First-In First-Out (FIFO) C67L4013D
64x4 Memory

15 MHz (Cascadable)

With Three-State Outputs

witn e e e ~ - ———

Features/Benefits Ordering Information
o High-speed 15-MHz shift-in/shift-out rates PART PKG }TEMP o/ N )
* Low power consumption NUMBER
* TTL inputs and outputs | C67L4013D| N.J [ Com | 3-state | 15MHz F|FOJ
» Readily expandable in word width and depth
e Structured pinouts. Output pins directly opposite
corresponding input pins
* High-drive capability
o Asynchronous operation
e Output Enable feature
Description Block Diagram

The C67L4013D is a “fall-through” high-speed First-in First-Out

(FIFO) memory organized 64 words by 4 bits. The FIFO is

expandable in word width and depth. The FIFO is attractive for

many applications such as disk controliers, communication

buffers, rate buffers, etc. The C67L4013D has three-state, high- C67L4013D
drive (IQL = 24 mA) outputs.
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Absolute Maximum Ratings
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Operating Conditions over Temperature Range

SYMBOL PARAMETER FIGURE | yn COMMERCIAL  jax |UNIT
Vce Supply voltage 4.75 5 5.25 \
TA Operating free-air temperature 0 70 °C
N Shift in rate 1 15 | MHz
tSIH Shift in High time 1 24 ns
tsiL Shift in Low time 1 15 ns
tips Input data setup to SI (Shift In) 1 0 ns
tiDH Input data hold time to Si (Shift In) 1 26 ns
tRIDS Input data setup to IR (Input Ready) 4 0 ns
tRIDH Input data hold time to IR (Input Ready) 4 26 ns
fouTt Shift out rate 5 15 | MHz
tSOH Shift out High time 5 17 ns
tsoL Shift out Low time 5 15 ns
tMRW Master Reset pulse** 10 35 ns
tMRS Master Reset to SI* 10 35 ns
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high.
** See AC test and high-speed application note.
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITION MIN COMMERCIAL — ax |UNIT
ViL Low-level input voltage 08™™ | v
VIH High-level input voltage o** v
Vic Input clamp voltage Vce = MIN Il =-18 mA -1.5 \%
e Low-level input current Vee = MAX V=045V =250 | uA
IH High-level input current Ve = MAX Vi=24V 50 | uwA
I} Maximum input current Ve = MAX V=55V 1| mA
- Output, O loL =24 mA
VoL CLD(Lvtvpltiv\i'tage IR, ;R vVee =MIN |gt -8 mA 05 v
VOH | omunatage N1 anTVeeTMIN  HOEZER 24 v
los Output short-circuit current™ | Voc = MAX Vo =0V -20 -90 | mA
lozL Vo =04V -50
oz Off-state output current Vee = MAX Vo-24V 50 HA
lcc Supply current Xﬁﬁ\;urrsp;zw All outputs open. 10 | mA
e e e oA i oot 1 the o B o e e 0t meloce o Sveraaste due 1 systom andor ester noise
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Switching Characteristics Over Operating Conditions

SYMBOL PARAMETER FIGURE MIN COMMERCIAL uNIT
tiRLt Shift in 1 to Input Ready LOW 4 40 ns
tiRHt Shift In | to Input Ready HIGH 26 ns
toRLt Shift Out 1 to Output Ready LOW 45 ns
toRHt Shift Out | to Output Ready HIGH 5 50 ns
toDH? Output Data Hold (previous word) 12 ns
toDs Output Data Shift (next word) 40 ns
tpT Data throughput 48 1600 ns
tMRORL Master Reset | to Output Ready LOW 60 ns
tMRIRH Master Reset ! 1o Input Ready HIGH™ 10 30 ns
tMRIRL Master Reset | to Input Ready LOW" 50 ns
tMRO Master Reset | to Outputs LOW 60 ns
tipH Input ready puise HIGH 4 17 ns
tOPH Output ready pulse HIGH 8 24 ns
tORD Output ready ! to Data Valid 5 -3 ns
1 30
PHZ Output Disable Delay, C67L4013D ns
tPLZ A 30
tPZL 30
Output Enable Delay, C67L4013D ns
tpzH 40
Note: Typicals at 5V Vccand 25°C Ta.
* |t the FIFO is not full (IR High).m low forces IR iow, followed by IR returning high when MR goes high.
T See AC test and high-speed application note.
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Figure A. Enable and Disable
Waveform 1is for an output with internal conditions such that the output is fow
except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high
except when disabied by the output control.
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Standard Test Load

5V
3R
s

OUTPUT ~® TEST POINT
>
3R2 30 pF
3

Input Pulse Amplitude =3 V

Input Rise and Fall Time (10%-90%) = 2.5 ns
Measurements made at 1.5V

All Diodes are 1TN916 or 1N3064

Functional Description
Data input

After power up the Master Reset is puised low (Figure 10) to
prepare the FIFO to accept data in the firstiocation. Master reset
must be applied prior to use to ensure proper operation. When
Input Ready (IR) is HIGH the first location is ready to accept data
from the Dy inputs. Data then present at the data inputs is entered
into the first location when the Shift-In (Sl) is brought HIGH.
An S| HIGH signal causes the IR to go LOW. Once data is entered
into the first cell, the transfer of data from any full cell to the
adjacent (downstream) empty cell is automatic, activated by an
on-chip control. Thus data will stack up at the end of the device
while empty locations will “bubble” to the front. tpT defines the
time required for the first data to travel from input to the output of
a previously empty device. When Sl is brought LOW and the
FIFO is not full, IR will go HIGH, indicating more room is
available. If the memory is full, IR will remain LOW. The FIFO
should always be cleared by using master reset.

Data Output

Data is read from the Oy outputs. When data is shifted to the
output stage, Output Ready (OR) goes HIGH, indicating the
presence of valid data. When the OR is HIGH, data may be shifted
out by bringing the Shift Out (SO) HIGH. A HIGH signal at SO
causes the OR to go LOW. Valid data is maintained while the SO
is HIGH. When SO is brought LOW the upstream data, provided
the upstream stage has valid data, is shifted to the output stage.
When new valid data is shifted to the output stage, OR goes
HIGH. If the FIFO is emptied, OR stays LOW and Data output will
not be valid.
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Input Ready and Output Ready may also be used as status
signals indicating that the FIFO is completely full (Input Ready
stays LOW for at least tpT) or completely empty (Output Ready
stays LOW for at least tpT).

AC Test and High-Speed App. Notes

Since the FIFO is a very-high-speed device, care must be
exercised in the design of the hardware and the timing utilized
within the design. The internal shift rate of the FIFO typicatly
exceeds 20 MHz in operation. Device grounding and decoupling
is crucial to correct operation as the FIFO will respond to very
small glitches due to long reflective lines, high capacitances
and/or poor supply decoupling and grounding. Monolithic
Memories recommends a monolithic ceramic capacitorof 0.1 uF
directly between VCC and GND with very short lead length.
In addition, care must be exercised in how the timing is set up
and how the parameters are measured. For example, since an
AND gate function is associated with both the Shift-In-Input-
Ready combination, as well as the Shift-Out-Output-Ready
combination, timing measurements may be misleading, i.e.,
rising edge of the Shift-In pulse is not recognized until Input
Ready is HIGH. If Input Ready is not high due to (a) too high a
frequency, or (b) FIFO being full or effected by Master Reset, the
Shift-In activity will be ignored. This wilt affect the device from a
functional standpoint, and will also cause the “effective” timing
of input Data Hold time (T|pH) and the next activity of Input
Ready (T|RL) to be extended relative to shift-in going HIGH.
This same type of situation occurs with TORL and TORH as
related to Shift-Out. For high-speed applications, proper
grounding technique is essential.
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C67L4013D
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Figure 1. Input Timing
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Figure 2. Typical Waveforms for 15 MHz Shift-In Rate
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Figure 3. The Mechanism of Shifting Data Into the FIFO

@ Input Ready HIGH indicates space is avialable and a Shift-In pulse may be applied.
@ Input Data is loaded into the first word. The Data from the first word is released for “fall-through" to second word.
@® Input Ready goes LOW indicating the first word is full.
@® Shift-In going LOW allows input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH.
® Hf the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low.
Note: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5).

/
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C67L4013D
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Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH

@® FIFO is initially full.

@ Shift Out pulsed is applied. An empty location starts "bubbling” to the front.

@ Shift In is held HIGH.

@® As soon as Input Ready becomes HIGH the Input Data is loaded into the first word.
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OUTPUT DATA | A-DATA (

o

Figure 5. Output Timing

(@ The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively.
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together.

66.6 ns
SHIFT QUT 17 ns
— \

OUTPUT READY 45 ns 50 ns T— ]

OUTPUT DATA | A-DATA 12 ns ————% l B-DATA W i C-DATA
I\@ 1 |

Figure 6. Waveforms for 15 MHz Shift-Out Data Rate

® The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively.
@ Data in the first crosshatched region may be A or B Data.
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Figure 7. The Mechanism of Shifting Data Out of the FIFO

(@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied.

@ Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63.
Output data remains as valid A-Data while Shift-Out is HIGH.

@ Output Ready goes LOW.
@ Shift-Out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs.
@® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid.
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Figure 8. tpT and topH Specification
@ FIFO initially empty.
@ Shift Out held HIGH.
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Figure 9. Data Is Shifted Out Whenever Shift Out and Output Ready are Both HIGH.

(@ Word 63 is empty.

@ Output Ready goes HIGH indicating arrival of the new data.

(@ New data (A) arrives at the outputs (word 63).

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW.

(® Assoon as Shift Out goes LOW the Output Data s subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream
words in the FIFO.
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Figure 10. Master Reset Timing

@ FIFO initially partially futl.
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