-1- "UP/DONN COUNTER' This invention relates in general to binary up/down

s (U D) counters. Mre specifically, the present invention provi &4 lgpEcBi5c?)
circuits for 5 wup/down binary counters that are particularly well suite
for, CMOS integration. Up/down counters are now well known and have. becoge ,.
st@andard "buil ding bl ocks used by digital design engineers. They have alg;

mfhé range of 10 application in various digital devices, such as, for
exanpl e, comuni cati on equi pnent. Tr adt t} onal circuit inplenmentations
U D counters require large amounts of logic gates to produce the desire

or down count function. For examﬁgﬁgﬁéﬁ£§é$§§&¥é5 to Figure 1 (prior art)
there is shown a known circuit i r an off-the-shelf binary
counter. The binary counter shown in circuit is a Texas Instrunents
SN54Sl 69 or SN74S169. For many applications, it is not terribly 20
significant how many | ogic gates are needed to inplenent a binary counter

circuit. In this parti- cular exanple, the Nth stage requires an input NAND

?ﬁt tehga\r’;iap'?i Etllair ngggfﬁ)l @%%o%ﬁ%t%u%ift%%%é%%aﬁ% gbgi{'_'ga-gréé‘r)( st age
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#1 .... stage #ap/down| (U/D) coountersy ¢ Moresspecifiicalky stthee #4 requires
a three input &it CidPant Do §Ssﬂélcff'£’cf cdiWteYOR gates 12.
‘As can be se 30 the FIGURE, a substantial nunpber_ of. gates are

ntr !
required. for inﬁpz R hinere countetshat are particularly well
suited for CMOS integration. -

Up/down counters are now well known and
| have become standard "building blocks" used by
L,j digital design engineers. They have a wide range of
10 application in various digital devices, such as, for
example, communication equipment. Traditional
circuit implementations for U/D counters require
large amounts of logic gates to produce the desired
up or down count function. For example, referring
15 to Figure 1 (prior art) there is shown a known
circuit implementation for an "off-the-shelf" binary
counter. The binary counter shown in circuit is a
Texas Instruments SN545169 or SN74S169. '
For many applications, it is not terribly
_ 20 significant how many logic gates are needed to
/ implement a binary counter circuit. In this parti-
cular example, the Nth stage requires an input NAND
gate having N-1 inputs, an N input NOR gate and N-input
AND gate. '
25 In the particular éxample shown in Figure 1 -
(PRIOR ART) four stages (stage #1 ... stage #4) of
binary counter are illustrated. The stage #4
requires a three input NAND gafe 10, four AND gates
14 and four input NOR gates 12. As can be seen from
30 the FPIGURE, a substantial number of gates are
required for implementing the U/D counter.



-2- Although this may be quite suitable for many types of integration, sych
as for exanple TTL and others, it is not suitable for CMOS integrations

xquse of the | arge nunber of |logic gates required. Therefore the present
tion provides 5 various circuits for U D counters that are nore

le for CM3S integration. The goncept conmon to all of the circuits |
rth herein is that they utiTi%e‘a'nuItipIexer to elimnate logic -
tijons that woul d otherw se be provided by plural |ogic 10 gates. In

TTL signs, the use ml thplexer | I f .l.oqi ates woul d not
represen? acircuit g?%ﬁ??%@t&bgﬁ égyih%sau$§%sgﬁgt%§&§uggrit takes plural
gates. to f@BRAYc&YRes PTL indlegrpitdven. skoheaer fornege@BlieniTenent ations., a
two input Bubt bRherar, Q%n1%5_nc|;@esdﬁ?\%eoogl:’é§rf¥56ﬁb%§yin_};ggh S%t'fi(.)%;x@art'cu' arly

.suitable for building I'tiplexer 1ction. CMOS U D
counters, <§%5§Fb8?t§gﬁrg€ré@dnﬂybﬁﬁi§fiﬁ@&ﬁ@i8ﬁtﬁ§qﬁﬁﬂéi€éﬁsiderably | ess
circuit architectureTheaeforadithieoprle semp! 3%&h@tiioﬁ?d$prvwljl(d$/%§3 re?w r]ge. :
I n ong asp . e lnvention provides,an u own ~ counter for
count?%g aggglg g-?ﬁggﬁgﬁ IFQ¥aﬂdb588§P,Frﬁa3Pﬁ§ 5%8 BPTfore stages, each
st age conpsuégagleaferoemag fintegratpon5s Thavicogeapdacammoput and Q and Q

foehback crreart racrhe leal e e Pkl paPBsfl 8o that el PO lpi e 10
an out put BF1iArE RI PHItEPdExERdte eddBAnatepiosisafungtionsecei ve a
LS00 5 o arearua ol s pronidad poogeedy aoptll Cat ) 10,
33{Sd$i5$ égggsf?ngéT?ﬁLébgﬁgégns§§8nﬁgfnﬁ5taCBHBFgaaﬁﬁega?H Q out put
place of logic gates would not represent a circuit :
architectural savings. This is because it takes \v/
Plural gates to fabricate a TTL multiplexer. However,
in CMOS implementations, a two input multiplexer can
15 be made very simply. CMOS is particularly suitable
for building a multiplexer logic function. Thus, for
CMOS U/D counters, the circuits. provided by this
invention require considerably less circuit
architecture than traditional impiementations would
20 require. '

—_—

In one aspect, the present-invention-_
provides an up/down (U/D) counter for counting a
- toggle-in signal, said counter having two or more
stages, each stage comprising: a clocked flip-flop X,j
25 having a data input and Q and Q outputs providing
a counter stage output at one of each said outputs;
a feedback circuit including an exclusive-OR gate
having an input coupled to an output of said flip-"
flop and a second input adapted to receive a toggle-
30 in signal and an output signal coupled to said data
input of said flip-flop; and a multiplexer having
a first input coupled to said Q output of said flip-.
flop and a second input coupled to said Q output
of said flip-flop and a single switch control input
35 which, depending upon the binary state of an applied



of -said flip-flop and a single switch control input 35 which, depending

s upon the binary state of an applied up/ down count- signal, selectivelyys
connects either said first input or said second.input to a multiplexer /-
oufput port providing toggle-out data for input to another of said cou te£>
stages. 5 The present invention is also an up/down (U D) cogrte
stage conprising: an exclusive-OR | ogrc3gate having a first input for ’
receiving a toggle- in signal to be counted, ha second ingt ?nd ag out puL
aflip-flo haV|ng a .data input, coupled_to the output of sai

excl Ugl ve IoCR—gat‘%p down squn '1% pieredy Seeetiived v Goanecsdsk edthaal , and Q
and Q out puts, téad?ﬂnﬂmh:ipmm@rc@éﬂ.|de§efc]<cbri&Qn§>%@0m? aniatutltﬂﬁléﬁéﬂ

excl usi ve- OR gat ¢ utput .of s ounter .sta

nul ti pl exer havi ﬁlgtad;“% %/c% %&’g'l?gﬂ% 8:55'1@ %& 2nfOrpiepy af’°f or

control ling whetdnathere oft &3d dc cound erp sdnam/vn a first data input coupl ed
to the Qoutgput of said flygy PrAkent THGQ &% b&P&% % 4Rl d h?,&Q?nC?OUtDUt
of said f||p 0 nd an out put; and an 6 aving a I nput
coupled to saJciQﬁkﬁiﬂ?QHnﬁﬁf(fﬁ%ﬂetﬂﬁmeéﬁiaﬂﬂ aaBe 8R4 usAperOBoupl ed al so
to receive said Jtoygi gate ma@rmlg and'llh\-%\tl Q¢ pat %b?%bc@&@%(hgl E%}:égc%mt or

t oggl e-out- si gn servi he toqgl.e-in n or ,anot her

stgge 25 Ndn mgna[ﬂ.net b@sé’ﬁ’f’ q‘%\%nﬁ (?ﬁc%éﬁf dPPHEr 287 8B/ ABRRUE U/ D)

counter, conpri & rfgip-ddom éltavslnxgas dadapliegutn coaptadetoedhb sutpet adapt ed
to recelve1q)coqﬁogé@gegfyyuggQQ @@n#&gl ShQ@ﬁBci”QgguEO?HPn clock signal, -

a first stage of the cascade receiVvi -sr'gnal and each of
thg‘flrst h+].fﬂQﬂﬂ§$ﬁﬁ¥9ﬂ &Ph@ clock 51gnal, and Q@ and Q outputs,

: the Q output being coupled to the second input of
L,/ said exclusive-OR gate and providing an output of
said counter stage; a multiplexer having an U/D
15 input for receiving an U/D signal for controlling
whether the stage counts up or down, a first data -
- input coupled to the Q output of said flip-flop,
a second input coupled to the Q output of said flip-
flop and an output; and an AND gate having a first
20  input coupled to said output of said multiplexer
and a second input couplgd also to receive
said toggle-in signal and having an output_phoviding
a toggle-out signal serving as the toggle~-in signal
for another U/D counter stage.
{ / 25 The present invention is further an up/down
(U/D) counter, comprising N counter stages coupled
in cascade, each stage adapted to receive a common
"external U/D control signal and a common clock -8ignal,
a first stage of the cascade receiving a toggle-in
30 signal and each of the first N-1 stages providing
a toggle-out signal serving as a toggle~-in signal
to the next stage of the cascade, each stage providing
an output, each stage comprising: an exclusive-OR
"~ logic gate having a first input for receiving said
35 toggle-in signal, a second input and an output; a




a toggl e-out signal serving as a toggle-in signal * to the next stage of

the cascade, each stage providing an output, each stage conprising: an
WSTWe- OR | ogic gate having a first input for receiving said 35

toggl R-i'N signal, a second input and an output; a -4 flip-flop having a

' coupl ed to the out put ofusaid excl usive-OR gate, a clock input

¢tion-to said clock signal; and Q and Q outputs, the Q out put

pl ed to the second i nput of 5 sai d exclusive-OR gate and

S ut C er; g | i PlegeloftdNitng an U D
I nput for ?gé JH é S§W§%§gte?%§% 6P%hi o 1?“r“€£n?%%ll g mhether t he
stage countef gaisk exedmsiye-0RBad®ha d | kcé-@rﬂ"é’d fiaf the Q output of said

10 flip-fddihect i2RC XA da&wfelwwlse_%ntaq ttaemQQoth @ub‘iﬁit% flip-flop

and an output and an AND ate ving a . first in ut, co to said out put
of said multh%l )%tt%td “r?a't?tdg’ 51h§dste(5’ éﬁp é’g:gl e said-toggle-in

si ghal sand da\d gkl sivieOR mat\e (iumg pl‘iw:.dsmg:l amggiteptmjtofsi gnal serving

as the tog r..a s b %ﬁﬁp stage. The
present i n%eaﬁt‘# rLr%:ﬁ"{rgcr%jddsf‘.‘t% Sital Iléy an set ag %%%ﬂ'élgm?n(c% count gr

conpri si ng:inputi ifsr cweeioring #pdd rﬁ?‘l"«ﬁ!‘ll’\ﬁd- Uer Slanadi \feroR | ogi ¢ gat e 20
having a fideitddiRUing f qé&ﬁﬁ* WHY s%%g@“cﬁfd??ds t0Wre-ddwh Si gnal, a second

of sai d ex@ Za”rtsﬁri‘dm@aﬂép% oo K Yol sy S, 0,1 Do outeut

cl ock 10 gnat1lipwiidp A SRouiid Wnput leoupA ed @ootheutQ bmﬁpgw:oupl ed to the

second i npyfe ofy SA1A BF Y EdRPIBR AL, Pnd Ui gutPut of said
ha#ing a first input coupled to said output of said
multiplexer and second input coupled to ‘also receivé.

said toggle-in signal and having an output providing
15 said toggle-out signal serving as the toggle-in signal
for a subsequent cascaded U/D counter stage. '
The present invention is additionally an
N-stage up/down (U/D) counter, comprising: a first
-counter stage including: an exclusive-OR logic gate
20 having a first input for receiving an external toggle-
in signal, a second input and an output; a flip-flop
having a data input coupled to the output of said
exclusive-OR gate, a clock input for connection to
an external clock signal, and Q and Q outputs, the

25 Q output being coupled to the second input of said ng

exclusive-OR gate and pro#iding an output of said
counter stage; and a multiplexer having an U/D input
‘for receiving an external U/D signal for controlling
whether the stage counts up or down, a first data

30 input coupled to the Q output of said flip-flop,
a second input coupled to the Q output of said flip-
flop and an output; N-1 further counter stages,
cascaded with said first stage, each of said further
stages including: an AND gate having a first input

35 coupled to said toggle-in signal and additional inputs



counter stage;, and a nultiplexer having an WD input for receiving am
.external U D signal for controlling whether the stage counts up or
first data 30 i nput coupled to the Q output of said flip-flop, a
i nput coupled to the Q output of said flip- flop and an output; N
counter stages, cascaded with said first stage, each of said furthgr gt ages

udi ng: an AND gate having a first ihd@t“BS coupled to said thggtefin
signal and additional inputs coupled to respectlve out puts of the

el oxve. O FRGPLBSYL YEBRIELIY O R e Stk MASE oot 1
said AND gate, ao$ easbcpndVinpathunken1snagnan saifd iqgaddagie ,hanidng a data
i nput coupl ed toghhguephipyt 24 éf%fh \$§é§§j e H%d? Fhkq% W, for

connection to an external clock sig ouﬁguts out put
bei ng coupl ed tolPREE s%EBHHe‘i’n\lets%#d s%i%@lé@(cqfilsﬁ ®Rtgat @ and

provi di ng ansout pgtond Sﬁpﬁltcéwalt@ti &iﬂﬂﬁs angl ﬂ.ifﬂﬂftldﬁ ReRfidgaW ng an U D
i nput for rece|V|n an exgernal [% for r(ﬂl4|€%dgpether t he
stage counts up 9 oﬁﬂpu ¢ryRieq Lﬂ Qﬁﬂﬁﬂ d S8 Rof said
flip-flop, a secaadebnpuclaék impuipl Bak teorree Q autoutamfextairaafll | p- f | op
and an out put; aggog? g%gft eamvd diﬁld’uSg d{g)utthtéolbol Z“g:pruq: %%Ig out put

of the multiplexer o st age an second I 'nput” coupl to sai

toggl e-i n si gnal CanBledvERAGtRS %ﬁﬁ?ﬂﬂ #ﬂRﬂﬁ(ﬂﬁKFQ}Q(ﬁiﬁ -ORgnal for 20
anot her U/D190ungste &@chf-d;ﬁid:i dgtari cﬁmwh BNisaid dduntiedr Ytlaigen Wi ll be

SEZ?QI ot N TERET &G EPpd e RV AHE anW/B hRY ec¥ redeliing OO
Fo an external U/D signal for controlling whether -the
L stage counts up or down, a first data input coupled
to the Q output of said flip-flop, a second input
15  coupled to the Q output of said flip-flop and an
' output; and an AND gate having a first input coupled
to said output of the multiplexer of each stage and
a second input coupled to said toggle-in signal and
hav1ng an output providing a toggle-out signal for
20 " another U/D counter.

Specific circuit embodiments of the
invention will be described with reference to the
drawings forming part of this application wherein:

FIGURE 1 is a circuit diagram of a

J 25 traditional implementation of a binary counter in
N~ accordance with the prior art;
| FIGURE 2 is a state diagram for a three bit
up/down counter stage;

FIGURE 3 is a circuit diagram of a single
stage of a binary counter according to a first embodi-
30 ment of the present invention; |
FIGURE 4 is a multiple stage counter
according to the present invention wherein each stage
corresponds to the stage shown in eircuit detail
in FIGURE 3; and



FIGURE 1 is a circuit diagramof a 25 traditional inplenentation of a
bi naLy~pounter in accordance with the prior art; FIGURE 2 is a state

di agr4m Nor a three bit up/down counter stage; FIGURE 3 is a circuit

di. ggr afm a single stage of a binary counter according to a first enbodi -

30 of the present invention, FIGURE 4 is-a nultiple stage counter -
acd g to the present invention yherein each stage corresponds to the i
sta ihown in circuit detail in FIGURE 3; and FIGURE 5 is an

«nati ve embodi ment_of _a f our age bjpary D.counter accordlng to the
present invention. ﬁEPBFanésnBW'?itgfﬁikiyﬁ ?ﬁ%?gxygn h8fnda state’ |
di agram fEbua hhage bﬁhaU»yDuqnucbentezAheboughnqnt;: theee bi ts are
illustrated L, 0g 8. di scussed with reference to this figure applies
to all b|ﬁ§#§e Bgﬁﬂkg? When the counter counts, it changes state as
represented by nDV|ng fromone 10 circle to the next adjacent circle in
the diagram Myving fromone circle to the next, certain bits change state
and certain ones do not. Wether a given bit changes state depends on two
things: 1) the state the counter is presently in and 15 2) whether the
counter is countingefuﬁzxgg ndawto. FRGURRaRYthaget he shophncacase of a three

gover nd  AEaEExALEBERE BP%, Ao TR, BLS /B, Couhehs o A HRERaH T E Pl e s
as 20 foloha.wsthr!lbelbi@summg.hlp,stttlaaeﬂbhtbet pciagiple ' :
discussed with reference to this figure applies to
all binary U/D counters. When the counter counts,
it changes state as represented by moving from one i i
10 circle to the next adjacent circle in the diagram. o/
Moving from one circle to the next, certain bits
change state and certain ones do not. Whether a
given bit changes state depends on two things:
1) the state the counter is presently in and
.15 2) whether the counter is counting "up”® or "down".
' By analyzing the simple case of a three bit’
coynter, as illustrated, an extrapolating rule has
been developed which governs the next state of the
Nth bit of an up/down counter. This rule is as
20 follows. When counting up, the Nth bit changes
state if the first through N-1 bits are all ones.
By a change of state, we mean that the state goes to ' i_/
1" if it is a "0" and goes to "0" if it is-a "l1l". '
When counting down, the Nth bit changes state if the
25 first through N-lth bits are all "0". o
This aléo:ithm can be implemented in a very
simple fashion using'a'multiplekef. A first such
implementation showing a'single stage of an up/down
counter is shown in FIGURE 3. '
30 : 'Referring now to FIGURE 3, there is shown a
circuit diagram for a single stage (cell) of an
up/down binary counter. In this particular.impie-



state i f the first through N-1 bits are all ones. By a change of state, we

.nmean that the state goes to "1" jf it is a "0" and goes to "0" if it i A™
"1". Wen counting down, the Nth bit changes state if the 25 first thyt
N—Ith bits are all "0". This algorithmcan be inplemented in a very si
) agqlon using a nultiplexer. A first such inplenentation showing a si
~stage of an up/down counter is shownd mp FLGURE 3. 30 | - Referrld.
now to FIGURE 3, there is shown a circuit diagramfor a single stage

of an up/down blnﬁrg counk§r= In this @frtic | ar i npl e- ment ati on,
count occurs oRCPhB%ACRrVEPBIGRURE PFRM ¥ 3998 Rfe
i npl enent at i onthesABOCKext Theatounyet estage Qrhifilemenit i orp/ fkyuned U D)

control signal éxté‘PPQfCEUQ?Y Fg% %ﬁﬁ&go&p 50‘? \gg/?o‘;ljl'r@@nput 32 t hereof

coupled to the toggle-in e out usi v gate 30 is
coupled to a J8PH Fﬁbuﬁlgm‘-l 8 aAme:pcmweMommm Uahﬁs\aout puts. The Q

out put of sflipefrep §ﬂfagoggdg§e§55$sﬁéugiéunggutﬁg gedback to a 10
second i nput 38, of exc ive T and ou ts are coupl ed

respectively tBi9pa and ?L"°PF|B% s°€fe’é°4ﬂﬁ{]‘f‘bl Faw® v’r%g an "S' input
coupl ed to thechipledntood datmainpuel Y ofitHUEligELop BH Hividlg

mul tiplexer 40 is coupled to a first 15 I nput 42 of an AND gate 44, the
second i nput 4@ ondmﬁioutpgtSOUpr@d Q@ output cof £rip-Elagmai4 The out put of
AND gate 44 pr h o] o) éH%% t of the
counter. Refer??ﬁgfﬁﬁév Eg& ggl& 6&51;?&9“;?& gl‘pc?1o%/\/|1hﬁ?n o¥ éacgl%ock di agram
how t o C&ﬁgtruggcgﬂ NiBPREe3P pfir§xclusive OR gate 30. The Q and

Fo 0 outputs are coupled respectively to "0" and "1"
U inputs of a multiplexer 40 having an "S" input
coupled to the U/D control signal and a Y output.
The Y output of multiplexer 40 is coupled to a first
15 input 42 of an AND gate 44, the second input 46 of
which is coupled to the toggle-in signal. The
' output of AND gate 44 proviées the toggle-out signal
for the next stage of the counter.
Referring now to FIGURE 4 there is shown in
20 block diagram how to construct an N-stage binary
counter., Each stage can be implemented in circuit
as shown in FIGURE 3. Thus, each stage 50 (50-1,
50-2 ... 50-N) includes an exclusive OR gate such as
g . gate 30, a flip-flop such as flip-flop 34, a multi-
N\ 25 plexer such as multiplexer 40 and an AND gaEe such
as AND gate 44. A disadvantage of the implemen-
tation shown in FIGURE 4 is that for counters having
a large number of stages, the operating speed is
_ limited because of multiple gate delays. A somewhat
30 faster implementation is shown in FIGURE S.
Refet:ihg now to FIGURE 5 there is shown an
alternative embodiment of an up/down binary counter )
'according to the present invention. For purposes of
illustration only, a four stage counter is




counter. Each stage can be |nplenented in circuit as shown in FIGURE 3.
Thug? éxch stage 50 (50-1, 50-2 ... 50-N) ‘i ncludes an exclusive OR gate
gate 30, a flip-flop such as flip-flop 34, a nulti- 25 pl exer
such as /nul tiplexer 40 and an AND gate such as AND gate 44. A disadvantage
! “fnplemen- tation showmn in FIGURE 4 is that for counters having a .o
. | akge punber of stages, the operati fg~speed is |linmted because of nultlple*“
“gat el ays. A somewhat 30 faster |nplenentat|on is shown in FI GURE 5.

Ref i t h ti nbodi t of
pl down i AALYSREAETr oBEEF] FREF8SPRAdSPES Rl ENATRRFRGRR EBr pur poses. of
illustrati BIGUREy3 areomarkedgeithumher same refkranteahemer®hits

correspondggg LQak Qge EHQWPIKB-EEQEBEP% Qﬁﬁhnﬁtkﬁgemkéa t he sane reference

numeral . For exanp e four successive stages
are narkedsﬂFFﬁsﬁéFéréﬁéﬁeﬁuﬁiﬁamérbed with refegange ppgeralgage nunber 1

i's. sulss_tantualﬂ Xl deat-uc;aletbq tbeagbaaamseQm i8 SubtBEngialtipwever,
succe55|ve ggs hn gaiga etare sg g&%ﬂ&geg to_reduce gate del ays.
Rat her thi Catn§Pa th6y§tags e QFBnéP ANCPG®EE®Each as AND gate
10 44 insEtEHEEi@etstabesnentcaseededang sbnqehathnoéxfsedrOV|ded

miCiple | 801 oANRe0RAES, G2va00" RachUd R BlobRAshgPYlS of stages 2-4

respective put's,” one of Coupled to the
toggl e-in s;pgga,le-en& shignailh&iron anhm gateosprhdagsANDt gate Y out put of

nul tiyg exey44Qnl FIGbRESBAES %ﬁe aake @Qb%egainbhéﬁﬁqenpﬂﬁére A first input

I's coupled to the toqgl e- |n al, % I'S goupled to the Y

out put  of PFBV&Q@% mgliple anpat AND gates 0-2, 60-3, and
60 4 at the inputs of stages 2-4 respectively. Gate - il
60-2 has two inputs, one of"which is coupled to the \J

toggle-xn signal and the other of which is ‘coupled

15 to the Y output of multiplexer 40-1. 1In stage #3,
gate 60-3 has three inputs. A first ihpqt is |
coupled to the'toggle-in signal, a second input is
coupled to the Y qhtput of multiplexer 40-1 and a
third input is coupled to the Y output of multi-

20 DPlexer 40-2. 1In a similar fashion, AND gate 60-4
has a first'input coupled tb the toggle-~in signel, a
second input coupled to the Y output of multxplexer
40-1, a third input coupled to the Y output of
multiplexer 40-2 and a third input coupled to the Y

25 output of multiplexer 40-3. The outputs of gates \.j
60-2, 60-3 and 60-4 serve as the second inputs
respectively of gates 30-2, 30-3 and 30-4. A final
output AND gate 70 includes five inputs, one of
which is coupled to the toggle-in eignal and the

30 others of which are coupled to the Y outputs of each
of multiplexers 40-1 ... 40-4. Note that even in
this embodiment, the logic architecture is
significantly less than that of the traditional

" eircuit implementatlon shown in FIGURE 1 (PRIOR

35 ART) .



third input is coupled to the Y output of mul ti- 20 pl exer 40-2. In a-
simlar fashion, AND gate 60-4 has a'first' |nput coupled to the toggle-i
signal, a second i nput coupled to the Y output of nultiplexer 40-1, at
i nput coupled to the Y output of multiplexer 40-2 and a third input couple
tq;Ehe Y 25 out put of nultiplexer 40-3 The out puts of gates 60-2, 6Q-3 -
antt” 60-4 serve as the second inputs respgctlvely of gates '30-2, 30-3 an
30-4. A final output AND gate 70 includes five inputs, one of which is
coupled to the toggle-i nal n 3 hgrs i are coupled to
the y outputs of each o?‘ hg gghﬂﬁa %hre%% 85 aiihé? Epﬁat even in
this enbodlnenEmHQG;kapﬁzdaﬁGNSSthabevﬁsl§|ghﬁfreéﬁﬂnytlégstbhhn t hat of

the traditionalp g 1;;&! pleéxgt %ﬂb@t 'u%aas%\M&mﬂulﬁh@éRﬁuhﬁB&m 35  ART).
Again, the comuon thread in di nents di sgussed aRove is the

recognition th&Pgéqnﬂ§§ﬁ§<§a§F H&nge°G§§&“@§eePFhFﬁgpér rti pR&S| ogi c
gates thats V\Dulrfépméw:Wssa tsagm(tulc"am savings foregMesciinplemengni fi cant

savi ngs for e tio i C ipg the
resent | nvent B I, AHACE Sen; AR e Ragd,snRivide, B8, BERSLREL

traditi onal i minventidnowith less GiAlcN_Strr than wouddwbe( tegpicednter for
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stages, each stage conprising: 5 a clocked flip-flop having a data
I nput and Q and Q out puts providing a count one of

sai d. Rut s; a feedback circuit including an exclusive-OR gate having an

i np >oUpl ed to an out put of said 10 flip i nput adapt ed
to: [ a toggle-in signal and {e\ﬁ aut put”“lﬂmnljm“nmmﬂo said data . -
input.of kaid flip-flop; and a nultiplexer hadvihg 'a first nput coupl ed to™
15 g output of -said flip-flop and a second input coupled to said Q

sai d dilapmsf:l op and a single switch control input which, dependi ng

upom\t h¢ binary state of an a d up/down _count control I
sel ect¥vel y connecth® @PKHQVHSQ%QD§|F§@nI f°5r°§3pg 158 ?eipggalnput to a

mul 'éli pl exRygee-4au smglrﬂ‘alpr @aid rpunteyl dawmingdawa or momgut to anot her of
said counter_sta [» counter as clainmed in claima1l,
mherelnzﬁﬁﬁfqﬁ % gédbauﬂQ%ﬂF% and mul tiplexer 25 are |ntegrated in a
CI\/D|S i Bt egr at ed (nlmkletd fBip=-fhep Md@ma( Jabp dspHternsdt Qge, - conprising: an
excl usiv FORMI fi | r ikVigRg a toggle-in

ean(bd; counteug:ast? dih e o idotin tietd Wt ak@ th%%t a9 gg

signal to second 1 nput and an out put; 30 a flip- flop
havi ng -a ¢ @5 add. QAU o the out put of said exclusive-OR gate, .
cl ock input fora GauwRedRirew tcliork udligeplan @xd1Qsdveé-QRout put s, the Q

outpUL DI SRR 0 ISR AT o] ARbRCEE alier OR vate and
10 f11p -flop and a second input adapted to receive a
toggle-in signal and an output signal
coupled to said data input of said flip-flop; : .
and | 1_)
a multiplexer having a first input coupled to
15 said Q output of said flip-flop and a second input
coupled to said Q output of said flip flop and a 81ng1e
switch control input which, depending upon the binary
state of an applied up/dowﬁ count control signal,
selectively connects either said first'input or said
20 second input to a multiplexer output port providing
toggle-out data for input to another of said counter
stages.
2. An up/down (U/D) counter as claimed in claim
1, wherein said flip-flop feedback path .and multiplexer
25 are integrated in a CMOS integrated circuit. (
3. An up/down (U/D) counter stage, comprising: \./
an exclusive-OR logic gate having a first input
‘for receiving a toggle-in signal to be counted, a
second input and an output;
30 a flip-flop having a data input coupled to the
| output of said exclusive-OR gate,.a clock input for
connection to a clock signal, and Q and Q outputs,
the Q output being coupled to the second input of
said exclusive-OR gate and providing an output of
35 said counter stage;



11 a mul t1plexer having an U D input for rece|V|ng an ‘UD signal for
.controlling whether the stage counts up or put coup
to'the Qoutput of said flip- flop, a second |n ut COUﬁled to the Q 5 output

of sal d flip-flop and an output; and an AND g mt ”mlg“m |nput %
coupl ed 0

bl ed to said output of said nultlpleﬁg
aI o receive said toggle-in signal and V|ng an output prOV|d|ng a
t oggl e-out signal serving 10 as the toggle-in signal for another U D

cognte;lstagf 4. ét%@FQ&%&e&bggﬁaﬁiﬁgrdh”glbolﬁbatnfar pheeeiingai d R
ate, flip-flo i ple an
?ntegrateg C|raE7U|r;IJ ?1%Rﬁ uEPabﬁﬁn$UP%§38§uﬁgngeEgﬁgPl§Fﬁ§enFBBﬁ fer 15

st ages coupledanmca&mmdea @awhtsﬁaga ddpptedoupledcebveha Qooubpuext er na

U D control é¥u§&fﬁu§;¥5na g|%%E°EFg?§éuF °2P5§ETSE?99 gf =t he cascade

receiving a toggle-in id ea ages rOV|d|ng a
t oggl e- out §i pwdiputeofi 5gids fd ireddop- and2enspytantso and next stage of the

cascade, each stagea&rqwmdga&eaaaqqh&ua re2cR $hpdue eeuplbai Be: an
excl usi.ve- OR Ioglc gat e aV|n%6& i rst input for receiving,said toggle-in
t

signal, a secdifdd puiPun@fasads: pyltipdexer and,a; segopf inpy ing a data
i nput coupl ed dcmptm @t pliscofret@iideesalidsitoggDB-gat signall anl i nput for

|_ock d b
Counrod ©o tnddlihen gt fuletls begidsRe a0 eRtnPUL, st 5eD Uhathgc) 10
output of 30 s cttra)mmles-n@galsaaﬂcuIftorpamoéhenaWﬁgcannUﬁD shpae. for

recei ving said extennal gUdgunit@palsthgle ae%&ehhgngowe%mﬁr 3t h@nekage counts
up or down, a first data input coupled tq % g ggt BB sai d flip-flop, a
second i nput it QR gate, flip-flop, multip exer AND gate :

L are integrated in a CMOS integrated circuit.
5. An up/down (U/D) counter, comprising N counter
15 stages coupled in cascade, each stagé adapted to receive
a common external U/D control signal and a common
clock signal, a first stage of the cascade receiving
a togglé-in signal and each of the first N-1 stages
providing a toggle-out signal serving as a toggle-in
20 signal to the next stage of the cascade, each stage
providing an output, each stage comprising: _

an exclusive-OR logic gate having a first input
for réceiving said toggle-in signal, a.second
input and an output; _

P - 25 ‘a flip-flop having a data input coupled to the
\~), output of said exclusivé—OR gate, a clock input for
connection to said clock signal, and Q and Q outputs,
the Q output being coupled to the second input of
said exclusive-OR gate and providing an output of
30 said counter stage; '

a multiplexer having an U/D input for receiv1ng
said external U/D signal for controlling whether the
stage counts up or down, a first data input coupled to
the Q output of said flip-flop, a second input coupled

35 to the Q output of said flip-flop and an output; and
an AND gate having a first input coupled to



35 to the Q output of said fI|p flop and an output; and an AND gate having
a first input coupled to sai d out put of sard—nufrrprexer_and second

i np upled to also receive said toggle-in g an out put
- praovi‘dgny said toggl e-out signal serV|ng as 1ﬂ Hm nal for-a
subsegient cascaded U D 5 counter_ |ng to cIa|n1%s
5, inh all stages of said count are |ntegrated |n a CNCS I ntegrated ™
cir 7 An N-stage up/down (LME» counter, conprising: 10 a first
cou 208 dNG i O sl Gl ti5p Mk R Amlgeaa&@ ﬁ?pﬂﬁ‘&::ﬁzﬁlécﬁt i nput

for rece|V|n an external to Ie in sjgnal, i nput and an out put; a
flip-floptPa®}sR Bt %Pl?ﬁi‘dgqiﬁﬁﬁﬂ 5*""(%n ﬂlﬂj‘f“& ahi d excl usi ve- OR

gate, a Cé@cﬂxut inﬁngmtumm-m @ﬁgﬂrallalsect'lv(in@ aisgnal , ‘and Q and Q

out put s, E%quig ,é,bel n Of.l&l_ ed é‘?%%%‘?“&fg A‘CP&} [P)‘Dsal d

exclu5|ve ng art ol counter stage; and 20
alnﬂtlﬁﬂenumtﬂavshggan U D input for receiving an external U D signal for

control ling whegher,the, SORE BnglPL O c PPV, 5 2 Jhdrsdiglat a i nput coupl ed
to the Q out putsof sal d {'@tge?‘f %Iecon%i Mu? coufol eld to the Q output

of said falp-stageanefl asrdd Qﬁl‘%fb&” are inteserteduin & HNRes, cascaded
W th Saldlﬁtégﬁasé@g@ip@@gﬂ of said further stages |ncIud|ng an AND gat e

S o Lobcke PERkSEs ! fo B EOTRT RARLERE o pgig onal Trputs
10 a first counter stage including:
an exclusive-OR logic-gate having a. first
input for receiving an external toggle in signal, : ; .
a second input and an output; = W/
a flip-flop having a data input coupled '
15 to the output of said exclusive-OR gate, a clock input
for connection to an external clock signal, and Q
and Q outputs, the Q output being coupled to the second
input of said exelusive-OR gate and providing an output.
of said counter stage; and '
20 . a multiplexer having an U/D input for
receiving an external U/D signalffor controlling whether
the stage counts up or down, a first data input coupled
to the Q output of said flip-flop, a second input
coupled to the Q output of said flip-flop and an
25 output; - - ' Y
N-1 further counter stages, cascaded with -
said first stage, each of said further stages including:
an AND'gate having a first input coupled
to said toggle-in-signal and additional inputs coupled
30 to respective outputs of the multiplexers of each.
prev1ous counter stage of said cascade, and an output'
' an exclusive-OR logic gate having a first
input coupled to said output of said AND_gate, a second
input and an output;

35 a flip-flop having a data input coupled



preV|ous counter stage of said cascade, and an output; an exclusive-OR
.logic'gate having a first input coupled to ' o~ AND gat

second i nput and an output; 35 i p-flop having a dat TCD[>
i nput coupl ed 13 to the output of said exﬂmﬂ“uﬁ @tjﬂlua cl ock ifnp
fqr connection to an external clock S|gnal uts, thelQ

output being coupled to the second |nﬁU oT'sald exclu5|ve OR gate an
providing an output 5 of said counter stage; and a nultiplexer having an

ot oo Dount o fo iHlecldoth BY SRE3! cklPu3hgR2bn 24, EO0LT BLOLRIMBGL ST N

stage counts u ta input cou tot of said
flip-flop, a @@bﬁ@nnﬁﬁﬁﬂomotéoaplédtﬁﬁnaheCQPQ&t§U$n®1,sand Qlip-flop and

an out put ; an@n%nQANQt%ﬁEQ h%anS 6uEbﬁ§tbéﬂﬂgthQHPé@dtéotﬁ@'ge@Hﬁ ut of
the nultiplexer of e a secon gut cou to sard toggle in

C
signal and 15% Hgylnﬁ% ﬁaéﬂt HP?BPGVdeﬁggét?o §¢e96%$1§+@$a§nfﬁvtah6ther
U D counters &f Aaddunbanteecetdgeg tandlaim7, wherein said N-stages are

SUbstant  al |y as horei n- bd S SIEAD AN per B BndBeld 13ED oo 'chown
in, Figs. 2 tQesedwinseaacsuhpanglnglaramgngk.for controlling whether
the stage counts up or down, a first data input coupled
to the Q output of said flip-flop, a second input
10 coupled to the Q output of said flip-flop and an output;
and |
= an AND gate having a first input coupled
\M; to said output of the multiplexer of each stage and
' a second input coupled ﬁo said toggle-in signal and

15 having an output providing a toggle-out signal for
another U/D counter. _

8. A counter according to claim 7, wherein
said N-stages are integrated in a CMOS integrated
circuit. '

_20 9. An up/down counter substantially as herein-
before described with reference to, and as shown in,
Figs. 2 to 5 of the accompanying drawings.




