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lNTRODUGT10N

lA/ireless cornrrnunication and radar systems are under continuous pressure to reduce size, welght, こ―]
power vvhile increasing dynarrlic range and bandwidth, The quest for higher performance in a sl‐ ‐

.こ こ~

package motivates the use of lQ rrlixersi rYnixers that can sirlnultaneously mix`in― phase' and `quadral_― Ξ
components〔 sometirlnes ca‖ ed complex mixers〕 Systerrl deslgners use lQ rrnixers to e‖ rlninate o「 relaメ [―

=
requirements fo「 filters,which are typica‖ y the largest and rlnost expensive components in RF&rlnlcPc∵ ,こ .=
systerYl designs. |〔 コmixers use phase manipulation to suppress slgnals instead of bulky,expenslve fit[´ Ξ

The 9oal of this application note is to lntroduce lQ,single sideband〔 SSB〕 ,and image releCt〔 1月〕rl‐ )、こ‐E
in both theory and practice VVe 1/vill discuss basic applications, the concepts behind them, and practlcal

considerations in thelr selection and use. IA/hile we vvill focus on passi∨ e diode mixers〔of the type Marki

se‖ s〕 ,the concepts are genera‖ y app‖ cable to a‖ types of lQ rlnixers and modulators.

l.WHAT EAN ANIQ MiXER DO FOR YOU?

VVe'|l start wlth a quick example of vvhat a corYlrYnunicatlon system looks llke uslng a traditional rrlixer, a

single sideband rlnlxer〔 SSB〕 , and an l〔 ]rllixer. The task is to upconvert ttA/O baSeband signals a〔 t〕 and
b〔 t〕 to be transmitted withln limited avallable bandwidth and wlthout transmltting in adiacent bands.The

two signals could be separate channels or the same information broken into tvvo streams The problem

is that a standard mixer vvlll create both upper and lower sidebands with redundant information in them.

To create a slngle sideband signal using a normal rYnixer vve upconvert the signal and then use an image

releCtiOn filter to remove the redundant sldeband from the signal〔 lA〕 .

丁he separation betvveen the desired signal and the unwanted signalis equal to the input signalfrequency,

requiring an expensi∨ e filter with very sharp cutoff. Elne can ease the filter requirements by increasing

the input signalfrequency at the cost of rrnore expensive and power hungry baseband clrcuitry,or using a

superheterodyne architecture

An upconversion uslng a single sideband mixer〔 lB〕 achieves the same result, but with no filterl There
are many complicatlons to the act∪ alimplementation that vve will discuss lateR but the basic ldea ls that

you can acoomplish the same task by manilulating the phase of the signals that would othervvise require

a fllter. Conslder a more complicated example, where vve flll the available bandvvldth dlrectly using an lQ

rlnixeri vvith no filtering or suppression〔 lC).

Using the l〔 ]mixer has some lmportant differences over the previous examples. lnstead of putting b〔 t〕

intO a higher bandvvidth channel on the same lF input, we put it in the same channel bandlA/ldth but on

a separate lF input Q.We move the LEl from the edge to the middle of the available bandwidth.Both

signals are converted using a double sidoり 合ぃollpcOnversion lntO the same RF bandwidth in this case,
and neither sideband ls suppressod.Howё ψOれ ||||||lwO‐ data slgnals have a phase difference,so they
m be Separated at… eVer on the baS S Of t爺

薦 再 轟 1辟 穏 群 重

transmitted.Again no F‖ ter is required,and in thiOこ
Single sideband upconlversibh ettample. 丁here is one
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‖.HOW DOES ANIQヮ lMAGE REJEC1 0R SiNGLE SiDEBAND MiXER WORK?
The fundamental prlnciple behind lQ,IR,and SSB mlxers is slgnal cance‖ ation through phase manipulation,
丁hese mixers create tⅥノo copies of the desired signalthat are in phase vvith each other and two copies of

the undesired signalthat are out of phase、 Ⅳith each othen When these are combined the undesired signal
is canceled, leaving Only the desired signal 丁hls is analo9ous tO hOW a double balanced rlnixer creates
isolation by creating ln― phase and out― of― phase coples of the LO and then combining them, but done vvlth

quadrature hybrids instead of baluns Let's track the path of the desired sideband in a single sideband

rrnixer to understand hovv thls concept vvorks. First,the structure of a single sideband mlxeri

in―Phase Signals Add

Constructively

Fig 2:Operation Diagram of Single Sideband Mixer

To create a single sldebandi first the lF data signalis split into two copies IA/ith a 9[〕
°
phase shift between

them. The LO is also split into two copies IA/ith a 90°  phase shlft between therTli one copy is app‖ ed to
what we:|l ca‖ the in― phase mixer and one to quadrature phase mixer.This is the critical step, since the

two sidebands inherit the phase of the LD differently The frequency〔 and hence the phase〕 of the upper
sideband is the surn of LO and lF frequencies,while the frequency〔 and phase〕 of the lower sideband is the
difference of the L⊂ 〕and lF frequencies.Thus,the phases add for the upper sldeband and subtract for the

lower sideband. ln the in―phase mixer, both sidebands have a O° phase shlft. ln the quadPature mlxer the

two 90° phase shifts add to become a l〔 3□
°
phase shift on the upper sideband and subtract to become

aO° phase shift on the lower sidebalno.when the signals are recombined in the ln― phase power combiner
the upper sidebands wl‖ cancel and thb lo"er sidebands will add togethen

Severalimportant things to notei

l  Two quadrature shifts can be applied in many.10印 blnations‐ tO create Signal cance‖ ation, leading to lQ
and lmage Reiect miXers.                 ‐ ‐ ‐  ■                 ‐|

2.PynamiC range of the‐ CirculllS limited n9,oOly by imago reiect10n ol Sideband suppression,but alsO

I晶|IⅢ
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:F input Signals ′Q Trans′ηliller ′Q ReceFyer iF Output Signals
Fig.5:Phase Dependent Double Sideband Transmission

ln each ofthe previous examples you can see that two quadrature phase shifts are combined to get signal

cance‖ ation through a positive and negative version of the undesired signal There are other ways to

achieve this 9oal〔 through a quadrature hyblid on the RF po「t instead of the LDi for example〕 , but there
are practical reasons related to the subcompOnents of the lQ rllixer that rllake these the most corrlrlnon.

Before discussing these practical reasons, 、Ⅳe need to deflne exactly vvhat it is that we are trying to
optimize for in an 10/IR/SSB design`

‖止FIGURES OF MERl丁

An l口 ,IR,or SSB mixer is subiect tO the linear and nonlinear mixer ngures Of merit discussed in the

including oonversion lossl sing:e tone intermodulation distortion, muiti… tone
intermodulation distortion, VSWR/return !oss, PldE〕 , and isolations〔 LO to l/Q: RF to l/口 , and most
importantly LO to RF〕

Additional figures of merit measure how close the matched quadrature components are to being ideal.

There are two1/vays to express thls.Elne is to rneasure the:/Q amplitude and phase balance independently.

This is rlneasured by downconverllng a signalfrOrll th9 RF port Ond measuring how close the l/Q lo「 ts are
to being equal amplitude〔 amplitude balahce〕 and 90° out of lhase〔 pha,e balance〕 across the bandwidth
Of eoCh Of the ports. |   |‐
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Fig 6bi Sideband Suppression〔 dB〕 vs. Phase Balance

An interesting aspect of sideband suppression〔 or image reieCtiOn〕 ls that it results frorln the net phase

or amplitude balance.This mea口 s tha,lF the phase balance on the LD quadrature slgnal generator is off

by some erro「 0, lt can be correctё dlblゾ
:applying an equivalent phase difference-O between the l and Q

ports.This technique is used frequently in lQ corTlrlnunlcations systems, as errorS in the lQ rrnixer can be

corrected digita‖ y,                                                             ‐

ln addition to the sideband supprOssiOhi・ the dynamic ranol oF o lyp19甲 is limited by the isllltiOn lF
SpりriOUS Suppression as wё ll,Tぃ

9‐21F x l LO spur and the LElfeedth「 01oい WIII●lh bO Separated from the

〓
〓

8



轟蕊1鳳e靡■|:   Iy.■||‐ ■■■■■
「

w00 0AeMOコ0出財」ett 0130dons l oOoシ色,
ι8096 VID. H ue6」o内1宴un90 pJeAOりlA

OueM,Jむ白JOXルN日1/日SS:86!」

p8ol

|

 ́                  .o6e】oed Jeueld ielqeloodoJ(‖etus e ul sJoxlLU ttss/日
1/[〕1 06ueJ olLUOUAp

Ч61Ч
〔
pueqpeoJq 6ulAOIЧDO JOI Si」00peJ3 1uoUOdLU00qns oЧl uO Snoo」

||IAA O/VI UOISsnos!p 6ulヵへo‖0」OЧl UI
.SJOXILU OpOlp oAISSed SOSn 

ЧDeOJdde pJepuels oЧl suo110011dde AouonboJ」oAeAl10JOILIJ 06ueJ olLueUAp 
Ч61Ч

`pueqpeoJq JoJ ・s3S00 1UOLUdO10AOp JOЧ61Ч
 pue `AllJeaull Jo/v101 `ЧlplⅣp`uoq JoMoJJeu `ADUOnbOJ」uo1leJodo

JOMOI」0 1SOID e le SOШ00人‖eOldAl slЧ⊥ SユinoJ10 SO1/N3 6oleue Jo 6u!SS000Jd leU61s lol161p JoЧ
31o 6ulSn

o6e】oed Au1l e u1 lsoo Al101人10LUOJ2XO JO」peZIleoJ oq uoo JOxlLU ttss/日
1/⊂】Ue」o人ュ|leuo1loun」|lv etunloA

UOnOnpoJd pue lsoo LU01SAs paJlnboJ 6ulpn10ul fsOIヒ週OU000 Ш01sAs uo spuedop osle ll .〔1lnoJlo p01eJ6olul
ue u! uo1leJ6olul o101dLU00 SA AlqLUOSSO OJI/Vl pue dlЧo sA ]UnOLU 000」Jns sA SOlnpOLtl pOz!JoloOUU00〕
uo1lez!leeJ Jo」01qe‖eAe Sl pOЧ10uJ uo1lonpoJd JO J030el LUJO」10ЧA/t pue`〔OzlS/3S00 puo JoЧ

10 ЧO●001p01eloJ
人10SJOAUIム‖enSn〕o6ueJ olLUeUAp pue Ч3plAllpueq」o sLuJ01 Ul oOueLUJO」JOd `OZls o3 100dSeJ 

Чュ|ハA人IJelnЭ1lJed
isloo6 LU01SAs poJlsop oЧ

l uO A101euJ1lul spUOdOp Jexlしu ttsS/日1/DI Ue 」O U01lelUOLUOldLul leuJ1ldo OЧ上

SNOllVllⅢ11ヨuV‖□uvH l

・o6ueJ olLUeUAp LU01SAs oЧ
l 100」」e pue poluoLUalduJI

oq ue0 0JnloollЧoJe ttsS/日1/El1 0ЧI 山| IUouodLU00qns 
Чoeo AAOЧ SSnoslp ‖1/V1 0/VI UO1100S 2XOU OЧl UI

uJnJloods uO!SJOAu00d∩pueqop!s a16u:so!卑SIleeLl :Z1 6!J

JndS●¬
馨X JI忍
 ′ギ

pessaごddns
Jnds O¬

″∵

LIttnO選ЧlP30J I⊃■
こ

pu8qЭpls

pueq3pls p31J3A観00dn



1.High Freguencv BF In―Phase POwer Divider: 丁he power dlvider is the most straightfOrward
subcompOnent tO realize. |[l mixer operation requires exce‖ ent phase match and low 10ss across
the RF operating band, and isOlation is desirable to reduce spurious products, A resistive
power divider is pOssiblei but has high 10ss and nO isOlation, A reactive tee can be used as

a splitter, but ‖rrnits the bandvvidth and provides no lsOlatiOn in an upcOnversion 〔lA/hiCh can
cause problems〕 . The Wil鳳 nsott PO青 eF O蔽ider prO宙 des the highest―performance solution
hA/ith loNA/ 10SS, exce‖ ent phase matching, and good isolationi but requires more circuit area

2.Matched Mixersi Options fOr mixers are abundant〔 slngle diOdej balanced FEtt Gilbert Ce‖ , triple
balanced: etc〕 , but fOr mOst rrlicrowave applications the best choice is the dcluble balenced
di⑬de mixer.This mixer offers goOd isOlations and spurious reieCtiOn, high PldB, exce‖

ent
repeatability in terms of phase delay and amplitude balance, and single ended Operation On
a‖ three ports lt also has a DC IF capability that a‖ ows cOmpensation Of the LO― RF isolation.
丁he more c10sely the rlnixers are matched, the better the sideband suppressiOn and balance vv‖

|

be, so MN41c rrnixers vvith nearly ldentlcal diodes and passive struct∪ res are strongly preferred
for this application.  Furthermore, this rrnixer can be planarized tO prOvide a compact fo「

rln facton

As rrnentiOned above,the output Of an lQ Or single sideband rnixer、 ″‖l be lirlnited by the LO― RF lsolation
and the 21F x l LO 〔and pOssibly 31F x l L⊂ 〕〕spurious products tthe dynarlnic range〔 or bandⅥノidth〕 of
an image releCt mixer can be limited by the 2LO x 2RF spur,which wlll be at twice the lF frequency.

AIl of these performance lirrnitations are inherited frorln the mixer core used in the lQ structure, so it

is critica‖ y important tO select the best possible rrnixer for this application Addltiona‖ y by selecting an
appropriate diode levelitis possible to tradeofflinearity and LElfeedthrough.Therefore itis impO「 tant to
understand whether spuriOus products,LO feedthrough,or the signal sideband、Ⅳill be the linniting factor
to dynarlnic range. For rlnore on nonlinear specifications,see Section 6: Linearity in lQ/IR/SSB N4ixers

3.LO QJadrature S10nal Generatlon:丁 here are severaloptiOns for LD slgnalgeneration,and the preferred
option depends On the applicatlon.Phase balance is the critical parameter for LE〕 signal generation as it
directly affects sideband suppression,A/1ixer performance rrletrics are only、 Ⅳeakly affected by LO poweR
so the LEl drive can be significantly unbalanced without a direct penalty tO the sldeband suppression.

Uneven drlvel hOwever,vvi‖ lead to duty cycle〔 |.e.phase〕 variationsthatvvi‖ degrade sideband suppression,

For a single frequency LEl,a power diVider With a simple phase delay〔 either a length of transmission line
or a phase shifter〕 can be used tO create a nearly perfect 90° phase delay,as long as the frequency of
operatiOnis known.lnthiscasetheimagereiectiOnislimitedbytheamplitudeandphasebalanceofthelF
〔vvhich can be accounted for digita‖ y〕 .Other narrowband applicatiOns can use a sirlnple branch‖ ne couplen

ln digital/CMOS implementations, a polyphase quadrature ,plitter can be made with ver,

VerV high lps, for‐ り10adband designs as 、ve‖ as

ど稿:器lT'a:d::[lr:肝犠署諸.::憲 |
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Vi.LiNEARl丁 Y IN IQヮ SiNGLE SiDEBANDヮ AND IMAGE REJECT MiXERS

Linearity is improved in lQ, single sideband, and image releCt mixers over their standalone mixer

counterparts ln two ways:

l  Signal splitting reduces the signal power seen by each rlnixer〔 in some configurations〕 . Thls can

irnprove overa‖ power compression〔 Pl dE3〕 ,two tone intermodulation〔 IP3〕 i and higher order rlnultitone
intermodulation distortion〔 spurious〕 . For more detalls, see table 2

Table 2:Linearity,゛ etrics:10/SSB/1R Mixer vs Standalone Mixer

2. By dividing signals in quadrature and combining them in phase,some isolations and spurious signals

either add in quadrature phase〔 3 dB irrlprovement〕 or out of phase〔～20 dB or rlnore lmprovement〕 .

For example, the Lロ ーRF isolation of an l⊂ 〕nlixer irlnproves by at least 3 dB over the equivalent

standalone rllixer because the LO is split in quadrature and recombined ln phase. Fo「 some higher

order spurs the suppression improvement can be dramatic.

As wlth a‖ clairrns about llnearity in mlxers, these theoreticalimprovements may o「 may not bear out in

reality. Whether the linearity improves as expected depends on packaging, po「 t lmpedances, harmonic

content on the input signals, and.other factors. Calculatlng the enhancement to spur suppression ls

complicated by the fact that the phase and amplitude error are multiplied for higher order terms. Each

spur can be the vectorial sum of several products, leading to difficulty ln calculating the expected spur

suppression. For these reasons precise sirllula,10ns are preferred to analytic solutiOns. 丁he Marki

PDK is an invaluable tool for predicting the spuriOus suppression Of l口 , ssB, and lR mixers in lealistic

environments.
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Vll.00MPENSAT10N OFIQ/SSBノ lR MiXERS

lt is extremely co「 lrllon in practlce to compensate for the intrinslc imbalance of an lQ rrllxer, especia‖ y in

applications llvhere a digital to analog converter or analog to digital converter is connected directly to the

l and口 ports. lt can be shovvn that the phase and amplitude imbalance of the l□  nη ixer can be perfectly

compensated for by applying phase and amplitude offsets to the l and O signals at the DAC or ADC,

and the LO feedthrough can be reduced by applylng DE voltage offsets to the l and 口 ports. A typlcal
procedure is as fo‖ ovvs:

l  Apply the LO signal to the mixer. Add a positive or negative DC voltage to the l and Q po「ts of
the mixer while measurlng the LO to RF feedthrough to find the rrninirlnum value〔 do not exceed the
datasheet specifications for lF current on the mixer〕

.

2.Transmlt a signal.Digitally adiust the phase balance and amplltude balance of the l and Q ports

until rlnaxirllum sideband suppression is achieved.

3. Repeat this process for a‖ deslred LElfrequencies and across temperatures to`train'the recelver/

transrrnitteQ and store the values determined.

ln reality this method is lirlnited by the resolution of the DAC or ADC and the tirrlescale of the drift of

the circuit,so it always results ln a llmited improvement over the intrlnsic relectiOn ratio of the mixer.

Therefore a high relectiOn mlxer is desirable even when compensation techniques are used.

V‖|.00NCLuSiON

lntegrating the complex functionality of l口 ,image relecti and single sideband mixers into a small,planar
package is extremely cha‖ enging` By combining precise fabrication with advanced rlnixer circuit design,

Marki's line of lQ mixers〔 the M馬41Q series〕 and quadrature hybrids〔 the A/1□ H series〕 offer superior
performance.丁 hey can be used to create sma‖ form factor,hlgh dynarllic range transrrlitters and especia‖ y
receivers that will enable signiflcant architectural improvements for electronic warfare and test and

measurement app‖ cations.

1響薇キ|1中岬甲|
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The laSt th ng yO品“……威鰹鐵麟蝉繰lttli薔spur mentioned bef911111111p10Ximately 60 dBC for i
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Afterlowpass iltering to FemOVe the 2jωt terms we are left wth

θノ¢
=卜 θ
―」i¢

α(ι)十

1A/hen cP=0,we recover the transmitted signal,when cP=7E/2 we recover nothingi and when 9 isin between

we recover cos(9)times the transmitted signal.

Derivation of Single Sided Downconversion

Assume that the input signalis:
α
(ι)_θ ―ブω

`2

And vve multiply it by the LO signal vvith an arbitrary phase:

θJω t+ノψ+θ
―プωι―ブψ

COS(ωι+9)=

We ttnd the demoddated sttn副: ギ
1:「とθ―ノω.(θJω t十ブ

=:キ

θ_プω._プ9)=1皇2θ…ブ2ω =―プψ■θノ9

We lowpass filter to remove the θ
~J2ω t ブφ terrrl,and after lowpass filtering we are left with:

1:「とθノ¢

丁his is‐ ouF口 riginal input signal α(3)with an L口 depenlent phase shift 9 applied to it,

peFivatibn Of single Sided up● onver,10■|  ‐|  |           | |
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