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CLOCK DIVIDER 

BACKGROUND 

This inv!=!·ntion relates .to digital counters, and more 

s parti.cula,rly-, . t.o digital counter:s used to derive from a 

· $ystem t:1oc~ ·_one or more subsystem clocks. 

Oigi tal -<::bunters arie a . comnioI'l component of digital:_ 

syst~ms. ,.._ typical digital sy$tem in~ludes ·a system 

clock, and oti"·e(lch cycle of the isystem clock the counter 

10 will ·count. The count can be either up (e.g., from o to 

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

· which 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 

1s value, determined by how the counter is constructed) . 

The coun·ter has many applicati~::ms, including timing 

(e.g., event ~~tn;i.ng or delay loop), and dividing down the 

system clock ·t9 a slowing frequency. 

In generi:il, the design of_ a clock is rel a-ti vely 

20 · e;traight forward. Clock design becomes tricky, however,_ 

as the desired clock freqency increases. ~t clock 

"frequencies much above 10 MHz, careful layout is needed 

to · minimize EM!, clock skew, and other problems. At 

clock speeds approaching 100 MHz, th.E:H~e problems are even 

2s more severe, with connections bet:ween the clock and other 

circuit element::s more resembling'w~ve guides than simple 

wires. 

One appro~qh to reducing the'-:r-equired clock rate is 

to use a multiphase clock. In ~ multiphase clock, each 

30 clock phase ope+at~s at the same '-i~te as the other clock 

phases, but out of phase with ~h~ other clock phases .. 

With proper design, successive ph,ases of a multiphase 

clock can be used to clock s:ucicessi ve. stages of a 

sequential logic circuit, thereby-! ~reating an effective 

•.'·. 
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ci4c:k: rate of .;(?lo~ of pha~es) * ,(·clodk frequency) . For 

eX:~mple, a s.intp}e two phase syst~~>c:lock would consist of 

a· 11 :C:~ock 11 aI1d ·.its inverse, clock~ Clock would be 180 

degr~es out of :phase with c·lock.,. .In a particular system, 

5 the ::effective :¢lock :r;ate of a,· sy19tem could be almos·t 

do'1})].ed by jµdicious allocationi 6'£ clock and clock to 

clock:j._ng various logic elements.)> "Por example, a Master­

sl:a'V'.e-: Flip ·F]:op could be clocked by clocking the Master 

10 

s:t·age with -c:::;Lock, c;tnd clocking the Slave stage with 

ciock. 
·.some 

operating 
~ ·. . . 

o:Ct:en the 

•'· 
l ... _:-_:; 

d:f~Ital systems re<;riiire multiple clocks, 

at· . different clock '-:: f~tes or frequencies. 

mos~ ... practical approa;::h· to generating these 

c1oc~s is to build a single syst~trts clock that runs at a 

15 high _>.:enough .. · ;f?:"e,quency that a1i.' \other clocks can be 

obtained by.·s,imply dividing (i.e• . .;· •. counting) the systems 

clock. A simple .example is a dig~t.al system having three 

su~sys.tems, :one requiring a 2 MR~ clock, one a 3 MHz 

c1~6k,· and t:he· 'third a 4 MHz clock. To minimize the 
. . . . . . ~ . . ·.. . 

20 fre'qµency of :'t:tie systems clock;:-:<the choice of systems 

cla'ckO::should 1?~: the least common .rnti'1tiple of these three 

SubS}'stems cloc:ks I or 12 MHz • .:·.·The 2 I 3 and 4 MHz 

su~system cloc;::~s could be provided'by dividing the 12 MHz 
. . .. ·.· 

systep:ts clock •,by. divisors of 6, -·4::.,ansi 3, respectively. 

25 . :Vll'iile this least common >- mu'ltiple approach is 

genel:~J,.ly aP.equate, the required system clock can be 

pr6ni~itively :~igh. The multiphase' system clock can be 

divi~ea down· ~,Q_ produce multiphase· slower clocks. In 

· pa-J:-tic:ular, e~dl'l ,phase of a multiphase system clock can 

30 be '•divided dc>wri, '.to a new clock s.ign'a.1, care being taken 

to maintain the phase relktionships in tact. 

Alter:I,latively, a single phase of,":~ system clock signal 

caIL be<-divided d6wn to create th~ riew slower clock, and 

this> slower ci!o.ck then can be ii~ed to generate a 

- ------­_,;...- ---
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m.u"l.tiphase clock signal at the .·slower clock rate. 

For multiphase clocks {sy~tem or otherwise), the 

-~eneral case is an L-phase clock· CL,, is an integer), with 

cJ.ock phases being spaced -syfu~trically 360/L degrees 

s ap~rt in phase . This ap.p%"6aC::~ achieves a maximum 

po$sible effective clock of L t:~mes: the system clock. A 

popular multiphase clock scheme_< i:~ • the quadrature clock 

f~~g., four phases, successive -~h~s.eses being 90 degrees 
a.part).. ·:. · .. · · 

io Of course, there are practi,cal limits to the number 

of phases into which a given:'<hlock can be split. 

Moreover, achieving this maximU.~ effective clock rate 

requires that sequential logic :·;~iements are clocked by 

su~qessive phases of the clock ... : 

15 The combined multiphase, ~}'st.em clock approach has 

generally proven adequate. .>}l:fowever, the divided 

subsystem clocks are limited .·t:() counting down the 

subsystem clock, which is l/ (Number of Phases, L) the .... ~ . · .. 

fx:eq:uency of the effective sy~t·ern clock. There is 

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

of: the multiphase system clock t6 ~llow integer divisors 

of: ~he effective system clock, ¥atJ:ier than ju$t integer 

diyisors of tlle.system clock. ··,:·:·,· 

More generally, there is a n~~'a for a combined clock 
,: . .. 

2s and counter, with the clock having L phases, and the 

counter is capable of counting a.t -~· frequency scaled by 
L. : There is a further need ·for• the counter to be 

. .·. 

pros:rammable 11 on the fly," and to: generate an output 

signal that has a substantially even mark-space ration 

30 (i.e., substantially a 50% duty .:cycle) . 

SlJMMARY OF THE INVENTION 
' The present invention is dir~b:ted to a method and 

. . 

syst,em for implementing an L pllase)clock in conjuct~on 
:. :· 

wi:f:h an apparatus having L count~rs, where L is · an 
··::. 

·----~·----·-~------- ..•. ··--~ .. :: .. ·' .. 
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In integer, to count at a frequepcy scalable by L. 

acc:ordance with one aspe.ct of t:.he: 'i~vention, ~ counter is 

clocked by a L phase sys~em .. :::.c:::Lock of frequency f, 

counting an integer number N. -.Th~ apparatus includes L 

counters for counting (N-0), ~h~re .Dis a predetermined 

.integer number that allows eac:~-c::o'µnter to settle before 

N·. would be counted, each cou#-i:in~ being clocked by a 

predetermined phase of syste~>\;lock. The apparatus 

further includes a iogic 6~.'-:i 'gate and L counter 

controllers, one counter controller associated with each 

counter , for delaying the ouh:p~h of their associated 

qounter by at least D. The'> L:- counters and their 

associated counter controllers· .. ·-are arranged in series 
..... ; 

s~ch that the input to each courtter is the output of the 

previous counter in series ·:tj:~iayed by the counter 

controller associated with the·>:previous counter. The 

oµtputs of each counter are deia:}"ed by their associated 

counter controller , . then are'. inp.uts to the OR gate, 

which ORs the outputs to form th~-butput of the counter. 

In accordance with anothera~pect of the invention, 

the counter is used to divide Jf
0

he -clock by an integer 

divisor of the effective clock. 

In accordance with another .·aspect of the invention, 

the counter control ncludes a <:fua~ter-slave flip flop. 

25 The master is connected to the '.olitput of the associated 

counter means and clocked by th~ ~clock phase clocking the 

associated counter means. The·•· slave connected to the 

i:riput of the OR gate, and to the ne:xt:.· counter in series 

30 

and is clocked by the clock clockin~ the next counter in 

series. · 
In accordance with another:~~~:¢ct of the invention, 

···._; 

the clock is a quadrature clock. · 

Other aspects of the invent:io:Il.<will become apparent 

from the following descriptioh wi.th, reference to the 
. ·· .. ·, ·:.· 

----------------·---- --------- ----
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·aR:tEF DESCRIPTION OF TEE DRAWINGS 
,: . . ·:· 

Figure 1 is a block diagtc;im(:>~ a digital system that 

ef fee ti vely provides a quadratu~~ ·:~ystem clock to each of 

s four subsystems, with .. the subsy_s~ems each containing a 

clock divider,. embodying t:he appar.atus and method of the 

present invention, for gellerati'l1g ·subsystem clocks. · 

Figure 2 is a timing dia~ram illustrating the 
. ·;:: .· .·. . 

relationship between the quad;,at:p.re system clock, the 

10 ·effective system clock, and the<subsystem clocks. 

Figure 3 is a schematic dl~~r:am of a clock divider 

of figure 1, including four': .?ounters connected in 

series/parallel configuration, .~rid. a counter controller 
. .' ~: . 

associated with each counter. 

1s Figure 4 is a schematic diagram of the logic of a 

20 

25 

30 

counter controller of figure 3. ,· '. 

Figure s is a schematic diagram of the components of 

a counter of figure 3, showi.~~ .. how the counter is 

implemented using fast carry count.ere. 

DESCRIPTJ:ON OF 'l'HE PREFERRED ~ohtMENTS 
Referring now to figures larld 2, there is shown in 

figure 1 a block diagram of a digital system 10. Digital 

system 10 includes four subsyst~m~.-14, and system clock 

generator 12 for generating a qu,a~#~ture system clock 16, 

shown in figure 2, that is pr9vi.d.ed to subsystems 14. 

For ease of analysis, shown abo,y~ ·;clock 16 is effective 

system clock 17, the theoretiqal :clock rate at which 

circuit elements in subsystems. 14: could be clocked by 

quadrature clock 16. Provided/ that is, these circuit 

elements could be appropriately _c108ked. Note that since 

clock 16 is in quadrature (four pha~es) , effective system 

clock 17 is four times the ff::equ.'ency (one-fourth the 
~· : 

period) of system clock 16. ~·,·· ~ ... , .. 

Subsystems 14 represent ~ypic111l digital circuit 

. ·------ -- ---- -- - - ---

. ' :> 
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elerilents t}lat preferably are f~p;I.emented on the same 

i~t.eg~ated • circuit. SubsystE3tnS 14 are not clocked 

direc;:t:t.y by system clock 16. instead, each subsytem 14 

inciudes a clock divider 18 th~t :receives system clock 

5 1~, :,and use$ system clock 16 _?t<~F: generate a subsystem 

clock 20 that. runs at a slowel:'_ /~lock rate than system 

cl~bk 16. Th~ clock divider 18 ~s 1:an example of a system 

th.a~·: uses a counter 22 embodyi~g .:the present invention. 

10 

·'"·: ·.:: 
. ~ :· :-

· .. · .. 

·'• :·· · .. In accordance with the invention, subsysytem clocks 

20 are not limited to being int·eger divisors of system 

clock 16 (i.e., integer multipl~s_.,-of the period of clock 

16). · Rather, subsystem clocks 20 ~an be integer divisors 

of_: .e_f:fective system clock 17 (i .e~, integer multiples of 

.15 . th~·:p.~riod of effective system c~ock 17) . For example, 

20 

25 

30 

referring now to figure 2, the p¢fiod of subsystem clock 

2q-1 is 4.00 times the period of system clock 16, or 16.0 

timE3~ . the period of effective· .system clock 17. The 

peripd of subsystem clock 20-2 · .is 4. 25 (a noninteger) 
... ··· .. · .. :· 

tirti.e~ the period of system clock .. 1_6, but 17 (an integer) 

ti~~~ the period of effective s;stem clock 17. The . . .. 

pelr:Loc;t of subsystem clock 20-3 isi•4;. so (a noninteger) the 

period of system clock 16, but 18 '(an integer) times the 

period. of effective systems c~o~k. 17. Finally, the 

period of subsystem clock 20-4 :i;~ •4\ 75 (a noninteger) the 

p~riod of system clock 16, but l,.9 (an integer) times the 

period of effective subsystem clpck 17. 

. The gen:.eral case 

cH:>cks 20 is ·given by 

Sub~ystem clock 2 O = 

16}/:Ji;n;>ATA; ( 1 ) 

for the :E'reqbencies of subsystems· 

the folloW'ing equations: 

(Number of: Phases, L) (system clock 

= (Effective System Clock 19)/NDATA, 
{2) 

whete• NDATA is an integer that ;~pecifies the divisor for 

--- . ----· ~ ----·-····- ·----···-----·-·---·-··· --- ··-·- ···-- ·-\ .. 
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e~f-~cti ve system clock 17. ·. · .. '. 

As a matter of practical d~:s:i..~n, preferably problems 

o·f clock skew are minimized by lia~ing clock generator 12 

generate only two clocks 16 th.~tf are 45 degrees out of 

phase: The ~emaining clocks 1~:: rieeded by subsystems 14 

can be created locally by inveifing these two clocks 16 . 
. ~ . . 

Ip.particular, generator 12 gerterates iO clock (in-phase 

o:>. clock 16-1 and qO clock (q1£ad.Z.ature O) clock 16-2, 

wllich can be seen in figure 2 td:fag iO clock 16-1 by 45 

degrees. Dividers 18 receive r~~pective iO and qO clocks 

1'6,.:1 and 16-2, and invert each:.--£.(). produce additional il 

(in-phase 1) and ql (quadrature>l) clocks 16-3 and 16-4. 

Referring now to figures l )Iid 3, in figure 3 there 

is shown a simplified block diCig#.am of a clock divider 

1·8-. · ·.Each clock divider 18 rece'iyes as inputs quadrature 

systE!m clocks 16-1 and 16-2, 9-rid. produces a subsystem 

clock 20 that is an integer 'tj.ivisor, NDATA, of the 

effective system clock rate 17 .... ··-~DATA is a P-bit binary 

word, preferably 22 bits in wid~~t. which allows NDATA to 

20 range from 1 to 2P = 222 (4, 194>,304) . In this manner, 

digital system 10 can be clock~d by a relatively fast 
. .:.··· 

qµadrature systems clock 16, and:,a.divider 18 

systems clock 16 to provide useful kHz-range 
·:, ... · .. ·.-.. 

clocks 20 that are useful for TV and .. , . ~ . . . 

25 applications. ,, 

can divide 

subsystems 

CD player 

Each clock divider 18 includes-. 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 cl;()·ck<' multiplexer 28. Each 

30 clock divider 18 further includ~s c':].o·ck divider control 

logic 30, divisor selector 2.7, >inverter/buffer 32, 

subtracter 29, N/4 latch 31 andN/S:.latch 33. 

Divisor selector 27, subtracter: 29, N/4 latch 31 and 

N/8 . latch 33 are used to load ci:i.visors (derived by 
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6:~t,:ractor ·.k'9 'from NDATA) into .cou:nters 22, as discussed 

f\irther belo~~ Clock divider control logic 30 exercises 

overall contrC>1 of clock divider: \La ( e . g. I control over 

divisor sel~ctor 27, multiplexe;s d's,· counter controllers 

24, subtracto:I.:2.9, and latches j·i.~nd 33), and preferably 

is itself c:oritrolled by a micrbprocessor (not shown) . 

Cb~trol log,i9:::3o. also clocks latc,Hes· 31 and 33. 

. Invertier/buffer 32 receii.f~s respective io and qo 

system clocks i.6-l and 16-2 froti\'c:iock generator 12, and 

in turn b\lf fe~s these clocks ,<ind 

clocks to <~J:.6duce the remaitjftjg' 

qisystem clbbk~ 16-3 and 16-4. ~.r<;>m 

also inverts these 

respective il and 

inverter/buffer 32, 

qu.~drature clo'qks 16 are connect'¢d to the multiplexers 28 

associated ~ith each counter '2:2. Under control of 

control log:i.c: .~P, each multiple~e;r 28 switches one of 

four quadrat:l.lre. clock signals 16·>· through the associated 

cl,ock buffer:; 2~, to become the _CtOCK IN signal to clock 

associated . counter controller'\ '24 and counter 22. 

Similarly, eaCh multiplexer 28 al~·o switches the inverse 

of; the part~cular clock 16 to ,··become the CLOCK OUT 

signal, as disC::l.lssed further heiein. Clock buffers 26 

not only buffe'z:;.the particular cl9ck 16 and its inverse, 

but also cq~'.c;ifion thses clock,,,s~gnals to prevent any 

po~sibility ¢.f !~.heir overlap. ·'· 

counter/ :t;bntrollers 24 control their associated 

counters 22. : · rh· ·particular, co!ltrC>iiers 24 control the 

loading of al..visors (from latches j:l or 33) into their 

counter 22, c~nf.rol the counting of :t:heir counter 22, and 

roLJ.te the outptit, CARRY, of thei:r .counter 22 to the 
appropriate 19-~~tions and with the ·"~ppropriate delays. 

; . i . 

An import_~nt aspect of the ihv~ri.bi.on is how counters 

22 and their .associated controls ~{4 ·are connected to 

produce subsy~t~rn clocks 20. Counter~ 22 ·are connected 

----·-- -- --- ---- - ---- ·- ---------

:_.-,_ 
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i~ an- arrangement that is both ser.ial and parallel at the 

same time. The parallel aspect is_that subsystem clock 

20 is formed, in effect, .by logicaiiy ORing together the 

CARRY (i.e., output) of each co'-1.nt~~ 22, using four input 

5 OR gate 42. For timing reasons/.¢ii"s.¢.'1ssed further herein, 

to r.each OR gate 42, each cAR.R.Y:: first pas-ses through 

10 

' ... 

associated counter control 24;' to become PULSE. When 

necessary, counter control 24 d~lays·. :CARRY by two cycles 

of the quadrature clock 16 th~t is clocking c"ounter 

control 24 and its associated cburi:ter 22. 

Counters 22 are also conD.~c:f_ed together in series. 

The CARRY of one counter 22 seriies> in ef feet, to trigger 

the input of the next counter 2:'~< i.n series. The loop in 

the series of counters 22 is clds·~~F by having the output 

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

triggering the input of countef:~2-1, the first counter 
· .. ·.:··.:. 

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

iO, il, qO or ql) of quadrature.sy~tem clock 16 for each 
,.:·. ··. 

counter 22 and its associated Control 24, the subsystem 

20 clock 20 can have a period that '¥s <an integer multiple of 

the period of the effective s:y~tem clock 1 7 (i.e. , a 

noninteger multiple (to a fourtil)of the period of the 

system clock 16) . 

In describing the serial a~pedt of counters 22, the 

25 caveat 11 in effect" is used because the CARRY is not 
';... ·: .. ''" 

conveyed directly to the next <;:ounter 22 in series, but 

instead is conveyed to the counter-~ontrol 24 associated 

with the next counter 22 in seri~s. The control 24 

receiving the CARRY latches CARRY, and sends it on to its 

30 associated counter 22 only afte~ art0: .. ~ppropriate delay" to 

allow the signal to settle into ·a. determinate state. The 

appropriate delay is at least Jne e:·iqck 16 cycle of the 

particular clock 16 phase (the> ind~terminate period of 

clock 16 depends on the particular d.~s:ign of counters 22, 
;_._ 

~::: 
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but in any case is at most one ~pe:r:-~od of clock 16) . 

As previously mentioned, c¢'ll.n~ers 22 are loaded with 

divisors other than NDATA. NDAf.A\olould be inappropriate 

to load into counters 22, beca~s~ NDATA is the divisor 

s relative to effective systems: clock 20, four times 

systems clock 16, rather thaJ:l ?-~ · real clock. What 

counters 22 actually count to p~od'.u,·ce the leading edge of 

subsystem clocks 20 is a d;~:b;or relative to the 

particular clock 16 that multi~J.~~ers 28 have connected 

10 to counter 22 and its associatl~d control 24. This 

divisor is NDATA/4, one-fourth tll~.count of NDATA. 

Actually loading NDATA/4 irtt,p· counters 22, however, 

would not achieve the desired Clock 20. As previously 
.. : .·.:: 

mentioned, counter controls 24 add a delay to the count 

15 of their associated counter 22.J: The actual divisor 

loaded into counters 22 must take Into account the amount 

of this delay. This delay is;: two cycles of their 

respective clock 16 cycles. Consequently, counters 22 are 

loaded with a count or divisor of NDATA/4 - 2. 

20 

25 

In a preferred embodiment,· Sl1bsystem clock 20 has 

substantially equal mark/space .ratio (i.e., a 50% duty 

cycle) . Dividers 18 produce a $ubstantially equal mark 

space ratio by using counters 22 td· position the trailing 

edge of clocks 20. The count or divisor used by counters 

22 to produce the trailing edge of·· blocks 20 is NDATA/8 -

2. Note that this count also compensates for the delay 
.. ·:. 

introduced by control 24, a delay: that allows counters 22 

to settle to a determinate state.Obefore their output 
signal is used. ·; ·.> 

30 To position the trailing edg~.pf clocks 20, control 

logic 30 loads NDATA/8-2 into'a particular counter 22 

after that particular counter 2~~.>h.~s generated a CARRY 

based on NDATA/4-2. The part:iculC).r counter 22 then 

counts NDATA/ 8- 2, and the subseJient ·. ~Y is used by the 

···----···-·--·····-··--· --··-------····---· -... -.. 
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associated counter controller 2~<t:o position the training 

edge of the particualr clock 20·:~-.:-

The timing considerations·'.ri\e~tioned above are vital 

to the proper operation of div~a~fs 18. Timing problems 

s become mer~ accute the greater <~lie frequency of system 

clock 16. For example, a 30 t.#ii system clock 16 would 

hp.ve a period of 33.33 nS. Adja¢~nt phases of clock 16 

would be offset by one-fourth-~he clock 16 period, or 

only 8.33 - nS. Symmetry of ./logic design becomes 

lO particularly important, since ·st-aP.dard logic gates have 

typical delays of 1 - 2 nS, ~hich is a significant 

fraction of the phase dif f erenc~ .-. _ 

Another important issue ts'.-_ how control logic 3 O 

decides which quadrature clock J::6::.iµultiplexers 28 should 

15 connect to each counter 22 (and :-~~sociated counter logic 

24). With four counters 22 and.their associated control 

24, there are many possible cQ~'inations, only some of 

which yield useful results f_or ~9bsystem clocks 20. 

In the case of a four phC!s~· system clock 16, all 

20 possible subsystem clocks 20 (res:ulting for NDATA > 16) 

can be described by four combinat'ions or categories of 

multiplexer 28 connections. T~~~e four categories are 

labeled "EVEN1, EVEN2, ODDl and''ODD2, 11 and are listed in 

Table 1. For the general case: -~~ L counters 22 and L 
.·~ . . . . 

25 phases of clock 16, the necessary combinations can be 

derived by constructing an eqµ{v~ient timing chart to 

figure 2, and observing for each desired divisor what 

combination of phases of clock 16 should be used . 
. :: .·. ~ 

Referring now to figure 3 ari4 Table 1, control logic 
, .. ·. ·, 

30 3 o assigns -clock 16 phases by /first examining NDATA to 

determine which of these four c~tegoi°ies applies. Table 

1 lists these categories and ihe ·;phase of quadrature 

clock 16 associated with each:Category. As discussed 

further later, these four cat~gorie;s are derived from 

/ 

' .­, 
/ 
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examining the relationship between the desired subsystem 

clocks 20 and quadrature ~ystem clocks 16. In 

particular, as shown in Tab.le J. ;'c:;ontrol logic 30 assigns 

categories based on the two lea;~t .. ~ignificant bits (LSBs) 

s of NDATA. 

".: .· 

~··-·--- -------------·-·----·· --'-. 

This Sheet Has Been Re&laced ·· • •. 
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2 LSB of Category Quad Clock:: .;Quad Clock Quad Clock Quad .. 
NDATA 16 Phase ... '::16 Phase 16 Phase Clock 16 

for 
~:. . .. 

for for Phase for .. 

Counter ; >counter Counter Counter 
.;. 

24-l. .. , .. ; :24-2 24-3 24-4 
::.:·'·· 

s :· 
.. 

00 EVENl. iO 16-l ·<io 16-l iO 16-l. iO 

01 ODDl iO 16-l ,. :qO 16-2 il 16-3 ql 
;., .. : : _ _., 

10 EVEN2 iO 16-l .. 'il. 16-3 iO 16-l. il 

.. 

11 ODD2 iO 16-1 .·. ql 16-4 il 16-3 qO 

10 The timing considerations ·fO~. counter conrol 24 to 

convey a CARRY to the next .. counter control 24 and 

associated counter 22 can be iB~tter understood with 

reference to figures 3 and 4. In f~gure 4 there is shown 

a more detailed schematic diagre1:m of a counter control 

15 24. Each control 24 contains th~ identical circuitry, 

fabricated essentially the same~ in order to provide 

substantially identical delays afig.loading. 

Control 24 re.cei ves three main input signals, LOAD 

ENB, EVENl I and CARRY IN. A .. minor input signal is 

20 RESETB, which causes control. 24 tcr reset its associated 

counter 22. Alternatively, coun#'~r 22 could be provided 

with a reset scheme that op~rat.ed directly on the 

registers of counter 22, but .this alternative would 

require more circuitry, and therefdre more die space. 

2s CARRY IN is the CARRY fro~t-.::'.~~e counter associated 

with control 24, the signal th~t control 24 will delay 

two cycles of the clock 16 clocking.control 24. LOAD ENB 

in essence is the CARRY from the ~f~~:i.ous counter control 

24 in series. EVENl is a sign~'l from control logic 3 O 

30 that identifies the EVENl cat~gory, a category that 

requires different handling . 'thah the other three 

-------- ---.._ __________________ ----

__ ,_., .. : 

16-l 

16-4 

16-3 

16-2 
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24 in series. EVENl is a sigp.(ll :from control logic 30 

that identifies the EVENl ca.t.~g(.'.)ry I a category that 

requires different handling :,{he1J1 the other three 

categories. This category requ;i.f~~ ~ach counter 22 (and 

s its associated control 24) to ·.be clocked by the same 

phase of clock 16. 

Control 24 outputs four main oµtput signals I LOADNS, 

LOADN4, TOGGLE and PULSE. Pui;SE:;is the signal that is 

connected to four input OR gate :;.4:2. Preferably PULSE is 

10 the appropriately delayed CARRX:,: .. ei'.ignal, conditioned to 

have a substantially even mark./~pace ratio {50% duty 

cycle) . 

15 

The remaining three output signals are commands to 

the associated counter 22. LOADNS· commands counter 22 

NDAtA/8 -2, for reasons to load NDATA/8 (actually 
,_., .. ' , .. 

discussed above) . LOADN4 commafo:is counter 22 to load 

NDATA/4 (actually NDATA/4 -2, <for reasons discussed 

above) . TOGGLE commands countet'.:22. to count. Note that 

these three commands are mutu~ii,:y exclusive. While 

20 loading a di visor, a counter 22> cannot be counting. 

25 

30 

While counting, counter 

While loading NDATA/ 4, 

22 cannot .. be loading a di visor. 

counter~:22 cannot be loading 

NDATA/8. . .. 

Referring now to figures 3\:~nd 4, control 24 is 

clocked by two clocks, OUT CLK a_ri.dtN CLK, received from 

the associated clock buffer 26 .·· £,n essence, IN CLK is 

the system clock 16 associat.¢d >r1ith the particular 

counter 22 and control 24 { i .'e. ,· . the clock 16 that 

control logic 30 · has ordered the as'sociated multiplexer 

28 to provide) , and OUT CLK is i:.t:s :.:inverse. Preferably 

clock buffer 26 also buffers clbck' H> and its inverse, 
·. . ·. . . -~ . 

and modifies them so that there> i~ no possibility of 
... :·· ···. 

overlap between these two clocks,.< si.:ric:e they will be used 

to clock JK flip flops. ,;: 

' ··:. 

-----------·. --- ---------- ---·-



As part of generating its ':(appropriately delayed) 
output commands, each counter cC>ritrol 24 includes two JK 
flip flops (FFs) 70 and 72 connec,1:.ed in series. The input 
stage of FF 70 is clocked by ::J:N , CLK, and receives the 

s output of two input NOR gate 73. One input of NOR gate 
73 is CARRY IN. The other input . of NOR gate 73 is a 
reset signal that acts to reset,, :(::'~:>Unter 22. The output 
stage of FF 70 is clocked by<oUT CLK, and c.onnects 
through XOR gate 74 to the input:'', of FF 72, and to the 

10 input of NANO gate 76. 
Similar to FF 70, the input ·:.CJ.nd output stages of FF 

72 are clocked by IN CLK and OUT_(:LK, respectively. The 
output of FF 72 is the other inptJ.t to XOR gate 74. The 
output of FF 72 also connects t<? ,:the input of INVERTER 

15 : 78. The output of inverter 78 is ·t:}:1e other input to NANO 
· gate 76, and is also inverted by 'inverter 84 to become 
• the PULSE output signal. The ou1:.J;mt of NANO gate 76 is 
inverted by inverter 80 to be·corne the LOADN8 output 

•·.signal, and is an input to NAND. ~J_te 82. The output of 
20 NAND gate 82 passes through Inver~·~;- 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 cl;:b.k 16. From a timing 
viewpoint, recall that the timing.pf this two cycle delay 

25 ·is vital for PULSE and for TOGGLE/. since the two cycle 
delay compensates for the divisC>'.r· actually counted by 
counter 22, NDATA/4 -2. For LOAJ?NB~. this two cycle delay 
is acceptable, as will be discus.sed further herein. 

'• · ... 
In addition to FFs 70.. and 72 and related 

30 .combinational logic, control 24::fa1cludes JK FFs 90 and 
92. Like FFs 70 and 72, FFs 90 ~Iid,.'92 are clocked by CLK 

.:·. -··.···· IN aI?-d CLK OUT. FF 90 is used t¢>,: reset counter 22. FF 
92 is used to properly delay the: LOfID ENB sigpal, which 
becomes LOADN4. 

·· .. :.·.:;--
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In contrast to the timing~ '.9f the PULSE and TOGGLE 

signals, to properly time the LQAPN4 signal, control 24 

must delay the LOAD ENB signa).O'~n amount other than 2 

cycles. To understand this, one:tiiust understand what the 

s LOADN4 does, and i~s relationsh£~ .:to the other counter 24 

output signals (PULSE and LOADNa};· 

As previously mentioned, LOApN4 causes counter 22 to 

load NDATA/4 (actually NDATA/4"'.":2), the divisor that 
.• : .... ·. 

counter 22 will count to determine the leading edge of 

10 system clock 22. Obviously thfs:divisor must be loaded 

into counter 22 before it can be··.counted. The loading 

process itself takes one cycle of <the particular clock 16 

that clocks both counter 22 and :its associated control 

24. For this reason control 24· :must provide delay the 

15 LOAD ENB signal only one cycle .:,,9f · the particular clock 

16. 

Preferably LOADN4 is loaded , into each counter 22 

each time the counter 22 coun~~·; rather than just on 

initialization of the counter 22~· In this manner, the 

20 counting by counters 22 is by a~gbrithm, rather than by 

dead reckoning, which is less · s\.lJ:i>j'ect to errors induced 

by alpha particles. Moreover, i6a,d.ing LOADN4 into each 
·.·.':.;; 

counter 22 each time the counter:·:22 counts enables 11 on 
-. ,">-J: 

the fly" programming: After a .. particular counter 22 

2s finishes counting a particular diViJ:ior, the next counter 

22 in series begins counting the' ne,w divisor. 

The input to FF 92 is LOAD ENB~.: The output of FF 92 

is essentially LOAD ENB de],;ayed by one cycle of 

particular clock 16. This output i~ the input to a logic 

30 gate group 96 that has as oth,er inputs EVENl and the 

undelayed LOAD ENB. Gate group :.96 \s designed such that 

EVENl functions as a control signal;to switch either LOAD 

ENB or the one cycled delayed LOAD ENB (the output of FF 

92), through two respective invert,ers 98 and 100, to 
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become LOAD~4. 

The out:put of group 96, .:£~, also routed through 

inverter 9·a to the remaining input of NANO gate 82. As 

previously mentioned, the other input to NANO gate 82 is 

. s the output ~f NANO gate 76 .. The;. dut~ut of NANO gate 82 is 

inverted by inverter 83 to becoilt~:: 'I'OGGLE. The net effect 

is that TOGdLE is low whenever to~NS or LOADN4 are high. 

Refert~.ng ·now to f igur~: ->S, there is shown a 

schematic c)f5 how each counter 22 .i·s implemented. Rather 

J,.O than counting down to zero, e:i:i.Ch.; counter 22 counts up 

from the t:w~'s complement of th~·number to be counted, 
.·· . -~· ... 

and generat:es a carry when the gC,unt is completed. This 

approach allows each counter 22,:to be implemented as a 

number of :: two-bit fast carry COUnters 40 I an 
. . . ~~-· :· 

is implementation that counts two to/three times faster than 

a more traditional ripple counte·r; Each counter 40 is 

edge trigger~d for rapid operatfc:>Ir, 

Referring now to figure 3 ,.->t:tie divisors NDATA/4-2 

and NDATA/s-2 are derived under ·¢:bhtrol of control logic 

20 30. First, the division for both.'.i.s performed using MUX 

27, a two input, one output mul,ti.plexer. One input to 

MUX 27 is simply all but the two·:~sa of NDATA Ci. e., for 

di vi de by 4).,. and the other input: j,s simply all but the 

three LSB of. NDAT (i.e. , divide by ·8J . The output of MUX 
.· .. ·.· ··. 

25 27 is the input to subtracter 29/ .which subtracts two. 

The output of: subtractor 29 is latched to latches 31 and 

33, which laf:_ch respective NDATAf4-~· and NDATA/8-2 . 
. · ... ·.· 

.. · .··. 
:· ·· .. ~ ·.' 

·.'-'··:··· ----- -------·-----------

- ·· .... ; 

·.: .. · 
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CLAIMS\:.-· ... 

l. . A counte.r clocked by a L ~phase system clock of 
.. . . 

frequency f, counting an integ:~ number N, comprising: 

s L ·mc:ian_;;; for counting: (N-D} , where D is a 

predetermined; integer number th~t'allows each L counter 

means to settle before N would ~~-counted, each counting 

means being'c:1ocked by a predet~rmined phase of system 

clock; 

10 L means>for controlling counter means, one counter 

15 

20 

25 

controlling ~eans associated wit~.'.~ach counter means, for 

delaying the .<output of their assbciated counter by at 

least D; and:· 

a means :tor implementing a )qgic OR; 
wherein:·: 

the L counter means and their associated counter 
':: .. 

control means:..are arranged in s~f::(es such that the input 

to each countjer means is the '6utput of the previous 

counter means in series delayed:>'by the counter control 

means assoc.i,ated with t·he previo'lls ·counter means; and 

the outptits of each count~r:- means are delayed by 
... ·. . ~~. . . 

their associated counter control/means, then are inputs 

to the OR means, which ORS the ol.i~~~ts to form the output 

of the counter. 

·.· : ·. 

2. The coun~er of claim 1, wherein the counter is used 

to divide the clock by an il1t:eger divisor of the 

effective clb~Jt. 

30 3. The count~r of claim 1, whel:-~1n the counter control· 

means includes-a master-slave flip flop, with the master 

connected -to tJ1e output of the .~ssO:ciated counter means 

and clocked by the clock phase_ clocking the associated 

counter me~n§,<•and with the slave c;nnected to the input 

t~~---·-··-----·--··------------ ·-----·-~-

·.:· 
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of the OR means, and to the input of the next counter 

means in series and clocked by·~he clock associated with 

the next counter means in series~ 
... :·.·.-.-:; 

· s 4 . The counter of claim 3, . 'wh~;t:ein the clock is a 

quadrature clock. 

: :' .. 

: :' 

,·· .. 
.... ·· 

.··- .. 


