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ln developing power MOS FETs, Hitachi took notc of
the outstanding charactcrisrics of sma-tl signal [tOS FETS
; 

I for high fJequency amplif ication in TV tuners and FM
tuncri. After intensive research, we perfected highoutput
MOS FETs and introduced them as commercial products.

lfitachi's power MOS FETs have thc line-up shown in
Tablc l-1. Each pair consists of an N channel typ€ and a
P-channcl type, which have complementary characteristics.

MOS FETs have thc following advaatages:
. Rcquire a very low driving power as thcy are voltage.

controlled devices.

o Frcc from current coocentration, and hence harre
enormous resistance to destruction-

o Good frequency responsc and high switching speed due
to absence of carrier storagc cffcct.
These advant:gcs make for thc outstanding c.haractcris-

tics of power amplification devices. On the other hand, it is
dimcult to provide MOS FETs with thc high voltage and
high current characteristics required of power amplifiers.
Hitadf succeedcd in impading these characteristics to MOS
FETs by the method dcscribcd in a later section of this
application note.
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Tabls 1-1 Series and Maximum Batings of Pourer MOS FET

Tvpe
Outline Io (A)

Vos fV)

( vDss (v) )
Pch ' (!9

N{hannel P-Channel
t t l g K l t ! t sJa  r

JE0EC:TO-3
E lA.r: TC-3, TB-3

! g l r 0 t oo

z S K r 3 { / @ 2 S J  1g , /@ 1 l r 0 1 0 0

2SK l3  5 /@ 2 s J 5 o l @ 1 6 0 1 0 0

2SKt ? 5//@ 2sJ s 5 /@l 8 t 6 0

2SKr16/€ t ) 2SJ 5 s,/@) E r 0 0 1 2 5

2 S K 2 2 o @ E ( r oo ) 1 0 0

2 s K 2 2 l @ ( 2 o o ) t 0 0

t S K z  2  5 2 S J E T l t 0 r 0 0

2SKz2A 2 S J 8 2 l a 0 1 0 0

2SK2 2 7 2 s J 8 3 1 0 0 . 1 0 0

2 s K 2 l  3 2 s J ? 0 JEo€C: T0-220^8
EIAJ: SC-a6 0.5 l  a 0 3 0

2  s K z 1 4 2 S J ?  ? 0 .5 r 0 0 30

2 9 K 2 1 5 2 S J ? 6 0.5 l E 0 3 0

2 s K 2 l 0 2 8 J ? 0 0.5 2 0 0 3 0
' V.luo rr Tc-2f C
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' A problem encountercd in comr,-rcializing a MOS FET
for power applications is the rcquired t lgi_uott.g" 

"nd,- . high-cwrcnt characteristics.
'' 

t Thc figh-voltage characreristics wilt be exptained with
rcfcrcnce to tlle cros section of a power fnlOS fef in
Fig. 2.t. The gatc oxide laycr (SiO, ) ofan FET withstands
I voltage of 20 - 30 V at best. Ar shown in Fig. 2-1, a
power MOS FET has an offset_gate structure in which tllc
drain and gate are separated. And between thc scparated
gate and drain, a dopaht is irnplanted by ion implarration,
to create ar ion-implanted layer so as to ease electric field
concentndon. Moreover, to pleyent electric field concen-.
tration oear the gate, a field plate is provided. In this way,
destruction of thc gate oxide layer is avoided and hiJ
yoltage durability is achieved.

High cunent chamcteristics arc obtained by a comb_

-r 
structurc of source-dnin pattem. Fig. 2-2 shows the- 

lequivalent circuit of N channel device, ro is the AC
rcsistanc! of gate eledrcde, and Cgs is th.e equivalent
€pecitancr ofgate oxide layer.

Fis.2- 1 Cross ."ction ofaToiJ-io-ETEi
(Example of the N-Channel Devtce,

r g  = S 0 O  C s d  =  3 0 p F

C 8 s  =  5 0 0

Cds= 300pF

Fis. 2-2 Equiuaren-- ird,iii-fuiJ MOS FET
(Exampls of  2SK135l

o
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31 OutDntCh.r&brirrict

/- I ngr. 3-l .nd 3-2 show lhc output chlracteristica ofthe
. ichannel IflCS FET 2SKl35. Whcrcas in a $nall 3ignd
MOS FET thc forward transconductance yfs is l0 - 20
mS (milli-sienrns) et best, in a powcr MOS FET it ir 1.0 S.
AIso, as obvious from Figs- 3-l rnd 3-2, 2SKl35 hrs
pentodc characteristics and an cxccllent linearity of ylt in
rlation to ID.

P channcl MOS FETs also havc simflar charactcristics. P
dunncl and N channcl typcs hat/€ comPlemehtaty durac-
tcristica

\tc| - o-tov( tV Stcpl
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F9.3-2 Typi.:al Ortpr.rt Characterrstics (2I

3.2 Fnqnrcy Rrrpolrlc Characorirtict

Fig. 3-3 shoun thc frequency response characteristics of
I powcr MOS FET in the rcurce common state. The cuto{f
frcquenCy of an N channel devicc is about 3 MHz. Thc
frtqucncy rcsponsc is dependent on the gatc resistance and

input capacitanc. $own in Fig. 2-2.

In t}lc output stage of an audio ampl.ifrcr, a sourca

follower is used. Thc frequency response of the source

follower is l0 timcs gEater thaa in thc case of sourcc

common because, as shown in Fig.3-4, input capacitancc is

reduced by the mino! effect. The frequency rcsponse of a
power MOS FET is more than one ordcr bctter than that of

a biDlar tratrsistor.

Frg.33 Freqency Responso Characteristics of lylsl
(Sowce Common)

F!7.3-4. Frcqcncy Response Characteristics of

Source Follower
HITACHI

ry.)

l0 to 30 ro 50

Drain !o Sro{rcc Voltaa. VD! (VJ
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3. Opcrutional FclturGs rnd Reli tbi l i t

A powct lttos FET has no minority cdrier storage and
can switch a 2 A currcnt at speed of l0 - 30 ns. This
switching speed is 50 - 100 times as high as that of a
bipolar transistor and rcpres€nts a great advantage when a
power MOS FET is applied to vadous higl-speed large.

Powcr switching circuits, such as dcscribed later in this
rpplication note.

Fig- 3-5 shows current w?veforms whcre a power MOS
FET is applied to a class-B amplifier stagc of an audio
.mplificr. Thc waveform is ideal for a power MOS FET
whic.h, unlikc a bipolar transistor, has no storage timc.

(b) Source Current waveform
: l0O kHz Yertic.t:05 A"/diy

. lbt i r.(,.tr^l : 2,r4,/di r

Region@lelay by Canier
Storagc

Rcgion@Compensatcd by
Ncgative Feedback

3.4 Aru! ol Satc Operation (AS.O.,

Since a power amplifier device is operated at high
voltagc and high curent levels, it must be designed to
withstand electrical destruction. A power MOS FET basical-
ly talcs full advantage of its excellent thermal stability, so
that a much wider area of safe operation can bc guararteed

for it than fot a bipolar tnnsistor.

Fig. 36 shows the areas of safe operation for DC
op€ratioo and pulsc operation. Since a power MOS FET is
free of secondary breakdown h the high voltage region, the
guaranteed area of safc operation is equal to the range of
tlrcrmal limitation.

t0

3
A 5

! 2

.E LO
A

o5

5 l0 20 50 t00 200 500

Drain to Source Voltage Ves M

Frg.3-6 Area of Safe Operation (2SKl35/2SJ5O)

35 Tcrnpcratrrc Cherastarirtics

Fig. 3-7 shows the transfer chancteristics of powcr MOS
FETs- ln tbc high curt"nt area, thc temperature coefficient'
b negative and cwrant concentration does not occur, so
lbat a widc area of safc operation is providcd and
dcstnrction by thcrmal runaway is largely prevented. Sincc
tl| transfcr clEractcristics of powcr MOS FETs are of thc
cnh.anccment typc, as h thc casc of bipola! transistors,
povcr MOS FETS do not rcquirc a complcx biasing circuit
tr d.pbtion typc FETS do.

Ia powcr MOS FETs, thc temperatulr coeflici:nt of
drain cunent bccost"s zcro around ID = l@ mA.

By tating adv-dntrgc of thcs€ tcmpcnture characteristi6,
'thc powcr MOS FEf circuii can dispens€ wirh an idling
(rrrent compcnsation circuit and fecdback rcsistancr for
drnrnt stabilization, *hich arc rcquired in the bipola!
tra$i3tor circuit as shown in Fig.3-8. Hence, a rimplc
c&cuitry as ihown in Fig. 3-9 is obtaincd.

,. 
-!9.3-5 Current Waveform of Class-8 Amotifier

Stage

Bipolar Transistor

(a) Emitter Current Waveform

Power MOS FET

HITACHI
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Fig.3-7 Typical Trarsfer Characteristics

3. Opertt ionrl  FcahJr.s .nd Reliabi l i ty

* Vcc

N.Cbeurl

BL

P-Cbanrrel

Signal
Source

Fg.3-9 Audio Odput Circuit tsing ot
., Powar MOS FET

3.6 Reliability

High quality and high reliability arc achieved in power

MOS FETs by applying the process tcchnology and quality

control . established for MOS l5l 'and bipolar power

transistors.

In order that you may.use Hitachi's power MOS FETs

with high rcliability, explanation will be given by referring

to f€liability test data.
(11 Reliability dcsign and proces leatures

Tfu chip structue of a power MOS FET is illustrated in

Fig. 3-10. In order to achieve high voltage durability and

high output characteristics, the following design and

proc€ss consideratioos are given:

a Chip ructulo

To easc electric field concentration betwcen source and

drain, a low+oncentration dopant is implanted by ion

implantation, to form an offset Sate structurc. Further, by

providing a sowce field plate, high voltage durability is

achieved.
. Chip tabrication procatr

Since misopattems and integration detrees similar to

those of [5I are used, basic process techrologies established

for MOS [5[, such as surface passivatior and electrode

formation, are applied.

Fig.3-10 Panern of Surtace and Cross Section of
Po\ er MOS FET

FE.3-8 Audio Output Circuit using of
Bipolar Transbtor

I

- =

i -  n t
i Temper"ature
!Compensation
i Circuit BE

Boatom ELcrrod.
(b) Crcr Scction

(Eumglc ol thc PchrrtrEl Devic!)

t l l l l l t l l t t r l  r l

Drain
M | | | I | | | | | t t l

iotAl El""t.od.

fi') / Drain (9

ky6 lo rchteve (P- )t*-9*0"*ft - s ,
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3. Op6..t ionl l  F.atur65 lnd R.l i .bi l i t

(21 Rcliability data Itcms for reliability tests and failure criteria ar€ pres€nt-
cd in Table 3.1., !

i
Failure criteria

Table 3-1 FailursCriteria

: )

- l nc resu.lts ol rellability tests 6 complemcntrry Fir

fmr 
MOS FETs 2SKI35/2SJ50 arc given in Tablc 3-2.

(Notc) U: Upp.r Limit Aftcr thc T.n
L: Lorcr Limit Aftcr thc Tc.t

R€liability ten rasultr
Thc results of reliability tes$ oI complemcntrry

Tablc 3-3 show: the tempora.l
m€tcrs in device life tests,

dunges of mai:r para-

I
''l

I
l

i

I- lil

)

Itam S,.mbol
Failulr Critcria (Notc)

Unit
lrerr Upper

Brt ldowl voltage
v(Bn)DSx

rv(BR)CSS L r 0 . 8

I-qal Currcnt
lpsx

.lcss U x  2

Cut-off Voltag. vcs (ofr) 0 Ur  1 .2

Srturation VoltaSE vps (raD U r  1 . 2

Srturarion Volta8g Ratio avDs (sar) -30 r 3 0 %

Forera-rd TEnsfcr Adft ittanca l y f r l L x 0 . 8 U t  l - 2 a

Folward Transfcr Admittancc Ratio A l y f r l + 3 0

Tabls 3-2 Test Results

It.tn Tc.l Colditioir

Nch:nnel (5K135) PChann.l (2SJ50)

S.mplc
NEmbcr

qrq)

TcatirE
Timc
(hr)

F.ilurc
{Pca)

Samplc
Numbcr

(pca)

TcstinS
Tunc

(hr)
Failurc
(pcs)

Op.r.ting Lif. Tcrr T.=25'C, Pc!-27W, VDS=8OV
Hcar Sir* of=3"C/rW Cfi=150"C) 80 2,oO 0 lm 2,000 0

Hidl TcmDcrature Ra-
v.;€ Biai.Tesl Te=l5dC, VDSX=l 60V, VCS=.l0V I  t < 2,000 0 140 29w 0

Humility Tcat Ta=t0"C, RHl90n 77 2po 0 17 2poo 0
lrw TcrnparaluE
Storagc Test Te--55"C 15 2,0@ 0 45 2,mo 0

Th.nul F.tiguc T6t aTc=90"c. Ti6u=t 50'c
O N : r n i n u r . - O F F : t < d l 50 I ft cydc! 0 50 l0k cyck3 0

TcmpcntuE CycL Tctr -55-+l5dC, 30 ndrut .  G.ch 730 l0 cyclc. 580 l0 cyclcr 0
Rcrbtrncc to Sobcr-
in! Hc.t Te.t 26dC, l0 r.cord! 0 0

DIop Shock Tcrt 1508, 0Jrnl, XYZ(l tin.r cadt) 0 0
Vibntion Frtigr! Tctt 60H2,20C. xYz(32 hourt cadr) 3E 0 38 0
Vitrir tion- varia bl!
Frrqucncy Tc!!

t00-2000H2, 20G, cyclc timc 4 min.
XYZ (3 timcr ech) 38 0 38

Conrt|'t Accclci.lion
Tc* 20O00C, XYZ(l minutc ..dr) 38 0 3E 0

F,'J',"t r"il"6if il;: ?;'i' C=20{DF. V=IOOV torw.rd rnd .cvc
poltritr b.r*..n G-S (ot|e timc c.ch) 100 0 t00 0

H]TACHI



3, Ogc.|tionil F..tur.' .nd R.lilbility

Table 3-3 Changes of Major Pararn:ters

2  s K  l 1 5 Ch|'|s!s of brerldoi'n volt.8E tnd satut:tioo volhgc

n- 50 t€ 
T rtl.'

t":'
tmo 1500

I

n-sop<'  IF

Tr - t lo!
\ ' t \sr - lCo V, Vct--I0V

\b!:. - hiah.r ttEr tzE V
vDs ( -. ) - lowcr tn€t la a V
a\bs (- t  )  -  e i lh in a 30 t

D..cnptiG
I' Therc i. rbd m blrfdot|t v!tr{e

dlanSe rft t 2,000 hour!'
?. Chans! of Yods.t) iftr.a!.3 a litth.!

OE init bl o.riod. h.rt llE chatrS6 a cornP
LrLly saluratcd slEr 2,000 houti

3. Tt .cisalrnos. r|odcsradatron of vcat

Dtsl .rd otls pat-aet€a

ta

'  - , ' :  )

' ,

,4u.
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4.1 Derign of High Powel Application
(Parallcl Opcrrtionl

As stated in section 3.5, the negative temperature

cocflicient of drain cunent and the high input impedance
of powcr MOS FETS enable parallel opelation to bc

Frformed with an cxtcmely simple circuit.
In thc parallcl opcration of '.,ipolar power transistors,

3cattering of Vg6 ald hpg characteristics causes an un-
balancr in collector current and, as a result, large curent
tansistors gencrate high heat, which in tum further
increases current flow; this may lead to thermal runaway.
ln a power MOS FET there is no possibility of thermal
nmaway because tlle drain current has a negative, thermal
co€fficicnl-

Fig. 4-l {row: a triple connection circuit. Forward

f )ransfer 
admittance is three times as large as when a single

' ?cvice is used. In Figs. 4-2 and 4-3, this is expressed in
wavefsnn 9n 3 gurrre tlacer. A current of about 20 A can be

controllcd by several volts of gate voltage.

4,2 Oesign ol High Brclkdown Vohagc Applic€tion
(Soriet Operationl

(11 Tot€m pole connection

powcr MOS FETs are connected in series. This circuit has

bccn used extensively as a saturated logic circuit, the basic

circuitry for TTL IC. Operation of &is ctcuit wil bc

explaincd.

Whcn no bias is applied to Qr, Qr is cut off becatse
power MOS FETs have enhancement typc tratsfer charac-

teristics; thus the following rclationshipo hold;

Vcr  =  O  I p=0

Yc2 = thyDD(' :vcz.voo.3 )R8+  Rs '
vo = vcz - vcsz

= r/tYoo -Yo.z

Gd

I

Fig.44 Basic Totem Pole Circuit

whcrr Vgr2 is thc thcshold volta:gc of Q2. C'enerally,
VthZ <VOp. Thcrcfore Vg - h Vpp.
Atd t}lc voltagc appLied to Qr and Q2 will be about ',VDD.

Ncxt,lct us consider a transient state. When th€ gate bias
of Qr is incrcascd gradually from zero, Q, will become
cotrductivc and !o will Q2 at the same time. If load
r6ktarce Z1 b inrcrtcd bctween Vpp and drain of Q:,
dnin rcltagc will be Vp = VOO - 21 . Ip and Vg
(=rrVD - vc52) will gradrzlly dccrease .

If VDD has a much larger !"luc than V652 and Q2 is
drircn up to thc aatutation rcgon, thcn the dEractcriitics
of an cquivrlcnt MOS FET would bc dcpendent on Q, .

C,encrally, whcn dcvicer uc operatcd in scricr, voltagc
unbabnoo drE to switdling timc diflercncs prcscnts a
problcm. This problem is ovcrcotnc in power MOS FETs
bccausc switching tirn€ can bc madc as short as scwral tens
of o3nosccon&.

Figs. 4.5 and 4{ dtow breakdown and output charac-
tcristica whcrc e :inglc dcvicc is uscd. Whcn this dcvicc is
uscd in thc circuit iholrr in Fig.44, the brcakdown and
output charactcdrtics would bc as shown is Figs. tl-7 and

l i

Fig.4-1 Triple Connection Circuit
(Example of the N-Channel Device)

3
:
I
i
I
A

r..-H.t(.rr s..t )

D.-bS-q vor4r v,, rt

Fig.4-2 Output Characteristics in Triple Connection
Circuit(l )

Fig.4-3 Output Characteristics in Triple Connection
Circu i t {2}

8 HITACHI
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Dr.6 b Sod. vortG V, lil

Fig.4-5 Breakdown Characteristics (Single Device)

3

Drb sodc. vobt b ll|

-\

D.rb5t.. V.r.!t l-| '

F.9.4-7 Breakdown Characteristics

L - F t . v ( l v ! r . ,  )

3

I

!
a

!t.- o $ic. vcui tr 0

Fig.4-8 OutPut Characleristics

:

k

'&"

-6 Output Characteristics (Single Devico)

Application -Hint s

4-8. Breakdown voltage in Fig. 4'7 b twice as high as in Fig-

4-5. Thc disad'rzntage is that on-resistance is also doubled,

rs is obvious from Figs. 4{ and 4-6. A method of im-

proving on-resistance is describeg in the following section.

12) How to redr':e on-r€3istance in basic circuit

On-resistance (or saturation voltage) can be reduced by

pcrforming level shift of the Q, gate potential in the

positive dirc'don. This can be accomplished, for instance,

by the mcthods shown in Fig. 4-9. Fig. 4-10 shows the

output charactcristics for a case where the gate is level-

shifted to the Positive side- (14 V is the maximum

allowable gate-to-source voltage.)

In the circuit shown in Fig' 4-9, as in thc basic circuit,

thc cquivalent drain to source breakdown voltage is twice as

high as when a single device is used.

Fig.4-9 How to Reduca ON-Resistance

HITACHI
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4. Applic.t ion

V{-}-rov(  rV t@ )

D.d b 9s.. volr.F vr M

3

!l

a

Fig.4-1O Output Characteristics ((C)Circuit) .

(3) lmprovemcnt of high ftequeDcA €fi.taslrrittic! in totlm
- tlb connestion

Whcn thc circuit shown in Fi8. r}4 is modified for a

source follower, bccause of t}le differcnt operation of Q1
rnd Q2, a phase differential occun undcr thc influcncc of

thc powcr MOS FET input capacitance (about 500 PF
for 2SKl3, 600 pF for 25t49, f=-l Mtlz). As a resu,lt,

cbaracteristics worsen, as high frequcncy gail drops ald

Salc sbift indeas$.

This is exprcsscd in Fi& +ll. Thc equiralcnt circuit

g? Ht'ff T3,"J :#ffi111 k"l:,,,'"
diffcrcntial of Vg1 and V62 cal bc eliminated ard driving

in thc same phase can be achieved by cqualizing Co with

Cirr2 and t}tzt phase shift as IOO kllz can bc limited;/ithi!
-9O dcgrccs.

Y o t

4..

Oiat , Cir: : loput Capaitancc
Ng : Signal'Sourct Resistancr

Ot : Compensatiqr Capacitancc

Bt : Gate Biasing Resstancc

Rs

Fig.4-12 Passive Equivalent Circuit of Totem pole

Ir.d

Fig.4-t 1 lmproved Totem Pole Circuit

l 0 HITACHI



5.1 AS.O. Limit.tion of Powrf MOS FETI

iThc mqt basic and important charactcristic aquircd of'-{ower 
devite is a high brea-kdown strength. As stated,

breakdown strength is closely related to other charactcrb-
tica. Powcr MOS FETs have a thermal dumbility closc to
tlrcir thcrmal limitation, which is dependent on packagc
configuration.

Fig. 5-l shows breakdown points of power MOS
FETs in rclation ro those of bipolar transistor. tn Fig. 5-1,
thc curvcs marked 50, 1OO,2OO, and 50O (W) are thcrmal
Iimitation crwes. Breakdown points of actual d.vicss arc
along thesc cuwes,

5.2 ThcrmC Mapping - of Chip grrfacc Undcr
Powcr Application

Currcnt flowing in po*r MOS FETs dcs not concen-
tratc locally but flows uniformly in thc silicon chip-

Fig. 5-2 shows thc thcrmal mapping of chip srirfaccs
un&r powcr application for a power MOS FET and
conventional bipolar transistors Whcrcas thc thermal n rp
pin8 in the powcr MOS FET is uniform, a hot spot is
gencrated in thc bipolar transistor shown in Fig- 5-2 (c)
although thc power applicd is one-half rlrat appbcd to thc
power MOS FET.

Frg.5-2 Thcrmat Mapping of power MOS FET Bnd
Bipolar Transistor with an Infrared Scanner

HTTACHI I I

Fs.5-

F
I A.S.O. Limitation of Power MOS FET

t '. b Slrs Vcr.r VE ^^
j .- .C.rEtr r. Edd Vr!! Vq r',

\/bc:@V, ID:2.t
(A)Porcr MOS FET ( z SK tSs)

(B
IJtr -&rV, b -4A

Bipolar Tr&sistor ( 2gCf grE )

r,b! -00v ID-IA
Occurcacc of Hoa Spot

O Bipolar Trrarirror ( rsCfsas)



Rclcranca Data
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A Fig. 5-3,(a), O), (c) show the voltagc dependence of

" /clectrode-to+lectrode c:pacitance of powcr MOS FETs'
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Fig. $3 Bias voltage Dependencies of Capacitance
-  (2SK 1 35/2SJ5O)
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Ha$dling pr€ceutions and simplc check;g mcthods wilt
bc dcscribed for the benefit of those who us€ Hitachi's

ryer MOS FETs.
_/ handled improperly, prower MOS FETs cannot display

thcir cr.ccllcnt performancc described in the forcgoing. Not
only that. Improper usc can lead to desrruction of tht
deviccs"

Ako, it is neccssary to tr.kc into considcration thc
rbnormal oscillation duc to high gain, high input
impcdancc, and excellent high frequency characteristics,
rrhich are some of the features of power MOS FETs.

By observing these precautions, circuits can be designed
with outstanding pcrformancc that cannot be expected
from using conraentional power devices.

" )

6.1 Pin Ar..{ement

As shown Fig. 6.1, the pin arrangcment is different from
that of ordinary transistors. (The source is the cis.-)

(Botlan Vicr)

Fig.6-1 Pin Arrangement of Power MOS FET

6.2 Measrrement of Breskdown Voltaga
VDSX 

"nd 
V.SS

Avoid measuring VDSX (drain-to-sourcc breakdown
voltagp) and V6g5Gate-to-source breakdown voltage). At
breakdown, negativ€ rcsistan@ characteristics arc g€nct-
ated,leading to oscillation and destruction.

6.3 Obccryation of lO-VDS Ch.rsrsristic!

When the Ig-Vp5 characteristis (sourcc common
output chalacteristics) are observed, oscilletion may be
caused depending on the type of curve traccr used
(input capacity/resistance diffen). This car lead to
destruction of the devicc. Osciilation ca, b€ preyented
cffectively by connecting a scries resistancc of about
l0 kQ to the gatc.
Shen drawing a ID.VDS curve on an X-Y recorder,
also, prercnt oscillation by connccting a Fries rcsbt-
ancc of about l0 kQ to thc gate or by inserthg a
capacitor ofabout 0.5 1rF between th! gatr and sourc.-

a4 Circuit Experimsntr

In Frforming circuit cxpcrim€nts, it i: rccommendcd
lhat you connect a resistan€ of 100 Q - 2 kO to tlrc

tatc in scrica, to preyent oscillation, until you gct uscd
to handling.
In using the dcvice as a $utcc follwcr. it b Ecom-
mcndcd that oscfllation bc prcyented by inserting a
l@ 4F capacitor bctwen thc VDD linc near thc d|ain
|nd g.round.

Notc)
Thc prccautioru de!.ribcd in 62 thror4h 6.4 ebovc arc
rcquircd bccausc of th. cxellcnt high freqrrcncy charac-
tcristica and transfcr drrractrristics of powcr MOS FETs.

t
U

fi

HrrAcHt r 3



6. H.ndling Pr.c.utions

' I Herc are, some simplc ways to check power MOS FETs
with a circuit testcr to sec that they opente normally.
a Gato-to-tourca

Check ard make surc therc is no gate-to-source

cooduction in cither direction.
a Drian-to-rourc! (for N.chanoel devicerl

S€t the circuit tcster for resislancE m€asuemcnt (x

I A). As in Fig. 6-2 (a), conncct the p-lus lead to the source,
contact thc nlffus lead to thc gate and then connect it to

fhc drain. Since thc gatc is tlen charged positively (forward

tnsing), thc pointer wi.ll flip to indicate conduction.

Ncxt, as in Fig. 6-2 (b), connect thc minus lead to the

source and after contacting tlrc plus lcad to the gate
(whcreupon thc gate rvill bc charged ncgatively), connect

): minus lead to thr drain and the plu lead to the sourcc.

Thc pointer will not flip indicatin8 a cut-off state.

As long as the abore results arc obtaincd, t}e devicc

mry bc cxFcted to perform normally.

For P channcl devices, checkinS can bc Aerformcd
dnitarly simply by reyersing tlte plus and minus lcads.

t ' .

i . : ' : ' " "

)

. . : r . . d F - ' r ' : 1 :

. . :  " .

- \ t l  i  l '  ) . :  t  '  ' t t  .

Fig.6-2 Checking with Circuit Tester for
N-Channel Devices

t i

Circuit Tescr

_Terminal
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- Terminal
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Fuaction Agplicatiorl

Wldc bord liF.r .mplificatio n

Audio pow.r amplifi crt'
Dclleslioo citcuit3 for CRT displayt '

ltcdium wavc - hi8h ficquatcy band modut'to'3, tnnlltrittcE'

Citizcn band tranimittc$

Poact lvitchin8

DC-AC invrnrrt
AC-AC c€nvcrtat
DC-DC convcrtcrl'
Gcnaral-purposc switchitt tctubton'
Pulrc motor driwtt

Por'cr
orcillatio!

Po?cr
.pplic.tio!

Humidifrer!, clc$rars and
High-flrqucncy hcatctl'

olhar ultt"atoDic rPPtetiont'

Hi€h voltaSc
aPPticatlon

LightinS .quiprncot .nd othcr hilb fFq@cy'

hth .fficicncy applicationt
Dbchatgcat, air cLancrs'

l[dF.FCd reitchinS

. I:scr puLat'
r ModuLton rnd &ivcB ia high pola'Gt transnittlt circuiS for oPtic'l cotnmunic'tion

. Bubble mctnory &ivcrt

Othcr . Serir3 ragulatott

' Erptaio.i in dctail in th. follosiJtg !.ctron.

, r  t

I

1)

. . 1

.*

t
l

:i
i
I
!:

{

I, t

t

fr



Balic design phi losophy

. Frequency characteriit ic! (frequencny y!. gain, pha€)

The output stage of an ordinary Power amPlifier uses a

push-pull ernitter follower (source follower). This method is

popular because it provides a wider transfer bandwidth and

morc stable operation than otier grounding systems,

Mcanwhile, the forward transconductance (forward

transfer admittance) y1t of power IIOS FETs is as large

rs 1.0 S (siemens). Yet it is only a fraction of that of

trncral bipolar transiston and this represents a disadvantage
' in tcrms of op€n loop distortion. The reason is that when

bipolar transistors are used as an emitter follower, y1, is

givcn as:

. - \  lE' 
) Yrs= l/re =::-

K l / q

. where r" = Emitter equiyalent rcsistancc

K = Boltzmann constart

T = Absolute temperaturc
q = Electron charge

IE = Emitter bias currcnt

RL = lrad resistanc€

to forming a good circuit.

S€ttin8 the peak value at the uPPer limit of the

audiblc nnge is impossible with conventional bipolar

transistors. This c:l be realized only by using power

MOS FETS with excellent high-frequency and switcil'

ing chara cte ristics.

Fig- 8-l shows the difference in open loop gain

of audio amplifien designed with power MOS FETs

and biDolaj transistors.

a Considlrrtion tor patastic oscillation

As powcr MOS FETs hare excellent high-frcquency

clEracteristics, they are liable to cause oscillation

wicn lscd in highgain designs such as dcscribed in

tlc preceding s€ction. To avoid this, a gatc rcsistance

(200 - 500 O) may be used to prevent a teal Part
of thc input impedance to be negative. Or the Sate
wiring pattem may be minimized (within 5 cm), as

statrd b thc scction on pEcautions in fabrication

lat r in thk manual. oI one-point gromding may be

tsed.
Wbrd r gatc rcsistance is inscned, frequcncy char-

actcristica aI! worsencd as drown in Fig.8-2, so that

optimum valucs must bc selected in designing. Thc
gatc rcsistancc will haw no cffect in casc ttte formet

nage has a higb impcdance as in a dass A drirrer

rtr8c.

Fig.8-2 Frequengy Characteristies of Source
Followor . {Calculated Valus)

Enen when IE is I A, for instancc, yL i rO S.

ow the relationslLip betwe€n input and output is

RI
cJei = -

RL + l/yfs

and the non[nier component of yfs causcs distortion, so

that a larger yfs is of gcatcr edvantagt. ln othcr words,

la;c a powcr MOS FET has a distortion about 20 dB larger

trr a bipolar transistor, it is lecessary to usc a larger oPcn

toop pin and a larger negative feedback than a bipolar

lransistor. As shown by the frequency ch.aracteristics in

Fig. 34, howcver, a Darlingoton conne€tion must bc used

for bipolar transistoB in order to cnlarge thc bandwidth,

to that thc two-stage emitter follor,rcr would worscn the

ph.ss characteristics. ln applying a ncgativc fcedback, a

tergc phase shift would force a sacrificc of gain frcqucacy

cheractcristics in a phasc compcnsation circuit and the likc.

Thus, with a rcurcc followcr with a singlc powtr MOS FET,

much fccdback can be applied ovcr a largc bandwidth, and

dittortion can be reduccd.

Thc driver 3tagc of r powcr MOS FET doc! not

raquirc r conventional class B drirct stagc. ̂ Thcrcforc,

tbc polca in thc amplificr systcm c:rn bc rsduccd

tj 
" 

rtubl" ncgative fecdback amplificr can bc forrr

cd.
ln thc frequency characteristica of open loop gain,

Ettin8 thc pcak value ncar l0 - 20 kHz is thc k y

I6 .  H ITACHI
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Fig.8- 1 Open Loop Gain of Audio Power Amplifier
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(1m W outPut st 100 kHz,

D.sig^ing APPlic.tion Circuits

A cjrcuit is shown io Fig. &3. Design of cach

. amplifier stagc will bc discussed below'
(2) Typiqat derign - 1

0.01%)

FIS-S e-uit iircuit of I OO W Output Audio Amplifier

. Ae3ign ot outPut nrga

I. g-o sltows an equivalenr circuit of thc outPut

stage for N channel MOS FETr RoN is a dlain-tc

sourcc cquivalent resistance whcn thc power MOS

FET is on. The resista.nc! 1.7 I O contains som€

nar8in a9 it was calculated for tlE worst casc from

thc rpccifications for 2SKl35 and 2SJ50.

vp5lsat) 12
.. Rox=-;^ =t + l.7l (o) . '

\ 'r.)
p./ 

"rr.rcnt 
le flowing in load R1 = 8 O at PO -

l00 W il calculaicd froth mcan curcot I'

Po=P'Rr 'tp=\E't '

." rP =/t./l-eL = ,/ z.JJp! s lL

llrcreforc, if transformer Ggulation is cstimaGd a3

2ffi znd AC line rcgutatio^ as !15%, then Pos€r

3upply voltagc vDD is Srvcn as'  
Vnn-  l :  x  r i5  {n .+os15r*+ \ ) }x lp i6 lJv .

b-Fig" g':, thc voltagc ; e1 11 i65 V including

r tnrgio'

F€3-4 Eqrvaletlt Circrit of the Output Stage for

N4hann€l Powsr MOS FETs

HITACHI I7
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e!.signing Apptic.t ion Ci.

a Daiign of yohagc lmplifi€r n!g.
A power MOS FET can be uscd with r low driving

power. Fundamcntally, only thc power for charging and

. r'\cfiarging thc gate-to-source capacitancs is needed to
b output stage, so that no class B driver stage is

Icquired.

Thc driving power varies with input frcquency. At
100 W output and l0 kHz frequency, it would b€
rbout l0 mW-

Therefore, an output.stage power MOS FET can
bc driven dircaly from a class A predriver (voltage
empliher stage) used in a bipolar trunsistor amplifier.
By eliminating thc dass B driver, the number of
@mponents can bc reduced, and impairing thc am-
plifier's performan€ caused by &e driver itsclf can
bc avoided. Further, the number of poles for transfcr
firnction (opcn loop gain vs. frequency clBncteristic)
dccrcasc, and thc stagger can easily bs increased.

)sequently, the stability against Gcillation is im-
proved -

TnnsistoB for thc voh age amplifier stagc alc rc-
quired to have a high voltagr durability, low Co6,
rnd hiSh fT. Herc thc 2SW 56A1258716A developed
cpccialy for power MOS FETS arc used. Witlr tlr-
NPN differcntial ampliiier and PNP constant current
load, high gain and low distortion charactcristi6 wcre
obtained-
f h" 

"t""r 
A stage bi"s currcnt is sct as lO mA, Whcn biaa

Vrcnt i, lacking,- suiii cicnr power to drivr a powcr MOS

FET rt hiSh frequenry cannot b€ supplied, and distortion
}!uld worscn,

The drain currcnt temperatur co€fficbnt of a poer?r

XOS FET unclcrgoes a Er€nal of polarity at arorrrrd ID '

l0O mA and tcmpcratuF compensation in the larSt curent
rtgon will be unncccssary. &nc!, the bias circuit for a
-..ter MOS FET is yasrly simplificd bccausc only onc

lixcd resistor (l kQ) for sctting idling ofrcnt will
nrllice.

I8 HTTACHI

a Delign of inpd nage circuh
For tlrc input stage, a stable differential amplilier circuit

was formed by using the high-voltage, low-nois€ transistor

2SA872, which is known for its high performance in
improving the SA{ ratio. Bias curcnt is s€t as 0.5 mA.
a Typical ch?:acterirt iqs of experim€ntal cifcuir (Fig.83)

Output vs. distortion characteristics are shown in Fig.
&5. At f = I kHz, total harmonic distortion (THD) is
approximaiely 0.002%, whjch is the linit value for any
rFasuring system available on tt|e markct today.

Tfuough optimum design, the following caa bc obtaincd
at rated output:

f = DC - 100 kHz,

THD <0.01%
Thus, characteristics that cannot bc obtained with

conventional bipolar transistors arE realized with power
MOS FETs.

Fig.8-5 Total Harmonic Disrortion VS. Gnptn
Characteristics

o hcc|rrtionr in frbrir:tbn
o Minimizc thc gate wirin& althoqh irs rclationship wirh

gatc rrsistance mtl3t be takcn into considcration.
o kovid. one-point grounding for the amplifcr basc pla&,

power rupply, clEmical fapacitor to prerrtrt ! linc
unbalance, and spcaker terminals-

o Thc output coupling coil has th. cffcct of reducing
diltortioo in thc high frequcncy rang?, and prcventing
abnormal oscillation in capacitancc loadcd opcration.
But llrc yahB should bc &termiDcd whilc cxcrinrnt-
h&

J
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O.eigning Applicrtio^ Circuit3

Introduccd here is a power amplifier with a rated output

or.) W -a which attains a total harmonic distorlion of

0.01% over the entirc frequenry bandwidth of from 5 Hz to

50 kHz The basic dcsign method has been introduced in

thc prcvious section. The output stage, as shown in Fi8,86,

is of the single push-pull construction. Considering the

power supply voltagc and transformer regulation, th€

complementary pair 2SK133/2SJ48 would suffice as the

power MOS FETs to be used-

This circuit can produce an outPut of abour 70 W by

, . }

Fig.8-6 Futl Circuit of sOW OutBrt Audio AmPlifier
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.8-7 Total Hormonic

Characteristics
:

improving trandormcr regulation or stabilizing thc powcr

supply line.

ln l}re frequcncy charactcristics of oPen looP gain, thc

peak point is set at l0 kHz, 100 dB. Evcn at 100 ktlz' a

high gain of 85 dB is ensured.

Fig. 8-7 shows the distortion vs. outPut charactcristics

wilh the experimental circuit.'

tn this high negative feedback amplifier, caution must bc

talcn to avoid the oscfllation which depends on the Printed
pattern.

Dislortion vs. OutPut

13) Typical derisn - 2 (50 w output !t 99 kH.'l4lgel

HITACHI l 9



a. O.si8ning Applicl t ion Cir

Fig. 8{ drows thc standard printed pattcm- The
emplifier devices that drive the output stage power MOS

t)ETs consisf,only of five small-signal transistors, so that thc
printed board is cxtremely small.

Wiring betwcen thc voltagc amplificr stage collector and
the power MOS FET gatc must be minimized. The arrang-
ment and configulation of thc printcd board and tlc hcat
sink must be selected carefu[y.

OUTPUT

+VDo.

Fig.8-8 Standard Printed Pattern in Actual Size

o

o
HITACHI
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In Fg. &8 which shows the example of the printed boant
pattern, thc printed board ls attached directly to thc heat
rink to minimize the gate wiring.

' )"^,- 
o . ,  i ,^^rable 8-l Line-up of Devices in Audio power Amolifier

Dcsigning Applic.t ion Circuits

(41 Rccommended lineup by output powlr

fine-up of devices in audio amplifien of diffcrcnt
outputs is shorvn Table 8-1.

21
't'-

Output
Powcr
0r)

Input St:gc Drivc! Stagc Output Sragc

N{hanncl
GrPlo

P.Channcl
(PNP)

NChannel
(NPN)

P.chmncl
elrP)

Con-
ncction

TG3 HPAK vDsx
(v)N{hannel P.-hanncl N{hanncl P{hanncl

5tF
80

r 00-
l,ao

25K l5 l
(TO-
92[tOD.)

2SJ5l
(TO-
92itoD.)

2SK2l3
(TG
220A8)

2SJ76
cfG
220A 8)

Si.!d.
Push-Pull

xKl33 2SJ48 25K2 25 2SJ8l 120

2SCl?75
cfG92)

25A87 2
cro-92)

2SD7s6
oo-
92MOD.)

2SB7 r  6
oo-
92MOD.)

2SD756A
oo-
92MOD.)

2587 l6A
cro-
92MOD.)

25Kl34 2SJ49 ?sK226 2sJ82 1402SK2t4
(TG
220A8)

cro
220A8)

2SCl77s
crc92)

25A87 2
(TG92)

25D758
(TO 202A
MOD.)

2SB7l8
(TO-202A,r
MOD.)

2SKt75 2SJ55 18025K2 r5
(TO-
22OAB)

2SJ?9
cro-
220A8'

2SD656A
CTG
92MOD.)

2SB545A
(TO
92MOD)

Frr.llcl
PuslFPull

2Sxl3,l 2st49 2SX226 2SJ82 1402SK2l4
cro
220A8)

25t11
tIo-
220A8)

xD568A
cfo
l25MOD.)

25B648A
(TO
l26MOD,)

25Kl35 2SJ5 0 25K227 2SJ8 3 r602SK2l5
(TC
22OAB'

2SJ78
(TG
220^B)

150-
t.vl

2rc1715A
cro-92)

2SA872A
CTO42'

2SD758
(TO202A,^
MOD.)

2SB7l8
(Tc|. 202AA
MOD.)

2SKl75 2SJ5 6 2(t)
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8. Dcsigning Applic.t ion Cir

8.2 Power Oecillators (l)

'f Po*cr MOS FETs have excellcnt high frequency charac-
teristics and their operating frequcncy extends to the lO
MHz band and higher. Taking advantage of thcir high
switching speed and ease of biasing, one can use them for
cconomical high{requency power sources as in suci new
application as high-frequency h€ating and h.igh voltage
geneIation.

Powcr MOS FETs rcquire a far lower driving power than
bipolar transistors do, and can be parallcl-operated easily,
providing t}le required large output. Basic design p.ocedures

fo! an oscillation circuit and practical applications wi.ll bc
dcscribcd below.
(11 Ba:ic design of porver oscillation circuit

Operation in a high frequency circuit is affected by

)i8ht 
capacitances of lhe devices and parts used. Also,

-dcpcnding 
on the DC bias circuit armngement and gound

points, feedback quantity varies and affects the characteris-
tics. Thercforc, a circuit configuration determined tfuough
calculations must be rDodificd in the proces on construc.
tion. Described below are the basic principles that provide
design guidelines for high frequency FET oscillation cir-
cuitJ.

In Fig. 8-9, (a) is . basic oscillation circuit, and (b) ea

Aquivalent citcuut. Zr, Zr and Z form a tank circuit. By
lsing the sarne type of reactancc for 21 and 22. positive

fecdback can be applicd. The signal applied to the gatc is
emplificd at the drain with a l8O' phase differential and

cuncnt of thc sanre phase flows in reactances 21 and 22,
so that it will havc a 180' phasc differcntial againa thc
tourc€ currcnt- As a rcsult thc amplified signal at thc gatc

i! positively fed back.

^ Whqn powcr MOS FETs are rscd in a Colpits oscina-

Jon *"r, wlrn zr ancl zr a! crpsoranc*, opemuon al
higb frequcnry becomes possiblc.

Limitarion for high frequenry opcration is qcated by
losscs expressed by clcctrodc capacitancs C3t and serics

. tltc resistance Rr in Fig. 8-9. The voltage applied to the
gatc ir dividcd betwecn R, and Crr, and rcduccs go at high
frcqucncy. At the sarr tilllc, ph.s€ dclay is carscd.

Thc frcquency at which glt| dccrcarr by aborn 3 dB i!,
ln th. casc of zSKl35:

f<ra"l= zo-*:to

= 3 MI{z

(a) Basic Gcilt lion Circuit

O)Equit'alent circui!

.  -  i x a . r o ,  R o .  i l

Za-R.- ixa z-  N+ iX
Z.-4-  ix ,  ,  Zf  - i r r

Fig-8-9 Basic Oscil lation Circuit and Equivalent

Circuit by Using a Power MOS FET

. O.cillatingcondition!
Sincc power MOS FETS have a larg€ g,,' and power gain,

an oscillator can be formcd even at frequencies higher than
f(3d B ).

Ncxl, oscillating conditio$ will bc sought for Fig. 8-9
(b).

Whrn gate currqnt B denoted by iq , drain currcnt by i",
and taok circuit curr.nt including load by i3, the following
equatioo holds for the loop current:

- j x g  ' g o ' R o ' i r  +
(Ro + Z4)  i ,  -22 ' i t  =g

z1. \  + Z2 ' i2  -  (22 + Z+h) i t  =O
(zt  +2.) \  -21 .  i ,  =s

Eqution (l) has finite solutions othcr than ir='iz=ir=o.
h othcr word:, in order that thc ctcuit Inay oscillate, it ir
aec63ary that thc v:luc of thc dctcrmin4t consisting of
oondsntt be zcm, a! followr:

?a Gxe. u. x., zr.zt-lz, 1
- 6P .+2 " ; { z t  +

(?4 +z+zt)  ' 'Z i " ]  -o Q)

ln rn rrgr of opcntion wllcrc drain current it i! not d?-

Fndmt on dnin voltage but rathcr on gate voltagc, Ro is
hr largcr than the other pafanrtcrs and thc following cqu-
rtion holdr:
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D.aiSnirg Applc.tion Ci. cuits

jZa . Xr. g^ + Zt

- (22+z+z)L-#t  =o

ft{])aginary pan is:
- R r ' X t ' \ ' S l t r - ( R : + R ) \

+ (X,  -D(X,  +Xr)+Xr '  & =0 - - . . . . - - . - ' . - .  (4)

lf thc terrns with load resistanccs R1 and R of thc oscil-
lator arc neglectcd, thcn frcquency would bc detcrmincd by
thc foUowing equation:'x=ffi*x,
Thus,

(2or)" =-2 =i,q|; - i,,
l&xt, from thc Ilal part, we get:

Xr.Xe.gn - (R: * R) I+lg

il. -..',i;1=' i:

&"'*+* +='

(3)

Basic wavc amplitude: -

l==.4 iD cos orrd (ur t )

9 - sing.cos9= IA (12)

Maan currcnt:

ro=1.{ ioa(<rt)

00)

a DC bia! corditionr ard AC rmplitudr
Irt us consi&r the rclationdrip bctwccr DC bias con-

dltions and AC ampftu& in thc rarious opcrating modcs of
tbr powcr ficillator in Fig 8-10.

At conduclor englc 0, thc variout cun"nt |'d roltrgt

F F&n of thc dcricc are a: rhown in Fit.8.ll. Drai!
qrrrat b:

= l l $n9 -9CoS9 (t3)

The rclationship with peak current: I o = l a ( l - c o s 9 )
_  -  9 - S n 9 ' C o s gt=rp ' ( f r6 iD-

sing - 9 cosgro=rp'' l(Tri6!?r

Fig.8-1 O Colpits Oscillation Circuit(Clap-Type)

Fig.8-1 1 Operating Modo of Powar Oscillator

Thc ntio of rneximum powcr lgrinst supplied DC porrcr,
viz, drain cfncicncy, is cxpruscd zs follows, whctc currrnt
rnd yoltagt cfficicncics arc dcnoted by 4, and rle respcc-
tircly:

(s)

(5)

0)

(14)

(t s)

From Equation (8), since gm must bc large enough to
compensatc for circuit loss, the following oscillation start
cqr*lns arc obtained:

J-- '  c ,  . . , - .c8+c,. -Cg+Cr C2 
'GL " . ' " " " - ' - -  (9)

Whcn Gin and G1 are loss conductances of input and
output drcuits rcspe ctively.

ceo4,c*$
lB tbc czsc of high+fiicicncy po*r ccilrlora thc

s$t".- on thc riglt side of Equation (9) repr"scqB a.o
inp- _ nt 16 tcrm, and g- i: cxprcsscd rith gatc yolr'8r

Vt, output voltage Vout, and outpr.d power Pottr, r:
follws:

->H'"'=ffi

lD . IA (cor (^,t - c6 9)

.J
v

"D'et i ,  
q' i l

' U

I I t 9 - tin9. co',
I r . - . : -  E : - .  - - - : --r 

2 lo z at\p-g @il
......._....___.. (t 6')

0 l )
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8. D.3igning Apptic.t ion Circuitr

?e can bc calculated similarly.
Thc relationship between conduction angl€ A

f\ pnen as in Fig.8-12.
f, Ncxt,,thc bias condition: tlat determinc conduction

ang.le 0 = 29 will be sought.
If Fak gate voltage is denoted by VGp then:

vCp = vCO * VcA _ Rl . Io ........................ (tz)
R^

rvtere vco=vo' 
&;i; 

' Initial bias voltagc to Satc
VGA ' G",. amPlitude

b : Drain mcan currcnt
R3 : Source resistance

Tlrc pcak cufient for class B opcntlon ls obtained from
and 4i is Equation (t 5) as follows:

l p = r . 1 9 (25)
Gate peak voltage VGp can b€ dctermined as a yalue

corrcsponiing to Ip in Equarion (25) from the Ip _ Vp5
characteristics ofpower MOS FETS (s€e figs. :-f an1 :-2;
Chapter 3). As for oscillation starring current [st, from the
conditions of Equation (l O), denotiry drain voitage ampll-
tude by V, the following is determined:

sDffi=.tO (26)

For safety's sakc, thc valuc of osciuation stan current is
dctcrmined from the gm . ID characteristics of power MOS
FETs (see Fig. 8-13) as the value of Ir, corresponding to
twie the va.lue of Equation (26). Fr6m these data and
Equations (2O), (2t) and (22), the bias parameters of V"9
and V64 can be detcrmined.

a

Fig.8-13 Drain Current Dependency oi
Transconductance

a E)(ampl€ of parameter calculatio[
By applying the above method to 2SKl35, the following

calculated results are obta.ined:
vo = zo Cr)
b = t.43 (A)
Ip = l.s (A)
Vcp= 6 (v)
gm = 2 x037a (S)
tn = 0.6 (A)
v6gi. z.e M
vc.q=vcp=6(v)

a Cdculation of rcso to, c.Fcirrnca
ln ordct to s€t thc dividcd voltagc ofgtc voltasc y- (=

V64) and drain volrag! VDto mcct the above op"r"fi"g
condidoru, resonator capacitana: C1 and C2 win ;
&&rmiDcd.

I
If thc AE rcltagc satisfyinS

tion start is
the conditions for oscilla.

(t8)

(le)

(21)

(l2)ll

o*",;*;:T;:';:"
V 6 4 . c o V = R 3 . I O - V C O

From Equations (lZ), (18), (19), wc grr:

o V C O - V G S T + R 3 . I S T

uc^=#

vcsr*ffi'v"o --.. ...- (2o)
b- 1o:1ri--

a Ehrmination ot circ[h paramlun
. Circuit paramctcB and maximum rating: of &vices for

rn FET oscillator will bc considered. For high+fficicncy
operation, drain bias voltage must bc maximized. IJt u!
mrto it onc-half thc allowabtc voltagc Vp5X max. of thc
&vicc.

vo'*vos.rot

Prom thc rehtionship bctwccn allowablc drain 16 |'|d
Ea rrol -F,, wc tct thc dlain mean curcnt as follost:

, b-3
Equation (24) rrpcrnts r condition when dlovablc

los ir not cxccedcd cv€n aa o$illation stop.
21. HITACHI
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v8=Cds + C2
Vp Cgs + C,

. l
wnerg (t)d = ='----'=-

n 
- xg. ugs

' 'i"a O. vjlues of capacitane pair C1 and C2 arc

determined. Coil inductance for the desired frcquency can

bc derived from these capacitance valucs-

The value of load Q can be increased by usinS a Clappc

typc oscillator in which a capacitance is provided in parallcl

bctween tle gatc and drain or inscrted in series with thc

inductancc.

Thc load is expresed as follows, using outPut Yoltage

Vout and circuit efficiency 4c.

DGsigr| in8 APPlic.t ion Ci.ct i ts

&3 Power Oscil lators (l l)
(DC-DC tnverter)

The inverter described hdre introduces the basic thcory

of the Colpitts oscillator ret-erred to above in order to

obtain high frequency and high power, so that it can be

applied to high-frequency, high+fficiency tighting equip

ment, dischargen, and air cleaners. Important Parformance
Fquirements for inverters and converten are as follows:

. Higlr power efficiency (small circuit losses).

o Large area of safe oPeration for power devices and

minimal temperature rises for equipment.

o low spike noise at switching of power devices and stable

output.
. Uttle unnccesary radiation from equiprncnt.
o Small weight and volurnc ofequiPment.

The above requirements vary in imPortancc dcpending
.on the rystem i-n which inverters and conYerters alr uscd.

But indispensable performances of power deviccs are

ex3ctly those whidr Hitachi's power MOS FETs fcatuc,

namely:
. High switching speed.
o Simple driying circuit: largp powcr gain so thet driving

powet may bc minimized.
. Iargp current handling capability in thc arca of safe

opcration, panicularly in thc high voltage area (sc-

@ndary breakdown rcgion), becausc th.sc dcvices arc

used at high voltage.
. Typical desisn

With .100 - 50O V output yoltagr and 4(D kllz

frequency e! thr tal8et spccjficatios for thr inrErter,

circuit constants will bc dctermincG.

For deriving output, a capacitor loaded in thc middh of

thc oscillator loop will be used. Output cutrcnt will thus bc

obtaincd by dischargc of clcctons accumulatcd in tlt

capacitor.
Firrt thc basic circuit is sct as in Fig.8-17, whcrc C1

&trotcs a load capacitor, R1 and R2 arc biar rcaistanccs of

gatc, and \ rtands for unstabilizcd input voltagl (which

giver V6 and V9).

Q7)

I
P o o t = P D C ' n O ' n C = 7 '

voutt
.......-- - - (28)

Thc spccified output can be obtained by giving a

It. gncc or output voltage satisfying Equation (28).

-.ts oscil"to, Sives the maximum output at oPtimum

lo rut no destruction of deviccs occuF cven under over-

load. In other words, gate driYing rcltage is proportional

to dnin voltage and, under ti8ht load, drain voltage docs

not cxcc€d bias voltage. Under hcavy load, drain voltage

mDlitude decreases and thc power MOS FET is protectcd.

(2) Experimental ci.c1lit and tyPical characteiiniB (135

{rcn thc constants are determincd in accordance with

tlJasic desgn procedure describcd in item (l ) above, thc

RL

circuit shown in Fig. 8-15 is obtaincd. Thc circuit con-

figuration is extremely simplified and can bc aPplicd to

cfucrdts that givr thc desircd frequcnry and outPut Powtt-
Fr8. 8-l6 shocrs the supply vohage depcndcncy of major

dEractcristics. An outstandinS fcatuc i! that hiSh-
c{Iicicncy Gcillation is obtained bccausc cfucuit cfficiency

docs not chanSe with suPPly Yoltagc or outPut Powcr.

r!!n Y'
l+-{- +

-  l l  f ' -
- * 1  l l  I
| | . r6d.6.. i r.

U n  r : O
c : ?

Itc

Fs.8-

o
1 5 Source - Common Type Oscillator

. (Class - AB Operation)

t

s t
c i E
E *  i

i r : .
: j et
t ! -
.i8 E

'....
1

Dr.i Bi& Volt.s. VD m

Fig.8-1 6 Oscillation Characteristics

HITACHI 25



'1
8. Dcsigning Appticrt ioo Ci.

Ftg. gl8 plots oulput voltage and frcquency with C1 as
Parametcr under the conditions of Ci=-.

ifZ = O.Osrr, L = 0.o38amH, C5 = 5 pF, RE = 2Q,
-Ce = o.lrF, Cp = Open, R2 = 70 kA, vi = +SV.

Thc figurc shows that output voltage is dependent on
fhc C1 raluc and tiere is an optimum output voltage.
Oscillation frequency also varies with C, and shows a
tcndency of monotone increase and decrease.

Ncxt, ciaracteristics measured with input voltage Vi a!
FJamcter arc shown in Fig. 8-19. The measurcment
@nditions arc Ci = -,C, = 0.05 ,rF, Cs = 5 pF,

Re = 2f|, CB = O.llF, Q" 
= Open, R1 = 70 Kl.

Fig. 8-19 drows that the desLcd ourput voltage is
. dcpendcnt on input Vi and can bc selected at will and that

frequenry variation can be reduced. Frequ€ncy drift during
ope.ation is du€ to heat generation in the capacitor. For
practical purpos€s, a low-los capacitor with a small
tcmpcratuE cocflicicnt (e.g-, mica, polypropylene) rnust be
uscd-

Th. initrtcr intoduced abovc involvcs a rclatively :mall
powcr. But a similar principle appues to high.voltrge power
supplies tlat require highcr frequencies and higher voltages-

i

l r

l r
l l  i

T
I

J

Cu Load Capacitancc. R!Rr: G.t Eiasirlg R6lsurEc
Vt: Unsabilirtd Ingu! Voltagc

Fi9.8-1 7 Easic Invener Circuit
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.8- 1 8 Vo, fosc - Cr Characteristics
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Dcsigning Applic.t ion Circuits

o F . r  g i - . . , i , r
C .  -  r t t  C .  _  r .  . . t a- r . - r O  

o - . r t t
e  - o D -  r . - t . r o

I

a -

t :
! t-. I

2
t
1
6

f
Fig.8-19 Vo, fosc - Vi Characteristics

&a liLdium-Vury" Trantmitte6 (Ba!€d on data of NHK

Tachnical Research Labo.atori€s)

Solid statc dcvices arc bcing uscd incre3singly nowaclayl

b mcdium-savc transmitteF. However, no oPtimum Pocrcr

Cls ue available for use in powcr amplificr circuits and

nola fcw prcblcms involving circuit performancc rcmain to

bc rcaolved. A highefficiency, high-po*tr pulsc amplificr

using porrer MOS FETS wiI be dcscribcd-

Gcncnlly, in pulsc amplification, powcr MOS FETs hlrr

oey adyantages over biPolat transistors, es follorr:

. .hrlsc width does not chrngc bcceusc of thc lb:cnca

of crrrier storage cffcct.

Drrin clrrr?nt has a negativc trmperatu! cocfficicnt,

ro tlet no.t}crmal runaway or currrnt h%gin8 '

occu'; 8 r result, stablc operation is cnsured.

Tbcy hrvc I lar8r inFt ttsEtanc!; sbce thcy rrc

cohncamcnt typc dcvicd, inPut and outPut terml

lrb lrt isolatcd and th bias circuit is simplificd

canpercd c,ith othcr ficld cflect uaruistors.

A roil &iving powr suf8ccs; ddrcr and inFn

:
i
I
!

i o

I

i i
ri

i
t i

power atnplificr circuits arc simplihcd.
. Thr desircd output is obtaiacd casily by parallel

oFraion.
a Desigl, adjustmcnt and oPcration arc simple-
A clrs D SEPP pulsc ampli8er with I kW CW at 0-5 -

1.5 Mllz carricr frequency and 80 - 9@ overall efncicncy
will bc dcscribcd. A class D typ€ is sclected becausc a ltnal
powcr amplifier cfficicncy of W" or bcttcr can bc

cxp.ded tl|roretically.

In thc crrricr gcncrato!, radio ftcqucncy is pulsc'width'

Ddulated by the audio frequcncy signal. Hcrc, pull€'

vidth-modulat"d wa\€ is gcncratcd according to thr two-

v:lucd logic, and k drawn out as two-Phasc pulsc and

epplied to thc driwr stage.

Tbr input parts of thc po*tr anplificr are tralsformcr

couplad. Amplitu& mod'rlation wevc i: mixed and filtered

h tb! oulpd tlnl( cirarit zrd 4plicd to thc load

(otanru).

a
a

(tl Ct!t| D SEPP typc pubo rmplifirr

Fg.8-20 Block Diagram of SEPP Putsc Powcr Amplificr
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8. Oesigning Application Ci.c'r i ts

a Powrr .mplifier clrdtit

Fig. 8-21 shows a power amplificr citcuit. A total of l6
-"Inwcr MOS FETs are used, four each in parallel.

' 
ln thc SEPP system, since rhe source electrodes of powcr

rupply side MOS FETS Qr and Qr' are connected to thc

output transformer, an AC coupling system with capacitors

and resistols clllnot be used. A tBnsformer coupling as

shown in Fig. 8-21 is required.

Thc primary and secbndary winding ratio of the input

transformer is I : I (5 tums each) aad bifiler winding i!

uscd. An E tyPc core is uscd, but outPut chatacteristics

vary considerably with the kind of col€.

' A clock gulsc of 140 Vp-p, wfuch is the maximum ntcd
yoltagc for this device, is applied to t}Ie gate ofthe PA stagc

power MOS FET.

Fig. 8-22 shows theorcticai wavcforms at diflercnt

f yoints in Fi8. 8-21 . Sincc onty carricr signals arc used in this

. ).a*, o y the unmodulated carrier comPonent i5 obtained

It thc output term.inal.
When a pulse-width-modulated wave is applicd as a doct

pulsc to the MOS FET gatc, a twovalucd PWM waw (l

level: Vt^, -l level: -VpA) that has tmdergonc pulse-

width modulation with audio frequcncy is obtaincd at thc

output trarsformer secondary. This PlffM wave is liltered in

thc acrics resonance circuit consisting of a droke coil aad

-,r.capacitor, and the basic corrponent is derived. Since thc

[lrcst t"I* of waveform of this basic comPonent varies with

pulsc width, only thc amplitude modulated wavc is dcriYed

at thc output terminal.

:

:

Fig.8-22 Theoretical Wbveforms{Unmodulated)

! -

Fi9.8-21 PA Circuit in SEPP SFtem
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a Output v8riatioo by irrnrformcr winding ratio
Figs. 8-23 through 8-25 show the dependenc€ ofoutput

-J/er 
and power amplifier efficiency on PA supply yolrage

ar 
-diffcrcnt 

winding ratios. Fig.8-26 plots the relationship
between PA cfncicncy snd output power with winding
ratio as thc variablc.

Whilc no rcferencc will be made herc to tlarsformcr
typca (e.8., core shapc, bobbin shape), it has been vedfied
cxpcrimcntally tlat use of an E type corc and a flat bobbin
i: cffcctive in achieving high e{ficiency.

ln-taD ui.di{ t ti.

)

!

i
t
t

I

c
PAt ttv.ba. i rlt

Fig.8-23 Output Power and PA Efficiency vs.
PA Supply Voltage for Various winding
Ratio of Transformer

D.rig,| ing Applic.t ion Circuits

..

Thc characteBdd rhown ln Flg. &23 thror4h 8-25 rre
thc rcsult of optimum selection based on thcsc tendencies,

From thesc experimcnts, it is found t-trat an cmciency of

80 - 9A/' can bc exp.cted at PA power supply voltages of

0 - 140'V, if thc output transformer primary vs. sccondary
winding ratio is sclcctcd rt bclow I : 4. Fdrticularly at a
winding ratio of I : 2, stable operation was obtahcd at I .3
kW output power (l MHz continuous wave) and 87Vo
clnciency.

Ftg.8-24 Output Pow€r vs. PA Supply Vottage for
Various winding Ratio of Transformer

i
I
!
i

Fg.8-26 PA Efici€ncy vs.
Various Wndirg

ower for
Ratio of Transformer

HrrAcHt 2e

I
I

vs. PA Supply Voltage for
Various Wnding Ratio of Transformer.

a
4,
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8. D.3igning Apptic.t ion Cirsqitg

[RcteFnc. Drt l

Table 8-l Various Transformer Types

Pritn ry : Sccondary = I:2
Prinaty : 8 lurns, Paralcl in 5 \
Sccon&ty : 15 Tums, Paralel in 2/
Malcrial : En mel wLc o 2mm

_Primary : Sccondary- l :4
I Prinzty : 3 Turru, Parattcl in 4 \
\Scrondary : l2 Turrls. Paral lel rn 2/

Lrtcrial : Enamel wirc O2mm

. P r i m a r y , :  S c c o n d a r y = l  6
tr Prinarv : 2 Tumi. P.rrIcl in 4 \
\Sccondary : l2 Tuhs. Parallel in 2,/

Matclirl : Enamcl wirc d2mm

Prim.ary : Scconddy= l:2
P.imaty : 2 Tums. Paraucl in 4 \
Sccondery : 4 Tums, Parellcl ia 2 ,/
Matcrial :  Enamcl yirc O2mm

Primary : S.condary= l:3
Prima.ry : 2 Turn.. hrallcl in ,a \
Sccondary : 6 Tums, parallcl in I /,
Matcrial : Enam.l wirc O2mm

Laaa

Ftg.8-27 Eobbin Shape

.

Fig.8-28 E-Core Shapc

I

I
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High Power Switchiog Begulaton Uring Dircct
Rectification Syrtem

of a 500 W class switching rcgulator taing powrr
MOS FETs will be introduced. Described bclow are tie
fcatures of power MOS FETs as switching devices, followed
by calculation of ideal characteristics, dcsign procedure,
and measured values.

l l) Advantage of power MOg FET:
Power MOS FETS arc capable of high-speed switchitg, so

that thc driving circuit is simpl.ified even for frequencics as
high as scveral hundnd kllz. Also, when a vadable duty
ratio control system is used, carrier storage time of the
power MOS FET can bc ncgleccd, and a wide control range
is crsured.

Thcrcforc, output wcll follows input ripples, and a small
filte-r capacity suflices. This contributes much to improving

l -
; alor Pc onnalca.

,xt, switching frequency can b€ raiscd to the limit,
whic-lt is &pendent on thc pcrformancc of thc high*peed
Ectifier diodc. Thercforc, cfliciency can bc Eugmented,
cquip'mcnt ca.n bc madc compact, and safety improrcd
compared with transistor convenen.

{2) Crlcubtion of ideal charasteristicr

Fig.8-30 Output{Load) Current \ raveform

At switch on:

t#=t-t

. ' - l r= ! : ! c  ' , * t .

1, = ! :& .1,* lo

At switch off:

r.  f f=-6o +vo;

. ' . I . = -  ! oJJP .1 *1 ,

.  to=I r -  * iuo . t , ..-....-..-- (6)

Thts, (E - E6)Tr = (Eo + vD)T2

Thcrcfore, Ee = e.$ - vo.f r7here T =Tr + Tr--. (4

Mcan load current [x wiLl be:

,  -  I t i l o
r R -  

2

8. Desigring Applic.t ion Circuit5

englc T1/T, from Equation (7),

(t)

(2)

(3)

(4)

(5)

Fb- &29 shows a tieoretical circuit for a swifddnt
Egulator. Whcn it is assumed that cagacity C is sufficiently
lf} outpur Eg is consta-nt, and boti ss'itch S and coil L
hzvc oo loss, then, from thc current nzveform of Fig. 9-30,
rlc foflowing equilibrium cquation holds:

Frg.&29 Theoretical Circuit tor a switching
Ragularor

Ncxt, if Ie, 11 is dcnotcd by lx, thcn

I, = 1" + !II9 .1,

b-r" -** . r , (10)

Sincc minimum load current Io is larger than 0, from

Equation (10), thc minimum valuc for coil L will bc:

(l t)

If thc rrariation ralue of load cu[cnt it put ar aI ' It -

Io, then, from Equations (9) and (10), we get

oI .  E ;%. r ,

If nrbtion ntio i! put at a ' aI/tR , then thc requircd L

r:lua ir dctcrmincd a!

t .  E j%.  r ,
d  l R

To rck condustion
:a tcl

(8)

(e)

u,"=f 'r,

(t2)

I L

c

%;E.+-vD(r-+)
HITACHI 3I
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a. D€ -r-nin8 Apptic.t ioo Circuits

Thcreforc,

Tt _ &) + v,.,

ra T- rt-6 '-------(r4)
'i , Next, let us seck thc values of power and cfficiency.

Input povcr lv1 = 
f l; tl3. t + ro ) dt

=f,5&.r?+Io.rr)
Substituting Equations (9) ancl (tO) into this, wc 8et

w,=+'e1!f +roy
= $.e. r^ = r. ?.;.v1. .rn _-._..-_ (rs)

O.rtput power

Max.imum output
Variable voltage raage
Input power
hput voltage
Type of circuit

500 w
r0-  100 v
5mw
140 v
Input pan is a 100 V AC d.irect
bridge rcctifietion system; pow.
cr MOS FETs are driven by
capacitanceroupling and con-
rrolhd by variablc duty typc
contlol.
a0 kllz (25 ps). Switching frequcncy

W o = E o . I R  - - .
Output .fnciency

-  D  / l  l t i :  : .  -  
t i a t  :  ,  : , . i ] - : ; ,  : l

. .  ' t  '  .  : 1 " t  t t  .  L : r . .

Rcctifier diodes currently avai.la-
blc haw a rcversc breakdown
vottage of 300 V, a maximum
c u r e n t o f 6 d a r e v e r r c r e -
covery timc of 02 ps, and a
forward voltage of 0.g V or so.
lf these performanct figures arc, impmrad, switching can be pcr.
formcd at higher frequencies.

. The senshg output voltage feedback loop is isolated by a
photo coupler.

. Output transformer 20: lg in tums; EIll-9O.
winding ratio and
corje

a Caution: in tabrication
. Sincr the output transformcr winding is subFct to sharp

current spik6, it i! nquircd to have a large capacity.
Vinyl wirc is r.colunended.

. Providing a cenGr tap on thc output transforncfs
seJondary winding and using full-warr Ectilication arc
cffcctive in rcducing rectifier diode tos. (In thc cxamplo
9.sfbcd belos, t]le bridgc rectification slrtem is useA
for both primary and secondary wind.ings.

o A large capecity choke coit shor:ld be usrd in ordcr to
. maintain e constant currcnt olcr a widc ra.oge.
a Gfc{it opet-ation

'Thc basic circuit configuration of this rcgulator is rho*.rr
in Fi8. 8.31.

- T I 
.or-g bloclq thc vollage at thc outpur terminal

ir divided and compared with thc refcrcncc yoltag! gcncr.
rtcd by a Zncr diodc, aad tlrc crror voltag? is ourput.

. 
I'lcrr, a dnglc oFntional amplificr tC, HAI?7;1, ir uscd

In ur! cnor amplification circuit and thc ovrrcurrcnt
lmitatiqr cLcuit. Th. circuif configuration ir e rtaad-
rrdizcd onc.

-In 
thc codtrol btoch e verhbh duty cbcuit it urcd to

rcducc noir -
Thc power MOS FET h:s a 3witchiry spccd ar fast ls 20- 30 n3 rnd is liablc to g.ncratc noisc. Also, its high input

impcdanca can inducc cxtamal noEa, which in tum can

oo

l) n=  wo  =  l b  .  E+vp
q E Eo +VD

Forer loss Wp of the rectifier diodc is giycn as:

wo = Vo .*t.t , r, - %a* uo r, o,

=v' .* t r , . r , -&{1.11;

. =fG,'r, I+'r,)=vp-ra.f
-u,. ?-;?.ho

thtrr, wr=wL+wD=(Eb+vD. 
f f i ,r"

-e.xq- l rs . r "

)

(18)

(le)

. Ttpicd ralucr

-- 
lf it ir essumcd thar E = I O0 V, Eo - 50 V, WL = Zm W,

Vo = lV, In = 44, f = 80 krL G= l2J ll3), then Tt

u,!'
Vhcna=0.5, thcnf  .  I l fo  . r ,  - ts l , [ ] ,

0J IR
1.0.99 (99% cffioency)

Eflicianey incGalca as inFn, output vdtagc retio EolE
epproadrcc 1.0. In designing an ectuat $itching ,"grrl"ior,
lcat eltd optimum valu6 mun bc calculated individuallv
for tb3 main portr supply, switdring circuit, control
dtudt, rnd filtcr c&cuir-

)

I

, , t . l r

32

r'
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O.signhg Applic.t ion Ci.cuits

causc mitopcration
ln thc variablc duty circuit, thcrefore, ractangula! waves

l-fhich lhc dircct current component is superposcd on the
\Jr signal are intcgated a-nd rhe voltage compqrator is
oFratcd at the crcss-zerc point.

As r rcsult, thc loop has a low response speed but is not
rflectcd by noise.

Thc drive block uscs the CMOS inverter IC HA140llB
which drives the power MOS FETS and a complementarily
conncctcd 200 mW ctass tmnsistor. This block illustrates

thc characteristic case of usc of power MOS FET:. Thc
drivrt nccd only havc an input powcr of l0 V and a
drarge/dischargc capacity of 1,0@ pF. The drive circuit is
vastly simplilied. If it is assumed that the powcr MOS FET
risc timc tr is 30 ns, then, one only has to consider the 300
mA transient current and the approximately 0 mA steady
state curent (there is a slight leak cuncnt).

The circuitry of the blocks described above is pres€ntcd
in Rgs. 8-32 through 8-34.

Fig. 8-35 shows a timing chart for the control block.

HITACHI
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Fig.8-31 Block Diagram ol High Power Switching Regulator
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O.signing Apptic!t ion Circuits

Fg.8-32 Sensing Block

31 HITACHI
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8. Drsigning Appliclt io. Cir

t o o a

t o o l

I

E

V r + 5 V  H Z 5 @ C

Vr '=  lOV HZI  rOA

g t

s l

8 l

Vr+5 V

Vcil 0Y

t o  G t

t o  O l

t o  P t

U n i t  B : O
O : ' r P

Fig.8-34 Drive Block

3.6 HITACHI

oForrhc inverte!, HDllollB b ,scd rith
orr gatc Pulled-up to S l-

osl i! +10V, a.od 52 b -6'V.

Sf .nd 32 sbould bc givcn to VD ard
Vr of HDl4OltB resgcctivcly.

o Tbe transistors are 4 pairs of 2SCAO8 &
2SA t030.
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8. O.eigning Apptic.tion Cir

o Nominrl charrtsristics ot experimentrl circqit
Figs. 8-36 and 8-37 show voltage waveforms, rcspcctivc-

ly, for thc output transformer secondary and diffcrcntial
voltagc betwccn choke coil terminals. It will be sccn that
thc conduaion angle follows the specified output- Undcr
thc opcrating conditions of 80 V and 3 A, the duty factor is

Fig.8-36 Voltage Waveforms for the Transformer
Secondary

sbout 70%. Othcr charactcristic illustrated are the follow-
ing:

Fig. 8.38 Rcgulation dla acteristics
Fig. &39 Efficicncy vs. output current characteristics(VO constarl,l
Fig. 8-40Efficicncy vs. output voltage characteristics (!g constanq

. Fl8. &41 Efficiency ys.output qirlent characteristics (Poconstanii

t l
f f i , t l

|  . . a . / . . . ,  | | - . . A / . t .

Fig.8-37 Voltage Waveforms for tha Ditferential
Voltage between Choke Coil Terminats

r
t

-l iF

a t a l a ! -

- c'.ctri. I. (l)

f

I

I

I

l

t : .
l l
t . :

i,
i l

l-.1

i1
i;i

- . [
J l

i

Fig.8-38 Regulation Characteristica
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Orsiy'ning Applic.t ion Circuit9
.'

Fi9.8-41 Efficiency vs. Output Voltage
Chracter is t ics (Po constant)

, l
:. :

' I

I

HITACHI 39

+

\ - -

t !-3S Stficlency vs. Output Current
Characteristics (Vo constant)

l l t /
'a
T

l L f

4
t I

/

It
//

o-v.b- r. (t)

Efficienry vs. Outpur Voltage
Charactgristics (lo constant)
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8.6 Low-Noise DC.DC Converten I

_\ ..la 
converter introduced here is U"r"a on 

" 
a"rlgn

i, I philosophy differenr from that of the high-power, hgh-
cfficiency switching regu.lator described in ttre preccding
cha pter.

Spike noise has been Educcd to the [mit in this
conr€rter, so that it can be used in the pCM decodcr part of
clectronic switching systems wfuch are sensitivc to noise at
thc small signal level.

. The circuitry and test results are describcd below.
ll) Circtit configu."tion and operation-

A block diAr"^ i, pr.r.nt.a in f,g. -a2Jt i";
. Einglclransistor converter using a power MOS FET as the' 

main switch. [.ow noise is achieved bv:
. cffectively utilizing thc electrode structurc of power

MOS FETs (source electrodc is connectcd to hcaOcr;,

. loosely coupling th. output transformer.

_ 
fo-r driving and controlling thc power MOS FET, e

CMOS gate IC is employed.

- l: 
12 V, 5 mA subsidiary power supply is povidcd by

dividing tllc voltage at *rc AC input.
The control Imps are isolated by means of r photo

coupler of 4 MFlz bandwidth.
Radiation can bc copcd with by a shield platc; thcr! is

no need for a special noise filter. (When thc convertcr *as
mounted in a PCM decoder, crosstalk to thc adjacent
charnel was below -90 dBm/20 kHz.)

Since carricr storage cffect can be neglccted in drivins a
powcr MOS FET, a mirror integration circuit is form-ed
with C2 and thc transformer primary, a.s shown in Fig-
8-42. As_ a- result, the switching wa,rcform d-r"*, 

" 
g"ntt

slope and thc spikc component is completely removed.

and

Fig.a-42 Oiagram ot OC-DC ao^rE.tei

i'
IO HITACHT
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Oe3i8nin8 Applic.t ion Circuits

Power MOS FET
s  s K  l 8  4

Current Senser

€-

P

e_

-0.

+a 8v

oro s
H-Dlr0r lB.i/t{)r2B

from Comparator from curr€att l imittcr 2F30d

;m Convener

Uting rdrantagc of the performance, ctcuits that Droduc€
tba d.rird output voltage and current caa bc dcsigncd.

Tablo 8-2 Major Performance Figures

.  . t .  i '  r '  ; : j  ,  i  j

. HTTACHI 1I

Itco Condition Parfo('!a.oc!

hDlrt VoltrSc {8rsv
( tpnt Voltrt., Currcnt Fult locd + I2V , l . 7A

Spifc vott4c Full lo.d ,tmVp?

Rr9rhtion for ltrput
Voltrye Chrng..

-48V
- -53v +2DV

RctlrLtion for L-oed
. Ct rScr

Non load
- Fun bed

-l?mV

Enlci.at Full Load
Full Cncuit 7 l%



8. Dcaigning Application Ci.cuits

Flgs. 844 and 8-45 slrow operation wweforms of thc
wer MOS FET, and Fig.8-46 the output terminal ripplc
d spike noise waveforms.

Operation Waveforms of Power MOS FET

5 Operation Waveforms of power MOS FET

lr.-f.'.'
(+uv r q'!i.'r. Lta o.r. \L r.r.,/..

Fig.846 .Ripple and Spike Noise Waveforms

^2 HITACHI
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