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ABSTRACT ‘

; Tho baolc invootigation of transiotor foedback amplifiors hns proven
mathomatically oimple and of groat practical value. Tho bohavior of oinglo-
otoge common«amittar amplifiors o doscribod ond provides a building block
with which caocendod feadbock amplifiors can be annlysod and dooigned. From

the rooulto of thio analyoio tho conditiono for minimum drift for caocadad
 oingle~otagos and casendod loopo have baon derived.

A tranoiotorisod linear amplifier, pulce~hoight diocriminator, scaler,
and high-voltage power oupply packagoed tegothor 2o a single plece of portoble
counting goar ic undor dovolopmont, Tho high-gain linear amplifier io the
hoort of the oyotom and muot hove good roliability, wide bandwidth, emall
temperaturo-drift offocts, ote. Tho amplifior developed hao o rico time of

0.5 pooc and curront gain of 7,000, and is dovigned to drive o current-pulse

diccriminator oo that only o few volts owing ot the output are needod.
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I. INTRODUCTION

 {o not necosoary to diccuso the importanco of pracicion high-gain
puloe owplifiorso, Tho'y aro porhopo the backbono of nuclear inctrumentation,
Doopite thig, littlc hao beon written about dosign for optimmum porformance,
sad it io probably duc to the naturo of fhe problem. They aro used for many
ditforont purpooco ond o opocification importont to ono application may not bo
important to onothor, Rico timo, goin, overchoot, noico, drift, lincarity, and
ovorload are the main probloms invelved. Clearly not all of theoo may be
optimicod in a oinglo deoign, thoroforo ono must undorstand thoteffoct of cnch
foctor upon the othoro in order to find an optimum design iar a givon oot of
opaciﬁcntiano.

Tho ocopo of this otudy {o ao followo:

1. Dooccription of tho drift of the ac gain for local and loop fecdback.

2. Anslycio of tho bohavior of the single«otage common emitter amplifior
wmt ibcal foadbach, ‘
: 3. Analyocio of tha bohavior of concadod amplifiers with loop feedback,

4. Dotermining a praétical mothod of shaping tho fcodback notwork to
produco the dooired pulse rooponse. ’

5. Comporioon of the typos of amplifiers in order to prodict which
typo will give tho boot performauce.

Baoically the quoction in, what bonefit will bo dorived by using difforent
typoo of oimpio foedback loops rathor than cascoded singlo otages, and will
ouch bonofito bo approciablo?

) ,
Work dono under the ouspicoo of the U. 8., Atomie Enorgy Commisscion.



II. DRIFT

Ths torm “drift" horo mosns tho chongo of tho ae goin., It io not tho
change of oporating poeint, 50 in a de amplifior. Tho dooignation drift 10 used
bocauce thoee offects aro usually alow and rathor rondom owing te thoir mony
conceo. Tho groatest offect in dug to tomperatura, but bino-point ohifts ara
aloo vory important. In addition, tho tronoictoro may choage over long poriodo
of time, or they may hovo to bo roplaced, thoreby esusing como “deift" of the
ac goin, '

Singlo Stogeo , .

Drift may be dencribed oimply for local and losp foodback nnd for
caocodod otages. Flrot, however, the goin equationo for the oingle stage mmuot
be diocucsed, From tho cquivalent crcuito of Fig. 1 and the amplifiero of
Fig. 2, one nuco that the squationo are simply

Cape 1 ‘
—— B Rg/RY" - \
Current gein = A, = -5 {1}
. £ '
Upper 3 db froequency = BW = -& s, [ (2)
where
scn(an)aé/n' . - {3)
D=l+2uf, (R,+RI}C , o | {4)
Ry = Rgtrp, " ~ {8)
R, =R +r_, ‘ {6)
T Py (n

Tho quantity Iﬁ io thoroforo tho froquoncy ot which A follo 3 db
for RLaRaeG ond Rg = @, e R

Gain-Bandwidth product o GBW{ e "59' R? ‘ {8)
Notico that ry and C o ore tho offocto which reduco tho GBW "figurc of morit."
Also, tho GBW cannot be conoldered constant an tho goin io changod, bocauce
R; affecto the D factor. '
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Case U
BR; /Ry
Voltage gain = Av B g— 9
_ £ _

BWe £ s, | (10)

g - i
The sameo dofinitions ao for Cace I hold.

£ff R

Gawvﬂ S q . »(ll)

Theae formulao are of groat proctical aid and much casier to uoo than may be
ouppooed at firot glonce.
Now for deift analyoiot
Al = Galn beforo drift,

Az = Gain aftor drift,

Zew

4 A Froctional drift of A =

HE

R
Tho form of both current and veltago goin o <A = %—3 s whore H= ﬁf-
for current goin and H = RL/R;S for voltago goin, .
Remembor that theso equations are good oaly for the conditions of Cooo 1 and
Cace II, and tho following io limitod to omoll oignala

91 a f beforo drift,

ﬁz s § aftor drift,

Af = 93 - By

dg = Fractional dritt of B = 45/8.
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From thio one obtaifm | 0
. BHT pH
AA = ﬂz *A! -] -g;- - ‘-gi- .
H[p,8, -5,85,] H R!
' e y 8. P, 14 = 1,
55, 53, Parfl 4 g ]

oo

A Rt . -
AA © %%—12().#?—3). L.

R . |
Q.
4 (1 +gv-) :
d, e I‘Af . %%1 (A +RL/RY) = — 8. . 12)

The quantity % fo known upon mcacuromont of P ot tho limito of oporation. Tho
dooirod 4, and a hnowladgs of B, from moaouromont of 4 ollow o caloulotion of
R' /R' . For onamplo, if an smplifior {0 allowod to drift only 6% over o cortoin
tomperature range, thon d, = 0.05. Supposge dp io moanured to be 0.15 with a
pz of 60, Thon from
nt
4 A/dp s[1 ¢ a;/ny/sz e [1+¢ a;/n!s] /14(p,e1) ;g e

we have R) /Rg = 1/29. The bias oscheme must not bo changod to achiovo
thic bocouse it determineo the drift of oporating polat which holpo dotormine dﬂ
Thero arc soversal reforoncoo in which one may find diocunoions of biag-
stabilizotion ochomes. *

Tho factor 5 (local feedbnek factor) thorofore dotormines the roduction
of the porcontage drift in o mmannor which o coolly dogeribod.

_ dp +R/RY
3>

(12)

lFor onamplo, R, F. Shoa, Bd., Trtmoigor Circuit Eoninooying
(Wiley, New York, 1987).
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Loop Feedbock

The fomiliar feodback aquation may bo used along with a fow oimple
definitions to caoily and thoroughly doocribe tho offoct of loop foodback upon
drift: '

A = goin of amplifior without loop,
K o pain of A after loop io applied,
p o foodback factor _(ratio).

From K= !%'T?A ’ (13)

and defining £ = wA = loop gain

we have

K= T%»T . {14)
Subocripto of 1 donote quantity bofore drift o¢curo - tho rofaronco cooc.
Suboecripto of 2 denoto quantitics aftoy drift takes place.
The chongo of goin,
Ay A
BK=K-Ky 2 TReE, T TTRA;
A (L 4pAL) - (1 40p;) A, - A

(1+ph ) L +pAL) {7 ﬂml“i 3;3:3,

ﬂ AR =

oinco

SV S S
®° By AT+aAy) -~ [TFeX,T

aro A, = A1 +4,),
iA o
b ¥ ’ (15)
I TFT+d,) S

whero ‘!l = loop gainatAl ond K,.

From tho groph of Fig. 3 ono may quickly ocoe the loop gain roquired to obtain
the deoirod dK whon d, hao boon moeaocured.
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Cascaded Drift
Avcume two amplifiers of gain A and B cancaded to produce tho gain

Al s quai o ABBZ - A‘E‘.

B, = B,() +4,),

AG _ AG : a1
m; ‘6‘{"’6’%&:*"5 "dA&-g_"“"’

do2dptdpg tdgdpe wey .

Tho dreift §s therofore cumulative excopt for s second«ordor torm (4 AdB) which
ucually may be ignoved. Netico that thia offoct doos not depond upon tho
magnitudeo of A and B -~ only on thesz fractionul changoo,

Optimum Dogign for ﬁgloa
We now have the nocessary tools for optimiaing eancadod gingloo. Suppooo

goin G o requircd of m caugaded eingloaz
Gaa®, Asci/m. B,

where H lo an attonuation factor (Rg/RY or R, /RE).

Then o
8=
ot/

do ¥ nd,, from Eq. (16)
dg(l +R!/R3)
5, '

dA * irm Eq. (l Z’.
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Usually 831 for the reduction of drift nocded, thorafore '

LRL L
s=1+(el)gf T BRYRY,

sz =B, R‘;/Ré = 5‘“ “'@ﬂ’ RL/Ré = 3‘(1 “'dp’l

4. o 1 1-&;/3%)
A B!u ¥d , *
» B

Wo now limit ouroclves to dp ﬁ»& knowing that tho ontiro analyois i te comparo
different ampliﬁor typeu and thot whan thic 10 done fox dﬂ <<1 it will bo

sufficient,
a4 5 P aerymye ;EH /" +mi /Rl
A 5 - 1 Ui i

o a
dg=nd, = s'fﬂ 0 +RY/RL) n al/e,

This functicn hos o winfmum for n=4n G and A s Gl/n ] Gl/“ G, .
Therefore minimum drift 1o achiovod whon cach stage hino a goin of 6.

‘? .
nCGd,; {(J+R'/R!
éﬁmm & %— einG (1 +R‘.G/R'5) a l f._%_jﬁj (-—--4-%‘-/--?;’ . an

TR JEERT

Drift of Twa-&ngo Loops {Doublots )

Tho goin of o twe-otage amplifior 1o of the form A= pzﬂ. whovo H o
an attcnuation factor detorminod by tho pozticulor donign. Aftor tho loop io
opplicd one hag

K= Tix © e
d
dxﬂ I%m:, s frorn mo (la’t

d, @ 245, from mq.ueg_.
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Thic 10 aoouming that H dooo not reduce d, noticcably, Of courcc the
groatoot drift reduction will be roalised whon it {0 all dono in tho loop and
none nccompliohod in local foodbock inoide tho loop., Thorofero thic io tho
only caceo discusood. Wo have

3:9 , ~ .;fP . {18)

bacaune £ 31 io uousnlly tho pmctieal cano, and wo are limiting ourcelvas
ageain to very omall 6"# :
Whon a total gain G io dosired by capcading thooe doublote whm will bo
tho optimum number of loopo (n) ond what will thie minimum drift bo?
For n loopo cascaded, :

d(.‘n ® ndx. from Eg-. {16)

24 |

24 n
A |

““H 1/n | | iy

Er— a G/, Is %Vn ’
e gl/n . {Z;E} acl/n

p'H

Thig achieves o minimum whon n & Inli, oo for singlos.

Therefore ,
K= Gl/n - Gl/lnﬁ' e

Tho goin of cach unit io agnin o.

2 e InG
a.. s - ainG = {"——F&'} 2. . 19)
Conin ﬂ-?;; o } PR ¢
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Notico the comparioon to the optimum drift for singlop - BBq, (17). If thoro are
two tranciotors por loop and G ic ;3.0'?0. then n = 4nG = 8, which moano olxtecn
tranoictors. It io very coldom o dobigner will chooso to use thic many unitc even
though it {0 optiroum design, For thip rcaoon it is good to compare the drift of
the optimizod singlec A with that for doubleto using tho same numbor of
tranoiotoro, ' '

?\Iow n e 5;%9 oince n {0 tho numbor of loops and thore are usually two
tranciotors por loop in the doublet.

2n .
d@ = ndK © .-‘:2 » frow dovolopmont of Eq. (19),

et g1 ot

Ggl/n o g2/tnG _ 2

e
2nd 2InG & a?;z'
L ey

dg = !:;.B_G_EE.} _F%_ . (20)

Comparing Eq. (20) with Eqo. (19) and (17), we soe there is otill a diotinct
advantage in ueing loopo {doublets oo far) with negligible local feedback.
Drift of Throe-Stage Loops (T#ipleto)

Three ctageo with 2 loop (triplets) have a gain K of tho form

3 3

_ g.£B. ., pE

1+pp H 144

W,
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For tho provious approximations,

E: E;!-! = Gl/n,

nd n3
agunege e TR

*n
1= %l-/n .
dG = [g;-&} n@l/n.

Thio function cloo hao o minimum at which n = inG ond K o Gx/“ e Gvﬂ"as a,

3d,04nG [e 10G aﬂ} 3 |
o.n = "“'g‘—_"' = ' . » ) (Zl)
6 ntn p°H p péu

Notice tho furthor roduction of dﬁ 4
min

Whon thore oro the oame number of transistors 8o for tho optimizsed

oingles, n bocomeo 5%9 . if thore aro threc tronsiotoro in o triplot:

Kegl/Pe Gs/:n’c; s el

n e "nt‘!.
e EnG } 02 | 22)
P o o

It ic now chown that tho uoo of triploto offero quite on advantage over both oingles
and doubloto.

The oimplec drift annlyois then otatcs that one deco bonofit groatly by
using feodbock loopa inotoad of local foedback, ond tho moro otogeo in tho
loop tho bottor. |

and dG =
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IIl. PULSE RESPONSE

The diocucoion of drift roduction asoumed any desired amount of loop
gain (1) could bo achieved. In every cane como shaping of the froquency
reaponoe of tho feedback network {6 nocessoary to produce the time reoponge
deoired. A further compariscon must therefore be made between éinglen.
doublets, and triploto to sec which is beot for rice time and overchoot, Tho
amplifior must bo shown in much moro detail, ond tho typos diocuesed hero
ere ghown in Figo, 4 and 5. Thero oro other poooible configurationo of course.
Doubloto | |
~ Tho gnino opokon of from now on aro current goinc and apply te Caso §
of Fig. 1. A donotes tho goin without o loop, and K donotos the gain of the
pame unit aftor tho loop io introducod; 4 = pA io otill tho loop gain, From

Fig. 4 wo have |

2
B° R /R: R./R}
s/Rs o . = low«frequoncy gain;

[1 +(p+l ){ﬁ&j [1: ® ﬂ%

Ao o ﬁ H. Cee g ‘f;.

Aoa

...
whore H= RS/RS RL/RL

r . r
and (p#!)ﬁg <<l, ;. (fﬁ*“'ﬁ'ﬁ* <«<1.
e

The local internal fecedbock ic tharofore congidored negligiblo.
From hore on A io the gnin function including {requency
0

!
Ao "’1“2

A=A = Er)

where p = jo and W, W, are the 3-db cutoff frequencios of each stage.
Local foedback {8) io nogligiblo, and good decign demando D = 13
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A
A= ﬂl ’

(P"'“p) ~_

. ' ' 2 .
A w

A T 0 B

Ks +F ° : . {23)
e (pmp)zeb Mofs;

2,2 , 2 e
K= Aﬂ“ﬂ /p +.Z.pmp *P.mﬂ + M@”ﬂ .

When p {s conotant with frequoncy ono hao

Ka ..XA"% —_—
P +2pup+ipau *Me)
L4
and AQ .
i R £ >l

Horo K io of tho form
_Aogﬁ”
k* gai®
whoro the rooto & and b cauoce tho otop function rocponse to havo ovorchoot
and ringing oo shown in Fig. 6.

20, 20, N 6+ STRAD)
a,b = uﬂ > 7 2

a,b= ~ag [1&jNE) .

Complex roote always causce overshoot. The anglo of the complox rooto io
¢ 5 tan”} VT, and the overchoot is a function only of this angle, as chown
in Fig. 7.
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Complex rooto may be eliminated by causing p to be a function of
fraquoncy. From tho bapic dofinitions and approximations for foodback ratio,
we have p ¢ ig/iL {Fig. 4). Thio aspumeop that tho input impsdance of the
firot tranociotor doeo not affect the feedback ratio. That is a problem many
timeo and must be ovorcome by ingerting an impedance~matching otage in the
loop (See Fig. ¢)s

if ii. i R R

pﬂ"uoﬂoo’lae
A A S L

z£ thon wmuot be chaped to climinato tho complox rooto for any givon £,

Tho olimination of complex rooto roquires that Zf bocomo o parallol
RC combinntion where '

N e )
R= % (24)
and
' 2
C= . (28)
epnli' R
The K aquation for thio chaping bocomos
Ae wa 2
K& ‘_‘E""‘Z' A, = P°H,
(phogy 1) o |

Thic looko like two idontical caocndod oingles with gaino of g %ﬁ- and
.. § ﬂ

bandwidtho of zp-ﬁ‘: £

For n=e 5%9.__ thero ic the namo numbayr of teanscioctoro ao for the

oingles (neglocting buffara):

Keolfu GE L T by IR

cl/2e Gl/lnG s o,

[

JFe & IR -
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The u;hpmier locko ac though thore aro £nG oinglo stagoe in cogeado «- onch

with o bandwidth of
"
. ¢ Wa S JH

P o )
£ .
, e o ,f 1/inG
Bw‘retal" - NH 2 -1 . (26)
Triploto |
For throo stages ono hoo
3 3 3
. PHew Ayuw
A -] ——-%— - ——Q—E—g——
(peesg) prug)
[ (- L
Noglocting local foedback wo bave aloe
3
T ﬂ R . @n

(?ﬁ (pﬂna) Mou (p-n)(p-btggg-e)

Whon ¢ {0 ndt fraquaucy-oenomve. complox reoto appoor for @ »0. In ordor
te climinato themw tochniqueo may bo ompleyod which bring about rooults oimﬁar
to the doublot snalyolo, InFig. 5 2, {0 o oorlos L-R and Z, 10 o parallol '
R-C, It ic not posoible to complotoly climinato the imaginary parto of tho rooto
unloos an 8 foctor io introduced in ono of tho intornnl otogoo. This nnturaily
roducoo tho ¢ achiovablo, and tho drift of G bocomos moro on the ordor of
thot oxpoctad for doubloto.

Thoro i0 celdom much ronoon for ucing triplots, bocause in ordor to
got rid of tho overthoot the drift io incronnod and tho problem of trimming the
foodback notwork {n miich morc complicatod than for doublots.

Singloo o~

For minimum drift, .
netnG, AscgtPao, . |
BW = t‘pS]'Jz ;na‘, . V ‘, ¢

AN

1. pH £ H
BW o .ﬁ;.. aV/ny . S Jal/inG (28)




<17= UCRL.-85158

B Tho rioc timo for the oingles io the camo o for doubloto. R io poosible
to pook tho singlos responso vrith colls, ond aloo poosiblo to pook the doubleto
raoponoc by adjustment of the foedBock capacitor,

-

IV. DESIGN PROBLEMS
 Bufforo .
. Rt Lo pomotimoo mmoomyfto put in on impodance ~-mdtching otago (buffor)

in the loop or in tho output. Figbroa 4 ond 5 ohow tho uoso of cuch bufferc. For
the doubloto tho foedback rosiotor uounlly io mado low cnough oo it fo of the
comoe ovdow of ﬁﬁﬁn&ttﬂo ac the input impodance of the firct trancistor. Ao
‘tha fnput impodance drifto, tho feodback ratio fo offocted and tho gain drifto
wuch moro than prodicted from Eq. (19). Tho groundod-base stage ic chosen
beecauso {to input 1mp6€§§nea io vory omall and {to current gain io ¢loove to
unity ond vory otablo, .
o For triploto tho load usunily moy not bo talkon off tho third collector

boecauoo it would updct the feodbock ratio. It 1o soldom the load is o pure
rooistonco,
Idncarity :
For omonadignal ptogao, tho lncarity io not a very big problem. The
output otagos, Bowovoy, moy hove large voltago or current owings ond tho gain
way chosigo oo the puloo hoight {6 chongod. Thio {6 of course duo to $'c being
dopondont upon vokapo pud curront. The voltage offect can bo roducod groatly
by inoorting o groundod«banc buffor otoge botwoon output and lood, but tho
curront offect io otill fmportont in moot caooo, Tho anowoer lios in knowning
-over what oporating vegion § varios loooct oo curront {0 chonged., From a
eurvo of ¢olloctor curront ao o function of bano current for difforont voluos of
colloctor voltago, tho moot nocor region con bo canily found, Linoority and
drift moy bo cnalysod in the somo wannor, and focdback hao the somo offoct
Overlend Effocto
Whon puloos are procont which drive the transiotors boyond cutoff or

paturotion, care munt bo exercinod oo that dosd time betweon puloos doos not
rooult, Dood time reoulto whon coupling capociters ehm?gé through o omall
impedonce and diocharge through o large impedonce. It i peosible to cascado
PNP and NPN unitc alternatoly so that cach io deing driven on by the pulso,
but if thoro i0 undorohoot at thfl end of the puloo it may eauoo dond timo owing
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to oomoe of tho units® boing cut off. I may seom bottor to design such on
arrangemant that cach unit will bo driven toward cutoff normally and undor-
chost at the end of o puloe will not causo any dead timo. Thio, hewovor,
could require morc otand-by currant thon can bo tolerated,

| Doad time moy ucunlly bo climinnted by caroful biooing. Tho output
otage chould bo made to be drivon further into conduction by tho puloc, but it
must bo binoed into conduction onough to aboorb tho undershoot without caucing

"~ doad timo. Of courno, otogoo that arc normoally drivon toword cutoff noed only

bo biaced on onough for the normal pulce to be pacosd.

. , V. CONCLUSIONS
Tho dosign for high-gain linoar pulee amplificro 1o obviouoly complicatod,
ond to optimice {to porformanco {6 olmoot hopoloos bocsuoo of conflicting ro-

_quiromonto.

- Lot uo pioce togothor vomo gort of conoiotont guiding otatomoento by
which tho problom may bo spprooched. |
1. Drift of tho ac Gain. Thore io a greast advantage {n using doubloto rathor

~.than oingleoo, Tho teiplote havo o much bettor drift porformanco than doubletso,

but moot of thio {0 loct whon tho puloo ovorshooet has to be oliminated. The
optimum dooign for doubloto hae three timoo as many unito as the optimum
dovign for oinglos bocause e buffor muot be uced in the loop. There ic otill a
large odvontage whon half ao many loopo are uced. There must be no local
faodback (8 foctorn) within the loops, and the use of bufforc 1o essontial if the
dzift 10 to be minimicod,

2. Biooinp. Biao otability io of primary concorn becauce P is very oonoitive
to opopdting point ao well 2g to tomporature, The bino point muoct boe carofully
ooloctod go that tho moeot linoay (diotortionless) eporation may be obtained,
Sinco the 8 factor of cach otage dopends upon r k2 = -21- o the omittor

biao curront I, must bo high orough to inourc that M@@ack io nogligible,
Biao will aloo detormine the regponsc under overload conditienc. A otage muot
not bo allowod to be cut off whilo the coupling capacitor ioc rocovoring from the
puloo. )

3. Puloc Rooponce, Binglos, doubloto, or triploto may bo designed oo that
tho ringing of ths puloe veoponoc io oliminated for any opecified goin, For
oinglos thio ringing cannot eccur unloso thore arc poaking coile, of course;
for doubloto it 1o o omall problom; for triploto an 8 foctor muost be uoed in

,.
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ono of the lattor two otageo, end thio rooulto in a loso of the triplets' drift-
rooponog ndvantage. " The riso timoo are about the came for oach typo for a
givon ovor-all goin G. The rice times aro equal whon tho numbor of tranciotoro
{not counting bufferc) is kept the oomo for cach type in accompliohing the
oversall goin G,

. Fromw thoto throo considorations it bocomoes apparent that tho bast
practical amplifier should uouaily be compoood of doubloto, The numbor of
stageo dependo upon the gain nooded, tho drift thot may be tolerated, and
sometimen the number of trancistors that con bo toleratod, Tho rico time
will bo dotermined entirely by the froquency recsponoe of the tronsistoro used

- #f the D factor mentioned in Section 1l is kept vory clooe to unity for cach stage.
R’ would not be good to cascade identical loops bocause the bias plays ouch an

important role in the operation of each loop, and ooch loop ploys a scemewhat .

different part in the oporstion of the oversall amplificr,

Vi. BESULTS (EXPERIMENTAL)

The descriptiono of oinglo-otago and loop drift behavior in Saction I
are in good agreoment with oxperimont. Bince tho wholo mathematical de-
velopmont 1o bullt upon Bqo. (1), (9), and (13) and a knowledge of dp. the
drift formulao chould be acgurate. That io, once Eqo. (1), (9), and {13) aro
substantiated all the rect is cimplo, rigid algebra and differontial calculug,
These equations have aloo been gubstantiated easily by oimple orperiment.

During the courne of this otudy an amplifier has been built with the
following charactoristico. It connioto of three doubleto and ono oinglo-otagoe
inverter. '

Curront Gain - 7,000

Rige time - 0.5 woec™

Cvershoot - Negligible -on o 'scope. Thic may be adjusted, roouiting
in about 0.3 poec ride times for 20% overchoots,

Input Impodance « Sorics reoiotor of 1K,

Input Pulsc - Negativo

Output « Up to 8.or 10. ma positive. Voltage swingo leso than 2 v,

Drift of Gain ~ 4.5% per 10°C rico. \

Thooo doublets did not have buffors and it ie oxpectod the drift would go
down by abowut an order of magnitude if they wore uned. The output works into
a forward-biaced diodo oubtractor, therefore only very omall voltages ore ro-
quired to drive thic circuit,
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This amplifier {6 not an optimurny Mign for drift responoe, but it
giveo a good idee of the rooults that moy bo achicvod.
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FIGURE CAPTIONS
Fig. 1. Familiar "T" circuit and the very useful "g" circuft,
Fig. 2. Bagic common-omitter amplifiercircuito. |
Fig. 3. Iffect of loop goin (L) upon the.drm (¢ A) of an amplifior.,
Fig. 4. The doublet,
Fig. 5. Tho triplet.

Fig. 6. Step-function response with complex rooto,
Fig. 7. Porcent overshoot ao a function of the angle of the complex root.
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