
' -+
M@MWMWNWLWM‘;MW
connections only. Plaase refar to our Application Notes and DesignTips for proper Gircuit board layout.

www.irf.com 1



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

Absolute Maximum Ratings
‘Absolute maximum ralings indicate sustained imits beyond which damage 1o the device may occur. All voltage param-
eters are absolute voltages referenced o COM. The thermal resistance and power dissipation ratings are measured
under board mountad and still air conditions. Additional information is shown in Figures 28 through 35.

International
ToR Rectifier

Symbol Definition Min. Max. Units
Vg High side floaling supply voltage (IR2110) 03 525
(iR2113) 03 625
Vs High side floating supply offset voltage Vg-25 vg+03
Vuo High side floating oulput voitage Vg-03 vg+03
Veo Low side fond supply woltage 4.3 25 v
Vio Low side oufput voltage 4.3 Voo +03
Voo Logic supply voltage 03 Vss + 25
Vss Logic supply offset voltage Ve -25 Voo +03
Vin Logic input voltage (HIN, £IN & SD) Vss-0.3 Vop +03
dVgidt Allowabla offset supply voltage ransient (figure 2) —_ S0 Vins
Pp Package power dissipation @ Ta <+25°C (14 lead DIP) o 16 W
(16 lead SOIC) — 1.25
RTHIA Thermal resistance, junction fo ambient {14 lead DIP) — 75
{16 tead SOIC) P 100 oW
T4 Juncion tomparature .- 180
Ts Storage temperatune -55 150 ‘C
Ty Load temperature (soldering, 10 esconde) —_ 300

Recommended Operating Conditions
The inputioutput logic timing diagram is shown in figure 1. For propec cperation the device should be used within the
racommaended condiions. Tha Vg and Vg5 offsat ralings ave testad with all supplies biased at 15V differential. Typical
radings at other bias condisions ane shown in figures 36 and 37.

Symbol Definition Min; Max. Units
Vg High sids floating supply absoluste voltage Vg + 10 Vg+20
Vs High side foating supply offset voltage — (IR2110) Note 1 500
(R2113) Note 1 600
VHO High side floating oulput voltage Vs Vg
Veo Low side fiad supply voltage 10 20 v
Vio Low side oulput voltage 0 vce
Voo Logic supply voltage Vss +3 Vgg +20
Vss Logic supply ofisel vollage 5 (Note 2) 5
Vin Logic input voltage (HIN, LIN & SD) Vss Voo
Ta Ambient termperatune 40 125 °C

Note 1. Logic operational for Vs of 4 to +500V. Logic state held for Vg of 4V 10 Vg (Please refer to the Design Ti
s o Y Logic s BS- Design Tip
Note 2: When Vpp < 5V, the minimum Vss offset is imited o -Vpp,

2
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International IR2110(S)/IR2113(S) & (PbF)

ToR Rectifier

Dynamic Electrical Characteristics
Vas (Voo Vas. Vop) = 15V, C = 1000 pF, T = 25°C and Vgs = COM uniless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Symbol Definition Fi Min. | Typ. | Max. | Units [Test Conditions]
ton Turm-on propagation delay 7 —_ 120 | 150 Vs =0V
o Tum-off propagation delay 8 —_ o4 125 Vs = S500V/S00V
ted Shutdown propagation detay 9 — 110 | 140 s Vg = SO0VAE00V
i Tum-on rige fime 10 — 25 35
[ Tum-off tall Gme 11 — 17 25
MT Delay matching, HS & LS - _(IR2110). - — — 10

urn-onjolf {211y — —_ ] - 2
Static Electrical Characteristics

Vaias (Voo Vas, Vop) = 19V, Ta = 25°C and Vgs = COM unless otherwise spacified. The Vi, VT and lyy parameters
are referenced 1o Vgs and are applicable to all #wee logic input isads: HIN, LIN and SO. The Vo and ip parameters are
referenced v COM and are applicable 10 the respective output leads: HO or LO.

Symbol Defunition Figure | Min. | Typ. Max.| Units [Test
Vi Logic *1” input voltage 12 95 | | | —
Vi Lagic ‘0" input voltage 13 _& — 1 80
Vo | High level output voltage. Vaus - Vo 1 Bl JINRT | & 0 =0A
VoL Low leval output voltage, Vg 15 yal —7 1. 04 =0A
i Offset supply loakage cumant 16 — — 150 Vg=Vs = SOOV/G00V]
loBs Quiescent Vs supply current 17 | 125 | 230 Vi = OV or Vpo
lacc Quiescent Vo supply curent 18 — 1 180 | 340 A Ve = OV or Vg
lapo Quiescent Vg supply cument 19 L 15 | 30 Vip = OV orVop
ts Logic “1” input bias Cuent 20 | 2.1 40 Vi = Voo
- Logic ‘0" input bias clrrent 21 o ~1 10 V=0V
Vasuv+ | Vs supply undervoliage posiive going 22 75 | 85 | 971
threshold
Vasuv- | Vas supply undervoltage negalive going 23 70 | 82 | 94
threshold
Vocuvs | Voo supply undervoltage posiive going 24 74 | 85 | 96
Wweshold v
Vecuv- | Voo supply undarvokage negative going 25 70 | 82 | 94
threshold
o+ Output high short circuit pulsed curent 26 20 | 25 | — Vo =V, Vin=Vpo
PW< t0ps
io- Output fow short circult puisad current 27 20 | 25| — A Vo =1, Vin =0V
PW<10us

www.irf.com 3
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Single-channel: 6N135, 6N136, HCPL-2503, HCPL-4502
Dual-Channel: HCPL-2530, HCPL-2531
High Speed Transistor Optocouplers

Features

B High speed-1 MB#/s

B Superior CMR-10 kVis

B Dual-Channel HCPL-2530/HCPL-2531
B Double working voltage-480V RMS

B CTR guaranteed 0-70°C

& UL recognized (File # ES0700)

Applications

B Line receivers

 Puise transformer naplacement

B Oulpit idertace o CMOS-LSTTL-TTL
B Wide bandwidih analog couplng

Description

The HCPL-4502/HCPL-2503, 6N135/6 and HCPL-2530/HCPL-
2531 optocouplers consist of an AlGaAs LED optically coupled
to a high speed photodetecior transistor.

A separate connection for the bias of the photodiade improves
the speed by several orders of magnitude over conventionat
phototransistor optooouplers by reducing the base-collector
capacitance of the input transistor.

An internall noise shield provides superiol COMMON mode rejec-
tion of 10kV/ps. An improved package allows superior insulation
pemmitiing a 480 V- working voltage compared 10 industry stan-
dard of 220V

Package

Schematic

we i v
L;}/;/f— "_”E}
B

. {E% —E—}L

< El
L:‘<.J =]
. g<

GN135, GN138, HCPL-2503, HCPL-4502 HOPL-2530MCPL-2531
Pin 7 ie not connecied in
Part Mumber HOPL-4502
PO05 Fairchiid Semiconducior Corporation 1 (it icom

ingie-channel: 6N135, 6N136 , HCPL-2503, HCPL-4502 Dual-Channel: HCPL-2530, HCPL-2531 Rev. 1.0.3
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Absolute Maximum Ratings (T, = 25°C unless otherwise spacified)

) 2
lingie-channel: 6N135, 6N136 , HCPL-2503, HCPL-4502 Dual-Channel: HCPL-2530, HCPL-2531 Rev. 1.0.3

Parameter Symbol Yatue Units
Storage Temperature Tsta -55 10 +125 <
Oparating Temparatuce Toen -55 to +100 °C
Lead Solder Tempersture Tsox. 260 for 10 sec °C
EMITTER
DC/Average Forward lnput Current Each Channel (Note 1} | I (avg) 25 mA
Peak Forward input Cument (50% duty cyde, 1 ms PW) Ie {pk) 50 mA
Each Channel (Note 2)
Peak Transient Input Cument - (<1 us PW., 300 pps) I (trans) 10 A
Each Chaanel
Reverse Input Voltage Each Channel Vg 5 '
input Power Dissipation (6N135/6M136 and HCPL-2503/4502) Pp 100 mw
(HCPL-2530/2531 ) Each Channet {Note 3) 45
PETECTOR
Average Output Cument Each Channet |-._Ig (avg} 8 mA
Peak Output Current Each Channel | I {pk) 16 mA
Emitter-Base Reverse Voltage (6M135, 6M1236 and HCPL-2503 only) | Vian 5 v
Supply Voktage Veo -0.5t0 30 v
Output Voltage Vo 0.5 t0 20 v
Base Curreni (6N135, 6N136 and HCPL-2503 only) Ig 5 mA
Output power (GN135, 6136, HOPL-2503, HCPL-4502) (Note 4) PD 100 mw
dissipation (HCPL-2530, HCPL-2531) Each Ghannel 3% mW

jeuusya-aibu|s
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