9 MAY 2006 HI GH FREQUENCY MOS FI XED AND VARI ABLE GAI N AMPLI FI ERS BACKGROUND
OF THE INVENTION 1. Field of the Invention The invention relates to high
frequency differential anplifiers and nore particularly to high frequency
MOS differential anplifiers having high transconductance, natched
differential devices, and m ninmal DC offset at the output. 2. Description
of the Related Art Wil e designing high frequency anplifier§

t echnol ogy, designers are often forced to use small or even t%% ﬁﬂﬁlﬁUﬁ]
channel |ength of the technology for the anplifier transistors- This is
needed to neet the high transconductance required by the application.
However, if the anplifier is differential, serious problens can be
encountered Wil e using small channel lengths; the matching of the
differential devices is poor due to etching inaccuracies in the.. channel

l ength. This results in DC offsets, |ow common node rejection ratio . (CVRR)
and poor differential performance: For variable gain anplifiers based. on
the G |bert O FREREENMCYTMOSFeccanpheadirir @anatviafisigpsead in the

vari abl e gain characteristics. The nicely bal anced performance of the
Glbert Cell is also affected. 1 9 MAY 2006 FIGS. 1 and 3 show a high
frequency fixed and a GABEGROWEDIOMESRNENTIGIl e gain anplifier,
respectively, having inputs Ini, In2 and outputs Qutl, Qut2. A power source
VDD connects via two | oad resistors 11 and 12 (RL) to the drain of ML, M
and- M3, MA. A_ series resistance 21, 22, 21', 22' (Rs) couples each
transistor v15£g A felaeitdbur ce 51, 52

The invention relates fo high frequency differential amplifiers and more -
particutariy to high frequency MOS differential amplifiers-having high transconductance

matched differential devices, and minimal DC offset at the output.

2. Descripﬁen of the Related Art
While desigriing high frequency amplifiers in MOS technology, designefs are
; often foreed to ese small or even the minimum channel length of the technology for the
amplifier transistors. This is needed to meet the high transconductance required by the
application. However, if the amplifier is d:ﬁerential serious preblems canbe
' enceuntered Whaie usmg smali channel Iengths the matchmg of the d}fferentlai

devices is poor due to etchmg inaccuracies in-the channel Iength This resu[ts in DC
oﬁse‘(b iow cemmon m@de rejection ratio. (CMRR) and poor d}fferenttal ge:formance |
For variable gain amplifiers based on the Gilbert Cell, the mismatches ‘can lead to a-!o‘t-‘-
of spread in the variable gain characteristics.' The nicely :balanced performence-‘of th.e- |

Gilbert Celi is also affected.




(1S), with current to (for FIG 3: to +A to -Alo), to ground. The current
splits unequally between the differential transistors M,, M2 and M3, M4 if
there are small differences in their channel lengths. This results in
wi-dely different transconductances between them and as a consequence the
CVRR and differential and other bal anced characteristics are $pgr¥tsThe
unequal currents also cause DC offset at the anplifier outputs. As a
result,. the output signal handling capability is reduced. FIGS. 2 and 4a,

4b showmf@smrgﬁhta ot aSﬁ@Q%quéEcﬁMFeh a%mle.fueﬁrcgatbégé‘évé}%% dofh e connect ed.
Capacitive coupling 91, 92, 91', 92", 91" (Cc) between stages and at

the i npuplifies resRetied, ﬁéw.nbut@nmp&@aédd%t@ﬁgioﬁw@h@rA%ﬂb& fdwation of DC

of fset appearing at the outputs of every anpli fying stage. However,

par asi t Vg cvapess tiameehad tesist@rs 11 kind 122R,) to ik drain 6201, ME&hd M MR bot t om
pl ate of the coupling capacitors Cc |oad the outputs of the anplifier

st ages samids rduisarmd\dy 8221, aPf(Bek @uplee ebtgifarfsistguens yurfes panrses0f52t he
overall anplifier. In addition, gate resistors 81, 82, 81', 82' (RG are
coupl ed(Ie vie emrent fdboo Fts. JpGwey, l,SHRp ity grdGREl. aihe culrentisppiatuseqfallgach anplifier
stage. Transistors ML, M3 and M2, M4 of FIG 4a are coupled via | oad

resi st ovefwadn the 2liffeRirfial traneispes Mil VR yand M8, pehibtheeupp bynal/difereficesniai st or s M,
M/ and M6, MB of FIG_ 4b are coupled via load resistors 11', 12' (R,

res pectmeléplyaﬂnPUemih%rT hisuppillp inv/BidelyNifezent iranseondeuigines betvweies g unent t he
sanme nunerals and characters designate the sane conponent. 2 9 MAY 2006

Si nce LAHFS dFoFEAHangineHAMRE andetfterentigesidcdierdatanced dwracéristicoae for hi gh
frequency. ;])_ﬁl i cations, a topology nodification to the conventi onal

di f f er eWOllall @ HpRquR| %Wenaalmauﬁ@ﬁ)%%ﬁb%awam@hﬁm Piftpits Ag deestlbove

robl ens.
P niﬁe output signal handling capability is reduced.

'FIGS. 2 and 4a, 4b show how multiple stages of such amplifier stages have to be
connected. Capacitive coupling 91, 92, 91', 92', 91", 92", (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. Howevér, parasitic capacitances 71, 72, 71", 72",

| 71", 72", (Cp) on the bottom plate of the coupling capacitors Cc. load the outputs of the
amplifier stages and this adversely affects the high frequency response of the overall
amplifier. In addition, gate resistors 81, 82, 81', 82' (R) are coupled between a second

power supply Vgg and the inputs of each amplifier stage.

Transistors M1, M3 and M2, M4 of FIG. 4a are coupled via load resistors 11, 12 (R,),
' respectively, to power supply Vpp. Transistors M5, M7 and M8, M8 of FIG. 4b are

coupled via load resistors 11, 12' (R}, respectively, o power supply Vpp.

Note that throughout this document the same numerals and characters designate the

same component.




Rel ated 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
6,11 1,463 (Kimura), and U S. Patent 6,229,395 (Kay) all use a single
current source for a differential transistor pair with the di sadvant ages
di scussed above. It should be noted that none of the above-cited exanpl es
of the related art connect each differential transistor only to a current
source and fromthere to a reference voltage nor do they in &?'t t he-
bias current for each differential transistor is exactly IO

transistor pair. SUMWARY OF THE INVENTION It is an object of at |east one
enbodi nent of the present invention to provide high  frequency differenti al
anplifier circuits and nethods which utilize anplifier transistors wusing a
smal | or m ni num channel |engths of the technology. It is another object of
t he present invention to provide high transconductance for those amplifier
transistors. 3 9 MAY 2006 It is yet another object of the present invention

to provi de exeehbeptor MRliGinREae bl okl &%%%gﬂﬂ%%?ﬁ@f?ﬁg)bp R L

anpltifier transistors. It is still anot er o sent invention
to pr OfoetﬂiDUWWiidasor&nd‘id’mtob@ﬁﬁ%d:wQ’ibﬁlfb @E BoMR offsets at
the inputs to those differential anpli.f |erg Pmﬁgnﬁhg%ﬁgkﬂg¥’%bject of the

pr esent stiutiestis oreded tpmoinidetheiabous grshi@ngl met hods  whi ch do not cause DC
offsets at the outputs of the differential anplifier. It, is yet a further
obj ect of the present invention to maintain good cormmon node rejection
ratio (CVMRR) at the signal frequencies of interest.
Related art referring to differential amplifiers and Gilbert Cells are:
- U.S. Patent 5,880,631 (Sahota), U.S. Patent 5,949,286 (Jones), U.S. Patent 6,111 463
(Kimura), and U.S. Patent 6,229,395 (Kay) all use a single current source for a

differential transistor pair with the disadvantages discussed above.

it shauld be noted that none of the above-cited examples of the related art
confiect each differential transistor only to a current source and from there 1o a

reference voltage nor do they insure that the bias current far 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 invéntion to p.fovide high

frequency differential amplifier circuits and methods which ufilize amplifier transistors

, u_sing a small or minimum channet lengths of the technology.

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

those amplifier transistors.




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 anplifiers. These and many ot her objects
have been achieved by a circuit topology which ensutts that bias currents
of the differential transistors are exactly equal, i.e., each'
differential transistor carries half of the total current toSfAY b
differential anmplifier. That 1is, the current in each differential
transistor is 10/2. To insure a good match between the 4 9 MAY 2005 current
sources, the current source devices are made with | ong channel | engths.
This causes the DC bias conditions to be perfectly determ ned and the
circuits are not sensitive to DC offsets at the outputs. Another benefit
is that the transconductance of the differential devices is nearly equal.
Any smal |l differences are due to slightly different aspect ratios. The
spread in the gain control characteristics for the variable gain
di f ferenti di 'S XRGIPIPEYPIRCAAT tae BE st ifventidnde proeidu eedidy niaekinggr t he aspect
ratio<Me§£@(y;L&st trg@iggtor pair larger than that of the second
transi Stor B FUCFEeoh SHoWe amplifen trensistarsedances are coupl ed bet ween t he
junctions of each differential transistor pair and its current source.
These and nmany ot her objects and advantages of the present invention wll
- be readil y; t Lo one skilled in the art to which the invention
pertai ns fﬁgggﬁﬁ%gﬂﬁgé‘QQSﬁh?HgﬁgmgﬁﬁﬁwxﬁﬂBﬁﬁﬁﬁéﬁﬂ@ﬁami@@ﬁm@s, and t he

f ol | owi, L i -de. Lption of the referred enbodi nents. In the
_foIIo&?ﬁg?qﬁ%gg%&gﬁ'g%@%%ﬁ%“%%ﬁﬁﬁ%??%@f hespriéerential ammiberst e conductivity

ltisa furt_her object of the present invention o provide circuits and methods

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

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

_ rejection ratio (CMRR) at the signat frequencies of interest,

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

equal to those of the prior art.

- tis lastly an object of the present invention io reduce the spread in the gain

control characteristics for variable gain ampilifiers.

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

4




types, such as N and P types. Each enbodi nent includes its conplenent as
well. S MAY 2006 According to one aspect of the present invention, it
provides a high frequency fixed gain differential anplifier, conprising: a
first swtching means of a first conductivity type having a first and a-
second termnal, said first terminal of said first sw tching neans coupl ed
via a first load resistive neans to a first power supply, the junction of
said first termnal of said first switching neans and said fgqﬁ%/bﬁgd
resistive neans providing a first output; said second term nal of said
first swtching nmeans coupled via a first current source to a second power
supply less positive than said first power supply; a second sw tching
nmeans, identical to said first switching nmeans, having a first and a
second termnal, said first termnal of said second sw tching neans coupled
“via a second |load resistive neans, equal in resistance to said first |oad
resistive neans, to said first power supply, the junction of said first
term nal of said second switching nmeans and said second resistive neans
providinga5m§§%ﬁﬁﬁadﬂ%ﬁﬁFTt%h@¥3f@hﬁﬁaékmwewahﬁmgahﬂmesaﬁmﬂd1@gtput provi de
a fixed gain gifgﬁgential_output si gnal based on a first and a second

i nput  si gRAT BB P Gratiensrs pe afdecly delewriobd anduite devitianahst sai d second

t erm nal ﬂ;“ﬁﬁégfﬁf&%@géﬁwnﬁﬁ@%ﬁgdgﬁgﬁﬁbégﬁﬁled via a second current

“source, identical to sai g that the trgrscdndieandoponer

suppl y; : . id first switching nmeans in conmunication with
said fir 3h8?ﬁ%!fjef{ﬂ La[tg g‘?’%sﬁ%?%%é gt ?‘B‘f sigaf Wicsgncennig dye boridhtiywi t chi ng means

i N coMMUNg;Gark bt QRn M | ond input termnal; frequency conpensating
means in communi %%‘\Ett %aglﬁéga\}‘r%hsp ge%%c'in %&?gﬁ'cfof’técﬁﬁ?qﬁq{erﬁfm for the variabie

gain differential amplifier can also be further reduced by making the aspect ratio of the
first iransistor pair larger than that of the second transistor pair. To insure good AC

gain, impedances are coupled between the junctions of each differentiat transisior pair

and s current source.

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

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

preferred embodiments.

in the following, first and secgnd cdnductivity types are opposite’ conductivity

types. such as N and P types. Each embodiment includes its complement as well.




said first and said second swi tching neans, said frequency conpensating
means conprising resistive means serially coupled with a capacitive nmeans,
where the 5A 9 MAY 2005 i npedance of said capacitive neans is snaller than
t he i npedance of said resistive neans at the desired signal frequency; a
first parasitic capacitance coupl ed between said second term nal of said
first .switching neans and said second power supply; and a seiﬁnd parasitic
capaci t ance coupl ed between said second terninal of said secch#®§wlichi ng
means and said second power supply, said first and said second parasitic
capaci tance reduci ng the inpedance at said second termnal of said first
and sai d sedsaerdingite emg azpesbeiike pragedintentiprt b parviskeh erhigisioeeenef t he
present invention, it provides a high frequency fixed gain differential
net al oX¥k@d 9B sifiesmtialareifienvesyerisingt i fier, conprising: a first MOS
transistor of a first conductivity type having a first termnal and a
second ter mi RISt sSWiphing neaws efc frptirandistivisdier havingta frsiandasrsiond or  coupl ed
via a first |oad _resistive nmeans to a first power suppl Y the junction of
sai d fi MRt tEminal phsFid frst switosingmesns coyried Yna fisdiapdirpsisiivel oad
resistive ne Iprovi d irst output; said second term nal of said

first Nt%eap?g%ngﬁssf B?W%rlcﬁgg?]gc}.p?/i“&?té[’”qursg% figgh fer@ine! dogidfisst switcling econd power
SU0 Y AR T LR e ShPRIR P oo S, st
Ve a second Tesa Plelitder ML Suitine e B8R e EPU i st | bad.
resi ti MG EERNS soodhfl pBALLLDI, $hssiBRle HURRLY sk BEubtRpbhon Of said first
a second switching means, identical to said first switching means, having a first
and a second terminal, said first lerminal of said second switching means coupled via a
. second load resistive means, equal in resistance to said first load 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 witﬁ said
second input terminal;
frequency compensating means in communicaﬁon”with said second terminal of

said first and said second switching means, said frequency compensating means

comprising resistive means serially coupled with a capacitive means, where the

5A




transi stor and said second | oad resistive neans providing a second out put,
where said first and said second output provides a fixed gain differenti al
out put signal based on a first and a second input signal applied to a
first and a second input termnal; 5B 9 MAY 2006 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; theegate of said
first MOS'“transistor in communication with said first input Maradins t he
gate of sai d second MOS transistor in comunication with said second i nput
termnal; frequency conpensating neans in comunication with said second

t er m nalimpédansapisdid caciivamsandis seaberdhdMIBetimpedsinse of said edststife equency
conpensating nmeans further conprising: a first series resistive neans

seri al | ynezoapt e desiret dignasfrequgpagi tive means, where said first series
resistive neans is coupled to said second ternlnal of said second MOS
transi stor, aristaapisiic eardcitgrtercobipled betasachidi speomblensinplolsaidgred to said
second tern[nal of said first MOS transistor; and a second series resistive
means sémt@n=mq/m§enmﬂwaﬂcb5%voa%e@w ¢ap¥cINd ve nmeans, where said second
series resistive means is coupled to said second terminal of said first
MOS transi starsecwaéa%tr%ﬁa@aa ngg PP Risthsie bR PRGopd terEii of §8d coupl ed to
sai d second ternlnal of s econd MOS trapsi st a first rasitic
capaci t SRE¥IipMag "ﬁéﬂ%\é S% PEPOF RPWCLIUPE: ‘F'??S%?"‘?:%‘éé?‘ﬂ“ means and

sai d second, power .su .
pafaSi'[I% capacztangep regucmg tﬂe impedance at said second terminal of said first and

said second switching means.

According to another aspect of the present invention, it provides 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 first terminal of said first MOS transistor coupled via a first load
resistive means 1o a first power supply, the junction of said first terminal of said first MOS
transistor and said first load 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 positive than said first power supply;

a second MOS fransistor, 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 load resistive means, equal in resistance to said first load resistive means,
to said first power supply, the junction of said first terminal of said second MOS
transistor and said second load 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 terminal;

58




a second parasitic capacitance coupled between said plate of said second
capaci tive neans and said second power supply, said first and said second
parasitic capacitance reducing the inpedance at the second term nal of
said first and said second MOS transistor. 5C MAY 2006 According to yet
anot her aspect of the present invention, it provides a nultistage high
frequency fixed gain differential nmetal oxide sem conductor (MS)

anpl i fier:, " :conprising: inputs (Inl) and (1n2) and outputs ( By o
(Qut2), and a first and a second ‘differential anplifier stage, each of
said first and second differential anplifier stages having an input (Gl)
and an i nput Spzecainfttesunpl A said saeondAYO8insisidecquB)ed vivha secopdicdrrentnput  ( Gl)
and said i nput (CQ% of said first differential anplifier stage is coupled
to sai d SOMFFsUFeTticatly saiddirs shtrentspuice (tpisaid sepenshiaytar epnly; where sai d i nput
(Gl) and said input (Czh_of sai d second differential anplifier stage is
di rect - coupl & ?%e gh5ar sbMOBAjangister fnsanmgieatiop gjth gpiddist énput r st
differeqtial anplifier stage, respectively, where said node (A and said
node (B)®8F"¥aid second differential anplifier stage i s coupled to said
out put (Qutl), an ai. d_out Qut 2), respectively, said first and said
second di ffe%féen?eiq%f’? f?cfjpgw%e(t g@?'gt?rd@ﬁ?ﬁ@f‘"‘ﬁ?t&?i"Hfhr‘r‘g’“daseF’P'Sl‘:é@pbtai n at
sai d ouggﬂ?%ﬁ(CUtl) and (Qut?2) based on signals applied to said inputs
(I'nl) an n2), said first and said second differential anplifier stage

each furt her seQmic ShAlnduld hSbn PRl IANSLAL 08 L LEat conduet 1 VI Ty

type having a first tefmnal a second’ rd © erm nal of
v ok MR SR NGO S8 e S B R RS 0 2
comprising:
a first series resistive means serially-coupled to a first capacitive means,
‘where said first series resistive means is coupled to said second terminal of said
second MOS transistor, and a plate of said first capacitive means is coupled to
said second terminal .of said first MOS transistor; and
a second series resistive means serially coupled to a second cépacitive
means, where said second series resistive means is coupled to said second
terminal of said first MOS transistor, and a plate of said second capacitive means
is coupled to said second terminal of said second MOS transistor:
a first parasitic capacitance coupled between said plate of said first capacitive
means 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.
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of said first MOS transistor and said first |oad resistive neans | abel ed
node (A); said second termnal of said first MOS transistor coupled via a
first current source to a second power supply |l ess positive than said
first power supply; a second MOS transistor, identical to said first MOS
transistor, having a first termnal and a second termnal, said first
term nal of said second MOS transistor coupled via a second | oad resistive
means, “équal tn resistance to said. first |oad resistive negmﬂﬁ’ﬂ@ﬁsajd
first power supply, the junction of said first 5D 1 MAY 2006 term nal of
said second MOS transistor and said second | oad resistive nmeans | abel ed
node (B), whéeeordiag e Yﬁi@éowﬁa apeet Aharaerd iINvBNMigh: beraykiss 4 renlfistegeent i al
out put signal based on said inputs ; said second term nal of

sai d sedihdrageenefixad paip giffecalip) @%Faf/?’%f}easeé@%}ﬁ’éld%w(i’%)rﬂm@@% ce, identical

to said first current source, to said second power supply; the gate of
sai d fi P8MPRARYt r ansi stor coupl ed to said input ((HI) t he gate of said

veans i ncompHrit on (e s BB RHohTh o ot S et Bna 2 0
d d f

corr s.Nﬁﬁerenﬁ‘?wpi#m R R SR A

CaPaC LB TRABRY (ST 8Tt A Sy R B A PalSR Gnk G101 o 1O

sai d secon sal ran e of said

first Cﬁ«g}%‘f{ép‘éﬁ saRGh Setézr) c??%’lhfﬁpstbﬁfeﬁe%'n%l \ﬁfrﬁ&dsté JIys |?o% 3y d first

MOS tra Series resis means’ seri y coupled to a
Second_ 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 differential amplifier stage, respectively, where said node {A) and said
node (B) of said second differential amplifier st_age is coupled to said output (Out1) and
' said output (Out2), respectively, said first and said second differential amplifier stage
together providing a fixed gain at said outputs (Out1) and (Out2) based on signals
applied to said inputs (in1) and (in2), said 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 transisior coupled via a
first load resistive means to a first power supply, the junction of said first terminal
of said first MOS transistor and said first load resistive means labeled node (A);
said second terminal of said first MOS {ransistor coupled via 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 transistorr, having a
first terminal and a second terminal, said first terminal of said second MOS
transistor coupled via a second load resistive means, equal in resistance to said

first foad resistive means, to said first power supply, the junction of said first

5D



capacitive means, where said series second resistive nmeans is coupled to
said second termnal of said first MOS transistor, and a plate of said
second capacitive nmeans is coupled to said second term nal of said second
MOS transistor; a first parasitic capacitance coupl ed between said plate of
said first capacitive neans and said second power supply; and a second
parasitic capacitance coupl ed between said plate of said second capacitive
 neans -and’ sai:d second power supply, said first and said secngmgag sitic
capaci tance redlci ng the i npedance at the second terminal .of  said first and
said second MOS transistor. 5E Y 2006 According to still another aspect of
the present a0 plosaid $acopd bidSieansistdriagh saifirsequreiiosd neaistiaheargai n
differential netal oxide sem conductor (MOS) anplifier, conprising: a
first and a &belAdode (Blewbpreisald nadel(AF dnst sait page, (Bbprokidesaw diffgremtiali nput  ( Gl)
and an input (&) and outputs node éA) and node (B), said nodes (A

coupl ed t ogePHEH! Honp! Based onesibiarytBGHiangl(Bd)t oget her, where sai d i nput
(Gl) and said input, Ggﬂ) of said first differential anplifier stage is
coupl ed to an inpﬁ?'dg? nd terdnal Af $aiharcopt DS transistercounied yia a sdsend sai d

input (Gl) and said input . of said second differential anplifier stage
is coupled Plé"es'gisﬂuric"r’rﬂ%}?”t'%"f’cﬁzﬁé?a'gﬂﬁt ST SRHSER: ¢ P3id pecand Ppwet sUPElYy, wher e

said node (8) 1 SRR A ARG B b UL A0 et ot o, node (4) 1
e o BRI R Bl 8 Bty s
frequency compensating means in communication with said second
terminal of said first and said second MOS transistor, said frequency
compensating means further comprising:
a first series resistive means serially coupled to a first capacitive
means, where said first series resistive means is coupled to said second
terminatl of said second MOS transistor, and a plate of said first capacitive
means is coupled to said second terminal of said first MOS transistor; and
a second series resistive means serially cbupled to a second |
capacitive means, where said series second resistive means is coupled to
said second terminal of séid first MOS transistor, and a plate of said
second capacitive means is coupled to said second terminal of said
second MOS transistor;
a first parasitic capacitance coupled between said plate of said firsi capacitive
. means 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.
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first and said second differential anplifier stage each further conprising:
a first MOS transistor of a first conductivity type having a first and a
second termnal, said first termnal of said first MOS transistor coupl ed
via a first load resistive neans to a first power supply, the junction of
said first termnal of said first MOS transistor and said first |oad
resistive nmeans | abel ed node (A); said second termnal of said first
MOSt r arisi storécoupl ed via a first current source to a secon@ MIYWSEE suppl y
| ess positive than said first power supply; a second MOS transi stor,
identical to said first MOS transistor, having a first and a second
term nal, saiAgedridingto stdlramiolgr agfeckefitae presemdvwi®n tanidsserhigicoupl ed via a
second | oad resistive neans, equal in resistance to said first |oad
resi sti Viedhengyyariatde gain differangal iRiaeaxidegspti gpndth@r MeDtangifies said first
termnal of said second MOS transistor and said second | oad resistive
nmeans | &8BPENFode 5F MAY 2036 (B), where said node (A) and said node (B)
provides a differential out@eut si)%aa] based on said inputs gGl and (&);
sai d second VAR GFOEL f%@@ NBSStFQ%zr??F’éPaY'“%%HPéHQ/" %28 econd
current S0 i dentj cal st _current sourc sai d second
ower  sTp S apngoliulea e QL tack L6 el ToRSly SRS papPetts b o | nput
E)Gl) t h d MOS tr to t (R);
e econ 0. Sa i npu
fr equen&?d‘%oﬁg %pé?qafr?ae[ﬁ%awgefe P 'Hﬂ'ﬂgéégﬂ ot ‘ﬁﬁ"@f‘lﬁgg édc% terninal of
said fir nd sai ND§ ransi st or ensati ng
nmeans flﬁjﬁ{eﬁent'gl amn%'ger S%?'%e > g eé asné?‘?uégl e ']%Is%r\ 'O%Lﬁ?‘r@gﬂg?g? '%Fyl y coupl ed
t 0 a fi rvﬁ'ltere(:&[?@ﬁ]but] (Yﬁ) and said input (G2) of said second differential amplifier stage is
coupled to said 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 ét said
outputs (Out1) and {Out2) based on signals applied to said inputs (In1) and (In2), said
first and said 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
load resistive means to a first power supply, the junction of said first terminal of
said first MOS transistor and said first load resistive means labeled node (A);
said second terminal of said first MOS transistor coupled via 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
coupied via a second load resistive means, equal in resistance to said first load

resistive means, to said first power supply, the junction of said first terminal of

said second MOS transistor and said second load resistive means labeled node -
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means, where said first series resistive neans is coupled to said second
termnal of said second MOS transistor, and a plate of said first
capacitive neans is coupled to said second termnal of said first MOS
transi stor; and a second series resistive neans serially coupled to a
second capacitive neans, where said second series resistive neans is
coupled to said second ternlnal of said first MOS transistor, and a plate
of sai d“ second capacitive neans is coupled to said second ﬁ?%ﬂﬂ@ﬁ&Of sai d
second MOS transistor; a first parasitic capacitance coupl ed between said
pl ate of sald flrst capacitive neans and said second power supply; and a
second par asi(B}¥he rosiedd) elignidtodselBlemyidsaiadiffirental eftreaigiasecond
capacitive ans and sai d second power supply, said first and said second
parasitic HZE§%1@bﬁ@%"P€Hd@ﬂh@“¥ )i npedance at said second terninal of
said first and said,6 seco Ngg t ransi stor. 5G ~qg MAY- 2096 According to
still further aspé%‘fi SS‘FO'FH%”TB Sbsfid peRRBAMQR trai“{'StﬁrrWlféé”aaa peAond st age

hi gh frequenc ri%r'%-e nti al anp lifier, rising: a first
and a second Yy pie dg‘%ﬁj %}lt?is%'fjg}:??icﬁrlrerﬁﬁﬁ‘t’ P?’ltgrsa‘degéﬁ‘?ﬂ SRFIRAV: i nput  (X)
and an LUt () SR UL 9gS Ahed e Blps gty onl 3 Tnout ()
Coun o610 S oy ol AR, LT g SR S 1
e oS AR AR AN O 2
( B) and sai did\eger 6AkidHrst and said second MOS transistor, said frequency
compensating means further comprising:
a first series resistive means serially coupled to a first.capacitive
means, where said first series resistive means is coupled to said second
terminal of said second MOS transistor, and a plate of said first capacitive
means is coupled to said second terminal of said first MOS transistor: and
a second series resistive means serially coupled to a second
capacitive means, where said second series resistive means is coupled to
said second terminal of said first MOS transistor, and a plate of said
second cabacitive means is coupled to said second terminat of said
second MOS transistor,;
a first parasitic capacitance coupled between said plate of said first capacitive
means and said second power supply; and
a second parasitic capacitance coupled between said pla’te‘ 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.
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sai d second variable gain di fferential anplifier is coupled to an out put
(Qutl) and an output (Qut2), respectively, said first and said second

vari able gain differential anplifier together providing a variable gain at
said outputs (Qutl) and (Qut2) based on signals applied to said inputs
(Inl) and (In2), said first and said second variable gain differential

anplifi.er each further conprising: a first and a second di ffer%&;ﬁﬁ%

anpl i fi'ér “stage coupl ed together, each having an input (Gl) ) i nput
(&) and said node (A) and said node (B), said nodes (A) coupled together
and said nodes (B) coupled together, where said input (@) and said input
(@) of sai dAFFrdNg &R sildvitinr papechABNE PraspidpvegEon iteredias @ulistasan i nput
(X) and an input (Y), respectively, where said input (G1l) and said input
(&X) of h%ifEF%‘%’&%’ﬁ’é”%ﬁ"?ﬂ%‘f‘éjﬂﬂeir%{]t‘agﬁ‘fbﬁ"iﬁfa'i’é?mErﬂ%@fé is coupled to said input
(Y) and said _jnput (X), respectively, sajd fjrst gnd said secopd

di f ferential 2dAPRNE i'fh(e?fe O’Ldtvéﬁgb‘f"@@@t eBRLYTRifiRG °3° B?"i"é?oﬁ"b‘”@‘é{i(g) at said
node (A) and.said.node (B), based on signals app|ie said, input (X) and
Sor | 0l ap et Garad Pl nedd 3K HogB B i rer Bl BRft PR PPR ot ape
each further ¢ rising; .a first. MOS transistoy., of .a first. conductivity
Cype. hatl g 2o TRprioai ot Sl Par A Ro S, g b UpBlanflNGR o ¥
first r ' r ' . 2 j i resistive
reans t 6 (EPEHRER, uhOLREIapOBERARAR (Y} o pebila e 31 ' oF <ai o

first Mgl d R0 Shale iéﬁﬁ?&%wpléé %;%a{d@%@@&&?é&id’ﬁode%ﬁ‘@?géi gi ed said node

(A); said second term na sal transistor’coupled via a first

current \SRUICEaih QifRrePBANThIRIRIsp YR YwherS 82BNl [B)&nkiRaR Ak fa)fdir St
said second variable gain differential amplifier is coupled fo an output (Out1} and an
output {Out2), respectively, said first and said second variable gain differential amplifier
' together providing a variable gain at said outputs {Cut1) and (Out2) based on signals
applied to said inputs {In1) and {In2), said first and said second variable gain 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 an input (X} and an 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}, respectivély, 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 MOS transistor of a first conductivity type having a first and

a second terminal, said first terminal of said first MOS tfransistor coupled
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power supply; a second M3S transistor, identical to said first MOS
transistor, having a first and a second termnal, said first term nal of
said second MOS transistor coupled via a second |oad resistive neans,
equal in resistance to said first load resistive means, to said first
power supply, the junction of said first termnal of said second MOS
transi stor and said second resistive neans | abeled said node (\() wher e
sai d ‘nodé* (A) :and said-node (B) provides a differential out@@&& SY $1al
based on said inputs (Gl) and (&); said second termnal of said second _
MOS transi stor coupled via a second current source, identical to said
first current soulM@e firptdoashiegistiveaneans toaviest PaupHuUpPlVt the }lg@tlgn gﬂ‘sas:b:jd'v{:)lsrst
MOS transi stor coupled to said input ); the gate of said secon

transi stor coupl ea'p E?r'g@?@flsﬁ'ﬁﬂ‘fﬂ@@gra"%*ﬁ*@cﬁﬁ@ﬁé‘sﬂ fegiignsireaislivegy means in
communi cation with said second term nal of said first and said second MOS
transi st or, \Aherenheéf'ﬁlab?'ff’gaﬁ'@ﬂe (ﬁ)rrpensatl ng means further conprises: a

first series resistive means serial o a first capacitive neans,
where said first seri eg%%‘%%? R éfrf?’ @9%&5@88&056%'@ \i2adrd t er ni nal

of said second ND§urren nsi st te of said first

capaci tive nmeans u%tfrg%%tdosecg\“ipo‘%‘:ércf‘b'ﬁatyﬂeéf’r‘?Pﬁ'HYe prgaiddrsi rst Mos

transi stor; and power supply:

a second MOS fransistor, 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 load resistive means, equal in
resistance to said first load resistive means, to said first power supply, the
junction of said first terminal of said second MOS transistor and said
second resistive means labeled said node (B), where said node (A) and
said node (B) provides a differential output signal based on said inputs
(G1) and (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 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, where said
frequency compensating means further comprises:
a first series resistive means serially coupled to a first
_capacitive means, where said first series resistive means is

coupled to said second terminal of said second MOS transistor,
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a second series resistive neans serially coupled to a second capacitive
nmeans, where said series second resistive neans is coupled to said second
termnal of said first MOS transistor, and a plate of said second
capacitive means is coupled to said second term nal of said second MOS
transistor; a first parasitic capacitance coupled between said plate of
said first capacitive neans and said second power supply; and a second
par asi ti'c ¢apacitance coupl ed between said plate of said se v mapaci tive
means and sai d second power supply, said first and said second parasitic
capaci tance reducing the inpedance at said second termnal of said first
and said second MOS t aadns ipkiosf. saRCiEStrddpagtiviean édigtifiesuptdd tblsaidur t her aspect
of the present invention, it provides a high frequency fixed gain

di fferential metal oxi decondméroinat aicdabd fir6\WISH tainpiiot;izeel, conprising: a
first MOS transistor of a first conductivity type having a first term nal
and a second term nal, sai dsécandtsetiey msistile robarsadetiallyi caapleMBBat r ansi st or-
coupled via a first load resistive neans to a first power supply, the
junction of said first st®@ndicapdcitoyt ngaing, Wlhiars saillS&ies segnsd stsptiveand sai d
first load resistive neans providing a first output; said second termi nal
of said first MOS trangiegu®is couplpd tdsaid secand tarminatefrsaisirstddlBce to a
second power supply less positive than said first power supply; a second
MOS transistor, identiEansister. 3ed d Plete eftsaidoscenderpiositive mepas/isiggupled i r st
termnal and a second termnal, said first termnal of said second MOS
transi stor coupl ed 5J ;q@im@vn@m@mal of said second MOS transistor; :

a first parasitic capacitance coupled between said plate of said first capacitive
means 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.

According to another still further aspect of the present invention, it provides a
high frequency fixed gain differential metal oxide semiconductor (VMOS) amplifier,
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 load
resistive means to a.ﬁrst power supply, the junction of said first terminal of said first MOS
transistor and said ﬁrst load 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 positive than said 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
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via a second | oad resistive neans, equal in resistance to said first |oad
resistive neans, to said first power supply, the junction of said first
term nal of said second MOS transistor and said second | oad resistive
means providing a second output, where said first and said second out put
provides a fixed gain differential output signal based on a first and a
second input signal applied to a first and a second input terg&gghm sai d
second terifinal” of said second MOS transistor coupled via a Rurrent
sour ce, |dent|cal to said first current source, to said second power
supply; %Qe of, said first MOS transistor in conmunication with said
first input ?0 r*‘?aﬁjarﬁs'sqvﬁénegaé? Od‘lal 'Eé?%s%'é‘iec}ﬂéa'ﬁ'@g‘tﬂqa&r@?'%‘t"érmeﬁ‘?s
conmuni cond rm nal qguen conpensati ng
means |ﬁtgtgé%$ﬂ§mpé‘g Hp\XA ﬁ‘”ngt'%f‘ 5’4153 t%rPTWarlnﬁ S ‘?Se%"agﬁ/'(ﬁrst and said
second fre enc ens ans urt her
NERskI? 07 S1i85ecd TR SALA L EM SACNy EPIRENRILL AT, TRanS. i urt

COI'TpI’I Ses. a serl |on 0]

capaci t g a'ﬁ@%ﬁﬁ’secm%tﬁ E%Q/mgs ?q'éé(ﬁg?lﬁ ﬁﬁ‘l’e?etnltl¥Id)urﬁug{5|gh%!;b%§ﬁgcf% %:/f,‘ls%/ a

first parasitic capacitancé col ween sali

capaci ¢ inyé RBASCARA S ohrSLE B @S S n Rl Aafipgnd parasitic

capaci tance coupl ed between said plate of sali con capaC|t|ve nmeans and

sai d second paWRScSMPBHYinaISRESld fsééo% Vus) tréﬁé.gor ?%%%Bq, f?&&%b& d&ﬁpac' tance
reduci ng the inpedance at the second term na sai Irs said
second Mdbrckl idBsicf 10 saidFikst BuMdhY s8lkce, 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, where said frequency compensating means
further comprises:
a serial combination of a first series resistive means, a capacitive means,
and a second series resistive means, respectively;
a first paras.itic _capacitanbe coupled between said plate of said first
capagcitive means 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.
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According to yet still further aspect of the present invention, it provides
a high frequency variable gain differential netal oxide sem conductor
(MOS) anplifier, <conprising: a first and a second differential anplifier
stage, each having an input (d) and an input (&) and outputs node (A)
and node (B), said nodes (A) coupl ed together and said nodes (B) coupled
together ~where said input (d) and said input (&) of said flrst
differential” ‘anplifier stage is coupled to an input (Inl) an® Wiy gﬁ%ut
(I'n2), respectively, where said input (G@) and said input (&) of said
second dlfferentlal lifier stage is upled to said input (In2) and

sai d i nput (I"%"FF‘?r '”%%g%éf”i' W?raﬁﬁgﬁtr‘g“?a?rﬁs%ﬂee?q?ﬁ i Brov@Sgﬁ to an

out put (Qutl) an i upl ed n o ut (Qut2), said
Frrot antede Yaaudn gt PReuRM SR s Frierourtn R SRR br ovi di ho
varlable ai.n at said outputs (Qutl) and (Qut2) based on signals applied
to said® U?g ‘(Inl) and (In2), said first and said second differenti al

Pl i1 er St 896638 LU Rer ALl e oA haliBL FRORIS Shagh @ T

conductivity 't avi n Sdtond ter I P8t

term nal; pQth @ﬂ'aﬂd ol M&@ éﬁ\{/&ﬁlﬁ%oﬁe%éﬁ%&ﬂd%ﬁ% Mf{g%o%:!e& {ogé{het QRfsdigsi stive

means to t he ction o erm nal of said

first N%aéé@g%bé;sl@qtoggmew refgaréﬁ%gaﬁ LePLad in &(@gpﬁsﬁia filbel ed node (A);

sai d second rmna sal first anS|sto cou via a first

current RIS difbiRe SRS BAVES tSHPRRbY (in@?énooé’r%bbt‘(ﬁlz '?é’ébe%ﬁ&e‘i{z first pover

supply; a second MOS transistor, identical to said first MOS transistor,
having yihefd £ inBDA(CR) 8RESNH iRt [2)at said Sdbnfi dlitstorkisl Mdiftbr Rigesai d second

MOS transi stor coupled via a second | oad resistive neans, equal in
resi st areeplb®toSHdlinpiit' (L) 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 said 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 foad resistive means to a first power supply, the junction of said first
terminal of said first MOS transistor and said first load resistive means
labeled node (A);
said second terminal of said first MOS transistor coupled via a first
current source te 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 load resistive means, equal in resistance to said first

load resistive means, {o said first power supply, the junction of said first
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| oad resistive means, to said first power supply, the junction of said
first 5L 9 MAY 2006 term nal of said second MOS transistor and said second
| oad resistive neans | abel ed node (B), where said node (A) and said node
(B) provides a differential output signal based on said inputs (Gl) and
(&); said second term nal of said second MOS transistor coupled via a
second.. Gurrent _source, identical to said first current source &%ﬁriﬁ%
second’ “power: supply the gate of said first MOS transistor c% e o said
input (Gl); the gate of said second MOS transistor coupled to said input

x); f C. t th d second
ger%inalrg?uggf%rqggggn ﬁ&eg%pgﬁggiaﬂgmco % %ﬁ%&gﬁg S@égﬁﬁﬁsfrequency
conpensati ng ”qgﬂéeﬁHé&ﬁﬁg\&Q Llges, i A%S%gmdgﬁﬁgﬁiﬁg% n of a first

series resistive nea pacrtrve" 8E%er|es resistive

Teans, 1 espect kighyio fubli s napegs%a'owsg.d GARRSIAANAE (Gopp! ed between sai d
EI power

plate of said first capaci neans an sai supply; and a

second parasi tic capag éégeﬁ@temﬁai&@ag%gmwééltgnthgf Softfedifll § second

capacitive means and said second power su Y, said second

parasitic Capaﬁcbﬁd"&?rrén?%b@%ehn@al 'td%‘?djﬁ’r@p&m%gf: %@g‘éﬁf&%ﬁ%og@r m nal of

said first and said second MXS transistor. BRI THE
DRAW NGS 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, where said frequency
compensating means further comprises:

a serial combinati‘on of a first series resistive means |, a
capacitive means, and a second series resistive means,
respectively;

a first parasitic capacitance coupled between said piate of said first capacitive
means 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 a t said second terminal of said first and said

second MOS transistor.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a high frequency fixed gain differential amplifier of

the prior art.
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FIG 1 is acircuit diagramof a high frequency fixed gain differential
anplifier of the prior art. 5M9 MAY 2006 FIG 2 is a circuit diagramof a
mul ti stage high frequency fixed gain differential anplifier of the prior
art. FIG 3 is a circuit diagramof a high frequency variable gain
differential anmplifier 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 diagram of a high frequency
fixed gain differential amplifier of the preferred enbodi nent of the
present invention. FIG 6 is a circuit diagramof a nultistaggapizi
frequency fixed gain differential anplifier of the preferred enbodi nent of
the present invention. FIG 7 is a circuit diagramof a high frequency
variable gain differential anplifier of the preferred enbodi nent of the
present invention. FIG 8a and 8b are circuit diagranms of a nultistage high
frequency variable gain differential anplifier of the preferred enbodi nent
of the pres &t invention FIG 9 is a special case of FIG 5. 6 MAY 20-36 10
is a specia ésea gcufEfagram Oflﬁlr@.ﬂtisi%el@hafrelghmfdﬂecb@wamf@ienttahe met hod of

provi di Qrng a. of pfn&egyency fixed gain differential anplifier.

FIG. 3 is a circuit diagram of a high frequency variable gain differential amplifier

of the prior art.

FIG. 4a and 4b are circuit diagrams of a mul tistage high frequency variable gain

differential amplifier of the prior art.

FIG. § is a circuit diagram of a high frequency fixed gain differential amplifier of

the preferred embodiment of the present invention.

FIG. 6 is a circult diagram of a muttistage high frequency fixed gain differential

ampiifier of the .preferred embodiment of the present invention.

FiG. 7 is a circuit dlagram ofa hlgh frequency variable gain differential- amphf ter

of the preferred emboediment of the present invention.

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.




FIG 12 is a block diagramof the nmethod of providing a high frequency
variable gain differential anplifier. FiG 13 is a circuit diagramof a
hi gh- frequency fixed gain differential anplifier of another preferred
enbodi nent of the present invention utilizing netal-insulator-netal (MN)
capacitors. FIG 14 is a circuit diagramof a high frequency variable gain
differential anplifier of another preferred enbodi nent of the present
invention utilizing-MM capacitors. DESCRI PTI ON OF THE PREFERRED EMBCODI MENT
FIGS. 5 and 7 show the inproved and nodified 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 lo /2 each-exactly what is
required. The current sources 51, 51' and 52, 52' (19), SHE th current
to /2, can be inplenented with |Iong channel |ength devices to ensure good
mat chi ng between them In such a case, there is also no DC offset at the 7
$ MAY 21 outputs. In other words, the DC bias conditions are perfectly
determned. |t can also be observed that the circuits are not sensitive to
DC of f sets BC-tHhiE 4§ wptitlcasapidiGransconduct ance g, of the differenti al
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 I@@g??mgjlth%.trans'stor channel ) causes the threshold voltage
VTH of the diff ePemioKidiqoragneiBs prtor 6f pevidng péiosrequcTefiestabiner L is, the
smal | er o Nt h equal VGS (the gate-source voltage), the current to
(drain‘%%%%%%?ﬂg¥%%the transistor) can be different by about 15-20%for a
- b%difference in L. For equal ID, the transconductance difference is 2.5%
for a 5%difference in L-which is about the

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

- gain differential amplifier.

: HGT 13 is a circuit diagram of a high frequency fixed gain differential ampiifier of

another preferred embodiment of the present invention utilizing metal-insulator-metal

{(MIM]) capacHors.

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

of another preferred embodiment of the present invention wiilizing MiM capacitors,

DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGS. 5 and 7 show the improved and modified topology corresponding to FIGS. 1

and 3 respectively. It can be observed that for the new topolegy, the bias currents are

exactly equal to 1, /2 each—-exactly what is required. The current sources 51, 51'and 52

- B2'(IS), each with current I, /2, can be implemented with long channel length devices to

* ensure good matching between them. In such a case, there is also no DC offset at the




naxihun1expected. Therefore, good common node rejection ratio (CVRR) and

" other differential and bal anced characteristics can be mai ntai ned at

signal frequencies. The AC differential gains are also the sane as in
FIGS. 1 and 2, provided the inpedance of 41, 41' and 42, 42' (Cs 12) is
smal | conpared to that of series resistance 31, 31' and 32, 32' (4Rs) at
signal frequency. Parasitic capacitances 71, 71' and 72, 72' (Ce) at the

" bottomplate of Cs 12 actually help to inprove the high frequency response
of the anplifiers by reducing the inpedance at the sources of the
differential transistors. Due to reduction in the differencesé{ﬂ .
transcorductances, the spread in the gain control characteri %Ezggr t he
vari able gain anplifier is also reduced. This spread can be further
-reduced by nmaking the aspect ratio of the ML-M2 pair larger than that of
the M3-M4 pair of FIG 7. 8 9 MAY 2000 FIGs. 6 and 8 show how nmul tiple
stages of the new anplifiers can be cascaded. Since the circuits are not
sensitive to DC offsets at their outputs and inputs, direct coupling can
be enploulpet. IMithe voalsethe Nydas caraanand pakisay doesnnet daghade the high
frequency response of the overall anplifier as does the related art in

FI GS. 2egheprvpd thdithmudiratiisans npieehsiived Diarffsek bt wé idbbe. i nventive circuits
descri bed above have verified the abeve clains and findings. W now
describe in nore detail the circuit of FIG 5 which is a nodified Gl bert
Cell differential amplifier. The drain of a first NMOS transistor is
coupled via a first load resistor 11 (Rr) to a positive power supply Vop,
where the junction of ML and the first resistor 11 provides a first output
~Qutl. The sbtbe tansobnductmsé gt of thiffesertialRivRds Wi rRady EduaShind fld! r ent sour ce

51, Wi leRUEL SQtLvelerQ tl{e%};a?us&n%ggtgrqgesqg no rgrga%gﬂkgn 9{'}'& %g B%%’? ilslb%sgdr ound)

' on the fact that a difference in L {the length of the transistor channel) causes the
threshold voltage Vi of the differential transistors to be different. The smaller L is, the
smaller Vi is. With equal Vs (the gate-source voltage), the current I (drain current of
the transistor) can be different by about 15-20% for a 5% difference in L. For equal i,
the transconductance difference is 2.5% for a 5% difference in L--which is about the
maximum expecled. Therefore, good common mode rejection ratio (CMRR) and other
differential and balanced éharacteristics can be maintained at signal frequencies. The
AC differential gains are also the same as in FIGS. 1 and 2, provided the impedance of
41, 41" and 42, 42' (Cs /2) is small compared to that of series resistance 31, 31" and 32,
32" (4Rs) at signal frequency. Parasitic capacitances 71, 71" and 72, 72" (Cp) at the
bottom plate of Cs /2 actually help to improve the high frequency response of the

amplifiers by reducing the impedance at the sources of the differential transistors.

Due to reduction in the differences in transconductances, the spread in the gain
control characieristics for the variable gain ampfifier is also reduced. This spread can
be further reduced by making the aspect ratio of the M1-M2 pair larger than that of the

M3-hM4 pair of FIG. 7.



| 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 load resistor 12 (R, equal in resistance to first resistor 11, to
_ power supply Vop, where the junction of M2 and the second resistor 11
provi des a second out put Qut2. The source of transistor M2 is coupled via
a second current source 52 (1S) and current 10/2, identical to first
current ‘source 51, to GND. Gates of transistors M, M are in 8 MAY 2008
comuni cation with first and second input termnals Inl, In2,
respectively. Qutputs Qutl and Qut2 provide a fixed gain differential

out put signal based on a first and a second input signal applied to input
termnals Inl and In2. As already discussed earlier, current sources |S are
i npl emented in long channel length transistors thus mnimzing the effects
of channel 9" 9 WY 2006 | ength variations, thereby generating equal bias
currents in all current sources. This requirenent applies equally to al
subsequent |y disclosed differential anplifier circuits as illustrated in
FIG 6 to FIG F®@s 54reRehawbpe riultiplststaged obbe ord apwlifeentandeuncesied S of the

- second differential anplifiers have the reference characters 51' and 52',

" respect i velice FESY R AR MY ApRivalq Ky ofennat eieowpnentisnihetriomen t he
sources of transistors ML and M2. These frequency conpensating neans nay
‘conpri se t%“?i‘%?)agiﬁete&?péoy&i 2%8%‘25{8@@ut/62§a, aneﬁ@ommaémrmwe of each
capacitor s connected t t he source of ML and M2, as illustrated in FIG
9, or it rﬁq%eg%ﬁgf%oé‘s?Rgth%io}‘%ﬁ'ﬁrgp“ A doepilirelpieAgtar Figsseaides resistor 31
or 32, 31" «.32'. (4 i i wi.th .capacitor 41 or 42, 41' 6 42" (Cs /2),
respectiveﬁyﬁﬁ?gﬁ? ‘ﬁ*%%ﬁﬁ@L@ﬁ@a%g?ﬁg% mﬁﬁsgﬁﬁéﬁﬁﬁbWE’ gveied i and Ms, -
M/ and MB, a8SlddiHsidAiamtgin FIG 5 to FIG 8. The bottomplate of the
first capacitor 41 is connected to the source of ML and the bottom pl ate
of the second '

We now describe in more detail the circuit of FiG. 5 which is a modified Gilbert
Cell differential amplifier. The drain of a first NMOS transistor is coupled via a first load
' resistor 11 (Ry) to a positive power supply Vpp, where the junction of M1 and the first
‘ . resistor 11 provides a first output Out1. The source of transistor M1 is coupled via a first
cuirent source 51, with current |y /2to 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 similarly connected via a second load resistor 12 (R,), equal
in resistance to first resistor 11, to power supply Vpp, where the junction of M2 and the

. second resistor 11 provides é second output Out2. The source of transistor M2 is
coupled via a second current source 52 (IS) and current 1/2, identical to first current
source 51, to GND. Gates of transistors M1, M2 are in communication with first and
second input terminals In1, In2, respectively. Outputs Out1 and Out2 provide a fixed

'5 gain differential output signal based on a first and a second input signal applied to input
5 terminals In1 and In2. As already discussed earlier, current sources IS are implemented

in long channel length transistors thus minimizing the effects of channel
] i




capacitor 42 is connected to the source of M2. The val ue of each capacitor
Cs/2is: I CS/2> 8RRS + gm fS where Rs is the resistance of the source
of a MOS transistor, fs is the signal frequency, and g,, is the
transconduct ance of either ML or M2. Parasitic capacitances 71, 71' and 72,
72' (Cp) are coupled between the plates of first and second capaq&&pgﬁb4l
41' and 42, 42', respectively, and ground (G\ND) and are illustrated in
FIG 5 to FIG 10 where the transistors shown are NMOS transistors. It is

under st gt VarbiaESHekbY lg8Rerbing élﬁja%lﬁs E{h}?éntéa M chir@Shated Shoul d be used
as well, in which case the sources will be substituted 10 9 MAY 2006 by

drains asglicsineet APlisPeq d)h@)rautsy.@@eiqu@ﬁﬂyscwwd‘s@uraafeﬁt%\ﬁhl%%nﬁ@fbu%t%%ed as wel |
such as, but not limte npn or pnp bipolar transistors. The term

channel illueRgedinFiGhe (g BN BNAREIA R rEEN sBBOHCRPreW ddurdeB @B ohpe to be
repl aced by an equival ent device paraneter. FIG 6 illustrates a nultistage

hi gh fr egeeiciffciéntatargalifiersthalé eteaptdratice thh@akteRXd tland SEMeggittiy.or  (MOS)
anplifier which conprises inputs Inl and In2 and outputs Quti and Qut 2,
and a first and a second differential anplifier stage, each of these stages
and inputs and outputs identical to the anplifier of FIG 5. The only
di f f er ence i §reghatcytdempensating means are connected between the sources of

transistors M1 and M2. These frequency compensating means may comprise two

capacitors 41 and 42 (Cs /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 series resistor 31 or 32, 31", 32' (4Rs) in series with capacitor 41 or 42,

471', 42' (Cs /2), respectively, serially connected between M1 and M2, M3 and M4, M5

and M6, M7 and M8, as illustrated in FIG. 5 to FIG. 8. The bottom piate of the first

capacitor 41 is connected to the source of M1 and the bottom plate of the second

capacitor 42 is connected to the source of M2. The value of each capacitor Cg /2 is:

1

7
SE[RS + ‘—) fS

CS/2>>

where Rg is the resistance of the source of a MOS transistor, fs is the signai frequency,

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

Parasitic capacitances 71, 71" and 72, 72' (C:) are coupled between the plates of
first and second capacitors 41, 41" and 42, 42', respectively, and ground (GND) and are
illustrated in FIG. 5 to FIG. 10 where the transistors shown are NMOS transistors. It is
understood by those skilled in the art that PMOS transistors could be used as well, in

which case the sources will be substituted

10




transistors of the second stage are | abeled M3 and M4 for ease of
identification. In addition, transistors M3 and M4 are coupled via
resistors 11' and 12' (RL) to power supply VDD. The two stages are coupl ed
together by direct-coupling of the gate G and & of M3 and M4 to node A

and node B of the first differential anplifier, respectively. Inputs G,
& of the first differential anplifier stage are coupled to inputs Inl,
In2, respectively. Nodes A, B of the second differential anplifier stage

are coupled to outputs Qutl, Qut2, respectively. The two diffef &ti &6
anplifier stages together provide a fixed gain at outputs CQutl, Qut2 based
on signals applied to inputs Inl, W FIG 7 illustrates a high frequency
vari able gain differential nmetal oxide sem conductor (MOS) anplifier which
conprises a first and a second differential anplifier stage, each having
~an input G and & and outputs node A and node B. Both output nodes A are
coupl ed together and output nodes B are coupled together. Both stages are

simlar toythesdhd (8s ent) mplifier circuit of FIG 5 except that nodes A
share 11 MAY 2006 a | oad '?%tshlgs‘ it of VRGN deiges dantbe moetbss Boishar e a | oad

resi stor a2 bERio} limkateDt hGal ohOn; 5 js the arrangement of the frequency
conpensating means and tpﬁergaxgggélﬁgt{:anégt%%ﬂhﬁr‘%‘m Channeyipngtandh 72, 72' (Ce).

As in FI Gef@encetecimeansd sde@i @kn £ ond stage are |abeled M3 and M4
for ease of identification. | npunt senfgfggn?p%fe%gyi”h%mf\‘iaﬁeﬁtd@kéf erenti al

~anplifierP3gEger. are coupled to inputs Inl and In2, respectively. Inputs Gl
and & of the second differential anplifier stage are coupled to inputs In2

and Inl, respegidsVEYstal in_reverse order. Nodes B and A are coupl ed
to outputs Qutl and Stﬁagésearrgg%gg ?5’85§?q‘§é‘5ﬁﬁwmd'ﬁ%rﬁﬂ“%m%al@tﬁd@l ed via a

i sacond- AP SHYED SHEPRRCL SR BT PPl 85 i o'l o
out put S 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. In

addition, transistors M3 and M4 are coupled via resistors 11" and 12' (Ry) to power

supply Vpp. The two stages are coupled together by direct-coupling of the gate G1 and

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 ampilifier stages together provide a fixed

gain at outputs Out1, Out2 based on signals applied to inputs In1, In2.

FIG. 7 illusirates a high frequency variable gain d_ifferentié{ metal oxide

semiconductor (MOS) amplifier which coraprises a first and a second differential

amplmgr stage, each having an input G1 and G2 and Qytputé node A and node B. Both
ouipuf nodes A are couptled together and c'Jutput nodes B are coupled together. Both
stages are similar o the differential amplifier circuit of FIG. 5 except that nodes A share

11



Qutl and Qut2 for the signals applied to inputs Inl and I n2. The aspect
ratio of the ML-M2 pairis ierger than that of the M3-M4 pair in FIG 7 as
di scussed earlier. Therelationship is: (WM (WM- rrd~I M8-m ~JM4 where W
is the width and L is the length of a Me 110SJtransi stor channel, and
where ML, M2, M3, and M4 designate the transistors of the circuit of FIG
7. Typically, mranges from2 to 6. This range is derived as follows. Let
aspect ratios of M,, M2 be m(WL) and those of M3, M4 be (WL). 05
transconductance of a MOS transistor is given by gn =. 21D|-iCO§ (?[[B 12
9 MAY 2006 using eq. (1), the gain of the variable anplifier is given by
Av=(9nml9nB) RL=9nORLI ' G | 0 dl o LL to+dl oJ (2) where.9np = (o0 +ol 0) gCoX (3)
It is seen fromeq. (2) that the gain Avis a function of Alo. Fromeq. (2),
t he maxi num val ue of Avis gnmlRL, when (r)lomax = to Fromeq. (2), the

m ni rum val ue of Av is 0, when 1-m Alomn - to

a load resistor 11 (R.) and that nodes B share a load resistor 12 (R, ). identical to FIG. 5
is the arrangement of the frequency compensating means and the parasitic capacitors
71, 71" and 72, 72" (Cp). As in FIG. 6, the transistors of the second stage are labeled M3
and M4 for ease of identification. Inputs G1 and G2 of the first differential amplifier 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, i.e., in reverse
order. Nodes B and A are coupled to outputs Out1 and Out2, respectively. Each node A
and B is coupled via a load resistor 11 and 12, respectively, to a power supply Vpp. The
first and second differential amplifier stage together provide a variable gain at outputs

Out1 and Out2 for the signals applied to inputs In1 and In2.

z
The aspect ratio of the M1-M2 pairis-arger than that of the M3-M4 pairin FiG. 7
as discussed earlier. T‘nérelaﬁonship is:

(2o (o= o L

where W is the w_idth 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.

Typical!y,!m ranges from 2 to 6. This range is derived as follows. Let aspect

ratios of M1, M2 be m(W/L) and those of M3, 'Méé-' be (W/L). The transconductance of a

" - MOS transistor i”s'giv‘en by
Im = J2onCox T (0

12



1+m The nost sensitive part of the gain-control characteristic is just
above Av = 0 as the gain is a very strong function of Alo there. Again,
the circuitry which generates Ala is net very accurate generating A10 = 0
because of DC offsets. But (4) shows that for m=1, 4lonjn = 0_ That is
why the gain spreads can be nore for low Av, if m= 1. However, if m= 6,
eq. (4) shows that Alomn = -(517)l o and the effect of gain spread is
reduced at low gain. In this case, the condition Alo = 0 happens at hi gher
gain, where the gain-control characteristic is not a very stropgyfasostion
of 41G. and the effects of DC offset are not too great. The aspect ratio
of ML, M2 cannot be increased beyond a limt because its parasitic
capacitance will increase, affecting high frequency operation. Therefore,
13 9 MAY 2006 those of MB, M4 have to be reduced by increasing m It can
al so be observed from eq. (4) that Qom,, saturates at -lo for |arge

val ues of m The maxi mumvalue of mis also limted by the m ni num

dinensh@mﬁaﬁkhgﬂﬁggﬁﬁf%Q@m&%%ﬂﬂ%hﬁ Yo oodl€ currents flow ng through the
current sources IS of transistors and' are equal and are: The

currents flow ng through the current ces 1S of transistors M3 and M4
are equal and aﬁwﬁ(dﬁ,G@hﬂﬁgzgﬂq%fggjjgé§ﬁ@€_te a nultistage hjgh frequency
variable gain differential netal oxige+sem conductor (MOS) l'ifier which

conprises a first variabte gaj differential anmplifier (FIG 8a) and a
second™R&ifi abl drgai-fodidifeCont+al amplifier (FIG 8b), @)

it is sa2en from eq. (2) that the gain Av is a function of Al

From eq. (2}, the maximum value of Avis g,,,R,, when Mopax =g

From eq. (2), the minimum value of Av is 0, when

1—m ‘
Al e = H .. .o
Ornin 1+m 4] (4)

‘The most sensitive part of the gain-control characteristic is ju’st above Av=10 as
the gain is a very sfrong functiori of':dfjo thereAgamthe cxrcuxtry ‘which generates Al
" is not very accurate generating Al, =0 because of DC offsets. Bui {(4) shows that for
m=1, A_f'omin =‘ 0. That is why the gain spreads can be more for low Av, if m = 1.
Howsver, if m =86, eq. (4) shows:that Al = ~{(5/7}1, and the effect of gain spread is
| reduced at fow gain. In this éas_s‘e, the condition A, =0 happens at higher gain, wheré
the gain-control characteristic is not a very strong function of AIU; -and the effects of DC

offset are not too great.

The aspect ratio of M1, M2 cannot _be inci‘eased’ beyond & lirﬁit beca;,lse'its'

paragitic capacitance will Increase, affecting high frequency operation. Therefore
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each identical to the circuit of FIG 7. Gates GL and & of transistors M
and M2 of the first variable gain differential anplifier are connected to
inputs Ihl and in2, respectively. Gates G and & of transistors Mo and M
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 differenti al
anplifier are coupled to outputs Qutl and Qut2, respectively. The first
and second variable gain 14 9 MAY 2099 differential anplifier tdiyhltketlo
provide a variable gain at outputs Qutl and Qut2 for the signals applied
to inputs Int and In2. The currents flowi ng through the current sources 1S
of transistors ML to MB of both variable gain differential anplifiers are
identical to those: of the circuit of FIG 7. The gain is varied by
adjusting AIO in the range 1+m0O <dl0 </0 FIG 9 and FIG. 10 are speci al
cases of FIG 5 and FIG 7, respectively, where = 0. Everything else is
the samposa\é MQWAiekEeto ScrekkBd bk dcaR@inE G 1t & aisrog;a, égg%gtg H‘O(}L&amt her

preferred enbodi ment of the present invention vari ation of

FIG 5, eqne) tRit@l,,] 4atiited atu@mdraérg@vha@s TG TnémAhee Juﬂee flf gguency
corrpensat| ng neans COh‘pI’I ses a serial . conbi nation O¥ I I’St series

resi st i 9leo fraitdsyie (HRBAR) dirensapadioned byl WRadiegy@and a second series
resistive neans 62 (Rs/2), respectively, couple betmeen t he sources of
transistors M,, M2 and with regards to FIG 14 al so between the sources of
transistors NB M4, where the frequency conpensating neans conpri ses
series reS|gb?Wéﬁﬁﬁﬁﬁymgéwbuwb%98€¢$m5m&@$ISoanmssmh;M$am£ﬁQ%hiVe means
62'. The Vbodlnent as shown'in FIG 13 and FIG 14 is the preferred
enbodln% ©.35 pmand 0.18 pm CMOS technol ogi'es

."0 +AI‘O -
2

The currents flowing through the current seurces 1S of transistars M3 and M4 are

equal and are:

fo — 4l
2

FiGs. 8a and 8b illustrate a multistage highfrequenpy variable gain differential
meta! oxide gemiconduetor (MOS) ampiifier whicﬁ éomprises a first variabie gain
differential ampiifier (FIG. 8a) and a second variable géin differential ampﬁ-iﬁer (F1G. 8b),
each identical to the circuit of FIG. 7. Gates G1 énd G2 of traﬁsiéiers M1 and M2 of the
first variable gain differential amplifier are connected to inputs I'rﬁ and In2, respecti\}eiy.

T Gates G1 Aand G2 of transistors M5 and -MS of th_e second variable gain differential
arapiifier are direct-coupled to node B and nbde A of the first variable gain differential
amptifier, respectively. Nodes' B and A of the Second:;lariable gain differential émpliﬁer

are coupied io ox;;pqts Out1 and Qui2, respectively. The first and second- variable gain

14



where netal -insulator-netal (MM capacitors are avail able for capacitor
Cs. These capacitors have the sane area efficiency as the standard
pol y-insulator-poly (PIP) capacitors but have negligible bottomplate
parasitic capacitances. Parasitic capacitances Cp are, therefore, not
shown. O herw se, the circuits are the sane. It is 1 obvious to those
skilled in the art that the above serial conbination of a first series 15
9 MAY 2006 resistive neans 61 (Rs/2), a MM capacitor Cs, and %nd
series resistive neans 62 (Rs/2) is equally applicable to thg%ﬁﬁfﬁkétage
hi gh frequency fixed gain differential anplifier (FIG 6) and the
mul tistage high frequency variable gain differential anplifier (FIG 8a
and FIG 8b). Wth reference to FIG 11, we now describe the nethod of
creating a high frequency fixed gain differential anplifier, as
illustrated in FIG 5, whieh has bias currents exactly equal to [0/2 for
each of the two transistors ML and M2, has no DC offset at the outputs, is
not seRrgetdnii@ abplifdCiabhsaisviad a thRblenpli £ capds MRl g geed CVRR In
BLOCK 1 a pair of MOS transistors is arranged into a differential anplifier
conf i guigatis epglicitieingutome ast th2ofTheachertd fldwire tMoGgH thansirat 66Scdss coupl ed by
identical resistive nmeans to a first power supply. In BLOCK 2 the other end
of eachsS efirankistonO8! toridh afi otlovasiable geipwiileeahtigliaaplifthensre édinticat tor r ent  sources to
a second power supply. In_BLOCK 3 Lqput signals are applied to the control
gat e ofthessChthgLigyier %&ﬁ FBH18318 fsoeged by sdipfracids i tgvaaapl i fi ed fixed gain
differential output signal is received at each junction of the MOS
transi stor and gh5@5g§%§%jve neans.

+

FIG. 8 and FIG. 10 are special cases of FIG. 5 and FIG. 7, respectively, where

Ry = 0. Everything else is the same.

We now refer to FIG. 13 and FIG. 14, representing another preferred
embodiment of the present invention. FIG. 13 is a variation of FIG. 5, and FIG. 14is a
variation of FIG. 7, where the frequency compensating means comprises a serial
combination of a first series resistive means 61 (Rs/2), a capacitor 101 (Cs), and a
second series resistive .means 62 (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, where the frequency compensating means comprises series resistive means

' 61", capacitor 101", and series resistive means 62'. The embodiment as shown in FIG. 13
and FIG. 14 is the preferred embodiment for 0.35 pm and 0.18 pm CMOS technologies
where metal-insulator-metal (MIM) capacitors are available for capacitor Cs. These
capacitors have the same area efficiency as the standard poly-insutator-poly (PIP)

_capacitors but have negligibie bottom plate parasitic capacitances. Parasitic
. capacitances Cp are, therefore, not shoWn. Otherwise, the circuits are the same. Itis

obvious to those skilled in the art that the above serial combination of a first series
i 15



BLOCK 5 describes that by mnimzing the effects of channel |ength
variations through |ong channel length transistors of the current sources
equal bias currents are' generated in both current sources. 16 9 MAY 2006
In BLOCK 6 frequency conpensating nmeans are coupl ed between the other end
(bottomend) of the pair of MOS transistors. Frequency conpensating nmeans
may conpri se 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 differentiagfﬁﬁpﬁhgier,
as illustrated in FIG 7, which has bias currents exactly equ

(lo+Al o)/ 2 for each of the two transistors ML and M2 of a first
differential anplifier stage and bias currents exactly equal to (io alo)12
for each of the two transistors MB and M4 for a second differential
anplifier stage, has no DC offset at the outputs, is not sensitive to DC
offsets at the inputs and maintains good CMRR BLOCK | creates a G| bert

Cel | ceongutive Mieatd 61 Ry2) MBI capsditst OF, ant M chi $cFibs rd<¥Bivé ARdns 6£Si st ors,
two inputs, and two output nodes, where sources (if NMOS transistors) of

t he fo(Rs/MiSetu=Ainapsicaisls taihe mistddei gdfrequeRcyBixedigdinamedientiadi vi dual source
of the four MOS transistors is coupled via identical current sources to a
common amefifer gTiGet \apldttbgmultistagBhigBirequéreg vhiidtsé gaindifichatislengliled nput si gnal
is applied to .a first and a second control gate of the second pair of MOS
transi §tlor 8 andBlgedb) vel y. 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.

With reference to FIG. 11, we now describe the method of creatmg a high
frequency fixed gain differential ampfifier, as illustrated in FIG. 5, ‘which has bias
currents exactly equal to /2 for eaeh of the two transistors M1 and M2, has ne DC
effse*: at the outputs, is nei sensitive to DC offsets at the inputs and maintains good
CMRR. '

InBLOCK 1 a pa.ir- of MOS transistors s arranged- into a differential &mplifier

configuration, where one end of each of the MOS trarisistors is coupied by

identical res:si:\re means 1o 2 first power supply.
In BL‘OQK 2 the other end of each of the MOS fransistors is coupled via identical
current SOurees to a second power supply.
In BLOCK 3 input srgnais are applied to the control gate of each of the MOS transistors. -
' In BLOCK 4 an amplified f xed gain differential output signal is recewed at each junction
of the MOS transistor and the mS!stave means.
BLOCK 5 describes that by minimizing the effects of channel Iength variations through

tong chanhel length transistors of the current sources equal bias currents are’

generated in both current sources. |

16



In BLOCK 5 an anplified variable gain differential output signal is

recei ved between the two output nodes. 17 9 MAY 2006 BUCK 6 descri bes that
by mnimzing the effects of channel I|ength variations through |ong
channel length transistors of the current sources equal bias currents are
generated in both sets of current sources In =s<_OCK 7 frequency
conpensati ng neans are coupl ed between the other end of each pair of MOS
transi stors. Freguency conpensating nmeans may conprise capacitive neans
coupled serially with resistive neans, or capacitive neans o%g% Fﬁgarding
FIG 11 and FIG 12, it is understood by those skilled in the %f@-ft,
aside from NMOS transistors, PMOS transistors could be used as well, in

whi ch case sources will be substituted by drains and vice versa. O her
types O switching devices can be used as well such as, but not |imted
to, nprsor pup bipolar transistors. The term channel length with reference
to current sources wll then have to be replaced by an equival ent device
paraneterLO@Q%hg the invention has been particularly shown and descri bed

with raference o the  BPEaldBCE I sERrHele etisar Bstother endai | | be under st ood

by those skjll&dal r t varioys changes in formand details may
be made wi tLth ‘dledaglt%higﬁaf? %%?ﬂgq{aﬂ%%?bsr ﬁ?q.uﬁfhﬁ%g@f}%amg THESi nvention. 18 9
WAY 200& C l%b{;@omprise capacitive means c;oupied sedally with resistive means, or

capacitive means only.

With reference to FIG. 12, we now describe the method of Créating a high
frequency variablg gain diflerential amplifier, as illustrated in FIG. 7, which has bias
cusienis exactly equal {o (IO+AZQ)IZ for each of thé two transistors M1 and M2 of a first
differential amplifier stage and bias currents exactly equal to (I-Al)2 for each of the
two transistbré M3 and M4 for a second differential amplifier stage, has no DC bﬁset at
the oulputs, is not sensitive to DC offsets at the inputs and maintains good CMRR.
BLOCK 1 creaies a Gilbert Cell com;ﬁ_'rfseafbf four MOS transistors {two pairs), two load.

resistors, two inputs, and two output nodes, where sources (if NMOS tfanéistors)

of the four MOS transistors are ﬁot joined.
In BLOCK 2 each individual source of the four MOS tranéistors is coupied via identical

;:urient séurces to a common reference voltage.

In BLOCK 3 the first anéi the second input signal is applied {o _a-ﬁrst and a second
- control gate of the second pair of MOS transistors, resﬁecﬁveiyb
In BLOCK 4 the first and the second input signal is applied to a set.:o'nd. and a first
control gaté of the second pair of MOS transistors, 'respectiv_e!y.
In BLOCK 5 an amﬁiified variable gain differential oatput signal is reéeived.befmeen the
two output nodes.
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1. A high frequency fixed gain differential anplifier, conprising: a first
switching neans of a first conductivity type having a first and a second
termnal, said first termnal of said first switching neans coupled via a
first load resistive neans to a first power supply, the junction of said
first termnal of said first swtching neans and said first |oad resistive
means providing a first output; said second termnal of said fErst
swi tching neans coupled via a first current source to a secon
supply less positive than said first power supply; a second smntchlng
means, identical to said first switching neans, having a first and a
second termnal, said first termnal of said second swtching neans coupl ed
via a second |load resistive nmeans, equal in resistance to said first |oad
resistive neans, to said first power supply, the junction of said first
term nal of said second switching nmeans and said second resistive neans
provi ding a second output, where said first and said second output provide
a fi xedBgatk Sdiesdrieeeial i miowrtipnut the baad ofeasad! RAgA vhlaliSts 1#BfyR  second
|nput si gnal lied to a first and a second input termnal; said second
termi nal of 1@Q|Cgﬂ@ébl©muih Eaisisths nigherearst mmlseduaubasam&ﬁm%i current
source, identical to said first current source, to said second power
“supply; a cERtEEPd Al s dabdeftispgtesswi t chi ng neans in comuni cation with
said fi #%%ﬂgyﬁ termnal; a control gate of said second sw tching neans
in comminii EW?W@QPH”S%%@ﬁ@%%ﬁmM@rW thef ateseeoy conpensati ng
~means in co E&q;hﬁﬂﬁﬁm h said second termnal of said first and said
second switChI MG means, E8; @”Tré&ﬁ@ﬁfy CUBRRPEHESTHRGS MeRAYTPiseNpr i si ng

resistive ”%Q}%%ﬁ@@s‘hb@rlsl%uﬁgé@én%ﬂy W BB SRR, - LGRS e € Lhe 19

only.

Regarding FIG. 11 and FIG. 12, it is understood by those skilled in the art that,
-aside from NMOS fransistors, PMOS transistors could be used as weli, in which case
- scurces will be substituted by drains and vice versa. Other types &f switching devices
can be used as well such as, but not l‘i:-ﬁitéﬂffo, npitor pip bipolar ransistors. The term
~ channet length with reférenoe to current sources will then -have to be replaced by an

equivalent device parameter.

While the mvenﬁon has been patticularly shown and descnbed with
referetice to the preferred embodiments thereof it witf be- understood by those skilled in

the art that various changes i in form and deta!ls may be made without departing {rom

the spirit.and scope of the invention.
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9° MAY 2006 i npedance of said capacitive neans is smaller than the i npedance
of said resistive neans at the desired signal frequency; a first parasitic
capaci tance coupl ed between said second term nal of said first swtching
means and said second power supply; and a second parasitic capacitance
coupl ed between said second terminal of said second swtching means and
sai d second power supply, said first and said second para5|t|%hﬁg£§&%tance
reduci ng the inpedance at said second termnal of said first arvd

second switching means. 2. The circuit of claim1, wherein currents through
said first and said second currentlayosirce are nmade to match by making t he
channel length of said first and second current source |arger than of said
first and said second switching neans. 3. The circuit of claim1l, wherein
for equal drain current, differences in the transconductance g, of said
first and said sef&isd warenpifixgd saiaqiferstidampliierycamprisige than 2.5% for a
5% difference_in th% qugth of said first and said second swtching neans.

4. The ci rcuf frbPVIENEIoRansgha et ROUkIC Iy hinediiving arfsdaad gseselldd f st -
d | Vi : it d by. d conductivity type, ere sai
First  aitimed) 2 Bed i Rb At e G BEos o EfFHo%  BLBRIREINA Ly 1 ypos.

5. A hi f fixed diff i t al oxi,de sem conductor (MXS)
arpl 1 11 BranE BTG S P B SR TG 5 BA o SPrce SEBHAGCt  vi Ty type

YT B S B AR SR FRbgat @ (1ot termnal of el
said second terminal of said first switching means coupled via a first current
source to a second power supply less paositive 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 sec;ond switching means coupled via a
second load resistive means, equal in resistance to said first load 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 contro] gate of said second switching means in communication with said
second input terminal;
frequency compensating means in communication with said second terminal of

said first and said second switching means, said frequency compensating means

comprising resistive means serially coupled with a capacitive means, where the
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9 MAY 2006 resistive neans to a first power supply, the junction of said
first termnal of said first MOS transistor and said first |oad resistive
means providing a first output; said second termnal of said first MOS
transi stor coupled via a first 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 termna

second termnal, said first term nal of said second MOS transi st of coupP
via a second Ioad resistive nmeans, equal in resistance to said first |oad

resi st i VBPSHEAFROf Safdocaé)éi:’ five meats i sRaler diashg iImpasensaidicidRsisivesai d fir st

t er mi nal_ of s%%d seco tranS|stor and said second | oad resistive nmeans
providiﬁﬁmaséE Sﬂﬁﬁﬁﬁﬁﬁh TSHEr®-said first and said second out put
provides a fi ai n dlff rential ut signal based irst and a
second i nput IF% 'HS'ﬁﬁ?%ﬁﬁmFﬁ‘Q“WF&E?gﬁﬁBS@g§883W&eVW fﬁ?%?ﬁﬁhal sai d
second Len naI o %E nsi stor coupled via a second current

MOS t
sour ce, 'éce EAR A sa'dcslsef: Cﬁ?"%ﬂﬂ’éﬂf aé] urce, to said second power
Suppl ! the gaa@orfaf afaas'ngﬁabgat%n%%ye% A sald L RORTUDL Bt draRigt th sal d

first input “term “second ansi's

Com‘run! gérgdng%\n)ﬁ’bﬁugl% ﬁl@bl% i < 5@9&‘ owd'eg g‘;;tgia':l.a|cf Fr@fﬁﬂ@l@l ef%BE'&)ensat' ng

nmeans I n conmmuni catl on WI Sal rrst and said

second Ef%sﬁlé @é}?dcﬁéﬂewe&ﬁ:’ir@ thé frfe3hde SUIRERIALd li%ﬁylﬁgiad?%utﬂggét &4

conprising: a first seriesresistive neans seria cou to a first
capaci t k@ sBEMISwitcthh§hRagdl d first series resistive neans is coupled to
said second term nal of said second MOS transistor, and a plate of said
first capacitive neans is coupled to

2. The circuit of claim 1, wherein currents through said first and said second
current source are made to match by making the channel length of said first and second

current source larger than of said first and said second switching means.

3. The circuit of claim 1, wherein for equal drain current, differences in the
transconductance g, of said first and said second switching means do not vary by more
than 2.5% for a 5% difference in the length of said first and said second switching

means.

4, The circuit of claim 1, 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.

5. 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 first terminal of said first MOS transistor coupled via a first load
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sai d second ferninal of said first MOS transistor; and a second series
resistive means serially coupled to a second capacitive neans, where said
second series resistive neans is coupled éo sa:dtsec?ndagé gegﬁz 2006
termnal of said first MOS transistor, and a plate of s
cggacitive means 1is coupled to said second termnal of said secondﬂ%@?
s d first capaci tive  means and sai d second power  supply: and a second

i irst capacitive nmeans and sai
;gla5|{ri ca QC|tance coupl ed between said plate of said second capacitive
means aftf'e 'ﬁgm%ﬁﬁwf'rﬁbme@%ﬁ}’ yhe wiastipnaf saig fiegh teraimatiofseidding MRS asi ti ¢
capaci tance redu q npedance at the second termnal of said first and
sai d segSHﬂStof\wc ‘g?{é‘ Q?‘?)Fes’sﬁve Ff'ﬁ%"%'?@\‘f@l‘f‘f a(f‘FSté’Pt&Ph]g n:ggrfgnn;?(r:[]egts

rce ar

Lsi g ong cRAMRETo SHURY of P DRV SRl CSBshYS =dlH Pern SedPee. 7 The
circuit 5 mhe far al _drain curren differences in the
transcoﬁ%%c%%ﬁggbwerm%mgé?%”¥mwg?ﬂ?ﬂéayéaﬂF@&Erﬁ@p mntchhngfneanz ??rggtand
vary by mor €, slaaﬁ'{t g%é%’akggtoﬁ (ge %j'ttg ggl(?PstMbgftra@FIg}O r}%&flnﬂ%‘aﬂr\%?h saij d

said second sw ing  nea ¢1T &

SwWi t chi pgmifRARS gfsec%ﬂa terfrhid ?tsaid%&q%ﬁﬁﬁaY Lt Said ¥ c%négﬁ;sstg%ng}%&rggﬁ@a{t ity

second conductivity type, ere sai iTst and sali

Lypes auR 0R0R g RIS hiokhd Yol R beicfincd WFedid fiGHbha RlifldthTuR, vhereln

t he i npedance of said capacitive nmean
to said first power supply, the junction of said first terminal of said second MOS

transistor and said second load 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 é second input terminal;

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 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, said frequency compensating means further
comprising:

a first series resistive means serially coupled fo a first capacitive means,
where said first series resistivé means is coupled to said second terminal of said
second MOS transistor, and a plate of said first capacitive means is coupled to

‘said second terminal of said first MOS transistor; and
a second series resistive means serially coupled ;to a second capacitive

means, where said second series resistive means is coupled to said second
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small er than the inpedance of said resistive neans at the desired signal
frequency. 22 9 MAY 2006 10. A multistage high frequency fixed gain
differential nmetal oxide sem conductor (MOS) anplifier, conprising: inputs
(I'nl) and (In2) and outputs (CQutl) 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 input (&) and outS¥fs 2hde
(A) and node (B), where said input (Gl) and said |nput (&) of said first
differential t&maréés% fq LAEGs |k nQQtUplaﬁ?&%?’at id 48 c:ﬁ% k@ fiidpgal 41 nput

(1n2), respectively ere sai d i nput sal sai d
second di ffeiseeyupa%h 18Ry bEdoRl térmga@ofs%.odéercgﬁ& mér%%taro sai d node (A) and

said node (B) of said first differential anplifier stage, respectively,

where said ngdestgsaasﬁe@a%%ce%daeé B)atmféfan%@qﬁ%la‘i@gpsﬂaﬁh %tféa%aamé al

anplifier stage is coupled to said output (Qutl) and said output (CQut?2),

respectmwghyan§§mgS@@ﬂ@qma@ﬂmg@@daﬁgcond differential anplifier stage
together providing a fixed gain at said outputs (Qutl) and (Qut2) based on

signal s appkisecoridpaditt dappeitadicd Edubledanrtivddnsd)d pistaicd séitl ketor@nd sai d second
differential anplifier stage each further conprising: a first MOS

t ransi stapaditfve andaing ahd eaid daeind\otvgr suypey, baid firsgasd §did Sécondparasalc and a
second termnal, said first termnal of said first MOS transistor coupl ed
via a fkhpxitahceaddudy tht inpedaeenst the secohd terinabokesaidsfirpidng, saideecpochct | on of
said first termnal of said first MOS transistor and said first |oad

resi sti MD3rramgstbrabel ed node (A); said second termnal of said first MOS
transi stor coupled via a first 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
6. The circuit of claim 5, wherein currents through said first and said second

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

current source.

7. The circuit of claim 5, wherein for equal drain current, differences in the
transconductance g,, of said first and said second swifching means do not vary by more
than 2.5% for a 5% difference in the length of said first and said second switching

means.
8. The circuit of claim 5, 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.

9. The circuit of claim 5, wherein the impedance of said capacitive means is

smalier than the impedance of said resistive means at the desired signal frequency.
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first termnal and a second termnal, said first termnal of said second
MOS transistor coupled via a second |oad resistive neans, equal in
resistance to said first load resistive neans, to said first power supply,
the junction of said first termnal of said second M3XS transistor and said
second |oad resistive means 23 9 MAY 2006 | abel ed node (B), where said node
(A) and said node (B) provides a differential output signal lpged g said
inputs (Gl) and (&); said second ternigal of Fald sepgn?_NC? tran3|ftor
coupl ed vi a second current_source, identical to said first curren
sourpce, to -sip'd sBEYHitass g Eemprng: fixed wainglifesewil malalioide st MOS transi st or
coupl ed to.sq&d i ﬁB% %Gﬁh@ t he gate of said second MOS transistor coupled
to saids?wﬁa?lfﬁﬁg, ¥ PR &P BEnsat i ng means i n comuni cation with

. _ J i : 4 MOS i stor. i d

FPequonoy ™ bEETIR Fondfnd nd ofial Bt A BRE I uP S0 S net ?gciég%%}wgs:’? esf‘;’"u ve
i - fi.rs Lt ) S, ere . sal irs

Cont'os SRl RS Sfds0cba drl (FRRRT Lot iR BT SSR50 1l o Second

S B S5 S SR i

sai d second term nal sal ransi stor, ahd series

resi sti y¥ufeANEnd kil ﬂlpw(d?z?B%aﬁéifirtspdig?%ﬁt%?g%puf%gégé‘i‘sic‘;6 pllE \Syjq WHEr € sai d

series second resistive neans i s cou sal econd termnal of said

Lo o R PSP BB IR RN PR 1
said second differential amplifier stage is direct-coupled to said node (A) and said node
(B) of said first differential ampliﬂér stage, respectively, where said node (A) and said
node (B) of said second differential amplifier stage is coupled to said output (Out1) and
said output (Out2}, respectively, said first and said second differential amplifier stage
together providing a fixed gain at said outputs (Out1) and (Out2) based on signals
applied to said inputs (In1) and (In2), said 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 load resistive means to a first power supply, the junction of said first terminal
of said first MOS transistor and said first load resistive means labeled node (A)

said second terminal of said first MOS transistor coupled via 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 terminal and a second terminal, said first terminal of said second MOS
transistor coupled via a second load resistive means, equal in resistance to said

first load resistive means, to said first power supply, the junction of said first

terminal of said second MOS transistor and said second load resistive means
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a first parasitic capacitance coupl ed between said plate of said first
capacitive neans and said second power supply; and a second parasitic
capaci tance coupl ed between said plate of said second capacitive nmeans and
sai d second power supply, said first and said second parasitic capacitance
reduci ng the inpedance at the second termnal of said first andgsghd sggcond
MOS transistor. 24 9 MAY 2006 11. The circuit of claim 10, wherein currents
through said first and said second current source are made to match by

using |ong Ci()é?z@!&ﬂ'noh@i%t Q\%ﬂe%a%ﬁ%o@e SES ﬂﬂnr 35?%}‘3\;:8&'&59 yrce. 12.

The circuit claim ereln for equa rent erences in

t he transcogggggggﬁﬁbgﬁhq%S@ﬁhthgygiE@@ngﬁld second SMAtChlng means do
not vary by nore han 2. 5% for ifference in the length of said first

and said second syl ebidnd terfB1of salPBsechbRg MDS Fatidistfcotibiad flabkeckter ein said
swi tching neans of said first conduct|V|ty type are substituted by a

second conduetrratit byurky,AentiviIes €ai8 distl clirtdr® bodbsl 16 adid sespaPadecQRBCL I Vi ty
types are opposite conductivity types. 14. The circuit of claim 10, wherein

the inpedance of sgeightcapai firstWOFBangstor Soupledltd edid ifpan(@he i npedance of
said resistive neans at the desired signal frequency. 15. A high frequency
vari abl e gai n di f frergamrd ofadaidneeticand MXISdearsetar okt ioaiaid igpOBB2)anpl i fi er,
conprising: a first and a second differential anplifier stage, each having
an input (Gl) andfrequencypertpdn@@ingameareiit ponswuniogten(wih saittseconke (B), sai d
nodes (A) coupl ed together and said
terminal of said first and said second MOS transistor, said frequency
compensating means further comprising:
a first series resistive means serially coupled to a first capacitive
means, where said first series resistive means is coupled to said second
terminal of said second MOS transistor, and a plate of said first capacitive
means is coupled to said second terminal of said first MOS transistor; and
a second series resistive means serially coupled to a second
capacitive means, where said series second resistive means is coupled to
said second terminal of said first MOS transistor, and a plate of said
second capacitive means is coupled to said second terminal of said
second MOS transistor,
a first parasitic capacitance coupled between said plate of said first capacitive
means and said second power supply; and
a second parasiﬁc 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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nodes (B) coupl ed together, where said input (Gl) and said input (&) of
said first differential anplifier stage is coupled to an input (Inl) and
an input (In2), respectively, where said input (Gl) and said input (&) of
said second differential anplifier stage is coupled to said input (1'n2)
and said input (Inl), respectively, where said node (B) is g% @Q an
output (Qutl) and where said node (A) is coupled to an out put ? t2 sai d
first and said second differential anplifier stage together prOV|d|ng a

vari abl e gain,at 0Q5 qutputs (Qutl) and (Qut2) based on
signal s appl i qéd tiﬁgﬁ'ir%’ iﬁ'ﬁf‘y% ”ﬁ]efe'%ﬁ‘éf"e(r\t% Ouggéﬁ‘ﬂfr?filaf‘gtsa'ﬁnd sai d second
tranai storgi e oo s AREe RO el By BRI 2o gt dnePia et gond

term nalge Sl @bt Stedeer m nal  of sald first MOS transistor coupled via a
first load resistive nmeans to a first power supply, the junction of said

first termnal of said first MOS transistor and said first |oad resistive
nmeans | abel ed node (A); said second termnal of said first MOS transistor

coupled via axfirsgfe &Wuft%ﬁ&la:n?%”mﬁ‘%rén?f ffg@a%% hnl, dﬁféd&c%s met g, Positive

than said first power supply; a second transi stor “to said
first MgBnédoRdSdisicRly, onaili st and Edif §écoﬂaqwﬂcqﬁﬁgcﬂegn§&r Mgﬁ v first

term nal of said second MOS transistor coupled via a sec resistive

means,  eenal.5% Noresk SRRGRe irPthe Ardt difsald Ar@afd shiaSksdidv iR to said
first power supply, the junction of said first termnal of aid second MOS

transi steanand sai d second | oad resistive neans | abel ed node (B), where
said node (A) and said node (B) provides a differential output signal -
based on said inputs (Gl) and (&); said second term nal of said second MOS
transi stor coupled via a second
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

sec__ond_conductivity types are opposite conductivity types.

14. The circuit of claim 10, wherein the impedance of said capacitive means

is smaller than the impedance of said resistive means at the desired signal'frequency.

15. A high frequency variablel 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 is coupled to an input {In1) and a.n input (In2), respectively,
where said input (G1) and said input (G2) of said second differential amplifier stage is
coupled to said input (In2) and said input (In1), respectively, where said node (B} is
coupled to an output (Outt1) 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
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current source, identical to said first current source, to said second
power supply; the gate of said first MOS transistor coupled to said input
(d); the gate of said second MOS transistor coupled to said input (&);
-frequency conpensating neans in conmmunication with said second termnal of
said first and said second MOS transi stor, said frequency compensating
means further conprising: a first series resistive means seri a IMAYcEbl ed
to a first capacitive neans, where said first series resistive nmeans is

Coup! el A SR el SR e SR IR T B

of said aci nmeans i ond rmnal of said

first MBS LAROSH SLOy brS) SR 2006, RnTERNLARI RS Tesi Stive means

serially coup 0 a secon capacli tive neans, ere said second series

resistive means i§ﬁfs‘i’mais‘;?ar’}s%t%{%%%?egﬁigﬂti\ht@!’tmer}%bin fa #&@lfdhl rst MO

transistor, and a plate sal secon apacitive ans is coupled to said

second term Balon@lterfMidl saRBrQNE e of EADBSEINOR trafsibior Sbudhay @S b it
capaci tance coupl ed between said plate of said first capacitive neans and

sai d second RRAWREsISINERans BEfidt SEAD RUpI tRSuhbtonGRBAE iR RERIaPsP! ed
bet ween said plate of said second capacitive nmeans and sai d second power

supply, sai dsilj figh MOBIr&Ristbrana e fpancslirkdisive ¢aPAE idbareamotegagi ng the
i npedance at said second termnal of said first and said second MOS
transistor. 16. Th#debédoditérmiial of @HidiirdEMOBhehsistar ColipleRnis a fitst ourgdhnt sai d
first and said
source to a second power supply less positive than said first power supply;
a second MOS transistor, identical to said first MOS transistor, ha\}ing a
first and a second terminal, said first terminal of said second MOS transistor
coupled via a second load resistive means, equal in resistance to said first load
resistive means, to said first power suppiy, the junction of said first terminal of
said second MOS transistor and said second load resistive means labeled node
(B), where said node (A) and said node (B) provides a differential output signal
based on said inpufs (G1) and {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 transistor coupled to said input (G1);
the gate of said second MOS fransistor coupled to said input (G2);
frequency compensating means in communication with said second
terminal of said first and said second MOS transistor, said frequency
compensating means further comprising:
a first series resistive means serially coupled to a first capacitive
means, where said first series resistive meané is coupled to said second

terminal of said second MOS transistor, and a plate of said first capacitive

means is coupled to said second terminal of said first MOS transistor; and
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second current source are nade to match by using |ong channel |engths in
said first and second current source. 17. The circuit of claim 15, wherein
the aspect ratio, defined as the ratio of wdth over length of a MOS
transi stor channel, of said first MOS transistor of said first

differential anplifier stage over said second MXS transistor ofg gaydgfsi rst
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. 18. The

circuit of claim 15, wier&rlf YOFS EGirire dranteily extpleddp prsepenttes in t he

t ransconduct ance -0f id first and said _second sw tching nmeans do not
vary by nore 27 QQ:E%?/C'@S(S%%[ng’a%hef 3%8188?0” SYFUCPERYSRERNS 7 chypled tengt h of

said first and Saisaid%ggwem#l%%ﬁgﬁ%?ﬁ@)t% tf%}%ﬁﬁgqeqd\% E’%t%it%fﬁgigaﬂaai m 15,

wherein said swtching neans of said

substituted by a S6MAL.69864GELIVLE , re said first and said -
second conductivity typgg are o%a\éég%%%%%gﬁ%%ﬁisel PN TR The circuit

of claim 15, wherebirifogabisi@b-said first differential anplifier stage
is varied by varying the current (1o) in each of said first and second

current sour eafst pafastidicBpddithsde (.ﬁ)hf)l@@ %@Me'ﬁﬂ'sai%%té h{* &g ﬁr%?c%?;akiﬁvé he positive
e e

direction. 21. The circuit of clalml5, reint g';al n of sald second
di f f er emhéamls andgpitlisbé®id pplvagsugply; ¥ad | ed by varying the current (lo) in each
of said first and second current sources of said second differenti al

anpl i fi er stagecom gdnssitagpadivhcslbd prid KevectZaid Bty EGHiskody ! @i m 15,
wherein the i npedance of said capacitive neans
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.

16. The circuit of claim 15, 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.

17. The circuit of claim 15, 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.

18. The circuit of claim 15, wherein for equal drain current, differences in the

transconductance g, of said first and said second switching means do not vary by more
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is smaller than the inpedance of said resistive neans at the desired signal
frequency. 23. A nultistage high frequency variable gain differential
anplifier, conprising: a first and a second variable gain differential
anplifier, 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 (Inf)kéand0an
input (I1n2), respectively, where said input (X) and said input (Y) of said
second [ b efll £ T er [ i fder. i i d to said node
(B) andY@ag‘iZg%i%fgea%&)d‘f%g”ézgi'rgm%i@sg%@g@gﬁ'ia[ |a€d§s§ﬁn§e§ﬁc¥%’%ﬂ{" al anplifier,
respectiyely, where said node (B) and said node (A) of said second

vari able gain differential anplifier is coupled to an output (Qutl) and an

28 9 NMAY 2006gout piM cikdMbRMaint €5 Rt ShiY swi@ith hbdrstorand @i d second
variable gain differential anplifier together providing a variable gain at

sai d_oulcphtustiditMype) ar@ Rabdiitdié Ly H85QMdRBnAIENE tFpe, MBI £1H firSt Fai Aid Nput s

(Inl) and (1 n2), said first and said second variable gain differential
anmpl i fi eecp@ndubtiviiaypsadbppdsie coaddctivigty@id a second differenti al
anplifier stage coupl ed together, each having an input (C) and an input
(&) and said node (A and said node (B), said nodes (A) coupled together
and said nodes (B) coupled together, where said input (C) and said input
(&) of said2di r sThalcifdugo€dbinal 5, ameldin thergagt efgeiddire diffeupitiabmiilifean i nput
(X) and an input (Y), respectively, where said input (C) and said input
(&) of swgkds weied b vaiynbeheolrral (Igmmpeadh o sasitiieg @nd seodglbadnttsousas d | nput
(Y) and said input (X), respectively, said first and said second
di f f er enf sad fishgifferenigal amplifeg etage gethk epsipyeodirattiony a vari abl e gain at said
node (A) and said node (B),
21. The circuit of claim 15, wherein the gain of said second differential
amplifier stage is varied by varying the current {l,} in each of said first and second

current sources of said second differential amplifier stage in the negative direction.

22. The circuit of claim 15, wherein the impedance of said capacitive means

is smalier than the impedance of said resistive means at the desired signal frequency.

23. A multistage high frequency variable gain differential amplifier,
comprising:

a first and a second variable gain differential amplifier, 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 amplifier is 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 is direct-coupled to said node (B} and said node (A) of said first
variable gain differential amplifier, respectively, where said node (B) and said node {A) of

said second variable gain differential amplifier is coupled to an output (Out1) and an
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based on signals applied to said input (X) and said input (Y), said first
and said second differential anplifier stage each further conprising: a
first MOS transistor of a first conductivity type having a first and a
second termnal, said first termnal of said first MOS transistor coupl ed
via a first |oad resistive neans to a first power supply, ?IMHP%@]Oﬂ of
sai d* fiFfst termnal of said first MOS transistor and said fi’rst g
resistive neans |abeled said node (A); said second termi nal of said first

t t rce . to a second power supply
e B B B ) R e e o
t st and_a secon

term natoo LR B4 Fophaan SR Buaucsit el bvee Ssioebupl od via a

d f t .| oad
second, L BAkESLaYINE A150 (5L Bl b o 5 LERST ARh BBRHHICSS, on o
sai d f!rﬁﬁmﬁg Bh?% h%ﬂéﬁgmgﬁaecond MOS transi stor and said second

resi stive nmeans node (B), where said node (A) and said node

(B) provides a d'é“f%’i%ﬁﬁé@éa W AnRAISHE QoRRIhlR U2y (GL) and

(&); said second term nal sal ansi st couﬁﬁed via a

second curr eRhviSPLH RBut (@?Qﬁd SRinpliQcofhith {did 5& Eu%lgau RH&eC dpy sai d
o

second power supply; the gate of sai irst an3|s pled to said
input (Gl); nodes (A) coupled together and said nodes (B) coupled together, where sald

input (G1} and said input (G2) of said first differential amplifier stage are coupled
to an input (X} and an input (Y), respectively, where said input (G1) and said
input (G2) of said second differential amplifier stage is coupled to said input ()
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 (), said first and said
second differential amplifier stage each further comprising:
a first MOS transistor of a first conductivity type having a first and 7
a second terminal, said first terminal of said first MOS transistor coupled
via a first load resistive means to a first power supply, the junction of said
first terminal of said first MOS transistor and said first load resistive
means labeled said node (A);
said second terminal of said first MOS transistor coupled via a first
current source to a second power supply less positive than said first
- power supply;
a second MQS 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 load resistive means, equal in

resistance to said first load resistive means, to said first power supply, the
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the gate of said second MOS transistor coupled to said input (&);
frequency conpensating neans in communi cation wth said second term nal of
said first and said second MOS transistor, where said frequency
conpensating neans. further conprises: a first series resistive nmeans
serially coupled to a first capacitive nmeans, where said first {
resistive neans is coupled to said second term nal of said se@d@gra@g
transistor, and a plate of said first capacitive neans is coupled to said

second term nal of, saidsLisly M8 LT @1SlLoC0 ARL @ SRECDA, Sepi es resi stive

means serially coﬁp second capacitive means, ere said series
second resistive L I I id first
MOS transistor, §%§ﬁ§&§F§¥§9%$k§§P§8%g%%ﬂgaggﬁgg?%?$§“2§§ﬁgikﬁﬁcoup|ed to

sai d second term fo) LbVSBEQ SRR} Mas8d bh &S sitic
capaci tance coupl%%hgefvgih gg?d pl ate 8# salé%b?rgf cgpgéﬁfﬁgég means and
said second pomer“§gggg%3?§nd a second parasitic capacitance coupl ed

bet ween said plate of said second capacitive nmeans and sai d second power

suppl y, said first andsipidboR@eMnmhaPaisaRi ddonBOcS MNYsRPREusaPasit ance
reduci ng the inpedance at said second termnal of said first and said

second MOS transi§dc@hd cdfent $h@cs, idditd! tOai6 Fidt S0rht sVIeS, @b Baigurrent s
through said first and said second current source are nmade to match by
usi ng | ong channesedsadpbds supplgai d first and
the gate of said first MOS transistor coupled to séid input (G1);
the gate of said second MOS transistor coupled to said input (G2);
frequency compensating means in cormmunication with said
second terminal of said first and said second MOS transistor, where said
frequency compensating means.further comprises:

a first series resistive means serially coupled to a first
capacitive means, where said first series resistive means is
coupled o said second terminal of said second MOS transistor,
and a plate of said first capacitive means is coupled to said
second terminal of said first MOS transistor; and

a second series resistive means serially coupled to a
second capacitive means, where said series second resistive
means is coupled .to said second terminal of said first MOS
transistor, and a plate of said second capacitive means is coupled
to said second terminal of said second MOS transistor;

a first parasitic capacitance coupled between said plate of said first capacitive
means 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
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second current source. 25. The circuit of claim 23, wherein the aspect
rati o, defined as the ratio of wdth over length of a MOS transi stor
channel, of said first MOS transistor of said first differential anplifier
stage over said second MOS transistor of said first differential anplifier
stage is larger than the aspect ration of said first MOS tragFM 2} Ofigsof said
second differential anplifier stage over said second MOS tradnsistor of
said second differential anplifier stage. 26. The circuit of claim 23,
wherein for rain current, differences in the transconductance gm of
sai d f| F8Pacl %De rﬁpﬁc’%@SHﬂpW%ﬁﬁ Y saegrdterpinalot saidfipstigpd gaide  t han 2. 5%
for é’&g ﬁﬁégtpe in the length of said first and said second swtching
neans 7 he 2i'Fe ?@ of claim 23, 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

conduct i vi LYk yPE§he &?&untxt‘é]a. %é:WhE 9"]:0 %e%tsrﬂtrogglaﬁ% %;tg c(i‘fzadi r’rpedapce of

sai d capacitive neans 1S shm resistive

means akeddd@ HgShBdrcs 'a%‘ﬁlad% foGHAY Sl’? Bg usi %!6)%8 MQ‘? %ﬁgﬁ? In £8 flrg anétr equency

fixed gain differential netal oxi n r

conpri Sk8&nd@ufrbhiSbuMeS transi stor of a first conduct|V|ty type haV|ng a
first termnal and a second termnal, said first termnal of said first

MOS transi stor coupled via a first Ioad resistive neans to a first power
supply, the junction of said first termnal of said first MOS transistor

and said firgs. | onk cirGit 5t didif 292 URSreRT Y behdMrafiof ddfifbd Q4HRYLo 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.

26. The circuit of claim 23, wherein for equal drain current, differences in the
transconductance g, of said first and said second switching means do not vary by more
than 2.5% for a 5% difference in the length of said first and said second switching

means.
27. The circuit of claim 23, 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.

28. The circuit of claim 23, 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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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; a second MOS transistor, identical to said first MOS
transistor, having a first termnal and a second termnal, said first
term nal of said second MOS transistor coupled via a second |oad resistive
means, equal in resistance to said first |oad resistive nmeans, 9 MAYsHfd
first power supply, the junction of said first termnal of said second MOS

t i st i d. d | gad Sistive i di nd t put,
s L A R e TEP R AR B AR, VLRt
out put %ﬁ}%ﬁ‘%k based. on a first and a second input signal applied to a

e

first a C(?B}?(E'S‘lnﬂ:put termnal; said second term nal of said second MOS

a0t X1 94 P by ASERBACHEA SRl ONERy JELFAL el 1S

current source, to sald Secon rsuj _ _
transi st.olyoyn TRl CRLH O i bisaidthidt l'(/lt).rss&arfsi%&ﬁtcou I%I 1L Bksy 1ddye gate of
sai d second transi stor In conmunication wth sald second I nput

term nalesdilEAMEREY LATRRARALLIMY, TRADSCHOR of SRR fAhindlor¥aldhirstdn@s second

termnal of said first 'and said second MOS transi stor, where said

f I eqUeNgYnGQEPSTISREd M8 ITRARSIstiVhERRTpr6 ARG bFRS buBuseri al conbi nation of a
first series resistive nmeans, a capacl t1ve neans, and a second series

resi stive nmeafs seddaRERlid 61 sbid B2t MONAMNZRRP caudidd Wb amidt dsirdritco&apaci t ance
coupl ed between said plate of said first capacitive nmeans and said second
power supPpkytonadpBwer supply less positive than said 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 load resistive means, equal in resistance o said first load resistive means,
to said first power supply, the junction of said first terminal of said second MOS
transistor and said second load 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 signai applied to a first and a second input terminal;
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
terminatl;
frequency compensating means in.communication with said second terminal of
said first and said second MOS transistor, where said frequency compensating means
further comprises:

a serial combination of a first series resistive means, a capacitive means,

and a second series resistive means, respectively;

32



a second parasitic capacitance coupl ed between said plate of said second
capacitive neans and said second power supply, said first and said second
parasitic capacitance reducing the inpedance at the second term nal of
said first and said second MOS transistor. 30. The circuit of clain129,
wherein said capacitive neans is a netal- insul ator-netal (M&W@ acitor
havi ng a negligible bottom plate parasitic capacitance. CH}QU|t of
claim?29, wherein currents through said first and said second current
source-are nmade t QiR in said first and

| o ch
second current sourcebgaﬁgg?%%kg ‘%d”ﬁp%ﬂggvﬁF%%ﬁgga%h 8% flor equal drain
current, d'fEﬁk%ﬁggﬁw%ﬂsgm?%?aggﬁ%ﬁ%%ﬂ%ﬁ&@”@iﬂgﬂlOf said first apd sai d

second smntchln means do 2.5%for a 5%difference

in the length of §§é€5nﬁ§a?§sit@%§ %:qtg e;s&%?@g b%Meeﬁ@' ?%lat :?a:c} 833 The

circuit of claim?29, whéreln sa Neans of rsar

conduct i ity 43608 o6 At h e i kodbriG %ﬂs@g 46k it bja Sype, where said

first and said second conductivity types are 0sI conductivity types.

34. A hi gh f saanepesksiischpdditen@abiudhid B@fng;;&da onduct or
(MOS) anplifier, ?OITSI’I sﬁlégzzk 33. I\/& aﬁéei %Egi.@%e ﬁ%@@@%ﬂa

di fferenti al s@apist bndsai®ta@nd mhamo\{@mg an input (Gl) and an input (&)
and outputs node (A) and node (B), said nodes (A) coupl ed together and said

nodes (B) coupl ed together, where said input (Gl) and said input (&) of
said first differential anplifier stage is coupled to an input (Inl) and
an input (1n29., rEspaetitvidyim 29, wherein said capacitive means is a metal-

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

31. The circuit of claim 29, wherein currents through said first and said
second current source are made to match by using long channei lengths in said first and

second current source,

32. The circuit of claim 29, wherein for equal drain current, differences in the
transconductance g, of said first and said second switching means do not vary by more
than 2.5% for a 5% difference in the length of said first and said second switching

means.
33.  The circuit of claim 29, 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.

34. - Ahigh frequency variable gain differential metal oxide semiconductor

(MOS) amplifier, comprising:
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where said input (d) and said input (&) of said second differenti al
anplifier stage is coupled to said input (In2) and said input (Inl ),
respectively, where said node (B) is coupled to an output (Qutl) and where
said node (A) is coupled to an output (Qut2), said first and said second
differential anplifier stage together providing a variable gain @t s%d
outputs (Qutl) and (Qut2) based on signals applied to said inpl& A\(i2 ) and
(In2), said first and said second differential anplifier stage each

further conpg ik BRY a deddnihirdMatal drARHESStAGe, @bcnhdvidgSdn 199@%@2 hyd &y type
having a first and a second termnal, said first termnal of said first

M3S trampusia) ak@bihed n%i:l@(/? antino@é (B)0adld heddsSh ¥euplRABgethsr ahdfdaidst powver
supply, the junction of said first termnal of said first MOS transistor
and sai fdoddsI(Bf cdipasll tbgshat WiererINsput (@Pedredaradsut (B2) ofsaiddirsecond ter m nal

of said first MOS transistor coupled via a first current source to a
second piffaentis wppliferl seg® ipoaipladve abligiut at )chntianspuyd One), respagpkely; a second
MOS transistor, identical to said first MOS transistor, having a first and
a secondherersmdiapyt (64) ahd saidsinptidGR) ofsdaidofecsiad diffsrectal dmiB:rtstagess st or
coupled via a second | oad resistive neans, equal in resistance to said
. first Fogpkdteshstinpe (InReavs!, saicingdi(h 1], irespecpreewhseppidnodelB) isunct i on of
said first termnal of said second MOS transistor and said second | oad
resi sti veuptaskingn dubivé (@ ydevt(es; saidhede(Adds epuplsddo pppuipnt(Gdd)dsaidde ( B)
provides a differential output signal based on said inputs (Gl) and (&X);
34 9 MAfrsbaubsaiderosd diietentialiammifier svedagaiheyarenedingvmEatigtiggais ?Eﬁa"toupl ed
via a
outputs (Out1) and (Out2) based on signals applied to said inputs {In1) and (In2}, said
first and said second differential amplifier stage each further comprising:
a first MOS transistor of a first co'nductivity type having a first and a
second terminal, said first terminal of said first MOS transistor coupled via a
first load resistive means to a first power supply, the junction of said first
terminal of said first MOS transistor and said first load resistive means
labeled node (A);
said second terminal of said first MOS transistor coupled via a first
current source {o 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 load resistive means, equal in resistance to said first
load resistive means, to said first power supply, the junction of said first
terminal of said second MOS transistor and said second load resistive means

labeled node (B), where said node (A) and said node (B} provides a

differential output signal based on said inputs (G1) and (G2);
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second current source, identical to said first current source, to said
second power supply; the gate of said first MOS transi stor coupled to said
input (Gl); the gate of said second MOS transistor coupled to said input
(&); frequency conpensating neans in comunication with said second
termnal of said first and said second MOS transistor, where said frequency
conpensating neans further conprises: a serial conbination of & ¥AY 20
series resistive neans , a capacitive neans, and a second series resistive
neans, respectivel%ém%ef' ar.asit.ic nce .co bet ween sai d

i |
~plate of said first capagéilégﬁnﬁéh %dsﬁﬁgﬁiﬁéégae%ﬁar§@wg @ply; and a
second parasiti s%cgr?dod&xgljéabg%gjgcgg ﬁig Rﬁbc%agfs%%\%%{%ﬁr%étgsloﬁ,rc]%t & %‘:dassegbr%jd second

capacitive means an S , irs nd said second
parasitic capqgh%pgﬁﬁgreducing the i nmpedance a t said second term nal of
¢

said first and 'said ond MCS transistor. 35. The circuit of claim 34,

wherein sai d capaci /@8R first MOBREAisloP M Lb saRLAb (MM capaci tor
havi ng a negligi bl e bo ton1p|a€e paraéﬁt?g caﬁ%%ﬁigncéaaéé. Hhe circuit of

claim 34, wherein cuyd @it o $dH QUGRd RdSrdidistdr BDled & Sid §SE}G_@§);CW rent
source are made to match by using | ong channel lengths in said first and

second current sour équetry SolhohsdBRPmadns ikR8meuntalidn Wikh &did@iéBoRd, wherein
the aspect ratio, defined as the ratio of
terminal of said first and said second MOS transistor, where said frequency
compensating means further comprises:

a serial combination of a first series resistive means , a
capacitive means, and a second series resistive means,
respectively;

a first parasitic capacitance coupled between said plate of said first capacitive
means 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.

35. The circuit of claim 34, wherein said capacitive means is a metal-

insulator-metal (MIM) capacitor having a negligible bottom plate parasitic capacitance.
36. The circuit of claim 34, 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.
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wi dth over length of a MOS transistor channel, of said first MOS transistor
of said first differential anplifier stage over said second MOS transistor
of said first differential anplifier stage is |arger than the aspect
ration of said first MOS transistor of said second differential anplifier
stage over said second MOS transistor of said second differengiiAy 2006
anplifier stage. 38. The circuit of claim 34, wherein for equal drain
current, differences in the transconductance.R, of said first and said

second swi t ching ﬁ@@?c};ﬂ%f B8im g@r\%ep n %r£ &th‘ Cﬁefﬁ]ed a r’[heara?(%) gl i er ence

in the length of sard tirst and 'sal second. Swi

circuit Wadthel& 1BAgi of M@f%zﬂws%ﬂir@hémei QRLAG %?@fb% o4 sﬁ?dr%f g%iﬁ fitst

conductivity type are substituted by a secon conductivi t pe, where said

first anglfesaitel arﬁ;ﬂm@frgs!ag“eoa@ugé.agéédﬁdtm@%aaé.&o (?Fé‘aﬁi'ﬁr& q%frléimg fivity types.

40. The circuit of claim 34, wherein the gain said first differential

anpl i fi emplisdragieliSlavr e thy adRtiabéh bMRICHENROSE thdQitof & BRCBhg sai d
first and second current sources of said first differential anplifier

stage i wifferentipasnpliivesisie’ @et 548 sedbhd MOS tréhsion & safd sebaiddifdentiner ei n t he
gain of said second differential anmplifier stage is varied by varying the
cur r ent afrpbfieristageach of said first and second current sources of said
second differential anplifier stage in the negative direction. 36
38. The circuit of claim 34, wherein for equal drain current, differences in the
transconductance g., of said first and said second switching means do not vary by more

than 2.5% for a 5% difference in the length of said first and said second switching

means.

39. The circuit of claim 34, 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.

40. The circuit of claim 34, wherein the gain of said first differential amplifier
stage is varied by varying the current (l5) in each of said first and second current sources

of said first differential amplifier stage in the positive direction.
41, The circuit of claim 34, wherein the gain of said second differential

amplifier stage is varied by varying the current () in each of said first and second

current sources of said second differential amplifier stage in the negative direction.
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