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-1- . Descri ption H GH
| MPEDANCE Bv@SobdaiUl T FOR AC S| GNAL AMVRGFAUSIRH 8396
TECHNI CAL FI ELD The presant invention relates to integrated
circuits using active devices to generate a high | npedance node, and
nore particularly to the use of such 10 hi gh i npedance nodes in bias

vol tage generating circuits. - DeBADHERAGND ART There
are many types of voltage anplifiers, but all share simlar
characteristics and simlar limta- 15 tions. For illustrative
purposes, Fig. 1 shows the HIGH INPERANGE BIAGCELZREUIT a basic anplifier
11. A typical anpl i fi eFOR1ARa STSNAL PMPILRHERS V[ err] at an i nput
node 15 and an out put signal V[err] at an output node 17.

Vlerr] is af | rr] determ ned by the 20 I nternal structure
of anplifieﬂéﬁﬁﬁiégF§%EQ%$esent exanpl e, input signal V[err] is
internally coupl ed to The presentonhvehtjehereflatesnims integiated 13.

NhMos transis ‘ LS e ep_a i .C t source 21
and gﬁ%é#ﬁPﬁ&?fP%%ééd?g€%p 8g%g§%§§t28 ?%%%%é?%nﬁﬁﬁ{§§125 current
source 21 aridnpedanggnod@deand mage\particudarly to/diedise nef varehge

drop fyrem sqiige dpd@abdi fodds in bih8SHENEsRY g@{é@mﬂé%ﬂé‘h@%t of

phase wth V[err] and having an anplitudé gain determ ned by the
architectural characteristics of transistors 13 and by the load |ine
of 30 anBACKEROUND ARMe load line of anplifier 11 is det erm ned

by the |oad at drain nd the voltage valu of \Vcg, . ich is

Y ot eal 1 9250 o by, "orEndlg SHE YRRLOTRLE 8 vorcadd A tILED. I

Vcc vari ati ookl shareasimbbar chargeheribkiceamnd lsdiwilsa t bonitat

char acteeri stqd f : ' 1, it e tured. As
Gl t.{it”tﬁ%é’bnff;of 111&&&?%@0?058?%}::%%?8 FIS. BeethSROUERe

shown, oad coup i JisTcurrent source 21.
Thus, bei ng HMteraal seteecture fdi At BrAignaapdddfder 11. 2 kyRi¢akal ue for

current sourggpPifisram i AROr&dANinput signal Vg at an input node 15
and an output signal Vy,, at an output node 17.
' Vouor i8 a function of V,;, determined by the
20 internal structure of amplifier 11. In the present
example, input signal V;,, is internally coupled to the
control gate of an nmos transistor 13. Nmos transistor
13 is coupled between a constant current source 21 and
ground with its drain 18 connected to the output of
25 current source 21 and to output node 17. As Vi is
varied, the voltage drop from source 19 to drain 18
responds by varying 180° out of phase with Vy and having
an amplitude gain determined by the architectural
characteristics of transistors 13 and by the load line of
30 amplifier 11. The load line of amplifier 11 is
determined by the load at drain 18 and the voltage value
of Vce, which is typically 3V to 5V. One generally has
no control over power supply Vcc variations, nor can one
generally vary the architectural characteristics of
35 transistor 13 after it has been manufactured. As shown,
the only load coupled to drain 18 is current source 21.
Thus, being able to select and maintain an accurate
current value for current source 21 is an important



- 2- criteria in naintaining a stable, predetermnned gain for
anplifier 11. Fig. 2 shows anplifier 11 with a typical .

i mpl ement at current source. In Fig. 2, the 5 curr C
consi sts ofwgr%}r?r%gsfgtrany stor 23 having its source el ea’%‘rrpélés}géé:’g%
coupled to Vcc, its drain el ect r oda™ 27 coupled to drain 18 of
transistor 13 and Its gate 26 coupled to a reference voltage V[err].
Due to cﬁke&%\uw A% Ay %O@S&{m&t éci@ﬁrxﬁiﬂé‘&' g¥ifr bW 1110
general |y al so_he coupled to reference si gnall I[ err via an _
intrinsic c8WBrithdeZapdceitor 29. As will be expl ai ned bel ow, this can

degr ade the perfornanmgqf 2a1gblowld @impllli.fier 11 with a tyﬁ\j_éalreference to
Fig. 3, an enhance

t t 23 is
char act er i ze8® gme%ttd'og’o&fcg £ é’:egﬁr%zlscsﬁt}%%tsucﬂ[‘ ?*éirm%s/er rﬁnm o !

sour cest o- dearmrent sourdlet apmsidter df acypmos Iradyistet | 33 hhe%héerr%hvs

V[err] curv f nsi po e rity as ose
of ag®; POuT el SHERLIIRNRE DI & VPP g aPRLAT LY B Coe o
| [er r], V[ ePARCAREAG & ]cou@rlad te drain rﬂe&gmﬁ m@storomyandnmmot to

their pol ar gh¥eSgeh cohphedhed @l hewere A spdisglon applies equally to
pnos alrcl)d nm? ‘e 3 nce VO|ven sour ce-t o- ate vol t age,

Vierr], wt ﬁ \éuraﬁ.t Fods dayoRt; Gr?rﬁsé:dﬁwtﬁ%ar‘r%ﬂq%rﬁl$’é?¥] i Hidfe

sour caot o- generadlim alear benicoujpdied ta:lre:dﬁé:fénd/@e/l@hﬁmi yeh@ éu@r ger 25
change [err ra| gpave) err I S l

Merr] behaélﬂg%g\?\ﬁgaﬁ %%%%33'519 5 g&c& ]]o:rrl}% of a
switch tranbedpws Ethisheanedeigrade cb;lhet rpes:formancaqopbf oahpbnflérnm I[err]
current remains relatw&%th§E%QE%ce to K Egﬁﬁﬁ &eﬁ NP6ge N
enhancenment node MOS transi stor ope at| ng In ura I on reg| on is

known i n t hE¥apgiggor, such @&0@"&% e sdfhaze . 23rhes s@ﬁ#@@t%ﬁléaﬁrent as
wel |l 15 by hheosgert-dtaindeuvdiredt MIG; | reESE8E OfoutEeSebedk8dn

rs 23
DY, el VoadhBhL L ptal S ot st ol e g tanelstors 23
Si nce the gafnpmbsafplnsistors have agf dfippsixe palbpeitdends othaseat efdy
saturation gpbgeRtransistolslM FodNEhd! Yaredof lclarigPOrdppt that reference
references to Iy, Vpg and Vg refer to their magnitudes
20 only, and not to their polarity such that the following
discussion applies equallYito pmos and nmos devices.
At a given source-to-gate voltage, Vg, within
the saturation region, variations Ai in the source-to-
drain current I,; are relatively small over a larger
25 change Av in the source-to-drain voltage V,s. This I, vs
Ves behavior will be identified as the transistor action
of a switch transistor in the remainder of this
application. Since I,; current remains relatively stable
over a large V,s range, an enhancement mode MOS transistor
30 operating in the saturation region is known in the art as
a good current source. The saturation current, as well
as the saturation mode of an MOS transistor, is selected
by Vg. If Vg varies, the saturation current of
transistors 23 will change, and transistor 23 may even
35 fall out of saturation. Since the gain of amplifier 11
of Fig. 2 is dependent on a steady saturation current
from transistor 23, it is important that reference



- 3- voltage V[err], i.e. V[err] in Fig. 3, be supplied by a

const ant, vol t age source. Wth reference to Fig. 4, a
good constwiiog/15943 Vol tage source, such as a battery, experpernosss/msss | 5
voltage fluctuations [err]v over a largg-current range [err]i. As
expl ai ned above in Fig. 3, the transistor action of a switch MOS
device in its saturation region has the opposite characteristic of a

| ar ge vol t agd tdgectWat,i an. eAv Vg in Bigr 3, shel buppilied byhangorsiart .
Ther ef or e, [ nsi stor action of an MOS transi stor has
traditi onalvltc{?'tﬁag]eo S%%{[Lé%éen suitable for generating a constant voltage
source. A battery, hd¥eterreferenceatai Fagle4inaagood consydeyr at ed

circuit. OpitthRfefldderds, | sthedst 2 battery! 2BgbakeehcdseEndllar s and ot her
i nt egrat abl e devi ces, 15 when constructi Sg a constant voltage ,source in
an S i Nt‘&ﬁa‘ﬁ“eo‘%& FLiRtions Y dRVeF oRavBrdet AUXIRGT &ML - of

t he trangi ssrs)][e:qsmamediimd ﬁe:thabbge, 3} rehei srahsiater factidryraiﬁ:&i ly
connected to. .fupctj | odes. . Al erence to Fig. 5,
a typical Isglptﬁq'bw% égvﬁé? %ﬁlr%ﬁ?ts%'fuﬁa%ﬁgt 5%&11\92’1 :hg etglo%ur ce i s shown.
Transi st or oppassith cchaxacteriedici off at faggeeva2tegeplfdgctuatiary 4v s
drain 28 syucht @tsrﬁé@gé&f{rént?cﬁ%%hkg.' tgh¥h8¥blre, thig Di 0de connected

transistor 24 is coupled I n series ] current drain 35 between
Vec afd gr SHARSIFROY caekipreoDsan MO§| txgeedatpyt hag éxadifionaddyed at

node 38, Whicth Wutesiftable f6fageneraeingda E8nkeamit! RMlitadfedi N 35.
Li ne 39 of plot 37 :{_L}I ustr at es $he rel ationsh et ween | DS and

D )
Vierr] of AUCHRETondeRRuteFhnshYSYeS,. 1§‘sn°£ avaijabie d&id% 24 fol | ows
a nore di odeyedmatoad veiagulit_go Oneuthenéfuaei dbi dimifted ]tio resul t _ in | ess
drastic vol is rsyafégié&?? [§£&] Ych i‘”iggegggt A fhafegption curve
of Fig. i ode connec ed Transrstor us has a nore gradual

r el atPonshivhasetcRnecract ingra) censtant ¥adteper spurse: dge an

Nonet hel esgnddifrdteda ok dbage, Cornest8dr3to_avbidnthed %‘h’iax_‘i:‘cd(cﬁ&i_%gf?"' y a
partial solutiqQn. . As shown in | |l ot 37,  V[err] is still highl
suscepti bl é’Lﬁ d:q?q JHIRE BT aCtl°Fnd$F€PFF?daPEQiVF't SFERREES ra%‘egr ee
t han bef or &ypically connected to function as diodes.

With reference to Fig. 5, a typical IC prior

20 art circuit of a constant voltage source is shown.
Transistor 24 is diode connected with its gate 22 coupled
to its drain 28 such that its Vg is equal to its V.
Diode connected transistor 24 is coupled in series with a
current drain 35 between Vcc and ground. The reference

25 voltage output, Vg, is tapped at node 38, which connects
drain electrode 28 to current drain 35.

Line 39 of plot 37 illustrates the relationship
between I,; and Vg of diode connected transistor 24. As
shown, device 24 follows a more diode-like curve and

30 current variations Ai result in less drastic voltage
variations Av than in the transistor action curve of Fig.
3. Diode connected transistor 24 thus has a more gradual
relationship between its I, current and V,; voltage.

Nonetheless, the use of diode connected

35 transistors offers only a partial solution. As shown in
plot 37, Vpg is still highly susceptible to fluctuations
in I, albeit to much lesser degree than before. A



-4- common net hod of reducing the susceptibility of V[err] to
[[err] variations is to limt the anmount of I[err] current
fluctuatio lsbdsl » and thereby limt V[ferr] fluctuations ¢y S98/18396
Current fluctua |Jgns [err]i are typically introduced by input si gnal
Vlerr] via coupling capacitor 29. Wth reference to Fig. 6,
current fluctuations [err]i are traditionally limted by placing a

| arge resi Hdifmon metHbd bﬁﬁ‘&%@ihdi tHe ik mlwi@ﬂ v,,gnﬂectés to

out put signal V]err nd .cou capac Th arge 10
resi st ance VG °§’tsorls41 g&ﬁ'&?&s lﬁ"rﬁe %?fﬂ‘ﬂ'ﬁ:t qj"tf %&r?‘éﬁ? ne | i ntroduced by
V[ err] and fletaiations gat,esarddalmmby fmit V,; £luctnatibnst dwti ons

[err]i thr hd|o n t tr i stor
41 to adeq%’gﬁ" %u&dh}&cog" IAulctaura %ﬁ’sl ar%ﬂ\)f é‘ﬁr]é&}&néelgdb {n%‘gévery
| ar ge Sand ﬁgnalt Whis ced 8 yoongpl ing afapaot temnd® megachns.  The formation of

such large resistors yi h-d fdRH % C#fg?u'é rR O S ﬁluctuatiéﬁge ar ea.
Furthernore, large resistors in _|ICs ffe from vari ous obl ens

i ncl udi ng 1Mdaledfe t@Rdidhkonaid ¥ llmlte%ll]%\f BIRFING i ht1IFES TN %E‘P{:ance of

their own. ﬁomtmeen risde | IR d ikl ce) ,addiidwrtad»nmustfaen&ofdampuat I ons
whi ch red the_r SIStgrl S effectlvem;%s tlonal ly, the
ati

circuit of FF é? {COXE, R RS LY V[err] due
to pdawer flnﬁzstnaa:tarmes ofh néxistor 41 reduces tr@\ﬁanmntatdpénqau:sreave been

made to re‘i‘f&%&éﬂée@%&/ dr %ﬁ&@ﬁe?&%gﬁﬁﬁﬁéétgﬁaﬁcéﬂﬁ € ggnstruction

of IC . constant_ v Ye sources a | npe es. U S

Pat. No. 5A%ZeIE? ﬁcldlcw&fdalﬁjmsnmmgah qdgjeconnectedf er ence

generati ng txdrgiidedre ISt antn txpROefor res1§d&€t4@twr§de&§%eﬂ9 di scl oses.
the use of a first_.30 resistor .in a first anc and a second I’e(il stor
in a BUGTHAL RS 1h e renyr A e es@églrﬁf

bei ngd5a r attiypiafalile Ham & esieorst alrahpfmégm)lnim acCTles - format:.ont ofs of

some of th 1161?’1% rxseé‘j?%%@%grg%f’ H\?ecgraﬁedcé’{:?&ﬂt'éecgg%&ge&t on a

rati o, er resistors may roach
Pat . No 4 lza:aesmreta} Furtheyereli skdrgesresistorerie ol eﬁuéﬁerent

mrrors W tfiycin var:.od@sgbﬁéﬂen@m%r% ec@f?é!ﬁh &hdtfe current
mrrors and %{Ow%uted 1ntf§n51c capéggkanégté% thelr g&n Both
20 problems introduce additional current fluctuations which
reduce the resistor’s effectiveness. Additionally, the
circuit of Fig. 6 does not address voltage variations in
Veer due to power fluctuations in Vecc.
Several attempts have been made to reduce this
25 reliance on large resistors in the construction of IC
constant voltage sources and high impedance nodes. U.S.
Pat. No. 5,467,052 to Tsukada discloses a voltage
reference generating circuit resistant to power
fluctuations. Tsukada discloses the use of a first
30 resistor in a first branch and a second resistor in a
second branch, with the current through the second branch
being a ratioc of the two resistors and of the character-
istics of some of the transistors used. Because the
current is dependent on a ratio, smaller resistors may be
35 used. In a similar approach, U.S. Pat. No. 4,264,874 to
Young discloses two inter-coupled current mirrors with a
resistor connected between one branch of the current
mirrors and ground. U.S. Pat. No. 5,317,280 to Zimmer et



- 5- al . discloses a nethod of creating a high i npedance node

using PFETs and nultiple snaller resistors. Zimmer et al. use a
boot strap wasborisgase to nultiply the resistance of a bipeT/USYERTCE DYy
the ratio of two smaller 5 resi st ors.- These approaches
reduce the size of required resistors, but do not elimnate their

use. It is possible to establish an integrated voltage source

wi t hout thealisedidcleséstarsetlyodseofigcveayingodehigh impediasctecdhode

transi stor Sheppg | i : u LEGULS, h gﬁ@g’ e easily
i nfl uencedgfﬁ%e S %%t@%%ﬁ%ﬂ%n%g?l%?Fofg%%%&r!g% S a(r% c_g: et
fluctuati orsl- asse a boekstrrpciechaigue to multiply the| gejsishanas ect of

the presentog nyepia®nithpPed@nce By OWhéerat £8NSE atloVahhageysource using only
active devi ces and which is not affected by error currents

i ntrodiced BALHPHHut signal or by Vec fluctuations. It is
anot her objective of Thesgraspnbaches reduestthe bazpr ofi dequideduit for

si mul ati ng i ' e .1 h .1.h se r,esi stors.

It is yet aﬁ%%%%@°%%jé%?#cgggﬁggh%fgﬁg%%%% 8Hél£ ﬁﬁéént?gnlgb provi de a
const ant vgpesgibleuteecestablishsansintegrategoviel tagenponatagr e and i nput
si gnal : Lat 4 ; : By | gpe equiring 25
eal ators, B n AT Tariaeoe Byraares Bly BEbgRIL B The

| N\VENH@ O\ connected transigkops esdft SBPYRciB Big-afhi e®®Hn a circuit

whi ch si mul ed esusc Hj dhowsPetipngee nedeilp MBEThahBed B9 theconstant vol tage
out put over, current acti_ye nonli.near device

havi ng a sa’flg?%‘?ﬁi%%\gg%ﬁiréﬁ,re§ﬁ%’ﬁ curreﬁg% ang;¥ee; Eéﬁ"cg?laﬁbgntsr'aﬁﬁ stor is

used to sinekplainéd above. hi gh i npedance node. A constant current source

I's used to genefat t tate r [ W h the 35"
nonl i near device_and %ﬁegggiﬁe§§g%f?sﬁ%atgﬁiéggéﬁP£ gh&kn&é%?ggggdrop,
V[ er i}, adPeesidecanepnshear vieltage sourcepugingabpyy ®§&iveerr]* current

generat ed hje¥i€esoasdabhich is SYEM&PEeEOHACBY! Srebhf ct@intlsd pl ace the
active introduced by an input signal or by Vec fluctuations.
It is another objective of the present
invention to provide a circuit for simulating a high
20 impedance node without the use of resistors.
It is yet another objective of the present
invention to provide a constant voltage source
insensitive to power, temperature and input signal
variations, having a high impedance node not requiring

25 resistors, and being suitable for an IC circuit.

SUMMARY OF THE INVENTION
The present objects are achieved in a circuit

which simulates a high impedance node to maintain a

30 constant voltage output over a varying error current. An
active nonlinear device having a saturation region, such
as a BJT, JFET or MOS transistor is used to simulate the
high impedance node. A constant current source is used
to generate a steady state current, In*} through the

35 nonlinear device and thereby establish a quiescent
voltage drop, Vyn*, across the nonlinear device.
Preferably, the In* current generated by the constant
current source is sufficient to place the active



- 6- nonlinear device in its saturation region of operation. The
active nonlinear device is characterized by a famly of I[err] vs.

Verr] CurWifs{ %5&“ bing the rel ati onship between ~ the cp%,gghntsg&ough '
volta a

it to the ge across it for a 5 gven control input. any
characteristic curve of operation nmay be sel ected by neans of the
control I nput of the nonlinear device. I n operation,

voltage fluydiiidons aehpse &helts safB0phitRBAr &%&&ﬁdﬂ'%ﬁeﬁf &, currents
t hrough the 10 nonl 1 nea stj.c_curve

evice are nmpnitore racter
sel ect or m?hﬁu%Ct¥§etﬂ%niT§??f gﬁV%SSelﬁeﬁgﬁ§QHSQF by.é@ amllXo t he
i ntroduct i &€ of,, akser v cuitvedideddid iy atierrelationslsip cbetlw?enﬁel ect or
circuit se a, compensalin o t t he
nonl i near glg}ﬁ 2 1€£r°g€§ngg ggt FHS 30355%% (eél%gjotss tgng\c/) r 3
chara®&eri glmem:umcmtrol input. th@habnhsmeanyd@hmct'ﬁmatew chwreeeteristic
curve PESHALEIGA fahole! BEIELL S by deeledld iRl or the

nonl i near s I nt o account t e a d|t|on of the error
current tCJ%ﬂﬂy%t%§d9h§tEPBléBPP€n§eV#§ﬁ1the 20 current source. The new

characteristic curve 1 §pkesteén, volt&ﬁ@hﬂ%ttﬁﬁwa&d%&t@ op
across the no

correspondin t he state
current mlﬂ?ﬂﬂlnaafhgeg?FSrsgﬁrE@gFfrP§ EHEEF % %hﬁ%§¥ toits
initild cnunnn&xmeanldagecdrapevmennpbreahbychamhamanuanxst&b CuXNE ve

sel ector cig téPEE?PXuEEturﬂ?I ‘cp% ﬁ)ewx)&éagqgeﬁ begin: cS’pcP/é)]fE%%] %\f:écross

t he nonl i near J%V|ce qui ent e va
V{err]* desipttehe hintredugtiéprort an erﬁprawuynant«nnhanq lanartgrect, the

nonlinear deyif€ curve 8¥MkBibs elwhtltc@eddga% | doMperBH tHri N fish
constant 30 vol t age over. a.w de range of current values The

t
out put vol tEQye* Qﬁe?ggBFBTrgﬁﬁPﬁsoﬁngﬁl deHfe. TMnaffected by
fl uctimt i onsompensatpagi sigab} selpkcts a new|dhaﬂacnqpm§t1éﬂ¢uxvehe

voltage Outpl CRETLBAIGANSLARbvice. | Thb SPUHNAILIRIES Gyl L vere

I solated fromt arge re5|s ance er eby
si mul ates establighgg ﬁnpéuaﬁ&é W@ﬁe xt’ relatlonshlp faratheef err ed

embodi nent , n @RI Phe S B8V ce which! dalkeal ioRD Aduit ratd laadPridRr &g by
noting a the error current to the steady state current from the
20 current source. The new characteristic curve is selected
such that the new voltage drop across the nonlinear
device (corresponding to the steady-state current plus
the error current) is substantially similar to its
initial quiescent voltage drop Vx*. The characteristic
25 curve selector circuit thereby returns the new voltage
drop Vi’ across the nonlinear device to its initial
quiescent voltage value of Vy* despite the introduction
of an error current. In effect, the nonlinear device
exhibits a vertical load line, maintaining a constant
30 voltage output over a wide range of current values. The
output voltage therefore remains relatively stable and
unaffected by fluctuations in a capacitively coupled
input signal. Since the voltage output remains constant,
it effectively. behaves as if it were isolated from the
35 input signal by a large resistance, and thereby simulates
a2 high impedance node.
In a preferred embodiment, error current
fluctuations are indirectly monitored by noting a



-7- resul tant voltage fluctuations at one of the nodes of the
nonl i near, device. This permts a secondary action of the pr esent

i nvention “Rb% ? g450ws it to conpensate for Vcc f | uct uatgeEssangsos
sustain a constant voltage output. As 5_-_ explained above, the present

I nvention can maintain a constant V|err]* voltage drop across its X
and Y nodes over current fluctuations. However, since the present

i nven- rébﬂatb%tpwrt%é@fﬂﬁtu\atcl&w dd v NG tHean6a8st afit the

be 1 of 1 ect ooR LERATASHH Stded il Sy RERL LS o SecOhEky cageiBn PE e T
Therefore, pieseat dhvemtitcr iwhgcy erlllows it die ecohpehgapeolfiomgVacr oss
nodes X and eYudti@ el ing susddMP1Y | LB A5 L5 ﬁ{el‘éEﬁE noggs X and

Y. Since ea varl 1ons in > present enbodi -
15  mént c&ﬂipd@tl@ﬁd Phavati die inFeRsntanknVeRt toRr e@RefRNFEIN & curve

sel ector W llon/sRSRRNa LY VOGS | dop NecEe8s T ot s X and ¥PWodels (dhRr

nonl i near device to Al ft t he vertical | oad ine to a new operating
poi nt unti | c&‘r§€6’(§n§i§‘["&”@] BiQRg e Hawever, gingg W‘PcﬂrﬁFPP r sSVEPE t he
vol tage at thHenmds powetdahef0 of Wic FEHHES:L@( mdintabAgkat @onktani ti al

val ue. Rl EF

2 are priorVQPE F&E §ﬁ§ X¥Ie€£;mk$%c, any v°1tagEi§;9§9%?Eﬁ?négln
i || ustuoat i oiveof ntabrehmm@iteqrsad 28 eihengef chedest ¥randi ¥s wiith prior art
M35 transi stgpect ko round. %%efﬁfé ahdddagt bt hBRiebri g Vo tage

VS. currént characteri St i CS a pr act I Ca VO tage source.
Fig. 5 is a%aestlyr oy aaing afueaf reige L and he presepty 6 is a
second enbodirfiRiit idn dndHitdrArdnl3p one COhshddés VR| 4Ageysousstce each

Fig. 7is a olic representat. cifcu g.a |nduced
resi st ance rnr?ydgoé’&rd‘e\ﬂ t"‘ﬁ1 varla 1?3?%3%tv??1&/em?oﬁresen@ embod Fig.

8 is aSCircmﬁnﬂﬂaaﬂ<dﬂterﬂ|vaulaﬂﬁnnbrmanéﬁiandothehehprasearlsMu&nt|on

Figs. 9 and cjc&-x%f "se&Beac‘i:'HzC%}nl' | Mg A5 Riaulacing"En@PREALLAA Of an

el ement with
input of the nonlinear device to shift the wvertical load

1 and

line to a new operating point until a second Vg" value is
found which will restore the voltage at the monitored one
20 of nodes X and Y back to its initial wvalue.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 are prior art voltage amplifiers.

Fig. 3 is an illustration of the current vs.

25 voltage characteristics of a prior art MOS transistor.

Fig. 4 is an illustration of the voltage vs.
current characteristics of a practical voltage source.

Fig. 5 is a prior art constant voltage source.

Fig. 6 is a second embodiment of a prior art

30 constant voltage source.

Fig. 7 is a symbolic representation of a
circuit using an induced resistance in accord with the
present invention.

Fig. 8 is a circuit block of a first embodiment

35 of the present invention.

Figs. 9 and 10 are graphical illustrations of

the operation of an element within Fig. 8.



- 8- Fig. 11 is a circuit block of a second enbodi nment

of the present invention. Figs. 12-14 are graphical :
repr esent aky@osi1s9f3 secondary function of an el enent Wé&Pigedrisdss S
and 11. 5 Fig. 15 is a cicguit inplenentation of the

circuit blocks of Figs. 8 and 11. Fig. 16 is a voltage
anplifier incorporating the circuit structure of Fig. 15. 10 BEST

MODE OF CARRYI NG OUT #ifr, | INVENF I &Nircuit block of &heepomgient invention
noves away f traditional aggn oach of placing a resistor 41

bet ween a rg%?l?rag%fr%lf‘%r%%%e'ﬁ%d% %h3%an output node 40 coupl ed
to an intrinsic capacfigs. 22-bb MVgn:aphpcabrrapreﬁegtaﬁons @f anth

oference ‘dedbitady HISPLERCOE LA\ENLOM: wicnibOFIER] Sogkl | ntroduce

an i nduced t ween an out
intrimsic coupling Fig. ch%al-:?’t@rc%custné'éphﬁmﬁﬁﬁéFl§Pg@§I bhéh |s coupl ed

to a @p,p@&g@tby@éﬁgg@fop;@gt §|gﬁ§| 1¥[err] via intrinsic 20
capacitor 45, the introduction o i npedance 44

between V[err] and caps@itb? 4% %f’l"g]c'??gﬁl ?mp?lgler&P&f’é? FRAFRI si gnal
Vlerr] fromhepsircednastdacturdoof Fig.geserate an i nduced high inpedance
44 in a practical IC circuit, however, the present invention abandons
t he 25 conventional structure of a di ode-connected transistor 47

in sek0 es VBEST MECRE r@ft CARRYFNGOOUT THE INVENTION The present invention

establ i shes a high Thedbgpggq@cgn €1&9htH8West ReaUS & rm 8sd stors and

usi ng .. only active devices. Rather than |imt the amunt of 30
error currer¥agEr HPIWPARPYPFER yOE cRpRELING0ATEEAEEGE 41 Dety@ent & i ng

circuit by %lti?éltréféﬂ@hcetﬂ?@d@fgseﬂﬁd an outpuenhiode ald le&mﬂlhéii error
current toflo ntion _inst.ead Pl;ors al |

our rent 15 incalpele ‘oapnair 8k 257 Habyshbupe tpoReisl Al 1y a5
to cohpensafe fwith heeferenoe tobuBigat Vonthe present invent:'Wrth ref erence

to Fig. 8, z?é‘té’é&%é‘éké”ﬁ’@”ih@? d h”E ElSédaR é(?%ﬂi devi ce
51 havi ng a node c%uu S ¢ b a sé Vﬁ) >?lcoupl ed to a
between an output node 43 and an 1ntr1ns1c coupling

capacitor 45. Since an input signal Vin is coupled to a
constant voltage output signal Vg, via intrinsgic

20 capacitor 45, the introduction of an induced high
impedance 44 between Vg, and capacitor 45 effectively
‘isolates output signal Vg, from input signal Vimn. To
generate an induced high impedance 44 in a practical IC
circuit, however, the present invention abandons the

25 conventional structure of a diode-connected transistor 47
in series with a current drain 49.

The present invention establishes a high
impedance node without the use of resistors and using
only active devices. Rather than limit the amount of

30 error current being capacitively coupled to a voltage
generating circuit by an input signal, the present
invention allows the error current to flow freely. The
present invention instead monitors all current
fluctuations and adjusts the voltage generating circuitry

35 to compensate for the current fluctuations.

With reference to Fig. 8, the present invention
includes an active nonlinear device 51 having a first
node Y coupled to Vcc, a second node X coupled to a



current sensing elenent 53 and a third node Z to receive a control
signal . Active nonlinear device 51 is characterized by a famly of
curves rel stopgnndoke vol t age across nodes X and Y, V|err]pCTuossshesss
current through nodes X 5 and Y, I[etg4, at a given control input Z
Preferably, each of said curves is characterized by a |linear ohmc
regi on and a nonlinear saturation region. Active nonlinear devi ce
51 may be cmerpént 88fsidEFEElemeMtSsHr amsi st ddhird node Z to recgdveve

nonl i near VJ I S+ ect el A : ' | utigent drain 55
bet ween ngga%‘ﬁﬁE?éﬁng?gﬁ%' ?‘g:tt%h%ee &o&léﬁféde%%%%\??fcﬁ%rent drain 55

i s r ephasarteyippdabyed famidvelcfhawrvearitrelaibagdthe voltage
under st 0od i hpbsht nBBEsaAKSAnBEYS SQNStEdttaIré@PEefit "Khrough ndde@sixive to
tenperature anpd _voltage variations. ThequiS,wEur ose_of cur;}int drain 55 is
to estbli MY Lourfent 2t 2 FiyEH GYHRL IR oAt | nBRPEGZEPLY 15 BACE gr ound
t hr ough Iof s&idhcarpesddbe chiaradter gt bip\a Heinexe| chmilcagegisn

active nonlinear

B Y el v AR, HB¥aiReRt saturarion megiodl AURIvE SBALiNERS O 2| OUD

means deviceuplli mgychpaoneorf54a BIT,UTREE oeMofigtranasatoss is
pl aced bet ween out put AE@Qgth%ﬁ]iI@g} e @lnlié'e@?nnectedd?cﬁi ce 51 to
moni tor current therethrough. Current, sensi ng_el ement 53 has an

out puk0 si gne@riespréfht 8 gurzent dradgetsd iksquce%lm?%c caR€r grovng-circuit

57 which 1n tHENpresentOembodiwmert)l ittt AdaBmdsseigcts one of
across nodes X

id fam| f h will, intai,n th | t
T v
from char actedesstoo80thatcuty magortlisn L d scapptawd chroegh aihlw pass
filter 59 ingenk@eQRl £8l il RUS Znd YbRASe (VALEL: P3ng! A0Ichbzes

of ac to Tilter oOut an no

contr ol rve rionli near devi ce ) : Tent ary
transt®nt s PMEPO8eneifsgurrent drain 55 ispyth estabpkislk @ocrryeny a first

operati onalp3gh fremaERtevel N ifidaitidewicdish i gréi¥Nthrbugh 9 is a
graph of current I[err]. throygh nodes X and Y versus voltage Vierr]
across node¥3CHng Qrﬁbﬁtﬁr&lg’&‘? vHthasie faghdre ge‘f‘ﬁ]%Pe aCHeSHr esent
exanpl e, Qaatipei nbnikineapr desriice H1desi red
An input signal Vin is allowed to freely
20 introduce an error current Ai to output node Vs by means
of coupling capacitor 54. A current sensing element 53
is placed between output node Vg, and active nonlinear
device 51 to monitor current therethrough. Current
sensing element 53 has an output signal coupled to a
25 characteristic curve control sub-circuit 57 which
monitors for AC current variations and selects one of
said family of curves which will maintain the voltage
across nodes X and Y constant at any given current
through nodes X and Y. The output from characteristic
30 curve control 57 is applied through a low pass filter 59
to control input node Z. Low pass filter 59 stabilizes
control of active nonlinear device 51 to filter out any
momentary transients due to noise.
With reference to Fig. 9, a first operational
35 example of the circuit of Fig. 8 is shown. Fig. 9 is a
graph of current I,y through nodes X and Y versus voltage
Vgy @cross nodes X and Y for a given control signal Z. 1In
the present example, Q* at point 65 represents a desired



-10- constant voltage drop across nodes X and Y resulting from

an initial I[err] current indicated by point 63 and an initial control
signal Z1* (ﬁy ent voltage Q is determ ned at an i éll ARsYeat i NY
poi nt 61 at /1%2& intersection of inigial current point Ey éﬁécf [ n|t|al
control signal Z1*. If an error current [err]i were to cause current
I[err] to drop, the operating point along curve Z1* would tend to

fall from pQifgdefic tms@&mﬁ &Iché@ Snodes XV@tbladYti!@‘sﬁBth.ﬁngrbﬁtf | ect ed
in a nore drastic dro

%err gr%g gown toward point 69.
To conpens&te ¥ptial I’ﬂft‘f"ﬁ1 reR u%?‘iibﬁa\:ﬁ tﬁaén char 8P8ePfstic curve
control initsidl mdmcbl 5§1grial:|m*8 vl els cespondl bggadRustieng Z to

a new oper a iC ciively t he
operating pfiﬁrréh %t"i(")‘%/e Jf#% %amé:eev"’l‘géng f"#’r’!g{ igogepghﬁt 67 to point
71 an&therﬂmermmm\mftage:iébrm}rmtk point 63oan@oinitdelto its
initial poglddan,Alg an er{'&rt@lfufsré'ﬂﬁlubft W@PeOt oCealEE!

signal Z, active non- |near devi ce ectively demonstrates a
vertical |cBiFTeRe Ix to ¢B°R/heF]é?nOPﬁ’éanFEagel%r gdengogusve Hid v

remai ns 20 wouXd fesid Vied YELDD St odth Syt a6 M @I@waﬁagpoﬂﬁtcavr entrhis

fluctuations thr node th.reference
to Fig. 10" %{‘[%‘i %‘%%&Jgt et eCtegeﬂn%Itaoﬁ? ?HQSEFFCGFPPOTH‘H & 8is
showlo | n tfheom poiniprés aivwextowdrd phEnope® at i g pompensatehéodesi red 25

constant V[él{{sL é’é’é&@@foﬁrﬂ? gléérﬁé’o' &a?gctérié‘giéa&gﬁvgycontroloper ating
poi nt 76. operating rrespon to an initial
oper at i ng cq}rhmrq:wet? r37 @£ p%fsm 8 woulg7respond bm adiaustapgt Zcs6t r ol
ISI[ gnai t22 -a |rie@rb1§‘éf&t'€1n% posf’é‘féﬁ”ﬁ3' Swhﬂéﬁoﬁaﬁﬁd éﬂﬂeéé!*}éi HhoR/@Nt

err 0 increase

% %\ﬁ% igv\é Lwoul tend to

i ncrease byFRffh opPerating pf “f%r?fva FH¥e poPRt L ¥BERBUAPYLPSC AL S7ORR
correspondipwint 67 to poiww Phesundi tigepebypt r8dtofaavattagesVic bavkve
control su 7.0f,  Fi 8 e d put
control si gg‘?\a#’r{;%]é{né ?\%V\chpg?%t#ﬁg@%\%js‘/ éo géﬂ o ﬁ %‘b?f ng asb%S Thi s
woul d est a9 sthis rieodwebat ben gt Contrtpblmgflél andachewebyonetlemarol t age
Merr] to 'dévié%%]’e" effectlﬁé'lfs&&%né!@i-é@ega%e?@h&&ﬂ?oa&g&'lﬁe the

devi ce dennnstrates a vertical load line 85
3 wherein the voltage across nodes X and Y remains

20 effectlvely constant over a wide range of current
fluctuations Ai through nodes X and Y.

With reference to Fig. 10, a second operational
example of the circuit of Fig. 8 is shown. In the
present example, the operating point of the desired

25 constant V,, voltage drop Q* at point 79 is indicated by
operating point 76. As shown, operating point 76
corresponds to an initial operating current I,, at point
77 and an initial input control signal Z2*. If an error
current is introduced and causes current I, to increase

30 by amount Ai, voltage Vy, would tend to increase by an
amount Av from point 79 toward location 83 corresponding
to a new operating point 81. Characteristic curve
control sub-circuit 57 of Fig. 8, however, would modulate
input control signal Z to a new operating position

35 identified as Z3. This would establish a new operating
point 75, and thereby return voltage Vi to its initial
quiescent value Q* at point 79. Again, the device
demonstrates a vertical load line 85.



-11 - Since the voltage across nodes X and Y remains
insensitive to variations in Vin, the present invention effectively

exhi bits a wogbnsegpedance node by using the saturati on plcqgh g,lﬁj%t he
transi stor action of device 51. 5 CgnRtrary to the prlor_art seeks
tolimt current fluctuations, the present invention instead

nodul ates the voltage to current relation of nonlinear device 51 to

mai ntain a constant v@image td:reoprdl?t%rgea aét&rdésﬁgmd‘dgé Emtancti Ydrefnrabéﬁso?o
I resis eq t her elim.natjng t nt f oduct i, on
rggggtorsi e%ﬁ%&’é‘%é@??’%ng oanb%rg%lons maé}d'ﬂg’l Jﬁ‘aﬁ }-?rrﬁ%rhg TUEREEPBUL ed
capaci t anceeffpicthivedy eXhleJtlSmat hilgh f:lmmadalrge rmximrble uéingdekéece.
Wth refereggeutathioh rkhich ?ﬁg‘%i'h% a tlo %hge'pf.gée?ifo

i nvention takes advant agé of non |near| e CUrrfrén
vol tage rel SPRERALY tRethe Prioxn gkt V%H%@Qﬁkﬁ)ftcacltim-‘et nowtrentr device

51. As flaxphatiemsgbene priadewt li&ﬁztérwldrﬁalrmé%fd %dﬂ??tes the
nonl i near devhrge 51 .is characterized ng@far e .vol tage uctuations in

response t o'SmaPPec &Py ENETERE FElahdo NSO REEHER F Heh® t akes
advant age omathtainr ansiosisttant voltagfe @rdp oved raeaka:gy | &@Fr&nE ! ent

Vol tage . THAE; 8o large CeptBell o Red el e AR P ghe
t he vgpt agelgtspduetdon F?tid@@SXS&@Gr \leatlmesenmmm and eamigpdi ment i nst ead
nonitors 0né&dﬂ@ﬂ@nglwlhlﬁr&ﬁ%ﬂ%cHlts‘Erlbutecﬂrd%i err %eo,{)%ﬁ'léﬁ thg second

enbodi nent o addr second source tage error not
addressed i nt*BpE t e’ frﬁﬂé‘\?PS@(sréﬁEG&Sﬁeﬁ’t a deVlce B The second
source of voltage err WﬂthE?cEEbS:ehl’cémt%O Fig.vani,atd @?a’i:dﬂli@ﬁ:c@&%én@upm y

V As e apLped I ou odi rre t he present
i (r:l\(ient i on "8k {;HS %?gleﬁg &nrvgpg I%?%\?eg %’e’a"% eolppl ied to
acti vk> nonlnﬂaénngeﬁmcw 6f. thei summ ﬂ:lmatvotlltag\eolﬁeagftlon :Ln\/ﬁl%r] across

active nonléQEﬁEaggﬁhcﬁeéioﬁeg?'Q%tﬁ%%a%ﬁﬂTﬁhégé depﬁa St g SOME

predeterm ned val ue gard rent |o . Since
V[err] is \/‘E%Pil-éégleflhéb?UPt'a&ée Satur&ﬁlﬁ@dé‘eglmo\i[@qt]l‘rQnm ns const ant,

t he vol t agenehlipndarYdevice 51 is characterized by large voltage
fluctuations in response to small current variations.

20 The second embodiment takes advantage of this transistor
action to indirectly monitor current variations through
active nonlinear device 51 by monitoring V,, voltage
fluctuations. Although this can be done by monitoring
the voltage drop across nodes X and Y, the second

25 embodiment instead monitors only node Y with respect to
ground. This permits the second embodiment to address a
second source of Vy,s voltage error not addressed in the
previous embodiment.

The second source of voltage error results from

30 variations in the power supply Vecc. As explained above,
the previous embodiment of the present invention
maintains a relatively vertical load line applied to
active nonlinear device 51. This means that the voltage
Vyxy across active nonlinear device 51 remains relatively

35 constant at some predetermined value Q* regardless of
current fluctuations. Since Vi is Vec less the voltage
at node Y and Vy, remains constant, the voltage at node Y



-12- al so remai ns constant over current fluctuations as |ong as
power supply Vcc remains constant. But if an error . voltage AVerr -i s

i nt roduced,, wer supply Vcc, the same error volt age aNGE/ g9k | | be
reflect edqg?%l?%ggY. 5 This would inynoduce at voltage er?gr AVerr at

out put node V[err] despite V[err] ‘remaining constant at Q. By
nonitoring the voltage at node Y, however, the second enbodi nent of

the preseni;gveahheRs"eondtahta¢edSW®ixrent AIRRHULH SR s EI6y current
[err]i introduced by 1 nput_10 signal Vin, but also J{Enltors for and
responds tB8SvBPY&§eSUPPLlY é’FFoF§"@é'g’§ed:%’ft§6W3r HcttatForiRFYeE r] Verr.
I'n Fh? prgg@ﬂtagébﬁvgﬁgnﬁsoﬁfﬁk©du5bdtﬂﬁtﬁ powiﬁﬂﬂupﬁlygﬂé&n G?@mn asda
resistor in Fig. i §,i.ns s o ql e ed a enperature an
power i nsef@TEi 9€g?§ VOiEﬁgﬁeﬁt%%ﬁrnWH]{le:Eﬁ %ﬂieﬁ&?%ea%o%@%e I device 51
is 5 plzhid wouldr iesroiduce [adr Nvolitdee terarar Vidle1an Bty roatpiut As

shown, po ugpl éééb R g. S+ SHS ' % nger
fluctuatigﬁéd e?gf%erh e Vid ré&ai§1ﬁ§|%8§%tgb§ngﬁ %liis agai n coupl ed
to out put mEnitoxséng Yher vplisd@ensde DRy ﬁeé‘#@”eﬁfe?éoﬁw nBee@Aci tor 54. A
vol t age nDaEibeAiMENFERITS t21@ ipredeHt dhhaivrsh ndeon] pndddressegr ound.

Vol t age nnn#toring nmeans. 58 has an out put, sj gnal . cog&%gd to

char act er | 5RPCPERPYETC §it FEFOF7 CUpRSHT 41 “H’rﬁﬂﬂ‘f‘?ﬁ% B%riRRYE| uct uat i ons
at node Y.siAgaali wgnt hant?alsov/monitamndantand atdésgoends ucd vedlbageat node
Y woul d a ' I, ) | ce S experiencing -

error curr,%ﬁfofqgr Fu‘flhggﬁiu%%?t\éﬁloeﬁE%ﬁ:&%ﬁ%ﬁ‘?ﬁ%’rve control 57
woul d respond to theIACthsl prgsemtuamkadiment of Fig. tkhnswheting a

contr ol si HﬁﬁkeﬁkadﬂWnp%?ﬁmfri ldeera 323 ktor 35 | 1Y U5 .0_d€ Zsoin_éééé&e
nonl i near device 51 to maintain ~a vertical load |lipe, applied to

devi ce 51. 1BRleWERERFe@s 2 teMPSFALUYS AND PAIYGhaARSeRSIkbYel ated to cycl e
through currenei kidbke IGhRre6t erhstivecnondinedrddevieeStiudia | the

vol tage V[err] i.S.return his inigLa Liign.. Lnathi ase,
since fl ucﬁég%:legn%ni ﬁlé\’/'[lge riwq'écrhesj:lsﬁﬁi %éc#ﬁg‘gﬁg;ﬁi ?Sfeapld g&%ug’?‘notp‘l ng
vol t age f| gbowati pewext svwpddyy Vasomf Figi ghlklis susceptibhedubat ed unti |

the vol t aggogbrN@d@ic¥uat ildtid! b A0, its initial position. Assumi ng
Vcc is constant, this ] .. \
Input signal Vin is again coupled to output

20 node Vg,s and node Y by means of coupling capacitor 54. A
voltage monitoring means 58 is coupled between node Y and
ground. Voltage monitoring means 58 has an output signal
coupled to characteristic curve control 57, which
monitors for AC fluctuations at node Y. Assuming that

25 Vcc is constant, voltage fluctuations at node Y would
mean that active nonlinear device 51 is experiencing
error current Ai fluctuations. Characteristic curve
control 57 would respond to the AC voltage fluctuations
by transmitting a control signal via low pass filter 59

30 to input node Z of active nonlinear device 51 to maintain
a vertical load line applied to device 51. As explained
above, control signal Z is modulated to cycle through
available characteristic curves of device 51 until the
voltage Vi, is returned to its initial position. 1In this

35 case, since fluctuations in Vi are indirectly monitored
by noting voltage fluctuations at node Y, control signal
Z is modulated until the voitage at node Y is returned to
its initial position. Assuming Vcc is constant, this



- 13- woul d restore the voltage V[err] to its initial value of Q@
and restore the voltage at node Y to its initial value of Vcec - Q.
The enbodlwewg/lgéaFl g. 11 thus reproduces the r esponsep@f/UubIBRI8896 CUI t
of Fig. 8. If on the offer hand, one assunes that there

IS no error current, [err]i = 0 through active nonl I near devi ce 51,
but Vcc instead experiences povver fluctuations _ [err]Verr, then node Y
woul d fl uctwmiled vﬂ-éd:td\b@rtheﬁg@lmage Vyy toolitasgemitdialonvailgiensai N8
transmts this v éé{&g@ é‘k[Q vo{t];%léé 138?&%‘3{?@ %E% Iﬁﬁ:'l%lcqfa‘i%ec%’fro'

57, which in ransm ating con nal via |l ow pass
filter 59 t¥eaEont@™ | Plpeyt embodiment epEcFiga ihévxf:hus repmdame@r ith& ¢ curve

for active nopldfearcfeMieecPlchPr of Figetyrn the voltage at node Y to its
initial value despite_15 t he power fluctuation AVerr. _The resul t ant

vol t ade acr oss :ﬁ%de%n%}é?uﬁtrhﬁﬁy ABe neRes 2EFHMESHEhat NGRS t he
initial volisgs Oﬁmﬂcuffeﬁfe&i =t hecNeotighabctaee nonllridaﬂ.e applied to
nonl i near é:fVI.Ce5 Shl tedtotagw , oerating_%g e*:[ nor e
fully expl cc instea eﬁ?réﬁﬁﬁgfse?%? u “t‘i%fé{a 18 esi red
V[err] vol t&pxr, thenfn@el'ﬁ waenrbhd af hucbnatenwitbhr é¥Vermodefgaiand Y.

Merr]* éreltgégzrgéﬁiégplﬂ%aﬁegﬁ’étgge pd ?H& g Ehﬁ%{rog

V[err]*— ower ron in an error
vol t dgfe [erﬁqu@uatlon to n@bamterhéth@mpgmg gontxgd $[7@r Mhlqh 141 be
Verr]' ({&sn dRERdnVEES)a- m@uﬁ@tlng control s:Lgnal v:.a Towgass &

[err]Verr such that
the desiredhghtSU P reontFet japyE s thELéFr%FieLts A AFage Averr. To
conpensat e diiarddtierpsvee sattagfoBSactieer nbnlﬁ.h&aacaennme GiXcwwe control

S/ ShITtS tNGyurn chd Nditahe! 289ba0°yOL o285V EnlRTLL "GAT LS, 1O 2

new
15 the power fluctuation AVerr. The resultant voltage

across nodes X and Y may not necessarily be equal to the
initial voltage drop Q*. In effect, the vertical load
line applied to nonlinear device 51 isg shifted to a new
operating point, as more fully explained below.

20 For example, assume that the desired V,y voltage
of Q* is maintain constant across nodes X and Y. Vgne*,
the desired bias voltage output, is defined as |

Vems®* = Vec - Q%
25
If, a power fluctuation introduces an error voltage AVerr
into Vec, the new bias voltage Vy,e’ will be
Vems' = (Vec ¢ AVerr) - Q¥
30 = Vecec - Q* 3 AVerr
= Vams* + AVerr
such that the desired outpﬁt Vaias* will reflect the error
voltage AVerr. To compensate for this power voltage
35 error, characteristic curve control 57 shifts the

vertical load line of active nonlinear device 51 to a new
quiescent value Q’ by an equal amount AVerr. For



qui escent value @ by an equal anount [err] Verr. For

- 14- exanpl e, assune that a negative -[err]Verr is added to Vcc such that
t he new bi t V[err]' is Vierr]' ( Vbrr)
- Q@ ma@c?}g%ﬁgtlc curve control 57_jypul d respond by sh| t ng tﬁﬁ:ﬂs

vertical |oad of nonlinear device 51 from V[ err] Q to a new val ue of fset

by an anount [err]verr In other words, the nem/quiescent value Q 1is

equal to th%‘ T @ﬁ:ﬂé PhaQ a By aL SPET Lagbrel ¢br iRl Teelvddiat
Vierr]' cc - [err]Verr) - (Q - Terr]Verr) |, = (Vcc
- lerr] - S¥§h+t¥% r h@r??w bias output’ Vs 8 = vee -

= V[err]* As seen, the new voltage drop of Q = (Q - [err]Verr) is
sufficient to restore th voltag t nodg.v r 5 the output bias voltage
Vierr]" toits initial Iﬁe 0 @? rI* e ‘'Fig. 12 is a graphica

depi ctg on of how t he second enbodi nent of the present invention addr esses
Vcc power f SY-esC rati :gﬁ e
|ntersect|c#ﬁg%ééﬁé#$?¥lal con%tgﬁétgﬁgrgﬁ Q?PQ gga Sel 4y) fglﬂé]
charact eri sthe we¥tvicz: }leagd|ef n’@oi‘-lllﬁeﬁ?feéét@ﬁfm Rd fWP@\f Mie vol @B gEPdr op of

QIf it is AspdregaiielofPsEE 'By &H' aRBUnteL AlerkS lﬁhr@iuié&dvﬂﬂd:‘lé*

therefore remai ns constant, one, can_nore eaS|hy di scuss i.n ol atj on the
response oftQ%en%Vr%%??sﬁ?n?fﬁalﬁﬁ Qo pBwerualr &P £ cﬁ&%ﬁ vallg | verr.
As shoow, iof r@duandga askbft | offodaVerrosuchethpE into control input Z* can
shift vertical load line 64 fromoperating point 66 to

Vemas’ = (Vee - AVerr) - (Q* - AVerr)
= (Vcc - aVere - Q% + AVerr)
= Vec - Q*
15 = Vpmsg* .

As seen, the new voltage drop of Q'

(Q* - AVerr) is
sufficient to restore the voltage at node Y, i.e. the
cutput bias voltage Vp;,s’ to its initial value of Vyp,c*.

20 Fig. 12 is a graphical depiction of how the
second embodiment of the present invention addresses Vcc
power fluctuations. A quiescent operating point 62 is
found at the intersection of an initial constant current
I* and a selected characteristic curve 2Z* resulting in a

25 predetermined V,y voltage drop of Q*. It is assumed that
no error current Ai is introduced and I* therefore
remains constant, one can more easily discuss in
isolation the response of the circuit of Fig. 11 to power
error fluctuations + AVerr. As shown, introducing a

30 small modulation + AZ’ into control input Z* can shift
vertical load line 64 from operating point 66 to
operating point 68 to point 74 resulting in a controlled
voltage shift over a large range of Q* + Ag. Deviations
in power supply Vcc may be transient in nature or result

35 from a gradual loss of power such as the natural aging of
a battery. Due to the large V,, response to small 2
modulations, the circuit can quickly respond to power
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operating point 68 to point 74 resulting in a controlled voltage shift over
a large range of Q@ [err]qg. Deviations in power supply Vcc may be

t ransi ent wmggﬂgme or result froma gradual |oss of power spehUgss/ig3ss
natural aging of a battery. Due to theikarge V[err] response to small Z

nodul ations, the circuit can quickly respond to power

- 15- transients as well as to the gradual degradation of a

power suppltransients as well Hét hor eher greeukl, dedraddt bmerafi anal

exanpl e 0 rCU|t of Fig. 11 responding to power fluctuation 5
i n Vcc |5:§Pwe£ é@ﬁp%* It is assuned that no error currents
[err]i are being |ntrWuubeuesyreapeanuvglﬁunaqnqnﬁratlonahpexamphesuch

that Cur““Bf'thée@fféﬁlﬁoBftﬁﬂé hb k%spond1ﬂ§”ﬂ&“¥oﬁ§§UﬂP@cEﬁééléﬁ
initial control 1nput of Z* pl aces devi.cé 51 at operating pol nt

havi nd a quisEent120ShoyBrt ade Bigp 48/QLit & ARAWRL] HeRabcROr BEEPYes a
negat i Ye5$wf ﬁ:éﬂ;wtluﬁt aﬁtla Bém{;e&g}:y@ahce@wya@a@acsiﬁi:v?ly tlzoﬁylgél 64
contro 0 | WO spon in vertica oa i ne
from an i nitFRYt g%’s’?t?‘&ﬁﬂ gh g ﬁtzrren)é ¥ &ﬁ%\}\b“rf %?‘P‘équa?:!-'l unt )

- AVerr tozfﬂmwh@msassumeGSthatChn imhiitd alls cerrargdl (i byf nBdul ating the
control in CLhVELN ' f o}

characteri Fs)éj#%cecsur‘\i/eégéc.é %'%I gtsﬁpﬁra%fa‘%gd§ el(rh?aﬁ ?]Elog r{)%ﬁn%g a q&lgggﬁ%oi nt
70 t dQoi ntvattage deemces Rfe vAEEHHENG &gsat Vee geepkvesdes X and Y by

anI anount q;g? é@ﬁ%\@Mei»Ofauaew?antZ%f -/iare&>s:|ol a:;r{wla@@@ffstitel S ne¥v |
value is sufficient fo ore_the v e a e its initia
val ue. curve contro%h§7n8® E&Ees&&nW zﬁ% qé?ﬁx 109 t hen

hel d constarértaiscébnlgoad hineew4 pdwem hkudhiftinjalnq:ﬁﬁtlon at eppgntenced.

vertica dolfugeal Byt IO L80R1" Eole? Aers 1 d | BB DEion Tho!

Is, if the ower supp
i nputl%l gnd®’ Vi nTmelﬁoaccowllﬁhﬁddWewlmlﬁg lkh@amegO}emput t hen

the circuitopfactive ﬁbﬁllﬁéaEOHE@1E%SBanﬁHh'ﬁ*’E&“é‘ﬁ@@ vol tage drop
acr oss nodes X, angd Y at Q . as expl ained above with reference to 30

Figs. 8-10.characteristic CupygnhZ/ef ofbrice S0 G5 the) OREEREINRG BRERE! i onal
exanpl e assfwms pointevei tespaipasi7Ri wadvalddages the voltage drop

across nodes X and Y by an amount of -AVerr to a new Q’.
20 As explained above, this new value is sufficient to
restore the voltage at node Y to its initial value.

The new quiescent operating point of Q’ is then
held constant as long as no new power fluctuations are
experienced. Vertical load line 64 is thus shifted to a

25 new location 64’. That is, if the power supply were to
remain at Vecc -AVerr while an input signal Vin were to |
introduce current fluctuations Ai, then the circuit of
Fig. 11 would respond to maintain the voltage drop across
nodes X and Y at Q’, as explained above with reference to

30 Figs. 8-10.

With reference to Fig. 14, a second operational
example assumes Vcc receives a positive voltage
fluctuation of +AVerr. The circuit of Fig. 11 again
responds by modulating the control input from Z* to Z’

35 and thereby shifts vertical load line 80 by an equal
amount +AVerr from operating point 74 to operating point
78. This creates a new guiescent operating value Q°
which is then maintained constant as long as the power



fluctuation of +AVerr. The circuit of Fig. 11 again responds by

nmodul ating the control input from2Z* to Z' 35 and there]t)y shifts .
vertical | 80 by an equal anount +[err]Verr from operating
poi nt 74 t"gaggg}el?% i ng poi nt 78. This creates a new qu?ﬁ?@éﬁ?’lﬁ%
operating value Q whi ch is thenmaintained constant as long as the
power -16- supply does not

change. |If to val ue of
Vcc, gt hen t CI rcw t o] Yorlia! Ilfl tt'/\lr/%)%l;g3 agai n %%)Zr néqf%eééol tage drop
acr oss nodéeturn tol kg dMnitiak gvalmq ief Veguchgn Gheycirzcuitiaf the 5

control i npalg Oflln%dmae{ga@ﬁ'y'f@c% lthd ol tHdd 3&1'[:|op acr&88" AGHEL! Sti C

curve Z*. n from t he abaqve resent circuit
responds t & @RS & R ’§b’tﬁ Blug f QF rPlf Héetf‘iﬂF%%ng he case, the
preserst i n\cemumﬂ ciatputni o aionlainesy i dsarideo s ]&\/J[télfmmépss' a

nonl i near Sl t vl tage drop err] across it is

| mper vi ous o curren %ﬁoﬁdﬁeuc uati ons [err]i. In this way, it
becones inmune to curAksrgedn (finram-the aboveorishe preskrmedcihycaitapacitively
coupl ed | NBsgiiiflto tuo. A fEerddhd NEBRANGEA58oPY nﬂ@'tﬂé'fgrgee node

of 15 nonl i near device 51, the circult can onal | corr

pover fl ucti®f§orfds PRREENy WHMRITIRILIIN Naintaip a Verﬂt‘éalale]s@a@d

vol tage dr Qird =SS ) QidrnligiarQldwicd such th@d\%ﬁ@l%?&é@égdﬁoﬁertlcal

| t t ensa
tl‘loﬁgt Li’i??oné"'taz%tosnsemigolsag%pwjnmrl%ftﬁe‘ﬁ g%glc‘z?ngrm{SEfH lPﬁ‘ﬁI emen-

tati on of tdde prlesdiitis wegnt iion bea:csirmwnmniuné heo presseit £luctua-

D) eent allidhe Ackiatnonl WP PACRE e Fihe signdl [° o

I mpl enent ed_as a pnos tran5|

has its dr ¥34® el &t rtdefe sBC tﬂaeEtP:t @msnonlta:mng eamne shede 93 such that
pnos 15 anSIrﬁirgrlr.%hzt dedvice 51, IHd Qﬁﬂédlh: A E‘el‘tidz?dﬂifna‘@?lybe :61\_/00 and
gr ound nsta bi.as voltae err] is tap e of f of nodelOat

the juncti &% fpod‘t'eét ]ét"eté‘lart&t%“% < lfé?ﬂn"s‘r "99313’ hiftipgi nput
si gnal Vi nthe cdagilmwd tooltedre Hifbp/lm' aan:ﬁ:&s nonminéESzt'Cd@mél 5ﬁnce 54

Pos 1 ans gl A 3 Sbreical ibdd 39 WaTgh 150 S
e & B PSR o er

expl ai ned a riences Iar e voI age
smal | I[erﬁFoP Q’ to compensate for power fluctuatlons
20 With reference to Fig. 15, a CMOS implemen-

tation of the present invention is shown. In the present
implementation, active nonlinear device 51 of Figs. 8 and
11 is implemented as a pmos transistor 91 in Fig. 15.
Pmos transistor 91 has its drain electrode 92 coupled to

25 a current sink 93 such that pmos transistor 91 is in
series with current sink 93 between Vcc and ground.
Constant bias voltage Vg, is tapped off of node 100 at
the junction of drain electrode 92 and current sink 93.
An input signal Vin is coupled to node 100 wvia an

30 intrinsic capacitance 54. Pmos transistor 91 is operated
in its saturation regions and, as explained above,
experiences large V,; voltage fluctuations over small I
current fluctuations. It is because of this behavior
that transistors in the saturation region have

35 traditionally been used as current sources, but have not
made good voltage sources. Nonetheless, because of this
heightened voltage sensitivity to current change, the
present implementation indirectly monitors current



current fluctuations. It is because of this behavior that transistors
in the saturation regiomehaxsBeabReplatadadi ti onal |y been used as current

sour‘ces, byb Jgaxsaznot vol t age sources. Nonet heglegspsnegause
of this hel ghteni“ tl&l itiyty to current change, the

present inplenmentatio nitors current fluctuations
through transistor 91 by noting the resultant voltage fluctuations at
node 100. Tfusctudeichs cthtoodhFtgadbikebkops bipensedand térbodi nent of the
present inventipon shown,in Fi 11 .. A] Lraqr detqﬁﬁi g -circuit
53, a seccwﬁF?ﬁiE?%?aﬁg}é?%g gﬁuﬁégaF%gnég%g §8§8I280fq no énl and its
drai n el ecteineube ebuPBigd 16 folilawa thecsecdndoembodimentoPH i st or
95. Pnos trﬁgg' ry MBRckhalal #igr 92, aL@8ineNReHAtadd) series

bet ween VcC é%&l‘gugggﬁg%)ﬁ Voﬁ’%ggﬁf Fugt uat i ons 1at%nt he gataed of pnos
transist or WAieR¥ing| fubnfiEruit| H8t tat reRdars thensurentoFenHdiGurrent
through trassdmdef 93 effeegively becomes a neasure of current fluctuations
t hrough transistor 91, . Transisior,95 has_its_control, gate 97 coupled to it's
drain el ectrode 96 s&@?’nt{‘ﬁﬁt Sp 'WFF“F% B8r n2dESELHT %“5’5[ 2"(?6?%%“
represent at9vechad ite gateeodbuphedugb hodesitgboand3 itBhadmgdire vol t age of
transi stor | Ng @ opto_.c t 2R LSkl ur, .
Characteri s%?%égﬁéég ?:%nn{:{r)g??g? ?é Fn%?é%glngggg%ggﬁ%ar?\séeggagé %1?0}7 nmos
transi&t or Qoanghsteri 85.w Prog Srapadsheys 9Br ansl dMes JFrangtiat@oritect ed
in series belyeghnYesraldiflr 8epdesThBELUERNNVER BhdPRDUHRNS IV addl |S

coupled to 1ts gate, 104 he vol tage neasure at gate 97 of current

. Thus, t
f1 uct uat i onstUehraEYANS AbgEhe Fghe o PMOS; LIADFIS 93 FefthtitRristic
curve contre@hrbent afllutbaactiibhenint Birangh stoansikst orthed Twanceriil i s
adj usted acgordingly. _Tr ISt 1Q% devel ops.a ensat.| oltage at its
gate and trgﬁggﬁ% }\{Fagisgggo ogvspgg%?fd:fe“ll?g??%aecc%%% rsgt ?é\égar%’}fl% c%:%paci tor
103, 1% t hecyarentf fpuotuatinssstbroggh tranpistes £ty Mfansistee and

current fluggughkoRgsOobolePbliNgatedoY eouplel o doRERELM (difedtRSad!
device (pnmos, nnos etc.) . used_fo H;ﬂ‘gl enment el ement 51. For, the sake of

brevity, th36fBRFBWFREtdEECHEdtoRnnELET, SEFRlER P SRt eoltage

representative of the current through transistor 93. The
gate voltage of transistor 95 is then mirrored onto

20 characteristic curve control 57.
Characteristic curve control 57 is implemented
by means of a third pmos transistor 101 in series with a
second nmos transistor 99, both connected in series
between Vcec and ground. The drain 98 of pmos transistor
25 101 is coupled to its gate 104. Thus, the voltage
measure at gate 97 of current fluctuations through node
100 are transmitted to characteristic curve control 57,
and the current through transistors 99 and 101 is
adjusted accordingly. Transistor 101 develops a
30 compensating voltage at its gate and transmits it via a
low pass filter 59, consisting of a capacitor 103, to the
gate of pmos transistor 91.
The polarity of voltage and current fluctua-
tions of nonlinear device 51 will depend on the type of
35 device (pmos, nmos etc.) used to implement element 51.
For the sake of brevity, the following discussion will
refer only to the magnitude of voltage and current
fluctuations. Interpretation of the correct polarities
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magni tude of voltage and current fluctuations. Interpretation of the

correct polarities - 18-

for a giv type is considered to be within the STOR% the
typi cal p§$§ﬂﬁx§% sed in the art. Assumi ng VARG gg%étant
a voltage rise at node 100 corresponds to a drop in the nmagnitude of
the 5 source to drain voltage, V[err], across transistor 91. In

turn, a droped iy tyevificactive! tgge o EbABTHELRN 26 be wirkil dsRonds (o a
nagnltude op In |ts source to current Iferr]. Simlarly a

drop in vol3eeRe 2L nbae tppical PeEBPPe?BSﬁ&@ iB &he AZease in the

mﬁgnl Eude] of the VDS ABsumingl Vageisf cbhaianst, Ok %waq;et &1@% igtcrease in
the I[err | St or,

t th h_t Th .
current trnQREﬁ.%ﬁﬁﬁéSQFS?PéﬁggaﬁP¥32§§°Pt§8|%hss"éaPPEE- Eifas‘i(:i"ﬁalvoltage
at nod® lofxsowmleanoidraéasvolbagaurﬁgbt, across lmmaugigtrans9st orIWl

Wih rof or ChEh| g;déogegaeeggl 17%ltmg\g)l&fi%}afﬂsrmﬁﬁ.f anily of curves

Wth referenceé to assume t hat ]
portrayed iFOFrgsSpPOn ef tAeat magnitudec AzxpRC A8 A8 SOWIICA/ it HFAET ansi st or

91. Furtherc@sseie I.. s&&&uaﬂvanuﬁagmﬁm%ag[@rafd rdd&updp t r ansi st or
91 are 20 |dent|f|ed as current valuy LLerr i,n Fig éﬁf and that

vol t age nmagFP¥Y@eROVAE  FP 3B, HECTRARRS LB RSO AGRIT; &he Vs
vol t age valvebtagerof tpahsistOr Gur aadt tb] anr ]J.nTclife@l@'l m the t:m,ansu stor 91

curront [ er Y FFEPRE: bieeedhpbt9nBt8BeE ST, phvap . Al REr AR 0L s

fol | ows, current through transistor 91|pgnﬁﬁests[g¢§plq(gs]a rise
Assune thatiﬁnoaitéet;gnat }{bael $obn! tahal layl NQlraBRl ¢ Rt thus no

error current 1 s iniroduced errk character- I stic, curve
control 57 HPFPNSE BRAPRLEESF 8dn PBP-fF§Ib?aéé'se f agyp gecnergsidyate of
- transist or ¥dleagdecabshage 100K ent sink 93 has a current magnitude

defined by point 63, thj uld e I| h_a guiescent oI age drop
(Merr]) of value Q ﬁ LR referefid go %& 3 andﬂﬁﬁ% 24 Sume éh

the family of curves portrayed in Fig. 9 define the
characteristic behavior of transistor 91. Further assume
that current magnitudes I;; through transistor 91 are

20 identified as current values Iy, in Fig. 9, and that
voltage magnitudes Vg across transistor 91 are indicated
as voltage values Vi in Fig. 9. Current Iy, through
transistor 91 is the sum of current Iy through current
sink 93 plus any error current Ai introduced by

25 capacitively coupled input signal Vin as follows,

Iy = Ton + A1

Assume that input signal Vin is initially not applied and

30 thus no error current is introduced, Ai=0. If character-
istic curve control 57 applies an initial control voltage
of Z1* to the gate of transistor 91 and constant current
sink 93 has a current magnitude defined by point 63, this
would establish a quiescent voltage drop (Vy) of value Q¥

35 across the source to drain electrodes of transistor 91.

If input signal Vin is then applied and it

injects an error current Ai into node 100, this would
result in a reduction of -Ai in the I, current of



35 across the source to drain electrodes of transistor 91.
If input.signal Vinis then applied and it I njects an error current

[err]i int@oya@ees00, this woul d result in a reductiorp®frusdsaigsde i n
the I[err] current of ' -19- -19-

transistor 91. Its V[err]1l voltage would tend to respond by decr easi ng
toward point 69. The reduction in the V[ferr] of transi stor 91 woul d

rSeEul t in a:ﬂéaéﬁéfgeofgse at I108d¥,;100]ltage wonléxplelidned atentsond by
t t r n
he Sur oo SRR SR Bo Y8t 89 ThBE Bhapsr 16848, 13 Reptahcl 19

reduced curtxamsistonghl wouldrresidtoinog, volhagesrdseggtc aederulI0Uownwvar d

t he o‘% rg edlspggie. This |ower potentlal is mrrored 10 onto
transi stor % # aract eristic curve contr 57 The | ower ed

potentSal at the gat Seb-eipaditt 5f QQSEaﬁéésto the; volsagsdiisq @turrent
sourcing capsde iy - b}}'rﬁé&uéiﬁg the cﬁeicehesaeﬁéelhg thpabaduasd oxr rent

throughtran5|stor Eé gkg ota at its.c ntroI ate 104.
This 15  YHRRSIHE %I?:ége cRRERsPE FBE TROUFHw FUEEeRY Cop
the controltgaieiofotraBsi stansddtorASsSt banvplill dgdoanwalre the cont roI

i
Vol tage [ Syt et 168 qhbe, TOORIL §8uRL bbiepcia SR Wi C
Z3 i i easeante stxqrsistoy| PAgefnaharagberietic puavet omtyradr ixf nal val ue

of Q whil erﬁ@'mﬁéfécﬂgpéﬁéntlal aee%eugaeet off t!rhﬁ"srilstoﬂ [ rdaused errl]i,
Wth reference to Fi i f on her hand, one assunes

that input % dgrl 1w %rdiLEﬁ/ aHrrent S@PFSF'nEUFPBﬁP"PéFV] i M%’r%ﬁ%ode
100, this viod dreepothdsi bo2bhe reducsdr eazgeat thebu]gh itrarel dcar r4o

current of ;tran . As cesult.  th voIt e of
t ransi st or V%Jﬂ%dgge %e VOlta?S ?gségﬁdc%}tirﬁgr g’ g‘ romalghlsf nitial
val uel ) atrlse inpebhtage iswarangbenred3viZhdownpesssd ilkerhd heymi t ude

of V[err] ach@ssohtASei §hee 8% ¥eHhEikesE b1lN AsVehkdge1dpe 3 tn&t node
100, as explalned above Sub-circuit 53 responds_to the

vol t age dr dpPRErol 9atﬁoﬁ§ 18N8 SEREr 8AsFAg§etne thE PegRitdda iy 1ts
capability sdurce-to-gate voltage Vy; falls to a new value Z3. The

lower Vg voltage of Z3 increases its V,; voltage magnitude
20 back to its original value of Q* while maintaining the
new current of I, = Igygx - AL.

With reference to Figs. 10 and 15, if on the
other hand, one assumes that input signal Vin drew an
error current Ai away from node 100, this would result in

25 an increase of +Ai in the I, current of transistor 91.
As a result, the V,; voltage of transistor 91 would tend
to respond by increasing from an initial value Q* at
point 79 toward peint 83. The increase in the magnitude
of Vps across transistor 91 would result in a voltage drop
30 at node 100, as explained above.

Sub-circuit 58 responds to the voltage drop at
node 100 by increasing the current sourcing capability of
transistor 93. Transistor 93 than pulls upward the
potential at the gate of transistor 95. This higher

35 potential is mirrored onto transistor 99 of character-
istic curve control 57. The higher potential at the gate
of transistor 99, causes it to increase its current
sourcing capability and thereby pull downward the
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transi stor 93. Transistor 93 than pulls upward the potential at the
gate of transistor 95. This higher 35 potential is mrrored onto

transi stor aracter - i stic curve control 57. Th

potenti al ig?%sgggt e of transi st gé causes it to i ﬁg?é%?@f? 2
current sourcing capability and t reby pul | downward the

- 20- potential at gate 104 of transistor 101. This drop in
voltage is @Q’j ed¢Viparko ogag idathi 5224 q gahe Th CPRLK 0l noat e of
transi stor %é nga?ieg&o 3 le ‘i’ E a ls%n rg1 ate tranésistor 91

drops, . the Wﬁbﬁ?gﬁdésof-rﬂ@ E‘rrredVP’éﬁr R oyo Pagfe figl %r%%ls"éél &Bea new val ue

tZ3 Thf hlebﬁtrMhegaL-e of tvahbigeos 9&3 d@@ Etafe.e&rdlf't?aéé edt |tnel t age of
ransi st or

wards i.ts or| val y lntalnlng
Lhe mew cur PERETSE SRER: PiotrrBripted o fiors the magntliag, SELL
previ o8BS tmcsopeﬂa:tagenals eramelacsedftd e fdw value cZ3t oThé&i highdr Wi, was
assumed thay, epwi pgd n n sukt
fluctuations aggﬁ%dgﬁlgg decreas%% %g%éwkﬁN%%ékif2$$£ﬁ¥¥§%§§g Fons acr oss
transi stor back towa@daséGprrﬂgénaﬂt Vediet |thnQi"f whils maintainingr]i by
capaci tivel ynhgogalyeduirpRHUE %Ifglj wneiefore, the Verr] 15 acr oss
transistor 91 was nmaintai ned Fat | ve const ant )gg/mﬁzt | ve#y
modul ating the contranlﬁBGtPZeHF°PFa s operationa) ¢ *% Ph the
vol t age at epgeuiBOoforigants,| At was a@dﬂﬁfedl\lltﬁ’kdﬂ:l. vcftcl; Dot hedf
transistor 91 estqre td.al .val ue es in
vol t age at_%88§@§88 toxltg %%Sh&%lnyﬁ¥%a3ﬁaf Ctuﬁﬁk gl?%d%?éﬁlggés 57,
58 and 59 were gpdubaily theVgatfd@ftuar@msstamr@s_smraespehge #3d vol tage
fluctuationg,gkeROfe Eﬂg 15%&%69%%%%n95ﬂ“@%f&?ﬁﬁhrrent 5iqﬁ%uatlons are

caused. If, for exanple, vol ta%e | uct.uatj ons at nod 00 were
i ntroduced B§PRFHELYELYOROUPSE lPﬁu\‘?c@l?tr’r?éL HdsentThexteren WWeel Yosagai n

adj usistranacross t&hakestdl, 9a5we>splnmml\médl ﬁﬂ@wmpyt@oﬁsgéntm 14,
ore. the voIt g 100 to it

t t,
St eady- st at BYVAFRAVeTHomeRniat ipB” $he 20rtHak AR D& of  Eransiftgs 100
wer e caused9hotobpadénteinctheenblitage Jat, ﬂmﬁe:ﬂDO comgtwmt by Power

fluct Uat'ono{:ﬁe}!c%orhgentgﬁl KR0OE trandTUUdOTIN0/HEARS é&&@uke segpond to
t hese fluctuations tP ansm tti n a neasure of
f1 uct uat i ondnigial value by restoring the voltage at node 100 to its

20 initial value. Thus, circuit blocks 57, 58 and 59

modulate the gate of transistor 91 in response to voltage
fluctuations at node 100, tegardless of how these
fluctuations are caused. If, for example, voltage
fluctuations at node 100 were introduced by £fluctuations

25 in Vec, the present invention would again adjust tran-
sistor 91, as explained with reference to Figs. 12-14, to
restore the voltage at node 100 back to its initial
steady-state value. Therefore, if voltage fluctuations
at node 100 were caused not by error current Ai, but

30 rather by power fluctuation in Vcc, then voltage
monitoring means 58 would respond to these fluctuations
by transmitting a measure of the voltage fluctuations to
characteristic curve control 57. Sub-circuit 57 would
then respond by modulating the control gate of transistor

35 91 and shifting its vertical load line to a new operating
point until the voltage at node 100 was returned to its
initial value. 1In the case of voltage fluctuations at
node 100 being due to both power fluctuations and the



characteristic curve control 57. Sub-circuit 57 would t hen respond by

nodul ating the control gate of transistor 35 91 and shifting its
vertical | ¢aslod/isggs to a new operating point until the yeirhadsngdegnode
100 was returned to its initial vghue. In the case of voltage
fluctuations at node 100 being due to both power fluctuations and the
-21- I ntroduction of error current [err]i, the circuit of Fig. 15
woul d reSpFﬂﬂti‘@dbetliloﬁr @ &rIofuicuaienits Al ar&@dd:ﬂﬁ&ult of m'age 1@06to
its initial valye_gnce _again e . 16, an
AC s gnal WOl EBRRRRRCER borh, srmors mimpiianeeit ThoBtR e Eeg (e
present inveodeoh0Pstohdius. iRdtinfle vedke anad again. al | el ement s
having a simlar funcilen %f%li%i‘?:eOftd:'ﬂg 15_,1% %aﬁé égﬁﬂ%if i ed by
simlar reference characters as 1n Fig and are e ai ned above.

I nput 8i gnapmpd AfieTapproegoreting t&xa/mrteaf@rm| ¢rﬂb@qi1m§mtﬁa@ﬁn§h§n

out put si gnagleNeHt - :anent:lb'ﬁt qrsn@hlown V0|E‘&9Q:li’éTpéélEéeéfléia§QB§' sty j0f
pnos g nsi stor 113 and tr sistor 115 connect series

a
bet ween VcceafleBF8uREYIRE: B ?&ﬂ? cHiqhers t °Sﬁr8§n§18f B3t h
transistorSaié31déﬂt1f5edlh@ublmumaﬁ réferdnce i chapaptedst ast e @ﬁgtrm

gate of tr | r 5 ransi st 1 sS.as ant
Qurrent soupzepd ate exBladneg, ¥l e i g BE' VEHC187 4BpTRY
anplitPer 140, awaiasagmampilsfm dlduirsstiarg awrowpput 819nauu§ou¢t er m ned

by constant rgeai-hghi1y, g%ht\é[g"er alr{pl'lrﬂﬁi‘ér 401 cohsdts Vo pRoghown to al so

be coupled to the confrol nos transistor 1137and to V[err] by
neans of trapﬁgppﬁglgl@agaéip@ps5$ran31stor 115 conpaeksA dhgnal V[err]

i s gener at edebyegeBASWREN Voo RRES gtrroaﬁﬁi Sty 19 lvoét f@ﬂ%%eb' gek the7 and
circuit block 25 is, COURl%& to Vcc

and its dra ﬁa%§5c8%g§9ngt?3%%3rgﬁ> Bﬁgp r%i%ﬂgés;gﬁgp Peui t

bl ock1317 | $sacpupledr o itinel evatratli gatd of trangpbseorahdSt empdr at ure
InsenSItlvetfg%%§QE Fn&13aQﬂnétlons dgwg(ﬂéﬁgéh£§t@QLE%HESSQu§E§a@$ state

current val Ge ficient 'ace pnos transistor s saturation
node of ope?ﬁ??%ﬁlséuﬁrEﬁ@d§ﬁﬁﬁm}§P@x%ﬁﬁin¥%Qﬁ and gaipofieant current

source 105 smppliesepetin@en Yeandidtor 113 has a quiescent current

value determined by constant control signal Vg,s. Input

20 signal Vin is shown to also be coupled to the control
gate of pmos transistor 113 and to Vg,s by means of
intrinsic capacitor 54.

Control signal Vg, is generated by means of

pmos transistor 91, circuit block 117 and circuit block

25 102. The source of pmos transistor 91 is coupled to Vcc
and its drain is connected to circuit block 117 at node
100. Circuit block 117 is a preferred implementation of
a power and temperature insensitive current sink, and it
preferably establishes a steady state current value

30 sufficient to place pmos transistor 91 in its saturation
mode of operation. Current sink 117 consists of a
constant current source 105 coupled between Vcc and
transistor 107. The drain 108 of transistor 107 is
coupled to its control gate 106 such that it generates a

35 source-to-gate voltage dependent on the value of current
source 105. The source-to-gate voltage of transistor 107
is mirrored onto transistor 107, which establishes a
current path from node 100 to ground.



transi stor 107. The drain 108 of transistor 107 is coupled to its
control gate 106 such that it generates a 35 source-to-gate vol tage -

dependent Iue of current source 105. The sow¥§?ﬁ

vol t age ofqp%an5|stor 107 is mrrgred onto transistor QRﬁlch
est abl i shes a current path from node 100 to ground.

-22- Circuit block 102 incorporates sub-circuits 57,

53 and 59 Identlfled cmrEugt Eiocﬁsmbomcwp&auewsub cntdiﬁa@lﬁ—ﬁ,ge at
node 100 i s_noni nsi st.or 93, which

captures a nBaSBfle gflaﬁﬁt%gﬁgaelpoplg 15draﬁﬁ Waniit F3slrght&r ansi st or
91 and flucthetivobsage at nodlecl08sisxpbatinetdedbarethd gatecmif t;haomgh

t i st - ] ' i st 95 t {.0 9. |
{anet 0T SiameiapbE, 9511 BhShFRRLRLRLE Besiip ikt AU -
est abl $shesdratnnpurnyentnghvrohghgbransiskoirt 910and Eﬂa@@h@ﬂ;qnﬁixnIOM/pass
filter ConSVéE:' nQSOExﬁiﬁﬁﬁéhoébove._ i\oéuE-gethtBS}Bh%J 93l cgt

transi st or ., ClI rcuit [ ock nitors Ot error
current [er%Flmlrrore?hVéégﬁrPF§h§F§F09599néﬁdtEéW@#SFPEbﬁﬁht|dﬁb in Vcc,
and adeppbastheoopheatungene ﬁhr@hghr @&&h&h@to&l 99 e sldor

t t t I ffect,
Circui bl okR L1896 BRABIEENBs CRTBRPPATAE VOLtaSber FUER fad | i ne for |
transi8t or ®tanvfers] viberellowepass flﬂeemlnsnsébaumgebf capstaittowver a
large rangeigfa P_gw‘éﬁe contrt:llugavgt ‘.E”gmb'él. Y?:%Pg%t% 3Nt ffﬂltfén | ONS

I ntroduced I nce Vo err] at e gate of
transi stor ﬂiX:r@ﬁﬁpﬁétrbﬂQFkvéPQ meaiterscBosh grﬁortmyrrent &f rcuit

behaves as thrblighetwahgigt¥er ¥1hhgh p@sm@éamqactuatlohls&) iSERR AL 14K
capacitor 54_.fro EEE and the control transi stor 113. The

present |nv§ﬁ9P8 BﬁF&$é§92§°1ntaﬁfeFF@BFP§E°ﬁi3& it é node and
a con3bant wWamne} at to maintdénlBheusoiligagel wutambidee 1davicoasstantt .

el'”1nat'nglﬁhgffect B??guﬂgrbhaEﬂeloas e2t9biishes a shiftable

vertical load line for transistor 91. Vg, therefore
remains relatively constant over a large range of power
fluctuations in Vec and current fluctuations introduced

20 by input signal Vin. Since voltage Vg, at the gate of
transistor 113 remains relatively unaffected by Vin, the
circuit behaves as if there were a very high impedance
119 separating capacitor 54 from Vg, and the control gate
of transistor 113. The present invention thus achieves

25 an effective high impedance node and a constant Vg, at
node 100 using only active devices and eliminating the
need for large resistors.

THIS SHEET HAS BEEN
REPLACED




Tstﬁggﬁwvgﬁfgge Su"lw?”mu"l“mu”lum put vol t age nod;a zziﬁd- G_?:Jmszher 5

conpri si ngy 0 9/15943 first "poder+*rail and a second power gdinisosis306
means for h |sh|ng a reference -currgnt; an active nonlinear
devi ce haV|ng a first node, a second node and a control input, said
active nonlinear device being characterized by a famly of current
versus voltage (1-V) curves, eaghiagfmgsaid |-V curves relating a device
current through said first and second nodes to a device voltage across
said first and second nodes, said control input selecting one of said

| -V curvesl.sai & aohstantonbliege doums dmmwning an outfpuéi vedtiagea

saturation e Lon,: tmime. Said nmeans for establishing a
reference cgggenﬁa Q@&ggg EomprlSJJ5% nonl i near devi ce being coupled in

seri e§ between said a £irsir poward raddorrndodereeand spanerebpia /

predet er m ned V0|tagﬁebﬁs for QA iQsh B Q§Sréﬁégeﬁbésbuiﬁénﬁecond nodes
in accordance to sai d reference Curr nt and a first I-V CurV%' sai d

first node bei n§Ps #FY 1Y6 HO oiee aVlng a
nDnitoringanEaGSnaonodetaﬁalagc@nﬁadkuinput, sat@raeﬂivéhnanghnsamd first

and secondpodes. 1S3k AR BHEQY: seq 11 L OPPEE LIS B3 Petlasa d

ref erence current an er nmeans
respdfsi vevodtsged (uld enurrmm,t @aq%g of sax@ahsvatnurteaplréaaﬁ:ongaiad

control ingefy;caabtrieabatkoMBaid £l MdNgeS8hE £BALECkJ BPUL 1O

operate sai d active_nonlinear
device voltage across said first and second nodes, said

control input selecting one of said I-V curves;
said means for establishing a reference current

15 and said active nonlinear device being coupled in series
between said first and second power rails whereby a
predetermined voltage is generated across said first and
second nodes in accordance to said reference current and
a first I-V curve, said first node being said output

20 voltage node;

current monitoring means for detecting a
deviation current through said first and second nodes,
said deviation current comprising a sum of said reference
current and an error current;

25 feedback means responsive to said current
monitoring means and coupled to said control input, said
feedback means modulating said control input to operate

" said active nonlinear device in accordance with a second
I-V curve, said deviation current corresponding to said

30 predetermined voltage via said second I-V curve whereby a
substantially vertical load line is established at said
predetermined voltage.

2. The constant voltage source of claim 1 wherein said
35 active nonlinear device is one of a BJT transistor, JFET
transistor and MOS transistor.
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device in accordanceu umuﬂﬁﬂuﬂu V curve, said deviation current
correspondi ng to sai t oltage via said second |-V curve

wher eby a Wbb FI‘{.’I alty ‘vertifal®load line is establ i s%:{.,@ggsﬁgdgg

predet erm ne age; sai d agtive nonlinear device being
~constantly mai nt ai ned in a saturation node .of operation. 2. The
constant voltage source of claim1l wherein said active nonl i near

device is one ofpe Ridndt 8| v agel Fddutéanst SéPaim 1 £aREndS transistor.
REPLACEMENT SHEET
28 AUG 200(Fomprising a power monitoring means fop,detgctingnan.gnsiant

vol t age souw@mwival tadge lih usadiere Dospransd nge@ond poweveratsit saidg means

for detecti rror voIt st _apd. se ower rails,
sai d feedba%%‘ﬂé%ﬁ& WFR° b %% gé‘l&gr%%?%%%?%‘éé % s%‘lgaa g&/{grgrfmm toring
nmeans 8 o opmrmtteo:smg:l meansamlmmﬁlsﬁem aevive nnnéa;neadadewwet h a
third |V GH Yecordadle! ¥l th 92! Ch GOl ¢! BhiGd Mﬁéf:égﬁ gslagl fted by a

magni t ude stantia equal to saird error vo : The
const ant V(Plt%@%t%mlé%do‘roztw?n is tehifleed chyipr | BrEgikidss f or
coupling ansivyidntSi4NEy $OmEbiE Mt Hadd vertageveltdagesai d i nput
signal generating said error current. 5. The constant voltage source of
claiml1 wherein said current nonitoring neans conprises a vol tage

noni ti i ng 4eansTupbrsitant veltags sauxcéi oftchaim anwheureinf sgddd first

and second M&F&d%vrlmnliﬁ‘ééf i yﬁ“&?ﬁé‘f_ xéi:ggtHQ& Eﬁr quof said

nonl i near . ce.arerndrrectly d tage noni toring
means S WeRls e ane Qo¢fa@ﬁ?¥¢%&@@ailons acr oss sald first and second
nodes. 6. The constant voltage source of claim5 wherein said active
5. The constant voltage source of claim 1 further
15 comprising means for coupling an input signal to said

. output voltage node, said input signal generating said
error current.
6. The constant voltage source of claim 1 wherein said
20 current monitoring means comprises a voltage monitoring
means coupled across said first and second nodes whereby
current fluctuations through said nonlinear device are
indirectly detected by said voltage monitoring means as
consequent voltage fluctuations across said first and
25 second nodes.

7. The constant voltage source of claim 6 wherein said
active nonlinear device is one of a BJT, JFET and MOS
transistor, and said second node is further connected to
30 one of said first and second power rails whereby the
voltage at said first node fluctuates with both said
error current through said active nonlinear device and
with an error in said first and second power rails;
said voltage monitoring means further including
35 a first and second MOS transistor, said first MOS
transistor having a first source electrode a first drain
electrode and a first control gate, said second MOS
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nonl i near device is T and MOS transistor, and sai d
second node is furth mulrmlgl (ll e of said first and second power
a

rails wher abg 9d/kev43/ 0l tage SAl I# st node f | uct uat espoiriusgyedlvs sai d
error current through said active -26rl i near device and with an error
in said first and second power rails; said vol tage

nmoni toring nmeans further including a first and second MOS transi stor

said first MosSngishokshewingviangesond Sdunqa edagtxods e regeondf i r st
drain el eCt&QQSnaEfﬂeétfrb'a%t and 2 %Uh 3’ ?zﬂ: second MOS transi stor
a secon

havi ng a second source electro rain el ectrode and a
second control gate: Said §irgtsang ssrensk MR tRaDaisharstRRinGei ng

coupl ed in ggtpeed in skeieRehbetdedn| isaSld FIF ST fEWBEHA FdwsrW th said
first cou | ed.to one, of said f|r i gﬂd second

ce e trQ hei n
bower ai | sEALhFUEFRSEadgn ELoE o SR TRE R SCos B <P
- 25 - one oﬁuspmd vdhtageanddsecsmﬁdpmmanutaﬂksﬁ1&aﬁitfxmktbelng

coupl ed %:éi“ gaE%CBQ‘i %%E:hg»'le&att% %ﬂ@%@d@%ﬁ%@'ﬁ@@g

vol t age fluc? rongoat sai dout port voltage no IS genera at said
second cont gaidggeeond dralnméec—'@arspﬁanbema spped ¢ Faid asesendher ein

sai d feedbagkntrol HRERSwhBTeMYCS ehdihé oA tayd WE NSiddg@si stor, said

third tranSi stor haviing a third source™el ectrode, a third drain

el ect1Bde a ﬁtPﬁFF8n§oﬁFr651 P&tp§&|Hoﬂ&ﬁgﬁﬁﬂﬂ§§tﬁﬁﬂﬂﬁﬂﬁ¥ﬁte at havi ng
a fourth sogatd skeehdoeentaoflogatle.drain el ectrode and fourth control
gat e, said third and fourth MOS transistors being coupled in
series between said first and second power rails with said third
source el ec8rodeThei agnstaptetroilcagre soursa ¢ff ialstimrd whereisecsmid power

rails, Sa'dsé?HrEQeHBQEtheQﬁEe15%@%3%%”% 38 %yd fg§¥%#€hdgltage and

sai d th|rd control el.ng. cou sai aln el ectrode
whereby a cBﬁﬁEﬁ%ﬁFPEn ?éPFagéng MOS tyameister havedid & Hitrdontro

gate, said Qeﬁ‘ﬁeéséﬂ.e&ﬁrbabt,aﬁethlrd Belaie 2VRIJLEDIDL 3/ G QQEE:E&' i nput of
aﬁ;?epgnlggggﬁtdg gate, sald ¥ourt%9ﬁ%%atraﬂg¥;f%(ahé¥¥gémé égu CIa|n1 !
source electrode, a fourth drain electrode and fourth
control gate,
20 said third and fourth MOS transistors being
coupled in series between said first and second power
rails with said third source electrode being coupled to
one of said first and second power rails, said fourth
control gate receiving said measure voltage and said
25 third control gate being coupled to said third drain
electrode whereby a compensation voltage is generated at
said third control gate, said cémpensating voltage being

applied to said control input of said nonlinear device.

30 9. The constant voltage source of claim 8 wherein said
compensation voltage is applied to said control input via
a low pass filter.

10. The constant voltage source of claim 9 wherein said

35 low pass filter includes a capacitor coupled between said
control input and one of said first and second power
rails.
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conpensation voltage is a ed id control input via a |low pass
filter. 9. The c \“ Ull ﬁiﬁource of claim8 wherein said | ow pass
filter i nWﬁ5ﬁ3ca etween said control ingipmsesssygd one

of said first and second povver rails. The constant voltage source of
claim5 wherein said active nonl i near deV| ce is one of a BJT, JFET and
MOS transi stor, and said second node is further connected to one of

said firstjand The ciﬁcsﬁahﬁoax@.rtégéléoﬁmée&ﬂ éhamot;t ﬁﬁérétlns%ia(idfi rst
node fl uct uat es

d, t
nonl i near G&HLYE M%Q%’%\rﬁe&‘ﬁ% Jr%rérgéaoc régltr?‘] SEE%OF}& I glogcplcn\//\:r

rails; transissain cami;tsmitd srooed fuoddeisi ﬁuruﬂengcanmea:ltsdf o
- 26- ' , id
mput i gnSEban PR S Sl oo Mol SRLL (BhEREE,TEIE 17 O

const &nt vololigges @l c@:cﬁ fﬁn@ﬁunrl@damélmtu@aea withsbbth saidcoupling an
I nput si gnaledey @At "cﬂxfcﬂﬂﬁ‘r"éﬁd actiive Thént PHSRRNHeVRLLAGGSOUr Ce Of

claim 11l wherein said coupling; capacitor 1s an intrinsic capacitor.
with an error in said first and second power rails;
said constant source further including a means
for coupling an input signal to said output voltage node,
10 said input signal being effective for producing said

erxror current.

12. The constant voltage source of claim 11 wherein said
means for coupling an input signal is a coupling
15 capacitor.

13. The constant voltage source of claim 12 wherein said
coupling capacitor 'is an intrinsic capacitor.
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