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TECHNIQUE FOR EFFICIENTLY 
MANAGING BOTH SHORT-TERM AND 

LONG-TERM FREQUENCY ADJUSTMENTS 
OF AN ELECTRONIC CIRCUIT CLOCK 

SIGNAL 

BACKGROUND 

[0001] 1. Field of the Invention 
[0002] The present application relates generally to elec 
tronic circuits and more particularly, the present application 
relates to techniques for providing both short-term and long 
term adjustments to the operating frequency of a clock circuit 
used to clock an electronic circuit device such as an integrated 
circuit device. 
[0003] 2. Description of the Related Art 
[0004] Given a system that uses a clock signal for timing (as 
a digital circuit, for example), an ability to adjust that clock 
signals’ frequency is desirable in order to compensate for 
various effects (for example, voltage and temperature varia 
tions, or aging) or to optimiZe some measure of performance 
(for example, maximiZe frequency of operation, minimize 
poWer of operation). The environment in?uences What fre 
quencies are acceptable to the circuit both in the short term 
(feW clock cycles, feW tens of clock cycles) and in the long 
term (hundreds/thousands of clock cycles). For example, 
noise in the poWer supply of a CMOS digital circuit Will have 
a short term effect, While temperature variations of the same 
circuit Will have a long term effect. 
[0005] It Would thus be desirable to provide a clocking 
mechanism that is suitable for accommodating a Widely 
diverse operation environment With its associated unique 
clocking requirements. 

SUMMARY 

[0006] Provided by the folloWing description is a control 
system for generating an electronic circuit clock signal that 
can optimiZe operating frequency margins. This control sys 
tem has the ?exibility to respond to short term effects by 
quickly varying the clock frequency, as Well as long term 
effects by ?nding an optimal frequency point. Together With 
the clocked system, there is a sensor capable of indicating the 
frequency margins associated With safe use of the clock sig 
nal. These frequency margins are input into a short-term 
frequency compensator and used to determine Whether the 
system is operating Within acceptable margins, or alterna 
tively to modify the operating clock frequency on a short 
term basis in order to achieve acceptable operating margins. 
The requests for frequency adjustment by the short-term fre 
quency compensator are provided to a variable frequency 
?lter, Which combines such request With a maintained/accu 
mulated history of previous short-term frequency requests 
that have previously been made in order to determine Whether 
an update needs to be made to the target frequency to provide 
long-term frequency control. The result of such long-term 
adjustment is to move the overall operating frequency to a 
point such that the DC value of the short term requests 
becomes Zero. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The novel features believed characteristic of the 
illustrative embodiments are set forth in the appended claims. 
The illustrative embodiments themselves, hoWever, as Well as 
a preferred mode of use, further objectives and advantages 
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thereof, Will best be understood by reference to the folloWing 
detailed description of the illustrative embodiments When 
read in conjunction With the accompanying draWings, 
Wherein: 
[0008] FIG. 1 depicts a block diagram of the overall system 
in Which the mechanism for both short-term and long-term 
frequency adjustments Will operate. 
[0009] FIG. 2 shoWs a detailed diagram of the short term 
frequency compensation block/timing margin ?lter shoWn in 
FIG. 1, at element 180. 
[0010] FIG. 3 shoWs a detailed diagram of a short term 
frequency compensation block that includes a timing margin 
emergency path. 
[0011] FIG. 4 shoWs a detailed diagram of the variable 
frequency ?lter shoWn in FIG. 1, at element 185. 
[0012] FIG. 5 shoWs a detailed diagram a variable fre 
quency ?lter that includes saturation logic. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0013] A control system is provided for generating an elec 
tronic circuit clock signal that optimiZes operating frequency 
margins. This control system has the ?exibility to respond to 
short term effects by quickly varying the clock frequency, as 
Well as long term effects by ?nding an optimal frequency 
point. Together With the clocked system, there is a sensor 
capable of indicating the frequency margins associated With 
safe use of the clock signal. These frequency margins are 
input into a short-term frequency compensator and used to 
determine Whether the system is operating Within acceptable 
margins, or alternatively to modify the operating clock fre 
quency on a short-term basis in order to achieve acceptable 
operating margins. The requests for frequency adjustment by 
the short-term frequency compensator are provided to a vari 
able frequency ?lter, Which combines such request With a 
maintained/ accumulated history of previous short-term fre 
quency requests that have previously been made in order to 
determine Whether an update needs to be made to the target 
frequency to provide long-term frequency control. 
[0014] The system has the folloWing components: 
[0015] a digital clocked circuit (for Which a clock signal is 
generated for) 
[0016] a timing margin monitor: a device that monitors 
timing margins (ideally Worst-case) of the clocked circuit and 
provides feedback as to Whether the current timing margin is 
above or beloW a margin threshold 
[0017] a short and long-term controllable frequency syn 
thesiZer: a synthesiZer that responds to 2 classes of frequency 
control, namely, a target frequency Word (for long-term con 
trol) and a short term frequency change Word (for short-term 
control) 
[0018] a short term frequency compensator: a device that 
takes an input from the timing margin monitor and generates 
a short term frequency change Word 
[0019] variable frequency ?lter: device that adjusts the tar 
get frequency and is driven by input from the short term 
frequency compensator 
[0020] In operation, the system stably maintains the syn 
thesiZer at a target timing margin operating point, adjusting 
output cycle times using its short- and long-term control 
mechanisms as needed to achieve this end. One Way to ana 
lyZe the behavior of the mechanism for short- and long-term 
frequency adjustments as per the features provided herein is 
to consider an example of hoW the mechanism operates When 
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input is received from the timing margin monitor. In this 
depicted example, the currently detected timing margin has 
just crossed below a minimum acceptable threshold. The 
mechanism operates as follows: 
1. The timing margin monitor indicates margin is too loW. 
2. The short-term frequency compensator requests a decrease 
in frequency Which is executed by the DCO; these requests 
continue until the timing margin fault condition is corrected. 
3. The request for a decrease in frequency is also provided to 
the variable frequency ?lter, Which combines this request 
With an accumulated history regarding previous short-term 
frequency change requests and determines Whether an update 
to the target (long-term) frequency is made. 
4. The action of the main frequency loop in the short- and 
long-term controllable frequency synthesiZer restores the 
operating frequency to the current target (original or 
updated); the time constant associated With this action is 
signi?cantly longer than that of the response to the short-term 
frequency. 
[0021] In general, the mechanism operates by handling 
short term requests immediately via the short-term frequency 
compensator, While long-term updates to the target frequency 
are handled by the variable frequency ?lter’s processing of 
the stream of incoming short-term requests. The long-term 
behavior of the system Will act to move the frequency to a 
point such that the DC value of the short term requests is 0. 
[0022] FIG. 1 shoWs a block diagram 100 of the overall 
system in Which the mechanism for both short-term and long 
term frequency adjustments Will operate. The core of the 
structure is a digital phase locked loop (DPLL) as realiZed by 
the phase frequency detector/loop ?lter (PFD/LF) 110, fre 
quency sigma-delta 120, digitally controlled oscillator 
(DCO) 130, and Div-N feedback divider 140. A digitally 
controlled oscillator is preferably employed, since multiple 
control inputs can be added as simple digital circuits to imple 
ment the various control inputs required by this scheme. The 
base operation of these components of the loop is to synthe 
siZe an output (clock) frequency 150 that is N times the 
frequency of the input reference clock 160. Feedback signals 
in this case are generated by comparing the phase of the 
reference clock With that of the feedback clock by the phase 
frequency detector/loop ?lter (PFD/LF) 110. The results of 
these comparisons (carried out in the phase and frequency 
detector), are processed by the loop ?lter, creating a digital 
Word at 170 intended to set the frequency of the DCO. 
Because realiZing a DCO With su?icient control bits for direct 
application of the full control Word is impractical, the least 
signi?cant bits of the control Word are applied as dither sig 
nals encoded by a sigma-delta modulator 120. 
[0023] The additional components shoWn in FIG. 1, such as 
the short term frequency compensator 180, variable fre 
quency ?lter 185, and the variable frequency sigma delta 
blocks 190, enable the augmentation of the DPLL to create 
the mechanism for both short- and long-term frequency 
adjustments. The short-term frequency compensator 180 
takes input directly from the timing margin monitor at 195 
and produces output that is directly applied to control the 
DCO 130. In addition, the short term frequency output is 
provided to the variable frequency ?lter 185, Which processes 
this data in conjunction With feedback clock frequency from 
the Div-N feedback divider 140 to determine Whether an 
update in target (long-term) frequency is Warranted. If so, this 
update is realiZed by changing the divider control setting in 
the variable frequency sigma delta modulator in order to 
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update the target frequency by sending a target frequency 
control Word using control path 175 to change the divider 
control setting in order to effectuate a change in the divide 
by-N divider circuit 140 such that the feedback loop provided 
at the input of the PFD/Loop Filter 110 adjusts the clock 
frequency on a more long term basis using this traditional 
DPLL feedback path. 
[0024] FIG. 2 shoWs a detailed diagram at 200 of the short 
term frequency compensation block 180 of FIG. 1. The nor 
mal priority timing margin monitor input at 210 is processed 
using a proportional/integral ?lter 220, With the resulting 
processed output applied to the DCO at 230 (by Way of 
binary-to-thermometer block 240). Normal priority controls 
are provided to the variable frequency ?lter. The purpose of 
this is to enable the overall system to maintain the accumu 
lator 270 in the short term frequency compensation block in a 
state such that it does not saturate either full or empty. The 
average value of the accumulator 270 is used in the variable 
frequency ?lter to create a neW target frequency. Because this 
neW target frequency is closer to What the timing margin 
monitor is requesting in average, the average value of the 
timing margin monitor Will be reduced, and the accumulator 
value inside the timing margin ?lter 200 Will be driven doWn 
to Zero. 

[0025] The frequency ?lter 220 has tWo parameters, an 
integration constant Ki and a proportional constant Kp. The 
integration constant determines hoW fast Will the frequency 
?lter reach equilibrium (that is, When the output frequency is 
such that the average value of the timing margin monitor is 
Zero, and the accumulator of the timing margin ?lter has been 
driven to Zero). The proportional constant acts as a damping 
factor to prevent the closed loop ?lter from bouncing around 
the equilibrium condition. The value of the accumulator of the 
timing margin ?lter 220 is applied to the DCO, either directly 
or through some suitable encoding. A binary-to-thermometer 
encoder 240 can be used to apply a control signal to the DCO 
in a timing insensitive Way. Other encodings are also possible. 
The value of the timing margin compensation accumulator is 
compared With a target value (for example, Zero) at sign block 
250, and the difference is used to drive the frequency ?lter at 
260. When the loop is closed through the frequency ?lter 185 
(FIG. 1), DCO 130 (FIG. 1), timing margin circuit (not 
shoWn), timing margin compensation ?lter 200, back to the 
frequency ?lter 185, the timing margin compensation accu 
mulator is forced to be equal to the target frequency in steady 
state. Taking the sign of the accumulator (by sign block 250) 
as the input to the frequency ?lter 185 (FIG. 1) forces the 
value of the accumulator to Zero in steady state. 

[0026] FIG. 3 shoWs a diagram at 300 of the short term 
frequency compensation block With optional emergency tim 
ing margin path added to the circuit 200 previously described 
in FIG. 2. Note that in this case, tWo possible types of timing 
margin monitor input are provided, namely, the normal pri 
ority input 310 as in FIG. 2 as Well as emergency input 330. 
The emergency input 330 is not passed through a ?lter 320 
before it is applied to the DCO at 340 (by Way of binary-to 
therrnometer block 350), thus minimiZing overall synthesiZer 
response time. As in FIG. 2, the normal priority timing margin 
monitor input 310 is processed using a proportional/integral 
?lter 320, With the resulting processed output applied to the 
DCO at 340 (by Way of binary-to-thermometer block 350). 
Thus, both emergency controls 330 (for short-term frequency 
adjustment) as Well as processed normal priority controls 310 
(for long-term frequency adjustment) are provided to the 
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variable frequency ?lter 300. Again, the purpose of this con 
nection is to enable the overall system to maintain the accu 
mulator in the short term frequency compensation block in a 
state such that it does not saturate either full or emptyiie. it 
tracks the average long-term frequency operating point. 
[0027] FIG. 4 shoWs a diagram of the variable frequency 
?lter at 400, such as variable frequency ?lter element 185 of 
FIG. 1. The ?ltered timing margin monitor data provided at 
410 by the short term frequency compensation block (ele 
ment 180 of FIG. 1) is in turn ?ltered in the variable frequency 
?lter 400. The data latches 440 are clocked by a clock signal 
(not shoWn) from the Div-N block 140 (FIG. 1). The output of 
the frequency ?lter is provided at 420 to the sigma-delta 
variable frequency divider (element 190 of FIG. 1) to set the 
divide ratio (and hence the frequency target) for the DPLL. 
Because the short term information from the short term fre 
quency compensation block is integrated in a closed loop at 
430, this device Will force the frequency output of the DCO 
130 (as depicted in FIG. 1) to a value that drives the input from 
the short term frequency compensationblock to Zero. This has 
the desired effect of centering the accumulator output of the 
short term frequency compensation block Within its overall 
range, restoring and maintaining short term control block 
range to increase or decrease frequency as required. 

[0028] FIG. 5 shoWs a diagram at 500 of the variable fre 
quency ?lter 400 of FIG. 4 With the addition of a saturation 
logic block 530. The saturation logic block is intended to 
enforce minimum and maximum frequency control Words 
that can be applied to the divider controls. In this case, the 
variable frequency ?lter operates exactly as Was described in 
reference to FIG. 4 (With element 410 of FIG. 4 being the 
same as element 510 of FIG. 5, and likeWise for elements 420 
of FIG. 4 and 520 of FIG. 5) as long as the output frequency 
control Word at 540 is betWeen the externally supplied mini 
mum and maximum frequency limits at 550. Once either of 
those limits has been reached, hoWever, the output frequency 
control Word is held at the relevant limit. Thus, timing margin 
monitor compensation data is accumulated to compute a good 
multiplication ratio for the DPLL, and the saturation logic 
maintains the clock frequency Within the Max/ Min frequency 
boundaries. 

[0029] Thus, the provided system as described herein sta 
bly maintains the synthesizer (DPLL) at a target timing mar 
gin operating point, and adjusts its output cycle times using its 
short- and long-term control mechanisms as needed to 
achieve this end. 

[0030] The circuit as described above is part of the design 
for an integrated circuit chip. The chip design is created in a 
graphical computer programming language, and stored in a 
computer storage medium (such as a disk, tape, physical hard 
drive, or virtual hard drive such as in a storage access net 
Work). If the designer does not fabricate chips or the photo 
lithographic masks used to fabricate chips, the designer trans 
mits the resulting design by physical means (e.g., by 
providing a copy of the storage medium storing the design) or 
electronically (e.g., through the Internet) to such entities, 
directly or indirectly. The stored design is then converted into 
the appropriate format (e.g., GDSH) for the fabrication of 
photolithographic masks, Which typically include multiple 
copies of the chip design in question that are to be formed on 
a Wafer. The photolithographic masks are utiliZed to de?ne 
areas of the Wafer (and/or the layers thereon) to be etched or 
otherWise processed. 
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[0031] The description of the illustrative embodiments 
have been presented for purposes of illustration and descrip 
tion, and is not intended to be exhaustive or limited to the 
illustrative embodiments in the form disclosed. Many modi 
?cations and variations Will be apparent to those of ordinary 
skill in the art. The embodiment Was chosen and described in 
order to best explain the principles of the illustrative embodi 
ments, the practical application, and to enable others of ordi 
nary skill in the art to understand the illustrative embodiments 
for various embodiments With various modi?cations as are 
suited to the particular use contemplated. 

1. An electronic circuit for generating a clock signal, com 
prising: 

a digitally controlled oscillator (DCO) circuit; 
a phase detector coupled to an input the digital controlled 

oscillator circuit; 
a feedback loop coupled betWeen an output of the DCO 

circuit and an input to the phase detector to provide a 
digital phase-locked loop circuit that generates the clock 
signal, Wherein the digitally controlled oscillator circuit 
comprises a ?rst control input for receiving ?rst control 
Words that are used to substantially instantaneously 
modify a current operating frequency of the clock signal, 
and Wherein the feedback loop receives second control 
Words that are used to modify the current operating 
frequency of the clock signal based upon the ?rst control 
Words. 

2. The electronic circuit of claim 1, Wherein the feedback 
loop comprises a divide-by-N feedback divider coupled 
betWeen the output of the DCO circuit and the input to the 
phase detector. 

3. The electronic circuit of claim 2, Wherein the divide 
by-N feedback divider receives the second control Words that 
are used to modify the current operating frequency of the 
clock signal based upon the ?rst control Words. 

4. The electronic circuit of claim 1, further comprising a 
timing margin monitor that monitors timing margins of the 
electronic circuit and provides feedback as to Whether a cur 
rent timing margin of the electronic circuit is above or beloW 
a margin threshold, Wherein the ?rst control Words are gen 
erated based on the feedback. 

5. An electronic circuit for generating a clock signal, com 
prising: 

a digitally controlled oscillator (DCO) circuit; 
a phase detector coupled to an input the digital controlled 

oscillator circuit; 
a feedback loop coupled betWeen an output of the DCO 

circuit and an input to the phase detector to provide a 
digital phase-locked loop circuit that generates the clock 
signal, Wherein the digital phase-locked loop circuit fur 
ther comprises: 

a short term frequency compensator circuit having an out 
put coupled to the DCO circuit for providing short-term 
frequency control Words, and having an input coupled to 
a timing margin monitor; and 

a variable frequency ?lter that receives short-term fre 
quency requests from the short term frequency compen 
sator circuit and periodically adjusts a current frequency 
of the clock signal using a long-term frequency control 
Word. 

6. The electronic circuit of claim 5, Wherein the feedback 
loop comprises a divide-by-N feedback divider coupled 
betWeen the output of the DCO circuit and the input to the 
phase detector. 
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7. The electronic circuit of claim 6, Wherein the divide 
by-N feedback divider receives the long-term frequency con 
trol Word from the variable frequency ?lter. 

8. The electronic circuit of claim 5, Wherein the variable 
frequency ?lter comprises a saturation circuit. 

9. The electronic circuit of claim 8, Wherein the saturation 
circuit ensures that the long-term frequency control Word 
generated by the variable frequency ?lter to periodically 
adjust the divide-by-N feedback divider does not adjust the 
clock signal outside a speci?ed maximum/minimum fre 
quency range. 

10. The electronic circuit of claim 5, Wherein the timing 
margin monitor monitors timing margins of the electronic 
circuit and provides feedback as to Whether a current timing 
margin of the electronic circuit is above or beloW a margin 
threshold. 

11 . A method for generating a clock signal for an electronic 
circuit, comprising steps of: 
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receiving short term frequency control Words and in 
response thereto immediately adjusting a current oper 
ating frequency of the clock signal based on the short 
term frequency control Words; 

accumulating a plurality of the short term frequency con 
trol Words; and 

generating a long term frequency control Word that is used 
to adjust the current operating frequency of the clock 
signal based on the accumulated plurality of the short 
term frequency control Words. 

12. The method of claim 11, further comprising receiving 
a timing margin of the electronic circuit by a proportional 
integral ?lter that generates the short term frequency control 
Words based on the timing margin, Wherein the timing margin 
indicates Whether a current timing margin of the electronic 
circuit is above or beloW a margin threshold. 

* * * * * 


