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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 1kW hybrid inverter can be drives moter,
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TOSHIBA {DISCRETE/0PTO} a0 pe | 9097250 0016231 8 [
l} 9097250 TOSHIBA (DISCRETE/OPTO) 90D 16231 0T-33-35 ;
I MGSOCGI1BL3 l
F 7f7“ ‘SEAAK:()h“)t“:T()R H‘;S(’cl-'Ll
| A MGCS50G2CL3
; TECHNICAL DATA MCSOGC2DLI
! NCSOCGEL]
Unit in am f
. o" N\ 2-#ss !
MG506G62DL1 3ysys s M4
El o= |
B L s
c1 o~y -T b——0 K2 408 26

C} |

IEDEC -
BIAT -
t TOSHIBA 2—20ALA
Weight : 245g -
i
v a-gas -
v—Nd
NC350G6&6EL] als ¥ , .
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"
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FAST—ON $110Xx10
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¥

oe
JEDRC - i
E1Ad — 1
TOBHIBA R—~04AlA i

Weight : 600g
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TOSHIBA {DISCRETE/OPTO} 0 e 097250 oowe23z o [

9097250 TOSHIBA (DISCRETE/OPTO) 900 16232 DT-3A-38
' MG50G1BL3
. MG50G2CL3
e MG50G2DL1
PR3  TECHNICAL DATA : KCS50C6ELIL
'
. MAXIMUM RATINGS (Ta=25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage veso 600 v
Collector-Emicter Voltage VCEO 600 v
Collector-Emitter Sustaining Voltage VCEO(SUS) 450 v
Emitter-Base Voltage Veno 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) Pe 300 w
Junction Temperature Ty 150 ‘c
Storage Temperature Range Tetg -40~125 °C
Isolation Voltage Visol 2500 (AC 1 Minute) v
Screw Torque (Terminal/Mouating) 20/ 30 kgecm
ELECTRIB\QL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN.| TYP.| MAX.| UNIT
! Collector Cut—off Curremt IcBo Vcp=600v, Ig~0 - - 1.0 mA
Emitter Cut-off Curreat IERO Vpg=6V, Ic=0 - - 200 mA
::’;::::;:;”:o‘ﬁ::e VCEO(sUS) Ic=0.5A, L=4Onil 0| - 1 - v
DC Current Caia hFE Vop=sV, Ic=504 100 - -
et e ) U B B ) I
Base-Enmitter v _ - 2.5 v
Saturation Voltage BE(sat) . *
Emitter-Collector Voltage Veco Ig=50A, 1p=0 : - - 1.5 v
Reverse Recovery Time trr =Ip=504,Vgp=3V,VCE=300V]| - - 2.0 e
Turn-on Tise ton mwpyT 182 ks [ - 1.0
s0x8 Yo
Switching Time |Storage Time tatg lmﬂ:., Iz g - - 12} as
rimme | e et el e
Thermal Resistance R Transistoer - - {0.41 /v
(function te Case) thU-ed I ode -1 - 113
. TOSHIBA CORPORATION
GYia2
—238—




PIC18F2331/2431/4331/4431

Pin Diagrams

28-Pin SDIP, SOIC

-

MOLRNVeeREs — [

RAVANI —— [ ]
RAZANVREF-/CAP1ANDX +——v [
RAVANIVREF+/CAPHOEA < [
RAVANG/CAPIIOES +—s ]
Avoo O

Avss — ]
OSCA/CLKWRAT —— [
OSC2CLKORAS ——— [ ] 10
RCOITIOSONMICKI —— [ 11
RCATIOSYCCP2ATTA —— [ | 12
RC2CCP AT = [ 13
RCHTOCKVTSCKMNTY =—— [] 14

© BN s WN

(

FUNSRBYNE
l-]l i

PIC18F2331/2431

19 ]—— Vss
18 [} =——— RCTRXDT/SDO
17 ] = RCW/TX/ICK/SS
16| ]~ RCSANT2SCKISCL

15

Note 1: Low-voltage programwmning must be enabied.

jwl
OCANDNEWN =

PIC10F4331/4431

BLLES

NERRENJYsLnper

N
-

[ ] —— RBTAKBIPGD

(] «——= ROBGKBIZPGC

(] —— RASKBHPWMAPGME
B RBAAMBI/PWNS

] —— RBIPWMS

(] — RB2PWM2

] - RBIPWMI

[ = RBOPWMO

] Voo

[] - vss

[} —— ROTIPWMT

(] —— ROGAPWMG

(] —— ROSPWM4'Y

[} «— RDAFLIAYY

[] ~— RCTR)OT/S00M

B RCBITXICKISS

] +—— RCSANT2/SCKIWsCL
[} —— RCAMTUSOL/5DAMY
] e ROVSCKISCL

] «—— RD2/SOVSDA

for SCK/SCL.
2: Low-voltage programming must be enabled.
3: RDM4 is the altemake pin for FLTA.
4: RDS is the alemate pin for PWWM.

Note 1: RCJis the allermate pin for TOCKIVTSCKY; RC4 is the allermate pin for SDVSDA; RCS is the alterate pin

DS39616B-page 2 Preliminary

© 2003 Microchip Technology Inc.



PIC18F2331/2431/4331/4431

FIGURE 1-2: PIC18F4331/4431 BLOCK DIAGRAM

18]

S Yemert T2 wS s | R aes
| S T 1
Onta €E & et POPWM M

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

2: RD4 is the altemate pin for FLTA.

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

4: RDSis the altemate pin for PWM4.

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

DS058 (v1.2) June 25, 2001

i’rdlmhaq Product Specification

Features
* 5 ns pin-to-pin logic delays
+  System frequency up o 178 MHz
* 36 macrocells with 800 usable gates
* Available in small footprint packages
- 44-pin PLCC (34 user /O gins)
- 44-pn VQFP (34 user YO pins)
- 48-pin CSP (36 user VO pins)
- G4-pin VOFP (36 user /O pins)
. Optu'nmsdbrhlgh-perh'mant:eZiWsystems
Low power operation
- 5V tolerant YO pins accept 5 V, 3.3V, and 2.5V
signals
- 3.3V or 2.5V oulput capability
- Advanced 0.35 micron feature size CMOS
FastFLASH™ technology
« Advanced system featres
- In-gystem programmable
- Superior pin-locking and routability with
FastCONNECT U™ switch matrix
-  Extra wide 54-input Function Blocks
- Up 15 90 product-tarms par macrocell 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
- quEEEStandardiusibomdaq-scan(JTAG)

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, unused product-terms and macrocells ae automati-
cally deactivated by the software to further conserve power.

For a general estimate of i, the following equation may be
used:

Icc (MA) = MCyo(0.5) + MC; p(0.3) + MC(0.0045 mA/MHzZ) f
Whece:

MCyp = Macrocells in high-performance (default) mode

MC, p = Macrocells in low-power made

MC = Total number of macrocells used

f = Clock frequency (MHz)
This calculation is based on typical operating conditions
using a pattern of 16-bit up/down counters in each Function
Black with na output loading. The actual L 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
50 178 MHz
T 40 //
E o2
o
::30 MQ%ZI
a 125 MH.
2 % A;y Mz
10
0 50 100 150 200 250

Cilock Frequency (MHz)

D5056_01_061101

Figure 1: Typical lcc vs. Frequency for XC9536XL

© 2000 Xinx, inc. Al rights resarvad. A Xiilne trademarks, registered trademarks, patents, and disciaimerns are s ksied at
mmwmwmm“umdmmmmmmmmummm

058 (v1.2) June 25, 2001 www.xilinx.com 1
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XC9536XL High Performance CPLD

3
JTAG Port {ch 1, CJTIAGIl - > In-System Programming Controlier
f \
Y .Y N A
- 7R ey
k3 18 Block 1
- | Macrocells
vo - ¢ 11018
E3 A AA
o
x 54 Y
wE 3 - & 18 S VSN e
- = Block 2
. .
° =5= | Macrocells
. w I 2 ¢ 11018
* . Blocks =
w0 K3 o
w3 %
w3 %
w
WE 33—
3
YOIGCK B —7—9¢—
1
HOIGSR K 34—~
2
wocTs K 33—+

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

www xilinx.com
1-800-255-7778
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XC9536XL High Performance CPLD

Absolute Maximum Ratings

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

mwmwwmm

ﬁmﬂnd Exposure

Recommended Operation Conditions

functional operation of the device at these or any other beyond
Abaohute Maximum Ratings conditions for extended periods of time may affect device reliabifity.

Symbol Description Vaiue Units

Vee Supply voltage relative to GND 05140 v

Vin input voltage relative to GND(1) -0.5®055 v

Vrs Voltage applied to 3-state output(") -0.5105.5 v

Tste Storage temperature (ambient) -65 to +150 oC

TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 oC

! T, Junction temperature +150 oC
: Nobtes:

WMWMMWWMWWWMMW These are stress

those listed under Operating Conditions

Symbot Pacameter Min Max Units
Veemr Supply voltage for iMernal fogic | Commercial Tp = 0°C to 70°C 3.0 3.6 v
and input buffers industrial T, = —40°C 1o +85°C | 3.0 36 v
Veowo Supply voltage for output drivers for 3.3V oparation 3.0 36 v
Supply voltage for output drivers for 2.5V operation 23 2.7 v
Vi Low-level input voltage 0 0.80 v
Vi High-lavel input voitage 20 55 Y
Vo Output voltage 0 Vecio v
Auality and Reliability Characteristics
Tor Data Retantion 20 - Yoars
Npe ProgranvErase Cycles (Endurance) 10,000 - Cydes
Veso Electrostatic Discharge (ESD) 2,000 - Volts
)C Characteristic Over Recommended Operating Conditions
Symbol Parameter Test Conditions Min Max | Units
Vou | Output high volage for 3.3V outputs lo = 4.0 mA 24 v
Ouiput high voltage for 2.5V outputs los = —500 pA 90% Vccio Y
VoL | Output low voltage for 3.3V outputs lo, = 8.0 mA = 04 v
Output low voltage for 2.5V outputs loL = 500 yA - 04 v
I Input leakage curent Voo = Max - 10 pA
Vin = GND or Ve
I YO high-Z leakage cument Ve = Max - +10 KA
Vi = GND or Ve
Cin | VO capacitance Vi = GND - 10 pF
f=1.0 MHZ
lcc | Operating supply cument = GND, No load 10 (Typical) mA
(low power mode, active) f=1.0 MHz
3058 (v1.2) June 25, 2001 www.xilinx.com
efiminary Product Specification 1-800-255-7778

fransitions, the
device pins may undershoot 10 —2.0 V or overshoot o +7.0V, provided this over- or undershoot lasts less than 10 ns and with the




XC9536XL High Performance CPLD XW'

AC Characteristics
XC9536XL-S | XC9536XL-7 | XC9536XL-10
Symbol Parameter Min | Max | Min | Max | Min | Max |Units
Tep | VO 1o output valid - 5.0 . 15 - 100 | ns
Ty |VO setup time before GCK 37 - 48 - 6.5 - ns
Ty | VO hold time after GCK 0 - 0 - 0 - ns
Too |GCKto output vasid - 35 - 45 - 58 | ns
fsysTEm | Multiple FB intamal operating frequency - 1786 | - 125 - 100 | MHz
| Tpsy | VO setup time before p-term clock input 17 - 1.6 - 21 - ns
Ten | YO hold time after p-term clock input 20 - 32 - 4.4 - ns
Teco | P-term clock output valid - 5.5 - 1.7 - 102 | ns
Toe |GTS b output valid - 4.0 - 5.0 - 70 | ns
| Top |GTS o output disable - 4.0 - 5.0 - 70 | ns
i Tpoe |Product term OE to output snabled - 7.0 - 95 - 10 | ns
Teop |Product term OE to output disabled - 7.0 - 95 - 10 | ns
Tao |GSR to output valid - 10.0 - 120 - 145 | ns
Tmo | P-term S/R to output valid - 10.5 - 12.6 - 153 | ns
Twn | GCK pulse width (High or Low) 28 - 40 - 45 - ns
TpLn | P-term clock pulse width (High or Low) 5.0 - 6.5 - 7.0 - ns
Vyest
2
o Output Type| Vocio | Vrest Ry Rz C
Device Output o 4 —-& 3.3v 3.3V 3200 360 0 35 pF
25V 2.5V 2500 660 O 35 pF
% Rz C
= = DS094_o3_ol1%m
Figure 3: AC Load Circuit
wwrw.xilinx.com DS058 (v1.2) June 25, 2001

i-800-255-777 Preliminary Product Specification



&N XC9536XL High Performance CPLD

Internal Timing Parameters

XC9536XL-5 | XC9536XL-7 | XC9536XL-10
Symbol Parameter Min | Max | Min | Max | Min | Max |Units
| Buffer Delays
T | input buffer detay - 1.5 - 23 - 35 | ns
Teck |GCK buffer detay - 1.1 - 1.5 - 18 | ns
Tasr | GSR bufier delay - 20 - 3.1 : 45 | os
Tgrs |GTS buffer delay - 4.0 - 5.0 - 70 | ns
Tour | Output buffer delay - 20 - 25 . 30 | ns
| Ten |Output buffer enable/disable delay - ) - 0 - 0 ns
[Product Term Controt Detays
{ Terex |Product term clock delay - 16 - 24 - 27 | ns
Tersr | Product torm setireset detay - 1.0 - 14 - 18 | ns
Terrs |Product term 3-state detay - 5.5 - 7.2 - 75 | ns
Internal Register and Combinatorial Delays
Tep: | Combinatorial logic propagation delay - 0.5 - 1.3 - 17 | ns
Tsun |Register setup ime 23 - 2.6 - 3.0 - ns
Ty |Register hold time 14 - 22 - 35 - ns
Tecsy |Register clock enable setup time 23 - 26 - 3.0 - ns
Tecwo | Register clock enable hold time 14 - 2.2 - 35 - ns
Tcoi | Register clock to output valid ime - 04 - 0.5 ) 10 | ns
Tacw |Register async. S/R © oulput delay - 6.0 - 6.4 - 70 | ns
Taa |Register async. S/R recover before clock 5.0 7.5 10.0 ns
Tiogi |Imemal logic detay - 1.0 - 1.4 - 18 | ns
Tiogep | intemal low power logic detay - 5.0 . 6.4 - 73 | ns
Feedback Delays
Te ]FastOONNECTIIhedbadxdelay J - | 19 J J 35 ] - ] 42 ] ns
Time Adders
Te | ncremental product term allocator detay - 0.7 - 0.8 - 10 | ns
Tsiew | Slew-rate Gmited delay o= 30 7 - | 40 - 45 | ns
3058 (v1.2) June 25, 2001 www.xilink.com 5
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XC9536XL High Performance CPLD
XC9536XL VO Pins
. Function | Macro- BScan Function | Macro- 8Scan
Block | cell | PC44 | VQ44 | CS48 | VQ64 | Order Block coll | PC44 | VQ44 | CS48 | VQE4 | Order
1 1 2 40 | D6 9 105 2 1 1 39 | D7 8 51
1 2 3 4 cr | 10 | 102 2 2 44 38 | ES5 7 48
1 3 §(1) | 43() [ B7(N | 15(} | 99 2 3 420 | 36 [ E6(V) | 51 | 45
1 4 4 42 | c6 | 1 9 2 4 43 7 E7 6 42
1 5 6(" | 44() | ga() | 1601} | a3 2 5 40(1 | 340 | Fe(M) | 2(1) | 39
1 6 8 2 A6 19 90 2 6 39(M | 33 | G7() | 641} | 36
1 7 70 | A | AT [ 1700 ] 87 2 7 38 | 32 | G6 | 63 33
1 8 9 3 cs | 2 84 2 8 37 31 F5 | 62 30
1 9 1 5 B5S | 22 81 2 9 36 30 | G5 | 61 27
1 10 12 6 M | 24 78 2 10 35 29 F4 | 60 24
1 1" 13 7 B4 | 25 75 2 " 34 28 | G4 | 57 21
1 12 14 8 A3 | 27 T2 2 12 33 | 21 | E3 | 56 18
1 13 18 12 | B2 | 33 69 2 13 29 23 F2 | 50 15
1 14 19 13 B1 35 66 2 14 2 | 2 | Gt 48 12
1 15 20 14 | C2 | 36 63 2 15 271 | 2 F1 45 9
1 16 2 16 | C3 | 38 60 2 16 26 2 | E2 | 44 6
1 17 24 18 | D2 | 42 §7 2 17 25 19 | Et 43 3
1 18 - - D3 | 39 54 2 18 - - E4 | 49 0
Notes:
1. Gilobal control pin.
XC9536XL Gtobal, JTAG and Power Pins
Pin Type PC44 vQa4 CS4s vae64
HOIGCK 1 3 43 a7 15
VO/GCK2 6 44 B6 16
VO/GCK3 7 1 AT 17
VOIGTS 42 36 E6 5
YOIGTS2 40 M4 F6 2
VO/GSR 39 33 G7 64
TCK 17 1" Al 30
TDI 15 [ 83 28
TDO 30 24 G2 53
T™MS 16 10 A2 29
Voo 3.3V 21, 41 15, 35 C1,F7 3,37
Vecio 2.5V3.3V 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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FAIRCHIL.D

e e —
SEMICONDUCTOR®

600V, SMPS Series N-Channel IGBTs

The HGTP12N60A4, HGTG12NG0A4 and
HGT1512NG0A4S ane MOS gated high voltage switching
devioes 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 switciing
applications operating at high frequencies where low

Formesrly Developmental Type TA49335.
Ordering Information

PART NUMBER PACKAGE BRAND
HGTP12M60A4 TO-220A8 12M60A4
HGTG12N60A4 T0-247 12N60A4
HGT1S12N6G0A4S TO-263A8 12M60A4

NOTE: When ordering, use the entire part number. Add the suffix 9A
o obtain the TO-263AB variant in tape and reel, e.g.
HGT1S12NGOA4S9A

Symbol

HGTP12N60A4, HGTG12N60A4,
HGT1S12N60A4S

Features

« >100kHz Operation at 390V, 12A

- 200kHz Operation at 390V, SA

< BOOV Switching SOA Capability

o Typical Fall Time. . ............... 70ns at T) = 125°C

» Low Conduction Loss

« Temperature Compensating SABER™ Model

* Related Literatune

- TB334 “Guidelines for Soldering Swface Mount

Components to PC Boards

Packaging

JEDEC TO-220A8 ALTERNATE VERSION

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.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 4,809,047 4,810,665
4888627 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 4,783,690 4,794,432 4,801,986
4,823,176 4,837,608 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

€2002 Fai ot

HGTP12N60A4, HGTG12N60A4, HGT1S512NGOA4LS Rev. B1



HGTP12NG60A4, HGTG12NGOA4, HGT1S12NGOA4S

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

HGTG12NGRA4, HGTP12NGOA4,
HGT1S12NGOA4S UNTS
Collector to Emitter Voage . . . ... .. .. .. ... BVCes 600 v
Cotlector Current Continuous
AT = 28 et Icos 54 A
A Te=1100C c11o 23 A
Collactor Cument Putsed (NG 1) . . .. ... ... et lom 9 A
Gate to Emitter Voltage Coninuous. . .. .. ..o o i it o e, VGes 120 v
Gate 10 Emitter VORage PUISAd . ... ... .. ... Veewm 30 v
Switching Safe Operating Area st T, = 150°C. Figure 2 . .. ... ... .. ........ 5S0A 60A at 600V
Power Dissipation Totad at Tc=25°C .. .. .. ... Y Pp 167 w
Power Dissipation Dersling Tc>25%C . ... ... ... ... ... ...t 1.33 wrc
Operating and Siorage Junclion Temperatwe Range . .. . ......... _........ T TsTG -55 1o 150 °c
Maximum Lead Temperature for Soldering
Leads ai 0.063n (1.6mm) from Case foc 10S. . .. _.............._.._.......... ! 300 °c
Package Body for 10s, See Tech Brief334 . ... ... .. .................... TexG 260 °C
CAUTION: Stresses sbhove ihose fistad in “Absolute Maximum Relings” may cause permanent damage o the device. This is a stress only rating and operation of the
davice st these or any other condifions abowe those indicated in the operaionsi seclions of iivis speciication is not impliad.
NOTE:
1. Puise width imilad by maximum junction tempersture,
Electrical Specifications T = 25°C, Unless Otherwise Specified
PARAMETER SYWmaoL TEST CONDITIONS MIN W TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVees Iic = 250uA, Ve = OV 600 - - v
Emitter to Collector Breakdown Voltage BVecs Ic = 10mA, Vge =0V 15 - - v
Coliector o Emitter Leakage Current lces Vg = 600V Ty=25°%C - - 250 BA
Ty=125% - - 2.0 mA
Collechar 1o Emitter Saturation Voltage VCE(SAT) ic=12A, Ty=25% - 20 27 v
Voe =15V T, = 125°C - 1.6 20 v
Gate % Emitier Threshold Volage Vm I = 250pA, Vg = 600V - 56 - v
Gate to Emitter Leakage Cumrent lGes VGe = 120V - - 1250 nA
Switching SOA SS0A T;=150°C, Rg = 100, Ve =15V 60 - - A
L = 100uH, Vg = 600V
Gate 10 Emitter Platsau Voltage Voep 1o = 12A, Vg = 300V - 8 - v
On-State Gate Charge Qyarn io=124, Vge = 15V - 78 96 oC
Vee = 300V Ve = 20V - 97 120 aC
Current Tum-On Delay Tane oy GBT and Diode at T = 25°C - 17 - ns
T ce =124 5 -
Current Rise Time ta Vee = 390V 8 ns
Current Tum-Of Delay Time Vge =15V - 96 - ns
=10Q
. | Curvent Fak Time tn ESSOWH - 18 - ns
Tum-On Energy (Note 3) Eont Test Carcuit (Figure 20) _ 55 . wl
Tum-On Enesgy {Note 3) Eoee - 160 - w
Tum-Off Energy (Note 2) Eorr - 50 - w

Q2002 Fairchild Semiconducior Corporation HGTP12N00A4, HGTG12N80A4, HGT1S12NG0A4S Rav. B1
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International

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

Features Product Summary

® Floating channel designed for bootstrap operation

Fully operational 10 +500V or +600V VoFrset (IR2110) 500V max.
Tolerant 10 negative ransient voltage (IR2113) 600V max.
dVidt immune

® Gate drive supply range from 10 10 20V lo+/- 2A [ 2A

* Undervoitage fockout for bath channels

® 3.3V logic compatible Vout 10 -20v
Separate logic supply range from 3.3V to 20V

Logcmmwmtsvm torvoft (typ.) 120894 ns
. e e oum Delay Matching (IR2110) 10 ns max|
-wzmdaqumd& (IR2113) 20ns max.
® Outputs in phase with inputs Packages

e Also available LEAD-FREE

D iot
The IR2110/R2113 are high voitage, high spead power MOSFET and
enable ruggedinad monolithic construction. Logic inpuls are compat-
ible with standard CMOS or LSTTL output, down 10 3.3V logic. The
output drivers feature a high pulse cument buffer stage designed for minimum driver cross-conduction. Propaga-
fion delays are matched o simplify use in high frequency applications. The floating channel can be used to drive
an N-channe! power MOSFET or IGBT in the high side configuration which operates up 0 500 or 600 volts,

« e

14-Lead POIP 16Lead SOIC
wz1imR2113  IRZ1105AR2113S

Typical Connection up to 500V or 600V
1j
] Ho L ’\/\/\'—QED T
Voo 21 Voo Ve
HINo——~ HIN v | —3 < 10
S0 o S0 — X LLOAD
LIN o LIN Vee —9-
Ves© Vss  COM & '”*;5
Vcco—-l — Lo ::L
-+
(Refer to Laad Assignments for correct pin configuration). This/Thase diagramis} show elecirical
connections only. Please refar to our Application Notes and DesignTips for proper Gircuit board layout.

www.irf.com 1



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

Absolute Maximum Ratings
_Mmmmmmwmwummmm.mmpaam
eters are absolute voltages referenced o COM. The thermal resistance and power dissipation ratings are measured
undar board mouriad and silll air conditions. Additional information is shown in Figures 28 through 35.

International
TOR Rectifier

Symbol Definition Min. Max. Units
Vs High side foaling supply voltage (IR2110) 03 525
(R2113) 03 625
Vs High side floating supply offset voltage Vg-25 Vg +03
Vio High side Roating oulput voltage v5-03 vg+03
vee Low side ford supply voltage 03 25
Vio Low side oulput voltage 0.3 Vec + 0.3 v
Voo Logic supply voitage 03 Vgs + 25
Vss Logic supply offset voltage Voc - 25 Voo +03
Vi Logic input voltage (HIN, LIN & SD) Vss-03 Vpp +0.3
dVgdt | ANowable offsst supply vokage ¥ransient (figure 2) — 50 Vins
Po Package power dissipstion @ Ta < +25°C (14 lead DIP) _ 16 w
(16 lead SOIC) — 125
RTHiA | Thermai resistance, juncion 10 ambient (14 lead DIP) — 75
(16 lead SOIC) - 100 oW
T4 Junction temperature — 150
Ts Storage Ismperature -55 150 c
™ Lead temperature (soldering, 10 seconds) — 200

Recommended Operating Conditions
The inputfoutput logic timing diagram is shown in figure 1. For proper operation the device should be used within the
racommanded condiions. Tha Vg and Vg g offsat ralings are testad with all supplies biased at 15V differential. Typical
ratings at othar bias condilions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units
Ve High side Roaling supply absokste voltage Vg + 10 Vg +20
Vs High side foaling supply offset voltage ~ (IR2110) Note 1 500
(R2113) Note 1 600
Vo High side floaling oulput voltage Vs Vg
Vee Low side fowd supply voltage 10 20 v
Vo Low side oulput voltage 0 vco
Voo Logic supply voltage Vs +3 Vg5 + 20
Vss Logic supply offset voltage -5 (Note 2) 5
Vi Logic input voltage (HIN, LIN & SD) Vss Voo
Ta Ambient temperature 40 125 °C

Not 1: Logic oparational for Vs of 4 10 +500V. Logic state heid for Vs of 4V 0 Vs, (Please refer Design
DT97-3 for more dotails), S Bs-{ o e ™
Note 2: When Vpp < 5V, the mininwm Vgs offset is imited ©0 -Vpp,

2
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International
ToR Rectifier

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

Dynamic Electrical Characteristics
Vaias (Yo, Vas. Vpol = 15V, C = (000 pF, Tx, = 25°C and Vgs = COM uniess 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 Tur-on propagation delay 7 —_ 120 | 150 Vs =0V
o Turm-off propagation delay 8 — 94 | 125 Vs = S00V/600V
ted Shutdown propagation detay 9 —_ 10 140 ns Vg = SOOV/G00V
t Tism-on rise ime 10 — 2% | 38
1] Tum-off tafl e 11 —_ 7 25
MT Delay matching HS & LS (IR2110) — — — 10

urn-ondolf (R2113) — — — -]
Static Electrical Characteristics

Vaias (Voo Vas. Ypo) = 19V, T = 25°C and Vgs = COM unlass otherwise spacified. The Ve, VT and iy parameters
are referenced 10 Vgg and are applicable 10 all three logic input leads: HIN, LIN and SO. The Vo and io parameters are
roferenced o COM and are applicable 10 the respective oulput leads: HO or LO.

www.irf.com

Symbol Definition Figure | Min. | Typ. Max.| Units [Test
Vil Logic “1” input voltage 12 95 —_ _
Vo Logic 0" input voltage 13 —_ —_ 60
VoH | High level output voltage, Vaiss - Yo " — [ — 1121 Vv 0=0A
Yoo Low level output voltage, Vg 15 —_ —_ 01 ©h=0A
hK Ofisst supply leakage curant 16 — — | 50 Vg=Vs = SOOV/G00V]
toes Quiescent Vg supply currant 17 —_ 126 | 230 Vg =0V orVpp
lacc Quiescent Vo supply cumrent 18 —_ 180 | 340 uA Vin =0V orVpp
lapo Quicscent Vog supply cument 19 — 15 0 Vi =W or Vpp
ts Logic “1” input bias cumrent 20 - 20 | 40 Vi =Vpo
N Logic ‘0" input bias cument Fal —_ —— 10 V=0V
Vasuv+ | Vas supply undervoltage posilive going 22 15 86 | 97
hweshold
Veswnv- | Vas supply undervoltage negative going 23 70 82 | 94
threshold
Vocuvs | Voc supply undervoltage posilive going 2¢ |74 | 85 ] 98
theeshold v
Veouw- Voo supply undervoliage negalive going 25 70 8.2 94
threshold
o+ Output high short circuit putsed curent 26 20 | 25 | — Vo =0V, Vim =Vpo
PW<t0ps
i | Output low short Groul pxAsad current 77 20| 25| — 1 * [Vo-N V=0V
PW<10 s
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 MBil's
B Superior CMR-10 kVis

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

B CTR guaranteed 0-70°C

& U.L recognized (Fle ¢ E30700)

Applications

H Line receivers

# Pulse transformer raplacement

B Ouiput interface o CMOS-LSTTL-TTL
B Wide bandwidih analog coupling

Description

The HCPL-4502/HCPL-2503, 6N135/6 and HCPL-2530/HCPL-
2531 oplocomlersoonscstdmAlGaAsLEDopwaﬂycwpied
10 a high speed photodetecior transistor.

A separate connection for the bias of the photodiaode improves
the speed by several orders of magnitude over conventionat
phototransistor aptooouplers by reducing the base-collector
capacitanoe of the input transistor.

An internal noise shiekd provides supenior common mode rejec-
tion of 10kV/us. An improved package allows superior insulation
pemmitiing a 480 V working voltage compared to industry stan-
dand of 220 V.

Package

s

Schematic

NC :’] > "E}
A r )
{gvo ;uﬁ'}/\/ _—‘i]V-z

GM135, GN136, HOPL-2G903, HOPL-4502 HCPL-2530MCPL-2531

2

Pin 7 is not connected in
Part Mumber HCPL-4502

005 Fairchild Semiconducior Corporation

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

) 2
singie-channel: GN135, 6N136 , HCPL-2503, HOPL-4502 Dual-Channel: HCPL-2530, HCPL-2531 Rev. 1.0.3

Parameter Symbol Vatue Units
Storage Temperature Ts1a 55 t0 +125 °C
Operating Temperature Toen -55 to +100 *C
Lend Solder Tempersture Tsow 260 for 10 sec °C
EMITTER
DC/Awerage Forwand input Current Each Channel (Note 1) |  Ig (avg) 25 mA
Peak Forward tnput Curent (S0% duly cyde, 1 ms PW) e {pk) 50 mA
Each Channel {Note 2)
Peak Transient input Current - (<1 ps PW,, 300 pps) Ig (trans) 10 A
Each Channel
Reverse tnput Vollage Each Channel Va 5 v
input Power Dissipation (6M135/6N 136 and HCPL-2503/4502) Pp 100 mw
(HCPL-2530/2531 )} Each Channet (Note 3) 45
PETECTOR
Awerage Output Currert Each Channet | I (avg) 8 mA
Peak Output Cusrent Each Chamnel | 1o (pPK) 16 mA
Emitter-Base Reverse Voltage (6MN135, GN136 and HCPL-2503 only) | Vean 5 v
Supply Vollage Voo 0530 v
Output Voltage Vo 051020 v
Base Curent (6M135, 6N138 and HCPL-2503 only) Ig s mA
Output power (6M135, 6N138, HCPL-2503, HCPL-4502) (Note 4) PD 100 mw
dissipation (HCPL-2530, HCPL-2531) Each Channel 35 mw

{ouusa-eibu|s
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