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(54) PREAMPLIFICATION CIRCUIT

(57) The pre-amplification circuit includes a first cir-
cuit, a second circuit receiving an output signal trans-
mitted from the first circuit, as an input signal, a third
circuit electrically connected to an input of the first cir-

cuit, and consuming a part of a current running into the
input of the first circuit, wherein the third circuit has such
a capacity that a gain peak observed in gain-frequency
characteristic of the pre-amplification circuit is sup-
pressed.



EP 1 427 100 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The invention relates to a pre-amplification cir-
cuit, and more particularly to a pre-amplification circuit
preferably used as a front stage to an apparatus for re-
ceiving light.

PRIOR ART

[0002] There is urgent need for construction of a sys-
tem for transmitting an optical signal at super-high
speed, in order to absorb rapid increase in communica-
tion volume accompanied with popularization of Internet
and/or multi-media communication. A pre-amplification
circuit constituting a receiver front end module which is
one of components required to have a high operation
rate in the above-mentioned system is necessary to
have a preferred gain-frequency characteristic and a
preferred output characteristic over a broad range. As
such a pre-amplification circuit, there has been conven-
tionally used a trans-impedance type pre-amplification
circuit.
[0003] When a pre-amplification circuit is used as a
receiver module, a photodetector is connected to an in-
put terminal of the pre-amplification through a bonding
wire, and an electric signal is input into the pre-amplifi-
cation circuit in accordance with light entering the pho-
todetector. Each of amplifier stages constituting the pre-
amplification circuit is electrically connected to a power
source through a bonding wire, a bypass capacitor and
a lead wire, and direct-current bias current is applied to
each of the amplifier stages.
[0004] The conventional receiver module is accompa-
nied with two problems.
[0005] The first problem is a peak found in a gain-fre-
quency characteristic.
[0006] In an optical receiver module receiving a data
signal having a frequency of a GHz order, inductance
(hereinafter, referred to as "L") and capacitance (here-
inafter, referred to as "C") of wirings and bonding wires
in circuits are not ignorable. Hence, an excess gain-
peak is found in a certain frequency range in a trans-
impedance gain-frequency characteristic. This gain
peak deteriorates flatness of the characteristic.
[0007] The second problem is deformation in output
waveform, caused when the output waveform is satu-
rated in receiving much light.
[0008] Light entering a photodetector increases or de-
creases in accordance with a transmission distance in
a light-transmitting system, and accordingly, an ampli-
tude of a current signal to be input into a pre-amplifica-
tion circuit increases or decreases. Hence, a pre-ampli-
fication circuit is required to cover a wide range of am-
plitude of an input current, in order to cover a wide range
of transmission distance.
[0009] However, in general, as an amplitude of an in-

put current increases beyond a base amplitude, a wave-
form of an output signal transmitted from a pre-amplifi-
cation circuit is saturated and thus deformed. Finally, it
becomes impossible for the waveform to respond to an
input current without error.
[0010] This is because when an amplitude of an input
current increases beyond a base amplitude, a current is
introduced too much into an input section of a pre-am-
plification circuit, and hence, a voltage at an input sec-
tion of an pre-amplification circuit is raised.
[0011] One solution to the first problem is to arrange
a capacitor between an input section of a pre-amplifica-
tion circuit and a grounded voltage.
[0012] A capacitance of a newly added capacitor
would reduce influence exerted by inductance and/or
capacitance of wirings and bonding wires in circuits in
a module, and hence, could prevent a gain peak.
[0013] As a solution to the second problem, Japanese
Patent Application Publication No. 4-225630 has sug-
gested an optic receiver including an optic receiver and
a Schottky barrier diode electrically connected in series
to each other. A node through which the optic receiver
is electrically connected to the Schottky barrier diode is
electrically connected to an input terminal of a low-noise
amplifier through a resistance and a capacitor electri-
cally connected in series to each other.
[0014] In the suggested optic receiver, if the level of
received light is low, and thus, a light-receiving element
transmits a small current, the Schottky barrier diode is
off, and accordingly, a current output from the light-re-
ceiving element is almost wholly introduced into the low-
noise amplifier. On the other hand, if the level of received
light is high, and thus, the light-receiving element trans-
mits a much current, the Schottky barrier diode will be
on, and hence, only a limited current is introduced into
the low-noise amplifier.
[0015] However, in the above-mentioned solution to
the first problem, the capacitor arranged between an in-
put section of an amplifier circuit and a grounded voltage
does not reduce a current to be introduced into an input
section of a pre-amplification circuit or a voltage to be
applied to a pre-amplification circuit, and hence, cannot
prevent deformation in a waveform of a signal output
from a pre-amplification circuit which deformation is
caused when a current having an amplitude exceeding
a base amplitude is introduced into a pre-amplification
circuit. After all, the deformation is identical with defor-
mation observed when a capacitor is not arranged be-
tween an input section of an amplifier circuit and a
grounded voltage.
[0016] That is, the solution to the first problem cannot
solve the above-mentioned second problem.
[0017] The optic receiver suggested in Japanese Pat-
ent Application Publication No. 4-225630 does not sug-
gest a solution to the first problem, and hence, the prob-
lem that an excess gain-peak found in a trans-imped-
ance gain-frequency characteristic deteriorates flatness
of the characteristic remains unsolved.
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[0018] In view of the above-mentioned problems in
the prior art, it is an object of the present invention to
provide a pre-amplification circuit which is capable of
solving the above-mentioned first and second problems,
having a trans-impedance gain-frequency characteristic
which is flat over a wide range of frequency, and sup-
pressing deformation of a waveform of a signal trans-
mitted therefrom even when an excess-current signal is
introduced thereinto.

DISCLOSURE OF THE INVENTION

[0019] In order to achieve the above-mentioned ob-
ject, the present invention provides a pre-amplification
circuit including a first circuit, a second circuit receiving
an output signal transmitted from the first circuit, as an
input signal, a third circuit electrically connected to an
input of the first circuit, and consuming a part of a current
running into the input of the first circuit, wherein the third
circuit has such a capacity that a gain peak observed in
gain-frequency characteristic of the pre-amplification
circuit is suppressed.
[0020] The third circuit may comprise a non-linear re-
sistor electrically connected between the input of the
first circuit and a grounded voltage.
[0021] The third circuit may comprise a device elec-
trically connected between the input of the first circuit
and a grounded voltage, and having a non-linear cur-
rent-voltage characteristic.
[0022] For instance, the non-linear resistor or the de-
vice comprises a diode.
[0023] The present invention further provides a pre-
amplification circuit including a first circuit, a second cir-
cuit receiving an output signal transmitted from the first
circuit, as an input signal, a third circuit which is electri-
cally connected to an input of the first circuit, which has
a variable capacity, and which a part of a current running
into the input of the first circuit enters.
[0024] A part of a current running into the first circuit
may enter the third circuit in accordance with the current
magnitude.
[0025] It is preferable that the third circuit includes a
circuit electrically connected between the input of the
first circuit and grounded voltage, and comprises a di-
ode and a power source electrically in series to each
other.
[0026] It is preferable that the third circuit includes a
diode electrically connected between the input of the
first circuit and a grounded voltage, and has a capacity
variable in accordance with a voltage.
[0027] It is preferable that the third circuit includes a
circuit electrically connected between the input of the
first circuit and a grounded voltage, and comprises a di-
ode and a variable resistor electrically in series to each
other.
[0028] It is preferable that the third circuit includes a
capacitor electrically connected at one end to a terminal
of the diode which terminal is opposite to a terminal

through which the diode is electrically connected to the
input of the first circuit, and electrically connected at the
other end to a grounded voltage.
[0029] It is preferable that the pre-amplification circuit
further includes a feedback resistor electrically connect-
ed between the input of the first circuit and the second
circuit.
[0030] It is preferable that the first circuit comprises a
circuit for converting a current into a voltage and ampli-
fying the thus converted voltage.
[0031] For instance, the second circuit may comprise
an emitter follower buffer circuit.
[0032] The present invention further provides an ap-
paratus for receiving light, including the above-men-
tioned pre-amplification circuit, and a photo-detector
converting an optic signal into an electric signal, wherein
an output of the photo-detector is electrically connected
to an input of the first circuit of the pre-amplification cir-
cuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 is a circuit diagram of a pre-amplification cir-
cuit in accordance with the first embodiment of the
present invention.
FIG. 2 is a graph showing a trans-impedance gain-
frequency characteristic of the pre-amplification cir-
cuit illustrated in FIG. 1.
FIG. 3 shows waveforms of output signals transmit-
ted from the pre-amplification circuit illustrated in
FIG. 1 when a base input signal is input thereinto.
FIG. 4 shows waveforms of output signals transmit-
ted from the pre-amplification circuit illustrated in
FIG. 1 when an excess input signal is input there-
into.
FIG. 5 is a circuit diagram of a pre-amplification cir-
cuit as a reference example.
FIG. 6 is a graph showing a trans-impedance gain-
frequency characteristic of the pre-amplification cir-
cuit illustrated in FIG. 5.
FIG. 7 shows waveforms of output signals transmit-
ted from the pre-amplification circuit illustrated in
FIG. 5 when a base input signal is input thereinto.
FIG. 8 shows waveforms of output signals transmit-
ted from the pre-amplification circuit illustrated in
FIG. 5 when an excess input signal is input there-
into.
FIG. 9 is a circuit diagram of a pre-amplification cir-
cuit in accordance with the second embodiment of
the present invention.
FIG. 10 is a graph showing a trans-impedance gain-
frequency characteristic of the pre-amplification cir-
cuit with inductance of a bonding wire in the pre-
amplification circuit illustrated in FIG. 1 being used
as a parameter.
FIG. 11 is a graph showing a trans-impedance gain-
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frequency characteristic of the pre-amplification cir-
cuit illustrated in FIG. 9 with inductance of a bonding
wire being used as a parameter.
FIG. 12 is a circuit diagram of a pre-amplification
circuit in accordance with the third embodiment of
the present invention.
FIG. 13 is a graph showing a trans-impedance gain-
frequency characteristic of the pre-amplification cir-
cuit illustrated in FIG. 12.
FIG. 14 is a circuit diagram of a pre-amplification
circuit in accordance with the fourth embodiment of
the present invention.

(Reference Numerals)

[0034]

1 Photodetector
2 Stage for converting current into voltage and am-
plifying the voltage
3 Emitter follower buffer stage
4 Feedback resistor
5, 8, 10, 12 Transistors
6, 7, 9, 11, 13 Resistors
14, 18, 22, 23, 33, 35, 43, 53, 55 Bonding wires
15, 19, 36, 56, 59 Capacitors
16, 20, 37, 57 Lead wires
17, 21, 38, 58 Power sources
24, 34, 44, 54 Diodes
49 Variable resistor

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] Preferred embodiments in accordance with the
present invention are explained hereinbelow with refer-
ence to drawings.

[First Embodiment]

[0036] FIG. 1 is a circuit diagram of a pre-amplification
circuit in accordance with the first embodiment of the
present invention. FIG. 2 is a graph showing a charac-
teristic of the pre-amplification circuit illustrated in FIG.
1 between a trans-impedance gain and a frequency.
FIG. 3 shows waveforms of output signals transmitted
from the pre-amplification circuit illustrated in FIG. 1
when a base input signal is input thereinto. FIG. 4 (a),
(b) and (c) show waveforms of output signals transmit-
ted from the pre-amplification circuit illustrated in FIG. 1
when an excess input signal is input thereinto.
[0037] The pre-amplification circuit in accordance
with the first embodiment of the present invention is ex-
plained hereinbelow with reference to FIGs. 1 to 4.
[0038] As illustrated in FIG. 1, the pre-amplification
circuit in accordance with the first embodiment compris-
es an integrated circuit including a stage 2 for converting
a current into a voltage and amplifying the voltage, con-

stituting a first circuit, an emitter follower buffer stage 3
constituting a second circuit, a feedback resistor 4, and
a diode 24 constituting a third circuit.
[0039] The current-voltage converting and amplifying
stage 2 comprises a first transistor 5 and a first resistor
6.
[0040] The first resistor 6 is electrically connected at
one end to a power source 17 through a bonding wire
14 and a lead wire 16, and at the other end to both a
collector of the first transistor 5 and a base of a later
mentioned second transistor 8.
[0041] The first transistor 5 has a collector electrically
connected to the first resistor 6 and a base of a second
transistor 8, an emitter grounded, and a base electrically
connected to an input terminal A of the pre-amplification
circuit.
[0042] The emitter follower buffer stage 3 comprises
the second transistor 8, a third transistor 10, a fourth
transistor 12, a second resistor 7, a third resistor 9, a
fourth resistor 11, and a fifth resistor 13.
[0043] The second transistor 8 has a collector electri-
cally connected to a power source 21 through a bonding
wire 18 and a lead wire 20, an emitter electrically con-
nected to a base of the third transistor 10 and the second
resistor 7, and a base electrically connected to a node
at which the first resistor 6 and a collector of the first
transistor 5 are electrically connected to each other. The
second transistor 8 and the second resistor 7 constitute
a first emitter follower buffer circuit.
[0044] The third transistor 10 has a collector electri-
cally connected to the power source 21 through the
bonding wire 18 and the lead wire 20, similarly to the
collector of the second transistor 8, an emitter electri-
cally connected to a base of the fourth transistor 12 and
the third resistor 9, and a base electrically connected to
a node at which the second resistor 7 and an emitter of
the second transistor 8 are electrically connected to
each other. The third transistor 10 and the third resistor
9 constitute a second emitter follower buffer circuit.
[0045] The fourth resistor 11 is grounded at one end,
and is electrically connected at the other end to an emit-
ter of the fourth transistor 12.
[0046] The fifth resistor 13 is electrically connected at
one end to the power source 21 through the bonding
wire 18 and the lead wire 20, and at the other end to a
collector of the fourth transistor 12 and a bonding wire
22.
[0047] The fourth transistor 12 has a collector electri-
cally connected to the fifth resistor 13, an emitter elec-
trically connected to the fourth resistor 11, and a base
electrically connected to a node at which the third resis-
tor 9 and an emitter of the third transistor 10 are electri-
cally connected to each other.
[0048] A signal input into the emitter follower buffer
stage 3 is impedance-converted in the first and second
emitter follower buffer circuits, and then, output to an
output terminal B as an output signal through a collector
of the fourth transistor 12.
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[0049] The feedback resistor 4 is arranged between
an emitter of the second transistor 8 of the emitter fol-
lower buffer stage 3 and a base of the first transistor 5
of the current-voltage converting and amplifying stage 2.
[0050] The current-voltage converting and amplifying
stage 2 is electrically connected to the bias power
source 17 through the bonding wire 14 and the lead wire
16. A bypass capacitor 15 is arranged between the
bonding wire 14 and the lead wire 16 for reducing an
impedance in an alternate current manner.
[0051] Similarly, the emitter follower buffer stage 3 is
electrically connected to the bias power source 21
through the bonding wire 18 and the lead wire 20. A by-
pass capacitor 19 is arranged between the bonding wire
18 and the lead wire 20.
[0052] The bonding wire 22 is electrically connected
to the output terminal B.
[0053] When the pre-amplification circuit in accord-
ance with the first embodiment is used as a receiver
module, a photodetector 1 is connected to the input ter-
minal A of the pre-amplification circuit through a bonding
wire 23. A current signal generated in accordance with
a light entering the photodetector 1 is input into the pre-
amplification circuit through the bonding wire 23 and the
input terminal A.
[0054] A current signal having been input into the pre-
amplification circuit is converted into a voltage, and the
thus converted voltage is amplified in the current-volt-
age converting and amplifying stage 2. A signal output
from a collector of the first transistor 5 of the current-
voltage converting and amplifying stage 2 is input into
the emitter follower buffer stage 3, and then, imped-
ance-converted in the emitter follower buffer stage 3.
Then, the signal is output from the pre-amplification cir-
cuit through the bonding wire 22.
[0055] The pre-amplification circuit in accordance
with the first embodiment is designed to include the di-
ode 24 as a third circuit. The diode 24 is electrically con-
nected between an input section of the pre-amplification
circuit, that is, a base terminal of the first transistor 5 of
the current-voltage converting and amplifying stage 2,
and a grounded voltage such that a direction towards a
grounded voltage from the base terminal is a forward
direction of the diode.
[0056] Hereinbelow is explained the first advantage
obtained by the pre-amplification circuit in accordance
with the first embodiment.
[0057] FIG. 2 is a graph showing a relation between
a trans-impedance gain and a frequency.
[0058] In FIG. 2, a dashed line 200 shows the relation
between trans-impedance gain and frequency which re-
lation is observed when the pre-amplification circuit il-
lustrated in FIG. 1 does not include the diode 24, and
further when inductance and capacitance of wires and
bonding wires are taken into consideration in the pre-
amplification circuit. A broken line 201 shows the rela-
tion between trans-impedance gain and frequency
which relation is observed when the pre-amplification

circuit illustrated in FIG. 1 does not include the diode 24,
and further when inductance and capacitance of wires
and bonding wires are not taken into consideration in
the pre-amplification circuit. A solid line 202 shows a re-
lation between a trans-impedance gain and a frequency
which relation is observed when inductance and capac-
itance of wires and bonding wires are taken into consid-
eration in the pre-amplification circuit illustrated in FIG.
1.
[0059] As shown with the dashed line 200, when in-
ductance and capacitance of wirings and bonding wires
are taken into consideration, an excess gain-peak is ob-
served in comparison with the broken line 201 in which
inductance and capacitance of wirings and bonding
wires are not taken into consideration.
[0060] In contrast, in the pre-amplification circuit in
accordance with the first embodiment, as shown with
the solid line 202, even if inductance and capacitance
of wirings and bonding wires were taken into consider-
ation, an excess gain-peak is not observed, ensuring
flatness of a characteristic between a trans-impedance
gain and a frequency.
[0061] In addition, since another gain peak is ob-
served in a higher frequency range, a trans-impedance
gain is increased in a high frequency range. As a result,
a frequency range is enhanced as a whole.
[0062] Furthermore, the flatness of characteristic be-
tween a trans-impedance gain and a frequency and a
wide range of a frequency band are reflected in the pre-
amplification circuit in accordance with the first embod-
iment as a characteristic between an output signal and
a base input signal, namely, waveforms having small jit-
ters, as illustrated in FIG. 3.
[0063] Hereinbelow is explained the second advan-
tage obtained by the pre-amplification circuit in accord-
ance with the first embodiment.
[0064] FIG. 4 illustrates waveforms of output signals
obtained when an excess input signal is input into the
pre-amplification circuit with an amplitude of the input
current signal being multiplied by 1.5 (FIG. 4(a)), 2 (FIG.
4(b)) and 2.5 (FIG. 4(c)) relative to an amplitude of a
base input signal.
[0065] As illustrated in FIG. 4(a)-(c), even if a ratio of
an amplitude of an input current signal to an amplitude
of a base input signal is made higher, deformation in a
waveform in an output signal slightly increases.

[Reference Examples]

[0066] FIG. 5 is a circuit diagram of a pre-amplification
circuit as a reference example relative to the above-
mentioned pre-amplification circuit in accordance with
the first embodiment. FIG. 6 is a graph showing a trans-
impedance gain-frequency characteristic of the pre-am-
plification circuit illustrated in FIG. 5. FIG. 7 shows wave-
forms of output signals transmitted from the pre-ampli-
fication circuit illustrated in FIG. 5 when a base input
signal is input thereinto. FIG. 8 shows waveforms of out-

7 8



EP 1 427 100 A1

6

5

10

15

20

25

30

35

40

45

50

55

put signals transmitted from the pre-amplification circuit
illustrated in FIG. 5 when an excess input signal is input
thereinto.
[0067] The pre-amplification circuit as a reference ex-
ample, illustrated in FIG. 5, has the same structure as
that of the pre-amplification circuit in accordance with
the first embodiment, illustrated in FIG. 1, except that
the pre-amplification circuit as a reference example is
designed not to include the diode 24 as a third circuit.
[0068] In FIG. 6, a broken line 300 shows a charac-
teristic of the pre-amplification circuit as a reference ex-
ample, illustrated in FIG. 5, between a trans-impedance
gain and a frequency on the assumption that the pre-
amplification circuit has no inductance and capacitance
of wirings and bonding wires, and a solid line 301 shows
a characteristic of the pre-amplification circuit as a ref-
erence example between a trans-impedance gain and
a frequency which characteristic is found when induct-
ance and capacitance of wirings and bonding wires are
taken into consideration.
[0069] As shown with the solid line 301 in FIG. 6, tak-
ing inductance and capacitance of wirings and bonding
wires into consideration, there is found an excess gain
peak which was not found in the pre-amplification in ac-
cordance with the first embodiment, resulting in that flat-
ness of the characteristic between a trans-impedance
gain and a frequency is deteriorated.
[0070] In addition, the frequency band is narrower
than the frequency band in the pre-amplification circuit
in accordance with the first embodiment, illustrated in
FIG. 2.
[0071] As a result that the flatness of the characteris-
tic between a trans-impedance gain and a frequency is
deteriorated, as illustrated in FIG. 7, a characteristic be-
tween an output signal and a base input signal contains
much jitters more than the jitters contained in the wave-
forms (see FIG. 3) of an output signal transmitted from
the pre-amplification circuit in accordance with the first
embodiment.
[0072] Furthermore, as illustrated in FIG. 8, deforma-
tion in a waveform of an output signal rapidly increases
as a ratio of an amplitude of an input current signal to
an amplitude of a base input signal is made increase up
to 1.5 (FIG. 8(a)), 2 (FIG. 8(b)) and 2.5 (FIG. 8(c)).
[0073] Comparing the pre-amplification circuit in ac-
cordance with the first embodiment to the pre-amplifica-
tion circuit as a reference example, it is found as the first
advantage that a gain peak is remarkably improved in
the characteristic between a trans-impedance gain and
a frequency of the pre-amplification circuit in accord-
ance with the first embodiment in comparison with the
pre-amplification circuit as a reference example.
[0074] This is because addition of the diode 24 to an
input section of the pre-amplification circuit results in
that a certain capacity of the diode 24 is provided to the
pre-amplification circuit, and hence, influence exerted
by inductance and capacitance of wirings and boding
wires in the pre-amplification circuit is reduced.

[0075] In addition, it is understood as the second ad-
vantage that jitter in an output characteristic of the pre-
amplification circuit in accordance with the first embod-
iment is significantly reduced in comparison with the
pre-amplification circuit as a reference example.
[0076] This is because a part of an excess input cur-
rent introduced into an input section of the current-volt-
age converting and amplifying stage 2 is leaked through
the diode 24 electrically connected to an input section
of the pre-amplification circuit in a forward direction to a
grounded voltage.
[0077] The magnitude of current running through the
diode 24 directed forwardly to a grounded voltage de-
pends on the voltage at an input section of the pre-am-
plification circuit. The magnitude of a current signal input
from the photodetector 1 being high, voltage at an input
section of the pre-amplification circuit is high, and leak
current running through the diode 24 increases.
[0078] As a result, the pre-amplification circuit in ac-
cordance with the first embodiment makes it possible to
reduce an excess input current signal, and hence, pre-
vent deformation in a waveform of an output signal.
[0079] As mentioned above, the pre-amplification cir-
cuit in accordance with the first embodiment has a flat
characteristic between a trans-impedance gain and a
frequency over a broad high frequency band, and is able
to suppress deformation of a waveform of an output sig-
nal which deformation is caused when the pre-amplifi-
cation circuit receives an excess current signal.

[Second Embodiment]

[0080] FIG. 9 is a circuit diagram of a pre-amplification
circuit in accordance with the second embodiment of the
present invention. FIG. 10 is a graph showing a trans-
impedance gain-frequency characteristic of the pre-am-
plification circuit with inductance of the bonding wire 23
in the pre-amplification circuit in accordance with the
first embodiment, illustrated in FIG. 1, being used as a
parameter. FIG. 11 is a graph showing a trans-imped-
ance gain-frequency characteristic of the pre-amplifica-
tion circuit with inductance of a bonding wire 33 in the
pre-amplification circuit in accordance with the second
embodiment, illustrated in FIG. 9, being used as a pa-
rameter.
[0081] The pre-amplification circuit in accordance
with the second embodiment is designed to include a
third circuit which is electrically connected to an input
section of the current-voltage converting and amplifying
stage 2 as a first circuit, which has a variable capaci-
tance, and into which a part of a current introduced into
an input section of the current-voltage converting and
amplifying stage 2 is introduced in accordance with a
magnitude of the current.
[0082] Whereas the third circuit in the pre-amplifica-
tion circuit in accordance with the first embodiment com-
prises the diode 24 electrically connected between a
base terminal of the first transistor 5 and a grounded
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voltage in a forward direction towards the grounded volt-
age, the third circuit in the pre-amplification circuit in ac-
cordance with the second embodiment comprises a di-
ode 34 electrically connected between a base terminal
of the first transistor 5 and a grounded voltage in a for-
ward direction towards the grounded voltage from the
base terminal of the first transistor 5 which diode 34 has
a capacitance variable in accordance with a voltage ap-
plied thereacross.
[0083] Specifically, the third circuit in the second em-
bodiment comprises a diode 34 electrically connected
between a base terminal of the first transistor 5 in the
current-voltage converting and amplifying stage 2 and
a grounded voltage, a bonding wire 35, a lead wire 37
and a power source 38 electrically connected in series
to one another in this order between the diode 34 and
a grounded voltage, and a bypass capacitor 36 electri-
cally connected between the bonding wire 35 and the
lead wire 37.
[0084] The diode 34 is grounded at a cathode thereof
through the bypass capacitor 36 in an alternate current
manner. The capacitance of the diode 34 is controlled
by controlling a voltage supplied from the power source
38, by means of the bonding wire 35, the lead wire 37
and the bypass capacitor 36.
[0085] Hereinbelow are explained advantages ob-
tained by the pre-amplification circuit in accordance with
the second embodiment.
[0086] The pre-amplification circuit in accordance
with the second embodiment, designed to include the
diode 34 electrically connected to an input section of the
current-voltage converting and amplifying stage 2, has
a flat characteristic between a trans-impedance gain
and a frequency over a broad high frequency band, and
is able to suppress deformation of a waveform of an out-
put signal which deformation is caused when the pre-
amplification circuit receives an excess current signal,
for the reasons identical with those in the first embodi-
ment.
[0087] In addition, since the diode 34 in the pre-am-
plification circuit in accordance with the second embod-
iment has a capacitance variable by controlling voltage
supplied from the power source 38, the pre-amplification
circuit can provide the following advantage.
[0088] Since a gain peak is dependent much on in-
ductance and capacitance in a circuit, if actual induct-
ance and capacitance are different from designed in-
ductance and capacitance, a capacitance of a diode
necessary for suppressing a gain peak has to be varied
accordingly.
[0089] In particular, reproducing the length of a bond-
ing wire is dependent on packaging technology, induct-
ance caused by a bonding wire can be uncertain factor.
For instance, it is considered that inductance of a bond-
ing wire varies by about ±30% due to an increase or
decrease in length of the bonding wire.
[0090] FIG. 10 is a graph showing a trans-impedance
gain-frequency characteristic of the pre-amplification

circuit with inductance of the bonding wire 23 in the pre-
amplification circuit in accordance with the first embod-
iment, illustrated in FIG. 1, being used as a parameter.
[0091] As shown in FIG. 10, as inductance of the
bonding wire 23 varies by ±30% around a base induct-
ance of 0.1 nH in the range of 0.07 nH to 0.13 nH, the
flatness and/or band of the characteristic between a
trans-impedance gain and a frequency. Hence, it is pref-
erable to control influence exerted by inductance and/
or capacitance of a bonding wire and a lead wire after
packaging in order to compensate for influence exerted
by such uncertain factor.
[0092] The pre-amplification circuit in accordance
with the second embodiment accomplishes such control
by controlling a voltage supplied from the power source
38 to vary a capacitance of the diode 34..
[0093] With reference to FIG. 11, when the bonding
wire 33 through which the photodetector 1 and the pre-
amplification circuit in accordance with the second em-
bodiment are electrically connected to each other has
inductance of 0.07 nH, the flatness and/or band of the
characteristic between trans-impedance gain and fre-
quency are(is) improved, and resultingly, become(s)
better than the flatness and band obtained when the
bonding wire 33 has the designed inductance of 0.1 nH,
by raising voltage Va supplied from the power source 38
up to 0.1V from 0V.
[0094] Accordingly, even if inductance of the bonding
wire varies, it is possible in the pre-amplification circuit
in accordance with the second embodiment to improve
a degraded characteristic between trans-impedance
gain and frequency, by controlling the voltage Va sup-
plied from the power source 38.

[Third Embodiment]

[0095] FIG. 12 is a circuit diagram of a pre-amplifica-
tion circuit in accordance with the third embodiment of
the present invention. FIG. 13 is a graph showing a
trans-impedance gain-frequency characteristic of the
pre-amplification circuit illustrated in FIG. 12.
[0096] Whereas the third circuit in the pre-amplifica-
tion circuit in accordance with the first embodiment com-
prises the diode 24 electrically connected between a
base terminal of the first transistor 5 and grounded volt-
age in a forward direction towards the grounded voltage,
the third circuit in the pre-amplification circuit in accord-
ance with the third embodiment comprises a diode 44
electrically connected between a base terminal of the
first transistor 5 of the current-voltage converting and
amplifying stage 2 and a grounded voltage in a forward
direction towards a grounded voltage, and a variable re-
sistor 49 electrically connected between the diode 44
and a grounded voltage.
[0097] In the pre-amplification circuit in accordance
with the third embodiment, the diode 34 and power
source 38 electrically connected in series to each other
in the pre-amplification circuit in accordance with the
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second embodiment, illustrated in FIG. 9, are replaced
with the diode 44 and the variable resistor 49 electrically
connected in series to each other.
[0098] In the pre-amplification circuit in accordance
with the third embodiment, a capacitor of the diode 44
is controlled by controlling a voltage drop generated
across opposite terminals of the variable resistor 49. A
voltage drop generated across opposite terminals of the
variable resistor 49 can be controlled by varying resist-
ance of the variable resistor 49.
[0099] Herein, similarly to the second embodiment, it
is assumed that inductance of the bonding wire 43
through which the photodetector 1 and the pre-amplifi-
cation circuit in accordance with the third embodiment
are electrically connected to each other varies in the
range of 0.1 nH and 0.07 nH.
[0100] As shown in FIG. 13, when the bonding wire
43 has inductance of 0.07 nH, the flatness and band of
the characteristic between trans-impedance gain and
frequency is improved by controlling resistance of the
variable resistor 49, similarly to the second embodi-
ment, and thus, it would be possible to have the char-
acteristic almost identical with the characteristic ob-
tained when the bonding wire 43 has the designed in-
ductance of 0.1 nH.
[0101] Accordingly, even if inductance of the bonding
wire varies, it is possible in the pre-amplification circuit
in accordance with the third embodiment to improve a
degraded characteristic between trans-impedance gain
and frequency, by controlling resistance of the variable
resistor 49.

[Fourth Embodiment]

[0102] FIG. 14 is a circuit diagram of a pre-amplifica-
tion circuit in accordance with the fourth embodiment of
the present invention.
[0103] In comparison with the pre-amplification circuit
in accordance with the second embodiment, illustrated
in FIG. 9, the pre-amplification circuit in accordance with
the fourth embodiment additionally includes a capacitor
59 as a part of a third circuit.
[0104] The capacitor is electrically connected be-
tween a terminal of the diode 54 closer to the power
source and a grounded voltage. The capacitor is com-
prised of a MIM capacitor, for instance.
[0105] Hereinbelow are explained advantages ob-
tained by the pre-amplification circuit in accordance with
the fourth embodiment.
[0106] The pre-amplification circuit in accordance
with the fourth embodiment has a flat characteristic be-
tween trans-impedance gain and frequency over a
broad high frequency band, and is able to suppress de-
formation of a waveform of an output signal which de-
formation is caused when the pre-amplification circuit
receives an excess current signal, for the reasons iden-
tical with those in the second embodiment.
[0107] In addition, a gain peak and the flatness and/

or band of the characteristic between trans-impedance
gain and frequency can be adjusted even after pack-
aged, by controlling a capacitance of the diode 54.
[0108] Furthermore, by electrically connecting a ter-
minal of the diode 54 closer to the power source to a
grounded voltage through the capacitor 59, the terminal
of the diode 54 is surely grounded in alternate current
manner, and thus, it would be possible to prevent high-
frequency signal from propagating towards the power
source. Consequently, it would be possible to avoid that
inductance and/or capacitance of the power source 58,
the bonding wire 55 and the lead wire 57 harmfully in-
fluence the characteristic of the pre-amplification circuit.
[0109] In the pre-amplification circuit in accordance
with the fourth embodiment, the power source 58 may
be replaced with a variable resistor, similarly to the third
embodiment, to have the variable resistor had functions
of the power source 58.
[0110] While the present invention has been de-
scribed in connection with certain preferred embodi-
ments, it is to be understood that the subject matter en-
compassed by way of the present invention is not to be
limited to those specific embodiments. On the contrary,
it is intended for the subject matter of the invention to
include all alternatives, modifications and equivalents
as can be included within the spirit and scope of the
present invention.
[0111] For instance, any device may be used in place
of the diodes 24, 34, 44 and 54 constituting the third
circuit in the pre-amplification circuit, if the device shows
non-linear current-voltage characteristic.
[0112] Bipolar transistors are used as active devices
constituting the pre-amplification circuit, however, active
devices are not to be limited to bipolar transistors. Other
active devices such as a MOS transistor may be used.

INDUSTRIAL APPLICABILITY

[0113] As having been explained above, a device
having a non-linear current-voltage characteristic, such
as a diode, is electrically connected to an input section
of a current-voltage converting and amplifying stage as
a first circuit in the pre-amplification circuit in accord-
ance with the present invention. Capacitance of the de-
vice controls a gain peak and provides a flat gain char-
acteristic over a high frequency band. In addition, since
part of an excess current to be input into the current-
voltage converting and amplifying stage is introduced
into a grounded voltage through the device, it is possible
to prevent the excess current from entering the pre-am-
plification circuit, suppressing deformation of a wave-
form of an output signal.
[0114] In addition, by designing a voltage at one ter-
minal of the device to be controlled by a power source
to which the one terminal is electrically connected, the
device could have a variable capacitance, ensuring that
it is possible to improve a characteristic between a trans-
impedance gain and a frequency which characteristic
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has been degraded due to fluctuation in inductance of
a bonding wire through which a photodetector and the
first circuit are electrically connected to each other.

Claims

1. A pre-amplification circuit including:

a first circuit;
a second circuit receiving an output signal
transmitted from said first circuit, as an input
signal;
a third circuit electrically connected to an input
of said first circuit, and consuming a part of a
current running into said input of said first cir-
cuit,

wherein said third circuit has such a capacity
that a gain peak observed in gain-frequency char-
acteristic of said pre-amplification circuit is sup-
pressed.

2. The pre-amplification circuit as set forth in claim 1,
wherein said third circuit comprises a non-linear re-
sistor electrically connected between said input of
said first circuit and a grounded voltage.

3. The pre-amplification circuit as set forth in claim 1,
wherein said third circuit comprises a device elec-
trically connected between said input of said first cir-
cuit and a grounded voltage, and having a non-lin-
ear current-voltage characteristic.

4. The pre-amplification circuit as set forth in claim 2
or 3, wherein said non-linear resistor or said device
comprises a diode.

5. A pre-amplification circuit including:

a first circuit;
a second circuit receiving an output signal
transmitted from said first circuit, as an input
signal;
a third circuit which is electrically connected to
an input of said first circuit, which has a variable
capacity, and which a part of a current running
into said input of said first circuit enters.

6. The pre-amplification circuit as set forth in claim 5,
wherein a part of a current running into said first cir-
cuit enters said third circuit in accordance with the
magnitude of said current.

7. The pre-amplification circuit as set forth in claim 5
or 6, wherein said third circuit includes a circuit elec-
trically connected between said input of said first cir-
cuit and a grounded voltage, and comprises a diode

and a power source electrically in series to each
other.

8. The pre-amplification circuit as set forth in claim 5
or 6, wherein said third circuit includes a diode elec-
trically connected between said input of said first cir-
cuit and a grounded voltage, and having a capacity
variable in accordance with a voltage.

9. The pre-amplification circuit as set forth in claim 5
or 6, wherein said third circuit includes a circuit elec-
trically connected between said input of said first cir-
cuit and a grounded voltage, and comprises a diode
and a variable resistor electrically in series to each
other.

10. The pre-amplification circuit as set forth in any one
of claims 7 to 9, wherein said third circuit includes
a capacitor electrically connected at one end to a
terminal of said diode which terminal is opposite to
a terminal through which said diode is electrically
connected to said input of said first circuit, and elec-
trically connected at the other end to a grounded
voltage.

11. The pre-amplification circuit as set forth in any one
of claims 1 to 10, further including a feedback resis-
tor electrically connected between said input of said
first circuit and said second circuit.

12. The pre-amplification circuit as set forth in any one
of claims 1 to 11, wherein said first circuit comprises
a circuit for converting a current into a voltage and
amplifying the thus converted voltage.

13. The pre-amplification circuit as set forth in any one
of claims 1 to 12, wherein said second circuit com-
prises an emitter follower buffer circuit.

14. An apparatus for receiving light, including:

a pre-amplification circuit set forth in any one
of claims 1 to 13; and
a photo-detector converting an optic signal into
an electric signal,

wherein an output of said photo-detector is
electrically connected to an input of the first circuit
of said pre-amplification circuit.
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