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(57) ABSTRACT 

A ring oscillator having a stable output signal Without 
in?uence of MOS devices is disclosed. The ring oscillator 
has a bias circuit to drive a plurality of delay cells. The bias 
circuit has a ?rst loading unit With a p-n junction, a second 
loading unit With a p-n junction, and a resistor electrically 
connected to the p-n junction of the second loading unit. The 
second loading unit and the resistor are positioned at a 
current path of a current mirror, and the ?rst loading unit is 
positioned at another current path of the current mirror. The 
area of the p-n junction in the second loading unit is not 
equal to the area of the p-n junction in the ?rst loading unit. 
The magnitudes of the current passing on the tWo current 
paths are only controlled by characteristics of the p-n 
junctions of the ?rst and second loading units. 
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RING OSCILLATOR HAVING A STABLE OUTPUT 
SIGNAL WITHOUT INFLUENCE OF MOS 

DEVICES 

BACKGROUND OF INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ring oscillator. In 
particular, the present invention discloses a ring oscillator 
Whose output signal is not affected by the characteristics of 
MOS devices. 

[0003] 2. Description of the Prior Art 

[0004] In modern information society, a digital system 
capable of processing digital data needs a clock signal to 
arbitrate and coordinate timings associated With processing 
and transmission of the digital data. Therefore, an oscillator 
used to generate the required clock signal becomes a fun 
damental component in a modern digital circuit. In addition, 
a phase lock loop (PLL) of signal processing circuits used in 
a general communication system, an optical disk drive, and 
a hard-disk drive commonly applies a voltage-controlled 
oscillator (VCO). That is, voltages are used to control a 
voltage-controlled oscillator to make the clock signal have a 
speci?c period or a speci?c frequency. With the improve 
ment of transmission and processing speeds for digital 
signals, it becomes an important issue to manufacture oscil 
lators that are capable of generating high-frequency (short 
period) clock signals. 

[0005] Please refer to FIG. 1, Which is a diagram of a prior 
art ring oscillator 10. The ring oscillator 10 has a plurality of 
delay cells cascaded to form a closed loop. Please note that 
only three delay cells 12a, 12b, 12c are shoWn in FIG. 1 for 
simplicity. Operation of the delay cells 12a, 12b, 12c are 
similar to that of an inverter, and functionality of the delay 
cells 12a, 12b, 12c are to make input ports IP1, IP2, IP3 and 
related output ports OP1, OP2, 0P3 correspond to opposite 
voltage levels. For eXample, When the input port IP1 corre 
sponds to a high voltage level, the corresponding output port 
OP1 corresponds to a loW voltage level; on the other hand, 
When the input port IP1 corresponds to the loW voltage level, 
the corresponding output port OP1 corresponds to the high 
voltage level. 

[0006] Operation of the ring oscillator 10 is described as 
folloWs. When the input port IP1 of the delay cell 12a 
corresponds to the high voltage level, the output port OP1 of 
the delay cell 12a corresponds to the loW voltage level. 
Because the output port OP1 of the delay cell 12a is 
electrically connected to input port IP2 of the folloWing 
delay cell 12b, the input port IP2 of the delay cell 12b, 
therefore, corresponds to the loW voltage level. The output 
port OP2 of the delay cell 12b then corresponds to the high 
voltage level. Similarly, because output port OP2 of the 
delay cell 12b is electrically connected to input port IP3 of 
the folloWing delay cell 12c, the input port IP3 of the delay 
cell 12c corresponds to the high voltage level for driving 
output port 0P3 of the delay cell 12c to correspond to the 
loW voltage level. 

[0007] It is noteWorthy that output port 0P3 of the delay 
cell 12c is electrically connected to the input port IP1 of the 
delay cell 12a, and the input port IP1 initially corresponds 
to the high voltage level. HoWever, the closed loop formed 
by the delay cells 12a, 12b, 12c forces the input port IP1 of 
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the delay cell 12a to correspond to the loW voltage level after 
the delay cells 12a, 12b, 12c sequentially operate. After 
input port of each delay cell 12a, 12b, 12c receives an input 
signal, the corresponding delay cell requires a delay time Td 
to generate an output signal having a voltage level opposite 
to that of the input signal. Therefore, voltage level at the 
output port and input port of each delay cell 12a, 12b, 12c 
has a level transition every three delay time 3*Td. 

[0008] The level transition means that the voltage level 
transits from the original high voltage level to the loW 
voltage level or the voltage level transits from the original 
loW voltage level to the high voltage level. In other Words, 
the period of the clock signal F0 generated from the ring 
oscillator 10 becomes 6*Td. In addition, the control voltage 
Vc is used to adjust the delay time of each delay cell 12a, 
12b, 12c. Therefore, period of the clock signal F0 is con 
trollable With the adjustment of the voltage value of the 
control voltage Vc. 

[0009] Please refer to FIG. 2, Which is a diagram of the 
delay cell 12a shoWn in FIG. 1. The delay cell 12a includes 
a plurality of p-channel metal oXide semiconductor (PMOS) 
transistors 14a, 14b, and a plurality of n-channel metal oXide 
semiconductor (NMOS) transistors 16a, 16b. The transistors 
14a, 14b, 16a, 16b are fabricated according to a CMOS 
semiconductor process. The transistors 14a, 16a are 
matched to correspond to the same transistor characteristics 
such as an identical doping concentration, an identical 
channel Width/length ratio, etc. In addition, the transistors 
14b, 16b are matched as Well. 

[0010] The transistors 14a, 16a function as current 
sources. That is, the transistors 14a, 16a operate in a 
saturation region. Therefore, When a control voltage Vc1 is 
inputted into a gate of the transistor 14a, a ?xed reference 
current I1 ?oWing from a voltage source Vdd (high voltage 
level) toWard the transistor 14b is generated. Similarly, When 
a control voltage VC2 is inputted into a gate of the transistor 
16a, a ?Xed reference current I2 ?oWing from the transistor 
16b toWard a voltage source Vss (loW voltage level) is 
generated. 

[0011] Operation of the delay cell 12a is brie?y described 
as folloWs. If the input port IP1 corresponds to a high voltage 
level, the transistor 16b is turned on, and the transistor 14b 
is turned off. Therefore, the reference current I2 starts 
discharging the output port OP1 to make the output port OP1 
correspond to the loW voltage level. 

[0012] As mentioned above, When the delay cell 12c 
operates, the level transition occurs at the input port IP1 of 
the delay cell 12a. Therefore, after the voltage level of the 
input port IP1 transits from the high voltage level to the loW 
voltage level, the transistor 14b is turned on, and the 
transistor 16b is then turned off. The reference current I1, 
therefore, begins charging the output port OP1 to make the 
output port OP1 correspond to the high voltage level. In 
other Words, the transistors 14b, 16b function as sWitches 
used to determine that the output port OP1 needs to be 
charged or discharged according to the voltage level of the 
input port IP1. Then, the voltage levels of the output port 
OP1 and the input port IP1 correspond to opposite voltage 
levels. 

[0013] In addition, the magnitudes of the reference cur 
rents I1, I2 affect the delay time Td of the delay cell 12a. If 
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the reference current I1 is increased, the reference current I1 
raises the voltage level of the output port OP1 much quicker. 
Similarly, if the reference current I2 is increased, the refer 
ence current I2 decreases voltage level of the output port 
OP1 much quicker. Please note that the magnitudes of the 
reference currents I1, I2 are dominated by the control 
voltages Vol, VCZ. As shoWn in FIG. 1, the control voltage 
Vc generating the control voltages Vol, VC2 is then capable 
of adjusting the delay time Td to alter period of the clock 
signal F0. 

[0014] HoWever, With regard to the transistors 14a, 16a, 
the transistor characteristics varies With the operating tem 
perature, voltage sources Vdd, Vss, etc. For instance, When 
the operating temperature increases, mobility of electrons in 
the transistors 14a, 16a is suppressed. Therefore, under the 
same gate-to-source bias, current values of the reference 
currents I1, I2 decrease oWing to an increase of the operating 
temperature. On the other hand, When the operating tem 
perature decreases, mobility of the electrons in the transis 
tors 14a, 16a is improved. Therefore, under the same 
gate-to-source bias, current values of the reference currents 
I1, I2 increase oWing to a decrease of the operating tem 
perature. In other Words, if the operating temperature varies 
randomly, the period of the clock signal F0 accordingly 
becomes unstable. That is, the frequency of the clock signal 
F0 deviates from an ideal target value. Besides, the unstable 
voltages provided by the voltage sources Vdd, Vss alter 
gate-to-source biases of the transistors 14a, 16a so that the 
magnitudes of the reference currents I1, I2 varies. Similarly, 
the period of the clock signal F0 varies accordingly and 
deviates from the ideal target value. To sum up, transistor 
characteristics of the transistors in?uence the frequency of 
the clock signal F0 so that the clock signal F0 becomes 
unstable. 

SUMMARY OF INVENTION 

[0015] It is therefore a primary objective of this invention 
to provide a ring oscillator Whose output signal is not 
affected by transistor characteristics of MOS devices. 

[0016] Brie?y summariZed, the preferred embodiment of 
the claimed invention discloses a bias circuit of a ring 
oscillator for driving the ring oscillator to output a clock 
signal With a predetermined period. The ring oscillator has 
a plurality of delay cells. Each tWo adjacent delay cells are 
cascaded in series With an output port of a leading delay cell 
and an input port of a folloWing delay cell being connected. 
An input port of a ?rst delay cell Within the delay cells is 
electrically connected to an output port of a last delay cell 
Within the delay cells. 

[0017] Each delay cell includes a ?rst driving transistor for 
outputting a ?rst bias current to drive a voltage at an output 
port of the delay cell to correspond to a ?rst logic level, a 
second driving transistor for outputting a second bias current 
to drive the voltage at the output port of the delay cell to 
correspond to a second logic level, and a sWitch circuit 
electrically connected to the ?rst driving transistor and the 
second driving transistor for deciding Whether the output 
port of the delay cell is electrically connected to either the 
?rst driving transistor or the second driving transistor 
according to a voltage at an input port of the delay cell. 

[0018] The bias circuit has a ?rst loading unit including a 
p-n junction and a second loading unit including a p-n 
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junction Where the area of the p-n junction of the second 
loading unit is not equal to the area of the p-n junction of the 
?rst loading unit, a ?rst reference circuit, a resistor electri 
cally connected betWeen the p-n junction of the second 
loading unit and a second current mirror circuit, and a 
second-reference circuit electrically connected to the ?rst 
reference circuit for establishing a current mirror connection 
used to make a current transmitted by the second reference 
circuit and the currents transmitted by the ?rst current mirror 
and the second current mirror circuit correspond to a ?rst 
predetermined ratio. 

[0019] The ?rst reference circuit has the ?rst current 
mirror circuit electrically connected to the p-n junction of 
the ?rst loading unit, and the second current mirror circuit 
symmetric to the ?rst current mirror circuit. The second 
current mirror is electrically connected to the ?rst current 
mirror circuit for establishing a current mirror connection 
used to make the ?rst current mirror circuit and the second 
current mirror circuit respectively transmit currents With an 
identical current value to drive the corresponding ?rst load 
ing unit and the second loading unit. The ?rst reference 
circuit is electrically connected to the ?rst driving transistor 
of each delay cell for establishing a current mirror used to 
make the ?rst bias current and the currents transmitted by the 
?rst current mirror and the second current mirror circuit 
correspond to a second predetermined ratio. The second 
reference circuit is electrically connected to the second 
driving transistor of each delay cell for establishing a current 
mirror used to make the second bias current and the currents 
transmitted by the ?rst current mirror and the second current 
mirror circuit correspond to a third predetermined ratio. 

[0020] It is an advantage of the present invention that the 
claimed ring oscillator makes use of the intrinsic band gap 
associated With a p-n junction to control a bias current. The 
claimed ring oscillator adopts either tWo diodes or tWo BJTs 
Whose p-n junctions correspond to different areas, and then 
generates the bias current through different voltage differ 
ence caused by the unmatched p-n junctions. In addition, a 
resistor having a positive temperature coef?cient is also 
utiliZed to compensate variation of the bias current caused 
by an unsteady temperature. The claimed ring oscillator then 
utiliZes the bias current and established current mirror 
connection to provide each delay cell With a desired refer 
ence current. Therefore, the reference current is ?Xed even 
though transistor characteristics of any MOS transistor 
Within the claimed ring oscillator is unsteady. In other 
Words, the claimed ring oscillator is capable of outputting a 
stable clock signal. 

[0021] These and other objectives of the claimed invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment, Which is illustrated in the various 
?gures and draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0022] FIG. 1 is a diagram of a prior art ring oscillator. 

[0023] FIG. 2 is a diagram of a delay cell shoWn in FIG. 
1. 

[0024] FIG. 3 is a circuit diagram of a ring oscillator 
according to the present invention. 

[0025] FIG. 4~FIG. 8 are diagrams illustrating equivalent 
circuits of a bias circuit shoWn in FIG. 3. 
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DETAILED DESCRIPTION 

[0026] Please refer to FIG. 3, Which is a circuit diagram 
of a ring oscillator 30 according to the present invention. The 
ring oscillator 30 has a bias circuit 32 and a plurality of delay 
cells 34. The delay cells 34 are cascaded to form a closed 
loop. The delay cell 34 includes a plurality of transistors 
36a, 36b, 38a, 38b, 40. The transistors 36a, 36b are PMOS 
transistors and the transistors 38a, 38b, 40 are NMOS 
transistors. A source and drain of the transistor 40 are 
connected together. Because an oXide layer is positioned 
betWeen the gate and the source and is positioned betWeen 
the gate and the drain, the functionality of the transistor 40, 
therefore, is equivalent to a capacitor. 

[0027] The bias circuit 32 has a plurality of transistors 
42a, 42b, 44a, 44b, 46, 48, tWo bipolar junction transistors 
(BJTs) 50, 52, and a resistor 54. In the preferred embodi 
ment, all of the transistors 42a, 42b, 44a, 44b, 46, 48 operate 
in the saturation region. The transistors 42a, 42b are 
matched to correspond to identical transistor characteristics, 
and the transistors 44a, 44b are matched as Well to corre 
spond to identical transistors. The gate of the transistor 44a 
is electrically connected to the drain of the transistor 44a and 
the gate of the transistor 44b. Therefore, a current mirror is 
established. Similarly, the transistors 42a, 42b, 46 are con 
nected according to a current mirror connection. In addition, 
each delay cell 34 and the bias circuit are connected accord 
ing to the current mirror connections as Well. For eXample, 
the connection betWeen the transistors 36a, 42b and the 
connection betWeen the transistors 38b, 48 establish Well 
knoWn current mirrors. 

[0028] Operation of the bias circuit 32 is described as 
folloWs. In the preferred embodiment, BJTs 50, 52 are p-n-p 
BJTs. A p-n junction betWeen an emitter and a base of the 
BJT 50 and a p-n junction betWeen an emitter and a base of 
the BJT 52 correspond to different areas. Therefore, a 
voltage difference Vbe betWeen the emitter and the base of 
the B] T 50 is different from a voltage difference Vbe betWeen 
the emitter and the base of the BJT 52 because the area of 
the p-n junction associated With the emitter and base of the 
BJT 50 is less than the area of the p-n junction associated 
With emitter and base of the BJT 52. As a result, When both 
BJTs 50, 52 are enabled to conduct currents With the same 
magnitude, a voltage difference Vbe of the BJT 50 is greater 
than a voltage difference Vbe of the BJT 52. 

[0029] The transistors 44a, 44b are matched, and are 
connected according to the current mirror connection. In 
addition, the transistors 44a, 44b operate in the saturation 
region. Therefore, based on an equation (1) represented by 

Id=Kn(Vgs-Vt)2 Equation (1) 

[0030] Where Id is a conducting current, Kn is a 
conduction parameter, Vgs is a voltage difference 
betWeen the gate and the source, and Vt is a threshold 
voltage, Vgs<44a> is equal to Vgs(44b) When the ref 
erence current I0 equals the reference current I1. 
Because the gate of the transistor 44a is electrically 
connected to the gate of the transistor 44b, Vg<44a> is 
equal to Vg(44b). In other Words, voltages associated 
With the sources of the transistors 44a, 44b are equal. 
That is, Vs<44a> is equal to Vs(44b). 

[0031] Collectors of the BJTs 50, 52 are simultaneously 
connected to voltage source Vss (loW voltage level). There 
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fore, a voltage difference Vbe is equal to the summation 
of the voltage difference Vbe(52) of the transistor 52 and a 
voltage difference betWeen tWo terminals of the resistor 54 
Whose resistance equals R. Consequently, an equation (2) is 
represented by the folloWing. 

[0032] It is Well-known that voltage difference Vbe of the 
prior art BJT is equal to Vt*In (I/Is). The Is is saturation 
current that is an intrinsic characteristic of the BJT, and is 
proportional to the area of the p-n junction associated With 
an emitter and a base of the B] T. The Vt is a thermal voltage 
generally represented by 

a 

[0033] Wherein k is a BoltZmann’s constant, T is an 
absolute temperature, and q is the coulomb of an electron. 
Therefore, the thermal voltage Vt changes according to 
variation of the temperature. The equation (2) is further 

represented by an equation Vt’kIn?/lsl)=Vt*1n(I/1s2)+I*R Equation (3) 

[0034] The Is1 and Is2 respectively are saturation currents 
of the BJTs 50, 52. The thermal voltage Vt is capable of 
being represented by 

a 

[0035] and the resistance of the resistor 54 is capable of 
being represented by R*(1+Tc*T) Wherein Tc is a tempera 
ture coefficient of the resistor 54. 

[0036] It is obvious that if Tc is a positive value, the 
resistor 54 corresponding to a positive temperature coeffi 
cient increases its resistance When the operating temperature 
of the resistor 54 increases. Similarly, if Tc is a negative 
value, the resistor 54 corresponding to a negative tempera 
ture coef?cient decreases its resistance When the operating 
temperature of the resistor 54 increases. The equation (3) is 
further rearranged to produce an equation 

Equation (4) 

[0037] It is obviously shoWn in equation (4) that a current 
value I of each reference current I0, I1 is affected by the 
temperature T. In the preferred embodiment, the resistor 54 
With a positive temperature coefficient is adopted, and is 
capable of compensating deviation of the thermal voltage Vt 
in?uenced by temperature variation. For eXample, When the 
temperature T increases, the thermal voltage Vt accordingly 
increases. At the same time, resistance of the resistor 54 is 
increased oWing to an increase in the temperature. An actual 
variation of the current value I is alleviated because of 
compensation introduced by the resistor 54. Similarly, When 
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the temperature T decreases, the thermal voltage Vt accord 
ingly decreases. At the same time, resistance of the resistor 
54 is decreased owing to the decrease in the temperature. 
The actual variation of the current value I is also alleviated 
because of compensation introduced by the resistor 54. To 
sum up, the preferred embodiment is capable of outputting 
a stable current value I. 

[0038] Because the transistor 46 and the transistor 42b is 
electrically connected according to the current mirror con 
nection, the reference current I1 and the reference current I2 
correspond to a predetermined ratio. For instance, if the 
transistors 46, 42b are matched to have the same transistor 
characteristics, the magnitude of the reference current I2 is 
identical to the magnitude of the reference current I1. On the 
other hand, if the channel Width/length ratio of the transistor 
46 is a double of the channel Width/length ratio of the 
transistor 42b, the magnitude of the reference current I2 is 
tWice as great as the magnitude of the reference current I1. 
Besides, the transistor 38b of the delay cell 34 and the 
transistor 48 of the bias circuit 32 are also electrically 
connected according to the current mirror connection. As 
mentioned above, the transistor characteristics of both of the 
transistors 38b, 48 determine a ratio relation betWeen the 
magnitudes of tWo reference currents I2, I4. Similarly, the 
transistor 36a of the delay cell 34 and the transistor 42b of 
the bias circuit 32 are also electrically connected according 
to the current mirror connection. 

[0039] As mentioned above, transistor characteristics of 
both of the transistors 36a, 42b determine a ratio relationship 
betWeen the magnitudes of the tWo reference currents I1, I3. 
Because the transistors 36a, 38b of the delay cell 34 operate 
in the saturation region, the transistors 36a, 38b are capable 
of functioning as current sources to respectively provide the 
reference currents I3, I4. As described above, the magnitude 
of the reference current I3 is controlled by the magnitude of 
the reference current I1. In addition, the magnitude of the 
reference current I4 is controlled by the magnitude of the 
reference current I2, and the magnitude of the reference 
current I2 is further controlled by the magnitude of the 
reference current 

[0040] In other Words, a current value I of each reference 
current I1, I0 dominates the magnitudes of the reference 
currents I3, I4. As shoWn in the equation (4), the current 
value I merely changes according to the operating tempera 
ture, and the current value I is not in?uenced by an input/ 
output voltage variation or an intrinsic transistor character 
istic of each MOS transistors used in the ring oscillator 30. 
The current value I is stabiliZed oWing to compensation 
caused by the resistor 54. The reference currents I3, I4 are 
?xed even though the transistors 36a, 38b in the delay cell 
34 may have variations on the transistor characteristics such 
as an increase or a decrease of the electron mobility. Besides, 
the reference currents I3, I4 are also ?xed even though 
voltage levels respectively maintained by the voltage 
sources Vdd, Vss of the ring oscillator 30 become unstable. 

[0041] When the input port IP1 corresponds to the high 
voltage level, the transistor 38a is sWitched on. Therefore, 
charges accumulated at the gate of the transistor 40 are 
driven to the voltage source Vss (loW voltage level) through 
the reference current I4. The output port OP1 then corre 
sponds to the loW voltage level. On the other hand, When the 
input port IP1 corresponds to the loW voltage level, the 
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transistor 38b is sWitched on. Therefore, the gate of the 
transistor 40 is charged by the voltage source Vdd (high 
voltage level) through the reference current I3 to accumulate 
charges. The output port OP1 then corresponds to the high 
voltage level. It is noteWorthy that magnitude of the refer 
ence currents I3, I4 is not in?uenced by transistor charac 
teristics of the MOS transistors. Therefore, the delay time 
corresponding to each delay cell 34 is a ?xed value so that 
the clock signal F0 generated from the ring oscillator 30 
steadily corresponds to a predetermined frequency. 

[0042] Please refer to FIG. 4~FIG. 8. FIG. 4~FIG. 8 are 
diagrams illustrating equivalent circuits of the bias circuit 32 
shoWn in FIG. 3. Abias circuit 60 shoWn in FIG. 4 is similar 
to the bias circuit 32 shoWn in FIG. 3. The only difference 
is that the bias circuit 60 adopts n-p-n BJTs 62, 64 to 
substitute p-n-p BJTs 50, 52 originally used in the bias 
circuit 32. The area associated With a p-n junction betWeen 
a base and an emitter of the BJT 62 is not equal to the area 
associated With a p-n junction betWeen a base and an emitter 
of the BJT 64. Therefore, the BJTs 62, 64 correspond to 
different voltage differences betWeen the base and the emit 
ter of each BJT 62, 64 When conducting currents With the 
same magnitude. Operation of the bias circuit 60 is identical 
to that of the bias circuit 32, and the lengthy description is 
not repeated for simplicity. 

[0043] A bias circuit 70 shoWn in FIG. 5 is similar to the 
bias circuit shoWn in FIG. 3. The only difference is that the 
bias circuit 70 adopts diodes 72, 74 to substitute for the p-n-p 
BJTs 50, 52 originally used in the bias circuit 32. The area 
associated With a p-n junction of the diode 72 is not equal to 
the area associated With a p-n junction of the diode 74. 
Therefore, the diodes 72, 74 correspond to different voltage 
differences When conducting currents With the same mag 
nitudes. Operation of the bias circuit 70 is identical to that 
of the bias circuit 32, and the lengthy description is not 
repeated for simplicity. 

[0044] The bias circuits 80, 90, 100 individually illus 
trated in FIG. 6, FIG. 7, and FIG. 8 are respectively similar 
to the bias circuits 32, 60, 70 individually shoWn in FIG. 3, 
FIG. 4, and FIG. 5. Each of the bias circuits 80, 90, 100 
mainly alters a connection betWeen the voltage sources Vdd, 
Vss and the transistors. For instance, the voltage source Vdd 
is electrically connected to the transistors 42a, 42b Within 
each of the bias circuits 32, 60, 70. HoWever, With regard to 
each of the bias circuits 80, 90, 100, the voltage source Vss 
is electrically connected to the transistors 42a, 42b instead. 
Operation of the bias circuits 80, 90, 100 are identical to that 
of the bias circuit 32. Therefore, the lengthy description is 
not repeated for simplicity. 

[0045] Please note that the resistor 54 With a positive 
temperature coef?cient is adopted in the preferred embodi 
ment to compensate the above-mentioned temperature effect 
imposed upon the current value. HoWever, the resistor 54 
With a negative temperature coefficient can be used to meet 
different requirements. For example, if a user needs, the ring 
oscillator 30 is capable of quickly increasing the frequency 
of the clock signals F0 When the temperature increases, and 
is capable of rapidly decreasing frequency of the clock 
signal F0 When the temperature decreases. Concerning this 
case, it is necessary to use the resistor 54 With a negative 
temperature coef?cient for achieving the above-mentioned 
objective. It is noteWorthy that the reference currents I3, I4 
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are totally controlled and set based on the current value I 
calculated according to the equation Therefore, the 
magnitudes of the reference currents I3, I4 has nothing to do 
With transistor characteristics of MOS transistors and volt 
age levels outputted from voltage sources. 

[0046] In contrast to the prior art ring oscillator, the 
claimed ring oscillator makes use of the intrinsic band gap 
associated With a p-n junction to control a bias current. The 
claimed ring oscillator adopts tWo loading units such as 
diodes or BJTs Whose p-n junctions correspond to different 
areas, then generates the Wanted bias current through dif 
ferent voltage differences caused by the unmatched p-n 
junctions. In addition, a resistor having a positive tempera 
ture coef?cient is also utiliZed to compensate variation of the 
bias current caused by the unsteady temperature. At the same 
time, the claimed ring oscillator utiliZes the bias current and 
current mirror connections to provide each delay cell With a 
desired reference current. Therefore, the reference current is 
not affected even though transistor characteristics of any 
MOS transistor Within the claimed ring oscillator are 
unsteady. To sum up, the claimed ring oscillator is capable 
of outputting a stable clock signal. 

[0047] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device may be 
made While retaining the teachings of the invention. Accord 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 

1. A bias circuit of a ring oscillator for driving the ring 
oscillator to output a clock signal With a predetermined 
period, the ring oscillator comprising a plurality of delay 
cells, each tWo adjacent delay cells being cascaded in series 
With an output port of a leading delay cell and an input port 
of a folloWing delay cell being connected, an input pot of a 
?rst delay cell Within the delay cells being electrically 
connected to an output port of a last delay cell Within the 
delay cells, each delay cell comprising: 

a ?rst driving transistor for outputting a ?rst bias current 
to drive a voltage at an output port of the delay cell to 
correspond to a ?rst logic level; 

a second driving transistor for outputting a second bias 
current to drive the voltage at the output port of the 
delay cell to correspond to a second logic level; and 

a sWitch circuit electrically connected to the ?rst driving 
transistor and the second driving transistor for deciding 
the output port of the delay cell is electrically con 
nected to either the ?rst driving transistor or the second 
driving transistor according to a voltage at an input port 
of the delay cell; 

the bias circuit comprising: 

at least a ?rst loading unit comprising at least a p-n 
junction; 

at least a second loading unit comprising at least a p-n 
junction, an area of the p-n junction of the second 
loading unit being not equal to an area of the p-n 
junction of the ?rst loading unit; and 

a ?rst reference circuit comprising: 

a ?rst current mirror circuit electrically connected to 
the p-n junction of the ?rst loading unit; and 
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a second current mirror circuit symmetric to the ?rst 
current mirror circuit, the second current mirror 
circuit being electrically connected to the ?rst cur 
rent mirror circuit for establishing a current mirror 
connection used to make the ?rst current mirror 
circuit and the second current mirror circuit respec 
tively transmit currents With an identical current 
value to drive the corresponding ?rst loading unit 
and the second loading unit; 

at least a resistor electrically connected betWeen the p-n 
junction of the second loading unit and the second 
current mirror circuit; and 

a second reference circuit electrically connected to the 
?rst reference circuit for establishing a current mirror 
connection used to make a current transmitted by the 
second reference circuit from the currents transmit 
ted by the ?rst current mirror circuit and the second 
current mirror circuit correspond to a ?rst predeter 
mined ratio; 

Wherein the ?rst reference circuit is electrically connected 
to the ?rst driving transistor of each delay cell for 
establishing a current mirror used to make the ?rst bias 
current and the currents transmitted by the ?rst current 
mirror circuit and the second current mirror circuit 
correspond to a second predetermined ratio, and the 
second reference circuit is electrically connected to the 
second driving transistor of each delay cell for estab 
lishing a current mirror used to make the second bias 
current and the currents transmitted by the ?rst current 
mirror circuit and the second current mirror circuit 
correspond to a third predetermined ratio. 

2. The bias circuit of claim 1 Wherein the area of the p-n 
junction of the second loading unit is greater than the area 
of the p-n junction of the ?rst loading unit. 

3. The bias circuit of claim 1 Wherein a resistance of the 
resistor increases When temperature of the resistor increases. 

4. The bias circuit of claim 1 Wherein a resistance of the 
resistor decreases When temperature of the resistor 
increases. 

5. The bias circuit of claim 1 Wherein the ?rst loading unit 
is a diode. 

6. The bias circuit of claim 1 Wherein the second loading 
unit is a diode. 

7. The bias circuit of claim 1 Wherein the ?rst loading unit 
is a bipolar junction transistor (BJT). 

8. The bias circuit of claim 7 Wherein the BJT is a p-n-p 
BJT, a collector of the B] T is electrically connected to a base 
of the BJT, and an emitter of the BJT is electrically con 
nected to the ?rst current mirror circuit. 

9. The bias circuit of claim 7 Wherein the BJT is an n-p-n 
BJT, and a collector of the BJT is electrically connected to 
a base of the BJT and the ?rst current mirror circuit. 

10. The bias circuit of claim 1 Wherein the second loading 
unit is a bipolar junction transistor (BJT). 

11. The bias circuit of claim 10 Wherein the BJT is a p-n-p 
BJT, a collector of the B] T is electrically connected to a base 
of the BUT, and an emitter of the BJT is electrically 
connected to the resistor. 

12. The bias circuit of claim 10 Wherein the BJT is an 
n-p-n BJT, and a collector of the BJT is electrically con 
nected to a base of the BJT and the resistor. 

13. The bias circuit of claim 1 Wherein each of the ?rst 
current mirror circuit and the second current mirror circuit 
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comprises at least a p-channel metal oxide semiconductor 
(PMOS) transistor and at least an n-channel metal oxide 
semiconductor (NMOS) transistor. 

14. The bias circuit of claim 13 Wherein a gate of the 
NMOS transistor of the ?rst current mirror circuit is elec 
trically connected to a gate of the NMOS transistor of the 
second current mirror circuit, and a drain of the NMOS 
transistor of the ?rst current mirror circuit is electrically 
connected to the gate of the NMOS transistor of the ?rst 
current mirror circuit. 

15. The bias circuit of claim 13 Wherein a gate of the 
PMOS transistor of the ?rst current mirror circuit is elec 
trically connected to a gate of the PMOS transistor of the 
second current mirror circuit, and a drain of the PMOS 
transistor of the second current mirror circuit is electrically 
connected to the gate of the PMOS transistor of the ?rst 
current mirror circuit. 

16. The bias circuit of claim 15 Wherein the ?rst driving 
transistor of each delay cell is a PMOS transistor, and a gate 
of the PMOS transistor in each delay cell is electrically 
connected to the gate of the PMOS transistor of the second 
current mirror circuit. 

17. The bias circuit of claim 13 Wherein the second 
reference circuit comprises at least a PMOS transistor and at 
least an NMOS transistor, and a gate of the PMOS transistor 
of the second reference circuit is electrically connected to 
the gate of the PMOS transistor of the second current mirror 
circuit. 
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18. The bias circuit of claim 17 Wherein a gate of the 
NMOS transistor of the second reference circuit is electri 
cally connected to a drain of the NMOS transistor of the 
second reference circuit. 

19. The bias circuit of claim 18 Wherein the second 
driving unit of each delay cell is a NMOS transistor, and a 
gate of the NMOS transistor in each delay cell is electrically 
connected to the gate of the NMOS transistor of the second 
reference circuit. 

20. The bias circuit of claim 17 Wherein the PMOS 
transistor and the NMOS transistor Within each of the ?rst 
reference circuit and the second reference circuit, and the 
?rst driving transistor and the second driving transistor 
Within each delay cell individually operate in a saturation 
region. 

21. The bias circuit of claim 1 Wherein the ?rst reference 
circuit is electrically connected to a ?rst voltage level, an 
n-type terminal of the p-n junction Within each of the ?rst 
loading unit and the second loading unit is electrically 
connected to a second voltage level, and the ?rst voltage 
level is greater than the second voltage level. 

22. The bias circuit of claim 1 Wherein the ?rst reference 
circuit is electrically connected to a ?rst voltage level, a 
p-type terminal of the p-n junction Within each of the ?rst 
loading unit and the second loading unit is electrically 
connected to a second voltage level, and the ?rst voltage 
level is less than the second voltage level. 

* * * * * 


