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57 ABSTRACT 
A metastable prevent circuit comprises a plurality of 
parallel channels, each coupled to receive and synchro 
nize asynchronous pulses to a synchronous clock signal. 
A shift register is responsive to the asynchronous pulses 
to sequentially enable individual ones of the channels. 
In the case of a two-channel system, the shift register is 
abistable device which enables the channels alternately. 

24 Claims, 6 Drawing Sheets 
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Fig. - I 
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METASTABLE PREVENT CIRCUIT 

This invention relates to a circuit for eliminating the 
effects of metastable conditions in a digital circuit. 

Digital latches and flip-flops respond to input signals 
to either remain in, or reverse, the output state. In either 
case, the output state is a stable condition. However, a 
condition known as metastability can exist in which the 
latch or flip-flop reaches a condition in which it lingers 
indefinitely between the two stable states. Ordinarily, 
this condition is caused by marginal triggering. If the 
flip-flop is well balanced, the metastable condition may 
last until such internal or external imbalances affect the 
flip-flop to cause it to go to one of its two stable states. 
While in a metastable condition, the output of the flip 
flop cannot be safely clocked. Consequently, metasta 
bility is a serious problem in high-speed digital circuits 
used for synchronization of asynchronous signals. More 
particularly, metastability is a significant problem in 
data recovery circuits employed in computer peripheral 
devices. In the past, attempts to prevent metastability 
have employed paired flip-flop circuits in which the 
output of a first flip-flop is clocked into a second. If the 
first flip-flop goes into a metastable state, it will hope 
fully recover in time for its output to be clocked into the 
second flip-flop. However, due to signal degradation in 
transmission of asynchronous information signals, the 
information may not be present at a time adequate to 
clock into the first flip-flop. As a result, although the 
clocking of the second flip-flop is intended to recover 
the information, the circuit might not respond to a badly 
degraded asynchronous signal. Consequently, an im 
provement of the prior art has been to employ a pulse 
edge detector ahead of the first flip-flop to more accu 
rate define the signal for the first flip-flop. While these 
efforts have met with some degree of success in over 
coming metastable conditions in digital recovery cir 
cuits, they have not been completely successful at the 
reliability and speeds of current systems. 

It is an object of the present invention to provide a 
circuit which eliminates the effects of metastability. 
A metastable prevent circuit according to the present 

invention comprises a plurality of parallel channels, 
each coupled to receive and synchronize asynchronous 
pulses to a synchronous clock signal. A shift register is 
responsive to the asynchronous pulses to sequentially 
enable individual ones of the channels. 

In carrying out the present invention, two parallel 
channels, substantially identical to each other, each 
comprise a pair of flip-flops, coupled with a pulse edge 
detector, as in prior systems. However, the present 
invention further employs a shift register driven by the 
asynchronous signal to permit the parallel channels to 
process successive, alternate asynchronous pulses In the 
case of a two channel circuit, the shift register may be a 
two position shift register (i.e., a bistable multivibrator 
or flip-flop), which will enable the channels alternately. 
The channels thus independently receive and process 
half the asynchronous data, thereby eliminating the 
effects of metastable conditions. 
One feature of the present invention resides in the fact 

that metastability is eliminated because each channel is 
enabled and is clocked to recovery before the next 
asynchronous data pulse is received for processing on 
that channel. 
Another feature of the present invention resides in the 

fact the system is easily expanded for additional parallel 
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2 
channels operating off additional positions of an ex 
panded shift register, thereby providing greater time 
periods for recovery of each channel. 
The above and other features of this invention will be 

more fully understood from the following detailed de 
scription, and the accompanying drawings, in which: 
FIG. 1 is a block diagram of a typical metastable 

prevent circuit employed in the prior art; 
FIG. 2 is a diagram of waveforms useful in explaining 

the operation of the apparatus illustrated in FIG. 1; 
FIG. 3 is a block circuit diagram of an improved 

metastable prevent circuit as employed in the prior art; 
FIG. 4 is a diagram of waveforms useful in explaining 

the operation of the apparatus illustrated in FIG. 3; 
FIG. 5 is a block circuit diagram of the metastable 

prevent circuit in accordance with the presently pre 
ferred embodiment of the present invention; 
FIG. 6 is a diagram of waveforms useful in explaining 

the operation of the apparatus illustrated in FIG. 5; and 
FIGS. 7 and 8 are illustrations of metastable prevent 

circuits in accordance with modifications of the present 
invention. 

Referring to the drawings, and particularly to FIG. 1, 
there is illustrated a typical metastable prevent circuit in 
accordance with the prior art. The metastable prevent 
circuit employs a pair of D-type flip-flops L1 and L2, 
having their set and reset inputs connected through 
resistor R1 to a source of potential. The clock inputs of 
both flip-flops receive the synchronous clock signal via 
lead 10, while the asynchronous data signal is provided 
to the D input of flip-flop L1. The Q output of flip-flop 
L1 is provided to the D input of flip-flop L2, and the 
synchronous data signal is provided at the Q output 12 
of flip-flop L2. The asynchronous signal may contain or 
validate digital information or may, itself, be an asyn 
chronous clock signal. With reference to FIG. 2, the 
operation of the prior art circuit illustrated in FIG. 1 
may be easily explained. Upon receipt of an asynchro 
nous pulse 14, the D input of flip-flop L1 goes high. 
Upon the next rising edge 16 of the clock signal on lead 
10, the Q output of flip-flop L1 is forced high, thereby 
providing a high input to the D input of flip-flop L2. 
Upon the next rising edge 18 of the clock signal, flip 
flop L2 is forced to provide a high output, as shown. 
Flip-flop L1 is forced low upon the rising edge 20 of the 
next clock pulse after the asynchronous pulse 14 goes 
low, and the synchronous output signal is forced low 
upon the rising edge 22 of the next clock pulse after 
flip-flop L1 goes low. Referring particularly to clock 
pulse 24 and asynchronous pulse 26, these two pulses 
have their leading edges occurring at approximately the 
same time, causing a marginal triggering of flip-flop L1. 
As a result, flip-flop L1 enters a metastable state result 
ing in a non-standard logic level, such as rapid switch 
ing between two stable states of the flip-flop, as illus 
trated at signal 28. Eventually, circuit imbalances and 
other external factors will force the flip-flop L1 to arbi 
trarily seek one of its two stable states. If flip-flop L1 
falsely seeks its lower state as shown in FIG. 2, the next 
leading edge 30 of the clock signal (with the asynchro 
nous pulse 26 still high) will force L1 to its high or true 
condition, thereby establishing the synchronous data 
pulse 31. 

In most computer designs, the reliance on asynchro 
nous logic is maintained at a minimum and is generally 
located at interfaces between separate equipments. In 
most cases, these interfaces are separated by relatively 
short distances. However, when signals are transmitted 
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over substantial distances, distortion may result. The 
distortion may result in pulse shrinkage, expansion, 
pulse edge slowdown and pulse-to-pulse position and 
period variations. In high-speed data communications, 
the distortion may be so radical that the data may not be 
reliably recaptured. To improve on the reliability of 
data transmission, it has been common to employ a 
pulse edge detector as illustrated in FIG. 3. In particu 
lar, a D-type flip-flop L3 was added as a pulse edge 
detector for receiving the asynchronous signal on lead 
11. As illustrated particularly in FIG. 4, the asynchro 
nous signal may be of variable width and position, due 
to external factors, including transmission. NAND gate 
32 receive the outputs from the Q output of each of the 
flip-flops L1, L2 and L3 to provide a signal output to 
the reset inputs of flip-flops L1 and L3. 

In operation of the apparatus illustrated in FIG. 3, 
and with reference to FIG. 4, when the asynchronous 
signal on lead 11 goes high to the clockinput of flip-flop 
L3, the Q output of flip-flop L3 is forced high so that 
upon the next rising edge of a clock pulse on lead 10 the 
Q output of L1 goes high. Upon the rising edge of the 
next successive clock pulse, with L1 high, L2 goes high 
to force the synchronous output high. Since all the 
flip-flops, L1, L2 and L3 are high, NAND gate 32 oper 
ates to provide a low signal reset pulse to flip-flops L1 
and L3. With the Q output of flip-flop L1 now in a low 
state, the next rising edge of the clock signal will reset 
flip-flop L2 to force the synchronous signal low. As 
described in connection with the circuit illustrated in 
FIG. 1, a metastable condition can exist. When the 
clock and the asynchronous signals are so close that 
flip-flop L3 is forced to a high condition at about the 
same time that the leading edge of a synchronous clock 
signal goes high, a risk of metastability exists. Thus, as 
in the case of the apparatus illustrated in FIG. 1, if the 
L1 flip-flop ultimately seeks a low stable state, it will 
not respond to the asynchronous data pulse 34 until the 
next rising clock pulse to set flip-flop L1 high at 36. 
Synchronous pulse 38 is derived from the L1 output 
pulse 36 which in turn is derived from the asynchronous 
pulse 34. However, as illustrated in FIG. 4, the next 
asynchronous clock 40 has occurred while pulse 36 was 
high. Due to the already high condition of flip-flop L3, 
the pulse 40 is ignored, and the synchronous signal 
output does not include a pulse derived from the asyn 
chronous pulse 40. Hence, data is lost. (While a higher 
clock frequency might seemingly enable recovery of 
the otherwise lost asynchronous pulse, higher frequen 
cies also create other problems, including increased 
incidents of error due to metastability.) 

Referring to FIG. 5, there is illustrated a metastable 
prevent circuit in accordance with the presently pre 
ferred embodiment of the present invention. As will be 
understood from the discussion of the operation of the 
circuit illustrated in FIG. 5, this circuit overcomes the 
disadvantages of the circuits illustrated in FIGS. 1 and 
3. Thus, with reference to FIG. 5, there is illustrated 
two parallel channels, each similar to the circuit illus 
trated in FIG. 3. The first channel 50 comprising flip 
flops L1, L2 and L3 and NAND gate 54 and the second 
channel 52 comprising flip-flops L4, L5 and L6 and 
NAND gate 56. The channels 50 and 52 are wired 
nearly identically to the prior art circuit illustrated in 
FIG. 3, with the asynchronous signal on channel 11 
being applied to the clock inputs of the pulse edge de 
tectors of gate-enabled flip-flops L3 and L6. In this case, 
however, flip-flops L3 and L6 have enable inputs which 
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4. 
are connected to the Q-not and Q outputs of D-type 
flip-flop L7. Flip-flop L7 has its D input connected to 
its Q-not output, has its clock input connected to re 
ceive asynchronous signals on lead 11. The reset input 
of L7 is connected to receive an external reset pulse on 
lead 58. The Q outputs of flip-flops L2 and L5 provide 
separate synchronous output signals identified as Synch 
1 and Synch 2. 

In the operation of the circuit illustrated in FIG. 5, 
the initial state of flip-flop L7 is not important. How 
ever, upon receipt of reset pulse 60, flip-flop L7 is 
forced to a low state so that its Q output is low and its 
Q-not output is high. The high Q-not output of flip-flop 
L7 disables the gate input of flip-flop L3 while the low 
Q output of flip-flop L7 enables the gate input of flip 
flop L6. Upon receipt of the first asynchronous pulse 
62, the enabled flip-flop (L6) responds to the pulse and 
forces its Q output high to set pulse 64 high. Upon the 

- next clock pulse 66, the Q output of flip-flop L4 is 
forced high to generate pulse 68. Upon the next clock 
pulse 70, Synch 2 signal is forced high at pulse 72, 
thereby providing the conditions for operation of 
NAND gate 56 to provide a reset pulse 74 to force the 
Q outputs of L4 and L6 low and to force low pulses 64 
and 68. Synch 2 signal pulse 72 is forced low with the 
positive edge of the next clock pulse 82 resetting flip 
flop L2. 
Asynchronous pulse 62 also sets flip-flop L7 so that 

the Q output of flip-flop L7 is high to disable flip-flop 
L6 and the the Q-not output of flip-flop L7 is low to 
enable flip-flop L3. As a result, upon the next asynchro 
nous pulse 76, flip-flop L3 is forced high to produce a Q 
output pulse 78 so that clock pulse 70 forces flip-flop L1 
high at pulse 80. At the leading edge of the next clock 
pulse 82, pulse 84 of Synch 1 signal is generated, and 
NAND gate 54 provides the reset pulse 86 to reset 
flip-flops: L1 and L3 to force low pulses 78 and 80. 
Synch 1 pulse 84 will be forced low at the next clock 
pulse. The asynchronous pulse 76 also serves to reset 
flip-flop L7 to force the Q-not output of flip-flop L7 
high and the Q output of flip-flop L7 low. Hence, the 
circuit is permitted to begin a fresh cycle with succes 
sive asynchronous pulses. 
The Synch 1 and Synch 2 signals in FIG. 6 may be 

processed, such as through enable gates of subsequent 
circuitry, to utilize the now synchronous pulses 72 and 
84 and any digital information contained in or accompa 
nying the pulses. Such successive circuitry might, for 
example, be responsive to the sequence in which the 
synchronous pulses are presented to maintain the same 
sequence as the corresponding asynchronous pulses 
were received. 
Noteworthy, flip-flop L7 operates as a two position 

shift register with its Q and Q-not outputs enabling the 
separate edge formers of flip-flops L3 and L6. As a 
result, each channel 50 and 52 operates to synchronize 
the asynchronous data for alternate pulses of asynchro 
nous data on line 11. The channels are enabled and the 
clock signals are settled before an asynchronous pulse is 
to be processed by the channel. The result is that meta 
stable conditions in either channel will become stabi 
lized before the channel is called upon to again detect an 
asynchronous data pulse. Thus, the present invention 
provides an effective circuit for eliminating the effects 
of metastable conditions in asynchronous pulse recov 
ery. 
FIGS. 7 and 8 illustrate modifications to the present 

invention employing different types of pulse edge de 
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tectors L3 and L6. Particularly, in FIG. 7, instead of an 
enabling type of D-type flip-flop L3 and L6, as in FIG. 
5, the flip-flops L3 and L6 in FIG. 7 are J-K flip-flops, 
having their Kinputs grounded and their J inputs con 
nected to the Q and Q-not outputs of the shift register 
formed by flip-flop L7. In FIG. 8, standard D-type 
flip-flops are employed with the Q and Q-not outputs of 
shift register flip-flop L7 operating through OR gates 90 
and 92 to the D inputs of the respective flip-flops L3 
and L6. A second input for OR gates 90 and 92 are 
taken from the respective Q outputs of the respective 
flip-flops. The circuits illustrated in FIGS. 7 and 8 oper 
ate in essentially the same manner as the circuit illus 
trated in FIG. 5, and need not be further explained. 
The present invention thus provides apparatus for 

effectively eliminating metastable conditions in data 
recovery circuits which synchronize asynchronous data 
signals. The apparatus is effective in operation and use, 
and enables recovery at high data speeds. 
This invention is not to be limited by the embodi 

ments shown in the drawings and described in the de 
scription, which are given by way of example and not of 
limitation, but only in accordance with the scope of the 
appended claims. 
What is claimed is: 
1. A metastable prevent circuit comprising, in combi 

nation: an input for receiving an asynchronous signal 
containing asynchronous pulses; a plurality of circuit 
means each connected to said input and to a source of 
synchronous clock signal and each operable to synchro 
nize asynchronous pulses to said clock signal; and shift 
means connected to said input and responsive to said 
asynchronous signal for operating successive ones of 
said circuit means. 

2. Apparatus according to claim 1 wherein there are 
two circuit means, and said shift means comprises a 
bistable means. 

3. A metastable prevent circuit comprising, in combi 
nation, a plurality of circuit means each operable to 
synchronize asynchronous pulses to asynchronous 
clock signal, each of said circuit means comprising a 
pulse edge detector responsive to an asynchronous 
pulse to produce an asynchronous output, and bistable 
circuit means responsive to said asynchronous output 
and to a clock pulse of said clock signal to produce a 
synchronous pulse; and shift means responsive to an 
asySnchronous signal containing successive ones of said 
a synchronous pulses to operate successive ones of the 
pulse edge detector means of said plurality of circuit 
means to respond to respective ones of said asynchro 
nous pulses. 

4. Apparatus according to claim 3 wherein each of 
said bistable circuit means comprises first bistable means 
responsive to a first clock pulse and said asynchronous 
output to produce a first output and second bistable 
means responsive to a second clock pulse following said 
first clock pulse and to said first output to produce a 
synchronous pulse. 

5. Apparatus according to claim 4 wherein each of 
said pulse edge detector means comprises third reset 
table bistable means, and gate means responsive to the 
output of said first, second and third bistable means to 
reset said first and third bistable means. 

6. Apparatus according to claim 5 wherein said third 
bistable means is a gate-enabled flip-flop having its en 
able input connected to an individual output of said shift 
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6 
7. Apparatus according to claim 5 wherein said third 

bistable means is a J-K flip-flop having its J input con 
nected to an individual output of said shift means. 

8. Apparatus according to claim 5 wherein said third 
bistable means is a D-type flip-flop having its D input 
connected to an individual output of said shift means. 

9. Apparatus according to claim 8 further including 
OR gate means having a first input connected to said 
individual output of said shift means, a second input 
connected to the true output of said D-type flip-flop, 
and an output connected to said D-input. 

10. Apparatus according to claim 3 wherein there are 
two circuit means, and said shift means comprises a 
bistable means. 

11. A metastable prevent circuit comprising, in com 
bination, a plurality of circuit means each operable to 
synchronize asynchronous pulses to a synchronous 
clock signal, each of said circuit means comprising first 
bistable means responsive to a first clock pulse of said 
clock signal and an asynchronous pulse to produce a 
first output and second bistable means responsive to a 
second clock pulse following first said clock pulse and 
to said first output to produce a synchronous pulse; and 
shift means responsive to an asynchronous signal con 
taining successive ones of said asynchronous pulses to 
operate successive ones of the circuit means to respond 
to respective ones of said asynchronous pulses. 

12. Apparatus according to claim 11 wherein there 
are two circuit means, and said shift means comprises a 
bistable means. 

13. A metastable prevent circuit comprising: first shift 
responsive to successive asynchronous pulses of an 
asynchronous signal to provide alternate first and sec 
ond enable signals; and first and second channels for 
synchronizing asynchronous pulses to clock pulses of a 
synchronous clock signal, said first and second channels 
each comprising: 

first bistable means having a clock input connected to 
receive said asynchronous signal and a further 
input connected to receive a respective first or 
second enable signal, said first bistable means pro 
viding a first output signal in response to an asyn 
chronous pulse and the respective enable signal, 

second bistable means having an input connected to 
receive said first output signal and a clock input 
connected to receive said synchronous clock sig 
nal, said second bistable means providing a second 
output signal in response to a first clock pulse of 
said clock signal and said first output signal, and 

third bistable means having an input connected to 
receive said second output signal and a clock input 
connected to receive said synchronous clock sig 
nal, said third bistable means providing a third 
output signal in response to a second clock pulse 
following said first clock pulse and to said second 
output signal, said third output signal comprising 
output pulses synchronous with said clock signal, 
each output pulse corresponding to an asynchro 
nous pulse responded to by said first bistable 
e2S. 

14. Apparatus according to claim 13 further includ 
ing, in each channel, gate means responsive to said first, 
second and third output signals to reset said first and 
second bistable means, said third bistable means being 
reset by a third clock pulse following said second clock 
pulse. 

15. Apparatus according to claim 13 wherein said 
shift means comprises a flip-flop having a clock input 
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connected to receive said asynchronous signal, and 
having a first output connected to the further input of 
the first bistable means of said first channel and a second 
output connected to the further input of the first bistable 
means of said second channel. 

16. Apparatus according to claim 15 further includ 
ing, in each channel, gate means responsive to said first, 
second and third output signals to reset said first and 
second bistable means, said third bistable means being 
reset by a third clock pulse following said second clock 
pulse. 

17. Apparatus according to claim 16 wherein each of 
said first bistable means is a gate-enabled flip-flop and 
said further input is the enable input of said flip-flop. 

18. Apparatus according to claim 16 wherein each of 
said first bistable means is a J-K flip-flop and said fur 
ther input is the J input of said flip-flop. 

19. Apparatus according to claim 16 wherein each of 
said first bistable means is a D-type flip-flop and said 
further input is the D input of said flip-flop. 
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8 
20. Apparatus according to claim 19 further includ 

ing, in each channel, an OR gate having a first input 
connected to the respective output of said shift means, a 
second input connected to the output of said D-type 
flip-flop, and an output connected to said D input. 

21. Apparatus according to claim 15 wherein each of 
said first bistable means is a gate-enabled flip-flop and 
said further input in the enable input of said flip-flop. 

22. Apparatus according to claim 15 wherein each of 
said first bistable means is a J-K flip-flop and said fur 
ther input is the J input of said flip-flop. 

23. Apparatus according to claim 15 wherein each of 
said first bistable means is a D-type flip-flop and said 
further input is the D input of said flip-flop. 

24. Apparatus according to claim 23 further includ 
ing, in each channel, an OR gate having a first input 
connected to the respective output of said shift means, a 
second input connected to the output of said D-type 
flip-flop, and an output connected to said D input. 

is : k is k 


