3 5 2006 ‘n i i i ifi Background of
2 2 FEB 2006 A Gain Conpensation Circuit for CMOS Anplifiers _ (
the Invention Field of the Invention This invention relates to high gain,

. g . . . his inv ,
hi gh frequency anplifier circuits. Mre particularly, t _ %
relgat es ?o Ci ?/cui ts that conpensate for changes and fluctuati ozﬁ Lfﬁ ¢ 4986

gain of high gain, high frequency anplifier circuits due environnental

factors such i C w et : , . operating

condi 1 ons.  Doecrr on BFN oA CT Ui BREMOS Bl °a |
.differential anplifier well known in the art and is generally as shovvnN;Zn
Fig. 1. The n-type netal oxide sem conductor (NMOS) transistors ML and
are generally coupl ed aBackgiouseuot éhedmiventioect ed to t he current source
's. The drains of the NMOS transistors ML and M2 are. respectively ]
connected to the equal valued |load resistors RLI and RL2. The gates of the

RS | i i t he i nput
NMOS t Fieih$ ioStoe sSnvddtigind M2 are respectively connected to
terminals INl and IN2. The drain currents of the NMOS transistors M. and
M2 are sunmed and nmnust be equal to the current of the current source Is.

It can thus be sFbwrinvartiah roflates/@l higgQa, assHiredteddardpficn cRlulhe NMOS
transistors ML and M2 is equal to |

More particularly, this invention relates to circuits that compensate for

changes and fluctuations in the gain of high gain, high frequency amplifier

circuits due environmental factors such as manufacturing process,

temperature, and operating conditions.

Description of Related Art

The basic structure of a differential ampilifier wel] known in the art
and is generally as shown in Fig. 1. The n-type metal oxide
semiconductor (NMOS) transistors M1 and M2 are generally coupled at
their sources and connected to the current source ls. The drains of the
NMOS transistors M1 and M2 are respectively connected to the equal
valued load resistors RL1 and RL2. The gates of the NMOS transistors
M1 and M2 are respectively connected to the input terminals IN1 and IN2.
The drain currents of the NMOS transistors M1 and M2 are summed and
must be equal to the current of the current source f. It can thus be shown
that the volfage present at the drain of the NMOS transistors M1 and M2 is

equal to:




2 2 FE B 2006 VQuTd = --gnRLNVINd where: VOUTd is the differential voltage
at the output nodes OQUTI and OUT2. gmis the transconductance of the NMOS

transistors ML and M2. RL1z is the resistance of the resistors ?‘i{%ﬁ éﬁbﬁz
VtNd is. the differential voltage at the input nodes INL and 1INZ." The
variations in the differential voltage VOUTd due to variations in the

environnmental factors such Vs,{ enpgrRLUYE, Process paraneters, and
operating conditions can be shown To effect the values of the

transconduct ance gm of the NMOS transistors ML and M2 and the dependence
of the resistors RLI and RL2 to the environnental factors. One nethod for
conpensati on of these vari Wehfs is to pl ace the source degeneration
resistors Rs3_and Rs2 respectively in the source connections of the NMOS
transistors ML and M2. The source degeneration resistors Rs, and Rs2 have
resi stance designs to suffici enMoyrd e disferérdial mitade st BeXowdpit E | B 2006

nodes OUT1 and QUT2.

Om is the transconductance of the NMOS

transistors M1 and M2.

RL, is the resistance of the resistors RL1 or

RL2.

Vine is the differential voltage at the input -

nodes INT and IN2.

The variations in the differential voltage Voyrg due to variations in
the environmental factors such as temperature, process parameters, and
operating conditions can be shown to effect the values of the
transconductance gm of the NMOS transistors M1 and M2 and the
dependence of the resistors RL1 and RL2 to the environmental factors.
One method for compensation of these variations is to place the source
degeneration resistors Rs¢ and Rs; respectively in the source connections

of the NMOS transistors M1 and M2. The source degeneration resistors

Rs, and Rs; have resistance designs to sufficiently improve the immunity



differential anplifier to the variations, but not inpact the dynamc
?;nggeof t he out put V(r)rFt age VouTd. The effective transconduct anc?ggﬁg‘soinp%n
the NMOS transistors ML and M2 in conbination with the sour(_:e d o on
resistors Rs, and Rs2 can be shown to be equal to: gm gns =1 + grrRsA qW
Further, the gain of the differential anplifier is then expressed as: Av

VOUTd * gnBBLthe HffidkbrBal arpfferits tHOWRalDR, ABPRARMBLLHENEaSOT the

materials for the resistors Rs, and Rs2 and the r SIS ore

However, this does not
m ni m ze t heyRfd &Ghe RipdtBa88Y ronrrent al factors.
stabilize therﬁjgal n corr% | et e?g the gain requirenents for an anplifier

| are cascaded as
i ncreases, multiple dlfferentlal anplifiers of Fig.

f the cascaded
shovvnlnFlg 2. Al renti al gasca
anplifier is for ggg% TBIC ié trﬂq tF%‘u‘gﬁsqf’lf Cg%l\@@{%@ eisteeMioad

e Ig,, and the source degeneration
' g:: :: 8;: %ﬁd gﬁr% V]%%ﬁglgﬁ Curtéd(pne sourc egen%ratxon resistors Rsy and
;

Rs; can be shown to be equal to:

Gm _
ms = . Eqa.
J 1+gmRs d

Further, the gain of the differential amplifier is then expressed as:

=gmsRLn Eq.2

As is known the appropriate choices of the materials for the resistors Rsy
and Rs; and the resistors RL1 and RL2 minimize the effects of the
environmental factors. However, this does not stabilize the gain

completely.

As the gain requirements for an amplifier increases, miultiple
differential amp!iﬁe_rs of Fig. 1 are cascaded as shown in Fig. 2. The first
differential stage Av, of the cascaded ampilifier is formed of the NMOS
transistors M20 and M21, {he load resistors RL3 and RL4, the current

source lgy, and the source degeneration resistors Rs; and Rs, configured
as shown in Fig. 1. The second diffekentia! stage Av, of the cascaded

amplifier is formed of the NMOS trarisisto_rs M22 and M23, the load

3



as shown in Fig. |I. The second differential stage Ave of the cascaded
anplifier is formed of the NMOS transistors M2 and M3, the load 2 2 F E B
20Qs resistors RL5 and RL6, the current source |B2r and the souf@2FEB 2006
degeneration resistors Rs3 and Rs4, also configured as shown in Fig. 1.
Simlarly, the third differential stage Av3 of the cascaded anplifier is

formed of thesHS Rigas R hdBarafddifos 1L5,d gad.ggsistors RL7 and RS,

the current source !83, and the source gef’@katlon €stStors Rss and Rs6,
which are caopfy : in Fig. 1. The input nodes INL and IN2 are
coupl ed by capdaeg’}éfagg)ga%sﬁl&g%%a"ff @8“13#:%0 891‘11#@@%‘% 2F FEORIOB Figrnsi st or s
M2O and M21...Th i resi,stors. RBl and RB2 provide a biasing voltage from
t he bi asing Sv%ﬂ?g efﬁgétl%‘fd?{‘?b%ﬂ?'\?@qg"wé@eﬁ?écaa%ﬁmﬁl@er Bvi to operate
in a Iinear,f hi%h Eﬁin F\@g' on. The output termnals of the anplifier Av,
are coupl ed PHPEUGh MY %é@“tstﬁt%"s@@‘*ﬁﬂé P4, the load regjaloes RO darfe NMOS
transistors M2 and M23., As described for the hias resistors RBI and RB2,
the bias redfis:dPe CREESNGSRIRBAsprOJitae sauttcadigrperatuit mgestdrs®et he bi asi ng
vol tage power supply VGG to bias the anplifier Ave to operate in a linear,

hi gh gain r &jidoRse, Mdweh ateheordiguiprd as ehowndh Fipf1. TheirpuphbiéeNpve are
coupl ed through the capacitors Cps and Cps to the gates of the NMOS

transi st or s dvigdiNarateMdGiplcdhb @ essaditaes 0.0 bntts: 06 #%e qatdsEihit W | and RB2
and the bias resistors RB3 and R84, the bias resi st 8rss RB6 anl\aOEEG, provi de

"a bi'asing vatdrageodsrmonidig Mhasg mak Y8UEtPOYE! and Ry, provide a
biasing voltage from the biasing voltage power supply Vgg to bias the
amplifier Avy to operate in a !inear_, high gain region. The output terminals
of the ampilifier Av, are coupled through the capacitors Cp; and Cp, to the
gates of the NMOS transistors M22 and M23.- As described for the bias
resistors Rgq and Rg,, the bias resistors Rgs; and Rg, provide a biasing
voltage from thé biésing voltage power supply Vgg t0 bias the amplifier
Av; to operate in a linear, high gain region. Next, the output terminals of
the amplifier Av, are coupled through the capacitors Cps and Cpg to the
gateé of the'NMOS transistors M24 and M26. As described for the biasA". .
resistors Rgy and Rg; and the bias resistors Rgs and Ryy, the bias resistors
Res and Rge provide a biasing voitage from the biasing voltage power
supply Vg {0 bias the amplifier Av; to operate in a linear, high gain

re_agion. The output signal of 'thQ ampiifier is coupled through the

capacitors Cpy and Cpy to the output terminals OUT1 and OUT2. The gain

| of the amplifier of Fig. 2 is the product of the individual gains of the



supply VGG to bias the anplifier Av3 to operate in a linear, high gain

regi on. The output signal of the anplifier is coupled through th§

- capacitors CP7 and Cp8 to the output terminals OUTI and OUT2. Thé 2ghkR 200f

the amplifier of Fig. 2 is the product of the individual gains of the 4 2 2

FEB 2006 differential anplifier stages Avl, Ave, and Av3 and are determ ned

as defined far t applifier described in Fig. 1. Further, the

nunber of ﬁ%éﬁg%t%%?[n%ﬁﬁﬁqqs Ve AYae N3 apg @re slgtermined 8s det er ni ned by

t he total i-n_required for the anplifier, thus the design of the

i ndi vi dual g%%ga%%agﬁye Vdng arerldies dpnwihacintfig. tefugher, doeinuenenios. As

descri bed abgyve tf so%rce degeneration resistors Rs3 Rs4, Rs5 and Rs6,

Rs, and Rs$ “ArEcHiricinpidiepatages Ay, dohpents Ave id detetrheeddry tivitos i n t he

environmental (factors. Further, other conpensation techniques enploy -

f eedback t o 98H) (psired dorglhieraroplifienethds tfie desityh alf tasTpidivides) SHRGERaWM T h

changes in the environnental factors. However, feedback techniques do not

work wel I wiery teeagconamgeatgaha deatirofegugbfentequi red for the anplifier. In

Anal og Integrated Crcuit Desi n, Johns and Martin, John Wley & Sons,

Inc., New York, 1999, pp. 248-251, the author notes that the

t ransconduct ance 23f dddagbAiYEbol, i tffer I lifier is the
6 a0 sBLRSIforr Mlid RERALL G D]

nost inportant parameter to stabilize. The authors detarl aryze
basi ¢t echniafid®s:l RsPHAYRY, ¥8'dRdABDPialSrhi@nseondygLance w th.

- in the environmental factors. Further, other compensation techniques
employ feedback to adjust the gain of the differential amplifier stages with
changes in the environmental factors. However, feedback techniques do
not work \{veli when very large gain factors are’ required for the amplifier.

In Analog Integrated Circuit Design, Johns and Martin, John Wiley & Sons

3

Inc., New York, 1999, pp. 248-251, the author notes that the
transconductance of the NMOS transistors of a differential amplifier is the

~ most important parameter 1o stabilize. The authors detail and analyze
basic techniques to prevent variations of the transconductance with

variations in the environmental factors.

U.S. Patent 6,018,270 (Stuebing, et al.) describes a single biasing
circuit for a single or multiple stage low voltage RF circuits including one
or more ampliﬁe_rs and one or more single or double balanced mixers.
The biasing circuit incorporates compensation for temperature and

integrated circuit process parameters.



variations in the environnental factors. U S. Patent 6,018,270 (Strebng,

et al.) describes a single biasing circuit for a single or nultép e stage
| ow voltage RF circuits including one or nore anpllflers and ong 207E Bome
singl e or double balanced m xers. The biasing circuit incorporates ) s
conpensation for tenperature and integrated circuit process paraneters.

' jirl : i bes a gain
E B 2006 U.S. RéiSeMateht40905588 (Kniehbhrd al $HedlineslessH i
Eonpensated transi stor anplifier arréngen@%t fo? use I n pgmer protection

~ circuits. Thenareldatdeirahfisiod GesoIRB, E%ﬁé%éfwf)ﬂ& QI?%En ﬁé%%gh?cﬁtg&éoﬂgl stor -

collector current of the emtter-follower transis t stor
of the "amiiTier RS MIBET Beb i SRRy ettt alee o gain
o e anp . U'S U4, : i 0

iati ' i jrcuit. for feed-forward I|n_ear anplifier. The
\égir Inat Icgprpe;c?g? ?@S%{éh@ghﬁ ‘5‘80%%'5‘24@” Y H@ngHer wded de Powsisterdor est or es

capcel|ation to the circuit while retaining the
ﬁ?lgﬁln;el i ﬁg%rqurc‘ﬁ%%@ erc]foglr\’iaé'? QT BY eHRIrEMD BRI feetor Uf S Pan@stors o2t 33_9f _
(Wdeman, et al,? teaches circuit for conpensating for GaAs FET anpl;hler
gai n vari at i ber a frequency band as a function of tenperature. ?h
circuit includes a passive equalizer circuit having a fixed gain over e

equency band and _an active equali zer
fred Y U.S. Patent 4,916,407 (Olver) illustrates a gain variation

compensating circuit for a feed-forward linear amplifier. The gain
compensating circuit counteracts the gain variations and restores balance
and fundamental cancellation to the circuit while retaining the highly linear

characteristics of the ampiifier.

U.S. Patent 5,274,339 (Wideman, et al.) teaches circuit for
~ compensating for GaAs FET amplifier gain variations over a frequency
band as a function of temperature. The circuit includes a passive equalizer
circuit having a fixed gain over the frequency band and an active equalizer
circuit, in ser{es with the passive equalizer, having a gain, Which varies —

over the frequency band as a function of temperature.

U.S. Patent 6,046,642 (Brayton, et al.) describes an active bias
compensation circuit that senses a quiescent current flowing in an
amplifier and adjusts the quiescent current to maintain an optimal DC
biasing of the amplifier over a wide range of temperature variatioﬁ,
process variation, history of the amplifier, etc.

6




| i i i i i i whi ch varies
ircuit, in series with the passive equalizer, having a gain,
gbef.the frequency band as a function of tenperature._U.S._Pat??p?%g%ﬁ§2&@2
(Brayton, et al.) describes an active bias conpensation g!rcgs o
senses a quiescent current flowing in an anplifier and ahjus P er
gui escent current to maintain an optinmal DC biasing of the anp

. . g C Y ¢ the
| of  tleSptadeniree YRk AlMORelandy QERFBeY 8l &4k B J%HS Ly ©
gn;l)ml id1?i re;a,ng:t c. 6 %ZFEBZO% U.S. Patent 5,673, 047 (él{/brel arP %esérl bes a

, . . : . h the
gai n conpensiffemgtialdfdrenentiali thal BreReRothaEH!he M of S, ikgd o mtc
gain of an input differential anplifier that 1's annpu

. . coo2 to the
el 4o I e BBk A U S5 0R G P prbancnes o
anal og-to-digital co er. UsS. _ X 4 A
i i i current source for generating
;! e ﬁgdlt ;T I%gﬂ%Zalntt)iaggBl\)gh‘lﬁg%fé&feggg%gg'ﬂgf@%@hwwert ransi stor geonetri ﬁs
I aSI ° - - - - - -

i i lification ratio, whic

d properties. The conpensation results in an anplif

?2 sgbs!toanti ally ependent of all conmponent variations. U S. Patent

I n H . - - - . " -
5,934 51 (Limn, w2 LEE5EE Kt o Dol ol haiighes o celn
i j.gnal to adjus e gai _ _
fﬁgh: C)lsi bﬂgfjatﬂ?@fﬁ é?@éﬂjiﬁmﬁ{wgﬁﬂ’asmwnpémmweeamm@ﬁmg agl @rfé}ﬁlté% whi ch
provi des a gain conpensation to adjust the gain of the anplifier for
o compensate for the non-ideal transistor geometries and properties. The
compensation results in an amplification ratio, which is substantially

independent of all component variations.

U.S. Patent 5,994,961 (Lunn, et al) teaches an amplifier circuit that
has a gain control input signal to adjust the gain of the ampliﬁér. The gain
control input signal is passed through a temperature compensating circuit,
which provides a gain compensation to adjust the gain of the amplifier for

temperature. The gain of the amplifier is adjusted as desired, however,

the amplifier gain is compensated for temperature variations.

Summary Of The Invention

An object of this invention is to provide a gain compensation circuit
that compensates for variations in gain of a high gain, high frequency

amplifier.

Another object of this invention is to provide a circuit that adjusts

biasing currents of a high gain, high frequency amplifier fo compensate

7



. The gain of the anplifier is adjusted as desired, however,
Eﬁgp::rglt :J;?er gaig i's conpensated for tenperature variations. Summary O o
- The Invention An object of this invention is to provide a gain cgzpfe%]geggm
circuit that conpensates for variations in gain of a high gain, _:jg R
frequency |ifier. Another object pf this invention is to provide
o et e Siptstoiot st emeatatam teommpo Sty

ifier to conpensate 7 2 2 F u o _

??Ellnsi st or amjaliggsi stor conponents of the anplifier. To acconplish ﬁcuit
| east one of these objects and other objects, a gain corrpenlsatl on ¢
includes a current adjustnent circuit and a gain factor evaluation

circuit. The cur rr@rttcc@djﬁugfﬁ@@ngl‘asgbhgt&;tt%%g%%ie:g%agr}dbétﬁéégﬁj%rcient provi ded

i fi &t nmake up a
to each anplifier stage of a plura pli _ _
i i ! SN h dification of the bias current
gldjgns? ? '? hegggllrbrg n? act 0?8%1@ ﬁl?ﬁ{efn%h"rrgr K& T%Lﬁ.reraﬁ@tﬁ’gﬁ”ﬁn? FEGrandey gRiMat i on
[ it iS ki GONR Lon.with the current adjustnent circuit to
Get or i nlesc%g:}l es i nrgt@ﬁteé”sgggft\rllm ECCELBF”@PWL}?@“EP@W%HrﬁPdlﬁEg@ ffipequency
grer:)Ieir;ni er Elrﬂquﬂt e % «%rm' nation, the gain factor evaluation circuit _
provi des a conpensat| %ﬁ gie&qglang e stags Plem plusdiity of memlifier stegies i ndi cat i ng

that make up a high gain, high frequency amplifier. The modification of
the bias current adjusts the gain factor of the amplifier. The gain factor
evaluation circuit is in communication with the current adjustment circuit to
determine changes in the gain factor of the high gain, high frequency
amplifier. From the determination, the gain factor evaluation circuit
provides é compensation signal to.the current ad}ustment circuit indicating

a modification factor for the biasing current for each amplifier stage.

In a first embodiment of this invention, the current adjustment circuit
has a first reference constant current source mirrored from a reference
current source to generate a reference current. A first repiica amplifier is :
connected to the first reference constant current source to conduct 3
master biasing current that is modified according to the compensation
signal. Biasing currents for each amplifier is provided by a plurality of
mirroring current sources. Each mirroring current source is in

communication with the first replica amplifier stage such that each.



a nodification factor for the biasing current for each anplifier stage. In
a first enbodinent of this invention, the current adjustnent circ ité—f@iis a
.first reference constant current source mrrored froma referenc‘g2 FE& 2086
source to generate a reference current. Afirst replica anplifier is.
connected to the first reference constant current source to conduct a

mast er bi asiMyCEld CEHENt Pratrces gapeifies dnabior dirmgnttvopdrecsanpensat i on
signal .. Biasing currents for each anplifier is provided by a plurality of
mrroring cunasienbisewroesat oBaehrenlica aRipigecstapgNt source is in

comuni cation with the first replica anplifier stage such that each 8 2 2
FEB 2006 mrroring current sources generates one bias current proportional

to the nmaster bi : i l.ifier stage. In a second and
R e i e e N

third enbodi nent of this invention,

plurality o ' urrent urces. The mirroring current sources
provi de thefaf)qH ggrﬁgﬁﬂr#f%r? & P&gur ig’ho‘camﬂqmﬂé?”r@éééwff?ﬁe Thei mirearingg  cur r ent

sources recej onpensatijng signal fromthe gain factor evaluation
circuit, | n%ﬁ?gtt%ﬁ{gg nBrEﬂYﬂ © hﬁ’gb'éﬁ BRE foRgash gallifipsstagec dieensat i on
current fromi%ri“%}#trhe fias currents are mrrored. The gain factor

eval uation Circuit “has e Ereyevbecagwessating sigpal wmvhdeat first and a

second refegence va:?l tage, which are inputs to a second replica anplifier
_stage- The G A EON G cip | D fthig rerahegdipent, the compensating signal is a

compensation current from which the bias currents are mirrored.

The gain factor evaluation circuit has a reference voltage source to

provide a first and a second reference voltage, which are inputs to a
second replica amplifier stage. The second re.plica amplifier stage
amplifies a voltage difference between the first and the second reference
voltages. The gain factor evaluation circuit has a compensation signal
generator connected to the second replica amplifier stage to receive the
ampiified voltage difference, modulate a biasing current of the second
replica ampliﬁer stage and, when the amplified voltage diﬁérence
approaches a null level, produce the compensation signal. The

- compensation signal generator is formed of an operational amplifier
having an in-phase input and an out-of-phase input connected to receive
the amplified voltage diﬁerehce. The compensation signal generator has

- a first master current source that provides the biasing current to the

second replica amplifier and a second master current source joined to the



anplifies a voltage difference between the first and the second reference
vol tages. The gain factor evaluation circuit has a conpensation signal
generator connected to the second replica anplifier stage to rec2p\REB g6
anplified voltage difference, nodul ate a biasing current of the second
replica anplifier stage and, when the anplified voltage difference

appr oaches aunof-phhsy oyt pf PRUSRrhieh A AFRaREAT TH%]S?&W as-{é]-ec r%%rtrpensati on
[

signal generator is forned of an operational anp Ier avin i n- phase
i nput and agootb-@is | ceive he anplifjed voltage
di fference. The conpgﬁ?:t\ﬁi%ggg%\aér}\gc?%g rggg%rit%rtrtlﬁ%‘éut-gf-pfw?%? MR Rbe cur r ent
source that, | iasing current to the second replica anmplifier '
and a secon r?gﬁs/étocej??%%rgg% g\gg?egecqrr&nﬁéauch I§ |geupled g tire firgtoogster

out - of - phas inrg)ut of the gperational anplifier. The second master current
source caus&¥'H r\/%ﬂ%%%é“?*éy%t they Bee prapssinnaatiresgedive-af - phase i nput to be
nodi fied. The second master current source is coupled to the first master
current soufBEr¥uRe RkEtangksy Taeecqmppetioosijnal genespeTline: 0s 4

envi ronnment al changes. The conpensation signal generator further has a
current feeBEeR feprlank citnitrrsrnedtdidtateernam subpus Bk ddaeaRes at i onal
anplifier and the first master current source to sink a conpensation
current to em@lfi¢rand thedirermester entreApL6@ee 1 BRKY 8SRENSHdENt Of the

~second replica anplifier and the conpensating curr.ent are conbi ned such
that, as theumestrtatthenal mambi £ieéntchRRASSTHESiEAPENTALI Flpgur rent, the

second replica amplifier and the compensating current are combined such

that, as the operational amplifier changes the compensation current, the

biasing current of the second replica amplifier adjusts inversely. The

compensation signal generator additionally has-a compensation signal

converter communi;ating with the operational amplifier to form the

compensation signal as a function of the compensating current. In thé

preferred implementation the compensation signal converter is a first

voltage-to-current converter.

The current feedback is formed by a second voltage-to-current
converter that transforms a compensating voltage at the outﬁut of the

operational amplifier fo the compensation current,

-Brief Description of the Drawings

Fig. 1is a schematic diagram of a differentiat amplifier stage having

degenerative feedback of the priar airt.
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bi asing current of the second replica anplifier adjusts inversely. The
conpensati on signal generator additionally has a conpensation signal
converter conmmunicating with the operational anmplifier to formthé2 FEB 2006
conpensation signal as a function of the conpensating current. In the
preferred inplementation the conpensation signal converter is a first

ol 1 age- to- cur ront oo er el Spoh S p T ST SiastredieRey Vo1 Cage ot the

vol tage-to-current converter ans

out put of t rational amplifier to the conpensation current. Brief
Descri pti on%g?pfﬁﬁgog}"&vﬁ”%?rg?g. 1 is a schematic diagramof a differenti al

anplifier stage having degenerative feedback of the prior at 10 2 2 F E B
2006 Fig. 2 is a_schematic diagramof a high gain, high frequency
anplifier of the il Rigek dippgm grawingl dekfint agwandirdesfrggah a first
enbodi nent of a gain conpensation circuit for a high gain, high frequency
anpl i fi er ofoRmessajaermuitdor aRigh gdini bigh fechemey sengdiiagepmiof a first
enbodi ment of a gain conpensation circuit for a high gain, high frequency
anpl i fier ofnvehiim. invention.
Fig. 4 is a schematic diagram of a first embodiment of a gain
. compensation circuit for a high gain, high frequency ampilifier of this

invention.

Fig. 5 is a schematic diagram of a high gain, high frequency
ampilifier that employs the first embodiment of & gain compensation circuit

of this invention.

Fig. 6 is block diagram drawing of a second'embodiment of a gain

compensation circuit for a high gain, high frequency amplifier of this

invention.

Fig. 7 is a schematic diagram of a second embodiment of a gain

compensation circuit for a high gain, high frequency amplifier of this

invention.

Fig. 8 is a schematic diagram of a high gain, high frequenc‘;y
amplifier that employs the second embodiment of a gain compensation

circuit of this invention.
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i i i i i lifier
i is a schematic diagramof a high gain, high frequency anp _
'ltZIhgt 2rrlpisoys the first embodi ment of a gain conpensation circui tﬂzol;’Eélg-@ﬁi i
invention. Fig. 6 is block diagramdrawi ng of a second enbodi nen€ 2o

[ [ [ [ [ [ lifier of this
tion circuit for a high gain, high frequency anplif _
iC(r)nr/rgﬁtnisgn. Fig. 7 is a schematic diagram of a second enbodi ment of a gain

conpensation ci r &gt fsdsloek Bﬂag}’brﬁ@r&vin@nﬂ% ﬁﬁr%%ﬁ&%igfeﬁloh%ig@%@ (r)];qbgincszy

invention. Fig. 8 is a schematic diagrar a _ o
anplifier thamperpheysctif 1"6?83@@1 ﬁgﬁ?g!g%%%q%n g aéf&eggé esnzi agram
circuit of this invention. 11 §: : ! ' hi ah
drawi ng of \}eﬂé enbodi ment of a gain conpensation circuit for ﬁ |?.
gai n, high ?]reqitlje[ﬂcy anplifier of this invention. Fig. 10 is a schenmatic

[ [ [ [ [ it for a high
i ‘ f a third enbodi ment of a gain conpensation circui _
g;?%ram Sh frequency anplifier of this invention. Fig. 11 is a ﬁchfhmaﬁ |dc
di agram of a hi giiGions shsajlerfateqliegeyn odamhird ERbddiabnesm) gys the thi
enbodi ment of a gain conpensation circuit
compensation circuit for a high gain, high frequency amplifier of this

invention.

Fig. 11 is a schematic diagram of a high gain, high frequency
amplifier that employs the third embodiment of a gain compensation circuit

of this invention.

_Detailed_Descripﬁon Of The Invention

To adjust thé total gaih of the differential ampliﬁef as shown in Fig.
1, the current through the NMOS tr'ansistdrs M1 and M2 must be adjusted
to compensate for the changes in the transistors parameters due to the
variations in the environmental factors such as process, temperature, and
applied voltage. In the first .embo'diment of this invention, the current of
the biasing current source Ig is adjusted as the environmental factors

change. in the second and third embodiments of this invention, the

current of the current source Ig is held as a constant value. A
‘compensation current is added or subtracted with the biasing current
source Is of the NMOS transistors M1 and M2. As the environmental

- factors change, the parameters sut:h%as mobility of the NMOS transistors
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of this invention. .Detailed Description O The Invention To adjust the
total gain of the differential anplifier as shown in Fig. 1, the current
through the NMOS transistors ML and M2 nust be adjusted to conepFaEBe2iibor
the changes in the transistors paraneters due to the variations in the
environmental factors such as process, tenperature, and applied voltage.

In the firsilansoMizrant thefresistisity ngthat iesmstofs! LG WILERE, Ofng RRe bi asing
current source |Is is adjusted as the environnent al *Yactors cﬁange In the

second and dfangd. ereoshmBetsateh &me?wt né‘%%ltéeﬁ{;wensgﬁ oﬁ%biﬁr?% f the current

source Is is held as a constant value.” A CO €r€ added or
subt ract ed awd 1 NMOS transistors M
and M2. As thedﬂSeEC?ﬁ%l@r?% qﬁ%g%{?%wg%@%ﬁ& &méﬁ@”éf?é@rérrﬂ 1siigh, as

mobi lity ofpbhe,. ﬁ'% thégémgg%?sm %{mZ FEB 2006 ML and M2 and t he

resistivi ty of the re5| Righ fregiepry 2mpliianrimaimbe
conpensati on cuh F is inversely varied to counteract these effects of
t he change A p%ﬁ%ﬁ%? ers of the NMOS transistors ML and M such that

the gain of the high gain, high frequency anplifier remains essentially
constant. Refer nowto Fig. 3 for a description of a bias current generator
of the first arf@elsr paw  ipaltigedtioula miesstripiort bi & bizavattd R yenthgoPBst er
current

the first and principat embodiment of this invention. The master current

“source Iy is the reference current source that provides the controlling
current for the current sources 4, I, I3, and I, that are mirrored from the

- reference current source l,. The current source I is coupled to supply the
controlling current to the voltage reference generator Veer. The voltage
reference .generator Vrer produce;s; the reference voltages Vgerr and

VREFZ-

The reference voltages Vrerq and Vrers are the inputs to the

differential amplifier DA1. The differential amplifier DA1 is structured as

| shown_ in Fig.‘ 1 having similar device geometries and resistance values.
The biasing current Ig of the differential amplifier DA1 is supplied by the
current source f,. The output nodes Ny and N are the inputs to the
operational amplifier OA1. The éurrent source |3 is connhected to the
output nodeer_ to provide a biasing current the adjusts the voltage level of
the output node Ny The output of the operational amplifier is connected

to a voltage-to-current converter Vi1. The voltage output of the

S 13



source 1o is the reference current source that prpvides t he coptrollgn?rom
current for the current sources 11,hI2, 13, ?nd 3rget2iti2r§ogk{g§2f6582mﬁ
the reference current source la. The current so
i ference generator VREF.
ly the controlling current to the voltage re
?ﬁgpvgltage ref erence generator VREF produces the reference voltages VREF,

' ' ' ' ' e 10 the
F2 gperatiengrampldicv @A hiesorvaibed uds iR Ab8rrbRe, 4100 Wi
Sin?feysﬁtial anplifier DAI. The differential anplifier DAL 1's structured as

shown 11 F1 o dolbauitng.siont Lahei v SRnBLHbeRAR digal-plange val ues.

The biasing current 1$ of the differential a Ier lied by the

current s OUﬂiéevolt_%fge]fBQ:tﬁllétnP Wb AQEGSRL i %Ugfrr]%\%teﬁ greqntg ttlrg% Iﬁﬁ@%%éht ? ot P ﬁe

; t~sou ‘
operational anplifier OAL. The curren y ol tage | evel
output nodeciiedtd, B R¥NARe%iRLA3 NG CP{E[{GP@E%}%@?%{@;%;W};{?%%M. s
of the output nofle N2. ﬁe out%&f of ergt er eV11 The vol tage out put of the
' |.t age-to-current conv - X <
1825 EEB JEQ%%@FB?&%‘FWMHWP@Md@mtheéemért@@djmmesbabe@ to a
current value within the voltage-to-current 'cqnverter. VI1. The Vil i<
compensat | oft Edlfrefit eTTpresie! emsliver I?Lg@f-w?' Gﬂfﬁ?ﬁ?fﬁrﬁ%t glrjr rent IB for
: fromthe constant current o tor X
tsﬁgt {j?ﬂ :?eﬁiiaﬁle i otfrett nDAEs N, Einel Nphpehaadingthe arid@intatldnaBi®Vi des t he
f eedback to adjust the biasing - '
| o of the differential ampiifier DA1.
Any changes in the environmental factors cause the voltage at the
autput nodes Ny and N, to be different. The compensation current ley
causes the biasing éurrent Is to readjust such that the voitages at the
output nodes Ny and N, are brought to the same level. This, as shown

hereinafter, ensures that the gain of the operational amplifier DA1 remains

constant.

In the first embodiment, as explained above, the biasing currents of -
the differentiqt amplifier stages are modulated to stabilize tﬁe gain of the -
differential amplifier stages as the environmental factors change. In Fig.

5, the high gain, high frequency amplifier is structured and functions as
shown in Fig. 2 with the exception the current sources lgq, Ip2, and Ig; are
now incorpog'ated to the gain compensation circuit of this invention. The
junction of the resistors RS; and RSy, the junction of the resistors RSs and

7 'RSG, and the junction of the resistors RS; and RS; are connected

14



[ [ i fi i in turn, adjusts the
rent 'B of the differential anplifier DAL _Thls, in _
\Sglrtage at the output nodes N1 and N2 by changing the anplificat |\o|n factors
of the differential anplifier DAL Any changglezntthg egy}][gilrerﬁ[gg_lf_:ﬂpmns)r
e the voltage at the output nodes N, an 0 be di nt.
gg‘rjr;ensati on cu?rent | CT causes the biasing current In to readjust such

that the votdsagegval td e n@d’é@N%, 2%@ Nlt@pgﬁygoﬁe%tgg ?%Uﬁl{%# ge%iﬁ the same

level . This, as shown hereinafter, ensut ef Iﬁ theef ig?ISt errbodierrent s
i £ "y i nstant . . [ .embodi m ,

ggg[ g.;[ :’lggalagg{\ﬁﬁg,bh%%g{nb@?gitﬁgE@%Iﬂﬁgﬂﬁ@]Of etw HPTFTpéF?%?ﬁqr}a@r@ﬁm i fier stages

are nodul at % Lo stabili %e tkkg gain of the differential anplifier ﬁtages

as the envi §or¥ﬁ§g%§tt§la Padyigied ARG EUTeAtSHRg Jos, BNAtlive hi gh gain, hi g -

frequency anplifier is structured and functions as shown in Fig. Wi

t he exception the current sources Isl, 1B2, and 183 are now incorporated to

I . M . . . . . the
e gain conpensBEfBRINgitodig.t3,dhe roidss iNay Biat aranNs BRe cohkestbi 99 (o
ﬁggi g'?lopsCRgg and RS4, the junction of the resistors RS5 and RS6, and the

) _ 5
i i f Ceiientrigiics tibils wRSh siniks RESmabeiatNBiasHEh tn2tERiA .
Jrgggtelcfinvgl y to the nodes N3, N4, and N5 that are connect eocI) to ‘%ﬁe gain

conpensat i obiasingauirtentd Isk, Mg anaVENt TOBendhfe 43l @10%9@38:{1‘% S cireuit
provi des the nodul ated biasing currents |1B4, 1s5, ‘and Tso.
currents lga, lss, and Igg, the output of the operational-amplifier OA1 is the
input to the voltage-to-current converter VI2. The voltage-to-current
canverter VI2 is connected to the current source I’z and the output of the
replica differential ampiifier stage DA2. The replica differential amplifier
stage DAZ is structured to be equivalent to the diﬁerenﬁaf amplifier DA1

and has it input connected to the voltage reference generator Vper to
receive the reference voltages Vgeps and Vper. The current source Isis
designed to provide a current substantially equal to the current source Iy.
The second compensation output current ey of the voltage-to-current
conVerter Vi2 is substanially equal to the compensation current ley, thus
the bias currént I'g is forced to be equal to the bias current Iz, which has
been adjusted to compensaterfor variations due to the environmental
factors. The biasing current I’y is the controlling current for the current
mirror tM1. The modulated biasing currents Ig4, lps, and lgs are thus |

dependent upon the biasing current I'g.



Returning to Fig. 3, the nodes N3, N4, and N5 are connected to the current
mrror IM, which sinks the nodul ated bi asing currents nodul ated bi asi ng
currents 1fl 4, 185i and 156. To generate the nodul ated bi asing cé&@rfdit €06
1134, 1B5, and 1136i the output of the operational -anplifier OAl is the
input to the voltage-to-current converter VI2. The vol tage-to-current

conver 1, V12 L SReBeenl B0 s AP gRBES B 34 Dot B (e

replica differential anplifier stage Ica

lifi - ; ‘ ‘ 0 b ) . LY -
s Rl T

gener at or VREF I t.he ference vol tages VREEI and VREF2. The
current soulrﬁ?éahaéwfig%dg@i’ﬁ%%{ﬁjof%ﬁmcﬂ/f:ﬂ@e%t liFG ewth Bigoetrdrdli al 1y equal to
the current source. 12. The second conpensation output current 1'CT of the
vol t age-t o-%‘{fff?"&%’le‘“gc%‘ﬁ\%%r'fe@ﬁ sQuzei ls, afiheatirednity leGud), aho L ieirgpnpensat i on
current ICT, thus the bias current Nis forced to be equal to the bias
current ' B, MEA oA threepntaeljaustesd Id of oo geisteat B, Bag Ryadrbat i ons due to the
environmental factors. The biasing current 1'B is the controlling current

for the cur¢@mectad serailyltdornThevaitadadatiesr. bT}@@i,@@Bg@a,ro%n@@z B4i 1BS, and
| B are thus dependent upon the biasing current I'B. 15 2 2 FEB 2006 Refer

now to Fi g.actobetharanster Hetatdrathstese idhibABe 9bid ai_n ensation
‘circuit of this invention. The NMOS transistors NE%?&I\E?EFW@%EF? |

{0040} The differential amplifier DA1 is formed by the transistors M2 and

M4, the source degeneration resistors RSy and RS;4, and the load
resistors RLg and RLqq arranged as shown in Fig. 1. The NMOS transistor -
M7 with the NMOS transistor M5 form the current source I, for the
differential amplifier DA1. The ogtput node N, is the Junction of the drain of
the NMOS transistor M3 and the load resistor RL,. Simitarly, the output

| node N is formed at the junction of the drain of the NMOS transistor M4
and the load resistor RL1y. The operational amplifier OA1 is formed of the
single stage differential amplifier A1, the capacitors Cgq and Cecz, and the -
resistors Reyand Res. The capacitors Cer and Ceo, and the resistors Rm. -
and Re; form a compensation network for the differential amplifier A1.
The 'noninverting input of the amplifier A1 is connected to the output node

N1 of the differential amplifier DA1 and the inverting input of the amplifier

At is connected to the output node N2 of the differential amplifier DAA.

16



MB, and ML5 are structured to forma current mrror with the control
current being the current source lo, and the currents 11, 12, 1,3, and |'2
being Mrrored fromthe control current 1Q_ The resistors R an@ ZR2EBI2606
connected serially to forma voltage divider. The voltage drop (11R2)
across the resistor R determnes the reference voltages VRErl and VREF2_

[0040] The diffemaatd@lenp8Rlickiel; Qﬁ%eb@gfﬁﬁmﬁtrgaﬁaﬁ_ﬁ@gi@bors M3 and

M4, the source degeneration resistors dNeresistors

RL9 and RL, -in Fi The NMOS transistor M with the
NMOS transigdtl\g(rbsﬁﬁ ortrénF egcu'rsrée}) eg{?&héh‘if‘ﬁeﬁnﬁ‘%“t godedNenef al

anplifier D utput, node N, is the junction of the drain of the NMOS
transi st or %%ngﬁ@%e'&ﬁogger@g?%% étﬁﬁfg@d%iw fhypIopange by thpatmounbde N2 i s
fornmed at the gunction of the drain of the NMOS transistor M@ and the | oad
resistor RLEGUITARIgplerational anplifier QAl is forned of the single stage
differential anplifier A, the capacitors Cc, and CC2, and the resistors
RG 'and Rc2. The capacitors Cc, and CC2, and the resistors Rc, and RC2

form a conpensat i16A MORotrandistors MO stid m&b@bti\@?ﬂrm 8k Witagdhe
noni nverting input of the anplifier Al is connected to the out Sut node NI

of the différenreal convptifd €M HALVENAThE®NIOSSFAAdN RIS pigge, ampl i fi er
Al is connected to the output node N2 of the differential anplifier DAL 16

 22FEB2006 Theve ldeniod! ApRECRIGE tb hdiRE R 1hY bABNERA LaRsigLor VB with

fer and Por are essentially equal. The current loy is fed back to form the

bias current ig after the subfraction from the current i,.

The replica differential amplifier DAZ is formed by the NMOS
transistors M11 and M12, and source degeneration resistors RSy and
RS,; arranged as shown in Fig. 1. The load resistors are replaced by the
active load configured PMOS transistor M13. The NMOS transistor M15
with the NMOS transistor M5 form the current source I’ for the replica

- . differential amplifier DA2.

As is known in the art the active load formed by the PMOS

transistor M13 is éssentially a cutrent source. The PMOS tfransistor M14
is connected to mirror the current I's. The PMOS transistor M14 and the
- NMOS M16 form the controlling current source for the current mirror 1M1
that generates the bias currents Ipa, Igs, and lge. The current through the
PMOS transistor M14 and the NMOS M16 designed to be essenﬁaliy
| equal to the current 'y . The NMOS transistors M17, M18, and M19 are

17



[ | [ [ [ [ de N2) of
transistor Mo and is connected to the inverting input (no
'It\lgarrpl ifier AIl. The voltage at the Node N2 thus changed by the anpunt

i i tively for
equal to RL1013. The PMOS transistors M) anti MLO respecti) i QP@B
vgl tage- to-current converters VIl and V12. The PMOS transi stor 3\@5 MLO
have identical aspect ratios to insure that the conpensation currents are

| G and ' Gluat@caseanidi@bloafalrehleoGlEs Bbinkielhiad Sfhrlack Lo form the

i t Beplica
bias current Is after the Subtractio romthe currént
differential, amplj,fier DA2 is formed by the NMXS transistors 1111 andF!\/IIZI,
and source dségener%ti on resistors RS1t and RS12 arranged as shown in Fig.
1. The load resistors are replaced by the active |oad configured PMOS

i i i Mb form
[ 3. Jhe transistor. ML5 wth the NMOS transistor _
N e A S S
known in the art the active load formed by the PMOS transistor M3 is
essent | al | YE&SEIF FerndBurenerativnal vgsifier Adsiret witabb4o-dgrarannect ed t o
mrror the current 1'B. The PMOS transistor M4 and the NMOS ML6 formthe

[ i ' tes the
rol | i ngoeUPHenY!ls oline eefativet feedouck exlp fotddsohe IMddestNRhn@ R
(l;iogts cur regzt s lgo, 1g5, and I. The current through the PMOS transistor M4

and the NMISe BhfheadBSi gredidlo be essentially equal to the current I'B . The
NMOS: transi stors ML7, ML8, and ML9 are 17

The discussion presented hereinafter describe.sl the function of the
negative feedback loop and its operation to Combensate for the variation
in the environmentat factors of temperature, process and power supply
variations. The reference voltages Vrges and Vgggz_as created by the
voltage drop 1sR; across the resistor R, causes a voltage différence
between the nodes N1 and N2. The node N2 is at a higher potential,
because of amplification by differential amplifier DA1 is equal to gmsR; as
shown in Eq. 1. Since the drdp across resistor R, is fixed, the amount by
which the potential at the node NZ is higher compared that at the node N1
depends on the magnitude of effective transconductance glms only. '
However, the operational amplifier A1 is only sensitive to the difference of
potentials at nodes N1 and N2. T.herefore, the discussion can be
simplifier by assuming the voltage level at the node N1 is fixed at zero |
potential. The potential at the node N2 increases with the
transconductance gq in the positive direction. On the other hand, the

current I; acts to decrease the voltage potential at the node N2.

18




2 2 FEB 2006 structured respectively to the current sources to sink the

bias currents I1B4, 1|1B5, and 1B6 A negative feedback loop is forned with
differential anplifier DAI, resistors R and R2, operational ang#fi @r 6—& ,
"~ the voltage-to-current converter VII. The negative feedback | oo gf' e?sB

the nodes NI and_N2 to the sanme DC potential. The discussion presented
herei nafter descriBexameatimeftihercedbadidoombgaint\hy ds=edbag kndtamp and its
operation to conpensate for the variation in the environnental factors of
t enper at ur e NOR? His At anppgidwevolgsmatentiar iTails oottgeThaengiierignee Vol t ages
VREEI and VREF2 as created by the voltage drop |I,R2 across the resistor R2

causes a voRtaedbyftee enyifichatl wersioh Wi imagdaswiikArd e, atel Beyaode N2 i's
at a higher potential, because of anplification by différenti (QI anplifier

QU TS eqUaFHOSUMRRie GEMISBU R ind 1nS RGPS LA 1B RGhRSS est stor R2.

is fixed, the anount by which the potentia Fs hi gher

conpared t héémﬁbnéélﬁ)nn%%r'eyrw ler qgﬂ%?ggsé?ﬂgtcggeqné:%%}zgggﬁ%p ﬁ;qf %(F:édéqvei s only

t ransconduct ance gm, However ‘

sensitive t i f.f potentials.at_nodes N1 and N2. Therefore,
the di scuss%oatrtlrag%g,age&[r%%% ‘?’;‘?’g&%‘&a;@%)ﬁ{! ng‘ﬁﬁ gelelyda evel at the node
Nl is fixed ﬁ[ zero eé),otenti al. The potential at the node N2 increases with
the transcBHEIRIGERICHIRNt L threygh Besturrans sebresciormad berthe INMOiSher hand,

. the.. transistor M7 and the compensation current leT. Sinc'e.z the current I, is
fixed, the bias current {5 reduces as the compensation current ey
increases, reducing the effective transconductance gn in turn. This
reduction in the effective fransconductance Oms Causes the potential at the
node N2 to decrease untit it becomes zero. Co.nver'seiy, assume that the
node N2 is at a negative voltage potential. This time the amplifier A1 will
cause the gate of the PMOS transistor M, to go high causing its drain
current (compensation current) let to reduce. ‘Consequently, bias current

ls increases, increasing effective transconductance Oms and this increases
the voltage potential at node N2 until it becomes zero_again. Thus, if the N
feedback loop is designed correctlly, the potentials at the nodes N1 and N2

remain virtually equal under steady state condifions.

The absolute voltages Vs and V. at nodes N1 and N2 are

respectively determined by the foliowing equations as:
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current 13 acts to decrease the voltage potential at the node N2. 18 2 FEB
- 21306 The exam nation of the feedback | oop begins by assum ng that the
node N2 is at a positive voltage potential- This voltage potential wll be
amplified by the anplifier Al which will, in turn, will cause the J&ES Wb
the PMOS transistor MD to go |ow causing the latter's drain current (the
conpensation current) ICT to i F: t ¢ e observed fromthe circuit
that the bias current VB%NDdHf%@%@i ier DAL isggctual ly the
difference of current 12 throu thé curre spurce fornmed by the NMOS
transi stor M/ and the conpensation current | Since the current 12 is
fixed, the bias current | B reduces as the conpensation current IcT
i ncreases, reducing the effective transconductance gnms in turn. This
reduction in the effective transconductance gns causes the potential at the
node N2 to decrease until it becones zero. Conversely, assune that the
node N2 is at a negative voltage potential. This tine the anplifier Al wll
cause the gate of the\PrJy[;BVtoE@- sj_ﬁnGRLleRZt I igg%ﬁausi 8 its drain
current (conpensation current) {[cT togredu €q b I entle, -fi as current
| B i ncreases, increasing effecttve transconductAnce gns and this increases
the voltage potential at node N2 until it beconmes zero. again. Thus, if the
feedback | oop is_designed correctly, the potentials at the nodes N1 and N2
“remai n virtual | yT8gfegdhaskdeons tusaey sttealyestatendinditons. ensure that the

absolute voltages Vi, and Vy, at nodes N1 and N2 are essentially equal.

Thus pombining equations Eq. 3 and Eq. 4 the effective transconductance

9ms is determined by the equation.

o= 21 - "
h Rz | | Ea. 5
The equation Eq. 5 demonstrates the effect of the feedback loop in .

determining the transconductance Oms N terms of resistance R,.

Without disturbing the feedback ioop, several replicas of the bias
current |y are generated using replica biasing and mirroring with voltage-
to-current converter VI2 and the current mirror IM4. The voltage gains of
the differential amplifier stages AV, AV,, and AV; are determined by the

combinatiqn of the equations Eq. 2 and Eq. 5 to become:

Aw= gmsRin = EE -Eq; 6

1 2
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lute voltages VN1 and VN2 at nodes NI and N2 are respectlvgl y
EQSe?%Sged by the ?ol | owm ng equations as: 19 2 2 FEB 2006 and VN1 = VQd 9
SRLITR2 IsRL 2 + 2 Eq. 3 VN2 =V DD - gnsRLIIR2 + IBRL J_t3RL E-224FE3|23‘-1‘63
The feedback | oop, under steady state conditions ensure that the absolute
vol tages VN1 and VN2 at nodes N1 and N2 are essentially equal. Thus i
conbi ni ng equati ons E\al_hege,alﬂd: B¢.3.4-the effective transconduct ance g 5| S
determ ned by the equation. 131 gng _ - Eq. 5 |7 R2 The equation Eq.
denonstrates the effect of the feedback loop in determning the

. . : . t he
nsconduct ancelgwsuirantsdr emd of rasseatraober B2 .thi bhogbngHasddifBimg _
Hagdback | oop, several’replicas of the bias current ?e are generated using

replica bi aseragnandumbtsaiivee iyt MivGArAOR1hS SRR CRIVERY V12 and
the current mirror M. The vol tage gains of
RL6, RL7, and RL8 in Fig. 5 are of the same type as R; in Fig. 3 then,
equation Eq. 2 it can be shown that the voltage gains A,y of the individual
differential amplifier stages are independent of variations in the
environmental factors of process, temperature, and power supply voltage.
Physically, the master bias current Ig changes with the above variations

adjusting gms such a manner that the amplifier voltage gain A,y remains

constant.

Simulation using the known ‘H—s;ﬁce simulation program found that
a high gain, high frequency amplifier of the prior art has a gain of 55dB +/-
10dB. Whereaé, the high gain, high frequency amplifier employing the
gain compensation circuit of this invention improves the gain variation to
55dB +/-2dB @ 190MHz over the process cormers and a temperature

range of —35°C to +85'C with compensation.

Referring now fo Figs. 8 and 11, the high gain, high frequency
amplifier is structured and functions as shown in Fig. 2. The modulation of
the biasing current for each of the differential amplifier stages AV, AV,,
and AV, is a result of the addition (Fig. 8) or subtraction (Fig. 11) of the

compensation currents lery, lerz, lops Of Fig. 8 and the compensatidn
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. . e _ i ned by the
the differential anplifier stages AV,, AV2, and AV3 are determ ne B
conbi nation of the equations Eq. 2 and Eq. 5 to becone: A ,N= gnbRLN = |3
RLNI1 1 R2 Eq. 6 f 20 2 2 FEB M Were, N=1,2,3, ...... The curg?WQ§3gm3
and |3 track each other as they are generated fromthe same current source
la by mrroring. If the resistors RL3, RL4, RL5, RL6, RL7, and RL8 in Fig.

. . , . be
f t heusants SlcR2ofifg F Bfrodh bh@the HROMRY LOReFAsodckl (Can be.
ghg\r/\g ?hat t he vol If?g:c%afﬁioA of the individual ﬁégl fFerentl a% Hiplifier

are ind ent of variations in the environmental factors of
;ﬁggggs, terlr%érgg{%{ﬂ%é, and power supply voltage. Physically, the mastﬁr
bias current |e changes wth the above Xal’l ations agjoﬁztiaﬂtg grSI fmlsgfl oﬁ
‘ t he l,ifier vol e gain Aye remains st ant . _ X
g?ggrtLQaLnOMI I?-.‘i-rgs)%?oéﬂén & PXflﬁgjl é?‘%@rﬁ%ﬁ%@le@?ﬁmﬁﬂt ¢fi&€ gain hi gh gain, high
frequency anplifier of the prior art has a gain of 55dB +!_  10dB. Whereas,
t he hi gh gairgﬁ,rn%”@ﬁ“cf”r EefiRMcyf teipnyantien hempheyiofigge hefergaiengermrprnsat i on
circuit of this invention inproves the gain variation to

Vrer, the differential amplifier DA1, the operational amplifier OA1, the

voltage-to-current converter VI1, and the current sources ls, and I3 form
the feedback loop as described for Fig. 3. The voltage-to-current
converter VI2 is now connected directly to the current mirror circuit IM2.
The current mirror circuit IM2 sinks the compensation currents leyq, Iors,

ers. The compensation currents Iery, let2, lors are adjusted as described

above where the compensation current ler varies as the environmental

factors vary. In this embodiment the voltage-to-current converters VI1 and
VI2 are designed to ensure the compensation current ley and the
compensation currents lerq, Iers, lors are equal or proportional to each

other over any variation of the environmental factors.

Refer now to Fig. 7 for a more detailed discussion bf the second
embodiment of the gain compensation circuit of this invention. The output
current ley, of the yoitage—'to—éurrent converter Vi1 (the drain of the PMOS
transistor MQ) is the input to the feedback current mirror IMFB. The output
of the feedback current mirror IMFB sinks the compensation current Igr.

The NMOS transistors M42 and M43 are configured as a current mirror
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6 ture range of
-2dB @ 190M+z over the process corners and a tenpera _
5ggBC+{ 0. d+8g@C with conpensation. Referring nowto Figs. 8 and 11, the high

i i uenc anplifier is structured and functions as s? VWS Boos
I%?I " 2hI '?'Eef ;ne)gul atiyon g? the biasing current for each of the di ?f erenti al
arr%iifier stages AVl1l, AV2, and AV3 is aresult of the addition (Fig. 8) or

j el3 of Fig. 8
i onS at 119 oeput herrentripe 05 tid WtageLtoafirerk hhvedd of Fi
Zﬁgt[ﬁgtgggpleensgli ong 21 2 2 F E B 2006 currents |CT4, 1CT5, Y@g of Fig. 11

i . ' in Fig.
fromor to teecditasicogesuior & cS@PERESIoH L rentF2, and ' B3. As shown in Fig

i tf'on current of this
t he second enbodi nent of the gain conpensa _ _
i6,nventi on has the voltage reference generator VREF, the differential

i fi i ifi Al, the voltage-to-current
amplifier (r)Al Thhe atA plré?frmlflerd rﬁ L
cgﬁverter S/I 1, and tﬁgﬂgt?r renp our'cesere! %Q,aﬁ’f'd Or8UT g RONVRESf eedback

j i | + e vol tage-to-current —converter V12 is now
connected df restrs Lol @it e i Pl Iesink e curr ent i rror
circuit 1M sinks the conpensation currents |CT1, ICT2, 1CT3 The .
conpensat i of” CHFPFEHE QUEFDS feorderi letsend & adqsﬁa;meﬂy _aQuQ[ets;ﬁ?g :oedf agt g\rlg

e the conpensation current 'CT varies as the environne
\Ogre; I n t HEPEh BT L T!hma/ahme:gte-atre-adtﬂéﬁth@Bd@éf(f]ﬁer?érﬁs\{311,1|3§,nd Viz are

designed to ensure the conpensation current 1CT an
and las of Fig. 8 respectively. These currents are adjusted as described
above by stabilizing the balance between the bias current Iz and the
compensating current Iy as described above. ‘The NMOS transistors
M45, M47, M48, and M49 are configured to form the current mirror IM2
which functions as current mirror IM1 of Fig. 4 except the level of the
currents afe at the level of compeﬁsation current rather than the biasing
currents.  Even though only the compensation currents lerq, lere, etz are

provided, the gain of the differential amplifier stages AV1, AV2, and AV3

is as calculated in Eq. 6.

As shgwn in Fig. 9, the third embodiment of the gain-compensation -
current of this invention also has the voltage reference generator Vree, the
differential amplifier DA1, the operational amplifier OA1, the voltage-to-
current converter VI1, and the current sources 1y, I,and 1, form the
feedback loop as described for Fig. 3. The voltage-to-current converter
VI2 is now connected to the current mirror circuit IM3. The current mirror

circuit IM3 sinks the compensation currents leyy; lors, lers. These currents
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conpensation currents I CTl, 1CT2, IcT3 are equal or proportional to each
ot her over any variation of the environnental factors. Refer nowto Fig. 7
for a nore detail ed discussion of the second enbodi nent of the ggi n 2006
conpensation circuit of this invention. The output current "err 2 FH@
vol tage-to-current converter VI1 (the drain of the PMOS transistor M) is

the input t@rekebiraetetidokhe biaserirrarits 191 1, MRy 1T %WFEF@EN@% feedback

current mrror | MB sinks the conpensation current

canst o or s MianSoscereaAUNSH 85 FRSHEIR) N ILS0EE 0" = S

2906 such that the output current 1,7 _ age- V&onverter

VIl is theygenren r ; C satj,on current | CT. The out put

current I"err of the secon tage-to-curr

control curg f Ok & mrrors that the sink the conpensation
currents IC'}'j%,w'l18%'58'%ﬁgggﬁ%ﬁ?ih%ﬁ%@q%ﬁm‘ﬁyr@mﬁﬁ%{?”ﬁﬁ VHean®Midut current
lerr. These currents are added to the bias currents 181, 182, and |B3 of
Fig. 8 respécti 9@'99@%P]@E%Uf@utp?éﬁ@%@t@@jcugﬁéﬁicaﬁndéﬁeri bed above by
stabilizing the bal ance between the bias current 18 and the conpensating
current | CTCa8'F§eseiomedreaodes. wh & ABSetuansi mboosionMe, e A7, MA8, and
MA9 are configured to formthe current mrror 1M2 which functions as

current m robrerlavier afiy Fagatich exgepnireanle¥alragbrd he currents are at the
“level of conpensation current rather than the biasing ,

Refer now to Fig. 10 for a more detailed discussion of the third
embodiment of the gain compensation circuit of this invention. The output
current L., of the voltage-to-current converter VI (the drain of the NMOS
transistor MGQ) is the input to the feedback current mirror IMFR. The
output of the feedback current mirror IMFB sinks the compensation
current ler. The NMOS transistors M64 and M85 are configured as a
current mirror such that the output current lerr Of the voltage-to-current

converter VI1 is the control current for the compensation cufrent ler.

The o_utput current Pe; of the second voltage—to-curfeﬁt converter :
Vi2 is the control current for the current mirrors that source the
compensation currents lers, lors, lete and is substantially equal to the
output current Ie,,. These c;urrenis are adjusted as described above by
stabilizing the balance between the bias current is and the compensating
~current let as described above. ‘The PMOS transistors ME6, M67, M68,

and M&9 are configured to form the current mirror IM2 to provide the level
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currents. Even though only the conpensation currents 1cTl. 1CT2, 1CT3 are
provided, the gain of the differential anplifier stages AVI, AV2, and AV3
is as calculated in Eq. 6. As shown in Fig. 9, the third enbodi ﬁéﬁf Uﬁfpe
gain conpensation current of this invention also has the vol taz e% ence
generator VREF, the differential anplifier DA, the operational anplifier

QAl, . the veithagerteats aiiheenicl 0P BYRTHeREaM L ﬁ&? fmat?« rces 11,
| 2,and 13 formthe feedback | oop agbdescrigLeld or% %Hé[g %&Hg

vol t age- t o-aurarefit EQONSIR oniY e ES n o the current mrror
circuit 1M3. The current Ltr%%rroy cl r@ggﬁg%ﬁ% (éqﬁhq%ss icﬁ‘é iEﬁ 7% i on

i i . b d
To the biae current s duar! aa o er AL SPAIOE hots AL AR 593 The o

conpensat i lcT, ,,-1cT5, ICT6 are adjusted as described above
where the 35%%&’;1%%1?%’%%{‘8&9%%@- cT varies as the environnental factors

vary. In this enbodi nent the voltage-to-current converters VI1 and V12 are
designed to ensure.the conpensation current IcT and the conpensation
currents | CT4, |’£Sr?§,9\i‘éﬁfé fegre tegyatonst apd tpat embodimdra, emeh ot her over any
variation of the environnental factors. Refer nowto Fig. 10 for a nore

det ai | ed di%efigdirdans Pl theegainicothpeeshtict ket 6f thidiav&aidh Sempensat i on
circuit of this invention. The output current lerr of the

vol t age- t o-psibémby cabwitutieg PG S(tARidbAl R r WvbRE IS ors and
NMOS 'transistors for PMQOS transistors. While this invention has been

particularly shown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from

the spirit and scope of the invention.
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transistor M62) is the input to the feedback current mrror | MFB. The

out put of the feedback current mrror | MB sinks the conpensation current
| CT. The NMOS transistors Me4 and M5 are configured as a current mrror
such that the output current 1eCr of the voltage-to-current coqygg; o 1
is the control current for the conpensation current |IcT. The outptt current
Perr of the second voltage-to-current converter V12 is the control current
for the current mrrors that source the conpensation currents |ICT4, |CTS,
| CTr, and is substantially equal to_the output current lerr. These
currents are adjusted as described dBB% by stabilizing the bal ance

bet ween the bias current I'$ and the conpensating current |ICT as described
above. The PMOS transistors M66, M67, M8, and M9 are configured to form
the current mrror 1M2 to provide the level 24 2 2 F E B 2006 of the
currents at the | évghingiompansatieacirewit owadivsita gain fenton ¢fzan amplifigrasi ng
currents. Even though only the conpensation currents icT4. 'CTS, |ICT6 are
pr ovi dedsaid benplifiemhaniing b eluilityef satiestormguted differssttiapamphfidr, stdgds, and AV3
is also as calculated in Eq. 6. As is evident fromthe second and third
enbodi mesiid gainh®mpaatiog diradit esvdpadinghe gain conpensation circuit of this
invention are possible by substituting PMOS transistors for NMOS
-transistors and NMOS transistors for PMOS transistors. Wiile this
~invention has been

a current adjustment circuit that provides a master biasing signal that
modulates a biasing current provided to each differential amplifier stage of the
plurality of differential amplifier stages for adjusting the gain factor of the

amplifier; and

a gain factor evaluation circuit in communication with the current
-adjustment circuit to determine changes in the gain factor and to provide a
compensation signal to the current adjustment circuit indicating a modulation
factor that changes said master biasing signal for modulating said biasing current

for each differential amplifier stage.

2. The circuit of claim 1 wherein the current adjustment circuit

comprises:

a first reference constant current source mirrored from a reference current

source to generate a reference current;
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particularly shown and described with reference to the preferred

enbodi nents thereof, it will be understood by those skilled in the art that
vari ous changes in formand details nmay be nade wi thout departi n%from t he
spirit and scope of the invention. 25 2 2 i= E B 2006 Clains 1. A YEER 2006
conpensation circuit to adjust a gain factor of an anplifier, said
anplifier having a plurality of series connected differential anplifier
stages, said gain conpensation circuit conprising: a current adjustnment
circuit that provides a master biasing si (%nal t hat nodul ates a biasing
current providBEt {eplisa anriifier eenngcted OLh Tirstirgterancgyeonstanticgrept ural ity of
differential anplifier stages for adjusting the gain factor of the

anpl i fi esourgmip eonghichtiieamaster diasingsiood tbatris madified genardintdathon with the
current adjustnent circuit to determine changes in the gain factor and to
provi de eompengadinsignal sgidgnal to the current adjustnent circuit indicating
a nodul ation factor that changes said master biasing signal for nodul ating
said biasing current for each differential anplifier stage. 2. The circuit
of claim1 wherein the current adjustnent circuit conprises: a first

reference congpRRdlitg Bf mARSrirRsUreeht Bbirces &6l pfdvide the'IRASIhG R/l THENT
each differential amplifier stage and in communication with the first replica

amplifier stage such that each mirroring current source generate one biasing

current proportional to the master biasing signal.

3. The circuit of claim 1 wherein the current adjustment circuit

comprises:

a plurality of mirroring current sources to provide the biasing currents for
each differential amplifier stage and in communication with the gain factor
evaluation circuit to receive the compensation signal, said compensation signal

being a compensation current from which said biasing currents are mirrored.

4. The circuit of claim 1 wherein the gain factor evaluation circuit

comprises:

a reference voltage source to provide a first and a second reference

voltage;
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source to generate a reference current; 26 2 2 F E B 2006 a first replica
anplifier connected to the first reference constant current source to
conduct the nmaster biasing signal that is nodified according to the
conpensation signal; and a plurality of mirroring current source&2tfgB 2008
provide the biasing currents for each differential anplifier stage and in
comuni cation with the first replica anplifier stage such that each
mrroring current source generate one biasing current proportional to the
nmast er biasin siqpal._The circuit of claiml wherein the current

adj ust ment ci ¥ 88fANdERIIca swwlifier stage Baying adirshinprigrarmgetagripdhe sources to
provide the biasing currents for each differential anplifier stage and in
comuni ckfergACHVekaghRoUseR to Feseiverthe divsiiraterenge altaggiandt» seeansl inputt he
conpensati on signal, said conpensation signal being a conpensation current
f r om whi conreated toiths irefgrencenmlinge aparogi torrecaide the s@domdaeferende of cl ai m |
wherein the gain factor evaluation circuit conprises: a reference voltage
sour ce tvolfageysald sechnd sdplisadnplifiecsiade eiifgng @ voithjadifer@ice2 2 FEB 2006

- between the first and the second reference voltages; and

a compensation signal generator connected to the second replica amplifier
stage to receive the amplified voltage difference, modulate a biasing current of
the second replica amplifier stage and, when the amplified voltage difference

approaches a null level, producing the compensation signal.

5. The circuit of claim 4 wherein the compensation signal generator

comprises:

an operational amplifier having an in-phase input and an out-of-phase

input connected to receive the amplified voltage difference;

a first master current source to provide the biasing current to the second

replica amplifier;

a second master current source joined to the out-of-phase input of the

- operational amplifier to cause a voltage level to be present at said out-of-phase
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a second replica anplifier stage having a first input connected to the
reference voltage source to receive the first reference voltage and a
second input connected to the reference voltage source to recei FE
second reference voltage, said second replica anplifier stage aé@ §:WE a
vol tage difference between the first and the second reference voltages;

and a conpensation signal generator connected to the second replica
anplifier stage to receive the anplified voltage difference, nodul ate a

bi asi ng curreqé t he second replica anplifier stage and, when the

anpl i fi SAPYIANGHGCOMTHRICRRIEWIR Y Hest RASIar Guent SRurcH sugh et dhengrst he
conpensation signal. 5. The circuit of claim4 wherein the conpensation

si gnal qRINLSRAOHE BATHEF Pweent seRTGascaTatMedified Bwenvirorunental ehanags: i n- phase

i nput and an out - of - phase i nput connected to receive the anplified voltage
difference; a first master current source to provide the biasing current to
the second replica anplifier; a second master current source joined to the

out - of - phase a adntdéediaek oanatted atwesp bh foutiut bb tieadserationadl t age | evel to
. be present at said out-of-.phase 28 2 2 FEB 2006 i nput and i n conmuni cation

Wi th t hearhplifidr aRB3h& Tirst Mt cubrimt 66uRAH sirtkad copehddtivh cunénsgrond mast er
current sources are nodified by environnental changes; a current feedback
connect eghidRiARRBSHEPENPEbLRE WHISePRAE Mids@Pburrent of the second replica

amplifier and the compensating current are combined such as the operational

amplifier changes the compensation current, the biasing current of the second

replica amplifier being adjusted inversely; and
a compensation signal converter communicating with the operational
amplifier to form the compensation signal as a function of the compensating

current.

6. The circuit of claim 5 wherein the compensation signal converter is

a first voltage-to-current converter.
7. The circuit of claim 5 wherein the current feedback comprises a
second voltage-to-current converter to convert a compensating voltage at the

output of the operational amplifier to the compensation current.

8. A high gain, high frequency amplifier comprising:
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anplifier and the first master current source to sink a conpensation
current to said first master current source wherein the biasing current of
~the second replica anplifier and the conpensating current are qu?kﬁﬁﬂmme
such as the operational anplifier changes the conpensation current, the
bi asing current of the second replica anplifier being adjusted inversely;
and a conpensation signal converter communicating with the operational
anplifier to formthe conpensation signal as a function of the conpensating
current. 6. The circuit_of claim5 wherein the conpensation signal
converter is aPifaligy ofdjffergntiak amplify instagememested seriafiifeard rcuit of claim
5 wherein the current feedback conprises a second voltage-to-current
converter to convert a conpensating voltage at the output of the
operational anplifier to the conpensation current. 8. A high gain, high
frequency an@ gdineonpempaiiei aguiZ®rdedtclEB 2006 theptiiffesdntiolamplifierf f er ent i al
anplify'ier stages connected serially; and a gain conpensation circuit

connect edlages waadjusifa gdin fabidf of eaun differenbl drpglifier stagesaitigaadlj ust a gain
factor of each differential anplifier stage, said gain conpensation

circuit emrsation ciréuictdsmpidingdj ust ment circuit that provides a master
bi asi ng signal that nodul ates a biasing current provided to each

~differential anplifier stage of the

a current adjustment circuit that provides a master biasing signal that
modulates a biasing current provided to each differential amplifier stage of the
plurality of differential amplifier stages, said modulation of the biasing current

adjusting the gain factor of each of the differential amplifier stages, and

a gain factor evaluation circuit in communication with the current
adjustment circuit to determine changes in the gain factor and to provide a
compensation signal to the current adjustment circuit indicating a modulation
factor that changes said master biasing signal for modulating said biasing current

for each differential amplifier stage.

9. The amplifier of claim 8 wherein the current adjustment circuit

comprises:

a first reference constant current source mirrored from a reference current

source to generate a reference current;
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plurality of differential anplifier stages, said nodul ation of the biasing
current adjusting the gain factor of each of the differential anmplifier
stages, and a gain factor evaluation circuit in comunication wt Qrztpr 2006
current adjustnent circuit to determi ne changes in the gain factor and to
provide a conpensation signal to the current adjustnent circuit indicating
a nodul ation factor that changes said master biasing signal for nodul ating
said biasing current for each differential anplifier stage. 9. The

anplifier of cLaim@8 wherein the curre djusfment circuit conprises: a
fTst 1 ef er erbtiot Birlichameiticr eatinectih Bahe At sSete e sns A cufgbe. cur r ent
source to generate a reference current; 30 2 2 F E B 2606 a first replica
anpl i fi efOUEGH ifeeanstuct theyaster pissingesignal dhal ie sindifias acogrdig o theour ce to
conduct the master biasing signal that is nodified according to the
conpensakdnepensiagaasionah@ng plurality of mirroring current sources to
provide the biasing currents for each differential anplifier stage and in
comuni cation with the first replica anplifier stage such that each
mrroring current source generates one biasing current proportional to the
mast er Dbi asi ngplargibadf miktbringheinempbodinces topravidy thebidieg eunehfddocur r ent
adj ustnent circuit conprises:

each differential amplifier stage and in communication with the first replica

amplifier stage such that each mirroring current source generates one biasing

current proportional to the master biasing signal.

10.  The amplifier of claim 8 wherein the current adjustment circuit

comprises:

a plurality of mirroring current sources to provide the biasing currents for
each differential amplifier stage and in communication with the gain factor
evaluation circuit to receive the compensation signal, said compensation signal

being a compensation current from which said biasing currents are mirrored.

11.  The amplifier of claim 8 wherein the gain factor evaluation circuit

comprises:

a reference voltage source to provide a first and a second reference

voltage;
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a plurality of mrroring current sources to provide the biasing currents
for each differential anplifier stage and in comrunication with the gain
factor evaluation circuit to receive the conpensation signal, said
conmpensation signal being a conpensation current from which sai & biF&Si 86
currents are mrrored. 11. The anplifier of claim8 wherein the gain factor
evaluation circuit conprises: a reference voltage source to provide a first
and a second reference voltage; 31 22FEB2006 a second replica anplifier
stage having a first input connected to the reference voltage source to
recei ve the fa setondgeplienamplifigriséage badng adfssidnput sopumecteddatieet ed to t he
reference voltage source to receive the second reference voltage, said
second rreidrence softdge saurce tagpeeverihe fiyst mgfesencs taiigge dintif esesurel inpat ween t he
first and the second reference voltages; and a conpensation signal

gener at otorfresteglCiode refetdneesoitags soekito decdind td sdcondtrafigerice recei ve the
anplified voltage difference, nodulate a biasing current of the second

replica wmRlgefl 88 sebatierephida amipnet aagé%mdlﬁﬁiﬁ@awltéggaif@:réﬁc% ence

approaches a null |evel, producing the conpensation Signal. 12. The

I
amp! | i ehetloofitié Mst IR EbbrIBrBRRENSIRIeANaRY ONal gener ator compri ses.
an operational anplifier having an I n-phase | hput and an out - of - phase
a compensation signal generator connected to the second replica amplifier
stage to receive the amplified voltage difference, modulate a biasing current of
the second replica amplifier stage and, when the amplified voltage difference

approaches a null level, producing the compensation signall.

12.  The amplifier of claim 11 wherein the compensation signall

. generator comprises:

an operational amplifier having an in-phase input and an out-of-phase

input connected to receive the amplified voltage difference;

a first master current source to provide the biasing current to the second

replica amplifier;

a second master current source joined to the out-of-phase input of the

operational amplifier to cause a voltage level to be present at said out-of-phase
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i nput connected to receive the anplified voltage difference; a first nmaster
current source to provide the biasing current to the second replica
“anplifier; a second nmaster current source joined to the out-of - pi#adé&EBnfidk
of the operational anmplifier to cause a voltage |level to be present at said
out-of -phase 32 2 2 F E B 2666 input and in comunication with the first
master current source such that the first and second nmaster current
sources are nodified by environmental changes; a current feedback connected

bet ween an t put of the erational . anplifier and the first ster
current -®8Hf%%&)PoC°§?WHn'§a@%hﬁ’§héﬁ? ﬁﬁ'ﬁ anﬁ)c?re%r rgnt, SOWge $UF rﬂﬁ% tprggfsir current
source wherein the biasing current of th cond, replic anplifier and the
Compens atith SeLand BABeh FTER HFRRP Agenodiied R eavepninenialenandsst i 1 er
changes the conmpensation current, the biasing current of the second
replica anplifier being adjusted inversely; and a conpensation signal
converter communicating with the operational anplifier to formthe
conpensat i on &tyent fagdeackunaemnecteddietvien aomytmd af thegoperatiomait . 13. The
anplifier of claim12 wherein the conpensation signal converter is a first
vol t age- sroplifierrazdtthe éirai endster. cukrent Sbercartplsirk & combpensatiom ditrenbés ei n t he
current feedback conprises a second voltage-to-current converter to
convert gai¢ firQemssiéd agrarpkbage dierbimtthe biasing current of the second replica

amplifier and the compensating current are combined such as the operational

amplifier changes the compensation current, the biasing current of the second

replica ampilifier being adjusted inversely; and

a compensation signal converter communicating with the operational
amplifier to form the compensation signal as a function of the compensating

current.

13.  The amplifier of claim 12 wherein the compensation signal

converter is a first voltage-to-current converter.
14.  The amplifier of claim 12 wherein the current feedback comprises a

second voltage-to-current converter to convert a compensating voltage at the

output of the operational amplifier to the compensation current.
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out put of the operational anplifier to the conpensation current. 33 2 2 F E
B 2006 15. A gain conpensation circuit to adjust a gain factor of an
anplifier, said anplifier having a plurality of series connectegly FEB 2006
differential anplifier stages, said gain conpensation circuit conprising:
a current adjustment circuit that provides a master biasing signal that
nodul ates a biasing current provided to each differential anplifier stage
of the plurality of differential anplifier stages for adjusting the gain
factor of the,_anplifjer, said, .current, adjustnent circuit conpLising: a
first referent® CCAQ?MO"&WWS@H?”§EE‘H'£@ ?dfﬁ‘?t@r%nff?‘gﬂﬁ‘&#?'w@?’g Fe current
source to 8enerate a reference current, a first replica anplifier connected

to the f$9id@mrliigrbadao aghaelbyiof sgriee gennadied ddferentichamphitien {agefst er
bi asing signal that is nodified according to a conpensation signal, and a
plurali t%algﬂarﬁ ¢qropensption cirewt cemprieieg: t o provi de the biasing currents for
each differential anplifier stage and in conmmunication with the first
replica anplifier stage such that each mrroring current source generates
one biasing current proportional to the nmaster biasing signal; and a gain
fact or eval uad comerst adjustinenticieqitthai pratiides avnkbtet bRasirigy signal thaf ust ment

circuit to determ ne changes in the gain factor and to provide the 34
modulates a biasing current provided to each differential amplifier stage of the
plurality of differential amplifier stages for adjusting the gain factor of the

amplifier, said current adjustment circuit comprising:

a first reference constant current source mirrored from a reference current

source to generate a reference current,

a first replica amplifier connected to the first reference constant current
source to conduct the master biasing signal that is modified according to a

compensation signal, and

a plurality of mirroring current sources to provide the biasing currents for
each differential amplifier stage and in communication with the first replica
amplifier stage such that each mirroring current source generates one biasing

current proportional to the master biasing signal; and

a gain factor evaluation circuit in communication with the current

adjustment circuit to determine changes in the gain factor and to provide the
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2 2 F E B 2006 conpensation signal to the current adjustnment circuit

i ndicating a nodul ation factor for said biasing current for each
differential anplifier stage, said gain factor evaluation circui

conprising: a reference voltage source to provide a first and a %%Egﬁdzﬂﬂﬁ
reference voltage; a second replica anplifier stage having a first input
connected to the reference voltage source to receive the first reference
vol tage and a second input connected to the reference voltage source to
receive the second reference voltage, said second replica anplifier stage
anpl i fyi fRIMBEREAtiPRGIONH 5 bedayeent B@Pﬁfé@ﬂttq'féu'ﬁ i"ldéﬁatlé!ﬁ@ medulsiednd ref er ence
voltages and a conpensation signal generator connected to the second

repl i ca teisrrifen spid bissigecurient frsiach differeatinllanpliar slageasrid gair factance,

nodul ate a biasing current of the second replica anplifier stage and, when
t he anpl éfaleationaditcad ecdiprisimgence approaches a null | evel, producing the
conpensation signal. 16. The circuit of claim 15 wherein the conpensation
si gnal generator conprises: an operational anplifier having an in-phase

i nput and an out-of - phase input connected to receive the anplified voltage

di fference; %r@e%nEEBoﬁéﬁ@s@rﬁé kS broVRfd £First dhb @ SecoPbTERr&RPr OVi de the
bi asing current to the second

voltage;

a second replica amplifier stage having a first input connected to the
reference voltage source to receive the first reference voltage and a second input
connected to the reference voltage source to receive the second reference

| voltage, said second replica amplifier stage amplifying a voltage difference

between the first and the second reference voltages; and

a compensation signal generator connected to the second replica amplifier
stage to receive the amplified voltage difference, modulate a biasing current of
the second replica amplifier stage and, when the amplified voltage difference

approaches a null level, producing the compensation signal.

16.  The circuit of claim 15 wherein the compensation signal generator

comprises:

an operational amplifier having an in-phase input and an out-of-phase

input connected fo receive the amplified voltage difference;
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replica anplifier; a second nmaster current source joined to the

out - of - phase input of the operational anplifier to cause a voltage |evel
to be present at said out-of-phase input and in comunication wth the
first master current source such that the first and second mas\t,geei2 F&br 2086t
sources are nodified by environmental changes; a current feedback connected
bet ween an out put of the operational anplifier and the first master
current source to sink a conpensation current to said first master current
source wherein_the biasing current of the second replica anplifier and the
conpensat i ng st QTﬂSteJlfé"%Bhﬁ?Wéﬁ tQ B@Y'J;%th@r@a%B%PHFPBWQIthe SREPNG i er
changes the conpensation current, the biasing current of the second

replica 9RHF3 AMOHI®ei ng adj usted i nversely; and a conpensation signal
converter conmunicating with the operational anplifier to formthe
conpensation signal as a function of the conpensating current. 17. The
circuit of claim 16 wherein the conpensation signal converter is a first

vol t age- t 0- cua sesdndonaster temrent3ubcejofried ARG oliBof-Pi@secinpoliofithef cl ai m 16
wherein the current feedback conprises a second voltage-to-current

conver t espdratieren eaiplifier LuERE SAldIRgeVold] &9 Be preddit at 94t Rut-oRphhde
operational anplifier to the conpensation current. 19. A gain conpensation
circuit mpupshdmicomnmahitafiGithith 19 idP nA¥Rri duk@ht source such that the first

and second master current sources are modified by environmental changes;

.a current feedback connected between an output of the operational
amplifier and the first master current source to sink a compensation current to
said first master current source wherein the biasing current of the second replica
amplifier and the compensating current are combined such as the operational
amplifier changes the compensation current, the biasing current of the second

replica amplifier being adjusted inversely; and
a compensation signal converter communicating with the operational
amplifier to form the compensation signal as a function of the compensating

current.

17.  The circuit of claim 16 wherein the compensation signal converter

_is a first voltage-to-current converter.
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said anplifier having a plurality of series connected differenti al
anplifier stages, said gain conpensation circuit conprising: a current

adj ustment circuit that provides a master biasing signal that n@dquFBBezisa
bi asing current provided to each differential anplifier stage of the
plurality of differential anplifier stages for adjusting the gain factor of
the anplifier; said current adjustnent circuit conprising: a plurality of
mrroring current sources to provide the biasing current for each

differential lifier. stage,and dn_communicati th a gai.n factor

eval uation ci ngEi tﬁ'feoC'Fcé’étéﬁ S, WB%%?%W”EF%?\#QPW Ea'i%ﬁr'ﬁ‘aﬁwﬂensati on

signal being a, conpensation current fromwhich said biasing currents are
5999'?8 Vﬂttegé%-ﬁwrr ik ANVEUial IPR9YRMA FUIPRNSAINE yRIASR dbieon with the

m rrored;
current adjustment circuit to determ ne changes in the gain factor and to
provi de @utpebpifbn oreradionsl amalifier do theecorpersatioagrurettrent circuit indicating
a nodul ation factor that changes said master biasing signal for nodul ating
said biasing current for each differential anplifier stage, said gain
factor evaluation circuit conprising: 37 2 2 FEB 2006 a reference voltage
source to protd.de Aghinrmperndatios eitauititor afjestengsin Vadtdragfesn anpkfiend replica
anplifier stage having a first input connected to the reference voltage

sour ce tgnid aagilifier hdend hiphiralit9of 6eNEE coidobatedifeebrliabSeplRkristadds, connected
to the reference voltage source to receive the second reference

said gain compensation circuit comprising:

a current adjustment circuit that provides a master biasing signal that
. modulates a biasing current provided to each differential amplifier stage of the
plurality of differential amplifier stages for adjusting the gain factor of the

amplifier; said current adjustment circuit comprising:

a plurality of mirroring current sources to provide the biasing current for
each differential amplifier stage and in communication with a gain factor
evaluation circuit to receive the compensation signal, said compensation signal

being a compensation current from which said biasing currents are mirrored; and

the gain factor evaluation circuit in communication with the current
-adjustment circuit to determine changes in the gain factor and to provide a
compensation signal to the current adjustment circuit indicating a modulation
factor that changes said master biasing signal for modulating said biasing current

for each differential amplifier stage, said gain factor evaluation circuit comprising:
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voltage, said second replica anplifier stage anplifying a voltage
difference between the first and the second reference voltages; and a
conpensati on signal generator connected to the second replica anplifier
stage to receive the anplified voltage difference, nodul ate a bi &2 F§B 2006
current of the second replica anplifier stage and, when the anplified

vol tage difference approaches a null |evel, producing the conpensation
signal. 20. The circuit of claim 19 wherein the conpensation signal

gener at or coggrises: an operational anplifier having an I n- phase i nput and
an out - of - phad EETRIE5Ge VOladR epwaeds Proyvids g drstipdanscondegiaiendsge
difference; a first nmaster current source to provide the biasing current to
t he secoWHﬁBleica anplifier; 38 2 2 F E B 2400 a second master current
source joined to the out-of-phase input of the operational anplifier to
cause a voltage level to be present at said out-of-phase input and in
communi cation with the first master current source such that the first and
second nast era secorehiepicaamptifi@rstagobatingd fipst impti cooneetatiad tidhanges; a
current feedback connected between an output of the operational anplifier

and the fdférshcansit®je SoUrt€ s reveivethe fitst Fefekerideeyonagp engal seddndunp@nt to
said first master current source wherein the biasing current of the second

| nglr ;tc ?O%gp%lciéd ®rth@ éfeldieORINBEE $8LIcRG0 FeEdiP the SR ohl FBIchGitteS UCh as the
voltage, said second replica amplifier stage amplifying a voltage difference

between the first and the second reference voltages; and

a compensation signal generator connected to the second replica amplifier
stage to receive the amplified voltage difference, modulate a biasing current of
the second replica amplifier stage and, when the amplified voltage difference

approaches a null level, producing the compensation signal.

20.  The circuit of claim 19 wherein the compensation signal generator

comprises:

an operational amplifier having an in-phase input and an out-of-phase

input connected to receive the amplified voltage difference;

a first master current source to provide the biasing current to the second

replica ampilifier;

38



anplifier changes the conpensation current, the biasing current of the
second replica anplifier being adjusted inversely; and a conpensation
signal converter comrunicating with the operational anplifier to formthe
conpensation signal as a function of the conpensating current. 212 FERe200
circuit of claim219 wherein the conpensation signal converter is a first
vol tage-to-current converter. 22. The circuit of claim19 wherein the
current feedback conprises a second voltage-to-current converter to
convert a conpensating voltage at the output of the operational anplifier
to the conpend se¢Ql aptes gurrentosource joined to the out-of-phase input of the

operational amplifier to cause a voltage level to be present at said out-of-phase
input and in communication with the first master current source such that the first

and second master current sources are modified by environmental changes;

a current feedback connected between an cutput of the operational
amplifier and the first master current source to sink the compensation current to
said first master current source wherein the biasing current of the second replica

- amplifier and the compensating current are combined such as the operational
| amplifier changes the compensation current, the biasing current of the second

replica amplifier being adjusted inversely; and

a compensation signal converter communicating with the operational
amplifier to form the compensation signal as a function of the compensating

current.

21.  The circuit of claim 19 wherein the compensation signal converter

is a first voltage-to-current converter.
22.  The circuit of claim 19 wherein the current feedback comprises a

second voltage-to-current converter to convert a compensating voltage at the

output of the operational amplifier to the compensation current.

39



