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CLOCK DIVIDER

BACKGROUND

This invention relates to dlgltal counters, and more
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 sYstem includes =a sYstem 1
clock and on each cycle of the system clock the counter
will count. The count can be elther 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
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

'-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,_these problems are even
more severe, with connections between the ¢lock and other
circuit elements more resembling wave guides than simple

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

clock phase operates at the same}rate as the other clock
phases, but out of phase with t
With proper ‘design, successive phases of a multiphase

;'other clock phases. .

clock can be wused to clock succes51ve stages of a

sequential logic circuit, thereb ”reatlng an effective
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’cloék frequency). For
example, a s1mple two phase system_,lock would consist of
ock" and:its inverse, g;gggf Clock would be 180
degrees out of phase with clgck

clock rate of (no of phases) f.“

'“In a particular system,
the effectlve_clock rate of a.- system could be almost
doubled by :;dlclous allocation of clock and glock to
clocklng various logic elements.,

.For example, a Master-
Slave Flip Flop could be clockedlby clocking the Master
stage with clock and clocking the Slave stage with

'S“Some dfgital systems require multiple clocks,
operatlng at’ dlfferent clock rates or frequencies.
Often the most . practical approach-to generating these
clocks is to bUlld a single syst'"s.clock that runs at a
frequency that al

obtalned by\slmply dividing (i.e

hlgh ‘enough

other clocks can be
_ counting) the systems
clock. A simple‘example is a digltal 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 clock,  the choice of systems
7ltiple of these three
+“The 2, 3 and 4 MHz
subsystem clocks could be prov1ded by dividing the 12 MHz

systems clock by divisors of &6,

clock ‘should be the least common T

subsystems clocks, or 12 MHz.

and 3, respectively.

; ultiple approach is
generally adequate, the required ""s"ystem clock can be
prohlbltlvelyfhlgh The multiphase” system clock can be
lelded down ° t'hproduce multlphase slower clocks. In
‘particular, eac;'phase of a multlphase system clock can

Whlle thls least common -

be. lelded down to a ‘new clock s1gnal care being taken
to- malntaln kthe phase relatlonshlps in tact.
'ﬁ system clock signal

Alternatlvely, a single phase ofﬁ

can: b' divided down to create the new slower clock, and
this’

;slower clock then can be used to generate a
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'multlphase clock signal at the:

.popular multiphase clock schem

lower clock 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

.apart in phase. This approach achieves a maximum
.poss1ble effective clock of L tlmes the system clock. A

‘the quadrature clock

(e g , four phases, successive haseses being 90 degrees
apart) _
Of course, there are practlcal limits to the number

of phases into which a glvenf clock can be split.

Moreover, achieving this max1mg_;effect1ve clock rate
requires that sequential 1ogic§eiements are clocked by

success1ve phases of the c¢lock.

. The combined multiphase, system clock approach has

generally proven adequate. ‘However, the divided
subsystem clocks are limited Pto counting down the
sdbSystem clock, which is 1/(Number of Phases, L) the
frequency of the effective system clock. There is
therefore a need for a clock d1v1der that makes full use
of the multiphase system clock tojallow integer divisors

of -the effective system clock, ther than just integer

divisors of the system clock.
' More generally, there is a need for a combined clock
and counter, with the clock hav1ng L phases, and the
counter is capable of counting at a frequency scaled by
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
(ive., substantlally a 50% duty: cycle)
SUMMARY 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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predetermined phase of system

integer, to count at a frequency scalable by L. In

‘accordance with one aspect of the 'nventlon, a counter is

clocked by' a L phase system ;1ock of frequency f£,
_;The apparatus includes L
counters for counting (N-D), where D is a predetermined

integer number that allows each 'qgnter to settle before

cbunting an integer number N.

N.would be counted, each couﬁtiég being clocked by a

lock. The apparatus

fhrther includes a logic OR gate and L counter

‘controllers, one counter contrshler associated with each

ceunter , for delaying the oufpht of their associated
counter by at least D. The. L counters and their

¥ _'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

revious counter. The

outputs of each counter are delaye& by their associated

counter controller , then areplnputs to the OR gate,
which ORs the outputs to form the output of the counter.

In accordance with another spect of the invention,

the counter is used to d1v1de?the clock by an integer
d1v1sor of the effective clock.

In accordance with anotheruaspect of the invention,
the counter control ncludes a. aster slave flip £flop.
The master is connected to thehouégut of the associated
counter means and clocked by the5c16ck phase clocking the
associated counter means. The slave 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 another. _spect of the invention,
the clock is a quadrature cloc [

Other aspects of the 1nvehtionwwill become apparent
from the following descriptioh_‘:-._'w:i;tj_

reference to the
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.drawings.
‘BRIEF DESCRIPTION OF THE DRAWINGS

f a digital system that
effectively provides a quadraturefsystem clock to each of
four subsystems, with the subsystems each containing a
clock divider, embodylng the apparatus and method of the
present invention, for generatlpg ‘subsystem clocks.

Figure 2 is a timing d;agram illustrating the
relationship between the quadfatufe system clock, the
effective system clock, and the subsystem clocks.

Figure 3 is a schematic dlagram of a clock divider
of figure 1, including four:

Figure 1 is a block dlagra

ounters connected in
series/parallel configuration, 'a d_a counter controller
associated with each counter. -

Figure 4 is a schematic diaéram of the logic of a
counter controller of figure 3;“ff

Figure 5 is a schematic diaq?am of the components of

a counter of figure 3, showin§¢=how the counter is

implemented using fast carry couuﬁers.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to figures 1

1d 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';ture system clock 16,
shown in figure 2, that is provided 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 subsystemsﬁ14pcould be clocked by
quadrature clock 16. Provided;;tﬁat is, these circuit

elements could be appropriately clogked 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. _ ﬁ

Subsystems 14 represent typlcal digital circuit
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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
perloa of subsystem clock 20-2 i

tlmes the period of effective
s 4.25 (a noninteger)
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 oﬁ_Phases,L)(system clock
16) /NDATA; (1)
= (Effective Systemﬂclock 19) /NDATA,

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

. This Sheet Has Been RTlaced

AR




10

15

20

25

30

- phase: The remaining clocks 1

éﬁﬁective system clock 17.

- As a matter of practical design, preferably problems

of clock skew are minimized by"faulng clock generator 12
generate only two clocks 16 thrcfare 45 degrees out of

ieeded by subsystems 14
can ‘be created locally by 1nverh ng these two clocks 16.
In particular, generator 12 gen

h_rates i0 clock (in-phase
0) clock 16-1 and g0 clock (quadrature 0) clock 16-2,

whlch can be seen in figure 2 to'lag i0 clock 16-1 by 45
degrees Dividers 18 receive respectlve i0 and g0 clocks
16-1 and 16-2, and invert eachﬂ:

> produce additional il
1) clocks 16-3 and 16-4.

Referring now to figures l;aud 3, in figure 3 there
is shown a simplified block diagram of a clock divider
l&!’iEach clock divider 18 recei es as inputs quadrature
system clocks 16-1 and 16-2, andfproduces a subsystem
'v1sor, NDATA, of the
5 ﬁDATA is a P-bit binary
word, preferably 22 bits in widgﬁifwhich allows NDATA to
range from 1 to 2% = 222 (4,194,304). In this manner,
digiﬁal system 10 can be clocké@lby a relatively fast
quadrature syétems clock 16, and agdivider 18 can divide
systems clock 16 to provide usé-ul'kHz-range subsystems
clocks 20 that are useful i%af TV and CD player
applications.’ e

(in-phase 1) and ql (quadrature

clock 20 that is an integer ©
effective system clock rate 17.-

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

Divisor selector 27, subtractor_gs, N/4 latch 31 and
N/8 . latch 33 are used to load @iﬁisors (derived by

This Sheet Has Been Rerllaced _
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subtractor 291'rom NDATA) into counters 22, as discussed
further below

Clock divider cont ol logic 30 exercises
overall control of clock d1v1der 18 (e.g., control over

divisor selector 27, multlplexer uZB' counter controllers

24,_subtractor 29, and latches 3

is itself co rolled by a mlcroprocessor (not shown).

ic 30 also clocks latches 31 and 33.
Inverter/buffer 32 recen.ves 'respectlve i0 and go

system clocks'i6 1 and 16-2 fro_ ‘clock generator 12, and

aud also inverts these

:nd 33), and preferably

in turn buffers these clocks,:

clocks to produce the remalnlng respective il and
qlsystem clocks 16-3 and 16-4. fF'om inverter/buffer 32,

quadrature clocks 16 are connectedlto the multiplexers 28

assoc1ated w1th each counter .22 Under control of

control 1oglc'30 each multlplexer 28 switches one of

four quadraturelclock signals 16(mthrough the associated
clock buffer: 26, to become the CLOCK IN signal to clock
24 and counter 22.

assocrated 'counter controlle

switches the inverse
become the CLOCK OUT
s1gnal as dlscussed further hereln Clock buffers 26

Slmllarly, each multiplexer 28 ak
of the partlcular clock 16 to

not only buffer the particular clock 16 and its inverse,

but also condltlon thses clock. 1gnals to prevent any

pos51b111ty ofﬁthelr overlap.

Counter controllers 24 control their associated

counters 22.N__n'part1cular, 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 the"

'atlons and with th

-.counter 22 to the

bpropriate delays.

An 1mportant aspect of the 1nve ion is how counters

22 and thelr'assoc1ated controls rare connected to

produce subsystem clocks 20. Counters 22 are connected

This" Sheet Has Been Rerlaced
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in an~arrangement that is both serial 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
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

control 24 and its associated chunter 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

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

triggering the input of counte 1, the first counter

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

i0, i1, g0 or gl) of quadratureﬁ;jétem clock 16 for each
counter 22 and its associated control 24, the subsystem

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
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
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 partlcular deslgn of counters 22,

“i?ﬁiiﬁliﬁlﬂiﬁlﬁ?l!
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but in any case is at most one;pe;iod of clock 16).

As previously mentioned, coﬁﬁgers 22 are loaded with

divisors other than NDATA. NDATA_Would be inappropriate
to load into counters 22, becaﬁéé NDATA is the divisor

relative to effective systems clock 20, four times
a ‘real clock. What
counters 22 actually count to pio_gce the leading edge of

systems clock 16, rather tha
subsystem clocks 20 is a d ;sor relative to the
particular clock 16 that multlpl?xers 28 have connected
to counter 22 and its assoc1a;ed 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 add-a delay to the count

of thelr associated counter 22 - The actual divisor
loaded into counters 22 must take:;ﬁto account the amount
of this delay. This delay isEtho cycles of their
respective clock 16 cycles. Consedﬁently, counters 22 are
loaded with a count or divisor oﬁQNDATA/4 - 2.

In a preferred embodiment,:

_:ubsystem clock 20 has
substantially equal mark/space.ﬁétio (i.e., a 50% duty
cycle). Dividers 18 produce a s#ﬁstantially equal mark

space ratio by using counters'zziﬁo‘position the trailing
edge of clocks 20. The count or divisor used by counters
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 counters 22
to settle to a determinate st.é_,te:{before their output
signal is used. '

To position the trailing edgewof clocks 20, control
logic 30 loads NDATA/8-2 into 'a
after that particular counter 2: has generated a CARRY
based on NDATA/4-2. The parci'ular counter 22 then
counts NDATA/S 2, and the subsequent .CARRY is used by the .

partlcular counter 22

thBﬂijfmw
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associated counter controller 2 '“o_position the training

edge of the particualr clock 20

The timing consideration entioned above are vital

to the proper operation of d1v1ders 18. Timing problems
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. Adegcgnt phases of clock 16

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

only 8.33  nS. Symmetry of :logic design becomes
particularly important, since éﬁ_ndard logic gates have
typical delays of 1 - 2 nS, fﬁﬁich is a significant
fraction of the phase differencgf

Another important issue “how control logic 30

decides which quadrature clock smultiplexers 28 should

connect to each counter 22 (and'aeeociated counter logic

24) . With four counters 22 and:;heir associated control

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

which yield useful results for éﬁBSYStem clocks 20.
In the case of a four phace system clock 16, all
possible subsystem clocks 20 (resultlng for NDATA > 16)

can be described by four comblnat;ons or categories of

multiplexer 28 connections. Tﬁ ée four categories are
labeled "EVEN1, EVEN2, ODD1 and” QD2," and are listed in
Table 1. For the general case;cf L counters 22 and L

phases of clock 16, the necessafy 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 ;6 ehould be used.
Referring now to figure 3 ahdifable 1, control logic
30 assigns .clock 16 phases by f_fst 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

mllslkiirlflliilfﬁleln IIﬂim
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examining the relationship betwgég 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 lea_,ﬂs__-_t_:ﬁ'is_jignificant bits (LSBs)
of NDATA. " g

" This Sheet Has Been Re'ilace ;
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TABLE 1. ..

buad Clock

2 LSB of Category _ Quad Clock Quad

NDATA 16 Phase 16 Phase Clock 16
for for Phase for
Counter Counter Counter
24-1 24-3 24-4

00 EVEN1 io 16-1 io 16-1 i0 16-1

01 ODD1 io 1s6-1 i1 16-3 ql 16-4

10 EVEN2 i0o 1s6-1 i0 16-1 i1 16-3

11 oDD2 i0 16-1 i1 16-3 g0 16-2

- ——

The timing considerations for counter confol 24 to

convey a CARRY to the next. c"unter control 24 .and

associated counter 22 can be E

reference to figures 3 and 4.

stter understood with
In ﬁ@gure 4 there is shown

a more detailed schematic diagreﬁfof a counter control

24,
fabricated essentially the samé,.
substantially identical delays ai

ENB,
counter 22.

with a reset
registers of counter 22,

Control 24 receives three main input signals,
EVEN1,

Each control 24 contains ﬁ:

and CARRY IN.
RESETEB, which causes control. 24 Eé'reset its associated

-'loading.

' identical circuitry,

in order to provide

LOAD
A minor input signal is

Alternatively, counter 22 could be provided

require more circuitry, and therefﬁre more die space.
CARRY IN is the CARRY fromft@e counter associated

with control 24,
two cycles of the clock 16 clock#ﬁ

the signal that

scheme that operated directly on the
but_;;h;s alternative would

'eentrol 24 will delay
y.control 24. LOAD ENB

in essence is the CARRY from the-b%é&ious counter control

24 in series.

requires

EVEN1l is a s1gna1 from control logic 30
that identifies the EVENl category,
than

different

handling

the

other

a category that
three

Th$Sh&ﬁ
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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;
its associated control 24) tciﬁéﬂclocked by the same
phase of clock 16. j 

Control 24 outputs four maiﬁncutput signals, LOADNS,
LOADN4, TOGGLE and PULSE. PULSE is the signal that is
connected to four input OR gate 42; Preferably PULSE is
the appropriately delayed CARR.
have a substantially even mar}{___,-cpace ratio (50% duty

.gnal, conditioned to

cycle). »

The remaining three output'éignals are commands to
the associated counter 22. LOADNB commands counter 22
to load NDATA/8 (actually ND 7A/8 -2, for reasons
discussed above). LOADN4 comma Qs 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

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

Referring now to figures

_ ”_nd 4, control 24 is
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 assoc1ated_zw1th the particular
counter 22 and control 24 (1ﬂ¢,;; the clock 16 that
control logic 30 has ordered thé a§sociated multiplexer
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 there . no possibility of
overlap between these two clocks, SLQQe they will be used
to clock JK flip flops. '

tH%BamRTTmﬁ
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-combinational logic, control 243

becomes LOADN4.

15

As part of generating 1ts (approprlately delayed)

: output commands, each counter control 24 1ncludes two JK

' stage of FF 70 is clocked by IN CLK and receives the
 output of two input NOR gate 73
'+ 73 is CARRY IN. The other 1np:t of NOR gate 73 is a

7{_One input of NOR gate

reset signal that acts to resetﬁjounter 22. The output

. stage of FF 70 is clocked by UT CLK, and connects
- through XOR gate 74 to the 1nput of FF 72, and to the

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

output of FF 72 also connects to:the input of INVERTER

'+ 78. The output of inverter 78 1s'the other input to NAND
~gate 76, and is also inverted by inverter 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_gete 82. The output of
.-NAND gate 82 passes through Inverter 83 to become TOGGLE.

The series combination of FFs 70 and 72 provide a
delay to output signals LOADN/S8, 'ZPULSE and TOGGLE of

- two cycles of the particular clock ls6. From a timing
"viewpoint, recall that the tlmlng_of this two cycle delay
'is vital for PULSE and for TOGGd_
delay compensates for the d1v1Sof’actually counted by

+, since the two cycle

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
ncludes JK FFs 90 and
92. Like FFs 70 and 72, FFs 90 and '92 are clocked by CLK
IN and CLK OUT. FF 90 is used -t
92 is used to properly delay thesLOAD ENB signal, which

‘eset counter 22. FF

This Sheet Has Been Re: aced
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In contrast to the timingg f;the PULSE and TOGGLE
signals, to properly time the ﬁbAﬁN4 signal, control 24

must delay the LOAD ENB signa an amount other than 2

cycles. To understand this, one‘must understand what the
LOADN4 does, and its relatlonshlp to the other counter 24
output signals (PULSE and LOADN8 ;

As previously mentioned, LOADN4 causes counter 22 to
load NDATA/4 (actually NDATA/4 2), the divisor that
counter 22 will count to determ ne the leading edge of

system clock 22. Obviously thfe_aivisor must be loaded
into counter 22 before it can beféounted The loading

process itself takes one cycle of.the particular clock 16

that clocks both counter 22 and 1ts associated control

24. For this reason control 24ymgst provide delay the

LOAD ENB signal only one cycle%pf'the particular clock
16.

Preferably LOADN4 is loaded ‘into each counter 22
each time the counter 22 counts, rather than Jjust on
initialization of the counter 22,e In this manner, the
counting by counters 22 is by aigérithm, rather than by
dead reckoning, which is less subject to errors induced
l“adlng LOADN4 into each
counter 22 each time the counte

by alpha particles. Moreover,

2 counts enables "on
the fly" programming: After a partlcular counter 22
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
gate group 96 that has as otneffinputs EVEN1 and the
undelayed LOAD ENB. Gate group'séﬁis 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 1nver;ers 98 and 100, to
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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
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
than countlng down to =zero, e;_ﬁicounter 22 counts up

from the two s complement of the number to be counted,

and generates 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

‘implementation that counts two to three times faster than

a more tradltlonal ripple count_ g Each counter 40 is
edge trlggered for rapid operatlon
the divisors NDATA/4-2

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

Referrlng now to figure 3

30. First, the division for botl
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
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:end NDATA/8-2.
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CLAIMS

i. A c0unter clocked by a L phase system clock of

_frequency £, countlng an 1nteger number N, comprising:

(N- D), where D is a
t ‘allows each L counter

L means for counting
predeterm;ned-lnteger number t.
means to settle before N would b counted, each counting

means beingfclocked by a prede rmined phase of system
clock; E S
L means: for controlling counter means, one counter

controlllng means associated w1th each counter means, for

delaying the output of their assoc1ated counter by at

a means for implementing a .logic OR;
whereln-ﬁ B
the L counter means and thelr assoclated counter

control means are arranged in se{wns such that the input

to each counter means is the.;utput of the previous

counter means in series aelayed by the counter control

means assoc1ated with the prev1ous counter means; and

the outpfts of each counter'means are delayed by

their assoc1ated counter control means, then are inputs
to the OR meane, which ORs the ou puts to form the output
of the counteﬁ} |
2. The counter of claim 1, whe‘_ n the counter is used
to divide the clock by an 1nteger divisor of the
effective clock ;

3.
means 1nc1udes ‘a master-slave fllp flop, with the master
connected to the output of the assoc1ated counter means
and clocked b
counter meanh,

the clock phase clocklng the associated

‘and with the slave connected to the input
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of the OR means, and to the 1nput of the next counter
means in series and clocked bythe clock associated with
the next counter means in series.

4. The counter of claim 3, ';.-W?.jﬁ_.rein the clock is a
quadrature clock.
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