EP 07419 819 B1 Description This invention relates to current mrrors and
particulariy to a lowvoltage current mrror realised in bipolar

technol ogy. 5 Si npl e currentgpg 418 8{esae, f Or exanmpl.e, the si.npl.e. current
mrror 2 shown in Figure 1, are well known i:n. t helart . However rsuch
arrangen%nts are often i nsuffl ciently accurate, part I cuI arly when real i sed
with | owPgs P8P enents such as two lateral pnp transistors 4 and 6. The
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and 2b. $ﬁ,p|echw&6r2|§365ﬁQyCI rcuits have a major disadvantage in that two

base/emtter junctions are in serigs atqthe input node, for exanple the
base/em tter junctions of transi stqrs‘I’Z‘arf@ 14 of Figure 2a, which doubl es
the input voltage required conpared V\nt'hpt he sinple current mrror of

" Fi gur e 1 whdrep lstheicurranhgainof the prpitrisesiators: Thuniforginaliveluesiofithe f aqtirgeyofthe simpie curegnt
transi st oyrrotis prassed onIY by the base current of transistors 12 and 16,

t he cur r entTWicFquity 10apd 204tilch gfecerpmeniyyigedstp WY%B‘EP’B‘P'%?’S Aiown piFigures 2a ad 2t ent
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and an O gl Hre ovarcdR&:0Nd sinple current mrror a second sem conduct or
type havi NQn addordahas!vittChs presit iﬁ\@ﬂtﬁ)ﬂ'tﬁiré)blbr@#ﬂedﬁfcuﬁe%tﬂirrﬁﬂoﬁr&ﬂtcﬁrhﬁﬁ@h@ current
mrror and aghiptkedde; a third sinple current mrror of said first

sem canduct O& firstsmpletanéentGliridrof i filgt semieorididiar €/pé Raving brtingutidonpiéd to Saidihbut fodé ahd
second sanpltwtcurrent mrror, and an output node coupled to said second

si mpl e cur r easecondsiniple uerd suirtoofia@ed@nd gemidoadustartypefhativgeninpptsoupisddo midtoptput

cur r ent s ofeid Sigst simple cunrek niirorghdancytpptent mirror flowing in a common term nal
t her eof , t hea third pimple cyrfent rojrrorcof said first seshieanductos typeshading an inpyvh couplpdbloshiil putput pfnpl e
curr et A9i¢ segendiginplocHrrent misigs akbupl ed to sai d i nput node. In aefptreferred
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36 | s coecqwplediasadiiode. Theminitter gibntroderof the tirst trahaistor 3&jeicoupiéd todethef withdhe emittareldcroder 36
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The third current mirror 34 comprises third and fourth pnp transistors 46 and 48. The third transistor 46
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‘el ecfrode of the second transistor44 to a comon terminal 37 connected to
an out put 'node 31. The base elec- trodes of the first and the second
transi stors are coupl ed toget her .gpbhRe s@/dqect or el ectrode of the
firsttransistor 55 42 forns the inputof t he second current rrirror32 and
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i's colpl Qg Eldhidhth %auyus |§hbﬁtrﬁﬁit t’h& etneﬁt s of th@fProR 30,/ R AnG SLAE M1, INiPdNd MBL or
48 t o t hpspuetively] tréh thée!BNakall clirreR€gathDthatiskhb Ritlo BrRRCOIuESBR IS tHefinpliRrrérbinl 68 and
fourth tneRrduft 2®WI begindRUP| ed t oget her -The col | ector el ectrode of the

third transistor 46 forms the input mafy theythicrd current mrror 34 and the
col | emt or el ectrode of the fourtih t7¥ansiviMs forns the output of the

t hi rd curr efnthe duins of thé pripran@rpn\etxirénmirdrs@fsLipdpedivély) t he i nput node 29.

El ementary analysis will show that if1the gurrent gains of the mrrors 30,
32 and 34 are ML, M2 and M3 respecti vedipp, en the overall current gain,
that is eMe ratio of the output current 12 to the input current 11, of the
circuft 28 will be gl ven by: [err] 101 __ (4

[err] If the a|n L ﬁg and nbfi @rrent nirrors are respectively,
Lerr] [efPpthy EF”l'E?"[‘@frt $9EWHEY the overall gain of the circuit is: 20

[err] 25 [err] Rearranging this equation gives: 30 35
40 45 Thus, the gain error is f uced,, conmpared with the sinple mrror
(equaﬁol on (1)) by a factor, [4nrk L +[e|%~ It will be seen by inspection
of Figure 3 thatlany vari at ons | nBR e vol ﬁa e applied at the out put node
31 appear only befween the ((t 22 collec2or term nals of (3ransi stors

38 and 44. The gains ML, M of+tihe qt +59=— 0 and second 32 current
mrrogs respectively are conse uentﬁ? nodi Ppdd, by the Early effect, in
response to the voltage applied at the output node 31, causing the C|rcuit
to have a finite output inpedance. Referring to equation 2, and assum ng

t he cur r entRearrangiog thistequatien/givestni t y nomi nal gain (i.e. M, M, M3=1l) as in
the preferred enbodinent, it will be seen that variations in M2 have little
effec® on the*overall gain which varies however according to approxi mately
hal f the variation InY. 1t therefora follows that the output inpedance of

the circuit 55 is apprigxiTately tw ce t{lat ofgthe i n‘p@dance of the first
current mrror 30. Since the flrj\gﬁ EEE W 30 operates at
apprOX| mately one hal f of tpe Pl do the second and third

currént mrrors 32 and 34, 1t fol] t Haty t he mjtput | npedance of the

current mrror circuit 28 will bd I@IO""OEH etpour times that of a sinple
current mrror,2 shown in Figure 1. P

‘\"h‘-‘-:

1
o = — (7)
L. 2 (L,
Be \Pn ~ Bp)
45 Thus, the gain error is reduced, compared with the simple mirror (equation (1)) by a factor,
_Pabn 8)
fn + Bp

it will be seen by inspection of Figure 3 that any variations in the voitage applied at the output node 31
appear only between the emitter and collector terminals of transistors 38 and 44. The gains M1, M2 of the first
80 30 and sscond 32 current mirrors respectively are consequently modified, by the Early effect, in response to
the voltage applied at the output node 31, causing the circuit to have a finite output impedance. Referring to
equation 2, and assuming the current mirrors to have unity nominal gain (i.e. M1, M2, M3=1) as in the preferred
embadiment, it will be seen that variationa in M2 have little effect on the overall gain which varies however
according to approximately half the variation In M1. It therefors follows that the output impedance of the circuit
55 is approximately twice that of the impedance of the first current mirror 30. Since the first current mirror 30
' operates at approximately one half of the input current 11 as do the second and third current mirrors 32 and
34, it follows that the output impedance of the current mirror circuit 28 will be approximately four times that of

a simple current mirror 2 shown in Figure 1.



- EP04'19819 Bl The current mrror citcuit accordi ng to the present invention
i s uncondi‘tionally stable since the open | oop gain of the feedback |oop is
unity. In addition, there are nogshaygdigs Problens since all the devices
operate at approxi rrately hal f the input current, In summry t he present
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m.pror cif v nven rg\;ide mi%r%lkcu%ﬁﬁn:ﬁfo%pﬁiv@l&eﬁn& hévingt he
| nput _ cur g, ou putimp ;Es % »ﬁéle YhetlrtWﬁﬁn ﬁlﬂc“lﬁg dirl brioFéhd &ub provide
al t holighg ﬁ?«ﬁe &G Bﬁ HEGHIP e bdbratoly Frirfor S8 Shpltelrdht
current M I “;ﬁ at%@ﬁda HHkh6 IAvénB6H hadbédn @eschised @iheraip N
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r epl acednhyaiRshidel bauaNyiwith the BhgcuftéHimirldR répaBedby hncitrentinkros andk Be npn wirteht rairrgyn p
Curregt @kHdghpcutdntinier. 15 1. A current mirror circuit conprising: an

i nput node (29); a first sinple current mrror (30) of a first

sem conductor type having an Input coupled to said input node (29) and an
output (@@ms second sinple current mrror (32) of a second sem conduct or
- type having an Input coupled to 20 said output (33) of said first

Si npl & cr r Aeurrentiminrescirquit comprisiegeit put ; a t hi rd sinple current m rror (34) of

- said first semandpdinedeo) e havi ng an |n 35) cou put
of said second asfi 'me'eeurrqn fm’ﬁ?q) Pf@ "Stsaﬁ’ﬂff” {fl’pﬁﬂf‘ﬁq‘ﬁﬁb"%ﬁ?‘e %8"
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a th II’I'O (34 sem u&bl'rt)rp% 'ﬂ&w aﬁ rin(aﬁt (85) Edugled to
char a:Ct eris agdo u du ml TGI' QMIrrent mrror has an out pUt
coupled to ala sed%n&éﬁﬁﬁl@éiﬁ'reﬁi‘nﬁ ﬁg;zpéoraﬁw rbceive RGBT T O
claiml Whe{ gi ut%ﬁd H@e@on@ Binpi8 Blrref nhifrét (32§ fowing i GommE@rrlinal @) (42)
and sgcond &éﬁ  thé aﬁﬁhﬁﬁlﬁér%w&mma%teﬂse@ Wtha theltm@infpleGrirsnerlieror (84)Gagel duatt Or

el ectrode ogouaadgs;.arnpﬁtn&{a(gg) transistor (42) Is coupled to said comon

- base electrode and forns the input of said second sinple current mrror,

t he col | @ct Arurentwirmsireuitakcosdiigdo deimdrhereinzagidiseqond S'Wﬂﬂ)’“'f%?'ﬂ'ﬁ""t(% COTRMB  of

sai d secondfirsi(42) and second @ﬁk"anﬁlwv'"&h@mﬁ‘&"@ﬂf‘ﬁ“@?’eF'@G?"F%ré?"tﬁ’ﬁ" 'ﬁ trst

- firstand s eranaigtor (42 [sspupled tosald pammop byse elgetio ‘!}:ei g | H{I

U (37), ¢ whi chmirsn the P@we&arogaﬂaa'MPE%aﬂﬁbﬁs f°"§% a%wF é‘ﬂ s‘m PP mﬁ it
aig r to said

35 3. A clireeadthg amitsyel fggg upled tageftierla Sald,commond
o firsttsinpl @"e'm'PéhW"'FH'FF%'P"’ o g5id 2uipH Pe dieprrey '(‘%'8 fergilty fourth (38)

transistgrs, SHAUNTRR AR I cldirh & OF 2 WkkPain datfindt SimpR Glirddnt RkBC(BO)RBMprRés Sai d
thi rd*t rgns e,rf ref éa)%ﬁrfaa toRChalifl sXBinfoPEEIBEL bR StRe EJiI€stdr bI6EkOdeN Shid thifdTS
the input o n%ﬁio 36)id dlipiéd tiBHiccofkhon Bub elditioliéXind fdnethe Gpltotdaiiret bimple twrtat Of
sai d fourt hplrfor e colleeior dlebtddel o sdiSolirttEtransistor(88) G ms thi dutbit bidaidSiratpingle currente Nt
m.rror, andmirRe afdihk bakerleetiddesdt @aid third ami fourthitransistasare taupled tvgethen tesd firstoefs ar e
coupl g,d t 0gedefiaipotedtiabtiné (405t ref - 40 erence potentlal I|ne (40) 4. A
current mrror circuit accordlng to clai m1 .or

sinple cdrr éﬁ'ﬂ"qﬂm'\"@'rc‘ i agcord F?E’b‘sz?’laﬂ"th “‘ 'ﬂ'R 8f)r°8 DL or s
having a coﬂ%ﬁs gixth 4@2: %g st‘h T

sald 1 nt

6)
transi S]'EOI’ f; ‘f’ ﬁﬁﬁ h y
| nput «of sa | ele |¥th 'Feg &ge{f fefe no§a
sixth trans eou u 0 sal th|r swrpecurrent mrror,

and the em P?%"ra'é e rodes of said flfth and sixth transistors are coupl ed

t oget herts0 @ clirén® hirfoPEiRGiE4tERdIROD @B B2, 3 éridavherdid)said first sefricondustertypertomprises
circuit accapflligtar tebhntlogyi did $aid sbeond séxfiicohdudie type compeides! prip ulnotarismlogynduct or
type &bnprises npn bipolar technol ogy and said second sem conduct or $
conpri ses. pAsulsnbwirer ciicwtdsoastingfy clawof, 8. 3 or4 wherelnsaid fist ?W“‘B‘P'PEWR%WQE'EB di ng
to claim 1, papbidlaptechholagyand sakd ssaend sprmipanducias fype exTtizes BR HIRPISEISEBAIBM: ses pnp

. bi pol ar technol ogy and said second sem conductor type conprises npn bipol ar
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* ©C L M ST ¥ EP 0419 819 Bl The current mrror m | mﬁ
to the present invention is uncorditionally stable since th[m Im n
of the feedback loop is unity. In addition, there are no slewtrate probl ehs

since all the devices operate %@npg%{mtely hal f the input current. In
sunmary, the present invention provr des a current mirror circuit requiring

| ow i nput voltages and haV| n IR ck
arr anger nﬁ'i‘ﬂcufff"tm'f@rfﬂﬁvi 7‘?&. 418 lf;:@rgm entBn suHéonb.H%%%;%‘if srnlpﬁe%@ggwg for
-an |ﬁ1ﬂf‘5\?§ﬂ‘°é$fp?a€bl°°%’isr“f n agqidor ere n t e out put current w |

accur af 4l Rlcurrdrit mitfok dirctifrequiting Bw rﬁhﬁatagys anﬂMg

ski ]l ea iT.%E ary si:h"r méj* EﬁgHGEb riat of Y AntisH tedidss tReih siaEdt thag rovilier ei n
t he’ Fe t - kUit wirbin We%ut%&ﬁ:uﬂ&nt il Pnote/deBuratBig mirRethe epottdrrentr 1 ent
mrr or ' ﬁwﬁh be'&B&eéia\f%y thds® siifad Hthe &0 thaBithBieyh teIhventisit has]biédh dyscribediwhideln pnp
CUT I €Nhe Fist 4n kiiird cErirdnBaPdrsiaye o i tpe dne Kie saband Giirfentunitrot s of npp fype, tiner ieventiani 1 r or
10 Wi t GayeRialised biualiwith telbhDdurreftimitionrelced By npn durcentmierors antithe npn custentyulirer
CONpr i Withpnp atirrénbiieror. node (29); a first sinple current mrror (30) of a
first sem conductor type having an input coupled to said input node (29)
and an output (33) a second sinple current mrror (32) of a second

sem co@idimg or type having an I nput coupled to 20 sai d out put (33) of
said first sinple current mrror and an output; a third sinple current

m r1For1(3‘!49"ffer‘t'@’d?'d"q"ltF‘§‘EP"§E9n conductor type having an input (35) coupled

ingpit nodg (393
(31) alzguﬁi“ed%ﬁ“ 21 °§g§§§:”ﬂr%@"§aﬁ"éﬁ”&' ph Py af Al BBl B |
it i

ssum of t HEF el %gmrca%ﬁﬁ&gypzlhm ik Btpledtol T OF

132) flow.n current mrror

Bt n ou
Ci rCU' tc §&'culridnt! B s&hréﬂﬁtglﬁ:td? Hpé ﬁéﬁng@hfnbﬁtr(sé Séupled @S an
out put cogépll lto@saﬁﬂego,{d@%fecn A current mrror circuit

accordi ng tO dnloB c&bprbds@dadr s‘éaﬁeardapﬁlcﬂfﬁinemrmrm)rsb altolrécaive (ha 3ym of
conpr i sestnb inpt bn a’l:%)xt &n&mmc&ﬂ4hpwoamnt Arir@F G2)TRWing B azomnomtenniieh(S?)

el et r odetherosfithé BlrfefiGiinsr ciduR Chdraxtbfisedflin thai thle third Sihpl8 urrent mirrom () dassancautp(id 2) | s
coupl ed t@uﬂad:dsaa)rmmnodaam el ectrode and forns the |nput of sal d second
sinple current mrror, the collector el ect rode of sal d secon 'R? stor

SBCOH

44) £ &r nAs curteat mifrpRAITEut gecosdingdo saEvhheryl ety '"°'
{ efztrode&rst&r2>gvy.sa$rmmaﬂﬂw§% aa“@ ’hﬁ Wﬁ Sﬁﬁféﬂ' mg, -rf_g:

said comiATsistendR) [g5puP 5 a'd 4% ormsthgeou’;ri:uf(?)*rl sq& g claim
ses th Ir (36)

current n‘F‘ TPp{he gollp ?f?.u: °fs dse

1 or 2 Wh'@ r%\' ﬂld%eg rel l esffg i f|rs ngigtgén?i g

and fourt# "( ¥ ﬁns'sg?u&es havr n n ase el ect rode t he col |l ector

el ectrgdep afrreﬁﬁh.ﬂoﬂd‘}bmc&&dﬁ@&é abifM o(r Qﬁz)xeﬂeﬁ a0 TRt @dplé aurmai mirrera0jBomppiaee

el €€t r odeypdi@e)and fSrth (38) trhitidtirs Haking@dothnion bads elsttradb,ehexoliecndleatrbderabsaid thirk

col | ect or rakietr (36)GecoGpledta bait domoh baseretentside bad fonB3he ihput nisaidifiest swplp arreof  sai d
first sinpiner, enércoiEator stéatroderaf saidh tdurttin ransistot (38) formisdha eutpubef sei firsh$igiple Byrrant and
fourth trminst, atdihe emitter eizowrubeef sbid fivdiapd foursh larsistostarg eoupledjiggether to a firptdsfe o
pot@nt i al erbmqeeotédt@)lmeﬁlo) A current m rror ci I‘CUI t accordi ng toclaim1,2 or

3 wherein sardthrrd rro nd
ens rd%PnrrP cur? mir IIOI esa

sixth (48he T’%Tfp‘r“{%huwﬁ"ﬂ e .45’ necio'b . fécﬁgf'%m

el eC”Ode rsco Iedmsa F? :C idﬁt&% uﬁ&’%@

el ect rOde r th coll sg (-{aafé e%u Ut df S418 thifPsimple currd?ﬂ rror,

the45co| l e Fa t fré Qe des 8t SHid P & sHhaaQﬁél dre Ebipibd thdtheh tolalfifst fatekdatd  Of

said t 4 urrent mrror, and the emtter e ectrodes of said fifth
and SIXth tranms&ors are coupl ed together to a first reference potenti al
line’ (40) A clrrenfmiziar cieult acodrdingto clalm €12, 8 oek wiwareln seid first seinigpndudtor tgne cgmerises)
wher ei n s aprchigolar Bthnslegy and saldisscond sbmpo'\docmmnesempmmm|bwdhlatpchm!@9¥noI ogy and
sai ® second semni conductor type conprises ol ar techpal

cur r ents ncurEnt wirjop gifcyit W@F%Pr?& 2P 8Y ‘fr’ﬁ"l‘P’e"?s dfirgfyse '°9Wé'?g spﬁﬁ'"&"sﬁ r st
seni conduenrdiipolay {sehnelggiAne 8Ad sqsR! sﬁ!“ﬁmdé{?t°"tt¥ﬂ?r’?ﬁ'8‘l"l§§§/"p£ o PE" Y ¥ond

sem conductor type conprises npn bi polar technol ogy.
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55 Patent anspruche 1.. Ein Stronspiegei schal tkreis unf assen

Ei ngangsknoten (29); eonen erston einfachen Stronepl egel mmu&mgwlﬁm
Hal bl el tertyps, der einen mt degpgafpsiagen Ei ngangsknoten

Ei ngang und ei nen Ausgang (33) aufweist; elnen zwelten, einfachen
Stronspl egel (32 eI nes zvvel n Hal bl eItertyps der oinen mt demge- 5

nannt en Ausgan

o 8 - 3%3%%@, S i
St+0Mspi eg ei n % % zelb%eﬁ rHtaftSQﬁ'ertyﬁLe Ger@InBEmit Bdm gslem

gonanpt en Bter?éltﬁé é‘ﬂfach%h BfréhteBiBgblsdekdppBiteh EH§nG und einen
gekoppel ten g und eonen Ausgangsknoten (31), der mt dem
genannten Z Vel tefidn dﬁdaﬁ‘ feﬁﬁbﬁﬂ sindri<pidGen|38)3RE gdndahten@fiten Praiblakbrtyps, der gitdntmitider,
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