
I f f hile it is impractica,l (not to ren-
I I I r* op*=rui to porrer a ctass
iA!o*** affiEg hffiEnss, rr ,* eos*

ewe.r, pmdfoal to hui&* a rymte ffffeer
supply u*ing umbilicals- Some of the
beurefits are obvious, but thore a,re other
1¤asons that smo DIY builders noay not
hase 6@sidered-

thp tdea tor &hi.s project (Plrsls !)
hegan whm tr was listening to a bad-
phone a,mp connected to a se;rarate bat-
tergr gwwr s"drpffi" TM *wlM dti&{s
a,mtr) was so guiet, sittr extended bass
*md verg deteiled mid aad ttigh fre-
quensies, that tr thought, *?fure ruus[
be a way to realize some of these ben-
sEts with am a@fffim: e$r*wimg ryffib
ers, anri not iust a,ny, but a full flms e
amplifi.er." If I buitt tbix amp, i* sse$Id
ueed to he s¤mstr$shd fuf,s tk @ifi'
ning this way, and not just a# an a,fter-
thought to solve proble.ms xrith hum or
otkr rcise m$sed &rgr fux$ormrs qrud

tkir skapr ssflg@tie fistds" It seund
need bwayw$$made uffibflful cabk
with conaectors that are up to the task
With these things irt mind, I decided
to xrse atmted fuiglr fortfu aql and
nloxser mqry&tlffitinh brcagftA rre fs tle
Bortety ?5$fl lMilfaniure;

All FET Closs-A TSWAmplifier
Starting life as a Borbely kit. this project goes a step furher and mitrires an odemd pc,rer supply.

normally associated with lineamps, headphone amps, and phono preamps.

By Rick focDonold

enclosures. The amp consists of one i to avoid the small turn-on thump (I
driver board, oae output board, and r used the direct out also providdi- To
me nrowercupffi bsard per ohanren- harxltre aqr o*ter$n caparitrrre seearer
Yw man w prmxm# a M d hlnding , Eoadq, d uM aa ndRt 6msell*l comnbi-
forparb by orderirgthe edhe kit, but : natim m the output to cmko]. oesil-
if you are deter-
mirre-d, I recom-
merd gottiag
th* eer:ais, as
some may be
tough to source,
pmswtul@rtk
matchedREh.

The driqer is
an al&-FSY rtig?r
speed sircuit
w'i&h sffia&epaed"
regulatos. Ma;r:
imllm supB}5r
volt*ge is +5517
(unregulated)
andis adiustable
from SS-50V-
Teo &mffi mn &
ltver tS{}W, bwt
onlyTSWinpure
Class A. Fully
complemaatargr,
tfue input s&age
is differestial
cascode, using
dm*I md$,&{s
JFffif$ as inpr&
devices and.
&ff&S$ffiYs &,s
caseodes.

DC offset is
trackedf,eoe-
6re33sd bgr the
A.ffiffi; a $frKff
op amp pow-
ered by a shunt
regulated +LOV
snpffi" A. r*XsF
G$t is SffiFw'idd

wr,vw.audioXpress.com

gsffiilffiffi
Tb basis for this alnp eomw ftoc
Errc BortelysAll FET Class AMilIen-
xftlmAry (Mo$mm.mn).Iffi
to be built as tso monoblocks, it can
also be constructed as either stereo
or dual rrxuxr, wtich is kw I ekse
to build it @. D. ffi.#x ro arrqr of
wqrx to 1@ i[ &!ffi c*m beryrtke
tu1I kit, ju$ tte FGB, or afmost any-
thing in-betmeeu), f wentwlth the PCBs
ard 'ne smtMgrs m$ used ry
o.wn E(xrrrtrs f$r resisters, e6re, ard
Uanrfiomnes", e&d dso beilt qIr ows
$4 audiaXpress 9,/05

Fronf of thePHOTOI vtew cornpleted omp.

PHOTO 2: Top view of completed omp.
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lations, but it is easily bSryassed for ;

T"he feedbae& Mw@& (oatled a T- :

Betwotrkl was deweloped for the aU-FEf 
':

line of power amps. It
a$commodates both bal-
amd amduehiamd cqr
eralEim- wi.tklt'.]rangil'l g
the fedback metwork A
switch at the input equal-
izes gain in both modes,
snad enrsuree equal iry¤d-
affifertkt{psiopxffi-

The output stage
uses eight pairs of T0-
3P power MOSFETS
(efi ffi 058/C"5J1S2), which
rctmtedsrar{ matg,kd"
amd t&is hatch had the
same lot code" whieh
helps ensure good match-
img even with bias cur-
remte ofker thas thoee
used f,or the matahiug
pmcws. Ps1 this reasm,
no source resisfore a,r¤ re
$Iireil The sole purxlose
d'lt}nfg eirmrtb is to rone
huge amons&s of s{&r-
red, and rc voltage gain is iotuo&lffid.
These MOSF'ETs become very hot and
must have sigdficant heatsicking to
rumCfiawA

As Sruu sa& siee im Pfieto l, tk m-
closure provides just that - . . ia abun-
da,nce. The big horseshoeshaped heat-
sink (Photo 2) makes a good strong
shawis- sler&.lsa} 6&rEH,lr siarks strppEe-
ment the horisqueal {?nts of, the e.aiu
htsirk {bfsck}- Forreas@s of amem-
b1y and other design issues, it was the
onllr way they woutd all fit together
Oorostderieg the *,rne".*cmre was fonliBt
usimg awailahle par:frs, surylBux h'eat-
einks, and scrap pile ahamiuum, it
came out reasonably well.

The power supply is simple, consist-
iug of l:depwdmt selBgaliw fur driseu
aod onnffllut stsgEs e*d imd{ndisg ddsry
timers for peweron and speaher re
1ays. The main power caps are separate
froro the kits, and 100,000pF per rail
ie recemmmded- I &sd lls'fO therse!,s"
tsm oB the powersrylXr$r hslard t6 eF
&rce inrush elrrM" a;eg! jrfiu eao Mm
transformers a,longwith the kits. I us6d
separate surplus banslorrers (for driv'
er ea,td oaatglllt boaxds) m t&is pmlact
{6PffifA-mImtwrw" raqaE6re$-

WHY EXIEBNIIT POIIUER SUPPLY?
Tfop mos& obviryls bmc&t**re&lgtiffis
in moise, hrrun, e,sd EBAI-&a,ve beem
prrrvm in tire asd fuadxk aarye- AC

mains can bring in all kinds of garbage
pieM aep almg tk wagr" Mia,rotsaves,
&4 arnd sffiitshimg $ew'cr empplies altr
eoctritnxte to tk ?ras:& t&at eam ca:lee

F,6URE l: Amp block diogram.
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pfi]bl@s is audiro ge*r- Remooving th
Elrywer sepply frCIm th6 arnF a qd arpalr
frffi the high voltags gaia dtk driwer
stage car have breficial results simi-
lar eo uo.{mga MryeuBpisr-

The newered ntlise end audible im-
provement in the final amplifier's
soI1nd outweigh verjr Trramrar lossee i.u
ehannel separrtion. And hecause most
of t&e r:oservoia: e.aps are i-ql fihe air.rE!

ohssis, higfu gtlr"M demanr{s are @r
and minuscule losses due to umbilicals
ffirs o\ranso&e- t'his worh heoaillse aIF-
proximatety onethird of tle frlter caps
(90,000u-F) are i-n the power supply,
while the rmt (8e0,$$8pF) are iu the
a,mp {Photo 2}. Combined with the 2m
umbilicals" s:rmenl irsladharxe *ra{ rmis
tare, a pseudo pi networti,s pm&rced,
helping to attenua.te a,nyresidual ripple
or roise, essentiaUy making the cables
part d tk powrmepply dssige-

Lm ohw&wne are tfue bwefits to DIY
huilders- This power supply wiXl be
used on several other dffierent amps,
scme MOSFET, some bipolar, ell with
diffiermt tryolryles- UB to h*:uf tk ew&.
of buildftrg; angr avm$ !s i& powrer snppry"
Tlds wiII savo tire and expmse wten
experimenting with other designs. But
even more important eliminating the
power s!ryply as a wriable wiln giwe
Srorl igssig,liji xm&g tk axnp"s smhfJeties,
W howiegt&a* chamges !n amlr de-
sign alone have caused improvements
(or not) in sound and performa,nce.

tsecarse thre are no kansf*rssrs
iu +,tm arirryr's ehamisU it is mr*h llghter
ernd ss,gier ts ffisve" and. tr*nsfcrrcer
induced hurn is eliminated. Placement
of the power:supply unit is flexible so
it caq be put cma the floor out of tlhe wqn
or hiddru- While workiug witk t,k¤

power*upply voltages imposes stxne i Tlght¤n t}te MOSFEIS down firse (with
IimitatisCI& Srorr @eB awe md&ods swJx r silpads!), r.heu sonder &hem im Eest tc
a*rqule*im erd dkrsto eS$uStlr#nl . av,oid ptateing pffisllre m tk dewfum
to reguired levels- : or tbeir leads. Because all parb (semis

ufiP{tr
c0HSTRUCTtoit
Sta,rt with tfue out-
put boards, which I
owstru¤tcd fiiasL ar*d
wsndpd tsl tfu wlaiix
heatsinks (Photo 3).
This gave me "he dl-
mensions Deeded to
rrouut f&e drivors m
tqr qrs{ aleo grc re
a,n idea as to the sire
ef t,k mJosarre- B*
cause of the iutegraX
nature of the output
uodules. dri[ing end
tapping were doae
frxst- X sdM in all
pa.ssive aoarlrooeete
andleltthe MOSFEIS
ursoldered until the
last step- Using t&e
sttaffieg guide as a
tenry*ate fMc.*),I
marked aad tapped
all holes ou the hsat-
sisks- Thls isefuded
@saffi:ritsg a*d tap
pingfomMesftrth
driver board mount-
rng plate.

Ymlmus&teke ere
intfufrrt*I s{6ps{am
d{iesrlug'tu}t&ee{Os-
FEIs. You must bend
a^nd test-fit leads onto
the moruated" boards
before sonderieg"

,j
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PHOTO 5: driver.

PFTOTO 3: mO,r.rntedboords hegtsimks.loOu*put



i ia thi.s case) are clearly labeled and i a,nd tlux residue missed by other visual
plm,wd ne ffiGir owa pla,*!o bage s&re- I wtMs
img *nua* keepipg tuIdek ¤tr whafr 5m are '

doing anrd wha,r ne6ds ro he dcre iE i ffilHItrfireIllE Imfilffi
made that mueh easier. : Once this was completed, I mounted

: the driver to the main heatsiuk (Photo

BRIUEH GOilSIfi[EftOH i. 6], ab@'Ins tk @repxle hoerd m a' 5" x 6-
Tlhie FCB requirer sorne degree sf : a}lludnwt pliate' X trlsta&ed ttsunatang
skill i:l solderi:rg" and might be ba',: pla*tr (stutr usd ir switshing trN]wer
yomd the we&wd huinden But if youa , suglgflt¤s) dtu:wFsrurnnlertk driserP#ts
have military or other soldering ex- i to avoid a,ny accidental shorting. On the
perlenc,e, Srou shoutrd ha,ve q<r trou- r bottom od tb dq'iver's alrrrnimr{n }itrEte"
blte. Iflou cam pu:rchase thqse PCEs , I nn$mIled s ffi- tkir& siXfum stffin PIses
as either standard fibergtass [FE-4) I roughly the size of the driver board
or'Teflm (mre qpem.stve)- Because , to inormse shneffimg fum tM matput
of Teflon's excellent heat resistance i board directly helow it' Eligh currents
and dieteotric arroperties, I used it : roln t"nrcugh the ou@ut board ertd iE-
here t'or tlrc drtv.er hoard (Pfuoto 5)" : &reetec.trieffieXdsil&atmmcaeeeeprotr
The stable dielectric ptoperties ben- i lems on the hrgh gain driver cireuitry
effit thts Gircuit bscam,se of the h;glt ,' wM it"s lthr*t alose" Yctl oaa'& see t&e
gain that takes place and therefore i plateftomthephotos,butit'sthere.
have a more sigpif,icant effeci on the I

soarcd- Almgw.itb fihs rcts am*{ emi- i HESEtsVIHfi SAH$
coaductor:s, I also received the relay" , Because even Class A circuits dlaw
tlm fu&eftor 6oin $.{}, sn*} tbe q'SeEO msre ou:rrest om pea,ks' moet o{ the
heatsinb. , powur eaps are plaeed !n the amp it-

The rest of tfu componenh are made i setrf. Not wishing to use the three leg
rap dl/ishry,, Heks, eddae, amd Dale h'r'a*eh rySieanry uM tu w]ffi m{ffi,
RS{6S rmtstots- Cerafine, ffinoa, "nd ,, X devised e wair to mount them tha,t
tslackgaie caps make up tk brdk of the
caps. The heatsinks provided are ad- ;

equate. but I modified ttlem W mount- :

tmg mussd simks d{ffiigrryd fm a vi&o
cJeip (Ffrotc 5)" X atteeM dftss@ nssgimg

440 serews anrl thrmal e,Pxjr (Arctir ,

silver). 
:

There are fi,vo re&ssns forthis: FiEt, ;

the h@Efds w[]1 he mounted on rteeir i

stdm, rcdwieg'tk wdlegeffisnmryd ,

tFte staredard sirnh {new @!es are GForEl .

cut and rBork well at almost any angle). ;

Second, I will be trying higher bias ,

aEMTffis* w-l[h varnm!,s other chamgps- .

a-mr* wamt to avoid ksb sk'essing ek
MO$:FE;T's ffioto S.p- :

The driver is a fairly eomplex PCB- :

some traces are t"hi-n as well as dose ,

srnrt must foe rxxnrined fu'sdder hridg. ,

es" splashes, amsi $mallil metatr obie@ :

whieh eCIutd sbrt tMeuacestrogerher- :

I recommend using a small handbeld
blue LED fiashligbt, which is popuiar :

nnui widet5r sdd- Just ryl*}<e sqme it um
{he bhffi ff heliese w u.ttrawtdd wave
lffigEh) nffi. After viirtually luspestlns :

with white light, I use tJre blue light :

to illuminate smali particles and other :

dehris ]!ds¤d bg tle tirs* imryec+km-
tslhrc night also ilhrmimates cofd 3oids

also serves as the grouad bus (Photo 7).
tr Bi&d uXr tke so&id eogryer braekets
(fu$ E) fresm a reUal reegdsr m:,rq{ mr&
+}wm ts kldtwe bsek of fomlreu,trls"
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PHOTO 7: Copper Gnd bus.
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