1 CONVERTER Cl RCUI T AND DOUBL- BALANCE M XER ~* The invention refFatés 16

a converter circuit for con- varting an asymmetrical input signal into a
pai ' ‘of sub- stantially symmretrical output signal currents, conpris- ing a
first and a second transistor, the emtter of the first transistor being
coupled to-an asymretrical input term- nal, the collector of the first
transistor and the collector of the second transistor being coupled to a
first and to a second symretrical output term nal respectively. The
invention also relates to a doubl e-bal anaed m xer circuit. EP-A-0 131
337 describes a convertercircuit which is used as an input stage 100 in a
doubl e- bal anced m X METHODI OE MANURACTURINGI INTEGRAWTEDLCIRGSITIMOMRILIESC al
output termnals SOL and SO2, are coupled to the comon emtter termnals
3 and 4 of the differential mxer tran- sistor pairs T1, T2 and T3, T4
respectivel y. In the knoWé@K@Q@D@EW%"UN@Ne emitter of a
first transistor T5 and a second transistor T6 are coupled to the
asymmetri cal i npufieldof thedayentipn: vj 3 an inductive transformer 12. The
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connected to si g8alordlioRipass andlal’8$8n hélp LSS 1BE MamERdtiridgldost oF IO Rédulgal
current fol- |ower. The pair of symmetrical signal currents at the

emttors of thegepidAPRISifHetated Arti ransferred with nearly wunity gainto a
pair synmmetrical output signal currents at termnals SOL and S02.

Al t hough the known canViategetedCtitoniti (C) moduletiall ellectidhcofus admber of fungtionally
performance receiver front-end, it in- herently requires an inductive
transforner to trelatedfIGr phipsm oasgy reingle ipgiated; eippyit boaghAPCBhifer simplified gnd easy
symetri cal ] 2 _signals. an j nductive
transfor mer 1Ps mamienapes, yreplecement,s and smeoéawﬁ%‘gy a}‘sP‘glulg] FQPBP%?S | giyde, for
space. More and popre.r hyer Jfuncid gn i B i e ip.to
neet the demand e?ﬁﬁ%hgm%bodg%&ﬁh% %gié g%’&?%’%%%%‘ﬁg F a%)?(grﬁpﬂd{e&%’nanggs Pd? I%éss

tel ephony. The icRguGhioNAlys Ahese IRY thips iafe WbtieliSh R PEB! Al S4tkAA00AR. Since

chigp. Further- nore, at ['east two cOnnection pins are required to couple
the inductive tpagkaged M€ chips irBclatgetiagsisd as esyifre ofiplexOhatdfectaigvprotes to
circuit. The nunber of connection pins may increase and herewith the size
and the price ofconstmct)thes pyagalbmannfactuting cost is very highe AMoreevey csincerthe packaging
are known that do not _require an inductive transforner. For_ exanple, EP-A
0, 351, 639 di-Scl FEEssHor it clipy ard thegssembly grocess dgf wRpgpng them on the PCB are

separately carried out at different sites, the complexity of the overall manufacturing
process for the IC modules is further increased. One example of a conventional method
for manufacturing IC modules is depicted in the following with reference to FIGs. 1A-1C
and FIG. 2
20 Referring to FIG. 1A, in the first step of the conventional method, a PCB 10 is
prepared. This PCB 10 is designed with a circuit layout for the mounting of a number of
packaged IC chips thereon.
Referring next to FIG. 1B, a number of packaged IC chips 14 are mounted on the
PCB .10 through a solder assembly process which permanently joints the pins 16 on the
25  packaged IC chips 14 to corresponding soldering pads on the PCB 10.

Referring further to FIG. 1C, an assembly of auxiliary circuit elements 18,



anplifier using frour transistors, the emtters of both a first and a second
transi'stor are connected to a refer- ence point. The base of the first
transi stor constitutes an asymmetrical Input termnal of the circuit and

t he base of the second transistor is connected to the collec- tor of the
first transistor. The collector of the first transis- tor is connected to
the emtter of the third transistor and the collector of the second
transistor is connected to the emtter of the fourth transistor. The bases
of the third and fourth transistor are-cpnnected with each other and at

| east one of the collectors of the third and fourth tran- sistor is

ted t . .ent DE- A- 28, 39,.061..d i I -t ajl
pai T i nput st adE PATECTBIGE BaYan cBaciTdr PR B Uy AP TERSBERS: Mince
of the long-tail,nal {urégl%gg éﬁ,‘gg‘% hg inferior to that of the converter
R ik

circuit as disclose 337. First of all, the long-tall pair

i nput stage ex- hibiggg, @isvaqm@dighﬁ' ShéWislg i sBipB RVd1ved in mAeiTavirRigprodass in
expl ained in the afornenti oned European E’at eﬁb Appli- cation. Secondly, the
| ong-tail pair relatiod ts tikgforégpingamethbd oftiIGel YA hthhgh nSufor impefetucieg the IC
conpared to the converter circuit disclosed in EP-A-0, 131, 337.
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ee due to parasitjc. capacitive couplings of un d siqg- nal ,sources wth
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an object of the invention to provide a conv er circuit for converting an
asymetri cal i n@utmdingsdain thé'POB d0pMioteoddr, the biepooit ICahbrication) i€ tpackaging pandICt
sig- nal currents, that has a performance conparable to that of the known
converter cio cubum-mapd itesting arencarmiedueuti af one sie and theestepsmft modile psspmblypand
suited to integratioon gn a chip _and which requires only one input
connection pi n BAdule kesting, ate cairied 7 a‘éﬂﬁ’éﬂ"é}te'eﬁ%é}’{ én@%g@'}'ﬁgg pﬁ‘gﬁﬁof%gﬁtlg.
To this end the_converter circuif as_ .specifi i I raph is
characteri zed i??°€‘ﬂ 1s#tﬁéef§r§%e%% pr?xcalp%}cﬁ%‘%?m%d;t}lweéf 9‘%@*’2%%%‘1%’3‘%0 a
noge commonly coupl eghdiRert pvéttiohiiChetBbd ih\Rlves il ude’ 8Nfhe SdoUalidd Ghip ntdard
base of the second transistor, the first and the second transistor being
arranged i n con{COB) &ekniqes) fWidel adn help aedhce nhe mamufiactaning tast of dind IQ umaduiesn
respectively. The invention is based on the recognition that a pair
of symmetrithl Howpver, thisgnethodismobquits reliabldte ushang ia sl quife epmnles inpgogedure.
input current fromthe signal soqurce to . flowto the first symetrical

out put ter m nal Therafore, i i stilkgot videlyutilzed in the pdpstys at | east the signal

vol tage across the enmtter-base junction of the first transistor, should

be wused to drive the second tra t ig?&ﬁﬁ;hpﬁaq de a collector
current that is substantially ingﬁmkgp% i on"wth the collector
current of the first Ittisr ﬁlrélséfgrggli)ﬁmgpyeobjecﬁve of the present invention to provide a method of

20 manufacturing IC modules which involves the use of the more advanced chip-array
package technique that can allow the overall manufacturing process to be simplified.
It is another objective of the present invention to provide a method of
manufacturing IC modules which can help provide compact and low-cost IC modules.
In accordance with the foregoing and other objectives of the present invention, a
25 new method of manufacturing IC modules is provided. In the method of the invention,
the first step is to prepare a printed circuit board (PCB)on which the IC module is to be
constructed. The second step is to mount a plurality of IC chips on the PCB. The third
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first transistor s arranged in conmmon base configuration B
constitutes a non-inverting current follower, where- as the second
transistor is arranged in conmon enmitter configuration and constitutes an
inverting transadmt- tance anplifier. The input current fromthe
signal source transferred to the node, will substantially flowinto the
emtter of the first transistor, since the input inpedance of the current
follower is relatively Iow. The signal voltage at the node results froma
current-to-voltage conversion (transi m.@edance), due to the non-zero input
i npedance of the current follower. This signal voltage is applied at the

bass of the secgnd. transistor, and.nodulates . its collec- tor current, i ch
WTT be i phasBobls b EREHe e Houis bigpess Foclpatically cpaies the I Shipp o the PCB
vol tage-to-curr VRl S sa i h e nsistor,
can be nmade sub‘?? ;8@?% ﬁlﬁinﬁ{vﬁe‘%&eé? o%‘% b%’? &g ?\’}éd g)rég{\:ﬂq%ﬁ% %&ﬁ%rér&%f%ﬁaé'dge
current -t o-vol t AERAEP RY BhékOdr a8y dafdeliah thBacClips bétbre Prosedling T thOfenduify
first and the second transistor are substantially synmetrical A
preferred enbodemepsnlatibn pfogessonverter circuit ac- cording to the invention

is characterized in that a first inpedance is arranged between the emtter
of the first5transi stubsequauetly, the foudlestep i to penform areensepsulationepeenese s¢ s to coat

d bet th itt ft dt | st d si I d.
The addit i on of 1 FSEREIRGOR YR aiaf MenGFeqhp TIHBoan Bt BB, GeRtscal o e Karhios
dt i st L. . I i i d ) i
behav- 1 our of  Fsce pesBfite ohdifle b Tup eRRBrRR R BRIl & f3M%e
converter Cir- g durif pRicaisd ak b hdden i VIBBHAAR 'i§to¢ﬂ%%ﬁﬁ5‘f>hbtéﬁﬂogﬁpﬁiﬁ%d an

i nput stage is arranged between the asymetrical input termnal anhd the
node. The noi seetthigg phoceds fobiselective feAdivatestt the encapsiiationblager! Thé Bixth step tid o
known converter circui and is nainly determ ned by the input stage. The

i nput st agelQr omouatanmssembly)of suxiliage ¢tiruit glentents (bothe IC chips) rin thetekposed areagien
first and the secqond transistors with . .

5 the PCB. Moreover, the method incldes the steps; qf@p;forpg%%g{er%temgt nragess

i i d . | at.i Bl | to t f .t i t :
ATurther prof oph b dfoBafies ity SHRue B0 TE PRt patClip i R SBhiRe
igyention, is chakaahiss 4 &l ; (o Yerala] REsEAKQ 1N common
base confi gur at?on&?gﬁa%@ggggn%dgfﬁgsggngge%& | ect gfgp%t; @jt}%e(ﬁg%cond
transi stor anhé Heregsiod mokthodTiRbIves de Qse pfithet edvahdrd! chig-Bfayt package
code transistor nmay help to inprove the synmmetry of the pair of
out put si gnb$ ctachrigesthatoan belpainplify thetoverali ojanufacturing process and dllwwcthe tdsuliand

difference of the first and the second transi stor, _such that the
so-cal | ed earl ylgmqgglps to,b¢ mase compact. The manufacturing cost of the IC modules can thus be

significantly reduced.

BRIEF DESCRIPTION OF DRAWINGS

20 The invention can be more fully understood by reading the following detailed
description of the preferred embodiments, with reference made to the accompanying
drawings, wherein:

FIGs. 1A through 1C are schematic sectional diagrams used to depict the steps
involved in a conventional method for manufacturing an IC module;

25 FIG. 2 is a flow diagram showing the steps involved in gmanufacturing process in
relation to the method of FIGs. 1A through 1C for manufacturing an IC module;

FIGs. 3A through 3F are schematic sectional diagrams used to depict the steps



the signal transfer via both transistors to the same ex- tent.

In order to inprove the stability in biasing the con- verter
circuit according to the invention, an enbodi nent is preferably
characteried In that a DC bl ocki ng capac- itor is arranged between
t he node and the base of the second transistor, to decouple the

bi as vol tage of the emtter of the first transistor fromthe bias
vol tage of the base of the second transistor. Sai d

i nprovenent is alternatively achi eved hy4an- ot her preferred
enbodi nent of the converter circuit ac- cording to the invention

bei ng characteri zeldgéjn tbhatthi t ) conprises a bias control |oop
conprising a fi P¥PIVES b method according fpthe mvention fermanyfastusias emIG meduler gad

transistor, a secon . Erent .sensi cir.cuiit coupled,to.the second
dfé‘ll(_‘a |4f1? a flow L&laggaéxﬁ %l'%otv&il t'ﬁg FtPQ:Sl}PYOIWdtIFl a appﬁagqln%gfoaess n

transi stor, erence

second teldtioh t6 thd R t > i . econd
current sensing circuit re?ggc?iﬁlgﬁ?l%e%%ﬁg&ugﬁg{ﬁ%ﬁ{én%%qﬁrn&ﬁe'

ference detegtion circut being coupled to the base of the first
transistor via at |east one | oop capacitor. When the converter
circuit is equipped W (DEBAREDEDESCRIPTIONTOESRERI G EMISOPINGENTS POSSi bl e
to obtain stabl e biasing of the circuit without the use of said
DC- bl ocki ng capac- FIGs. 3A thicufh 3F k¢ Sc [ %i-éh% gﬁﬂ%tgﬁlgg@b{;sl y
be used when parasiti zgﬁcapaci thggl?gg?éciﬁéﬁa?%uce ‘%?id/ggl -

bl ocki ng capaci involvedjinthe miethod becoading toathe mpértioh forasaniFfactiEihg ¥n Imbige pai 1 of
out put signal currents and/or when said DC- bl ocki ng capacitor requires too
nuch chip-ar- ea.  Refaringte FEG. 34y, dnt thefizst stepboplinteshtircbd deard PCBN20, abiclr #5-a
ment-i oned odiaent..af _the converter circyit accqord-_ing tq the invention
i s charact ?ﬁ)z egaﬁr'?ftlﬁé}é YR iAch mogize, preferahly made %g@rql"eg%ﬂéﬁ%éé prepaed oleyut
of the differeng, (iﬁj:tﬂﬂ i [ ba f. the first transistor,

t he base-em ttere}atcjgr%l%i?i on OP&% h‘g&%%o“fpﬂ& ngrg?ss{e?n R [en?j'aé’af"&l“f An
capaci tor. AfayCotTinoBilks 95 ar 18 YeUoRsthRled W5gthel b b8 &Rl o RHALY!

to the invention is defined In claim9. eThi S gnbf(g??engdr:#%gf tr(zﬁ fgt&g
doubl e- bal anceddmawitgs, aly ond df thsIMmbiiled 320 khowilintthersding PREABR tRlouptesl il OW
s&aply volt- ages (e.g. in 1 o 21,5 volt battery operated equi pnent), since
the nunber of esfctional vigwse junctions arranged In series between the supply
vol t age conpnecti ons ]galn be redut:}i‘ei%i &o two. In this enbodinent the first and
the sec- omP mixer traremgrsrt OIS By Hethe spbsegpent siep, @i number pHHS chipy A4 iare a
converter circuj ' i pvention. e hase of the first and the
second ni xertr alrtllé}u?t&?)?ﬁ g{reg%lén?og%?ogl aﬂ]eccgﬂ‘b "Jﬂ""lg‘egﬁ?%“?%dance si gnal

source, such that thré@ringaRighe 8'FIGARE, é%lﬁaﬁ?%fibﬂmﬁngcmﬁs,b&%ﬁ nag 1d or

figuration and act as current followers. e portion of the curre rom
the input si gnakluminancwiréd, aseiused folf elecrgibal icbmetfidrShetvade tliefb’dﬁﬂﬂg phdX(nSOHERH)
m xer transistor, is de- termned by the voltage difference between their
re- spective bagSdhe IGvehips 34t4nd thepeappémpatsatmot sbawn)hen fiher #CBc30mthrough a

emtter ter 'nalois t he sar’rg adf in the case where the first and the second
mi xer transt st of°RYEptengl wire bonding process.

Referring further to FIG. 3D, the subsequent step is to perform an encapsulation

process so as to coat an encapsulation layer 38 over the entire top surface of the PCB 30,
enclosing all of the IC chips 34 and their associated bonding wires 36 therein. The
encapsulation layer 38 is formed by applying an encapsulation material, such as a liquid
25  type polymer with the trademark Hysol 4450, over the entire top surface of the PCB 30
through either a doctor blade, or a spin coating, or a dropping process. Preferably, the
polymer used to form the encapsulation layer 38 has a photo-sensitive property (the



be replaced by a single transistor in conmon base con- fig'Urat'i'on':'?-'--ﬁ‘-“:‘f’-f"‘i??f-"-
Consequent |y the transi npedance of both aforenentioned cases has the sane
‘magni t ude, and the signal voltage at the node may thereofore be used to
drive the base of the second transistor. 7
The followng figures clarify the invention. Figure 1 is a

doubl e- bal anced m xer circuit with a conventional converter circuit as an

i nput stage. ~ Figure 2 is a first enbodi ment of a converter circuit
according to the invention. Figure 3si s a doubl e-bal anced m xer circuit
with a second enbodi nent of a converter circuit according to The Invention.
Figure 4 is a doubl e-balanced mxer circuit with a third enbodi nent of a
converter circureaserfositlis will be dessabedilater) Adler this, theff(R 3@ isssubjected a drying and
doubl e- bal anced m.xer circuit Wwtnh fourth enhodi nent of a converter
circuit accordi ﬁﬁ?‘&gﬂrﬂ%es?%ﬁ?%ﬂ.en&e en‘fgi’ﬂﬂ‘}t’é’ggaxeé doubl e- bal anced ni xer

circuit with a fifth dj ten, circil oMz

i nventi on. Fi gur gﬁgpﬁs%&éﬁg%ﬁ%%ﬁ@ég#’ gbélgdu{g] g?%ee??%(ggdé% lteorezztlgk;ﬁcrzl it
according | o therddasciah b@Performed sd o IcRMRTér £ déletts iBle HCSIGPE LU dnfy dateBRB ET
detail with reférence to Figures 2 to 7. Figure 2 shows a first

enbodi ment o6 aICwhiferdre foutdl) they tarobe repairadginintedidiaty beforengrocedingito the émsuing
particularly suited lor integration on a chip. The asymretrical i nput
termnal Al is ¢heapstlatjonquogssed to the node NC. The node NC is comonly

iPhed 19 the hase Hetsiud st ko KGTTh o 48ib it fobcf phSulngBSPRE G
ffectivel - d i f ' ' f

ransi stor” 101 i RARRHPe PIAEDS Srifid suhthortle o W oMY@ 3 20

networ k consti t ukqd eRyosdi1RE8 Segithly orf e IEM! 38 4hed SUdiiRBOGRGR eldfentOfr8 a6 thRd

In series. Transistor 102, whoSe emtter is coupled to signal ground via
i npedance 113, imoudtédaRGBcthé FenGdiifi Portiohd of the encupsilltion raer 08 stilllbevering all of
collectors of transistors 101 and 102 constitute the first and
t he -second synmehe ICehipoid andibeir aseocidterbbonding®ires 362) respectively, of the
converter circuit. The conponents whose reference nuneral co .prise. a
most si gnificant decilfiie ensapsylation jayer 3% dsphojqysensitive, in, patyrg, E’Gr%&h@gﬁp

Ligast stors 101 200100y BRetd! bory 88 HbACUPFRUEbARE e mask (ool 'BORHPA' 0h01

an

encapsulation layer 38 and then subjecting the encapsulation layer 38 to light exposure

15 through the mask (not shown). Otherwise, the photolithographic process requires an
additional step of coating a layer of photo-sensitive material, such as a photoresist layer,
over the encapsulation layer 38. This will add one more step to the overall manufacturing
process. Therefore, as mentioned earlier, the encapsulation layer 38 is preferably formed
directly from a photo-sensitive polymer.

20 Referring to FIG. 3F, in the subsequent step, an assembly of auxiliary circuit
elements 40 to the IC chips 34, including an assembly of resistors and/or capacitors, is
mounted on the PCB 30. This completes the manufacture of the IC module 32.

After this, a pre-cut testing process, such as a chip-probe (CP) testing process, is
performed on the IC module 32 to test the IC chips 34 therein. Then, each one of the

25 array of IC modules 32 on the PCB 30 (FIG. 3A) is cut apart to serve as a single IC
module. After this, a post-cut testing process, which is a conventional module testing

process, is performed on the cut-apart IC modules so as to check the good-yield rate

S R e



as a non-invérting current follower, its input termnal be- ing hoGE*RESHEIN
its output termnal being terrmnal SOL. The i nput i npedance of this
current follower is approximately equal to the sum of inpedance 111 and
the emtter im pedance of transistor 101. Transistor 102 and i nped-
ance 112 can be regarded as an inverting transadmnit tance anplifier, its
i nput term nal being node NC too, and its output term nal being term nal
S02. The input inped- ance of this transadmttance anpllfier is at |east
an order of magni tude hi gher than that @f- the current follower. Its
transadm ttance gain, that is the voltage-to-current con version factor,
is approximately equal to the inverse of the sum of inpedance 112 and
that of the eni tthereofi Ml the sasiirg progéssesrinmelve poly cbopentional techriques sopdascription

current drawn from a_ si na{) our ce. ¢on- nected to the asymetrical input
terminal A, wil erg?ajfb"i"l“qm% %Mﬁ‘lqeew 'ow into the enmitter of transistor

101, thus to the s iC t i i e. The .
magni tude of | rrpedan)(':ﬂéf&%%ai@v‘fgiiEl | vsgf“?}{n?gv%ag é%’gp%‘?le%ﬁh?%%%%% process in
i npedances 211 agBtide thé ﬁxeﬁib@'d?f«‘l@ﬂ%@@&rougltm SRR MAfPRRturin® ¥ 1G80&Res 3

i nput i npedance of the con- verter circu Is approximately equal to that

of the curremt shbwh) theestepad? iineh prpad thbPOB 3T IEIGs i3)athevsd d¢ds asedREC
NC is approximately equal to the product of the input current and the
i nput i npedance febrigatien ¢ proxide the IT chips 34. Thenstep 4¢ yriaimanyt thed€ ¢hipst Heon dput

I f th d- i [ifi i i .
oot Symmet 1y bR CBaA Hrapelts s ionaiie Hiseh sgtiod (Rt 25 1o e 484t i perBEmand
t i st 102 be. oh- tained. |f t duct , of .. t i | n.and
Lhahe put 1 apceions ik ot shteel ) cBEt ik pilatd HR AR B il
Such ['s the casesq hff e seBPICEIG! 3¢ e ik, o1 il 4/ & 806ked BBuASh PRstRss

the bias currents of transistors 101 and 102 and if there is

di fference ket wead 4 0P festingdmoess inl stép d9lanlili? anpdefectad JOTohips VardTyand, LY fare
fromthe i npedance between the base of transistor 101 and signal ground

bei ng non-zero, tehdireddneistep$l: i nper- | ect' common base configuration. This
asynmmetry nay be conpensated by a decrenent of the magnitude of i npedance
111 with respect to t st subsequsifcsiem S8 ig tto perform the, gngapspdation gpracess ite) fowt thene

e Chor ) invRhuB BB BV Sl PR K 2h el 3 ot ac
and equal to Confﬂiﬁé 34/ d @Ge asf\]éﬁciat@@ bofHhg wiry 36 thl’al%ﬂnt(Fié.%f.aNéit%]é'steg%%riﬁﬁ‘o
f 101, nodul ates the

at term nal Al owmng Lnto the emtter of transistor

base-eni tterisj upafor@n av @hblthoglaphit amsd Sdtehingl Glocedshifor Gelettdval rériovad! éf the
age conversion exhibits a logarithm c characteristic and is therefore
non-|inear. Consenpapsvlatipn layee 38 4BK:. ).t Thernex} stap 64 dmtoviopun the askemblp oficitwit
102 is nodul ated jnversety and non-linearly, since the sgen of the(j:uncti on

vol tages is conSements 4ghdheiCB PO FHG 35D 18 thestenmde heappnpiagtug: of the IC mo

and base-em ner puynction voltage of transistor 102, is also logarithmc.
Thus, the non-1li Jﬁg}frc,mqueé%fi thmc cur- rent-to-voltage conversion

(transistor 101), is ¢RB@IequeRP&tGH5®Ys i Ferfoni-the PRAut tRUROPRIBESEb test the IC
vol t age-t o-current
: 20 module 32 before cutting them apart from the PCB 30. In the step 60, the IC modules 32
are cut apart so each serves as a single IC module. The final step 62 is the post-cut testing
process (module testing) on each separate IC module.
In conclusion, the invention has several advantages over the prior art. First, it
allows the manufacturing process to be completed at a single site, which can significantly
25  shorten the time needed to complete the manufacturing process. Compared to the prior art

which requires the manufacturing process to be separately carried out at different sites,

the invention is obviously more advantageous to use. Second, the encapsulation process



conversion (transi'stor 102). such that the transfer of an input eurrent at-
termnal Al to an inverse output current at termnal S02 is substantially
| i near. | npedances 1Il and 112 have little influence on the linearity
ofthe converter circuit, but do increase the nmax- inmum allowabl e input
voltage.at termnal A, by reducing the input voltage to input current
conversion factor. |If 10 | npedance 111
and 112 were onitted, the conversion of an asymetrical input signal into a
pair of symmetrical output signal currents- would still be substantially

| i near, provided the input voltage remains bel ow the maxi nrum al | owabl e

val ue. To obtain a stable operation, such that for exanple the output

si gnal currant sussfl in ghermethed ofSthe inyentigp allessethe pisultant IC anddyples yonoedupy satallev er
r.circuit shown in Figure 2 is

a W de tenperature range, the conyert )

oqui pped Wi ¢ h cPBTSO DR Rrigfe | BGp ot s Ty menufagtured, 1C moryles Are, dhug smallenyins e
qui pp

bias vol tage ofgtd AL i IS |t age \c, ke.the

bi as current ofm%gr' ansi st grm%%_%{ggtr?sé_ %&%qﬁw)?vge%%%e&(%ﬁ% the gpire

101, The bias chyndRigiprédest (PHS pértdted thtoigh thethfdEord hl%alg,e%ﬁfcmc'aﬁ%r&r?det Sre

magni t ude of i npedance 120. The bias control |oop conprises’a first and

a second curs entelistilityi than thierconveitionad OOBI mtholl.r FHiifd, SHeQdncafddlaiion Hdcess us&d i t h

i npedance 211 and transistor 202 in series wth inpedance 212 respectively.
The col | ector clhemethod offthe ingention aewthe eliminafioR obihe step aff patkagipg e Cschifs

the colloc- tor currents of transistor 101 respectively 102. The scal- ing
factor depends ??n’st'ﬁ%“"?ea‘t‘inowﬁ%?%%ﬂ W@@i%&@%ﬁ%ﬁ%i@t@%@@eﬁﬂd
202 with respec i d.10 d the rati o between the

i npedances 211.éﬁéﬁ%ﬁéﬁ%ﬁﬁ@?%%%%é%%mﬁgm?ﬁ%ﬁ@%ﬂces 111 and 112. The col -
llectors of transistong #Rintidhddded BescAbRd ‘ﬁﬁn% %X%'%_r ?ke?ér%dserﬁﬁédiﬁl@&s.zzz

respectively. The latter transistors forma curfent | r acting as

di f f erence et eHowever,Cit lis to bé tundebitGod: eHat €t 2bpe bf fHRMhvéition i9A6t FibRed &) ihd S
first mr- rored, thus inverted, and summed with the collector cur- rent of
transi st or 202, discddosgd smbediments P thecontrazy, duis intended tomavergyariotsomodifcatinneanif
transi stor 240 andla{)ossi ble par- asitic capacitances (not shown), The

base-eni tier j uiRUa%3EREement The srope of the claims, themforo.abovld be gecerded tharaadest | a
tda di ff . int trol |t Vc. The b -emtt i ti
capaci t ance | ncPiaERlioh 8 & fSApha Gl 05 cHions' 9 SHERE aBRSsiGRst o |

relativey large to sul ficiently filter out high frequency conponents in
the dif- ference current. In that case a distinct filtering capacitor
bet ween t he bass connection of transistor 240 and sig- nal ground is
superfluous. Diodes 241, 242 and 243 and




| npedance 244 are Used T0 correctly bias transistor 240. Preferably these”
di odes ar g e ~to pronpte a tenperature i ndependent operation
of 'the coﬂ!ﬁwmllmlnmﬂm - In a steady-state situation, the bias
currents ok t¢an- s stsors 101 and 102 will be substantially equal. The bias
control -foop Is an Integrating control |oop that strives for zero error,
that is zero difference current. A difference between the coll ector
currents of transistors 101 and 102 results in a non-zero difference
current, that is inte- grated into a cangi auously changi ng control voltage
Vc. The change in control voltage Vc corrects at its turn the ratio of the
collector currents of transistors 101 and 102, such that the difference
current is reduced to zero. Then, the volGIAMS/c renmi ns constant. A
change in control voltage Vc mainly affects the bias current of transistor
102, in the casWhatigflaimedigo| t age drop over inpedance 112 is at |east one

order of mag- njtude, |l ess .than the base-emtt Vv f sistor 102.

The base-em jtte*‘ vo!‘%gﬁ ogffgrtlfl%fﬂ%_}cgwaﬁggn?gﬁcb%omgﬁggﬁ%%%??{ in function

of the transistor bi @2?%&{5 g?grb%uﬁ bGP b which iealimdtuld is 86d dhSfucldd]
o

substantially flows nce 120, this bias current has to be

appr oxi mat elsy equal wralify of IC thips Sathe peinted cirduitrbourdkage of

transi stor 102 and the resistance of im pedance 120. Thus, inpedance 120
mai nl'y det erm nes t h@) nempectingdeplofalityef bonding wines torglectuidally conneristhe IS chips taand
102, which bias currents are kept in balance by the bias control |oop,

adj usting the c@ﬁﬁ’ﬂ@tﬂdvmlﬂh@@“\}’c to this end. In order to guarantee

Start-up ohrouit s RERTEET Sy Srobts iy SOTRRACh sl e over
12 inpedance 234 %{at% g&gs.g—galcg o215 Dhififed ?cgi%ui@%gma,?’go@ﬁﬁ all of th@SICCEip# Ahd

sour ces, whose col rver a palr symmetrical bias currents

generating {@®r hddbdibtdl bondiegd Wides; An interesting feature of the
enbodi ment descri bed above, is that good symmetry between the out put
si gnal cur r ent ¢5)iremaving seesiatipartions afcthe endapsulasionylayer seas 1o pxppse those

| ower than the cut-off froquoncies of the transistors ysed

S .. in the
circuit. The enreren Hegwingdritenit hardgvhsre an agsemmbly of auxiliary gireuit)glqmepts to fhe
af fect the high_fregquency .i nput . sjgnal . .transfer i . .
tianhsistors, toléﬁg*%sfffe%sbffr@mgﬁdgﬁf'&’ the rem%ﬁ?riﬂ%se(’%t*lgte %%S%E%uﬁ&tlaysﬁrgsﬁgl
at high f requen%@e?—inﬁ"a%llofthe.lc %&S"%%‘Sgﬁﬁwﬁm Ritheagp! | ect or - base

capaci tances of ransi st 102. transi stor 102 is

arranged 15 in C0mqaemﬂiﬁ%ttﬁeeissﬁmyio@uﬁﬁﬁhwimdemm iirs therexip6kkd iareas on
common base configuration, the collector-base signal vol t age of
transistor 102 ltke prixtgbdircuitdoartthe col | ect or - base signal voll age of
transi stor 101. This causes a sone- what Jarger current in, the

[ he. .
col | ect or - base QapaciThgmeethast of claim 1; wheginsthg printed cirppit bogrd, 15 Paptitioped, nte 2 m

the collector to t he ingernal hase usin i I t age across
t he i nter H&?d“ﬂfa%yt]@é"iugf"éM&°ﬁ%?%éﬁ%wgﬁﬂfm%%s tﬂe%on' Figure 3
shows a doubl e-bal a“ﬁ[%@ RS of Sidiat, Wwherein the PRARE cRbuithoardSBAORED &RRAheRERI
of a converter Ccircui
20  size made from BT resin.
4, The method of claim 1, wherein in said step (2), the IC chips are mounted on the
printed circuit board through a die attach process.
5. The method of claim 1, wherein in said step (3), the bonding wires are gold wires
connected through a wire bonding process.
25 6. The method of claim 1, further comprising the step of performing a bum-in
process and a chip-probe testing process on the IC chips prior to the encapsulation

process.



according to the invention. The synmetrical current out- puts SOL and

S of thil"lﬂmﬂ I" lj" lli-t 100, are con- nected to the comon
em tter teérkam LL of the m xer transistors. Between the

termnals 1 and an os- cillator signal may be applied, such that

the m xer tran- sistors act as current switches. For exanple, when

t he voltage at termnal 1 is one base-emtter junction voltage

hi gher than the voltage at termnal 2, mxer transistors Tl and T4
are conductive, whereas T2 and T3 are notg - Then, the sigals currents
at SOL and SO2 are directed to flow into i npedance 5 and 6

respectively. nver en the vol.ta t rrgnal 2 is, higher
than the voi tagz' i’ﬁé ¥nethod of cfé\t’ﬁn nl, v!r.herem in Sgl% %g) t(f)a[t?xe[ @W%uoﬁ,prﬁ?eﬁéér

transistors T2 apthddsthdRpeonduc- tive, whereas Tl and T4 are not. Then
the signals cur- rents aF SA and SO02 are directed to flow into inped-

ance 6 and 5 respect coatihy.a Hduic typBepolymicr ver the RatiRGtop RiuFace JTRBS PARLE circ@nd
6 are alternately derived from SOL and S02. A difference with the

enbodi ment showho3rd tafogmithe enpapshlatiotlayert laad converter circuit 100 of Figure
3 has an input stage _ar,rag%ed bet ween t he between the asym netrical
input term mal Al antHti9chng dRensgpsulationslaysrio e drngand @wing prosess sares oy parden

transi stor 103 r j- common base configuration and acting as current
BRitaich 1z

tol- lower. A fur Y@hce is that DC bl ocki ng capacitor 130 is

arranged betweeg, the 4 e bl ' . .
enbodi nent of Fi gure@%@gﬁg?&é&&@%ﬁaﬁﬁ cggﬁxg;%ﬁﬁo%gé% %-PS% A a

operation. Bi asdv@brbladeqgésesaar € supplied to termnals VB1, VB2 and VB3,

whi ch are further supplied to the bases of transistors 101, 102, 13 via

| rpedances 141, 242 aiibe tthod of plaim 7 wherkin. sailhwathegsstep wicatried vat by pérford@le and
103 are coupled to ground by capacitors 151 and 153 respectively. Thus
transi st or sT@015RIR4031R8 PEYSESSar r anged i n common base confi gurati on,

| npedance 113 acts as, passi ve.current source and determnes inter alia the
bi as current of ?{"r an-%hgfn?ﬁﬁ’g?ffgfngnﬂh said goating siop 1f§ﬁ°§°3té)@ﬂ?%@k‘iﬁ1@
ca-: pacitor to al.e e emtter bias voltage of transistor 109 fromthe
DC vol t age appl iﬂgogsa?p%éeeghgsynnetri cal input termnal Al. The si gnal

sawf ce vol tage 10. i STEOMefddest d1ti01,2WhérkiNA salUtdpe(h, @b btV Yatnodl ofWhE Ch
substantially flows to the symetrical output termnal SO1 via transistors

101 and 103. Thencapsulationilayer fsaatrizd ontbyi performinp iaphotelithographitiemdl dnshirighfosessir ce
Inmpedance 11 and_the emtter im pedance of transistor 103. Preferably, the
magni t ude o#> 12. The method of claim 1, further comprising th¢ steps@fince 113 is some

orders of magnitude {;ea}Ji‘oqt(?xringhafle 1':1re-cut testing process on the IC module;

cutting the IC module apart from the printed circuit board; and
performing a post-cut module testing process on the cut-apart IC module.
13.  The method of claim 12, wherein the pre-cut testing process is a chip-probe
20  testing process.
14. A method for manufacturing a plurality of IC modules, comprising the steps of:
(1) preparing a printed circuit board which is partitioned into a module array
layout on which the IC modules are to be constructed;
(2) performing a die-attach process so as to mount a plurality of IC chips on the
25  printed circuit board;
(3) performing a wire bonding process so as to connect a plurality of bonding
wires to electrically connect the IC chips to the printed circuit board;



. . . B o T v PRSI .
that of the emtter |&'ﬁedance of transistor 103 such that nost of ‘tfie=+ " = "

current Jmumm""ﬂ:um Ilge 10 flows into the emitter of transistor 103. The
si gnal pital ks fER & 18 d via transistor 103 with nearly unity gain, is
converted irnto a Si ghal voltage at the node NC. The current to-voltage
conversion factor is inter alia determ ned by the inped- ance 111 and the
emtter |npedance of transistor 101. The signal voltage at the node NC
is supplied to the base of transistor 102 via DC- bl ocki ng capacitor 130,

whi ch constitutes a high-pass network tegeiher with im pedance 142.

Transi stor 102 and | npedance 112 con- stitute an inverting transadmttance
anplifier, supplying a signal current to output S02 which is phase opposed
to the signal currpnt(4)d%er‘8€?1ﬁgﬁg}‘mﬁ@@dt@smnglm%ceéﬁ‘?}b@%éﬁtpp%f Fi gure 3 has

f eat th ile.noting. Fi t..of all th i f f
oS oo ment can §9 BBt enSehblcirflc 118 0504 S SSARIRA i Ebym, o
2. This feature tfl@'eﬁ&%stgg%uffkb% s e X;%hﬁéd LibGuitt BRARE f @VerdOM P A fY ONRYs" drfaa!

Al NC, may exhi bit

i nput term nal to no a voltage gain. This voltage gain
depends inter aldsgociiedbdadiipeies;ude of inpedance 111. As the voltage gain

i ncreases, the noise figure of the convertor circuit shown in Figure 3,
door since tiBe contri(@upsrfonming & plwtolihegraphi ansigeichig proeess ifert sstestiveOremomal dfp2
di m ni shes. Wth sufficient voltage gain, the noise voltage, of transistors
101 and 102 may theernsasulatignilgiepsaas torxposethase arras ap theriptsd cirgut byard bsresge
tran- sistor (103 m nates. This in coptrast to the,enbodi - nenf of
Figure 2, where ﬁs%@‘qﬁ%t ‘E‘?cﬁﬁsq-{eé‘?‘?ﬂtsslslg’lg%ﬁbo“ﬂ?ﬂ’ g’ﬂg‘aﬁhﬂfﬁ& i %‘H{i 5 8f e
noi se vol tage at ' L Al i PhsSocitldboafihg Giteve! Y
arranged in seri?%%u{aﬁ&?%ﬁsﬁgl{e{]rm na anowﬁzgc.&%gx?reqtfency_oﬁnc_geas?e’s, t he
mexi mum obt ai na- bl q7yRbimER thddsternbly bhSircaitieRitieftt the\epOsedrardas ghl e plinted
di m ni shes and consequently the noise figure wi riorale. At a frequency

bei ng an ordar ofircoithpoartipide | ess than the cut-off frequency of the

transi stor 103, the noise figure of the enbodi nent shown in Figure 2 may be
su- perior to the ond8spesforming amrergptdesting processon thedlapediiessi r- "cuit shown

i Fi 2.t t | st 1.10 h dgm I. tributi ,
whereas i n-ihe enbod O) FHRE B KEripghEs saryifase B PRGN SPOoRth Hive
cogiy 1 but e 10 the ol Glch i SUMEAE Rl 6l on B0 aplh IGrBURL1 vel v | ow

frequency input signa an el nment ¢ rrstng an in stage as shown
in Figure 3, mayihe prefméhedofdldmi4, Whéinahé pidtyd sitcpht bbar@ GUENQY squigelinch in
signals, an em bodiment without an i nput stage as shown in Figure 2, may
be preferredis sizémadchHord BItesinesti ng feature of the converter circuit as
shown in Figure 3, Is that a higher gain may be ob- tained conpared to the
known convertor &b cuflee methed afoslpim: I4.cwhereinyiaysaids ptep ((3) thee FACIPSHANOR REPEESS

respect to noise, |inhearit nd current consunption. Gain is defined as the
conversi on fact o CHIeHRC T trical input signal source voltage to a pair

of symmetrlcal output co%hﬁé‘%' litﬁﬁﬁ type polymer over the entire top surface of the printed circuit

board to form the encapsulation layer; and
20 subjecting the encapsulation layer to a drying and curing process so as to harden
the encapsulation layer.
17.  The method of claim 14, wherein said coating step is carried out by performing a
doctor blade process.
18.  The method of claim 14, wherein said coating step is carried out by performing a
25  spin coating process.
19.  The method of claim 14, wherein said coating step is carried out by performing a

dropping process.



rents. The gain of both the known convener circuit and that of one? ="
according to the invention is inter alla deter- mned by the nagnitude of
the sum of the source im pedance 11 and the input inpedanco at the
asymmetri- cal input termnal A of the converter circuit. As an
illustration of said feature, assune the bias currents of transistors T5
and T6 in circuit of Figure 1 and transistors 101, 102 and 103 in the
circuit of Figure 3 to be 1 mll|Anpere. This limts symetrical out put
sig- nal currents at SOL, SO2 of both €iXcdits to a peak value of |

m | liAnmpere. The input inpedance at the asymet- rical input termnal A
of the converter ci METHODOFMANGEAGTURING DINEEGRATERI CIRICRITY MGDURES, t he
emtter inmped- ance of a typical silicon bipolar transistor biased at 1

16 _ Irr: I Ibi anpere. Thte : npgd?pces%l%ﬁogwﬁﬂ%&émi rcui ': in Fit gur ef

, W e approxi mately i me gl ornsation ratio o
transornmer 1 in Figu 1S X ] e. LRI P

transistors T5 and 42“%11}&& oef eg:[{af:@gn%l(?ﬁ{r&glﬁgsga%ﬁglﬁrﬁﬁeﬁg_ﬁ@t@gﬂg 'ﬁ%‘gilse

hi gher i nput i npeganganeéd é}ﬁ@mlf&p%\ﬁkigre%b%hﬁhgﬁ{at Edrf 4116w the kdultdnt FC ek &
its gain will be less, Changing the trans- formation ratio will either
further reduse béimadéicompdct det help @éduoe dieccoirpiexity € diel dveraindanuficieing process
performance of the cir- cuit. The doubl e-bal anced m xer circuit shown
in Figure 4 cofpthesksmadulss. The adnufichring cost ofithedRvmedules can fhugibe sigaificartly ng

to the invention. Different fromthe second _enbodi nent aof .Figure.3, the
converter circufeduedp This method inglndesa {ustsien g%gr%-a@&'nfego“%ﬁggf}m’ 4 second

t i stor 104, . whi.ch . . ansisdt 5
and the symre r FERISE GRRBRee apihant SEI B, bY Sud B EE bibuC boded A IS Bl 462
signal current E)&}Jﬁ%{%\%r a wﬁle:ﬁfygdlh%gfoéesﬁ;r 4 foulth 886 Of h&HorRHFM eAdepBulation process

configuration, 11 ng se to signal ground via capacitor 154.
Cascode trafg §b &d tolcodtQh chepailxiish 1afer bié tieehtiretop sirfacy of tha grintag pirduitcboatd,
termnal VB4 via inpedance 144. A cascode transistor arranged in,
series wth thecoeeingrall dfrtheiC ships and gssotiatesh bonding wiresy asfiftinsigp hgpﬁrfqrsumgw
prove the symretry bhetween the output currents at ter- i.nal stg@%.an SO2.
In the enbodi mephotghithpgrgphie and etching prefess-or gpleqiivg Jemayal aggleoqm% on, {aypr;

102 is independ- .ent from the caollector bias voli i SI AL

dé™ term ned by™d ﬁe“’if% Isfegg"tefém’é‘b' % gﬁa%{‘FmF ié’ro% aﬁ%hg%%&%cﬁg eiern?eiﬁf‘qn&c@ﬁte%g&ssted
with the embodi geak H irduit boWed MbreSver, thd MEthBA BR1uMed the §RpHSf performin
transi stor 102 can Blgihae Jrﬁlﬁk{d&ﬁt&ﬁﬁe {))i asr’vol | age ap[;ll i ed gt@pterpm' nal g
VB4, which hg an peldittetingiRbcepRnbiatiRICmédulesethen euttifiy et Criodudds\upant fohrethe
out- put signal currents, Asymetry may be caused by the so-called

'Early-effect' qfintedeirtuiaborirdtand Sinalty penformingaipest-caf nadwle testing preepspyn thesut-

vol t age across the collector-base
: apart IC modules.

[FIG. 4]




17 junction. The influence of the Early effect on the output signal’
currents at SOL and S02 can be bal anced by ad- justing the bias voltage
applied at term nal VB4. Figure 5 shows a doubl e- bal anced m xer
circuit conprising a fourth enbodi nent of a converter circuit according to
the invention. Conpared to the third em bodi nent shown in Figure 4, the
‘passive current source for biasing transistors 101 and 103, that is

‘i npedance 113 in Figure 4, is replaced in Figure 5 by an active cur- rent
source conprising transistor 105 and i nmmggdance 115. The bias current from
this active current source is determ ned by the value of inpedance 115 and
the bias voltage applied at termnal VB5, which is further applied to the
base of transistor 105 via inpedance 145. The base is decoupled to ground
via capacitor 155, inter alia to prevent pOSSIb|e paraS|t|c hi gh frequency
conpo- nents on the Qs = f

parasitically nodul a v s he enbodi nent
shown in Figure 5 offers the ad- vant %f’ that due to the hi gh col | ector

i npedance of transistor 105, alnost alll&the input signal current at ter-
mnal A is directed to flowinto the emtter of transistor 103. The gain
of the converter circuit presented in Figure 5 may therefore be higher
than that of Figure 4. e ciqahl y are to operate at

| ow supply volt- ages. ﬁgfgiabl o(*?jRJKZEQ péfE{ré the DC resist-
ance val ue of inpedance 113 is to be kept small to Ilntt t he vol tage drop
across its termnals. The magnitude of the inpedance 113 (Figure 4) at

i nput signal frequen- cies, could be enlarged using an inductor However,
only small inductances can be integrated on a chip. Thus, the magnitude
of the collector inpedance of transistor 115 in Figure 5 wll generally
be higher than that of im peF%nce 113 I n F4gure 4.

18 - Fi gurfe Shigﬁ a doybl e- bal anced m xer circuit
conprising a fifth ﬁgbodinen z ' [

cording to the inveh?i

transistor 103 and its 3§ 143,
capacitor 153 and term nal 105 are

mtted. Thus, the asiymmetrical input terninal Al — is
coupled to the node NC via passive elenents only. A _ simlar
case is shown in Figure 2, of which the]l2nbodi- ment
equal | y does not conprise an input transistor be- t ween t he
termnal Al and the node NC ng the input
transi stor 103 shown in Fg@ 51A (PR'OR AR]);e an option if the
circuit is to operate at r&lati supply voltages.
However, this may have a detri - mental effect on the noise
performance at relatively | ow frequencies, since there is
no | onger a vol tage gain be- tween the termnal Al ane the
node NC. To obtain the sane gain at the sane current
consunption with re- spect t]4 t he enbodi nent shown in
Figure 5, inpedanc- eg 111 apd 112 at the enbodi nent shown
in Figure 6

9 16 f 16
a/—18
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FIG. 1A (PRIOR ART)



are toQ be omtted too (not shown). A doubl eEhEF aRgel v

m xer circuit according to the in- vention, very wel
suited to operate at relativety | ow sup- ply voltages, is
shown in Figure 7. Conpared to Figure 3, transistor 101
and its associated el enments (inped- ance 141, capacitor
151 and terminal VB1) have been omtted. The gist of the
circuit shown in Figure 7, is that m xer transistors T1
and T2 can take over the function 2/5 of transistor 101. In
practice termnal 1 and cou- pled to an oscillator
si gnal source, whose soyrgechjnped- ' ' ance is relatively | ow,
such that mxer transistlos &l and T2 are effectively

arranged i n conmon base (CO
the common emtter term
emtter inpedance of trag

ura- tion. The inpedance at
is practically equal to the
r 01 in Figure 3, assum ng that transistor

103 of Figure C 3 and transistor 103 of Figure 7, are biased
at the sane 19 current
Thus, the signal current fromthe signal source 10 will substantially flow
to conmon emtter termnal |3 via transistor 103, and produce a
signal voltage at the node NC. This signal voltage can be used to
drive Iran- si st qrol: such that its collector current and the
current fl ow ng t|6sC n emtter termnal 3 are substantially
symmetrical . gh the doubl e-bal anced m xer circuit pre-
sented in Figure 7, can égéwa.e at | ower supply voltages t han t he
circuits of Figures 3 tg ,éﬁ, may exhi bit a higher | evel of
spurious signals at the bt ri cal i nput ter- mnal Al and in the
m xer out put voltages acrogs i nped- ances 5 and 6 spectively. Such
spurious signals orig- inata froman oscillator spgnal applied at
termnals 1 and 2,/ pkoduci ng a residual signal atyhe common enmitter
ters mnals 3 an ubstantially conposed of thegSecond

har noni ¢ of the oscil . Sl . In the circuits shown in Figures
3to 6, transistor 1Qlci nged between the co n emtter

tggyr nal 3 and the ngde 35¢. nsi st or 101 prevenggi to a large-
extent, a cross-talkjdE 8? i ual signal at common emtter

In the circuit shown | @Figure 7,
however, there wll 0013 be liYte cross-tal k anenuati ofjof the residual
signal to t he jrade INC. Su an unwant ed resi dual W-ghal at node

NC, may further crosq+taPq to the\asymetrical |nput ter- m nal Al .
Moreover. it al so nodulftes the co\lector cur- re®Nof transistor
102 and consequently prepduces a pary asitic conponent in the m xer

termnal 3 to the nodesi—

out put vol tage. Wi | odi ments are showg®nd described to
clarity the invention, erson gdkilgqd in the art may co«- ceive
many ot her alternati\ odi nent|s d5fa convert - lac circuit or a
doubl e- bal anced m xer ui t. wijttRof}] de- parting fromthe spirit
and -t he scope of thel|i ion Q_E;
5 o
| .
o

IC
Fabrication




20 claimed. The circuitry to bias the first and the second transi'si may™”
differ fromthat in the enbodi nents as descri bed. Passive currents sources,
for exanple im pedance 113, or active current sources, for exanple

transi stor 105 and i npedance 115 may be used alter- natively. Cascode

transi stors may be arranged between the collector of the first transistor
and the first symmel- rieal output ternminal, as well as addiional cascode
‘tran- sistors between the collector of the second transistor and the second
symmetrical output termnal. Aternativa/$nput stages can be arranged
between the asymetrical input termnal A and the node NC. Wherever in
the text a circuit el effent TS5 Oesfgnated as I | npedance], it is to be
understood that this element nay be reS|st|we and/ or iQdEQive. For

exanpl e, inped- ances Llé-and442-as—-shemn4—n—ﬁgu—r-e—2~to 7 may com prise
integrated inductors, {o inprove {he high friequen- cy noi se behavi our of
the circuit. Inpedancef113 in Figt_ures 3, 4 and_7 coulld be an inductor,
bei ng an external conppnent arranbed betmeed the input [pin of an inte-
grated converter cBPcuit and signhl ground. 'n this cade capacitor 131

woul d al so be an ext er pat-—conpo r¢m5—1¥ﬂm#kbeTWdem t hat ,
al t hough the converterjcir- cuit s very meln suited fgr integration on a
chip, not all of its elenents neell_to he intlegrated _ _| Furt her nore,

havi ng knowl edge of thg¢ invention! it will bl obvious flor a person skilled
in the art, that the efffectivenesg of the inyention dogs not rely on the
use!of blpolar NPN transistors as shown 1 n the enbodi - nents.

Altérnatlvely, field-effect transistorgnmay be used, in which case emter
coIFector and base in the present ApplTTation should read source, drain and
gate respectively. Furthernore, it will be evident that the po- larity of
theftransistor is of no interest IFTGa bi pol ar NPN or N-channel field
ef fgct transistor, PNP or P-chan- ’ie ffect transistors may be used.
21 ¢ In a doubl e-bal anced m xer circuit, the symetrical out put
terminals of the convener circuit (SOL, S02), need not to be directly

wl ed to the common enltter termnals (3, 4) of the differential m xer
trafisistor pairs. F@4 DC- bl ocki ng CAPE it ors may be arranged

2een the symeiri cal t er m nalgs the com non emtter

rfinals, in order to bi di fferggy/@/ ni xer transistor_pairs
indgpendently from tfre—ToffvEnET—CcrTCurt. TNe appl I carjoa a converter
cirguit according tothe tnventron, 1s not Timted to doubl e-bal anced m xer

g Cuits. It can also be applied adv ageously in other types of
irguitry, where a conversion of a asyffelrical signal into a pair of
getrical signals is reqU|red For exanple in automatic gain control
(Aeg) anplifiers conprising two differential pairs as bal anced voltage

34 34
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signal into a pair of substantially symetri cal out put signal-currents,
conprising a first and a sec- and transistor (101, 102), the emtter of
the first tran- sistor (101) being coupled to an asynmmetrical input
termnal (Al), the collector of the first transistor (101) and the

col l ector 'of the second transistor (102) be- ing coupled to a first and
to a second symetri cal output term nal (SOL, S02) respectively,

char act or - ized in that the asymetrimal Input terminal (A) is
coupled to a node (NC) commonly coupled to the emtter of the first
transistor (101) and to the base of the second transistor (102), the
first and the sec- ond transi stor (10? 102) being arranged in corn-
non- base confi gur ation and Tn' conmon-emni t 1: confi gur gt+oBA8
respectively. g[)n erter II’CUI[ ccording to fLarm 17 gharacter-

| zed in that afl;l’ é \ e- ween the emtter
of the first transistdr (] n ]N e\(NC) and that a second

i npedance (112) is [ 111 /hprn itlter of fhe jSec tran-
sistor (102) and si gn5| ground Converter circuit ac.c.dﬁdﬁg o Caim2,
character- ized in that an |nput stage (103) is arranged be-

tween the asyrnnetrcal input term nal (5 and the node (NC) 4.
Converter circuit according to Claiml1, 2 or 3. char- acterized in that
a cascode transistor (104) in com non base configuration is arranged
bet ween the col Il ector of the second transistor (102) and the sec-

ond symretrical output term nal g—) 23
5. Converter circuit according to aIGl 5D3 or 4, characterized
in that a DC- bl ocki ng capacitor (130) IS arranged bet ween t he node
(NC) and the base of the second transistor (102). 6 . Canvonor
circuit according to daiml, 2, 3 or 4, .characterized in that it
conprises a bias control |oop (201-244) c i Si Ly first current sensing
circuit (201, 211) c&l ed to the ra Ssor (101), a sec-
ond gurrent-sensing cir t he second

']Eran$|st3r (102), ; dHLJ\?\ /igge@ rcuit (221, 222) with a
_g_',g,:,-g_,q and a second i npuyt c// 7/////
; Z

s , __’/30
32
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pled to the output of the first and the second current
the output to the differ-
the first transistor (101) via

7.

circuit respectively,

circuit being coupled to the base of

t | east one | oop capac-
according to C aim6.
(240) is inserted be-
circuit
said | oop capacitor, 8.
conm
er transistors (T1, T2),
first emtter termnal (3).

char acter -

prising a first diff
whose enitters 4

tor (240)
ized in

sensiing -
ence detection

Converter circuit
that a | oop transistor

tween the output of the difference detection

(221, 222) and the basesyb the first transistor (101).
the base-em|ler junction of the

00p tranqiqtor (240) constiuting
A doub ,&9 ,eL_qucuit (1 00, T1 -T4)
pr et 3 naur o first and second m x-

a second di f -

and fourth m xer jJtrans
to a conmmobn
and the fourth tr

ors

Fabtcatish

(T

ter

a

1t t o
CCCT

T4)

the third transistor (T2, T3) being

re coupl ed

to a common

terential pair of third

T4), ose enltters are coupl ed
qk#éogi Boases of the first
9e t he second and

coupled to a common firal

and a

common second ase termnal (1, respectivety, between which

24 base ternlnala_ m xi ng sfgnal may be applied, characterised in
that the first conmon ehitter terf Wire &Boauﬂwng at the second conmmon
emtter ter- m nal (4) are col synnetrlca

term nal (SOL] and apR synnet |caI output ter-

respectively, ?H%? 8 circui l)<s—-&cco¢ Ehﬁ' énof t he
precedi ngs d i ec Gbl@hlias nced nji xer circuiftand gesting d first
differential parr of Tr1rst and second n1< r tranS|stors (T1. T2), whose
emttors are coupled to)a firal cf roT ter termnal (3), a second
differential pair f third and -anQt ors (T3, T4), whose
emtters are coupled t a second termnal (4), the bases

of the first and the fourth
seconhd and
commpn and a second common
whi ch base ternminals a
t.haty an asymetrical in
bel onging to a path via whi
coupl ed to the base of

cou- pled to the second

the third transistor (T2

tr anS| st

base]
m Xi
put

3) being coupled to a first

respectively, between
i 33 characterlsed in
2 node ( NC)

ch t
atr
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