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digftal .counters, and nmore 5 partlcularly to di'gital counters used td”'
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CLOCK DIVIDER

BACKGROUND
This invention relates to dlgltal counters, and more
5 partlcularly,-to digital counters used to derive from a
'system clock one or more subsystem clocks.
Dlg;tal counters are a common component-of digital
systems. A typical digital Syéﬁem includes-a_SYStem 1
clock, and o each cycle of the_syStem clock the counter
0 will count. The count can be eiﬁher up (e.g., from 0 to
M, where M is an integer) or down (e.g., form M to 0),
'whlch ever is most convenient to implement. The counter
could be programmable (e.g., M is programmable), or the
counter could be hardwired (e.g,;.M is a single, fixed
15 value, determined by how the counter is constructed).
The counter has many applications, including timing
(e.g., event tlmlng or delay loop), and dividing down the
system clock to a slowing frequency
. In general, the design of a clock is relatively
20 '-straight-forward. Clock design becomes tricky, however,
as the desired clock fregency increases. At clock
'ﬁrequencies much above 10 MHz, careful layout is needed
to minimize EMI, clock skew, aﬁd-other problems. At
clock speeds approaching 100 MHz,_phese problems are even
25 more severe, with connections between the ¢lock and other
circuit elements more resembling wave guides than simple
wires.

One approach to reducing theﬁrequired clock rate is
to use a multiphase clock. 1In a;multlphase clock, each

30 clock phase operates at the same}rate as the other clock
phases, but out of phase with t

;'other clock phases. .
With proper ‘design, successive phases of a multiphase
clock can be used to clock su_ées51ve stages of a

sequential logic circuit, thereb ;reatlng an effective
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“systems. A typfcai dtgltal systemincludes a system cl ock, and on

each cycle of the system cl ock the counter 10 will count. The .count can
" be éither.up (€/g., fromO to M where:Mis an integer) or dawn:.
(e.g., forn1NItQ 0) ~whi ch ever is nost,. -convenient to inplenent.

The counter

coul d be progrannable 2e.g9.; Mis progranmable), or the

counter coul d be hardwired: (e.g., Mis a single, fixed 15 val ue,

det ermi ned by how the counter is constructed);ﬁ
appl i cations, Siork KRER ofi-kidg Of phases) g*

and di vidi ng cgammd;si‘@ a s;mel%y%%”bﬁhQéks*Qtém%Mm%ﬁlﬁlﬁﬁﬂ%lst of

I n general,

i ncr eases.
i s needed

t he sign of . a‘clock 1s rel

k d h
cl ock speeds atprb? oﬁé?ﬁﬁbl’fﬁo 'ﬁléﬁfk tcﬂ%g% S%Olﬂ ean -‘éOt ergﬁro%e "31most'
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doubled by ]ud1c1ous allocatlon >f clock and glock to

clocklng varlous logic elementst -For example, a Master-
Slave Flip Flop could be clocked by clocking the Master
stage. with glqck and clockin:

he Slave stage with

- :Some dféital systems require multiple clocks,

operatlng at’ dlfferent clock "“rates or frequencies.

Often the most . practical appro::v to generating these

clocks is to bUlld a single syst . clock that runs at a

hlgh ‘enough :: frequency that all 'other clocks can be

obta;ned by 51mply dividing (i.e.; counting) the systems
clock. A 51mp1e example is a dlgl_al system having three
subsystems, one ‘requiring a 2 MHz clock, one a 3 MHz
clock and the third a ¢4 MHz clock To minimize the

frequency of the systems clockl;

he choice of systems
clock ‘should be the least common:multlple of these three
subsystems clocks, or 12 MHz. ? The 2, 3 and 4 MHz
subsystem clocks could be prov1ded1by dividing the 12 MHz
systems clock by divisors of &6, ﬂigand 3, respectively.

: Whlle thls least common ,multlple approach is
generally adequate, the required ""'s"ystem clock can be
prohlbltlvely hlgh The multiphase” system clock can be
lelded down ° to produce multlphase slower clocks. In
‘particular, each phase of a multlphase system clock can
be. lelded down to a ‘new clock 51gnal care being taken
to- malntaln 'qthe phase relatlonshlps in tact.
Alternatlvely] a single phase ofleﬂsystem clock signal
can;be;divided down to create the hew slower clock, and
this.

1slower clock then can be used to generate a
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25 nore severe, w t‘h connections between the cfock and ot her

‘cirbuit;elenents nore resenbling wave gui des-than sinple
One‘approach to reducing the required clock rate is

W res.
to use a

mul ti phase clock. In a multiphase clock, each 30 cl ock phase operates

at the same rate as the other clock 3 phases, but out of phase with

the ot her cl ock phases. Wth proper design, successive phases of a

mul ti phase .. clock can be used to cloc

sequent i al |ogw¢1€wba$? clok ehianrib At dgheyslawaicGirek

successive st ages of

rate.

For multiphase c¢locks (sYs em or otherwise), the

general case is an L-phase clock (L is an integer), with
clock: phases being spaced symetrlcally 360/L degrees
5 .apart in phase. This approach achieves a maximum
.poss1b1e effective clock of L tlmes the system clock. A

.popular multiphase clock schem

‘the quadrature clock

(e g , four phases, successive haseses being 90 degrees

apart)

10 '~ Of course, there are practlcal limits to the number

of phases into which a glvenf clock can be split.

Moreover, achieving this max1mu.'

effective clock rate

requlres that sequential 1og1c_e1ements are clocked by

success1ve phases of the c¢lock.

15 ... . The combined multiphase, system clock approach has

generally proven adequate. ‘However,

the divided

subsystem clocks are limited Pto counting down the
sﬁbSystem clock, which is 1/(Number of Phases, L) the

frequency of the effective system clock.

There is

20 therefore a need for a clock d1v1der that makes full use

of the multiphase system clock tojallow integer divisors

of -the effective system clock,

divisors of the system clock.

ther than just integer

' More generally, there is a need for a combined clock

25 and counter, with the clock hav1ng L phases, and the

counter is capable of counting at a frequency scaled by

L,L ~ There is a further need for the counter to be

pr'ogrammable "on the fly," and to ~generate an output

s1gna1 that has a substantlally even mark-space ration

30 (i e ’ substantlally a 50% duty: cycle)
summmr OF THE INVENTION :

- The present invention is dlrected to a method and

system for 1mplement1ng an L phase clock in conjuction

w1th an apparatus having L counters. where L is 'an
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-2 ‘ clock rate of (no. of phases) [err] (élock frequency) For

cl ock
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predetermined phase of syste

_exanple ~a sinple tw phase system cl ock mnuld consi st of "cl ock™

~and itts inverse, clock. Cl ock woul d be 180 degrees out of phase
with-clock. In a particular system 5 the effectlve clock rate of a: .
system coul d be al npst doubl ed by j4udi ciious al l ocation of clock and
clock to cl ocking various |ogic elenents.For exanple, a Master- '
Sl ave F|Ip Flop coul d be clocked by clockingthe Master stage with
clock, - and cl é8kRE§Trhet | SPUNSt dfe @i threquencyc| seklable by L. Sdie
di gi t al 5%’5t e&’écoﬁ:aﬁhb"eem.ﬁld' ohé"&spéé@(‘d@,the invefRebal | A%cainth s f&y ent

rates

c& %gugnC|esI' phase systen

cbuntlng an integer number N.

'lock of frequency £,

_3The'apparatus includes L
counters for counting (N-D), where D is a predetermined
1nteger number that allows each“

'unter to settle before
N,would be counted, each counting being clocked by a
clock. The apparatus
further includes a iogic OR. gate and L counter

"controllers, one counter control er associated with each

counter , for delaying the output of their associated
counter by at least D. The'"L:_counters and their

associated counter controller__ re arranged in series

such that the input to each counter is the output of the

prev1ous counter in series ”delayed by the counter

controller associated with the previous counter. The

outputs of each counter are delaYe& by their associated

counter controller , then areg nputs to the OR gate,

which ORs the outputs to form the- utput of the counter.

In accordance with another aspect of the invention,

the counter is used to divide? he clock by an integer
d1v1sor of the effective clock. _:e
In accordance with another. aspect of the invention,
the counter control ncludes ai"aster -slave flip £flop.
The master is connected to thefoutgut of the associated
counter means and clocked by thefclock phase clocking the
associated counter means. The:sléue connected to the
1nput of the OR gate, and to the next counter in series
and is clocked by the clock clocklng the next counter in

series.

In accordance with anotheri spect of the invention,

the clock is a quadrature clock3
Other aspects of the 1nventlongw1ll become apparent
from the following descrlptn.on‘ W h reference to the
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“Oten the most practical approach to generating these clocks i's 10

buiid a ;single systens clock that runs at a 15 hi gh enough frequency
“that ~ all other clocks can be obtained by sinply dividing (i.e
counting) the systens clock. A sinple exanple is a digital system
havi ng three subsystens, one requiBing a 2 MHz clock, one a 3 Mz -
clock, and the third a 4 MHz cl ock. To mnin ze the 20 frequency of
the systens cl qck, ;the choice of systens "7 clock should be the | east
comon nultlpléréwlPﬁﬁse t hree subsystens cl ocks, or 12 MHz. The
2, 3 and 4 MHBRIEF ngsenmpysbnnoplggksnnmwiﬂg@e prOV|ded by di viding the
12 MHz syste cloc r an ectiv
Wiile this |east ggg %%5955 -.'.-.-_-| éil itafg%fﬂ;r %ﬁl

adequate, the eéﬁactédeiyspsovrdesle qamdnatur_e--’--syspemhcbotkvm>eaukgtmf The
T L Phage Y SESC Ayt wich cil 'hSG dou. | Gapnoduneatibppiase

sl owner ocks thc eac ase of "a rmu ase
cl ock can clock d1v1der, embodylng the apparatus and method of the
present invention, for generatingdsubsystem clocks.
Figure 2 is a timing dlagram illustrating the

relationship between the quadr :ure system clock, the

10 effective system clock, and the. ubsystem clocks.

Figure 3 is a schematic dlagram of a clock divider

of figure 1, including four: counters connected in

series/parallel conflguratlon,;p;d_a counter controller

associated with each counter.
15 Figure 4 is a schematic dlagram of the logic of a
counter controller of figure 3.
Figure 5 is a schematic dlaqram of the components of
a counter of figure 3, showing how the counter is
implemented using fast carry counters
20 DESCRIPTION OF THE PREFERRED EMBO IMENTS
Referring now to figures 1 and 2, there is shown in

figure 1 a block diagram of a dlgltal system 10. Digital
system 10 includes four subsystems 14, and system clock
generator 12 for generating a quad ature system clock 16,
25 shown in figure 2, that is prov ded to subsystems 14.
For ease of analysis, shown above clock 16 is effective
system clock 17, the theoretlcal clock rate at which

circuit elements in subsystemsgl4ncould be clocked by
quadrature clock 16. Provided&:tnat is, these circuit
30 elements could be appropriately clocked Note that since
| clock 16 is in quadrature (four phases), effective system
clock 17 is four times the frequency (one-fourth the
period) of system clock 16. 3

Subsystems 14 represent typlcal digital circuit
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30" be divided “down fo a new cl ock signal, carefheing'taken' T to”
phase rel ati onshi ps I n tact. Al ternatively,
can be divided down to create

mai At ai N

the
'S|ngle phase ofa system cl ock signa

t heznew sl ower

generate

io
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a

cl ock, and this slower “clock then can be used

6

elements that preferably are 1mplemented on the same
1ntegrated circuit. Subsystems“ 14 are not clocked
i__tead each subsytem 14
1nc1udes a clock divider 18 that“recelves system clock

dlrectly by system clock 16.

16 sand uses system clock 16 tougenerate a subsystem
clock 20 that. runs at a slowe .
c1 ck 16. The clock divider 18 i
tha_}ﬁses a. counter 22 embodying. the present invention.

clock rate than system
n example of a system

“In accordance with the 1nventlon, subsysytem clocks

20 are not limited to being int ger divisors of system

clock 16 (i.e., integer multlple”;if the period of clock
16) i Rather, subsystem clocks 20 can be integer divisors

of: ffectlve system clock 17 (i. e., integer multiples of

.the perlod of effective system clock 17). For example,

referrlng now to figure 2, the perlod of subsystem clock
20 -1-is 4.00 times the period of: ystem clock 16, or 16.0
iystem clock 17. The
fs 4.25 (a noninteger)

tlmes the period of effective
perloa of subsystem clock 20-2
tlmes the period of system clock 16, but 17 (an integer)
tlmes ‘the period of effective system clock 17. The
perlod of subsystem clock 20-3 1s“4;50 (a noninteger) the
per;od_of system clock 16, but 1

lan integer) times the
period. of effective systems éio k. 17. Finally, the
petiod of subsystem clock 20-4 is .75 (a noninteger) the
perlod of system clock 16, but 19;(an integer) times the

perlod of effective subsystem clock 17.

.The general case for the frequenc1es of subsystems

clocks 20 is glven by the follow1ng ‘equations:

Subsystem clock 20 = (Number of Phases L) (system clock
16._) /NDATA; (1) el

L = (Effective Systemﬂclock 19) /NDATA,

(2)
where NDATA is an integer that s ec1f1es the divisor for

. This Sheet Has Been RTlaced
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‘mul ti phase clock signal at the slower clock rate. For nul'tiphase

'_cIoCks (systemor otherw se), the general case is an L-phase clack
(L i's an integer), with cl ock phases bei‘ng spaced synetrlcally 360/L
“degrees 5 apart in phase. This approach achieves "a nmaxi num

possi bl e effective clock of L tines the system:clock. A popul ar

mul ti phase cl ock schene; is the quadrature cl ock (e.g., four phases,
successi ve phaseses being 90- degrees apart). 10 O course,
there are pracEﬁé&btﬂWﬁiSystcmtnéonhnﬁér ~.%of phases into which a

given clock can be gpl ftmatter o ]] agg Sﬁl nﬁeé@éfagw 4] ecﬁ%yt ive

clock rate “requires that se uentlal ogi-cel enents are
successi ve pha®&scaPcknekeWoake minimized by Thaviegn®leck FRASTHIREG L2

system cl ock a@'&h@%ﬁl&eh%&lly two 0eT6¢IaE | Y6 Eth’eare Q@e@é%tz%es odtovsyver,

the divided m ¢l qcks :
! VI ha SUb%Set e1:'emac:1.nczll."1\'1g clocks :llsmzieedec{ Oby :st3}sq:gemst):l\.,£1 the

¢an be created locally by 1nve“f1ng these two clocks 16.
In partlcular, generator 12 generates 10 clock {(in-phase

0) clock 16-1 and g0 clock (qu drature 0) clock 16-2,
whlch can be seen in figure 2 to:lag i0 clock 16-1 by 45

10 degrees Dividers 18 receive respectlve i0 and g0 clocks
16~ ‘1 and 16-2, and invert each’ to produce additional il
(in-phase 1) and ql (quadrature 1) clocks 16-3 and 16-4.
Referring now to figures liapd 3, in figure 3 there

is shown a simplified block diagram of a clock divider

15 18. =Each clock divider 18 rec€ives as inputs quadrature

system clocks 16-1 and 16-2, an@fproduces a subsystem
clock 20 that is an integer'“aivisor, NDATA, of the
effective system clock rate 17. - 'NDATA is a P-bit binary
word, preferably 22 bits in widgﬁirwhich allows NDATA to
20 range from 1 to 2% = 222 (4,194,304). In this manner,
digiﬁal system 10 can be clockeélby a relatively fast
quadfature systems clock 16, and a divider 18 can divide
systems clock 16 to provide useful kHz-range subsystems
clocks 20 that are useful for TV and CD player
25 applications.’ ' :

Each clock divider 18 1ncludes four counters 22 that
combine to produce subsytem clock 20. Associated with
each counter 22 is a counter controller 24, a system
clock buffer 26, and a system clock multlplexer 28. Each

30 clock divider 18 further 1ncludes clock divider control
logic 30, divisor selector 27 @_1nverter/buffer 32,
subtractor 29, N/4 latch 31 and*® N/8 latch 33.

DlVlsor selector 27, subtractor 29 N/4 latch 31 and

N/8 . latch 33 are used to load d;v;sors (derived by

This Sheet Has Been Rerllaced o
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~ subsyst em cl ock, “whi ci.is 1/ (Nunber of Phases, L)' fhe frequency of

the effective system clock. There is 20 therefore a need for a ;

“cl otk divider that nmkes fuII use of  the mul ti phase systen1c|ock t o’
al'l ow i nteger divisors . of the effecti'vé system cl ock, rather ‘than- s%
just integer -~ di vi sof's of the systebn cl ock. Nbre .~ )
generally, there is a nee or a conbi ned cl ock 25 and counter;~with the
cl ock having L:phases, and the count er:.i s .capabl e of countlng at a
frequency scal%ﬂb5§a°t°r 2_Llr°m’ﬁR§$§NE§Q¥Q|ﬁ9Hﬁge ‘Fedd f 88 thacusshter to
be pr ogfartRét cbe Lo t rtelddw divikibr caggivlalegit ot abterclses

signal that hag st an ey Lk- space:. ion 30
substantial ly %Y%ﬁ@fgu?ﬁngﬁg# %f CEOCQB EN%%FQ?FE I NORRFF Gver
The present |ndEmisom sel elttroac 264 mnlalptekedsaial countersgshemoiiders
I mpl enent i ng n n : th havi ng
ol energing anel ANSEaGLOFlad, " 8L UELRGE 31 ana #4)(/ 4B BRAREALNIy
is itself controlled by a mlcroprocessor (not shown).
30 also clocks latifes 31 and 33.
_ Inverter/buffer 32 receive: s. respective i0 and go

system clocks“16 1 and 16-2 from lock generator 12, and

10 in turn buffess these clocks,

Control log1

aud also inverts these

clocks to 'produce the remalnlng respective il and

qlsystem clocks 16-3 and 16-4. iFrom inverter/buffer 32,

quadrature clocks 16 are connecf:d to the multiplexers 28

assoc1ated w1th each counter . 22 Under control of
15 control loglv

"3@, each multlplexer 28 switches one of

four quadratur:”clock signals 16} through the associated
clock bufferQ:ZG to become the_CLOCK IN signal to clock
associated 'counter controller:

24 and counter 22.
. switches the inverse
ecome the CLOCK OUT
siénal as dlscussed further hereln Clock buffers 26

Slmllarly, each multiplexer 28 a.
20 of the particular clock 16 to

not only buffe ;_he particular cldck 16 and its inverse,

but also condltlon thses clock. :gnals to prevent any

possibility of thelr overlap. y
ontrollers 24 control their associated

25 ' Counter

counters 22. _n partlcular, controllers 24 control the
loading of d1v1sors (from'latches 31 or 33) into their
counter 22, control the counting: of. thelr counter 22, and
route the output, CARRY, of the1

30 approprlate lo ations and with th :

counter 22 to the
ppropriate delays.

An 1mportant aspect of the inven ion is how counters
22 and thelr
produce subsystem clocks 20. Counters 22 are connected

ﬁSSoc1ated controls -are connected to

This" Sheet Has Been Rerlaced :
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<4 - integer, to count at a frequency scalable by L. In0

accordance with one aspect of the invention, a counter is ' cl ocked by
-a L ’phase system cl ock of frequency f, .scounting-an integer nunber N
The.apparatus includes L 5 counters for CQuntlng (N-D), where Dis ai
predetern1ned 9 - :

in an~arrangement that is both Séfial and parallel at the
same time. The parallel aspect 1s that subsystem clock
20 is formed, in effect, by loglcally ORing together the
CARRY (i.e., output) of each counter 22, using four input
s OR gate 42. For timing reasons: dlscussed further herein,
to reach OR gate 42, each CARRY first passes through
associated counter control 24, to become PULSE. When
necessary, counter control 24 delays CARRY by two cycles
of the quadrature clock 16 that is clocking counter

10 control 24 and its associated cdunter 22.
Counters 22 are also connected together in series.

The CARRY of one counter 22 ser@es;.ln effect, to trigger
the input of the next counter 22:in series. The loop in
the series of counters 22 is closed by having the output

15 of counter 22-4, the last countef 22 in series, in effect

triggering the input of counte 1, the first counter

22 in series. With proper assigﬂmfnt of the phase (i.e.,

io, i1, g0 or ql) of quadraturef;jstem clock 16 for each
counter 22 and its associated control 24, the subsystem

20 clock 20 can have a period that f ‘an integer multiple of

the period of the effective system clock 17 (i.e., a
noninteger multiple (to a fourth) ‘0of the period of the

system clock 16).

In describing the serial aspect of counters 22, the

25 caveat "in effect" is used because the CARRY is not
conveyed directly to the next counter 22 in series, but
instead is conveyed to the counter control 24 associated

with the next counter 22 in serles The control 24
receiving the CARRY latches CARRY, and sends it on to its

30 associated counter 22 only after an appropriate delay to

allow the signal to settle into. a determlnate state. The
appropriate delay is at least one clock 16 cycle of the
particular clock 16 phase (the 1ndeterm1nate period of

clock 16 depends on the partlcu;ar deslgn of counters 22,

“i?ﬁiiﬁliﬁlﬂiﬁlﬁ?l!




“integer "number that all ows each counter to settlé’before =~ N woluld be

count ed,, each counting being clocked by a predet er m ned phase of
system cl ock.  The appar at us further .includes a logic OR gate
and. L counter 10 controllers, one counter controller associated with
each counter , for delaying the out@ut ‘of their, associated

counter by at |east D. The L counters and;ftheir associ at ed
counter controllers are arranged in series . such that the input to

each counter ikuthinocmypucast inicatisnost gneweanisd cfumleck 16} .series
del ayed by the counfgr rev1ousl IEHe'h"?:l |o‘?1redaséeﬁh95§ge?‘%;%dé I'l%aah%.vb‘lﬂﬁ

counter.  The ut put s each count er: are elr
associ at ed lel%RﬁﬁnQ#hQ%wﬁh%ﬂINQNEA{héﬁmﬂﬁewqwﬂ@t?etén@RErQRrgaFé

which ORs the it pyhd §8tb0cBuUNtRrautanl ricdis amuteris 29he divisokn

accordance with ﬁ%other aspe of .the |nvent|on' the counter is used

to divide the X§ rﬁcf[é&?rtlve SYSHFRE ?1‘6‘Fkt P ef £ONE vELBRSCK.
systems clock 16, rather than:a real clock. What
counters 22 actually count to produce the leading edge of

subsystem clocks 20 1is a di fsor relative to the

particular clock 16 that multlpl?xers 28 have connected

10 to counter 22 and its assoc1afed control 24. This
divisor is NDATA/4, one-fourth the .count of NDATA.

Actually loading NDATA/4 1nto counters 22, however,

would not achieve the desired clock 20. As previously

mentioned, counter controls 24 a d a delay to the count

15 of their associated counter 22_f The actual divisor
loaded into counters 22 must take~iﬁto account the amount
of this delay. This delay 1s .two cycles of their
respective clock 16 cycles. Consequently, counters 22 are
loaded with a count or divisor of NDATA/4 - 2.

20 In a preferred embodiment,:subsystem clock 20 has
substantially equal mark/space fatlo (i.e., a 50% duty
cycle). Dividers 18 produce a substantlally equal mark

space ratio by using counters 22_to%p051tlon the trailing

edge of clocks 20. The count or dijlsor used by counters
25 22 to produce the trailing edge of clocks 20 is NDATA/8 -
2. Note that this count also compensates for the delay
introduced by control 24, a delayﬁthat allows countexrs 22

to settle to a determinate st:'a'_'_,__l':ef%.:_'before their output

signal is used.

30 To position the trailing edgewof clocks 20, control
logic 30 loads NDATA/8-2 1ntoia partlcular counter 22

after that particular counter 2' has generated a CARRY
based on NDATA/4-2. The pargiCﬁIer counter 22 then
counts NDATA/8-2, and the subsequenthARRY is used by the .

eet Has Been Reﬂlaced
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I'n” accordance mnth another aspect of the invention, " the countér T

control ancludes a master-slave flip flop. 25 The master is connected to
"the 'out put of the associated : counter neans and cl ocked by the cl ock
phase cl ocking the associ ated counter neans. The slave connected to
t he i nput of the OR gate, and to the néxt counter in series

and is clocked by the clock clocking the next:counter in 30 series.

I n accordance with another aspect of the invention, the clock is a
quadr at ure cl oelsociated count€rhsontaspideis 2¢f tohposhvboni e widdirdewpne

appar ent edbéogkt@ﬁefBEEQQEHQlQEEEBEQtE: ‘with reference to the

The timing considerations:

entloned above are vital

to the proper operation of d1v1ders 18. Timing problems
5 become more accute the greater -He frequency of system
clock 16. For example, a 30 MH -system clock 16 would

have a period of 33.33 nS. Adhacent phases of clock 16

would be offset by one-fourthfﬁhe clock 16 period, or

only 8.33  nS. Symmetry of flogic design becomes
10 particularly important, since sﬁ_hdard logic gates have
typical delays of 1 - 2 nS, fﬁhich is a significant
fraction of the phase differencgf

Another important issue “how control logic 30

decides which quadrature clock smultiplexers 28 should

15 connect to each counter 22 (and'associated counter logic

24) . With four counters 22 andf;heir associated control

24, there are many possible cdf inations, only some of

which yield useful results for subsystem clocks 20.
In the case of a four phase system clock 16, all
20 possible subsystem clocks 20 (respltlng for NDATA > 16)
can be described by four combinaﬁions or categories of

multiplexer 28 connections. Th se four categories are
labeled "EVEN1, EVEN2, ODD1 and™ 'DD2 * and are listed in
Table 1. For the general case of L counters 22 and L

25 phases of clock 16, the necessary combinations can be
derived by constructing an equlvalent timing chart to
figure 2, and observing for each de51red divisor what
combination of phases of clock 16 should be used.

Referring now to figure 3 and_Table 1, control logic

30 30 assigns .clock 16 phases by_E_rst examining NDATA to
determine which of these four categorles applies. Table
1 lists these categories and the phase of quadrature
clock 16 associated with each category As discussed
further later, these four categor;es are derived from

mllslhirlflliilfﬁleln IIﬂim




5 "7 drawings. BRI EF DESCRI PTI ON OF THE DRAW NGS,

Flgure 1l.is a block diagramof a digital systenlthat effectively
"provides a quadrature systemclock to each of.. four subsystens, with
t he i;subsystens each contai ning a clock,d|V|der, enbodyi ng the

appar atus and -met hod of the present2i nvention, for generating
subsyst em cl ocks. . Figure 2 is a timng diagramillustrating the
rel ati onshi p between the quadrature system clock, the 10 effective
system cl ock, ®xamindngithesredationsdip between the desired subsystem

clocks 20 and quadrature system clocks 16. In

particular, as shown in Table 1 ontrol logic 30 assigns
categories based on the two least 81gn1f1cant bits (LSBs)

5 of NDATA
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“Figure 3 is a

schemati'c di agram of a cl ock dividéFf - of " figure 1,7

including four counters connected in ~ series/parallel

confi gurati on,
coupter. 15

and a counter controller - . associated with each
Figure 4 is a schematic diagramof the logic of a

counter controller of figure 3. 13 Figure 5 is a schematic diagram
of the conponents of a counter of figure 3, showing howthe

counter is

i npl ement ed using fast carry counters. 20 DESCRI PTI ON

OF THE PREFERRED EMBODI MENTS TABREfY%rring now to figures 1 and 2,
there is shown in figure 1 a block dlagnan1of a dlgltal systen110

Di gital

generator 12 f
figure 2, that
shown above cl
clock rate at

10

1S

20

25

30

DI2 gemexfat i ngataagqmadr | ijuhécmod;lG, Qﬁad Cledbo\WnQuand
iNdagA Ovi dgdd t o subsy; yélo%k 16
pck 16 i's ¢ffective | the theorgtical - .
I ch Counter Counter
24-3 24-4

io 16-1 i0 16-1

il 16-3 ql 16-4

i0 16-1 il 16-3

il 16-3 Qo 16-2

The timing considerations-fwf:counter contol 24 to
convey a CARRY to the next. counter control 24 .and

associated counter 22 can be E etter understood with

reference to figures 3 and 4. In fgure 4 there is shown

a more detailed schematic diagreﬁfof a counter control

24, Each control 24 contains ﬁ_f-identical circuitry,

fabricated essentially the samé,: in order to provide
substantially identical delays af'Tloading.

Control 24 receives three main input signals, LOAD
ENB, EVEN1, and CARRY IN. A minor input signal is
RESETEB, which causes control. 24'Ee'reset its associated
counter 22. Alternatively, counter 22 could be provided

with a reset scheme that operated directly on the

registers of counter 22, but_;;h;s alternative would
require more circuitry, and ther  :fe more die space.
CARRY IN is the CARRY froﬁ:ﬁhe counter associated
with control 24, the signal the;>§ehtrol 24 will delay
two cycles of the clock 16 clock#ﬁg}control 24. LOAD ENB
in essence is the CARRY from the: b;é%ious counter control
24 in series. EVEN1 is a s1gna1 from control logic 30
that identifies the EVENl category, a category that

requires different handling than the other three

This Shee
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‘CiTcuit el énents in subsystens 14 coul d be ciocked by quadr at ure
clock 16. Provided, that is, these circuit 30 el ements could be
“-appropriately clocked. Note that since .. clock 16 is in quadrature
~{four phases), effective system clock 17-is four tinmes the frequency:.

(one-fourth the period) of systemlsi ock 16 Subsystens -
14 represent typical digital <circuit "

24 in series. EVEN1 is a siggﬂlffrom control logic 30

that identifies the EVEN1 cétggbry, a category that
requires different handling :than the other three
s each counter 22 (and

categories. This category reqﬁ;

5 its associated control 24) tciééﬂclocked by the same
phase of clock 16. jc

Control 24 outputs four maln:output signals, LOADNS,

LOADN4, TOGGLE and PULSE. PULSE;lS the signal that is

connected to four input OR gate;ézv Preferably PULSE is

10 the appropriately delayed CARR .gnal, conditioned to

have a substantially even mar}{___,-cpace ratio (50% duty
cycle) . o

The remaining three output'éignals are commands to

the associated counter 22. LOADNB commands counter 22

15 to load NDATA/8 (actually NDcfA/B -2, for reasons

discussed above). LOADN4 comma %s counter 22 to load

NDATA/4 (actually NDATA/4 -2

above) . TOGGLE commands counter, 2 to count. Note that

r reasons discussed

these three commands are mutually exclusive. While

20 loading a divisor, a counter 2::=cannot be counting.
While counting, counter 22 canncw:Ee loading a divisor.
While loading NDATA/4, countef;;ZZ cannot be loading
NDATA/S. £

Referring now to figures

_'”_nd 4, control 24 is
25 clocked by two clocks, OUT CLK and IN CLK, received from

the associated clock buffer 26}; In essence, IN CLK is
the system clock 16 associated zw1th the particular

counter 22 and control 24 (1ﬂ¢,;; the clock 16 that

control logic 30 has ordered thé a§sociated multiplexer
30 28 to provide), and OUT CLK ls.-c
clock buffer 26 also buffers clock 16 and its inverse,

flnverse Preferably
and modifies them so that thefi __no possibility of
overlap between these two clocks, sque they will be used
to clock JK flip flops. '

%BamRTme
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mwmmmﬁfehthatﬁ referably are inplemented on the sane’
g!sgﬁit.' Subgystens 14 are not clocked directly by system cl ock

each subsytem 14 i ncl udes a-clock divider 18 that

16. | nstead,

receives systemclock 5 16, and uses systemclock 16 to generate a

subsyst em

clock 16. The clock divider 18 is an exanple of a system that uses a

clock 20 that runs at a slswer clock rate than system

counter 22 enbodyingg%he present i nventi on. 10 I n accordance

with the i nvention

i nteger divi soroutfutssdmiiinds, eadH Qdunte oo ’rolmz‘ig
e s

period of clo
di vi sors

16),.., Rather, subsystem.elocks 26n€ d55 FHPedEr

'+ 73 is CARRY IN. The other 1nput of NOR gate 73 is a

The output
and connects

-?through XOR gate 74 to the 1nput.of FF 72, and to the

10

input of NAND gate 76.
Similar to FF 70, the 1nput and output stages of FF

;j72 are clocked by IN CLK and OUT CLK respectively. The
~output of FF 72 is the other 1nput to XOR gate 74. The

15

output of FF 72 also connects to_the input of INVERTER

'+ 78. The output of inverter 78 is the other input to NAND
~gate 76, and is also inverted by_;nverter 84 to become
‘the PULSE output signal. The output of NAND gate 76 is
‘inverted by inverter 80 to become the LOADN8 output

-signal, and is an input to NAND_gepe 82. The output of

20

25

30

delay compensates for the d1v1so&’

becomes LOADN4.

NAND gate 82 passes through Inverﬁer 83 to become TOGGLE.

The series combination of FFs 70 and 72 provide a
delay to output signals LOADN/8, PULSE, and TOGGLE of

- two cycles of the particular clv_k ls6. From a timing
"viewpoint, recall that the timing: of this two cycle delay

"“’ since the two cycle
actually counted by
counter 22, NDATA/4 -2. For LOADNB this two cycle delay
is acceptable, as will be dlscussed further herein.

In addition to FFs 70{-and 72 and related

-combinational logic, control 24 1ncludes JK FFs 90 and

92. Like FFs 70 and 72, FFs 90 a"“92 are clocked by CLK
IN and CLK OUT. FF 90 is used t reset counter 22. FF
92 is used to properly delay the LOAD ENB signal, which

This Sheet 'Has Been R

TR RN

~i'ntegrat ...é,d.___-.v_.

bB§EYt odh Gengrating ltSZO(appropflétgl*eldS}lggég? n?he

i(FE éys?Peﬁilél Béicarmeqted in meayes .nThei phpat of
' stage of FF 70 is clocked by INqCLK' and receives the

- output of two input NOR gate 73:"'One input of NOR gate



15 7 the period of effective systemclock 17).” iFor &xanple, -
~referring nowto figure 2, the period of subsystem clock 20-1 is _
4.00 times the period of systemclock 16, or 16.0 times the period -
of effective systemclock 17. The period of subsystem cl'ock 20«2 =
Is 4.25 (a nontnteger) 20 tinmes the pergod of systemclock 16, but 17
(an integer) times the period of effective systemclock 17... The
period of subsystemclock 20-3 is 4.50 (a noni nteger) the period of
system cl ock 16, but If8coatrasteger thei rEmingeof the RUEiSEoéndf TSGR i ve
systens cl ock I nal| r| "G4S he 2044 1S
4.75 (a nonlntéégn?lg %E ¥mbpgquzi&m§f g ?ﬂh1c4 %@aﬁgl dgiﬁgﬁ e
i nteger) ti mesmugs delay qhﬂ|hQ$QﬁEMﬁfe%LgQ@ls@bs?@@éﬁ?cp§bﬁrlthan 2
The general caggclgk.! Mo NERMISNCIRS (a1 o5 UBRLShETE ynderstAi@ Gl e ¢ He

gi ven by the follow n equatlons 30 éubsysten1c|ock 20 = (Nunber_ of
Phases, L} (sysLOAPNAodRes, and ity medgtAonship P the other counter 24

output signals (PULSE and LOADN&fE

As previously mentioned, LOADN4 causes counter 22 to
load NDATA/4 (actually NDATA[; :), the divisor that
counter 22 will count to'deter@;@e the leading edge of

10 system clock 22. Obviously thf ‘divisor must be loaded

into counter 22 before it can be counted. The loading

process itself takes one cycle df%ghe particular clock 16
that clocks both counter 22 and i

.its associated control

24. For this reason control 24a;qst provide delay the

15 LOAD ENB signal only one cycleggf'the particular clock
16. L

Preferably LOADN4 is loaded ‘into each counter 22

each time the counter 22 counts, rather than Jjust on

initialization of the counter 22.° In this manner, the

20 counting by counters 22 is by algorlthm, rather than by

dead reckoning, which is less sibject to errors induced

:adlng LOADN4 into each

counter 22 each time the counterfzz counts enables "on

by alpha particles. Moreover,

the fly" programming: After a. partlcular counter 22
25 finishes counting a particular lelsor, the next counter
22 in series begins counting the new divisor.

The input to FF 92 is LOAD ENB The output of FF 92
is essentially LOAD ENB delayeq by one cycle of
particular clock 16. This outpﬁﬁ,ieLthe input to a logic

30 gate group 96 that has as othefﬁinputs EVEN1 and the
undelayed LOAD ENB. Gate group . 96 1s designed such that
EVEN1l functions as a control 31gnal to switch either LOAD
ENB or the one cycled delayed LOAD ENB (the output of FF
92), through two respective 1nverters 98 and 100, to

This Sheet Has Been Reﬂ

Hllllﬂ llll" uu I




i nt'eger .that specifies the divisor for effective system
“cl otk 17. As a matter of practlcal design, pref erably probl ens:

-

17

become LOADN4. .
The output of group 96, ;1s” also routed through

inverter 98 to the remaining lnput of NAND gate 82. As
previously mentloned the other*lnput to NAND gate 82 is

.5 the output of NAND gate 76..The" utput of NAND gate 82 is
inverted by inverter 83 to become_TOGGLE. The net effect

is that TOGGLE is low whenever LOADNS or LOADN4 are high.
Referrlng now to figure

,4 there is shown a
schematic of how each counter 22:is implemented. Rather
10 than countlng down to =zero, e;_h_counter 22 counts up

from the two s complement of th tnumber to be counted,

and generatgs a carry when the'ﬁOQnt is completed. This

approach allows each counter 22°to be implemented as a
number ofiﬁ two-bit fast carry counters 40, an

15 ‘implementation that counts two to three times faster than

a more tradltlonal ripple count_ g Each counter 40 is
edge trlggered for rapid operatlon
Referrlng now to figure 3,.:the divisors NDATA/4-2

and NDATA/8= 2 are derived under control of control logic

20 30. First, the division for bot' s performed using MUX
27, a two 1pput, one output mul_;plexer. One input to
MUX 27 is simply all but the twd.'_B of NDATA (i.e., for
divide by 4), and the other inpﬁ is simply all but the
three LSB QﬁfNDAT (i.e., divide by The output of MUX

25 27 is the ig@ut to subtractor 29"Hyhich subtracts two.
The output of subtractor 29 is latched to latches 31 and
33, which latch respective NDATi/4-é:gnd NDATA/8-2.

B S 4
2

i

(Effectlve SysteWIClock 19) / NDATA, (2)7777 T "where NDATA is.an



Tof clock skeM/are n1n|h1zed by having clock generator 12 W"WM“WMQEHEFafEWM

onIy two clocks 16 that are 45 degrees out of 5 phase: The remai ning
cl ocks 16 needed by subsystems 14 canbe created—LgcaLLuwby

i nverting these two cl ocks  16. In partj.cular,; er-ator: 12 gener at es
i 0 clock (in-phase 0) clock 16-1 arsl qo:cl ock @i@ Mﬁ"}" ock
16- 2, whi ch can be seen in figure 2 to-lag i O _

degrees. Dividers 18 receive respective i O and qO ¢l ocks "H-_ 16- 1 and

16-2, and invert each to produce addltlgm&l_S- (i n-phase 1) and g1
(quadrature 1) clocks 16-3:and 16-4. =% Referring nowto figures 1
and 3, in fi'gure 3 there is shown a sinplified block diagramof a

cl ock divider 35 . Algourntat eleckedi Wivder I8 phaseveysien nplegk of

quadrature  freqS¥stprEG! estic g 1aﬁ‘”£’né%@r SabOF 01 C8snidy SRy st em

clock 20_that  is-"an integer divisor e ef fectlve
system cfock rate 1 peenei s £95 bPPuBFﬁaﬂj"(N =D}, eere prikf érdibid 22
bits in wdth, pﬂbdébeﬁhiﬁud MoAddet onumber that_allows each L counter

means to settle before N would be;counted each counting

means belng clocked by a predetermlned phase of system
clock; : T

10 L means: for controlling counter means, one counter
controlllng means associated w1th:each counter means, for

delaying the output of their ahsoc1ated counter by at
' least D; and 3
a meansj_

or implementing a.
15 wherein:. _
the L counter means and thelr associated counter

control_meansﬂare arranged in se s such that the input

to each counter means is the output of the previous
counter means in series aelayed_ﬁy the counter control
20 means assoc1ated with the prev1ous counter means; and

the outputs of each count%“ﬂmeans are delayed by

their assoc1ated counter contro eans, then are inputs
to the OR means, which ORs the outputs to form the output

of the counter

25
2. The counter of claim 1, whe _ih the counter is used
to divide _the- clock by an 1nteger divisor of the
effective cIoFk. ;

30 3. The countér of claim 1, whereln the counter control’

means 1ncludes ‘a master-slave fllp flop, with the master
connected to the output of the assoc1ated counter means
and clocked by the clock phase clocklng the associated

counter means, and with the slave connected to the input

-“This Sheet Has B Been R
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50 range from1 to éterr] = 2[err] (4,194, 304)'“ Ln~tth_mmmu¥ﬁ_

di gital system 10 can be clocked by a relatively f uadrature
“systens ¢l ock’ 16, ‘and a di vi der 18 can divide: sy Immmi

proyvi de useful kHz-range subsystens clocks 20 id

for TV and CD player 25  applicatioms. ? "Each clock d|V|der

18 includes four counters 22 that conbi ne to produce subsytem cl ock

20. Associated with each counter 22 is.'a counter controller 24, a

system cbﬁclthbufoﬂzennemzs,amhda tsy stlesm Dotk ot i:héeneuth&ounE&trh 30

cl ock divider e der c

di vi sor sel ec%‘ Hl%\%%rgéa%%f %ﬁ%%ﬁgg %&' &Fe_ %%{rac soczfdge%ﬁ. at ch
31 and N8 | at cheSIBext counter meaRssbn se¥iesor 27, subtractor 29, N4

| atch 31 and N8 latch 33 are used to-| oad di visors (derived by

"5 4. The counter of claim 3:;§@§;ein the clock is a
quadrature clock. =

as Been Rﬁ‘&"ac
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‘8 . subt ract or ngrom NDATA) intocounters 22 “as discussed

further below dock divider control |ogic 30:exercises overall = =
control of clock divider 18 (e.g., control over di vi sor sel ect or 27, :
mul ti pl exers 28, counter controllers 5 24, subtractor 29, and | atchess- .}
31 and 33), and preferably ' Is itseldocontrolled by a m croprocessor
(not shown). Control logic 30 also clocks |atches 31 and 33..

ABSTRACT

CLOCK DIVIDER

The invention discloses a m.ethé&. and an apparatus for
5 implementing an L phase clock’ in conjuction with L

counters, where L is an 1nteger, " te count at a frequency
scalable by L. o
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]nvester/buffer 32 recei'ves respective

i 0 and (s[0) o

“systemcl ocks 161~

.and 16-2 fromclock generator 12, -and 1@/5 ‘-in turn buffers these cl ocks,
and al so inverts these clocks to produce the remaining
respéctive il and glsystem cl ocks 16-3' and = From
I nverter/buffer 32, guadrature cl ocks 16-arefconnecte oft he
mul tiplexers 28 . associated with each coupter!22 Under |control
of 15 cont rol Ioglc'§D each nultlplexer-Z_,.m;ggﬁ}s one of four
quadrature clock signal s~%¢, through the associgted|] ,{ cl ock buﬁ?&r
to becone the CLOCK I N signal to cl ock L ed countey $~ '
controller 24 and couAEgr 22. By cth nultipl exer 28
al so switches the inverse¥20 of par tfi e eI Rck 16 to deéone t he
CLOCK QUT signal, as discussqgd fyrt ~H

16
pagl

and Ji
any

not only buffer the particular cloc
condltlon t-hses. clock SIgnaIs to, pr

overtap:

E R

hereilh. ]\ JMock byffers 26
s i zéPée,n, but al so
& possibilityjof their

5

rig )

T
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—95- = - Coynter controllers 24 cawsdrol their associated 7 T 7 Y

counters 22. In particular controllers 24 control the | oadi ng of -
Fsqrs (fro hes 33 33) into theig counter 22, control the
i e ount ér 22, and outie the output, CARRY, of
u:gegﬂ] t he}30 apprgpri ate | ogations and with the
_ el n i nportarit aspect of the invention is

gnd {hei’f asspciated dontrols 24 are connected to
20§ Cpuntels 22 argiconnected
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"§“”;*”““““"in an arrangenent that is”bqyg’serrar“éﬁd"pararleI at the
sane tine. The parallel aspect is that"'subsystem clock! rpjssheet B Bech Replaced

fornmed, in effect, by logically ORing together the '

out put) of each counter 22, using four input 5-- OR gate'ﬁ ﬂﬂl g
reasons di scussed further herein, to reach OR gate 42 -
first ﬁEﬁses t hr ough associ ated counter -control 24, to becone PULSE
When ' necessary, cqunter control 24 deId&S;CARR¥nby two cyg| es

eounter {0 contr 248 and
' 22 are al so compect e

of the aqidrature clockglé that is clockiny
Its associated counter Z42. N Cou
together in series.
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"The. CARRY of one counter 22 serves, in effect, tot¥igger ~~ {he Tnpit-

of The next counter 22 in series. Theal/gop in the series of counters
22 i’'s closed by having the output 15 of counter 22: 4hmBh&tHa

22 tn series, in effect triggering the input of cou

first counter 22 in series. Wth proper a55|gnnent

(i.e., 10, i1, g0 or gl) of quadrature system cl ock each
counter 22 and its associated control 24, the subsysteh120 : clock 20 can

have a period that is an integer
effective systemclo
of the period of the
serial aspect of cou n effect" 1is used

because the CARRY is ' “ o0 the next counter 22 in
series, but i nstead i Qy ed &o 1t he coun erQcontrol 24 associ ated
with the next counter g 24

mul tiple of ;. t he period of the
w Noni:nt

‘ntfgder nmultiple (to a fourth)
)

I n describing the

%
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“?étéTVTﬁﬁ”fhe“CARRY“Féf%hés CARRY, and_sendS”i't7on 16 its 30" . . asseciat-ed -
codhter ,22 only after an appropriate dé/éy to all ow it he S|gnal to

settle into a determ nate state. The appropriate delaﬂ)ls '””d
one, clock 16 cycle of the - particular clock 16 phase (t
| ndgtfer T Iare pertod—of cl ock 16 depends on the par
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Jbut in any case"ls at.pmst one period of clock 16). As Roxn+ o
previo -‘ 6 -zb!ﬂélnters 22 are | oaded with di visors other than
NDATA. o e appropri ate to-l'oad into counters 22,

because isor 5 relative to-effective systens cl ock

20, fouyr ggﬁwﬁ=$ﬁ% t 3 clock 16, 1 rather than a real clock

What 22 8CT e_the | eadi ng edge of
subsyst dmiete '-jf - the particul ar clock 16

t hat mul s . 2§ we=tconnect ed CI@OCK ggwmmmmter 22 and its associ ated
control - is di-visor i s NDATA 4, e-fourth the count of NDATA

Actual |y Ioadlng NDATA/ 4 into counters 22, ‘ woul d not achi eve

the desired cl B&KKREROUNRs previ ously ?- , counter controls 24

add a delay to the egull ijventifh rdhids AP aakald eOUALEES2Znd ibact val,

di vi sor | oaded I_.nto counters 22 nust takeé-into account the anount

5 particularly, to digital counters used to derive from a
'system clock one or more subsyst m clocks.

D1g1tal counters are a common component of digital
systems A typical digital sfs;em includes a system
clock, and on each cycle of th 9stem clock the counter
her up (e.g., from 0 to

M, where M is an integer) or dowﬁ (e.g., form M to 0),

10 will count. The count can be

which ever is most convenient to: implement. The counter

could be programmable (e.g., M:: programmable), or the
counter could be hardwired (e.g.; M is a single, fixed
15 value, determined by how the gd'nter is constructed).

The counter has many applicai=ons, including timing

(e.g., event timing or delay locp)ﬁiand dividing down the

system clock to a slowing frequency.

In general, the design o . clock is relatively
20 _straight forward. Clock designibebomes tricky, however,
' i At clock
frequencies much above 10 MHz, careful layout is needed
to minimize EMI, clock skew, and - other problems At

clock speeds approaching 100 MHz

as the desired clock fregency

hese problems are even

25 more severe, with connections between the clock and other
circuit elements more resembllng wave guides than simple
wires.

One approach to reducing tﬁe féquired clock rate is
to use a multiphase clock. In'a mﬁltiphase clock, each
30 clock phase operates at the same

ate as the other clock
phases, but out of phase with the other clock phases.

With proper ‘design, success1ve phases of a multlphase
clock can be used to clock success1ve stages of a
sequential logiec circuit, thereby creatlng an effectlve
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;of this delay.” "“This delay is two cycles of their ~ respective

clock 16 cycles. Consequently, counters 22 are | oaded with a count or
di visor of NDATA/4 - 2. 20 In a preferred enbodi ment, subsystem

cl ock 20 has . substantially equal mark/space ratio (i.e., a 50%duty
cycle). Dividers 18 produce a substantialy- equal mar k space ratio

by using counters 22 to.position the trailing
count or divisor used by counters 25 22 toproduce the trailing edge of
cl ocks 20 is NODAS®Ak8rate of (nd. ofotphalskeat) tH lentf e tendOnp ekt es

9" e oY eirprlel"s' SEHERS e BHMAE svBlenr sIBRR) pbHTR ShnlS: SNt oS
ilo%??lol i s useda g@:;.;c:l%' ng§m5$$QEEhe@%$M hgé\cwgb%w;g?gg B2 00]
s°0u 4%%% iEH c1oe%9 - a1R éﬁf@ cultar té%
u ' based on

‘after 't hat part| counter
NDATA/ 4- 2. Thep&ffeqnige c@lﬁh@ér rgi_zeth@?n a’system could be almost

doubled by judicious allocati

edge of clocks 20. The

clock and clock to

clocking various logic elements’ ”For example, a Master-

Slavg Flip Flop could be clocke _y clocking the Master

stage with clock, and clocki#gk_the Slave stage with
10 clock. e

-Some digital systems requlre multiple clocks,

operating at different clock . rates or frequencies.

Often the most practical appro to generating these

clocks is to build a single systems clock that runs at a
15 high enough frequency that all. other clocks can be
obtained by simply dividing (i.e., counting) the systems
clock. A simple exémple is a dii;tal system having three
subsystems, one requiring a 2MHz clock, one a 3 MHz

clock, and the third a 4 MHz clock To minimize the

20 Lrequency of the systems clock; the choice of systems
clock should be the least common- multlple of these three
The 2, 3 and 4 MHz
by dividing the 12 MHz

~and 3, respectlvely

subsystems clocks, or 12 MHz_f*

subsystem clocks could be provid
systems clock by divisors of 61
25 While this 1least common - multlple approach is
generally adequate, the requlredisystem clock can be

prohibitively high. The multiplhase system clock can be

divided down to produce multiphase slower clocks. In

particular, each phase of a muyﬁipﬁase system clock can
30 be divided down to a new clockféigﬁal care being taken

to maintain the phase relatlonshlps in tact.

Alternatively, a single phase of a’ system clock signal
can be divided down to create :h' ew slower,clock, and

this. slower clock then can b .ﬁsed_ to. generate a

1 4 AUG 1996
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.counts NDATA/ 8-2, and the subsequent CARRY is used by the

associ ated counter controller 24 to position the training edge of the
particualr clock 20. ~ = The timng corisj derati ons mentioned above
are vital to the proper ~operation of d|v1ders 18. Timng problens

X _'iﬁwer clock rate.
For mul iphase clocks (system or otherwise), the
general cas

s'an L-phase clock'(L is an integer), with -
clock phase: )eing spaced symetrlcally 360/L degrees

5 apart in pha e.. This approach achieves a maximum

possible effe ive clock of L tlmes the system clock. A

popular - mult ?hase clock scheme

the quadrature clock
(e.g., four;y ‘ses, successive héSeses being 90 degrees

apart) .

10 Of course, there are practlcal limits to the number

of phases 1nto which a glven ‘clock can be split.

Moreover,,ach;ev1ng this max;m q ‘effective clock rate

requires tha sequential logi -eiements are clocked by

successive ﬁ_djes of the clock.
15 - The comblned mult1phase,¥ZIStem clock approach has
5 However, the divided
subsystem clocks are llmlted:ito counting down the
o¢ , which is 1/(Numner of Phases, L) the

frequency of,,the effective system clock. There 1is

generally proven' adequate.

subsystem clock

20 therefore a need for a clock 4 gder that makes full use

of the multlphase system clock | . allow integer divisors
of the effectlve system clock, ather than just integer

divisors of the system clock.

More generally, there is a'need for a combined clock
25 and counter,g ith the clock hav1ng L phases, and the

counter is capab e of countlng at a frequency scaled by
L. There
programmabie "on the f£ly," and to generate an output

_Ts: 'a further need ror the counter to be

51gnal that has a substantlally even mark-space ration
30 (i.e. substantlally a 50% duty cycle)
SUMMARY OF THE INVENTION

The prewent invention 1s dlrected to a method and

system for lmplementlng an L pnase clock in conjuction
with an apparatus hav1ng L coun“ers, where L is an

ok oA
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¢ O become nore accute the greater the frequency of system cl ock 16.

For exanple, a 30 MHz systemcl ock 16 would have a period of 33.33
nS. Adj acent phases of clock 16 woul d be offset by one-fourth the
clock 16 period, or only 8.33 nS Symmetry of logic design
becones 10 particularly inportant, singe standard |ogic gates have
typical delays of T - 2 nS, which is a signifjicant fraction of.the
phase difference . Anot her i nportan ssue is how control logic 30

deci des which quﬁ,_@rg@tﬂjr ec&! ekntb qul & Fﬂz@éﬁ‘{
each counter 22 (and associated counter |o our

counters 22 an@9PHAANgEsYdth: ene cRFReSE of ‘th EﬁvepﬁépéfaFeC%%EQean%lbIe
conbi nati ons, (aﬂq¢kgﬁneb9f a L phhkeh yyetém _ddk_rgsulfgeagéng bsystem

cl ocks 20. In _the case of fo phase system cl ock 6 aII 20
possi bl e subsyﬁoélﬁlitc?'lncgclf‘é'1 Mt(%ﬂ‘ﬁ"%rfg{ ' @3/ rTtl.us inclides

descrlbed by f@mnummmm nibmonountlngtégebbeswhé'e D 1s a predetermined
1nteger number that allows eac

§8911£91é5by peonnget to

unter to settle before
N would be counted, each counting being clocked by a

predetermined phase of system. iclock. The apparatus

‘further includes a logic ORglgate and L counter

10 controllers, one counter controller associated with each
counter , for delaying the output of their associated
counter' by at 1least D. The - ;LG counters and . their

associated counter controllers - arée arranged in series
such that the input to each counter is the output of the
15 previous counter in series delayed by the counter
controller associated with the prev1ous counter. The
outputs of each counter are delayed by their associated
counter controller ., then are ___;'gputs to the OR gate,

whicthRs the outputs to form tﬁe’output of the counter.

20 In accordance with another’ spect of the invention,
the counter is used to divide;tﬂe clock by an integer
divisor of the effective clock. |

In accordance with another. aspect of the invention,
the counter control ncludes a: master slave flip flop.

25 The master is connected to the: output of the associated
couriter means and clocked by the_clock phase clocking the
associated counter means. Thélslave connected to the
input of the OR gate, and to tﬁ;'ne#t counter in series
and is clocked by the clock clobkiﬁé the next counter in

30 series. T '

In accordance with another‘aspect of the invention,
the clock is a quadrature cloc

Other aspects of the ihveﬂtioﬂfwill become apparent

from the. following= descriptitﬁi~wrth: reference to. the
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nultlplexer 28 connections. These four -categories are ... | abel ed

*"EVEN1, EVEN2, ODD1 and ODD2," and are listed i Hi -ifﬂ‘gﬁﬁﬁfkor t he
general case of L counters 22 -and L 25 phase ' ] Meinecessary
conbi nati ons can be derived by constr uc Lt it m ng
chart to figure 2, and observing for; each at
conbi nati on of phases of clock 16 shoul d be usec = ri ng now
to figure 3 and Table 1, control |ogic 30 : -fssi gns cl ock 16 ghases by
first exan1n|ngrugéﬁésto determn ne whi rCat"Bgor i es
appl.ies. Table |ists these categg es.and the phase of quadrature
clock 16 asso@?&?@dDﬁFFﬁI@§ERNCQFe§§FyD ﬂéngﬁscussed further |ater,

these four categori gigare ﬂeisVémbfdéHndlagram of a digital system that
effectively provides a quadratur

ystem clock to each of

5 four subsystems, with the subsys_ems each containing a
clock divider, embodying the apparatus and method of the
present invention, for generat:_ngubsystem clocks.

Figure 2 1is a timing d4i gram illustrating the

relationship between the quad ure system clock, the

10 effective system clock, and th ubsystem clocks.

Figure 3 1s a schematic diagram of a clock divider

of figure 1, including four counters connected in
series/parallel configuration,;aﬁd a counter controller
associated with each counter. :.
15 Figure 4 is a schematic di%éram of the logic of a
counter controller of figure 3."f
Figure 5 is a schematic diaéram of the components of
a counter of flgure 3, showiré how the counter is
implemented using fast carry couhters
20 DESCRIPTION OF THE PREFERRED EMBmmIMENTS
Referring now to figures 11

1d 2, there is shown in
figure 1 a block diagram of a digital system 10. Digital

system 10 includes four subsyst;”s 14, and system clock

generator 12 for generating a quadrature system clock 16,
25 shown in figure 2, that is prov1dea to subsystems 14.
For ease of analysis, shown above clock 16 is effective

iclock rate at which
Ecould be clocked by
that .is, these circuit

system clock 17, the theoretlca

circuit elements in subsystems:’
quadrature clock 16. Provided;

30 elements could be appropriatelyﬂelobked Note that since
clock 16 is in quadrature (four phases), effective system
clock 17 is four times the frequency (one-fourth the
period) of system clock 16. h _ _ _

Subsystems 14 represent typlcal dlgltal circuit




.12 exam ning the relationship between the desired subsystem cl ocks 20

and quadrature system clocks 16. In particular, as shown in Table
1 control logic 30 assigns categories based on. the two leas t significant
bits (LSBs) of NDATA. .

6

elements that preferably are 1mplemented on the same
integrated c1rcu1t Subsyst sf 14 are not clocked

directly by system clock 16. “stead each subsytem 14

includes a clock divider 18 that“recelves system clock
5 16, and uses 'system clock 16 to generate a subsystem

clock 20 that runs at a slower
clock 16. The clock divider 18
that uses a counter 22 embodyi

lock rate than system
Ls-an example of a system
he present invention.

10 In accordance with the inveﬁtion, subsysytem clocks
20 are not limited to being 1nteger divisors of system
s of the period of clock

clock 16 (i.e., integer multlp’m

16) . Rather, subsystem clocks Zojcan be integer divisors

of effective system clock 17 (1 }, 1nteger multiples of

15 the period of effective system_clock 17). For example,
referring now to figure 2, the p riod of subsystem clock

20-1 is 4.00 times the period of :ystem clock 16, or 16.0
times the period of effectlvﬂ system clock 17. The
period of subsystem clock 20- 2 S 4.25 (a noninteger)

20 times the perlod of system clock:16, but 17 (an integer)

times the perlod of effectlvemsystem clock 17. The
period of subsystem clock 20-3 i .50 (a noninteger) the
period of system clock 16, but'[ (an integer) times the
period of effectlve systems clock 17. Finally, the

25 period of subsystem clock 20-4 is'4 75 (a noninteger) the

period of system clock 16, but-19 (an integer) times the

period of effective subsystem clock 17.

The general case for the frequenc1es of subsystems

clocks 20 is given by the follow1ng equatlons
30 Subsystem clock 20 = (Number of Phases L) (system clock
16) /NDATA; (1) .
= (Effective Syste@fclock 19) /NDATA,

(2)

where NDATA 1s an integer that_spec1f1es the divisor for




ur

10

15

20

25

30

(in-phase 1) and qil (quadratur

effective system clock 17.

As a matter of practical aes;gn, preferably problems
of clock skew are minimized by hav
generate only two clocks 16 t a
phase: The remaining clocks:il

ring clock generator 12

are 45 degrees out of
Eheeded by subsystems 14
can be created locally by inve “'g these two clocks 16.
In particular, generator 12 ge

0) clock 16-1 and g0 clock

which can be seen in figure 2;

rates i0 clock (in-phase
_{édrature 0) clock 16-2,
. ag i0 clock 16-1'by 45
degrees. Dividers 18 receive"“spective i0 and qo0 clocks
16-1 and 16-2, and invert eadh='§ produce additional il
1) clocks 16-3 and 16-4.
Referring now to figures ind 3, in figure 3 there
is shown a simplified block di .
18. Each clock divider 18 rec
system clocks 16-1 and 16-2;féﬂ§ produces a subsystem
hivisor, NDATA, of the
effective system clock rate 17. fNDATA is a P-bit binary
word, preferably 22 bits in wiﬁtﬁ; which allows NDATA to
range from 1 to 2P = 222 (4,19 :

Jjram of a clock divider

/es as inputs quadrature

clock 20 that is an integer-

304) . In this manner,
digital system 10 can be clo“_gg by a relatively fast

duadrature systems clock 16, a divider 18 can divide

systems clock 16 to provide uéi
clocks 20 that are useful

ﬁl kHz-range subsystéms

or TV and CD player
applications. _ -

Each clock divider 18 inckgdés four counters 22 that
combine to produce subsytem gibék 20. Associated with
each counter 22 is a countef;cdntroller 24, a system
clock buffer 26, and a system:élbck multiplexer 28. Each
clock divider 18 further incﬁﬁﬁéé?plock divider control
logic 30, divisor selector..27;g inverter/buffer 32,
subtractor 29, N/4 latch 31 a$d NZ§ latch 33.

Divisor selector 27, subé?éééér.ZS, N/4 latch 31 and
N/8 latch  33- are used to iéadf%divisors {derived by
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10

20

25

30

subtractor 29 from NDATA} into counters 22, as discussed
further below. Clock divider ¢ nﬁrol logic 30 exercises
overall control of clock divid

18 (e.g., control over
divisor selector 27, multiplexé_ .28, counter controllers
24, subtractor 29, and latches:- 31 and 33), and preferably
is itself controlled by a mlcroprocessor (not shown).

Control logic 30 also clocks lgtches 31 and 33.

Inverter/buffer 32 receiiesffespective i0 and qO

system clocks 16-1 and 16-2 fr?m ¢lock generator 12, and

in turn buffers these clocks} ind also inverts these
clocks to produce the remai
glsystem clocks 16-3 and 16-4.

quadrature clocks 16 are connec

ng respective il and
fém inverter/buffer 32,
:ito the multiplexers 28
associated with each counter 2 Under control of
control logic 30, each multiplexer 28 switches one of
‘through the associated
clock buffer 26, to become the 'CLOCK IN signal to clock

24 and counter 22.

four quadrature clock signals 16

associated counter controlle

Similarly, each multiplexer 28 a sp switches the inverse
of the particular clock 16 t ' "
signal,- as discussed further hé ein. Clock buffers 26
not only buffer the particular ¢ Sck 16 and its inverse,
but also condition thses clocﬁuéignals to prevent any
possibility of their overlap. ...

Counter controllers 24 §3ﬁ£rb1 their associated
counters 22. In particular, q@nﬁrbllers 24 control the
loading of divisors (from latéhésa31 or 33) into their
counter 22, control the countlng of their counter 22, and
route the output CARRY, of thelr counter 22 to the

appropriate locations and w1th the approprlate delays.

An important aspect of the 1nvent10n is how counters
22 and their associated controls 24 are connected to
produce subsystem clocks 20. Couptgrs 22 are connected

REPLACEMENT SHEET
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.13 TABLE 1 2 LSB of Category
Quad d ock Cuad Clock Quad Cock Quad - NDATA. 16

for

10

15

20

25

30

Phase=f or

in an arrangement that is bothieer;al_and parallel at the
that subsystem clock
20 is formed, in effect, by loggoe ly ORing together the

same time. The parallel aspect:

CARRY (i.e., output) of each ¢§hnt ¥ 22, using four input

OR gate 42. For timing reasons 19cussed further herein,

Phase, 16 Phase 16 Phase C ock 16 e for

to reach OR gate 42, each CARRY first passes through'

associated counter control 24 o become PULSE. When
necessary, counter control 24 Qeieys CARRY by two cycles

of the quadrature clock 16 fgha; is clocking counter

control 24 and its associated oouhter 22.

Counters 22 are also conﬁected together in series.
The CARRY of one counter 22 serves, in effect, to trigger

the input of the next counter 2 ;n series. The loop in

the series of counters 22 is cl l@ by having the output
of counter 22-4, the last counte;522 in series, in effect

triggering the input of counte%;;?—l, the first counter

22 in series. With proper assiéﬁMéﬁt of the phase (i.e.,

io, i1, g0 or gl) of quadratur'fsfstem clock 16 for each

counter 22 and its associated poﬁirol 24, the subsystem

clock 20 can have a period thatfig”en integer multiple of
the period of the effective éyeﬁem clock 17 (i.e., a
noninteger multiple (to a fourth). of the period of the

system clock 16).
In describing the serial aépéot of counters 22, the

caveat "in effect" is used because the CARRY is not _

conveyed directly to the next counter 22 in series, but
instead is conveyed to the counter control 24 associated
with the next counter 22 in serles The control 24
receiving the CARRY latches CARRYi”and sends it on to its
associated counter 22 only after an appropriate delay to
allow the signal to settle 1nto a determlnate state. The
appropriate delay--is at least one.olock 16 cycle of the
particular clock 16 phase'(the'indéterminate period of
clock 16 depends on the partlcular de51gn of counters 22,

e it il el
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.Count er Count er Count er Count er 24-1

24- 2 24-3 24-4 5 00 EVEN1 i O 16-1 i0 16-1
io 16-1 o 16-1 01 ODDI 10 16-1 gO 16-2 il
16-3 gl 16-4 10 EVEN2 o 16-1 il 16-3 e}
16-1 - il 16-3 11 b2 44 .00 16-1 gl 16-4 il
16-3 gqo 16-2 10 The timng cons fations for counter conrol
24 to convey a CARRY to the next .c er control 24 and

associ at ed COU%hernZ%n@a%a@% Q%thgrmoﬁﬁdéhét98§lﬂﬁt5f clockrﬁgfrence to
figures 3 and 4. In fi ere is a _nore deta

schemati ¢ dlagran1oP' PE SHﬁPE?RZdﬁ??Eﬁoneé? éwunters 22 are loaded with
divisors other than NDATA. NDATA“would be inappropriate

;NDATA is the divisor
lock 20, four times
1 ' real clock. What
counters 22 actually count to p_éduce the leading edge of.

to load into counters 22, bec:
s relative to effective system
systems clock 16, rather th

subsystem clocks 20 is a 'div sor relative to the

éXers 28 have connected

ed control 24. This

divisor is NDATA/4, one—fdurth;thé count of NDATA.
Actually loading NDATA/4 fﬁtﬁlcounters 22, however,

particular clock 16 that multi
10 to counter 22 and its assoc

would not achieve the de51red'cldck 20. As previously

mentioned, counter controls 24.1'7'a delay to the count

15 of their associated counter g " The actual, divisor

loaded into counters 22 must take 'into account the amount

of this delay. This delay 155 two cycles of their
regspective clock 16 cycles. Conf qﬁently, counters 22 are
loaded with a count or lelsor~bf;NDATA/4 - 2.

20 In a preferred embodimen

subsystem clock 20 has
substantially equal mark/space™ étio (i.e., a 50% duty
cycle). Dividers 18 produce a;sﬁjstantially equal mark

space ratio by using counters 2§i_o_position the trailing

edge of clocks 20. The count or divisor used by counters
clocks 20 is NDATA/8 -

2. Note that thls count also’ compensates for the delay

25 22 to produce the trailing edge

introduced by control 24, a delgy that allows counters 22
to settle to a determinate Siate;before their output
signal is used. E '”J

30 To p031t10n the trailing edgefof clocks 20, control
logic 30 loads NDATA/8-2 1nt0r'
after that particular counter 22 has generated a CARRY
based on NDATA/4-2. ° The partlculfr counter 22 then
counts NDATA/8 -2, and the subsequenf CARRY is used by the

:partlcular counter 22

O S|
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.15 24. Each control 24 contains the- identical circuitry,

fabricated essentially the same, in order to provide substantially
i dentical delays and | oading. Control 24 receives three main
i nput signals, LOAD ENB, EVENL, and CARRY IN. A mnor input

signal- is 20 RESETB, which causes contggl(Zﬁ]to_reset its associated
counter 22. Alternatively, counter 22 could :he provided wth a
reset schene that operated directly on ; ; regi sters of counter

22, but this A d i r and
therefore nore d@e s%%ggmg& contr&k%q# teo %ﬁqt&%%%r%ﬁ%%eng
count er associ &€ Of the want ismatlrolcladk 2@e.'si gnal that control 24 will
del ay two CYGHRS tQfmitide ceh%qbe%@t%askhaateeﬂaaosbaée &%Dr%

in essence is the CARRY from'the previous counter control
series. EVENL 5 thsspgionen operésicrort égwédsassés ?hra%ngumlwes

the EVENE cal ggeidhe mofdl £66ite! BRE greater! €Hd rBfequiidderentsydedd! i ng
t han the other _ three ;
clock 16. For example, a 30 MHz system clock 16 would

have a period of 33.33 nS. Adj cent phases of clock 16

would be offset by one-fourthethe clock 16 period, or

only 8.33 nS. symmetry of: .

design becomes

10 particularly important, since Standard logic gates have
typical delays of 1 - 2 nS,

hich is a significant
fraction of.the phase differenc:

Another important issue i ”;hOW' control logic 30

decides which quadrature clock iafmultiplexers 28 should

15 connect to each counter 22 (and.-associated counter logic

24) . With four counters 22 and their associated control
24, there are many pos51ble comb natlons, only some of

which yield useful results for subsystem clocks 20.

In the case of a four phasezsystem clock 16, all
20 possible subsystem clocks 20 (resultlng for NDATA > 1§)

can be described by four comblnatlons or categories of
multiplexer 28 connections. These four categories are
labeled "EVEN1l, EVEN2, ODD1 andf DD2 * and are listed in
Table 1. For the general case”of L counters 22 and L

25 phases of clock 16, the necessary combinations can be
derived by constructing an equlvalent timing chart to
figure 2, and observing for each de31red divisor what
combination of phases of c¢lock" 16 should be used.

Referring now to figure 3 and Table 1, control logic

30 30 assigns clock 16 phases by . flrst examining NDATA to

determine which of. these four categorles applies. Table

1 lists these categories and - the phase of quadrature

category As discussed

clock 16 associated with. eac”

further later, these four categcrles are derived from
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14 : 24 in series. EVENL is a signal fromcontrol logic 30

that identifies the EVENL category, a category that requires
different handling than the other three: -~ categories. This
category requires each counter 22 (and 5 I-ts. associ ated control 24)
be cl ocked by the sane ' ' ' '

12

examining the relationship'betﬁt | the desired subsystem

clocks 20 and quadrature':QQSEem clocks 16. In

particular, as shown in Table ntrol logic 30 assigns

categories based on the two lea ignificant bits (LSBs)

5 of NDATA.

REPLACEMENT SHEET
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phase of cl ock 16. Control 24 outputs four main output signals,

LOADNS, LOADN4, TOGGLE and PULSE. PULSE is the signal that is
connected to four input OR gate 42. Preferably PULSE is 10 t he
appropriately del ayed CARRY, signal, conditioned to have a

substantially even mark/space ratio (500/ duty
remai ni ng three output signals are comwlands to
22. LOADN8 commands counter 22 15 to Ioa’,._
NDATA/8 -2, for reasons
22 to | oad NDATA/ 4 (actual ly

cycle). The

t he associ ated counter
NDATA/ 8 (actually

LOADNA commands count er
reasons di scussed

above). TOGGL Soas : == gat———=x=hese—three
comands are ?GGBIO; e _ - Quadhtloek 40¢ NQuad dbdk $@uad a
counter 22 canfjotoaze coupti.ng. - 16 \bhéde2 Q OuNpRdse 22} GABNOLs be
| oadi ng a di vi s or Wi | e | opgbng NDAT. tesy 22 canmlselPe
| oadi ng Counter ' Counter Counter
24-1 24-3 24-4
S 00 EVEN1 io 16-1 10 16-1 i0 16-1
01 oDD1 io 16-1 i1 16-3 gl 16-4
10 EVEN2 i0 16-1 i0 16-1 i1 16-3
11 obb2 io 16-1 i1 16-3 qo 16-2
10 The' timing considerations for ‘counter conrol 24 to

convey a CARRY to the next coiﬂter control 24 and

associated counter 22 can be b ier understood with

reference to figures 3 and 4. 1In flgﬁre 4 there is shown

a more detailed schematic diagra:””f a counter control

15 24. Each control 24 contains thej
fabricated essentially the same,.’
substantially identical delays and -

Control 24 receives three mai
ENB, EVENl, and CARRY IN. A minor input signal is

20 RESETB, which causes control.24 to reset its associated
counter 22. Alternatively, counte:
with a reset scheme that oper
registers of counter 22, but ¢t e-falternative would
require more circuitry, and therefore more die space.

25 CARRY IN is the CARRY from the -counter associated
with control 24, the signal that control 24 will delay
two cycles of the clock 16 clocklng control 24 . LOAD ENB
in essence is the.CARRY from the prevxous counter control
24 in series. EVENl1l is a 31gnal from control logic 30

30 that identifies the EVEN1 category, a -category that
requires different handling

‘dentical circuitry,

n order to provide

nput signals, LOAD

22 could be provided
;d directly on the

thanf'the other three
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. NDATA/ 8. Referring now to figures 3 and 4, control 24 is 25

cl ocked by two clocks, QUT CLK and IN CLK, received from t he

associ ated clock buffer 26. 1In essence, INCLKi$§ the system clock
16 associated wth the particular counter 22 and control 24
(i.e., the clock 16 that ' control Q%chBO has ordered the associ at ed
mul tipl exer 30 28 to provide), and OQUT Ki¥s its inverse. Preferably
clock buffer 26 also buffers. c¢lock 16 and its:i-hverse, and nodifies

themso that thared Ssé‘Pl@QSS' EVhiﬁylgf a 31gnkaﬁv% fcfﬁp &ﬁﬁ@cﬁn 1hgpe tyo

cl ocks, since they wll be use
thdt 1dent1f1es the EVENl category, - a category that
ﬁhan the other three

requires dlfferent handllngﬁ
categories. This category requ res each counter 22 (and

5 its assoc1ated control 24) t¢ clocked by the same
phase of clock 16.
Control 24 outputs four mal utput signals, LOADNS,
 LOADN4, TOGGLE and PULSE. PULSE is the signal that is
2. TPreferably PULSE is

10 the appropriately delayed CARRY signal, conditioned to

connected to four input OR gate
have a substahtially' even mwar pace ratio (50% duty
cycle). '

The remaining three outpuc-s;gnals are commands to

the associated counter 22. Loépﬁé commands counter 22

15 to load NDATA/8 (actually NﬁA?A/B -2, for reasons
discussed above). LOADN4 comﬁédﬁs counter 22 to load
NDATA/4 (actually NDATA/4 -2,

above) . TOGGLE commands countef 22 to count. Note that

-for reasons discussed
these three' dommands are mutually exclusive. While
20 loading a divisor, a counter. " cannot be counting.
While counting, counter 22 cannot

While loading NDATA/4, counte:

be lcading a divisor.

2 cannot be 1loading

NDATA/S. w
Referring now to figuresk3fand 4, control 24 is
25 clocked by two. clocks, OUT CLK- and IN CLK received from

the assoc1ated clock buffer 26:3 In essence, IN CLK is
the system clock 16 asscc1ated w1th the particular
counter 22 and control 24 (1 e. + the clock 16 that
control logic 30 has ordered the assoc;ated multiplexer
30 28 to provide), and OUT CLK is’ 1ts inverse. Preferably

clock buffer 26 also buffers clock:16 and its inverse,

and modifies them so that there' s no possibility of
overlap between these two clocks,:s rice they will be used

to clock JK flip flops.
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15 As part of generating its (appropriately del ayed)

out put commands, each counter control 24 includes two JK flip flops
(FFs) 70 and 72 connected in series. The input’ stage of FF 70 is

cl ocked by IN CLK, and receives the 5 out put -of two i nput NOR gate 73.
One input of NOR gate 73 is CARRY INg The other input of NOR gate 73
Is a reset. signal that acts to reset counter 22. The out put

st age of FF 70 is clocked by OQUT CLK, and cofnects t hrough XOR gate

74 to the'input of Fkg72qy@NGf Ogdhierdling i@gﬁﬁaﬁbryé¥9a9@&9 Helayed)
output commands, each counter_é.;grol 24 includes two JK
flip flops (FFs) 70 and 72 conne  ‘d in series. The input
stage of FF 70 is clocked by IN' CLK, and receives the

5 output of two input NOR gate _L'One input of NOR gate
73 is CARRY IN. The other 1nput of NOR gate 73 is a
reset signal that acts to res

counter 22. The output
stage of FF 70 is clocked JnyUT CLK, and connects
through XOR gate 74 to the 1nput of FF 72, and to the

10 input of NAND gate 76. »
Similar to FF 70, the input-and output stages of FF
72 are clocked by IN CLK and OUT;CLK respectively. The
output of FF 72 is the other 1nput to XOR gate 74. The
output of FF 72 also connects" to the input of INVERTER
15 78. The output of inverter 78 ;g,the other input to NAND
gate 76, and is also inverted-Ey,inverter 84 to become
the PULSE output signal. The dutput of NAND gate 76 is
‘inverted by inverter 80 to béééme the LOADNS8 output
signal, and is an input to NANﬁféate 82. The output of

20 NAND gate 82 passes through Invé Eer 83 to become TOGGLE.
. The series combination of F

"Fs 70 and 72 provide a
delay to output signals'LOADNﬁ;} PULSE, and TOGGLE of
two cycles of the particular_gibék 16. From a timing

viewpoint, recall that the timiﬁékbf this two cycle delay
25 is vital for PULSE and for TOGGLE since the two cycle
delay compensates for the lelsor actuqlly counted by
counter 22, NDATA/4 -2. For LOADN8 this two cycle delay

is acceptable, as will be dlscussed further herein.
In addition to FFs ? ' and 72 and related
30 combinational logic, control 24: cludes JK FFs 90 and
92. Like FFs 70 and 72, FFs 9'“and 92 are clocked by CLK
IN and CLK OUT. FF 90 is used'to:reset counter 22. FF
92 is used to properly delay ‘he “LOAD ENB signal, which
becomes LOADN4.

. "meALEMEW SHEET
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Simlar to FF 70, the input and output stages of FF 72 are cl ocked by

IN CLK and QUT CLK, respectively. The output of FF 72 is the other

i nput to XOR gate 74. The output of FF 72 al so connects to the input
of I NVERTER 15 78. The output of inverter :78 is the other input to NAND
gate 76, and is also inverted by. inverter 84 to becone - the PULSE
output signal. The output of NAND gate 786is. inverted by inverter 80
to beconme the LOADN8 out put signal, an an input to NAND gate 82.

The out put of 20 NAN ate 82 passes thro j;nverter 83 to_becone
TOGGLE. sfé%r n%f rél Qf 76he nRURSE 2R JRCGLE
del ay to out puts:.?grgﬂad S tLdJWpBerl;PuLﬁ’é tawl ﬂmﬁ 9igna1 conoreyches of

the particular ¢l ;f g ggﬁ gh g i &emp0|nt all t.hat %he
imihg of this THY U qehdy Pe iempli g N
since the two gdles. To dadaystanqiethmesort mudtemmaemaandcwhatlyhe

counted Ry o Heh2aniDIME/ éexgtlo@ﬁlﬂf% Yoo WBufikEkeagel ay
‘ output signals (PULSE and LOADNS)
As previously mentioned, LOADN4 causes counter 22 to
load NDATA/4 (actually NDATAL ?2), the divisor that
counter 22 will count to determine the leading edge of

10 system clock 22. Obviously thl -divisor must be loaded

into counter 22 before it can p ounted. The loading

process itself takes one cycle é ‘the particular clock 16

that clocks both counter_22 aﬁ&-its assocliated control

24. For this reason control 24 iust provide delay the

15 LOAD ENB signal only one cycle
16.

f the particular clock

Preferably LOADN4 is load“d_lnto each counter 22
each time the counter 22 counts

- rather than just on

initialization of the counter_zz;' In this manner, the

20 counting by counters 22 is by elgorlthm, rather than by
dead reckoning, which is less subject to errors induced

by alpha particles. Moreover,fl’adlng LOADN4 into each

counter 22 each time the counter,22 counts enables "on

the fly" programming: After a':"'partlcular counter 22
25 finishes counting a particular: d1v1sor, the next counter
22 in series begins counting the new divisor.

The input to FF 92 is LOAD ENB The output of FF 92
is essentially LOAD ENB delayed by one cycle of
particular clock 16. This output is the input to a logic

30 gate group 96 that has as othe nputs EVEN1 and the
undelayed LOAD ENB. Gate groupi
EVEN1 functions as a control. s1gnal to switch either LOAD
ENB or the one cycled delayed LOAD ENB (the output of FF

92), through two respective 1nverters 98 and 100 to

iiis designed such that

B
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_is acceptable, as will be discussed further herein. In
addition to FFs 70 and 72 and related 30 conbi nati onal | ogic,

control 24 includes JK FFs 90 and 92. .:Like FFs 70 and 72, FFs 90
and 92 are clocked by CLK IN and CLK QUL. FF 90 is used to reset
counter 22. FF 92 is used to proper elay the LOAD ENB signal,
whi ch becones LOADN4 B

become LOADN4. .

The output of group 96 also routed through

inverter 98 to the remaining input of NAND gate 82. As
previously meg;ioned, the othéiJ ﬁﬁut to NAND gate 82 is

5 the output of NAND gate 76..Tf:-oﬁﬁ§ut of NAND gate 82 is
inverted by iﬂﬁerter 83 to becem ;&OGGLE The net effect

is that TOGGLE is low whenever LOADN8 or LOADN4 are high.
Referring now to flguf

f, there is shown a
schematic of how each counter 22:is implemented. Rather
10 than counting down to zero, e bﬁ,counter 22 counts up

from the two’e complement of”ﬁhe'number to be counted,

and generates'a_carry when thescount is completed. This

approach allows each counter 22.to be implemented as a
number of two-bit fast ca counters 40, an
15 implementation that counts two. three times faster than

a more traditional ripple count Each counter 40 1is

edge triggered for rapid oneratl 1.
‘the divisors NDATA/4-2
ontrol of control logic

Referring now to figure 3,
and NDATA/8-2 are derived unde
20 30. First, the division for both'is performed using MUX

27, a two input, one output mﬁ; iplexer. One input to
MUX 27 is simply all but the two 'LSB of NDATA (i.e., for
divide by 4), and the other inéﬁt'is simply all but the
three LSB of NDAT (i.e., divide. bi 8) The output of MUX

25 27 is the input to subtractor’ 29 S which subtracts two.
The output of sup;;actor 29 1sﬁlatqhed to latches 31 and

33, which latch iéépective NDK?A/4£2 and NDATA/8-2.




Jdn contrast to the timng of the PULSE and TOGGLE signals, to

properly-trme.the LOADNG signal, control 24 nmust delay the LOAD ENB
si gnal '“I“Mﬂ“mlan 2 cycles. To understand this, one nust

under stammm LOADN4 does, and its rel ationshhi

counter ' “dut gut *si ghal s (PULSE ang LOADNS) . 7
preV|oust nentloned LOADN4 causes count &P 22“to

(actual |y NDATA/4-2), the divisor that g L
determ ne the | eadi ng edge of 10 syshﬁg;ggo k 22. (Obviously th|s
di vi sor nust be | oaded i nto count efore it can be counted.

The | oadi ng - process itself takes one cycle of the particular clock 16
t hat cl ocks both couynt SRGI at I hi s
reason contr ol 24 rrulgslt e%‘rl%\g/?g Q:c}e c}f%tshgg %eﬂ %eo gF%“rlla%igrﬁ o%e
Cyc| e of the pafrrtqq}mrmy Cﬁ,ocqguntlng an 1ntegl number N, comprising:

5 L means for countlng

N-D), where D is a
predetermined integer number that:allows each L counter

means to settle before N wouldh”ef_ounted each counting

means being clocked by a predetermlned phase of system

clock;

10 L. means for controlling counter means, one counter

controlling means associated w1_ ;each counter means, for

delaying the output of their asscc1ated counter by at
least D; and 'e
a means for implementing a’ loglc OR;

15 wherein:

the L counter means and their associated counter

control means are arranged in series such that the input

to each counter means is theebﬁtput of the previous
counter means in series delayed by the counter control
20 means -associated with the previous counter means; and |

the outputs of each counter: means -are delayed by

their associated counter contro'.means, then are inputs
to the OR means, which ORs the outputs to form the output
of the counter.

25
2. The counter of claim 1, whereiﬁ the counter is used
to divide the .clock by an -int
effective clock.

30 3. The counter of claim 1, whereln the counter control’

means includes a master-slave fllp flop, with the master
connected to the output of the assoc1ated counter means

and clocked by the clock phae"clocklng the associated

counter means, and with the Sl, -connected to the input
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. 16. __— Preferably LOADNA is |oaded into each counter 22 each
tinme the.counter 22 cowﬂﬂ X rat her than just on initialization of

t he counmmﬁmlun t manner t he. 20 counting by counters 22 is by
algorith

: dead reckoning, which is I ess subject to
errors int uced ' by’ alpha particles. Moreover, |oading LOADN4 into
each counter 22 each time the count®? 22 counts enables "on t he
fly" programm ng: After a partlcular counter 22 25 finishes counting a

pariticular divisor, the next coun in's ns countlng _
the new di visoPf the OR meangy, 3 LﬁOtBh?Flgﬁqu E%AS%%V WARSFUt  of

FF 92 T | meaassént sai:ias MDcJE‘d&edibwwd cbackomoayaﬂeﬂ wifth

particular clo 1 S put _is the 210 a logic 30 gate group
96 that has asgthgs SP§%E§ENTa§ﬁleh§éPEéS; undel ayed LOAD ENB. Gate
group 96 is designed such t hat EVENL functlons as a control signal to

switch egther LOAD ohe counter of claim 3,5
quadrature clock.

“hereln. the clock is a




_-ENB or the one cycl ed del ayed LOAD ENB (the output of FF 92), through
two respective inverters-98 and 100, to
17 - beconme LOADNA:. The output of group 96 is also

As

routed through |nverter 98 to the renalnlng i nput of NAND gate 82.

The invention discloses a method and an apparatus for

s  implement g an L phase cloc

counters,
scalable b:LL

FIGURE 1

1 4 AUG 1996

e

in 3c0ﬁjuction with L
where L is an 1nteger “to count at a frequency



_previously nmentioned, the other input to NAND gate 82 is 5 t he out put of
NAND gate 76 .The output of NAND gate 82 is. . inverted by inverter 83
to beconme- TOGGLE. The net effect is that TOGGLE is | ow whenever
LOADN8 or LOADN4 are hi gh. : Referring inow to figure 5, there
is shown . a - schematic of how each counter ‘22 is inplenented. Rather
10 t han counting down to zero eachygpunt e 2 counts up fromthe
two's conplenent of .t to be -count ed,: and generates a carry
when the colffonr 3P ERiIER al | ows each counter 22 to
be |nplenenf‘ unt ers 40
an 15 I AN

nore traditi trlggered
for rapid opg VigOr s
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27, a two input,

sinply all but the two LSB of NDATA (i.e., for - divi defz

one output multiplexer. One input to

other input is sinply all but the

8). The output of MJX 25

subtracts two.

and 33, which latch respective

17

I2OMHz

27 is the input to subtractor
The out put of subtractor 29 is |atche
NCBYTA 4- 2.-and NDATA/ 8- |

three.LSB of NDAT (.

. SR Ny, 1y 2T DR, ot

FIG, 2

202




.CLAIM5 1. A counter clocked by a L phase system cl ock of frequency f,

counting an |nteger nunmber N, conpri sing: L neans t_ L T o
(ND), where D is a predeterm ned integer. nunber that*
counter neans to settle before N woul d be counted,
bei ng cl ocked by a predeterm ned phase of systen1clock
controlling L counter neans, o
each L counter neans, for delaylng t he outpu
nmeans by at |east D, apr
wher ei n:
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.the L counter nmeans and their associated counter control neans are arranged
In series such that the input to each L counter neans is the output of the
previ ous counter neans in series delayed by the counter control neans
associated with the previous counter neans; and U R UG R ey
counter neans are del ayed by their aSSOCIated count er cpmetalinay -
are inputs to the OR neans, which ORs tlag7outputs to foi M t he output oft
count er. 2. . The counter of claim1, wherein the coun 54 A&IE] 00
divide the clock by an integer divisor -~ the fhgglye cl ock.
The counter of claim1, wherein the counter rol j-
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means includes a master-slave flip flop,

out put of the associated counter
cl ocking the associated counter

nmeans,

with the master con““““j;wpmmn

means and cl ocked by the cl
and with:the slave co

=cfedﬁto the

n

I nput 19 of_ the OR meang, | antiAtAUg 1896 |
i nput of the next counter i i !
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means in series and cl ocked by the clock associated with the next counter
nmeans in series. 4. The counter of claim3,wherein i:_;lgg;p_L.m:k .Sdon

quadrat ure cl.ock. APLACENENE SHEET
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