LENESANS

CMOS PARALLEL FIFO WITH FLAGS 64 x 5

IDT72413
OBSOLETE PART

FEATURES:

First-In/First-Out Dual-Port memory—45MHz

64 x 5 organization

Low-power consumption

— Active: 200mW (typical)

RAM-based internal structure allows for fast fall-through time
Asynchronous and simultaneous read and write

Expandable by bit width

Cascadable by word depth

Half-Full and Almost-Full/Empty status flags

High-speed data communications applications

Bidirectional and rate buffer applications
High-performance CMOS technology
Available in plastic DIP and SOIC

Green parts available, see ordering information

DESCRIPTION:

The IDT72413is a 64 x 5, high-speed First-In/First-Out (FIFO) that loads
andempties dataonafirst-in-first-outbasis. Itis expandableinbitwidth. All speed
versions are cascad-able in depth.

The FIFO has a Half-Full Flag, which signals when ithas 32 or more words
inmemory. The Almost-Full/Empty Flag is active when there are 56 or more
words in memory or when there are 8 or less words in ory.
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IDT72413CMOS PARALLEL FIFOWITHFLAGS

COMMERCIAL TEMPERATURERANGE

64 X 5
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS®)
Symbol Rating Commercial Unit
OE [ 1 -/ 20 [] Vece VTERM Terminal Voltage with -0.5t0+7.0 \Y
Respectto GND
HF [ 2 19 1 AF/E TsTG Storage -55t0+125 °C
IR ] 3 18 ] SO Temperature
Sl ] 4 17 ] OR louT DC Output -50t0 +50 mA
Do 15 16 [J Qo Current
D1 L e 15 ] Q1 1.Ogtlr5ésses greater than those listed under ABSOLUTE MAXIMUM RATINGS may
D2 D 7 14 :| Q2 cause permanent damage to the device. This is a stress rating only and
Ds O s 130 Qs inicated in e apertonalsecions of s speofcaton  not led. Exposr
Ds ]9 121 Q4 to absolute maximum rating conditions for extended periods may affect reliability.
GND [ 10 11 [ MR
2748 drw 02
PLASTIC DIP (P20-1, ORDER CODE: P) RECOMMENDED OPERATING
SOIC (S020-2, ORDER CODE: SO0) CONDITIONS
TOP VIEW Symbol Parameter Min. | Typ. | Max. | Unit
Vce Supply Voltage 45 5.0 55 v
Commercial
CAPACITANCE GND Supply Voltage 0 0 0 \
(TA=+25°C, f=1.0MHz) VIH InputHigh Voltage 2.0 — — \%
Symbol Parameter Conditions Max. | Unit vil® InputLow Voltage — — | 08|V
CIN Input Capacitance VIN = 0V 5 pF TA Operating Temperature 0 — | 70 | °C
Court Output Capacitance Vout = 0V 7 pF Commercial
NOTE: 2748 thl 02 NOTE:
1. Characterized values, not currently tested. 1. 1.5V undershoots are allowed for 10ns once per cycle.
DCELECTRICAL CHARACTERISTICS
(Commercial: Vcc =5.0V +10%, TA=0°Cto +70°C)
IDT72413
Commercial
fin =45, 35, 25 MHz
Symbol Parameter Test Conditions Min. Max. Unit
IIL Low-Level Input Current Vce = Max., GND < Vi < Vce -10 — HA
IIH High-Level Input Current Vice = Max., GND < Vi < Vce — 10 HA
VoL Low-Level Output Current Vce = Min. | loL (Qo-4) 24 mA — 0.4 \Y
loL (IR, OR) 8mA
loL (HF, AF/E) 8mA
VoH High-Level Output Current Vce = Min. | loH (Qo-4) -4mA 2.4 — \Y
loH (IR, OR) -4mA
loH (HF, AF/E) -4mA
los®?) Output Short-Circuit Current Vcec = Max. | Vo = 0V -20 -110 mA
IHZ HIGH Impedance Output Current Vcc = Max. | Vo = 2.4V — 20 HA
Lz LOW Impedance Output Current Vce = Max. | Vo = 0.4V -20 — HA
lcc®4 | Active Supply Current Vce = Max., OE = HIGH — 60 mA
Inputs LOW, f = 25MHz
NOTES:

1. Care should be taken to minimize as much as possible the DC and capactive load on IR and OR when operating at frequencies above 25MHz.
2. Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. Guaranteed by design, but not currently tested.
3. Tested with outputs open (lout = 0).

4. For frequencies greater than 25MHz, lcc = 60mA + (1.5mA x [f —25MHz])
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IDT72413CMOS PARALLEL FIFOWITHFLAGS

64X 5 COMMERCIAL TEMPERATURERANGE
OPERATING CONDITIONS
(Commercial: Vcc =5.0V +10%, TA=0°Cto +70°C)
Commercial
IDT72413L45 IDT72413L35 IDT72413L25
Symbol Parameter Figure Min. Max. Min. Max. Min. Max. Unit
tsiH™) Shift in HIGH Time 2 9 — 9 — 16 — ns
tsil® Shiftin LOW Time 2 1 — 17 — 20 — ns
tiDs Input Data Set-up 2 0 — 0 — 0 — ns
tiDH Input Data Hold Time 2 13 — 15 — 25 — ns
tson' | shift Out HIGH Time 5 9 — 9 — 16 — ns
tsoL Shift OutLOW Time 5 11 — 17 — 20 — ns
tMRW Master Reset Pulse 8 20 — 30 — 35 — ns
tMRS Master Reset Pulse to SI 8 20 — 35 — 35 — ns
NOTE:

1. Since the FIFO is a very high-speed device, care must be excercised in the design of the hardware and timing utilized within the design. Device grounding and decoupling
are 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.
A monolithic ceramic capacitor of 0.1uF directly between VCC and GND with very short lead length is recommended.

ACELECTRICALCHARACTERISTICS
(Commercial: Vcc =5.0V +10%, TA=0°Cto +70°C)

Commercial
IDT72413L45 IDT72413L35 IDT72413L25

Symbol Parameter Figure Min. Max. Min. Max. Min. Max. Unit
fIN ShiftIn Rate 2 — 45 — 35 — 25 MHz
tirLY) Shift In T to Input Ready LOW 2 — 18 — 18 — 28 ns
tiry® Shift In 4 to Input Ready HIGH 2 — 18 — 20 — 25 ns
fout ShiftOut Rate 5 — 45 — 35 — 25 MHz
tort | Shift Out | to Output Ready LOW 5 — 18 — 18 — 28 ns
torH® | Shiftout | to Output Ready HIGH 5 — 19 — 20 — 25 ns
topH® Output Data Hold Previous Word 5 5 — 5 — 5 — ns
tops Output Data Shift Next Word 5 — 19 — 20 — 20 ns
tpT Data Throughputor "Fall-Through" 4,7 — 25 — 28 — 40 ns
tMRORL Master Reset | to Output Ready LOW 8 — 25 — 28 — 30 ns
tvrirC) | Master Reset T to Input Ready HIGH 8 — 25 — 28 — 30 ns
tvrRIRL® | Master Reset | to Input Ready LOW 8 — 25 — 28 — 30 ns
tMRQ Master Reset | to Outputs LOW 8 — 20 — 25 — 35 ns
tMRHF Master Reset |, to Half-Full Flag 8 — 25 — 28 — 40 ns
tMRAFE Master Reset | to AF/E Flag 8 — 25 — 28 — 40 ns
tipH®) Input Ready Pulse HIGH 4 5 — 5 — 5 — ns
topH®) Output Ready Pulse HIGH 7 5 — 5 — 5 — ns
toro®®) Output Ready T HIGH to Valid Data 5 — 5 — 5 — 7 ns
tAEH Shift Out T to AF/E HIGH 9 — 28 — 28 — 40 ns
tAEL Shift In T to AF/E 9 — 28 — 28 — 40 ns
tAFL Shift Out T to AF/E LOW 10 — 28 — 28 — 40 ns
tAFH Shift In T to AF/E HIGH 10 — 28 — 28 — 40 ns
tHFH Shift In T to HF HIGH 11 — 28 — 28 — 40 ns
tHFL Shift Out T to HF LOW 11 — 28 — 28 — 40 ns
tpHz®) Output Disable Delay 12 — 12 — 12 — 15 ns
tpz®) 12 — 12 — 12 — 15

tpLz(® OutputEnable Delay 12 — 15 — 15 — 20 ns
tpHz®) 12 — 15 — 15 — 20

NOTES:

1. Since the FIFO is a very high-speed device, care must be taken in the design of the hardware and the timing utilized within the design. Device grounding and decoupling
are 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.
A monolithic ceramic capacitor of 0.1uF directly between Vcc and GND with very short lead length is recommended.

2. If the FIFO is full, (IR = HIGH), MR T forces IR to go LOW, and MR { causes IR to go HIGH.

3. Guaranteed by design but not currently tested.

© 2019 Renesas Electronics Corporation



IDT72413CMOS PARALLEL FIFOWITHFLAGS

64 x 5
ACTEST CONDITIONS
Input Pulse Levels GND to 3.0V
InputRise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 15V
OutputLoad SeeFigure 1

2748 thl 07

FUNCTIONAL DESCRIPTION:

ThelDT72413,65x5FIFOis designed using adual-portRAMarchitecture
asopposedtothetraditional shiftregister approach. This FIFO architecture has
awrite pointer, aread pointer and control logic, which allow simultaneous read
andwrite operations. The write pointerisincremented by the falling edge ofthe
ShiftIn (SI) control; the read pointerisincremented by the falling edge of the Shift
Out (SO). The Input Ready (IR) signals when the FIFO has an available
memory location; Output Ready (OR) signals when there is valid data on the
output. Output Enable (OE) provides the capability of three-stating the FIFO
outputs.

FIFO RESET

The FIFO mustbe resetupon power up using the Master Reset (MR) signal.
This causesthe FIFO to enter an empty state signified by Output Ready (OR)
being LOW and Input Ready (IR) being HIGH. Inthis state, the data outputs
(Qo-4) will be LOW.

DATAINPUT

Datais shifted in onthe LOW-to-HIGH transition of ShiftIn (SI). Thisloads
inputdatainto the firstword location of the FIFO and causes the Input Ready
(IR)togoLOW. Onthe HIGH-to-LOW transition of SI, the write pointeris moved
tothe nextword positionand IR goes HIGH indicating the readiness to accept
new data. Ifthe FIFO s full, IR will remain LOW until aword of data is shifted
out.

COMMERCIAL TEMPERATURERANGE

STANDARD TEST LOAD DESIGN TEST LOAD

5V 5V
R1 2K%o
OUTPUT TEST POINT
30pF* 30pF*
orequivalentcircuit e
*Including scope and jig
RESISTORVALUES FOR
STANDARD TEST LOAD
loL R1 R2
24mA 200Q2 300Q2
12mA 390Q2 760Q2
8mA 600€Q2 1200Q2

Figure 1. Output Load

DATAOUTPUT

Datais shifted outonthe HIGH-to-LOW transition of Shift Out (SO). Thiscauses
the internal read pointer to be advanced to the next word location. If data is
present, valid data will appear on the outputs and Output Ready (OR) will go
HIGH. If datais notpresent, OR will stay LOW indicating the FIFOisempty. The
lastvalid wordread fromthe FIFO willremain atthe FIFOs outputwhenitisempty.
Whenthe FIFOisnotempty OR goes LOW onthe LOW-to-HIGH transition of
SO.

FALL-THROUGHMODE

The FIFO operates ina Fall-Through Mode when data gets shifted into an
empty FIFO. After the fall-through delay the data propagates tothe output. When
the datareaches the output, the Output Ready (OR) goes HIGH.

AFall-Through Mode also occurswhenthe FIFOis - completely full. When
datais shifted out ofthe full FIFO alocationis available for newdata. Afterafall-
through delay, the Input Ready goes HIGH. If Shift Inis HIGH, the new data
canbewrittentothe FIFO. Thefall-through delay of a RAM-based FIFO (one
clock cycle)is far less than the delay of a Shift register-based FIFO.

SIGNALDESCRIPTIONS:

INPUTS:
DATA INPUT (Do-4)
Datainputlines. The IDT72413 has a 5-bit data input.

© 2019 Renesas Electronics Corporation



IDT72413CMOS PARALLEL FIFOWITHFLAGS
64 X 5

CONTROLS:
SHIFT IN (SI)

ShiftIn controls the input of the datainto the FIFO. When Slis HIGH, data
canbewrittentothe FIFOviathe DO-4 lines. The datahasto meetset-upand
hold time requirements with respectto the rising edge of SI.

SHIFT OUT (SO)
Shift Out controls the outputs data fromthe FIFO.

MASTER RESET (MR)
Master Reset clears the FIFO of any data stored within. Upon power up, the

FIFO should be cleared with a Master Reset. Master Reset is active LOW.

HALF-FULL FLAG (HF)
Half-Full Flag signals when the FIFO has 32 or more words init.

INPUT READY (IR)

When Input ReadyisHIGH, the FIFOisready for new input datato be written
toit. When IR is LOW, the FIFO is unavailable for new input data, IR is also
used to cascade many FIFOs together, as shown in Figure 13.

- 1/fiN

COMMERCIAL TEMPERATURERANGE

OUTPUTREADY (OR)

When Output Ready is HIGH, the output (Qo-4) contains valid data. When
ORisLOW, the FIFOis unavailable for new output data. OR is also used to
cascade many FIFOs together, as shown in Figure 13.

OUTPUT ENABLE (OE) .
Output Enableis used to enable the FIFO outputs ontoabus. OE isactive
LOW.

ALMOST-FULL/EMPTY FLAG (AF/E)
Almost-Full/Empty Flag signalswhenthe FIFO s 7/8 full (56 or more words)
or 1/8 from empty (8 or less words).

OUTPUTS:
DATAOUTPUT (Qo-4)
Dataoutputlines, three-state. The IDT72413 has a 5-bit output.
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Figure 2. Input Timing
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INPUT DATA XX
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NOTES:

. IR HIGH indicates space is available and a S| pulse may be applied.
. Input Data is loaded into the FIFO.

. IR goes LOW indicating the FIFO is unavailable for new data.

. The write pointer is incremented.

. The FIFO is ready for the next word.

. If the FIFO is full, then IR remains LOW.

. Sl pulses applied while IR is LOW will be ignored (see Figure 4).

~NOo O s WwN

2748 drw 05

Figure 3. The Machanism of Shifting Data Into the FIFO

5

© 2019 Renesas Electronics Corporation



IDT72413CMOS PARALLEL FIFOWITHFLAGS
64 X 5 COMMERCIAL TEMPERATURERANGE
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2748 drw 06

NOTES:

1. FIFO is initially full.

2. SO pulse is applied.

3. Slis held HIGH.

4. As soon as IR becomes HIGH the Input Data is loaded into the FIFO.

5. The write pointer is incremented. Sl should not go LOW until (tPT + tIPH).

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

(7) 2
so @) ) —
(5)
OR N N ®)

AorB
OUTPUT DATA A- DATA )@Z@( B- DATA

2748 drw 08

NOTES:
1. This data is loaded consecutively A, B, C.
2. Output data changes on the falling edge of SO after a valid SO sequence, i.e., OR and SO are both HIGH together.

Figure 5. Output TIming

- 1/fout >le 1/fout

|
+—— {SOH—»|4+———{SOI— >
_/ N\
SO y N 7 (2)
«—tORD tRH
OR AN AN

<¢————1ODS —— <+— {ORL—¥

M ——tODH
OUTPUT DATA A-DATA %( B-DATA XXX cDATA

2748 drw 07
NOTES:
1. OR HIGH indicates that data is available and a SO pulse may be applied.
2. SO goes HIGH causing the next step.
3. OR goes LOW.
4. Read pointer is incremented.
5. OR goes HIGH indicating that new data (B) will be available at the FIFO outputs after torp ns.
6. If the FIFO has only one word loaded (A DATA) , OR stays LOW and the A-DATA remains unchanged at the outputs.
7. SO pulses applied when OR is LOW will be ignored.

Figure 6. The Mechanism of Shifting Data Out of the FIFO

© 2019 Renesas Electronics Corporation



IDT72413CMOS PARALLEL FIFOWITHFLAGS
COMMERCIAL TEMPERATURERANGE

64 X 5
Sl _/ \
— /]
SO /
- tPT >le top
OR (1) 7\1 N\
2748 drw 09

NOTE:

1. FIFO initailly empty.
Figure 7. tpT and torH Specification

«— tIMRW —»

N

(1)  |etMRIRL tMRIRH >
" A
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on <L

Sl 7
<+tMRQ

DATA OUTPUTS \NNONRNN\ N\
NN ANNAA

+—— tMRAFE —|

AFE A

/'Y

NOTE:
1. FIFO is partially full.

Figure 8. Master Reset Timing

tSOH
SO «
J)
tAEH
/ )
AFE () / i‘<
tAEL
<+—{SIH

sl ;

Y 2748 drw 11

NOTE:
1. FIFO contains 9 words (one more than Almost-Empty).

Figure 9. tAEH and tAEL Specifications

© 2019 Renesas Electronics Corporation



IDT72413CMOS PARALLEL FIFOWITHFLAGS

64 x 5 COMMERCIAL TEMPERATURE RANGE
tSIH
Sl «
2
tAFH
¥ >
AFE (1) )
tAFL
<+—1{SOH
SO («
7 2748 drw 12
NOTE:

1. FIFO contains 55 words (one short of Almost-Full).

Figure 10. tAFH and tAFL Specifications

tSIH

Sl «
)

tHFH
)
HE O JZ / j<
- tHFL
<+—{SOH
SO (5 74 jﬁ

NOTE:
1. FIFO contains 31 words (one short of Half-Full).

2748 drw 13

Figure 11. tHFL and tHFH Specifications

3V
OE \ VT VT /
\ /
oV
tPZL | > < » tPLZ
4.5V
WAVEFORM 1" \ 0.5V
VT v 1/-5V
oL
tPZH | > tPHZle—» ‘4
5 / - L VOoH
WAVEFORM 22 Ayt —— 1V
ov 0.5V
2748 drw 14

NOTES:
1. Waveform 1 is for an output with internal conditions such that the output is LOW except when disabled by the output control.
2. Waveform 2 is for an output with internal conditions such that the output is HIGH except when disabled by the output control.

Figure 12. Enable and Disable

© 2019 Renesas Electronics Corporation



IDT72413CMOS PARALLEL FIFOWITHFLAGS

64 x5 COMMERCIAL TEMPERATURE RANGE
OUTPUT
ENABLE™ T |
—{ HF OE AFE —
IR SO ——e— SHIFT OUT
Sl OR
— Do Qo —
JE— D,] Q1 |
— D2 Q2 —
— Ds Q3 f—
—1 D4 MR Q4[—
L
COMPOSITE | | | —{HF OEAFE [—
N @l == IR SO [—¢ COMPOSITE
READY S| OR D OUTPUT
— Do Qo — READY
— D1 Q11—
— D2 Q2 —
— D3 Q3 —
—1 D4 MR Q4[—
Qﬂl
L
— HF OEAFE [—
IR SO
SHIFT IN+ Sl OR
— Do Qo —
— D1 Q11—
— D2 Q2 —
— D3 Q3 —
—1 D4 MR Q[ —
QH, MASTER
RESET
2748 drw 15
NOTE:

1. FIFOs are expandable in width. However, in forming wider words two external gates are required to generate composite Input and Output Ready flags. This requirement
is due to the different fall-through times of the FIFOs.

Figure 13. 64 x 15 FIFO with IDT72413

8-BITS 8-BITS
SYSTEM1 [ Two [\ sysTEM2
[—v] 172413 [
64 x8
SI SO
ENBL S [¢ IR OR [+ 10 RDY
ALMOST-FULL/

INTERRUPT OST INTERRUPT

HALF-FULL FLA 2748 drw 16

NOTE:
1. Cascading the FIFOs in word width is done by ANDing the IR and OR as shown in Figure 13.

Figure 14. Application for IDT72413 for Two Asynchronous Systems
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NOTE:
1. FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the inherent timing of the devices.

Figure 15. 128 x 5 Depth Expansion

ORDERING INFORMATION

XXXXX X XX X X X X
. Process /
D T P Pack
evice Type ower Speed Package Temperature
Range BLANK Tube or Tray
8 Tape and Reel
BLANK Commercial (0°C to +70°C)
{ G®@ Green
P® Plastic DIP (300 mil, P20-1)
SO Small Outline IC (300 mil, J-bend, SOIC S020-2)
45 i
. Shift Frequency (fs)

35 Commermal} Speed in MHz
25
{L Low Power
{72413 64 x5 - FIFO

2748 drw18

NOTES:

1. Industrial temperature range is available by special order.

2. Green parts are available, for specific speeds and packages contact your sales office.
3. For “P", Plastic Dip, when ordering green package, the suffix is “PDG".

DATASHEET DOCUMENT HISTORY

07/10/2003 pgs. 1,2, 3, and 10.

02/11/2009 pgs. 1and 10.

06/29/2012 pgs. 1,2, 9and 10.

11/21/2014 PDN# CQ-14-08issued. See IDT.com for PDN specifics.

08/08/2019 Datasheetchangedto Obsolete Status.



IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)
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TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
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