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HIGH SPEED DYNAMIC BINARY INCREMENTER

FIELD OF THE INVENTION
The present invention relates to a binary incrementer
and more particularly to a dynamic binary incrementer that

is utilized in high speed applications.

BACKGROUND OF THE INVENTION

An incrementer can be'thought of as an adder with only
one input (A input) and a carry in signal. Accordingly, the
incrementer adds by one to the A input through the carry in;
.signal. Typically, dynamic binary incrementers are
implemented utilizing é carry lookahead structure.

A N-bit binary incrementer traditionally requires
2+Log,N stages to implement using a binary carry lookahead
structure. |
This approach can be illustratéd by.the design of a 4 bit
incrementer, although the technique is most useful for large
big width incrementers. A 4 bit binary incrementer has 4
daté inputs A3, A2, Al, A0 and a carry input (Cin). A 4 bit
binary incrementer has 4 data outputs S3, S2, S1, S0, and a
éarry outéut (Cout). In this example, S3 represents the

most significant bit, S0 represents the least significant

bit.
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bit width incrementers. A 4 bit binary incrementer has 4 data inputs A3,

A2, Al, AOand a carry input (CGn). A4 bit binary increnenter has 4 data
outputs S3, S2, S1, SO and a carry output (Cout). In this exanple, S3
represents the nost significant bit, SO represents the | east significant
bit. - 2 The bool ean equations describing the incrementer function are
shown bel ow. Cout=GP30 & Cn Goup propagate. (GP) S3=A3 XOR C2 S2=A2 XOR C1

2

The boolean equations describing the incrementer

function are shown below:.

Cout=GP30 & Cin
Group propagate (GP)
S3=A3 XOR C2
S2=A2 XOR C1
S1=A1 XOR CO
S0=A0 XOR Cin
where:
C2=GP20 & Cin
C1=GP10 & Cin
C0=GP0 & Cin
GP30=A3 & A2 & Al & AO
GP20=A2 & Al & AO
GP10=Al1 & AO
GP0=A0
Thus, if a 4 bit incrementer were implemented with a

binary carry lookahead structure it could be constructed as

shown below:

Stage 1: GP32=A3&A2 GP21=A28A1 GP10= Al&A0 CO=A0&Cin
Stage 2: GP30=GP32&GP10 GP20=GP21&A0 C1=GP10&Cin

- Stage 3: Cout=GP30&Cin C2=GP20&Cin
Stage 4: S3=A3 XOR C2 S2=A2 XOR Cl S1=Al XOR CO S0=A0 XOR Cin

Thus for a 4 bit incrementer, 2+Log,4=4 stages of logic are
N re&uired for its operation.
As can be seen from the above equations, the number of
stages and the number of logic gates required to implement
incrementers will increase as the number of bits in the

incrementer increase. Accordingly what is needed is an



¥81:A1 XOR CO SO=A0 XOR Cin where: C2=GP20 & Ci'n O =GP10 & CGin CO=GPO & Ci n

GP30=A3 & A2 & Al& AO GP20=A2 & Al & AO GPl O=Al1 & AO GPO=AO Thus, if a 4

GP10= A1&AO CO=AM&Ci n St age 2: GP30=GP32&GP10  (GP20=

bit increnenter were inplenented with a binary carry | ook T ,
coul d be constructed—as—shown bel ow. Stage 1: GP32=A3 1*@5%?%5? B
GP18A0 RE

C =GP10&C ﬁh@'sWaiTeenWiréso&o n  C2=GP20&Ci n
[T —

incremgnter which'is easy to implement, and in which the
number of stages required are substantially less than anwn
‘dynamic incrementers. In addition, the incrementer should
be easily implemgnted using standard logic devices. The

present invention addresses such a need.

SUMMARY OF THE INVENTION
A novel logic/circuit approach to this problem has
achieved an N-bit binary incrementer in 2 logic stages which
is independent of the bit width of the incrementer (N).
A dynamic binary incrementer in accordance with the
present invention is provided that utilizes the logical
: iﬁverse of the carry expressions to provide a first' stage.
These carry expfessions are then provided to a sum stage
.which sequentially receives these carry expressions and the
input signals to provide the incremented value.

In a first aspect, a dynamic binary incrementer
comprises; a first stage, for providing a logical inverse of
a carry expression, the first stage including a plurality of
cérry cells, each of the carry cells for receiving an input
signals and providing a,cérry signal, an input signal of a
particular carry cell being the logical OR of complement of
.each input signal to the'binary incrementer starting with a

current bit to the least significant bit (LSB), inclusive;

and the logical OR of the complement of C;,, where C., is the



St age 4: S3=A3 XOR C2 S2=A2 XOR Cl S| =A1 XOR CO SO=AO XOR Cin Thus for a
4 bit increnmenter, 2+[err]4=4 stages of logic are required for its

operati on. As Tam be seemfrom the above equations, the nunhet—ef—stages

and the nugpe. of 1 ogic gates required to inplenent incremefjtrhs SKMEET HAS BEEN

increase a § Reglaced + 5 i n the increnenter increase. || AccorRERIAGED
I ncrenmenter which is easy to inpl efent, and T n

what is neej "ﬁ

which the n required are substantially | ess than known
dynani c increnenters. In addition, the increnmenter should be easily

I mpl enment ed using standard | ogi c devictes. The present invention addresses
such a need. SUMMARY OF THE | NVENTI ON

carry in to the binary incrementer. The plurality of carry
cells are coupled in parallel. The binary incrementer
includes a second stage, the second stage including a
plurality of sum (S) cells, each of the sum cells for
receiving the carry signal and an associated input signal
from a corresponding one of the plurality of input cells ana
providing a sum output.

Through the use of an logical inverse of the carry
expressions which allows for the use of dynamic OR logic
elements an incrementer is provided that utilizes less
_stagés than an equivalent carry lookahead binary
incrementer. This incrementer has signifiéant utility

particularly as the binary incrementer increases in size.

BRIEF DESCRIPTION OF 'I‘HE' DRAWINGS

Figure 1 is a block diagram of a conventional 32 bit
binary incrémenter.

Figure 2 is é 32 bit binary incrementer in accordance
with the present invention.

Figure 3 is a circuit schematic of a Carry circuit in

y the incrementgr of Figure 2.
figure 4 is a circuit'schemétic of a Sum circuit in the

ingrementgr of Figure 2.

-
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A novel logic/circuit approach to this problemhas achieved an N-bit binary
I ncrementer in 2 logic stages which is independent of the bit wdth of the
incrementer (N). A dynamic binary increnmenter in accordance with the
present invention is provided that utilizes the |ogical inverse of the
carry expressions to provide a first stage. These carry expressions are

t hen provided to a sum stage which sequentially receives these carry
expressions and the input signals to provide the increnented value. In a
first aspect, a dynamc binary-increnegter conprises; a first stage, for
providing a logical inverse of a carry expression, the first stage

i ncluding a plurality of carry cells, each of the carry cells for receiving

an i nput PEPORIPTAON [OP VIR NGNVENEIdY Signal, an input signal of a
particular carry cell being the logical OR of the conplenent of each input

signal to the Hheaprdgertenanietrt idrardlaged tdo aat Wnigndvementoihha | east
significant bit (LSB), inclusive; and the |ogical OR of the conplenent of
[err], whbdiaaprer indrementexar r \ThHen fiod ichdng midescriptiomenisr presented

to enable one of ordinary skill in the art to make and use

the invention and is provided in the context of a patent
application and its requirementé. Varioué modifications to
the preferred embodiﬁent.wili be readily apparent to thése
skilled in the art and the generic principles herein may be
applied to other embodiments. Thus, the present invention :Zs
not intended to be limited to the embodiment shown but is to
Be accorded the widest scope consistent with the principles
and features described herein.

To more pérticulérly describe the operation of a
conventional-carfy lookahead incrementer refer now to Figure
1 and the following discussion. Figure 1 is a block diagram
of a 32 bit incrementer. The incrementer includes a
plurality of cells 12 which provide for a first group of
cells 14 generates a first level of carry generate signaLs
(CG). Cells 16, 18 and 20 provide for a next level of CG
signals. Cell 28 provides for a next lévél CG signals.
Cells 22, 24 and 26 provide for an additional level of GP
signals. Cell.30 provide for the sum signals. Cell 32

.inverts the carry and provides an out buffer for the

invention. Please find below an example of the logical



"4 The i nput signal -of the particular carry cell inplenmented such that there
are no direct current paths between the currency inputs of the binary
increnmenter and the input of the particular carry cell;.the plurality of
carry cells being coupled in parallel; and a second stage, the second stage
including a plurality of sum(S) cells, each of the sumcells for receiving
the carry signal and .an associ ated i nput signal value froma correspondi ng
one of the plurality of carry cells and providing a sum out put. Through the
use of an logical inverse of the carry_expressions which allows for the use
of dynamic ORlogic elements an increnmenter is provided that utilizes |ess
stages than an equivalent carry | ookahead binary increnenter. This

i ncrenent e i cull agot ien crrement er
i ncreases | n Sl ze %ﬁ%g& Pélfll%\}p%é% %%\?N E?gglrfe%rf)éd{é )| ock
di agram of a conventional 32 bit binary increnenter. Figure 2 is a 32 bit
bi nary increnenter in accordance with the present invention. Figure 3 is a

circuit schemiGrROUF PREPACATEI (GR) tCELL t1® i ncrenenter of Figure 2.

Has inputs D, C, B, A where the MSB is A and forms the
following outputs:

XGPopa=XAp+ XA+ XA+ XA,

XG PLM': XAC+XA5+XA&
XGPy,= XAg+XA,
XGP,= XA,

CARRY GENERATE (CG) CELL 14
Has inputs XA,;-XA, and forms the following outputs:
XC3=XA,+ XA+ XA, +XA,+XCin
XCy=  XA+XA,+XA,+Xcin

XCy= XA+ XA+ Xcin
XCo= . . XAg+Xcin
CG CELL 16

Has inputs XGP,,, XGPs,, XGP;,, XGP,, XC3
outputs:
XC,=XGP,,+XC3
XCe=XGPg,+XC3
XCs=XGP; +XC3
XC,=XGP,+XC3
CG CELL 18

; Has inputs XGP,,s, XGPjos, XGPyy, XGPy, XAGP,,, XC3
Outputs: ' '
XC1,=XGP; g+ XGP;,+XC3

. # XCp0=XGP, o4+ XGP;,+XC3

’ XC,=XGP”+XGP7.+XC3
XC.:XG P.+XG P-“+XC3

CG CELL 20



'Figure 4 is a circuit schematic of a Sumcircuit in the incrementer of

Fi gure 2. 5 DESCRI PTION OF THE | NVENTI ON The present invention rel ates
to an inprovenent in a binary incrementer. The follow ng description is
presented to enabl e one of ordinary skill in the art to make and use the

i nvention and is provided in the context of a patent application and its
requi renents. Various nodifications to the preferred enbodi nent will be
readily apparent  to those skilled in the art and the generic principles
herein may be applied to other enbodi gents. Thus, the present invention is
not intended to be linited to the enbbdi ment shown but is to be accorded
the w dest scope consistent wth the principles

Has inputs XGPs,, XGPyyz, XGPyy:;, XGPiyp XGPyy, XGPy, XGPy,,
XC3
outputs:
XC,ys=XGP,g,2+XGPy 1+ XGP;(+XC3 .
XG4 (=XGP, 432+ XGP, g+ XGP;,+XC3
XC,3=XGP,3,3+XGP, g+ XGP; +XC3
XC,2=XGP,,+XGP, ¢+ XGP;,+XC3
GP CELL 22
INputs: XGPuo. XGPimor XGPrizes XGPyes X3Pias
- outputs:
XGP23,4=XGP;330+XGPyg16
XGP2314=XGP;220+XCGPy 916
XGP;;;;¥XGP2130+XGP1,,5 :
XGP,06=XGP;o+XGP) g1 _
GP CELL 24 - _ _j
INpUtS: XGPyyy, XGPrees XGPisaar XGPais X3Paszer XCPinys
outputs: ' -
XGP3216=XGP3724+XGP;320+XGP1gy6
XGP316=XGP;624+XGP2320+ XGPy 916
XGP3s16=XGPys24+XGP2320+XCPy 016
XGP;416=XGP;+XGP;3;0+XGP;gy6
GP CELL 26
Inputs: XGPyjys, XGPjgp, XGPhgze, XGPzer 7GPayae XCP3320.
XPG;06
Outputs:
XGP3316=XGP;129+XGP;724+XGP2320+ XPG1 916
XGP;3016=XGP;020+XGP;724+XGP2320+XPG1916
XGPy9y9=XGP;929+XGP;3724+XGP2320+XPC1916

-

XGP,g)6=XGP2g+XGPy734+XGP2330+XPGy5y6

CG CELL 28

Inputs: XD, XC, XB, XA, XC,, where XD Is the MsS3



and features described herein. To nore particularly describe the operation
of a conventional carry | ookahead increnenter refer nowto Figure 1 and the
foll owi ng discussion. Figure 1 is a block diagramof a 32 bit increnmenter.
The incrementer includes a plurality of cells 12 which provide for a first
group of cells 14 generates a first |level of carry generate signals (CQ.
Cells 16, 18 and 20 provide for a next level of CG signals. Cell 28
provides for a next level CGsignals. Cells 22, 24 and 26 provide for an
additional |evel of GP signals. Cell 30 provide for the sumsignals. Cel
32 inverts the carry and provides an out buffer for the invention. Please
find bel ow an exanple of the | ogical

Outputs:

XCp=XD4XC,
XC=XC+XC,
XCy=XB+XC,
XC,=XA+XC,
SUM CELL 30

Sum;=XA; XOR XC,., (Sum, is MSB)
Sum,_,=XA,, XOR XC,_, '
Sum,_,=XA;, XOR XCy.,
Sum,_,=XA;.; XOR XCy. {Sum,, is MSB)
- CARRY CELL 32
Cyy=XCy; |
As is seen from the above example, the implementation
for a 32 bit dynamic incrementer is relatively complex,
requiring several_differgnt stages of GP and CG cells. 1In
addition, it is also seen that the different cells located
therein having varying functionality. Accordingly, tZe mary
different logic devices required for this varying
functionality further adds to the complexity of ﬁhe~
incrementer. |
The present invention is directed toward a dynamsc
binary incrementer in which the number of stages is reducec
K andithe implementation of the functionality of each stage is
substantially simplified. To more particularly describe a
dynamic binary incrementér in accordance with the present

invention refer now to the following discussion.
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6 functions that are in the various cells 12-32 of Figure 1. GROUP
PROPAGATE (GP) CELL 12 Has inputs D, C, B, A where the MSB is A and forns
the followi ng outputs: [err] [err] [err] [err] CARRY GENERATE (CG CELL
14 Has inputs [err] and fornms the followi ng outputs: [err] [err] [err]
[err] CG CELL- 16 ' .

To provide for ease in understanding of the principles
of the present invention, the concepts thereof will be
described in the context of a 4 bit dynamic binary
incrementer. ( In this description X will denote the logical
inverse of a boolean variable.) |

Accordingly, in a 4 bit dynamic incrementer in
accordance with the present invention, the Carry expressions
for each bit can be realized directly using a single stage

as follows:

Stage 1: Xeoop=XAy+ XA+ XA, + XAg+Xcin
XCp=XA,+XA+XAg+Roy
XCy=XA, +XAg+Kesn :
XCo=XAg+Xesn |

Thereafter, the sum will be implemented by the following

stage:
Stage 2: S,=XA,; XOR XC,

S,=XA; XOR XC,

S,=XA, XOR C,

| Se=XAo XOR Xy
The logic function of the new incrementer can be shown by
using the following example:
‘ A3 A2 Al AO Cin
0 1 1 11

The Sum and Carry output after incrementation will be:

>

Cout S3 82 S1 SO . -
0 1 0 0 O



lbs fnputs [err], terr], [err], [err], [érr] Qut puts: [err] [err] [err]
[err] CG CELL 18 Has inputs [err], [err], [err], [err], [err], [err]
Qutputs: [err] [err] [err] [err] CG CELL 20

10

In order to perform the increment function in
accordance with the present invention, the logical inverse

of A3, A2, Al, A0 and Cin will be created as shown below:
XA; XA; XA, XA, Xy,
1 0 0 0 0
XA, XA, XA, XA, Xy,

Xeoue = 1 +0+0+0+0 =1

Xeo= 0+ 0+0+0 =0

Xo= O+0+0 =0

Xo= 0+ 0 +0

S; =1 XO0RO0 =1

'SZ=OXOR0=6

S, = 0 XOR 0 = 0 '
So = 0XOR 0.=0

Thus, the new incrementer provides the same result as
the original equations (Note: the sum output is positive
logic, while the carry outpﬁt is the logical inverse of Ehe
original carry output). |

To more particularly show the advantage of an
incrementer in accordance with the present invention refer

' no& to EiQuré.2. what is shown in Figure 2 is a block
diagram of a 32 bit dynamic iﬁcrementer 100 in accordgnce
with the present invention. As is seen each of the carry

bits (XC;) in a first carry stage 102 are imbléménﬁed

directly, therefore the lookahead structure associated_with



7 Fbé inputé_[err]; [err], [err], [err], [err], [err], [err], XC3 CQutputs:
[err] [err] [err] [err] GP CELL 22 Inputs: [err], [err], [err], [err],
[err] outputs: [err] [err] [err] [err] _
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traditional dynamic incrementers is eliminated. A second
stage 104 which comprises the sum cells which are coupled to
their associated'car:y cells to provide the incremented sum
value.

Referring now to Figure 3 what is shown is one
embodiment of a carry circuit 102 for the 32 bit incrementer
of Figure 2. The carfy circuit 102 comprises.a dynamic
wired OR gate 202 coupled to a plurality of transistors 204,
each of the transistors provide for one bit of the input to
the carry signal (X,). The OR gate 202 in a preferred
embodiment is a domino-type OR gate. The equation for the
carry signal of the 32 bit (XC,;;) is shown below:.

XCyy= XAy +XA;0+KAg. . . Ky +XPg+Xe; |

Referring now.to Figure 33, what is shown is a carry
circuit 102, which includes the dynamic wired OR gate 202
coupled to one transistor 204 to provide one bit of the
input signal to the carry cell. Starting with the least
significant bit (LSB) for eéch additional bit of the carry
signal, the carry circuit 102’ can simply be increased by
one. transistor. Accordingly, the implementation for the
carry éircuit 102 is more sﬁraightforward and less complex
than the carry circuit in the conventional 32 bit dynamic

binary incrementer 10 including a lookahead structure shown

-

in Figure 1.



bP CéLL 24 Inputs: - [err], [err], [err], [err], [err], [err] Qutputs: [erf]
[err] [err] [err] GP CELL 26 Inputs: [err], [err], [err], [err], [err],
[err] [err] Qutputs: [err] [err]. [err] [err] CG CELL 28 :

12

Referring now'to Figufe 4 what is shown is an SUM stage
circuit 104 which can be utilized in the dynamic 32 bit
-binary incrementer 100 of Figure 2. The SUM stage circuit
104 comprises an exclusive OR function which receives the
input signals and the carry signai. Accordingly the
equation for the SUM (Sum;) is:

Sum; =XA;C;,+A; XC; ;=XA; XOR XC;_,

Accordingly, by providing a dynamic binary incrementer
which implements the cérry in a singie stage and implements
the sum signal in one stage, the complexity of a dynamic
binary incrementer is significantly reduced. 1In addition,
through the elimination of the carry lookahead structure
associated with conventional dynamic binary incrementer, a
dynamic binary inérementer in accordance with the present
invention of the same size is significantly faster.

Although the present invention has been described in
accordance with ;he embodiﬁents shown, one of ordinary skill
in the art will readily recognize that there could be
variations to the embodiments and those variations would be
within the spirit and scope of the present invention.
Accordingly, many modificdtions may be made by one of -
ordihary skill in the art without departing from the spirit

and scope of the appended claims.

-



I nput s:

XD, XC, XB, XA, [err], where XD is the MSB 8 Cutputs:.[erﬂ

[err] [err] [err] SUM CELL 30 [err] ([err] is MsB) [err] [err] [err] CARRY

CELL 32

o THIS SHEET HAS BEEN
This Sheet Has Been Reﬁaced : REPLACED
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What is claimed is:
1. A dynamic binéry incrementer including a plurality
of carry inputs and comprising: .

a first stage, for providing a logical inverse of a
carry expression,_the first stage inc}uding a plurality of
carry cells, each of the carry cells for receiving an input
signal and providing é carry signal, an input signal of a
particular carry cell being the logical OR of the complement
of each input signal to the binary incrementer starting with
the current bit to the least éignificant bit (LSB),
inclusive; and the logical OR of the complement of XC;,,
where‘Ch is the -carry in to the binary incrementer; the
pluraiity of carry cells being coupled in parallel; and

a second stage, the second stage including a plurality
of sum (S) cells, each.of the sum cells for receiving the
carry signal and an'associated_input signal valﬁe from a
corresponding one qf'the plurality of input cells and

providing a sum output.

2. The dynamic. binary incrementer of claim 1 in which
the logical inverse of the carrf.expression comprises X, =
(XA, + XA, , + XA;, . . . XC4o) where XA, is the most
51gn1f1cant bit (MSB) and XC,;, is an input value of the

carry signal.



[err] As is seen:fromthe above exanple the inplenentation for a 32 bit
dynam.c.increnenter—is rel atively conptex, tequiring several different

stages of GP and CG cells..ln a so seen th

cel | Shik Sisat}ladBthB iced havi ng v ﬂn,"l;mnu"" "mH“ ty. Accor di H’éﬂ@ SHERE HASTBEEN
d|ffer ces required*fot tthi's varyrng functio t v RERLAGCED *_J
adds t ty of the increnmenter. The present |nvent|on IS

dlrecte omar a ynam ¢ binary increnmenter in which the nunber of stages

i's reduced and the inplenmentation of ﬁ?f functionality of each stage is
substantially sinplified. To -nore particularly describe a dynam c binary
I ncrenmenter in accordance with the present invention refer nowto the

foll ow ng di scussi ORphe gynamic binary incrementer of claim 1 in whic-
the second stage comprises a sum stage circuit, the sum
stage circuit providing a sum output Sum; having the
expression SUM; = XA; XOR XC;,, where XA; is the most |
significant bit and the XC;, is the carry signal from the

next least significant bit.

4. The dynamic binary incrementer of claim 1 in whickh
the first stage comprises a carry circuit; the carry circuitc
further comprising:

a dynamic wired OR gate for receiving the input
signéls; and

a 'plurality of éransistors coupled to the dynamic wirec
OR gate, each of'the:plurality of transistors providing one

input signal to the carry cell.

5. The dynamic binary incrementer of claim 4 in which

the dynamic wired OR gate is a domino OR gate.

6. The dynamic binafy incrementer of claim 1 in whick
the second stage comprises a summing circuiﬁ, the summing
circuit further comprising an exclusive OR circuit; the
exclusive 9R ciréuit.receiving an input signal, a carry

signal and providing an output signal therefrom.



‘9 To provi de for ease in understanding of the principles‘of t he present
| nvention,—the-—concepts thereef—wli+-be—deseribed in the context of a 4 bit.

dynam c binary increnenter. ( ion X wil| -gere

i nv &hig Sh H B vari abl e ﬂm@ﬂﬂlﬁw'ﬂmn a4 bit dn'EhHﬁcSHErﬂr S
in ac he presen s Carry exprelisi onsRERBLAGE
bi t d|rectly using a single stage as foll oWsT Stage 1:
[err] [err] [err] [err]

.15

7. A dynamic binary incrementer  including a plurality
of carry inputs and comprising:

a first stage, for providing a logical inverse of a
carry expression, the legical inverse of the carry
expression comprising Xeg = (XA} + XAy, + XAy, . . . XCy,)
where XA; is the most significant bit (MSB) and XC;, is an
input value of the carry signal, the first stage including a
plurality of carry cells, each of the carry cells for
receiving an input signal and providing a carry signal, an
input signal of a particular carry cell being the logical OR
of the complement of each input signal to the binary
incrementer starting with a current bit to the least
significant bit (LSB), inclesive; énd the logical OR of the
complement of XC;,, where C;, is the:carry in to the binary
incrementer; the plurality.of carry cells being coupled in
parallel; and _

a second stage, the second stage comprises a sum stage
circuit, the sum stage circuit providing a sum output SUM;
having _the expression SUM; = XA; XOR XC;,,, the second stage
ipcluding a plurality of sum (S) cells, each of the.sum
ceils for receiving the carry signal and an associated input
signai value froﬁ a correSpending one of the plurality of

input cells and providing a sum output.

rd -



? 1
Thereafter, the sumw |l be inplenmented by the follow ng stage: Stage 2:
[err] [err] [err] [err] The Togic function of the new incrementer can be

i R 5 e

[il REPLACED

8. The dynamic binary incrementer of claim 7 in which

16

the first stage comprises a carxry ciréuip; the carry circuit

further comprising:

a dynamic wired Oﬁ gate for receiving the input
signals; and

a plurality of transistors coupled to the dynamic wired
OR gate, each of the plurality of transistors providing one

input signal to the carry cell.

9. The dynamic binary incrementer of claim 8 in which

theé dynamic wired OR gate is a domino OR gate.

10. The dynamic binary incrementer of claim 7 in which
the seéond stage.comprises a summing'bircuit, the summing
circuit further comprising an exclusive .OR circuit,. the
exclusive OR circuit receiving an input signal, a carry

signal and providing an output signal therefrom.

11. A dynamic binary incrementer substantially as
hereinbefore described with reference to Figures 2 to 4 of the

» accompanying drawings.
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10 In order to performthe increment function in accordance with the
pr esent—+navention, _the | ogical inverse of A3, A2, Al, AOand Cn wl| be
created _as shovvn below [err] [err] [err] [err] [err] 1 0 0 0 O Jerr]

+0 S3
Thus,

10

ooy

[e ] meh[err]- 1+0+0+0+0 =1] =
+ 0 + Eﬂ 0O0+0+0 =0 [err] S SHEET HQ&ﬁE&%
the neW|ncre

0 XOR0 = 0 [errly= 0 XOR 0 = 0 o= 0FEORAGED
nter prOV|des the same result as

HIGH SPEED DYNAMIC BINARY INCREMENTER
ABSTRACT

A high speed dynamic binary incrementer (100) is provided that requires only
two stages regardless of the bit width of the incrementer (100). The binary incrementer
(100) utilizes the inverse of logical carry expressions to provide for a first stage. A
sum stage receives the inverted carry and the input signals to provide the incremented
value. Dynamic wired OR Logic is utilized advantageously to provide the dynamic
binary incrementer (100).

Figure 2




t he" dtigi nal equations (Note: the sumoutput is positive logic, while the
carry output is the.logical inverse of the original carry output). To nore
particularly show t he advantage of an increnmenter in accordance with the
present invention refer nowto Figure 2. Wiat is shown in Figure 2 is a

bl ock "di agram of a 32 bit dynam c increpenter 100 in accordance with the
present invention. As is seen each of e carry bits ([err]) in a first
carry stage 102 are inplenented directly, therefore the | ookahead structure
associated with traditional dynamic increnmenters is elimnated. A second
stage 104 which conprises the sumcells which are coupled to their

associ ated carry cells to provide the increnented sum
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‘val ue. Referring nowto Figure 3 what is shown is one enbodi rent of a carry
circuit 102 for the 32 bit increnenter of Figure 2. The carry circuit 102
conprises a dynamc wired OR gate 202 coupled to a plurality of transistors
204, each of the transistors provide for one bit of the input to the carry
signal ([err]). The OR gate 202 in a Brgferred enbodi nent is a dom no-type
_ OR gate. The equation for the carry S|6nal of the 32 bit ([err]) is shown
below.. [err]=[err] Referring nowto Figure 3A, what is shown is a carry
circuit 102', which includes the dynamic wired OR gate 202 coupled to one
transistor 204 to provide qne-bitof the input signal to the carry cell.

Starting with the | eastqsigpifrcgnt "bit |(LSB) for each additional bit of
the carry signal, the c®r Ci rc'ﬁ—It‘i' can sinpl y__k?e i ncreased by
= =
7 J B ‘
—
&
/
%
O =
8 | &
[ O
wm R
(] -
— >
(@]

‘J 0es

P A
%‘! — o g o O
o . ! oo :
% Io C% A \
A ' ([}
o .
e l .
15!
Q >
— =
® 2 9
— &
N
X
O
3 o
S
2~ 8 3
Y .
-0 9}
o L3



one transistor. Accordingly, the inplenentation for the carry circuit 102
is nore straightforward and | ess conplex than the carry circuit in the
conventional 32 bit dynam c binary incrementer 10 including a | ookahead
structure shown in Figure 1. 12 Referring nowto Figure 4 what is shown
is an SUM stage circuit 104 which can g utilized in the dynamc 32 bit

bi nary increnmenter 100 of Figure 2. Thé SUM stage circuit 104 conprises an
excl usive OR functi'on which receives the input signals and the carry
signal. Accordingly the equation for the SUM ([err]) is: [err] = [err]
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Accordingly, by providing a dynanic binary incrementer which inplements the
carry in a single stage and inplenents the sumsignal in one stage, the
conplexity of a dynam c binary increnenter is significantly reduced. In
addition, through the elimnation of the carry | ookahead structure
associated wth conventional dynam c binary increnenter, a dynam c binary
incrementer in accordance with the preééﬁt i nvention of the sane size is
significantly faster. Al though the present invention has been described in
accordance with the enbodi nents shown, one of ordinary skill in the art
will readily recognize that there could be variations to the enbodi nents
and .those variations would be within the spirit and scope of the present

i nvention. Accordingly, many nodifications may be made by one-of ordinary
skill in the art without departing fromthe spirit and scope of the
appended cl ai ns. '
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13 CLAI MB 1. A dynam c binary increnmenter which perforns an
increnmentation in two stages including a plurality of carry inputs and
conprising: a first stage, for providing a logical inverse of a carry
expression, the first stage including a plurality of carry cells, each of
the-carry cells for receiving an i npu6/8i gnal and providing a carry signal,
an i nput signal of a particular carry cell being the logical OR of the
conpl enent of each input signal to the binary increnenter starting with a
current bit to the least significant bit (LSB), inclusive; and the | ogical
OR of the conplenent of [err], where [err] is the carry in to the binary

incrementer; the input signal of the particular carry cell inplenented such
that there are no direct current paths between the currency inputs of the
binary incrementer and the input of the particular carry cell; the

plurality of carry cells being coupled in parallel; and

>
X .
> =

Y% %

t ainbiy
#01

fwng



a Second stage, the second stage including a plurality of sum(S) cells,
each of the sumcells for receivi ng the carry signal and af&ass
i'nput signal value froma correspondi ng one of the plurali yREFLAGEMENtSH
and providing a sumoutput. 2. They dynam c binary incflenent erq of ﬁéai

1 in which the logical inverse of the carry expression co rl?@es...[leg. 996 [
[err] where [err] is the nost significant bit (MSB) and [e
conpl ement of the input value of the carryssignal, [err]. 3. The

dynam c binary increnenter of claiml in which the second stage conprises a
sum stage circuit, the sumstage circuit providing a sumoutput [err]

havi ng expression [err] = [err] where [err] is the conplenent of the nost
significant bit, and [err] is a [n] conplenent of the input value of the
carry signal, [err] 4. The dynam c binary increnenter of claim1l in

whi ch the fi rlgqrempgtge which is easy to implement, and in which the number of stages required
are substantially less than known dynamic incrementers. In addition, the incrementer
should be easily implemented using standard logic devices. The present invention

addresses such a need.
SUMMARY OF THE INVENTION

A novel logic/circuit approach to this problem has achieved an N-bit binary
| incrementer in 2 logic stages which is independent of the bit width of the incrementer

.. | |

A dynamic binary increnienter in accordance with the present invention is
provided that utilizes the logical inverse of the carry expressions to provide a first
stage. These carry expressions are then provided to a sum stage which sequentially
receives these carry expressions and the input sigrials to provide the incremented value.

In a first aspect, a dynamic binary incrementer comprises; a first stage, for |
providing a logical inverse of a carry expression, the first stage including a plurality of
carry cells, each of the catry éells for receiving an input signals and providing a carry
signal, an input signal of a particular éarry cell being the logical OR of the complement
of each input signal to the binary incrementer starting with a current bit to the least
significant bit (LSB), inclusive; and the logical OR of the complement of C;;,, where

Ciy is the carry in to the binary incrementer.



Vo

.conprises a carry circuit; the carry circuit further conprising: a dynamc
wired OR gate for receiving the input signals; and a pl urfp==ty—o! .
“transi stors coupled to the dynamic wired OR gate, each of-REELHCEMENW§hg%
transi stors providing one input signal to the carry cell j{ 5.

dynam c binary increnmenter of claim4 in which the dynam
a dom no OR gate. 6. The dynam c bi nary incrementer
the second stage conprises a sumring circut, the sunm ng CIrCUIt further
conprising an exclusive OR circuit, the_exclu3|ve OR circuit receiving an

i nput signal, a carry signal and providing an output signal therefrom 7.

A dynam ¢ binary increnmenter which perforns an increnentation in tw stages
including a plurality of carry inputs and conprising: a first stage, for
provi ding a | ogical |nverse f carry expression, the Ioglcal |nverse of

the p?_rry expressi'g?? WCUMY[%‘FW]CC\‘ME}P@H[@%%SUP dherp are nof
The car vy i COFR aﬁ?é{ﬂ%@gﬁsﬁ? F G0 By yncdmea gnd e et

each of the ,¢he particular carry cell; the plurality of carry cells being coupled in parallel; and

.._)

a second stage, the second stage including a plurality of sum (S) cells, each of the sum
cells for receiving the carry signal and an associated input signal value from a
correspondmg one of the plurallty of carry cells and prov1dmg a sum output.

Through the use of an logical inverse of the carry expressions which allows for
the use of dynamic OR logic elements an incrementer is provided that utilizes less
stages than an equivalent carry lookahead binary incrementer. This incrementer has

significeiht utility particularly as the binary incrementer increases in size.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a conventional 32 bit binary incrementer.
Figure 2 is a 32 bit binary incrementer in accordance with the present invention.
Figure 3 is a circuit schematic of a Carry circuit in the incrementer of Figure 2.

Figure 4 is a circuit schematic of a Sum circuit in the incrementer of Figure 2.



.carry cells for receiving an input signal and providing a carry signal, an
input signal of a particular carry cell being the logical OR of the

= conpl enent oLeachA_apLu_&_gnal to the binary increngs

current bit to |f|cant bit (LSB), R
I ncl usi ve; . lj !“ﬁ |
the carry |n

pf the conpl ement of [§
cf ementer the i nput  si |
carry cell belng |nplenented to prevent dildect curre : -
inputs to the binary incrementer and in t he partlcul ar carry cell;
the plurality of carry cells being coupﬁgﬂ‘ parallel; and a second stage,
t he second stage conprises a sumstage circuit, the sum stage circuit

Frovi di ng[a sijm output [err] havi ng the expressi on [err] = [err], where
err] is [err] , the co I othR
plurality of sum(S5) cel ERCh Bﬁ?;yenhéﬂegngtr#ge or reg‘gllé‘lﬂﬁgﬂt gg%glrry

signal and ap,QAsEeL ﬁ&ﬁﬂmg a plurality of carry inputs and comprising:

a first stage, for providing a logical inverse of a carry expression, the first
stage including a plurality of carry cells, each of the carry cells for receiving an input
signal and providing a carry signal, an input signal of a particular carry cell being the

" logical OR of the complement of each input signal to the binary incrementer starting
with a current bit to the least significant bit (LSB), inclusive; and the logical OR of the
t:omplement of bin, where Ciy is the carry. in to the binary incrementer; the input signat
of the particular carry cell implemented such that there are no direct current paths
between the currency inputs of the binary incrementer and the input of the particular

carry cell; the plurality of carry cells being coupled in parallel; and

a second stage, the second stage including a plurality of sum (S) cells, each of
the sum cells for receiving the carry signal and an associated input signal value from a

corresponding one of the plurality of carry cells and providing a sum output.

2. They dynamic binary incrementer of claim 1 in which the logical
inverse of the carry expression comprises X; = (XA; + XA + XA, . . .XCyp)
where XA, is the most significant bit (MSB) and XC;y, is a complement of the input

value of the carry signal, Cj,.

3. The dynamic binary incrementer of claim 1 in which the second stage
comprises a sum stage circuit, the sum stage circuit providing a sum output SUM;
having expression SUM; = XA; XOR XC;_;, where XA, is the complement of the most
significant bit, and XCin}.; is a [n] complement of the input value of the carry signal,

XCijp-



- nput signal value froma corresponding one of the plurality of carry cells

.and providing a sumoutput. 8. The dynam ¢ binary incrementer of claim
7 in which the first stage conprises a carry circuit; thgres

further conprising: a dynamic wivted OR gate for receiving

signal s; and: 1"}" nsi stors coupled to the dnamc

gat e, each of , Hmuﬂ”ﬂmmﬂtranm stors providing oneffi

the carry cell. t Thesdynanic bi nary léncrenent er of

the dynam c wi red OR gate is a domno OR gate. 10. The dynamc bi nary

I ncrementer of claim7 in which the second stage conprises a sunm ng
circuit, the summng circuit ~further conprising an exclusive ORcircuit,
the exclusive OR circuit receiving an input signal, a carry signal and

provi ding an outpuj sig herefrom [11. am_c. bin crenenter
substantially as Herei ngﬂ? ‘i éppgewcmeﬂteirg% cle‘nt%hla?él?rfg? t staghd 4
of the aCCO%ﬂH)ﬂs@Qa chﬂgﬁlt; the carry circuit further comprxsmg:

a dynamic wired OR gate for receiving the input signals; and

a plurality of transistors coupled to the dynamic wired OR gate, each of the

plurality of transistors providing one input signal to the carry cell.

5. The dynam1c binary mcrementer of cla1m 4 in which the dynamic

wired OR gate is a domino OR gate.

6. The dynamic binary incrementer of claim 1 in which the second stage
comprises a summing circuit, the summing circuit further comprising an exclusive OR
circuit, the exclusive OR circuit receiving an input signal, a carry signal and providing

an output signal therefrom.

7. A dynamic binary incrementer which performs an incrementation in

two stages including a plurality of carry inputs and comprising:

| a first stage, for providing a logical inverse of a carry expression, the logical
inverse of the carry expression comprising X; = (XA; + XA;; + XA, . . .XCyp)
where XA, is the most significant bit (MSB) and XCin is fan] a complement of an input
value of the carry signal, the first stage including a plurality of carry cells, each of the
carry cells for receiving an input signal and providing a carry signal, an input signal of
a particular carry cell being the logical OR of the complement of each input signal to

the binary incrementer starting with a current bit to the least significant bit (LSB),



.16 8. The dynam c binary incrementer of claim7 in which the first stage
conprises a carry circuit; the carry circuit further conprising: a dynamc
“wired OR gate for rece|V|ngthe i nput signals; and a pl =t ,
transi stors coupled to the dynamc wired OR gate, each fREmeAQEMEMTSHﬁE'ﬁf_
transistors providing one input signal to the carry celll. 9. The d nami c }
bi nary i im8 in which the dynanic wiref BRegdi4.
dom no: Cﬂmmm. mnynam c binary i drenenter of ¢
second st &ge® conpr sés & summing circuit, the sunming circuit further
conpri sing an excl usive CR circuit, the

v s et v 8 Lr

inclusive; and the logical OR of the complement of Cy,, where C;, is the carry in to the
binary incrementer; the input signal of a particular carry cell being implemented to
prevent direct current paths between the inputs to the binary incrementer and input of
the particular.carry cell; the plurality 6f carry cells being coupled in parallel; and

a second stage, the second stage comprises a sum stage circuit, the sum stage
circuit providing a sum output SUM; having the expression SUM; = XA; XOR XC; ; ,
where XC_; is XCy, , the complemeni of Cy, , the second stage including a plurality of
sum (S) cells, each of the sum cells for recelvmg the carry S1gna1 and an associated
input s1gnal value from a correspondmg one of the plurality of carry cells and prov1dmg

a sum output.

8. The dynamic binary incrementer of claim 7 in which the first stage
comprises a carry circuit; the carry circuit further comprising:

a dynamic wired OR gate for receiving the input signals; and

a plurality of transistors coupled to the dynamic wired OR gate, each of the

plurality of transistors providing one input signal to the carry cell.

9. The dynamic binary incrementer of claim 8 in which the dynamic

wired OR gate is a domino OR gate.

10. The dynamic binary incrementer of claim 7 in which the second stage
comprises a summing circuit, the summing circuit further comprising an exclusive OR
circuit, the exclusive OR circuit receiving an input signal, a carry signal and providing

an output signal therefrom.

11. A dynamic binary incrementer substantially as hereinbefore described

with reference to Figures 2 and 4 of the accompanying drawings.
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.exclusive OR circuit receiving an input 'signal, a carry signal and
providing an output signal therefrom 11. A dynam ¢ binary increnenter
substantially as hereinbefore described with reference t
t he acconpanyi ng draw ngs.

-------------------------------
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HIGH SPEED DYNAMIC BINARY INCREMENTER

ABSTRACT

A high speed dynamic binary' incrementer (100) is provided that requires only
two stages regardless of the bit width of the incrementer (100). The binary i‘ncremeﬁter
(100) utilizes the inverse of logical carry expressions to provide for a first stage. A
sum stage receives the inverted carry and the input signals to provlde the incremented
value. Dynamxc wired OR Loglc is utilized advantageously to provxde the dynamlc
binary incrementer (100).

~ Figure 2




