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.$" 1-".,51% 4! Bl&" # 2 ,3# 4+, 1&"#, " +5184,-1 $#,"!- 4
. &HHA #5 # %SH D 1, -%" ,O#.$#  51$ 4™,
SHRYOHE , ,,5 54 & #&--"1I"D,;$ ! 1-".I!$
= #H4, 4™ " 2%# 1, B" A

L, & 1", 54,4%"$ =1 0 =" L, 1=l #= -E,%$ # I"FI$
L' 8% % ="1, 1= #= -, BI&" " % ="1,1% ! !
Lt %S AR A # 1! MO# K6 X6 \I5 -1 41r="
6 A# , % ="1,L #H# ", % % =" L, #H " A



1% LA # L&A Output

Linear amplifier
JU# o=, L, 1 =L H5 Vokage (perfect)
%1, #$ #1# E&3- =, , % !11,4+C F g e
1% ¥ , % ="1, , $-=#%!$
$45 ,% % ="1, 1% #&!
1#-"151% BI&" $, &"4l 1& ## o
=U NS HA L VHA A%'SB.& 6 % ’
H%" 6 % %51% ,1-"., 1& %!
% # % <A9BA
o % % =" g
M= L % =t #HSH A :
#HIL 1%, 1™ %1 1" #51$# - 0 Input Voltage
- 1%, 1 ., G%L#%SAH | # &5D, $# - 118%™ 1, |
"51% & ! " 4,4, % % 1, 1#&" B0 # U, "W ##1"5#
4,4™1- 1=, " =" "4$# A
+5# 4& 4, =H#%"D,1$%S$, #!$S# = -2 #5 4 - WD, ,
S AT $111% & & V1% # 1" # ,M=54&
& ' # A, %L, # L #"#, % /1 M# IS, L&+
%" %S$,5 # "+ | 1# 4= | SMH& S A4S, &) A#
A= 1 4185 %™ #-"IA 1" # H19%="10 1S %#
%! % %="1,1 1 BI& -5 &'#,, % & #S$, #! |, %HA #
4™1, - | W4, , =#%"D $# | $$#YoHE ., SLIG+A*, %oi, # , A= #
&-% & ,& & # ..,@%, & '$$# 51% ,1,!= . ,1-"., &8Y%#! !
# " A LHSE L # R | T N1
@% &+" W &! # ="1,1$$-18# & %, $ .- #21 "1
O -51% ,  3--l+ # 14,8 &#S$, $# L #,
A= 1! & 14, 1% = = -51% L# 1, 1L = #1A
4" 34, $%N& & & . - 1$& # $, 14 4= H1="1 & =
51$ , % % ="1,#3 ,.&" $, &" H#H, . % # A=A -1,
44,$41#1 "1$" 5B.& | =l L, $=" A%'S &I%H, ! S,
=", #4 % 1$$4 1" A% . J&U&, H#&H# ., WL, -1 H#, S #
I, =" #1&$!15 | 4,& 3 B.& L% % 1,!,.& ,"&A 4 Bl-"#
,omop# 1 $1,"454,, $&%=#!,, | &' 4#, ,,! ,,$5 11 ,$#5

&!%# A



1 l !ll * + ' !II
b K
ov
25 ]
mA |
|
-V |
20 : -
2v |
|
|
15 ...... d -3V - g
|
|4V
[
10 E
/\/ =
1
. |
5 A : -6V
7 <R T~ |
A ' | L |
0 : n U |
0 100 | 200! | 300 400V
i ) e
50V 20V

>%&! #, # B-"# 1! @n"&!,
" .,@%"&!, g ="100m

H--, &"1'%$ , ! S ,% %
H# S, 1% , LA H#HAM&IWH,
L& #HHE-- &1 #$H .

- &$# A

>%- 't & #$, 401 ,# ., ]

"1$" 5 % # I"4,, ",
%# # #1%! E) 1= ="#

&% =#54 "4 &% , F5 , 1= %#"

#,4=,4%"s! 0 # S 1
% 1" 0# & #, H#,.& $

#%$51% 1= %#" | . 1-". )5 ##%
4543, 1 "+ 1- &$# !

- &#HA "=,

# 1 51,&!1%#,

H# O 4l=, % #!1.,@%, &5" 3
"%n& A% H . H#..@%&!, ,
% $-, I". @%, &5 DM , $!-
DM!$# [ % 5..5,8&A

% % # ,4!=, | #1, $# $1!
$H#3 " +.Bl&" "+, "# 4= A

1% 1"4
| 4,

Current
(mA)

300

-16V

20v
-24V
| 28V
. | : - -32v
0 L : : 1
0 1100 : 200 300 400 | 500 600
; i : ! | Voltage
il ol .
sov 140V 140v 80V

$="1,4%"$  &I%H, !
LIS AT #
A=, -4™ 1 -##1,5

- &SH# L #.= $,A .,

A= 5, #&I%#HH $$ S,

4,, 1 n. ,
= L H#! . $&%=#l., %="

. $F $4 &% .ES$," 1= $

% % # 1"4A™1, B -"$# $!$!
A HHA A A%'S ., W !
# 18 = 1$# 11" = $ =, S$#

$# 11"A

, 41 =#%!"D, #, ,= 1% $$ $,
"$5 #&H!S$-! 1, #- -#"+ -1 &C
# #l DA* & &™ #
K #& $!- &#B ,
&#B ,.%3%!- I". @%, &5

I R N P ER
$ #$# $4=. - #,@%"



2 8-, 1" @%, & "WHH-,&-11 . I- &#! "4, I-" %S HA ,, & #

14 11, "oe# | =, Bl-"# .4, +! %,# 4= %!$I$S!I#& S $
- &1"4, 1-" %$A |, % % #!1&-1 L. #,.,0%, & #1$33%$ |, A
) I+ &
(
l ! 9' ( '
Input Input
=—Second Harmonic Third Harmonic
==Qutput =—Qutput

N\ NS

, % , 2 ,8# $4l=. - # I#-%" " # ,4=#!$.,,
L@%, & #1$1-" %S HISES L, LA °  1&+ % !I-".,5 3# - | ,
- #DK , % % 4=, - #$# ,$3$%, =l %# &I%#HHES!S # #.,@%=!", !
Q8- " @%, & "%# |- &H#HA*, & %"$ 1, T A I A B
- &.,@%, & #!,&,!',$% #-, , 4 '$ , 1$$$ "# 1"54
I- &# I, &I%#, . I1$# $ % DA #% H#O#HHE L L# 4 +11% A
-1, 4 $ % " & # , #LL 0#" A 4=, - #
$# $L&IWH, | # % . -1& ##I™ % "="#51%4, | | #54,&! 41&
M4l=,, - = -, 1 & 1, $#& 1,$# , "% %, I". . @%, & "%# |- &H#A
vy oen& #5 4,=,5 Bl&" [ #!- 1# . 4,$% %" !=-%" " # ,4=#,,!1 8!
$..,, ..@%, & #5!-" NS H#!$ HH!I$& 1% ,,A
*Lo#-l#H4 =140 4%, ! - &$# LT AT %
&%"'$" +!1 LAl=. - | H&"MH& ! $# %1?,& =" #15G4,"5 " +# , &"#,
# ,41=5H!$ # #.,. 1# & 1#, =! 1$$,.& . .,=8%# 1$&" 5 %
4%"$ 1,'1", " 1#,=- #%1l", $# A* & $ 1, A
& ,$# $4l=. -#83, &" -%" HLA=#I S, L ,@%, & #54, &!
S1H%, 1 $=#%!"D, ,!-" %$# . # !- &.,@%, & #A:, 3#4,,4, ,$! 4
K #,1$ . # 4 1-" %S$, = #%# -, . F4l=,. -54,&! # 41-" %9, =, #%#
i 8 (

>t



L,@%,&8A . ,@%,& "D, & $ #. WHA /"4 #! "wH | =, &! $- # !
-’!#% i #.o1- & Frequency Analysis
$# -, @%, & 0
#,& %-A " Fundamental
10 1,000 Hz
> 03" #, #%H#EH#$,&1"H#. .
, =, &I"I-" %$ 54 !
D % -, I".,@%, &
11&, ! "="518% #& $ '2"
- & #-%& "4, 1% 9 . b L
$/ 1,"4 , A , $ . 2,000 Hz
|- & #"4, # "51$=, s
Lo # ., $, N
|- &HA # # &I . » e
# ",8% %1, !-". K ™o L L — )
-# $# #H#& $!'9$
$!1- &A
* & %'$ , &I"&%", ' #%--1 - 1#%, !$$% mo# - &H#HIS #HAD %#,
, LB M- & # E : F %#%!"" #1,& !, . . %% ", @%, &A
@%!" -$, #"S#!, " #HA™ 1= B =" "A="% A5+, AN A %1,
" #1 1% ,4™  &I™ 1=, 5%
- &S$# 4™ 114l g, I" 4 ) 2
% % "="l ,="%,E , $="1I, ) )
&! F4™I=,- $# A LU= W% #
%S$,#IS,. & .,
=, SH&YHESA! - &S H ", # 1+ #A 3=."1 $
g # 4 L 1-T #H% PHA A -%& Lo TH& " &+# -
$# 4%"$1,1%$1"2*! $ H#H#& S S, 1$- 4 #& " & "I$
l- &$#  #%$"+, =, #%# $ S, S+ #-, H%SH S
2>%& . $BETHE T, &L, % 1,&!1%¢#, 4l E =&, = #FA
4 . % 1=, &-%, #.4!, # I" O T
LU #S N I# A= 4 TH#HE& S $ & &" 1 # . 4 H%BSHH# %
- &-B,$ A>%4™ &, ! #& $!$ # 1+ H#HA ,3#14 "
$ 3 I- &#I15%# & "@W" # A 4" #+ #"& E >
UHESS WL . ,@%, & # ,#-, H#] $# CFI$ -.= - 1$
&!=, , 5I$#-,4™!1 %, |1#& $ N # +11%51$ 13#
- & #G1, ,H - ,1&&, 11", #% $ "L 9% # 11A/% !
1,&1%#, #G % ,H4, WH#- $$ 3, "HOH OH%H W - | I#
- &#!1, -%#&"" "I $A ,, #-%& S1H% - #51%1 8.,
$.1!, #1$& "& H#!$ #1& ] 1% $I5 . %& " IH#H#-1$
,"3H L& O H#H A& HWSHL A, # #%$H $ %5 %4 C
&" & #,#%# ! "4, $, |- &HEH#H& $



I'$ S$F!,-,1&&, 11", | B&##!-% # .o, 8, - &#A

,#%1?2,& . 4-%& . #1&&, 11"5!! ., #H-%& $,1!,1$ 111"
V#4, #K S, ,$#5 -1 1& #l, , . $# 5#%&5,8A % ##4™# # %"$
1, '#&"#, D, # #1"A -, #1& 4% $, 1# 1= & %NHE-I "
-1 1,11, $,,& '%$1" 1,"4 A(ON! $ ! -l 1, &% & #%,..%
v 4 H%E% " N = , 4 &-"B#%&#H#W& #-%# &A T #
, L H &-"B #%1?,& =, ' I# .41 "1 S H%SH S 5"1.%
B, & .& &""#, 5=11" % 50 &8A
# %"$,- H#D, I I #-%& $, # &!'$ 3 " &= #-#-",
& & # B" A !, , #.$ # 5#%& '# ,-$%" $# 51
& 1,- '5 A 45 |, % 4™ "H %NS HISH- LIHEH .- &
$# 5B-"#. 4 &%'$1,&%#$!$ 44,& #,6 -4H%, A
118 ( A B
4,1, =1 B&HH .S H # $,!I'5 , ,@%# ! I#+ #K 4 &! 4,
- 2 3- 1,"&=,1.,& @%, I &! 1, %#,$ ?2%# = & B .1& &,
1,-$5,=, % 4,!, & #, %f¢#, A*3"™-=, - ,&-"B
#%1?,& ,B51% -+, # $%& I"#& -, %5 + 3 - -
! A
#4 - , #5 ,,1, = # =,411%  ,%¢#, . ! =, L, $311&+A
-l =4 #HW %S 11" 4 - = v, & . 1" 54, 4
&- -# #HS@%" A,!" . & &% $# 5&- , #!$,.-1& #
518% ,! = ., $11&+ # %#,$ '$ % "#H& ! 5, & %S$#!PA/%
&', &I =41 = | $11&+ H#H#-, I=$ #5 - 5-## 11,,.&!"
& @%,A & #, %#, ,! =, ., $11&+ #o-" 1,&1%%#, 1,",=,
#-, 4&- -## H#%SQ@%!" 51% 1,&% #, # & $%, , %l#!S$
& &% $# 'I"I$ = $,. - & 1$1&&, 11", "=" . $# A
1?,& =#. #!1-"., 4,, - -D, $# 51% = 1= 1% ,6 & ,.
#",8% $,5# %H &"#HE& 1 H!'S$ , ,B,&,% -I",.-1&A
401 # 1= .  $11&+!1$ 4SS # 4 +2 3™ ,B "l LAl L I H
-51&+ 4"$ L #H4 & &=, o, 1$5,0% #-% &1, , . %
41 "o A LPLI&+HIHD 1"’ &, & 1'1,.%%$ "# #."&#4,, ,
1& %!" #%" #&-!$ ! ., , & "="A #9$, 1.4 ,Bl-"#K
-HU S, &H, -H# &SI W #H , 00 1&% ", -, 1%,
- #! B,&$"="1%, , -#H! % # A
>0% &I3M&EWH & "-HW H 4.4 & # 1$-%%" # , #
e L& # #4 g "= , & " =E"A
2& % &' % I>:# 3



>0 "L WML LS &# 4, "=,
l+#.™$ ,B.&$ A

-t L&D &A1= 4 S #

I I LU 17X - S B 8

E-!  ,, # . $L&+" F!$4,+ 4

="1 #A

L= 818+ &1 %HS &)

] L% % ="11,G.,

&0, 4& "="LA |, I"., $LI&t

! , % % !$#%1 1&

-, % 4™ %!, & "="15
=™ A ##IEI"HAE & -
= ,,81&+5 1S #%-#
o, HIAWIHD "1-0% 1 1,
A.44, ,, % ,%%!
M # 5  1&%!M ]

L' $# 1"4™ 41,8,,- %, "1
#.,91&+.1& 5 #1$. , ," |
,@%"1 %5 ,& "="1,4"&-,#,
LPU&+" ##1,4,, % % 'S NA #
IS #4 4™ $N&, - &S #

3™ -, 4 #&N'$1,$# $ & &%
" $#1& .- B % & %" 1-"

, +#518% &' 1, -"- % = %# A4l
& & .-, # = ,-". ,%

A FS1IS % # % ! #H# 11&+
=, #11"# $!., 81&+ "1 # 4 #-
#%01 1&,$. - ,$ = #!,11$2%# =
& S, ## & 1,1 H#H$4 1&1&
S BL&+" 54,4%"$&!™ #G"1I" ! =,
- = $# 1+, , % %! %

+43= "1,"$#& 1,$ #5!$% "C
% % #! "%, & , % & ,51&
1% 4! +4- 5 #&%'$1l,! & &

m$8 .1

+54, 1=, &=, $!1" 1$ % I= 14 + I
$#  A>% 1=, 11" &$ ,.%"#
$ =, #!, EI&%I"™ 4 #& # .
"IH NS =, %S % % %A ##&

1S # &"#HHAVA, =" % "

154, 1=,1 % ="1138! % %
LA #& 1L, &M$G," I'H
#1 # ,.&" % .-. " %
& &% '$&,!,!'$..,, G&"#%$" ' H
$1L&+.1& HI'$S#%1 1&# .-, %
# %%, ## 4 |, A
S
Open Loop Output
Gain
$, = A,
~—
Input
Feedback
)
-~/
#4A 8 & = 1#!, .
, "4, 8%,,% A
#,Bl&" 4! &%"$1, %#$ 3$,!"4
A
51% 43 ! ,,1,&%#, $ 3 4!
LA S %#H, ! =, L 5118+ #,= 1M -
#A , B-", &%"'$" +"+, #K .4, -1+

% '# -, E #-"& ! # %
&S, 8 =, %15, 4,4%'
& , % % ="1,1, ,.&="
el L& S ENS $ #5
FA/ 41 I & &% #

LSL&+AH 4™ $%&, ! 11 5!84™

-0 # A
%, & & KW
"SI "="AL % 1= 3
#, #%$ - ,%# I$$

?%#
" # % &#HA

"L, & &% 18! %NS H#!S
&1 & T, 1 1&%!M™ 4 %l## 4
#&"$%N!" 8, W1,F51% # .

4™1,11$=1&%$ & ,B" 4 4

I=, $ #&%#H#, $

9



L, %% 4 %Ll#1$413# 1, | # LA ## #-" #%1?2&5!$ =

&--$% 1% -1, 1" 1 $B 14 "B o, , 1, ,A 4™$-1#

&= #%.&,"5 % # ™1 ,"A

SN, & &% #&! .&%H, 1,=, &-"BA #-o &% H %&W'S 1=, -%" " H#HIH# .

LU & 1, 1%l #!L, IS ! , %1, #! 51$# A* .,
#1200 , % % %1, 1% ,G$ =, #1H1% %&%"$ !=,-%" " #! #$
#-,.-.1-". & 51%.., , BA . %.$ ##%1?2.& ,# 5 %&
SIS - 11% I™# # .&-"B-%" #11-" $H# H#HA -, -#5- |

, %1, & 1, %#$ 1# ", G&- % S#! H! $ 131414, 1=, K!1&-%$
#1000 0#..,.% # 5 G% ,%".$ %# %AH . % ,I$ % #I"IS . -

Jl L B2%# 11! &%&..,,!1$&- 11&+A

-1, 4 . # B" S >($ =, #I,

%# 1"1$ ## 51$ ,=1 &% , & #

HH O H%' S =", "%& % E -3#" I4FA *,

$.41"18" . # I"IS | %1, '$ Output
&%'$=#%""D, ,# " , $=! , I3, I o
=t Lt AR Ho &IEHAS 3 2%# §

%#,!.B,$ ## = "1$54, & %#, , & @%,#A

HH #1, & #S, $CGHH=H&- , #5 11" _/j

=$,! ! & "&% , , 4 A %14 o/ iy §
E'$ 1## # , #F!, & #9,,$G! & =,H

&- , #5&11", & "™ "4 . &% -\ Input § i

| $# 54, ,"& | "1$ ## 4 § /|\

L, %1, G %1, o %lH . % #,, o—o o
41 VA 3 4+ 18" #, " +A =

1 - %1, # %S +.0-"1 %A* % % % # I $51% # ,#

I$&"## ,=I"s, "™A#-1-% .&% , % , %LA/% " +% 1=, ,

1'$, . ,1 -%1,!'$ %#,!..4 #K | ## % 4 & #-,8&% , 4™ "4

E'$4,# %'$B,&!I="1,&! ,1# | &% , =l #F51$" + 4, .| ##

# &S, .,
%1,A

%15!$% ,1 -

+11% 41 &%"$1, 1, K ,#
"HH&Y% , "4 % | -$$", H# &
HH &= A H S &S

I %1, |, 1$&"# # 4 =I"=,1"4

1 - %15 ,="1.% ., -$$",
%l # & W # , 1"$..,.& #
&'# =I"=, . %1, ™4 " HH# &Y
# 1, #!™4 - &% ,548&&
41 4,8 %"'$&"IG%# %"H ,! 54
HNU LIS #L, ) 1, |

D ## #I'# & &% , $.

"oyl - %1, $I"™4#-

%# 1="1&! ,1& ## A $# &, !
, "$ ., & ., %15 4™ &I%#
-, "HHEE&Y , A#H- &% , "4#
HH#H O #" ,5-1 ,

& $,E-,,l'= $F4 & #1&%!™
: % A ,4 %L#E! 4+
"#HE , ™4 "HHE&Y , A # #
, 1,#4 + #,41451% |,

, %" 85 =" & #HD &% %
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1 %1#AE -, 4, -#!,$# S %#
4 3 1, b uS#E LA #
% # #o00# 1. - . %# %M1,
+5& "# IM [ #- "&%W , 1= %#" -
# #4 & ,11% ! # " %,! |,
+11% 411  #%$, & $ #4,4
-1, #D &%, L 4
&%" && , B #!I, " &
& $, ., %l5'$ ,4 !5 , %
"1$% 5, &3P HA % &#S5 | #H#
&% , A
5 4& #3$, ! # "1 # # |
$ & $="1'%$..,,&5& # & &%
$ & $,="15"4 - &%, A
' B, ,Bl-"4,, # I"="1 #1#
&% .1 % A 45 , %01,
% ,1 -%151% #,)$ %
w HSUL N M%#
$4 +., [ #$ . ,&&"5 ,
%1, & $%& 4", , %1, # &% .
%1, & $%& . ="z, #&"#$ /IS#
#3#&! L, 1= 1, &! $% ,
&% , , 18518 .1 - %1, $4#
P ™S #H "4+,.&=" "
% 1&#E ), 1%S # I"'A
4%"'$ 1,1&%"™ $ = , %LH#E N"&
Output
o
— 0o
L )

%" ! % , % % #!,51%

L', ##E™MIH Y $88# 5,5

I= AF

%t W % 1
@% #&, 4 % # I"A ,3# 4
LM % 1 %" ISH HA
4, 1+, % % % ="1, %

I A>%3™#,, 4, \+, #H# " - |
"l , B #!,, #
#'(+ #5# 3t " $ 141 1™

W1FH & , !,

= &&"5&%# 1 - %1, &% ,

, 54", %L ##!I$& MW #
SoH#H +11% L 1,1= 5 3% .=, WH,
%& ! 1 - %1, #! %™

#& $%& 51% 4,,& ,&% , 2

,&%" &I& 1$ , B #!,"ISA
A
% # I"#= # =5&%H¥ ,1 -
A% "$ 1-%,14& ,1 -
&2 ,\#4, # ! % &%" &!'&
ML L &&A L, %1L,$ s #
%A 4, ,&#3$! # ! #
W7 14,, , 1lE!"4# 1= &% ,
* Oo#t,$,B -, Bl-"#HH# "%HE ! 51%
% .. #1%! A
:'- o Output
1 o
o

((



>I5 + 4A 1™ 2%# 41 & & 15 A/% !, A%-IDG5

%S, &$ # ,%LH!, 1+ % #& $ %& -, "#H#HE&W , 5!$ ,
1,4, , &% , # % L &%" && , BHI,"ISA $ %
&#5# &4,1,3 % = 1 = "1$54,&!, SH %, H% =1L % %A
&+ A =S 1L #2*
$# 2,14 # 14,4 = 8?7 8= 3 & .12
1M&$8&% , #1 1,4, , %l#54,4™ 45§ -+ &nl | %H .
CH-&I&™M H&S S - & HSH A%SL & HS S
$# W, %1 & $%N&# 3 & S 1 #-A =
At & S%&HH# AL % B 1%$ #.&%#,$1$ "C
#, 4 1- 12, %L, # " Aol %, 1 1t
1".& 5, , %l # #, W5 B4 %HSA - &% .
ot ot 11% % & A #3 g A L4 1$
L& LIMESEH #o 1 - #51% %o 0% "ISEIA1 MG H- 4 %S
B %S -1+, . 1911, $%& A o6, 3% =  11= 510% #
B3 E=%H L, % % TISES Wt | 1& =, " 1S5 # ", $,$#!,
& S, H# H%HS$S , %1#54,& -D C 4 1 %N SE % o

BSH S%& 1S % % - & . g #1 F&% . A
LA

13#. 54,8 $11, 4-%& #

1D 4L, e ISt # 4o 1g=l 1

me4. o, >(1st, 1, #=,#%#1& =, "1$.$#1,
=H#%61"D, | &"™51% % 4l - | L= A 1 &#5 1. # "4
%S, HIS IS HL 1, $# =" | £ 1
%S, #IS . %Wl ! A #IL". Z§ 51 L 1w
$# #8& ="#-"54 #-&-"B H#SH# S L #I= %HS 1"
CHIRY%INL 1= A + 4 3#  HA % S 8IR U H o B #
$$3 @% ,&I& "5 13# +A 11, % I= | WLHA 3= #5 & &% 1$.%S
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Looking again at the schematic, you notice one more part of the power
supply—a pair of resistors that form a voltage divider with 220k ohms on
top and 56k ohms on the bottom. We connect the center tap of the 6.3V
filament supply to the middle of this voltage divider and it raises the 6.3V
AC to a higher DC reference point instead of putting it at ground level.

Remember from our section on the SRPP driver stage that we had
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