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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alight 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



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
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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



amplification circuit comprising: a light receiving element; an amplification
circuit, having an amplification stage for external output and a plurality of
amplification stages for feedback, and operable to amplify a photoelectric
current generated by said light receiving element; a plurality of gain
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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



which has the same size and same characteristic as the selector switch
element, is connected between the amplification stage for external output
and an operating current source, and is continually on. In addition, in the
example embodiments, the amplification circuit may output a voltage
MYhisRds a sum of a reference voltage and a differential voltage depending
on the photoelectric current, and the light receiving amplification circuit
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series circuit being connected to one of said gain selection swiiches.

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



compensation amount detection. In addition, in the example
embodiments, 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
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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



thereof taken in conjunction with the accompanying drawings that
illustrate a specific embodiment of the invention. In the Drawings: FIG. 1 is
a circuit diagram showing a light receiving amplification circuit using a
PNP transistor found in conventional art; FIG. 2 is a circuit diagram
showing one example of a light receiving amplification circuit in the first
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aothe example of a light receiving amplification circuit in the sixth

embodiment of {he. praseninyenlions and G, s s craitdiagiamye o yigne
showing one example of a r ICat

Iight’ Téceiving ampli DA Gireai inkhe
reswinin @rapopitieraodmei prasen itherfioat BERSERIPTEDN OFthEpresent
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invention are described below with reference to the diagrams. -6 (First
Embodiffentp is a circuit diagram showing one 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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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 and 108, a cathode of a light receiving element 101 is connected to a
base of the NPN transistor 104, and is further connected to one end of
gain resistors 119 and 120. Additionally, a reference voltage Vref is
applied fd rsthase b tHenePK) transistor 105. Each of the other ends of
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dersisteedltoseRAitkers 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



amplification stage used in an external output in this operational amplifier,
and the NPN transistors 109 and 113 are amplification stages used in a
feedback in this operational amplifier. Additionally, the constant current
sources 111, 115, and 118 are examples of an operating current source,
and the switches 110 and 114 are examples of a gain selection switch. In
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amplification st?ge used in feedback of the operational amplifier circuit.
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resistor can be easily executed, since 3 saturgtion voltage Vice (sat) of a

spdhehRes dsd prdwiidd Biddsined 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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is not added to the input of the operational amplifier circuit. -8 In addition,
when adjusting the dynamic range of the light receiving signal through
switching of the gain resistor, it is possible to suppress deviation from a
range's set value, and a light receiving amplification circuit with favorable
characteristics can be designed. (Second Embodiment) FIG. 3 is a circuit

diagram sho a light CEIVI lifigation circuit in the secon
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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 exafpReeng dortRpaiment gource; and the switches 222 and 224 are
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satuﬁgeg&]dzaﬂegmmgam 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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resistor is caused to be applied to the input of the operational amplifier

circuit, and is reflected in the output of the operational 9 amplifier.

According to the second embodiment, as in the first embodiment, a

switching transistor is not set in series next to a gain resistor. Rather, gain
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dWich 'S the like upon the characteristics of the operational amplifier
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sta, iliées,,and as a result, the potential at the emitter of transistors 109,

Al 195 YRR A BRIELERLRIGY uSADin REASAX WisFiahHbeg, Since a
sHteneitrenthe linflyendecksdey oh dhigraperiation okibe pemndteh selection

. lifier NPN. transistar.used for gain selection can.be reduced.
ETRERR A BTN Sh R e Sy
switch Eamtheiharénsad; eng theidrenhvigntigegdaopdiatiotrafitis toirdgitused
0ssi it] becau C : i0 n :
e R A St B EbEBt b e & hsed in

fegs badliadenthalfer 49N66A8&qEeRtSthds FER pligR Eacdiccimpe of that
NWQ‘?Qn‘é‘iéﬁ’@Ei%@%ﬂgﬁH@tﬁé'iﬁ?gi%‘?@ta\ﬂb%’ﬂz_?é’ﬁ@éiﬂg.the
dynamic range of the light receiving signal through switching of the

That'is, becalse 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.
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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 (Third Embodiment) FIG. 4 is a circuit

diagram showing a light receiving amplification circuit in the third

embodiment of the present invention. As shown in FIG. 4, the present

embodﬁﬁ?’{@i%ersgfro the $onfiguration of the second embodiment in

that: a rahsfets ‘%8 the same size and characteristics as NPN

transistof&21@ and 244 usedlif gdira getentiorsismidcayl betwiéehtanreceiving
] inal of. erational. arpplifier circuit PN ransist

P e i o St g resent

IBY@BEIBAS is connected to a base of the NPN transistor 326. Here, the

NPN traRsisindacis AREXampifoh AREUTREBRFATA UL Glerapat@d m the

mentioned in the Claims and Is continuously on due to the base current

GRSH e abitafl diPertsandLIBOM REBSfgthaton AStIEM tharsistor

FEeandiersboginenti Yiee @ad-uetagssarisingamenai NkiFapsiston and
Zi‘g or 214 used |n rgain selection is turned on, the output of

. , the )
G Andstilr Sl R DinerBARER aPE RY §GBsAR. QN b Gepiaal of
an ihpeapidn depenslificorctheudivcuiie spedifitatioas sthiscoffseétaraniected
. tional lem, .but ing to th fi ti
e e Ry A SR SRl SRR sguree 325
isaminneusiydneausessheoVite d shiff Mrisiag #sherNPAGtransistor 210 or

214 in.gaj i | i redyci
output et S AcIe R S MK ARST: B nsatory
sitvid. Clh el RAREAIE RGBSR g recdividC EnipIBicatienisireain Earigasly on

duehes epkapert TUPEHPGYS ik 40RS Witheuh sRving-tealthgarneseni o s,

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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embodiment has the same effects as the first and second embodiments.
(Fourth Embodiment) FIG. 5 is a circuit diagram showing a light receiving
-11 amplification circuit in the fourth embodiment of the present invention.
As shown in FIG. 5, the present embodiment differs from the
configuration of the second embodiment in that an NPN transistor 429 of

AEIR It 6001 GTAL & rafbrdéd OGSO bl AReePresent

ifsat)ditage arising in the NPN transistor 429, are set. An emitter of the

NPN trRasision 39 (> epanacteghio hase of A NN KAl from the
one input terminal of an operational” amplifier circuit.” Additionally,a
ceonigintativentotiree 2708 dcenmbaddrtocthe basthefttisNRRN transistor

APRisteR 423Rd ‘éiE@”éinHng}; fi I&B%ﬁ%ﬁ APRMERE AN 1 g and

transistor 428 Is connecte ecto PN transistor 429, a
Hebe BNAANPIRCHEANERSr 1828 s Thiiiecied &t arBasecovaltrpR Vref in the

draBsipont I\ (8 20)ICe Q) dneri AL AN SO NIZA Ierae18e81d499, are

source voltage Vcc. The reference voltage Vref is applied to an emitter of
S NPN transistor 432, and a constant current source 431 is connected

to a collactennaimenteeNNgTtedrions kasa-of H e RN Agasikder #32 Base of
circyit.configured from these NPN transistors 428 and 431 and the .

2l MRHE IR Shohc i oad B g 45001 Btk Arcll SpRFRHOna!
axiN ifiarsisiocd 29 is Ad @kaonpddipf aecarpesisatorycswitehtelemande 427 is
IS BRI A BEEED DRSNS AR AIESET e W Nontnuany

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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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

< UGN VT T L ERIRATARE Yo

s ebmstsiar g@8astia kelectric potential Vref', less than the Vref by the

amou h ation callector-to- r voltage Vice (sat) of the NPN
transigttaa%zg?%i%efé)%, g&%rcf%g ?iﬁrtefgtéqprg%en eemb%or(]:i{lirﬁke%nrt, t%?a me NPN
tedesigapreforShie 30RLRCEHOIRE tomiEad pérafon saiifiartbiecVitas by the
M IRt RIS MR B e AL RS U BRI O1 (881 of
reference voltage Vretf by the amount of the Vice (sat) voltage of the NPN
tiraniRRr a9 SIREPEfGréSan increase in the output electric potential and

generating Qifeffect causesnge Micedsal) veltage R¢isiegimernithent, the

NPN transistors 210 or 214 used in gain selection are turned on is

effachial frtaremgany elbraRr pERHE 1ok HisreRBSIA HIdPAy Baplifier
c\icaisad)rhadxtactripall pthisermolinge-ef thevoperaiionakarontifiethiscalectric

oGRS AN VR SR RS RSB RRE the vee
(satting @l teigribfi/tick dﬂaﬁb!e_llsa_"resiﬂte (s@ﬁ?oltaﬁhénmﬁi_m, reﬁerém_gea se in
RERGER R R A LT
Viglenteats capl brgedadednand henidtngziitloN &f eesiatouis cahlber 214 used
iRGRredeNatei KRt A goes P Y sandshakiie same &ligshasiReed ectric
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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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 -13 configuration of the second embodiment in the following
Oints: ain resistor 534 is connected in series to in resistor 120;
SRR SRES Sesd TR S RISIRy petns:
Qrin residedob34 3 the sampexhadeirasanilegdio esistonsrerdsood 120,; and
4'3 tRepRIegEH STk §t’u-as%‘nf5§5'§5’{rfs§§f§§§8 ntqgo%@}mgcte to the
ollowing operation. In the case where switches and 222 are turne
R BTE IRRNES 18] 1De samany 800 arearméthogadn rgaisiansidibp and
#£48 is turned on and the gain resistor 119 is selected as the gain resistor
of an ogeration amplifier circuit. In the case where the switches 116 and

224 ardRurdBE oR HRgeHe SMbRAIMSN o asFalkhgresistR inegelected

t0fFcuyNRN etresisipieil 4 [sdparesion and the gain resistor 120 is

selected as, the gain resistor of th eratignal amplifier. circuit, In the

oo whrBFe AR AD 859 SHH G e Alh 256 AEESHMEAEE on and

SMBCPRE 1T, P 22458 fuamatl 5H,CherN PN rimenbisty 238 SRimednsistor
n f th i sistor 120 and th in resistor 534 is .

e R e G R L s e e g oain

Fﬁiﬁt@&ﬁ@érﬁﬂﬂ@}p@‘@:ﬁi@ﬂe&iﬁpiﬁm o’rrmeigai_n resistor determined by

the surppt e Gado IRalRipL PR Rngan fRSIAEY 53415 /€IEGH5d on and

photoelectric current generated by the light

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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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
tchm% é%‘nd when he confﬁéjratlon IS set so that each gain resistor

i gd%f&éﬁérrﬁ?dﬁ "SEPR the maximum gain resistor value,
|t is pobkilike th ale Signossar v i tHssag mguem. breswait barffectldchieved

[ r Isf e it ithout sayin tthe
O B B R T SRR L 5 e
EhbBURSE NS e béeaam&\@mhqﬁerpmént embodlment. (Sixth
Embodiment) FIG. 7 is a circuit diagram showing a light receiving

amplification circuit in the sixth embodiment of the present invention. As

shown (PEXE £ mRBGHERERR Ebodiment differs from the configuration of

the thirg-gmbogliment in tEﬁEQJRW'@Q HalSH A Y ”%Stq’ifg@f‘tl qféE@lvmg
R?ééharacterlstlcs and size of an NPN transistor 104 is connecte

PP drlStsF 162 ahBdheSUBN 1M bingh ditfenpresent

imireerteivauit made up of PNP transistors 642 and 643 is connected

d hod ali
ocoitt RN 101 Herd, L RPN SR Ok OG0 e ARl JT g the

aonipgnsatoonaofotine ddieadiveratplificagort dierbeat &sllowitignpdints:  an

Nﬁ\l%%%@&‘g A 1 F‘sc'ﬁ‘é)ré feap alpa’sc?%%gtﬁ@.éeg i3 Wé‘fﬁﬁ%"ﬁ‘ NPN

circuit are in a alance state In the Initial state (a state wit
tspnaip tavdldatishaea sectadhas the sanfNfridamsistor 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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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 an@PRotRERHRRTIrRARAc ACHY BHAS LrERE PSS RiPiNGrARQSERent, a
d@ﬁ&nhthﬁﬁrﬁﬁ@l ftataé:jom@éha@gh@ ga@ere?dﬁwéﬁﬂ-%erth@,wﬂ 1tga Ssistor
ugh this, a voltage, drop occurs, an offset voltage occurs, - n
R oS A o D S (o e Y
samsisizera4hie baSecwfontoftihe PO rangatio o4 loMstpwandihén the

‘ PN transistor from,the NPN transistor £41. Therefore, .
G e e T S TR REL IR in the
opduEibig tred aifa NGiedgei e i ispeesibbdeamplifier circuit is possible.

Note that.| i i . ‘
co%?;%%%‘%ﬁ%ﬂ?%%ﬁ?ﬁé?ﬁéﬁpﬁﬁn R RRITE SR achieved

bYeddht eribdmvERtiGRyENH EtDEEFhelD HiErd iLadrediraratamcan be

SPRNE0E A |§grm{@c§pé@@@w,i{i5@@9&@imqit in the seventh embodiment
of the present invention. As shown in FIG. 8, the present embodiment

differs from the configuration of the third embodiment in the following

points: eReMER HapaigiodTAfeeftthe same characteristics and size as an
NPN transistog 105 is_connected between a PNP transistor 103 %nd the . .
Ié r& lght  receiving

NPN tranststoP108 afld & CGYeht AIASFRRRLICHAIEE NS of P
drandisioest G2 aridci48 isrcotinected\nmtbie ere enthassi ofdimt NBNthe present
m%%ﬁ%rn?M and a cathode of a light receiving element 101.

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

-16-



Here, the NPN transistor 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

LEARSH EIThEAdPI iRk bR Bese of harhtRMicanaistanddit as the
base curiephef _&@NPNhT@aesiﬁt@rﬂeoétfsThhe; Pmlmratm%jﬁ@méf o,gathle and no
current. mirror circuit Injects a current of the same am as the hase .
T B NIPR T CH AN S 4 TERRG BA Bt TN IR R afor 04 1n
thed. imithe! casa ehdte werehisamodiP N trgasdistoresddtand hibh Scwrert 20, and
irror girculit, th current of the NPN transistor in. the jnitial st
e g T e R AT APt VEifALE etrs.
occurs Ho eviastiset vottdigedotouth.cHpresen taeco il moahé, presemrent of

t?\r@bé?g'iﬁ‘@"%i%c%em@fb es%?]?:%iﬁ‘% F¥ LR LagP QUSRS NTY flows

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

tRPR trhhbistdra 840 ThBRARN eI MEtel 0BNdgEedMPRh RN Sistor
N resiglgrdssancalled, anbRAWRRLIOR OFSElHRlAEE VBB in the gain

operational amplifier circuit is possible. In addition, according to the

rEestRl etbodmitaf! 18 QurrBRdeJRER & thBPa (SRFentOHRERPT the
@mﬁ@n@%@ﬁ ;ﬂm;éef@[e@getsquﬁggmmﬁerential amplificati(_)n circuit
Thoreiort, HAUHEY REABABSDILE R SaloRBN D fibreh e rrent
eaqupirédaticn firciitecdrelse peeneeted, ahd b dghtAEcénamgiabaplific@foron the
rEFeHIE WD Y58 BIOfR Loy RRNIE SIRIPSIATIRAR SR RE AR R inected 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

-17 -



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

iafiyed e dre B aH&E?ﬂ%eﬁl’ﬁé'Q@alHWSetiQ@uoﬂ%Wltc?ﬁ;\ﬂﬁéfpn switch.
Teesesdhe, arnﬁttflcai@@ngiage@fforéeed;ba@&w dﬁ@ﬁtlva@sahﬁnggm Qfé&@rabfe

erati al amplifier C|rcut|s determin |n reS| rv
P S A e BN Rtor AGNBART Y, GmsetBNising in
thnﬂtreutadb;zakrebl@lmmﬁngmmg @q«rs&tl&qtg)a switnpehbatefoyeswitch.
the desr&ggaog g Grl.erU[l] H?%ér{gn% gges&rable chﬁra Ierlst%s 'ngtrﬁatl¥nven tion

stream dltlona?fly, Arding A Yhe OuRat CaRbe Rattéy

hamgthtgﬁgem@@ercbmpematemmn&ﬂmhm@senIsyl«sumé drefiptargrt will
&y ﬂ?ﬂn ﬂpeg:? rt\}v I‘éér” '%P’H%ﬁllf bREApR AL ‘5‘?@"{@8%%{@"?& the

skilled’i appreciate that many modifications are

e@@méamh@r@ia@ﬂm@%némbwmgm% WiRset indtéridigraganthgrem the
B eavel ipachiads fnthadvaniagrssob g e enientAnsordingbo Aingly, all

such modifications are intended to be included within the scope of this
SHEEnBRANISEEFREARTEPBLRAERE 9 PR q@ﬁwe@avm&ampﬁﬁ@aﬁ&@pe of

thireuif gecanding 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. _18 What is
JIMHPRS TRIAL APPLICABILITY

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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1. A light receiving amplification circuit comprising: a light receiving
element; an amplification circuit, having an amplification stage for
external output and a plurality of amplification stages for feedback, and
operable to amplify a photoelectric current generated by said light
receiving element; a plurality of gain selection switches, each being set in

w% r%?oecti’viﬁ‘lurﬁlig\é of amplification stages for feedback, and each
opefhble 1§ GULEh

orresponding amplification stage to deactivate by
Interruphin ggdnt operatirion guaneTp) ihchdiplurality oftgamrmasistorsg each
being conn 9% ctive plurality of amplification stages
for feed%a'ciﬁéi an Y}(ﬁﬁ;{ g‘%ﬁﬁ%’plification circuit. 2. The light
receiviijaplifcdiicatérouic lspoiding 2y Tiginan, amipdiftoatprsingtage for
SN PLRRS AHNEHHEBE S04 RNESG6R Bratiaty
stage for external output ?d eac!h%:'fot ?ﬁt@raﬂty ofbamgp’[‘i% atloﬁgsf[a es back,

36ckcRRBERR| 8ntPeatR RISt aBIPRUGHIS it o FatEnRg afsre o tad by said

If9HeseeRdiNg gnepbisalian stage, wherein each one of said plurality of
gain selection S itcheé is operable to deactivate a corresponding stage

by intePuBHEAHEY oPErAaG SRIERT Mt Theratifg chr2RlRgUsEE, In the
revapeachyeng lofredidyploralithefl tada tesistetsigaomaecteet Mebveenad each

operating cyrrent source side of the correspgnding gain selection switch

U 5:éq%wplz{toof %%H%%wpﬁ ic?atio%ogﬁ@ﬁfﬁ%ﬁ Iigamgﬁﬁ% lon stage to
cbemmltﬁcatﬁenmrd_ait@mmpdim@t@ Claipe2a tihgreinreactt said dain

selectiop SYINACeSArdedR Syl eleman fonenil BECRL e
the corresponding ampfification stagé and the operatirig current SOUrce;

the sasmreolivérehd salitve obperapldficatinnstagrsosisenback 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;
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element on by supplying a constant control current, and a control switch,
operable to turn said selector switch element off by interrupting the
control current. 4. The light receiving amplification circuit according to
Claim 3, further comprising a compensatory switch element which has the

same si76 Gt oPUFEFAIBIFHIC SERIBRE RS QISR b witch

connected between the amplification stage for external output and an
BERTHGUU PN BERROANEhE iSRBRIADAIFUNTS! PRETRIN: reB&lving
amplifieatiom st wtatchrdingtablaito 3umherdi seldaplifigititnelement
IFGUIT | t t lta igh is a sum of a reference
%&éﬁaﬁﬂgﬁﬁgégﬁg %/87?5\5%} ep'éorlwé]cﬂitlg on the photoelectric current,

and said light receiving amplification circuit further comprises: a

AOMPETHRIQDY IFMHEE S ARG 8 MBIFRATI ACCHARNR SR 8RGIrRI RS Claim 3,

characteristics as said selector switch element and is continudusly on;
fﬁﬁ%ﬁq&%ﬂgﬂf@éﬁ&it operable to cause the reference voltage to
level-shiftorapemsaiorpfswitabecasiveit wditthohpetsateanswitize and
s%ﬁ@e%érér Pﬁ%’@fc,f e§§"’é’é9ca’§8l%'8%!§’%%‘f{fﬁ BEgring t‘?§a§68%%oted
of the preceding claims, wherein said gain resisiors are conriected in

baivee eimihg a aseidifteatiepnstagrorige sexterarlinstonhested an
oparatiRytcoirpaist aarlifisatian gileuiorfh@a myeefnection 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
5 receiviryealigtiticetini dingyia egebfuiatj oo anycwié adabediragédikdjaim 3,
claims, 120rais el andARpl RSl EaRe o SRY BRI Bt ut 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,
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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
detecudnerghicratias e dammngilificaticametageaaérsadie oamplification
cifipliisagon; slaraantal @Wﬁﬁ@ﬂeﬁ'@mﬂa&%&@kw"ﬁgﬁ receiving
connected in series to an amplification element to which said light

elespanhiseroruie et atuama fication miesranlused Jeraneside of
thigiashacurapliféaadnngth geamamrtficatliensaaenbleayeicis sajshiahd to
receiving. element \s c_o%r[ﬁcte% .th%:urrent being of the same amount as
anamBLGRTRR & SRS SRtdRo BB e AT Ration amount
dftethiarild dighte tebeivtsyingrptifidatiton ciraut béactdisy coanyses:
of t r ing claims, ' i lificati f saj .
iAo el G HeTHEnE TR A AR T ARt fktection,

wlhdcéivihgeletient isaomeecédao andmplditagorcdiarentesistioneafddhe

B el v e ke anC A0 S SRa il wtlch s

conmemiedIn crelieririreproaRrRiEcatiamel drnvehighr said light

reBRIAARSAlE IR 8t dsiRTaefeWhishohas the same size and same
characteristics of the amplification elemegt of g]Pﬁ'inFUt amplification

stagePahH AR TDEERRdClHE. QREsaRs tonplikSic SeRteRtiato an
inpeferefcamoltagmpisfiapitien telamd @rdutentphiich cieud, digghdbleteiving
' ut of an amplification glement which said ligh

ST et o g S e A G R R A s an

inpsindoprenglof 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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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
amplification circuit which amplifies a photoelectric current generated by
the light receiving element and outputs from an amplification stage for

CebtteRal SftpEB(T178 ARlif pRiiaiRy &F empiificativn fagesessREgRcKolume

ddP9an91113); 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 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
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