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57 ABSTRACT 

A phase-locked loop design is provide that can operate at a 
plurality of dissimilar Supply Voltages. By adjusting the 
frequency range of a PLL based on the power Supply 
voltage, the same PLL design can operate at different Supply 
Voltages. 

4 Claims, 7 Drawing Sheets 
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SUPPLY VOLTAGE TOLERANT PHASE 
LOCKED LOOP CIRCUIT 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates to integrated circuit devices, 
and more particularly to a phase-locked loop integrated 
circuit. 

BACKGROUND OF THE INVENTION 

Until recently, most of the integrated circuits were 
designed to operate with a single 5 V power Supply Voltage. 
But with the advent of portable PCs and energy efficient 
“green’ PCs, many integrated circuits now have to be able 
to operate at both 3.3 V and 5 V. It is usually not a problem 
for digital circuits as long as the circuits can operate at the 
required clock frequency at 3.3 V. But for analog circuits, 
operating at a different Supply Voltage can be a complicated 
issue, especially for the analog phase-locked loops (PLL). 
For example, the frequency range of a PLL usually has a 
Strong dependency on the power Supply Voltage. FIG. 1 
shows a typical PLL circuit known in the art. As shown in 
FIG. 2A-2B, a PLL designed for 3.3 V operation can be too 
fast for 5 V operation, especially if variations in temperature 
and process conditions are also taken into account. 
Similarly, a PLL designed to operate at 5 V can be too slow 
if operated at 3.3 V. 

It is an object of the present invention to provide a method 
for adjusting the frequency range of a PLL based on Supply 
Voltage So that the same PLL design can operate at different 
Supply Voltages. 

It is yet another object of the present invention to provide 
PLL that can operate at both 3.3 V and 5 V. 

SUMMARY OF THE INVENTION 

A phase-locked loop design is provided that can operate 
at a plurality of dissimilar Supply Voltages. By adjusting the 
frequency range of a PLL based on the power Supply 
Voltage, the Same PLL design can operate at different Supply 
Voltages. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a traditional phase-locked loop circuit 
FIGS. 2A and 2B graphically depicts problems encoun 

tered when PLL Supply Voltage changes. 
FIG. 3 is a block diagram of an improved phase-locked 

loop. 
FIG. 4 is a Schematic of a Supply Voltage detector circuit. 
FIG. 5 is a detailed block diagram of an improved 

phase-locked loop. 
FIG. 6 is a Schematic for changing the reference Voltage/ 

current of a PLL using a Voltage to current converter. 
FIG. 7 is a Schematic for changing the reference Voltage/ 

current of a PLL using a Voltage to current converter, and 
including Supply Voltage detection circuitry. 

FIG. 8 is a Schematic for changing the reference Voltage/ 
current of a PLL using a linear current Source, and including 
Supply Voltage detection circuitry. 

FIG. 9 is a Schematic for changing the reference Voltage/ 
current of a PLL using a linear current Source. 
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2 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 

FIG. 3 shows how to adjust the frequency range of a PLL 
based on Supply Voltage. First, the power Supply Voltage 
level is detected by detector 12. The detector output 13 is 
coupled to the PLL 14. Supply voltage detector 12 operates 
by comparing the Supply Voltage VDD with a reference 
voltage VREF which is independent of the Supply voltage. 
The reference voltage VREF can come from an external 
Voltage regulator or be generated on-chip by a bandgap 
reference voltage source. Since the reference voltage VREF 
will generally be lower than the Supply voltage VDD, the 
reference Voltage cannot be compared directly with the 
Supply Voltage. Rather, the Supply Voltage is Scaled and 
compared with the reference Voltage. There are many pos 
Sible ways to Scale down the Supply Voltage. One way is to 
use a voltage divider as shown in FIG. 4. If all that is needed 
is to operate the PLL at 3.3 V and 5 V, a divide-by-two 
Voltage divider R1/R2 is used to Scale the Supply Voltage 
VDD from 3.3 V to 1.65 V and from 5 V to 2.5 V. For an 
equal margin on both Sides, a 2.075 V reference Voltage 
VREF is used to detect the supply voltage. 
Once the Supply Voltage level is detected, the next Step is 

to find a way to adjust the PLL frequency range accordingly. 
A possible Solution is to insert a frequency divider which can 
be enabled when operated at 5 V to divide down the PLL 
output frequency. FIG. 5 shows a phase-locked loop 14 
comprising a phase detector 18, charge pump 20, low pass 
filter 22 and VCO/ICO 24. However, as also shown in FIG. 
5, the PLL has been modified to include a frequency divider 
26 between the VCO/ICO 24 and the phase detector 18. The 
output 27 from the frequency divider 26 is selected by the 
multiplexer 28 if a 5 V supply voltage is detected, as 
indicated by control line 13 (which may be generated by the 
circuit shown in FIG. 4). 

However, there are a few drawbacks associated with this 
approach. First of all, the frequency divider 26 requires extra 
Silicon area and consumes extra power at relatively high 
frequency. Secondly, if a non-integer divider is required, it 
could be difficult to implement. An easier way to adjust the 
PLL frequency range is to adjust the reference Voltage or 
current 40 that goes into the PLL. Most of the VCO 
(Voltage-Controlled Oscillator) or ICO (Current-Controlled 
Oscillator) based PLLs have either an external voltage or 
current Source that determines the PLL's center operating 
frequency, one Such oscillator being described in U.S. Pat. 
No. 5,302,920 entitled “Controllable Multi-Phase Ring 
Oscillators with Variable Current Sources and 
Capacitances', which is hereby incorporated by reference. 
By changing the reference voltage or current 40, the PLL 
frequency range can be adjusted based on the detected 
Supply Voltage. 

FIG. 6 gives an example on how this can be done by 
adding two transistors M1 and M2, which function as a 
voltage to current (V-I) converter 34. The reference current 
going into the PLL at 40, which is the sum of current source 
output 36 and V-I converter output 38, is reduced by turning 
off the transistor M1 when a 5V power supply voltage is 
detected, as indicated by control line 13. If a 3.3 V power 
Supply Voltage is detected, transistor M1 is turned on, and 
supplies additional current to the PLL via output 38 to PLL 
input 40. 

FIG. 7 shows how to operate the PLL at both 3.3 V and 
5 V. It is even better if the frequency range could be adjusted 
linearly with the Supply voltage so that the PLL could 
operate at any Supply Voltage level. This is done by replacing 
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the comparator 16 of FIG. 4 with a differential amplifier, as 
shown at 30 in FIG. 8. The output 52 of the differential 
amplifier is proportional to the difference between the 
Supply-independent reference Voltage VREF and the Scaled 
supply voltage VDD. This output voltage 52 is then used to 
adjust the reference Voltage/current going into the PLL, 
Similar to the technique that was previously described with 
respect to FIG. 6. However, since the differential amplifier 
provides an analog output voltage (as opposed to a digital 
output from the comparator of FIG. 7), a simplified voltage 
to current converter 44 is used. 

As shown in FIG. 9, the simplified voltage to current 
converter only requires a single transistor M3, which is 
biased by the output voltage 52 from the differential ampli 
fier 30. 

The circuit of FIG. 8 thus provides a technique for 
adjusting the reference current linearly with the Supply 
Voltage, Such that the PLL can operate at a plurality of 
dissimilar Supply Voltages. 

While I have illustrated and described the preferred 
embodiments of our invention, it is to be understood that I 
do not limit myself to the precise constructions herein 
disclosed, and the right is reserved to all changes and 
modifications coming within the Scope of the invention as 
defined in the appended claims. 

I claim: 
1. A method for operating a phase-locked loop, compris 

ing the Steps of 
detecting a Supply Voltage; and 
adjusting the operating frequency of the phase-locked 

loop based upon the detected Supply voltage. 
2. A method to adjust the frequency range of a phase 

locked loop, comprising the Steps of: 
detecting a Supply Voltage; and 
enabling or disabling one or more frequency dividers in 

the PLL based upon the detected Supply Voltage. 
3. A method to adjust the frequency range of a phase 

locked loop (PLL), comprising the steps of: 
detecting a Supply Voltage; and 
adjusting a PLL reference Voltage or current based upon 

the detected Supply voltage. 
4. A phase-locked loop, comprising: 
means for detecting a Supply Voltage; and 
means for adjusting the operating frequency of the phase 

locked loop based upon the detected Supply Voltage. 
5. A System for adjusting the frequency range of a 

phase-locked loop, comprising: 
means for detecting a Supply Voltage; and 
means for Selectively enabling at least one frequency 

divider in the PLL based upon the detected supply 
Voltage. 

6. A System for adjusting the frequency range of a 
phase-locked loop (PLL), comprising: 
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4 
means for detecting a Supply Voltage; and 
means for adjusting a PLL reference Voltage or current 

based upon the detected Supply voltage. 
7. A phase-locked loop circuit powered by a Supply 

Voltage, comprising: 
at least one current Source which adjusts the reference 

operating point of an oscillator in Said phase-locked 
loop based upon the Supply voltage. 

8. A phase-locked loop circuit powered by a Supply 
Voltage, comprising: 

a phase detector operatively coupled to a charge pump; 
a filter operatively coupled to the charge pump; 
an oscillator, operatively coupled to the filter, Said oscil 

lator having a reference operating point; and 
adjusting means for dynamically adjusting the reference 

operating point based upon the Supply voltage. 
9. The circuit of claim 8 wherein the adjusting means 

comprises a plurality of current Sources. 
10. The circuit of claim 9 further comprising means for 

Selectively enabling at least one of the plurality of current 
Sources. 

11. A circuit for adjusting the reference operating point 
frequency range of a phase-locked loop, comprising: 

a differential amplifier having a reference Voltage input 
and a Scaled Supply Voltage input, Said differential 
amplifier generating an Output that is proportional to a 
difference between said reference voltage input and 
Said Scaled Supply voltage input; 

a linear current Source having at least one input coupled 
to an Said output of the Said differential amplifier, 
Said linear current Source providing a current Output 
related to Said output of Said differential amplifier; and 

a fixed current Source coupled to an output of the linear 
current Source, Said fixed current SOurce generating an 
Output and, together with Said current Output of Said 
linear current Source, being used to adjust a Signal 
applied to the phase-locked loop. 

12. A phase-locked loop circuit powered by a Supply 
Voltage, comprising: 

a phase detector operatively coupled to a charge pump; 
a filter operatively coupled to the charge pump; 
an oscillator, operatively coupled to the filter, Said oscil 

lator having a reference operating point; and 
at least one current Source which adjusts the reference 

operating point of Said oscillator based upon the Supply 
Voltage. 

13. A circuit of claim 11 wherein Said Scaled supply 
voltage input is provided using a Supply voltage and Said 
reference voltage input is provided independently of Said 
Supply voltage. 


