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PULSE WIDTH MODULATION FREQUENCY 
CONVERSION 

FIELD OF THE DISCLOSURE 

The present disclosure relates generally to pulse Width 
modulation (PWM) and more particularly to frequency con 
version for PWM signals. 

BACKGROUND 

Pulse Width modulation (PWM) signals often are used for 
precise control of electronic devices, such as electric motors, 
light emitting diode (LED) backlights, sWitching-mode 
poWer sources, and the like. However, in many instances, the 
PWM signal has a frequency that can introduce undesirable 
effects such as electromagnetic interference (EMI), or Which 
can result in artifacts perceptible to a user. For example, the 
PWM signals used to drive the LED backlight in a display 
device often have a frequency Within the human audible range 
(0-20 kHZ), and thus can be audibly discerned by a vieWer. 
Further, it Will be appreciated that a loWer-frequency PWM 
signal can introduce signi?cant droop or ripple in an output 
voltage controlled or otherWise affected by the frequency of 
the PWM signal. To address these types of issues, electronic 
systems often employ some form of frequency conversion for 
the PWM signal so as to increase or decrease the PWM 
frequency While maintaining the same PWM duty ratio, 
thereby reducing or eliminating undesired effects such as 
EMI and audible noise and decreasing the magnitude of any 
ripple or droop in any output voltage affected by the PWM 
signal. In one conventional frequency conversion technique, 
an analog approach is employed Whereby an incoming PWM 
signal is converted to a varying voltage based on the duty ratio 
of the incoming PWM signal, Which is then used along With 
a ramp signal and a plurality of reference signals to reproduce 
the original duty ratio of the incoming PWM signal at a 
different frequency. HoWever, the noise in the representative 
voltage and the offsets in the comparators used to compare the 
representative voltage, the reference voltages, and the ramp 
signal prevent accurate PWM signal generation for duty 
ratios, particularly near 0% or near 100%. Moreover, the 
noise in the input PWM signal to voltage conversion and the 
offsets in the comparators also result in noise and offset in the 
generated output PWM signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure may be better understood, and its 
numerous features and advantages made apparent to those 
skilled in the art by referencing the accompanying draWings. 
The use of the same reference symbols in different draWings 
indicates similar or identical items. 

FIG. 1 is a diagram illustrating a pulse Width modulation 
(PWM) frequency converter implementing ?ltering in accor 
dance With at least one embodiment of the present invention. 

FIG. 2 is a How diagram illustrating an example method of 
operation of the PWM frequency converter of FIG. 1 in accor 
dance With at least one embodiment of the present invention. 

FIG. 3 is a diagram illustrating the introduction of sam 
pling inconsistencies due to clock jitter and other manifesta 
tions of non-synchronization of a sampling clock during sam 
pling of an input PWM signal in accordance With at least one 
embodiment of the present invention. 

FIG. 4 is a How diagram illustrating a method of operation 
of the PWM frequency converter of FIG. 1 in accordance With 
at least one embodiment of the present disclosure. 
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2 
FIG. 5 is a diagram illustrating a PWM generator module 

of the PWM frequency converter of FIG. 1 for generating an 
output PWM signal based on ?ltering of sampling results 
from an input PWM signal in accordance With at least one 
embodiment of the present disclosure. 

FIG. 6 is a diagram illustrating an example light emitting 
diode (LED) system implementing the PWM frequency con 
verter of FIG. 1 in accordance With at least one embodiment 
of the present invention. 

FIG. 7 is a diagram illustrating another example LED sys 
tem implementing the PWM frequency converter of FIG. 1 in 
accordance With at least one embodiment of the present 
invention. 

DETAILED DESCRIPTION 

FIGS. 1-7 illustrate a pulse Width modulation (PWM) fre 
quency converter for converting an input PWM signal to an 
output PWM signal having a frequency different than the 
input PWM signal While maintaining a substantially equal 
duty ratio, as Well as example systems employing the PWM 
frequency converter. The PWM frequency converter samples 
the input PWM signal for a PWM cycle using a sampling 
clock With a higher frequency than the frequency of the input 
PWM signal. A ?lter module ?lters the resulting set of one or 
more PWM parameters to compensate for potential clock 
mismatch, clock jitter, ambient variations, and other non 
deterministic issues betWeen the clock used to generate the 
input PWM signal and the sampling clock used to sample the 
input PWM signal, thereby generating ?ltered PWM param 
eters. In at least one embodiment, the sampling employed by 
the ?lter module compares a difference betWeen the current 
PWM parameters and previous (or historical) PWM param 
eters to a change threshold in determining a ?ltered set of one 
or more PWM parameters. The ?ltered set of one or more 

PWM parameters then is used to generate one or more corre 
sponding PWM cycles of the output signal. With the suitable 
selection of a sampling frequency and an appropriate change 
threshold for the ?lter, the PWM frequency converter can 
achieve a PWM step resolution of one (1) least signi?cant bit 
(LSB) for the output PWM signal at its speci?ed resolution, 
While also able to accurately produce output PWM signals 
across the entire duty ratio range of 0% to 100%. 

FIG. 1 illustrates a PWM frequency converter 100 for 
converting an input PWM signal 102 to an output PWM 
signal 104 having a different frequency While maintaining a 
substantially equal duty ratio. In the depicted example, the 
PWM frequency converter 100 includes a sampling module 
106, a ?lter module 108, a PWM generator module 110 and 
clock sources 112 and 114 (e.g., oscillators). The functional 
ity of the various modules of the PWM generator module 110 
as illustrated in FIGS. 1-7 can be implemented as hardWare, 
?r'mWare, one or more processors that execute softWare rep 
resentative of the corresponding functionality, or a combina 
tion thereof. To illustrate, the functionality of certain compo 
nents can be implemented as discrete logic, an application 
speci?c integrated circuit (ASIC) device, a ?eld program 
mable gate array (FPGA), and the like. 

In one embodiment, the input PWM signal 1 02 is generated 
by a PWM source 116 and having a frequency f l. The PWM 
source 116 can include, for example, a video processor for a 
context Whereby the input PWM signal 102 is a backlight 
control signal, a microcontroller for a context Whereby the 
input PWM signal 102 is a motor control signal, etc. For 
sampling of the input signal 102 at the PWM frequency 
converter 100, the clock source 112 generates a sampling 
clock 122 having a frequency f2 greater than the frequency f 1 
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of the input PWM signal 102. The clock source 114 generates 
a generation clock 124 having a frequency f3 for generation of 
the output PWM signal 104 With a frequency f4, Where the 
frequency f4 is a product of the frequency f3 of the clock 124 
and the PWM step resolution of the output PWM signal (e.g., 
255*f3 for an 8-bit PWM step resolution), 

The sampling module 106 includes an input to receive the 
input PWM signal 102, an input to receive the sampling clock 
122, and an output to provide the results of a sampling process 
of the input PWM signal 102 using the sampling clock 122 as 
a set of raW PWM parameters 126. The ?lter module 108 
includes an input to receive the raW PWM parameters 126 and 
an output to provide a set of ?ltered PWM parameters 128 
generated on the basis of ?ltering of the raW PWM parameters 
126. The PWM generator module 110 includes an input to 
receive the ?ltered PWM parameters 128, an input to receive 
the generation clock 124, and an output to provide the output 
PWM signal 104, Whereby the PWM generator module 110 
generates the output PWM signal 104 using the generation 
clock 124 and the ?ltered PWM parameters 128 as described 
beloW With reference to FIGS. 2, 4, and 5. 

FIG. 2 illustrates a method 200 of operation of the PWM 
frequency converter 100 of FIG. 1 in accordance With at least 
one embodiment of the present disclosure. Blocks 202, 204, 
206, and 208 of method 200 represent the sampling process 
performed by the sampling module 106, blocks 210, 212, 
214, 216, 218, 220, and 222 represent the ?ltering process 
performed by the ?lter module 108, and blocks 224, 226, and 
228 represent the PWM generation process performed by the 
PWM generator module 110. 
At block 202, the PWM frequency converter 100 is initial 

ized by initializing the sampling module 106 in preparation 
for sampling a PWM cycle of the input PWM signal 102. In 
sampling the input PWM signal 102, the sampling module 
106 employs tWo variables or values: N_total, Which repre 
sents the total number of samples taken over a PWM cycle 
being sampled; N_high, Which represents the number of 
samples taken over the PWM cycle that have a select sample 
value (e.g., logic “high” or “1” for this example). For the 
?ltering, the ?lter module 108 uses four additional values or 
variables: N_H0, Which represents a historical or baseline 
number of samples over any thus-far sampled PWM cycle 
that have the select sample value; and N_T0, Which represents 
a historical or baseline total number of samples over any 
thus-far sampled PWM cycle; N_H, Which represents the 
number of samples that have the select sample value to be 
used in calculating the duty ratio for the generated PWM 
cycle; and N_T, Which represents the total number of samples 
to be used in calculating the duty ratio for the generated PWM 
cycle. Accordingly, the ?lter module 108 can be initialiZed at 
block 202 before sampling the ?rst PWM cycle to be sampled 
by setting at least N_T0 and N_H0 to 0 so as to set the baseline 
for these values to Zero for comparison purposes. 
At block 204, the sample module 106 samples a PWM 

cycle of the input PWM signal 102 using the sampling clock 
122 to drive the sampling frequency. As illustrated by FIG. 2, 
this sampling process can include the sampling module 106 
determining, at block 206, the number (N_high) of samples 
over the PWM cycle that have the select sample value, such 
by taking a sample of the input PWM signal 102 and then 
incrementing a counter if the sample has the select sample 
value. The sampling process also can include the sampling 
module 106 determining, at block 208, the total number of 
samples taken over the PWM cycle of the input PWM signal 
102 (N_total). To illustrate, for a high-?rst PWM cycle, the 
sampling module 106 can reset a counter upon detecting a 
rising edge and then increment the counter until the next 
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4 
rising edge is detected, at Which point the counter value at the 
time of the next rising edge represents the total number of 
samples taken during the PWM cycle. For a loW-?rst PWM 
cycle, the sampling module 106 can reset a counter upon 
detecting a falling edge and then increment the counter until 
the next falling edge. The sampling module 106 then provides 
the determined values N_total and N_high to the ?lter module 
108 as the set of raW PWM parameters 126. 
At block 210, the ?lter module 108 determines Whether the 

difference betWeen the value N_high (i.e., the number of 
“high” samples in the sampled PWM cycle) and the value 
N_H0 is greater than or equal to a predetermined change 
threshold. As Will be understood from the further description 
beloW, the value N_H0 represents a ?ltered or baseline num 
ber of high samples from one or more previous sampled 
PWM cycles. Thus, at block 210 the ?lter module 108 deter 
mines Whether the number of high samples from the PWM 
cycle most recently sampled is Within a change threshold 
range of a historical number of high PWM samples, Where the 
change threshold range is de?ned by the predetermined 
change threshold. If outside the change threshold range (i.e., 
the difference betWeen these values is greater than or equal to 
the predetermined change threshold), at block 212 the ?lter 
module 108 sets N_H to the value N_high. As discussed 
beloW, the value N_H is used to calculate (in combination 
With a value N_T) the duty ratio for a corresponding PWM 
cycle of the output PWM signal 104 to be generated, and thus 
setting the value N_H to the value N_high at block 212 results 
in the number of high samples determined for most recently 
sampled PWM cycle acting to control the duty cycle of the 
corresponding PWM cycle to be generated for the output 
PWM signal 104. Otherwise, if the number of samples having 
the select sample value (N_high) is Within the change thresh 
old range of the historical value (i .e., if the difference betWeen 
the values N_high and N_H0 is less than the predetermined 
change threshold), at block 214 N_H is instead set to the value 
N_H0, With the result that the duty ratio for the corresponding 
PWM cycle of the output PWM signal 104 being set based on 
the historical or baseline number of high samples from a 
previous PWM cycle. 
A similar ?ltering process is used to set the value N_T 

based on the value N_total. At block 216, the ?lter module 
1 08 determines Whether the value N_total (i.e., the total num 
ber of samples in the sampled PWM cycle) is Within a change 
threshold range of the value N_T0, Where the change thresh 
old range for block 216 can be de?ned by the same predeter 
mined change threshold as at block 210 or by a separate 
predetermined change threshold. As described beloW, the 
value N_T0 represents a historical orbaseline total number of 
samples from one or more previous sampled PWM cycles and 
the ?lter module 108 therefore determines Whether the total 
number of samples from the PWM cycle most recently 
sampled is Within the change threshold range (i.e., to What 
degree the total number of samples differs from the a histori 
cal total number of PWM samples). If the difference betWeen 
these values is greater than or equal to the predetermined 
change threshold, at block 218 the ?lter module 108 sets N_T 
to the value N_total. As such, the total number of samples 
from the most-recently sampled PWM cycle Would act to 
control the duty cycle of the corresponding PWM cycle to be 
generated for the output PWM signal 104. Otherwise, if the 
difference betWeen the values N_total and N_T0 is less than 
the predetermined change threshold, at block 220 the value 
N_T is instead set to the value N_T0, With the result that the 
duty ratio for the corresponding PWM cycle of the output 
PWM signal 104 being set based on the historical or baseline 
total number of samples from a previous PWM cycle. At 
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block 222, the value N_H0 is set to the value N_H (thereby 
setting the historical or baseline number of high samples per 
PWM cycle to the number of high samples used to determine 
the duty ratio of the corresponding PWM cycle to be gener 
ated) and the value N_T0 is set to the value N_T (thereby 
setting the historical or baseline total number of samples per 
PWM cycle to the total number of samples used to determine 
the duty ratio of the corresponding PWM cycle to be gener 
ated). 
As discussed above and in greater detail beloW, the values 

N_H and N_T are used to determine the duty ratio for a PWM 
cycle to be generated for the output signal 104. Thus, the 
?ltering provided by changing the values of N_H from its 
historical value (represented by N_H0) to the value N_high 
determined for the most-recently sampled PWM cycle only 
When the difference betWeen the historical value of N_H and 
the current value N_high is greater than or equal to a change 
threshold range de?ned by the predetermined change thresh 
old (and likeWise for the value N_T With respect to its histori 
cal value N_T0 and the currently determined value N_total) 
provides a degree of noise ?ltering, thereby reducing the 
potential for erroneous and inconsistent calculation of the 
duty ratio of the PWM cycle being sampled and for the 
erroneous and inconsistent generation of the duty ratio for the 
corresponding PWM cycle of the output PWM signal 104. 

At block 222, the historical value N_H0 is set to the current 
value of N_H determined from blocks 210-214 and the his 
torical value N_T0 is set to the current value of N_T deter 
mined from blocks 216-220. The sampling process of blocks 
204-220 then may be repeated for the next PWM cycle of the 
input PWM signal 102. In parallel, the current values for N_H 
and N_T from the sampled PWM cycle are provided to the 
PWM generator module 110 as the ?ltered PWM parameters 
128. 
At block 224 the PWM generator module 110 determines 

the duty ratio of the sampled PWM cycle (and thus the duty 
ratio of the PWM cycle to be generated) based on the values 
N_H and N_T. In one embodiment, the duty ratio is calculated 
as the ratio of the number of high samples (N_H) to the total 
number of samples for the sampled PWM cycle (N_T), i.e., 
N_H/N_T. Alternately, the number of loW samples (N_L) in 
the sampled PWM cycle may be tracked, and the duty ratio 
therefore may be calculated as (N_T—N_L)/N_T. Further, as 
described beloW With reference to FIG. 5, the PWM generator 
module 110 calculates a duty value (PWM_Duty) as a prod 
uct of the duty ratio and the PWM step range (R) of the output 
PWM signal 104, i.e., PWM_Duty:R*(N_H/N_T). To illus 
trate, assuming that N_H:50, N_T:120, and the output 
PWM signal has an eight-bit PWM step range (i.e., R:2A8—1 
or 255 steps), the value of PWM_Duty is calculated as 255* 
(50/ 120):106.25, Which may be truncated (or rounded) to 
106 to generate an integer value. At block 226, the PWM 
generator module 110 generates a corresponding PWM cycle 
of the output PWM signal 104 using the duty value PWM_ 
Duty to control the duty ratio of the generated PWM cycle, as 
described in detail beloW With reference to FIG. 5. At block 
228, the output PWM signal 104 With the generated PWM 
cycle then can be provided to a destination module to drive or 
otherWise control the operation of the destination module, 
such as using the output PWM signal 104 to drive a motor or 
to activate/deactivate LEDs of a display. 

For the ?ltering process applied at blocks 210, 212, 214, 
216, 218, and 220, the predetermined change threshold 
de?nes the degree to Which the current value must differ from 
the historical value before the current value is used in place of 
the historical value. Thus, an appropriate value for the change 
threshold is selected so as to compensate for potential clock 
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6 
jitter, clock mismatch, ambient variations and other determin 
istic artifacts or random errors that can introduce noise into 
the calculation of the current value. Ideally, the change 
threshold also may be selected so as to further assist the PWM 
frequency converter 100 to meet speci?ed PWM performance 
requirements, such as a 1 LSB of the PWM step resolution or 
the ability to provide a PWM signal With a duty ratio across 
the full range from 0% to 100%. While the predetermined 
change threshold can be selected as any value one or greater, 
the inventors have determined that the circumstances of the 
sampling process introduce up to tWo potential sampling 
discrepancies, and thus a predetermined change threshold 
greater of three (3) provides an optimal threshold for achiev 
ing the PWM performance parameters of a minimum PWM 
step resolution of 1 LSB and the ability to reproduce a 0% 
duty ratio in the output PWM signal 104. To illustrate, FIG. 3 
depicts the sources of sampling discrepancies With respect to 
subsequent duty cycle calculation. In the depicted chart 300, 
eleven samples are taken at respective sample points S l-S 1 1 
for each of three PWM signals 302, 304, and 306. Although 
eleven sample points are depicted for ease of illustration, it 
Will be appreciated that the number of samples taken Within a 
given PWM cycle typically Will be higher to provide a su?i 
cient sampling resolution. 
As illustrated by PWM signal 302, When the rising and 

falling edges of the PWM signal occur betWeen sample points 
(e.g., betWeen sample points S3 and S4 and betWeen sample 
points S8 and S9), there is little potential for an inconsistent 
sampling measurement. HoWever, as illustrated by PWM sig 
nal 304, When one of the edges of the PWM signal occurs in 
proximity to a sample point (e.g., the rising edge of the PWM 
signal 304 occurring at sample point $3), a sampling incon 
sistency can occur, and thus the determined number of high 
samples (N_high) for the PWM signal 304 could be either of 
tWo values. To illustrate, in FIG. 3 the value N_high Would be 
six (6) if the sample of PWM signal 304 at sample point S3 is 
interpreted as a high sample value, Whereas the value N_high 
Would be ?ve (5) if the sample of PWM signal 304 at sample 
point S3 is interpreted as a loW sample value. Thus, With a total 
number of eleven (11) samples for the PWM cycle of PWM 
signal 304 (N_total:l 1), the measured duty ratio be either 
54.5% (6/11) or 45.4% (5/11) depending on What value the 
rising edge happens to be assigned at sample point S3. As 
illustrated by PWM signal 306, the indeterminate nature of 
the sampling process can be further exacerbated When both 
the rising edge and the falling edge of a sampled PWM cycle 
occur in proximity to corresponding sample points. As the 
rising edge occurring at sample point S3 could happen to be 
interpreted as either a high sample value or a loW sample 
value and likeWise With the falling edge occurring at sample 
point S9, the number of high samples for the illustrated PWM 
cycle ofthe PWM signal 306 could be any of?ve (5), six (6), 
or seven (7), leading to the potential for the duty ratio of the 
sampled PWM cycle to be interpreted as either 45 .4%, 54.5%, 
or 63.6%. In the absence of the history-based ?ltering of the 
sampling parameters as described above, this indeterminacy 
in the sampling could otherWise lead to frequent and substan 
tial changes in the duty ratios of successive PWM cycles of 
the output PWM signal 104 even though a constant duty ratio 
may be maintained for the PWM cycles of the input PWM 
signal 104. Thus, as there are tWo potential points for sam 
pling inconsistencies in a given PWM cycle (one at the rising 
edge, one at the falling edge), the change threshold applied by 
the ?lter module 108 can be set to three (3) to account for 
these tWo potential sampling inconsistencies. 

While a change threshold of three (3) is Well-suited in vieW 
of the characteristics of the sampling process, thresholds 
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other than the value of three may be implemented Without 
departing from the scope of the present disclosure. However, 
for larger thresholds, a higher number of samples per PWM 
cycle is needed to achieve certain performance goals, such as 
a minimum PWM duty of 0% or a minimum PWM resolution 
step of 1 LSB. To illustrate, for the output PWM signal 104 
With, for example, an 8-bit resolution (255 steps) and a total of 
450 samples per PWM cycle (N_total:450), the minimum 
PWM step When the change threshold is 1 LSB (trunc[3/450>< 
255]:1 LSB). HoWever, for a change threshold set to 4 With 
the same number of samples, the minimum PWM step is 2 
LSB (trunc[4/450><255]:2 LSB). To achieve 1 LSB With a 
change threshold of 4, the total number of samples per PWM 
cycle Would need to be increased to at least 511 samples per 
PWM cycle. Accordingly, in one embodiment, the sampling 
clock 122 is con?gured or selected to provide a sampling 
frequency for the sampling module 106 such that a truncated 
or rounded \product of the PWM step range R and a ratio of 
the predetermined change threshold to the total number of 
samples N_total is not greater than 1 LSB of the PWM step 
resolution. 

FIG. 4 illustrates another method 400 of operation of the 
PWM frequency converter 100 of FIG. 1 in accordance With 
at least one embodiment of the present disclosure. Blocks 402 
and 404 of method 400 represent the sampling process per 
formed by the sampling module 106, blocks 406, 408, 410, 
and 412 represent the ?ltering process performed by the ?lter 
module 108, and blocks 414 and 416 represent the PWM 
generation process performed by the PWM generator module 
110. In contrast With the method 200 of FIG. 2, the method 
400 ?rst calculates a temporary representation of the PWM 
duty ratio (PWM_Duty_Temp) of the input PWM signal 102 
and then ?lters this PWM parameter based on a predeter 
mined change threshold and a previous or historical PWM 
duty ratio determined from a sampling of a prior PWM cycle. 
At block 402, the PWM frequency converter 100 is initial 

iZed by initializing the sampling module 106 in preparation 
for sampling a PWM cycle of the input PWM signal 102. In 
sampling the input PWM signal 102, the sampling module 
106 employs the tWo variables or values, N_total and N_high, 
discussed above. For the ?ltering of method 400, the ?lter 
module 108 uses three additional values or variables: PWM_ 
Duty0, Which represents a historical or baseline PWM duty 
ratio over any thus-far sampled PWM cycle; and PWM_Du 
ty_Temp, Which represents the PWM duty ratio of the PWM 
cycle currently sampled (and calculated using N_total and 
N_high); and PWM_Duty_Final, Which represents the PWM 
duty ratio resulting from ?ltering of PWM_Duty_Temp 
based on PWM_Duty0 and a preselected change threshold. 
Accordingly, the ?lter module 108 can be initialiZed at block 
402 before sampling the ?rst PWM cycle to be sampled by 
setting at least N_total, N_high, PWM_Duty0, PWM_Du 
ty_Temp, and PWM_Duty_Final to 0 so as to set the baseline 
for these values to Zero for comparison purposes. 
At block 404, the sample module 106 samples a PWM 

cycle of the input PWM signal 102 using the sampling clock 
122 to drive the sampling frequency to determine the number 
(N_high) of samples over the PWM cycle that have the select 
sample value and the total number of samples taken over the 
PWM cycle of the input PWM signal 102 (N_total), as dis 
cussed above With respect to blocks 204, 206, and 208 of FIG. 
2. 
At block 406, the ?lter module 108 determines the value for 

PWM_Duty_Temp using the values for N_high and N_total. 
To illustrate, in one embodiment the value for PWM_Du 
ty_Temp is calculated as a product of the duty ratio and the 
PWM step range (R) of the output PWM signal 104, i.e., 
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8 
PWM_Duty_Temp:R*(N_high/N_total). At block 408, the 
?lter module 108 determines Whether the difference betWeen 
the value PWM_Duty_Temp (i.e., measured duty ratio of the 
sampled PWM cycle) and PWM_Duty0 (i.e., the historical 
duty ratio from a previous sampled PWM cycle) is greater 
than or equal to a predetermined change threshold. The pre 
determined change threshold can be selected to accommodate 
for the tWo potential sampling errors described above in FIG. 
3 by calculating the change threshold based on one or more of 
the expected number of total samples per PWM cycle, the 
PWM step range (R), and the like. In at least one embodiment, 
the values for PWM_Duty_Temp and PWM_Duty0 are 
maintained as decimal numbers so that the change threshold 
can also be implemented as a decimal number so as to alloW 
for a Wider or narroWer change threshold as desired. To illus 
trate, the change threshold could be set at any of, for example, 
0.25, 0.5, 1.0, 1.5, or 2.0, depending on the particular 
expected ranges for the values used to calculate PWM_Du 
ty_Temp and the desired sensitivity of the ?lter module 108. 

In the event that the difference betWeen PWM_Duty_Temp 
and PWM_Duty0 exceeds the change threshold, at block 410 
the ?lter module 108 sets PWM_Duty_Final to an integer 
representation of PWM_Duty_Temp and sets the PWM_ 
Duty0 to PWM_Duty_Temp so that the current PWM_Du 
ty_Temp is used as the historic PWM duty value for the next 
sampled PWM cycle. OtherWise, if the difference betWeen 
PWM_Duty_Temp and PWM_Duty0 does not exceed the 
change threshold, at block 412 the ?lter module 108 sets 
PWM_Duty_Final to the integer representation of the historic 
PWM duty (PWM_Duty0). 
The sampling process ofblocks 404-412 is be repeated for 

the next PWM cycle of the input PWM signal 102. In parallel, 
the value of PWM_Duty_Final from the sampled PWM cycle 
is provided to the PWM generator module 110 as the ?ltered 
PWM parameters 128. At block 414, the PWM generator 
module 110 generates a corresponding PWM cycle of the 
output PWM signal 104 using the duty value PWM_Duty_ 
Final to control the duty ratio of the generated PWM cycle, as 
described in detail beloW With reference to FIG. 5. At block 
416, the output PWM signal 104 With the generated PWM 
cycle then can be provided to a destination module to drive or 
otherWise control the operation of the destination module, 
such as using the output PWM signal 104 to drive a motor or 
to activate/deactivate LEDs of a display. 

FIG. 5 illustrates an example implementation of the PWM 
generator module 110 for generating a high-?rst PWM cycle 
of the output PWM signal 104 in accordance With at least one 
embodiment of the present disclosure. A similar con?gura 
tion may be implemented to generate a loW-?rst PWM cycle 
using the guidelines provided herein. In the illustrated 
example, the PWM generator module 110 includes an output 
driver 502, digital comparators 504 and 506, registers 508 and 
510, and a counter 512. The register 508 stores the output 
PWM step range value R (e.g., 255 for an 8-bit PWM step 
resolution) and register 510 stores the duty value PWM_Duty 
(or PWM_Duty_Final) determined from the ?ltered PWM 
parameters 128 as described above. The counter 512 includes 
a clock input to receive generation clock 124 (having fre 
quency f3), a reset input to receive a reset signal 514, and an 
output to provide a count 516, Whereby the counter 512 is 
con?gured to initialiZe the count 516 to Zero in response to an 
assertion of the reset signal 516 and then increment the count 
516 for each cycle of the generation clock 124 until the next 
reset event. The digital comparator 504 includes an input to 
receive the PWM step range value R from the register 508, an 
input to receive the count 516, and an output to provide the 
reset signal 514, Wherein the digital comparator 504 asserts 
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the reset signal 514 When the count 516 reaches the PWM step 
range value R and otherwise maintains the reset signal 514 in 
a deasserted state When the count 516 is less than the PWM 
step range value R. The digital comparator 506 includes an 
input to receive the count 516, and input to receive the duty 
value PWM_Duty from the register 510, and an output to 
provide a high/loW signal 518, Whereby the digital compara 
tor 506 asserts the high/loW signal 518 When the count 516 is 
less than or equal to the duty value PWM_Duty and otherWise 
maintains the high/loW signal 518 in a deasserted state When 
the count 516 is greater than the duty value PWM_Duty. The 
driver 502 includes an input to receive the high/loW signal 518 
and an output to provide the output PWM signal 104, 
Whereby the driver 502 pulls the output PWM signal 104 high 
(e. g., to voltage reference VDD) When the high/loW signal 518 
is asserted and otherWise pulls the PWM signal 104 loW (e.g., 
to ground or voltage reference VSS) When the high/loW signal 
518 is unasserted. 

FIGS. 6 and 7 illustrate example implementations of the 
PWM frequency converter of FIG. 1 for dynamic poWer man 
agement in a light emitting diode (LED) system having a 
plurality of LED strings. The term “LED string,” as used 
herein, refers to a grouping of one or more LEDs connected in 
series. The “head end” of a LED string is the end or portion of 
the LED string Which receives the driving voltage/ current and 
the “tail end” of the LED string is the opposite end or portion 
of the LED string. The term “tail voltage,” as used herein, 
refers the voltage at the tail end of a LED string or represen 
tation thereof (e.g., a voltage-divided representation, an 
ampli?ed representation, etc.). The term “subset of LED 
strings” refers to one or more LED strings. 

FIG. 6 illustrates a LED system 600 having dynamic poWer 
management in accordance With at least one embodiment of 
the present disclosure. In the depicted example, the LED 
system 600 includes a LED panel 602 and a LED driver 604. 
The LED panel 602 includes a plurality of LED strings (e.g., 
LED strings 605, 606, 607, and 608). Each LED string 
includes one or more LEDs 609 connected in series. The 

LEDs 609 can include, for example, White LEDs, red, green, 
blue (RGB) LEDs, organic LEDs (OLEDs), etc. Each LED 
string is driven by the adjustable voltage VOUTreceived at the 
head end of the LED string from a voltage source 612 of the 
LED driver 604 via a voltage bus 610 (e. g., a conductive trace, 
Wire, etc.). In the embodiment of FIG. 6, the voltage source 
612 is implemented as a boost converter con?gured to drive 
the output voltage VOUT using a supplied input voltage. 

The LED driver 604 includes a feedback controller 614 
con?gured to control the voltage source 612 based on the tail 
voltages at the tail ends of the LED strings 605-608. The LED 
driver 604, in one embodiment, receives display data repre 
sentative of Which of the LED strings 605-608 are to be 
activated and at What times during a corresponding pulse 
Width modulation (PWM) cycle, and the LED driver 604 is 
con?gured to either collectively or individually activate the 
LED strings 605-608 at the appropriate times in their respec 
tive PWM cycles based on the display data. 

The feedback controller 614, in one embodiment, includes 
a plurality of current regulators (e.g., current regulators 615, 
616, 617, and 618), an analog string select module 620, an 
ADC 622, a code processing module 624, a control digital 
to-analog converter (DAC) 626, an error ampli?er 628, and a 
data/timing controller 630. The data/timing controller 630 
includes a PWM frequency converter 632 (corresponding to 
the PWM frequency converter 100, FIG. 1). 

In the example of FIG. 6, the current regulator 615 is 
con?gured to maintain the current Il ?oWing through the LED 
string 605 at or near a ?xed current (e. g., 30 mA) When active. 
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10 
LikeWise, the current regulators 616, 617, and 618 are con 
?gured to maintain the currents I2, I3, and I4 ?oWing through 
the LED strings 606, 607, and 608, respectively, at or near the 
?xed current When active. 
A current regulator typically operates more effectively 

When the input of the current regulator is a non-Zero voltage 
so as to accommodate the variation in the input voltage that 
often results from the current regulation process of the current 
regulator. This buffering voltage often is referred to as the 
“headroom” of the current regulator. As the current regulators 
615-618 are connected to the tail ends of the LED strings 
605-608, respectively, the tail voltages of the LED strings 
605-608 represent the amounts of headroom available at the 
corresponding current regulators 615-618. HoWever, head 
room in excess of that necessary for current regulation pur 
poses results in unnecessary poWer consumption by the cur 
rent regulator. Accordingly, as described in greater detail 
herein, the LED system 600 employs techniques to provide 
dynamic headroom control so as to maintain the minimum 
tail voltage of the active LED strings at or near a predeter 
mined threshold voltage, thus maintaining the loWest head 
room of the current regulators 615-618 at or near the prede 
termined threshold voltage. The threshold voltage can 
represent a determined balance betWeen the need for su?i 
cient headroom to permit proper current regulation by the 
current regulators 615-618 and the advantage of reduced 
poWer consumption by reducing the excess headroom at the 
current regulators 615-618. 
The data/timing controller 630 receives an input PWM 

signal 633 provided to control LED strings 605-608. Typi 
cally, this input PWM signal 633 has a frequency of less than 
20 kHz and therefore Would be audible to a vieWer if used to 
directly driver the current regulators 615-618, as Well as being 
more susceptible ripple in the voltage VOUT. Accordingly, the 
PWM frequency converter 632 converts the input PWM sig 
nal 633 to a higher frequency While maintaining the original 
duty ratio using the process described above. The resulting 
PWM signal 634 then is provided as control signaling for the 
current regulators 615-618 to control Which of the LED 
strings 605-608 are active during corresponding portions of 
their respective PWM cycles. 
The analog string select module 620 includes a plurality of 

tail inputs coupled to the tail ends of the LED strings 605-608 
to receive the tail voltages Vn, VD, V3, and VT4 of the LED 
strings 605-608, respectively, and an output to provide an 
analog signal 632 representative of the minimum tail voltage 
VTml-n of the LED strings 605-608 at any given point over a 
detection period. In one embodiment, the analog string select 
module 620 is implemented as a diode-OR circuit having a 
plurality of inputs connected to the tail ends of the LED 
strings 605-608 and an output to provide the analog signal 
632. 
The ADC 622 is con?gured to generate one or more digital 

code values COUT representative of the voltage of the analog 
signal 632 at one or more corresponding sample points. The 
code processing module 624 includes an input to receive the 
one or more code values COUTand an output to provide a code 
value Cr‘,g based on the minimum value of the received code 
values COUT for a given detection period or a previous value 
for Cr‘,g from a previous detection period. As the code value 
C O UT represents the minimum tail voltage that occurred dur 
ing the detection period (e. g., a PWM cycle, a display frame 
period, etc.) for all of the LED strings 605-608, the code 
processing module 624, in one embodiment, compares the 
code value COUT to a threshold code value, Cthmh, and gen 
erates a code value C based on the comparison. The code reg 

processing module 624 can be implemented as hardWare, 



US 8,188,771 B2 
11 

software executed by one or more processors, or a combina 
tion thereof. To illustrate, the code processing module 624 
can be implemented as a logic-based hardware state machine, 
softWare executed by a processor, and the like. 
The control DAC 626 includes an input to receive the code 

value C and an output to provide a regulation voltage V reg 

representative of the code value C reg. The regulation voltage 
V”,g is provided to the error ampli?er 628. The error ampli?er 
628 also receives a feedback voltage V?, representative of the 
output voltage VOUT. In the illustrated embodiment, a voltage 
divider 640 is used to generate the voltage V?, from the output 
voltage VOUT. The error ampli?er 628 compares the voltage 
V?, and the voltage V”,g and con?gures a signal ADJ based on 
this comparison. The voltage source 612 receives the signal 
AD] and adjusts the output voltage VOUT based on the mag 
nitude of the signal ADJ. 

FIG. 7 illustrates an alternate implementation of the feed 
back controller in the LED system 600 of FIG. 6. Rather than 
utiliZing a singleADC to convert the minimum tail voltage of 
the multiple LED strings at any given time as described in 
FIG. 6, the depicted LED system 700 of FIG. 7 utiliZes an 
ADC for each LED string. Accordingly, the LED driver 704 
ofFIG. 7 includes a plurality ofADCs 715, 716, 717, and 718 
and a digital minimum select module 720. The ADC 715 
includes an input coupled to the tail end of the LED string 605 
and an output to provide one or more code values Cl repre 
sentative of the voltage of the tail end of the LED string 605 
at a corresponding sample point. The ADCs 716-718 are 
similarly con?gured With respect to LED strings 606-608 for 
the generation of one or more code values C2, C3, and C4, 
respectively, for the corresponding one or more sample 
points. At the end of a detection period, the digital minimum 
select module 720 identi?es the loWest of the received code 
values and forWards this loWest code value as the code value 
COUT for processing by the code processing module 624 as 
described above. 

There may be considerable variation betWeen the voltage 
drops across each of the LED strings 605-608 in the LED 
systems 600 and 700 due to static variations in forWard 
voltage biases of the LEDs 609 of each LED string and 
dynamic variations due to the on/off cycling of the LEDs 609. 
Thus, there may be signi?cant variance in the bias voltages 
needed to properly operate the LED strings 605-1108. HoW 
ever, rather than drive a ?xed output voltage VOUT that is 
substantially higher than What is needed for the smallest 
voltage drop as this is handled in conventional LED drivers, 
the LED driver 604 illustrated in FIG. 6 utiliZes a feedback 
mechanism that permits the output voltage VOUT to be 
adjusted so as to reduce or minimiZe the poWer consumption 
of the LED driver 604 in the presence of variances in voltage 
drop across the LED strings 605-1108. Further, by converting 
the frequency of the input PWM signal 633 to a higher fre 
quency, the LED drivers 604 and 704 can experience less 
voltage droop at the output voltage VOUZ, as Well as operate 
the current regulators 615-618 at a frequency undetectable to 
the vieWer. Moreover, by using the history-based ?ltering 
process described above to determine a representative duty 
ratio from the sampled input PWM cycle, blinking of the LED 
strings 605-608 due to unintended jumps in the duty ratio of 
the output PWM signal 634 can be minimiZed or avoided. 

In a pulse Width modulation (PWM) frequency converter 
that receives a ?rst PWM signal and outputs a second PWM 
signal having a different frequency than the ?rst PWM signal, 
a method is provided. In one aspect, the method includes 
sampling a ?rst PWM cycle of the ?rst PWM signal to gen 
erate a ?rst set of one or more PWM parameters and ?ltering 
the ?rst set of one or more PWM parameters based on a 
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12 
predetermined change threshold to generate a second set of 
one or more PWM parameters. The method further includes 
generating a second PWM cycle for the second PWM signal 
based on the second set of one or more PWM parameters. In 
one embodiment, generating the second PWM cycle com 
prises determining a duty ratio of the ?rst PWM cycle using 
the second set of one or more PWM parameters and generat 
ing the second PWM cycle so as to have a duty cycle substan 
tially equal to the duty ratio determined for the ?rst PWM 
cycle. 

In accordance With one aspect, sampling the ?rst PWM 
cycle comprises sampling the ?rst PWM cycle to determine a 
?rst value and a second value of the ?rst set of one or more 
PWM parameters, the ?rst value representative of a number 
of samples having a select sample value for the ?rst PWM 
cycle and the second value representative of a total number of 
samples for the ?rst PWM cycle. In this instance, ?ltering the 
?rst set of one or more PWM parameters to generate the 
second set of one or more PWM parameters can include 

?ltering the ?rst value based on a change threshold range 
de?ned by the predetermined change threshold to generate a 
third value of the second set of one or more PWM parameters 
and ?ltering the second value based on the change threshold 
range to generate a fourth value of the second set of one or 
more PWM parameters. Generating the second PWM cycle 
therefore may include determining a duty value based on a 
PWM step range of the second PWM signal and a ratio of the 
third value and the fourth value and generating the second 
PWM cycle based on the duty value. In one embodiment, the 
method further includes con?guring a sampling frequency 
such that a truncated or rounded product of the PWM step 
range and a ratio of the predetermined change threshold to the 
second value is not greater than one least signi?cant bit (LSB) 
of a PWM step resolution of the second PWM signal. Further, 
generating the second PWM cycle based on the duty value 
can include driving the second PWM signal to a ?rst state for 
a ?rst duration, the ?rst duration having a number of cycles of 
a generation clock equal to the duty value and driving the 
second PWM signal to a second state for a second duration, 
the second duration having a number of cycles of the genera 
tion clock equal to a difference betWeen the PWM step range 
and the duty value, Wherein the second duration precedes or 
folloWs the ?rst duration. 

In one embodiment, ?ltering the ?rst value based on the 
change threshold range to generate the third value includes: 
setting the third value equal to the ?rst value in response to 
determining a difference betWeen the ?rst value and a ?fth 
value is greater than or equal to the predetermined change 
threshold, Wherein the ?fth value represents a number of 
samples having the select sample value for a PWM cycle of 
the ?rst PWM signal occurring prior to the ?rst PWM cycle; 
and setting the third value equal to the ?fth value in response 
to determining the difference betWeen the ?rst value and the 
?fth value is less than the predetermined change threshold. In 
this case, ?ltering the second value based on the change 
threshold range to generate the fourth value can include set 
ting the fourth value equal to the second value in response to 
determining a difference betWeen the second value and a sixth 
value is greater than or equal to the predetermined change 
threshold, Wherein the sixth value represents a total number 
of samples for a PWM cycle of the ?rst PWM signal occur 
ring prior to the ?rst PWM cycle and setting the fourth value 
equal to the sixth value in response to determining the differ 
ence betWeen the second value and the sixth value is less than 
the predetermined change threshold. 

In another embodiment, sampling the ?rst PWM cycle 
includes sampling the ?rst PWM cycle to determine a ?rst 
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value and a second value of the ?rst set of one or more PWM 
parameters, the ?rst value representative of a number of 
samples having a select sample value for the ?rst PWM cycle 
and the second value representative of a total number of 
samples for the ?rst PWM cycle. In this embodiment, ?ltering 
the ?rst set of one or more PWM parameters to generate the 
second set of one or more PWM parameters can include 
determining a ?rst duty value based on a ratio of the ?rst value 
and the second value and ?ltering the ?rst duty value based on 
a change threshold range de?ned by the predetermined 
change threshold to generate a second duty value of the sec 
ond set of one or more PWM parameters. Filtering the ?rst 
duty value based on the change threshold range to generate 
the second value can include setting the second value equal to 
the ?rst value in response to determining a difference betWeen 
the ?rst duty value and a third value is greater than or equal to 
the predetermined change threshold, Wherein the third duty 
value represents a PWM duty ratio of a PWM cycle of the ?rst 
PWM signal occurring prior to the ?rst PWM cycle and 
setting the second duty value equal to the third duty value in 
response to determining the difference betWeen the ?rst duty 
value and the third duty value is less than the predetermined 
change threshold. 

In accordance With another aspect, a pulse Width modula 
tion (PWM) frequency converter is provided. The PWM fre 
quency converter has an input to receive a ?rst PWM signal 
and an output to provide a second PWM signal having a 
different frequency than the ?rst PWM signal. The PWM 
frequency converter further includes a sampling module to 
sample a ?rst PWM cycle of the ?rst PWM signal to generate 
a ?rst set of one or more PWM parameters, a ?lter module to 

?lter the ?rst set of one or more PWM parameters based on a 
predetermined change threshold to generate a second set of 
one or more PWM parameters, and a PWM generator module 
to generate a second PWM cycle for the second PWM signal 
based on the second set of one or more PWM parameters. 

In a PWM frequency converter that receives a ?rst PWM 
signal and outputs a second PWM signal having a higher 
frequency than the ?rst PWM signal, a method is provided in 
accordance With yet another aspect. The method includes 
sampling a ?rst PWM cycle of the ?rst PWM signal to deter 
mine a ?rst value and a second value, the ?rst value represen 
tative of a number of samples having a select sample value for 
the ?rst PWM cycle and the second value representative of a 
total number of samples for the ?rst PWM cycle and sampling 
a second PWM cycle of the ?rst PWM signal that occurs 
subsequent to the ?rst PWM cycle to determine a third value 
and a fourth value, the third value representative of a number 
of samples having the select sample value for the second 
PWM cycle and the fourth value representative of a total 
number of samples for the second PWM cycle. The method 
further includes ?ltering the third value based on the ?rst 
value and a predetermined change threshold to generate a ?fth 
value and ?ltering the fourth value based on the second value 
and the predetermined change threshold to generate a sixth 
value. The method additionally includes generating a PWM 
cycle of the second PWM signal based on the ?fth value and 
the sixth value. 

In one embodiment, generating the PWM cycle of the 
second PWM signal includes determining a duty value based 
on a PWM step range of the second PWM signal and a ratio of 
the ?fth value and the sixth value and generating the PWM 
cycle for the second PWM signal based on the duty value. 
Further, ?ltering the third value to generate the ?fth value can 
include setting the ?fth value equal to the third value in 
response to determining a difference betWeen the third value 
and the ?rst value is greater than or equal to the predetermined 
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14 
change threshold and setting the ?fth value equal to the ?rst 
value in response to determining the difference betWeen the 
third value and the ?rst value is less than the predetermined 
change threshold. Filtering the fourth value to generate the 
sixth value can include setting the sixth value equal to the 
fourth value in response to determining a difference betWeen 
the fourth value and the second value is greater than or equal 
to the predetermined change threshold and setting the sixth 
value equal to the second value in response to determining the 
difference betWeen the fourth value and the second value is 
less than the predetermined change threshold. 
The term “another”, as used herein, is de?ned as at least a 

second or more. The terms “including”, “having”, or any 
variation thereof, as used herein, are de?ned as comprising. 
The term “coupled”, as used herein With reference to electro 
optical technology, is de?ned as connected, although not 
necessarily directly, and not necessarily mechanically. 

Other embodiments, uses, and advantages of the disclosure 
Will be apparent to those skilled in the art from consideration 
of the speci?cation and practice of the disclosure disclosed 
herein. The speci?cation and draWings should be considered 
exemplary only, and the scope of the disclosure is accordingly 
intended to be limited only by the folloWing claims and 
equivalents thereof. 
What is claimed is: 
1. In a pulse Width modulation (PWM) frequency converter 

that receives a ?rst PWM signal and outputs a second PWM 
signal having a different frequency than the ?rst PWM signal, 
a method comprising: 

sampling a ?rst PWM cycle of the ?rst PWM signal to 
generate a ?rst set of one or more PWM parameters, the 
sampling to determine a ?rst value and a second value of 
the ?rst set of one or more PWM parameters, the ?rst 
value representative of a number of samples having a 
select sample value for the ?rst PWM cycle and the 
second value representative of a total number of samples 
for the ?rst PWM cycle; 

?ltering the ?rst set of one or more PWM parameters based 
on a predetermined change threshold to generate a sec 
ond set of one or more PWM parameters, the ?ltering 
comprising: 
?ltering the ?rst value based on a change threshold range 

de?ned by the predetermined change threshold to 
generate a third value of the second set of one or more 
PWM parameters; and 

?ltering the second value based on the change threshold 
range to generate a fourth value of the second set of 
one or more PWM parameters; and 

generating a second PWM cycle for the second PWM 
signal based on the second set of one or more PWM 

parameters. 
2. The method of claim 1, Wherein generating the second 

PWM cycle comprises: 
determining a duty ratio of the ?rst PWM cycle using the 

second set of one or more PWM parameters; and 
generating the second PWM cycle so as to have a duty 

cycle substantially equal to the duty ratio determined for 
the ?rst PWM cycle. 

3. The method of claim 1, Wherein generating the second 
PWM cycle comprises: 

determining a duty value based on a PWM step range of the 
second PWM signal and a ratio of the third value and the 
fourth value; and 

generating the second PWM cycle based on the duty value. 
4. The method of claim 3, further comprising: 
con?guring a sampling frequency such that a truncated or 

rounded product of the PWM step range and a ratio of 
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the predetermined change threshold to the second value 
is not greater than one least signi?cant bit (LSB) of a 
PWM step resolution of the second PWM signal. 

5. The method of claim 3, Wherein generating the second 
PWM cycle based on the duty value comprises: 

driving the second PWM signal to a ?rst state for a ?rst 
duration, the ?rst duration having a number of cycles of 
a generation clock equal to the duty value; and 

driving the second PWM signal to a second state for a 
second duration, the second duration having a number of 
cycles of the generation clock equal to a difference 
betWeen the PWM step range and the duty value, 
Wherein the second duration precedes or folloWs the ?rst 
duration. 

6. The method of claim 1, Wherein: 
?ltering the ?rst value based on the change threshold range 

to generate the third value comprises: 
setting the third value equal to the ?rst value in response 

to determining a difference betWeen the ?rst value and 
a ?fth value is greater than or equal to the predeter 
mined change threshold, Wherein the ?fth value rep 
resents a number of samples having the select sample 
value for a PWM cycle of the ?rst PWM signal occur 
ring prior to the ?rst PWM cycle; and 

setting the third value equal to the ?fth value in response 
to determining the difference betWeen the ?rst value 
and the ?fth value is less than the predetermined 
change threshold; and 

?ltering the second value based on the change threshold 
range to generate the fourth value comprises: 
setting the fourth value equal to the second value in 

response to determining a difference betWeen the sec 
ond value and a sixth value is greater than or equal to 
the predetermined change threshold, Wherein the 
sixth value represents a total number of samples for a 
PWM cycle of the ?rst PWM signal occurring prior to 
the ?rst PWM cycle; and 

setting the fourth value equal to the sixth value in 
response to determining the difference betWeen the 
second value and the sixth value is less than the pre 
determined change threshold. 

7. The method of claim 6, Wherein the predetermined 
change threshold is three. 

8. The method of claim 1 further comprising providing 
poWer to light emitting diodes of a display panel based on the 
second PWM signal. 

9. A pulse Width modulation (PWM) frequency converter 
having an input to receive a ?rst PWM signal and an output to 
provide a second PWM signal having a different frequency 
than the ?rst PWM signal, the PWM frequency converter 
comprising: 

a sampling module to sample a ?rst PWM cycle of the ?rst 
PWM signal to generate a ?rst set of one or more PWM 
parameters, the sampling to determine a ?rst value and a 
second value of the ?rst set of one or more PWM param 
eters, the ?rst value representative of a number of 
samples having a select sample value for the ?rst PWM 
cycle and the second value representative of a total num 
ber of samples for the ?rst PWM cycle; 

a ?lter module to ?lter the ?rst set of one or more PWM 
parameters based on a predetermined change threshold 
to generate a second set of one or more PWM parameters 
by: 
?ltering the ?rst value based on a change threshold range 

de?ned by the predetermined change threshold to 
generate a third value of the second set of one or more 
PWM parameters; and 
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16 
?ltering the second value based on the change threshold 

range to generate a fourth value of the second set of 
one or more PWM parameters; and 

a PWM generator module to generate a second PWM cycle 
for the second PWM signal based on the second set of 
one or more PWM parameters. 

10. The PWM frequency converter of claim 9, Wherein the 
PWM generator module is to generate the second PWM cycle 
by: 

determining a duty ratio of the ?rst PWM cycle using the 
second set of one or more PWM parameters; and 

generating the second PWM cycle so as to have a duty 
cycle substantially equal to the duty ratio determined for 
the ?rst PWM cycle. 

11. The PWM frequency converter of claim 9, Wherein the 
PWM generator module is to generate the second PWM cycle 
by: 

determining a duty value based on a PWM step resolution 
of the second PWM signal and a ratio of the third value 
and the fourth value; and 

generating the second PWM cycle based on the duty value. 
12. The PWM frequency converter of claim 11, Wherein the 

PWM generator module is to generate the second PWM cycle 
based on the duty value by: 

driving the second PWM signal to a ?rst state for a ?rst 
duration, the ?rst duration having a number of cycles of 
a generation clock equal to the duty value; and 

driving the second PWM signal to a second state for a 
second duration, the second duration having a number of 
cycles of the generation clock equal to a difference 
betWeen the PWM step resolution and the duty value, 
Wherein the second duration precedes or folloWs the ?rst 
duration. 

13. The PWM frequency converter of claim 9, Wherein: 
the ?lter module is to ?lter the ?rst value to generate the 

third value by: 
setting the third value equal to the ?rst value in response 

to determining a difference betWeen the ?rst value and 
a ?fth value is greater than or equal to the predeter 
mined change threshold, Wherein the ?fth value rep 
resents a number of samples having the select sample 
value for a PWM cycle of the ?rst PWM signal occur 
ring prior to the ?rst PWM cycle; and 

setting the third value equal to the ?fth value in response 
to determining the difference betWeen the ?rst value 
and the ?fth value is less than the predetermined 
change threshold; and 

the ?lter module is to ?lter the second value based on the 
change threshold range to generate the fourth value by: 
setting the fourth value equal to the second value in 

response to determining a difference betWeen the sec 
ond value and a sixth value is greater than or equal to 
the predetermined change threshold, Wherein the 
sixth value represents a total number of samples for a 
PWM cycle of the ?rst PWM signal occurring prior to 
the ?rst PWM cycle; and 

setting the fourth value equal to the sixth value in 
response to determining the difference betWeen the 
second value and the sixth value is less than the pre 
determined change threshold. 

14. The PWM frequency converter of claim 9 further com 
prising an interface for providing the second PWM signal to 
a current regulator associated With light emitting diodes of a 
display panel. 
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15. In a pulse Width modulation (PWM) frequency con 
verter that receives a ?rst PWM signal and outputs a second 
PWM signal having a higher frequency than the ?rst PWM 
signal, a method comprising: 

sampling a ?rst PWM cycle of the ?rst PWM signal to 
determine a ?rst value and a second value, the ?rst value 
representative of a number of samples having a select 
sample value for the ?rst PWM cycle and the second 
value representative of a' total number of samples for the 
?rst PWM cycle; 

sampling a second PWM cycle of the ?rst PWM signal that 
occurs subsequent to the ?rst PWM cycle to determine a 
third value and a fourth value, the third value represen 
tative of a number of samples having the select sample 
value for the second PWM cycle and the fourth value 
representative of a total number of samples for the sec 
ond PWM cycle; 

?ltering the third value based on the ?rst value and a pre 
determined change threshold to generate a ?fth value; 

?ltering the fourth value based on the second value and the 
predetermined change threshold to generate a sixth 
value; and 

generating a PWM cycle of the second PWM signal based 
on the ?fth value and the sixth value. 

16. The method of claim 15, Wherein generating the PWM 
cycle of the second PWM signal comprises: 
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determining a duty value based on a PWM step range of the 

second PWM signal and a ratio of the ?fth value and the 
sixth value; and 

generating the PWM cycle for the second PWM signal 
based on the duty value. 

17. The method of claim 15, Wherein: 
?ltering the third value to generate the ?fth value com 

prises: 
setting the ?fth value equal to the third value in response 

to determining a difference betWeen the third value 
and the ?rst value is greater than or equal to the 
predetermined change threshold; and 

setting the ?fth value equal to the ?rst value in response 
to determining the difference betWeen the third value 
and the ?rst value is less than the predetermined 
change threshold; and 

?ltering the fourth value to generate the sixth value com 
prises: 
setting the sixth value equal to the fourth value in 

response to determining a difference betWeen the 
fourth value and the second value is greater than or 
equal to the predetermined change threshold; and 

setting the sixth value equal to the second value in 
response to determining the difference betWeen the 
fourth value and the second value is less than the 
predetermined change threshold. 

* * * * * 


