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1 2237424 PROGRAMVABLE EREQUENCY DI VI DER The present

i hvention relates to a programmabl & Trdquency divider for PESEHCERG 4 > 4
desired output frequency which is a variable integral subnultiple of the

i nput frequency. One corpmotrAMMABLE rEduENck DXrrmgEsdi gh frequen- cies is
known as a programabl e—egtrerrey—dtvder—cattea—ameat | y- decode
programmabl e divider, for dividing a high input frequency directly into a
desixgeh out put frequency. Such a programmabl e frequency divider is also
referred to as a direct progranmmbl e frequency divider. The programmbl e

frequency divider conprises a pulse counter  which is conposed of_ T-type
flip-flops con- neckRf PrpIenk dnventhion falatat fierd iRFIgramabtlet to a

division ratio signal. Wien the pul se counter counts down tQ zero, it is
o bsot to RIRRIARAE v MRT o ERRGGRRG 8 ekt P chraruehcy |
programmabl.e f.requency djvider, which .al sq conpri.ses ul se counter in the
form of cAYB:fdbdT-3 y%%"f?t?]pe-flrrb Qrﬁlhé‘&ﬁ@e@’c%ﬁu%f ﬁ%efwg?‘félpr_eset to a

diViSionlfgéi?éﬂéym“’ and when the pul se counter counts down to 2, the
remai ni ng purses are counted by a shift register, during which tine the
pul se counter is pr t » 1A S ' J Lnad ' _

Oné cf&:RaéA\?léHé’i Hethd ad0 & BN %fiedkb nfr A

conventional programable frequency dividers are oper
mexi mum f rSQEentd ag oWl VY & 'programmable frequency divider, called an

early~decode programmable divider, for dividing a high input
'frequency directly into a desired output frequency. Such a
programmable frequency divider is also referred to as a
direct programmable frequency divider. | |
The prograﬁmable.frequency divider comprises a
pulse counter which is composed of T-type flip-flops con-
nected in cascade. The pulse counter is first preset to a
division ratio signal. When the pulse counter counts down
to zero, it is preset to the division ratio signal again.
According to another progfammable frequency divider
which also comprises a pulse counter in the form of cascaded
L/' T-type flip-flops, the pulse counter is first préset to a
division-ratio signal, and when the pulse counter counts
down to 2, the remaining pulses are counted by a shift
register, during which time the pﬁlse counter is preset to
the division ratio signal again.
The conventional programmable frequency dividers

are operable under increased maximum frequencies. However,



I f much higher frequencies are to be divided, ‘the tine required for signa
_processing, i.e., to preset the_pQE}e—counter to a division ratio signal,

wi |l cause an apprecia- ble delay. Due to such a delay in signal,
processing, there are not presently available any direct variabl e frequency
di vi ders which can operate at a maxi num frequency of few hundreds MHz. For
processing signals of higher maxi numfrequencies, it has been customary to
enpl oy a prescaler, a frequency m xer, or the like to convert a higher ;ﬁug-

QPfgﬁggﬁgﬁqug Hﬁgé Lar %ggﬁfggg%%uéeg{gguiﬁﬁ%ﬁméaéag CIrCUItnunber-d:;
l deny PEEIEERE FHFLBigpal” F%%@%E&E‘%er‘%ﬁe mcnd Rigeel, R 2 ot
bor t oo copahPE"Eb0Y, b pRsRhCE ot ST I R
' ?Zhﬂéﬂgym'gaﬁé . ophel EAAUGREY o lakael) Yol %@’5‘?&8?’%*% Aot
di vi der foedh&tdeESEHEly available any direct variable frequency
div1ders wh1ch can operate at a maximum frequency of few
hundreds MHz._ | | |
“ For processing_signals'of'hiQher'maXimum-

frequencies; it has been customary to employ a prescalerffa

o

frequency miier,'or”theflike to convert a higher input fre-
quency into a lower output frequency. SuCh a'circuit.' |
arrangement is complex and large in scale, and involves a
large number of 51gnal proce551ng cycles. There has been a
demand for a programmable frequency d1v1der which w1ll elimi-.

nates these drawbacks.

It is an a1m of the present 1nvent10n to prov1de a programmable

Frequency d1v1der, more partlcularly For use in PLLs | ' 3

(phase-locked loops), which is capable of dlviding a hlgher
input frequency directly into a desired lower output

frequency.



frequency of a supplied high-frequency signal directly into a | ower
frequency, conprising: a plurality ofgg-ggale-factor prescal ers each
capabl e of being swtched between divicde-Dby-2 and divi de-by-3 nodes, the

2-scal e-factor presgal g%g‘sg?.,@i Meggmg}gpideg cascade for producing an

out put signal which is"Trequency-divided at one of nmultiple division ratios

at a_tinme. Preferapl ' T A A sndagha first
P g\cboﬁg%&éﬂléffz‘[ééﬁ A fELe

terﬁrﬁal [ MOD], a seco term na athirdter- mnal [CP], a fourth

ter nihal Egeq%]d‘fﬁ fd e h Bl retfitbricy apRjradll ed Sredtipainben the

first termna Is of "an H (or L) level or the second termnal [err]

is of an b heowelr fredurticys Gvalprapdngd teo glherdahityl afrmnal [CP] is
frequency-divided by 2 at positive edges thereof, and a frequency-divided
si gnal i s2sertalies fidutdm prdsdaders eadh [a@pablmtofkeinheswiteheder ni na
[MOD] is of an L (or H) level and the second termnal [err] is of an H
‘level, a betweesi ghatideptiy-& and iy ide-hyt2mades. [ is

frequency-di vided by 3 at positive edges thereof, and a frequengy-divided
Signal | 42588 Ler SRt Qo EREFGakeRm AEing CARRRCAELR (RAFALE TOFmi nal

[MOD] is of an H (or L) level or the fourth termnal [Q.is;of jan.H |level,
a signal BFosNcingan oYtRH Signad, Which s "??W?’é%fﬁ%‘fl‘?%] at ,RBSt hat
when the first termn . s .af an L [ | evel and the fourth
t er mi nal f’é W@P%ai‘{lg/[@‘f ratdoshat (éq%?ﬁ"'_% [or H level is sent to the
fifth termnal [OC], and

- ' Preferably, each of said 2-scale-factor prescalers has
a first terminal [MOD], a second terminal (D;1 a third ter-

minal [CP], a fourth terminal [Q], and a fifth terminal
[OC], and is operable such that when the first terminal
[(MOD] is of an H (or L) lével or the second te;minalfDi]is
of an L level, a clock signal applied to the third terminal
[CP] is frequency-divided by 2 at positive edges thereof,
and a frequency-divided signal is sent to the fourth termi-
nal [Q], that when the first terminal [MOD] is of an L (or-
H) level and the second terminal [D,] is of én H level, a

_ clock signal applied to the third terminal [CP] is

~ frequency-divided by 3 at positive edges thereof, and a
frequency-divided signal is sent to the fourth terminal [Q],
that when the first terminal [MOD] is of an H (or L) level
or the fourth terminal [Q] is of an H level, a signal of an

H (or L) level is sent to the fifth terminal [OC], and that
when the first terminal [MOD] is of an L [or H] level and

the fourth terminal [Q] is of an L level, a signal of an L’

[or H] level is sent to the fifth terminal [OC], and



wherei n sai d 2-scal e-factor preseal ds-are connected in cas-, cade such that |
an output signal fromthe fourth termnal [Q of the (N- 1)th prescaler is

appl i edwagerain muild si-wdld-Orddieos hpréeséalarsabrbCebnakcted N dasescal er,
and an output signal fromthe fifth termnal [OC] of the (N + 1)th presca-

ler is epdei sticks tArat rutostimntals ignabeffomstheefoursh ftoRlinefl tig) Nt h
prescaler, said Nth prescal er being operable such that when the output

si gnal ®fofthiehd N i-f t1) tthepresdaledC]ionfappkiédl aslpnhippeécslignals wd an [
(or H) level, the Nth prescaler.frequency-divides the input signal by (Za#"
[err]) atber dthngdt damminal JCRF afhethe gith presnelesc- apdd aneomtbpit | D

and when the_output signal fromthe fifth terminal [OC] of the (N + 1)th
prescal 8ignalofram pheyfifth dayminakel GEh pEetbal éN fr dgBn@rascades the
i nput signal by 2. Preferably, each of said 2-scale-factor prescalers has a
first tePK A8l apRddied £ &bridRul fi¥enal efe] theafifstdteaminglnal [CP], a

when ¢ ht&ewa?%'ft%ﬂﬁ B dhagdaiens e {Bp@#egggégoggg;}gb'sgcgggh that
T i 5k B 0 BT AR
the f ??‘ét"@%%‘%fiﬂﬂ i 38 e rgtealet “H oMb koknr b uhen
[err] 'ieQEla”tHé‘ﬁﬁﬂ1pf§scaler frequency-divides the input signal *
"by (2 +'Di)according to the level of the signal at the secf
ondaterminal[DiJ, and when the output signal from the fifth '_ig
terminal [OC] of the (N + l)th prescaler is of an H (or L) o
level, the.Nth'prescaler frequency-divides the input signal:

by 2.

Pr'ef‘er'ably, each of said 2=~ scale f‘actor prescalers has
a first terminal [MOD], a second termlnal[D 1, a thlrd ter—
minal [CP], a fourth terminal [(Q], and a f:Lfth terminal |
[oc], and is operable such that when the first termlnal
[MOD] is of an L (or H) level or the second termlnal[D 1 is |
of an L level, a clock SLgnal applled to the thlrd termlnal ;:;

[CP] 1is frequency-divided by 2 at negatlve edges thereof
and a frequency—d1v1ded 51gnal is sent to the fourth termi-

nal [Q]., that when the first terminal [MOD] is of an H {or
L).level.and the second terminal[D ] is of an H level, a
clock signal applied to the third terminal [CP] 1s
frequency-divided by 3 at negative edges thereof and a
frequency-divided signal is sent to the fourth termlnal [Q];

that when the first terminal [MOD] is of an L (or H) level



T

cl-ock signal applied to the thirdhlegggngl [CP] is frequency-divided by 3

at negative edges thereof, and a fredUency-divided signal is sent to the

f h 1 pal hat. _wh fi, 1.Nal I s. of
ovel | oF Ve FOUFER FerMLAdt [§7 i 8F 37 L RS L, 2 ST LorEaRRL (or

I | 4 fiif tLh 1 R ; J th [
rngfx:I:%ikﬁfnégtnggg ﬁ%[%%nkfkgégée g§§i¥%g£$%iﬁ 1¥Q$§1ha_n%k§ﬁ%2 of an
HIevel, dnshopRL 2hrah Welfiinh Il is e8Mlad & U i tkdef gl (09,
and “Wherei n said 2-scal e-factor prescal érs are connected in cas- cade such

that an ogHeUfost8Rakekmeallng gfjoukt bet ahmunalevdiQ Hfsidial Nbr dnth
prescaler is applied as an input signal to the third termnal [CP] of the

Nt h prescpders]abdven ost pehtsitenahef ramthheernfitdal eragpaladdC] of the (N
+ 1)th presca- ler is applied as an input signal to the first term nal

[ MOD] of wherelm pasdcal-ecaleaifdchivlr prescalersbary apmedted sliwhcadat
when the output signal from the fifth termnal [OC] of the (N + 1)th
prescal ercade cfuah théatr ab) ouépelt, stigaallt frpmedda erovrdyusmoyinkli @3 t he
i nput signal by (2 + [err])according to the |evel of the signal at the sec-
ond termaflther (¥ -addthhprestalent pst appdied fasoan Haful thigrali bl [ OC
of the (N + 1)th gresca[er is of an L (or H level, the Nth prescaler

fr equencyth® vilgbsdt hermipad {CHlapfbfhe Nth prescaler, and an output

signal from the fifth terminal [OC] of the (N + 1)th presca-
‘ler is applied as an input signal to the first terminal

N [MOD] of the Nth prescaler, said Nth prescaler being
operable such that when the output signal from-tbé fifth
terminal [OC] of the (N + 1)th prescaler is of an H (or L)
level, the Nth prescaler frequency—dividés the input signal
by (2 + D, )according to the level of the signal at the sec-
ond terminal[Di] and when the 6utput signal from the fifth
terminal [OC] of the (N + 1)th prescaler is of an L (or H)
level, the Nth prescaler frequency—dividés the input'signal_
by 2.

'g*/ More preferably, said 2-scale-factor prescalers which are con-

nected in cascade are arranged such that when all input sig-
nals applied to the second terminals of subsequent ones of
the prescalers are of an L level, said subsequent prescalers

are separated from the other prescalers.



More preferably, said 2-scal e- fact r prescalers which are con- nected in
cascade are arranged such that whe - input sig- .nals applied to the
second term nal s of subsequent ones of the prescalers are of an L~ IeveI

sai d subsequent prescalers are separated fromthe othef prescalers.

Pref erabl y, when the second terimnal of the (nl)th prescaler and 't he f|fth
term nal ~of the nth prescaler are both held L for ‘all prescal ers subsequent
to the nth prescaler, thereby to separate all such subsequent prescalers o~
Enbodi nents of the present invention will now be described by way of S
exanple only with reference to.the acconpanyi ng draw.ngs, in which:- FIGS: -
1(a) through 1(c) are block diagranms of pro- grammbl e frequency divider
units accordlrgyéﬂ@pQ31p;gﬁ&p%héq%gghaon whi ch -can be switched between

di vi de- Qy- 2 and. di d | i 8¢ tn n
progra 43 %Lfg?ﬁg%d'%\ﬁgiﬁ éecsggr xzah @hg ?%g%:ﬂeﬁghgﬂxﬁ ﬁnt
pre- serddBIdd ke tﬂ&mmrdammbkean Wldrsl dehseqapmtstngtlnemim
programuabl e frequency divider units con- nected in casc de and FI.G 3is

a bl ock rtieagakenf ﬂxweg?amn;am’c@ 2dde AEFRIBY: Pﬁ&atlé‘- B -second
embodi ment- of the pre- o

Embodiments of the present inventieh will now be-
deseribed by way of example'only'with reference to the

abcompanyihg drawihgs, in which:-

FIGS. 1(a) through 1(c) are block dlagrams of pr04_ 
grammable frequency divider units accordlng to the present_ 
invention which can be sw1tched between divide-by-2 and -
divide-by-3 modes; |

| FIG. 2 is a block diagram of a programmable fre-
quency divider according to a first emboéiment of_thelpre{h
sent invention, the programmable frequency.divider o
comprising three programmable frequency divider units coh— g
- nected in cascade; and .

FIG. 3 is a block diagram of a programmable fre-

quency divider according to a second embodiment of the_pre—;;




sent invention, the:.programmuable freaguwency divider conprising N
programmabl e frequency divider units donnected in cascade. FIGS. 1(a)

t hrough 1(c) show progranmmabl e frequency divider units according to the
present i me@t iigiverfficth cafe gryraimnbaileg fPeiquees @atwierir di vi de- by-2 and
di vi de-by-3 nodes. FIG 2 shows a programmabl e frequency divider according
to a_ f.irstompmidimntN ofrdgdmanpradslen tf neguemiayo d, i wildeoh undis iccemedirask
“cascaded programmebl e frequency divider units shown in FIGS. 1(a) through
1(c)‘§%ui\ﬂﬂ<ﬂﬁﬁﬂ§§e} division ratio variabl'e in the range of from[err] to
-[err] - 1. FIG 3 shows a programmabl e frequency divider according to a

" second enbodi nent of the present invention, which conprises N cascaded

progr el e {1 equsne 0. SeTe il ST b L Sorllu Y ), o0
e B G e S T gl AR e Rl LR e
o o o Bl Byl pend SRR M e gl bec
o SeSghRdEl S, o Wil i gt =T 12, 2 R
gate 17, adedrfiad Hd-d | RrtD-dnibodithetoss RHeePred@dint Sovantlitsh to the OR
which comprises three cascaded programmable frequency
.divider units shown in FIGS. 1({a) through 1l(c) and which has
a division ratio variable in the range.of from 2° to 2* - 1.
FIG. 3 shows a programmable frequency divider according to a
second embodiment of the present.invehtion, which comprises
N cascaded programmable frequency divider'units shown in
FIGS. l(a) through 1(c) and which has a division ratio vari-
able in the range of from 2% to 2nf' - 1.
The programmable frequency divider units which can
be switched between divide-by-2 and divide-by-~3 modes, i.e.,
2-scale~-factor prescalers, denoted at.A, B, C in FIGS. 1(a),
\/ 1(b), 1(c), respectively, will first be describea below.
The programmable frequency divider unit A shown in
FIG. 1(a) comprises an inverter 12, aﬁ OR gate 14 édnnected
to the inverter 12, a NOR gate 17 connected to the OR gate
14, an OR gate 16 connected to the NOR gate 17, a D-type

flip-flop (D-FF) 18 whose D terminal is coupled to the OR



gate 16, a D-FF 20 connected to—t—hegD—FF 18, an OR gate 22 and a buffer
arrplr‘frer 24 connected to the CP termnals of the D-FFs 18, 20. 'The

progr argestte €16 ; egURREF 20vcdaneoheti Bosltden D-FEFIXE, 14h)OR sgatei 22¢ to the
programmabl e frequency divider unit A shown in FIL.G 1(a), except that the
OR gat b 3 sbebfercemplbinceR 4t FonQecked +a tdre (0R erdnalsnafthe D
termn of _the D-FF 20. The programmabl e frequency divider unit C shown .in
FI G 1?@3 c%n%??stg'aﬁ rnverter 30, an OR gate 32 connected to the- |nvert,er -

R R gats 5o Faf BRBGLRAmMELNLR AR ARNS, St MRS R BBTACERCS 15
42, 44, 4 8 -
[err] tFe]#]n q; E)fs %im%fgaﬁg UEL?{GP%%@JH%%%}% e prog#od{ é?f (rigquency
di vi den, i t8 ebhovﬁn &opf at fégﬁébgg&%ﬁqt\ﬁyﬁn tg.{éwd(}g%a:@é opgl y@applied to a

MOD t er m nal each of t uency units A B, Cis of
an H | egtindctdd - bé&véene’éﬁe ?' ﬁéf”ﬂnihﬁld%'f‘ \t?fee(b—(}?#'twtand Otgé $C

_termnal, and the frequency of a clock signal which is input to a-CP '
term neﬂemnhyldﬁdtm ‘DLBFpPROLtiI Ve edges by 2 into a hal f frequency, “whi ch

is then delivered-to:a Qterninal. .
The programmable frequency divider unit C shown in
FIG. 1(c) comprises an inverter 30, ‘an OR gate 32 connected -
to the inverter 30,_a NOR gate 34 connected to the OR gate
32, ab latch 36 connected to the NOR gate 34, an OR gate 38 -
connected to the D latch 36, D latches 40 42, 44, an OR '3-J
gate 46, and a buffer amplifier 48 coupled to the cp and cpf.
terminals of the D latches 36, 40, 42, 4.
The programmable frequency diVider units A B, C
operate as follows: '
. When an inout signal applied to a MOD terminal of
each of the variable frequency divider units A, B, C is of
an H level (= 1), an H—level signal 'is delivered (output) to:
an oc terminal and the frequency of a clock signal which is
input to a cp terminal is divided at its positive edges by 2 . Q.J
into a half frequency, which is ‘then delivered to a Q
terminal. | | )
| ' ﬁhen an.input signal applied to the MOD terminal is
of an L level (= 0), a signal of the same level as that of



When an input signal applied to the MDD terminal is of an L level (= 0), a
signal of the sane | evel as -that oL_ci_Lbe signal at the Qtermnal is
delivered to the OC terminal. If an input signal applied to a D, termna
is of an Hlevel and the MO termnal is of a L level, then the frequency
of a cl othesisgmpiawatchthes ¢ npetmimal his GPeltvatredl tostHevoded at its

posi.tive edges by 3 into a one-third frequency, which is then delivered to
t hei% t etermizil. | fifam iinput sigaaialapppiRld €6l 4 O, thwmigdy st &f Ennglidvaiof an L
| evél® then the frequency of a clock signal which is input to the CP

t er mi nal ardstheliM@D terdinal i$ pf afjolkEveli, ibérethg efvedognc? of At@ok d1gdal whicgeency, which
is then delivered to the Q-terminal._ A plurality of any of the

pr ogr ammdiBRA Y &y tdiR \CRi VerRinghi i dlvided ak atEoRBFALLVEnedgESHY are

gonmect e, Ly coscade, The 01 b programai polr cguency diyider il (A, 8. or
[ I ' I. b = ' he | | of
T2 SRR 5 IO H G0, SatlofSPEMRD SOk T o
UL o G A0l B0 LB LABY o8l 8o SLEBR R DA 01

|1 ustr atiegnish 3 Gng b MEemnlarys Wiy Ied’ 80" 265RPLE: £1 6AURAGESIHY der

units A I nat1on thereof are connected I n cas-
2 into a half frequency, which is then delivered to the Q

-terminal.

% A plurality of any of the programmable frequency
divider units A, B, C or a combination thereof are connected
in cascade. The nth programmable frequency divider unit (A,
B, or C) of such a cascaded circuit arrangement once divides
the frequency of an input clock signal by 2 + D4(D;j= 0 or 1)
depending on the level of the signal applied to the Dj

terminal for-every dividing cycle of thé nth unit.

Therefore, the frequency of the input clock signql can be
variably divided by multiple division ratios.

_ According to the first embodiment illustrated.in
FIG. 2, three of any of the programmable ffequency divider
units A, B, C or a combination thereof are connected in cas-
cade so that an output signal Fc whose frequehcy is wvariably

divided is obtained.



cade so that an output signal Fc*mhd§§)+requency is variably, divided is

obt ai ned. The programmuabl e frequency divider shown in FIG 2 conprises
three cascaded IOI‘IQQrpﬁﬁgbbﬁmébiéugﬂéﬁuéh&gdefivli@!_éﬁ diywn (0 Fed £2). In

t he programmabl e frequency divider unit (2), an input signal applied to a
[err] tommprises sthteaysastadedlprogebmmable Hregresmabldividspency divider
unit (2) divides the frequency of a signal [err] by 2 when a signal [err]

appl i etindds (@Y s ] (1 s néndl (2$.0of an L level (= 0), and divides the.. -~
frequency of the signal [err] by 3 when a signal applied to the [err] ﬁf‘
termnal is of aknHheyprogrampablehfsequeackr i Wit 10%) sigmal [err]

I's divided by 2 +-ierr] £[err] = 0or 1). In the programmabl e frequency - .
di vi dednpwt ‘ghgnal napplitedt 50pRoYUBe HeEMdBRIsiighALUARS RF 20 Derr] |
pul ses at a [e%é%eterninal (= Lerr]_), t he frequency of the sigq;l [err]
is.. dil@v®de o bprograqmable frpapeacy givifdemaindfed2) S4eldestines by
2 at a,err] termnal (=[er .. As result, the programma- ble frequency:
di vi deﬁ%&]i“%@%‘iﬁ}nﬁmﬂ’é% ﬂi@‘ﬁ% FﬁeaPY.p W Bq&er%ﬁqgﬁl. P (2 + [e‘?’r‘]) X,

1+ [err 2 =(2 +.Jerrl + Lerr],.Likew.se, in ord Q_produce a
((:I ock[ﬁpé’?%ex‘?é"xﬁ néf‘?g {:@f‘BQ’T; §52°£ ?’é]rP]'iSUF}es“at&ar oY ]é’["'ef FRal (=
'[err])tﬂé“%fgéﬁency of the signal CK, by 3 when a signal applied

to the D, terminal is of an H level (= 1). Thus, the fre-

quency of the Signal CX,; is divided by 2 + D, (D, = 0 or 1).
.In3the'prdgrammable frequency divider unit (1), in. &;j
order to produce a clock signal having 2 + D, pulses at a | |
Q, terminal (= CK, ) the frequency of the signal CK, is .
divided once by 2 + D; (D, = 0 or 1) and then 1 +_D2'times
by 2 at a Q, términal.u=cxi). As a result, the programma-. -
ble frequency divider units (1) and (2) divide the input -
frequency by: | | '
1 x (2+Dy) + (1 +D;) =2
= (2 +D;) x 2 +D, s ee(l1)

.'LikEWise; in order to produce a clock signal having - ‘;>
(2 + D;) x 2 + D, pulses at a Q, terminal (= CK,), the pro- ~ '
grammable'freqﬁehcy divider unit (0) divides a signal
&, bys B | | | |

| [(2}3),)‘ x'2 +#D,] x2+D, cee(2)
Théﬁefofe, the prégrémmablé frequency divider as*afwhole

divides the input frequency by:



granmmabl e frequency divi der unit (8-pivides a signal [err] by: [(2 +
[err]) x 2 + [err]] x 2 + [err] . (2) Therefore, the

programmabl e freqyengy _divider as a whqle divides the input frequency by:
[ERR] Sinilarly, profgrafnébl & ?Jr'eéi\tlj\gncg}' &Wi"dé"r ~whi ch conpridks n

Progr ol e 1 CUeREY oy Se" Wl anniB (ChclMRErL 0 I Jpiade Ol v des
o 158 RS o0EYEnL 00 ShnURS o5 BeLhES! ANANATIIN o AUEY

... (5) \idh t b, b ' ' t h e = cording to the
secc()an \gﬁ&b%ldéiéng?]? 2 osﬁésiéﬁaélgai%,agtshgh%r ggﬁgmeﬁeﬂuﬁy di vi der

conprises N cascaﬁled.,.pbﬁ;tg;agnabl g Lrequency divider units (A B, C for
continuously dividing the input frequency by {err] - [err] - 1 represented
by the equation (5).+Apgi kpke gxpppkezof 4+t pg abowe- descri bed ggywvention will
be given with reference to FIGS. 1(a) and 2, for a four divider unit
arrangenent, w t hT{&Eefbte, DPheDBrogeamnabl @0 f@kequehaly divider of

the present invention serves as a direct programmable fre-
quenty divider for continuously dividing the input frequency
by: ' |

) .2n~2n+1'_1 e« (5)
with the nth bit being fixed to the H level (= 1).

According to the second embodiment shown in FIG. 3,
the programmable frequency divider comprises N cascaded pro-
grammable frgquency divider units (A, B, C) for continuously
dividing the input frequency by 22 -~ 2R+! - 1 represented by
the equation (5). ' |

h A sfmple example of the above~described invention will be
given with reference to FIGS. 1(a) and 2, for a four divider
unit arrangement, with {DO, D1, D2, D3} set to {0010}. That
is, units (0), (1) and (3) each divide by two, while unit (2)
igs initially set to divide by three ., and the MOD of all units
star_t at Low. It will be seen that unit (2) will cycle as (1/3,

Unit (1) produces pulses #(1)1-#(1)6 for unit (2). Unit
{2) divides by three to produce two output pulses #(2)1 and.
#(2)2. Pulses #(2)1 and #(2)2 are divided by unit (3) by two
to produce one output pulse #(3)1. This output pulse #(3)1



is, units (0), (1) and (3) each di virdeby-two, while unit (2) is initially

set to divide by three , and the MOD of all units start at Low. It will be
seen t hat ruabha(ﬁbn%kluﬁysl fzf‘s Hult %mk/ €2)lréhaink/ 3;1 1//2 mééa}foym t (1)
produces pul ses #(1)1-# or unit (2). Unit (2) divid by three to

produce tmeotlitpetb!piltISes Fpr.(naqs drd ) 2r@ #Pd1)Sea T a;maed by2tRoaby
divided b ' 3), by t t t put Qul #(3) 1 t put
oul se s apnt® (20 otausR of FiE igh MoR Ea ProBacinit b 123 oab 1oy
the time @ﬁhﬂ%uf#ésﬁ-E/&)? 1e€rﬁma#éé)§ufée #iyjded tHad ve b)ﬁn‘i'%' 53()2*)9 Q “”

(because of the hi produce ‘pul se- #(2)3. This pulse
t er m nat esopal %EO!#(B;QII fﬁhaltow.s whigh ip?,):t::angves'sf uphtbi2gt st MGDoﬁ/;omhl ch

i s 1§ o RLB REaL o e @R 1hs 120 Rane k- AF EBER TR o BtARR Ul
() to prswgg D#'tr§§>162(éﬂds%m%ré"dﬂﬁ%&tﬁf%ﬂe?)& apde#(ydehy 1w

to obtain his raise unit
seen t hat pcmduc(szpul:;el #2(43 . (T8l t 132, diliri]des( pud sel/ 3(21)/32pnde#(¢2 )Hhe

G vider uRy oty s akiafe 62 coible, Fafafadiolpe “wh] XA e TJH&“V
frequencymgité) derr¢inig thde séeﬁ%h&'@'ﬁaifem‘f'@tﬁé”é’@rﬂ% A 1(/32 :

pro- grammabl e frequency divider unit pr ogr ammabl
172}, (173, 172, 1/2}, ete.

The programmable frequency divider shown in FIG; 3
has a, programmable frequency divider unit (0), a variable | v
frequency divider unit (1), a programmable frequency divider -
unit (2), a variable frequency divider unit (3), ,_.,_,_ a pro-
grammable frequency divider unit (N - 2), a p;og;etnmable
frequency '-diirider.. unit (N - 1), _CR_ gates 50a th:ougn 50g, |
and NOR gates 52a through 524. | |

If data (Dm -~ Dn) of mth and following bits (2 <m

$ n) are zero, then the programmable.. .f_requency divider of




frequency divider unit (N - 1), OR gates 50a through 50g, and NOR gates 52a
ithrough 52d. If data (Dm- Dn) of nth d followng bits (2 <mJerr] n)
are zero, then the progranmabl e fréﬁué —di vi der  of - 13- the second
enbodi nent operates equivalently to a programma- ble frequency divider

whi ch conprises (m- 1) programmbl e frequency divider units (A B, ©
conpected in cascade. \Were each of the cascaded programmabl e frequency

di wi der uni tBeosegogdaembiddmentp operalttess equivaisdy dfo & prExEranya-
avat*abl e bi pol ar or GaAs | C which can well oper- ate under few GHz, the

i nput frequbkeyfegaueacyi Adyioerdwilghd comprdifias dm hi gh fFQarameale the
conventional presetting process. The in%Et frequency may be divi ded

variably at TRegUeREYyE1¥dges URdiEofRor ByhCduGPnmashad dn GRSCHRr at i on.
WL N present | gty alstt SPStlbed atane he oAbl ol cavency
70 3, o5 B RRYCnlkS, oRUSNELRTHCRES B o et geLer
e O EOlefet BB pon s U8, A SRS e
input frequgpeyuR@Br few GHz, -the input frequency can be directly
divided variably at high speed without the conventional
presetting process.
\_/ The input frequency may be divided variably at neg-
ative edges thereof or through negative logic operation.

With the present invention, as described above, the
programmabie frequency divider for dividing the higher fre-
quency of an input signal directly into a desired lower fre-
quency comprises a plurality of 2-scale-factor prescalers
connected in cascade, the prescalers being switchable
between divide-by-2 and divide-by-3 modes, so that a
frequency-divided output signal can be produced with differ-
ent multiple division ratios. A higher input frequency can
therefore be divided directly into a desired lowqr output

frequency without the need for an increased circuit scale.

The preferred embodiments o©f the present invention can pro-
vide a programmable frequency divider which is capable of
dividing a higher input frequency directly into a variable
lower output frequency wiéhout the need for an increased.

circuit scale and an increased number of signal processing

cycles.'



therefore be divided directly into a desired | ower output frequency w thout -
the need for an increased circuit scajig. The preferred enbodi nents of the
present invention can pro- vide a prograﬁﬁhble frequency divider which is
capabl e of dividing a higher input frequency directly into a variable |ower
out put frequency w thout the need for an increased circuit scale and an

i ncreased nunber of signal processing cycles. Al though certain preferred
enbodi nents. have been shown and described, it should be understood that 7
many changes and nodifications may be nade therein w thout departing frome®

t he scope. of the apbthorghcrtartein preferngd embpdjpmegtanhaveebeeaquency -
divider for dividing the frequency of_a supplied. high-frequency signal
direct!y shawn aand)vsgﬁasqu%@ncyi;- shopld shagundepstipadi thast manycal e- f act or
prescal ers each capa- ble of being sw tched between divide-by-2 and

di vi de- bychrnARf and Jned bficat tons PRy BeJBaaeckBeEeiRgWAERAREE  ed i n

cascade for produci an_out put sigpal. which ig freguency- divided at- one
o ol 1 AAPARIRg oo tBe SeonS: $hatne appended’ EfaTRgY™ ¢ VIded &t one



2. A programmabl e .frequency divider according to claim1, wherein each of
‘said 2-scale-factor prescalers has—ajfsrst termnal [MXD], a second
terminal [err] a third ter- minal [CP[, a fourth termnal [Q, and a fifth
terminal [OC], and is operable such that when the first termnal [MOD] is
of an Fi(@ﬂuhk | evel or the second termnal [err] is of an L level, a clock
S|gnal‘epﬁ++ed—Lo the third terminal [CP] is frequency-divided by 2 at
positive edges thédr.ed progtamnfabdm chmemuindyletiwidgmnl fors dsntdingt he
foufth term - nal [Q, that when the first ternnal [MOD]_is of an L (or.

H) |evel t8ad frequensh ©f & rﬁqmli[eé} Mighs-fgrequeney sdgnak dleektiygnal
applied to the third term nal [CP] I'S- frequency divided by 3 at positive

edges t hép&ef a2 dQWexr ATSANSRGY. iSRRI is sent to the fourth
termnal [Q, that en first, ter n is of, an H L | evel or
the fourth term n® B 1} Qﬁi %é rﬁﬁe§ﬁa¥ﬁF§1T% hLS P&Vel is

isgn'éftgnblgg[ f8?f h%ﬁng,gﬂ%ﬁélﬁ%é’% ourth rqalevlrﬂe- Y rb(;)i[g}f‘ds &{%é eé}lfﬂe o [MD?
ggggalz g@g?e f’actord|_|]|ozrescaeelr%"::f'ﬁ;}'t céonnect %tnmaclgg rEd}'gl % t 2? \;\ﬂEI‘EI "
appl | od Sasgede) Tr! By o Bittup Bidlal MHGH L T lERer S oarer
and an ogipified at one of multiple division ratios at a time.

2. A programmable frequency divider according to
N\ claim 1, wherein each of said 2—s¢ale-factor prescalers has
a first terminal [MOD], a second terminal"[Di] a third tef;
minal [CP], a fourth terminal [Q], and a fifth terminal
[oC}, and is operable such that when the first terminal
[MOD] is of an H (or L) lével or the second teéminal[Di]is
of an L level, a clock signal applied to the third terminal
[CP] is frequency-divided by 2 at positive edges thereof,
and a frequency-divided signal is sent to the fourth termi-
nal [Q], that when the first terminal [MOD] is of an L (or.-
H) level and the second terminal[Di] is of an H level, a
clock signal applied to the third terminal [CP] is
frequency-divided by'3 at positive edges thereof, and a
frequency-divided signal is sént to the fourth terminal [Q].
that when the first terminal [MOD] is of an H (or L} level

or the fourth terminal [Q] is of an H level, a signal of an

H (or L) level is sent to the fifth terminal [OC], and that

* c L M 3 *



signal fromthe fifth term nal [OC] 3f the (N + 1)th presca- .ler.is applied E
as an input signal to the first t kgl—] MOD] of the Nth prescaler, said

Nt h prescal er being operable such that when the output signal fromthe
fifth termnal [OC] of the (N + 1)th prescaler is of an L (or H) level, the
Nt h presadiear fhegfitrsly- tevmileslt MODNpis eifgaal Lby of2 Hf [fevdl) amtordl ng
to the level of the signal at the sec- ond termnal [err], and when-the .
out put sitfelfqunthttermineh [Qfniaapf[an] Lokeved (R sigped wleamller is o‘f“‘-j
an H (or L) level, the Nth prescal er frequency-divides the in iﬁ? si gna

2. 3. A ﬁﬁﬁbﬁﬁhﬂ%ﬁﬂ%lf*%q%%%%ytﬁlFhﬁeflEEBoFGFﬁénﬁé ¢PSIm BRSuherein each
of said 2- scale fac presca t term na second
Cer mnal WAYELD S4HE 4 FERLorEAGEOT (PR ESER185R: ALPOLRPRRCEEY L AR (i 111
term nal d i,s_opera ch f ter |s
of an L %sq@% FBaf "EhSubpih oL et EPER HRR ek § @e{ﬁ% %N@

cl ock si e ] AkS L C\ by 2
at negat%{;'a éﬁg Q*tﬁe#gtﬁhﬁrég gef ;rqué%éggdﬁél B 3 g%él n to the
fourth t [ e r t e&NDQh (or L)
| evel 3&{%15 sec%n%%}fﬁngjﬁarefzré? tﬁé Eh EE%E%% ac oc 5| gna S

appl i ed ts‘iegt@ tﬂ'éfﬁ’ tié ”fﬂff!:h[@]:miﬁair ?Gé?nﬁf' ¢hel q&d +b)1 )C’khatprf%éi ve
edges ther

ler is applied as an input signal to the first terminal . -
- [{MOD} of the Nth pfescaler, said Nth prescaler being
operable such that when the ocutput signal from theufifth.' - N
terminal [OC] of the (N + 1)th prescaler:is of an L ‘(or H)
level, the Nth prescaler frequency-divides the input signal-.
by (2 +'Di)aceording to the level of 'the 'signal at the sec-
ond terminal[Di], and when the output signal from the fifth
terminal [OC] of the (N + 1)th prescaler is of an H (or L)
level, the Nth preSCaler'freqﬁency-diVideé'the input signal
by 2.
3. A programmable frequency.divider'accofding1ton
claim 1, wherein each of said'2—scale-factor~pre§calers.has
a first terminal [MOD], a second terminai[Di}, a third ter—_:
minal [CP], a fourth terminal (Q], and a fifth terminal .
[oC], and is operable such that when the first terminal -
(MOD] is of an L (or H) level or the second terminalLDi]':is;
of an L level, a clock signal applied.téathe-third-téxminalf
[CP] is frequency-divided by 2 at neéative'edges~the:eof,

A



fr'equency-divided signal is sent to the fourth termnal [Q, that when the
first termnal [MOD] is of an L (G H ™jexel or the fourth termnal [Q is
of an L level, a signal of an L (or H level is sent. to the fifth term na
[OC], and that when the first termnal [MOD] is of an H[or L] level and

the fourtghg e r‘f)ﬂéﬁ%%gﬁé&l@idé&‘ é‘&%ﬁﬁelsaséhﬂnﬁb %ea?o Fﬁ:‘ﬁr tdrmlsevel 1s

sent, to the fift rein said 2-scale-tactor prescalers
ar e; CQ”“QPéFd[ 1, caﬁatC@HQnSfJﬁé fb@étaﬂeﬁumal fMGﬂql ikrem Bhed Qe h
terifal [ Q t he (N - 1)th prescaler is applied as an input signal to
the thirgy eréwrétal andPthefsébondl bepritssBIE] 88do@nafpuiiplievelgna fromthe
fifth termnal [OC] of the (N + |)th presca- ler is applied as an input

si gnal taldek fsignal capphbed [ddCthefthied Ntbrpinata{ep] 4aid Nth prescal er
bei ng operabl e such that when the output signal fromthe fifth term na

[OC] of tfrequencyidividedchye3 ab mégah1#é(edge$ therekeofi henlt la prescal er

frequency-divides the input signal by (2 + Di accordlng to the | evel of-the
si gnal tf43E¥Qn§¥'Q¢Rﬁderﬁ19@a$e¢$]SGQMdtﬂh het fieust pt?r@lgﬂ£ [Rlom t he
fifth termnal [OC] of the (N + 1)th prescaler is of an L (or | evel , the

Nth presddiak wherehe Lirst dearmiral nE:N,ﬁ’D!;l §Rapfpynol (°r4H)Al&|”@d-r amabl e
frequency d|V|de accordln to, 2 Or f ereln ald 2- scale f
prescal oL \Hh rth tprminal [Q] s o evel s:.gna an

L (or H) level is sent to the fifth terminal [OC], and that

"when the first terminal [MOD] is of an H [or L] level and
AN the fourth terminal [Q] is of an H level, a signal of an H
[or L] level is sent to the fifth terminal [OC], and
wherein said 2-scale-factor prescalers are connected in cas-
cade such that an output signal from the fourth terminal [Q]
of the (N - 1)th prescaler is applied as an input signal to
the third terminal [CP] of the Nth prescaler, and an output
signal from the fifth terminal [OC] of the (N + 1)th presca-
ler is applied as an input signal to the first terminal
[MOD] of the Nth prescaler, said Nth prescaler being.
operable such that when the output signal from the fifth
terminal [OC] of the (N + 1)th prescaler is of an H (or L)
level, the Nth prescaler frequency-divides the input signal
by (2 + Di)according to the level of -the signal at the sec~
ond terminal [Di] and when the output signal from the fifth
terminal [OC] of the (N + 1)th prescaler is of an L (or H)
level, the Nth prescaler frequency-divides the input signal
by 2.

* c L M H *



nected in cascade are arranged such { t when all input sig- nals applied
to the second term nals of subsequen nes of the prescalers are of an L
| evel , said subsequent prescalers are separated fromthe other prescalers.
5. A di vi der accor di ngoto cla r.ei.n wheh the. second termnal

of the (n+1)th préschlR .Sﬁﬂm‘f‘ﬁbﬁi %FﬁqPEPFﬁYn g etrhé‘ﬁﬁ%ddr%%c'%ﬂe% are
cepar ar 8% drsretBsEaidn ?%F%Ebgiéfi%aiv‘%ets@% 1L RIS dherety Lo
f.req“e”%{e %Vdsdexgaﬁggéégté L! Xr@?ng%e%ﬂ%ﬁ[ %%t %&%&Lbﬂi "Mé\z éfﬁence ﬂ’{

Fi gures I'ng ake conjunction wt (b) and
1(¢).  nals applied to the second termlnals of subsequent ones of

the prescalers are of an L level | said subsequent prescalers

are separated from the other prescalers.

5. A divider according to claims 2 or' 3, wherein when:: the second

terminal of the (n+l)th prescaler and the fifth term:.nal of the nth

prescaler are both.held L for all prascalers subsequent,:.to the nth
- prescaler, thersby to separate all such subsequent nres_oaie;fs_.

2 —,

6 A programmable f'requency divider substantially as :
_ here*nbefore descrlbed w1th reference to Flgures 2 or 3 each bemg
taken in corjunction with Flgures l(a), 1(b)- and 1(e). |
o/
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