;e3eTMIF6| TT  H GH FREQUENCY MOS FI XED AND VARI ABLE GAI N AVPLI FI ERS
BACKGROUND OF THE I NVENTION 1. Field of the Invention The invention rel ates
to high frequency differential anplifiers and mute particul arl

frequency MOS differential anplifiers having high transcon ‘mg@mmmmched
differential devices, and mninmal DC offset at the output.

of the Related Art Wil e designing high frequency arrpl i fi ers | n*'m%*

t echnol ogy, designers are often forced to use small

channel Tength of the technology for the anplifier tranS| stor\ﬁwmm\ﬂ\“““mnm
needed to neet the high transconductance required by the appl

However, if the anplifier is differential, serious problens can Beooo2
encountered. While using small channel Iengt hs, the matching of the
differential devices is poor due to etching inaccuracies in the channel

| engt#h. This results in DC offsets, |ow common node rejection ratio (CVRR)
and poor differential performance. For variable gain anplifiers based on
the Gl bert CelHIGHFREQYENG MAES ERIAANPAMARIABIE CHIN APIIPIERSD i n t he

vari abl e gain characteristi cs The ni cel y baI anced perfornmance of the

G lbert Cell is also affecte 1 and 3 show a hi gh frequency
fixed and a G |bert Cell %%%@R%Wpa‘?ﬁ @Hééh‘\‘ﬁ'ﬁhﬂﬁl‘ll fier, respectively,

having inputs Inl, In2 and outputs Qutl, Qut2. A power source VDD connects
via hero resistors RL to the drain of ML, M2 and M3, M4. A series

resi stance RS cg:uegl s ﬁl]ch transistor via a current source IS, with current
h, to ground Thd CdPiRs V‘?’B'ngllts unequal |y between the differentiat
transi stors |ffe(iences in their

ol et nhe e riBies K hiph g Alire BT R s S BBk ct Ances. bet veen

t hem and as .a co ce th n d ot her, bal anced
char act enp?f‘i“%' E%Egrgqﬁ'e[ncy%?g %ﬁéﬁ"ﬂ?l an&‘ﬂ& ré‘ﬁ'f’%'"gal'g'b AREXWUBEN ST f set at
the anmplif}] 8 a | al handling capability
IS reducecﬁ‘aqf‘—“ gls&%%t" al&ﬁcshéﬁﬁk\wangﬁ?fggaqﬁ ag spof such anplifier stages
have to be connected. Capacitive coupling Cc between stages and at the
input is used to prevent propagation and further anplification of DC of fset
appearing at thepedtiftiohsf hk revgsd/A@npl i fyi ng stage However, parasitic
capaci tances CP on the bottom plate of the coupling capacitors Cc oad the
out puts of theWanpddsidnew highdpaserandmplifiess in @S wehnolagl fdesigsers bee hi gh
frequency response of the overall anplifier. In addition, gate resistors R~
are caqupl eeftepderopcdn uge sreallni@veihe rml@mpwl opannsl lepgid of he tqchmhgy foftheach
amplifier stag Not e that throughout this docunent the same nunerals and
char act er sATBRIBEIJFRABIEIOtH d his dnpeeds eaithe high tr%ismuq%éewreﬁpmhﬁum channel
Lengt h devic annot be_rul ed h fre ncy a i cations,
t opol ogy nﬂ?ﬂ??"’lt'{?ﬁt PW"FB 'fttil"f’earﬁ‘ﬂiﬁ?/’éﬁf’?fﬁrﬁa"i' al. FeFPUsy ﬁ?ﬁ“? aﬁ??ﬁl ifier

encountered. While using small channel lengths, the matching of the differential

devices is poor due to etching inaccuracies in the channel length. This resuits in DC

offsets, low common mode rejection ratio (CMRR) and poor differential performance.

For variable gain amplifiers based on the Gilbert Cell, the mismatches can lead to a lot

of spread in the variable gain characteristics. The nicely balanced performance of the

Gilbert Cell is also affected.



structures is needed to mnimze the above problens. Related art referring
to differential anplifiers and Glbert Cells are. U S. Patent 5,880, 631
(Sahota), U S. Patent 5,949,286 (Jones), U S. Patent 6,111,463 (Kinura),
and U. S. Patent 6,229,395 (Kay) al! use a single current source for a
differential transistor pair with the di sadvantages di scussed above. It
shoul d be noted that none of the above-cited exanples of the related art
connect each differential transistor only to a current source and from
there to a reference voltage nor do they insure that the bias current for
each differential transistor is exactly 1~12 of the transistor pair.
SUWARY OF THE INVENTION It is an object of at |east one enbodi nent of the
present invention to provide high frequency differential anplifier circuits
and nethods which utilize anplifier transistors using a small or m ni num
channel |engths of the technology. It is another object of the present

i nvention to provide high transconductance for those anplifier transistors.

3 1t is yet anogferq SR £Giowe! higt;mﬁec{b%ﬁéﬁ&%d LAY £ B C B REP IR §XiRE! | ent

mat chi ng of the transconductance of edifrerential amplifier transistors.

It is still apgifaresficaddy, RividdRputs RIERL ah®Y@PLt 0ttt OUR! AVioiRr Sdurcui ts and
nmet hods which are not sensitive to DC offsets at the inputs to those

di fferential \apbiret@ne twd tesistoroRf tdrtkd1@minaIMACK2@hd MIEMBI 8SEids | Nvention to
provi de circuits and net hods whi ch do not cause DC offsets at the out put s
of the diff errenttaade Rynolples €ach transistor via a current source IS, with current |, to ground

The current |, splits unequally between the differential transistors M1, M2 and M3, M4 if

there are small differences in their channel lengths. This results in widely different

transconductances between them and as a consequence the CMRR and differential

and other balanced characternistics are spoilt. The unequal currents also cause DC

offset at the amplifier outputs. As a result, the output signal handling capability is

reduced.

FIGs. 2 and 4 show how multiple stages of such amplifier stages have to be
connected. Capacitive coupling C. between stages and at the input is used to prevent
propagation and further amplification of DC offset appearing at the outputs of every
amplifying stage However, parasitic capacitances C; on the bottom plate of the
coupling capacitors C. load the outputs of the amplifier stages and this adversely
affects the high frequency response of the overall amplifier. In addition, gate resistors

Rg are coupled between a second power supply Vg, and the inputs of each amplifier

stage.

Note that throughout this document the same numerals and characters

designate the same component.



It is yet a further object of the present invention to naintain good conmon
node rejection ratio (CVMRR) at the signal frequencies of interest. It is
still a further object of the present invention to provide AC differenti al
gains equal to those of the prior art. It is lastly an object of the
present invention to reduce the spread in the gain control characteristics
for variable gain anplifiers. These and many ot her objects have been
achieved by a circuit topology which ensures that bias currents of the
differential transistors are exactly equal, i.e., each differenti al
transistor carries half of the total current to of the differential
anplifier. That is) the current in each differential transistor is 112. To
insure a good match between the 4 curve ~t sources, the current source
devices are nade with I ong channel lengths. This causes the DC bias
conditions to be perfectly determ ned and the circuits are not sensitive to
DC of fsets at the outputs. Another benefit is that the transconductance of
the different Biate oige eBSininsuni Eadnhy 1@tadevichl Yarmdtd rutfoliebaenges are due to
slightly different aspect ratios. The spread in the gain control

char act erfr&jubey sbplicatidne, ¥ @polady recdiwatiordiofthetm@néntdhal dmelantidiamplifen al so be
further reduced by making the aspect ratio of the first transistor pair

| ar ger t hstructuhstis ndededh® miboredthe nleoveipsdbtsmgai r. To i nsure good AC gai n,

i npedances are coupl ed between the junctions of each differenti al
transistor pair and its current source. These and nany ot her objects and
advant ages of the present invention will be readily apparent to one skilled
in the art toRetatedtartriferringvediti¢rentapampldierssanfliGiberdCelisrapsal of the cl ai ns,

t he appended draw ngs, and the follow ng detail ed description of the

pr ef er r ed Udnivettnhesist311(Rahata. .61 Palantfg949%3864dongaidUse Patant G bG8t i vity
types are opposite conductivity types, such as N and P types. Each

enbodi rrenﬂK"i“H@D-@ﬂééj-Sr-f@te@b%?%%ﬁd ans!\Wee P SBREERTERSERITTI N OF THE
DRAWNGS FIG 1.is a circuit dia%ran1of a high frequency fixed gain

di f f er ent AereqilrRpsisler PR vith e sisadyaniades giscusgpdaboyei s 5" circuit di agram of
a nultistage high frequency fixed gain differential anplifier of the prior
art. FIG 3 is a circuit diagramof a high frequency variable gain

diffierential Imhl'dfb!e%&ed that none of the above-cited examples of the related art
connect each differential transistor only to a current source and from there to a
reference voltage nor do they insure that the bias current for each differential transistor

is exactly 1,/2 of the transistor pair.
SUMMARY OF THE INVENTION
itis an object of at least one embodiment of the present invention to provide high
frequency differential amplifier circuits and methods which utilize amplifier transistors

using a small or minimum channel lengths of the technology.

It is another object of the present invention to provide high transconductance for

those amplifier transistors.



of the prior art. FIG 4a and 4b are circuit diagranms of a nultistage high
frequency variable gain differential anplifier of the prior art FIG 5 is a
circuit diagramof a high frequency fixed gain differential anplifier of
the preferred enbodi nent of the present invention. FIG 6 is a circuit

di agram of a nultistage high frequency fixed gain differential anplifier of
the preferred enbodi nent of the present invention. FIG 7 is a circuit

di agram of a high frequency variable gain differential anplifier of the
preferred enbodi nent of the present invention. FIG 8a and 8b are circuit

di agrans of a nultistage high frequency variable gain differenti al

anplifier of the preferred enbodi nent of the present invention. FIG 9 is a
special case of FIG 5. 6 FIG 10 is a special case of FIG 7. FIG 11 is
a bl ock diagram of the method of providing a high frequency fixed gain
differential amplifier. F1G 12 is a block diagramof the method of
providing a high frequency variable gain differential anplifier. FIG 13 is
acircuit d|q9r§n1of a uenc ixe erenFlaI nplifier of

anot her pref ef P BIEH? Hr%ﬁ? s F PRe” ¥"V8§t'e°r'?t° rov'gﬁfexcerjlerﬁma heog
met al - | n§il gL QEsHBEE, e(MI‘Mdlfﬁag@r?l? fier tia t{:'ngsto 4 is acircuit diagramof a
i

hi gh frequency vari abl ain tla anplifier

it 1s still another object of the present invention to provide circuits and methods

which are not sensitive to DC offsets at the inputs to those differential amplifiers.

ltis a further object of the present invention to provide circuits and methods

which do not cause DC offsets at the outputs of the differential amplifier.

ltis yet a further object of the present invention to mantan good common mode

rejection ratio (CMRR) at the signal frequencies of interest.

It is still a further object of the present invention to provide AC differential gains

equal to those of the prior art.

It is lastly an object of the present invention to reduce the spread in the gain

control characteristics for variable gain amplifiers.

These and many other objects have been achieved by a circuit topology which
ensures that bias currents of the differential transistors are exactly equal, i.e., each °
differential transistor carries half of the total current I, of the differential amplifier. That
is, the current in each differential transistor is 1,/2. To insure a good match between the

4



of another preferred enbodi nent of the present invention utilizing MM
capaci tors. DESCRI PTI ON OF THE PREFERRED EMBODI MENT FIGS. 5 and 7 show the
i mproved and nodi fied topol ogy corresponding to FIGs 1 and 3 respectively.
It can be observed that for the new topol ogy, the bias currents are exactly
equal to I~12 each - exactly what is required. The current sources IS, each
with current io 12, can be inplenmented with | ong channel |ength devices to
ensure good nmatching between them In such a case, there is also no DC
offset at the 7 outputs. In other words, the DC bias conditions are
perfectly determned It can al so be observed that the circuits are not
sensitive to DC offsets at the inputs. The transconductance gm of the
differential devices is nearly equal and the difference between the
transconductances is not greater than 2.5% The 2.5%is based on the fact
that a difference in L (the length of the transistor channel) causes the
threshold voltage VIH of the differential transistors to be different The

[ L i [ VI' is. Wth |, V£ h - I ,
e ber v ont U (PR ey i et SR RGeS CRRFBLFIIR U5 b wEoe
15-20% f 5% di tf.er. L lo,. t t onduct
ot E ot FuRd S RIByee BB e P el PR e
expect ed. T e%%gé){?eqc gf%%% a(f 9{9 !R@%u@ ofh%t Eé:rjfelﬁplg tr{aﬂh'e?ra‘\s cta[%n oio t her

an al ance

. . G
differentia characteristics can be malntalned at Srgna

f requenci esthe%ré%%\?e@ig&r igpéé-ég:egg .iﬁﬁ%grf@l @Hféfgnéeggrto t%g\@h{g) FIGs. 1 and

2, provided the 1 npedance o Is' s conpare 4RS at

si gnal frequygacht aspakidsiol] SheaRad ih aRCRH RurdilcnbRteRat! RMRIALGILT CSI 2
actually help to inprove the high frequency response of the anplifiers by

reduci ng t hgainipRAARS _%m?ﬁﬁeﬁ' Bsh aebcRRhE redREd B) MbRRGMEIa8bect f2868f thé Or s. Due
to reduction in the differences in transconductances, the spread in the

gai n cont r olfirst hatsatdr air Bitde€ thah tHat bithe y@dohabhesigaripairamplnsiiregbod &Cal so
reduced. This spread can be further reduced by maki ng the aspect ratio of

t he ML- MZ pagain, irepedaces rarotfied batedritbe MBetidds pbeach dfffefentl transiBor palfl Gs 6 and
8 show how nultiple stages of the new anplifiers can be cascaded Since the
circuits arenddscyentsauiope to DC of fsets at their outputs and inputs,

di rect coupling can be enployed. This saves |l ayout area and al so does not
degrade the high frequency response of the overall anplifier as does the
related art in FLGS 2 and 4 Sinmulatio perfornmed for all of the inventive

f .
circuits descri bylfs‘é%“é/@aﬁ\é?}ge’\?@ﬁcﬁsiaé‘ng’@ta&ﬁﬁg&h‘éPE%SWE InyRRfopviltiegs. we
d i be i tail th j it of FIG which | dified
G \bert . Cel |ty PRIERFLATesiPe it S¥laafip b bl e P BR et st o

the T unctt ort'ae WS PRENH - pias. Ao e Wbt e PRRFlestRB Y ABD, MO0,

The source OfofefBRshEidhed IS coupled via a first current source IS, wth
current I~12, to a second power supply G\D (typically ground) |ess positive
than the first power supply. A second NMOS transistor M, designed to be
identical to transistor ML, is simlarly connected via a second resistor RL
, equal in resi strathe ®lbwingd,ifirst bnd Sstioad odndBLtivity fypearaeppaitpdndustiply where t he
junction of M2 and the second resistor RL provides a second output CQut2.
The source ofypes, angi ssthand\VRtypss. doagh legdodimentindedtesnid conplement aseglice 1S and
current I~12, identical to first current source IS, to G\D. Gates of
transistors ML, M2 are in conmunication with first and second i nput
Termnals Inl, In2, respectively. CULPuts Qutl and Qut2 provide a fixed
gain differential output sﬁ‘@ﬁﬁla{fm 'ON QF THE HRAMNCR second i nput si gnal
applied to input ' termnals Inl and I n2. As already discussed earlier,
current sources IS are inplenented in long channel length transistors thus
m nimzing the effecis of channel . length variatio .here nerating
equal bias curre tlg' iﬁsélqrc%ifﬁ?gé?ﬁ‘ Og%ﬁ‘%ggcg’e*f‘?ﬁ @‘efi@a'ﬂidﬁéf?@h{’] aH}B’B'?/ rg equal | y
to all subseq&;n%l rtdisclosed differential anplifier circuits as
illustrated i'm H 6 to FIG 10. Frequency conpensating nmeans are
connected between the sources of transistors ML and M2. These frequency
conpensati ng neans nay conprise two capatitors CSI2, where the bottomplate
of each capacitor is connected to the source of ML and M2, as illustrated
in FIG 9, or it may conprise two circuits each consisting of a resistor 4R
in series with capacitor CSl 2 serially connected between ML and M2, as
illustrated in FIG 5 to FIG 8 The bottomplate of the first capacitor is
connected to the source of ML and the bottom plate of the second capacitor
is conneted to the source of M2 The val ue of each capacitor CSI2 is: 1 CS
/2



8n~RS + 1 ~ fS 9mwhere RS is the resistance of the source of a MOS
transistor, fs is the signal frequency, and gmis the transconductance of
either ML or M2. Parasitic capacitances Cp are coupl ed between the plates
of first and second capacitors Cs/2 and ground (G\ND} and are illustrated in
FIG 5 to FIG 10 where the. transistors shown are NMOS transistors. 1t is
understood by those skilled mthe art that PMSS transistors could be used
as well, in which case the sources will be substituted 10 by drai ns and
vice versa. O her types of switching devices can be used as well such as,
but not limted to, npn or pnp bipolar transistors The term channel |ength
wth reference to current sources will then have to be replaced by an

equi val ent device paraneter. F1G 6 illustrates a nmultistage high frequency
fixed gamdifferential netal oxide sem conductor (MOS) anplifier which
conprises inputs Inl and In2 and outputs Qutl and Qut2, and a first and a
second differential anplifier stage, each of these stages and inputs and

outputs identical.to the amplifier of FIG 5 The aonly difference is that
the transi st o#@' %)fs e{?{recugg'ég%dn OSfFé“g“éhsLargg hfggg@f“é‘?ﬂ’cx/gxegrﬂi"”l\%éq‘ Blease of
identificati , tages are coupl ed together by direct-coupling of
the gate N@%&JgﬁFﬁﬁﬁﬂg and M4 to node A and node B of the first
differential anplifier, respectively. inputs Gl, & of the first
differential amplifier stage are coupled to inputs inl, In2, respectively.
Nodes A, B of . i.ffe 1 i fi i pled to

out puts Qut1l, Fg}?’ is?gr&g!s[l]gg%p{avtnecffé%drﬁteqtﬂ%éyd%%&iaﬁ{flag?rg@%ﬁ'ﬁﬁﬁ%rr st ages
together proyide a fixed gain at outputs Qutl) Qut2 based on signals
applied to inputs Inl, In2. FIG 7 illustrates a high frequency variable
gain differential nmetal oxide sensconductor (MOS) anplifier which conprises
a first and a second differential anplifier stage, each having an input Gl
and G2 and OUfFRLItss RAUS afe GG NSHEMBof DALMY ML rORARS, Aridliegsoup! ed

t oget her and out put nodes B are coupl ed together. Bath stages are simlar
to the di §feleni bdpifenithd pragi rcuit of FIG 5 except that nodes A share
11 a load resistor RL and that nodes B share a | oad resistor RL |denti cal
to FIG5 is the arrangenent of the frequency conpensating neans and the
parasitic capacitors CP. As in FIG 6, the transistors of the second stage
are | abel ed MFiGQrids Riiréuitrdiagsane obf higllsequeneyfixed oain diffefputia) a@plifignel G2 of t he
first differential anplifier stage are coupled to inputs Inl and In2,
respect i vapreemed grabedimely 4f the pigpentinyeric®ond differential anplifier stage
are coupled to inputs In2 and Inl, respectively, i.e., in reverse order.
Nodes B and A are coupled to outputs Qutl and Qut2, respectively. Each node
A and Bis co ed. vi . resi . ' . The first
and second diﬁ?grgﬁf?ﬁFﬁgﬁ%ﬁngggh§@§%€g$ﬁ5§?ﬂ§$ r89§ @%g%ggﬁﬁable gai n at
out put s Cth- Si I ' Q.1 nputs Inl and 1n2. The
aspect rati h@?@{ﬁ%%%?%%%e%ﬁﬁ?ﬁ!gﬂ?g?bggﬁ%%ﬁﬁx% %t of the M3-M4 pair in
FIG 7 as discussed earlier. Th relationship is:

~W MB=(W M2=r r ~\W-MB=rr~W M4 where Wis the width and L is the length of a
MOS transi st or FicharetiscuBidlgrahest & high frelfBenc)/BaribRaliftesritianabndihe
transistors of the circuit of FIG 7. Typically, mranges from2 to 6. This
range i s dsftheieefensd érabddanent ol tak pase@aiveniini os of ML) M2 be n(IN L) and
those of M3) M4 be (V1ilL). The transconductance of a MOS transistor is
given by gm= 2| pyCpX w (1) 12

FIG. 8a and 8b are circuit diagrams of a multistage high frequency variable gain

differential amplifier of the preferred embodiment of the present invention.

FIG. 9 is a special case of FIG. 5.



using eq. (1), the gain of the variable anplifier is given by to - dlo Av =
~9m- - 9mM8 )Rt = 9rr~oR~ ~ . to +dto (2) where gno = (lo + olo)l~CoX
Wit is seen fromeq. (2) that the gain Av is a function of dlo. Fromeq.
(2)) the maxi mum value of Av is g~, I R-, when dlomax - to Fromeq. (2), the
m ni mum val ue of Av is 0, when 1-m~lonmin- 1+nl0 (4) The npbst sensitive
part of the gain-control characteristic is just above Av = 0 as the gain is
a very strong function of dl1Q there. Again, the circuitry which generates
dlo is not very accurate generating dlo = 0 because of DC of fsets. But (4)
shows that for m= 1, dlonf, = 0. That is why the gain spreads can be nore
for low Av, if m= 1. However, if m= 6, eq. (4) shows that dlomn -
-~5~)lo and the effect of gain spread is reduced at low gain. In this case,
the condition Ltlo = 0 happens at higher gain, where the gain-control
characteristic is not a very strong function of 410, and the effects of DC
of fset are not too great. The aspect ratio of ML, M2 cannot be increased
beyond a Iim'r;Gb ause i.tls arfz:?%t; c capacitance will increase, affecting
hi gh frequenc oﬁ"g‘?atsf’%ﬂa eV'efdr'e, 13  those of MB, Mi have to be
reduced by increasing m It can also be observed fromeq. (4) that glonf,
saturates at -to for large values of m The maxi mum value of mis also
limted by th b D i i : currents
flow ng thr Ou@ﬂﬂ%%@g@@)gﬁ@%@k{h@g&@% ?gﬁygﬁg&%ﬁgﬁxgd%ﬁare equal
and are: di&r{s\ggi% ke currents flow ng through the current sources IS of
transistors and M4 are equal and are'

FIG. 12 is a block diagram of the method of providing a high frequency variable

gain differential amplifier.

FIG 13 is a circuit diagram of a high frequency fixed gain differential amplifier of
another preferred embodiment of the present invention utilizing metal-insulator-metal

(MIM) capacitors.

FIG. 14 is a circuit diagram of a high frequency variable gain differential amplifier

of another preferred embodiment of the present invention utilizing MIM capacitors.
DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGs. 5 and 7 show the improved and modified topology corresponding to
FIGs 1 and 3 respectively. 1t can be observed that for the new topology, the bias
currents are exactly equal to | /2 each — exactly what is required. The current sources
IS, each with current 1,/2, can be impleménted with long channel length devices to
ensure good matching between them. In such a case, there is also no DC offset at the

7



to _dlo 2 FIGs 8a and 8b illustrate a nmultistage high frequency variabl e
gain differential netal oxide sem conductor (MOS) anplifier which conprises
a first variable gain differential anplifier (FIG 8a) and a second
variable gain differential anplifier (FIG 8b), each identical to the
circuit of FIG 7. Gates Gl and & of transistors ML and M2 of the first
variable gain differential anplifier are connected to inputs Inl and |In2)
respectively. Gates Gl and & of transistors Mb and M6 of the second
variable gain differential anplifier are direct-coupled to node B and node
A of the first variable gain differential anplifier, respectively. Nodes B
and A of the second variable gain differential anplifier are coupled to
outputs Qutl and Qut2, respectively. The first and second variable gain 14
differ ential anplifier together provide a variable gain at outputs Qutl
and Qut2 for the signals applied to inputs Inl and In2. The currents
flowing through the current sources IS of transistors ML to MB of both
vari abl eogtawta. th dtiiesmerds| the D&rigds donditisnscare pértbetit deterimined ftlveselso of t he
circuit of FIG 7. The gain is varied by adjusting ~lo in the range 1+m
<dl <! Fh&obgergddhdtiig cirg@ts arend sensitye teBS offsads alfthe@np@sand FIG 7,
respectively, where RS = 0 Everything else is the sane. W now refer to
FIG 13 and FIG 14, representing another preferred enbodi ment of the
present invention. FIG 13 is a variation of FIG5) and FIG 14 is a vari a,
ion of FIG T7ihefmesendystance aqoldhe differsniinb deviges ingarennduat#ifdhe ses a seri al

combination of a first resistive neans Rsl 2, a capacitor Cs, and a second
resi sti vaiTipER1GE bplwpen the kapicepquptanges i potaredieriianeen. he2-8%ut based of

t ransi st or a ith r rds, to FIG 14 al so _between the sources of
tr anst ot Gttt = e er iRt 6P R st R SRR G 14 19 ¢ he
DT PRSIy | Bl Rt Rt o T AN hechapl o) 8 where

|
nmet al -i nsu or-neta capacitors are avail'abl'e for capacitor Cs.

These capagiih WT?& I' Sr_; il@l ‘%9)“9 c\%gg@? t@-@oxﬁrﬁé Lcﬁ%@é@%e @ r.rérl?ﬁjl(gr%@r&%éxﬁ of

pol yi nsul G or-p ors but negli gl ottompl ate

parasi ti Qh&@@@ﬂtér%%-dif@%nﬂﬂ St ‘f@-@@%k&r@@@&ﬁ&@n@é AL ﬁ:Bﬁéq%qur,e, not
shown. O herwise, the circuits are the same It is obvious to those skill ed

in the argetrBMdcohdiRtafRONRereieligd 5B HRldfRRNeE ina. £ whish isBBout theesi st i ve
means Rs/2, a M Mcapacitor Cs, and a second resistive neans Rs/2 is

equal | y appkimomdxpect<d. trirerefond, igosd agiembn gbdd fepgtienayo OMrrR) sgabtedi f f erenti al
anplifier (FIG 6) and the nmultistage high frequency variable gain

di f f er ent dii¢realighbnd badancédgh@acBastnsdaFbEmaiined\t sianal fbeyespes the FIG 11, we
now descri be the nmethod of creating a high frequency fixed gain

di f f er ent PaIdfiematiaiopes areisojthe A at BE'Gh Tepe2. movided e impgdanse 8 currents

I I 112 f h h ' rs ML and ,.h DC
of 190t at Celhis STAtAPeast W e SRreirotialf e brrSht SHaetrrS Gifbuts and
i nt ai . ln _BL 1 ' t I St [ d int
i 1§ or NIRRT 1CEP EBP T B iR dIoR BRI B g SEE0T the MO8
uppty. 1 AEl B Rl B oS e S o PP bRebllsS: < PTS Coupl ed

via identical current sources to a second power supply. 1n BLOCK 3 i nput
signals are applied to the control gate of each of the MOS transistors. 1n
BLOCK 4 an ambid th @iuton@ring irtrembdd iR iradcorducRMERY theSspiiadlin thé %éiﬁcel ved at
each junction of the MOS transistor and the resistive neans. BLOCK 5
descri bes cbitad! cligtadi@riRtiddifan tRgvdriable ghinediptifiofs Adomoeded| angisfresdicdmat i ons

t hrough | ong channel length transistors of the current sources equal bias
currents dedutfenedateddyinrakingtte aspecteatio of therdBB12 pab larger than that of the

M3-M4 pair of FIG. 7.



In BLOCK 6 frequency conpensating nmeans are coupl ed between the other end
(bottom end) of the pair of MOS transistors. Frequency conpensati ng neans
may conprise capacitive neans coupled serially with resistive neans, or
capacitive nmeans only. Wth reference to FIG 12, we now describe the

met hod of creating a high frequency variable gain differential anplifier,
as illustrated in FIG 7, which has bias currents exactly equal to
(lo+~to)l 2 for each of the two transistors ML and M2 of a first
differential anmplifier stage and bias currents exactly equal to (lo A0)12
for each of the two transistors M3 and M4 for a second differenti al
anplifier stage, has no DC offset at the outputs, is not sensitive to DC
offsets at the inputs and mai ntains good CMRR. BLOCK 1 creates a G| bert
Cell conprised of four MOS transistors (two pairs), two | oad resistors)
two inputs, and two output nodes, where sources (if NMOS transistors) of
the four MOS transistors are not joined. In BLOCK 2 each individual source
of the four MOS transistors is couP_I ed via identical current sources to a
common r ef er ence NGt £a56 8 shew Bpomuitipletstages ot the naw@nphfierswodbadasaaged si gnal
is applied to a first and a second control gate of the second pair of MOS
transi st ors, S8 PEATPWE P PR SEISHrK DG REsats pidbeigitpythanddeibmdrgchput  si gnal
is applied to a ,second and a first control gate of the second pair of MOS
transi stors, SPUYREERN RPAMPIoYer. Beeges layputaes ang algp %?i"%.tﬁ’leéraaéﬁ}‘? high

di fferential _output siogrgal IS rec ivgi? be%en t he two output nodes. 17
BLOCK 6 descBYRICY {50956 ORiPRCH 2l P presestors fedeBied cRANHES 1 aMist h

vari ations through | ong chapne ngt h transistors of the current sources
equal bias CB{"P‘Z\%‘P SB?'g’r@%%E’F 3@ %'Jdﬁ‘? ﬁ"%‘(’)’i’%c'?@’g% ??F”%ﬁ?rﬁbBYﬁeh%Sﬁ?rﬁ‘@g the

above claims and findings.

We now describe in more detail the circuit of FIG. 5 which is a modified Gibert
Cell differential amplifier. The drain of a first NMOS transistor 1s coupled via a first
resisior R, to a positive power supply Vp,,, where the junction of M1 and the first resistor
R, provides a first output Out1. The source of transistor M1 is coupled via a first current
source 1S, with current 1,/2, to a second power supply GND (typically ground) less
positive than the first power supply. A second NMOS transistor M2, designed to be
identical to transistor M1, is simiarly connected via a second resistor R, , equal in
resistance to first resistor R, to power supply V,, where the junction of M2 and the
second resistor R, provides a second output Out2. The source of transistor M2 is
coupled via a second current source IS and current 1,/2, identical to first current source
IS, to GND. Gates of transistors M1, M2 are in communication with first and second
input ferminals In1, In2, respectively. Outputs Out1 and Out2 provide a fixed gain
differential output signal based on a first and a second input signal applied to input -
terminals In1 and In2. As already discusséd earlier, current sources IS are
implemented in long channel length transistors thus minimizing the effects of channel

9



fn BLOCK 7 frequency conpensating nmeans are coupl ed between the other end
of each pair of MOS transistors Frequency conpensating neans nay conprise
capacitive means coupled serially with resistive neans, or capacitive nmeans
only. Regarding FIG 11 and FIG 12, it is understood by those skilled in
the art that, aside from NMOS transistors, PMOS transistors could be used
as well, in which case sources will be substituted by drans and vice versa.
Q her types of switching devices can be used as well such as) but not
limted to, npn or pnp bipolar transistors. The term channel length with

reference to current sources wll then have to be replaced by an equival ent
devi ce paraneter Wile the invention has been particularly shown and
described with reference to the preferred enbodi ments thereof, it will be

understood by those skilled in the art that various changes in form and
details may be made w t hout departi ng fromthe spirit and scope of the

i nvention. What is clainmedis: A high frequency fixed gain

differenti @lngiﬁrYﬁ'I'EI“Pi‘%lihe’%ﬂﬁB%f?W@ edé.'alf'?"'i‘ssqu”gw eicHeeaHeesofThig fir st
conductivit éﬁﬁr{thaw ng a first and a second term nal sald first term nal

of said fif 8RRy W@élh’é’ aé!éﬂbﬁe@aevlyé"S&'O%Eidrdéffe”?fé'§¥ AP chelifs to a
first power tion of said first termnal of said first
ehing. ReanaRe ERF # 1 Pk 08 ool st i -

swi t chi ng resi stive means providing a first output,
said second termnal of said first switching neans coupled via a first
current

Frequency compensating means are connected between the sources of
transistors M1 and M2. These frequency compensating means may comprise two
capacitors C4/2, where the bottom plate of each capacitor is connected to the source of
M1 and M2, as illustrated in FIG. 9, or it may comprise two circuits each consisting of a
resistor 4R in series with capacitor C¢/2 serially connected between M1 and M2, as
illustrated In FIG. 5 to FIG 8 The bottom plate of the first capacitor is connected to the
source of M1 and the bottom plate of the second capacitor is connetted to the source

of M2 The value of each capacitor C¢/2 is:

1

1
87[(RS + —-) fS
9m

Cs/2>>

where Rg is the resistance of the source of a MOS transistor, {; is the signal frequency,

and g,, is the transconductance of either M1 or M2.

Parasitic capacitances C, are coupled between the plates of first and second
capacitors Cs/2 and ground (GND) and are illustrated in FIG. 5 to FIG. 10 where the.
transistors shown are NMOS transistors. 1t is understood by those skilled in the art that

PMOS transistors could be used as well, in which case the sources will be substituted
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source to a second power supply less positive than said first power supply;
a second switching neans) identical to said first switching neans, having a
first and a second termnal, said first term nal of said second swtching
means coupled via a second resistive neans, equal mresistance to said
first resistive nmeans, to said first power supply, the junction of said
first termnal of said second swtching neans and said second resistive
means provi ding a second output, where said first and said second out put
provide a fixed gain differential output signal based on a first and a
second input signal applied to a first and a second input termnal; said
second term nal of said second sw tching neans coupled via a second current
source, identical to said first current source, to said second power
supply; a control gate of said first switching neans in conmunication with
said first input termnal; a control gate of said second switching neans in
communi cation with said second input termnal, frequency conpensating nmeans
in communi EACrAs amitvweyaisa Qthep trees rsmiteling devicsaan e used aawall sushd second
swi t chi ng neans; a first parasitic_capacitance coupl ed between said
second t er @St ”Btf“”%tﬁijéo 1P} S PrE\RIRCER rAftpiStran Sheulistn shanaeldenghdithower suppl y;
and a second, parasitic capacit e coupl ed between said second term nal of
sai d secondef§ ”P%Wl%ﬁe'ﬁesgﬁ?e%m@%éeﬁih@v% é’(?rfﬂp‘ﬁ%ﬁ\%ﬁ’ a8 GAWYRIMEEYER £ i r st and
sai d second ggltlc capaci tance reducing the inpedance at said second
terninal ofP 'first and said second swi tching neans. 2. The circuit of
claim1l, mhereln currents through said first and said second current source
are made to match by nmaki ng devi ce di nensions of said first and second
current sour ce bRy @fustiafa Aluisabnbh fidduchBrndalotn SFERAR T ehkog_means.

3. The circuit of claim1, wherein élfferences i'n the transconductance gm
of said firs&miconductor (MOS) amplifier which comprises inputs (n1 and In2 and outputs Out1

and Out2, and a first and a second differential amplifier stage, each of these stages and
inputs and outputs identical to the amplifier of FIG 5. The only difference is that the
transistors of the second stage are labeled M3 and M4 for ease of identification The
two stages are coupled together by direct-coupling of the gate G1 aid G2 of M3 and
M4 to node A and node B of the first differential amplifier, respectively. Inputs G1, G2
of the first differential amplifier stage are coupled to inputs In1, In2, respectively. Nodes
A, B of the second differential amplifier stage are coupled to outputs Out1, Out2,
respectively. The two differential amplifier stages together provide a fixed gain at

outputs Outt, Out2 based on signals applied to inputs In1, In2.

FIG. 7 illustrates a high frequency variable gain differential metal oxide
semiconductor (MOS) amplifier which comprises a first and a second differential
amplifier stage, each having an nput G1 and G2 and autputs node A and node B. Both
output nodes A are coupled together and 6utput nodes B are coupled together. Both
stages are similar to the differential amplifier circuit of FIG. 5 except that nodes A share

11



and said second switching neans do not vary by nore than 2.5% 4. The
circuit of claiml, wherein said swtching neans of said first conductivity
type are substituted by a second conductivity type, where said first and
sai d second conductivity types are opposite conductivity types, such as N
and ! types. 5. The circuit of claim1, wherein said frequency conpensating
nmeans conprises capacitive neans. 20 6. The circuit of claimb5, wherein
sai d frequency conpensating nmeans further conprises resistive neans
serially coupled with said capacitive neans. 7. The circuit of claim®6,
wherein the inpedance of said capacitive nmeans is snmaller than the

i npedance of that resistive neans at the desired signal frequency. 8. The
circuit of claim1l1, wherein said frequency conpensating neans conpri ses a
serial combination of a first resistive means Rsl 2, a capacitive neans Cs,
and a second resistive nmeans Rsl 2, respectively 9. The circuit of clam 8)
wherein said capacitive neans Cs is a netal -insulator netal (MM capacitor
havi ng a aégidirgiidibrer, laot thatmqulea Beshp@raisad iesistbapacideatméeto F1©.5 idthei gh
frequency fixed gamdifferential netal oxide sem conductor (MOS) anplifier,
conpri si ngrramefrientsaf thadSauenek spropensaiyfo raednisod thedradasdicicopacyors gpeAhavi ng a
first termnal and a second termnal, said first terminal of said first MOS
t ransi st oi" Heupiteritrarisigtoss ¢fithessecprdsstagy /e labsigd M3 3nddV4 fof gasewbwer supply, the
junctions of said first transi stor and said

) , ermnal of sajd first N

first residenifiratione érpfgjtqus%@ngg;%af the firs} @ﬁergmabﬁpph ier stage are coupled to
inputs In1 and In2, respectively. Inputs G1 and G2 of the second differential amplifier
stage are coupled to inputs In2 and In1, respectively, L.e., in reverse order. Nodes B
and A are coupled to outputs Out1 and Out2, respectively. Each node A and B 1s
coupled via a load resistor R, to a power supply Vpp. The first and second differential
amplifier stage together provide a variable gain at outputs Qut1 and Out2 for the signals
applied to inputs In1 and in2.

!

The aspect ratio of the M1-M2 pair is larger thar that of the M3-M4 pair in FIG. 7

as discussed earlier. Th relationship is:
= (7 iz 7 Jots - ol )
(L M1 = T M2 = [ M3 = i M4
where W is the width and L is the length of a MOS transistor channel, and

where M1, M2, M3, and M4 designate the transistors of the circuit of FIG. 7.

Typically, m ranges from 2 to 6. This range is derved as follows. Let aspect
ratios of M1, M2 be m(W/L) and those of M3, M4 be (W/L). The transconductance of a

MOS transistor is given by

Im = y/2prCox )]
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said second termnal of said first MOS transistor coupled via a first
current ' source to a second power supply less positive than said first
power supply; 21 a second MOS transistor, identical to said first MOS
transistor, having a first terminal and a second termnal, said first

term nal of said second MOS transistor coupled via a second resistive
nmeans, equal in resistance to said first resistive neans, to said first
power supply, the junction of said first termnal of said second MOS

transi stor and said second resistive neans providing a second output, where
said first and said second output provides a fixed gain differential output
signal based on a first and a second input signal applied to a first and a
second input termnal; said second term nal of said second MOS transi stor
coupled via a second current source, identical to said first current
source, to said second power supply; the gate of said first MOS transistor

I N commpirgalyl @N 1V ddih Siah&vdribbis bmblfRits JvehBynal ; the gate of said second
MOS transi stor I n conmmunication wth said second input term nal; frequency

conpensating nmeans in conmunication Wt -4 second termnal of said first
and said second NE84@%gn§¥§Rp£gmgngﬁskpézggggtic capaci t ance (gpupl ed
bet ween said plate of said first chpaci Iy vdlogreans Cs/2 and said second
power supply; and a s jtic capacitance coupl ed between said plate
of sai d wesfend c&hﬁeﬁ?hv@bmﬁwmiand sai d second power supply, @rnid first
and said second parasitic capacitance reducing the inpedance at the second
termnal of said first and said ' second MOS transistor. 22

It is seen from eq. (2) that the gain Av is a function of Af,.
From eq. (2), the maximum value of Av s g,,;R,, when Aly,... =1,
From eq. (2), the minimum value of Av is 0, when

Nomin = 1 -l )
The most sensitive part of the gain-control characteristic is ju'st above Av=0 as
the gain is a very strong function of 4/, there. Again, the circuit& which generates 4/,
is not very accurate generating Al,; = 0 because of DC offsets. But (4) shows that for
m =1, Alg,, = 0. That is why the gain spreads can be more for low Av, if m= 1.
However, if m = 6, eq. (4) shows that Aly,,;, = =(5/7}I, and the effect of gain spread is
reduced at low gain. In this case, the condition A/, = 0 happens at higher gain, where

the gain-control characteristic is not a very strong function of A/, and the effects of DC

offset are not too great.

The aspect ratio of M1, M2 cannot be increased beyond a limit because its

parasitic capacitance will increase, affecting high frequency operation. Therefore,
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11 The circuit of claim 10, wherein currents through said first and said
second current source are nmade to match by using | ong channel lengths in
said first and second current source. 12 The circuit of claim 10, wherein
differences in the transconductance gmof said first and said second MOS
transistors do not vary by nore than 2.5% 13 The circuit of claim 10,
wherein said switching neans of said first conductivity type are
substituted by a second conductivity type, where said first and said second
conductivity types are opposite conductivity types, such as N and P types.
14 The circuit of claim 10, wherein said frequency conpensating neans
conpri ses capacitive neans. 15. The circuit of claim 10, wherein said
frequency conpensati ng neans conprises: a first resistive nmeans 4Rs
serially coupled to a first capacitive neans Cs/2, where said first
resistive neans 4Rs is coupled to said second term nal of said second MSS
transistor and a plate of said first capacitive nmeans Cs/2 is coupled to
sai d secotidse effM3, Ml hagé testze rddided dy ilvfe@sing an St sthailso berptisavesidoond resi sti ve
means 4Rs serially coupled to a second capacitive neans Csl2) where said
second r es@.d#) that Apansstumtes ats/ dalpbedwites of ai. dheewaimlin wive diat isof said 23
first MOS transistor and a plate of said second capacitive neans Csl2 is
coupl ed t @lssédntedydbe arinirappimensighs allgvgd etherierhM?SIn r ansi stor. 16. The
circuit of claim15) wherein the inpedance of said capacitive nmeans is
smal | er than the inpedance of said resistive neans at the desired signal

The currents flowing through the current sources IS of transistors M1 and M2 are

equal and are:

Io +AIO
2

The currents flowing through the current sources IS of transistors M3 and M4 are

equal and are’

Ip— 4l
2

FIGs 8a and 8b illustrate a multistage high frequency variable gain differential
metal oxide semiconductor (MOS) amplifier which comprises a first vanable gain
differential amplifier (FIG. 8a) and a second variable gain differential amplifier (F1G. 8b),
each identical to the circuit of FIG. 7. Gates G1 and G2 of transistors M1 and M2 of the
first variable gain differential amplifier are connected to inputs In1 and In2, respectively.
Gates G1 and G2 of transistors M5 and M6 of the second variable gain differential
amplifier are direct-coupled to node B and node A of the first variable gain differential
amplifier, respectively. Nodes B and A of‘the second variable gain differential amplifier

are coupled to outputs Out1 and Out2, respectively. The first and second variable gain
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frequency. 17. The circuit of claim 10, wherein said frequency conpensating
means conprises a serial conbination of a first resistive neans Rsl 2, a
capacitive nmeans Cs, and a second resistive nmeans Rsl 2, respectively. 18.
The circuit of claim 17, wherein said capacitive neans Cs is a

netal -i nsulator netal (MM capacitor having a negligible bottomplate
parasitic capacitance. 19. A nmultistage high frequency fixed gain
differential nmetal oxide senm conductor (MOS) anplifier, conprising: inputs
Inl and I n2 and outputs Qutl and Qut2, and a first and a second
differential anplifier stage, each of said first and second differenti al
anplifier stages having an input GL and an i nput & and outputs node A and
node B, where said input Gl and said input & of said first differential
anplifier stage is coupled to said input Inl and Said input |n2)
respectively, where said input GlL and said input & of said second
differential anplifier stage is direct-coupled to said node A and sai d node
B of sai diiffeierdinl aplifierdodefrer providah vangble daireat ostragutt espeaRifardley, where said
node A and said node B of said second differential anplifier stage is

coupl ed tonskiagrisgt itputelniandiel- sidleduseity lewmwthmugh Besaaentselrges sai d first
and said second differential anplifier stage together providing a fixed

gai n at oY UBuHsiE YoM ohbpih vreblenaiadiftesential agmpifiers ajspienderltv “sai d i nput s
I nl dipn2 id. fi i d. di f f i, Lifi t h
furthor Rt QoG O MRS TERY pS PIBTg Al e B uct  vi ty type.

having a first termnal and a second termnal, said first termnal of said
first MOS transistorigeup)eg via a first resistive means to a first power
supply, the juncti’o*ri"of said first terminal of said first MOS transistor
and said first resistive neans | abel ed node A, said second term ng! of said
first MOS transistor coupled via a first current source to a second power
supply | ess p&¥s.t9and Gl saspbcil cases pidiBr 5 snpiiCy7, respeetvelydwihdds t r ansi st or,
identical to said first MOS transistor, having a first termnal and a
second t eRgFfalEvergthing efseristhe sameri nal of said second MOS transistor coupl ed
via a second resistive neans, equal in resistance to said first resistive
nmeans, to said first power supply, the junction of said first term nal of

said second MOS transi stor and said second resistive neans | abel ed node B,
wher e sai d nod¥e povarierdali@- Adaed BOpi byprieseningdiofier BRtS™8F out put si gnal

based i d i Gl and &2; ' d.termnal’of ' d Mos
{ransi ot 0P EOUBPR Do e RURBRIPTE 1V o SGUVUED O QBni T (0 3ER d 11 r st

t . i ; f Ld first MOS
[ anst st o HeauppEAer B Benahe A PReor el e medR AR e a 8L ono s
transi st Olcom@HRASRGS h Brst RkEVeHMHns RE/2, 4 tapachdi@RAUSRCY seBRPRBSALI Ng Means m

conmmuni cation with said second term nal of
mear:s Rs/2, respectively, coupled between the sources of transistors M1, M2 and with
regards to FIG. 14 also between the sources of transistors M3, M4. The embodiment
as shown in FIG. 13 and FIG. 14 is the preferred embodiment for 0.35 pm and 0.18 ym
CMO 3 technologies where metal-insulator-metal (MIM) capacitors are available for
capacitor Cs. These capacitors have the same area efficiency as the standard poly-
insulator-poly (PIP) capacitors but have negligible bottom plate parasitic capacitances.

Parac:tic capacitances C; are, therefore, not shown. Otherwise, the circuits are the

same |t is obvious to those skilled in the art that the above serial combination of a first
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said first and said second MOS transistor; a first parasitic capacitance
coupl ed between said plate of said first capacitive neans Cs/2 and said
second power supply; and a second parasitic capacitance coupl ed between
said plate of said second capacitive nmeans and said second power supply,
said first and said second parasitic capacitance reducing the inpedance at
the second termnal of said first and said second MOS transistor. 20 The
circuit of claim19, wherein currents through said first and said second
current source are made to match by using I ong channel |engths msaid first
and second current source. 21. The circuit of claim19, wherein differences
in the transconductance gmof said first and said second MOS transi stors do
not vary by nore than 2.5% 22. The circuit of claim19, wherein said
switching neans of said first conductivity type are substituted by a second
conductivity type, where said first and said second conductivity types are

0pposi t € (RReIBEANG Hey2, bIWARShpSENCAenMNa 3BEbNE ($JE0S med Rs/28. The circuit of
claim19, wherein said frequency conpensating nmeans conprises capacitive

means. 24qualipepgicatdelictth@multistagamidiDireqpdadixad §aih diffefentidl @RglficE ONpensat i ng
means conprises: a first resistive neans 4Rs serially coupled to a first
capaci ti y@Greead tigsin@listagedrigh fsajudndyiviesdble @sh sitferestialmapliifiedRes.i8a coupled to
said second term nal of said second MOS transistor and a plate of said
first capadFiG.#¥b).neans Csl 2 is coupled to said

With reference to FIG. 11, we now describe the method of creating a high
frequency fixed gan differential amplifier, as illustrated in FIG. 5, which has bias
currents exactly equal to 1/2 for each of the two transistors M1 and M2, has no DC
offset at the outputs, is not sensitive to DC offsets at the inputs and maintains good
CMRR.

In BLOCK 1 a pair of MOS transistors is arranged into a differential Amplifier
configuration, where one end of each of the MOS transistors is coupled by
identical resistive means to a first power supply.

In BLOCK 2 the other end of each of the MOS transistors is coupled via identical
current sources 1o a second power supply.

In BLOCK 3 input signals are applied to the control gate of each of the MOS transistors.

in BLOCK 4 an amplified fixed gain differential output signal is received at each junction
of the MOS transistor and the resistive means.

BLOCK 5 describes that by minimizing the effects of channel length variations through
long channel length transistors of the current sources equal bias currents are

generated in both current sources.
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' second termnal of said first MOS transistor; and a second resistive
nmeans 4Rs serially coupled to a second capacitive neans Csls~, where said
second resistive nmeans 4Rs is coupled to said second term nal of said first
MOS transi stor and a plate of said second capacitive neans Csl 2 is coupl ed
to salt second term nal of said second MOS transistor. 25. The circuit of
claim 24, wherein the inpedance of said capacitive neans is snmaller than
t he i npedance of said resistive neans at the desired signal frequency. 26.
The circuit of claim 19, wherein said frequency conpensating neans
conprises a serial conbination of a first resistive neans Rsl 2, a .
capacitive neans Cs, and a second resistive neans Rsl 2, respectively. 27
27. The circuit of claim 26, wherein said capacitive neans Cs is a
nmet al - msul atornmetal (MM capacitor having a negligible bottomplate
parasitie capacitance. 28. A high frequency variable gain differential
net al oxi de sem conductor (MOS) anplifier, conprising: a first and a second
di f ferenth@LoaKM frdquicy TbRBehsafRfhedlR\Ud SouplrdibBRiébn Rk caRdedn | nput G2 and
out puts node A and node B, said nodes A coupled together and said noes B
coupl ed t oget hwettomeh@roe thegiall of MOt trdndised FB@judndyrtphiberSAtif m&mkd fir st
differential anplifier stage is coupled to an input Inl and an input fn2,
respectivel y, mahesreprisaicdpaciipel tneils eoufled abchlly nptutesisiveaheadsiod second
differential anplifier stage is coupled to said input 1n2 and said input
I n1) respecti vajagitivevineasrs gyt d node B is coupled to an output Qutl and where
said node Ais coupled to an output Qut2, said first and said second
differential anplifier stage together providing a variable gain at said
outputs Qutl and Qut2 based on signals applied to said inputs 1nl and |n2)
sai d first andVibapigreseetoridGdl4 emewtdeasribams méthed ofereagies ®bigh f urt her
conpri si n?: a first MOS transistor of a first conductivity type having a
first andfgauseentidatiessn Adferental papifier.ss ustraiehinlFGf7, whichas Pigs MOS
transistor coupled via a first resistive neans to a first power supply, the
junction YN ereptyegralix bt Toppadugt dhg e dpngigiess M1and Ma A ishd sai d first
resistive ans | abel ed node A, said second t inal. of said first MOS
transi st of"r%@beaﬁ?'éwp@]leégag? ?quq'éscwrﬁgﬁtexacq% 8ﬁlr‘agg’ﬂ°ﬁﬁﬁl238rce@§]a°fﬁ{3%r suppl y
| ess posi tjv i ISt . X S #\@é ansi st or,
i denti cal t“é'%ﬁ?s{aslggﬂ? Ea?saﬁd &tar%géﬁ?'@#,gﬁl%@?ﬁgeras tefglel’ sat%q‘gg) a gtte%:tond
term nal, ys@bfpdid, isot ESTMOR DObira & 1SRRI MPab AL gb @rEOouUpl ed via a
second resistive nmeans, equal in resistance to said first resistive means,
to said fiBSICKYPWRAteSH BRbeH CAIRRmiptisst df esur 8fOSSwindisfors (8fo daiE)Mwaadadof sai d
second MOS transistor and said second resistive neans | abel ed node B, where
sai d node A anesistarsgtwooreitBamd i cdigst aoddisf wiesresiturals (IONMPGtrassigiora) based on
said inputs dand &;

of the four MOS transistors are not joined.

In BLOCK 2 each individual source of the four MOS transistors is coupled via identical
current sources to a common reference voltage.

In BLOCK 3 the first an;i the second input signal is applied to a first and a second
control gate of the second pair of MOS transistors, respectively

In BLOCK 4 the first and the second input signal is applied to a second and a first
control gate of the second pair of MOS transistors, respectively.

In BLOCK 5 an amplified variable gan differential output signal is received between the
two output nodes.
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said second term nal of said second MOS transistor coupled via a second
current source, identical to said first current source, 1o sand second power
supply; the gate of said first MOS transistor coupled to sand input Gl; the
gate of said second MOS transistor coupled to said input &, frequency
conpensating nmeans in comunication with said second term nal of said first
and said second MOS transistor; a first parasitic capacitance coupled

bet ween said plate of said first capacitive nmeans Csl 2 and said second
power supply; and a second parasitic capacitance coupled between said plate
of said second capacitive neans and said second power supply) said-first
and said second parasitic capacitance reducing the inpedance at said second
termnal of said first and said second MOS transistor. 29. The circuit of
claim 28) wherein currents through said first and said second ' current
source are made to match by using | ong channel lengths in said first and
second current source. 29 30. The circuit of claim28, wherein the aspect
rati o, deBioedbassdarihes thathyonioifniamadhé elfacts of ickargiehlendth garptd®stthrawghi st or
channel, of said first MOS transistor of said first differential anplifier
stage over sailahgshennetienatistransesings efithe cwfentsgugcesiegal bigs tareantsrre al  anpl i fi er
stage is larger than the aspect ration of said first MOS transistor of said
second di f f er @aterated Eyisth sateef cotrejsowees sai d second MOS transistor of said
second differential anplifier stage. 31. The circuit of claim28, wherein
di f f er enc&s LY ﬁge‘ﬂq’aﬁ%‘fﬂﬂ?PGD%Et"aﬁE\?a%‘i"SPO‘éD&?dobeF‘i“‘?eé“tth%ﬁﬁe@ﬁi’ 8f second MOS

transi stors do not '}/‘ﬁ (?ng Slsg A gan {}lgt Cire cuit of cI aim 28,
wherein said SACt B @X S I%“?W&?‘“E%ﬁa MATY Y yPEPEfe
substituted b ycaBacﬁtﬁ%%%ng 9&9}@8%&59{&{!@ %lﬂtl Ye%Etlvengn%. graéagacfldvé ﬁ1teal?snd sai d

only.

Regdarding F1G. 11 and FIG. 12, it is understood by those skilled in the art that,
astde from NMOS transistors, PMOS transistors could be used as well, in which case
sources will be substituted by drains and vice versa. Other types bf switching devices
can be used as well such as, but not limited to, npn or pnp bipolar transistors. The term
channel length with reference to current sources will then have to be replaced by an

equivalent device parameter
While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in

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

the spirit and scope of the invention.
What is claimed is:
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second conductivity types are opposite conductivity types, such as N and P
types. 33. The circuit of claim28, wherein the current through each of
said first and second current sources of said first differential anplifier
stage is equal to the current (lo + A0)12. d 30 34. The circuit of claim
28, wherein the current through each of said first and second current
sources of said second differential anplifier stage is equal to the current
(lo - LIlo)/2 35. The circuit of claim 28, wherein said frequency
conpensati ng nmeans conprises capacitive nmeans. 36. The circuit of claim 28,
wherein said frequency conpensating neans conprises: a first resistive
means 4Rs serially coupled to a first capacitive neans Csl 2, where said
first resistive means 4Rs is coupled to said second term nal of said second
MOS transistor and a plate of said first capacitwe neans Csl2 is coupled to
said second termnal of said first MOS transistor; and a second resistive
means 4Rs serially coupled to a second capacitive neans Csl2) where said
second resl-st i GdidheEagyensrixqdgaiiffrentiat ynrfiiedcaerisivg: t ermi nal of said first
MOS transi stor and a pEate of said second capacitive neans Csl 2 is coupled
to said secondatiEt SVERINg Freags picp et ORIy tRediauing 8 dfst andra seppad ¢ rcui t - of
claim 36, wherein %Fe i ggeaga{lce of said Capacitive neans is smaller than
the i npedalfEENgl SAGIEt tdnal pf spid fitgt sivdching perisgadRiehr afighiesisieequency. r 31

38. The cir %ui t %ff. | ai m 28 %\(gefe{jeci n s iag ft rgquency, Conpe ns%t ii ng nmeans
conpri ses &SI E%HBWW&?PP%% junction PE? SRS \)ai rﬁ?é#g BYIDINg, capaci tive
means Cs, ﬂw%gnsaar?tﬁs%%'}ﬁst TEiFE ks Brnd S hirdt ot PEC T Vel y
said second terminal of said first switching means coupled via a first current
source to a second power supply less positive than said first power supply;
a second switching means, identical to said first switching means, having a first
and a second terminal, said first terminal of said second switching means coupled via a
second resistive means, equal in resistance to said first resistive means, to said first
power supply, the junction of said first terminal of said second switching means and
said second resistive means providing a second output, where said first and said
second output provide a fixed gain differential output signal based on a first and a
second input signal applied to a first and a second input terminal;
said second terminal of said second switching means coupled via a second
current source, identical to said first current source, to said second power supply;
a control gate of said first switching means in communication with said first input
terminal;
a control gate of said second switching means in communication with said

second input terminal,

frequency compensating means in communication with said second terminat of

said first and said second switching means;
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39. The circuit of claim38, wherein said capacitive neans Cs is a

netal -insulatornetal (MM capacitor having a negligible bottomplate
parasitic capacitance. 40. A nultistage high frequency variabl e gain
differential amplifier, conprising~ a first and a second vari abl e gam
differential anmplifier) each having an input X and an input Y and outputs
node A and node B, where said input X and said input Y of said first
variable gain differential anplifier is coupled to an input Inl and an

i nput In2, respectively, where said input X and said input Y of said second
vari able gain differential anplifier is direct-coupled to said node B and
said node A of said first variable gain differential anplifier,
respectively, where said node B and said node A of said second vari able
gain differential anplifier is coupled to an output Qutl and an out put

Qut 2, respectively, said first and said second variable gain differenti al
anplifier togefikeparpsi@daghdigné doapliedbbegnidid 8dcofi@icimpuiopsdi¢n@ut 1 and Qut 2
based on signals apflied to said inputs Inl and In2, said first and said
second vaswighihg mgansardi safdescesid weasqppiyf areir each further conprising: a
first and a second differential anplifier stage coupled together, each

havi ng an i npatse@hdpatsitin canaptanceouptd whvatnsedeesordiermsal of saidde B, sai d
nodes A coupl ed together and said nodes B coupl ed together, where said

i nput Gl &erdng awighing pigangandofaid3condspawer punpit said fitskeangrsaidskcandpl i fi er st age
are coupled to an input X and an input Y, respectively, where said i nput Gl
and sai d PApuic @Paghneseducngdbn thngdprrceras paid aqacoaﬁtﬂrmmfaérfsgﬂ figkands coupl ed to
said input Y and saivg, i nput X, respectively, said first and said second

di f f er ent P3f 8PP FWHBOINOEIG® t oget her providing a variable gain at said
node A and said node B, based on signals applied to said input X and said
input VY, said first and said second differential anplifier stage each
further cqnposjng; first transistor of a first conductivity type
naving a i st e oL baBy g ARReSabuhef sl s AE bt 11 ee wos
transi stor co i i ISt ! : 1t upply, the
function of SEI;.EI% g'%g ia}rgsr?a(feetrr)nn‘{aﬁéglgygﬁé@i%%?@%ﬁ% (?rsglﬁgll&ts?@%\gg%n said first
resistive rrearb%nmt%%br%shassgfyrdwaﬂ%d%ad\fustsm%aﬁs%em dRERRRbaRl said first MOS
transi stor coupled via a tirst current source to a second power supply |ess
positive than said first power supply, a second MOS transistor, identical
to said first MOS transistor, having a first and a second termnal) said
first term. nal Tiafcirsat & chee 0Nehedibdiffe@ncdsIn hie taasphatktancagaotsadadnd resi stive
means, equal in resistance to said first resistive neans, to said first
power supply) aisafiseceridawitdfingmeahsfdormst varebynnpe thaf 2.6%i d second MOS

transi stor and said second resistive neans | abel ed said node B) where said
node A and said node B provides a differential output signal based on said

inputs dand &; said second term nal of said second MOS transistor coupled
via a secchd clihg et ofHpind, wheiein sl ayitghinadngags of sald first popustviti ipece, to

sai d second power pply: ' the gate of said first ransi st or coupl ed
to said input @f;suﬁﬂ‘gﬂﬁ%qyea %ﬁcogda?%dg‘gﬁ'g’n%pmeﬁerséﬁsf@gﬁs qr;iﬁ‘}P%(g to said
input &; 33 _frequen compensat iLn nsincmn“ﬂc ion with said
second term nafongfjgg'g‘f &e{?sl arrggp%%ge %%‘%H&g@c%‘?ﬁ" 'M%aisr a rédl s{ygef's,’ a first
parasitic capacitance coupl ed between said plate of said first capacitive
means Csl 2 and said second power supply; and a second parasitic capacitance

coupl ed beseemsaidl Bl dif 0hnaBhdaRRRAlthey ARSIk HEADSaAResal d second

power supply, said first an salg second parasitic capacitance reducing the
i npedance at sahghctifcRREhd erm nal of said first and said :
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second MOS transistor. 41. The circuit of claim40, wherein currents
through said first and said second current source are made to match by
usi ng long channel lengths msaid first and second current source. 42. The
circuit of claim40, wherein the aspect ratio, defined as the ratio of

wi dth over length of a MOS transistor channel, of said first MOS transistor
of said first differential anplifier stage over said second MOS transi stor
of said first differential anplifier stage is |larger than the aspect ration
of said first MOS transistor of said second differential anplifier stage
over said second MOS transistor of said second differential anplifier
stage. 43. The circuit of claim40, wherein differences in the
transconductance gmof said first and said second MOS transi stors do not
vary by nore than 2.5% 34 F a 44. The circuit of claim40, wherein said
swi tching neans of said first conductivity type are substituted by a second
conductivity type, where said first and said second conductivity types are
opposi te copductrnyickditloy 888 5, e RiBSadNreiendy chb¥ P& SatifmddMg f&ineeui t of claim
40, wherein said frequency conpensating neans conpri ses capacitive neans.
46. The circuit c8fphdedirdBishle mehsy RinBilySRlsled WATURNGPaEMENRRHAL | Ng means
conposes. a first resistive neans 4Rs serially coupled to a first
capacitive means Csl 2, where said first resistive neans 4Rs is coupled to
said second termnal of said second MC S transistor and a plate of said
first capaciti verheraast cfshién b svheaiptheinpaiased o sadcopatitvemanmat sabllesal d

first MOS transistor; and a second resistive neans 4Rs serially coupled to
a second capaci ttharethewapesaiSsl d thahtessbvesaeahssipthe ndsiredsigatlifiequameans 4Rs i s
coupled to said second term nal of said

8. The circuit of claim 1, wherein said frequency compensating means comprises a
serial combination of a first resistive means Rs/2, a capacitive means Cs, and a

second resistive means Rs/2, respectively

9. The circurt of claim 8, wherein said capacitive means Cs is’a metal-insulator-

metal (MIM) capacitor having a negligible bottom plate parasitic capacitance.

10. A high frequency fixed gain differential metal oxide semiconductor (MOS)
amplifier, comprising:

a first MOS transistor of a first conductivity type having a first terminal and a
second terminal, said flr'st terminal of said first MOS transistor coupled via a first
resistive means to a first power supply, the junction of said first terminal of said first
MQOS transistor and said first resistive means providing a first output,

said second terminal of said first MOS transistor coupled via a first current -

source to a second power supply less szitive than said first power supply;
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first MOS transistor and a plate of said second capactive nmeans Csl2 is
coupled to said second term nal of said second MOS transistor. 47. The
circuit of claimd46, wherein the inpedance of said capacitive nmeans is
smal | er than the inpedance of said resistive neans at the desired signal
frequency. 35 48. A nethod of providing a high frequency fixed gain
differential anplifier, conprising the steps of: (a) arranging a pair of
MOS transistors into a differential anplifier configuration, one end of
each of said MOS transistors coupled by identical resistive neans to a
first power supply, (b) Coupling the other end of each of said MOS
transistors via identical current sources to a second power supply; (c)
applying input signals to the control gate of each of said of MOS
transistors; (d) receiving an anplified differential output signal at each
function of said MOS transistor and said resistive nmeans; (e) mnim zing

the effects of chaspb MENFIRisWATEHIEARS sdidioUabs hargstehavrgla drgngt h
transi stors, thus generating equal bias currents mboth current sources;

and (f) coupletmigalfahequecsiy taoiae Bsiatiishgriang shieky@aa Mo tchnsisoer end of
said pair of MOS transistors. 49. A nethod of providing a high frequency
vari abl e gai coulefiiviareeseicbiad resitpkinfcaes, eqoalipresstange blseiddirst psistfe: means,
to saud first power supply, the junction of said first terminal of said second MOS
transistor and said second resistive means providing a second output, where said first
and said second output provides a fixed gain differential output signal based on a first
and a second input signal applied to a first and a second input termunal;
said second terminal of said second MOS transistor coupled via a second
current source, identical fo said first current source, to said second power supply;
the gate of said first MOS transistor in communication with said first input
terminal; !
the gate of said second MOS transistor in communication with said second input
terminal;
frequency compensating means in communication with said second terminal of
said first and said second MOS transistor,;
a first parasitic capacitance coupled between said plate of said first capacitive
means Cs/2 and said sécond power supply; and
a second parasitic capacitance coupled between said plate of said second
capacitive means and said second power supply, said first and said second parasitic
capacitance reducing the impedance at the second terminal of said first and said

second MOS transistor.
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(a) creating a Glbert Cell conprised of four MOS transistors, two | oad
resistors, two inputs, and two out put nodes, where sources of said MOS
transi stors are not joined, 36 (b) coupling each individual source of
said four MOS transistors via identical current sources to comopn a
reference voltage, (c) applying said first and said second i nput signal to
a first and a second control gate of said first pair of MOS transistors,
respectively; (d) applying said first and said second i nput signal to a
second and a first control gate of said second pair of MOS transistors,
respectively; (e) receiving an anplified variable gain differential output
signal between said two output nodes; (f) ininimzing the effects of
channel |ength variations through | ong channel length transistors, thus
generating equal bras currents in both sets of current sources; and (Q)

coupling frequency conpensati ng neans between said other end of each pair
of MOS transistors. 37

. A, Aa9R. A &RA1As. Aie disuidst clainfl0, AvhelirtuiveAtsAhioudh il Asta@ Aaideeddad AF. A. . AS&e. A
y.AfN. Al . A A@@.AF.A9?. A, .AF. A .AF. Al . A3
current source are made to match by using long channel lengths in said first and

second current source.

12 The circuit of claim 10, wherein differences in the transconductance g,, of said

first and said second MOS fransistors do not vary by more than 2.5%

13 The circuit of claim 10, wherein said switching means of said first conductivity
type are substituted by a second conductivity type, where said first and said
second conductivity types are opposite conductivity types, such as N and P

types.

14 The circuit of claim 10, wherein said frequency compensating means comprises

capacitive means.

15.  The circuit of claim 10, wherein said frequency compensating means comprises:
a first resistive means 4Rs serially coupled to a first capacitive means Cs/2,
where said first resistive means 4Rs is coupled to said second terminal of said second
MCS transistor and a plate of said first capacitive means Cs/2 is coupled to said
secand terminal of said first MOS transistor; and
a second resistive means 4Rs se;rially coupled to a second capacitive means
Cs/2, where said second resistive means 4Rs is coupled to said second terminal of said
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19. A multistage high frequency fixed gain differential metal oxide semiconductor

(MOS) ampilifier, comprising:

inputs In1 and ln2' and outputs Out1 and Out2, and a first and a second
differential amplifier stage, each of said first and second differential amplifier stages
hawving an input G1 and an input G2 and outputs node A and node B, where said input
G1 and said input G2 of said first differential amplifier stage is coupled to said input In1
and said input In2, respectively, where said input G1 and said input G2 of said second
differential amplifier stage is direct-coupled to said node A and said node B of said first
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differential amplifier stage, respectively, where said node A and said node B of said
second differential amplifier stage 1s coupled to said output Outt and said output Out2,
respectively, said first and said second differential amplifier stage together providing a
fixed gain at said outputs Cut1 and OutZ based on signals applied to said nputs In1
ana in2, saud first and said second differential amplifier stage each further comprising.

a first MOS transistor of a first conductivity type having a first terminal and a
second terminal, said first terminal of said first MOS transistor coupled via a first
resistive means to a first power supply, the junction of said first terminal of said first
MOS transistor and said first resistive means labeled node A,

said second terminal of said first MOS transistor coupled via a first current
saurce to a second power supply less postive than saud first power supply;

a second MOS transistor, identical to said first MOS transistor, having a first
terminal and a second terminal, said first terminal of said second MOS transistor
coupled via a second resistive means, equal in resistance to said first resistive means,
to said first power supply, the junction of said first terminal of said second MOS
transistor and said second resistive means labeled node B, where said node A and said
node B provides a diﬁeréntlal output signal based on said inputs Gland G2;

sald second terminal of said second MOS transistor coupled via a second
curr=nt source, identical to said first current source, to said second power supply;

the gate of said first MOS transistor coupled to said input G1,

the gate of said second MOS tran’sistor coupled to said input G2;
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frequency compensating means in communication with said second terminal of
sal. first and said second MOS transistor;

a first parasitic capacitance coupled between said plate of said first capacitive
means Cs/2 and said second power supply; and

a second parasitic capacitance coupled between said plate of said second
capacitive means and said second power supply, said first and said second parasitic

capacitance reducing the impedance at the second terminal of said first and said

second MOS transistor.

20 The circuit of claim 19, wherein currents through said first and said second

current source are made to match by using long channel lengths in said first and

second current source.

21.  The circuit of claim 19, wherein differences in the transconductance g,, of said

first and said second MOS transistors do not vary by more than 2.5%.

22.  The circuit of claim 19, wherein said switching means of said first conductivity
type are substituted by a second conductivity type, where said first and said

second conductivity types are opposite conductivity types, such as N and P

types.
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23.  The circuit of claim 19, wheremn said frequency compensating means comprises

capacitive means.

24.  The circuit of claim 19, wherein said frequency compensating means comprises:
a first resistive means 4Rs senally coupled to a first capacitive means Cs/2,
where said first resistive means 4Rs is coupled to said second terminal of said second
MOS transistor and a plate of said first capacitive means Cs/2 is coupled to sad
" second terminal of said first MOS transistor; and
a second resistive means 4Rs serially coupled to a second capacitive means
Cs/?, where said second resistive means 4Rs is coupled to said second terminal of said
first MOS transistor and a plate of said second capacitive means Cs/2 is coupled to

saic second terminal of said second MOS transistor.

25.  The circuit of claim 24, wherein the impedance of said capacitive means is
smaller than the impedance of said resistive means at the desired signal

frequency.
26.  The circuit of claim 19, wherein said frequency compensating means comprises

a serial combination of a first resistive means Rs/2, a capacitive means Cs, and

a second resistive means Rs/2, respectively.

27



& ()-MO0%& ()-M P PaPl QRSTTdECeZ

10zy109& ()-'y10% 1 & ()-!y109%6p6p& ()-!fyl0%& ()-s@10% ()-s 10z

10z TUWUWUWIW~_ @Z 10z&10%@& () - &s10%@& () - & 10%@& ()- 10 10

10Y710%& () -!y10%i yi & () - VWVYTYYYdE~ @Z

10z3y) s10%@& () -' 10%@& () - 9%Z10%& () - L0%@& () -

L109%@& () - 9109%@ () - YZZZZZ1[[ dE~_@Z

10z1 4109%@& () - 3310%@& () - YOL0%@& () -,/ YL0%@& () - Y9- 109%@& () -1 +109%@& ()-[[[I[
[[[Gr\bCez 10z  109%& ()- &LO%& ()- 10% ()- 10@ 10@

10@BL0%@& ()-6" 10%@& ()-r\\] R X]]] dEbCeZ

10zF109%& () - 109%& () -, 109& ()-L109%& ()-sl 109& ()-T109%& ()-]S*__a__aBbCeZ
10z, 10%& () - 9+109%&' ()-19'

109& () -1 YOLOU& ()- YHL0%& ()-!+3'M 109% ()- "6 I M N O P " xnbCeZ

102109 ()- 10 10 10S8109%& () -

410%&' ()-010%&' ()-.10%& ()- " 9aaa" bnbdEnbCeZ

1021 10% ) - G4k oA 99/ QI 0k REHQ ) il nbDAdNe Bt

metal (MIM) capacitor having a negligible bottom plate parasttic capacitance.

28. A high frequency variable gain differential metal oxide semiconductor (MOS)
amplifier, comprising:

a first and a second differential amplifier stage, each having an input G1 and an
input G2 and outputs node A and 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 1s coupled to an input In1 and an input In2, respechively,
where said mnput G1 and said input G2 of said second differential amplifier stage i1s
coupled to sad input In2 and said input In1, respectively, where said node B is coupled
to an output Out1 and where said node A is coupled to an output Out2, said first and
said second differential amplifier stage together providing a variable gain at said outputs
Out1 and Out2 based on signals applied to said inputs In1 and In2, said first and saud
second differential amplifier stage each further comprising:

a first MOS transistor of a first conductivity type having a first and a second
terminal, said first terminal of said first MOS transistor coupled via a first resistive
means to a first power supply, the junction of said first terminal of said first MOS
transistor and said first resistive means labeled node A,

said second terminal of said first MOS transistor coupled via a first current -

source {0 a second power supply less pésitive than said first power supply;
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a second MOS transistor, identical to said first MOS transistor, having a first and
a second terminal, said first terminal of said second MOS transistor coupled via a
second resistive means, equal in resistance to said first resistive means, to said first
power supply, the junction of said first termunal of said second MOS transistor and said
second resistive means labeled node B, where said node A and said node B provides a
differential output signal based on said inputs Gland G2,

said second terminal of said second MOS transistor coupled via a second
current source, identical to said first current source, 1o said second power supply;

the gate of said first MOS transistor coupled to said input G1;

the gate of said second MOS transistor coupled to said input G2,

frequency compensating means in communication with said second terminal of

said first and said second MOS transistor;

a first parasitic capacitance coupled between said plate of said first capacitive
means Cs/2 and said second power supply; and

a second parasitic capacitance coupled between said plate of said second
capacitive means and said second power supply, said first and said second parasitic

capacitance reducing the impedance at said second terminal of said first and said

second MOS transistor.

29,  The circuit of claim 28, wherein currents through said first and said second -~

current source are made to matcﬁ by using long channel lengths in said first and

second current source.
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30.  The circuit of claim 28, wherein the aspect ratio, defined as the ratio of width
over length of a MOS transistor channel, of said first MOS transistor of said first
differential amplifier stage over said second MOS transistor of said first
differential amplifier stage is larger than the aspect ration of said first MOS

transistor of said second differential amplifier stage over said second MOS

transistor of said second differential amplifier stage.

31.  The circuit of claim 28, wherein differences in the transconductance g,, of said

first and said second MOS transistors do not vary by more than 2.5%

32,  The crcuit of claim 28, wherein said switching means of said first conductivity
type are substituted by a second conductivity type, where said first and said

second conductivity types are opposite conductivity types, such as N and P

types.

33.  The circuit of claiﬁ 28, wherein the current through each of said first and second

current sources of said first differential ampilifier stage is equal to the current

(lo + Alo)/2.
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34.  The circuit of claim 28, wherein the current through each of said first and second

current sources of said second differential amplifier stage is equal to the current

(lo - Alo)/2

35.  The circuit of claim 28, wherein said frequency compensating means comprises

capacitive means.

36.  The circuit of claim 28, wherein said frequency compensating means comprises:

a first resistive means 4Rs senally coupled to a first capacitive means Cs/2,
where sald first resistive means 4Rs i1s coupled to said second terminal of said second
MOS transistor and a plate of said first capacitive means Cs/2 s coupled to said
second terminal of said first MOS transistor; and

a second resistive means 4Rs serially coupled to a second capacitive means
Cs/2, where said second resistive means 4Rs is coupled to said second terminal of said
first MOS transistor and a plate of said second capacitive means Cs/2 is coupled to

said second terminal of said second MOS transistor.

37.  The circuit of claim 36, wherein the impedance of said capacitive means is
smaller than the impedance of said resistive means at the desired signal

frequency.
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38. The circuit of claim 28, wherein said frequency compensating means comprises

a serial combination of a first resistive means Rs/2, a capacitive means Cs, and

a second resistive means Rs/2, respectively

39. The circutt of claim 38, wherein said capacitive means Cs 1s a metal-insulator-

metal (MIM) capacitor having a negligible bottom plate parasitic capacitance.

40. A multistage high frequency variable gain differential amplifier, comprising’

a first and a second vanable gain differential amplfier, each having an mput X
and an input Y and outputs node A and node B, where said input X and said input Y of
said first variable gain differential amplifier 1s coupled to an input In1 and an input in2,
respectively, where said input X and said input Y of said second variable gain
differential amplifier 1s direct-coupled to said node B and said node A of said first
vanable gain differential amplifier, respectively, where satd node B and said node A of
said second vaniable gain differential amplifier is coupled to an output Out1 and an
output Out2, respectively, said first and said second vanable gain differential amplifier
together providing a van'able gain at said outputs Out1 and Out2 based on signals
applied to said inputs In1 and In2, said first and said second vanable gain differential
amplifier each further comprising:

a first and a second differential amplifier stage coupled together, each havirig an
input G1 and an input G2 and said nodé 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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said first differenhial amphfier stage are coupled to an input X and an input VY,
respectively, where said input G1 and said input G2 of said second differential amplifier
stage 1s coupled to said input Y and said input X, respectively, said first and sad
second differential amplifier stage together providing a vanable 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 comprnising:

a first MOS transistor of a first conductivity type having a first and a second
terminal, said first termuinal of said first MOS transistor coupled via a first resistive

means to a first power supply, the junction of said first terminal of said first MOS

transistor and said first resistive means labeled said node A;

said second terminal of said first MOS transistor coupled wia a first current
source to a second power supply less positive than said first power supply,

a second MOS transistor, identical to said first MOS transistor, having a first and
a second terminal, said first terminal of said second MOS transistor coupled via a
second resistive means, equal in resistance to said first resistive means, to said first
power supply, the junction of said first terminal of said second MOS transistor and said
second resistive means iabeled said node B, where said node A and said node B
provides a differential output signal based on said inputs Gland G2;

said second terminal of said second MOS transistor coupled via a second
current source, identical to said first current source, to said second power supply; -

the gate of said first MOS transrst;)r coupled to said input G1;

the gate of said second MOS transistor coupled to said input G2;
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frequency compensating means in communication with said second terminal of

saic first and said second MOS transistor;

a first parasitic capacitance coupled between said plate of said first capacitive
me.ns Csf2 and said second power supply; and

a second parasitic capacitance coupled between said plate of said second
capacitive means and said second power supply, said first and said second parasitic
cap.icitance reducing the impedance at said second terminal of said first and said

second MOS transistor.

41,  The circuit of claim 40, wherein currents through said first and said second

current source are made to match by using long channel lengths in said first and

second current source.

42.  The circuit of claim 40, wherein the aspect ratio, defined as the ratio of width
over length of a MOS transistor channel, of said first MOS transistor of said first
differential amplifier stage over said second MOS transistor of said first
differential amplifier stage is larger than the aspect ration of said first MOS

transistor of said second differentiai amplifier stage over said second MOS

transistor of said second differential amplifier stage.

43.  The circuit of claim 40, wherein dﬁ;ferences in the transconductance g,, of said
first and said second MOS transistors do not vary by more than 2.5%
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44.  The circuit of claim 40, wherein said switching means of said first conductivity
type are substituted by a second conductivity type, where said first and said

second conductivity types are opposite conductivity types, such as N and P

types.

45 The circuit of claim 40, wherein said frequency compensating means compfises

capacitive means.
46.  The circuit of claim 40, wherein said frequency compensating means comprises.
a first resistive means 4Rs serally coupled to a first capacitive means Cs/2,
where said first resistive means 4Rs is coupled to said second terminal of said second
MCS transistor and a plate of said first capacitive means Cs/2 is coupled to said
second terminal of said first MOS transistor; and

a second resistive means 4Rs serially coupled to a second capacitive means
Cs/2, where said second resistive means 4Rs is coupled to said second terminal of said
first MOS transistor and 'a plate of said second capacitive means Cs/2 is coupled to

said second terminal of said second MOS transistor.

47.  The circuit of claim 46, wherein the impedance of said capacitive means is
smaller than the impedance of said resistive means at the desired signal

frequency.
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48. A method of providing a high frequency fixed gain differential amplifier,
comprising the steps of:

(a) arranging a pair of MOS transistors into a differential amplifier configuration, one
end of each of said MOS transistors coupled by identical resistive means to a
first power supply,

{b) coupling the other end of each of said MOS transistors via identical current sources
fo a second power supply;

(c) applying input signals to the control gate of each of said of MOS transistors;

(d) receiving an amplified differential output signal at each junction of said MOS
transistor and said resistive means;

(e) minimizing the effects of channel length variations through long channel length
transistors, thus generating equal bias currents in both current sources; and

(f) coupling frequency compensating means between said other end of said paw of

MOS transistors.

49. A method of providing a high frequency vanable gain differential amplifier,
comprising the steps of:
(@) creating a Gilbert Cell compnised of four MOS transistors, two load resistors, two

inputs, and two output nodes, where sources of said MOS transistors are not

H

joined,

36



(b) coupling each individual source of said four MOS transistors via dentical current
sources to common a reference voltage,

(c) applying said first and sard second input signal to a first and a second control gate of
said first pair of MOS transistors, respectively;

(d} applying said first and said second input signal to a second and a first control gate
of said second pair of MOS transistors, respectively;

(e) ecelving an amplified varniable gain differential output signal between said two
output nodes;

{f) rninimizing the effects of channel length variations through long channel length

fransistors, thus generating equal bias currents in both sets of current sources;

and

(g) coupling frequency compensating means between said other end of each pair of

MOS transistors.
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