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R
V|rtUMI)5ru)§f%&%$%%Y ﬁﬁ?ﬁéaaﬁﬁdfﬁPF@nqﬁ?t%ﬂ?ql%ﬁﬂégﬁﬁﬁ?4H?&f?¥i 5
signal just pfFo(ihPetrh&dfgtectirequencly’) SWPLIiHESAS, stdie nof s r@atdi ng the
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2 immediately follows the final IF amplifier stage on a
common silicon chip. Thus, there is virtually no
practical method of filtering the final amplified IF
15 signal just prior to its detection. In such cases,
the noise reaching the detector from the final IF
amplifier is relatively broadband noise, and the S/N
ratio of the overall system is thus degraded by_an amount
- proportional to the ratio of final stage amplifier
20 bandwidth to the channel (or system) IF bandwidth.
' Especially where small signal levels are involved,
this degradation in S/N may be critical.
One prior art solution is to place a large
amount of the required overall gain ahead of the final
25 . integrated circuit amplifier (where it can still be
passed through a relatively narrow band discrete
frequency filter). This improves the




signal -to-noise rati ¢ by increasing the%signal, not by reducing -the noise.
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desitable td reduCe the final I F stage of integrated circuit
bandwi dt hagte la@w;si gnal | evel s where noi se considerations are nost .
I nportant. Since inductors and very |arge capacitors are very difficult to
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(F U.S. Patent 3,217,257 - Boétwright (Nov. 1965)

U.S. Patent 2,969,459 - Hern (Jan. 1961)

15 In general, such prior art has relied on active feedback
control loops to achieve variable channel bandwidth éontrol for
seiected_ci:cuit areas. For example, the three above-cited
paténts all utilize this.technique,

Any reduction in the final IF amplifier bandwidth_wiil

20 result in an improved S/N figure and thus reduce the-amoun£ of IF

gain require& ahead of the final IF amplifier. This is a

desirable result (insofar 5$_S/N alone is concerhed) because it

aliows the IF gain and filtering éo-be concentrated, reduces the
nuﬁber of circuits'requirgd, and thus the size and cost of the

25_ receiver. _ _

It is thereforg highly desirable to reduce the final IF
stage of integrated circuit amplifier bandwidth at low signal
levels whére noise considerations are most important. Since
inducﬁdré'and very larée capacitqré are very difficult to realize

30 in integrated circuit form, simple resistance/capacitance (R/C)
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"igﬁgi3§?gr1gﬁ#%?5i%9ﬁgi signal- | evel s, but distortion due

_ : . By _ od. ca Cit. ce of a
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' reduction technique for the final IF amplifier stage
whichfis level sensitive.
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15 . One feature of the described'cifcuit which
permits automatie adaptive signal level-sensitive
control of an IF amplifier stage (without need of an
active feedback contrel loop) is use of the well known
"Miller" effect in conjunctioh with individual cascaded

20 self;limiting'amplifier'stages. o : _

' '_The cireuit_automatically reduces the bandwidth

ef an amplifier at lower signal levels (where_noise is
of the utmost consideration). The adaptive feature
can be considered-to'increase-the IF-amplifier band-

25 width at-higher signal levels and/or to reduce such
bandwidth at lower signal levels. Noise levels are o e
of less eonsideration'at higher signal levels, but
distortion due to amplitude-to-phase conversion is
a eohsideration. Added capacitance of g3 conventional

30 bandwidth-reducing circuit wiil compound amplitudeé
to-phase conversion distortioh (owing to inherent
consequences of the ineheased cepaciténce); 'By aﬁto-

- matically operabing With reduced capacitance (at hicher
.signal-levels), the improved circuit'can reduce this
35 amplitude-to-phase-cohverSIon problem as it simultan-

' eously solyes the S/N'problem'for lower signal levels.



t o- phase conversion distortion (owing to inherent consequences of the

i ncreased capacitance). By auto- matically operating with reduced

capaci tance (at” higher signal levels), the inproved circuit can reduce
35 anplitude-to-phase conversion problenlms it simultan- eously solves
the S/ N~groblem for |ower si e cascaded
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behavi or resul t syofBeqEpat158RIbl. Ve stage for anplitude nodul a- tionC(AM

to phase nodul ati on (PM_conversi.on distor- tion in an_FMreceiver

the Iast noh9linited IF%ﬁeﬁﬁﬁ?@ﬁﬁ%ﬁﬁm§9t’?ﬁ%@%c@%ﬁgﬂédFBr@Es%nGSSFaEFQ
output voltage sginghit aBplefiewst hithi Fosietldp™ capacitance, much

silicon area will be consumed unless capacitance
&;‘7 : | multiplication is employed. If the "Miller" effect
is exploited, not only is the total capacitance
15 requirement reduced, but if the gain stage employed
is a limiting stage *hec necessary adaptive behavior
results. _ . _

' - The most sensitive stage for amplitude'modula-

tion. (AM) to phase modulation. (PM) conversion distor-
20 tion in an FM receiver is the last non-limited IF
stage‘(becauée it produces the largest variable
output voltage swing). Since, with this eircuit,
the last stage(s) have reduced input capacitance at
higher signal levels, the slew rate limitation is impr-
_ 25 oved and the degree of amplitude-to-phase conversion
~ ' distortion is minimized. '

' In this way an adaptlve bandw1dth is achieved
with simplicity and with minlmum 31llcon (or other
semi-conductor) real estate.

30 The illustrated circuit employs a cascade of
| self limiting amplifiers, each having a small Miller
effect feedback capacitance (e.g. an enhanced
collector—to-basé capacitance ch) between its input
-and its output. ‘The result is an amplifier

reqU|re nt reduced, but

)



~the last stage(s) have reduced input capaci tance at hi ghér signal Ievels,
 thé slewrate linmtation.is impr- 25 oved and the degree df : '
Tyar '!EbUde t 0- phase conversion distortion is mnimzed. In this*way an
. adapi¥ve bandwi dth is achi eved wit sinplicity and with mnimumsilicon (or
ot her semi-conductor) real estate.”?30 - The illustrated circié . -
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stages use W at "t he w dt h each stage varies in
.inverse 10f®¢o@%rtﬁ@hotbegﬁbvﬁnput capaci tance associated with that stage.

A'so, the MIler %éeﬁﬁelaaﬂhﬁeacstageg gkeduch taiiinding dplynst age

automatically varies in accordance with its associ ated i nput S|gnal | evel .
Accor di ngl Y¥hath tie BbaadwidERapt| e3eh pragenvardge 19 BAYANS® h is reduced,

as is dﬁ)“ﬁﬁé’péﬂ'ﬂf@nn@bSEheslﬁpGEeéhsécfiﬁaﬁ@éna‘é'sb'&:.'a(t\édshﬁftfﬂ level s.
.-Cbnverselyﬁhat stage. Also, the Miller effect input capacltance
of such an individual stage automaticaliy varies in e,
accerdahce with its associated input signal level. ' FH
Accordingly, with a low signai level preseht, the

15 bandwidth is reduced, as is desired sinee noise is a
" greater concern with low'signel,levels. Conversel},
during high signal levels, the bandwidth of the IF
amplifier stage is automatically increased. This
desired adaptive behavior is automatic and achleved

20 without need of an active feedback control loop,

In'the eQCOmpanyihg.drawings;.by way of example
~only: | o o
Figure 1 is a schematic diagram of a typiecal
25 IF amplifier/deteetob FM radio receive?_circuit in _ ::;'
. which this invention may be employed;
Figure 2 is a schematic equivalent circuit
diagram of'multiéstage eascaded IF amplifier embodying
‘the present invention and as also depicted more .

30'generally in Flgure 1;



dUring high signéY | evel s, the bandwi dh of the IF anplifier stage is (EZD
autonmetically inc .+ :dhLS SLK daptive behavi,ar, Js tomatic and

achi eved 20 mﬁthoﬁ?éﬁﬁg 3 f;a% ég'iéésﬂggdgggf&c§ﬁﬂﬁﬁaﬁﬁﬁﬁloéﬁ#qqulrc“1t}
acconpanyjg W pos1chyeWay of exanple only: Figure 1 is a schematic
diagradrd%agggé%ical 55 I'F a%plifier/detector FMradio receiver circuit in
which this invention nmay be enployed; Figure 2 is a schematic equival ent
circuit diagramof nulti-stage cascaded |F anplifier enbodying the present

i nvention and as pteurEepi cied ARHR-3QgaANCIAVEYL. dgtifiawWmt bf thd FI GURE

need o

3 is alowsignal-level equivalent of the circuit-." -,epicted in FI GURE 2;
'FI GURE 4cifewi bi @gépbecoedl iheFeGurRgURYal ent of the circuit depicted in
FFrGURE 2; 5 : ' 'FIGURE 5 shows a sinplified but nore detail ed

schemati c equivalent circuit diagramof two of the individual self-limting
anplifier stages of -FIGURE 2; FIGURES 6 through 9 are further various
egdi val ent *< expfEGURBry showsi assfimpliliéedi bati modepideted lied EaBdRRSCc 10
FIGURE 10 is a schematic electrical circuit diagramfor a suitable

transi stequiedl ent ephegiebtl dtagcapacktt 4Weoeofc tdes iindd vidwal eelfintl imining
FIGURE 11 is, a schematic.depiction of an exenplary sem - conduct or

i nt egr at¥WPEIFEF tSEret?5 RRFYRENBY be used to 15 realize the
transi stor of FlI GURE 10. ' _

FIGURES 6 through 9 are further various equivalent

g{' explanatory circuits for the circuit depicted in FIGURE 5; .

10 FIGURE 10 is a schematic electrical circuit diagram for
a suitable transistor having enhancedlccb capacitance across its

“input/output; and

FIGURE 11 is a schematic depiction of an exemplary semi-
conductor integrated circuit geometry which may be used to

15 realize the transistor of FIGURE 10.

In FIGURE 1, 62 s:hematically represents an integrated
circuit IF amplifier/detector FM radio receiver circuit, shown
with the present invention, having a first IF signal at input 64
of, typically, about 45 MHz. This IF.signal is fed through IC
20 pre-amp 66, and then an IC local oscillétor/mixer citcuiﬁ 68.

The loéal oscillator signal from input 70.(e,g. about 44.5 MHz in
this embodiment) is passed by IC pre-amp 72 before feeding to the
second IF mixer 68. The output of mixer 68 convenfionally

includes the difference and the sum of the two input frequencies



~+n FIGURE 1, 62 schematically repregents an integrated circuit |IF
Y lifier/detector FMradi o receiver circuit,  shown with thé present
' Yenthos, phesengiagf ar secbRdsiI§naligaali rputg 645044 1550 chIMNz ) aboThids
- MHz. This IF signal is fed through I'C 20 pre-amp 66, and then an’ I~ .ocal
osci | haxer/ whiergeescliputeddeths I sealings dinrcagh asidiedr € tenbangpasFer
(e.g. about 44.5 MHz in this enbodiment) is passed by |IC pre-anp 72 before
feedi Rltert hé déeppaedrextrepadgtoTHE dd-puritiemianatier @FRe#®Ponal ly |
includes the difference and the sumof the two input frequencies = 7 thus
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(incl ging;sga es 80, 82 ... 84). Collectively, the anplifier stages 80, 82

84°(five 1h'the exenplary enbodi nent) are shown in FIGURE 2. . A conven-

10 - tional r ' i | stpe dendicatar. (RIS ) £ rcui tq 86 evice
whi ch réceives€§§%§§§§??§gfa§%ﬁi?9@?‘59%32??%%%#?§§£5§3.bhtﬁ%? &éfagich

may typi cRé| ¥xERpLAPPCENBEdL MeRRE at? ishhin Y GAlGUREIY] CoA Cofvenst el ,
vi ewabl e by the radi 0 receiver user and/or used by the radio control :

10i rcu@;iéaalTheceybeu;siﬁﬁ_alSstz_eat;me ivdiicadnd (REST cUMeRniiongé 1
- discrimnator 90 (which is typically in parallel with a capacitor 92 and a
- quad éevic®3yhithseecsinesoinpltsofrent iampdlilff eautgudged  manli Wavapanfier.
© 94-which is, in turn, connected to an audio output 96. In FIGURE 2, a-
-~ seriesupputi 88 ehichdmdyopgparaddyl be connected to some sort of '
indicator device, e.g., meter, viewable by the radio receiver
-~ user and/or used by the radio control circuits. The output of
' 15 Stage 84 is_fed to a conventional FM discriminator 90 (whiéh is
typically in parallel with a capacitor 92 and a quad coil 93). 
Discriminator 90'conventionally outputs to audio aﬁplifier 94
| which is, in turn, connected to an audio output 96. -
- In FIGURE 2, a series of five cascaded operational

20 - amplifiers 10 through 18 (corresponding to amplifiers 80,_82 ved

O

. 84 in FIGURE 1) are shown in accordance with one‘exeﬁplary
embodiment of the'present_inVentioh._'Input signal éouice 20
éetves as én’input to the first cascaded amplifier 10. Eachj
oﬁerational'amplifie: has a generalized gain of A. Additionally,

25  each stage has its own equivalent patallel'éapéti:ahce 22430;
| indicated with a value of C. For each sﬁage of FIGURE_Z, the
‘gain A is normally greater than l'(uhleSS'the ampiifier is dﬁiven
into its se;fflimiting'region of operation”wheré Azl).

Collectively, all stages 10-18'6£ FIGURE 2 constitute'the final



20 anpl;flers 10 through 18 (corre§bond|ng to anplifiers 80, 82 84 in 2%%)

FI GURE 1) e sho gﬁﬂf? t

pr ésent "age |’0‘?1V@r+%%f€€5|gna Sout ¢ %13%223 aggglggﬁg?%to érf‘?%‘f
cascaded* mplifier 10. Each operational anplifier has a general i zed gain of
‘A, Addimbnally, 25  each stage has its own equival ent parall el

capacitance 22-30,p  t 0 F h a '
p m*cftihéasepsvu Tow-Ye4ng Jr feGe1 Q&u?@ﬁle?& a%agil &Jen |nto

the gain A is nor greater than 1 ess the anplifier

i s sel f-dagl ¢ 1l reH Oy vd 1Mt v@@f@uft—oé) FI6oREeot ikebbtailded by
stages 10-18 of FIGURE 2 constitute the final 8 stage internediate

frejuencatdip}zingren®, "Ml et céffect CafAREcEhEWRE23-88 Eor FIGURE 2.

| owsi gnal.- | evel eqU|vaIent drawing of IF anplifier 79. The equival ent
circuit dthéIMiRef~effedt aisetl wylb knowanphgzomgnbhewhylrbbgr 'f eeldbacik
capaci tances 22-30 for - FIGURE 2. The Mller-effect is a well known
phenomencrapdtst Enced ekt ed pary ¢ $$ can copeeatednaﬂ:ramplaﬁlepelsaclalg@na(ll e.
anplifier stage (i.e. fromits output to its input termnal) may be

repr esentfxbmyi s leutput (tainpts finply tepninabpavayaheereprgsentecodyt e
sane 10 stage. (Reference may be made to Integrated El ectronics,

M Il man dkRreer ki amphbifiePh) shpyt |eapacitancet bPsground on theUSAM® t hus

repiésent t he enhanced MIller-effect |nput capacitanges_for capacitances
of 35S ARaGarsnge (we e Rark tRnLabegrated, Fleetsond came Midiiapn
used, the eguivalent Mlle ct |n ut 15 capaci tgpce.of _e ;1
equal to %% sekpﬁ%‘sé%ﬁi %&' ﬁm% ‘B%Paﬁlggr?l-ggyﬁo of %%%U%E! 3
(1) Fbme since the actual ,ga re . CLLC
thr dwgh 184S TEeREH: aféﬂ%ye_@%nﬁ%%&gf%’i’s?iﬁ%rli\Pu baplcitailEs Yoo
. capacitances 10- -18 of FIGURE 2. Keepzng in mind that generalized
expresszons are being used, the equivalent Miller- effect input
15 capacitance of each C is equal to A'C. The expression for A’
would be: | _
A' = (1-RA) . - | (1)
However, since the actual gain in the present circuit of stages
'10 through 18 is represented by -A, the expreésion for A’

20 becomes:

. A' = (1+4) S (2)
" o R .

Thus, the Miller-effect capacitance for each stage
varies in accordance w1th the absolute value of 1ts sxgnal
transfer gain A. If all amplzfylng stages 10 through 18 have a

25 gain A substantially in excess of 1, it is seen that the input

capacitance of each stage is increased and this will be shown to
reduce the bahdwidth cf these asSociated amplifier stages (as
compared to self- llmxclng stages hav1ng lower galn)

FIGURE 4 is a high- SLgnal -level equivalent draw1ng of

- 30 the FIGURE 2 circuit to help demonstrate the adaptive technique



' : 9 _ . .
.#20°  becomes: A = (r+A) - (2) Thus, the MIler-effect

@a@ft &inee W@S%HM%@GW&H @elhahmhamplmﬂ.hrshetlahﬁ@bmga ual ue’ of
signal transfer gain A. If all anplifying stages 10 through 18 have a
25 ag&i ASRUBEYs ttaniCalauF ama threky iriventbyshigbart Bignaie leweds .
capaci-tance of each stage is jncreased and this will be shown to reduee t he

bandWPGPhaoﬁeQﬁeéém&§§&ﬂaﬁQRP%ﬁﬁﬂqfleQSs%%g%@oVas(§Bﬁp5ﬂ599féted

sel f - I|n1t|n sta es haV|n g i.n F| GUR E is a high- S|gnaL-IeveI
oqui EHEHE ORI SR G B S50 P AE4Rchi PELBLAGES AdmendeRahe ifhe

Chyid P g@gﬁ%%és"se&%e?'}fé’hﬁﬂ%ﬁ S Eaf n%YS?Fseﬁ?Erygtﬁ. e N

B ecrehfr e atlcond i Y A ey £ ?S%l‘g%%&“ sheChshnEdpeeed:

conarepakifgngeovatidd th Wl ddifde SR LENE ahB) 2E1 80 aBTn 2 J?Ff oo
aCCOEﬂBQﬁeaWBBE)thﬁlﬁ@%&hg ed¥”1\#§éqg%é§§¥?aﬁpgge 6 WEkbﬁhhe 4l0e Rl viegNPUt

capamtances 36 't'hrou ave a Vval ue ower than- i1n

I'ow §i gaakel Mueh qq»we\falcﬂatn 5i& exd rfd&bisf’é] f%%’g@egt ﬁql?#e % guch -

relatively decreased M|l er capacitance, ese latter

1ot agesrebithes! FIewre f3.er pue e afucte! Yeidei easpddecFBhasecMatingashi p of
bandwi dth to capacitance will be further explained below wth reference to
Fl GUpaPabi®ante, the bandwidth sfmdiese RAEXEFSsPagbsoughthe ap adaptive
|F anplifier is provided so that, during |ow signal |evel occurrences .
( FI GaRB13f i erhé sbaedaitdivie 1of itrfoer ddsed IFTmmﬁlrélatzonshlp of <

bandwidth-tc capacitence will be further explained below with

reference to FIGURES 5-9. | |

15 To summarlze FIGURES 2 through 4, an adaptlve IF

o amplifier is provzded so that, durlng low s;gnal level
occurrences (FIGURE 3), tne bandwidth of the final IF amplifier
stage is automatlcally reduced to xmprove the overall S/N
'flgure.d Note that the bandwxdth of the IF amplifier may still be

20'_ mnch broader than the effective channel bandwxdthr(as determined |

by the discrete frequency filters). During high'signal level

O

‘occurrences (FIGURE 4), the amplifier bandwidth is relatively
inéreased (to improve the slew rate of the IF 'stages and minimize
the degree oﬁ_amplitnde—;o—phase conversion distoftion), while
25 not deleteriously affecting the.overall'S/N figure fof the.
| receiver because of the relatively higher sxgnal component.
FIGURE 5 is a szmplzfled equlvalent drawing of two of
tne.three stages 14-18 which are driven into self-limiting during
high-signal-leﬁel occurrenees The ampllflers are 111ustrated as

30 -d1fferent1al ampllflers 42 and 44. stages l and 2, respec-



stage is automatically reduced to fnprOVﬁothe overall S/Nfigure. Note

filters)Z.. Duri ' i gnay - - OCEM( T esp kil C t i fier
bandw d%#"alé&%jé{%f%%l%f% n%aé@d&{?!g igbl r%gé %ﬁégél(%e?vgr g%ghoP ?ta ﬁgﬁ IEIZ—;]ZDr
stages and m ni m zg; #u e & t Sgj er gheNge 1
distortion), whil 2&255&%%%%3 géuer I'ousl ﬁ%?gé??gge%ﬁgagvergl I ssfﬁefsi gure
for the rggeiyese hepauers ofyidedg ?iﬁ’é'l’@%ﬁt%@@?ﬁtstE‘éhi&@”ﬁﬁaﬁ'ﬂt inFl GURE
5is asinplified equival ent draw ng of two of the three stages 14-18 which
aresdri verrgurp &£ fIn iFIGURE) 6lUrtie daih-of geathl avpliederr seagesis Ehewn
amplifiers are illustrated as 30 differential anplifiers 42 and 44,
stages 1 gobe,-Kespiee diffewedtyial osmpl efistsr 42Rand464t bE0BJBURE) Sahdve
col | ector-to-base apacitances Ccb t54 through 60) are shown for each _
transi st deeDi cepalmedigintd twheir ceppective equivalefbrcurzgst sodrzesf
FIGURE 5 yields the input/output circuits shown in 5 FIGURE 6. In

FI GURE 6,andecqpnerpionmch Bpther cequivabent choanitoapalysisTmay be _
differential anplifiers 42 and 44 of FIGJRE 5 have been resolved into their
respecti v@4&®ui val ent current sources and connections. Further equival ent
circuit analysis may be made. 10

thedPem to the eqli®%lS¥AMRI¢ c ARPLY1Rg mlﬁg?éegégg?l@@r Egggkéi ggf‘y(‘flﬁ!lgg‘:ts
ciTeu SRS 95 AReuRE 6 “Cere ERedbRalOa Ba BHERMIEE) CRup2Be P o228
FI GJR

shown in FIGURE 7 is obtained. The Miller's theorem circuit of

- FIGURE 7'is derived'by a well knan simplification technigue

'_15 which is self-explénatofy witQ reference to the textbook material

cited. _

The pfogress;on of equivalent circuits from the limiting

"amplifier stages 42 and 44 of FIGURE 5 may continue by applying -

Norton's theorem (see Integrated Electronics, supra, pp. 250 and

20 251) to the output of stage 1 of FIGURE 7 to yield the equivalent

circuitry of FIGURE 8 wherein the expression for capacitance Cz'

becomes:
| C2 = Ccp(l+A+A/(A+1)) ' _ : (3)
If.the gain A is large, then Cy= Ccpl(A+2). -

25 Finally, through a straightforward analysis of the

currenﬁs flowing in FIGURE B,fan.equivalent ciréuit of a single 
ended stage as shown in FIGURE 9 may be established. FIGURE 9
includes an RC network having a low pass filter response with a
pole at: |
30 fp = 1/27RLCa. | | (4)

x .
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“The progression of equival ent circuits fromthe linmiting anplifier -stages

d 44 of FJ GURE 5 n ¥ b | yi t on' heqr.em. T
B el e RBafRaRL 1S QY SPRLELTY NOLTRYsE BREYET e ¢ age

oy SSURTER o Slahg 6, P AR £ 56 bR R S " T

3) .. A4Sl , . cob s ) _ -
'Eha Ol?g &Q%S??{éél}g 'téf/gfrf?/\/g{ gf'an; %gﬁ%%u%gi@:%%gﬁ%geﬁ S gesi ﬁvolﬂi'éﬁ@%'e ‘an

© equi walkRta1Ci G thal{awi B A BESPHERg Sh806. 885SEgun in FI GURE 9 nmay be
established. FIGURE 9 includes an RC network hating a | ow pass filter
sresponse wth @& pQl &rils séen that the bandwidkBrbE thel Bvei@iqmiadi ment, . a’
singl e-pol e 'l owpass anplifier was selected, for exanple, to have a 3 dB ..
bandwm@tli fdfed €79 lis VS HEDYISroPer ibhber edb=the vhilve ®ifm | arly cascaded
stages woul d have a total 3 dB bandw dth occurring at 0.385 f[err]. 5
It | sapaed tearye IR tTiee edulyt ivd béhavioovefakhel Prasehitl i edréfdiits
~inversely proportional to the value of capacitance C2.  The adaptive: .
behathas afutidmea tirezsldy oadursii tf t@psvaviesnincakbprdaaces wiftnCaignales in
~accordance with signal level. The foregoing analysis of FIGJRES 2 through 4
"~ has dleveddy Mhe fumageingtanabysis|ef-BIGUBESc3pbbrougbed Bas RIngAEVO of
the present invention do indeed vary in_accordance with signal | evel . =~
Ghus showa Bhadnithe Wrlier-effrct i @apaoitancasi 4 sheeowahi &) 1of ithe
accordance with the sigpal, | evel as desired. Rsferrjn to the hl ock diagram
of FPEERESL inweRigiPy dasindeqd iaarBeth 2RERA FPﬁPoﬁgﬁr‘t e IR} ysi s
.depl-(i%%dell.n Fﬂh%é'?ESt:hSé %zandviidth of the amplifier 79 is varied =~ o/
automatically in accordance with the signal level as desired.
Referring to the block diagram of FIGURES 2 through 4,
'15'. it has been-shown-(thtough the analysis depicted'in FIGURES 5-9)
that the total system bandwidth of amplifier 79 is 0.385 fp.
‘Typically none of the. five stages of amplifier 79 were selected .

to be driven to self-limiting if the input signal level is less

than a_predetefmined.amohnt; (See Integrated Electronics, supra,

..20 paéé 511, for a transfer characteristid of a diffe;ehtial
'amplifierkof_the type shbwn.)' As:the'signal level is increased _(;
beyond this amount, the stages of the overall IF amplifier 79
(amplifiers 14-18) are'progressively_diivén'into self—limiting:

~ operation, and the capacitances of these stages due to Millef-

25 effect equivélent-capacitance (capacitors 36'through.40) are
Qfeatly reduced from their previous values. This causes the pole
associated with the amplifier outputs to increase as the
éapacitance decreases (see egquation (4), 55253). Dec:easing the

Miller-effect capacitance to a minimum moves the pole associated .



e . 12 '
that the total system bandwi dth of anplifier 79 is 0.385 [err]. Typically '€§9

none of tRa dH umpilidues of9 & i fitfhd® VErereghentedehanbecdr prewildus
self-limting if 'the input signal level is |less than a predeterm ned
anount . .” “tiieR rund e@indwdddH ed iy cs, supra, 20 page 511, for a transfer

charact®ei'stic of a differential anplifier of the type shown.) As the
signal |evel is inaceasedlngyondiei adapioime , béehavidoagef ohet beeseatal | | F
anplifier 79 (anplifiers 14-18) are progressively driven into self-limting
oper ati on, cincuibe oRYa@utomitsicefllhekrcpeagestieebandwifikbr of2ampldiffiert
equi val ent capaci tance (capacitors 36 through 40) are greatly reduced from
thei§ predods e daputriiignalskevehelporeasgseci Théd adaptine Hepaviiosr
outputs to increase as the capacitance decreases {(see_equation (4), supra).
Decr easi nd-% REhiaves, tdyqauah @l itakcior £h Fhai Hikirevesfers pal e

associ at ed wth anplifier 79 out further in frequenc han its previous
i ni mum bR IR S P A GARAR HARCE 136 SAGH: FLaIBeNAYFBr 15f SeRERdEM et
circuit may automatically. increase the bandw dth_of amplifier 32 _.as.the.
Chput si PN 8 R T e ] RS RRt ERabRE, SRECARRECTEL STk B ng
exploitatiqQn of t | | er-effect or..n Lpli LBp C Lta .each
st age whi AFa%E3y§ ent gnta?‘{@ploﬁﬁgﬁ'u%‘ i n%g%“él}gn ?gl égephgrggg%P E'i %%? ﬁ?t _
cascaded fial J4rp .%%ﬁg -t l{fi8k. ' S t

M Iﬁg ef eclttlfidmetdrru [ rﬁai %ga}%a'pa%ﬁgﬁe%é%&ée??/g\%%?ggaggpggp?'gm@gv\ﬁm}lod be
have to b& il t oGl 0" e A e SRPY S01 bRRe! tée_ﬁmlqgggsmno%@%r deP

achi eve the present reduced bandwdth at [ow signal |evel” occurrences,
thereby prRgAEJaEHE FHEn P PEdicad B i eatn dbBe18at HighhY Qelenri ng
eC

col I'&Ctor -t o- base capacitance 15 (Ccb) is preferably enhanced both by the
tranSiStOHd%dﬂﬁéﬁBéﬁxﬁthereby presenting numerous practical problems. '
The naturally océutring collector—to-Sase capacitance
15 (Ccb) is preferably enhanced both by the t:ansistor's integrated
circuit geémetry and through the Miller-effect in order to
‘achieve the requisite adaptive behavior. As has béen shown, the
present circuit operates to adaptively control the bandwidth of
a cascaded multi-stage IF amplifier. The bandwidth concerned is

20 still wide compared to the channel bandwidth defined by external

filtefs prior to the last IF amplifier stage. Accordingly, this

~ adaptive bandwidth technique effectively rédutes the_broadband
noise contribution of the IF amplifier without changing or
impacting the channel bandwidth.

25 | FIGURE 10 schematically shows a suitable transistor, for

" use with the present gircuit . having enhanced naturally-
occurring collector—-to-base capaéitance (ch) sufficient to
achieve £he required bandwidth control.

FIGURE 11 is a Qchematic example of semiconductor

30 geometry which can be used to achieve the transistor of FIGURE



- Ci rcwt georretry -and through the MIler-effect in order to achieve-the

: '7_-: i site adaptive behavior. As has been shown, the present circuit '
@ &Pes to adaptively control the pandwi dth of a cascaded mul‘ti -stage | F-

anpl i-fier. The bandw dth concerned is 20 st wi de conpared to the .

channel barl®wi dt Boddy iFHEH1IRS e e?%“h??%‘f’s“@ﬂ‘o?x%atﬁ PRRIr | F AF

anplifier %Ta@@% m%qpcwhangied tivrs eemple e wnﬂmmubmgcaauaue effectively
' reduces the br adb noi.se contrl but i on Ofli g gggl ifier wthout
~changi ng of% IR HAES FETRWPRE AL 195 emd FI GURE 10

. schemati cal(ley. gs.hmas amd& B3 phdenrnecinsd st@rt.hé ocoltectorhinhéher esent circuit
~, haviing ephang at ur U |ng base capacitance [err]
suf fi §| ent Qf‘gnzfg%t&f %}stl%/%‘{ﬂﬂc&e#band %g&?;g?’ FIGURE 11 is a
.schemati ¢ ecazyrirdng cepdcidrahes cnswelage@mitly bheckxtas be used to .
~achieve th o] 8 C&#REC - 13 10.
: %ént:.f,gz%?a: oo.lhlé:é ot e?ctions adds. in garallge added.

Both Fi gure show t capacl - tanc for
exanpl e, byiitic |t r@la}mttor-r@wnawlaapa/@ityangegéomearsassl lel enmitters

~(e.g. E2 a%%&%)o:%ﬁewe%m thep Lol t £t ci N thetRe cabhdftbdisOr

configuration natural | y- occurring caP8citance associated with the

ext r a 18ni t SOy dgpdattast ot ckn | HhguBRdlli arparaPrepentakivee

col l ector - ToQ‘Q%%%é%ld@%ﬁ&él@fB@@@ui‘hﬂngobaba@itﬁﬁb@ée capaci t ance
paci tors 10 ure.ll.are

Th
et esent aPFELGY SRIL A VRATALS fof ekt LBUER bl oPnafc LBAERLARLES i thi
such a trapdattedr syanfdtouresj on of "parall el _pI ate" structures.

The present circuit has been shown to provide \J
15  "on-chip" adaptive behavior within an IF amplifier '
in a single integrated circuit package.



The present circuit has been shown to provide 1.5 "on-chip" adaptive .
behavior within an'IF anplifier in a single integrated circuit package.EaED
-14- CLAIMS 1. ° An adaptive bandwidth FMIF anplifier for use in an |
recelver”to anplify IF frequency nndulappd si gnal s having an expected range
of varyitng anplitude, conprising: an input port, an output port, two or
more anplifier %ﬁ&b&é havi ng respective i.nput and 5 out put nodes

connected in capcade benvaen ptaivd igadw Ritth M PRE Miffléﬁ' fioan@ébfler

st'ages bei ng arranged_to be gai n-saturated when processing | F _signals
having anpl i t udt?| &g el Tﬁcﬁh"ﬁﬁpE?’ PBPLLEY &F §5Fau@ﬂﬁé(cff@diwléﬁgé’; and

adaptive neans @5g0£18tedvhihagaeRp é@tedaﬁ’ﬂh ki of vh2gangoampllivintd cal |y
vdrying the effective signal _trans SSIO ban gth from:said input t'o said

out put port as PFRNtEIHA° of 2RHENR IP?U BR QUEPHLaPORpl %@ 38 sai d
i nput port as gfdresahplifien stapges havahgl easpbeandvel inpaitland cascaded

oS 2 ouspi? 90Eb  EARERELHILE, BERLA Hebe b B Tt SRl h T
signal level inpmmd ootpas pespectsaédaambliféertetag@un@mungIqrnknga%se 20
o onantun L 28 Y FaPAORLAHEXEL DRERTEROLQUSEng Y L GUHI Y Y
adaptive bandw amplibpdeflevels in ahaupper portion Of Sald expected -
range; and adaptive means ‘associated with each
10 amblifier stage for automatically varying the
o effective signal transmission bandwidth from said
| ' input to said output port as a function of the
amplitude of a signal applied to said input port
_ as gain-~saturation occurs 1n at least one of the
15 cascaded amplifiers.
2. An adaptlve bandwidth amplifier in accordance
with eclaim 1, wherein each said adaptive means is
auﬁomatically responsive to the'signal level input
to its respective amplifier to automatically decrease
20 said bandwidth as such signal level becomes lower,
and to automatically increase said bandwidth as the
signal level becomes higher. o
3. An adaptive bandwidth amplifier as in claim
1, wherein each said adaptive means comprises a
_25' capacitance disposed between the input and output
node of its reépective amplifier stage.
y, An adaptive bandwidth amplifier as in claim 3,
- wherein each said adaptive means comprises Miller-
effect input capacitance to vary said bandwidth in:
30" response to the input signal level present at its
respective amplifier. '
5. An adaptive bandwidth ampllfler as in claim 3,
wherein said capacitance is varied in response to the

* 4 L L 1] *
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1, wherein each said adaptive means conprises a 25 capaci t ance . di sposed
the i nput and output node of its respective anplifiér stage. 4.-

- An a%ﬂ?tlve bandwi dth anplifier as in claim3, wherein each sard adaptive

means conprises Mller- effect input capficitance to vary said bandwi€th in
- 30 response to the |n£ut 'signal |evel present at its respective A

anplifier. signal pkewehpbroeephndni 8ng amplifiier,asaid ManiatGiomherein
'~ sal d capaci tgéiRg | gudafb egnb My esppDEErEett BAd tor £5se§'fwﬁlmﬁv present

~in the anplifier, said variation being due to the Mller-effect ahd to a

self-lln1t|r&FQ&&ﬁ*??E%??oﬁabﬁlﬁaFEEFOP5§§§68F&FeHMﬁﬂﬂﬁaéﬁbh anplifier

- stage. 5 éhpllflefvsaggatlve bandw dt h anpllfler as in.claiml, wherein

“at least the last one of. s i.d cascaded | f st ages has a seIf-I|n1t|ng
anpl i fitatich factogndﬁgaP IPW%%FHEf 4éh qp#%f tRt 6181k dited gain -
condi tion |rwheﬁgmmsettbeaetathaelgstOonehoghealunpu&camgmal | evel s.. 7.

An adaptive | a I . 3 rei,n .cascaded

.amplifier sta es an sal %% gést%n%gl%eg%gh%}ggagpa&3 %hﬁ?%mth|n a

si ngl e i nt egfar &ar cdueuto p‘aekﬁget that8it is drAweaddmtiove@ bandwi dth . -
ampl i fier fof;jisged gm'a&xdieggueepfggguh@ge%s&@&%‘ﬁﬂﬁ ng an expect ed
range of varying a I tude - an 1'rMput port and an

: output H%rt -higher plrput signal levels.. :

7. ~ An adaptive bandwidth amplifier as in clalm _ ' |
3, wherein said cascaded amplifier stages and said | ' |
capacitance means are'all'gontained_within a'single U
integrated circuit package. _ . _

15 8. An édaptive bandwidth amplifier for use to
amplify frequeney'modulated signals having an
"expected range Qf varying amplitude, sald amplifier
comprising: an input port and an output port; multiple
_émplifier stagés connected in cascade and joining said

20 1nput port with said output port, at least one of
said amplifier stages being arranged to have a self-
limiting amplification factor in the pfesence of |

. input signals having amplitudes in a higher portion
of said expected range; and:multiple'capacitanees,

25 at least one of ‘which capacitances is effectively
connected across each one of said said-amplifier
stages to provide Miller-effect input capacitance
_of an amount which varies with the degree of said
self-limited amplification factor.

30 9. An amplifier as in eclaim 8, further comprising:

| an FM detector connected to the output port whereby
~ said amplifiér_provides the final IF Signal |
amplification prior to detection in an FM radio
_ receiver.
35 10. An amplifier as in claim 8, wherein at least

* c L M N *



anplifier stages connécted in cascade and joining said 20 I nput port mnth
sai d output port, ‘at |east one of said anplifier stages being arranged . tiQ3s
have a self- limting anplification factor in the presence of input sights
havi ng anplltudes in a higher portion ofi{gaid expected range; and nultiple
capaci taaces, 25 at | east one of which capacitance is effectively
connect ed acrosstB8chasheStR88aPd §aid sagrrdedr agipdddd afo Shagasle

Mller-effect i n@EErQBBQChhaQCQlef‘—iﬂmQ'EQ%@t m\d@leclwh\éa{ ithe Wilghdihe degree
of said self-llnlted ampl i fi atlgn fact or. An anplifier as in

claim8, furtherl€3fprt8PHG: tant ﬁFdéP@&PJFe€oﬁﬁ@§?@&”ﬁ€ﬁﬂ%§ ut put port

wher eby sai d anpbejbnd prededesmiheds lewlellsh sih@rabyargpe fdasiddwyd prior to
det ecti on | an FNIiaglo receiver. in claims§,

er
wherein at astamp 65Tt R&2P5St @ §$888t&Fa§&Vd%§§§g3&@H EE%H%W st ages
operates in a sethelbanﬂwmgthnd€ shdd hh@lsmg@altbewakmungnldmuuhat
anplifier stage- %9 Bgfsg ond predeterm ned | evel's, whereby the cascaded
5 anplifier s ées au |caIIy function to adapt the bandw dth of said
anplifier to varyiing |ruﬂnmemnpdﬂofewmﬁsmlzﬂng th¢\ﬂegh@5/001aptrat;png t he
sponaLinaise ratbp She! if LEpddeiclCtdRtar Stadad0sy ol ¥l TUIELANET
10 said nethod conprisin uto |ncreaS|ng the
MIler-effet® capaiéftmasho ssewpaﬂééns the steps Of automatlcally

increasing the Miller-effect capacitance associated

_ with the IF amplifier, and thereby reducing the
O bandw1dth of the IF amplifier, whenever the 1nput
' IF 31gnal 1evel is below a predetermlned value, and B
15 automatically decreasing the Miller-effect capacitance
associated with the IF amplifier, and thereby
increasing the bandwidth of the amplifier, whenever
the input IF signal base is above a predetermined
value. ' |

20
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with the IF anpfifier, and therédy reducing the bandw dt'h of the IF .
- anmplefier, whenever, the input |F si nalgi vel is bel ow a predetermned
: vaI- and .15%'r}’auﬁ)ﬁﬁti 137 d’é}:r%%'}% fhemﬂﬁf?é?-effect capaci tance

\{

assuet ated W i Sl B4 L5 ade dDE 60 NELBaS L BEnERC SBaRdn €1 of

the anplifier, Sl ghaf DbaSe’ | Ove a predet ensned

valusn 2028 3 3ing A7 asc AMPIGE ¢ | e BhBddeaRRpRLT1oN O

aut omat’i ca ecre capaci tance step inc es driving at |east the,

| ast sQfang_e 19AsCalAag 'd-fl'i%,iéitr??%dé‘ ?nsﬂ_-é?saga- EbnekiBgivedy in
responseé to relativel I gher "1 nput signal levels; and said automatically
i nCr gagnRY tiputaRAGnaANQR B BP; idwd udes driving at- | east the last of the
“cascaded anplifier stages in a non-limting gain node in response to _
relatively | owarid rutons it 11 eviteredsing Acnet bagaestiancel sitepll, wherein -
said Ml ler-effect capacitance varies in relation with the effective gain -
- of tHaclasesddt ianiplg faterledstgeche 1Mas A ot tivel eascadeliaamplifielrerein said . -
bandwi dth reduction is an automatic and direct consequence of operating :

cascatedesl imla swin~limiitting gair ifidde b agesporaehthavehgtavelyl er - ef f ect
- capaci tance, wi thout any _ _ . _

© . lower input signal levels.

13. A method as 'in claim 11, wherein
said Miller-effect capacitancé varies in relation with o/

the efféctivé'gain'of the_caécaded amplifier stages.

14. A method as in'claim-ll,'whefein__
said bandwidth reduction is an automatic and direct
consééuence-of ope;ating_cascaded plﬁ:al self-lihiting amplifier
stages, each having.a Miller-effect capacitance, without any
feedback control loops across the complete set of cascaded
amplifiers.
" 15. An integrated circuit IF amplifiet/deﬁecfor'fo: an |
FM radio receivei, said integrated circuit comprisings:
 a cascaded plurality of seif—gaih—limiting IF amplifier
stages; each of said stages including'a Miller-effect input
  capa¢itance and means for. providing an effedtive_t:ansﬁiséion
'-frequency bandwidth, which varies with changes in the effective
‘gain of an éséociated amplifier stage as a predetermiﬁed funqtiqn

of input IF signal levels; and

e



feedback control | oops across the cdﬁblete set of cascaded anpllflers q%;g
An |ntegrated circuit IF anpllfler/detector for an FMradio receiver, ga '
integrated circuidn GCMTIéEédSr ac TA6E AElefoRhEERbE! ¥ 00T et@lifvedaim 1Iri;mtt 11

| F anplifier stages, each of said stages including a Mller-effect input.

- capaci{ aficth#INCE yomtchd Aragt ooneli of saiéf tastadedt reEnampldifde f rea@dyy
bandw dth, which varies wth changes in the effective gain of an associ ated
anplifier stage as a predeterm ned function of input IF signal |evels; and
I8 an FM detector circuit connected to receive an input IF signal fromthe

| ast one of sai d ascaednrl bfer/detectageas 168. cAaiandlsi f iwherddinect or as.
i'n claim 15, wherein each said MIler-effect input capacitance-varies
_proportlonately\MﬁQhtSﬁ#QﬁMﬁkﬁsrTﬁﬁfﬁ@teinnutlQépgéﬂﬁa@Pﬂ1M§%H%b0|ated
anplifier stage; and t he effective transm ssion frequency bandw dth of each
anpl i fi & anEtely Widt SHie Phapdesi bpatheyeffertive gadsciof dfs

M1l er-effect Jtance. 17. A signal-level sensitive adaptive
bandmnd@ﬁ%%ﬁﬁqqga;améiigﬁ?%l?ﬁﬁg%!c%%@aded plurality of self-gain-limting

%LLEHSQE@“ and S SRS eset??%é‘%*ﬁbﬁ%éﬂgﬁ?égfgﬁi %ea&@aﬁrrﬁfaﬁ“l'f”p“t
stage é%ﬂg%ﬁ“o%{"e%“*%ﬁ%ﬁfa{m%% nior el BraPoRstonsb Bl ViR 00 e

,ba“d“‘d%EéﬂHidéé&”MfEié{Lé¥f%éQJihpu; capacitance.

~ 17. A sighaleleve; sensitive adaptive bandwidth
amplifier,_eomprieing: |
a cascaded plurality of self-gain-limiting Miller-effect
amplifier stages each of which includes a Millerfeffect'input'
capacitance, and therefere en effective transmission frequency
bandwidth, whicﬁ varies with chenges in the effective gain of its
-_associated ampiifier stage as a ptedetermined function of input
Signal levels.
L | 18. An adaptive bandwidth amplifier as in claim 17,

| Qherein |
L each'said Miller-effect input capacitance varies
.proportionately Qith the changes in the effective gain of its
associated ampllfler stage; and
- the effectlve transmission frequency bandwidth of each
emplifier stage varies lnversely_proportlonately with its

associated Miller-effect input capacitance.

* [ L L} S *
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