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and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

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.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
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(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




APPLICATION NOTE

EE el it "‘"»-.""u'-
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1. INTRODUCTION
Regulator IC’s such as the uPC305C have allowed simplification of circuitry and improvement in performance
of series regulators. Little progress has been made in reducing the size and weight of these systems, however,

due to large and heavy power transformers, smoothing capacitors and heat sinks.

In recent years highly efficient pulse width controlled power supplies (switching regulators), which are
smaller and lighter, have been developed and are being used commercially, mainly for computers and terminal
equipments. These switching regulators are gradually dominating applications in power supply system:s.

) Here we present a brief description of switching regulator designs from the standpoint of high voltage, high
N speed switching power transistors NTC1863-NTC1871A.

2. PRINCIPLE OF SWITCHING REGULATORS.
2-1 Explanation of Switching Regulators. )
A choke input type smoothing circuit is shown in Fig. 1.
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In Fig. 1 {a}, when switch SW is switched on-off with a period of T and an on-time of ton, the output
voltage Vg will be approximately equal to the product of the duty cycle D = ton/T of the on-time and the
input voltage V.

That is:
toN .
Vo ‘—':T—- Vin coeeee e e (1) Provided that: T € 2 n /LC
< 2L
AL T on

{conditions for current flowing through choke
coil to be continuous)

From the above it can be seen that in order to obtain a constant output voltage Vo, regardless of the
variations of the unregulated input voltage Vip, it is necessary that the duty cycle be changed according to
variations of the input voltage.

Now, if the goal is to stabilize the output by reducing the pulse width toy to ton — Aton, when the input
voltage Vip increase to Vi +4&Vip, then,

AVin |

AVin ) - . Ay .
Vit oVin ton = Vin TON v vvvinieenn (2) Provided that: &Vjn € Vin

—AtONz_

Therefore, it can be seen that it is sufficient if the pulse width is varied an amount approximately proportional to
the variation of the input voltage &Vip.

2-2 Operating Principle of Switching Regulators.
A simple switching regulator circuit is shown in Fig. 2.

1:1 L
- Vin  T14 ¢ Vs = - .
b-S
” = $hL Output (V)
AC CP +:z g
N
100 V input -
Q1
- Vet

" GND

Fig. 2 Single-Ended Operation Type Regulator Circuit



&

Generally, since power supply units are generally used in a floating operation, the input and output are

isolated by a high frequency transformer T,
Due to the switching of transistor Q1, the primary winding of T1 is excited and, since the secondary winding

has the same number of turns as the primary winding, a voltage Vs = Vi, is generated in the secondary winding.
The output circuit is the same type of choke input smoothing circuit as shown in Fig. 1, therefore, the output
voltage Vg is given by the equation {1). In order to stabilize the output voltage, the variation of output voltage is
sensed and fed back to control the driving pulse width, A1 is a comparator having the output voltage consisting
of a sawtooth wave superposed upon the reference voltage applied to the non-inverting input terminal VN.
Therefore, since the slice level of the sawtooth wave at the output of the comparator will change according to
the slightest variation of the output voltage Vg, the output of Aq will become a pulse width modulated signal
having the same period as that of the sawtooth wave. When Vg increases this signal acts to decrease the width of
the pulse, and enters the driver through photo:coupler P to drive transistor Q1. As described above, the on-time
of the transistor is controlied according to the variations of the output voltage, and a stable output is always
obtained.

3. KINDS OF SWITCHING REGULATOR CIRCUITS AND OPTIMUM SWITCHING POWER
TRANSISTORS.

NEC's optimum switching power transistors for switching regulators are shown in Table 1.

Table 1. Product Series of High Speed Switching Power Transistor

Outline Type No.
Ic(DC) TO-68 TO-3 T0-3
PT* 7A 7A 10A
100 vV NTC1863 NTC1866 NTC1869
250 v NTC1864 NTC1867 NTC1870
400 V NTC1865 NTC1868 NTC1871A
*Te=26 °C

The above table shows a series of high voltage, high speed switching power transistars newly developed for
use in switching regulators, in which, compared to usual power transistors, an extremely high switching speed of
ton, tf < 1 s and tstg <2 s has been realized.

Various circuits of switching regulators, and the optimum switching power transistors are shown in Table 2.

In addition to the single-ended operation type described previously, there are various switching regulator
circuits of such as the push-puil type, bridge type, etc. And, since the voltage range and current capacity required
to the switching element will vary according to the input voltage and output capacity of the regulator, it is
necessary to select the optimum transistor from Table 1. Among the various circuits, the push-pull type switching
regulator as compared with the single-ended operation type has a high utilization factor of the high frequency
transformer and secondary side smoothing circuit; and compared with the bridge type requires only half the
number of switching elements, thus simplifying the driver circuit. For these reasons, the push- pull type is most
frequently used as a switching regulator.
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Table 2. Circuits of Switching Regulators and Optimum Switching Power Transistors

Optimum Power Transistor o
. utput
Circuits T Input Volt;a;::t:z12 y Capacity
(W)
orDC130 v | AC220 V | S Toa v DC48 v
push-pull Vceo=900 V| NTC1863
_ NTC1865 1 .jasspo.Tr. | ornTCigee | N1C1864 100
L 5 %’ S| NTCiges NTC1869 | NTC1867 200
o] NTCI871A - NTC1870 ~500
full bridge NTC1863
B NTC1864 NTC1865 | '\ iigee | NTC1863 150
A %" 2| NTC1867 NTC1868 NTC1869 NTC1866 250
l « if ) o ~ | NTC1870 NTC1871A - NTC1869 500
half bridge NTC1863
- _ NTC1864 NTC1865 - or NTC1866 75
E - j“ + | NTC1867 | NTC1868 - NTC1869 150
[
> + -
£ 1 NTC1870 NTC1871A - - 300
° -
single-ended {ON-ON) Vceo=900 V| NTC1863
g " . == NTC1865 class Po. Tr. or NTC1866 NTC1864 50
2 g"i “ E_ y NTC1867
NTC1868 NTCI8E | s 100
NTC1871A " - - 200
single-ended (ON-OFF) " NTC1863
NTC1865 or NTC1866 | NTC1864 50
5 T g NTC1867
EI: NTC1868 NTC1869 | o ieo 100
NTC1871A " - ~ 200
single-ended push-pull NTC1863 NTC1863
_ NTC1864 | NTC1865 | '\ Tc1866 | or NTC1866 75
" l . NTC1867 NTC1868 NTC1869 NTC1869 150
| NTC1870 NTC1871A - - 300
chopper type (NTC1864) | (NTC1865) | NTC1863 NTC1863 50
(NTC1867) | (NTC1868) | NTC1866 NTC1866 75
(NTC1870) | (NTC1871A)| NTC1869 NTC1869 150
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4. DESIGN OF PUSH-PULL TYPE SWITCHING REGULATORS.

We will now describe a typical method of designing push-pull type switching regulators.
4-1 Composition.

The block diagram of push-pull type switching regulator is shown in Fig. 3, and the timing chart of the
circuit is shown if Fig. 4. The circuit of Fig. 3 differs from the single-ended switching regulator in the point that
a separately excited high frequency push-pull inverter is used for voltage conversion. Since in the circuit of Fig. 2
the output voltage is directly compared with the sawtooth wave, the loop gain should be low and allowing 1arge
variations of the output, so an error amplifier of about 50 dB gain is necessary as shown in Fig. 3. In addition,
in order to provide the output signal into 2 phases is required in an after the isolator; and also an over-current
flowing in the switching elements during overloads. Also, auxiliary power source is required to supply power to
these control circuits, This power source consists of a line operated DC—~DC converter, in order to permit AC/DC
operation and reduction of size.

primary secondary output
noise rectifying  smoothing current high frequency rectifying smoothing noise voltage
fitter circuit circuit transformer inverter circuit  circuit circuit filter sensing
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driver isolator Ovar current error amp.
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converter) comparator ,I. VREE
PWM output VIN
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wave OSC.
generator

Fig. 3 Block Diagram of Push-Pull Type Switching Regulator.




OSC. output

sawtooth wave
gene. output

comparator
input

comparator
output

PWM output
(A)

FIF Q

(A} AND (F/F Q)
Q4 drive

toN

(A) AND (F/F B)
Qadrive

transformer
magnetic

flux

transformer
secondary

output

secondary
full-wave
rectifier

=

output

=

Fig. 4 Timing Chart of Push-Pull Type Switching Regulator Circuit
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4-2 Design Method of the Various Blocks.
{1) Primary Rectifying and Smoothing Circuit.

. A line operated full-wave rectifying and smoothing circuit is composed of a bridge rectifier and a
smoothing capacitor, and the rush current flowing into the rectifier and capacitor when power is turned on
is limited by a low resistor in series with the AC line. Also, in the case of large capacity power supplied,
slow starting circuits using SCRs or relays may be employed.

The capacity of the smoothing circuit is determined by the input capacity of the power unit and the
required ripple level, and for this purpose there is an extremely convenient curve (chart) by O, H.Schade,
as shown in Fig. b.
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Fig. 6 0. H. Schade’s Curve {for determining Circuits Constants
of Full-Wave Rectifying Circuits.)

{2) Design of Transformers.

In order to reduce size and avoide audible noise, high frequency is used in switching regulators. However,
considering the high frequency characteristics of diodes, transistors, capacitors, etc. a frequency of about
20 kHz is generally used in push-pull type regulators.

i} Material and Shape of Cores.

From the point of saturation {magnetic) flux density, permeability, and iron loss Tohoku Kinzoku's
3100B or TDK's Hgp is used as the core materials of transformers and choke coils.

El shaped cores are easy to handle. The volume of the core is determined from such factors as follows:

the input voltage, the number of turns of the primary winding which is determined from the frequency

used, the cross section area of the primary winding which is determined from the output capacity, the
primary winding inductance, and the superposed DC current.

When a square wave voltage of frequency f (Hz)} and peak value Vin (V) is applied to a transformer
which has Np turns as the primary winding around a core of Ag (m?) cross section, the relationship
between the flux density B (wb/m2) created in the core and Vjn can be shown by the following
expression.

Vin=4-B-Ag-f-No (V) ..ooiiiii .., (3)




Aw {window area)

Fig. 6 Shape of Core

On the other hand, if in Fig. 8 § (A/m?) is the allowable current density of the winding, and w.f.
{window factor) the proportion {space factor) of the total cross sectional area of the primary and
secondary windings {A/m?) to the total window area A {m?) of the core, then,

Ac=(wh) -Aw=20p o (4)

Therefore, from equations (3) and {4) the maximum input P{VA) which can be applied to the trans-
former is:

P=Vinlp=2BL AW i) AW 8 (VAL ... i (5)

Now, when in equation (5) the following values are substitued for the items below, equation (6) is
obtained.
B = 1500 (Gauss) = 1.6 x 107 (wb/m?)
{Generally, taking in consideration the balance of the decrease of saturation (magnetic)
flux density with rise in temperature and iron loss, a magnetic flux density of 1500 Gauss
is used.)
8 = 2(A/mm?) = 2 x 10% (A/m?)
(From the temperature rise caused by the specific resistance of the copper wire, generally,
2 A/mm? is used as the allowable current density of the copper wire employed in trans-
former windings.)
w.f. =07
(From the thickness of the insulating material of the windings and the space taken up by
the shield, 0.7 is generally used for the w.f.)
f=20 (kHz)
then,
P=84xAexAyx10°{(VA) ... ... ... ... ... (6)
When the maximum input capacity P{VA) of Tohoku Kinzoku's El shaped cores are determined
using equation (6) the results are as shown in Table 3. Actually, when employing these cores in switching
regulators, due to the necessity of taking into consideration a margin of the (magnetic) flux density to

()
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cope with variations of the input and also the DC superposed characteristics, it is common for the design
to have a considerable allowance in regards to the P(VA) values of Table 3.

Table 3. Kinds & Maximum Input Capacity of El Cores.

B = 1500 Gauss, f=20kHz, § =2 A /mm3?, w.f. =0.7 * Core material: 31008

Kind of Total window Effective cross Maximum input Practical example of

core area of core section area of capacity output capacity
Ay (em?) core Ag (cm?) P{VA) Po (W)

FEI 30 1.44 1.09 132 25

FE! 40 3.10 1.46 380 50

FEI 50 4.78 2.30 923 100 - 150

FEI 60 7.84 2.45 1,600 Undetermined

i) Windings.

(a) Number of turns of primary winding: Np
Np is determined, employing equation (3), so that the design (magnetic) flux density B shall be

obtained at maximum input voltage Vin{max)-

= Vin{max.)
4-B-Ae-f

Np

(b) Diameter Dp of primary winding wire.
I an average current through into the primary winding is I¢(av).

Ic(av)

,r-(—Dz-!fi)2 =

{c) Number of turns of secondary winding: Ng
Ns is designed so that the specified output voltage will be obtained under the worst conditions
(minimum input voltage, maximum load, and minimum ambient temperature).

—_— ‘F"

L
A D1
—A—TUT
Vs IcH
IF2 +
N__

—

Fig. 7 Secondary Smoothing Circuit

: primary input voltage (V)

: secondary output voltage (V)

: smoothed output valtage (V)

: forward voltage (V) of diodes D1 and D3

inductance {H) of choke coll

: internal resistance {2) of choke coil

capacity (F) of smoothing capacitor

: load resistance (2}

output current
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in the secondary smoothing circuit shown in Fig. 7, the relationship between the input and
output voltages and number of turns of the primary and secondary windings of the transformer
is shown by the following equation.

=Ns
Vg = N_p *Vp (V) L e {9)
And, when an output voltags of period T(sec), maximum pulse width T (sec), and peak value
Vs (V) is induced in the secondary side of the transformer, the output voltage Vo(V)} obtained
when a load current lo{A) is taken out is shown by the following equation.

Therefore, from equations (9) and (10) the number of turns of the secondary winding can be
determined from the following equation.
2 (V°+VF+|° 'I'L) 'Np‘T

Ng= 3T V; {turmns) ..o (11)

{d) Cross section of secondary winding. ‘
When round copper wire is used for the secondary winding, the same as for the primary

winding, the diameter Dg{m) -of the secondary winding can be determined from the following
equation, similarly to equation (8).

Provided that, 1o(max): Maximum output current (A)

However, in the case of low output voltage, large current capacity power such as are used in
terminal equipment, foil may be used for the winding to reduce skin effect. In this case the cross
sectional area Sgim?) of the winding is determined from the following equation.

iti) Static shield.

To prevent the influence of noise to be easily passed through the static coupling due to the stray
capacity between the primary and secondary windings of the transformer, it is necessary to provide
static shield by inserting metallic foil between the primary and secondary windings, or by other means.

1 shield
d2] o ! o
Np ! N
' primary 1 secondary
|
primary/ d
winding ° l o
bobbin _
secondary
winding
{a) (b} (c)

Fig. 8 Static Shield of Transformer
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Shielding of the transformer is conducted as shown in Fig. 8, but care should be taken since when
d1 of the shielding foil joint in Fig. (a) is too large the shielding effect will decrease and, when the joint
overlaps, loss will increase. Also, unless the shield foil extends beyond the edges of the winding the
static coupling at the edges of the windings cannot be decreased, therefore it is necessary to provide
distance d2 as shown in Fig. (b).

{3) Secondary Rectifying and Smoothing Circuit.
Fig. 9 shows the waveform during operation of the various point of the secondary smoothing circuit
shown in Fig. 7 previously.

N

voltage ‘L‘l

wave form of A

D Val . Vg

0
NN\ v ~ Irip
ICH g
o
- - g rVrip
Vo
0

— L
Q:‘ 'Ir'.p . ripple current (A)
’ Vrip ! output ripple vaitage (V)

Fig. 9 Waveforms of the various parts of
Secondary Smoothing Circuit

During interval 7 (sec) of period T (sec) a voltage Vg (V) will be induced in the secondary of the trans-
former, and during this interval the smoothing circuit wil! be supplied with power from the primary, During
this interval a current having a gradient of (Vg — Vg) » t/L will flow in the rectifier elements D1 and D2
connected to the terminals of the secondary, and this current will flow through the choke coil in a super-
posed manner, On the other hand, during the quiescent time T/2 — 7 (sec) the choke coil will function to
continue the current, thus rectifier elements D1 and D2 will act as flywheel diodes. As a result, the current
flowing in the choke coil taked the form, as shown in Fig. 9, of a ripple current Irjp {A) superposed on a
current equal to the output current I {A). This ripple current flows into the smoothing capacitor connected

- in parallel with the output terminals.
\_/ 1) Selection of Rectifying Elements.
Since the currents |g{ and IF2 flowing in the rectifying elements D1 and D7 take the form shown

11
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i)

iii)

in Fig. 9, it is necessary to select elements for D1 and D2 having a current capacity appropriate for |Fq
and IF2. Also, since in normal state a maximum voltage of 2Vg (V) is applied to these elements, it is
necessary to select elements capable of withs‘_canding this voltage. In addition, as the secondary rectifying
circuit operates at a frequency of about 20 kHz, the use of fast recovery diodes having a short recovery
time is required. Specifically, in the case of power units of low voltage (=5 V),large current output the
use of Schottky barrier diodes, which have an extremely fast recovery time, is appropriate.
Smoothing Capacitors.

As described earlier, the secondary smoothing circuit is of the choke input type, and the smoothing
factor (@ = Vrip/Vs) of such a circuit is generally shown by the foliowing equation.

= Vrip. __1
&—TSL ‘m ........................................... “4)
W= 2xf

However, since electrolytic capacitors, which do not have very good frequency characteristics,
are employed for smoothing, the impedance Z¢ of the capacitors cannot be expressed as Ze = 1/wC
at a frequency around 20 kHz. The smoothing factor is usually determined from the following
expression,

a=-2¢_
wtl

Z¢: Impedance of capacitor at frequency used.

Choke Coifs.

As described before, a ripple current Irip inversely proportional to the inductance L of the choke
coil will flow in the choke coil. But, when the load is light and the output current lo becomes less than
2 Irip. the current tflowing in the choke coil will become discontinuous and the filtering effect will be
lost. This value is called the critical current IcHo (A), and expressed as follows,

Ve — V,
lcHO = —SZ—L—Q- ton (A) o e ...(16)

The critical current is related to the size of the dummy resistor used to prevent an abnormal rise of
the output voltage, and is usually taken at 1/7 to 1710 of the rated output current lo{max) (A). '
that is,

'CHO S (%“’ '1'16) . 'omax_ (A (17)

Therefore, from equations (1), (16) and (17} the inductance required by the choke coil will
become: '

L2 {35~5) - (Vs = Vgl Vo
lomax. Vs

El shaped Ferrite cores, similar to the for choke coils. But since direct current is superposed upon
the choke coils, gapped cores are necessary to prevent (magnetic) flux saturation.

The number of turns and core volume required for a choke coil having the inductance and rated
output current lo{max) {A) shown in equations.

The number of turns N1 are shown by the well known in equation (20).

L=ALXNZ2x10° (M) ....ooooooii (19)
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AL: AL — value (nH/T?) of core at gap t.

Np = /KLE X10°  (Rumns) ... {20)

Core volume is determined by selecting a core in which the product of the DC superposed current
under actual load and the number of turns does not exceed the DC superposed characteristic NI
{ampere-turns) of the core at the gap t {mm).

That is,

NI> N1 x lomax, (Ampere Turns) ... (21

(4) Auxitiary Power Supply Circuits.
As shown in Fig, 10, all of the DC—D_C converters used as auxiliary power supplies operate on the
principle of having a base feedback winding on the transformer to sustain self-excited oscillation,
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{c) Jensen Circuit

Fig. 10 Examples of DC—DC Converter Circuits for
Auxiliary Power Supplies.
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Among the circuits shown, when the output is small the Blocking Oscillator type shown in Fig. 10 (3)
is suitable from the standpoint of needing a few parts. Design of transformers for converters is conducted
in the same way 8s described in Item (2). But particularly, since the transformers T1 of circuits {b) and (c)
of Fig. 10 are used at saturated magnetic flux, TDK's Hgc2, which has a square hysteresis characteristic,
is suitable as core material. Since converters are operated from the AC100 V — 117 V line, transistors of
the VCEQ = 400 V are required for use in converters. When it is necessary to stabilize the output of con-
verters, as in control circuits which are operated from the output of the auxiliary power supply, monolithic
voltage regulators of the uPC143xxH or uPC78L are used.

Base Driving Circuits.

The base driving circuit of the main switching transistor is impohant from the standpoint of reducing
the switching time and thus the switching loss of the transistor, Particularly, since the high voltage, high
speed switching transistor which is the main switching element has a low hgg of about 10, the base current
becomes considerably targer. Therefore, a pulse transformer is generally used to provide current ampli-
fication. (Sometime it also performs the function of isolation.)

A pulse transformer of 2 : 1 t0 5 : 1 turns ratio is employed in the circuit of Fig. 11, and extraction of
the carrier accumulated in the base of the final stage transistor is performed through diode Dy by the
backswing voltage gene?ated in the pulse transformer during OF F time. (Since in this method the backswing
voltage becomes low when the width of the input becomes narrow, some ingenuity is required in arranging

the circuit.)
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Fig. 11 Bass Driving Circuit

Overcurrent Sensing Circuit.

Current sensing methods for protecting the main switching transistor and primary and secondary recti-
fying diodes from overcurrent are: the method of utilizing the voltage drop of a low resistance resistor
placed in series in the GND line of secondary circuit; and the method of directly sensing the collector current
of the transistor employing a current transformer.

However, from the points of ease of control and low power loss in the sensing section the latter method
is superior. A circuit using this method is shown in Fig. 12. The peak value of the collector current is
detected by the diode D and capacitor C in the secondary of the current transformer (CT).
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L : Inductance of primary winding wire.
CT: TOK'sHgc2 T shaped core used.
Np=3T, Ng= 1507

Fig. 12 Overcurrent Sensing Circuit

Core Material and Shape.

In order to improve detecting sensitivity and to reduce sagging of the output waveform as much as
possible, TDK's HgC2 toroidal cores which have high permeability and good coupling coefficients are
used.

Windings.

The number of turns of the primary and secondary also greatly effect the detection sensitivity, and
a turn ratio of about 1 : 50 is usually employed. The sag B, shown in the output wave form of Fig. 13,
is determined by the internal resistance r of the winding and the terminal resistor Ri. The sag D is

expressed by the following equation,
reBL 7

Bdr " oo, (22)

7 : Width of input pulse
L: Primary inductance of CT
Therefore, in order to reduce the sag, it is necessary to use a wire having larger diameter for the
secondary winding to reduce the internal resistance.
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Fig. 13 Operating Waveforms of Current Transformer

5. ENDING

Design methods for switching regulators centering around the selection of the elements and design of the
transformers have been briefly described above. Design of control circuits and actual examples of the design of
switching regulators are described in the “Applications”” edition, to which we refer you.
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