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Abstract

This report the design and creation. Switching High Voltage Power Supply with
voltage output 1KV using the signal PWM from the Arduino board to control the
switching of the circuit. And using pulse modulation bandwidth in the control of the
switching device. For the switching of IGBT. It uses the principle of a full-bridge inverter.
To change the DC voltage into PWM is 1KV. Then through the rectifier circuit which will

output DC voltage.
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2.3.1 IGBT (Insulated Gate Bipolar Transistor or IGBT Transistor)
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RC Snubber
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3.1 1Usunsy Arduino

fryaas PWM 99nuein Arduino agfaadigulusunsun1end iiuresnwidves

Arduino

€D skeich_apr23a | Arduino 151 - [m} x
File Edit Sketch Tools Help
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Hrugy1od PWM mﬁﬂmaumiﬁwmumaa Insulated Gate Bipolar Transistor or IGBT
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Tudmvedddnnundflddeululusunsy Arduino Susdlfifulansail
void setup() {
pinMode(10, OUTPUT);
pinMode(11, OUTPUT);
pinMode(12, OUTPUT);
pinMode(13, OUTPUT);
cli();
DDRB = 0b11110000;
PORTB = 0;

void loop() {
PORTB = 0b01100000;
delayMicroseconds(25);
PORTB = 0b0000000Q0;
delayMicroseconds(2);
PORTB = 0b10010000;
delayMicroseconds(25);
PORTB = 0b00000000;

delayMicroseconds(2);
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3.4 salaswdyunwad(PWM) azluaauna IGBT
% 1 ?ni) ﬂmwaa (PWM) Iuj‘ﬂﬂiﬂ'ﬂu%@a?tﬁaiuu‘ﬂwiﬂLUuﬁ?@Uﬂ?mL‘U@i TLP250

Fadue uns 0l Power MOSFET Gate Drive MﬂivLLEi‘U’l’a@ﬂﬂ&ﬂﬂVl 1.5A

TLP250

A
Pin Configuration (top view) L PSS
1 s  inc
\ 2 Anode

2 |: ] 7 3 : Cathode

BHAAE s
30 6 e V5 (Output)

TV

4 E . 2 ] 5 8: VSC

sUT 3.9 msdni3ssnmesgunsal TLP250




3.5 IGBT (Insulated Gate Bipolar Transistor or IGBT Transistor)
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Wire Gauge and Current Limit Table

AWG Conductor Ohms per Maximum amps for Maximum
gauge Diameter frequency for
Inches |  mm 1000 mm Chassis Power 100% skin depth

ft wiring | transmission for solid
conductor copper
151 0.0571 | 1.45034 | 3.184 | 10.44352 28 a7 8250 Hz
16 | 0.0508 | 1.29032 | 4.016 | 13.17248 22 3.7 11 kHz
17 1 0.0453 | 1.15062 | 5.064 | 16.60992 19 29 13 kHz
18 | 0.0403 | 1.02362 | 6.385 | 20.94280 16 23 17 kHz
19 | 0.0359 | 0.91186 | 8.051 | 26.40728 15 1.8 21 kHz
20 | 0.0320 | ~0:8128 | 10.15 | 33.29200 11 1.5 27 kHz
21 10.0285 0.7239 |-12.80 { 41.98400 9 1l 33 kHz
221 0.0254| 0.64516+| 16.14 | 52.93920 7 0.92 42 kHz
231 0.0226 |-0.57404 | 20.36 | 66.78080 4.9 0.729 53 kHz
24 |1 0.0201 | 0.51054 | 25.67 | 84.19760 OB 0.577 68 kHz
25| 0.0179 | 0.45466 | 32.37 | 106.1736 2.7 0.457 85 kHz
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A15199 5.1 ANSI9RANISIAGDS

Load(Ohm) 280 340 400 460 520 580
Vin(V) 309.2 309.2 309.2 309.2 309.2 309.2
lin(A) 2.88 2.48 2.16 1.94 1.78 1.64
Pin(W) 890 766 667 599 550 507
Vout(V) 458.2 464 468.2 470.2 472.6 a74.4
lout(A) 1.618 1.36 1.162 1.02 0.906 0.82
Pout(W) 741 631 544 479 428 389
Effiency(%) 83 82 81 79 77 76
Load(Ohm) 660 880 1100 1320 1540 | 1760 | 1980
Vin(V) 309.2 309.2 309.2 309.2 | 309.2 | 309.2 | 309.2
lin(A) 155 1.24 1.08 0.96 0.88 | 0.84 0.8
Pin(W) 463 383 333 296 272 259 247
Vout(V) 4758 478 484.2 488.2 | 4922 | 4962 | 500.4
lout(A) 0.724 0.55 0.444 0.372 | 0322 | 0.284 | 0.254
Pout(w) 344 262 214 181 158 140 127
Efficiency(%) 74 68 64 61 58 54 51
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TOSHIBA

GT60M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

Unit: mm
HIGH POWER SWITCHING APPLICATIONS
20.5MAX. , @3.310.2
8l
® Fourth generation IGBT Po£ K_:ot @
® FRD included between emitter and collector b = §.
® Enhancement mode type ﬁ (b-ln-s- ~ ; b
LIl Il
® High speed IGBT :tf=0.25ps (TYP)) N e jf
. 2s [t A4 g IR
FRD tyr = 0.Tps (TYP.) 30 +
- =
® Low saturation voltage : VCE (sat) = 2.1V (TYP.) 1ot 83, L =3
5.45%0.15 5.45+0.15
MAXIMUM RATINGS (Ta = 25°C) e %
%5 ol &
© I I e S
CHARACTERISTIC SYMBOL RATING UNIT S VSR
——— |
Collector-Emitter Voltage VGcES 900 \'
- 1. GATE
Gate—Emitter Voltage VGES +25 2. COLLECTOR (HEAT SINK)
DC I 60 3. EMITTER
Collector Current A
1ms lcp 120 JEDEC —
Emitter-Collector DC lECF 15 A JEITA =
Foward Current 1ms L 120 TOSHIBA 2-21F2C
Collector Power Dissipation P 170 W —CLoYa g
(Te = 25°C) c
Junction Temperature Tj 150 °C
Storage Temperature Range Tstg -55~150 =0
Screw Torque — 0.8 N-m
EQUIVALENT CIRCUIT MARKING
Collector
D 0 O of »
Part No. (or abbreviation code)
TOSHIBA {/
fsgks ] D GT6OM303 (
i Lot No.
JAPAN ™
O \A line indicates
lead (Pb)-free package or
X lead (Pb)-free finish.
Emitter
1 2004-07-06



TOSHIBA GT60M303

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT

Gate Leakage Current IcES VGE =425V, Vg =0 — - +500 nA
Collector Cut—off Current IcES Vee =900V, Vee =0 — — 1.0 mA
Gate=Emitter Cut-off Voltage VGE (OFF) |lc =60mA, Vcg =5V 3.0 — 6.0 A
Collector-Emitter Saturation Voltage VCE (sat) (1) |lc = 10A, Vg = 15V — 1.6 2.2
Collector-Emitter Saturation Voltage VCE (sat) (2) |lc =60A, Vge =15V — 21 27 \%
Input Capacitance Cies Vee =10V, Vge =0, f= 1MHz — 3800 — pF

Rise Time tr - 0.35 0.60
S Turn-.On Time fi 15(}; 5510 .E {% — | 046 | 075 .

Fall Time tr 15V — 0.25 0.40

Tum-Off Time toff 600V — | 060 | 070
Emitter-Collector Forward Voltage VECF lEc =15A, Vge =0 — 1:5 2.0 \%
Reverse Recovery Time trr sz| fdliAl;&Elng — 0.7 2.5 us
Thermal Resistance Rih (j-c) IGBT — —_ 0.74 |°C/W
Thermal Resistance Rih (j-c) Diode — — 40 |°C/w
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TOSHIBA

GT60M303

Ic - VCE
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COMMON 20/ i // B
EMITTER / / 9.5
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- COMMON EMITTER
=
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B
g 80
b B
o - 60
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=
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-
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o 4 i —
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5} Ig=10A
g |1 |
8 o
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TOSHIBA

GT60M303

(xX10V)
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TOSHIBA

GT60M303
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PULSE WIDTH t, (s)
Irr, trr — IECF
3.0 30
| E COMMON COLLECTOR
= di/dt=—20A/ us
265 26 ' #
5] Te=25°C
>
=]
22 >~ 22
53 -
- Trpl et
18- 87 18—
gg / trr
=
-
2
14— 3 14
b
— =
=9
1ol 10
0 20 40 60 80 100
EMITTER-COLLECTOR FORWARD GURRENT
Igcp (A)

EMITTER-COLLECTOR FORWARD CURRENT
Igcr (A)

(p8)

REVERSE RECOVERY TIME tr

IECF - VECF
100 {/
COMMON COLLECTOR /
80 //}
60
40
Te=125°C ¥,
20 A’ﬁ\r%
/T — 40
//// .
. Z |
0 0.4 0.8 1.2 16 2.0 2.4
EMITTER-COLLECTOR FORWARD VOLTAGE
Vecr (V)
Tpr, ter — di/dt
B COMMON
z
2.0 % 100 COLLECTOR
— % Igcp=60A
2 \\ Te=25°C
1.6 = 80 Ny
| = N ter
.
>~ ™
| 0% g
1.2 32 60 =
=) ™~
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TOSHIBA GT60M303

RESTRICTIONS ON PRODUCT USE

030818EAA

e The information contained herein is subject to change without notice.

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of
TOSHIBA or others.

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury ("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

¢ TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced
and sold, under any law and regulations.
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAfAs Ired & Photo-IC

TLP250

Industrial Inverter
Inverter For Air Conditioner
IGBT Gate Drive

Power MOS FET Gate Drive LIk Tim
B 7.6/5

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a 'J_'__'?',gll?" =

integrated photodetector. i §

This unit is 8-lead DIP package. b

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. %’ le;' -131 |;—-

e Input threshold current: 5mA(max) - BLEXD2D ‘E,’ 162£025

¢ Supply current : 11mA(max) 2 ]

o Supply voltage : 10-35V 1 2204s0H o

» Output current : +1.5A (max) === 2

e Switching time tpLH/tpHL): 0.5ps(max) Q& K

¢ [solation voltage: 2500V ms(min) 2541025 o

e UL recognized: UL1577, file No.E67349 :

e c-UL approved : CSA Component Acceptance Service

No. 5A, File No.E67349 bra o AN (2 11 1004
e Option(D4) y / I
VDE Approved ; EN60747-5- 5 ‘ = ‘L SLTOSHIBA 11-10C4

Note: When a EN60747-5-5 approved typé is needed, bbiayglicmil i Q

Please designate “Option(D4)" |

Truth Table

o uAN(ur’) SW/:3
- o ol o : o ] Pin Configuration (top view)
LED off “{.>.Off On
1[0 —11s
2 D} 17
—_—
| 21]
Schmatic Sy 3 [ e
4 [ s
IF
—_
24 1:NC. 5:GND
Ve 3{ 2 : Anode 6 : Vg (Output)
- 3 : Cathode T:Np
4:N.C. 8:Vce

* * 2 GND

A 0.1pF bypass capcitor must be
connected between pin 8 and 5

Start of commercial production
1990-11
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta = 70°C) Alp/ ATa -0.36 mA/°C
Peak transient forward curent (Note 1) IFPT 3| A
@ Reverse voltage VR 5 \Y%
Diode power dissipation Pb 40~ mwW
Diode power dissipation derating (Taz70°C) APD /°C ’;.0'.?2 mwW /°C
Junction temperature Tj N '12\5 °C
"H’peak output current (Pyy < 2.5us.f < 15kHz) (Note 2) loPH -15 A
“L"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) IOPL +1,6 A
(Ta<70°C) g 35
Output voltage Vo \)
(Ta < 85°C) 24
5 (Ta=70°C) 35
5 | Supply voltage Vce v
o (Ta<85°C) [~ 24
8 Output voltage derating (Ta 2 70°C) ' AVo!\_ATa -0.73 V/°C
Supply voltage derating (Ta = 70°C) AVce / ATa & -0.78\ “MJ/°C
Power dissipation > S=""P¢ 800 ‘mw
Power dissipation derating (Ta = 70°C) o~ > APg./°C 4.5 mw/°C
Junction temperature \\\"~ Tj \ {éq\z °C
Operating frequency \(Ngte 3) [P 25/ kHz
Operating temperature range S Topr\ \ i /-_20 to 85 °C
Storage temperature range ) ¢ {! ) ¥ qu-g _;55 to 125 °C
Lead soldering temperature (10 s) £ g \ ¢ <f’ 4 TsoT\ : 260 °C
Isolation voltage (AC, 60 s.; R.H.< 60%) ral (Note 47} . Bvs | | 2500 Vrms

Note: Using continuously under heavy}oa&s (e.g./tﬁe application of high\f‘eﬁiﬁ‘erature!current.'voltage and the
significant change in temperature;
the operating conditions (i.e. onetatlng temperaturelcurre /oltage, etc.) are within the absolute maximum
ratings. ~ '-‘“ 305,

Please design the appropnate/r‘ef‘ablllty upon rewemngﬁ\e Toshiba Semiconductor Reliability Handbook
(*Handling Precautlons"/“Derétmg /Concept and Mﬁ'thods ) and individual reliability data (i.e. reliability test

report and estirhated failure rate, etc).

~gtc.). may cause this prg:}d\\l;lct to decrease in the reliability significantly even if

~

“~

O

| \!

5

Note 1:  Pulse width-Pw.£ 1lis,; 300pps
Note 2:  Exporenential wa\@ef m

Note 3:

Note 4:

Exporenential wavefom IOPH = -1. OA( < 2.5us), IOPL = +1.0A( £ 2.5us)

Device tonsiderd a two terminal device! Rins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted
together. / &

Recomimended Operating Conditions

P _ Gharacteristic (e L ‘{:_‘ymb"gI: Min Typ. Max Unit
Inpuf current, on—/ S oy 7 8 10 mA
Input votage, off O MEOFF) 0 - 0.8 v
Supply voltaﬁ'é x\'lcc 15 ] 30 v
Peak output current lopH/loPL . — +0.5 A
Operating temperature Topr -20 25 85 °C

Note:

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.

Note : A ceramic capacitor(0.1uF) 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 1cm.

Note : Input signal rise time(fall time)<0.5ps.
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Electrical Characteristics (Ta = -20 to 70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min Typ.* Max Unit
cuit
Input forward voltage VF — IF=10mA, Ta=25°C — 1.6 1.8 v
Temperature coefficient of _ - _ i _ .
forward voltage AVF/ ATa IF =10 mA 2.0 mV/°C
Input reverse current IR — VR =5V, Ta=25°C — — 10 LA
Input capacitance G - \zfsf(g} Yo =iz, Tar= - 45 250 pF
“H level IoPH 1 lF=100mA | (45Y -15 =
VCC =30V V8~6 — 4V
Qutput current - —— A
L* lovel | LS IF = 0 mA
eve OPL Ve.5 = 205 0.5 2 —_
e Vet = +15V, VEE1==15V
H” level VOH 3 RL = 2000, IF = 5mA 1 12.8 —
Qutput voltage = = < \
. cc1=+15V, VEE4.=<15V
- el Vou 4 |RL=2000Q, VE=0.8V = | PRI 1A
Vee = 30V, IR £40mA . ) _
“H level lccH < N\ AR <A N
Vee =30V, IF =40mA - o 11
Supply current 7 ~ =~ A
vee!= 30V, 15 = 0mA : - m
“L" level lccL - “Ta\=_\2\-‘§fQ_ el
i [ o /! L%
“1Vcec =30V, IF = 0mA W\ a 11
Threshold input “Output l 4 qu;t & +15V¢V/EE1‘=~3§V\\ =7 1o 5 &
current L-H’ ALE - RL=200Q,¥o20v N N[ i i
Threshold input “Output T\ [Veer = +15V, Veer= 15V |
HoL" VFHL — NN /) 0.8 — —_ V
voltage b RL=200Q, Vo <0V~ /
Supply voltage Vee 2 O ' 10 1 35 v
Capacitance L e LA Vs =0V, f=1MHz
: B X W N ST n’ 1.0 2.0 F
(input-output) i I3 S Ta= 253 Box4 P
Qe Vs =500V~ Ta'= 25°C
Resistance(input-output) - { R, R —~ 4 1x10'2 | 107 — Q
X 2T B.’H.-S 60%
y J / it | _
* All typical values are at T4£ 25°C e
Note 1: Duration of |0 time <'50ps 48,
3 2017-05-26



TOSHIBA

TLP250
Switching Characteristics (Ta = -20 to 70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min Typ. Max Unit
cuit
; L—H tpLH IF=8mA — 0.15 0.5
ctP;?; ag;ueon 3 Veet = +15V, VEg = -15V Hs
Y H-L tpHL RL = 2000 - 0.15 0.5
Common mode transient
s ; - Vcm = 600V, IF = 8mA
immunity at high level CMH Voe = 30V, Ta = 25°C -5000 — — V/us
output 5
Common mode transient
: : Vcm = 800V, I = OmA
immunity at low level CML Voe = 30V, Ta = 25°C 5000 — — V /s
output
Note: All typical values are at Ta = 25°C
Test Circuit 1: lopH Test Circuit 2:: lgpL
3 8
- 8 ~ [ e
i[] | I l ] 8 I
Vce 4
] = 0.14F = H :| 0.1 )iF
IF Va5 Ver
- i =
—_— ‘(_
lopL
loPH
4 |: :l——« 4 [ V5.5
lr 77
Test Circuit 3 : Vou TestCircuit 4 : VoL
B 8
), 57 e
1 [ | l 1 [ L
: Vced
Veed
| F 0.10F = r_E :| = 01yF o
IF VF
RL T RL
] . i
g f Secsh a o
VOH VoL
[ R «[ Igi
1 77
T VEET
TVEE1 T
4 2017-05-26



TOSHIBA TLP250

Test Circuit 5: tpLH, tpHL, tr tf

[ 8
J—LEF | 0.1uF Vet

1DOQIE

Test Circuit 6: CMy, CML

1]
;{LE

Ao'o B T
i g

|
——0

<

o

Ll_, L1
A
H

0.1uF

I T |
—e @

Vee

N

4
Vem
(T— a
= U /J7
Vem
cmy = 480(V)
: g tr(us)
\/ _ CMH ay i = 480 (V)
Vo /\ﬁ 3V ~(=77 2B\ e tf (us)
\ : o ’,
SW: B(Ir=0) ~ / \

CML(CMH) is the maximum rate of rise (fall) of the commion mode voltage that can be sustained with the output voltage
in the low (high) state.
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TOSHIBA

TLP250
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)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

« Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively "Product") without notice.

¢ This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause. loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, crea”fe designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the) latést versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data- sheets and application notes for
Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely résponsiblefor all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of t‘ne use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information containedin.this document or in charts, diagrams,
programs, algorithms, sample application circuits, or any other referenced documents; and (c) valldatlng all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS"PRODUCT DESIGN OR APPLICATIONS.

¢ PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS.OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, ANQIOR A MALFUNCTION OR FAILURE ‘OF WHICH
MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERlOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated inthis document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, medigal equipment, lequipment used for
automobiles, trains, ships and other transportation, traffic signaling equipment,-equipment used to6 control combusi:ons or explosions,
safety devices, elevators and escalators, devices related to electric power, and equipment used in f‘i‘nance relatedfiélds. IF YOU USE
PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LlAB{LIﬁ l-’O/R PRODUCT. For dﬁtalls _pleasecontact your
TOSHIBA sales representative. N \

\
A

e Do not disassemble, analyze, reverse-engineer, alter, modlfy translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products orsxstems whose m:anuf(:\c;turer uéb or sale is prohibited under any
applicable laws or regulations.

3

S

' [ ®
e The information contained herein is presented only as §u|dance?o Product 4se. No resgoqsm%ty is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rlghts qf third pames“that may result from the use of Product. No license to
any intellectual property right is granted by this dog‘,un’mnt, whether express o'mmpl@d by*estoppe! or otherwise.

 ABSENT A WRITTEN SIGNED AGREEMENT, EXCERT r AS PROVIDED IN THE REkEV;ANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSE%UENTIAL SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS.QF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANYAND ALL EXPRESS OR IMRLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFDﬁMA‘F’IOﬂ INCLUDING WARRAN‘TIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY|OF INFORMATI,ON OR'NONINFRINGEMENT.

e GaAs (Gallium Arsenide) |s’u§ed ln) Product-GaAs is harmful to\humans |f,consumed or absorbed, whether in the form of dust or vapor.
Handle with care and do not\Qre;'ak ~eut_crush grind, dfss@hte chemlg_ajry /or otherwise expose GaAs in Product.

¢ Do not use or otherwise make available Product orrelated software or technology for any military purposes, including without limitation,
for the design, development, us v\sa@!:kplhng ar manufacturmg of nUclear chemical, or biological weapons or missile technology
products (mass destruction weapons), Product and related software and technology may be controlled under the applicable export
laws and regulatlons including, without limitation, the Japane‘se Foreign Exchange and Foreign Trade Law and the U.S. Export
Administration Regulations. Export and re- expor} of Product or'related software or technology are strictly prohibited except in
compliance with all applicable export laws and regulations.

¢ Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please‘use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including wlthout [imitation, the EU"RoHS Directive, TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING ASA RESULT 0F NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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FR201 - FR207-STR FAST RECOVERY
RECTIFIER DIODES

PRV : 50 - 1000 Volts D2
lo: 2.0 Amperes

| T
FEATURES :
* High current capability 0.161 (4.1) 1'0%5"4)
* High surge current capability 0.154(3.9) '
* High reliability | l
* Low reverse current 0.284 (7.2)
* Low forward voltage drop 0.268 (6.8)
* Fast switching for high efficiency I T
* Pb/RoHS Free
1.00 (25.4)
IYIECHANICAL DATA. : g,ggg Eg.gﬂ e MN.
Case : D2 Molded plastic : ; i
* Epoxy : UL94V-0O rate flame retardant |

* Lead : Axial lead solderable per MIL-STD-202,
Method 208 guaranteed Dimensions in inches and ( millimeters )

* Polarity : Color band denotes cathode end

* Mounting position : Any

Weight : 0.465 gram

*

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Rating at 25 °C ambient temperature unless otherwise specified.

Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.

FR207

RATING SYMBOL | FR201/| FR202| FR203 | FR204 | FR205| FR206 | FR207 |~ o | UNIT
Maximum Recurrent Peak Reverse Voltage VRRM 50 | 100 | 200 | 400 | 600 | 800 | 1000 | 1000 Vv
Maximum RMS Voltage VRMS 35 70 140 | 280 | 420 | 560 | 700 | 700 \%
Maximum DC Blocking Voltage Vbc 50 100 | 200 | 400 | 600 | 800 | 1000 | 1000 | V
Maximum Average Forward Current

IF(AV) 2.0 A
0.375"(9.5mm) Lead Length Ta=55°C
Peak Forward Surge Current,
8.3ms Single half sine wave Superimposed IFSM 75 A
on rated load (JEDEC Method)
Maximum Peak Forward Voltage at IF = 2.0 Amps. VF 1:3 Y
Maximum DC Reverse Current Ta=25°C IR 10 pA
at Rated DC Blocking Voltage Ta=100°C IR(H) 500 pA
Maximum Reverse Recovery Time ( Note 1) Trr 150 ‘ 250 ‘ 500 250 ns
Typical Junction Capacitance ( Note 2 ) Cy 15 pf
Junction Temperature Range TJ -65to + 150 °C
Storage Temperature Range TsTG - B65to + 150 o0
Notes :

(1) Reverse Recovery Test Conditions : IF=0.5 A, IR =1.0 A, Irr = 0.25 A.
(2) Measured at 1.0 MHz and applied reverse voltage of 4.0 Voc
Page 1 of 2 Rev. 02 : March 24, 2005
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TH09/2479
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AVERAGE FORWARD OUTPUT
CURRENT, AMPERES

FORWARD CURRENT, AMPERES

FIG.1 - REVERSE RECOVERY TIME CHARACTERISTIC AND TEST CIRCUIT DIAGRAM

500 100
2AAY; M\
4 DUT
1+ PULSE
— 50 Vdc GENERATOR
—  (approx) (NOTE2)
1.0 OSCILLOSCOPE
(NOTE 1)

NOTES : 1. Rise Time = 7 ns max., Input Impedance = 1 megaohm,
2. Rise time = 10 ns max., Source Impedance = 50 chms.
3. All Resistors = Non-inductive Types.

FIG.2 - DERATING CURVE FOR OUTPUT
RECTIFIED CURRENT

RATING AND CHARACTERISTIC CURVES ( FR201 - FR207-STR )

- -

+05A
0 =
-0.25A \
-1.0A \/
SET TIME BASE FOR 50-100 ns/cm
22 pF. 1¢cm

FIG.3 - MAXIMUM NON-REPETITIVE PEAK
FORWARD SURGE CURRENT

20 75 —J e U1 TF] T Ty |
\ 8.3 ms SINGLE HALF SINE WAVE
% 4 |
16 O] &0 o
a il Ta=55°C
12 \ ) S s bl
N <8 ™~
= e \\
0.8 ﬂo: O o
\ ayee ™~
x ~
s ™~
0.4 N ﬁ O 15 N
\ - )
— B0Hz RESISTIVE OR INDUCTIVE LOAD
| | | | |
® 0 25 50 75 100 125 150 475 alt 2 4 6 10 20 40 60 100
AMBIENT TEMPERATURE, ( °C) NUMBER OF CYCLES AT 60Hz
FIG.4 - TYPICAL FORWARD CHARACTERISTICS FIG.5 - TYPICAL REVERSE CHARACTERISTICS
100 T 10 : : 2]
— Pulse Width = 300 s - ! Ti=100°C }"
| 2%Duty Cycle Fa E " _/f
Ti=25°C o ="
10 e / Lo ., | !
7 w {
ya s < Y |
7 O3 f
w g |
/ 2w |
/ w o |
1.0 ’,1 a = 0.1 ,,l
7 4 T=25°C 7
7 7
/
/ JE—
0.1 / 0.01
r"' a 20 4an a0 80 100 120 140
Fi
/ PERCENT OF RATED REVERSE
VOLTAGE, (%)
0.01
0 02 04 06 08 10 12 14 16 18 2.0

FORWARD VOLTAGE, VOLTS
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1N4728 THRU 1N4764

ZENER DIODES

FEATURES

DO-41 Glass ¢ Silicon Planar Power Zener Diodes

¢ For use in stabilizing and clipping circuits with

|
= : high power rating.
2 : gh p g A,
= ¢ Standard Zener voltage tolerance is +10%. Add v
- | suffix “A” for 5% tolerance. Other Zener voltages and
SEINTT tolerances are available upon request.
f i __Cathode ¢ These diodes are also available in the MELF case with type
g ':' Mark designation ZM4728 thru ZM4764
gl |
§ ;*j
'; o I max. 2 0.034 (0.86) MECHAN'CAL DATA
F [ Case: DO-41 Glass Case
I

Weight: approx. 0.35 g

Dimensions in inches and (millimeters)

MAXIMUM RATINGS

Ratings at 25°C ambient temperature unless otherwise specified.

SYMBOL VALUE UNIT
Zener Current (see Table “Characteristics”)
Power Dissipation at Tamb = 25°C Ptot 1.0 Watts
Junction Temperature Tj il 5 °C
Storage Temperature Range Ts - 65t0 +175 °C
Characteristics at Tamb = 25 °C

SYMBOL MIN. TYP. MAX. UNIT
Thernjla] Hemsta.nce . Bikdi _ _ 1700 “C/W
Junction to Ambient Air
Forward Voltage

Vv - - 1.2 Volts

at IF = 200 mA F
NOTES:

(1) Valid provided that electrodes at a distance of 10mm from case are kept at ambient temperature

(GENERAL

o)
:6 SEMICONDUCTOR’
12/3/98



1N4728 THRU 1N4764

ELECTRICAL CHARACTERISTICS

Ratings at 25°C ambient temperature unless otherwise specified.

i Maximum Zener impedance(" Maximum ;
N;;T-::f ! c:- ::-itnt 2 reverse leakage current csul:::gﬁt I\rnea:r;l:m':‘::
voltage® current®
at Zzt1 at at
IzT at Iz Zzk Izk IR VR Ta =25°C
Type vzV Izt mA Q Q mA HA Vv IR mA Izm mA
1N4728 3.3 76 10 400 1.0 100 1 1380 276
1N4729 3.6 69 10 400 1.0 100 1 1260 252
1N4730 3.9 64 9 400 1.0 50 1 1190 234
1N4731 4.3 58 9 400 1.0 10 1 1070 217
1N4732 4.7 53 8 500 1.0 10 1 970 193
1N4733 5.1 49 7 550 1.0 10 1 890 178
1N4734 5.6 45 5 600 1.0 10 2 810 162
1N4735 6.2 41 2 700 1.0 10 3 730 146
1N4736 6.8 37 3.5 700 1.0 10 4 660 133
1N4737 75 34 4.0 700 0.5 10 5 605 121
1N4738 8.2 31 4.5 700 0.5 10 6 550 110
1N4739 9.1 28 5.0 700 0.5 10 7 500 100
1N4740 10 25 7 700 0.25 10 7.6 454 91
1N4741 11 23 8 700 0.25 5 8.4 414 83
1N4742 12 21 9 700 0.25 5 9.1 380 76
1N4743 13 19 10 700 0.25 5 9.9 344 69
1N4744 15 17 14 700 0.25 5 1.4 304 61
1N4745 16 15.5 16 700 0.25 5 12.2 285 57
1N4746 18 14 20 750 0.25 By 13.7 250 50
1N4747 20 2o 22 750 0.25 5 15.2 225 45
1N4748 22 1d=5 23 750 0.25 5 16.7 205 41
1N4749 24 10.5 4] 750 0.25 5 18.2 190 38
1N4750 27 9.5 35 750 0.25 5 20.6 170 34
1N4751 30 8.5 40 1000 0.25 5 22.8 150 30
1N4752 33 /.5 45 1000 0.25 5 25.1 135 27
1N4753 36 7.0 50 1000 0.25 5 27.4 125 25
1N4754 39 6.5 60 1000 0.25 B 29.7 115 23
1N4755 43 6.0 70 1500 0.25 5 32.7 110 22
1N4756 47 5.5 80 1500 0.25 5 35.8 95 19
1N4757 51 5.0 95 1500 0.25 5 38.8 90 18
1N4758 56 4.5 110 2000 0.25 5 42.6 80 16
1N4759 62 4.0 125 2000 0.25 5 471 70 14
1N4760 68 3.7 150 2000 0.25 5 51.7 65 13
1N4761 75 3.3 175 2000 0.25 5 56.0 60 12
1N4762 82 3.0 200 3000 0.25 5 62.2 55 11
1N4763 91 2.8 250 3000 0.25 5 69.2 50 10
1N4764 100 2.5 350 3000 0.25 5 76.0 45 9
NOTES:

(1) The Zener impedance is derived from the 1KHz AC voltage which results when an AC current having an RMS value equal to 10% of the Zener current (IzT or Izk)

is superimposed on IzT or IzK. Zener impedance is measured at two points to insure a sharp knee on the breakdown curve and to eliminate unstable units
(2) Valid provided that electrodes at a distance of 10mm from case are kept at ambient temperature

(3) Measured under thermal equilibrium and DC test conditions

@
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RATINGS AND CHARACTERISTIC CURVES 1N4728 THRU 1N4764

04

0.2

Admissible power dissipation
versus ambient temperature

Valid provided that leads are kept at ambient
temperature at a distance of 10 mm from case

1N4728 ... IN4764
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Data Sheet January 2002

8A, 1200V Hyperfast Diode Features

The RHRP8120 is a hyperfast diodes with soft recovery * Hyperfast with Soft Recovery.................. <55ns
characteristics (t;; < 55ns). It has half the recovery time of

ultrafast diodes and is of silicon nitride passivated * Operating TEmMPOrAMS: « yu < i & 5 5 48 4 vas » 175°C
ion-implanted epitaxial planar construction. * ReverseVoltage . « g s ons v awm 5 s van s oms 5 8 1200V
This device is intended for use as a freewheeling/clamping * Avalanche Energy Rated

diode and rectifier in a variety of switching power supplies s Planar Construction

and other power switching applications. Its low stored charge

and hyperfast soft recovery minimize ringing and electrical A ppﬁcations

noise in many power switching circuits, thus reducing power

loss in the switching transistors. * Switching Power Supplies

Formerly developmental type TA49096. * Power Switching Circuits

. . * General Purpose
Ordering Information

PART NUMBER PACKAGE BRAND Packag yag
RHRP8120 TO-220AC RHRP8120 s
NOTE: When ordering, use the entire part number. ANODE

CATHODE
Symbol CATHODE
(FLANGE)
K 1_}
A
Absolute Maximum Ratings Tg =25°C, Unless Otherwise Specified
RHRP8120 UNITS

Peak Repetitive Reverse Voliage. .. % N . 7. 8,7 . . ... S 2R A\ ¥ VeaM 1200 Vv
Working Peak Reverse Voltage ... . . "N N - @ ams o vice i VewM 1200 v
DC BlockingVoltage ........cvevvivn s e - - P oy s veeeen . . n f2) . VR 1200 \
Average Rectified Forward Current .. ... ... o i IE(av) 8 A

(Tg =140°C)
Repetitive Peak Surge Current .. ..oooininiiiinn i s B, IFRM 16 A

(Square Wave, 20kHz)
Nonrepetitive Peak Surge Current. .. .. ... ... ... . . IFsm 100 A

(Halfwave, 1 Phase, 60Hz)
Maximum Power Dissipation . ........... ... Pp 75 W
Avalanche Energy (See Figures 10and 11) .. ........... .. i, EavL 20 mdJ
Operating and Storage Temperature ... ...........ooiuioi ... Tsta: Ty -6510 175 %c

©2002 Fairchild Semiconductor Corparation RHRP8120 Rev. B



RHRP8120

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

SYMBOL TEST CONDITION MIN TYP MAX UNITS
VE IF = 8A - - 32 v
Ip = 8A, Tg = 150°C - - 2.6 v
IR VR = 1200V - - 100 LA
VR = 1200V, Tg = 150°C - - 500 LA
3 Ig = 1A, dig/dt = 200A/us - - 55 ns
I = 8A, dIE/dt = 200A/us - - 70 ns
ta IF = 8A, dIg/dt = 200A/us - 30 - ns
ty If = 8A, dIg/di = 200A/us - 20 - ns
QrR I = 8A, dlF/dt = 200A/us - 165 - nC
Cy VR =10V, g =0A - 25 - pF
Rauc B G 2 °c/w
DEFINITIONS

Vg = Instantaneous forward voltage (pw = 300us, D = 2%).
Ir = Instantaneous reverse current.
tyr = Reverse recovery fime (See Figure 9), summation of t; + tp.
ta = Time to reach peak reverse current (See Figure 9).
tp = Time from peak gy to projected zero crossing of Igy based on a straight line from peak Igp through 25% of gy (See Figure 9).
Qpp = Reverse Recovery Charge.
C, = Junction Capacitance.
RgJc = Thermal resistance junction to case.
pw = Pulse Width.
D = Duty Cycle.

Typical Performance Curves

40 500 | , :
o i i = 175°C
A S _. 100
= é 3 . : !
— i 1 T ]
£ / z 10 :
g 10 H e I
o y4 yd y.4 v | 1 | |
3 y A S 3 1
a VA {4 w
g AP - { 25°C
= [/ / J/ 2 0.1
i o :
2 4 e
e 175°c  f100°Cc J/25°C &
Lo 7 T —
-
17—
0.5 I r 0.001
" ] = = 5y : 0 200 a00 600 800 1000 1200
Vg, FORWARD VOLTAGE (V) VR, REVERSE VOLTAGE (V)
FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE

©2002 Fairchild Semiconductor Corporation RHRP8120 Rev. B



RHRP8120

Typical Performance Curves (continued)
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FIGURE 3. t,, t, AND t, CURVES vs FORWARD CURRENT
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FIGURE 5. t;, t, AND t, CURVES vs FORWARD CURRENT
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FIGURE 6. CURRENT DERATING CURVE
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RHRP8120

Test Circuits and Waveforms

Vge AMPLITUDE AND
Rg CONTROL dlg/dt
t1 anD t2 CONTROL I

DUT CURRENT

Rg SENSE
— WA s
VgE Lj i
i f IGBT I'
1l L
FIGURE 8. t,, TEST CIRCUIT
Imax =1A
L = 40mH

R<0.10
EavL = 1/2L12 [VriayL)/(VriavL) - Vpp)]
Qq =IGBT (BVggs > DUT VR(avL))

CURRENT
SENSE Vbp

Vop
i

FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT

IA dip e by ——
F g |

* dt 1y —b-:-l— th —=
0 1

T
|
|
! P

FIGURE 9. t,, WAVEFORMS AND DEFINITIONS

VavL

tg

FIGURE 11. AVALANCHE CURRENT AND VOLTAGE
WAVEFORMS
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TRADEMARKS

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

ACEx™ FAST @ OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR ™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E:CMOS™ LitleFET™ Q8™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UltraFET®
STAR*POWER is used under license

DISCLAIMER

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

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or

In Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and

supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No I|dentification Needed Full Production This datasheet contains final specifications. Fairchild

Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product

that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. H4






