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(57) ABSTRACT 

Circuitry for locally generating a ratio clock on a chip. The 
circuitry includes circuitry for generating a global clock 
signal having a global clock cycle. A state machine includes 
a counter going through a complete cycle in response to a 
non-integer number of global clock cycles, the State machine 
generating a control signal in response to the counter. 
Staging latches receive the control signal and generate a 
clock high signal and a clock low signal. A local pass gate 
receives the clock low signal and the clock high signal and 
generating an (n+0.5)-to-1 clock signal in response to at 
least one of the global clock signal, the clock high signal and 
the clock low signal. 
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CIRCUITS FOR LOCALLY GENERATING 
NON-INTEGRAL DIVIDED CLOCKS WITH 

CENTRALIZED STATE MACHINES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/341,032, filed Jan. 27, 2006, the contents of 
which are incorporated herein in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates to generating a ratio clock 
signal using a global clock signal. More particularly, this 
invention relates to generating a ratio clock signal at any 
integer divided by two of a global clock signal. 
0004 2. Description of Background 

0005. This application is related to U.S. patent applica 
tion, filed on Jan. 27, 2006, entitled “Method for Locally 
Generating Non-Integral Divided Clocks with Centralized 
State Machines.’ Ser. No. 1 1/341,038, attorney docket num 
ber POU9200501.75 US 1 (Z04-0001), having William V. 
Huott, Charlie C. Hwang and Timothy G. McNamara and as 
named inventors, the entire contents of which are incorpo 
rated herein by reference. 
0006. It is common for an integrated circuit chip (chip) to 
operate with multiple different clock speeds. Often, chip 
architecture allows different regions of the chip to have 
different clock speeds. To achieve multiple different clock 
speeds, a chip may employ multiple clock grids throughout 
the entire chip with each clock grid producing a distinct 
clock speed. However, employing multiple clock grids cre 
ates additional expense for chip production. Higher clock 
skews between clocks of different clock grids may reduce 
the maximum clock speed and reduce chip performance. 
Thus, to keep costs down and keep chip performance up, it 
has been common practice to use a single clock grid to 
generate a global clock and obtain different clock speeds by 
developing ratio clock speeds at a specific ratio to the global 
clock. 

0007. It is common to use external control signals to 
develop derivative clock speeds at a ratio to the global clock. 
Additionally, absent external control signals, derivative 
clock speeds are generally limited to having whole number 
ratios to the global clock of for example, 2-to-1, 4-to-1, etc. 
Generally, there is known in the art circuits which centrally 
generate clocks with multiple frequencies or phases with 
multiple phase locked loops, and which use an integral 
divider. Additionally, complex circuits used to generate 
derivative clock speeds may create a time delay between the 
global clock and the derivative clock. 

0008 An existing solution is provided in U.S. patent 
application Ser. No. 11/056,024, the entire contents of which 
are incorporated herein by reference. This application 
describes a circuit and power device for a local state 
machine, which while well suited for its intended purpose, 
is primarily effective when there are only a few local 
circuits. However, there are embodiments where a high 
number of circuits use a non-integral divided clock locally. 
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Thus, there is a need for a more compact solution than that 
described in U.S. patent application Ser. No. 11/056,024. 

SUMMARY OF THE INVENTION 

0009 Embodiments include circuitry for locally gener 
ating a ratio clock on a chip. The circuitry includes circuitry 
for generating a global clock signal having a global clock 
cycle. A state machine includes a counter going through a 
complete cycle in response to a non-integer number of 
global clock cycles, the State machine generating a control 
signal in response to the counter. Staging latches receive the 
control signal and generate a clock high signal and a clock 
low signal. A local pass gate receives the clock low signal 
and the clock high signal and generating an (n+0.5)-to-1 
clock signal in response to at least one of the global clock 
signal, the clock high signal and the clock low signal. 
0010 Additional features and advantages are realized 
through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed 
invention. For a better understanding of the invention with 
advantages and features, refer to the description and to the 
drawings. 

TECHNICAL EFFECTS 

0011. As a result of the summarized invention, techni 
cally we have achieved a solution that provides for genera 
tion of an (n+0.5)-to-1 ratio clock signal by providing a 
control signal to staging latches and combination logic. This 
allows the duty cycle of the ratio clock to be controlled by 
the control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The subject matter which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
claims at the conclusion of the specification. The foregoing 
and other objects, features, and advantages of the invention 
are apparent from the following detailed description taken in 
conjunction with the accompanying drawings in which: 
0013 FIG. 1 illustrates one example of multiple state 
machines in the central control unit for control signal 
generation; 

0014 FIG. 2 illustrates a connection between a central 
ized State machine and local staging latches and logic; 
0015 FIG. 3 illustrates one example of staging latches 
and logic for (n+0.5)-to-1 clock generation; 
0016 FIG. 4 illustrates one example of a local passgate 
circuit; 
0017 FIG. 5 illustrates one example of timing diagrams 
of two 1.5-to-1 clocks with different duty cycles; 
0018 FIG. 6 illustrates one example of a method of 
determining required clkland clkh pattern; 
0019 FIG. 7 illustrates one example of determining the 
timing relationship of clkland clkh; 
0020 FIG. 8 illustrates one example of a circuit for 
generating 1.5-to-1 clock with 4 latches; 
0021 FIG. 9 illustrates centralized programmable state 
machines and local clock generation circuits; 
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0022 FIG. 10 illustrates one example of a 1.5-to 1 clock 
with 33.3% duty cycle: 
0023 FIG. 11 illustrates one example of a circuit for 
generating 1.5-to-1 clock with 3 latches; 
0024 FIG. 12 illustrates one example of a circuit for 
generating 1.5-to-1 clock with 2 latches and the associated 
timing diagram, and 
0.025 FIG. 13 illustrates a block diagram of an existing 
ratio clock generator. 
0026. The detailed description explains the preferred 
embodiments of the invention, together with advantages and 
features, by way of example with reference to the drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027 FIG. 13 illustrates a block diagram of an existing 
ratio clock generator, Such as that described in U.S. patent 
application Ser. No. 11/056,024. FIG. 13 shows a centralized 
clock control 12 that provides a start-up signal to a local 
clock generation circuit 14. The local clock generation 
circuit 14 includes staging latches 16, State machine and 
logic 18 and passgates 20. The output of the passgates 20 is 
the (n+0.5)-to-1 clock signal. Local clock buffers 22 store 
the clock signals for local devices. 
0028 Circuits used to provide a ratio clock generator are 
now described with reference to FIGS. 1-12. FIG. 1 depicts 
centralized state machines 30 that generate clock control 
signals. The control signals are generated centrally from the 
centralized state machines 30 and may be reconfigurable 
from external controls. One example is to generate different 
control signal patterns from a clock control unit 28 using 
multiple state machines 30 and select control signal patterns 
through a multiplexer 32. The state machine 30 could be a 
simple counter or a counter with some logic depending on 
the control patterns required. 
0029. As described in co-pending application Ser. No. 
11/056,024 the state machine 30 may employ counters to 
increment logic states as described in U.S. patent application 
Ser. No. 11/056,024. In exemplary methods, the state 
machine creates a "count-to-three counter that counts in 
binary, for example, 0, 1, 2, 0, 1, etc. The count-to-three 
counter passes through (counts) three incremental logic 
states twice during three complete clock cycles of a global 
clock. Therefore, the output of the count-to-three counter 
goes through a complete cycle every one and one-half global 
clock cycles (or a 1.5-to-1 ratio). In general, the control 
signal can have a non-integer number of cycles in response 
to a single global clock cycle. 

0030 FIG. 2 illustrates a connection between a central 
ized State machine 30 and local staging latches and logic 34 
in alternate embodiments. The control signals sent from the 
state machine 30 are distributed through a tree like structure 
to the local staging latches and logic 34. The control signals 
are periodic patterns, which contain timing information. The 
delay is equalized between the state machine 30 and the 
staging latches and logic 34 for all branches so all staging 
latches and logic are synchronized properly. 
0031 FIG. 3 illustrates one example of staging latches 
and logic for (n+0.5)-to-1 clock generation. The staging 
latches and logic comprised of one or multiple latches for 
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generating delayed control signal of two phases, L1 and L2. 
A global clock signal clkg and inverted global clock signal 
clkgb are provided to gate the latches 36 to generate delayed 
control signals 11 . . . 1N. The first staging latches 36 also 
serve the purpose of aligning the timing of the control 
signals. Combination logic 38 is positioned between each 
pair of connected latches 36. The combination logic 38 
between latches 36 may be used to alter the control signal 
patterns. Alternatively, the combination logic 38 can simply 
pass through the control signals without alteration but serve 
as a delay element to prevent early-mode timing fails. A 
group combination logic 40 combines the delayed or altered 
control signals 11... 1N from all the latches 36 to generate 
the clock high signal (clkh) and clock low signal (clkl) to be 
sent to the passgates. The clock high signal (clkh) and clock 
low signal (clkl) have patterns derived from a waveform of 
a target divided ratio clock. The clock high signals and clock 
low signals have patterns that match the targeted divided 
clock frequency and duty cycle 
0032 FIG. 4 illustrates one example of a local passgate 
circuit. The clock high signal clkh is passed through the 
passgates 44 when the global clock clkg is high as shown in 
FIG. 4. The clock low signal clkl is passed by passgates 44 
when the global clock signal clkg is low as shown in FIG. 
4. The global clock signal clkg is the 1:1 global clock, which 
is the reference of the generated ratio clock. The output of 
the passgates 44 is the (n+0.5)-to-1 ratio clock. 
0033 FIG. 5 illustrates one example of timing diagrams 
of two 1.5-to-1 clocks with different duty cycle. Since the 
clock high signal clkh is passed by passgates 44 when the 
global clock signal clkg is high, the clock high signal clkh 
needs to be stable when the global clock signal clkg is high. 
That means that the clock high signal clkh is sourced from 
an L2 latch having a first phase delay shown in FIG. 3. For 
the same reason, the clock low signal clkl is sourced from an 
L1 latch having a second phase delay as shown in FIG. 3. 
0034). With the above basic structure, the number of 
staging latches 36, the control signal pattern generated from 
the state machine 30 and the combination logic 38 can be 
manipulated to achieve the intended (n+0.5)-to-1 clock with 
desired duty cycle. Since the passgates 44 can only Switch 
at rising or falling edges of the global clock clk.g., the 
achievable duty cycle is an increment of 100/(2n+1) '%. 
0035 FIG. 6 illustrates one example of a method of 
determining a clock low signal clkl and clock high signal 
clkh pattern. First, the desired pattern of (n+0.5)-to-1 clock 
is determined, for example: 1.5-to1 clock with a 66.7% duty 
cycle. Then, the required clock low signal clkl and clock 
high signal clkh patterns are determined that will generate 
the (n+0.5)-to-1 clock. The clock low signal clkl is valid 
when the global clock signal clkg is low. The clock high 
signal clkh is valid when global clock signal clkg is high. 
0036 FIG. 7 illustrates one example of determining the 
timing relationship of the clock low signal clkland the clock 
high signal clkh. If a two-state-machine option is used as 
shown in FIG. 1, each state machine 30 will generate the 
needed clock low signal clkl and clock high signal clkh 
patterns. No staging latch is required in the embodiments 
with multiple state machines. If staging latches and logic are 
used, the relationship between the clock low signal clkland 
the clock high signal clkh is determined. A single state 
machine 30 with staging latches 34 instead of two state 



US 2008/0030246 A1 

machines 30 may be used due to the patterns of the clock low 
signal clkland the clock high signal clkh being related. In 
the example above, the clock low signal clkl has the pattern 
of 011011, while the clock high signal clkh has 101101. The 
clock high signal clkh can be obtained by delaying the clock 
low signal clkl by 1.5 global clock signal clkg cycles. 

0037 FIG. 8 illustrate one example of a circuit for 
generating 1.5-to-1 clock defined in FIG. 6 with 4 latches. 
The logic circuitry 38 (delay elements in this example), 
number of staging latches 36, and control signal pattern are 
selected to generate the clock low signal clkland the clock 
high signal clkh. In the example above, the clock low signal 
clkl will be taken directly from delayed control signal 11, 
while the clock high signal clkh is taken from delayed 
control signal 14. No group combination logic 40 is used in 
this example. A similar structure in FIG. 8 may be used to 
generate 2.5-to-1 clock by adding two more staging latches. 
For (n+0.5)-to-1 clock, 2n+2 staging latches may be used. 
0038. The staging latch circuit is generally associated 
with the frequency of the clock to be generated. If the 
completely centralized approach is taken as shown in FIG. 
9, the local clock generation circuits 46 only contain pass 
gates 44. The frequency and duty cycle of the generated 
clock become completely programmable by controlling the 
state machines 48 in the central clock control unit. This may 
be a solution of choice if complete programmability of the 
ratio clock is desired. 

0.039 The table below shows examples of generating 
different ratio clocks with different clock low signal clkland 
clock high signal clkh patterns. Any n/2 clock may be 
generated by changing the clock low signal clkl and the 
clock high signal clkh generated from the central state 
machines. The change of frequencies can even be done 
dynamically during chip operations. 

ckl ckh ratio clock 

OOOOOO 111111 1-to-1 
111111 OOOOOO 1-to-1 inverted 
O11011 101101 1.5-to-1 
O10101 111111 2-to-1 
O1111 11011 2.5-to-1 

0040 FIG. 10 illustrate one example of a 1.5-tol clock 
with 33.3% duty cycle. With the staging latch circuit shown 
in FIG. 8, the input control signal may be used to control the 
duty cycle of (n+0.5)-to-1 clock. Since there is no change to 
the staging latch circuit, this can be achieved by reconfig 
uring or controlling the centralized State machine. FIG. 12 
shows an example with an input control signal pattern of 
100100 to alter the duty cycle. 

0041 FIG. 11 illustrates one example of a circuit for 
generating a 1.5-to-1 clock with 3 latches. If the staging 
latches and logic reside inside the local clock generation 
circuit, further compaction of the circuit may be desired to 
save area. Extra logic may be added to the combination logic 
part to reduce the number of staging latches required. The 
extra logic required depends on the intended frequency and 
duty cycle of (n+0.5)-to-1 clock. The example in FIG. 11 
shows 1.5-to-1 clock implementation with only 3 staging 
latches 36. 
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0042 FIG. 12 illustrate one example of a circuit for 
generating 1.5-to-1 clock with 2 latches and the associated 
timing diagram. This provides an even more compact cir 
cuit, using only 2n staging latches to generate (n+0.5)-to-1 
clock if only the falling or rising of the edge of the clock is 
important and it’s acceptable to have varying duty cycle on 
the generated clock. 
0043. The capabilities of the present invention can be 
implemented in Software, firmware, hardware or some com 
bination thereof. 

0044 As one example, one or more aspects of the present 
invention can be included in an article of manufacture (e.g., 
one or more computer program products) having, for 
instance, computer usable media. The media has embodied 
therein, for instance, computer readable program code 
means for providing and facilitating the capabilities of the 
present invention. The article of manufacture can be 
included as a part of a computer system or sold separately. 
0045. Additionally, at least one program storage device 
readable by a machine, tangibly embodying at least one 
program of instructions executable by the machine to per 
form the capabilities of the present invention can be pro 
vided. 

0046) The flow diagrams depicted herein are just 
examples. There may be many variations to these diagrams 
or the steps (or operations) described therein without depart 
ing from the spirit of the invention. For instance, the steps 
may be performed in a differing order, or steps may be 
added, deleted or modified. All of these variations are 
considered a part of the claimed invention. 
0047 While the preferred embodiment to the invention 
has been described, it will be understood that those skilled 
in the art, both now and in the future, may make various 
improvements and enhancements which fall within the 
scope of the claims which follow. These claims should be 
construed to maintain the proper protection for the invention 
first described. 

What is claimed is: 
1. Circuitry for locally generating a ratio clock on a chip, 

comprising: 
circuitry for generating a global clock signal having a 

global clock cycle; 

a state machine including a counter going through a 
complete cycle in response to a non-integer number of 
global clock cycles, the state machine generating a 
control signal in response to the counter; 

staging latches receiving the control signal and generating 
a clock high signal and a clock low signal; 

a local pass gate receiving the clock low signal and the 
clock high signal and generating an (n+0.5)-to-1 clock 
signal in response to at least one of the global clock 
signal, the clock high signal and the clock low signal. 

2. The circuitry of claim 1 wherein the clock high signal 
and clock low signal have patterns derived from a waveform 
of a target divided ratio clock. 

3. The circuitry of claim 2 wherein the clock high signal 
and clock low signal having patterns that match the targeted 
divided clock frequency and duty cycle. 
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4. The circuitry of claim 1 further comprising combina 
tion logic positioned between pairs of staging latches. 

5. The circuitry of claim 4 wherein the combination logic 
is a delay. 

6. The circuitry of claim 1 further comprising group 
combination logic for receiving delayed control signals from 
the staging latches, the group combination logic generating 
the clock low signal and clock high signal. 

7. The circuitry of claim 1 wherein the state machine 
includes multiple state machines, each of which generates 
different control signal patterns. 

8. The circuitry of claim 7 further comprising a multi 
plexer for selecting between the different control signal 
patterns. 

9. The circuitry of claim 1 wherein equal delays are 
maintained between the State machine and local clock gen 
eration circuits including the passgates. 

10. The circuitry of claim 4 wherein the pair of latches are 
clocked by alternate clock phases. 

11. The circuitry of claim 1 wherein a first staging latch 
is used to synchronize timing. 

12. The circuitry of claim 1 wherein the staging latches 
include 4 staging latches, one staging latch directly gener 
ating the clock low signal and another staging latch directly 
generating the clock high signal for generating a 1.5-to-1 
ratio clock. 

13. The circuitry of claim 12 further comprising a delay 
positioned between a first staging latch and a second staging 
latch, a delay position between the second staging latch and 
a third staging latch and a delay positioned between the third 
staging latch and the fourth staging latch, the first and third 
staging latches being clocked by a first phase of the global 
clock, the second and fourth staging latches being clocked 
by a second phase of the global clock signal, the second 
phase being opposite the first phase, the first staging latch 
generating the clock low signal and the fourth staging latch 
generating the clock high signal for generating a 1.5-to-1 
ratio clock. 
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14. The circuitry of claim 6 wherein the staging latches 
include 3 staging latches and the group combination logic 
includes a NAND gate. 

15. The circuitry of claim 14 further comprising a delay 
positioned between a first staging latch and a second staging 
latch and a delay position between the second staging latch 
and a third staging latch, the output of the first staging latch 
and the third staging latch being applied to the NAND gate 
to generate the clock low signal, the output of the second 
staging latch defining the clock high signal. 

16. The circuitry of claim 6 wherein the staging latches 
include 2 latches and the group combination logic is an 
inverter. 

17. The circuitry of claim 16 further comprising a delay 
position between a first staging latch and a second staging 
latch, the output of the first staging latch defining the clock 
low signal and the output of the second staging latch being 
applied to the inverter to generate the clock high signal. 

18. Circuitry for locally generating a ratio clock on a chip, 
comprising: 

circuitry for generating a global clock signal having a 
global clock cycle; 

a state machine including a counter going through a 
complete cycle in response to a non-integer number of 
global clock cycles, the state machine generating a 
control signal in response to the counter; 

staging latches receiving the control signal and generating 
a clock high signal and a clock low signal; 

a local pass gate receiving the clock low signal and the 
clock high signal and generating a clock signal in 
response to at least one of the global clock signal, the 
clock high signal and the clock low signal. 


