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4 NI (Amps)
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MEDIUM POWER SWITCHING USE

MITSUBISHI IGBT MODULES

CM50DY-12H

INSULATED TYPE

A
B
c
e F K= Q-DIA.
= / 2TYP.)
Vo R AN Il ] b
I TSI TR IS
l C2E1 ﬂ c1 & _-_T
‘l N \—s M5 THD i
(3TYP.) (3TYP)
:l I:tl l: /—JAB#HOt:O.S
) A
I
—0 G2
C2E1 O— ; ‘ OE2 \ / Oct
_—_K-_

Outline Drawing and Circuit Diagram

Description:

Mitsubishi IGBT Modules
are.designed for use in switching
applications. Each module consists
of two IGBTs in a half-bridge con-
figuration with each transistor hav-
ing-a.reverse-connected super-fast
recovery free-wheel diode. All
components and interconnects are
isolated. from'the heat sinking
baseplate, offering simplified sys-
tem assembly-and thermal man-
agement.

Features:
Low. Drive Power

Low VCE(sat)
Discrete Super-Fast Recovery
Free-Wheel Diode

High Frequency Operation
Isolated. Baseplate for Easy
Heat Sinking

Applications:

[1..,AC Motor Control

[ Motion/Servo Control
B_UPS

0 B-g-Hg

Dimensions  Inches Millimeters Dimensions_ “=inches Millimeters 0 Welding Power Supplies
A 3.70 94.0 K 067 17:0 Ordering Information:
B 3.150:0.01  80.040.25 L 0.63 16.0 Example: Select the complete part
module number you desire from
© 157 40.0 M 0.51 13.0 :
the table below -i.e. CM50DY-12H
2 L 240 D 947 29 is a 600V (Vces), 50 Ampere Dual
E 1.22 Max.  31.0 Max. P 0.28 7.0 IGBT Module.
F 0.90 230 Q 0.256 Dia. Dia. 6.5 Type Current Rating VCES
G 0.85 215 R 0.16 4.0 Amperes Volts (x 50)
H 0.79 20.0 s M5 Metric M5 cM 50 12
J 0.71 18.0
Sep.1998
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MITSUBISHI IGBT MODULES

CM50DY-12H

MEDIUM POWER SWITCHING USE

INSULATED TYPE

Absolute Maximum Ratings, Tj =25 °C unless otherwise specified
Ratings Symbol CM600HU-12H Units
Junction Temperature Tj -40 to 150 °C
Storage Temperature Tstg -40 to 125 °C
Collector-Emitter Voltage (G-E SHORT) VcEs 600 Volis
Gate-Emitter Voltage (C-E SHORT) VGES +20 Volts
Collector Current (T = 25°C) - R Ic 50 .. Amperes
Peak Collector Current (Tj < 150°C) lom 100* Amperes
Emitter Current** (T = 25°C) I 50 Amperes
Peak Emitter Current™ lem 100* Amperes
Maximum Collector Dissipation (T = 25°C) Pe 250 Watts
Mounting Torque, M5 Main Terminal - 1.47~1.96 N-m
Mounting Torque, M6 Mounting - 1.96~2.94 N-m
Weight - 190 Grams
Isolation Voltage (Main Terminal to Baseplate, AC 1 min.) Viso 2500 Vrms
* Pulse width and repetition rate should be such that the device junction temperature (T; ;) does not exceed Tj(max) rating.
**Represents characteristics of the anti-parallel, emitter-to-collector free-wheel diode (FWDI).
Static Electrical Characteristics, Tj7 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Collector-Cutoff Current lces Vce<= VeEs: VGE = 0V - - 1.0 mA
Gate Leakage Current IcES VGE = VGES, VeE =0V - -, 0.5 pA
Gate-Emiitter Threshold Voltage VGE(th) Ic'=85mA, Vg = 10V 4.5 6:0 75 Volts
Collector-Emitter Saturation Voltage VCE(sat) Ic = 50A, VGE = 15V - 21 2.8%* Volts

Ic= 50A, Vigg = 15V, Tj = 150°C - 245 - Volts
Total Gate Charge Qg Vge =300V, Ic =50A, Ve = 15V. - 150 - nC
Emitter-Collector Voltage Vee Ig = 50A, Vae'= 0V - - 2.8 Volts
** Pulse width and repetition rate should be such that device junction temperature rise is negligibles
Dynamic Electrical Characteristics, Tj=25 °C unless otherwise specified
Characteristics Symbol Test:.Conditions Min. Typ. Max. Units
Input Capacitance Cies - - 5.0 nF
Output Capacitance Coes Ve =0V, Vgg = 10V. - - 1.8 nF
Reverse Transfer Capacitance Cres - - 1.0 nF
Resistive Tum-on Delay Time td(on) - - 200 ns
Load Rise Time ta Ve = 300V, I = 50A, = = 300 ns
Switching Tum-off Delay Time td(off) VGE1 =VeE2 = 15V, Rg = 13Q - - 200 ns
Times Fall Time t - - 300 ns
Diode Reverse Recovery Time tr I = 50A, dig/dt = —100A/us - - 110 ns
Diode Reverse Recovery Charge Qr Ig = 50A, dig/dt = —100A/us - 0.14 - Jiles
Thermal and Mechanical Characteristics, Tj= 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Thermal Resistance, Junction to Case Rih(j-c) Per IGBT - - 0.50 °CW
Thermal Resistance, Junction to Case Rth(j-c) Per FWDi - - 1.00 °CwW
Contact Thermal Resistance Rih(cf) Per Module, Thermal Grease Applied - - 0.0756 °CW

Sep.1998
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MITSUBISHI IGBT MODULES

CM50DY-12H

MEDIUM POWER SWITCHING USE
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ELECTRIC

INSULATED TYPE
COLLECTOR-EMITTER
OUTPUT CHARACTERISTICS TRANSFER CHARACTERISTICS SATURATION VOLTAGE CHARACTERISTICS
(TYPICAL) (TYPICAL) (TYPICAL)
100 T 100 5
T —thlz R o i B —[wv[ : ] v 115\1 :
= by = CE™ @ [ lcE e
m i 1. 3 m P Tj =25°C .__l e T] =250~
ﬁ 80 § 80 [ ===T;=125°C I g 4 —===Tj=125C
. 11 - -
’_:'J 60 .‘? 60 s¥ 3 ’__’
g [ 8 ) 42
: $: =
3 40 10 40 4 2
g 3 g 32 Pread
=4 =4 oQ 22
o 51 = e
3 2 J 2 J R i
8 " i 7 P
7 ]
| 7 L 4
0 L 0 = 0
0 2 4 6 8 10 0. 2¢(4 6(8°10 12 1416 18.20 0 20 40 60 80 100
COLLECTOR-EMITTER VOLTAGE, Ve, (VOLTS) GATE-EMITTER VOLTAGE, Vi, (VOLTS) COLLECTOR-CURRENT, I, (AMPERES)
COLLECTOR-EMITTER #
SATURATION VOLTAGE CHARACTERISTICS Fmﬁ% ?H”&Ek&'é’,’{.% CAPAGITANCE VS. Vg
(TYPICAL) CAL) (TYPICAL)
Lol pem o NP = 101 7 =
& T525.C 1= 25°C v
3
g 8 I = 100 i £ “ s N ] Cies 7]
. o= A 4 3 ot 3
x = PR Bt 5 \
w s l 1 S h
£ =T § b |
&2 | R ) 9 ™
2y I - 50X : / : NN
£ : 1o y & 100 !
59 4 : £ / 5 N Cors 11
4> S y 4 Z
3z \ ‘ o V£ <
sl o« J = N
: N : : 5
22 H | MG \
i Ic 220A=t | VGe = 0V, c
0 I 100 10-1 t | ' H l I
0 4 8 12 16 20 o 0.8 ol @a I Mo 10-1 100 101 102
GATE-EMITTER VOLTAGE, Vg, (VOLTS) EMITTER-COLLECTOR VOLTAGE, Vi, (VOLTS) COLLECTOR-EMITTER VOLTAGE, Vg, (VOLTS)
HALF-BRIDGE
SWITCHING CHARACTERISTICS REVERSE RECOVERY CHARACTERISTICS
(TYPICAL) (TYPICAL) GATE CHARGE, Vgg
103 108 101 @\ 20
‘E Sz Ic = S0A
\ £.2
£ ) 4 g 16
= i T < Ve = 200V
= g 5 >3 Veg = 300V
£ S & 612
I~ o
o 102 g oq02 | | i Ll 00 3 5
(EJ § —— ' Tt f T & S
= « EmRRal T ¢E8
H @ 0 | 8 E
2 1 4 8 s
L w | | @ o I
| @ [ | 8 E 4
L ] e — didt = -100A/usec £s |
il = Ti= 25°c ‘ ’ ( i ‘ I
o1 w L1 1 Lo &
100 101 102 100 101 102 0 50 100 150 200 250
COLLECTOR CURRENT, I, (AMPERES) EMITTER CURRENT, Ie. (AMPERES) GATE CHARGE, Qg, (nC)
Sep.1998

Lmﬁgggwwmmu Lloygelvhlulduselesimunise

(%
(9

lyidnsdllas visdu Bnnvudlidauadilen wagsesdedisdivaaenaisynasandnisiluld



MITSUBISHI IGBT MODULES

CMS50DY-12H

MEDIUM POWER SWITCHING USE

INSULATED TYPE
TRANSIENT THERMAL TRANSIENT THERMAL
IMPEDANCE C'EG%ACTERISHCS IMPEDANCE CHARI)ACTERISTICS
0,00 02 A AT 00 g il a2iimiet o q00 %}1
k- . Eenne e e
R = S B SC s =i
= [2Ele = L 11 C= i
I Per Unit Base = R =0.5°CW] [] § Per Unit Base = Ry = 1.0°CW []]
I thii-c) 8 100 th(-<)
g3 1 S §3 1 =5 =
§§ i il ii‘:{g‘@ i %E’ i i
EN mw- 11| B ] IEE g
£ bl ! 101 £3 101 L1 ==t 101
2 i g2 i
2 l;s ] 2 ';s #1,
E :‘510'2 ===z ===l =—==c= 10-2 E :‘510'2 —_— :;,f 102
5 : é’ St
4 T PO
% 3 I 1 l % 3 m l 3
g 10 103 2 10 ’ 10-
105 104 103 10-5 104 103
TINE, (s) TIME, (s)
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SIEMENS

Phase Control IC TCA 785
Bipolar IC

Features

@ Reliable recognition of zero passage

® Large application scope

@ May be used as zero point switch

® LSL compatible

@ Three-phase operation possible (3 ICs)
©® Output current 250 mA

@ Large ramp current range

® Wide temperature range

P-DIR-16-1

Type Ordering Code Package
TCA 785 Q67000-A2321 P<DIP-16-1

This phase control IC is-intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within-a phase-angle ‘between: 0. and-180-"."Typical applications include
converter circuits, AC controllers and three-phase current-controllers.

This IC replaces the previoustypes TCA 780-and TCA780 D:

PinDefinitions and Functions

- [ Sl ] " l:in Z)r(lrgbol gunction
round
02[]2 15[ ]02 2 Q2 Qutput 2 inverted
3 QU Output U
w3 [ ]o1 4 Q2 Output 1 inverted
01 [] 4 3 :| L = Vsyne Synchronous voltage
Vene [[5 12{] ¢, S lQ Z l(r)]mzﬁt 7
i{{s 1{ ] v 8 V Rer Stabilized voltage
e s 10 i e
Veer {8 91| Ry 11 Vi1 Control voltage
1EP00356 12 Ci2 Pulse extension
13 L Long pulse
14 Q1 Output 1
Pin Configuration 15 Q2 Output 2
(toRiEMd:] Huenansitaralidmsumslinuitatfisdnwuitfs laiayanel FHRRIEYRERIRTK 1N 136
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SIEMENS TCATES

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage ¥s). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor C1o of which is charged
by a constant current (determined by Rs). If the ramp voltage 710 exceeds the control voltage

.. V11 (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the

control voltage V11, the triggering angle ¢ can be shifted within a phase angle of 0° to 180°.

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180° via a capacitor C.. If pin 12 is connected
to ground, pulses with a duration between¢ and-180" Willresult.

Outputs WT and @2 supply thesinverse signals of Q 1 and Q2.

A signal of ¢ +180° which can be used-for controlling an.external logiciis available at pin 3.
A signal which correspondsto theNOR link of Q 1 and Q2 is-available ‘at'output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1,- Q2-and-Q1 , T2 |

Pin 13 can be used o extend the outputs @T.and: @ 27tg full pulse.length (180° — ¢).

o J;Pulse
25T Extension
L 12
5
Vsyne [> 1o Synchrof, NI Y
Defecior s U I
18 \ 7\ Y ‘ 15 Q2
Vs 1 P Discharge Logic 42 T3
= iy | Monifor 3
o o 0z
= N
PO
Controtl
i 1 Comparator
il T68
Discharge
9 |8 10 11 Transistor (g3
Vi
R ool e Control Inhibit Long-Pulse
9 stab 07T \T"/Voltage Commutation
ik IEB00358

Block Diagram < ve w y o - et you o < Y
Bnas i nenansnanulidmiunsinuiensinuwidu liewgelmiluusylendiunsén
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SIEMENS TCA 785

:

Synchronization voltage

(

V1o Ramp peak voltage
/‘ Vio Ramp voltage
¥39==.Lontrol voltage

Vig==Min-seamp voltage = V¢

[ Rl e BN

! |
i R
| l
Y I
| TG
T 2 Vigs-Qd
l ' | I ¥{5* Q 2, Pin#2to GND
1 I
| | | L
| | - Vqq- @), Pin12/ta GND

i | ] /i
_LI_ e l _I_ _; Vs @3, Pind3%0 GND
' "— Rl -
| "It _’ | Vi1, Pind 310 GND
I oy w—

IED00359

Pulse Diagram

dgj [ d‘ Y o U 14 dl = 1 3 1 Y o ¥ & v ¥
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SIEMENS TCA 785

Absolute Maximum Ratings :

Parameter Symbol Limit Values Unit

min. max.

Supply voltage Vs -0.5 18 \"

Output current at pin 14, 15 Ia -10 400 mA

Inhibit voltage Ve -0.5 Vs e

Control voltage V11 -0.5 Vs \Y

Voltage short-pulse circuit Vi3 -0.5 Vs \"

Synchronization input current Vs - 200 + 200 pA

Output voltage at pin 14, 15 Va Vs \Y

Output current at pin 2, 3, 4,7 1o 10 mA

Output voltage at pin 2,8/4, 7 Va Vs \Y,

Junction temperature T 150 i 5

Storage temperature Tsig =55 125

Thermal resistance

system - air Rinsa 80 KW

Operating Range |

Supply voltage Vs 8 18 Vv

Operating frequency Vé 10 500 Hz

Ambient temperature Ta - 25 85 c

Characteristics

8<Vs<18V;—25°C < Ta < 85%Cy.=50"Hz

Parameter Symboi Limit Values Unit| Test
min. typ. max. Circuit

Supply current consumption Is 4.5 6.5 10 mA |1

S1 ... S6 open

V=0V

C1w=47 nF; R9= 100 kQ

Synchronization pin 5

Input current I5rms 30 200 pA |1

R 2 varied

Offset voltage AVs 30 75 mV |4

Control input pin 11

Control voltage range V11 0.2 V10 peak Voo 1i]

Input resistance o v b Rae ce e B Lo kq 2. g

langnsuliilenagnsianulidiuaislyntuiensdawdingy lsygaeliil lsdselydisauasi

(B al gj AQy a :‘J’ % at Y L&J L4 1% a = ¥
Sertidaneuter GwpnivuiilidauUasilevyuazdosssdefiadivaaenansyne

W T
v aa

SenfinisilUly



SIEMENS TCATSY

Characteristics (cont'd)
8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Ramp generator

Charge current Io 10 : 1000 . |pA

Max. ramp voltage Vio Va—2 Ve

Saturation voltage at capacitor | V1o 100 225 350 mV (1.6

Ramp resistance Ro 3 300 ko i1

Sawtooth return time i 80 s |1

Inhibit pin 6

switch-over of pin 7

Outputs disabled Ve 3.3 2.8 Vv 1

Outputs enabled Ve 4 < R \Y 1

Signal transition time fi 1 5 ps 11

Input current Ien 500 800 pA {1

Ve=8V

Input current —lsL 80 150 200 pA (1

Ve=17V

Deviation of /1o 1o +5 5 L S

R 9= const. .

Vs=12V; Cio =47 nF

Deviation of 7o Lo —20 20 Vo |1

R 9 = const.

Vs=8Vto18V

Deviation of the ramp veltage

between 2 following

half-waves, Vs = const. AV10max ] %

Long pulse switch-over

pin 13

switch-over of S8

Short pulse at output Vi 3. 29 Vol

Long pulse at output ViaL 2.5 2 Vv

Input current [13H 10 pA (1

Viz=8V

Input current -l 45 65 100 pA |1

Vis=1.7V

Outputs pin 2, 3,4, 7

Reverse current Iceo 10 pA | 2.6

Va= Vs

Saturation voltage Vsat 0.1 0.4 2 Vi 2.8

la=2mA

Xz A ¥ o o 124 = =2 i 1 ¥ o v 8% ¥
nansiiluenansianulidmiunisldnunenisfinyivintu leygelvihlvlduselesimunism
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SIEMENS TCA 785

Characteristics (cont'd)
8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Outputs pin 14, 15

H-output voltage i Viansus | Vs —3 Vs—2.5 Vs—1.0 vV 136

—7Ia=250 mA

L-output voltage Vianse | 0.3 0.8 2 Ve 25

la=2mA

Pulse width (short pulse) to 20 30 40 ps |1

S9 open

Pulse width (short pulse) to 530 620 {60 us/ |1

with Ci12 nF

Internal voltage control

Reference voltage Vrer 28 o1 3.4 Vv 1

Parallel connection of

10 ICs possible

TC of reference voltage OREF W B A10_4 W N\ 1/K {1

dgj [ d‘ Y o U 14 dl = 1 5 1 Y o ¥ & v ¥
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SIEMENS TCA 785

Application Hints for External Components

min max

Ramp capacitance Cio 500 pF 1uF"Y  The minimum and maximum values of 1o
are to be observed

: : ; Vi1xRax Co 2
Triggering point m= —

VRer x K
Vrer x K 2) Ramp voltage VrReex K xt 2
Charge current fos —m8 —— Viomax = Vs—2V Vo=
Ro Rax C1o

Pulse Extension versus Temperature

780 1ED00360

us/nF e=A5V
660 Cp=AnF
600 &
540
5 480
(2]
5420
5 360
£ 300
240
180

-40 -20 0 20 40 60 80 °C 100

— T

1) Attention to flyback times
AK=110+20%

dgj [ d‘ Y o U 14 dl = 1 5 1 Y o ¥ € v ¥
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SIEMENS -TCA 785

Output Voltage measured to + Vs

IED00361
3.7
35
33 V=15V /
./ +25°C

y B

2.9 . B

Vo= Vausss o : ;25 _C_: - L=

25f -~ -~ - b g

23—
242 —= :
19 ," 1
17l 4
|
|
{
|
¥
I

15
13
11

0.2

0

1S

0 100 200 300 LOO-mA~ " 500

Supply Current versus Supply Voltage

IED0Q362

8.5
mA =
1.9 -
[S /"25 .[
7
73 —
skl o
7 P B [ e %
| L oc -
6.1 i 85 °C
o
// |
55 - ,
z '
!/ :
4.9 :
I
43 :

8 2 4012 e b6 98eVI20

—_— VS

dgj [ d‘ Y o o 14 dl = 1 gj 1 Y o 14 6 v ¥
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SIEMENS TCA 785
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It is necessary for all measurements to adjust the ramp with
the aid of C1o and R inthe way that 3V< Viampmax< Vs —2 V
e.g. Co=47nF;18V:R9=47kQ; 8 V: Re =120 kQ
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SIEMENS TCA 785

Vs

Re Iy
(Jceo)
© MCé

14, 15
%
l(vsut)

)

1ESQ0364

Pin2,3, 417

Theremaining pins'dre connected as.in test ‘circuit 1

Test Circuit 2

Pin4, 15
MC6

=
I

IES00365

The remaining pins are connected as in test circuit 1

Test Circuit 3
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SIEMENS TCA 785
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1ES00366

Remaining pins are connected as in/test Circuit 1
The\10 pE-capacitar at pinzh serves only fortest purposes

Test Circuit 4

+
Bing Oscillator
)
Pin 11 DVM
————— o 0S5V
" i
Pin 1 1ES00368
IES00367
Test Circuit. rcuit 6
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SlEMENS TCA 785
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Application Examples
Triac Control for up to 50 mA Gate Trigger Current

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the triac can be adjusted continuously between 0° and 180° with the aid of an external
potentiometer. During the positive half-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive
trigger pulse from pin 14. The trigger pulse width is approx. 100 ps.
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Fully Controlled AC Power Controller
Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0° and 180" by means of a
potentiometer. During the negative line half-wave the trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive lin¢ half-wave, the gate of
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Half-Controlled Single-Phase Bridge Circuit with Trigger Pulse Transformer and Direct

Control for Low-Power Thyristors
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SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TLA94 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.

® Complete Pulse Width Modulation Control Circuitry ON Semiconductor

® On—Chip Oscillator with Master or Slave Operation
® On~Chip Error Amplifiers fittp:/jonesmi.com
@ On—Chip 5.0 V Reference MARKING
® Adjustable Deadtime Control DIAGRAMS
® Uncommitted Output Transistors Rated to 500 mA Sourceor Sink 16
@ QOutput Control for Push—Pull or Single-Ended Operation SO-16 »
® Undervoltage Lockout 16\@ P SUFFIX s
CASE751B (o AWLYWW
MAXIMUM RATINGS (Full operating ambient temperature range applies, 1 1
unless otherwise noted.)
Rating Symbol | TL494C || -TL494I -| Unit .
Power Supply Voltage Vce 42 V . PDIP-16
Collector Output Voltage Ved 42 v N SUFFIX ATL[:194xN
We £ASmG4s) Yo AWLYYWW
Collector Output Current Iewica 500 mA pe 1
(Each transistor) (Note 1.) 1
Amplifier Input Voltage Range VIR —03 to+42 V X =Corl
S = A = Assembly Location
Power Dissipation @ Ta < 45°C Po 1000 mwW L g ot L ol
Thermal Resistance, Reua 80 °C/IW YY, Y= Year
Junction—to—Ambient WW,. W = Work Week
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tsig —651t0 +125 °C N, B~ | - i | OIS Y e
Operating Ambient Temperature Ta 26 ORDERING INFORMATION
Range
TL494C 0to+70 Device Package Shipping
1o i (s TL494CD so-16 48 Units/Rail
Derating Ambient Temperature Ta 45 °C

TL494CDR2 S0-16 2500 Tape & Reel

1. Maximum thermal limits must be observed.

PIN CONNECTIONS TL494CN PDIP-16 500 Units/Rail
TIE494IN PDIP-16 500 Units/Rail
gl 0}
|n:>nu‘{ E 15 mut
itln v
Destie ) Qe
Cr E— E chc
Ay [6] 1] c2
Ground | 7 E E2
ct1[8] (9] Ef
(Top View)
©Sem|cond‘uctor'Components lr;;L;sl‘ﬁes,.LLC, 2560 : : 1 e : Publi;:ation Order Number:

July, 2000 — Rey. 2 i L494/D

Y ] 1:’ Y 1Y
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TL494

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vece 7.0 15 40 \")
Collector Output Voltage Vei, Ve2 - 30 40 \"
Collector Output Current (Each transistor) o1, Ic2 - - 200 mA
Amplified Input Voltage Vin 03 - Vec-20 v
Current Into Feedback Terminal I - - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capachtor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Cr = 0.01 uF, Rr=-12.kQ, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ta is the operating-ambienttemperature range that applies, unless otherwise noted.

r Characteristics Symbol I Min l Typ , Max l Unit ,
REFERENCE SECTION

Reference Voltage (Ip = 1.0 mA) Viet 4.75 5.0 5.25 v

Line Regulation (Ve = 7.0 Vio 40 V) Regjine - 20 25 mV

Load Regulation (Io = 1.0 mA to 10 mA) Regioad = 3.0 15 mV

Short Circuit Output Current (Vies = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(om - 2.0 100 pA
(Vec =40V, Vce =40V)

Emitter Off-State Current IE(om - - +100 A
Vec=40V,Vc =40V, Ve =0V)

Collector-Emitter Saturation Voltage (Note 2.) \)
Common-Emitter (Vg = 0V, lg= 200 mA) Vsat(c) - 1.1 ns
Emitter—Follower (Ve = 15 V, Ig = <200 mA) VdaiE) - 15 285

Output Control Pin Current
Low State (Voc 0.4 V) loct 5 10 - pA
High State (Voc = Vrer) locH - 0.2 35 mA

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

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

2. Low duty cycle pulse techniques are used during testto.maintain-junction-temperature-as close to ambient temperature as possible.
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TL494

ELECTRICAL CHARACTERISTICS (V¢c = 15V, Cr = 0.01 pF, Ry = 12 kQ, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol ] Min Typ Max l Unit l
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vg (Pin3)=25V) Vio - 2.0 10 mV
Input Offset Current (Vo (pin 3y = 2.5 V) lio - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) Iig - -0.1 -1.0 HA
Input Common Mode Voltage Range (Vo =40V, Ty = 25°C) Vicr -0.3to Vgc-2.0 \"
Open Loop Voltage Gain (AVo=3.0V,Vg=0.5V 1035V, R =2.0 kQ) AyoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo =0.5V t0 3.5 V,R_ = 2.0 kQ) fc- - 350 - kHz
Phase Margin at Unity—-Gain (Vo =0.5V t0 3.5 V, R; = 2.0 kQ) Om - 65 - deg.
Common Mode Rejection Ratio (Vo =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVeg =33V, Vo =25V, R = 2.0 kQ) PSRR - 100 = dB
Output Sink Current (Vo (pin 3)=0.7V) lo- 0.3 0.7 - mA
Output Source Current (Vo (pin 3) = 3.5 V) lot 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) Vik - Vi 4.5 \Y
Input Sink Current (V(piq 3) = 0.7V) I 03 0.7 - mA
DEADTIME CONTROL SECTION (Test.Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjg4 =0 V10 5.25 V) I8 (o7 - 2.0 -10 HA
Maximum Duty Cycle, Each Qutput, Push—Pull Mode DCrax %
(VPina =0V, Cy=0.01pF, Ry = 12 kQ) 45 48 50
(VPin4 =0V, C1=0.001 pF, Ry = 30k) L 45 50
Input Threshold Voltage (Pin 4) Vin \%
(Zero Duty Cycle) - 2.8 3.3
(Maximum Duty Cycle) | 0 S | 3
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, Ry =30 kQ) SN - 40 - kHz
Standard Deviation of Frequency*(Ct = 0.001 {1F, Ry = 30 kQ) Sfosce T 3.0 = %
Frequency Change with Voltage (Ve =17.0 V to 40V, Ty = 25°C) Afpse (AV) - 01 - %
Frequency Change with Temperature (ATa= Tioy to Thigh) . Afose (AT) - - 12 %
(Ct=0.01pF, Rr=12kQ)

UNDERVOLTAGE LOCKOUT SECTION

Tum-On Threshold (V¢ increasing, Irsp= 1.0 mA) Vi 55 6.43 7.0 l \" l
TOTAL DEVICE

Standby Supply Current (Pin 6 at Vg, All other inputs andoutputs open) lec mA
(Vec=15V) - 55 10
(Vcc=40V) - 7.0 15

Average Supply Current mA
(CT =0.01 pF, Ry=12kQ, V(Pin 4= 20V) = 7.0 =
(Vee = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, 6
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TL494
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This device contains 46 active transistors.

Figure 1. Representative Block Diagram
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Figure 2. Timing Diagram
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TL494

APPLICATIONS INFORMATION

Description

The TLA494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is
frequency- programmable by two external components, Rt
and Ct. The approximate oscillator frequency is determined
by:

1.1

f LT | s
osc REs

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr 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 lineisn its low-state.“This
happens only during that portionof time when the-sawtooth
voltage is greater than the control signals: Therefore, ‘an
increase in control-signal amplitude causes-a corresponding
linear decrease of output pulse width. (Referto the Timing
Diagram shown in Figure 2.)

The control signals are external inputsthat can‘be fed into
the deadtime control, the error amplifier; inputs,. or the
feedback input. The deadtime controlscomparator 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 qutput by
setting the deadtime—control “input to a fixed voltage]
ranging between 0 V to 3.3V,

Functional Table

Input/Output : fout
Output Function —_—=
Controls fosn,
Grounded Single-ended PWM @ Q1 and. Q2 1.0
@ Vref Push—pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplifiers have a

common mode input range from —0.3 V to (Vcc —2V), and
may be used to sense power—supply output voltage 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
equaltorhalf that of the oscillator. Output drive can also be
taken from"Q1, 0r'Q2, when single—ended operation with a
maximum on-time«of less than 50% is required. This is
desitable -when the output, transformer has a ringback
winding with-a catch diode used for snubbing. When higher
output+drivé, currents are Ttequired for single—ended
operation; Q1 and Q2 may be connected in parallel, and the
output—meode 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 5.0V reference capable of
sourcing up'to 10-mA of load current for external bias
circuits. The reference has ansinternal accuracy of +5.0%
with,a typical themmal drift_of less than 50 mV over an
operating temperature range of 0° to 70°C.
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Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 16. Soft—Start Circuit

Figure 15. Deadtime Control Circuit
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Figure 17. Output Connections for Single—Ended and Push—Pull Configurations
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Figure 20. Pulse'Width"Modulated Push=Pull Converter
Test Conditions Results
Line Regulation Vin=10 Vo 40V 14 mV 0.28% L1-35mH@03A
3 T1 - Primary: 20T C.T. #28 AWG
Load Regulation Vin=28V,lo=1.0mAto1.0A | 3.0 mV 0.06% Secondary: 120T C.T. #36 AWG
Output Ripple Vin=28V,Io=10A 65mV pp PARD. Core: Fermoxcube 1408P-L00-3CB
Short Circuit Current Vin=28 V,R_ =0.1Q 16A
Efficiency Vin=28V,Ig=10A 71%
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Figure 21, Pulse Width Modulated Step—Down Converter
Test Conditions Results
Line Regulation Vin =80 Vio 40V 3.0mV .0.01%
Load Regulation Vin=12.6 V.1p.=.0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin.= 12.6V, To'= 200mA 40mVpp PARD.
Short Circuit Current Vin $12:6 V, Rp.5 0.1:Q 250-mA v
Efficiency Vin = 1216V, 1/="200' mA 72%
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PACKAGE DIMENSIONS
PDIP-16
N SUFFIX
NOTES
; (A} 2 C/’;gléSESF—{OB 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1882
hoaaaadtd 2. CONTROLLING DIMENSION: INCH.
B 9 f 3. DIMENSION L TO CENTER OF LEADS WHEN
D B FORMED PARALLEL.
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 AR 5. ROUNDED CORNERS OPTIONAL.
PR RTEY R TR RS INCHES nmumns
_,] L_ | o[ WIN | MAX MAX
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16 9 —T ‘

Y14.5M, 1982.
2.'CONTROLLING DIMENSION: MILUMETER.
3. DIMENSIONS AAND B DO NOT INCLUDE

- P spl MOLD PROTRUSION.
4. MAXIMUM MOLD.PROTRUSION 0.15 (0.006)

$I i ®LB ©J 5. EE»:R&%N D DOES NOT INCLUDE DAMBAR
j tH _H H H_H PROTRUSION. ALLOWABLE DAMBAR
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ON Semiconductor and u are trademarks of Semicanductor Components Industries, LLC (SCILLC). "SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC miakes no warranty; representation or guaraniee regarding the suitability of its products for any particular
purpose, nor does SCILLC assume anyliability arising out of the application or use.of any product or circuit, and specifically disclaims any and ail liability,
including without limitation special, consequential or-incidental damages, ““Typical” parameters which may be. provided in'SCILLC data sheets and/or
specifications can and 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 eustomer’s technical experts, SCILLC does not convey any licanse under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or-authorized foruse as components in systems intended for surgical implanitinto the body, or othar applications
intended to support or sustain life, or for:any other applicationin which the failure of the SCILLC product.could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless-against all'claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.
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