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feat on the operation speed of the circuit. This document discloses the
features of the pre- FIELD OF THE INVENTION
amble of claim 1. The present invention relates tothefield of digital   5
SUMMARY OF THE INVENTION circuitry. More specifically, the present
invention re- lates the field of error suppression in digital circuitry.
The described embodiments of the present In- vention provide a circuit for
removing glitches caused BACKGROUND OF THE INVENTION
by improper timing between received input signals. 10 The circuit includes
a transition detector having as in- Digital techniques have become the
circuit tech-  put signals the Input signals to the combinatorial cir-
niques of choice in electronic design. The high noise  cult which is to be
prevented from providing a glitch immunity of digital circuitry provides
more reliability  signal. When the transition detector detects a transi-
than analog circuitry. This stems from the binary na-  tion in one of the
input signals, it provides a disable ture of digital signals. Minor noise
or component va-  15  signal. The disable signal may be used to either dis-
riations do not affect the information carried on a dig-  able the output
circuit of the combinatorial circuit or ital signal so long as they do not
change a binary bit  disable the input circuitry of the circuit which
receives from a logical 1 to a logical 0 or vice versa. This pro-  the
output signal of the combinatorial circuit. In one vides a high degree of
data integrity in digital circuitry.  embodiment, the transition detector
includes a delay On the other hand, problems which do cause the   20
generator for Internally determining when to discon- value ofa binary bit
to change (glitches) can cause er-  tinue the disable signal. The delay
provided bythe de- rors which propagate throughoutthe circuit. Achange  lay
generator is selected to ensure that the output sig- in one bit in a
digital number can drastically change  nal of the combinatorial circuit Is
suppressed longer the value of that number. Thus, although digital circui-
than the maximum anticipated timing error between try is more Immune to
error than analog circuitry, the   25  the input signals to the
combinatorial circuit. Because errors that do occur can have more impact.
Therefore  the output signal of the combinatorial circuit is sup- it is
very important to eliminate or mitigate all potential  pressed until the
proper input signals are provided to sources of glitches.
the combinatorial circuit, erroneous output signals One common source of
glitches is timing errors.  caused, by delay between input signals are sup-
Timing errors occur when signals arrive at the input  30  pressed.
terminals of a combinatorial circuit, such as a logic  In brief the
invention provides a circuit for  per- gate, at different times. The
combinatorial circuit re  forming a combinatorial operation In response to
at acts to the combination of the old signal value of the  least two
logical input signals, comprising: slow signal with the new signal value
ofthe fast signal.  a combinatorial circuit for receiving said input
signals, The combinatorial circuit then provides an output sig-  35  said
combinatorial circuit providing an output signal in nal in response to the
old and new signals when it  response to said input signals; a transition
detector should only provide an output signal in response to  for receiving
a portion or all of said input signals, said the two old signals and then
the two new signals.  transition detector providing a disable signal in re-
Most digital signals do not arrive at a combinator-  sponse to a transition
detected on one of said re- ial circuit at exactly the same time, but In
most cir-  40  ceived input signals; and an output buffer for receiv-
cumstances this is not a problem. Either the combine-  ing said output
signal, said output buffer providing a torial circuit does not react
quickly enough to produce  buffered output signal In response to said
output sig- a glitch output signal before the correct new signal is  nal,
said output buffer being adapted to receive said received or appropriate
timing design assures that  disable signal and said output buffer being
disabled these glitches are lost in the system. However, in  45  in
response to said disable signal such that a timing some asynchronous
designs and capacitive dis-      glitch occuring In said combinational
circuit output is charge circuits, this type of glitch can cause errors or
suppressed by said output buffer. seriously impair properoperation of the
circuit. There- fore it is important to eliminate these glitches in those
BRIEF DESCRIPTION OF THE DRAWINGS types of circuits which are sensitive to
them.  50 From U.S.-A-4,337,525 a circuit for performing a   The present
invention is best understood through combinatorial operation In response to
at least two  the following Detailed Description of the preferred logical
Input signals is known. in this circuitmeans are  embodiments in
conjunction with the Drawings, provided which disable all circuit portions
which could  wherein: either create or would be sensitive to a glitch so
that  55  Figure 1 is a schematic diagram of a prior art the circuit is not
functional during the relevant time  memory system; period. The time period
In which circuit portions are  Figure 2A is a schematic diagram of the
column disabled results In a delay which has an adverse ef-   multiplexor
and output buffer of Figure 1; 2   



3                   EP 0 361 233 B1                4 Figure 2B is a
schematic diagram of output buffer  nals A0 through AN, row decoder
provides signals to 10 of Figure 2A;                               array 4
which selects a row of memory cells in array Figure 2C Is a schematic
diagram of boosting cir-  4. The signals In the selected memory cells are
pro- cuit 20 of Figure 2B;                          vided to sense
amplifiers 6 which receive the small Figures 3Athrough 3E are timing
diagrams of the   5   signals provided from the memory cells, amplify them
operation of the circuit of Figure 2A;         to full logic levels
(usually 0 Volts for a logical 0 and Figure 4A is a schematic diagram of
one embodi-  5 Volts for a logical 1) and 'latch' or store the signals.
ment of the present invention;                 The latched row of signals
is provided to multiplexor Figure 4B is a schematic diagram of transition
de-  8. Multiplexor 8 selects one of the bits in the stored tector 52 of
Figure 4A; and               10  row of data in response to the address
signals provid- Figures 5A through 5E are timing diagrams of the  ed via
address terminals AN+1 through AL. The se- operation of the circuit of
Figure 4A.         lected bit is provided to output buffer 10 which pro-
vides the selected bit on output terminal 12. DETAILED DESCRIPTION OF THE
PREFERRED                 In the current generation of one megabit dynamic
EMBODIMENTS                                   15  RAMs there are 32 signals
provided on address ter- minals AN+1 through AL selecting one of 1,024 bits
An area where timing errors are a particular prob-  of data. Because of
lead layout requirements, it is al- lem is in random access memories(RAMs).
Timing er-  most impossible to provide equal length leads provid- rors are
more prevalent in RAMs because of the long  ing the address signals
provided on address termi- lead lengths which are required. This detailed
de-  20  nals AN+1 through AL. Thus the address signalsoften scription
deals with an embodiment of the invention    reach multiplexor 8 at
different times, possibly gen- designed to preventerrors caused by line
delay in pro-  erating timing errors. viding address signals to the
multiplexor which deter-  Figures 2A through 2C are schematic diagrams
mines the column from which the output bit is select-  detailing the column
select circuitry of RAM 1 of Fig- ed. This type of error is very
problematic in static col-  2   ure 1. The data bits are provided to
multiplexor 8 In umn mode RAMs. In static column mode, column ad-
complementary form via terminals DO through DM dresses are fed directly to
the column multiplexor  and [err]through DM. Multiplexor 8 selects one data
bit from the address Input pins. Because the Internal cir-  and provides
the selected data bit in complementary cuitry does not have control over
the timing of signals  form on leads O and [err]. Multiplexor 8 selects the
pro- coming from off the chip, extreme timing errors must  30  vided data
bit in response to address signals provided be provided for in the RAM
design. Although this spe-  on address terminals AN+1 through AL. The
output cific embodiment is herein described, it is not to be  data bit is
provided to output buffer 10 which in turn construed as limiting the scope
of the invention. Tim-  provides the data bit to output pad 12. Output
buffer Ing errors can occur with any combinatorial digital cir-  10 is
enabled by a signal provided on input terminal cult such as logic gates or
gate arrays, for example.  35   E. In addition, although the discussion in
this specifica-  Figure 2B is a schematic diagram of output buffer tion is
directed toward digital circuitry, timing errors  10 of Figures 1 and 2A.
N-channel field effect transis- and other glitches can occur in analog
circuitry as  tors 14 and 18 drive output terminal 17. The gate of well.
The invention is equally effective in preventing  transistor 14 is driven
by the signal provided on ter- timing errors in these circuits as it is in
the described   40  minal [err] through buffer 18. For example, If a
logical 0 embodiment.                                          is provided
on terminal 0, a complementary 1 is pro- Figure 1 is a schematic diagram of
a simplified  vided on terminal [err] through buffer 18 to the gate of
prior art random access memory array. Figures 2A  transistor 14. Thus
transistor 14 conducts and pulls through 2C are schematic diagrams of the
decoding  down output terminal 17 to provide a logical 0 on ter-
multiplexor. Figures 3Athrough 3E constitute a timing   45  minal 17. When
a logical 1 is provided on terminal 0, diagram illustrating the problems
created by timing  a logical 0 is provided to the gate of transistor 14
errors In the prior art circuits of Figures 2A through  through buffer 18
and thus transistor 14 does not pull 2C. Figures 4A and 4B are schematic
diagrams illus-  down terminal 17. When a signal indicating that buffer
trating one embodiment of the present invention    10 should be disabled is
received on terminal E, buf- which solves the problems illustrated in
Figures 1   50  fer 18 provides a logical 0 signal to the gate of tran-
through 3. Figures 5A through 5E constitute a timing  sistor 14 and
transistor 14 does not pull down the sig- diagram illustrating the
operation of the embodiment  nal on terminal 17 regardless of the signal on
terminal of Figure 4A and 4B.                               0. Figure 1 isa
schematic diagram ofa priorart RAM    Transistor 16 is driven by booster
circuit 20. N- 1. RAM 1 receives address input signals via address  55
channel transistor 16 is used instead of a P-channel terminals A0 through
AL. The signals provided on ad-  transistor to avoid latch-up problems.
However, when dress terminals A0 through AN drive row address de-  a
voltage equal to a logical 1, which is approximately coder 2. In response
to the signals on address termi-  equal to [err] is provided to the gate of
transistor 16, 3 



5                   EP 0 361 233 B1                 6 the voltage provided
on terminal 17 Is one threshold  the plate of capacitor 44 connected to
terminal 40 with voltage (err) less than [err]. This voltage drop Is unac-
a positive charge. The plate of capacitor 40 connect- ceptable In many
applications. To eliminate this prob-  ed to the output terminal of
Invertor 36 is, at this time, lem, boosting circuit 20 provides a signal to
the gate  held to 0 Volts. While capacitor 44 is charging, the of
transistor 16 which Is more than one [err] greater   5   logical 1 on the
input terminal of invertor 30 props- than [err] (boosted signal). When the
signal on terminal  gates through invertors 30,32 and 34 to provide a log-
O is a logical 1, boosting circuit 20 provides a boosted  ical 0 to the
source of transistor 38. This logical 0 vol- signal and transistor 16 pulls
up the signal on terminal  tage level causes the gate of transistor28 to be
pulled 17 to [err] When the signal on terminal 0 Is a logical  low through
transistor 38. Thus transistor 28 ceases 0, boosting circuit 20 provides a
logical 0 and transis-  10  to conduct. As this occurs, the signal on the
output ter- tor 16 does not pull up the signal on terminal 17. When  minal
of invertor 38 goes from a logical 0 level to a log- a signal indicating
that buffer 10 should be disabled  ical 1 or [err] level. This causes the
positive charge on is received on terminal E, boosting circuit 20 provides
the plate of capacitor 44 which is connected to termi- a logical 0 output
signal and transistor 16 does not pull  nal 40 to dump charge on to
terminal 40. Capacitor 44 up the signal on terminal 17 regardless of the
signal  15  Is selected to have a very large capacitance relative on
terminal 0.                                     to the gate capacitance of
transistor 16 (Figure 2B) Figure 2C is a schematic diagram of boosting cir-
and the charge cannot be discharged through transis- cuit 20 of Figure 2B.
Many types of boosting circuits  tor 28, which Is not conducting, so the
voltage level on are used in the art. Figure 2C illustrates one example
the gate of transistor 16 (Figure 2B) is boosted well of a boosting
circuit. When a logical 0 is provided on   20  above [err] Transistors 46,
48 and 50 are all gate either terminal O or terminal E, AND gate 22
provides  strapped to the drain, which is connected away from an output
signal of 0. The output signal of AND gate  Vdd, and connected in series.
Therefore, these tran- 22 is Inverted once by invertor 24 and Inverted back
sistors will begin to conduct If the voltage on terminal by Invertor 26.
Thus the signal on the drain of transis-  40 rises to greater than 3 times
Vth above[err] This tor 28 is 0 volts. The output signal of AND gate 22 is
25  limits the voltage on terminal 40 thereby avoiding also inverted once
by invertor 30, inverted back by in-  damage to transistor 16 (Figure 2B).
vertor 32 and inverted again by invertor 34. Thus in-  The circuits of
Figure 1 and Figures 2A through vertor 34 provides a logical 1 or a signal
of [err] Be-  2C are herein provided in detail to allow for a precise cause
the gate of transistor 38 is tied to [err] the drain  explanation of the
problem solved by the present in- of transistor 38, and thus the gate of
transistor 28, is  30  vention. Figures 3A through 3E are timing diagrams
pulled to [err] less [err] This voltage causes transistor  illustrating the
problems caused by timing errors In 28 to be on which pulls terminal 40 to
0 Volts. Thus  the circultof Figure 1 and Figures 2Athrough 2C. The the
voltage provided by boosting circuit 20 is low and  timing diagrams of
Figures 3A through 3E show the transistor 16 (Figure 2B) does not conduct.
operation of a greatly simplified version of this circuit. Boosting circuit
20 develops the charge to pro-  35  In this example N Is equal to 0 and L
is equal to 2. vide a boosted voltage signal during the transition
Therefore the array 4 (Figure 1) includes 1 row and no from a low voltage
output signal to a high voltage  row address signals are required. Figure
3A repre- boosted output signal. When a logical 1 signal Is pro-  sents the
address signal on address terminal A1 and vided on terminal E and the
signal on terminal O   Figure 3B represents the address signal on terminal
changes from a logical 0 to a logical 1, the positive   40  A2. Because two
binary bits can address four ad- charge accumulated on the plate of
capacitor 42 con-  dresses, the row of storage elements Includes 4 nected
to the gate of transistor 28 boosts the voltage  memory cells. The data
stored in these memory cells on the gate of transistor 28 to greater than
[err] The  in this example, with the corresponding addresses, positive
charge was accumulated while the plate of  are laid out in the table below.
capacitor 42 connected to the output terminal of AND   45 gate 22 was held
a 0 volts and the plate of capacitor 42 connected to the gate of transistor
28 was held at          Al      A2         D [err] less [err] Capacitor 42
must be a relatively small capacitance device to avoid over charging of the
gate           0        0        0 of transistor 28 and thereby destroying
the gate Insu-  50 lator of transistor 28. The Internal delays of Invertors
0        1        1 24 and 28 allow time for capacitor 42 to dump charge
onto the gate of transistor 28. By the time the output          1        0
1 signal of invertor 26 goes from logical 0 to logical 1, the gate of
transistor 28 is boosted to at least [err] plus  55   1        1        0
[err] Therefore a full [err] is provided to terminal 40 through transistor
28. 



The [err] voltage level on terminal 40 also charges  Figure 3C shows the
signal provided on terminal O 4    7                  EP 0361 233 B1
8 (Figure 2A) by multiplexor 8 in response to the signals  Figure 4A Is a
schematic diagram of one embodi- shown In Figures 3A and 3B and the stored
data    ment of the present invention. Multiplexor 8, buffer 1 0 shown in
the table above. During time period [err] mul-  and output terminal 12
operate in the same manner tiplexor 8 provides a logical I signal
corresponding to  as similarly numbered components in Figure 2A. The the
data stored In the 1-0 position (Al = I and A2 =      circuit of Figure
4Afurther includes transition detector 0). During time period t2, the
address signals provided  52. Enable signals are often provided externally
to the indicate that the data stored at position 0-1 is to be  chip
orgenerated on chip in response to other signals. provided and thus a
logical 1 is placed on terminal 0.  In this embodiment, this signal Is
provided to the cir- However, due to timing errors multilpexor 8 tempor-
cuit of Figure 4A via terminal 56. The address signals arily provides the
data stored at position 0-0. This  io  provided on address terminals An + 1
through AL are shows up as a downward spike in the signal provided
provided to transition detector 52. Transition detector on terminal 0.
52 provides an output signal on terminal T which is a In most
circumstances, the spike on terminal 0 is  logical I when no transition has
been detected and a ignored by subsequent circuitry because the circuitry
logical 0 when a transition is detected. When a logical is designed to
ignore such spikes. However, the cir-  15   1 is provided by transition
detector 52 and a logical 1 cuit of Figure 2C is affected adversely by this
type of  enable signal Is provided on terminal 58, AND gate 54 spike.
Figure 3D is a timing diagram of the signal pro-  provides a logical 1 to
output buffer 1 0 and output buf- vided on terminal 17 (Figure 2B). During
time period  fer 10 provides an output signal to terminal 12 do-
[err]output buffer 1 0 provides a full [err] output signal on  pendent on
the signal provided on terminals 0 and O. terminal 17 because boosting
circuit 20 boosts the  20  If the enable signal on terminal 56 or the
output signal voltage on the gate of transistor 16 (Figure 2B) well  of
transition detector 52 Is logical 0, output buffer 10 above [err] plus
[err]. When boosting circuit 20 receives  Is disabled an provides a high
impedance to terminal the spike, the 'temporary' logical 0 propagates   12.
through boosting circuit 20 to provide a logical 0 on  A schematic diagram
of a portion of transition de- the output terminal of invertor 26. The
logical 0 also  25  tector 52 is shown In Figure 4B. The portion shown In
propagates through to cause a logical I on the output  Figure 4B operates
on one Input signal provided on terminal of invertor 34. This logical 1
turns on transis-  terminal IN. If multiple Input signals are to processed
tor 28 through transistor 38. This begins to pull the  by transition
detector 52, one of each of the circuits voltage level on terminal 40 to 0.
When the proper sig-  shown in Figure 4B must be provided and the output
nal is provided to boosting circuit 20. Capacitor 44 is  3o  signals of the
multiple circuits, provided on terminal unable to charge sufficiently to
provide proper boost-  OUT, must be combined by a AND gate such as AND Ing
to the gate of transistor 16 (Figure 2B). Thus an  gate 58. Single input
transition detector 52A operates inadequate voltage of [err] less [err] is
provided on out-  by providing a temporary transition detect signal of put
terminal 17. In some situations this Inadequate  logical 0, in response to
a detected transition, on ter- voltage can cause major data errors and is
thus un-  35  minal OUT of a duration set by delay unit 60. acceptable.
In discussing the operation of partial transition An upward spike is
illustrated by the transition  detector 52A, transistors 62, 64, 66, 68,
70, 72, 74 from time period [err] to time period [err]. An upward spike
and 76 are assumed to be pure switching devices. does not cause output
errors in this particular circuit,  Therefore, when one of these
transistors is said but can cause errors in some circuits. Figure 3E is a
40  to 'on' It means the transistor channel Is conducting. timing diagram
showing the desired output signal on  Conversely, when a transistor is said
to be 'off' It terminal 17.                                      means the
transistorchannel is not conducting. When In certain applications it is
necessary to eliminate  a logical 0 signal is provided on terminal IN,
P-chan- spikes generated by timing errors. Figures 4A and 4B  nel
transistor 66 is on and N-channel transistor 64 is are schematic diagrams
of one embodiment of the   45  off. The signal on IN is inverted by
invertor 78 and the present invention designed to alleviate the spikes II-
output signal of logical 1 causes P-channel transistor lustrated above in
conjunction with Figures 1, 2A  72 to be off and N-channel transistor 74 to
be on. As- through 2C and Figures 3A through 3E. The embodi-  suming the
signal on IN has been a logical 0 longer ment of Figures 4A and 4B
illustrate the example of  than the fixed delay of delay circuit 60, a
logical I sig- the present invention with regard to column demulti-  50
nal is provided to the gate of P-channel transistor 70 plexion of data
stored In a random access memory  and the gate of N-channel transistor 62.
Thus transis- device. Although this one embodiment is described  tor 70 is
off and transistor 62 is on. The logical I pro- herein, the specific
embodiment Is not to be con-  vided to the input terminal of Invertor 80 is
inverted to strued in any way as limiting the scope of the inven-  provide
a logical 0 on the gates of P-channel transla- tion. The present Invention
finds broad applicability in  55  tor 68 and N-channel transistor 76. Thus
transistor 68 



any combinatorial logic or other type of circuit accept-  is on and
transistor 76 is off. In this state, the only Ing two or more In put
signals and providing an output  path from terminal OUT to either [err] or
ground is signal in response thereto.                       through
transistors 66 and 68. Therefore, the signal 5    9                   EP 0
361233 B1                  10 provided on terminal OUT is [err] or a
logical 1.     transistor 62 to turn on. This brings partial transition
When the signal on terminal IN changes to a log-  detector 52A to the
quiescent state with a logical 0 In- ical 1, P-channel transistor 66 turns
off and N-chan-  put signal as described above. In summary, partial nel
transistor 64 turns on. At this time, the change in  transition detector
52A provides a logical 0 outputsig- the signal has not propagated through
delay unit 60   5   nal of selected duration upon the transition of the
sig- so a logical 1 is on the gate of N-channel transistor 62  nal provided
on terminal IN from either a logical 0 to and transistor 62 is on. Because
both transistors 62  a logical 1 or from a logical 1 to a logical 0.
Otherwise, and 64 are on and transistor 66 is off, the signal on  partial
transition detector provides a logical 1 output terminal OUT Is pulled to
ground or a logical 0. The  signal. logical 1 on terminal IN is Inverted by
invertor 78 to  10  The output signals of the partial transition detec-
provide a logical 0 on the gates of P-channel transis-  tors (only partial
transition detector 52A is shown) are tor 72 and N-channel transistor 74.
Thus transistor 72  provided as input signals to AND gate 58. When no is
turned on and transistor 74 is turned off. Because  transitions are
detected by the partial transition de- the new signal has not yet
propagated through delay  tectors, all the input signals toAND gate 58 are
logical unit 60, the signal on the gate of P-channel transistor  15   1 and
the output signal of AND gate 58 is a logical 1. 70 is a logical 1 and
transistor 70 is off. After the log-  If any of the partial transition
detectors detects a tran- ical 0 has propagated through delay unit 60, the
log-  sition, one of the input signals to AND gate 58 is a log- ical 0 on
the gates of P-channel transistor 70 and N-  ical 0 and the output signal
of AND gate 58 is a logical channel transistor 62 causes transistor 70 to
turn on  0. and transistor 62 to turn off. Therefore, the path from   20
The operation of the embodiment of Figures 4A terminal OUT to ground is
broken and a path from ter-  and 4B is illustrated in the timing diagrams
of Figures minal out through transistors 70 and 72 to [err] is es-  5A
through 5E. Figures 5A through 5C are the same tablished providing a
logical 1 signal on terminal OUT.  a Figures 3A through 3C and describe the
same sig- Thus partial transition detector 52A provides a logical  nals.
The signals shown in Figures 5A and 5B are pro- 0 output signal after the
transition from logical 0 to  25  vided to transition detector 52 and the
output of tran- logical 1 of the signal on terminal IN for a period de-
sition detector 52 is shown in Figure 5D. When a tran- termined by the
delay built into delay unit 60. The de-  sition is detected, transition
detector 52 provides a lay of delay unit 60 may be provided by any number
logical 0 signal to AND gate 54 which then provides a of techniques, such
as RC timing delays, multiple          logical 0 to enable terminal E of
buffer 10. The logical gate delays or clocked timing, for example. The
logi-  30   0 enable signal causes boosting circuit 20 (Figure 2C) cal 0
output signal of delay unit 60 is inverted by in-  to provide a logical on
terminal 40 (Figure 2C). This vertor 80 to provide a logical 1 on the gates
of P-chan-  causes capacitor 44 (Figure 2C) to discharge. How- nel
transistor 68 and N-channel transistor 76. Thus  ever, the delay provided
by transition detector 52 Is transistor 68 is off and transistor 76 is on.
selected to be long enough to allow capacitor 44 to If the signal on
terminal IN now changes from a   35  charge and thus allow boosting circuit
20 to operate logical 1 to a logical 0, invertor 78 inverts the signal
normally. Thus when spikes occur at the transitions on terminal IN to
provide a logical 1 on the gates of  from time periods  to [err] as shown
in Figure P-channel transistor 72 and N-channel transistor 74.  5C, output
buffer 10 is disabled and the output signal Thus transistor 72 turns off
and transistor 74 turns  of output buffer 10 is suppressed. Although output
on. Transistor 76 remains on until this logical 1 has   40   buffer 10 is
providing a high impedance output signal, propagated through delay unit 60
and invertor 80.  the time periods involved are so short that the signal
Therefore, the path from terminal OUT to [err] is brok-  on terminal 12
does not change while the output sig- en at transistor 72 and a path from
terminal OUT   nal of buffer 12 is suppressed. This is reflected in Fig-
through transistors 74 and 76 to ground is establish-  ure 5E. Thus output
buffer 10 provides the spikeless ed. Thus a logical 0 output signal is
provided on ter-  45  output signal shown in Figure 5E on output terminal
minal OUT. The logical 0 on terminal IN causes P-  12, By blocking the
downward spike, the present em- channel transistor 66 to turn on and
N-channel tran-  bodiment allows boosting circuit 20 to properly sistor 64
to turn off. Afterthe logical 1 signal provided  charge, thus providing a
full Vdd output signal during by invertor 78 has propagated through delay
unit 60,  time period [err] unlike the prior art signal shown in Fig-
invertor 80 inverts this signal to provide a logical 0 on   50  ure 3D. As
alternative embodiments, the disable sig- the gates of P-channel transistor
68 and N-channel  nal may be provided directly to the combinatorial cir-
transistor 76. Thus transistor 68 turns on and transis-  cuit or to
circuitry Interposed between multiplexor 8 tor 76 turns off. Therefore, the
path from terminal  and output buffer 10. Any of these embodiments are 



OUT to ground is broken at transistor 76 and a path  design choices which
are dearly within the scope of from terminal OUT through transistors 66 and
68 is  55  the present invention. established. Thus a logical 1 is provided
on terminal  Although specific embodiments are herein de- OUT. The logical
1 provided by delay unit 60 causes  scribed, it is not to be construed as
limiting the scope P-channel transistor 70 to turn off and N-channel  of
the invention. The scope of the invention is only lim-    11
EP 0 361 233 B1                  12 ited by the claims appended hereto In
which we claim:  (64, 66) connected to receive one of said input signals,
another set of transistors (72, 74) con- nected between said power leads
and said one Claims                                                 set of
transistors (64, 66) and a delay circuit (60) 5       arranged to connect
said other set of transistors 1. A circuit for performing a combinatorial
operation  (72, 74) to said one set of transistors to delay op- in response
to at least two logical input signals,  eration of said one set of
transistors (64, 66). comprising: a combinatorial circuit (2, 4, 6, 8) for
receiving  9. A circuit as claimed in claim 5 or any of claims 6 said input
signals, said combinatorial circuit (2,4,  10  to 8 in that they depend
from claim 5 and includ- 6, 8) providing an output signal in response to
ing logic circuitry (30, 32, 34, 36) for discharging said input signals; a
transition detector(52)for re-  the accumulated charge each time there is
an in- ceiving a portion or all of said input signals, said  put
transition. transition detector (52) providing a disable signal in response
to a transition detected on one of said   15  10. A circuit as claimed in
any preceding claim and received input signals; and an output buffer (10)
wherein said disable signal is provided as a first for receiving said
output signal, said output buffer  input (T) to a gate (54), said gate
having a second (10) providing a buffered output signal in re-     input
(56) for receiving a second disabled signal. sponse to said output signal,
said output buffer (10) being adapted to receive said disable signal  20
11. A circuit as claimed in any preceding claim and and said output buffer
(10) being disabled in re-   wherein said combinatorial circuit is decode
cir- sponse to said disable signal Characterized in      cuitry for a
memory device. that said combinatorial circuit remains functional and that
a timing glitch occuring in a combinator- ial circuit output (0, 0) is
suppressed by said out-  25   Patentansprilche put buffer (10). 1.
Schaltung zum Durchf0hren einer kombinatori- 2. Acircuit as claimed in
claim I wherein said output  schen Operation als Reaktlion auf wenigstens
buffer (10) includes transistors (14, 16) between   zwei logische
Eingangssignale, enthaltend: power leads providing said buffered output.
30     sine kombinatorische Schaitung (2, 4, 6, 8) zum Empfang der
Eingangssignale, wobel die kombi- 3. A circuit as claimed in claim 2 and
wherein said    natorische Schaltung (2, 4, 6, 8) sin Ausgangasi-
transistors (14, 16) are n-channel devices.         gnal als Reaktion auf
die Elngangssignale er- zeugt; 4. A circuit as claimed in claim 2 or claim
3 and  35  sinen CObergangsdetsktor (52) zum Empfang si- wherein said
transistors provide pull up or pull    nos Tells oder aller
Eingangssignale, wobel der down to an output line (17).
Obergangsdetektor (52) als Readtion auf einen erfa~ten Obergang bei einem
der empfangenen 5. A circuit as claimed in claim 2, claim 3 or claim 4
Eingangssignale ein Sperrsignal erzeugt; und and including a boost circuit
(20) connected to at  40  oinen Ausgangspuffer (10) zum Empfang des least
one of said output transistors (14, 16), said  Ausgangssignals, wobel der
Ausgangspuffer boost circuit (20) including a charging circuit for  (10)
als Reaktion auf das Ausgangasignal sin accumulating charge fora certain
period to boost    gepuffertes Ausgangsaignal abgibt und der Aus- said
atleastone outputtransistorto a desired out-   gangspuffer (10) an den
Empfang des Sperrsl- put voltage.                               45
gnals angepaSt ist und der Ausgangspuffer (10) als Reaktion auf das
Sperrsignal gesperrt wird, 6. A circuit as claimed in claim 5 wherein said
charg-    dadurch gekennzeichnet, ing circuit includes a capacitor (42)
accumulating  daB die kombinatorische Schaltung funktionsfi- said charge.
hig bleibt und 50      daB sin am Ausgang (0, 0) einer kombinatiori- 7. A
circuit as claimed in claim 5 or claim 6 and      schen Schaltung
auftretender laufzeitbedingter wherein said charging circuit accumulates
charge    Storimpuls durch den Ausgangspuffer (10) unter- 



for a certain period sufficient to boost said at least  drflckt-wird. one
output transistor (14, 16) to conduct at least the voltage of said power
leads.           55   2. Schaltung gemnA  Anspruch 1, In der der Aus-
gangapuffer (10) zwischen den Versorgungslel- 8. A circuit of any of claims
2 to 7  wherein said tran-            tungen Transistoren (14, 16) enthAlt,
die das sition detector (52) includes one set of transistors  gepufferte
Ausgangasignal abgeben. 7    ited by the claims appended hereto in which we
claim:   (64, 66) connected to receive one of said Input signals, another
set of transistors (72, 74) con- nected between said power leads and said
one Claims                                                  set of
transistors (64, 66) and a delay circuit (60) 5       arranged to connect
said other set of transistors 1. A circuit for performing a combinatorial
operation   (72, 74) to said one set of transistors to delay op- in
response to at least two logical input signals,  eration of said one set of
transistors (64, 66). comprising: a combinatorial circuit (2, 4, 6, 8) for
receiving  9. A circuit as claimed in claim 5 or any of claims 6 said input
signals, said combinatorial circuit (2,4,  10  'to 8 In that they depend
from claim 5 and includ- 6, 8) providing an output signal In response to
ing logic circuitry (30, 32, 34, 36) for discharging said Input signals; a
transition detector(52)forre-  the accumulated charge each time there is an
in- ceiving a portion or all of said input signals, said  put transition.
transition detector (52) providing a disable signal in response to a
transition detected on one of said   15  10. A circuit as claimed in any
preceding claim and received Input signals; and an output buffer (10)
wherein said disable signal is provided as a first for receiving said
output signal, said output buffer  input (T) to a gate (54), said gate
having a second (10) providing a buffered output signal In re-       input
(56) for receiving a second disabled signal. sponse to said output signal,
said output buffer (10) being adapted to receive said disable signal  20
11. A circuit as claimed in any preceding claim and and said output buffer
(10) being disabled in re-   wherein said combinatorial circuit is decode
cir- sponse to said disable signal Characterized in       cuitry for a
memory device. that said combinatorial circuit remains functional and that
a timing glitch occuring in a combinator- ial circuit output (err) is
suppressed by said out-  25   Patentanspr Ache put buffer (10). 1.
Schaltung zum DurchfLihren elner kombinatori- 2. A circuit as claimed in
claim 1 wherein said output    schen Operation ala Reaktion auf wenigatens
buffer (10) includes transistors (14, 16) between   zwel logische
Eingangssbgnale, enthaltend: power leads providing said buffered output.
30     eine kombinatorische Schaltung (2, 4, 6, 8) zum Empfang der
Elngangssignale, wobel die kombi- 3. A circuit as claimed in claim 2 and
wherein said     natorische Schaltung (2, 4, 6, 8) eln Ausgangssi-
transistors (14, 16) are n-channel devices.         gnal ala Reaktlon auf
die Eingangssignale er- zeugt; 4. A circuit as claimed in claim 2 or claim
3 and   35  elnen Obergangsdetektor (52) zum Empfang el- wherein said
transistors provide pull up or pull     nes Tells oder aller
Elngangssignale, wobel der down to an output line (17).
Obergangsdetektor (52) ala Reaktion auf elnen erfabten Obergang bel einem
der empfangenen 5. A circuit as claimed in claim 2, claim 3 or claim 4
Eingangssignale eln Sperrsignal erzeugt; und and including a boost circuit
(20) connected to at  40  elnen Ausgangspuffer (10) zum Empfang des least
one of said output transistors (14, 16), said  Ausgangseignals, wobel der
Ausgangspuffer boost circuit (20) Including a charging circuit for  (10)
ala Reaktion auf das Ausgangssignal ein accumulating charge fora certain
period to boost     gepuffertes Ausgangesignal abgibt und der Aus- said at
least one output transistor to a desired out-     gangspuffer (10) an den
Empfang des Sperrsl- put voltage.                                45
gnals angepalt ist und der Ausgangspuffer (10) als Reaktlon auf des
Sperreignal gespenrt wird, 6.  A circuit as claimed in claim 5 wherein said
charg-  dadurch gekennzeichnet, ing circuit includes a capacitor (42)
accumulating  daB die kombinatorische Schaltung funktionsfa- said charge.
hig bleibt und 50      dam eln am Ausgang (0, U) einer kombinatiorl- 7. A
circuit as claimed in claim 5 or claim 6 and       schen Schaltung
auftretender laufzeltbedingter 



wherein said charging circuit accumulates charge     Storimpuls durch den
Ausgangspuffer (10) unter- for a certain period sufficient to boost said at
least  drflckt wird. one output transistor (14, 16) to conduct at least the
voltage of said power leads.            55  2. Schaltung gemaBl Anspruch 1,
In der der Aus- gangspuffer (10) zwischen den Versorgungslei- 8. Acircult
of any of claims 2 to 7 wherein said tran-  tungen Transistoren (14, 16)
enthilt, die des sition detector(52) includes one set of transistors
gepufferte Ausgangasignal abgeben. 7    13                  EP 0 361233 B1
14 3. Schaltung gemrAll Anspruch 2, In der die Transi-   tung darstlit.
storen (14, 16) n-Kanal-Vorrichtungen sind. 4. Schaltung gemaS Anspruch 2
odor Anspruch 3,     Revendlcatlons In derdie Transistoren zum
ZlehenderAusgangs-   5 leitung (17) auf H- oder L-Pegdl dlenen.       1.
Circuit pour r6aliser une op6ratlon combinatoire en reponse a au moins deux
signaux d'entr6e lo- 5. Schaltung gemra Anspruch 2, Anspruch 3 odor
giques, comprenant: Anspruch 4, enthaltend esne Booster-Schaltung
un circuit combinatolre (2, 4, 6, 8) pour re- (20), die mit wenigstens
sinem der Ausgangs-  lo       covoir lesdits signaux d'entrhe, ledit
circuit transistoren (14, 16) verbunden lst wobel die          combinatoire
(2, 4, 6, 8) fournissant un si- Booster-Schaltung (20) sine
Ladungeschaltung           gnal de sortie en r6ponse auxdits signaux zum
Akkumulieren von Ladung Ober einen gewls-          d'entr6e; sen Zeltraum
hinweg zum Anheben wenigstens           - un d~tectour de transition (52)
pour rece- sines Ausgangstransistor auf sine gewflnschte  15      volrune
partle ou la totalit6 desdits signaux Ausgangespannung enthalt.
d'entr6e, ledit dhtecteur de transition (52) fournissant un signal
d'Invaldiatbon en r6- 6. Schaltung gemrAll Anspruch 5, In der die La-
ponse A une transition d6tectie sur Ilun dungsschaltung eine Kapazitlt (42)
enthalt, In         desdits signaux d'entr6e rogue; et der die Ladung
akkumullert wird.           20        - un circuit de tampon de sortie (10)
pour re- coevoir ledit signal de sortie, is circuit de "   ~*7. Schaltung
gemAS Anspruch 5 oder Anspruch 8,            tampon de sortie (10)
fournissant un signal bel der die Ladungsschaltung die Ladung fiber el-
de sortie du circuit de tampon en reponse nen gowissen Zeltraum hinweg
akkumullert, der          auditsgnal de sortie, leditcircuitdetampon
ausrelcht, um don wenigatens einen Ausgangs-  25       de sortie (10) 6tant
adapte pour recevoir lI- transistor (14, 16) so anzuheben, daB er wenig-
dit signal d invalidation et ledit circuit de stons die Spannung der
Versorgungsleitungen            tampon de sortie (10) etant invalid6 en r6-
fflhrt.                                                ponse audit signal
d'Invalidation, caract6rl- se en ce quo ledit circuit combinatoire resb 8.
Schaltung nach sinem der Ansprfche 2 bis 7, In  30      fonctionnel et en
ce qu'une variation brus- der der Obergangsdetektor (52) sine Gruppe von
que de retard so produisant dans une sortie Transbstoren (64, 86) enthalt,
die so verbunden        du circuit combinatoire (0,0) ost supprim6e sind,
daB sle sines der Eingangssignale empfan-        par ledit circuit de
tampon de sortie (10). gen, wobei sine andere Gruppe von Transistoren (72,
74), die zwlschen den Versorgungsleitungen   35  2. Circuit selon la
revendication 1 dans isquel ledit und der elnen Gruppe von Transistoren
(64, 66)     circuit de tampon de sortie (10) comport. des und elner
Verzogerungsschaltung (60) ange-        transistors (14, 16) entre des
conducteurs de schlossen ist, die so angeordnet Ist, daB sie die
courantfournissant ladite sortie du circuit de tam- andere Gruppe von
Transistoren (72, 74) mit der    pon. olnen Gruppe von Transistoren zum
Verzogern  40 des Betriebs der eonen Gruppe von Transistoren  3. Circuit
selon la revendication 2 dans lequel les- (64, 66) verbindet.
dits transistors (14, 16) sont des dispositift A ca- nal -n. 9. Schaltung
gemiB dem Anspruch 5 odor elnem der AnsprOcho 6 bis 8, sowelt sie von
Anspruch   45  4. CIrcuit sdlon l'une des revendIcations 2 et 3 dans 5
abhangen, mit Loglkschaltungen (30, 32, 34,     lequel lesdits transistors
fournissent une ligne de 36) zum Entladen der akkumulerten Ladung Im-
sortle (17) d'excursion haute ou basse. mer dann, wenn sin Elngangsebergang
auftritt. 5. Circuit selon lNune quelconque des revendica- 10. Schaltung
nacheinemdervorstehendenAnspr&-  50     tions 1, 3 et4 comportant un
circuit d'augmenta- 



chs, bel der das Spermignal olnem ersten Emn-     tion de de tension (20)
rdiie A au moins un desdits gang (1) sines Gatters (54) zugeffhrtwird,
wobel  transistors de sortie (14, 16), ledit circuit d'aug- das Gatter onen
zweiten Eingang (56) zum Emp-      mentation de tension (20) comportant un
circuit fang sines zweiten gesperrten Signals enthalt.     de charge pour
accumuler une charge pendant 55      une certaine duree pouraugmenterla
tension du- 11. Schaltung gemrfi elnern der vorstohenden An-      dit au
molns un transistor de sortie jusqu'A une sprOche, in der die
kombinatorische Schaltung      tension de sortie d6sir6e. die
Dekodierschaltung einer Speichervorrich-    15                  EP 0 361
2331                   16 IiIII |||     11111 11||| ||||| 6. Circuit solon
la revendicathon 5 dans loquel ledit circuit de charge comportb un
condensatbur (42) pour accumuler ladite charge. 7. Circuit selon l'une des
revendications 5 et 6 dans   5 loquel ledit circuit de charge accumule la
charge pendant une certaine durne suffiaante pour aug- menter la tension
dudit au moins un transistor do sortie (14, 16) pour conduire au moins la
tension audit conducteur de courant.               10 S. Circuit selon l
une quelconque des revendica- tions 2 A 7 dans loquel ledit d6tecteur de
transi- tion (52) comportb un premier ensemble de tran- sistors (64, 66)
reli6 pour recevoir un desdits ai-  16 gnaux d'entre, un second ensemble de
transis- tors (72, 74) reli6 entre lesdits conducteurs de courant et ledit
premier ensemble de transistors (64, 66) et un circuit de retard (60)
adapt6 pour re- Her ledit second ensemble de transistors (72, 74)  20 audit
premier ensemble de transistors pour retar- der le fonctionnement dudit
premier ensemble de transistors (64, 66). 9. Circuit selon la revendication
5 ou salon l'une   25 quelconque des revendications 6 A 8 d6pendan- tea de
la revendication 5 comportant un circuit lo- gique (30, 32, 34, 36) pour
d6charger l charge accumul6e chaque fois quo se prodult une tran- sition
d'entree.                           30 10. Circuit selon lune quelconque
des revendica- tions pr6c6dentes dans loquel ledit signal d'inva- lidation
eat disponible en tant que premlere en- tr6e (T) A une porte (54), ladite
porte comportant  35 une seconde entr6e (56) pour recevoir un second signal
d'invalidation. 11. Circuit selon l'une quelconque des revendica- tlons
pr6cedentes dana loquel ledit circuit combi-  40 natoire eat un circuit de
d6codage pour un dispo- sitif a m6moire. 45 0 55    


