2074409 VARI ABLE LOAD | MPEDANCE GAI N- CONTROLLED AMPLI FIER 5 This zp/zatd
refates to transistor anplifier circuits and, nmore particularly, %”9

gain Jolled transistor anplifier circuit in which the gain is varied by
var yi e out put inpedance of the arplliftier. 10 - A P
gai n- rolled anplifier, such as the internedi ate frequency (I.F.) ¢

anpli.fier- of a television receiver, should be capable of satisfying a w de
variety of often conflictingVhBEABERaROADr JMFEDMIER s. For instance, the

anpl j fier -shoul d operate |iggeileoiirRBLaEbd Abip?adEIde of i.nput signal
| evel s. ;Pe range of gain controfr_shourd be sufftcrently wide so as to

pr oduce constant |evel output signal for the full range of input signals.
These two requirenents This oiheentiofokbllaties HoGrahd ISt Sdmbl EPetfi er

wi 'l typically 20 have a.narrow range of D.C. hiasing, . over whi Lts
| i near operat‘%lltﬁfq}s}:%p??% ﬂ%?eﬁgafﬁécflﬁ'gﬁ??@t 3:19 i% 'rhfc%rbﬁ?gf?éd, such
as by increadinansistadanplifheregircudtddgemdriati dtheofgair is avarsedr,

the D.C. Dbi a%x%ﬂvme?ﬁaa?eig%h% rcei @ie%ean&;ﬂ@fér The result

of 25 gajn co ) o degrade the |1near “operation of the
anplifiell It may be pdssydin-¢entrpiiedc arplifian  isich AHIERK the
changi ng D. Cirermed Bit S £ £Sq@énPe (8QRL N Olakr] ig¥idy )IF restSiepreibn an

em tter degeneration gain- control id anpl i fier through the use. o
capact 11 ve cORTATEE A TERHLE | 981 GoDah 16 PlorAtie MG AP DT HFEE: ed
into the anplaff icftdm comfkiseirgf pertbemandeCregirngmentihe WBer of
GEFE o coco e MRS EEE s LRNEUNE R R A £ e
may tendt® o buead trangs refi tnpuhgeighalhdeyeds.f | dhe Nangs @f gabnuse of
%EZCLZ% 'feg‘%!&g?cr@”ﬁ]tg&ﬁlﬁ P&f shBeidTRhithCilde 19Y &l ALk af Orm
_ constant level output signal for the full range of
input signals. These two requirements are often in
conflict, since a transistor amplifier will typically
20 nave a narrow range of D.C. biasing, over which its linear
operation is optimized. Aé.the transistor is gain-
controlled, such as by increasing or reducing the emitter
degeneration of the transistor, the D.C. biasing will
change as the emitter impedance changes. The result of
25 gain control may then tend to degrade the linear operation
of the amplifier. ' . '

It may be possible in a particular amplifier to
bioék the changing D.C. characteristics of the controlled
emitter resistance in an emitter degeneration gain-

80 controlled amplifier through the use of capacitive
coupling. Alternatively, an offsetting current may be
injectéd into the amplifier to compensate for these D.C.
changes. The use of capacitive coupling is undesirable,
however, since the capacitive reactance will introduce a
35 frequency-dependent element into the amplifier, which may
tend to limit the dyﬁamic range of the amplifier. - Moreover,
the use of capacitors makes manufacture of the amplifier
in integrated circuit form more complex, since the

0 capacitors must often be added in discrete form. Current
4 ' -



capamtors rrusl of ten be added in discrete form Current 40. 2-
corrpansatlon schenes are al so to be avoided, since t-hey contribute

addl-ttq gnal. conpl, eX| ty to the anplifier design, 5 and additional noi
t he gufput isi gnal . "“Si gnal -t 0-noi se perfommance of the anplifier is-
a

| mpog t,ant, particularly during conditions of strong signal receptio

tel evision receiver. Under weak signal conditions, both the tuner and the
|.F. anplifier cbﬁ:meamﬁemtsidm@rdeis are @tlsg:aittm benadiviaicted | rsimcesntitayer '
degeneration g | 1 I 58 is a
no??e/egener atio %ﬁ%tgﬁ'%élggl J.O'naﬁ.nPZJ S’m ucg-'r é{%ﬂgﬁu nﬁ}f fier
to have a rﬁgha@si mdmmrtdiemsgei@ertél%tqmmeﬁme thus 15 reduced,

the |.F. anplifier wll fﬁ] hﬂoifn%&ts%r Yot flalarc R %é’%:fﬁfﬁr&e -is
nal- condi

Moreover, under weak sig tions, the tuner wll_usual

exhi biting gai Rl§® dMPAatARt oPagTignlariy. durisg gwt&%&%a%é%ﬂ%
will then est-alyiighalt hecup®idn tior ROited dvalf iR ider Of Urdded Witk | . F.

system -~ -3- Howe er, t.he strenqth.of .the rec el evi
‘signal incf eas@&gnlaﬁ'e ?ﬁt&PntsHelﬂ qﬂ‘ lg}gmthqeé:r |t%§e51‘r eEt ]é'tfg’neras by
‘i ner easi ngl@ he agw poammj drce dfighheyainplodriGirtiomi ciin reor essicisteami t t er
degeneration In | S | t '
generation sourcgsen%gat%ﬁ'% %s%'rﬂ cto\?\')n ﬁﬁ(?é%;?f;?e a?@ﬁ]aﬁ%%'lg&me%e
si gnal -t o- noi serqﬁensrt@nmc@rhlc&s itha medisie gersingkions saunas imdhses

hey
further, the tuRen ey 3 N GUHREd A G he ahde FRACHRY vt ch the

t uner . S|gnal-to nol se
high gain. With the noise-generating resistance thus

16 reduced, the I.F. amplifier will have satisfactory
siQnal-to-noise pérformanée. Moreover, under weak
signal conditions, ‘the tuner will usually be exhibiting
gain on the order of 40 db. The tuner signal-to-noise
ratio will then establlsh the s1gna1- o-noise performance
20 of the tuner-I.F. system.. -




performance is domnated by the I.F. 'signal-to-noise performance. Thus it
is desirable to design the |.F. 15 anplifier so that .it will exhibit
optimum si gnal -t o- noi se performance under strong signal conditions, .at
me t'he |.F. signal-to-noise performance establishes the

No- noi se ratiq for the tuner-1.F. system In accordance.wth the\g
pr es&n 0O invention, a gain :contr ol | ed anplifier is provi ded having a
nge of gain control which is traversed by varying the collector .

i npedance of - a coMMDBREVLSS FHUNELk BN idE thanséséreaThusin w’/
apart|%ular nbdi nent, the collectorgéngglance ' ncludes a coni}%lled 25
0

resi st ance tEEFVLE IR iSigralydaLTaans %cﬂﬁ:ﬂ”b(P chfel cBr | BEPSEELET
el ectrode wﬁmheeamaddcsemg;tddtﬂws 30 rm@f?m%g eehel eaiteds xee&?ttagtcteo
receive a yari contr i.ng. current an rode
Coupl 60 t0°8 FARnATIR aRd e M L AT O S P FPERABREFEER  The a0
base-t o- enﬁheenqqnaasnng(ﬂmnﬁuﬁnkxﬂsxstﬁncazﬁnqxeasestaheenmmseh varies
i nver sel y ?’%\Bgrfa%oﬁ %‘8 ce%a-' ..@g{%rggeé}g %i&?tdég F488 tHE 1

collea emtter i ce Varg esl st ance of t he
base- t enﬁﬂﬂéﬁl’HQnﬂﬂhiﬂ1RﬁrﬁQﬁﬂ%ﬁﬁﬁfma4§u ¥¢@?%ﬁ$¢e§%6¢aﬂoad

i npedance QErbﬂ%ﬁWﬂ@ﬂdBédgbérﬁﬁEﬂﬁéfU tﬂﬁﬁiﬁﬁbﬁf@b@@éﬂnﬂfeaheearaaﬁaStOF
is varied by Changlngllts | oa neax%f%ﬁqutlon of the reS|st|V|ty

of the devPcBIFh&a rea e tuner signa Zto-no
col | ect or - ber€oirtiaeicepdish dnﬁnjtrfaa:e:&\bicethélrbtgh sr\t\gnéll-t-he-geu.aecont rollj ng

current fl at 5 of . bi Cui and
hence .cont Ey?foﬁnt%%%%{ievﬁcge&soqé %ttotdé%%%f% o Dagiggagiﬁ% ¥y ? the

anpl i F&u ngampddfiiegose thaferitstichly ethjdit m@immnslgnﬁé sennpéseabl e
- col I 'ector e&%&:ma%@%de& AGNGRI digrfal NEChdLEL oRS [eat OGhFBXI Fimedai N

reducti on, gglc nni,m zes 10 the noise generator sources at_ the output of ~

t he anpllfl I.F. 51gna1-to-n01se perfo ance establishes the

" signal-to-noise ratio for the tuner-I.F. system.
-In accordance with the present

20 invention, a gain controlled amplifier is provided having

a broad range of gain control which is traversed by

varying the colleétor impedance of-a common emitter

coupled amplifying transistor. 'Ihus in aparticular emoddiment,
the collector impedance - includes a controlled

25 resistance device having a base electrode coupled to the

collector electrode of the amplifying transistor, an

emitter electrode coupled to receive a variable gain

controlling current and a collector electrode coupled to’

a p01nt of reference potential. At signal freguencies, the

39. base-to-emitter junction of the device acts as a resistance

-which varies inversely with the flow of gain controlling
current through the cdllectof-tq-emitter path of the
device. Varying the resistance of the bése-to-emitter

. junction of the device varies the collector load impedance

35 of the amplifying transistor, wherey the gain of the

transistor is varied by changing its load line as a

. function of the A.C. resistivity of the device.. The



The anpllfylng tran5|stor of the gain-controlled anplifier wll typically
exhi i t a' certain amount of collector-base capacitance, which can advegrs<
afféct the performance of the anplifier when used as an |I.F. 15 anpl‘\
in a,televu3|on receiver. The I.F. anmpligfier in a television receivek &
~usugl |y preceded by frequency- selective circuitry which shapes the |I.F.
pass and. When the |.F. signals are coupled fromthis circuitry to the base

- of the anpli fybamléE:QBS'i-&bOémlthérebEth bfe thepdevite tmaﬂﬂg&ﬁmﬂ,cwmi chis
a function of hge col, ecto%- Zie cagaC|tanc% and E esvo %? the
anptifying trahefsf8in GPPETRELLRENCRETERE 54PYS: 15 SERE ? e |V|ty
.Circuitry & atpansistorhbimspuoy cipeditey,ofnthbeacel icongrolAof: diegai n of
the anplifier j3, %B%r %iiidnotthﬁf%?f:%p% LBl g, “B‘i‘a]s agJel PHEE ai'd%(i”rfsﬁ a

“and this increased capacitance une the V|ty .cl.rcait
- | ower frequenc?ranﬁlﬁﬁérbelH@ﬁ@toﬁt¢@§§|ﬁégnaﬂhp9nééﬁeﬁmﬁg whe effectively

“tune the sel eCkbhti®$18abidl bl 1@8WaYr! '1%@&”1 gh@ree 1%arrréd%rce&”fd:d anard the
.color carrier. _This 30 will_ effectively reduce the S|gn%ﬁ§ evel .and the

si gnal -t o- noi Y&PAREM, Ve ue, £OF MaFimy Ofdn & “ﬂ#&?n'u hyaniTgzes o
“desi gn thedoOgai gheonblisk! génaetpltol gburecishalt H—Jhe ot t mfedma:«amp‘lﬁﬂimr.

~anplifier remains consta over .t fuII ran ong_r. '

:accordance with a-furthe&hgssggglgs Eﬁ&§ |ng§%3#%h %ﬂ% °?%%ﬁ9l¥e%rm

~ampl i fying traampéiéieKSWbaﬂf&N@dcbﬂlthXQd@ut¢aﬁq§tt§1naumnuatwdﬂIomer
coupl ed transi EBQﬁ.ec‘EBh:QBabéoEﬁbﬁ%ﬁtﬁ?xc@?' bﬁfﬂcﬁr é&%%d%%“él&ﬁ%‘ﬁéé@@ﬂé“e

.selectivity circuits Al'ternativel nbodi'nent of the
“present invent PGﬁfP§m§P§§e9¢eGhlenamllé#1$rsé’@&’i‘dutsleénﬁsstaé'r L.&Fcoupled in

- cascode wilsh. t By Fl;flér 3Pl uuwlbﬁmsu:%b@w@& st zmel iZe .t Renpldl fikge igai n
and hence the co ctor-base caRaC|tance of .the anpli é@ 3l
ev131on receiver is usually preced % frequency-
selective circuitry which shapes the I.F. passband. When
the I.F. signals a:e'coupled from this circuitry to the

base of the-ahplifying transistor, the effective input
20 capacitance, which is a function of the collector-base
capacitance.and_the voltage gain of the amplifying -
transistor, will'be:seen at the output of the seleétivity
circuitry as a part of the input impedance of the
amplifier. As the gain of the amplifier is incréased, the
25 apparent input capacitance,increases, and this increased
. capacitance will detune the selectivity circuitry to a
lower frequency. In the television receiver, this detuning
will effectively tune the selectivity circuitry away from
- the picture carrier and toward the color carrier. This
80 411 effectively reduce the signal level and the signal-to-
noise: ratio of the video information. Thus, it is
desirable to design the gain-controlled ampllfler SO that
the 1nput impedance of the ampllfler remains constant over
the full range of gain control,

In accordance with a further aspect of the
present invention, the input of the amplifying transistor
is buffered by the addition of an emitter-follower coupled
transistor, which isolates the collector-base capacitance
from the selectivity circuits. Alternatively, a further



transistor. In the drawing: FIGURE 1 illustrates, partially in schematic 10
~ diagram formand partially in block diagramform.a differentia
gai'n-controlled anplifier constructed_in accordance with the principles of
t he present invention; FlIGURE 2 i || OsPrates, partially in Sthemati c di agram

1 A/ Yartially in block diagramform a second 15 enbodi nent of theg

nventiQn which _utjlizes input buffering; FIGURE 3.l ustrates
arti ANy | SRRCSERERE COB LHRHRT POPREARBVERELPR 15 PRoRRBERd iRt m a.
cascode anpai §eeondotsansisedri isacoapliedcénwchscbde #Qthpreheci pl es of tRe,

present g nv top: .and FIGURE 4 illustrates the.load,line variati whi ch
ehi eves gathbhERy i8R  rrafniosor bl BaBaiizh hrectorrasR. Bl i o H e
1, a gai n- chencel| thed e6lliectorebasel cappkitrace ofslrben ampddfydingg
anplifying Efﬁﬁéi%ﬁB%? 10 and 12. An input. signal is applied between the
base el ectrodes of the-anplifying transistors-at termnals 32 and 34, and
"the anplified output EpghBe AFawanpBéed between the col |l ector el ectrodes, of
the two 30 transistopsceRet ¢r FiNakerdeed)dpdStiaBage ibi azhkRiatiilansi stors
10 and 132 |%,suggll d by'r85|stons iZ and i , mchh are coupl ed between the -
respective BiEraletPFB aRd RATLiglly I8 Pigeksddpgramef h& emitters of -
the two anmpdiffepgntiabsgalinrFeonteotefl asplidFiklecohy tirwetedsiist or s 26dand
28. Aresis | S.C ed, he . juactian r gsi r.s..26 and 28 .
and a point£§§°$§?%§%n§£e%ogg§tFgﬁﬁgébggﬁdg% %@%dpgé§%%Fo$§€%§%§§?'zo are -

coupl ed between the rBEGUBE| deildubbratese| pertdaddyofint isechematiiioyi ng 40
diagram form and partially in block diagram form, a second
- 15 embodiment of the present invention which utilizes input
| buffering; _ _

_ FIGURE 3 illustrates partially in schematic
diagram form and partially in block diagram form, a.
cascode amplifier constructed in accordance with the
principles of Ehe'present invention; and

_ FIGURE 4 illustrates the load line variation
which achieves gain control in the amplifiers of FIGURES
1-3.

20

. Referring to FIGURE 1, a gain-controlled
25 differential amplifier is shown, including amplifying
transistors 10 and 12. An input signal is applied
between the base electrodes of the amplifying transistors
" at terminals 32 and 34, and the amplified output signal

is derived between tﬁe coliector electrodes of the two

Y

80 transistors at terminals.gs and 38. Base bias for

transistors 10 and 12 is supplied by resistors 22 and 24, = = -
which are coupled between the respective base electrodes '

. | VﬁIAS)'ﬂ_The emitters of the

two amplifying transistors are coupled together by two

and a bias voltage source (

35 resistors 26 and 28. A resistor 30 is coupled between the

junction 27 of resistors 26 and 28 and a point of reference
potential (ground). ' | .

' Load resistors 18 and 20 are coupled between the

-46 respective collector electrodes of the amplifying



- 6 - transistors 10 and 12 and a source of supply voltage (B+). The

col lector el ectrodes of transistors 10 and 12 are 5 al so coupled tothe.
base.el ectyodes of contralled resistance devices 14 and 16, respe Iy, -
The gontrotled resistance devices have~c8l Fector el ectrodes coupl :
grougd, and joined emtter electrodes. An AGC system 40 is coupled to the

oon o ua o veres b EOES , 2h APECTB, aRfh e bias S My G Gase (B .

res| stance deviescdllandoibeleytiedesdifartyansdrticrsdnD ail 12 nare
referred gnbodi hen f e,_pr nt _inventiqn an erat.e in the same

ganner as”?Sl'g%e c%ﬂﬁP%%aeagr§§§s§8ﬁ8ee§8§35§§&ﬁ%§§$i(£¥€?iiﬁﬁ]co, filed

Pat ent Appl i cax¢éshsbanter devizes0l4enndt 167 'réspectGONIRO L Ahe\MRinttdR ed

USING A CONTROLLARL o ALTERMTLNG: nCUBRENT 1BERLSTANGEerdoiA Jia o0 |

Briefly, the scribed 1 n that I cation are constr
sim | ar manner9e@uné;t apdl jripedr endittesr elegtmedass bdge AGY)isystamcsl

conprising a regi @dupieduist Akl bliNeldbhiittier it RIS d idnd
senlcondugblve material . This infrinsic region separates the P+ enmitter

regi on and an FARBEQLlIednreEistagrendsyiges anch&IRHiias igaigt cenkrekhan
the 25 diffusiourténgt b _of +81 gREl B¥viees.€ers injected into the intrinsic
region fromthe enittersgﬁ i on %n 4ﬁs%gnse,t t he 'tler-to-coh#gﬁ%or flow
‘of*gain control ling curr&ft FEPFFOHIE%FPELE LS JFGTHt bran fREe
thus acts as. daopdrdéinatyi hgaRslhisttbage and,hiigh af pasfarmed iembod et e £ 30

ow of current from

(nen one MO2e5d 54808 Sp oo LA MERA 15, VA \Shae WEEAYTEL 0"

of the da%%ce I S system

40, and | delee ceeptrelind resisshnceCdevices desexidwesbsin Subscential |y
all. of the [erglided ephtbheWapplikhe oW WusibeOfr L) 8ei Orerpl?%ﬂﬁi el -
devi ce, mﬁth'qﬁh¥T§ fﬂﬁb! DC _current flowng in the base of the device.
Thi s base curr Q i BHPHLELRR H§I@@nﬁaHd&53QHQAFQ§N§¥§ﬁ3§QﬁIQQWrents

of transistor SCURRENT RESISTANCE", (RCA 75015). ~ Briefly,
the devices described in that appliqation are constructed

in a similar ménner'aS“ve:tica1 PNP trahsistOré, with the
base regions each ggmprisihg,a region of substantially
intrinsic-(high resistivity) semiconduétiﬁe material. This
intrinsic region erarates-the P+ emitter region and an N+
‘base contact region by a disﬁance which is greater than the
diffusion length of minority carriers injected into the
intrinsic region from the emitter region in response to the

- emitter-to-collector fiow of gain controlling current I
The emitter-base junction of the device thus acts as a

- nonrectifying PIN diode to high frequency (i.e., greater
30 '

20

25

GC"® -

base junction of the device is modulated by the flow of Isc
- current from the AGC system 40, and will decrease as the
flow of'IGC currént'}ncreases. Substantially all of the

I,c current flows in' the emitter-to-collector path of the

device, with only a small D.C. current flowing in the base

of the device. This base current is insithfiCant by

comparison with the emitter currents of transistors 10

and 12, and hence will not upset the D.C. biasing of the

ampliinng transistors 10 and 12. | |

_Ih the arrangement of FIGURE 1, the collector

35

40

" than one Megahertz) signals. The resistance of the emitter-



‘and 12, and hence will not upset the D.C. biasing of the 40 anplifying
transjstors 10 and 12. In the arrangenent of FIGURE 1, the collector

| oad ' dance of each anplifying transistor conprises a resistor

(ill 4s¢Matively shown as 1000 ohns) =i'd parallel with the cohtrolled

base- eni Load  impedhacecod’ each aaplighlied renslizter gkt seda ~uJ
controll ed- reS|sganC? &ise en1ttery1 gptlons of the devices 14 and 16 are
Partd x &

ef fectivel y*FR*P Wetnatiyed oWRads; 4904 ghmed i FFHd Yecause
the joined witht ehe cbndevited bésando;emamtew:ﬁéyisaaﬁda‘dﬁ d he bal anc

lif | I I |t at thi
Tuhcti of whoankadtTencPesigrahss’ 8efite. " Tl Zorlig1atd masiShandt i | ©
~ signals. (Thesguep_mt_ter ihechdonsy oife thea dexticesbd 4b pmels I6d axer  si gnal
frequenci ese)ﬁféEEB.’vEtL r 'ﬂaPQrﬁ‘ﬁE&%ﬂ%ﬁ ay %‘i‘i‘é )io\éﬂr']é'r?g%g.slt%ncceg rent

[err] When the gain coniro var e e gain of the
anplifier, %ﬁeaﬁﬂsgoehﬁFﬁéﬁeréb?sﬂ&ﬂé@doﬁmﬂN@eG6npﬁb@emiqeﬁﬂh&aﬂtb devi ce

varies, andighgré naedaneecehtébeo&altabl shls%%an%}dpq&ﬂfexi fb%:ﬂé]]%ﬂwfia f‘g

reS|st h.and the_varying resistan haves as shown 20 in Tab
| 1o ﬁhﬁsaﬁer?onaRﬁﬁgéa i-eh well resuld @ty fhddadd@ctien MhanGai n
0.0 1npuEOGermﬂﬁals 32 and 4@0re@88ve complemddRardy push-pull 207

é§7M MInunf%?&§§s' (The ouEth O% %Re AGC f§s§§m'Fﬁ¥ 5&ﬁ 1H%N1|n

col | ect or | bypagapddinresignalt frequenedesadi on in the load |ine of each
anplifying transistorappiifier gain control is achieved by varying
15 current Ioc- When the gain control current I is varied
to change the gain of the amplifier, the base-emitter
resistance of the controlled resistance device varies, and
- the impedance of the parallel combination of the 1000 ohm
load resistor and the varying resistance behaves as shown

20 in Table I.

Table I
25 Gain Reduction Range Iscr ma. Load Impedance, 2
‘Maximum Gain 0.0 700.
-~ .03 400
.096" 300
.2 _ 207
.37 143
.59 104
30 - .85 81
Minimum Gain 1.0 73

35 The variation in collector load impedance results-in a
variation in the load line of-eaéh_amplifying transistor,
as shown in FIGURE 4. Dashed load line 214 reptesents
a 7002 load line, and dashed and éotted line 212 represents .

a 73Q load line. A nominalliooﬂ load line is represented
40



as shown in RIGURE 4. Dashed load |line 214 represents a [err] load |ine,
- .and-dashed and dotted Jine 212 represents a [err] load line. A noninal -
[efr]. load line is represented 40 8 by solid load Iine 210. The d
| i nes- ar eisuperi mposed over the charaect®ristic curves of the anplif@éﬁig'
trapsistor, 5 enclosed in bracket 200. The load line variation from 700
ohnms to 73 ohns provides approximately a 20 db range of gain control, as
t he vol t age gbynsoflitdhdcadplihg 23.0tr ambestload 4 inelsC@lret etpes inpogadduct
ofi, the collectgr.l i (L.gad i . e he
la\janplif inégffagggéfgg:g%g%%fgtgé CM&%%E %th%g a%%ﬁﬂéggﬁgyﬁﬁgﬂggéﬁ%v;ue
of gain c%t r encilpisgdt izt baaickelt! @0RE 1 Thiet Load Bdneeaniedionh£xonC,

gai n-control g4 8hins! €5 730Whms’ PRoEACapbEhaMate150 01U Bangfd

'_splitting and flow_ng througS the emtter-to-coll ector ‘paths of_ the
control | ed reSfs@iBe COBFrOda. assithee Vaditprde Baip Sfalthe 28 ldfividia
conponent of titansRs€orculs’ eallchilaved ast itieC Priodhicd ofelwdr! leddector

anplifying transistors ,10 and .12, ich is jnsignificant by conpari W th
The col | act o 168 SPBAARSH 14oa: ddgr): shel Boel Lrsnanpnagietaniin af the

bi asi ng d0 t hemplilfyfipiongransistetrer s remai ns substantially constant during
gain control. This is especially advantageous when several anplifying
stages are cascaded, since no D.C. shifts will be propagated from 30 one
stage to the next. Linear operation of the anplifier is enhanced, since
the anplifier will not vary frofits opiiBu . C. operating pointpyduring
any period of gain variation. Thgfagé'i n-conﬁngﬁ ed anplifier of Ir:t}C)BURE 1 35
. provi des enhanced signal -to-noi se perfornmance as conpared

15
- In the techniqﬁe of gain control illustrated in
FIGURE 1, it may be seen that the D.C. gain-control
current I., flows from the AGC system 40 to ground by

_ GC
splitting and flowing.th:ough the emitter—tofcollector

20 paths of the controlled resistance devices; Since only
a very small baSé current component of this D.C. current
flows to the collector electrodes of amplifying
transistors 10 and 12, which is insignificant by comparison
25 with the collector currents flowing through resistors 18
- and 20, the D.C. biasing of the amplifying transistors
remains substantially constant during gain control. This
is especially advantageous when several amplifying stagés
are cascaded, since no D.C. shifts will be propagated from
30 one stage to the pext. .Linear operation of the émplifier
is enhanced, since the amplifier will not vary from its
optimum D.C. operating point during any period of gain
variation. ' o
The gain-controlled amplifier of FIGURE 1
.. gg Pprovides enhanced signal-to-noise performance as compared
to that of a conventional emitter-degeneration gain-
controlled amplifier. As mentioned previously, signal-
to-noise performance in a gain-controlled television I.F.
amplifier is most important under strong signal'(minimum
40 gain) conditions, at.which time the signal-to-noise



to that of a conventional enitter-degeneration gain- control]ed anplifier.
As T pepti oned previously, signal- to-noise performance in a gain-controlled

telfezlsion |.F. anplifier is nost inportant under strong signal (m ni.num 40
ga ‘ohdltlons at which tinme the Slﬁnal-to noi se 9 perfornance of the
tune . F. anpllfler conbi nation is dom nated by that of the I. F -t

anpllfler A common 5 neasure of the_noise rf.ormance, of an
anplifier i SPEFREOEM3RCe oPf ¢ e kuperaficEs B?ggl %Fﬁc€°WQ§P§F&P§ &ﬁerate as

. noi se gener adémiSnaﬂedl by tNatess.the mnFerrampﬂ:ifﬁlegeneAabbﬁnoﬁodul ated
Lncreasin t.ance under
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i ncrease’ |n thslsiaeseofnthease51sbenqessasgénesanoesreslshersnpl|f|er at a

time when 5'§§Q*$E§ﬁ%9'ﬁ81ﬁér%8ﬁ QEBréslﬂnithrgngéhs Butpp Bt he

ar r angenent ector | oad resistance iIs reduced to shift
to a 15 | oneemikter @mfeat}onnmeﬁu%@teﬁga@pgﬁﬁnee'@néresﬁaﬁ§ata9nshown in

Table I. Thusg f@@@éeét15_9nﬂnéreaatngoaﬁlitteﬁsregmetaﬁbe ahab&es%mh@f ier is
reduced y deprégf éhe coIIec# reS|s t heref qre

oa
r educesPhe FY %ftﬂﬁsfeg %?QnEEQQFthE uFB&P 8# FH@ RRLAETEr - 20
In this nannﬁhlssi@mwéase ini ses petanceniinerehsebetheFnodspl gekneraters

i nproved at t gpa e 0 e

it oal s et s Hor FLORCLLBR RREA"S; B PEIEACE 8T RTES R
const ant, th:esamtfc;rh'gwahnsuBubrsnlchanarzangemean p& PIGURE| dsed to
establ i sh th@hé“é%if@b£é¥9foﬂé 9@#EsEQHEéoisaBQdﬁbgaanhéﬁékhnﬁo

charactﬁélstlcs of the amplifier. Fromequation (1), IS seen that gain
is afu tudhm6$rgva#m¢ckoeﬂ ?yrﬁnﬁgraSFﬁﬁéglﬁﬁgﬁP cGPP@éFéPnéurﬁént 30

shown in Table I. Thus, under strong signal condltlons,
the gain of the amplifier is reduced by decreasing the
- collector load re51stance,-wh1ch therefore reduces the
noise generating resistance at the oufput of the amplifier.
20  1n this manner, signal-to-noise pérformance of the I.F.
amplifier is improved at a time when I.F. signal-to-noise.
performance becomes most critical. - o
Since the D.C. biasing of the amplifier remains
substantially constant, the amplifying transistors 10 and
26 12 can be D.C. biased to establish'the-desired range of
‘gain control and signal handling characteristics of the
- amplifier. From equation (1), it is seen that gain is a
function of I’ which in turn is a function of collector

currents:
30

9, = F— == 1Ll o (2)

35
where |Icl denotes the magnitude of the quiescent collector
current. By choosing the resistors of the arrangement of
FIGURE 1 to have appropriate values, quiescent collector -

current, and hence the desired g, may be selected.
40 -



g ' (2) [err] 35 where [err] denotes the nagnltude of the

qui gscent’ col l.ector current. By choosing the resistors of the arrangenent
of 'FLGURE 1 to have.appropriate val ues, qui escent collector c t, and -
hence t he ﬂeS|red ferr] may be selected 10 -10- Signal h ng .

capg b|I|ty Is*also a function of D.C. biasing. The anplifying Transistors
10 arid 12-are 5 capable of |inear operation for input signal levels up to
approximately 13 mlli chigna]amﬂridan.mg:rmbiﬂeity bbscalse-a&nfunetion of

junctions. B ef cti pffﬁ t € 8 er
’ Jre ‘St ors 26ya'1-'$13f d&’it%ﬁlf I|- VO ﬁ@a tt'lgz‘hfé)Jfgfd(?can daelzl((?elndgg’d;'r:é
-dynami ¢ enﬁtté?amlﬁﬁfslmﬁﬁf qmera#mmeferrpimmyt rignahslevels we §°

function of D ﬁﬂixﬁéﬁfeﬁk’ﬁ?ﬁhll’ﬁfdiwi PPl fed it fosd I Oe PPBRXb LB el y
. 70 ohns (including contact resjstance one-hal f n1|j|aqggres of emtter

current, to apftGIHERSH yJ B RRS at er"e%r%‘f‘lq-l Pasgpemitter
arrpl i fy| ng tr oidsing drsd b&rsé:miniﬁe:ﬁrrﬁriéﬁﬁs cm ram m apipt ©x1 Il yione

[ t th I
Tppl i ed to teriRiaicdAtt el R e SRR o0 A ar ARl B e
emtter ri@i stmsnsa:a(mez@ Smc@na axapiol Eyvbmy at:yaﬂ@lstwmtlsugnal is
appl i ed bet weed, &,Trigrpaé anced ahy i??tef' %f:?&%'%ﬁ rféfségéﬁ%%g and 28 |

is at the center uration, resu in a si hul | at
this point. WETPHARRrovimateky o’ 4iQ |<Jsmghaq11rgqoﬁemt%tn¥esscﬁeamﬁeht

signal is e”%'d&?é-)hﬁf’ﬁ@fﬁl?&ﬁé@ﬁeéa&b SrittéAnSust&nt ] ex@nd the emtter
" resistors 26 or 28, J||UStrﬁg5 sho as 40, ohps In this exanple, re

i's approxi mat SHRPEAKHIHES s i drarae Tiliigapeses.  1f the
15

amplifying transistor is biased for an emitter current of
approx1mate1y one milliampere, re has a value of
approximately 40 ohms, and the input signal applied to
terminal 32 (or 34) is dropped across this reéistance and
the emitter resistor 26 (or 28). Since a complementary
20  input signal is applied between terminals 32 and 34, the
junction 27 of resistors 26 and 28 is at the center of a
balanced configuration, resulting in a signal null at this
point. With point 27 being a virtual signal ground point,
- the input signal is effectively dropped across each
25 transistor Ty and the emitter resistors 26 or 28,
illustratively shown as 40 ohms. In this example, Ty is
approximately 40 ohms, and will handle 13 millivolts
. of input signal; hence, an additional 13 millivolts of
- signal will be dropped across the 40 ohm resistors 26 or
80 28. The amplifier is therefore capable of distortionless
operation for input signals at each input terminal of up
to 26 millivolts. By biasing the transistors 10 and 12
for different ratios of ré to emitter resistance, this
capability may. be extended or decreased as desired.
In the arrangement of FIGURE 1, the collector-
base capacitance of the amplifying transistors 10 and 12

36

can degrade the performance of the amplifier when used
as an I.F. amplifying stage in a television receiver.

Feedback due to this capacitance can reduce the gain of
40 : -



‘of input signal; hence, an additional 13 mllivolts. of signal w.ll be
"'io across the 40 ohmresistors 26 or 30 28. The anplifier is’

¥l/ore capabl e of distortionless operation for |nput signal s at each
in-a"tqrn1nal of .up to 26 mllivol ts11By biasing the transistors 10 and 12
for different. ratios of re to emitter resistance, this capability my bgg
ext ended or decreased as desired. In the arrangenent of FI.GURE 1, the

"~ col l ector- hheeaﬂ@ﬂd(fh.b&ncen@‘ ﬁhlwmmﬂg:fng Hgngedamies tatf sthikd :mph&Z can

d d h f
Cagoin b FAESSELARICEAR dotimUTiig et SEl % iy et 1 r
the gai ® of whdch areltouplled &eplticriminalasnd2 land F#hgi kn |1zi'pem:omgn-t he

i nput - el ech&g@egfcg.&wanjge?)?% S %h%&ﬁ% %@ q._q{é \eémf géses whi ch are

coupled to termnals arran e RE 2, these

effects of FRPACHRECLORIBaFeEH i PRtk ad% %%ﬂkeﬁ?a%%cﬁﬁ% i onal
features ar pra@e.aeaaed c@ﬁm%eﬁtssdﬁ ﬁe@ﬁ 22§&' #He s function
nuner a

2" rangoment TBRCERERAS ERRRR) Ay RAGUNE, s BT £ enenif 1

FELERENR fered at

their Bfse nometallsy emitter-foll ower coupled transistors 50 and 52. -
Term nal 32 and bi as or %% u t ransi st or
50, the emtter of vvh|& L':?ltse cou ?ﬁe%%t %eéa%gtségj@%t glﬂf(};ﬁﬁ) and a
resistor 54trwsn=sﬁ@r5340amdbulés axes ibiffiered ate témrn dnse inpuatmse of -

transistor By emieter-ltbaloe led QUG ddrd v hane o, treashaier 12
and to a reélstor ggaﬁhReS|stors and 56 20 _ are j.oi ned together and are

coupl ed to drodRd ERBLSHRE 1290 ARP SquRdied Jo dde 'Fﬁ"e's%rﬁﬁ ters of
transi sfor stt@naigtd2 50¢ the emitter of which is coupled to the

base of transistor 10 and a resistor 54. Terminal 34 and

bias resistor 24 are coupled to the base of transistor
52, the emitter of which is coupled to the base of
 transistor 12 and to a resistor 56. Resistors 54 and 56
29 are joined togethér and are coupled to ground at their
junction by a resistor 58. |
The emitters of translstors 10 and 12 are
joined together by the parallel combination 60 of a
resistor 62 and a peaking capacitor 64, and by the series
26 combination of resistors 66 and 67. The junction of
resistors 66 and 67 is coupled to ground by the parallel
combination of a pinch resistor 68 and a resistor 69.
The collectors of transistors 50 and 52 are
coupled together, and receive.supply voltage from a bias
30 supply 70. The bias supply 70 also provides supply
voltage for collector load resistors 18 and 20. | -
The effects of the collector-base capacitance
- of transistors 10 and 12 are present at the bases of these
transistors.  However, these effects are buffered from
85 the input terminals 32 and 34 by the emitter-follower
coupled transistors 50 and 52. The input impedance at
the bases of transistors 50 and 52 remains substantially
constant because the changing effect of the collector-base

éapacitance.of transistors 10 and 12 during gain variation



Joined together by the parallel conbination 60 of a resistor 62 and a :
peaking'capacitdr 64, and by the series 25 conbination of resisto(s 66" and
' 67.. : The junction of resistors 66 and 67 is coupled to ground bySTR
'-pararlel ombi nation of a pinch resi Sto¥2 68 and a resistor 69. '

‘ cofTectors of -transistors 50 and 52 are coupl ed together and recei ve

supply vol ta 3 Y., 7 | so provides
© supply voltag%1€£¥gé§%“é§¥)&H¥£§?$e%¥s€%rsg§§a §§Zgﬁg hé %%fgcts of the
. col l ector- bamemCe Tietrespective jonghions afethecemvitttars he
bases of 4 he tézaé}%%%;s% SHENE 52! bEaceRL! BakasAbe Rybheiedoiond he

I nput termnals 32 an he emtter-foll ower coup transistors 50
and 52. The iasht: 3rﬁfﬁ%ﬂa*ﬁeaiatatﬁéx%@s’éscofbﬁ-ﬁﬁnéﬁgﬁér ?YSUJ-&'M%? £ &8 ns

substanti al | yegritid©§8n bggab@gstf@sgggaggngwf sschngf 58he col I ect or - base.

t f-t 10 d 1l t,
e L ot o< cFoali Gam | FEORARgE br Eied amigtet

transistors. 1ﬁ5§ﬂancemforVR.¢un§igﬁaxsoappmﬁedntbtehe Empahfyhanﬁlstors 50
and 52 3ﬂ€ Qh base of tran ors_10 and é na Al at ed D. C. bias
Level by Wirt a%ﬁlﬁ %F%bﬁﬂ% ° ofOBPERSE ?Fs 8Fs bg e éeg d The

conbi nati on @&ﬁﬁenantﬁresisumﬁ eaiuesrframedancaltotoAc@rcmuyuﬂe applied

to the anplifyy ?{égﬂf 48" £2 QP? ?£§9eﬁ°§8e ﬁ%teﬁakhre&ﬁﬁfgﬁgﬁgﬁi

differing reS|stor va romcircul urt ransi stors
are biased s&d iRfi arpreximtels 20 ehmst afpeoprialdey gomdimatioms0,

paral | el CO”’QHE’IQ Oéh@%o bt h@afﬁ&ﬁ’oﬂﬂ!hs‘téhﬁi%e'lkl Wikl ¥ IRIGUR@wn i n
FIGURE 15 2, has an I npedance. of approximately_ 120 _ohns at the _ usual NTSC

| F. frelRien@redasiin o’ﬂ‘?t%‘?%‘l‘?e 5ot Miﬁyr°§i'-ﬁé€etlﬁe 139 QIhI“\?I abo i A5 60
i's coupled batpaen jIe Eréqhdiidies (approximately 50 MHz). Since the

. parallel combination 60 is coupled between the emitters
of the balauced amplifier, a virtual'eignal null is
effected at the center of the 1mpedance, cau51ng each

20 _ampllfylng tran51stor to effectlvely have a 60 ohm

' 1mpedance between the transistor emitter and signal ground.

Thus, each ampllfylng transistor can handle a 50 millivolt
. input signal without distortion, since 13 millivolts will
~ drop across the 20 ohm Tye and 39 millivolts will drop

25 across the 60 ohm emitter impedance.

' " When the circuit of FIGURE 2 is manufactured in
quantity in integrated circuit form, the ratios of the _
resistor values of the circuit will tend to remain. constant,

- but the absolute values of the respective resistors may

~ 30  vary from circuit to circuit. These variations will have
little effect on the calculated result of the gain
equation (1), since increases in the values of load
re31stors 18 and 20. w111 increase ZL’ but will also
reduce collector current, which will reduce g,s as seen
in eguation (2). Thus, changes in I and ZL w1ll tend to
offset each other. '

36

However, in order to minimize the power
dissipation in the ampllfler,,the amplifier is

- conventionally operated at the knee of. the upper end of
40 ' Co



of the balanced anpllfler a virtual signal null i's effected at the center

-of~t edance, causinhg each *20 anplifying transistor to effectlvely
"~ have -ohm i npedance between the transistor emtter and:signal ground.

Thus, “€adh anplifying transistor can-hdiddl=e a 50 millivolt input signal
wi thout distortion, since 13 mllivolts will drop across the 20 6hmre,

39 mllivolt 25 across t.he 60 _ohm ter nce. \Wen the
~circuit of FI%&@nglrfqlufp A JE4NF 85 h cd’tfe‘l'rﬁ ﬁint]q %%f’a?a%d circuit
form the raflnoreafseshdn ddies imasisticre vadfuashdrcithriiamplifierrhave '

) S
" orel NO0NSt ABloerd ol A Sahi YAl Ui eidic PSAROL Iy TS s R 30

varyfro cilrcult to circult lations wl ittle ct on
the cal cul at fFequencies, Casgad eqrdutiiquef anmauehatadddiinthe

val ues of lo%ﬁ!p'l@.%‘l%tzorg%llﬁ aaﬁ%l ay |frdqieRaises - ,Tﬁwteﬂéét &0 L reduce
col l ector .current, Q if QF% as seen 35 in e tJ n 2

Thus, change§aPﬁ°[1§PF] nd's[é:r°r]Pe\ﬁ the: RESRERGS QfF HiRf ’l(—fo%@ver,
in order to riftlsl mﬂﬂaneqwmert:ﬂigswmjue;myh,n whigckan i thiss | e:tdr@]%rpiﬁLer
is conventio oper.. e t.he er_ e t he
('t equendp verd. sl s I, Be vt SEReRi e s et i d s or

val ues in thgpasrgdiculiagr J.Imnatehﬂemn‘mfd tthe:alme healam)lcpf itheto roll

of f at |ower figgyenci eéH%c f
anplifier gaf% g% S|gﬁ§f requenmegr e r%i% capaC|tor é%bls to peak -
t he response igpedgacenef Camacitan §4nomhﬁé-‘rh d}%?ﬁatI}Qfg ghangRncy, which in

this exanpl egiigni®icahtlga. THe iigndl EnmidtdrSindddanded Sof NEFgesed in a

articular integrated circuit he 1 ar
P 15 sistors 10 and 12 t us re

PAEEN

rr%.elr}/ a:‘ll.riJ F O;.aa.rhl.y narrow range,
thereby preventing any sizeable reduction of the emitter
degeneration of the amplifier from circuit to circuit.
Maintenance of the desired amount of emitter degeneration
thus prevents significant decreases in ampllfler gain

20 from clrcult to circuit. _

The effect of the pinch resietor 68 is to
compensate for beta (B) changes in the amplifier
transistors from circuit to circuit. If the 8's of the
-circuit transistors are lower than desired in a _

25 particular integrated circuit, the base currents of the
transistors will increase.' In the case of transistore '
50 and 52, the increasing base current will cause a larger
than desired voltage drop across resistors 22 and 24 and
hence lower base bias levels. The effect of the lower

30 bias levels is to decrease the quiescent current
conaucted by transistors 10 and 12, resulting in an .
increase in the D.C. voltage levels at output terminals
36 and 38. jWhen several stages are cascaded for increased

. amplification and gain control, the effects of these

35 output voltage increases will upset the biasing of
succeeding amplifier stages. However, pinch resistor 68
compensates_fer these B differences, since its resistance
varies as a function of the 8 of the transistors of the

circuit. If the B of a particular circuit is low so as to
40 |



resistor is- don1nated by the relatively snaller reactive inpedance of .
capacitor 64,: whi ch does not change significantly. The signal emt C
i npedances of tran-+ 15 sistors 10.and 12 thus renain in a fairly 4é§;om/'

- range, thgreby preventing any sizeable pgduction of .the emtter
degenperation of the anplifier fromcircuit to circuit. Mintenance of the
desired anount of emtter degeneration thus prevents significant decreases

in anplifier gause2fhef &APLEEYEHG! tEaNSiEEHEE. taheoﬁaﬁeetaoaebheaaeach
si;stor 68 is_to f ensat e eta
r

7.t§§ﬁ5|stors f PPARE i PUEEeR !cﬁg?.vaiFétﬂgagﬂg 8%“? r8FE§ﬁPF Vﬁé&sistors

are Iower5thaaldesbeeﬁown wh28h pacreasear thet egrzestl €lowuthrougb base
currents of t o] | y4Nne e rs 50
and 52, the | SErRERBRLELOLD b 127CERBRELY, bELRECIASP e B-THBLSEY
-voltage dr op, de¢s8aseesi nokBigomannerd khe hensengoqértbasémpﬂailegvels

The effect . Ofléhgtéﬁmfizéa ?hﬁﬁsteﬁehifférEHcggcre@ﬁ@ hBRiddhevase
current conduc transisfors 12, resulting in.an increase in the

D.C. vol tage P%v@+§gﬁtr8§tﬁﬁ?rtéPniﬁaF§°58naﬁ8 §hat %ﬁenl§e9€PQPn§F&&€s are

cascaded 1Dor wﬂEHEﬁﬁédpaﬁﬁllélCﬁésQBtéﬁdGQalWlimnbtebldéhthéfh@ﬁhhaﬂf t hese
35 - out put voétgge Lncre e b|a3|ng oé suc ing amplifier
¥ nad

: ANER
st ages. Howev 5?ﬂcﬁmf§§g§t§$agéggz En RER8LIRLP e?B d ferences,

srnce_ite_resistance vaThesoperationcbfonhefbamanBeobfthhetaamangbmeatof ¢
- the circuit. fFiEﬁ?ﬁ 9f1§ BQQEhEH% CLhgUL h E% ﬁ%shglﬁgd i

--14 - cause ? fransis {0 con ecrease amount.
current, the VgnménﬁthhewéthcﬁIGEBEsﬁ@r will 5 also be | ow, which.

“increasedsthe current fhﬁ“hlbé?ﬂﬂhetéﬁﬁéaiheh% WHiehdrdduckbetaly
| offsettlng thekggﬁilndg collector~base capacitance is shown in FIGURE

3, 1n_wh1ch components functioning the same as.those of
FIGURE 2 bear the same reference numerals. The arrangement
of FIGURE 3 includes cascoded outputs, hav1ng trans1stors
'82 and 84 with emltter electrodes coupled to the collectors
of translstors 10 and 12, respectively. The collector

of transistor 82 is coqpled to the base of controlled
resistance device 14 and resistor 18 and the collector of.
. transistor 84 is'couoled'to the base of controlled
resistance device 16 and resistor 20. The bases of
transistors 82 and 84 are connected together, and are
bypassed for 51gnal frequencies by a capacitor 88. A
voltage divider, including serlally—couoled-re51stors 86
and 87, is coupled between bias supply 70 and ground,

20

25

30 ang provides base blas for transistors 82 and 84 at the

junctlon of the two resistors.

In the cascode conflguratlon of FIGURE 3,
tran31stors 10 and 12 operate as current sources for the
emitters of tran51stors 82 and 84.' Signal voltage galn

& is provided by the upper cascode transistors 82 and 84,
end the signal levels at the collectors of trahsistors 10
and 12 are small and essentially constant. Since the
signal levels at the collectors of transistors.lo.and 12

40 are essentially constant, no changing signal voltages are



decwggéf. In this manner, the bi asing of the anplifier is stabilized

. agai [ERR]'differences The nom nal val ue of pinch reS|stor 68 i s ‘chosen
- sot it, in conbination 10 with the parallel resistor 69, wllI provlde

t he non1ha| desired enitter biasing Tok2tTansistors 10 and 12. The
operation. of -the.bal ance of the arrangement of FIGURE 2 is essenfially thef
same as that_described in conjunction wth

| An
alternate erfRfikAask @%ﬁ‘%hth%o?@e%e??%r%f'f%c?geﬁaﬁﬁ?I%Etfﬂ"aﬁﬁéﬁtors N
capaci tance i éKEWIEJrwﬁiéiﬁﬁbéhsIﬂh&blﬁhecﬂﬁp@ﬂeﬂmpeaancesoatng the sa
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emtter el ecthedsmgoupf egainm ¢drtroll ecHowever,tthexesvadld be and 12,
respectivelyy, f;$%36§”%§¥1£%1§§_téf”ﬁﬁét élﬁgigérggaphgge Eaﬁaeﬁse of

controlled re ance devicé and resis ector of .
transi stor Sth¥eughuthedceblestorzbasefcepacibaneas20f tE3nsigkessdevi ce 16

and reS'StorSQthdT@E baeeé Qin&éaEEéSbaéés88faeéa§é1§tereoaneahad84

together and are b ed for sign frequencies by a,capagjitor 88. A
vol t agelfi vidfes by nB°s%¥?%¥&y995uﬁFaﬁaEegFggﬂggcéﬁsan%h is coupled -

bet ween bi anéémﬁ&dk A1 BD0ngt cafflecB80thandignali levehasatbiche beses

Lransi stors S o S4nale LS LNGLLAD: OLaL0oe 800085 ! Shf nbllcke cascode

conflguratl&ﬂu%f sIstors dte as current sources -
for the em twikl méttaffiecttbhe SQPHhdlmmedsngﬁapfv§h?agepééﬁﬂ935 i S

provi ded by f0e y@p ?ﬁcéaéfoﬁ'ﬁe éﬁgiifiefssoﬁzﬂéﬁiﬁ‘la egershessuanal level s

at the collectors transi stor 0 and 12 are snall and sentiglly
const ant® Sﬂﬁ%@llﬁe -magRer tevkhe ﬁ?rﬁﬂﬁeEGPFﬁcPSrgIﬁpRpﬁa sB8Fos 10 and

12 are essential | y' conphanémbs@ifmbaesi BHowhomay Wdkbapesopezated as
' modulators. For modulator operatlon, the AGC system 40
which supplies control current IGC is replaced by an
_ amplifier which supplies a modulated current Igc' which
20 is representative of a modulating information signal.
The resistance of the controlled resistance devices 14 and
16 is then varied as a function of this modulated current,
which varies the gain of the amplifying transistors 10
and 12 (or the cascode-coupled transistors 10, 82 and
25 12, 84) as a function of the lnformatlon of the modulated
circuit. A carrier 51gna1 is applied between input
terminals 32 and 34, thereby producing a carrier which
is amplitude-modulated by the information of the modulatéd__
current between the output terminals 36 and 38.
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1 ' ' - 15 fed back fromthe collectors to the
bases of tranS|stors 10 and 12, which nmeans that the input inpedances at 5
term-nals 32 and 34 are substantlally constant throughout the r f gain
confrol . ‘However;:there wil'l be effective variations of the

coFTector t o- base feedback through the col | ector-base capacitanc€s of
'traﬁ5|stors 82 and 84. But since thellsases of transistors 82 and 84 10 " are
bypassed to ground for signal frequencies, this feedback will not affect
t:he signal 1l egbAZMa8t the bases and the emtters of transistors 82 and 84,
1éhd’hence will not affect the input inpedance of the anplifier. The bal ance
of the anplifier of FLGURE. 3 gp@napogtmnléeﬂsamnhmﬂuﬁrrnnmnrlsznqhe
“arrangenents of Fl GURES.} angideyIRg oI hauy b éoei)@cefséét ed

~as nodul ators. For nodul at or “operation, e AGC syst I es

I ch su
control currefPup&edi §or EBFENE BRPRY é#ﬂﬁaﬁser%MQQQi%ﬁRﬂﬂl%%ﬁ%Fﬁﬁgﬁlated

current [e?r] atWh€Bh2Butbat’ BREAIAR! AlreV AeRfivedDAH@IdMNGn IE0EFRL i ON
signal. The res |stan§e of ‘the control l ed resistance devices 14 and 16 is

then varied a§+8°FAREI on of .this nodul ated current, which varies the gain
of the anplifying transmehass teu@ﬂédlzo(cmﬁdubasagunh&l&nmbﬁd amansi stors

0. 82 and 25enleceBeLigned UICHLn il 1LY MBILON ot he modul ated

circuit. A cafrier signa d “béts ut-terninals’ 32 and 34,
t.hereby producing-a carﬁléPUWHﬁcﬁflQaampmannghnﬁnnnﬂaittgmdhe i nf or mati on

of the nmodfl at ed cur [ eNieBELIBEY g 0¥ pdle ldliidde Lotk dBio sata
CLAI V5. ain-control l.ed anpl’i fier conprising fying

transi st or haGPgéeﬁtBESE’%Fé@FFG&éeCGGpﬁQ}q(?Wﬁﬁﬁ%ﬁﬁ?q %l@%ﬁPs a

col | ector el eebhadetabnwipath: Q’Uhl@lldeIt@n&laidirt& dﬁ:m/e;cbnwwu an: epattent
el ectrode; "source,wherein the current conducted by said first
electrode is substantially less than the current of said
‘15 pain conduction path, which: control - a load impedance
of said transietori theumagnitude of said impedance being

a function of the magnitude of'said.gain control current.

2. A gain-controlled amplifier comprising:
20 | an—amplifying transistor having a base
electrode coupled to an inbut terminal, a coilector
electrcde coupled to an cucput terminal, and an emitter
electrode; '
means coupled to said base, collector and
25 emitter electrodes, for applying bias voltages -to said
electrodes;
a source of gain controlllng current; and
means, having a first electrode coupled to .
30 said:collector electrode, a second electrode coupled. to
< a point -of refeérence potent1al and a third electrode
- coupled to said source of gain controlllng current, and '
reponsive to said gain controlling current for developing
a resistance between said fi;st'and third electrodeswhich is

a function of the magnitude'cf seid gain controlling

35

, current wherein euhbtantially all of said gain controlling
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means, ° coupl ed to said base, collector, and emitter el ectrodes for biasing

said transistor; a source of gain control current; and 10 . ‘means
_haance§§\| rst electrode coupled to salﬂ7collector el ect roede of said,
t r ansy and “a. mai n conduction path coupled to said to gain control -

Q
curre‘iigource wherein the current conducted by said first electifode is <.
> .. . . ’ v . St
substantially | ess than the_current of said main conduction path, which

contr ol a load inpedance of said transistor, them nagnitude of said
i npedance being a function of the-magnitude of said gain control current.
2. A gain- QDn&inﬂ*énQdeﬁB' bdtwRbn TR 55iirke: argl point of refera ceanpl I Tying

t t h t ut_ 1

or lactor el SePehEdE Enebigh' he BaNR, 3%&?1%&%2#&9 S Fe558 et thira

el ectrode; nsthCtnudeedofoscaddVBasebleorbscsaanaedmeansn1Eﬂn& el ectrodes,
f I t t I

Cor rant: ) apg SUBScARLIA0E) h6pstof B3l B4E° col BIIRLS AR E A | M
el ectrode, 5 a Bheew@h cthetpath betpeen said §erﬁtt 6ndr &hdxrén el qshinndesal |

and a third e&pcggg@evarggypéegeggsgahgeSQEQQQ of gain controlling current,
and reponsive to said gain controlling current for developing 35 a

resi stance between said first and third el ectrodes which is a function of
the magnitude of said gain controlling current wherein substantially all of

said gain controlling curgent £l ows urce and_sai d_-poi nt 2
of reference potenti al %hrouéh ?R&™path Egﬁﬁggnaggid%ggfdﬁﬁlﬁnﬁf i #d

el ect r odedOofwherelivathebpathesfsganvecopamelling. csurrenintiisaldupgtare- of

said- ga'n(xntiéil}nﬂnﬁéﬁéﬁaEntl8?55a1d.b1as voltage applying means.

_ 4. A ga:.n—controlled amplifier as in Claim 2,

15 3, or 4, wherein said resistance developing means comprises
a transistor, and sa;d first electrode is a base electrode,
said second electrode is- a collector electfode, and said

. third electrode is . an emitter electrode.

20 5 ‘A éeidéconttolled differential amplifier,
_comprlslng° '_ _ - . '
flrst and second transistors, each having a base
electrode coupled to an input terminal, a collector
electrode coupled to an output terminal, and an emitter
" 25 electrode,’
Ta flrst resistance coupled between said emitter

electrodes of sa1d first and second transistors; S

first and second resistors, each of which is
) coupleddbetween a respective collector-electrode of one of .
30 said first and second transistors and a source of supply
potential; . '
. means,. coupled between said emitter electrodes
of said tran51stors and a point of reference potential,

v for b1a51ng said tran51stors,
35

0 0



5 throygh the pa'th between said first and third el ectrodes of said variable
resistance neans. 3.. -A gain-controlled amplifier as in daim2 10 ~
wher ei-n the-path of. gain controlling current is substan- tially ingdefendent
. of said bias vol tage apptying nmeans. 4. A gain-contraolled anplif{g s in
d aggsm 2, 15 3, or 4, wherein said re stance devel opi ng neans conp e
tra |stor and sald first electro s a bag ilectrod saHF second
el ectrode |sla col | ect or2 e3¥TD %?ﬂ:lnsﬁ?ﬂ FRE FUEFEN T 029 s an enmitter
electrode. 20 5. A gai fh:ﬁ@lﬂtamilsdcdndfeonﬂroiﬂ.edrrplesﬁ.lsma,nqmrﬁa‘vmeﬂg.
first and second transi stors egtr toe an
|nput terninal$ %h clb?Y%%?o?’ 5+P§€ g%‘?.‘%ggdgeggﬁglgh %tu)t %%t%'dtc%% &and an
“emtter 25 eIe@axmdegnar¢lrsurreststaneeceodpﬁéécb§9ﬂ6eﬁQﬁﬂhFQNﬁqt%ﬂ
el ectrodes 0 ;g@i:?t V&»} S ef&‘.ﬂeﬁééogétéﬁemalstaﬁa af tth&&daraciewf&&ie

‘resistors, eac fs cou bet ween a. respective col '
el ectrode of. o%uﬁe@ot%aa dr$$P§?thT‘iG selireterafiestyrse, as r@er%tf

supply potentigha sBadsa. epamt edtbetyeandsakl ibiitingr aclreadiratascef said

transi stors anda oint ¢ ef erenc tengtial, " f.or. biasi.n
transistors; ge‘iBSai& £frst “and Eg 65 Sﬁeg TRLeR YOS rho%'sis:%rfeu ction
first and secoaaﬂ ﬁhetgaihedentsottaureedtvfdew beasieema\saigl £irsstand
el ectrode coyplsddra LAt sVdss vﬂfexg@im ﬁm&fmtfﬂwnﬂl aoﬁesemd gain
el ectrode coupled to a 0i nt reference potential, and
SRR ok

el ectrode coupl€RHeL "t%lt?eefc"f"iﬁn ST2HT r IR CE §'é$ds?f‘?lsl’°éﬂa
second transi Stodr sr,efandarmdn;ibﬁgmal reataigincehe path between said

£first and secdn‘d'electrodes of -said controlled resistance
. ;ievices and suhstant:.ally none of sa1d gain control
. 15 current flows through the path between saJ.d first and
. third electrodes of said cont;‘olled resistance device.

-

6. An amplifier as in T Claim 5, .wherein said
20 first 'resistance' comprises third and fourth serially—
coupled resistors, and said biasing means includes a fifth
resistor coupled between the junction of said thlrd and
fourth res:.sto:._'s and a point of reference potential.

-
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between fald first and third el ectrodes which is a functien of the gain
controfsur.rent flow.between said firsttdnd 10 second el ectrodes. wherein
.S tan aILy gl 1, .0f. 'sdid, .gain control current flows between said source
landiEand /ol ntiat: r &t er-,em*,e g@(ﬁ@?a t'hr ough E:?t at h. bet ween 'said first-
and -second ‘el ectrodes of sai 515585 r 8| sFARIDSIR iRBs! - akiBerein g
‘substianti.all. §ah€n§16'\5-tsa§|n@ FRIPRGNCORtrabledr n'.'elh.sfl'_laiWSe tdﬂé%!&@st hge Iﬁ)fit"P
:. betweeir SaLdtfaﬁggsgaQ R r o] nt.,r ol | ed re5|stance
| eV ce. 6. An 1er5tasarrfaneé£,fa Pﬂe%t éﬁ‘iééhgﬁagallﬁ P 1 PLERESI st ance
corrprl 'Ses: th?}ﬁnagﬁadﬁauﬁﬁ%%eﬁq%&q@ E%ee‘erederesu 8t ood, leantb sakdebicadidey \J
means” inchudesdasaift khied Yiwcwonems eds bet yeen LheJyngid on of said third
and .fourth resistors and a point of reference potential. -19- 7
"Ananplifier as-in Claims 6 or 7, wherein said first and second control |l ed
.resistance devices dare transwtors -and said first electrode is an emtter
el ectrogge, said second £l e I ..elect-ro and' said
.third electrode is 4 bae(sae C’F%?%ﬁiéxgsg&' ?-8%%1‘,% Tt e*%?lf‘é?‘&ﬁ Sr E&ei ver,
includi ng an2BbeBA&LS gag‘eﬂ FeREEe bl sgytemnwiicoh dévedlaps a contiroll

current for g@ptegkl 'f'EbG: tdfisth 932 11 Dhg aEhé”&‘iE.HEg"a?% RERcY gyl i fiers an

i nt er medi at e_frequenc) Ifier. conprising first
.aiid second TF&RLPREY; §m° %av?ﬁglnﬁeEH§§léFécﬁMQﬂyqnmmIemDLafamflnmﬂ
term nal, accmbkeetmrg :ef ect ere coupl'ed to an out put ter mnal, and an %
em tterlgel ect r ode; resi stance

.coupl ed bet ween sai d. eﬁﬁﬁ 5 %ﬂp s%ﬁ%ﬁ?r%ﬁggséﬁtgﬁFd'ﬁQQH hayisgcanpase
transi st ors;eléctsodendogdmtl tesast inputetebmohadhi @ ds1tedpbed bet ween:

a respectives£oL I hedt o) S first and, second,
transistors eatfd tfgg%rce g J&)d@? An &?t;%t %‘Egm"na and an emitter
electrode; .. . ]

a flrst.reSLStance coupled between Sald emltter

.20 'electrodes of said first and second tran51stors,
fifst and second resistors, each of whlch is
coupled between a respective collector electrode of one
of said first and second transistors and a source of supoly
-potentlal,
25 means, coupled between said emitter electrodes
of said .transistors and a point of reference potential,
for biasing said transistors; and .
first and second controlled resistance éevices,
each having a first electrode ceupled to said automzatic
30 gdin contiol system, a second electrcode rounled to a
point of e;erence potential, and a third oflecitvode "
coupled. to a respeclee collec tcf electrode of said first
and second transistors, and ey nlblting & resistance | ’
25 between.said first and thira.el , Odes which is a

nctlon of the galn control current flow between seid

first and second electrodes whereln substantially all
of said gontrol current ﬁlows between said automatic
gain control s?stem an& said point of reference poten-
tial through the path between said first and second

S [ [T
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pot enti.al ; 25, . means, coupl ed between said emtter el ectrodes
of said.transistors and a point of reference potential, for biasing said
transi-stors; .and first and second controlled resi stance devices, each

having a first elettrode coupled to said automatic 30 gain oI
sys‘i&m a second el ectrode coupled to a point of reference po Pijal , and a
-thitd el ectrode coupled to a respective collector electrode 0f—=aid first

and second 'transistors, and exhibitidg a resisrace between. said first and

tiird el ectrodes which is-a unction of the gain control current flow
betWween sajid first and second el ectrodes wherejn substantially all_ of said
control c (?j]eﬁﬁtr?ﬁs%?/vé’f bﬁ*ﬁé@ﬂn%ﬁie%lﬁeﬁ_ﬁiﬁnﬁe dsﬁvﬁc%n??%lsug%%/weﬁﬂ sai d
poi nt of r eheecbE esxid etntriol aturrend Wflows erpadth the tosth oemiedn fdaigt and
second --20-_.1 rodes of ‘sai d.control | ed.resist.apce devices, and
subst ant i al %/rsr?o'ﬁ% g-'?’ti]s"%ie eggrn?éreg | BUSPER 'FB‘\’?\lrsl“t"h?eﬁdaﬁaqcﬁegﬁ‘éﬁcﬁsbet ween
sai-d first and third el ectrodes of -said controlled-resistance devices. 9..
An amplifi®r as in C.aim8, wherein said biasing nmeans conprises third and

fourth resistors seria)y AoURmed ilFalareqry S @180 %&r:gg.]%gdﬁgdggi@f sai d

first and second transistors, and a fifth resistor pl e et ween t he.
junction of P3aPYNEhPRARENFOFBELSES ddtidich Aand FPuWr thoiFRSIFEI%S er ence

potential . 48riafiy aoRbilbidebetwddh @aidNhi e ileaichdd st @agdasecond
control l-ed pesi tanée devi egear.e. fransi storqs, 3nd aid first electrode is
an enitter ofbttrBlE, SEFPFSEMMFEH T oS & £ daHrs¥Rctrode, and

sai d thirg,ebepleddbeitweanhate ghenttriede oP2Galill .thiAmd am ifowrtlas in Claim
8, further £oupLigk09ahi 50 310 Y¥F Lk A A S Ll n B

| 10 . An -amplifier as in ¢laim 9, wherein said

15 first and second corntrolled resistance devices are
transistors, and said first electrode is an emitter
electrode, said‘seCOnd eleétrede-is a collector electrode,

and said third electrode is a base electrode.

20 : _
11', An amplifier as in CLaim-8, -

further comprising=third and fourth transistors, each
- having a base: electrode coupied to one of said input
terminals, an emitter electrode coupled to respective -
o5 base electrodes of said first and second transistors, and
| a collector electrode .coupled to a source of_ s'upply
potential.

30 o : S

.12, An amplifier as in any of Claims 5-11 , further
comprising a capacitor coupled in parallel with said first
resistance. '
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- having a base el ectrode coupl ed to one of said i nput t ef mi nal s, an.emtter

e rode, coupl ed to respective 25base el ectrodes of- said first®and second
t ystors, and a collector el ectrode upled to a source, of .supply-

Py fal. 30 12 . An anplifier as in-any of Clainms 5-11 , further - a§
conprising ‘a capacito \:S

scoupl ed | el _with_said.first raesijgtance. °
21 - 13.  An anplifidP-as Hﬁ‘q %ﬁgﬁ%ﬁ% %Fmsé:-iagf g?t Fé?’lg'(?r'rprli%gi"ng third
and fourth tréanstismnrecommaisinhg thvrdgaadcHbhethotrhnsdgitbics!, paich coupl e&
bet ween rgspect.jve_ col eleckr ' ' ng _secaond .
transistors E’na l'sna'?aar%gg%%%ﬁg\;ﬁgét%ﬁﬁ?%’%nﬁggﬁs;gg%eg ggsggﬁnect rode
coupl ed to revmipective acolbectge ahdcbypdesedif snid €irsitgaaids sesaind fir st
and second 10.04esi SLOLS D5l "9a£R'PLEHDLE VB BuEBARCERIHEAANGS Ghad d
output ternminals and sal d_source.of supply pofential, and said third
el ectrodes ofPasg PeFE¥odRCABRIRE EBNFREPLER RebidfalNedtas® @84 being

coupl ed to resgerddad wuesaoa&.saignamhpukamr fip8tSandSsecond 14. An

anplifiefgsubstantially as hereinbefore described with reference ta Fig 1,
Fig 2, or Fi § FHitaHe RetBipaniP 8ddf”5’ﬂ'ﬁ§§. TRRBEEEI SO PIEFe O3p &G cat i on
has been reprehmer termimabsopydngatiiesapptecafit suppilyi pattemtiederignd It
my contain aJey AIEAINEILSPOach BECsdib! BkLe! Onke@leona N8 dNAY
typescript contarning these anendnents may be I nspected on the prenises of

t he Patent Ofesistance devices being coupled to respective ones of

said output terminals.

15 14. An amplifier -substantially as hereinbefore
' described with reference to Fig 1, Fig 2, or Fig 3 of the
accompanyiﬁg drawings- :

The text of the specificsticn has been Teproduced by photocopying the applicants original
typescTipt. It may contain a fev anendments which are difficult to resd, The original
typescript containing these amendments masy be inspected om the premises ol the Pasent Office
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