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EXTRACTING A MAXIMUM PULSE WIDTH 
OF A PULSE WIDTH LIMITER 

[0001] This application is a continuation of application Ser. 
No. 11/278,842, ?led Apr. 6, 2006, status allowed. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] The present application relates generally to the ?eld 
of circuit design and testing. More speci?cally, the present 
application is directed to an apparatus and method for extract 
ing a maximum pulse width of a pulse width limiter. 
[0004] 2. Description of RelatedArt 
[0005] In many modern computer applications, especially 
those dealing with large arrays, the maximum pulse width of 
clock signals operating on these arrays needs to be limited. If 
the pulse width is too wide, for example, it can cause pre 
charged array nodes to lose their logic value and result in 
array failure. Thus, it is common for a clock source to be 
pulse-width limited before being asserted onto array grids. 
One example of a technique for limiting the maximum pulse 
width of a clock source is described in commonly assigned 
and co-pending US. Patent Application Publication No. 
2005/0091620 entitled “A Simpli?ed Method for Limiting 
Clock Pulse Width,” ?led on Oct. 23, 2003. 
[0006] One important issue that needs to be addressed is the 
off-chip characterization of such a pulse width limiter circuit 
under typical bandwidth-limited laboratory conditions. For 
example, a pulse-width limiter with a maximum allowable 
pulse width of 100 picoseconds (ps) will have signi?cant 
power at around 1/100 ps (10 GHz). However, typical labora 
tory equipment that can guarantee signal integrity at such 
frequencies is often cost-prohibitive. 
[0007] One possible solution for avoiding such cost-pro 
hibitive laboratory equipment arrangements is to use on-chip 
characterization of the pulse-width limiter output. This can be 
accomplished, for example, by sampling the pulse-width lim 
iter output with various phases of a voltage-controlled oscil 
lator (VCO) input. However, this approach relies on the dis 
crete phases available from the VCO and, therefore, the 
discreteness limits the resolution of this technique. Moreover, 
unless the VCO is locked by, for example, a phase-locked 
loop (PLL), the VCO input can be compromise by large jitter 
at each of its phases, thereby increasing the measurement 
uncertainty. 
[0008] An alternative approach is to employ pulse stretcher 
circuitry. Pulse stretchers are used to extend or stretch the 
output of, for example, a pulse-width limiter to thereby 
reduce the bandwidth requirement of the laboratory measure 
ment equipment. This approach, however, is also subject to 
limitations. In particular, the precise magnitude of the pulse 
extension caused by the pulse stretchers must be known, 
which thereby requires characterization of the pulse stretch 
ers’ performance itself. Thus, while one can employ the pulse 
stretchers to bring the test output within the bandwidth 
requirement of the off-chip laboratory measurement equip 
ment, the desired measurement remains unknown without an 
often complicated additional characterization of the pulse 
stretchers themselves. 
[0009] As a further alternative, in commonly assigned and 
co-pending US. patent application Ser. No. 11/109,090 
entitled “System and Method for On/Off-Chip Characteriza 
tion of Pulse-Width Limiter Outputs,” ?led Apr. 19, 2005, 
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describes a circuit capable of extracting the maximum pulse 
width of a pulse width limiter. With the circuit described in the 
’090 application, the outputs of cascaded pulse width limiters 
are delayed by a ?xed amount and then combined through an 
OR gate. The output of the OR gate is then a wide pulse that 
may be characterized by limited bandwidth laboratory mea 
surement equipment. 
[0010] As mentioned above, in the exemplary circuit 
arrangements set forth in the ’090 application, the outputs of 
the pulse width limiters are delayed by a ?xed amount prior to 
being combined at the OR gate. The delay cells required for 
providing this ?xed amount of delay consume a large chip 
area and may also consume a large amount of power. 

SUMMARY 

[0011] The illustrative embodiments described herein pro 
vide an apparatus and method for extracting the maximum 
pulse width of a pulse width limiter. The apparatus and 
method of the illustrative embodiments performs such extrac 
tion using a circuit that is con?gured to eliminate the majority 
of the delay cells utilized in the circuit arrangement described 
in commonly assigned and co-pending US. patent applica 
tion Ser. No. 11/ 109,090 (hereafter referred to as the ’090 
application). The elimination of these delay cells is made 
possible in one illustrative embodiment by replacing an OR 
gate in the circuit con?guration of the ’090 application with 
an edge triggered re-settable latch. The replacement of the 
OR gate with the edge triggered re-settable latch reduces the 
amount of chip area used in addition to the power consump 
tion of the circuit. 
[0012] In one illustrative embodiment, a method is pro 
vided for determining a maximum pulse width of a pulse 
width limiter. The method may be implemented, for example, 
in a pulse width limiter output characterization device. The 
method may comprise receiving an input signal, limiting a 
pulse width of the received input signal to generate a ?rst 
intermediate signal, delaying the ?rst intermediate signal by a 
known amount to generate a set signal, asserting a clock 
output signal in response to assertion of the set signal, and 
de-asserting the clock output signal in response to a receipt of 
a reset signal. The asserted clock output signal may be rep 
resentative of the maximum pulse width of the pulse width 
limiter. The known amount by which the intermediate signal 
is delayed may be (N—1)T, where N is a number of pulse 
width limiters in the plurality of pulse width limiters, and T is 
a ?xed amount of time by which a rising edge of the input 
signal is delayed by the ?rst pulse width limiter. 
[0013] The pulse width limiter output characterization 
device may have a plurality of pulse width limiters arranged 
in series to thereby provide a series of pulse width limiters. A 
?rst pulse width limiter may limit the pulse width of the 
received known clock signal to generate the ?rst intermediate 
signal. A last pulse width limiter in the plurality of pulse 
width limiters may output the reset signal. 
[0014] A delay circuit element associated with the ?rst 
pulse width limiter may delay the ?rst intermediate signal by 
the known amount to generate the set signal. In one illustra 
tive embodiment, only the ?rst pulse width limiter in the 
plurality of pulse width limiters has an associated delay cir 
cuit element. 

[0015] The clock signal may be asserted by a re-settable 
latch in response to the re-settable latch receiving the set 
signal. The clock signal may be de-asserted by the re-settable 



US 2008/0136480 A1 

latch in response to receiving the reset signal. The re-settable 
latch may be an edge triggered re-settable latch. 

[0016] Each pulse width limiter in the plurality of pulse 
width limiters, with the exception of the last pulse width 
limiter, may have an associated inverter that inverts an output 
of the associated pulse width limiter. The inverters may pro 
vide the inverted output as an input to a next pulse width 
limiter in the series of pulse width limiters. 

[0017] The assertion of the clock output signal may have a 
pulse width of NTmax, where N is a number of pulse width 
limiters in the plurality of pulse width limiters and Tmax is a 
maximum pulse width of the pulse width limiters. The 
method may further comprise determining a maximum pulse 
width for a pulse width limiter by dividing the pulse width of 
the asserted clock output signal by the number of pulse width 
limiters in the plurality of pulse width limiters. 

[0018] In a further illustrative embodiment, an apparatus 
for determining a maximum pulse width of a pulse width 
limiter is provided. The apparatus may comprise at least one 
pulse width limiter, a delay circuit element coupled to the at 
least one pulse width limiter, and an output clock generation 
circuit element coupled to the delay circuit element. The at 
least one pulse width limiter may receive an input signal and 
may limit a pulse width of the received input signal to gener 
ate a ?rst intermediate signal. The delay circuit element may 
delay the ?rst intermediate signal by a known amount to 
generate a set signal. The output clock generation circuit 
element may assert a clock output signal in response to asser 
tion of the set signal and may de-assert the clock output signal 
in response to a receipt of a reset signal. The asserted clock 
output signal may be representative of the maximum pulse 
width of the pulse width limiter. The known amount by which 
the intermediate signal is delayed may be (N —1)T, where N is 
a number of pulse width limiters in the plurality of pulse 
width limiters, and T is a ?xed amount of time by which a 
rising edge of the input signal is delayed by the ?rst pulse 
width limiter. 

[0019] The at least one pulse width limiter may comprise a 
plurality of pulse width limiters arranged in series to thereby 
provide a series of pulse width limiters. A ?rst pulse width 
limiter may limit the pulse width of the received known clock 
signal to generate the ?rst intermediate signal. A last pulse 
width limiter in the plurality of pulse width limiters may 
output the reset signal. 
[0020] The delay circuit element may be associated with 
the ?rst pulse width limiter. In one illustrative embodiment, 
only the ?rst pulse width limiter in the plurality of pulse width 
limiters has an associated delay circuit. 

[0021] The output clock generation circuit element may be 
a re-settable latch. The re-settable latch may be an edge trig 
gered re-settable latch. 
[0022] Each pulse width limiter in the plurality of pulse 
width limiters, with the exception of the last pulse width 
limiter, may have an associated inverter that inverts an output 
of the associated pulse width limiter. The inverters may pro 
vide the inverted output as an input to a next pulse width 
limiter in the series of pulse width limiters. 
[0023] The assertion of the clock output signal may have a 
pulse width of NTmax, where N is a number of pulse width 
limiters in the plurality of pulse width limiters and Tmax is a 
maximum pulse width of the pulse width limiters. A maxi 
mum pulse width for a pulse width limiter may be determined 
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by dividing the pulse width of the asserted clock output signal 
by the number of pulse width limiters in the plurality of pulse 
width limiters. 
[0024] These and other features and advantages will be 
described in, or will become apparent to those of ordinary 
skill in the art in view of, the following detailed description of 
the illustrative embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, however, as well as a preferred mode of use, further 
objectives and advantages thereof, will best be understood by 
reference to the following detailed description of an illustra 
tive embodiment when read in conjunction with the accom 
panying drawings, wherein: 
[0026] FIG. 1 is a block diagram depicting a pulse-width 
limiter output characterization system in accordance with the 
illustrative embodiments described in US. patent application 
Ser. No. 11/109,090; 
[0027] FIG. 2 illustrates a plurality of exemplary wave 
forms for a pulse-width limiter output characterization sys 
tem in accordance with the illustrative embodiments 
described in US. patent application Ser. No. 11/109,090; 
[0028] FIG. 3 is a ?ow diagram depicting a pulse-width 
limiter output characterization method in accordance with the 
illustrative embodiments described in US. patent application 
Ser. No. 11/109,090; 
[0029] FIG. 4 is an exemplary diagram illustrating a pulse 
width limiter output characterization system (hereafter 
referred to as the “PWL system”) in accordance with one 
illustrative embodiment of the present invention; 
[0030] FIG. 5 illustrates a plurality of exemplary wave 
forms for a pulse-width limiter output characterization sys 
tem in accordance with an illustrative embodiment of the 
present invention; and 
[0031] FIG. 6 is a ?owchart outlining an exemplary opera 
tion of a PWL output characterization system in accordance 
with one illustrative embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] The mechanisms of the illustrative embodiments 
make improvements over the mechanisms of the illustrative 
embodiments in US. patent application Ser. No. 11/ 109,090 
(hereafter referred to as the ’090 application). Thus, in order 
to best understand the improvements provided by the illus 
trative embodiments, it is ?rst bene?cial to provide a descrip 
tion of the mechanisms of the illustrative embodiments set 
forth in the ’090 application. FIGS. 1-3 hereafter provide 
illustrative examples of the mechanisms described in the ’090 
application. 
[0033] FIG. 1 is an exemplary block diagram depicting a 
pulse-width limiter output characterization system 100 in 
accordance with the illustrative embodiments described in the 
’090 application. As shown in FIG. 1, the pulse-width limiter 
output characterization system 100 includes a pulse-width 
limiter (PWL) 105 which is one or more circuits, or other 
suitable logic, that is con?gured to perform pulse-width lim 
iting operations. In one illustrative embodiment, the PWL 
105 is con?gured to receive an input signal and to limit a pulse 
width of the received input signal. In the illustrated embodi 
ment, the PWL 105 is con?gured to receive a clock signal, 
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e.g., CLK_IN 102, and to limit the pulse Width of the received 
CLK_IN signal 102, to generate an intermediate signal. Gen 
erally, the pulse Width of the output of the PWL 105, i.e. the 
intermediate signal, is smaller than the pulse Width of the 
received CLK_IN signal 102. One obj ect of the PWL output 
characterization system 100 is to aid in identifying the char 
acteristics of the output of the PWL 105 as compared to the 
input signal. 
[0034] In one illustrative embodiment, the PWL 105 is 
con?gured to delay a rising edge of its input by a ?xed amount 
of time and to combine the delayed rising edge With either a 
received falling edge or a ?xed maximum pulse-Width edge to 
generate an output pulse-Width-limited signal. That is, Where 
the input signal to the PWL 105 has a pulse Width that is 
smaller than the maximum pulse Width, the PWL 105 delays 
a rising edge of the output signal by a ?xed amount of time 
from the input signal rising edge, and delays a falling edge of 
the output signal by a ?xed amount of time from the input 
signal falling edge. 
[0035] Where the input signal to the PWL 105 has a pulse 
Width that is larger than the maximum pulse Width, the PWL 
105 delays a rising edge of the output signal by a ?xed amount 
of time from the input signal rising edge, and delays a falling 
edge of the output signal to the maximum pulse Width from 
the delayed rising edge. In the illustrated embodiment, the 
variable name “tau” ("5) identi?es the ?xed amount of time by 
Which the input signal rising edge is delayed. 
[0036] PWL 105 is coupled to a delay circuit 110. The delay 
circuit 110 is one or more circuits, or other suitable logic, that 
is con?gured to receive an input signal and to generate a 
delayed signal based on the input signal and a predetermined 
time delay. In one illustrative embodiment, the delay circuit 
110 is con?gured to generate a delayed signal With a rising 
edge that is delayed by a predetermined time delay from the 
input signal rising edge, i.e. the rising edge of the intermedi 
ate signal from the PWL 105, and a falling edge that is 
delayed by the same predetermined time delay from the input 
signal falling edge. 
[0037] In one illustrated embodiment, the predetermined 
time delay is a function of "c, i.e. the ?xed amount of time by 
Which the input signal, CLK_IN 102, rising edge is delayed 
by the PWL 105. In one illustrative embodiment, the delay 
circuit 110 is con?gured With a predetermined time delay of 
(N—l)t, Where “N” represents the total number of pulse 
Width limiters employed in the PWL output characteriZation 
system 100. While the illustrative embodiment uses a time 
delay of (N—l)t, the present invention is not limited to such 
and one skilled in the art Will understand that other con?gu 
rations may also be employed Without departing from the 
spirit and scope of the present invention. As described in more 
detail beloW, the output of the delay circuit 110 is an input to 
an OR gate 150. 
[0038] The PWL 105 is also coupled to an inverter 115. The 
inverter 115 is one or more circuits, or other suitable logic, 
that is con?gured to receive an input signal and to generate an 
inverted signal based on the received input signal. In one 
illustrative embodiment, the inverter 115 is con?gured to 
receive the intermediate signal from the PWL 105 and gen 
erate an output signal that is the logical inverse of the received 
intermediate signal. 
[0039] It should be noted that, for ease of illustration, FIG. 
1 shoWs the latency introduced by each stage (I) as solely due 
to the PWLs 105, 120, and 140. In ordinary operations, hoW 
ever, the latency of each stage includes the latency introduced 
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by the PWL 105, 120, and 140 and also the associated inverter 
115 and 130 at the output of the PWL 105 and 120 (the PWL 
140 does not have an associated inverter and thus, the latency 
Would be due to latency of the PWL 140 alone). For ease of 
illustration, hoWever, the folloWing discussion assumes that 
the latency of the inverters 115 and 130 is bundled into '5. 

[0040] The inverter 115 is coupled to the PWL 120. The 
PWL 120, similar to the PWL 105, is one or more circuits, or 
other suitable logic, that is con?gured to perform pulse-Width 
limiting operations. In one illustrative embodiment, in the 
illustrated embodiment, the PWL 120 is con?gured identi 
cally to PWL 105, although identical con?guration of the 
PWLs 105, 120 and 140 is not required for operation of the 
present invention. Thus, as described in more detail beloW, the 
output of the PWL 105 passes through the inverter 115, Whose 
output is then used as the input to the PWL 120. The system 
repeats this sequence N times in a chain Where N PWL cir 
cuits are cascaded. Additionally, the output of the PWL 120 is 
a second intermediate signal, Which, like the intermediate 
signal that is the output by the PWL 105, serves as the input 
for an inverter 130 and a delay circuit 125. 

[0041] The delay circuit 125, like the delay circuit 110, is 
one or more circuits, or other suitable logic, that is con?gured 
to receive an input signal and to generate a delayed signal 
based on the input signal and a predetermined time delay. In 
one illustrative embodiment, the delay circuit 125 is con?g 
ured to generate a delayed signal With a rising edge that is 
delayed by a predetermined time delay from the input signal, 
i.e. the inverted intermediate signal output by the PWL 105, 
rising edge, and a falling edge that is delayed by the same 
predetermined time delay from the input signal falling edge. 
In the illustrated embodiment, the delay circuit 125 is con 
?gured With a predetermined time delay of (N —2)t although, 
as discussed above, different con?gurations may be utiliZed 
Without departing from the spirit and scope of the present 
invention. As With the output of the delay circuit 110, the 
output of the delay circuit 125 is an input to OR gate 150. 

[0042] The PWL 120 is also coupled to the inverter 130 
Which, like inverter 115, is one or more circuits, or other 
suitable logic, that is con?gured to receive an input signal and 
to generate an inverted signal based on the received input 
signal. In particular, the inverter 130 is con?gured to receive 
the intermediate signal from the PWL 120 and generate an 
output signal that is the logical inverse of the received inter 
mediate signal. In the illustrated embodiment, the output of 
the inverter 130 serves as the input to the next PWL in the 
sequence. One skilled in the art Will understand that the 
sequence continues as described above, With the input to each 
subsequent PWL being the output of the immediately 
upstream inverter, and the output of each subsequent PWL 
serving as the input to a doWnstream delay circuit. 

[0043] Thus, the last inverter in the series is coupled to the 
Nth, and ?nal, PWL of the PWL output characterization 
system 100, e.g., PWL 140, Which, in the illustrative embodi 
ment, is con?gured identically to the PWL 105 and the PWL 
120. The PWL 140 is coupled to delay circuit 145 Which is 
con?gured to generate a delayed signal With a rising edge that 
is delayed by a predetermined time delay from the input 
signal, i.e. the intermediate signal from the PWL 140, rising 
edge, and a falling edge that is delayed by the same predeter 
mined time delay from the input signal falling edge. In the 
illustrated embodiment, delay circuit 145 is con?gured With a 
predetermined time delay of (N—N)'c, or Zero delay. As With 
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the outputs of the delay circuits 110 and 125, the output of the 
delay circuit 145 is an input to OR gate 150. 
[0044] Thus, generally, in the illustrated embodiment, an 
associated delay circuit delays the output of a particular PWL 
by a predetermined time delay of (N—X)'c, Where “N” repre 
sents the total number of PWLs in the PWL output charac 
terization system 100 and “X” represents the ordinal rank or 
position of that particular PWL. Therefore, the delay circuit 
associated With the last (i.e. Nth) PWL, e.g., delay circuit 145 
in the illustrated embodiment, is con?gured to delay the out 
put of its associated PWL, e.g., PWL 140, by the predeter 
mined time delay of (N —N)t, or zero delay. Accordingly, the 
last, or Nth, delay circuit may be omitted from the PWL 
output characterization system 100. 
[0045] As described above, the PWL output characteriza 
tion system 100 includes OR gate 150. The OR gate 150 is 
coupled to each delay circuit 110, 125, and 145, and receives 
as input the output of each delay circuit 110, 125, and 145, 
Which in the illustrated embodiment is a plurality of delayed 
signals. The output of the OR gate 150 in the illustrated 
embodiment is a signal designated, “CLK_OUT 160.” 
[0046] Thus, generally, the PWL output characterization 
system 100 employs a cascade of pulse-Width limiting cir 
cuits, and combines the outputs of each of the pulse-Width 
limiting circuits to generate a system output pulse of arbitrary 
duration that can then be characterized using ordinary labo 
ratory equipment. With this circuit arrangement, associated 
delay circuits delay the output of each PWL by a speci?c time 
delay. The resulting delayed output signals are combined 
together through a logic “OR” using OR gate 150 to generate 
a system output pulse. In one implementation of the circuitry 
shoWn in FIG. 1 having N PWLs and each PWL is con?gured 
to generate an intermediate signal With a maximum pulse 
Width of Tmax, the system output pulse Will have a pulse Width 
With a duration equal to NTmax. 
[0047] For further illustration of the interaction of the com 
ponents of the PWL output characterization system 100, FIG. 
1 provides labels for the output signals of the delay circuits 
110, 125 and 145, i.e. the delayed signals as described above. 
In particular, as shoWn in FIG. 1, the output signal of delay 
circuit 110 is denoted “lil”, the output signal of delay 
circuit 125 is denoted “2il”, and the output signal of delay 
circuit 145 is denoted “Nil.” These labels Will be used to 
further explain the illustrative embodiments With regard to 
the illustrative Waveform analysis illustrated in FIG. 2. 
[0048] FIG. 2 illustrates a plurality of exemplary Wave 
forms for a pulse-Width limiter output characterization sys 
tem in accordance With the illustrative embodiments 
described in the ’090 application. As shoWn in FIG. 2, in one 
illustrated embodiment, the CLK_IN signal 202 represents an 
input to the PWL output characterization system 100. As 
depicted, at time 0, the CLK_IN signal 202 is asserted or is 
transitioned to a logic high value. As described above, the 
CLK_IN signal 202 is the input to the PWL 105 in FIG. 1. 
Thus, at time N1, the output 1_1 from the delay circuit 110 of 
FIG. 1 is at a logic high state. That is, the PWL 105 introduces 
a delay of "c to generate an intermediate signal, i.e. a pulse 
Width-limited signal With a pulse Width of Tmax, Which the 
delay circuit 110 further delays by a predetermined delay 
time of (N —l)'c to generate a delayed signal With a combined 
delay from time 0 of (N—l)t+'c, or NI. 
[0049] Similarly, the output 2_1 from the delay circuit 125 
of FIG. 1 is at a logic high state at the falling edge of signal 
1_1, i.e. at time N'c plus the maximum pulse Width of the PWL 
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105, Tmax. As shoWn in the illustrated embodiment, the sub 
sequent output signals 3_1 though N_1 together form a cas 
cade of pulses to the OR gate 150. Thus, the output of the OR 
gate 150, i.e. CLK_OUT 260, is at a logic high state at time '5 
through time "c+NTmax, and has a pulse Width of NTmax. 
Therefore, one can determine the maximum pulse Width Tmax 
for each PWL through analysis of the CLK_OUT signal 260, 
by dividing the pulse Width by N. i.e. the number of PWLs in 
the PWL output characterization system 100. 
[0050] Thus, using the PWL output characterization sys 
tem 100 of the illustrative embodiments, one can determine 
an accurate characterization of the outputs of a pulse-Width 
limiter circuit using ordinary laboratory equipment. Further 
more, by stretching the pulse Width of the CLK_OUT signal 
260, the PWL output characterization system 100 may relax 
jitter and/or frequency requirements for on-chip sampling 
and characterization of the PWL output. For example, if one 
samples a single PWL With VCO phases that have minimum 
increments of 6, then one can describe the maximum on-chip 
characterization error of the PWL, expressed as a fraction of 
the maximum alloWable pulse Width Tmax, as: |Error| :zs/rm. 
HoWever, Where one cascades N PWLs, as in the PWL output 
characterization system 100, one can describe the error as: 

|EI‘I‘OI‘|:6/(NTmax). Accordingly, one can employ the PWL 
output characterization system 100 to improve on-chip PWL 
characterization accuracy by a factor of N. 
[0051] FIG. 3 is a How diagram depicting a pulse-Width 
limiter output characterization method in accordance With the 
illustrative embodiments described in the ’090 application. 
As shoWn in FIG. 3, the operation starts With the PWL output 
characterization system receiving a knoWn clock signal (step 
305). The PWL 105 ofFIG. 1, for example, may perform this 
operation. A ?rst pulse-Width limiter performs a ?rst pulse 
Width-limiting operation (step 310). Again, the PWL 105 of 
FIG. 1, for example, may perform this pulse-Width-limiting 
operation. 
[0052] A ?rst delay circuit performs a ?rst delay operation 
on the resultant signal of the ?rst pulse-Width-limiting opera 
tion of step 310 (step 315). The delay circuit 110 of FIG. 1, for 
example, may perform this ?rst delay operation. In one 
embodiment, as described above, the ?rst delay operation is 
based on a multiple of a delay associated With the ?rst pulse 
Width-limiting operation of step 310. An OR gate, e.g., OR 
gate 150 in FIG. 1, performs a logic OR operation on the 
result of the ?rst delay operation of step 315, and, as described 
in more detail beloW, the results of the delay operations per 
formed in steps 335 and 350 (step 320). One skilled in the art 
Will understand that one can perform step 320 contempora 
neously With other steps and/or otherWise on a continuous 
basis. 

[0053] A ?rst inverter performs a ?rst inverter operation on 
the resultant signal of the ?rst pulse-Width-limiting operation 
of step 310 (step 325). The inverter 115 of FIG. 1, for 
example, may perform this ?rst inverter operation. A second 
pulse-Width limiter performs a second pulse-Width-limiting 
operation on the resultant signal of the ?rst inverter operation 
of step 325 (step 330). The PWL 120 ofFIG. 1, for example, 
may perform this second pulse-Width-limiting operation. A 
second delay circuit performs a second delay operation on the 
resultant signal of the second pulse-Width-limiting operation 
of step 330 (step 335). The delay circuit 125 of FIG. 1, for 
example, may perform this second delay operation. 
[0054] A second inverter performs a second inverter opera 
tion on the resultant signal of the second pulse-Width-limiting 
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operation of step 330 (step 340). The inverter 130 in FIG. 1, 
for example, may perform this second inverter operation. 
[0055] The results of this second pulse-Width-limiting 
operation then serve as input to a subsequent stage including 
a delay operation, Which results then serve as an input to the 
OR operation of step 320, and an inverter operation, Which 
results then serve as an input to a subsequent pulse-Width 
limiting operation, and so forth. The process continues 
repeats through the Nth stage, Where N is the number of 
pulse-Width-limiting operations performed in the process. 
[0056] An Nth pulse-Width limiter performs an Nth pulse 
Width-limiting operation on the resultant signal of the imme 
diately previous inverter operation (step 345). The PWL 140 
of FIG. 1, for example, may perform this Nth pulse-Width 
limiting operation. An Nth delay circuit performs an Nth 
delay operation on the resultant signal of the pulse-Width 
limiting operation of step 345 (step 350). The delay circuit 
145 of FIG. 1, for example, may perform this Nth delay 
operation. 
[0057] As described above, at step 320, an OR gate 150 
performs a logic “OR” operation on the resultant signals of 
the collective delay operations, that is, the delay operations of 
step 315, step 335, step 350, and any intermediate stages 
betWeen step 340 and step 350. The OR gate, e.g., OR gate 
150 in FIG. 1, generates a system output signal based on the 
logic “OR” operation of step 320 (step 355), and the process 
ends. 
[0058] As mentioned previously above, While the circuit 
arrangement shoWn in FIG. 1 and the operation outlined in 
FIGS. 2-3 provide an excellent mechanism for characterizing 
the output of a pulse-Width limiter, the need to include delay 
circuitry and the OR gate in the circuit arrangement signi? 
cantly increases the chip area consumed by the circuitry and 
also increases the poWer consumed by the circuitry. The illus 
trative embodiments described hereafter seek to reduce the 
chip area and poWer consumed by the pulse-Width limiter 
output characterization system by eliminating the OR gate 
and a majority of the delay elements in the circuit arrange 
ment. 

[0059] In particular, the illustrative embodiments herein 
replace the delay elements and the OR gate of the pulse-Width 
limiter output characterization system shoWn in FIG. 1 With a 
single re-settable latch and a single delay element. The re 
settable latch has a set input, a reset input, and a clock output. 
When the set input of the re-settable latch goes high, i.e. on 
the rising edge of the set input signal, the output of the latch 
is set high. When the reset input of the latch goes loW, i.e. on 
the falling edge of the reset input signal, the output of the latch 
is reset, i.e. it becomes loW. By arranging the circuit elements 
such that the set input signal corresponds to a delayed inter 
mediate signal output by a ?rst PWL in the pulse-Width lim 
iter output characterization system, and the reset input signal 
corresponds to an output of an Nth PWL in the pulse-Width 
limiter output characterization, the output clock of the re 
settable latch outputs a high signal for a same duration as the 
CLK_OUT signal 260 of FIG. 2, i.e. for a duration of NTmax. 
[0060] FIG. 4 is an exemplary diagram illustrating a pulse 
Width limiter output characterization system (hereafter 
referred to as the “PWL system”) in accordance With one 
illustrative embodiment of the present invention. As shoWn in 
FIG. 4, the PWL system 400 includes a plurality of PWLs 
405, 420, and 440. Additional PWLs may be provided in the 
PWL system 400 such that PWL 440 is the Nth PWL of the 
PWL system 400 in a similar manner as previously described 
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above With regard to FIG. 1. In addition, inverters 415, 425, 
and the like are provided betWeen PWLs 405, 420 and 440 for 
inverting the output signals of the PWLs before providing 
them as inputs to the next stage of the pulse-Width limiter 
output characterization system. These inverters 415 and 425 
are similar to the inverters 115 and 130 in FIG. 1. 

[0061] The output of the ?rst PWL 405 is coupled to 
inverter 415 and to the delay circuit 410. The delay circuit 410 
is similar to the delay circuit 110 in FIG. 1 and serves to delay 
the output signal, i.e. the delayed intermediate signal, from 
the ?rst PWL 405 by a factor of (N —l)'c. The output 1_1 of the 
delay circuit 410 is provided as a set input to the re-settable 
latch 450. 
[0062] The output ofthe last PWL 440, i.e. the Nth PWL in 
the pulse-Width limiter output characterization system, is pro 
vided as a reset input to the re-settable latch 450. The re 
settable latch 450 provides an output CLK_OUT Which may 
be used to characterize the output of the pulse-Width limiter in 
a similar manner as described above With regard to CLK_ 
OUT 260 in FIG. 2. 
[0063] The re-settable latch 450 transitions the clock output 
signal CLK_OUT to a high state When the re-settable latch 
450 is set, i.e. When the set input 1_1 is being asserted, i.e. is 
at a high state. The re-settable latch 450 transitions the clock 
output signal CLK_OUT to a loW state When the re-settable 
latch 450 is reset, i.e. When the reset signal is asserted (i.e. at 
a high state), Which is the output signal from the last PWL 
440. Thus, When a knoWn clock signal CLK_IN is input to the 
?rst PWL 405, the ?rst PWL 405 delays the clock signal by a 
delay I. The PWL 405 generates a delayed intermediate sig 
nal that is input to inverter 415 and delay circuit 410. The 
delay circuit 410 delays the intermediate signal by a delay 
amount (N —l)'c thereby generating the output signal 1_1 
Which is the original clock signal CLK_IN delayed by N'c. 
The output signal 1_1 is input to the re-settable latch 450 as 
the set input signal. 
[0064] In response to receiving the assertion of the output 
signal 1_1 as the set input signal, the re-settable latch 450 
asserts the clock output signal CLK_OUT. The re-settable 
latch 450 continues to assert the clock output signal CLK_ 
OUT until the latch is reset by receiving an assertion of a reset 
signal input. 
[0065] At substantially the same time, the intermediate sig 
nal output by the ?rst PWL 405 passes through inverter 415 
Which inverts the signal and provides it as an input to the 
second PWL 420 Which is con?gured to delay the inverted 
intermediate signal by a time delay value of "c. This propaga 
tion of intermediate signals continues from stage to stage, 
Wherein each stage comprises a PWL circuit element and an 
associated inverter, until the signal reaches the Nth PWL 440. 
After delaying the intermediate signal that is received as an 
input, the Nth PWL 440 outputs the delayed clock signal as a 
reset input signal N_1 to the re-settable latch 450. In response 
to receiving the assertion of the reset input signal N_1, the 
re-settable latch 450 resets the latch to a loW state and thus, 
discontinues assertion of the clock output signal CLK_OUT. 
[0066] FIG. 5 illustrates a plurality of exemplary Wave 
forms for a pulse-Width limiter output characterization sys 
tem in accordance With an illustrative embodiment of the 
present invention. As shoWn in FIG. 5, in one illustrated 
embodiment, the CLK_IN signal 502 represents an input to 
the PWL system 400. As depicted, at time 0, the CLK_IN 
signal 502 is asserted or is transitioned to a logic high value. 
As described above, the CLK_IN signal 502 is the input to the 
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PWL 405 in FIG. 4, for example. Thus, at time NT, the output 
1_1 504 from the delay circuit 410 ofFIG. 4 is at a logic high 
state. That is, the PWL 405 introduces a delay of "c to generate 
an intermediate signal, i.e. a pulse-Width-limited signal With 
a pulse Width of Tmax, Which the delay circuit 410 further 
delays by a predetermined delay time of (N—l)t to generate a 
delayed signal With a combined delay from time 0 of (N-l) 
"n+1, or NI. 

[0067] In response to the assertion of the output signal 1_1 
504, i.e. at the rising edge of the output signal 1_1 504 Which 
is the set input to the re-settable latch 450, the re-settable latch 
450 asserts the clock output signal CLK_OUT 508. The asser 
tion of the clock output signal CLK_OUT 508 continues for 
a time periodNTmax until the Nth PWL circuit, e.g., PWL 440 
in FIG. 4, outputs the reset signal N_1 506. In response to the 
falling edge of the assertion of the reset signal N_1 506, the 
re- settable latch 450 resets the clock output signal CLK_OUT 
508 to a loW state. 

[0068] Thus, as With the circuitry arrangement of FIG. 1, 
the output of the re-settable latch 450, i.e. CLK_OUT 508, is 
at a logic high state at time '5 through time "c+NTmax, and has 
a pulse Width of NTmax. Therefore, one can determine the 
maximum pulse Width Tmax for each PWL through analysis of 
the CLK_OUT signal 508, by dividing the pulse Width by N, 
i.e. the number of PWLs in the PWL system 400. In this Way, 
the PWL system 400 of the illustrative embodiments may be 
used to determine an accurate characterization of the outputs 
of a pulse-Width limiter circuit using ordinary laboratory 
equipment. Furthermore, by stretching the pulse Width of the 
CLK_OUT signal 508, the PWL system 400 may achieve the 
same bene?ts With regard to jitter, frequency requirements for 
on-chip sampling, and chip characterization accuracy as the 
PWL output characterization system of FIG. 1. 
[0069] FIG. 6 is a ?owchart outlining an exemplary opera 
tion of a PWL output characterization system in accordance 
With one illustrative embodiment. The operations 605-635 
are similar to steps 305, 310, 325, 330, 340 and 345 in FIG. 3 
above and thus, a detailed explanation of these steps Will not 
be provided herein. With regard to the improvements pro 
vided by the illustrative embodiments, as shoWn in FIG. 6, the 
delay operations 335 and 350, and any other delay operations 
depending upon the number of stages in the PWL output 
characterization system, are eliminated from the operation 
due to the ability to eliminate the delay circuits in the PWL 
output characterization system as described previously. 
[0070] As depicted, in response to performing the ?rst 
delay operation in step 635, a set signal is asserted to the 
re-settable latch (step 640). The set signal is output as the 
delayed intermediate signal from the single delay circuit 410 
in FIG. 4. A system output signal is generated in response to 
the set signal (step 650). In response to the set signal, this 
system output signal is transitioned to a high state, i.e. is 
asserted. The assertion of the system output signal continues 
until the re-settable latch is reset. 
[0071] When the Nth PWL performs its PWL operation 
(step 630), the Nth PWL asserts a reset signal to the re 
settable latch (step 645). The reset signal causes the re-set 
table latch to reset to an initial state. In response to the reset 
ting of the re-settable latch, the generated system output 
signal (step 650) is transitioned back to a loW state, i.e. is 
de-asserted and the operation terminates. 
[0072] Thus, the illustrative embodiments provide a 
mechanism for performing PWL output characterization 
While minimizing the chip area consumed by the mechanism 
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and the poWer consumption of the mechanism. Such bene?ts 
are obtained through the elimination of all but one of the delay 
circuits in the PWL output characterization system and 
replacement of a logic OR gate With a re-settable sWitch. The 
same results are obtained as in the mechanism described in 
the ’090 application but With the added bene?ts of smaller 
chip area and loWer poWer consumption. 
[0073] 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., GDSII) 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. 
[0074] The resulting integrated circuit chips can be distrib 
uted by the fabricator in raW Wafer form (that is, as a single 
Wafer that has multiple unpackaged chips), as a bare die, or in 
a packaged form. In the latter case the chip is mounted in a 
single chip package (such as a plastic carrier, With leads that 
are af?xed to a motherboard or other higher level carrier) or in 
a multichip package (such as a ceramic carrier that has either 
or both surface interconnections or buried interconnections). 
In any case the chip is then integrated With other chips, dis 
crete circuit elements, and/or other signal processing devices 
as part of either (a) an intermediate product, such as a moth 
erboard, or (b) an end product. The end product can be any 
product that includes integrated circuit chips, ranging from 
toys and other loW-end applications to advanced computer 
products having a display, a keyboard or other input device, 
and a central processor. Moreover, the end products in Which 
the integrated circuit chips may be provided may include 
game machines, game consoles, hand-held computing 
devices, personal digital assistants, communication devices, 
such as Wireless telephones and the like, laptop computing 
devices, desktop computing devices, server computing 
devices, or any other computing device. 
[0075] The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention 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 prin 
ciples of the invention, the practical application, and to enable 
others of ordinary skill in the art to understand the invention 
for various embodiments With various modi?cations as are 
suited to the particular use contemplated. 

1-11. (canceled) 
12. An apparatus for determining a maximum pulse Width 

of a pulse Width limiter, comprising: 
at least one pulse Width limiter; 
a delay circuit element coupled to the at least one pulse 

Width limiter; and 
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an output clock generation circuit element coupled to the 
delay circuit element, Wherein: 

the at least one pulse Width limiter receives an input signal 
and limits a pulse Width of the received input signal to 
generate a ?rst intermediate signal; 

the delay circuit element delays the ?rst intermediate sig 
nal by a knoWn amount to generate a set signal, and 

the output clock generation circuit element asserts a clock 
output signal in response to assertion of the set signal 
and de-asserts the clock output signal in response to a 
receipt of a reset signal, and Wherein the asserted clock 
output signal is representative of the maximum pulse 
Width of the pulse Width limiter, 

Wherein the at least one pulse Width limiter comprises a 
plurality of pulse Width limiters arranged in series to 
thereby provide a series of pulse Width limiters, and 
Wherein a ?rst pulse Width limiter limits the pulse Width 
of the received knoWn clock signal to generate the ?rst 
intermediate signal, and Wherein a last pulse Width lim 
iter in the plurality of pulse Width limiters outputs the 
reset signal. 

13. The apparatus of claim 12, Wherein the delay circuit 
element is associated With the ?rst pulse Width limiter. 

14. The apparatus of claim 13, Wherein only the ?rst pulse 
Width limiter in the plurality of pulse Width limiters has an 
associated delay circuit. 

15. The apparatus of claim 12, Wherein the knoWn amount 
by Which the intermediate signal is delayed is (N —l)t, Where 
N is a number of pulse Width limiters in the plurality of pulse 
Width limiters, and T is a ?xed amount of time by Which a 
rising edge of the input signal is delayed by the ?rst pulse 
Width limiter. 

16. An apparatus for determining a maximum pulse Width 
of a pulse Width limiter, comprising: 

at least one pulse Width limiter; 
a delay circuit element coupled to the at least one pulse 

Width limiter; and 
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an output clock generation circuit element coupled to the 
delay circuit element, Wherein: 

the at least one pulse Width limiter receives an input signal 
and limits a pulse Width of the received input signal to 
generate a ?rst intermediate signal; 

the delay circuit element delays the ?rst intermediate sig 
nal by a knoWn amount to generate a set signal, and 

the output clock generation circuit element asserts a clock 
output signal in response to assertion of the set signal 
and de-asserts the clock output signal in response to a 
receipt of a reset signal, and Wherein the asserted clock 
output signal is representative of the maximum pulse 
Width of the pulse Width limiter, 

Wherein the output clock generation circuit element is a 
re-settable latch. 

17. The apparatus of claim 16, Wherein the re-settable latch 
is an edge triggered re-settable latch. 

18. The apparatus of claim 12, Wherein each pulse Width 
limiter in the plurality of pulse Width limiters, With the excep 
tion of the last pulse Width limiter, has an associated inverter 
that inverts an output of the associated pulse Width limiter and 
provides the inverted output as an input to a next pulse Width 
limiter in the series of pulse Width limiters. 

19. The apparatus of claim 12, Wherein the assertion of the 
clock output signal has a pulse Width of NTmax, Where N is a 
number of pulse Width limiters in the plurality of pulse Width 
limiters and Tmax is a maximum pulse Width of the pulse Width 
limiters. 

20. The apparatus of claim 19, Wherein a maximum pulse 
Width for a pulse Width limiter is determined by dividing the 
pulse Width of the asserted clock output signal by the number 
of pulse Width limiters in the plurality of pulse Width limiters. 

21. The apparatus of claim 12, Wherein the output clock 
generation circuit element is a re-settable latch. 

* * * * * 


