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Abstract

This project presents the method +o invent the standhby power
supply. It consists™ of _the ™ two imﬁortant parts which are sine wave
inverter and transfer swiﬂch. The inverter is using transistors as
switching elements by applying +the technique of modulation between
sine wave and triangular wave of 2 KHz frequency in order to eliminate
low order harmonics and be can use compact filter circuit to obtain
good output waveform of sine wave. As for the transfer switch is used
thyristors as the switching elements be transfered energy between line
and inverter in case of mal function of line or inverter.

Furthermore, we mention the chopper type of dc link circuit which
acts as adaptor of dq voltage from retifiation po be 100 volt dc in
order to feed the inverter circuit, so that the inverter can maintain
the voltage at 220 volt 50 Hz for varisble load from 0 - 500 VA.

This standby power supply can be used in uninterruptable
equipments such as computer, automatic control system and

telecommunication equipments, which can be developed to be UPS in the

future.
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The|demand for large capacity high
voltage power transistors with a greater
number of functions is expanding rapidly,
due|no doubt to the advantages of power
modules over discrete devices. FUJI
modules feature their degree of electrical
isolation. Modules are already electrically-
iselated between the package and the
lead|terminals and so isolaticii of eacl,
individual component is not required.

Use of these power modules will lead

to tl're simpiification of circuits, permit
more compact layouts and reduce manu-
factjring time and costs — all important
ntem]; in this energy conservation age.

O IIN ST AT e v e e oy

Features

8 The electrically-isolated packaue

. FUJI modules are electrically-isolated.
In ordinary discrete transistors the
collector carries base plate potential.’
" This is not so with FUJI power mod-
ules , so that several FUJI power mod-
uleg can be mounted on the same

“cooling fin without interfering with
their individual functions. This permit

bet_ﬁw’er u'tilization o'f heat sink.s and Specif;caﬁons.
savings in syster.n size and weight. - Ve oL VetSTIVEES Ic PE hee 5 Switching time|udu'2
mSimple connections Device {sus) b 1o lc Ve |ton ts- tf |packege
The|screw-type collector, emitter and Fypee volts volts volts amps. watts| amps.volts | us _ ps”_ ps
base terminals are all on the same plane. ~ ETFB81-050 | 600 600 450 15 120 [100 £agait ]
Gropps of modules can be bus bar con- ETG81-050 | 600 600 500 30 200|100 3P 5 g 3
- E7K51.050 | 500600 500 5000|100 505 | 3
IFre; wheel diodes ETKB5:050 [ 600 600 450 75 350| 70 _ 75 5 | 2
FUJI power modules incorporate built- -~ ETL81-050 | 600 600 500 100 600 [100 100 5 | 3
in fr}ee wheel diodes for higher efficien- ETNB1-055_ 690___(_300 550 3@9__‘_999 gt | 2000 5 2203
cy. Circuit designs can be simplified ET1273_ |1000 1000 - ]ggg:__gg__ggg 1005 50 5 =3 w2
with reductions in both size 'and weight. ~ ET1255 {1000 1000 1000° 100 1000 {100 100 5 | 3 .2
= Planbr reliability . ETT205, ~1000ml000ms700 o1 120| 20 12 5 | 3 2
FLJ| modules employ highly reliable EVG31-050 [ 600 600 5030 200 100 50»__‘._3___ 3 4
tnplla diffusion planar transistors. Their -—-—E}/__C_;?;QSQ»—E(}_C_)—E()O (450 ’—3'@ 200 100/ 30 5 3= 4
dependable uniform characteristics set EVK31-050 | 600 600 - 450 50 300 [100 50 5 | 3 K
new standards in operational efficiency.  EVK33. 050 {600 600 450 50 300 100 50 5 | 2 12 4 |2-pxk
1FUJIleower modules are available in ~ EVK71-050 [ 600 600 450 75  350| 70 75 5. | 2 0 25| 2-pack
1-pack, 2-pack and 6-pack types. EVLIION [ 600 gun  ED_ ‘AT oA ien  aea & | 37 12 4 {2pack
Va0 : 1000Volts, VcexiSUSI: 1000 EVM31-050| 600 600 500 150  6ou| 70 150 5 | 2 10 25|Z-pack
Volt-s For direct connection to 460Volt ~ EV1234 __ [1000 1000 __1000° 50 1000|100  _ 50 5 | '3 i5 "2 [Zpack _
line dircuits., EV1255_ |1000 1000 1000 100 800 [200 100 5 [ 3 15 2 |Z-pack _
#1C"s dvailable from 15A to 200A. EV1274  [1000 1000 "1900°” 20 200 [1e0 20 5 173 iz T2 Zemerk
IC*- :an handle up to 1200A when : EV1277 1000 1000 1000° 30 300 (ivo 30 § | 3 12 -2
rted in parallel. EV1298__ (1000 1000 _1000° 150 1000 | o 150 5 | 3 _15 2. :
EVF317-050| 600600 450 _ 15 _igg'liey |15 ‘5 [ 15 12 25
EVG37ZT-050| 6U0 6L0 450 25 100 {109 ZhE 16124925

*Veex (sus)
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TLA94

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 is 2 fixed frequency, pulse width modulation control
circuit designed primarily for Switchmode povser supply control.

This device features:
e Complete Pulse Width Modulation Control Circuitry

@ On-Chip Oscillator With Master Or Slave Operation

® On-Chip Error Applifiers

e On-Chip 5 Vol!t Reference

e Adjustable Dead-Time Control

® Uncommitted Output Transistors Rated to 500 mA Source Or
Sink

e Output Control For Push-Pull Or Single-Ended Operation .

e Undervoliage Lockout

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

Non-inv Non Iny
1 14
tnput input
I~ Inv
[} % 2 g n Al
npw o
Vee

Y4 |Vagk

"]
jouu,un

=01V
Desd
T a f— 1
o Contror
Convot

L

CTIs

Oscillator

[=}] ]
cile 9 J€y

{10p view]

J SUFFIX
CERAMIC PACKAGE
CASE 620-10

N SUFFIX
PLASTIC PACKAGE
CASE 648-06

.

ORDERING INFORMATION

The TL494C is specified over the commercia! cperating range
of 0°C to 70°C. The TL4%4I is specified over the industrial range
of -25°C 10 85°C. The TL494M is specified cver the full miilitary
range of -55°C 10 125°C.

Temperature
Device Range Package
TLA94CN 0" to +70°C Plastic DIP
TLasaCy 0 10 +70°C Ceramic DIP
TLa%aIN - 25 10 4 R5"C | Plastic DIP
TLagal -25"10 4 85"C [Ceramic DIP
TLauaM) - 5510 4125°C | Ceramic DIP

A
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TL494

Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the contro! of a switching power
supply. (See Figure 1.) An internal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, RT and Cy. The approximate oscillator fre-
quency is determined by:

{ et
osc R__T oCr

For more information refer to Figure 4.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cy 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 control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.

The control signals are external inputs that can be fed
into the dead-time control, the error amplilier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV irput offset which limts
the minimum output dead time to approximately the
first 4% of the saw:ooth-cycle time. This would result
1N a maximum cuty cycie on a given output of 95% with
the output control grounded, and 48% with it connected
to the reference line. Additiona! dead tiune may be im-
posec on the output by setting the dead time-control
input to a fixed voltage, ranging between 010 3.3 V.

The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time, establishec
by the dead time control input, down to zero, as the
voltage at the feedback pin varies from 0.5t0 3.5 V. Both
erroramplifiers have acommon-mode nput range frorn
-03Vito(Vee -2V), and may be used to sense power-
supply output voltage and current. The error-amplfier
outputs are active high and are ORed tegether at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on tirne, dominates control of
the loop

When capacitor Cy is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering tlip-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 ha!f that cf the oscil-
lator. Outpus 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 cur-

rents are required for single-ended operation, Q1 and
Q2 may be connected in parallel. and the output-mode
pin must be tied to ground 1o disable the fhp-flop The
output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
x 1.5% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

Input fou _
Output Output Function fosc
Control

Grounded Single-ended PW M at Q1 and Q2 1
At Vet Push-pull operation 0.5

¢
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TL494

FIGURL 1 — BLOCK DIAGRAM
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FIGURE 2 — TIMING DIAGRAM

e Y AAN A AAAAAAAA

Dead Time Control

Fiin-Flop
Clock Input

Flip-Flop
Q

Flip-Flop
Q

Output 01
Eminer

Output Qz
Eminer

Output
Control

LU ATy

5

BRI g =

o
tﬁ
Fj'
-9

RESRER

MOTOROLA LINEAR/INTERFACE DEVICES

67




MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)

Rating Symbol TL494C TL4941 TL434M Unit
Power Supply Voltage vee 4?2 a2 § 42 v
Collector Output Voltage Ve Vez 42 42 42 v
Coliector Output Current (each transistor) {1) Icy. Ic2 500 500 500 mA
Amplifier Input Voltage tange VIR - 0.3 to 42 -0.31t0 42 -031042 v
Power Dissipation i Tp ~ 45°C Pp 1000 1000 1000 mwW i
Operating Junction Temperature Ty i
Plastic Package 125 125 - £C:
Ceramic Package 150 150 150 2 |
Operating Ambient Temperature Range Ta 0to 70 -2510 85 -5510 125 C
Storage Temperature Range Tsig “C
Plastic Package - 5510125 -5%10 125 -
Ceramic Pachage - 65 to 150 - 65 to 150 - 65 to 150
NOTE 1: Maximum thermal limits must be observed
THERMAL CHARACTERISTICS
Characteristics Symbol N Suffix Plastic Package J Suffix Ceramic Package Unit
Thermal Resistance, Junction to Ambient R, JA 80 100 ‘Cw
Derating Ambient Temperature Ta 45 50 54
RECOMMENDED OPERATING CONDITIONS
F Condition/Value Symbo! = UL Unit
Min Typ Max
Power Supply Voltage vee 7.0 15 40 v
Collector Output Voltage Ver. Ve —_ 30 40 v
Collector Output Current (each transistor) Icy. Ic2 —_ - 200 mA
Ampiilier Input Voltage Vin -0.3 — Vee - 20 v
Current Into Feedback Terminal lip - - 03 mA
Reference Output Current Irel = — 10 mA
Timing Resistor Ry 1.8 30 500 i}
Timing Capacitor Cr 00047 0001 10 uF
Oscillator Frequency fosc 1.0 a0 200 AHz

ELECTRICAL CHARACTERISTICS (Ve = 15V, Cr = 0.0) uF, Ry = 12 k) unless otherwise noted.)

For typical values Ty =

25°C, for min'max values T 1s the operating ambient temperature range that applies unless otherwise

noted.
TL494CH TL494M
Characteristic Symbol Unit
Min Typ l Max Min l Typ J Max
REFERENCE SECTION
Reference Voltage Viet 4.7% 5.0 525 4.75 50 5.25 v
(lp ~ 1.0 mA)
Line Regulation Regpne - 20 25 - 20 25 my
(Vcc = 7.0V 1040 V)
Load Regulation Regipad — 30 15 - 3.0 15 mV
{lo = 1.0 mA to 10 mA)
Short-Circuit Output Current Isc 15 35 75 15 35 75 mA
(Viet = 0V)

MOTOROLA LINEAR/INTERFACE DEVICES
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ELECTRICAL CHARACTERISTICS (Ve = 15 V. €1 = 001 uF, Ry = 12 kil unless otherwise noted.)

For typical values Tp = 25°C, for min/max values T4 is the operating ambient temperature tange that applies unless otherwise

noted.
[ee TL494 Unit
Characteristic Symbol
Min Typ J Max
PWM COMPARATOR SECTION (Test Circuit Figure 12}
anux Thieshold Voltage Vi = 35 a5 v
(Zero duty cycle)
Input Sink Current = 0.3 0.7 - mA
(V(Pin3) = 0.7 VI
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)
input Bias Current (Pin 4) 1B (DT) — -2.0 -10 pA
(Vpin 4) = 010525 V)
Maximum Duty Cycle, Each Output, Push-Pull Mode DCrmax %
(VPin4 = OV, Cy = 001 uF, Ry = 12 k) ay 48 50
(VPina = 0V, Cy = 0001 uF, RT = 30 ki) — a5 50
Input Threshold Voltage (Pin 4) VIH v
{Zero Duty Cycle) —_ 2.8 3.3
(Maximum Duty Cycle) 1] — —
OSCILLATOR SECTION
Frequency fosc - 40 —_ kHz
(CT = 6.001 uF, RT = 30 kN)
Standard Deviation of Frequency* osc — 30 - %
(CT = 0.001 uF, RT = 30 k)
Frequency Change with Voltage AMosc (AV) - 0.1 — %
(Ver = 7.0 V1040V, Tp = 25°C)
Frequency Change with Temperature Mosc (aT) o o 12 %
(3TA = Tiow 10 Thigh)
(CT = 0.01 uF, Ry = 12 k1)
UNDERVOLTAGE LOCKOUT SECTION
[[7urn-On Threshold iVer Increasing, lrer = 1.0 mA) | T €5 6430 [ v
TOTAL DEVICE
Standby Supply Current Icc mA
(Pin 6 a1 V,e(. All Other Inputs and Outputs Open)
(Vee = 15 V) - 5.5 10
(Ve = 40 V) - 7.0 15
Average Supply Current _ - 7.0 - mA
(V(Pin 4) = 2.0 V) (See Figure 12)

(CY = 0.01 uF, Ry = 12 k), Vee = 15 V)

* 3iandard devialion v 2 Measure of the st2tistical Oistnbulion about the mean as denved from the formua. o -
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ELECTRICAL CHARACTERISTICS (Vee = 15V. €7 = 001 uF. Ry = 12 ki) unless otherwise noted )
For typical values Tp = 25°C, for min max values Ta is the apera

ting ambient temperature 1ange that apphes unless otherwise

noled
i TL4s4C,) TL494M
Characteristic Symbol T Unit
Min ] Typ l Max Min | Typ l Max
OUTPUT SECTION
Collector OH-State Current IC(atn) — 20 100 - 20 100 HA
(Vec = 40V, Ve + a0V
Emitter OH-State Current IE o) p i 100 sy e - 150 wA
(VCC = 40V, Vg = 40V, VE « O V)
Collector-Emitter Saturation Voltage (2) Vsane) | — 1 13 - 11 15 v
Common-Emitter l
VE = 0V, Ic = 200 mA) ] s
Emitter-Follower Veatigy | o— 15 25 — 15 25 v
IVC = 15V.Ig = - 200 mA) ] | !
Output Control Pin Current loct [ == 10 [ - ] 10 —_ uA
Low State ’ l :
(Voc * 04 V) 0 l -
High State 16CH AN d2' /) A = T 35 mA
VoC = Vyer) i i
Oulput Voltage Rise Time i — 1 100 1 200 e} =350 200 ns
Common-Emitter (See Figure 13) | !
Eminer-Follower (See Figure 14) t — | 10 | 200 — | 100 200 ns
Oulput Voliage Fall Time 8 — 277V | b ©ieh £ P 100 ns
Common-Emitter (See Figqure 13) H 'l | | | !
Eminer-Follower (See Figure 14) | i = ] a0 | 00 = | 40 ] w0 ns
| o TL494
Characteristic | Symbol > T T Unit
2 - i Min i Typ i Max
ERROR AMPLIFIER SECTIONS
Input Ofiset Vollage | Vio ; —_ 2.0 f 10 m\
Vo (Pin3) - 25VI l { !
Input Ofiset Current ho 1 - S0 250 nA
Mo Pin3) = 25V)
[ | oput Bizs Current Lig ! = -0 -10 pA
: Vo (Pin3) = 25VI | |
Input Common-Mode Voltage Range 1 VicR : 0.3 10 o — v
Vee = 40V, Tp = 25°C) Vee-20 i
Open-Loop Vollage Gain AvoL 70 95 ! - db
i V0 = 30V, Vg = 051035V,
; Ry = 20k
7 | Unity-Gain Crossover Frequency 1c | - 350 - KHz
71 Mp=051035V.R = 20k i
1 | Phase Margin at Unity-Gain ' om 1 - 65 — deg
| Mp<-051035V.R = 20k
? | Common-Mode Rejection Ratio CMRR i 65 90 dB
o vee = a0
g. Powe: Supply Rejection Ratio PSRR — 100 — dB
18Vee = 33V.Vp = 25 V. R = 20 ki)
Output Sink Current ] Io- 03 07 = mA
Vo (Pin3) = 07 V) i
Output Source Curreiit In- | 20 40 l — mA
E MotPing) =35V ! |
\%

NOTE 2: Low duty cycle pulse techniques are used duning

‘est 1o mamtar Junchion temperature as close 10 amb

'ent temperalures 2s possible
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
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FIGURE 13 — COMMON-EMITTER CONFIGURATION
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FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT
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FIGURE 17 — SOFT-START CIRCUIT
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER
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FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
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FIGURE 4 — OSCILLATOR FREQUENCY

versus TIMING RESISTANCE

FIGURE 5§ — OPEN-LOOP VOLTAGE GAIN AND PHASE
versus FREQUENCY .
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FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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