Technical Data

File Number 1834
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The RCA-CD54/74HC40105 and CD54/74HCTA40105 are
high-speed silicon-gate CMOS devices that are compatibie,
except for “shift-out” circuitry, with the RCA-CD401058.
They are low-power first-in-first-out (FIFO) “elastic” storage
registers that can store 16 four-bit words. The 40105 is
capable of handling input and output data at ditterent
shifting rates. This feature makes it particularly useful as a
butfer between asynchronous systems.

Each word position in the register is clocked by a control
flip-flop, which stores a marker bit. A “1” signifies that the
position’s data is filled and a “0" denotes a vacancy in that
position. The control flip-flop detects the state of the
preceding flip-flop and communicates its own status to the
succeeding flip-flop. When a control flip-flop is in the “0”
state and sees a “1” in the preceding flip-flop, it generates a
clock pulse that transfers data from the preceding four data
latches into its own four data fatches and resets the
preceding flip-flop to "0”. The first and last control flip-flops
have buffered outputs. Since ail empty locations “bubbie”
automatically to the input end, and all valid data ripple
through to the output end, the status of the first control
flip-flop (DATA-IN READY) indicates if the FIFQ is full, and
the status of the last flip-flop (DATA-OUT READY) indicates
if the FIFO contains data. As the earliest data are removed
from the bottom of the data stack (the output end), all data
entered later will automatically propagate (ripple) toward
the output.

Loading Data

Data can be entered whenever the DATA-IN READY (DIR)
filag is high, by a low to high transition on the SHIFT-IN (S1)
input. This input must go low momentarily before the next
word is accepted by the FIFO. The DIR ftag will go low
momentarily, until the data have been transferred to the
second location. The flag will remain low when all 16-word
locations are filled with valid data, and further pulses on the
S input will be ignored until DIR goes high.

CD54/74HC40105
CD54/74HCT40105

4-Bit x 16-Word FIFO Register

Applications:

w Bit-rate smoothing

s CPU/terminal buffering
s Data communications

8 Peripheral buffering

® Line printer input butters
® Auto-dialers

8 CRT butter memories

® Radar data acquisition

Family Features:
= Fanout (Over Temperature Range):
Standard Qutputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
w Wide Operating Temperature Range:
CD74HC/HCT: ~40to +85°C
» Balanced Propagation Delay and Transition Times
» Significant Power Reduction Compared to LSTTL
Logic ICs
® Ajternate Source is Philips/Signetics
8 CDS4HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: N = 30%, Nw = 30% of Vce,
@Vec=5V
8 CDS54HCT/CD74HCT Types:
4.510 5.5 V Operation
Dirgct LSTTL input Logic Compatibility
ViL=0.8 V Max., Vin =2 V Min.
CMOS Input Compatibility
h<1uA @ Voo, Vou

Unloading Data

As soon as the first word has rippled to the output, the
data-out ready output (DOR) goes HIGH and data of the
first word is available on the outputs. Data of other words
can be removed by a negative-going transition on the shift-
out input (SO). This negative-going transition causes the
DOR signal to go LOW while the next word moves to {he
output. As long as valid data is available in the FIFO, the
DOR signal will go high again, signifying that the next word
is ready at the output. When the FIFO is empty, DOR wilt
remain LOW, and any further commands will be ignored
until a “1” marker ripples down to the last control register
and DOR goes HIGH.
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If during unloading S! is HIGH, (FIFQ is full) data on the
data input of the FIFO is entered in the first location.

Master Reset

A high on the MASTER RESET (MR) sets all the control
logic marker bits to “0”. DOR goes low and DIR goes high.
The contents of the data register are not changed, only
declared invalid, and will be superseded when the first word
is loaded. Thus, MR does not clear data within the register
but only the control logic. if the shift-in flag (SI) is HIGH
during the master reset pulse, data present at the input (DO
to D3) are immediately moved into the first location upon
completion of the reset process.

3-State Outputs

in order to facilitate data busing, 3-state outputs (Q0 to Q3)
are provided on the data output lines, while the load
condition of the register can be detected by the state of the
DOR output_A HIGH on the 3-state control flag (output
enable input OE) forces the outputs into the high-impedance
OFF-state mode. Note that the shift-out signal, unlike thatin

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (Vec):
(Voltages referenced to ground)

DC Vee OR GROUND CURRENT (lec)
POWER DISSIPATION PER PACKAGE (Po):
For Ta = -40 to +60° C (PACKAGE TYPE E)
For Ta = +60 to +85°C (PACKAGE TYPE E)

For Ta = +100 to +125°C (FACKAGE TYPE F, H)
For Ta = -40 to +70°C (PACKAGE TYPE M)
For Ta = +70 to +125°C (PACKAGE TYPE M)

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE F, H
PACKAGE TYPEE, M................

For Ta = -55 to +100°C (PACKAGE TYPEF, H) ..................

the RCA-CD40105B, is independent of the 3-state output
control. In the CD401058, the 3-state control must not be
shifted from High to Low when the shift-out signal is Low
(data loss would occur). In the high-speed CMOS version
this restriction has been eliminated.

Cascading

The 40105 can be cascaded to form longer registers simply
by connecting the DIR to SO and DOR to Sl. In the
cascaded mode, a MASTER RESET pulse must be applied
after the supply voltage is turned on. For words wider than
four bits, the DIR and the DOR outputs must be gated
together with AND gates. Their outputs drive the S and SO
inputs in parallel, if expanding is done in both directions
(see Figs. 3 and 4).

The CD54HC40105 and CD54HCT40105 are supplied in
16-iead hermetic dual-in-line frit-seal ceramic packages (F
suffix). The CD74HC40105 and CD74HCT40105 are sup-
plied in 16-iead dual-in-line plastic packages (E suffix) and
in 16-lead duai-in-line surface-mount plastic packages (M
suffix). Both types are also available in chip torm (H suffix).

DC INPUT DIODE CURRENT, I (FOR Vi< -0.5 VOR V, > V¢ +0.5 V)
DC OUTPUT DIODE CURRENT, lox (FOR V, < -0.5 V OR Vo> Vec +0.5 V)
DC DRAIN CURRENT, PER QUTPUT (I} (FOR~D.5 V < Vo < Vec #0.5 V)

Derate Linearly at 8 mW/*C to 300 mW
.............................. 500 mW
. Derate Linearly at 8 mW/°C to 300 mW
.............................. 400 mW
Derate Linearly at 6 mW/°C to 70 mW

~55 to +125°C

........ -40 to +85°C
STORAGE TEMPERATURE (T.y) -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from ca8@ fOor 10 S MAX. ... ci.iiin ittt iier e iiiaieiaaiean s +265°C
Unit inserted into a PC Board (min. thickness 1/16in., 1.59 mm)
with solder contacting 18ad tips ONIY ... ... i i it e e e e +300°C
RECOMMENDED OPERATING CONDITIONS
For maximum rellability, nominal operating conditions shouid be selected so that operation is always within
the following ranges:
LIMITS
CHARACTERISTIC MiN. AKX, UNITS
Supply-Voitage Range (For Ta=Full Package Temperature Range)
Vccl'
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 5.5
DC Input or Qutput Voltage, Vi, Vo 0 Vee Y
Operating Temperature, Ta:
CD74 Types -40 +85 o
CD54 Types -55 +125
Input Rise and Fall Times, t,.t:
at2v 0 1000
at4s5V 0 500 ns
at 6V 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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Fig. 1 - Functional block diagram.
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Fig. 2 - Logic diagram.
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STATIC ELECTRICAL CHARACTERISTICS

CD74HCA0108/CDS4HC40108 CD74HCT40108/CDB4HCT40105
TEST T4HC/84HC T4HC SANC TEST TAHCT/S4HCT | 74HCT | 54HCT
COMDITIONS TYPES TYPES | TYPES CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC UNITS
-40/ -88/ -
il +85°C | +126°C i +;:/C *1:'/‘:
vi o |Vee \ [ Vec
v [ma|v l v v ]
Min |Typ Min [Max | Min [Max Min [Typ [Max [Min |Max | Min {Max
High-Level 2 |15]|—|—|15]— |15 — 45
input Voltage Vi 45 |315]| — | — [3.15] — |35 — — toj2|—-|-]l2)|—12 ]|~ v
6 |42 | — |- |42 | — |42 ]|~ 55
Low-Level 2 j—]—Jo5]~ |05} — |05 4.5
Input Voltage Vie 45 | — | — |1.35] — [1.36] — |1.35 - to]—|— (08|~ |OB]|— |0B v
6 | —|—|18]—|18B]— |18 55
High-Level Vi 19| — |— |18} — |19 ]|~ Vi
Output Voitage Vou or |-002 )45 |44 ]|~ |— |44]|— |a4]— or 45 |44 | — | — |44 | — |44 ]| ~ v
CMOS Loads Vin 59 | — | — |59 ] — |59 ] — Vin
Vi Vi
TTL Loads or ~4 |45 |398] — | — [9.84| — |37 | — or 45 |398| — | — |384| — |37 | — v
Vm |52 | 6 |548]| — | — |5.34] — |52 | — Vin
Low-Level Vi 2 |—|—Jo01|—JO01 ] |OI Ve
Output Voitage Vou or |002 |45 — | — |Joa | —]O1 ]|~ |O or 45| — | — [0 | — {01t | — |O1 v
CMOS Loads Vin 6 |[—|— |0t ]~ |O1]~— JOI Vin
Vie Vi
TTL Loads ar 4 45| — | — |0.26] — |033] — o4 or 451 — | — |0.26| — |033| — |04 v
Vin 5.2 6 |~ | — |o2e]| — J0.33] — |04 Vin
Input Leakage Any
Current h Ves Voltage
or 8 | —|— OV — |2t | — |21 55| — | — [0 — Jxt | — |21 HA
Gnd Between
Vee & Gnd
Quiescent Ve Vec
Device Current lec or [+] 6 |—|—~]8 |{— |80 |- {180 or 55| — | — |8 |~ [8 |— |160 HA
Gnd Gnd
Additional
Quiescent Device Voo 2.1 o | — 100380 — |asa| — |40 A
Current per input 55
pin: 1 unit load Alec’
3-State Leakage Vi | VeV Vi
Current loz or or & — | - HO05| — |5 | — |10 or 55| — | —~ [£05] — | £5 | — |+10 LA
Yw | Gnd Vik
*For dual-supply systems theorstical worst case (V, = 2.4 V, Vec = 5.5 V) specification is 1.8 mA.
HCT input Loading Table
Input Unit Loads*
OE 0.75
81,80 0.4
Dn 0.3
MR 15
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SWITCHING CHARACTERISTICS (Vg =5V, Ta = 25°C, Input t;,tf = 6 ns)
CL TYPICAL
CHARACTERISTIC SYMBOL (oF) ne HET UNITS
Propagation Delay teen
teHL
MR to DIR, DOR 15 15
S0toQn 15 35 35 ns
Sl to DIR terL 18 18
SO to DOR 18 18
Maximum SI, SO Frequency [ 15 32 32 MHz
Power Dissipation Capacitance” Ceo - 83 83 pF
*Ceo is Used to determine the dynamic power consumption, per package.
PD = Cpo Vec? fi + £ (Cu Vec® fo) where: 1 = input frequency
fo = output frequency
C. = output load capacitance
Vee = supply voitage
PRE-REQUISITE FOR SWITCHING FUNCTION
LIMITS
TEST 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC CONDITIONS HC HCT 74HC T4HCT 54HC 54HCT |UNITS
Vee (V) Min. [Max. |[Min. (Max. [Min. [Max. [Min. [Max. |[Min. [Max. |Min. [Max.
S! Pulse Width: tw 2 80 |—|—|—|100[—|—]|—[120] — | — | —
HIGH or LOW Fig. 6 45 16— 16— |20 — 20| — |24 | — |24 | —
6 14 | — | — - |17 | — | - — |20 | — | — —
Pulse Width tw 2 120 — | — | — |10 —|[— | — |18 — | — | —
HIGH or LOW Fig. 7 45 24 | — |16 | — 30| — |20 — |36 | — |24 | —
6 20 | — | — — |26 | — | — — | 31 - | — —
DIR Pulse Width tw 2 20— |— | —|2s0f -~ | — | — 300 — | — | —
HIGH or LOW Fig. 6 4.5 40| — |40 | — |50 |~ |SO|—|]60|—~ |60 | —
6 ¥ |- |- ~-|—-—|[=I8 ] —]—]=
DOR Pulse Width tw 2 20— | — ] — 1250 — | — | — (800 | — | — | —
HIGH or LOW Fig. 7 4.5 40— |40 | —|SO|—~([S5O0O)|— |60 — |60 | — ns
6 4 |~ | —|—]143| ~ | — — | 51 — — —
MR Puise Width tw 2 120| — | — | — |50 — [ — | — |180| — [ — | —
HIGH Fig. 5 45 24 | — |24 | — 30| —-}|30|— (36— [3]—
6 2|—|l—|—-—]l26]~]—-—|—|[3N|=]=1]—=
Removal Time trem 2 0| —f(—|—|68]|~|—|—|5|—|—|—
MR to Si Fig. 12 4.5 10 | — 5| —|13]—119]|— 18| —|2]|—
6 9 e e = B e e R e e
Setup Time tsu 2 5 e e 5| — |~ 1= I e B
Dn to Si Fig. 13 45 5 —_ o | — 5§ [— 1|0 — 5 {—10 —
6 5§ |—|— | — S5 [ —|[— | — 5 | —|— | —
Hold Time th 2 12— [ — | — |185|— [ — | — {180 — [ — | —
Dn to Si Fig. 13 4.5 25|~ 125 — |3 | — |31 |~ |38~ (38| —
6 |-l -]-—]26| =~ | =] — ]3]} —]—
Maximum Pulse Frax 2 3| —|1—-1—-12|—-|{=|—-2|—-—}|— ]|
Frequency Figs. 6,7 45 B{—|15|—|[12|—]12]—([10]—1]10|— | MHz
si, 5O 6 18| —|—|=|1a|l=-|=]=-[12]|-]-|-
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SWITCHING CHARACTERISTICS (C. = 50 pF, Input t.,1 = 8 ns)
LIMITS
uoc -&0° +B85° «REC + 0
CHARACTERISTIC v(sf HC HCT | 74HC | 74HCT | S4HC | saHcT |UNITS
Min. [Max. |Min. Max.|Min. [Max. |Min. [Max. |Min. [Max.[Min. [Max
Propagation Defay, tone 2 ~ 175 - |- [|— 220 — [ - | — |265] — | —
teun 45 |~ |35 | — |36 | — |48 | — |45 | — |53 | — | 54
MR to DIR, DOR Fig. 5 6 —Jo | —j—|—|87 | —|—|—1a4{—|—
Propagation Delay, tene 2 - 20| - - - |266| ~— | — | — |315| — | —
45 | — |42 | — |42 ]| — |53 |~ |53 — |63 — |63
Sito DIR Fig. 6 6 — || - |~ —~]|a5 ) —|—]—|54|—|—
Propagation Delay, tene 2 ~ 20| - | — | — |266| — | — | — |315]| — | —
45 | — |42 | — |42 | — |53 |~ |53 | — |63 ]|~ |63
SO to DOR Fig. 7 6 —Jas | —|——]45 |~ —=|—|54]—]—
Propagation Delay, tenL 2 — ]400| - |} — | — 500 — | —~ | — |600| — | —
teun 45 | — |80 | — |80 | — |100| — |100]| — |120]| — [120
§0 to Gn Fig. 8 [ ~— |68l — ] —-—]1—]|8|—f§—|—1]102] —|—
Propagation Delay/ teem 2 — 2000 — | — | — [2600| — [ — | — |3000] — | —
Ripple thru Delay 45 | ~ |400| — |400| — |500| — |500| — [600| — |600
Sl to DOR Fig. 9 6 — J340| — | — | —Jas| — | — | — |st0| — | —
Propagation Delay/ ton 2 | — 2500 — | — | — [3125| — | — | — [a7s0| — | — | ™
Ripple thru Delay 45 | — |s00| — |500| — |625| — |625| — |750| — | 750
50 to DIR Fig. 10 6 — f426 | — | — | — |532| — [ — | — 638 — | —
Propagation Delay/ te 2 - 500 — [ — | — 1900} — | — | — [2250| — | —
Ripple thru Delay ton 45 | — |300| — 300} — |3s0| — [380] — l450| — |450
Sito Qn 6 — |60 — [ — | — ]330 — | — | — |380| — | —
3-State Output tezn 2 ~— [0} = — | — (10| — | — | — {228 — | —
Enable tezy 48 |~ |30 | — |35~ |38 |~ |44 ]|~ |45 ]| — |53
OE to On Fig. 11 6 ~ || -l ~-l—-]3| -] ~]~]38]—]~—
3-State Output tenz 2 —~ 14| -] -]—-1175]|-]—-]—-1210] -] —
Disable teLz 45 | — |28 | — |30 |~ |38 | — |38 | — 42| — |45
OE to Gn Fig. 11 6 — |4~ =-]—]30|—-]—=]1—136]—]—
Qutput Transition tru 2 - || -] =]—=|9%|—-—|—]|—]|10|—=1]-
Time trw 45 | — |15 —t15| 19| —|19]|—|22|—]2
Fig. 8 6 — 3| —-=]=116]|—-|—~-]~]19[—]—
Input Capacitance Ci — — (10| —~]10] —-110] —-[10] —}f10}— |10 £
3-State Output Capacitance _Co | _— | — | 156 | — |15 | — [15 | — |15 | — |15 | — [ 15| P
— -
—00 Qo DO "
% aows g’z g‘z 40105 3‘2:‘:
™ Dle R _MR SO 3 o3 DIR_MR SO 3
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Fig. 3 - Expansion, 4-bits wide by 16 N-bits ong.
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Fig. 4 - Expansion, 8-bits wide by 16 N-bits long using HC/HCT40105.
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Fig. 5 - Waveforms showing the MR input to DIR, Fig. 6 - Waveforms showing the Sl input to DIR output
DOR output propagation delays and the propagation delay. The Si, DIR pulse widths
MR puise width. and Sf maximum pulise frequency.
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Fig. 7 - Wavelorms showing the SO input to DOR

output propagation delay. The SO, DOR Fig. 8 - Waveforms showing SO input to Q.

puise widths and SO maximum output propagation delays and

puise frequency. output transition time.
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AC WAVEFORMS (Cont'd)

S1INPUT j—vs \ SO INPUT s

LM YL

DOR OUTPUT Vg DIR OUTPUT Vg

T

92C05-40246 92C5-40247

Fig. 10 - Waveforms showing the S0 input to DIR

Fig. 9 - Waveforms showing the Si input to DOR
output propagation/ripple-through delay.

output propagation/ripple-through delay.

INPUT MR INPUT vg
Qn OUTPUT tREM
LOW-TO-OFF
OFF-TO-LOW oL St INPUT Vg
s—
e BT VOH
Qp OUTPUT l
C5-40249

H IGH-TO- OFF Vs o2
OFF- TO HIGH

OUTPUTS ple OUTPUTS o lw OUTPUTS

ENABLED DISABLED ENABLED Fig. 12 - Waveforms showing the MR input to Si

92C5-40248 input removal time.

Fig. 11 - Waveforms showing the 3-state enable
and disable times for input OE.

Dn INPUT %\,5
—-—-I tsy

S1 INPUT

I

Vs

NOTE
THE SHADED AREAS INDICATE WHEN THE INPUT
IS PERMITTED TO CHANGE FOR PREDICTABLE
OUTPUT PERFORMANCE:  gocc 40250

Fig. 13 - Waveforms showing hoid and set-up
times for Dn input to Sl input.

54/74HC 54/74HCT
Input Level Vee 3V
Switching Voltage, Vs 50% Vce 13V
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® DATA VALID GOES TO HIGH LEVEL IN ADVANCE OF THE DATA OUT
BY A MAXIMUM OF 38 na AY Voi = 4.5V, FOR G = 50 pF AND T4 = 25°C

MASTER
RESET L

) I T

T

SHIFT-IN PULSES

II-IAVE NO EFFECT .’}
i

oy

Tl : I

1 A

| l T

;

|

SHIFT IN
(DATA VALID)
INPUTS

SHIFT OUT "'i"l"ﬁ]ﬂ -

SHIFT-OUT PUL SE!
HAVE NO EFFECT
NPUT READY o

NPUTREADY o IV J_‘l,l

OUTPUTS loyTeuT READY, !
OATA VALID) ™) | |

DATA IN -'J
{04) J !
INPUTS (] 1 too0 L 1 9 101t 0 1O | ‘
‘ S-S‘LA;_TE ! ! } —
BNIEYE) ] HIGH
DATA OUTS [UNKNOWN} y I 1 z
% ATVCC = 4.5 V- RIPPLE TIME FROM POSITION 1 TOPOSITIONTS, | O (! e {NVALID
& ATVGE = 4.5V - RIPPLE TIME FROM POSITION 16 TO POSITION 1.

92¢5- 29233R!

Fig. 14 - Timing diagram for the CD54/74HC/HCT40105.
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