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(57) ABSTRACT 

Object of the present invention is to provide a semiconduc 
tor integrated circuit and a voltage control oscillator capable 
of performing stable oscillating operation and generating an 
oscillating signal With little jitter. 

The present invention has a VCO cell, a replica cell consti 
tuted in the same Way as the VCO cell, an operational 
ampli?er, and a current generator bias circuit. A NMOS 
transistor is connected betWeen a node in the VCO cell and 
a ground terminal. The operational ampli?er controls the 

(22) Flled: Apr‘ 18’ 2001 voltages of a node in the replica cell and the node in the 

(30) Foreign Application priority Data VCO so that they are equal to the reference voltage. Because 
of this, the PMOS transistor composing of a current gen 

May 18, 2000 (JP) .................................... .. 2000-146423 eratoralways Operates atpentoderegiomthereby Stabilizing 
the oscillating operation. Furthermore, according to the 

Publication Classi?cation present embodiment, a CC jitter at loW frequency side can 
be reduced more efficiently than that of the conventional 

(51) Int. Cl.7 ........................... .. H03B 5/02; H03L 7/099 circuit. 
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SEMICONDUCTOR INTEGRATED CIRCUIT AND 
PHASE LOCKED LOOP CIRCUIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The subject application is related to subject matter 
disclosed in Japanese Patent Application No. 146423/2000 
?led on May 18, 2000 in Japan to Which the subject 
application claims priority under Paris Convention and 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
integrated circuit and a phase locked loop circuit used to a 
voltage control oscillator and so on. 

[0004] 2. Related Background Art 

[0005] A phase locked loop (PLL) circuit is used to 
various applications, because it is possible to easily realiZe 
IC implementation and generate an oscillating signal With a 
high degree of accuracy. The PLL circuit is provided With a 
VCO (Voltage Control Oscillator). The VCO performs con 
trol to change frequency of oscillating signal, based on a 
control voltage signal in accordance With phase difference 
betWeen a reference signal and a feedback signal. More 
speci?cally, the frequency of the oscillating signal is con 
trolled so that phases of the reference signal coincides With 
that of the feedback signal. 

[0006] FIG. 1 is a circuit of a conventional VCO. The 
VCO of FIG. 1 has a current generator composed of a 
PMOS transistor (?rst transistor) connected betWeen a 
poWer supply terrninal VDD and a node N1, a PMOS 
transistor (second transistor) Q2 connected betWeen the 
node N1 and an output terminal OUT, a PMOS transistor 
(third transistor) Q3 connected betWeen the node N1 and the 
other terrninal OUTn, a variable irnpedance load (?rst vari 
able irnpedance load) 1 connected betWeen the output ter 
rninal OUT and a ground terminal, a variable irnpedance 
load (second variable irnpedance load) 2 connected betWeen 
the output terminal OUTn and the ground terminal, and a 
current generator 3 for supplying a bias voltage to a gate 
terminal of the PMOS transistor Q1. 

[0007] The current generator bias circuit 3 includes a 
PMOS transistor Q4 for functioning as a diode, and a NMOS 
transistor Q5. ABIAS signal applied to a gate terminal of the 
NMOS Q5 can control the current passing through a source 
and a drain of the PMOS transistor Q4. The irnpedances of 
the variable irnpedance load 1 and 2 are controlled by a 
CONT signal. 

[0008] Practically, the VCO has a plurality of VCO cells 
10 connected in series, and the output of the VCO cell 10 at 
last stage is fed back to an input terminal of the VCO cell 10 
at ?rst stage, as shoWn in FIG. 2. 

[0009] In the circuit of FIG. 1, When the poWer supply 
voltage VDD is, for example, 1.5 V, the current generator 
bias circuit 3 supplies bias so that the gate terminal of the 
PMOS transistor Q1 becornes about 0.5 V. 

[0010] The VCO cell 10 controls the oscillating frequency 
by controlling irnpedances of the variable irnpedance loads 
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1 and 2. The impedance values of the variable irnpedance 
loads 1 and 2 are controlled by a voltage of a CONT 
terrninal. More speci?cally, When the voltage of the CONT 
terminal is high, the irnpedances of the variable irnpedance 
loads 1 and 2 go doWn and the oscillating frequency goes up. 
Conversely, When the voltage of the CONT terminal is loW, 
irnpedances of the variable irnpedance loads 1 and 2 go up 
and the oscillating frequency goes doWn. 

[0011] FIG. 3 is a diagram of plotting a relationship 
betWeen the oscillating frequency of the VCO and the drain 
voltage of the PMOS transistor Q1 cornposing of the current 
generator (the voltage of the node N1). The plots “X” of 
FIG. 3 denote voltage change of the node N1 in the circuit 
of FIG. 1. FIG. 3 shoWs a simulation result in the circuit 
using a CMOS technique of 0.35 urn. 

[0012] As mentioned above, in case of loWering the oscil 
lating frequency, the conventional VCO has performed 
control so that the irnpedances of the variable irnpedance 
loads 1 and 2 goes up. Because of this, as shoWn in FIG. 1, 
the loWer the oscillating frequency is, the higher the voltage 
of the node N1 becornes. For example, When the oscillating 
frequency is 200 MHZ, the node N1 reaches 1.35 V. 

[0013] In CMOS process of 0.35 urn, a threshold voltage 
of the PMOS transistor is 0.55 V. Because of this, When the 
oscillating frequency of the VCO goes doWn, the PMOS 
transistor Q1 deviates a pentode region (saturation region) 
and operates at a triode region (non-saturation region). In the 
triode region, the drain current ID changes largely in accor 
dance With change of the voltage betWeen the drain and the 
source. Because of this, there is a problem that constant 
current performance of the PMOS transistor Q1 deteriorates 
in loW frequency range. 

[0014] In FIG. 3, the voltage level of the node N1 in case 
of operating at 300 MHZ is set to about 1.0 V. HoWever, 
When the voltage of the node N1 is further loWered in order 
to avoid the triode operation of the PMOS transistor Q1, the 
output amplitude of the VCO becomes small, and a stable 
oscillation becornes dif?cult. 

[0015] FIG. 4 is a diagram of plotting a relationship 
betWeen the oscillating frequency of the VCO and a Cycle 
to-Cycle jitter (hereinafter, called CC jitter). The plots “X” 
of FIG. 4 denote a frequency change of the CC jitter in the 
circuit of FIG. 1. Here, the CC jitter expresses ?uctuation at 
each period of a difference ATj betWeen each period T of the 
oscillating signal and an average period T0 of the oscillating 
signal as shoWn in FIG. 5. 

[0016] FIG. 4 is a diagram of shoWing the result of 
calculating a square root average of the CC jitter in case of 
forcibly adding a sign Wave noise by a simulation. As shoWn 
in FIG. 4, the loWer the oscillating frequency of the VCO is, 
the more the CC jitter increases. 

SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to provide a 
semiconductor integrated circuit and a phase locked loop 
circuit capable of performing stable oscillating operation 
and generating an oscillating signal With little jitter. 

[0018] In order to achieve the foregoing object, a semi 
conductor integrated circuit, comprising: 
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[0019] a ?rst FET connected between a ?rst voltage 
terminal and a ?rst node; 

[0020] a second FET connected betWeen said ?rst 
node and a ?rst output terminal; 

[0021] a third FET connected betWeen said ?rst node 
and a second output terminal; 

[0022] a ?rst variable impedance load connected 
betWeen said ?rst output terminal and a second 
voltage terminal; 

[0023] a second variable impedance load connected 
betWeen said second output terminal and said second 
voltage terminal; 

[0024] a ?rst bias circuit connected betWeen said ?rst 
node and said second voltage terminal, said ?rst bias 
circuit setting said ?rst node to substantially a con 
stant voltage, regardless of impedance values of said 
?rst and second variable impedance loads; and 

[0025] a current generator bias circuit con?gured to 
supply a bias voltage to a gate terminal of said ?rst 
FET, 

[0026] Wherein a ?rst input terminal is connected to 
a gate terminal of said second FET, and a second 
input terminal is connected to a gate terminal of said 
third FET. 

[0027] According to the present invention, a ?rst bias 
circuit is provided betWeen a ?rst node and a second voltage 
terminal in order to perform control so that the ?rst node is 
set to substantially a constant voltage. Because of this, even 
if impedances of the ?rst and second variable impedance 
loads change, it is possible to alloW the ?rst MOSFFET to 
constantly operate at the pentode region. Accordingly, When 
composing of the voltage control oscillator by using the 
semiconductor integrated circuit according to the present 
invention, it is possible to alloW the oscillating operation to 
stabiliZe, thereby reducing a Cycle-to-Cycle jitter of the 
oscillating signal. 

[0028] Furthermore, a semiconductor integrated circuit, 
comprising: 

[0029] a VCO cell circuit including a ?rst FET con 
nected betWeen a ?rst voltage terminal and a ?rst 
node, a second FET connected betWeen said ?rst 
node and a ?rst output terminal, a third FET con 
nected betWeen said ?rst node and a second output 
terminal, a ?rst variable impedance load connected 
betWeen said ?rst output terminal and a second 
voltage terminal, a second variable impedance load 
connected betWeen said second output terminal and 
said second voltage terminal, and a ?rst bias circuit 
connected betWeen said ?rst node and said second 
voltage terminal, said ?rst bias circuit setting said 
?rst node to substantially a constant voltage, regard 
less of impedance values of said ?rst and second 
variable impedance loads; 

[0030] a dummy cell circuit constituted in the same 
Way as said VCO cell circuit; and 

[0031] a differential ampli?er con?gured to control 
so that a voltage of a node corresponding to said ?rst 
node in said dummy cell circuit coincides With a 
reference voltage, 
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[0032] Wherein said ?rst bias circuit performs control 
so that said ?rst node becomes substantially a con 
stant voltage, regardless of impedance values of said 
?rst and second variable impedance loads 

[0033] Furthermore, a semiconductor integrated circuit, 
comprising: 

[0034] a VCO cell circuit including a ?rst FET con 
nected betWeen a ?rst voltage terminal and a ?rst 
node, a second FET connected betWeen said ?rst 
node and a ?rst output terminal, a third FET con 
nected betWeen said ?rst node and a second output 
terminal, a ?rst variable impedance load connected 
betWeen said ?rst output terminal and a second 
voltage terminal, a second variable impedance load 
connected betWeen said second output terminal and 
said second voltage terminal, and a ?rst bias circuit 
connected betWeen said ?rst node and said second 
voltage terminal, said ?rst bias circuit setting said 
?rst node to substantially a constant voltage, regard 
less of impedance values of said ?rst and second 
variable impedance loads; 

[0035] a dummy cell circuit including a fourth FET 
connected betWeen said ?rst voltage terminal and a 
second node, a ?fth FET and a third variable imped 
ance load connected in series betWeen said second 
node and said second voltage terminal, a siXth FET 
and a fourth variable impedance load connected in 
series betWeen said second node and said second 
voltage terminal, and a second bias circuit connected 
betWeen said second node and said second voltage 
terminal; 

[0036] a differential ampli?er con?gured to control 
said ?rst and second bias circuit so that said a voltage 
of said second node becomes equal to a prescribed 
reference voltage; and 

[0037] a current generator bias circuit con?gured to 
supply a bias voltage to gate terminals of said ?rst 
and fourth FETs, 

[0038] Wherein a gate terminal of said ?fth FET is 
connected to said second node, and a gate terminal of 
said siXth FET is connected to said second voltage 
terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] 
[0040] FIG. 2 is a block diagram shoWing a con?guration 
of a conventional VCO; 

[0041] FIG. 3 is a diagram of plotting a relationship 
betWeen the oscillating frequency of the VCO and the drain 
voltage of the PMOS transistor Q1 composing of the current 
generator; 

FIG. 1 is a circuit of a conventional VCO; 

[0042] FIG. 4 is a diagram of plotting a relationship 
betWeen the oscillating frequency of the VCO and a Cycle 
to-Cycle jitter; 

[0043] 
[0044] FIG. 6 is a circuit diagram of an embodiment of a 
semiconductor integrated circuit according to the present 
invention; 

FIG. 5 is a diagram of explaining a CC jitter; 
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[0045] FIG. 7 is a block diagram showing a con?guration 
of a VCO according to the present invention; 

[0046] FIG. 8 is a block diagram shoWing schematic 
con?guration of a PLL circuit; and 

[0047] FIGS. 9A-9B are timing diagrams of an input/ 
output signals of a phase comparing circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] Hereinafter, a semiconductor integrated circuit and 
a phase locked loop circuit according to the present inven 
tion Will be more speci?cally eXplained With reference to 
draWings. 

[0049] FIG. 6 is a circuit diagram of an embodiment of a 
semiconductor integrated circuit according to the present 
invention. Aportion of the voltage control oscillator (VCO) 
is shoWn in FIG. 6. The VCO according to the present 
embodiment is provided With a VCO cell 10a, a replica cell 
(dummy cell circuit) 11 constituted in the same Way as the 
VCO cell 10a, an operational ampli?er (differential ampli 
?er) 12, and a current generator bias circuit 3. 

[0050] Although only one piece of the VCO cell 10a is 
shoWn in FIG. 6, a plurality of VCO cells 10a are practically 
connected in series, as shoWn in FIG. 7. Of a plurality of 
VCO cells connected in series, output terminals OUT and 
OUTn of the VCO cells 10a at last stage are connected to 
input terminals IN and INn of the VCO cell 10a at ?rst stage. 
The current generator bias circuit 3 supplies a bias voltage 
to all of the VCO cell 10a. 

[0051] In FIG. 6, the same reference numbers are attached 
to constituents common to those in the conventional VCO 
cell 10a. Hereinafter, point of difference Will be mainly 
eXplained. The VCO cell 10a of FIG. 6 has a NMOS 
transistor (?rst bias circuit) Q6 connected betWeen the node 
N1 and the ground terminal, different from the VCO cell 
circuit 10 of FIG. 1. The output terminal of the operational 
ampli?er 12 is connected to the gate terminal of the NMOS 
transistor. 

[0052] The replica cell 11 of FIG. 6 is basically consti 
tuted in the same Way as the VCO cell 10a. The replica cell 
11 has a PMOS transistor (fourth MOSFET) Q7 connected 
betWeen the poWer supply VDD and the node N1a, a PMOS 
transistor (?fth MOSFET) Q8 and a variable impedance load 
(third variable impedance load) 1a, a PMOS transistor (siXth 
MOSFET) Q9 and a variable impedance element (fourth 
variable impedance load) 2a connected in series betWeen the 
node N1a and the ground terminal, and an NMOS transistor 
(second bias circuit) Q10 connected betWeen the node N1a 
and the ground terminal. Output terminal of the operational 
ampli?er 12 is connected to a gate terminal of the NMOS 
transistor Q10. 

[0053] The gate terminal of the PMOS transistor O9 in the 
replica cell 11 is grounded, and the gate terminal of the 
PMOS transistor O8 is connected to the node N1a. 

[0054] The operational ampli?er 12 of FIG. 6 outputs the 
voltage in accordance With voltage difference betWeen the 
voltage of the node N1a in the replica cell 11 and the 
reference voltage REF. The reference voltage REF is gen 
erated by using a BGR circuit and so on. 
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[0055] The operational ampli?er 12 controls the gate 
voltages of the NMOS transistor O6 in the VCO cell 10a and 
the NMOS transistor Q10 in the replica cell 11 so that the 
voltage of the node N1a becomes equal to the reference 
voltage REF. By such a control, the voltages of the nodes N1 
and N141 substantially become equal to the reference voltage 
REF. 

[0056] That is, even if driving forces of the PMOS tran 
sistor and the NMOS transistor ?uctuates during manufac 
turing of the circuit, the voltage of the node N1 is controlled 
so as to become equal to the reference voltage. 

[0057] Furthermore, in the conventional con?guration 
shoWn in FIG. 1, When the oscillating frequency of the VCO 
goes doWn, there is a problem that due to the in?uence that 
the variable impedance loads 1 and 2 become large, the 
voltage of the node N1 goes up and the PMOS transistor Q1 
operates at triode region. HoWever, according to the present 
embodiment, even if the oscillating frequency of the VCO 
goes doWn and the variable impedance loads 1 and 2 become 
large, the NMOS transistor O6 is controlled to be a loW 
impedance by the operational ampli?er 12, thereby restrain 
ing the voltage-up of the node N1. 

[0058] Because of this, according to the present embodi 
ment, regardless of the oscillating frequency of the node N1, 
it is possible to control the voltage of the node N1 substan 
tially at a constant value, and to alloW the PMOS transistor 
to alWays operate at pentode region, thereby stabiliZing the 
oscillating operation. 

[0059] The plots “0” of FIG. 3 shoW a relationship 
betWeen the oscillating frequency of the VCO and the 
voltage of the node N1 according to the present embodi 
ment. As obvious from FIG. 3, according to the present 
embodiment, even if the oscillating frequency of the VCO 
changes, the voltage of the node N1 changes little. 

[0060] On the other hand, the plots “0” of FIG. 4 shoW 
a relationship betWeen the oscillating frequency of the VCO 
and the CC jitter according to the present embodiment. As 
obvious from FIG. 4, according to the present embodiment, 
the CC jitter is substantially constant regardless of the 
oscillating frequency of the VCO, and even if the oscillating 
frequency of the VCO goes doWn, the CC jitter never 
increase. 

[0061] Thus, according to the present embodiment, the 
NMOS transistor O6 is connected betWeen the drain termi 
nal (node N1) of the PMOS transistor O1 in the VCO cell 
10a and the ground terminal, there is provided With the 
replica cell 11 constituted in the same Way as the VCO cell 
10a, and the operational ampli?er 12 performs control so 
that the voltage of the node N1a in the replica cell 11 and the 
voltage of the node N1 in the VCO cell 10a become equal 
to the reference voltage REF. Therefore, even if the oscil 
lating frequency changes, the voltage of the node N1 
becomes substantially constant. Because of this, the PMOS 
transistor Q1 alWays operates at pentode region, thereby 
stabiliZing the oscillating operation. Furthermore, according 
to the present embodiment, the CC jitter at loW frequency 
side can be reduced more ef?ciently than that of the con 
ventional circuit. 

[0062] The VCO according to the present embodiment can 
use in the PLL (Phase Locked Loop) circuit. FIG. 8 is a 
block diagram of shoWing schematic con?guration of the 
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PLL circuit. The PLL circuit of FIG. 8 has a phase com 
paring circuit 21 for detecting phase difference betWeen the 
reference clock REFCLK and the feedback signal CLK to 
output an UP signal and a doWn signal, a charge pump 22 for 
outputting the voltage signal in accordance With the UP 
signal and the DOWN signal, a loop ?lter 23 for removing 
unnecessary high frequency component included in a volt 
age signal outputted from the charge pump 22, a VCO 24 
constituted in the same Way as those of FIG. 6 and FIG. 7 
Which controls the oscillating frequency of the oscillating 
signal based on the voltage signal passing through the loop 
?lter 23, and a dividing circuit 25 for generating the feed 
back signal CLK by dividing the oscillating signal outputted 
from the VCO 24. 

[0063] In FIG. 8, the charge pump 22 and the loop ?lter 
23 correspond to a control signal output circuit, and the 
dividing circuit 25 to a feedback circuit, respectively. 

[0064] FIG. 9 is a timing chart of input-output signals of 
the phase comparing circuit 21. When the phase of the 
reference clock REFCLK goes on earlier than the feedback 
signal CLK, as shoWn in FIG. 9A, from When the reference 
clock REFCLK rises until When the feedback signal falls, 
the UP signal is outputted. On the other hand, When the 
phase of the reference clock REFCLK goes on later than the 
feedback signal CLK, as shoWn in FIG. 9B, from When the 
feedback signal CLK rises until When the reference clock 
REFCLK rises, the DOWN signal is outputted. 

[0065] Because the oscillating signal generated by the 
VCO 24 has little CC jitter, it is possible to stabiliZe the 
oscillating operation in the PLL circuit, thereby generating 
the oscillating signal of Which the frequency accuracy is 
high. 
[0066] Conductive types of each transistor shoWn in FIG. 
6 may be reverse. In this case, connection betWeen the poWer 
supply terminal and the ground terminal also has to be 
reverse. 

What is claimed is: 
1. A semiconductor integrated circuit, comprising: 

a ?rst FET connected betWeen a ?rst voltage terminal and 
a ?rst node; 

a second FET connected betWeen said ?rst node and a ?rst 

output terminal; 

a third FET connected betWeen said ?rst node and a 
second output terminal; 

a ?rst variable impedance load connected betWeen said 
?rst output terminal and a second voltage terminal; 

a second variable impedance load connected betWeen said 
second output terminal and said second voltage termi 
nal; 

a ?rst bias circuit connected betWeen said ?rst node and 
said second voltage terminal, said ?rst bias circuit 
setting said ?rst node to substantially a constant volt 
age, regardless of impedance values of said ?rst and 
second variable impedance loads; and 

a current generator bias circuit con?gured to supply a bias 
voltage to a gate terminal of said ?rst FET, 
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Wherein a ?rst input terminal is connected to a gate 
terminal of said second PET, and a second input 
terminal is connected to a gate terminal of said third 
FET. 

2. A semiconductor integrated circuit, comprising: 

a VCO cell circuit including a ?rst FET connected 
betWeen a ?rst voltage terminal and a ?rst node, a 
second FET connected betWeen said ?rst node and a 
?rst output terminal, a third FET connected betWeen 
said ?rst node and a second output terminal, a ?rst 
variable impedance load connected betWeen said ?rst 
output terminal and a second voltage terminal, a second 
variable impedance load connected betWeen said sec 
ond output terminal and said second voltage terminal, 
and a ?rst bias circuit connected betWeen said ?rst node 
and said second voltage terminal, said ?rst bias circuit 
setting said ?rst node to substantially a constant volt 
age, regardless of impedance values of said ?rst and 
second variable impedance loads; 

a dummy cell circuit constituted in the same Way as said 
VCO cell circuit; and 

a differential ampli?er con?gured to control so that a 
voltage of a node corresponding to said ?rst node in 
said dummy cell circuit coincides With a reference 
voltage, 

Wherein said ?rst bias circuit performs control so that said 
?rst node becomes substantially a constant voltage, 
regardless of impedance values of said ?rst and second 
variable impedance loads. 

3. A semiconductor integrated circuit, comprising: 

a VCO cell circuit including a ?rst FET connected 
betWeen a ?rst voltage terminal and a ?rst node, a 
second FET connected betWeen said ?rst node and a 
?rst output terminal, a third FET connected betWeen 
said ?rst node and a second output terminal, a ?rst 
variable impedance load connected betWeen said ?rst 
output terminal and a second voltage terminal, a second 
variable impedance load connected betWeen said sec 
ond output terminal and said second voltage terminal, 
and a ?rst bias circuit connected betWeen said ?rst node 
and said second voltage terminal, said ?rst bias circuit 
setting said ?rst node to substantially a constant volt 
age, regardless of impedance values of said ?rst and 
second variable impedance loads; 

a dummy cell circuit including a fourth FET connected 
betWeen said ?rst voltage terminal and a second node, 
a ?fth PET and a third variable impedance load con 
nected in series betWeen said second node and said 
second voltage terminal, a siXth PET and a fourth 
variable impedance load connected in series betWeen 
said second node and said second voltage terminal, and 
a second bias circuit connected betWeen said second 
node and said second voltage terminal; 

a differential ampli?er con?gured to control said ?rst and 
second bias circuit so that said a voltage of said second 
node becomes equal to a prescribed reference voltage; 
and 

a current generator bias circuit con?gured to supply a bias 
voltage to gate terminals of said ?rst and fourth FETS, 
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wherein a gate terminal of said ?fth PET is connected to 
said second node, and a gate terminal of said sixth PET 
is connected to said second voltage terminal. 

4. The semiconductor integrated circuit according to 
claim 2, 

Wherein a plurality of said VCO cell circuits are con 
nected in series; 

said ?rst output terminal of said VCO cell circuit at 
preceding stage is connected to said ?rst or second 
input terminal of said VCO cell circuit at subsequent 
stage; 

said second output terminal of said VCO cell circuit at 
preceding stage is connected to said second or ?rst 
output terminal of said VCO cell circuit at subsequent 
stage; 

said ?rst output terminal of said VCO cell circuit at last 
stage is connected to said ?rst or second input terminal 
of said VCO cell circuit at ?rst stage; and 

said second output terminal of said VCO cell circuit at last 
stage is connected to said ?rst or second input terminal 
of said VCO cell circuit at ?rst stage. 

5. The semiconductor integrated circuit according to 
claim 3, 

Wherein a plurality of said VCO cell circuits are con 
nected in series; 

said ?rst output terminal of said VCO cell circuit at 
preceding stage is connected to said ?rst or second 
input terminal of said VCO cell circuit at subsequent 
stage; 

said second output terminal of said VCO cell circuit at 
preceding stage is connected to said second or ?rst 
output terminal of said VCO cell circuit at subsequent 
stage; 

said ?rst output terminal of said VCO cell circuit at last 
stage is connected to said ?rst or second input terminal 
of said VCO cell circuit at ?rst stage; and 

said second output terminal of said VCO cell circuit at last 
stage is connected to said ?rst or second input terminal 
of said VCO cell circuit at ?rst stage. 

6. The semiconductor integrated circuit according to 
claim 4, 

Wherein said current generator bias circuit supplies the 
bias voltage to gate terminals of said ?rst FETs in all of 
said VCO cell circuits connected in series and all of the 
corresponding gate terminals in said dummy cell cir 
cuit. 

7. The semiconductor integrated circuit according to 
claim 5, 

Wherein said current generator bias circuit supplies the 
bias voltage to gate terminals of said ?rst FETs in all of 
said VCO cell circuits connected in series and the gate 
terminal of said fourth PET in said dummy cell circuit. 

8. The semiconductor integrated circuit according to 
claim 4, 

Wherein said dummy cell circuit is connected to each of 
a plurality of said VCO cell circuits connected in series. 
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9. The semiconductor integrated circuit according to 
claim 5, 

Wherein said dummy cell circuit is connected to each of 
a plurality of said VCO cell circuits connected in series. 

10. The semiconductor integrated circuit according to 
claim 4, 

Wherein an output of said differential ampli?er is supplied 
to said ?rst bias circuits of all of said VCO cell circuits 
connected in series. 

11. The semiconductor integrated circuit according to 
claim 5, 

Wherein an output of said differential ampli?er is supplied 
to said ?rst bias circuits of all of said VCO cell circuits 
connected in series. 

12. The semiconductor integrated circuit according to 
claim 2, 

Wherein each of said ?rst and second bias circuits is 
constituted of FETs having a conductive type different 
from said second FET, said third PET, and the corre 
sponding PET in said dummy cell circuit; and 

an output terminal of said differential ampli?er is con 
nected to gate terminals of the FETs having said reverse 
conductive type. 

13. The semiconductor integrated circuit according to 
claim 3, 

Wherein each of said ?rst and second bias circuits is 
constituted of FETs having a conductive type different 
from said second FET, said third FET, said ?fth PET, 
and said siXth PET; and 

an output terminal of said differential ampli?er is con 
nected to gate terminals of the FETs having said reverse 
conductive type. 

14. A phase locked loop circuit, comprising: 

a phase comparing circuit con?gured to detect a phase 
difference betWeen a reference signal and a feedback 
signal; 

a control signal output circuit con?gured to output a 
control voltage signal in accordance With the detected 
phase difference; 

a semiconductor integrated circuit according to claim 2 
con?gured to control a frequency of an oscillating 
signal based on said control voltage signal; and 

a feedback circuit con?gured to generate said feedback 
signal based on said oscillating signal. 

15. A phase locked loop circuit, comprising: 

a phase comparing circuit con?gured to detect a phase 
difference betWeen a reference signal and a feedback 
signal; 

a control signal output circuit con?gured to output a 
control voltage signal in accordance With the detected 
phase difference; 

a semiconductor integrated circuit according to claim 3 
con?gured to control a frequency of an oscillating 
signal based on said control voltage signal; and 

a feedback circuit con?gured to generate said feedback 
signal based on said oscillating signal. 

* * * * * 


