EP 0 299 723 Bl Descri pti on BACKGROUND OF THE | NVENTI ON Fi el d of the

I nvention This invention concerns_a current mrror circuit. Mre
particularly, this invention conEBORIIB Bl ent mirror circuit which is
operative at a relatively [ ow power source voltage. 10 Description of the
~Prior Arbeé,?wnrent mrror circuit is wdely used as a basic circuit, such
~as a constant current source for a bias circuit, or as a current

-~ di st ri bupAéKGROUNDWHTHENNGENGTBON Ogue circuit, as wel | as an anplifier
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- Ci rcuig SField of the InYeitionl G. 1A, the enmitter el ectrodes of PNP transistors QL and
- (2 ace connected to a power source termnal Vcc, and the base el ectrodes
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i el ect r odesroogirctitwhich isopsiatve @t relgively el Qe sourcovoliaget ed to a ground term nal

. GND through an input current source 1. The collector electrode of the

© transitst Bescdption of thediipct ed to the GND terninal. In this circuit, when the
. transistors QL and Q2 have sane geonetric di mension, the coIIector current
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col I'ect ogndCdd 4r& Régiiditsle Rith re&pRctlid H6) SIS urfdits oNBERAnYistors I0A ahE bR tTHIe BarhniRat ween
t he i nputircGitlis’ spafathand af PhweOstufRl tvoltigs iwhibh is! Kighoss ther e Eisaseaéiiid vbibé WWST tHeS =
Iref/ (1 tandiktofF®)and(@) 30 wherein hFE is the current gain of the transistors
QL and Q2. Héseeryinnibis ichauit, dsitee besécurentd Of the lrensistetspQrt andUR2eaé addsd itesthe collector

appr oxs medrehtyof gHecansishor 88, thiseshuses enreren inathe ownre(itinirror Fetiosbetweerpthe jinpuiatreriy iref when
t he cur r emkthgexlletor glirrentie ot they ransistoro®2; Naely it relatiopship betwaen i input curreat andtheect or
current pdpubfunehids s examrsbestag foll¥s: decr eases conpared with the input current
Iref, as showmn in FIG 2 as a dotted line, when the current gain is low. 35
In FI G 1B=Imi\t #rainsi¥t ors are used instead ot the PNP transistors in the
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conQect egseyo the col |l ector el ectrode of the transistor QL, and the

col | echor ah eetdrastes tFieese af compenealing @arsisdr 0P of PP st Révitled aamely/Tthé BinBter
Circuit, eldt@®de of the riandisior 5 BOwenbcbd td e @amor cormbction bf thatbagf eledredes of the
t ransi st oangktors1rapd h2cThe base blebtrdaé ofithe Websistbrestinisomnasted tacthe epllerftor plaetrode of the
transi st camsis@lOhmacd 2 cqliester plectrode thereef iy ¢opnected)teithe @D tetwinal.r ansi st or (B). The
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be exp edhoddsepyrént ¢f thadransistorsf1 &9 Q24he is the current gain of the transistor Q5). The relationship

(2) bgwfeerﬂrej output currgnpbisgngthe inpyt gurpst Ipef g3 bie gprespas asfollews; er r] is 10, the Is
Is approximately 0.98.1ref. Thus, the error of the current mrror ratio due
to the base current is inproved. In the same way, the current mrror
Ci rCU|t of FIG3B is prdmaefed Wth a conpensating transistor Q6 of

Is > see (2)

e lo
n i curre ﬁ)ov% ag ott heli 't
3B h s
t ran?/st %Hgfjlc neggrsﬁ%f p aI‘e ﬁseg Irsg&a an Q‘ﬁ I.EéonnB ﬁrliffﬁg) gﬁgﬁ&' Hata The the

55



NPN typé to i nprove the current mirror ratio thereof. 5 However, in
these current mrror circuits, it is necessary to increase the power source
vol t age hi gher than 2VF to operat FRPTBBY ts. Thus, the nini mum power
source voltage to operate the current mrror circuit is i ncreased to 2VF as

Shoun 11 iy SUVAET: O ol AVENTL AP 0T LA Pl B e

: |nvent|0nt6tﬁet, eQﬁr%W:gfﬁnp vgdjrren mrror circult aving a snma | er error of

~ the current \gior<Qhe Way, e cuSHe mMdt EIQUIPW@&@% provided witd @&dn\b@ﬁsﬂﬂnb%s%‘tﬁﬁ@%of

~ source VOInNpNGfbe td fhpRR lin6 ¥@reht & hatiB Horeof N1 S | NVeNtion provi des a current
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~means for outputting an output current, having an enmitter electrode, a base
. el ect r ode SYMMARY ©F THEGNVENTEINeCt r ode; neans for connecting the emtter

- electrodes of said first and second transistor neans to the first power
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li ke reference characters designate |ike or corresponding parts throughout

t he sever @#RiBA pRsSRIPTIONIdrETHE BRAWINGS FI G 1A and FIG 1B are circuit di agrans
of conventional current mrror circuits. 30 FIG 2 is a diagram show ng
char actsr i st TeSacedmgalyingpdravdnigsawbich brb (ncdrhoated if-laddl Sdbstitute acpartcafitbe epegifications Of
ot her con\isttatecanambodimen ot therinvantion, anidr togstties wittFth&descriptiors saivecty exniainsthe pincigles he
char act er io thedwentibn.tReferrjng inow taaihe daivingd, GkeIsferencd chBactdrs dpsiinate fike Ir|careSRNding:
circuit diradythroughort thoiseverahviowsi Ofthg drawingsui ts of this invention. FIG6 is a
di agr am shoWiGA anth EIGYBarecircdt diagrame of eopventinaal cyFrptINTRA A k- FI GS. 5A and 5B. 35
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el ect ro%fes
collector e ect rode of the transi st or QIO is connected to the G\D term nal
t hrough arpgrRipEd pESEHISHON BPHHE INVENTIORE em tter el ectrode of a base
contpensat Imgtranststor Qt2—of—PNP—type is connected to the conmon

connect j0n OGRS DSt Bdghfd srRGRMt Mirorkdrclit Ve thislifBftios IDFIG.5ANkAb éhittbr Qlbdirodesite
base el ecttiicorMP tednsistbre Q10 amishEtagy coffiedted B thopuvecdoede teanibal ¥ce Théd Bese electrodes of

el ect r ode i trdnkistork G0 2hd 002 a@lddonneetad] int dvenmoa.l The cblectoe blentrbdeoaf dheoffantisior Q10 is

t ransi st orcofpb@ed $o the NGNIX ttepmiingl dhrbligh  BNIBput coumenh aburceAS.r Erei extitter efecrasie cob rankase ed
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t hi s ci #cuhe frangistors @19eando@Sr The base evlagtstde af dhey/transistor 882 isvcopmcied/fo @@r@%
to the bagleckasie fthe transisiop O gad e celleetor qlegtiasde of the éfa'qﬂ?f Q2 is camcteﬂltz o §
transi st ort°’F‘§‘a‘r Aresistophig gennpqjest bewaersthe bgse And the.colenipe plect @’Eﬁs@éthSHa'\?lﬁPt Ve
exceeds VF, ?J?HCH' Wf‘ﬂeth?/B?"t"a “’G r"B'fig%tt"’ct'ﬁEe'?"h fVF '?"?SB‘WF mitter
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(3) vvhereln ase curren of the tran5|stors QlO and QL1l, and Ris
t he resgsstzqmﬁe \ycal Ve Ofgythe resistor 5. Therefore, even if the power source
voltage Vcc Is below [err] this circuit is operative as a current 3 EP O
299 723 Blwhdlen!i®ls thd tidedlbdirent of the transistors @10 and Q11, and R is the resistance value of the resistor

5. Therefore, even if the power source voltage Vcc is below 2+VF, this circuit is operative as a current
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When t he power source voltage Vcc increases, and the voltage drop at the
resistor 5 exceeds VF, the trans tor %Bﬁhanges Into a conductive state.
In this state, the current Ir vvh hrough the resistor 5 and the
base current Ibl2 of the transi stor QL2 cause the error in the current
mrror rathOyefys the voltage -.5 drop at the resistor 5is limted to VF

(the base Wheft b tobvdr s¥upde! voRke %c inEYBashd, @RP1hS Vohage(dked at b rbdifor l6TeREBSUSYOIeQL2, -
even if {RAGstBQRIchahgsd ifte a oL ATSsthtS. I iﬂﬁrsﬁﬁsﬁdcurﬁntwmﬂ Rbws throlyh ticlekistori50 t he
col | ect OgndGny b8 burfdht 1h12€of ttfetrandistdr W12 Qude tut&rewgh theN@urrbr Hiredr @dtio. Asithe Voltaget ed.

| n the C@beathefesistbiBisNiditédSto MFQthe badeUE emitterl VoRagh @6 the trarsistor 032)3 tectrangistdrhe

L ocur hent @12, wiinGihthé powss sduideOIige lishifcreasa, @ tcarrenbtoi ke addadi th ¢@ doliecabaument®f 682 mMA
. when t hetrapsistren2anirough tHerresistor 8 isdimitddl b thes case where the chsistancs @alest i the resBlon § js 30t t he
 Iref is K, cutrére Irownich dings throughsthen cogibtoigh isllienitedi to laboub 8.pR201A whenltlle cdmpenseling. On

* t he ot hetanbisterd®12tihin a eohduciiverstale: Bhusat the def is hanA the cyrreabir isneglighle with gaspestiior ent

. | b of 1a hée frefa @ thetater @ tbm(!ﬂawih'l? Betwaen thesls d] 2 gad F‘BIWM""’[‘&?‘]‘“%‘@"?‘%‘E{S

. 1b12 = (91Gend q'énerprfsevdrqsmﬁet ein hFE12 is the current gain ot the

' tranS| stor parent fromthe equation (5), the base current 20 of
the tran®Ee ?Z'Qi'Z"E’ a0 very small. Thus, a current nirror circuit,

havi ng an | nproved current mrror ratio, and bei ng operative at a

rel at Vel Els | ow power source vol tage is achieved. In FIG 5B, NPN type

transi st 5L psed e PNP transistors. Nanely, in this
circuit, l%E%e b W"éer J"’l%)'?e'fttroBEes of the NPN transistors QL3 and Ql4 are

connect eghe]i'éﬂlﬁ iNB chirFoh{ gt the HAfbiskdR Q5. AR ASareR AT th ElRistioR (5, thOBHIE BUrRRL 1 N
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25 POWefatics QM Befhg ofdrave @l a réigRely tawtm&n sélifceivOIRGS, iCadhie@dl source 3. The
enitter el achaasenpd tylpb GrafsRRLAS abddIastdall DA tho FNPI trafidtors. Namelp,nie atiieclrctin) tishe
conMmDN  Céamifé Qlecittdedf thd NPNDPSisiars @18 arald@B! abd cdniisetet! tthe GND Asr@inalLahd alvebl be¥ba .
The bas esledtrodesraps eondécteid e commors iTed collediiik Slactsode @h the dtaasistdr Q18 e canodcted b dhe
el ect rodpowef sdutve tdarmnalNcsttioough)kB inpetruirrént eourae| 3. dbe eitias |electrode dicthe bampeasatings
connect etlansigiot @5 ip covmectasic theccomaomiconabctivie of. theThbrse oledtiodasi of thejeansigtass; Qidhandhe
same way Q¥ Theease leciada ofdife tFngist® Q15 iggeptepted o thercollestor placiede of dprtraasisies 1dge 30
Vcc is beiddhe ogitactonelectrodatheredf irconngctpchto thegwel seyreatemingbfcs. \When Ve exceeds
VF of the (ThisAiuE perratesin the sares, wavrag therpirpultof EIGRA Narpaly at%l heait°WPht9"'F
curredt ¥esuledeloy YFg “ﬂé’ Fﬁ's@"ﬂﬁ B2 Q"B%Y? ﬁﬂ? r‘@'l’?(‘ ‘f

ai e“é’f"@'ﬂt1 5rsuﬁp' t he
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transi st B#® t" " ah' ﬁua t‘ﬁ w ases
it e e e Yfﬂ?fi.f, bl deglles

mto a co duch
b%
di sper’si 8'}1 ﬁ.ss ws 3?&'1 fﬁtér o ot ol of EASEA Sh058 Aglsﬁovﬂ'ﬂq 4.
The FIG Vife ﬁ:éuﬁ'bf s lirdveribn fs Berativs b fow [Powdr Sburdel Vorkdgb, tnafbly FrEGS. SA
and 5B. h§ W0 tHenc nsdlfirg OfrASbtort Sb:‘era@'ddr\&lﬁﬂtthénp&ﬁé?rsoﬁrbé Gbtiabe @kcobddl BVF to

I nvient i Oeorﬁp%néaﬁ%lathé Hi@pe?éionfbf tHe WurlrsaY\RilrroS Riter 6 to/ fib TbaddCourréh 'R é’thé/ Eurrent mirror
Fur t hep makes ifphRedzONMPENSat i ng transi stor operates when the power source

vol t age excamrls adWuitidRgam opaaaplifer Eibit Wiidh i€lpreyidet Sitioan isbrovddecuant mizot cinawiv r or
rat e dueof this tifventibra Srethis Wtir¢uit/the nuhferes 7@ Hesigoalssr editferential ramplifidiOsectiont apd ithe riumprabv ed.
FI G 7 i ss@designates & catfeaigmianan drcuitaiin tispsireuiti e corantuinr qitsit B0 fusctipnsoas aleadtpul t h
an i npr oviendit ofderamplifiengircpibr circuit of this invention. In this circuit, the
numer a6 70 The Sliffepaetiaampiifies ispctien Ehineludes arpgl of PRI tyde inpytdransisigny| Ophand@@eiy 80
desi gnat base glegtpdpsofitheiransiziors Q24 ang; @25 arq conpcted &g the tﬂ?'t"""e[tﬂ% '"B'EIrt?’E‘WP' (r’h) Aor

circuit He invaiieg Inavt§°f53§m'a<r? EpsRe VCT’PC‘?E'P"E"’ P"L “I‘“P' G34 é

The di ffe?"é?ﬂ“td P“}? 't°51 ",ﬁl °' ?1 f
transi st §Fg’ 'f" Wﬂ? lgctpd ‘W [;gd Q5
are cdfin€t® . We o ?n@, ?Afré °f.% e tfe'e( tﬁ:ﬁe e f Z'"Jﬁ’é{o o?z

I nput tef Iu: ed cggl)' |§ éf)lle %Ieamd rl':h @r&NDSt ors
@4 and etareauﬂ & the
current %fsﬁ? ﬁec'tegl aﬁ %E&rﬂ dq thts @Ie&tﬁr%ﬂz@!ro%ﬁ Of thddedhsistor @25.
connecheqpd Qmﬁtg'eeléé}lQe LR IthE {Réhsisth 16558 bomneBtb® $EthE BNDERINER: 1, ahd@ B3| babed bletido

Namel Y,  3RoSi® corfnediddats it basd Sécirbdacls? trdNkndishe 28 &t £ 6lrioRdBin&fcirbUkeThe base
transi st gectfade ofd tRingisidd (029 IsR@Bnnoéted 0 AFIEND titihafbrdl tiBEL 6t Ekiel tRerddfR cobdtert or
el ect r ode taé bdsb @lottfoas) 6f thd RensisirI027 T rre Aicirtedt midbredirtuitoT® gabmdtiivadirengins bigbeor
Q7 is connected to the GND termnal. The collector electrode of the
transistor 25 is connected to the G\ term nal through a di ode-connected
transi stor 28. Nanely, the base and the collector el ectrodes of the
transi stor (28 are connected in common, and are connected to the collector
el ectrode of the transistor 5. 55 The emtter electrode of the

tran5| stor QZG I S connect ed to the GND termnal, and the base el ectrode
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EP 0 299 723 Bl transistor Q@9 is Ntines larger than that of the
transistor 27. Thus, the collector P f the transistor @29 is N
times larger than that of the transis org% The nuneral 80 designates an
i nproved current mirror circuit of-this invention. The current mrror
Circuit 8Qa6hUsi®Ss RNRek YaRRr thadihai ¢ Rl tanddidk Q2P hua b SfcdtonDGhent of @R tRingstorS.
The eni tt egagtl RGbORRSr thin thal6f the trdnkidtesazt or s 21 and 22 are connected to
the power sotkgminter 80 dbsignasan irigiclell bigrebtasigorairadtiof thiddsrentibn.tThe cdrreatTairrertoiyeult
Q@1 and QRgh mEiGdes ANPEYHE transi3tolsOQRT) Q22 Tane QpE3camdtar resistdi AeTi®i emitteyfeldchiedes 9f theer
ar ea_of st heankistera Ki2s bod QP ate iconnbited tovie poapgeurce fteaminel e, antl thehiase plagiiopest ob the
Q1. “Fhus, trankistors €21l @od 022 ewarcoasttedin ¢ammon; Eesdeometric dipension qf| thej erpitier |azpacpb the

" than that wehsistored22riaNsinss dargeChan thifihe thedtahsiger 21 eThwe ttheepliocr cerpt of thenlangistey
@1 is con@akise times farger theh [that pothe disesistar R Fre edlectar relpqlipds; ¢ thecpgsisier, @21 is
col | ect or ehessted delthe shlleciareleqiragdes¢fdhepirangistor Q26. The CQ‘,'?ﬁ‘H‘ié@Pté%ﬂ'ePf)th? I‘fé"sﬁﬁ?f gis
t er mi nalo Crgmagied tq the oweit fasrping) OUE jead- e srfiecteyrelecknde of

t, wheld hipsirgyswhep thepotgpti ﬁéheﬁ gipg 8¢ ?"fﬁ' f e nop-inverting
'flh;f’:lu![ hat 'BEUtttW@'"ﬂ(gﬁ) th%?’tsi g 25 W T&E‘gé EB § Q% gh ?e mto th%jj %?BV\%( te.

28, @6 o, rmmal ’On t ot er tial at
out put Cur ?n’-l {'g %@Orrd (Q%E wer lE'tha Y e |F\g p t’h&mﬂ | Ga?ﬁd
when thé p ifnp?o jﬁﬁre qﬂirrbnnéﬁ% 6fntﬂ nﬂ&h’iEn e(;pmam at rLIafvSly I@JWSJSweF S\lice

that of t h VEHoLt’ (v{ R boshible |de(an mpﬁfﬂﬁcnkﬁn@ﬂﬁérﬁfs Qbcrathdl 4t a &% powdt éourded
Q@9 ¢ h"J”‘lg(:"vdl OF (rALkHdfe! ih¥ BorihéH &nnécﬁbn #3/cBlIeRi0r lbUtBls of the iramdistord QA dnB @29 is
out put tergg, Rétted Wthe dﬁﬁsutt BfnidaBUP\AAE tHeldyh@hé raibd bOthe GutpLE Wblfagdfs wide. Bamely, the

|nven)| Q8 iR biRput Vétagd Vidax! Sl diel iiinlim | oQiputioNsgs VaDILEFC@xpiesdeti agollovabout 0. 9
(v), IS possible to provide an-anmplifier circuit which is operative at a

| ow power QR ea/cyolideszpe. BUrthernmore, the common connection of the

coll ector electrodes of the transistors @22 and Q29 is connected to the
out put terwininct V€s2) a@l the dynami c range of the output voltage is wide.
Nanel y, 26 he 20 maxi num out put vol tage Vmax, and the m ni rrum out put_vol t age
Vhin are ewhareis Yoes22and Ycesghusre thprepeliostoxprpitter voliagep of the '% af)')e " the
(7)) 25 whesatiration/stete23ingenihis\amplifiscirgyitis pppiative, atjadey Bowes fRuf é’P"%P yox, é’?e |
_transi st or sngg thig, Aigpuitpmpraterapl s nt iy (9Fl°”§t“éla poagh ietwork, Whete g Pcf“feef‘mage
circuit i soRpEPMS (Pauied. and Wik, BIRJPPUL GHrFRCk 9RRST a&'eth(?v’ew 2 S Qe Offam e > 2
range, thi ®EPIPMEGIYLi s preferable as an anplifier circuit in a speech

net wor k an;ﬂe a | ow power voltage operation is required, and where the

i nput curr M¥epends on the power source vol tage, such as a 30 telephone

circuit. Chai B Jo ok ol lcobidind! fi r§t'£ Webond HSREA Sdufed terfninkis (v GNBS, GAA drst
POVEr  SQUr Ce tF’aﬁél%l'nﬁl &sf )+ 1o ivin ph’tr Slrremto(iref), having BRI sniidr dlRAG, @ PLEY
for receivi ngyafodeiilih cGIIéEtBﬁéHctr&der d)sec A YrhriRBtoP oSG 1§ for SlRfting @kl Sutpud At
el ectrode anthyging ot bifibrYiecRbddCl b Rlectilb ahEs BoNEctb RRBGAS] Ml nisans Y ¢odisblingf the
outputting ang ASLtroels bESHG firBPatkN@cddd tandisidr eeatd &Cths GEBE pover Sas@ teimdret, rodie
and & col | ect @éang kP 6ligpRg thedfikt EE@ItI0 the feolotanelexitrbdegof tHedirst trarsistor medne ctherecters
of saida4birstizeédy compding: t ransi stor neans to the first power source
termnal, "and mesissr feensBipipl sonmegtinghtbe basgslectzasie rob the firsh transistop 5191’@(5? e collector
el ectrode of elépgodetheseofit r ansi st or neans. character- 40 I zed

conpri si ng: r esithird drensintos mpagssR1 R)der wPPlying: ¢ iPrageterined Surent foctpe Pi?&é'eﬁwdﬁﬁ@f the
first transisirgrandessaend; tensipler peascen the veltage SIRP PSS BT resfstor oPaps A¥FEPSst Br
means (@2) fepdedaypipedNalvg- a predetermined current to the base el ectrodes of

the first and second transjs t.h voIt
resi st or %’F%' or gircyy of daimrx: plr e‘ge'?'w}fﬁqﬁedtﬁ?/ 9,? tqé\ggrﬂ%r%ésﬁst?& r'#egﬁs gach
circuit of cl 'ﬁ‘f' RO f| rst, the second and the third transistor
means eggh 4 n lcuflje%t RhirtolNBirculY QPcl&ﬁ'\ap%é'&Q lthe S, the seddnd Bid RS thirditfahsMior Ghdakd lbdch
of claiml, qy‘fet,raﬁg,sm,t hé 'second and the third transistor nmeans
each incl ude an NPN type_transistor. 4. A current mirror circuit of claim
1, wherein 4 hg coRMmPMfrol EIRHE b 1/WRFRRI & Second t?d’nS&t’:r Béné hatla lagercontitfed Bret: fah
of the first kb flsPkanBiB3Hean®d 5. An anplifier circuit for anplifying an
i nput signal, and for outputting an anplified output signal, conprising:

: 5. An amplifier circuit for amplifying an input signal, and for outputting an amplified output signal,

comprising:
first and second power source terminals (Vcc, GND);

5



first and second power source terminals (Vcc, G\ND); 5 EP 0 299 723 B1
transistor Q9 is Ntinmes |arger than that of the transistor Q7. Thus, the
col l ector current of the transistd¥ B8 ¢ines | arger than that of the
transistor @7. The numer al 80 designates an inproved current mirror

Circuit Ofyf a2f q\mu{elﬁr\ar f &eany tré%l&&rc&ﬂcfh{lg Wel colidtol ErbMIPHe FDRistoy PE
transi stor&s tim (& Qgg},fg,g ,@,s{opgﬁstor 5. The emtter electrodes of

the 5 transtytyGherales desith e%m%@d%%ﬁﬁf&%w&tﬂ of 1A ifRENIEH. TROMKER mirRF Bitchietl
Vec, and tgoandhass PRP Q! 1Rflfsiord 24, N@22t dnd Nd3sdn@ S redidtordf) AThemitRF Sleaseaittgl i n
comon. s ThansBRM 021 dnd G2 RNGhRBedfo thé)foweniduice terrin® Ac6/fant e baseceiiraded bf thi? 2
IS Nt i medrahsiiope Q21 dndnQ22hard cabfectelian tanammi THeogeofd@de dirhbnsion ot the emitet ared ofrthe
current oOftraisistor Q223N trhasr largit 2han Shal\oft thentebsistarr@pdr Thub dhe dofiesitor Qrertiobthe transistost or
Q1. The da2R|ie it iwesdérgs tthandtbet @f theHangistarR21s Ther coliitlor islectrode 19k the d@ngistor tQR3 is
col | ect or cefnected todke coflectdn @lectrode off the tiansiSIPGO26T ke eotidcion elpeiiodepidiea ¥apelstordP22tit e
t ransi stoorco@egted tg teuipeidermiselt QU and the rellegiertelegirode e the ¥pasisten®@9and t he
col | ector el lo&his evgeit, whenttm%qnhﬁhéﬁﬂiﬁ igyerting ipput tesming] j(; 'sd‘?“febi'}?'t that\of, i8¢, "?’H@’er‘"‘g
potenti al iput Pwesnaf fitde the itrappistar, O2S. G2 92 2 P%d P?ﬁ/\fé‘\a t't°rP3E“’“6'f"°
non-i nver tit c rrgptrﬁ ﬂJgphee jr m trtemgt rt % the ntla
e (|
tgu

and |Q23(§C]c v 'rg 'Vﬁ er Y e o:tp- ermm "1] Oll'é§ Q
supplie mprove currenf ifror circui |s mventll elatl er SO
pot enti al vgllia J{'BQ (\3%1 i§ SIBQ H’ |rc u!h ';he

i nverting g ﬁectlcfnad? e I%Etﬁr ode
'Cln}l_o Cond%ﬁﬁdet\!tgd %ttﬁé Sutput f&nﬂ A8 tiUyhahic FHid &ile lﬁpgmdiﬁh% IQWEPLNamBQrtﬂ% nal

ot NadrlTRr RipGIcottaldb VAR aﬁaitﬁerrﬁinmﬁ.lnrowmtvouﬁ o Viflih Srel R 6935d Rollows: OPeT at i ve
at a reI atlvely | ow power source vol tage, about 0.9 (v), it is possible to

provi de arvnaR Vdci-@tes@2 r c@gjt which is operative at a | ow power source

vol tage. Furthernore, the commobn connection of the collector el ectrodes of
the transiwiioesvce2 am 29 is connected to the output term nal OUT, and
the dynam c range of the output voltage is wde. Nanely, the 20 maxi num
out put volwhagie Ygese?, and rMges2 eararihai qllactonentiftantvoliagbs: efgbe ansistosr 822 ansk €2 aigihers
fol | ows: \setusetion state: Sinceythissmplifier ¢igYit iy/aperative ayadeyompwer gorpe yolagglpuerd) widedyaamio
and Vces29ange.cthis ipiscutgs pesterable-asrnt ampiifiey 6irquil diog spech Reiwerk Jharp 2t lpw owg oliagey
Q9 at t hereraionrinreayipds pag whersithaciaput cyrast gepgndst e EPYREFoYICq Yoltgghe SN e at
a | ow p¥wdelerbenerdreiity ol t age over a wide dynamic range, this circuit is
preferable as an anplifier circuit in a speech network where a | ow power
voltage o PMSi on i s reqU| red, and where the input current depends on the

PnO\I‘,\Irez)r S;:JIrjg ﬁﬁi’c?n!’rg lri'or c| guk{ f?\re% %Ofl ag:lldgtoh g%m%r rsgt%et tenﬁ‘aﬁmlﬁgﬁ g@tjoli ﬁy/ {s?nt
|

G\D), afid fi 'o Hoand (2 ai”r'ada%e& e i s

current (Ir e vm H&Gr éi&tr@dz‘ 1 b&b ofebtREd BRCEeoNétior 83 robd, GBhd MOME fof Bshnétting the

col | ector el Gk oa%.@ SAE ABCanki 'sBEbAH Thridistol RRAR 1 Wbltkst pBWer Qodrbd HobrhiRl] Ad

outiput curr emeansh&\éh;ﬂﬂ/lrg%eﬁmui Euont@b 6 CHIBELEY, oloRirdd8 SEE Hir€GEah M ndBb. éharacter-
collectgr el ggdsp nmeans for connecting the emtter el ectrodes of

said first and rsmmd;aﬁsr(awsni &hasctingiethe) Bash Gletttode bl the tirstiGmeistor eansC® theccolidctval |
and nmeans f oplestiopethgreotg t he i nput current to the collector electrode of the
first transi st dhirdnimasistor nudaes (@d2)dor-surilying a piedataimingd cumptd herbgse glestrodss of the
means (5) f ofirstennesspidntiansisier naans wien dhe yelegenfirop rasropy thet resisteryaeass @rcepdsan s
to the ¢ol | eoredatermingdyaugde t hereof; third transistor nmeans (Ql2) for
supplying a predeterm ned current to the base el ectrodes of the first and
second tr s AsUBeNt miron Sirgik ehclimd. weareim the fissh dhp seeondaad thedhirddteansistos megps, pach
exceeds a 45'"°'“d°3pp'\é°d'<¥?°etfaﬁf'ﬁ?§d val ue. 2. A current mrror circuit of claim
1, whe re| n, t dtr | each

i ncl ude®a PN °t”y érq '5‘1" o'l(;ia“nn wn§°' ﬁ é'ﬁﬁ‘ e %?" 35'?dctﬁ| YrmeEs pagh 1,

wherein the FFe Qseetcon ‘and the third transi stor nmeans each i ncl ude

an NPN typg Lrahsh ﬁ\En%F circtlit of i i [ viHaleinTThd £o86nd Gafsishbr he% has @lafﬂaﬂemxm Qlefitan t he
second trans&hgggqhems, &Sméand. ar ger emtter area than that the first
t ransi sgor mneans.
5. An ampllfler circuit for amplifying an input signal, and for outputting an amplified output signal,
comprising:
first and second power source terminals (Vcc, GND);
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* [ L M S *

‘_-




5. An anplifier circuit for anplifying an input signal, and for outputting
an anplified output signal, conp 'si%: %brst and second power source
termnals (Vcc, GND); 5 EP O 42 i nput term nal neans ((+).
(-))for-receiving the input signal; output term nal means (OUT) for

out putting thg, @dkdmht mgéngr«al) (-))H?é@e'?\hrﬁttﬁhhn&ﬁ&&rlélt means (70) for generating
an input currg&gdy “g,e,ﬁrgp,qunyg UProf SputtifPind ofip BgMai; Characterized by 5

a current mirgRsistsi Gkt ooy RF IgekbrdBy ah | iRpst clrfor) fisSdhsiVe WBEMB SndufRibalfl OF
recei vi ng tch@addfpddtoycur rent, having an enmitter el ectrode, a base el ectrode

and a scol | ect 9éurrehtedindr oietRit (BOERIEING;0r connecting the col | ector el ectrode of
the\{i rst tr amstehsstormEans (G20) bh@cdivirgné wparcutent, diavitg areemisier elddirods, a base
second t r arcisdde endeemilxtof gedpddaavi ng an em tter el ectrode, a base el ectrode
and a col | ect meanglfiee conmecliag thealiestor ejectrodenefdiet firstdratdintor neanst te thectraggistorniteuit of
said first meaeh, second transistor nmeans to the first power source termnal,
means ' or congeeed; ragsigieremenns ((@32) having| aBCeMitRY lasifodpn basecelerdoder st sPlgstorreans
to the out (P#er¥er ni nal 15 means, resistor nmeans (5) for connecting the

base el ect [?(P?‘fqge?l{f’ oy H@“P‘?“P%{“"PF‘%%?'%"FB‘PS PESAfsretend ﬁ%’m&"o Peidergreass dhe Bite
t her eof , t spyrepRminel 3 d t
{0 the base cTEE mscﬁ%siﬁegrﬂwér??c@q e st L
N ol f Sl ERRD SRRZELE 08 R e EHE KERA AR

resi: eans
val ue. 6. r Cul % wher e termnal nmean

conprises fiTgly %&sﬁﬁﬁ%g (ché%PMF stSIW'B Q%Le%eten%ﬁwed Z:urrdapto%g)ll)dsé bigérofds’ df et Of
Cl a' m 6, Wik Ghd) sbddRd lrarisRk Shedfis WhdnCib lvoltdge THfopC SUNRE |1 Rosistol MdknsAdkEeeds GON
Ut, of I aNreaibineli (b, (25) of a first conductivity type, each having an
emt er electrode, a base electrode and a collector el ectrode; neans for
connect i 69 Anh@nphies Qircalt OF tlitds, Swiefeint the inpit! teriminaNfehe ComMStisbs firstt antl saddad Spar S t 0
the first aginsiecond input term nals, respectively; 30 nmeans for
supplying a bias current to the emtter electrodes of the first and second
i nput 2 r anSAinsmplifet, cirauit d cleich & weenaln the bansisPCpuitoheans wepdeest conductivity type.
havi ng a col | irsitand sedoad: inpig ceansistons R24.cQR5) of & firet conductivity type. shehchavingien eritterne
first i nputeleckains baseglectredeland & callpatertelecipde:connect ed to t he col | ect or
el ectrode t hemeans for gerveciing @ﬁﬁ?ﬁeeq'ectqd%?frtbﬁjfés"@ﬂ% FrREeRcdioput Bansilersde o ditst fswer

termnal : 3scond input termigaly, ¢aspachvel¥i ansi st or ( ¢ of the second conductivity
type, Mavi n% ‘Eeﬂf'sélf?’eﬂpl?h""% ReRits exrantci9nthR v F'B“'PH? tfote dirst 6‘?" é?‘@[‘ﬁt iBtfe of
t he second 'tra,ns ab se ectrod conne ted t t or

el ectrode th $g 8{,"?1? ‘g'ﬁtlv%téi%e E Wﬂé@?' i ! "d:férwer
term nal ; d ' "s 0 oo %f co'"n u t| V|et°§’/° )o/p("‘ee avi ng
a bas, el o °° Eﬂhf ' °f du R AhSN m@m; azﬁm doheRpS L O
an em ter tﬁé &onbdi ectﬁ: U cSrﬁ'le to th? rrOde
and a col | eskfiide ef%ﬁlt hrfd eﬁ\@t@fﬁ&:{r cBrﬁe& , @8 sb&hd woFloffirtal; 0d€ O e first

transi stor MEAR; wasistbr{bbs) of M SbcohdPEond 1b, HalARg ss&e%c&daa@msaau ¥net YPE,
hawi g a basg Sb&bid Gl ANPGRS, b oiiler detIeCloRidcio &t TsedoRe pbwer Is6lirce

{1 anSiet or ,ele@fod8 Bhd & @llecr S16éHASI@NRERRE BChEEbIScRr bIBEroBES ARdird BAKSISOSAENS €

term nal and a&signlreiiod (Q26) o ater soctad eorandicityctgbel Navingi @ basl disedde lcormbaad o aide Of
t he second Hasensledtradeodf the ahive . traddistdP.adnesmbittan SiBcwralh @ornect&t tooths peceork boveh &bureeng,
mt ei ner dersinelrand adoliedtoralectrode cineerteBite thageliedtdrelectide piitae goband tra@iNidy meana.d
einemersten Transistormttel (QLO), um einen Ei ngangsstrom (lref) zu

enpf angyeRatenfanspriche Enitter- el ektrode, eine Basisel ektrode, und eine

Kol | ekt or el ekt rode aufwei st, und einemzweiten Transistormttel so

(QL1) univeiSYamsningelschaltyas ¢ Tpit, giner rsters wideiner Zvsiten Sramayefigiianieg Bice.r GNRY. ungi e
Basi sel ekt rjB®@ ot 'B'F gtormnttel (Q10), um einen Eingangsstrom (iref) zu empfangen, das eine Emitter-

elektrode, eine Basiselektrode, und eine Kollektorelektrode aufweist, und sinem zweiten Transistormittel
50 (Q11) um einen Ausgangsstrom auszusenden, das eine Emitterelekirode, eine Basiselekirode und sine
Kollektorelektrode aufweist, und einem Mittel, um die Emitterelekiroden des ersten und des zweiten
Transistormittels mit der ersten Stromquellen-Klemme zu verbinden, und einem Mittel, um den
Eingangsstrom nach der Kollektorelekirode des ersten Transistormittels flieBen zu lassen, dadurch
gekennzeichnet, daB sie aufweist:
&5 ein Widerstandsmittel (5), um die Basiselekirode des ersten Transistormittels mit der Kollektorelek-
trode des ersten Transistormittels zu verbinden;
ein drittes Transistormittel (Q12), um einen vorgegebenen Strom nach der Basiselekirode des
erston und des zweiten Transistormitiels flieBen zu lassen, wenn der Spannungsabfall Uber dem
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Kol | ekt orel ektrode aufweist, und einemMttel, umdie Emtterel ektroden des
ersten und des zweiten Transistorrg é}ﬁg%#g% der ersten Stronguel | en- Kl emme
zu verbi nden, und einemMttel, 1ngsst rom nach der

Kol | ekt orel ekt rode des ersten Transistormttels flieBen zu | assen, dadurch
gekennzei chn@idersidmBmitbindh {o\GigattenenWert tbersteigt. €1 N Wderstandsmttel (5), um
di e Basi sel ektrode des ersten Transistormttels mt der Koll ektorel ek-
trode des 2er SioRpidgoRBifinsing @BMEE ArRbrechzi) wuisth BisTbetd) daseiwaite| inidt dad Sritte Transistormittel
Transi st or m jetembn PIPL BhnsistonuRfasten Vvor gegebenen Strom nach der Basi sel ekt rode
des ersten und des zweiten Transistormttels flieBen zu | assen, wenn der
Spamaiings @bf Sifdmsfikgeisciaiiung @erhd@Ansprlich 1, Wbbei @as*erste, désRweite? O3l dé2 Sriti1Transistormittel

W der st ands nietetnen Nei-frensistop pigfeggebenen Wert Obersteigt. 2.

St romspi egel schal tung gem aB Anspruch 1, wobei das erste, das zweite, und
das dritt & TPAMspieqelsehiung gemif Agspiyen 1, PIqbei o Aite Trspsisigypitel g grdferg\Emitterfid- 3
St r onspi®egel %W&I%ﬂ&ea@ﬁﬁ%’mﬁgﬁ%ch 1, wobei das erste, das zweite, und

g? fo(rjrv;:out teeelT S rm’gfat i ".E;ﬁ'é%%"hng'ﬁes "%éfé‘?“akfzg" 6\53“”{"335 ‘@'ﬁ?l“g? SPRRIPY|
ei ne groBere ﬁ?’lgfséqf‘ P 50 ayest: - cp r StRpf ansistornittel hat. 5.
Ver st ar eine erste e zwelt trom%ue?len Kle ﬁ

}éerschal tH iié gﬂ bq}g‘s Hﬂ g@ﬁ |9&1§er? (H{]d zum Aussenden

ei nes verstarktg s,gna, agéz[}s%ngf e und eine
zvweite Str Orrqu-el |ttel )um prechend dem Eﬁ’lb gssmnal einen Eln?angsstrom

Ei ngangskl enr nngﬁle g,el + , , umdas ElI ngangssignal zu enptangen; -
ei N Ausgangskdksiieatdhn dh&ﬁbme(ﬁd&pnedé@&haﬁlﬁ&(86P8|6%mﬁ§t8l gnal auszusenden; - ein
Tr agsi sfor schal felargstes Mrdnbistbrmttdl0jn21) i Seht SrigasitiRmcu Gavilaijen JANEISH Esmadeleatonen
Ei ngangsst I OM Z \de,RindCBEREISKkIrGRIAN Bifie? iIKoRIBoloktisas;h ei ne St romspi egel schal tung
(80), die unf aBiein Miffel, um die Kollekitielakt@ts tiesSersteraTransistoamiittald inie lderg O2ibgistorsohalieys-

Ei ngangsstrom zMitshpivarbipden; nmit einer Emtterel ektro- de, einer

Basi sel ekt rode windzvesitese Trabbistamailtel (R@2).aktasr einke Emitterelekirolid, teine| Basigelpldipde und eine
Kol | ekt &r el ekt r ddiskidisisktrodes aubweistr ansi stormittels mt dem

Tr ansi st or schal eirigtel yn gip Emitierplelteadp idpgierpien undedes zygiien (Tragsisiormitels Sitdenpreter|
(@2), das ei neSEPﬁ“!“PU?PéFeéWrZBd@b'“@Fvne Basi sel ekt rode und eine 25

Kol | ekt or el ekt rGt!!eM'ﬁ?iff%F'gtm"em@ ofroge f'?%?weltmﬂfmsetomeﬂ% et gere Rysggrgskiemeraen-

ersten und des i stor mtte der ersten Stro
2u_ver bPnden: - 'dR/F“f“t"é'F““"' B é1°§ ﬁ'is%fféa"ﬂ%gmm e Rkt ™™

Transi storm tt ele In fl EI%JSIS ormﬁ% Um em n_ {ge nea ZSltjroM enr m (rlledl' %lSO?S%TOdS des
n
o 1

ein Wderst ands %?nneqe ;ﬂﬂnun sabfal Uber dem
TranS|stormtteI ene es ers SIS ormttels

zu ver bjnden; - e| n dr| ttes st orm tte um €i nen vor gegebenen
Strom nachg, desrstﬁﬂéscﬁaiu%gmﬂ%gﬁﬁh 6/ bl %aélﬁ%aﬁﬁ‘sﬁlerﬁ?ﬁﬁi -6 oihb BRI LR BihdTbveite! S
flieBen zu | phghbskiele BuiWéist. Spannungsabf al ber dem W derstandsmttel

ei nen vorgegebenen Wert Ubersteigt. 35 6. Verstarkerschal tung genmaB

Andpruch 5. verii@kerstAsiuly GaaB @rdphemBaNdbdiiis Ranstordehalings-Mittel AGkwaistne zwei t e

Ei ngangakl emme- ainbivveis®h .und shhen zweiteh Eihgingsirarsisor (a2aahi29) Reg) estoh LétuBgEyps vol,
wobei das Tr ansidsteojeietulriot Emittpeoleliddb,ciine Basisetwkiaide untibine Kollektorelokteide ewiwaistst en
und ei nen zwei+ ein Mittehgemgje Brsinaloktotie des(af3lah, undRBy zvesitenciEingangstransistpre imitdey eBiPps
von denen j eder baw.ider ZaitentEingangelammsciy verbingas: Basi sel ekt rode und ei ne

Kol | ekt or el ekt GieMitiqlf u piagn; Vorstram fagy "!9[ Emitterglakigpie: dgscpsstancyng ides E’Eféeftj'éﬂgaégsst en
und des®zwei ten"'E‘i‘ P} 2y fassery ors mt der ersten bzw. der zweit

Ei ngangskl enme” 2R & or {Q22) °R/Iz‘f’el't8’f Le'tEWF fh S10Ry d{?é?'t der
Emitterel ektr Od{g;:?%% Ega?; %?sg emergaﬁse ﬁrog , die mit der

dritte ransus ors ve un en | elner Emitterelekirode, die mit der
zweiten Stromquellen-KIemme verbunden ist;

50 - einen vierten Transistor (Q28) des zweiten Leitungstyps, mit einer Kollektorslekirode, die mit der
Kollektorelektrode des zweiten Eingangstransistors verbunden ist, einer Basiselekirode, die mit
der Kollektorelektrode des vierten Transistors verbunden ist, und einer Emitierelektrods, die mit
der zweiten Stromquellen-Klemme verbunden ist;

- einen flnften Transistor (26) des zweiten Leitungstyps, mit einer Basiselekirode, die mit der

65 Basiselektrode des vierten Transistors verbunden ist, einer Emitterelokirode, die mit der zweiten
Stromquellen-Elektrode verbunden ist, und einer Kollektorelektrode, die mit der Kollektorelektrode
des ersten Transistormittels verbunden ist;
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45° ' transistors fli efen zu |l assen; - eonen dritten Transistor (027)
ei nes zweiten Leitungstyps, % % kt orel ektrode, die mt der

Kol | ekt or el ekt rode des ersten E| Bgln%sgt i stors verbunden i st, einer

Basi sel ektrode, die mt der Kollektorelektrode des dritten Transistors

ver bunden i st gidéd GedisBi rrahdiidr (@05 b Iwb M LeituhhRypS] rhit Sfdr BaXSIckiRIAe, die mit der

- Stronqguel | en- KiRissleRodtCdes RELA Trdnsibtors S6kbunden ist, enner@rﬂi%léﬂrdﬂéttﬁ&m-[rdmeﬁénor

- (Q28) des zwei $tR¥qlelbi-KIBEAES Ydbunddhl ikt, @idvmer m&m@aémwal @& it @EKolickieldkirbded e
Kol | ekt or el ekt desdweie Sragsisirrhitdls ferbaadn @t r ansi st ors ver bunden ist, einer
Basi sed ektrode, die mt der Kollektorel ektrode des vierten Tr ansi stors

"~ ver BundeRevendicationsl ei ner Enitterel ektrode, die nmit der zweiten

Stromguel | en- Kl emre verbunden ist; - einen ffnften Transistor (Q26) des
zwei t en eiGiyigirojrsie, cowrant cemprenantiies ipromidesketrsgennde brimes i souseer d'aljmentation (Vc,
Basi sel ekt rahh} emgrapmiesmoyen dertransistar K%WEPQPEWB?YH'H%COF@E‘" d'qnirgec(jref), comportant une

~ Eni tt d¢f el elélectnde dénptisupiupe dlagirode e pasp etne |der99'EF*ewt ptaesoerd BOVAR i st

~und ei ner ﬁ?%?%‘él‘@ﬂggﬁkfmmen "B(l)’"% “Pg:%“’ﬂéﬁ’e je| ‘é’glg&'?:é;;g‘ﬁ £leglipde gé@et@%';sgt'gn
Transi st or * )

" einen sechQRHe depdiischraypier ﬁ%l’@%""? g QR alimenta-

| Bi’iSI sel ektr r%':ssl'gj l‘%a s ﬁ j,\%qgggﬂ %%;n&o%ﬂ fsi (5"r'e§ Froyen

- ver bunden iS & 7o e
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