TITLE OF THE | NVENTI ON LI GHT RECEI VI NG AVPLI FI CATI ON
CIRCU T BACKGROUND OF THE I NVENTION (1) Field of the
I nvention The present invention relates to a |ight
receiving anplification circuit used primarily in a
pi ckup of an optical disc. (2) Description of the
Related Art In recent years, optical disc apparatuses
TIFLE OF THE ANVENTREONecord i nformati on have becone

R M BORHR clbtsuteois,

recordi ng and when reproduci ng. Therefore, a |ight
receiving anplification circuit utilized in signal

BACKGROUNRORFHEINVENTEON switch the gain
hegk St or L h jonal anplifier and keep the
(laquéia\%f%g&ef%%ﬁﬁ'ﬂe out put dynam c range of the
anmpl Thiegatesem el meantionhariates tord liphtarddgining iagnplification
_to.an electrical signal and further _amﬁltci_féi ng that
cirguit usechPringraly. inofePiskdipIqf an epPticghidifecei vi ng
anplification circuit which has a gain swtching
function is disclosed in, for exanple, Japanese
(2Dabeschiption/iof the RekatedhArtecei ving anplification
circuit is .shown in FLG, 1. In this gxanpl a,gain
" esi 1 GECERT NEG0B R EALTISS AP PRTRfUSE @PISHb? | Hroduce
andNFe @Sk P YR FFmatidWHavEBRIciMe RligeBpreddl connected
I'n an anode common is switched with a PNP transistor
807. Iimsechuapuepidtat hést iagma nadessi, whegopticsd ower afsa laser

~connected to the input..of ' i fi

oirfBPE BRI aeE vhehr ARl ABrcREH b8EPUBCRRG, ' Thprerore,

‘a ligwet gaceiviey ahephfid@biorndikQat uthkzeddnnsigerdsteatd Q6 of an
directly connected to the output of the

oplbf&@ﬂ stisemausamyitehdhe gain residorof die epassitiang| gowplifier
anlSRERRHE Bfble {ORRBURIA Uit I RYHBTR AGe of the
anyplificatiect cirddie wheputoalerbimgeeligthtosrdnalnpd idm exlectrical
~ signal and further amplifying that electrical signal.

One example of a light receiving amplification circuit which
has a gain switching function is disclosed in, for example, Japanese
Patent No. 3142214, This light receiving amplification circuit is
shown in FIG. 1. In this example, a gain resistor in the operational
amplifier which amplifies the output of a light receiving element 801
~connected in an anode common is switched with a PNP transistor
807.

The output of the light receiving element 801 is connected to
the input of an operational amplifier circuit made up of NPN
transistors 803 and 804, and two gain resistors 805 and 806. The
gain resistor 806 is directly connected to the output of the
operational amplifier, and the other gain resistor 805 is connected to
the collector of the PNP transistor 807. An emitter of the PNP
transistor 807 is connected to the output of the operational amplifier
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-1 circuit. A base of the PNP transistor 807 is
connected to a constant current source 810, and the
on/off of the PNP transistor 807 is controlled with a
switch 811. In the abovenentioned circuit
configuration, because the PNP transistor 807 is
controlled to be off during reproduction where the
Cifel8ér' s optical power is low, the gain of the

b d b?lgggg?ﬁe;yl@ t{%'@gfﬁ%hgréﬁgﬁ? cpﬁgtegﬁggaw a constant

curFénsi s6arc80g105 @nddenenen/oeE Wfdithe MNP erbheistor 807 is
| aser's optical power_is high, and the gain of the

cogyepHedowdth anpwWit¢RB1L. set by a paraliel connection
| ?f t Eﬁ' t%@'ﬁbo%ﬂwéh?fo@é c%i%%rﬂﬁégréﬁﬁhﬁt%ciﬁ% the PNP
n this manner, the operational anpl7Tier operates
transister8 QR isocomtnadlac tdubé raffraprioduce ppodubtion there the

hot oel ectric current inputted to fhe operational e

lag@ipFi PPEICEI SPPBRT EndoW | Eﬂ?gﬁ?ﬂ’v‘&'{ ihe EEﬁrﬁéiona' amplifier
; rdi ’h tard rent inputted to
cn{cﬁ.@? I%p%%a??%ha% Ibgar}gl %?gtgfg%séﬁﬂ%rher efore, stable )

oper @n dihe i othweir chandhetlat PMP ofransistper8@7ois on during
- amplLifier_is t saturated even if the. |aser wer. .
refiiia heds PG B3er SO B! Hawverdnduah; 3iq FREYain of the
opRPAYRIFRAL 'a?ﬁﬁ‘lﬁfré?“‘i@néé@w éogérauéﬁtwﬁnectibntm the gain

case where the PNP transistor 807 is on, there are
resistost@hsandhdre gain resdstenB0 t he vol tage arising

col 120 faBheby EpeRiterdifotal BrpBlimer o pelHihnkitn a high
galin anailgeordanhgr Seipirodeiotiem Witennphe tpiotowlectrid current
the output termnal of the operational anplifier

inpuiiast doetheneperational prBIEier dswwh ateé ydPw &ain value
Ao PR AR ShEpAERERYEORLH I TRpLAREH o e
ople¢ativirea Inech p IFUMRY i PR . THEh&NVEDYE,Btable operation, in which
the output of the operation amplifier is not saturated even if the
laser power changes drastically, is possibie.

However, in the abovementioned conventional configuration,
in the case where the PNP transistor 807 is on, there are situations
where, in addition to the voltage arising in both ends of the gain
resistor 805, a saturation collector-to-emitter voltage Vce (sat) of
the PNP transistor enters in between the input terminal and the
output terminal of the operational amplifier. Therefore, there is a
problem in which the gain of the operational amplifier differs from
the designed value and desirable operational characteristics cannot

be obtained.

SUMMARY OF THE INVENTION
Accordingly, in view of the aforementioned problems, the
- present invention has an objective to provide a light receiving
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Accordingly, in view of the aforenentioned problens,

the present invention. has an objective to provide a

light receiving -2 anplification circuit which has a

gain switching function and in which it is further

possible to easily design a circuit that has a

desirable gain. To solve the abovenenti oned probl ens,
arhpéifidagion céoaiitivwigi chahplsi 4 igaanissvitchindgéupceékamand in which
.. i.nventjon includes: a |light, receivin el nt; an .
it i ErEh SR Adseibis Xa BasidoresTan dimirey TG ag Bydesirable
ggﬁﬂ external output and a plurality of anplification

stages for feedback, and which anplifies a

phot del Eot\ﬂc‘lc d!'kﬁJra_rmmerlg‘rgrrd‘lﬁ_aned pyobiemns,i the light receiving
or el S5 TRBLprs B Al d34i8h, BRYDGRRS°H! B, rgpeiving

eleman®! bhi saipleofcatiagesifauitf pedbagkan amplEacation stage for
causi ng the corresponding anplification stage ta
- exjesnal @atteﬁyamdtaenlupailgbg oiraowdifiga tigncskaass forfgegdback,
| .t e-qal j [ S € [ t R
LW ¥pBy e ARG PG e 6] sard iohe
resthdag Elmmeeddznpkurmlityaofiggint selectin switches, each being

anplification circyit. In additi , the light
sef dBethe aspastive aluralityi o6 anopfBsatin stabes:tor deegback,
ULl it r aty ce '
and edic Y cBLBRE! X0 COTESBorkAHEC A m SAficab®R0 stage  to
deaativatie byeinf@nrupting af eperatingatuorenit;ages oplurality of

03 R TERISt SonGaD aRBrne, it Arct bRtk g} thel reshective
plersigf ofhgnipliichtion stageisnrelreetibatic wnidc kP ihput of said

operable to deactivate a corresponding stage by
amptiBicatian edratié. operating current fromthe operating

os T opBaiGR, . ¥B8 IR cPEfibl ° bRy kiR may
fugtifdreclede aepRirdeityf of i areitieg RaANtiemd gaiinces, each being

sel ection switch and the input of the an‘plificatior]q
setiincthe. amplificatipen stagenfer extergal wuwldwe@ingh each of the

I 1S 6F AR SIS stages for feedback, and each supplying an
operating current to the corresponding amplification stage, wherein
each one of the plurality of gain selection switches is operable to
deactivate a corresponding stage by interrupting the operating
current from the operating current source, and each one of the
plurality of gain resistors may be connected between an operating
- current source side of the corresponding gain selection switch and
the input of the amplification circuit.

In addition, each of the gain selection switches may include:
a selector switch element, connected between the corresponding
~ amplification stage and the operating current source; a control
current source, which turns the selector switch element -on by
supplying a constant control current, and a control switch, which
turns the selector switch element off by interrupting the control
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a selector' switch el enent, connected between the
corresponding anplification stage and the operating
current source; a control current source, which turns
the selector switch element on by supplying a
constant control current, and a control switch, which
turns the selector switch elenent off by interrupting
CthentontroI 3 current In addition, the |ight

Conpdis Aty (B8 JfGREnFECRIAG AMAanER Hitafc may
fuf ﬁ%lﬁ@baéé RipShsst@y sNatesldehvsnsWhith has the same

enent , connected bet'ween the anplification stage
ere)raarz!t sanmae chapactaerigticamsogbeatsaigetor rewitdoglement, is

colffite BRWA e oadeic Spok o Bk ERSELLABut and
an 8pRiraeRy olrtaae sultkce,dahiiasetd heinudglly age
dependi nédon t he phot oelectric current, and the lig

‘ ecolhi A iAepl the 1 meH icatiant Cifd%l-“’ﬁdﬂa%érom'rﬁ}l'b@e \oltage

WGP b0 1 Efer B Ty, el Woitaoe
deglearatimig aovdl tise cphbitoebestinc ou:urramt aanevdhesHidght receiving

rcuit operable to c th | t
amglificagion cireudnmaXdbiEnsr . gl var&ingg SPmpeRsaiRry switch

elé ithY haW t58 sAsE ze'éhédéjér‘d'e?%hatﬂé%téﬁis@ics as the

resistors may be connected 1 n series ormng a series
sebectmr swibcle elmnahttaedsm icentinuouisly benngandnaelﬂ\@l shift

n i npyt, of said a f| ation circuit
b e ablgoracatns He, refd'eifs Ydittae.rE EBIspift in an
- anfblfk cﬁ“@oﬁfagté‘%rﬁﬁhgeﬁ"l theCtbin pdes St BPBNEEER kletent.
one sald gain sel éction swtches. Inaddition, an
|npuIn angditios atthen gaiageestistore a‘r@WBEC@OI’IB@Cted in series

rolr i sl 452 SR PERBL TG ABEY bomnectec

toagnl inpaptdPrsALeERRplifRiation ogiecust, danef - & f@omneutron point
anplification stage, and with a reference voI t ag

bedpisiare dheo gain argistos@ansh thee shersend; af ihe éﬁﬁ'&#s circuit
be?ﬁaecor?rqgcf@c? to one of said gain selection switches.

In addition, an input amplification stage of the amplification
circuit may be a differential amplification circuit, with the light
receiving element connected to an amplification element set in one
side of the input amplification stage, and with a reference voltage
applied to an amplification element set in the other side, and the
' I'ight receiving amplification circuit may further include: an
amplification element for compensation amount detection, which
has the same size arrd same characteristics of the amplification
element of the input amplification stage, and which is connected in
- series to an amplification element to which said light receiving
element is connected; and a current mirror circuit, operable to inject
a current into an input of an amplification element to which said light
receiving element is connected, the current being of the same
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l'ight receiving anplification circuit may further

include: an anplification elenent for conpensation

amount detection, which has the sanme size and sane

characteristics of the anplification elenent of the

i nput anplification stage, and which is connected in

series to an anplification elenment to which said |ight
amearitviag anl énpot icsircenbeofedaidndmptlificaéian netement for

circuit,.operable tqg Lnj a current into an input
cofPPanSAHPR DAY OEEERERN-1 6 whi ch said 11 ght

receifp Eédﬁléﬁerﬂn li& pGe HeE ffica tibh §t~t§g@fﬁf ﬂ%fkﬁn@liﬁcatlon

t he same - am)un as an Input current of said
cieerpiti fmawt benae|chffaﬁenrcmi aco ppéicedionnciasbift with the light

e 541d Sl L5 e P IR Bl @h et in one
si@epbf theatripmt eimplficationh hstta@ |aﬂhtWIt!e®Iref@mnce voltage
el ement connected to an a cation el enent set

appéedsty@narplficatian aﬁlﬁmenm%m sttl'tﬁgé’th@fﬁ’dSW%haﬁ'd the
el FEERIN) ARRLFRRIGH] pcar, SRl et scAmE: an
arambllﬂo‘am@ltn elermientufor rtatyrnfpﬁrthnehmdantadetectlon which

it [ eohh SRt IR oS Bhdhe ampiincation
eféﬁ?éﬁfb?r ir?ﬁuf’farﬁEﬁfﬂﬁ%licbﬁds‘{‘\%ﬁé)”anﬂhﬁﬁ‘?éﬁ t§fcdrm*ected in
put anp I catl on Stage, i's connected In
ses;ees &o an ampahfpd:atﬂonaelemm‘ltehhetraf&a;en@ﬁeveft@@e is applied
vol t and a cunrent mrrqQr_cirg

top &8 sUFeSRhmafror StrfEncherab o TRt aredifent into an

|n|§ﬂE'dffaﬁaém‘iihfﬁi%ﬁtel\éﬁhéhtfﬁh&ﬂ safd ligieereésiving element
element 1s connected to, the current being of the

is sanneemcthtoadhencungat beingeaf the same @rmpUﬂtca$|a5h input

coKSRRIbg! Ei AR O Eeab T4 E0MpdFestid dotume

detekerin.on svvltch into the anpllflcatlon st age of an
oper ati onal mplifier circuit, the gain of th

oper&tCiCQﬁdln%nﬁ‘P ther priesant !.né/era:é@@r npb{ednﬁﬁargﬁ'l%/ a gain
seld&i8a SREhSTRto VEhEC AABIFRG LTSN Ebhgh! B Mh operational

amplifier circuit, the gain of the operational amplifier circuit is
determined by only the gain resistor value and the current flowing
into the gain resistor, without being influenced by the voltage arising
in the gain selection switch. Therefore, the design of a circuit for
obtaining desirable characteristics 1is greatly streamlined.
Additionally, offset arising in the output can be reduced simply by
setting a compensatory switch. As further information about
technical background to this application, the disclosure of Japanese
Patent Application No. 2004-334146 filed on November 18, 2004
including specification, drawings and claims is incorporated herein
by reference in its entirety. -

BRIEF DESCRIPTION OF THE DRAWINGS




into the gain resistor, wthout being influenced by

the voltage arising in the gain selection swtch.
Therefore, the design of a circuit for obtaining

desirabl e characteristics is greatly streaniined.
Additionally, offset arising in the output can be

reduced sinply by setting a conpensatory switch. As

f ur t Adresenfamdaotber abbjects, eakdhviardiages kapndufebttwes of the

. this.appli.gation, the disclosure of Japanese .Patent . ..

inkBRtiEE! Wi aCorma- 2anbefF; iMoo, BHWING, dhgsription

thighebfdiake P RACEOh AMETBN ANEVILHES aredrepahingSdrawings that
incorporated herein by reference inits entitety.

il gt E epESTR Gficamdo dinge DRAW NS insembigye  aha thenBrawings:

w1 8eone Wodr et chPorflagdlad PonbRingecty TS receiving
arhpéifeeitio akeircunt exingnat PP Wirbhsidtoragsandanyicgnventional
drawi ngs that illustrate a specific enbodi ment of the

arthvention. In the Drawings: FIG 1 is a circuit
di ag shoni ng g hi: i Vd : hhki [ ;
ci rcu?@' ugi i\rgggacg—lﬁy[??Aﬁ?ﬁéfﬂéréﬁg‘%gwﬁh%o%\%ér'ﬁploena?f a light
reaeiving emplifisabior cingutit i dbedfirsthem hgdime ndainfiie present
. of E. |ight receiving anplification circuit in the
INYEPECbnbodi nent of the present invention; FIG 3 is

a ci Fe@l (3 Oﬁisa?.rﬁmcﬁl'?@‘ﬁiﬁgrSﬁ?Wﬂ\ﬁ 8ﬁeaek'5%ble of a light
recelving anplification Circuirt 1n the secon
recabdaigrempdifiaatéonpcowent imidve isecomd gambodiment of the

Cl rc%i.t di agram show ng one exanple of a |ight
Prratd })Pﬂg‘fra:?fﬁp'rfication circuit inthe third
embopiGeN4 jef at BRcult eE8Gah V@b Wiy Gh& ekahspre of a light

circuit diagramshow ng one exanple of a I|i %ht .
recebdng my icatioat idRcUitr doi tthen Emedf sipbediment of the

prSEBB?‘iﬁ%tnt%M he present invention;

FIG. 5 is a circuit diagram showing one example of a light
receiving amplification circuit in the fourth embodiment of the
present invention;

FIG. 6 is a circuit diagram showing one example of a light
receiving amplification circuit in the fifth embodiment of the present
invention;

FIG. 7 is a circuit diagram showing one example of a light
receiving amplification circuit in the sixth embodiment of the
present invention; and

FIG. 8 is a circuit diagram showing one example of a light
receiving amplification circuit in the seventh embodiment of the
present invention. |

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
The embodiments of the present invention are described
below with reference to the diagrams.
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FIG 6 is a circuit diagram show ng one exanple of a
light receiving anplification circuit in the fifth
enbodi ment of the present invention; FIG 7 is a
circuit diagramshow ng one exanple of a |ight
receiving anplification circuit in the sixth

enbodi nent of the present invention; and FIG 8 is a
circuit diagram show ng one exanple of a |ight

recei | 1 £ Lon circuit-in the seventh
enbo&‘\_l gtél'ﬁb %gﬁgb sent invention. DESCRI PTI ON OF
THE PREFEBRER; EMBCEIrVENT ( &)adiamendledwinrat sa oflighte receiving

present invention are described bel OMIMAth reference
anoplificatipaganguit( Anr sthentfgtreembadignent; ofy the present

- GhL di agram showi ng a light receiving
'ngﬁbﬁﬁ#icatlon circuit in the first enbodi nent of the

presentst, iasvehbwanin AIGt 2, &s asdifferentigl @mplificatéon circuit
differential anmplification circuit

CORIBIG 4 reth ST NP N dragsistays, 1 Bipeneiah8ms  ANE tf@f@rs(?sn%ors 102,
O'I”g nanijo?g?ancPEBP%‘EBﬁEQﬂ}rréHVﬁUrC%%“FB%SaFa961?8d a cathode

ode receiving e enment
ofwortn_:;ht edcemagbaia@m@‘ntr ih & INRNconmarciiest bo a(has@mf tihe NPN
resi st

furth d of
tragieistan [dhan DEoIT TSNS S0 BREHEG Db fRgendraly ol resistors
11@6'n'c?§2t00 aAd*aﬁ%nfaW hg r%!?élréﬁées\réwcagelwef Eacibptied to a

he ot her ends of gain resistors 119 and 120 are
baseonﬁéBEeUPd\btearnStSetog b5t he NPN transistors 109 and
113

respE@Fth bgy§§$ﬁ$é¢gﬂqi%*§F2ﬁ§H§%§§g&§r%og1&%3ﬂ¥13120 are

cofctednesteanitters 6PthecNonN ofahsistBhNe 109aamsds1 0B via gain
107. The respective emtters of the NPN transistor

seluiandswitrhes ol Lo rmedt b4 ABAeresREGHVEoRaESS: O the NPN
tr&dise8ts SPY6CERdL YL 2hel dnnected to a coliector of the PNP

transistor 107. ‘
The respective emitters of the NPN transistors 109 and 113
are connected to one end of constant current sources 111 and 115
via the switches 110 and 114, and switches 112 and 116 are
connected to the other ends of the constant current sources 111 and
115. The constant current sources 111 and 115 are turned on/off
by the switches 112 and 116.
~In addition, the collector of the PNP transistor 107 is
- connected to a base of an NPN transistor 117, and an emitter of the
NPN transistor 117 is connected to a constant current source 118,
In this circuit, an operational amplifier circuit is configured
from the differential amplification circuit, the NPN transistors 109,
113, and 117, the switches 110, 112, 114, and 116, and the
constant current sources 111, 115, and 118. This operational
amplifier circuit is an example of the amplification circuit as
mentioned in the Claims. The NPN transistor 117 is-an




via the switches 110 and 114, and switches 112 and 116

are connected to the other ends of the constant

current sources 111 and 115. The constant current

sources 111 and 115 are turned on/off by the sw tches

112 and 116. In addition, the collector of the PNP

transistor 107 is connected to a base of an NPN
arpéifiiation dtage ansedninerint exteohal reutNFNinr thisi sperational

orhbfeeh, SSRRSEAEENE R RrSRURAERS, 6 S PP hed mication
st88RS! geeadn 4 ramubER M thry epbrationldiptmeénn Additionally,

circuit, the NPN transistors 113, and 117, the
thewgonskant corrand soursesahyill el Sanma Ad 8 asagxamples of an

orflitfrd EUFEAE: Pobuckn el opmIRTeRpt Y a4 are
exaimpliés ¢fsa g@in senection $WetcH.ai ns. The NPN _
transistor 117 is an -7 anglflcatlon stage, used in

ext elRalthisut GCUMh (thes pptantipbnal tarpEMiter gfdthe NPN
gt AL S L R ORGSR pk i B Blifer circuit.
anpl Thieeopetdtiian ofdiHe preseatarinsudnis desceibed dglows

111, _ 115, d 118 I ti
cur t B tResAze Waste the nltcbrsel 18pndd k4 2 aturned on and
thtéwrtl:ﬁ%sq 18 %4 rth@'a%tﬂ&ﬂeﬂf\bfﬁ hhe @té@w u%!ercfiﬁ teedback

he potential at the emtter of the NPN transis or
indilding the MRNpra ngstont Othoperpée arinch thepgain eesistor 119

is Selgtted s BeuBSiA nelisBr bF i BHEtetlnst phablifigr circuit.
Inaihe Eddcaih dre tReE SWiteRds 1o andt thosatd4wdmédl b8f and the

are turned off, the stages used in feedback i.ncl uding

switehewN t4aartsid6 aoe dpared &nathet sages usediis tpedback

inghenbENENHARRIPE, 235 opEreRer st hE%gln resistor 120
is swiéctrp akléherghihl Pegistor wihtlle dpepadonid amplifidresircuit.

114 and 116 are turned on, the stages used in feedbac .
i ncl Wheny the 9eR registestlord o3 1gikiaseleshad; mhefag ectric

cutEEAEh®¥nerdted by the light receiving element 101 flows through
the selected gain resistor, and the voltage arising at the end of each
gain resistor is caused to be applied to the input of the operational
ampilifier circuit and is reflected in the output of the operational
~amplifier.

According to the first embodiment, unlike conventional art, a
switching transistor is not set in series next to a gain resistor.
Rather, gain switching is executed with a switch set in the
amplification stage used in feedback of the operational amplifier
circuit. Therefore, the influence of a switch and the like upon the
characteristics of the operational amplifier can be greatly reduced
and designing gain resistor can be easily executed, since a
saturation voltage Vce (sat) of a transistor used for switch selection
is not added to the input of the operational amplifier circuit.
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IS selected as the gain resistor of the operational

anplifier circuit. Wien the gain resistor 119 or 120

is selected, photoelectric current generated by the

l'ight receiving el enment 101 flows through the

sel ected gain resistor, and the voltage arising at the

end of each gain resistor is caused to be applied to

t h?l iInpagld@tiohbewdamT &tdjm?;tirrl]gamm idyreandcr cangeaofl the light

reflected in the oufput_of the rational mplifier. .
resaiuing Suong! HREoREhS WA no-ehEhe gp Tk EcsiStobntt imBpssible

[ [

to%ﬁpp?%s%‘ﬁr%\gﬁ'gm ?F&‘&Zé%‘a‘ﬁg%’%%@%wﬁﬁ% Bn%leé IfFhB&teiving
a mpdakfm&miom cihcaitswittc fayetrable tclln@raahernstmsaca orbetdegigned.

used in feedback of the operational anplifier

circuit. Therefore, the influence of a switch and the

l'i ke (gpeBridEmbeaarRairi stics of the operational

anplifier can be greatly reduced and designing gain

resi §l6r chnide deagircyifexdtagerin sshewing sat drgam okeceiving

| arégrll 'gféﬁ%%b?\wlﬁei iﬁcﬁ_ﬁ% grL d@?ﬂé %E?:HZFGO %Hﬁ)eéjq fn‘?é ntYoFCPhe present

ingeatain.onal anplifier circuit. -8 In addition, when
adj usting the dynam C.range the |i ej.vin
si gn&s tghgl&ﬁh & tFdfi-ngSef tf"l?e B&?ﬁeg'és@é'f‘gwd' '%]5 has a
t p a t:
cofftfifuratian’ AiiEARISES HPK REaREiCoPs 2105846 2 3¢lip place of
swi/ttiheﬁaﬂvb@ aah1de ldhfbrmd:herﬂsst[ embadutnenieﬁrg:mﬂmstant current

SobieRang2d PRGhB ok adstiitchizs: PRz aich 744 i conpected to

re%E@c?ﬁR—P B% s%@bgﬁ' kAR PN tF&8s ﬁt@?@rﬂ 101 aﬂ’:’&rﬁ 14n. As

own in he present enbodi ment has a
conf H@reathhm Mﬂ’mcﬁramstmm\lz]rihr&nckt%% D agnexample of a
ace f w tches 110 and 11 hefirs
seldeli Sifcn SEmERE s Melitionsd i shBCIahib; the sonstant
cu@ﬁé’n’évﬁdlﬂ*&% 222 AHH 2223 s fe G NBEA 9blOof e TRARroY current
bases of the NPN transistors 210 and 214.

' source; and the switches 222 and 224 are an example of a control

switch. _
In the case where switches 112 and 222 are turned on and
switches 116 and 224 are turned off, the NPN transistor 210 is on
and a gain resistor 119 is selected as the gain resistor of the
operational amplifier circuit.

In the case where the switches 112 and 222 are turned off and

 the switches 116 and 224 are turned on, the NPN transistor 214 is on

and a gain resistor 120 is selected as the gain resistor of the
operational amplifier circuit.

When the gain resistor 119 or 120 is selected, a photoelectric
current generated by a light receiving element 101 flows through

~ the selected gain resistor, the voltage arising at the end of each gain

resistor is caused to be applied to the input of the operational
amplifier circuit, and is refiected in the output of the operational
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- Here, the NPN transistors 210 and 214 are an exanple
of a selector swtch elenent as nentioned in the
Cl ainms; the constant current sources 221 and 223 are
an exanple of a control current source; and the
swi tches 222 and 224 are an exanple of a control
swtch. In the case where switches 112 and 222 are
amplifiegr, on and switches 116 and 224 are turned off,

t he PNtr nS|stor 10 is on, and,a aln esistar 1 9
is 321 Ngs thelRi PecRid, cﬁm&“ﬂ Nbpefdtildhathe first

ergﬁgdlfﬂ@ﬁt C4 rs‘%\k’i't&htrlqw?éﬁsi‘é%é? ihRSteséh §é’rié‘§1ﬁéxﬂ% a gain

r 222 ar'e turned f and the swtches 116 and
resigtorur Rather, gaia swRahiagsisseyecotadiwitbna samca set in the

arfRfiGIo R, Sads usn T el (Y HE BpRESERIH Smpiifier

cif@sitst ahdidfore, TR@ iflaeheet ofl.a swiboh eat@ahd tike upon the
current %enerated by a light receiving element 101

charesteristiasgRf the %@r@@t@mabamphé@rs@@n beHgredtlyafrduced
h d d
orfl’ 8680 find 8RR rRSIFRET CR" s BRSIR, SReCER e 3

saturatiion, valtttagesvice}‘ sfﬂ:li)e@f artr'ams(;lsmeSedearmmtcdh select:on
oper at.i on -9 a 1 fier AccordLn ot n

s Sfaoaient to 4D HRWe o tha CHRIGHIORAL STAPLHRrcrAYIE:
traT‘P??Ei%%ﬁxﬁﬂtthséaPrégeﬁ%ﬁ gentfon, 4R I‘@Pﬂgﬂr\%nts%s%or is used

resi stor n swt C Ing 1s ‘execut e
assai gmnssmtcrhm'iga svamtphl setain @n sasgdificaidonnstage used in

f k of th ' I i f
feafiBRgRoraid 3t 3 APHAEHIE A RS EAPRIEH: i tha bassonf that
NEN'&raf3psH ehestd|fewiig Ip6inmBes s iRNAngRohser can

be greatly t educed ~and” desi gni ng galn resi stor can be
easi Thadxiss recause the hasercursen nsmma"gaawu the Vce (sat)

arigifoLuliat AP R arsitan SstdtbE aRE Siabifzegs and as 2

retﬁlrjgt‘r?] ;t:htgt grB@?tsmtil?sllagrtWe iemititerpfeaenisistyent 09nananl MBNof the
amplification stage used in feedback also stabilizes. Therefore, the
influence exerted on the operation of the operational amplifier by
the NPN transistor used for gain selection can be reduced.
Furthermore, by using the NPN transistor, the response speed as a
switch can be increased, and therefore high-speed operation of the
~circuit becomes possible. Additionally, because much more
operation current can be obtained than with a PNP transistor of the
same size, the switch can be made smaller, and consequently, the
area of the circuit can be reduced.

| In addition, as in the first embodiment, when adjusting the
dynam'ic range of the light receiving signal through switching of the
gain resistor, it is possible to suppress a deviation from a range’s set
vaiue, and a light receiving amplification circuit with favorable

characteristics can be designed.
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as a gain switching switch set in an anplification
stage used in feedback, and as a constant current is
supplied to the base of that NPN transistor, the
foll owi ng poi nts are advantageous. That is, because
the base current is constant, the Vice (sat) arising
when the NPN transistor operates also stabilizes, and

as a(TheshEmbodénmpententi al at the emtter of

transistors 109 and 113 of the a i fication stagge .
Lo auPHG P R dbacR arsulk Hidg R THeriRd & it Sreceiving

AT e tHe O ti t I
.Emg1 il:ffl‘t‘,?}ﬁﬁ'\ %?F%Lﬁe NEN He PEird @Hmt%d?-ﬁén‘tp%ta t@abresent

_ ier by nsi st or used
ingehéiori.on can be reduced. Furthernore, by using the

NPN d

 nor B3RO WENE FHE b oEBCH Gre e eT BpgI T ALY EFh £POm the
cofiFutdtiORESe ReXYl embadimicanaln Yhabecais plPNthansistor
nore operation current can be obtained than with a

32Nef thensamesizg andk chagasteristicstar NRINtleansistass 210 and

217 B8 e{ T cilip 2R Eiage 19 FlteRl pedfvedl o YyiBlfy regminal of
aneopedaﬁantai avh i f et} uﬁtumahﬂaandwmmra nrsdm’g:ﬁ‘ M?tdzwnnected
in sedias 56 THQ GLEPMISEBMINGS. Sdd ConSIoRE FulTant PouRce 325
is Eoliited 661a pASIIBE NP tHShSItOP X280 i eristics

can HerdeshgrieBIN tras(i3tor 82Bniscain exam pe@f @ cosnpensatory
rcui,t di agram show n dight receivin
sWitgl leaieR b e aHoNbe UReti ¢ a G adithiscatipHously on
dulf n§(§§ﬁb bhﬁgeﬁ ﬁ%rﬁh ddhdtbht é‘urrté"i‘?t @b%ﬁ'éétBZS
odi ment ers romt configuration o
secaol témebccnnrﬁngur&hnonhdtsclaaedlplm thansecomd embodﬂment a

Ve FoBa8, AR S U RB A b B B AT B AL ysed n
gafh SEBHor! B FuRAkedobn aﬁh@mft?ﬁltoﬁmthé”@blefraﬂonal amplifier
circuit and an NPN transistor 117 connect ed

circuit is increased, and as a result, an offset occurs in the output.
Depending on the circuit’s specifications, this offset current can be
an operational problem, but according to the configuration disclosed
in the present embodiment, keeping the NPN transistor 326
continuously on causes the Vce (sat) arising in the NPN transistor
210 or 214 used in gain selection to be cancelied, which makes
reducing the output offset voltage of the operational amplifier circuit
possible. Through this, the characteristics of the light receiving
~amplification circuit can be further enhanced.

Furthermore, it goes without saying that the present
embodiment has the same effects as the first and second

embodiments.

(Fourth Embodiment)
FIG. 5 is a circuit diagram showing a light receiving
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in series to the output termnal; and a constant
current source 325 is connected to a base of the NPN
transi stor 326. Here, the NPN transistor 326 is an
exanpl e of a conpensatory switch elenment as nentioned
in the Cains and is continuously on due to the base
current fromthe constant current source 325. In the

are/pnficgtl@ml eivaliiscimséeldei foulrth semmbddéntenk neht tha present
I ce (sat) voltage arising when an NPN transistor 210
iNgendiN.ysed in gain selection is turned on, the

out pilg %OW?? Wﬁ@t“joﬁﬁh&r@ééﬁ Imbo#lifaHt dlffFelr’]s from the

[ ncreased as a resu an 0 et OCcurs In
co«mﬁtgxmltatioDeq;’énthuawgeoondhenmbodunenst gpdbiati @at N&Ms transistor

430t L BB Y A B St BtRY B MO ssEREPE 210 ane
2171 eapet achhedireRhbt kSRALAWIftdHS Nemeiéﬁaélﬁé%g&@ref in the

continuously on causes the Vice (sat) arising in th
ampeNntreidi\bee(sak) v obka ge Anisieg im tHS NPé\ércé@mrﬁ@ﬁOfcﬂw are
Sege cancel | ed, which makes reducing the output offset

ol t age of t he operational anplifier circuit

IOOSSAhl emitteogfbheM BN tran siberder i§t®naeatedrt® a base of
lification circuit can be furt

ht
anel cr&ggglﬁgtg%emﬁn‘?eis QNG oHEP UL ¢ HyUnIRali9fg qrhaQ’p?ﬁ@t'onal
d
orFEE cATHES T b g s kg hgat 127 i

coaneiotedi to dhag basesbbWhegN@N itghnsistori 42Bgandilis continually
anpllflcatlon circuit in the fourth enbodi nent of the

ONpresent invention. As shown in FIG 5, the present

e”boﬁgl"g%rrﬂbféer%ﬁr%%k’%r féﬁurﬁpl\ontﬁér}rél%@or 428 is

secon imeht 1 n that an NPN transistor
cohniectednto aicod et rodfathe NP N dracsisifo NPRSY, rraheseteff the NPN
l.evel s

transishan A28 of ingried Fil'4 RaStas it NI S rohslstar,p2, and
a clld@eq GF tise NPN 'tréhglsfﬂB'N 428n8icHMied?R té8Fsource voltage
Vec. The reference voltage Vref is applied to an emitter of the NPN
transistor 432, and a constant current source 431 is connected tc a
collector common-connected to a base of the NPN transistor 432.

A circuit configured from these NPN transistors 428 and 431
and the constant current source 431 is an example of a level shift
circuit, and the NPN transistor 429 is an example of a compensatory
switch element. '

Here, a relationship between the potential at the emitter of
the NPN transistor 429 and the reference voltage Vref in the present
embodiment is explained.

The reference voltage Vref is applied to the emitter of the NPN
transistor 432. The base of the NPN transistor 432 and the base of
the NPN transistor 428 are common-connected, and because a
constant current is supplied to the bases from the constant current
~ source 431, the potential at the emitter of the NPN transistor 428
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set. An emtter of the NPN transistor 429 is connected
to a base of an NPN transistor that is one input

term nal of an operational anplifier circuit.

Addi tionally, a constant current source 427 is
connected to the base of the NPN transistor 429 and is
continually on. Furthernore, an emtter of an NPN

arid ahgl ploeentifl at theoansitted dfotise doPNettamisistot ME3 NRive the
transj stor 429, a hase of the NPN transistor 428 is

safpRnReddic posephidd- of an NPN transistor 432, and a
[ 1 p . 1h P i 4 i d
coll gqhor b%flné %c/)’d\'cl}.'hﬂle[]?@ﬂ 5] 448 tﬁ?gé@(gﬁ@?gf itﬂs“otﬁe NPN

sour ce vol tag rererence vo
trappisted 42948 ameteetriofpatentNPNVrefanessthanddre Vined by the

e A RS B oG ali8ed Vee (sat) of
ther RPYN %Fé’ﬁsi‘}:"%gr #vgircuit configured fromthese NPN

transistors 428 and 431 and the constant current
sour dhetefors, aacepadine dlo athevepresent embagdiment, the

‘ NEN ' 429 | . e

oAl REPUA SRV Blad Enbhiell, & UM Cobrationa) amplifier

cireelivgs thichel i Rid| poteitiah & refi, twhiclefis 1ebe thEN the electric
transi stor 429 and the reference volta%gew ef in the

poseatiat of dibdieference walrgiesaefThy FReecarent of the Vce

efe | [ Bt PN- P
(sHPL YeEa gk Ursbfte MEN, Gartdstor £18. hdterbPe, Willingrease in
theheubge edéctiibpdtdMtiakbaaidsgenetaion of offset caused by the
comon- connect ed, .and ecauge a_constant current i
“""ﬁll‘e’dlnt BeNE

Ve (5at koMol a8 arisiBgs O SraRsistars @0 or 214 used
. i i f & .
In GO S| ectian; afe BArRRY Bh & chiftci[Bd b cBusing B clectric

at the emtter of
poteatNANfor ansefeendStoadeophby theeVekeelsat); and an output

PR bl e B e St SrRRHBR el 06 S8 lcea.

Vref 1n difitidham the cfsefwherkhespective operational amplifier
circuits are set in a plurality of light receiving elements, by setting a
circuit which cancels the Vce (sat) voltage from the reference
voltage per se, one cancel circuit can respond to all operational
amplifier circuits at the same time. Therefore, the overall number
of transistor elements can be reduced, and miniaturization of the
circuit can be achieved.

Note that it goes without saying that the same effect achieved

by the configuration in the first and second embodiments can be
achieved in the present embodiment.

(Fifth Embodiment)
FIG. 6 is a circuit diagram showing a light receiving
amplification circuit in the fifth embodiment of the present

invention.
As shown in FIG. 6, the present embodiment differs from the
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amount of the saturation collector-to-emtter voltage

Vice (sat) of the NPN transistor 429. Therefore,

according to the present enbodinent, the effectua
reference voltage applied to the operatronal anplifier
circuit is the electrical potential Vref', which is -

| ess than the electric potential of the reference

- condidagetivnedf byetdecamd embafdinhenviinehe falipwinigt pgénts: a

f the NPN tor 429 Ther ef
at":nereosrﬁg% Sl E45 iRt 181 SeHES deha, de bk earotart 1205 and

r%¥rst|§‘§)r e LIssé’d )fo\‘obéﬁg%élétﬁbﬁ"g ighghhBetdNo the

transrstors 10 or 214 used gain selection are
gainrnesdstor ss%ahtbelaamwrrmeen@smetreg@ctm resistors 119 and
1 tential for a reference to drop by the Vice (sat),
d an output offset voltage of the operationa

anpl [hi ehecipreydnicadmifodiedened. al jaAddiddsestorn nist heelected
case where respective operati onal anplifier «circuits

thepugsethe HoHoWwimaLPGrasiomi ght receiving el enents, by
setthggc%g 's{eﬁ ﬁeryg” tEﬁ@g‘e:l?zt BRdVH9S Gl Eurned pn and

vol t reference pei “Se,” one ca

switciees t1 e 22660867 ,t andl 540Jparetm.nmmd oﬁf;pranf NéaN tran5|stor
circuits at the sane tine. Therefore t he

214 hpdurngd pnaasidsthe Qﬁ@?ré’ﬁtsés'%%'n 148 i ggtegr@s the gain
reSigbRidr hAA8baRalbnt BfphfikFicapn be achi eved. Note

oes out “sa the sane effect
achi Iavetie dasd Me:mrthgrsvattchesr hl6lend |2rb4 asedweethdn and

embod| d
thEnBOUrTarE . 10801 P BaredrneADY A0 87s tArpedsRff, an NPN
tré’r‘rﬁ@téfnzsl@‘r%rtﬂrrﬁéd B aheCehdi gin aeeigtbrcmoq@ selected as

circurt iIn e fifth enpbodi nent” of the present
theryaim resistos afhthe omeratﬂzonaj am@h;ﬁr@senmetcbodr ment

o 65 RnhicB P RO REDBE 537 Ynd B G878 Wurpgd on anc
th&3éwitcls@anegped 2 seri @s 4Rda 298] raf@ststasd Lagf, ehé NPN
transistor 538 is turned on and the sum of the gain resistor 120 and
the gain resistor 534 is selected as the gain resistor of the
operational amplifier circuit.

When the gain resistor 119, the gain resistor 120, or the gain
resistor determined by the sum of the gain resistor 120 and the gain
resistor 534 is selected, photoelectric current generated by the light
receiving element 101 flows through the selected gain resistor, the
current arising at the end of each gain resistor is caused to be
applied to the input of the operationa!l amplifier circuit, and is
reflected in the output of the operational amplifier.

According to the present embodiment, gain resistors are
configured in series and the configuration carries out gain switching,
and when the configuration is set so that each gain resistor value is
added together and the total is the maximum gain resistor value, it
is possible to design each gain resistor value to be small, hence
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an NPN transi stor 538 used for gain selection is
connected to the gain resistor 534 in the sane manner
as Wth gain resistors 119 and 120. In the present
enbodi nent, a gain resistor is selected through the
foll ow ng operation. In the case where swtches 112
and 222 are turned on and swtches 116, 224, 537, and
reshifciage theroveralf resistodPN¢éa@aansi stor 210 is turned

ras ote BrE i apgRailtBioutnmayind hF kGG SimeeRet achieved

' iSW 16.+a 2 ;
b AR NeMTRabRRIEH LN THS28Rd24GcanD eiibEidikMRlcan be

aqirRved indhet pregent ieambadistent. and the gain resistor
120 is selected as the gain resistor of the
operational anplifier circuit. In the case where the

swi t ¢eeRtiPEFmdodipféney e turned on and the switches
112, 222, 116, and 224 are turned off, the NPN

trandil&.or/ 538 jas €ifcnéld dhaaran hehowingr @hdight nreceiving
i s 120 L. t-he | n | S I.S.+Selec
arhplffetiofeditide Jf R skl bliapdimehe iaf tRE Present
ingentionn. \Wen the gain resistor 119, the gain resistor

120, or the gain_ resistor determ ned by the sum of
the 4 %thgém &G ,55& Pﬁ%sgat@mpegﬁmemt d&ferg from the
I [ e : j .
corfigittiontOPLAR B EribbafiferiofPifccfowifg pofYs: an
NRNsirathsistathé4 lcofridre samei ogaaactdrdsdod afidesice ghian NPN

trdfSlXor s iS oniecR EPetdRn BN Finsiskpbdiod and fhe NPN
tradMgiseBt PUig4 Of ahhe PPENAtdPNaiAfaY | éirehit ApS<li 0B t6F PNP

the present ‘enbodi nent, gain resistors are configured
tramsisépreso4rdantdeb6danis gromneoted dhetweeoun hase of the NPN

stk s P SR80 FE% LB edTuifareiarignatdy.
tot aHdre, t R amNPNM@aNBISRY Sban VR uend t exanple of an
possi bl e to design each gain resistor value to be
cogmRensakerkte amount detective amplification element as
mentioned in the Claims.

The NPN transistors 104 and 105 of a differential amplification
circuit are in a balanced state in the initial state (a state with no
input signal), and each base current has the same amount. A
collector current of the NPN transistor 104 is an emitter current of
the NPN transistor 641, and a base current of the NPN transistor 641
has almost the same amount as the base current of the NPN
transistor 104. The PNP transistor 642 of the current mirror circuit
injects a current of the same amount as the base current of the NPN
transistor 641 into the base of the NPN transistor 104.

In the case where there is no NPN transistor 641 and no
current mirror circuit, the base current of the NPN transistor 104 in
the initial state flows through a gain resistor 119 or 120, and

through this, a voltage drop occurs, and an offset voltage occurs.
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-14 reducing the overall resistor area. Note that it
- goes wWithout saying that the sane effect achieved by
the configuration in the first and second enbodi nents
can be achieved in the present enbodinment. (Sixth
Enbodi ment) FIG 7 is a. circuit diagramshow ng a
light receiving anplification circuit in the sixth

$rrb0ﬁ)'m¢hte othéhdn%@nédsemcogdplggnto ]tcthe ﬁsﬁsept\ﬁemboﬁiﬁaent, a
, the present enpodl nen | ers rom .
CUSBRNE Ul BABCRBTC B 8 FRC Bl G tnOf iber MANbkragsistor
{Ptﬁ'fﬂi\ﬁs i?H\N MENHe éb?rp@i‘dﬁ&ﬁrgﬁs% 104 from the NPN
aracterls I CS an Il ze O an N transi st or
trapsisktor € bet v'\iélwreFfNFPet thesd bovementioned w@It\aFg}e drop in the

oA BB art S VoGO o M et e

da%%:mﬁatBenblﬁwerté@aﬁltsgorlao@éib@d a cathode of a
l'ight receiving el enent Here, the NPN transistor

641 Notenhalkingoes Mltbﬁuttﬁé\waﬂsﬁ’laﬂi vhasaune effect achieved

o R BRAR L E PER TR ARG can e

achiévedein the predent eatbodimarnitcuit are in a bal anced
state in the initial state (a state with no input

signal ), and each base current has the sane anount. A

col | EQEnQHrEﬁ“%?BﬁpEg%NNPN transistor 104 is an

em tter curren PN transi stor 641, and a base
curr EbG. of8 t i BPNitcaitsi Siagraiml shawingnost light sedeeiving
t he base Ci rent of the NPN .fran

t 104.
armplrisREIQN AR o aYRNL SUHROMMESR O Enf: Present

inV&h&els a current of the same anmobunt as the base
current of the NPN transistor 641 into the base of
t he ABNhowmsistFdG. 18)Athemnemmheenmmnmantede°fess fioom the

cop bl S P 5 & PR e R EREL IR Fp AT polS:  an
NPN transistor 744 of the same characteristics and size as an NPN
transistor 105 is connected between a PNP transistor 103 and the
NPN trahsistor 105; and a current mirror circuit made up of PNP
transistors 742 and 743 is connected between a base of the NPN
transistor 744 and a cathode of a light receiving element 101.

Here, the NPN ftransistor 744 is one example of an
amplification element used in compensatory amount detection as
" mentioned in the Claims.

NPN transistors 104 and 105 of a differential amplification
circuit are in a balanced state in the initial state (a state with no
input signal)}, and each base current has the same amount. A
collector current of the NPN transistor 105 is an emitter current of
the NPN transistor 744, and a base current of the NPN transistor 744
has almost the same amount as the base current of the NPN
‘transistor 104. The PNP transistor 742 of the current mirror circuit
injects a current of the same amount as the base current of the NPN
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the initial state flows through a gain resistor 119 or
120, and through this, a voltage drop occurs, and an
of fset voltage occurs. -15 On the other hand,
according to the present enbodinment, a current of the
same size as the base current of the NPN transistor
104 flows toward the base of the NPN transistor 104
trénsistolre7 ABNntor dnsibsise of4he NRN dirensjstidre104.

e Bheange B s7ERR it erNphf tigbSHfing44 and no
cm?éh%tm%r aFEbltf I1le Bhrs@ua:arﬂeﬁquoeﬁ%h@ ﬁPI\I\'QF@n!;i'%%r 104 in

goesvvlt out éln that the sane effect achieved
thB!yIniteab(ﬁtfatguﬂalvv@nthrmuglb a. gs'tlnt oesigtod ditsbdrmeh?@, and

thERlil Haft)s Meikeql S BcHLR FEGM TS Docurs.

i thdveéeew adcopdivid ftocaie ere@efrﬁtuemb@dtrh@nft?\aeﬁuhrent of
enbodi ment of the Br esent invention. shown I n

‘the, same ize et tBgbbaskeRUrEnE of sthe Mwh@’ans'stor 104 flows

tofHld BHERAERAY tHENPN, EradsiSedt TUH rifni the RPWHHEAsIstor

- 74char aphegefﬁiregstheda@ommerﬁmww voltage stdoopl0d the gain
connect.e et n.a PNP trapsistor, 103 d the . NPN .
registeg| slﬁorcaﬂf\éﬁf%d anduriedHCiRG e c; &f’rtt ¥alfags, in the

op%fra%hlfa éﬁ{mﬁépfﬁrgﬁ% ,@nﬁogﬁ% lbS connected between a

base © transi sto and a cathode of a
i ghInraixéutmm,gaet:endmg 1oltheégpresanteeNrbodinenitstacurrent

eqiiivelsnoto.the, Bagsnhurtenbon sheallPoHBrsEey fdReon the
re@%r‘i@e s RS btrarsnifen ékﬁ%lﬁft%t@én&:lﬁtufte'@eilﬂjle@ted into

fication circuit are in bal anced state in
thenbasa| oftheeNPA etranslwamlﬂéf omgbe m@tmhlgldeandTherefore

e8P abRER Vs FPalieh: 3 SR Watioh B, L€' Hirrerential

ansplifiedtiof circuit can be prevented, and a light receiving
amplification circuit with even more favorable characteristics can be
designed. '

Note that it goes without saying that the same effect achieved
by the configuration in the first, second, and third embodiments can
be achieved in the present embodiment.

(Closing)

As described in the above embodiments, according to the
light receiving amplification circuit of the present invention, by
using an operational- amplifier circuit which has an amplification
stage for external output and a plurality of amplification stages for
feedback, and by inserting a gain selection switch which causes the
amplification stages for feedback to deactivate, the gain of the
- operational amplifier circuit is determined by the gain resistor value
-and the current that flows through the gain resistor, without being
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the NPN transi stor 744, and a base current of the NPN
transi stor 744 has al nost the sane anount as the base
current of the NPN transistor 104. The PNP transistor

742 of the current mrror circuit injects a current

of the sane amount as the base current of the NPN -16
transi stor 744 into the base of the NPN transi stor

infiglended tbe thee wiltaget hefsinigs ino thieN ganma;ealmttoﬁ'Msw;tch

and no current mrror cgircuit, the bhase current of

TherefReR ¢ (iR fesionosaofn at nelreHit i £Prsi@blainipgs desirable
{ t 120

chdg‘a%‘ﬂgplsi‘lcl%aféqgﬁgéﬂg égggéﬁhﬁgﬁd aAdailﬁseta'iIS(g‘bLf%bt arising in

thecoutput Banebemedaocext dimgplydy lsetpr@amomqﬂmtﬂatmrw switch.
a current. o.-[1 -‘tlhe sane sSize j\érthe gaae current of th ti
NPN N ghRnhogomeaXemplghng eMROGIDE S ‘PhEh'r‘éF*N"e” fon

hat\fearlfééﬁ %eé@ﬁb@ﬁo%t@été\ﬁ”‘bbbﬂes'tﬂd&e stéfled |n the art will
Therefore, the abovenentioned voltage drop in the gialn

readsiystappreciedacéhpsdmany meadifications cﬁﬁeseEJOs&lh ggén the

bl BB ARE B0 L5l ShEFL G BGREHILS Bm tne

noMEI NI chiggs aﬁueativb@utbg@sb@sethwﬁneehtlﬁnt haddddingly, all
transi stor 105 on the . réeference side of the

sughy m@ﬁtq%moaﬁparer igtendadcte hig inclIdeq s¥ttddn; e scope of
th%ﬂ f the NPN transi stor 104 on the input side.
ere or negati ve feedback is applied, and
saturation of the differential anplification circuit

caﬂgge %revented nd_a light receiving anplification
TRIAL IABVH&FJ'#Ié(/gr abl e characteristics can
be ¢gal Qgﬁ*:e évm@ 'nﬁgePft%'ﬁet%ﬁ h?H‘aﬁ@ybE@oF&ﬁ{% to the

t he sane achie contiguration i1 n
présent, mvemr!rcbn ang tpganticwarbyi msafaican  de aptiieakdpickup
in the presen nbodi ment . (Cl osin escribed in.
 appReallish s s e Rese s T, ek deatiies 8 fundtion to
| swrf‘cq?'tl’l!enﬁaﬁgyéﬁéﬁéh\@'bn?'théu!évé]fof hey Msseignal.

I nvent i on,
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using an operational - anplifier circuit which has an
anplification stage for external output and a
plurality of anplification stages for feedback, and
by inserting a gain selection switch which causes the
anplification stages for-feedback to deactivate, the
gain of the operational anplifier circuit is

Wisitigicladmded iss gain resistor value and the
curreni that fl ows throu%gathe gai n_resistor, wthout

L.bei nd lightirgqeixieg 2 mplification: Ggeull cOMBrisNghe
galn Sﬁbﬁ@qt |§ﬂh§%ﬁeg1gh€ref°re the design of a
ng de

ci rcui Sir'able characteristics is
gr eatlny agnhpédidatied. chduliit) dvaving arf f amiplfication istage for

exiarpohaitani dudra ok ﬂts@g‘[?m\f/n&( 2fibneRtges for feedback,
arfegsh Rt S o bIFy BVBfibteRIeAke corendesentbatkd by said

) above Inthe art wll™ read
Ilgel'ttprecelartmgtewmmrﬁy nmodi f| cations are possible in the

P ombt ALrAIRVER (AT sk Chbh SRR EsoRAT Hekl set in the

reSDé@BFV@@IuP@ﬁW @fnghy luﬁtbtnoﬁv@hag@@ forcfébdbaicl, eand each
i ntended to be i ncl uded within the scope of this

opefadle di® FAUSSTRIRE AFpespEInding TREnplifigation stage to

e e h
delaEiatte By kel SHBR Bt et SELFERY el "Cnn i ca
pi ckapplariiyablisgaixs raststmirts reeeh Vb@mgcldmmectdtatbetween
features a function to ML h the a|n dﬁﬁie ag ﬂ
thenyesRaQive P lagaiifyuet sngRETicalen s stagesa agk and an
m;}:tJE*Hf éé’i%ebt‘hﬁﬁﬂéﬁgidﬁ'c‘iﬁéd:?” circuit conprising: a

recelving €l ement; an anplification circuit,
haV|ng an anplification stage for external output and

2. per ABeelaBt SasEYinc agh ol Bl ‘%ir%@ttr%ﬁf?g@ tpdgfaim 1,
fu.bcxhéatSm;bhghtgrecel ving el enent;
| a plurality of operating current sources, each being set in the
amplification stage for external output and each of the plurality of
amplification stages for feedback, and each operable to supply an
operating current to the corresponding amplification stage,
wherein each one of said plurality of gain selection switches is
operable to deactivate a corresponding stage by interrupting the
operating current from said operating current source, and
each one of said plurality of gain resistors is connected
between an operating current source side of the corresponding gain
selection switch and the input of said amplification circuit.

3. The light receiving amplification circuit according to Claim 2,
wherein each said gain selection switch includes:
a selector switch element, connected between the
corresponding amplification stage and the operating current source;
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a plurality of gain selection swtches, each being set
in the respective plurality of anplification stages
for feedback, and each operable to cause the
correspondi ng anplification stage to deactlvate by
curre ralit

oai ney GOteR LhriERBU LR, SEskARle 1 Piat sl sHietorSwitch
elggzggt;?l?vbymupplymg aﬁboﬁﬁgbhﬁ 'dgﬁitrléhcﬁt’% a::rlft! it
2 Tﬁe‘??n@’ﬁf swtch). 0 ﬁm {6 fum baid selestor SwEch @lagent
éﬂrﬁe’ﬁ&ptlnpumé‘%rorﬂ?&PbUﬂé‘ﬁ’t a plurality of

rating curfent sources, each being set in the
anpllflcatlon stage for external output and each of

4-na THE Pabtrefriviad AmBIfFaLh ShERR acqordiFERT Clgim 3.

fuﬂhennmmnxpnn di ng anpllflcatlon stage mhereln each

one of said ralit t ches
oner S SRRERaAbRy Siitch irbiuRich ias the Sine' Size and
saimé echaridtesistieeasogaichisglacto éWlch &hfentd s connected

source, ~and each one of said

erati curre
88 N tnlgeofaraaﬁlqaés@@t stages Tosnexdesnal peulipu and an
' r [ rrespondi ng
OPSRAtinG E SO P RAE TS EPnBhudl &R (o7
anplification circuit. 3 The |ight receiving

5. 3TPTHe, fight $BcelVifb SRRt ity AeBbfind B Clafim 3,
o W???“Tfﬁ“gtf\mmmaﬂmwgﬂ}f'%%ﬁf’?'éﬁnmd“m”t a

voltie, Wik & sifeat S steedhgsey alibgs and e SHbgential

voﬁé?@fdébm|h§;fbneth@1phbtéélé>?ftrﬁc%9'r gn@onst ant

curre a contr SMAtC perable to

t ur roalg igbtresebrngwamplificationt cirguit ﬁw—thar gomnprises: a
the éi?rﬁp'eﬂséi %Wlt eleﬂ%‘édt\ﬁﬁ{cﬁ@ﬁgt bggan}eu sjze and

anpli ation rCUI accordi
sam@pcharacteristics as said selector switch element and is
continuously on; and
a level shift circuit operable to cause the reference voltage to
level-shift in an amount of voltage arising in said compensatory

switch element.

6. The light receiving amplification circuit according to any cne
of the preceding claims,
wherein said gain resistors are connected in series forming a

series circuit, one end of the series circuit is connected to an input

of said amplification circuit, and (a) a connection point between the
gain resistors and (b) the other end of the series circuit are both
connected to one of said gain selection switches.

7. The light receiving amplification circuit according to any one

-of the preceding claims,
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a conpensatory switch el enent which has the sanme size
and sane characteristic as said selector switch

el enent, is connected between the anplification stage
for external output and an operating current source,
and is continually on. 5. The light receiving

I t t
S PRI N tpa el Sifje o, i aphginoation
cikait dgea \diffehentiah aanphﬂf:aaarecu'cwc@mdlsa@b ightl receiving

/8148 ¥ bipectlf 705 SREDIRGR dIBmaRESEE fBRE Sive o

thei inpuitt ampltfiuatmnrstag@sand a referamsee voltagetishapplied to

and

el enme f mf as t ne Si z
ary ghngltigation elementcsal UL the Qe §iodn Tdnent and is
cont samnuglm r@meuami; @nhpMﬁbaﬁblrf élr@umurthep%roarhbﬂs@s

cause the r ference vol &rggie | evel -shift in an

anou@h %'FnRJ jcaiign slem QAR Amountsdetagtion,
wﬁi‘cfHTEIgés -EH% 'éamefgr&\’bﬁ@ agghﬁé ‘éﬁtdr%'bt@rfé’ttt‘/\%é of the
an

accor precedi n

arﬂallfacgtion elaamenbrcs‘ theampuhampuﬂcatislrs@e,oanﬂnwymch is

cobfiadRecll Sriss AT UhPitEaRolHemes f hich.said light

reaewmg)eiemenhﬁccommemem dredween the gain resn stors
ﬁéé% t he,ot her end of the %Eéles C|r%§|t are ?
con wgens 'BH@OBfC'E%Wé grerable Jo injed @ iepgentinto an
inpile dfi &t afrﬁ ﬂ'ﬂdd!ﬁ)@”@lem'e@ﬂt tewhiichushidChghtl reedifing

one recedi ng clainms, -20 wherein an input
el %ﬁﬁmtflscmnmcfﬁcggwe)mﬁem befng rafcthe samei amount as an
mp?%fgecffl%ﬁé‘?ﬂt bf! séﬂg" éf‘ﬁ@@ﬂ%ggltdg\dr%féﬁerﬁ”%?}?b@gﬁb@ﬁtsatlon

anwtentedeteetlonn one side of the input arrpl i fication
stage, and a reference voltage is applied to an
anplification elenment set in the other side, and

8. The light receiving amplification circuit according to any one of
the preceding claims, wherein an input amplification stage of said
amplification circuit is a differential amplification circuit, and said
light receiving element is connected to an amplification element set
in one side of the input amplification stage, and a reference voltage
is applied to an amplification element set in the other side, and
said light receiving amplification circuit further comprises: an
amplification element for compensation amount detection, which
has the same size and same characteristics of the amplification
- element of the input amplification stage, and which is connected in
series to an amplification element the reference voltage is
applied to; and

a current mirror circuit, operable to inject a current into an
‘input of an amplification element which said light receiving element
~ is connected to, the current being of the same amount as an input
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said light receiving anplification circuit further
conprises: an anplification elenent for conpensation
amount detection, which has the sanme size and sane
characteristics of the anplification elenent of the
i nput anplification stage, and which is connected in
series to an anplification elenment to which said |ight
cuecenti of |idnamplidicatinacedameant forc gompengat volume
[ [ operable to inject a current into an input
dgkégﬁoghplification el ement to which said |ight
receiving elenent is connected, the current being of
the sane anbunt as an input current of said
anplification elenment for conpensation anount
detection. 8. The light receiving anplification
circuit according to any one of the preceding clains,
wherein an input anplification stage of said
anplification circuit is a differential anplification
circuit, and said light receiving elenment is
connected to an anplification elenent set in one side
of the input anplification stage, and a reference
voltage is applied to an anplification elenment set in
the other side, and said light receiving anplification
circuit further conprises: an anplification el enent
for conpensati on anmount detection, which has the sane
si ze and sanme characteristics of the anplification
el enent of the input anplification stage, and which is
connected in series to an anplification elenent the
reference voltage is applied to; and a current mrror
circuit, operable to inject a current into an input
of an anplification el ement which said |ight receiving
el ement is connected to, the current being of the
-same anmount as an input -21 current of said
anplification elenment for conpensation vol une
det ecti on.
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