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Build a FIFO “Dipstick” With a CY7C371 CPLD

Under state-machine control. This eight-state finite state machine (FSM) 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.

Pro gra mma ble FIFO flags can sim pli fy
the de s ign of a digital system . They do
it by automatic a l ly indic ating a stat u s
that can pre vent overr un or underr un in
an ela stic FIFO bu ffer. Although ma ny
FIFOs are ava i la ble with on - c hip pro-
gra mma ble flag func tions, s uch feat u re s
a re not ava i la ble on indu stry sta nd a rd
a s ync hronous FIFOs. And of those FIFOs
that do have pro gra mma ble fla g s, s ome
do not allow the almo st - em pty and
a lmo st - full va lues to be pro gra mme d
inde p endent ly — or, in some cases, for
the va lues to be pro gra mmed to any
sp e c i fic word bound a ry.

To get around the problem, this article
gives you a method by which FIFOs of
any size may be monitored by an exter-
nal CPLD (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 FIFO applications as well, such as
clocked FIFOs, FIFOs with asynchronously
clocked ports, BiFIFOs, etc.

How to do it

A va ria ble - len g th up-down counter is
im plemented in V H DL, to mea s u re the
exact le vel of data within a FIFO with
a s ync hronou sly clo c ked por t s. The
n umb er of bits re quired for the dip stic k
c ounter is de p endent on the size of the
FIFO; that is, FIFO de pth = 2n , w here n
is the numb er of counter bits re quire d .

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’s
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.

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 V H DL im plementation of the dip-
stick de s ign, w hich uses a Cy pre s s
FLASH370™ C PLD, a s s umes that clo c ke d
c irc uitry controls both the read and
write ports of the FIFO, a nd that the
c lo c ks for each port are sync hronous to
each other. The assum ptions allow use
of a sin g le clock for the state mac hine
a nd counter, a nd allow the read, write ,
a nd reset inputs to be used without any
c ha nce of a me ta sta ble event occurrin g.

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 control led by clo c ked circ uitry with
c lo c ks that are async hronous to eac h
other. In this sit u ation, the state
mac hine and counter shou ld be con-
trol led by the one clock that best suit s
the applic ation. That is, if it ’s re quire d
that the write port of the FIFO re c eive
the almo st - full flag imme diate ly, then
the write port clock shou ld be used. If
the read port of the FIFO is to re c eive
the almo st - em pty flag imme diate ly, the
read port clock shou ld be used.

In either case, the read or write input
from the opposite port needs to be syn-
chronized to the dipstick’s clock before
it is used as a state machine input. The
CY7C371 is 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 dipstick’s clock must

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 V H DL de s ign used for the FIFO dip-
stick is com ple te ly behaviora l. This hig h -
le vel de s ign me tho dology eliminates any
need to de s c ribe de vic e - sp e c i fic im ple-
mentations and it also allows for the
mo st read a bi lity. Cy pre s s’s War p 2 V H DL

c om pi ler will automatic a l ly synthe s i z e
the de s ign into the low - le vel com ponent s
ne c e s s a ry for a CY 7 C 371.

Dipstick flags vs. FIFO flags

You shou ld be awa re of two di fferenc e s
b e twe en the FIFO dip stick de - s ign and

the use of a FIFO with pro gra mma ble
fla g s. First, the latency inc u rre d
b e twe en a FIFO access and the
u p d ate of flag status may be prohibi-
tive (see the Sync hronous and
As ync hronous FIFO Ports sections
a b ove ). Se c ond, the flag out puts of a
FIFO will always go inac tive based on
a FIFO strobe going inac tive , w herea s
the FIFO dip stick solution will always
c ha n ge flag states based on the
strobes going ac tive . ❖

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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