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(57) ABSTRACT 

A System and method for accurately measuring the duty 
cycle of an input periodic pulsed Signal. The System com 
prises a device for converting the input Signal to be mea 
Sured into a first dc voltage; a device for encoding a plurality 
of duty cycle values for Selection thereof in an iterative 
manner, one value of which represents a duty cycle of the 
input Signal; a device for iteratively generating a Second dc 
Voltage according to a difference between the duty cycle of 
the input signal to be measured and the duty cycle repre 
Sented by a current Selected encoded duty cycle value; and 
a Selection mechanism responsive to the first and Second dc 
Voltages for Selecting an encoded duty cycle value for each 
iteration. The System Selects an encoded duty cycle value in 
each Successive iteration until the first and Second dc Volt 
ages match. At Such time, the current Selected encoded duty 
cycle value represents the duty cycle of the input Voltage for 
output thereof. By representing the input Signals duty cycle 
as a dc voltage, the System may measure the input signals 
duty cycle accurately regardless of its frequency. 
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APPARATUS FOR MEASURING THE DUTY 
CYCLE OF A HIGH SPEED CLOCKING SIGNAL 

FIELD OF THE INVENTION 

0001. The present invention relates generally to digital 
circuits and, particularly, to a System and method for mea 
Suring the duty cycle of a high Speed clocking Signal. 

BACKGROUND OF THE INVENTION 

0002. In the specification of system clock signals pro 
vided for integrated circuits (ICs), the signal "jitter” is the 
most important Specification. The Second most important 
Specification of a System clock in ICS is its duty cycle. The 
high frequency of the clock signals implemented in high 
Speed circuits prohibits measurement at the pins of the 
integrated circuit (IC). To overcome this, techniques for 
measuring frequency and jitter have implemented a divided 
clock. Unfortunately, the duty cycle information gets lost 
once the clock Signal is divided down. 
0.003 Particular prior art systems for measuring the duty 
cycle of a periodic signal have been described in U.S. Pat. 
Nos. 4,475,086, issued Mar. 31, 1982, and U.S. Pat. No. 
5,367,200, issued Nov. 29, 1993. These systems rely on 
counter devices for measuring and, in the case of U.S. Pat. 
No. 4,475,086, implementing a higher frequency clock. An 
alternative technique is to measure the duty cycle at the 
wafer level which is very expensive and can only be done at 
the development cycle and not at the production level. 
0004. It would be highly desirable to provide a circuit 
that enables the measure of the duty cycle of a clock 
independent of its frequency. 
0005. It would be further highly desirable an integrated 
circuit provided with a clock measurement circuit that is 
designed for measuring and ensuring that that the duty Signal 
of a clock signal meets its specification. 

SUMMARY OF THE INVENTION 

0006. It is an object of the invention to provide a clock 
measurement circuit that provides a reliable and accurate 
means of measuring and ensuring that the clock duty cycle 
meets its specification. 
0007. It is a further object of the invention to provide a 
clock measurement circuit that provides a reliable and 
accurate means of measuring and ensuring that the clock 
duty cycle meets its specification independent of its fre 
quency. 

0008. It is another object of the invention to provide a 
clock measurement circuit that measures the clock duty 
cycle independent of its frequency, and which may be 
implemented in an IC to enable testing at the production 
level. 

0009. According to the principles of the invention, there 
is provided a System and method for accurately measuring 
the duty cycle of an input periodic pulsed signal. The System 
comprises a device for converting the input Signal to be 
measured into a first dc voltage; a device for encoding a 
plurality of duty cycle values for Selection thereof in an 
iterative manner, one value of which represents a duty cycle 
of the input signal; a device for iteratively generating a 
Second dc Voltage according to a difference between the duty 
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cycle of the input Signal to be measured and the duty cycle 
represented by a current Selected encoded duty cycle value; 
and a Selection mechanism responsive to the first and Second 
dc Voltages for Selecting an encoded duty cycle value for 
each iteration. The System Selects an encoded duty cycle 
value in each Successive iteration until the first and Second 
dc Voltages match. At Such time, the current Selected 
encoded duty cycle value represents the duty cycle of the 
input voltage for output thereof. 
0010 Advantageously, by representing the input signals 
duty cycle as a dc voltage, the System may measure the input 
Signals duty cycle accurately regardless of its frequency as 
any error associated with its frequency is eliminated. Fur 
thermore, the System may be incorporated in a phase lock 
loop (PLL) or a delay lock loop (DLL) within an IC itself, 
adding only a minor increase in Silicon real estate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 Further features, aspects and advantages of the 
apparatus and methods of the present invention will become 
better understood with regard to the following description, 
appended claims, and the accompanying drawings in which: 
0012 FIG. 1 illustrates a schematic diagram of the duty 
cycle measuring circuit 10 according to the invention. 
0013 FIG. 2 illustrates an example encoding table 100 
representing the SAR bit assignments corresponding to the 
Signals of various duty cycles and corresponding DAC 
output voltages. 

0014 FIGS. 3(a)-3(c) represent various timing features 
of the duty cycle measuring circuit 10 according to an 
example implementation. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0015 This present invention utilizes the successive 
approximation technique for determining the duty cycle of a 
high Speed clock Signal, which is in the form of an encoded 
digital representation FIG. 1 illustrates the duty cycle mea 
Suring circuit 10 of the invention which includes a precise 
and programmable duty cycle adjuster 25, a Low Pass Filter 
(LPF1) device 30 which converts the incoming signal's duty 
cycle into a DC analog Voltage; a tri-statable analog com 
parator device (COMP) 35 which is used to compare the 
analog Voltage output from with LPF1 and the analog 
voltage output of a second low pass filter LPF240 when the 
comparator device 35 is enabled or not tri-Stated; and, an 
n-bit Successive Approximation Register SAR 50 which 
Stores the encoded value of the Signals output duty cycle. 
The output of the Successive Approximation Register or 
SAR 50 provides the digital representation 55 of the duty 
cycle of the Signal under test, which is additionally input to 
a Digital to Analog Converter (DAC) device 60 which 
converts the digital contents of the SAR into an analog 
voltage. The number of bits out of the SAR matches the 
number of bits representing the accuracy of the DAC. 
Hence, for improved accuracy, the number of bits of the 
SAR and DAC may be increased as the technology warrants. 
A Lock Detector circuit 75 is also provided which acquires 
a lock generated in duty cycle adjuster 25 and generates an 
enable signal 38 for activating (or tri-stating) the comparator 
35. 

0016. The programmable duty cycle adjuster circuit 25 
utilizes a novel Voltage Controlled Duty Cycle Generator 
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(VCDCG) 29 the operation of which is described in com 
monly-owned, copending U.S. patent application Ser. No. 

(RAL8-02000-0008) entitled “A Precise and Pro 
grammable Duty Cycle Adjuster'. As described therein, the 
Precise and Programmable Duty Cycle Adjuster 25 includes 
an Operational Transconductance Amplifier (OTA) 23 used 
to compare the analog Voltage 26 output from LPF2 repre 
Senting the desired duty cycle with an analog feedback 
voltage 66 output from the DAC 60. The OTA 23 particu 
larly generates a current that is proportional to the difference 
of its input voltages. If the two Voltages are equal, then no 
current will charge or discharge the capacitor C1 leading to 
a DC voltage at VCONT that forces the waveform output of 
the VCDCG 29 to be equal to the duty cycle of the signal 
output 80 as programmed by the SAR. On the other hand, if 
the duty cycle of the signal 26 at the output of the LPF240 
is less than the desired duty cycle, then the output of the 
LPF240 will be smaller than the output of the DAC 60. The 
OTA will generate a current proportional to the difference 
between the output of the DAC and the output of the Low 
Pass Filter 40. The current will charge the capacitor causing 
VCONT to rise and the duty cycle at the output of the 
VCDCG 29 to increase. The mechanism is the same but in 
the other direction if the duty cycle of the VCDCG 29 is 
greater than the output 80 of the SAR. It should be under 
stood that the Voltage Controlled Duty Cycle Generator 
(VCDCG) is inverting the input signal whose duty cycle is 
to be measured. If a non-inverting Signal is desired, the 
output of the DAC 60 and the output of the LPF240 may be 
swapped going into the OTA23. With more particularity, the 
Voltage Controlled Duty Cycle Generator 29 receives an 
input clock signal 12 under test and the output of the OTA. 
The output of the VCDCG 29 is the duty cycle corrected 
clock generated by a Signal of a desired duty cycle in 
accordance with the output of the OTA (Vcont voltage). 
0017 FIG. 2 illustrates an example encoding table 100 
representing the SAR bit assignments 110 corresponding to 
the Signals of various duty cycles 120 and corresponding 
DAC output voltages. In the example System described 
herein, 4-bits of accuracy is assumed as is a voltage Supply 
of 1.8 Volts DC assumed. The operation of the duty cycle 
measuring circuit of the invention is commenced by Setting 
the output of the SAR register 50 to a digital code 102 
representing an initial 50/50 duty cycle 104. This SAR 
Setting and corresponding DAC output Voltage 66 will 
initially reset the Lock Detector circuit 75 to “Zero” for 
disabling the COMP35. This setting constitutes the start of 
the first cycle of the Successive Approximation Technique of 
the invention. Typically, this technique requires at least the 
Same number of cycles as the accuracy of its DAC. For 
example, a four-bit DAC 60 will enable the technique to 
reach a Solution in four (4) cycles. Following the example in 
Table 1, the starting digital code would be “1000” which 
causes the DAC 60 to output a voltage equal to half of the 
power Supply. Thus, from the table of FIG. 2, for the initial 
SAR setting 102 of 50/50 duty cycle and given a power 
supply voltage of 1.8V, the voltage representing the 50/50 
duty cycle is (1.8)/2 or 0.9V. 
0018) As mentioned in view of FIG. 1, the output 66 of 
the DAC 60 is connected to one of the inputs of the 
Operational Transconductance Amplifier or OTA 23 pro 
Vided in the programmable duty cycle adjuster circuit 25. 
The OTA 23 additionally receives as input the output 26 of 
a Low Pass Filter 2 or LPF240 whose voltage is a repre 
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sentation of the duty cycle out of the Voltage Controlled 
Duty Cycle Generator or VCDCG 29. The OTA 23 outputs 
a current proportional to the difference in Voltage of its two 
inputs. If the voltage at the output 66 of the DAC 60 is 
higher than the voltage 26 output of the LPF240, the IOTA 
23 will charge the capacitor C1, thus raising the Voltage at 
the output of the OTA 23 and at the V input pin of the 
VCDCG 29. This, in turn, will force the duty cycle at the 
output of the VCDCG 29 and the output of the LPF240 to 
move closer to the duty cycle depicted by the DAC 60. 
Eventually, after the lock time of Loop 1, the output 26 of 
the LPF240 will match the output of the DAC 60 and cause 
the Lock Detector to go to a “one” which enables the COMP 
35. The two inputs of the COMP are the output 26 of 
LPF240 and the output 36 of LPF130 which represents the 
duty cycle of the input signal 12 whose duty cycle is being 
measured. 

0019 FIGS. 3(a)-3(c) represent various timing features 
of the duty cycle measuring circuit 10 according to an 
example implementation having an example Signal under 
test with a duty cycle of 45/55. In the example implemen 
tation of FIG.3(a), in a first cycle of operation, the output 
66 of the DAC is 0.9 volts corresponding to an initial SAR 
register setting of “1000” as mentioned above. According to 
the example and, in further view of the table 100 of FIG.2. 
the example signal under test having with a duty cycle of 
45/55 will generate an output voltage 36 at the LPF130 of 
0.45x1.8V or 0.81 V. Since the output of LPF1 is lower than 
the output of LPF2, then 50/50 is larger than the duty cycle 
of the signal under test. In response, the COMP 35 will 
output a “Zero’39 forcing the most significant bit of the SAR 
50 to change and latch a “Zero”. At the same time, the second 
most significant bit gets set to a “one' or “0100'. In view of 
table 100 of FIG. 2, the output of the DAC 60 will now be 
at a value of 0.828V half way between 0.9V and the 
minimum Voltage value of the DAC. The change in input to 
the DAC 60 causes a change at the input of the OTA and the 
input 66 to the Lock Detector, causing the Lock Detector to 
output a “Zero” disabling the COMP. FIG. 3(b) illustrates 
the setting of the lock signal 38 to a zero which marks the 
beginning of Cycle 2 of the Successive Approximation 
technique. 
0020. As described earlier, after the lock time of Loop 1, 
the output of LPF2 will match the output 66 of the DAC 
thus, forcing the Lock Detector to go to a “one' enabling the 
COMP35 and evaluating its input. Since the output voltage 
36 of LPF1 is still lower than the output 26 of LPF2, the 
COMP will go to “Zero” changing and latching the second 
most significant bit to “Zero”. At the same time, the third 
most significant bit will go to “1” resulting in an SAR digital 
code word of “00010”. The DAC 60, for the third time will 
change its output value to 4 of the value between 0.9V and 
the minimum value of the DAC, or 0.792V. The Lock 
Detector output 38 will go to “Zero” in the third cycle thus 
disabling the COMP35. Again, after the lock time of Loop 
1, the output of LPF240 will reach the same voltage as the 
output of the DAC forcing the Lock Detector to go to “one” 
and thus enabling the COMP. Now the output of LPF2 is 
lower than LPF1, the COMP will output a “one” thus 
keeping and latching the “one' as the third most significant 
bit. At the same time, the least significant bit (LSB) shifts to 
“one” resulting in an SAR code of "0011” which corre 
sponds to a DAC output of 0.81V. This new value results in 
the output 26 of LPF240 to be equal to the output 36 LPF1 
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in the fourth cycle, and the LSB will stay at a “one” 
indicating that the duty cycle of the Signal under test is 
45/55. The resulting digital output code of “0011” may then 
be read out by any digital testing device, either in parallel or, 
shifted out Serially at a Single IC output pin/wire. 
0021. The result will have an accuracy of +/-/3 lsb, and 
therefore, the accuracy of the DAC and the range of mea 
Sured duty cycle determine the accuracy of the result. In the 
example described, each digital code represents 1% of duty 
cycle. With only 4-bits, the maximum duty cycles that can 
be measured will be limited to 57/43 and 42/58, respectively. 
The design of the VCDCG 29 has certain operational 
frequency limits to provide the desired noise immunity and 
hence, it is important to know the relative frequency range. 
The slope of the curve of duty cycle versus VCONT is 
affected by the number of stages of the VCDCG 29 which 
is, in turn, a function of the expected frequency range. A 
commonly-owned disclosure entitled “Enhanced Opera 
tional Frequency for a precise and programmable Duty 
Cycle Generator'IBM Reference No. RAL8-2000-0029), 
describes a means to address these frequency limitations. 
0022 While the invention has been particularly shown 
and described with respect to illustrative and preformed 
embodiments thereof, it will be understood by those skilled 
in the art that the foregoing and other changes in form and 
details may be made therein without departing from the 
spirit and scope of the invention which should be limited 
only by the Scope of the appended claims. 

Having thus described our invention, what we claim as new 
and desire to secure by Letters Patent is: 
1. A System for accurately measuring the duty cycle of an 

input periodic pulsed signal comprising: 

device for converting Said input signal to be measured 
into a first dc voltage; 

device for encoding a plurality of duty cycle values for 
Selection thereof in an iterative manner, one value of 
which represents a duty cycle of Said input signal; 

device for iteratively generating a Second dc voltage 
according to a difference between the duty cycle of Said 
input Signal to be measured and the duty cycle repre 
Sented by a current Selected encoded duty cycle value; 

Selection mechanism responsive to Said first and Second 
dc Voltages for Selecting an encoded duty cycle value 
for each iteration, Said System Selecting an encoded 
duty cycle value in each Successive iteration until Said 
first and Second dc voltages are matching, wherein Said 
Selected encoded duty cycle value at that iteration 
represents the duty cycle of Said input Voltage for 
output thereof. 

2. The System according to claim 1, further comprising a 
device for generating a reference dc voltage having a value 
according to a Selected duty cycle value in each iteration, 
Said device for iteratively generating a Second dc voltage 
comprising: 

Voltage controlled duty cycle generator System for receiv 
ing Said input Signal to be measured and converting 
Said input signal into a periodic Signal having a duty 
cycle in accordance with Said reference dc voltage 
value for each iteration; and, 

Jul. 25, 2002 

device for converting Said generated periodic signal into 
Said Second dc Voltage for each iteration. 

3. The System according to claim 2, wherein Said Selection 
mechanism comprises a device for comparing Said first dc 
Voltage and Second dc voltage at each iteration and gener 
ating an output voltage in accordance with Said difference, 
Said output voltage for Selecting a further encoded duty 
cycle value for a next Successive iteration. 

4. The System according to claim 3, wherein Said Voltage 
controlled duty cycle generator System is a closed loop 
System, operating for a lock time period defined as a time 
interval for Said generated Second dc voltage to match Said 
current reference dc Voltage in each iteration. 

5. The system according to claim 3, wherein said further 
comprising a locking device for preventing Said comparing 
of Said first dc and Second dc voltages during Said lock time 
period, and enabling Said comparing at each iteration when 
Said generated Second dc voltage matches Said current 
reference dc voltage. 

6. The System according to claim 4, wherein Said encod 
ing device comprises an n-bit Successive approximation 
register for digitally encoding Said duty cycle values. 

7. The System according to claim 6, wherein Said output 
comprises a digitally encoded word capable of being read 
out one in parallel or shifted out Serially to a common output 
pin. 

8. The System according to claim 6, wherein Said device 
for generating a reference de Voltage includes an n-bit digital 
to analog converter (DAC) device, said System capable of 
generating an output Signal in a number of iterations as 
determined by an accuracy of Said DAC. 

9. The System according to claim 4, wherein Said device 
for converting Said input signal to be measured into a first dc 
Voltage comprises a low pass filter device. 

10. A method for accurately measuring the duty cycle of 
an input periodic pulsed signal comprising the Steps of: 

a) converting said input signal to be measured into a first 
dc Voltage: 

b) selecting one duty cycle value of a plurality of encoded 
duty cycle values, one encoded value of Said plurality 
representing a duty cycle of Said input Signal; 

c) generating a second dc voltage according to a differ 
ence between the duty cycle of Said input signal to be 
measured and the duty cycle represented by a current 
Selected encoded duty cycle value; 

d) enabling a comparison of Said generated first dc and 
Second dc voltages, and 

e) repeating steps b) through d) until said first and Second 
dc Voltages are matching, wherein Said Selected 
encoded duty cycle value at that iteration represents the 
duty cycle of Said input voltage for Output thereof. 

11. The method according to claim 10, wherein after said 
Selecting step b), the step of generating a reference dc 
Voltage having a value according to a Selected duty cycle 
value in each iteration. 

12. The method according to claim 11, wherein Said 
generating step c) comprises the steps of converting said 
input Signal to be measured into a periodic signal having a 
duty cycle in accordance with Said reference dc voltage 
value for each iteration; and, converting Said generated 
periodic Signal into Said Second dc Voltage for each iteration. 
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13. The method according to claim 12, wherein said 
Selecting step b) comprises the Step of generating an output 
Voltage in accordance with a difference between Said first dc 
Voltage and Second dc voltage at each iteration, and, utiliz 
ing Said output Voltage for Selecting a further encoded duty 
cycle value for a next Successive iteration. 

14. The method according to claim 12, wherein Said Step 
of converting Said generated periodic Signal into a Second dc 
Voltage occurs for a lock time period defined as a time 
interval for Said generated Second dc Voltage to match said 
current reference dc voltage in each iteration. 

15. The method according to claim 14, further comprising 
the Step of preventing Said comparison of Said first dc and 
Second dc voltages during Said lock time period, and 
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enabling Said comparison at each iteration when Said gen 
erated Second dc voltage matches Said current reference dc 
Voltage. 

16. The method according to claim 13, wherein Said Step 
b) of Selecting one duty cycle value of a plurality of encoded 
duty cycle values further includes inputting Said output 
Voltage into an encoding device comprising an n-bit Suc 
cessive approximation register for digitally encoding Said 
duty cycle Values, Said output Voltage enabling Selection of 
a different duty cycle value in each iteration. 

17. The method according to claim 16, wherein said 
output comprises a digitally encoded word capable of being 
read out one in parallel or shifted out Serially to a common 
output pin. 


