1 TRANSCONDUCTANCE CIRCUI T *159159* Field of

I nvention The invention relates generally to
transconductance circuits. In particular, the 5
invention relates to a transconductance circuit having
a feedback elenment for achigeving high input-to- Xmmﬂﬂ
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application 10 comonly found in nodern *159159+
t,I@gﬁ nlcatlon devices. In particular, using a
If Y§PE8Rversi on mixer is a highly popul ar
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GcYiRNink ARzhaspand-a@ps shaltii@aity r ect up- conversi on

m xer, the next challenge in inproving tl-~e
perfornance of this mxer is to mnimze its
upggsldabl € characteristics of local oscillator

| eakage, |ocal oscillator self-nodul ation and

i Hightpetformsnes nrixess gisassentinheempongnts 2 radiie ifisguane application
o&%{lﬁdl)oﬂ)u% 1nqngdeh?faec&mmﬁ Ui%h%lﬂqgk m xer, a | Ocal

oscill ator generates a I'ng signal haV|ng a
frequency that is exactly equivalent to a carrier
fre band, s
(FrBRERRE [l s TG B0 BoR B8 I8N b B for
cinoek dmnsbegmasle offelye #Ib’mm@s it lagtei&ving bigh kecwuinegratioh, small

power anplifier

\/\H%gﬁued C'rfmﬂ?/ga?fllanmw noévcef %Odls’fmgtf(we m xer out put. Thi s

results in Jlocal oscillator |eakage, which corrupts

requ e um of the nodul at ed ut put signal .
o RendReTaBasR of HEF ah e AT JrBst < TR cfnge i
I BpROWIE tht @edBsraRedd of thid @imed W @hdnihli2 & (Gadadirable characteristics

of local oscillator leakage, local oscillator self-modulation and input-to-output signal

linearity.

During the operation of a direct up-conversion mixer, a local oscillator generates a
clocking signal having a frequency that is exactly equivalent to a carrier frequency for
modulating a base band signal fed through a transconductance stage of the mixer.
This clocking signal may however “leak” to the output of the mixer and be amplified
by a power amplifier, which is typically connected to the mixer output. This results in
local oscillator leakage, which corrupts the frequency spectrum of the modulated
output signal of the mixer and therefore creates problems for a receiver to properly

demodulate the signal.

The presence of the power amplifier together with a parasitic path within the mixer
can lead to electromagnetic coupling of the modulated output signal from the power
amplifier’s output to the local oscillator. Such undesirable electromagnetic coupling

affects the working consistency of the local oscillator and is especially prominent

LT

*G00002*



10

15

20

25

30

30 The presence of the power anplifier together with a

parasitic path within the mxer can lead to

el ectromagneti ¢ coupling of the nodul ated out put

signal fromthe power anplifier's output to the |ocal

oscillator. Such undesirabl e el ectromagnetic coupling

%l(e%clf et l?l%g&(%hléé 0e LBQ(FS'T E%QSS\QS 91f r‘:)tr&ﬁerh Q)‘?%cal osc1llator self-

oscl |l lator and is especia prom nen *0000 2
whedvldtiogher frequenci es are used Thi s causes the

probl em of |ocal oscillator self nodul ati on. The use

of a band pass filter at the output of the power
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Pt B R St el (R R LRI o N PRy

fwlectuemgctlylﬂﬁ qambemtheﬁaranzﬂfreq&aibyt o Mol nar proposes

asub- harnmoni ¢ m xi ng stage 10, referring to Fig. 1,

as an exenplary ~way of resolving the |ocal oscillator
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raeduPatfoh EHBRINEY MBINETdisclbB® thadhé dNtvat@ackEd GNBert cells 12 and 14

sub-harponic m xing stage is an ability to operate at
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any | ocal oscillator |eakage nay be sufficient
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af ty
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prash fiken dosnedied o dwecbutifut of fhheaowed dmpldier.aBy diitepinobdtemy ilasal

r(%%ﬁ’lhli\{)?%aﬁg’%tt fﬂ%l’ééa?%‘éf Pgtg epr(gm llgtdfgoégﬁto%"t The self-

signal i's i gni Tican I ovve ffrom

oscduldtaahqxrotflcxequeasolye$@s tHaa’reqtld;reywﬁrtlbﬂ mgdldﬂlb‘ld; Dsmetnmgnal is

of. 0 I enti al

V@J#r] @ ay(l/h¥ ir:]ogv grpgl th%f’jl 8 ogcbﬁat%r FEQUHC s Yh)?pﬁs wot%%l&%c%lstency

t dtake eyl obelldisesledsentially mamadieed. pr obl ens associ at ed

with | ocal oscillator |eakage and sel f-nodul ation,

there are problens attendant on this proposal. Due to

t Wail€ Motk bropedsh b gub-Rirmehic afixihB SragTNBsITRG te BtP@liMhate

whi ch requi res a,two- a?t ack topology for a three-port

nRipk! F'ﬁflaé%la&q with local oscillator leakage” and self-modulation, there are
problems attendant on this proposal. Due to the circuit configuration of the sub-
harmonic stage 10, which requires a two-stack topology for a three-port multiplication
function, substantial voltage headroom is needed for the sub-harmonic mixing stage
10 in order for the stage to be operational. This means that for a mixer that is

operating on low voltage supply, very low voltage headroom is allocated for the

operation of the transconductance stage.

A high-performance mixer has to maintain output linearity under the input of a large
voltage signal generated from a base band signal. The inability to meet this linearity
requirement causes the output signal spectrum to exceed a particular standard

spectrum mask during the mixer operation. This inability to meet the linearity
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25 function, substantial voltage headroomis needed

for the sub-harnonic m xing stage 10 in order for the
stage to be operational. This neans that for a m xer
that is operating on |ow voltage supply, very | ow

vol tage headroomis allocated for the operation of
t#aguaﬁemnlsmn@m‘éaamq 135@0md S G tggmpﬁér % BRAMEn X BY of
has to maintain output linearity under the input of a

| agljagent figguanaige gerietptrall bypetee sigrad dofreasm a base band

signal. The inability to neet this linearity

requi renent causes the output signal spectrumto
ekparatly,ainpbe tlesign aff ths tnaindarsthge P ot ditest nmsdnvesranngixet ehe
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frequenci.es gener at by ot her, signal sourc . .
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cdurfixidntly Parg® BN&Igh] BB olipgeligndl e the Aixbr Isaibleomdi aehigh & lindrity
stgge is used taggﬁgﬁg her with a transconductance shtgage. )
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| ocal oscillator signal. As |l ong as the | ocal i i
oEasEanducianca §i3es -t lide theesfarg desiaplefpy ¢ dirgst ga-camstum mixseto
OpHvP Ut trstiseh@lict@ce tsth%e WithChigh f’rin@Mt}e ah® cAGdht @¥ficiency operating
linearity with the rnput srgnal fromthe

t yrlast Breg unua rraee aidsgll volisgedicadre@n | i nearity 10
performance of the direct up-conversion mxer is

hi ghly dependent on the transconductance stage. It is

t Qe ¢dcbnigueledi pravbingf lbrearizedi iranseondpetensavier ©i emplay xeMulti-
to h r i i.gh. | Lneari .
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i di ng. i .j zed ' I
e i T S SRR RELORE o B T B
28ageast teOWr up td-beFen Amed B theitheat Roltage diffisasiaky. nAlthargh the

of, as tric. differential transistor pairs .22 and 24
oM RP Rt Crapsalil G o B PR oIE i GREDE pomal
e;ﬁb@thnﬁgrta_l'] @hikiapp@bch RRGLcakidedBlyt] ?ﬂrbﬁc@gldluﬁir@:nﬁ@ cHiadliey of
of the mixer up to_seven tinmes, of thermal voltage .
dﬁlwprwaﬁﬁ@awoygm T HEtF Y St B bﬁi?pté’f‘géﬁng' with large
Tapaeriplifldet echni que is a good approach for
linearizing a small input signal, this approach has a
considerably limted signal handling capability of
aBRE BrpBRUEhMhdLOr Vreastil theWRHBE hd’n@hh%’ c&HaBHi®Y IsStoaM¥ploy an
base band signal wth large input anplitude.” 25 One °
pEopiss Pdganerahion rafsconduetares icigpit He asshgwalin Kigrdgl iThig circuit 30
C Lyl ki o I ] [ i£O,
¢ PABRL dhhY pEnd CnfTD i, AR b O R Rl oply volaee
ciliffergntial 30 Homgwere shel woligae headgerun needsdtfor wiet eircaitpld isuldege,
as. hi I I L f | &y :
elite Bl 28 10 s ARG NEHBER b PRS2V Ko s only
30.7Vsoflvaltgge, hcadmosmmemginaigdut th2 \SubGarswpsl spageFwhich i gpically
supply. vol.t age such as 2.7V, there. is only 30 0.7V of
R MO RE ot SheE e adelonr SRREobd ha R i Glrrem
whiificiendysofttie Ematdr Yepéretuftdd teinsuvhdiotuncs vieduitaB st aagierti@v. The
function operationally. Mreover, the current
efficiency of the Emtter Degenerated transconductance
circuit 30 is rather low. The
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4 current efficiency is defined as the ratio of
maxi mum out put current anplitude to the DC bias

current. Wth reference to Fig. 3b and Fig. 3c, the DC
bias current of the Emtter Degenerated 5
transconductance circuit 304s 1.1 mA and the maxi mum
QU RA e rEUEAS S dATHRY b 1 8attSofnBdiiin fo@ipuBcdrfthf Snplitude to the
har noni ¢ of “SSdBc under a 1.25V peak fb MHz

dPEbiss ewrenkl i nput signal . Hence, the achievable
current efficiency is 55%for the Emtter Degeneration
transconductance circuit 30. 10 Accordingly there is a
n@él réfonencerfoifigrdb and Bigsdw tigUeE dire eursenaglethevEtrittdniQgigenerated
't?e& édn&?c?é’htcg Efr%Lﬁll ﬁﬁ%ll.ll }nl}leaa}l(rgltﬁé/ m@%\%um &H%Lﬁ l'é[.nrrgntalngllitude is
efticliency at operates under a Targe 1nput Sign

r @6dyeA dorch thivdhhirmonlctdgédBeadicoam2f Bpeak t Métxtdifferential input
BRI P e Bl sl TR ishenio PRt Tdiami® DbdRertion
pednk@ndedueee ciedudt30ng t o i nput -t o- out put signa

linearity while achieving performance on high current
efficiency. Additionally, the enbodi nents accept a

| RE@RfindINPriéve Bi ORRY fHRAIORpRNERNERAtIdtASe kaYe tvitk Olidhaigput-to-
headroom 20 A transconductapnce circuit according to.
PR neseriyrand Hueh eifest eidikiepor th?"e%ﬁ?"?sn‘ﬂ‘dﬁhai Hpuhput
sdigHaftandshdRE1af| Qb AR Ged RS8R 2 ldRe G WpcBMerGOMREST ON i S
di scl osed. The transconductance circuit includes a
differential anmplifier having a first input termna
ag\fin@afecond input termnal for receiving an input

vol tage signal. A load for converting the input
vionbedgaenys giiathej imventign dipalesedreigraan epossgpy dmproy¢dypatformance

i . a_ fi : i nal: . ; ,
TRBH 52, ks Shofe R ARBly Y CaSREANpHATARE oo i
t errehinefficieficyt haditiiofifllyr thetengbodiareplsiactapt a dardert inputsegmehidnge
termnal. s, to a second output term nal of
APk S PUPSERSF R, p

rentia rer. An anplifying stage
coupled to the load is used to anplify the
ernediate 30 c

i nt di _si gnal _.and i d t put .
D PBi e el B ia gt emuet st it st S Bidyine
eireifpt sighkl ARl Pérfirmiingg vlogen-¢dtendicdiverseMC BSdibabssBeNThe

the first input .termnal .and the fjrst out t.er m nal

BB TR CRe S BEDIH 5 HRtren L prp A hatiae bHest i ehminal
SERIoN ecuati Pidputt @Finmalor abcdiigy dh fihgnt evdlita@d sigh@ll | Al Riad for
is coupled to the differential anplifier and the
a?Pﬁ'I"?rf'W H@ lg;tuédgl_tage signal into an intermediate current signal includes a first

terminal and a second terminal.

The first terminal is connected to a first output terminal of the differential amplifier
and the second terminal is connected to a second output terminal of the differential
amplifier. An amplifying stage coupled to the load is used to amplify the intermediate
current signal and provides an output current signal through an output terminal. A
feedback element for maintaining potential differences between the first input

terminal and the first output terminal and between the second input terminal and the
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Brief Description O The Drawi ng 5 Enbodi nents of the
i nvention are described hereinafter with reference to
the drawings, in which: Fig. 1 is a circuit diagram
of a prior art sub-harnmonic m xing stage; 10 Fig. 2 is
a circuit diagramof a priorsart Milti-hyperbolic

Tﬁ@&ﬁ”&d t teMlﬁQS&P@\g%Ffé@ﬁﬁil aFd gﬁelsﬁ éo%gl%d pr'tHé d?f@rentlal

Emtter enerati on transconductance
Bﬁmﬁﬁbr@hﬁﬁqgnNMVWSﬁwa¢lng out put characterlstlcs of
the Emtter Degeneration transconductance of Fig. 3a;
Fig. 4 is a circuit diagramof a transconductance
cBriefilescription OtiTheBrawisedback | oop according to an

gﬁgg‘?‘i&g? % o?f th% hf:f‘lvéntl\ég n&ré O(:E:S @8’ e%maf%? w1§1afréf?1ﬁ:§éje U She

ustrati out put ¢h arac eristics o
t drawsgg mdwbicance CIrCUIt with current feedback | oop
of Fig. 4. Detailed Description 25 Wth reference to
t he draw ngs, a transconductance circuit according to
afig. eRheidturedibgram of B@ribiatesubibamndniy mix@pestageNg an i nput
signal and perform ng voltage-tocurrent conversion is
di scl osed. Various techni ques of providing high

i Fiput2 t @- Ut rthit Qiagndl of Neapriory aHNAGiltidyb@bAR | THARENtial
signal range have been previously proposed. However,

t FESeondUiHPques either require substantial voltage
headr oom or have | ow 30 current efficiency and
therefore are unsuitable for radio frequency

abipl Jadan paereart Fratter BpgeperpiéongranpeopduciAneage and power
suppl i es.

Fig. 3b and 3c are charts illustrating output characteristics of the Emitter

Degeneration transconductance of Fig. 3a;

Fig. 4 is a circuit diagram of a transconductance circuit with current feedback loop

according to an embodiment of the invention; and

Figs. 5a to 5d are charts illustrating output characteristics of the transconductance

circuit with current feedback loop of Fig. 4.

Detailed Description

With reference to the drawings, a transconductance circuit according to an
embodiment of the invention for receiving an input signal and performing voltage-to-
current conversion is disclosed. Various techniques of providing high input-to-output
signal linearity under a large input signal range have been previously proposed.
However, these techniques either require substantial voltage headroom or have low
current efficiency and therefore are unsuitable for radio frequency applications that

operate on low voltage and power supplies.
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6 For purposes of brevity and clarity, the description
of the invention is limted hereinafter to symmetrica
transi stors. This however does not preclude the
appl i cation of enbodi nents of the invention to other
circuit variations such as ysing asymetrica
YR MRHRSQL 8 b RS U8V &arfl Ml lesQRRIA! 4N he PRILPLARE Afited
he nctional principles 5 fundanental to the
dweteirditaentsgmaktrichldransisterst iTois howeeir dogsinet gragtade the application
t hr riati . ' L
e IRghs bF e VAR RSBt bl RARARACHED AR (kb
fteasiktacktoe hadrieat sihdar opdératingi pérfogmemeast dh¢ fpadtiondli principles
i fferences, at iffer ial 10 anplifier. This
AR ar FouR el ih s o i, € shd Thdusnout te
diafifteonent i al anplifier to devel op across a passive
resistive load. The | oad voltage signal in turn drives
an internmediate current signal which is then anplified
EI_AIS ftt(_la_l;]t@-bl1c&ﬁtaﬁcfﬂ3&igcfuyiaﬁ@rﬁihgg;e ail émBoditibntRATHRE Miventibhageudes a
e transcgnductance circuit proyides inproved. ,
pETdoRTalsEENt gqra'f‘f“ﬁ@‘”t"lﬁ eolstnt ps@m%tfﬁfefgrﬁwng@t (*diffrentia
| dnkpidied. t VhivvRildves AoAH QVikdae sRAAITREVIBRAS B8 diffeddhtigiinBifier to
efficiency. An additional advantage is the .
tdexpigR aeratict apvREITPEHiIVE lede ephesload valtagsrsignabif tugh grygs an
riABRedRld CurfRASLAA SRR ijh a\s{ynh@cgﬁl_ra%ﬁ%%rzpn?ﬁﬁg & to a
operation of the transconductance circuit. 20 A
prubfemtasdt $386odi ment of the invention is described in
greater detail hereinafter. In such an enbodi nent
described with reference to Fig. 4, a transconductance
CThectartscan@Octinse qirsuieipydvidgs ampravpditpedorgraate Xelatingnig input-to-
per f or - Vol. t : ersLon i ey
Grep STt St S EUHE P EARKCLERER e tfcispey. An
didilftieng it vankaga igthe frarscontiOdtatvaeiragt acdpty slargenpptt signal range

term nal 102 and second input term.nal 3.for
Baieditiey TRUST Rolfhe® TR T ncdPeGR ophe gpnaucrance
vaictiage signal V;,, is received via an input port and

channel | ed through a vol tage divider 114 which
preferably conprises resistor RL to R4. Resistors R

an GhrdfGredleth bo B RhCOMRERL @ioR NeadrBed 1 drii@dr de@NMERInaterat
the 30 interconnection to the first input term na

102. Simlarly, resistors R2 and R4 are interconnected

audt n EHBINRENt GRRABEL R Adferth td Rigeh CONMREINdORarce circuit
the second input termnal 103. The free term nals of,

r K0 fot Breiving 2@ iepuRaige & s PEEPBRNG BYJBerrEt-crsnpconversion is
disclosed. The transconductance circuit 100 includes a differential amplifier 101
having a first input terminal 102 and a second input terminal 103 for receiving the
input voltage signal Vi,. The input voltage signal Vi, is received via an input port and
channelled through a voltage divider 114 which preferably comprises resistor Rl to
R4. Resistors R1 and R3 are interconnected and are further connected at the
interconnection to the first input terminal 102. Similarly, resistors R2 and R4 are
interconnected and are further connected at the interconnection to the second input

terminal 103. The free terminals of resistors R3 and R4 are connected together to a
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7 2.7V supply voltage VDD. The differential anplifier
101 also includes a first output terminal 106 and a
second output term nal 107 and outputs a | oad voltage
signal VRS. The differential anplifier 101 preferably
conprises at |east two bipol;ar transistors, 5

t
t%fl\ltt glfﬂgpgvroﬂéé (/?P '{)l%%ffé%rﬂfahgrﬁgl@gtl @% ?lgﬁ gflagltdgsr a first outgut
ttérenilph 466 orfd a seeorslevtputitetmiaalslios aad ouQputns bad asltage tsugvdl\&RS
connected to the first and second input term nals 102
and 103 for receiving the input voltage signal V;,
The difféteiabammptificrarfp| préfemblyl@nprisesbatdezst tay bipblas tmngsnstors

bl t
JB0rEte FrlrilaeBlo ot ¢ FRERA dRufh OFy T nBF el e
Thasiktoad 1 vall tiagieass bf) thelseddn® tiadsiappO? et @egeohslyacdnaaded to

or dr|V| an inte ia urrent signal IRS .
R et i e Bt G Rk 3 51 tekiving PhecRait el sisge
av;seqaediifiéremt Ralplif&8S101TREidsed BY Biing M3dns1OdichSpreferably
connected to the first aqutput termnal 106 of the

CROMPEFS PRI ATST PRFeeD neAR ¢lifelirs'esuahd tiEPM Hal 104

is connected to the second 15 output term nal 107 of
t he dlfferentlal\ﬂgyllfler 101. lelfyln g stage
10 loadbypitagrysiger! (M Is gaplicdgeross @.é@é Rofon dfiying yn igrmediate

'Jtt@ﬁtr@gtaﬁh@s ﬁlHFe[}%lIg]hS'T% %adl ESh &N firsPfeRN IndE f0424hd 2 second

out put turrent si l'out through an out put port

Thenifalrl§6. die rﬂeq’qttermmat b94 Is qonmect@ért@thesfe"st quipuh ddreingt $06 of

%%d ntifd Y{Hll‘f’g t ﬁel Q:%or%lt ﬁmmﬁqOE IJC’Q&nnéCn[ Itﬁé Qkond
CF rans I St or 5 are respec lve

caupe aerednal ol 07hef thel ditfeeatiag aofphﬁhel(slecdndampbfhmgstt@ge 108

%ﬁﬁlle Itoeltellfﬁl %EF ltS ru%ep Osgll’g{%rllf anlfsnlte% gdrlgs{e %&%Qrﬁ%ﬁéﬁé’f IRS and
| proEdeanaguecirwhi sll@at hetlsough@esutpof parr @Asi stors QL
1-13 are connected to the 2.7V supply voltage VDD. The
gate and drain of transistor Q 13 are connected

tﬂ&eﬁﬂﬁﬁfurteﬂt gt::l]l@(b«l'nd lltda)?fpbigd@ teankiktasi @M - Dl}r'ulfi @Jhlﬁckf)l tR& drains of a

source lii. The anplifying sta 108 pref.era

B rmsisior:0 U Gosh s arasiibt DI S frapecaroly catnecied g che

t WMe R8s oF R S&B%ﬁbx%ﬁs@fﬁ?@nd 2L GirstatrdhsiQbr WOof thB dyifdr&ial
0

t he bases of each pair transi stors are

i ﬁtllétft?brhﬁbctr%gaé‘?ﬁdOfa‘Fa@S‘ﬁtefsthb‘r130%1”?1 rEecneged phie the sources

' &ftt%gl%&egt I.- Pﬁa.te%o’n?»&c%q&mé 1V ouply Riiagé NOIEUTRERte and

sour ces S. The collectors of transistors B

a«ilfamcng taafnélstOéQdém geIngcted gedeety groundn@raugh @ biasing current

g{ nal 104 and the second termnal 105 of the |oad

R %he emtters of transistors B and Q4 are

connected to ground respectively through biasing

r , . i e

L R D R

r Esspe\&d) paiesl of thaheisgon @3, €4 D.sand K3, @ mnwhigtothe bayge of each pair of
tors of tran to r e

R DAR kPR L e Fra LB HEPfReadon o

Ssg@ged through biasing current sources Ins and Is. The collectors of transistors Q3

and Q4 are respectively connected to the first terminal 104 and the second terminal
105 of the load R5. The emitters of transistors Q3 and Q4 are connected to ground

respectively through biasing resistors R6 and R7 while the emitters of transistors Q9
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A current feedback el enent 110 for nai ntaining
constant potential differences 5 between the first

i nput termnal 102 and the first output term nal 106
and between the second input termnal 103 and the
second output termnal 107 gf the differential

%g?ldalfr(])lcfl% ﬁ&%%ctle @%Hllloeﬂ’lr& gh r&?g%fv&%%%ﬂ*g @Lm@ﬁﬂig EdPRO.

e anp ing sta current

e dérdleitors| @ﬁmmsnﬂors_@%@ntiJrQl@esreotﬁseétasl bastutpupeport 109 for
Vv I and 113. Each voltage foll ower
f%bﬁegﬁ% %%?Lg:rﬂglriorn;tb%% conprises a cascaded enitter

fAol duoestr feedbdck rdement ahldi ﬁctroma@mmgj canstat qratkntial dlfferences

g P T PR R e

Ssemddnplrtanmnsdlorm@\dame se@ad raqiue terinigétiD2rof tthe diffecandal

t hr ough bi asi n rr soyrce . .l.b2 Simlarly, .a
regieh 1) 8 iR e el "B L e e
figgm a second voltage foll ower 113. The emtter of

the first transistor Q7 and the base of the second
transi stor B are connected together to ground

tWeQUQ&t@ee}ébzﬁﬁ'eM‘leﬁHl’ ro%tnpﬁ@agro@st IERBtwoNtagOtol I8%ESN $2 and
of transistors St are connected together to the

2113 Bagpproffaggofollayer v@mndzbwmefe@abfe%oww@% & §a5cadedr gnitter
@&i1Rfert &\errfsﬂ traag.s%pbs a8 £éeb,l.oomglst%ﬂ-é6m Q?rsmontagéefouower

second volta 'l ower are res fpectlve

cdandbe emltqebog thefi tsbtrarécst%w a@ﬂ therbaprse §hfb$e§0f(9 tragpigtor Qp are

0 f

Sonhfraibac 20 o BfRleh o hriOemred DRuREIL Nt A

Me@snanqd Qt7lmd razseandotransistan §38sfoon amaccrndq&ltagm@llowert hig. The
P SadC PN r

Shordh 90 (AL MdpE i RRTEEL S b RECE ansisg Qg are

Zc‘bnhdwe:dstegnml’rtd tw gtlotlatgehrcﬁugh Iad:mmmgldﬁeatrmiutch ébsbél":hesokiﬁctors of

P RBTLeRR dro e Buho nEEr A PO NG,

feedback elenent 110 is to drive an output current

L M AT R R

Lvobt¥ge BNbSer 193 A Ve PeeiheBYcorRdcRIdab mewgu@&nsbﬂmns'stors Ql and
potential differences between the first inp

t%¥ A Hha differontigh ampliers10f s Thg GEyster of diericrrnd eisan@s of th
Wefigd Fbelow&em%dltn@blatsei &7 thdnBigdor g&soangm Bethwﬁ@ng.mg

output %ermnal 107 of the differenti al lifier 1
seageH B ar copregtentyssHivh esdmélar%éffeo%@ttfrrﬁ t'??LFF?ﬁB‘tj tigpsistpeQ8 of

i £ fs@é'o‘?lat\‘oﬂldge %HO%PHM 1288 O badeS HSRHAsiAS: BaiPARLIYE of the
device for perform ng voltage-to-current conversion.
Aamnypifiag stpges KIB\aee ehapeatesl thgetherr esi stor. The required
supply voltage headroom for the transconductance
circuit isless than 1 V 5 and this allows nore than
| The fundtion of ifee suignthigedboek eeemdel fsdp dribe a® oftputsayppntysignal
v [ e - :
@léttg% o\ég?hne e%\'rtlle’l atls% ﬁr&%lllt Q/Oﬁf\%te Sfl al ch (g ag%rﬁgglme?entlal
fﬁﬂtdgmok IprVoc s i ssadchﬁvtdarbyunmleuasﬂil@ocbrisyntapabtytml rigffeaences
rrent f eedbac C t
l%eé\a%eg ke £ 59 ngf]]tl&erfw Fad 18%&1%({1@ {irséot% lgtq éﬁ@% Cclf ?egween the
second input termmal 103 and the second output termmal 107 of the differential

amplifier 101 so that a load R5 connected across the output of the differential
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100 as follows. As the input voltage signal V;,,

i ncreases, currents 1QL and | Q@ increase accordingly
as well. This causes currents 1@ and |4 to increase
simul taneously. This results in the increase in
currents 1Q6 and |1 @, therelgy increasing base

i EQII ol B@u@adaé BQhasshr, LiByitd &0 %H@rrnﬂﬁéj voltage -to-current

I ment, accor to Ki rchhoff s first
mgnveemrs A Wypigabipassivedey qvicerigpregisient ed by: 11 = | q +| BQS
20 and 12 =1 +IBQ7 25 Since currents |1 and 12 are
generated fromthe constant current source 111, the
iﬂtcrrermémd suprpfy \rdisge lmadnoelmtfsr thewsmwtw cgeuisie less than 1V

C“Brtﬁﬂ 38 SYmOLe %an%? for garlnaﬂlc SRmn%egfo %llle g%’\/u%:ﬁ%ply

urren n constan
Lmdiege Vb®. Wmsnmmfﬁnnemf fot Iﬂe swbmatmmmd ttagretosadhieab rddsonable
he base to emtter voltages of Vbel and Vbe2 of
S stor @ and Q@ respectively are then kept
constant at all tinmes. 30 Accordlng to Kirchhoff's

second | a ut voltage signal is.Vin =

s ran oo rosia it Gerr fretge by @??Aﬂlwgcaﬁ%mgj%%dback
|lb5}ﬁﬁ1¥:ilfiaté’@l by theQuRredithedbadkUdletitt tiaGen SedRMbcoMdittandd ircuit
the internmediate current signal |IRS, which

a1 s fodev by /’tShﬂse APRIIL ivPltege Sgnaly 1 igreases Wisa&ac‘é?ltwé 1Q2

QHérQééE £UEKRRLy 3t R, 1 Hiis cBYse§ WuFME 10BN BRY 1Q4 to increase
anplification, the output current signal is:
simultaneously. This results in the increase in currents 1Q6 and I1Q8, thereby

increasing base currents IBQS and IBQ7.

In the preferred embodiment, according to Kirchhoff’s first law, currents I1 and 12 are

represented by:
= IQ1 + IBQS
and
12 =102+ IBQ7

Since currents I1 and 12 are generated from the constant current source 111, the
increments of base currents IBQS and [IBQ7 cause currents IQI and 1Q2 to fall back
to original values. This means that currents IQ1 and IQ2 remain constant under the
variation of the input voltage signal Vi,. The base to emitter voltages of Vbel and
Vbe2 of transistor Q1 and Q2 respectively are then kept constant at all times.

According to Kirchhoff’s second law, input voltage signal Vi, is

Vin =Vbel + Vbe2 + VRS
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l out=I RS*A wherein Ais an anplifying gain of the
anplifier stage 108. The output current signal 11U~ is
rel ayed to the sub-harnonic stage 108 through the
out put port 109. 10 As shown in Fig. Sa and Fig. Sb,
simul ation results are depigjed by the plots of the
Vin

CH U SYREE Ol v, a2 A Uy RS Bp g i
daBd tieriowrrodidatptiotes| sigral (RS, athinbsgs alpelnﬂeédmtbe dmpldr stege 108
télg %g{?ﬂpﬁ‘t ﬁtl]le \68t| %Jealrrﬁptnsgl dHV’ E?ﬁgul{r gt @ilrm)éh{ﬁﬂmé{%k utﬁe 8utput
| durresdtrsignyl. is!A 2 dBV |nput vol tage signal is eqU|vaIent
to a 1.25 peak differential 15 voltage signal. Since
transistors QL and 2 are identical, their base to
emtter voltages VberlsamgsAbe2 are simlar and are

seen to be unal.fered. across vol ta
SYGTAD A B U eree o SrRRET Syt P B P el
of . lsh&@aMdald teRYREARRhIcGtagd AODBRubRthe Guipttidit B9, 20

Wth reference to Fig. ~c and Fig. Sd, the DC bias
current is 1.1 mA and the naxi mum out put current

aPLHolMdR Fig SQ a%grpﬁg fS‘Br SIﬁ‘luIahbx]E ebshiy PP RAkScRd b?mots of the

under a 1. ferential inpu

THIEPUE QI four éf dlgencéﬁe yasedo eBiteF yltagn¥bel agamst the mput voltage

té’l ?Q’%r\ﬁlﬂ@t ﬂ%ﬁx &b tpﬁh's! b, Qg{m(\@hb@rlﬂzc{l? IRkHh ftﬂecﬂﬁﬁtl Wltage
er than t generatlon t ransconduct ance

csngn@wm ug@ amasm»mvalw i 2giB\G hugratiaifing higddnputrmietewtputzinal

B Sh PRROBB el Bruea g o The 8Ny

V\fvditlagd Bl|gnlztl sBignaltransibrs a@b amj Q2 anp identgalf uhdir bml 1 ohitter

fisi stors
B R Tbe e MERIE T e RpafRsc s o el e
thﬂ,’ta@d agmdngarq;euwmeh is Sbsanallydiigen ﬂharS&tanﬂthed‘Vlulna‘tygﬁbollc
e aboye analysis stays valid. The input frequency
r eXSEHE, CIf‘%“tggpendant on the current feedback | oop
forned by the cascaded emtter follower pairs 112 and

113. For pi cal sub ro 11 technaol o th
Pinsetisiadte & relre 0o isoBrabirs At andut Sth 4B the
rl%@}@hluhhpodt&t 3@@6n%|¥1p11m &h. QS&ﬁertlltlmaeﬁlirmf)ﬂE oﬁBSdBc under a
eXIStlgﬁg eed wirel ess communi cati ogn. st andar d

s5L.APY R iHErentéahinyr semal. dhe eweent glfisisnrn b %554 For the

dirficbM6anck t ciRRGOTES AMRAT ’NLigh@icARE Sdhkt @flad Nhd h@mtter
art in view of this disclosure that Aumerous chan

oPegepetiatiore irensepndgeiandsecirert S Ovitst thewn iddpearit gl Figo ,t mﬂer
nventi on. For exa Ie
aﬁ?ﬁ%ﬁgﬁé N%RJ ){){/(gl gé c&nlaﬁloh np

ar transistors are used in the
f or goi ng enbodlnent the transistors may perform

SO ARG B2 Rl R R SAEEED y s
Ovaliags :Vilup Ao tar ﬁuﬁss{c@ln du“c@@rtnas girregupf trisistare €81 eidn@4 awith
L%ﬁr{}ultg}llillogsﬁorho ngs o%r fa(s) an51s rs 6' ?ﬁ? \&/ﬁlclfr‘\"lor%etﬂé biasing source,

eonpr 1%
are kept in saturation range, the above analysis stays valid.

The input frequency response is dependant on the current feedback loop formed by

the cascaded emitter follower pairs 112 and 113. For typical sub-micron BiCMOS
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a differential anplifier having a first input term na
and a second input 5 terminal for receiving an input

vol tage signal and providing a |oad voltage signal; a

| oad for converting the | oad voltage signal into an
intermedi ate current signal jjthe [ oad having a first
t@éhrﬁbl'ag)[ tlﬁ%n@ccﬁ@&& e LHEM opem%ﬁﬁ'ﬂ'&ng\bi%ﬂ{ &a{nstreach up to
termn I's connected to a first output term nal

t20€ Mibkf shisht iis sl fTeeigpt ifér @y e>aﬁtu1gtlr19h speed rvdredass rwmaiumcatlon
c%?@gg;ed to a second output term nal of the
ditterential anplifier; 10 an anplifying stage coupl ed

to the load for anplifying the internediate current

nd h
cuPREen B0 AR EERy RSP BRRh iy BhBR BBl Borpig o

rmiersknaemlnrtge e irstiew bf mmtcBMOsaxie thbit ﬁﬁlﬁEr@DQﬂﬁn@ﬁtmﬂlﬂchlﬁ)n

fi t l
e Qe bl RBR 1k i seaP and b b oCofo M Bputor
texamipRahithohgH NENdjlinlﬂrtembllsta}s add et fil e, fo:tgbﬁlgle&bodlment the

;t?ﬁgglgt?)?sléppgyggﬂn?o?l%esﬂgj n%lpgrguﬁbﬁ §fl§a%1tel?i§>y ef ténecgl%glgtl oeldepletlon
t i BSIOINEHASTEBIRGR el llkesli t of claim 1, wherein the
current feedback el enment conprises a first voltage
foll ower and a second voltage follower. 20 3. The
transconductance circuit of claim2, wherein each of
the first voltage follower and the second voltage

foll ower conprises a cascaded emtter follower. 4. The
transconduct ance circuit of claim3, wherein each of
the first voltage foll ower and the second voltage
follower conprises a first transistor and a second 25
transistor, the emtter of the first transistor being
connected to the base of the second transistor. 5. The
transconductance circuit of claim1, wherein the
differential amplifier conprises two transistors. 30
6. The transconductance circuit of claimb5, wherein
the base of one of the two transistors is connected to
the first input term nal and the base of the other of
the two transistors is connected to the second i nput

t erm nal
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13 7, The transconductance circuit of claim§6,

wherein the collector of one of the t~vo transistor

is connected to the base of the first transistor of

the first voltage follower and the collector of the

other of the two transistorsyis connected to the base

Qfafde first transistor of the second voltage

follower. 5 8. The transconductance circuit of claim
1l whe¥ diapscopdicHingd ¢ireihit ffal reggtping fane inphts sighd!l aneld pegforming
| ng. _ ans conprising a first

Sbﬂaént(ﬁﬁgﬁgPW&%ﬁiggaﬁ conductance circuit of

cl ai magdiffateatiali amplHer fhamg ac fiirst enputnternpioal ant0a second input

eas. h t [ o caal-

R 3 TR R bk 35 e AT Ry Ringond Whoge sgnals

cur r ent load rforoconveminprthcs démdavolthges siggahdnta ®eowerchediate current

te ang tﬁeegoatdoﬁztvhng %?Irlfl tg{l%lpg\o?ndo%égco]tngl 6}grzn ?glo(avherem l%e first

tm@MﬁMStoomweédtmefﬁﬁhmqmenﬁmahlammhmﬁhemnandnmﬁkﬁhedﬂw

base of the first transistor of th f.i.rst..volt age

FSFGEIMITN FRANARiEd (7 e carl@UipREsrRInalof sk repiaf iyl fer:

connegh eadn;nrfvm@eta‘gel doaple®rio he bR &r N@iplB¥ing hike tivermediate

transi stors f the differential ngllfler and thé

FREENHeng HARdhayiag an pUiRWiPeFtdor RERViIdiRg A B GUIRI £igh

f ol | owegurrehil feclibR k! §laN&H OfRF WediRmGRg Cdonsbtt p@déntial AiffBrehces

wherein the output port of the 20 anplifier stage IS

CWe@th grsh 1wgl%lg%mdcth§tﬁéﬁ@utpilgtermﬁlél and across the second

15%5559@1?19105@1% GdcbcHiohitplf teehflaMot ,thIGF@dtial RRiplitier, the
anpl i fyi ng stage conprises a second current mrror.

2fsedback eteraertt being eadndde theciéfarentielanipligier idgherpmplifying stage.
wherein the second current mrror conprises tw pairs
of transistors, the bases of each pair of transistors
bZi ng Thentesconduetotedrcuil 4f claiel trherescn dweend fregback element

cfompglaés aofflrst vfoﬂflgg f%ﬁmvm% & s&oéc’q\? gé %‘l?\%}n ected bases

sistors are further
connected to the emtter of the second transi stor of

tge first volt |nterc
Ces 08 i uPRE B PHE O Pl 2o S BERERTES dfptose
afoflofverranb efe seandecltad folioweh eorepristd £tasaided breiteefotinger.
transistor of the second voltage foll ower.

4. The transconductance circuit of claim 3, wherein each of the first voltage
follower and the second voltage follower comprises a first transistor and a second

transistor, the emitter of the first transistor being connected to the base of the second

transistor.

5. The transconductance circuit of claim 1, wherein the differential amplifier

comprises two transistors.

6. The transconductance circuit of claim 5, wherein the base of one of the two
transistors is connected to the first input terminal and the base of the other of the two

transistors is connected to the second input terminal.
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14 15. The transconductance circuit of claim1,
wherein the first input termnal and the second input
termnal are coupled to a voltage divider. 16. The
transconductance circuit of claim1, wherein the | oad
IS a passive device. 5 17. The transconductance

Cj,1 CUiThe Olfrane&cﬁumté&e Mﬁft eéf“ Jlehr% QAR HECUIE ! Sf Bne of
resistor. . A et ho perform ng

vibe 1y éramseﬁmfurs p@lmectéd)m/&\eéﬂiawof '&b@rﬁpﬁﬂt@mﬂgort pleths tfisgisvoltage
é‘?% (?Ler aftl meydoqgctﬁn?ﬁtﬁé)%erv@t t?dnglgt%LsI i Qon?nef:te? to the base

erenti al ier ferentia Ier

hedehhenfgy stetraipistot Oﬂth@wommgﬂaﬂouowrsecond i nput
termnal, a first output terminal and a second out put
termnal; providing a | oad voltage signal across the
f8 rst leelttt;ausconductahcmd:ircahd)ftchtim deedoardin the Sif&uﬁrﬁal amplifier is
b E l) e e theﬁ anor%lStr%nctl 951e ah SL ur enEr%rr?onces
é%%fx%wﬁag* ? %{gié? RapP ale® "EhE S but put
term nal and across the second input termnal and the

I f di ff | f
o o RS g At Al o et RTBRVF (rfobdrisal Miror

HQ&@HMQMK&Q@tE%@ﬁ@kwkﬁiO an internedi ate current
signal by 20 applying the |oad voltage signal across
a load. 19. The nethod of claim 18, further conprising

the SR eihs@mBhdidntt Nerchib®f dldihes, RRkréih &the UTr§e&lrrent mirror
si gnal using an anplifying stage for producing the
oqﬂrrmjt(sescfﬂrf}rgn@nd g,sg?paqd trangistor, the drain of the first fransistor being

connected to the collector of one of the two transistors of the differential amplifier and
the base of the first transistor of the first voltage follower, the drain of the second
transistor being connected to the collector of the other of the two transistors of the

differential amplifier and the base of the first transistor of the second voltage follower.

11.  The transconductance circuit of claim 1, wherein the output port of the

amplifier stage is coupled to a sub-harmonic stage.

12. The transconductance circuit of claim 1, wherein the amplifying stage

comprises a second current mirror.

13. The transconductance circuit of claim 12, wherein the second current mirror
comprises two pairs of transistors, the bases of each pair of transistors being

interconnected.

14. The transconductance circuit of claim 13, wherein the interconnected bases of
one of the two pairs of transistors are further connected to the emitter of the second
transistor of the first voltage follower and the interconnected bases of the other of the
two pairs of transistors are further connected to the emitter of the second transistor of

the second voltage follower.
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20. The nethod of claim 19, further conprising the
step of coupling the output <current signal to a
sub- har noni ¢ st age.

14
15.  The transconductance circuit of claim I, wherein the first input terminal

and the second input terminal are coupled to a voltage divider.
16.  The transconductance circuit of claim 1, wherein the load is a passive device.

17.  The transconductance circuit of claim 16, wherein the passive device is a

resistor.

18. A method for performing voltage-to-current conversion, comprising the steps
of:

applying an input voltage signal to a differential amplifier, the differential
amplifier having a first input terminal, a second input terminal, a first output terminal

and a second output terminal;

providing a load voltage signal across the first output terminal and the second

output terminal;

maintaining constant potential differences between the first input terminal and
the first output terminal and across the second input terminal and the second output

terminal of the differential amplifier through a current feedback element;

converting the load voltage signal into an intermediate current signal by

applying the load voltage signal across a load.

19.  The method of claim 18, further comprising the step of amplifying the
intermediate current signal using an amplifying stage for producing the output current

signal.

20.  The method of claim 19, further comprising the step of coupling the output

current signal to a sub-harmonic stage.



