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(57) ABSTRACT 

Apparatus and method to logically process Signals repre 
sentative of multiple bits of multiple-bit numbers include 
Successively delaying applications of the bit-representative 
Signals to logical processing Stages from associated input 
registers by a delay interval between input registers that is 
Substantially equal to the processing delay interval per 
bit-level processing Stage. In this way, Successively more 
Significant bits of each of plural numbers being logically 
processed are validly available for processing at each bit 
level logic Stage after a delay that is Substantially equal to 
the processing delay interval of a preceding bit-level logic 
Stage. Similarly, output registers for latching the logic output 
of each bit-level logic Stage are clocked at Successively 
delayed intervals Substantially equal to the processing delay 
interval, and carry output from preceding logic Stages are 
Supplied to carry inputs of Successive logic Stages without 
additional delays following the processing delay interval of 
each preceding logic Stage. 

37 Claims, 1 Drawing Sheet 
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RIPPLE CARRY LOGIC AND METHOD 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

This invention relates to ripple-carry logic circuitry, and 
more specifically to method and apparatus for increasing the 
maximum achievable operating frequency of circuits 
employing ripple-carry logic elements. 

BACKGROUND OF THE INVENTION 

Conventional ripple-carry logic elements Such as multi 
pliers or adders of multi-bit applied numbers commonly 
impose delays in producing resultant outputs attributable to 
arrival at the ripple inputs at different time intervals of all the 
Significant bits. Known attempts to circumvent Such delayS 
include performing partial arithmetic operations upon the 
Significant bits of the numbers upon appearance at the inputs 
of the logic elements, and performing parallel processing of 
the multi-bit numbers buffered in input registers. 
Additionally, each Significant bit of a number may be 
represented by other numbers (e.g., carry-save format), 
usually two-bits wide, for Selective logic processing to 
reduce delays in producing the desired arithmetic logical 
output. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, individual arith 
metic logic Stages that produce carry outputs for Successive 
Similar arithmetic logic Stages each include input registers 
with Substantially matching delay elements interposed 
between Successive ones of the clock inputs of the registers 
for respective ones of the logic Stages. In this manner, delayS 
are attributable to Successively latching the Significant bits 
of input signal into respective input registers for the logic 
Stages which are operable in Substantially common clocking 
intervals to reduce overall effective delays in producing 
resultant arithmetic logical outputs. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block Schematic diagram of conventional 
ripple-carry logic circuitry; and 

FIG. 2 is a block Schematic diagram of ripple-carry logic 
circuitry according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to FIG. 1, there is shown an arithmetic 
logic Stage, Such as a redundant adder 9 or other adder of 
conventional design Such as a carry-Shift added, or 
Manchester carry adder, or the like, having a plural number 
of inputs for the number n of Significant bits applied thereto 
from each input register 11, 13. The resultant arithmetic 
logical output (e.g. the Sum of A+B) of n bits is Supplied to 
an output register 15 which may serve as an input register in 
a Successive Stage or logic level of concatenated arithmetic 
processing of plural numbers A, B . . . N. 

Referring now to FIG. 2, there is shown a simplified block 
Schematic diagram of one embodiment of the present inven 
tion in which a plurality of conventional ripple-carry logic 
Stages (e.g. Summing elements) 17-19 at one logic level of 
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2 
arithmetic processing are each disposed to receive respective 
Significant bits (p... n of each input number A, B. Each logic 
Stage 17-19 receives a carry input Ci to produce a resultant 
or Summation output S. S...S., and also provides a carry 
output C for application to the Successively more 
Significant bit-level logic Stage. Each of the bit-level inputs 
A. A1, . . . A, and B. B. . . . B, is Supplied from a 
corresponding bit-level register 21-23 and 25-27 in which 
the bit-level Signals are latched or Stored in conventional 
matter. Each of the resultant or Summation outputs S. 
S., . . . S., is Supplied to corresponding bit-level output 
registers 29-31 to be latched or stored therein in conven 
tional manner, all in an example of 8-bit logic operation. The 
output registers 29-31 may, of course, Serve as input regis 
ters in a Subsequent logic level of logic processing with 
additional multi-bit numbers X, Y ... N in a similar manner 
as described herein. Each of the bit-level input registers 
21-23 and 25-27, and output registers 29-31 are clocked in 
conventional manner, ideally from the same Source (not 
shown) of clock signals 34. The clock signals per bit level 
are illustrated for convenience as being passed through or 
beyond each register forward the next bit-level register. 

In accordance with one embodiment of the present inven 
tion, delay elements 33 are interposed between each of the 
bit-level input registers (and 37 between each output register 
29–31, which may serve as input registers in a Successive 
logic level). Each of the delay elements 33, 37 substantially 
approximates the delay interval (typically, one or two clock 
intervals) associated with each logic stage 17-19 to produce 
a logic carry output (and an overflow) for application to the 
next more-significant, bit-level logic stage 17-19. Such 
delay elements 33, 37 may each include an inverter in one 
embodiment of the invention. In general, an initial carry 
input (if any, for example, from a previous logic level) may 
be applied to the least significant bit-level logic Stage 17. 

i. 

In the manner described above, the delays through the 
input registers are Substantially matched to the delays asso 
ciated with the logic Stages 17-19 in generating resultant 
carry outputs (if any) for application to the logic stages 
corresponding to the next more significant bit of multi-bit 
input numbers. This essentially limits the delays involved at 
one logic level of concatenated logic processing to the 
delays associated with Successively latching the significant 
bits of the input numbers into the corresponding input 
registers, and to the additional delay interval of the arith 
metic logical processing of the Significant bits of each input 
number through the corresponding logic Stages 17-19. AS 
illustrated at the base of FIG. 2, clock signals to each 
bit-level register 25-27 and 29-31 are successively delayed 
(t1, t2, . . . ) from the initial clock input by the delay 
elements 33, 37 that are interposed in the clock lines 
between Successive bit-level registers. Since the more Sig 
nificant bits are commonly not available, or are not valid 
until Successively later intervals, the additional clock delay 
elements 33, 37 may be conveniently introduced in the 
manner previously described between the Successive Stages 
of the input registers 21-23 and 25-27 (and of the output 
registers 29-31) corresponding to the significant bits of the 
applicable numbers being arithmetically processed to 
thereby obviate problems commonly associated with con 
ventional parallel-processing of the input numbers. 

Therefore, the arithmetic logical processing apparatus and 
method according to the present invention provides incre 
mental delays between the latching intervals of Successive 
input registers corresponding to the Significant bits of input 
numbers to be arithmetically processed. In this way, overall 
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effective processing delays through Such logic level of 
arithmetic processing are reduced compared with the total 
delays encountered through conventional ripple-carry logi 
cal processing of multi-bit input numbers requiring conven 
tional carry look-ahead logic, or the like. 
What is claimed is: 
1. A logic circuit comprising: 
a plurality of logic Stages, each having plural Signal inputs 

and a carry input for logically processing applied 
Signals within a processing delay interval to produce an 
output representing Selected Significant bits of multi-bit 
numbers, and a carry output representing a logic over 
flow of the logically-processed applied signals, 

a plurality of input registers for each of the multiple bits 
of multiple-bit numbers, each having a clock input and 
having an input for receiving a Selected bit of a multi 
bit number for Supplying Signal representative of the 
Selected bit to an input of a corresponding logic Stage 
in response to a clock signal applied to the clock input 
thereof; and 

a delay element connected between clock inputs of each 
of the input registers for each of the multiple-bit 
numbers to Successively delay application of clock 
Signals to the clock inputs of Successively-oriented 
input registers for the Selected bits of each of the 
multiple-bit numbers. 

2. The logic circuit according to claim 1 wherein the delay 
elements delay application of clock signals to Successively 
oriented input registers by Substantially the processing delay 
interval of the corresponding logic Stage. 

3. The logic circuit according to claim 1 wherein each of 
the carry outputs of each of the logic Stages is Supplied to a 
carry input of a Successively-oriented logic Stage Substan 
tially without delay. 

4. The logic circuit according to claim 1 comprising: 
a plurality of output registers, each having a clock input 

and having an input connected to receive an output 
from a corresponding logic Stage and being operable in 
response to a clock signal applied thereto to latch the 
output of the corresponding logic Stage, and 

a delay element connected between clock inputs of each 
of the output registers to Successively delay application 
of clock signals to the clock inputs of Successively 
oriented output registers for latching therein Selected 
bits of a multiple-bit number. 

5. The logic circuit according to claim 4 wherein the delay 
elements delay application of clock signals to Successively 
oriented output registers by Substantially the processing 
delay interval of the corresponding logic Stage. 

6. A method for processing a plurality of multi-bit num 
berS is a plurality of logic Stages, each having plural Signal 
inputs and a carry input for logically proceeding applied 
Signals within a processing delay interval to produce an 
output representing Selected Significant bits of multi-bit 
numbers, and a carry output representing a logic Overflow of 
the logically-processed applied signals, the method com 
prising: 

latching a plurality of multiple bit Signals representative 
of multiple-bit numbers for Selective application when 
clocked to a corresponding logic Stage; 

Supplying a carry output from a logic Stage to a carry input 
of a Successive logic Stage following a processing delay 
interval; and 

Selectively delaying Substantially by the processing delay 
interval the clocking of the latched multiple bit signals 
to the logic Stages to Successively delay logic process 
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4 
ing of the applied Signals to produce associated output 
and carry output within a processing delay interval in 
each logic Stage. 

7. The method according to claim 6 comprising: 
latching the output of each logic Stage for Selective acceSS 
when clocked; and 

Successively delay the clocking of access to each latched 
logic Stage output Substantially by the processing delay 
interval to accumulate latched outputs representative of 
a multiple bit number after a plural number of process 
ing delay intervals. 

8. A logic circuit comprising: 
a plurality of logic Stages, each having plural Signal 

inputs and a carry input for logically processing 
applied Signals within a processing delay interval to 
produce an Output representing Selected Significant bits 
of multi-bit numbers, and a carry Output representing a 
logic Overflow of the logically-processed applied Sig 
inals, 

a plurality of Output registers, each having a clock input 
and having an input connected to receive an Output 
from a corresponding logic Stage and being Operable in 
response to a clock Signal applied thereto to latch the 
Output of the corresponding logic Stage, and 

a delay element connected between clock inputs of each of 
the Output registers to Successively delay application of 
clock Signals to the clock inputs of Successively 
Oriented output registers for latching therein Selected 
bits of a multiple-bit number. 

9. The logic circuit according to claim 8 wherein the delay 
elements delay application of clock Signals to Successively 
Oriented Output registers by Substantially the processing 
delay interval of the corresponding logic Stage. 

10. The logic circuit according to claim 8 wherein each of 
the carry Outputs of each of the logic Stages is Supplied to a 
carry input of a Successively-Oriented logic Stage Substan 
tially without delay. 

11. The logic circuit according to claim 8 further com 
prising: 

a plurality of input registers for each of the multiple bits 
of multiple-bit numbers, each having a clock input and 
having an input for receiving a Selected bit of a 
multi-bit number for Supplying a Signal representative 
of the Selected bit to an input of a corresponding logic 
Stage in response to a clock Signal applied to the clock 
input thereof, and 

a delay element connected between clock inputs of each of 
the input registers for each of the multiple-bit numbers 
to Successively delay application of clock Signals to the 
clock inputs of Successively-Oriented input registers for 
the Selected bits of each of the multiple-bit numbers. 

12. The logic circuit according to claim 11 wherein the 
delay elements delay application of clock Signals to 
Successively-Oriented output registers by Substantially the 
processing delay interval of the corresponding logic Stage. 

13. A method for processing a plurality of multi-bit 
numbers in a plurality of logic Stages, each having plural 
Signal inputs and a carry input for logically processing 
applied Signals within a processing delay interval to pro 
duce an Output representing Selected Significant bits of 
multi-bit numbers, and a carry Output representing a logic 
Overflow of the logically-processed applied Signals, the 
method comprising the Steps of 

latching the Output of each logic Stage for Selective acceSS 
when clocked 

Supplying a carry Output from a logic Stage to a carry 
input of a Successive logic Stage following a processing 
delay interval; and 
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Successively delaying the clocking of acceSS to each 
latched logic Stage Output Substantially by the proceSS 
ing delay interval to accumulate latched OutputS rep 
resentative of a multiple bit number after a plural 
number of processing delay intervals. 

14. The method according to claim 13 further comprising: 
latching a plurality of multiple bit signals representative 

of multiple-bit numbers for Selective application when 
clocked to a corresponding logic Stage, and 

Selectively delaying Substantially by the processing delay 
interval the clocking of the latched multiple bit signals 
to the logic Stages to Successively delay logic proceSS 
ing of the appliedSignals to produce aSSOciated Output 
and carry Output within a processing delay interval in 
each logic Stage. 

15. A logic circuit comprising: 
a plurality of logic Stages, each having (i) at least One 

Signal input and (ii) a carry input, each logic Stage 
logically processing at least One applied Signal 
received On Said Signal input within a processing delay 
interval to produce (i) an Output corresponding to the 
logically-processed applied Signal and (ii) a carry 
Output representing a logic Overflow of the logically 
processed appliedSignal, 

a plurality of logical devices respectively coupled to Said 
plurality of logic Stages, each logical device processing 
at least One of (i) a Signal corresponding to the at least 
One appliedSignal of the corresponding logic Stage and 
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(ii) a Signal corresponding to the logically-processed 30 
appliedSignal of the corresponding logic Stage, each of 
Said plurality of logical devices having a clock input 
and processing the at least One of (i) the Signal corre 
Sponding to the at least One applied Signal of the 
corresponding logic Stage and (ii) the Signal corre 
Sponding to the logically-applied Signal of the corre 
Sponding logic Stage, in response to a clock Signal 
applied to Said clock input, and 

a plurality of delay elements respectively coupled to clock 
inputs of the plurality of logical devices to delay 
application of a clock Signal to the clock inputs of the 
plurality of logical devices. 

16. A circuit according to claim 15, wherein each delay 
element delays the application of the clock Signal by a delay 
which corresponds to the processing of the at least One 
appliedSignal by the corresponding logic Stage. 

17. A circuit according to claim 16, wherein each delay 
element delays the application of the clock Signal by a delay 
which corresponds to a time required for the corresponding 
logic Stage to produce a logic carry Output. 

18. A circuit according to claim 15, wherein each of the 
plurality of logic Stages provides its carry Output to a carry 
input of a Subsequent logic Stage. 

19. A circuit according to claim 15, wherein each of the 
plurality of logic Stages comprises an arithmetic adder. 

20. A circuit according to claim 19, wherein each of the 
plurality of logic Stages comprises a ripple-carry adder. 

21. A circuit according to claim 15, wherein each of the 
plurality of logic Stages Outputs a Summation Signal corre 
SpOnding to the at least One applied Signal and the carry 
input. 

22. A circuit according to claim 15, wherein the plurality 
of logical devices comprises a plurality of input registers 
which (i) input Successive bits of a multi-bit number and (ii) 
Output a Signal corresponding to the Significant bits of the 
multi-bit number, at least One of Said plurality of logical 
devices providing a carry Output which corresponds to the 
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6 
logical processing by Said at least One of Said plurality of 
logical devices. 

23. A circuit according to claim 22, wherein each of the 
plurality of input registers comprises a bit-level register. 

24. A circuit according to claim 15, wherein the plurality 
of logical devices comprises a plurality of Output registers 
each of which processes a Signal corresponding to the 
logically-processed applied Signal of the corresponding 
logic Stage. 

25. A circuit according to claim 24, wherein each of the 
plurality of Output registers comprises a bit-level register 
which receive a Summation Signal from a corresponding 
logic Stage. 

26. A circuit according to claim 15, wherein Said plurality 
of logic Stages and Said plurality of logical devices are 
disposed in a cascade arrangement. 

27. A circuit according to claim 15, wherein Said plurality 
of logical devices comprise. 

a plurality of input logical devices respectively coupled to 
Said plurality of logic Stages, each of Said plurality of 
input logical devices processing a Signal correspond 
ing to the at least One appliedSignal Of the correspond 
ing logic Stage, each of Said plurality of input logical 
devices having a first clock input and processing the 
Signal corresponding to the at least One appliedSignal 
of the corresponding logic Stage in response to a clock 
Signal applied to Said first clock input, and 

a plurality of Output logical devices respectively coupled 
to Said plurality of logic Stages, each of Said plurality 
Of Output logical devices processing a Signal corre 
Sponding to the logically-processed applied Signal of 
the corresponding logic Stage, each of Said plurality of 
Output logical devices having a Second clock input and 
processing the Signal corresponding to the logically 
applied Signal Of the corresponding logic Stage in 
response to a clock Signal applied to Said Second clock 
input. 

28. A method of Operating a logic circuit, comprising the 
Steps of 

processing a multi-value Signal in a plurality of logic 
Stages, each logic Stage processing (i) at least One 
appliedSignal of the multi-value Signal and (ii) a carry 
input, each logic Stage logically processing the at least 
One appliedSignal within a processing delay interval to 
produce (i) an Output corresponding to the logically 
processed applied Signal and (ii) a carry Output rep 
resenting a logic Overflow of the logically-processed 
appliedSignals, 

processing Signals in a plurality of logical devices respec 
tively coupled to Said plurality of logic Stages, each 
logical device processing at least One of (i) a Signal 
corresponding to the at least One appliedSignal Of the 
corresponding logic Stage and (ii) a Signal correspond 
ing to the logically-processed applied Signal of the 
corresponding logic Stage, each of Said plurality of 
logical devices having a clock input and processing the 
at least One of (i) the Signal corresponding to the at 
leaSt One applied Signal of the corresponding logic 
Stage and (ii) the Signal corresponding to the logically 
applied Signal of the corresponding logic Stage, in 
response to a clock Signal applied to Said clock input, 
and 

delaying, in a plurality of delay elements respectively 
coupled to clock inputs of the plurality of logical 
devices, application of clock Signals to the clock inputs 
of the plurality of logical devices. 
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29. A method according to claim 28, wherein, in the delay 
Step, each delay element delays the application of the clock 
Signal by a delay which corresponds to the processing of the 
at leaSt One appliedSignal by the corresponding logic Stage. 

30. A method according to claim 28, wherein, in the delay 
Step, each delay element delays the application of the clock 
Signal by a delay which corresponds to a time required for 
the corresponding logic Stage to produce a logic carry 
Output. 

31. A method according to claim 28, wherein, in the Step 10 
of processing the multi-value Signal, each of the plurality of 
logic Stages provides its carry Output to a carry input of a 
Subsequent logic Stage. 

32. A method according to claim 28, wherein, in the Step 
of processing the multi-value Signal, each of the plurality of 15 
logic Stages Outputs a Summation Signal corresponding to 
the at leaSt One appliedSignal and the carry input. 

33. A method according to claim 28, wherein, in the Step 
of processing Signals, the plurality of logical devices uses a 
plurality of input registers which (i) input Successive bits of 20 
a multi-bit number and (ii) Output a Signal corresponding to 
the Significant bits of the multi-bit number; at least One of 
Said plurality of logical devices providing a carry Output 
which corresponds to the logical processing by Said at least 
One of Said plurality of logical devices. 

34. A method according to claim 28, wherein, in the Step 
of processing Signals, the plurality of logical devices uses a 
plurality of Output registers each of which processes a Signal 
corresponding to the logically-processed applied Signal of 
the corresponding logic Stage. 

35. A method according to claim 34, wherein, in the Step 
of processing Signals, each of the plurality of Output regis 
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ters comprises a bit-level register which receives a Summa 
tion Signal from a corresponding logic Stage. 

36. A method according to claim 28, wherein Said multi 
value Signal is cascade-processed through Said plurality of 
logic Stages and Said plurality of logical devices. 

37. A method according to claim 28, wherein the Step of 
processing the multi-value Signals comprises the Steps of 

processing input multi-value Signals in a plurality of input 
logical devices respectively coupled to Said plurality of 
logic Stages, each of Said plurality of input logical 
devices processing a Signal corresponding to the at 
leaSt One applied Signal of the corresponding logic 
Stage, each of Said plurality of input logical devices 
having a first clock input and processing the Signal 
corresponding to the at least One appliedSignal Of the 
corresponding logic Stage in response to a clock Signal 
applied to Said first clock input, and 

processing Output Signals in a plurality of Output logical 
devices respectively coupled to Said plurality of logic 
Stage, each of Said plurality Of Output logical device 
processing a Signal corresponding to the logically 
processed applied Signal of the corresponding logic 
Stage, each of Said plurality of Output logical devices 
having a Second clock input and processing the Signal 
corresponding to the logically-applied Signal of the 
corresponding logic Stage in response to a clock Signal 
applied to Said Second clock input. 

k k k k k 


