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1.0 Description

The ALACAOL/AL4ACA02/ALACAQ3/ALACAO4/ALACAOQS series memory products are high-
performance, low-power 9-bit read/write FIFO (First-In-First-Out) memory chips. They are
specially designed to buffer high speed streaming data for a wide range of communication
applications, such as optical disk controllers, Local Area Networks (LANs), SONET (Synchronous
Optical Network).

The reads and writes are sequential access by using of ring pointers, with no address lines required
towrite and read data. Dataistoggled in and out of the devices through the use of the Write (/W)
and Read (/R) ins. The devices have a maximum data access time as fast as 25ns.

The devices utilize a 9-bit wide data array to allow for control and parity bits at the user’s option.
Thisfeature is especialy useful in data communications applications where it is necessary to use a
party bit for transmission/reception error checking. They also feature a Retransmit (/RT) capability
that allows for reset of the read pointer to itsinitial position when /RT is pulsed LOW to allow for
retransmission from the beginning of data. A Half-Full Flag is available in the single device mode
and width expansion modes.

The AL4ACA01/02/03/04/05 are designed and fabricated using state of the art technology.

2.0 Features

512 x9-bit cell array (AL4CAO01) - Auto-retransmit support

1,024 x9-bit cell array (AL4ACAQ2) - Empty, Full and Half-Full flags
2,048 x9-bit cell array (AL4CAO03) support

4,096 x9-bit cell array (AL4ACA04) - 3.3V power supply with 5V tolerant
8,192 x9-bit cell array (AL4CA05) - Avallableina32-pin PLCC

12 nsread/write cycle time

Asynchronous data access

Independent Read and Write operations

3.0 Applications

Routers

ATM switches

Cable modems

Wireless base stations

SONET (Synchronous Optical Network) multiplexers
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4.0 Chip Information

4.1 Marking Information

X
X
X
X
X

XXXX
24502

4.1 Ordering Information

Part Number: X =1, 2, 3,4,5as
AL4CAO01, ALACA02, AL4CAO03,
AL4CA04, ALACAD5

Package: XX =
J: PLCC
PF: TQFP
TF: STQFP
BB: fpBGA

Speed Grade: XX =-12, -15 ..

Version Number: X = A, B, C..

Lot Number

Date Code

The ordering information for ALACAOL/AL4CA02/AL4CAOQ3/ALACAO4/ALACAOQS are:

Part number Package Power Supply Status
ALA4CA01/02/03/04/05 (A-12-J) 32-pin plastic +3.3V+10% Samplein Aug., 2001
PLCC

5.0 Pin-out Diagram

The ALACAOL/ALACA02/ALACAO3/ALACAO4/ALACAOLS pin-out diagram is following:

Q3 [|| 14 4[] b3

Qs [|1s 3|[] o8
AVERLOGIC

el T ALacr0X | -

R |18 X=- XX- XX 32|[] vec
XXXX

Q4 [||19 XX X X 31/[] b4

IXO</HF>

IFL</RT>

PLCC PACKAGE TOP VIEW
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6.0 Block Diagram

Theinternal structure of the ALACAOL/ALACAO02/ALACAO3/ALACAO4/ALACAQS consists of
Input/Output buffers, Read/Write Control Logic and main (512, 1k, 2k, 4k, 8K) x9 different
configuration memory cell array and state-of-the-art logic design that takes care of addressing and
controlling the read/write data.

(512, 1k ,2Kk,

Input data bus| Input 4k, 8k) x9 Output Output data bus
Buffer — Memory ] Buffer

- Array - -
F F
v v
W » Write Control Read Control
Logic Logic /R
Write Pointer Read Pointer
> >~ » /FF
/FL</RT=> Flag and i /
/RS Reset Logic g Expansion EF
> Logic
- " 9 4 /xI
> /XO</HF=>

AL4CAOX FIFO Block Diagram
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7.0 Pin Definition and Description

The pin-out definition and function are described as following:

Write Bus Signals
Pin Symbol | Pinname | Pin number | 1/O Description
type
D[8:0] Data Inputs | 3,28,29,30, | | 9-bit input data bus.
31,4,5,6,7
W Write 2 | |A writecycleisinitiated on the falling edge of Write
Enable Enable (/W) if the FIFO Full Flag (/FF) is not
asserted. Data setup and hold times must meet
respectively to the rising edge of the Write Enable
(/W).
Read Bus Signals
Pin symbol Pinname | Pin number | 1/0 Description
type
Q[8:0] Data 15,22,21,20, O |9-hit output data bus.
Outputs [19,14,13,11,
10
/IR Read 18 I | A read cycleisinitiated on the falling edge of the
Enable Read Enable (/R) if the FIFO Empty Flag (/EF) is
not asserted. The valid dataisready at output bus
after ta of the Read Enable (/R) falling edge.
Miscellaneous & Flags Signals
Pin Symbol | Pinname | Pin number | 1/O Description
type
IRS Reset 25 | |When/RSisset LOW, internal read and write
pointers are set to the first location of the memory
array, /HF, /FF go HIGH, and /EF go LOW. A reset
isrequired before an initiadl WRITE after power-up.
IFF Full Flag |9 O |/FFindicates whether or not the FIFO memory is
full.
[EF Empty Flag | 24 O |/EF indicates whether or not the FIFO memory is
empty.
IXO</HF> Expansion |23 O | Thisisadual-purpose output. Inthe single device
Out<Half- mode, when Expansion In (/XI) is grounded, this pin
Full Flag> isHalf-Full Flag (/HF). In the multiple chips daisy
chain mode, this pin is connected to Expansion In
(/XI1) of successive chip for depth expansion.
/X1 Expansion |8 O | Thispinisconnected to ground in the single chip

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS
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In configuration. Thispin (/X1) is connected to
Expansion Out (/XO) of the previous devicein the
Depth Expansion or Daisy Chain Mode.
[FL</RT> First Load |26 | |Inthe Depth Expansion Mode, this pin is grounded
<Retransmit to operate as the first loaded. Inthe Single Device
> Mode, this pin is the retransmit control input.
NC No Connect | 1,12,17,27 - | No Connect
Power/Ground Signals
Pin Symbol | Pinname | Pin number | 1/O Description
type
VCC Power |32 - | 3.3V * 10% power supply
GND Ground |16 - | Ground.

8.0 Memory Operations

8.1 Inputs and Outputs

8.1.1 DATA INPUTS (D8-D0)
D8 ~ DO are 9-bit wide of input data port.

8.1.2 DATA OUTPUTS (Q8-Q0)
Q8 ~ QO are 9-hit wide of output data port.

8.2 Controls

8.2.1 Reset (/RS)

Reset takes place when the Reset (/RS) input is LOW. During reset, both internal read and write
pointers are set to the staring position. A reset isrequired to initial internal logic after power-up.
Both the Read Enable (/R) and Write Enable (/W) inputs must go HIGH trss time period before /RS
go HIGH (rising edge) and maintain HIGH trsg time period after. The Full Flag (/FF) and Half-Full
Flag (/HF) will be reset to HIGH after tery and tyey respectively of falling edge of /RS pulse. The
Empty Flag (/EF) will be reset to LOW after trsr of the falling edge of /RS pulse. During reset, the
output register isinitialized to al zeros.

8.2.2 Write Enablel (/W)

A write operation occurs on the falling edge of Write Enable (/W) if the Full Flag (/FF) isnot set.
Data setup and hold times must meet the respect to the rising edge of the Write Enable (/W). Datais
stored in the memory array sequentially and independently of any ongoing read operation.

The Half-Full Flag (HF) will be set to LOW after half of the memory isfilled and will remain set
until the difference between the write pointer and read pointer is less than or equal to one half of the
total memory of the device. To prevent data overflow, the Full Flag (FF) will go LOW, inhibiting
further write operations. Upon the completion of avalid read operation, the Full Flag (FF) will go
HIGH after tRFF, allowing avalid write to begin.

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS February 20, 2003 8
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8.2.4 Read Enable (/R)

A read operation occurs on the falling edge of the Read Enable (/R) if the Empty Flag (EF) is not set.
The datais accessed on a First-In/First-Out basis, independent of any ongoing write operations. After
Read Enable (R) goes HIGH, the Data Outputs (Q0 — Q8) will return to a high impedance condition
until the next Read operation. When last data has been read from the FIFO, the Empty Flag (EF) will
go LOW inhibiting further read operations with the Q0 ~Q8 staying in a high impedance state. Once a
valid write operation has been accomplished, the Empty Flag (EF) will go HIGH after tWEF and a
valid Read can then begin. The Read Enables (/R) isignored when the FIFO is empty.

8.2.6 First Load<Retransmit>(/FL</RT>)
Thisis adual-purpose input. In the Depth Expansion Mode, this pin is grounded to operate as the first
loaded (see Operating Modes). In the Single Device Mode, this pin is the retransmit control input.

Single Device -

The Single Device Mode isinitiated by grounding the Expansion In (/X1). These FIFOs can be made
to retransmit data when the Retransmit Enable control (/RT) input goes LOW. A retransmit operation
will set the internal read pointer to the first location and will not affect the write pointer. Read Enable
(/R ) and Write Enable (/W ) must be HIGH during retransmit single in the LOW state. This feature
isuseful for one time write and multiple read applications in single device configuration.

Multiple Devices Cascading —

Cascading multiple devices to expand FIFO depth beyond 512/1,024/2,048/4,096/8,192/16,384
respectively ispossible. By connecting First Load (/FL) of the first cascading device to ground and
First Load (/FL) of other cascading devicesto HIGH can expand the FIFO depth and get the longer
delay. The retransmit feature is not applicable the Depth Expansion Mode and neither Half-Full Flag
(HF) can provide feasible function.

8.2.6 Expansion In (/XI)

Thisinput is adual-purpose pin. Expansion In (XI) is connected to ground in the single chip
configuration. Thispin (/X1) is connected to Expansion Out (/XO) of the previous device in the
Depth Expansion or Daisy Chain mode.

8.3 Flags

8.3.1 Full Flag (/FF)

The Full Flag (/FF) will go LOW, inhibiting further write operation, when the deviceisfull (Write
Pointer is one location less than the read pointer). If no reads are performed after Reset (/RS), the
Full Flag (/FF) will go LOW after 512 writes for the ALACAOQ1, 1,024 writes for the ALACAO02,
2,048 writes for the ALACA03, 4,096 writes for the ALACA04 and 8,192 writes for the ALACAOS.

8.3.2 Empty Flag (/EF)
The Empty Flag (/EF) will go LOW, inhibiting further read operations, when the read pointer is equal
to the write pointer, indicating the device is empty.

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS February 20, 2003 9
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8.3.3 Expansion Out<Half-Full Flag>(/XO</HF>)
Thisis adual-purpose output. In the single device mode, when Expansion In (/XI1) is grounded, this
pinisHalf-Full Flag (/HF).

Single Device -

When half of the memory isfilled and at the falling edge of the next write operation, the Half-Full
Flag (/HF) will be set LOW and will remain LOW until the difference between the write pointer and
read pointer isless than or equal to one half of the total memory of the device. The Half-Full Flag
(/HF) isthen reset on the rising edge of the read operation.

Multiple Devices Cascading —

In the multiple chips daisy chain cascading mode, Expansion Out (/XO) is connected to Expansion In
(/XI) of previous chip for depth expansion. This output acts as asignal to the next devicein the
Daisy Chain by providing a pulse to the next device when the previous device reaches the last
location of memory.

9.0 Multiple Devices Bus Expansion and Cascading

9.1 Width Expansion Configuration

Simply connecting the corresponding input controls signals of multiple devices may increase data bus
width. Status flags (/EF, /HF and /FF) can be reported from any of device. The Expansion In (/XI) is
connected to ground for each device working as single device mode.

18-Bit Data In Bus

ol @ al @
o é Read Controls Write Enable  © é Read Controls
g v J g i }
o 14 IRT | 4 & fid /RT |4 Retransmit
. ) (@]
Write Enable W R |4 W R |4 Read Enable
AL4CAOx AL4CAOx
Q[8:0] Q[8:0] | ==
N
i
t = & t = o
S -~
@) @)
_Full Flag % 547
A Empty [flag .
18-Bit Data Out Bus>
Multiple FIFO memory Used in Width Expansion Mode
Width Expansion Mode
|  Mode | |nputs Internal Status | Outputs |
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IRS | IRT | IXI Read Pointer | WritePointer | /EF | /FF | /HF
Reset 0 X 0 Location Zero | 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

9.2 Depth Expansion

The depth expansion of AL4CA01/02/03/04/05 is also possible. These FIFOs can easily be adapted
to applications when the requirements of the FIFO depth are for greater than
512/1,024/2,048/4,096/8,192/16,384 words. These devices operate in the Depth Expansion mode
when the following conditions are met:

1
2.
3.

The First Load (/FL) control input of the first device need to be grounded.

All other devices must have First Load (/FL) in the HIGH state.

The Expansion Out (/XO) pin of each device must be tied to the Expansion In ( XI ) pin of the
next device

External logic is needed to generate a composite Full Flag (/FF) and Empty Flag (/EF). By
ORing of al /EFsand ORing of all /FFs, al /EFs or /FFs flags must be set to generate the
correct composite /EF or /FF.

The Retransmit (/RT) function and Half-Full Flag (/HF) are supported in the Depth Expansion
Mode.

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS February 20, 2003 11
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. ®) .
9-Bit Data Bus > D[8:0] X Q[8:0] 9-Bit Data Bui
W R
AL4CAOx
@ IEF 2
3 /FF §
RS - E
E _ 2
VCC
0
» D[s:0] X Q[8:0]
y /W v IR
AL4CAOx
T — IFF JEF ) e reg
IRS X ™
GND
Multiple FIFO memory used in depth expansion
Depth Expansion Mode
Mode I nputs Internal Status Outputs
IRS | /FL | /XI Read Pointer | WritePointer | /EF | /FF
Reset First Device 0 0 X Location Zero | Location Zero 0 1
Reset All Other Device 0 1 X Location Zero | Location Zero 0 1
Read/Write 1 X X X X X X

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS
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10.0 Electrical Characteristics

10.1 Absolute Maximum Ratings

Parameter 3.3V Rating Unit
Voo Supply Voltage -0.3~+3.8
Ve Pin Voltage -0.3 ~ +(Vppt0.3) \%
lo Output Current -20 ~+20 mA
Tame Ambient Op. Temperature 0~+85 °C
Tsg Storage temperature -40 ~+125 °C
10.2 Recommended Operating Conditions
Parameter 3.3V Rating Unit
Min Typ Max
Voo Supply Voltage +3.0 +3.3 +3.6 \%
Viu High Level Input Voltage 0.7 Vop Voo V
Vi Low Level Input Voltage 0 0.3 Vop V
10.3 DC Characteristics
(Voo = 3.3V, Vss=0V. T,y = 010 70°C)
Parameter 3.3V Rating Unit
Min Typ Max

loo Operating Current - - 16 mA
lbos Standby Current - 1.8 5 mA
Vo Hi-level Output Voltage 2.4 - Voo \Y
Vo Lo-level Output Voltage - - +0.4 \Y
I Input Leakage Current -2 - +2 A
lo Output Leakage Current -10 - +10 A

Note: The Operating Current istested at f = 20 Mhz.

10.4 AC Electrical Characteristics

(Voo = 3.3V, Vss=0V, Tams = 0to 70°C)

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS
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12ns
Symbol Parameter Min Max Unit
ts Shift Frequency - 50 ns
tre Read Cycle Time 20 - ns
ta Access Time - 12 ns
trr Read Recovery Time 8 - ns
trPw Read Pulse Width 12 - ns
trLz Read Pulse Low to DataBus at Low Z 3 - ns
twiz Write pulse High to Data Bus at Low Z 5 - ns
tov Data Valid from Read Pulse High 5 - ns
truz Read Pulse High to Data Bus at High Z - 12 ns
twe Write Cycle Time 20 - ns
twew Write Pulse Width 12 - ns
twr Write Recovery Time 8 - ns
tos Data Setup Time - ns
ton DataHold Time 2 - ns
trsc Reset Cycle Time 20 - ns
trs Reset Pulse Width 12 - ns
trss Reset Setup Time 12 - ns
trer Reset Recovery Time 8 - ns
trrc Retransmit Cycle Time 20 - ns
trr Retransmit Pulse Width 12 - ns
trrs Retransmit Setup Time 12 - ns
trTR Retransmit Recovery Time 8 - ns
terL Reset to Empty Flag Low - 12 ns
tHEH FFH Reset to /HF (Half-Full) and /FF (Full Flag) High - 17 ns
trre Retransmit Low to Flags Valid - 20 ns
trer Read Low to /EF (Empty Flag) Low - 12 ns
trer Read High to /FF (Full Flag) High - 14 ns
tree Read Pulse Width after /EF (Empty Flag) High 12 - ns
twer Write High to /EF (Empty Flag) High - 12 ns
twee Write Low to /FF (Full Flag) Low - 14 ns
twhE Write Low to /HF (Half-Full Flag) Low - 17 ns

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS
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trHE Read High to /HF (Half-Full Flag) High - 17 ns
twer Write Pulse Width after /FF (Full Flag) High 12 - ns
txoL Read/Write to /X O (Expansion Out) Low - 12 ns
txon Read/Write to Expansion Out High - 12 ns
txi /X1 (Expansion In) Pulse Width 12 - ns
txir /XI (Expansion In) Recovery Time 8 - ns
txis /X1 (Expansion In) Setup Time 8 - ns

AL4ACAO1/ALACA02/ALACAO3/ALACAO4/ALACAOS February 20, 2003 15
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10.5 Timing Diagrams
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trRss tRsrR
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Reset Timing
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R
| trLZ " tov N ‘ tRHZ N
Q0- 08 K vaiavaa WK vaiaoaa XSO
¢ twPw Vv twr
wo N /
tos toH
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Asynchronous Write and Read Cycle Timing
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11.0 Mechanical Drawing

11.1 32-pin PLCC Package
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CONTACT INFORMATION

Averlogic Technologies Corp.
4F, No. 514, Sec. 2, Cheng Kung Rd., Nei-Hu Dist., Taipei, Tawan
Tel: +886 2-27915050
Fax: +886 2-27912132
E-mail: sales@averlogic.com.tw
URL: http://www.averlogic.com.tw

Averlogic Technologies, Inc.
90 Great Oaks Blvd. #204, San Jose, CA 95119
USA
Tel: 1408 361-0400
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