ULTRALOGIC SOLUTIONS

Build a FIFO “Dipstick” With a CY7C371 CPLD

Programmable Firo flags can simplify
the design of a digital system. They do
it by automatically indicating a status
that can prevent overrun or underrun in
an elastic FiFo buffer. Although many
FIFOS are available with on-chip pro-
grammable flag functions, such features
are not available on industry standard
asynchronous FiFos. And of those FIFOs
that do have programmable flags, some
do not allow the almost-empty and
almost-full values to be programmed
independently—or, in some cases, for
the values to be programmed to any
specific word boundary.

To get around the problem, this article
gives you a method by which FiFos of
any size may be monitored by an exter-
nal crLD (complex programmable logic
device) that generates all the flags neces-
sary for most FIFo applications. This FIFO
“dipstick” cpLD is, in effect, a measuring
device that observes the level of data
within a FIFo.

The design presented here lets you
implement programmable flags for any
size FIFO by simply changing values in
its vHDL description. It's also easy to
adapt a microprocessor port for applica-
tions that require dynamically alterable
flags. And the design is adaptable to dif-
ferent FiIFo applications as well, such as
clocked FiIFos, FIFos with asynchronously
clocked ports, BiFIFOSs, etc.

How to do it

A variable-length up-down counter is
implemented in vHDL, to measure the
exact level of data within a FiFo with
asynchronously clocked ports. The
number of bits required for the dipstick
counter is dependent on the size of the
FIFO; that is, FIFO depth = 2n , where n
is the number of counter bits required.

For example, a 2K FIFo would require
an 11-bit counter. The nth bit is neces-
sary to prevent the dipstick counter
from rolling over to zero when the last
byte is written into the FiFo. In other
words, the nth bit will be set only when
the FIFo is completely full.

Due to the asynchronous nature of
the read and write ports of a FIFO, it
necessary to implement a state machine
to control the operation of the dipstick
counter. The state machine must resolve
the overlapping and nesting conditions
that may occur with the FIFO_READ_L
and FIFO_WRITE_L signals to the FiFo.
For instance, multiple read pulses may
occur within a single write pulse, read
and write pulses may occur simultane-
ously, or read and write pulses may over-
lap by any amount of time.
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The status of the almost-full and
almost-empty flags is determined by
simply comparing the dipstick counter
value to preprogrammed levels and gen-
erating the appropriate combinatorial
outputs. This method allows for the
generation of any flag outputs required
for a given application. The almost-full
and almost-empty flags are the most
typical levels required; they are used to
determine greater-than-or-equal-to and
less-than-or-equal-to specified levels,
respectively. Many possibilities exist,
however, such as an approximately-half-
full flag, which could be used to add
hysteresis to a FIFo’s half-full value.

Synchronous FIFO

The vHDL implementation of the dip-
stick design, which uses a Cypress
FLASH370™ cpLD, assumes that clocked
circuitry controls both the read and
write ports of the FiFo, and that the
clocks for each port are synchronous to
each other. The assumptions allow use
of a single clock for the state machine
and counter, and allow the read, write,
and reset inputs to be used without any
chance of a metastable event occurring.

A synchronous implementation such
as this means that the “almost” flags will
change state combinatorially within
three clock cycles after the clock cycle
that initiated the read or write. For
instance, if a FIFo read is held active for
two clock cycles followed by one clock
cycle for read-recovery time, the updat-
ed almost-empty flag will be available
during the read-recovery cycle.

Asynchronous FIFO

The read and write ports of a FIFo may
be controlled by clocked circuitry with
clocks that are asynchronous to each
other. In this situation, the state
machine and counter should be con-
trolled by the one clock that best suits
the application. That is, if its required
that the write port of the FIFo receive
the almost-full flag immediately, then
the write port clock should be used. If
the read port of the FIFo is to receive
the almost-empty flag immediately, the
read port clock should be used.

In either case, the read or write input
from the opposite port needs to be syn-
chronized to the dipstick’ clock before
it is used as a state machine input. The
CY7C371is ideally suited for this
because of its dedicated inputs, which
can be configured as single- or double-
registered, and a guaranteed 10-year
MTBF. In addition, the port that is asyn-
chronous to the dipsticks clock must
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Under state-machine control. This eight-state finite state machine (Fsv) observes the FIFO_READ_L
and FIFO_WRITE_L inputs. Four states are counter-enabled; of these, two are count-up states (WRITE,
RD_HOLD_WR) and two are count-down states (READ, WR_HOLD_RD). Three states are counter-disabled
(RD_HOLD_WR_HOLD, RD_HOLD, WR_HoLD) and are needed for the FIFo_READ_L and FIFO_WRITE_L puls-
es, which are active for more than one clock cycle. Each state evaluates all four permutations of
FIFO_READ_L and FIFO_WRITE_L to determine the next state. If neither signal is active, the Fsm returns
to the idle state. If a single signal goes active or stays active, the machine progresses to the appro-
priate state such that the counter-enabled states are active for a single clock cycle only, during each
FIFO_READ_L and FIFO_WRITE_L pulse to the FiFo. If the latter signals go active on the same clock
cycle, the Fsm will avoid the counter-enabled states, thereby allowing the dipstick counter to remain
constant. Because the dipstick counter remains cleared if FIFO_RESET_L is active, this signal is not

required as an input to the state machine.

also synchronize the almost-flags before
use, to prevent metastability problems. A
negative aspect of using the FIFo dipstick
in this application is that additional
delays are introduced be-tween a FIFO
access and the “almost” flags status
change. These additional delays may or
may not be tolerable, depending on the
application.

Warp2 VHDL implementation

The vHDL design used for the FiFo dip-
stick is completely behavioral. This high-
level design methodology eliminates any
need to describe device-specific imple-
mentations and it also allows for the
most readability. Cypress’s Warp2 vHDL
compiler will automatically synthesize
the design into the low-level components
necessary for a CY7C371.

Dipstick flags vs. FIFO flags

You should be aware of two differences
between the FIFo dipstick de-sign and

the use of a FIFo with programmable
flags. First, the latency incurred
between a FIFo access and the
update of flag status may be prohibi-
tive (see the Synchronous and
Asynchronous FIFo Ports sections
above). Second, the flag outputs of a
FiIFo will always go inactive based on
a FIFo strobe going inactive, whereas
the FiIFo dipstick solution will always
change flag states based on the
strobes going active. [

For literature, visit the Cypress web site. See the
appropriate site address (urL) for article 206 in
the listing on the back cover.
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