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A Source Foll ower Attenuator FIELD OF | NVENTI ON The
invention broadly relates to a source foll ower

warasneEBHr circuit, to a differential source P@tlsemmoqsm

attenuator, and to a nmethod for attenuating a signal.
BACKGROUND An att‘?{‘S@hﬁée F%lléﬁre‘?'(ﬁféﬁ&%ﬁb? devi ce or
circuit that reduces the anplitude or power of a
signal w thout appreciably distorting the signal's
‘ﬁ%ﬁﬁ%ﬁm\gﬁﬂ’fﬁﬂﬁi onal attenuators are passive devices
made fromresistors. The degree of attenuation may be
fixed, continuously adjustable, or increnentally

LU : I syl tte r &Gl [ bldeS
3Het BiyBRucn, a0, Riapd 8 bR’ bkl robblderERud to
aliffevantial sauremfioliowsr attanuaisraApdl &0 aimathed tor aienuativg 4 signal.
shown in Fig. 1 and the attenuator (100) is comonly
used in discrete circuits. A resistive network based
BAGKGRQINBas a nunber of disadvantages, which
includes: 1. Resistors of the switched resistive
networ k occupy a larger silicon area with higher cost;
An atieghetor isanesledtiopistdeyige foe pireiiidhatueguresiibg peplityde or power of
L.e ; r : t t i
o HeheE WihQuE cpbfoddpfy HAGIHG B, Sefaf RERIAR  Soventona
atienwtora@re pagsivediayices made ifromissigtads.wihe Hegree péattenugtien may

' i | Br B¥ehRmE coupling is
e R G B R
attenuator not suitable for integrated circuit

IARLARRE HRbhQitor SRR Srinde? d BhEdealE tivbik; tFHBIRE tadder

: .
source gaseg'%a{?tenuators are adopte Slﬁgr el ther fixed
eesistise natyrask attersatan: Ansxamplecyiitiae pitgnpuainmidshayguinddg. 1and the

4 > [P ot .
BARRMOOP AN Lol PRl i | ERUGHRE nor basr
afienuatarthes @enumrber 20 dipadvaniagas.i whigh inekidesi equati on 1,

can be varied by changing the resistance of the |oad

resistor R Cad, the degeneration resistor Rdegen. or _
both. Besistorg of tr@e@gm@g resistive network occupy a larger silicon area with

higher cost;

2. Higher power input buffer and output buffer are required to drive the
attenuator and subsequent circuits. These buffers consume large amount of
power; and

3. AC coupled circuit is needed which prevents the attenuator to be used in

systems where DC coupling is mandatory.

These disadvantages make the resistive attenuator not suitable for integrated circuit
implementation. Hence, in integrated circuits, common source based attenuators are

adopted for either fixed or variable attenuators.

An existing common source based source degeneration amplifier (attenuator) is
illustrated in Fig. 2. The degree of attenuation of this attenuator (200), which is given
in equation 1, can be varied by changing the resistance of the load resistor Reaq, the
degeneration resistor Ryegen, OF both.
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Here, gmis the transconductance of an input
transistor and Gis the attenuation degree. It can be

waresisilebd from equation 1 that accuracy of PCT/SG2006/000361

attenuation of the attenuator (200) is affected by the
transcgnduct ance gm The value of gm needs to be nuch
l@eger—¥td#an t he Rdegen to reach acceptable linearity (1)
accurlagy for R Gad over Rdegen, which nmeans that |arge
curr gnt Ceffsunption is inevitable to boost up the gm
However, even with the large current, the accuracy of
attenuation cannot be inproved in CMOS based circuits

%%E%U@g i gl%ntrfaﬂécdaﬁhétgﬁéeo&egﬁﬁ‘ipdt Sransistor ldndi Gad théefattenuation
Se

circuits. The situation becomes worse in
dearses ulbspe henunsiestieads fromregualipie f halpgruraGynerficnuation of the
b S @bOY is aFeSBB by tH\@ kahsdoHaidiice fRUTRS value of é;m needs to

attenuati on accuracy aresult, the circuit
&k mueh laper sharthe Bc@mrbh re;aca@&wé@blﬁ ANBAEY |asﬁurﬁah£qn‘%md over
tFié,an S which rméﬁég?\?ﬁéﬁ_%r%uﬁ’eﬁ%ﬂn%ﬁmﬁmﬁQnév'i‘tégl%rto ®Ebsap the gm.

*Fbt al ned ea her ef or e ere remai N _nan
riusiverrsevesr wabt@enlarﬂf CNmENth 8% RosHERSH Left aftanuafian (gannot be

Fro%ﬁ reeled 9£se'dr5u%9’(s"‘5éiﬁu§é Fd‘dr'r'l for- gn'i\nﬁﬁﬁderh&ﬁﬁﬂ/éwﬁllmlted

sts to provide an attenuator that seeks to address

Qr CQSt b?@ﬁé Cﬁﬁ”'tsh elhndipation begasies. W@m@e%m'amgmcess
(Mds! Wheke @ﬁfb@?ﬁm?édéﬁ%@ & 8SiPaHsistdrVBNEMEN ,wrﬁd‘lﬁlhﬁtﬁeﬁ reduces

provi ded a source [ ower attenuator circ
cdapyation mgcrragyr rAhe sultclbe disuit 401) ¢ E'HS |zs'lso'|“°(fﬁ pgmmonly
%dﬁ@’éot e fb%fé‘??ﬁc%gn t@nbiSRr (RIT)Bkes SHEGS, Wh@realadgéxllgﬂn can be

con round: a control transjstor th.a
obland apsin e TRBING thefe rEmPIAEN% BRPIEISRE OBIaRI GMOS based

Cd‘f:’t@ﬂ\%?&f@ dwitien SFePsidbletbahRbatedciultgnuat ed out put

signal across the source and drain of the contro
transistor is controlled by transconductances, in an

Wné&ﬂh&ef&é ckiB® tb ";de’Uidet APASd bR tiitdesits tbhﬂd?&@tdt @ast one of

transi stor respectively. The attenuator circuit may
fthe abave pPEPNS.se a RC | ow pass filter circuit
connected between the gate of the input transistor and
the gate of the control transistor for selfbiasing the

X ransistor froman input voltage provided at
the gate of the input transistor. The RC | ovv- pass
filter circuit may conprise MOS conponents.

Acceidingt or adirsicasrechey the rarant dpepHeR ethgre, ﬁ,l Pﬁ?"fqe? gsource
GRWeP lattbhA @IS Sit@fitScorf@fsthg a current source; an input transistor with a

source connected to the current source and a drain connected to ground; a control
transistor with a source connected to the current source and a drain connected to
ground; wherein an attenuated output signal across the source and drain of the
control transistor is controlled by transconductances, in an on-state, of the input
transistor and of the control transistor respectively.

The attenuator circuit may further comprise a RC low-pass filter circuit connected
between the gate of the input transistor and the gate of the control transistor for self-
biasing the control transistor from an input voltage provided at the gate of the input
transistor.

The RC low-pass filter circuit may comprise MOS components.

2
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for greventln signals from feed

control transistor with a source connected to the
current source and a drain connected to ground and

wowak/ogases of the respective control transi stPCESGL®6/000361

connected in series to a biasing voltage, wherein the
attenuat ed out put signal across the source and drain

of one of the control transistors is controlled by

t T stenmirr i disrib nay firther epmprise: @ plusality [9& coptselt transistors, each

tdondl HaRbisBP vt b Q@ur&é‘ecoﬁhé‘ét@& bYthe &Rt Yurce and a drain
transistors respectivel tenuator circult may

fepnpReed clonprouag %qulv\uﬁhagaﬁey off theoi@spsrtiver gARIrelt ansistors are
efpie&ea i Sdrick taA %ia%tngrvo‘ﬂ’aéé‘ vhePdiH 'Erféeatfé?lﬂgféﬁtog@p glghgleacross
current source and rain _connected to groun

vhehsggcesapd dmin refs et iof etheorfiontipl tivempisioss oiss centsolled by
GFRHMRESHRBtahBe) 3 Bh! -sth@, 3f meaﬁupﬂlgtré/r%stt@rg&d WeF e plurality of
the attenuated output signal oss the source an

oAl tEnsisiaes were¢iveont rol transistors is variably
controll ed by the transconductance, in an on-state, of

the . input transistor and by transconductances of
tihesattenuaton sirgyit, mayi fuctheyt canantiseor Pluralits Pk comtsol\iransistors, each

ohtrbiNtransiftr Witht 8 sAPREChhN&dd td htﬁe a&fr@?&'aéo‘afce and a drain
circuit may further conprise swtches for controlli

CRBNRAted e grownd and Wil peaies & thenfaspectiveapente otr@sw ors are
Eaffedidd ih@afiblt M8 ShigSNg %Wé Ssﬁhéré‘iﬁ tfnlg'uétfelhus c8"EMbst signal
e Soukee BRI AR eicPne @fdbe ﬁantsei ?{é&%lsfers is yariahly semfolled by

|tﬁéle%h%nd|§d@{c% | $n péﬁV'cﬂﬁﬁat@ dipf f ﬁ{eenh'pai f?QHél&Sr and by
ower attenuator conprisi a first and a second

éf@f'%mst'?}ﬁ"%sr%h?%e Qiain IPlyraiy of Rordfey trapgsters whigh gge in an on
ts@t&respgﬁrvgpyn the current source of the first

attenuator circuit conprises a positive current

source, and the current source of the second

Tht QRERIR6r dirchitmal FHEP EbRBHscBsIRHESs fof %or‘?tkﬁllfr@r{h? on state of the
source. The source of each control transistor o

f?ﬁ%?t“’&tqo@%'éﬁ?ﬁs@lrﬁ cuit may be connected to the

negative current source of the second attenuator

|rcu &’6 and the source of each control transistor of

ﬂ%h Qé VitgheeMau ComPEse A switch elempkis feidprewenting signals from
fé@ﬂlﬁgltﬁ@ugwfﬂe%i}mcﬁ@éjr ce of the first attenuator

circuit DC of fset through cross-coupling of the

first and second attenuator circuits.According to a

Abctdrdin@%@ﬁ%bcd?i;c]i %sb@cﬂ&f%@ﬁkséﬁl“%n‘h@ﬁ‘ thérB8¢ Brovitied a differential

growg(ﬁd a nethod for
ource follower attenuator comprising a first and a second attenuator circuits as

.claimed in any one of claims 1 to 5; wherein the current source of the first attenuator

circuit comprises a positive current source, and the current source of the second
attenuator circuit comprises a negative current source.

The source of each control transistor of the first attenuator circuit may be connected
to the negative current source of the second attenuator circuit, and the source of
each control transistor of the second attenuator circuit is connected to the positive
current source of the first atten\uator cireuit, for DC offset through cross-coupling of
the first and second attenuator circuits.
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attenuating a signal conprising providing a current
source; providing an input transistor with a source

w@ooemeilesl to the current source and a drai n cPE€I8GL06/000361

to ground; providing a control transistor with a

our ge n |
AOHHEBe a8 X B B5etd of B SRR RINRI (R g AR method for
sttgmaitingarsigsml ¢dmprisingrpzeviding dr sumentf spweecdneyigng an input

i S t j j r ki
e BRleE A o itel Bfingol® BT ERALh Sy SRIL I HinRriboted to
grams] govdingredcattrot transisien with atsogresi eonpected iph et guyeny source
F RESCRI E j ' iy |

A Ao ene el Y drouht p R P oRfchal BRpLiot lccross the
dournk ragd, drain offihe hontril diangistor shigwthah theegitenupting isaeridelled by

i st % = .
B3P B AR B BB o PR AR Bheialet S B e SRS (st
sepedidb@bner ati on for attenuation; Figure 3 shows a
basic circuit of a Source Follower Attenuator (SFA);
Figure 4 shows a differential SFA circuit; Figure 5
BRIGE RESCRIRKIONOF -THEDEAWINGSr ential SFA circuit;
Figure 6 shows a DC of fset cancellation SFA circuit;
Figure 7 shows a differential source follower ) .
The énveation will thowshe deberibed nwidhe referenceite) e epclgsregravings, in
difderential source follower attenuator with switches
I'nparallel; Figure 9 shows a CMOS i npl ement ed SFA of
Fig. 8 with 2 bits control swi tches; Figure 10 shows

gﬁ@?#_? SHO\MQ% 3@%@\%@%&{ et L siSfveldeByork Att&udrd- 9

ure _ 'owchart 11lustrating a nethod
Figurat2 shows iang exdistiiay sammanc Beurs Rrerjifien uging nigsistive load and

' t D DESCRI PTI ON Referring to Fig. 3,
ggg&f&rm. for gﬁgﬁﬁ%tipg\ g 9

asic circurt (300) of a Source Fol | ower Attenuator
Figur 3 ishowhawasiaciicuitd actaureanioliowigr AenuataldRbfbd as |

g;ez,%r?geé SﬂWs ?ﬁﬁfegeg}(algpsﬁﬁ?@%%ari abl e attenuator. The

attenuat’on of the SFA (300) is calcul ated
Figuios Bishows an ingubselichiasedutifesantighSia cirgpit denot es one

PR b'sA5EE 8D offedl GndRlidIBRATSRA citteRd T O

Figure 7 shows a differential source follower attenuator with switches in series;
Figure 8 shows a differential source follower attenuator with switches in parallel;
Figure 9 shows a CMOS implemented SFA of Fig. 8 with 2 bits control switches;
Figure 10 shows measured variable gain control of the SFA of Fig. 9; and

Figure 11 shows a flowchart illustrating a method for attenuating a signal according
to an example embodiment.

DETAILED DESCRIPTION

Referring to Fig. 3, a basic circuit (300) of a Source Follower Attenuator (SFA) is
shown and the current source is denoted as | (302). The SFA (300) is a variable
attenuator. The degree of attenuation of the SFA (300) is calculated according to
equation 2 below. Here, M, denotes one PMOS transistor (312) primarily used to
control the degree of attenuation and M; denotes another PMOS transistor (308)
used as an input transistor. Alternatively, M, (312) and M; (308) can be termed as
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control the degree of attenuation and M denotes
anot her PMOS transistor (308) used as an input

WO ec@sssHBDr . Alternatively, M2 (312) and M ( 3B8)/SG2006/000361

be termed ascontrol transistor and input transistor

t68RS Gahy¥isoy and ﬁ*\gﬁ’d tehnsi8tor FrpebiveyPMOS transi stors (M
and M2) (308, 312) are connected in parallel between a
current source | (302) and the ground at their sources

N Figd B 2iheSwo FMOS bfsistbrs\My iahd rl\#? Y8@Y, @d2Pareaddnhédied in paraliel
vol tage Vin (304) ang\the te of M2 §308 I S seédb% a o

beleeDd R eyt suiss 1 ( 0%)&@3‘3@ 9BRHBLAL tpeipSbYrees #ag afdns. The
batedt M9 RJuReSBYAR mgutqfoltbge VR 0804) and tHdlg-ts M, (308Ris set by

Inventors have recogni sed that an _attenuator circuit

At YRieae e @18k Ui oeta08) e Vel K141 fin rom e sources of
Q,qu@g)t@‘@imt(mg). of the source follower, such as
efficiently handling signals with | arge anplitude and
provi ding good linearity between input and output wth

TRY iRGMMSrs CIRIVRURRbMSed @t Wil bttéfusfdtesirduitBcaporatiy a source
vol tage and provide a w de

¢ bandvviggh. In Fi g g. tv handii

fllowrt FRY RXAIAt ghaeadkertsiich ©f thp sake &ligyvet sucl g PRGNty handiing
SRHAK Swith ledf2amplitie dB@DRSidMg gbdE MmirityoPetwedih ifple and output
attenuator circuit (300) of Fi 9.,3 can be expressed .
with lqw powersq;ﬁgsw\ptlg), aﬁ\&ell_as_opp gmﬂatngnvgfqg@earﬁ pravide a wide
Bahd@ldhy much hi gher than 1/gm of the input device M
(308), the degree of attenuation can be approxi mat ed
as the ratio of the transconductances (gnmM and gm 2)
tf Fighe, iRButhing’ RNS it ehitpuiMindcd@Rde anthd\Burteht Zbure | (302), the
shown in equation 3 and further in (ﬁg)ggtlgn 4. 1 G "1d
degree ofatignlsHan B-f ta atiempaier FAEuit(PANGAL bidy d PARESIPIESHTI 2s-
of PMOS transistors are proportional to the aspect

R+ 1
G= EMyry (2)

Re—t 4t

My, M

Since R is normally much higher than 1/gm of the input device M, (308), the degree
of attenuation can be approximated as the ratio of the transconductances (gmm and
gmyp) of the input transistors M, (308) and M, (312) as shown in equation 3 and

further in eqUation 4.

1
~ EMysy 3
G 3 i (3)
+
EMyy  8Myp
G=—L8"Mn : (4)
gy + 81y,

Since transconductances (gm) of PMOS transistors are proportional fo the aspect
ratios {(W/L)u: and (W/L)y2} of the transistors (M, 308 and M, 312) (gm < W/[L), the

5
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ratios {(WL) 1 and (WL)M} of the transistors (M
308 and M 3 12) ( gmW L ) , thedegree of

w@eaosioeEBs on G can be transforned i nto equati oPCHSGL006/000361

equation 5, the DC voltage val ue of \/ n (304) and
Vbi as (310) are made to be t éa@iq]a
degres < GHaN¢ation @ can beurangienps e%réatroag‘iu lg: eqyafion 5, the DC

voltafeY vaite VBH &5, (3D49)andMu, h(aaop\ardemaa@thsé teagsmef The
attenuatron contro in a |t|o tﬁ'athe voltzillg

e
trgBs4aNARfanAcH Of e (M) can) By FRPYIFTRE 1OY WRLY D Vi (RIS) which
prdVicRE radbBfér pidambior Sttesslidtibe certidl,ah aelbitionitd hevditagé &6tings Vi,
used. A differential circuit based SFA (400) is
st ructed as shown in Fig. 4. In Fig. 4, the basic
circuit (300) of Fig. 3 has been mrrored to provide a
positive csrrent I p (402) and a negative current In

420) S(W&zartely In other words, at the positive (5)
d(uz%t) 4@)21) side, two PMOS transistors M p (410)
414) dr'e connected in paral |l el between the

current source I'p (402) and ground at their sources

e e 50 el R0 ¥ i (400 i e
besed 85M4@1)m sorgtpcied £8)shawd inVBig. ¢4 14 Fig. Bhthegeasiascirstit (300)

o3 68 B0 s 8 BSUERL L oY, R Sh gt
cursidc(420p bgpargplyndnratiueil words, @t thehposilbganuinest bUAPraide, two
e e
cameht groutsed, (408 andggroind: at/tieir sgurces tandtdrafpat rAn( agipyt valtage

oub?ﬂO/i)raﬁ qﬁé PSSIMUCEL&I%‘?\I 34@5% Je“';(?%ke‘?r@r\ﬁ@ Qo&ré%é% t;érl%rstors

|
Ma.n(ma) aa@ Mzb {14). nr'J’lhre gatest @fglwe:‘sl(ﬂ)r/f?) a(rwzregp (414) recpntrelted by a
6
PhAECApE Vool e (OO e W o8 (el $463) rospscively
Samgitrically, awethechegative cuBe®)!, (420) sideo draosigtorso Max (Aﬂﬁdzl@nd Min
(RT3l ork LR HRRuocH 8 reafayuiont SBE 1y A0} Snd gBund: The
negativaopliabe output Wem {622)tis dakenrpn thesourges of Ma. (4165pnd Min

n a 0
(30,3 1 PO SSneelie b 300 Ve 18) S iy o
veltage aVisuf4RBp lace papadsd tr c@yral 3ioet \gates of Hund416) arsk Mas (424)
re'ggg tHafe of M2p (414) for receiving a positive biasing
V ‘fag "Vbiasp (412) is taken between the resistor Rp
(502)

To simplify the circuit of Fig. 4 (400), a self-biased circuit (500) is introduced to
provide biasing voltages Vs in Fig. 5. Referring to Fig. 5, at the positive current |,
(402) side, DC bias is extracted from the positive input voltage Vi, (406) using a RC
low-pass filter. As shown in Fig. 5, the gate of My, (410) is connected to a resistor R,
(502) and a suitable capacitor C, (504) to ground in series. The gate of My, (414) for
receiving a positive biasing voltage Vyasp (412) is taken between the resistor R, (502)
and the capacitor C, (504). The output voltage at the positive current side Vou, (404)
is taken from the sources of My, (406) and My, (412). At the negative current I, (420)
side, similar to the side of the positive current, the wiring is mirrored for the negative
current. In other words, a capacitor C;, (506) and a resistor R,, (508) formed low pass
RC filter is connected to the gate of My, (424) and ground. Vijasn for Mz, (416) is
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and the capacitor Cp (504). The output voltage at the
positive current side VOUP (404) is taken fromthe
weowsoensdf M p (406) and M2p (412). At the nRCEBG06/000361
current-In (420) side, simlar to the side of the
the wiri s mrro for th

Hegustyeet ferenetor iy (GORAN eARRSIOr oY1 5P egetisomtage
o@ﬂﬁht aou(,,e(azzat@ta@n ﬁ(o'ﬁome éd@ﬁd@@,%flm (m%n&m; éMﬁf)r Ih Both the

SFP 1 300 84 (ErlRE] Mo 100 ata sratrpLmstiuors atile Bbg 10) and
mn@z&aa@qhgmnmmst@@(ﬁ) The negative vol tage out put

VOUtn (422) is taken fromthe sources of Mn (424) and
M2n (416). In both the SFAs (400, 500), Mp (414) and

TUQHéd(Jéblﬁ)b SRt §oRt mplitst ABsnBliAg Strdhﬁis{di‘ dhpbd 42ddk-cd0fled to

424) are input transjstors., To reduce DC-offset

PG 1 SATRONeTtE GA BIPLT AGElPanAR SRB P e DS inpuls cross-

c6lifI6s aﬁém@tcﬁdsts‘ho@ﬁﬂﬁ Hig.0: qpenaraniter (600N Jf t6 has similar

Si nals xanple of_the DC inputs crosscou
(il 5 B1e BEABAN of Figki . PWerRG the oHe: 0 Mho0HIS) At the

nEgﬂlve@uhéﬁ |§(4@2b aaetisoa@b@@au {otRe PhtidOMerinpht §.(402) to
at the negative

PRfIdEQR oSS SalPih Ve @D OBl e P e 5RYE o Mo

(4:114!) € e bogitivle &Lﬂrdnfr@@ 4(12?: sl@i@qyldﬂ&smkaWG tH@'rIegaﬁ\/e current
e ot her han 2; 2.3our ce of

ut
S'ﬁﬁ%’ w%(% tg REP egAtive yp P@ﬁtOUF%' ide is
cross-coupled to the negative current signal input In
rOVId .a negatjye vol tage out put Voutn
'ftfiwsz%ﬂp qRERIEoD. [ PEHHEIRLYRbIe DE Dies okl b e atppuator
(GD@) htts@ﬁ wmcwrsowrﬂﬂdn ay sbtie a'fnllcﬁiw@t @fow)(e@@lo)thlbttﬁ@ bresent an
n source foll ower

ishie, fuhipSing TR0 RIo? RIUES KO 1BORSB-Yim 9 5 oronies voltage) of
thieGAsLL tr’eﬁaau%a\AM%n (Aym ﬁzll)fhrﬁicdﬂeﬁ&atv@ tizmgloro M.} e, (414, 416)

ansi st or and_attenuati n

nedtbiiere I iR o ek dhe Selaonstia o <Gugion R end oAl This
catl B€ athievarkie ACouplh@id adspiédand birREkgVoREges (a,rggsp 3vb.as,,) (412,

lid,  This can.be ac \Y if AC coupling is a
f@dofb fhasinpy s @rés@?%ﬁg%psawgsﬁt a otm)b'%ffnq fgikcuit.
Fmrﬂwtthbrm (6009 nfay( Wk bét%f)ri]f m%rbobgnrgge% Ued awitrofilter€le In this
e

c33e; POV PABERCITS Fg TR PATONN 7 FlePa PG ffegs extrac

th@@@:vameﬂ@f the\mgga?ﬁ fgr:éls gfl(f P@s?tr% éﬂéﬁhﬁlggiraiﬁlsfﬁé‘rg‘(m4 216).
e

ey SITA 1‘%{9% 2P alsodoe, Precoupled da'tep@h b H@H?msmﬁﬂere gfa RC

ﬂ(eﬂb!’so bﬁh@és aanantag@ of mcmgm oﬁ‘@étRCai; fh|@ BEA Iafba)w pk&dlin a
Ilter a

s FRevelsion Fenrielise. B dUGE PRYABCSTHFS S 2bFVa huo gemoses
wiHE® compraagisiflg iother performance aspects. It is noted that the self-biased

circuit (600) does not consume any current.

In the above-mentioned attenuators (500, 600), resistors (R,, Rn) (502, 508) and
capacitors (C,, C,) (504, 506) are used which is more suitable for discrete circuits
instead of integrated circuits. However, both the resistors (R, Rn) (502, 508) and the
capacitors (C,, C,) (504, 506) can be replaced by MOS resistors and MOS
capacitors, which is commonly known (i.e., PMOS, NMOS, CMOS configured).
Here, resistors (R,, R,) (602, 508) and capacitors (C,, C,) (504, 506) are used for
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direct conversion transceiver, a RCfilter actually

serves the above two purposes w thout conprom sing
w@eiweneyas f ormance aspects. It is noted that tPEr/SG2006/000361

sel f-biased circuit (600) does not consune any

current. In the above-nentioned attenuators

PEDIFING ARAYPRIiAY Biaging Voltage Ftdoegatse gl atéﬁwawpfé%nse%% Mz (414)
ah@,, (1k).(504, 506) are used which is nore suitable

for -di screte circuits instead of integrated circuits.

However, both the resistors (Rp, Rn) (502, 508) and

Theeaegﬁa%a&lattt@hﬁatb%an%)va{ré@%r t%@@FA%a(Bo@esdo?@k arge® a4 6 by

MOS resi stors_and MOS capacitors, is conmmonl

ejthrsianajqgue or dratt@stecmms ohesordiBnfa ama@apguwmque biasing

vblfégjes VE%Sat( {aﬁr@egﬁgée ddf ?Igrg g%&?)arzgzgg fflr?‘f)ﬁ) 'r||§ g{azeg IQ@ céftdol the

fﬁ%mttaél@@ It mpstanqgierbatieiuatien eARY 7Iagibiial cRipls Qe control
Idoppd4h @%ga@bl N’&Ehnﬁ 6bor aTt@ﬁuéiﬁw Eshtid :@bh#éWétIl 0 tﬁ@ncéa,% two

d nd
d@fﬁ?ﬁi«@?' 8FAp d&% %QO)o@rgu @rapow)crﬁﬂ %{M@ m&goﬂd.aﬁa §o Gentrol

s@ﬁ‘éﬂe@ s 'mm@loﬂtmwobl @?ﬂﬂ?ﬁke&})b?ea(]&advmr%ﬂeﬂlﬁatbheccﬂnﬂrbﬁsThe
and is varied to control

h
deraa-hatan THHosIeD AHSRIrS (10 S00) EnthaedonEsl Switthes are
e%@%hﬁéﬂi@dnh%&n@é@@ﬁleﬂl gital control | oops, a

digital technique for attenuation control is
preferred. In this case, two differential SFAs (700,

R8fin foq=|%>r7omgtau Qﬁth%WSFR (Fo® is iMugtrfed. InGag! 7, Qhere are

SWtc MOS conf i gured) are use

LSS oSkt B, S ameed i Bk s, Ho el Shge o

tht ltbﬁwa(vge)ﬁs(ftﬁaaly f8RRed b§ o paf of @r%ltséli—@ll)u;ﬂém raRaStoR @Ma,, Man)
ei er. connecte I N seriles aral L e ferrin
(1Rl 158 Wil BOTEPIRTIGry S bss et S B0y 702, 704, 716, 71a)

cédt}dﬂﬁ\brtﬁélﬁgateé NAFthe poditivé BFént %r(aoiz)vmdesweg@@r@é of Ms,, (706) is
ub-circuits ) connected .in | adde

cr?ﬁ%-cwm%q tostﬂ"'ﬁé'@%?"et%’érelnélﬂ’ﬂé?' (950 Atéh%%ﬁt'ye PHF%H (420)

sib¥, the Ralirice of M;.Lms) i%%ﬁh&?e& Ecﬁihé'p‘ébiﬂﬁéc&r?@ﬂ m;Mﬁ (402) Both
nt ar

h
agp et el By SaT B TP B, e e (2P e aro two

switdhes cofhﬁecﬁé&ﬁlnwlbé 'fdfeeaﬁthrdf Qr@ahskiérs( 67@3) 768)dan dahﬁ;ular at the
Cr.oss-cou to the ne

squr ce of al[
PoSiMetr fer‘ms@é) ﬂreng%tﬂ%b"’sp (£06} 'ﬁéOHgﬂﬁf’N@ RarGf éﬁga Vn°°““e°ted
cc{rﬁ;a@aerﬁarsd%wutbm SHH(70R) @hd P@;l;b ((76@)8) At ﬁleCﬁé’g@ﬂVé @drrérﬂ In (420)

r%s,ltlve current |n &@480%’ Bot h ral‘ag
s'%et gate7 66 Maadd0%RB i @ 8y° ; h&8cPaH 4 oS¢ mr@"nected
corhSlingenddry sﬁmﬁhé‘s\/\BEnP grfe)@ﬂns{;; (SZM) nig eﬂié ﬁl%t sBigeadthe Mhdder

ransi stors ul ar, t he
(7t50) transistors Mgp (706) and 3n (708) are used as control tranSIstors

The second stage of the ladder (752) has similar arrangement to the SFA (600) of
Fig. 6. However, as an addition, a pair of serially complimentary connected switches
is provided for the gates of the transistors (My,, M2,) (414, 416) respectively. In
particular, the gate of M,, (414) is controlled by a pair of serially connected
complimentary switches Sip1 (710) and Sy (711). Symmetrically, at the negative
current |, (420) side, a pair of serially connected complimentary switches Sy (712)
and Sy,2 (713) controls the gate of My, (416). At the positive current I, (402) side, the
switches (710, 711) of the second stage (752) are serially connected to the switches

(702, 704) of the first stage (750). At the negative current I, (420) side, the switches h‘
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positive current side, the gate of M3p (706) is
controlled by a pair of serially connected

w@ewplositent ary switches S2pi (702) and S2p2 ( 7B&)/SGAW6/000361
the negative current In (420) side, the gate of Mn

(198714 e RePBLATHA% Phed BBl S bl eutie vz

7(1ﬁ1m§the|aecwcbstag¢§152)st age of the |adder (750),

transi stors M3p (706) and M3n (708) are used as

control transistors. The second stage of the | adder
Rig.52$havessars dlidrnative SFA(BG@NEhe SFA (80@) t&%Aw()&w@;)es ¢7507i802). At

f
(e RN S (A0 30, e B B8] opeE i B e s
cganeciedfin shdes b@tntbes:tamcs‘ qonBimelBmy s(itdes @O08) 704) of the first

contf’%b \é\% %onn'e@teﬂ%tﬂ’l HJaliaof cﬁr%luﬂ%rﬁ%gﬁ{vg%gs 7130 )7117Q'of the

seri d
seeens! $tﬁ@¢1f8&2yl@ﬂrallehe%lrrﬂarlyp|at theT@pativeccurtibpl, (420) $ide, the pair

éﬁm%é eéromgﬁ% s {7 co nﬂ?g t% Fegl]\é?é%gr 1 QP Q)FL? (a% %@H%‘ged to the
psir mf compimeniany SsdtnlzeS((‘713,)71c3<)) of thel secoritestggd 80Q) inVRirallel. This

ch4iiEs - thé\tfr%f‘%neg% éé’cﬁn{i b Gl 51753) (é(% &;qgg)sﬁé {800) to be

"SW tches
inlepengdanyly @wﬁdm el and) off inehichwifers diffeferd zunc?ane)nneé cbmpared to

td S8A geFi/P0) . At the negative current In (420)
o SPA (R sw'ug’t%hes(na 714) of the first stage (750)

are al so connected serially to the switches (712, 713)

TR s BT SRR B A et T (P Bafn 8627 w0

the positive current Ip (402) si de, svmtches of each
control and KW?);} transistor are still connected in
Gseries_but t Ailr of conplinmentary swtches (702, (4)

7047’/6)M,;,H69,(Wfb);”2,§+59(@//@§ )) are connected to the
pair of conplinentary swtches (710, 711) of the

second stage (802) in paral lel. Simlarly, at the
”é‘%gn%“vf“"’*n’éﬁfs‘ar% WSPERaE ohIer s, Simesm See) bivgya binary
nymizgy) ofj ejthar $B' @ro'rfhéclt elfainingt 'va” pad r“ot’ﬂf statespl Innwteersymtches
h 8
Bt AP 4. 7y Bac GBS, R 208,(002) 41 gon
‘71(37564) depgndsfon the SHoff c@EOPF Sp (8@1 iSige Bendsni)l (710, 711, 712,
71%‘)\"%3% \P‘ RN dﬁar%'l %Rtgﬁ% %%hfer%ts entongquI _attenuation

unctlonaltlesc ar e
confgls pf e stages 4750 ﬁga)t arenndﬁpenumtdrqm ea@mothet BlraApurpose of

ln&ll]cﬂl@g C&QI% Mé}t&%‘é@ﬁdﬁ%éﬁé ge@l?foé@&%eé%w&%le%]fgr ajlé%sistor)
in lghq] g}rguuﬁlﬂgé,r 8Qf}) ieite furn offitheosonitrol' tramsistoist (06, 1EB8, "Hid; 416)
whdRGhePhfe dot i AtdRiatidccHiol ﬁ%dé.v‘@o%ﬁ%entary switches improve the
attenuation control accuracy and prevent signal feed-through through a single switch
since large incoming signal is expected for most attenuators. In Fig. 7 and 8, Sy
(702) and S, (704) form a pair of complimentary switches of S,,; Szn¢ (716) and Sy,
(714) form a pair of complimentary switches of Syp; Sip1 (710) and Sz (711) form a
pair of complimentary switches of Sip; Stnt (712) and Sy (713) form a pair of

complimentary switches of Sy,
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i npl enmentation of Fig. 7, attenuation control of S2
(S2pi , S2p2, S2nl , S2n2) (702, 704, 716, 714)

walepsnedasdbn the on/off state of S1 (Si pl, S1p2CT/SEI06/p00361

Sin2) (710, 7 11, 712, 713) respectively In the:

%%%r&ﬁdseﬁ‘@ﬁA‘%R?@O '868’ ﬁHﬁHé f gbgag rItY ygﬁout §8’Q§U“§P% much power.

attenuati on co
i TREE HEHH S99) plso rmrce/mwnde thandwititrewjthoy @sesupiing ralchdiod@r. The

ShR OBzt caft B8 el b T FeahitE AIEE] £lp, wijghjs hiohly
agcyrater angh independant dom ithe variationi ef thesp@vV%supu}B préde‘b,s and
fel’ﬁﬁer%?é‘ Tl'?éaﬁFﬂé F/O@%O(?)rb Aldi€ Qt‘ﬁw \%r}?%%gr;{ ?%hﬁr%rbcﬁq veyy large

I mentary rove
HIP eLsigesl. dihvg Spﬁﬁé\,(éeﬂ 890y o2 albe bd-ushd wuglbotmb@mghc@:plmg The

| |
Bl 04 b0 TP 0 54
Hfqy for yefirbiasing. mDegresrof aittepuatiini cunirbbofythese tveh 85Aef(700, 800)

S&iPbe PAel Ky/dfingnd S2n2 (714) forma pair of
conpl i ment ary svmtches of S2n; Slpl (710) and S1p2 (71

1) forma pair of corrpl imentary swtches of Slp; Slnl

AT i o BETSARRY B FECP BN g 0. 1 i
imrlgmented asing\0. WHﬁh@lMO o thei mrg:lememteqb«mant (90DbE yresistors and

&fRGiors %@)r.galssaen@gréh%ﬁhéﬁ @&%&?%@1& ﬁe@%ﬁorﬁ (MOSR) (902,
918) apd O@yagtﬁ)m H\A@S G)r(264. 69 T@gpasoectrratlo of thehinplit arel control
tmh@@t&s%@%ﬁtlﬁ T3BR 1.N49RENES é&frete c{ﬁ?rp iflﬁté%& A@(SO) with

ower supply, process,
rF?QRS’“‘B@G)COB rsmt@h&&tlstabwateﬂ mé'@bleafnd can handl e very
| arge input signal. The SFAs (700, 800) can al so be
used with both DC/ AC coupling. The SFAs (700, 800)
both use soufdtdefloinpy @@trgbtransaqreaamwratuand adopt
| ow-pass filter for self-biasing. Degrees of

attenuati pn contrcINqL MESE MO MBEAS (RO ) can
be variedl b | ton for
t he SFA (Sﬁth(\ﬁ,&mf) i %@Oéé\.@ i E\,Sg.b.}!ﬁ.1.§). pj&i‘ i's

i mpl emented using 0.1 8nm CMOS. In the |an enented
Nete:cuit (900), resistors and capacitors of Fig. 8 are
- R Bt CMOS configured resistors (MOS-R) (902,
908t and f@gp{a%:/ltors (M3XS-C) (904, 906). The aspect .
W:ghaanedfvidth@mpput and control transistors is given in

LTé}ﬂnﬁeljlengTﬁﬁJ Easur ed gain control of the SFA (900)
t'o the control switches is tabulated in

respec

Table 2. Table 1: Input and control transistors aspect
ratio Table 2: Measured SFA gain control

S2 Sy Gain (dB) Linearity | Bandwidth

Calculated | Measured | (dBm) (MHz)

0 0 -0.405 -0.4 16.5 150

0 1 -2.805 -2.8 17.0 180

1 0 -4.642 -4.6 17.0 200

1 1 -6.105 6.1 18.0 210

Referring to Table 1, the input and control transistors are constructed based on a unit
transistor with unit aspect ratio of 5.00m/0.18um.
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Note: m nunber of fingers; W channel wdth (mm; L:
channel length (nm Table 2: Measured SFA gain control
waRedos06318y) to Table 1, the input and control PCT/SG2006/000361
transistors are constructed based on a unit transistor
rrin

th uni ti o of 8mm Ref
Fertnt Plro28 TRRR a, Wi erteo RS P a0a0g afienauch Feuts,
tae tnesasatddogaine 9 tfies attératargas)r mdtchiavels with thél@alculated gains.

T O At o e e o
the 6pA000)S5AlI0EIsurddhwith tweelanes jn iedindt gignat; AvhiAOsbnfifrds high

i FERE b1 4 B BB oot o mor

tl@amwomms,amcnnsebasewan viriving Izpsada@wdirﬁ @fithdmgretHe SFA (900)

AL high et antbREh SABnfble l Refl chRBasas SO0 rom 1.8V

shppji voltayenwivtiich, lnolmdeﬁmiaising mnmwsesat i5 QA rﬁérﬁ"ﬁhﬁh at the SFA

G Ry o2t o) o et whER B a8k it ot 3'3%.3 cip of the
SFér (208)rid packaged withi $DIC-8 fmrrﬂes‘tlanOTKe Gﬁlag?ﬁitﬁde fesperdes of the

t es Pﬁ%confr%&esﬁiﬁ&& O% b'&e@ﬁ%ﬁ%%g og )t?fs sgﬁ ”("@)%@;"e 10. The

overall perfbechrime itk cliaractéristis of whé GFAs (4081 arSHbultited #HhTale 3.

h r r ce and .

Bafed G HlsP SPourdofe i @b BEBHERLS Badifunable o bayped as
adow-Bawer lomvoltageelowesnst, bad widechapldAtied0&pr.i s confi rned

to be very suitable to be used as a | ow power, ,

| ow vol t age, and, wi de b ttenuator. Table
- 3: SFA overal|'® %ésgﬁ:é(? @Pf‘?ﬁaﬁﬁwgg’ AR¢hg to Fig.

10, for the experinental results di fferent degrees of
attenuatiop—are-plotted for various swtches an/off
states. |n|3negificaion the vertical ax|®1GuapEMO8NL <
vol t age ga|Supply MabagesdB) of t he SFA[1.8¥0) and tHe
hori zont al |RminCurrept esents the freql®@p) range (| 1 to
100MHz) of |Actiee Ateienuat i on. The att g1a0at60qm-degriee i s
pl ott ed aci3adBlbargiwidth di fferent sw t EfBes0 ond MIEE dt at es.
Here, "1" hwans the swich 1s turneffiggeand 0" |neans
the sw t chlaugnidtoR @S b, bxteMidoRd) d1 N9|0to 6d8 S 2=0F
neans bot h—swrtTthes are—turmedoff—were—no

attenuation occurs. Wien both switches are turned on
Referring to Fig.10, for the experimental results, different degrees of attenuation are

plotted for various switches on/off states. -In Fig. 10, the vertical axis represents
voltage gain (2 to ~8dB) of the SFA (900) and the horizontal axis represents the
frequency range (1 to 100MHz) of the attenuation. The attenuation degree is plotted
according to different switches on/off states. Here, “1” means the switch is turned on
and “0” means the switch is turned off. Accordingly, “S1S,=00" means both switches
are turned off where no attenuation occurs. When both switches are turned on
(8182=11) (Here, S1=8:1p1=S1p2=S111=S1n2; S2=S2p1=S2p2=S211=S2n2), the maximum
attenuation occurs. The simulation resuit of Fig. 10 shows that this circuit (900) gives
linear and stable attenuation over a large range of frequency about 1 to 50MHz in a

stable and efficient manner.

It will be appreciated by a person skilled in the art that, where a differential SFA is not
required, alternative embodiments can provide a single current source SFA based on
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(S1S2=H) (Here, S1=S1pl1=S1p2=S1nl=Sln2;

S2=82pi =S2p2=S2ni =S2n2), the maxi num attenuati on
wW@ewsne313dThe simulation result of Fig. 10 showsCT/BG1006/000361

this circuit. (900) gives linear and stable attenuatl on

over a |large range of frequency about

1 t
ettherihepesiiyecr meertivetcurantides qfthepips (f&%%?ﬁ @QP»aMd 8@96“

géoF)O% 8G6h &kbbdi %ntsn mfsfé%d afftthd BRdss- cwﬁrng @nfédtibas enbi@l DC
iS not re tive enmbodi nents c

offecbit e SEAs (0000, 806 00 900 16 SePReeD.t Bt SHEPLFREEIsiate: L.

IFR. £HRA 814 gsctéd tolthe samégpdsiive t
Ng‘bgms N Mgf (ﬂ@@)@%g’i@?nd 900? reI%'r?ﬂsuc rrbogl rreéﬁpt)s ) ourren

swg@mmf twueqeo%féh%ew%'%%@u ons to avoid DC

of fset in the SFAs (600, 700, 800, and 900), the

sources of the control transistors, i.e. Mp (70@5 fﬂn
Invithe (aboxs-mentioned embosiaenis. AMOS ohiprsisierg Myt FRPlasgEMOS
troRiSibisl Wire @BproBRidtesour ce (402) as the source of the

I nput transistor (41 0). In the above-nentioned

enbodi nent s, NI\/EB transi stors may replace PMOS

F{gbﬂi‘ﬂﬂsélﬁ% M@W@haﬂpﬁQ@(P'iIIL@irétingFIaQHétﬂo&]fouSBﬂé\‘ﬁja@mg a signal
| owchart 1200 ilJustratjng a nethod for attenuating a

agGQIHiRg i @B @xaRgPieo eAROLIRRHY  ALnBiSRi et . @ gurgnt source is
prodAtied. @ AR UStES M20%0 W fpub tiingistatedith A sdlrR daihbctatnto the

i nput transistor with a source connected
CUTTHRUTER, APEeA HFRIN 2OAPeFRd B rETBURL i Pbovgc{% g?ﬁgep 1206, a
cONtN | R distdt withe® sbaR@ cenrfeidd @ thé DUFient @buikt find a drain
source connected to the current _source and a q
ougq.p signal is

cRRIfHRY ByoryINgrisRTavifed-p A ateR 4203 a) AUENY3468,

privididuatRds QHE Psbursd GRal dﬂaﬁm OF ANé ARfhtrar trafsiston Qsdi:ﬁ Uthae the
and drain of the control transistor such that

afienuaiing: isngontoliegnby dransge QiKeSe JR AR oloe Ee <§ they, input
transiStorhRd oPthel dtioNRatisistbprspet@eand of the control
transistor respectively. It will be appreciated by a
person skilled in the art that numerous variations

It 3WIF b8 TapPRGidteF BY ia0RFsdPYkilR® iFBHE aHthhhRuURErBEE Rariations and/or
i nvention as shown in the specific enbodi nents, without

madifisFtiansgmey oiR thrdes i, pprsesk &B@"B‘P“ A5 SRR iths specific

er'ﬁb@&meﬁtsd\ﬁiﬁﬁﬂt *é!@gamﬂ_@ ﬁoﬁrtﬁéﬁiﬁnt%mﬁépé‘f@ﬂfh‘é lﬁVéhtlon as broadly
t her ef ar e, be considered in ects

4930r hed. s RIESaN @TIRGAIMARE fice 19y O@Lm %C&ns'%f%m%fespects

tof s lh@@!w@hﬁ&ﬁbﬁbﬂﬁdﬁbrcu't conprising: a current
sour ce;
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an input transistor with a source connected to the
current source and a drain connected to ground; a

W@ oovBH0ed133 r ansi stor with a source connected t oP€TI8G2006/000361
current source and a drain connected to ground,

%R@;n an attenuated out put signal across the source
ain of the control transistor is controlled by
transconductances, in an on-state, of the input

transi st or d of &?ﬁl ontrol transistor respectively.

o7 SQ&F‘?% owst a PrCgUTt CPAPRHEAGI n clai m 1,

furt besureatpourseing a RC | owpass filter circuit

ComT S PARSTRE WIF 5Faf ro  RE d o

didie commdoted td gragdst or from an i nput vol tage provided
at the te.of the ipput transisto 3., The attenuator
o1 r ol GOTEDY AP RG Wil & e R Lo RREIE t R UREN SABadnd 2
dfdih tonnaziedtd groungpr i ses MOS components. 4. The
one of cl

atten at ar C|r ui t ai E)g nan 1
to 3WIP(HY ﬁ“é‘ra ‘? PHEY SE’I”G affiosy the seyrrs B'i‘d drain of the
contes] HapisiBta, is ebanhonémby thndédondaciahoss, ihldh én-Seie, ot the input

TSRO L G R BRE 2, oL ot o

transi stors are connected in serles to a biasing
wher ei nal .acros

| t t  si
2) P TS ABREAG! Brit e b b e DB ORGSR dow-
pass filtertcirolit ednlbactéd aewmhd dhébé?ﬁ:eﬁthei illiplﬁrtlra){siﬁm;aér&i thefgate
tr a t or n a 0 ur a ofr,
of 1f GoBot trafs TGt B S Bt the Spphirdheititrsrant AfLiayt votage
praividedi gt tlaesgaﬂeaofrmeimprmt&ausustae of clains 1 to 3,

further conprising a plurality of control transistors,
each control transistor with a source connected to the

3cur rehé attenuater éirdlitaasidlaimeddn Blentx dvlictei thel RE ddpass filter
at es :ﬁ ghe res% %tlve control transistors are
@ p

W th

ClL CoRRIFep CRMRgN bi asi ng vol tage, wherein

the attenuated output signal across the source and

dral of .one f the.contyol transistors.i varl bl

4cont Fof 128809 R 10/eEit e Eaioer i Aty Oh o R 3BLY, fyther

cérhprising utplﬁrraatysd)f&twitro&frdnéls'totsr @ash @oedtrol WOOWM} hossurce
of control  transist [

whi ch are .
odfinebpe B e Spire eI @ araeShrefiortofiy B0 wilhoates
ofcthairesskdtine coatrobtransisto, ark Wohhedcted dBEtiS€s ftga biasing voltage,
wherein the attenuated output signal across the source and drain of one of the
control transistors is controlled by transconductances, in an on-state, of the input

transistor and all of the plurality of control transistors respectively.

5. The attenuator circuit as claimed in any one of claims 1 to 3, further
comprising a plurality of control transistors, each control transistor with a source
connected to the current source and a drain connected to ground and with gates
of the respective control transistors are connected in paraliel to a biasing voltage,
wherein the attenuated output signal across the source and drain of one of the
control transistors is variably controlled by the transconductance, in an on-state,
of the input transistor and by transconductances of those of the plurality of

control transistors which are in an on state respectively.
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switches for controlling the on state of the
respective control transistors. 7. The attenuator

wW@R00s63138s clained in claim7, wherein each oPCT/RE62006/000361

swi tches conprises two switch elenments for preventing
signals fromfeeding through the switches. 6. A
differential source follower attenuator conprising: a

$. r st The@ttgndaten wircuit tasndlainaed dn claiIMS 5 aar @ fuirthed qompnsmg

ﬁm’ch‘ég %lcgon%ﬁ'ihg‘iheloﬁ Qtate oW(P]%eré;BbJub@ cSHfrBleHHnsfs?

of the first atTenuator circuit conprises a posi
current source, and the current source of the second

At tenpgd Qt"terﬁla"t&r%l ﬁ%@@lélg‘\%ﬁ iR cRfAat | r&Hrera% Lof the tsw1tches

source. 7. d|f erent source fol lower tenu
%emﬁﬁﬁﬁyw %Vltghaﬁﬁlﬁn”@nta/\m rseventing signals oot fe@dm through the
Smhee! transistor of the first attenuator circuit is
connected to the negative current source of the second
attenuator circuit, and the source of each contro

dé.ransi §’i‘f@|renf?£l sbl]t%e?@ll%%q aftbA BRI RbMbriSihgcui t 1S

connect ed positive current source of the first
at t erﬁjfaﬁkﬁndca $€tq9nd attenyrat@ycirgtitssas claimed dryany one of claims 1 to 5;

cros Sﬁrfe?ém'thé"%r?énttsﬁgrc%'sttﬁe Arafl aBGRRRA AELE E&ﬁbﬁges a positive

circuits . atenuatln a Si
QUFRPY $A6Ry and it icdiren) seueagr¢fdhe sgmmdcaétenpa@v Cii¢uilgcammprises a

edBtiVe dur@ABiRAQ, Wi th a source connected to the
current source and a drain connected to ground;

providing a control transistor with a source connected

7.0t NPeCdifdr8itial SOUCE %lgﬂfér Atdh@ior 5&8% Fodcléﬂ?]@f fHERin the

obtai ning an attenuate t put si gnal 0SS
soyiFec ach cmnérphtr@msmweof:mmrél aifenuatar sairewit s ehnndstad to the

ref8tivat &lﬁﬂ#\?tsbﬂﬂ:e' o°f tﬂ@r’ée{c@hé] SleMatd’ émogﬁ?‘%ﬁ%ﬁﬁée dfNeach

an on-state, of the input transistor and
cgaﬁﬁqlrt@nsﬁoaﬁgtr@ts&com@g itay efirguit is connected to the positive current

source of the first attenuator circuit, for DC offset through cross-coupling of the first

and second attenuator circuits.

8. A method for attenuating a signal comprising:

providing a current source;

providing an input transistor with a source connected to the current source
and a drain connected to ground; ‘

providing a control transistor with a source connected to the current
source and a drain connected to ground;

obtaining an attenuated output signal across the source and drain of the
control transistor such that the attenuating is controlled by transconductances, in
an on-state, of the input transistor and of the control transistor respectively.
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