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FEATURES:

+ 35ns parallel port access time, 45ns cycle time

50MHz serial input/output frequency

+ Serial-to-parallel, parallel-to-serial, serial-to-serial, and
parallel-to-parallel operations

+ Expandable in both depth and width with no external

comporients

Flexishift™ — Sets programmable serial word width

from 4 bits to any width with no externat components

+ Multiple flags: Full, Almost-Full (Full-1/8),Full-Minus-
One, Empty, Aimost-Empty (Empty + 1/8), Emply-Plus
One, and Half-Full

+ Asynchronous and simultaneous read or write
operations

+ Dual-port, zero fali-through time architecture

+ Retransmit capability in single-device mode

CMOS PARALLEL-SERIAL FiIFO IDT72103
2048 x 9-BIT IDT72104
- & 4096 x 9-BIT T-46-35"
Integrated Device Technology, Inc, |
APPLICATIONS:

+ High-speed data acquisition systems

+ Local area network (LAN) buffer

+ High-speed modem data buffer

« Remote telemetry data buffer

+ FAX raster video data buffer

« Laser printer engine data buffer

+ High-speed parallel bus-ta-bus commuriications
» Magnetic media contrallers

« Serial link buffer

DESCRIPTION:

The IDT72103/72104 are high-speed Parallel-Serial FIFOs
to be used with high-performance systems for functions such
as serial communications, laser printer engine control and
local area networks.

and PLCC

Packaged in 40-pin ceramic and plastic DIP, 44-pin LCC

Military product compliant to MIL-STD-883, Class 8

A serial input, a serial output and twa 9-bit parallel ports
make four modes of data transfer possible: serial-to-parallel,
parallel-to-serial, serial-to-serial, and parallel-to-parallel. The
IDT72103/ 72104 are expandable in both depth and width for
all of these operational configurations.
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INTEGRATED DEVICE

IDT72103, (DT72104
CMOS PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT

H7E D BN 4825771 0009460 & EEIDT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (CONTINUED)

The IDT72103/72104 may be configured to handle serial
word widths of four or greater using IDT's unique Flexishift
feature. Flexishift allows serfal width and depth expansion
without external companents. For example, you may config-
ure a 4K x 24 FIFO using three IDT72104s in a serial width
expansion configuration.

Seven flags are provided to signal memory status of the
FIFO. The fiags are FF (Full), AF (7/8 full), FF~T (Full-minus-
one), EF (Empty), AE (1/8 full), EF+1 (Empty-plus-one), and
HF (Half-full).
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Read (R) and Write (W) control pins are provided for
asynchronous and simultaneous operations. An output en-
able (OE) control pin is available on the parallel outputport for
high impedance control. The depth expansion controt pins XO
and X! are provided to allow cascading for deeper FIFOs.

The IDT72103/72104 are manufactured using IDT's
CEMOS™ technalogy. Military grade product is manufac-
tured in compliance with the latest revision of MIL-STD-883,
Class B. ’ ’
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INTEGRATED DEVICE U?E D 4825771 00094k T EAIDT

IDT72103, IDT72104 *
CMOS PARALLEL-SERIAL FIFO 2048 x 8-BIT & 4096 x 8-BIT - MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS! CAPACITANCE (TA = +25°C, f= 1.0MHz) T = 46 - 35"
Symbol Rating Commerclal| Military | Unit{ | Symbol Parametet(!) Conditions | Max. | Unit
VTEAM-.| Terminal Voltage | -0.5t0+7.0 | -0.5t0+7.0f V CiN Input Capacitance Vin = 0V 10 pF

with Respect R . - - "
to GND . uT OQutput Capacitancej Vout=0 12 pF
" NOTE!: 2753 bl 04
Ta Operaling 0to+70 | -5510+125 °C } 4 "pis parameter Is sampled and not 100% tested. :
Temperature
Tos | Temperature | -6510+125 | -65t0+135| °C| RECOMMENDED DCOPERATING CONDITIONS
- : :nder Blas PETAPTTY Rrvprn Symbal Parameter Min. | Typ. | Max.| Unit
STG torage <5510 + 6510 + ™ -
Tomperature Vch' \I\/Ag::g; Supply 45 | 50| 85| V
tour ggrr(z:::pu‘ ' 80 80 mAl T Voee . | Commercial Supply 45 | 50 55| V
Voltage
NOTE: 2753 tol 03 *
1. Slresses greater than fhose llsted under ABSOLUTE MAXIMUM | GND___| ‘Supply Voltago 0 Y ol Vv
RATINGS may cause permanent damage to the device. Thisisastress — —_
tating only and functional operation of the device at these or any other Vi lé]c?rt::r:eigga\l, oltage 20 v
conditions above those Indicated In the operational sections of this -
specification s not Implied. Exposure to absolute maximum rating ViH Input High Voltage 22 — — v
conditions for extended perlads may affect reliability. Military
- - e IR Input Low Voltage — =] e8]V
. NOTE:  2mames

. . 1. 1.5V undershoots are allawed for 10ns onca per cycle.
PIN DESCRIPTION

Symbol Name vo ) Description

Do-Ds Data Inputs YO | Inaparallel input configuration - data inputs for 8-bit wide data.

Serial Input Word n a serial input configuration - ane of the nine output pins is used to select the serial input
Width Select word width,

RS Reset I | Wnen TS Is set low, internal READ and WRITE pointers are set to the first location of the
RAM array, EF, EF+1, AEF are all LOW after areset, while FF, FF-1, HF are HIGH after a
reset. ’

W Wiite 1 | Aparallelwordwrite cycleisinitiated onthefallingedge ot Wifthe FE is high. Whenthe FIFO

is full, FF will go low inhibiting further write operations to prevent data overtiow. Ina serial
input configuration, data bits are clocked into the Input shift register and the write painter does
not advance until a full parallel word is assembled. One of the pins, DI, is connected to w
and advances the write pointer every i-th serial input clock, .

R Read l A read cycle is inltiated on the falling edge of R if the EF is high. After ali the data from the
FIFO has been read EF will go low Inhibiting further read operations. In a serial output
configuration, a data wordis read from memory into the output shiftregister. Oneof the pins,
Q}, is connected to R and advances the read pointer every j-th sarial output clock.
FURT First Load/ I | Tnisisadual-purpose pin. In multiple-device mode, FL/RT is grounded to Indicate the first
Retransmit device loaded. .
In single-device mode, FL/RT acts as the retransmitinput. Single-device mode is initiated
by grounding the XI pin. )
Xi Expansion In | In single-device mode, X is grounded. __ _
Indepth expansion or dalisy chain mods, Xfis connacted to the XO pin of the previous device. ;
OE Output Enable i | When OE is LOW, both parallel and serial outputs are enabled. When OE is HIGH, the :
parallel output buffers are placed in a high-impedance state.
Qo-Qe Data Outputs / o} In a parallel autput configuration - data outputs for 8-bit wide data. [n a serial output
Serial Output configuration - one of nine autput pins used 1o select the serial output word width.
Word Width Select
FF Full Flag 0 | FFisasserted LOW when the FIFO is full and further write operations are inhibited. When
the FE is HIGH, the FIFO is not full and data can be written into the FIFQ.
FF-1 Full-1 Flag o FF-1 goes LOW when the FIFO memory array is one word away from beingfull. ftwillrernain

LOW when every memary location is filled.

2753kl
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INTEGRATED DEVICE

IDT72103, (DT72104

CMOS PARALLEL-SERIAL FIFO 2048 x 8-BIT & 4096 x 9-BIT

4?E D EE 4825771 00094kL2 1 BEIDT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTION

T-46-35

Symbol Name vo Description
XOMHF | Expansion Ouv O | HFis LOW when the FIFO is more than half{ull in the single device of width expansion
Halt-Full Flag modes. The HF will remain LOW until the difference between the write and read painters Is
less than or equal to one-half of the FIFO memory.
In depth expansion mode, a pulse is written from XO to X1 of the next device when the last
. location in the FIFOis illed. Another pulse Is senttrom XO'to X of the next device when the
last FIFQ location Is read. - )
AEF Almost- Emﬁg_yl O | WhenAEFisLOW, the FIFQis emptyto 1/8ull or 7/8 full to completely full. If AEFis HIGH,
Almost-Full Flag then the FIFO is greater than 1/8 full, but less than 7/8 full.
EF+1 Empty+1 Flag (o] EF+ 1is LOW when there is zero or ane word word in the FIFQ memory array.
EF Empty Flag 0 EF goes LOW wherithe FIFO s empty and further read operations are inhibited. FFis HIGH
when the FIFO is not empty and data reads are permitted.
Si Serial [nput | Data input for serial data.
SO Serial Qutput 0o Data output for serial data.
SIcP Serial Input Clock | This pin is the serfal nput clock. On the rising edge of the SICP signal, new serial data bits
are read Into the serial input shift register. ) -
SocP Serial Output | This pin Is the serial output clock. On the risng edge of the SOCP signal, new serial data
Clock bits are read from the serial output shift register. 7
SIX Serial Input | SIX controls the serial input expansion for word widths greater than 9 bits, Ina serial input
Expansion configuration, the SIX pin of the least significant device is tied HIGH. The SIX pinof all other
devices is connected to the Ds pin of the previous device, In paralief input configurations or
sedal input configurations of 9 bits or less, SIX Is tled HIGH.
SOX Serial Output | SOX controls the serial output expansion for word widths greaterthan 9bits. In a serial output
Expansion canfiguration, the SOX pin of the least significant device is tied HIGH. The SOX pinofall
other devices is connected to the Qe pin of the previous device. In parallel output
configurations or serial output configurations of 9 bits or less, SOX Is tied HIGH.
Sipl Serial/Parallel Input | When this pin is HIGH, the FIFO Is in a parallel input configuration and accepts input data
through Do-Ds. When SUPIis LOW, the FIFO is in a serial input configuration and data is
Input through SI. 7
SO/PO Serial/Parallel Output| | When this pinis HIGH, the FIFO is in a parallel output configuration and sends output data
through Qo-Qs. When SO/PQ is LOW the FIFO is in a serial output configuration and data
is Input through SO, ) ! )
GND Ground One ground pin for the DIP package and five ground pins for the LCC/PLCC packages.
Veoe Power One + 5V power pin.

2783 thi 02
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INTEGRATED DEVICE 4?ve D 4425771 00O094L3 3 MRMIDT

IDY72103, IDT72104

CMOS PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES 1
DC ELECTRICAL CHARACTERISTICS - T=46-35" ‘
(Commercial: Vcc=5.0V £ 10%, TA = 0°C to +70°C; Military: Vce=5.0V & 10%, TA=-55°C to +125°C) 3
IDT72103/72104 IDT72103/72104 ]
. Commerclal Military
: ST ta = 35, 50, 65, 80, 120 ns tA = 40, 50, 65, 80, 120 ns
Symbol Parameter Min. Typ. Max. Min. Typ. Max. Unit
mtn Input Leakage Curent o - 1 -10 C = 10 KA
(Any Input) . )
lof? Output Leakage Current . .10 —_ 10 -10 — 10 pA
VoH Cutput Loglc "1 Valtage, 24 — — 24 — - v
lout = -2mA4) .
Vol Output Logrc "o Voltage — _ 04 - —_ 04 v 3
, lout = 8mA®) ) g
lecs® Averaga Vcc Power Supply Current —_ 90 140 — 100 160 “mA :
“lece® Average Standby Current : - 8 12 - 12 25 mA 1
(R=W=RS = FL/RT = VIH) . - |
. (SOCP = SICP = Vi)
leca(l)®® | Power Dovin Current - - 2 - - 4 mA
lcca(8)P€| Power Down Current ] - - 8 - - 12 mA

NOTES: . - 275304 06
1. Measurements with 0.4 < Vin g Veo, S :

2. A2 VM, SOCP < Vi, 0.4 < Vour < Veo.

3. lco measuroments are made wWlth outpu\s open.

4, For SO, lout = -8mA.

6. For SO, lout =16mA,

8. SOCP = SICP 50,2V, other Inputs = Vco -0.2V. - , ' : ey
AC TEST CONDITIONS : o sy ,

Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns B 1.1Ka
Input Timing Reference Levels 1.5V
Output Refarence Levels 1.5V _ puT.
Output Load See Figure 1 . 6800 30pF*
275311 07 :
= 2madw o4

T : . or equivalent clreuit
’ ’ ’ Flgure 1. Ouput Load
*Includins Jig and scape capacifances




INTEGRATED DEVICE Y?E D W@ 4825771 00094LY 5 EBMIDT
IDT72103, IDT72104
CMOS PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC ELECTRICAL CHARACTERISTICS 7T 4‘6 -35"
Commercial: V€0 = 5.0V + 10%, TA = 0°C to +70°C: Military: Voo = 5.0V +10%, TA = -55°C {0 +1 25°C)
Commerclal Military Mil. and Com'l.
DT72103x35 | IDT72103x40 | IDT72103x50
. IDT72104x35 | IDT72104%40 | IDT72104x50 Timing
Symbol Parameter Min. | Max. { Min. | Max. | Min. | Max. | Unit Figure
fs Paralle! Shift Frequency — |22 | — 20 — 15 | MHz| —
fsocp Serial-Out Shift Frequency — 50 — 50 — 40 MHz | —
fsicp SerialIn Shift Frequency ] — 50 — 50 — 40 | MHz| —
PARALLEL-OUTPUT MODE TIMINGS )
1A Access Time — 35 — 40 — 50 ns 4
AR Read Recovery Time 10 — 10 — 15 — ns 4
tREW Read Pulse Width 35 — 40 — 50 — ns 4
trRC Read Cycle Time ) 45 — 50 — 65 — ns 4
twiz Wiite Pulse Low to Data Bus at Low 2{1] 5 — 5 — | 15 — ns 15
tRLZ Read Pulse Low to Data Bus at Low (! 5 — 5 — 10 — ns 4
{RHZ Read Pulse High to Data Bus at High Z{" — 20 — 25 — 30 s 4
tov Data Valid from Read Pulse High 5 — 5 — 5 — ns 4
PARALLEL-INPUT MODE TIMINGS .
1os Data Set-up Time 18 —_ 20 — 30 — ns 3
toH Data Hold Time 0 —_ 0 — § - ns 3
twe Wiite Cycle Time ) 45 — 50 — 65 — ns 3
twpw Write Pulse Width 35 — 40 — 50 —_ ns 3
tWR Write Recovery Time 10 — 10 — 15 — ns 3
RESET TIMINGS .
{Asc Reset Cycle Time 45 — 50 —_ 65 —_ ns 2,18
RS Reset Pulse Width 35 — 40 - 50 —_ ns | 2,18
{RSS Reset Set-up Time ) 85 —_ 40 — 50 — ns 2,18
tRSA Reset Recovery Time 10 — 10 —_ 15 — ns |2,17.18
RESET TO FLAG TIMINGS
1RSF1 Reset ta EF, AEF, and EF+1 Low. — 45 — 50 — 65 ns 2
{RSF2 Reset to HF, FF, and FF-1 Low — 45 — 50 —_— 65 ns 2
RESET TO QUTPUT TIMINGS — SERIAL MODE ONLY ] .
tRsqL Reset Going Low to Qo-s Low 20 — 20 —_ 35 —_ ns 18
tRsaH | Reset Going High to Qo-a High 20 — 20 — 35 — ns 18
{RSDL Resst Going Low to Do-s Low 20 — 20 — 35 o ns 17
RETRANSMIT TIMINGS
tATC Retransmit Cycle Time 45 | — 50 — 65 —_ ns 5
AT Retransmit Pulse Width 35 —_— 40 — 50 — ns 5
{RTS Retransmit Set-up Time . 35 — 40 —_ 50 — ns 5
{ATA Retransmit Recovery Time 10 — 10 — 16 — | ns 5
PARALLEL MODE FLAG TIMINGS ]
{REF Read Low to EF Low B - 30 — 35 — 45 ns 6
{RFF Read High to FF High ] o 30 - 35 | — 45 ns 7
tRF Read High to Transitioning HF, AEF and FE-1 — 45 — 50 — 65 ns | 89,10
tRE Read Low to Transitioning AEF and EF+{ — 45 — 45 — 65 ns 11
{RPE Read Pulse Width after EF High 35 — 40 — 50 — ns 16
\WEF Wiite High to EF High —_ 30 — 35 — 45 ns [
AWFF Wirite Low to FF Low —_ 30 — 35 — 45 ns 7
tWE Write Low to Transitioning HF, AEF and FF-{ — 45 — 50 — 65 ns | 89,10
tWE Wiite High to Transltioning AEF and EF+1 — 45 —_ 50 — 65 ns 11
tweF Wiite Pulse Width after FE High 35 —_ 40 — 50 — ns 16
) 2753 thi 08
NOTE:
1. Values guaranteed by deslign, not tested.
55 ]




INTEGRATED DEVICE 4?E D WE 4825771 0009uk5 7 EEIDT
WA IV, W1 /21UG '
CMOS PARALLEL-SERIAL FIFO 2048 x 8-BIT & 4096 x 9-BiT MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC ELECTRICAL CHARACTERISTICS (Continued) . T-46~- 35
Commercial: Vcc = 5.0V £ 10%, TA = 0°C to +70°C; Military: Vo = 5.0V = 10%, TA =-55°C to +125°C)
Commerclal and Milltary
IDT72103x65 10T72103x80_ | IDT72103x120
IDT72104x65 IDT72104x80 | IDT72104x120 Timing
Symbol Parameter Min. | Max. | Min, | Max. | Min, | Max. | Unlt | Figure
fs Parallel Shift Frequency — 12.5 — 10 — 7 MHz —_
fsocp | Serdal-Out Shift Frequency —_ 33 — 28 — 25 fMHz| —
fstcp Serial-In Shift Frequency — 33 — 28 — 25 MHz | —
PARALLEL-OUTPUT MODE TIMINGS .
tA Access Time - 65 — 80 — 120 ns 4
{RR Read Recovery Time 15 — 20 — | 20 —_ ns 4
1APW Road Pulse Width 65 —_ 80 — 120 — ns 4
{RC Read Cycle Time 80 — 100 — 140 — ns 4
twiLz Write Pulse Low to Data Bus atLaw 2\ 15 —_ 20 — 20 — ns 15
1ALZ Read Pulse Low to Data Bus at Low !} 10 — 10 — 10 — ns 4
tAHZ Read Pulse High to Data Bus at High 2" — 30 — 35 — a5 ns 4
tov Data Valid from Read Pulse High 5 — 5 —_ 5 — ns 4
PARALLEL-INPUT MODE TIMINGS ,
10s Data Set-up Time 30 —_ 40 — | 4o —_ ns 3
{DH Data Hold Time 10 — 10 — 10 — ns 3
twe Write Cycle Time ) 80 — 100 — 140 —_— ns 3
fwew Write Pulse Width 65 — 80 — 120 - ns 3
{WR Write Recovery Time 16 — 20 — 20 — ns 3
RESET TIMINGS
{RSC Reset Cycle Time 80 —_ 100 —_ 140 — ns 2,18
tRs Resat Pulse Width 65 —_ 80 — 120 -— ns 2,18
{RSS Reset Set-up Time 65 — 80 —_ 120 — ns 2,18
tRSA Reset Recovery Time 15 — 20 — 20 — ns 217,18
RESET TO FLAG TIMINGS
1RSE1 Reset to EF, AEF, and EF+1 Low — 80 — 100 — 140 | ns 2
tasr2_ | Resetto HF, FF. and FF-1 Low — 80 — 100 — 140 | ns 2
RESET TO OUTPUT TIMINGS ~ SERIAL MODE ONLY _ .
tRsaL Reset Going Low to Qa-8 Low 50 — 65 —_ 105 — ns 18
tRSQH Reset Going High to Qo-s High 50 — 65 — 105 — ns 18
{RSBL Reset Golng Low to Do-s Low 50 — 65 — 108 -~ | ns 17
RETRANSMIT TIMINGS
{RTC Retransmit Cycle Time 80 — 100 — 140 — ns 5
{RT Retransmit Pulse Width 65 — 80 — 120 — ns 5
{RTS Retransmit Set-up Time 65 —_ 80 —_ 120 — ns 5
{ATR Retransmit Recovery Time 15 — 20 —_ 20 — ns 5
PARALLEL MODE FLAG TIMINGS )
tREF Read Low to EF Low — 60 — 60 — 60 ns 6
{AFF Read High to FF High — 60 — 60 — | &0 ns 7
{RF Read High to Transitioning RF, AEF and FF-1 — 80 — 100 — 140 | ns | 89,10
tRE Read Low to Transitioning AEF and EF+1 — | 80 — 100 — 140 | ns 11
tHPE Read Pulse Width after EF High 65 — 80 — 120 — ns 15
tWEF Write High to EF High — 60 — 60 — 60 ns 6
tWEF Wirite Low to FF Low — 60 — 60 —_ 60 ns 7
{WF Write Low to Transitioning HF, AEF and FF-1 —_ 80 — 100 — 140 [ ns | 8,910
twe Write High to Transitioning AEF and EF+1 — 80 — 100 — 140 | ns 1
tWPF Write Pulse Width after FF High 65 — 80 —_ 120 — ns 16
NOTE: 2753 M 09

1. Values guaranteed by deslgn, not tested.
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1DY72103, IDT72104

CMOS PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 8-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC ELECTRICAL CHARACTERISTICS . ) - T"/é - 35"
(Commercial: V66 = 5.0V £ 10%, TA = 0°C to +70°C; Military: Voc = 5.0V £ 10%, TA = -55°C ta +1 25°C)
Commerclal Military Mil, and Com'l.
' ] IDT72103x35 | IDT72103x40 | 1DT72103x50
. R - IDT72104x35 | 1DT72104x40 IDT72104%50 Timing
Symbot : Parameter - - Min. | Max, | Min. T Max. | Min. | Max. | Unit| Figure
DEPTH EXPANSION MODE TIMINGS )
tXoL Read/Write to XO Low — 35 -— 40 — 50 ns 13
tXCH Read/Writs to XO High - 35 — 40 — 50 ns 13
o] X1 Pulse Width 35 — 40 — 50 — ns 14
tXIR XI Recovery Time ] 10 — 10 — 10 — ns 14
1xis XI Set-up Time ] 15 — 15 — 15 — ns 14
SERIAL-INPUT MODE TIMINGS ,
ts2 Seria! Data In Set-up Time to SICP Rising Edge 12 - 12 | — 15 — ns 19
tH2 Serial Data In Hold Time to SICP Rising Edge 1 0 — 0 — 0 — ns | 19
1s3 SIX Set-up Time to SICP Rising Edge 5 — § — 5 —_— ns 19
154 W Set-up Time to SICP Rising Edge 5 — § — 5 — ns: 19
tH4 W Hold Time to SICP Rising Edge 7 — 7 — 7 — ns 19
tsicw Serial In Clock Width HighvLow 8 —_ 8 -— 10 —_ ns 19
1ss SU/PI Set-up Time to SICP Rising Edge a5 — 40 — 50 —_ ns 19
SERIAL-OUTPUT MODE TIMINGS
138 SOQ/PO Set-up Time to SOCP Rising Edge 35 — 40 _ 50 - ns 20
ts7 SOX Set-up Tima to SOCP Rising Edge § — 5 —_— [ — | ns 20
1s8 R Set-up Time to SOCP Rising Edge 5 — 5 — 5 —_ ns 20
{Ha R Hold Time to SOCP Rising Edge 7 - {7 — 7 —_ ns 20
tsocw | Serlal Out Clock Width High/Low 8 — 8 — 10 - ns 20
SERIAL MODE RECOVERY TIMINGS
tREFSO_| Recovery Time SQCP after EF Goes High 35 _— 40 — 80 — ns 22
tREFst | Recovery Time SICP after FF Goes High 15 — 15 — 16 — ns 23
SERIAL MODE FLAG TIMINGS )
tSOCEF | SOCP Rising Edgs (Bit 0- Last Word) to EF Low — 20 — 25 —_ 25 | ns 22
tsocFF_| SOCP Rislng Edge (Bit 0- First Word) to FF High — 30 — 35 — 40 ng 24
tSOcF | SOCP Rising Edge to FF-1, HF, AER High _— 30 — 35 —_— 40 | ns | 24,28
tsacF | SOCP Rising Edge to AEF, EF, EF+1 Low — 30 — 35 — | 40 ns | 22,26
tsicef | SICP Rislng Edge (Last Bit-First Word) to EF High — 45 — 50 — 65 ns 21
tsicFF__| SICP Rising Edge (Bit 1-Last Word) ta FF Low — 30 — 35 —_— 40 ns 23
tSICFE SICP Rising Edge.to EF+1, EF'High — 45 —_ §0 _ 65 ns | 21,25
tSICF SICP Rising Edge to FF-1, HF, AEF High — 45 — 50. — 65 ns | 23,25
SERIAL-INPUT MODE TIMINGS - )
01| SICP Rising Edge to DV - [ s 1 171 8 T 171 s T 20 ns|i719
SERIAL-OUTPUT MODE TIMINGS
tPo2 SOCP Rising Edge to Qi 5 17 5 17 5 20 ns | 20
tsoHz | SOCP Rising Edge to SO at High-ztV 5 16 5 16 5 16 ns | 20
tsoLz | SOCP Rising Edge to SO at Low-2(" 5 22 5 22 5 22 ns | 20
{sorD SOCP Rising Edge to Valid Data on SO — 18 — 18 — 18 ns 20
OUTPUT ENABLE/DISABLE TIMINGS .
foeHz | Output Enable ta High-Z (Disable)(? — 16 — | 18 — 16 ns 12
toELz | Output Enable to Low-Z (Enable)( 5 — 5 — 5 — ns 12
tAcE Output Enable to Data Valid (Qa-8) — 20 — 20 - 22 ns 12

NOTE: . - 2753.drw 10
1. Values guarantead by deslgn, not tested. .
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INTEGRATED DEVICE

10772103, IDT72104
CMOS PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT

y?E D W 4825771 0009467 O WEIDT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Continued) T4 -3s5
(Commercial; Vcc = 5.0V +10%, Ta = 0°C to +70°C; Military: Vcc = 5.0V +10%, TA = -55°C to +125°C)
Commerclal and Military
IDT72103x65 | IDT72103x80 | IDT72103x120
IDT72104x65 | IDT72104x80 | 1DT72104x120 . | Timing
Symbo! Parameter Min. | Max. | Min, | Max. | Min. | Max. | Unit | Figure
DEPTH EXPANSION MODE TIMINGS ]
XL, Read/Write to XO Low — 65 — 80 — 120 | ns | 13
XOH Read/Write to XO High — 65 - 80 — 120 | ns 13
x| XI Pulse Width 65 —_ 80 | — 120 — ns 14
XIR X1 Recovery Time 10 — 10 — 10 —_ ns 14
XIS X1 Set-up Time 15 — 15 — 15 — ns 14
SERIAL-INPUT MODE TIMINGS
152 Sarial Data In Set-up Time to SICP Rising Edge 15 — 20 ~ 20 — ns 19
tH2 Serial Data In Hold Time to SICP Rising Edge 0 — 5 — 5 — ng 19
tsa SIX Set-up Time to SICP Rising Edge ] —_ 5 — 5 —_ ns 19
154 W Set-up Time to SICP Rising Edge § — 5 — 5 —_ ns 19
tH4 W Hold Time to SICP Rising Edge 10 —_ 12 — 15 — ns 19
tSIcW Serial In Clock Width HighvLow 10 — 15 — 15 — ns 19
1S5 SVP! Set-up Time to SICP Rising Edge 65. —_ 80 — 120 —_ ns 19
SERIAL-OUTPUT MODE TIMINGS
1s6 SO/PO Set-up Time to SOGP Rising Edge 65 —_ 80 — 120 — ns 20
ts7 SOX Set-up Time to SOCP Rislng Edge 5 — | 5 — 5 — ns 20
tsa R Set-up Time to SOCP Rising Edge 5 - 5 — 5 —_ ns 20
[ R Hold Time to SOCP Rising Edge 10 — 12 — 15 — ns 20
tsoow | Seral Out Clock Width High/Low 10 — 15 — 15 - ns 20
SERIAL MODE RECOVERY TIMINGS
treErso | Recavery Time SOGCP after EF Goes High 65 — 80 — 120 e ns 22
{AFES Recovery Time SICP after FF Gaes High 18 — 20. — 20 — ns 23
SERIAL MODE FLAG TIMINGS
tsccer | SOCP Rising Edge (Bit 0- Last Word) to EF Low — 30 | — 30 — 30 ns 22
tsocFF | SOCP Rising Edge (Bit 0- First Word) to FF High e 50 — 60 - 60 ns 24 {
socf | SOCP Rising Edge to FF-1, HF, AEF High — 50 — 60 — 60 ns | 24,26
tsocF | SOCP Rising Edge to AEF, EF, EF+1 Low — 50 —_ 60 — €0 ns | 22,26
tsicEF | SICP Rising Edga {Last Bit-First Word) to EF High —_ 80 —_ 80 —_— 80 ns 21
tsicre | SICP Rising Edge (Bit 1-Last Word) to FF Low — 50 — 60 —_ 60 0s 23
tSicF SICP Rising Edge to EF+1, AEF High — 80 — 80 — 80 ns | 21,28
1sICF SICP Rising Edge to FF-1, HF, AEF High — 80 — 80 — 80 ns | 23,95
SERIAL-INPUT MODE TIMINGS
FD1__ | SICP Rising Edge to DY) | & 2% | & 30 | s 35 | ns | 719
SERIAL-OUTPUT MODE TIMINGS
1PD2 SOCP Rising Edge to 1! 5 25 5 30 5 as ns 20
tsoHz | SOCP Rising Edge to SO at High-2{" 5 20 5 25 5 30 ns 20
tsoL.z_ | SOCP Rising Edge to SO at Low-Z" 5 22 5 30 5 35 ns | 20
tsoro | SOCP Rislng Edge to Valid Data on SO — 22 5 30 5 35 ns 20
OUTPUT ENABLE/DISABLE TIMINGS
10EHZ | Output Enable to High-Z (Disable)'? — 20 — 25 | — 30 ns 12
1oELz | Output Enable to Law-Z (Enable)'! 5 - 5 — 5 — ns 12
tAOE Output Enable to Data Valid (Qo-8) —_ 26 -— 30 — 35 ns 12
NOTE: 2753 diw 11
1. Values guaranteed by design, not tested.
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GENERAL SIGNAL DESCRIPTION

INPUTS:
Data Inputs (Du -Ds)
Theparallel-inmodeis selected by connectlng the SI/Pipin
to Vce. Do-Ds are the data input lines. _
The serial-input mode is selected by grounding the SI/P1
pin. The Do-Ds lines are contral output pins used ta program
the serial word width.

Reset (RS) .

Reset is accomplished whenever the RS input is taken to
alowstate. Bothinternal read and write pointers are setto the
first location during reset. A reset is required after power up
befare a write operation can take place. Bath Read (R) and
Wirite (W) inputs must be high during reset.

Write (W)

A write cycle is initiated on the fa|||ng edge of W provided
the Full Flag (FF) is not asserted. Data set-up and hold times
must be met with respect to the rising edge of W, Data is
stored in the RAM array sequentially and independantly of any
on going read operation.

When the FIFO is full, the FF will go low inhibiting further
write operatlons to prevent data overflow. After a valid read
operation is completed, the FF will go high after tRFF allowing
a valid write to begin.

Read (R} _

A read cycle is initiated on the falling edge of R, provided
the EF is not set. Data is accessed on a first-in/first out basis
independent of any on going write operations. After R goes
high, the Data Outputs (Qo-Q8) go to a high impedance
condition until the next read operation. When all the data has
beenread from the FIFQ, the EF will go tow, and Qo-Qs will go
to a high impedance state inhibiting further read operations.
After the completion of a valid write operation, the EF will go
high after tWEF allowing a valid read to begin.

First Load/Retransmit (FL/RT)

Inthe depth-expansion mode, the FL/RT pinis groundedto -

indicate that it is the first device loaded. In the single-device
made, the FL/RT pin acts as the retransmit input. The single-
device mods is initiated by grounding the Expansion-In (X}
pin.

The 1DT72103/72104 can be made to retransmit data
when the RT input is pulsed low. A retransmit operation wilt
set the internal read pointer to the first location and will not
affect the write pointer. During retransmit, R and W must be
set high ard the FF will be affected depending on the relative
locations of the read and write pointers. This feature is useful
when less than 2048/4096 writes are performed between
resets. The retransmit feature is not available in the depth
expansion mode.

Expansion In (XI) - T- 46 - 35"

The Xl pin is grounded to indicate an operation in the the
single-device mode. In the depth expansion or daisy-chain
mode, the Xi pin is connected to the XO pin of the previous
device.

Output Enable (OE)
When OE is high, the parallel output buffers are tristated.
When OE is low, both parallel and serial outputs are enabled.

Serial Input (Sh)

Serial datais read into the serial input register viathe Slpin.
In both depth and serial width expansion modes, the serial-
input signals of the different FIFQs in the expansmn array are
connected together, .

Serlal Input Clock (SICP) :
Serial data is read into the serial input register an the nsmg
edge of the SICP signal. In both depth and serial width
expansion modes, the SICP signals of the different FIFOs in
the expansion array are connected together. .

Serial Output Clack (SOCP)

New serial data bits are read from the serial output register
ontherising edge of the SOCP signal. Inboth depth and serial
width expansion modes, the SOCP signals of the different
FIFOs in the expansion array are corinected together, ~

Serial Input Expansion (SIX)

The SIX pin is tied high for single-device serial or parallel
input operation. In a serial input configuration, the SIX pin of
the least sugnmcant device is tied HIGH. The SIX pin of all
other devices is connected to the Ds pin of the previous
device.

Serial Oulput Expansion (SOX)

The SOX pinis tied high for single-device serial or para!lel
output operation. |na serial oufput canfiguration, the SOX pin
of the least significant device is tied HIGH. The SOX pin of all
other devices is connected to the Qs pin of the previous
device. .

Serial/Parallel Input (SU/PY

The Si/Pl pin programs whether the IDT72103/72104
accepts parallel or serial data as input. When this pin is low,
the FIFO expects serial data and the Do-Ds pins become
output pins used to program the write signal and the serial
input word width. For Instarice, connecting Ds to W_will
program a serial word width of 7 bits; connecting D7 to W will
pragram a serial word width of 8 bits and so on. .
Serial/Parallel Output (S0/PO)

The SO/PO pin programs whether the IDT72103/72104
outputs paralle! or serial data. When this pin is low, the FIFO
expects serial data and the Qo-Qs pins output signals used to
program the read signal and the serial output word width.

10
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OUTPUTS:

Data Oufputs (Qo-Qs)

Data outputs for 9-bit wide data. These outputlines are in
ahighimpedance conditionwhenever Risina highstate. The
serlal output made is selected by grounding the SO/PO pin.
The Qo-Qs lines are control pins used to program the serial
word width,

Serial Output (SO)

Serial data is output on the SO pin. Inboth depth and serial
width expansion modes the serial output signals of the
different FIFOs in the expansion array are connected
together. Following reset, SO is tristated until the first rising
edge of the Serial Out Clack (SOCP) signal. Datais clocked
out least significant bit first. In the serial width expansion
mods, SO is tristated again after the ninth bit is output.

Full Flag (FF)

FF is asserted low when the FIFO is full. When the FIFO
is full, the internal write pointer will not be incremented by any
additional write pulses.

Full Flag - Serial In Mode

Whenthe FIFOisfoaded senally, the Serial In Clock (SICP)
asserls the FF, Onthe second rising edge of the SICP for the
tast word in the FIFO, the FF will assert low, and it will remain
asserted until the next read operation. Note that when the FF
is asserted, the last SICP for thatword will have tobe stretched
as shown in Figure 23.

Full Flag - Parallel-In Mode

When the FIFQ is in the Parallel-In mode, the falling edge
of W asserls the FF (low). The FF is then de-asserted (high)
by subsequent read oparations - either serial or parallel.

Full-Minus-One Flag (FF-1)

The FF-1 flag is asserted low when the FIFO is one word
away from being full. itwillremain asserted when the FIFO is
full.

Expansion Out/Haif-Full Flag (XO/H_)

In the single-device mode, the XO/HF pinoperatesasa HF
pin when the Xi pin is grounded. After half of the memory is
filled, the FF will be set to low at the falling edge of the next
write operation. It will remain set untit the difference between
the write pointer and read pointer is less thar or equal to one-
half of the FIFO total memory. The HF is then reset by the
rising edge of the read operation. -

__Inthe multiple-device mode, the Xi pinis connected to the
X0 pin of the previous device. The XO pin signals a pulse to
the next device when the previous device reaches the best
location of memary in the daisy chain configuration.

Almost-Empty or Almost-Full Flag (AEF) T %
The AEF asserts low if there are 0-255 or 1793-2048 bytes

_inthe IDT72103, 2K x 9 FIFO. The AEF asseris low if there

are 0-511 or 3585-4096 bytes in the IDT72104, 4K x 9 FIFO.

Empty-Plus-One Flag (EF+1)

In the parallel-output mods, the EF+1 flag is asserted low
when there is ane word or less in the FIFO. [t will remain low
when the FIFO is empty.

In the serial-output mode, the EF+1 flag operates as an
EF+2flag. Itgoeslowwhenthe second o thelastwordisread
from the RAM array and is ready to be shifted out.

Empty Flag (EF) - Parallel-Out Mode

When the FIFQ s in the parallel out mode and there is only
one word in the FIFO, the falling edge of the R line will cause
the EF line to be asserted low. This is shownin Figure 6. _The
EF is then de-asserted high by either the rising edge of W or
the rising edge of SICP, as shown in Figure 6.

Empty Flag - Serfal-Out Mode

The use of the EF is important for proper serial-out opera-
tion when the FIFO is almost empty. The EF flag is asserted
low after the first bit of the last word is shifted out. This is
shown in Figure 22.”

TABLE 1 — STATUS FLAGS

Number of

Wards in FIFO N R R RO N .
iDT72103 IDT72104 FF |FF-1|AEF | HF |EF+1| EF
0 0 H]lH]|JLJH]L]L

1 1 H|H{L]|H]LIH
2.258 2-511 H}H]L|H|HIH
266-1024 | 5122048 | H H H H H H
1025-1792 | 20403584 | H | H I H | L | 0 | H
1793-2046 | 3585-4094 H H L L H H
2047 4095 H]L]JL]IL|HI]IH
2048 4096 L L L L H H

NOTE: 2753 thi 12

i, EF+1 acts as EF+2 In the serial out mode.
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PARALLEL TIMINGS: ~ ' T-46-35
< tRSC - »
. tRs :
_ :
RS N : F
@ tRss - tRSR ———»;
 CXXKROXRRIF .
- trss » -

- tRSF1 - »
REF, 771, 7 QRGO OOOKKKX XXX AR
% tRSF2 »
7, R, 7. XXX KKK KX XXX KX KR XK XK X RRX KRN
NOTE: .. ) 2753 drw 05
1. All flags may change status during Reset, but flags will be valid at trsc. ] .
Figure 2. Reset
4 twe - tre - »
w Y &} m—
WK 7 N R X i N
l———— tWPW >4 twR P, l¢—— tRR———]
Do-8 ( - T
le-—1DS tDH ’
2753dw 08
Flgure 3, Write Operatlon In Paralle| Data In Mode {RHZ—¥
- 2753 dew 07
Figure 4. Read Operatlon In Parallel Data Out Mode
tR1TC
— tRT »
RT 5(’ 7F
tRTS— tATR —¥
wE XK | X
\ r
NOTE: 2753 drw 08

1. Allflags may change status during Retransmit, but flags will be valld at tc.

Figure 5, Retransmit
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A —Xt (')/—{;_\—_'T—-" Hé- 35
—_— i r'——
- trer(® E‘F—__—i

" N o N

tWEF

NOTES: 2763 drw 09

1. Datalsvalidonthls edge. . _
2. The Emply Flag Is asserted by R In the Parallel-Out mode and Is specified by tRer. The EF flag Is deasserted by the rising edge of W.
3. Firstrising edge of Write after EF is set,

Flgure 6. Empty Flag Timings In Parallel Out Mode

WX | /__“_\__

F } A
tAFF \_-;

Dl

| tWFF
NOTE: 2753drw 10

1. For the assertion time, twrF Is used when dala s wrltten In the Paralle! made. The FF Is de-asserted by the rlsing edge of R,

Figure 7. Full Flag TImings In Parallel-in Mode

twr : twr
) sl; / W { /
tRF — tRF
R \ 7F R \ ) 7|Z
REF ey £ Xt A - X Aes £
2753 dew 11 2753 drw 12
Flgure 8. Almost-Empty Flag Reglon . Figure 9, Almost-Full Flag Reglon
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o — ToH 5

AF, FF 1 3[
F—tRF
3 2753 diw 13

Figure 10. Half-Full and Full-minus-1 Flag Timings.

s

EF+1
tws—j
W .
2753drw 14

Flgure 11. Empty+1 Flag Timings

T

tac - ol

N

( TERMINATE READ GYCLE
OE \ k SECOND READ BY CONTROLLING GE.

[e—1RL2 v
Qo8 g

2753 dw 15
Figure 12. Output Enable Timings
WRITE TO

— LAST PHYSICAL

w LOCATION

READ FROM
— LAST PHYSICAL
R LOCATION
txoH
txoL tXoH
2783 drw 16

Figure 13. Expanslon-Out
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T-46- 35

txi

Xi
txis WRITE TO
_ FIRST PHYSICAL
W LOGATION
' READ FROM
= FIRST PHYSICAL

LOCATION

2573 dw 17
Figure 14. Expanslon-In

DATAIN :)

T\ f
— -— .tRPE
R
EF 7
|4 tWEF ——t—b tREF
A

P S

twiz—»
YAVAVAVAVAVAVAV,Y,
DATAouT _ XOOOOOOOKK  DATAoUTVALID
2753 dew 18
Figure 15. Read Dafa Flow-Through Mods
R X
l———twPF—»,
w i
: |<—-tnFF —
FF v _
[¢——— t WFF —» [e—tDH
DATAIN DATAIN VALID ¥——
j—tA ——al = t D8 ———n}
DATAOUT X’X‘X‘ DATAIN VALID QXQXQI
2753 diw 18

Flgure 16, Write Data Flow-Through Mode
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SERIAL TIMINGS: N ' T- Ll.é -35
< tas— > . 7
RS X s
l&———1RSS LD » tAsA 0 i
sce. SXXXOOORRRGF @ (AN AWWANVAREN
0 1 ! 4

PO
Do

ore XXOOOKKKKKKK

< tAsoL

~»{tPO1

2753dw 20

NOTE:
1. SICP should be In the steady fow aor high durlng trss. The first low-high (or high-low) transition can begin after tasr.

Figure 17. Reset Timings for Serlal-in Mode

< tAsc
< tAs

s \ £
l¢—— - tRSS ———pie—— tRSA —»
soce JRAXRN \

. \ 7
Qo-8 N i .
tRsaL [¢—————1RsaH 2753 drw 21
NOTE!

1. SOCP should be In the steady low or high during trss. The first low-high (or high-low) transition can begin after trss.

<

) 7

1

) \

-

Flgure 18, Reset TImings for Serlal-Out Mode
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T-46-35"

n - 1(1)
SICP 7
sip®
tss
SiX
e tS3
|
tsz tH
Di
e trD 1s4@ v thatd
— - P2
w N (c

P
2753 dw 22

NOTES:

1. For the stand alone made, N 2 4 and the Input bits are numbered 0 to N-1. .

2, For the recommended Interconnections, Di s to be directly tied to W and the ts4 and tH4 requirements will be satisfied. For users that modify W
externally, ts4 and tH4 requirements have to be met.

3. After SI/PLhas been set up, It cannot be dynamically changed; it can only be changed after a reset aparation.

Flgure 19. Write Operation In Serial-In Mode

SOCP _-\__7
l¢———1S0CP———d]

sopott
t96 ——— i

S0X
ts7
Qi
e——tPD2 —»| 158 ths
{C
P P
R cc.
P
S0 ()
tsoHzZ
SO
(3)
le— tsoLz
tsoro | 2753 drw 23

NOTES:
1. After SO/PO has been set up, it cannot be dynamically changed; it can only be changed after a reset operation,
2. For single devica: Read out the last bit befare EF Is assertad.

For Setlat Width Expansion mode: Read out the last bit of the current memory location from the active device.
3. For single device: The operation starts after Reset.

For Serial Width Expansion mode: Read the first bit of the curtent memory lecation from the active device,

Flgure 20. Read Operation In Serlal-Qut Mode
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THIRD
4— SERIAL-IN
. WORD
[}
SicP A T-46- 35
Dn-i=W \ .
tPDi >
EF
{REF tSICF -9
EF+1
tRE
- 1
" (1

2753 drw 24

NOTES:

1. Parailel Read shown for reference only. Can also use serial output made.

2, The Empty Flagis de-asserted after the N1 rising edge of SICP of the first serlal-In word. In the Serial-Qut made, a new read operation can begin
tReFs0 after EF goas HIGH. In the Parallsi-Out made, a new read operation can oceur immedately after FF gaes HIGH. X

3, The EF+1 Flag Is de-asserted after the N-1 rising edge of SICP of the second serlal-In word. T

Figure 21. Empty Flag and Empty+1 Flag De-assertion In the Serlal-In Mode

SERIAL SERIAL ol LASTSEAIAL -
““'—wonm\‘—"‘— WORD B « WoRp ————™

1 n-2 n-1 0 i -n2 o-1 0 1 n-2 n-1 0 i

/

tSOCEF " le—»] tREFSO

=  / « .. @ —

o tWEF
— @
w W AN

WORD WORD THIRD : -
A 8  WORD .

2753 drw 25

NOTEs-

Paralle! write shown for reference cnly. Can also use serlal Input mode.

2. The Empty Flag (EF) Is asserted In Serfal-Out mods by using the tsocer parameter. This parameter Is measured in the worst casa candition from
the rising edge of the SOCP used to clock data bit 0. Whenever EF goes LOW, thera is only one word to be shifted out. in the Parallel-n mode, the
EF flag Is de-asserted by the rising edge of W, In the Serlal-In moda, the EF flag is de-asserted by the r|smg adge of W.

3. Flrst Write risng edge after EF Is set.

4. SOCP should not be clacked until EF goes HIGH. . .

Flgure 22, Empty Flag and Emptys+1 Flag Assertion in the Serlal-Out Mode (FIFO Belng Emptied)

. R e L el T s
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NEXT TO LAST LAST SERIAL T - 35
4 SERIAL woan—>|‘— —’l - yé

0 1

w__ ANNAAAANA 7 aVAN

-0 /M /A \__

tsicF R -
FF
: tsSICFF - tRFFSH
—_— 4] o ’ y
FF / . . A
tRFF
- 2
R \
NOTES: 2753 dow 26

1. The Full Flag Is asserted In the Serial- ln mode by using the tsicre parameter, This parameter is measured In the worst case condition from the rising
edge of SICP followed by a {trp1+twrr) delay from the first rising edge of SICP of the last word.

2. Flist Read rising edge after FF Is set.

3. SICP should not be clocked until FF goes HIGH.

Flgure 23. Full Flag and Full-1 Flag Assertlon In the Serlal-In Mode (FIFO Being Filled)

FIRST SECOND
(< SERIAL-OUT WORD -1~ SERIAL-OUT WORD

n-1 0 i n~T

Qn+1=R . /_ _\ / \

) tPD2 @

l<—tWFF tsocFF tSOCF}et (@

|
n
KN

twr

=l

2753 drw 27

NOTES!

1. The FIFO s full and a new read saquence Is started,

2, On the firstrising edge of SOCP, the FF is de-asserted. In the Serial-In made, a new write operation can begin following taeFst after FF, goes HIGH,
In the Parallel-In mods, a new write operation ¢an occur Immediately after FF goes HIGH.

3. The FF-1 flag is de-asserted after the first SOCP of the second serial word.

Flgure 24. Full Flag and Full-1 Flag De-assettion In the Serial-Out Mode
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— A -
\_ /] T=-44-35
HF HALF-FULL + 1 HALF-FULL (172) HALF-FULL + 1
tar tsicr 1 et 0
tsick

S ALMOST-FULL +1 y ALMOST-FULL + 1
AEF (7/8 Full + 1) AL%?-?;uBULL (7/8 Fui + 1)

tar
ACE ALMOST-EMPTY ALMOST-EMPTY -1 ALMOST-EMPTY
AEF (1/8 Ful)) {1/8 Full-1) (1/8 Ful))

2783 drw 28

Flgure 25. Half-Full, Aimost-Full and Almost-Emply Timlngs for Serial-In Mode

w X /
HE HALF-FULL (1/2) HALF-FULL. +1 HALF-FULL (1/2)
- tWF t‘s:oc 5 1 =1 o
tSOGF f—
— ALMOST-FULL ALMOST-FULL + 1 ALMOST-FULL
AEF (778 Fuli (718 Fulls1) {778 Full)
tWrF

AEF ALMOST-EMPTY

ALMOST-EMPTY -1
{118 Fyli-1)

(178 Full)

ALMOST-EMPTY ~ 1
(1/8 Full=1)

2753drw 29

Figure 26. Halt-Full, Aimost-Full and Almost-Empty Timings for Setal-Gut Mode
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OPERATING DESCRIPTION

PARALLEL OPERATING MODES:
Parallet Data input

By setiing S/P1 high, datais written intoths FIFQin parallel
through the Do-Ds input data lines.

Parallel Data Output

By setting SO/PO high, the parallel-out mode is chosen. In
the parallel-out mode, as shown in Figure 4, data is available
tA after the falling edge of R and the output bus Q goes mto
high impedance after R goes high.

Alternately, the user can access the FIFO by keepm_g Rlow
and enabling data on the bus by asserting OE. When F Rislow,
the OE is high and the output bus s tri-stated. When Ris high,
the output bus is disabled irrespective of OE. The enable and
disable timings for OE are shown in Figure 12.

HALF-F

Single Device Mode T- 45 35

A single |D172103/72104 may be used when application
requirements are for 2048/4096 words or less. The IDT72103/
. 72104 is in the Single Device Configuration when the Expan-
sion In (XI) contral input is grounded (See Figure 27) In this
mode, the HF/XO is used as an Half-Full ﬂag o
Width Expanslon Mode
Word width may be increased smply by connecting the
corresponding input contral signals of multiple devices. Status
flags can be detected from any one of the connected devices.
Figure 28 demonstrates an 18-bit word width by using two
IDT72103/72104s. Any word width can be attained by adding
additional 1DT72103/72104.

ULLFLAG
oo AF ’ Vee
l (SIiPIy f (SO/PO) | : e
WRITE W) ARGIE READ
) L 49 .y
DATAN m L WALILET; :
JULLFLAG  (FR) EP) _EMPTY FLAG,
<FULL-MINUS-ONE (FF-1) (EF+1) EMPTY-PLUS-ONE .
LALMOSTFULL  (AEF) (AEF} _ ALMOST EMPTY, .
RESET (RS) (RT) RETRANSMIT
7 7| {OE) - OQuPUTENABLE
“ EXPANSIONIN (X) _T_ ‘28734 30

Figure 27. Block Dlagram of Single 2048 x 9/4086 x 8 FIFO In Parallel Mode
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CMOS PARALLEL-SERIAL FIFO 2048 x 9-BIT & 4096 x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

INPUT CONFIGURATION TABLE T-—‘f-é- 35—
Serlal Input ]
Wldth Expanslon
Parallel Single Least Significant All Other Most Significant
Pin Input Device Device Devices Device
Sipl HIGH Low LOW LOW LOW
S| HIGH Input Data Input Data Input Data Input Data
sicp HIGH Input Clock Input Clock Input Clock Input Clock
SIX HIGH HIGH HIGH Ds of next least Ds of next least
) ~ significant device significant device
W Write Control Di Di of most Di of most Di of most
significant device significant device significant device
Do-Da Input Data No connect No connect except Da No connect except Ds No connect except Di
oxcept Di
pilt! — W — — W of all devices
Ds — — SiX of next most SiX of next most —_
significant device significant device
NOTE: 2753 {13

1. Direfers to the most significant bit of the serlal word. If multi

device.

OUTPUT CONFIGURATION TABLE

ple devices are width cascaded, Di Is the most significant bit from the most significant

Serlal Output
Wldth Expanslon
Paralle! Single Least Signlficant All Other Most Slignificant
Pin Qutput Device Device Devices Device
50/PO HIGH Low Low Law LowW
SO — Qutput Data Output Data Output Data Qutput Data
SOCP HIGH Qutput Clock Output Clock Qutput Clock OQutput Clock
SOX HIGH HIGH HIGH Qs of next least Qs of next least
significant device significant device
R Read Control Qi Qi of most Qiof most Qi of most
significant device ~ significant device significant device
Qo-Qs Qutput Data No connect No connect except Qs No connect except Qs No connect except Qi
except Di :
ai) — R — — R of all devices
Qs — — SOX of next most SOX of next most —
significant device significant device
NOTE: 2753 tbl 14

1. Q refors to the most slgnificant bit of the serlal word. It mult]

device,

ple davices are width cascaded, Qi is the most significant bit from the most significant
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— _ T—4-35"
LANN ToF o teE
DATAIN /(D) 1:> SO/PO Veo
7 7 . (&0, __ ouTtPuT
_ (SO/PQ) : (OE) ENABLE

WRITE (W) T =

EULLFLAG FF) | T N " (B)_READ

) 04 T | EF) EMPTYFLAG

------ [2103/04| @T) RETRANSMIT
_ 9y _ ’ )
Voo BiPi) w4 &Py
Tw I®
= - (Q) DATAouT
18/
2753 dow 31
NOTE: .
1. Flag detection Is accomplished by monitoring all the flag signals of either (any) device used in the width expansion configuration. Do not connect any
flag signals together.
Flgure 28. Block Dlagram of 2048 x 18/4086 x 18 FIFO Memory Used In Width Expanslon In Parallel Mode

TRUTH TABLES

TABLE 2: RESET AND RETRANSMIT —
SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION IN PARALLEL MODE

tnputs(@ Internal Status( Outputs
Mode [ Rs FC Xi Read Pointer Write Polnter AEF, EF FE HF
Reset 0 X 0 Location Zsro Location Zero 0 1 1
Retransmit 1 0 0 Location Zero Unchanged X X X
Read/Write 1 1 0 Increment(" Increment!”) X X X
NOTES: 2753t 15

1. Polnter will Increment {f approprlate flag Is HIGH. __ _ .
2. RS = Resst Input, FURT a Flrst Load/Retransmit, EF = Empty Flag Output, FF « Full Flag Output, Xt = Expanslon Input.
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Depth Expanslon (Daisy Chain) Mode " 2, All other devices must have the FL pin in the high state.
The IDT72103/4 can be easily adapted to applications 3. The Expansion Qut (XO) pin of each device must be tied
where the requiramentsare for greater than 2048/4096 words. to the Expansion In (XI) pin of the next device, See
Figure 29 demonstrates Depth Expansion using three ~ Figure 29. - )
IDT72108/4s. Any memory depth can be attained hy adding 4. External logic is needed to generate a camposite Full
additional IDT72103/4s, The IDT72103/4 operates in the Flag (FF) and Empty Flag (EF)._This requires the OR-
Depth  Expansion configuration when the following condi- ing of all EFs and OR-ing of all FFs (i.e., all must be set
tions are met: ' to generate the correct composite FF ar EF), See Figure

1, The first device must be designated by grounding the 29, . .
First Load (FL) contral input pin. 5. The Retransmit (RT) function and Half-Full Flag (HF) are
: . niot avallable in the Depth Expansion mods.
T~44-35
_ X0 -
w — — R
FE {EF _
9, [ 9, DT _l 9,
C— 4 — /] 72103104 [ — A9
i . | = . Voo
—— | XT
X0
p—] — —-— ) . . .
—_— FF EF b | e
o —C e | ) D—eEEv
R | o] 72103004 . LT e e
. i X0 ) .
. 9, 10T
) T L7 72103/04
— FL
e - 1
Xr = 2753 diw 52

NOTE: .
1. SIPland SO/PO pins are tied to Vce.

Flgure 29. Block Dlagram of 8,144 x 9/12,288 x 9-FIFO Memory; Depth Expanslon In Parallel Mods
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Bidirectional Mode achieved by pairing IDT72103/4 as shown in Figure 30. Both
Applications requiring data butering between twasystems  Depth Expansion and Width Expansion may be used in this
(each system capable of Read and Write operations) canbe mode:.

) T-44-35
+— Rpg
Wa —» —» EFB
FFa <— —
72103/04] OF
DAo-8 QBo-8
SYSTEM A { SYSTEM B
QAo-8 Dgo-8
= DT _
OE —*72103/04]«—Wa
Ra—*1 e
HFA < 8 2573dw 33
EFA +—
NOTE: .
1., Si/Pland SO/PO pins are tied to Vco.
Figure 30. Bidirectional FIFO Mode
Compound Expanslon Mode
The two expansion techniques described above can be
applled together in a straightforward manner to achieve large
FIFO arrays (see Figure 31).
Qo—Qs Qo-~-Q17 e 0@ Qn-8-QN >
Qo-Q _ Qg-Q17 i Qn-8-Qn
o IDWSE(%-;B#{%M lDT7[2)1E(I§3'I/'I7—?1 04 lDWI%1E?331q—{2104
R/W, RS— ExpANSION *| expansion [ ®®® 7" ExPANSION
BLOCK BLOCK BLOCK
Do-Ds . Da-D17 Dn-8-DN
Do-DN Do-DN  D1s~DN ® @ @ DN-s-DN
2753 dw 34
NOTE: .
1. SI/Pl and SO/PO pins are tied to Vce.
2. For depth expansion block see DEPTH EXPANSION Section and Figure 29.
3. For Flag Datection see WIDTH EXPANSION SECTION and Figure 28,
Figure 31. Compound FIFO Expanslon
55 ) 25
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TABLE 3: RESET AND FIRST LOAD TRUTH TABLE —
DEPTH EXPANSION/COMPOUND EXPANSION MODE

4?E D M 4425771 0009484 0O EEIDT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

’T~4é—3s‘_.

Inputs® Internal Status Outputs
Made RS FL Xi Read Pointer Write Polnter EF FF

Reset-First 0 0 1) Location Zero Location Zero 0 1

Device ’ .

Retransmit all 0 1 (1) Location Zero Location Zero 0 1

Other Devices T

Read/Wiite 1 X 1) X X X X

NOTES: 2753l 16

1. Xl Is connected to XO,of previous device.

2. RS = Reset Input, FUAT = First Load/Retransmit, EF = Emply Flag Guput, FF = Full Flag Output, Xi = Expansion Input.

SERIAL OPERATING MODES:

Serlal Data Input -

The Serial Input mode Is selected by grounding the SirPI
line. The Do-8 lines are then outputs which are used to
program the width of the serial word. They are taps offa digital
delay line which, are meant for connectian to the W input. For
instance, connecting Ds to W will program a serial word width
of 7 bits, connacting D7 to W will program a serial word width
of 8 bits and so on.

By programming the serial word width, an economy of
clock cycles is achieved. As an exampls, if the word width is
6 bits, then on every 6th clock cycle the serial data register is
writtenin paralletinto the FIFO RAM array, Thus, the possible
clock cycles for an extra 3 bits of width in the RAM array are
not required.

The SIX signal is used for Serial-In Expansion. When the
serial word width is 9 or less, the SIX input must be tied HIGH.
When more than 9 bits of serial word width is required, more
than one device Is required. The SIX input of the least
significant device must be tied HIGH. The Ds pin of the least
significant device must be tied to SIX of the niext significant
device. In other words, the SIX input of the most significant
and intermediate devices must always be connected fo the Ds
of the next least significant device.

Figure 32 shows the relationship of the SIX, SICP and
Do-8 lines. In the stand alone case {Figure 32), on the first
LOW-to-HIGH of SICP, the D1-7 lines go LOW and the DO line
remains HIGH. On the next SICP clock edgs, the D1 goes

HIGH, then D2 and'so an. This continues until the D line, which
is connacted to W, goes HIGH. Onthe next clock cycle, after
Wis HIGH, all of the D lines go LOW again and a new serial
word input staris.

in the cascaded case, the first LOW-to-HIGH SICP clock
edge for a serial word will cause all timed aulputs (D) to go
LOW except for Do of the least significant device. The D
outputs of the least significant device will go high on consecu-
tive clock cycles until Ds. When Ds goes HIGH, the SIX of the
next device goes HIGH. On the next cycle aiter the SIX input
Is brought HIGH, the Do goes HIGH; then on the next cycle D1
and so an. A Dr output from the most significant device is
issued to creata the W for all cascaded devices.

The minimum serial word width is 4 bits and the maximum
is virtually unlimited.

Wheninthe Serial mode, the Least Significant Bit of a serial
stream is shifted in first. It the FIFO output is in the Parallel
mode, the first serial bit will come out on Qo. The second bit
shiftedinison Q1 andsoon. - ’

In the Serial Cascade mode, the serial input (Sl pins must
be connected together. Each of the devices then receives
serial information together and uses the SIX and De-s lines to
determine whether to store it or not.

The example shown in Figure 34 shows the interconnec-
tions for a serializing FIFO that transfers data to the internal
RAM In 16-bit quantities (i.e. every 16 SICP cycles). This
corresponds to incrementing the write pointer every 16 SICP
cycles.
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SINGLE DEVICE SERIAL INPUT CONFIGURATION ’ 'T'-‘;L é -35"
GE‘ID Vee
SERIAL-IN CLOCK —— Sicp ~ SUPI §oro
SERIAL-IN DATA — S| IDT72103/4 Qo7 |2 »
Vec ———» SIX - 8
W Do D1 D2 D3 D4 D5 Ds D7 Ds

AR ERER

Do=1

o\ / \/
o \_/ _/
N\ / ./
\
/N
/\
/\

o\ a
o\
o\
"\

;;Jrrrr

2753 drw 35

Flgure 32. Serial-ln Mode Where 8-Bit Parallel Qutput Data is Read

SERIALDATAIN  DATA IN/TIMED
OUTPUTS

TS Do-s
{k
SERIAL-INPUT , 1
cLOCK RGTR
a
94
MUX - +— SIPI
_ DELAYED l
Wy TIMING DATA IN TO
GENERATOR |—» . FIFO RAM
I o 2753 drw 36

Figure 33. Serlal-Input Circuitry
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SERIAL INPUT WIDTH EXPANSION T-4-35
GND Vee GIID Vic
SER 8,'; 1'-% st SIPi gO/P | SIiPi gO/P
SERIAL-IN - IDT72103/104 - 1DT72103/104
CLOCK sicp FIFO #1 sice FIFO #2
Veo siX siX
Qos W Ds w Ds Qo6
s ] 7
I RQI
16¥BIT
PARALLEL
OUTPUT
0 1 7 8 10 14 15 0

SV AVAWAVAWVAWAWEWAWA

D8 OF FIFO #1
AND SIX OF
FlFO #2

(4

LC

/

D8 OF FIFO #2
AND W OF

P2

(4

/T \

FIFO #1 AND
FIFQ #2

"

2753 diw 37

Figure 34, Serlal-in Contiguration for Setial-In to Parallel-Out Data of 16 bits

SERIAL INPUT WITH DEPTH EXPANSION

> Qo-7

Voo B
aND—{ &UPI s0/PO Qo
Voo — SIX R </
R IDT72104 °
= SOX Sl SlcP XOX D7 l
Vee
sicp + iL
—\ee
GND—J SUPI S0/PO X1 X0 Qor
SiX A le—
V_[; FLRT IDT72104 -
“l sox s siop D7 |
Vec 2753 drw 38
sl

NOTE:

1. AlISTPI pins are tied to GND and SO/PO pins are tied to Voo, OFE is tied LOW. For FF and EF connections see Flgure 29.

Flgure 35, An 8K x 8 Serlal-In, Parallél-Out FIFO
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SERIAL INPUT WITH WIDTH AND DEPTH EXPANSION T-b6-35
SERIAL
DATA IN -
T | | ]
sIX S8l Ds __ siX 8. Ds sIX Sl Ds
W fe— W je— w
o sicP [DT72104 5 SICP |DT72104 5 M sICP IDT72104 5
Qos XiXO Qos X XO Qos Xi XO
we—m | — n L4
SIX st De XOXi _. SX sl Ds XOXI _. 18X s DsXOX
ity e Tt "
sicp 04 _ SicP _ sicP _
CLOGK IDT721 Ak IDT72104 = IDT72104 A READ
Qo-8 - Qo8 Qo5
4 r - . 4
Pos . Pg.17 - Pig-23 -
“ - 2763 6w 39
Y
PARALLEL DATA OUT
NOTE: - -

1. AISTPI plns are tled to GND. SO/PO plins are tied to Veo. For FF and EF connections ses Flgure 29,

Figure 36. An 8K x 24 Setlal-In, Parallel-Out FIFO Using Six IDT72104s

Setrlal Data Output

The Serial Output mode is selected by setting the SO/PO
line low. When in the Serial-Out mods, ane of the Q1.8 lines
should be used to control the Rsignal. Inthe Serial-Out mode,
the Q-8 are taps off a digital delay line. By selecting one of
these taps and connecting n to the Input, the width of the serial
word to be read and shifted is programmed. For instance, if
the Qs line is connected to the R input, on every sixih clock
cycle anewword is read fram the FIFO RAM array and begins
to be shifted out. The serial word is shifted out Least
Signiticant Bit First. If the input mode of the FIFQ is paralle!,
the information that was written into the Do bit will come out as
the first bit of the serial word. The second bit of the serial
stream will be the D1 bit and so on.

Inthe stand alone case, the SOX line is tied HIGH and not
used. Onthe first LOW-to-HIGH of the SOCP clock, all of the
Q outputs except for Qo go LOW and a new serial word-is
started. On the next clock cycle, Q1 will go HIGH, Q2 on the
next ¢clock cycle and so on, as shown in Figure 37. This
continues until the Q line, which is connected to R, goes HGIH
at which paint all of the Q lines go LOW on the next clock and
a new word is started.

In the cascaded case, word width of more than 9 bits can
be achieved by using mare than one device. By tieing the SOX
line of the least significant device HIGH and the SOX of the
subsequentdevices to Qs of the previous devices, a.cascaded
serial word is achieved. Onthefirst LOW-to-HIGH clock edge
of SOCP, all the lines go low except for Qo. Justasinthe stand
alone case, on each consecutive clock cycle, each Qline goes
HIGHinthe order of leastto mostsignificant. WhenQ8(which
is connected to the SOX input of the next device) goes HIGH,
the Do of that device goes HIGH, thus cascading from one
device to the next. The Q line of the most significant device,
which programs the serial word width, is connected to all R
inputs.

The Serial Data Output (SO) of each device in the serial
word mustbe tied together. Since the SO pinis tri-stated, only
the devica which is currently shifting outis enabled and driving
the 1-bit bus.

Figure 39 shows an example of the interconnaections fora
18-bit serialized FIFO,
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SINGLE DEVICE SERIAL OUTPUT CONFIGURATION T - L)Lé - 35"

Vco  GND PARALLEL DATA IN
bl }

SERIAL-OUT CLOCK ———» sSocP 8Pl 80/P0 Do

SERIAL-OUT DATA +———| SO IDT72103/4 5 l—»anD

Voo ————» SOX
R Qo Q1 Q2 Q3 Q4 Qs Qs Q7 Qe

LEREREEER
6 6

7 ] 1 2 3 4 5 6 7 1]

Qe

Q7_\
"\

;;Jrrrr

g
H
&

NOTE:
1. Inputdata is loaded In 8-bit quantities and read out serlally.

Flgure 37. Serlal-Qut Contiguration

r o ey R—
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SOCP-SERIAL OUTPUTFROM . - -
OUTPUT CLOCK RAM ARRAY T 45 35
;L J ] Soro
_ DELAYED of
Ry RPN, SR CONTROL
|| ewrcurr
== SERIAL-OU SERIAL-
SO/PO MUX RgeléTERT 821'[APUT
gt (sO)
PARALLEL-OUT DATA/
TIMED QUTPUT Qo-2 2753 drw 41
Figure 38. Serlal-Output Circuitry
PARALLEL DATA IN
16-BITS WIDE
o SERIAL-OUT
Voo GND D4TA 7 Ve GND
| |
Dos SUPI SO/PO Dos SUPI SO/PO
s0 SO
SERIAL-OUTPUT _____lsocp  FIFO# socp  FiFO#2
CLOCK
Vee SOX _ SOX
R Qe R Qs
[1] 1 7 8 9 10 14 15 ]
Q gOF FIFO #1 {5
AND SOX OF . / \
FIFO #2 p)J
Qs OF FIFO #2 ’ _
AND R OF FiFQ e / \
#1 AND FIFO #2 I

2753 6w 42
NOTE: :
1. The parallel Data Inlis tied to Do-s o FIFO #1 and Do-6 of FIFO #2.

Flgure 39. Serial-Output for 16-Bit Parallel Data In
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SERIAL OUTPUT WITH DEPTH EXPANSION - L T -4-35

Do7

- =
4
4
s

[ roAT IDT72104

SOX SO socP XO Xi ar I

SOCP »-

X1 X0 De7 _
Wie—
v_: EL/RT IDT72104 N
| sox so socp o R l
Voo | ) N _
so e 2753 dw 4

NOTE; —_— =
1. AILSI/PI pins are tled to Vco and SO/PO pins are tied to GND. OF Is tied LOW, For EF and EF connections ses Figure 17,

Flgure 40. An 8K x 8 Parallel-In Serlal-Out FIFO

~ SERIAL IN AND SERIAL OUT WITH WIDTH AND DEPTH EXPANSION

, slcp -+ —
“ St i
SIX Sl sicP Ds sIX S| sicP Ds
| FURY . W L|FRT. U
=1 FE IDT72104 ST DT72104
cc | SOX sO socP XO Xl as SOX SO SocP XO XI Qs
FULL LT b t T
FLAG
EMPTY Voo | |
Veo | sIX Sl SICP Xi X0 Ds SIX 8! SICP XI XO Ds
At Wi~ _[]FURT : wi*
FF iDT72104 ~ -~ _| T IDT72104
EF R[* . e
Vco | SOX SO SOCP Qs _ SOX SO SOCP Qs
SOCP + ] '
SO« 2753drwda4 -
NOTE:

1. AlIRS pins are connacted together. All OE pins are connected LOW, All SU/PJ and SO/PO plns are grounded.

Flgure 41. 128K x 1 Serlal-In Serlal-Out FIFO
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