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FETs 31 to 34 for ampli?cation are connected betWeen an 
input transmission line 10 and an output transmission line 
20. A terminating circuit 29 having a capacitor 292 and a 
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’ an end of the output transmission line 20. To improve a 
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connected circuit having a capacitor 71 and a resistor 61 
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design parameter of this circuit is determined so that the 
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higher in a high frequency band than the input impedance of 
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DISTRIBUTED AMPLIFIER WITH IMPROVED 
FLATNESS OF FREQUENCY CHARACTERISTIC 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a distrib 
uted ampli?er, more particularly, to a distributed ampli?er as 
a monolithic microwave integrated circuit (MMIC). 

[0003] 2. Description of the Related Art 

[0004] The distributed ampli?er has been employed at a 
stage before electric-to-photo conversion or after photoelec 
tric conversion since it has Wideband characteristics. 

[0005] FIG. 7 shoWs a prior art typical distributed ampli 
?er. 

[0006] A terminating circuit 29 of an output transmission 
line 20 having elements 21 to 28 consists of a terminating 
resistor 291 almost equal to the characteristic impedance of 
the transmission line 20 and a capacitor 292 for AC ground 
ing, serially connected to each other. The capacitor 292 can 
reduce poWer consumption caused by applying a drain bias 
voltage VDD to the resistor 292 if the capacitor 292 is not 
connected. 

[0007] An output voltage signal Vout=0 When an input 
voltage signal Vin=0. In this state, a DC gate bias voltage 
VGG and a DC drain bias voltage VDD are respectively 
applied to the gate and drain of each of FETs 31 to 34 to 
force a DC bias current to How through each of the FETs 31 
to 34. 

[0008] When the input voltage signal Vin is superimposed 
on the bias voltage VGG, the signal Vin propagates along an 
input transmission line 10 and a part thereof is applied to the 
gates of FETs 31 to 34. In the FET 31 for eXample, a signal 
component (i1+i2)) is superimposed on the bias current, 
Wherein i1 and i2 are currents ?oWing through the output 
transmission line 20 to the terminating circuit 29 and the 
output OUT, respectively. Currents ?oWing from the ampli 
fying FETs 31 to 34 to the output OUT are simply summed 
at the output OUT since line lengths from the input IN to the 
output OUT through the respective FETs 31 to 34 are the 
same as each other and in turn the respective currents 
therefrom have the same phase at the output OUT. 

[0009] In order to make a frequency characteristic of the 
gain Wider in bandWidth, it is necessary to employ FETs 31 
to 34 having smaller gate capacitances. HoWever, as the gate 
capacitances are smaller, the gains of the FETs 31 to 34 
become loWer. 

[0010] In order to solve this problem, employed is a 
distributed ampli?er con?gured such that, as shoWn in FIG. 
8, capacitors 51 to 54 are connected betWeen the gates of 
respective FETs 31 to 34 and the input transmission line 10 
and thereby, a combined capacitance of each gate capaci 
tance and each capacitor is reduced. In this con?guration, 
the gate bias voltage VGG is applied to the gates of FETs 31 
to 34 through resistors 41 to 44, respectively. 

[0011] In both of the distributed ampli?ers of FIGS. 7 and 
8, since the impedance of the capacitor 292 can be neglected 
in regard to the high frequency components of the input 
voltage Vin, the impedances of the terminating circuit side 
and the output OUT side vieWed from the drain of the FET 
31 are almost equal to the characteristic impedance, leading 
to the relation of i1=i2. This applies to each case of the FETs 
32 to 34 in similar manner. HoWever, since the capacitance 

Jun. 7, 2001 

of the capacitor 292 cannot be neglected in regard to the loW 
frequency components of the input voltage signal Vin, the 
relation of i1<i2 holds. This again applies to each case of the 
FETs 32 to 34 in similar manner. For this reason, as shoWn 
in FIG. 4, the gain of the distributed ampli?er in a loW 
frequency band is higher than that in a high frequency band 
Where the gain stays ?at, and it tends to increase as the 
frequency is loWer in the loW frequency band. 

[0012] If the capacitance 292 is omitted in order to prevent 
the increase in the gain in the loW frequency band, poWer 
consumed in the distributed ampli?er is increased by the 
drain bias voltage VDD applied to the resistor 291. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, it is an object of the present invention 
to provide a distributed ampli?er capable of improving a 
?atness of its gain over a loW frequency band in a case Where 
a capacitor for ac-grounding is employed in a terminating 
circuit of an output transmission line. 

[0014] In one aspect of the present invention, there is 
provided a distributed ampli?er comprising a plurality of 
series-connected circuits, provided for respective amplify 
ing transistor, each including a capacitor and a resistor 
connected in series to each other betWeen the control input 
of the corresponding transistor and a reference potential, 
each having impedance loWer than the input impedance of 
the transistor in a frequency band loWer than a frequency, 
but higher than this input impedance in a frequency band 
higher than this frequency. 

[0015] A current ?oWing through each series-connected 
circuit can be neglected in the high frequency band, but 
cannot be neglected in the loW frequency band. As a 
frequency is loWer, an input signal to the transistor decreases 
and the output signal thereof decreases in the loW frequency 
band. 

[0016] On the other hand, as a frequency is loWer, the 
impedance of a terminating circuit including a capacitor and 
a resistor connected in series increases in the loW frequency 
band, thereby a current signal ?oWing to the output side of 
an output transmission line from the transistor is larger than 
a current signal ?oWing to the terminating circuit located at 
the opposite side thereof. 

[0017] Hence, the amplitude of the current signal ?oWing 
to the output side can be ?attened in magnitude over the loW 
frequency band. That is, the ?atness of the gain over the loW 
frequency band can be improved. 

[0018] Other aspects, objects, and the advantages of the 
present invention Will become apparent from the folloWing 
detailed description taken in connection With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a circuit diagram shoWing a distributed 
ampli?er of a ?rst embodiment according to the present 
invention; 
[0020] FIG. 2 is a diagram of an equivalent circuit having 
the FET 31 and its gate side periphery of FIG. 1; 

[0021] FIG. 3 is a graph shoWing a frequency character 
istic of the voltage Vgs betWeen the gate and the source of 
this FET; 

[0022] FIG. 4 is a graph shoWing frequency characteris 
tics of gains of the distributed ampli?ers of FIG. 1 and the 
prior art; 
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[0023] FIG. 5 is a circuit diagram showing a distributed 
ampli?er of a second embodiment according to the present 
invention; 
[0024] FIG. 6 is a circuit diagram shoWing a distributed 
ampli?er of a third embodiment according to the present 
invention; 
[0025] FIG. 7 is a circuit diagram shoWing a prior art 
typical distributed ampli?er; and 

[0026] FIG. 8 is a circuit diagram shoWing another prior 
art distributed ampli?er. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Referring noW to the draWings, Wherein like ref 
erence characters designate like or corresponding parts 
throughout several vieWs, preferred embodiments of the 
present invention are described beloW. 

[0028] It should be noted that the use of the terms “con 
nected” and “coupled” indicates an electrical connection 
betWeen tWo elements and can include an intervening ele 
ment betWeen the tWo “coupled” or “connected” elements. 

First Embodiment 

[0029] FIG. 1 shoWs a distributed ampli?er of a ?rst 
embodiment according to the present invention. This circuit 
is included in a semiconductor integrated circuit, for 
example, a monolithic microWave integrated circuit, and an 
improvement is made to the circuit of FIG. 8 in ?atness of 
its gain over a loW frequency band. 

[0030] Elements 11 to 18 of an input transmission line 10 
and elements 21 to 28 of an output transmission line 20 are 
both inductors or portions of transmission lines. The gate 
capacitances of transistors 31 to 34 and capacitors 51 to 54 
are coupled to the input transmission line 10 to constitute a 
pseudo input transmission line having a characteristic 
impedance of substantially 509, While the capacitances 
betWeen the drains and sources of the transistors 31 to 34 are 
coupled to the output transmission line 20 to constitute a 
pseudo output transmission line having a characteristic 
impedance of substantially 509. 

[0031] BetWeen the transmission lines 10 and 20, the FETs 
31 to 34 are coupled as ampli?er elements. That is, for each 
i of 1 to 4, the source and drain of PET 3i are connected to 
the transmission line 20 and ground, respectively, the gate of 
PET 3i is connected through the capacitor 5i to the trans 
mission line 20, and the bias voltage VGG is applied to the 
gate of PET 3i through series-connected resistors 4i and 6i. 

[0032] MESFETs are employed as FETs 31 to 34 in order 
to make a frequency band Wider. 

[0033] An input voltage signal Vin is applied to the input 
terminal IN Which is one end of the input transmission line 
10. The other end of the input transmission 10 is grounded 
through a terminating resistor 19. One end of the output 
transmission line 20 is grounded through a termination 
circuit 29 and is also connected to a circuit 30 for generating 
the drain bias voltage VDD. The circuit 30 has large 
impedance for a signal. 

[0034] The terminating circuit 29 consists of a terminating 
resistor 291 having an impedance almost equal to the 
characteristic impedance of the pseudo output transmission 
line and a capacitor for AC grounding, connected to the 
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resistor 291 in series. A voltage (VDD+Vout) is taken out 
from the output terminal OUT Which is the other end of the 
output transmission line 20. 

[0035] The circuit of FIG. 1 differs from that of FIG. 8 in 
that a resistor 61 and a capacitor 71 are connected in series 
betWeen the gate of PET 31 and ground and this applies to 
the other FETs in a similar manner. 

[0036] FIG. 2 shoWs an equivalent circuit having the FET 
31 and its gate side periphery of FIG. 1. 

[0037] In FIG. 2, Cgs, gm, Rds and Cds indicate a gate to 
source capacitance, a mutual conductance, a drain to source 
resistance and a drain to source capacitance of the FET 31, 
respectively, Wherein a gate to drain capacitance of the FET 
31 is omitted in FIG. 2 on the assumption that the capaci 
tance is negligibly small in comparison With Cgs. 

[0038] The combined impedance Z of a parallel circuit 
constructed of the capacitance Cgs of the FET 31 and the 
series-connected circuit having the resistor 61 and the 
capacitor 71 is expressed by the folloWing formula: 

[0039] Where Zgs is the impedance betWeen the gate and 
source of the FET 31 and Zcr is the impedance of the 
series-connected circuit. Lettingj be an imaginary unit, 00 an 
angular frequency, and Cdc the capacitance of the capacitor 
71, the Zgs and Zcr are respectively expressed by the 
folloWing formulae: 

[0040] Avoltage Vgs betWeen the gate and source of PET 
31 When a voltage signal Vi is applied to the input side 
electrode of the capacitor 51 is expressed by the folloWing 
formula: 

Vgs=Vi-Z/(Z+1/(j0JCdiv))=Vi/(1+1/(j0JCdivZ)) (4), 

[0041] Where Cdiv is a capacitance of the capacitor 51. 

[0042] The impedance Zcr is determined so as to be loWer 
in a loW frequency band but higher in a high frequency band, 
in comparison With the impedance Zgs. That is, the design 
parameters R and Cdc of the series-connected circuit are 
determined such that in the loW frequency band, the folloW 
ing formula holds: 

[0043] and in the high frequency band, the folloWing 
formula holds: 

[0044] (A) According to the above relations, the current 
?oWing through the series-connected circuit can be 
neglected in the high frequency band but cannot be 
neglected in the loW frequency band, and as a frequency is 
loWer, the current ?oWing betWeen the gate and source of the 
FET 31 decreases and the voltage signal amplitude |Vgs| 
betWeen the gate and source of the FET 31 is loWer. That is, 
in the formula (4), as 00 decreases, |1/(juuCdivZ)| is larger and 
|Vgs| is smaller. For this reason, the amplitude of the drain 
current signal (i1+i2) of the FET 31 is smaller as a frequency 
is loWer. 

[0045] FIG. 3 shoWs a frequency characteristic of the 
voltage Vgs, Wherein the voltage Vgs decreases in the loW 
frequency band and this trend is stressed as the resistance 
value R of the resistor 61 increases. 
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[0046] (B) On the other hand, since the terminating circuit 
29 has a capacitor 292 connected in series to the terminating 
resistor 291, as a frequency is loWer in the roW frequency 
band, the impedance Zt of the terminating circuit 29 
increases. Hence, in regard to the drain current signal (i1+i2) 
of the FET 31, the current signal i2 ?oWing to the output 
OUT side is larger than the current signal i1 ?oWing to the 
terminating circuit 29 from the drain of the FET 31. 

[0047] That is, as a frequency is loWer, the absolute value 
of a folloWing i2/(i1+i2) is larger: 

[0048] , Where R1 is a load resistance connected to the 
output OUT and is almost equal to the characteristic imped 
ance of the pseudo output transmission line. Letting RI and 
Ct be the resistance of the terminating resistor 291 and the 
capacitance of the capacitor 292, respectively, the imped 
ance Zt of the terminating circuit 29 is expressed by the 
folloWing formula: 

[0049] Rt is set so as to be almost equal to the character 
istic impedance of the pseudo output transmission line. 

[0050] In vieW of the above described (A) and (B), by 
properly determining the design parameters, the amplitude 
of the current i2 can be almost constant over the loW 
frequency band. This applies to FETs 32 to 34 in a similar 
manner. 

[0051] Hence, the gain of the distributed ampli?er G= 
10log(Vout/Vi)=10log(4~i2-RI/Vi) can be almost ?at over the 
loW frequency band as Well. 

[0052] FIG. 4 shoWs the gain of the distributed ampli?er 
Wherein the ?atness thereof is improved over the loW 
frequency band loWer than 500 MHZ by such relations and 
a suf?cient ?atness is achieved over a Wide frequency band 
loWer than 60 GHZ. 

Second Embodiment 

[0053] FIG. 5 shoWs a distributed ampli?er of a second 
embodiment according to the present invention. 

[0054] In this circuit, an FET 31A is connected betWeen 
the drain of the FET 31 and the output transmission line 20. 
That is, the FETs 31 and 31A are cascoded. The gate of the 
FET 31A is ac-grounded through a capacitor 81, and further 
the gate thereof is applied With a gate bias voltage VGGA 
through a resistor 61A. This holds in other ampli?er stages 
in a similar manner. 

[0055] As Well knoWn to those skilled in the art, the Miller 
effect is suppressed by such cascode connection, thus 
increasing a frequency range over Which the gain is ?at. 

[0056] The effect by the series-connected circuit con 
structed of the resistor 61 and the capacitor 71 is similar to 
that of the ?rst embodiment. 

Third Embodiment 

[0057] FIG. 6 shoWs a distributed ampli?er of a third 
embodiment according to the present invention. 

[0058] In this circuit, a dual gate FET 31B is employed 
instead of the cascoded FETs 31A and 31. This holds in the 
other ampli?er stages in a similar manner. Operation of such 
a circuit is similar to that of FIG. 5. 
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[0059] Although preferred embodiments of the present 
invention has been described, it is to be understood that the 
invention is not limited thereto and that various changes and 
modi?cations may be made Without departing from the spirit 
and scope of the invention. 

[0060] For eXample, the number of ampli?er circuits con 
nected betWeen the input transmission line 10 and the output 
transmission line 20 is not limited to 4, but has only to be 2 
or more. 

[0061] Further, a kind of transistor as an ampli?er circuit 
element is selected according to operating frequencies and 
not limited to a MES (Metal Semiconductor) structure, but 
may be a MIS (Metal Insulator Semiconductor) structure or 
a bipolar type. In the case of the MES structure, a transistor 
may be HEMT (High Electron Mobility Transistor) and in 
the case of the bipolar type, a transistor may be HBT (Hetero 
Bipolar Transistor). 
What is claimed is: 

1. A distributed ampli?er comprising: 

an input transmission line; 

an output transmission line; 

a terminating circuit, connected to said output transmis 
sion line, including a ?rst capacitance and a ?rst 
resistor connected in series to each other; 

a plurality of ampli?er circuits connected betWeen said 
input and output transmission lines, each ampli?er 
circuit including a transistor for ampli?cation, said 
transistor having a control input coupled to said input 
transmission line; and 

a plurality of series-connected circuits, provided for 
respective said ampli?er circuits, each including a 
second capacitor and a second resistor connected in 
series to each other betWeen said control input of said 
corresponding transistor and a reference potential, each 
having impedance loWer than an input impedance of 
said transistor in a frequency band loWer than a fre 
quency, but higher than said input impedance in a 
frequency band higher than said frequency. 

2. The distributed ampli?er of claim 1, Wherein a bias 
voltage is applied to said control inputs of said transistors 
through respective said second resistors. 

3. The distributed ampli?er of claim 2, Wherein each of 
said transistors is a ?eld effect transistor having a gate 
electrode as said control input, a drain electrode coupled to 
said output transmission line, and a source electrode applied 
With said reference potential. 

4. The distributed ampli?er of claim 3, Wherein each of 
said ampli?er circuits further comprises a transistor cas 
coded to said corresponding transistor and connected 
betWeen this transistor and said output transmission line. 

5. The distributed ampli?er of claim 3, Wherein each of 
said ?eld effect transistors has a dual gate. 

6. The distributed ampli?er of claim 1, Wherein each of 
said transistors is a ?eld effect transistor having a gate 
electrode as said control input, a drain electrode coupled to 
said output transmission line, and a source electrode applied 
With said reference potential. 

7. The distributed ampli?er of claim 6, Wherein each of 
said ampli?er circuits further comprises a transistor cas 
coded to said corresponding transistor and connected 
betWeen this transistor and said output transmission line. 
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8. The distributed ampli?er of claim 6, wherein each of a plurality of series-connected circuits, provided for 
said ?eld effect transistors has a dual gate. respective said arnpli?er circuits, each including a 

9. ASeIniCOnduCtOr integrated Circuit COIIIPIiSiHgI second capacitor and a second resistor connected in 

an input transmission line; series to each other'betWeen said control input of said 
_ _ _ correspond1ngtrans1stor and a reference potential, each 

an Output transmlsslon hne; having irnpedance loWer than an input impedance of 

a terrninating circuit, connected to said output transrnis- Said transistor _in a frequency band IQWGT than a?e 
sion line, including a ?rst capacitance and a ?rst queney, but hlgher than Sald lnput lmpedance m a 
resistor connected in series to each other; frequency band hlgher than sald frequency. 

a plurality of arnpli?er circuits connected betWeen said 10'_The_Sem1C9nduCtOr “migrated (“Pulp O_f Chum 9> 
input and Output transmission lines each ampli?er wherein said semiconductor integrated circuit is a mono 
circuit including a transistor for arnpli?cation, said hthlc mlCrOWaVe lntegrated Clrcult 
transistor having a control input coupled to said input 
transmission line; and * * * * * 


