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under any applicable domestic or foreign laws or regulations.
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does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
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Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.
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DESIGN OF PUSH-PULL TYPE SWITCHING
REGULATOR (APPLICATIONS)

1. INTRODUCTION

Switching regulators can be made smatler in dimension plus more efficient than conventional series
regulators. Thus, they are dominating in design applications of power supply systems.

in this material, we present the design of pulse width modulation type control circuits, giving an example of
actual design for a push-pull switching regulator as the succeeding item to Technical Data Sheet *‘Design Of

Push-Pull Type Switching Regulator {Basics).”

2. DESIGN OF CONTROL CIRCUIT

Figure 1 represents the block diagram of tne control circuit ot a push-pull switching regulator.
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Figure 1. Block Diagram of Control Circuit

In this material, the switching regulator is composed of four circuits; a circuit which performs pulse width
modulation in response to the fluctuation of input power or load for the stabilization ot output power voltage,
an isolator which transmits an isolated pulse width-modulated signal, a frequency divider circuit which operates
two switching elements alternately and an additional circuit {overcurrent protection circuit),

The saw-tooth wave generator output signal which is synchronized to the oscillator frequency is applied to
the {+) input terminal of the comparator where it is compared with the amplified error signal from the power
source and converted into a signal which is pulse width-modulated in response to the output voltage fluctuation
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of the power source. Because this output signal is often at a low level according to the status of error amplifier,
it is AND‘ed with the oscillator output signal with the specified quiescent time and further applied to the
isolator,

In addition, the output signal of the overcurrent protection circuit is applied to the (--) input of comparator
to prevent the collector current from increasing due to the short-circuiting of load, etc. The isolator uses the
high speed photocoupler to transmit the signal which is pulse-modulated by approximately 40 kHz frequency.
The light receiving side of the photocoupler divides the input signal into two, with a phase difference of 180°.
by the two-phase clock circuit composed of a flip-flop and gates.

As explained above, the control circuit requires a logic IC in addition to linear IC. To minimize varieties of
power source voltages, in this circuit design, CMOS is employed as a logic 1C because of wide input voltage

F8Rge ard Al heesuse it caR be used on 8 commen line with the linear IC.

2-1 Oscillator

The oscillator determines the oscillation frequancy of a switching regulator, as well as the maximum duty
required for the elimination of ON-ON operation of the switching devices.

Figure 2 represents an astable multivibrator circuit composed of CMOS NAND gates and Figure 3, output
waveform of the astable multivibrator.
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Figure 2. Block Diagram of Oscillator Figure 3. Waveform of Oscillator

circuit Composed of NAND Gates

Since the charging and discharging paths of timing capacitor C are changed by diodes D1 and D2 in response
to the direction of the current, the resultant voltage at point C is a combination of two waveforms of different
time constants as shown in Figure 3. ’

2-2 Saw-tooth Wave Generator

Since a saw-tooth wave generator has great influence over the linearity of input voltage and pulse width of
the succeeding comparator circuit, the output waveform of the saw-tooth wave generator should be ot excellent
linearity.

For such a circuit as explained above, a bootstrap circuit composed of discrete components is shown
in Figure 4.
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Figure 4. Saw-Tooth Wave Generator
with Bootstrap Circuit

In Figure 4, suppose that the voltage across capacitor C is 0 V at the time t (=0}. In this case, since the
capacitor C is connected to the power source through diode D1 and resistor R|_, voltage V(1 across capacitor C
is, in equilibrium,

VC1=VeC-VE (V) (1)
where

Ve Power source voltage of the circuit (V)

VF : Forward voltage ot diode D {V})
Also, in this circuit, current IR through feed back resistor R is

Ve + Vout —
R=YC1*Vour=VC (ay (2)
R
as
Vout+VC1 = IR *R--VCc=0 (V)
From
Vout = VE1 — R3 *1B2 — VBE2 (V)
VE1=Vc+R21g1 +VBg1 (V)
Vout=VC +VBE1 - VBE2 +R2 *IB1 —R3-Iga=Vc (V) . ... ... (3)
as

VBE1 = VBE? (V)
Rz *Ig1 = R3 - lg2<€ V¢ (V)
Therefore, from equation (1), (2) and (3)

Thus, the current is constant regardiess of output voltage VQuUT. And, therefore, the current through
capacitor C is almost equal to IR, if the base current of transistor Q1 is disregarded.

1 1 (Vee - V
Vc=—C-f!R-dt=?|R'tt-——c—CCR—F—’--t .................... (5)



Thus, output voltage VQUT has the value in proportion to time t. On the other hand, charging voltage V.
.of capacitor C is discharged through the resistor RQ when the transistor Q3 turns on by the short pulse signal
syncronized to the aforementioned oscillator signal.

Thus, saw-tooth waveforms can be obtained.

2-3 Pulse Width Modulator

The pulse width modulator requires a high speed comparator to pertorm the pulse width modulation with
approximately 40 kHz. frequency.

In addition, to avoid the occurrence of erroneous operation caused by noise in input signal, a Schmitt trigger
circuit having hysteresis to the input circuit is employed.

2-4 (solator

As an isolator to transmit a pulse width-modulated signal to isolating the input circuit from the signal
transmission path, a pulse transformer can be used in addition to its proper application to the base driving
circuit. But the photocoupler is preferable to pulse transformer in insulation resistance and CMR. For actual
application, however, a high speed photocoupler is necessary because conventional photocouplers are not
satisfactory due to the insufficient response speed. Figure 5 represents the isolator circuit with high speed
photocoupler.

Ig :©  Input current at tha light emitting side
{forward current of light emitting diode D 1)

Ic1: Collector current of transistor Q4 of light
receiving side. {ic1 = CTR x I, CTR: Current
transfer ratio}

lg=20 mA,R=510 Q ([CTR =15 %)

Figure 5. Isolator Circuit using High Speed Photocoupler

At the light receiving side of photocoupler, a low-resistance resistor is required at the collector of transistor
Q4 for its operation in the active region to avoid the degradation in response speed which is dependent on the
storage time of transistor Q1. In addition, due to the presence of coupling capacitance between input and cutput
circuits erronecus operation may be caused by the outside noise. And such countermeasure as inserting a
capacitor of small capacitance between the base and emitter of transistor Q1, is required to eliminate them.

2-5 Twao-Phase Clock Circuit

The two-phase clock circuit divides the signal which is pulse width-modulated by approximately 40 kHz
frequency into two with difference in phase of 180° in order to make main switching devices operate alternately.
Figure 6 represents the block diagram of two-phase clock circuit. In Figure B, gates 1 and 2 are delay circuits to
prevent the output signal from generating spikes by propagation delay time tpg of flip-flop circuit. The
delay time of approximately 75 ns can be obtained when the power source voltage Vpp is 10 V.
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Figure 6. Two-Phase Clock Circuit

The clock terminal of J-K flip-fiop is used to make the circuit as T flip-flop. Figure 7 represents the operating
waveform of this circuit.
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Figure 7. Operating Waveform of Two-Phase Clock Circuit

3. EXAMPLE OF 5 V, 20 A OUTPUT SWITCHING REGULATOR
3-1 Specifications of Power Supply and Test result

Table 1 shows specifications of trial-manufactured power supply with the test results in the right column.,

Table 1. Specifications of Switching Regulator and Test Results of Trial-manufactured Unit

Characteristic Symbol Specitications l Test Results

Input Voltage Vin 100 V £10 % {AC 50 Hz) ' 180 \-/-.+.10 % o

Output Voltage Vo B V£10 % 5V 10 %

Output Current o 20 A 20 A

Rippie Va-t-é_qe . '-Vrip Within 20' rnV - 14 mv

Line Regulation - £:025 % +0.22 %

Load Regutation o £ % ‘- —__+09 T% o

Efficiency - .wn | >70 % o .-—-__—--’.”'76_%- o
| Dimensions - 130(H) x 125(W) x 197(D)mm?




3-2 Schematic Diagram

Figure 8 represents the complete schematic diagram of 5 V, 20 A output switching regulator {push-pull type}

3-3 Design of Whole Blocks

(1) Rectifying and Smoothing Circuit of Primary Side

Rectifier

i)

The input power Pjn at rated output {Pg = 100 W) is approximately 140 VA if the efficiency 7 is

assumed 70%.
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Figure 8. Schematic Diagram of 5 V, 20 A Output Switching Regulator (Push-Pull Type)



In this case, an average current of approximately 1.4 A runs every half cycle in the rectifier.
However, the conducting angle becomes narrower and surge current becomes larger, as the smoothing
capacitance increases to decrease ripple components of input voltage. In addition, since a maximum of
24/2 times AC input voltage Vin is applied to the bridge rectifier, it should have reverse breakdown
voltage of approximately 400 V when AC input is 100 V.

To comply with this requirement, NEC's 1S2764 is employed in this circuit, (VRRM = 400 V,
VE=10 Vatlg=3.0 A)

Resistance Rg for preventing the rush current differs with the rectifier and capacitance of smoothing
capacitor and shown in the characteristic curve of the rectifier. It is approximately 1.4 £ for 152764
at C=500 uF.

i} Smoothing Capacitor

Capacitance C of the smoothing capacitor is dependent on the load and the ripple reducing rate.

It can be simply obtained from the chart prepared by Q. H. Schade. (Figure 9}

1.00 = 0.000!
P s 0903
0.005
1 0.01 R
090 0.02 S
[ 004
4 0.06
0.80 - g i +.
/:‘ g(llts’ Vin C_. HL? Vo 7. input frequency
0.70 Za1 0.125 {Hz)
YotoQ - 258 020 ' 2af
V‘m /4/‘ .. E§ w= _11‘
0.60 22, 025 Ry Vin = V2 vjp
= :_/4, ggg —T {vjn: rms)
HZzs : AN A
050 =l 0 UR 0 lln
. :97 . 0.50 n
__/:— ggg \-/ \/
0.40 = 080
:j:b—' 1.00 r N7 NN /
0.30 =t Vo o / \" \J \/ \v; VO (DC)
0.1 1.0 10 102 103 T

WCR

Figure 9. Chart for Circuit Constant of Full-Wave Rectifier Circuit

With input voltage Vin minimum and the load Pg maximum, and the smoothing output voltage Vg
is set to 100 V {(minimum value), from

P 5.
Vin{min.) =90 V. Pin(max.} = oi}max.) - 02;020 =157 W)

{Supposing efficiency is 70 %)

the peak value of output voltage is
Vin{min.) = V2 ¥in(min ) 5 127 (V)
Therefore, the average output voltage is

)2 1274100
2

VolDC =114 (V)



Substituting the above results in the chart,

V_\fr?((r?‘—li’) =090 l;% = 513-‘7 £0.022
as, RL{min.) = %:-3)—1 %63.7 ()
thus,
wCRL 220
therefore
220 - 0 0, 599410% (F)

T WRL  2rfR| 27 x50 x 63.7

Therefore, two capacitors of 200 V,470 uF are arranged in parallel (940 uF) in this circuit.
{2) Design of Transformer
i} Core
Use Tohoku Kinzoku's El type ferrite core FEI40-3100B. The performances of this core are given

in Table 2 below.

Table 2. Performances of Core FE140-3100B
(from Ferrite Core Manual ""Cat. No. FR-17"' of Tohoku Kinzoku)

Jtem , Symbol Specifications
Cross Section Ae 1.46 cm?
Magnetic Path Length le 759 cm

1210nH /6040 nH |

Induction Coefficient | AL at1=0.13 mm stt=0°
DC Overlapping NI 520 AT 1.5AT
Characteristic att=0.13 mm att=0

Effective Saturated

b2T
Magnetic Flux Density Bms 0.52
* t. Core Gap '
i) Winding
a)  Number of Turns of Primary Winding Np
from
Ne = Vin Where: Vin =130 V,B=0.24 T (=0.24 wb/m?),{=20 kH7,
PT 2B Ag -t Ae =1.46 cm? (= 1.46X 10* m?)

Np = 46.4 = 47 (turns)

b} Diameter of the wire of Primary Winding Dp



from

41;

Dp = /-yt Zintav) =
4x 1.238

Dp= m:o.se {mm)

c)  Number of Turns of Secondary Winding Ng
irom

_ WVo+VE+lgr) *Np-T
27 +Vp

Ng

where

_Fin_ 157, - 2
Voiod = 114 =138 (A).6 =2 Almm

Vo=55 V,VF=05 VIIF=20 A), r. =0, T=50 ps, 7= 23 us,

Np = 47,Vp = Vin(DC) = 100 Vnmin,
Ng = 3.06=3 (turns)

d) Shape of Secondary Winding

From the standpoint ot skin effect, use wheel winding with a copper plate of 15 mm width and

0.3 mm thickness considering the bobbin shape of core.

e) Electrostatic Shield
Use alminum foil. Ground the foil to the case.
f} Core Gap and Inductance of Primary Side

Due to the difference in storage time of switching devices DC superimposed current flows through

the circuit of primary side, so the core should have DC superimposed characteristics.
When designing, DC superimposed characteristic NI is set to 20 AT considering the margin for NI,

from
t=0.13mm,AL=1 210 nH
inductance Lp of primary side is

Lp = AL*Np? +107°= 1210 X 47% X107 =2.67 (mH)

(3) Selection of Switching Devices

Prepare two transistors NTC1865 for switching devices to effectuate the push-pull operation at AC
100 V line, remembering that VCE is 280 Vand Ic is2 A.
Table 3 represents a summary of the characteristics of transistor NTC1865.



Table 3. Characteristics of NTC1865

PACKAGE DIMENSIONS
in millimaters {inches}

# 15.0 MAX é
(¢ 0531 MAX) 2

07‘

I, (¢ 0.03)

32.3 MAX (1.272 MAX)

0.1 MAX )

2.54 !
-7-—}-4

10:‘?;&

. 4 3
{0.394){(0 347 MAX.}

8 8 MAX.

&
204£0.1(0961)| F
18z
wn
q 3=
‘ V1 3~
194 o~
J : " 38
3 14.7 2—-¢ 3.7°%
(0579) {3 0146)
1. Base
2. Emutter

3 Collector{Cacse)
EIAJ TC-18. TB-23
JEDFC:TO-86

ItC c13

FEATURES
® High speed switching.

® | ow collector saturation volitage.

ABSOLUTE MAXIMUM RATINGS
Maximum Voltages and Currents (Ta = 25 °C)

Collector to Emitter Sustaining Voltage
Collector to Emitter Sustaining Voltage

Emitter to Base Voltage

Continuous Collector Current

Peak Collector Current
Continuous Base Current

Maximum Power Dissipation {T¢ =25 °C)

Total Power Dissipation
Maximum Temperature

Junction Temperature

Storage Temperature

VCEO(sus} 400
VCE(sus) 450
VEBO 7.0
Ic(DC) 7.0
IC(Pulse)* 15
1B(DC) 4.0

PT 50

Tj 200
Tstg —65 tO +200

*Pulse PWE 300 pus, dutycycle< 10 %

ELECTRICAL CHARACTERISTICS (Ta =25 °C)

CHARACTERISTIC ]' SYMBOL { MIN. TYP. MAX. UNIT TEST CONDITIONS
' Collector Cutoff Current ICEX 17" 100 | wA |VcE=500 V.Vgg(oFF)=—15 V
Emitter Cutoff Current leBO 100 | uA Veg =50 V.ig=0 |
DC Current Galn hFeq 15 1 100 Vee = 6.0 V'4|C =30 A* ]
hEE2 10 Vee =50 V, g =5.0 A
——C—dilector Saturation Voltage VCE(sat) » ) 1.0 v |C’ 50 A .
Base Saturation Voltage _ -\—/BE(sat) 1.5 \' ig=10 A
Turn On Time | ton ! 10 ws © 1c=50 A,lg=-1g2=1.0 A
Storage Time ) - ‘s.tvg ! | 2.0 ps . Ry =30 2.Vge =150 V
Fall Time t4 . | 0.7 us

10

*Pulsed PW K 350 ps.dutycycleS 2 %

> r<<<

=3

o
a0



(4) Rectifying and Smoothing Circuit of Secondary Side

i} Selection of Rectifier Elements

Use 30 A schottky barrier diode 30SBO3S. Table 4 gives characteristics of this diode.

Table 4. Characteristics of 30SB03S

Item Symbol Conditions Standard
& Repetitive Peak Reverse Voltage VRRM Ce—_— 30V
e & IF(AV) T =64 °C, duty cycle S50 % 33 A
g Forward Current O 1.
= IF(RMS) 47 A
= Junction Temperature Tj -e— 100 °C
% | Repetitive Peak Reverse Current IRRM Tj= —40to +100 °c, VRM=VRRM 150 mA
§ § .-F.orwa;gvbltége VEM M = 100—A T | 08 v
53 — - .
) Thermal Resistance Rth{j—c) | between Junction and Case, DC 14 °C/W
i) Choke Coit
al Inductance of Choke Coit
from
L2 {35~5} ~{V§—Vg) *Vp * T
lomax. " VS
where
Np in{DC) = a7 -1 583V, lomax' =20 A, T=50 MS
6
L 235x(83:451x45x60x10° o

b) Core and Number of Turns

Considering the applicable current and the required inductance, use core FEI40-3100B of Tohoku
Kinzoku givinga gap of t=1.8 mm under DC superimposed characteristic NI =300 AT. (AL = 181 nH)
For winding, use a copper plate (t=0.3 mm, W = 15 mm). In this case, the number of turns is

N =12 {turns).
Therefore

L=AL-N? -107° =181 X 122 X 10° % 26 (uH)

c) Smoothing Capacitor

In normal cases, an electrolytic capacitor is used as a smoaothing capacitor. However, a capacitor
of low impedance which has excellent impedance Z¢ for frequencies over 10 kHz is especially desirable.

For this reason, Nippon Tsusin Kogyo's **Rawimpac’” is applicabie.

The impedance Z¢ required by the capacitor can be obtained as follows:

from

Vi
=_1p . .
2c= g wt

Zc$79x107° (Q)

1




where

V%83 V, Vi, €20 mV, w=2rf, =20 kHz, L=26 uH

To satisfy the above impedance requirement, use aluminum electrolytic capacitors (10 WV, 2 200
4F X 9 (19 800 uF)).

(5) Auxiliary Power Supply Circuit
Use self-running half-bridge type DC-DC converter shown in Figure 10. With such DC—DC converter,

the voltage applied to the transistor can be smaller than push-pull type power source voltage,
i) Specifications

Input Voltage (Vin} : 100~ 150 V

Output Voltage (Vg1): 15 V (for stabilized output)

Output Voltage (Vg2): 15 V (for unstabilized output)

Output Current {Igq) : B0 mA (for control circuit)

Qutput Current {ig2) : 150 mA (for driver)

Frequency ;10 kRz

1560 F14D

T, 15954 x 4

F114B
47uF + 1N N
160wv Qy Be (P 5 4PC14315H +15V (50mA)
+L 10uF
AC 100V o

{50H2)

N
160Wv & 2| 25291 0+15V (150mA)
Q2 N 0) + 33uF {unregulated)
B E
F1148 j [jjl’—‘q ‘»—‘ -1 25 Wv
‘ N JJ o

Q1,02:25C1748 x 2

Tq:{Cure) Hgco—E122 -2
(Windingl Np =92 turns
Ng1 = 34 turns
Ng2 * 22 turns

Ng =2 turns

Figure 10. Schematic Diagram of Half-Bridge Type DC~DC Converter

ii}y Applicable Transistor
As can be seen from the characteristics given above, the auxiliary power supply circuit requires

power of approximately 3 W, As a result, a current of approximately 50 mA runs across the transistor.
Therefore, use transistor 25C1748. Table 5 presents characteristics ot transistor 25C1748.
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Table 5. Characteristics of 25C1748

Absolute Maximum Ratings {Ta = 25 °C)

Package Dimensions

{(Unit:mm}

Item Symbol Rating Unit
Collector to Base Voltage VCBO 300 \Y g
Collé_ctor to Emitter Voltage v Vcso 300 v ] @
Emitter to Base Vlﬂtage ) VEBO 7.0 B \ 'g'
Collector Current {DC) |C_(_DC) 100 mA -
- Collector Current {pulse} IC(pulise}* 160 mA -
:Eﬁ_a;;e Current (DC) - IB(DC) 50 mA -
. . o
T(o_;:l:ozv;ero 2 ;smpatton P 800 mW —2
“Junction Temperature T; 150 °c _
Storage Temperafure 1 Teg —65 to +150 °c
1. Emitter
*PWL 10 ms, dutycycle< 50 % 2. Base
3. Coliector {Case)
EIAJ :TC-5,TB5B
JEDEC: TO-205MD (T0O-39)
IEC :C4,B4B
Electrical Charactaristics {Ta = 25 °C)

Characteristic Symbol Test Conditions l MIN. | TYP.| MAX.  Unit
Collector Cut-off Current lcBO ) Vep=300 V, Ig=0 1.0 A
Emittar Cut-off Current IEBO | VEB=50V,ic=0 100 | oA

_DC Current Gain ) hFE \)CE =20 V,Ic=50 mA * 30 i éO 150
_éollectur Saturation Voltage ‘VCE(sat) iC =60 mA,lg=50 mA * 012 | 1.0 \%
Base Saturation Voltage VBE(sat] | Ic=50 mA,lg=50 mA * 0751 15 | v
Gain-bandwidth Product fr [ Vee=30 V. ig =-10 ma 50 MHz |
“Collector Capacitance U Cop VCB=30 V,1g<0,1=1.0 MHz 42 pF
Turn-on Time ? ton 0.3 h us
—oorege Tis 19 :2;52:: “50 mA 35 "
Turn-off Time toff 40 ! us

* Puised PWZ 350 us,dutycycle< 2 %

iii) Design ot Transformer for Converter

Use core Hpcp—E122—Z of TDK for its rectangular hysterisis loop characteristic.

Magnetic Flux Density (Bms): 0.43 T (T3 =25 °C)

DC Superimposed Characteristics (NI): 0.9 AT (att = 0)

a) Type of Core
€l Effective area (Ag): 0.41 cm?

Effective Saturation

Induction Factor {(AL}: 10 000 nH (att =0)
b)

Number of Turns and Diameter of Winding

Number of turns {Np) of the primary winding is as follows:
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from

- Vin
NP_ 4'Bms'Ae'f
65

= 4x043x041x10% x10x 165—-92 turns

Np

Diameter of winding for the primary winding is as follows:

from ;
/41c(av) = _—7i
Dp 2 5 Ic(av) = Vin
3
lé(av) = %—769 =86 mA  (supposingn =70 %)
therefore

4x86>_(_16:3—,_
Dp2 / T x2x10° %0.23 mm¢

Numbers of turns (Ng1 and Ngp) of the secondary winding are as follows:

from

Ns1 =Sl -Np, Vs=Vo1+25+07

in

15+2.5+07

Nsg1 =~ &0 x 92 =34 turns
and from
\%
Ng2 = v?,% *Np

Ngp = Jé% x 92 =22 turns

Wire diameters (Dg1 and Dgg) of the secondary winding are as follows:

from
4
D512 /S igq(a) =101 =50 mA
4x50x 1073
Dsgt1 = —"iz)(xwé =0.18 mm¢
and from
4l3
Ds2= /=322, Igp(ay) = lo2 = 150 mA
4x150x 1072
Ds2= /= 5,108 5030 mm¢



c)

Core Gap and Inductance
The core for a converter is used with saturated magnetic flux.
When fixing the El core, the gap should be kept as small as possible to reduce the exciting current
by striking the contacting surfaces to each other. .
Inductance Lp of the primary winding is,
from

Lp=AL *Np2 - 10°
Lp = 10000 x 922 x 107° =85 (mH)

Therefore, exciting current Ipk is
from
Vin

IPK:F'T

lpg = o __ 50 x 10°® =38 mA
PK= ggx 102 *2Ux 107 =38m

(6) Base Driving Circuit

a)

b)

As shown in Figure 11, pulse transformer is used in base driving circuit for the current amplification.
Design of Transformer
Core
Use core HA—E122—-2Z of TDK.
Effective Area (Ag): 0.41 cm?
Magnetic Path Length (1g): 4.42 ¢m
DC Superimposed Characteristics {N1/1g): Approx. 2.6 A/cm
AL-Value (AL}: 600 nH {att=60 um, prey = 500)
Base Current ig
Base current Ig can be obtained in relation to the drive ratio {Igmax./IB= 5 ~ 10) with the
maximurm collector current,

from P T
“;70'= T *1Cmax {av} *Vin

=FPo T 1 _ 10 50 _1
ICmax.(av)= 7 T Vi 75 * a4 “Too 5167 (A)
where Veg (+H15V)
= = = (s *
Po Vo X Io 55 X 20 110 (W), R3 Np T1 NS o
n=75%, T=50 us, 7=22 x 2= 44 (us), (1100} ¢ 2
Vin =100 V {min.) D4
Therefore
1.67
g = -Cmax. « 157 350 tma) JL Q4
5 5 D1,.D2p: 15954 x 2
Qy: 2SC97A
Q2:NTC1865 (main switching device)
GNDo v T1: (core) HgA—EI122 {t = 60 um)
{winding) Np: 140 turns
Ng: 28 turns

Figure 11. Base Driving Circuit
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c¢) Number of Turns and Diameter of Winding
The primary winding requires the maximum number of turns to make the loss caused by exciting

current small. Theretfore, it is represented as following.
Np = 140 {turns)
The number of turns for the secondary winding is,
from
Vs
=-—">-Np, Ng=28(turns}
vee

where
Vg=3 V,and Vcc=15 V
Diameters of Windings are as follows:
Diameter {Dp) of Primary Winding :0.2 mm
Diameter {Dg) of Secondary Winding: 0.4 mm

{7) Overcurrent Sensing Circuit
According to the test result, details of the current transformer for the overcurrent detector circuit are
as follows:
i}  Applicable Core
» Hsc2 T14.5—-20-7.5 of TDK

ii)  Number of Turns and Diameter of Winding
Np: 3 (turns)
Ng : 150 {turns)
Dp: 0.8 mm
Ds:0.4 mm

iii) Sensing Sensitivity
With the component parts given above, the test results are as follows:
Detection Sensitivity: 1.64 V/A
Sag (Droop: D) : 2.4 % {wherelin=~5 Aand7=20 us)

3-4 Operating Waveform
Figure 12 shows the operating waveform of the trial-manufactured switching regulator with actual

loading.

The surge voltage applied to a transistor is due to the leakage inductance of transformer T1. Thus,
the surge absorbing circuit (C and R) is required to prevent the surge voltage from exceeding the breakdown
voltage of the transistor. .

In this circuit design, inductance Lp of the primary side of transformer T1 is set to 2.67 mH. If a margin
is left for the DC superimposed characteristics, gap t of transformer Tycanbesett0 40 um (L =5 mH).
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300

l g ocp
200 4 =

VeE ‘ L_J Vcirn (+130 V) .m r‘no i
100 — '.
'—B- Yin ___g
0 R1 iz
o 10 20 30 40 50 60 us

o—

, Pl

i \ LI
0 v‘ b R4, C4:Surgs Absorption Circuit
Ry1=430 Q,2 W
-1 C1=1000 pF, 1.4 kWV
0 10 20 30 40 50 60 us
Time—t Conditions

input Voltage :100 V (AC 50 Hz)
Qutput Voltage: 5 V
Qutput Current: 20 A (full toad)

Figure 12. Operating Waveforms of Switching Regulator

4. CONCLUSION

We have given general descriptions on examples of the 3wit¢hing regulator design. We are not able to touch
on the design of the heat sink for lack of space.

For the trial-manufactured circuits in this technical data sheet, we have not finished the examinations of
transieﬁt response and temperature characteristics. In addition, the circuit constants are not suited for mass-
production of the circuit, due to the lack of consideration of the deviation and temperature characteristic of
the component parts.

It is noted that we cannot take the responsibility for any claim or suit on the patent right regarding the
circuit illustrated in this technicat data sheet.
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