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Fi el d OWOH@/5p998enti on The present invention generally r RGH/EBIYGHNp|ifier
circuits providing wi deband anplification with mninmal noise, and in
particular, to anplifier circuits utilizing pairs of functionally
conpl enenti ng devices. Description O The Related Art A gai n- bandw dth
product as well as a noise factor of a field effect transistor (hereinafter

"FET") limts the FET's ability to anplify |low|evel voltage input signals
over a w de range of frW@EBAAl\HEDLWbIIAMBhHTIER CIRGQHITS bandwi dt h product as
well as a noise factor of a magnetic tunnel junction device (hereinafter
"MIJ") limts the MIiJ's ability to anplify low | evel current input signals

over a WAKGROENY OF B9EeNYERSFIONY radi o frequenciiumﬁ) m cr owave

circuits, the gain of anplifrers utrlizing a FET .o ﬂmmmmwctlve
filter can be increased by narrowi ng the pass band

However .t f é nses are not flat and often haveophase

di scont nore, the noise performance is poorer when stages
are cascaded. The hi gh frequency electronic industry is therefore
continually striving to inprove the gain-bandw dth product of anplifying

circuits. SuNsrsresentrinrentiqrEsanerlly Telates omplifien Ui RIMMiIBges t o an

anplifigp h
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connect etillzmgfpanstofcﬁmd:homaﬂxcadmmlembe’mg devicege the anplification,

i npedance, noi se, and operating node characteristics of each device. This
conposite utilizes a synergistic inprovenment in the gain bandw dth of such
cascadeghdtiptioh OFOTH Refed A MIJ input is the |oad of the FET. In another
form the FET Tnput (gate electrode) is the |oad of the MIJ. The FET/ MIJ
conposite matches respective desirable inpedance characteristics while

con | gur at ofdaRATBITRRHGECaT b3S S hhS OoFPuTEl] Sha Eayiaee
advant agiesreiiaftdreFEMVEimitDtheFET skediityreo buglife lovalgvel eoltade input blgnétsl | owi ng
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scope o e invention belng t he appended cl ai ns and equival ents
t her eof MBRS Esulﬁﬁmmﬁww@svmmmrmwmmab ovee mide sangeaPf si gnal

nodel s ?f a FET and a MIJ;
requencies.

In radio frequency and microwave circuits, the gain of amplifiers utilizing a
FET or MTJ as an active filter can be increased by narrowing the pass band of the
FET or MTJ. However, that gain responses are not flat and often have phase
discontinuities. Furthermore, the noise performance is poorer when stages are

cascaded.

The high frequency electronic industry is therefore continually striving to

NIRRT

*159159*

improve the gain-bandwidth product of amplifying circuits.

SUMMARY OF THE INVENTION

The present invention relates to an amplifier circuit which utilizes duality of

devices to provide high gain-bandwidth product.
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FIG 2 depicts cascaded FET and MIJ anplifiers; FIG 3a depicts a dual

vol tage anplifier enploying the duality concept of the present invention;
FI G 3b wepiesvwsa dual current anplifier enploying the dilT/GBoK@ngept of
the present invention; FIG 3c depicts a cascaded dual voltage anplifier
enpl oying the duality concept of the present invention;, FIG 3d depicts a
smal | signal nodel for the anplifier ip FIG 3a; WO 02/ S0998

PCT/GBO /05Cr81 3 FIG 4 is a schematic of a MIJ in accordance with the
present invention; FIG 5 is a nagnetoresistive response curve of the FIG

4 MIJ; and FIAFE® dritl MITOQIrEicoRnettddnA finhélonal BagRRIcOoIse st itiligs friRs ponse
curve that js applicable to an operation of the FIG 3a arrpllfyl ng circuit.
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~open circuitclose circuitserie connectlonparal connec sh The
seni conifjexducetiiby rgsistdredn consenstional caseacte cdmflgwghms c tunnel junction
behave |i ke active dual elenents. The FETs are voltage-controlled, i.e. the
voltage at the gates control the channel (output) currents, the gate poses

a capaci ti ve Thagesyonty foris éﬁtﬁoﬂidrff@ih@tfé@thr@méhvaﬁﬂégééf&ﬁf%éS hi gh -
ideally a current source. The MIJs are current-controlle current
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FET MIJ, Tra scon ance mT ansresis rmilnpuyt ca Itance C Input
|nduct alfven O”Cﬁ ﬁ?ﬁﬁ'@“@@gv he%‘fﬂ‘@"c% Yﬁﬂ?‘@@%ﬂgdeg @&’y\m?t age gain
gNpppefded 8I'é¥m§€l'nﬂ e‘?{l/waléﬁ'i‘sgﬁe@&fpu'f resistance r~ = aVas / cfds

CUtput conduct ance g~ = ~ |If one were to cascade individual FET

anplifier stages or the MIJ stages as
BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 depicts small signal models of a FET and a MTJ;

FIG. 2 depicts cascaded FET and MTJ amplifiers;

FIG. 3a depicts a dual voltage amplifier employing the duality concept of the

present invention;

FIG. 3b depicts a dual current amplifier employing the duality concept of the

present invention;

FIG. 3¢ depicts a cascaded dual voltage amplifier employing the duality
concept of the present invention;

FIG. 3d depicts a small signal model for the ampilifier in FIG. 3a;



depicted in FIG 2, one would always have anplifiers with maxi rum GB
product w~ or w-, and noise characteristics worse than that of i ndividual
stage. GV13/589%em conductor FET 20 with GB product ~" arRCEGKII0SEE dual
with GB product c~~, the dual anplifier 10 in FIG 3a can attain signal
gain and power gain for a bandwi dth c~h, which is greater than either w or
c~~. A unique characteristic of this amplifier 10 is that is has no "l oad"
el enents; the dual devices FET 20 and MIT 30 sinply transduce voltages to
currents and vice versa. The voltage gain of dual voltage anplifier 10 in
FIG 3a and tHe. ausesihetdatlc 6f a R incabcoeddncdith thepredent hviehton3b are
represented by the followng equation (1 ): Ah =g",rm (1) where gmis the
- transconduct ance of FET 20 and rmis the transresistance of MIJ 30 at the

operating poi T, a e ives the | ow
(i nductive) .'ﬂ?m"’ 'g%ﬂggﬁﬂ%@@#g@ﬁ%%@ g%) rﬁéﬁ@blfgggﬁgﬁtal(ﬁmedance of
-the MIJ 50 drive the high (capacitive) input inpedance of the FET 60. This
results in the ultra-w de bandwi dth_response with good gain flatness. If r"

is the smal | -RGy6dp aRargon qf#p%ﬁgﬁc%W@QW%@QS@ﬁV?QGSQRnWUWQHBaU% is the

smal | - si t o 1 conductance of the MIJ
(30 or Wk?ﬁ%t proéc/fgégﬁ fgﬁﬁ'ég ﬁ%ﬁ% #&(2'?{8( 10 or 40) is given by
the follow ng equation (2): ~h = (gmr’r) ~((~~1/1r")y +{C [/J~) (2) where
L, and r i | t of the magneti caIIy coupled MIJ (30 or
50) and%%@Aﬁ%Eﬁcﬁgéhﬁimbﬁﬁ&e FET (10 or 40), respectively.
Interestingly, can is indeEendent of the width of the FET (10 or 40) and

t he Ien@f&_ﬁéhhthﬁEREﬁERR DseMBQDIMENASt ed MIJs (30 or 50). This is
because gm 0,

40), and rm C[W? %&%gr cal C'regfseg%r%%gﬁ :B%ﬁda a %ftop ﬁ aﬂoﬁl&tlﬁ{he&%@@ﬁﬁ%o or
50) . The:u@uﬁlecﬁmtbné lbut v(nﬂ‘Dth@rrotHb) omﬂmmmrvmtaggsmtéﬁmamg@da INTJ acts

li ke a single st wtht GB product esentl n e correct

per f or mSErake 3 c'reyt ﬁﬁ‘@gﬁr‘)&i@ rh‘ﬁtﬁdpw pﬁ{gmetergcquwug%tlc&pr essed in
terns of rgq@g 1) TREEE Yol tage gain of the FET (A" gnr~) and the
{ maxi wm%(lg?éél )éHéEurn‘rﬂgﬁf atﬂnE of the magnetically coupled MTJ (A~ =
rmg~), the GB product of the FET (ciFABLléﬁd the BF product of the MTJ (~~)

as repr-eses ﬁmlﬁﬁ FﬂrRFHITows that

[ Atco") (3

wh is WWWWW@W
product is the nore |m)to|rtant parameter of a wi deband anplifier. There are

three 'specific reretitsfied¥E t he noi se of the dumagaetitifitle®s (10 or 40) is

| ow. First, an absence of load resistors,—and-the Johnson_noise-associated

with the resist orr§3|3§§§'@€rﬁ the indivi dual st aé‘@@dép@né‘&%l ed magnetically.
e T

ground | eads of eac II’]IVI dual st age can be isola et gin not propagat ed

through the cascadgishrgb@n. Finally, the w dt hgnayndtieeiuxr@nsi stors and the

| engths_of the ML or nunber of MIJs can he increased without significantly

af fecting the gai @P@aBEMMItt h product. W de trans¢lesdescyt | ncreasing the

nunber WWWW—WBEW - WO
112/511998 6 PCH ES&LHE FIG 3c depicts a I i ?@iéctta%e cascaded

configuration of dugjpganplifiers 10 Mesh

The semiconductor field-effect transistors and the magnetic funnel junction
behave like active dual elements. The FETs are voltage-controlled, i.e. the voltage
at the gates control the channel (output) currents, the gate poses a capacitive
impedance, and the differential channel impedance is high — ideally a current
source. The MTJs are current-controlled, i.e. current through the control lines
controls the output voltages, the control lines poses an inductive impedance, and

the differential channel impedance is low — ideally a voltage source.



further utilizing the duality concept in each successively connected stage.
Thereby, the MIJ output of each dual anplifier stage is connected to the
FET i npuWOdR/509%8 successi ve dual anplifier stage. A corr &FuGHIVIg6Bascade
configuration is attainable using dual anplifier 40 as depicted in FIG 3b.
The schematic in FIG 3d depicts a small signal nodel for dual anplifier 10
in FIG 3a. The selective match of devigce characteristics is readily
apparent when conpared to the individual FET and MIJ snmall signal nodels
depicted in FIG 1. Referring to FIG 4, MIJ 30 is shown in detail. MIJ 30
i ncl udes el ectHeRRpddantasrhalbsighar parangnets o7 theaFETurel MidraredistetBin a pi nned
ferromAgnet 24, an antiferromagnet 25, and el ectrode 26. El ectrode 26, e.qg.
- Ti, Ti/%lﬁ%'FE'%/Pt, formed on a substrate 27, e.g. Si, quartz, N58.
Antiferromagnet 25, e.g. MFe or IrM, thg Eosned on el ectrode 26. Pinned
ferromagnet 24, e.g. CoFe, or N Fe/ CoFe, is forned on antiferromagnet 25.

~ Tunnel barrier 23, efgT Al 20s, is fornmed on pinned fggr omagnet 24. . Free
ferromagnet 22. e.qa. CoFe/Ni Fe, is formed on tunnel harrier 23  Flectrode
21, e.g. Ti, Tra®andutdree, gf ormed on free fdransragistancBY, Referring to

FI GS. -
magnet or esi st 2APHL Sf’p"flﬂ’l*ﬁﬁ n§§ Gis an i nt er nal na&?f@'{ti"&gqgi%rl‘%e biecreasing in

strength s a@idgggggggagiéﬁl/@o free Terronaggeﬁroéécélr&g@,tmml?d T erromagnet

24. Curves 29 ar "atTve of a change i n the rmagnetoresistance of
MrJ 30 as thevblfé?é galn Apgeetd.c field of incCeaentgamtAengtil. is applied
parallel .to free terromagnet 22 and pinned ferromaghet—24—Curves-—28-and 29
i |1 ust rat Outpubpesistancatre=38%/oflange ovePulpytpegdustancem <aaYs /adcor di ngl y)
for duat—anpH-fyi-rg—eireu-t—30(F6—3a—the——ctrt+ent—throtgh—FEF 26— nust

be maintained in a range of current |levels that generates the internal

magneti c fielifdopySierchs dadbade Mdivid@alPET anthiifier sidgat orifd MTU Stagesagui t 40
(FIG 3b), a current input signal |, nmust be maintained in a ran&gcof
traange of

current depicted in G. eore soetd amaysritayersmnplifiays adthcmakisniem s preo

20 Ce. WO 02/s(1908 7 PCT/ GBOI /11 h(81 Fr t he . .description of desirable
el ect rorﬂré’)ccﬁaijé‘é)ﬂ%? p@%riaeggﬁq» WelRe %tﬁ?gﬁpf @'V'&uéﬁiﬁ‘&ti on with FIGS. 3a
and 3b, one skilled in the art will be able to nake and use dual anplifying
circuits in accordance with the present invention wherein the FETs are

repl aced by aGitehfasemicongdpetanFET 20 withf EBoproduet eeandhddiiy 88alua) withr om t he
descriptign of MIJs 30 and 50 in con ti,on wth FIGS. 3a.and,3b, one

Ski || ed F Rrpdughre, 1§¢ RUBLABRITIET (1) G- SAPARseRIl HONAkGRIT F1HBOMEF cui t s i n
accorda:%gﬁn 1 ' N, 1k AV i WSt Sikibrt J epl aced by a
differe t\%@é‘g%ﬂg\gﬁt@gﬁh&%&&@gﬁé@% nt ro%l:”gar é'\elt?rcl\:@e;.' SAV\EPF]g%t he enbodi nents
of the mhasacteristiy ehthivangiiied 16 zsdhheiscias ao Bopdeslemdnts;dbesiudd dedices be

preferr vari o es and di fications can be de wit hout departing
Pr om  nd s EBianchR LD e Tentios, uiidss tomaasts gBadIoa YerShnvent | on |
indicated in the appended cl ains, and all changes that come within the
meani ng and range of equivalents are intended to be enbraced therein. WO

02/;0998 CLAThSvaltage dainl ofaiyal veKageyaiptitier 10 ircblprissand thePamrem) gain0sGs 1

a pair of, active devic i nel udi afield effe Vi n i C

t unnel ﬁj r@ta? 8Hrrag€?@gﬁﬁ%rnég? Eﬂglg] g’& ?riecrng%soem%‘i h’gﬁe tc(ﬂ %g‘gf'@ egﬁgﬁg@f f )act ive
devi ces whereby a load of a first active device of said pair of active
devices is an input to a second active device of the pair of active
devices. 2. The duBh=8mfwifying circuit of claim1, further conprisi (ﬂg): a
current source device connected in an output path of said magnetic tunnel
junction device. 3. The dual anmplifying circuit of claiml1l or 2, further
conpr i siwitere gmis the transconductance of FET 20 and r. is the transresistance of MTJ 30

at the operating point. The FET 20 stage with high output impedance drives the low
(inductive) input impedance of the MTJ 30 and the low output impedance of the
MTJ 50 drive the high (capacitive) input impedance of the FET 60. This results in
the ultra-wide bandwidth response with good gain flatness. If r, is the small-signal
output impedance of the FET (20 or 60), and g, is the small-signal output




a supply of voltage connected in an output path of said field effect
device. 4. The dual anplifying circuit of claiml1, 2 or 3 wherein said
field efWooR/508ice is a field effect transistor. 5. The RMIAGBAMIBEIf yi ng
circuit of claim1l1, 2, 3 or 4 wherein said first active device of said pair
of active devices is a field effect transistor; and said second active
device of said pair of active devices igs said magnetic tunnel junction
active devi ce. WO 112/ S11998 PCT/ GBI 11/ 0sGB1 9 6. The dual anplifying
circuit of claim5, wherein a source/drain electrode of said field effect

transi stophdustahodpif ¢t MY I(30ver 50), PGB woaatt theHybvid SmpRERE10 6r yannel
junction active device. 7. The dual anplifying circuit of claim®6, further

. conpri sihgivea bythedatiowipgrequatighdRdi n an i nput signal is coupled to a gate
el ectrode of said field effect transistor, and an output signal is detected
froman el ectrode coupl ed between an output el ectrode of said magnetic

tunnel junction acsi M@neEVi((le/@nd (6afgd) current source. 8. The dual (fz)
anplifying circuit of any one of the preceding clains, wherein said first
active device of said pair of active devices is said magnetic tunnel effect

active |.CQ; | ' | | ' { | Vi ces
o a't1 aeret 2R G B the FERRMARANS (e HiodefRI) cBBpladHTaTSQ BT 0T 5
wher ei n amd thatimput caipecitanceodthesRET (10N&0), aebpectilely. Untdicelinglgf byR devi ce
is coupled to drive a gate el ectrode of said field effect transistor. 10.

The dualinégrandept abthe wigith of e tEAi(0 or 4@handithe dengthpunusmbaraf the coupl ed
Lo, 2"l BBHbsSuRAEERHIPhs [FaPRELet S UBBSlsd UL SRS RIS GRENH DS, e
el ect r oge tigd widie ofBgNFET10UWSHY), bd el ILonarat gl ¥ ardsl priperticmg & tiss! [gngith
Souree. of the MTJ (30 or 50). The dual amplifier (10 or 40) each comprising a FET and a

MTJ acts like a single stage with the GB product representing the correct

performance measure. By algebraic manipulations, on can be expressed in terms

of the (maximum possible) voltage gain of the FET (Ay = gmrv) and the (maximum

possible) current gain of the magnetically coupled MTJ (Ac =rmgc), the GB product of

the FET (av), and the BF product of the MTJ (oc) as represented by the following

equation (3):

wn = (1/Awwe) + (1/Ay) (3)

If both A, and A. are much larger than unity, it follows that wnis much larger
than oy and we. This is a remarkable result since GB product is the more important

parameter of a wideband amplifier.

There are three specific reasons why the noise of the dual amplifiers (10 or
40) is low: First, an absence of load resistors, and the Johnson noise associated
with the resistors. Second, the individual stages are coupled magnetically. Hence
the ground bounce or voltage disturbances in the power supply or ground leads of
each individual stage can be isolated and not propagated through the cascaded
chain. Finally, the widths of the transistors and the lengths of the MTJ or number of
MTJs can be increased without significantly affecting the gain-bandwidth product.
Wide transistors or increasing the number of MTJs can reduce both the Johnson

noise and the 1/f noise.



WO 02/ 50998 PCT/ GBOL/ OSG81 10 11. A dual anplifying circuit, conprising: a
cascade connection of nmultiple pairs of active devices, each pair of active
devi ces WOVRAEY98 field effect transistor and a nmagnetic tRERIGBOjFGEL i on
device electrically couple whereby a load of a first active device of a

sel ected pair of active devices is an input of a second active device of
said selected pair of active devices. ¥. The dual anplifying circuit of
claim1l, further conprising: a current source device connected in an

out put path of said magnetic tunnel junction devices. 13. The dual

ampl i fyi ng ciflGuidc ddpictsa multiple efageetascadad configaiationrlof duabdelifiérsSto d
drive input electrodes of said

field effect transisto re coupl.ed t
- magnet i Juﬁﬁ fridifiz @1"} CEW‘ @éW'& i e@GE@Hﬁ%ﬁ*%V%Y ggarecied siage. c haersly,
t %
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* a] ca] calsseadesiye dunkampli wtqtag@ .c Alfaregspanding cascade configuration is

A SRR Sl e e e
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aU] ca] caj ca] ca] ca] ca] ca\/] Caga@]\é] ca] caV] ca] caV] ca] ca>B046<% 8;y5 9 <
"* $~x snhdes} GE Sariescasnel pigapt Aloste) fordush pogilified tajral] ca

]$((:C§g]$$gy ~$ &]'ﬁ%ﬂeﬁ t@ﬁ%@hﬁ%&%}%mp eﬁ%%\ﬁlsf @\%W%QPBQ]%M ca]callc
a] cal] capagiarad taHeaindilided/RET eati (T ¢ alradlsigrndl eddei aapieadem Fi@cal cal ca

] caU] ca] ca
01#191119%2b2223( 3+3H3{334J4d4445S5556S6_666778S8| w mhc”Yca] ] ca] ca] ca] ca] ca]

cal cal oal ca) ealieaheAbanLea) KA 3b RELaMAT Bek b HaabeaLREL6aboa) ool o

] ca] ca] ca! S8V3

3H3{ 33424da4mmﬁg_rmm7asahmehmﬁ&camap]mhda}r@aiag@]e@ahcaﬂ\ca] caj ca] caj
ca] cal ca e] 001}1 g;l %a]}caé cal] cal ca] ca] qg ca& ca] ca] lbca ] cal caLIJ]Pcal
FLs$109& }‘ﬁf&f @ng)clagiugds ¥6+ Elaginge 36,9830 /f&T(/ Degr paigt rm@ﬁaBFlo%
&

ok () PREISIAR P05 5 WG V58 Anliersynagnet 25, e M ooy s
Y 10%§Lfc(r)ne31 a0 ERqtipde 2801 Bbied) fetrohidfriet @%; ¢ 50TRFe), of AVNGCHFel &

10: 109%&! 109%. () -! 4510%& ()-' - 2109 () - _

}A2YNC iéfzﬂtﬁ%gan ﬁ@gﬂﬁ%%‘%ﬁ%‘- 1]5%'@'(1136FW 3.8 Q)A'néﬁﬁ)%m@d( $no pinned

' L&) ! 1098mbgnet24. Free ferromagnet 22, e.g. CoFe/NiFe, is formed on tunnel barrier
23. Electrode 21, e.g. Ti, Ti/PD or Ta/Pt, formed on free ferromagnet 22.

Referring to FIGS. 5 and 6, curves 28 are representative of a change in the
magnetoresistance of MTJ 30 as an internal magnetic field decreasing in strength is -
applied parallel to free ferromagnet 22 and pinned ferromagnet 24. Curves 29 are
representative of a change in the magnetoresistance of MTJ 30 as the internal
magnetic field of increasing strength is applied parallel to free ferromagnet 22 and
pinned ferromagnet 24. Curves 28 and 29 illustrate an approximate 36% change
over a range of + 20 Oe. Accordingly, for dual amplifying circuit 10 (FIG. 3a), the
current through FET 20 must be maintained in a range of current levels that
generates the internal magnetic field over the range of + 20 Oe, and for dual
amplifying circuit 40 (FIG. 3b), a current input signal |, must be maintained in a
range of current levels that generates the internal magnetic field over the range of +
20 Oe.
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From the description of desirable electronic characteristics attributed to FET
20 in connection with FIGS. 3a and 3b, one skilled in the art will be able to make
and use dual amplifying circuits in accordance with the present invention wherein
the FETs are replaced by a different type of field effect device. Additionally, from
the description of MTJs 30 and 50 in connection with FIGS. 3a and 3b, one skilled
in the art will be able to make and use dual amplifying circuits in accordance with
the present invention wherein the MTJs are replaced by a different type of active

magnet or spintronic device.

While the embodiments of the present invention disclosed herein are
presently considered to be preferred, various changes and modifications can be
made without departing from the spirit and scope of the invention. The scope of the
invention is indicated in the appended claims, and all changes that come within the

meaning and range of equivalents are intended to be embraced therein.
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CLAIMS
1. A dual amplifying circuit, comprising:

a pair of active devices including a field effect device and a magnetic tunnel
junction device; and

an electrical connection of said pair of active devices whereby a load of a first
active device of said pair of active devices is an input to a second active device of
the pair of active devices.

2. The dual amplifying circuit of claim 1, further comprising:

a current source device connected in an output path of said magnetic tunnel
junction device.

3. The dual amplifying circuit of claim 1 or 2, further comprising:

a supply of voltage connected in an output path of said field effect device.

4. The dual amplifying circuit of claim 1, 2 or 3 wherein

said field effect device is a field effect transistor.

5. The dual amplifying circuit of claim 1, 2, 3 or 4 wherein

said first active device of said pair of active devices is a field effect transistor;

and

said second active device of said pair of active devices is said magnetic

tunnel junction active device.
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6. The dual amplifying circuit of claim 5, wherein

a source/drain electrode of said field effect transistor is coupled to drive an
input electrode of said magnetic tunnel junction active device.

7. The dual amplifying circuit of claim 6, further comprising:
a current source, wherein

an input signal is coupled to a gate electrode of said field effect transistor,

and

an output signal is detected from an electrode coupled between an output

electrode of said magnetic tunnel junction active device and said current source.
8. The dual amplifying circuit of any one of the preceding claims, wherein

said first active device of said pair of active devices is said magnetic tunnel

effect active device; and

said second active device of said pair of active devices is a field effect

transistor.
9. The dual amplifying circuit of claim 8, wherein

an output electrode of said magnetic tunnel junction active device is coupled
to drive a gate electrode of said field effect transistor.

10.  The dual amplifying circuit of claim 9, wherein an input signal is coupled to an
input electrode of the magnetic tunnel junction active device and the gate electrode
of the field effect transistor is coupled between the output electrode of the magnetic

tunnel junction active device and a current source.
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source/drain electrodes of said field effect transistors are coupled to drive
input electrodes of said magnetic tunnel junction devices is successive stages of

said cascade connection.



