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SIEMENS

BUP 313

IGBT
Preliminary data

= Low forward voltage drop
« High switching speed

« Low tail current

= Latch-up free

« Avalanche rated

Pin 1 Pin 2 Pin 3

G C E

Type Vce |k Package Ordering Code
BUP 313 1200V |32A TO-218 AB Q67040-A4208-A2
Maximum Ratings

Parameter Symbol Values Unit
Collector-emitter voltage Vee 1200 \%
Collector-gate voltage Veer

Rge =20 kQ 1200
Gate-emitter voltage Ve +20

DC collector current le A
Tc=25°C 32

Te=90°C 20

Pulsed collector current, {, =1 ms lepuls

Tc=25°C 64

Te=90°C 40

Avalanche energy, single pulse Eps mJ
le=15A, Vo =50V, Rge=25Q

L=200pH, Tj=25°C 22

Power dissipation Piot w
Te=25°C 200

Chip or operating temperature Tj 55..+150 |°C
Storage temperature Tstg -55 ...+ 150
Semiconductor Group Jul-30-1996
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SIEMENS

BUP 313

Maximum Ratings

Parameter

Symbol

Values

Unit

DIN humidity category, DIN 40 040

IEC climatic category, DIN IEC 68-1

55/150/ 56

Thermal Resistance

Thermal resistance, chip case

Resc | <0.63

KW

Electrical Characteristics, at Tj = 25 °C, unless otherwise specified

Parameter

Symbol

Values

Unit

min. ‘typ.

|max.

Static Characteristics

Gate threshold voltage
VGE = VCE, }C =0.35 mA

VGE(h)

4.5 5.5

6.5

Collector-emitter saturation voltage
Vee =15V, Ic=15A, ]']=25 °C
Vee=15V, Ilc=15A, Tj=125°C
Vee=15V, Ic=30 A, ]']=25 °C
Vee=15V,lc=30A Tj=125°C

VCE{satl

- 34
- 43

3.2
3.9

Zero gate voltage collector current
Vee=1200V, Vge =0V, T;=25°C

Ices

0.8

Gate-emitter leakage current
Vee =25V, Vpg=0V

Iges

100

nA

AC Characteristics

Transconductance
VCE= 20V, IC= 15A

Gfs

Input capacitance
Vece=25V, Vge=0V, f=1MHz

- 1000

1350

pF

Output capacitance
Vee=25V, Vge =0V, f=1MHz

- 150

225

Reverse transfer capacitance
Vece=25V, Vge=0V, f=1MHz

100

Semiconductor Group
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAfAs Ired & Photo-IC
Industrial Inverter
Inverter For Air Conditioner
IGBT Gate Drive
Unit: mm

Power MOS FET Gate Drive

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

This unit is 8-lead DIP package. y

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. "_:—] EL' "5' [;"'

Input threshold current: SmA(masx)
Supply current : 11mA(max)
Supply voltage : 10-35V
Output current - £1.5A (max)
Switching time tpLH/tpHL): 0.5ps(max)
Isolation voltage: 2500V ms(min)
UL recognized: UL1577, file No.EG7349
c-UL approved : CSA Component Acceptance Service
No. 5A, File No.E6T 349

Option(D4)

VDE Approved : ENBOT4T-5- 5

Mote: When a EN60TAT-5-5 approved type is needed,

Please designate “Option(D4)"

Truth Table

Schmatic

Tri Tr2
Input On On Off
LED Off Off ©On

A 0.1pF bypass capcitor must be

connected between pin 8 and 5

12015

=
966£0.25 5%

111004

TOSHIBA

11-10C4

Weight: 0.54 g (typ

)

Pin Configuration (top view)

1[0 s
z2[J 7
1=
3 s
a[ s
1:MC. 5:GND
21 hnode &: Vo (Dutsut)
3 : Cathode T:Vo
a:NC. 8:Vee

Start of commercial production

90-11

¢
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TOSHIBA

TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward curnent I 20 A
Forward current derating {Ta 2 70°C) AlF [ ATa -0.36 mié S °C
Peak transient forward curent (Mote 1) IFPT 1 A
% Reverse voltage VR 5 W
Diode power dissipation Pp 40 i
Diode power dissipation derating (Ta=70°C) aPp °C 072 mW /°C
Junction temperature Ti 125 G
“H'peak output current {Pyy = 2 5ps f = 15kHz) (Note 2) lopH -15 A
“L"peak output current (Pw = 2.5ps f s 15kHz) (MNote Z) lopL +1.5 A
Output voltage (Ta < 70°C) Vo 35 W
(Ta < B5°C) 24
5 Supply voliage (Ta < 70°C) N 35 v
2 (Ta s 85°C) 24
8 Output voltage derating (Ta = T0°C) AVol ATa -0.73 Vi T
Supply voltage derating (Ta 2 T0°C) Moo fATa -0.73 VT
Power dissipation Pc 800 vV
Power dissipation derating (Ta = T0°C) APC I *C -14.5 mW J *C
Junction temperature Tj 125 G
Operating frequency (MNote 3) f 25 kHz
Operating temperature range Topr =20 to 85 *C
Storage temperature range Targ =55 to 125 “C
Lead soldering temperature (10 s) Tsal 260 “C
Isolation veltage (AC, 60 5., R.H.= 60%) (Mate 4) Bvs 2500 Vims

Mote: Using continuausly under heavy loads (e.g. the application of high temperature/current/voltage and the
significant change in temperature, etc.) may cause this product to decrease in the reliability significantly even if
the operating conditions (i.e. operating temperature/current/voltage, ete.) are within the absolute maximum

ratings.

Please design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability Handbook
(*Handling Precautions”/*Derating Concept and Methods™) and individual reliability data (i.e. reliability test

repart and estimated failure rate, etc).
Mote 1:  Pulse width Py < 1ps, 300pps
Mote 2:  Exporenential wavefom

Mote 3:  Exporenential wavefom, I10PH < -1.0A( < 2 .5ps), IOPL = +1.0A( £ 2. 5ps)

Mote 4:  Deviee considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 8, 7 and 8 shorted

together.

Recommended Operating Conditions

Characteristic Symbal Min Typ. Max Unit
Input current, on IFiony T 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 v
Supply voltage Veo 15 —_— 30 Vv
Peak output current loPHloPL - -_ 0.5 A
DOparating temperature Topr -20 25 B5 "G

Mote: Recommended operating conditions are given as a design guideline to obtain expected performance of the
device. Additionally, each item is an independent guideline respectively. In developing designs using this
product, please confirm specified characteristics shown in this document.

Mote : A ceramic capacitor(0.1pF) should be connected from pin 8 to pin 5 to stabilize the operation of the high gain

linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead length
between capacitor and coupler should not exceed 1em.

Mote : Input signal rise time(fall time)<0.5ps.

2017-05-26
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MAU100 SERIES

DCIDC CONVERTER 1W, SIP-Package

<> MINMAX®

FEATURES

> SIP Package with Industry Standard Pinout
» Package Dimension:
19.5x 10.2 x 6.1 mm (0.77"x 0.4"x 0.24") 5V&12V Models
19.5x 10.2x 7.1 mm (0.77"x 0.4"x 0.28”) 15V&24V Models
> Single and Dual Qutput Models

> li0-Isolation 1000 VDC
»- Operating Temp. Range -40°C to +85°C
» 3 Years Product Warranty
e
ol g T
PRODUCT OVERVIEW

The MINMAX MAU100 series is a range of 1W DC/DC converters in a small SIP Package featuring I/O-isolation of 1000VDC.

An excellent efficiency allows an operating temperature range of 40°C fo +85°C.

These converters offer an economical solution for many applications where a voltage has to be isolated i.e for noise reduction, ground loop elimination,
digital interfaces or for board level power distribution.

Model Selection Guide
Model Input Qutput Qutput Current Input Current Load Max. capacitive Efficiency
Number Voltage Voltage Regulation Load (typ.)
(Range) Max. Min. @Max. Load  @No Load @Max. Load
vDC vDC mA mA mA(typ.) mA(typ.) % (max.) WF %
MAU101 33 260 5 235 10 73
MAU102 5 200 4 281 10 71
MAU103 9 110 2 260 8 220 76
MAU104 5 12 84 1.5 258 7 78
MAU105 (45~55) 15 67 1 258 30 7 78
MAU106 ’ ! %5 +100 +2 278 10 72
MAU107 +9 56 +1 262 8 1004 77
MAU108 +12 +42 +0.8 258 7 78
MAU109 +15 +34 +0.7 258 7 79
MAU111 33 260 5 96 8 74
MAU112 5 200 4 114 8 73
MAU113 9 110 2 106 5 220 78
MAU114 12 12 84 15 105 5 80
MAU115 (108-132) 15 67 1 104 12 5 80
MAU116 . i +5 +100 +2 113 8 74
MAU11T7 +8 +56 +1 106 5 1002 79
MAU118 +12 +42 +0.8 104 5 81
MAU119 +15 +34 +0.7 105 5 81
MAU151 5 200 4 93 8 72
MAU152 12 84 1.5 85 5 220 79
MAU153 15 15 67 1 85 1 5 79
MAU154 (13.5~16.5) +5 +100 +2 93 8 72
MAU155 +12 +42 +0.8 85 5 100# 80
MAU156 +15 +34 +0.7 85 5 80
MAU121 33 260 5 49 8 73
MAU122 5 200 4 59 8 71
MAU123 9 10 2 54 5 220 7%
MAU124 2 12 84 1.5 54 5 78
MAU125 (216~ 26.4) 15 67 1 53 7 5 79
MAU126 +5 +100 +2 58 8 72
MAU127 +9 +56 +1 55 5 100# 76
MAU128 +12 +42 +0.8 53 5 79
MAU129 +15 +34 +0.7 53 5 80

# For each output

"



<> MINMAX ®

\ MAU100 SERIES

DC/DC CONVERTER 1W, SIP-Package

Input Specifications
Parameter Model Min. Typ. Max. Unit
5V Input Models 45 5 55
12V Input Models 108 12 132
Input Voliage Range 15V Input Models 135 15 165
24V Input Models 216 24 264 e
5V Input Models 0.7 - 9
12V Input Models 0.7 — 18
Input Surge Volage (1 sec. max,) 15V Input Models 07 - 18
24V Input Models 0.7 - 30
Reverse Polarity Input Current - - 03 A
Intemnal Filter Type All Models Internal Capacitor
Intenal Power Dissipation - - 450 mW
Output Specifications
Parameter Conditions Min. Typ. Max. Unit
Output Voltage Accuracy - +1.0 +3.0 %
Output Voltage Balance Dual Output, Balanced Loads - +0.1 10 %
Line Regulation For Vin Change of 1% - 1.2 +15 %
Load Regulation 10=20% to 100% See Model Selection Guide
Ripple & Noise max. 20MHz Bandwidth - 50 75 mVep
Temperature Coefficient - .01 +0.02 %/°C
Short Circuit Protection 0.5 Second Max.
General Specifications
Parameter Condifions Min. Typ. Max. Unit
1/0 Isolation Voltage (rated) 60 Seconds 1000 - - \VDC
1/0 Isolation Resistance 500 VDC 1000 - - MQ
|/0 Isolation Capacitance 100KHz, 1V - 60 100 pF
Switching Frequency 70 100 120 KHz
MTBF (calculated) MIL-HDBK-217F@25°C, Ground Benign 2,000,000 - - Hours
Input Fuse
5V Input Models 12V Input Models 15V Input Models 24 Input Models
500mA Slow-Blow Type 200mA Slow-Blow Type 150mA Slow-Blow Type 100mA Slow-Blow Type
Environmental Specifications
Parameter Conditions Min. Max. Unit
Operating Ambient Temperature Range (See Power Derating Curve) Natural Convection 40 +5 C
Case Temperature - 0 C
Storage Temperature Range 50 +H25 ‘C
Humidity (non condensing) - 95 % rel. H
Cooling Free-Air convection
Lead Temperature (1.5mm from case for 10Sec.) - 260 °C

1y



<> MINMAX®  \ MAU100 SERIES

DC/DC CONVERTER 1W, SIP-Package

Test Setup
Peak-o-Peak Output Noise Measurement Test

Use a Cout 0.33F ceramic capacitor.  Scope measurement should be made by using a BNC socket, measurement bandwidth is 0-20 MHz. Posttion the load
between 50 mm and 75 mm from the DC/DC Converter.

a+in 4+Vin +0ut
Single Output Dual Quiput
0C/0C DC/OC  Com
Converter Converter
4-\in 4-Vin Dut
Technical Notes
Maximum Capacitive Load

The MAU100 series has limitation of maximum connected capacitance at the output  The power module may be operated in current limiting mode during start-up,
aftecting the ramp-up and the startup time.  For optimum performance we recommend 100uF maximum capacitive load for dual outputs and 220uF capacitve load
for single outputs.  The maximum capacitance can be found in the data sheet.

Input Source Impedance

The power module should be connected to a low ac-impedance input source. Highly inductive source impedances can affect the stability of the power module.  In
applications where power is supplied over long fines and oufput loading is high, it may be necessary o use a capacitor at the input to ensure startup.,

(apacitor mounted close to the power module helps ensure stabilty of the unit, tis commended to use a good quality low Equivalent Series Resistance (ESR < 1.00
at 100 KHz) capacitor of a 2.2yF forthe 5V input devices, a 1.0uF for the 121,15V input devices and a 0.47yF for the 24V devices.

+ ; Vin +0ut
+
DC Power DC/DC
Sourca Converter Load
Cin
-Vin -Out
Output Ripple Reduction

A good quality low ESR capacitor placed as close as practicable across the load will give the best ripple and noise performance.  To reduce output ripple, itis
recommended to use 1.04F capacitors at the autput

+ p—atVin +0Out + Vin +0ut
Single Output Dual Output Load
OC P L
Suuz:r jeroe T Ug;ﬂr;ﬁf peroc  Gom =
Converter Cout | Load Converter Load
- —in Out - p—in Out Cout
Thermal Considerations

Many conditions affect the thermal performance of the power module, such as orientation, airflow over the module and board spacing. To avoid exceeding the
maximum temperature rafing of the components inside the power madule, the case temperature must be kept below %0°C. The derating curves are defermined from
measurements obiained in a test setup.

Position of air velocity . Ar Flow
probe and thermocouple \\ S0mm/ 2in _——
[
15mm { 0.6in Y out

TA
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Features
+ High-performance, Low-power Atmel® AVR™ 8-bit Microcontroller
* Advanced RISC Architecture
- 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory segments
— 32Kbytes of In-System Self-programmable Flash program memory
— 1024Bytes EEPROM
— 2Kbyte Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEFROM
— Data retention: 20 years at 85°C/100 years at 25°C!"
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
* JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
* Peripheral Features
= Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Four PWM Channels
— B-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
- Byte-oriented Two-wire Serial Interface
- Programmable Serial USART
- Master/Slave SPI Serial Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
* Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
* /0 and Packages
= 32 Programmable IO Lines
- 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
* Operating Voltages
- 2.7V - 5.5V for ATmega32L
- 4.5V - 5.5V for ATmega32
* Speed Grades
- 0 - 8MHz for ATmega32L
- 0-16MHz for ATmega32
* Power Consumption at 1 MHz, 3V, 25.C
- Active: 1.1mA
- ldle Mode: 0.35mA
- Power-down Mode: < 1pA

ATMEL

I

3

.

AIMEL

®

8-bit AVYR"
Microcontroller
with 32KBytes
In-System
Programmable
Flash

ATmega32
ATmega32L

Summary

2503068-AVR-02/11



Abstract:

The value of AC voltage can be changed using phase control converters and AC
chopper converter. In phase control converters, switching occurs in each period of the
source to remove part of the source waveform before it is loaded. In the phase control
converter, the low-order harmonics have a high percentage and also the voltage
distortion has a high value. the AC chopper converter change the output voltage using
pulse width modulation technique and changes the duty ratio. Using the pulse width
modulation technique causes problems such as noise and electromagnetic interference.
In this thesis, AC chopper with random pulse width modulation is investigated. random
pulse width modulation techniques have been proposed to solve high-frequency
switching problems that cause noise and electromagnetic interference. In order to apply
random pulse width modulation to the AC chopper, a proposed method is proposed in
which the modeling and control method are completely performed. The simulation
results shown the performance of AC chopper with random pulse width modulation
technique in reducing the harmonic value at the switching frequency and distributing
these harmonics over a wide frequency range as well as adjusting the motor speed to the
desired value. In order to evaluate the performance of the random pulse width
modulation technique under operating conditions, an AC Chopper laboratory specimen
is designed and manufactured with all its requirements including input filters,
processors, and more. The experimental results of the AC Chopper of the proposed

method show its accuracy and good performance.

Keywords: AC Chopper, PWM, RPWM, switching frequency
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