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of Renesas Electronics or others.
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Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
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-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




2SK278

APPLICATION OF N-ch POWER MOS FET 2SK278
TO 200 kHz SWITCHING REGULATOR

1. INTRODUCTION

The switching regulators are miniaturized very rapidly in order to satisfy the increasingly rigid requirements
of equipment designers. Technical improvements on their elements and applications are introduced so quickly
one after another.

The most significant trend of all is that the operating frequency of typical switching regulators has been suc-
cessively raised from the previous level of 20 kHz to 50 kHz or even 100 kHz today. This realizes corresponding
improvements of frequency characteristics of various devices and their applicability in elevated frequency en-
vironments.

It is against such background that Nippon Electric Company (NEC) is proud to offer on production basis
N-ch power MOS FET 2SK278, a switching device designed to be compatible with 200 kHz which is the operat-
ing frequency level any next-generation switching regulators will naturally be required to attain.

in order to show an example of promising application potentials of 25K278, this brochure describes a 200
kHz, 5 V, 10 A output forward type switching reguiator where 25K278 is used as the main switching device in
combination with other elements capable of operating in 200 kHz environments.

2. GENERAL DESCRIPTION OF 25K278 -

The absolute maximum ratings, electrical characteristics and external dimensions of 25K278 are shown in
Tables 1 and 2 and Fig. 1 respectively,

Table 1. Absolute Maximum Ratings (Ta = 25 °C)

ITEM SYMBOL |[TEST CONDITIONS | RATINGS UNIT
Drain to Source Voltage VDSS Vags=0 400 \%
Gate to Source Voltage VGSS Vps=0 20 v
Continuous Drain Current ID(bC) 7.0 A
] PWS<10 ms
Peak Drain Current 1D (pulse) duty cycle S 50 % 10 A
Total Power Dissipation PT Tc=25 °C 100 w
Maximum Channel Temperature Tch ’ 150 °C
Storage Temperature Tstg —65~+160 °C

NEC cannot sssume any responsibility for any circuits shown or represent that they
are free from patsnt infringement,

NEC reserves the right to mske changes at sny time without notice in order to Improve Nippon Electric CO'L‘td

design and supply the best product possible,

© 1981 NEC Corporation
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Fig.1 2SK278 Package Dimensions

Table 2. Electrical Characteristics (Ta =25 °C unless otherwise noted)

CHARACTERISTIC SYMBOL | MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
. vVGgs=0

Drain to Source Breakdown Voltage | BVpsS 400 Y Io=10 mA
Gate Cutoff Current IGss +100 nA Vps=0,Vgs =220 V
Drain Cutoff Current IDss 10 mA Vpg=400V,VGg=0
Gate to Source Cutoff Voltage VGS (off) | 0.4 1 3 \ Vps=10V,1p=50mA
Forward Transfer Admittance lyfs! 0.6 1.0 S Vps=10V,Ip=3A
Drain to Source On Resistance RpSs (ON) 1.0 1.5 Q VGs=16V,Iip=4A
Input Capacitance Ciss 950 1500 pF B
Output Capacitance Coss 600 pF VP? =Ml1-l2 V.Ves=-5V,
Reverse Transfer Capacitance Crss 10 pF
Turn-on Delay Time td (on) 20 50 ns ID=2A,VGS{on) =10 V,
Rise Time tr 20 50 ns VGS{off) =0, RL =75,
Turn-off Delay Time td (off) 25 50 ns Ve 5150V, PW =1 s,
Fall Time tf 35 50 ns duty cycle S 1%




2SK278 is an N-channel MOS FET of vertical configuration, using the case as the drain. As it is also an en-
hancement type MOS FET, it is used in the same bias condition as the conventional bipolar NPN transistors as
long as due attention is paid to the fact that its gate is voltagedriven.
In addition its Vpgs is rated at 400 V and its on-state resistance (RpS(on)) is relatively small as the MOS
FETs go while it attains a very high switching speed. These distinctive features join to justify the use of 25K278
as an AC 100 V line operating type switching regulator in the frequency range of more than 100 kHz where the

conventional bipolar transistors fail to respond quickly enough.

The structure of 25K278 and external appearance of its element are shown in Figs. 2 and 3 respectively.

Source Electrode

Gate Electrode

Nt

Drain Electrode

Fig.2 2SK278 Structure

Gate
Electrode

Fig. 3 Photograph of Die of 25K278

Source
Electrode

Equivalent circuit of this device (see below) can be
described as a cascading connection of three FETs. Junc-
tion FETs FET-3 and FET-2 have high breakdown voltage,
and protect MOS FET stage FET-3 from high voltage

exposure.

By this fact, 25K278 can have high Drain to source
breakdown voltage.

e} Xoo

[

S

FET-2

L,

FET-1

Equivalent Circuit

Note:
G1 : Gate Electrode of FET-1
G2 : Gate Part of Equivalent
Junction FETs FET-2
and FET-3
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Table 3. Parts List

YMBOL| NAME RATINGS SYMBOL NAME RATINGS
Z1~Cy Film Capacitors 0.22 uF, 500V Q, Power MOS FET 2SK278 (400 V, 7 A) NEC
Ze Al electrolythic capa. 470 uF, 160 V Q, V MOS FET 28C2752 400V, 2 A TO-128 NEC
Tsus mylar tilm capa. 1000 pF.50 V Q,.Q, VNBBAF (80 V, 2 A) Siliconix
o film capa. 22 uF, 50V
Zs Al electroiythic capa. 4700 uF, 16V
Co a0 film capa. 0.22 uF, 500V
of mylar film capa. 0.47 uF, 50V R, cement resistor 150,5W
o film capa. 0.068 uF, 200 V Ras carbon film resistor 47Q,1/2wW
Zis mylar film capa. 1500 pF,50 V Re¢ solid resistor 500, 1W
Cia Al electrolythic capa. 33uF, 16V Rs carbon fiim resistor 150k
Cis v 150 uF, 10V Re o 1000
Zre " 330 uF,16 V R4 o 4.7k
Cia mylar film capa. 022 uF,50 Vv Ra " 220
Cis 1500 pF,50 V Re " 1000
Cis ceramic capa. 470 pF,50 V Ryo " 2400,1/2W
Cao mylar film capa. 0.22 uF,50 V Rig s . 10 k2
Cu Al electrolythic capa. | 33uF, 16V Rys . 4.7kn
Ca - 1 - Ris " 150 2, 1/2W
Cas mylar film capa. 1000 pF,50 V Rys metal film resistor 69k
Caq film capa. 0.1 uF, 650V Ris carbon film resistor 15M0
D, bridge rectifier 2BBM {400V, 1.5 A} NEC Ris " -
D, first recovery diode F114D (400 V,08A) ' Ris 68kn
D, Schottky barrier diodes| 20CSO4M {40V, 20 A) + Ris. 20 metal film resistor 1k0
{common cathode)
Dy~Ds¢ | diodes 18953 .
D;.a " 15954 o SCR,; SCR 5P2M (5 A, 200 V) NEC
D, diode 15953 v
F fuse 3A T QOutput transformer core: PQ20/20H7¢c1 TDK
1Cy Sw. Reg. Controller ZN1066E Ferranti g’?:f;:ums' Op=0.4mm ¢
Ns=4 Turns, Ds=0.4 mm ¢
1C, LSTTL {inverter) uPB74LS00 NEC 6 parallel 3 layers
NB=27Turns, DB8=0.4 mm ¢
1 fayers -
Ls Common mode choke | core: T12-125 (dastcare) Ts transformer for auxi- | core:EP-13H,cy TDK
coil for fine filter N; =Ny =10Turns liary power supply Np=95Turns, Dp=0.2 mm¢
D=0.6mm¢ 2 parallel Lp=1.75mH
NB=4Turns, DB=0.25 mm ¢
Ns=14Turns, Ds=0.25 mm ¢
2 parallel 2 layers
Ly choke coilfor smooth- | core:Ei-22H,¢, TDK Nz=14Turns, D2=0.25 mm ¢
ing circuit N=6Turns NscRr=4Turns, Dgcr=0.25 mm ¢
D=0.6 mm¢ 2 parallel 3 layer
L=50 gH Ts pulse transformer for core;:EP-10Hg A TDK
gate driving Np=Ns=N B=l Turns
Ly choke coil for smooth- | core: T8-125 Dp=Ds=Dg=0.25 mm ¢
ing circuit N=8Turns Lp=92 uH
D=0.7 mm ¢ 4 parallel
L=46uH VR, Variable resistor PN822H102H (NEOPOT) NEC
2D, Zenner diode RD13EB {13V, 400 mW) NEC




3. APPLICATION TO 200 kHz SWITCHING REGULATOR

A trial model of the 5 V, 10 A output forward type switching regulator where 25K278 is used in the output
stage, is described in the following pages.
3.1 Specifications of Power Supply

Input voltage : AC 100V +£15% (50 or 60 Hz)

Output voitage, current: DC5V 5%, 10 A max.

Operating frequency : f=200 kHz
3.2 Design Key Points

As the trial model switching regulator must operate at a definitely high frequency than conventional switching
regulators, it is necessary to introduce many improvements in terms of transformer design, etc. The more impor-
tant of them incorporated in the trial model switching regulator are listed in Table 4.

Table 4. 200 kHz Switching Regular Design Key Points

ITEM IMPROVEMENT POLICY CONCRETE MEASURE TAKEN
Prevention of rush Adoption of slow start circuit SCR installed in parallel to limiting
current into line resistor on line side
Miniaturization of Adoption of DC-DC convertor | Adoption of fly-back type DC-DC
auxiliary power supply convertor (simple switching regutat

: circuit added, =150 kHz, Po=1.5W).
Prevention of rush Adoption of soft start circuit Control |C amplifier output provided
current into invertor with time constant with addition of
Capacitor and Resiste.
Reduced radiation noise Fixed diode case potential Secondary choke coil installed on
of sécondary rectifying GND line side so that diode case po-
diode tential does not fluctuate..
Output transformer fre- Reduced primary to secondary | Improved coil winding.
quency band extension leakage inductance
Transient response/ reg- Adoption of combined choke Two choke coils serially connected, re-
ulation coexistence coil alizing two different L values by cur-
rent value.

3.3 Circuit Designs

(1) Slow start circuit

As the primary smoothing circuit is designed to receive input from capacitor Cg4, this slow start circuit is
used to perform charging the capacitor gradually enough to prevent the occurrence of a rush current when the
switch is turned on.
Concretely charging C4 starts through R1{. As the auxiliary power supply circuit (DC-DC convertor) of Q2, etc.
is actuated, the NgCR coil generates a voltage, which is used to charge C45 at a certain time constant through
the time constant circuit composed of Rg and C15. The charged C15 trigers SCR1 through Rg.
In this case the surge current to SCR1 must be provided with a sufficiently large margin against the maximum
rating of ITgm = 80 A. (Usually below 20 A)
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D1

. SCR4

Line 5P2M +{Cq

Filter 470 uF
| ! Rg 220 @ Rg100

+
Np NscR % C15150 uF
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Q2

Bns

¥
Fig.5 Slow Start Circui_t

(2) Auxiliary power supply

Circuit diagram of auxiliary power supply DC-DC convertor is shown in Fig. 6. This convertor is of fly-back
type, and operates as a simplified stabilizing circuit by providing the positive feedback from Ng to the base for
seif-excited oscillation and, at the same time, connecting output voltage of Nz which has as many turns of wind-
ing as Ng, to the base of Q3 through D4 and ZD.
This convertor has NTC2752 as Qg and operates on the frequency of about 150 kHz. Its output profiies are
roughly as follows. ‘

For driver control 1C bias 1Vg=14V

For SCR1 drive :VSCR=5V

For stabilization (N2 coil output): VZ =14 V

-Vec *Vee T2 Dg Rgygeg Re ¥ SCR

—
Rs
150 K b3

D7 vg

Cizl

)
D4

1 500P, Ng + Oriver &
i Re . Ns #Cig Control
ZD, 100 Circuit

RAD13EB

R78 & ci4
L ]

Fig.6 Auxiliary Power Supply Circuit



ABSOLUTE MAXIMUM RATINGS

Maximum Voltages and Currents {Ta=25 °C)

Collector to Emitter Voitage
Emitter to Base Voltage
Continuous Collector Current
Peak Collector Current
Continuous Base Current
Maximum Power Dissipations
Total Power Dissipation {Ta=25 °C)
Total Power Dissipation (T¢=25 °C)
Maximum Temperatures
Junction Temperature
Storage Temperature
Thermal Resistance
Junction to Case
*Pulsed PW S 300 us, duty cycle S 10%

VCEO
VEBO
IciDC)
IC{pulse)”
IB(DC)

Tstg

Rth(j-c)

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

400
5.0
500
1000
250

1.0
208

150
—65 to +150

6.0

cw

A
\Y
mA
mA
mA

W
w

°C
°C

Fig.7  Outlined Specifications of NTC2752

08
22005 11
10.031 :

PACKAGE DIMENSIONS

in millimeters (inches)

8.6 MAX,
{0.334 MAX.} 2.8 MAX.
¢ 3.2¢0.2 {0.11 MAX.}

(e 0.126)

= {b;i
120 MAX.
0.472 MAX.}

i (0512MAaX)

+0.08

LI S 12
23 23
(0.091] (0.081)

1. Emitter (E)

2. Coliector (C)
3. Base (B)
4

. Fin {Collector}

CHARACTERISTIC SYMBOL | MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
Collector to Emitter Sustaining Voltage | VCEQ(SUS) | 400 ' \ Ic=10 mA, 1g=0
Collector Cutoff Current 1IcBO 10 A Vce=400 V, Ig=0
Emitter Cutoff Current fEBO 10 MA VEg=5.0V, ic=0
DC Current Gain hFE1 20 80 VCE=S V. Ic=50 mA

hFE?2 10 VCE=5 V, Ic=0.3 A*

Collector Saturation Voltage VCE(sa 1.0 \'4 .
Base Saturation Voltage VEE:sa:; 1.2 \Y% IC=300mA, 1=60 mA
Turn On Time ton 0.5 1.0 Hs 1c=0.3 A, Iy =182=60 mA,
Storage Time tstg 23 |25 Ms Vee=150 V, RL=500£2,
Fall Time tf 0.35 | 1.0 us | PW=50us, duty cycle £2%

* Pulsed PW < 350 us, dutycycle S 2%

Caution: This transistor NTC2752 is underdevelopment device, and was production of this transistor will be

started middle of 1981,

(3} Control circuit

With the conventional operating frequency of less than 100 kHz the contro! circuits may be built around
standard |Cs.. The operating frequency of 200 kHz means, however, a shortened cycle of Sus. So, standard ICs are
not fully acceptable in such operating environment because their input/output delay runs almost 500 ns due
to tpd characteristics of their comparators, and because the amplifiers’ frequency characteristics are limited in

high frequency range terms.

¢ 32102
(¢ 0.128)




The 200 kHz operation must be provided with tpd § 100 ns and the amplifier frequency characteristics of more

\than 200 kHz for Ay = 40 dB. >
As a result, ZN1066E of Ferranti Electric Inc., is used for the trial model switching regulator.

(The frequency characteristics of the amplifier built in this IC is about 3 MHz for Ay = 40 dB.)
This {C contains two of these amplifiers, each of which is provided with the common mode input voltage range
of 1 V to 2.8 V and designed to operate on a single power supply, not accepting O V. As a result, no excess
current protection circuit is provided.

{4) Main transformer T1 design

PQ core of TDK is adopted for main transformer Tq. The following TDK document was referenced in drawing
up T1 design. Interested readers are advised to consult it. i

Document title: PQ CORES FOR SWITCHING POWER SUPRIES No. 79L-2

Core used: PQ 20/20 Hyc4 '

The core and core bobbin shapes and core constant of PQ 20/20 H7 ¢y are shown in Fig. 8.

PQ 20/20 Shape

9.0
8.0:0.4
20.5t0.4

L_I__J__.'.l L
"l
+0
204 5,4 Unit: mm

PQ 20/20 Bobbin Shape

254 254 254 254
254 508 2.54
e b g 11
0 0 4 1

16.6

Y =
TR T
o .08 - o
3.81381 381381 2
115 -
230 1=}
=3
Parameter
Core Constant [of] mm™? 0.738
Effective Magnetic Path Length  Ke mm 45.4
Effective Cross Sectional Area  Ae mm? 62
Effective Volume Ve mm? 2790
Central Leg Cross Sectional Area Acp mm? 61
Minimum Area of Acp Acp{min) mm? 58.1
Actual Window Area Acw mm? 65.8
Weight [+] 15
Name AL-value (nH/N2)

H7¢1PQ20/20 Z-12 24260
{50 kHz, 3T 100 °C)
Fig.8 PQ20/20 Core, Core Bobbin Shapes and Core Constant




— Decision on Turns of Coil Winding —
Forward canstant (KE¢) = 0.3 is assumed for 200 kHz operation. The minimum value {Vin (min)) of the

smoothing input voltage is found as follows.
Taking Vin = 85 V (min) and input = 10 A and consulting the O.H. Shade chart or calculating from the amount
of electric charge from the smoothing capacitor due to invertor action,
Vin (min) =95V
Assuming core temperature increase Typ at 35 °C. permissible power loss P, is,
Pm=1W
From the relationships Pm = PLF + Pcy and P_F = PCF (minimal loss condition),
PLF=Pcy=0.5W
therefore total loss P is found as follows by Py = P|_F/KFC which expresses the relationship between iron loss
PLF and KF in the forward convertor circuit,

PL=167W
The relationship between flux density at operation and P|_ is expressed as follows:
24 _ PL
f Bm (Kh + Ke:f) - Ve :
there oge _ 167 57 .
m { 491077 +1.7-10°% 200 - 10°) - 200- 10° 2310 | '°
= 0.1623 [T]

As a result, from AB= 0.12 T{25 °C) and Acp = 61 mm? Np, the number of primary winding turns, is expres-
sed as follows.
Vin {min} - 70 max
AB - Acp
Assuming Tomax = 0.45T and T = 5 us
95 x 2.25 x 107° )
012x61 x10° ~ 29.2 = 30. [Turns)
— Dacision on Secondary Winding —

Np =

Np

_ Np _ Vo +VF+Vyg
NS = Vinimm) VS Vs=——p—

where V¢ = line drop voltage.

Np (Vg + VE + Vg)

Vin {min) - Dmax

where VF=0.6 V,Vo =5V, Vp=0.2V and Dmax = 45%.

Ng =

Therefore
_ 30x58 _
Ng = 95 x 0.45 4.07 (Turns]
— Winding -

Avoiding the formation of any air gap toward the bobbin edges is especially important to minimize leakage
inductance. The sandwich method of winding the primary and secondary coils is also preferred for the purpose.
The winding configuration shown in Fig, 9 is adopted, reflecting the outcome of a series of trials and errors.

Ng
f—————
= |
m;m right ' ‘
rightfleft |l  Bobbin 'I }{ "
symmetrical 1 ‘

NS e

Ng Np Ng Np Ng Np Ng

Np=27 Turns Ng=27 Turns Ng=4 Turns
Dp=0.4 mm¢ Dg=0.4 mm¢ Dg=0.4 mm ¢ 6 parallel
3 layers 1 layers 3 layers
Fig. 9

10



Note: Against the design target of Np=30[ ] Np=27 [ ] was the actual limit attainable with the 0.4 mm ¢
wire. Therefore Np = 27 [ ] is used with the trial model switching regulator.
As a result, the constants above assume the following values.

From® =Mmﬁ2'fﬂ’i =7.92 [wb]

AB=0.13T.Bm=0,16T,P| =227 W and Py F = 0.681W

4. RESULTS

The switching regulator designed and manufactured as described in the following pages were tested and the
results are shown in Table 5 and Fig. 10.

Table 5 Trial Model Switching Regulator Performance

Evaluation Results

Table 5,
ltem Conditions Measured value

Line Regulation{%) Vin=85~115V 16 mV(0.32 %)
SVout (A Vout/Vout) Vout=b V., lout=10 A
Load Regulation (%) lout=0~10 A 30 mV(0.60 %)
&Vout { AVout! Vout) (0 to rated load)

Vin=100 V, Vout=5 V
Output ripple voltage Vin=100V 50 mVp—p
Vripple Vout=b V. lou=10 A

(excluding output noise,

p—p value)
Efficiency Vin=100 V 78.4%
n Vout=d V, lout=10A

External shape

Without casing

34{W)} X 170{D) X 110{H)
(unit: mm)

11
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Vout--Output Voltage—v

Conditions
Vin=100 V (AC 50 Hz)
Vout=5 V at tout=10 A

X
504} so} 60 /0
/ﬁ%
T Vout 11 )/
3? ? \ // Pin
s02f g70f 240
c
L) a /
Q 35 3
e a
[
e 4
C
a / Vout
500} 60+ 20 < —= O]
)//
X/
agsl  sol ol

0 2 4 6 8 10
Jout—Output Current—A

Fig.10a Input/Output Characteristics and Efficiency
vs. Qutput Current Conditions

Vin=80~120 V {AC 50 Hz2)
Vout=5 V at fout=10 A

- 81
5.04 90— —¢—1
. —‘ﬁtp\hlo.utﬂo A
|
& 5021 *® 77 t
2 n
g g ll\l ',-B/l
5600f ¢ 75 (a/>><
g b i "~ S5A
§ ui' ] Vout I \"
3 498 & {lout=10 A)
> |
498 n
- 69
|
80 100 120

Vin—{nput Voltage-V

Fig.10b Output Voltage and Efficiency vs. input Voltage
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170mm

Fig. 12 Trial Model Switching Regulator External Appearance




5. SUMMARY
{1) Combined choke coil and its effect

In order to realize a faster response time making the most of the elevated operating frequency this switching

regulator uses a pair of choke coils combined
amnerage, the other of smaller L value remains

in such a way that, while one of them is saturated at prescribed
unsaturated.

Fig. 14 shows an example of the advantage offered by such choke coil configuration at light load operation.

Under this operating condition chole coil L2 i
less steeply, which in turn results in a reduced
are |isted in Table 6.

s not saturated. This causes 1p of invertor transistor Q1 to incline
ripple current. The rewarding features of the combined choke coil

Ty o . +Vout
Ll
) (3
03 C7_[ Cﬁ Rd»» }q’
; Yy $ tout 2,
o] s
i | 504H 46uH
gaU T Ul —©
L2 L3
L2. L3 Combined Choke Coil
Fig.13a Secondary Side Rectifying Smoothing Circuit
- lout=1.5 A (15 % Load)
50 .._-..__.nL Vin=100 V, Vout=5 V
20V
L2+L3 Combined Choke Coil
vgs 0
20
~20
10 200V
|
{ Vbs 100
)~ m—— R o 3
N M\ 0
N
| L3 \\
2 } W
: L2 \ D 0.2A .
1 ‘-.{.__.._.. _..._.._._\. 0 -
L)
\ Horizontal 1 us/DIV
06 1 2 5 10 20 50

Fig.13b Combined Choke Coil Inductance Cu
Table 6. Rewa

Fig.14 200 kHz Switching Regulator Operating Waveforms

rves Under Light Load

rding Features of Combined Choke Coil

ITEM

CONTENTS

Reduced transient response time

As L2 is saturated in the middle of operation, a faster output
voltage transient response time is realized at load fluctuation

than the case where a choke coil of same L value {50 uH) re-
mains unsaturated.

Improved load regulation

Critical point moves farther toward the lighter end of load than
the case where the saturating L2 choke coil is absent. This im-
proves load regulation almost to the same level as attained us-
ing a chole coil which has same L value as L2 but does not satu-
rate.

Improved stability

As critical point moves farther toward the lighter end of load
than the case where L7 is absent, the output ripple voltage does
not rise in the load sweep test. This results in improved stability.

Reduced output ripple voltage
under light lopad PP 9

The output ripple voltage is less pronounced than the case
where L2 is absent.

Improved efficiency under light load

L2 works to reduce the ripple current of invertor transistor Q1
under light load. This results in improved efficiency.

15



TABLE 6. REWARDING FEATURES OF COMBINED CHOKE COIL

Output ripple voltage

Vripple
({lout=1A)

(lout=10 A} §

[T Ry SN

Vertical Axis: 100 mV/DIV
Horizontal Axis: 1 us/DIV

Fig. 15 Shows the Ripple Voltage Differences, Depending on the Amount of Qutput Current

— Transient Response Characteristics —
The transient response characteristics of output voltage when switching from light load to heavy load are dis-
cussed in the following pages.
Output Response
Suppose the switching regulator is put in operation as shown in Fig. 16 and load Rc is turned from OFF to
ON by switching. Consider next how each part will behave.
As seen in Fig. 16-b, choke coil current || rises gradually after the switch is turned on. Ipy fort=1yis
expressed as follows.
D1 = Vs_vf”‘_v': I (1)
where Vg is the transformer secondary output voltage.
ID2 for t=ty{=1y +75) is:
D2 =11=1p1 ———VOUt[VF Ty e (2
where VE is the diode forward voltage.
Expressions (1)} and (2) lead to:

1
I =T{71 (VS — Vout — VF) = m2(Vout — VF)}
. T
Assuming =7y =—2- ,

T
I =?L_(VS - 2‘Vout).

Therefore the value of I|_ of choke coil in n-th cycle is:

| nT 2 ON -
= fn = —— V . v . SW X;
Lin) n 2L ( S OUt) OFF ‘
Conversely, taking nT = tg for the above expression, 100 % ”
‘ lout
te = 2L:In 0
S NG —2Vgyp trrrrrereeeeeeee (3) T
p = N ¢
sw I s 1 ' "
- 1D Vout 19 2 3
Np , B W T ° L B !
D1 *hoz c RL t=0. t4 12 13 tn
D2 N 74: D1 ON-State period (Ip7 flowing In)
N R TY . - 7,: D2 ON-State period (Ip2 flowing in)
L L T: cycle Rate

16 Fig.16a ' Fig.16b Step Response Waveform



The output voltage transient response to In in the circuit shown in the figure above is found next as shown in
Fig. 17.

100 %
lout
1A L:] |
I
5 | o
ir Y SO~ S
: S2 100 % lout
0 ——
{
i
<
Vout ! M
avy | —t
1 |
—f—_.__
|
t
I-——_s—__.

Fig.17 _utput Voltage Transient Response Diagram

In rises linearly for t = O but an electric charge corresponding to area S1 must be added in order to supply a
certain amount of current {lout) to the load. The electric charge corresponding to S is to be obtained in the
form of a discharge from capacitor C. This means, however, that the voltage across capacitor C suffers voltage
drop &V corresponding to the discharge.

S1. the amount of electric charge to be added to make up for linear but gradual increase of In, is expressed:

S1 =—;-|Out -ta while S1 =82, tA =18 =;—S and in = 2lgyt.

As voltage drop AV across capacitor C corresponds to the amount of discharge from the capacitor, which in
turn equals S1,
Q¢ = C AV = S1 where Q¢ is the discharge from capacitor C.

_lout-tA_lout-ts
Therefore AV °C G e

Putting Expression (3) in Expression (4),
AV = — L- 'outz
Vs — Ve Pgag "
Rewriting Expression {3},

4L -1
1§ = e —
S TG TRV et (6)

Therefore the relationship between transient response time constant tg and choke coil inductance L and its
counterpart between output voltage drop AV and choke coil inductance L are found as shown in Figs. 18-a and
-b, using expressions {5) and (6).
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Conditions
Vin=100 V
500 y Vs=17 V, Vout=5 V
lou-t-::j.o A lout=10 A
0
« 200 Vout > /
i
1,
-% 100 > /
% 50
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3 /
B
2 V4
| o
b
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1 2 5 10 20 60 100
L—Choke Coil Inductance—uH
Fig.18a L vs. ts Characteristics
1000 Conditions
Vin=100 V
500 Ve=17 V, Vout=6 V
lout :mA lout=10 A
0 V/
N
200 Vout
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> 20
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g
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Fig.18b L vs. AV Characteristics
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Actual &V is subjected to the influence of line impedance up to the output terminal due to the presence of
the smoothing capacitor as shown in the circuit of Fig. 19-a, and acts on the response waveform as shown in
Fig. 19-b.

In order to abate this influence, it is necessary to reduce r® as much as possible {less than 2—3 m$ for 10 A
application).

+Vee 2 Vout Waveform where r1=0

Fig.19a Circuit k Fig.19b Response Waveform

Actual Example of Transient Response Characteristics

The output circuit configuration of this switching regulator is shown in Fig. 20. Response waveforms re-
corded for the load step from 0 to 100 % are shown in Fig. 21.

As seen in Fig. 21, this switching regulator realizes output response time tg & 50 us, which is much faster
than that of previous switching regulators having the operating frequency of 20 kHz or so.

The output circuit of this switching regulator contains a combined choke coil which consists of choke coils
L2 and L3. Choke coil L3 has a relatively large L value of 50 uH but is saturated at 2 A or thereabout. As a
result, its influence on the transient response characteristics Is extremely reduced.

Vout
s D3 J- W
Cg+
D3 'x C7 8_* Rg mnlout‘
4700 RL
BF ~ =050
25K278 L2 L3
46uH 50uH

Fig.20 Forward Type Switching Regulator Circuit Configulation
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Conditions

SWON
Vin=100 V
10A 7 Vout=5 V
100 % Load {lout=10 A) out=
0 VS
ov- 100 mV/DIV
Vout
—&Vout=120 mV

Amplifier Output
Voltage of Controller

{ZN1066)

4v-
ICq

Qutput Voltage Waveform

Fig.21 Output Voltage Transient Response Characteristics for 0 to 100 % Load Step Test
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