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1.0 Description 
 
The AL4CA01/AL4CA02/AL4CA03/AL4CA04/AL4CA05 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 
to write and read data.  Data is toggled 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.  
This feature is especially 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 its initial 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 AL4CA01/02/03/04/05 are designed and fabricated using state of the art technology. 
 

2.0 Features 
  
• 512 x9-bit cell array (AL4CA01) 
• 1,024 x9-bit cell array (AL4CA02) 
• 2,048 x9-bit cell array (AL4CA03) 
• 4,096 x9-bit cell array (AL4CA04) 
• 8,192 x9-bit cell array (AL4CA05) 
• 12 ns read/write cycle time 
• Asynchronous data access 
• Independent Read and Write operations 

• Auto-retransmit support 
• Empty, Full and Half-Full flags 

support 
• 3.3V power supply with 5V tolerant 
• Available in a 32-pin PLCC 
 

 

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 
 

AL4CA0X

X-XX-XX

XXXX

XXXXX

Part Number: X = 1, 2, 3, 4, 5 as
AL4CA01, AL4CA02, AL4CA03,
AL4CA04, AL4CA05

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  

4.1 Ordering Information 
The ordering information for AL4CA01/AL4CA02/AL4CA03/AL4CA04/AL4CA05 are: 
   

Part number Package Power Supply Status 

AL4CA01/02/03/04/05 (A-12-J) 32-pin plastic 
PLCC  

+3.3V±10% Sample in Aug., 2001 

 
5.0 Pin-out Diagram  
The AL4CA01/AL4CA02/AL4CA03/AL4CA04/AL4CA05 pin-out diagram is following: 
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6.0 Block Diagram 
 
The internal structure of the AL4CA01/AL4CA02/AL4CA03/AL4CA04/AL4CA05 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 ,2k,
4k, 8k) x9
Memory

Array

Input
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Output
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Read Control
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AL4CA0x 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 Pin name Pin number I/O 

type 
Description 

D[8:0] Data Inputs 3,28,29,30,
31,4,5,6,7 

I 9-bit input data bus. 

/W Write 
Enable 

2 I A write cycle is initiated on the falling edge of Write 
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 Pin name Pin number I/O 

type 
Description 

Q[8:0] Data 
Outputs 

15,22,21,20,
19,14,13,11,
10 

O 9-bit output data bus. 

/R Read 
Enable 

18 I A read cycle is initiated on the falling edge of the 
Read Enable (/R) if the FIFO Empty Flag (/EF) is 
not asserted.  The valid data is ready at output bus 
after tA of the Read Enable (/R) falling edge.  

 
Miscellaneous & Flags Signals 
Pin Symbol Pin name Pin number I/O 

type 
Description 

/RS Reset 25 I When /RS is set 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 
is required before an initial WRITE after power-up. 

/FF Full Flag  9 O /FF indicates whether or not the FIFO memory is 
full.   

/EF Empty Flag 24 O /EF indicates whether or not the FIFO memory is 
empty. 

/XO</HF> Expansion 
Out<Half-
Full Flag> 

23 O This is a dual-purpose output.  In the single device 
mode, when Expansion In (/XI) is grounded, this pin 
is Half-Full Flag (/HF).  In the multiple chips daisy 
chain mode, this pin is connected to Expansion In 
(/XI) of successive chip for depth expansion. 

/XI Expansion 8 O This pin is connected to ground in the single chip 
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In configuration.  This pin (/XI) is connected to 
Expansion Out (/XO) of the previous device in the 
Depth Expansion or Daisy Chain Mode. 

/FL</RT> First Load 
<Retransmit

> 

26 I In the Depth Expansion Mode, this pin is grounded 
to operate as the first loaded.  In the Single Device 
Mode, this pin is the retransmit control input. 

NC No Connect 1,12,17,27 - No Connect 

 
Power/Ground Signals 
Pin Symbol Pin name Pin number I/O 

type 
Description 

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 ~ D0 are 9-bit wide of input data port. 
 
8.1.2 DATA OUTPUTS (Q8-Q0) 
Q8 ~ Q0 are 9-bit 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 is required 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 tRSR time period after.  The Full Flag (/FF) and Half-Full 
Flag (/HF) will be reset to HIGH after tFFH and tHFH respectively of falling edge of /RS pulse.  The 
Empty Flag (/EF) will be reset to LOW after tRSF of the falling edge of /RS pulse.  During reset, the 
output register is initialized to all zeros. 
 
8.2.2 Write Enable1 (/W) 
A write operation occurs on the falling edge of Write Enable (/W) if the Full Flag (/FF)  is not set. 
Data setup and hold times must meet the respect to the rising edge of the Write Enable (/W). Data is 
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 is filled 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 a valid read operation, the Full Flag (FF) will go 
HIGH after tRFF, allowing a valid write to begin.   
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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 data is 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) is ignored when the FIFO is empty. 
 
8.2.6 First Load<Retransmit>(/FL</RT>) 
This is a dual-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 is initiated by grounding the Expansion In (/XI).  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 
is useful 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 is possible.  By connecting First Load (/FL) of the first cascading device to ground and 
First Load (/FL) of other cascading devices to 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) 
This input is a dual-purpose pin.  Expansion In (XI) is connected to ground in the single chip 
configuration.  This pin (/XI) 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 device is full (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 AL4CA01, 1,024 writes for the AL4CA02, 
2,048 writes for the AL4CA03, 4,096 writes for the AL4CA04 and 8,192 writes for the AL4CA05.   
 
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.   
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8.3.3 Expansion Out<Half-Full Flag>(/XO</HF>) 
This is a dual-purpose output. In the single device mode, when Expansion In (/XI) is grounded, this 
pin is Half-Full Flag (/HF).   
 
Single Device -  
When half of the memory is filled 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 is less than or equal to one half of the total memory of the device.  The Half-Full Flag 
(/HF) is then 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 a signal to the next device in 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. 
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 /RS /RT /XI Read Pointer Write Pointer /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. The First Load (/FL) control input of the first device need to be grounded. 
2. All other devices must have First Load (/FL) in the HIGH state. 
3. The Expansion Out (/XO) pin of each device must be tied to the Expansion In ( XI ) pin of the 

next device 
4. External logic is needed to generate a composite Full Flag (/FF) and Empty Flag (/EF).  By 

ORing of all /EFs and ORing of all /FFs, all /EFs or /FFs flags must be set to generate the 
correct composite /EF or /FF. 

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

Inputs Internal Status Outputs 
Mode 

/RS /FL /XI Read Pointer Write Pointer /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 
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10.0 Electrical Characteristics 

10.1 Absolute Maximum Ratings 

Parameter 3.3V Rating Unit 

VDD Supply Voltage -0.3 ~ +3.8 V 

VP Pin Voltage -0.3 ~ +(VDD+0.3) V 

IO Output Current  -20 ~ +20 mA 

TAMB Ambient Op. Temperature 0 ~ +85 °C 

Tstg Storage temperature -40 ~ +125 °C 

 
 

10.2 Recommended Operating Conditions 
3.3V Rating 

Parameter 
Min Typ Max 

Unit 

VDD Supply Voltage +3.0 +3.3 +3.6 V 

VIH High Level Input Voltage 0.7 VDD  VDD V 

VIL Low Level Input Voltage 0  0.3 VDD V 

 
 

10.3 DC Characteristics  
(VDD = 3.3V, Vss=0V. TAMB = 0 to 70°C) 

3.3V Rating 
Parameter 

Min Typ Max 
Unit 

IDD Operating Current  - - 16 mA 

IDDS Standby Current - 1.8 5 mA 

VOH Hi-level Output Voltage 2.4 - VDD V 

VOL Lo-level Output Voltage - - +0.4 V 

ILI Input Leakage Current -2 - +2 µA 

ILO Output Leakage Current -10 - +10 µA 

Note: The Operating Current is tested at f = 20 Mhz. 
 

10.4 AC Electrical Characteristics 
(VDD = 3.3V, Vss=0V, TAMB = 0 to 70°C) 
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  12ns  

Symbol Parameter Min Max Unit 

tS Shift Frequency - 50 ns 

tRC 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 Data Bus at Low Z 3 - ns 

tWLZ Write pulse High to Data Bus at Low Z 5 - ns 

tDV Data Valid from Read Pulse High 5 - ns 

tRHZ Read Pulse High to Data Bus at High Z - 12 ns 

tWC Write Cycle Time 20 - ns 

tWPW Write Pulse Width 12 - ns 

tWR Write Recovery Time 8 - ns 

tDS Data Setup Time 7 - ns 

tDH Data Hold Time 2 - ns 

tRSC Reset Cycle Time 20 - ns 

 tRS Reset Pulse Width 12 - ns 

tRSS Reset Setup Time 12 - ns 

tRSR Reset Recovery Time 8 - ns 

tRTC Retransmit Cycle Time 20 - ns 

tRT Retransmit Pulse Width 12 - ns 

tRTS Retransmit Setup Time 12 - ns 

tRTR Retransmit Recovery Time 8 - ns 

tEFL Reset to Empty Flag Low - 12 ns 

tHFH,FFH Reset to /HF (Half-Full) and /FF (Full Flag) High - 17 ns 

tRTF Retransmit Low to Flags Valid - 20 ns 

tREF Read Low to /EF (Empty Flag) Low - 12 ns 

tRFF Read High to /FF (Full Flag) High - 14 ns 

tRPE Read Pulse Width after /EF (Empty Flag) High 12 - ns 

tWEF Write High to /EF (Empty Flag) High - 12 ns 

tWFF Write Low to /FF (Full Flag) Low - 14 ns 

tWHF Write Low to /HF (Half-Full Flag) Low - 17 ns 
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tRHF Read High to /HF (Half-Full Flag) High - 17 ns 

tWPF Write Pulse Width after /FF (Full Flag) High 12 - ns 

tXOL Read/Write to /XO (Expansion Out) Low - 12 ns 

tXOH Read/Write to Expansion Out High - 12 ns 

tXI /XI (Expansion In) Pulse Width 12 - ns 

tXIR /XI (Expansion In) Recovery Time 8 - ns 

tXIS /XI (Expansion In) Setup Time 8 - ns 
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10.5 Timing Diagrams 
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11.0 Mechanical Drawing  

11.1 32-pin PLCC Package  
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