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Milltary
Customer Specific Products

FEATURES

¢ 12-Bit FIFO address generator

¢ Data rate exceeding 8MHz

e Asynchronous Read/Write
operations

¢ 3-State address outputs

* Usor-defined word width

¢ Specifically designed for use with
high-speed bipolar RAMs (adapt-
able for use with MOS RAMSs)

¢ TTL input and output
+ 16mA Address-drive capablliity

USE AND APPLICATION

¢ Interface between independent-
ly-clocked systems

¢ Bulfer memorles for disk and/or
tape

¢ Data communication concentrators
¢ CPU/terminal buffering

* DMA applications

¢ CRT terminails

FUNCTIONAL OPERATION

The FRC operates in either of two basic
modes — write into the FIFO buffer
memory or read from the FIFO butfer
memory. These two operations are de-
scribed in subsequent paragraphs and the
complete sequence is summarized in
Table 1. Typical Write/Read timing rela-
tionships, arbitration logic, and chip-en-
able control are shown in the Timing
Diagrams.
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PRODUCT DESCRIPTION
The Signetics 8X60 FIFO RAM Controller
(FRC) is an address and status generator
designed to implement a high-speed/
high-capacity First-In/First-Out  (FIFO)
stack utilizing standard off-the-shelf RAMs
— see Applications on the last page of
this data sheet. The FRC can control up to
4096 words of buffer memory; intermedi-
ate buffer sizes can be selected — refer fo
the memory length table on the next pags.
Built-in arbitration logic handles read/write
operations on a first-comefirst-serve ba-
sis.
As shown in Figure 1, the FRC consists of:
* A 12-bit write addraess generation
counter (counter #1) and a 12-bit read
address generation counter (counter
#2).
e A 12-bit up/down status counter
(counter #3).

¢ Twelve 3-State address drivers,
¢ Control logic.

The two address counters, #1 and #2, re-
spectively, are used to generate write and
read addresses; the outputs of these
counters are multiplexed to the 3-State ad-
dress drivers. Counter #3 generates full,
empty, and half full status.

ORDERING INFORMATION
DESCRIPTION | ORDER CODE
28-Pin DIP
600mil-wide 8XBO/BXA
28-Pin LLCC 8X60/B3A
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PiN CONFIGURATION
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FUNCTION

1 veg Supply voltage for intarnal cir-
cults.

2 N Cirouk ground.

a B Shifi-In request for wirte cyde;
active-low input,

4 SO0 Shitt-Out request for read cycie;
active-low input.

5 RESET Active-low master resst input.

6 TE Active-low chip snable input.

7 WRITE Write cycle addrees vald; acti-
ve-low output.

8 READ Read cycle address valid; acti-
ve-low output.

9 FULL Memory full siatus output; also,
override inpul capabilty. Active
when high.

10 HALF FULL  Memory half-full status output;
aciive-high.

" EMPTY Memory emply slatus output;
ais0, override nput capability.
Active when high,

2 LSt Least signilicant bk (LSB) of tha
memory length select input,

13 Ls2 Moel signiiicant bit (MSB) of the
memory length sabect input.

15-20 A(1-Ag 3-State address outputs;
22-27 Ag = LSB.

28 Voo Supply voltage.
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Figure 1. Functional Block Diagram of FIFO RAM Controller e
FIFO BUFFER MEMORY — MEMORY LENGTH
WRITECYCLE } Ls1 is2 HALF LENGTH FULL LENGTH
To perform a write operation, SO must be High
and S| mustbe Low. When these conditions ex- L L 2048 4096
ist and other control parameters (Table 1) are H L 32 64
satisfied, the write address in Counter #1 (Fig-
ure 1)is output to the address bus via the multi- L H 512 1024
ploxer and WRITE output goes Low. (Note. H H 128 256
Normally, the WRITE output goes Low after

the address output becomes state — refer to
WRITE Cycle Timing Diagram. The WHITE
output may then act as a write or chip enable
for the RAMs that are used to implement the
memory.

When the write cycle is ended (ST is forced
High), the WRITE output goes High, the ad-
dress output buffers return to a High- imped-
ance state. Counter #1 (Write Address Genera-
tion) and Counter #3 (Status) are both increm-
ented, and Counter #2 (Read Address Genera-
tion) remains unchanged.

FIFO BUFFER MEMORY - READ
CYCLE

To perform a read operation, ST must be High
and 50 must be Low. When these conditions
existand other control parameters (Tabie 1) are
satisfied, the read address contained in Count-
er #2 (Figure 1) is output to the address bus and
the READ output goes Low. When the read
cycle is ended (ST is forced High) the READ
output goes High, the output buffers return to a
High-impedance state. Counter #2 (Read Ad-

July 15, 1987

dress Generation) is incremented. Counter #3
(Status)is decremented, and Counter #1 (Write
Address Generation) remains unchanged.

CONTROL LOGIC

To prevent the possibility of operational con-
flicts, ST and SO are treated on a first-come/
first-served basis; these two input signals are
controlled by internal arbitration logic — refer to
the applicable Timing Diagrams and AC Char-
acteristics for functional and timing relation-
ships. If one cycle is requested while the other
cydle is in progress, the requested cycle will
commenceas soon as the current-cycleis com-
plete (provided other control parameters are
satisfied).

As shown in the accompanying diagram, the
buffer length of the FIFO memory can be hard-
ware-selected via the Length Select (LS1, LS2)
Inputs. When less than the maximum length is
selected, the unused High-order bits of the ad-
dress outputs are held in the High-impedance
state.
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Generation of the status output signals (HALF
FULL, FULL and EMPTY) is a function of the
Length Select{LS1, LS2)inputs and the current
state of Status Counter #3. In general, the sta-
tus outputs reflect the conditions that follow:

® HALF FULL — this status output signals
goes High on the positive-going edge of ST
if the MSB of the selected length of Count-
er #3 becomes a “1". The HALF FULL sig-
nal will go from High-to-Low on the posi-
tive-going edge of SO when, alter the read
cycle, the selected length of Counter #3
changes from *100 ... 00" to “Q11 ... 11",
For example, if the selected memory length
is 256 words (FULL = 256), then HALF
FULL = 128 words; hence, on the posi-
tive-going edge of SO when Counter #3
reaches a count of 127, the HALF FULL
output wili go from High-to-Low.

FULL — this signal serves both as a status
output and as an override input. The FULL
signal goes High on the negative-going
edge of 51 if all bits of Counter #3 for se-
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lected length are equal to 1", The FULL
output goes from High-to-Low on the nega-
tive-going edge of SO.

& EMPTY — this signal also serves as a sta-
tus output and as an override input. On the
negative-going edge of S0, the EMPTY
output is driven High it Status Counter #3
contains a value of “1"; on the positive-go-
ing edge of 50, the counter is decremented
to "0". The EMPTY output goes from
High-to-Low on the negative-going edge of
SI.

Once the FULL signal is High, further Write
Cycle Requests (ST = low) are ignored; similarly,
once the EMPTY signal is High, further Read
Cyde requests (SO = low) are ignored. Howev-
er, lo accommodate diversified applications,

Table 1. Summary of Operation

the FULL and EMPTY outputs are open-collec-
tor with on-chip 4. 7K passive pull-up resistors. i
either the FULL or EMPTY pins are forced Low
via external control, the corresponding write or
read cycle may resume (provided external
FULL or EMPTY input is held Low until the cor-
responding WRITE or READ output goes Low)
and the address/status counters will continue
normal operation® — refer to Table 1.

The user must force the RESE T input Low to ini-
tialize the chip. (Note. If the RESET signal is
driven Low during a write or read cyde, the ad-
dress output may have a short period of uncer-
tainty before assuming a high-impedance
state.) The following actions occur when RE-
SET is active:

¢ Allinternal counters are set to “0".

« All address output lines are forced to the
high-impedance state.

® HALF FULL and FULL outputs are forced
Low.

© WRITE, READ, and EMPTY outputs are
forced high.

When TE is High, the address output lines are
forced to the high-impedance state, further
wrlteorread cyclerequests areignored, and all
counters remain unchanged. If TE switches
from Low-to-High during a write or read cycie,
the cycle in progress is always completed be-
fore the disabled state is entered. For datails of
these operations, refer to the timing information
shown later in this data sheet.

* Refer to Note on inside back cover

INPUTS INITIAL RESULTING OUTPUTS COMMENTS
RESET |CE | 51 |50 CONDITIONS WRITE | READ Address Bus
L XXX H H Hi-Z Reset all counters to 0.
H X|H|H H H Hi-Z No action
H L|L]|H|JFULL=L L L Write address from Ctr #1 Shift into FIFO stack (Write Cycle)
H L]L|]H|FULL=H H H Hi-Z Stack full (write inhibited)
H LJH] L |EMPTY=L H L Read address from Ctr #2 | Shik out of FIFO stack (Read Cycle)
H LIH] L |EMPTY=H H H Hi-Z Stack empty (read inhibited)
H LlL]| 4 [wre cycle in progross L H Write address from Ctr #1 Continue write cycle (until ST goes high)
H L |4 ] L [Readeyctein progress H L Read address from Ctr #2 | Continue read cycle (until SO goes high)
H L|IL]L [EMPTY=H L H Write address from Ctr #1 Shift in (read inhibited)
H L]JL]L |FULL=H H L Read address from Ctr #2 Shift out (write inhibited)
. : ) Increment write address counter #1 and

H L [T | H |write cyde in progress T H Goes to Hi-Z status counter #3

; . Increment read address counter #2;
H L [H | T |Readcyclein progress H T | GoestoHi-z decrement status counter #3

; . 1 Changes to read address Increment write address counter #1 and

H LT]L |whie cydle in progress T { from Ctr #2 status counter #3

. Changes to write address Increment read address counter #2;
H L{L|T [Readeyclein progress? 4 T from Ctr #1 decrement status counter #3
H H{d|H H H Hi-Z Chip disabled

H d H H |Hiz Chip disabled
H TIL] x ::JgLuLnT L: write cycle L H | Write address from Ctr #1 Continue write cycle (until ST goes high)
H TlL] x E:gz:; = Liread cycle H L Read address from Ctr #2 | Continue read cycle (until SO goes high)
S I NN T v - - - This set of conditions should be avoided
NOTES:

1. Write cycle will occur if either SI goes Low before SO goes Low or EMPTY = H when SO goes Low.

2. Read cyde will occur it either SO goes Low before ST goes Low or FULL = H when ST goes Low.
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Veo Supply voltage +7 Voe
Veg Supply voltage for internal circuits +4 Voc
Vi Input voltage +55 Voc
Vo Off-state output voltage +55 Voc
Tsta Storage temperature range —6510 +150 °C
DC ELECTRICAL CHARACTERISTICS 4.5V < Ve <55V, -55°C 5 Tc < +125°C
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT
Min Typ? Max
Vi High level input voltage® 20
ViL Low level input voltage 0.8 v
High level output voltagse: All outputs R _
Vor except FULL and EMPTY Voe = MIN; loy = ~2.6mA 25 v
Low level output voltage: Addre:

VoL Bus, WHITE. READ ss Ve = MIN: Ig, = 16mA 038 | o5 v
Vo HALF FULL, FULL, and EMPTY Vee = MIN; g = 8mA 0.35 05 v
Diode clamp voltage: All inputs ex- i o _

Vi copt FULL and EMPTY Vee = MIN; Iic = —18mA 0.8 15 v

High level input current: All inputs _
i except FULL and EMPTY Ve = MAX; Vi =2.7V 0.1 2 HA
Ve = MAX; Vi = 2.7V;
W FULL and EMPTY stack FULL or stack EMPTY? —470 ~500 hA
Low level input current: All inputs ex- . _
i cept FULL and EMPTY Ve = MAX; V) = 0.4V 017 | 04 mA
Vee = MAX; Vi = 0.4V, B _
I FULL and EMPTY Stack FULL or Stack EMPTY 1.12 1.8 mA
igh levet .
lon E‘A?\PTGYW output current: FULL, Vec = MIN: Vo = Vec (MIN) 15 100 pA
Hi-Z output current (HIGH); address
oz [bus ey o) Voo = MAX; Vo - 24V os [ 2 | wa
Hi-Z output current (LOWY); address
oz bus (3&,,9) (LOW) Vee = MAX: Vour = 0.5V 06 | -20 pA
i o FULL ana EWPTY o o Voc = MAX; Viy =55V ooa | o1 | ma
los port-crull Quiput current: address Ve = MAX; Vo = OV 15 | -e8 | -100 mA
los WRITE, READ Voo = MAX; Vo = OV —40 -73 -100 mA
Vco = MAX; Address -55°C — 81 140 mA
Iee Supply current from Ve +25°C —» 81 122 mA
Bus = Hi-Z +1256°C o 81 100 mA
-55°C — 63 100 mA
lag Supply current from Vgg Vag = MAX +25°C — 63 955 mA
+125°C 63 90 mA
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AC ELECTRICAL CHARACTERISTICS 4.5V <Vcc <55V, -55°C < Tc < +125°C
SYMBOL PARAMETERS REFERENCES TEST CONDITIONS LIMITS UNIT
From I To Min I Typ l Max
Pulse Widths
Tom ST high To1 Ik Stack approaching FULL 0 | 13 ns
Ton S0 high Tso Iso Stack approaching EMPTY? 30 | 16 ns
Write Cycle Timing
Tia Address stable delay l3 An FULL = Low; 50 = High 40 | 60 ns
Taw Address lead time An JWHATTE 0 ns
Tiaw WHRITE output active delay lsr lwrArTE FULL = Low; SO = High 40 | 51 77 ns
Tow WRITE output inactive delay Tar TwrrE 3 10 ns
Twa Address lag time ™WrTE|[ an 20 | 34 ns
T Address output disable o [annig) a7 [ 65 | ns
Tir FULL status active delay dar TRULL | Stack approaching FULL: 5O = High 39 | 70 ns
Tie EMPTY status inactive delay lar [ lempry Stack = EMPTY 0 |70] ns
Theu HALF-FULL status active delay o TFFL‘JT;.F Stack approaching HALF-FULL 30 | 50 ns
Tow WRITE output active after read Tso IwrRITE Both 51 & READ = Low 74 | 110 ns
Read Cycle Timing
Toa Address stable delay lso An EMPTY = Low; ST = High 40 60 ns
Tar Address lead time An lReaD -5 ns
Toar READ output active delay lzo lReAD EMPTY - Low; 5T - High 48 75 ns
Tor READ output inactive delay ~Tso TREAD 5 10 ns
Taa Address lag time TREAD An 10 32 ns
Tor Address output disable Tso | an(Hiz) a7 [ 70| ns
Toe EMPTY status active delay Iso Tempry Stack approaching EMPTY; ST = High 38 50 ns
Toe FULL status inactive delay “Iss | lruw Stack = FULL 38 | 65 | ns
TueL HALF-FULL status inactive delay | 150 lF*:JALLLF Stack exactly HALF-FULL s4 | 85 | ns
Tir READ output active after write T IREAD Both 50 & WRITE = Low 70 | 100 ns
Chip Enable Timing (Write)
Thew Chip enable hold time$ Lo TcE FULL - Low, 50 - High 1 [1wo] ns
Tsew Chip disable set-up time® Tte o FULL = Low; 50 = High 10| 1 ns
Toew Chip enable delay time lce [ IwRmE | FULL = Low; ST = Low; SO - High 69 | 110 | ns
Chip Enable Timing (Read)
TueR Chip enable hold time® »LSU m EMPTY = Low; ST = High 1 12 ns
Tser Chip disable set-up time® Tce 150 EMPTY = Low; 5T = High 10 | 1 ns
Teer Chip enable delay time lce lrexD | empry - Low; SO = Low: 5I = High 64 | 105 ns
Reset Timing
Tar RESET recovery TreseT | LwrrE Sl=tLow 57 | 85 ns
TaL RESET pulse width {low) lreseT | TRESET 25 8 ns
Full/Empty Override Timing
Tew Override recovery for FULL Iruce [ lwrme Stack = Full, ST = Low; SO = High 70 | 110 ns
Ter Override recovery for EMPTY LeMPTY | LAEAD | Stack - EMPTY; SO = Low; 3 = High 65 | 105 | ns
NOTES:

1. Vg should be obtained from a regulated 1.5V supply.
2. Typical limits are: Voe = 5.0V; Ty = 25°C.
3. Because of the internal pull-up resistor on the FULL and EMPTY pins, a negative current is required to force the required voltage.

4. Such that write/read request is inhibited after stack becomes full/empty.

5. The earliest rising edge of CE such that the WRITE or READ output always occurs
6. The latest rising edge ot TE such that the WRITE or READ output never occurs.
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AC TEST CIRCUITS

APPLICABLE PINS: WRITE (7),
READ (8), HALF FULL (10)

TEST POINT ¥ TEST POINT

FROM QUTPUT
UNDER TEST

FROM OUTPLT
UNDER TEST'

CL L
wo;sT

cc
R

CL
30pF

Laen§

APPLICABLE PINS:
An (15-20, 22-27)

vee OUTPUT SWITCH
STATE POSITION
n FROM | TO St 52
™ Low High | Closed | Closed
High Low | Closed | Closed
™ High HI-Z | Closed | Closed
Low Hi-Z | Closed | Closed
Hi-Z High | Open | Closed
" HI-Z Low |Closed | Open
NOTES:

1. In all cases C_ includes probe and jig capacitance
2. Al diodes are IN916, 1N3064, or equivalent

CONTRAOL {Active

__\ -3V
—KVM % LY

Low Input}
| .
- pzH e { PHZ @ 05V
| )

1 SN | Yo

ouTPUT —3} 15V

————————— ov
W 1S

3-State Enable Time to LOW Level
and Disable Time From LOW Level

"} 3 For AEAD and WRITE oulputs, A = 280 ohms:
APPLICABLE PINS: FULL (8) j{sz for HALF FULL output. R, = 2K ohms
AND EMPTY (11) _ ,I
TEST POINT Vgo s
AL
8250
FAOM OUTPUT
UNDER TEST
CL
I 30pF
s
AC TEST WAVEFORMS
v
INPUT %VM ™
! ! ov
bt 1 ot »-
outeur I/ von
urTPu
(Inverted) Vi Fvm
vou
i ks
Propagation Delay
{Typical Example}
NOTE:
Puise widths and Setup/Hold limes are measured using the same relerence powts as above wavelorm
CUTPUT ENABLE
OUTPUT ENABLE CONTROL (Active VM M

For all wavelorms, Vi = 1.5V,

Low Inpul)

OUTPUT

we roHans

3-State Enable Time to HIGH

Level
and Disable Time From HIGH Level
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TIMING DIAGRAMS
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Chip Enable Timing Write*
NOTE:
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Read Cycle Timing
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Chip Enable Timing Read’

The rising edge of TE shoutd not occur wilhin 10-nanaseconds before or after a falling edge of 51 or SO
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TIMING DIAGRAMS (Continued)
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Change of Cycle Timing
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APPLICATIONS
sv
801+ 5%)
05w
REQUEST
TO WRITE DATA
INTO FIFO BUFFER —»-Of 3]
REQUEST WRITE CYCLE
TO READ DATA-—»(|¥0 £ WRITE [O-9— LcinOWLEDGE =
FROM FIFO BUFFER v READ CYCLE ]
surrencenatn |~ 5 $3 "D ACKNOWLEDGE oo e
SELECTION HALF }
o i 1 B
ENABLE FIFO ) | SUFFER FULL
CONTROLLER ct FuLL STATUS
RESET FiFO—»(] KESET EMPTY :g:;&: EMPTY
COUNTERS ouTeUT
DATA

H
3
c
S
se e

L]
-
L]
Implementation of a FIFO Butfer Using the 8X80 and High-Speed RAM
DELAY TO EXTEND ADDRESS HOLD TIME
/ AFTER THE RIBING EDGE OF
WRITE CYCLE DELAY
REQUESY l (Two}

i} ADDRESS

axeo

gf#@‘gﬂpmss FIFO RAM O|WE AODRESS
SETUP TIME CONTROLLER
BEFORE THE
FALLING EDGE
OF
DELAY WHITE

‘—- Ty [————
™

> s
WRITE CYCLE #
nEQuEST '
— (P
|
——tso——=] \
ADDRESS i { | \ X
T T
WE(RAM) )L 7F

AF03I50S

Using 8X60 With High-Density MOS RAMs
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