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(57) 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-/3 
Sections. A fully programmable divide-by-/3 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 2/3 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. 
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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 % Sections. These techniques are limited 
to division ratios between 2 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-2/3 circuit according to one embodiment of 
the invention. 

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

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

0.011 FIG. 4B is a diagram illustrating a state diagram 
for the programmable divide-by-2/3 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-2/3 
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. 
0.014 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 (PLLs), including t-A 
fractional-NPLL, to achieve low phase noise and low power 
consumption. The system 100 includes P programmable 
divide-by-% circuits 110, to 110. 
0.015 The P programmable divide-by-2/3 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-% 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-24 circuits 110 to 
110 receive a programming Word dd. . . d. 11d... d, do 
which is the binary representation of the divider N where do 
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-/3 
circuit. It receives the LSB of N, do, 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-2/3 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-2/3 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 2/3 divider. For a 2/3 
divider, the number of states can be represented by two bits 
q1q0. 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 
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is coupled to the first sequential circuit 230 to provide a 
Second State output signal q1 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 q1 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 q1 if 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 q1 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 q1 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 q1#. 
0.025 The control circuit 220 generates the programming 
Signal pgm to the State machine in response to the program 
ming Word dd. ... did ... d for the frequency divider 
N. The control circuit 220 also generates the reset signal rst 
from the programming word did ... did ... d, and the -1 * * 

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 dd. . . d. 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-2/3 circuit 110 according to one 
embodiment of the invention. The partially programmable 
divide-by-2/3 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 q1 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 
q1# 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 q0 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 q1 Signal. In one 
embodiment, the third logic circuit 342 is an NAND gate. 
The third latch 344 generates the Second State output Signal 
q1 and its complement q1#. The output of the Second 
sequential circuit 340 may be q1 or q1# 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, 



US 2002/0186808 A1 

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. 
0.032 FIG. 4A is a diagram illustrating a truth table for 
the programmable divide-by-2/3 circuit according to one 
embodiment of the invention. 

0033. The truth table for the programmable divide-by-2/3 
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: 

pgm=(d+d 1+. ... +dk-1)*.dk (1) 
rSt=dt-d1+...+d 1+MCI+q1k (2) 

0034. In the above logic equations, + and * correspond to 
logical OR and AND operations, respectively. 
0.035 FIG. 4B is a diagram illustrating a state diagram 
for the programmable divide-by-2/3 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. 
0.036 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 pgm320, and, therefore, inputs 010 and 110 are not 
realizable 

0037 State 0 goes to itself when T=000, 100. State 0 
never goes to State 1. State 0 transitions to State 2 when 
T=001, 101, or 011. State 0 transitions to state when T=111. 
0.038 State 1 never goes to itself. State 1 goes to state 0 
when T=000, 100. State 1 goes to state 2 when T=001, 101, 
011. State 1 goes to state 3 when T=111. 
0.039 State 2 always goes to state 0, i.e., for all T=001, 
101, 011, 000, 100, 111. 

0040 State 3 goes to state 0 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. 
0.042 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-/3 principle. The State diagram illustrates the 
operation for the state machine to go across the 2 to 2-1 
band boundaries. 

0.043 For example, the case of dividing by 3 followed by 
dividing by 3 cycles is achieved by the following state 
Sequence: 

0.045 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: 

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

0049. For an operation beyond the range of 2 to 2-1 
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 0 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 0 to 0 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 2/3 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-2/3 
circuit according to one embodiment of the invention. 

0051. The timing diagram shows the waveforms of the 
signals q1, q0. 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. 

0.052 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 2/3 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 2/3 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. 

k k k k k 


