Logic Products

FEATURES

o Direct addressing up to 64K

e Cascadable for addressing
beyond 64K

e Asynchronous Read/Write
operation

¢ 3-State address outputs

o Selectable FIFO length in
multiples of 2

o Specially designed for use with
high-speed SRAMs

e TTL input and output

¢ 16mA address-drive capability

o Programmable half-full signal

o Programmable Read, Write and
Status counters

DESCRIPTION

The FRC is an address and status gen-
erator designed  to implement high-
speed/high-capacity First-In First-Out
(FIFO) memory buffers utilizing high-
speed SRAMs. The FRC can control up
to 65,536 (64K) words of buffer memory.
The Address Length Register and the
Read, Write, and Status Counters are
fully programmable. There is also a user-
definable status flag to aid in block
transfers. The device is cascadable if
FIFO buffers in excess of 64K are de-
sired. In the cascade mode, two devices
can address up to 16 Mega-words of
memory.
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FIFO RAM Controller (FRC)

Preliminary Specification

TYPE TYPICAL TRANSFER TYPICAL SUPPLY
RATE CURRENT
74LS429 20MHz 185mA

ORDERING INFORMATION

DESCRIPTION

COMMERCIAL RANGE
Voc =6V 16%, To=0°C to +70°C

28-Pin Plastic DIP

N74LS429N

PIN CONFIGURATION

cDe01s
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ARCHITECTURE

The FRC (Figure 1) is made up of three 16-bit
counters, arbitration logic, mux/latch circuitry
and the necessary control logic to generate
status flags and control the device. Two of
the counters (Read and Write) are up count-
ers and are used to generate addresses for
the memory. The third counter (Status) is an
up/down counter and is used to generate the
status flags, i.e, FULL, EMPTY and User-
Defined Flag (UDFLAG).

The Read (AR) and Write (WR) requests may
occur asynchronously, but only one operation
(either Read or Write) will be serviced by the
_FRC. This decision is made by the arbitration
logic.

In the normal mode the device has a maxi-
mum of 16 address outputs. A Write request
will cause the contents of the Write Counter
to be transferred to these outputs and the

PIN DESCRIPTION

WRITE output to go Low. After the request is

compl tary operation (Read or Write). An

removed the Write and Status counters will
be updated so that they will be ready when
the next Write request occurs. A Read re-
quest will cause the contents of the Read
Counter to be transferred to the address
outputs and the READ output to go Low. After
the request is removed, Read and Status
counters are updated. The device may also
be used in cascade mode. When used in this
way the most significant four-address outputs
(A12-A15) are no longer address outputs
but are used instead for transferring the
conditions of the three internal counters from
one device to the next. Two devices cascad-
od will have a combined address length of 24-
bits which can address 16 mega-words of
memory.

The Burst Transfer Mode allows the device to
be exclusively used as either a Write address
or Read address generator by disabling the

.

example of when this mode might be used is
the case where a fast processor and a slow
peripheral are both accessing the FIFO buffer
at the same time. The processor could block
the periphera) from accessing the FIFO by
forcing the Burst Transfer (BT) input Low
(while it is making a request) and then contin-
ue reading or writing without having to inter-
leave cycles with the slower peripheral. When
the processor completes its operation, it will
force the BT input High, allowing the peripher-
al to access the FIFO.

The two internal registers (Address Length
and UDFLAG) and the three counters {Read,
Write, and Status) are fully programmabie.

The control logic automatically compensates
for address lengths less than 16 bits (per
device); therefore, the status flags (FULL,
EMPTY, and UDFLAG) are always generated
to refiect the appropriate condition.

PIN NO.| SYMBOL | TYPE

DESCRIPTION

5 AR i

READ REQUEST for Read cycle: A High-to-Low transition causes the contents of the Read Counter
to be transferred to the address outputs followed by assertion of the READ output. The Read and
Status Counters are incremented and d
output is also negated at this time, but the address bus is held in the stable state. This input is
used as a control pin when presetting the intemal counters and registers {see Table 1).

ecremented respectively on

the Low-to-High transition. READ

WRITE REQUEST for Write cycle: A High
to be transferred to the add
Status Counters are incremented on the Low-to-High
time, but the address bus is heid in the stable state.
presetting the internal counters and registers (see Table 1).

outputs folk

-to-Low transition causes the contents of the Write Counter
d by assertion of the WRITE
transition. WRITE output is also negated at this
This input is used as a control pin when

output. The Write and

10

RESET: A Low-to-High transition on this input
address is programmed to the desired FIFO depth
Full condition. MUX/LATCHs are also cleared. A Low on this
has to be Low in order to perform any of the above functions. This input is used as a
when presetting the internal counters and registers (see Table 1).

resets the Read, Write and Status Counters. The
and the UDFLAG Register is set to reflect a Half-

pin will 3-State the address bus. CE
control pin

CHIP ENABLE: FRC is enabled when this input is Low. When High READ, WRITE and address
outputs will be 3-Stated. This pin is also used as a Write input (data clocked on the Low-to-High
edge) when presetting the internal counters and registers (see Table 1).

BURST TRANSFER:
having to interleave cycles with the other operation by
when this input is High will cause the FRC to operate in
when a Low level is present on this pin will initialize the device to operate in the cascade mode.

When Low it will allow either the Read or Write operation to function without
disabling the other input. Resetting the device
the normal (non-cascade) mode. Resetting

Low.

READ: This output goes Low afte
state when the Read Request is removed. This pin is

r a Read request is selected to be serviced. it retums to the High
3-Stated if either CE is High or RESET is

is Low.

WRITE: This output goes Low after a Write Request is selected to be serviced. It returns to the
High state when the Write Request is removed. This pin is 3-Stated if either CE is High or RESET

" FULL I{e]

FULL: This open-collector output becomes active-
length) of the Status Register are all ones. After a
will cause the FRC to scroll the memory
will always remove the FULL
a FULL condition is reached, the device will operate
pin is forced Low will remove the FULL condition and this output will remain Low
Status Counter bits are ones again.

High when the used bits (adjusted for address

FULL condition is reached, any additional Writes
(Read and Write Counters will increment together). A Read
condition causing this output to go
normally (no scrolling). The next Write after the

Low. If this pin is forced Low after

until all of the
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PIN DESCRIPTION (Continued)

SYMBOL

TYPE

DESCRIPTION

12

EMPTY

170

EMPTY: This open-collector output becomes active-High when the used bits of the Status Register
are all zeroes. After an EMPTY condition is reached, any additional Reads will cause the FRC to
scroll the memory. A Write will always remove the EMPTY condition causing this output to go Low.
if this pin is forced Low after an EMPTY condition is hed, the device will op normally (no
scrolling). The next Read after the pin is forced Low will remove the EMPTY condition and this
output will remain Low until all of the Status Counter bits are zeroes again.

13

UDFLAG

UDFLAG: If not predefined by the user, this open-collector output will become active-High when the
most significant bit (adjusted for address length) of tne Status Register is High and all other bits are
zero (i.e. reflecting a Half-Full condition). If predefined, it will go High when the value of the Status

Register is equal to the defined value (see Initialization/programming mode).

14-21
23-26

A0/PLDO

to
A11/PLD11

170

ADDRESS/PRELOAD DATA: active-High data input and address output pins. When used as address
outputs, they will either contain a Read or a Write address depending upon the input request. These
outputs can be 3-Stated during normal operation by forcing CTE High. A0 is the least significant
address bit. These pins are used as active-High data inputs when programming the internal counters
and registers of the device. PLDO is the least significant preload data bit.

27

A12/PLD12
STATIN

170

ADDRESS 12/

PRELOAD DATA 12/

STATus INput: This pin has three different functions depending upon the mode the device is in.
When used in the normal mode, this pin is an active-High output containing Bit 12 of either a Read
or a Write address depending upon the input request. This output can be 3-Stated by forcing CE
High. When preloading the intemnal counters and registers of the device, this pin becomes bit 12 of
the preload data. This is an active-High input. When the device is used in the cascade mode, this
pin becomes an active-High STATus INput. The status input is used to receive information for the
previous device so that the Status Counter may be incremented or decremented properly. This pin
should be hardwired to Voc for the least significant device.

28

A13/PLD13
STATOUT

7{e]

ADDRESS 13/

PRELOAD DATA13/

STATus OUTput: This pin has three different functions depending upon the mode the device is in.
When used in the normal mode, this pin is an active-High output containing Bit 13 of either a Read
or a Write address depending upon the input request. This output can be 3-Stated by forcing CE
High. When preloading the internal co and reg of the device, this pin becomes Bit 13 of
the preload data. This is an active-High input. When the device is used in the cascade mode, this
pin becomes an active-High STATus OUTput. The status output is used to send information to the
next device so that the Status Counter may be i ted or d ted properly.

A14/PLD
14/
RWIN

170

ADDRESS 14/

PRELOAD DATA 14/

READ WRITE iNput: This pin has three different functions depending upon the mode the device is
in. When used in the normal mode, this pin is an active-High output containing Bit 14 of either a
Read or a Write address depending upon the input request. This output can be 3-Stated by forcing
CE High. When preloading the internal counters and registers of the device, this pin becomes Bit 14
of the preload data. This is an Active-High input. When the device is used in the cascade mode,
this pin becomes an active-High Read Write INput. The Read Write INput is used to receive informa-
tion from the previous device so that the Read and Write counters may be incremented or decrem-
ented properly. This pin should be hard wired to Vg for the least significant device.

A 15/PLD
16/
RWOUT

170

ADDRESS 15/

PRELOAD DATA 15/

READ WRITE OUTput: This pin has three different functions depending upon the mode the device
is in. When used in the normal mode this pin is an active-High output containing Bit 15 of either a
Read or a Write address depending upon the input request. This output can be 3-Stated by forcing
CE High. When preloading the internal counters and registers of the device, this pin becomes Bit 15
of the preload data. This is an active-High input. When the device is used in the cascade mode this
pin becomes an active-High Read Write OUTput. The Read Write OUTput is used to send informa-
tion to the next device so that the Read and Write counters of the next device may be incremented

property.

Voo

Power supply 5V + 5%

22

GND

Ground
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CE PAL
i vorLa
R —o] AND
5F UOFLAG WNTE
REGISTER
STATUS
COUNTER < AQ-PLDO
—— AS-PLDY
< A2-PLD2
'_.i WNTE — — A4-PLD4
DRIVERS <t AS-PLDS
MUX/! 2 j——n A7-PLD7
READ ONEOF s AYO-PLOW
COUNTER < AT-PLDT
< AR-PLDR-STATY,
|t ATS-PLOB-STAT oy
|- AU-PLDU-RW),
(-t ANS-PLDS-RWoyy
Figure 1. 74LS429 Block Diagram

Tabie 1. Preload/Reset Truth Tabie

RESETY CE WR AR BT OPERATING MODE

X 1 X X X Disabled
1 1 X X X |Disabled, the device will not reset
1 0 X X 1 Reset and operate in normal mode
T 0 X X 0 Reset and operate in cascade mode
0 1 0 0 X |Preload Status Register
0 1 0 1 X |Preload Read Counter
0 T 1 0 X |Preload Write Counter
0 T 1 1 X Set UDFLAG Register

x = Don't care

0= Low state

1= High state

t = Rising edge
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FUNCTIONAL OPERATION

The FRC may operate either in the normal or
the cascade mode. The following description
will apply to both of these modes unless
otherwise specitied. However, a more de-
tailed operation in the cascade mode is
included under the Cascade Mode Operation
section.

The FRC operates in either of the two basic
modes; Write into the FIFO buffer memory or
Read from the FIFO buffer memory. Howev-
er, the device may also be in the initialization
(programming) or arbitration phase.

INITIALIZATION/PROGRAMMING
MODE

The FRC does not wake-up in a defined state
and, therefore, the user must provide a pow-
er-up reset to ensure proper operation of the

will cause the contents of the Write Address
Counter to be output on the address bus,
followed by assertion of the output.
Normally, the WRITE output will be asserted
after the address outputs are stable.

When the Write cycle is ended (WR is forced
High), WRITE output will be negated, but the
address outputs will be latched and held in
the stable state until the next Read or Write
Request is made.

Forcing WR High will increment both the
Write and Status counters, but the Read
counter will remain unchanged. The incre-
mented value of the Write Counter will not be
enabled on to the address bus until the next
Write Request.

READ CYCLE
To perform a read operation AD must be Low

device. The length of the FIFO is prog

ble (in multiples of 2) and is accomplished by
grounding the unused address outputs
through a 1K resistor. it is necessary to reset
the device, each time the FIFO length is
changed.

The FRC has programmable Read, Write and
Status Counters. The user can initialize these
counters to any desired value. When pro-
gramming these counters, A0 - A15 address
outputs will become inputs and should con-
tain the pre-load data that will be written into
the selected counter. The UDFLAG output of
the device is also programmable and, there-
fore, can be set to become active at any
desired time (Table 1).

Asserting a RESET after programming the
above counters and UDFLAG will reset the
device, i.e., Read, Write and Status Counter
will be reset, UDFLAG will be set to reflect a
half full condition, and address mux/latch will
be cleared.

ARBITRATION MODE

Because of the asynchronous nature of the
RR and WR signals, it is necessary to provide
arbitration between these two to avoid the
possibilities of operational conflicts. The arbi-
tration fogic in the FRC is implemented such
that the WR input dominates the selection
process. The AR has to occur a specified
amount of time before the WR in order to be
selected. If the WR occurs before the RR, the
WR will always be selected.

It both AR and WR occur at the same time,
WR will be selected. Neither RR nor WR are
latched internally.

WRITE CYCLE
To perform a write operation, WR must be
Low and selected by the arbitration logic. This

December 1987

and sel d by the arbitration logic. This will
cause the contents of the Read Counter to be
output on the address bus, foliowed by asser-
tion of the READ output. Normally, the READ
output will be asserted after the address
outputs are stable. When the read cycle is
ended (RR is forced High), READ output will
be negated, but the address outputs will be
latched and heid in the stable state until the
next Read or a Write Request is made
Forcing RR High will increment the Read
Counter, decrement the Status Counter and
leave the Write Counter unchanged. The
incremented value of the Read Counter will
not be enabled on to the address bus until the
next Read Request.

CONTROL LOGIC

In addition to all the necessary internal timing,
this section of the FRC is also responsible for
the generation of FULL, EMPTY, UDFLAG,
and the signals necessary for cascade mode
operation.

CASCADE MODE INTERFACE

For applications that require more than 64K
of addressing capability, two or more FRCs
may be used in the cascade mode. The
cascade mode circuitry is activated by reset-
ting the device while holding the BT input
Low. When the device is in the cascade mode
the most significant four address outputs
(A12 - A15) are used to transfer register infor-
mation to the next most significant device and
therefore are no longer address outputs. A0
of the next most significant device will now be
A12 of the address bus and so on. It is
important to distinguish between the least
significant and the most significant devices.
The FRC automatically makes this decision
when a RESET is issued while BT is Low. The
device with Pin 27 (A12/PLD12/STATIN) tied

3-42

to Vg is selected as the Least Significant
Device (LSD) and the device with Pin 28
(A13/PLD13/STATOUT) tied to ground is
selected as the Most Significant Device
(MSD). In a typical configuration (see Figure
2) STATIN and RWIN of the LSD will be
connected to Ve and STATOUT of the MSD
will be connected to ground. RWOUT of the
LSD wilt be connected to RWIN of the next
MSD, but the RWOUT of the MSD may be left
floating. RESET, CE, BT, WR, and RR of all
the devices will be connected to each other's
corresponding inputs. Similarly FULL, EMPTY
and UDFLAG outputs of all the devices will be
connected to each other's corresponding
outputs. The READ and WRITE outputs from
either of the devices may be used to assert a
read and/or a write to the memory.

CASCADE MODE OPERATION
After two or more devices have been inter-
faced as explained in the previous section
and a RESET is issued while BT is held Low,
all devices will be initialized. This will also
cause the devices to distinguish themselves
in their respective order in the system, i.e.,
least significant, next most significant and
most significant. At this time STATOUT and
RWOUT of all the devices connected to
STATIN and RWIN of the next device will be
Low.

The user may at this point desire to preload
the internal registers of the devices. This can
be done exactly as if a single device was
being programmed (see Initialization/Pro-
gramming Mode). The only distinction that
has to be kept in mind this time is that PLD12
of the LSD should now be presented to PLDO
of the next most significant device and so on.
When programmed for cascade mode opera-
tion, Read, Write and Status Counters of the
FRC are inhibited from clocking for as long as
STATIN and RWIN inputs are Low. Since
STATIN and RWIN of only the LSD are High
at RESET, it will be the only device with
Read, Write and Status Counters enabled.
When the Read or Write counters of the LSD
are empty or full, respectively, the next Low-
to-High transition of the RR or WR will gener-
ate RWOUT. This will cause the RWIN input
of the next MSD to be High, hence enabling
the Read and Write counters of that device.
Similarly, the STATOUT pin of the LSD will go
High when the Status counter is full and a WR
is made or when it is empty and a RR is
made.

This will produce a High at the STATIN pin of
the next MSD, hence enabling its Status
Counter to increment or decrement as the
case might be.
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The Status flags (FULL, EMPTY and UD-
FLAG) will go High only when the condition

they represent is true across the

array. For example the FULL flag will not go

entire FRC

High when the LSD represents a full condi-
tion, but the next Most Significant Devices
don't. This is because the Status Flag outputs
of all the devices are open-collector and

wired together. Therefore, any of these flag
outputs will only go High when that condition
holds for all the devices.

Ve
UDFLAG
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1 tJ
AW/PLOMIAW,,  ATHPLDIS/STATgyr
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2 anpon |2
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v, ano
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® nLs 20 ar
&« & e ASIPLDS A2
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weme L P AsipLDS 1 "
I
L LT AIPLDS I
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2 EPTY AIPLDS id z
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——{ Ao/PLDO AVPLDY an ® <:>
Az Mes
A3 SRAM
e
—law
— s
AT
AR
A ARIPiDNIRW,,  ABIR our 1= -y
o
2] AmIPLONIRWoy;  ARIPL ™ e
3 oo Anteon |2 | an
L] owre anipon |2 _ w =
" St asppe P24
who Slom s} 2
mosT
Y vee 2
" g
Na FhC asipLosf 2
01 et AS/PLDS »
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Figure 2. Cascade Mode Interface
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Figure 3. Converting RAMs Into FIFOs Requires Simple Connections to the 74LS429 Chip. Word Lengths May be
Extended by Simply Adding as Many Memory Chips in Paraliel as Necessary.
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ABSOLUTE MAXIMUM RATINGS

(Opefaﬁonbeyondmnmitssetfom\inmismblemymakMeuufulIifeofthedwioe.

Unless otherwise noted, these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vce Supply voltage -05 to +7.0 v
VIN Input voltage -0.5 to +7.0 v
N Input current -30 to +1.0 mA
Vour | Voltage appiied to output in High output state -05 to +Vcc v
Ta Operating free-air temperature range 0 to +70 °C
Tste Storage temperature -85 to +150 °C
RECOMMENDED OPERATING CONDITIONS
LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
Veo Supply voltage 475 5.0 5.25 [
ViH High-level input voitage 20 v
ViL Low-level input voltage 0.8 v
hk Input clamp current -18 mA
loH High-level output current -3 mA
| Low-level rent FULL, EMPTY, UDFLAG 8 mA
- output cu
oL AO - A15, WRITE, READ 16 mA
Ta Operating free-air temp e range 0 70 °C
DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperatre range uniess otherwise noted.)
LIMITS
SYMBOL PARAMETER TEST CONDITIONS' UNIT
Min | Typ? | Max
. Voc = MIN, Vi = MAX, - :
VoH High-level output voltage Vit = MIN, oy = MAX 27 v
FULL, EMPTY
- oL = 8mA 05 v
VoL Low-level output UDFLAG zﬁc - urx >
voltage READ, WRITE Vi = MIN
AO-A15 ™ lo = 16mA o5 | V
Vik Input clamp voltage Vec= h=lk | -18 A
Input current at maximum - -
" input voltage Vo = MAX, V;= 7.0V 100 | pA
™ High-level input current Voc = MAX, V) = 2.7V 20 | pA
e Low-level input current Voc = MAX, V)= 0.4V -04 | mA
OFF-state output current )
lozH High-level voltage applied VoG = MAX, Vo = 2.4V 20 HA
OFF-state output curent -
lozL Low-level voltage applied Voo = MAX, Vo = 0.5V -20 | pA
log Short-circuit output current® Voc = MAX -18 -100 | mA
[ Supply current (total) Voo = MAX 210 | mA
NOTES:

1.FwoondiﬁomshownuMlNorMAx.uuthovnmwmummwmd

2. All typical values are at Vec =5V, Ta=25°C.
3. lpg is tested with Vour = +0.5V and Vee = Voo max +
should not exceed one second.
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Figure 4. Write Cycle and Status Output Timing
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Figure 5. Reset Timing
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Figure 6. Read Cycle and Status Output Timing
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Figure 7. Empty Override Timing
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Figure 8. Full Override Timing
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AC ELECTRICAL CHARACTERISTICS T, =25°C, Voo =5V£5%

umTs!
SYMBOL PARAMETERS TEST CONDITIONS UNIT
Min | max

Write cycle timing
tows CE setup to WR ns
twRH WHT to WR{ hold 14 ns
towH CE Hold after WR T ns
tCAD1 TE ! to address delay ns
tcaD2 CE 1 to 3-State address ns
towp1 TE ! to WHITE delay ns
towbz CE 1 to WHITE 3-State AC Waveforms ns
twwo1 WR! to WRITE ! delay 26 ns
twwp2 WRT to WRITE T delay 115 ns
twAD WR | to address valid ns
tawp Address valid to WRITE | 3 ns
twep WR ! to EMPTY | delay ns
twrp WR! to FULLT delay ns
twup WR !l to UDFLAG T delay ns
Read cycle timing
tcRs CE setup to AR ns
tARH AR T to RR ! hold 14 ns
tCRH CE hold atter RR 1 ns
tcAD1 TE | to address delay ns
tcAD2 CE 1 to 3-State address ns
tcrRD1 CE | to READ delay ne
tcRD2 CE 1 to READ 3-State AC Waveforms ns
tRRDI RR | to READ ! delay 26 ns
tRROD2 AR 1T to READ T delay 1.5 ns
thAD AR | to address valid ns
tarp Address valid to READ | 3 ns
tReD RR ! to EMPTY T delay ns
trFD RR ! to FULL ! delay ns
tRUD RR | to UDFLAG ! delay ns
Override timing
teRs EMPTY setup to RR { ns
trws FULL setup to WR | AC Waveforms ns

NOTE:

1. See Test Loading Circuits for loading.
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AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C, Vcc =5V £5%

LIMITS!
SYMBOL PARAMETERS TEST CONDITIONS UNIT
Min Max
Reset timing
trpw RESET pulse width B ns
tcas CE setup to RESET | ns
tars BT setup to RESET T ns
tRAD1 BESET | to 3-State address AC Waveforms ns
trAD2 RESET 1 to all 00 address ns
tRED RESET T to EMPTY T ns
tREUFD RESET T to FULL { ns
Pre-load data write cycle timing
topw CE pulse width ns
tRcs RESET setup to CE T ns
tawcs RA, WR setup to CE 1 ns
tpLes PLDO - PLD15 setup to CE 1 AC Waveforms ns
tRcH RESET hold atter CE T ns
tRWCH AA, WR hold after CE T ns
tpLcH PLDO-PLD15 hoid after CE T ns
Cascade mode timing
tsRws STATIN setup to AR |, WR | ns
tRWSD1 RR L, WR! to STATOUT T delay ns
tawso2 AR !, WR{ to STATOUT | delay ns
tRAWS RWIN setup to AR |, WR ! AC Waveforms ns
thwRD1 ARl, WR! to RWOUT T delay ns
tAwRD2 RR L, WR{ to RWOUT | delay ns
Change of cycle timing
twRD WH1T to READ | ns
tRwD AR T to WRITE ! ns
tARD Address valid to READ | AC Waveforms 3 ns
tAwD Address valid to WRITE | 3 ns
NOTE:

1. See Test Loading Circuits for loading.
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Preliminary Specification

FIFO RAM Controller (FRC)

74L5429

TEST LOADING CIRCUITS

TEST
®

FROM OUTPUT
UNDER TEST

Applicable Pins: All Address Outputs

TEST POINT Ve

Applicable Pins: (FULL, EMPTY and UDFLAG)
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