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Mxer Crcuit And Mxer Circuit Arrangenent [01l] The
present application clains the benefit of United

w®EL@BAS43p0r ovi si onal application 60/863, 732 (fiPeS6m0Z000366

1 October 2006), the entire contents of which are
i ncorporated herein by reference for all purposes.
Field of the jnvention [02] This ipnvention relates to
a mxer circuttX€ rcﬁltml’iﬁr%}”{t AfFangergentent .
Background of the invention [03] In a MB-OFDM UVB

Mul ti-Band Othogonal Frequency Division Miltiplexin
[01) r a- ViFlep1RaeHd yp}gfy@twm glaimpihe benefitiof United Statesaoyisiop
desi gn a frequency synthesiser that can generate
appli¢atiph 604868 /782 (SledionSh @aobes 2806 )a trecntiresenemsd ofGhArich are
with the ability to hop frequencies in |ess than about
ifcoffdiated herenViy eférBh@ foeilepapoie. | ndustri al ,
Scientific and Medical (1SM applications using the
frequencies of 2.4GHz -and 5GHz, the spurious tones of
m xi ng output are required to be bel ow -5CdBc. [ 04]
PK wa %uléiglexers that switch channel frequencies
—#ggg—gLﬁgéﬁ—g%mer consunption and occupy a | arger

silicon area due to the use of multiple phase-I|ocked

ops (PLL). Another known. fast hoppi ng. channel
[éﬁe quentys Kepien 'FFZ%%%‘O@S‘B”SF ClF ¢t %dé’cfg’é‘ﬁﬁ ArgtArEangeraent.
function of known SSB (Single Side Band) m xers. Fast
frequency hopping realized through known SSB mi xers
need auxiliary circuits to select the polarity of
Bankgroursd ofithé nveotiggener at e ei t her up-si de or down-si de
m Xi ng out put. Such auxiliary circuits include dc
sources, inverting anplifiers, swtches, ROV DAC and
63] on, IneadiBAQFDM WWBRMutti-Band Ottlogsiidl Feéqueicy Sivésion
known SSB m xers are unable to maintain the purity of

Msﬁslgp%ﬂg AEW R Hang) Spebmh, JRESBhé ehdifdHSesds ﬂﬁ@égi%ngréluency

m Xér circuit that addresses one or hore of t

synthesiser that can generate multiple carriers which can span across several GHz, with the
ability to hop frequencies in less than about 9.47ns. To avoid interference to Industrial,
Scientific and Medical (ISM) applications using the frequencies of 2.4GHz and 5GHz, the
spurious tones of mixing output are required to be below -50dBc.

[04] Known multiplexers that switch channel frequencies have a high power
consumption and occupy a larger silicon area eue to the use of multiple phase-locked loops
(PLL). Another known fast hopping channel frequency device makes use of the frequency
conversion function of known SSB (Single Side Band) mixers. Fast frequency hopping
realized through known SSB mixers need auxiliary circuits to select the polarity of input
signals to generate either up-side or down-side mixing output. Such auxiliary circuits
include dc sources, inverting amplifiers, switches, ROM, DAC and so on, leading to a
complex circuit structure. Such known SSB mixers are unable to maintain the purity of

the generated carriers.



above problenms. Summary of the Invention [06] In a

first aspect of the invention, a mxer circuit is
w@e@siosssl) conpri sing: a vol tage-to-current coOPVESGENT/000366

stage; a switching stage conprising a plurality of

swi tches, the switching stage being coupled with the

| tagest 0- cufrent ve r stage to,controlled
s noresrefrhheanecdpy ENsBrmiHr rebfcaagisdhes g pr mppe of the
converter stage through the switches; and a frequency
abOYARIPRIFHS. st age coupled to the switching stage. [07]
In a second aspect of the invention, a m xer circuit
is provided, conprising: a voltage-to-current
converter stage; a switching stage conprising a
Sphiaay bf thedhveibaches, the swi tching stage being
coupled with the voltage-to-current converter stage to
controll ed passing electrical current fromthe

5 [08]] t agemtOfsHaspBRof HRIHPEH R, SiAee cirbhi® Iotided, comprising: a
switches; and a frequency conversion stage coupled to

PGS Su) Sl EAI L Bl 8, B0 S Wi,
R AR LS UL T T ——

scal e, enphasis instead generally being placed upon _
passingsleciriGah gurrens fiom the ive?t@ge-@fcmt ponyertern ege thipugh ghe switches;
foll ow ng description, various enbodi nents of the
andhy Gequengy somvegeststagrecbupledHo thef ovieohoe staget he
follow ng drawi ngs, in which: [09] Figure 1A shows a
10 [0ofjock |IawSecdrRinispadt of thelifventibn] it elitlieRtpis ddaf, cémprising: a
SSB mi xer circuit built in accordance to a first

v@l%@QB-@ﬁg}e%%nfla‘?er F(a@é%iiéﬂﬁ%ﬁtﬁé%rbmsir@ IMLALLOf switches,

shows a C evel representation of the architecture

th%fswﬁtgﬁig nsfggé ?re ic[)ﬁ 'e& v&}? idlé vé)l%%gtﬁ-.o @15&00%1{/%% Strsagg g)ngontrolled
OF

enbodi e esent I nve

shows the frequenc ectrum of a MB- OFDM UVB.
passing electrlcai current 0}41 t?xg voftage—to-current converter stage through the switches;

and a frequency conversion stage coupled to the switching stage.
15

Brief Description of the Drawings

[08] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scaie, emphasis
instead generally being placed upon illustrating the principles of the invention. In the

20 following description, various embodiments of the invention are described with reference
to the following drawings, in which:
[09] Figure 1A shows a block level representation of the architecture of a SSB

mixer circuit built in accordance to a first embodiment of the present invention.



10

15

20

25

[12] Figure 3 shows a block [ evel representation of
the architecture for a MBOFDM UWB system according to

wa@eoosidssl nent of the present invention. [13] FOSGEOAA00366

shows a circuit level inplenentation of the SSB m xer
circuit. [14] Figure 4B shows digital logic used to

neratg. varj.ous swt.chi signals..[15]. Figure 4C .
(85 we " oFigtiot e pipr e rofeaaigmat e Pt Ehsc pba 5B mirer
adjusting stage of the SSB mixer circuit. [16] Figure
cgcuif Byl 1B agrosgdance fq 4 second pRyodiment of the presentiinygation.
required for the three operation nodes of the SSB
[hilxer cFigoxei2 showks7he Fequeney pdctrimsifradviB8sOFDBM biwBut
spectrum of VOP and VON when the SSB m xer circuit is

[DgJer at | FigutelB shod@Wbleckeée¢ltrepresaneition (o Be drtigtoceurd for a MB-
illustrates the output spectrum of VOP and VON when

OESMIPWHNysRn &dcbfdihg td oh AMSIRhEMND KL SesenPirtemyd. t er
node. [19] Figure 8 Tllustrates the output spectrum of

and..\/ n.the. mxer circuit 1s.0 ting in.

[i@: arrgll:l e é}w%oogé.a Tlggl]\% lﬁvleg grpgl%gxeéﬁg% ogth&i%?@ mixer circuit.

].Cr ophot ogr of tri-node SSB mxer circuit . .
(141br cgﬁgargeo‘ﬁo QanSﬁglfaé SBIG isd(lp generate Yayioys gyjichingignals.
shows the output spectrumof a fabricated circuit o
[bYer at i lﬁgmier‘ﬂ(? shewsamnewatkeontimizataieof swizhesHinghe load adjusting
shows the out put spectrum of the fabricated circuit
stapeofithe $3§B mixdeheiranpl i fi er node. [23] Figure 12
illustrates the frequency hoppi ng performance of the

[fabri catiggred showista gript itlnSehting IR $wiechiiPliik r&juired for the three
operati ng node to the down-converter operating

opagﬁol{ midleddraHE SSB Ik GRGIZzes the performance of the
abricated circult.

[17] Figure 6 illustrates the output spectrum of VOP and VON when the SSB mixer
circuit is operating in a down-converter mode.

[18] Figure 7 illustrates the output spectrum of VOP and VON when the SSB mixer
circuit is operating in an up-converter mode.

[19] Figure 8 illustrates the output spectrum of VOP and VON when the SSB mixer
circuit is operating in the amplifier mode.

[20] Figure 9 shows a die microphotograph of a tri-mode SSB mixer circuit
fabricated onto a silicon substrate.

[21] Figure 10 shows the output spectrum of a fabricated circuit operating in the

down-converter mode.

[22] Figure 11 shows the output spectrum of the fabricated circuit operating in the
amplifier mode.
[23] Figure 12 illustrates the frequency hopping performance of the fabricated

circuit switched from the amplifier operating mode to the down-converter operating mode.

3



Det ai | ed Description [25] As used herein the terns

connected and coupl ed are intended to include both
waloosos43and i ndi rect connection and coupling, PCT/SG2007/000366

respectively. [26] Exenplary enbodi nents of a Single

Side Band (SSB) mixer circuit for fast frequency

pi ng.carrjger generat.i n_a Ml nd tho ona
(BPEGuenEor (1 SR choratimanes vithe (PRegh et
(NB OFDM UMB) system are described in detail bel ow
with reference to the acconpanying figures. It will be
appreci ated that the exenplary enbodi ments descri bed

i ri dified in various aspects w thout
.changi ng the essence of the invention. [27] Figure I A
shows a bl ock I evel representation of the architecture
[25] a SSRs iseddierein tigeuetmsl Oshnedtied ind Bowgtabdrd aterleti @o include both
first enbodi ment of the present invention, for a

5 dMBcdn@hdMBt Sornk&ibn eﬂﬂecoﬂ?ﬁﬁ% repestivlpf the SSB ni xer

circuit 100 includes the oW ng functronal bl ocks,

T, AR LA SO S o890 40 P
PR SIE N D .

108, where the switchin sta e 104 is coupled with the
MutipleguerJtra WV iderBand § s%@?é sygiomtage deseribed in detail below
controll ed passing electrical current 110 through the
withurefdrertop to thesantdmpanyinigdBgurdh elt fmi bk ha eprycisted tet ecaxemplary
stage 106 is coupled to the switching stage 104. [ 28]

10  ehibotdientd deScrisdibaiity tar Betmbeitied 60 RMesis@kpetsagighol® 2hanging the
wi |l convert around 528MHz frequency band spacing

egg&g&toﬁg“,@g@mﬁ{ gnals 116 to current signals. The
vol t age-t ocurrent converter stage 102 is also referred

S PRSP st P o
TR A O -

enables a faster ) _ o )
MB-OFDM UWB system. The architecture of the SSB mixer circuit 100 includes the

15  following functional blocks, namely a voltage-to-current converter stage 102, a switching
stage 104, a frequency conversion stage 106 and a controlled passing electrical current
110. The switching stage 104 includes a plurality of switches 108, where the switching
stage 104 is coupled with the voltage-to-current converter stage 102 to the controlled
passing electrical current 110 through the plurality of switches 108. The frequency

20  conversion stage 106 is coupled to the switching stage 104.
[28] In use, the voltage-to-current converter stage 102 will convert around 528MHz
frequency band spacing input voltage signals 116 to current signals. The voltage-to-
current converter stage 102 is also referred to as the transconductor stage. The switching

stage 108 controls the polarity of the differential current signal coupled to the frequency
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frequency hopping function. At the sanme tinme, current
switching provides a better isolation and hence nuch

wo owes43svel of image frequency. [29] The sw tREI/6G2007/000366

stage 104 serves to realize the frequency hopping
function of the SSB m xer circuit 100 by selecting the

oBRibd Pt 10C SRR S¥iite ned nlust ol 18 g pales o ster

converter stgge 102 to the frequency canversion stage
fregrency hoRpIaR AYnAioppifYl $he EmertraGCUETeR sV twrogﬂmg er

120, where the control signals 120 will in turn

igpdationznd hengeomunell logwgnievel ofgmggefreqyengy. shown), which

will be further el aborated below with reference to

[B]gur e THe swilechirig @ageclid\senen werealizaths firegeenty hopping function of the
receive a carrier frequency input 118 of around

SSBIRRE cirtie1(® By \Rideahs tHRIpoldriifl e tHeYs 28N cukiledit Wizhdls Bt are
nodul ated by the 528 current signals. [30] Figure

I r '
eleBft A SofnBflited dREtnel OB EE RPLRorR ol ipee 102 o the
accordance t.o a se enbodi gent. of the presen .
SRAGRHGY O ertioh SER A TRy DyBbiants SEeEamatrol signals 120,
enbodi nent includes a first mxer circuit 130 and a
whstedhe contrad sigopls d20will g turp generatg dntgmaheandie] sigaalgfnot pown),
first mxer circuit 130 includes the follow ng
whighcwilloreafurtbéna idwratad heloy witly iferages- todtigure #AntThe frequency

converter stage 132, a swtching stage 134, a

chiveaiestiiges DBV @i1Bico¢ive h ageiel Boqindy enpao N1 8 6f dréshd 3.96GHz, where
passi ng el ectrical current 140. The switching stage

theX4rrid? HeddEcyanpltu 8 il e %o&ﬂt&@ﬂ)ﬁﬁle@§ MMB hferlt Rgnals.
d with the

swtching stage 134 is couple

[éé(ﬁl t aglelfi e {HoWs acqqgc L& rrFﬁ%&gl?ati%?%{%% azrﬁrﬁtoeﬁtélﬁe ?%aes SB mixer

ntro passing e ricalt curren
conver si on

luralj.ty. . of swiches 138. The freque
ol B9 ol P o Bdsmec et PP e e et vy, for a
Simlarl the architecture of the second m xer o
MB-QHRM I%‘é@ systamy, gEke segend embodiment includes a first mixer circuit 130 and

a second mixer circuit 150.

[31] The architecture of the first mixer circuit 130 includes the following functional
blocks, namely a voltage-to-current converter stage 132, a switching stage 134, a
frequency conversion stage 136 and a controlled passing electrical current 140. The
switching stage 134 includes a plurality of switches 138, where the switching stage 134 is
coupled with the voltage-to-current converter stage 132 to the controlled passing electrical
current 140 through the plurality of switches 138. The frequency conversion stage 136 is
coupled to the switching stage 134.

[32] Similarly, the architecture of the second mixer circuit 150 includes the
following functional blocks, namely a voltage-to-current converter stage 152, a switching

stage 154, a frequency conversion stage 156 and a controlled passing electrical current

5
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foll owi ng functional blocks, nanely a

vol tage-to-current converter stage 152, a swtching
waeL@gesB30t, a frequency conversion stage 156 apdii/aG2007/000366

controll ed passing electrical current160. The

swi tching stage 154 includes a plurality of swtches

8., Wwhere.the swtching stage.154.is. cou dwth the ..
166, T e ing pin S OBH0Er L PRy B SRR Py giithd the shffching
control |l ed passing electrical current 160 through the
stagei f ¥t 1scpupled sih the ¥eltagsgo-cprent Gopyertss {pee dAd & Qe gantrolled
stage 156 is coupled to the switching stage 154. [33]
passimgsdevtridah purerd i1G0 hrough the plurglityred switchasH&8. dhe frequency
applied to the SSB m xer circuit 100 are al so
cSivtdidt $tygealid ik esupled tote SSRclihy stagel$4ui t 128, [ 34]
i use, the voltage-to-current converter stages 132

hi
[ifjlj d 152ryd é_a}neq{?ﬁ\)f%lfélafshq 62l Pt DO8niHee BIRd $Pafel SSB mixer

equency 1 nput” voltage signals 116 to current signals
and h of th ur ak.i f ' . 13 nd 158 wil |
o F7F Ay Rlso SFIPH iRl 1o Be SR BRA BrciEL AT o
si.gnal coupled fromthe voltage-to-curyrent caqnverter
[#412ges 18380 AhevalteEe - HENOBYREN SR TG T Wil fgayert the

136 and 156. The voltage-to-current converter stages,

arbgnd 2% Mispbandspating fieapency daput gokagersignalsy ld9de shment signals and
stages. Current switching ensures mninmal signal |oss
eavhc feimaplumdityaof svatches 13&apdehi8ywhbgmpinobthe pokatityof thédifferential
the sane tine, current switching provides a better

clrPéHt aighﬂrboagrédwmemmgé-wnéneu@{veﬁér tigguspayd 152 to the
hoppi ng. [35] The switching stages 134 and 154 serve

frEngueﬁlgﬁ L:&xf\%rstiél?sfg%&qlﬁ% 196PRHE gﬁlftég@Q IcBfef cohPéersBges 132 and

Xer- ci rcul by selecting the polarity of the

8 curre signals that are elegtricall.y,. .
et Srie nebrrragt Fafen f PR ekbing capures minimal
_staaes 132 and 1&? tqQ the respective frequency . :
sigh#\esangd snakleytastes %CQH‘Fd‘CX PPIRE g‘&l?@ﬂ’&yﬂﬁ g’ﬁﬁ?‘i’i‘ﬁ tyme, current
effected by the control signals 120. The frequency ]
switehieg pioyides e hgier isdatiemandigmcoumuch koveds levsk ef frequeney hopping.
carrier frequency input 118 of around 3.96GHz, where
[35She carTheswifchingseagey 134 pnd 1341 &rvd tolredieze nincifiequieacly opping
the 528 MHz current signals.
function of the SSB mixer circuit 128 by selecting the polarity of the 528MHz current

signals that are electrically communicated from the voltage-to-current converter stages 132
and 152 to the respective frequency conversion stages 136 and 156. Frequency hopping is
effected by the control signals 120. The frequency conversion stages 136 and 156 will
each receive the carrier frequency input 118 of around 3.96GHz, where the carrier
frequency input 118 will be modulated by the 528 MHz current signals.

[36] A circuit level implementation of the SSB mixer circuit 128 will be described
later, with reference to Figure 4A.

[37] Figure 2 shows the frequency spectrum 200 of the MB-OFDM UWB. The

spectrum 200 is divided into bands 202 that have a bandwidth of around 528MHz. The
6
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[36] A circuit level inplenentation of the SSB m xer
circuit 128 will be described later, with reference to

wo-r@enei3dn. [ 37] Figure 2 shows the frequency BEESGZIND00366

200 of the MB-OFDM UMB. The spectrum 200 is divided
into bands 202 that have a bandwi dth of around 528NVHz.

SSRGS 1R e R En o300 51 ek SUETA fir
$a6aBR 0. Tt B ot aasansy T1ad® o600 Soiit CThuEp. The

around 528M+4z fromthe carrier frequency 118, to

sigebppds 204 and 286 arq bpth ppaced axownd §28Mikzstrem fheatrass fleqyency 118, to
around 4.488GHz and a | ower side band 206 that has a
définecaneupper sifle harl 2(H tBat482 GHirequpiB8/ offargundet. 8B 86T Hmvmndan lower side
bl ock | evel representation of the architecture for the

bAIXIO\hAMB 9)fFdqasac3 T apsimd3UIDGHL an enbodi ment  of
the present invention, where the objective is to have

[$3]f ast ﬁigggtsegﬂsws DYPRIKN G rrfrbichtaWBR of ﬂk?a?%mmrmr the MB-

time bet n the different frequencies within a ban

[, ). ess an about. 9. 47ns .and re the, .out put
RPN ROV Boafbl s PP BaRE o dm 0Bt S0 e b dBURYlioh, where he
are. bel ow -5QdBc.. [ 39] The architecture of the system
oygeivers fQ e afrel fragreRay oG RUCHE Whereihe ARRPING tife bgtween the
phase | ocked | oop (PLL) frequency synthesiser 302
diffeeend flieavengies avithim 8 bzgPewRp is lgssibaw akbub RJas anskwhefe the output of
| oop (PLL) frequency synthesiser 304 operating at
therdesindl fépehties lave sptndosIEnay thatrare belowi-50dER8. The
first and second synthesizers 302 and 304 are coupl ed

[399 the TIRRréHikefurEof the kystehr 80U itlideg e foRsWRE fuX®ional blocks, a
frequency dividers 306 and phase trimers 308. [40] As

8y Sl G8Yop ) PR St e B
L ST PR O s,
aIIc{ tgg %ggcr%ix%%/ (r:]itrcql(latsli 238.e rTh:)éqdzrstaafntdesEacond synthesizers 302 and 304 are coupled
to the SSB mixer circuit 128 via their respective frequency dividers 306 and phase
trimmers 308.

[40] As a first input, the SSB mixer circuit 128 receives quadrature differential
signal inputs 312 and in-phase differential signal inputs 314, both having a carrier
frequency of around 3.96GHz, from the first PLL frequency synthesiser 302 - after
processing by the respective frequency divider 306 and phase trimmer 308. As a second
input, the SSB mixer circuit 128 receives quadrature differential signal inputs 322 and in-
phase differential signal inputs 324, both having a modulation frequency of around

528MHz, from the second PLL frequency synthesiser 306 after processing by the

respective frequency divider 306 and phase trimmer 308.
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processing by the respective frequency divider 306 and
phase trimmer 308. As a second input, the SSB m xer
W@ 200810543328 recei ves quadrature differential BCTHEL007/000366
i nputs 322 and i nphase differential signal inputs 324,
bot h having a nodul ati on frequency of around 528MHz,
[41]0m t hBepseRdingthnRthé 2 fbieme by gt 10 shes@itpud 34 0 #fon€the SSB mixer
processing by the respective frequency divider 306 and

chbas ?2§ facREs ﬁ%&cﬁl@ﬂ)c%@ﬂ%‘rdﬁﬁa‘rﬁﬁtf tg %egergﬂetone @ er%ree output

signal s 120, the out put omthé B mxer circult

ﬁ]é§1§e11fc1 S I3 lb {1 %%3?{;; I eﬂ?&/ 3 ?8@?1'2%9 afcond QI @fgﬁ-{% %ompared

nerate one 0 ree ou requencil es

"‘%&ﬁ%g é’gwﬁnsémyﬁﬁgund Bbglﬂ?% &&gﬁéwﬂﬂ?{gﬁ% apybe realized

UVB system 300 can be realized with fewer PLL
withefgwenlyL Sipaeensy isyrthesizers thysayoidingygnal inakngd esaiayg in the
occurring in the nmultiple paths used in nultiplexers
multgse paths nsddhe nkitphexdyBpfeselvlintiB knysnvB-GEDMEWB agstem.
the frequency hopping is achieved using switches 138

FaARerladht Bbudic hbﬁﬁlﬁ? iPdchfbvedhifing BRitsheB 198 %fd 168 fiatlare
128, the architectural conplexity of the SSB nlxer

uﬁéér%éﬂ 'int%%l?e $§B Bﬁg&%%uﬂm%] tﬁ@ﬁ@ﬁﬁ&%rw J &h %B mixer
eve t

ers require auxil |dry circuitry t

fre ; functi 42 ur

P S SR Mg EoBRRS i P %#é%gggem%trreavlr%wm
128 of Figure IB. [43] The first mxer circuit 130 and
Cirgatry i abievisithe freqyeney heppingfupetiontioubl e bal anced and

have a synmetrical arrangenent with each other,

[421p! endrigerg 48yshawsithe eir¢uitlevd] implementation of (higtSSBomiwes pircuit 128
that are suitably connected, as described in further
oflBiigaid 1khel ow. [44] The plurality of transistors of the

vol tage-to-current converter stage 132 of the first

[4¥]Xer  CrHeOfitst mib@P cirflfil L3bemdand sdcohd AR eirehiP 1 50Vire dBuble
second transistor M2, a third transistor M3 and a

b;élglgfekl/&gﬂ E}?ﬁ?é Mﬁxe%al %’g&ﬁlﬁ:nttvﬁmeﬂﬁ loﬁleM 1}n§'iex1l}gﬁd Wﬁ)lurality

of transistors (M1 to M24) that are suitably connected, as described in further detail below.
[44] The plurality of transistors of the voltage-to-current converter stage 132 of the
first mixer circuit 130 includes a first transistor M1, a second transistor M2, a third
transistor M3 and a fourth transistor M4. Control terminals M1g, M2g, M3 and M4 of
the first, second, third and fourth transistors, M1 to M4, are respectively coupled to a
supply voltage V_DC, a first differential in-phase input signal having a first frequency

I LO2+, a second differential in-phase input signal having the first frequency I LO2-; and
the supply voltage V_DC.

[45] The plurality of transistors of the voltage-to-current converter stage 152 of the
second mixer circuit 150 includes a ninth transistor M5, a tenth transistor M6, an eleventh

transistor M7 and a twelfth transistor M8. Control terminals M5g, M6, M7 and M8g of

8
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the first, second, third and fourth transistors, M to
M4, are respectively coupled to a supply voltage V DC,

w@2dosose33di f ferential in-phase i nput signal haRCTgG2007/000366

first frequency |I_LO2+, a second differential in-phase
i nput signal having the first frequency I LO2-; and

b inl B 1S e Dl ranbio M EMY s iabrcivelegopgled o o firt

152 of the second m xer circuit 150 includes a ninth )
differpatial quadrpfre inpviesignal having p firgdraggency dy (@ tsgeond differential
transistor M/ and a twelfth transistor M3. Control
quadmiunainputvBgal kBGng MeGimhflequaeyyQt hO2nithe $econddifferential

el eventh and twelfth transistors, Mo-MB are
quadraesd inpet yigead tipliag thefist frequehe@Qf foread @k first differential
guadrature input signal having a first frequency

qfhadriRite inpueSERN Haglhf tRS &6t f’r%iuf?%??[ﬁ‘b%? i nput si gnal

having the frrst frequency t he second

[?érlfeg3‘2ﬁ@éciha:fc%ﬁ?géa%é”iﬁgﬁfﬁ%tgflfé 9 Plagli il B2 il g resistor
| ' ' ' LQR+. [ 46
oY R T tiyely e o TebeioR Rl 40, Rrseanhe 2oeaghle riagor

and 152 includes a resistor R and R2 respectivelg, _
[4Her e t Hee regisios Rarofthe egitpeRro-cumerssonvertgr ptagd B32 of the first mixer
resistor. [47] The resistor R of the
ciralit d3fkistconmactaddretwenma/Brst erntsllad eerthdial M2stofi¢hef secard transistor
m xer circuit 130 i s connected between a first

MDad #fitse ortRIIIRH Aénidd MU oflthe thsaidisior M1 Stor M2
and a first controlled termnal M3s of the third

[%/82 ansi SHQI reMBror R J%lfagéjté-kﬁ’nrrerﬁ%o&terltep &ta%e 152 of the second

| tage-to-current converter stage 152 o e second

m xer_clirnedit 150 .i onnect.ed bet a.fir
ki Shrsfit 450 S oomRRa P RARRT S FED cBRHRS Reryibdt Bl ofdhe enth

a first controlled termnal M/s of the el eventh
trapsisiey Mognd prfirsy cpgfrolieq tepainat is of Fheé‘ge\iee ugistoyME

of the first transistor M is coupled with the first
[4%4nt r ol A dusticontmplie) termnalgyl 1 pEthe dwsfivansistan M Isis gpumpd with the
Further, the first controlled termnal Ms of the

fitst cemtrdllednamshaMB4 ofathel s¢doad transistoc bi2t rRukrthex thecfinst ¢vmkrolled
M2s of the second

terminal M1s of the first transistor M1 and the first controlled terminal M2g of the second
transistor M2 are coupled with a node reference potential 402.

[50] The first controlled terminal M3g of the third transistor M3 is coupled with a
first controlled teﬁninal M4 of the fourth transistor M4. Further, the first controlled
terminal M3 of the third transistor M3 and the first controlled terminal M4s of the fourth
transistor M2 are coupled with a node reference potential 404.

[51] A first controlled terminal MS5s of the ninth transistor M5 is coupled with the
first controlled terminal M6g of the tenth transistor M6. Further, the first controlled

terminal MS5s of the ninth transistor M5 and the first controlled terminal M6s of the tenth

transistor M6 are coupled with a node reference potential 406.
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transi stor M2 are coupled with a node reference
potential 402. [50] The first controlled term nal Ms

w@boosles3sdi rd transi stor MB is coupled with a PECT/S62007/000366

controlled termnal Mds of the fourth transi stor M.
Further, the first controlled term nal Ms of the

%@IS r gf t fﬁgﬁﬁ E?O‘}rtﬁolﬁéd gr}gﬁlrtg{l] Z\fﬁ ?élg\r']%{tjlb#rgngs(ijsté %}/1191 is coupled with
s ORGP INETBIaL WEs A Pl tnaiste M Ftiegufpe Bip Somrolled

with the first controlled termnal Mos of the tenth
termamad MTsof thaseleventh tramsisterd 7fand she Grsheandiolled termingl M of the
Mbs of the ninth transistor Mo and the first

twelfth tahbietdr M8 are raliplbd svithfa ddde réferenbe potamtsl 40&r Mo are
coupled with a node reference potential 406.[52] The

[§3)r st CRthé sbbqﬂlxt:ﬁ&munaﬂzsl%%neaestﬂaﬁer&icey)sféhhals 402, 404, 406 and
transistor M/ is coupled with a first controlled

Sk Sl DSRS0 By Mg v
o N RSy SRR S T 508 o

reference potential 408. [53] In the SSB mxer circuit
and360B.he nodes reference potentials 402, 404, 406 and

408 are electrical connection points which are

[¥4dspect Tweing to drnatchihg stagee fl 34 emd £54 theeswitching@uige 134 of the
t hrough controll ed passing electrical current sources

fitst Ofixerledf2bit 130 Oivladed a PhitBlity[dF4vitEhesnizBgwhite the@witching stage 154
swi tching stages 134 and 154, the switching stage 134

oPthelsBéonlihixkr H}éﬁﬁr 159 1ﬁ&Héiets alﬁgrahﬂ%f‘mt%h@s Plgu rlf'il ltﬁet SKhixer
swtches 138, while the switching stage 154 of th

BPLA ef&@wﬁ% P oS8 AL o S o
(5] il o grehgy e ﬁgs%hﬁ%&[c?réw I?Qtncm%;%%? first
circuit 130 | ncI udes a first swt a second

switgh M9, asegond spiich MISQI\Ptﬂ@Ffl witch MM aad p &RnrthsvatghiM k2.

ML2. .
[56] Control terminals M9, M10g, M11g and M12g of the ﬁrst, second, third and

fourth switches, M9 - M 12 are respectively coupled to a fourth switching signal sw4, a
fifth switching signal sw5, the fifth switching signal sw5 and the reference potential GND.
[57] A first controlled terminal M9s of the first switch M9 is coupled with a second
controlled terminal M1p of the first transistor M1. A first controlled terminal M10g of the
second switch M 10 is coupled with a second controlled terminal M2, of the second
transistor M2. A first controlled terminal M11g of the third switch M11 is coupled with a
second controlled terminal M3p of the third transistor M3. A first controlled terminal
M12; of the fourth switch M12 is coupled with a second controlled terminal M4p, of the

fourth transistor M4.
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[56] Control termnals MMG MOG MHGand M 2G of
the first, second, third and fourth switches, M@ - M

wd 2o0a0e38specti vely coupled to a fourth sw t cPCTI§G2007/000366
signal sw4, a fifth switching signal swhs, the fifth
svvitchi ng signal sws and the reference potential G\D.

[§8\'jﬂ7 tch w;lﬁhra?g%{ sQ&Ld cﬁgst L 5? HekeR3 mQ{( ﬁlr}%ulf(ti 1?3 Encludef a fifth

a second con

f the fir [ransi s first trol
SW&F 2 sl MLA ot ﬁ'&ﬁmtﬂe M wdjan eeéﬁ@ F%cwﬁﬁ-
a second controlled term nal M2D of the second
[3%¥ansi stentralperminals MHB86.cMA te.dVIIl SelandMi b af therfifih, sixgs, seventh and
the third swwitch M 1 is coupled with a second
eightit svatdhes MEY nMiélardRSpativelyeoupled tb thedirstisstitchinkBignal swl, a
first controlled termnal M 2s of the fourth switch

sddbAd swit6iaHP bigHalwio) the 5AE SRHCHANbiIERAllsed AnQ1the f_bnditching
of the fourth transistor MA. [ 58 he plurality of

st tsghﬁs 158 of the second m xer circuit 150 incl udes
i switch M 3, a sixth switch M4, a seventh

(G 5 e it e R EmBRe b4 S il Mop it MR Sofifleq with a

sixth, seventh and eighth switches, M3 - M6 are
sqcegea é@ttrq}@rlye%m% IM2p %thts REnth trangistar s c iy figst conjrodled terminal

sw, a second switching signal sw2, the first

Meiis o€ Hiersgxth isyitelh Meldl is gouplechwith @@mdmmrclhmmhglriﬂﬁn of the
sw2. [60] Afirst controlled termnal M 3s of the

tentH frinsivartMb. W farsi ontollpd femitial M 13 s€tedveadinwiad ¥dS is
term nal MbD of the ninth transistor Mc. A first

cGpd Rlth 8dedodl TbARb11dWEmniRA MBS oBinéleleveMthittansiMor ﬂ/{'l SA first

coupled with a second controlled term nal MD of

I '
SRR B o P APl B 85 STkl
cont ter M/D of .the el eventh transistor M.
teﬁfmfriai&ig%‘% W@@HL?‘E}% ﬁ ML6s of the eighth switch
M 6 is _coupled with a second controlled term nal MD
[ t he Thedrqaupneyrcon¥srsiogstaggs 136 and 156 include a plurality of transistors

M17 - M24.

[62] The plurality of transistors M17 - M20 of the frequency conversion stage 136
of the first mixer circuit 130 includes a fifth transistor M17, a sixth transistor M18, a
seventh transistor M19 and an eighth transistor M20.

[63] Control terminals M17g, M18g, M19g and M20g of the fifth, si)gth, seventh and
eighth transistors, M17 — M20, are respectively coupled to a first differential in-phase
input signal having a second frequency I LO1+, a second differential in-phase input signal
having the second frequency I LO1-, the second differential in-phase input signal having
the second frequency I_LO1- and the first differential in-phase input signal having a

second frequency I LO1+.
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[61] The frequency conversion stages 136 and 156
include a plurality of transistors ML7 - M4. [62] The

w@bkwsab43sy of transistors M 7 - MO of the freqUeGzN7/000366

conversion stage 136 of the first m xer circuit 130

includes a fifth transi stor a sixth tranS|stor M

a se th t sj stor ht h |sto
%o [k &%?Pﬁfsf 4%?%%437 o %%ﬁ%f%éla lsSBled with a
M2OG of the ifth sevent h _and e

ig
sgGonf spatelied tenppingl M9m6the$irri1 sWateh MY éeﬁr§t C@augil@dteframal M18s
first differential in-phase input signal having a
of thesirth trangistenidl 8lis caupled wiitls @ senond ¢ohtreliedrterminal M10p of the
I n-phase input signal having the second frequency I

sédohd switbie Ml ax dirdd ichiites] dttéradinal M pasfahé sgvehthdiagsiator M19 is
havi ng the second frequency | _LOl- and the first

c&'ﬁ;fléd?ﬁ/ﬁﬂ i s@éoﬂdrboﬂﬁéﬁé’d fetRinhl $1195 8k tHéQMﬂn‘I‘ SwACEPAPNA first
frequency | LOL 64] A first controlled termnal M

f r
Ll Con{uélsfl#bgdaf?@%ﬁ@.m%sor RE Db M omggonote
A fi led ter M 8s of the sixth
tet’?‘é‘h’i?\@t%rol}lée%’upgs vvi th a second controlled
termnal MO D of the_second swtch MO A first
[@dnt r ol Thecpluxatipy oftransisss M2 1t+hM24 of e frequengistosyersionystage 156

9 is coupled with a second controlled termnal M | D
obthetsbendmixer awiuitclibOihclddesA thirtestthdoansistor MY , & dourieenth transistor
M2Os of the eighth transistor MO is coupled with a

MG @ fidte 6t tfa@bib O M23I diid idix tbén¢h Ragdistbimer2iourth switch
ML2. [65] The plurality of transistors M21- M4 of the

[dé] €aUENCYnttS? Eléfﬁﬁﬁlsol(}tz% agen M ntcaa&dl(izﬁg 6P ﬂﬁhéé‘i{th fourteenth,

circuit 150 incl udes thir transi stor

SO ST P T, W i S PRR F,

fEEn ransrs
ptirviab Ty R e g & et eavea FOLO, 2 pspnd
dli‘ferentlglr guardle-astgreeclflllnxesll g)rllalcl(l)ali/?rllgettljle tsgco?ld ffrlealsléncy Q _LOI1-, the second
differential quadrature input signal having the second frequency Q LO1-; and the first
differential quadrature input signal having the second frequency Q LO1+.
[67] A first controlled terminal M215 of the thirteenth transistor M21 is coupled
with a second controlled terminal M13p of the fifth switch M13. A first controlled
terminal M22; of the fourteenth transistor M22 is coupled with a second controlled
terminal M14p of the sixth switch M14. A first controlled terminal M23g of the fifteenth
transistor M23 is coupled with a second controlled terminal M15p, of the seventh switch
M15. A first controlled terminal M24s of the sixteenth transistor M24 is coupled with a
second controlled terminal M 16y, of the eighth switch M16.

[68] The frequency conversion stage 136 of the first mixer circuit 130 includes a

first output terminal 410 and a second output terminal 412. Similarly, the frequency
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di fferential quadrature input signal having a second
frequency Q LOL+, a second differential quadrature

wo ppabsssgnal havi ng the second frequency Q LOICT/SGIIO7/000366
second differential quadrature input signal having the
second frequency Q LOL-; and the first differentia

RO 50| P A 50 RERARy B SR 15
S L T e R R e —

first controlled term nal M22s of the fourteenth

136 ands ] 36 epmpyises pathdfifist @putitenminal{dkand 41 ardpseqpnd output
termnal M4 D of the sixth switch M4, A first

termmtal ¢4 12eahdtdd Ghiaspéctivel3s of the fifteenth transi stor

M23 is coupled with a second controlled termnal M5 D

[63] t he BVt diht?lWi tei@hini 419.of fhé fréfiien@peinvedsiontstage 136 of the first
term nal M24s of the sixteenth transistor M4 is

i HRIEG W86 B &'1\1/?}%%%916%9 SR loﬁ@)u{ fhHidaRh180EmP shuddy

el ghth swtch ] The freéequency conversion

stage 136 o first. m.xer.ci. it .1 i ncl udes,_ a .
ofhRETortitasti oo it peePha TS iyt £ ot BGpnd g tgminal
412, Simlarly, the frequencyconversion stage_156 of X
4THt 8 SGRBETG FRRVEIPIPR S1age 1500F e ot duixer Arcntl 303y grpled with the
termnal 418 and a second output terminal 416. In _ o
figt peiputisramal ¢Hcef the frepeenty eonendgn sages bY6seidhe sacapdmixer circuit
136 and 156 conprises both a first output term na

186110 and 418) and a second output termnal (412 and

416) respectively. [69] The first output term nal 410

[7)] the £ s&eHa 6Nt emsihal M$TR8thd 8&h@fantib@r M1r7Sik coupled with
m xer circuit 130 is coupled wth the second out put

tHe Gl 5 x (}lrt] gérﬁliﬁafl 440%f ﬁfeﬂ?é@?@l%‘?ﬁr %ﬂﬁ’rgiro? iﬁe e §538Ptht Hist ! ixer

the s m Xer circui second out pu

termnal . 412 of t.h i on. .13 .
o072 ofont Pl e R ST PEE G Bit{i D} is couptea

output term nal 418 of the frequency conversion st?%$
witgéheoqec? outpptdganigalAl2 It]pq:fﬂ:quemgsoc_:onversmn stage 136 of the first

mixer circuit 130. A second controlled terminal M19p of the seventh transistor M19 is
coupled with the first output terminal 410 of the frequency conversvion stage 136 of the
first mixer circuit 130, while a second controlled terminal M20p, of the eighth transistor
M20 is coupled with the second output terminal 412 of the frequency conversion stage 136
of the first mixer circuit 130.

[71] Turning to the second mixer circuit 150, a second controlled terminal M21p of
the thirteenth transistor M21 is coupled with the second output terminal 416 of the
frequency conversion stage 156 of the second mixer circuit 150. A second controlled
terminal M22p, of the fourteenth transistor M22 is coupled with the first output terminal
418 of the frequencyl conversion stage 156 of the second mixer circuit 150, while a second

controlled terminal M23p, of the fifteenth transistor M23 is coupled with the second output
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[ 70] A second controlled termnal ML7 D of the fifth
transistor ML7 is coupled with the first output

wo eoosionaBo 410 of the frequency conversi on st ageC/S62001/000366

the first mxer circuit 130, while a second controll ed
termnal ML8 D of the sixth transistor M 8 is coupl ed

té%ﬁﬁ‘altﬂﬁ of fife uglxzépwh?rér?{?ﬂ‘ s-:l@re o?ﬁ?e s%éorfdr}ﬁlxef 8?&1 s dAY se}:&ond

conversion sta m Xer Cilrcul

contr d rm nal e seventh
cBTEAEAFERb M of 86 Ffneifansiict o P URIER iith the fist output
term nal 410 of the frequency conversion stage 136 of
terpingl {41 8 of thefegquengyconyersion staggilpé oftheseennd reinex siEuitd 0.
termnal M2O D of the eighth transistor MO is coupl ed
[¥alt h t h& fgstoontiolbed terminakMii7 naf thé fifthdfansistor M Elgis engpled with a
conversion stage 136 of the first mxer circuit 130.

sécohll conitibllgddeinfindll V9 S 6£ i dirst owetch M9.CAlifirstlddbtroedStefifingl M18
controlled term nal M21D of the thirteenth transistor

om s'u?th GAHR5BAMB D cdupfe SRR ek QH#trélf‘erd%x‘Prﬂhalg\J!@OD%fthe

requency conversion stage 156 of the second mXxer

l.]
AtV P, NSRRI S el el
SRR A0l e TR T LR

controlled terminal M23 D of the fi f.teenth transi stor
comipolled terpupdl dd2Qyi aflihe eighthdransigtos MHLis cevntedwith 456casd controlled
the frequency conversion stage of the second m xer
termircal M 12pfof3kefondhcomtth M122d term nal M24 D of the
sixteenth transistor M24 is coupled with the first

[mgt put Eshrofed fikd@iek cirb@t {3eHIaRE Yool ik & crouit 1 3@ further
156 of the second mxer circuit 150. [72] A first

(L R SRt U A P ot
e i i cfieeigoS b A8 rappfel i B dipigwies e

controlledt mn the second switch. MO A

fipst PUPUE fsEING ﬁlébofta E? %1‘[1"56 grlxmcg@uaflwh@ﬂgm HJustmg stage 458 of
transistor M9 is coupled with a second controll ed
theeseeandanixgr circuts 10 is peunled with ghe firshouputtermingli4l §tof the second -

mixer circuit 150.

[74] Each of the loading adjusting stages 438 and 458 includes an inductance 424
and 426 coupled between the respective first output terminal 410 and 418 and a reference
potential 420.

[75] In addition to the inductance 424, the loading adjusting stage 438 of the first
mixer circuit 130 includes capacitors 428 and 432 that are coupled between the first output
terminal 410 and the reference potential GND. Adjusting switches 436 and 442 are
respectively coupled between the capacitors 428 and 432 and the reference potential GND.
[76] In addition to the inductance 420, the loading adjusting stage 458 of the second

mixer circuit 130 includes capacitors 430 and 434 that are coupled between the first output

14



controlled term nal M2Os of the eighth transistor MO0

is coupled with a second controlled term nal M.2D
wo@Riokesfeurth switch ML2. [ 73] Each of the firBCT/8G2087/000366

circuit 130 and the second m xer circuit 150 further

i ncludes a | oadi ng adjusting stage 438 and 458 to

dj. h f. f.he. | oadi ng., Th
Bt 3 USR0S I k2B R gt

130 is coupled with the first output termnal_ 410 of
respectiviehsgoupisddietkesndhe eappoitors #8@ andydds angl thereferenpgypotential GND.

stage 458 of the second m xer circuit 150 is coupl ed

[t h t h&s fuchs cachutf g loadingadjabtingl Bages 48 8 end d5Hindludiexatrleast one
circuit 150. [74] Each of the |oading adjusting stages
cépiitamd (428 43043008 444) tauplet butw eerdthé raspective Girstaugud €erminal
bet ween the respective first output termnal 410 and

5 443 8n@BfB Anld A EreBRGRe ?@ieﬁfi&li GADA20. HalRbf iHe 164648 izcg{élsdgg stages

the i nductance 424, the |oading adjusting stage

4%% gm;%? {r)ﬁﬁd)é%{ leggtro%%‘:I iaé]g;lgno évﬂ?cthttgﬁoz 4?&??2{(1 in%rfﬁlﬁl gogupled

ar € coupl ween out pu

termnal 410 and the referen ent i G\D. .
boljesa tﬂ?erf’é ?%%R} PR HC @a?@, g? é: al?%é%@ epd \Btﬂ rgference potential
coupl ed between the capacitors 428 and 432 and the
GMNdPerence potential GND. [76] In addition to the

i nduct ance 420, the |oading adjusting stage 458 of the
[Bdcond Thheaaductor @2#142b3@apacabu@ss, 432 430,143 3 tahBOreaorchnt

434 that are coupl ed between the first outputterm na

10 fréddenatd atd\éhifte@f Wit MereiiRteVY loadinEDBusthie 48k 398 and 458 to
switches 440 and 444 are respectively coupl ed between

| : pot enti al
oL 6t i 20,3t Y SHERERL P
t acl.t anc.

(Fhe: " 3 58 hf S 28 R Flar SRR IR vk BBPSUAER s 6,
5 S £8P0 SR PSS 4
438 and 458 include at | east one adjusting switch
inchwigs a figst cagapitanged 428 and €402 Best adjusting switch (436 and 440), a second
15  capacitance (432 and 434) and a second adjusting switch (442 and 444). A first terminal
of the first capacitance (428 and 430) is coupled with the respective first output terminal
(410 and 418). For the first adjusting switch (436 and 440), a first controlled terminal
(4365 and 440s) 1s coupled with the reference potential GND, a second controlled terminal
(436p and 440p) is coupled with a respective second terminal of the first capacitance (428
20 and 430), and a control input (436 and 440;) is coupled with the first switching signal
swl. A first terminal of the second capacitance (432 and 434) is coupled with the
respective first output terminal (410 and 418). For the second adjusting switch (442 and

444), a first controlled terminal (4425 and 444s) is coupled with the reference potential

GND, a second controlled terminal (442p and 444p) is coupled with a respective second
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between the at | east one capacitance (428, 432, 430
and 444) and the reference potential GND. [78] The

WO pabh8054380 (424; 426) - capaci tor (436, 432; 430, PdB8§G2007/000366
tanks resonant frequencies are shifted with the
respective | oadi ng adjusting stages 438 and 458 to

AL s

Fi gure .4 ere th swi tches (436, 442, 440
CﬁFﬂg ‘i&'&t)h ‘\Fl\ﬁ“’ldrséi‘ﬂ%" §‘lg F@a %‘ﬁgh of the | oading
adj usti ng stages_&ﬁyﬁ and 458% includes a first

paci t hol@11 204 420the igrphasedh fierantipd innwg carvier gignals of
(436 and 440), a second capacitance (432 and 434) and
freqeawyritl ofi djousd B rHgGiHu, wbile 14D larehd43 4)O1-Aré thesfuadrature
term nal of the first capacitance (428 and 430) is

defBeBhtedl inut BartiBe PRahé ¥end fré Flpsftarb@idm. 9@(I3H£4$Qn1 |
and 4 1%3%1 For tsﬁgﬁ?l rst adj ustt?iﬁél@}gvm tch (436 and T

14462+ I glgd fi !L @fﬂar éhgs@ diErhid lmp‘\#?ﬂ Bﬁtléﬁ" Q@alk gf frequency f2

TOoup rence potentia

of 88 r@é?@ﬂﬂfz %a%&?‘# G el e

428 and 430), .and a control i nput 436 and 440G is
%}ﬂt@a signaly at the spme Jtequgicy B Pﬁ around a2§MElg The sppply poltage
term nal of the second capacitance (432 and 434) is
Ve Rpiscthie bias hoktdgs sigwpeditypieal fsample hiag yoltage srangunal 1. 1Y 1@around
and 418). For the second adjusting switch (442 and
1444). , VaPfand 310X ard the ldi fésderitial outhal nddéd B thaSISB 4diR¢r difuit 128,
coupled with the reference potential G\D, a second

wiRR Vol & \It@ih@s?hl drftthéd RopSbt A rst SutbRUBInAHalY 10 e first

respecti ve secondterm nal of the second capaci tance

n{lﬁ}glzcu%ﬂﬁ 13& ‘alﬂ? Hx%%gccﬁ}dco%dft Urt16 E)fl fie s %o%ﬁ%ﬁl{éi cgg%.ut 150,

I's coup |ng sign
t differential
wede e S@%@Qﬁ%ﬁeﬁqﬁﬁw TSI of e second
whil e LOl+ and - are the quadrature . ..
K §ricaiceR 1 P@ pnd Hm@cc@&mtw twﬂéa@ af thefstymigr circuit 130.

frequency f | of around 3.96GHz. Simlarly,
[81] The first switching signal sw1 and the second switching signal sw2 are 2-bit

configuration signals, having logic levels “0” or “1”. The switching signals sw1 and sw2
are used to control which of the three operation modes: an up-converter, a down-converter
or an amplifier, the tri-mode SSB mixer circuit 128 will function in. Figure 4B shows
digital logic 480 used to generate the switching signals swl, sw2, sw3, sw4 and sw5 in the
SSB mixer circuit 128 (Figure 4A). The digital logic 480 includes a NOR gate 482 and
two NOT gates 484 and 486. The first and the second switching signals sw1 and sw2 are
input into the NOR gate 482 while only the second switching signal sw2 is input into the
NOT gate 484. The first and the second switching signals sw1l and sw2 generate the fourth
switching signal sw4 at the output of the NOR gate 482, and the fourth switching signal

sw4 is input into the NOT gate 486 to generate the fifth switching signal sw5 at the output
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| LO2+ and | LO2- are the in-phase differential input
nmodul ation signals of frequency f2 of around 528VHz,

wokioBes4BALO2+ and QILO2- are the quadrature  PCT/SG2007/000366

differential input nodul ation signals at the sane
frequency f2 of around 528MHz. The supply voltage V_DC

et | i . g
°ﬁ*1 PR T ReS TGty Rtoning shofR) 55235 PR B8 i switchine
ferent des for the SSB'm xer

elcﬁ.Ytht teqijéﬁleﬂkﬁg%oé?#%ﬂé] the signal emtted from

both t he flrst out put term nal 410 of the first m xer

[82]r cui t Ratgoning to Kigwredds setting thedlirst svatahingasignel ® ©7170and the

second m xer circuit 150, while VON outputs the signal

senond switching mgoelt th sWEleO,lenish imturpsdts therthird switehi®e signdl e sw3=1;

second m xer circuit 150 and the second out put

tHecfoliith sWitéHiAg Signilnev4Hl | &id ik figth sWifchinigtsighdDto sd3h, WhEcause the
first switching signal sw and the second sw t chi ng

trF' 'ngﬁl@lSS%"@l )é:? glrgmpi I8 t%%‘ﬁfat?%}’z{sain d | ng ¢ na(Paaa\fx zgagpl ied output

OgIC eve

the. thre r )

iy 05?1‘15@5 %ﬂe@“ﬁe&am 16 sCig ot S, A0 outpuﬂemnals

lifier, the tri-pode SSB m xer CIrCUIt 128 W
Qrfp &1 YN nThethyd switalnng pignal si3qs calY ysegfasha @qf§watlbpeak of
generate the switching signals sw, sw2, sw3, sw4 and
thewsspeatiyehiad@ser (244260 crpagitor H28, ‘&32; @ﬁ&e“%)\)a.nkﬂ' inethe loading
digital logic 480 includes a NOR gate 482 and two NOT :
adjastary stfizes 488l adB458. Tihahik intashe titk third seitcking signaltsold sagures
signals sw and sw2 are input into the NOR gate 482

mARinhEn @itpat §WRIg P e g SMHe diffErdnSAl Gaidut B¥Ees VOP BIYYON when the
into the NOT gate 484. The first and the second

| e the fourth
Sgﬁntug ﬁgcugﬁlgﬁ eﬁoﬁﬁé at tﬂéw%ut pu?ﬁ) "the NOR gate

thef urth.swtchi Si S i,npu
e V\qu'gdeété‘fgethﬁ gk ipd o R P epd Hesefond Sﬁvggchmg Sgnal 0
n swb at the outputaof the NOI gate 486.

S@%g’omuféwr&tem 56 the Yum svaighing signad twy 350 §letfﬂ%rﬂ% fivitehing signal
swi tching signal sw3 at the output of the NOT gate

sw$0; apd e fith switghang signatitqsw &1 Ayillseuseithetri-medé SBBtmixer circuit
swtching signal to sw =0 and the

128 to operate in the up-converter mode to obtain an output signal of frequency (f1 + £2),

i.e. an around 3.96GHz + 528MHz signal, at the output terminals VOP and VON .

[84] Setting the first switching signal to swl=1 and the second switching signal to
sw2=0, which in turn sets the third switching signal to sw3=1; the fourth switching signal
sW4=O; and the fifth switching signal to sw5=1, will cause the tri-mode SSB mixer circuit
128 to operate in the down-converter mode to obtain an output signal of frequency (f1 -
2), i.e. an around (3.96GHz - 528MHz) signal, at the output terminals VOP and VON.
The scenario where the first and the second switching signals are set to swl=sw2=1 is not

used in the tri-mode SSB mixer circuit 128. In the amplifier mode, the tri-mode SSB
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second switching signal to sw2=0, which in turn sets
the third swtching signal to sw3=l ; the fourth

waeosoh3ay signal sw4=l; and the fifth sw tchi rgr/sécyoaboo3ee

to sws=0, will cause the tri-node SSB mi xer circuit
128 to operate as an anplifier to produce an anplified

xﬁiﬂepéi}cﬁltr ERULASHN QS hilk the cufrenfa@TR5dd ih GRe @&1&%% modes the up-
carrier signal, at the output termnals

C%ngrﬁ/ d Iﬂedo% Eonvﬁﬁé tehing signal sws is only used

e resonan pea of the respective inductor

tor 3 430, in. the
&ﬁdl ng 3 ?ﬁ a‘g’cebé ?Fmei?}dh%@mtw) tl\hfsk’ﬁga%‘é‘ih form the
the third SWItChI ng signal sw3 ensures maxi mum out put
voltpgrytoa@ et Fony ceer stages dp? prd &3 icanvestinput sidroerads Y0%and 206 of
and VON when the SSB m xer circuit 128 perforns
aroud SEMH hmpdt Veifage signall &3¢urfemt signals.t ke framssdtors M17 - M24
switching signal to sw =0 and the second sw tching

veHi N AIrmt the reqidncy \bheRsiosthgtsN 36 @hd 1568 edli¥eftke frequency conversion
swtching signal to sw3=0; the fourth 'swi t chi ng si gnal

iR or At A6 ad géﬁ gggw &iehit198 8 mihlgg a@g‘ﬁa 'szsmgté durrent

cause the tri - m Xer clrcuit opeéera

SRR AGITS 2 (10 GOy B bing s el B frogiel Mﬁzgure 2).
signal, at the output term nals VOP and VON
[&0J; t i ngTrameistors MO -dvii ¢, e’vhlﬂgf%mgthﬁﬁwénwtagesdﬁ& apﬁé54 function

second switching signal to sw2=0, which in turn sets

ap n@aminrréalmth%gbmnsy honping faneti@rof the trhendide $SBrmixer circuit 128.
switching signal sw4=0; and the fifth sw tching signal

The tmw&istors M@i-| M16 aelse thdpolarity-oftlikearGhidl $03MHz einfréntisignals that
128 to operate in the down-converter node to obtain an

eftél éltrankBidad MAT7 16 VeI BAEH ohfthe swifdhing m?nal@ﬁv?ﬁ&i"ﬁ@ 8sjearlier :
[3.96GH - 528Mz) signal, at the outpuf term nal

d@&glb wlth-l;gfére%% '&?{he thﬁﬂffo%xé %\?\? I‘ég Vég?t‘r&‘{]&latl ig‘:(‘/e u{&g@ rkﬂereby

sw tching si gna S are not

chltling Y maal s e it Y O R s a1

the current that is used in the other two nodes, the
[87conv At @PPASR? i FROVHLYHE EUKEFEYStems Mbirbsuse auxiliary mixer circuitry,

the switching stages 134 and 136 (implemented by cascading the transistors M9 — M16)
are integrated into the tri-mode SSB mixer circuit 128. Also, different from known SSB
mixer systems, the switching stages 134 and 136 are not used to switch voltage signals, but
current signals. Current switching has the advantage of providing minimal signal loss and
a faster frequency hopping performance. Current switching also achieves a better isolation
performance and hence a lower level of image frequency. Cascading the various
transistors, M9 — M16, further facilitates better isolation perfonnance, while the
symmetrical circuit arrangement of the SSB mixer circuit 128 further facilitates the lower
level of image frequency by ensuring that the differential input signals (Q_ LO1+, Q LOI-

,I_LOl+and1 LOI-)and (Q LO2+,Q LO2-, I LO2+ and I LO2-) are well matched.
18 |



10

15

20

25

[85] For the first channel 210 (Figure 2), the
transistors M - M, which formthe voltage-to-current

wW@emses438r stages 132 and 152, convert input SPABESGZNTB00366

204 and 206 of around 528MHz input voltage signals to
current signals., The transistors M 7 - M4, which
[$&r m t hnggeagigetinnpesiomancsidspensis saainly veghe phpse gesmatch and
reali se the frequency conversion function of the
atnplitudedmbalaicend Himput dn-phasetdi fié8ntiad sipnals ahd ghairatucudi€ferential input
528MHz current signals across a |load (not shown) using
nid¥@lasiof 8fgHalsC ahhs, She dduBf M ed dBudhitie GHE 8yminetrly @8 khe first mixer
Transistors MO - M 6, which formthe switching stages
ool P el sCcRA 20 RuTES0S( 8 i RSB Bger cirouit 126
circuit 128. . The transistors M - M . .6 sel.ect, ihe . .
el by tasbaphay af GRRRHShERRYS aof ALRIRGR GiSPch RS the differenta
_enter the transistors M 7 to M4, based on the
inpt modplagon signalr at Bsquenpnf2darupd $28MH2) Q2 HQ Jed2-, 1 LO2+
wth reference to the digital logic gate
andhild3¥enarat the deferéngiabinpyB@riertshgrabsnt feguencylfl (argundh2 96GHz)
signal output at the output term nals VOP and VON
qd 801+AQ donosed.gle- ddwnOSSBWeH tie SBSOFIM UWBhRystem 300
auxiliary mxer circuitry, the switching stages 134

(FB1B6ke B3 @npl SR IBLESM Gelx & eire s G 8811 tRIphARE thraes F8qFSeuYD3) serve to

6) "are i'ntegrated into the tri-node SSB m xer
i i . Lf r . 0 i 3

ol ahf e ifbte Audb8l i AR AR R e in e S8
to switch_ yol e.signals,. but current signals .
e R S8 dach G IRRIEV 1 i ABS IR SHyEn G D ARCE PR ri-mode SSB
mnimal signal |oss and a faster frequency hoppin )
mpegricHewh AeE . Ty thertri-mede S mixeaiciysuin 28 mgb@rb@%ﬁeérmage

i sol ati on performance and hence a | ower | evel of inmage
rfectigu padyrmadas.c ke symmbiei calostivotrse, tdegersr aionmssistice-(nd shown) in
6, further facilitates better isolation performance,

thahtan€cdnld@ctaydeRin) (180 Ish@ii st de add 264 &oRifion PrfbinganoSBnsure that
m xer circuit 128 further facilitates the | ower | evel

tHefoutfRBE tlfercﬁgimé%?ﬂcimilmert patioddenél Wh&T @Ripaddd with
I nput signals (QLOL+, Q LA -

conventional SSB mixers.

[89] As there is reduced switching losses in the input of the tri-mode SSB mixer

circuit 128, the input swing for the differential input modulation signals at frequency 2

(around 528MHz), Q LO2+, Q LO2-, I LO2+ and I LO2- can be reduced. It will also be

appreciated that the size of the transistors M9 — M16 can be carefully optimised, through

known techniques, to obtain a compromise between hopping speed and limited voltage

headroom. |

[90] The inductors 424 and 426 in each of the loading adjusting stages 438 and 458

shunts the respective first adjusting switch (436, 440) — capacitor (428, 430) and the

respective second adjusting switch (442, 432) — capacitor (432, 434) arrangements. Thus,
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, 1L+ and I LA- ) and (QLO®2+ QLX®2-, | LO2+ and

| LO2-) are well matched.[88] Image rejection
w@esoBos43ance depends mainly on the phase m snaRChS@md7/000366

anpl i tude i nbal ance of input in-phase differenti al

signal s and quadrature di fferenti al i nput rmdul ati on

tﬁ(l-: s a(%t%é frEEH%’rﬁ:gt ?ﬁxeq?)g ; g acp ust Cs?z%e? %%% e X ea((’lblﬁ&d
af%ﬁlfﬁgﬁ% W%@Wtﬁ?fea%&i%esﬂt%a BVO‘I‘P%’? ﬁ)ﬁﬁ rae%qrségf'lttsmg signals
anplitude m smatch to the differential input

sivd cand swi2o dn ghigway smaximumeepipateying g baticysidetgweirgjection is

_‘;11

QL™+, QL®-, I LR+ and | LX2-, and the
aghiet . diidwesler, thp obnveesion gain axiugﬁailmanay hoppengisadecyion off the tri-mode
(around 3.96GHz) Q LOL+, QLOL-, | LA+ and | LA -

5 S¥EeRiereirdB Mt Bofvihb a&rafed qaigy E&t&)om&a@ ¥sitdrh 828,
|

SSB mi xer circuit 128, the phase trimrers gure
r

'4% 4§|8t&’u 364 %e&%%ggz&%‘?os %?gﬁ@&ﬂ%&@ﬁ@eﬁ 45 51!49 and 444. To

i r.cui and, t hu th reJ ectlon
e iR P o Sviipe BaR 2R LR 4eF bifristdin a mnetwork

Thus, the tri-node SSB m xer circuit 128 can _obtain
49Q(3len refordiaure (3 & TedHCs e FaviNalRBiTesistaaces {herdmproying quality
structure, degeneration resistance (not shown) in the
fammmammanu@u(g@aldm. shown) stage and good

i sol ation performance ensure that the output of the

10 [9ESi r edThe edableiesistofsal EatOREbosphavinglfesisane salwksasT 60 to 250 Q,

compared wi th conventional SSB mixers. [89] As there

atSused €156 0st I8 EdVeRbnl AFSE/he Bi-hltRle IS8BULIRE cithift 128 to ensure that
tri-node SSB m xer circuit 128, the input swng f

tl#égfe(g)'{%éﬁ%qg%%e%& v@gﬂé é‘ﬂ n%n(m?xje %ﬁ 6§m§} cgﬁ{dft%ém%g ? y
e or A ShBERamuast s\ﬁé?@bﬁﬁ i %@ Bk E bl t%f%beleng

optl m sed, throu&ﬁnknom techni ques, to obtain
fatwieated isiog FyasnBemn kHAAS terhapleay mﬁeomdqﬁqdeah@éum&g@n results

headr oom
15  are discussed with reference to Figures 5 to 8, where the carrier frequency, fl = around

=

3.96GHz and the modulation frequency, {2 = around 528MHz.

[93] Figure 5 shows a graph 502 plotting the output (in volts) at VOP and VON of
the SSB mixer circuit 128 (Figure 2) against time (in ns); and a graph 504 of a plot of the
input (in volts) first and second switching signals sw1l and sw2 against time (in ns). The

20  graph 502 shows the corresponding output VOP and VON in response to the first and

second switching signals swl and sw2 shown in the graph 504.

[94] The transient simulation results of Figure 5 show the switching time required
for the three operation modes: the up-converter (f1 + f2), the down-converter (f1 - £2) or

the amplifier (f1).
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[90] The inductors 424 and 426 in each of the | oading
adj usting stages 438 and 458 shunts the respective

WO 200854380 usti ng switch (436, 440) - capacit or PCEHRG2007/000366

430) and the respective second adjusting switch (442,
432) - capacitor (432, 434) arrangenents. Thus,the

sponsg_fregquency of the |l oading adjusting stages 438
58" 458 Wheh %%g@a?r&%s decend spirhige signgl @henﬂega%pectwely from
frequencies selected by the first and the second
seili~t end Y2350 et is-0xand sadd ] sthe timemeed¢dsfonthe, outputifrequency signal to
out put swi ng and better sideband rejection is
chargecfveml (f1HARE0f] +tf2)eis amund 1 SIne asgadioatad dsifig eefarence/numeral
hoppi ng sel ection of the tri-nbpde SSB m xer circuit
5688 suffer fromthe decreased quality factor of the
capacitors 428, 432,430 & 434 due respectively to the

4] 6 R B gl 4 e
i mi sed | . Fi 4 .
SRR B b e AR o R

quality factor and hence_ the output signal level. [91]
chpngefigm G| -42)} o flotipareund 2ng;gs mulicapdrusinggefengnce numeral 508.
resistive values of 60 to 250 W are used to adjust

[?He conkignssi totlusfzites thé ontpet spectrumcd VEIBamd YON wherc thetSSB mixer
128 to ensure that the performance is the sane under

citauit D265(Rigurp @AY iLspRraAing i6 e Rwrt editVietterqfi5-- f2)3RbdA A graph 602
simul ati on under ADS2004A with the SSB m xer circuit

pi'o%&h'e%hgﬂxé P@»béﬂ' SFAFSP S VON FHIB 8541089 18 ih e Of(}%géfaph 602

was con ed. The sinulation resSults are discusse
i Fi . 5 wher %e rri.er .

PR BTLSARIRE b RGP b Bl SR 5 TP i
fre uenc%r,1 {2 :‘ﬂ d 528MHz. [93] Figure 5 shows a
IpRgETRIcsRn B Heyn é? e output (in volts) at VOP and

VON of the SSB mixer circuit 128 (Figure 2& %gainst _
[981me (iFigwes)7 illgstentes the appubmectsym of ansk VOReWherpilie SSB mixer

(in volts) first and second switching signals sw and
ceovit Bfa(Finmire #A)s perating)in thehp-gmapierF 02+ $)omsde. e graph 702 plots

correspondi ng out put VOP and VON in response to the
tHel dugput pBer of VOP and VON in dB against frequency in GHz. The graph 702
demonstrates that the output spectrum in the up-converter (f1 + £2) mode can achieve
image rejection of around 50dB.
[99] Figure 8 illustrates the output spectrum of VOP and VON when the SSB mixer
circuit 128 (Figure 4A) is operating in the amplifier (f1) mode. A graph 802 plots the
output power of VOP and VON in dB against frequency in GHz. The graph 802
demonstrates that the carrier frequency fl of around 3.96 GHz (see m1) is amplified a

greater extent that the other respective side band frequencies m3 and m2 of 3.432GHz and

4.488GHz.
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second switching signals sw and sw2 shown in the

graph 504. [94] The transient sinulation results of
wWO-2@8084330 show the switching tinme required forP@eG2007/000366

three operation nodes: the up-converter (fl + f2), the

down-converter (fl - f2) or the anplifier (fI) [ 95]

n th flrst an thes i n
[P oot Foe it sBleloiCres SR Manea Yot S Hifue sSRBRRG: crcui
ded for the_ output frequenc gnal to
léﬁzlﬁggreﬁ a(‘fslwmh oytpphirequenciein less than fpfomegh the specification

i ndi cated using reference nuneral 506. [96] When the
fereclasicsvatahingrmulgi-brind Al Botyateges from sw2=l to sw2=0,

while the first switching signal remains at sw =0, the
[1017e neBRgert 9 showshadio uti@uphdto grgple of the it gcde SSB giliveen @izcuit 128
from(fl - f2) to (fl) is around 2ns, as indicated

(Fighedt A Bh @nGRedWHIE FafiswSiim CRIOS FcaHs18 fdech't%H bAfoSSsilicon
t e out’put spectrum of” VOP and VON when SSB mi xer

sErgfé' throzlléﬁ tk‘lgévg ﬁe?hoddg‘)to {11%39 Bﬁ{&@& fnr{H% Eugoiz’ﬁgf to fabliuhatlon the

own- conv

pes e prBTer sh “&)‘%&’éﬁﬁﬁ%‘t‘# AR, a%sﬂ%tatﬁfétr £ Tituded

spectrum in the down converter (fl - 2) node can
modeilisgampagent oneghipraesh of around 50dB. [98] Figure 7
illustrates the output spectrum of VOP and VON when
(1028 SSBI'md diessizeiof theicorel dRuitPi0gus 2% Udnni’s operating in
t he up-converter (fl + 2) node. A graph 702 plots the
[103] put PeOWYEtainHettV iR vadttnMENn; PedEmadat, thé cére REUEINSH0 hdd
GHz. The graph 702 denonstrates that the output

syRfetd cﬁmnhﬁhfrﬁqaﬁtscmvﬁlﬁt%ﬁ ﬁ)hlo"ﬁs §b6 JRE61 £ f’égp&ﬁl%l‘?\(ﬁm gnate

I mage rejection ‘of around 5Cd Figure 8

d{eﬁléﬁggglta éatﬁ@%r rﬂ%&ﬁ%@g@ ? cu:ﬂ t& %%:is %n(g gl\eérll‘é tp\t}'{a?se d1fferent1al

signaels,%% Isifglllsﬁs bélng of ggn spacmg ! a Qen%g?ét gro 3 5§§}\4HZ. The

corresponding input pads for the portions 906 and 912 are designated 906a and 912a

respectively. Portions 908 and 914 respectively designate the input signal paths for the

. quadrature differential signals and the in-phase differential signals, both signals being of
carrier frequency at around 3.96GHz. The corresponding input pads for the portions 908
and 914 are designated 908a and 914a respectively. Portion 920 designates the output
pads for the core circuit 900. Portion 910 designates signal paths for calibration bits.
Portion 916 designates signal paths for first and second switching signals sw1 and sw2
(Figure 4A). Portion 918 designates the circuitry for the adjusting switch — capacitor
arrangements in the loading adjusting stages 438 (Figure 4A) and 458 (Figure 4A).
[104] The tri-mode SSB mixer in the core circuit 900 draws about 7mA under an
about 1.2V supply. The voltage supply can be adjusted from about 1.1V to about 1.35V

with an operating temperature from about -40 °C to about 85 °C.
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out put power of VOP and VON in dB against frequency in
GHz. The graph 802 denonstrates that the carrier

woe@gusessy f | of around 3.96 GHz (see nml) is BOPEGI0BN00366

a greater extent that the other respective side band
frequencies n8 and n2 of 3.432GHz and 4. 488GHz. [ 100]

abo simul ation results strate th t he .. .
{051 o tFe s Jup piniiried Do di PG Srguibny &fdisepssed with
out put frequencies in less than 9ns to_neet the
refsecace tockigniss 19 & 13, whese a sourice fransnayy fl i= saved 30@GHz and a
system [101] Figure 9 shows a die m crophotograph of
mdulation-frequenc8SR Arasoand SREMEzwarg8s¢d=i gure 4A)
i npl enmented with Fujisu 90nm CMOS t echnol ogy
[{Edr i caFigdreortt showsshd onitpix speifuni af thetfibirfuagsd dueQi900 (Figure 9)
nmet hods to those skilled in the art. Prior to

wiRRhEfinBle SSBEnREY @%b&ﬂaﬁngﬁmg%@ﬁ-c_%vé&@ ifaeS T butput
| ayout was carefully estimted which included

[ ]j ' n-chip tr .. [.102] .The.die size
SBRA B  raE on B BO B AG B ol B o R S
er device matchi rfQrmance, the core circuit .
13@% RALengy H%PF‘?@%B-M- nﬁhq meAsHted 1mgge thigstign 008 achieves up
Portions 906 and 912 respectively designate the input
te P usieg exdernally phase fimmed quadralyrd Mppesignady. Asithesgognd band
and the in-phase differential signals, both signals
1664 (g 1)) lbaagde splrequegcy areonbhOGGHiz isbeitan than285dRc ankhthe third
correspondi ng i nput pads for the portions 906 and 912

hﬁﬁﬁoxﬂ@?lﬁiﬂﬁé R P8 a2 Bfbuld 354463RAS L 34d8lcy WIRON 180211 $a applications
908 and 914 respectively designate the input signal :

aRﬁkH%ﬂ%&Edthe quadrature differential signals and the
I n-phase differential signals, both signals being of

rier..freqyenc t around 3.96 . e rres. ]

(F§AL ° panuRRd ks s bl Reecinar g e sbieafl HEEP GG 0
“%%8 and 9 4§ respectively. Portion,gzo d sLﬁPates t he .

P Smmptaa c PRP MIKE 18 gPEatng @uihe ampbiicrsgeds. ghheppgput spectrum is a

desi%nates signal paths for calibration bits.

graph 1100 of output power against frequency, where a 3.96GHz carrier signal 1102 is
generated. In the amplifier mode, the consumption current is reduced to around 3.5mA.
The spur 1104 located at 3.432GHz is as low as -64dBc.
[108] For the third band application (Figure not shown), the measured image
rejection performance of the up converted output is about -50dBc, while the LO leakage at
around 3.96GHz level is -35dBc. The third harmonic spurious level at around 2.374GHz is
only -53dBc.
[109] Figure 12 illustrates the frequency hopping performance of the fabricated
circuit 900 (Figure 9) when the tri-mode SSB mixer is switched from the amplifier

operating mode to the down-converter operating mode. The hopping time 1202 is less

than 1ns which is well below the requirement for a MB-OFDM UWB system.
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Portion 916 designates signal paths for first and

second switching signals sw and sw2 (Figure 4A).
wWeFBim33®18 designates the circuitry for the BC/862007000366

switch - capacitor arrangenents in the | oading

adj usting stages 438 (Figure 4A) and 458 (Figure 4A).

a T £ S : : . s , 0

(L bt SR Kpind At 80 n Bt s
tage suppl.y c adj usted from about 1. 1V to.

13068 Horiuidt 12, 155 Brcaiitig oot Graorieter g e Bismode sSB

-40 0C to about 85 OC.[lOSL The results of tests.

ngig piceiecuitd 28 Fighee 4A)has gaed Hinedrity: and fagpfiequeacyihenpirgperformance

with reference to Figures 10 to 13, where a carrier

for eduORDM UWB apphcationsdl 3. 96GHz and a nodul ation

frequency, 2 = around 528MHz were used. [106] Figure

5 [iD &s howsrotthe @esuRt breséted withiréferdnle td Bighiics abes 13,if &ull be
900 (Figure 9) when the tri-node SSB m xer is

oBRELEH 0L BN AR B AURAT BErEREP e IR LAl well with the
freguenc ere the . .desired. out put 1002 frequency is
s AT G MeniE S TR 1 s o 08 on Toos
achieves up to 67dBc using externally phase trimred
[H A dr at Whaleiembadinsngsof the inxentignshave biserpytiRdar p sovpand
LO | eakage at frequency around 3.96CGHz is better than
degEipd wathdeferance ko spgcifigremboidonents; it should hevgiders@o@ batthose skilled
around 5.544GHz is -54dBc, W.AN 802.1 la applications

10 iathe ancthatafatiead eithng¢slit #ormi-aglid&ail inagihewsadehRersintwitiout departing
spectrumof the fabricated circuit 900 (Figure 9) when

floRPtHelshirfTRAE s o the8hvédntioR RS HaiAdAhy the hfjSen@BPLiafrh€ The scope of
node. The output spectrumis a graph 1100 of out put

RN PR Bk GO Rl Bl B ) BBRBLBIich gome within
P B SRS YR 3 g Pl e cmbraca
[108] For the third band application (Figure not

shown), the neasured i mage
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rejection performance of the up converted output is
about -50GdBc, while the LO | eakage at around 3.96GHz

WO ewel34330 - 35dBc. The third harnoni c spurious PEweG20at/000366

around 2.374GHz is only -53dBc. [109] Figure 12
illustrates the frequency hoppi ng performance of the
fabricated circuit 900 (Figure 9) when the tri-node
SSB mixer is switched fromthe anplifier operating
node to the down-converter operating node. The hoppi ng
time 1202 is less than | nsQ#msh is wel | bel ow t he
requirenent for a MB-OFDM UWB system [ 110] The
ssummary of the fabricated circuit 900
tdgggﬂgéﬁls tabul ated 1302 as shown in Figure 13.
The neasured results denonstrate that the tri-node SSB

m xer CIYC% t re 4A) has good linearity and
%ast‘??%ﬂﬂeHgf ggperfornance for NMB-OFDM UVB
appl i cati ons. 111] Fromthe results presented with

r ef erdgiotiase-tp- W’&Né%nvfﬁe’i%a&e’s it will be observed

that the performance of the actual fabricated circuit

900 agvatshingsitagevdontprising agilwialitnt ofonwitches thesswitchingsstage being
earlier with reference to Figures 5to 8 [ 1 12]

Whi | eoaplbd dvitkenthe witaghie-cutvemntdonnedadV stagzeed) controlled passing
particularly shown and described with reference to

specicfdofriAMmadet fom thd volaH-@-RerenNABhFdrRe dsthhe t}ﬁ@@@ the

skilled in the art that various changes in form and

det aigl,. /By Rgq mede therein without departing fromthe

splrlt ané scope of the invention as defined by the
The scope of . t i nvention is thus

Pe ey Phiaigpsheegounc b MR Sehges whi ch

cone within the neaning and range of equival ency of

the clains are therefore intended to be

enbraced. Clains Wiat is claimed is: 1. A mxer

2i r cUibg migemngircugiofigltaima lyol t age-t o- current converter

st age;

wherein the voltage-to-current converter stage comprises a plurality of

transistors.

3. The mixer circuit of claim 2,
wherein the plurality of transistors comprises: |
.a first transistor, a control terminal of which is coupled to a supply
voltage;
a second transistor, a control terminal of which is coupled to a first
différential in-phase input signal having a first frequency;
a third transistor, a control terminal of which is coupled to a second

differential in-phase input signal having the first frequency;
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a swtching stage conprising a plurality of swtches,
the switching stage being coupled with the

WO eioBAass3d o- current converter stage to contr ol PE€rSG2007/000366

passing el ectrical current fromthe vol tage-to-current
converter stage through the switches; and a frequency

C e O PR SEHBL i ehal CorBALH AR L8R & e sty

vol tage-to-current converter stage conprises a

pl ural ity veltager ansistors. 3. The mixer circuit of
claim2, wherein the plurality of transistors
conprises: a first transistor, a control term nal of
which is coupled to a supply voltage; a second

4t r angihgfiker crcGROFERImter m nal of which is coupled to
a first differential in-phase input signal having a

firs t

ter et g o et bArRRRECS A coyREL f Rsstor

I n-phase input signal having the first frequency;a
fourth transistor, a control termnal of which is
coupled to the supply voltage. 4. The m xer circuit of
Scl ai rhhe miggfeigpy of Haimy di t age-t o- current converter
stage conprises a resistor. 5. The mixer circuit of

cl ai mhéreintheredistor in@ vianghlstrenistors a vari abl e resi stor.
6. The m xer circuit of claim3 and claim 4,

6. The mixer circuit of claim 3 and claim 4,
wherein the resistor is connected between a first controlled terminal of the

second transistor and a first controlled terminal of the third transistor.

7. The mixer circuit of claim 3,

wherein a first controlled terminal of the first transistor is coupled with a first

controlled terminal of the second transistor.

8. The mixer circuit of claim 7,

wherein the first controlled terminal of the first transistor and the first
controlled terminal of the second transistor are coupled with a reference

potential.

0. The mixer circuit of claim 3,

wherein a first controlled terminal of the third transistor is coupled with a first

controlled terminal of the fourth transistor.
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wherein the resistor is connected between a first
controlled terminal of the second transistor and a

wo poosps@ant rol l ed termnal of the third transi BEDEG2067/000366

The m xer circuit of claim3, wherein a first
controlled termnal of the first transistor is coupled
wth a first controlled termnal of the second
transistor. 8. The mixer circuit of claim?7, wherein
the first controlled termnal of the first transistor
19nd dhe ixerircud of F3iMEd t ermi nal of the second
transistor are coupled with a reference potential. 9.
The mibgeein ghe durbtt cerftralled; terBinalvedr dienthirdf tragsistor and the first
controlled termnal of the third transistor is coupled
W t hcentfolledt teeriinial @if| the foarthi taisistdr hiee chupdéd fwith a reference
transistor.10. The m xer circuit of claim9, wherein

t he {bepfiaicontrol l ed term nal of the third transistor
and the first controlled termnal of the fourth

transi stor are coupled wth a reference potential. 11.
The m xer circuit of claim1, wherein the sw tches
lgpnpﬁkse.one.or He.t ansi stors. 12. The m xer

i rcaPt TGP Ay ein the plurality of switches
conprises: a first switch, a control term nal of which
i s cyilipreanithe switches sonmprisQPRE of mETedTansistors.a second
switch, a control termnal of which is coupled to a
fifth

12. The mixer circuit of claim 1,
wherein the plurality of switches comprises:
a first switch, a control terminal of which is coupled to a fourth
switching signal;
a second switch, a control terminal of which is coupled to a fifth
switching signal;
a third switch, a control terminal of which is coupled to the fifth
switching signal;
a fourth switch, a control terminal of which is coupled to a reference

potential.

13. The mixer circuit of claim 3 and claim 12,

wherein
a first controlled terminal of the first switch is coupled with a second

controlled terminal of the first transistor;
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switching signal; a third switch, a control term nal
of which is coupled to the fifth swtching signal; a

wo enessu33mi t ch, a control term nal of which i SPCD8GELOT000366

to a reference potential. 13. The m xer circuit of
claim 3 and cI aim12 wherein a first controlled

termnal of ghe.f Pﬁ&% %&H{ &8 {h%? g&ﬁgg ﬁvng,cﬂ fs ?ougfela with a

control | ed ermna iTs

controlled term nal the s nd swiitch  is coupled

with a seésﬁfaidcf@ﬁwlé?ff teEmInak oh the pecond RBSiYEE ond
transistor; a first controlled termnal of the third
switch is acBigprerdropied fermina odtle thindt svatchad coepled math apfecond
the third transistor; a first controlled term nal of

t he fourt lcoatpli@htensinalnfiihethindittdnsiatosecond control | ed
termnal of the fourth transistor. 14. The m xer

circuit ofa fkseédhtrblledit@igiaNof e ffnﬁrﬁ%‘@ft‘&%s%ﬁ Gl Wl@nrh second
stage conprises a plurality of transistors. .

m xer Cir ey ol t%hﬁh&i‘olf‘hrl {éﬁﬁtﬁ?}aﬂs&f&? pl “ra' Ity Of

transistors conprises: transistor, a control
term nal of which is coupled to a first differentia
i n-phase input signal having a second frequency; a
sixth transistor, a control termnal of which is
1doupITdg IISCLLIENE SR @l els er enti al i n- phase i nput signal
havi ng the second frequency;

wherein the frequency conversion stage comprises a plurality of transistors.

15. The mixer circuit of claim 14,
wherein the plurality of transistors comprises:

a fifth transistor, a control terminal of which is coupled to a first
differential in-phase input signal having a second frequency;
a sixth transistor, a control terminal of which is coupled to a second
differential in-phase input signal having the second frequency;
a seventh transistor, a control terminal of which is coupled to the
second differential in-phase input signal having the second frequency;
an eighth transistor, a control terminal of which is coupled to the first

differential in-phase input signal having a second frequency.

16. The mixer circuit of claim 15,
wherein
a first controlled terminal of the fifth transistor is coupled with a

second controlled terminal of the first switch;
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a seventh transistor, a control termnal of which is
coupled to the second differential in-phase input

WG e@nak43bavi ng the second frequency; an ei ght hPCT/SG2007/000366

transistor, a control termnal of which is coupled to

the first differential in-phase input signal having a
second frequency. 16. The m xer circuit of claim 15,

wher ei n a 3 ﬁf%tcoeﬁﬁlhdorqr@wai & rthe 3ixth trangistar; it gpupled with a
transistor is coupled with a second controll ed

term nal eécandeohirelied temninalnfahé second switeh; ol | ed

termnal of the sixth transistor is coupled with a

second contfist tedrdlied teréhalodf thesesatl nehnsivlot ¢coupled with a
first controlled term nal of the seventh transistor is

coupl ed WiskHyng BREAN t&%hﬁlcﬂﬁtﬁéjthh‘afs%{&ﬁ‘ of the third
switch; a first controlled termnal of the eighth

transist o ﬁr[%h%g Alfae Fﬁﬂ? ﬁie(; %]f%xoggﬁs%t&r 1% cougletd with a

termnal Gf our h mxer Cifrc
of claiml1, erei the fr nver si on stage
conpri ses S%Comlrcg?tr lftdﬁﬁ‘imlf@%#ltﬂ%%“ Fwat céecond ogt put
termnal. 18. The mixer circuit of claim16 and claim
17, wherein a second controlled termnal of the fifth
transistor is coupled with the first output term nal
14. sedhadhigkemdircoitlo€dlaimedm nal of the sixth transistor
is coupled with the second out put termn nal
wherein the frequency conversion stage comprises a first output terminal and a

second output terminal.

18. The mixer circuit of claim 16 and claim 17,

wherein

a second controlled terminal of the fifth transistor is coupled with the
first output terminal;

a second controlled terminal of the sixth transistor is coupled with the
second output terminal;

a second controlled terminal of the seventh transistor is coupled with
the first output terminal,

a second controlled terminal of the eighth transistor is coupled with the

second output terminal.

19.  The mixer circuit of claim 17, further comprising;:

a loading adjusting stage to adjust the frequency response of the loading;

wherein the loading adjusting stage is coupled with the first output terminal.
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a second controlled term nal of the seventh transistor

is coupled with the first output termnal; a second
wa@ensosd3Bed term nal of the eighth transistor PEI/SG2007/000366

coupled with the second output termnal. 19. The m xer

circuit of claim17, further conprising: a |oading

adj usting stage to adjust the frequency response of

the | oadi ng; wherein the | oading adjusting stage is

coupled with the first output termnal.20. The m xer

26 r c (ihe rpixer¢igguih of Elaiglds ei n t he | oadi ng adj usti ng

stage conprises an inductance coupl ed between the

fir stwientip the toadimg radjustinglstage edreprves an poduetdnica boupi?dd between

The m xer circuit of claim17, wherein the | oading

adj ushé figst GhtpOEcAAMAI ArieSrefirel@Pdtendile Capaci tance

coupl ed between the first output term nal and anot her

reference potential. 22. The m xer circuit of claim

21, wherein the | oading adjusting stage conprises at

east.,one_adj.ust. i swi.tch coupl ed between the at

*easit;rh(?ﬁ’élxsra 5?8?%"3%%‘“&% the other reference

potential. 23. The mxer circuit of claim17, wherein

the MOKERelapdiae pdiystiesireccomprisseat lgast ppesgapacitance coupled

capacitance, a first termnal of which is coupled wth

t he fetvwaendhe finst outputrtiemainal andfanpthier redi¢rescs pogengial.t ch, a

first controlled termnal of which is coupled with the

ot her reference potential;

22. The mixer circuit of claim 21,
wherein the loading adjusting stage comprises at least one adjusting switch

coupled between the at least one capacitance and the other reference potential.

23. The mixer circuit of claim 17,
wherein the loading adjusting stage comprises

a first capacitance, a first terminal of which is coupled with the first

output terminal;

a first adjusting switch,
a first controlled terminal of which is coupled with the other
reference potential;
a second controlled terminal of which is coupled with a second
terminal of the first capacitance;
a control input of which is coupled with a first switching signal;

a second capacitance, a first terminal of which is coupled with the first

output terminal;

30



10

15

20

25

a second controlled term nal of which is coupled with
a second termnal of the first capacitance; a control

WO pan34380 whi ch is coupled with a first sw tchPemSG2007/000366

signal ; a second capacitance, a first term nal of

which is coupled with the first output termnal;

second adjusting switch, a first controlled term nal

of whi ch iassee%lquwt%@wﬁ?lhe ot her reference

potential; a second controlled termnal of which is

coupl ed wit h a asfixsbrdntradledi tamhinek of whicheisorenpled with the other
capacitance; a control input of which is coupled with

a third switchire@grenc@patentiald. A nmixer circuit

arrangenment, conprising: a first mxer circuit,

conprising: a WQletéHicdnoftd fe?ﬂﬁna@gﬁw&eiﬁ c§ﬁ1ﬁ9&wnﬁa second
switching stage conprising a plurality of sw'tches,

the oW tShi ng S4a0e AUILEUPLELIMLR e

vol t age-to- current converter s o0 ’controlled

passi ng el ectri cal r.rent the vol t age ur.rent
converter stagé ?W‘E?Edﬂp‘ith é‘&il‘ihcllﬁe@“lﬂ?fg%ﬂﬂ’f = éHQnWtChmg
conversi on stage coupled to the switching stage; a

second mi xer cisigakt, conprising: a voltage-to-current

converter stage; a switching stage conprising a
plurality of switches, the swtching

24. A mixer circuit arrangement, comprising:

a first mixer circuit, comprising:
a voltage-to-current converter stage;
a switching stage comprising a plurality of switches, the switching
stage being coupled with the voltage-to-current converter stage to
controlled passing electrical current from the voltage-to-current
converter stage through the switches; and
a frequepcy conv.ersion stage coupled to the switching stage;

a second mixer circuit, comprising;:
a voltage-to-current converter stage;
a switching stage comprising a plurality of switches, the switching
stage being coupled with the voltage-to-current converter stage to
controlled passing electrical current from the voltage-to-current
converter stage through the switches; and

a frequency conversion stage coupled to the switching stage.

25.  The mixer circuit arrangement of claim 24,
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stage being coupled with the voltage-to-current
converter stage to controlled passing electrical

w@enosesM33d rom t he vol tage-to-current convert er PGL/SGEH07/000366

through the switches; and a frequency conversion stage
coupled to the switching stage. 25. The m xer circuit
arrangenent of cl.aim 24, wherein each

vol t AETeR-qash r Wltagedenvirent, canvsger stagpnf the voltage-to-current
vol tage-to-current converter stages conprises a

pl ur &PRyeyten stagesaenipsisey s plupadity Fh@ansiskers. circui t
arrangenent of claim25, wherein the plurality of

transi stors of the voltage-to-current converter stage

of the first mxer circuit conprises: a first

26r angihg nfiker circaR Akafgeniddt BT faim 25, Whi ch is coupl ed to

a supply voltage; a second transistor, a control

t er mypaleiOthe \L/ﬁ]{n%htd} §ﬁ" RS of Qxfea/oflth t?{o-gdrf'cfn? E&We}t@ll stage of

i n-phase 1np avi ng irst-frequency

thlrﬂbeoé {}% st or g control term nal of which |s

coup T H‘%S’({%‘H CHMRE ent i al i n- phase i nput si gnal
having the first frequency; _ a fourth transistor,

control terfifshipnsistor,s eantiol terpyipalerf WhichHe cowplpd 90 a supply
vol tage. 27. The m xer circuit arrangenent of claim

25, whereiveoltagee plurality of transistors of the

vol tage-to-current converter stage of the second m xer

ci rcuit cargecorsiefansistey, @t dontrohfsimsdabrof whiclhid c@lpled to a first
termnal of which is coupled to a first differenti al

quadr at ur giffdpaital &i-pIAL idpay sipRalhaling St fikt REHRAGY -
a third transistor, a control terminal of which is coupled to a second
differential in-phase input signal having the first frequency;

a fourth transistor, a control terminal of which is coupled to the supply

voltage.

27. The mixer circuit arrangement of claim 25,

wherein the plurality of transistors of the voltage-to-current converter stage of
the second mixer circuit comprises:
a ninth transistor, a control terminal of which is coupled to a first
differential quadrature input signal having a first frequency;
a tenth transistor, a control terminal of which is coupled to a second
differential quadrature input signal having the first frequency;
an eleventh transistor, a control terminal of which is coupled to the

second differential quadrature input signal having the first frequency;
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a tenth transistor, a control termnal of which is
coupled to a second differential quadrature input
wG@r@nab43bavi ng the first frequency; an el eventPCT/SG2007/000366
transistor, a control termnal of which is coupled to
the second differential quadrature input signal having
the first fregquency;a twelfth transistor, a contro
term nal &f frafsisterp grioatrol termmal of wiichds coupledita the first
quadrature input signal having the first frequency.
28. The mdifferetial quadratare impyesignd hafing thei firstfiequeheyr. ei n
each voltage-to-current converter stage of the
vol tage-to-current converter stages conprises a
resistor. 29. The mixer circuit arrangenment of claim
288, ket dilit aRGh SR oRLifiny 24/ ADI € T esistors. 30,
he m xer CIrCUIt artr angenent o cIa|n126 claim 27
and clai m ein the resist
Vol t SRR et rUpEL el Sl Shet i e, vpligeggreument
circuit is connected between a first controlled
t er nCARYCISY StRgRS COBWEISEP 3 78l st or and a first
controlled terminal of the third transistor; wherein
the resistor of the voltage-to-current converter stage
of the second mixer circuit is connected between a
29i r sThe atik¢ralircen atrengantek oHElainh28t ent h transi stor and
a first controlled termnal of the el eventh
t r angingted the3dsistdRQréWarfiblCiekistord. arrangenment of claim
26, wherein a first controlled termnal of the first
transistor is coupled with a first controlled term na
of the second transistor. 32. The mxer circuit

53t HETROE SR ED S b M £l A

controlled term nal of the second tranS|stor are
Coupwgsrew thg resister of thg veltage-to-current converter stage of the first mixer

circuit is connected between a first controlled terminal of the second transistor
and a first controlled terminal of the third transistor;

wherein the resistor of the voltage-to-current converter stage of the second
mixer circuit is connected between a first controlled terminal of the tenth

transistor and a first controlled terminal of the eleventh transistor;
31.  The mixer circuit arrangement of claim 26,
wherein a first controlled terminal of the first transistor is coupled with a first

controlled terminal of the second transistor.

32.  The mixer circuit arrangement of claim 31,
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potential. 33. The m xer circuit arrangenment of claim
26, wherein a first controlled termnal of the third

W e@sdsssor i s coupled with a first control | edP@EsGR00ADO0366

of the fourth transistor. 34. The mixer circuit
arrangenment of claim 33, wherein the first controlled
termnal of the third transistor and the first

cont Meredr therfissh eontelledn terpnalt of thea digsts irapsisipre and the first

coupled with a reference potential. 35. The m xer

ci r cgpntrelledategminahtof othe cdeadpnd 2Ansisiioerage rcowpled rwith a reference
controlled termnal of the ninth transistor is coupl ed

Wi t hpatehtislst controlled termnal of the tenth

transistor. 36. The mixer circuit arrangenment of claim
35, wherein the first controlled term nal of the ninth
transistor and the first controlled term nal of the

35Nt el A0S S1oRl oS GONPLEG A b, a 1 ef er ence

pot e Xer  CI rcui arrangemsnt of claim
27, wherein first. control t er.n} nal
el ev e Pﬁ%t.ce%?llqute%wai %fgﬂlwﬂtl faaqswogtls e%lml?dowt%a first
termnal of the twelfth transistor.38. The m xer
ci r capntradled dergunal of thsrfourthiangstor.wher ei n the fir st
controlled term nal of the eleventh transistor and the
first controlled termnal of the twelfth transistor
are coupled with a reference potential. 39. The m xer
38] I CThé mikéran@aiafhngdnent of eThidd 33,
wherein the first controlled terminal of the third transistor and the first
controlled terminal of the fourth transistor are coupled with a reference

potential.

35. The mixer circuit arrangement of claim 27,
wherein a first controlled terminal of the ninth transistor is coupled with a first

controlled terminal of the tenth transistor.

36. The mixer circuit arrangement of claim 35,
wherein the first controlled terminal of the ninth transistor and the first
controlled terminal of the tenth transistor are coupled with a reference

potential.

37.  The mixer circuit arrangement of claim 27,
wherein a first controlled terminal of the eleventh transistor is coupled with a

first controlled terminal of the twelfth transistor.
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wherein the switches conprise one or nore transistors.
40. The m xer circuit arrangenent of claim 24, wherein
wo b@spbass@l ity of switches of the first m xer BCT/BG2007/000366

conprises: a first switch, a control term nal of which
is coupled to a fourth switching signal; a second
swtch, a control termnal of which is coupled to a
fifth switching signal; a third switch, a control
term nal of which is coupled to the fifth sw tching
381 gndlhe mixkoceirdulit Swnpeahentafcanh3@] term nal of which
is coupled to a reference potential. 4 1. The m xer
Ci I CUiRerélh "tA FREEEINtRI 1€ tehrThad ofaRe fdv@hiR #bhsistbreafd the first
a first controlled termnal of the first switch is
coupl h L Q 0 I ; j f.qt f
Cr anap Rrsdd R U ORI sl T Toupled U  Fiibrance
switch I(S‘?-P 1coupl ed with a second controlled term nal of

5 the POIBHA transistor; a first controlled terninal of
the third switch is coupled with a second controll ed
termnal of the third transistor; a first controlled
term nal of the fourth switch is coupled with a second
39ont ridielneidert @rquitrmatangémertiof laim 24, t r ansi stor. 42. The
m xer circuit arrangenent of claim 24, wherein the
pl ur altekain ee Switdheh@smprisetdne os AR GanBisters. Ci rcuit

conpri ses:
10 40.  The mixer circuit arrangement of claim 24,
| wherein the plurality of switches of the first mixer circuit comprises:
a first switch, a control terminal of which is coupled to a fourth
switching signal;
a second switch, a control terminal of which is coupled to a fifth
15 switching signal;
a third switch, a control terminal of which is coupled to the fifth
switching signal;
a fourth switch, a control terminal of which is coupled to a reference
potential.
20
41.  The mixer circuit arrangement of claim 26 and claim 40,
wherein
a first controlled terminal of the first switch is coupled with a second

controlled terminal of the first transistor;
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a fifth swtch, a control term nal of which is coupled
to a first switching signal; a sixth switch, a control

Wﬂ)em)mombo of which is coupl ed to a second swi t PATT/8G2007/000366

signal; a seventh switch, a control term nal of which

'S coupl ed to the first switchi ng signal; an eighth
switch, a cgntrol termnal of which is_coupled to the
second swi¥ EFt rgngpPsthiterminal o, thepscgpd c,slwr“EhllP coupled with a
arrangenment of claim 27 and 42, wherein a first

cont r ol | edecandreontibllest terrhimak ofithe seonind trandigor; oupl ed

with a second controlled termnal of the ninth

transi st ora, fist Ednt®lled detinidl lofdhé ehindi swdtchQ$ coupedsivithfa second
switch is coupled with a second controlled term nal of

the tenth br@RRdtERingl Jﬂtﬁéihlﬁ%ﬁ@{olrecj term nal of
the seventh switch is coupled with a 'second controlled

~termnal %fqrgp&ngjoﬁ&? Pe%{h al 8{’] 191rth st hI is %Blé%led w1t(}]1 a second

controlle ermna ee| SW ¢
with a second ntro”%&xﬁf aI of thetvvelfth
transi st or® tﬁﬂf THEIRR T t'fanélﬁtfo&ngerrent of claim

24, wherein each frequency conversion stage of the
frequency conversion stages conprises a plurality of
transi stors. 45. The m xer circuit arrangenent of
42| ai rhé4pixeverceit armahgenmdmgofitlainy 24f transi stors of the
frequency conversion stage of the
wherein the plurality of switches of the second mixer circuit comprises:
a fifth switch, a control terminal of which is coupled to a first
switching signal;
a sixth switch, a control terminal of which is coupled to a second
switching signal;
a seventh switch, a control terminal of which is coupled to the first
switching signal;

an eighth switch, a control terminal of which is coupled to the second

switching signal.

43. The mixer circuit arrangement of claim 27 and 42,
wherein
a first controlled terminal of the fifth switch is coupled with a second
controlled terminal of the ninth transistor;
a first controlled terminal of the sixth switch is coupled with a second

controlled terminal of the tenth transistor;
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first mxer circuit conprises: a fifth transistor, a
control termnal of which is coupled to a first

waledoBesesi i al i n-phase input signal having a SEBCDSG2007/000366

frequency; a sixth transistor, a control term nal of
which is coupled to a second differential I n- phase

i nput sig sec e y. sevent h

transi ot of Nzt SghAdtGd” G ¥ bF SRR San f Rl i 2
t he second dlffere phase i nput si naI havi ng

the second®9oPd§0BH iFd tﬁW“E?l ithe elpyenth EaRNIStory cont r o
termnal of which is coupled to the flyst_dlfferentla

i n- phase idpsitcontrghed terminahef the sightinsivitehalg gewnlgd with a second
The m xer circuit arrangenment of claim45, wherein a
first contomtidlld tératinalditheotfvel fitetrinsistér. t r ansi stor i s
coupled with a second controlled termnal of the first
switch;a first controlled term nal of the sixth
transistor is coupled with a second controll ed

44er mrﬁg%m)g% &%ﬁ“ﬁﬁﬁ‘?e%??@wagm uwfirst controlled

ter anS|s is coupled with a

secon contr ed termnal .of th irﬁ switch; a .

fir sf” et F‘Eﬁ BAYeBE R ersign ftﬁ%e 8 81& CQYCRAE FAVGFSIqn stages
coupled with a second controlled term nal of the

f our €PMBRATes @plurality of K@NSistRES: circuit arrangenent of
claim44, wherein the plurality of transistors of the
frequency conversion stage of the second mi xer circuit
conprises: a thirteenth transistor, a control term nal

48f Wrhehika cirouipagandement 61 ¢18iin 44,

wherein the plurality of transistors of the frequency conversion stage of the
first mixer circuit comprises:
a fifth transistor, a control terminal of which is coupled to a first
differential in-phase input signal having a second frequency;
a sixth transistor, a control terminal of which is coupled to a second
differential in-phase input signal having the second frequency;
a seventh transistor, a control terminal of which is coupled to the
second differential in-phase input signal having the second frequency;
an eighth transistor, a control terminal of which is coupled to the first

differential in-phase input signal having a second frequency.

46.  The mixer circuit arrangement of claim 45,

wherein
a first controlled terminal of the fifth transistor is coupled with a

second controlled terminal of the first switch,;
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di fferential quadrature input signal having a second
frequency; a fourteenth transistor, a control term na

w@Rooshssbo i s coupl ed to a second differential PCT/SG2007/000366

quadrature i nput signal having the second frequency; a
fifteenth transistor, a control termnal of which is
coupled to the second differential quadrature input ]

si gnal hav figst teatreBed termminal pfetheysixth wansistanishcoupled with a
transistor, a control termnal of which is coupled to

the first sdedrderoatroilad tequmdl e the secongpswiteh;gnal havi ng

the second frequency. 48. The m xer circuit

arrangement figt cohtedlBd4érmiBEs LR Rvérith Hansisok iOtbfled with a
termnal of the thirteenth transistor is coupled with

d : - i.fth i tch;
a secon %?%dcegghﬁgué@{e{{]ﬁgff Oﬁee { sfmh{ch swtch; a

first con term na ourteenhth transi stor

is coupled with ond coptrolled termnal of th

Sixth svi Polist SoRrpl EERRLer e Biebi fdpiger feoupled with a
fifteenth transistor is coupled with a second

cont r ol | ede¢oddpontipllest termigalof\the fomrth\giviteh: a fir st
controlled term nal of the sixteenth transistor is
coupled with a second controlled term nal of the

eighth switch. 49. The mi xer circuit arrangenent of

40| ai Mha4nixehsdraaitanaagdinént efdaimeysconver si on st age of

the frequency conversion stages conprises a first

out pWheteds M plurdity oF SRS eptlﬁ%ecgu%ﬁm BMverstth st of the
m xer circuit arrangenent of claim 49,

second mixer circuit comprises:

a thirteenth transistor, a control terminal of which is coupled to a first
differential quadrature input signal having a second frequency;

a fourteenth transistor, a control terminal of which is coupled to a
second differential quadrature input signal having the second
frequency;

a fifteenth transistor, a control terminal of which is coupled to the
second differential quadrature input signal having the second
frequency;

a sixteenth transistor, a control terminal of which is coupled to the first

differential quadrature input signal having the second frequency.

48.  The mixer circuit arrangement of claim 47,
wherein
a first controlled terminal of the thirteenth transistor is coupled with a

second controlled terminal of the fifth switch;
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wherein the first output term nal of the frequency

conversion stage of the first mxer circuit is coupled
WOWak/054380 second out put term nal of the frequePCHSG2007/000366

conversion stage of the second m xer circuit; wherein

t he second output term nal of the frequency conversion

stage of the first mxer circuit is cqupled with the

first outpdirstcontrpiled tegpinaaf thedguidsrath Gymwistards spupled with a

stage of the second m xer circuit; 51. The m xer

circuit asecondeomtnlledftermindlof4lg: sixthh selitehm 49, wherein

a second controlled termnal of the fifth transistor

i's coupl ed fikt dontroted terflinad Wfphé fifkeérth Mahsistor iheoupled with a
frequency conversion stage of the first mxer circuit;

a second cQnhi ebnttfllcieérmiRAlof¥e debenthiswithh;t ransi stor
is coupled with the second output term nal of the

fr eq“encyaﬁﬁycg%ﬁgggq A6 OF giehﬁ Je%ﬁtﬁ%ra%%iﬁt%% isCLJug)g%dgv.}'ith a

a second con er m nal € seve fans

Is coupled with the first qutput termnal of the

fr equencyS?Bﬂéﬁ?ycgwdé‘?%’éﬁ&f%fer@g%lsg'ftgli‘ri Xer circuit;

a second controlled term nal of the eighth transistor

is coupled with the second output term nal of the

frequency conversion stage of the first mxer circuit.
4%2. Themixereircait axangenmnt aindame?4, of cl ai m 48 and

clai m49, wherein a second controlled term nal of the

t hi r vaereih edchafféqueh&f corfvefsddiPht@ge Wf tHe frequency conversion stages

comprises a first output terminal and a second output terminal.

50. The rﬁixer circuit arrangement of claim 49,
wherein the first output terminal of the frequency conversion stage of the first
mixer circuit is coupled with the second output terminal of the frequency
conversion stage of the second mixer c_ircuit;
wherein the second output terminal of the frequency conversion stage of the
first mixer circuit is coupled with the first output terminal of the frequency

conversion stage of the second mixer circuit;

51.  The mixer circuit arrangement of claim 46 and claim 49,
wherein
a second controlled terminal of the fifth transistor is coupled with the
first output terminal of the frequency conversion stage of the first

miXxer circuit;
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t he second output term nal of the frequency conversion
stage of the second mi xer circuit; a second controlled

wao eqosiossBo of the fourteenth transistor i s coupP@dS@RMN000366

the first output term nal of the frequency conversion
stage of the second mxer circuit; a second controlled
termnal of the fifteenth transistor is coupled with .

t he second sseAnsLeonirotad teamingl of the iXBJABSISPT iveRMpled; Bith the
stage of the second m xer circuit; a second controlled
term nal eécondeowputttemmndl of the Sresuencyi eonyenspsinestagea ofhthe first
the first output term nal of the frequency conversion
stage of tkigerssaftd m xer circuit.53. The m xer

circuit arrangenent of claim49, wherein each of the

first m xgrseedddCelindtrofBd tdrfinal @F AR sdVe B trixsisdt it coupled with
further conprises a |oading adjusting stage to adj ust

the frequenc I i ng: | e
| oadi ng adrobet SHBR Ehut bF e SRR BRI hgtfor e i
coupled with the first output termnal of the first

m xer cir EHELCUHEY ei n the | oadi ng adj usting stage of

the second mixer circuit is coupled with the first )

out put t eersperad controled t@@@@nhofrfﬁe( exghth trangistor isdoupiagewith the
m xer circuit arrangenent of claim53, wherein each of

t he | oadi seroadjoutput tgmuha gefsthe dregnemysconmersiodustdgenefethe first
coupl ed between the respective first output termn nal

and a ref gfie&CercpRt enti al . 55 The m xer circuit
arrangenment of claim 53,

52.  The mixer circuit arrangement of claim 48 and claim 49,

wherein
a second controlled terminal of the thirteenth transistor is coupled with
the second output terminal of the frequency conversion stage of the
second mixer circuit;

.a second controlled terminal of the fourteenth transistor is coupled with
the first output terminal of the frequency conversion stage of the
second mixer circuit;

a second controlled terminal of the fifteenth transistor is coupled with
the second output terminal of the frequency conversion stage of the
second mixer circuit;

a second controlled terminal of the sixteenth transistor is coupled with
the first output terminal of the frequency conversion stage of the

second mixer circuit.
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wherei n each of the |oading adjusting stages conprises
at | east one capacitance coupl ed between the

wo emposssve first output term nal and anot her PEF/BGENT00366

potential. 56. The m xer circuit arrangenment of claim

55, wherein each of the |oading adjusting stages
conprises at |east one adjusting swi tch coupl ed

5het weTbﬁmlh@rcancu1t@agngmteﬁgim3%nce and the anot her
reference potential. 57. The m xer circuit arrangenent

of clwdieraigt @achnbtlel firse aukeroéirdulitcardoth@i segorat] jnirsdri cigpuit further
stages conprisesa first capacitance, a first term nal

of V\'_BbxﬁPriée% £ WaBlrladfiistingt Sigher 19 it fifplichicy QdpRtse of the
termnal; a first adjusting switch, a first controlled
ter mpal,of which is coupled with the other reference

pot ent | al ? a second controlled termnal of which is

coupl ed wi t.h .espectj.ve seco termnal of the first .
copadiese e BadifR BAGisYe GES F T s miker et ol with
a first_swtching signal; _a second capacitance, a

fi r sthetfgptautpyt tegmingjof the Brstwixsr edcwikt h t he respective
first output termnal; a second adjusting switch, a

f i r swhersin thellbasking atjniting|stage ofitliectecors] monep Liechitistchuplbd with
ot her reference potential; a second controlled

t er mhedirstidutpltit€rthinal of thée€shdinixer dircuit.

54. The mixer circuit arrangement of claim 53,
wherein each of the loading adjusting stages comprises an inductance coupled

between the respective first output terminal and a reference potential.

55 The mixer circuit arrangement of claim 53,

wherein each of the loading adjusting stages comprises at least one
capacitance coupled between the respective first output terminal and another

reference potential.

56.  The mixer circuit arrangement of claim 55,
wherein each of the loading adjusting stages 'comprises at least one adjusting
switch coupled between the at least one capacitance and the another reference

potential.

57.  The mixer circuit arrangement of claim 49,

wherein each of the loading adjusting stages comprises
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respective second term nal of the second capacitance;
a control input of which is coupled with a third
wGeMoBOR3AY signal . PCT/SG2007/000366

a first capacitance, a first terminal of which is coupled with the
respective first output terminal,;
a first adjusting switch,
a first controlled terminal of which is coupled with the other
5 reference potential;
a second controlled terminal of which is coupled with a
respective second terminal of the first capacitance;
a control input of which is coupled with a first switching signal;
a second capacitance, a first terminal of which is coupled with the
10 respective first output terminal,
a second adjusting switch,
a first controlled terminal of which is coupled with the other
reference potential;
a second controlled terminal of which is coupled with a
15 respective second terminal of the second capacitance;
a control input of which is coupled with a third switching

signal.
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