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trangi eception drardrge Sghdl. [err] are connected to the first adder input term nal
" of the adudeig hé bimve tntaDnsidierdtien, ki, capdomst Tiof the gutpud surtsht I, Imathd adder cireuitc3t he
secondistgivet byansi stor [err] and [err] are connected to the second adder

input termnal of the adder circuit 23. The adder circuit 23 is simlar in- . -
: 1 9.1 _and sunms up-collector -

structure and operation to
.curménts [arr] ([*err] 0 :Lhe f]_r_st_and}tguﬂ- F.transl.at.ar [err and
[err] of tHe me el f&remra umts FErTTTO t of the
above- rrentlo%nedlsﬂm |fs/ pgjo uced 2hPealh(Vheid¥mledt #""d‘f/"() tranS| st or
[err] as the out put current WhICh S dep| ct ed at a d. c corrponent [err] of
~the outp urre erru[ve‘f avar Jut curr err |s c erted
|nto acafln % a&ﬁ or\{(% ‘3{ ah #er r? '
resi st {E&E el : hch s&f.[
unit [ glfehts assu tront at the co ector curre’nt and
t he fourth translstors [err] and [err] are represented by [err] and [err]

and the output signal of the (i-1)-th anplifier stage [err] is represented

by [err] A sum[err] of the collecto? curents [err] and [err] can be

calculated in a manner- similar to that mentioned in conjunction with Fig. 1

and is given by: 20 [err] Inasnmuch as cosh [err] be equal to cosh [err]
as known in the art, Equation (8) represents an even function. Therefore,



“‘time as shown at a curve 42 the out put current [err] aI so varies. as
~depicted at a curve 43. - . Fromthe curve 41, it .i's. seen- i
that each differential unit hap ob4es 4288t wave rectification char,acter_l___st |_c__ o
and a limting characteristic. Referring back to Fi:g. 5, saturation and
“limting take place fromthe collector currents of the first and the 40 & %
“fourth wrehﬂrew@ut[velﬁqsfvmw[@rhv] of the (n+l)-th differential unit [err] o
“like in¥Ym §.Rals On occurrence of such sat uration, the collector current
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cuns/eVig5= Ve -@eidwn as a result of addition of curves® [err] t hr ough [err]

whi ch specify the collector currents [err] to [err] ' :
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resi straneistpe@ue jof e dmplifirspge At-or [err] which is simlar to that illustrated
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o di fferentr al unit [err] al one will be described as a represent ative o_f the o
differential units [err] "’ and[err] 35 I n Fig. 9, the iltustrated ’
differential unit B, conprises Epo0248828Bugh sixth unit transistors [err]

[err] and [err] which may be generally represented by [err] to [err]
- respectively, and which are divided into an odd nunmber group of the-first,
t he threfedsncencfrq e fifth unit transrst8rs err] and [err] and an even
- nunber gr %r "61““‘! fhe foush ypjtjtrangistars Gag, ady Vet%%”ﬁ#%t’?ﬂ"ﬁ‘ﬁr%"“?‘f‘%ﬁt@rasieﬁ‘?"g [err]

and [e%h °"L"P'atr?§'i" h'["éth"]'"d a&ﬂd’“ 'eF'P or §pSIsqrRy
have c
conrfecl t'r@ﬁ

B ot

|tt corraspand an the
o%ﬂg IReSopBTRY by Syee
contect M e ﬁ&z‘@i r‘g"%{& Earvs gl %p.i feteﬂrtd ErGr]

have epj che.yraq'nrme di

The unit lﬂré@s@c’ﬁhs’iﬁtﬁa{t&e the%lﬁt aﬁHE &?&nﬁg} %E&&s'ﬁk& ranﬁthléFb diaYN By:

col Lgctor regi ons connect ed in conmon to the first source term nal err] L
- and enibtLpd eRY, ons whi ch have emitter areas equal to [err] and [errT where ™
[err] randakeyRry are greater than unity. 45 The base regi ons of the odd
number agr oup transistors of the first differential unit [err] are connected T
in confmre (Vs Re base of the transistor [err] of the anplifier stage [err]™

whi l'& the base regions of the even number group transistors of the first
. di f f er entHetgin, thnrnvm[’eerofpeamlsoomrem&e igensgalizechinte Mo int 4gditiorel dhegiumberet the _

- \ransi Sniger rpaister] pajss. in Kis eya ihe iragsistorsa@e. Lo p9d R of dbgdeddynumeregraipatsd bey _—
conpar [eR§sIfRY. bYCngpish Azints; 8151 Quaiye F95R "‘i‘Ve Yhilsrige sansiere Qeaddnuddcs of B‘Gp 50 . o
transi §‘t°6l"§m'tﬁ' Q@Prbcagé’e&msmddtr 2eftty 25:?‘ ‘E'H Qupofr£ TBIPEFVENG WHOHPL =oF e :
\eonﬁ%c ikp SQCW c't°oqe" liz %'Bm&@m&*nsaﬁs-wsf”a'[" ‘[‘%P’F‘f‘“&f the

(i- e orcurrén Q

gndr umt |glor§ 13, an '
group s te@ds o f,e,%g] A2 2 o
[er r2] a:?‘gltahé?e Nren& f{b&‘ "T et r @c n%tﬁrﬁ urten®¥?), & R

ier stage err transrstor of the’ od L
‘nunber group 1S parred mnth a sel ected one of the even nunber transistors. 7"
55 More particularly, the first.and the second transistors [err] and [err]ﬁ***

~have the enmitt Nreg n:anQWRﬁgéd(ﬁﬂ cd N cl ¥ = ﬁDrst subsidiary . .-
constant currentsourCe specif ant curre &err] t hr ough L
firse and second eni tt éRgjedX ﬂo!i({ékl] and)[ Egny *¥pedyidely. The first. .-

- and the second unit transrstors err and } rrj nay e made to correspond o
“to the first and t eV e 88ndl 6k1n& 9‘ paﬁ;z% Se&z[err and [err] descrrbed

~with 10 EP 0 248 428_B1 e 1 Thet ird agd the fourth -
ouni tﬁﬁtransr stors [er#] ?ﬁudﬂ[‘lﬁ f??ﬁghz?hﬁ %%1 E:néﬂ reg?ogbz onnected to a.
second subsidiary gogst agt re tlrqygh third and fourth-
emtter resistors [er%-'] igndi% ? r2§§e05§v P}E)The ?hr rd and the fourth
unit transistors [erg] ¢an r yad.ej,t)o:ﬂc I @S nm b,the second
aﬁd the 5 first additi c()nas/{(ggngr(gtnglr‘gg[err] and ?‘érr] tr'at ed in Fig.

spectively. Likewise, the fifth and the sixth {38t transrstors [err]
and ferr] have the em tter regions connected - to a third subsidiary constant

CUT I @NyhGOLY i§ PopleSsriiakive 1'a @iveht dridifidancaiisbior) Xt h emitter resistors [err] and

[err] resppi!dadiebine ftdnbwgy (We1)enbitdéhtbliunit! B,ab B, .S ) ROmEr4b HilsOin@ligh my-th

transi paiob theruandid betedled frointthd Sddodnd WEslen Auibel BrOUSBESE B8 Grandishss, irftbduction and

t he 481 miaf be Matié atsout & SArRBIO j Whibie Isr variab isbtvodr ity e ng | dediNinBlysive L thaking fitlid inth5 L
Her ei naccbime Bquatixe(10)0¢ gdnkelizbd si st or pairs nmay be generalized into [err] in .0
addition to the nunber of the emtter register pairs. In this event, the 77"
transi ¥t dr % Tndvii)](er fhalzDedy F @fer (Eagbdd) hupbee: lgr oUpllcan be repr esent ed by o
[err] and [err] respectively while the transistors [err] and [err] of the - .
ever‘f“nunmemg?%wf@awﬂ%(‘ﬂé’ﬂ%é%se?ﬂ@dcibyg'['@rr] and [err] respectively, when ...

[err] 3. 20 Li kew se, the resistors [err] may be generalized into
[err] ﬁh-ﬁ er n repl aced by [err] and [err] As
‘regards ?‘é '“‘é'dﬂ?%ldt"[s‘r"’“ { t’%" (gﬁﬂt'hé) fi ?g the third, and the fifth
uni t transistars [ef re assuned to be represented by [err]
andsferr] ‘r“@sped’t{‘lg qua“°€ﬁ% ee"(':'?tr cunst ances, rel ationshi p anbng t he

circui fy u/mp.lzjg-tr =Si. ,g;_;,th)\/J,_l}hs%lwk“ QI])ect(r,);) currents [err] and [err] and the
r d .

~const ant curren [err] are given by: [err]
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- 40 _,V\/QEI’E‘_ [err] isT ep're'sen_t"ati ve of a current anplification factor: -Wen,
" each of ‘the first through (n + 1)-th differential units [err] to [err]my -

'._made about a variable j which is variable between unity and [err] both
i ncl usi U@W'sfeﬁﬂ“ﬂﬁnﬂ‘ﬂ?'y?"ﬁ'ﬂﬂ‘ iBe:count, Equation (10) is generalized into:

conprise first through [err] EPOPBi428BYf the transistors selected fromthe
odd and the even nunber groups of the transi stors, i ntroduction 45 may be.

[err] rentiatjon of Equation (1 1) with respect to [err] gives: - -

Jer r]VT5'5(“2) R f"e‘F‘fk}l) Eats Biu(19%i's rewritten into: [err] EP 0 248. 428

Pife % e mtade el S ed b Syl by e A BERET™

Equat I* 4) by [err] [err] gives: [err] 15 Accordingly, the fol I_0\/_v| ng
equation (15) holds: [err] 20 - Referring to Fig. 10, the coll-ector
current [err] xh t a |f| at i n response to
thg circuit in ,@ nadJ [e}rr]mggf/#mby €us/€ﬁj andrg6,2 as long as = 7
[err] I's equal to or greater tharpexyn % Cﬁw 2pn (15) is positive
vvhen[err] falls within the above%ntl ran th this structure, it
is possible to respond s of«<a4 )arage(nf/vlw Gl-rI:)JI /b?n signal [err]

~and therefore to expand a dyi range an |ncr of the circuit.

. .[eaar]andﬁﬁoutgalrt_d% GitMtBstéﬂBhfiB]stddeN&uiﬂen dyquat i on (18) may be general | Zed ! nt T

~

input signal VIN, saturation takes pl ace and the 26 collector current

gr adual Agﬁowmwﬁh%fom&'seﬂ@ﬂ?ﬂe(ﬁ)]m@t t he ot her hand, consideration will be .
\gpde about a predeternined constant determined by: [err] 30 and.about gain . . .
[err]%hf”ﬂ'& Frigtulnp(®k i er stage Al given by: [err] As regards the gain

Lerr OS$I ble to deS| n the area factors aL and } of the

o, Fﬂ?f&nﬁgr AR ol e é i S | owi ng

equat ca se q é gg S ostl ;%Q Ils wi nt a ove’- nle%ne::t‘ra ﬁfmgf g{ﬁ%ﬁ”ﬁ*g\?@r Wh' Ch -

gi ves” %ﬁh sﬁu h E fglgrd Ees on ? Lli\pm and Qhe%%;p -
|t in

di ff t
[IGEJ e::i%ﬁahﬁﬁmﬁ\% Gally bé&sh'nb nea rg%rt;bt'h%éﬁ mi Fsrgﬁ;l % 3 %I nce eaM{ttwn

col | ect h ye\bibihd, [cosldbratiSwill &anﬁaaeoupbﬁ%@etenamsh &)nst&@ aa&ma ppf each
collector current [err] never disappears even on a sum.of the respectlve

col | egfon /qyr+ emdgs+ 2Jherefore, the output current [err] is given as a _
| ogarithm cally approxi mated value with respect to the circuit input-signal:

o1 = (R11 11/ 2V9).

As regards the gain g, , it is possible to design the area factors ky and k"n of the transrstors of the )
‘36 first differential unit By such that the following equation (18) holds: -

- Y13+1/1’_13 '-'mt/golf.' - a8

49

_ In this event, each input signal level which gives the relatlonshlp of |c1,z|1 = (oq: hy2) differs from one
another in sach differential unit B; and B,,.1 by

Therefore, the output current |, of the adder circuit 23 is given -by:

50 ’ 41 | -
B B

55 - Since each collector current lo1,251 has the same phase, a d.c. component ot each collector current
lo1.241 Never disappears even on a sum of the respective collector currents.
Therefore, the output current I, is glven as a logarithmically approximated - value with respect fo the _
circuit input signal V.N .
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Simlar logarithmc characteristic can be acconplished by the use.of
Equation (20) in relation to the circuit input signal [err] If the source
vol tage and the d.c. conponentEPaf 248428t put current [err] are represented
by [err] and [err] 10 respec,tlvely the field strength signal [err] is
gi ven 2‘}(: IEjerr Thus, logarithmc value of the citcuit input signal VIN
i s prodify Ea t‘f’%ga)f'ﬂ?yrﬁetﬂe"eaa"de"d“mvol tage. 15 Referring to Fig. 11, a
rel ati onshi p-between the ci rCU|t i nput signal [err] and the output current '~
[err] is specigied bypt haracteristic ring to Fig. 12,
an i nt er nedi atje’- / *o]’yvia @I oh circuit accord%@{o a fourth

odi nent of this |nvent|on |s specified only by each differential unit
| whi ch | Simlide Régamfic Glaridforidit Sintdd 4AbdrhdREra by dhe waléf sq;msn o] MSbiEh &S the
dlffe:r,gmt,dpa{s,d,l,gll\;. conprises third through™(2m + transi stors fherr
[err] wWhinehsodte véﬁayé SR0hé at:oco%one%moméi ompmiea&engr Qworea.@@lanea u@m@parmgr‘oer

grﬁupespa'daeaht NSk Strégh sifnal is@ieh ppiber group have base regi ons connected
in common to one anot her whi e the transistdrs of the even nunber group

have Wasevs €Bh &ns connected in conmon to one another. Let the transistors
represented by [err] and [err] have emtter areas represented by 1 and the
t r ansi sthus.s lpgafithmisenivedf thycieeyinqut signal Ynetsrp]odh@d@ therforme efra die- woltegeyi ven by km
as’ssy nbaferinggtofja-t i akelptiongip batween dhe giguit pgut signal Yagend Baiottpdrcumeliilol$ of t he
tran§P%°Ef'8ﬁ’§VFh§"!96Wt’f@EP@@°feﬂs“$ﬂ emtter resi stor de |ct ed at a correspond ng -
fined

ti%n%?i%ﬁégy“"'zﬁa "r%% ﬁﬁz L "‘ %ﬁ ”%EE o ber
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repr%s,g,mgleqntags{,m&edbythwk lindsak Rigr @ct 1 fication characteri st i ¢ of

regt i fi gath iefifttef tegiohliof the assistors3f coftRttbd B dnMéiilkdn AdsisoR dépittéaodinal doaéura&drugt h a
pr odwafix. ¢lerelnC4 Felatiordhipl bbt@édn|a pak ofBESIE0E isiddtifedtdgat 11l ustrated in Fig. 10.
Wien such a product of [err] and [err] is changed with a variation of the
nuMbdhz}s, =ikt Rizs2.possi bl e to inprove logarithm c approxi mation because the
nunber of the rectification circuits is increased. Wth this structure, a
dymamhefeu&ngé’ -0¢M he | ogarithm c characteristic can be expanded because the
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cagcade fromsaid first to said n-th differenti al arrpl |f| ers by

succaaamgel y connecting the anplifier output termnal pair of a
differential anplifier to the anplifier input termnal pair of the next
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suppl i edrodier @drcudtznutpuf signait (Vaumpdubjbdtet toiamplificative.rsafid idarmpdiate fredueiog agalifida-ci r cui t
owsput  Sengeitit campaisiogl firsetiroagh et differertitl ampfifiersf (18rSTAGEpun-th STAGHIh pdur, said
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