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ABSTRACT

This research presents a prototype of 1 kW hybrid inverter 3 phase drive. This hybrid
inverter consists of four inverters: main inverter and auxiliary inverter. The main inverter is a
conventional 3 phases inverter (six switches). The three auxiliary inverters are a single phase
H-Bridge inverter (four switches). The modified PWM technique is also developed to reduce
switching losses. Also, the proposed topology can reduce the number of required power
swifches compared to a ftraditional cascaded multilevel. Simulink/MATLAB is used to simulate
the circuit operation and control signal. The results show that this alternative topology can be

applied for high power applications as a multilevel inverter.
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6.3.2 WITWIIIR(L9a InK)
D 4148
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7.3 mnedeunaawuuulauiadwaiinad
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7.3.1  R@onownn
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2008,12/29 22:26:59 ok Normal
YOKQGAWA 4 176 200kS/s  Snsfliv

CH1 16:1
10.0 VUrsdiv
DC  Full
CHZ 10:1
10.9 V/div
DC -Full

&L MainF 10k 3>

Edge CH1 £
Auto
0.0V

Rms(C1)  11.8155V
Freq(C1) 50.06000Hz
Rns(C2)  9.36426V
Freq(C2) 306.7519Hz
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Freq(CZ) 51.12474Hz
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DL1640
e 4 channels 200 MS/s
(DL1640/DL1640L)

e 2 channels 200 MS/s (DL1620)
e 200 MHz analog bandwidth

HP 973A

The 3 1/2 digit display (with 0.1% basic dc

accuracy), 20 kHz frequency range

VICTOR
DC voltage:200mV/2V/20V/200V/1000V (0.5%)
AC voltage:200mV/2V/20V/200V/700V (0.8%)
DC current: 2mA/20mA/200mA/20A (0.8%)
AC current: 2mA/20mA/200mA/20A (1.0%)

Differential Probe

+2% (common mode voltage: 400 V or less)

+3% (common mode voltage: 1000 V or less)
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1 HP (0.75kW)

4 Pole Type SF-JR

Hz 560 50 50 60 60
\Y 220 380 415 220 440
A 33 19 198 30 17
r/min 1400 1400 1410 1700 1720
PF 080 080 074 0.85 0.78
IEC 60034-1 JISC 4210

IP 44 iIC 411
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PIC18F2331/2431/4331/4431

Pin Diagrams

28-Pin SDIP, SOIC

MCLRAVER/RES 1 28| | «— = RBTHKBI3PGD
RADAND —— [ ]2 27 [ ]=—— RB&MKBIZPGC
RAUANT O3 26 [ ] =——= RBEKBIPWMAPGMT
RAAN2NREF-/CAP HINDX =— [ | 4 - s RB4/KBIO/PWMS
RAJFANINREFHCAP2IQEA s © 24— RBIPWM3
RA4/AN4ICAPI/GED s £ 23[]~——— RB2ZPWM2
avos — [17 & 22[]=— RBUPWMI
Avss COs o x [ ] =———= RBO/PWIMO
OSCUCLKURAT «— [ {9 & 20[ ]~ VoD
OSCCLKORAS —— [ (10 B 19{ j+=—— Vs5
RCOT10SOT1CKI On 18 [ ] =—— RCT/RX/DTSDO
RC1T10SICCP2FLIA = [112 17 [ ] »—— ROBTXICKISS
RC2/CCPAFLTE = [ ] 13 16 [ ]-———~ RCHANT2SCK/SCL
RCHTOCKITECKYINTD ~—— [ | 14 15 ] «+——= RC4ANT1/SDUSDA
Note 1: Low-voltage programming must be enabled.
40-Pin PDIP
MCLR/VRPIRE3 i N 40 1 RBT/KBI3PGD
RAD/AND -~ 2 393 - ~ RBGKBI2ZIPGG
RATANT =——[1] 3 38 {1 RBSKBH PWMAPGMIZ
RA2IANZNVREF-FCAPHINDX ~—[] 4 37 [0 ~— RB4KBIOPWMS
RAVANINREF+ICAPZQEA —[ 5 36 [ RBIPWM3
RA4/ANSICAPHQEB — [ 6 p 35 RB2/PWM2
RAS/ANS/ILVDIN ~—[ 7 3; M0 RB1/PWMA1
REMANG ~—[] & = 330 RBO/PWMO
RE1/AN7 -——[] 9 ¥ 32 0 ~—— Voo
REZANE —— ] 10 vl 31 Vss
AVPD —— [ 11 @ 303 RD7/PWM7
AVss — [ 12 o 201 RDG/PWMS
OSC1CLKERAT ] 13 o 28 7 RD&/PWM4H
OSCAUCLKORAE — [ 14 27 1 RDAFLTAR
RCOT10SOfT1CKI ] 15 26 OO RCT/RX/DTISDOM
RCUT10SECCP2FLIA —[J 16 25 [ = ~ RCB/TXCK/SS
RCACCPUFIIB ~—— [ 17 24 0 RCEANTZSCKISCLM
RCHTOCKIMTSCKINANTO 18 230 RCAANT1SDIASDALD
RDOSTOCKHTSCKI +—»[7 19 220 RD3/SCK/SCL
RD1/SDO =~—[] 20 21 [1 =——+ RD2/SBUSDA
Note 1: RC3isthe altemate pin for TOCKITECK!; RC4 is the alternate pin for SD¥SDA; RC5 is the alternate: pn
for SCK/SCL.
2: Low-voltage pragramming must be enabled.
3. RD4 is the altemnate pin for FLTA.
4: RD5 is the alternate pin for PWM4.
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PIC18F2331/2431/4331/4431

1.3 Details on Individual Family

Members
Devices in the PIC16F2331/2431/4331/44 31 fariy aie
available ir 28.pin (PIC18F2X31) and 40f44-pin
(PIC18F4X31i packages. The biock diacram fcr the
two groups is shown in Figure 1-1.

The devices are differensizied from each cther in three

Ways.

1. Flash program memory
PIC18F2X21 deovices,
PICT8F4X31).

2. AD channels {5 for PIC1872X31 devicas, 9 for
PIC18F4X31 devices).

- 3. FO porte (3 bidirectional ports on PICT8F2X31
devices, & bidirectioral ports on PIC18F4X31
decvices). ’

for
for

{8 Kbytes
16 Kbytcs

Al otherfeaures for devices in ths famity arz identical.
These are summarizec in Table 1-1.

The pincuts for alt devices are fisted in Table 1 2 and

Tatie 1-3.

TABLE 1-1: DEVICE FEATURES
Features PIC18F2331 PIC18F2431 PIC18F4331 PIC18F4431
Operating Frequency DC 40 MHz DC - 40 MHz D40 MHz DC - 40 MHz
Program Memory (Bytes} 8162 16384 8192 76384
Program Memcery {Instructions) 409¢ 8192 409¢ 81g2
Data Memory {Bytes) 768 758 7€8 768
Data EEPROM Merrory (Bytes) 256 256 256 256
tnterrupd Sourcae 22 22 31 34
1O Ports Porte A, B, C Perts A, B, C Ports A\, B, C, D, E|[Pots A, B C. B, E
Timers 4 1 4 l
Capiure/Compare/PWM modulzs 2 2 2 2
14 bit Power Controf PVWM {€ Channels) (8 Charnsls) {& Channels} {8 Channels})
Metior: Fecdback module 1GH 7 QEl 1 GEl 1 Q=
{Input Capture/uadrature Ercoder o7 or or or
Interface} 3xIC xIC IxIG W IC
Serial Commuricaticns &8k, 550, R S50

Enhanced USART

Enhanced LISART Enhanced USART

Enhanced LSART

10-bt High-Speed

Anatog-lo-Cicilal Cunveiler inedule 5 Input Channels

5 Input Channels

d Input Channels

4 Input Chennels

Resels (and Delays) POR, 30R, POR, BOR, POR, BOR, POR, BOR,
RES=ZT Instructon, | RESET Instruction, RESET Instructon, | RESET Instruction,
Stack Full, Stack Full Stack Full, Stac< Full,
Stack Urderflow | Stack Undcrfiow  Stack Underflow | Stack Underflow
{PWRT, OST), (PWRT, OST), (PWRT, OST), (PWRT, OST},
MC.R /opfionali, | MCLR (optional}, MCLR /opticnal), | MCLR (optional}).
VIDT wWDT VIDT WDT
Programmable Lovs-voltage Detect Yes Yes Yes Yes
Pragrammable Brewn-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 instructions 75 Instruactions 75 Instructions
Packages 2R-pin SNIP 96-pin SNIP 4C-pin DIP 40-pn 1P
23_6in SOIC 26-nin 3015 44-pin TOFP 44-pin “GFP
pin = P - 44-pin QFN 44-pin QFN
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PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT 1/O DESCRIPTIONS
Pin .
Pin Name Number | Pin | Buffer Description:
Type| Type
DIP {SOIC
MCLRAVPPR/RES 1 1 Master Clear (input} or programming voltage (input).
MCLR | ST Master Clear {Reset) input. This pin is an active-low
Reset to the device.
vpp P High-voltage ICSP programming enable pin.
RE3 | ST Digital input. Available only when MCLR is disabfed.
OSC/CLKIIRAT g g Oscillator crystal or external clock input.
0SC1 I ST Oscillator crystal input or extemal clock source input.
ST buffer when configured in RC mode, CIMOS otherwise.
CLKl1 I | CMOS External clock source input. Always associated with pin
function OSG1. (See refaied OSCA/CLKL, OSC2/CLKO
pins.)
RA7 /O | TIL General purpose 1O pin.
OSCHCLKORAB 10 10 Qscillator crystal or clock output.
OSC2 @] — QOscillator crystal output. Connects 1o crystal or resonator
in Crystal Oscillator mode.
CLKG Q — in RC mode, OSC2 pin outputs CLKG, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
RAS O | TIL General purpose KO pin.
PORTA is a bidirectional IO port.
RAGAND 2 2
RAD o | TIL Digital ¥O.
ANGQ I | Analog Analog input 0.
RAT/AN1 3 3
RA1 BFO | TIL Digital K¥O.
AN1 I | Analog Analog input 1.
RAZIAN2AV/REF-/ICAP1ANDX] 4 4
RA2 VO | TTL Dugital 1/O.
AN2 I {Analog| Analoginput?2.
WREF- I |Analog| AD Reference Voltage {Low) input.
CAP1 i ST Input capture pin f.
INDX i ST Quadrature Enceder Interface index input pin.
RAZANINVREFHICAPZ/QEA] 5 5
RA3 WO | TTL Digitat VO.
AN3 I {Analog| Analoginput 3.
YREF+ I |Analog] A/D Reference Voltage {High) input.
CAP2 | ST input capture pin 2.
QEA I ST Quadrature Enceder interface channel A input pin.
RA4/AN4/CAR3/QEB B 6
RA4 O | TIL Digital O.
AN4 ! |Analog{ Analoginput4.
CAP3 | ST input capture pin 3.
QEB [ ST Quadrature Enceder Interface channel B input pin.
Legend: TTL =TTL compatible input CKIOS =CMOS compatible input or ocutput
ST = Schmitt Trigger input with CMOS levels [ = Input
Q = Qutput P = Power
0D = Open-Brain (no diode to VBD)
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PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT /O DESCRIPTIONS (CONTINUED)

Pin
Pin Name Number TPm Buffer Description
ype| Type
DIP |SOIC
PORTB is a bidirectional /O port. PORTB can be software
programmed for internal weak pufl-ups on all inputs.

RBO/PWHO 21 21

RBO O | TIL Digital /0.

PWMO O TTL PWM output 0.
RB1/PWi1 22 | 22

RB1 O | TTL Digital /0.

PWh41 o} TTL PWUIM output 1.
RB2/PWM2 23 | 23

RB2 G | TIL Digitat 1/O.

PW2 O TTL PWHM output 2.
RB3/PWM3 24 | 24

RB3 110§ TTL Digital /0.

PWIM3 o} TTL PWM output 3.
RB4/KBI0/PWIMS 25 | 25

RB4 O | TTL Digital I/O.

KBIC 1 TTL Interrupt-on-change pin.

PWMS c TTL PWH output 5.
RB5/KBH/PWM4/PGIM 26 | 26

RB5 O | TTL Digital 1/O.

KB I TTL Interrupt-on-change pin.

PWM4 O TTL PWM output 4.

PGM IO ST | ow-voltage ICSP programming entry pin.
RBB/KBI2/PGC 27 | 27

RB8& O | TTL Digitat /0.

KBI2 f TTL Interrupt-on-change pin.

PGC e ST In-Circuit Debugger and [CSP programming clock pin.
RB7/KBI3/PGD 28 | 28

RB7 fO | TTL Digital K¥O.

KBi3 | TTL Interrupt-on-change pin.

PGD e} ST In-Circuit Debugger and [CSP programming data pin.

Legend: TTL = TTL compatibie input

ST = Schmitt Trigger input with CMOS levels

Q = QOutput

0D = Open-Drain (no dicde to VDD)

CMOS = CMOS compatibte input or output
| = Input
P = Power
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PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT IO DESCRIPTIONS {CONTINUED}
Pin .
Pin Name Number | Pin | Buffer Description
Type; Type
DIP | SQIC
PORTC is a bidirectionat G port.
RCO/T1OSOTICKI 11 11
RCO o] ST Digital 0.
T10S0O (0] — Timer1 oscillator output.
T1CKi H ST Timer1 external clock input.
RC1/T10SICCP2FLTA 12 | 12
RC1 o] ST Digital 1/0.
T10SI I {|CMOS| Timer1 osciliator input.
CCP2 @) ST Capture?2 input, Compare2 output, PWM2 output.
FLTA i ST Fauit interrupt input pin.
RC2/CCP1/FLTB 13 13
RC2 o] ST Digital 1:0.
CCP1 1O ST Capture1 input/Comparet output/PWM1 output.
FLTB [ ST Fault interrupt input pin,.
RC3TOCKITSCKIINTO 14 | 14
RC3 o] ST Digital #0.
TOCKI H ST TimerQ alternate clock input.
T5CKI f ST Timer5 alternate clock input.
INTO I ST External interrupt G.
RCA/NTH/SDISDA 15 15
RC4 He) ST Digital /0.
INT1 i ST External interrupt 1.
SOl f ST SPI™ data in.
SDA o | ST PC™ data 1/O.
RCEANTZ2/SCKI/SCL 16 16
RC5 IO ST Digital ¥O.
INT2 I ST External interrupt 2.
SCK He} ST Synchronous serial clock inputioutput for SPI made.
SCL IO ST Synchronous serial clock inputioutput for {2C mode.
RCBTX/CK/SS 17 | 17
RC8 e} ST Digital 0.
TX O — USART Asynchraonous Transmit.
CK IO ST USART Synchronous Clock {see related RX/DT).
ES | TTL SPI Slave Select input.
RC7/RX/DT/SDO 18 | 18
RC7 e} ST Digital /0.
RX ! ST USART Asynchronous Receive.
DT He) ST USART Synchronous Data {see related TX/CK).
SDO O — SPI data out.
Vss 8,1918,191 P — | Ground reference for logic and VO pins.
VDD 7,2017,20| P — | Pasitive supply for logic and {/O pins.
Legend: TTL = TTL compatible input CHMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels f = Input
@] = Qutput P = Power

oD

= Open-Drain (no diode to VOD)
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PIC18F2331/2431/4331/44 31

TABLE 1-3: PIC18F4331/4431 PINOUT 1/O DESCRIPTIONS
Pin N Pin Number Pin | Buffer D inti
in Name DIF |TQFF] QFN | Type| Type escription
MCLR/VPR/RES 1 18 18 Master Clear (input) or programming voltage (input).
MCLR k ST Master Clear (Reset) input. This pin is an active-low.
Reset to the device.
VPP P Programming voltage input.
RE3 E ST Digital input. Available only when MCLR is disabled.
OSCYUCLKIRAT 13 30 32 Oscilfator crystal or external clock input.
QSC1 [ ST Oscillator crystal input or extemnal clock source input
ST buffer when configured in RC mode, CMOS otherwise.
CLKI I | CMOS| Extemal clock source input. Always associated with pine
function OSC1. {See related OSC1/CLKI, QSC2/CLKO pins.)
RAT SO | TTL General purpose 1O pin.
QOSC2CLKORAG 14 31 33 Oscillator crystal or clock output.
QSC2 @] — QOscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
GLKO @] — In RC mode, OS2 pin outputs CLKO, which has 1/4 the
frequency of 0SC1 and denotes the instruction cycle rate.
RAG ¥O | TTL General purpese /O pin.
PORTA is a bidirectional I/C port.
RAD/ANO 2 19 19
RAC @] TTL Digital /0.
ANO I {Analog| AnaloginputQ.
RA1/AN1 3 20 20
RA1 WO | TTL Digitat #0.
AN1 f lAnalog] Analoginputt.
RA/ANZ2/VREF-ICAP1/, 4 21 21
INDX
RAZ He) TTL Digital /0.
ANZ2 i |Analog] Analoginput?2.
VREF- i |Analog] A/D Reference Yoltage (Low) input.
CAP1 E ST Input capture pin 1.
INDX k ST Quadrature Encoder {nterface index input pin.
RA3/ANSA/REF+ 5 2% 22
CAP2/QEA
RA3 O | TIL Digital /0.
AN3 i {Analogl Analoginput3.
VREF+ i |Analog] A/D Reference Voltage (High} input.
CAP2 ; ST Input capture pin 2.
QEA § ST Quadrature Encoder Interface channel A input pin.
RA4/AN4/CAP3/QEB | 6 23 23
RA4 KO | TTL Digital 7O.
AN4 f |Analog] Analoginput4.
CAP3 i ST Input capture pin 3.
QEB i ST Quiadrature Encoder Interface channel B input pin.
RAS/ANSILVDIN 7 24 24
RAS5 Vo | TTL Digital i/0.
AN5 I |Analog| Analoginputb.
LVBIN i |Analog| Low-voltage Detect input
Legend: TTL =TTL compatible input CMQS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
@] = Quiput P = Power
0D = Open-Drain {no diode tc VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer e
Pin Name DIF [TQFP | PN | Type| Type Description
PCRTB is a bidrectionzl 1/C port. PORTB can be software
pregrammed for intemna’ weak pubups on all inputs.
RBOPWMO 33 8 2]
RBO KO | TTL Diqitat KO,
PWHRIC G TTL PWM outpit O.
RB1/ANM1 4 9 10
RO ¥o | TTL Digital ¥D.
PWHI1 C TTL PWHM outpet 1.
RB2/PANM2 35 10 gl
RB2 ¥o | TTL Digital E¥D.
PWMZ C TTL WM outpLt 2.
RB3I/MAMI 35 11 12
RB3 1o | TTL Dugital 1D,
PWMZ C TTL PYWM ottpLt 3.
RBA/KBIG/FWIS 37 14 ik
RB4 17O 11l P)atat K0
KBi0 1 TTL interrupt-on-change pin.
MAMIE C TTL TAM outpLt 5.
RB5/XBI 1/ PWIAY 35 15 15
PG
RB5 O | TTL Digitat /0.
KBi1 1 TTL interrupt-on-change pin.
PWRI4 C TTL WM oltpLt 4.
PG 1o 3T Lovi-voltage ICSF programming eniry sin.
RB5KBIZFGC 3 16 16
RBS Yo | TTL Digitat ¥0.
KBI2 H TTL Intcrrupt-on-change pin.
PGC 1o ST in-Ci~cuit Dabugger and ICSP programmiing clock pir.
RBT/KBIHCD 40 17 i
RB7 o | TTL Digital ¥O.
KBI3 | 1L interrupt-on-change pin.
PGD e 533 in-Cir cuit Debugyges and ICSP pogianniiing datd pin.
Legend: TTL = TTL compatible inpul CMCS = CMOS compatible input or output
ST = Schmiit Trigoer nput with CNOS evels t = input
s} = Ousput P = 2ower
UD = Open-Drein (nd d:ode tc VBL)
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PIC18F2331/2431/4331/4431

”

TABLE 1-3:  PIC18F4331/4431 PINOUT FO DESCRIPTIONS (CONTINUED)

Pin Numbar Pin | Buffer

Pin N
fn Nams DIP TQFP| QFN | Type | Type

Description

PORTC is a bidirectional /O port.
RCGTIOSGTICK! 15 32 34

RCC e} ST Digital 1/0.
T1080 O —_ Timert osciiator output
TICKI I ST Timer1 exierrl clock ingul.
RCUTHOSECCPY 13 35 35
FLTA
RC1 ¥O ST Digital /0.
T108! I ICMOS|  “imert oscikator nput
CCP2 FQ ST CaplureZ input, Guimpaie2 vulput, PWM2 oulpul.
FLTA l ST Fault interrunt input pin.
RC2/CCP1/FLTB 17 3G | 36
RCz /O ST Digital 0.
CCP1 O Si Capture1 inputyCompare 1 output/PyYWM1 output.
FLTB- i 3T Fault irtertuat input pin.
RCIHTOCKITECKI 18 37 37
INTO
RCz Ha] ST Digital 1/Cy.
TOCKE i ST TimerQ alternate clock inpus.
TECKE I ST TimerS alternate clock input.
INTO f ST External interrupt 0.
RC4/INT/SDISDA 23 42 42
RCA4 He] §T Digital 110
INTH I ST Exlemal itleriupt 1.
801 f ST SPiCatain.
SNA | KO ST G Data liD
RCHANT2SCK/SCL | 24 43 13
RC& O St Digital VO,
INT2 I ST External interrupt 2.
SCK Ha ST Synchroncus serial clock inputfoutput for SPI mode.
SCL O St synchrancus sefiai ctock inputioutput for £ made,
RC&TX/CK/SS 25 44 | 44
RCE O | ST Digital /0.
> G — USART Asynchronous Transmit.
CK He] ST USART Synchronous Clock (see reiated RX/DT).
RN I ST SP1 Slave Select input.
RCTIRYMTIANO 23 1 1
RCT e} 5T Digital KO.
RX ; ST USART Asynchrenous Recoive.
DT e ST USART Synchronaus Data (see related “X/CK).
SDO a — SP1Cata cut.
Legend: TTL =TTL compadible input C10S = CMOS compatikle input or cutpur
ST = Schmitt Trigger input with CMOS levels ! = Input
0 = Owiput P = Pawer

0D - Qpen-Duin ((w divde W Vo)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number Pin | Buffer Description
DIP |TQFP| QFN |Type| Type P
PORTD is a bidirectional 1¥0 port, or a Paralle! Slave Port
{PSP) far interfacing to a microprocessor port. These pins
have TTL input buffers when PSP module is enabled.
RDOTOCKITSCKI 19 38 38
RDO o} ST Digital FO.
TOCKI | ST TimerQ external clock input.
T&ECKI 1 ST Timer5 input clock.
RD1/SDO 20 39 39
RD1 1o ST Digital 1/0.
S0O Q — SPi Data out.
RD2/SDI/SDA 21 40 40
RD2 o] ST Digital 0.
SDI 1 ST SPi Data in.
SDA ra | sT 12C Data 0.
RD3/SCK/SCL 22 41 41
RD3 o | ST Digital O.
SCK 1o ST Synchronous serial clock inputfoutput for SPI mode.
SCL iQ ST Synchronous serial clock inputioutput for 12C mode.
RD4/FLTA 27 2 2
RD4 He] ST Digitaf O.
FLTA i ST Fault interrupt input pin.
RD5/PWMA4 28 | 3 3 '
RDS jHe] ST Digital 11Q.
PWH4 0 TTE PYWM oulput 4.
RD&PWIMS 29 4 4
RD& o] ST Digital 1/0_
PWMG O TTL PWM output 6.
RD7/PWNT 30 5 5
RD7 He] ST Digital I/Q.
PVMT @] TTE PYWM output 7.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = tnput
0 = Qutput P = Powrer
0D = Open-Drain {no diede to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)

Pin Name Pin Number Pin ) Buffer Description
DIP |[TQFP| QFN | Type | Type P
PORTE is a bidirectional IO port.
REO/ANG 8 25 25
REQ O ST Digital /0.
ANG I |Analog{ Analog input6.
RE1/AN7 ’ 9 25 26
RE1 {{e] sT Digital /0.
AN7 I |Analog] Analoginput?.
REZ/ANS 10 27 27
RE2 ' YO | ST Digital 170.
AN8 I |Analog] Analoginput8.
\Vss 12, 16,2916,30,| P — |Ground reference for logic and 1/Q pins.
3 3t
VDD 11,32{7,2817,8 1 P —  {Positive supply for fogic and /O pins.
28,
29
NC — 12, t3 | NC | NC [No connect
13,
33,34
Legend: TTL = TTL compatible input CMOCS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Qutput P = Power

OD = Open-Drain (no diode to VDD)
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Single-Channel: 6N135, 6N136, HCPL2503, HCPL4502
Dual-Channel: HCPL2530, HCPL 2531
High Speed Transistor Optocouplers

Features Description

m High speed -1 MBit's The HCPL4502, HCPL2503, 6N135, 6N136, HCP1.2530

m Superior CMR — 10kV/us and HCPL2531 optocouplers consist of an AlGaAs

m Dual-Channel HCPL2530/HCPL2531 LED optically coupled to a high speed photodetector

m Double working voltage — 480V RMS transistor. ,

m CTR guaranteed 0-70°C A separale connection for the bias of the phoiodiode

m U.L. recognized (File # EQ0700) improves the speed by several orders of magnitude over
B - conventional phototransistor optocouplers by reccing

Applications the base-colleclor capacitance of he input transistor.

m Line recelvers An internal. noise shiald proyides superior common
mode rejeclion of 10kV/us. An improved package allows

m Pulse lransformer replacement superior insulation permiting a 480V working voltage

m Output interface to CMOS-LSTTL-TTL compared to industry standard ct 22QV.

m Wide bandwidth analog coupling

Schematics Package Outlines

ne [1

{o]
<2
8
<4
I““‘l‘—‘l—-
~
\\
©
<
Q
(3]

7Yy, —E 24—1_]\[01
—16 VO - 3¥//\'/‘}l_§)nw
5| ano +E—% j s GND

N/C E

6N135, 6N136, HCPL2503, HCPL4502 HCPL2530/HCPL2531

Pin 7 is rol cornected in
Part Numbar HCPL4502

22005 Fairchilc Semiconductor Corporation www. ‘archildsemi.com
6hv135, 8N 136, HCPL2503, HCPL4502, HCPL2530, HCPL2531 Rev. 1.07
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Absolute Maximum Ratings (T, = 25°C urless otherwise specified)

Stresses exceeding tha absclute maximum ratings may damags the devica. The device may notfunction or be
operable above the recommended operaling conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure ta strasses ahove the recommended operating conditions may affect devica reliability.
The absolute maximum ratings are stress ratings only.

Symbotl Parameter Condition Value Units
Tste | Storage Temperature -55t0 +125 °C
Tope | Operating Temperature -55 10 +100 °C
TsoL |Lead Salder Temperature 260 for 10 sec °C

EMITTER
Ig (avg) | DC/Average Forward Input 25 mA
Current Each Channet(
Iz (pk) | Peak Forward fIr_.put Cutrent 50% duty cycle, 1ms EW. 50 mA
Each Channel®
I (trans} | Peak Transient Input Current | <1ps RW., 200pps 1.0 A
Each Channel .
VK Reverse Input Voltage Each 5 Vv
Channel
Pp Input Power Dissipation Each |6N135/6N136 and HCPL2503/4502 10¢ mw
Channel 4
HCPL-2530/253% 45
DETECTOR
1o (avg) | Average Qutput Gurrent Each 8 mA
Channel
1o (pk) | Peak Output Current Each 16 mA
Channel
Vepp | Emitior-Basc Reverse Voltage |6N135, 6M136 and HCFL2508 only 5 A
Vee Supply Volitage -0.51030 \2
Vo Output Voltage -0.51020 A
g Base Current 6N135, 6N136 and HCFL2505 onty 5 mA
PD Oulput Power Dissipation &N135, 6N136, HCPLZ503, HCPL4502M 100 mw
Each Channel HCPL2530, HCPL2531 35 mwW
Notes:
1. Derate lincarly above 70°C free-air temperature at a rate of 0.8mA~C.
2. Derate lineariy above 70°C free-air temperature at a rate of 1.6mA/C.
3. Derate linearly above 70°C free-alr temperature at a rate of 0.9 mW/*C.
4. Derate lincarly above 70°C free-air temperature at a rate of 2.0 mW/°C.
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Individual Component Characteristics

Electrical Characteristics (T, = 0 10 70°C Unless othemise specifiad)

Symbol | Parameter | Test Conditions | Device | Min. l Typ.* | Max. ‘ Unit
EMITTER
Ve Input Forward Voltage g = 16mA, Ty =25°C 1.45 17 v
IF = 16mA 1.8
Bve Input Reverse Breakdown |ig= 10 pA 5.0 v
Voltage
AVEAT, | Temperature Ceefficientof [ Ip = 16mA -16 mv/°G
Forward Voltage
DETECTOR
lgy  |Logic High Cutput Current | i = OmA, Vg = Vgg = 5.5V, All 0031 | 05 HA
T, =25°C v
Ig = 0mA, Vo = Ve = 15Y, 6N135 0.005 1
T4 =25°C 6N136
HCPL4502
HCPL2503
Ip = 0mA, Vi = Vo = 15V All 50
lanar  {Logic Low Supply Currenl |lp = 16mA, Vo = Open, 6N135 120 200 HA
Voo =15 6N136
HCPL4502
HCPL2503
Ip1 = lpp = 16mMA, HCPL2530 200 400
Vo =0pen, Vgo = 15V HCPL2531
lecen | Logic High Supply Current | I = OmA, Vo = Open, 6N135 1 WA
. Vg =18V, Ty =25°C 6N136
HCPL4502
HCPL2503
If = 0mA, Vig = Open, 6N135 2
Voo =13V 6N136
HCPL4502
HCPL2503
IF = 0mA, Vo = Open, HCPL2530 0.02 4
Vee =13V HCPL2531

*All Typicals at Ty = 25°C

©2005 Falrchild Semiconductor Corporation
EN135. 6136, HCPL2503. HCPL45G2. HCPL2530. HCFL25631 Rev, 1.0.7 3

AW Tarehliasemioom
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Transfer Characteristics

Electrical Characteristics (Continued) (Ta = 0 to 70°C unless otherwise specitied)

Symbol Parameter Test Conditions Device l Min. | Typ.* | Max. rUnit
COUPLED '
CTR Curre'n_t Transfer lp=16MA, V5 =04V, 6N135 7 18 50 %
Ratlo® Ve = 45V, Tp =25°C HCPL2530
6N136 19 27 50 %
HCPL4502
HCPL2531
HCPL2503 12 27 %
Ir = 16maA, VoL=04V _ 6N135 5 | 21 %
Vog = 4.8V VoL=06V HCPL2530
VoL=04V  6N136 | 15 | 80 %
HCPL4502
VoL=05V  HCPL2531
VoL=04V HCPL2503 | 9 | 30 %
VgL  Logic LOW Qutput Ip = 18mA, Iy = 1.1mA, 6N135 0.18 | 04 A
Voitage Voo = 4.5V, T =25°C HCPLE530 515 o3
= 16maA, Ig = 3mA, 6N136 025 | 04
Voo = 4.5V, Ta =25°C HCPL2503
HCPL2531 0.25 05
g = 16mMA, o =0.8mA, 6N135 0.5
Voo = 4.5V HCPL2530
Ir— 16mA, I = 2.4mA, HCPLA502 05
Voo = 45V HCPL2531

*All Typicals at T, = 25°C
Note:

times 100%.

5. Current Transfer Ratio is defined as a rafio of output collector current, le, to the ferward LED input cutrent, I,

©2008 Faircnild Semiconducter Corporation

6N135, 6N 133, HOPL2503, HCPL4502. HCPL2530, HCPL2831 Rev. 1.0.7 4

vrarw fairehildsenci.com



65

SN54HC14, SN74HC14
HEX SCHMITT-TRIGGER INVERTERS

SCLS035E - DECERBER 1932 - REVISZD NOVEM3ER 2004
- ]

¢ Wide Operating Voltage Range of 2Vto 6 V ® Typical tpg=11ns
® Outputs Can Drive Up To 10 LSTTL Loads +4-mA Output Drive at 5 V
® | ow Power Consumption, 20-uA Max lgg & | ow Input Current of 1 pA Max

1 4

SNS4HC14...J OR W PACKAGE
SN74HC14...D, DB, N, NS, OR PW PACKAGE

SN54HC14 . .. FK PACKAGE
{TOP VIEW)

_(TOP VIEW)
1A J 14} Vee
1v (|2 13{]6A
2a]3 12{] ey
av |4 1[] 54
aalls 10]] 5Y
v[ie 9l za

GND [}7 8[) 2y

NC - No internal conneciion

description/ordering information

These Schmiti-trigger devices contain six ndependent inverters. They perform the Boolean function
Y = A in positive lcgic.

ORDERING INFORMATION

A PACKAGEF PARTNUMBER |  MARKING
PDIP - N Tubs of 25 SNT4HC 14N SN74HC 14N
Tubs of 50 SN74HC14D
SOIC-D Reet of 25 SN/AHC1ADR HC14
Reel of 250 SN74HC14DT
—/40*C to 35°C S0P - NS Reel ot 2001 SN/AHCTANSR HC14
SSQP - DB Reel of 2000 SN74HC14DBR HC14
Tuba of A0 SKN7AHC 14PN
TSSOF - PW Reed ol 2000 SN74HC14PAR HC14
Peel of 28 SNTAHCIPAT
CDIP-J Tubz SNJS4HC144 SNJS4HC 144
-55"Cto 125°C |CFP -W Tubz SNJSAHCT4W SNJS4HCT14W
LCCC - FK Tuba SNJSAHC14FK SNJS4HCT4FK

T Package drawings, standarc packing quanfitias, thermal data, symbolization, and PCB design gudeiines are

avaiatle at vwavti.com/scipackage.
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HEX SCHMITT-TRIGGER INVERTERS

SCLSUShE - DECEMIER 1982 — REVISED NOVEMBER 2004
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FUNCTION TAELE
{each Inverter)
INPUT OUTPUT
A Y
E L
L H

loglc dlagram (posltive logic)

A {b'_ Y

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)f

Supply VOHEGE 1aNG8, Vo - - v i ittt i e e e e -0.5Vio 7V
Input clamp current, ik (‘v| <forVvy> VCC) seeNote1) ... .. .. ... ..., +20 mA
Cutput clamp current, lox (Vo <0 orVo > VCC/ (seeNote 1} . ... .. ... ... ... +20 mA
Continuous output current, lo Vo =010 Vo) ..o 25 mA
Continuous current through Voo or GND Lo e 150 mA
Package thermal imoedance, 64 (see Note 2): Dpackage ... ... oot 86°C/W
DB Rackage . ...couiriiiiaet i g96"C/W
Npackage ... ..ot i B0°C/W
NS EaCKage . ..viiriieiiii e 76°C/W
PWpackage ............ ...l 113°C/W
Storage temperature 1ange, Tsgg - -« oot emmniiie -65°C 0 130°C

T Stresses teyerd those listed under “adsoits Maximumm rangs” may cause permanant damage to the device. Lhese are strese ratirgs ony, and

funct

tional operation of the device at these or any other condifions beyond those indicated undar “recommended operating conditicns™ is not

implied. Exposure o absclute-maximum-razed concitions for extended pericds may affect davice refiabiity.

NOTES: 1. The input and output voltage ratings may te sxceeded if the input and outpu: current retings are chiserved.
7 The package fennal inpedancs is calidaled in sccodance with GFSD 517
recommended operating conditions (see Note 3)
SNS4HC14 SN74HC14
MIN NOM MAX MIN NOM MAX UNIT

Vee Supply voltage 2 5 B 2 £ [ vV

\Y] Input voltage a Voo 0 \{o' vV

Vo Gutput voltage g vee 0 Vo A

14 Operating free air fomperature -4 125 -4 85 °C
NOTC 3: All unused inputs of the davice mus: be he'c at Voo or GND fo ensure oroper device operation. Refer to the Tl aoplization report.

fmptications of Sfow or Floating C140S Inputs, literature number SCBAQCS.
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SN54HC14, SN74HC14
HEX SCHMITT-TRIGGER INVERTERS

SCLS085Z — DECEM3ER 1982 — REVISED NCVEMBER 2004

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta =25°C SN54HC14 SN74HC14
PARAMETER TEST CONDITIONS Vee MiIN TP NAX | mmN VMAX NN MAX UNIT
2y 07 1.2 1.5 07 1.5 07 1.5
VTs 40V 1345 25 345) 155 345§ 153 318 v
6Y 21 3.3 4.2 2.1 42 21 e
2v 03 68 1 03 1 03 1
T 45V 0.9 16 245 09 245 09 245 v
6v 1.2 2 32 12 32 12 3.2
2v .02 0.6 12 02 12 02 1.2
T+~ VT= 45V 0.4 09 21 04 2.1 0.4 2.1 \Y
[iNV4 0.5 1.3 25 05 2.5 0.3 2.5
2V 19 1938 19 19
oy = —20 pA 45V 4.4 443%% 44 14
VoH Vp=WiHer Vi 6Y 59 5939 50 59 v
Iop = —4 mA 45V 398 43 a7 3.04
IOH = -5.2 A GvY 548 58 52 534
2V 0.002 U1 21 0.1
loL = 2C pA 45V 00y {1 21 Q1
VoL Vi =Vor VL 6Y 0.0+ 0.1 ’ J.1 0.1 Y
oL =4 mA 45V 017 026 24 2.23
IoL =52 mA §Y 015 0.2 D4 2.33
Ii Vi=voeo € 6Y +0.1 =100 +1000 +1020 nA
ice Vvi=vcceori, io=U 6Y 2 40 20 1A
(o 2Vtc BV k] 10 10 10 p=

switching characteristics over recommended operating free-air temperature range, C| = 50 pF
(unless otherwise noted) (see Figure 1)

FROM 10 Tp = 25°C SNE4HC14 | SNT4HC14
PARAMETER (NPUT) ©outpuT) | VeC TN TYP WAX| MIN WMAX| WMiN MAX| ohT
2V 55 125 190 155
g A Y 45V 12 25 38 31| ns
2% 17 21 3z 26
2V 38 5 110 Yo
t ¥ 45V 8 15 2 19| ns
3V 13 19 16
operating characteristics, Tg = 25°C
PARAMETER TEST CONDITIONS | TYP | UNIT
Cpd Power dissipation capacitance per inverer Nolead 20 pE
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HGTG20N60B3D

December 2001

40A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diode

The HGTG20N60B3D is a MOS gated high voitage
switching device combining the best features of MOSFETs
and bipolar transistors. The device has the high input
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voitage
drop varies only moderately between 25°C and 150°C. The
diode used in anti-parallel with the IGBT is the RHRP3060.

The IGBT is ideal for many high voltage switching
applications operating at moderate frequencies where low
conduction losses are essential.

Formerly developmental type TA49016.

Ordering Information

PART NUMBER PACKAGE BRAND
HGTG20N60B3D T0-247 G20NGOB3D

NOTE: When ordering, use the entire part number.

Symbol

Features

« 40A, 600V at T¢ = 25°C

+ TypicalFall Time. ... ................ 140ns at 150°C
+ Short Circuit Rated

« Low Conduction Loss

+ Hyperfast Anti-Paraliel Diode

Packaging

JEDEC STYLE TO-247

COLLECTOR
{BOTTOM SIDE METAL)

FAIRCHILD SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4.417.385 4,430,752 4,443,931
4,598,461 4605948 4,620,211 4,631,564
4,682,195 4684413 4,694,313 4,717,679
4,803,533 4,809,045 4,809.047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4532534 4,587,713
4,639,754 4,639,762 4,641.162 4644637
4,743,952 4,783 690 4794432 4,801,986
4823178 4,837,606 4,860,080 4,883,767
4933740 4,963,951 4,969,027
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HGTG20N60B3D

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

HGTG20NE0B3D UNITS
Coliector to Emitter Voltage . . .. ... . ... .. ... .. .. ... .. ... ... BVcEs 600 v
Collector to Gate Voltage, Rge =1MQ ... ... ... . ... ... ... BYcer 600 \
Collector Curment ContinUOUS . . . . . ... ... Icas 40 A
AT = tM0°C ... e e e le11g 20 A
Average Diode Forward Curentat 1100C. ... ... ... ... . oL Lava) 20 A
Collector Current Pulsed (Note 1) .. .. ... .. . i e e lem 160 A
Gate to Emitler Voltage Continuous._ . . .. ............... ... ... Vaes +20 \
Gate to Emitter Voltage Pulsed _ .. . .. ... . ... e YGEM +30 Y
Switching Safe Operating Areaat Tc=150°C . ... ... ... ... ...... e SSOA 30A at 800V
Power Dissipation Total at T =25°C . ... . ... ... . ... ... ............. Py 165 W
Power Dissipation Derating Tc >25%C ... ... .. ... . ... 1.32 wioC
Operafing and Storage Junction Temperature Range . . .. .................... T4, TaTG -4010 150 °c
Maximum Lead Temperature for Soldening ... .. ... ... ... ... ... ... . ... ........ T 260 oC
Short Circuit Withstand Time (Note 2} atVee =15V, .. ... . oot tsc 4 us
Short Circuit Withstand Time (Note 2} atVee =10V. ... ... ... o . ... tso 10 Hs

CAUTION: Siresses above these fisted in "Abselute Maximum Ratings™ may cause permanent damage lo the device. This is a stress only rating and operation of the
device at these or any other conditions azove these indicated in the operational sections of this specification s not impiied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Vg = 360V, T = 125°C, R = 2500

Electrical Specifications T =259C, Unless Otherwise Spacified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVces Ic = 250pA, Ve = 0V 600 - - v
Collector to Emitter Leakage Current Ices Vee =BVees T =25°C - - 250 A
Tc=150°C - - 20 mA
Coliector to Emitter Saturation Voltage Versan | ke = fctios Te =25°C - 1.8 20 v
Vge = 15V To = 150°C - 2.1 25 v
Gate to Emitter Threshold Voltage VGE(TH) Ic = 250uA, Ve = VeE 3.0 5.0 6.0 \
Gate to Emitter Leakage Cuirent IGEs VaE = 20V - - +100 nA
Switching SOA SSOA Tg = 1500C Vg = 480V 100 - - A
Vgg = 15V, Vce = 600V 30 - - A
Rg =100,
L =45uH
Gate to Emitter Plateau Voltage VGEP Ic =lc110. Vee = 0.5 BVcEs - 8.0 - v
On-State Gate Charge Qaion) Ic =lc110. Vee =15V - 80 106 nC
VoE =0.5BVgES |Vgg =20V - 105 135 nC
Current Turn-On Delay Time tacony Te = 150°C, - 25 - ns
Current Rise Time " Ice =lc110 - 20 - ns
Curtent Tum-Off Delay Time ta(oFF) :;CE = ?S%BVCE& - 20 | 275 ns
GE =
Curmrent Fall Time g Re = 10802, - 140 175 ns
Tum-On Energy Eon L=100pH - 475 - pd
Tum-Off Energy (Note 3) Eaoer - 1050 - nd
Diode Forward Voltage Vec lec = 20A - 1.5 19 \
Diode Reverse Recovery Time te lgc = 20A, digpddt = 100AQs - - 55 ns
Iec = 1A, d‘Ec:'dt = 100Ajus - - 45 ns
Thermal Resistance Rajc IGBT - - 0.76 Scaw
Diode - - 12 OCW
NOTE:

3. Tumn-Off Energy Loss (Eqrg) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A) The HGTG20NB0B3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Tum-Off Switching Loss. This test method produces the true total Tum-Gif Energy Loss. Turn-On losses include
diode losses.
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Typical Performance Curves
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Data Sheet No. PD60147 rev.U

International
TIGR Rectifier  1IR2110(:1-2)(S)PbF/IR2113(-1-2)(S)PbF
| HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation _
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
¢ Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
* Undervoltage lockout for both channels
¢ 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset fonoff (typ.) 120 & 94 ns
& CMOS Schmitt-triggered inputs with pull-down :
# Cycle by cycle edge-triggered shutdown logic Delay Matching “”gg?]:‘]g) 12% ns max.
® Matched propagation delay for both channels ( ) ns max.

& Qutputs in phase with inputs Packages

Description

The IR2110/R2113 are high voltage, high speed power MOSFET and
1GBT drivers with independent high and low side referenced output chan-
nels. Proprietary HVIC and latch immune CMOS technclogies enable
ruggedized monolithic construction. Logic inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimurm
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
14-Lead PDIP IR21108/IR21138
IR2110/IR2113

Typical Connection up to 500V or 600V
@i

|
1\

Vop Vo Vg A VWV

T~ N

HINe HIN Vg . ° 16

SD o SD — X JLOAD

LIN© LIN Voo —e- o

Ve o Ves  COM |—o= ( E[w

Ve ~—|, — LO AN T

(Refer to Lead Assignments for comrect pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.




IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

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

72

International
TSR Rectifier

Symbol Definition Min. Max. Units
VB High side floating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vg High side floating supply offset voltage Vg=25 Vg +03
VHO High side floating output voltage Vg-0.3 Vg +0.3
Vece Low side fixed supply voltage 0.3 25
Vo Low side output voltage 0.3 Vee + 0.3 v
Vipp Logic supply voltage 0.3 Vgg + 25
Vss Logic supply offset voltage Veg-25 Ve + 03
ViN Logic input voltage (HIN, LIN & SD’)' Vgg - 0.3 Vpp + 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 W
{16 tead SOIC) - 1.25
RTHua Thermal resistance, junction to ambient {14 lead DIP}) — 75 .
(16 lead SOIC) — 100 cw
Ty Junction temperature e 150
Ts Storage temperature -55 150 °C
T Lead temperature (soldering, 10 seconds) —_— 300

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

Symbol Definition Min. Max. Units

Ve High side fioating supply absolute voltage Vg + 10 Vg + 20

Vs High side floating suppty offset voltage (IR2110}) Note 1 500

(iR2113) Note 1 600

Vho High side fioating output voltage Vs VB
Voo Low side fixed supply voltage 10 20 v
Vo Low side output voltage 0 VCC
VoD Logic supply voltage Vgg + 3 Vgg + 20
Vss Logic supply offset voltage -5 (Note 2) 5

VN Logic input voltage (HIN, LIN & SD) Vgg VDD

TA Ambient temperature 40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.



International
TSR Rectifier

Dynamic Electrical Characteristics

Veias (Vcc. Ves. Vpp) = 15V, C = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max. | Units [Test Conditions
tan Turn-on propagation defay 7 — 120 | 180 Vg =0V
toff Turn-off propagation delay 8 —_ 94 125 Vg = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 ns Vg = 500V/600V
tr Tum-on rise time 10 — 25 35
tf Tum-off falf time 11 —— 17 25
MT Delay matching, HS & LS {IR2110) — — — 10
turn-on/foff {IR2113) -_ - — 20

Static Electrical Characteristics

Vvaias (Voc. Ves. Vpp) = 15V, Ta= 25°C and Vss = COM unless otherwise spedified. The ViN, VTR and iy pararmneters
are referenced to Vss and are applicable to all three logic input leads: HiIN, LIN and SD. The Vo and lp parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure |Min. | Typ. Max. | Units [Test Conditions
ViH Logic “1” input voltage 12 9.5 — —
ViL Logic “0” input voltage 13 — —_— 6.0
Vonr High level output voltage, Vgias - Vo 14 — — 1.2 v lo =0A
Voo Low level cutput voltage, Vo 15 — — 0.1 o = DA
ILK Offset supply leakage current 16 — — 50 Vg=Vs = 500V/600V
loBs Quiescent Vgs supply current 17 — 125 | 230 Viny =0V orVpp
lace Quiescent Ve supply current 18 — 180 | 340 uA VN =0V or Vpp
laDD Quiescent Vpp supply current 19 — 15 30 ViN =0V or Vpp
N+ Logic “1" input bias current 20 —_— 20 40 VIN = VDD
IIN- Logic “0” input bias current 21 — — 1.0 Viy = 0V
Vesuv+ | VBs supply undervoltage positive going 22 7.5 8.6 9.7
threshold
VBSUV- VBs supply underveltage negative going 23 7.0 8.2 9.4
thresheld
Vocuv+ | Ve supply undervoltage positive going 24 7.4 8.5 9.6
threshold v
Vecuv- | Voc supply undervoltage negative going 25 7.0 8.2 9.4
threshold
1o+ Qutput high short circuit pulsed current 26 2.0 2.5 — Vo=, VIN= VDD
PW <10 ys
lo- Quiput low short circuit pulsed current 27 2.0 2.5 — A Vo= 15V, VN =0V
PW <10 s
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S XILINX®

XC9536XL High Performance
CPLD

DS058 (v1:2) June 25, 2001

Preliminary Product Specification

Features
* 5 ns pin-to-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 {0 pins)
- 44-pin VQFP (34 user IfO pins}
- 48-pin CSP (36 user I/O pins}
- 64-pin VQFP (36 user /O pins)
» Optimized for high-performance 3.3V systems
- Low power operation
- SV tolerant /O pins accept 5V, 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 programrmable
- Superior pin-locking and routability with
FastCONNECT li™ switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-terms per macrocell with
individual product-term allocation
- Local clock inversion with three global and one
product-term clocks
- Individual output enable per output pin
- Input hysteresis on all user and boundary-scan pin
inputs
- Bus-hold circuitry on alt user pin inputs
- Full IEEE Standard 1149.1 boundary-scan (JTAG)
+ Fast concument programming
+  Slew rate control on individual outputs
» Enhanced data security features
- Excellent quality and reliability
- Endurance exceeding 10,000 program/erase
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

Description

The XC9536XL is a 3.3V CPLD targeted for high-perfor-
‘mance, 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 macroceil
in a XC9500XL device may be configured for low-power
mode {from the default high-performance mode}. In addi-
tion, unused product-terms and macrocelis are automati-
cally deactivated by the software to further conserve power.
For a general estimate of i, the following equation may be
used:

loc (MA)Y = MCyp(0.5) + MC| p(0.3) + MC(0.0045 mA/MHz) f
Where:
MCpp = Macrocells in high-performance (default) mode
MCyp = Macrocells in low-power mode
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 Funiction
Block with no output loading. The actual I¢e value varies
with the design application and should be verified during
normal system operation.

Figure 1 shows the above estimation in a graphical form.
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£8a%6_21_961101

Figure 1 Typical I vs. Frequency for XC9536XL
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XC9536XL High Performance CPLD 37 XILINX®
> JTAG‘
JTAG Port { 1 1, Controller | ™% - In-System Programming Controlier
A A A
Y Y Y
> = > Function
mwE 3——— 18 Black 1
P Macrocells
o K dF——— tfma————— 11018
mwE 3——— A A4
\
X
WK 3 . 5 »1  Function
. = 18 Biock 2
o 7
. 2 ! tlacrocells
- 7o % 11018
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o K H— E
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o
wES s
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3
WoiGCK E__ 3 7
1
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2
/0IGTS €3
A

03338 _Lz_£21500

) Figure 2. XC9536XL Architecture
Function Block outputs-(indicated by the bold fine) drive the /O Blocks directly.
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T XILINX® XC9536XL High Performance CPLD
Absolute Maximum Ratings
Symbol Description Value Units

Vee Supply voltage relative to GND -05t04.0 v

Vin Input voltage relative to GND(1} -0.5t055 v

Vg Voltage applied to 3-state output(!} -051t655 v

Tst1 Storage temperature (ambient) —651to0 +150 oC

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

Ty Junction temperature +150 oC

Notes:

1. Maximum DC undershoot below GND must be limited to either 0.5V or 10 mA, whichever is easier to achieve. During transitions, the
device pins may undershoot to —2.0 V or overshoot to +7.0V, provided this over- or undershoot lasts less than 10 ns and with the
forcing current being fimited to 200 mA.

2. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress

ratings only, and functional opera
is not implied. E:

Recommended Operation Conditions

tion of the device at these or any other conditions beyond those listed under Operating Conditions
xposure to Absolute Maximum Ratings conditions for extended periods of time may affect device refiability.

Symbol Parameter Min Max Units
VeeINT Supply voltage for internal fogic Commercial Ta = 0°C to 70°C 3.0 3.6 N
and input buffers Industrial T, = —40°C 10 +850C | 3.0 36 v
Veeoio Supply voltage for output drivers for 3.3V operation 3.0 3.6 VY
Supply voltage for output drivers for 2.5V operation 2.3 2.7 \Y%
ViL Low-level input voltage 0 0.80 \
Viy High-level input voltage 2.0 5.5 3
Vo Output voltage 0 Vecio \
Quality and Reliability Characteristics
Symbol Parameter Min Max Units
Tor Data Retention 20 - Years
Npg Program/Erase Cycles (Endurance) 10,000 - Cycles
VEsp Electrostatic Discharge (ESD) 2,000 - Volts
DC Characteristic Over Recommended Operating Conditions
Symbotl Parameter Test Conditions Min Max Units
Vou Output high voltage for 3.3V outputs lon=—4.0mA 24 v
Output high voltage for 2.5V outputs lopy=-500 pA 90% Vecio \
VoL Output low voltage for 3.3V outputs loL = 8.0 mA - 04 \
Output low voltage for 2.5V outputs loL = 500 pA - 04 \4
i Input leakage current Vee = Max - +10 pA
Vin = GND or Ve
In IfO high-Z leakage current Ve = Max - +10 pA
Viy = GND orVee
Cin IO capacitance Viy = GND - 10 pFE
f=1.0MHz
lce Operating supply current V) = GND, No load 10 (Typical) mA
{low power mode, active) f=1.0MHz
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XC9536XL High Performance CPLD ¥ XuNXe

AC Characteristics

XC9536XL-5 | XC9536XL-7 | XC9536XL-10
Symbol Parameter Min Max Min Max Min Max {Units
Tpp VO fo output valid - 5.0 - 75 - 10.0 ns
Tsy |VO setup time before GCK 3.7 - 4.8 - 6.5 - ns
Ty 17O hold time after GCK o - 0 - 0 - ns
Tco |GCK to output valid - 35 - 45 - 5.8 ns
fsystem |Multiple FB internal operating frequency - - 178.6 - 125 - 100 | MHz
Tpsu | 1O setup time before p-term clock input 1.7 - 16 - 21 - ns
Tpy | O hold time after p-term clock input 20 - 3.2 - 4.4 - ns
Tpco |P-term clock output valid - 55 - 7.7 - 10.2 ns
Tog |GTS to output vatid - 40 - 50 - 7.0 ns
Top |GTS to output disable - 4.0 - 50 - 7.0 ns
Teoe |Product term OE fo output enabled - 70 - 9.5 - 1.0 ns
Tpop |Product term OE to output disabled - 7.0 - 9.5 - 11.0 | ns
Tag |GSR to output valid - 10.0 - 12.0 - 14.5 ns
Tpao |P-term S/R to output valid - 10.5 - 12.6 - 153 ns
Twin | GCK pulse width (High or Low) 2.8 - 40 - 4.5 - ns
Tpy | P-term clock pulse width (High or Low) 5.0 - 6.5 - 7.0 - ns
VTEST
:
OQutput Type| Vccio VTEST Ry Ry CL
Device Output & * @ 3.3V 3.3v 320Q 360 Q 35 pF
% l 25V 2.8V 250Q 660 Q 35pF
Ra I CL

30£6_03_0£1530

Figure 3: AC Lead Circuit
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Pin Type PC44 vQ44 €S48 VQe4
1/O/GCK1 5 43 B7 15
1/O/GCK2 6 44 B6 16
11O/GCK3 7 1 AT 17
HO/GTS1 42 36 E6 5
/0iGTS2 40 34 F6 2
HOIGSR 38 33 G7 64
TCK 17 11 Al 30
TDI1 15 9 B3 28
TDO 30 24 G2 53
TMS 16 10 A2 29
Veomr 3.3V 21, 41 15,35 C1,F7 3,37
Vegio 2.5VI3.3V 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
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i3 Texas
INSTRUMENTS SNG5EL11
www.ti.com SL1.5920-DECEMBER 2008
5-V PECL/ECL 1:2 Fanout Buffer
FEATURES

« 1:2 PECUECL Fanout Buffer

. PINQUT ASSIGNMENT
« Operating Range

-~ PECL:Vcc=42Vto 57V WithVge=0V D-8, '(J_gls-\ﬂﬁz‘i!)!kage
~ NECL:Vcec =0 VWithVge=—42Vto-57V
e 5-ps Skew Between Outputs O

+ Support for Clock Frequencies >2.5 GHz Qy
+ 265-ps Typical Propagation Delay

+ Deterministic Output Value for Open input
Conditions

+ Drop-In Compatible With MC10EL 11, )
MC100EL11

e Built-In Input Pulidown Resistors
« Built-In Temperature Compensation

APPLICATIONS

« ‘Data and Clock Transmission Over Backplane
s Signaling Level Conversion

AN

<1 [~ [=]

1 =]
-]

DESCRIPTION
o i . Table 1. Pin Description

The SNB5EL11 is a differential 1:2 PECL/ECL fanaut P
buffer. The device includes circuitry to maintain a PIN FUNCTION
known logic level when inputs are in an open D.D PECU/ECL data inputs
pc?di{ion.t Tdhed SSI\(;jGIEZE(Ii_H ii houseéi in Ian Qg Q. Oy, Qs PECUECL outputs
industry-standar -8 package and is also p ]
available in a TSSOP-8 package. Vee pwmfe supply

Ves Negative supply

ORDERING INFORMATION™

PART NUMBER PART MARKING PACKAGE LEAD FINISH
SNESEL11D SNESEL11 SoIC NiPdAu
SNESEL11DGK SNESELT1 SOIC-TSSOP NiPdAu

{1) Leaded device options not initially avaitable; contact a sales representative for further details.
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i3 TEXAS
SN6SEL11 ) INSTRUMENTS
SLES920-DECEMBER 2008 WYW.LLCOm

A These devices hava limited buitt-in ESD protection. The feads should be shorted tagether or the device placed in conductive foam
‘i ] 4, during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS™

PARAMETER CONDITIONS VALUE UNIT

Absolute PECL-mode supply voltage, Yec Vege =0V 6 4
Absolute NEC1-mode supply voltage, Vez Vee=0V -5 \4
PECL-mode input voltage Vee =0V Vi< Ve 6 4
NECL-mode input voltage Ve =0 V; V2 Ve -6 v

Continuous 50 mA
Qutput current

Surge 100 mA
Operating temperature range —40 to 85 “C
Storage temperature range —65 to 150 °‘C

{1) Stresses beyond those listed under Absolute Maximum Retlings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device al these or any other conditions beyond those indicated under Recommended Operating
Conditians is not implied. Exposure to absolute-maxémum-rated conditions for extended pericds may affect device retiability.

POWER DISSIPATION RATINGS

THERMAL RESISTANCE, | DERATING FACTOR POWER RATING
packace | CIRCUT BOARD POWER RATING | yi;cT10N TO-AMBIENT, Ta>25°C Tp— B5°C
T4 <25°C {mW) NO AIRFLOW (WPC) (mW)
Low-K 719 139 7 288
SQOIC -
High-K 840 119 & 336
Low-K 469 213 5 188
SOIC-TSSOP -
High-K 527 189 5 211
THERMAL CHARACTERISTICS
PARAMETER PACKAGE VALUE UNIT
A } S0iC 79
95 Juniction-to-board thermat resistance CIW
SOIC-TSSOP 120
) R SOIC 98
L% Juniction-to-case thermal resistance “CIW
SOIC-TSSOP 74
KEY ATTRIBUTES
CHARACTERISTICS VALUE
Internal input pulldown resistor 75 kD
Moisture sensitivity level Lavel 1
Flammabiity rafing {oxygen index: 28 to 34) UL 94 V-0 at 0.125in
ESD-HBM 4 kY
ESD-machine model 200V
Meets or exceeds JEDEC Spec EIAFJESDTS latchup test
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SN65EL11

SLLS020--DECEMBER 2008

PECL DC CHARACTERISTICS® (Ve = 5V; Ve = 0 V)@

—40°C 25°C 85°C
PARAMETER UNIT
MIN  TYP MAX| MIN TYP MAX| MIN TYP MAX

lzc Power-supply current 18 26 21 26 23 26 mA
Von Output HIGH voitage™ 3915 a120] 3915 4000 4420] 3915 4120 mv
Voo Output LOW voltage®™ 3170 3380] 3170 3288 3380 3170 3380 mv
Vi Input HIGH voltage (singte-ended) 3835 4120] 3835 4120] 3835 4120 mv
Vi Input LOW voltage (single-ended) 3180 3525] 3190 3525 3190 3525 mY
VikewR ‘r[;g;tel-(lli?ﬁz VoRage;common-mode 25 46| 25 46| 25 46| v

Ly Input HIGH current 150 150 150 uA
fi Input LOW current 0.5 05 05 uA

{1

The device meets these specifications after thermal equifibrium has been established when mounted in a test socket or printed-circuit

board with maintained transverse airflow greater than 500 lfpm (2.54 m/s). Elecirical parameters are assured only over the declared
operating temperature range. Functional operation of the device exceeding these conditions is not implied. Device specification fimit
values are applied individually under normal operating conditions and not vaiid simultaneousty.

)
(3}
@)

input and output parameters vary 1:1 with Vcc. Vee can vary +0.26 V/-05 V.
Outputs are terminated through a 50-Q resistor to Vcc —2 V.
Vipomr Min varies 121 with Veg; Viagmg max varies 1:1 with Vee. The Viqowr range is referenced to the more-positive side of the

differential input signat. Normal operation is obtained if the HIGH level falls within the specified range and the peak-to-peak voltage les
between Vpp min and 1V.

NECL DC CHARACTERISTICS™ (Ve = 0 V; Ve = 5 V)@

PARAMETER -40°C 25°C 85°C UNIT
MIN  TYP MAX| MIN TYP MAX MIN  TYP MAX
fgs Power-supply cumrent 19 26 21 26 23 26| mA
Vau Qutput HIGH voltage™ —1085 —-880{ —1025 -995 -880| -1025 -880f mv
Vor Output LOW voitage™ -1830 -1620| -1810 1712 —1620] -1810 1620 mv
Vi Input HIGH voltage (single-ended) -1165 —880{ ~1165 -880| -1165 -8680f mv
Vi Input LOW voltage (single-ended) -1810 —1475| —1810 -14751 -1810 1475 mV¥
) Input HIGH voltage, common-mode =
VIKSMR  ange (differential)® -25 04y 25 04 ~25 It B
fs Input HIGH current 150 150 1501 uA
s Input LOW current 0.5 g5 05 wA
(1) The device meets these specifications after thermal equilibrium has been established when mounted in a test socket or printed-circuit
board with maintained transverse airflow greater than 500 lfpm (2.54 mfs). Electrical parameters are assured only over the declared
operating temperature range. Functional operation of the device exceeding these condifions is not implied. Device specification limit
values are applied individually under normal operating conditions and not valid simultaneously.
{2) Input and output parameters vary 1:1 with Voo, Vg can vary 40.25 V{05 Y.
(3) Outputs are terminated through a 50-{) resistor to Vo —2 V.
(4) Vincar min varies 1:1 with Veg; Vinour max varies 1:1 with Vec. The Viycus range is referenced to the more-positive side of the

differential input signal. Normal operation is obtained if the HIGH levei falls within the specified range and the peak-to-peak voltage lies
between Vpp minand 1V.
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TOSHIBA TLP25C

TOSHIBA Photocoupler GaAlAs lred & Photo~IC

TLP250

Transistor Inverter

Inverter For Air Conditionor

IGBT Gate Drive

Power MOS FET Gate Drive SES f}l
[

Unit in mir

54 £0.25

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

This unit is 8-lead DIP package.

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

7622025

e Input threshold current: IF=dmAfmax.)

s  Supply current ICC)Y: 11mAlmax.)

=01

0.81£0.25

025.0esll,
e  Supply voltage (VC(C): 10-35V -
e Output current (IQ): =1.3A {max.) 1.85-8.80
» Switching time (tp HftpHL): 1.5ps(max.)
¢ Isclation voltage: 2500V s(min.)
e UL recognized: UL15377. fil.e No. E67349 1 ece
e Option (D4) type
VDE approved: DIN VDE0884/06.92.certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPRK Weight: 0.54 g
Highest permissible over voltage: 4000VPK
(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.}
Clearance! 6.4mm(niin.}
Schmatic Pin Configuration (top view]|

Vee 10 — s

2] 17
o AL,

MRE

K3 Vo
4 o s
5 GND 1:NC.
A 0.1pF bypass capcitor must be 2 Anode
connected between pin & and 5 (See Note 3). 3: Cathode
4:N.C.
5: GND
6 : Vg (Output)
7 Vo
8: Voo
Truth Table
Tri Tr2
input on On Off
LED ox off On
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TLP250

TOSHIEA Photocoupler GaAlAs Ire¢ & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs lizght emitting dicde and a
Litlesraied photodeteclon

This unit is S-lead NTP package.

TLP250 iz suitable for gate driving cizeuit of IGBT or vower MOS FET.

s Input thresheld cwrrent: I==dmAlmax.}

e  Supply current {IcC): 1ZmAlmax.)

¢ Supply vcltage (VC): 19-35V

«  Oulpul curren. 0% =1.54 luax.)

s  Switching time {pLH/ipgHLY 1.5ns(max.)

o Isolation voltage: 2300V yms(min.)

¢ UL recognized: UL1577. file No.EG7349

o O2tion (D4 tyoe
VDE aupproved: DIN VDE0SS4/06.92 certificate No. 75823
Maximum opcrating insulstion voltage! 620VPK
Highest perraissibla ovar voltaze: 4000VP

{Note} When a VDEQ884 approved type is needed.

please designate the "option (D4)"
s Creepage distance’ 6.4mmimin.)

Clearance: €.4mm(min.;

Schmatic

-

F
24 (E—) }\ — Vo
‘/F . 3{‘ {
K l/ — Vo
- lo
tz {Tr 2)

hd ~* GND
5

A Q.7 F bypass capcitor must b2
connected beiween pin 8 and 5 (See Note ).

Truth Table

— Tri T2
input On Cn Off
LED o ot In

Unit in mm
8 ? ¢ &
Va1 B Ul
ol
[
L)
=
o
2R JE L= I £
1.2 3 4
25
9661025  ¥3 7024£0.80
3
<
s
o~
o
\21—0.151*“ :
H o
US!O‘IQ_ i z
=
o
2542025 ~
141504
TOSHIBA 11=-1CC<&

Weight 2.84 g

Pin Configuration (top view)

1
2
3
all

};ﬂz/ {5[3
DY

s
By

1

th B LY N e

m o~

NC.

- Ancde

: Catnode
.N.C.

.GND

. ¥ {(Outout)
Vo

“Yee

2002-09-25
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TOSHIBA TLP250

Absolute Maximum Ratings (Ta = 25°C)

Craracteristic Symhaol Rating Uni:
Forwarc current IF 20 MA
Forwarc curient detating (Ta = 70°C) Alp [ ATa -0.3€ mA7?°C
@ Peak fransiet forward curen: (Note 1, IpeT 1 A
Reverss voltags VR a AY
Junctinn temprraiure 9] 123 “C
“Hpeak cutput curret (Pyw < 2.5ps f< 15kHz) (Note 2; leprt -15 A
“L“peak output current (Pw < 2,508, = 15kHz} {Note 2; OPL +15 A
(Ta=70°C) 3%
Cutgut veltage Vo v
5 (Ta=85°C) 24
& (Ta <70°C) 35
2 Supply vcitage Vae vV
(Ta=85C) 24
Cutput veltage derating (Ta z 70°C) AVn i ATa -C.72 VAT
Supply veitage derating (Ta 2 76°C) AV iATa -0.73 VisC
Junchion temperattice Tj 1235 “C
Cperating fiegusney (Nule 3) { 25 kHz
Operating tempera:ure range Topr —20--85 °C
Starage tamoerature range Tsiyg -55~128 °C
Lead scidering iempsfature (10 s) Tsal 269 “C
Isclation voltage (AC, 1 min., R.I1.= 60%) {Note 4} DVs 2500 Vims

(Note *) Pulse width Py < 1us, 3C0pps
(Note 2) Expcrenentia: wavefom
(Note 3) Exporenentia: wavefom. IgpH = —1.0A{ 5 2.5ps), ooy £ +1.0A( = 2.5us)

(Nowe 4) Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted tagether, ard pins 5, 6, 7 and 8 shorted
together.

(Note 5) A ceramic capacitor(0. 14F) should ke ccnnected from pin 8 Lo oln § ¢ stabllize the operation of te high
gain linear amolifier. Fallure to provice the bypassing may impair the switcalng proparny. The toial lead
length betweer capacitor end coupler should not exceed 1zm.

Recommended Operating Conditions

Characteristic Symtoi Min Typ. hax. Unit
input cumrent, on IF(oM) i 8 N mA
Input vcitage, off YF(OFF) ¢} —_ 38 \Y
Supply voltage Yee 13 —_ 3D 20
Feak nutput curent crHlopL — — &

Orerating tlemprratre Topr =) 25 m A5 °C
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TLP250

Electrical Characteristics (Ta = -20~70°C, unless otherwise spacified)

Test
Charac:eristic Symbat | Cir— Tast Condificn Min. Typ.? Max. Uniz
cuil
Inpu: forwarc voltage VE — lF=10mA , Ta=25C 1.6 1.8 v
Temperature cozflicient of : o '
forueard voltage AVg/ATa I =10 mA 20 mv:°C
Inpu: reverse current In —_ Vp=3,Ta=25C — 10 TN
Inpu: capacilance C1 —_ Vz=0,f=1M4c, Ta=25"C — 45 250 pF
m lg="0mA
" level ! 3 F -0.5 -15 —
CrH Vee =30V |Ya-6= 4v
Cutput current %) A
o n ‘ IF=0
L7 iovel OPL 2 Vag- 25V 0.4 2
“in 1 Vet = 15V, Vggr = 15V . _
" level ViH 4 RL = 200Q, 't = 5mA 11 i2.8
Cutput voltage v
s . Vgt = +18V, Vg = -13Y 44 1
I~ iavel Vo_ 4 Ry = 200Q, Vg = 0.8Y — -14 7 —17h
Ve T30V, Iy = 10mA 7
‘" level fecH —  |Te=25C
Ve = 30V, I = 10mA — — T
Suoply current cc - F mA
Yee 7 30V I = 0mA 75
L7 evel coL _ Te =252
Ve =30V, Ig = OmA — — 11
Threshcld input ‘Qutpet IeLH Veer = +‘15j\/, Vipr=~13Y \ 5 A
cufrent RL = 20002, Vo = OV
Threshcld input oupet 1y _ Voo =18V VERL = -15Y 08 _ —_ v
voltuge H Ry = 200Q, Vg < OV
Supply vcltage Voo — 10 — 35 \Y
Capacitance Ca Vg -0, f- IMHz .
- g — . i — .0 20
(inpLt-ouzpus) Tg = 25°C pF
Resistance(input-oulp.at) Rg — \éSH:jgg}/’; -Ta=22C 1x1 0"2 12 4 — Q

* All typical values are at Ta =25°C

("1): Duration of lp tme < 50us
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TOSHIBA * TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir— Test Condition Min. Typ.© Max. Unit
cutt
Propagut on L—-H prH — 0.1%
delay timne H-sb toHL IF = 8mA R 0.15 05
6 Vet = =15V, VEg1 = —15Y ys
Outputrise tire i Ry = 20CQ — — —
Qutput Talf ime It — — —
Comimon mods transient .
h - ! Vo = 600V, [F = 8mA
immunity at high level Crar 7 e _aron -5000 — — Vips
output Ve =30V, Ta=25°C
Common mads transient . .
: : Vep = 600V, I = OmA
immunity at fow iavel CuL 7 O i 5000 — — Vs
output Voo =30V, Ta=25°C

* All typical values are at Ta = 25°C
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TOSHIBA {DISCRETE/OPTO} 30 e Jj90972s0 0ouk23l & |
li 9097250 TOSHIBA (DISCRETE/OPTO) 90D 16231 DT-33-35
' MG50G1BL3
| T SEMICONDUCTOR HESCGLALY
i | TECHNICAL DATA HEs0G620L3
- MG50G6EL1

i Unit in mm

lolbabollall| N

’ 4 H3
MG50G2DL1 2 H s \_6—u¢
ll:”. 3

R ©2 13

cl 0o * ~T TL{E;ZE-———OE2 ;; 26 ~.
%{21 iq o nP

/

4
[ 32
{

28,

JEDEC ) -
EYAT pn
TOBHIBA 2-80414°

Weight : 245g

: perry
0, 18 10 18 T4
' el
M6E50G66EL1L ol | IFY Iy dw
* 9|9 BX A @]
. Al Sl ! ofloWEN
1 { P
! :
Led + Led I o -
- = v o
B o ed e W
. Bre—s o PAST-ON 411010
BT | e o
©%
-o B

q
a0 ’
a8

¢l w '

9&‘ :L 8¢ _!‘

JEDEC -
EIAT —
TOBHRIBA E—04A14A

Weight : 600g

TOSHIBA CORPORATION

GTI1A24A
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TOSHIBA {DISCRETE/OPTO} a0 »ef|a0d7aso vowsasz o

| 9007250 TOSHIBA (DISCRETE/OPTO) 90D 16232 DT-3 335
t MCS0G1LBL3

‘;_,”,l SEMICONDUCTOR HGE50G61J0L1

MG506 2C1L3
BEESF  TECHNICAL DATA

MCS5062D1L1
MG5066ELI1

. MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMROL RATING UHIT
Cnllector-Base Voltage Vceo 600 v
Collector-Emitter Voltage - Vego 600 v
Collector~-Emitter Sustaining Voltage ) Vero{SUs) 6§50 v
Emitter—Base Veltage VeRo € v
DC Ig 50 A
Collectar Current Ims I 100 A
e ~Lg 50 A
Base Current ‘ I3 3 A
fcollector Power Dissipation (Tc=25°C) PC 300 u
Junction Temperature T 150 °c
Storage Temperature Range Tsep ~40~125 c
Isolaticn Voltage Visel | 2500 (AC 1 Minute) v
i Serew Torque (Terminal/Mounting) ) 20130 kgecm
EL.ECTRI‘GQL CHARECTERISTICS (Ta=Z5°C)
CHARACTEEISTIC SYMBOL TEST CONDITION MIN,| TYP.| MAX.| URIT
H Collector Cut—off Curreat IO Vgp=500V, Ig=0 - - 1.¢ wA
' Emitter Cut-off Current Tgro | Vgs=bV, Ig=0 - - 200 ma
e Vesoguus) Tco0.5k, 1ot [ 40| - | < | v
DC Currernt Gain hFE Vep=5V, Ig=50A 100 - -
Collector-Emitter
Saturati:on Voltage VeE(sat) Ic=50A, 11;=1A - - 2.0 V_‘
2:::;:‘:;::;01&39 ) YsB(sar) . - - 1.5 v
Emitter—Collector Voltage Veco | 1E=50A, Ip=0 - - - 115 v
Reverse Recavery Time tn- ~Ic=50A,VER=3V,VCR=300V] - - 2.0 ;.;_5'
Turn~on Time ton 5.”“1}1?1!'1‘ Ixy ouTRIT - - 1.0
Switching Time [Storage Time tetg IBA; Saz 1r2 g - - 1z £8
Fall Time g (et e T o | - 20
Thermal Reaistance [ Transistex - ~ {0.41 cclu
{Junctien to Case) th(j-c) d

Diode - - 1.3

- TOSHIBA CORPORATION
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Renewable Energy conversion Application Laboratory
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Hybrid inverter

>Single generator with storage

: >Single generator without storage

>Hybrid plant
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