TITLE OF THE INVENTION LIGHT RECEIVING AMPLIFICATION
CIRCUIT BACKGROUND OF THE INVENTION (1) Field of the Invention
The present invention relates to a light receiving amplification circuit used
primarily in a pickup of an optical disc. (2) Description of the Related Art In
recent years, optical disc apparatuses able to reproduce and record
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a light receiving amplification circuit utilized in signal readout of an
optical disc must switch the gain resistor of the operational amplifier
and keep the output voltage within the output dynamic range of the
amplification circuit when converting a light signal to an electrical
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



-1 circuit. A base of the PNP transistor 807 is connected to a constant
current source 810, and the onloff of the PNP transistor 807 is controlled
with a switch 811. In the abovementioned circuit configuration, because
the PNP transistor 807 is controlled to be off during reproduction where
Cﬁp&l ser's optical power is low, the gain of the operational amplifier circuit
IS set by the gain resistor 806 only. On the other hand, the PNP transistor
807 is &nkrsth@téberdifNPwinensisies 1884r's opiatpledciashiepnstattioarrent
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resistor 805 and the gain resistor 806. In this manner, the operationa
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in which the output of the operation amplifier is not saturated even if the laser
power changes drastically, is possible.

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 transisior 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, embodiments of
the present invention seek to provide a light receiving



further possible to easily design a circuit that has a desirable gain. A first
aspect of the present invention provides a light receiving amplification
circuit comprising: a light receiving element; an amplification circuit,
having an amplification stage for external output and a plurality of
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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 ampilification
circuit.

In addition, in the example embodiments, each of the gain
selection switches may inciude: 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



current. In addition, in the example embodiments, the light receiving
amplification circuit may further include a compensatory switch element
which has the same size and same characteristic as the selector switch
element, is connected between the amplification stage for external output
cAFLAR operating current source, and is continually on. In addition, in the
example embodiments, the amplification circuit may output a voltage o
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in addition, in the example embodiments, an input amplification
stage of the amplification circuit may be a differential ampiification 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 light
receiving amplification circuit may further include: 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 ampilification
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



element to which said light receiving element is connected, the current
being of the same -4 amount as an input current of said amplification
element for compensation amount detection. In addition, in the example
embodiments, an input amplification stage of the amplification circuit may
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disclosure of Japanése Patent Application No. 2004- 334146 filed on
am&mngl@mh@u&ﬁ@ﬁ%ﬁémwcwmgtecﬂon

In the example embodiments, by inserting a gain selection
switch into the amplification stage of an operational amplifier circuit, the
gain of the operational ampilifier circuit is determined by only the gain
resistor value and the current fiowing 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
is greatly streamlined. Additionally, in the example embodiments 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



and claims is incorporated herein by reference in its entirety. BRIEF
DESCRIPTION OF THE DRAWINGS -5 These and other objects,
advantages and features of the invention will become apparent from the
following description thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the invention. In the
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reds ivoirguitrdint fama Sieowinigoonk iexéhs e sftadigrhodivsieint of the present
iﬁ%}qﬁﬁ?ﬁi?n circuit in the sixth embodiment of the present invention; and

FIG. 8 is a circuit diagram showing one example of a light receiving

amplifi€afon iruidircine GdvehagdsaiPodinewi BgtHene example of a light
receiving amplification circuit in the second embodiment of the
present invention;

FIG. 4 is a circuit diagram showing one example of a light
receiving amplification circuit in the third embodiment of the
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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present invention. DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) The embodiments of the present invention are
described below with reference to the diagrams. -6 (First Embodiment)
FIG. 2 is a circuit diagram showing a light receiving amplification circuit in
the first embodiment of the present invention. First, as shown in FIG. 2, in
a differential amplification circuit configured from NPN transistors 104 and
105, PNP transistors 102, 103, and 107, and constant current sources
106 an(iFiost; & vakidienefrd Jight receiving element 101 is connected to a
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gain resistors onalty, a reference voltage V
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transistors 109 and 113 via gain_selection switches 110 and 114, a
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Each of the other ends of gain resistors 119 and 120 are

connected to emitters of the NPN transistors 109 and 113 via gain
selection switches 110 and 114, and respective bases of the NPN
transistors 109 and 113 are connected to a collector 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



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

Il%’\n%llﬁc%rpi% 't 'ﬁﬁ;{f g2 4Sgd 'Qf’g%@#f@%oﬂ‘i@dlthﬁ PIF?FJaH Mbtional

Ifier, an an5|stor and are mpll ication S'[ ges .
aneedi el feedbatk én Yo et plit?. Additiddallyardeadomifisiation

sEHUENR! §ORIFSGA hlfe ddBaRidi hithR e PEBRISH ! HmPIRIRING AW Fonally,

source, and the switches 110 and 114 are examples of a gain selection

tBRieANFEANE GHITIEMSHStERREl bl the Bhixic? BetHd RENeraxamBlag of an

déé’ﬁ@ﬁH@Utc\éWéﬂftth%Qﬁ*%@t'OH R plifier coelttenEe opeatigR@f the4 are
present circujt is descrlbed below. In the case where the switches 110 and

@ff‘f%P GSrREPoA AR SRS SHRhEM E9Pand 116 are turned off, the
stagesiusethisfeettioadk, indhedinmttenhiBN teansisior koflioperatef abde NPN

R B S e SR R e
off andlthe ewitchéiil4hint d 1B asenrndd onitthe sltegesmsgbl fre| ow.
feedbag FH%'%%JEE 106 SN franst §§ trﬁ&é ?Jﬁfaéﬁnaﬁﬁ“ﬁfr%”‘t”u ERIYn and

120 is selected as the gain resistor e operational amplifier circuit.
tihew thehganlrbdistod119 brerzotidrasc e, fheisdraer uarkbht feedback

iERRIARY Wéh@ﬁ'ﬂ%’&ﬁ%‘*ﬁﬂ@@!@@@@ﬁ&i SHeWs HUoHgE dhsselesitor 119

gain resistor, and the voltage arising at t nd of each gain resistor is
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switches 114 and 116 are turned on, the stages used in feedback
including the NPN transistor 113 operate, and the gain resistor 120
is selected as the gain resistor of the operational amplifier circuit.

When the gain resistor 119 or 120 is selected, photoelectric
current generated 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
amplifier 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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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 yeduced. and designing gain resistpy can be easily executed, sipce .
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characteristics can be designed. (Second Embodiment) FIG. 3 is a circuit
diagram showing a light receiving amplification circuit in the second
embodi@ﬁ@(ﬁ%&g 88hMA0&Ation. As shown in FIG. 3, the present
embodiment hgs @ configyration VAvga kpas NI HERSIStars B&b andddiving
in péjce of switches 110 and 114 in the first embodiment, and constant

ant .
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seangiSer240 isod 223 and switches 222 and 224 are connected to
respective bases of the NPN transistors 210 and 214.

Here, the NPN transistors 210 and 214 are an example of a
selector switch element as mentioned in the Claims; the constant
~current sources 221 and 223 are an exampie of a control current
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 reflected in the output of the operational
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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 electric current generated by a light receiving element 101 flows
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That is, because the base current is constant, the Vce (sat)
arising when the NPN transistor operates also stabilizes, and as a
result, the potential at the emitter of transistors 109 and 113 of 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
value, and a light receiving amplification circuit with favorable
characteristics can be designed.

-10-



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 Pig’. t{grﬁ.is%r)gf the g?me size, the switch can be made smaller,

and co (!| ntly, the "TREA'61 the circuit can be reduced. In addition, as

in the firdtembodimernt, wheruadjudtamgithen dystamvid mgnge ofihbtigeceiving
IRTEMNGHINE g S'CRG Ot 1P OANENSRNAIR PBISBIEC present
suppress a deviation from a range's set value, and a light receiving
ianIfitaion circuit with favorable characteristics can be designed. -10

(Third RRRAIMENTHHKPG? 18 B RIECWESIRIARR STV KA FRERYIRb m the

amplification circuit in the third embodiment of the gresent invention. As

HRMBURFHBN Pt Sres&rinBBrAehTRfrdrshPfe eshifibbbeanstistor

3he secend eambadisigatim thak arRNbAY tsansisiy $RN afesiae §128 0 and
2:1%% characteristics as NPN, transistors 210 .and 214 used mggaln

2 .
Hisrds Praii eileehidh bUBREMRSIERER sHeatbR s aHsmipal of
anrapexadiem PN RiSistoc ik ¢ itanndcied NiPNeriesioishe outpitconnected

R S PR SR e A s 525
isam_pm@ate@ wwitch&temeihthe MdtidmeadBishe rCRids and is
continyously g JNiR the r‘i’%%seggﬂ;ﬁt ' T?Qn%%%q?ﬂ@h@b‘f‘{rgﬁ?{ﬁ(@e%%a tory

325. In the configuration disc e second e men

swakrlordgenamdingsvitendroNes tardisottaions 2rluedintinuously on

due to the base current from the constant current source 325.

In the configuration disclosed in the second embodiment, a
Vce (sat) voltage arising when an NPN transistor 210 or 214 used in
gain selection is turned on, the output of the operational amplifier
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 cancelled, 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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gain selection is turned on, the output of the operational amplifier 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

Vice (sat) arising in the NPN transistor 210 or 214 used in gain selection

A g BHRRCH imaRes 1Ea oG e SRR OHER Vhnido B hePresent
inperatiamal amplifier circuit possible. Through this, the characteristics of

the light receiving amplification circuit can he further.enhance

Furthemo b e A et LT Sitenafpun the
ceamig effetis asafid fisstsarb set ot lemaboaienénis. thadrtarEMbdditrempistor

e SN e e ATAVER) B Sk, 210 and

6. 5nke prebentienibadiner dife i fom teéeceniguraainernéref in the
arpeAns e URENSAtNYANBN FRNEIGIPh ¢RE 01 Hhe GHRRRIEEAAY, are

characteristics of NPN transistors 210 and 214, and a circuit that
S@bel-shifts a reference voltage Vref in the amount of a Vice (sat) voltage

arising AmteerhiR M@ siston 2P L pae sietoAnEngitier @ tieeiRN to a base of
transistor 429 is.connected ta a base af an NPN transistor that is one .

A A Eiitbri. ST b AIEBhaly. & o ihare tional
acupéifitesourtecd?y. is Addidcted liy the base sifding NRNrisaisistoudl® 427 is
ANhE UYL DAY B P T BNCLRE L3R MY UL ER8 Ruany
on.

Furthermore, an emitter of an NPN transistor 428 is
connected to a collector of the NPN transistor 429, a base of the NPN
transistor 428 is connected to a base of an NPN transistor 432, and
a collector of the NPN transistor 428 is connected to a source voltage
Vce. The reference voltage Vref is applied to an emitter of the NPN
transistor 432, and a constant current source 431 is connected to 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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connected to a collector of the NPN transistor 429, a base of the NPN
transistor 428 is connected to a base of an NPN transistor 432, and a
collector of the NPN transistor 428 is connected to a source voltage Vcc.
The reference voltage Vref is applied to an emitter of the NPN transistor
432, and a constant current source 431 is connected to a collector

common-connected to a base of the NPN fransj 432. A circuit
RO F R RS MBS R or o4 BRINEN B e tBhdtag are the
saunrent koeinde 481tsramadxample of a level shift circuit, and the NPN
transis 29.is.ane plg.of t itch element. Her
relatiorﬁw% t?%%\ll%rén @p&%t%ﬁé}{%ﬁg%&%ﬁ oﬁwt%e ?\[B@t%?arns?sﬁo?rﬁg NPN
temaisha pefdréfcs \olagje WP tie plésén refibbeirmdids dhgaifraf. by the
a5 RIEGRaKOLaE MR Anplied B eemitipe el NFNRY coRES(at) of
432. The base of the NPN transistor 432 and the base of the NPN
tiraniRfdr ra® aietednthdSh-connected, and because a constant current is

suppliechigriBfopases B thmePnHgnt eyEenp eoskeh 48 e PRHRANE!  the
at the emitter of the NPN transistor 428 _-12 and the potential at the

ebffit f theRPRNEEN Q84S FRrliedalr dR&repeIatianahigmplifier
cheiogtsie, the: peiteotidkat the emitien of the’ NRIN i sransistasAeRdn ame electric

R SE e LT e R Sl R B ST 6P R e
(Er"aeyeivm&aa_m:wﬂing&omﬁ@mteaeﬁﬁ em_ln_odim)snt,_ Iﬁee&ﬁnteglaeférem@ se in
O R e POl T S TR RIS ene
Visethsaimot ot eavisen gsatheditage o il KN sristsissoR4890r 214 used
il PEEP G IREIISIPA% urned on is cancelled by causing the electric
potential for a reference to drop by the Vce (sat), and an output
offset voltage of the operational amplifier circuit can be reduced.

In addition, in the case where respective 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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the output electric potential and generation of offset caused by the Vice
(sat) voltage arising when the NPN transistors 210 or 214 used in gain
selection are turned on is cancelled by causing the electric potential for a
reference to drop by the Vice (sat), and an output offset voltage of the
operational amplifier circuit can be reduced. In addition in the case where

[ t|v r al am lifier, circ re se of li o
SNSRI TR SRR SRR R e points:
galage fiohoth o teteie muen neltdgel per serone tanae amuresasutmsﬁdtﬁﬂ; and

40 AN PRE Hﬂ%"i‘%t%rpzﬁﬁ%r gleepys t”&ajﬁ(l%?%ﬂﬁ@@%ﬁﬁcgﬁg% the

numboer tranS|stor ements can , and miniaturizat

%@it%&ﬁﬁéra%ﬁrévéuﬂr\@@atﬁa@ ifR@es Yitlecundslisp tnafeséssare 119 and

£fgct achieved by the configuration in the first and second embodiments

can be _achieved in the present embodiment. (Fifth Embodiment) FIG. 6 is

a circuil diabfEm RROAAIY a GERPRAERGRE andblif@ifor &FéeHAR the fifG!ected

roadimentofdne ARsgns peyarfion. As shown in FIG. 6, the present

embodiment differs from the -13 configuratjan of the ond embodiment

i the OllonHy FoTRsH 5 SRUI B34 tb LTt U dd IO L and

mtsibleﬂmﬁdeaﬁNBNInaamstcﬁé%amdlﬁmn@@ln(ﬁéJeammBN transistor
nec 4|n e ner h.gain

S I o e Sl RSB T S B s the oo

resiiged afirangh ples ddllowirgropkfatioting k. case where switches 112
and 22gare tned,opanf. YNECHs HH23% 83h 83 IWHES on and

off, an NPN transistor
the switches 112, 222, 537, and 540 are turned off, an NPN

transistor 214 is turned on and the gain resistor 120 is selected as

”)

the gain resistor of the operational amplifier circuit.

In the case where the switches 537 and 540 are turned on and
the switches 112, 222, 116, and 224 are turned off, the 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 operational 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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210 is turned on and the gain resistor 119 is selected as the gain resistor
of an operation amplifier circuit. In the case where the switches 116 and
224 are turned on and the switches 112, 222, 537, and 540 are turned
off, an NPN transistor 214 is turned on and the gain resistor 120 is
selected as the gain resistor of the operational amplifier circuit. In the
case where the switci“js 537 and 540 are turned on and the switches

g u%ﬁﬁgl ,81\’(?53 5?6(5{6 erdadhe,qhe NPN transistor 538 is turned
on and hheteurhaf the gain vesiston 1 26 v teagaihaesistor 534ast achieved

I d inresistor of the. gperatignal lifier circuit. When the
%Zi%ﬁessigg?tﬂﬁg,%mé%%ir'ﬁegﬁs%o?if%%, %aﬁ eggegﬁgpes%s olrjggt{érr]r%mestj 5?” be
aRe kive df ihd baivresistot Ex0hadihegdin 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 reéRitR EMBed s Hpplied to the input of the operational

amplifigrgrcuiy, apg ig refleeled indherairyt eHboARgratonabdtPlfigteiving
ing to the present embodiment, gain resistors are configured in

A [ )
as‘g}ﬁégile%tfﬂé’c fighthtidA cdiiBs SixHain SWMRMFHG &M Wherfhife Present

ioamfigtigtion is set so that each gain resistor‘va.llue is gdded toggther and

R T R R BRSNS R i ene
cirafidNotetfioat i0fdbewilfiodt eaying divateimt Jantheffieti avhiiegegobyts:  an
JRcBer Bl etg SN ox
tspowisger libhdréeciomgected between PNP transistor 102 and the NPN
transistor 104; and a current mirror circuit made up of PNP
transistors 642 and 643 is connected between a base of the NPN
transistor 641 and a cathode of a light receiving element 101.

Here, the NPN transistor 641 is one example of an
compensatory 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 fransistor 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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amplification circuit in the sixth embodiment of the present invention. As
shown in FIG. 7, the present embodiment differs from the configuration of
the third embodiment in the following points: an NPN transistor 641 of the
same characteristics and size of an NPN transistor 104 is connected
between PNP transistor 102 and the NPN transistor 104; and a current
mirror circuit made up of PNP transistors 642 and 643 is connected

betweel? 8 555 BFHSE o drASRI5HE29 R0 BaiRRES SigROdiment, a
ceeeiing elernent dddeHgie: the NRN iraosistorn b4 isemerrxamme tobaisistor

t d i lificat] [ t ti di
e Y Bt Caas<Slot e 136 RN SR o Ar TR, NP
tcienwst strerirbal halaidedrstfoedn tecinbahstates(@tstate avito tagepdtop in the

ignal : b th . . llect t
G oD T B n e, n B S A RS i the
epdra basead arom of dre RN ifdssipe@sbiate has almost the same

amounias thebase euient i e RN W SIROE 188 J05 BNPract achieved

transistor 642 of the current mirror circult injects a current og the sam
Rindit aSAREIBALE EiRFenitbf Ehe NPRS tirdRsidioireld 10O @k et sf #en be

MPhERRBIFOF O, fa sop easp whaieBake 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(@eposehrsrandamedset voltage occurs. - 15 On the other
diment, a current of the same size

2 the BIG cLitedt oFine NEN raf GRSE Tba ORA Bidard iU HhEe rceiving
dneNIFid dtaasistoimr t04tfrom teeNBalv absistomrtddithereforef thee present
iﬁ%vm[q.tioned voltage drop in the

As shown in FIG. 8, the present embodiment differs from the
configuration of the third embodiment in the following points: 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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gain resistor is cancelled, and reducing the offset voltage in the
operational amplifier circuit is possible. Note that it goes without saying
that the same effect achieved by the configuration in the first to third
embodiments can be achieved in the present embodiment. (Seventh
Embodiment) FIG. 8 is a circuit diagram showing a light receiving
amplification circuit in the seventh embodiment of the present_invention.

LRRTERISHANN A1 Bt enENSr2aRe M bBRARNIiH § $iSkPthd 04

configurgtien @f g thikdipspeodiment isthedolpming pomdss@r ¥BX and no
transistor 744 of the same characteristics and size as PN transjstor .
L8 S LB o DD RS R UG og AP NFRA RS S RG, 104 fn

theb; iantial cetree nfiwerTithironade ap gEMINR dsdgisistods1 B 2cand 243 and

' db b fthe NP i d
R A e P AL BB 0 s
exampld @fvary ennplificatibin ¢l émdinesee Fecdnipaisadim anfouatcurrent of

tﬂ%%gﬂﬁ‘ea%s?ée%%o@ﬁ% Rl Cc!ﬁiﬁ?én"gpc{\‘ HRRSIRIORF RGO flows
d ala

ifferential amplification circuit are in a nced state in the initial state (a

terata rifithh bAap6t sighBs, BifdNeAchrsdséurtdt Hag MR BanfE A smpsistor
7y £0lleqtgeeunent ofthe NI ansisinidQeés anamier avgpntal the gain

NPN transistor 744, and a base current of the NPN transistor 744 has

rERBLe the Sarfa HreMGHasthE bASIH AR ofife OBNCFaldiligafain the

ober BB eansisiplified ofi el ruireploviBIEircuit injects a current of the
same ailmou t as the base c%rent of tﬂf NPN -16 transE§0ﬁ.744 into the

base of thé RPN HAnd&i? 1A Intfhe U< VARG R RIS AUTEN, @ current
depnisistiermd4@ritheobase current of the NPN transistor 105 on the

reference side of the differential amplification circuit is injected into
the base of the NPN transistor 104 on the input side. Therefore,
negative feedback is applied, and saturation of the differential
amplification 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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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. However, according to

the present embodiment, a current of the same size as the base current

of the NPN transistor 104 flows toward the base of the NPN transistor

.104 from the NPN transistor 744. Therefore, the abovementioned voltage
IQFbRGR asdgdy rBRRtorGdiBdR e RedS A rHaLERG 1S BsERIBREIRNINSWitch.
Tthe reerationabhampliféeri gikcuibis passibiectmaddigen, aeteidinggo thesirable

resent embodiment, a current equivalent to the aase current of the NPN. .
A5 185 0 th RIS SHRBNAE AR RPRAL iR ERdiRIng i

tisenjacted inta rihiecdb asd wf Hie NN Iabsisetiidvgoa et sl ry switch,
Theref negative feedback is applied, and sagturation of the differential _ ..
i R T SR B S B RS e o
haireqit betbrevdasadiecidvinabletelibrattenstics handes kidbighéd. bote art will

r@a?‘&iitlQo%ﬁ)ﬁm@?ﬁéF@V%W%Qﬂgarﬁ%gﬁfﬁéﬁﬁiﬂe%rléy WEssible in the

configuration in the first, second, and third e liments can "be achieved
K e preEnesbRdimait LeCIvEiiyy Uks aeatapial iv useasstitng from the

rRIVRPAIBeEES nRRCHING IOVBR tigliSeseIMNG aRWPEIGREAN Cilgtiidivgly, all

present invention, by using an operational amplifier circuit which has an
SARBIRRGEH SRR &R MG Bt khPs JFdHG % aiipliiatis scope of
tBtiagasveniraeback, 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
TN STRIZL flARPIOICAB ML FHNN resistor, without being 17

The light receiving amplification circuit according to the
present invention is particularly useful in an optical pickup
apparatus, as a light receiving circuit that features a function to
switch the gain depending on the level of an input signal.
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influenced by the voltage arising in the gain selection switch. Therefore,
the design of a circuit for obtaining desirable characteristics is greatly
streamlined. Additionally, offset arising in the output can be reduced
simply by setting a compensatory switch. Although only some exemplary
embodiments of this invention have been described in detail above, those
llled in the art will, readily appreciate that many modifications are

028 b5 "B)?é%b?ary embodiments without materially departing from
the novelighthiegs richgdyampdfesatfithis divenitonoAcpeidingly, all
such modificafi e.i t . included within the scope of this
inventioél)ﬂ 'IWFX@Q%@E%%’ITY The light receiving amplification
circuit @tofuing lidi ¢alipreseimdpientivavibygaréculary pséigeitian optoae for
S é&?@f_%‘%éﬁcﬁ&%ﬂ?&ﬁw’a@HWB_F#?&&%%W%%&%%@CFSP fBedback,
switch the gain depending on the level of an input signal. _18_ What is )
a;fﬂain%qg.ag?.' A fightre&diingarprtesies tiicurompisBgnerrjed by said

irgegivisg@lement laaspRlification circuit, having an amplification stage
for extergal outrout and a plurality of amplification stages for feedback,

and op@rdbit @ b gy S RoRIBELI R P Mt B F By ReipdigiRt In the
mﬁspmeemen}s laﬁpltwilli@n@?fgaia@ﬁ@ﬁtigaaﬁfy@%ﬁ eaeclh bgim,shghie each
the respectjve plurality of amplification stages for fee <, and eac

< p%? eglgato t%us%atng\(g:orF s?poncd?ﬁﬁegrﬂsﬁ?fﬁﬁi’ign &%B?&f Cc?egéetri\/at%twe to
deteoliptitg dyopdratingdinengranga @irakiycfrgaintresistdrs, each

being t ther ive plurality of. amplification, stag

o feeﬁ'}lﬁﬁ;%%% VEYh e eSS RIS AT PIECAIO0 8%  tween
the respective plurality of amplification stages for feedback and an

input of said amplification circuit.

2. The light receiving amplification circuit according to Claim 1,
further comprising

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;

=19 -



input of said amplification circuit. 2. The light receiving amplification circuit
according to Claim 1, further comprising 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 48 sHeR! L G MRESRINSS YRR RS £PHEFP TN BRI ch

stage, wherejn each one of said plurality of gain selection switches is
SEENSBIE R RY YRR KBSl BSHORGIR GO B et [RRIhgRE
operatiagountesit Switcsaidppesdiiagcutient saldcesrd@asivitoh efleaidnt

cpflfjb I'%%eprg%rhg?giﬁi%é éﬁ?%caqﬂr%ﬁween an operating current

source si INg gain selection switch and the input of

said amplification circuit. 3. The light repeivir_lg amplificatior_] cirquit
ACCoriTdigHiTete WIREITBRNCAbARE RURCHRR SIIE RS ClafnT 3,
selector switch. element, connected between the corresponding
f'al Eﬁfo‘éﬂgﬁ@t'acﬁ@%nd the operating current source; -19 a control current
sourcea apenapleredtomssidiselie etemeithweliondnasrtthy sapplyisize and

( n c it r n.sai

e e p BRI Sl BT 5 Fhonsgted
betwieny athsifiedtio i€icati abeoita@to iDaie stetndbreghpHsiand an

opraERRRINRYcERlamenbwlIGH bentinsamesize and same
characteristic as said selector switch element, is connected between the

amplification stage for external output and an operating current source,
5and isTdoatligiatlyeoe b/ifigedivipt itcationy emplificatoo oot o ciaing 3,

to Claji - M) FAUMAPTNESTION Airulis APYRRIFIBI B btput a
voltage which is a sum of a reference voltage and a differential
voitage depending on the photoelectric current, and

said light receiving amplification circuit further comprises: a

compensatory switch element which has the same size and
same characteristics 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 one
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,

220



voltage which is a sum of a reference voltage and a differential voltage
depending on the photoelectric current, and said light receiving

amplification circuit further comprises: a compensatory switch element

which has the same size and same characteristics as said selector switch
element and is continuously on; and a level shift circuit operable to cause

the refeheai Nokdyd g Udvarsiiftiicati amosiagevaiagaidismg plidigation

cifQRPFESa el ¥fér"él’?ﬁ£' E 1@:%{]8:'195 F@Gﬁ'v'gﬂéné%l'l@ﬁ‘@ﬁ‘t%éétvm

accordlng to any one of the prece claims, wherein said esistors

elam@aarnéc@émﬂ%@m f@rrﬁ.ﬁgaaﬂgé icatirnicknent sehinsana side of

th@rﬁl}']ﬂtﬁ Wﬁ‘i@%ﬁbﬁ‘ 418 Oféﬁ‘tﬁ Q”F@f@@?@@é'@l*ﬁa@@' (@) E!ed fo
conneijf oint t‘jgtween he galn {gSls and&b the other end o the

angae fFMBhhetted f fdsé »s8l&Ction switches. 7.
The IIsBidehglhrmgmmwmgtlampﬁdmmomommmaﬁmhe ratdimprises:

o eAt oY e B e SRR E ggtecton
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element is connected, the current being of the same amount as an
input current of said amplification element for compensation
amount detection.

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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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 amount as an input current of said
amplification element for compensation amount detection. 8. The light
receiving amplification circuit according to any one of the preceding
claims, wherein an input amplification stage of said amplification circuit is

CH uitsren@hl amislifisanoni tifalitoandedart aiht feceivpE@emeatign volume

Jcarnastss 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 -21
current of said amplification element for compensation volume detection.
-22 LIGHT RECEIVING AMPLIFICATION CIRCUIT ABSTRACT OF THE
DISCLOSURE A light receiving amplification circuit according to the
present invention includes: a light receiving element (101); an
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amplification circuit which amplifies a photoelectric current generated by
the light receiving element and outputs from an amplification stage for
external output (117) and a plurality of amplification stages for feedback
(109 and 113); an operating current source (111, 115, and 118) set in
each of the amplification stages which supplies an operating current to
the corresponding amplification stages; a gain selection switch (110 and
114) set in the respective plurality of amplification stages for feedback,
which interrupts the operating current between the corresponding

amplification stage and_the operating current squrce; and a_gain_resistor
(115 bIGHREGENVING AMRIIRICATION CRE 0T
feedback and connected between the operating current side of the

corresponding gain selection switch and an input of the amplification
circuit. Fig. 2 :

ABSTRACT OF THE DISCLOSURE

A light receiving amplification circuit according to the present
invention includes: a light receiving element (101); an
amplification circuit which amplifies a photoelectric current
generated by the light receiving element and outputs from an
amplification stage for external output (117) and a plurality of
amplification stages for feedback (109 and 113); an operating
current source (111, 115, and 118) set in each of the ampilification
stages which supplies an operating current to the corresponding
amplification stages; a gain selection switch (110 and 114) set in
the respective plurality of amplification stages for feedback, which
interrupts the operating current between the corresponding
amplification stage and the operating current source; and a gain
resistor (119 and 120) set in the respective plurality of amplification
stages for feedback and connected between the operating current

side of the corresponding gain selection switch and an input of the
amplification circuit.

Fig. 2

-23.



