HA17524 Series

Switching Regulator Controller

B FEATURES

® pulse Width Modulation (PWM)

® Wide Oscillation Frequency Range . . . . . 450kHz (typ)

® Low QuiecentCurrent . . . . ... .. ...... 5mA typ

® Good Line Regulation {0.2% typ} and Load Regulation
(0.4% typ)

® Provides independent output stage of 2 channels. Wide

external circuit application inciuding single end method
and push-pull method.

Reference Power Source Output Stage and Switching
Qutput Stage include current limitting protection circuit.
® Compatible with SG3524
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EABSOLUTE MAXIMUM RATINGS: Ton Vre
(Unless otherwise specifieb, Te=+25C)
Ttem Symbol Rating Unit | Note No Dissipation Derating Tabie
Supply Voltage Viu 40 vV 1.2 Package Eg:‘:‘; ng;;ﬂg Above Ta
Collector Output Current In 100 mA P 600mW 8.3mW/°C 52.7°C
Reference Output Current Tirr 50 mA G 600mW 7.6mW/°C ¢
Current througn Cr Terminal Ior 5 mA
Comimowe Toul Power |, | o |3
peraing Frec TR
Strorage Temeperat- Cerdip T, -85 10 - 150 "
ure Range Plastic ’ 55 t0 + 125 ’

The absolute maximum ratings are limiting values, 10 be applied individualty, beyond which the device may be permanently damaged. Functional operation under
any of these conditions is not guaranteed. Exposing a circuit to its absolute maximum rating for extended periods of time may affect the device’s reliability.

Note 1. With respect 1o network ground terminal

2. The reference voltage can be given by connecting the Vec and 5V reference onutput

pins both te the Supply Voltage. In this configuration, Ver - 6Vmax

3. HA7524P  Value at T.=52.7C. ln case of more than it. 8.3mW T derating shall be performed.
HA17524G : Value at T. <717 . In case of more than it. 7.6mW U derating shall be performed
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HA17524

MELECTRICAL CHARACTERISTICS (V. =20V. f=20kHz, Ta=25C"

[tem Svmbol Test Conditions min typ max Unit
Output Volrage Vaer 4.6 5.0 5.4 \Y
Input Regulation Vo Vec=8 to 40V — 10 30 mV
Ripple Rejection Raes f=120Hz - 66 — dB
Regulator Qutput Regulation OVorme | Joe=0 to 20mA - - 20 50 mV
QOutput Voltage Change With Output Ta={0 to +70°C — 0.3 1.0 Y
SVu/6Ta -
Temperature Ta=-20 to +75°C - 0.4 |1.36 %
Short-Circuit* Output Current Ins Vier =0 - 100 - mA
Input Offset Voltage Vi Vie=2.5V - 2 10 m\
Input Bias Current N Vie=2.5V — 2 10 MA
Error Open-loop Voltage Gain Avp - 60 - dB
Amplifier Common-Mode Tuput Voltage Range Vew Ta=25C 1.8t03.4 — — v
Common-Mode Hejectinon Ratio CMR - 70 - dB
Unity-Gain Bandwidth W - 3 - MHy
Output Swing Var » 0.5 — 3.8 v
OSC. Frequency / Cr=0.001uF, Rr=2k0} - 430 - hHz
N Vee=8 to 40\, )
Standard Deviation of Frequency Af o - 5 - T,
Rr=1.8 to 100k C=Const
. Sf tme Vie=8 to 40V - - 1.0 Ty
Oscillater Frequency Change with S
Ta=0 to +70°C - 5.0 10 7o
Temperature §f/6Ta "
Ta= 20 to +75°C — 5.0 [13.6 7,
Output Amplitude Ve 3Pin — 3.5 - vV
Ouput Pulse Width Tr Cr=0.01p", 3Pin - 0.5 — Hs
Maximum Duty Cvele D, 45 — — e
Vi 0 duty =0 - 1.0 — v
Comparator input Threshold Voltage
Vinuee duty = max - 3.5 - v
input Bias Current I — —1 - A
Input Voltage R v 07 a v
nput tage Ran s -
Current P oltar xe ! to+1.0
Limiter ViPin9) =2V, Ta=257C
Sense Voltage Vs . R 180 200 220 m\
ViPin2) — V(Pinl) 2 50m\
Sense Voltage Change with Temperature | dVi/dTa | Ta=—20 to 1 75°C - 0.2 - LAYAS
Collector-Emitter Breakdown Voltage Ver 40 — — v
Collector Off-State Current I ion Ver=40V — | 0.01 50 MA
o Collector-Emitter Saturation Voltage Vie e | 1e=20mA - 1 2 v
ut put
P Emitter Output Voltage Ve Vee=20V, Iy = - 250uA 17 18 — V
Turn-off Volt Rise Ti ! — 0.2 —
. urn=-of oltage A ise Time Re=2k01 us
Turn-on Voltage Fall Time 1y - 0.1 - Hs
‘ce=40V, V=2V, Pins
Total Device | Standby Current Isr 1,4.7,8,9,11,14, grounded - 5.0 10 mA
All other pins apen.
Note]l *[uration of the short- circult shouid not exceed one second.
G HITACHI
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HA17524

HAPPLICATION NOTE
® Principal in HA17524 Operation
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Fig. 1 HA17524 Block Diagram

HA17524 is a switching regulator circuit using Pulsewidth
Modulating Method (P.W.M) constructed by the block shown
in Fig. 1.

Timing resistance, Rt and timing capacitance, CT control the
oscillating frequency and the Ct is charged by a constant
current generated by the RT, Lump signals (saw-teeth wave)
at Ct terminal generated in this oscillator is available for
reference input signal to0 comparators which control the
pulse-wideth.
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Fig. 2 Biasing in Error-Amplifier
As shown in Fig. 2 the reference voltage connects to non-
inverted on inverted input terminal of error-amplifier via
resistance divider,
The output voltage from the error-amplifier is compared with
the lump signal of the Timing Capacitance CT, as shown in
Fig. 1 and comparator can provide a signal with modulated
pulse width.
This signal, then, control output transistors Q¢ and Qp,
making an open loop to stabilize output voltage.

Commonly connected outputs from the error-amplifier, the
current limiter and the shut-down circuit is provided to the
comparator, which enable to break output stage by input
signal in any one of those circuits.

® Blocks Description
Oscillator; The oscillating frequency f is calculated from the
following equations. Fig. 3 shows one example,

f=1L.15/(Rr- C.)

Rr=1.8k{} to 100k
Cr=0.001 to 0.1u4F
f=140Hz to 500kH:z
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Fig. 3 Oscillating Frequency vs
Timing Resistance
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HA17524

Then the lump wave shown in Fig. 4 is available at pin 7, CT
Terminal since the CT is charged by the constant current |
generated by the RT.
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Fig.4 Oscillating Circuit and C+
Terminai Waveform

The ocutput pulse signat at oscillator is used as elements in
Flip-flop circuit and {a synchronous signal of clock-pulse)
switching. The pulse-width which can be controlled by the
timing capacitor CT as shown in Fig. 5 provides function to
gain a dead time of output,
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Fig.5 Dead Time vs Timing Capacitance

Reference Voltage: The regulator (reference voltage: VREF
=5 ¢ 0.4V) is built in Integrated Circuit. 1t can be used as re-
ference power supply of error amplifier which determines
Output Volitage Output (Vgyt). And also, it is connected as
bias source of another circuit in IC.

Error Amplifier: Biasing in error amplifier is shown in the
Fig. 2. Input Applied Voltage is required to be set within the
range of common-mode Input Voltage (1.8V to 3.4V}, If
resistor and capacitor are inserted between phase compensa-
tion terminal (Pin 9) and GND in series, phase compensation
is available.

Current Limiter: Threshold Voitage (Vg) of sense amplifier
for current limiter is calculated as follows;

Vs=Vpe(Qi)+ 1, R: —Vae(Q:)
=I| Rz
=200mV typ.

At Current limiter Sense Amp shown in the Fig. 6, when
V+ -V _2200mV, Qq turns “ON", Phase compensation
terminal becomes low ievel and Output Switching element is
cut off,

Fig. 7 shows an example of detecting current limit. As the
range of Input Voltage is -0.7V to +1.0V; detection output
of current limit is provided from GND Line.

Erver
Amp

Fig.? An Example of detecting current limit
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® Operating waveform at every part
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Fig.8 Breakdown Voitage types
Chopper Switching Regulator
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HA17524

Fig. 9 shows operating waveform at every part, when the
circuit configuration of breakdown voltage type chopper
switching regulator (shown in the Fig. 8} is used. Operating
Conditions are as follows, f = 20kHz, VoyT = 5V. At
output section, two channels are connected in parallel. Ope-
rating waveform inside IC is shown at the same time.

M CAUTIONS

Compared with the conventional series regulator, switching
regulator generates high frequency noise by switching current
quickly. To reduce noise, the following shall be followed.

1} As a general rule, insert line filter in order to reduce noise
at the side of Input.

2) To reduce noise at the side of output,

{a} Output wiring should be twisted.

{b) Power Source and output wiring should not be
bundied.

(¢} Capacitor should be inserted at the side of load.

(d) Power frame should be grounded.

3} When grounding frame, output (OV) and Shielding wire,
Only one of them should be grounded. kmpedance must
be as low as possible. And also, Power frame shouid be
grounded. In case of choosing external parts-external
switching transistor, diode, coil and etc. —, it is necessary
to consider their capacitance and characteristics.
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Fig.9 Operating Timing Chart of each part

® Circuit Applications

Simple polarity switching regulator: Fig. 10 shows the
circuit configuration of HA17524 polarity switching regula-
tor which has small current capacitance (VouT = -6V).
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Fig.10 Simple Type Polarity Conversion
Tracking switching regulator: The circuit configuration of

tracking regulator which uses transformer is shown in the Fig.
Fig. 11 {VouT = £5V).
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Fig.11 Tracking Switching Regulator

st

Push-pull switching regulator: Fig. 12 shows the circuit
configuration of Push-pull switching regulator which uses
transformer. This system is suited for large power. Output
transistors inside HA17524 can drive external switching
transistors respectively.

_‘* iIn = I\ ]
5
i 1
h | et l\v\'i 1w mi(
m Int Lt j aud LR o
> " 1k 0 T L0 V.53
R 5 : ; ‘I:\\| & THE 5 )
i e 1k | or8sT !
Ky b
A L
r—'v‘ul 1 \I‘un 0 _ 1
i — m Vool N
, One o™ L—uz +w .
l ¥:nl. - j Unit R
d 4 [
Lead

Fig.12 Push-pull Switching Regulator
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HA17524

QUTPUT SATURATION VOLTAGE VS.

TPUT . TAGE
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