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State Machine Design Considerations and Methodologies

The use of state machines provides a systematic way to de-
signh complex sequential logic circuits—an increasingly popu-
lar approach since the advent of PLD (Programmable Logic
Device) circuitry. This application note describes the many
options encountered during the state machine design cycle.
By exhaustively walking through the PLD-based design ex-
ample presented here, you can weigh the merits of several
design approaches.

Definitions of Commonly Used Terms

External input vector—External signals (stimulus) applied to
the state machine.

System outputs—Signals generated by the state machine
that are explicitly designed for availability to the external sys-
tem (hardware outside of the state machine). Registered sys-
tem outputs can also be fed back into the state machine as
part of the State Vector, which is then used in the decode of
the state machine’s next state.

State registers—Registers used exclusively for determining
the next state of the machine (feedback).

State outputs—Outputs of the state registers that are avail-
able to the external system. (They are typically available to
the external machine for debug or due to the lack of buried
registers.)

State vector or machine state—The registered feedback in-
formation defining the present state of the machine and re-
quired to determine the next state of the machine.

State path—The transitional condition that must be met for
the state machine to progress from one state to another. The
state path typically consists of one or more product terms
generated from external inputs, although other state paths
are possible.

Total input vector—The combination of the external input vec-
tor and the state vector. The total input vector is decoded to
generate the next state of the machine.

State Machine Entry Methods

There are many ways of describing a state machine, each
with distinct advantages and disadvantages. Three popular
description methods are state diagrams, state tables, and
high-level languages (HLLs). The state diagram provides an
easily observable flow description of the state machine. Be-
cause the ability to view the flow of states provides distinct
documentation advantages, state diagrams will be used
throughout this application note to describe the example state
machine.

Upon completing a state diagram, you can easily convert the
diagram’s visual information into the other types of state ma-
chine description or directly into Boolean equations. Several
available software programs accept their own forms of state
table, HLL, and/or Boolean entry. You can enter all these for-
mats easily via your favorite text editor. The software then
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translates the inputs into suitable forms (usually a JEDEC
map) for hardware implementation.

Another method of describing a state machine, the state ta-
ble, offers perhaps the most concise description. Its major
advantage over the other entry methods is the availability of
state table reduction methods (see Reference 1). When ap-
plied to your state table definition, a reduction program gen-
erates a minimal model for the function. The software used
for state machine synthesis throughout this application note
uses the state table method of entry. The program is called
LOG/iC™ from Isdata Corporation.

Finally, high-level language (HLL) state machine entry is
probably the most popular form of state machine design.
HLLs typically offer C-language-like instructions (e.g., case,
if-then-else, etc.) to describe the machine.

A Sample State Machine

The sample state machine is a clock generator for a pipelined
(three system execution stages), bit-slice-based, central pro-
cessing unit (CPU). Each of the three system execution stag-
es contains two clocks for a total of six system clocks for every
instruction execution. With pipelining enabled, each instruc-
tion takes an average of two clock periods. Further, external
hardware unaffected by CPU wait and stop states (e.g., cache
memory) needs both polarities of an additional free-running
clock.

To minimize clock edge skew, the state machine provides
both versions of the clock. To put the timing of this application
into perspective, executing each pipeline stage in an 80-ns
period (or 12.5 MHz) requires the state machine to run at 25
MHz. This speed is well within the range of the available PALSs,
EPLDs and PROMs that can be used to implement the state
machine.

Each of the pipeline’s three execution stages has a specific
function. Briefly, the first stage of the pipeline accesses the
Writable Control Store (WCS) RAM. The Arithmetic Logic
Unit (ALU) execution occurs during the second stage of the
pipeline. Finally, the third pipeline stage clocks status and
memory address registers. The function(s) performed during
each of the three stages are described in greater detail in the
State Machine Output Definition section of this application
note.

If this design only generates a simple set of pipelined clocks,
why not use shift registers and miscellaneous glue logic in-
stead of a state machine? There are two reasons to consider
a state machine. First, it is usually desirable to minimize the
number of chips required; the state machine in PLD form
might need external glue logic, but significantly less than the
shift register solution.

The second reason for considering a state machine is that this
application requires more then just a simple set of pipeline
clocks. The function of the clock signals is to provide control
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Figure 2. Synchronous State Machine Block Diagram

of the CPU in multiple modes of operation. The desired
modes of operation follow.

PIPELINED RUN Mode

In this mode, the CPU simultaneously performs the instruc-
tions in all three stages of the pipeline. For example, while
instruction n does an ALU operation, instruction n+1 access-
es WCS, and instruction n—1 clocks ALU status.

NONPIPELINED RUN Mode

NONPIPELINED RUN mode performs all three stages of in-
struction execution without overlap. The time to complete one
nonpipelined instruction equals the average of three pipelined
instructions.

CPU STOP

The system must have a way to perform an orderly stop of
CPU execution from both of the above run modes. This stop
might be the result of several possible conditions, including a
utility stop from a system control unit, a single step, a break-
point, or a response to external hardware (e.g., a logic ana-
lyzer). The free-running clocks continue to run during the
CPU STOP mode and remain running at all times, except
during a reset condition.

CPU WAIT

In CPU WAIT mode, an external condition causes a delay in
an instruction’s execution. The instruction pauses until the ex-
ternal condition is removed. One application for the CPU
WAIT mode is to handle a cache miss. When a cache miss
occurs, the CPU remains in the CPU WAIT mode until the
cache completes its memory transfer.

SINGLE STEP

The ability to execute one instruction at a time is needed to
debug the CPU. You can easily implement SINGLE STEP ex-
ternal to the clock state machine by pulsing the RUN signal.
SINGLE STEP mode is described further in the State Ma-
chine Input Definition section of this application note.

INTERRUPT

A variety of system conditions can interrupt the CPU out of its
normal execution sequence and immediately start the execu-
tion of the interrupt handler. The influence of the INTERRUPT
mode on the system clocks will be discussed in greater detail
later in this application note.

REPEAT INSTRUCTION

The REPEAT INSTRUCTION mode is a CPU debug feature.
It is a good idea to implement this mode external to the clock
state machine. By dubbing the clock to the instruction register
and the interrupt line to the clock state machine, the CPU
continually executes the instruction in the instruction register.

Synchronous vs. Asynchronous Machine

At this point in the state machine design, an appropriate type
of state machine must be chosen to match the application.
Two major types are the asynchronous and the synchronous
implementations. The asynchronous machine changes state
when one or more of its inputs changes from a previously
stable input state. After a state change, the outputs of the
state machine settle, while the machine stabilizes once again.
A basic example of an asynchronous state machine would be
a simple SR latch built from two NAND gates (Figure 1). For
the clocking application considered in this application note,
the asynchronous state machine implementation would be a
poor choice, due to the instability of the system outputs.

The synchronous state machine offers a better choice. A syn-
chronous state machine block diagram appears in Figure 2.
Generally, a synchronous state machine samples the total
input vector at specific periods to determine the machine’s
next state. When designing synchronous state machines, it is
important to avoid state register metastability. External inputs
to the machine must be synchronized to guarantee stable
state register inputs, and the feedback time plus data set-up
time to the state register clock must be less then or equal to
the state clock period.
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The modern theory of synchronous state machines was pio-
neered by Mealy and Moore (see Reference 1). Mealy and
Moore machines differ slightly from each other in the way they
control the system outputs. During a specific machine state,
a Mealy machine allows the input conditions to alter the sys-
tem outputs (the outputs depend on the “total” input state). In
contrast, a Moore machine system outputs depend only on
the present machine state. Thus, the system outputs remain
stable until the next time period, when the Moore machine
samples the total input vector to determine the next state. If
all design conditions are met (external inputs are stable prior
to the next state clock), the Moore machine provides
glitch-free system outputs-a desirable characteristic for the
CPU system clock. The design described here is therefore
implemented as a Moore machine.

Clock Generator Output Definition

As explained earlier, each of the three system execution stag-
es contains two clocks for a total of six system clocks for every
instruction execution. The naming convention for these clocks
is

CLK xy

where x = 1, 2, or 3, representing the first, second, or third
stage of the instruction execution and y = A or B, representing
the first or second half of the execution stage.

Following this convention, the state machine’s two free-run-
ning clocks are named CLK_A and CLK_B. These clocks run
at half the state clock frequency and 180 degrees out of
phase. The free-running clocks occur at the same time as
their respective CLK_xA and CLK_xB clocks.

The major clock functions for this application are:

CLK_1B: The leading edge of this clock updates the instruc-
tion register.

CLK_2A: This clock’s leading edge marks the start of ALU
execution. The information on the ALU input bus clocks into
the appropriate input registers at this time. The instruction
cycle is considered recoverable up through and including
CLK_2A (i.e., the status of the machine from the previous
instruction has not been altered).

CLK_2B: Used to control the second half of the ALU execu-
tion stage, this clock initiates a write to RAM, triggers
counters, gates ALU output into its latch, and clocks the ALU

output information into any of the distributed destination reg-
isters.

CLK_3A: On this clock the memory address register can be
updated. The ALU output bus status and ALU status is also
clocked into the CPU status register.

Clock Generator Inputs

A set of inputs (external stimulus to the state machine) con-
trols the state machine. The clock state machine described
here has eight external inputs, including the state machine
clock. These inputs are:

STATECLK: The state machine clock.

RESET: An asynchronous or synchronous reset input that
can be connected directly to the state registers’ preset or
clear orto all clocked register inputs (D or T input). If connect-
ed to the preset or clear, RESET need not be synchronized.
In this case, RESET forces the state machine into the ma-
chine’s initial state, regardless of the present state. RESET
can result from any combination of the following sources:

» Power up circuit (system reset)

» System controller software decodes system reset
» System controller software decodes module reset
» CPU software decodes module reset

RUN: This signal controls the start and stop sequence of the
CPU clocks. In PIPELINE RUN mode, the start sequence
generates the proper clock progression to fill up the pipeline
registers, and the stop sequence empties the pipeline. RUN
is externally manipulated to implement the single step and
breakpoint functions.

NPL: Used to select NONPIPELINED RUN vs. PIPELINED
RUN modes, this signal must be set to the selected mode
prior to activating the RUN signal. Setting NPL = 1 selects
NONPIPELINED RUN mode, and NPL = O selects PIPE-
LINED RUN mode. The single step function operates properly
in NONPIPELINED RUN mode only.

INTR: This signal indicates an external interrupt. When INTR
is received, and IEN (interrupt enable, described below) is
active, the CPU executes its interrupt handler. An interrupt
inhibits the instruction register update clock (CLK_1B) and
the ALU update clock (CLK_2B). CLK_1A for the interrupt
instruction executes on the next cycle. The interrupt condition
has priority over a wait condition and therefore starts gener-
ating clocks to permit execution of the interrupt instructions.

IEN: This interrupt enable signal qualifies INTR. IEN is likely
to be a bit in the instruction word, allowing the user to define
sections of uninterruptable code.

WAIT: The wait condition is initiated when both WAIT and
WEN (wait enable, described below) are active. The CPU re-
mains in the wait condition until WAIT goes inactive.

WEN: This wait enable signal qualifies WAIT for entrance into
the wait condition. Like IEN, WEN is usually a bit in the in-
struction word, allowing the user to define sections of
wait-sensitive code.

State Machine Partitioning

When architecting a state machine, it is generally a good
practice to break up large machines into workable blocks, with
each of the smaller machines containing states that require
common inputs and generate common outputs. The example
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clock state machine is small enough to be designed as a sin-
gle state machine, although it would be trivial to design logic
to generate the free-running clocks as a separate machine
from the rest of the clock state machine. Equations for the
free-running clocks are:

CLK_A := RESET *CLK_A
CLK_B := RESET * CLK_A
where “:=" indicates a registered output.

By examining these output equations, you can see that the
free-running clocks have only two dependencies in common
with the remaining portion of the clock state machine, i.e.,
RESET and STATECLK. The free-running clocks are required
as inputs to the other state machine to synchronize the addi-
tional system outputs, however.

The example presented here implements the free-running
clocks and the other system outputs within the same state
definition. The resulting output equations can be verified
against the equations for the free-running clocks alone.

The Initial Machine State

Regardless of the preferred state machine entry method, at-
tacking the problem starts with defining the initial state of the
machine. This initial state (INIT in the example) must be con-
sistent with the power-on condition and/or an external input
used to initialize the machine (RESET).

The state of the machine can be decoded from the present
values of the system outputs, state registers, or a combination
of the two. (The advantages and disadvantages of the state
definition options will be discussed in greater detail later in
this application note.) The initial machine state is generally,
but not always, a decode of all Os or all 1s. In the example
design, INIT is the decode of all Os.

Naming the States

With the exception of INIT, each state in the example design
is named to indicate the active system clocks occurring during
that state. For example, during state A, only CLK_A is active.
Similarly, state 123B has only CLK_1B, CLK_2B, CLK_3B,
and CLK_B active. Additionally, an “N” suffix designates a
nonpipelined state and a “W” suffix designates a wait condi-
tion state; this convention differentiates between states with
identical active system outputs.

CPU Inactive States

The RESET input causes the state machine to enter the INIT
state from any state in the machine. From the INIT state, the
machine unconditionally starts to generate the free-running
clocks. As shown in Figure 3, a line pointing from the INIT
state to the A state, with a path equation equal to 1, indicates
an unconditional branch. The state machine progression con-
tinues from the A state unconditionally into the B state. In the
B state a multi-branch condition exists. If the RUN input re-
mains inactive, then the A and B states continue to toggle,
generating only the free-running clocks. Hence the INIT, A,
and B states are referred to as “CPU inactive states.”

Nonpipelined States

If the NPL input is active while the RUN input becomes active,
the state machine operates in NONPIPELINED RUN mode
and follows the model portrayed in Figure 4.

RESET
(path from all states)

Y
TO PIPELINE MACHINE STATES
TO NONPIPELINE MACHINE STATES

Figure 3. CPU Inactive States

FROM STATE B

INTR +
INTR « IEN

RUN

TO STATE A

Figure 4. Non-Pipelined States
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Pipelined States

If the NPL input is inactive when the RUN input goes active,
thus indicating PIPELINED RUN mode, the state machine op-
erates as depicted in Figure 5.

Unique States

When the RUN input goes active, the next state executed is
either the 1A or the 1AN state, depending upon the value of
the NPL input (refer to Figures 4 and 5). Notice that the active
system outputs in these two states are identical. Why gener-
ate two identical states—when an additional state register
might be required to differentiate between the states? (This
assumes you use the system outputs to decode the ma-
chine’s states.) The redundant states are not a problem be-
cause the additional state register needed to differentiate be-

tween the states is not an issue. There are two reasons for
this. First, if you eliminate the redundant states, the state ma-
chine would require at least one additional state register any-
way to differentiate between the B and the BW or BWN states,
which would be needed without 1A and 1AN. (Separation of
states BW and BWN from state B is required for correct func-
tionality.) Second, adding another state only increases the
number of state registers if the new total number of states
exceeds an additional binary boundary (2, 4, 8, 16,...). This is
not a problem here.

You might also choose to widen your state machine (increase
the number of state registers) to reduce the number of prod-
uct terms to the state or system output registers. This deci-
sion should take into account the desired circuit implementa-
tion (PLDs, PROMS, discrete hardware, etc.) and is often an

RUN « NPL
FROM STATE B
1

| A INTR « IEN //
N 1o
T
R 1

INTR + INTR » IEN
I WAIT
E

123A WAIT « WEN BW
1
« 4> INTR+ WAIT
INTR « IEN
RUN » RUN
(WAIT + (WAIT +
WAIT » WEN) WAIT « WEN)
23B
1
1 1
>
TO STATE A

Figure 5. Pipelined States
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iterative process. In general, you can initially architect the
state machine in the manner that is the easiest for you to
understand, then make additional changes or small adjust-
ments later if they become necessary.

State Description Verification

Now that all the pieces of the state machine are functionally
defined (refer to Figure 6 for the completed state diagram),
consider methods for verifying the validity of the design.
Some software you can use to describe and implement state
machines would already offer verification at this point in a
design. For other methods, read on!

RESET
(path from all states)

RUN « NPL

INTR « IEN /
/

0 4=z —
[EnY

INTR + INTR « IEN

One way to verify a state machine design is to recognize a
rule of thumb: Out of every state, there should be a state path
to another state for every possible combination of relevant
external inputs. For example, there are two paths out of state
123B, with INTR and IEN as the relevant external inputs:

Path 1 = INTR « IEN
Path 2 = INTR + INTR « IEN

If there are no known restrictions on the external inputs, a
simple method of verifying the above rule of thumb is to gen-
erate an equation where all of the paths out of a state are
ORed together as follows:

RUN « NPL

= -
=~

ZC X
42—

WAIT

| WAIT
E
N WAIT « WEN
123A
1
INTR « IEN
RUN o RUN -
(WAIT + (WAIT +__
WAIT + WEN) WAIT « WEN)

WAIT »
WEN

BW

~
Com

WAIT

WAIT +
WAIT « WEN

INTR +

INTR « IEN

@

Figure 6. CPU Clock State Machine
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QUT_STATE_123B Path 1 + Path 2;

OUT_STATE_123B = (INTR » 1EN)
+ HNFR
+ (INTR » +EN);
= OUT_STATE 123B =1

If the equation’s terms equal 1 after Boolean reduction, then
every state path out of the state is accounted for. The main
advantage to this verification method is that you can easily do
it using readily available Boolean reduction software.

If there are known restrictions to the external inputs, you can
use this information to reduce the complexity of the machine.
If it is impossible for the INTR « IEN condition to occur exter-
nally, for example, then you can leave this condition out of the
Path 2 equation. In that case, the reduction of the
OUT_STATE_123B equation yields a non-1 result.

Because the method of verification just described does not
detect redundant path equations, it is useful to revise the orig-
inal rule of thumb to: Out of every state, there should be one
and only one state path to another state for every possible
combination of relevant external inputs.

This revised condition is not as easily verified as the original
statement. The easiest way to verify the more restrictive case
is to simulate the state machine. To do this, you must generate
a test vector for every possible external input that is relevant
to each state simulated. Automatic test vector generation pro-
grams are available that produce every possible combination.
After running the vectors against the design, you must visually
inspect the output to verify that the machine never enters an
illegal state.

System and State Register Output Generation

The model defining the clock state machine is complete, but
there are still quite a few important decisions to be made re-
garding the final circuit implementation. Some of the major
alternatives for final implementation are:

» System output vs. exclusive state register state decode
« D flip-flop vs. T flip-flop implementation
» PLD vs. PROM implementation

To gain some insight into these choices, consider how the
output or feedback equations are assembled. Take, for exam-
ple, the generation of CLK_3A using a D flip-flop (FF) imple-
mentation. By referring to Figure 6, you can find all the states
in which CLK_3A is active. These are 123A, 3A, and 3AN.
The CLK_3A output is generated by ORing the state decodes
that, when ANDed with their respective state paths, advance
the state machine into the three states listed above. Specifi-
cally:

CLK_3A : =

(Decode of 12B)e (+NFR+I NTRe+EN) ;-123A
+(Decode of BW e« (WAFT) ;- 123A
+(Decode of 23B)e«(1) ;- 3A

+(Decode of 2BN)e (HNFR+I NTRe FEN) ;- 3AN

When you define the state decodes, the CLK_3A equations
are completely specified in terms of the state machine inputs
(state path), state registers, and/or system outputs (state de-
code). Typically, you then multiply the equation out to form a
sum of products. This format provides for easy implementa-
tion in a PLD, which has a sum-of-products architecture, and
also provides a useful foundation for further equation reduc-
tion.

State Decode

As discussed earlier, the next state of the machine can be
decoded from the present values of the system outputs, the
state registers, or a combination of the two. The choice typi-
cally comes down to weighing the maximum number of prod-
uct terms verses the maximum number of flip-flops available
in an implementation. For a Moore machine with registered
system outputs, using the system outputs to uniquely define
the states uses the smallest number of flip-flops to define the
state machine. However, it is often necessary to add one or
more state registers to uniquely define the states.

State assignment for this state decoding method is quite sim-
ple, but also rigidly defined, allowing limited flexibility when
assigning the additional state registers. After reduction, the
feedback and output equations of this “narrow” state machine
might contain too many product terms to be implemented in
a specific PLD, although product term complexity is never a
problem with a PROM implementation.

Exclusive State Registers

Another consideration in state machine design is that you
might be able to distribute the number of product terms more
evenly among the equations implementing the state machine
by using state registers exclusively to decode the states. Be-
cause the state decodes in the state registers can be selected
to assist in Boolean reduction, proper state assignment en-
ables the more complex equations to fit into a specific imple-
mentation.

This type of decode is useful in a PLD implementation, where
there is a shortage of product terms for a specific state
flip-flop, but extra flip-flops are available. Adding an extra state
register can simplify the decode logic enough to fit the design
in a single PLD.

The total number of exclusive state registers required to im-
plement a state machine varies from a minimum of LOG(2)X
(rounded up to the nearest integer) to a maximum of X, where
X is the total number of states in the machine. You can itera-
tively change this number, along with the state assignment, to
obtain a suitable solution.

The state assignment itself is a non-trivial issue, with almost
limitless possibilities and no known method of obtaining the
optimal solution. There are, however, some guidelines that
can be used to obtain workable solutions:

1. Two or more states that potentially enter the same state
with identical path equations should be adjacent (their bi-
nary codes differ in exactly one position). As an example,
refer to Figure 5. States 12B and 123B both proceed into
state 1A if the path condition INTR « IEN is true. When
generating the CLK_1A equation, two of the terms of the
equation look like this:

CLK_1A : =
(Decode of 12B) « (INTR ¢ |IEN) ;- 1A
+ (Decode of 123B) ¢« (INTR ¢ |EN) ;- 1A

If the decode of 12B and 123B differ in exactly one position,
then Boolean reduction (which uses the A+sB + A*B = B rela-
tionship) converts the two product terms into one smaller
product term.

2. Two or more states that might proceed into different states
with identical path equations, and an identical active out-
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put, should be adjacent. This situation occurs in the previ-
ous CLK_3A equation, shown again here:

CLK_3A : =

(Decode of 12B) e« ( FNTR+l NTRe I-EN) ;- 123A
+(Decode of BW «( WAFT) ;- 123A
+(Decode of 23B)e«(1) ;- 3A

Table 2. Optimized Results for Clock Generator: D
Flip-Flop Implementation

Log/IC Optimization Summary (FACT)

CPU Time Quota per Function: 100 sec

+(Decode of 2BN)e (+NFR+l NTRe +EN) ; 3AN _ CPU-T
Note that if states 12B and 2BN are adjacent, then you can Function INV P-Terms 'me Flags
reduce the CLK_3A equation to three product terms. CLK_1A.D No 6 1
Clock Generator Implementation Yes 11 2
As mentioned earlier, there are many ways to implement state CLK_1B.D No 3 1
machines. The following sections discuss some of the pros Yes 4 <1
and cons associated _Wlth some of the more common state CLK_2A.D No 2 1
machine implementations.
D Flip-Flop Implementation ves ! <1
There are more products available that support a D flip-flop CLK_2B.D No 3 1
solution than any other implementation. Therefore, it is usu- Yes 4 <1
ally the most cost-effective solution for a state machine. CLK 3A.D No 4
Table 1 lists the number of product terms per output obtained Yes 9
by compiling the clock generator state machine definition with
the LOG/iC software, using D flip-flops. The compiler input file CLK_3B.D No 3 <1
appears in Appendix A. Optimizing the design (Table 2) sig- Yes 3 1
nificantly reduces the number of product terms needed. CLK_A.D No 1 <1
Table 1. Non-optimized Results for Clock Yes 2 <1
Generator: D Flip-Flop Implementation CLK BD No 1 1
Log/IC Optimization Summary (FACT) Yes 2 <1
CPU Time Quota per Function: 100 sec QQ1.D No 3 <1
Function INV P-Terms | CPU-Time | Flags Yes 3 1
CLK_1A.D No 12 <1 N QQ2.D No 6 16
Yes 27 <1 N Yes 6 2
CLK_1B.D No 5 <1 N FACT Minimization: 29 sec
Yes 34 1 N T Flip-Flop Implementation
CLK_2A.D No 8 <1 N Even though D flip-flop solutions are more widely available,
Yes 31 <1 N there are times when the logic needed for this implementation
CLK 2B.D No 7 <1 N is_ prohil;_\itively comp_lex. under these circumstanc_es, aT
- flip-flop implementation might be more cost effective, be-
Yes 32 <1 N cause using T flip-flops reduces the logic significantly.
CLK_3A.D No 8 <1 N The best example of this situation is a simple synchronous
Yes 31 <1 N binary counter. While the most significant bit (MSB) of an
CLK_3B.D No 6 <1 N N-bit counter in a D flip-flop |m_plement§1t|on requires N prod-
uct terms, the T flip-flop solution requires only one product
Yes 33 <1 N term. Note that the Cypress family of CY7C33x devices offers
CLK AD No NT you a configurable T- or D-type implementation if you place an
- XOR gate prior to the D flip-flop; route the AND/OR array to
Yes NT one of the XOR’s inputs and the flip-flop’s Q output (via an
QQ1.D No 6 <1 N additional product term) to the other XOR input.
Yes 5 <1 N Itisn’t clear from simple observation, however, whether the T
flip-flop implementation is beneficial for the clock generator
QQ2.D No 10 <1 N state machine. One way to clarify this question is to change
Yes 9 <1 N three command lines in the state machine description shown

N: No Optimization
T: Trivial Function
FACT Minimization: 11 sec

in Appendix A and recompile to produce a T flip-flop imple-
mentation. Table 3 contains the product term results using T
flip-flops. A quick study of the results reveals that the opti-
mized version using D flip-flops (Table 2) requires fewer prod-
uct terms than the T flip-flop version.
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Table 3. Optimized Results for Clock Generator: T
Flip-Flop Implementation

LOG/iC Optimization Summary (FACT)

CPU Time Quota per Function: 100 sec

Function INV P-Terms | CPU-Time | Flags
CLK_1AT No 6 <1
Yes 7 1
CLK_1B.T No 4 1
Yes 3 1
CLK_2A.T No 5 1
Yes 4 <1
CLK_2B.T No 4 1
Yes 3 <1
CLK_3A.T No 5 <1
Yes 6 2
CLK_3B.T No 4 <1
Yes 2 <1
CLK_A.T No C
Yes C
CLK_B.T No 2 1
Yes 1 <1
QQ1.T No 3 <1
Yes 5 1
QQ2.T No 6 <1
Yes 11 2

PLD Implementation

With the LOG/iC PLD Database option, the software assists
in selecting a PLD, and it shows that the non-optimized ver-
sion of the clock state machine fits in a PALCE22V10 without
further reduction. If the equations are reduced using Boolean
reduction, however, a lower-cost solution is available. The re-
sults shown in Table 3 indicate that the less expensive
PLDC20G10 would work. Appendix A shows the listing for the
20G10 LOG/iC implementation. Waveforms for the completed
design appear in Appendix B. You can verify the CLK_A and
CLK_B equation results against the equations generated in
the State Machine Partitioning section of this application note.

PROM Implementation

You can obtain very high speed solutions by implementing
state machines using PROMs. A PROM uses a look-up table
to decode the machine’s next state, as opposed to the
AND/OR array in a PLD. The main advantage of using a
look-up table to decode the next state is that every combina-
tion of the inputs can be decoded. Thus, you can create an
extremely complex machine, without equation reductions.

The look-up table’s drawback is that the PROM’s depth grows
exponentially (2N, where N = # of inputs to the look-up table)
with every additional input to the look-up table. To determine
the depth required, notice that the present total input vector
provides the inputs to the look-up table. The clock generator
state machine has seven external inputs, six system outputs,

and two state outputs, which indicates a feasible implemen-
tation using the CY7C277 (32K x 8) registered PROM.

Using a registered PROM such as the CY7C277 to implement
the machine also helps to reduce the parts count, because
the PROM implements both the state and system output reg-
isters. LOG/IC offers support for implementing state ma-
chines in PROMSs, and only a few minor changes to the state
machine description shown in Appendix A are required.
*PROM replaces the *PAL command, some simple state-
ments indicating the CY7C277 architecture (INPUTS = 15
AND OUTPUTS = 8) replaces the TYPE = statement, and
PROGFORMAT = INTEL-HEX.

Reference

1. Donald D. Givone, Introduction to Switching Circuit Theory
(New York: McGraw-Hill, Inc., 1970)
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Appendix A. LOG/iC PLD Source Code: Clock State Machine

LOG i C- PAL Rel 3.2/2-2328-1721/00034 #32-5955 90/03/15 23:49:45
LOG i C - COPYRI GHT (C) 1985, 1988 BY | SDATA GVBH, 7500 KARLSRUHE WEST- GERMANY
Cypress Sem conduct or LI CENCE FOR | BM PC/ XT/ AT
Data Set: OD20GL0. DCB

1 1: *1 DENTI FI CATI ON

2 2: Pl PELI NED CLOCKI NG SYSTEM OD20GL0

3 3: ERIC B. RGCsS

4 4. CYPRESS SEM CONDUCTOR

5 5: NAM NG CONVENTI ON

6 6: OD = SYSTEM OUTPUTS ARE DFLOPS AND ARE USED FOR STATE DEF

7 7. 20G10 = PALC20GL10 | MPLEMENTATI ON

8 8: *PAL

9 9: TYPE=PALC20GI10

10 I 10:

11 11: *X- NAMES

12 1 A I i
13 1 13: ;I NPUT DEFI NI TI ONS :

14 1 14: ; RUN = START & STOP EXECUTI ON OF OUTPUT CLOCKS ( NORMAL, SINGLE

151 15: ; STEP, & BREAK PT. EXECUTI ON

16 I 16: ; NPL = PI PELI NED VS NON- Pl PELI NED MODE OF EXECUTI ON

17 1 17: ; INTR = EXTERNAL | NTERRUPT CONDI TION (TLB M SS, PARI TY ERROR,...)

18 1 18: ; IEN = | NTERRUPT ENABLE

19 1 19 ; WAIT = WAI T ENABLE ( CACHE M SS)

20 1  20: ; VEN = WAI T ENABLE

P R N R e I
22 | 22: ;

23 23: RUN, NPL, INTR, IEN, WAIT, WEN, RESET;

24 | 24:

25 25: *Z- NAVES

A T Y s HE R e e
27 | 27: ; QUTPUT DEFI NI TI ONS :

28 | 28: ;

29 1 29: ; 3 CLOCK STAGES 1, 2, 3

301 30: ; 2 CLOCKS PER STATE A, B

31 1 31 ; CLK_XX WHERE XX = 1A 1B, 2A, 2B, 3A 3B

32 1 32: ;

33 1 33: ; 2 FREE RUNNI NG CLCCKS

34 1 34: ; CLK A, CLK B

351 35 ;

36 | 36: ; ADD Tl ONAL REA STERS FOR STATE DEFI NI TI ON

37 | 37 ; QAL, QR

T < T B 1 S e I e I
39 1 39: ;

40  40: CLK_1A, CLK 1B, CLK 2A, CLK 2B, CLK 3A, CLK 3B, CLK A, CLK B, QQl, Q®;

42 42. *Z-VALUES

43 | 43

44 | 44 ADDI TI ONAL QUTPUTS
45 | 45: SYSTEM OUTPUTS FOR STATE DEFI NI TI ON
46 | 46: ;

47 | 47

48 | 48: cccccceccece QQ

49 | 49: LLLLLLLL QQ

501 50: ; KKKKKKKK 12

511 51: ; 112233A8B

52 1 52: ; ABABAB

53 1 53

10
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

54 54: S1 =00000000O0 - - ; INNT COMMON STATES
55 56: S2 =00000010 0 - 7 SA - | NACTI VE
56 56: S3 =00000001 0 - ; SB MCDE STATES
57 1 57

58 58: S4 =10000010 -0 ; S1A Pl PELI NE STATES
59 50: S§ =01000001 -0 ; S1B

60 60: S6 =10100010 - - ; S12A

61 61: S7 =01010001 - - ; S12B

62 62: S8 =10101010 - - ; S123A

63 63: S9 =01010101 - - ; S123B

64 64: S10=00010101 - - ; S23B65 65: S11=00001010 -0 ; S3A
66 66: S12=00000101 -0 ; S3B

67 67: S13=00000010 10 ; SAW

68 68: S14 =00000001 10 ; SBW

69 1 69

70 70 S15=10000010 -1 ; S1IAN  NON- PI PELI NE
71 71: S16 =01000001 -1 ; S1BN

72 72: S17=00100010 - - ; S2AN

73 73: S18=00010001 - - ; S2BN

74 74: S19 =00001010 -1 ; S3AN

75 750 S20=00000101 -1 ; S3BN

76 76: S21 =00000010 11 ; SAWN

77 77: S22 =00000001 11 ; SBWN

781 78

79 79: *STRI NG

80 80: INT =1 ; COMMON STATES

81 81: SA =2 ; - I NACTI VE MODE

82 82: SB =3 ; STATES

83 1 83

84 84: Sl1A =4 ; PI PELI NE STATES

85 85: SI1B =5 ;

86 86: S12A =6 ;

87 87: S12B =7 ;

88 88: S123A =38 ;

89 89: S123B =9 ;

90 90: S23B = 10 ;

91 91: S3A =11 ;

92 92: S3B =12 ;

93 93: SAW = 13 ;

94 94: SBW =14 ;

95 1 95

96 96: SI1AN = 15 ; NON- PI PELI NE

97 97: SI1BN = 16 ;

98 98: S2AN = 17 ;

99 99: S2BN = 18 ;

100 100: S3AN = 19 ;

101 101: S3BN = 20 ;

102 102: SAWN =21 ;

103 103: SBWN = 22 ;

104 104: LASTSTATE = 22;

105 | 105:

106 106: *FLOW TABLE

107 1 107: ;

108 | 108: [------eeceeccc e eeceeeeeeeeeeeaeeceeeeemeeeeeeemeeeeeeemeeeee———-
109 | 109: ; RESET STATE

110 | 110: ; ALL STATES MJUST RESET TO THE I NI TI AL STATE (ALL QUTPUTS REG STERS 0)
UPON

111 | 111: ; AN ACTIVE RESET INPUT. SINCE THE 20G10 HAS NO GLOBAL OR | NDI VI DUAL

112 | 112: ; RESETS TO THE OQUTPUT REG STERS, RESET TO I NI TI AL STATE MUST BE EMBEDDED
113 | 113: ;1 NTO THE STATE MACH NE

114 1 114:

11
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

115 115: RELEVENT = RESET

116 116: S[1..’' LASTSTATE'], X 1 , F’INIT ;ALL STATE > INIT UPON RESET

117 138: RELEVENT = RESET = 0 ;

118 | 139: ;

e T B I 0 L R e L R

120 | 141: ;1 NACTI VE MODE STATES
121 142: RELEVANT = RUN, NPL ;
122 143: S'INT , X - - , F’SA ; NI TI AL STATE AFTER RESET

123 | 144:

124 145: S ' SA , X - - , F 'SP ; | NACTI VE MODE STATE, ONLY

125 | 146:

126 147: S ' SB , X0 - , F’SA ; FREE RUN CLKS A & B ARE ACTI VE
127 148: X10 , F’SIA ; PIPELI NE VS.

128 149: X111 , F7S1IAN ; NON-PIPELI NE DECI SI ON

129 | 150:

T B R 3 B e R E R PR
131 | 152: ; PI PELI NE MODE STATES

132 | 153:

133 154: RELEVANT = INTR, |EN ; *PRIM NG THE PI PELI NE*

134 155: S ' S1A , X - - , F’S1B ;

135 | 156:

136 157: S ' S1B’ , X - - , FS12A"

137 | 158:

138 159: S ' S12A , X - - , F’812B" ;

139 | 160:

140 161: S ' S12B , X11 , FSIA ; | NTERRUPT CONDI TI ON ? YES
141 162: X10 , FS123A ; NO
142 163: X0 - , FS123A ; NO
143 | 164:

144 165: RELEVANT = RUN, INTR, IEN, WAIT, WEN, *FULL PI PELI NE*

145 166: S "S123A' , X - - - 11, F'SBW ; VWAI T CONDI Tl ON

146 167: X0--0-, F’'S23B ; / RUN COND., EMPTY PI PELI NE
147 168: X0--10, F'S23B ; / RUN COND., EMPTY PI PELI NE
148 169: X1--0-, F'S123B ; RUN CONDI TI ON

149 170: X1--10, F''S123B ; RUN CONDI TI ON

150 | 171:

151 172: §'8123B8 , X-11- -, F'S1A ; | NTERUPT CONDI TI ON

152 173: X-0-- -, F ' 'S123A ; RUN CONDI TI ON

153 174: X-10- -, F''S123A ; RUN CONDI TI ON

154 | 175:

155 176: RELEVANT = RUN ; *EMPTY PI PELI NE*

156 177: S ' S23B , X - , F ' S3A ;

157 1 178:

158 179: S ' S3A , X - , F ' S3B ;

159 | 180:

160 181: S ' S3B , X - , F’SA ; BACK TO | NACTI VE STATE

161 | 182:

162 183: RELEVANT = WAI'T ; *PI PELINE WAI T STATES*

163 184: S ' SBW , X1 , F ' SAW ; VWAI T

164 185: X0 , FS123A ; I VAI'T

165 | 186:

166 187: S ' SAW , X - , F ’SBW ;

167 | 188:

o2 T B B 1 e L LR LR T
169 | 190: ; NON-PI PELI NE MODE STATES

170 | 191:

171 192: S ' S1AN , X - , F’S1IBN ;

172 1 193:

12
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

173 194: S ' S1BN , X - , F’'S2AN ;

174 1 195:

175 196: RELEVANT = WAIT, VEN ;

176 197: S ' S2AN , X11 , F ' SBWN ; VWAI'T CONDI Tl ON

177 198: X0 - , F ' S2BN ; /WAI'T CONDI TI ON

178 199: X10 , F ' S2BN ; /WAI'T CONDI TI ON

179 1 200:180 201: RELEVANT = INTR, |EN ;

181 202: S ' S2BN , X11 , F 'SIAN ;| NTERRUPT CONDI TI ON
182 203: X0 - , F ' S3AN ; /I NTERRUPT CONDI TI ON
183 204: X10 , F ' S3AN ; /I NTERRUPT CONDI TI ON
184 | 205:

185 206: RELEVANT = RUN ;

186 207: S ' S3AN , X - , F?S8S3BN ;

187 1 208:

188 209: S ' S3BN , X1 , F’SIAN

189 210: X0 , F’SA ; BACK TO | NACTI VE STATE
190 | 211:

191 212: RELEVANT = WAIT ; *NON- PI PELI NED WAI T STATES*
192 213: S ' SBWN , X1 , F’SAW ; REMAININWAIT

193 214: X0 , F’?S2AN ; END OF WAIT CONDI Tl ON
194 | 215:

195 216: S ' SAWN , X - , F’SBW ; REMAININWAIT

196 | 217:

197 218: *STATE- ASSI GNVENT
198 219:  Z-VALUES

201 222: *PIN
202  223: STATECLK = 1, RUN
203 223 RESET = 8, CLK 1A

= NPL = 3, INTR=4, IEN=5 WAIT = 6, VEN = 7,
204 223: CLK_3A = 18, CLK 3B

2,
14, CLK 1B = 15, CLK 2A = 16, CLK 2B = 17,
=19, CLK A = 20, CLK B = 21, QU = 22, Q® = 23;

206 225: *RUN- CONTROL

207 226: LI STI NG= LONG, SYMBOL- TABLE, EQUATI ONS, Pl NOUT;
208 227: PROGFORVAT= L- EQUATI ONS

209 228: OPTI M AZATI ON= P- TERMES;

210 229: *END

13
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

LOG/IC SYMBOL TABLE

SYMBOL TYPE REG LEVEL PIN/NODE
GND LOCAL - HIGH

VCC LOCAL - HIGH

RUN X-VARIABLE - HIGH 2
NPL X-VARIABLE - HIGH 3
INTR X-VARIABLE - HIGH 4
IEN X-VARIABLE - HIGH 5
WAIT X-VARIABLE - HIGH 6
WEN X-VARIABLE - HIGH 7
RESET X-VARIABLE - HIGH 8
CLK_1A X-VARIABLE - HIGH 14
CLK_1B X-VARIABLE - HIGH 15
CLK_2A X-VARIABLE - HIGH 16
CLK_2B X-VARIABLE - HIGH 17
CLK_3A X-VARIABLE - HIGH 18
CLK_3B X-VARIABLE - HIGH 19
CLK_A X-VARIABLE - HIGH 20
CLK_B X-VARIABLE - HIGH 21
QQ1 X-VARIABLE - HIGH 22
QQ2 X-VARIABLE - HIGH 23
CLK_1A.D Z-VARIABLE DFF HIGH 14
CLK_1B.D Z-VARIABLE DFF HIGH 15
CLK_2A.D Z-VARIABLE DFF HIGH 16
CLK_2B.D Z-VARIABLE DFF HIGH 17
CLK_3A.D Z-VARIABLE DFF HIGH 18
CLK_3B.D Z-VARIABLE DFF HIGH 19
CLK_A.D Z-VARIABLE DFF HIGH 20
CLK_B.D Z-VARIABLE DFF HIGH 21
QQ1.D Z-VARIABLE DFF HIGH 22
QQ2.D Z-VARIABLE DFF HIGH 23

14
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)
EXPANDED FUNCTI ON TABLE (| NCLUDI NG LOCAL VARI ABLES):

I W

CccC
RLLL
EKKK

NIAWS
TEI E E112
RNTN TABA

KKLL

15

24/
25/
26/
27/
28/
29/
30/
31/
32/
33/
34/
35/
36/
37/
38/
39/
40/
41/
42/
43/
44/
45/
46/
47/
48/
49/
50/
51/

116
143
117
145
118
147
148
149
119
155
120
157
121
159
122
161
162
163
123
166
167
168
169
170
124
172
173
174
125
177
126
179
127
181
128
187
129
184
185
130
192
131
194
132
197
198
199
133
202
203
204
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

0000 --;
0101 -1,
0000 --;
0010 -1;
0010 O-;
0000 --;
0001 11;
0000 --;
0010 11;
0010 --;

1000
0000
1000
0000
0000
1000
0000
1000
0000
0000

0101
0101
0010
0010
0010
0001
0001
0000
0000
0000

0
0
1
1
1
0

RPRRRRRE

1
011
111
111
111

0000
0000
0000
1000
0000
0000
0000
0000
0000
0010

5678 90

CcC

LLCC
KKLL
__KK

RNN

0001

11;

OCoO~NOOUITAhWNPE

22

52/
53/
54/
55/
56/
57/
58/
59/
60/
61/
62

FUNCTION TABLE (LOCAL VARI ABLES REMOVED)

C CCCC C

RL LLLL LCC
W EK KKKK KLL
AWS_

_KKQ Q

16

134
207
135
209
210
136
216
137
213
214
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

UPTE | EE1 1223
NLRN TNTA BABA

FUNCTI ON TABLE

0000

0000
1000
1000
0100
0100
0100
0100
0010
0010
0010
0010
0001
0001
0000
0000

3_QQ

BAB1

010-
010-
010-
101-
101-
101-
101-
101-
101-
010-
010-
101-
101-
0101
0101
0011
0011
0011
010-

010-
001-
001-
010-
010-
010-
010-
001-
001-
001-
001-
010-
010-
101-
101-

2 DDDD DDDD DD

- 0000 0000 --; 1/
- 0000 0010 O-; 2/
- 0000 0000 --; 3/
- 0000 0001 O-; 4/
- 0000 0000 --; 5/
- 0000 0010 O-; 6/
- 1000 0010 -0O; 7/
- 1000 0010 -1, 8/
0 0000 0000 --; 9/
0 0100 0001 -0; 10/
0 0000 0000 --; 11/
0 1010 0010 --; 12/
- 0000 0000 --; 13/
- 0101 0001 --; 14/
- 0000 0000 --; 15/
- 1000 0010 -0O; 16/
- 1010 1010 --; 17/
- 1010 1010 --; 18/
- 0000 0000 --; 19/
- 0000 0001 10; 20/
- 0001 0101 --; 21/
- 0001 0101 --; 22/
- 0101 0101 --; 23/
- 0101 0101 --; 24/
- 0000 0000 --; 25/
- 1000 0010 -O; 26/
- 1010 1010 --; 27/
- 1010 1010 --; 28/
- 0000 0000 --; 29/
- 0000 1010 -0; 30/
0 0000 0000 --; 31/
0 0000 0101 -0; 32/
0 0000 0000 --; 33/
0 0000 0010 O-; 34/
0 0000 0000 --; 35/
0 0000 0001 10; 36/
0 0000 0000 --; 37/
0 0000 0010 10; 38/
0 1010 1010 --; 39/
1 0000 0000 --; 40/
( L(I‘AL VARl ABLES REMOVED) -
1 : 0100 00OO1 -1, 41/
1 0000 0000 --; 42/
1 0010 0010 --; 43/
- : 0000 0000 --; 44/
- : 0000 0001 11, 45/
- : 0001 o001 --; 46/
- : 0001 o001 --; 47/
- : 0000 0000 --; 48/
- : 1000 0010 -1, 49/
- : 0000 1010 -1, 50/
- : 0000 1010 -1, 51/
1 : 0000 0000 --; 52/
1 : 0000 0101 -1, 53/
1 : 0000 0000 --; 54/
1 1000 0010 -1, 55/

17

116
143
117
145
118
147
148
149
119
155
120
157
121
159
122
161
162
163
123
166
167
168
169
170
124
172
173
174
125
177
126
179
127
181
128
187
129
184
185
130
conti nued
192
131
194
132
197
198
199
133
202
203
204
134
207
135
209
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)
0010 O-;

0--- --00 0000
---- --10 0000
---- --00 0000
---- --10 0000
---- 1-00 0000
---- 0-00 0000

101-
0101
0101
0011
0011
0011

: 0000
: 0000
0000
0000
0000
0010

RPRRRRE

0000

0001 11;

0000

0010 11;

0010

1234 5678 9012

3456

7 1234

Pl PELI NED CLOCKI NG SYSTEM OD20G10
CYPRESS SEM CONDUCTOR

90/ 03/ 15 23:49: 45

5678 90

56/
57/
58/
59/
60/
61/
62

LR R O O S R I I

***  NET DESCRI PTI ON TABLE FOR AND/ OR STRUCTURE ***

LR R I R I S R R

C CCcC C
RL LLLL LCC
I WEK KKKK KL

L

RNNI AWS.  KKQ Q
UPTE | EE1 1223 3__Q Q

NLRN TNTA BABA BABl1

2

CCCC CC
LLLL LLCC
KKKK KKLL

KK QQ

T 1122 33
ABAB ABAB 1

00

2

DDDD DDDD DD

SeSSSs s

OCoO~NOOUITA WNBE

18

210
136
216
137
213
214



State Machine Design Considerations

Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

1234 5678 9012 3456 7 : 1234 5678 90
PI PELI NED CLOCKI NG SYSTEM OD20G10
CYPRESS SEM CONDUCTOR
90/ 03/ 15 23:49:45

LR R O R S R I R I

BOOLEAN EQUATI ONS

LR R O O S I R I R I

* k% * k%

CLK_1A.D =
/WAIT & /RESET & /CLK 2B & / CLK_3B & CLK B
& QL &/
+ RUN & /RESET & /CLK 2B & CLK 3B & Q@
+ /RESET & CLK 1B & | Q@
+ /RESET & CLK 1B & CLK 2B
+ INTR & IEN & /RESET & CLK 2B & / CLK_3B + RUN & /RESET &
/ CLK_1B & / CLK_2B & / CLK_3B
& CLKB & /Q1 :
CLK_1B.D L=
/RESET & CLK 1A & / CLK_3A
+ RUN & /WEN & /RESET & CLK 1A
+ RUIN & /WAIT & /RESET & CLK 1A :
CLK_2A. D L=
/1EN & /RESET & CLK 1B
+ /INTR & /RESET & CLK 1B
+ /WAIT & /RESET & /CLK 2B & / CLK_3B & CLK B
& QAL
+ /RESET & CLK 1B & / CLK 2B :
CLK_2B.D L=
/WAIT & /RESET & CLK 2A
+ /WEN & /RESET & CLK 2A
+ /RESET & CLK 1A & CLK 2A & / CLK_3A :
CLK 3A.D P =
/1EN & /RESET & CLK 2B
+ /INTR & /RESET & CLK 2B
+ /RESET & /CLK 1B & CLK 2B & CLK 3B
+ /WAIT & /RESET & /CLK 1B & / CLK_2B & / CLK_3B
& CLKB & Q1 & | Q@ :
CLK_3B.D L=
/WAIT & /RESET & CLK 3A
+ /WEN & /RESET & CLK 3A
+ /RESET & / CLK_2A & CLK 3A :
CLK_A.D L=
/RESET & /CLK A ; CLK B.D =
/RESET & CLK A ;
QU.D := CLKA & QU
+ / CLK_3B & CLKB & Q1
+ CLK 2A :
Q®.D := /CLK 2B & CLK 3B
+ /CLK_1B & CLK 2B & / CLK_3B
+ / CLK_1A & CLK 2A
+ / CLK_2A & CLKA & Q@
+ NPL & /CLK 1A & / CLK_1B & / CLK_3A
& / CLK_3B & | QQL
+ /CLK_1B & /| CLK_2A & / CLK_3B & QUL & Q@ :

19
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

Pl PELI NED CLOCKI NG SYSTEM OD20G10
CYPRESS SEM CONDUCTOR
90/ 03/ 15 23:49: 45

PLDC20G10
u
STATECLK — 1 24 |- evce
RUN — 2 23 — QQ2
NPL —{ 3 22 — Qo1
INTR —| 4 21 |~ CLK_B
IEN — 5 20 (— CLK_A
WAIT —| 6 19 — CLK 3B
WEN — 7 18 [— CLK_3A
RESET —| 8 17 | CLK_2B
€09 — 9 16 — CLK 2A
@10 —{ 10 15 — CLK_1B
e11 —{ 11 14 — CLK 1A
@GND — 12 13 [— @OE

20



E‘t}” State Machine Design Considerations

Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

PI PELI NED CLOCKI NG SYSTEM OD20G10
CYPRESS SEM CONDUCTOR
90/ 03/ 15 23:49: 45

S
T
A
T
I E @
N N R C V Q Q
T P UL C Q Q
R L N K ¢ 2 1
! | | 1 ] t 1
4 3 2 1 28 27 26
— 5 25 [— CLK_B
IEN —| 6 24 |~ CLK A
WAIT —| 7 23 [~ CLK 3B
PLDC20GL0
— 8 22 [~ CLK 32
LCC
WEN — 9 21 [~ CLK 2B
RESET — 10 20 [~ CLK 2A
— 11 19
12 13 14 15 16 17 18

l 1 I 1 I
€ e @ e e c c
01 1 G 0 L L
9 0 1 N E K K
D —— —

11

A B

21
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued)

PI PELI NED CLOCKI NG SYSTEM OD20G10
CYPRESS SEM CONDUCTOR
90/ 03/ 15 23:49: 45

s
T
A
T
E e
N R C vV Q
P U L c Q
L N K c 2
1 1 1 1 | | 1
4 3 2 1 28 27 26
INTR —| 5 25 — QQ1
IEN — 6 24 [— CLK B
WAIT — 7 23 |— CLK_A
PLDC20G10
WEN — 8 22 [— CLK_3B
PLCC
RESET —{ 9 21 | CLK 3A
€09 — 10 20 — CLK 2B
— 11 19 [~ CLK_2A
12 13 14 15 16 17 18

| I 1 1 i

g e @ e c c

l1 1 6 0 L L

0 1 N E K K

D — —

1 1

A B

LOGiC - PAL CPU TI ME USED: 45 SEC

22
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Appendix B. LOG/iC Simulation: Clock State Machine
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Appendix B. LOG/iC Simulation: Clock State Machine (continued)
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Appendix B. LOG/iC Simulation: Clock State Machine (continued)
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Appendix B. LOG/iC Simulation: Clock State Machine (continued)
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PIPELINED CLOCKING SYSTEM 0OD20G10 3/7/90
Cc c € ¢C c C

E S R L L L L L L C ¢C
v t I W E K K K K K K L L
e a R N N 1 A W S - - - _ _ kK K
n t u P T E 1 E E 1 1 2 2 3 3 _ _
t e N L R N T N T A B A B A B B
# # 0-1 0-1 0-20-1 0-1 0-10-% : 0-1 0-10-10-1 0-10-10-10-1 O
59 81U : L
60 8 1U : . .
&0 8 IC : .
60 g IU : .
61 9 IU : .
61 9 I1C : .
61 8 1U : .
62 8 IU : . —
62 8 IC : . r— r— — r— b
62 14 1 .
63 14 I .
63 14 IC : b— - .
63 131 . .
64 131 . .
64 13 IC : . — - .
64 14 1 . .
65 14 1 - — . .
65 14 IC : by .
65 13 I . .
&6 13 1 . .
66 13 IC : — .
66 14 1 . .
67 14 1 — . .
67 14 IC : b —— — — - .
67 8 IU : . [ .
68 8 IU : b . . . .
68 8 IC : — el L T i TR .
68 9 IU : . . .
69 9 IU : . .
69 9 IC : —r— — =" .
69 8 IU : . . .
70 8 IU : . .
70 8 IC : — e — e by e~ .
70 9 IU : . .
71 9 IU : — . .
71 g IC : . . .
71 1 IU : . . .
72 1 IU : . . .
72 1 IC : . .
72 1 IU : . . .
73 1 1IU0 : . .
73 1 IC : . .

27




!Ju
W

£ CYPRESS

¢

State Machine Design Considerations

Appendix B. LOG/iC Simulation: Clock State Machine (continued)
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Appendix B. LOG/iC Simulation: Clock State Machine (continued)
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Appendix B. LOG/iC Simulation: Clock State Machine (continued)
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