SN54LS222, SN541S224, SN54LS227, SN54LS228
SN74LS222, SN741S224, SN74LS227, SN74LS228
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES

JANUARY 1981 REVISED MARCH 1985

® Independent Synchonous Inputs and SN54L5222, SN54LS227 . . . J PACKAGE
Outputs SN74LS222, SN74LS227 . . . J OR N PACKAGE
(TOP VIEW)
® 16 Words of 4 Bits Each
. . oe [ U2 vee
® 3-State Outputs Drive Bus Lines Directly iRe [J2 19f] UNCK
® Data Rates from O to 10 MHz R[3  18JORE
. tock [Ja 17[JoOR
® Fall-Through Time . . . 50 ns Typ oo s 16f]1 Qo
® Data Terminals Arranged for Optimum PC NeC e 15[]NC
Board Layout D117 1a[] Q1
. . p2]e 13[]Q2
® Expandable Using External Gating 03 (e 12[] a3
GND { h0 11 ] CLR
description O J

These 64-bit memories are Low-Power Schottky
memory arrays organized as 16 words of 4 bits
each. They can be expanded in multipies of

SN54LS224, SN54LS228 . . . J PACKAGE
SN74LS224, SN74LS228 . . . J OR N PACKAGE

(TOP VIEW)
15m + 1 words or 4n bits, or both, (where n is
the number of packages in the vertical array and oe[h Uhe[d vee
m is the number of packages in the horizontal R[] 15[ ] UNCK
array} however some external gating is required LDCK [ 14 :] OR

(see Figure 1). For longer words using the

po [ 13[J 0o

2
3
4
p1 s 12%01
6
7
8

'LS224 or 'LS228 the IR signals of the first-rank b
packages and OR signals of the last-rank D2 [: 1 ]Q2 o
packages must be ANDed for proper D3 [ 10]1Q3 'S
synchronization. GND a9 |CLR [\b
(&
NC No internal connection
INPUT-READY ENABLE AND —
TYPE OUTPUT )
OUTPUT READY ENABLE For chip carnier information —
15222 Yes 3-State contact the factory
'LS224 No 3-State
‘LS227 Yes QOpen-collector
'LS228 No Open-coliector
operation
A FIFO memory is a storage device that allows data to be written into and read from its array at independent
data rates. These FIFOs are designed to process data at rates from O to 10 MHz in a bit-parallel format,
word by word. Data is written into the memory on a high-to-low transition at the load clock input {LDCK)
and read out on a low-to-high transition at the unload clock input {UNCK).
The memory is full when the number of words clocked in exceeds the number of words clocked out by
16. When the memory is full, LDCK signals have no effect. When the memory is empty, UNCK signals
have no effect.
Status of the FIFD memory (see timing diagram) is monitored by the input ready (IR) and output ready
(OR) flags that indicate *‘not full’’ and ‘‘not empty’’ conditions. The iR output will be high only when the
memory is not fu:l and the LDCK input is low. The OR output will be high only when the memary is not
empty and UNCK is high.
A low level at the clear (CLRI input resets the internal stack control counters and also sets IR high and
OR low to indicate that old data remaining at the data outputs is invalid. Data outputs are noninverting
with respect to the data inputs and are at high impedance when output enable (OE} is low. OE does not
affect the IR and OR outputs.
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SN54LS222, SN54LS224, SN5418227, SN5415228
SN741LS222, SN741LS224, SN741S8227, SN74LS228
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES

functiona!l block diagram (positive logic)
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*'1LS222 and ‘L5224 have 3 state {Ztoutputs {'LS222 and 'LS227 pin numbers)
18227 and ‘'LS228 have osen-coliector 1) outputs 1'LS224 and 'LS228 pin numbers|
timing diagram
INITIALIZE|LOAD 2 WORDS| UNLOAD 2 WORDS | LOAD UNTIL FULL | UNLOAD

ctR [
LDCK ___ J_L—I—l—j

UNCK

INPUTS

o 0

w1
| ) ]
OUTPUTS oR if LT
. |
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| |
Q0-Q3 INVALID | | WORD1 __ |WORD 2 INVALID] [ WORD1 [worop 2
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SN54LS222, SN541LS224, SN541S227, SN541LS228
SN74LS222, SN74L8224, SN74LS227, SN74L8228
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES

logic symbolst

‘L8222 LS224
FIFO16 X4 FIFO16 X4
CTR CTR
oe_lens oe -1 ens
a1, @)
CLR——DxcT=0 TLR——CT=0 @
13)
cT<164 & /e 2,3 L] a <164 & +/c1 2p——IR
Lock -2l 22 Lock S 22
wme 2 Jg3 )
croo4 & — a.5—Lor crood & _ OR
15
UNCK& Z4 UNCK‘L Z3
cT-04 & cT=04 &
(18)
ORE Gs
3l Ve 24 Ve
T -
o2 Tip X R] LLIEr po8fp s5 V3L a0
14)
o ha ) 02 g,
] (AL 0218 an o,
1
) a2 oo pat | 10) s
'LS227 'LS228 2
FIFO16 X 4 FIFO16 X 4
CTR CTR )
OE Q) EN7 OE“—)— ENS [7;]
— 9
P BLLL S PPy Rl =0 8
& 2.3—2Lm & —Zr —
CcCY<16 +/C1 . @ CT- 16 +/C1 >
Lock e z2 LOCK —— 22 [}
we 2L_JGa (]
1 14
cr o4 & - as—"on cr.04 & - a2 o by
(19) 115} 77 ]
UNCK — za UNCK 23 A
— cr=04+ & cr=04+ &
118)
ORE =G5
LL 34 V6 34 vat
1
PRI or PEYe) BRI o {4l D e o3 oo
14}
5y 2 . 08 a2 o,
[ (13
028 ) a2 0218 an o,
{9 (12}
D:!—) a3 Da————m ;--—“m a3

T These symbols are in accordance with ANSINEEE Std 91-1984 and IEC Pubtication 617-12.

These symbols are functionally accurate but do not show the details of implementation; for these, see the functional block diagram. The
symbol represents the memory as if it were controlled by a single counter whose content is the number of words stored at that time. Qutput
data is invalid when the couater content is O.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (See NOte 1) . . ... 7V
INPUL vOITAgE . . . . . . e 7V
Off-state outpUt VOITaBgEe . . . . . . ... .. e 5.5V
Operating free-air temperature range:
SN54LS222, SN54LS224, SNb4LS227, SNB4LS228 . ... . . .. .. ... . .. .. -55°C to 1256°C
SN74LS222, SN74LS224, SN74LS8227, SN74L8228 . . . ... . ... .. .. ....... 0°C to 70°C
Storage temperature range . .. . ... ... ... -65°C to 150°C

NOTE 1: Valtage values are with respect to network ground terminal.

i
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SN541S222, SN54LS224, SN741LS222, SN74LS224
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

SN54LS’ SN74LS’ UNIT
MIN NOM MAX | MIN NOM MAX
Vce Supply voltage 4.5 5 5.5t 4.75 5 5.25 v
VIH High-level input voitage 2 2 \%
ViL Low-level input vol-age 0.7 0.8 \Y
10H High level output cirrent a 1 26 mA
iR, OR -0.4 -0.4
loL Low level output current a 12 24 mA
IR. OR 4 8
LDCK high 60 60
LDCK low 15 15
tw Pulse duration UNCK low 30 30 ns
UNCK high 30 30
CLR low 20 20
D to LDCK, 50 50
tsy Setup time LDCK ! before UNCK. 50 50 ns
UNCK?T before LDCK? 50 50
th Hold time D from LDCK. 0 o] ns
2 TaA QOperating free-air t2mperature - 55 125 o] 70 °C
- electrical characteristics over recommended operating free-air temperature range {unless otherwise
» noted)
SN54LS’ SN74LS’ -
o PARAMETER TEST CONDITIONS ! N YRt MAX | MIN TYP? MAX uNIT
(3]
< VIK Voe = MIN, | = -18 mA -1.5 15| v
o Q Vce = MIN, ioH - MAX 24 33 24 34
@ VoH IR, OR vee - MIN ToH — —0.4 mA 25 3.4 27 34 v
. CcC . OH
» a Voo = MIN, o, = 2 mA 0.25 0.4 0.25 0.4
VoL Vce - MIN, oL = 24 mA 03505
R OR Vce - MIN, oL — 4 mA 025 04 025 04
Ve = MIN, oL = 8 mA 0.35 05
lozH Q Vee = MAX, Vg - 2.7V 20 20 | A
lozL Q Vee - MAX, Vo = 0.4V - 20 -20 wA
M Vce = MAX, V| = 7V 0.1 0.1 | mA
H Ve - MAX, V| - 27V 20 20 | pA
s Vee ¢ MAX, V[ - 0.4V ~0a4 0.4 | mA
Q -30 -130 | -30 -130
log® IR, OR vee = MAX. ~20 700 | 20 oo | ™
Outputs high 84 135 84 135
lcc Vee - MAX, Outputs low 87 1565 87 155 mA
Outputs disabled 89 155 89 165
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Vcc — 5V, Ta - 25°C
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one secand.
i
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SN54LS222, SN54LS224, SN741S222, SN74L8224
16 X 4 SYNCHRONOUS FIRST-IN FIRST-QUT MEMORIES
WITH 3-STATE OUTPUTS

switching characteristics, Vcc = 5V, TA = 25 °C

‘LS222 ‘LS224
PARAMETER FROM TO TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
tPLH IRE? iR 23 35 ns
tPHL IRE. iR 9 15 ns
tPLH ORE" OR 22 35 ns
TPHL ORE. OR 9 15 ns
tpLH LDCK! IR 25 40 25 40 ns
RL = 2 k©,
PPHL LOCK? iR CL = 15 pF. 36 50 36 50 | ns
tPLH LDC<! OR e Note 2 48 70 48 70 | ns
tpLH UNCK? OR 29 45 29 45 | ns
TPHL UNCK! OR 28 45 28 45 | ns
PLH UNCK® R 49 70 a9 70 | ns
tPLK CLR. R . 36 55 36 55 ns
tPHL CLR. OR 25 40 25 40 | ns
tPHL LDCK: Q 34 50 34 50 | ns
PLH UNCK" Q R = 667 Q, 54 80 54 80 | ns
TPHL UNCK® Q CL = 45 pf, a5 70 45 70 | ns
tpzL QE? Q See Note 2 22 35 22 35 ns
tpZH QE? Q 21 35 21 35 ns
tPLZ OE| Q R_ - 6675, C_ = 5 pF, 6 30 16 30 | ns
tpHZ OE: Q See Note 2 18 30 18 30 ns
NOTE 2: toad circuits and soltage waveforms are shown in Section 1.
schematics of inputs and outputs
EQUIVALENT OF CLEAR AND EQUIVALENT OF TYPICAL OF INPUT READY AND TYPICAL OF Q QUTPUTS
OUTPUT READY ENABLE INPUTS OTHER INPUTS OUTPUT READY OUTPUTS __ ——Vee
Veg——¢—-- Vee - —_—————+—V¢c 100 &2 NOM
13 k2 NOM 19 k2 NOM 120 $ NOM 4 o '
:l INPUT ~ -=
f¢ -
INPUT E— -- QUTPUT QuTPUT
h 4 9 L 2 -
) 4 v _—
» Vecd
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SN54LS227, SN54LS228, SN741S227, SN74LS228
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

SNS54LS’ SN74LS"
MIN NOM MAX | MIN NOM MAX UNIT
Yee Supply voltage 4.5 5 55| 4.75 5 65.25 v
VIH High-level input vo tage 2 2 A"
ViL Low-level input voltage 0.7 0.8 v
VOH High-level output voltage Q 5.5 5.5 \%
loH High-level output current IR, OR -0.4 -0.4
Q 12 24
loL Low-level output current R OR r 3 mA
LDCK high BD 60
LDCK low 15 15
twr Pulse duration UNCK low 30 30 ns
UNCK high 30 30
CLR low 20 20
D to LDCK1! 50 50
tsu Setup time LDCK, before UNCK! 50 50 ns
UNCKT before LDCK? 50 50
th Hold time D from LDCK. o} 0o ns
2 Ta Operating free-air temperature -55 125 Q 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

';’ noted)
] PARAMETER TEST CONDITIONS? SNS4LS' SN74LS" UNIT
MIN TYP? MAX | MIN TYP? mMAX
2 VIK Vee = MIN, I| = - 18 mA -1.5 -1.5 v
o I0H Q Ve — MIN, VoH = 5.5 V 0.1 0.1 mA
(1] VaoH IR, OR Ve = MIN, Io0H = -0.4 mA 25 34 2.7 3.4 v
“ Vee - MIN, oL - 12 mA 025 04 025 04
v Q vVee = MIN, oL = 24 mA 0.35 0.5 v
oL Voo - MIN, oL = 4 mA 025 04 0.25 04
IR, OR Vee = MIN, loL = 8 mA 0.35 05
10zH Q Voo = MAX, Vo = 2.7V 20 20 | A
1ozL Q Vee - MAX, Vg = 0.4V - 20 ~20 [ uA
Iy Vee = MAX, Vi =7V a1 0.1 mA
A Vce = MAX, Vi =27V 20 20| uA
I VCe = MAX, V) = 0.4V -0.4 -0.4 [ mA
los$ [ IR. OR Vee = MAX -20 -100 | -20 -100 { mA
Outputs high 84 135 84 135
Icc Voo = MAX Outputs low 87 155 87 155 | mA
QOutputs disabled 89 155 89 155

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
LAl typical values are at Vee = 5V, Ta = 25°C.
8Not more than one output should be sharted at a time. and duration of the short-circuit should not exceed one second.
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SN54LS227, SN54LS228, SN741S227, SN74L5228
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

switching characteristics, Vcc = 5 V, TA = 26°C <
PARAMETER FROM TO TEST CONDITIONS Ls227 L5228 UNIT
MIN _TYP MAX | MIN __ TYP MAX
thLH IRE" IR 23 35 ns
TPHL IRE. R 9 15 ns
tPLH QORE” OR 22 35 ns
TPHL ORE. OR 9 15 ns
PLH LDCK.- R 25 40 25 40 | ns
Rl - 2 ke,
PHL LOCK R CL - 15 oF 36 50 36 50 | ns
PLH LDCK. OR 48 70 48 70 | ns
See Note 2
) UNCH " OR 29 45 29 a5 | ns
TPHL UNCF.. OR 28 45 28 a5 | ns
PLH UGNCF - R 49 70 49 70 | ns
L CLR. iR 36 55 36 56 | ns
PHL CLR. OR 25 40 25 30 | ns
PHL (OCr - Q 34 50 34 50 | ns
PLH UNCF Q RL - 667 O 54 80 54 80 | ns
PHL UNCF. " Q CL - 45 pF. a5 70 45 70 | ns
PLH OF . [8) See Note 2 21 30 21 30 | ns
TPHL OE" 0 20 35 20 35 | ns

NOTE 2. Load circuits and v ltage wavefarms are shown in Section 1

schematics of inputs and outputs

EQUIVALENT OF CLEAR AND EQUIVALENT OF TYPICAL OF INPUT READY AND | TYPICAL OF Q OUTPUTS
OUTPUT READY ENABLE INPUTS OTHER INPUTS OUTPUT READY OUTPUTS
————<%Vcc
Vee . Vee — 120 2 NOM
TPUT
13 k2 NOM 19 k2 NOM ouTPY
INPUT B
- OUTPUT
INPUT
,
4 4 -—
) 4 b 4
4 >
Ve 7

j
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SN54LS222, SN541LS224, SN54LS227, SN541LS228
SN741S222, SN741S224, SN74LS227, SN741S228
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES

TYPICAL APPLICATIONS INFORMATION

OUTPUT
J— . ENABLE
CLR UNLOAD
CLK
LOAD
ok m P an OF M-SV CLR o sy cen ol OUTPUT
> Lock or [ p2onsy [> Lock oR ‘ [ECIIN Il LDCK OR READY
INPUT <& IR unck &4 ® UNCK <4 ® UNCK ¢
READY 1 Ire ORE {@— 5V IRE O"Ej—‘—“ IRE ORE "'\
L - H ¥ -
oo a0 0o 0o oo ao
o1 a o1 ar D1 ar
D2 a2 D2 [ 02 Q2
03 a3 o3 a3 03 a3
oI cr OE |¢-5Vv L CLR OF |45V L CLR o }¢
> Lock OR |-OPEN [> Locx OR |oren D> Lock or {—
< R UNCK < R UNCK < < R um:x< <
IRE ORE |5V IRE ORE |—@—5V IRE oRre [
2 -l r - L
oo Qo Do ag no ao
o1 a1 o1 a1 D1 a1
- o2 az b2 Qz D2 a2
(2] D3 a3 03 a3 D3 a3
—
@
<. '
(2]
(1]
» o on oE 45V CLR OE |d-5V CLR 0E &
b Lock or }-oren LDCK OR |-apen > Lock OR p—
<4 r uncx < L] UNCK ] < R UNCK <J-¢
IRE ORE {~d—5V IRE ORE  [—§—5V IRE ORE
N o ol o
oo ao 00 ap Do Qo
D1 a1 o1 al o1 a1
o2 a2z D2 az D2 Q2
o3 a3 D3 a3 03 a3
N o [@-sV L cLr or |45V |—f> cLR ot
£ Lock OR |~OPEN LS Lock oA |-opeEn > Lock or 1
<4 r unck < < 3 unck< < IR unek<—¢
5V—1 (RE ORE'J-C—SV—J IRE ORE |——5V————— (RE ORE -5V
. | L - | F -
00 oo o0 ao oa ao
D1 Qal D1 [ D1 a1 :
02 Q2 02 az D2 az
D3 a3 D3 03 03 o p———m
FIGURE 1. 46-WORD BY 16-BIT EXPANSION USING ‘'LS222
= Noninverting delay = 10 ns (e.g., 2 stages af ‘LS04), 2 places
l
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