drinneayanany wizeeNdImansy

‘;l © 9/ 4.1 Y =y
%ﬂii’)ﬁﬂ]ﬂ]1Nﬂ$ﬂ1ﬂﬂ3ﬂﬂﬁua‘ﬁﬂi1i‘¥uﬂ

Ultrasonic Cleaning Machine

Tagy

ar « a
STl gnisssy

WIsENa  NNaw1

q

, 2L ILLE TR ferereereruene -

............................

@Unzituy...... L -
a -1 = 1 gl )
PLTRE 1oL TTCT F .

P=Y o

oy y L] é e oy oy ) L =) '
SyanimusiifuduniiwesnisdnnaumdngasUSogirmnssumanastiude
MUY IMINT TUTEUVUA IR
aofuma TuTadnszveumndudgunmisaianszals

VUnisdnui 2549



= = o't
Y3nyayriiwusilnisfing 2549
MATHIAINTIUTTVUAIUAY
= L4 s P | o
auzdmnssumaas antumalulaowszvemndudinunmisaanszil

A & o Y A 1Y =
13943 LﬂiT’Nﬂ1ﬂ'ﬂﬂﬁ$@'\ﬂﬂ]ﬁﬂﬁu'@‘ﬁﬂ3WI%uﬂ

Ultrasonic Cleaning Machine

Aiai wwdsianl  qnisisy 46010740

weIENa WAV 46010744

L S —

I 19
................................................................ 019156015



tﬂ‘ o k73 d' 9 oy
AIDINIAY ]uﬂzﬂ]ﬂﬂ?ﬂﬂauq‘ﬁﬂi'ﬂcﬂuﬂ

Tay

wedsdanl  guisssy 46010740
wedszna WA 46010744
21915675

5.7.05.25Naf eefi3an]

FnsAnui 2549

UNFiae

3
d o Ao

oy = 4 o ) = é L]
Py rimusatuitinausnsesianuaroiadionduganiiladia Suilumsih

r

A

wa 9 a Aa o A a 7q 9 ¥ ¥ o
auauiAvesndugani laianinnudmidsdeannilszgnd 1 uamdumsdisgdnan
d ' ' o 4 s a Pl o
yuaan 1wy wium ¥ahnn aoa  Tasnduganiileiaildezinnuddseuin 28 kHz
= g v A e A yo te = T &4 ¥ 4
Anudvaziinanmatwdseiuyedlddunadiniinduing mIesnuuuesinea’ Ay
1Y a o ad o o Y o @ :i
pani lwiinfidluszuudidanseindvezilszney asgrsesiuiiannuivuia 28 kHz oy
1 [ » v
aduanuditldfiszgndedulddarsesdunnmievoodygraidiusedu i uas
J A ° o o o o t a Jda o o ar =
aszua lWihgadu o hlduuemamdsseaonuuyavusaisunesmes lasdygun
o = v a ar e ' e - = o A a [
Tdaeiinawd 28 kHz wuiudygdiszgndalddmsmadngeiinon/dsundaaulvih

1 4

as o - ) 3/ A Y = E] g o Y o ‘a
Lﬂuwaqa‘luﬁuﬂzlﬂﬂuﬂ‘laﬂﬁl‘wafﬁ'Nﬂﬂuﬂ‘flﬂi‘l'['muﬂﬂﬂﬂu‘] ﬂﬂuuﬂz“11“u1ﬂ“ﬂﬂﬂ1s

1 4

- e o o’o‘;" Aw Aw o
ﬂuﬁ:tﬁaumdnmum,;mﬂmmmﬂmuqﬂmmuuﬂqu)ﬂﬂm HBAVINUIIUAINIANUY

¥ A o L) - = e o @ ,!
56HLW6‘Y\§]$%’JULWH‘1J§E’K1ﬂﬁ mw“lums‘mmmﬁzmﬂinqwu



11

ULTRASONIC CLEANING MACHINE
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Assoc. Prof. Dr. Worapong  Tangsrirat

Academic Year 2006

ABSTRACT

This project presents an application of ultrasonic wave, in which its property is applied to
invent a cleaning machine that can be used to clean small objects such as glasses, pen head, etc.
The frequency of ultrasonic wave approximately 28 kHz, which is higher than sound wave but
lower than radio wave. The designed circuit consists of than oscillator circuit to generate the wave
with the frequency of 28 kHz frequency into mechanical vibration. This vibration produces the
ultrasonic wave to shack the solution until the dirty particle became detached. Moreover, a heater

is included to increase the efficiency of cleaning
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2.2.3 Importance of Minimizing Dissolved Gas

Negalive Pressure
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Resonant frequency = constant / thickness (inch)

Curic Dielectric Coupling
Material Q
Temperature Constant (K) Coefficient(K)
0.51
Quartz 550° C Very High 4.5
0.38
Barium Titanate 100° C 400-700 1700
Lead Circonate
300° C 90-500 1450 0.09
Titanate
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2.4.4 Optoisolator
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4.2 #HaNIINAadl

4.2.1 219ISAUUATYRNIV (Oscillator Circuit)
= o = o o - a I = LY
dhursesidiudiawad (Pulse) Ainud 28 kHz Tawdavsozliled TL 494 1Hud

o A = 9 ar ar a
Autiannud uaz lddyanesninaegli 4.1

Stopped g 2006/09/18_19:56:09
CHI1=5V  © CHZ=BV © I ; : ; 10us/div

DO DC 111 1
: : ' N RM: 1UUM‘ /s

=Tracel= P-P 13,00V . Freq 28.41kHz. Duly 39.2%

=Trace2= P-p 1300V . . F.'!?ﬁ....??‘..!?.‘.‘!*.? ........ Duty 39:2%
=Filter= - =0ffset= =Record Length= =Trigger=
.Smoothing : OFF CH1.: 0.06v Main-:: 10K  Mode : AUTO
BW . FULL CH2 . - ogov Zoom . 10K  Type . EDGE CH1 4
Delay : 0.0ns

Hold Off :  MINIMUM

U 4.1 dygrunldnniesduiannud

ldgyruaagld 4.1 Aejildygraiaanldvinisesduiindoyo e 1as Trace 1

uamatiadaygy i 991N out put 1 B TL 494 Hag Trace 2 uaaddadeya i 18910 Out put 2
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]
a0

P 3 1 e o e [ (=1 o as &
VYOI TL 494 43 Out put VHADIATUUUTALTIAU UDBZAITUAYUNINU AN ANDUAY TR

= ¥ ° 3o 3 = = o
awddosmni lildtugand letannuaawros

4.2.2 295vunnvesneaniag
vstunmilinssniudyanannmassuiladyniu uaz vinsuennig leold
o o o ' P 0 =
Optoisolator 1183 TLP 250 uanhdag e v uas Maeavewaamadigs Taod

dganuin lAeenudegli 4.2 uas 4.3

Stopped b 2006/09/18 18:58:29
CH1s5v & CH2=8v ¢ - : : . 10us/div
e DCBL DG T i s g e —anf0us/div)
......... o d i i|.... NORMI10DMS/s
&' .............. L' ............................. L ......... ................ e et
2—; ......... SRRERRE R '# ......... T ERRREEN ........ T Do
=Tracel= P-P 12,20v = Freq 28.25kHz:  Duly 41,;8%
_=Tr_ace;2.= PP 12;20v Freq 28:25kHz.  Duly 41;8%

=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CHI1 : o.00v Main | 10K Made : AUTO
BW [ FULL CHz : 0.00v Zoom ;10K Type ! EDGE CH1 4
Delay : 0.0ns

Hold Off ;| MINIMUM

1
= 3 v

517 4.2 dgyanan ldannesduinmTuuai 1 houdy Tnuat 2
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gﬂf‘ftyﬁy widegili 4.2 AegudyanaiadnldnnresdunnTas Trace 1 uamads
Frygy1ee 71 14990 Out put 93 Optoisolator #1371 1 1Az 2 teduNDMMAMSs MI LAY M4 dau
Trace 2 !Lﬂﬂ&ﬂ@ﬁﬂluimmﬂulﬂi]'lﬂ Out put Y93 Optoisolator Gl’m Juns 4 lWE)ﬂJ‘Ul!ﬂﬁMﬁmﬁ'\i
M2 uag M3 %3 Out put Haaoemfiunaus iy uaza Ny UATIN NG 1A Fansg

awidoamsi W Fearamddiadusuainaiugg

Stopped { 2006/09/18 18:46:27
CHI=SY @ CH2=tv : : ; © 10us/div
G 1d—i— DC 11 H : : : Adi
1Tf ...... mad: N N ———
L. L CoL
N T T — . R e TN

=Tracel= P-P  12;20v :  Freq 28;25KkHz:
=Trace2= P-P 12;20v Freq 28 25kHz

B I I I T R D R T I T R P T T I I R

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing . OFF CH1 : 0.00v Main : 10K  Mode : AUTO
BW . FULL CH2 : 0.00v Zoom : 10K  Type : EDGE CH1 4
Delay : 0.0ns

Hold Off |  MINIMUM

[ v td
4.3 dyranldnnieestunm Inuai 1 eaeedya o

=h.
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ﬂpmﬁﬁﬁd‘aiﬂ Out put Y93 Optoisolator A
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1ifyanudazli 4.3 aejildyam

=

IANYUIAUTIAL ﬂ'ﬂllﬂ‘ﬂﬂﬂﬂu !lﬁ“’li!

Hnann

59

A91N72393 701N

a’a'ul

178 Trace 1 u@AINg

1 et uuomnf1d9 M1 @9U Trace 2 HEAS

d‘ 3 . o m‘ d’ % 6 & 2 :
UIUN N'1991n Out put U Optoisolator AIN 3 oduuamHafIA M4 %9 Out put V13

ot A d' (-] L
Wansanu asasamiunasanisildddsy

voamadids M1 uaz Ma Waintwdoniuiiug

Stopped . 2007/03/01_20:58:38
CHz=20v < 10us/div
oC 161 - (10us/div)

e, S S S T S ... NORM:100MS /5

AW B SN NN A A
N 50000 WULIOUPURNRU TN AUUUESOUNNUR: 4 FORNUON SRR SEUUSRRURS SOUOORY SO
2_;::::@::::?::::?:::@:::: :::%;:::%::::i::::i::;:

;'Tf'Aééé; B TR Max B0V Win 30 40v

Rms  28.42v HVQ 54] mv Freq ZB_UQKHZ
...... Outy 50:0% = f i
=Filter= =Offset= =Record Length= . =Trigger=
Smoothing : ON  CH1 0.00v Main | 10K Mode @ AUTO
BW : FULL CH2 c.ov Zoom : 10K Type : EDGE CH2 ¥
Delay : 0.0ns
Hold Off .  MINIMUM

31 4.4 uanad

wopaevnavaz 1% Tnaa (Probe *10 i v, =24 12ad)
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Stopped 1 2007 /03/01 21.10:24
_: CHZ=S0V 10us/div
: DC 11 - (10us/div)
e e e e NORM:100MS /5
n
2r ::::g::::i::::i::::i::::

Duty 50

g .0V
. 3%

P R R T T L R T R P P e N I ]

=Filter=

=0ffsel=

Smoothing : ON  CHT :

BW © FULL

CHZ

=Record Length=
.00V Main :
00V Zoom

=Trigger=
Mode : AUTO
Type . EDGE CH2 ¥}
Delay : 0.0ns
Hold Off . MINIMUM

o o 8 vy - 7,
51U 4.5 uansdygauemuavme laidl Inaa (Probe *10 11 v, = 100 13ad)
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Stopped 2007 /03;'{11 21.08:05

CH2=50v
DC 10:1

NOR 1IJDMS /s

|||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||

x 238 oy -230 oy
Avg  2.145Y req 27.62kHz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.00V Main . 10K  Mode : RUTO
BW ! FULL .. CHZ . 0.0v Zoom : 10K  Type : EDGE CH2 ¥
Delay | 0.0ns
Hold Off : - MINIMUM

71 4.6 uanadyanae AUz U THAR (Probe *10 fiv_ =100 Taad)
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AT IUAAINANIITNARDY YUz 2993018THAA M STAUNSIAUBUYAAIY

in in Vi out rms out

0 0 0 0 0
24 0.23 34.2 31.34 0.21
43 0.49 68 61.28 0.46
72 0.70 104 93.48 0.65
100 1.01 142 130.2 0.944
110 1.10 157 142.43 1.040
148 1.49 213 191.64 1.41
220 * 2.18 311 282.39 2.09

AITNN4.1 LAAINANITNANDY Y2295 910 THOA B SEAUUS T LBUNART
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@ MOTOROLA

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width meduiation control circuit
designed primarily for SWITCHMODE power supply control.

® Complete Pulse Width Modulation Control Circuitry

On-Chip Oscillator with Master or Slave Operation

On—Chip Error Amplifiers

On-Chip 5.0 V Reference

Adjustabie Deadtime Control

Uncommitted Qutput Transistors Rated to 500 mA Source or Sink
Output Control for Push-Pult or Single—Ended Operation
Undervoltage Lockout

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

X D SUFFIX
PLASTIC PACKAGE
16N CASE 751B

1 (S0-16)

N SUFFIX
16 PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

. NS
Nt:ll;unvE ' Noniny
MAXIMUM RATINGS {Ful operating ambient temperature range applies, it @) Input
unless otherwise noted.) |,,:,':X {Z v 15 }Q;m
Ratin. Symbol | TL494C | TL494 i Compen/PWN
9 Y 341 | Unit Comp input 2] 14] Vet
Power Supply Voltage vVee 42 v Deagtime Output
_ Control [4 Contral
Collector Output Voltage Vet 42 v
. Voo cr 5] 2] Ve
Collector Output Current et o2 500 mA ’ Ry [5] ’E c2
{Each transistor) {Note 1) -
Ground | 7 E E2
Amplifier Input Voltage Range VIR —0.3to +42 v o
1
Power Dissipation @ T < 45°C Po 1000 mw L o] et
Thermal Resistance, RaJa 80 °CW
Junction-to~Ambient {Top View)
Operating Junction Temperature Ty 125 °C J
Storage Temperature Range Tstg -55to +125 °C CORDERING INFORMATION
Operating Ambient Temperature Range TA °C Operating
TL494C 0to+70 Device Temperature Range Package
TL494I -2510 +85
TL494CD Th = 0" 10 +70°C S0-16
Derating Ambient Temperat T 4 o A=07t0+70°
g Ambient Temperature A 5 c TL494CN Plastic
NOTE: 1. Maximum thermal limits must be observed.
TL494IN Ta =—25"to +85°C Plastic

© Motorola, Inc. 1996 Rev 1
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TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symboi J Min Typ Max Unit
Power Supply Voltage vee 7.0 15 40 \
Collector Cutput Voltage Vet Ve - 30 40 Vv
Collector Qutput Current (Each transistor) ict. g2 - - 200 mA
Amplified Input Voltage _L Vin 0.3 - Veoc ~2.0 v
Current into Feedback Terminal ] Ity - - 0.3 mA
Reference Cutput Current lret - - 10 mA
Timing Resistor RT 18 30 500 kQ
Timing Capacitor Crt 0.0047 0.001 10 uF
Oscillator Frequency fosec 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Voo = 15V, C1 = 0.01 pF, RT = 12 k2, unless otherwise noted.)
For typicat values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

[ Characteristics [ symbot | win [ e | Max [ unit |
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Vref 475 50 5.25 ]

Line Regulation (Vg = 7.0V 0 40 V) Regjine - 20 - 25 mv

Load Regulation (g = 1.0 mA to 10 mA) Regigad - 3.0 15 mv

Short Circuit Qutput Current (Vigf = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current ic(of) - 2.0 100 pA
(Voo =40V, Vo =40V)

Emitter Off-State Current IE(off) - - -100 HA
VoC =40V, Ve =40V, VE=0V)

Collector~Emitter Saturation Voltage (Note 2) v
Common-Emitter (Vg =0 V, I = 200 mA) Vsat(C) - 11 1.3
Emitter-Follower (Vs = 15V, Ig =200 mA) Vsat(E) - 1.5 2.5

Qutput Control Pin Current
Low State (Vo <04 V) locL - 10 - pA
High State Vo = Vref) locH - 0.2 35 mA

Qutput Voltage Rise Time t ns
Common-Emitter (See Figure 12) - 100 200
Emitter~Follower (See Figure 13) - 100 200

Qutput Voltage Fall Time tf ’ ) ns
Common—Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintair junction temperature as close to ambient temperature as possible.

MOTOROLA ANALOG IC DEVICE DATA
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TL494

ELECTRICAL CHARACTERISTICS (Vg = 15 V. C1 = 0.01 pF, RT = 12 k€, unless otherwise noted.)
For typical values Ta = 25°C, for min/max vaiues Ta is the operating ambient temperature range that applies, unless otharwise noted.

Characteristics l Symbol Min Typ } Max LUnit ]
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin 3) = 2.5 V) Vio - 20 10 my
Input Offset Current (Vo (pin 3) = 2.5 V) o - 5.0 250 nA
Input Bias Current (Vg (pip, 3) = 2.5 V) ig - -0.1 -1.0 pA
input Common Mode Voitage Range (Vo =40V, T = 25°C) VICR —0.3to Vpe-2.0 v
Open Loop Voitage Gain (AVp =3.0V,Vp=0.5V10 3.5V, R =2.0 k) AvoL 70 95 - dB
Unity-Gain Crossover Frequency (Vo = 0.5V to 3.5V, R = 2.0kQ} fo— - 350 - kHz
Phase Margin at Unity—Gain (Vg =0.5Vt0 3.5V, R =2.0kQ) om - 65 - deg.
Common Mode Rejection Ratio (Vo = 40 V) CMRR 65 90 ~ dB8
Power Supply Rejection Ratio (AVec =33 V. Vg =25V, R = 2.0 kQ2) PSRR - 100 - dB
Output Sink Current (Vg (Pin3)=0.7V) lo— 03 07 - mA
Output Source Current (VO (Pin 3)=35V) lo+ 20 -0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshoid Voltage (Zero Duty Cycle) VTH - 2.5 45 9
Input Sink Cugrent (V(pin 3) = 0.7 V) lj— 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current {Pin 4) (Vpir4 =0V 105.25V) s (OT) - -2.0 -10 A
Maximum Duty Cycle, Each Qutput, Push—Pull Mode DCrmax %
(VPin 4 =0V, CT =001 pF, RT = 12 kQ) 45 48 50
{Vpin 4 =0V, CT = 0.001 uF, R = 30 k¥) _ 45 50
Input Threshold Voltage (Pin 4) Vi Vv
(Zeroc Duty Cycle) - 28 33
{Maximum Duty Cycle) o] - -
OSCILLATOR SECTION
Frequency (C1 = 0.001 uF, RT = 30 kQ2) fosc - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 uF, R = 30 kQ) olgsc - 3.0 -] %
Frequency Change with Voltage (Voo =7.0Vto 40V, Ty = 25°C) Afpge (AV) - 0.1 - %
Frequency Change with Temperature (AT = Tjow to Thigh) Afgge (AT) - - 12 %

(CT =0.01yF, R = 12 k)

UNDERVOLTAGE LOCKOUT SECTION

Tum-On Threshold (VGG increasing, Iref = 1.0 mA) Vin 5.5 J 6.43 0 [ v |
TOTAL DEVICE ' o

Standby Supply Current (Pin 6 at Vo, All other inputs and outputs open) Icc” ’ : mA
(Ve = 15V) ) . - 5.5 10
(Voo = 40 V) - 7.0 15

Average Supply Current mA
(CT =0.014F, RT = 12k, V(pin 4)=2.0V) - 7.0 -
(Ve = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o

MOTOROLA ANALOG IC DEVICE DATA 3
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Figure 1. Representative Block Diagram

Qutput Control Voo
|_ ——— — —_
6 |
o
I Osciliator
|
i
3
Cr I | Deadtime
= | Comparator
|
4|
Deadtime |
Control |
|
i PWM i
| Comparator uv |
| Reference |
i Regulator |
[ |
I |
L —_—
1 7
Gnd
Ermor Amp Feedback PWM Error Amp Ref. i
1 Comparator Input 2 Output -

This device contains 46 active transistors.

Figure 2. Timing Diagram

Capacitor C1 [—

e AAANAAAAAANANAAA
s UULUUUYUY TYY L

Flip-Fiop
Q

. | inlh
o | IR NN
| LI
o \
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TL494
APPLICATIONS INFORMATION

Description

The TL494 is a fixed-frequency pufse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. {See
Figure 1.) An internal-inear sawtooth oscillator is frequency—
programmable by two external components, RT and CT. The
approximate oscillator frequency is determined by:

1.1

f, [CJSLLE S
0SC RT*CT

For more information refer to Figure 3.

Cutput puise width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip-flop clock—-input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in controi-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between 0 V10 3.3 V.

may be used lo sense power-supply output votage and
current. The error-amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
modulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor Ct is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse-steering flip-flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected to
the reference line, the pulse-steering flip-flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator, Qutput drive can also be
taken from Q1 or Q2, when single~ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output-drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip~flop. The output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias circuits.
The reference has an internal accuracy of +5.0% with a
typical thermal drift of less than 50 mV over an operating
temperature range cf 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance

__ S00k T T T T
g ~ T ey
Functional Table § o ¢ = 0001 pF 4 Veg=15V
L
(nputOutput Output Function fout _ = = =
Controls fosc a
o
Grounded | Single—ended PWM @ Q1 and Q2 1.0 o 0.01 uF
£ 10k s £ =3
@ Vief Push-pull Operation 0.5 < FA
—
2
The pulse width modulator comparator provides a means < —
for the error ampilifiers to adjust the output pulse width from g 01 uF
; , - - -~ 1.0k e
the maximum percent on-time, established by the deadtime - SR =
control input, down to Zero, as the voltage at the'feedback pin 5091 Ok 20k 50k 10k 20k 50k 100K 200k 500k 1.0M
varies from 0.5 V to 3.5 V. Both eror amplifiers have a RT TIMING RESISTANCE (€2}
common mode input range from 0.3 V to (Vg - 2V), and '
5
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency

TL494

12 —
L 1o ,[
Z 10 Ve =15V__ | &
3 AVg=30V oy
w 0 < RLz20k 10 &
2 80 N 203
a7 N WOL 40 3":
> <
% 60 AN 60 x
S Sp— ~. ram LR
= 40 \\ 100
& 30 P, \ 12082
o \ [
=20 140 o
40 A 50
“ 0 1 ~ 180
10 10 100 1.0k 10k 100k  10M
{.FREQUENCY (Hz)
Figure €. Percent Duty Cycie versus
Deadtime Control Voltage
5 50
N L1110
2 (I B B
T 4 Nl ! Voo =15V —
g 2\ Yoc = Vref
o 1 CT=001pF ]
a0 Rr=10kQ2 1
9 N 2. Cr=0001pF |
et Ry = 30 k(2
E 20
a N
g
Z N
910
i !
& | ™
S 4 l [
=9 1.0 20 30 35
VpT. DEADTIME CONTROL VOLTAGE (IV)
Figure 8. Common-Emitter Configuration
Qutput Saturation Voltage versus
Collector Current
2.0
=z
18
2
E 16 —
o
2 14
= I L
S
= /
< 1.0
w /
Zo0s ]
&
L06 J
04
0 100 200 300 400

Ic. COLLECTOR CURRENT (mA)

% DT. PERCENT DEADTIME (EACH QUTPYT}

VCE(sat)- SATURATION VOLTAGE (V)

e SUPPLY CURRENT (mA)

71

Figure 5. Percent Deadtime versus
Osciilator Frequency

7 =0.001 uF

10k 100k 300k

fsc, OSCILLATOR FREQUENCY (Hz)
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Figure 10. Error-Amplifier Characteristics

Error Amplifier

o o ~_Under Test
o -

Feedback
—0 Terminal
{Pin 3)
: — e t
= Vipf O————f ~
ref Other Emar
Amplifier

Figure 12. Common—Emitter Configuration
Test Circuit and Waveform
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Figure 11. Deadtime and Feedback Control Circuit
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Figure 13. Emitter—Follower Configuration
Test Circuit and Waveform
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Figure 14. Error-Amplifier Sensing Techniques
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VO = Vref —Fﬂ
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Figure 15. Deadtime Controi Circuit Figure 16. Soft-Start Circuit
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Control
R e d
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5 sj:
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Figure 17. Output Connections for Single-Ended and Push—Pull Configurations

¢! : ¢l
—O—A—_ﬂ
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Q| g : ' 0 | g1 (10maw2s0ma
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Control 1.0mAto Control
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vi > 40 V Using
External Zener
Vref
Rg vee ! :
Yl |
Vi, > 40V
SRy n INg752 A : [
; Master Vz=39v [ sov [
R _T—»———o4 Ct || Ref }
T Cr 210 |
Lo - Grd | [
Vref s 7 T }
6
Ry Slave
5 (Additional
L _o]Cr Circuits)
Figure 20. Puilse Width Modulated Push—Pull Converter
+Vin = 8.0V 1o 20V
o—
1ﬁ +Vg =28V
’ 47 1N4934 Ip=024A
+ vVee o
2. Gy g Tip 22%
1M 32 'J Ly k
33k ——— +
3 Comp TL434 }% " = 50—
001 0.01 35v
T 15 _ Cp 1 Tip| 50 47k § _J
32 | 25V pAn
16, ] T~ 50
_— OC VRgr DT Cr Ry Gnd E! E2 p — e v
13 14 4 5 [} 7 9] 10
AAA- M| 240 é
4.7k
10
15k
o— . - -0
All capacitors in pF
Test Conditions Results
, ) L1-35mH@0.3A
= o,
Line Regulation Vin=10Vto40V_ 14 mV 0.28% T4 — Primary: 20T G.T. #28 AWG
Load Regulation Vin=28V,I0=1.0mAto 10A | 3.0mV 0.06% Secandary: 1207 C.T. #36 AWG

Care: Ferroxcube 1408P-L00~3CB

Qutput Rippie Vin=28V,I0=10A 65mV pp PARD.
Short Circuit Current Vin=28V,R =010 18A
Efficiency Vin=28V,Ig=1.0A 1%
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Figure 21. Pulse Width Modulated Step—Down Converter
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+
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Test Conditions Results
Line Regulation Vin=8.0Vto40V 3.0mvV  001%
Load Regulation Vin =126V, o = 0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin =126V, Ig =200 mA 40mvVpp PARD.
Short Circuit Current Vin =128V, R . =0.10Q 250 mA
tfficiency Vin =126V, Ip = 200 mA 72%
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OUTLINE DIMENSIONS

N SUFFIX

PLASTIC PACKAGE

CASE 648-08
ISSUE R

1

w

-

NOTES

DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

. CONTROLLING DIMENSION INCH.

DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL
DIMENSION B DOES NOT INCLUDE MOLD FLASH,
RGUNDED CORMERS DPTIONAL

INCHES MILLIMETERS
DIM[ MIN | WAX | MiIN_| waAX
—C - L] A ] 0740 ) 0770 | 1860 | 1955
B | 0250 [ 0270 | 635 | 685
C | 0145 § 0175 | 163 ) 444
D | oo5 0021 ] 039 ] 033
SEATING F oo} o010 107 ] 77

PLANE | G | (0I100BSC 254B5C

—u_ ___K l__ \‘/ " H [ 00s085¢C .27 BSC
— J [ 0008 [0015] 021 ] n38
JL J_’J k[ ong ol 2e0 | 33
L | 0295 | 0305 | 750 | 774
D 16 PL N 271 10° 0’1 e
[$J 0.25 (0»010)@)]1] A @ ‘ | s ]ocoo oo | o051 ] 10

D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
{S0-16}
ISSUE J NOrES

'l;i_H_ H"H—H'H'H_J;l ~ T

P sPL

K
Eﬁﬂﬁﬁﬁﬁﬂj c
S I
D tspL

[@lo2s0010®@]1]8 ©]AG)]

» [@]0250010)®]8 @)
_EH_H_EEEH .J 1

el
hRH

%j%%

AMS! Y14 5M, 1982,
2. CONTROLLING DIMENSION: MILLIMETER.

w

MOLD PROTRUSION.
4. MAXIMUM MOLO PROTRUSION 0.15 (0.006)

PER SIDE.

DIMENSIONING AND TOLERANCING PER

. DIMENSIONS A AND 8 00 NOT INCLURE

5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0 127 {0.005} TOTAL
IN EXGESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION
MILLIMETERS INCHES

DIN[ MIN_| MAX | MIN | NAX
A | 980 | 1000 | 0.386 | 0393
B | 380 | 400} 150 | 0.157
C ] 1351 175 0054 | 0.068
D] 035 [ 049 ] 0014 | 0019
€1 0481 375) 0016 | Dosm
G 1.27 BSC 0.05085C_ |
41 ote ] 075 [ gooe [ oo0e
K | o0io | 075 | o004 | 0009
M p°] 7°[ 0°] 1°
P [ 580 | 620 | 9229 | 0244
R 025]_05] 0010 | 0019
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
. the suitability of its products for any particuiar purpose, nor does Motorola assume-any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. "Typical” parameters which may be provided in Motorola
data sheets and/or specifications canand do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals®
must be validated for each customer application by customer’s technical experts. Motorola doss not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the taiiure of the Motorola product could create a situation where personal injury
ordeathrmay occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyar shall indemnity and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attormney fees
arising outof, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that Motorola
was negligent regarding the design or manufacture of the part. Motorola and @ registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
| Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution: JAPAN: Nippon Molorola Lid.; Tatsurmi-SPD-JLDC, 6F Seibu—Butsuryu—Center,
P.0. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.; 8B Tai Ping Industrial Park,
INTERNET: htip://Design—NET.com 51 Ting Kok Road, Tai Po, N.T, Hong Kong. 852-26629298
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Interhational | PD-9.458C
Rectifier IRFP450

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating
Repetitive Avalanche Rated b _

Isalated Central Mounting Hole VDSS = 500V

Fast Switching

Ease of Paralleling

Simple Drive Requirements

HDS(OD) = 04OQ

. Ip = 14A

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industria! applications
where higher power levels preclude the use of TO-220 devices. The TQ-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creapage distance between pins to

rmeet the requirements of most safety specifications. \

TO-247AC
Absolute Maximum Ratings
: Parameter Max. Units
ilo® Tc=25C Continuous Drain Current, Vgs @ 10V 14
1o @ Tc=100°C | Continucus Drain Current, Vos @ 10V 87 A
llom Puised Drain Current @ 58
iPp @ Tc=25°C | Power Dissipation 160 W
! | Linear Derating Factor 1.5 | wee
- Vas Gate-to-Source Voltage +20 v
IEas Singie Pulse Avalanche Energy & 780 mJ
lanr | Avalanche Current @ 8.7 [ A
TEan o | Repelilive Avatanche Energy © 19 mJ
| dv/dt Peak Diode Recovery dv/dt @ . . a.5 Vins
| Ty Operating Junction and -5510 +150
iTsi6 Storage Temperature Range °C
i | Seldering Temperature, for 10 seconds 300 (1.6rmem from case)
[— ) rMounh'ng Torqua, 6-32 or M3 sérew 10 bf-in {1.1 Nem)
Thermal Resistance
I 1 Parameter Min. ' Typ Max. Units
Rax Junction-to-Case — ) — 0.65
Racs Case-to-Sink, Flat, Greased SuﬁaqL_ L — 1™ 0.24 - *CIW
Raua Junction-to-Ampient = = 40

ma
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

E Parameter Min. | Typ. | Max. '. Units Test Conditions
Viamoss Drain-to-Source Breakdown Voliage 500 —_ — : V | Vgs=0V, Ip= 250uA
AVisawss/aT| Breakdown Voltage Temp. Coeflicient — 1063 — f vPC | Refarence to 25°C, lp= 1mA
Ros(on) Static Drain-to-Source On-Resislance — | — 1040 0 Vas=10V, 1p=8.9A @

Vasam) Gate Threshold Voltage 2.0 —_ 4.0 \4 Vps=Vgs, lp= 250uA jl
Ois Forward Transconductance 93 | — - S |Vops=50V, Ic=8.4A & I
}
loss Drain-to-Source Leakage Current I : : 22550 pA :z:;fgg: x;:gx Toee
lass Gate-to-Source Forward Leakage — — 100 A Vgs=20V
Gata-lo-Source Reverse Leakage — — | -100 Vas=-20V
Qg - Total Gate Charge — — 1 150 lp=14A i
Qg Gate-to-Source Charge —_ — 20 nC | vpg=400V
Qe Gate-to-Drain ("Miller”) Charge — | = Ta0 Ves=10V See Fig. 6 and 13 @ |
taor) Turn-On Delay Time — 17 — Vpo=250V
1 Rise Time — 47 — 0s Ip=14A
ooty Turn-Off Delay Time —_ 92 —_ Rg=6.202
1 Fali Tima —_ 44 - Ro=17( See Figure 10 @
Lo Intemal Drain inductance — 5.0 — Se:: ?8 é%?: ) /L:é
nH | from package 4 ’ T)
Ls Intemal Source Inductance - [ 13| — and center of 'K:-]:i
die contact H
Ciss Input Capacitance - — | 2600} — Ves=0V
Con Output Capacitance — 720 | — | PF |vas=25v
Crs Reverse Transfer Capacilance —_ 340 I — ( {=1.0MHz See Figure 5

Source-Drain Ratings and Characteristics

| Parameter Min. | Typ. | Max. | Units Test Conditicns

Nis Continuous Source Cument _ _ 14 MOSFET symbol

(Body Diode) A showing the
fom Pulsed Source Cument _ _ 56 integral revarse
(Body Diode} @ p-n junction diode.
Vso Diode Forward Voltage — — 1.4 V | T;=25°C, Is=14A, Vgs=0V @
1% Reverse Recovery Time — | 540 | 810 i ns |T;=25°C, le=14A
Qg Raverse Racovery Charge — 4.84L7.2 | pC |di/di=100Aks @
ton Forward Tum-On Time Inlrinsic lum-on time is neglegbie {lurn-on is dominated by Ls+Lo) !
Notes.
@ Repetitive rating; puise width kmited by @ Is0S14A, di/di<130A/s, VDDSV(BR)OSS,
max, junction temperatura {See Figure 11) Tj<150°C
@ Vpo=50V, starting T=25°C, L=7.0mH @ Pulse width < 300 ps; duty cycla $2%.

RG=2511, las=14A {See Figure 12}
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Ip. Drain Current (Amps)

Ip. Drain Current (Amps)
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Fig 1. Typical Output Characteristics,
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IR

Capacitance (pF)

Isp, Reverse Drain Current (Amps)

Vgg = OV f = M2z
\ Cigs = Cgs * Tge. Cge SAOATZZ

Crss = cgd
000 Come = Cas * C
N :i;s Eqi*'x o
o0 N
Ciss
3000\ ! —— J
i |
~ C
a0 SR EEA ]
\_c! 1 TN
I
o Pssl“- \\}
I
N
. |

100 13t
Vps, Drain-to-Source Vollage (volts)

Fig 5. Typical Capacitance Vs.
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Fig 7. Typical Source-Drain Diode
Forward Voliage
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Fig 6. Typical Gate Charge Vs.
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lg. Drain Current (Amps)
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Fig 9. Maximum Drain Current Vs.
Case Temperature
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Fig 10a. Switching Time Test Circuit
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Fig 10b. Switching Time Waveforms

: 1 i X ;i —1 ﬂ l“ ;:r{ i esid|
e 7 e -ﬂﬁ?—tﬁiﬂi
11 | i .
po-c 1 |
1 | ! il 7 i = g
{ : [N — [ /
po.r=—r] i |
WS s?
i > 1)
B "1’;' -/4 _I_iﬂi m
c 10 Tieh
o 1 eZ i SINGLE PULSE
ool A T (THERMAL DESFONSE) il
Py | ] 1}t { T
= i B ,.m,—i I-
T ; }'ﬁ
T i
IR Al i B sl
] I NCTES:
- 7 1. OUTY FACTOR, D=t1/t2
- ; }\ ) : Hd 2. PEAK Ty=Ppu s Zipge * Tg
0t 1c* T 1072 0.t 1 10

Fig 11.

ty, Rectangular Pulse Duration (seconds)
Maximum Eftective Transient Thermal Impedance, Junction-to-Case
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Fig 12b. Unclamped Inductlive Waveforms Vs. Drain Currant
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Fig 13a. Basic Gate Charge Waveform : Fig 13b. Gate Charge Test Circuit .

Appendix A: Figure' 14, Peak Diode Recovery dv/dt Test Circuit -~ See page 1505 .
Appendix B: Package Outiine Mechanical Drawing — See page 1511

Appendix C: Pant Marking Information — See page 1517 |ntemati0na|
- Rectifier
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TOSHIBA TLP250(INV)

TOSHIBAPHOTOCOUPLER GaAlAs IRED & PHOTO-C

TLP250(INV)

TRANSISTOR INVERTER Unit in mm
INVERTERS FOR AIR CONDITIONER 8 7 6 5
IGBT GATE DRIVE T
POWER MOS FET GATE DRIVE @l
i i)
The TOSHIBA TLP250{INV) consists of a GaAlAs light emitting diode and a 12 34 e
integrated photodetector. 9664025 3% 762+0.25
This unit is 8-lead DIP. ! §
TLP250(INV} is suitable for gate driving circuit of IGBT or power MOS FET.

0.8£0.25

1.2£0.15) o
® |nput Threshold Current T lr=5mA(MAX) 05*01‘ ‘ ‘1_7;5’025-}.
® Supply Current(ICC) : 11mA(MAX) T g ras-na
® Supply Voltage(VCC) - 10~35V 2542025 ql  ress=he.
® Qutput Current(IQ) : £2.0A(MAX)
® Switching Time(tpLHAPHL) : 0.5ps(MAX)
¢ |solation Voltage : 2500Vms 100
e UL Becognized 1 UL1577 File No. E67349 TOSHIBA 11-10C4
® Option(D4) Weight: 0.54 g

VDE Approved : DIN VDE0884/06.92 Certificate No.76823
Maximum Operating tnsulation Voltage : 630Vpk
Highest Permissible Cver Voltage : 4000Vpg
{Note):2When a VDE0884 approved type is needed,
Please designate the “Option{D4)"
® Creepage Distance : 6.4mm(MIN)
Clearance : 6.4mm(MIN)
TRUTH TABLE PIN CONFIGURATION({TOP VIEW)
1NC.
w1 | T2 10 18, anooE
. ) a 0 3:CATHODE
INPUT LED on N OFF ‘ ;1 7N
5.GND -
OFF OFF ON 3( 6 6-VO(OUTPUT)
' a VO -
4 s 8:vCC
SCHEMATIC
£
2+
VE :}:
3-
A 0.1pF bypass capacitor must be 5 GND

Connected between pin 8 and 5(See Note 5).

1 2002-06-27



TOSHIBA TLP250(INV)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT
Forward Current e 20 mA
Forward Current Derating (Taz70°C) Alr 1ATa -0.36 mA /°C
@ Peak Transient Forward Current {Note 1) leer 1 A
Reverse Voltage VR 5 \%
Junction Temperature Tj 125 °C
“H” Peak PW =2 5us , fS15 kHz - -1.5 A
Output Current PWs1.0ps |, f£15 kHz 2.0
(Note 2)
“L" Peak PWs2 5ps |, f<15 kHz st +15 A
Output Current PW <1.0ps , 1515 kHz +2.0
14
O (Tas70°C) 35
5 | Output Voltage Vo %
w (Ta=85°C) 24
a (Ta<70°C) 35
Supply Voltage Ve \%
(Ta=85°C) 24
Output Voltage Derating (Taz70°C) AVg /ATa =-0.73 vre
Supply Voltage Derating {Taz70°C) AVec /ATa ~0.73 v /e
Junction Temperature T 125 °C
Operating Frequency {Note 3} f 25 kHz
Operating Temperature Range Tow ~20~85 °C
Storage Temperature Range Totg -55~125 °C
Lead Soldering Temperature(10s} Tsol 260 °C
{solation Voltage (AC,1min,, RH. £60%,Ta=25°C) (Note 4} BvVs 2500 Vs

(Note 1) : Pulse width PWs1us,300pps

(Note 2) : Exporenential Waveform

(Note 3) : Exporenential Waveform  loens—1.0A (£2.5ps) | lops+1.0A (£2.50s)

{Note 4) : Device considerd a two terminal device : pins 1,2,3 and 4 shorted iogether and pins 5,6,7 and 8 shorted together.

(Note 5) : A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high ga‘in linear
amplifier.Failure to provide the bypassing may impair the switching proparty.The total lead length between capacitor and
coupler should not exceed 1cm.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL | MIN | TYP. MAX UNIT
Input Current, ON Ik jomy 7 8 10 mA
input Voltage, OFF VE (0FF) 0 —_ 0.8
Supply Voltage Vec 15 | — | 30 | 20
Peak Output Cumrent lopr 1 lopL — — +0.5
Operating Temperature Tom 20 | 25 7ﬂ 85 | °c

2 2002-06-27



TOSHIBA TLP250(INV)

ELECTRICAL CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)

T
CHARACTERISTIC SYMBOL C;‘I—QECSUIT TEST CONDITION MIN TYP. MAX | UNIT
Input Forward Voltage Ve — le=10mA, Ta=25°C — 1.6 1.8 v
Temperature Coefficient of AVr /ATa —  le=10ma — | 20| = |mvec
Forward Voltage
Input Reverse Current Ir — Va=5V, Ta=25C — — 10 pA
Input Capacitance Cr — V=0 f=1MHz Ta=25C —_ 45 250 pF
wLy" Ir = 10 mA - -
H" Level lopH 2 VCC =30V VB-G =4V 1.0 1.5 -_
Output Current " A
o . le=0
L" Level lost 1 Ves = 2.5V 1.0 2 -—
Veey = +16V
"H” Level Von 3 Veg = -15V 11 128 —_
RL=2000, Ir = 5mA
Output Voltage v
Veer =415V
‘L" Level VoL 4 Vegy=-15V — -142 | -125
RL=20002, Ve = 0.8V
FF =10 mA — 7 _
“H” Level leen — Ta =25°C mA
. Ir = 10 mA — —_ 11
Supply Current Vee =30V
e = 0 mA 151 =
“L” Level lect — Ta=25°C mA
f=0 mA —_ — 11
Veer =415V
g':::(?es:lold Input L—H [k Veg = -15V — 1.2 5 mA
RL = 2000, Vo > OV
Vcc1 =+15V
L';;le:heold input H—-L A Veer ==-15V 08 — —_ A
s Ru = 2000, Vo < OV
Supply Voltage Vee — — 10 —_ 35 \
Capacitance (Input-QOutput) Cs — Vs=0, f=1MHz, Ta=25C — 1.0 2.0 pF
Resistance (input-Output) Rs — (gl o00 V. Ta=25eC =102 10* | — | a

(*) : Alltypicai values are at Ta=25°C
(*1) : Duration of 1O time s 50us
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TOSHIBA

TLP250(INV)

SWITCHING CHARACTERISTICS (Ta =-20~70°C,Unless otherwise specified)

CHARACTERISTIC SYMBOL CIRCUIT TEST CONDITION MIN TYP. MAX UNIT
Propagation L—H Guri 0.05 0.15 0.5
Detay Time H—L tomL 0.05 015 0.5
IF =§ mA,
Switching Time Dispersion
between ON and OFF tpHL-tpLH| Vee =15V — — 0.45 us
etween an
R, =200, C.=10nF
Qutput Rise Time t, — —_
Output Fall Time t - _
Common Mode Transient M Veu = 1000 V. Iy = 8 MA 15000 _ _ Vs
immunity at High Level Output Vec =30V, Ta=25C
Common Mode Transient Veu = 1000 V. I = 0 A
c™ oM~ e 15000 — — | Vis
Immunity at Low Level Output ' Vee =30V, Ta=25°C ¥
Fig.1 lgpe TEST CIRCUIT Fig.2 lopy TEST CIRCUIT
1 8
0 8
LT
C 9 0.1pA F =0.10A
d [ -\ Ves Vee
g T cc
|
¢ oPL
4 lvas a4 0 4 lopu
lud lecd
Fig.3 Vou TEST CIRCUIT Fig.4 VoL TEST CIRCUIT
8
—_ T [____d e T
'] 01lJA VCC1 VF :] 0. 1pA VCC1
R .. Ry
IF FJL "l: T—d :}— o
) 7 VoL
0 g Vou q ;I—J .
4 J 4 ;lv
T Ve
T Vees T
4 2002-06-27
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TOSHIBA TLP250(INV)

Fig.5 totH. toHL. tr. t¢ TEST CIRCUIT

1

+

IF IF
o——{l 0-1F —> trl:— —{if f—
L CL v Vee 90%
) Vo 50%
5 — 10%
tpLH tpHL
Fig.6 CMy, CM_ TEST CIRCUIT
1 8
sw IF, § E’l
T0.1uF + Vee
Al B [H———° v,
T 4 M
4 .
V
A)Yem
— p
Vew v 1000V
00
A= 800(V
SW : A(IF=8mA) CMy  CMu= V)
\ / t{us)
Vo /\-— 3V — 26V
SW: B(IF=0mA) CML CM, = 800(V)

t{ps)

CML(CMH) is the maximum rate of rise(fali) of the common mode voltage that can be
sustained with the output voltage in the low(high)state.
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TOSHIBA TLP250(INV)

RESTRICTIONS ON PRODUCT USE 000707E8C

» 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 physicat
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 te 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..

« 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 quaiity and/or reliability or a malfunction or failure of which may cause loss of human fife or
bedily 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.

« Gallium arsenide (GaAs) is a substance used in the products described in this document, GaAs dust and fumes
are toxic. Do not break, cut or pulverize the product, or use chemicals to dissolve them. When disposing of the
products, follow the appropriate regulations. Do not dispose of the products with other industrial waste or with
domestic garbage.

= The products described in this document are subject to the foreign exchange and foreign trade laws.

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

+ The information contained herein is subject to change without notice.
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2

DIMENSIONS

28KHzx Type (4535D-28HBA)

RESONANCE FREQUENCY Ay 279+ 05
RESONANCE IMPEDANCE {Q) BELOW 30
CAPACTTANCE (i) 3800 + 300 (at ' KHz)
MAX. OPERATING POWER ) 70 (Using Y Tranaducer)

50 (Using more than 2 Transducers)
INSOLATION RESISTANCE IR (M0) More than 10.000 (DC 1000V)
MAX. OPERATING TEMPERATURE <) BELOW 120

40KHZ Type (4535D-40HBA)

RESONANCE FREQUENCY {XHD) 39.0 + 05

RESONANCE IMPEDANCE Q) BELOW 40

CAPALTTANCE toF) 3800 +- 300 (at t KHD)

MAX. OPERATING POWER W) 70 ( Using 1 Transducen) i
£0 (Using more then 2 Transducers & laas))

INSOULATION RESISTANCE R MQ) More Shan 10,000 (DC 1000V)

MAX. OPERATING TEMPERATURE

)

BELOW 120
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