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ON SOLID-STATE PA MATCHING
NETWORXS

I  I  would l ike to pass along some observa-
t ions I ' r 'e  made which are of  interest  to bui lders
of  sol id-state Class C hf  t ransmit ters. '  I  havc
found that  the use of  such matching networks
as the commonly recommended L and T, t  as
wel l  as any other network wi th an inductor  or
ser ies LC as the input  e lement, '  wi l l  inevi tably
rcsul t  in inrproper c i rcui t  operat ion.  The c i rcui t
wi l l  exhib i t  poor col lector  ef f ic iency,  spur ious
output ,  or  a h igh t ransistor  fa i lure rate,  unless
one  o f  t hese  cond i t i ons  i s  me t :  ( l )  t he  ou tpu t
t ransistor  is  very rugged ( in which case i t  won' t

fa i l ,  but  the othcr condi t ions wi l l  rentain) ;
(2)  the t ransistor  output  capaci tance is  100 pF

or h igher;  (3)  a Zener d iode is  connected across

the  t r ans i s t o r  (mo re  abou t  t h i s  l a t c r ) ;  o r  ( 4 )  t he
network is  modi f ied in a nranner I  wi l l

descr ibe.
Let 's  sce what causes the problem. Al though

there is  an opt imum resist ive inrpedance
for a t ransistor  to "see" (approximately

vcc2/2Pc), ' the t ransistor  does not  present th is
or any other impedance. Rather,  i t  acts much

as a s imple on-of f  swi tch.  At  the instant  the
transistor  is  turned of f ,  current  f lowing
through the r f  choke is  dumped into the c i rcui t
e lements.  The dominant c i rcui t  presented to

th is current  is  paral le l  resonant,  wi th L being
the network input  inductor  and C the t ransistor
output  capaci tance,  Co. Co is in paral le l  wi th

stray c i rcui t  capaci tance.  This c i rcui t  " r ings"

at  i ts  resonant f requency,  which is  not

necessar i ly  re lated to the operat ing f requency.
Fig.  I  shows the schemat ic of  a typical

40-meter,  2-watt -output  ampl i f ier .  F ig.  2A is a
photo of  the osci l loscope waveform at  the col-

lector  of  Ql .  The presence of  70-vol t ,  50-MHz
r inging at  the col lector  may be readi ly  seen. I
u 'as able to obtain th is p icture only because the

F ig .  1  -  Schema l i c  d i ag ram o f  t he  7 'MHz
C lass  C  amp l i f  i e r  used  t o  exam ine  t he  osc i l l a -
t i on  p rob lem.
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part icular  t ransistor  was except ional ly  rugged
- several  devices were destroyed in the at-
tempt.  Al though th is condi t ion could be
detected wi th a wavemeter coupled looscly to
the col lector  c i rcui t ,  i t  can only be observed
with the aid of  a wide-bandwidth scope. The
instrument used to obtain these photos has a
2,s0-MHz bandwidth.

A photo of  the waveforrn at  the load is
shown in Fig.  28.  Distor t ion nray be reduccd
by f i l ter ing,  but  -  assuming the t ransistor  is
not  destroyed -  col lector  ef f ic iency wi l l  be less
than opt imum. Typical  ef f ic iency wi l l  be on the
order of  40 to 60 percent ,  rather than the 70 to
80 percent  obtained f rom a wcl l -dcsigned
ampl i f ier  stage.

An advanced c i rcui t -analysis computer pro-
granl  was used to invest igate the c i rcui t  of  F ig.
I ,  assu rn i ng  pc r f ec t  i nduc to r s ,  capac i t o r s ,
source,  load and a good modcl  of  the 2N3866
transistor .  The graphical  resul ts of  th is analysis
are shown in Fig.  3.  Because of  the use of
perfect  components,  f requcncy and anrpl i tude
of the s imulated waveform vary s l ight ly  f ront
the real  waveforms shown in Fig.  2.  The str ik-
ing s imi lar i ty  to Fig.  2 and the presence of  r ing-
ing in the s imulat ion ver i fy  that  the
phenomenon is nol  a spur ious osci l la t ion in the

Fig.2 -  Photos of  the actual  waveforms
ob ta i ned  w i t h  t he  amp l i f  i e r .  Ope ra t i on  was
obse rved  w i t h  a  h i gh -speed  osc i l l o scope .  A t  A ,
col lector  waveform;at  B,  waveform at  lhe out '
ou t .
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F ig .3  -  When  t he  c i r cu i t  o f  F i g .  I  was  ana -
lyzed on a computer,  lhe waveforms shown
were  p red i c t ed .  The  so l i d  l i ne  i nd i ca tes  how
the comouler  exoected the waveform at  the
co l l ec to r t o  l ook .  Expec ted  ou tpu t  wave {o rm  i s
shown  by  t he  do t t ed  l i ne .

usual  sense,  nor 
' is  

i t  duc to stray capaci tance oI
inductance or poor circuit layout. Il is inherent
in the use of this type of network!

A capaci tor  connccted f ront  the col lector  to
ground or,  preferably,  f rom col lector  to emit-
ter ,  wi l l  solve the problem i f  i t  approximately
resonates wi th the input  inductor  at  t } te
operat ing f requency.  The capaci tor  wi l l  reduce
col lector-vol tage swing to less than 30 vol ts
wi th a l2-vol t  supply.  The cf fect  on the Q of
common networks wi l l  be negl ig ib le and only
sl ight  readjustment of  the var iable capaci tor(s)
wi l l  restore the correct  match.

A Zener d iode connected across the col lector
wi l l  somet imes solv 'e the problem, but  not

because of  Zener act ion!  A t1 'p ical  33-vol t ,
l -wat t  Zener d iode has a capaci tance of  200 to
800 pF, depending on the amount of  reverse
bias.  This is  general ly  suf f ic ient  to prevenr the
r ing in the f i rs t  p lace.

This let ter  has been necessar i ly  br ic f  but  I
hope i t  wi l l  enable the reader to take advantage
of these matching networks s i thout  wonder ing
-  as  I  d i d  f o r  a  l ong  t ime  -  $hy  so t t t c t imes
they work and somet imes they don' t .  -  Rol
l4/. Lewallen, W7EL, 5470 S.lY. 152 Ave.,

Beaverton. OR 97005

Footnotes
'Str ic t ly  speaking,  the Class C ampl i f iers used by

amateurs may be better described as Class D, as
they are typical ly  dr iven to sa(urat ion.  ln fact ,
th is is  the reason for  the problenr dcscr ibed here.
However,  such operat ion does al lo*  h igh col lector
ef f ic iency.  For a more detai lcd discussion of  th is
tooic.  see Sokal  and Sokal ,  "Class E -  A Ne*
Class of  High-Eff ic iency Tuncd Single-Ended
Switching Power Amplifiers," IEEE Journal o/
Solid-Stare Circairs, Vol. SC-10, No. 3, June' 1975.

'Hay*ard and DcNla*', Solid State Design /or the
Radio Amateur,  ARRL, 1977, pp.  52--r l

'The Radio Amoreur 's  Handbook,54lh Edi t ion,  1977'
A R R L ,  p .  l 6 l .

'Hay*ard and DeNlaw, p.  24.
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