- UN 2006 HI GH FREQUENCY CMOS DI FFERENTI AL AMPLI FI ERS WTH FULLY - -
IC?JV\I;ENSATED L1 NEAR- | (l\ll-JdB VARI ABLE GAIN CHARACTERI STIC |. Field of the

| nvention The invention relates to hi gh frequency, variable gain, N

. differential anplifiers, and nore particularly-to the design of a high I
frequency, variable gain CMXS anplifier with a linear-in- dB gain contro
characteristic, conpensated for tenperature and fabrication prﬁﬁﬁis

vari ations. 2. Descri ption of the Related Art Circuits for |Bg @ﬁuency,

[ I ' nt i lifiers were previously designed in bipolar
chr:lhﬁg: ggg%¢ﬁeﬁﬁqﬁ% ?Mﬁ’&%ﬂlfﬂn@m& PRE WIBHIEA. Y 0 out put current
char act er i ${GMPBYSAHD bINFARIN-dBMARIABRLE A INTEHAR ACTERISGRSI gn rel atively

i sti - [ d are
easy. However, MOS, characteristi cs are not so wel | -defined an _
rel gt i vel y lafieldiotthednvertianse in circuit designs. However, CMOS designs are

because of t advantages in fabrication. There are sone
g\u& glr](ca 1]: Sﬁéﬁ a4 Ogﬁz"}%‘?sg? Eﬂgpg"%e@‘i?{qurﬁblpﬁgw41ﬁ@¢r5@m@IMSmdmm ess one or

the other PHSpEEly tothedesigerfadighripqhary, wariibit daiiSMOB akbRfor wikd iaMnedlin-

it lcort@n ther. Related U. S.
 Lermer atur b sihlconon haddas cablenk RS SR Bod ARELISL kel 1 o U1 S
"-Pat ent 6, 2&%,3@%8 1 (Song et al.) discloses a CMOS vari able gain

g o : . . , , | US
Fti - st age. e the Ré near-in-dB and variable gain contro _ _
glejlltelntSG-%ZZ BngﬁBhSﬁﬁi' }rlr%mJl%tngéltLt al .) teaches the use of a first differential
anplifi er Gires f@&%iﬁﬂﬁﬂﬂ@poﬁlﬁdbb@m differntiad arhpliflersiedré prgdodsty Rsik ik €91 on of

1 ot ol Ao BEBHL B BB ol = 67

Bot h a1 frear@iic P b & fRpiind e deapdsvingliey, HaveesMa o] o cf h
al .) shows BaraRiETisHcs & agfeo Wietidefined dud att belatively difiduls tgadorin cidifldedidngr Wher e the
gain of eadéwetn@RMOSdRRH fromurbrbRdéd/iediiad bdthe advantages in fabrication. There

are some CMOS differential amplifier designs in the literature which address one or the other

aspect of compensating for variations in bias, gain, or temperature, but none address all those

aspects together,

Related U.S. Patents referring to differential amplifier with compensation are:

U.S. Patent 6,259,321B 1 (Song et al.) discloses a CMOS variable gain multi-stage amplifier
with linear-in-dB and variable gain control. _

U.S. Patent 6,127,890 (Shimomura et al.) teaches the use of a first differential amplifier with
a gain proportional to a control voltage in a low region of the control voltage, and a second
differential amplifier with a gain proportional to a control voltage in a high region of the
control voltage. Both amplifiers are bipolar, however.

U.S. Patent 6,011,437 (Sutardja et al.) shows a multi-stage high bandwidth, variable gain
amplifier where the gain of each stage is controlled individuaily.

U.S. Patent 5,880,631 (Sahota) describes a multi-stage low power, high dynamic range,
variable gain amplifier, where the amplifier proper uses bipolar transistors.

U.S. Patent 4,816,772 (Klotz) discloses a single input, bipolar AGC amplifier with multiple
stages and applies a linearization control voltage to each stage.



U.S. Patent 5,880,631 (Sahota) describes a nulti-stage | ow power, high
dynam c range, variable gain anplifier, where the anplifier proper uses
birpolar transistors. U S. Patent 4,816,772 (Kl otz) discloses a single

i nput, bipolar AGC anplifier with nultiple stages and applies a

| i neari zation control voltage to each stage. | 18 JUN 2006 UAi% JBRt2m

4,459, 555. (J vyl ) nts a CMOS variable gain differential anplifier
in which the g'é’n%aﬂerfté‘v‘@?%rﬁ’g({?ﬁi 1) BEsisents Bl O Maf!%ék}maimtﬁffetrmﬁal BOPNEHh

vol tage W thout  wagfidH @8 slighS iflefis SRR LbL .S Patent 6,297, 698B1
(Cal l ahan, Jr.) teaches abvari gﬁ'ﬁé @%%@gﬁﬂra?poaﬁef aifpirelPitage wWiheite t he
gain is regul at ed ‘Wi thbdesondiflets. conparator. U.S. Patent 6,271,726
(Fransis et al g ék@O\{\/ﬁgBilgol ar variable gain single input anplifier which
has tenper at ure’ 'd'ql Ppl(Calizhpnodr) deachesomvarieble difeesntialhinemgiifert 0
design a vari abl e a8l i r. hi.gh freguency applications in CMOS
t echnol ogy where gairr1 iS'EtBS {%taeg\[}[girel(aé)aav&gﬁeﬁ"‘g” H’tpraétorvol tage and where the
variation in th® Rpent6/20$,726 (Frarw A al.) heas bboaARSHaLe L§td €. THe gain
characteristic also needs to be conpensat e%lJ ?or "ten’geﬁ%ﬁé’rezﬁpé’ﬁ%f"p'ﬁer
fabrication proces¥isfidiasdempanaiure digital Blopé,cintleffsevtadrol. hat none of the above
cited U S. Patents have been able to address all of the above cited
requi renents. The present invention discloses circuits which neet those
requi rements. SUMWNBrédtend g0 HONGENT Vb qal ' of at |east_ one
enbodi ment of the ! esent invention to pigg\?isaggjﬂ%é??‘%}g'?rq%a{ﬁlqge'ﬁﬁlaw ‘SHNF £ i er
for high freqifeéQSsehnplogyt whsns gain isOMBE vaeei Wil OBYrdVERRIRY Whelednd © DE
cvaried with a cont r ol voI.tage and where the variation in the gain nust
follow a |inE&dRUHndhe ggin mustfaliowes ngar-in-dB characteristic. The gain characteristic

also needs to be compensated for temperature and fabrication process variations. It
should be noted that none of the above cited U.S. Patents have been able to address

all of the above cited requirements. The present invention discloses circuits which mee

those requirements.

SUMMARY OF THE INVENTION

It is an object of at least one embodiment of the present invention to provide a
variable gain ampiifier for high frequency applications in CMOS technology where gain
is to be varied with a control voltage and where the variation in the gain roust follow a

linear-in-dB characteristic.



16 JUN 2006 It is another object of the present invention to provide for a
gain characteristic which is conpensated for tenperature and fabrication
process variations. It is yet another object of the present invention to
provide an amplifier with automatic gain control (AGC). It is _still

anot her object of the present invention to provide an anplifi et wiidr 2808 he
gain can be tri m"relg anc{ agﬁjsted for any desired accuracy. It is a further
obj ect of the presefif"? Gebef hepresend yentiga Wppyidefr aigaindRaracteristic
characteristi Iy i I emperat ure and process
variations. | ?’ h?&s? 'iégm%ngﬁ%ﬁgrﬁ%%é% a?)&%tbﬂ%at"%?grsogﬁsts VEHeRBi on is to
provide a high frequency anplifier which overcones problens due to

transi stor m smatches. These and many ot her objects have been achi eved by a
hi gh frequency CMAES Yefianpibeephiedpf thapresentdiveniitnds poviip e sewplificawlth gh
frequency vari -gal: i,fder, either direct or capacitor coupl ed,

whi ch . may cor?tagll“%hérﬁér"gc?ﬁgélr]mte\% stages, and which anplifies a first and a
second input signal Inl and In2, where the gain of the anplifier depends
on a first and a second bias current 1B1 and I.Z. 3 1 8 JUN 2006 A

t enper at ur e sensi rltys gtilkanather oliedt of e prasdtsnvantartd poaide ph bapied pOEL ignal - t o-
absol ute-tenp tur PTAT) depen t current | PTAT, and a tenperature

i ndependent g{aﬁr%s ng% "g'é%‘)o‘?ﬂ% @Fgﬁg‘?{@é‘yewrﬁgﬁF‘:WﬂF, and | REF2 A

gai n-sl ope correction circuit which receives a first and a second control
voltage VcoNT (the DC control voltage) and VcoM (the anal og conmon),
respectively, | REMisadurther biifFoAdf tha greshntaiveptiondsiRgsoade 4 NeariR@ at e control

vol tage VCT as,a function of tenperature by digitally conparing | REF, and
| PTAT, ther ebﬁh%ﬁ%&ﬁ%&f’m& opgqpet&sa@ﬁqgﬁ@pth émperature ana process variations.

Itis yet a further object of the present invention is to provide a high frequency

amplifier which overcomes problems due to transistor mismatches.

These and many other objects have been achieved by a high frequency CMOS
differential amplifier which comprises:

a high frequency variable gain amplifier, either direct or capacitor coupled, which
may contain more than two stages, and which amplifies a first and a second input

signal Int and In2, where the gain of the amplifier depends on a first and a second bias

current lg, and lg,.



sl ope of the gain control characteristics with tenperature of the high
frequency variable gain anplifier. A gain conpensation circuit which

recei ves | REF2 and generates a biasing current 1B which is nodulated to
conpensate for the gain of the high frequency variable gain anplifier
using a differential and an operational anplifier. A bias cont8aUNC208& ui t
whi ch receives VcT and Vc. M and divides IBinto IB, and IB2 by conparing
VcT agai nst ref er enemmpeaitiragasingRirclihiviaéh oAt oM . These and
many ot her objects anc? advant ag\eés of the %?\g?sent ﬂ%ﬁtp%%m\ﬂx PR readi | y
apparent to orRbsaipfanereratyet(RBA Brdepersfenhiurient g, amye tiriperat@e ifdapdhaehtr oM a
perusal of t | ai s, , the append drawi ngs, and the follow ng detail ed
descri ption o?%tt %‘é‘ﬁseﬁ?%‘? @Pef"él’fgé%%ﬁ?mm‘%!m@?l EF DESCRI PTI ON OF THE
DRAWNGS 4 -16 JUN 2006 FIG | is a circuit diagramof the preferred

enbodi nent of the bias control circuit of the present invention. FIGs. 2a
and 2b are a cir cu gaiatsiage meoﬁorecirbﬁitwmicmfeeéieésr@ﬁisﬂﬁbeﬂemtcoﬁifrol%tg%;éeCt
coupl ed hi gh yeqﬂenéxl vari abl e gain arrgl ifier of the present 1nvenflion.
FIGs. 3a and Jeovafe BCeppimlveltage)apd Mmoitheanglog samenk fespedidelereadamient of a
capaci tor coupl e ' ' in.anplifier of the present

i nvention. FI %TAT%m?gggh E{Ore%élg% h Ité@ég%@O%ng ﬁlevg%arggvéf ?%ﬁh@ﬁ’f%'oq?nent of a

gai n- sl ope coteneerdtan by digitallyicompéririghg. RESLR] therRYLSImsERsatiil Br aZhbiedn
circuit diagramof the preferred enbodi nent of a tenperature sensing
circuit of thé&opsedangain armiet sharactarpss vdthitemperaliek thei higir femuerfcy treable
preferred GWBQE@W of the present invention. FIG 7 is a graph of the
“high frequency differential anplifier gain control

A gain compensation circuit which receives logr, and generates a biasing current
s which is modulated to compensate for the gain of the high frequency variable gain

amplifier using a differential and an operational amplifier.

A bias control circuit which receives V,; and V,,, and divides g into I, and Iy, by

comparing Ve; against reference voltages V,, which are generated from Veom

These and many other objects and advantages of the present invention will be
readily apparent to one skilled in the art to which the invention pertains from a perusal

of the claims, the appended drawings, and the foliowing detailed description of the

preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS



characteristics with partial conpensation at three tenperatures. FIG 8 is
a graph of the high frequency CMOS differential anplifier gain control
characteristics with full conpensation at three tenperatures. 5 .16 JUN
2006 FIG 9-is a graph of the high frequency CMOS differential anplifier
gain control characteristics with no conpensation at three tefhfejél @i06s.
FIG 10 is a circuit diagramof the preferred enbodi ment of a gain
conpensation circghistq Rf, & j i l.n the figures |jike parts
are identified bqu’?'kLQr?u&r{egrﬁ% éﬁgﬁ%?ge&ge?%é%%?&ﬂfaﬁ?&p 3 EptiegeRRED
EMBODI MENT A déthe prgsentdmveofiont he present invention is given with reference
to FIG 6, FIG. 2a, 2b, 3a, 3b, FIG 1, FIG 10, FIG 5, and FIG 4. FIG
6 shows the bl ock diagramof the |linear-in-dB variable gain high frequency
CMOS differenti al . f.i oo L Si st five bl gcks, nanely the

hi gh frequency varia 'Iég éag?tr)lg%rr%%'?%ﬁggg?& gfﬁﬁ{ésé p{:e(g‘?{feldcﬁm%é)FWﬁTf ¢t ardifectyai n
conpensat i on eouplad Highliefhueticy VBRSNS Yhi® aMBRIRE HiGhE boGaH: InvéRion@nd gai n- sl ope
correction circuit 40. The detailed circuit diagranms for the respective

bl ocks 20, 10, 100, 50, and 40 are shown in FIGs. 2a, 2b and FIGs. 3a, 3b
(a first and a secQud ., pr rred enmbqdi nment), FI , FIG 10, FIG 5, and
FIG 4, respecti vgﬁ%' 3\9@8@156?9171@0@&?9@51 g@ﬁ?‘ﬁ?[‘%"é%ﬁ’%%?““’i‘@@ plea DC
control volt aggsdesr chixie DR hety ' ignal is
appl i ed difforential] wbcg?%g@{ehg?ﬁgb'?%%ﬁgt”pﬁﬁé#ﬁ‘g%?%é”{@%@' vari abl e
gain anplifier 20 and is available differentially, after anplification,

between Qutl and t2 of the sane anplifier. Bias control circuit 6 1 6
. JUN 2008 . FIG. 4 is a circuit diagram of the preferred embodiment of a gain-slope correction

circuit of the present invention.

FIG. 5 is a circuit diagram of the preferred embodiment of a temperature sensing

circuit of the present invention.
FIG. 6 is a block diagram of the preferred embodiment of the present invention.

FIG. 7 is a graph of the high frequency CMOS differential amplifier gain control

characteristics with partial compensation at three temperatures.

FiG. 8 is a graph of the high frequency CMOS differential amplifier gain control

characteristics with full compensation at three temperatures.



W now describe the bias control circuit 10 of FIG 1. The input to the
bias control circuit 10 is VAT, which is nothing nore but the control

vol tage VCONT nodi fied by the gain-slope correction circuit and, for the
ti me being, .can be considered as the control voltage itself. The bias
control circuit also takes a current input IB fromthe gain fidogpersmsti on
circuit. The bias control circuit outputs two currents 1Bl and 1B2 which
have the follow n% el ati onﬁ]hi p 1B1 = m 8 (1'%3 and"82 = (1-m 18(2)

wher enef (VCT) ( 3) G AN 9fithe Tigh feaeapeeMPS differentimempfifierpain contei e si zed
such that IB, : . trol voltage VeT is
conpared wt hc?ﬂ??&ﬁ%%@t%ﬁ/§gg%qs%?E‘?ﬂé&ﬁrﬁpﬁg&%{g' i's increased, current
is steered between the differential pairs M, -M" and, therefore, IB2
increases with |IBl decreasing. The magnitudes of the reference voltages,
the current nirrorf!®r HHs psireft diagram ofthe preferredeibotiorest &8, gaRscoripeneiios en
such that 1B"ir uﬁ%fﬁ%n var inthﬁ%ﬁgai n of the variable gain anplifier in
linear-in-dB fashicon "IRESEVeRIY™ det er ni ned by the Spice circuit analysis
simul ation. Therefore, it is obvious that m is a fractional nunber and a
non-linear function (simlar to exponential) of the control voltage VCT.
The r ef er ence IWbe figyes likgrrarty ereddentifiet Hy kmnametahsar ldteut VCOM wi t h an
operational anplifier OA and resistor divider Rw-RO,. The operation of a
simlar general purpose bias control circuit is explained in nore detail
n | ME2000- 021, the di sobqsupeio o bRerdrtiass eABgpAfGer i n by
reference. However, in the preferred enbodinent of the present invention
. the negative input of OA is coupled to a point 7 16 JUN 2006 al ong the
resi stor divider Ii[)é%sg%ﬁoggﬂﬁggl ify VcoM at the outPut of OAl. Wi ch point

i resent invention is given with reference to FIG. 6, FiGs. 2a,
2b, 3a, 3b, FIG. 1, FIG. 10, FIG. 5, and FIG. 4. FIG. 6 shows the block diagram of the
linear-in-dB variable gain high frequency CMOS differential amplifier 60. It consists of
five blocks, namely the high frequency variable gain amplifier 20, bias control circuit 10,
gain compénsation circuit 100, temberature sensing circuit 50, and gain-slope
coirection circuit 40. The detailed circuit diagrams for the respective blocks 20, 10,
100, 50, and 40 are shown in FIGs. 2a, 2b and FIGs. 3a, 3b (a first and a second
preferred embodiment), FIG. 1, FIG. 10, FIG. 5, and FIG. 4, respectively. V. is the
analog common, and Vo is the DC controf voltage for the gain variation. The high
frequency AC signal is applied differentially between In1 and In2 of the high frequency
variable gain amplifier 20 and is avaitable differentially, after amplification, between

~Out1 and Out2 of the same amplifier.

Bias controf circuit




en, and therefore the anplification to be selected, depends on the

ng)ze of and the design regEi rements. The output of OAl is determ ned by
the termn RO 1+ -n" V M1 COM E RD 1=O i.e., the output is
proportional. to VcoMand the ratio of the sumof the resistance between
the connection point and the output over the sumof the re5|%6anﬂezm&t ween
t he connection point and the reference voltage (typically ground). Gain
conpensati on’ ci rcuw % ensatlon‘c1|0_rcwt 10T0 of FIG 1_0 tak_es I N
a tenperature indepel r'@ﬁt”}e S qopjel pircyit 10, 16 o Tae dpubitodind biar ent i al

f v r| abl e gain
bl fTer oFaH“’é‘i“““*%“”‘?ﬂcﬁdW“&*‘*‘éz SR kDB DB ool By wi 1

an operat i onalfheam-slhpemn@ﬁmntmrmﬂmrﬂrmme tirletng| &an%rdoﬁélaerla@as fPuE this

ff tial tr 0 r_such that (W/ L)MN1I8 | | (gm MN
?{N L)e R/ﬁlgisREFf "% Yafﬁﬁ t?ﬁ?ﬁaﬁgeaﬁaﬁ@#@h@@%ﬁlsm&s B purR@t ipuf nl{s;fnbrelthem(ag; !a Edl s
gi ven by (9m %Haﬂeﬁsah Wr{el'tﬁalgl\&ﬂtr&%?rcu% outputs Ulo\I cgr(r)eon S IE”O andllglwrll%h
(5 we can writ
have the following relationship
Ig1 = mig (0
where m=f(Vor) (3)

The current mirror transistors Mg~Mj, in FIG. 1 are sized such that Iy, and |,
always add up to l. The control voltage V,, is compared with reference voltages
Vri—Vi, @and as it is increased, current is steered between the differentia! pairs M,,—~M;
and, therefore, lg, increases with Iy, decreasing. The magnitudes of the reference
voltages, the current mirror transistor sizes and the resistors Rg1—Rg, is chosen such
that l,, 15, can vary the gain of the variable gain amplifier in linear-in-dB fashion. These
are determined by the Spice circuit analysis simulation. Therefore, it is obvious that m
is a fractional number and a non-linear function (similar to exponential) of the control
voltage V. The reference voltages are generated from another input V., with an
operational amplifier OA, and resistor divider Rpe=Rp,. The operation of a similar
general purpose bias control circuit is explained in more detail in IME2000-021, the
disclosure of which is incorporated herein by reference. However, in the preferred

embodiment of the present invention the negative input of OA, is coupled to a point

7



1 (9m MN14 = 'DuCOX(W/L)MN14 = RREF (6) where K, is a constant given by:

(W/ L)MN18 n1(7) (W/ L)MNL6 A nore detailed explanation of the gain
conpensation circuit can be found in |ME patent |ME2000-020, the

di scl osure of which is incorporated herein by reference.

H gh frequency

vari able gain anplifier FIGS. 2a, 2b and FI Gs. 3a, 3b show t wbg pnef s ed
enbodi ments of the high frequency variable gain anplifier 20 of this

| nvention vi Mg Ages aRRBRR,HRUSY Shoir DL S BheafRuOLe vaAseaed 1

hi gher gain is required. The t ranscon

hel p of (1) (chpsemaend m)araf@egmampnbgau(:gt@u\dse:ectmmepeﬁa@(wthéMﬁ&ecr Khd<2~m
RREF (g ) _ mJ| CKIK3 1- m (W/ Lz MBL i 31 OX MBL where K ~~~L) MNA1 2

~MN14 RREF esign requirements. The ou

— -

n
2. Roi

=m
T+ M1 VCOM

2. Roi |
=0

put of OA, is determined by the term

i.e., the output is proportional to V., and the ratio of the sum of the resistance

between the connection point and the output over the sum of the resistance between

the connection point and the reference voltage (typically ground).

Gain compensation circuit

The gain compensation circuit 100 of FIG. 10 takes in a temperature

independent current ler,. It incorporates a differential transistor pair Myia Myyq of the

same tybe as in the variable gain amplifier of FIGs. 2a, 2b and FIGs. 3a, 3b. A

feedback loop is set up with an operational amplifier OA, to determine the tail current I

of this differential transistor pair such that

W7 Qpnigg 1

(g.) =
mMNIS (W / D) panggs \ R

The transconductance of M, or My,,' in terms of Iy is given by

(9mInt4 = {l8#Cox (W / L4

)

(6)



(8) (9) (10) 9 1 6 JUN 2006 and K3 ((WL)MNI 4 The voltage of one stage of
the anplifier 20 is given by (9mMAIRL1T _ (9nm) MB1RL1 Avl 1 +(9m) MA1 R1 |
(12) can be witten as A ,r =1 1 K1K2K4
K1K3K4 +Kj K2K5 1-m where K4 = RL, RREF and K5 = Rr RREF + K1K3K5 (12)
R, and RREF are the sane type of resi ?%OjlfN tzﬁagn K"

(9m MB1 R1 Using (8) and (9),

(13) (14) (15) If RL"
K2, K3, K, and K. all

are

combining (4) and (5) we can write:

Ky
(9mIpn14 = 'BECox (W / Upnzq = ——— (6)

Reer

where K, is a constant given by:

W/ 0y

T W/ O pnre - 7

A more detailed explanation of the gain compensation circuit can be found in

IME patent IME2000-020, the disclosure of which is incorporated herein by reference.

High frequency variable gain a'mpliﬁer

FIGs. 2a, 2b and FIGs. 3a, 3b show two preferred embodiments of the high

frequency variable gain amplifier 20 of this invention with two stages each. However,

more stages may be cascaded if higher gain is required. The transconductances of M,,

and Mg,, with the help of (1}, (2) and (6) is given by

where

KiKom

(9mImar = Jm’BﬂCox( W/ Lyat = @)
Rrer
K KaV1-m
(9mIntg1 = (1 - MguCox (W 7 Ljpygy = —2— 0 9)
Rrer
W/L
Ko = EW/L;MNM | (10)
MN14

+



tenperature and process independent constants. Then, from (13) and (3) we
can see that the gain of any one stage of the variable gain anplifier is

i ndependent of tenperature and process but changes with the control voltage
VCT. Therefore, the entire variable gain anplifier also has the sane
characteristic. Mre detail ed explanation of the high frequenc1y vari abl e
gain anmplifiers can be found in I ME 2001-003, the disclosure ‘o8 JUNi%# i s

i ncorporated herein by ref 10 16 JUN 2006 Gai n-sl ope correction
circuit It may qseemfr m ( w//tﬂ)mtgft he anplifier 20 is fully conpensated.
However, this®4s not S8~ (PERL e par amet er m has a tenperature (1)
coefficient. If we consider theM’i’Eﬁperature characteristics of IB, we wll
find that it %ncrozases W t t%erature to _conpensate for the reduction in
mobi lity p wi {1 YURPRPLANG S0 (hBR apwiiter 28 siveatlr e dependent current IB is
fed to the bias control circuit 10, it introduces a tenperature dependency
in the paranmeter m Thjs ;éﬁﬁémavﬁm _déﬂmv‘rdsfﬁm results in change in the

sl ope of the gain contrtl thégmlseiR,St1c(omhfpRENPErature, as -showht¥n FI G
7. This change in slope with tenperature can be conpensated by altering the
VcoNr Wi th t gsR@(ephkd g?, (THictn b nalepss i s perforned by the gain-slope
correction circuit 40. It converts VCO1T to VCT by altering the
anplification/attenuation of an operational anplifier QA2 with tenperature

as illustrated in FIG 4. Thigihkock takesgip two currents | REF1 and | PTAT
fromthe tenperature séns#-%iiﬁ%—«— G—,—,eﬁsbéhésedfbel ow. The formgf)is a

5
tenperature independent re AU dr,RexLatter linearly increases
‘Wth tenperature. These t currents affe-gonpared using a series of
current conparators fornmed with N-channel transistors Mco Mcp and
P-channel transistors }%/bo Mpp. Cascoded transistors are used to increase
the gains of ¥Vh&econpa ai:dkzl‘qs; The N- (14)

- Ri'
RRE F

and - Ks (15)

# Ry, Ry and Rge; are the same type of resistors then K, K,, K,, K, and K; all are
temperature and process independent constants. Then, from (13) and (3) we can see
that the gain of any one stage of the variable gain amplifier is independent of
temperature and process but changes with the control voltage V,;. Therefore, the

entire variable gain amplifier also has the same characteristic.

More detailed explanation of the high frequency variable gain amplifiers can be

found in IME 2001-003, the disclosure of which is incorporated herein by reference.

10



channel transistors have identical sizes but the sizes of the P-channel
transistors increase progressively. The output AO of a conparator is high
if Moo carries a higher current than Mco. It can be analyzed that as the
tenperature .increases, the outputs of the conparators AO AP go | ow
progressively one by one. This neans, the tenperature of thf" f)ﬂ‘@ @gs been
digitized and the digital data is available at A -Ap. 11 1 6 § é The
digital data is decoded using the di %i tal gates and is used to control the
switches Co CP. These switches, wPEfSPRecoBIcHorscrEsi stors RTO RT(P') al ter
t he feedback ratio of OA2 with tenperature, thus generating VCT from VCONT.
The Schmtt trigger inverters provide imunity against uncertain |ogic

| evel s at the out p'@ln‘@ymmﬁﬂg(Wt@méd&m&ﬁé}w@mum@eﬂ%t@a_lHgvhaqergﬁ‘iisn-sI ope
correction circuiit 40 of FIG 4. The gain-slope correction conparator
conprises a séf PUSO SN} teParRmety i hnsa %ﬂwemﬂ!ﬁ! pesdfioidnt. Hif pe chiasitiee thec as coded

transi stors ' and ), ', MD2 to MDP', and

n- channel cascog%%/%ugéﬁéf%{eg?t%b’,W'T\)EW ?Nﬁﬂcrﬁ/ﬁﬁf’ With derparatureNe, * MC2%
to Mp , whi clompensats fosthb Yedubktl i thobifit) §: vﬂﬁtté'tﬁpé?étuﬁeb%@énctn@rt'ﬂﬁ . agar%coded
transistors are supplied by a current source conprising p-c LT

transi stors MAePendgntvimgenit; isted tartlee las caatrollsyrowt 100l indgeuddt aReBRRALAL €d by

first referenge.current .l REF1 across resistor RW which is connected
bet ween t he dr%gPeﬁn%g cyl\‘/ﬁ@ed’r‘i‘ﬁar?‘%?rrﬂ"niﬁ“s lergperature Hepegdensy results inechangedintienel

cascoded transiopt of he 3hif cOMRIP b ELthbiGw erﬂﬁgllatu%%%ééﬁovﬁfig%rl%g ng n-channel

transistors M\, and 2 which are driven by a Vo éner at ed by

- PTAT current | PTAT across resistor R which is connected between the
drain of M\2,and term.nal |PTAT The junction of the p-channel cascoded and
n-channel cas codeﬁsrﬁ'ﬁgsi’%‘f‘ §fope With lampgraiigre cambe pompensataby giteeing thio Mgy,

R gher current { ey aeg T R Bl b R s cigintin k&P ko s ne

. M. converts Vgoyr 10 Ve, by altering the amplificationfatienuation of an operational amplifier
OA, with temperature as illustrated in FIG. 4. This block takes in two currents Ipe., and
lpzar from the temperature 7sensing circuit 50, discussed below. The former i;s a
temperature independent reference current and the latter linearly increases with
temperature. These two currents are compared using a series of current comparators
formed with N-channel transistors Mc—Me, and P-channel transistors Moo—Mg,.
Cascoded transistors are used to increase the gains of the comparators. The N-
channel transistors have identical sizes but the sizes of the P-channel transistors
increase progressively. The output A, of a comparator is high if My, carries a higher
current than Mc,. It can be analyzed that as the temperature increases, the outputs of
the comparators A-A, go low progressively one by one. This means, the temperature

of the chip has been digitized and the digital data is available at Aq-A,.
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A decoder is coupled via Schmtt triggers and power-up circuitslinverters
to the junctions of the p-channel cascoded and n-channel cascoded

transi stors (nodes A0, A" 12 16 JUN 2006 A2, to AP) and receives those
digitized signals fromthe junctions, thus providing digital |ogic signal
outputs Co, Cl1 C2 to C1, Cp, and ranging fromall "zeros" tig alyh 208Hes”.
The decoder output feeds a feedback ratio circuit which alters the feedback

ratio and thus t appljfication-attenuation of operational anmplifier OA2
with tenperature. hﬁ‘ﬁh@tﬁt‘%ﬁﬁ RC i”B‘”Ei%hed{'ﬂ"la' e Yser e eondiel the seri es of
control sw t cR@fche8@Uat HResd ViR Whe output s, from sai :
decoder (0 to p equal's pp+?§3s, act%sém{h%?/‘e&t he fsé‘g?f 'é“’gti&ﬁ’h‘ %‘%ﬂ“??‘iﬁdg?‘g\mere
one term nal silgefOA, vitletepnpemttre thusgdrieciing ¥ .Janged,,. trogachatt tiggke one |ine
and connected.to .the negative input of OA2. The positive input of OA2 is
coupl ed to thé"vgﬁ%rfiRE?VE’gHP'F‘BT"Y\?(?F‘PE‘Q}QCWQ'?I‘%%@E%BPUWtS@e@%pr ovi des

out put ~voltage VcT to the bias control circuit 10. A serially coupled
string of resistors RTO, RTI, RT2, to RTp_1, RTP, RTpll, thus nunbering

one nore than the Weanbsribehow dgharesictil te gadidigid ®rddtich REcALQELIG 4i S

coupl ed between the first control voltage VCONT and the output of OA2,
where RTO i s chRSeRsoRe coradtien srpqamiontomprses arsasies ofrarrentaomparaloss of t he
control sw tches a&vﬁhcngl eﬂ to the string of resistors, such that the
first control "Y€ pEhag cAsef s daRRiEarstire: MiirMe: 18 M. a8 MseddndMibsi st or
RTO and RT1, an@. ,th Igst control switch is coupled between the
next-to-1ast &htfod R8¢ nebanng grssoqeribransistoryiion Mo Al 8 Mt @S ¥, A Mg,
inplenented with transm ssion gates. Tenperature sensing circuit The
tenperature séh¥engrhichas serialiocoyplet) Fhe gatereefdier-ehanppicascaded franstsers | REF1,

| REF2' and | PTAT. Il FI and | RE2 are tenperature independent reference
currents. | PTAF FPPIEY BY FHERR SPHSE compisigduchanpe] FansisioraiMenanddpahish ur e.  MPs

MPi ™ MND. - MNLGre ddletidy ROSKaBE rdpTyefatated by first reference current Ixers ACFOSS resistor
Ry, which is connected between the drain of M., and terminal lgers- The gates of the n-
channel cascoded transistors are supplied by a current source comprising n-channel -
transistors My, and My, which are driven by a voltage drop generaied by PTAT current
l1ar Across resistor Ry, which is connected between the drain of M,,,-and terminal borat
The junction of the p-channe! cascoded and n-channel cascoded transistor, labeled A,
A, Ay to A, goes more positive when the p-channel cascoded transistors Mg Mg,
carries a higher current than its serially coupled n-channel cascoded transistors M

Mci‘ -

Cis

A decoder is coupled via Schmitt triggers and power-up circuitsfinverters to the

junctions of the p-channe! cascoded and n-channel cascoded transistors (nodes Ay A,

12



16 JUN 2006 FIG 5 form a band-gap reference-cum PTAT current generator. A
band-gap voltage of approximately 1.2V is available at V66. The PTAT
current (PTAT is mrrored out using MP15-MP16 The collector current |. for
a bipolar transistor is given by: Ic = 10Aex VT (16) where |10 is the
reverse saturation current of the base-emitter junction per URidUNa?8®R, A is
the emtter area, VSE is the base-emtter voltage, VT =kTlq is the thermnal

vol tage, k is A tthe, Boktresaestinse aigitandignak fictn th furlc@IRehal tWoRdihy alfitaraNd 0
is the electronic charge. From (16) we can obtain the expression oa%l VBE in

terns of |c adodimsional eatpyta Lo CoAg. tp £4). C.landrar@ingSTomeqjliagros’ita efti“onis™r or
transistors MP9 - MP12 together with equal sized cascode transistors M\9 -
IMN1O force the currents through the bipolar transistors QL and @ to be

equal . As a resul tThe\ddBodt ok rasus IMULEhARK Rati8 AHlit whHitWRY B lthe fieEdH(a?rL lgys from
(17) that the VBES of Q and @ are not equal because of the difference in

their emitter andithusdhe axpplifieptiopattenuatipeafiaperatignal dhplifier OAR aits testperasurd/P13 -
- MP12. Therefore it is

M o o el Ak caR Gl e o Bt s
A Y L
(VBE) ¥ (18) @mnfoginisigpal (oﬂl'r:t‘))ltsamlniaré 489 teywainhiaside of dvelp cohitdl AMIBislgBARERAB = VT 0
together into one line and connected to the negative input of OA2. The positive inpet of
OAZ is coupled to the second control voltage Veoy. The output of OA2 provides output
voltage Ve to the bias control circuit 10. A serially coupled string of resistors Ry, Ry,
Rz 10 Rypa, Ryps Rypes, thus numbering one more than the number of logic signal
outputs of the decoder, is coupled between the first control voltage Vo and the output
of OA2, where Ry is connected to the output of OA2. The other terminals of the
con{rol switches are coupled to the string of resistors, such that the first control switch is
coupled between the first and the second resistor Ry and Ry, and the last control

switch is coupled between the next-to-ast and last resistors Ryp @and Ryp,4. All switches

are implemented with transmission gates.
Temperature sensing circuit

The temperature sensing circuit 50 of FIG. 5 generates three currents: lpgey, Ingro.
and lpyar. lrer) @nd lpgr, are temperature independent reference cuments. .., is a

current that increases linearly with temperature. Mpg—Mp,,, Myg—Myg, Q=Q,. Rag—Reg in
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fromwhich it
that the magn
ratio A /A2 o
voltage of a
terns, can be
the silicon b
constant. Fro

follows that VT Inl A IPTAT =L J RAB (19) It can be no

ted

I tude of | PTAT can be set by either RAB or the emtter area

f Q to @@, which is shown as 10 in FIG 5. The base-emt
bi pol ar transistor, neglecting the second and hi gher ord
witten as VBE=VGO - BT (20) where V&GO is a conqéan gﬂ]g
and-gap voltage, T is the tenperature in K, and J4N

mFIG 5 we can wite VBG = (VBE) B + | PTATRCB Conbi ni ng

(19), (20), arfdC(2fmadandaamiarende-cuRGBIATTcUMBER)éEE ator BA bahdlga Rk

(22) It can b
RcO to RAB,
renove any te

PR TPl & mtabit ot kT T TGRS TBTaved st s bl

ter
er

al to
t her

(21)
o of
eto

yre or process dependency in VBG such that VBG = VGO
The band-gap voltage VBGis further converted into a nearly tenperature

The collector current i for a bipolar transistor is given by:

-
where |, is the reverse saturation current of the base-emitter junction per unit area, A is

'/
le = HA exp[fiJ (16}

the emitter area, Vy, is the base-emitter voltage, V; =kT/q is the thermal voltage, kis
the Boltzmann's constant, T is the temperature in °K, and q is the electronic charge.

From (16) we can obtain the expression of Ve in terms of | as

_ ‘e |
VBE = VT If{m} (1 7)

In FIG. 5, equal sized mirror transistors Mz, - My, together with equal sized
cascode transistors My, - My, force the currents through the bipolar transistors Q, and
Q, to be equal. As a result, V‘Fs of My, and My, are edual. However, it follows from
(17) that the Vs of Q, and Q, are not equal because of the difference in their emitter
sizes, A, and A, respectively. Mirror transistors Mz,; - M, are also sized equal and
identical to M, - M,,,. Therefore, it is obvious that the currents through Q, and Q, are

both equal to 1,14y, Applying Kirchhoff's Voltage Law around the gate-sources of Mo

and My, and base-emitters of Q, and Q, and Ras we have

IorarRas = (Vae) g, - (VBE)Q, - (18)
Combining (17) and (18) we have
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i ndependent current |REF using the operational anplifier QA and resistor
ROB. VBGis (23) 15 1 6 JUN 2006 applied to the non-inverting term nal of
OA3, and RDB is connected fromits inverting termnal to ground. The
negati ve feedback around OA3 through gate-source-of M11, NN12 ensures
that the voltage at its inverting termnal will also be equa1 V@@éand
therefore, it follows that VBG | REF RDB (24) The current H
through RDB is split into two part !IRE 1 an IREF usi 3% NN11 MN12 in the
ratio of the latter's t | OSPTAREF in the proper
direction using the caggpﬁﬁ ﬁfﬁ?or AT } f,, ?g ]B RcB and RDB
must be of the sane type for good circuit pe Por nce. Tﬁls is al so
required for ao@Qpehn iGaRARHz0N of | PTAT and I REF? in the gain-slope
correction circuit since the currents depend on resistors as given in (19)
and (24). Usually, the on- chlpméggﬂstors have a slight tenperature

a

dependence. The reason for common band-gap and PTAT circuit is to
ensure good | REF, and PTAT trackeng with changes in the characteristics of
the bipolar transisto §AE) yhich are not so stable in a CMS fH9cess.
Still referring FIG 5, we descrlbe in nore detail sone aspects of the

tenperature  Sensifgn ek httdltharthe iR h ?a%anq 8«%% ?he? l L ent

generator section conprises a current soui IS hd VP70

connect ed ser kmhlrgtio ALiAg of QUILIENEhISIOISEEWN S5 T i FRR) 5bth Ibﬁsélé’rh?tt@%ltgg[eolo
across resistor RBB which is serially coupled
of a bipolar transistor, neglecting the second and higher order terms, can be written as

Ve = Vo~ BT (20)

where Vg, is a constant equal to the silicon band-gap voltage, T is the temperature in

°K, and B is another constant. From FIG. 5, we can write
Ve = (VeeJas + IprarRes (21)

Combining (19}, (20), and (21) we can write

R A
Ve = Vs BT+( CB)V J 22
0~ Ras Tl A, (22)

It can be seen from (22) that by appropriately adjusting the ratio of Res 10 Ry,
l.e., choosing (Rea/Rp)(k/iq)in(A/A) = B, it is possible to remave any temperature or

process dependency in Vg such that
Ve = Vo (23)

The band-gap voltage Vi is further converted into a nearly temperature

independent current I using the operationat amplifier OA, and resistor Ros- Ve is
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between the drain of MP70 and transistor MN9 of a current source conprising
transistors M9 and MN79. The source of M\N9 is coupled via resistor RAB to
the emtter of bipolar transistor Q. Transistor Q is the current source
for current mirror transistors Q2 and 16 1 6 JUN 2006 Q . Transistors M1l
~to MP7, are cascoded mrrored current sources of MP9 and MP1 JUN 20
respectively. The drain of MP72 is coupled serially via M\11 % tﬁe %ﬁmtter
of Q2. The -drain of MP74 is coupled serially via resistor RC9 to the
emitter of CB.apiied tp thebninvedihg Mithihal GHITh, | @8R}, & coRBiddSrddPREn Mg Wi Ch
provi des a band- ap vol t age of about 1.2 volt, as nentioned earlrer. The
drai n of I\/PlStTfFr%ﬁ Peounde Tharpagative fesrpack pronmd D8y thieiigh gatecwpen M), QN

circuit 100. e =4 Q- 4 . er (TTCQ) sectjon of FIG 5
conpri ses opy”gt%ngﬁﬁfhg%%ﬁ?lfa ?g%’ﬁ%@%ﬁ%ngf"saﬁs(?}? eﬁf{ﬁ%i‘? #8d. pvOS
transi st ors MiErefMeDfoliowattlatr esi st or REB. The output of OA3 is coupled to
the gates of first and a second voltage-to-current converter (VICC MOS
transistors MN' and MN72. Thgigr sources are coupled to the negative input
of OA3 providing feedb ,"gnd via resistor Rog to a power supply (84t urn.
. The current through resistor Dﬁog is the prinme current reference |REF. The
drain of MN' is the source of the first bias current 1REF1 for gain-slope
correction circuit_40. The drain of M12 is coupled via resistor REB to the
transistors MP17 WREUNET e wingHhrogghRas ie split i twe partc ke and igyustgt mirrors
MP19 and MP204, The d{ne*'gn[ gf “F/P%& I, S thet sourfe t he second bias current
1 REF2 for gain™omyensat Pon®cl'y GUPLS A396Ct r&|ofy [rere ISPITRIEd GHY R thelpmper, FI G 8,
fand FIG 9 sh@wegibRusiad 1 SHap t ha t vyl aig c ol
characteristics under ﬁ%‘ihg?%r ent H@B"mpt’pg" Fpéﬁfsgrs g’“‘i Ecaé"%g?{ebﬁ‘“?r?&fef ng the
gai n control difegametters fotdood cintuitipedormanye. Tospalsaéduirad Rk aghdd Where the
control vol taggmg/CO\W #'In volts on the X axis is plotted

PTA

arison o 7 and lgee, in the gain-slope correction circuit since the currents
depend on resistors as given in (19) and (24). Usually, the on-chip resistors have a
slight temperature dependence. The reason for using a common band-gap and PTAT

circuit is to ensure good lgee, and lpy,, tracking with changes in the characteristics of the

bipolar transistors Q,—Q;, which are not so stable in a CMOS process.

Still referring FIG. 5, we describe in more detail some aspects of the temperature
sensing circuit 50. The band-gap reference-cum-PTAT current generator section
comprises a current source with transistors My, and M,,, connected serially. The
current source is driven by the voltage drop across resistor Rz which is serially coupled
between the drain of My, and transistor My, of a current source comprising transistors
Mys and My,o. The source of M, is coupled via resistor Ryg to the emitter of bipolar

transistor Q,. Transistor Q, is the current source for current mirror transistors Q, and
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17 1 6 JUN 2006 against the high frequency CMOS differential anplifier

voltage gain Ain dB on the Y axis. Curves 1,2, and 3 shows the response at
acircuit tenperature of +85C, +25C, and -35C, respectively. Here the bias
control circuit 10 takes in VCONT instead of VCT, and ' REF2 insteag f

1Bland 1B2. FIG 7 shows the sane set of curves as FIG 9 (wi'BhJ¥h “”garre ,
condi tions) but w thout- gain-slope correction (partial conpensation). Note
that in this dasdrarsistdss bs. oV @k casaoded irbBed aukrest sonrcW AN, anstigad of VCT -

but k f 16 | B2 |. FIG. 8 [ hows th t of
cur ves ag. Fl & oGl Gt i AMmalt PR AR R R SR EP S ot | o
bi as control Cdréif df M. 8 chba&PsdriaMid resRA RLEL #ArliBd) ot @ tTﬁe;jyé?@?fﬁg Mf rom

i nspection of FIG 9, 7, and 8 that the ftil conpensatfon
i |lustrates a andgesiftordgisi npde Vps whiddprgeities «bartdegap voltdyarofiabait it Stvbigss Wi | e

the invention h%i. becﬁ%ﬁlfarﬁé&l ar | X" shown and described with reference to
the preferred BAYGH 3 8T M6 PIRVIdRs B RIAd g ddardyr 38ibse ski | | ed
in the art thalymp¥adaiovsiraiapges in formand details may be made w thout
departing fromthe spirit and - scope of the invention. 18 CLAIMS 16 JUN
2006 1. A high frequency CMOS differential anplifier, conprising: a high
frequency vari abl e I%;ai'n anplifier for providing a differential variable

gain anplificati oh"oFMEsRUto-cygntronsrtsh T pertior pHS 5 coesises t he gai n of
sai d i gh 11 ecyenR¥na kARHRPbRIIMBSHIRLLEL M, JAPCMO0 Aidi L 7 apd
second bias current appPl ed to sai ﬁ Al 6%1 _wr”é‘qﬁé‘ﬁpy_ v%ﬁ?%sbﬁt%_s @‘t_av%ﬂw
armplifier, saiaghdhegofRLqURIQMpU af DADIso0PbdtRRPLAtEd ST ARPRkSINg at | east
itwo differential anplifiers;

voltage-to-current converter (VICC) MOS transistors M,,,, and My,,. Their sources are

coupled to the negative input of OA3 providing feedback, and via resistor R, to a
power supply return. The current through resistor R, is the prime current reference
Izgr- The drain of My, is the source of the first bias current i, for gain-slope
correction circuit 40. The drain of My,, is coupled via resistor R to the transistors Me,s

and M,,s, which form a current source for current mirrors Me,, and M;,,. The drain of

My, is the source the second bias current I, for gain compensation circuit 100.
Simufation Resuilts

FIG. 7, FIG. 8, and FIG. 9 show simulation graphs of the typical gain control

characteristics under different conditions.

FIG. 8 is a graph showing the gain control characteristics without any

compensation at all, where the control voltage Vgt in volts on the X axis is plotted
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a tenperature sensing circuit for providing a band-gap reference voltage

pl us proportional to absolute tenperature (PTAT) dependent current
generator, and a tenperature independent first and second reference
current; a gain-slope correction circuit for receiving a first and a second
control voltage, said tenperature independent first referencdgutnents and
sai d tenperature PTAT dependent current and producing an internedi ate
control vol t aggaiay the highkedusncioEMOSatiffeeendialianelifiy velege akin7gin S8 & heypper at ur e
i ndependent fi st ~ref nce rrent and sajid PTAT dependent current,

t her eby conpe r?é%t PH@""?ES?' %"dc%%%"é‘qﬁ%reﬁl’%ﬁ% al cifcHibtegtperature ght §53€, +25°C,
charact eri sti eadubsit, rRpBanal Urethe 5igh ?Ln*ﬂjoﬁéi}c&i( RAUEAGY vvar bl ¢ gain
anplifier; a gain conpensation circuit for receiVving sai 8%k B4 ur e

i ndependent - s&eorahd geh distead of yyarddgt , Flantstowbitasdan® U6l @Rles WOFRD i S

modi fied to c?r{ etﬁt t he ten‘gﬁr at ur e/ Fr ocess dependency of said variable
gai n anpl i fi et VLR SAMEFoRditioRsybubMIthqu galn-slopesoriegtioni(Rarty combensatinngr medi at e
control volt agpte madid 1HEGR petelgl e ot sai.d, bi,as{ng, current and
producing said fi rgﬂtﬁl;nd sgiq}? secoﬁgaﬁ:l)‘g‘ls't ﬁg%e?@r}?c%ﬂ? "?:%‘?ﬁ?f?ik/ﬁ@b%tai d

i nternedi at e owies ude ofdyl,bady, agasuast FIGES BHANGRWE M BHRSset éngcuilvegaéUN 2006 2.
The CMOS differential anplifier of claiml, wherein the gain of said high
frequency var I 4p1%Pgshawaihgfyllyicempersated dhperidistics (., biaspentat tircait a0d

process. 3. T differ ial anplifier of claiml1l, wherein said high
frequency var % e Cda'f"ﬁn‘{ lﬁh‘%ﬂiﬁﬁfiev 'Scrgcg’?‘rlﬁﬁ fgoé'é inspeciion afFIG R 7aandkd aithe
differential amsbinpemyatioreefHIG BiKidhatedR dighlehnthlidGvedyal Y ~and out put
‘node A and node B, where said input X andgl sari' I(%jglri%r’l}put %ﬁr{)@ﬂggi d first '
differential &hypeteristies.is coupled to an input Vint and an input Vin2,
respectively, where said input X and said input Y of said second
differential anplifier is direct-coupled to said node B and said node A of

said first differafhiiedhe RWHtibA h&S beehGRREGLAVRbYN 2 EELHiSS i reference to
the preferred embodirments thereof, it will be u-nderstood 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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node B and said node A of said second differential anplifier is coupled to
an output Voutl and an out put Vout?2, respectively, said first and said
second differential anplifier together providing a variable gain at said
out puts Voutl and Vout2 based on signals applied to said inputs Vint and
Vin2, said first and said second differential anplifier eachl E{:%Bh‘?@@;
conprising: a first andiarsecond differential anplifier stage I

t oget her, each having an input GlL and an input G and said node A and said
node B, .sai & highdesjudnayctiih & diffetengaitablificdrdmpadig: nodes B coupl ed toget her,

where said | sal d_input of said first differential anplifier
stage are c%&%ﬂgﬁﬁ%&ggﬁ%ﬁe@aﬁ? g&plg%ors%[?\a&?%ﬁﬂfge‘??“a’ rEEhlEEavel y, where
sai d i npuorlifiGtioantia et ahd mparon@Rpatfsigal, dhae denshirdbffsbiaraynticaleryp! i fier

stage i.s,: : a1 It and said. input X respectively, said first
and sai nﬁ@%@%ﬁ%r@ﬁeﬁg%gﬁd?%ﬁ adﬁ}rgsﬁlapﬁsj?g?cog? g'& C‘frbed‘éf“f‘é'feﬁ)ﬁ’rﬁﬂ Rigthg a variabl e
gai n atfreseerynedeblegaindmplier. daidigh fBqubrsg ediable girgnaliseappiphiasy t o said

i nput Xl SA1 g gga%"ﬂg@j d first and said second differential

anplifier stage each further' conprising: a first differential transistor
pair conprising a first and a second transistor, said first and said

second trangi i i i i a first and a second current 20 1 6
JUN 2006 soﬁkﬁ&?‘gﬂs‘%ﬁ%@%@@@%EP’H“MP?rgsbta"% P slirarce selBARPETPPREonaldRr ce

cont r ol aksaluigyterspgrature (PIAT) dénesdent curent gerermdoraarsieciengedidid er ent i al

transi Sifﬂ@épeﬂ@érﬁ ﬁn%P&ﬂHée%&&Qre?erén@E%ﬁ'n%rt‘-d a fourth transistor, said third and
said fourth transistor In conmuni caFfl'on with a third and a fourth current

source, respectively, said third and said fourth current source cOntroI!ed
D e R o A B Ry LS b B o
said temperature independent first reference current and said temperature PTAT
dependent current and producing an intermediate control voltage as a function of
temperature by comparing said temperature independent first reference current and
said PTAT dependent current, thereby compensating for a change in slope of the gain

control characteristics with temperature of said high frequency variable gain amplifier;

a gain compensation circuit for receiving said temperature independent second
reference current, and a biasing current which is modified to correct the

temperature/process dependency of said variable gain amplifier; and

a bias control circuit for receiving said intermediate control voltage, said second
control voltage, and said biasing current and producing said first and said second bias

current by comparing said intermediate control voltage agaihst reference voltages.

19



a first and a second differential anplifier, each having an input X and an
input Y and output node A and node B, where said input X and said input Y
of said first differential anplifier is coupled to an input Vint and an

i nput Vin2, respectively, where said input X and said input Y of said
second differential anplifier is capacitor-coupled to said ndge iy agmd said
node A of said first differential anplifier, respectively, where said node
B and sai d node A e SM0H A0S Hpifi oAb, wHIRN hi §hinloPs PPl €d to an
output CQutl and outcput Qut 2, repfspeg(?_?%ﬁgﬂ/, - sallddti'%gélgt()&éaﬁééﬁg id second
differential anpliffRFAYVBiRNGgin amplfietis insleacndent ofii¢repagatine aati peaédd. out put s
Qutl and Qut2 based on signals applied to said inputs Inl and In2, said
first and sai g, second Iﬁégf,erent_i al anplifier each further conprising: a
first and a seécond ¥ $HRY aifereatial smpifier obslaigy hyberingaidhigh baypemsvarizac h
having an input Ghaigdpl@ér doRipHies™2 and said node A and said node B, said
nodes A coupled together and said nodes B coupl ed together, where said
input GL and sai d § lipland@resind diffgrential qraplifien, paabrhaning ah inpoiX add ®Tingit ¥ge ar e
coupl ed to saiafld ioBPUt node Anld FBHLIB ] VARYE sXd i | ; ne said input
GlL and said inﬁpt C% of said second di ff%{"@%ﬁ?gﬁ%ﬁ%ﬂ’%@%&gﬁge IS

coupl ed to saidefsHiRamplitien s coypigd foaauipPut Vinleand @etinpubVipg, resredtivelyrstierand sai d
second di ff er eakiigut RARd sdid RpuSt i i diag .. iab ain at
said node A and 2? 16 JUN_2086 s?%%@n%ggﬁﬁﬁ%gg%éﬂ%ﬁ%'gﬂl}éﬁ%g&oélﬁ%ﬁfogd to

sai d i nput X &AY "eds H anthprid nede A af sdid firptaliffesential ateplifiersresmantivedyi, ivhere esitri al

anpl i fier stagedeBehd bald heWe'A SRS desbitlifidtedtlal Shplfld '8k, bidnsi stor
«pair conprisin utﬁ first and a second tre{ns?stao%?]plﬁh'fe'g8%@%%%%?“5‘& d first

and said seco rPRASP SYBrt YoiZ enpRemtivelutsaistirstiant said Secost diffarentan smpificr r or
Second di 11 orenty gl Crangr CORLICUPE st s Wl Pong VB A ST Ginef ©
transi stor, tRABPliedysaidingits Vint and NinZgsaighfrstanddaldeerand diffeperdinlsthpiificr n
comuni cat i on eutH AirtRerS6GpriRghge Ur r ent
afirstand a sécond differential amplifier stage coupled together, each having an
input G1 and an input G2 and said node A and said hode B, said nodes A coupled
together and said nodes B coupled together, where said input G1 and said input G2 of
said first differential amplifier stage are coupled to said input X and said input Y,
respectively, where said input G1 and said input G2 of said second differential amplifier
stage is coupled to said input Y and said input X, respectively, said first and said
second differential amplifier stage together providing a variable gain at said node A and
said node B, based on signals applied to said input X and said input Y, said first and
said second differential amplifier stage each further comprising:
' a first differential transistor pair comprising a first and a second transistor, said

first and said second transistor in communication with a first and a second current
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mrror, said second current mrror controlled by said second bias current.
5. The CMOS differential anplifier of claiml1l, wherein said bias control
circuit conprises: a biasing current source controlled by said biasing
current, said biasing current source coupled between said voltage supply
and said biasing current input, where the gate of said biasi anGﬂWN‘@E&p
source is coupled to the gates of a plurality of current mrror pairs and
a bias current_mrror; el urafl i té of bias control differential anplifiers,
each conprisi ig" % b%SP?°fB?' 3 gt AR Spid serand curit spcesonyglied ysaid fist  MOS
transi stors cbiapb@tbntiaadsai d current mirror pairs, respectively, to a

vol tage supply, bias con resi stive nmeans. coup Ied bet ween the sources
of each pair of szi'lS&cWﬂé]'{( %{H'§|téat"8'ts?rgﬂb'??“fﬂ'i‘é‘t‘9€t¥?'?dé’}ﬁ‘ﬁ afpth teanpisiomr t  of

ei ther curr esdid thlrdlaod sqnardurtnaansﬁétmwn thheugbatoh WiRk thifdahaiaSb@Hh Qfegal d MOS
transi stor pair aLes ransi stor of each pair .
coupled to sard'i o5 feSP e(ge'(‘:f‘la %S81dd tB‘H‘P?'B‘I Sa'%\"%%‘é’e“ttsr?éfcﬁrca‘i‘t@e%?y%%%CP“CP st MOS
transi stor of biaacmrrqnalr coupled to said first bias current input and to
said bias current mrror, the drains of said second MOS transistor of each
pair coupled to said second bias current input; a first operational

anmplifier havitng ahpaGMQs differantthi ampidgadf cieam i1 NPikrein S&H Gigh @:%h&én‘éfvari'aﬂl@“t of
~said first operati orll]al lifier coupled to said secon control voltage,
the 22 1 6 JUN 2088 c?mp%gtorcg'ﬁﬁr'?& d negative input of said first

operational anpl i fifiest aﬁ@uﬁb@ﬁdhﬁ@ﬁnhﬂran{pﬂﬁerFHa@Nh%g“:ﬁﬁﬁ;?lﬁ@(‘éagrdl%gg\ gte‘{ween .

plurality of Vn{,o rence, resistive neans cou

-reference supflt "E‘ﬂ’g P‘%’e‘gﬁm Rede %f‘”’@fﬁﬁi"q"f’ii“glx%Eé?'&ﬂﬁ%h‘élﬂf%ﬁfbﬁﬁﬁ| er, where
‘the nunber of differ@hhl y@plregR cbﬁfl@ft@%ﬁ%ﬁu@ﬁh$hhd’§n iNB&VAnd, Q&w.ﬁpfmﬁ olhan the:
nunber of said ont r o} ifferential anplifiers, e € junction of

the first and® qlqg[gpg W%p}g%é’@ saifl speand differential amplifier is capacitor-coupled to

said node B and said node A of said first differential amplifier, respectively, where said
node B and said node A of said second differential amplifier is coupled to an output
Out1 a}nd an output Out2, respectively, said first and said second differential amplifier
together providing a variable gain at said outputs Out1 and Out2 based on signals
applied to said inputs In1 and In2, said first and said second differential amplifier each
further comprising:

a first and a second differential amplifier stage coupled together, each having an
input G1 and an input G2 and said node A and said node B, said nodes A coupled
together and said nodes B coupled together, where said input G1 and said input G2 of
said first differential amplifier stage are coupled to said input X and said input Y,
respectively, where said input G1 and said input G2 of said second differential amplifier
stage is coupled to said input Y and said input X, respectively, said first and said

second differential amplifier stage together providing a variable gain at said node A and
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resistive nmeans is coupled to the gate of said second MOS transistor of the
first pair of MOS transistors, where the junction of the second and the
third voltage reference resistive nmeans is coupled to the gate of said
second MOS transistor of the second pair of MOS transistors, and
“continuing similarly till where the junction of the nth and tHéSJUNZMB

nt h- pl us-one voltage reference resistive neans is coupled to the gate of

sai d second NEﬁnb&@BSﬁa%E@Bn szr:;nélg'ﬁ kg PR m@.fe X'%s&ud %Wtoadéi@tzaglg?ence

junctions of said volta erence resrs means ovi di
vol tages to t F@idsepnd st Wé‘ W@ﬁ@lsﬁgereacfg@ﬁwmﬁpnﬂﬁge bi as control circuit

Of o aim 3, her el dubir aliat d-AR: BaiPEiReRy Al afd L 8logflthn SRt g oo

bi as current i s expressed the eq a tf"i mleé
where: in = fEMFgof Wﬁ’e’ff‘éandﬁﬁld|S§0Cm§|fr@n$l$tpfstt cérnmenication evth a firsk B2rdng sai d

second bi as cuik&Said Mstubrent voltage. 23 1 8 JUN
2006 7. The bi z;sr coarl1trol uél??ﬁlhl%c?&tﬁ;@aa%%qoeﬁws o r?rﬁeansd?ze of the

transi stors of eachsespPnd dgrentialiiransistorwair camprising aghial andehiosdntraistor tkat  sai d
first and sai doHeg e |aS|n current. 8.
o QMlthl?dSandCééH f@ﬂngh @AV@%.@Y& in o%ﬁ'ﬁjl\ﬁucgﬁ‘on W|P1 g %ego WMt or s of

The bias control circuit of claim Size 0O

each of sai d"8{R &t saephd eHrephinirer carfyelladeiysiidisdeondibissaiudentef er ence

vol tages, and said bias control resistive neans are chosen such that said
first and said second bias current can vary the gain of said high
frequency var Pabl &hg&NPaAFRIentia emplfier piaim-1, wherein said bias controf circuit

comprises:

a biasing current source controlled by said biasing current, said biasing current
source coupled between said voltage supply and said biasing current input, where the
gate of said biasing current source is coupled to the gates of a plurality of current mirror
pairs and a bias current mirror,; |

a plurality of bias control differential amplifiers, each compiising a pair of MOS
transistors, sources of said pair of MOS transistors coupled via said current mirror pairs,
respectively, to a voltage supply, bias control resistive means coupled between the
sources of each pair of said MOS transistors such that current from any part of either
current mirror pair can flow through either transistor of said MOS transistor pair, the
gates of the first MOS transistor of each pair coupled to said intermediate control
voltage, the drains of said first MOS transistor of each pair coupled to said first bias
current input and to said bias current mirror, the drains of said second MOS transistor
of each pair coupled to said second bias current input;

a first operational amplifier having a positive and a negative input, said positive

input of said first operational amplifier coupled to said second control voltage, the
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in-dB fashion. 9. The CMOS differential anplifier of claim1, wherein said - :

gai n-sl ope correction circuit conprises: a gain-slope correction
conparator used to conparing said tenperature independent first reference
current with said PTAT dependent current and digitizing the ﬁo%ri on,
sai d gai n-slope correction conparator further conprising: a seried 6
current conparators forned with p-channel cascoded and n- channel cascoded
transistors serially coupled, where the gates of said p-channel cascoded
transi stors arodtpgt anﬂes@ldajpgatwomm&g@aaﬂw ogerational auiplifipr eaipled fagetiter tor ef er ence
current acr os?r&d;e ag@la sl ope correction resistive neans, and where
the gates of sal anne cascoded transistors are driven by a vol tage
drop generated bya B'aimpwawﬁf@mceaw%@s"‘&aesemn@dgmemesbweemrrect| on
resistive Meahgrende £&Hﬁl§¢ta‘n@‘i\1e03utﬁﬁ‘bfjsaﬂiﬁ%@%‘tmﬁgr‘ﬁﬁ ﬂw@,@% s FARD S
cascoded transistor going nore positiv nnel cascoded
transi st or carsidegitage refernes resishivedneanstisaene fﬂ@feéf@ﬁﬂltbﬁ nymkes ghsaitibias cingoinel
cascoded 1ransjifhQiial aﬁ‘ndﬂﬁ‘é‘r@ dfer iR RInesbnl tl'rehﬁstjaHH' e s%%dqjolt%%' ngfeRenSgI annel
cascoded and n- channel cascoded transistors for recervin

signals from §§$’ﬂ"’? aeaes @ﬁ@UP'QMeéhefﬂE@/PfcﬁaﬂgseGﬁ"gi Maf tfﬁb‘gﬁt@f of |tf@n°a$t peiubfput S
rangi ng from ahbs irdiksrs, \&Héréiﬂhle juneiSof the?ébcdnd®andht t%%)@olf%g% Redbagk ratio

circuit for altering the feedback ratio and thus th I cati on-
attenuation offc¥st¥eawsaes i§sevriad to e gaimp safd sepong MAS ﬁféﬂi}%@falf theesecendli pair

feedback rati Qf Mg tdhshstorl %ﬁ@@&nttﬁ@ﬁ?éthﬁér@%[ whert@hd @ﬁ%}ﬁfw ofPBLEnagid t ches,

equal in number to the nunb puts” from sal ecoder, activated by
- sai d | ogic si gWaplugsaagyaitage infasense sesistive meantalb codpleddp thefatesefisdidsertndol

switches is gaRgsdahRAG IR dilbdk A MOS rilRistors, said junctions of said voltage
reference resistive means providing reference voltages fo their respective transistor

gates.

6. The bias control circuit of claim 5, wherein the relationship between said first and

said second bias current is expressed by the equations:

g1 = mig
and [BZ = (1-m)|B
where: m= f(Ver)

where:
Igq is said first bias current,
igo is said second bias current,

Vet is said intermediate control voltage. -
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sai d second operational anplifier for receiving at its negative input said_
ganged together line, and for receiving at its positive input said second
control voltage; and a serially coupled string of tenperature control

resi stive means, nunbering one nore than the nunber of |ogic signal

out puts of said decoder, coupled between said first control volta%e and
the output of said second operational anplifier, where the gﬂ%éyNt@Eninal
of said first control switch is coupled between the first and the second

tenperature copntro 1 St . . ere . the other term nal of said
second contr oloﬂ SWi {trié%&?%séé:ﬂgégﬁ"g@?ﬁqa\%e hhehin H?eg&ﬁ’d’g the{tpnsigtersial paeh of

t enper at ure cont r obaid eyrest nrer pwese claosdn swhanat shid lfitst bEsai®@Ed8hd 5@{ m nal of
said | ast control WEFQ i | ed,bet ween the next-to-last and ast
t enperat ure cont ro? Fes] g%‘?’ve(ebgglrggﬂlg.b[afﬁg @ gai n- sl ope correction circuit
of claim9, wherein said n-channel cascoded transistors have identical

sizes. 11. Thes gai @Sy rr ion.circuit of claim9, wherein said
p- channel cas?dded?hfélgér)l%ngr Ior'rg&ﬁg\?g’"r%?b eéeégﬁ\‘?é‘l'zﬁ of thert@agiptat ofpatiof 25 1 6

JUN 2006 12. The gedithcuieopeiroopaiscihi oragokude o $aidfefdibmeNolageWnfkiSLA vihe
junctions of said g d p-,channe)  cascode transistors go
one- by- one progr es‘gl?“\t/’g'{}ia;&aﬁ%v'#? ﬁgé)%l%{] §§eg s§%h q‘ﬁ‘esaf‘;efﬁﬁéf‘ﬁﬁﬁm &eend bise
functional circui t@rienttazerdhe ddn of el [WMIGqdeddyanaiid @in aRPIRbf ih &feapf Cl ai m
1, wherein said teip@adde sensing circuit conprises: a band-gap

ref erence-cum PTAT current generator for generating a tenperature

i ndependent band-gap voltage node of about 1.2 volt, and for providing said

 PTAT dependerf CUfyeeihod i ntil Ghpffe $r iimSlh Yo Ui tenper at ur e,

in said gain-slope correction
circuit comprises:

a gain-slope correction comparator used to comparing said temperature
independent first reference current with said PTAT dependent current and digitizing the
comparison, said gain-slope correction comparator further comprising:

a series of current comparators formed with p-channel cascoded and n-

- channel cascoded transistors serially coupled, where the gates of said p-channel
cascoded transistors are driven by a voltage drop generated by said first
reference current across a first gain-slope correction resistive means, and where
the gates of said n-channel cascoded transistors are driven by a voltage drop
generated by said PTAT current across a second gain-slope correction resistive
means, a junction of said p-channel cascoded and n-channel cascoded
transistor going more positive when said p-channel cascoded transistor carries a
higher current than its serially coupled n-channel cascoded transistor;

a decoder coupled to the junctions of said p-channel cascoded and n-
channel cascoded transistors for receiving digitized signals from said junctions

thus providing digital Iogic signal outputs ranging from all “zeros” to all “onies”;
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a tenperature-to-current converter (TTC) for converting said band-gap
voltage into a nearly tenperature independent prine current reference

| REF, and for splitting said prine current reference 'REF into said first
and said second reference current, said TTC further conprising: a third

operational anplifier having a negative and a positive input, 1%nﬂu@?m
out put, the positive input of said third operational anplifier "coup eg to

said 1.2 vol't bandgap voltage nqde; and a_first and a second

vol tage-to-currentad%%(ﬁ{?glﬂ P '("qu((?if)a“ﬁw the Eﬁ?g{’%q‘(ﬁ?t',o a0 éhus dhg anplifigation d

first and sai atteeatatofdESCodApetationd iafipifier GAN RInfdrate, AR rOsHbRML 0 Sai d
lifier, the source said first and said second VICC

third operatiaonal .a t

coupl ed to th&“"%é‘@ﬁ@[%“ﬁ’ﬁbgt of said third operational anplifier to

provi de feedback, the ssstiesef saitrdl sviches! e@Rflin$Rindes8 0RNEMEELS At i onal Iy
a prine reference

in comunication with a reference ential_ via

resi stive neans, x?g}%a'%eé"g‘?’a’f‘ v tggg%tf‘?:id %Pﬁgnmumh?@&ﬁ%l%iﬁﬁi of

provi des sai d pri ral ofstid estitror sfiteh&is gangdstfogedRdintRiedné:he drain of said
second VICC MOS transisfor is the current source for said second bias
current. 14. The cvos Hf ‘Fl‘eé:P'é‘i?‘?eéﬁ’t'oaf"r‘;ﬂ"?pﬂ'ﬂeérford?cec?’!rﬁiaﬁit%’,‘eﬂ%\?r'@?%S@ﬁi d gain
conpensati on Ci r GahfedtogaldrHRs :and Gor rdcefiing it FRARiva ingad RAiCRENRNS AL 0N

differential anpl ivf er_codﬂrprisi ng a differentially arranged MOS transi stor
pair, each MOS trafsi%t ¥ of said MOS transistor pair coupled via a | oad

resistive means to saialsdialstdigiet $iring Bt tehipBiature EdMBoSB8IEHE Snehis SaI d MOS
transistor pair joined together into a junction; a gain conpensation

J | g )

_current source cpd}‘)‘f@ﬁ"% N Tere thgn dhenupier gHipeic tignal giguts ¢ cpédrer ence
current for drivi ngupled bataten SicReiUdtirol 30iEhga ahiHeGudl & seRTRERHSAL i on
current mrror; . . .

operational amplifier, where the other terminal of said first control switch is

coupled between the first and the second temperature control resistive means,

where the other terminal of said second control switch is coupled between the

second and the third temperature control resistive means, and so on, till the

other terminal of said last control switch is coupled between the next-to-last and

last temperature control resistive means.

10.  The gain-slope correction circuit of claim 9, wherein said n-channel cascoded

transistors have identical sizes.

11.  The gain-slope cortrection circuit of claim 9, wherein said p-channel cascoded

transistors have progressively increasing sizes.
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a gate resistive neans serially coupled to a gain conpensation resistive.
nmeans, thus formng a voltage divider, where said gate resistive neans is
coupled to a voltage supply, and where said gain conpensation resistive
means is coupled to said first gain conpensation current mrror, the

vol tage drop across said gain conpensation resistive mneans p{é)vi di na;s t he

i nput voltage to the gates of said MOS transistor pair; a fou KWUN 20
operational anplifier having a positive and a negative input, where one

i nput is coupl®d t &hegrin-gleps eoresstion dirsuiboftobaim iSnwhirein sSheGamiibecorisgiqtne ot her
drain of said MOS I LI ontrpl. PMOS transistor coupled

bet ween sai d vol taciar@ﬁ%ﬁ/oggﬁlg@E_gp%ﬂ}eﬁ%aéf?a%ﬁm"ggggsﬁod’"mopﬁ Bfpgressivaty pai r
where the gate of D#ilgvelieae rptheRMUSrhbuens et foiictibsal GiRdiRs REreat t he out put of
said fourth operational anplifier; said second gain conpensation current
mrror coupled to said.junction of said MOS transistor pair, where the
tail current, Egualhe 8MOFidiffepiraish ampliGerraf elaim 1,fwtewimngidwnpefaturd bgsmgur ces of
sai d MOS transi st ofirciRbdmpredi M ni shed by the conpensation current™ flow ng
out of the drain of said PMVOB transi stor, thus controlling said biasing
current as a func®PaH-gP rpfetsreesun&TATtcuTers geanatosfar gerehitingla @Mt rature
conpensati on Gyddne b G i egat i inpuyt of said fourth
oper ati onal anpl i ?&eern.%i@gagﬁﬁfit%%%g ?éegfu%ﬁlf':&'%(}ggaﬁ‘?’f %ﬁpgﬁ‘ﬁ’ SPIEMT i fier,
conpri si ng: 27FCREREN IITSOUBIG inGregees lieeple witly tevapeiaabbe gain anplifier for
providing a differggp i ] [ npl.i.fication of a first and a
second input signal ?H\X'%Lart%@?drﬁmgﬁ%@'g esrm)ﬁ?rﬁﬁnﬁep@aﬁﬁ'ﬂéﬁ"dﬂ%ﬁ‘fﬁfﬂ% gai n
canplifier depdidd ngathdempersiureindenendert orvde biremt cisreranti@pad feespingai d hi gh

frequency varisalal gin@alRe@iRtbichédl i @f’dfe%éo}rﬂé%[]apgrﬁael lﬁjr%i%ﬁ%f r’%?rrght?e\%ﬁig'?%%q% gain

anplifier conprising at least t
of said high fllé&dudiegomrrisingbl e gain

a third operational amplifier having a negative and a posiﬁvé input, and an
output, the positive input of said third operational amplifier coupled to said 1.2 volt
bandgap voltage node; and

a first and a second voltage-to-current converter (VTCC) MOS transistor , the
gates of said first and said second VTCGC MOS transistor coupled to the output of said
third operational amplifier, the source said first and said second VTCC coupled to the
negative input of said third operational amplifier to provide feedback, the source said
first and said second VTCC additionally in communication with a reference potential via
a prime reference resistive means, where the drain of said first VTCC MOS fransistor
provides said prime current reference lee, and where the drain of said second VTCC

MOS transistor is the current source for said second bias current,

14.  The CMOS differential ampiifier of claim 1, wherein said gain compensation

circuit comprises:
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anplifier is independent of tenperature and process; a bias control circuit
for receiving an internedi ate control voltage, a second control voltage,
and a biasing current and producing said first and said second bias

current by conparing said intermedi ate control voltage agai nst reference
~voltages, where said reference voltages are generated by Sai’gniil\?i gontrol
circuit fromsaid second control voltage and a first operati YN 200
anplifier; a gain-slope correction circuit for receiving a first control
vol tage, said secch@pin essprensatiopdifiesaydial ampliempemprisinge diffictetamd@ningéd r st

reference curp r QA et erat ure (PTAT)
dependent curpg{]%tr%%d%% 6?8’5‘5%?&8@ sal dsﬁsIr(]) %fr%e%yég&aran%%%{)@glm%ﬂ Jelogd 3

function of t &firdivamgnrs tyaid biasiagicnyers aipdt, therspenced ofrsaid MOS epesraie phirf i 1 St

reference curr&;gdt@é%é idla REAdependent current, thereby conpensating
for a change |jn sl ope o?’t%gj galnh control characteristics with tenperature

of said high frequresaiycanensinsision cymént sanp ¢dupled wits #$ drapadnd-gateapeaigor r ect i on
circuit furthel.onsosmichad Q8 in-slope correction conparator used to
conparing said %Ogrrper g?géréewrepﬂf 'g%‘evn Zanf?ﬁ'faf S?%f’"‘f@%?@ﬁfgé’g&ﬁgfr@ﬁ?saﬂﬂ h said
PTAT dependenturant mefr; and  digitizing the conparison, said gain-slope

correction conpar . Lsi.he . .a series of current conparators
formed with p- chazrﬁle e i:eg%{é%ﬁé%?nggﬁ}gg"k?%%%ﬁr%%ﬁ g@'&&@ﬁ%‘&aﬁ?%ﬁ??@’?&??%eri ally
coupl ed, wher &wuslimigteeeitage ddderSviikiNsa0 gle sasistivometrana eduphass 8 dstge
transistors a I vl t dr nerated. by said first reference
current acroségpﬂ H{ﬁ&hég}éisﬁly é?lgﬁggs%%sra {r?%"crfeggtﬁef%eﬂ'%isi grlgdiopeld fsst gaipher e
the gates of sempensaidneaurrent migersthedelthge denpsicadse ssid gaia cOinpaRatidhregstive! t age

drop generat egha¥s SRliding #e tnput voltage to the gates of said MOS transistor pair:

a fourth operational amplifier having a positive and a negative input, where one
- input is coupled to one drain and the other inpu{ is coupled to the other drain of said
MOQS transistor pair;

a control PMOS transistor coupled between said voltage supply and said junction
of said MOS transistor pair, where the gate of said control PMOS transistor is coupled
to the output of said fourth operational amplifier;

said second gain compensation current mitror coupled to said junction of said
MOS transistor pair, where the tail current, equal to said biasing current, flowing out of
the sources of said MOS transistor pair is diminished by the compensation current
flowing out of the drain of said PMOS transistor, thus controlling said biasing current as
a function of process variations; and

said third gain compensation current mirror coupled to said negative input of said

fourth operational ampilifier.

5. Ahigh frequency CMOS differential amplifier, comprising:
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current across a second gai n-slope correction resistive neans, a junction
of said p-channel cascoded and n-channel cascoded transistor going nore
positive when said p-channel cascoded transistor carries a higher current
than its serially coupled n-channel cascoded transistor; a decoder coupled
to the junctions of said p-channel cascoded and n-channel cad®odiédy 2006
transistors for receiving digitized signals fromsaid junctions thus

provi ding digital i I ) ikna from al eros” to all
"ones"; a feedbacké &gt' ﬁ%@gg %ﬁrﬁﬁ%ggﬁan{pﬁ%%%{%ﬁrpeaech ei%'é’a[%ﬁ"?'ﬂeﬁﬂﬁ t hus
the anplifi caniplivation efafastiand ackcandsemn signal peticad ihegain oRBRY high BEqUhE)
tenperature, g; }iacLlefeedba] Kk ratia Ci rfuLt further conprisi ng: a series of
control swit cHESPEGRAILFTPIICHIZRSAPS Q@ fikand mtrsPrdiias iieplareliedtgsnid Aigh
decoder, act i Vtieehchyarmblechairoghisiified, g#1@ high tqigngy vaniise §ain RIife? EofhpIRIingof al |
of said contrgJ svgtcgﬁs iﬁ gan@ed tgget er info . one |ine, said secgnd
operati onal afploPTiWF “fi5ienpal aEpP{ery WRET the ggin ghagidhigh fresyencysariablegaiy ed

-t oget her | i ne,amfifitrfiscindependsnt bhigmatratrsambgbédsy.e | nput said second control
voltage; a serially coupled string of tenperature control resistive neans,
nunberi ng one nore than the nunber of |ogic signal outputs of said

decoder, coupl ed bebiagemtiobtiduif for siceiging tn biterveliktagontan dolfage, Luekou of sai d
second operati ifier.. where the other. termnal of said first
control  switc %"%ﬁ%ﬁe"& abﬁé?‘wgecr‘im?ﬁtea"fjipFogf"C'%ﬁa' &t adsaiigetbésat ur e
control 29 1 GudéMibgoabpariegissilinternteaiatescontbiabkageRgainitheferehes vaitagds, of sai d
second contr ol

whigfd éa?ﬂe*e?ence voltages are generated by said bias control circuit from said

second control voltage and a first operational amplifier;

a gain-slope correction circuit for receiving a first control voltage, said second

. control voltage, a temperature independent first reference current, and a proportional to
absolute temperature (PTAT) dependent current and producing said intermediate
control voltage as a function of temperature by comparing said temperature
independent first reference current and said PTAT dependent current, thereby
compensating for a change in slope of the gain control characteristics with temperature
of said high frequency variable gain amplifier, said gain-siope correction circuit further
comprising:

a gain-slope correction comparator used to comparing said temperature
independent first reference current with said PTAT dependent current and
digitizing the comparison, said gain-slope correction comparator further
comprising:

a series of current comparators formed with p-channel cascoded

and n-channel cascoded transistors serially coupled, where the gates of
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coupl ed between the second and the third tenperature control resistive .
means, and so on, till the other termnal of said |last control switch is
coupl ed between the next-to-last and |ast tenperature control resistive
means; a tenperature sensing circuit for providing said band-gap reference
vol tage plus proportional to absolute tenperature (PTAT) dgpendent current
generator, and said tenperature independent first and secon & dB¥ 2806

current; and a gain conpensation circuit for receiving sai d tenperature

i ndependent second T Ry SBEANEIWAEERE taRkGaLM P o @b which 1s
nodified to correct the tenperature/process depen e sal vari abl e

gain anplifier. 16. Treengetad by sgiddireaefewsoed @wenﬁacmssta ﬂm‘t gelhalopm 15, wherein
sai d n-channel CasCOd%rreEtfoﬁ?éét%ﬂQﬁ%aﬁ@%ﬁdLvmﬁgme esf gn—chgrm? | cascoded

gai n-sl ope correction circuit o rel sal
transi stors have progressided transisienseeesdrivgn by aeeitag&ﬂropﬂaeergmi Ihy s:iu@pﬂ!AT

correction circuit of cﬁllrr@ht(';gcﬂo%s a\@g%r}% (#lmteb%elclérqg%on re&s?b '88?%3%5”{}@\09 el

cascode and pchannel casco transrs ohe Iow
in voltage as the terrrférsaiﬂtsrrté\ame!Dmomdmidlrmlahn&tcaacudécﬂranasmegtﬁ@s 19. The

CMOB differential arrpld‘l&je?'fnsﬁra vﬁle%'smd]pgehameq rcgé désaatlra% %’c?gh r;:qrrse ey

variable gain anplifier a Sec S al
anplifier, each havi ngcuaﬁnhthqsuts sgriallycoupled mphﬁtnnM Ci%@colied ﬂhlhéls'&ﬁOG and out put

node A and node B, where Séh@cdd@PéHu Pédmeéﬁt%ggf I?ann CISEﬁO ejhr%d

differenti al arrpllfler IS coup edt an in anen
respectively, where %F@nhﬁpascoieétﬁahsssmrﬂfor rqnemngdlglhzezmughagémﬁmisd

L T L e SRR B Rt S A
to all “ones”;

a feedback ratio circuit for altering the feedback ratio and thus the
amplification-attenuation of a second operational amplifier with temperature, said
feedback ratio circuit further comprising:

‘a series of control switches, equal in number to the number of
outputs from said decoder, activated by said logic signal outputs, where
one terminal of all of said control switches is ganged together into one
line;

said second operational amplifier for receiving at its negative input
said ganged together line, and for receiving at its positive input said
second control voltage;

a serially coupled string of temperature control resistive means,
numbering one more than the number of logic signal outputs of éaid
decoder, coupled between said first control voltage and the output of said |
second operational amplifier, where the other terminal of said first control

switch is coupled between the first and the second temperature control
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. sa i differential anplifier is coupled to
hode !{3 a?d \S/g:r(tjlnggg Qnogutsglr(tj \S/gﬁ'?gd riaspecti vely, sm;i d first and said
ol oudpS. fferential anplifier toget her providing a variable gain at said
25tcoﬂts I\/outel and Vout2 based on si gnals applied to said inputs Vint and
Vi 2 "said first and said second differential amplifier each fgayyuRenss
onpri i  afirst and a second differential anplifier stage coupl ed
corrp[ IhSI ng'each having an input GL and an input & and said node A and said
E’lggg Berzsai d nod®sisie etihere Bigetiins feraimal o ahid snamhe Sofrat OWiRY, 6d Itoget Ih_e][_,

! - - - - - - - . er
Stage are coupl ea re eaer asPedie I B il Relbelad ool isietvel y, “where
S5 i npat _GL arfaea: o s, e ofhes inginsiss oa it e vt anpiifier

i Ll o J tively, sai irs
stage is coupl ededyfied Bbhebl Bid neY Bk 534 s (ARUL % respect i vel .
and said second g?fsf erentia arrgtﬁisl elrjaigﬁ'ﬁ;‘:t gi Sef;@g ﬁ)ﬁ?rghngoas\;?él abl e
oo nt a';( Sﬁlddsgiog@ifpﬁ?dY S?:aiddn?i (rast "and said second differential
;nplui fi e? st age each furiher conprising: a first differential transistor
logip r conpr i $itAgPYaNIY snsian direuit Swonil g swi %@ﬂ@fxp ri@biibe V&E:agﬁgmgﬁrg?%@tngu to

i i GOATY L I i a first and a se
Sour0g, Wb @Er?\él-rg:td?e sali da%@g%ﬁgﬁﬁg%&eaﬁ%t&g%sﬂ PRt ur ce control | ed
by Sait i“%?%gg“tﬁf%gzi%ﬁcp%tefefam carrgmtcand differential transistor pair
Y e o ird d fourth transistor said third and said fourth
Lransistor i t(r:"o:rrmﬁinca?i on with athird a,nd a fourth current source,
?2232&5 |t \C/)rel }%a@azo@ppmﬁaﬂw eiredit fareteiving shid tegdr&tie iﬁ@gé,ﬁ@n@%%,;oo: I e(rjrp Ibiyf isgir d
- ! - a a

second rehiréite G Mnd s3 plastha il @008.120 e ifferential
of claim 15 wherein ssaihhl gh ?eqﬁéﬁc'f;’ f_"\?&?’fe%g @reddih anplifier
conpri stegwerature/process dependency of said variable gain amplifier.

16.  The gain-slope correction circuit of claim 15, wherein said n-channel cascoded

transistors have identical sizes.

17. The gain-slope correction circuit of ciaim 15, wherein said p-channel cascoded

transistors have progressively increasing sizes.

18.  The gain-slope correction circuit of claim 15, wherein the junctions of said n-
channel cascode and p-channel cascode transistors go one-by-one progressively

low in voltage as the temperature of the functional circuits increases.

19.  The CMOS differential amplifier of claim 15, wherein said high frequency vaiiable
gain ampilifier comprises:

afirst and a second differential amplifier, each having an input X and an input Y
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a first and a second differential anplifier, each having an input X and an
input Y and output node A and node B, where said input X and said input Y
of said first differential anplifier is coupled to an input Vint and an

i nput Vint, respectively, where said input X and said input Y of said
second differential anplifier is capacitor-coupled to said npde B and said
node A of said first differential anplifier, respectively, whéBe)BaRs node
B and said node A of said second differential anplifier is coupled to an

output Qutl aawoatpuommmar@ﬂoa B, AR GhI i d second
differential applifier toget heira provid Ed‘l’lﬁJuY{(/grﬁ?‘gﬂ? nP[ﬁs&o g% d out puts

outl and out 2 YiESHetAMRY gd%xv%m'eaﬁwm Ut n‘s@l’lddanlrmmmeI reﬁpa:ﬂdalyl MReresai d
first and sal GaRRRARK aﬂufséa@rufaafva% sFPbh G rsat?aé%%#r T T

first and a secon ifferentia 1 er s
havi ng an i npgid nage Brand gridinegeiA Omaldiﬁrdt mmrdntmbﬁﬁptﬁe@mip%k/éiy wedg Big sai d

nodes A coupl o] 0 t oget her, where said
i nput Gl and gﬂ%b%gﬁgﬁ &@ﬂ&gdé‘lgjdgcfo e*&l‘?a}’lg 'ﬁ'ﬁ'ﬁlc"%ﬂ?ﬂ Eneutpgt age are

coupl ed to saiputlrndtanoutputived?, despleptwblyYsald fr@t&ame%taid\éeédhd MRS RaISRpfiey NP UL

Gl and said i qRgisknh (o7 8 itferential er stage'is

coupl ed to salﬁéﬁﬁgﬁ? mé%ﬁs’%ﬁ%%‘ﬁ ut UtF}Ué%B%{ﬁ{EY@FtZ baged opslegals and sai d
second di fferé"ﬁ?'ieéltf’ a%mpﬂﬁséﬂfms&tnag@n& ogid fitstanduaivdedomidiferdiaal &Rl N at
said node A a@gch@ahgcgg,gﬁs[ . baséd on signals applied to said input X and

said input Y, said first an said second differential anplifier stage each
further conprisi ng first edrasseceididiftarential ahplifierstaiecoAilePRYEhEOBRNINSIIRPaR i1 St

-and a second tipaNsSk 8h@k saj flr t .and sajd secon
transistor in cpgm‘runl ca?llng!rj}%z E aﬁ]‘feno;aétp\%&%?e e%?a}’do?c’d%élcﬂ”?"i"@ st

current sour c&XHIRE A $aitingsips Baoupled togethisi, where said émput Gaadd eauﬁiﬁﬁ&t'@t of

differential thiaesh diftefen®Abinpfil S rd and transi stor,
the source of said third and sg%ébf%rgr%?ﬁ]%rar?%'fjs"{p(ﬂgaﬂ‘? Wl cation with

a second cur r &Pectiyplyrviiere said Bpwlomd seitrinmn G2rf sdidsecood Hiffeleh®d afpiisal d
second bi as cuéfah€Rtcoudiéd to said input Y and said input X, respectively, said first and said

second differential amplifier stage together providing a variable gain at said node A and’
said node B, based on signals applied to said input X and said input Y, said first and
said second differential amplifier stage each further comprising:

a first differential transistor pair comprising a first and a second transistor, said
first and said second transistorin communication with a fi rst and a second current
source, respectively, said first and said second current source controlled by said first
bias current; and

a second differential transistor pair comprising a third and a fourth tranéistor,
said third and said fourth transistor in communication with a third and a fourth current

source, respectively, said third and said fourth current source controlled by said second
bias current.
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1 6 JUN 2006 21. The CMOS differential anmplifier of claim15, wherein said
bias control circuit conprises: a biasing current source controlled by
said biasing current, said biasing current source coupled between said
vol tage supply and said biasing current input, where the gate of said

bi asing current source is coupled to the gates of a plurality gfijyguosent
mrror pairs and a bias current mrror; a plurality of bias control
differential anplifiers, each conprising a pair of MOS transistors,
sources of saiéd pathe @MONEHeenta ampliter of daiuplSedtherbia saidinihhes 1EHEY vAFE 0"

pairs, respecti Vedaﬁwarﬁ;ﬂiﬁ@rc\émp*@&e supply, bias control resistive nmeans
coupl ed between the sources of each pair of said MOS transistors such that

current from any palitst apf aseeonsrdifferentisbavnplifien eawh haaihg ae mPUfX g dnhhgh

ei ther transi $49bkutBd L | MR ' r..pair, the. .gates of the first MOS

transi stor of eag%ta%tar}%raé goupl 8‘?# ?’ﬂeﬁ ga'cl’ ﬁf) %%'ﬁqsﬂdég%ﬁtqfﬁ?'d figgh| tage, the

drai ns of sai @ifierental ampifier isenespled trardhpue &t apdiah irpotdh2 dedpctBalydyifd:d St bi as

current input § o bi rent mrror, the ai.ns of said second
MOS t ransi st or %Bg}ohgééﬁd %é‘?’rnglztoﬁ%hrsgﬁgte?@ac{' r%'@%%ﬁ?’é%c@é?'%ﬁ‘?upmmt . a
first operati WdinodeBland sad nivieuA oisaid fraisiifcrantialdtpliferNegRICiE, RN LajgSai d
positive inp i i IS atio a ifier coupled to said second
control volt ach,leo% ﬁi&%ﬁ{%{i& 3n9%%;85f3 Wﬂ%ﬂ?’ﬂ%b@%ﬁﬂt's ‘Eﬂ‘ﬁ)’?git?jaﬁ PRyt

oper at i onal a%p‘ﬂi Fidean aobpubOuetd, tespeetivety, saio firsparansaiticseeaetdifintiaPdfbifer

plurality of I resjistive oupled in series between a
‘reference supg@%&gﬁ@m{'ﬁé&%%(%u{e Q{%?n a?ﬁ?'a OP{Bﬁ@{E%ﬁ@'?‘%’WgHQ?EdaB‘Pp‘i'Q”ﬁiSer, wher e
. the nunber of apriigdl i s inpugelndeihd i sdid fiebarsl saitesedBRNSfidréntaNSn kRS 2aban the

nunber of sai ﬂthﬂbrac% oL .ol differential anplifiers, where the junction of
the first and the secona”voltage reference resistive neans is coupled to

t he gate of said §efu:sirad<_i NEBC@dalii&'r@tiﬂramiiﬁdr BRgé bé@!edﬂ@dé’thé?kac%ing an

: ;?2?'6?] I-:gr S, WBG{ &1 Lifad bl oY %];idtngge Iy Qe(\:!d Aode é,hsgidtnrcl;ldésdA \éc?l}p%e%ge
together and said nodes B coupled together, where said input G1 and said input G2 of
said first differential amplifier stage are coupled to said input X and said input Y,
respectively, where said input G1 and said input G2 of said second differential amplifier
stage is coupled to said input Y and said input X, respectively, said first and said
second differential amplifier stage together providing a variable gain at said node A and
said node B, based on signals applied to said input X and said input Y, said first and
said second differential amplifier stage each further comprising:

a first differential transistor pair comprising a first and a second transistor, the'
source of said first and said second transistor in communication with a first current
mirror, said first current source controlled by said first bias current; and

a second differential transistor pair comprising a third and a fourth transistor, the
source of said third and said fourth transistor in communication with a second current

mirror, said second current mirror controlled by said second bias current.
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resistive nmeans is coupled to the gate of said second MOS transistor of the
second pair 33 1 6 JUN 2006 of MOS transistors, and continuing simlarly
till where the junction of the nth and the nth-plus-one voltage reference
resistive nmeans is coupled to the gate of said second MOS transistor of
the nth pair of MOS transistors, said junctions of said voltage reference
resistive nmeans providing reference voltages to their respective transistor
gates. 22. The bias control circuit of claim21, wherein the TreeUaNiBBship
between said first and said second bias current is expressed by the
equations: IBS =mM6 and IB2 = (1-mIB where: m= f(VcT) where: IBSis
sai d first biadlcurierfiMOS difierential saipiifies eta4ich 15| @Ber6itshidMlas Vsl ki, gl d

i nternedi ate contrq%nﬁ9&£age. 23. The bias control circuit of claim 21,
wherein the size of the transistors of each of said current mrror pairs

are chosen such t hatbiasigtbufrentsbumadontriied BEGANSladhPSurreht 54 BiasiAd g equal s
' lai m 21, erein the

said biasing c . Jhe bias control circuit of claim?2l

size of the trg%‘%?é;%%'P%‘A’BF“"SSEEﬁa@f'o“agaiswwf}deﬁatd asingourTpRtingyt, whie the

magni tude of sgatd of ediebiasioEoureht RERS is AUBIA theaidS of S BRI LpLive

means are chosen such that said first gﬁ% saidegﬁcogd Bpégecgégggﬁpmgén
]

vary the gain BFE B ERddIRhcy variable gain anplifier in |inear-

i n-dB fashion. 25. afnealGMIBiadidofitsl @iMerchtialaMpliichd, @hctPfonfr@hih bar oMiEE &1 N
sai d tenperat u{rgns?s?&alsggrces of said pair of MOS transistors coupled via said current mirror pairs,
respectively, to a voltage supply, bias control resistive means coupled between the
sources of each pair of said MOS transistors such that current from any part of either
current mirror pair can flow through either transistor of said MOS transistor pair, the
gates of the first MOS transistor of each pair coupled to said intermediate control
voitage, the drains of said first MOS transistor of each pair coupled to said first bias
current input and to said bias current mirror, the drains of said second MOS transistor
of each pair coupled to said second bias current input; _

a first operational amplifier having a positive and a negative input, said positive
input of said first operational amplifier coupled to said second control voltage, the
output and said negative input of said first operational amplifier coupled together to
provide feedback: and

a plurality of voltage reference resistive means coupled in series between a
reference supply and the output of said first operational amplifier, where the number of
said voltage reference resistive means is one more than the number of said bias control
differential amplifiers, where the junction of the first and the second voltage reference
resistive rrjeans is coupled to the gate of said second MOS transistor of the first pair of
MQOS transistors, where the junction of the second and the third voltage reference

resistive means is coupled to the gate of said second MOS transistor of the second pair
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34 1 8 JUN 2006 circuit conprises: a band-gap reference-cum PTAT current
generator for generating a tenperature independent band-gap voltage node
of about 1.2 volt, and for providing said PTAT dependent current which
increases linearly with tenperature; a tenperature-to-current converter
(TTC) for converting said band-gap voltage into a nearly tenged dUir2800

i ndependent -prinme current reference IREF, and for splitting said prine
current ref er efittO9 WRithistont, and abrdiniiing Sitmilandiished RERARBNEIHETRNGER KT rent ,
said TTC furtn%e_rlusc_?n%;rilsi n%o'I a third og&;at_i onal anplifier having a
negative and a pBat iV PHpITersIatdesitive Bisepiis coynlrs tp ¥ qate/ef saidpetondf sai d
third operati da$ tramgstorfof the reiopa ﬁdﬂ@@tr&rﬁﬂis@br&,-s&d‘ﬁﬂicﬁonsbﬁ%@@&%' tage node;
and a first and a secongwevrg%rg%?-to-current converter (VICO)

transistor, tHAEEYSTESS qviding reigEPnga Veltageste theinvgepecivedansistos| st or
coupl ed to thegatst put of said third operational anplifier, the source said
first and said second VTCC coupled to the negative input of said third
operational anplifier to provide feedback, the source said first and said
second VTCC addi t iadi f g vl ; 1 referenc otentjal via a
prine reference resi st%%cghﬁngg‘r_?\s, mﬁ%ﬁtﬁhmgwgﬁngp%eclﬁ%'g%fp}% ysa MOS
transistor provi ¢ sgidisgeendbigs eumentdnexpreshedt yribe eqiiibps:and where the drain
of said second VICC MOS trlﬂgnzs,h%tor is the current source for said second
bias current. 26. The CMOS differential anplifier of claim15, wherein said
gai n conpensaf®n circuit lmdfdrEes: a gain conpensation differential
anplifier conpiemtng a difpeept ir)al |y arranged MOS transistor pair, each

. MOS transistor of said MOS transistor pair coupled via a load resistive
means to sai d"HP%si ng current input, the sources of said MOS transistor

pair Ig1 is said first bias current,
I, is said second bias current,

Ve is said intermediate control voltage.

23.  The bias control circuit of claim 21, wherein the size ofrthe transistors of each of
said current mirror pairs are chosen such that said first and said second bias

current always equals said biasing current.

24.  The bias control circuit of claim 21, wherein the size of the transistors of each of
said current mirror pairs, the magnitude of said reference voltages, and said bias
control resistive means are chosen such that said first and said second bias

current can vary the gain of said high frequency variable gain amplifier in linear-
in-dB fashion.

25.  The CMOS differential amplifier of claim 15, wherein said temperature sensing
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joined together into a junction; a gain conpensation current source coupled
wth its drain and gate to said 35 1 6 JUN 2006 second reference current
for driving a first, a second, and a third gain conpensation current
mrror; a gate resistive neans serially coupled to a gain conpensation
resistive nmeans, thus formng a voltage divider, where said gate resistive
means is coupled to a voltage supply, and where said gain cogpansagon
resistive means is coupled to said first gain conpensation current mrror,
t he vol tage drop %E@f%nﬁ)% .gai n conpensation resistive neans providing
the input voltage t e gates of said MOS transistor pair; a fourth

oper ati onal anpl i fd kandtgap ireferencepasn-PTAE cament geneeajatfbmnémﬁmgatmfa@,r@ne

i nput is coupj ry 4 nRUL_J coup e ot her
drain of said wﬁl‘%}&r%te ran ng@?ﬂ())omég nE)éﬂaa f%%ﬁ@ﬂo% %l\@l fﬁrr%?l‘gl 5BU§‘J§| ed

bet ween sai d wependget Oyﬁpfpjl\ﬂwwamd:rwedIiljaany:tVitfot@mpelfaussal d MOS transistor pair,
where the gate of 5g [}{I%% i 0 th out put of
said fourth operat ong?rg1 ‘qufgr g‘é‘%’r%pgecéﬁoé °%’é‘ﬁen'"%§?#§gﬁ%i\¥%i’oﬁ W r ent

m rror coupl edltdeanemlydempmatuleonﬁe@bndmit grimé/Birent @fesértt Gy--paridfor spirgrg t he
tail current, |ng urrent, flown ut of the sources of
said MOS t ransslglg#' %eﬁgﬁrér:hﬂeqerg ﬁ?"s’ﬁ aB@{? YRA 3%%%‘%5§fqtf%ﬁn??tﬁufr‘é'ﬁtsa'¢ | owi ng
out of the drél'l'ﬁfmthesawmbrlé’lvﬁs transi stor, thus cont roI i ng sal d biasing
current as a funct on, oefr RLICES SV %FI ations: q hird gain
conpensation current TP STESE ‘(‘5'”%3?1394%’«5‘53“ "i'/%"sﬁ' 'ﬁ‘f)ﬁ‘P”bf‘”%%ﬂ d fourth
oper ati onal awpipuf irerposifié ingut bi gid fhireé qperatonaCivipifiet cbhipeentsaml1. 2wl | fi er,
;conprising: a yeney v riable gain anplifier for providing a

di fferential vgb f"°'%‘§ el and - |

a first and a second voltage-to-current converter (VICC) MOS transistor , the

gates of said first and said second VTCC MOS transistor coupled to the output of said
third operational amplifier, the source said first and said second VTCC coupled to the
negative input of said third operational amplifier to provide feedback, the source said
first and said second VTCC additionally in communication with a reference potentiai via
a prime reference resistive means, where the drain of said first VTCC MOS transistor
provides said prime current reference Iger, and where the drain of said second VTCC

MOS transistor is the current source for said second bias current.

26.  The CMOS differential amplifier of claim 15, wherein said gain compensation
circuit comprises:
a gain compensation differential amplifier comprising a differentially arranged
MOS transistor pair, each MOS transistor of said MOS transistor pair coupled via a Ioad
resistive means to said biasing current input, the sources of said MOS transistor pair
joined together into a junction;

a gain compensation current source coupled with its drain and gate to said .
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anplification of a first and a second input signal, where the gain of sai d

hi gh frequency variable gain anplifier depends on a first and a second
bias current applied to said high frequency variable gain anplifier, said
hi gh frequency variable gain anplifier conprising at |east two
“differential anplifiers, where the gain of said high frequenqg varr&&ﬁ

gain 36 1 8 JUN 2006 anplifier is independent of tenperature fdU r ss; a
bias control- circuit for receiving an internediate control voltage, a

second cont r otecond tefegenceanderd fdyidagingg fiY farseBéndaBsk #iHrd 4 @gmﬁélsgt,c;‘nl rst and
sai d second braﬁean{rroent by conparing said internmediate control voltage
agai nst ref er ence VO tdges, where said reference voltages are generated by

sai d bias control eigateustistive oreasasdliallsauprd teghih bmyalshRBGeife Aehid St
ction circuit for recelving ' a

t I
Frrst control Dat 5o adofedhRishgheRo Ene (Foisfiagesans i Ewper inuratace
i ndependent f i supplyy afdewrencsaid guin aﬂﬁpeneétﬁ)naesﬁmw@ﬁfehhé%%budléa to3Ra YYs H%eﬁn
t enperature (PT@%’%Enaae{\lPendent current and producing said |nterne I a

control vol t ag® B AUTSh e theypiasediop acieys saidharin corapensitivn resinties at ur e
i ndependent fi mg@nsrﬁém@ﬁ@m@w‘roﬁgge 18k gsa@és%fggéﬁdgepgr@gwh?igur rent,

t her eby corrpensatrnqﬂg hange in slope of the galn control
characteristics w 2 r?ﬁ%ﬁaﬁ‘?"@r @“PWFF heying amoglhver ﬁiré’cfumy\!wwut atbiees (g‘ﬁel n

anplifier, saiifp@a duple®R orfeQr4if Shd 9:@ oftlef MPltis EMpIARE th dran qg r
gal n- sl ope correction conpar at or used to conpar |l Iﬁ) sal 8 q ?g

i ndependent f i YOP YRR e current with sai d PTAT dependent current and

~digitizing the coMpabMaPPMOSAifsiSR} & ie@@%@ﬁ&& L9k fU t her
conprising: a serj gg%%f current Slconpgr%(ft ors for rrg%l%e% ig-!c[{% g'dl’ung dtoded

and n-channel ¥&8d ransipirgipaln. gfherestae palp o said epntieblPMAR diesistirds gaples of

to the output of said fourth operat_ronal amplifier;

said second gain compensation current mirror coupled to said junction of said
MOS transistor pair, where the tail current, equal to said biasing current, flowing out of
the sources of said MOS transistor pair is diminished by the compensation current
flowing out of the drain of said PMOS transistor, thus controlling said biasing current as
a function of process variations; and

said third gain compensation current mirror coupled to said negative input of said
fourth operational amplifier.

27.  Ahigh frequency CMOS differential amplifier, comprising:

a hign frequency variable gain amplifier for providing a differential variable gain
amplification of a first and a second input signal, where the gain of said high frequency
variable gain amplifier depends on a first and a second bias current applied to said high
frequency variable gain amplifier, said high frequency variable gain amplifier comprising

at least two differential amplifiers, where the gain of said high frequency variable gain
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sai d p-channel cascoded transistors are driven by a voltage drop generated
by said first reference current across a first gain-slope correction

resi stive means, and where the gates of said n-channel cascoded

transi stors are driven by a voltage drop generated by said PTAT current
across a second gain-slope correction resistive neans, a junction 37 1 6
JUN 2006 of said p-channel cascoded and n-channel cascoded tHMgngyRt2as goi ng
nore positi-ve when said p-channel cascoded transistor carries a higher
current than PHRIfigE indepgndepipl tuePsittganA8roce®scoded transi stor; a decoder
coupled to the junctions of said p-channel cascoded and n-channel cascoded

transistors for receiving digitized signals fromsaid ]luncti ons thus
provi di ng di git al 2§l gheit fejuessiMing sdnigirryliate enntral voltageepsecondt o al |

"ones”; a f eegﬁ%kvoﬁt@g%é Ané®h bRlihg chifint 8hd SEERGSIAR R aAPESH sEahl Bia@nd thus
the anplification-attenuation of a second operational anplifier with

tenperature, SHEAtbY WERFERKSTGITSMedinte GRS YrtesRproASHIsfegEyOltageser i es of
control sw t clifge 56 atbrentl WIRKS ark Geld?RedRRT bidd confti ditliBirdrh 04Ty Sai d

decoder, activated by said |ogic signal outputs, where one termnal of al
of sai d cont rggcopgientiobwitpge asiayret apgtptionbpmpifiet one |ine; said second
operational anplifier for receiving at its negative input said ganged
together line, and for receiving at its positive input said second control
vol t age; a seri al laygagosiphecagrrettion sigeuiiffon resrivingst firsteontol velbige rsedi stonde neans,

numbering one JReR SHG ltHipd TRRdPEnd Bt SeARL cHHHPYURS aBfopSRiblh to
absolute temperature (PTAT) dependent current and producing said intermediate
control voltage as a function of temperature by comparing said temperature
independent first reference cur'rent and said PTAT dependent current, thereby
compensating for a change in slope of the gain control characteristics with temperature
of said high frequency variable gain amplifier, said gain-slope correction circuit furthér
comprising:

a gain-siope correction comparator used fo comparing said temperature
independent first reference current with said PTAT dependent current and
digitizing the comparison, said gain-slope correction comparator further
comprising: | |

a series of current comparators formed with p-channel cascoded
| and n-channel cascoded transistors serially coupled, where the gates of
said p-channe! cascoded transistors are driven by a voltage drop
generated by said first reference current across a first gain-slope
correction resistive means, and where the gates of said n-channel
cascoded transistors are driven by a voltage drop generated by said PTAT

current across a second gain-slope correction resistive means, a junction
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decoder, coupl ed between said first control voltage and the output of said
second operational anplifier, where the other termnal of said first
control switch is coupled between the first and the second tenperature
control resistive neans, where the other termnal of said second control
switch is coupled between the second and the third tenperatur Cﬁ%é@%
resistive neans, and so on, till the other term nal of said | ol
switch is tcoupl ed bet P]Wnext to-last and | ast tenperature control
resistive neans; 38 1° g’lﬂl\? 0% casqodfghandyn- B'?%‘“%‘éﬁ%@ﬁ@dng?ﬂﬁ@tﬂfﬂmﬁ@r'

providing said band- g aporeqiotitieeRen/&id fORrRbILSsdVI0P RLAsiB 3k Oa h@pém ute
tenperature (PTAT) dependent current generator, and a tenperatur

i ndependent first and %‘Ef@BHBa'?E-?rW@H‘b‘é’“&’&?Péﬁ?"“%%sﬂoqeéﬁfﬁw%t@fure sensi ng

circuit further conprisi nﬁde@odé@@@hp%&olt @{cﬁ&%%ﬁéiﬁb?ﬁé%e%ﬁs&?d%
generator for generating a nper at ur e |noJIe endent band gap VO age node

of about 1.2 volt, and" “e'pﬁaé?ﬁd&ﬂ NPy f@TWF'VH’@MH%?‘QWfF@maM\hl ch

increases linearly Wl t jAnctioRSIMAS Poviifg dRyithiBEgRES: BLﬁthQranthé?rQrtn AORYGF L er
(TTC) for converting sai d band-gap voltage into a nearly Tenperature

i ndependent prine curri@® ‘¢eFerence ' REF, and for splitti ng said prine

current reference | REFR;jdabithcR J:rhtg?iroré\{%ﬂn ge[e%gg&r}gt gn% leJSche current

said TIC further conmprising: a operat on havi
negative and a posﬂ"!ﬁ’lﬁ“ét'?mmﬁ"Ua%ﬂfbpf@rﬁecmﬁt%a(atlonahempltﬁsiw:th/tempemurte eé:dsal d

third operational gapbid i6s 12 volt bandgap vol tage node; a
first and a second vol taae %@ggﬂjr@gh%&ncpz rter (VICC) MOS transistor,

a series of control swutches. equal in number to the number of
outputs from said decoder, activated by said logic signal outputs, where
one terminal of all of said control switches is ganged together into one
line;

said second operational amplifier for receiving at its negative input
said ganged together line, and for receiving at its positive input said
second control voltage;

a serially coupled string of temperature control resistive means,
numbering one more than the number of logic signal outputs of said
decoder, coupled between said first control voltage and the output of said
second operational amplifier, where the other terminal of said first control
switch is coupled between the first and the second temperature control
resistive means, where the other terminal of said second control switch is
coupled between the second and the third temperature control resistive
means, and so on, till the other terminal of said last control switch is
coupled between the next-to-last and last temperature contro! resistive

means;
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the gates of said first and said second VICC MOS transi stor coupled to the
output of said third operational anplifier, the source said first and said
second VTCC coupled to the negative input of said third operational
anplifier to provide feedback, the source said first and said second VTICC
additionally in comunication with a reference potential via a prine
reference resistive neans, where the drain of said first Vrcd MIBN 2006
transi stor provides said prinme current reference | REF, and where the drain

of said s ecﬁ%ﬁgﬁe%iﬁd &St BF ero_viidﬁlgts_gﬁ baﬁ(%lﬁélgp?@feré‘ﬁgg (!&t%gé Als ﬁ%&o%oﬁﬁ%) nd

bi as current; and a gain_conpensation circui or receiving sal
t enper adugPlte HReHRMERRT Adbdapsadent spregnbarneraef pedhd tempgtuai d bi asi ng current

which i iﬁdélpafsl&édt Bt S04 sBabrill (LRMRE LR said@mpAIRRENAENS cikEk R, ef erence
current. 16 JUN 2006 28. The gai n-slope correction circuit of claim 27,

wher ei n°EH&"%- channel cascoded transistors have identical sizes. 29. The

gai n-sl ope corr Wzh@Qag idiithde-@fn-BTAT Birdht gMae &kt Og%ﬁérgur@-aChannel cascoded
transi stors have progressively increasing sizes. 30. The ‘gai n-sl ope
correction lGmPelAlire depgndeph band-oqp xelspn nedreofjatiptli oY T f@ai d n- channel

cascode andpRyviiig3a8 IPTARERRIh! RASHEHASInGOaRE fnddYly Q¢ Progressively |ow
in voltage as the tenperature of the functional circuits increases. 31. The

CMOS di fferte_t'ﬂﬁeaﬁ“"ai_np! ifier of claim27, wherein said high frequency
variable gain aiBhbdibfe-EAURENSEvertr frirtShor @&Qen@inggééﬁ’l?g}d% ferenti al
X a n [ np na ou

anplifier, each having an input n ut 'Y node A and
node B, wherdtagaintb & ngaily tetpenauredidpendsnt primeaduresal iefénce tr- dinfif er ent i al

where  sai iR Bl SRt 1 2 R RS ST al a1 e

i s -direct - ctagbess qugent, said TTC further comprising: ' '
a third operational amplifier having a negative and a positive input, and an

output, the positive input of said third oberationai amplifier coupled to said 1.2

volf bandgap voltage node;
a first and a second yo!tage«'to-current converter (VICC) MOS transistor ,

the gates of said first and said second VTCC MOS transistor coupled.to the

output of said third operational ampiifier, the source said first and said second

VTCC coupled to the negative input of said third operational amplifier to provide

feedback, the source said first and said second VTCC additionally in

communication with a reference potential via a prime reference resistive means,

where the drain of said first VTCC MOS transistor provides said prime current

reference Iggr, and where the drain of said second VICC MOS transistor is the

current source for said second bias current; and

a gain compensation circuit for receiving said temperature independent second

- reference current, and said biasing current which is modified by said temperature .
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said node B and said node A of said first differential anplifier,
respectively, where said node B and said node A of said second
differential anplifier is coupled to an output Voutl and an output Vout 2,
respectively, said first and said second differential anplifier together
providing a variable gain at said outputs Voutl and Vout2 based on signals
applied to said inputs Vint and Vin2, said first and said second
differential anplifier each further conprising: a first and af gegmanghos

di fferential afRffRendent seqond eefersngst @repbget her, each havi ng an |nput Gl and
an input & and said node A and said node B, said nodes A coupled together
and sai d nodes B coupl ed together, where sald input GL and said i nput & of
40 1 6 JUN 200%-saiThe gair-siopelpdrfestiemdiical ofeuteirh i27 ) vetiereih 8gé nahenrePeRb&dt 0 sai d

i nput X and said i tofs haveS IO y, where said input Gl and said input
& of said second gpﬁse?sen?\lfea a%lsl ?%er stage is coupled to said input Y

and said input X, respectively, said first and said second differenti al

anplifier stagmto | node A and said
node B, basedg%n s?gn éss'g%‘%?‘[ fﬁg%oﬁgﬁﬁgcﬁﬁnag{,%eﬁra@i Fraslassoded ai d
first and said sebamitas ersogressivelripredsing sizeg. age each furt her
conprising: a first differential transistor pair conprising a first and a
second transistor, said first and said second transistor in comunication

with a first a¥d aTbte@ailmlommqrenﬁon dirouit afelaini 2B, peetdiv @k Yuncheiséf Edid at  and

said second curren r n i.rst bias current; and a
second differenti a{:ha[%ﬁérggl&sﬁ Qaﬁé a@S%?@ﬂ@"ﬁs@ﬁlgPd’"ﬁﬁ&%e progressively
“transi stor, said i nbliagdasaedemmaittzh df thaIfenchibil cifddits ABMaHEdsCcation with a
third and a fourth current source, respectively, said third and said
fourth current source controlled by said second bias current. 32. The CMOS

differential a¥pliTheeMOS diffeadriim2implitdrer ehim SR ivleingaid HidHRDENCy VaidLRp! e
gain amplifier comprises:

a first and a second differential amplifier, each having an input X and an input Y
and output node A and node B, where said input X and said input Y of said first
differential amplifier is coupled to an input Vin1 and an input Vin2, respectively, where
said input X and said input Y of said second differential amplifier is direct-coupled to
said node B and said node A of said first differential amplifier, respectively, where said
nade B and said node A of said second differential amplifier is coupled to an output
Vout1 and an output Vout2, respectively, said first and said second differential amplifier
together providing a variable gain at said outputs Vout and Vout2 based on signals
applied to said inputs Vin1 and Vin2, said first and said second differential amplifier
each further comprising:

a first and a second differential amplifier stage coupled together, each having an
input G1 and an input G2 and said node A and said node B, said nodes A coupled
together and said nodes B coupled together, where said input G1 and said input G2 of
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gain anplifier conprises: a first and a second differential anplifier, each
havi ng an input X and an input Y and output node A and node B, where said
input X and said input Y of said first differential anplifier is coupled
to an input Vint and an input Vint, respectively, where said input X and
said input Y of said second differential anplifier is capacit?r coupled to
sai d node B and said node A of said first differential anplifi&JUN 2006
respectively, where said node B and said node A of said second

differential I J ut Qut 2,
respectively, %gglﬂhstPﬁ%?ﬁ%%g&@f?gl égg%n% 9@&? e%aeﬁ@%ﬁ%;grﬁ;?{gflﬁgw t oget her
providing a vaespebiivelygehate said swlidGbarpeaidinmuiG2 of pdid caeidpiffceantigmmpligmal s

app! fed Lo SalcthqbAihpiel st ol Pand Bidindt 4 fos BlyiPistia SREQRILA e enti al

anplifier each conpri sing JUN 64 first and a second
differential aapndidifierentialagpliterstrige dogetipe piouiding ayeriatfragaimet sait nodepwndGl and

an | nput, G2 andisphelaodea on 8 Bbblcl A6 P ol dhariages, by COHPl Gyt 00Ct her

and sai d nodes coupl ed toge ere sald input Gl and sald input G2 of
said first di fsfaersemndailffemmaia‘mfélfersat@g@aahelrtb@mgmedsmm said input X and

said input Y, reszlpﬁ‘éttdnf’(é?%ﬁﬁal t%%fsfbr P ?@stﬂﬁ@ﬁ oqd'trglwﬁ{lf)rc?a f said

second differenti stag to sal I nput sai d
i nput X, res pefn:snaudab@rd sexand tréngiser uamjnrsmudauose'ltimatlrsuaricfaas@:nnd alrreanmpl i fi er
stage together_prov at . sai nod ode B,

d,, sai
baced on s gndPUroR HeEeDo a4 A aR ol Al R st G L BICT an
sai d second dididssumadti @ld anplifier stage each further corrprl sing: a first
cdifferential transistor ir ri first e transi stor,
the source of sai %IS“FcioPga' ﬁrﬁBt'a(s?g{F ’53 g‘ﬁ(‘f"?‘?%@i%ﬁ iiﬁ@&ﬁ%ﬂ?ﬂ%@&n on with
a first currendaid third drdsaidSairth thdnsBtor mrorrermmcﬁw\mm «Ctoind s & RAbyureat d first
glngs aC]ch {)Lf? L ﬁaog%g?rggqeje'%&efyh%ald htrEi %l% Isa?ill fourt @Er'resn sour eacl:ol;'ntrol%g%glsgi!i rs]gco%dt hird

bias current.

32. The CMOS differential amplifier of claim 27, wherein said high frequency variable
gain amplifier comprises:

a first and a second differential amplifier, each having an input X and an input Y
and output node A and node B, where said input X end said input Y of said first
differential amplifier is coupled to an input Vin1 and an input Vin2, respectively, where
said input X and said input Y of said second differential amplifier is capacitor-coupled to

. said node B and said node A of said first differential amplifier, respectively, _where said
node B and said nhode A of said second differential amplifier is coupled to an output
QOut1 and an output Qut2, respectively, said first and said second differential amplifier
together providing a variable gain at said outputs Out1 and Out2 based on signals
applied to said inputs In1 and In2, said first and said second differential amplifier each

further comprising:
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source of said third and said fourth transistor in conmunication with a
second current mrror, said second current mrror controlled by said
second bias current. 33. The CMOS differential anplifier of claim?27,
wherein said bias control circuit conprises: a biasing current source
controlled by said biasing current, said biasing current SOUWQ?JB@#@
between sai d voltage supply and said biasing current input, where gate

of said biasing current ource % cou&l ed to the gates of a plurality of-
current mirror pafrst ANGE S°RNd diffeteniiel amplifer sigge C%P&meheﬂ”waolﬁ hddrgsan

control diff eriepitiGil arargplingut €2 2ind €88 Ro§ONBRA SdidFode B AL Jiﬁ
transistors, SQuLs MOS transistors chlT%P ouglegal d

current mrr or*°%%ﬁ?rsa“8 S?@%&‘?ﬂp'?a%p&d tegptieriiereatpid by s yandiaiidnmo 62 ool

resi stive neansidfrstlifetenneltangtifierlsbRie SFOLIHRE t&éar@ﬁﬁm W salf ingiRlyd M
transistors SUChtP\fqﬁyWH”ent fromany part of eit curren n1rror pair
e

can flow thr od§i%&! PE ARG UL 1 Gpd g3l WPNIGE? efrsaissiesenst differential dridifict2 1 6
JUN 2006 gat esstafe it b@]piddrts baidViaBut ¥ anséaid Aputdd r&e&éiwag's%udﬁ}%%@garé 0 said

internedi ate contr the drains of said ransi st or of

each pair coupl® 88"'4)%%5,[5“@ ?’ﬁ?"@?‘" Yragdogetin peyidingmiatiatimdain ot sud nbdbiAasd
current m rr orsaid dgled, Based offsighals dpﬁ%@%‘é’auﬁ‘%ttﬂ MBﬁtl%utYogaufﬁgthan ai r

coupled to said. ecolajd |as current i nput ; first operational anmplifie
having a posi tJAFSCEAY difqreniat %‘ﬁ?fﬁ&aeeaﬁbmh%@mw@ i nput of said fi rst

operational anpl i f & @rst GimeHBhROrarRisEA pSir SERRRAg GHRL LAY 2 }58%&19%:153 ne,,out put
anpli ﬂ |t£'8

and said negative input of said first operati nggsltt Ier
together to piedre gbsaid iratnngisaid saeond traneistar intcgmuounigation aith arfest euresnt e

resi stive meansintQuah ot bkeAElufs cgﬁﬁframgﬁﬂ,rréa%r%ﬂ‘b‘?ése f€neURp v and the

out put of said first operational a e nufiber of said
vol tage reference ?&%508t P@‘@eﬁ%ﬁénﬁ'%omﬁé compisinghethird #rel afonbietrarafstsahel bi as

contr ol source of said third and said fourth transistor in communication with a second cutrent

mitror, said second current mirror controfled by said second bias current.

33.  The CMOS differential ampiifier of claim 27, wherein said bias control circuit
compiises:

a biasing current source controlled by said biasing current, said biasing current
source coupled between said voltage supply-and said biasing current input, where the
gate of said biasing current source is coupled to the gates of a plurality of current mirror
pairs and a bias current mirror;

a plurality of bias control differential ampiifiers, each comprising a pair of MOS
transistors, sources of said pair of MOS fransistors coupled via said current mirror pairs,
respectively, to a voltage supply, bias control resistive means coupled between the
sources of each pair of said MOS transistors such that current from any part of either

current mirror pair can fiow through either transistor of said MOS transistor pair, the
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differential anmplifiers, where the junction of the first and the second
vol tage reference resistive neans is coupled to the gate of said second
MOS transistor of the first pair of MOS transistors, where the junction of
the second and the third voltage reference resistive neans is coupled to
the gate of said second MOS transi stor of the second pair 355
transistors, and continuing simlarly till where the junctlon {1 206
and the nth-plus-one voltage reference resistive neans |s coupled to the

gate .Of Sa! d ?%geg%gthewqqﬁgﬂsﬂo?r fgatchi)gﬁc edqg said M n’éerW§ %&%F@%]St ors,

said junction sal refefren it v
reference vol tvatmes. thedtehraqfsalds’lmemqsmnslsmneiacbpalr galpis. togaldﬂr’éhﬁasbl as

control circui grg tl@u%m tgé?:d%gcﬁhgntmﬁd @L%E n%%?hégsgcec;[ aid first

and sai d secon cUrrent i s expresse eguatTon SR and
I1B2 = (1-m| Bofﬂmmrcmjpiedto(sVid'l’s)aconﬂtz‘aazsequrréﬁhdplﬁ JUN 2006 IBt is said first

bi | B2 d

DEaS ST o Coa TS AR SO0 & et o b BEREE S,
of the transi sm;mt of safd festopemtionad ainplificucauplat tmmdm‘ooqnﬁtﬂrﬁroﬂ[o&a@hﬂu‘éen such

t hat d f | [
current. 36, TG AEnRRAR R Ao G B Rhn P AR TR PS sl B0 ot The

transi stors ofprexddeHeadbacisand current m rror pairs, the magnitude of said

ref erence vol t ages nd, sai ontr. resi stive neans are chosen such
that said first gan%ip@@iﬂta og}gﬂtgg ezqrgréce resis we means coup%d in series between a

reference supply and the output of said first operational amplifier, where the number of
said voltage reference resistive means is one more than the number of said bias control
differential amplifiers, where the junction of the first and the second voltage reference
resistive means is coupled to the gate of said second MOS transistor of the first pair of
MOS fransistors, where the junction of the second and the third voltage reference
resistive means is coupled to the gate of said second MOS transistor of the second pair
of MOS transistors, and continuing similarly {ill where the junction of the nth and the
nth-plus-one voltage reference resistive means is coupled to the gate of said second
MOS fransistor of the nth pair of MOS ftransistors, said junctions of said voltage
reference resistive means providing reference voltages to their respective transistor

gates.

34.  The bias control circuit of claim 33, wherein the relationship between said first

and said second bias current is expressed by the equations:

and IBZ = (1—m)IB
where: m= f(Ver)

where:
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current can vary the gain of said high frequency variable gain anplifier in
linear- in-dB fashion. 37. The CMOS differential anplifier of claim27,
wherein said gain conpensation circuit conprises: a gain conpensation
differential amplifier conprising a differentially arranged MOS transistor
pair, each MOS transistor of said MOS transistor pair coupled via a | oad
resistive nmeans to said biasing current input, the sources of, said MOXS
transistor pair joined together into a junction; a gain compeh SN 2406
current source coupl ed mnth ik Said kil a@agrg@te to said second reference
current for driving a first® a secon nad & third gai n conpensation
current mrror; a gate resn§gmvmdﬁeamsb@enum¥ﬁy coupled to a gain

conpensation resistive maaraﬁ {H’iﬁtefrr% ngﬁmypdug e divider, where said
gate resistive neans is coup?l 0 age suppfy, and where said gain

conpensation resistive neans is coupled to said first gain conpensation

t t 44
15" SN 2006 ans 5ot g R Rl 3o Aleide Ber RIS LAAL AP of SR ¥| o

transi stor pair; asdibeureht rnp@r paiisanathaaep suchitieat sid fishendsasbssicondigasand a
negative input, V\hgjn% ?)ﬁ; ggsglgb gmglcﬁ%t(o one drain and the other

input is coupledtot rarn o MOS transistor pair; a control
PMOS transi stor coupl ed bet ween said voltage supply and said junction of

21 0 M5 11 ansiest Oy DRl contIRIEE NSRS leriPhd 50Uk RIS, AR pptor 1o

coupled to the ou Said our Sper ati onal Fer: ga ad8tond
~gain conpensati on san! cuerent mirror pmrscthapmt@dltude o@eamﬂrquem:elvoltaget Bwisdid bideS

]E |r g\r,]ms'n;t th pg;: r V\@&rtrgl rtegse'\tlvte%e!ang grrerc‘?iosén sug#&lat sald fsrsaila(ljld gglgssggo%d%%rsr ent,

current can vary the gain of said high frequency variable gain amplifier in linear-

in-dB fashion.

37. The CMOS differential amplifier of claim 27, wherein said gain compensation
circuit comprises:

a gain compensation differential amplifier comprising a differentially arranged
MOS transistor pair, each MOS transistor of said MOS transistor pair coupled via a load
resistive means to said biasing current input, the sources of said MOS transistor pair
joined together into a junction;

a gain compensation current source coupled with its drain and gate to said
second reference current for driving a first, a second, and a third gain compensation
current mirror; '

a gate resistive means serially coupled to a gain compensation resistive means,
thus forming a voltage divider, where said gate resistive means is coupled to a voltage
supply, and where said gain compensation resistive means is coupled fo said first gain

compensation current mitror, the voltage drop across said gain compensation resistive
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t he sources of said MOS transistor pair is dimnished by the conpensation
current flowing out of the drain of said PMOS transistor, thus controlling
said biasing current as a function of process variations; and said third
gai n conpensation current mrror coupled to said negative input of said
fourth operational anplifier. 45 16 JUN 2006

means providing the input voltage to the gates of said MOS transistor pair;

a fourth operational amplifier having a positive and a negative input, where one
input is coupled to one drain and the other input is coupled to the other drain of said
MOS transistor pair;

a control PMOS transistor coupled between said voltage supply and said junction
of said MOS transistor pair, where the gate of said control PMOS transistor is coupled
to the output of said fourth operational amplifier;

said second gain compensation current mirror coupled to said junction of said
MOS transistor pair, where the tail current, equal to said biasing current, flowing out of
the sources of said MOS transistor pair is diminished by the compensation current
flowing out of the drain of said PMOS transistor, thus controlling said biasing current as
a function of process variations; and

said third gain compensation current mirror coupled to said negative input of said
fourth operational amplifier.
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