WOST w e
T - * .FIELD EFFECT TRANSI STOR, CONTROL METHOD FOR CONTROLLI NG
SUCH A FI ELD EFFECT TRANSI STOR AND A FREQUENCY M XER MEANS
| NCLUDI NG SUCH A FI ELD EFFECT TRANSI STOR. 5 The present
invention relates to a field effect transistor as described in t he
preanble of claiml1, a control nethod realized by such a field effect
transi stor as described in the preanble of claim2 and a frequency m xer

nmeans i ncluding such a field effect ltvransistor as described in the
preanbl e of claim 3. Such a field effect transistor is

al ready known FIELUnEFEEcI TRANSISTOR | CONTROL MERHTD FOR GONTROLIdNG es,
Second Edition ublished, 197/9_ b Tat a MG aw H 1| Publishin
Company Li i t SuciR wiEl T AND A FREQUENGLMIXER MEANS

| ndustrial Area, New ' t | i ce such as
described nore partic t'U CH D S‘ﬂﬁﬁ ors" of this
book i ncl udes a control termnal called a gate, a first nain term nal

call ed a source 15 and a seg:ond main term ne}l call ed a.drai n. Thi_s first
par agr aphSof this ch&be @resent lnveeﬁcrhneslcmwpau @ddeeﬁmt tragsistehias leserikaabin ed

to the gate the f d. effect nsi st or co s a flow.of,carriers
which is flo %gorﬁﬂmbffgwfademnhep coatioh meinod regizad S Soqne el ieecirni <

means t hat a'rrfa'n%fé)reé{ f&%&rrﬁé@ﬂ?t@@ edhbl€ o\f(?:lotlﬁng and a ﬁrc?%g@ﬁé)})zlnl Y rqgé{ﬁsce

i .e. input voltage al one contro he ouf put” cur

has to be renmdididg bl atfiedd Hﬁf@cf@ifortshﬁartc%rdé%cﬂb@di Qﬂk@}ﬁ’redﬁfﬁlé\of slafrh €.
sane for n-channel or p-channel field effect transistors which neans that

for n- channel Wl'épd('eéfﬂ edect 'fﬂmﬁiﬁq?fslﬁcﬂ readycknaay inethe arf.ce.g. from the

oL O P BREk LB ONE FPCiplas, Serdif EdiBh EB(Ris) TR b el MiLGRE:
conventi onal l‘ﬁﬂ'%@%lﬁd @@'I;fd’ irRdd Pribfed BﬁPééHrGﬁséfrPrBss, AKrti N?J@%ﬁmel

field effect transistors and r?m(')mt he source to the drain in p-channel
field efridustricd r Aresi, siNems . Delhi-110015.  An oa&lveh@lag,rrpntchaltevsachueh fasel d

ofect transigton b o o0 gl advat sges, v SONEYSL, 28 deseribed g
oL ] kol I Bl R ¢
voltage 15 anHansecomd main peohdnalt ecdledi stoain. This first paragraph of this chapter
teaches how a gate voliage which is applied to fh'é gate of the field effect
transistor controls a flow of carriers which is flowing through a channel from the
source to the drain. This means that a field effect transistor is a vol’_rcge-

controlled device i.e. input voltage alone controls the output current.
20 It has to be remarked that the use of the terms source and drain is the
same for n-channel or p-channel field effect transistors which means that for n-
channel field effect transistors the carriers are conduction-band electrons and
that for the p-channel field effect transistors the carriers are holes in the inversion
region. Hence, conventional current flows from the drain to the source in n-
25 channel field effect transistors and from the soﬁrce to the drain in p-channel field

effect transistors.

Although, that such a field effect transistor has a lot of advantages,
however, as described on page 322, second paragraph, a main drawback of
such a field effect transistor is the small control over the output current. This

30 means that a field effect transistor is less sensitive to changes in input voltage

than e.g. a bipolar transistor.
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r2- - - Y An object of the present invention is to provide a

field effect transistor of the above known type but which provides an
dinproved controllability and an addi ti onal degree of freedom over the
flow of carriers fromthe source to the drain. 5

According to the invention, this object is achieved by the field effect
transistor as described in claim1 which is realizing the control nethod as
described in claim2 and which is includedin the frequency m xer means
described in claim3. ) Due to the fact that the field
effect transistor furrnhebiettrefithegsesent iventioo is terprovide onfisidieffectalrtesstor

hereafter a d Ie dr ai, n, sitioned.and ad tedln or able a
hi gh resi st ar?gg Hf’?’%lknig‘dﬁqé‘?ﬁ ngé"l’g’éél‘ QRIFVTFsi QN CBBRYE g ‘E‘%WEW@M%’OSI”B
drain, devi atjgemidal n?egvee%f g&%dahpwv&f HERHBWEEE c&gl%rr'% ttRen %ﬂyrs%%réeofa h%?e
doubl e drain by coupling a high

i nput resi st ancia. control current nmeans |like 15 €.g. a current source to

t he doubl e drain an extra_control is provided to the drain nt of
the fiel dgeffect t r af§Feding torfee finven °€f f"é&tObﬂ?Cén%P§h'@¥e<ﬂ)éﬁ/ofﬂ‘r‘€sf'¢|g .

way a n roI one e ut at
the gate of '?'%\é 8\%.’"‘4:1; meg}?ét?dc* ?’gcl E'fﬁr'sahec?'%ﬁ i}% Féﬁ{}% ?¢‘8$ ?shput
at the doubl gjedérfidd ¥ didien f2 e whuch 1§f'h§l%ﬁe8rﬁm$}hétf%queﬁeﬂi hmB@Pt hehns
inputs are controlling the drain current i.e. 20 output current of

the field ef fdestrihedinsilaito3. It has to be expl ai ned that
t he normal working othhe

f t b ted
in the event when no“¢8n r{he 4°ﬁbﬁi ﬁge el qﬁgﬁ"r Gggé'ss’b? {U%?fe'“ﬁwgﬁg’egfﬁf ©
termnal 3gin rﬁc}ﬂhste?’?ﬁﬁ"d tc:a'll P?cﬂ‘fe‘?% H8ubRVEra m&ﬂldnggecq'ﬁ'f'ﬁac@fed in ordef N€

doubl e drain term nal V\/mc expl al ns t e use o I'gh resi stance control
25  current toreaablela h@heregusfaaxceauntrel Qurterethears) wich @tdaeplddhf@dheldbdb"'@

event when t he cont r t nmeans i s acti ve, ortan
enabl e a dewdé‘E”PoHe‘dP“%P% PR of the flowt cagriensdram fb%éﬁ“%ﬁéﬁ fhgﬁgulpl&r rain

constitutes ;?sj%né gqPresent carriers, when such is requi red. The high
resi stance control current neans at the doubl e drain term nal has to

be di mensioned in sugdderdydy cbbling athigh eApii RERRINge bArBPESHEItEMEGnDRke
15 e.g. a current source to the double drain an extra control is provided to the drain
current of the field effect transistor. The field effect frai:xsis’ror becomes in this way
a device with mixed control inputs : one voltage control input at the gate of the
field effect transistor and one current control input at the double drain of the field
effect transistor. Both conirol inputs are controlling the drain current i.e. the
20  output current of the field effect transistor.

It has to be explained that the normal working of the field effect
transistor has to be respécfed in the event when no control input is required via
the double drain terminal. In this way it is expected to have a high impedance ot
the double drain terminal which explains the use of a high resistance control

25  current means like e.g. a source current. On the other hand, in the event when
the control current means is active, it is important to enable a deviation of part of
the carriers, even when this part constitutes all the present carriers, when such is
required. The high resistance control current means at the double drain terminal
has to be dimensioned in such a way that both requirements are possible to be

30 fulfilled. This will be discussed in a further paragraph.



30 fulfilled. ‘This will be discussed in a further paragraph.

- 3- It also has to be expl ained that the expression
"positioned and adapted ", used in the clains neans that the double
drain nmust be positioned as such that indeed a deviation of the
carriers is possible. This will becone nore clear in the foll ow ng
paragraphs. 5 First, it should be clear that a distinction
has to be nmade between e.g. t he vveI'I known parallel drain transistor
or the rrultlpleflng ransi st or and field effect, transi tor of
this application. geé’ﬁf fiRe to & exe '“‘?‘1 dhat ﬁ%&xW?ﬁé‘%t 805”‘°”e§

par al | el drald(()}[ tpl}%pem SdeQin EQEMS BYedi& IJ the cq)cgulﬁ%ﬁ% ﬁrrﬁugtr@égé{)
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flow of carriers fromsource to first drain follow ng the nornmal

wor ki ng of acleaslinl the fallowing pagigsephs. Such an extra field has the

obj ect togaccel erate he..char i n, t he_chan arrjiers
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angl e diff er dield éffechtmesivtor aifittds egplitdtior. hindeed, theallatticd! deld bndérdthé gared
by the flow of carriers fromsource to first daln accqrdi pg to the
normal wor ki 19 %Pcm@' draindreqsidet formadi bs)t the flqwiol corties Bh@cthe sMcs ol d

has UG ARARL SadfbirA! fak BATLAOhNER sfhSahfal) ' AYIIL OPRIne

drain. Shou ear t al's |nc i on has

to be male befirseron Hom the dudhical diekd momﬁw%lysrherﬂow@h casriérs Fromseilrédtd he
I nt ernational Patent Application wi th publication nunber WO 9608041

Al 960314 andirstsiatofelpwing thiernormal WQFrkasP'S@(fue’d)ﬁfoQﬁér%ls§§é'nt5Lt§bmﬂ gxdrd on.

| ndeed, he f. f
ot o Rt} iR cehelbfife M thorae o ta B S8l ore cargiers e
presence of %rér‘ﬁl%WP‘ﬁé ¢robd HebsoutbetOMeLdtaind. tThe %Ie%ﬁ%l Geld QPfHeSprEQed?E@H” e

25 time and space distributions of a magnetic f In a digital way.
Finally, it leffecttoohustexfuraieddey thedlow lof cossars from scaursaﬁbesdcm dtgiorhasfa t he

PR CHSCARN T ST Aol S e LT
Known to the glectrical field formed by the flow of carriers from source to first drain according
to the normal working of the field effect transistor. This extra electrical field has
the object to deviate the flow of carriers o the additional drain.

Yet, it should be clear that also a distinction has to be made between

20 a double drain transistor such as e.g. used in the International Patent Application
with publication number WO 9608041 A1 960314 and the double drain
transistor of the present application. Indeed, the flow of carriers of the above
mentioned patent application is switched from one drain to another drain based
on the presence of a magnetic field. The object of this application is to measure

25 time and space distributions of a magnetic field in a digital way.

Finally, it has to be explained that the result of a suited position of the
double drain i.e. a deviation of the carriers towards the double drain, is one
which can be directly and positively verified by tests which are known to the
person skilled in the art. Indeed, by measuring the current of the first drain in the

30 event when a plurdlity of different parts of the carriers are deviated under the
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person skilled fntthe art. Indeed, by neasuring the current of the first
drain in the 30 event when a plurality of different parts of the carriers
~are deviated under the

-4- control of a high input resistance control current nmeans which
I's coupled to the doubl e drain, a suited position of the double drain
I's sinply confirned. Furt hernore, such a suited
positioning of the double drain does not~™" requi re undue

experinentation. |nde a first possible sw ted positioning of the
doubl e drai ncptreles %ﬁ‘é@émpléﬁml'iféa@@ 5ﬁnﬁr@ eurgent rﬁewfe%lmhelsmoalﬁéecbvrq H“et he
source f d ut.. su he directi to - double
drain is subs?gﬁ'teldarlf’]fy £Ji1leﬁ p;b)éfj'r?é'n da bi gE R i t? 'rg‘fec’t he
electrical field forpgghéindrBesidow the@%és'nﬂfrﬁng of fhefd&ﬁﬁlég%.ﬁedé& Bbfr st
drain. In this case, the double drain is positioned closer to
source as t heequ»nesmndileaexpanhmexﬂcfmmbl|ra!eadh@ finst pessible ouited Ipastiansng of 'rhe
devi at e g/a {)l the.cagriers, which are flow ng from soyrce tg LI rst

geu 8t

drai n, fi S bIMe present gp Fﬁ*‘owssé&r‘féi”?ﬁ)%%’iﬂﬁl oRg MitBthe source
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the source, pergihdituldmoahd dlﬁ@UiMreoﬁﬂ'fé éle&muﬁﬂﬂélﬂﬂ‘oﬁh@dl 9lthe flow of carriers

It has to be_ remarked that an_alternative solution to have an i roved 15
control | abi | froyn eRwice tta dirsk driain.c b Haiatcase, thqzedww rdinais peaittorfedetlgsest foect

transi stor. Such ate,field ct tra SIStOI’ contr

dr ai n- sour ce NIRRT q?ﬁﬁ%&é% drdifn whych gngl:ﬁ %%5”65? ARl Pees PoA?F‘Hﬂ%gh
that sucfpa Gﬂm‘me dakrfers, vaRich Hr@flowing from sBbfdedBl firéedicin RM&rgs Fid 'dbub!e
applications like e.g. mxer circuits and menory circuit’s, such

dual gate t rdrcsnstfblsectcs'\dspmshbla suiled positioomty of ’rhenqbombleleimmexs édg. again in
application dual te field eff ct transistor is e.g. inh
frequency ni ﬁ'@r %’F’Pc f‘ea‘g'ﬂ'gahe soyeeecAng dhe; first aéa‘ﬁblﬁ(/éu?hsﬁlf“i’foﬁefd'aﬂsgﬂs
"El ectronic [ by Tata
MG aw Hi | | H&stﬂ{ ng sggg&owstﬁér’ﬁkté}gj OUb'S drBHwngﬁlaerﬂe Cil]%Bﬂ;larl O f set

Press, Kirti Nagar I’rlhd:u% blea'bm@rrlw 1H1skthDdtéihaﬁﬂde15horﬁfhihm én improved o
parti cul I n par raph 23-8 Spurious signal on pages 673 to 676. In this
25  f reﬁ’hené«}nfrﬁ' iy puser ﬁ*@dﬁpﬁgcwrgﬁaﬁgh known dus gote Geld) effast HEpFIseE t o

one O L1, s RNt bAEABREIL) 0 1 i s M
at the out puoeé thhie ohegjatd eldcridale. V\Mﬂ’rhoaghaﬂhdt Quiti Qﬂldw;)gafe transistor is
aftractive to many circuit applications like e.g. mixer circuits and memory circuits,
such a dual gate transistor is still a voltage control input device. An application
20 of a dual gate field effect transistor is e.g. in the frequency mixer circuit as
described in the above mentioned book “Electronic Principles, Second Edition”
published, 1979, by Tata McGraw-Hill Publishing Company Limited and Printed
at Pearl Offset Press, Kirti Nagar, Industrial Area, New Delhi-110015, and more
particular in paragraph 23-8 Spurious signals, on pages 673 to 676. In this
25 frequency mixer the incoming signal i.e. a radio signal is applied to one of the
gates and a local oscillator i.e. a beat-frequency-oscillator drives the other gate
in order to provide at the output of the mixer a signal with an audio frequency.
A possible application of the field effect transistor of the present
invention is a frequency mixer means. This is described in claim 3. In such a

30 frequency mixer means a first frequency is applied to the control terminal i.e. the

gate and a second frequency is applied to the third main terminal i.e. the double



A possible application of the field effect transistor of the present
invention is a frequency m xer neans. This is described in claim3. In such
a 30 frequency m xer nmeans a first frequency is applied to the control

termnal i.e. the gate and a second frequency is applied to the third
main termnal i.e. the double

-5- drain. This application is in fact an exanple fromwhat is
mentioned in one of t he above parag‘r%phs: not only part of the
carriers, but all the carriers, which are flowng fromthe source to

the first dradiin.afbisqeraligotien ivin fast goupianpleafiremavhat is mepiansst by aheed
time nonents., 5 Furthernore i.t, has to be r rked that ,.

al though in ptﬁg %oaﬁr%qrggn'eaphs : ”Ofp?'g'¥e‘??6£°61t"h%ﬁ8rré%ff'r Ufo‘%gﬁ}? F%"'(?é%_c‘?’ri“ﬁbd,
the present igpaeiiwifg flot MY sé6iek td MEHrst Grain, are BBYi%IRANS 1REdRLH 8ldln at

| ndeed, by providing nore than one extra drain, each one beil ng

coupl ed to a priedatermned tires insdrages. control current neans, the deviation of
part of the carriers js, controlled through n&re than one extra drain

el ectrode?10  whi ch fyribermete inhasie deetereafitecsthadmlihiovghaindthen cladms tthenal
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"including”, ¢WigdnkrxirBeirginai MBleed, by préfidingtmBeRS tHee brid BXtRY BFEH, 88c
limtative to the neans |isted thereafter. Thus, t he scope of the

expr essi on " sbaiegiceepleddpuhigh inpahsesistamee Bsnistloturtenhotedrs, it deviatiordft o
devi ces consistin nly of conponept and B. It neans that with

respect to tl"%crk)f’gstgﬁtc\éfrﬁ?fédf ir%ﬁ,p"opﬁ‘i f@fﬂ%g%_r E_f%@a’h?”c?ﬂﬁps é‘?\tagc'ﬁ’f elegirode |
devi ce ang A which préfildesan imgroved %on’rrollabilﬂ/ Bnkiag ﬁdﬂhibpgﬁdéé’regeofrpé@o%rﬁ hat
the term"coupled", also used in the clainms, shou not be
interpreted asebéienfiowiofictatdry frohothdi soecte tothedisi drain.only. 20 Thus, the

scope of the expression "g device A coupled to a device, B' should not
be limted to devicedt éhO\z'?s@%r&me@rngﬁ clglingy paad 0 ithe crigiges, | y

\ : then e pie _
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i ncl udi ng ot the sdepé of sheexpression Maadeice?ncluding means A driteBakfwelidangt beher
objects and features of the invention wll becone

15 limited to devices consisting only of components A and B. It means that with
respect to the present invention, the only relevant comﬁonenfs of the device are A
and B.

Similarly, it is to be noted that the term “coupled”, also used in the
claims, should not be interpreted as being limitative to direct connections only.

20  Thus, the scope of the expression “a device A coupled to a device B” should not
be limited to devices or systems wherein an output of device A is directly
connected fo an input of device B. It means that there exists a path between an
output of A and in input of B which may be a path including other devices or
means.

25 The above and other objects and features of the invention will become
more apparent and the invention itself will be best understood by referring to the
following description of an embodiment taken in conjunction with the
accompanying drawings wherein :

Figure 1 is a basic structure of a first embodiment of a field effect

30 ftransistor according to the present invention;



nor e. apparent~ and st he invention itself wll be best understood by referring
to the foll ow ng description of an enbodi nent taken in conjunction
with the acconpanyi ng draw ngs wherei n: Figure 1 is a
‘basic structure of a first enbodinent of a field effect 30 transistor
according to the present invention;

- 6- Figure 2 is a basic structure of a second enbodi nent
of a field effect transi stor accordiéhg to the present invention;
Figure 3 is a schematic synbol for a field effect transistor according to
the present inventi offiguré?2 is a basic structufé glicesetons ambadibient lbhlcahelddefhcker

circuit wherein four figé.’ggeffect . transistors according to the
present i nverfarstifaliqscording fo the present invention; Referring to Figure 1 a basic
structure of a first i o fod : - %,3:# : i ¥

t he present inventiorflz sé’?ﬁ%&_ch‘%ﬁa@cg&ﬂb@l g?rr%é'teyre 0 ﬁ%ﬂgem%?%%&]fdl%ko

ef fect transithé presehbwsetidnao di mensi onal projection of the basic el enents
10 fromthe surface of the field effect transistor to the substrate. The
field efféct t Figvse &t b aj deyhleldslenasgnmixsr ciwvitiwherein, tourdigjdteffeg a
first min term ng}l l.e. a sourﬁe Sh.a seconddmain termnal i.e. a
first drain DOTSIEP™S OFHRTPIGe thewapsanh fvention arg used.; "second drain called a
doubl'e drain D2. The Rapintd FidtRURl §BdsR FrlRfr8 of o first ¥RIdoRHReMIoPAdiclde
double drain D2 is coupled to & current source . 15 I n order
to expl ai n t hensistdeiaegomling to thedonebére invemitionfis ehowef f &he basic struchma sif sher
It i; presum%g%o have an n-channel field effect transistor whereby the
carriers are

gifesti fEﬂﬂsﬁéﬁ’de‘lﬁPVé%Fr*M’r‘?lsg'mefTS'Onc profection O‘CAEEChCHiCnQ eMmethe
diti I [ fi ' cabh - (Gl Vi
R B R T T e S AL

provi des a con o] I ch controls

carriers e (fidrilstaihevdesevednttdlaetmithal i.eMat §ateSTY e frsh b@int feemiridl ste. df ai n
D and which provides a current at the first drain DL.

The doubl e drsabrFem: @ seqendi moimtriminaliitre astirst dpvianid] windro thied swiin derngnal
and, the 11754, 060 B i SAAUENL RN e T o6l e st L outle
el ectrical fiRldgé 95l the ddiBle drain D2 is coupled to a current source CS.

15 In order to explain the working of this double drain field effect
transistor it is presumed to have an n-channel field ef.fecf transistor whereby the
carriers are conduction-band electrons.

According to the traditional working of a field effect transistor, the
gate voltage Vg provides a conirol voltage Vg to the gate G which controls o flow

20  of carriers e (first arrow shown) flowing from the source S to the first drain D and
which provides a current at the first drain D1.

The double drain D2 is positioned in the same plane with the source S
and the first drain D1 but as such that the direction gate - to - double drain is
substantially perpendicular to the direction of the electrical field formed by the

25 flow of carriers from source S to first drain D1.

The current source CS, coupled to the double drain D2, controls a
deviation from part of the carriers e’ (second arrow shown) from the source S to
the double drain D2 at predetermined time moments.

In the event when the current source CS is off i.e. the current at the

30 double drain D2 is substantially zero, carriers e coming from the source S will still



25 flow of carriers fromsource Sto first drain D1. The
current source CS, coupled to the double drain D2, controls a

deviation frompart of the carriers e (second arrow shown) fromthe source
Sto the double drain D2 at predeterm ned tine nonents.

In the event when the current source CSis off i.e. the current at the 30
double drain D2 is substantially zero, car;iers e comng fromthe source S
will still

flow towards the first n D1 and_the traditjonal working of the fi
ef f ect ﬂlo?”a?@"i’%’ldér*ﬂf*s"ﬁ*oﬁr%ﬂs@brm the fraditional working qfnﬁ‘?h&?‘é

when t he cur nent; s?o%{)ﬁgf g1§url§ Jut on, t he doubl e drain D2 has a
potential drop Wher e art of ‘the carriers e prefer to flowto this |ower

5 potential plane un&\eé@wwgn&m@cmms%udé@m iP3ut &AT Belfsublodhsintken
by the di mensioning of this field effect transistor in order to avoid

that the vol thagex gotertial drop wherellyl pad rodi the R& rbwoerewefarggeﬂlovaémfhle lowkt age
t th I ndeed, ted th
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fact a second source IS can pe avol

above, coupl idegble ditif ©@F besumesbigger as $heeedlm§e at wel sxoag@e Sonindedd, tio sutte
doubl e drain D2. In the event when the current source CS is goad
di mensi oned, daFass; rrvrrent is injggted dpsthe a&ié %ﬁaﬂ droogistarwahaesbyridediigld| effegt ai n

D2 nd Subst SR s I Syt A LNLO' KB, ol gt
zero. 10 becomes in fal:ftcfkééoﬁd) sB@rc@enﬂﬁiK%nt Bé‘tc\)d'bléda‘bsl bbet ls”ﬁ'@hﬂ@ﬁéd)”

appl i ed by nmeans of the control voltage to the gate G and t
i nf or mati on aboveecbuplingemasrrent sdace CS in sfeed sifmaeltmgmtomroldorfherdoulmns

5 18 SOU, B8,E2h HEL SLESY 0 G SRS L
L o 0 8 il 4R B e oot cri 02 B BUULABEUTRY ot
applied to tlue famingathe fas’sdug:ml[)]mwhbréby&ha&ncryenf frons the ﬁrs’r daripIDbgolagl a
| ocal os%l I %Lgsrtmtﬂc‘)qﬁyr}g zcé(r)gbl e drain D2, the output of the field effect

It has fo be remarked that in fact the information applied by means of
the control voltage to the gate G and the information applied by means of the
resistance control current means CS to the double drain D2, are transferred and
carried over, together and at the same time, to the drain current provided at the

20 first drain D1 of the field effect transistor.

A further remark is that in the event that when a control voltage Vg
with frequency f1 is applied to the gate G and a signal with frequency 2 is
applied by a local oscillator to the double drain D2, the output of the field effect
transistor i.e. the drain current provided at the first drain D1 is the product of the

25 two applied signals. The field effect transistor acts in fact as a single transistor
mixer.

Referring to Figure 2 a basic structure of a second embodiment of o
field effect transistor according fo the present invention is shown. The functional
basic structure is similar to the field effect transistor shown in Figure 1. The

30 double drain D2 is positioned again in the same plane with the source S and the

first drain D1. However, the main difference is that in Figure 2 the double drain



transistor i.e. the drain current provided at the first drain D1 is the
product of the 25 two applied signals. The field effect transistor acts
in fact as a single transistor m xer . Referring to
Figure 2 a basic structure of a second enbodi ment of a field effect
transi stor according to the present invention is shown. The functional
basic structure is simlar to the field effect transistor shown in Figure
1. The 30 double drain D2 is positioned gain in the sane plane with the

source S and [hjg first r in D1, F the main difference is that
in Figure 2 tHE 'ugastienes 85 such that a triangle is ormed by the source S, first drain D1

- 8- Zor\chLB%I' tdrBI%eth%ué }gc?nne&t riangle is formed by the source

S, first drai doub round t he channel .

Referring to Figure aaeaersrﬁbereratrg@ressr@@ché%na st/mebdf&f b eRdld tefres treh8stor
according to the present invention is shown. The field effect transistor

i ncl udes: 5 accardiogriedh&Sprasent imyenfibraisnstzdwn.a Theatfieldsetfed pradistar laclngsa
vol t age % and a oup Iegéto a current our
t

Referring>t o %F%‘UFE% gf'fa*o@trsrrbgﬂapaqﬂfeaf 5PReled Ip Beaste vollage Yaand fy S§cond
doubl e bal anc&q,me{?ug,gocwa curr?grltt%%?cé edr field effect transistors

according to resent invention. After a first introduction

towards a possi bl e améfereragiterﬁgt‘.lrel@ a deebly bakiticed ovilkbe chalinRcsbwh. X ehis
circuit, a functional description of the bl ocks shown in the figure

wi |l be gi verflovki halonaed: mixer sirseit iineludes feurefield sffact sansistors cccordmg to

person - HBprpis Ve ater & Rk IrdtisCe iR R bR A ishitEn bF
circuit woll the gresdritiderdld Bclcrnced nfuuért Br?éund%t fAnlctiodd descrrp’non of the g&kst he

past few years, the supply vol tage of wireléss phones keeps goi ng
down. | ndeed,shome irexthe giigure awvilloheogivenr elBesed piroribis  Hesceiptiongdhe grastidabw

cost. " € SrbpiRoRr Tomduight bR Ho TH-fee I HoBriEbiR SRRBE
a1 1 Sl i 6 oIS SR RN DAY 1
accor di ng to fuhbhepdesdnt i nventi on. The schematic synbol of
Figure 31SS used to r(gver tﬁgn;;[cste e(w yferlzxresl, ee 235&5 vo!tcge of wireless phones keeps
going down. Indeed, the next generation of wireless phones have to go to as low
as possible supply voltages in order o reduce the number of batteries, the cost,
the volume and the weight of the handset. The present double balanced mixer
circuit accommodates this challenge by using only one level of field effect
20 transistors i.e. four field effect transistors according fo the present invention.
The schematic symbol of Figure 3 is used to represent each field effect
transistor included in the double balanced mixer circuit : FETa, FETb, FETc and
FETd. Each field effect transistor includes the four terminals which are explained
in the previous paragraphs describing Figure 1, Figure 2 and Figure 3 :
25 - FETa includes : Sa, Ga, D1a and D2q; and |
- FETb includes : Sb, Gb, D1b and D2b; and
- FETc includes : S¢, Gec, D1c and D2¢; and
- FETd includes : Sd, Gd, D1d and D2b.
The double balanced mixer further includes two resistors R1 and R2

30 and four local oscillators Oa, Ob, Oc¢ and Od.



transi stor included in the double balanced m xer circuit: FETa, FETb, FETc

and. FETd. Each field effect transistor includes the four term nals
~which are expl ai ned in the previous paragraphs describing Figure 1,
Figure 2 and Figure 3 25 - FETa includes: Sa, Ga, Dla and D2a;
and - FETb includes: Sb, G, Dlb and D2b; and

- FETc includes Sc, Gc, Dlc and D2c; and - FETd i ncl udes .
Sd, Gd, Did and D2b. The %Ioubl e bal anced m xer further

|ncI udes two resistors RE, gn and four % oscillators, Qa, Cc
and Cd. Each fiel eﬁec" "'Gnﬁéh iy |C€Pﬂleéif etrean Hiesigseend | Vé’“@éﬂpl ed

between the @W%ﬁ*d\/ﬁl&tsﬂgélyfvolm %i’fg Q%U&Lg)gl ‘)Jc{ls Xl%r‘%na%?enshf?& W@n BF

source S, its anne dral n eresistors R1

or R2, respeghd bﬂla)bfﬂ%i‘l%sﬁo@slkqf 04')R2 respechvely (see FlgureEﬁCh | ocal oscillator
I's coupl ed between the voltage supply V t he ‘'doubl e drain D2 of

one of t he field ef flech lpcdrmcsﬂcd)mfsssaammleﬂ bgMe&nu the volidge supply V@Egandocal
oscil | at up the doubl e .d c of the fi

Cransi of o PERIosHIE ArEBLp SICPTS 2 RS TRl eBatr SRUUP: SHgORIGBgRa (Al
frequency I f n

resistors andol oc kt’ ! %ssct':lf]ﬁra?grlg A glecdoﬂglté%ed&b% Q%Fn Ur?a&dwg{/eoflﬁgt eﬁecf

- FETa and HEa'vdsnabeFEm Mihedotalgaichietora d‘re leath (ﬂ)lré\fldmgrﬁ sigihapaith cofrequeicg
effect transjstors; and - FETb and FETc are form ng

t oget her a s@econd dlfferentlal pair of field effect transistors. 15

It has to be remarkeg] t@# eﬁ?a f@rmsté)@efjessus?org g%@e%'cgluéscﬁ%fc?rgrc?‘g le.m%d in. aI

this way only one |eve nsi sto

oscil |l atjgrs &haﬁwc%qf\@hl ch are coupled to the first differential
pair of field effect transistors, are together active or not active and the
| ocal oscillators Qb BEd aod REfdodresfoeming fogstheroatfis differsmdialiphireafetieldal
pair of 20 &d ef fect %ran5| stors, are also together active or not
active. Bot he%é? rengipigrs; an

- FETb and FETc are forming together a second differential pair of
field effect transistors.

15 It has to be remarked that, as mentioned in a previous paragraph, in
this way only one level of transistors is used. .'

The local oscillators Oa and Od, which are coupled to the first
differential pair of field effect transistors, are together active or not active and the
local oscillators Ob and Oc, which are coupled to the second differential pair of

20 field effect transistors, are also together active or not active. Both pairs are,
however, complementary active. This means that e.g. in the event when Oa and
Od are active that Ob and Oc are not active.

The incoming signal Vin = (Vin1 - Vin2) with a frequency f1 is applied

to the gates of each differential pair : Vin1 is applied to the gates D1a and D1b
25 of FETa and FETb, respectively, and Vin2 is applied to the gates D1¢ and D1d of
FETc and FETd, respectively.

The output of the double balanced mixer Vout = (Vout1-Vout2) is
provided at the first drain D1 of each differential pair : Voutl is provided at the
first drains D1a and D1c of FETa and FETc, respectively, and Vout?2 is provided at

30 the first drains D1b and D1d of FETb and FETd, respectively.



however, conplermentary active. This neans that e.g. in the event when QCa
and . Qd are active that G and Oc are not active. The
incomng signal Vin = (Vinl - Vin2) with a frequency f1 is applied to
the gates of each differential pair: Vinl is applied to the gates Dla and
Dilb 25 of FETa and FETb, respectively, and Vin2 is applied to the gates
Dlc and Dl1d of FETc and FETd, respectively. The

out put of the doubl e bal anced nixer Vout-20(Vout1 -Vout2) is provi ded
at the first drain DL of each differential pair : Voutl is provided at the
first drains Dla and TbecodipurEipmahYouFisTa, doelslpebalonetd signad dusut thes fact
provi ded at %Rat the first drai nﬁingl}b and Dld of FET

. and FETd, .
respecti vel y. according Yo the coup o active or non-cc’nveqoc& osch:'lagors, el’rherl’rbe

The out put signalyddp fldéiﬂ%r?ﬁf;tﬁle% Qﬁganﬁ%qs@og?f’}% C%ﬂ@%tc?roteﬂﬁerf I 36 nd

that, according to the to active or non cal oscillators,
ei ther the differehtilspaidiof fieldceffédtrapaistorols ddtved Richeldld effatistrarisivtor b&s
active or either the secand differential pair of field effect

transi st oPs % @épletrapsisiar miranst deeto theseriipdingrofdbe glolml cirguit & doyhje e
transi stor mxer and.due.to th oupl i ng of e gleobal circuit. a double
bal anced si gnﬁ%?%" pﬁ’%’\%ﬁﬁd%Br%‘{'g?qiggg‘ﬁtod&?mo?ftfgﬁél%ﬂg’i)?o%’%laﬁﬁ?‘g%’éﬂ‘ i xer.
Wil e the principleswhild hige igh¥RMdsOBF IR VRARBN IS’ b&T RBAWSed Bbove in
connection with specific apparatus, it is to be clearly understood that
this deswonnpctiam with repeeifionbgpdrgiusayit of  tex doeplckecalyd underseeoda that  this
limtation on,the scope 18 ?f t he i?venti ?n, gs def i an_i n the %ppended
cl ai ns. descripfion is made only by way of example and not as a limitation on the scope

10 of the invention, as defined in the appended claims.



- 11 - I CLAI M5 1. A
field effect transistor which includes a control termnal (G, a first main
termnal (S) and a second main termnal (Dl), said controel-term.nal (G

i ncluded to be coupled to gate vol tage nmeans adopt eeh,;s%hgg e a control
vol tage (Vg) which controls a flow of carrlers (e) flo dedr st
main termnal (S) to said second malnterrrtg (D1), c qﬁi n that
said field effect transistor further includes a double

positi oned and adapted in order to enable a _high input resi stance control
current means (CS), which is coupled toSMSioubl e drain (D2), to deviate
part (e') of said flow of carriers fromsaid first main termnal (S) to
sai d doubl e drain (D2). 2. A control method for controlling a

field effect transist (PrA\ﬂy!&@ﬁé@q}&'ﬂﬁﬁr%ﬁeﬂﬁrﬁ&udéﬁé BOARY! tefphindd (fG r étﬁrﬂa' n
termnal (S) and a second main termnal (DI), said control method includes

the step of cmunn dédnmngl &S)fd:mﬂwaotemdrmrs féma)mtxl (M Jngafd aomial terfringlt (Gjai n

t erm nal )t |ds cond in termn (D1) with a control tage (Vo)
provi ded b-’ej Qg&’ aﬁ%UFgB ed g %ﬁp‘f%ﬁ’ na RteQ| oy @f‘?ﬁ"?ﬁal“ Cegtrol

characteri SEva)IFb#]ehgphg S@hghc&ﬂ'ﬁfoq)% RO EHrrrfe r ‘ ent]ngﬁom?&g ﬁ&b%cm

controlling b resi stance contro

coupled to a tkpnid (8 ﬁﬂfméltaakom rifth dednhiabll (B1) ehtirberrisexd o thdtheid field
deviation of part (e') of said flow of carriers fromsaid first main

termnal (S) eGedairangigapfurttieniinclodm) a dhird meimitermingl AD2b2poditioneg and
positioned and adagt ed in rder

ey e B BRRRNE ordar 18 Kapleda TR ifas eister ol sument menas €Y, *
includes B | @ARh |9'&8U|5!e€|’r9 s%fJ fid hhﬁ'ﬂ%‘rﬁ'ﬁﬁ’él WFQBQJ@NR}%& ?Jc(?i' &’)%f]sa‘{@ﬁ{)@by

a first frequency (ml){ I's applied to said control term nal second
frequency (f2¥f ewriappiromdsdia fisshinbid derphieabliShitosqiBahird main terminal (D2).

2. A control method for controlling a field effect transistor which

includes a control terminal (G), a first main ferminal (S) and a second main

15  terminal (D1), said control method includes the step of controlling a flow of
carriers (e) flowing from said first main terminal (S) to-said second main terminal

(D1) with a control voltage (Vg) provided by a voltage means being coupled to

said control terminal {G), characterised in that said control method further
includes the step of controlling by a high input resistance control current means

20 (CS), being coupled to a third main terminal (D2) of said field effect transistor,
the deviation of part (¢’) of said flow of carriers from said first main terminal (S)

to said third main terminal (D2), said third main terminal (D2) being positioned

and adapted in order to enable said deviation.

25 3. A frequency mixer means characterised in that said frequency
mixer means includes at least one field effect transistor according to claim 1
whereby a first frequency (f1) is applied to said control terminal (G) and a second

frequency (f2) is applied to said third main terminal (D2).
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