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1111 *@00002* CIRCU TS W TH NEGATI VE DI FFERENTI lmmnl||”||||’|m|| mnmm,
RESI STANCE CHARACTERI STICS Technical Field 5 Th |
invention relates to circuits wth negative. *159159%
differential resistance characteristics and ref
particularly, though not exclusively, to a Hﬂmﬂlwmm,”‘"“”"”"’
seni conductor device includindg circuits with neg

differential resistance characteristics. 10 *G00002*
CIRGYITWITH NEGATIME DFREBENTIALRESISTANCENp! i fi er
("opanmp") to produce negative resistance
CHARACTERISTIGS Wwhere RAN = -RNF (R1/R2). An opanp is

an anal og device having a | ow | eakage in the range of

about 5.4 to 20pA. The offset from the ground is 4 to

20nV and has a qui escent current of about 5- 8mA. The

‘ response is normally about 200MHz. An
%%%%'%%P?ma’nunber of stages and a relatively high

mber qof tr nS| tors.. This m.ts the fr uenc
fﬁ@ﬂ% longe %@'Fcé‘”ﬁssw'ﬂhBﬁgaﬁ"é‘hw%ﬁéent'é $i5120¢¢ set
voltage is created on the i nputs and the verti cal
haranieristieeand refeseparticularynthaughmat sxclusiveaitgla. 20
Summary According to an exenplary aspect there is
seroicodddctar deviceiincluding ciregits iwith netjative éffdrential resistance
resi stances characteristics. The circuit conprises a
Ehdrattdrisassi st or

Background

It is know to use an operational amplifier (“opamp”) to produce negative
resistance characteristics where RIN = —RNF (R1/R2). An opamp is an analog
device having a low leakage in the range of about 5.4 to 20uA. The offset from
the‘ground is 4 to 20mV and has a quiescent current of about 5—- 8mA. The
frequency response is normally about 200MHz. An opamp has a number of
stages and a relatively high number of transistors. This limits the frequency
response. Also, there is input leakage, and an offset voltage is created on the

inputs and the vertical ground. The quiescent current is relatively high.

- Summary

According to an exemplary aspect there is provided a circuit with negative
differential resistances characteristics. The circuit comprises a first transistor
with a first transistor gate, a first transistor source and a first transistor drain; a

second transistor with a second transistor gate, a second transistor source and
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with a first transistor gate, a first transistor

source and a first transistor drain; a second

transi stor with a second transistor gate, a second
transi stor source and 2 a second transistor drain;

and a third transistor with a third transistor gate, a
third transistor source and a_third transistor drain.
The third transistor drain is? operatively connected

to the first transistor gate and the second transi stor
ayaeeond trarsistor deainr and aég'ml tragsisterrwith adhifd dansistaregate, a
to the second transistor. There is a 5 first feedback
thivd fransistdrescymte anfl & thirdftrarstistor dramn sThe tranttransistoodchin is
feedback loop to the gate of the second transistor.

JtFativelg ebhndd¥d fw kR fFst GARBIstTYate fdndthe SebAE trfa‘h‘slsﬁ)r gate.
first variable voltage operatively connected to

'fﬁlé frﬁrdtﬁ%étﬂ %r Hfl\?&g %gpggt%dctb theisbeORY trIaHE‘sPn‘? There is a

nprise a secon current opera

f?raﬂféeﬁfv?%@fo pftirs S5tmoL iRl ﬁ%ﬁéﬁﬁ?ébéfaaﬁ%ﬁee%ack loop

connected to the 15 second transistor source. The
toithe gate ahiliestespngdtansifier- he second transistor gate
may be operatively connected to forma current mrror
pair. The first feedback | oop and the second feedback
| oop may be the sane | oop. The first feedback | oop nay

Tiee tireun g fddhelr compse b iestt suuree faranfirss variabléhwltage
second feedback | oop may be fromthe drain of the

dpurafivdly BBRhEtEH to $he third transistor source.

The circuit may further comprise a second source for a current operatively

connected to the second transistor source.

The circuit may further comprise a current drain operatively connected to the

second transistor source.

The first transistor gate and the second transistor gate may be operatively

connected to form a current mirror pair. The first feedback loop and the second
feedback loop may be the same loop. The first feedback loop may be from the
drain of the third transistor. The second feedback loop may be from the drain of

the third transistor.
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The third transistor drain nmay be operatively

connected to the second transistor drain. The first

transi stor drain nay be operatively connected to the

third transistor gate. 5 The circuit may further

conprise an input operatively connected to the

operative connection between the first transistor

drain and the third transistof gate. The input may be

abl e to have operatively connected thereto an i nput
Tewthirdsteangistor Hain praybelopgrativelyngnnectéd gtbetsecbhd transistor
operative connection between the first transistor

dtaii. Therfitst thendistor drdin ane) 5& obetively Anredsd toothe third
bi asi ng resistor may 10 be provided in the input. At

tlrmtopg%esecond bi asi ng resistor may be operatively
connect bet ween the input and the biasing power

supply. The circuit may further conprise an output for
vol tage. The output may conprise an output transistor

nd a |l oad resjstor operatively connected to the 15

iR B'EEU”t maydudbey CO"T'H&%Q'E‘ W&Utﬂﬂer@t&q)éﬁ@’?ﬁ?}e%@ the operative
operatively connected across the third transistor.
qwectior betweery thafirshtrangsiopdraio and therthind tnraasistartgate. The
with a fourth transistor gate, a fourth transistor

input may dedabie fto havé opeeativebt conribctedithered an inplut bower supply
transistor with 20 a fifth transistor gate, a fifth

ﬂ)\" ARSVIGhE 'anSIAPUCRoIRYE 1B the Bb@rétfv%"b%rﬁfe‘éﬁoﬁ’ b@t\ﬁbenﬂ?% first
fourth transi stor source nmay be operatively connected

&hdidi6r BPA&H %RHrtﬁQ?ﬁlﬁé %nsug{cﬁ g'[g m%ﬁﬁco‘?{éd%nggﬂa%gfsﬁ)rr may

source an e second transi

e S R R TR L MY

gate may be operatively connected to the fourt h
qqrgmr%{gqstvwen the input and the biasing power supply.

The circuit may further comprise an output for voltage. The output may
comprise an output transistor and a load resistor operatively connected to the
output transistor. The output for voltage may be operatively connected across

the third transistor.

The circuit may further comprise a fourth transistor with a fourth transistor gate,
a fourth transistor source and a fourth transistor drain; and a fifth transistor with
a fifth transistor gate, a fifth transistor source and a fifth transistor drain. The
fourth transistor source may be operatively connected to the third transistor
drain. The second transistor source and the second transistor gate may be
operatively connected to the fourth transistor. The second transistor source and

the second transistor gate may be operatively connected to the fourth transistor



10

15

20

source. The second transi stor source and the second
transistor gate may be operatively connected to the
fourth transistor drain. The fourth transistor gate

may be operatively connected to the fifth transistor
drain and a sixth transistor source. The fifth
transistor gate and the sixth transistor gate may be
operatively 5 connected to th& first source for a

first variable voltage. The first feedback | oop may be
spercat Thelsgcond traokistbrfsoumte badftbesétord frassistorigate may be
source to the first transistor gate. The fourth

bpanftivelydoriirictedRthB o RiE trinsistdrdraf? TReFHEAN ttr%n*sl%‘?or gate
first transistor gate. The second feedback | oop may be

a8 BTl ARG (e g QUF §i2if BT Sk transistor
FBREn The e e e et ranatar el iRy Beigipratively
be operatively connected to the fourth 15

nmay
PP%’H%‘F@@ &e the tirsh sangetfaea diestortiableav@liageor source. The

fifth transistor drain nmay be operatively connected
to the second transistor drain. The fifth transistor
gate nmay be operatively connected to a second source

Thedirstdebdback [bop may beidpenativdly tbhescted fiom g faukthitFghsistor
source of a variable voltage operatively 20 connect ed

58ufdafolthe $|Pstttfé‘1%%t§ﬂ tedTRE '?o?r‘ﬂﬁjtr'éhﬁsf%? ? may he operatively

transi stor drain, tO t he st SOUF

St s e i o
SEREAE ) B T S S o ST i

re%/er sal nodul ation, anplitude nodul ati on, selective
gate.

The fifth transistor source may be operatively connected to the fourth transistor
source. The fifth transistor drain may be operatively connected to the fourth
transistor drain and the second transistor source. The fifth transistor drain may
be operatively connected to the second transistor drain. The fifth transistor gate

may be operatively connected to a second source of a voltage.

The circuit may further comprise a third source of a variable voltage operatively
connected to the first transistor drain and the second transistor drain, and to the
first source of a first variable voltage. The first variable voltage may be positive

and the second variable voltage may be negative.
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anplification, UJT device, application-relaxation
oscillator, SCR triggering circuits, and suppression
of anplification of an input signal. 5 Brief
Description of the Drawings In order that the

i nvention may be better understood and readily put
into practical effect, exenplary enbodi nents shall
now be described by way of nob-limtative exanple
only, the description being with reference to the
Tilee oirpaitiaydd ldadsfor at pwposé Getboted frgm: nhiringh érequency
draw ngs: Figure 1 is a diagramof a prior art PMOS

(96@6!#1@35953@%(3?3& rn@&‘lhlﬁfloh L EmBIUEE PhodRatiGRIsRlective
vol t age: Figure 2 is (a) circurt diagram of an

%r)ﬁﬁ éa%()}‘l EJrJrl'%é' cnggﬁﬁgat!??\ﬂéI?Q%&{ o%élﬁatofss(?ﬁrtﬁﬁgénng

nput Vvo
exenpl ary enbodi nent i nation of the
GLS; 8 sPpregHPBL! Anapltatof o 3 TGPUROR! | 1<
current vs input voltage, (c) a conputer simulation
of the circuit of (a), (d) a graph of the current vs
voltage for the circuit of (c), and (e) to (i) are
BriepDescfiptian of the Dyrawingsage for different levels 20
of V3; Figure 4 is (a) an illustration of another

RSBl ey treTReshtiRThaR Be tdtter uh@erstitd andideadilg paf mﬂhﬁractlcal

of its current vs input voltage; Figure 5 is (a)

FAE iSSP Ol LA 5 i By ot
¥>?ér%8|%%my, the description being with reference to the accompanying illustrative
drawings.

In the drawings:

Figure 1 is a diagram of a prior art PMOS transistor and a graph of its current vs
gate voltage;

Figure 2 is (a) a circuit diagram of an exemplary circuit and (b) a graph of its
current vs input voltage;

Figure 3 is (a) a circuit of an exemplary embodiment being a combination of the
circuits of Figures 1 and 2, (b) a graph of its current vs input voltage, (¢) a
computer simulation of the circuit of (a), (d) a graph of the current vs voltage for
the circuit of (c), and (e) to (i) are graphs of current vs voltage for different levels
of V3;

Figure 4 is (a) an illustration of another exemplary embodiment and (b), (c¢) and
(d) are graphs of its current vs input voltage;

Figure 5 is (a) a computer simulation of the circuit of Figure 4(a) and (b), (¢) and

(d) are graphs of its current vs voltage;
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6 Figure 6 is (a) an illustration of a further

exenpl ary enbodi nent and (b), (c) and (d) are graphs
of its current vs input voltage; Figure 7 is (a) a
conputer sinulation of the circuit of Figure 6(a) and
(b), (c) and (d) are graphs of its current vs
voltage; 5 Figure 8 is (a) an illustration of yet
anot her exenpl ary enbodi rent &nd (b) and (c) are
graphs of its current vs input voltage; Figure 9 is

Figure ecierfapariliustratibaof arfuthert denmplapuetnbotinrégidr (b), (c) and
8(a) and (b), (c) and (d) are graphs of its current

I [lustration of a nore
g%)n%r@ eggaglj%%ﬁhﬁ%ﬁgﬁg\édd?ﬁgﬁ%o'g% 10 (b) and (c) are

f

? gfﬂgsl i8a %L%%P@J%%’Fé{ Yﬁatlo@f&?tﬁé%&rﬁﬁ%ﬁ f@?@'é‘f@)ﬁr@ (so (c)and
are graphs of its current

(@ %})8|Qr§@|é§ }:|t@%p%eﬁt2v§ %‘Sltg@e an |gl I 5st ration of

anot her exenpl ary enbodi nent and (b) and (c) are

gigysas isf(a) as iltusiration of yet anatherexaraplary ebodinest argl (b) and

is (a) a conputer sinulation of the circuit of Figure

{(are graphg bf it ourrént vsainpupvealfage; of its current vs

voltage; Figure 14 is (a) an illustration of another

FIRIFRe %I Y a paRe i piket suﬁmbt(dw of thé ircaméf F(%%Jrié‘?%()%rﬂg(b‘-’), (c) and

of its current vs input voltage; Figure

B MR OB LA 1D o
E%lﬂt{‘%ﬁg)r |§ ﬁ‘u&ﬁ’ﬁtloghg% (ngé]r | ilo(gﬁ;%lteaaetxlepnnplgrfy e%qbocﬂ%rent and
(b) and (c) are graphs of its current vs input voltage;

Figure 11 is (a) a computer simulation of the circuit of Figure 10(a) and (b), (c)
and (d) are graphs of its current vs voltage;

Figure 12 is (a) an illustration of another exemplary embodiment and (b) and (c)
are graphs of its current vs input voltage;

Figure 13 is (a) a computer simulation of the circuit of Figure 12(a) and (b) to (f)
are graphs of its current vs voitage;

Figure 14 is (a) an illustration of another exemplary embodiment and (b), (c)
and (d) are graphs of its current vs input voltage;

Figure 15 is (a) a computer simulation of the circuit of Figure 14(a) and (b), (c)
and (d) are graphs of its current vs voltage;

Figure 16 is (a) an illustration of another exemplary embodiment and (b), (c)
and (d) are graphs of its current vs input voltage;

Figure 17 is (a) a computer simulation of the circuit of Figure 16(a) and (b), (c)

and (d) are graphs of its current vs voltage;
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and (d) are graphs of its current vs input voltage;
Figure 17 is (a) a conputer sinulation of the circuit
of Figure 16(a) and (b), (c) and (d) are graphs of
its current vs voltage; 7 Figure 18 is (a) an
illustration of a quadrant 2 circuit simlar to the
guadrant 1 <circuit of Figure,3, and (b) and (c) are
graphs of its current vs input voltage; Figure 19 is
F% uter sinulation of the circuit of Figure
9'("@)1%1 a) g illusteatiograf graadrant 2 Gircki miay tvag? Syadrant 1
Figure 20 is (a) an illustration of a final exenplary
cinchid aif iIrignire sh@angddp) and (¢)care gnaphgadjth cusfent vs input veliage;
vs input voltage; Figure 21 is (a) a conputer
Fgurel B9 isoa) @f cdrhguter sipmilation oFtriciecidOgfeigared1§(a) and (B) is a
graph of its current vs voltage; Figure 22 is (a)

q@@ﬁl&@qtsggﬁ%ﬁ ?%vél't .ation of the circuit of Figure

'(c) are graphs of its current vs

ﬁ'}§v GZ%(?I %ggﬁl: a‘?l,g% 'Sﬁég\)%%nﬁé %&Jé égﬁsﬁtsa[g\% (ﬁ)&and (c)
Jeidrants of §6 CUTENER @@E&%&%?P&fg% of Exenplary

Enbodi ments In Figure 1 there is shown a PMOS
fligues? t isofa) @acaspruter sigulption @htheeircuit offhigure 2g@) and (b) is a
to the gate of B. Wen the input voltage VINis |ow,
draphtof dts Sustent veBoltage;strongly on with high

source/drain current. Wen the input voltage VIN is

Figare 22 16 dndfsdrdophpBr siendiltidn ef theadifbuithst Figure 21(&and
source/drain current is zero. As such 20 transi stor

(BXBhbi(EPaft GEEASGF REGRIEKPVEVbEGEMAR resi stance
ara eris as

Figure 23 is (a) a circuit that is a variant of that of Figure 3, with (b) and (c)

being graphs of current vs voltage, and (d) being a graph of Voyr vs Vin.

Detailed Description of Exemplary Embodiments

In Figure 1 there is shown a PMOS transistor Q3 operating in quadrant 1. The
input is to the gate of Q3. When the input voltage V| is low, the transistor Q3 is
strongly on with high source/drain current. When the input voltage Vi is high,
the transistorl Q3 is shut off and the source/drain current is zero. As such
transistor Q3 exhibits a strong negative differential resistance characteristic as

the current decreases with increasing voltage.

For Figure 2(a), there are two PMOS transistors — Q1 and Q2 with the input

voltage being applied to the gate of both transistors Q1 and Q2, the gates also
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the current decreases with increasing voltage. For
Figure 2(a), there are two PMOS transistors - QL and
@ with the input voltage being applied to the gate
of both transistors QL and @2, the gates also 8 being
operatively connected to forma current mrror pair. .
The output is shown in Figure 2(b). Wien VIN = 0, the
current 1Q is linearly depenfent on VIN for a fixed
gat e/ source vol tage, VGS, curve. The VGS curve is

keing roplerativelyocennexted o forexa entrebymirrdr mir. valThe aftputie
currents 1Q@ or 1Q@B. The values of 1Q and 1@ 5 do

seowes rRgRrs 2as) fwpanty=i0) thé@euirant ||\c}qllis |merdrlycmap@‘ndtehfeon ViN
curve - that portion startlng from |gure 3

Pl oo MBS Ufack VS GIrEUTHS s%éj' Reoohtd to a

e seen, cC 1S now app
%ﬁ‘% égeﬁéwk{v?{ﬁ@%pwa'%%gt @'et”fﬁui‘r‘r’%ﬁ% LG ot aFaF Yelyescas loz and log
and drain of transistor out put from

g9 art rhange sign(ficapthein Wﬁunltl@bp@w@ngﬁﬂ@ cyverT Hiatipsrtinns
QL and @ and to the drain of transistor 2. The
stagting omr¥na10.and Q2 forma current mirror pair. The
output current (IIN) is shown in Figure 3 (b). By
having the input to the gate of transistor B (i.e
no DC current) and using the drain current of 15

FigaRs BYaPls é@oﬁfbwﬁh@ﬁ'dﬁhé %ﬁ‘@@i?é?& If@u&.%”ﬁéﬁHQ tR§ can be seen,

I npact response current IN, rises fromzero to a

P 5 b5 B M T
ORI S BB RSl Bl PR B g 7B Bt rarsor 1. The
3%5?%58{%&'19&%? IQSBt gqgg u%h%rtg %rﬁee gg%tsi o%stra%\é?srtorgaé% a?]fd Q2 and
to the drain of transistor Q2. The transistors Q1 and Q2 form a current mirror
pair. The output current (Iin) is shown in Figure 3 (b). By having the input to the
gate of transistor Q3 (i.e. no DC current) and using the drain current of
transistor Q3 to provide feedback to generate the impact response current Iy, In

rises from zero to a peak and then falls to zero again as Vy rises from Ov to V.,

when transistor Q3 switches to off.

The nature of the feedback allows a rapid response. It aiso provides both
positive and negative differential resistance characteristics over part of the input
voltage range. By using P type CMOS transistors, the circuit of Figure 3(a) can

be integrated into CMOS designs during the fabrication process.
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vol tage range. By using P type CMOS transistors, the
circuit of Figure 3(a) can be integrated into CMOS
designs during the fabrication process. 9 By having

Vcc a variable power supply or paraneter to this

device, the current vs voltage curve changes as V,c

i ncreases and decreases. As such there is a famly of
current vs vol tage curves with Vcc as a parameter. The
current flowis governed by 3. As Vcc increases the

BY bpringsVaema garnalgjetpovesr Byplhaer Mamantetdetr thisdayice lbe current
slope is |l ess negative on the negative resistance

ROUbltaye Qlrvé BRanges ¥e V Sinte€addicarid dethichsbOt RS saeh THRIMEé is a
i s governed by 1Q@nax and | @Bnmax is governed by the

&ﬁtdgre‘i’\ft %olti‘g@ B\}(Je@ With Q}(‘/.{C a%'HjBé(t%?nétér e cdiferdtFow is

cc supply can be vari
é‘@@eaﬁﬁé 9 Qe 8 R e s BRI oo BB a2 v

agg)rl i fi er anot her transi stor, 10 or. a bias resistor

eages. e slopeda desssegatiye 9t thareaafivedepisiancergrtionr of the
in the RF range of 500 KHz to 300 GHz. The circuit of
Furyer irgedhe giguibtotakerenis gpuermeddnslaste @nddaadfaois governed
exanpl e, m xi ng, frequency doubling, phase reversal
bpthd W/L oatio eh@B| whea ViR HRIOE! and V. sielBLT QBes at OV. As such, the
anplification, UJT device, application-relaxation

V?ccédgpw &4n bSVEribA lapBPspritae i tb Provide tﬁé‘ e QLRSS

G
anplification of ‘an input signal may be able tg

gai?gé GY %]%ylﬁ% %lstpNecplerom/ aft %ge aq{onta?émpﬂﬁérs ajr;i'JtheFf’ransistor

I've and ne I've resrs
hfea biHe Eiston A nqlites o dbeitad; Toa fRduehy Pl nﬁs%y be in the
forwards and 20 backwards _are the sanme. Al so

BFFrrénee oh 280 Kz 10 90 SHep- idipasirapdt QrduauEck(®) may e used for

functions such as, for example, mixing, frequency doubling, phase reversal
modulation, amplitude modulation, selective amplification, UJT device,
application—relaxation oscillator, SCR triggering circuits, and suppression of
amplification of an input signal may be able to be achieved. This may be by use

of terminals T1, T2 and T3.

It has positive and negative resistance characteristics. The terminal T1 has its
input and output shared. Therefore the feedback path going forwards and
backwards are the same. Also, the circuit has positive and negative Feedback
at the same time. Therefore it can be stable in the negative resistance portion of
its transfer characteristics. The feedback (feedforward) path has Voltage to
current (negative) through Q3 and current to voltage (Q2) and voltage to current

(Q1) feedback (feedforward).



10

15

20

at the sane tinme. Therefore it can be stable in the
negati ve resistance portion of its transfer
characteristics. The feedback (feedforward) path has
voltage to current (negative) through @B and current
to voltage (@) and voltage to current (Ql) feedback
(feedforward). 10 |In additiqp, the circuit has two
cut off points - at a low Vcc and at a high Vcc. At
the positive resistance portion of the current vs

vol tage curve the Tl shared input and out put has

R e G tee Mo Polig Eaié&’vc‘c pf gt &ffeh
AltbaPoRHS rTstapoeRarton AL iha ot VEoiptach Gy T1 shared
3(e) to (i) V3 (i.e. V,j is changed to 8V, 9V, 1 OV,
impubancheutpupivas G@gé’@t& tegidpackfrom &lul t ant i ncrease in

t he maxi mum current of the curve is 10 clearly shown.

This established that the maxi num curent is dependent
on Vcc (V3). The circuit of Figures 3(a) and (c) has

Flb@reﬁ@(\éﬁ&t élasmphlr@ﬂs.mgt@nlc& tAe REVETR of swémé/}c Fidr® M1 is Q1,
provide bias so as to be able to control the vs V

Ig§r|¥ 82, WBE’@ ahd \?:9'?11 Vécoﬁ@uHé W& sofhet |e\; '&P"\fe \tivﬂgn V3

erive ate signal’s I'gures 2

S0 Flgbe® s 41 V4 63 M“)L%%aﬁé"%citogoéz B oS\t and

vs VINis shown in Flgure 23(d). R3is a |oad

124 regpsctivyely. The resittalt increass ik the negximuia cpEgnkefhereyrve is
and 20 transistor 4 being operatively connected

clearhs shawmnBhis estabfshed eatdhe In@xismuno turent is dependent on Vcc

(V3).

The circuit of Figures 3(a) and (c) has the advantages that there is a power
supply Vcc to provide bias so as to be able to control the | vs V curve, and an

additional terminal or terminals to derive related signals.

As shown in Figures 23 (a) and (d) the use of the current mirror pair Q1 and Q2
allows for a separate output Vour. The graph of Voyt vs Vin is shown in Figure
23(d). R3 is a load resistor for the output transistor Q4, the resistor R3 and
transistor Q4 being operatively connected across transistor Q3. The ampiifier of
output transistor Q4 and R3 is the simplest way to have the output Vour. If the
transistors are sized such that the width of transistor Q4 is, for example, five
times that of transistor Q2 then there is five times the current gain. So it is

possible to have both current gain and, through Q4/R3, voltage ampilification.
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output transistor 4 and R3 is the sinplest way to
have the output VOUT. If the transistors are sized
such that the width of transistor 4 is, for exanple,
five tines that of transistor @ then there is five
times the current gain. So it is possible to have
both current gain and, through Q4/R3, voltage
anplification. 11 Furthernork, and as shown in Figure
23(a), resistive bias may be added to nodify the
behavior of the circuit. This may be by adding Rl
and/or R2. Rl may be used to adjust the

FlRheshere, ahil s sHovihid Pigiife X3@Y] 8iskve %ib%"\ﬂak heFAdHEEto
5 23(a) and (b), with Fi gure 23"(b) show ng the curve

Wdld 'ﬁjre@@ﬂﬁqlorgh a#&%ﬂ@Thkgﬁhﬁg%f%ﬂc}’ ﬁ% o?ncz/ﬁr R2. R1 may

supe pOSItI on o e curves

f t h —
Gt Bt edcusg i BFadERistitg offhe. ‘aYst an% §sh6Wn i Figure
under the source ex0|tat|onV ative
255 aniBy Wit Fiaure 23 (Bhakowksherdueva nih R bad@re this shows

be captured by the Q4/R3 anplifier. This may be with
ket the) cuseds edsupengositien of theneurves pERM, and that gf dhe cigiuit of
and 2 also allows for scaling up. It also provides

FlyareB(a) IfeR2 iofrthetcomect veluseBattbyethee withttad efrcait EFigure
that can be scaled up or down. As will be clear from

Hﬁ drilieh evé QSur‘é@%ltﬁ’ﬁdrPV%q Wirl Besh H%Q?Wé ﬁé%ﬁstéﬁceggh’fp‘ﬁﬁér. That

/or drains it Is possible to no

e / r
A s Robe caprES ByAAd aled %@ﬁg@mmm Wit R
(gZandQBmay be NMOS, PMOS, or both Nor P 20
[BrROVR&Ds devi ce conbi nations. Furt her nor e, if a
resistive bias is applied to a different term nal,

signal s may be

The use of the current mirror pair Q1 and Q2 also allows for scaling up. It also
provides the mirrored current on the negative resistance side that can be scaled
up or down. As will be clear from the following description, by using current
sources and/or drains it is possible to modify the | vs V curve. The current

sources and/or drains can be integrated on the same IC.

The three transistors Q1, Q2 and Q3 may be NMOS, PMOS, or both N or P

MOS i.e. CMOS device combinations.

Furthermore, if a resistive bias is applied to a different terminal, signais may be

applied to other terminals to achieve modulation of the input signals.
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applied to other termnals to achi eve nodul ati on of
the input signals. 12 |If the circuit is used as an
anplifier, the additional mrrored current and the
signal can be tapped for further nodification wthout
| oading the two-termnal circuit. This nmay be by use
of an additional mrror tran§§stor. 51n Figure 4 the
same circuit as Figure 3(a) iS used with the addition

a.current source 12 opgratiyely connected to, th
ihatirehi s Rase A8 ey arepiatenasq)fiod FOTEd SHiet apg e
QL and 2. Vcc is operatively connected to the source
signal candestepped &g faethenaogification yyithowt Igasling He two-terminal
exenpl ary enbodi nent of Figure 3. Wien VINis | ow,
cirhuit.gEhie nsayube by wslet afgn adeBtional@Ririos tiainglstalue to 12.
Al t hough the 10 drain/source voltage VDS of QL

controls the current, the gain is higher due the
gate/ source voltage VGS of QL and 2. Wien VIN s

I@iFﬁﬁhrteq’gth‘ﬁeUéa?né’Efrcuipﬁ% F%r%(aﬂsi ﬁée.dhﬁﬁjt? ﬁ%&&gi?ioé%f a%urrent

0€s this sets t rent” fl ow ng

STl sBhodGeb o He Seh b band i 3 Bfethe'dbfes of
ESISR 8] 2% SbrAM PhrodReREY CINEIROURRBaRgStor
enbodi ment of Figure 3, a famly of curves can be

Qb esindicated, aad s mer 1ire axemplany @mpbadimentof Biglre 8. When Vy is
Figure 5(a) is a conputer sinulation of the circuit of

|éw gtinesgatéaspurddevaltagdlVgsof QR,is Myh dud Xl 1, MAlthsugiBthev/3
is Vc, and XMML neasures the current through 12. 20

d¥&in/sbliré© 96k VEREEQY Zonticidifre ArPantSthe ih*i'@h!gh‘é‘i die the
curve when V3 is 1 OV and 12 is 51.514 . I'n FIgures

Q%X&/)soa&% mgggé(g%;@%qam%%\?@% H@ha&{é A 'o$f()éutt as Q2

respectiv e resultant I ncrease-i h the curten
s?lfl htagecuer}r%%t ?zf ats r31%es Q1, this sets the current flowing in Q1 at a matching

level of I, (Figure 4(c)). The slope of the negative resistance portion can be
lowered by adjusting the transistor width parameter W of Q1. Therefore, and in
a similar manner to the exemplary embodiment of Figure 3, a family of curves

can be obtained by varying |, as is shown in Figure 4(d).

Figure 5(a) is a computer simulation of the circuit of Figure 4(a). Here, M1 is
Q1, M3 is Q2, M4 is Q3, V3 is V. and XMM1 measures the current through 12.
V5, 11 together make 12. Figure 5(b) shows the | vs V curve when V3 is 10V and
12 is 51.514 pA. In Figures 5(c) and (d) 12 is changed to 101.252 yA and
202.505 pA respectively. The resultant increase in the current of the end of the

curve is clearly shown. This established that the final curent is dependent on 12.
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curve is clearly shown. This established that the
final curent is dependent on 12. 13 Figure 6 shows a
simlar circuit to that of Figure 3 except that the
current source 12 is replaced by a current sink 12 to
ground. When VINis low, B is strongly on (Figure
6(b)). However, the gate/soufige voltage VGS of Q2 is
low until the current in B exceeds the sink current

%ure-la‘%wé %%Il’gﬁéfeél thﬂé{ﬁ&ft ﬁgﬁrevﬁx?%ptﬁh%h current source

creases rrent w

orre ondi n = Fi B

(g8 AR S pirgtl Sink 12 Fo ottt ﬁbﬁwwlsdvv%cé%ﬂa%troog'v on
vol tage curves can be obtained as shown in Fig
(Bigyye bite Hewevar; the aatespurce valtage Vos BEQR is ut?w elmll the
sink when 12 = 0 and thus it works as a current sink
auntept in Q3 teixeegqda theasink Turregi bn. THeED, Bue gate/saedbaockage Vgs of
t he di stance between the start of the three current vs

QDirdorgasest DUyt Wl theint Rak rt@lﬂbwaﬁtm TeoridypRdMYEes; = |,

start quite close together - they all start at or

(Rl S AR el 504l A8 RRLl font v
BhaokEihesden b ag, ?Psﬁpvfﬁ h@lﬁ%ﬁ@“ﬁ\e rent Bink 502
Cgéggrigo Pé %)cﬁtfsi%onm%ﬁkgﬁaﬁv L= ;4( m"{‘@sqr \%6' 7 §$aﬁah§eh only

to 51.686 EA and 203.482 pA respectively. The
in ghe pvagrentiddeaigde in the maxi mum current of the peak
of 20 the curve is clearly shown. This established

‘that the final curent is dependent on 12.

Due to feedback, the distance between the start of the three current vs voltage
curves is quite small and the three curves start quite close together - they all

start at or very close to the origin.

Figure 7(a) is a computer simulation of the circuit of Figure 6(a). Here, M1 is
Q1, M3is Q2, M4 is Q3, V3 is Vcc and V5,M2 make up 12. XMM1 measures
the current through 12 or M2. Figure 7(b) shows the | vs V curve when V3 is 10V
and 12 is O pA. In Figures 7(c) and (d), 12 is changed to 51.686 pA and 203.482
pA respectively. The resultant decrease in the maximum current of the peak of
the curve is clearly shown. This established that the final curent is dependent on

12.

In Figure 8 there is shown the circuit of the exemplary embodiment of Figure 3

combined with a similar circuit to give a V.. dependent current sink. Three extra
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In Figure 8 there is shown the circuit of the

exenpl ary enbodi nent of Figure 3 conbined with a
simlar circuit to give a V,,, dependent current sink.
Three extra 14 transistors - 4, @ and QB - are
provided with the drain of Q4 being operatively
connected to the drain of B as well as the gates of
QL and @2. The gate of 4, i¥4operatively connected
to the source of @ and the drain of @ wth the

transistoret- Q4, QSiargl QBer atd prolvidegr with rsid il of Q4 Ldimd N
of @ at V,c. Vcc 5 is also operatively connected to

E@r&ﬁb%ﬁne@%@@h%reﬁbf@ﬁ AW PYS R ét@E'o‘P gf‘lugﬁh Q2. The

at theéy produce a transfer characterlst cto
I V
g?tefﬁfc 4‘”% L{P%‘?Igfévegg[}{)él?éc%tﬁg t@ﬂ{\% g@@rc%@?%%ﬁé H‘; @%\lr? 8¥ Q6
es ink, a current
wgﬁgﬁé‘n%ﬁésceo«;f AR B Speaiivel araindes Soaho i of Qfcet Vee. Ve
As is shown in Figure 8(c) a famly of curves is
Bn2lsp pperafivelesnnasted to thetgates oé@ésam 6. Q5 roddA6 bave a
Vcc to above Vccrmax, but the famly of curves will be

caticesuakdthiay themm-muaad trarsfercoharactevisticito dive G4qs & voltage-
9(a) is a conputer sinmulation of the circuit of Figure

hie Mt b
oS WOVt 8 €58 39,700

e :
R VR e Rsgs YN ok LR GRS By the 4
In Figures 9(c) and (d), V3
%‘ce §]°lfr¥gé/hgﬂé%é(%l% gé and S5V respectively. The
resultant decrease in the 20 maxi num current of the
peak of the curve is clearly shown. This establishes

As is shown in Figure 8(c) a family of curves is obtained by varying V. It is
possible to increase V. to above Veemax, but the family of curves will be

governed by laamax and the new V. value.

Figure 9(a) is a computer simulation of the circuit of Figure 8(a). Here, M1 is
Q1, M3is Q2, M4 is Q3, M2 is Q4, M5 is Q5, M6 is Q6, V3 is Vcc, V5 is V, and
XMM1 measures the current through 12, the current sink. Figure 9(b) shows the
I vs V curve when V3 (V) is 10V and Vs (V5) is 10V. In Figures 9(c) and (d),
V3 (V) is changed to 8V and 5V respectively. The resultant decrease in the
maximum current of the peak of the curve is clearly shown. This establishes

that the curent is dependent on V...

Figure 10 shows another quadrant 1 device where two further transistors — Q4

and Q5 - are added to the exemplary embodiment of Figure 3 between Q3 and
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that the curent is dependent on Vcc. Figure 10 shows
anot her quadrant 1 device where two further
transistors - 4 and b - are added to the exenplary
enbodi nent of Figure 3 between @B and 15 @. The
drain of 4 is operatively connected to the drain of
B and the feedback line is operatively connected
fromthe drain of Q4 to the dates of @ and QL. The
gate of Q4 is operatively connected to the gate of Qi,
@aeT@@d@n of Q4Js opedatRnoonhedtad to the draivef @3 and the
connected. The drain and gate of 2 are 5 operatively
feadback kirtk ispdrativiedycomnadte@ron iite drzim of Q4 tQEheyates of Q4
operatively connected to the drain of 4, and the

a9 ‘?THE J=% bPQAns bﬁbfé{%}&rmé@% fl'%sgéta%fw,rtﬁ@ gates of

of 4 andthe drain of he gate

EREBQL P bEPG: ?p%‘rg%f%o%ﬂ?wé’ﬁ Eﬁgtd% pEfHdte B2 are
JrBiEY epadoi e Fouee £ Qhel neERALRSS rq%gtrw.y
This establishes the upper Iimt of 2xI Bnmax Wen
qonnegtadieche stiainiaf Qha@ndstheusourge oh@S isaperativedn pgnr@cted to
to bias the gate of QL. This establishes the | ower

thersourad of Q8ramd the @raini ofAX/Pllhes gate 6h@bd isDpemtivetyemmected
fully on and fully off will result in current vs

ool f. Teafd QUesShdUtd Waes thd18amel WL Fé?clo |C§1 isSArivRPSISy {%@e the
to fadd even nore transistors to d &4 to further

dAE/RRPE, P% g‘%ﬂfbé %nﬁﬁb%cuﬁén%?&: 169 13539 Q4 will be

XI ITle eterm ne € nmaxi ITle

el I e 8 o A 5 fpen
|¥%|(/\E5t?;ﬂ§ g%?ﬂ;s%‘é@s %ut 831 thus Iga\lnﬁg %E(I)y\ABZItg blfésgthe gate of Q1. This
establishes the lower limit of lqzmax. Driving V,1 such that Q5 is between fully on
and fully off will result in current vs voltage curves between those Iimits. Itis
possible to add even more transistors to Q2 and Q4 to further increase the
slope to 3xlqamax, Or more. The maximum limit is determined by the maximum of
la1 as well as the gate/source voltage Vgs and drain/source voltage Vps of Q1. It

is also limited by lqsz and the voltage headroom of Q3. This is shown in Figures

10(b) and (c).

Figure 11(a) is a computer simulation of the circuit of Figure 10(a). Here, M1 is
Q1, M3 is Q2, M4 is Q3, M2 is Q4, M5 is Q5, V3 is Vcc and V5 is Vp,. Figure

11(b) shows the | vs V curve when V3 is 10.1V and V5 (Vp1) is 4.5V. In Figure
11(c) and (d), V5 (Vp+) is changed to 7.5V and 12V respectively. The resuitant

decrease in the maximum current of the peak of the curve, and the operation in
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20 Figure 11(a) is a conputer sinulation of the
circuit of Figure 10(a). Here, ML is Ql, M3is @, WM
is @B, Mis X4, Mbis B, V3is Vcc and V5 is VP1.
Figure 11(b) shows the | vs V curve when V3 is 10.1 V
and V5 (VP1) is 4.5V. In Figure 11(c) and (d), V5
(VP1) is changed to 7.5V andd2V respectively. The
resultant decrease in the maxi num current of the peak

L A i e
R o TR I AR A om0 o

the match with Figure 10 and to keep the sanme scale. 5
dpme WWa enifs tooshawy Em aich withfiguredifeang tq keep e sameaseale.
10 except that the source of B is operatively
connected to the source of @ rather than the drain of
@. This will allow a nore dynamc control. Wth b

THe cirdutofFigerel 12 Withe sARRS a8 ehaof ér1lob@>etéyt trhat the source
reference to Figure 10. Wth @ fully on,

AR erBifdIl {eBnRaba o W%&é&%e\é%ﬁatﬁér tfgfw th@%{%’%f Q2.

the circult

‘% y"%'fqoam B B coptiol Wit ot dfp EuR 44T SRerate as

n Figure 12(c) re 13 s _a . conputer simulation
J@ﬁ"f‘hgg Withd Gfecre%e é é(gé‘é'th Qe fdly an. it will gsneraie a s

@, M is Mis 4, Mbis @B, V3is Vcc and V5 is
dvgm/sorurgem tage ¥8¢ bf QShbuke Mue of Qsis\betow e MaehiQY3thescircuit
10V and V5 (Vpl) is OV. In Figure 13(c) to (f), V5
i§ Uff1)VithsQ6 ipainitely drg iAMIl shunt fhé R duBdnt. Thiewill agdis produce a
The resultant decrease in the maxi mum current of the

faeaY oPuhes, 585M8wnaR iddie 1‘2_?@[ ation in the first two
gquadrants is clearly shown. The current decreases as

Vp

Figure 13(a) is a computer simulation of the circuit of Figure 12(a). Here, M1 is

Q1, M3is Q2, M4 is Q3, M2 is Q4, M5 is Q5, V3 is V.. and V5 is Vp,. Figure

13(b) shows the | vs V curve when V3 is 10V and V5 (Vp4) is OV. In Figure 13(c)
to (f), V5 (Ve4) is changed to 2V, 4V, 6V and 8V respectively. The resultant
decrease in the maximum current of the peak of the curve, and the operation in
the first two quadrants is clearly shown. The current decreases as Vp4

approaches V... This establishes that the curent is dependent on Vp;.

In Figure 14(a), the circuit is similar to that of Figure 3 but an extra, negative
variable voltage source -V¢c: is added. Figure 14(b) is where Vceo = 0 and =V

is 10V. If —=V¢c2 is of a value the same as V¢, Figure 14(c) is the result. Vcco
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approaches Vcc. This establishes that the curent is
dependent on Vpl. 20 In Figure 14(a), the circuit is
simlar to that of Figure 3 but an extra, negative

vari abl e voltage source -VCC2 is added. Figure 14(b)

Is where VCC2 = 0 and -V'cl is 1 OV. If -VCC2 is of a
val ue the sane as VCC, Figure 14(c) is the result.

Vcc2 17 can be adjusted to b of a value slightly

| ess than Vcc (-4V vs 6V) and Figure 9(d) is the

& beé adjistdd tdbe ofl buallesightiydess tthrov t(heY s 8)ind Figure
This may be conbined with a current source to shift

|§HHVeVr%sQ§WfPﬁh€'d(rrvé>beﬁr gCeHtRRE ors Y| aki€. 'F@bfrﬁa)} be

curve upwar Therefore, “by appropri ate sel ection of

n ain, the

c. e i S‘gég%ﬁ égrﬁeﬁﬁ%ﬁﬁre bR dobierdlyEahip gent sink

g} &1) s a uter simul ation of the circuit

- Supwar em‘o[ea by@ppr%n@f@ s@ectm\ ofg c(gchcz,
V3 is Vcc2 and V5 |s Vccl Fi gure 15(b) shows the | vs
suITe SOUreas andeeurantidsain, the eifruitpay epeyatesn aqy ongeof the four
curve starts at the origin. In Figure 15(c) V5 and V3
quadrbotsh 5V. The curve is noved along the V axis to
the left so the circuit is operating in the fourth
and first quadrants. - In Figure 15(d), V5 is 6V and
V3 is 4V. The curve is centred on the | axis. 15 The

gtér g@%zg?t&% %\Fﬂﬁlﬂﬁuﬁé&% Sﬁhbl\clzir%%frt g:ﬁ@u éB Q-idere M1 is
@ YEE %j‘?'%e’?aﬁ,ét A Y518 s fgtre%@é Biihiows the | ve v

curve dependin ing a current sour ce & gur e
e or

Ve whesy Va igd 1PV and Vs rﬁ)(cq)pﬁgyr d heaqutys starts at the origin. In

Figure 15(c) V5 and V3 are both 5V. The curve is moved along the V axis to the
left so the circuit is operating in the fourth and first quadrants:-in Figure 15(d),

V5 is 6V and V3 is 4V. The curve is centred on the | axis.

The addition of the current source |y to the circuit of Figure 14(a) is shown in
Figure 16. As is expected from Figures 4 and 5, the addition of the current
source |y at T1 can be used to raise or lower the curve depending on Iy being a

current source (Figure 16(c)) or a current sink (Figure 16(d)).

Figure 17(a) is a computer simulation of the circuit of Figure 16(a). Here, M1 is
Q1, M3is Q2, M4 is Q3, V3 is =Vc2, V6 is Vi1, and XMM1 is |y. Figure 17(b)
shows the | vs V curve when V3 is 7V, V6 is 10.1V and Iy is 1.776 pyA. In Figure

17(c) Iy is changed to 150.990 pA and in Figure 17(d) it is 250.000 uA.
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20 Figure 17(a) is a conputer sinulation of the

circuit of Figure 16(a). Here, ML is Ql, M3 is @, WM
is B, V3is -Vcc2, V6 is Vccl, and XMML is IN. Figure
17(b) shows the | vs V curve when V3 is 7V, V6 is
10.1V and INis 1.776 NA. In Figure 17(c) INis

changed to 150.990 pA and injkigure 17(d) it is

250. 000 NA. 18 The same nodifications may be nmade to
g . ¢ e . .

Ao 6 riRaBtalhsa) oRRiEA % shldhFurcBRE f ppbPith he
simlar.to that of Figure 3 but operating in the

%&Beﬂd{h'@ "’lﬂéﬁluﬁtﬁtq.u A yrrent vs voltage curve is
shown in Figure 18(b). Figure 18(c) shows the curves
after the circuit is nodified by adding a Vcci, Vcc2,
and a current source. Figure 19(a) is a conputer

FSgunel B8 sbowsfa ditoaitsimiar to that 61 Biguee 3 &Uuapperatingiig tine second
10 19(b) shows the | vs V curve when V3 is 10.1 V and

dladrantols chirgHt ¢s d6itage GlwSs 8hewhGn IFigureM8(Y. Figure 18(c)
Figure 3 but with a second mrror transistor pair 4
are s%‘te cﬂed, ﬂtwéer tﬁévczr?:g/t %mﬁfi@%’gggﬁ'&%@?ﬁ%@ﬁ% eag!éj a

: scaling up the 15 transistor sizes it is

%@é%hBPE%Fb i ncrease the current gain on the I vs V
characteristics on lin vs Vin. Current gain can be

used to transfer the operating point to the right

hand side, withj the operating voltage on the |eft

fauce t9(@eis a Tampuign simaiation afdhe cirbuit heFiguse 1 8(a) and Figure
resi stance region, as well as the negative resistance
13b) simowsgMhe bs Vivurgawheand zutQ.¢Vaahd gL nesvy.

techni ques di scussed 20 above may equally be applied
here, as is shown in Figure 22.

Figure 20(a) shows a circuit similar to Figure 3 but with a second mirror
transistor pair Q4 and Q5 added. If Q1 and Q2 are matched, and Q4 and Q5
are matched, the | vs V curve is as shown in Figure 20(b). By scaling up the
transistor sizes it is possible to increase the current gain on the | vs V
characteristics on lin vs Vin. Current gain can be used to transfer the operating
point to the right hand side, withj the operating voltage on the left hand side.
This will apply to both the positive resistance region, as well as the negative
resistance region. All of the gain and curve adjustment techniques discussed

above may equally be applied here, as is shown in Figure 22.

Figure 21(a) is a computer simulation of the circuit of Figure 20(a). Here, M1 is

Q1, M3is Q2, M4 is Q3, M2 is Q5 and M5 is Q4. Figure 21(b) shows the | vs V



Figure 21(a) is a conmputer simnulation of the circuit
of Figure 20(a). Here, ML is QL, M3is @2, M4 is B,
M is @ and Mb is 4. Figure 21(b) shows the | vs V
19 curve. In Figure 22 a second current measurenent
setup XSC2 is added to show the matching current
flows, as is shown in Figures 22 (b) and (c). Wil st
there has been described in th® foregoing description
exenplary 5 enbodinents it will be understood by those

slnvel adFiguré Re 4 ssdond agreritanéssurefhent Befup™SE2 is added to
variations or nodifications in details of design,

t i . i . . it
05 HeehaRhiA Cyr ARTIGH:, 28 EBhoBR FGrEL 2) and (<)
following clains. 20 The Cains: 1. Acircuit with
negative differential resistances characteristics, the

i rcuit omprising: a first transistor with a first
W@ﬁé?@f@%aggqeén describet! i fg laregeind eseaRtiongxampiary
first transistor drain;, a second transistor with a
sethosimentsritvillk ke upderstoad By thnse skilledsindhe technelogyeconcerned
and a second transistor drain; athird transistor with
that marmy varatoinstamoedifieationst ihi dedails efirddsidm rcosstructioreant
a third transistor drain; 10 the third transistor

gpefationehag berRadé Withbit 6OPAYERE 3 thed MCehiidrbbs defined in the
transi st or gate and the secon transi st or gat e,

following claims.
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the third transi stor being operatively connected to
the second transistor; a first feedback |oop to the
gate of the first transistor; and a second feedback

| oop to the gate of the second transistor. 15 2. A
circuit as clainmed in claim1 further conprising a
first source for a first variable voltage operatively
connected to the third transi#ior source. 3. Acircuit
as claimed in claiml or claim?2 further conprising a
ThewTldimspurce for a current operatively connected to
the second transistor source. 4. Acircuit as clainmed

gn claadirRuk vakh ﬁégéﬁve?d.ﬁerédﬁ%w r%i’éfﬁ cﬁéeelg%%cfégfs'h@é‘tthe circuit

rain 20 oper at connect e

or source. 5. Acircuit as clainmed in any one
%@%ﬁim 1to 4, vvherein the first transistor gate

and thef second transi s gate are ope{at vel Iy
c onneaiest HRNSSPHIAN ATPLIANSINGE 031 Gafiet iBRsistor squrce and a

circuit as clainmed in claimb5, vvhereln the first

fiesd dnaasistorgtipinand t he second feedback | oop are the

same loop. 7. Acircuit as clainmed in any one of

cl ai ma secbnd fransistoravith asecbnd Stansistatbgatk, alsegpnd $ransistor
fromthe drain of the third transistor. 5 8. Acircuit

a8ufdeddrites skforid BhAsiioriginei n the second feedback
loop is from the drain of the third transistor. 9. A

cir Cu?tnthtﬁ‘ﬁ tr‘éb%‘isfﬂjq?lima "ﬂ'?l %ﬁm for%ina"[’é "B thhrd 9?[%8\»}%‘0)!; source and

wher e ransi s i's  operati
CQ{Bng?t ed é{he second tranS| stor drain. 10. A
& 'Pe qangg%ca Affed in any one of claims 1 to 9,

wherein the first transistor ] i )
the third transistor drain being operatively connected to the first transistor

gate and the second transistor gate;
the third transistor being operatively connected to the second transistor;
a first feedback loop to the gate of the first transistor; and
a second feedback loop to the gate of the second transistor.
2.  Acircuit as claimed in claim 1 further comprising a first source for a first
variable voltage operatively connected to the third transisfor source.
3.  Acircuit as claimed in claim 1 or claim 2 further comprising a second
source for a current operatively connected to the second transistor source.
4.  Acircuit as claimed in claim 1 or claim 2 further comprising a current drain
operatively connected to the second transistor source.
5.  Acircuit as claimed in any one of claims 1 to 4, wherein the first transistor
gate and the second transistor gate are operatively connected to form a current

mirror pair.
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10 drain is operatively connected to the third
transistor gate. 11. Acircuit as clainmed in claim 10
further conprising an input operatively connected to
the operative connection between the first transistor
drain and the third transistor gate. 12. Acircuit as
clainmed in claim11l, wherein the input is able to have
15 operatively connected therdto an i nput power supply
for providing an input voltage to the operative

6.0nnAcdifcan d3ediaee ingaim 6siherain e fist felidbatk dssh Ahe the
third transistor gate. 13. Acircuit as clained in

at | east one biasing
%@dﬂf&%d?ﬁclﬂo@\?fﬁr@ﬁhﬁe‘g@ﬁegl'olﬁﬁput 20 14. Acircuit as

i as iUl &8 deifledio AFHS B @H}*‘? 3h &£ BB st frgoback
PRI R Heipm AL eny YohsisIoto 14 further o o

conprising a ut for _voltage, the OUtP
8onpA alicy a@rﬁlamqsﬁtn ¢laighgi wh@relaﬁme aetancireedback mopoig from

operatively connected to the output transistor, the
thet grain éfathevtbird érgesiskorng operati vel y connect ed across
the third transistor. 16. A circuit as clained in any

gne @Afcifdugtid®cldinéd th érW e bf ERIMS HbHY v@hefr@MrthQ third transistor
transistor with a fourth transistor gate, a fourth

Bfaﬁ’ﬁ‘fét #é’r&tn cSﬁné&%daloftl‘?#‘B{e{E%@ traRSistor dphindr ai " and

trans stor wth ransistor gate,
A B B4R Bl lpld SR hhe il nistor
drain is operatively connected to the third transistor gate.
11.  Acircuit as claimed in claim 10 further comprising an input operatively
connected to the operative connection between the first transistor drain and the
third transistor gate.
12. A circuit as claimed in claim 11, wherein the input is able to have
operatively connected thereto an input power supply for providing an input
voltage to the operative connection between the first transistor drain and the
third transistor gate.
13. A circuit as claimed in claim 11 or claim 12, wherein at least one biasing
resistor is provided in the input.
14. A circuit as claimed in claim 12, wherein at least one second biasing
resistor is operatively connected between the input and the biasing power
supply.
15. A circuit as claimed in any one of claims 1 to 14 further comprising an

output for voltage, the output comprising an output transistor and a load resistor
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connected to the third transistor drain; and the
second transi stor source and the second transistor
gate being operatively connected to the fourth
transistor. 17. A circuit as claimed in claim16,
wherein the second transi stor source and 10 the
second transi stor gate are operatively connected to
the fourth transistor source2 18. A circuit as
clainmed in claim 16, wherein the second transistor
openatielypoonnadied $e twendutpubtransistor, thet eutputfoo yoltage being
connected to the fourth transistor drain. 15 19. A

operativedly 86nisédtbdRdrdss theahim tangister. ai m 17, wherein
the fourth transistor gate is operatively connected

fe? W%ir&i'éigge Eéiﬁfé%i iﬁ%?ugs gf‘bﬁclam‘?s 9 :4>ﬂ‘hhh§f 85RbakRG a fourth

sour ce. circult ainmed in claim 19, erein

the. fifth transi r. n [ t ' r
el ity A BIRN A5 Gt B O i Slroto i Bha fgprty

a first 20 varjable voltage. 21. A circuit as clainmed .
transigtar dieais a5d %fﬁﬁh ﬁ'iai@sst&mrté ianf'ﬁAhqtéarﬁ?rlﬁ@( 9pke @itk transistor
| oop is operatively connected fromthe fourth .
souses apd arfiffotransistos drais; ther fourthttransister spurgateing aperatively
fourth transi stor gate being operatively connected to

domaetiadsto thething trahsistarairain; 28d tAé .sedond transistarssource and the
claimed in any one of clainms 16, 18 or 21, wherein the

SROARArarsRREPgEE BRP opsrativeiBédrirficted RRRbAE N ftFMEistor.
the fourth transistor drain to the second transistor

PRt €A circuit as claimed in claim 16, wherein the second transistor source and
the second transistor gate are operatively connected to the fourth transistor
source.

18. A circuit as claimed in claim 16, wherein the second transistor source and
the second transistor gate are operatively connected to the fourth transistor
drain.

19. A circuit as claimed in claim 16 or claim 17, wherein the fourth transistor
gate is operatively connected to the fifth transistor drain and a sixth transistor
source.

20. A circuit as claimed in claim 19, wherein the fifth transistor gate and the
sixth transistor gate are operatively connected to the first source for a first
variable voltage.

21. A circuit as claimed in claim 16 or claim 18, wherein the first feedback
loop is operatively connected from the fourth transistor source to the first

transistor gate; the fourth transistor gate being operatively connected to the first

transistor gate.
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23. Acircuit as clained in any one of clains 16, 18,

21 or 22, wherein the fifth 5 transistor source is
operatively connected to the fourth transi stor source.
24. Acircuit as clained in claim23, wherein the

fifth transistor drain is operatively connected to

the fourth transistor drain and the second transistor
source. 25. Acircuit as clai¥®d in claim23, wherein
the fifth transistor drain is 10 operatively
23nnéairstittas alaimesbip@Eny enexnkelginas 16r 88 ar 226wherein the second
circuit as clained in any one of clains 16, 18 or 21
feedBack Wogy isiopetdtivelyf ¢drifectadfronstherfogetherarsistor drain to the
operatively connected to a second source of a voltage.

ddcon PandistoF gag. cl aimed in any one of clainms 1 to 26
further conpr|5|ng a third source of a variable

191 % %agaras%mdvm RV Bfoibiind 18 16754 of 53NGhSI the fifth

ral n e secon ransi s arn,

rst,sourc fjr t vari

ahiioF S8U1H Soner Ve saecien %@ﬁépﬂﬁﬁwqﬁtw jource.
vari abl e voltage is positive and the second vari abl e
281 t Agdraud ascgaimerkin Gaim 23 cwhergin thesfifth trarsigtardrainyis
one of clainms 1 to 28, wherein the circuit is used
bperadivelyrqonsectedite dhe tbtjrth)ttanﬁstog doaip andnthiesseicogd dfansistor
m xi ng, frequency 20 doubling, phase reversal
goghdbat i on, anplitude nodul ati on, selective
anplification, WT device, application-relaxation

?C' In @Fc‘?{tcaﬁﬂﬁ% i&g‘,ﬁélmgat%%% Fh% fiffA tam SRR Sinq8
operatively connected to the second transistor drain.

26. Acircuit as claimed in any one of claims 16, 18 or 21 to 25, wherein the
fifth transistor gate is operatively connected to a second source of a voltage.
27. A circuit as claimed in any one of claims 1 to 26 further comprising a third
source of a variable voltage operatively connected to the first transistor drain
and the second transistor drain, and to the first source of a first variable voltage.
28. A circuit as claimed in claim 27, wherein the first variable voltage is
positive and the second variable voltage is negative.

29. A circuit as claimed in any one of claims 1 to 28, wherein the circuit is
used for a purpose selected from the group consisting of: mixing, frequency
doubling, phase reveréal modulation, amplitude modulation, selective

amplification, UJT device, application—relaxation oscillator, SCR triggering

circuits, and suppression of amplification of an input signal.



