Switching Regulator Control Circuit A\

|R9494/m9494

/\//

B Description

\//

The [R9494/IR9494§\$ a fixed frequency Pulse-
Width- Modulatlon Eoﬁfrol circuit. It includes most

for control ¢

n \F‘Eatures

ircuits.

I\Complete PWM power control circuitry

“~2." Uncommitted output 200mA sink or source
3. Output control selects single-ended or' push-pull

operation

4. Internal circuitry prohibits double pulse as either

output

5. Wide common-mode input range

6. Variable dead-time provides control over total

range

7. Internal regulator provides a stable 5V reference

supply

WO o

16-pin small-outline package

M Block Diagram

(IR9494N)
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B Absolute Maximum Ratings

IR9494/IR9494N

o Parameter | Symboi Condition Rating Unit
ﬂs—uégl_j;_»'_(llt:xgc Ve 41 \
“Input voltage Vin Terminals 1, 2. 15 and 16 Vee+0.3 Vv
—Eutput voltage Vour Terminals 8 and 11 41 \"
T Output current | Terminals 8 and 11 250 mA
L ; [RY494 950
Power dissipation Pp Tag25C 1R9494N 00 mW
[RY494 9.5
ati i i ‘T ! 25 W/
P,, derating ratio APT i Ta>25C IR9394N y mW/C
Operating temperature Toor | —20~+85 T
Storage temperature T, | =55~+150 | ¢
M Recommended Operating Conditions
Parameter Symbol Condition MIN. MAX. Unit
Supply voltage Vee 7 40 \
Input voltage Vin —=0.3 | Vee—2 \'2
Output voltage Vour 40 \'s
[ou‘r Per circuit 200
tput t - mA
Output curren Ioa Infolow to terminal 3 0.3
Timing capacitance Cr 0.47 10,000 nF
Timing resistance Rt 1.8 500 kQ
Oscillating frequency f 1 300 kHz
Operating temperature Tope —-20 +70 T

M Electrical Characteristics

(Vee=15V, f=10kHz, Ta= —20~ +85C)

D
A

Parameter | Symbol | Condition | MIN. [ TYP. | MAX. | Unit
Reference voltage source
Output voltage I Vier Ioor=1mA 4,75 5.00 T 5.25 v
Input stability P Vege Myt Vee=7~40V, Ta=25C 2 | 25 | mv
Output stability Yaeedleeel  Iour=1~10mA, Ta=25C 1 15 mV
Temperature stability | WeerdT | 0.3 1.5 ! %
Short-circuit output current | Iggr | Vgep=0V, Ta=25C | 15 25 | mA
COscillating circuit
Frequency If [ Cr=0.01#F. Rr=12k0 10 kHz
Frequency setting accuracy | fro Fixed V¢e, Cr, Rrand Ta 10 %
Frequency input stability FAVAVy Vee=7~40V, Ta=25TC 0.1 %
Frequency temperature | apat Cr=0.01 #F, Rp=12k0) 3 %
_ stability /
Oead time setting circuit
_Irput bias current ™ Vin=0~ +5.25V -2 -10 #A
Output maximum duty ' | Vin (terminal 4) =0V, per output 45 %
Input voltage (Terminal 4) i Vin | Qutput duty 0% - 3 33 v
i | Output duty maximum 0
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B Electrical Characteristics (Continued) -

Teheg e Ny

Parameter | Symbol | Condition | MIN. | TYP. | MAX. | Unit
Error amplifier
Input offset voltage Vio Vour (terminal 3)=2.5V 2 10 mV
Input offset current Lo Vour (terminal 3)=2.5V 25 250 nA
Input bias current Iy Vour (terminal 3)=2.5V 0.2 1 “A
In-phase input voltage range Viem Vee=T7~40V —0'3,;_2 s
Open loop voltage gain Avo AVour=3V. Vour=0.5~3.5V 70 95 dB
Gain bandwidth product G.B. 800 kHz
In-phase signal rejection ratio CMR Vee=40V, Ta=25T 65 80 dB
Qutput sink current Lo Vip=—15mV~ -5V, V;y=0.7V 0.3 0.7 mA
Output source current Leocce Vip=15mV~5V, V;y=3.5V -2 mA
Output circuit
QFF -state collector current Ic Veg =40V, V=40V 3 100 #A
OFF-state emitter current Ie Vee=Ve=40V, Vg=0V —-100 pA
Output saturation  |Emitter ground | Vg sat Ve=0V, [-=200mA 1.1 1.3 ey
voltage Collector ground] Vg sat Ve=15V, [g=—200mA 1.5 2.5
Output control input current r lic Vin=Vier 1.3 35 mA
PWB Comparator
Input voltage Vin Output duty 0% 4 4.5 \'
Input current Iin Vin=0.7V 0.3 0.7 mA
All circuit )
_ ' Ve =15V * Terminals 6 and 7 12 ¥
Circuit current Iect Ve 10V ‘1/40 common, open 9 15 mA e
Circuit current leca Terminal 4=2V, Fig. 1 8 mA
Output switching characteristics
l;::ue;nule tt: Ta=25T, emitter ground Fig. 2 lgg f% ns
;R_.J:; :::1: t: Ta=257, collector ground Fig. 3 1(:(; fgg ns
B Test Circuit Vee=15V
°
1500 1500
Vee 2w 2w
TEST o————DEAD TIME Ci o
INPUTS{O—-—— FEEDBACK B3 OUT:
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Rr C: 0
- —ce £ OUT:
0.014F ] :j;} ErROR -
. o

OUTPUT REF

50kﬂ§ CONTROL ouT
GND

Fig. 1
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g Electrical Characteristic Curves (Unless otherwise specified, V. =15V, Ta=25C)
grror amplifier in-phase signal rejection

Duty cycle Characteristics
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Switching Regulator Control Circuit

Reference output

Characteristics

Rise time, fall time Characteristics
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B Description of Operation

The IR9494 consists of basic circuits required to
control the power supply for switching regulator. It
represents an improvement on conventional control
ICs that present problems inherent in them. It is

also designed to minimize the number of components
necessary for power supply designing. Fig. 1 shows

its block diagram.
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Fig. 1 1R9494 Block diagram
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The IR9494 that uses frequency-fix pulse-width

modulation system modulates the output by compar-

ing either of the 2 control signals with the saw-tooth ‘
wave that appears on the timing capacitor Cr of 1
the oscillator.

o] 7 110

@[ f T

Cr

Control| = __—" ce--Via
Signal

Fig. 2 LR9494 modulation system

The output transistor is only in ON state during
the period when the saw-tooth wave, as a result of
the comparison, is found to be higher than the con-
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switching Regulator Control Circuit

wrol signal. Increasing height of saw-tooth wave re-
duces the length of the period in which the saw-tooth
wave is higher than the control wave resulting in a
reduced output pulse-width. Fig. 2 shows this rela-
tionship. .

The control signal is supplied from a dead-time cir-
cuit and 2 error-amplifiers with the control signal in-
putted by dead-time control to be compared as it is
with the dead-time comparator. With its offset vol-
tage set at 110mV, this comparator, when the input
is grounded, goes into “OFF" state during the period
when the saw-tooth wave is lower than 110mV. This
indicates that the minimum programmable dead time
is about 3% of it.

The pulse-width modulation comparator compares
the control signal from the error amplifier. The error
amplifier, which does the output monitoring as one of
its functions, has a sufficient gain to be able to con-
vert the error at the input into a control signal that
can be 100% modulated. The error amplifier is used
to monitor the output current and to regulate the
current to the load. Steering flip-flop is responsible
for a modulated output that appears at one cycle in-
tervai on the output transistor. As explained above it
comes equipped with basic functions required for
pulsewidth modulation control circuit.

B Application Circuit Example
(1) Inverter system (Input 30V, Output 5V, 5A)

1
Frequency f= SRC - 16.7kHz

{frequency T=60 u«s)
The number of winding turns of the primary wind-
ing of EI core.

1R9494/1R9494N

"___—__—_————__—_—

Suppose ‘the loss by those components like shot-
key diode or chokecoil is 1.8V.

The voltage to be induced on the secondary wind-
ing of the transformer:

s
T2x9%0% ~ "7 27

The tum ratiois 4 : 1.

Suppose 20 turns on the primary and 5 turns on
the secondary of winding.

To obtain up to 5A of output current, the switch-
ing transistor is required to have hgg as high as 50.
(Fig. 3 Cy, C; 1kQ pull-up)

For the current flowing into the choke coil of the
output circuit not to be discontinous, it is required:

2.5(.5-5) 5 1
7.5 7 2x16.7x1

And from the ripple condition (with dummy cur-

Vne=(6+1.8)X =7.5V

=25¢#H
La uaxy e

rent), it is required of the output capacitor to have:
75-5 1
c> TaVoxL F =1,500 #F
5.101-100 Efficiency (%)
——0On,
s_oﬁ"‘b&_ \ x
x -\6\-
L 5.06 o . - - —
x> & o~ S -
/ —s504b40 2 R
2oplon S Output voltage

L 1 L 1 ]
0 05 10 15 20 25 30 35 40 45

Qutput current ( A)

Fig. 4 Output voitage, efficiency—output cur-

\= vl.‘ist= 30x 10° 18 tumms rent (input 30V, output 5V, inverter
TTOBA,  4x16.7x10°X1,700x 1.48 system)
Beware that too great
a value of this will )
cause the output vol- 30V sy
tage to go higher 1k {2 .
thgn S\'gwheg it (1 W% %(llk“?\ 2SC519A EI40 S15S3 404 0.1
changes over from : - .
heavy-load to light - \»3\22 #F Comp Vee E. AW e 1k
load condition. §§ _J 1kQ ] ST 4,700 Dummy resistor
T 22 {in c 1k '[' 10k0
22kq|  $3
A =~} Non lav [o X (:'3.
{F Vagr E; -[- <
0.1 uF L] Output e
20 Control 25C519A S15S3
——wA—Rr Vrer Fold back
Dead L
{,L Ce N = 100 uF
0.01 4F GNDp 1™
T Soft start
. 1114
Fig. 3 Inverter system
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Switching Regulator Control Circuit

(2)

Flyback system (Input 28V, output 5V, 10A)

1R9494/1R9494N

28V
? Each terminal voltage * current waveform
I
’ 20T ® SV-10A
5°°0X Vee 1500 40T — g0
Comp Efq $(5W) IkQ 111 @
0043 ® A 1,000 uFm 0 ®
| Inv C -—- - - ——
5k 10 ' 0.01 uF ® Ly
A Noa. Inv C: | - - 0 ®
6T -1V
{ 4V
it Vaer E; @ ®
0.1 uF Output - S !
Cont _onc ,.Q
S5k VRrer , oltage
R 1 = —- LA~ Current
) | c Dead 1500 0.001 uF _ \
0014F | gwp ™ JLuFfi0ka @E 1K AP e
Fig. 5 Flyback system !
(3) Photo isolation output voltage control by the IR9494 B
Vour = Vaer ”»5,47
sV
1kQ
IR9494
Error amplifiers
Terminal 1 ‘~
IR9431 -
Terminal 3
Feed back
Fig.6 Photo isolation output voltage control circuit




