
Lawrence Berkeley National Laboratory
Recent Work

Title
AN INTEGRAL DESIGN TECHNIQUE FOR WIDEBAND MULTISTAGE TRANSISTOR AMPLIFIERS

Permalink
https://escholarship.org/uc/item/0qk0v8x1

Author
Scott, Larry.

Publication Date
1962-04-27

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0qk0v8x1
https://escholarship.org
http://www.cdlib.org/


UCRL-10009 Rev. 

University of California 

Ernest 0. 
Radiation 

lawrence 
Laboratory 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy. call 
Tech. Info. Division, Ext. 5545 

Berkeley, California 

I, 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



,; i 
'· 

' ' 
.. '> 
' 
; 

., .. 
' 1 

\ " 1 " 
l r. 

.l 

'' ' 

·' i 
. ' . :··.';, 
J'-

•'.}' .... ' 
. -~ ·~ 

I 

·.,.iJ/.; 
. '•'i. ~ ' 

. . ~ .. 

• ~;:f;Y· 
·,' 

, 
', ~ 

.. 

., 
~- ·. ·' 

·.r , ' _, 

,:./ .. ·' ·. ·" . 
·i 

( _ 

_ : .. 

. ' 

., 

;:· 

. \ 

. ' 

UCRL·l 0009 Rev. 

; ~ . 

UNIVER,SITY OF CALIFORNIA 
i' 

J.,e.wrenco Radiation La'borat.oz-y 
· Berkeley. California 

'. Contract No. W•?405·eng-48 
'. 

" ' ~-;. 

, .. 

AN INTEGRAL DESIGN TECHNIQUE FOR 
WIDEBAND MULTISTAGE TRANSISTOR. AMPL1P1ERS 

'· 

_, 

......... ~. -~ .,.,_ ... 

. . 

Larry Scott 

·' 

• 

,_,. •I 

'j .... 

'.• 

.-_,. 



I , " ., 

t ·r 
~~ ' '.' . 

·t 

-~, ··. ~ . 

• . ) 

·} •.,. 
: l ', < 

' '· ., 

~ . . 
• •• •• ~ <1i 

., . 

. ; 

' I. 

' 

' . ' 

. '· . 
~ .r. 

... 
. ' ~ ' 

I . ·: 
.·""':1. 

. ,., : 

.. J' 

' ' -~ 
. . ~ 

~ .... .=.-:, < .. 

. ' 
-: ... ~ ...... 

.. ' 

UCRL-10009 Rev. 

AN INTEGRAL DESIGN TECHNIQUE FOR 
· WlDEBAND MULTISTACiE TRANSISTOR AMPLinERS 

' ... · 

.. 

Larry Scott 

Lawrence Radiation Laboratoi'J' 
Unlvorolty of CaU£ornla 
Be~:kcloy, CalU'orrda · 

April Z?, 1961 

ABSTRACT. 

,, 

.. ' 

Preoented horeb ion philosophy for designing wldeband multistage transistor 

amplifiero. The ampli!ler lo viouaU.zecl no an integral unit. the lnteratage networko 

constituting the element& of the amplifies- unit. By designing the amplifier as a unit 

and ndjusting the over aU roaponoo (gain and bandwidth) with the inter stage time 

conetanto, an increase in gain-banciwld~ product lo realized over the iteratively 

designed e.mplUlere. The reoulUns lncreo.ao in gain-bandwidth product results !rom 

absence of the bandwidth ohrinkago factor for multistage amplifier a. 

Form.ulaa are derived for both a two-· and throe-transietor integrally designed 

wideband ampllfler, ln which ohunt peaking networko are uaed for coupling. Exper-
. \ - . . 

' . ) 

imental ampllfiero weretconstrueted following theoo formulaoi n.nd the observed 

pbr~rmance agr~ed quito weU with tho clllculationo. . . · . . 
. \ . --~ 
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L INTRODUCTION'· . 

.' ' 

A greater overall gnin•bandwidth product for multistage amplifiers is 

· :realizable through A design procedure that charactcrlzeo the total amplifier rather 

than characterizing each stage aeparately. Tho design entailo picturing the several 

stage~ of the ·amplifier aa an integral unit and adJusting the individual time' constants 
·.- '. . ' . ' 1 . 
. to obtain the desired overall response. The principle of atagf:e1" tuning has been 

· · applied to translator o.mplifiero by Victor H. Orinich2 and others. and can be · 

·i.< ~·considered ae an application of the integral-unit ·phUosophy o£ circuit design. How-
:~ : . ·' r • ' . . •.•. ; 

) ·' · ever. the use ot this deaign pbUooophy ao ohown in thio paper is not yet reported . ' . 
' ' . ' ~ :~; . 

f : : · . elsewhere in print. 
~ . t. 

i :. ;: :: 
~-- ~. . 

t _·; .. 

l . 
! ' 
-~ . ~ 
; 

.; 
' . ' 

J ;1, '• 
·' . I 

._· ~. ' ., "~ 

The increase in gain· bandwidth product W'5:ll bo shown to result from the 

absence of the bandwidth shrinkage !actor in the calculation. Here the bandwidth 

, ohrinkage factor itS the ratio o£ overall amplifier bandwidth to the interotage band-

. width o£ an iteratively designed ampUfier •• If the.iterati'vely designed amplifier bas 

a single-time..conotant (ono•polo) response, the sbriUko.ge factor is given by 

· (zl/N.l)l/i, wllero N io the number of cascaded stageD. Absence of the shrinkage 
·J :~·:. 
! < ..... • factor lathe result ot an integral-unit design philosophy, rather than an iterative 

'.j :j '~, : . (1. e., ldentical-atageo~caaca.ded) deolgra.. The convenience of designing one stage 
. I -, .. 

·l<J ... and then caocading coato the doalgnGr e. fraction of the attainable gain-bandwidth 
; · .. ·· :b"r ,, ,' , , product of the multlotaso ampllfler. Tho integral•unit philosophy is applied here 

( ;; _: ·:. · · 
0 wor.k done unclose tho o.uopicoo ol tho U. s. Atomic Energy Commies ion. 

:~ 'f.J .· . 
! :.f ~ . 
l ; ·: • t.; 
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to the clo'sign of both two• and three• translator cmpUflers utilizing ohunt-peaked . 

. inter stage networko. · Shunt-peaking lntersta.ge 'networke are oelected because of 

their· relative almpllcity Olld conservation of gain• bandwidth product when broad· 

bandoct. The ga1n·banctv.:idth product of n shunt-peakeci lnterota.ge to approximately 

equal to ~ of the t~anslstozo, 3 

. ' 

:...,.;--~ '. 
As shown in Appondix A, tho current gain of a typical ahunt•peaked interotage. ·. 

. ' 
' p." 

·V: / 

. . . f 

l \ 

1 ' . ; . ; j'~ 

'\ . \'. 
; . .{_. ~ 

, • : is of thO ioJ::n 
·~ 

A a H -.r..,.P .... +.;....;;z_ 
1 z • 

p +ap+b 
'"'· ............. ... 

.where . p ra Jw. and H ie a conotant. 

j -~. t .,. 
) . ' . 

.···· ;. 

It can easily be ohown that the tJhunt-peaked interatage can be designed to 

yield a single-time-conota.nt (one-pole) form of reaponse • .fa This occurs by factoring 

the denominator pol~tmiallnto two real rooto, one ol which is set equal to the 

numerator term (tho zero), and the reoul~ing £unction ia of the form (see Appendix A) 

A H ~Z: ,. 1 Cll p:tC • p + z 
H ·-p+c • 

!,.•; 
•• "t ·' 

'·, _ For two ohunt•penked interatageo connected 1n series the current gain lo o£ 
; . . ( ~ . ' . 

. . ·the ~orrn 

' . j· ·:· ' ~~·t :...:~4~"~-)o~ 

:{ ,· ~v;~~.~~.:.u\· 

'' ,~ , I •• ·, ~, . 

; \. ''\· ,. . ·' i 
.. ·~'"' • 1.. ---~ •• 

t.· • ' 

·· ... " 

l ~ ,, 
; t -~·:{~'< ~ ~ 

, 
l .· 
; .. 
' t..· -
'\ d : 

....... 
.-' LG~ one stage (1) be deoignecllor a. olngle~polo response. 

~ ~ ·, ~ . . ' 
".,. ·. ,·1'.·,.·· _···.· .. . ~~ . ~. .· . ~ 

'·I:., .· ,, 

·;.;·:.{' ,, ., ,. 

. '. 
'• 

~ •_!. . • i 

I·• ;' 
(· • .f· 
. · .. .,r1"' 

, . 

\ • 

·,·' 

:/ ' '1''· 
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p + a1 p + b1 

. ~ . '.' .. 
' .. ·'. 

Thio current• gain expression ohowo that the bandwidth lo determined only by the 

second lnteretage, and the gain by both imerstago networks. The two roots o£ the 

denomina.tol' polynomiAl. ma.y be varied to obtain tho shape of response desired. · 

maxlmally fiat mo.gnltude, linear phase, and other reoulto • 

· For three stage a, tho final form o£ the gain lo 

·. •.' .. 
• 

· .. / ( ··- 1 

.l ) . . ·. ' 

j ~ .• ·~o generaliAe oD thlcochem~~ 
otage terms 

; ·_ 

~ ..... , ,. 
' .-· _ . ., ... ~ . ; 

. ·~· 

,, 

~I :. ; . 

. i 

· .. 

• 

.·' 

aoswne a product of n shunt•peaked inter .. 

' . . ~- -~. . : ·.: ' . 
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List of oyrnbolo 

o deplotf.on•lnyer capacitance of tho coUector•baeo junction 

a extrinsic base rooiota.nco of transistor 

·~~ _kT a 0.02.6 volt, f.ntrf.ulc emitter realotance (whore 
~e ~· . 

emitter curl"ent) 

a:: (B0 + 1) (r e + Re) 

= external emitter J'eoictance, unbypa.ooecl 

Ie io the de 

R1 c interstage resistance 

L = lnterstage lnductanco 

·.· .o.o . 
. a t 1 ... 

4 
. ) • or low•!requency current gain of a common emitter stage 

... 0 
when the load ia a ohort circuit 

. ·fAl
11 

. a frequency at which the common emitter current gain has dropped 3 db from 

'' 

·,I 

tlo• with a short•clrcuit load 

"\ = (,)~ <f3o + 1) 

w3db = frequency at which the nmpUfler response io down 3 db from ita low-frequency 

value 
iJ, '· 

D-r;· . 
\ ; 

.} ' ' 

[ 
• 1 l: 

,, ·, 

. . 
bandwidth beca.uoo o£ teedba.ck through cc and ccb (where ccb is the 

GXtrintlic eoUGctor--to•baoo capacitance.) . 

. . ~ _,. ·;, ;' . I .· 
·. ~ . ;. :• . . I 

' '. ' ' '! 
l,. ( .. ·:! 

·l!~~;f, ' 
' _.,I :·~.·f. ,: 
: .. J.:· r 
t).l: '.. 

':.~· ·."·{:. 1-· / .•. ' 
1:' . 

! .; ; ; : 
I 
I l ·• : '\,. I 

, 
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By proper cancellation of tho numerator and denominator factoro the overall Ax· 
function can take the form 

I I ,. 
which meano that the responoo !unction !or n stages contains an nth-order polynomial ·. I - . -

· · ln the denominator. '· I· 

; I 
I 

I 
.I 

I 

I 
' 

•. 1 
' I 

' ~ . 

\ 
. , ..... 

. l -~ ; 

~. . ' 

... 
'• 

f ... 
' I. 

' .. ; 

1
': . 
: . '. 

' . r , 

To deternune the :relative me:rlt o£ this design, the resulting bandwidth, a.s 

determined by the nth•ordcr denominator polynomial. is multiplied by the low--
frequency gain. and this gain-bandwidth product lo then compared with that·obtaml!'dl. 

by cascading the oamo number o£ transiatoro in an iterative design. ln the iterative 

design, all ota.geo bavo the came bandwidth and a cd.ngle-time-con$tant form of · 

rocpouae. _·· 

II. ANALYSIS OF INTEGRAL DESIGN 

The band-edge frequency ol an !,th-order gain !unction io determined by the 

shape of the response' !or our OX2.%;nplea,. a maximally flat magnitude response is 

speci!iecL 
'. 

Forth& two•Gtaga amplifier, we have , 
i 

For maximally flat magnitudo W6l require 

,. 

f·,. <I' 

. .~ ' ' 
J 

·. 
(1) 

(Z.) 



. ' I ;· 

., ' 

l ;I' 
J ;,: 

' " ! ..... ~\ 
. ( 

i 
I 

I 
and tho 3-db frequency is 

,' ":- . 

The low-!requency gain to oxpreooe4 by 

~ ' -~ . :- . . ' ; .' 

; 'e ~ ;:• 

f .•• 

; ·. ~ 

~ ~~ :~'. 
.; ·' 

~ ' . :·. . : 

' ' • 1 . . . 

· · i ·,.l· ·.· : ; and the gain-bandwidth product io 
l 

·. ~ i .. 
I • 
I, , '' i . -~ . 
; . I 
1 ,""0..! 

I ; ' 

. ·t •. 

I . ~ 
I' . 

In terms of the ctrcult parameters. wo havca 

I • .,. . 
"\ l,: l 

J
\_} . 

. , . 
. ,:·. 
J • 
. ~ .. . 

; ... ; . 

. '"' 

. .. 
'· 

' . 

or 

-~ . ' 

1 ----. 
..,3db 

... 
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(3) 

(4) 

(5) 

(7) 

. ' 

(8) 
. ":.• 

' . 

,. . 
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It wW be seen that the gnin-bandwldth product !or the integrally designed 
(,. 

(' 

J 

( 

amplifier • Eq. (8), le greater than that ot the iterntively deoigne4 amplifier wit b · 

tho came bandwidth by the .rociprocal o£ tho· oquaro of the shrinkage £actor, for two 
' •!" 

,I: 

.J . i ·, . '': ~; : 
i ... 
1 ... 

-~. . 

i .. i 
. '! ··and 

r. . ~· . 
·l . ? 

and we have 
~-

i 
~ '. . 
t 
·· · · and .; . 
"" -._ ' 

i · .... 
I '·, 
; . : 
t ' ~ 
' '' 

• . . ' 
. ' 

. ;~ '. 

1 ·.-., . 
' ' t .•. 

or 

·and 

···.and 

·, 

.. 

' ' 

• ! 

l' 

B. Three ·Stage Amplifier 

(9) 

.. (10) 

(11) ... 

(12) 

1 -~ .. \ J 

~ ,· ; . ..., (13) 
r .,, ' 

(14) 

(15) 

(16) 

(17) 

,I'' 

' ····~· 
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Tho low•uequency gain !or three otnges lc then expreosed 

• (18) 

• (19) 
-~ . 

. ·~-

.. · '· 
j :. ~ 
~ ' "J, 

' .. 
' · . ln tel'mO of transistor parAmetoro, we have 

t ~ .. 

. ' . " -~·-' 

. ' 
· Y · ,~- ancl 

:..,., . . . . . ~·: 
., : . · ..... 
! . 

,_: 
' . 

. ' 
,:;.:·•,. 

I 
~ . 

~: 
'· .. 

: ~ . 
. j ' . 

.. ~ -.... 

: ;. ' 
,•f ; .. 

l .... 
i 

. { 

~ .. ·: . ~ 

~ ~v:.~" 
~ ·. \ 

. I 

' 

Aloo. 

. and., 

; or·. 

'·· .. 

. ' 

.. ~ 

. ..~ ...... 
·~·· .. .;;;:,:;....,_. 

·. 

. ' 

i}1l 1 

.. •· "' 

Hl m 

1 
' ~ . · . 

~~zt, Hz. 0 

l 
. . 

, -. 

. I ·, • 

. ' 
., ·. 

,.·. r..: .. 

. : . ~; . ... 
• ·¥· 

. •· ... '~ \ ' .. '. 
.. { ,i,,. ; 

'· . 

• .. 
\ I '. 

·: 

'( ). ( .· . ) ~ . ) . . w (1) w . fa) . 

· (O) 0 t X . 1 · . .:!ill X _ 1 t 3) X 1. , ~ ~ w3d.b · w3db "'3db ~ w3db 
(lO) 

·. i . ' l 

; ' . 

' . '1 

l 

I 
I 
I 

1. 
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and 

·Generalizing, £or n otages we apply the formula 

\' ':'. 

A,. (0) ~ (if! ~(a)-3-~-b-r (2Z) 

: -~~ -

m. ANALYSIS OF ITERATIVE DESIGN . . ·, 

The gain and bandwidth o£ aD iteratively designed amplifier maybe derived 

aa loUowo~ 

Where the typical interatage ~~in lo 

(2.3) 

~3db = Po •. · 
·• 

(a) . 

a1 (O) Ci)3 db= K, and K a -rl- .. • (24) 

. ··· .. · ·;' 

..... " 
ll; 

. &z a [ K/(p + Po>l ' (iS) 

"' • Po • s. ""3db (2.6) . 

'f, 

• 
. . r 
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· Wiaero .~e have tho ohrlnkago factol' S: = (z.l/n • l) l/2, (27) ·· 

we have 

.· 
n 

n1co) .:s ...!. . " 
,. . Po 

W 1 )D ·~ • 
3db 

(Z8.L. 

i ·,:f; ' . 
f 1 t : . ~ 
: ~ i: ··. . 

and 

' ' . - f ... _ . 

J f."~ .• 

A •• ~ ,.~ . 

"t. ~.:, 
'' .... 

f .... "·! 

~;. . ' 
• r 

·; ., .:" ·. 

~ .. ··~ 
~ .; ~ . 
' t·· 
l ·, ,;. . ' . t ; t . 

i ' ! 

. ' 
z .. : 
1 

-~·. ' 

I' .. , 

' ·.· ... .-.· 

' .. , .': 
; '~-·.:; ~~ ·: . 

'~ ~? :; ·~·- ::. 

(2.9) 

._, 

IV. COMPARATIVE THEORETICAL PERFORMANCE 

·::~-~~By comparing integral equation (ZZ) and iterative equation (ZS). we see that 

• ·the gain of an· n•tranolstor amplifier deolgn.ed by the integral unit method io s·D 

times the gain ol the iteratively deolgned one, where both amplifiers have the aame 

· OViu.(fl~ bandwidth, and where S lo the · ohrlnkage factor calculated for n cascaded 

stagrs· Table l shows the gaJ.n-lncrease fact,or s•D ~or two-, three-. and !our .. 

stage integral designed ampllliero, in which . · . 
I 

The resulting improvement in gain•ba.ndwidth product indicates that for equal 
l 

bandwidths the integrally designed ampU!ier will have a' gain that is 2.4 times that 

of· QA iteratively designed ampUfter uelng . two interstageo. For three translator 

interstages the gain advantage to n !actor of 8.48. and for a t'our-eto.ge amplifier 

. . · an impressive tactor Of 30. s • ....... '. 

If the compared .ampUlier deoigno ue elmplifled to a typical or equivalent .. , . ;·I { • 
, , '.' ,, -·' 'int~rata.g& of oach overall deoign. tho di!terence between them is tho exclusion of 
i . 

This indicates 

. !, 

, .. · .' 

I 
I 
I 
i 

I 
i 

I 
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tm improVement in inte:ratage bl-oadbanding e!ficiency by the same amount as the. 

sa.in·balldwidth product o£ that otage lo increased: camely. the ahd.Dkage lacto:r. 
·· . 

. , 
t 

' . ,, 

, .. 

. ' .. 

V. EXPERIMENTAL Vlt.RlFlCA TION 

The p:roeedureci £or integral dooigna, developed in c!etaU in Appendices A 

. and. B, were wsed to design ~e.two• and three-stage ampUflers chown f.n Figo. t and 

2. Theoretical and experimental per!ormc.nce of the amplifiers are compared ~~ 
. . . 

· · ~}. · · . Table 1L · The agreement between predicted gain and bandwidth, aa shown, ls aa 
• ·; .,..., 4 •. 

• /' I 

;.: _. · · close u experimental nccuracy allowed. about s lO<fo. 
~ ··: ;: . ",: 

-~ 5 
. ~ . -, . ' 

' ' ' 
_., ...... , ..... 

.. 
l' 

Although the dealgn equations yield an exact cancellation between the numerator 

. and demonlnator terms, the reali:ation o£ such exactness 1m not possible because of 

nonicteal elements. The. obaervecl behavior of the two amplifier a, Figs. 1 and z • 

t ;-. .indicates that considerable error in the cancellation may be tolerated before de· . 
~t~ I . 

. ~ .· ;?-;; .. •· , .. aradatioA of the _performance results. lnaomuch ae the'£lnal value o£ the numerator 

t . §X •. -· · anct ctenom.inator termo to determined by o.dJuatins the value o£ the interrsta.ge inductance 

, : }~.\·)··· with ·a tuning slug.whUe observin; either the pulse or frequency :response on an 
~ . f -·~ . ' .... !·I· . ' . . ' 

·i P;:>f' ·:. oscWoccopo, tho dealrecl accuracy of cancellation is Umited by the method of obser• 
' ;, j.)J :.·, · .. · . . 

.. -~ ;·. (:./:. ·.·. t1 . 
!.·!· ... ! :: va o~ 

; t~l: 2N8L. ~: ::~:a:::~ :s:::::::t:;~::~:::; ::::~::~ t::::~::r 
l j _f::!J:i:·: ·_supply voltage was selected. However, in designing the second cmplifier the selection 

-~1 -~ ~,· '. ' . . . . ' . . 

J .<i' .. ;: . o! voltages was restricted to conform with LRL standards. · The use of a lewer supply_ 
{ ~~--~~-~: ·~ •· -~ . . . . . 

; .. ;f~t,{';, ~:::::·:~::.~::: :• =:::: ~:r::t:; ::r:::::o;5~:::~= 
i ':f:~:~::··. btasf.ng resistors in tho_ baoe circuit of the tranoiators. 
I , ·:' .... 
i {~. : ., :.- · The adcUtion ot a 39-ohm unbypasaed realota.nce in the emitter load.5 of the 
i :,.:;. '; 

~ <_~'-' ~~ .: -:.shunt-peak stage deoenaitizeo the circuit porlormanee to transistor parameter changes 
.t n· ·.. . . -· . . 
J . ; : · · · (series feedback). The uoo of an unbypaooed emitter :oesiotanee in no way degrades · l J: .· .. ' . ;t"' .. . ' . • 
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the attainable per!ormance of the shunt-peaked interstage, and it makes it possible 

··to use arbitrarily selected trarud.atora o£ thea ~ame type without redeoign of the ., 

·'· amplifier. · · 
··: 

·' ·; T)le 4erJlgft la moo• oeftoitlvc to cho.ngeo ln ~.,; ot tbc tra.nctatozoo, a.o the 
., 

i ·., \ ;~':.:·value of the canceUng te~m is approximately ·r0'/L. and the range of adJustment 
t •': \1: . ·I ' . ·. , . • . . . 

: .: ·L~· ·. ,r , 1n L must be auf!icient to acco\Ult !or variation tn :r0' from one transistor to another •. 
: 'i ·~· !':"$-- . ' . f.. ' .• . .., . . . ~ ' . 

: .)~:. ;(· .. ~.The usct' of u. unbypassed emitter reaistance also redu.cea this sensitivity because 
;. ·r .. :·· .··~~ · ~, . . 

. ; . ;).~~ •. ·:( ·: the eaneeUng term beco~es (:rl/ + R.
8
)/ L. The available range c£ output ~oltage · 

' t : ~: -~ .t~f·. ~ . . ' ' . . . ' . . 
) .::: ··(t ··,developed into a SO-ohm load tor the examplao i8 approximately •0.7Sv with about 
. ~ ::~ ·:.t~.: . .. . I . . . . . , . 
· ·• t. ~:r·: .· i 1 o/o Un~uity. .. 

·;· L· ·. ··:,;, .... 
·1 ~>·k;Y;·: :~·:. ~:. 

1 :t ~~;~ ' The philosophy o£ lrlt:al C~::~~::.~ techDique !or circumventing the ·. , 

~· !i. . .. linlitatlon of gain-bandwidth pl'Oduct !or multistage amplifiers. A gzoea.tar gain• 

.; :: J\::.~~·,< ·.bandwidth product results fo:r the integral deaign o£ mul.tiotage amplifiers because 
' l • ~ ·.~ j :; • l ·. ;' ' . . 

) ·:' 'f • - • 

. j ;' ~.·.: j · ; the bandwiclth shrinkage factor is eliminated. Thh factor ts defined as the looe in 
l . } :< ; ~ ·:~· ' . ·. . . . . 

. l •··~ 
1 

• '< .. attainable ga.in•bandwidth product that zoeeulto !rom cascading identically (iteratively) 
j ::! ,.•. :::' . ' . ' 

. 1 J ·; ;. ,. . , deaigned Gtages. By oliminatins this loss, an appreciable increase in gain ea.n be 
l >c' • ·~ . 

··reaUzecl (se~ Table l), whlch could result tn the us.,; o£ fewer transistors to realize 

·the· same gab~· bandwidth product as an iteratively deeig~d a1nplifier • 
. . 

Some practical difiiculty lo encountared with the design because the para• · 

.,; · .. ' . 

'i. •''' ' ',.· '· 

' ' 
<. - ., 

. ' 
·, 

·' 
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APPENOICES 
,,,-
J, 

-.~ .... -~ .. 
'·!-: . 

. • .. 
·,;.' The gain o£ • typical ohunt•peaked.intezoctage may be 4el"ivec1 as follows 

(see ~~. 3); ·' 
... 

. ~· I 

where.· 
', 

.· 

1 

I, . ... 

.. 
' ,<,.<· 

..-... ·.; 

.. 

'· •1 ., ,, 
'.~+. 

t 

D :: 1 + wt(Cc: + Cc:b) (RL + r o) • 

~- / 

·' 

'•· ·>:···il ..... 

.·';i'o• • . ,• ~ 
.>. 

. \ . 
. j,'l .. 

I!'< I~ .. 
"• . ~ '·)~-~ 

aa Qta.ted in Table L 
• •• •••• t' 

'1,' 

• i, 

-\\~-t~: 
~~ '; '<~- • 

,t..'·. 

····· ·' ... ' ' .. ~ ~· _.._ ' 

.I·'' 

.. · 

,, 

. .. •, 

~ .· . 
,., . 

'.'t 

\ > · .. 
'·· .• 

(A·l) 

·' -~ .·. 

,,' 

: •"yl 
:h'"' 

I" 

.k 

· .. ~ /; . 
• .> ~ ·. 

·,.l 

·•. .. , ~--

'' 
',lo' 

-:.. f-

·· ... .. ~-

-·: 

/'.·,--

e~~ellatloa may he d~terml~ed by dividing the de~ominatol" 
.. , 

:The condition lor 

t ··-. 
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.: Now consider the case ot two 'integral atagea, for which we caA derive the 

··gab~ as lollowsf 
t•" ;; ; ~· ... 

;/t. \' 
•,~.··. !-. 

' .,, _ _. 
v_ "-·~·,. 

') .: :,. 

j" . : ~ 

';· 

; ' ·., 
' ,' .. ,.· 
. ·f; .• ' .. ~ .. 

~;...~: ,.....;. -~~ .. , 
•· 

·. For: cancellation we have,· 

_. w~(l) ... [R.·. 1 + 17:~·~· ... . : 1 ~ 1
', • 

-~ •..... : ...•. ··,;, 
· 1 :. · · rb. ·. ·· '· 

. . .. ' . . ~ ' . . .-·, 
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/ •. l . 

~ .. ,.. f ' • . :: 
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. · .(A·9) .. ); 

'• 'I 

~~- ~ ·\~~· .: -·,-. 

T • •':··>:;~ I ',c•c''lt '; , 

.. ~ ·, ·~ · .A systematic design technique now appears ·in which we successively 

,· 
j ~ '(\_i -;~·.~: 

. ; . ·~ 

· ~-)3. ; , .. ·>·· · . : (a) pick a bandwidth (~3 db) for the ampUfier,. or pick a ga.t.n. 
; ,, ·i -~ -: . ? ¥.··.' •• . ' • 

. ~ ::J:-, ;· :.' ~ro~~·Eq~· (A·~) find the bandwidth: . 
. ,. . ~ . ;.: '. 

f --~x':< . ·1:-~ 
~ ~

~ .;. jl 

and then' 

' •. ·t:', .. ·. . ' 
·._! .. •• 

: 't. ... -.• ·. ;. 1\ 

'·i· 

~ : . ~ 
~ • . 'r• 

I : 

· ... 

· : · ; There is an. additional degree of freedom in the design that~ allows some 
. ' ~ . . 

·.,··~· .flexibillty in. selecting components. This freedom reoults from varying ~0r0• since 
•. ' ' ' ./. t . . ' . . . 

·· ,~: r e :i. kT/ctr~·, by changing. 1
8

• These equationo aosUn:te that the transistors. edt• 

· · ·:~J. ~b•,.'· C<:/ and the optimum biasing con~tiona, '··let .v ~a• have been specified • 

. ,,~ ' ' · .·lf we include an unbypasaed. emitter reeletanc~ ··R ·, -to sta.billze the design . 
•• , ~-· • • ,_ • , , • < , • • •• • • ! •. ,v .•. _e ~ . . 
·(ee.e.,AppendiX B). the desian equations then become : · .. '· 

'i· • ~... . .',< , 1 •. •. ' ' f '·\·' '• f.,, : 'j,.. ' ' ·' 

' .. ' .... -;·. . ·. ' ;· · .. " '·: .·;·:.: ... ·,.. ·. . :· ·-.' .: . ; ... - . . .. 
,;·:~ (a) !tom. (A•9), '· .,~--~ . . , . > - · · · ·· . : -.~ 

. :·_r/ >A .. (o) '=. ~-~· k Q)t! >< . 1 .. ,'· · ~· .';. 
, ..... l.. ' .. ~_.~.: ~ We.,;tbz. _(; ·.. .. . ... 

~. ,.· . . ~ ' ' ' tiJLI. .. 

. . . 
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·_} ;·:?,··· <~:i-;. '·- _· -:_ :· 
J ~ ~ .. ) . . . 
: • ' .·' '• - ·-1 II (1.414)(4. 7Xl08) - o.zsx 108 

c ,·.41 xto8 
. 

- ' 
· .. ; .· 

z 
Cot)3db . - 8 

:s 88. XlO , 

. :, ,; . Rlia .(6.6Z)(Z3.) • (55+40) '" ~6. Q' ...... ··. 

• !.ltd ' (c) £o• ~ancellatioa, ·· ' ,,· . ' ' ' 
1 '·,; :. .•· .• ; ..... 
! : J 
i( ,:I,· :. 

) ('l. 
~\· ~~·I;:: 

. . . ' . ' 90 + 40 -6 
11 -· "=""56..,....._......-.;. __ x 10 c o.6o.m • 
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The measure·d reoponse showed a gain of 6.3 and o. bandwidth of 85 Me. A· 

. .!.> i: schematic ot thia amplifier. including a common base stage (01) at the input for 
. ,.r.~; .:; ' 

• .. (i,' • . matching the source impedance, ls shown ln Fig. 1. ·The looa in low-!requoncy 

'. :·~: .· :· .. ·. ~.:.. d t th 'L.t t..... l t b a1 u1 t d (~.OX103 2.0X103 ).0 8'45 . · .. ~ \' \ . gau. ue 0 e JJ.t.&D~ rea G ancea can e c c a e aa Z.ixio~ X z.o6xfo3 = < • • < 

r. ·.: ~: -~ .. 

. , , . ·or a calculated gain o£ [(.845)(7.8) =]'6.6 • 
• • ~-t ~ -;:·/. • 

: .. •: .. }, ~ .. 
" ·· . 

.. ! < : .~ •• ; ·:. 

...... ·\.1". )o :. ' 
B. The Integral Dcal;n of a Three3-Tranmlotor Shunt-Peaked Amplifier 

. : ~ .-~. 

~ .} ~~ 

< ' 

In order to operate the transictors at optimwn emitter bias current while 
., 

t ~ . . . 

: ; ~ ;.: . ·. :. still maintaining the freedom to vary 130r e• the input resistance of the transistor • 

. ; ~:·t·~ .: .··.• a small unbypasoed resiotance (RE) ie included in tho emitter lead. The equivalent 

: ·;:~,it::,< ·circuit io represented schematically in Fig. 4 • 

. ·, .. il.t' : · l. ~ .· · . i_ · The gain can be derived ao follows: 
., '.i 

. '· 

'} ~: 

-~ ... :. 
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,J ' . V/G now consider the ease of three stageo. for which we derive the gain as 

!oUows: 

~ . !· '. 

' .. ~ 

·"' f . 
. {':' 

: / ·~-11·. 

' . 
·' 

' ~ . 

) '}:~~---'?: ; i; ~- . 
-~·"'r~ .· . .;,. ·;I · .. 

. •.d .. , ... . L 3 
. ' X ----~------------------~~~----~--------~~~~ 

Rl(l)+ R£+. rb .w~(l) z. .. .. 
P + Ll ··. P~.~ 

' .j . 
. , 

~ : , _·;·~:· .. For cancellation we have 
. ·' .. '. ·. ·:\; ,' -

' i 

.; ; . ~ ~ '. 

:-~-. ,. ~ 

' 
.. .: , 

',;; .• ': \, • ~. . • . <. '. 

1 'i . ' 
. '.·t . 

. ~ 

. --~1) 
··.. . 1 

• f 

·Rt(2) 
l 

Rl(l) 
L3 

' !' 

a 

1:11 

= 

~ (lloRE + rb ] It' +r' • 1 E b . 
.•. 

jm} [II R' +r'] •. · 0 E b · .· 

~~ :RJ: + r~. . • / ' 

rb + RE ·:· wryz~ L + • z. z 

• 

.• 

:. ''\. 

•· .. ·.f' 

·,. 

·' '' :' I'~ ~·• 
' · .. , ,; 

' ,f. -.:~ •• • 
•·-.. 

.. ·. ·:· '· 
!: .· 

'/ . 
':'.· \• 

I"~ > .!:: 
·:, ·,·., 
. ~· ' • •. : '.t 

'. :;.~:: 
. . .. ::i :, -~ ·:-:· 

:·· .. 
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Then we can derive 

: Ax = ,..-2--JI~~~t"'!'Mr-'--~+-"~~~~~~:"'ft""'~~~.......,~-"'"""" 
p +-· ......... """"' ......... ___ 

l . ' . :. '' 
' ~ 

'J ·:t: :': ', ·.: .·.· .·. 
f ::i . 

' J. ~~ -~~ .. 
.. f . ·,·:;}. 

~:~ lf. · .. and" 
-~ ; . . 

\ 
' \ 

~ I ' 

.. ,_ ..... ~-1 

i + w a [{,.llJJl (RijS)+ rt, + R,} frb + RE. + ~}· ]1/3 
·{.·\. 3db 3\ L3 ~1 1 

(B-6)' 

(B-7) 

(B-8) _ . 

(B·9) 

.~:::J .. ·r.-- -. - . 
~· xr ;~:::<~. There are six unknowns (R l and L for eaeb stage) and six equations (B-3, 
i ''1 t ~-t/ . . .. ----- ,_ . 
. ( ·.'t .. ·-. B·"• B•S, ·B-7, B-8, and B·9h therefore a. solution ia only a question of algebra. 

~ .. ·~ ·,:,. .- .. :· 
' • • •.j. ';' '1. • 

_ : ,. : . · As in the two-transistor example, the initial otep in the design ie to speeiiy the _ i .. . ,. . . ' 
~ :· ;. ·'., ' ' . • ' ' ~ 1 • 

: _.-; :·, .· : .. ; bandwidth, or to calculate the bandwidth from tba specified gain and the gain• 
• ' f r -" jf 
1 

•• •. ~~ r · ~·bandwidth product, which is · 
~ . J •' : '1o. • • 
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An amplifier was constructed following the above design equations (see Fig. Z), 

•. 

: the· measured gain wao 66. the di!ference resulting from locoes in the bias circuitry 
I 

· (l. c. • the 5 k 'ba.oo :roolotozo). WhoD tbo l'eoultlng 0.85 loac ta.ctor is incl\&decl, tho 
' . - ! 

r * J ;. l 
I 

'.·.•. 

· gaiD.S compare quite well. 

The bandwidth was determined from a pulse-rlae-time method to be I • 

- ': 

. The amplllier compdced three ZN834 transistors, and the system was 

- ;:..~, 

l!o ft 1' t cc D Gain correction from .' ~.:--- ~ .. ,.., . ., .. ,.,,. 
·~ -~ ... b ~~~ - biasing resistors ... \ ~...!..· ~,:., (Me} - -.. 

0 .. ' 
Z. 50 420 60 <6 pt z •. 13 0.96 

03 60 480 60 4 pf Z.13 0.90 

04 so 450 60 4 pf !,13 0.985 
: ·. ~ ! 

.. . .... . · ... 

, .. 

.: . :~hieh,' when the loss !rom the biasing zoeei~tors is. included, gives us, fOr 
' ' .. . 

;.'amplifier .gain, 

__ ..... ,.·-· . ,. ; ..... 

'' 
. \ ', ·<'. . ·:·: .. · .. ~' ' 

' ... 
: '( ... ; . 
' ~ :. 

" 
·' 

:· 16X(0.96)(0.90)(0.985)iD 66. 

I 
I 
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,.r~ i 
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Table 1.· 
om 

., ... , 

Table U. 
·.• 

- .. r 
~ .; ~ 

D 

Ca.ln,lnet;ea.se factors lor two•r thre~-, 

Stages (n)· s 

'. 
l ~- 2.4 

... : \ 3 0.49 ·. (·: . 8.48 

.·. ~ 0.4Z.S · 30.5 ., 
, ,. ~·~·· 

... ' . 

. t. 

. Comparison of calculated. and measured performances of the 
amplUlere (Figs. 1 and Z). 

Gain Bandwidth (Me) 
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~.~~ .. ~------------------..... ------------------~.· .• , . ·'· I r . 
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Calculated Measured 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




