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STATE MACHINE 210
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(7) ABSTRACT

The present invention is a method and system for a fully
programmable modulus pre-scaler. In one embodiment, the
pre-scaler is a cascade of fully programmable divide-by-34
sections. A fully programmable divide-by-%5 section
includes a state machine and a control circuit. The state
machine generates a modulus control output synchronously
with a clock signal in response to a modulus control input
and a programming signal. The state machine has a plurality
of states corresponding to a %3 divider. The control circuit is
coupled to the state machine to generate the programming
signal to the state machine in response to a programming
word for a frequency divider.

SECOND SEQUENTIAL CIRCUIT 240

MODULUS i ) Wi |
CONTROL | - - > MCO
INPUT OF
THIS : a5 234 238 I
SECTION i \ 236 II
L — PoQ _é_J ' |99, SWITCH S
MCL | DLATCH P Q 242 2(’4 sas 298 : 250
| o DLATCH 3} ¢ q lks
: EN QP —0ENE  Qlo— B Q D q Hay "
I
I a0, pLaTcH DLATCH H O out,
R 249 BN Q- ENE  Qlog—te
| =y
| I q k
| !
0t S AN |
PROGRAMMING || — — 177777~ it
BITS OF 221 |
HIGHER ORDER | |
SECTIONS | ]
|
dy 222 226 :
C!N-l j 0
d ! rst, 1.
k2 224 I
e,y | CONTROL
| +~ CIRCUIT
d 220
r K | pgmk JI
PROGRAMMING —~ —~— ~— —~—— -~ —T— 7=
BIT OF THIS

SECTION



Dec. 12,2002 Sheet 1 of 6 US 2002/0186808 A1

Patent Application Publication

I 'O

AHdOM ONINWYIDOUd

}
J—
n_U H:&U ._”nv__U v:U .ﬂ—U OU
4
"pNp | Np FNp Pp p Np *Np Pp Yp Tp °p TYNDIS
TNy TP D Tow Tow 99N 1ndLno
IDW OOWhb—— ¢« ——| DI OOW |—> o — ] DI ODW »] IDN 0D |—» N-AZ-3AIAIC
—1N0 MDje——+e «—1n0 M1 [¢— e «—]1no N1 | 1IN0 MDD |e— 1VNOIS
, 1no , 1no . 190 ) LNdNI 40010
) ) ) )
9POr1 dorr orr Torr
— N
[}\\‘
JIGVWWYEDO0Ud ATINd I19YWWYYO0Yd
ATIVILYVd

oot \\



Dec. 12,2002 Sheet 2 of 6 US 2002/0186808 A1

Patent Application Publication

N w.N.....\ NOILD3S
SIHL 40 LI
e | ONIWWYHDOUd
b A
ozz | wbd — P J
1IN —+ | fay
J0uINOD | p
| el Z4+3)
| hsd P
. 7 ﬁ -8 i H
1 T-N
Y P
_ 97z cee _ Np
_ | SNOILLD3S
_ | 93QU0 YIHOIH
_ 1zz | || 40 s114
+— | | ONIWWY¥OOud
llllllllllllllllllllllllllllllllllll b
.................................................................................................................................................... R M
_
I
62 _
\ 1o ana 0 N3 . " Ngl)
No HO1V1d HOLVIa )
At R et s bl | |
me 0pz ¢ HO1V1a HOLYIa »
: |
S HOLIMS “ dad b a 1@| o a T Pr
) -+ NOILO3S
H occ :
_ 8ee www zee “ SIHL
i 40 LNdNI
S O Sy S il 10Y.LNOD
I SNTNAOKW

OrZ LINDYID TYILNANDIAS ANOD3S

0£2 1INDYID WILNINDIS L1SHId

071Z INIHOVIN A1VIS



US 2002/0186808 A1

Patent Application Publication Dec. 12,2002 Sheet 3 of 6

L b d o o o e e L 0o g LS LM A b e R g N e B AN NA A bhansesnsaanaaantonennnraaaneres neatennnd
.

. Ib 6rc |

:ijlow M10 — X1
N0 =<7 HOLVY1d : Yob

: | ;

RS d a gNd fo— © N3

f b J SeIkale HALYI

{05€ prE 0 d 5 IOW

{S HOLIMS i ob ¢

i i gee otLE

— P— —— e

O0¥€ LINDYID IVILNINDO3IS ANOD3S 0£€ 1INDYID IVILNINDIS LSYIA



US 2002/0186808 A1

Patent Application Publication Dec. 12,2002 Sheet 4 of 6

0 0 T 0 0 T X 0——————————0 I I
0 0 I 0 0 T X T 0 T
0 0 T 0 0 T X - l/l// T 0
0 0 T 0 0 T X o0 ——————— = 0 0 0
0 0 0 0 0 0 X 0-—————————=0 T T
0 0 0 0 0 0 X T~ 0 T
0 0 0 0 0 0 X =TT TN~ T 0
0 0 0 0 0 0 X O ——_——— . — 0 0 0
0 T 0 1 T T T Xem——= T-—=—=X I I
0 0 0 1 T T I T~ 0 !
T T T T T I T T T TN T 0
T I T T T I I X=———= IT-————= X 0 0
0 0 0 T T 0 T T~ 0 I
0 T 0 T T 0 I e II/// 1 0
0 T 0 1 T 0 T X=m——— T———-Z= X 0 0
0 T 0 T 0 T 0 Xoim=== T —=———=X T T
0 0 0 T 0 I 0 Tc e~ - 0 T
0 T T T 0 T 0 T T T T 0
0 T T T 0 T 0 X=m———— T———= X 0 0
0 T 0 T 0 0 0 Xe————= T-————X I T
0 0 0 T 0 0 0 T~ 0 T
0 T 0 I 0 0 0 P T 0
0 T 0 I 0 0 0 Xm———— T———== X 0 0

Fob THib 100N USY WOd | oW [ o | TP a a0 TNp Np | gb ipp

1ndL1no STVYNDIS
wwmww TOYLNOD TOYINOD S1NdNI memwwa
SNINAOW TYNYILNI




US 2002/0186808 A1

Patent Application Publication Dec. 12,2002 Sheet 5 of 6

gy ‘OI4

I11=1
110'10T'100=1 00T°000=L
00T'000'TTTI'TTIO‘TOT TO0=1
TTT'TTI0’TOT'TO0=1 ITO'TOT'T00=1 ‘
001'000=1
000700T=L
ITI=L

1 swinodow=1



US 2002/0186808 A1

Patent Application Publication Dec. 12,2002 Sheet 6 of 6

dONVLISNI
ONINWYHDO0Ud-I

S 'O

ST

7

A Y

™~

LSS LSS SIS

1353

‘\{

\

A

L [ b

= o

7

/S _

e \ I N R BN A A7

il

L

| ol

L]

LA LT

NN I Y O B B /7 I

7

rd |

L

L

L oo

lozlerlsr|zr|ot|st|vrler|er|tr|ot|e6 |8 |z]ols|v|e]lz]t|

_ _ _ _ OOA



US 2002/0186808 Al

FULLY PROGRAMMABLE MULTIMODULUS
PRESCALER

BACKGROUND
[0001] 1. FIELD OF THE INVENTION

[0002] This invention relates to digital circuits. In particu-
lar, the invention relates to pre-scaler.

[0003] 2. BACKGROUND OF THE INVENTION

[0004] Pre-scaler circuits are useful in many applications
such as clock generation in digital circuits and phase-locked
loop (PLL) circuits. It is usually desired to divide a clock
signal by an integer N.

[0005] Existing techniques to provide divide-by-N uses a
series of divide by %3 sections. These techniques are limited
to division ratios between 25 and 2%*-1, where k is the
number of the 2-3 cells in cascade. These techniques there-
fore cannot be used for division ratios beyond the bands of
2% and 2**'-1. In addition, the reloading of these circuits is
done asynchronously by a separate strobe signal. The asyn-
chronous reloading typically leads to additional hardware,
added power consumption and high noise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The features and advantages of the present inven-
tion will become apparent from the following detailed
description of the present invention in which:

[0007] FIG. 1 is a diagram illustrating a system in which
one embodiment of the invention can be practiced.

[0008] FIG. 2 is a diagram illustrating a fully program-
mable divide-by-%5 circuit according to one embodiment of
the invention.

[0009] FIG. 3 is a diagram illustrating a partially pro-
grammable divide-by-%5 circuit according to one embodi-
ment of the invention.

[0010] FIG. 4A is a diagram illustrating a truth table for
the programmable divide-by-%3 according to one embodi-
ment of the invention.

[0011] FIG. 4B is a diagram illustrating a state diagram
for the programmable divide-by-%5 circuit according to one
embodiment of the invention.

[0012] FIG. 5 is a timing diagram illustrating the wave-
forms of the signals for the programmable divide-by-34
circuit according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0013] In the following description, for purposes of expla-
nation, numerous details are set forth in order to provide a
thorough understanding of the present invention. However,
it will be apparent to one skilled in the art that these specific
details are not required in order to practice the present
invention. In other instances, wellknown electrical struc-
tures and circuits are shown in block diagram form in order
not to obscure the present invention.

[0014] FIG. 1 is a diagram illustrating a system 100 in
which one embodiment of the invention can be practiced.
The system 100 may operate as a divide-by-N circuit to
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divide the frequency of a clock input signal by N. The
system 100 may be used in a number of applications
including clock generators in digital circuits, fully program-
mable multi-modulus pre-scaler. The pre-scaler may be used
in a variety of phased-locked loops (PLL’s), including T-A
fractional-N PLL, to achieve low phase noise and low power
consumption. The system 100 includes P programmable
divide-by-%; circuits 110, to 110,,.

[0015] The P programmable divide-by-#3 circuits 110, to
110,, are connected in series or cascaded to form a chain of
divide-by-N circuit. The circuit 110, is the least significant
divide-by-%; circuit and the circuit 110, is the most signifi-
cant divide-by-%5 circuit. The circuit 110, receives a clock
input signal representing the clock signal whose frequency
is to be divided. The circuit 110, generates a divide-by-N
output signal which has a frequency equal to 1/N of the
frequency of the clock input signal.

[0016] The P programmable divide-by-%; circuits 110, to
110, receive a programming word d d,,_. . . dy;1dy. . . dyd,
which is the binary representation of the divider N where d,,
is the least significant bit (LSB) and d,, is the most significant
bit (MSB). The circuit 110, is referred to as the least
significant (LS), or partially, programmable divide-by-%
circuit. It receives the LSB of N, d,, as a programming bit.
The circuits 110, to 110, receive the remaining program-
ming bits of the programming word. These circuits are
referred to as the next significant (NS), or fully, program-
mable divide-by-%; circuits. In particular, the circuit 110, is
referred to as the most significant (MS), or fully, program-
mable divide-by-%5 circuit. In one embodiment, the circuit
110, may also be the same as or a straight forward modifi-
cation of the circuits 110, to 110,..

[0017] Each of the P programmable divide-by-%3 circuits
110, to 110, has a clock (CLK) input, a modulus control
input (MCI), a modulus control output (MCO) and an OUT
output. The OUT output of a circuit is connected to the CLK
input of the next significant circuit. The MCI of a circuit is
connected to the MCO of the next significant circuit. The
MCO of the LS circuit 110, provides the final divide-by-N
output signal. The clock input signal is connected to the
CLK input of the LS circuit 110,. The MCI of the MS circuit
110, is connected to a logical HIGH. Over all divide-by-N
output may also be taken from MCI signals of NS sections,
depending on the embodiment.

[0018] FIG. 2 is a diagram illustrating a fully program-
mable divide-by-3 circuit 110, to 110, according to one
embodiment of the invention. For brevity the subscript is
dropped. The circuit 110 includes a state machine 210 and a
control circuit 220.

[0019] The state machine 210 is a sequential circuit that
generates the MCO synchronously with rst, the CLK input
in response to the MCI and programming signals pgm and
rst, from the control circuit 220. The state machine 210 has
a plurality of states corresponding to a % divider. For a %3
divider, the number of states can be represented by two bits
qlq0. These two bits are generated by the state machine 210.

[0020] The state machine 210 includes a first sequential
circuit 230 and a second sequential circuit 240. The first
sequential circuit 230 provides a first state output signal q0
and an MCO output in response to the MCI and the
programming signal pgm. The second sequential circuit 240



US 2002/0186808 Al

is coupled to the first sequential circuit 230 to provide a
second state output signal ql in response to the first state
output signal q0 and the reset signal rst,. The first and
second state output signals q0 and q1 specify the states of the
state machine 210. The second state output signal ql has a
complementary signal q1#. Either q1 or q1# signals may be
used as the OUT output depending on the embodiment. The
selection of which one of the q1 and q1# may be done by the
switch S 250.

[0021] The first sequential circuit 230 includes a first logic
circuit 232, a first latch 234, a second logic circuit 236, and
a second latch 238. The first logic circuit 232 generates a
first latch input signal from the MCI and a complement of
the second state output signal, i.e., the ql# signal. In one
embodiment, the first logic circuit 232 is an AND gate. The
first latch 234 generates the MCO from the first latch input
signal. The first latch 234 is enabled by the clock signal
CLK. When the CLK signal is HIGH, the first latch input
signal is transferred to the output of the first latch 234. When
the CLK signal is LOW, the first latch 234 holds its output
unchanged.

[0022] The second logic circuit 236 generates a second
latch input signal from the MCO and the programming
signal pgm. In one embodiment, the second logic circuit 236
is an AND gate. The second latch 238 generates the first state
output signal q0 from the second latch input signal. The
second latch 238 is enabled by the inverted clock signal.
When the CLK signal is LOW, the second latch input signal
is transferred to the output of the second latch 238. When the
CLK signal is HIGH, the second latch 238 holds its output
unchanged. The second latch 238 also generates the comple-
ment of the first state output signal q0#.

[0023] The second sequential circuit 240 includes a third
logic circuit 242, a third latch 244, a fourth logic circuit 246,
and a fourth latch 248. The third logic circuit 242 generates
a third latch input signal from the q0# signal and the second
state output signal, i.e., the ql signal. In one embodiment,
the third logic circuit 242 is an NAND gate. The third latch
244 generates a third latch output signal from the third latch
input signal. The third latch 244 is enabled by the clock
signal CLK. When the CLK signal is HIGH, the third latch
input signal is transferred to the output of the third latch 244.
When the CLK signal is LOW, the third latch 244 holds its
output unchanged.

[0024] The fourth logic circuit 246 generates a fourth latch
input signal from the third latch output signal and the reset
signal rst. In one embodiment, the fourth logic circuit 246 is
an AND gate. The fourth latch 248 generates the second state
output signal ql from the fourth latch input signal. The
fourth latch 248 is enabled by the inverted clock signal.
When the CLK signal is LOW, the fourth latch input signal
is transferred to the output of the fourth latch 248. When the
CLK signal is HIGH, the fourth latch 248 holds its output
unchanged. The fourth latch 248 also generates the comple-
ment of the first state output signal ql#.

[0025] The control circuit 220 generates the programming
signal pgm to the state machine in response to the program-
ming wordd,d,,_; ...dy,,dy . ..d, forthe frequency divider
N. The control circuit 220 also generates the reset signal rst
from the programming word d,d,,_; ... dy,,dy ... d; and the
MCI. In one embodiment, the control circuit 220 includes a
2-input OR gate 221, and (P-k)-input OR gate 222, a 2-input
OR gate 224, and an AND gate 226.
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[0026] The 2-input OR gate 221 performs an logical OR
operation on the MCI and the second state output signal q1.
The (P-k)-input OR gate 222 performs a logical OR opera-
tion on the (P-k) programming bits of the programming
word d,d,_;. . . di,;. The 2-input OR gate 224 performs a
logical OR operation on the outputs of the 2-input OR gate
221 and the P-input OR gate 222. The AND gate 226
performs an AND operation on the output of the P-input OR
gate 222 and the d, programming bit. The AND gate 226
generates the programming signal pgm.

[0027] FIG. 3 is a diagram illustrating the partially pro-
grammable divide-by-%5 circuit 110, according to one
embodiment of the invention. The partially programmable
divide-by-%5 circuit 110, is similar to the fully program-
mable circuit with fewer components and includes a state
machine 310. The also has a plurality of states specified by
the state output signals ql and q0.

[0028] The state machine 310 includes a first sequential
circuit 330 and a second sequential circuit 340. The first
sequential circuit 330 is similar to the first sequential circuit
230 shown in FIG. 2. The first sequential circuit 330
includes a first logic circuit 332, a first latch 334, a second
logic circuit 336, and a second latch 338. The first logic
circuit 332 generates a first latch input signal from the MCI
and a complement of the second state output signal, i.e., the
ql# signal. In one embodiment, the first logic circuit 332 is
an AND gate. The first latch 334 generates the MCO from
the first latch input signal. The first latch 334 is enabled by
the clock signal CLK. When the CLK signal is HIGH, the
first latch input signal is transferred to the output of the first
latch 334. When the CLK signal is LOW, the first latch 334
holds its output unchanged.

[0029] The second logic circuit 336 generates a second
latch input signal from the MCO and the programming
signal pgm. In one embodiment, the second logic circuit 336
is an AND gate. The second latch 338 generates the first state
output signal g0 from the second latch input signal. The
second latch 338 is enabled by the inverted clock signal.
When the CLK signal is LOW, the second latch input signal
is transferred to the output of the second latch 338. When the
CLK signal is HIGH, the second latch 338 holds its output
unchanged. The second latch 338 also generates the comple-
ment of the first state output signal q0#.

[0030] The second sequential circuit 340 includes a third
logic circuit 342 and a third latch 344. The third logic circuit
342 generates a third latch input signal from the q0# signal
and the second state output signal, i.e., the ql signal. In one
embodiment, the third logic circuit 342 is an NAND gate.
The third latch 344 generates the second state output signal
ql and its complement ql#. The output of the second
sequential circuit 340 may be ql or ql# via a switch 350.
The third latch 344 is enabled by the clock signal CLK.
When the CLK signal is HIGH, the third latch input signal
is transferred to the output of the third latch 344. When the
CLK signal is LOW, the third latch 344 holds its output
unchanged.

[0031] Note that the circuit for both fully and partially
programmable circuits or sections implements the logic
circuits with AND or NAND gates which are inserted
between latches. This arrangement minimizes propagation
delays in the critical timing path. The result is that low
power and low noise operation can be achieved. In addition,
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the least significant circuit (e.g., the circuit 110; shown in
FIG. 1) is partially programmable and is always active and
requires only programming of the modulus control. A par-
tially programmable circuit of a given order requires less
hardware and consumes less power compared to the fully
programmable circuit. More than one circuit can be made
partially programmable.

[0032] FIG. 4A is a diagram illustrating a truth table for
the programmable divide-by-%5 circuit according to one
embodiment of the invention.

[0033] The truth table for the programmable divide-by-%5
circuit essentially provides for the implementation of the
programming signal pgm and the reset signal rst. The
programming signal pgm and the reset signal rst are gener-
ated according to the following logic equations:

pgmk=(dp+dp—1+' -t )y @
rste=d+dp i+ . +di,  +MCltgly 2
[0034] Inthe above logic equations, + and * correspond to

logical OR and AND operations, respectively.

[0035] FIG. 4B is a diagram illustrating a state diagram
for the programmable divide-by-%5 circuit according to one
embodiment of the invention. The state diagram includes
four states 0, 1, 2, and 3 corresponding to the state output
signals q1q0=00, 01, 10, and 11, respectively.

[0036] The state diagram shows the transition of a present
state to a next state as a function of the input T=MCI, pgm,
rst,. The notation in the state diagram is the binary repre-
sentation of T. For example, T=001 indicates that MCI, =0,
pgm, =0, and rst,_1. Note, that the condition rst, =0 ensures
that pgm; 320, and, therefore, inputs 010 and 110 are not
realizable

[0037] State O goes to itself when T=000, 100. State 0
never goes to state 1. State O transitions to state 2 when
T=001, 101, or 011. State O transitions to state when T=111.

[0038] State 1 never goes to itself. State 1 goes to state O
when T=000, 100. State 1 goes to state 2 when T=001, 101,
011. State 1 goes to state 3 when T=111.

[0039] State 2 always goes to state 0, i.e., for all T=001,
101, 011, 000, 100, 111.

[0040] State 3 goes to state O when T=100, 000. State 3
never goes to state 1. State 3 goes to state 2 when T=001,
101, 011, 111.

[0041] Note that some combination of the inputs causing
the state transitions may not be realizable and these corre-
spond to don’t cares.

[0042] Since state 1 is not a destination of any state, it can
be eliminated from the state diagram. The state machine
therefore has only states 0, 2, and 3. This is consistent with
the divide-by-%5 principle. The state diagram illustrates the
operation for the state machine to go across the 2* to 2%**-1
band boundaries.

[0043] For example, the case of dividing by 3 followed by
dividing by 3 cycles is achieved by the following state
sequence:

[0044] 3—2—0—>2—0—2—0 . ..

[0045] where the number indicates the state number cor-
responding to the (q1, q0) state output signals as shown in
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FIGS. 2 and 3. The sequence of states corresponds to
“swallowing” one pulse of an input signal at the beginning
of the cycle. Here, the output state does not change until the
third count.

[0046] The sequence for dividing by 2 is achieved by the
following state sequence:

[0047] 2—0—2—0—2—0 . . .

[0048] This sequence is identical to a toggle flip-flop
operation.

[0049] For an operation beyond the range of 2 to 211
certain sections or circuits in the chain of circuits shown in
FIG. 1 need to be turned on and off simultaneously with
complete reprogramming of the divider at the end of each
cycle. The method of activating and deactivating certain
sections is based on the fact that each counting sequence
ends in a state 00 and begins by a transition from state O to
either state 2 or 3. Therefore, in order to disable a given
circuit from the next count, the higher order section(s) are
disabled and the circuit undergoes synchronous transition
from state O to O at the end of its local count. For example,
the sequence 3—+2—+0—+2—-0—+2—-0—0 . . . ensures that a
given circuit and all subsequent or less significant circuits
are inactive in the next cycle. The disabling transition is
shown underlined. When made inactive, the %; circuits are
held in state 0 and MCO=1 to ensure quick activation for
further count.

[0050] FIG. 5 is a timing diagram illustrating the wave-
forms of the signals for the programmable divide-by-%3
circuit according to one embodiment of the invention.

[0051] The timing diagram shows the waveforms of the
signals q1, g0. MCO, MC1, and MC2 for a 4-bit example.
The timing diagram illustrates a change of count from 15 to
2 as shown in the MCO waveform. Vertical dotted lines
indicate the end-of-count instances. “Swallowed” pulses are
shown by shaded areas. Transitions triggered by the pro-
gramming input are indicated with arrows and dashed lines
on the timing diagram.

[0052] While this invention has been described with ref-
erence to illustrative embodiments, this description is not
intended to be construed in a limiting sense. Various modi-
fications of the illustrative embodiments, as well as other
embodiments of the invention, which are apparent to per-
sons skilled in the art to which the invention pertains are
deemed to lie within the spirit and scope of the invention.

What is claimed is:
1. An apparatus comprising:

a state machine to generate a modulus control output
synchronously with a clock signal in response to a
modulus control input and a programming signal, the
state machine having a plurality of states corresponding
to a % divider; and

a control circuit coupled to the state machine to generate
the programming signal to the state machine in
response to a programming word for a frequency
divider.
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2. The apparatus of claim 1 wherein the state machine
comprises:

a first sequential circuit to provide a first state output
signal in response to the modulus control input and the
programming signal; and

a second sequential circuit coupled to the first sequential
circuit to provide a second state output signal in
response to the first state output signal and a reset
signal, the first and second state output signals speci-
fying the states of the state machine.

3. The apparatus of claim 2 wherein the first sequential

circuit comprises:

a first logic circuit to generate a first latch input signal
from the modulus control input and a complement of
the second state output signal;

a first latch coupled to the first logic circuit to generate the
modulus control output from the first latch input signal,
the first latch being enabled by the clock signal;

a second logic circuit coupled to the first latch to generate
a second latch input signal from the modulus control
output and the programming signal; and

a second latch coupled to the second logic circuit to
generate the first state output signal from the second
latch input signal, the second latch being enabled by the
clock signal.

4. The apparatus of claim 3 wherein one of the first and

second logic circuits is an AND gate.

5. The apparatus of claim 3 wherein the second sequential

circuit comprises:

a third logic circuit to generate a third latch input signal
from the second state output signal and a complement
of the first state output signal; and

a third latch coupled to the first logic circuit to generate
one of a third latch output signal and the second state
output signal from the third latch input signal, the third
latch being enabled by the clock signal.

6. The apparatus of claim 5 wherein the second sequential

circuit further comprises:

a fourth logic circuit coupled to the third latch to generate
a fourth latch input signal from the third latch output
signal and the reset signal; and

a fourth latch coupled to the fourth logic circuit to
generate the second state output signal, the fourth latch
being enabled by the clock signal.

7. The apparatus of claim 3 wherein the third logic circuit

is a NAND gate.

8. The apparatus of claim 6 wherein the fourth logic
circuit is an AND gate.

9. The apparatus of claim 2 wherein the programming
word includes a first programming bit and one or more
higher order programming bit.

10. The apparatus of claim 9 wherein the control circuit
comprises:

a programming generator to assert the programming sig-
nal when the one or more higher order programming bit
has at least a logical one and the first programming bit
is a logical one; and
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a reset generator to assert the reset signal when the one or
more higher order programming bit corresponds to a
logical zero word.

11. A method comprising:

generating a modulus control output synchronously with
a clock signal in response to a modulus control input
and a programming signal by a state machine, the state
machine having a plurality of states corresponding to a
% divider; and

generating the programming signal to the state machine in
response to a programming word for a frequency
divider by a control circuit.
12. The method of claim 11 wherein generating the
modulus control output comprises:

providing a first state output signal in response to the
modulus control input and the programming signal by
a first sequential circuit; and

providing a second state output signal in response to the
first state output signal and a reset signal by a second
sequential circuit, the first and second state output
signals specifying the states of the state machine.
13. The method of claim 12 wherein providing the first
state output signal comprises:

generating a first latch input signal from the modulus
control input and a complement of the second state
output signal by a first logic circuit;

generating the modulus control output from the first latch
input signal by a first latch, the first latch being enabled
by the clock signal;

generating a second latch input signal from the modulus
control output and the programming signal by a second
logic circuit; and

generating the first state output signal from the second
latch input signal by a second latch, the second latch
being enabled by the clock signal.
14. The method of claim 13 wherein one of the first and
second logic circuits is an AND gate.
15. The method of claim 13 wherein providing the second
state output signal comprises:

generating a third latch input signal from the second state
output signal and a complement of the first state output
signal by a third logic circuit; and

generating one of a third latch output signal and the
second state output signal from the third latch input
signal by a third latch, the third latch being enabled by
the clock signal.
16. The method of claim 15 wherein providing the second
state output signal further comprises:

generating a fourth latch input signal from the third latch
output signal and the reset signal by a fourth logic
circuit; and

generating the second state output signal by a fourth latch,
the fourth latch being enabled by the clock signal.
17. The method of claim 13 wherein the third logic circuit
is a NAND gate.
18. The method of claim 16 wherein the fourth logic
circuit is an AND gate.
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19. The method of claim 12 wherein the programming
word includes a first programming bit and one or more
higher order programming bit.

20. The method of claim 19 wherein generating the
programming signal comprises:

asserting the programming signal when the one or more
higher order programming bit has at least a logical one
and the first programming bit is a logical one by a
programming generator; and

asserting the reset signal when the one or more higher
order programming bit corresponds to a logical zero
word by a reset generator.

21. A pre-scaler circuit comprising:

a least significant (LS) programmable circuit to generate
a divide-by-N signal, N being an integer, from a clock
input signal using a next significant (NS) modulus
control output signal and a LS programming signal, the
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LS programmable circuit generating a LS modulus
control output signal, the LS programmable circuit
comprising:

a LS state machine to generate a LS modulus control
output synchronously with a clock signal in response
to a LS modulus control input and LS programming
and reset signals, the LS state machine having a
plurality of states corresponding to a %3 divider, and

a LS control circuit coupled to the LS state machine to
generate the LS programming and reset signals to the
LS state machine in response to a LS programming
bit for a frequency divider; and

N NS programmable circuits coupled to the LS program-
mable circuit to generate the next significant modulus
control output signal using a programming word cor-
responding to N.
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