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Providing A Reference Clock Signal Of A Known Phase And _/ 
Frequency To An Edge Detection Circuit ‘ 

504 

Dividing And Phase Shifting The Reference Clock Signal To _/ 
Provide A Plurality Of Meta Flip-Flop Clock Signals 

506 
Providing The Meta Flip-Flop Clock Signals And An Input J 
Clock Signal To A Plurality Of Flip-Flop Pairs That Provide 

Meta-Stability Resolution 

508 
Selecting The Earliest Output Signal Of The Plurality Of Flip- J 

Flop Pairs To Register A Transition On The Input Clock 
Signal 
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Providing A Signal Corresponding To The Transition To An _/ 
Edge Detection Circuit 

512 
Providing An Edge Detect Indication At The Edge Detection J 

Circuit During One Of The Corresponding High And Low 
Phase Of The Input Clock Signal 

FIG. 5 
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EDGE DETECTOR AND METHOD 

BACKGROUND 

[0001] Many integrated circuit (IC) designs use glitch-free 
multiplexers to dynamically sWitch a clock input to a given 
circuit in response to operating conditions or modes. As is 
knoWn, a glitch is generally understood to be a very short 
duration change of value. For example, in the case of a 50% 
duty cycle clock (i.e., the clock is at a high logic level for 1/2 
period and a loW logic level for 1/2 period), the glitch may be 
a pulse on the clock line of signi?cantly less than 1/2 period 
duration. Most glitch-free, clock multiplexing circuits 
require that the phase and frequency relationships of all 
input clocks be knoWn in order to ensure glitch-free opera 
tion. In some IC designs, one or more of the input clocks 
may have unknown phase and frequency relationships to 
other knoWn clocks in the design. If the input clock is 
unknoWn, a conventional edge detection circuit that detects 
the edge of an unknoWn signal typically uses a sample clock 
of at least tWice the highest expected frequency of the input 
clock, but With a high probability of propagating meta-stable 
(i.e., ambiguous) states through doWn-stream logic as a 
result of the unknoWn phase relationship of the clocks. 

[0002] Some IC designs incorporate a standard back-to 
back ?ip-?op, meta-stability resolution circuit on the input 
clock. Such designs typically require a sample clock of at 
least eight (8) times the highest expected frequency of the 
input clock to produce an edge detection signal during the 
corresponding loW or high phase of the input clock signal. 
Such a high frequency multiplier may cause unacceptable 
meta-stability resolve probability at the meta-stability ?ip 
?ops. 

SUMMARY 

[0003] One method embodiment for detecting the rising 
and/or falling edge of an input clock signal of unknoWn 
phase and frequency comprises providing a reference clock 
signal of a knoWn phase and frequency to an edge detection 
circuit; dividing and phase shifting the reference clock 
signal to provide a plurality of meta ?ip-?op clock signals; 
providing the plurality of meta ?ip-?op clock signals and an 
input clock signal to a plurality of ?ip-?op pairs that provide 
meta-stability resolution; selecting the earliest output signal 
of the plurality of ?ip-?op pairs to register a transition on the 
input clock signal; providing a signal corresponding to the 
transition to an edge detection circuit; and providing an edge 
detect indication at the edge detection circuit during one of 
the corresponding high and loW phase of the input clock 
signal. 
[0004] An embodiment of an edge detecting apparatus 
comprises a phase shift and divide circuit block con?gured 
to receive a reference clock signal of a knoWn phase and 
frequency and divide and phase-shift the reference clock 
signal to provide a plurality of meta ?ip-?op clock signals; 
a plurality of meta-stable circuit blocks con?gured to receive 
the plurality of meta ?ip-?op clock signals and an input 
clock signal of unknoWn phase and frequency; a transition 
select circuit block con?gured to select When the earliest of 
the plurality of meta-stable circuit blocks registers a transi 
tion on the input clock signal; and a plurality of edge detect 
circuit blocks con?gured to receive the reference clock 
signal and an output of the transition select circuit block and 
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provide an edge detect indication during the corresponding 
high or loW phase of the input clock signal. 

[0005] Another embodiment of a an edge detecting appa 
ratus comprises means for dividing and phase shifting a 
reference clock signal to provide a plurality of meta ?ip-?op 
clock signals; means for receiving the plurality of meta 
?ip-?op clock signals and an input clock signal; means for 
sampling the input clock signal using the plurality of meta 
?ip-?op clock signals as reference clocks to a plurality of 
sampling circuits; means for selecting the earliest transition 
on output signals of the plurality of sampling circuits; and 
means for providing an edge detect indication at the edge 
detection circuit during one of the corresponding high and 
loW phase of the input clock signal, Wherein the means for 
providing an edge detect indication includes means for 
receiving the reference clock signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The components in the draWings are not necessar 
ily to scale, emphasis instead being placed upon clearly 
illustrating the principles of the disclosed apparatus and 
methods. Moreover, in the draWings, like reference numerals 
designate corresponding parts throughout the several vieWs. 

[0007] FIG. 1 is a schematic diagram that illustrates an 
embodiment of a meta-stable tolerant edge detector. 

[0008] FIG. 2 is a schematic diagram that illustrates 
another embodiment of a meta-stable tolerant edge detector. 

[0009] FIG. 3 is a timing diagram for an example imple 
mentation using the meta-stable tolerant edge detector 
embodiment shoWn in FIG. 1. 

[0010] FIG. 4 is a timing diagram for an example imple 
mentation using the meta-stable tolerant edge detector 
embodiment shoWn in FIG. 2. 

[0011] FIG. 5 is a How diagram that illustrates one meta 
stable tolerant edge detector method embodiment. 

DETAILED DESCRIPTION 

[0012] Disclosed herein are various embodiments of a 
meta-stable tolerant edge detector and related methods. A 
meta-stable tolerant edge detector provides functionality 
that includes detecting the rising and/or falling edge of an 
input clock signal of unknoWn phase and frequency in time 
for multiplexer control or other circuitry to respond during 
the corresponding high or loW phase of the input clock signal 
Without propagating a meta-stable state to the control cir 
cuitry. The input clock may be an externally generated input 
clock and/or internally generated. 

[0013] A meta-stable tolerant edge detector exhibits a 
design that addresses tWo competing constraints When 
addressing meta-stability and unknown phase and frequency 
relationships in integrated circuit (IC) design. First, it is 
desirable for the sample clock signal to have as high a 
frequency as possible to provide a timely edge detection 
indication to the consuming logic. HoWever, for meta 
stability ?ip-?ops to effectively resolve meta-stable condi 
tions, it is often desirable for the sample clock signal to have 
as loW a frequency as possible to minimiZe the probability 
of propagating a meta-stable condition to the consuming 
logic. A meta-stable tolerant edge detector balances these 
competing constraints by using a fast sample clock to clock 
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an edge detector portion of the meta-stable tolerant edge 
detector, and multiple divided and phase shifted versions of 
the sample clock to clock multiple, parallel, meta-stability 
resolving back-to-back ?ip-?ops. 

[0014] A meta-stable tolerant edge detector reduces the 
frequency of a plurality of divided and/or phase-shifted 
clock signals (herein referred to collectively as meta ?ip-?op 
clock signals as described beloW) input to meta-stability 
resolution circuitry to 3-4 times the highest eXpected fre 
quency of the input clock While still providing an edge detect 
indication during the corresponding high or loW phase of the 
input clock. 

[0015] In the description that folloWs, tWo embodiments 
for a meta-stable tolerant edge detector are provided in 
FIGS. 1 and 2, and described in association With timing 
diagrams shoWn in FIGS. 3 and 4. Finally, a meta-stable 
tolerant edge detector method embodiment is described in 
FIG. 5. 

[0016] FIG. 1 is a schematic diagram that illustrates an 
embodiment of a meta-stable tolerant edge detector 100. 
FIG. 3 is a timing diagram 300 for an eXample implemen 
tation using the meta-stable tolerant edge detector 100 
shoWn in FIG. 1. FIGS. 1 and 3 Will be used to describe the 
architecture of the meta-stable tolerant edge detector 100 
and timing of the corresponding signals propagated therein, 
respectively, for one eXample implementation. The meta 
stable tolerant edge detector 100 includes a phase shift and 
divide block 102, meta-stable circuit blocks 104a and 104b, 
a transition select block 116, and edge detector blocks 122a 
and 122b. The meta-stable tolerant edge detector 100 
receives a high frequency sample (or reference) clock signal 
301 on connection 101 at the phase shift and divide block 
102. The meta-stable tolerant edge detector 100 also 
receives an input clock signal on connection 133, Which is 
provided to an inverter 138 Where it undergoes an inverting 
operation. The inverted input clock signal 303 output from 
the inverter 138 is provided to meta-stable circuit blocks 
104a and 104b via connection 103. The input clock signal on 
connection 103 may be a clock signal of unknoWn phase, 
Where the frequency of the input clock signal may also be 
unknoWn but less than or equal to a knoWn maXimum 
frequency. 

[0017] The phase shift and divide block 102 provides 
division and phase shifting functionality. In one embodi 
ment, the high frequency sample clock signal 301 on con 
nection 101 is divided by tWo (2) and phase-shifted. The 
resulting meta ?ip-?op clock signals 305 and 307 on con 
nections 105 and 107, respectively, are each four (4) times 
the highest eXpected frequency of the input clock on con 
nection 133 and have a 180° phase relationship. Thus, the 
meta ?ip-?op clock signal 307 on connection 107 has a 0° 
phase shift relative to the sample clock signal 301 on 
connection 101, and the meta ?ip-?op clock signal 305 on 
connection 105 has a 180° phase shift relative to the sample 
clock signal 301. 

[0018] The meta ?ip-?op clock signal 307 on connection 
107 is provided to meta-stable circuit block 104a. The 
meta-stable circuit block 104a includes tWo ?ip-?ops 106a 
and 108a, each con?gured for exemplary purposes as a “D” 
?ip-?op. The meta ?ip-?op clock signal 307 on connection 
107 is provided to a clock input terminal (herein represented 
by a triangle lying on its side) of ?ip-?op 106a and ?ip-?op 
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108a. The ?ip-?op input terminal (herein represented by 
“D”) of ?ip-?op 106a receives the inverted input clock 
signal 303 via connection 103. The ?ip-?op input terminal 
(represented by “D”) of ?ip-?op 108a receives an output 
signal 309 from ?ip-?op 106a via connection 109. 

[0019] The meta ?ip-?op clock signal 305 on connection 
105 is provided to meta-stable circuit block 104b, Which is 
con?gured similarly to meta-stable circuit block 104a. The 
meta-stable circuit block 104b includes tWo ?ip-?ops 106b 
and 108b, each con?gured in one eXample as a “D” ?ip-?op. 
The meta ?ip-?op clock signal 305 on connection 105 is 
provided to a clock input terminal of ?ip-?op 106b and 
?ip-?op 108b. The ?ip-?op input terminal of ?ip-?op 106b 
receives the inverted input clock signal 303 on connection 
103. The ?ip-?op input terminal of ?ip-?op 108b receives an 
output signal 311 from ?ip-?op 106b via connection 111. 

[0020] As an eXample of the functionality provided by the 
meta-stable circuit blocks 104a and 104b, consider the 
meta-stable circuit block 104a as an illustrative eXample. If 
the inverted input signal 303 on connection 103 to the 
?ip-?op input terminal (e.g., the “D” designated terminal) of 
?ip-?op 106a is in transition from high to loW or from loW 
to high at the time the rising edge of the meta ?ip-?op clock 
signal 307 arrives at the ?ip-?op 106a, the output signal 309 
of the ?ip-?op 106a on connection 109 may stabiliZe at a 
point betWeen 0 and 1. This ambiguous state is referred to as 
meta-stability. Given the imperfections in the silicon pro 
cesses and other random circuit variations, the ?ip-?op 106a 
Will eventually have a state that resolves to a 1 or 0. The 
?ip-?op 108a in a meta-stability pair (e.g., 106a and 108a) 
is intended to enable the ?ip-?op 106a to resolve the 
ambiguous state before the ?ip-?op 108a provides an output 
signal 313 to the transition select block 116. 

[0021] The meta-stable circuit blocks 104a and 104b 
provide output signals 313 and 315 on connections 113 and 
115 to transition select block 116, respectively. The transi 
tion select block 116 includes a NOR gate 118 and an AND 
gate 120. The transition select block 116 provides a signal 
317 to the edge detect circuit blocks 122a and 122b When the 
earliest of the parallel meta-stable circuit blocks 104a or 
104b registers a transition on the input clock signal on 
connection 133. In other Words, the operation of a ?ip-?op 
is to “register” a signal. For eXample, the ?ip-?op captures 
(or registers) the state of an input signal (e.g., at the “D” 
designated terminal) at the time that the clock input signal 
transitions from loW to high and holds that state until the 
neXt loW to high transition of the clock signal. In particular, 
the ?ip-?ops 108a and 108b provide output signals 313 and 
315 over connections 113 and 115, respectively, to NOR 
gate 118 to undergo a logical NOR operation that selects the 
earliest loW-to-high transition of the output signals 313 and 
315 of the tWo meta-stable circuit blocks 104a and 104b, 
respectively. The output signal 317 of the NOR gate 118 is 
provided over connection 117 to the negative-edge detect 
circuit block 122a. Also, the ?ip-?ops 108a and 108b 
provide output signals 313 and 315 over connections 113 
and 115, respectively, to AND gate 120 to undergo a logical 
AND operation that selects the earliest high-to-loW transi 
tion of the output signals 313 and 315 of the tWo meta-stable 
circuit blocks 104a and 104b, respectively. The output signal 
319 of the AND gate 120 is provided over connection 119 to 
the positive-edge detect circuit block 122b. 
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[0022] The negative-edge detect circuit block 122a detects 
the negative edge of the input clock, and the positive-edge 
detect circuit block 122b, Which is con?gured similarly to 
the negative-edge detect circuit block 122a, detects the 
positive edge of the input clock. A positive edge is the 
transition from a loW state to a high state. A negative edge 
is the transition from a high state to a loW state. The 
negative-edge detect circuit block 122a includes a “D” 
?ip-?op 124a, as one example, an inverter 126a, and an 
AND gate 128a. The “D” ?ip-?op 124a receives the sample 
clock signal 301 on connection 135 at its clock input 
terminal. The “D” ?ip-?op 124a also receives the output 
signal 317 on connection 117 at its ?ip-?op input terminal. 
The inverter 126a receives the output signal 317 on con 
nection 117. The output signals 321 and 323 from the “D” 
?ip-?op 124a and the inverter 126a are provided on con 
nections 121 and 123, respectively, to the AND gate 128a to 
undergo a logical AND operation. Anegative edge detection 
signal 329 is provided at the output of the AND gate 128a 
on connection 129. 

[0023] The positive-edge detect circuit block 122b 
includes a “D” ?ip-?op 124b, as one eXample, an inverter 
126b, and an AND gate 128b. The “D” ?ip-?op 124b 
receives the sample clock signal 301 on connection 135 at its 
clock input terminal. The “D” ?ip-?op 124b also receives 
the output signal 319 on connection 119 at its ?ip-?op input 
terminal. The inverter 126b receives the output signal 319 on 
connection 119. The output signals 325 and 327 from the 
“D” ?ip-?op 124b and the inverter 126b are provided on 
connections 125 and 127, respectively, to the AND gate 
128b to undergo a logical AND operation. A positive edge 
detection signal 331 is provided at the output of the AND 
gate 128b on connection 131. 

[0024] Note that in some embodiments, the inverter 138 
can be omitted. Omitting the inverter 138 Will simply invert 
the sense of the edge detect output 329 on connection 129 
from a negative edge to a positive edge signal, and Will 
invert the sense of the edge detect output 331 on connection 
131 from a positive edge signal to a negative edge signal. 

[0025] In operation, assuming that the input clock signal 
on connection 133 has a 50% duty cycle, the meta-stable 
tolerant fast edge detection circuit 100 Will detect a rising or 
falling edge of the input clock signal at least one phase of the 
sample clock 301 on connection 101 before the neXt input 
clock transition. Speci?cally, note that the vertical dotted 
line 343 in FIG. 3 indicates a rising edge of the inverted 
input clock signal 303 on connection 103. This rising edge 
corresponds to a falling edge on the input clock on connec 
tion 133. Further note that the vertical dotted line 344 in 
FIG. 3 indicates a rising edge on the negative edge detect 
output signal 329 on connection 129 in response to the rising 
edge 343. As shoWn by vertical lines 343 and 344, the 
negative edge detect signal 329 on connection 129 Was 
asserted at least one phase of the sample clock 301 before 
the end of the corresponding loW phase of the input clock 
signal on connection 133, Which loW phase of the input 
clock signal is represented by the high phase of the inverted 
input clock signal 303 on connection 103. The above dis 
cussion also applies to vertical dotted lines 353 and 354. 
Note that vertical dotted line 353 indicates a falling edge of 
the inverted input clock signal 303 (rising edge of the input 
clock signal on connection 133) and that vertical dotted line 
354 indicates the assertion of the positive edge signal 331 at 
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least one phase of the sample clock signal 301 before the end 
of the loW phase of inverted input clock signal 303 (Which 
equates to the high phase of input clock signal on connection 
133). 
[0026] FIG. 2 is a schematic diagram that illustrates 
another embodiment of a meta-stable tolerant edge detector 
200. FIG. 4 is a timing diagram 400 for an eXample 
implementation using the meta-stable tolerant edge detector 
200 shoWn in FIG. 2. FIGS. 2 and 4 Will be used to describe 
the architecture of the meta-stable tolerant edge detector 200 
and timing of the corresponding signals propagated therein, 
respectively, for one eXample implementation. The meta 
stable tolerant edge detector 200 includes a phase shift and 
divide block 202, meta-stable circuit blocks 204a, 204b, 
204c, and 204d, a transition select block 216, and edge 
detector circuit blocks 222a and 222b. The meta-stable 
tolerant edge detector 200 receives a high frequency sample 
clock signal 401 on connection 201 at the phase shift and 
divide block 202. The meta-stable tolerant edge detector 200 
also receives an input clock signal on connection 233, Which 
is provided to an inverter 238 Where it undergoes an invert 
ing operation. The output signal 403 of the inverter 238 is 
provided over connection 203 to meta-stable circuit blocks 
204a, 204b, 204c, and 204d. 

[0027] The phase shift and divide block 202 provides 
division and phase shifting functionality. In one embodi 
ment, the phase shift and divide block 202 receives a high 
frequency sample clock signal 401 on connection 201, 
Which is divided by four (4) and phase shifted in the phase 
shift and divide block 202 using commonly knoWn methods 
for dividing and phase shifting clocks. The resulting meta 
?ip-?op clock signals 405, 407, 409, and 411 on connections 
205, 207, 209, and 211, respectively, are each three (3) times 
the highest expected frequency of the input clock signal on 
connection 233, and have a 90° phase relationship. That is, 
the meta ?ip-?op clock signal 411 on connection 211 has a 
0° phase shift With respect to the sample clock signal 401 on 
connection 201. The meta ?ip-?op clock signal 409 on 
connection 209 has a 90° phase shift With respect to the 
sample clock signal 401 on connection 201 and With respect 
to the meta ?ip-?op clock signal 411 on connection 211. The 
meta ?ip-?op clock signal 407 on connection 207 has a 180° 
phase shift With respect to the sample clock signal 401 on 
connection 201 and a 90° phase shift With respect to the meta 
?ip-?op clock signal 409 on connection 209. The meta 
?ip-?op clock signal 405 on connection 205 has a 270° 
phase shift With respect to the sample clock signal 401 on 
connection 201 and a 90° phase shift With respect to the meta 
?ip-?op clock signal 407 on connection 207. 

[0028] The meta ?ip-?op clock signal 411 on connection 
211 is provided to meta-stable circuit block 204a. The meta 
?ip-?op clock signal 409 on connection 209 is provided to 
meta-stable circuit block 204b. The meta ?ip-?op clock 
signal 407 on connection 207 is provided to meta-stable 
circuit block 204c. The meta ?ip-?op clock signal 405 on 
connection 205 is provided to meta-stable circuit block 
104d. Each of the meta stable circuit blocks 204a-204a' and 
their respective input and output connections are similarly 
con?gured, and thus discussion of the same Will be directed 
to the meta-stable circuit block 204a for brevity. The meta 
stable circuit block 204a includes “D” ?ip-?ops 206a and 
208a. The meta ?ip-?op clock signal 405 on connection 205 
is provided to the clock input terminals of the ?ip-?ops 206a 
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and 208a. The inverter output signal 403 on connection 203 
is provided to the ?ip-?op input terminal of the ?ip-?op 
206a. The output signal of the ?ip-?op 206a is provided to 
the input terminal of the ?ip-?op 208a. The output signal 
413 of the ?ip-?op 208a is provided to the transition select 
block 216 via connection 213. Similarly, meta-stable circuit 
blocks 204b, 204c, and 204d provide output signals 415, 
417, and 419 to the transition select block 216 via connec 
tions 215, 217, and 219, respectively. 

[0029] The transition select block 216 includes a NOR 
gate 218 and an AND gate 220. The transition select block 
216 provides an output signal 421 to the edge detect circuit 
blocks 222a and 222b When the earliest of the parallel 
meta-stable circuit blocks 204a, 204b, 204c, and 204d 
registers a transition on the input clock. In particular, the 
?ip-?ops 208a, 208b, 208c, and 208d provide output signals 
413, 415, 417, and 419 over connections 213, 215, 217, and 
219, respectively, to NOR gate 218 to undergo a logical 
NOR operation that selects the earliest loW-to-high transi 
tion of the output signals 413, 415, 417, and 419 of the 
meta-stable circuit blocks 204a, 204b, 204c, and 204d. The 
output signal 421 of the NOR gate 218 is provided over 
connection 221 to the negative-edge detect circuit block 
222a. Also, the ?ip-?ops 208a, 208b, 208c, and 208d 
provide output signals 413, 415, 417, and 419 over connec 
tions 213, 215, 217, and 219, respectively, to AND gate 220 
to undergo a logical AND operation that selects the earliest 
high-to-loW transmission of the output signals 413, 415, 
417, and 419 of the meta-stable circuit blocks 204a, 204b, 
204c, and 204d. The output signal 423 of the AND gate 220 
is provided over connection 223 to the positive-edge detect 
circuit block 222b. 

[0030] The negative-edge detect circuit block 222a detects 
the negative edge of the input clock, and the positive-edge 
detect circuit block 222b, Which is con?gured similarly to 
the negative-edge detect circuit block 222a, detects the 
positive edge of the input clock. The negative-edge detect 
circuit block 222a includes a “D” ?ip-?op 224a, as one 
eXample, an inverter 226a, and an AND gate 228a. The “D” 
?ip-?op 224a receives the sample clock 401 on connection 
235 at its clock input terminal. The “D” ?ip-?op 224a also 
receives the output signal 421 on connection 221 at its 
?ip-?op input terminal. The inverter 226a receives the 
output signal 421 on connection 221. The output signals 425 
and 427 from the “D” ?ip-?op 224a and the inverter 226a 
are provided on connections 225 and 227, respectively, to 
the AND gate 228a to undergo a logical AND operation. A 
negative edge detection signal 432 is provided at the output 
of the AND gate 228a on connection 232. 

[0031] The positive-edge detect circuit block 222b 
includes a “D” ?ip-?op 224b, as one eXample, an inverter 
226b, and an AND gate 228b. The “D” ?ip-?op 224b 
receives the sample clock signal 401 on connection 235 at its 
clock input terminal. The “D” ?ip-?op 224b also receives 
the output signal 423 on connection 223 at its ?ip-?op input 
terminal. The inverter 226b receives the output signal 423 on 
connection 223. The output signals 429 and 431 from the 
“D” ?ip-?op 224b and the inverter 226b are provided on 
connections 229 and 231, respectively, to the AND gate 
228b to undergo a logical AND operation. A positive edge 
detection signal 434 is provided at the output of the AND 
gate 228b on connection 234. 
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[0032] Assuming that the input clock signal on connection 
233 has a 50% duty cycle, this meta-stable tolerant fast edge 
detection circuit 200 Will detect a rising or falling edge of the 
input clock at least one phase of the sample clock 401 on 
connection 201 before the neXt input clock transition. Spe 
ci?cally, note that the vertical dotted line 443 in FIG. 4 
indicates a rising edge of the inverted input clock signal 403 
on connection 203. This rising edge corresponds to a falling 
edge on the input clock on connection 233. Further note that 
the vertical dotted line 444 in FIG. 4 indicates a rising edge 
on the negative edge detection signal 432 on connection 232 
in response to the rising edge 443. As shoWn by vertical lines 
443 and 444, the negative edge detect signal 432 on con 
nection 232 Was asserted at least one phase of the sample 
clock signal 401 before the end of the corresponding loW 
phase of the input clock signal on connection 233, Which 
loW phase of the input clock signal is represented by the high 
phase of the inverted input clock signal 403 on connection 
203. The above discussion also applies to vertical dotted 
lines 453 and 454. Note that vertical dotted line 453 indi 
cates a falling edge of the inverted input clock signal 403 
(rising edge of the input clock signal on connection 233) and 
that vertical dotted line 454 indicates the assertion of the 
positive edge signal 434 at least one phase of the sample 
clock signal 401 before the end of the loW phase of inverted 
input clock signal 403 (Which equates to the high phase of 
input clock signal on connection 233). 
[0033] Note that as the number of equally phase shifted 
parallel meta ?ip-?op stages (e.g., meta-stable circuit blocks 
204a-204LD is increased, the frequency multiplier from the 
input clock signal to the meta ?ip-?op clock signal(s) 
required to detect an edge during the corresponding phase of 
the input clock signal asymptotically approaches 2. Explain 
ing further, the Nyquist laW states that in order to accurately 
sample a signal, the sample clock must be at least tWo times 
the highest frequency of the input signal. As noted above, 
placing the meta-stability ?ip-?ops (e.g., 106a, 108a) of the 
meta-stable circuit blocks (e.g., 104a and 104b) before or 
“upstream” of the edge detect circuit (e.g., negative-edge 
detect circuit block 122a) signi?cantly increases the 
required sample clock frequency needed to get an edge 
detection during the corresponding phase of the input signal. 
By using tWo (2)-180 degree phase relation clock signals 
and associated meta-stability ?ip-?ops, the required sample 
frequency Was reduced from 8 to 4 times the input clock 
signal frequency. By going to four (4)-90 degree phase 
relation clock signals and associated meta-stability ?ip 
?ops, the required sample frequency Was reduced to 3 times 
the input clock signal frequency. If eight (8) phase clock 
signals and meta-stability ?ip-?op pairs Were used a sample 
clock of 2.5 times the input clock signal frequency can be 
used. If siXteen (16) phase clock signals and meta-stability 
?ip-?op pairs Were used, a sample clock of 2.25 times the 
input clock signal frequency can be used. As the number of 
meta-stable ?ip-?op pairs and phase shifted clock signals 
increases, the required sample clock frequency approaches 
the Nyquist limit of 2. 

[0034] In vieW of the above description, it Will be appre 
ciated that one method embodiment for detecting the rising 
and/or falling edge of an input clock signal of unknown 
phase and frequency may comprise, as illustrated in FIG. 5, 
providing a reference clock signal of a knoWn phase and 
frequency to an edge detection circuit (502), dividing and 
phase shifting the reference clock signal to provide a plu 
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rality of meta ?ip-?op clock signals (504), providing the 
plurality of meta ?ip-?op clock signals and an input clock 
signal to a plurality of ?ip-?op pairs that provide meta 
stability resolution (506), selecting the earliest output signal 
of the plurality of meta-?ip-?op pairs to register a transition 
on the input clock signal (508), providing a signal corre 
sponding to the transition to an edge detection circuit (510), 
and providing an edge detect indication at the edge detection 
circuit during one of the corresponding high and loW phase 
of the input clock signal (512). 

[0035] Any process descriptions or blocks in the How 
diagram of FIG. 5 should be understood as representing 
speci?c logical functions or steps in the process, and alter 
nate implementations are included Within the scope of the 
disclosure in Which functions may be eXecuted out of order 
from that shoWn or discussed, including substantially con 
currently or in reverse order, depending on the functionality 
involved, as Would be understood by those reasonably 
skilled in the art. 

[0036] One or more blocks of the meta-stable tolerant 
edge detectors 100 (FIG. 1) and 200 (FIG. 2) can be 
implemented in hardWare, softWare, ?rmWare, or a combi 
nation thereof. When implemented in hardWare, the meta 
stable tolerant edge detectors 100 and 200 can be imple 
mented With any or a combination of the folloWing 
technologies, Which are all Well knoWn in the art: a discrete 
logic circuit(s) having logic gates for implementing logic 
functions upon data signals, an application speci?c inte 
grated circuit (ASIC) having appropriate combinational 
logic gates, a programmable gate array(s) (PGA), a ?eld 
programmable gate array (FPGA), etc. 

1. A method for detecting the rising edge, falling edge, or 
both of an input clock signal of unknoWn phase and fre 
quency, said method comprising: 

providing a reference clock signal of a knoWn phase and 
frequency to an edge detection circuit; 

dividing and phase shifting the reference clock signal to 
provide a plurality of meta ?ip-?op clock signals; 

providing the plurality of meta ?ip-?op clock signals and 
an input clock signal to a plurality of ?ip-?op pairs that 
provide meta-stability resolution; 

selecting the earliest output signal of the plurality of 
?ip-?op pairs to register a transition on the input clock 
signal; 

providing a signal corresponding to the transition to an 
edge detection circuit; and 

providing an edge detect indication at the edge detection 
circuit during one of the corresponding high and loW 
phase of the input clock signal. 

2. The method of claim 1, Wherein providing the plurality 
of meta ?ip-?op clock signals and an input clock signal 
includes providing the plurality of meta ?ip-?op clock 
signals With a frequency that is at least greater than tWo 
times the highest eXpected frequency of the input clock 
signal. 

3. The method of claim 1, Wherein phase-shifting includes 
providing a 90 degree phase separation betWeen each of the 
plurality of meta ?ip-?op clock signals. 
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4. The method of claim 1, Wherein phase-shifting includes 
providing a 180 degree phase separation betWeen each of the 
plurality of meta ?ip-?op clock signals. 

5. The method of claim 1, Wherein selecting includes 
providing a logical AND operation betWeen output signals 
of the ?ip-?op pairs. 

6. The method of claim 1, Wherein selecting includes 
providing a logical NOR operation betWeen output signals 
of the ?ip-?op pairs. 

7. The method of claim 1, further including resolving 
meta-stability at the ?ip-?op pairs. 

8. The method of claim 1, Wherein providing an edge 
detect indication includes providing a detection of a transi 
tion from a loW state to a high state. 

9. The method of claim 1, Wherein providing an edge 
detect indication includes providing a detection of a transi 
tion from a high state to a loW state. 

10. The method of claim 1, Wherein providing the plu 
rality of meta ?ip-?op clock signals and an input clock 
signal includes providing an input clock signal of unknoWn 
phase and frequency, Wherein the frequency is less than or 
equal to a de?ned maXimum frequency. 

11. An edge detecting apparatus, comprising: 

a phase shift and divide circuit block con?gured to receive 
a reference clock signal of a knoWn phase and fre 
quency and divide and phase-shift the reference clock 
signal to provide a plurality of meta ?ip-?op clock 
signals; 

a plurality of meta-stable circuit blocks con?gured to 
receive the plurality of meta ?ip-?op clock signals and 
an input clock signal of unknoWn phase and frequency; 

a transition select circuit block con?gured to select When 
the earliest of the plurality of metastable circuit blocks 
registers a transition on the input clock signal; and 

a plurality of edge detect circuit blocks con?gured to 
receive the reference clock signal and an output signal 
of the transition select circuit block and provide an 
edge detect indication during the corresponding high or 
loW phase of the input clock signal. 

12. The apparatus of claim 11, Wherein the phase shift and 
divide circuit block is con?gured to provide the plurality of 
meta ?ip-?op clock signals With a frequency that is at least 
greater than tWo times the highest eXpected frequency of the 
input clock signal. 

13. The apparatus of claim 11, Wherein the phase shift and 
divide circuit block is con?gured to provide a 90 degree 
phase separation betWeen the plurality of meta ?ip-?op 
clock signals. 

14. The apparatus of claim 11, Wherein the phase shift and 
divide circuit block is con?gured to provide a 180 degree 
phase separation betWeen the plurality of meta ?ip-?op 
clock signals. 

15. The apparatus of claim 11, Wherein the plurality of 
meta-stable circuit blocks include back-to-back ?ip-?ops 
that provide meta-stability resolution. 

16. The apparatus of claim 11, Wherein the transition 
select circuit block includes a NOR gate that provides a 
logical NOR operation betWeen output signals of the back 
to-back ?ip-?ops and an AND gate that provides a logical 
AND operation betWeen output signals of the back-to-back 
?ip-?ops. 
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17. The apparatus of claim 11, wherein the plurality of 
rneta-stable circuit blocks are con?gured to resolve rneta 
stability. 

18. The apparatus of claim 11, Wherein the plurality of 
edge detect circuit blocks are con?gured to provide at least 
one of a positive sense edge detection and a negative sense 
edge detection. 

19. The apparatus of claim 11, further including an 
inverter that is con?gured to receive the input clock signal 
and provide an inverted clock signal. 

20. The apparatus of claim 11, Wherein the plurality of 
edge detect circuit blocks each include an AND gate that 
receives output signals from an inverter and a ?ip-?op. 

21. The apparatus of claim 11, Wherein at least one of the 
phase shift and divide circuit block, the plurality of meta 
table circuit blocks, the transition select circuit block, and 
the plurality of edge detect circuit blocks are con?gured in 
hardWare. 

22. The apparatus of claim 11, Wherein at least one of the 
phase shift and divide circuit block, the plurality of meta 
stable circuit blocks, the transition select circuit block, and 
the plurality of edge detect circuit blocks are con?gured in 
softWare. 

23. An edge detecting apparatus, comprising: 

means for dividing and phase shifting a reference clock 
signal to provide a plurality of meta ?ip-?op clock 
signals; 
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means for receiving the plurality of meta ?ip-?op clock 
signals and an input clock signal; 

means for sampling the input clock signal using the 
plurality of meta ?ip-?op clock signals as reference 
clocks to a plurality of sampling circuits; 

means for selecting the earliest transition on output sig 
nals of the plurality of sampling circuits; and 

means for providing an edge detect indication at the edge 
detection circuit during one of the corresponding high 
and loW phase of the input clock signal, Wherein the 
means for providing an edge detect indication includes 
means for receiving the reference clock signal. 

24. The apparatus of claim 23, Wherein the means for 
dividing and phase shifting includes a divide and phase shift 
circuit block. 

25. The apparatus of claim 23, Wherein the means for 
sampling include a plurality of rneta-stability resolving, 
back-to-back ?ip-?ops. 

26. The apparatus of claim 23, Wherein the means for 
selecting includes logic gates. 

27. The apparatus of claim 23, Wherein the means for 
providing an edge detect indication includes a logic gate 
con?gured to receive output signals from an inverter and a 
?ip-?op. 


