Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;
3-state 74HC/HCT7403

L

FEATURES QUICK REFERENCE DATA
GND =0V; T, =25°C;t =t =6ns.

» Synchronous or assynchronous

operation TYP.
SYMBOL PARAMETER CONDITIONS UNIT
* 3-state outputs HC | HCT
* 30 MHz (typical) shift-in and ; SO
g propagation delay SO,

shift-out rates feuftan 1Sl DIRaNdDOR |G, = 15 pF I A
» Readily expandable in word and maximum clock Vee=5V

bit dimensions froax frequency 30 30 MHz
. Pinning. arranged fgr easy board c input capacitance 35 35 pF

layout: input pins directly power dissipation

opposite OUtp.l{t ptns' Crp capacitance per note 1 475 (490 |pF
» Output capability: driver (8 mA) package
e | category: LSI.

Note

APPLICATIONS For HC the condition is V, = GND to V.

For HCT th dition is V, = GND to V. -1.5 V.
« High-speed disc or tape controller or e conditionis V, = GND to Vee -1.5

 Communications buffer. ORDERING INFORMATION

GENERAL DESCRIPTION Tf;(ET f«::)ni?s . PACKAGE

The 74HG/HCT7403 are high-speed PINS | PIN POSITION | MATERIAL CODE
Si-gate CMOS devices. They are 74HC/HCT7403N 16 DIL plastic S0T38Z
specified in compliance with JEDEC 74HC/HCT7403D 16 SO16L plastic SOT162

standard no.7A.

The "7403" is an expandable,
First-In First-Out (FIFO) memory
organized as 64 words by 4 bits. A
guaranteed 15 MHz data-rate
makes it ideal for high-speed
applications. A higher data-rate can
be obtained in applications where
the status flags are not used
(burst-mode).

With separate controls for shift-in
(SI) and shift-out (S0), reading and
writing operations are completely
independent, allowing synchronous
and asynchronous data transfers.
Additional controls include a
master-reset input (MR), an output
enable input (OE) and flags. The
data-in-ready (DIR) and
data-out-ready (DOR) flags indicate
the status of the device.
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Philips Semiconductors

Product specification

4-Bit x 64-word FIFO register;

74HC/HCT7403
3-state
PINNING
SYMBOL PIN DESCRIPTION
OE 1 output enable input (active LOW)
DIR 2 data-in-ready output
S 3 | shift-in input (active HIGH) oE [1] U [16] o
Do to D, 4,5, |parallel data input DR (2] [15] 50
6,7
si (3 14] DOR
GND 8 ground E el
— Do (4] [13] Qg
MR 9 assynchronous master-reset 7403
input (active LOW) o, [5] [12] o
Q,t0 Q, 10, |data output 02 (8] [17] @2
11, D3 E E Qg
12,13 oo 3] )
DOR 14 | data-out-ready output MA
50 15 | shift-out input (active LOW) MeAsrz
Vee 16 positive supply voltage
Fig.1 Pin configuration.
1
6 FIFO 64 x 4
OE LN IR] 3 | j
4—]Dg Qgl—13 122 [OR] &
5 — 04 Qif—12 3 CTR
6 — D2 Qob— 11 3 [>1(+/C2) (cr<eat Gt
7—103 Qzf—10 15 : cgio CT>0 G5
3—{si  DOR|—14 526 l_
15— S0 DIR {— 2 4 >0 2wl 13
MR 5 12
9 5 ] |11
9 MGA674 7 10

Fig.2 Logic symbol.

MGA676

Fig.3 1EC logic symbol.
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Philips Semiconductors

Product specification

4-Bit x 64-word FIFO register;

3-state

74HC/HCT7403

DOR 4 Stg DORg
SOa DIRg S0
Sl ———{ sIa 7403 7403 QnB
oiRe—{oIR, FFOA o :‘/'\4 ong FIFO B
DATA INPUT E> Dna
MR OE MR OE
T+ T
MR
OF

Fig.4 Functional diagram.

— DOR
le——— SO

4 > DATA OUTPUT

MGA679

FUNCTIONAL DESCRIPTION

A DIR flag indicates the input stage
status, either empty and ready to
receive data (DIR = HIGH) or full
and busy (DIR = LOW). When DIR
and Sl are HIGH, data present at
D, to D; is shifted into the input
stage; once complete DIR goes
LOW. When Sl is set LOW, data is
automatically shifted to the output
stage or to the last empty location. A
FIFO which can receive data is
indicated by DIR set HIGH.

A DOR flag indicates the output
stage status, either data available
(DOR = HIGH) or busy

(DOR = LOW). When SO and DOR
are HIGH, data is available at the
outputs (Q, to Q,). When SO is set
LOW new data may be shifted into
the output stage, once complete
DOR is set HIGH.

September 1993

Expanded format (see Fig.17)

The DOR and DIR signals are used
to allow the "7403" to be cascaded.
Both parallel and serial expansion is
possible.

Serial expansion is only possible
with typical devices.

Parallel expansion

Parallel expansion is accomplished
by logically ANDing the DOR and
DIR signals to form a composite
signal.

1215

Serial expansion
Serial expansion is accomplished by:

» tying the data outputs of the first
device to the data inputs of the
second device

connecting the DOR pin of the
first device to the Sl pin of the
second device

« connecting the SO pin of the first
device to the DIR pin of the
second device.
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Philips Semiconductors Product specification

4-Bit x 64-word FIFQ register;
3-state

74HC/HCT7403

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter "HCMOS Family Characteristics", section "Family specifications", except that
Von @and Vg, are not valid for driver output.
They are replaced by the values given below.

Output capability: driver 8 mA
I category: LSI.

Voltages are referenced to GND (ground = 0 V).

DC CHARACTERISTICS FOR 74HC

Toms (°C) TEST CONDITION
SYMBOL | PARAMETER +25 -40t0+85 | -40to0 +125 | UNIT |
cc |y, OTHER
MIN | TYP | MAX | MIN | MAX | MIN | MAX v)
HIGH level 19 |20 |- 19 |- 19 |- v 20 |V
Vou output voltage | 4.4 |45 - 4.4 - 4.4 - \ 4.5 or lo = -20 pA
all outputs 59 |6 - 59 |- 59 |- v 680 |V
v :'ftt'sgﬁ'a o |398 |432 |- |ass |- 370 |- v 45 X;“ lo = -8 mA
oH 1o 9€ | 548 |581 |- 534 |- 520 |- v 6.0 lo=~10 mA
driver outputs Vi
LOW level - 0 01 |- 0.1 |- 0.1 v 20 |Vm
Voo output voltage | - 0 0.1 - 0.1 - 0.1 \ 4.5 or |lo=20pA
all outputs - 0 0.1 — 0.1 - 0.1 \ 6.0 Vie
v tavtﬁ";{a o l- 0.15 |0.26 |- 033 |- 040 |v 45 Zr'” lo=8mA
oL 1o 9¢ 1 lois |o026 |- 033 |- 040 |V 6.0 lo =10 mA
driver outputs Vi
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;

74HC/HCT7403
3-state
AC CHARACTERISTICS FOR 74HC
GND=0V;t =t =6ns; C_=50pF.
Toms (°C) TEST CONDITION
SYMBOL | PARAMETER +25 —40 to +85 -40t0o +125 | UNIT | y
cC | WAVEFORMS
MIN TYP | MAX | MIN | MAX | MIN | MAX )
z:?:fgam" - 69 |210 |- 265 |- 315 [ns |20
tw/tes | MR to DIR - 25 42 - 53 - 63 ns 45 |Fig.8
DOR - 20 36 - 45 - 54 ns 6.0
propagation - 52 160 - 200 - 240 ns 2.0
delay - 19 32 - 40 - 48 ns 4.5 |Fig.8
MR to Q, - 15 27 - 34 - a4 ns 6.0
propagation - 66 205 - 255 - 310 ns 2.0
ton /ey | delay - 24 41 - 51 - 62 ns 45 |Fig.6
Sl to DIR - 19 35 - 43 - 53 ns 6.0
propagation - 94 290 - 365 - 435 ns 2.0
to/tey | delay - 34 58 - 73 - 87 ns 45 |Fig.9
SO to DOR - 27 49 - 62 - 74 ns 6.0
propagation - 1 35 - 45 - 55 ns 2.0
ton/tes | delay - 4 7 - 9 - 11 ns 45 |Fig.10
DOR to Q, - 3 6.0 - 8 - 9 ns 6.0
propagation - 105 |325 - 406 - 488 ns 2.0
tou/ters | delay - 38 65 - 81 - 98 ns 45 |Fig.14
SO to Qn . 30 55 - 69 - 83 ns 6.0
propagation |- 22 |7 |- 88 |- 105 |us |20
tors Y/Tipp - 08 |14 |- 18 |- 21 lus 45 |Fig.10
through delay | _ 06 |12 |- 15 |- 18 |ps |60
Sl to DOR : : : : ’
e |~ |28 |9 |- |m2 |- |15 |us |20
ton delazl Pi_ 10 |18 |- 22 |- 27 |pus |45 |Fig7
S0 to DIR - 0.8 1.5 - 19 - 23 us 6.0
3-state output | - 44 150 - 190 - 225 ns 2.0
tezy/tez. | ENAble - 16 30 - 38 - 45 ns 4.5 |Fig.16
OE to Q, - 13 26 - 32 - 38 ns 6.0
3-state output |- 50 150 |- 190 |- 225 |ns 2.0
tonzlte ;| disable - 18 30 - 38 - 45 ns 4.5 |Fig.16
OE to Q, - 14 26 - 33 - 38 ns 6.0
output - 14 60 - 75 - 90 ns 2.0
trtn - - 5 12 - 15 - 18 ns 45 |Fig.16
transition time | _ 4 10 B 13 B 15 ns 6.0
. 35 1 - 45 - 55 - ns 2.0
t ﬁ'l Gp‘:{'s:r "L"g‘wh 7 4 - 9 - 1= ns |45 |Fig6
6.0 3 - 8 - 9 - ns 6.0
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;

74HC/HCT7403
3-state
Tome (°C) TEST CONDITION
SYMBOL | PARAMETER +25 -40 to +85 —40 to +125 | UNIT Vv
¢C | WAVEFORMS
MIN | TYP | MAX | MIN [ MAX | MIN | MAX v)
SO pulse 70 22 - 90 - 105 |- ns 2.0
tw width 14 8 - 18 - 21 - ns 4.5 Fig.9
HIGH or LOW |12 6.0 - 15 - 18 - ns 6.0
DIR pulse 10 41 130 8 165 8 195 ns 2.0
tw width 5 15 26 4 33 4 39 ns 45 Fig.7
HIGH 4 12 22 3 28 3 33 ns 6.0
DOR pulse 14 52 160 12 200 12 240 ns 2.0
tw width 7 19 32 6 40 6.0 48 ns 4.5 Fig.10
HIGH 6.0 15 27 5 34 5.0 41 ns 6.0
—_ ) 120 |39 - 150 |- 180 |- ns 2.0
tw rgvfl’“'se widthloe 11 |- a0 |- 3 |- |ns |45 |Fig8
20 11 - 26 - 31 - ns 6.0
removal time 80 24 - 100 - 120 - ns 2.0
tem — = 16 8 - 20 - 24 - ns 4.5 Fig.15
“" | MRtoSI 14 |7 |- 17 |- |20 |- |ns |60
set-up time -8 -36 |- -6 - -6 - ns 2.0
L topSI 4 |-13 |- 3 |- 3 |- ns |45 Fig.13
" -3 -10 |- -3 - -3 - ns 6.0
hold time 135 44 - 170 - 205 - ns 2.0
t, D. to Sl 27 16 - 34 - 41 - ns 45 Fig.13
" 23 13 - 29 - 35 - ns 6.0
maximum
clock pulse 3.6 9.9 - 2.8 - 2.4 - MHz |2.0
frnax frequency 18 30 - 14 - 12 - MHz (4.5 Figs 11 and 12
Sl, SO burst 21 36 - 16 - 14 - MHz (6.0
mode
maximum
clock pulse 3.6 9.9 - 2.8 - 2.4 - MHz 2.0
frnax frequency 18 30 - 14 - 12 - MHz |45 Figs 6 and 9
SI, SO using 21 36 - 16 - 14 - MHz [6.0
flags
maximum
clock pulse - 76 - - - - - MHz |2.0
frnax frequency - 23 - - - - - MHz |45 Figs 6 and 9
SI, SO - 27 - - - - - MHz |6.0
cascaded
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter "HCMOS Family Characteristics", section "Family Specifications”, except that
Vow and Vo, are not valid for driver output.
They are replaced by the values given below.

Output capability: driver 8 mA.
lcc category: LSI.

Voltages are referenced to GND (ground =0 V).

DC CHARACTERISTICS FOR 74HCT

Toms (°C) TEST CONDITION
SYMBOL | PARAMETER +25 -40to +85 | —40 to +125 | UNIT Y
c | v, | OTHER
MIN | TYP | MAX | MIN | MAX | MIN | MAX v)
HIGH level Viu
Vou output voltage | 4.4 45 - 4.4 - 4.4 - \ 45 |or lo=-20 uA
all outputs Vi
HIGH level Vin
Vou - |outputvoltage [3.98 |4.32 |- 3.84 |- 3.7 - \% 4.5 Jor lo=-8mA
driver outputs Vi
LOW level ViH
Voo output voltage |- 0 0.1 - 0.1 - 0.1 \ 45 for lo =20 pA
all outputs Vie
LOW level ViH
Voo output voltage | - 0.15 |026 |- 033 |- 0.4 \ 45 |or lo=8mA
driver outputs Vi

Notes to the HCT DC Characteristics

1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
2. To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD COEFFICIENT

UNIT LOAD
INPUT COEFFICIENT

OE 1

Sl 15

D, 0.75
MR 1.5
SO 1.5
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =t =6 ns; C_= 50 pF

Tons (°C) TEST CONDITION
SYMBOL | PARAMETER +25 -40t0+85 | —40t0+125 | UNIT | y__
MIN | TYP | MAX | MIN | MAX | MIN | MAX v)

WAVEFORMS

propagation
delay )
ton/toLn MR to DIR, - 30 51 - 53 - 63 ns 4.5 Fig.8
DOR
propagation
ton delay - 22 38 - 48 - 57 ns 4.5 Fig.8
MR to Q,
propagation
ton/tey | delay - 25 43 - 54 - 65 ns 45 Fig.6
Sito DIR
propagation
tou/te | delay - 36 61 - 76 - 92 ns 45 Fig.9
SO to DOR
propagation
tew/tory | delay - 42 72 - 90 - 108 ns 4.5 Fig.14
SO to Q,
propagation
ton/toyy | delay - 7 12 - 15 - 18 ns 4.5 Fig.10
DOR to Q,
propagation
delay/ripple _ B N .
torn through delay 0.8 1.4 1.75 2.1 us 4.5 Fig.10
Sl to DOR
propagation
delay/bubble-up|
delay

SO to DIR

3-state output
tezn/tez. | €nable time - 16 30 - 38 - 45 ns 4.5 Fig.16
OE to Q.
3-state output
o/t | disable time - 19 30 - 38 - 45 ns 4.5 Fig.16
OE to Q,

bt output

THUTTLH | transition time
t Sl pulse width
w HIGH or LOW
t o) pulse width
w HIGH or LOW

1 1.8 - 225 |- 2.7 us 4.5 Fig.7

tPLH

5 12 |- 15 |- 18  |ns |45 |Fig.16

9 5 - 6 - 8 - ns 4.5 Fig.6

—_

4 8 - 18 - 21 - ns 4.5 Fig.9
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

T ams (°C) TEST CONDITION
SYMBOL | PARAMETER +25 —-40 to +85 —40to +125 | UNIT Vee
MIN | TYP | MAX [ MIN [ MAX | MIN | MAX V)

WAVEFORMS

DIR pulse
tw width 5 17 29 4 36 4 44 ns 4.5 Fig.7
HIGH

DOR pulse
tw width 7 21 36 6.0 45 6.0 54 ns 4.5 Fig.10
HIGH

4 MR pulse width
LOW

t, removal time
em MR to Si
set-up time
su D, to SI

hold time ]
t, D, to SI 30 18 - 38 - 45 - ns 4.5 Fig.13

maximum
clock pulse
frnax frequency 18 30 - 14 - 12 - MHz 4.5 Figs 11 and 12
S, SO burst
mode

26 15 - 33 - 39 - ns 4.5 Fig.8

18 10 - 23 - 27 - ns 4.5 Fig.15

-5 -16 - —-4 - —4 - ns 4.5 Fig.13

maximum
clock puise
frnax frequency 18 30 - 14 - 12 - MHz (45 Figs 6 and 9
Sl, SO using
flags
maximum
clock pulse
fnax frequency - 23 - - - - - MHz (45 Figs 6 and 9
S|, SO
cascaded
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Philips Semiconductors

4-Bit x 64-word FIFO register;
3-state 74HC/HCT7403

Product specification

AC WAVEFORMS
Shifting in sequence FIFO empty to FIFO full

1st word 2nd word 64th word

Si INPUT

DIR OUTPUT

D INPUT

Fig.6 Waveforms showing the Sl input to DIR output propagation delay. The S| puise width and S| maximum
pulse frequency.

Notes to Fig.6

. DIR initially HIGH; FIFQ is prepared for valid data

. Sl set HIGH; data loaded into input stage

. DIR goes LOW, input stage "busy"

. Sl set LOW; data from first location "ripple through"

. DIR goes HIGH, status fiag indicates FIFO prepared for additional data

. Repeat process to load 2nd word through to 64th word into FIFO
DIR remains LOW; with attempt to shift into full FIFO, no data transfer occurs.

DO b WN =
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Philips Semiconductors

4-Bit x 64-word FIFO register;
3-state 74HC/HCT7403

Product specification

With FIFO full; Sl held HIGH in anticipation of empty location

0 1

SO INPUT 2 fvy

SI INPUT 14 vy

5
tpLH —= tw —_—
bubble - up
delay
DIR OUTPUT v
3 4

Fig.7 Waveforms showing bubble-up delay, SO input to DIR output and DIR output pulse width.

Notes to Fig.7

1. FIFO is initially full, shift-in is held HIGH

2. S0 pulse; data in the output stage is unloaded, "bubble-up” process of empty location begins'

3. DIR HIGH; when empty location reaches input stage, flage indicates FIFO is prepared for data input
4. DIR returns to LOW; data shift-in to empty location is complete, FIFO is full again

5. Sl set LOW; necessary to complete shift-in process, DIR remains LOW, because FIFO is full.
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

Master reset applied with FIFO fuli

MR INPUT 2 S
e

tw
1 tPLH
V(M
DIR OUTPUT oM

1 —={!PHL

VM(U

4
DOR OUTPUT VM(‘)

— LPHL

Q, ouTPUT 5

MGA668

Fig.8 Waveforms showing the MR input to DIR, DOR and Q, output propagation delays and the MR pulse
width.

Notes to Fig.8

. DIR LOW, output ready HIGH; assume FIFQO is full

. MR pulse LOW; clears FIFO

. DIR goes HIGH; flag indicates input prepared for valid data
. DOR goes LOW,; flag indicates FIFO empty

. Q, outputs go LOW (only last bit will be reset).

O b W N =
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Philips Semiconductors

Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

1st SO pulse 2nd SO pulse

1/f max

SO INPUT

DOR OUTPUT

Q, OUTPUT 1st word X 2nd word X

maximum pulse frequency.

Fig.9 Waveforms showing the SO input to DOR output propagation delay. The SO pulse widths and

Notes to Fig.9

. DOR HIGH; no data transfer in progress, valid data is present at output stage
. SO set HIGH; results in DOR going LOW
. DOR goes LOW,; output stage "busy"

oW N

stage

o »

. Repeat process to unload the 3rd through to the 64th word from FIFO
7. DOR remains LOW; FIFO is empty.

September 1993 1226

. SO set LOW; data in the input stage is unloaded, and new data replaces it as empty location "bubbles-up" to input

. DOR goes HIGH; transfer process completed, valid data present at output after the specified propagation delay
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Philips Semiconductors

4-Bit x 64-word FIFO register;
3-state 74HC/HCT7403

Product specification

With FIFO empty; SO is held HIGH in anticipation

.
Sl INPUT 2 fvyM
SO INPUT _1][vM“> J XG
teLH
ripple through
delay
DOR OUTPUT 5
|——1PHL/ tPLH
Q, OUTPUT X4

MGA658

Fig.10 Waveforms showing ripple through delay S input to DOR output, DOR output pulse width and
propagation delay from the DOR pulse to the Q, output.

Notes to Fig.10

. FIFO is initially empty, SO is held HIGH
. Sl pulse; loads data into FIFO and initiates ripple through process
. DOR flag signals the arrival of valid data at the output stage

- Output transition; data arrives at output stage after the specified propagation delay between the rising edge of the
DOR pulse to the Q, output

- DOR goes LOW; data shift-out is complete, FIFO is empty again
6. SO set LOW; necessary to complete shift-out process. DOR remains LOW, because FIFO is empty.

A WN =

[}
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;

3 state 74HC/HCT7403

Shift-in operation; high-speed burst mode

1/f max

tw

Sl INPUT vy

Dy INPUT X X X
ow outeut i,

MGAs62

Fig.11 Waveforms showing S| minimum pulse width and maximum pulse frequency, in high-speed shift-in
burst mode.

Note to Fig.11

In the high-speed mode, the burst-in rate is determined by the minimum shift-in HIGH and shift-in LOW specifications.
The DIR status flag is a don’t care condition, and a shift-in pulse can be applied regardiess of the flag. A Si pulse
which would overflow the storage capacity of the FIFO is ignored.
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Philips Semiconductors Product specification

4-Bit x 64-word FIFQ register;
3-state

74HC/HCT7403

Shift-out operation; high-speed burst mode

1/f max

SO INPUT vy "

Q, OUTPUT X X X
DOR OUTPUT //// ////////////////// // //////////

MGAE63

Fig.12 Waveforms showing SO minimum pulse width and maximum pulse frequency, in high-speed shift-out
burst mode.

Note to Fig.12

In the high-speed mode, the burst-out rate is determined by the minimum shift-out HIGH and shift-out LOW
specifications. The DOR flag is a don’t care condition and an SO pulse can be applied without regard to the flag.
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

Dn INPUT

S| INPUT

The shaded areas indicate when the input is permitted to change for predictable output performance.

Fig.13 Waveforms showing hold and set-up times for D,, input to Sl input.

SO INPUT

tpLH tPHL

Qp OUTPUT @

MGAG64 tTLH ——I tTHL

Fig.14 Waveforms showing SO input to Q, output propagation delays and output transition time.
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Philips Semiconductors

Product specification

4-Bit x 64-word FIFO register;

3-state

74HC/HCT7403

MR INPUT Vm

trem

Sl INPUT vm®

MGA665

Fig.15 Waveform showing the MR input to Sl input removal time.

OE INPUT

Qn OUTPUT
LOW - to - OFF
OFF - to - LOW

[

Qn OUTPUT
HIGH - to - OFF
OFF - fo - HIGH

VM

outputs outputs

MGA656

outputs
enabled ) disabled i enabled

Fig.16 Waveforms showing the 3-state enable and disable times for input OE.

Note to AC waveforms

HC : VM = 50%; V, = GND to V.
HCT: VM = 1.3V; V,=GND to 3 V.

September 1993
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Philips Semiconductors

4-Bit x 64-word FIFO register;
3-state 74HC/HCT7403

Product specification

APPLICATION INFORMATION

OE —» - —
S| —» -
IR I
SI OE DOR SI OE DOR
( ] Dg Qg _—— »| Dg Qq »
Dy Q1 — - » D4 Q1 >
0, 7403 | | o oo 7403 oz .
1 D3 Q3 > - - D3 Q3 —>
DIR MR SO DIR MR SO
111 i
51 < -
1 41 t
S| OE DOR sI OE DOR
* Do Qo — - — = Do Qg -
D4 Q1 — - - — > D4 Q1 >
oo, 7403 o, o b2 7403 o, .
. D3 Q3 — - - = »| D3 Q3 W,
DIR MR SO DIR MR SO
3
D'R@ + T _—— * I SO
MR - -

MGA684

Fig.17 Expanded FIFO (parallel and serial) for increased word length; 8 bits wide x 64 n-bits.
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Philips Semiconductors

Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

pATA NPUT (4>

Dn

Qn

4 ) DATA OUTPUT

COMPOSITE
— %8
__ FuaG

COMPOS'TE*—GT— DIR DOR
DIR

FLAG 7403

SI Si SO

MR MR O

DIR DOR

St e

7403
—{ MR OE
DATA NPUT 25, aq,

le——

MGAE78

Fig.18 Expanded FIFO for increased word length; 64 words x 10 bits.

4 > DATA OUTPUT

SO

OE

Note to Fig.18

The "7403" is easily expanded to increase word length. Composite DIR and DOR flags are formed with the addition of
an AND gate. The basic operation and timing are identical to a single FIFO, with the exception of an added gate delay

on the flags.

September 1993
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Philips Semiconductors Product specification

4-Bit x 64-word FIFO register;
3-state

74HC/HCT7403

composite composite
DIR DOR

DIR DOR
Sl st S0 50
7403
MR > MR OE OE

MGA683
CE)lon  anf o

Fig.19 Expanded FIFO for increased word length.

Note to Fig.19

This circuit is only required if the Sl input is constantly held HIGH, when the FIFO is empty and the automatic shift-in
cycles are started or if SO output is constantly held HIGH, when the FIFO is full and the automatic shift-out cycles are
started (see Figs 7 and 10).
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Expanded format

Figure 20 shows two cascaded
FIFOs providing a capacity of

128 words x 4 bits. Figure 21 shows
the signals on the nodes of both
FIFOs after the application of a S|
pulse, when both FIFOs are initially
empty. After a ripple through delay,
data arrives at the output of FIFO,.
Due to SO, being HIGH, a DOR,
pulse is generated. The
requirements of Slg and D,g are

satisfied by the DOR,, pulse width
and the timing between the rising
edge of DOR, and Q,,,. Aftera
second ripple through delay, data
arrives at the output of FIFOg.

Figure 22 shows the signals on the
nodes of both FIFOs after the
application of a SO pulse, when
both FIFOs are initially full. After a
bubble-up delay a DIRg pulse is
generated, which acts as a SO,
pulse for FIFO,. One word is

transferred from the output of FIFO,
to the input of FIFOg. The
requirements of the §6A puise for
FIFQ, is satisfied by the pulse width
of DORg. After a second bubble-up
delay an empty space arrives at D,,,
at which time DIR, goes HIGH.
Figure 23 shows the waveforms at
all external nodes of both FIFOs
during a complete shift-in and
shift-out sequence.

DORA Sig DORpg
SOa DIRg S0g
Sl ———sip 7403 7403 QnB
oRe—{oiR, FFOA o jx/“ o FFOB
DATA INPUT |I> Dna
MR OE MR OE
% 4
- ! ]
OF

———> DOR

le— S0

4 ) DATA OUTPUT

MGA679

Fig.20 Cascading for increased word capacity; 128 words x 4 bits.

Note to Fig.20

The "7404" is easily cascaded to increase word capacity without any external circuitry. In cascaded format, all
necessary communications are handled by the FIFOs. Figures 21 and 22 demonstrate the intercommunication timing
between FIFO, and FIFOg. Figure 23 provides an overview of pulses and timing of two cascaded FIFOs, when shifted

full and shifted empty again.
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DIR 4 ™
Sia vy 2
ripple through
delay yy
DORA/Sig vy

DIRg/SO0p 1 5% vy ][6

Qpa/Ong 3X

—=1 ripple through
delay
DORpg 7 VM m

% X
MGA

666

Fig.21 FIFO to FIFO communication; input timing under empty condition.

Notes to Fig.21

1. FIFO, and FIFOy initially empty, SO, held HIGH in anticipation of data
2. Load one word into FIFO,; Sl pulse applied, results in DIR pulse

3. Data-out ,/data-in 4 transition; valid data arrives at FIFO, output stage after a specified delay of the DOR flag,
meeting data input set-up requirements of FIFOg

4. DOR, and Si; pulse HIGH; (ripple through delay after Sl, LOW) data is unloaded from FIFO, as a result of the
data output ready pulse, data is shifted into FIFOg

5. DIRg and SO, go LOW; flag indicates input stage of FIFOg is busy, shift-out of FIFO, is complete

6. DIR, and SO, go HIGH automatically; the input stage of FIFOy is again able to receive data, SO is held HIGH in
anticipation of additional data

7. DORg goes HIGH; (ripple through delay after SI; LOW) valid data is present one propagation delay later at the
FIFOg output stage.
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3-state
DORp vy
S0g vy 2
bubbie - up
delay 3
DIRg/SOp v
DORp/Slg 1 4 vy ]Z 5
QnA/DnB X
—={ bubble - up
delay
6
DIR ™
MGA667
Fig.22 FIFO to FIFO communication; output timing under full condition.
Notes to Fig.22

1. FIFO, and FIFQg initially full, Slg held HIGH in anticipation of shifting in new data as an empty iocation bubbles-up
2. Unload one word from FIFOg; SO pulse applied, results in DOR pulse

3. DIR, and SO, pulse HIGH; (bubble-up delay after SO, LOW) data is loaded into FIFOy as a result of the DIR
puise, data is shifted out of FIFO,

4. DOR, and Sl go LOW; flag indicates the output stage of FIFO, is busy, shift-in to FIFOg is complete

5. DOR, and Sl go HIGH; flag indicates valid data is again available at FIFO, output stage, Sig is held HIGH,
awaiting bubble-up of empty location

8. DIR, goes HIGH; (bubble-up delay after SO, LOW) an empty location is present at input stage of FIFO,.
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Fig.23 Waveforms showing the functionality and intercommunication between two FIFOs (refer to Fig.18).

Note to Fig.23

Sequence 1 (both FIFOS empty, starting SHIFT-IN process)

After a MR pulse has been applied FIFO, and FIFO, are empty. The DOR flags of FIFO, and FIFOgz go LOW due to
no valid data being present at the outputs. The DIR flags are set HIGH due to the FIFOs being ready to accept data.
%B is held HIGH and two Sli, pulses are applied (1). These pulses allow two data words to ripple through to the
output stage of FIFO, and to the input stage of FIFOg (2). When data arrives at the output of FIFOg, a DORg pulse is
generated (3). When %9 goes LOW, the first bit is shifted out and a second bit ripples through to the output after
which DORg goes HIGH (4).
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Sequence 2 (FIFOg runs full)

After the MR pulse, a series of 64 S| pulses are applied. When 64 words are shifted in, DIRg remains LOW due to
FIFOg being full (5). DOR, goes LOW due to FIFO, being empty.

Sequence 3 (FIFO, runs full)

When 65 words are shifted in, DOR, remains HIGH due to valid data remaining at the output of FIFO,. Q,, remains
HIGH, being the polarity of the 65th data word (6). After the 128th Sl pulse, DIR remains LOW and both FIFOs are
full (7). Additional pulses have no effect.

Squence 4 (both FIFOs full, starting SHIFT-OUT process)

Sl, is held HIGH and two SOg pulses are applied (8). These pulses shift out two words and thus allow two empty
locations to bubble-up to the input stage of FIFOg, and proceed to FIFO, (9). When the first empty location arrives at
the input of FIFO,, a DIR, pulse is generated (10) and a new word is shifted into FIFO,. Sl, is made LOW and now
the second empty location reaches the input stage of FIFO,, after which DiR, remains HIGH (11).

Sequence 5 (FIFO, runs empty)

At the start of sequence 5 FIFO, contains 63 valid words due to two words being shifted out and one word being
shifted in, in sequence 4. An additional series of SOg pulses are applied. After 63 SOg pulses, all words from FIFO,
are shifted into FIFO,. DOR, remains LOW (12).

Sequence 6 (FIFOg runs empty)

After the next SO, pulse, DIRg remains HIGH due to the input stage of FIFOg being empty. After another 63 SO
pulses, DORg remains LOW due to both FIFOs being empty (14). Additional SOg pulses have no effect. The last word
remains available at the output Q,.
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