






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MOSEL-VITELIC MS76502A 

AC Electrical Characteristics (over the commercial operating range) 

Parameter MS76502A-25 MS76502A-30 
Name Parameter Min. Max. Min. Max. Units 

fs Shift Frequency - 25 - 33 MHz 

fs Shift Frequency - 25 - 33 MHz 

ReadCycle 

tRC Read Cycle Time 40 - 30 - ns 

tA . Access Time - 20 - 15 ns 

tRPW Read Pulse Width 12 - 10 - ns 

tRR Read Recovery Time 12 - 10 - ns 

tov Data Valid from Read Pulse High 5 - 3 - ns 

Write Cycle 

twc Write Cycle Time 40 - 30 - ns 

twpw(l Write Pulse Width 12 - 10 - ns 

tWR Write Recovery Time 12 - 10 - ns 

los (2) Data Setup Time 2 - 1 - ns 

tOH (2) Data Hold Time 4 - 3 - ns 

Flag Timing 

�~�E�F� Read High to Empty Flag High - 15 - 12 ns 

tRHF Read High to Half Full Flag Low - 35 - 30 ns 

tRFF Read High to Full Flag Low - 22 - 20 ns 

tWEF Write High to Empty Flag Low - 22 - 20 ns 

tWHF Write High to Half Full Flag High - 35 - 30 ns 

tRPE Read Pulse Width After EF High - 22 - 20 ns 

tpEV Write High to Parity Flag Valid - 22 - 25 ns 

tWFF Write High to Full Flag HIGH - 22 - 20 ns 

Reset Timing 

tRSC Reset Cycle Time 40 - 30 - ns • tRs (1) Reset Pulse Width 25 - 25 - ns 

tRSS Reset Setup Time 25 - 25 - ns 

tRSR Reset Recovery Time 10 - 10 - ns 

tEFH Reset to Empty Flag High - 25 - 20 ns 

�~�F�L� Reset to Half Full Flag Low - 25 - 25 ns 

tFFO Reset to Data Clear - 25 - 25 ns 

tRSP Reset to Parity Bits High - 25 - 20 ns 
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MOSEL-VITELIC MS76502A 

AC Electrical Characteristics (Continued) 

Parameter MS76502A·25 MS76502A·30 
Name Parameter Min. Max. Min. Max. Units 

fs Shift Frequency - 25 - 33 MHz 

Direction Control Timing (DIR) 

tDRWS DIR Change to ReadIWrite High Setup 40 - 30 - ns 

toRWH DIR Change to ReadIWrite High Hold 40 - 30 - ns 

toPH DIR Change to Error-Flag High 25 - 25 ~ ns 

81W Mode Timing (BIW) 

tMRWS BfW Mode Change to ReadIWrite High Setup 40 30 ns 

tMRWH BfW Mode Change to ReadIWrite High Hold 40 30 ns 

AO Access Timing (AO) 

tAORWS (2) AO Access Time Setup Time 3 3 ns 

tAORWH (2) AO Access Time Hold Time 8 5 ns 

Output Enable Timing (OE) 

toEDHZ(2) OE High to Output High-Z - 12 - 12 ns 

toEDLS OE Low to Output Low-Z - 12 - 12 ns 

Fall·Through Timing 

Write High to Empty Flag Low 25 20 ns 

Write High to Data Output Valid 10 35 10 30 ns 

NOTES: 
1. Pulse widths less than minimum values are not allowed. 
2. Values guaranteed by design, not currently tested. 
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MOSEL-VITELIC 
AC Test Conditions 

Input Pulse Levels 

Input Rise and Fall Times 

Timing Reference Levels 

OVto 3.0V 

5ns 

1.5V 

AC Test Loads and Waveforms 

R14800 

MS16502A 

R14800 
5VO-----~..,.., 

OUTPUT 0----<.----___. 

5VO-----~..,.., 

OUTPUT O-~.----___. 

Equivalent to: 

30pF R2 I INCLUDING 2550 
-= JIGAND -= 

SCOPE 

Figure 18 

THEVENIN EQUIVALENT 

1670 
OUTPUT <>---'VII'v---O 1.73V 

ALL INPUT PULSES 

3.0V ---lr:=-~ 

GND 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE Will BE 
STEADY STEADY 

'\~~ MAY CHANGE Will BE 
FROMHTOl CHANGING 

FROMHTOl 

#//7 MAY CHANGE Will BE 
FROMl TOH CHANGING 

FROMl TOH 

XXXX DON'T CARE: CHANGING: 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

CENTER 

22> ~ OOESNOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF"STATE 
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5pF R2 I INCLUDING 2550 
-= JIGAND -= 

SCOPE 

Figure 1b 
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MOSEL-vrrELIC MS76502A 

Timing Wavefonns 

Data Out Timing - FIFO Contains 256 wordsCD 

RD CD 

PH,PL 
DATA-OUT ____ D_AT_A ___ ..J DATA 

EFF \~------------------------
HF -----------------------------------------------

Data Out Timing - FIFO Contains 129 Data Words <D 

RD CD 

PH,PL 
DATA-OUT _______________ ..J 

~ 128 words < 128 words 

EFF ---------------------------~-------------------

HF \~------------

Data Out Timing - FIFO Contains 2 Data Words <D 

RD CD ____ ..J 

PH,PL DATA-QUT _____________ -' DATA 

~ ! 
----------------------~ 

HF 
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MOSEL-VITELIC MS76502A 

Data In Timing - FIFO Contains 0 Words CD 

WR CD 

PH,PL 
DATA-IN DATA 

EFF 

HF 

PER STABLE PER 'I:lllX STABLE PER ';(lll;;!. STABLE"i5"ER '�:lllX ____ _ 

Data In Timing - FIFO Contains 126 Data WordsG) 

WR CD 

PH,PL 
DATA-IN DATA 

< 128 words ~ 128 words 

EFF 

HF ------------------------~! 
_____ 'I:lllX~ __ ~'I:lllX~ ____ 'I:lllX~ __ __ 

Data In Timing - FIFO Contains 254 Data Words G) 

WR 

PH,PL 
DATA-IN 

EFF 

HF 

CD 

DATA 

------------------------~! 

____ ~'I:lllX ______ 'I:lllX ______________ __ 

7-49 

• 



MOSEL-VITELIC 
Master Reset Timing 

1+------tRsc-----*'I 
1+----tRSPW ---*'I 

1------1 t RSEF 
------,.I---~ tRSHF 

MRST 

EFF, PER 

HF 

DATA 

PH,PL 

RD, WR \\\\\\\\\\\\\\\\\\\\ 

Output Enable Control Timing 

I 

MS76502A 

OE _---JFtoro~J fl.-tO_EDLZ--+l ___ _ 

P~lr~ ). ~~ __________________ _ 

Miscellanious Control Timing 

Qto,~~ ~t_Q j-tMRWS'" :--tMRWHI 
tOARWS- tOARWH 

DIR 

BIW 

AO 

RD,WR ____ ~--__ ~r--\~----------------------
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MOSEL-VITELIC 
Data In Timing - FIFO Contains 0 WordsG) 

Et~~r-----" 
WR 

PH,PL 
DATA-IN 

RD 

EFF 

DATA-OUT 

DATAl 

LO 

FIFO 
is Empty 

Direction Change to Parity Flag Cleared Timing 

DATAl 

MS76502A 

DIR 

t=tDPH=i 
----~;~o~;~/~n,J~---------------

7-51 

• 



MOSEL-VITELIC MS76502A 

Ordering Information 

Speed Ordering Temperature 
(MHz) Part Number1) Package Range 

25 MS76502A-25JC 52 Pin Plastic PLCC 0·Cto+70·C 

30 MS76502A-3OJC 52 Pin Plastic PLCC O·Cto +70·C 
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MOSEL-VITELIC MS76542 
256 x 36x2 
BIDIRECTIONAL FIFO 

Features 
• Fast cycle times - 25/30/35 ns 
• Two 256 x 36 Bit FIFO Buffers 
• Wide 36-bit word width 
• Selectable 9/18/36-bit word width on port-B 
• Fully Asynchronous port-to-port communica­

tions 
• High speed, port-synchronous clocking mecha­

nism 
- Edge triggered clocks 
- RIW, Enable, & Address pins sampled on 

the rising clock edge 
- Synchronous request acknowledge 

handshake (optional) 
• Asynchronous output enables 
• Dedicated FIFO status flags for Empty, Half­

Full, & Full flags 
• Programmable status flags for Almost Empty & 

Almost FiJlI 
• Mailbox registers with synchronized flags 
• Data bypass function 
• Data retransmit function 
• Byte parity check 
• TTL & CMOS compatible I/O 
• Area efficient QFP package 

7-53 

Description 
The MS76542 contains two FIFO buffers which 

operate in parallel but opposite directions for 
bidirectional data buffering. The two FIFO buffers 
are each organized as 256 words by 36 bits. The 
MS76542 is ideal for either wide unidirectional or 
bidirectional data applications, since component 
count and board area is reduced. 

Each port has its own port-synchronous clock, 
but the two ports may operate asynchronously 
relative to each other. Data flow is initiated on a port 
by the rising edge of the appropriate clock and read! 
write control signals. Clock duty cycles can vary 
from 40% to 60% without sacrificing performance. 

FIFO status flags monitor the extent to which the 
FIFO buffers have been filled. These include 
Empty, Almost Empty, Half Full, Almost Full, and 
Full flags for each FIFO. The Almost Empty and 
Empty Full flags are programmable over the entire 
FIFO depth, but are conveniently initialized to 8 
locations from the respective boundaries at reset. 

A synchronous request acknowledge handshake 
is provided on each port for FIFO data accesses. 
This request-acknowledge handshake resolves 
FIFO full and empty boundary conditions, when the 
two ports are operated asynchronously relative to 
each other. 

Two mailbox registers provide a separate path for 
passing control status words between ports. Each 
mailbox has a flag which is synchronized to the 
reading port's clock. This mailbox function can 
facilitate the synchronization of data transfers 
between asynchronous systems. 

A Data Bypass mode allows Port-A to directly 
transfer data to or from Port-B at reset. In this mode 
the device acts as a registered transceiver under 
Port-A control. For instance, a master processor on 
Port-A can use the Data Bypass feature to pass 
initialization or configuration information directly to 
or from a peripheral device on Port-B during a 
system start-up. 

A word width select option is provided on Port B 
for 9 bit, 18 bit, or 36 bit data accesses. This allows 
word width matching between Port A and B with no 
additional logic; and ensures maximum utilization of 
bus bandwidths. A Byte Parity Check Flag on each 
port ensures data integrity. These flags initialize for 
odd data parity at reset, but may be reprogrammed 
for even or odd parity. 

• 



MOSEL-VITELIC 
Signal Descriptions 

Reset (RS) 
This input must be driven LOW for a specified 

period of time to initialize the device. After 
initialization, this input must return to HIGH for 
proper operation of the device. 

When th~ RS input is LOW, the MS76542 is in 
data bypass mode of operation. See functional 
description for details. 

After initialization, the control section of the 
MS76542 will be in the default state. See functional 
description for details. 

A-Port Data Bus (DOA - D35A) 
These 36 bi-directional signals form the A-port 

data bus. If the OEA is HIGH, the A-port data bus 
receivers are enabled and the internal bus drivers 
are disabled. However, if the OEA input is LOW, the 
internal A-port data bus drivers are unconditionally 
enabled to drive the bus. 

During a FIFO write operation from the· A-port, 
36-bit information from this bus will be written into 
the FIFO#1. During this operation, the 36 bits 
present on this bus are treated as four 9-bit bytes 
(eight data bits and one parity bit). The four bytes of 
a 36-bit word are grouped as DOA - D8A, D9A -
D17A, D18A- D26A, and D26A - D35A. 

During a FIFO read operation, 36-bit read from 
FIFO 2 will be available on this bus. During read 
operations, the parity check logic treats DOA - D8A, 
D9A - D17A, D18A - D25A, and26A D35A as four 
parity protected bytes. 

B-Port Data Bus (DOB - D35B) 
These 36 bi-directional Signals form the B-port 

data bus. If the OEB is HIGH, the B-port data bus 
receivers are enabled and the internal bus drivers 
are disabled. However, if the OEB input is LOW, the 
internal B-port data bus drivers are unconditionally 
enabled to drive the bus. 

During a FIFO write operation from the B-port, 
36-bit information from this bus will be written into 
the FIFO 2. During this operation, the 36 bits 
present on this bus are treated as four 9-bit bytes 
(eight data bits and one parity bit). The four bytes of 
a 36-bit word are grouped as DOB - D8B, D9B -
D17B, D18B - D25B, and D26B - D35B. 
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. MS76542 

During a FIFO read operation, 36-bit read from 
FIFO#1 will be available on this bus .. During read 
operations, the parity check logic treats DOB - D8B, 
D9B - D17B, D18B - D25B, and D26B - D35B as 
four parity protected bytes. 

During FIFO read and FIFO write operations 
only, the 8-port bus width is determined by the 
WSO - WS1 inputs. See functional description for 
details. 

A-Port Clock (CKA) 
Free running A-Port clock input. 

B-Port Clock (CKB) 

Free running B-Port clock input. 

A-Port ReadlWrite Control (RIW A) 
Logic level at this input is sampled by the LOW­

to-HIGH transition of the CKA input; HIGH specifies 
read and LOW specifies write. The actual read or 
write operation does not start until the ENA input is 
sampled HIGH also. 

A-Port ReadlWrite Enable (ENA) 
Logic level at this input is sampled by the LOW­

to-HIGH transition of the CKA input. If this inpu.!Js 
sampled HIGH operation specified by the RIWA 
input is performed. 

B-Port ReadIWrite Control (R/WB) 
Logic level at this input is sampled by the LOW­

to-HIGH transition of the CKB input; HIGH specifies 
read and LOW specifies write. The actual read or 
write operation does not start until the ENB input is 
sampled HIGH also. 

B-Port ReadIWrite Enable (ENB) 
Logic level at this input is sampled by the LOW­

to-HIGH transition of the CKB input. If this input is 
sampled HIGH operation specified by the RlWB 
input is performed. 

A-Port Control Register Address (AOA - A2A) 
Logic level present on these three inputs is 

sampled by the LOW-to-HIGH transition of the CKA 
input to select various registers according to the 
following table: 



MOSEL-VITELIC 

ADA A1A A2A 

L L L AF2 Flag Offset Register 

L L H AE2 Flag offset Register 

L H L AFl Flag Offset Register 

L H H AEl Flag Offset Register 

H L L Odd/Even Parity Select 

H L H Select all flag offset registers 

H H L Mailbox 

H H H FIFO 

B-Port Control Register Address (AOB) 

Logic level present on this input is sampled by the 
LOW-to-HIGH transition of the CKB input. If 
sampled HIGH, FIFO operation is selected. On the 
other hand, if sampled LOW, the mailbox is 
selected. 

A-Port Output Enable (OEA) 
LOW on this input unconditionally enables the A­

port data bus drivers and HIGH unconditionally 
disables them input high impedance state. 

B-Port Output Enable (OEs) 
LOW on this input unconditionally enables the s­

port data bus drivers and HIGH unconditionally 
disables them input high impedance state. 

FIFO #1 Full Flag (FF1) 
LOW on this output indicates that the FIFO#1 is 

full and write operations into FIFO#1 are locked out. 
This output goes LOW on the LOW-to-HIGH 
transition of CKA input for a write operation that will 
fill the FIF0#1. This flag will go HIGH on the HIGH­
to-LOW transition of the CKB input for a read 
operation from a full FIF0#1. This flag will be HIGH 
after reset. 

FIFO #2 Full Flag (FF2) 
LOW on this output indicates that the FIFO#1 is 

full and write operations into FIFO#2 are locked out. 
This output goes LOW on the LOW-to-HIGH 
transition of CKA input for a write operation that will 
fill the FIF0#2. This flag will go HIGH on the HIGH­
to-LOW transition of the CKB input for a read 
operation from a full FIFO#2. This flag will be HIGH 
after reset. 

MS76542 

FIFO #1 Almost-Full Flag (AF1) 
LOW on this output indicates that the FIFO#1 has 

filled to a preset depth. The preset depth is 
determined by the values loaded into the AF1 Flag 
Offset Register. After a reset, the default value is 
eight words from the FIF0#1 end boundary. 
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FIFO #2 Almost-Full Flag (AF2) 
LOW on this output indicates that the FIFO#2 has 

filled to a preset depth. The preset depth is 
determined by the values loaded into the AF2 Flag 
Offset Register. After a reset, the default value is 
eight words from the FIF0#2 end boundary. 

FIFO #1 Half-Full Flag (HF1) 
LOW on this output indicates that FIFO#1 is half 

full from the physical end boundary. This output 
goes LOW during a write operation on the LOW-to­
HIGH transition of CKA input that half fills the 
FIF0#1. This output goes HIGH during a read 
operation on the HIGH-to-LOW transition of the 
CKB input from the half full FIFO#1. 

FIFO #2 Half-Full Flag (HF2) 
LOW on this output indicates that FIFO#2 is half 

full from the physical end boundary. This output 
goes LOW during a write operation on the LOW-to­
HIGH transition· of CKB input that half fills the 
FIFO#2. This output goes HIGH during a read 
operation on the HIGH-to-LOW transition of the 
CKA input from the half full FIF0#2. 

FIFO #1 Empty Flag (EF1) 
LOW on this output indicates that FIFO#1 

contains no valid data. This flag goes LOW on the 
LOW-to-HIGH transition of CKB input that empties 
the FIFO#1. This output goes HIGH on the LOW­
to-HIGH transition of the CKA input for write into 
empty FIFO#1. 

FIFO #2 Empty Flag (EF2) 
LOW on this output indicates that FIFO#2 

contains no valid data. This flag goes LOW on the 
LOW-to-HIGH transition of CKA input that empties 
the FIFO#2. This output goes HIGH on the LOW­
to-HIGH transition of the CKB input for write into 
empty FIFO#2. 

FIFO #1 Almost-Empty Flag (AE1) 
LOW on this output indicates that read operations 

from FIFO#1 reached to predetermined boundary. 
The predetermined boundary is determined by the 
value loaded into the AE1 Flag Offset Register. 
After a reset, the default value is 8 locations from 
the beginning FIF0#1 boundary. 
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FIFO #2 Almost-Empty Flag (AE2) 

LOW on this output indicates that read 
operations from FIFO#2 reached to 
predetermined boundary. The predetermined 
boundary is determined by the value loaded into 
the AE2 Flag Offset Register. After a reset, the 
default value is 8 locations from the beginning 
FIFO#2 boundary. 

A-Port Parity Flag (PF A) 
LOW on this output indicates that a parity error 

in one or more bytes of the information present 
on the A-Port data bus. 

A-Port Parity Flag (PFB) 
LOW on this output indicates that a parity error 

in. one or more bytes of the information present 
on the B-Port data bus. 

New Mail Alert Mallbox#1 (MBF1) 
LOW on this output indicates that information 

was written into Mailbox#1. When B-port reads 
the Mailbox#1,this output will go HIGH on the 
LOW-to-HIGH transition9fthe CKB input. This is 
a status indicator only and does not inhibit 
mailbox operations. 

New Mall Alert Mailbox #2 (MBF2) 
LOW on this output indicates that information 

was written into Mailbox#2. When A-port reads 
the Mailbox#2,this output will go HIGH on the 
LOW-to-HIGH transition of the CKA input. This is 
a status indicator only and does not inhibit 
mailbox operations; 

MS76542 

WS1 WSO 

L L 9-bit 

L H 18-bit 

H X 36-bit 

B-Port Word Width Select (WSO - WS1) 
Logic levels present on these two inputs specify 

the B-Port data width for FIFO operations only 
according to the following table. These pins have 
no effect on Data Bypass or Mailbox operations. 

FIFO #1 Retransmit (RT1) 
If this input is sampled LOW by the LOW-to­

HIGH transition of the CKB input, the read pointer 
for FIF0#1 is reset to the first location. FIF0#1 
write pOinter is not effected. See. Operational 
Description section for details on retransmit 
operation. 

FIFO #2 Retransmit (RT2) 
If this input is sampled LOW by the LOW-to­

HIGH transition of the CKA input, the read pointer 
for FIF0#2 is reset to the first location. FIFO#2 
write pOinter is not effected. See Operational 
Description section for details on retransmit 
operation. 
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A-Port Handshake (REQA & ACKA) 
These two signals are used for synchronous 

handshake by the A-Port. Detailed description is 
found in Operational Description section. 

A-Port Handshake (REQB & ACKB) 
These two signals are used for synchronous 

handshake by the B-Port. Detailed description is 
found in Operational Description section. 



MOSEL-VITELIC MS76542 

Pin Configurations 

VCCA VCCA 
D1GA D24A 

D9A D_ 

Ds.. 0_ 
VSSA VSSA 

D7A D27A 
D6A 0_ 
DSA D29A 

VCCA VCCA 
D4A 0_ 
D3A D31A 
D2A D32A 

VSSA VSSA 
D1A D33A 
DGA DaoA 
"1m" ~ 
RT1 TOP VIEW RT2 
DDB Vss 
D1B D35B 
D2B DaoB 

Vssa Vssa 
Daa D33B 
D.B D_ 
Ose D31B 

Vcca Vcca 
Dea 0_ 
078 0_ 
Dea 0_ 

Vssa Vssa 
Dge D27B 

D1DB 0_ 
D11B 0_ 
Vcca Vcca 
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MOSEL-VITELIC 
Functional Block Diagram 

CKA 
RIWA 

ENA 
REQA 
ACKA 

FFl 
HFl 
AFl 

"'RT2 

-
---
--
-------

----.-

RESET 
LOGIC 

COMMAND 
PORT AND 
REGISTER 

-
PORTA 
SYNCH-
RONOUS 

CONTROL 
LOGIC 

f--

PORTA 
~ 1/0 

1 
PARITY 

CHECKING 

f---

-
~ 

BYPASS 

I 
MAILBOX 

REGISTERS 
#1 

I 
MAILBOX 

REGISTERS 
#2 

FIFO #1 
MEMORY ARRAY 

256x36 

t t 
WRITE READ 

POINTER POINTER 

+ + 
PROGRAMMABLE 
STATUS FLAGS 

PROGRAMMABLE 
STATUS FLAGS 

t -' 
READ WRITE 

POINTER POINTER 

+ + 
FIFO #2 

MEMORY ARRAY 
256x36 

RESOURCE 
REGISTERS 

COMMAND 
PORT AND 
REGISTER 

-
-

PORTB 
SYNCH-
RONOUS - CONTROL 

LOGIC -

- PORTB 
1/0 

I---
PARITY 

CHECKING 

~ 

f--

f--
f--
f--
f--
f---t--

=--r-... 

1IIS-,6542 

ADe 

CKe 
RlWe 
ENe 
REQe 
ACKe 



MOSEL-VITELIC 
Absolute Maximum Ratings (f) 

Parameter 

Supply Voltage to Vss Potential 

Signal Pin Voltage to Vss Potential 3 

DC Output Current 2 

Storage Temperature Range 

Power Dissipation (Package Limit) 

Operating Range 

Paramter 
Name Parameter 

TA Temperature. Ambient 

Vcc Supply Voltage 

Vss Supply Voltage 

VIL Logic LOW Input Voltage 3 

VIH Logic HIGH Input Voltage 

MS76542 

Rating 

-O.SVto 7V 

-O.SV to Vcc + O.SV 

±40mA 

-6S0C to lS0°C 

2 Watts (Quad Flat Pack) 

Min Max Unit 

0 70 °C 

4.S S.S V 

0 0 V 

-o.S 0.8 V 

2.2 Vcc + O.S V 

DC Electrical Characteristics (over operating range) 

Parameter 
Name Parameter 

ILl Input Leakage Current 

ILO I/O Leakage Current 

VOL Logic LOW Output Voltage 

VOH Logic HIGH OutputVoltage 

Icc Average Supply Current 4 

ICC2 Average Standby Supply Current 4 

ICC3 Power-Down Supply Current 4 

AC Test Conditions 

Parameter Rating 

Input Pulse Levels Vss to 3V 

Input Rise and Fall Times Sns 

(10% to 90%) 

Output Reference Levels 1.SV 

Input Timing Reference Levels 1.SV 

Output Load. Timing Tests See Loading 

Capacitance 5, 6 

Parameter Rating 

CIN (Input Capacitance) 8pF 

Co (OutputCapacitance) 8pF 

Test Conditions Min 

Vcc = S.SV. VIN = OV to Vcc -10 

OE ~ VIH• OV S VOUT S Vcc -10 

IOL=8.0mA 

IOH =-2.0mA 2.4 

Measured at fc = max 

All Inputs = VIHMIN (Clock idle) 

All Inputs = VCC - 0.2V (Clock idle) 

DEVICE 
UNDER 
TEST 

470 OHMS 

240 OHMS 

Max Unit 

10 !.LA 
10 !.LA 
0.4 V 

V 

280 mA 

mA 

mA 

+5V 

30pF * 

• INCLUDES JIG AND SCOPE CAPACITANCES 
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MOSEL-VITELIC IIIS76542 

AC Electrical Characteristics (7) vcc = 5V ± 10%, T A = O·C to 70·C 

Parameter -25 -30 -35 
Name Description Min Max Min Max Min Max Unit 

fcc Clock Cycle Frequency - 40 - 33 - 28.5 MHz 

tec Clock Cycle Time 25 - 30 - 35 - ns 

teH Clock High Time 10 - 12 - 15 - ns 

tel Clock Low Time 10 - 12 - 15 - ns 

tos Data Setup Time 11 - 13 - 15 - ns 

toH Data Hold Time 0 - 0 - 0 - ns 

les Enable Setup Time 12 11 - 13 - 15 - ns 

tEH Enable Hold Time 12 0 - 0 - 0 - ns 

tAWS ReadlWrite Setup Time 13 - 15 - 18 - ns 

tRWH ReadlWrite Hold Time 0 - 0 - 0 - ns 

tROS Request Setup Time 12 15 - 18 - 21 - ns 

~QH Request Hold Time 12 0 - 0 - 0 - ns 

tAS Address Setup Time 12 15 - 18 - 21 - ns 

tAH Address Hold Time 12 0 - 0 - 0 - ns 

tA Data Output Access Time - 15 - 20 - 25 ns 

tACK Acknowledge Access Time - 17 - 20 - 25 ns 

toH Output Hold Time 5 - 5 - 5 - ns 

tzx Output Enable Time,OE LOW to Do - 035 Low-Z 8 5 - 5 - 5 - ns 

txz Output Disable Time,OE HIGH to Do - 035 High-Z 8 - 15 - 20 - 25 ns 

tEF Clock to EF Flag Valid (Empty Flag) - 20 - 25 - 30 ns 

tFF Clock to FF Flag Valid (Full Flag) - 20 - 25 - 30 ns 

~F Clock to HF Flag Valid (Half-Full) - 20 - 25 - 30 ns 

tAE Clock to AE Flag Valid (Almost-Empty) - 20 - 25 - 30 ns 

tAF Clock to AF Flag Valid (Almost-Full) - 20 - 25 - 30 ns 

tMBF Clock to MBF Flag Valid (Mailbox Flag) - 15 - 20 - 25 ns 

ipF Data to Parity Flag Valid - 17 - 20 65 25 ns 

tRs Reset/Retransmit Pulse Width 13 40125 - 52/30 - 65135 - ns 

~ss Reset/Retransmit Setup Time 9 20 - 25 - 30 - ns 

tRSH Reset/Retransmit Hold Time 9 10 - 15 - 20 - ns 

tRF Reset Low to Flag Valid - 35 - 40 - 45 ns 

tFRl First Read Latency 10 25 - 30 - 35 - ns 

~Wl First Write Latency 11 25 - 30 - 35 - ns 

les Bypass Data Setup 15 - 18 - 21 - ns 

tBH Bypass Data Hold 5 - 5 - 5 - ns 

leA Bypass Data Access - 20 - 25 - 30 ns 

7-60 



MOSEL-VITELIC 
NOTES: 
1. Stresses greater than those listed under' Absolute 

Maximum Ratings' may cause permanent damage to the 
device. This is a stress rating tor transient conditions 
only. Functional operation of the device at these or any 
other conditions outside those indicated in the 'Operating 
Range' of this specification is not implied. Exposure to 
absolute maximum rating condRions hr extended periods 
may affect reliabilRy. 

2. Outputs should not be shorted for more than 30 seconds. 
No more than one output should be shorted at any time. 

3. Negative undershoot of 1 .5V in amplitude is permitted for 
up to 1 Ons, once per cycle. 

4. Icc, ICC2' and ICC3 are dependent upon actual output 
loading, and Icc is also dependent on cycle rates. 
Specified values are with outputs open; and, for Icc, 
operating at minimum cycle limes. 

5. Sample tested only. 
6. CapacRances are maximum values at 25°C, measured at 

1.0MHz wRh V1N - OV. 
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7. Timing measurements performed at 'AC Test Condition' 

levels. 
8. Values are guaranteed by design; not currently production 

tested. 
9. ~ss and/or tRSH need not be met unless a rising edge of 

CKA occurs while ENA is being asserted, or else a rising 
edge of CKA occurs while ENs is being asserted. 

10. ~L is the minimum first-write-to-first-read delay, following 
an empty condRion, which is required to assure valid read 
data. 

11. ~L is the minimum first-read-Io-firsl-write delay, following 
a full condition, which is required to assure successful 
writing of data. 

12. lAS, tAH address setup times and hold times need only be 
satisfied at dock edges which occur while the correspond­
ing enables are being asserted. 

13. First number used only when CKA or CKs is enabled tRS = 

tRss + icH + tRSH. 

• 
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FuncnonalDescripUon 

Reset 
The device is reset whenever the asynchronous 

Reset (RS) input is taken to LOW state. A reset is 
required after power up before the first write 
operation may occur. The MS76542 is fully ready 
for operation after reset. No device programming is 
required if the default states described below are 
acceptable. 

A reset operation initializes the read address and 
write address pOinters for FIF0#1 and FIF0#2 to 
those FIFO 's first memory locations. FIFO and 
mailbox status flags are updated to indicate an 
empty condition. In addition, the programmable­
status-fla!l2.ffset values are initialized to eight. 
Thus the AE1/AE2 flag gets asserted within e.!gbt 
locat~ons .of an empty condition, and the AF1/AF2 
flag likeWise gets asserted within eight locations of 
a full condition for FI FO#lIFI F0#2 respectively. 

Bypass Operation 
During reset (whenever RS is LOW) the device 

acts as a registered transceiver, bypassing the 
intemal FIFO memories. Port A acts as the master 
port. A write or read operation on Port A during 
reset transfers data directly to or from Port B. Port 
B is considered to be the slave, and does not permit 
write or read operations during reset. The direction 
of the ~ss data transmission is determined by 
the R/W A contrqUnput, which does not get 
overridden by the RS input. The bypass capability 
may be used to pass initialization or configuration 
data directly between a master processor and a 
peripheral device at reset. 

Address Modes 
Address pins select the device resource to be 

accessed by each port. Port A has three resource 
register select inputs, AoA, A1A, and A2A, which 
select between FIFO access, mailbox register 
access, flag offset value programming operating 
mode. Port B has a single address input Ace, to 
select between FIFO access or mailbox register 
access. The status of the resource register select 
inputs is sampled at the rising edge of an enabled 
clock (CKA or CKe). Select input definitions are 
summarized in Table 1. 
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Table 1. Resource Register Addresses 

A2A I A1A I AOA I RESOURCE 

PortA 

H H H FIFO 

H H L Mailbox 

H L H AF2, AE2, AF" AE, Flag 
Offset Registers 

H L L Parity Mode Bit 

L H H AE, Flag Offset Register 

L H L AF, Flag Offset Register 

L L H AE2 FlagOffset Register 

L L L AF2 Flag Offset Register 

AOB RESOURCE 

PortA 

H I FIFO 
L 

FIFO Write 
Port A writes to FIFO #1 and Port B writes to 

FIF0#2. A write operation is initiated on the rising 
edge of a clock (CKA or CKe) whenever: the 
appropriate enable (ENA or ENel!.s held HIGH; the 
Read/Write control (R/WA or R/We) is held LOW; 
the FIFO address is selected; and the prescribed 
setup and hold times must also be observed on the 
data bus pins DOA - D3AS or DOBO - DOB3S. 

When a FIFO full conditions is reached write 
operations are locked out. Following the first read 
operation from a full FIFO, another memory 
location is freed u~nd the corresponding Full Flag 
is deasserted (FF = HIGH). The first write 
operation should begin no earlier than a First Write 
Latency (tFWu after the first read operation from a 
full FIFO, to ensure that correct read data is 
retrieved. 
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FIFO Read 

Port A reads from FIF0#2, and Port B reads from 
FIFO #1. A read operation is initiated on the rising 
edge of a clock (CKA or CKB) whenever: the 
appropriate enable (E"!A. or ENslis held HIGH; the 
ReadIWrite control (RIWA or RIWB) is held HIGH; 
and the FIFO address is selected; and the 
prescribed setup and hold times are observed for all 
of these signals. Read data becomes valid on the 
data-bus pins by a time tA after the rising clock 
(CKA or CKB) edge, provided that the outputs are 
enabled. 

OEA and OEB are assertive-LOW, asynchronous 
output enables. Their effect is only to enable or 
disable the output drivers of the respective Port. 
Disabling the outputs does not disable a read 
operation; data transmitted to the corresponding 
output register will remain available later, when the 
outputs are again enabled, unless subsequently 
overwrite. 

When an empty condition is reached, read 
operations are locked out until a valid write 
operation(s) has loaded additional data into the 
FIFO. Following the first write to an empty FIFO, 
the corresponding empty flag (EF) will be 
deasserted (HIGH). The first read operation should 
begin no earlier than a First Read Latency (tFRU 
after the first write to an empty FIFO, to ensure that 
correct read data is retrieved. 

Dedicated FIFO Status Flags 
Si~edicateQ.£IFO status f@9.s are included for 

full (FFt.2nd FF21, half-ful!.JtiF1 an~HF2)' and 
empty (EF1 and EF2) FF1, HF...1.!...anQj:F1 indicate 
the status of FIFO #1; and FF2, HF2, and EF2 
indicate the status of FIFO#2. 

A full flag is asserted following the rising clock 
edge for a write operation that fills the FIFO. A full 
flag is deasserted following the falling clock edge 
for a read operation to a full FIFO. A half-full flag is 
upclated following the rising clock edge of a read or 
write operation to a FIFO. An empty flag is asserted 
following the riSing edge for a read operation that 
empties the FIFO. An empty flag is deasserted 
following the falling clock edge for a write operation 
to an empty FIFO. 

Programmable Status Flags 
Four programmable FIFO status flags are 

provided, two for almost-full ~1 and AF2) and two 
for almost empty (AE1 and AE2). Thus, each port 
has two programmable flags to monitor the status of 
the two internal FIFO buffer memories. The offset 
values for these flags are initialized to eight 
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locations from the respective FIFO boundaries 
during reset, but can be reprogrammed over the 
entire FIFO depth. 

Flag offsets may be written or read through the 
Port A data bus. All four programmable FI FO status 
flag offsets can be set simultaneously through a 
single 36-bit status word; or, each programmable 
flag offset can be set individually, through one of 
four 8-bit status words. Table 3 illustrates the data 
format for flag-programming words. 

Mailbox Operation 
Two mailbox registers are provided for passing 

control/status words between ports. Each port can 
read its own mailbox and write to the other port's 
mailbox. Mailbox access is performed on the rising 
edge of the controlling FIFO's clock, with the 
mailbox address selected and the enable (ENA or 
ENB) HIGH. That is, writing to Mailbox Register#1, 
or reading from Mailbox Register#2, is the 
synchronized to CKA; and writing to Mailbox 
Register#2, or reading from Mailbox Register#1, is 
synchronized to CK.&.-

The RIWNB and OENB pins control the direction 
and availability of mailbox register access. Each 
mailbox register has its own New-Mail-Alert 
Flag,which is synchronized to the reading port's 
clock. These New-Mail-Alert Flags are status 
indicators only, and cannot inhibit mailbox register 
read or write operations. 

Request Acknowledge Handshake 
An optional, synchronous, request-acknowledge 

handshake feature is provided for each port, to 
perform boundary synchronization between 
asynchronously-operated ports. The Request input 
(REONB) is samJ)led at a rising clock edge. With 
REONB HIGH, RIW NB determines whether a FIFO 
read or FIFO write operation is being requested. 
The Acknowledge output (ACKNB) is updated 
during the following clock cycle(s).ACKNB meets 
the setup and hold time requirements of the Enable 
input (ENA or ENB). Therefore, ACKNB may be tied 
back to the enable input to directly gate FIFO 
accesses, at a slight decrease in maximum 
operating frequency. 

The assertion of ACKNB signifies that REONB 
was asserted. However, ACKNB does not depend 
logically on ENNB; and thus the assertion of ACKNB 
does not prove that a FIFO write access or read 
access actually did occur. While REONB and ENNB 
are being held HIGH, ACKNB may be considered as 
a synchronous, predictive boundary flag. That is 

• 
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ACKAIB acts as a synchronized predictor of the full 
flag for write operations, or as a synchronized 
predictor of the empty flag for read operations. 
Outside the 'almost-empty' region, ACKAIB remains 
continuously HIGH. Within the 'almost-full' region 
or the 'almost-empty' region, ACKAIB occurs only on 
every third cycle, to prevent an overrun of the 
FIFO's actual full or empty boundaries and to 
ensure that the tFWL (first write latency) and tFRL 
(first read latency) specifications are satisfied 
before ACKAIB is received. The 'almost full region' 
is defined as that region, where the almost-full flag 
is being asserted, 'and the 'almost-empty region' as 
'that region, where the almost-empty flag is being 
asserted.' Thus the extent of these 'almost' regions 
depends on how the system has programmed the 
offset values for the Almost-Full Flags and the 
Almost-Empty Flags. If the system has not 
programmed them, these offset values remain at 
their default values, eight in each case. 

If a write attempt is unsuccessful because the 
corresponding FIFO is full, or if a read attempt is 
unsuccessful because the corresponding FIFO is 
empty, ACKAIB is not asserted in response to 
REOAlB· 

If the REO/ACK handshake is not used then the 
REOAIB input may be used as a second enable 
input at a possible minor loss in maximum operating 
speed. In this case the ACKAIB output may be 
ignored. 

WARNING: Whether or not the REO/ACK hand 
shake is being used the REOAIB input for a port 
must be asserted for the corresponding FIFO to 
operate. 

Data Retransmit 
A retransmit operation resets the read-address 

pointer of the corresponding FIFO(#1 or #2) back to 
the first FIFO physical location, so that data may be 
reread. The write pointer is not affected. The status 
flags are updated;and a block of up to 256 data 
words, which previously had been written and read 
from a FIFO, can be retrieved.The block to be 
retransmitted is bounced by the first FIFO location 
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and the FIFO location addressed by the write 
pOinter. FIFO#1 retransmit is initiated by strobing 
the RTl pin LOW. FIF0#2 retransmit is initiated by 
strobing the RT2 pin LOW. Read and write 
operations to a FIFO should be stopped while the 
corresponding Retransmit signal is being asserted. 

Parity Check 
The parity Check Flags, PFA and PFB, reflect the 

parity status of the data present on the 
corresponding port's data bus. The four bytes of a 
36-bit word are grouped as 00 - °8, 0 9 - °17, 0 18 -°25, and 026 - 035; the parity of each 9-bit byte is 
individually checked, and the four single bit parity 
indications are logically ORed to produce the 
Parity-Flag output. Parity checking is initialized for 
odd parity at reset, but can be reprogrammed for 
even or odd parity during operation. 

Word-Width Selection on Port B 
The word width of data access on Port B is 

selected by the WS1 and WSo control inputs. WS1 
is tied HIGH for 36-bit access.WS1 and WSo are 
both tied LOW for single-byte access. For double­
byte access, WS1 is tied LOW and WSo is tied 
HIGH. 

In the Single-byte or double-byte access mode, 
FIFO write operations on Port B pack the data to 
form 36-bit words when viewed from Port A. 
Similarly, single-byte or double-byte FIFO read 
operations on Port B essentially unpack 36-bit 
words through a series of shift operations. FIFO 
status flags are updated following the last access 
which forms a complete 36-bit transfer. 

Note that the word-width programming feature is 
only supported for FIFO accesses. Mailbox and 
Oata Bypass operations do not support word-width 

Table 2. Port B Word-Width Selection 

WS, WSo PortB Data Width 

H H 36-Bit 

H L 36-Bit 

L H 18-Bit 

L L 9-Bit 
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D34A -D27A 

x AF2 Offset' x AE2 Offset' x AF, Offset' x AE, Offset' 

x ... x AE, Offset 1 

8-BIT AF1 Flag (A2A• A1A• AOA) = 0.1.0 

x ... x AFT Offset 1 

x ... x AE2 Offset 1 

OrA - DOA 

x ... x AF2 Offset 1 

Parity Mode (A2• A1• Ao) = 1. O. 0 (Write Only) 

x ... x Parity Mode 2 

NOTES: 
1. All four programmable-flag-offset values are initialized to eight (8) during a reset operation. 
2. Odd parity = HIGH; even parity = lOW. The parity mode is initialized to odd during a reset operation. 

Table 3. Flag Programming Words • 
Valid Read Cycles Remaining Valid Write Cycles Remaining 

Flag Flag = Low Flag = High Flag = Low Flag = High 

Mlin Max Mlln Max Mlln Max Mlln Max 

FF 256 256 0 255 0 0 1 256 

AF 256-offset 256 0 255-offset 0 offset offset + 1 256 

HF 129 256 0 128 0 127 128 256 

AE 0 offset offset + 1 256 256-0ffset 256 0 255-offset 

EF 0 0 1 256 256 256 0 255 

Table 4. Flag Definition Table 

7-65 



MOSEL-VITELIC 
Port B Word-Width Selection 

PORT 
A 

36-Bit Data Stream 

18 

Bits 0-17 

1~ Data Stream 

BD35B 

18 
D 1SB 

PORT 
B 

MS76542 

1st Halfword, then 2nd Halfword 18 (1st Halfword) 
~----~----~-----4 DOB 

18-t0-36 Defunnellng Through FIFO #2 

36-Bit Data Stream 9-BH Data Stream 

D35A 

8

D35B 9 
9 D27B D27A 

D26A 8D~B 
D 1SA 

9 D1SB 

PORT PORT 
A B 

D17A 

8

D17B 

DSA DSB 

DSA DSB 

9 Bits 0-8 1 st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 

DOA 
(1st Byte) 

DOB 

9-t0-36 Defunnellng Through FIFO #2 

NOTES: 
1. The heavy black borders on register segments Indicate 

the only data paths used. The other byte segrnents of 
Port B do not participate in the data path during 
defunneling. 

2. The defunneling process does not change the ordering of 
bits within a byte. HaHwords or bytes are transferred in 
parallel form from Port B to Port A. 
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3. The word-width setting may be changed during system 
operation; however, two clock intervals should be allowed 
for these signals to settle, before again attemping to send 
data. Also, incomplete data words may occur when the 
word width is changed from shorter to longer, at an 
inappropriate point in the data block passing through the 
FIFO. 



MOSEL-VITELIC 
Port B Word-Width Selection 

PORT 
A 

36-Bil Data Stream 

D35A 

18 

18 

Bits 18-35 
(2nd Halfword) 

Bits 0-17 
(1 sl Halfword) 

MS76542 

18-Bil Data Slreams 

D35B 

18 2nd Halfword, then 151 Halfword 

D 18B 

PORT 
B 

D17B 

18 lsI Halfword, then 2nd Halfword 

DaB 

36-to-18 Funneling Through FIFO #1 

36-BR Data Stream 9-BR Data Streams 

035A 
Bits 27-35 °35B 

9 (41h Byte) 4th Byte, then 1 st Byte, then 2nd Byte, then 3rd Byte 

D27A °27B 

°2SA °26B 

9 Bits 18-26 3rd Byte, then 4th Byte, then 1st Byte, then 2nd Byte 

01BA 
(3rd Byte) D l6B 

PORT PORT 
A B 

D17A Bits 9-17 °17B 

9 (2nd Byte) 2nd Byte, then 3rd Byte, then 4th Byte, then 1st Byte 

°eA 09B 

DSA OeB 

9 BitsQ-8 151 Byte, then 2nd Byte, then 3rd Byte, then 41h Byte 

°OA 
(151 Byte) 

DaB 

36-to-9 Funneling Through FIFO #1 

NOTES: 
1 . The heavy black borders on register segments indicate 

the main data path. suitable for most applications. 
Alternate paths feature a different ordering of bytes within 
a word. at Port B. 

2. The funneling process does not change the ordering of 
bits within a byte. Halfwords or bytes are transferred in 
parallel form from Port A to Port B. 
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3. The word-width setting may be changed during system 
operation; however. two clock intervals should be allowed 
for these signals to settle. before again attemping to read 
OOB - 035B. Also. Incomplete data words may occur when 
the word width is changed from shorter to longer. at an 
inappropriate point In the data block passing through the 
FIFO. 

II 



MOSEL-vrrELIC MS76542 

eKe 

ENe 

EF,AE 

HF, AF, FF, MBF 

Reset Timing 

NOTES: 
1. RS overrides all other input signals, and operates 

asynchronously. RS operates whether or not ENA andlor ENe 
are asserted. 

2. ~ss' tASH need not be met unless the rising edge of CKA andl 
or CKe occurs while that clock Is enabled. 

3. The parity check is initialized to odd byte parity at reset. 
4. The AE and AF flag of offsets are initialized to eight locations 

from tha boundary at reset. 

7·68 



MOSEL-VITELIC 

OE B 

DOB - D35B BYPASS IN 

BYPASS 
IN 

MS76542 

BYPASS DATA OUT 

Data Bypass Timing 

NOTES: 
1. tRSS. tRSH need not be met unless the rising edge of CKA• 

or CKe occurs while that clock is enabled. 

7-69 

2. Port A is considered the master port for bypass operation. 
Thus. CKA• RiWA• and ENA control the transmission of 
data between ports at reset. fI 
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READ FROM 

FIFO #2 
WRITE TO 

FIFO #1 

MS76542 

Port A FIFO ReadIWrite 

NOTES: 
1. The Port A Parity Error Flag (PF A) reflects the parity status of 

data present on the data bus. 

2. The status of OEA does not gate read or write operations. 

3. If OEA is left lOW during a write operation, then the previous 
data held in the output latch is written back into FIFO #1. 
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eK B 

R/W B 

ENB 

AOB 

DOB - D35B 

READ FROM 
FIFO #1 

tcc 

WRITE TO 
FIFO #2 

MS76542 

Port B FIFO ReadIWrlte 

NOTES: 
1. The Port B Parity Error Flag (PFBI reflects the parity 

status of data .E!..esent on the data bus. 
2. The status of OEB does not gate read or write operations. 
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3. If OEB is left LOW during a write operation. then the 
previous data held in the output latch is written back into 
FIFO #2. II 
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RiW A 

AOA 

CKe 

DOA - D3SA 

WRITE TO 
MAILBOX #1 

MAXIMUM OF 2 CKe 
CYCLES LATENCY 

READ FROM 
MAILBOX #2 

MS76542 

MAILBOX OUT 

Port A Mailbox Access 

NOTES: 
1. Both edges ot MBF2 are synchronized to the Port A clock, 

CKA• 
2. Both edges of MBF, are synchronized to the Port B clock, 

CKs· 
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3. There is a maximum of 2 CKB clock cycles of synchroniza­
tion latency before MBF, is asserted to indicate valid new 
mailbox data. 

4. The status of mailbox flags does not prevent mailbox read 
or write operations. 
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MAILBOX OUT 

Port B Mailbox Access 

NOTES: 
1. Both edges ot MBF2 are synchronized to the Port A clock, 

CKA• 
2. Both edges of MBF, are synchronized to the Port B clock, 

CKe· 
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3. There is a maximum of 2 CKA clock cycles of synchroniza­
tion latency before MBF2 is asserted to indicate valid new 
mailbox data. 

4. The status of mailbox flags does not prevent mailbox read 
or write operations. 

• 
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FLAG DATA OUT 

Flag Programming 

NOTES: 
1. For valid flag address codes and data formats, see Table 

3. 
2. If flag status is aHered by flag programming, the updated 

flags will be valid within a time ~F. 
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ENA (ENe) 

Empty Flag Timing 

NOTE: 
~A. AlA. AoA. and Aoa are all HIGH for FIFO access. 

II 
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ENA (EN B) 

Almost-Empty Flag Timing 

NOTE: 
A.zA. A'A. AoA. and AcB are all HIGH for FIFO access. 
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Full Flag Timing 

NOTE: 
~A' A'A' AOA• and AcB are all HIGH for FIFO access. 

• 
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RIWA (RIWB) 

Almost-Full Flag Timing 

NOTE: 
A2A• A'A. AoA. and Aos are all HIGH for FIFO access. 
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CKA (CKs) 

Half-Full Flag Timing 

NOTE: 
Av,. AlA. ADA. and Ace are all HIGH for FIFO access. 

II 
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... 

~ 

LiJJ 
tES tEH tES tEH tES 

L!J ~\ \' ,\\ ~I 1 1 1 17 
tASH tAS tASS 

tASH tASS 

eKe J 

~ 

R/We \W 
tES tEH tES tEH tES 

ENe f.iJ ,\ \ \ \ \ :;III/: 

FIFO #2 Retransmit 

NOTES: 
1. ~SS and lASH need not be mel unless a rising edge of 

CK,. or CKs occurs while thaI clock is enabled. 
2. ~Ss is lhe time needed 10 deassert RT 2 before returning 

to a normal FIFO cycle. 

3. lASH is Ihe time needed before asserting RT 2 after a 
normal FIFO cycle. 
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eKe 

~ 
RlW e !J.iJ 

t ES tEH t ES tEH t ES 

ENe !JJ :\\ \\\ /////: 
tRSH t RS tRSS 

tRSH tRSS 

~ 

\W 
tEs tEH tES tEH t ES 

!JJ ~\ \ \ \ \ ~/ / / / /; 

FIFO #1 Retransmit 

NOTEs: 
1. ~ and tRSH need not be met unless a rising edge of 

CKA or CKB occurs while that clock is enabled. 
2. ~SS is the time needed to deassert RTl before returning 

to a normal FIFO cycle. 
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3. ~SH is the time needed before asserting RT 1 after a 
normal FIFO cycle. 

• 
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EF 1 

eKs 

RlWs 

ENs 

Dos - D35S PREVIOUS DATA N2 

FIFO #1 Write and Read Operation In Near-Empty Region 

NOTES: 
1. ":::u,. AlA' AOA and Ace are all held HIGH for FIFO access. 4. tFRL (First Read Latency) - the first read following an 

empty condition may begin no earlier than ~RL after the 
first write to an empty FIFO. to ensure that valid read data 
is retrieved. 

2. OEA is held HIGH. 
3. OEe is held LOW. 
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eK B 

RIWB 

ENB 

DOB - D35B 

R/W A 

DOA - D35A PREVIOUS DATA N2 

FIFO #2 Write and Read Operation In Near-Empty Region 

NOTES: 
1. A2A• AlA. AOA and AcB are all held HIGH for FIFO access. 4. tFRL (First Read Latency) - the first read following an 

empty condition may begin no earlier than tFRL after the 
first write to an empty FIFO. to ensure that valid read data 
is retrieved. 

2. OEA is held HIGH. 
3. OEB is held LOW. 
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eK B 

EN B 

DOB - D35B PREVIOUS DATA 

FIFO #1 Read and Write Operation In Near-Full Region 

NOTES: 
1. ~, A'A, AOA and Ace are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OEe is held lOW. 

4. tFWL (First Write latency) - the first write following a full 
condition may begin no earlier than ~L after the first 
read from a full FIFO, to ensure that valid write data is 
written. 
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eKs 

ENs 

Doe - D35S 

tes 

PREVIOUS DATA 

FIFO #2 Read and Write Operation In Near-Full Region 

NOTES: 
1. ~. A'A. AOA and !\oB are all held HIGH for FIFO access. 
2. OEA is held LOW. 
3. OEB is held HIGH. 
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4. tFWL (First Write Latency) - the first write following a full 
condition may begin no earlier than ~L after the first read 
from a full FIFO. to ensure that valid write data is written. 

II 
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CK B 

RJW B 

ENB 

DOB - D17B 

WORD#n 

----~~~ 

I 
WORD#n 

WORD#n+1 

xxx 1~ xxx 
I 

WORD#n+1 

BITS 
0-17 

WORD#n+2 

XXX lB~ 
I 

WORD#n+2 

MS76542 

Port B Double-Byte FIFO #1 Read Access for 38-to-18 FunnelIng 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OEB is held lOW. 

CK B 

RlWB 

ENB 

Doe - D17B 

I 
WORD#n WORD#n+1 

3. WSo is held HIGH and WS1 is held lOW for double-byte 
access. 

WORD#n+2 

BITS 
18-35 

Port B Double-Byte FIFO #2 Write Access for 18-t0-36 DefunneUng 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OEB is held HIGH. 
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3. WSo is held HIGH and WS1 is held lOW for double-byte 
access. 
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DOB - D8B 

I 
WORD#n 

------~~ 

I 
WORD#n 

BITS 
18-26 

IIS76542 

WORD#n+1 

~ ~ 
I 

WORD#n+1 

Port B Single-Byte FIFO #1 Read Acceaa for 38-too9 Funneling 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OEB is held LOW. 

CK B 

ENB 

DOB -D 8B 

WORD#n 

3. WSo and WS1 are both held LOW for single-byte access. 

WORD#n+1 

BITS 
9-17 

Port B Single-Byte FIFO #2 Write Acceaa for 9-t0-38 Defunnellng 

NOTES: 
1. ~ is held HIGH for FIFO access. 3. WSo and WS, are both held LOW for single-byte access. 
2. OEB is held HIGH. 
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acknowledge is continuous occurs on every third cycle to prevent overrun 
Outside the 'almost-full' region, -+- Within the 'almost-full' region, acknowledge 

for a continuous request. of the full condition. 

REQ A (REQ a) 

ACK A (ACK a) 

Write Request/Acknowledge Handshake 

NOTES; 
1. For a FIFO access to occur, REO and EN must be hBld 

HIGH for thB required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO 

accesses. 
* Indicates where a write would taka place, if ACK were 
tied to EN. 

3. REQ must be maintained HIGH throughout the entire 
clock cycle for ACK to be generated. 

4. When the REOIACK handshake is not used, ACK can be 
ignored, and REO may be tied HIGH or used as a second 
enable. 
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MOSEL-VITELIC MS76542 

acknowledge is continuous occurs on every third cycle to prevent overrun 
Outside the 'a1most-empty' region, -+- Within the 'almost-empty' region, acknowledge 

for a continuous request. of the full condition. 

R/WA (RlWs) 

REO A (REO B) 

ACK A (ACK B) 

Read Request/Acknowledge Handshake 

NOTES: 
1. For a FIFO access to occur. REO and EN must be held 

HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO 

accesses. 
* Indicates where a read would take place. if ACK were 
tied to EN. 
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3. REO must be maintained HIGH throughout the entire 
clock cycle for ACK to be generated. 

4. When the REQ/ACK handshake is not used, ACK can be 
ignored, and REO may be tied HIGH or used as a second 
enable. 

• 
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Ordering Information 

Ordering Temperature 
Speed Part Number Package Range 

25 MS76542-25QC 132 Pin Plastic Flat Pack O·Cte +70·C 

30 MS76542-300C 132 Pin Plastic Flat Pack O·Cte +700C 

35 MS76542-35QC 132 Pin Plastic Flat Pack O·Cto +700C 

7-90 



D 

Specialty Products • 





MOSEL-VITELIC MS622424 PRELIMINARY 
HIGH PERFORMANCE 
BKx24 BIT 
CMOS COLOR MAP 

Features 
• Color Index Mode supports up to 8192 simulta­

neous colors out of 16.7 million total colors 
• 24-bit RGB Mode allows full true color display 
• High-speed operation capable of supporting 

resolutions up 1280 x 1 024 
• Available in 10o-pin PQFP 
• Unique "Write-Buffer" at MPU port permits 

dualport-like operation using an economical 
singleport memory core 

• All TTL compatible inputs and outputs 
• 70 MHz pipelined operation 
• Standard MPU Interface 

PIXIN23 
PIXIN22 
PIX,N21 
PIXIN20 
PIXIN19 
PIXIN18 

vss 
vss 

CLOCK.lN 
PIXIN17 
PIXIN16 
PIXIN15 
PIXIN14 
PIXIN13 
PiXIN12 

vee 
vee 

PIXINll 
PIXIN10 
PIXIN9 
PIXIN8 
PIXIN7 
PIXIN6 
PIXINS 
PIXIN4 
PIXIN3 
P1XIN2 
P1XIN1 
PIXINO 

vss 

10o-pin PQFP 
PIN CONFIGURATION 

Top View 

MS622424 Rev. 00 December 1992 

vee 
POU'T23 
POUT22 
POU'T21 
POUT2Q 
vss 
POUT19 
POUT18 
POUT17 
POune 
POUT15 
POUT14 
POUT13 
POUTlZ 
vss 
POUT11 
POUT10 
POUT9 
POUTS 
vee 
vee 
POUT7 
POUT6 
POUT5 
POUT4 
vss 
POUTS 
POUT2 
POUT1 
POUTO 
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Description 
The MS622424 is a high performance, full 

CMOS, 8K x 24, 192K-bit pipelined static memory. 
This device is specifically designed for use as a 
color look-up table in high resolution video display 
systems. When two of these devices are operated 
in parallel at 70 MHz, the resulting system will be 
capable of supporting a display of 1280 x 1024 bit 
mapped color graphics with 13 bits per pixel in the 
Color Index Mode or 24 bits per pixel in the RGB 
Mode. 

In the Color Index Mode, three intemal 8Kx8's 
provide 8192 simultaneous colors from a 16.7 
million color palette. The palette can be partitioned 
into several smaller palettes thereby supporting 
multiple window display. In the RGB Mode, the 24-
bit input can be gamma corrected on one of three 
gamma correction tables. The 24-bit gamma 
corrected value will then be presented at the output. 

This device is implemented in full CMOS for low 
power consumption, and is available in an 10o-pin 
plastiC quad-flat-pack. 

• 
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Pin Descriptions 

Pin Name Description 

PIXINO-PIXIN23 These inputs are latched on the rising edge of CLOCK.lN. The PIXINO-PIXIN23 
can be utilized in two different modes. In the Color Index Mode, PIXINO-PIXIN12 
are used to look up a 24 bit color from a palette of 8192 colors; the higher order 
bits in this mode are ignored. 

In the RGB Mode, PIXINO-PIXIN7, PIXIN8-PIXIN15, and PIXIN16-PIXIN23 will 
address a red, green, or blue color value, respectively, from the 8K color palette. 
Intemally, the five higher order bits are appended to the 8-bit addresses to 
compose the necessary 13 bits to address 8K locations. The five appended bits 
can be one ofthree values:(1)11101, (2)11110, or (3)11111. 

These binary addresses are expressed with the most significant bit on the left. The 
RGB Mode and five higher order bits are determined by the values of PIX.RGBO 
and PIX.RGB1. 

PIX.RGBO-PIX.RGB1 These two input pins select Color Index Mode or RGB mode. The table below 
defines the selection associated with the values of these two bits. 

PIX.RGB1 PIX.RGBO SELECTION 

0 0 Color Index Mode 
0 1 RGB Mode, 11101 + 8-bit address 
1 0 RGB Mode, 11110 + 8-bit address 
1 1 RGB Mode, 11111 + 8-bit address 

These two bits are latched on the rising edge of CLOCK.lN. 

PIPE.lNO-PIPE.lN3 These four input pins are provided for the video timing signals such as CBLANKB 
and CSYNCB. Intemally, these signals will go through the same number of 
pipeline stages as the pixel data. The video timing signals will subseqently appear 
at the PIPE.OUT outputs, and synchronized with the appropriate color data. These 
inputs are also latched by the rising edge of CLOCK.lN 

CLOCK.lN This is the clock input pin. The CLOCK.lN controls the latching output and 
subsequent processing of the pixel data and video timing signals. 

POUTO-POUT23 Color information output pins. POUTO-POUT7, POUT8-POUT15, and POUT16-
POUT23 are the red, green, and blue color data, respectively. 

PIPE.OUTO-PIPE.OUT3 Video timing signals output pins. The output data is synchronized with the color 
data is output on these pins. Fig. 1 describes intemal pipeline data path flow. 

CEB1,CEB2 The chip enable input pins. MPU read and write cycles are performed by bringing 
either of these pins low. The falling edge of this signal latches information from the 
RlWB, CONFIGSEL, and CONFIGBUS pins. 

RlWB Read and write control input pins. When latched by the falling edge of CEB, this 
signal determines whether the following operation is a read or a write. A read 
operation is performed when this signal is high, and a write operation is performed 
when this signal is low. 

CONFIGBUSO-CONFIGBUS7 These pins are used for data 1/0. RAM and register data are input and output 
through these pins. These pins are used for read and write tolfrom RAM and 
register. 

CONFIGSELO-CONFIGSEL2 The device configuration input pins. These inputs specify the type of read or write 
operation to perform. The particular RAM or register operation is defined by the 
truth table. This information is latched on the falling edge of CEB. 

CBLANKB Blanking status output pin. This signal indicates to the device that a blanking 
period is taking place so it is therefore permissible to change data in the palette 
RAM. 
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Pin Descriptions (Cont'd) 

Pin Name 

RSB 

AFB 

FFB 

VssfTEST 

Description 

Reset input pin. This asynchronous system reset initializes state machines and 
resets the Address, Status, and Color Buffer registers. It also resets the Write 
FIFO so that it is empty of any contents. It resets command register bits CB2-CB7 
and sets bits CB~B1. During a reset, CONFIGBUS~ONFIGBUS7 are in 
tri-state. 

The FIFO status output pin. This active low output indicates that the Write FIFO is 
half or almost full. This active low output can be programmed by a bit in the 
Command Register to indicate that the FIFO is at least half full or is almost full 
(eight or less empty locations left). 

The FIFO status output pin. This active low output indicates that the Write FIFO 
is full. 

This pin should be grounded for normal operation. 

BD.REV(D-3) Board revision input pins. These input pins can be pull-up to Voo or pull-down to 
Vss. The BD.REV data can be read though the revision register. 

CLOCK.lN 
1--------------------------------------1 

I 
I 
I 

SENSE OUTPUT I 
AMPLIFIER I 

I 
PIX.lN(0-23} ~--~ 

PIPE.lN(0-3} --L __ ~ LATCH LATCH LATCH 

: 1 2 3 4 I 
I I 
~-------------------------------- ______ I 

Figure 1. Internal Pipeline Data Path for Pixel and Pipe Input Data 
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POUT(0-23} 

PIPE.OUT(0-3} 

• 



MOSEL-vrrELIC MS622424 

Intemal Registers 

Command Register The Command Register is an B-bit register. 

CBO 

CB1 

CB2 

CB3 

CB4 

CB5-GB7 

Status Register 

SBO 

SB1 

SB2 

SB3 

SB4 

SB5-SB7 

PIPE.lNO reset 

PIPE.lN1 reset 

PIPE.lN2 set 

PIPE.lN3 set 

HFBlAFB 

Reserved 

CB5-CB7 

~ 

07 DO 

This bit is internally ANDed with PIPE.lNO. Thus when CBO is "0", then 
PIPE.OUTO will always be ''0" 

This bit is internally ANDed with PIPE.lN1 . Thus when CB1 is "0-, then 
PIPE.OUT1 will always be "0" 

This bit is internally ORed with PIPE.lN2. Thus when CB2 is "1", then 
PIPE.OUT2 will always be "1" 

This bit is internally ORed with PIPE.lN3. Thus when CB3 is "1", then 
PIPE.OUT3 will always be "1" 

This bit programs the AFB flag indicator. When this bit is "0- the AFB pin 
will indicate that the FIFO is half full. When this bit is "1" AFB will indicate 
almost full. 

Reserved for internal use. 

The Status Register Is an B-bit register. 

SB5-SB7 

~ 

07 DO 

RGBO LSB of RGB counter. RGBO and RGB1 form two bits of a modulo three 
counter that determines which color is operated on (read only). 

RGB1 MSB of RGB data counter(read only). 

EFB Empty Flag; Write FIFO is empty when this bit is low. 

HFB/AFB Half or Almost-Full Flag; Like the external AFB pin, this bit can be 
programmed by CB4 to indicate that the Write FIFO is at least half full or 
at least 7/8 full (eight or fewer empty locations left). 

FFB Full Flag; Write FIFO is full when this bit is low. 

Reserved Reserved for internal use. 

Revision Register The Revision Register is an B-bit register. 

f 
07 

RVBO REVO 

RVB1 REV1 

RVB2 REV2 

RVB3 Reserved 

RVB4-RVB7 REV4-7 

RVB4-RVB7 
A 

DO 

LSB of Revision Register. This register is mask programmed to indicate 
the revision number. 

Second bit of Revision Register. 

MSB of Revision Register. 

Reserved for internal use. 

Corresponds to board revision input BD.REV0-3 
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Functional Block Diagram 

PIXIN(O-23) 
r-~~~~~~~-'13 

rg~~L=t~3H'-----+-l3:1 MUX 
I- 13 

1-7''------+-+-1 3: 1 MUX POUT(O-23) 

PIX.RGB(Q-1 ) 1-1"'3'---_--+-+-13:1 MUX L-__ ~~~~~ __ ~ 

CEB1 
CEB2 
RIWB 

FIFO AOOR 13 

CONFIGSEL(Q-2) 
CONFIGBUS(Q-7) 

CBLANKB 

FIFORGB24 

24 

ASB I-----------------------~AFB 

BO.REV(0-3) !===::::==================:::;----. FFB 
CLOCK.lN -----.j 

PIPE.lN(0-3) --.lL-_______ P_IP_EL_IN_E_S_YN_C_H_A_ON_I_ZA_T_ION_PA_T_H ______ ~-------I •• PIPE.OUT(0-3) 

Functional Description 

MPU Interface 
The MPU interface allows the MPU to access the 

internal registers and the color map. The 
CONFIGSELD-CONFIGSEl2 bits that are latched 
on the falling edge of CEB define the access mode. 
The access modes are defined in the table below. 
The RlWB pin is also latched on the falling edge of 
CEB and indicates a read operation when high and 
a write operation when low. These functions are 
illustrated in the truth table on the next page. 

The RGBO and RGB1 bits are the two bits of a 
modulo 3 counter, which determine which color(red, 
green, or blue, in that order) is selected. These two 
bits are reset by a write to either the high or low 
Address Register. In writes and reads to and from 
the color palette, the Address Register is 
incremented at the end of the RGB cycle. 

During a read from the color palette, the color 
data output at POUTO-POUT23 may be disturbed 
because the address register will take over 
addressing of the color map. To prevent random 
color data from being displayed on the screen, the 
data at POUTO-POUT23 will be held at the value 
defined by the last valid pixel address for the 
duration of the read. A read of tne color palette 
should not be performed while the Write FIFO is not 
empty because it may contend with the FIFO to 
color map write. It is recommended that FIFO empty 
flag status always be checked before issuing color 
palette read instructions. If such a contention 
occurs, then the color palette read will interrupt the 
write cycle. 
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MPU Access Modes 

CONFIGSEL<2:0> MODE 

000 Address Register low (R/W) 

001 Address Register high (RIW) 

010 Color Palette Buffer (RIW) 

011 Command Register (RIW) 

100 Status Register (read only) 

101 Color Buffer Register 
(read only) 

110 Revision register (read only) 

111 Reserved 

Write FIFO 
The Write FIFO stores data and addresses that 

are written to the Color Palette Buffer and Address 
Registers. The FIFO is emptied by writing the data 
to the color map during a blanking period as 
indicated by CBLANKB. The host can write up to 64 
locations that contain a 13-bit address and a 24-bit 
color before the FIFO becomes full. When the FIFO 
is full the full flag pin (FFB) goes low until at least 
one location of the FIFO is transferred to the color 
map. If the host attempts to write to the Color 
Palette Buffer while the FFB is active, then the 
device will transfer 4 locations from the FIFO to the 
color map in order to make room for the incoming 
data, regardless of the state of CBLANKB. This 
process may disturb the data in the pixel stream. To 
prevent random color data from being displayed on 
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Truth Table 

RlWB CONFIGSEL<2:0> RGB1 RGBO FUNCTION 

0 000 0 x x Write Address Register Low, reset RGB Counter 

0 001 1 x x Write Address Register High, reset RGB Counter (1) 

0 010 2 0 0 Write Red Color Palette Buffer, increment RGB counter 

0 010 2 0 1 Write Green Color Palette Buffer, increment RGB counter 

0 010 2 1 0 Write Blue Color Data to Write FIFO, transfer register 
contents to Write FIFO, reset RGB counter, increment 
Address Register 

0 011 3 x x Write Command Register 

0 100 4 x x Invalid Operation 

0 101 5 x x Invalid Operation 

0 110 6 x x Invalid Operation 

0 111 7 x x Invalid Operation 

1 000 0 x x Read Address Register Low 

1 001 1 x x Read Address Register High (2) 

1 010 2 0 0 Read Red Color Palette, increment RGB counter (3) 

1 010 2 0 1 Read Green Color Palette Buffer, increment RGB counter 

1 010 2 1 0 Read Blue Color Palette Buffer, reset RGB counter, 
increment Address register 

1 011 3 x x Read Command Register 

1 100 4 x x Read Status Register 

1 101 5 0 0 Read Red Color Buffer Register, increment RGB counter 

1 101 5 0 1 Read Green Color Buffer Register 

1 101 5 1 0 Invalid Operation 

1 110 6 x x Read Revision Register 

1 111 7 x x Invalid Operation 

NOTE: 
1. Only CONFIGBUSO-CONFIGBUS4 are recognized; the upper three bits are ignored. 
2. Data is output to CONFIGBUSO-CONFIGBUS4 only. The upper three bits will output "0". 
3. Reading the Red Color Palette may disturb the pixel stream. 

the screen while the device performs these 4 writes, 
the data at POUTO-POUT23 will be held at the 
value defined by the last valid pixel address. When 
Pixel clock is much slower that 70 MHz, the 
operating frequency of MPU should also be slowed 
down accordingly in order to maintain the 
synchronization of FIFO operations 

Color Buffer Register 
The Color Buffer Register stores the red and 

green data that is written to the Color Palette Buffer. 
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Thus if a complete red, green, blue write cycle is not 
completed(register data is not transferred to the 
Write FIFO), then the host can recover the red and 
green data it has written by reading the red and 
green Color Buffer Registers. 

The host can recover the red and green data by 
first writing to the address register to reset the RGB 
counter. Then the red and green data can be 
recovered in two consecutive reads of the Color 
Buffer Register. 
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Absolute Maximum Ratings" 

Symbol Parameter Rating Units 

Voo Supply Voltage -0.5* to +7.0 V 

VT Terminal Voltage with -0.5* to V 
Respect to V ss Voo +0.5 

Po Power Dissipation TBD W 
1 00% Duty Cycle 

tePR Operating Temperature -10 to +85 ·C 

tSTG Storage Temperature -65 to +150 ·C 

*Note: Operation above absolute maximum rating can affect 
device reliability. 

MS622424 

Capacitance" 
T A = 25·C, f = 1 MHz 

Symbol Parameter Typ. Max. Unit 

CIN Input Capacitance 5 pF 
(VIN =OV) 

COUT Output Capacitance 8 pF 
(VOUT= OV) 

*Note: These parameters are sampled and not 100% tested. 

Recommended DC and Operating Characteristics (1) 

TA = O·C to 70·C, Voo = 5.0V ± 5%, Vss = OV, unless otherwise noted. 

Symbol Parameter Min. 

Voo Supply Voltage 4.75 

Vss Supply Voltage 0.0 

VIH Input High Voltage 2.2 

VIL Input Low Voltage -0.5" 

III Input Leakage Current -10 

ILO Output Leakage Current -10 

100 Dynamic Operating Current 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

NOTE: 1. -3.5V for 20 ns pulse. 

AC Test Loads 
Signal transition times of 3 ns or less, timing 

reference levels of 1.5V, input pulse levels of O.OV 
to 3.0V, output loading as shown in the diagram 
below. 

OUTPUT 0-----+_--.... 

667 Ohms 

Figure 2. Output Load 
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Max. Units Test Condition 

5.25 V 

0.0 V 

Voo+·3 V 

+0.8 V 

10 IiA Voo = 5.25V, VIN = Vss to Voo 

10 IiA VOUT = Vss to Voo 

300 mA Outputs Open, f = fmax 

0.4 V Active Outputs Open, 
IOL = 4.0 mA 

V IOH=-1.0mA 

AC Test Conditions 
(Applies to READ and WRITE Cycle Timing) 

Input Pulse High Level VIH = 3.0V 

Input Pulse Low Level VIL = O.OV 

Input Rise Time tR = 3 ns 

Input Fall Time 4: = 3 ns 

Input and Output Reference Level 1.5V 

Output Load CL = 40pF, 1 TTL 

Voo 5V ± 5% 

TA O· to +70·C 
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Timing Waveforms of MPU Cycle 

CEB1 
CEB2 

RlWB 

CONFIGSELo-2 
CONFIGBUSo-7 

CONFIGBUSo-7 
(Read Cycle) 

AFB, FFB 

..!. 

, 

~I' 

~( 

AC Characteristics 

7 

~4_ 

)K 

)K 

2 

5 

9 

At recommended operating conditions, unless otherwise noted. 

Symbol Parameter 

1 CEB Cycle Time 

2 CEB Pulse WIdth 

3 CONFIGSELJBUS and RlWB Set-up before CEB low 

4 CONFIGSELJBUS and RlWBHold after CEB low 

5 CONFIGBUS Data Access 

6 CONFIGBUS Data Hold 

7 CEB low to CONFIGBUS La-Z 

8 CEB high to CONFIGBUS Hi-Z 

9 Wrlta cycle start to AFB. FFB low 

NOTES: 
1. Applicable to both the 70 MHz and 85 MHz specification. 
2. This parameter Is sempled and not 100% tested. 

1 

--
./ 

'/ 
I' 

'I\.. 

Min. 

75 

55 

0 

10 

5 

10 

3. Transition is measured ± 500mV from low or high voltage with load (see Figure 2). 

MS622424 

_8 

~-6 

I\.. 

" !f 

Typ. Max. Un" Notes 

ns 

ns 

ns 

ns 

55 ns 

ns 

ns 2,3 

10 ns 2,3 

60 ns 
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Timing Waveforms of Pixel Port, CBLANKB, and RESET 

CLOCK.lN 

PIXINO-23 
PIX.RGBO-1 
PIPE.lND-3 
CBLANKB 

POUTO-23 
PIPE.OUTD-3 

RSB 

AC Characteristics 
At recommended operating conditions, unless otherwise noted. 

Symbol Parameter 

1 CLOCK.lN Cycle Time 

2 CLOCK. IN Pulse WIdIh high 

3 CLOCK.IN Pulse WIdIh low 

4 Pixel Data Set-up before CLOCK.lN high 

5 Pixel Data Hold after CLOCK.IN high 

6 CLOCK.lN high to Data out 

7 RSB Pulse width Low 

NOTES: 

·70 

Min. Typ. 

14 

5 

5 

1 

5 

2 

30 

1. This signal can be completely asynchronous to the Pixel POll and the MPU Port. 
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Max. Min. Typ. Max. Unit Notes 

11 ns 

4 ns 

4 ns 

1 ns 

5 ns 

10 2 9 ns 

30 ns 1 • 
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MOSEL-VITELIC NEW BiFIFO ARCHITECTURE 
FOR HIGH PERFORMANCE 
APPLICA TIONS 

Introduction 

BiFIFO Concept and its Major Benefits to 
Systems 

The architectural evolution of First-In-First-Out 
(FIFO) buffers has come a long way in the last 
decade. Small bipolar FI FOs with 16 words by 4-bits 
organization emerged in the late 1970s. The 
architecture then was primarily shift-register 
oriented with unidirectional data bus. Even with 
bipolar technology, these FIFOs had relatively slow 
data transfer rate (typically less than 5 MHz). Since 
that time, CMOS technology and dual-ported static 
random access memory design methodology have 
brought to market many larger and faster parallel 
FIFOs. To date, CMOS FIFOs dominate this fast 
growing niche market with density up to 8K x 9 bits, 
and read access time of less than 20 ns. The main 
stream products on the market now are parallel 
FIFOs in density ranges from 1 K x 9 to 4K x 9. With 
CMOS technology, access time is being pushed to 
as fast as 15 ns while the majority is in the 25 ns to 
35 ns range. The trend, however, pOints toward even 
faster access time (below 10 ns). Data buses will 
grow wider (up to 36 bits) and are equipped with bi­
directional capability. Byte parity generation and 
checking are emerging as necessity. 

For most FIFO applications, system designers 
frequently use multiple parallel FIFO chips to 
implement two buffers, one to receive and one to 
send data. Such an implementation resembles a 
larger FIFO (twice the size) buffer with bi-directional 
data bus (or buses). This practice brought about the 
relatively new concept of BiFIFO (a FIFO with bi­
directional and tri-stated data buses) The integration 
of two conventional and identically-sized FIFOs to 
form one BiFI FO brings about several key benefits. 
First and foremost, chip count is reduced by 50% just 
in the FIFO alone. Secondly, the bus transceivers 
are now absorbed on chip the BiFIFO. Thirdly, a 
BiFIFO lends itself to simplified controls and timing 
parameters. Moreover, a single BiFIFO consumes 
less power than its counterpart of two parallel FIFOs 
of equal density plus the necessary external bus 
transceivers. No doubt, the BiFIFO brings about a 
very cost effective solution for practically all data 
communications and networking applications. 
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New and Simple Architecture 
Contemporary BiFI FOs are trending toward single 

bank, dual-ported SRAM architecture. This design 
approach results in a simple and user friendly device, 
something that is lacking in most if not all traditional 
FIFOs. It is important for the new generation of 
BiFIFOs to have straight forward handshakes and 
controls in order to simplify the design and 
integration efforts on the system level. 
Consequently, using BiFIFO will help minimize 
system design and debug time, and therefore, 
shorten the time to market. Bi-directional buses with 
tri-state control improve bus control efficiency and 
expansion flexibility. 

System I/O Bottleneck & the Role of BIFIFO 
The 32-bit microprocessors (CISC and RISC) are 

finding their way into more applications way beyond 
those of the personal computers. As system bus 
frequency approaching 40 MHz to 50 MHz range, 
most systems tend to be I/O bound. To maximize 
overall system performance, particularly the 
bandwidth of the data bus and address bus must 
keep pace with the speed of the processor. The 
classic I/O bottleneck found in the host bus as wen as 
the local bus is getting worse not only due to higher 
frequency, but als6 due to the increased number of 
peripheral controllers that are connected to them. To 
solve this bottleneck problem, system designers 
frequently look to FIFO (and now, BiFIFO) as a 
means to cushion the impact ofthe speed of one bus 
(for example, the host CUP bus) on another (for 
example, the peripheral bus). The traditional 
function of FIFOs (and BiFIFOs) is to provide a 
buffering facility between two or more digital systems 
of widely differing operating frequencies. 

Faster and wider BiFIFO buffers and mUlti-port 
RAMs will impact favorably data communication 
between controllers and processors. These 
specialty memories simplify design and can pump 
data through the bus at 25 MHz or faster in a burst. 
When used in a 16-bit wide bus, the throughput is 
equivalent to a blazing 50 Mbytes per second. This 
is one reason why FIFOs and particularly BiFIFOs 
are playing an increasing role in removing I/O bound 
syndrome for all system buses. 
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Combining Speed with Architecture 
As the clock frequency of computer buses 

increases, so should be the data throughput 
throughout all of its functional blocks. When FIFO is 
chosen as part of the hardware solution, system 
designers prefer the dual-ported configuration which 
allows simultaneous read on one port and write on 
another. To further complement the architecture, 
higher performance of the FI FO can be derived from 
clever chip design of some key AC parameters, such 
as setup time, hold time, output enable time and data 
valid time. 

By combining these optimized AC parameters 
with a single bank structure and data fall-through 
FIFO architecture, a 25 MHz BiFIFO like the Mosel­
Vitelic MS76500A/502A can quite adequately 
handle many emerging high performance 
applications. 

Mosel·Vitelic's New BiFIFO Family, the 
MS76500Al502A 

Both the MS76500A and the MS76502A are dual­
ported, single bank FIFOs with two 16-bit 
bi-directional buses (known as A-Port and B-Port). 

DQBl5-0 
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PEF 
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~ g 
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"' "' Cl.c: 

8116 Mux 
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The dual-ported memory refers to the basic SRAM 
cell structure which makes possible read and write 
operations to be independently and asynchronously 
of the input and output. A simplified functional block 
diagram is shown in Figure 1. Far from simply 
combining two traditional FIFOs to form one BiFIFO, 
the MS76500Al502A are packed with a number of 
unique functions and features and yet maintain 
simple controls. What follows is an attempt to 
highlight the functional capability of this new BiFIFO 
family, and its targeted and potential applications. 

BiFIFO Architecture 
As stated before, the MS76500A and MS76502A 

are asynchronous BiFIFOs using dual-port SRAM 
architecture. Both devices have two 16-bit wide 
buses, called A-Port and B-Port. Anticipating the 
need for high data integrity on the host bus, the A­
Port is equipped with byte parity generation and 
checking capability. On the other hand, the necessity 
of byte and double-byte transfer is provided on the B­
Port, which is expected to be connected to the 
peripheral bus (or a local bus). Both the MS76500A 
and 502A have a fast data fall through operation. 

8/16 Mux I/0Mux 

Control Logic 

DQA15-0 
3-state bus 

100IIIIII1--- RD 

~() 
or: o!S HFF EFF 

AO 

BTIWD 

WR 

DIR 

DE 

MRST 
as 
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PRTYH 110 

Figure 1. Functional Block Diagram of MOSEL MS76500A/502A 
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When the BiFIFO is initially empty, the time required 
for data to propagate from the input to the output is 
called the data fall-through time. The throughput (or 
data rate) at which data can be passed through the 
BiFIFO is governed by the fall-through time when the 
BiFIFO is empty or near empty and by the bubble 
back time when it is full or near full. 

Two similar BiFIFOs can be used in parallelto form 
a 32-bit A-Port (piUS byte parity bits) and B-Port. This 
expansion is virtually limitless, as the need for wider 
bus is deemed necessary. These BiFIFOs, however, 
are not intended for depth expansion. 

Major Features 
A summary of key features of the MS76500A/ 

502A is listed below (all comments apply to both 
MS76500A and MS76502A, except as noted): 

• Organization 
• 64 words by 16 bits (MS76500A) 
• 256 words by 16 bits (MS76502A) 

• Bus structure: Two ports, A-Port and B-Port 
• Each Port (or bus) is 16-bit wide 
• Buses are bi-directional and respond to simple 

directional control 
• A-Port supports byte parity generation and 

checking 
• B-Port offers byte and word selectability 
• A-Port and B-Port have tri-stated outputs with 

output enable 
• Status flags include: 

• Empty/Full, Half-Full and Parity Error 
• Very high speed operations: 

• Fast cycle time of 25 MHz 
• A-Port data access = 25 ns max. 
• B-Port data access (byte or word) = 25 ns max. 
• Setup time = 3 ns max. 
• Hold time = 0 ns max 

• Output drive current: a mA for A-Port and 4 mA for 
B-Port 

• Data fall through design to achieve maximum 
throughput 

• Low power consumption: 0.41 W for MS76500A 
(maximum) 

• Single 5V operation 
• Surface mount packaging with 52-pin PLCC 

Common and Different Features of the Two 
Buses 

The design goal of this device was first and 
foremost to meet the need of high speed read and 
write to the FIFO, which operates at 25 MHz 
bandwidth. Each of the two bi-directional ports (or 
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buses) are asynchronous and independent, in that 
one port can be in read mode while the other is in 
write mode simultaneously. The two ports share the 
same control logic which handles Write, Read, 
Output Enable, Master Reset, Direction control and 
Status flags. 

The A-Port has parity generation and checking 
logic and the associated byte parity error flag outputs 
(PEF, PRTYL I/O and PRTYH I/O). The PEF is Parity 
Error Flag for the A-Port. When A-Port is used as 
input port, the parity checker checks the lower and 
upper bytes of data using the PRTYL and PRTYH 
signals as the respective parity check bit. If a parity 
error is found in either byte, PEF output will go LOW 
when WR input goes from LOW to HIGH to start the 
write operation. Once set, the PEF can be cleared by 
resetting the BiFIFO or making the A-Port as an 
output port by bringing DIR HIGH. 

To accommodate byte and word handling, the S­
Port was designed to provide byte selection 
capability, with which data can be packed or 
unpacked easily. This capability is supported by two 
control signals: AO which selects the lower or higher 
order byte, and BT/wD which specifies 16-bit word 
or a-bit byte data width on the bus. 

Serious consideration was given to the data bus 
driving capability to make the MS76500A/502A more 
adaptable to the system bus environment on the one 
hand, and to maintain low power consumption on the 
other. The happy medium was chosen to provide a 
mA drive current on the A-Port and 4 mA on the B­
Port. Despite of a total of 32 data input/output 
receivers and drivers,· Mosel-Vitelic's CMOS 
technology has kept the total maximum operating 
power consumption to only 0.41 watt for the 
MS76500A, and only slightly higher for the 
MS76502A. 

Upon first power up, the BiFIFO must be reset with 
the Master Reset signal. This causes the BiFIFO to 
start operation at a known state, which is empty. 

Potential Applications of BiFIFO 
The MS76500A/502A are intended for all the 

traditional applications of FI FO, buffering the 
difference in operating speeds of two buses. Due to 
its unique features of wider (16-bit) and bi-directional 
buses, fast access times and simple handshakes, 
the Mosel-Vitelic BiFIFO family is intended to be a 
single chip (or minimum chip count) solution to many 
high performance applications in data 
communications and networking. The fast access 
times in reading and writing have negated the need 
for very deep SRAM type of buffers. In fact, 

• 
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applications which normally require very large (128K 
bytes or bigger) and high speed SRAMs (access 
time of 35 ns or faster), the DRAM-BiFIFO-based 
buffer implementation might prove to be a better 
solution due to lower cost and lower power than the 
SRAM counterpart. To demonstrate the basic and 
some, what generic approach in using these 
BiFIFOs, four examples are illustrated in the next few 
pages. 

Example 1: SCSI Hard Disk Caching in an EISA 
bus with Intel i82355 

This example shows how the MS76500A BiFIFO 
plays an important role in a SCSI (Small Computer 
System Interface) adapter within an ESIA bus 
environment. As shown in Figure 2, a block diagram 
of a SCSI host adapter which contains an embedded 
16-bit MCU, bus-mastering DMAC, SCSI interface 
and Data Cache Buffer (Disk Cache). The Data 
Cache Buffer is designed with two MS76500A 
BiFIFOs (identified as BiFIFO X and BiFIFO Y) and 
an expandable DRAM array. An Intel i82355 BMIC is 
used to handle the interface to the EISA bus. 

Table 1 below specifies the data transfer rate of 
various buses within this sub-system. 

As shown in the block diagram, one MS76500A 
(BiFIFO y) sits between the i82355 BMIC and the 
DRAM-Disk-Cache. This BiFIFO Y handles a 16-bit 
data bus on its B-Port, to and from the BMIC at 40 
Mbytes per second. On its A-Port, the 16-bit data bus 
and the two byte parity bits are transferred to/from 
the DRAM-Disk-Cache at 40 MBytes per second. 
That same bus is also tied to the A-Port of the second 
MS76500A, BiFIFO X. While the A-Port of BiFIFO X 
maintains the 40 MBytes per second throughput, its 
B-Port is only pumping at 5 MBytes per second to 
and from the SCSI Interface. 

To prevent "bus-hogging" on the local bus and the 
ESIA bus, and to buffer the latency of the various 
buses, the BiFIFOs and the associated DRAM-Disk­
Cache are used. This combination of BiFIFO and 

From ITo Tol From 

SCSI Interface MS76500A (B-Port) 

MS76500A (A-Port) DRAM Disk Cache 

DRAM Disk Cache MS76500A (A-Port) 

MS76500A (B-Port) i82355 BMIC 

i82355 BMIC EISA Bus 
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DRAM, called a DRAM-FIFO-based SCSI 
architecture, increases functionality and 
sophistication for high performance disk controllers. 

This kind of architecture provides full-duplex data 
transfer. The SCSI adapter can execute a command 
to a peripheral device on the SCSI bus at the same 
time it is transferring data from a device to the host 
memory. Simply stated, read and write commands 
can be executed in parallel. 

As can be seen in Figure 2, the DRAM-Disk­
Cache is expandable from 256K x 9 to 16M x 9 to 
handle caching for multiple tracks, or multiple blocks 
of data in anticipation that it is needed by the host. 
This read-ahead approach enhances many Unix­
based system where contiguous blocks of data are 
frequently used by the host CPU. 

MS76500Al502A for RAID 
For large client/server application, the SCSI 

adapter design illustrated in Figure 2 can be 
expanded to a disk array architecture, which is called 
RAID (Random Access Inexpensive Disks). Each 
SCSI Interface can handle up to 7 drives. There are 
different classes of RAIDs. The example shown 
represents a RAID 5. Depends on the magnitude of 
mass storage capacity needed, multiple SCSI 
Interfaces can be added (one MS76500A is needed 
for each SCSI Interface) as shown in Figure 3. This 
type of sub-system is fast emerging as the most cost 
effective mass storage solution for Unix-based 
systems, which support large on-line data base and! 
or transaction processing applications. The large 
DRAM-Disk-Cache effectively eliminates the seek 
time and other mechanical latency typically 
associated with drive drives. Super performance can 
be achieved as a result. 

A few words about using the Intel BMIC with an 
external FIFO 

When FIFO or BiFIFO is used externally as part of 
the transfer buffer (as is the case with our SCSI 

Transfer Rate Bus Width 
MB/sec. # bits 

up to 5 8 

40 to 50 16 + 2 parity 

40 to 50 16 + 2 parity 

40 16 

32 32 

Table 1. 
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example) to the Intel i82355 BMIC, certain design 
issues must be addressed. The following is a 
summary of a '1ech-note" which was published by 
Intel (Reference Number: PER-0890) addressing 
this issue. By using the mentioned guide lines, one 
could side-step the potential problems caused by 
using the BMIC with an external FIFO. 

The i82355 BMIC incorporates two independent 
states machines to control the transfer protocol of the 
EISA interface and the transfer buffer interface (in 
our SCSI example, it is the combined BiFIFO and 
DRAM-Disk Cache). During a transfer, the current 
transfer byte count information is only available to 
the EISA interface state machine. The EISA 
interface state machine signals the transfer buffer 
interface state machine (the DMAC in conjunction 
with the local 16-bit embedded MCU as shown in 
Figures2 and 3) to shut down (stop) after the terminal 
count has been reached. Since the current byte 
count is available to the EISA interface state 
machine, it shuts down with the last byte (word or 
double-word) of transfer. 

The manner in which the transfer buffer interface 
functions is described separately when it performs 
an EISA READ and EISA WRITE. 

During EISA READ, the transfer buffer interface 
state machine (DMAC and the embedded MCU) 
receives the STOP signal from the EISA interface 
state machine while it is transferring data out of the 
i82355 internal 24-byte FIFO. The STOP signal is 
synchronized with the last word to be transferred, 
and the transfer buffer interface state machine 
(DMAC) shuts down with the last word transfer. 

During EISA WRITE, the transfer buffer interface 
state machine (DMAC) receives the STOP signal 
after it has read data beyond the number of bytes to 
be transferred (over reads by a maximum of 28 
bytes). The over read bytes are flushed from the 
i82355 internal FIFO when the next transfer is 
initiated. 

To prevent this over read condition from occurring, 
either a hardware or a software solution must be 
deployed. The i82355 device software can be written 
to complete the current transfer before initiating the 
nexttransfer. This way only data from one transfer is 
in the i82355 internal FIFO at any given time. 
However, this solution may have a performance 
impact for some applications, and as such it may not 
be an ideal solution. 

The illustrated SCSI example used a hardware 
solution which requires an external 22-bit byte 
counter and a separate D-Flip-Flop. The terminal 
count of the byte counter is used to set the D-Flip-
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Flop which in turn disables the i82355 read operation 
to its internal FIFO. The i82355 will continue to read 
(over read) stale data. The i82355 TEOP# signal is 
used to RESET the D-Flip-Flop which enables the 
i82355 reads to its internal FIFO. 

Example 2: BiFIFO As Part Of Bus Snooping 
for MC68040 

The MS76500A/502A BiFIFOs are natural off-the­
shelf products which plays a very significant role in 
improving performance of the new generation of 32-
bit CISC, such as the Motorola MC68040. Working in 
conjunction with a snoop-capable cache controller 
and decoder PALs (see Figure 4). an external write­
through or write-back cache. This design is capable 
of exhibiting full use of the MC68040 snoop 
capability. It is noted that the external cache uses a 
BiFIFO (within the system interface block) to post 
writes to the system bus. Data stored in the BiFIFO 
is not snoop capable. To prevent a DMA read 
transfer from reading stale data, the data contained 
in the BiFIFO must be written to memory prior to the 
start of the DMA read snoop. This happens when a 
DMA read occurs while the BiFIFO contain posted 
write data. 

The BiFIFO is also useful in a write-back cache 
implementation when a dirty cache line is replaced 
on a CPU read miss. This approach allows the write 
back of the data to be postponed until after the read 
is completed. 

Emptying the system interface BiFIFO involves 
the use of a relinquish and retry termination to the 
DMA read transfer. The processor bus is taken away 
from the MC68040 to prevent further write cycles 
from occurring. The system bus is then grand to the 
processor node so that the cache controller may 
empty the system interface BiFIFO. 

When the system interface BiFIFO is empty, the 
bus is returned to the DMA controller for the retried 
bus cycle. The first BiFIFO in the snoop controller 
provides a path between the system address bus 
and the processor address bus; the data BiFIFO in 
the system interface provides a path between the 
system data bus and the processor data bus. 

The snoop controller signals a snoop operation to 
the MC68040, causing the MC68040 to source data 
on a cache hit. This data is presented to the system 
data bus through the data BiFIFO in the system 
interface. This operation concludes with the return of 
the processor bus to the MC68040 and with the 
snoop controller BiFIFOs being three-stated. The 
BiFIFOs allow the system timing to be de-coupled 
from the CPU timing. In more advanced systems, the 
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CPU may run at 2x (two times) the clock rate or 
higher. 

When a DMA write occurs, the addresses are 
clocked into the BiFIFO. The BiFIFO is capable of 
storing up to 32 addresses before requiring the DMA 
controller to pause. The processor bus is requested 
so that the latched addresses appear on the 
processor bus. If an internal or an external cache hit 
occurs, then that cache line is invalidated. Using the 
BiFIFO allows the snooping process to be done 
efficiently with no wait states. 

Example 3: MS76500A/502A in Local Area 

BiFIFO APP NOTE 

Network 
Using the BiFIFO (MS76500A) and BMIC 

interface methodology as established earlier in the 
SCSI RAID application (Figure 3), a local area 
network adapter can be designed for the EISA 
environment. Figure 5 is an example of such an 
application. 

When data is to be transferred onto the LAN 
adapter, the LAN controller arbitrates for the local 
processor bus. Once acquiring bus ownership, it 
transfer data from the LAN port into the BiFIFO and 
then the DRAM-cache when no re-processing is 
needed. If any re-formatting or processing is 
required, data from the LAN port is transferred 
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directly to the local system memory for processing by 
the local processor. If data in local memory is to be 
sent onto the LAN port, it can directly read the data 
from RAM (local). When done, it updates the local 
processor mailbox in the shared system RAM and 
relinquishes the bus. 

The local processor will process the packets 
which now resides in it local memory (RAM). If the 
data goes to a device on the EISA bus, the local 
processor then moves the data directly to the DRAM 
cache buffer and notifies the BMIC. The BMIC then 
transfers the data, bursting over the EISA bus from 
the DRAM cache buffer via the BiFIFO. If the data in 
local memory is to be translated for other LAN port 
(for example, LAN 1 in Figure 5) the local processor 
handles the translation and reformatted data is sent 
to LAN 1 controller through some form of mailbox 
setup. LAN 1 then arbitrates for local processor bus 
and directly transfers the data from the local memory 
to LAN 1. 

Data arriving from the EISA is place into the 
DRAM-Cache buffer via the BiFIFO which buffers 
the difference in bus frequency. The cached data can 
be transferred to the LAN ports directly under the 
control of the DMAC and local processor. If the 
cached data has to be reformatted, the DMAC will 
pull in that data to it local memory and perform the 
formatting by the local processor at its discretion. 
After reformatting, the data is then forwarded to the 
selected LAN port. 

Example 4: MS76500Al502A in SBus-VMEBus 
Adapter 

There are several methods of providing a "bus-to­
bus adapter" which connects a SBus to a VMEBus 
architecture. Perhaps the Simplest and most 
inexpensive approach is by using a dual-ported 

BIFIFO APP NOTE 

SRAM, like the Mosel-Vitelic BiFIFO, as shown in 
Figure 6. In this SBus-to-VMEBus link, each side of 
the BiFIFO is a slave function on its respective bus 
with a ''Window'' mapped into each bus' memory 
space. A transaction from one bus to another uses 
the BiFIFO as a mailbox. In the case of an Sbus-to 
VMEBus transaction, the SBus deposits information 
in the BiFIFO. The VMEBus then initiates a cycle to 
read memory, effectively transferring data from 
SBus to VMEBus. While this is Simple, it is also slow 
and cumbersome; it requires multiple bus cycles on 
each side to move data from one bus to another. It 
also restricts the type of equipment that must exist on 
both sides of the adapter. Both the SBus and the 
VMEBus must have functional modules that can be 
bus masters to read/write the BiFIFO. In a 
SPARCstation application, this is not an issue on the 
SBus side. The required VMEBus master may not be 
available, cost effective, or even desirable in all 
VMEBus configurations, however. 

Another hardware approach to linking an SBus to 
a VMEBus is to expand the adapter functions to 
include an integral VMEBus master (see Figure 7). 
This approach allows the SBus to become a master 
on the VMEbus through the adapter's integral 
VME-Bus master. While this enhances 
communications from the SBus to VMEBus, it still 
relies on a "mailbox" memory scheme to pass data in 
the opposite direction, if data transfer from the 
VMEBus to SBus is required. This type of 
architecture has the advantage of including VMEBus 
master logic as part of the adapter hardware, but it 
still has the disadvantage of restricting direct writes 
from VMEBus to SBus. Many applications only 
require unidirectional data transfer between the two 
buses. In these cases, the adapter shown in Figure 
6 may well be adequate. There are however, at least 
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Figure 7. BiFIFO in SBus to VMEBus Adapter with VMEBus Master 

as many or even more real-world applications in 
which it is desirable to write data directly from the 
VMEbus environment to the SPARCstation. A 
VMEBus hard disk controller is a good case. It is 
important and necessary for the disk subsystem to 
move data from the disk to the system memory at 
high speed. A link between SBus and VMEBus that 
require the disk controller to write a BiFIFO and the 
SPARCstation to subsequently "pick up" the data 
and move it to the SPARCstation's working memory 
would be very inefficient. 

When direct read and write for both buses is 
necessary, a symmetrical or orthogonal adapter 
(with master and slave co-existing) is the answer. It 
involves more hardware, but it makes up in data 
transfer efficiency (read and write) in either and both 
directions (to and from SBus I VMEBus). The 
adapter master logic is assumed to be an ASIC with 
DMAC functions. See Figure 7 for a simplified 
functional block diagram. 

The Real Benefits of Using BiFIFO 
From the few applications examples mentioned in 

this article, it can be derived that BiFIFO earns its 
place in the design of multiple bus-based computer 
systems. It brings to the party some very unique 
attributes which directly impact the performance of 
the end system. Its true benefits are numerous, of 
which six most improtant ones are mentioned below: 

1. The BiFIFO Helps eliminate "bus-hogging" by de­
coupling one part of a system from the other, and 
thus enhances overall system throughput. 

2. For very large caching applications, such as SCSI 
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host adapter, a BiFIFO can supplement the 
DRAM cache buffer by contributing the needed 
speed and parity generation and checking. Large 
amount of more expensive and power hungry 
SRAM would otherwise be necessary. 

3. One BiFIFO is equivalent to two parallel FIFOs of 
similar size. In addition, the bi-directional bus 
transceivers are available on chip of the BiFIFO, 
which otherwise have to be provided externally. 
This adds more chip count and power consump­
tion. The wider 16-bit bus of the MS76S00AlS02A 
further exacerbate the argument compared to the 
8-bit parallel FIFO. 

4. The Mosel-Vitelic BiFIFOs improve data integrity 
by providing byte parity generation and checking. 
The faster is the throughput of data transfer, the 
higher is the probability of transmission error. 
Parity generation and checking could not have 
come in more handily. A parity error output Signal 
is available for the external monitoring. 

S. combing two (2) 8-bit parallel FIFOs, 16-bit bus 
transceivers and byte parity generation and 
checking logic, the Mosel-Vitelic BiFIFOs offer 
very cost effective solution all in one compact 
surface mount PLCC package. 

6. De-mystifying the myth that FIFO and BiFIFO are 
difficult to use, due to tricky timing and controls, 



MOSEL-vrrELIC 

the MS76500Al502A are equipped with straight 
forward, easy to use control parameters. 

Conclusion 
The I/O bottleneck has the crippling effect similar 

to that exists between CPU and main memory. The 
latter problem, by and large is being solved with high 
performance cache architecture and cache 

BIFIFO APP NOTE 

snooping. 
The Mosel-Vitelic BiFIFO family is intended to be 

the high speed solution to the 1/0 bottleneck 
problem. As illustrated in the design examples of 
RAID, LAN, Cache-Snooping and SBus-VMEBus 
adapter, the Mosel-Vitelic BiFIFO is used to de­
couple the bus from another bus. By dOing so, it 
improves the performance (by removing bus 
hogging condition) of the overall system. For these 
and many other high performance sub-systems, the 
Mosel-Vitelic BiFIFO is expected to be an integral 
part. 

9-12 
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MOSEL-VITELIC PACKAGE INDEX 

Part Number Ordering Designation Package Page 

MS6264 P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 

MS6264A N 28-Pin 300 mil Plastic DIP #1 10-8 
R 28-Pin 300 mil SOJ 10-12 

MS6264N P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 

MS6265 N 28-Pin 300 mil Plastic DIP #2 10-8 
P 28-Pin 600 mil Plastic DIP #3 10-10 
F 28-Pin 330 mil SOG #1 10-10 

MS6516 P 24-Pin 600 mil Plastic DIP 10-6 
S 24-Pin 300 mil SOG 10-7 

MS7200 N 28-Pin 300 mil Plastic DIP #1 10-8 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-17 

MS7201A N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-17 

MS7202A N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-16 

MS7203 N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-16 

MS7204 N 28-Pin 300 mil Plastic DIP #1 10-8 
P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #2 10-11 
J 32-Pin Plastic Leaded Chip Carrier 10-16 

MS62256 P 28-Pin 600 mil Plastic DIP #1 10-9 
N 28-Pin 300 mil Plastic DIP #1 10-8 
F 28-Pin 330 mil SOG #4 10-11 

MS62256A N 28-Pin 300 mil Plastic DIP #1 10-8 
R 28-Pin 300 mil SOJ 10-12 

MS62256C P 28-Pin 600 mil Plastic DIP #2 10-9 
F 28-Pin 330 mil SOG #3 10-11 

MS62256N P 28-Pin 600 mil Plastic DIP #1 10-9 
F 28-Pin 330 mil SOG #4 10-11 

MS76215 J 68-Pin Plastic Leaded Chip Carrier 10-19 
68-Pin Pin Grid Array 

1m (Call factory for package information) 

MS76225 J 68-Pin Plastic Leaded Chip Carrier 10-19 
68-Pin Pin Grid Array 
(Call factory for package information) 
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MOSEL-VITELIC PACKAGE INDEX 

Part Number Ordering Designation Package Page 

MS76500A J 52-Pin Plastic Leaded Chip Carrier 10-18 

MS76502A J 52-Pin Plastic Leaded Chip Carrier 10-18 

MS76542 Q 132-Pin QFP 10-23 

MS621 002 K 32-Pin 400 mil SOJ 10-17 

MS621 008 E 32-Pin 400 mil Plastic DIP 10-15 
K 32-Pin 400 mil SOJ 10-17 

MS622424 Q 100-Pin QFP 10-22 

MS628128 P 32-Pin 600 mil Plastic DIP 10-15 
F 32-Pin 330 mil SOG 10-16 

V52C4256 K 28-Pin 400 mil SOJ 10-12 
Z 28-Pin ZIP 10-13 

V52C4258 K 28-Pin 400 mil SOJ 10-12 
Z 28-Pin ZIP 10-13 

V52C8126 K 40-Pin Plastic SOJ 10-17 
Z 40-Pin Plastic ZIP 10-18 

V52C8128 K 40-Pin Plastic SOJ 10-17 
Z 40-Pin Plastic ZIP 10-18 

V52C8254 K 40-Pin Plastic SOJ 10-17 

V52C8255 K 40-Pin Plastic SOJ 10-17 

V52C8258 K 40-Pin Plastic SOJ 10-17 

V53C256A P 16-Pin 300 mil Plastic DIP, 1/2 Lead 10-4 
J 18-Pin Plastic Leaded Chip Carrier 10-5 

V53C464A P 18-Pin 300 mil Plastic DIP #1 10-4 
J 18-Pin Plastic Leaded Chip Carrier 10-5 

V53C100F P 18-Pin 300 mil Plastic DIP #2 10-4 
K 26/20-Pin 300 mil SOJ 10-5 

V53C100H P 18-Pin 300 mil Plastic DIP #2 10-4 
K 26/20-Pin 300 mil SOJ 10-5 

V53C100N P 18-Pin 300 mil Plastic DIP #2 10-4 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104A P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104F P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104H P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C104N P 20-Pin 300 mil Plastic DIP 10-5 
K 26/20-Pin 300 mil SOJ 10-5 

V53C261 P 24-Pin 400 mil Plastic DIP 10-6 
Z 24-Pin ZIP 10-7 
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MOSEL-VITELIC PACKAGE INDEX 

Part Number Ordering Designation Package Page 

V53C400F K 26/20-Pin 300 mil SOJ 10-5 

V53C404F K 26/20-Pin 300 mil SOJ 10-5 

V53C8256H P 24-Pin 300 mil Plastic DIP 10-6 
K 26/24-Pin 300 mil SOJ 10-7 

V53C8256N P 24-Pin 300 mil Plastic DIP 10-6 
K 26/24-Pin 300 mil SOJ 10-7 

V53C8257H P 24-Pin 300 mil Plastic DIP 10-6 
K 26/24-Pin 300 mil SOJ 10-7 

V53C8512 K 28-Pin 400 mil SOJ 10-12 

V53C8512N K 28-Pin 400 mil SOJ 10-12 

V53C9512 K 28-Pin 400 mil SOJ 10-12 

V53C9512N K 28-Pin 400 mil SOJ 10-12 

V100J8/9 30-Pin SIMM #1 10-13 

V104J8/9 30-Pin SIMM #2 10-14 

V104J32/36 72-Pin SIMM #1 10-19 

V104J232/236 72-Pin SIMM #2 10-20 

V400J8/9 30-Pin SIMM #1 10-15 

V400J32/36 72-Pin SIMM #3 10-20 

V404J8/9 30-Pin SIMM #3 10-14 

V404J32/36 72-Pin SIMM #4 10-20 

V404J232/236 72-Pin SIMM #5 10-21 
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MOSEL-VITELIC 

16-Pin 300 mil Plastic DIP, 112 Lead 

1---.770 Max'-I I .150/.200 

'-!~f .- IL ~150 
0.09010.110-.j j~ -1~ 

.0151.020 
0.040/0.065 

18-Pin 300 mil Plastic DIP #1 

I" .910 Max. "I 0.180 Max. 

·~·;.mmf *- IL ~Min. 
0.090/0.110-.j j~ II 

,-0.014/0.022 
0.050/0.070. 

18-Pin 300 mil Plastic DIP #2 

I" .920 Max. "I 0.130/0.180 

''''''''mmf *-1 L ~/0.150 
0.090/0.110-.j j~ II 

,-0.015/0.020 
0.040/0.065. 
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V53C256A 

V53C464A 

V53C1 OOF 
V53C100H 
V53C1 OON 



MOSEL-VITELIC 

18-Pin Plastic Leaded Chip Carrier 

.045 x 45° 1 I-- I- 0.126/0.144 

t 
~ 0.44510.465 

T 0.200 Typ . 
.050 Typ. . 5171.527 

.0131.021 + 

~ 
0.284/0.294 0.10210.118 

.3171.327 

20-Pin 300 mil Plastic DIP 

0.180 Max. I- 1.040 Max·-I 

""·'"~f *- 'L ~Min . 
. 100TYP.-! j~ II I r- 0.01410.022 

0.05010.070. 

26120-Pin 300 mil SOJ 

Ir"~1 t;286/0·~1 

R-m' I_ 0.325/0.365·1 

0.33210.342 

I 0.667/0.683 I 0.125/0.135 
I ~ 0.2~/0.304 : I I I 

0.08210.0~smmR] ~4J 
--r- I II l ---I 1-5 T --II- 0.018 Typ. 0.025 Min. 

0.028 Typ. -l I- 0.0 yp. 

t j 
I ~.255/o.2751 
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V53C256A 
V53C464A 

V53C104A 
V53C104F 
V53C104H 
V53C104N 

V53C100F 
V53C100H 
V53C100N 
V53C104A 
V53C104F 
V53C104H 
V53C104N 
V53C400F 
V53C404F 



MOSEL-VITELIC 

24-Pin 300 mil Plastic DIP 

.180 Max. I" 1.310 Max. "I 

"-""~f *-~L ~0.140 
.100 Typ, -I ~ , I . II . 0.018.10.024 

0.048/0.065--1 I r 

24-Pin 400 mil Plastic DIP 

0.200 Max. I" 1.245/1 .255 " 1 

""'l-W\AAAliN\AfWL ~,~ 
0.100Typ.-I ~ -1~ , I 0.015/0.022 

0.055/0.065--1 

24-Pin 600 mil Plastic DIP 

0.560 (14.22) 

0.540 (13.72) 

",.p .. ~~r "'.P .. ~ "=,.,,,~ 
0.085(2.16) 0.65(1.65) 0.110(2.79) 0.021 (0.53) 

0.065 (1.65) 0.045 (1.14) 0.090 (2.29) 0.015 (0.38) 

10-6 

0.610 (15.49) 

0.590 (14.99) 

0.010 (0.25) 

0.695 (17.65) 

0.600 (15.24) 

V53C8256H 
V53C8256N 
V53C8257H 

V53C261 

MS6516 



MOSEL-VITELIC 

24-Pin 300 mil SOG 

-jf-
0.0192 (0.49) 

0.0142 (0.36) 

T 
0.299 

0.290 

~ 

0.420 

0.393 

1 
0.02 (0.50) x 450 
0.Q1 (0.25) I. 0.610 .1 

r.:::::::::::::. 0.598 ¥~ 
~ 0.092 

: : 

~_I-___ 0.0125 (0.32) 

-'- _ ~!1 (0.23) 

8° (8°) --I rY ....: :... 
r : 

1.27BSC (mm) 

0.050BSC (inches) 

26/24-Pin 300 mil SOJ 

0.012 0° (0°) 

0.003 

I 0.665/0.698 I 0.125/0.135 

0'08210'0;-~~ I 
til I ---I I-- -II- 0.018 Typ. 0 025 M' 

0.028 Typ. -l - 0.05 Typ. . .n. 

24-PinZIP 

I: 1.25 Max. ·1 
T 
.332/.34 

Ln-tn:r"tl"1l'"!T1:nnnr".,.,,-,-,:MrU"!I"TT"TT"TT'T~~ 

.J ""1:->--_---l_0._05_r--_T_yp_. _---l_I--__ o_.o_16_/o_.o_24+1.1 

1.15 Typ. 

10-7 

0.060 (1.270) 

0.023 (0.584) 

0.33210.342 

0.296/0.304 

1 1 

L j 
10.255/0.2751 

.1021.118 

0.008/0.013 

I-
.100 Typ. 

MS6516 

V53C8256H 
V53C8256N 
V53C8257H 

V53C261 



MOSEL-VITELIC 

28-Pin 300 mil Plastic DIP #1 

0.60 ±.005 

(1.52 ± 0.12) 

.018 ±.002 

(0.45 ± 0.05) 

28-Pin 300 mil Plastic DIP #2 

28 15 

.130 ±.010 

(3.30 ± 0.25) 

.020 ±.020 

(0.50 ± 0.50) 

[;:::: :.::: :0: :)Il,." 
r---------------- 3.45±0.2 

320 + 010 _. 
(8.12 ± 0.25) 

Q.\\p~~) 
.345 ± .020 

(8.76 ± 0.50) 

II 7.62 TYP. I 

MS6264A 
MS62256 

MS62256A 
MS62256N 

MS7200 
MS7201A 
MS7202A 

MS7203 
MS7204 

MS6265 

~'.':,o'BJ 
u U U U U U U ~L U U U-f= 00_150 Y 

2.54 TYP. 0.46 ± 0.1 0.50 MIN 
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MOSEL-VITELIC 

28-Pin 600 mil Plastic DIP #1 

C 1.460 TY=O_ .... MAX..u.,) ....... ..&.I..oI.oj 

0.085 (2.159) 

0.065 (1.651) 

~ .010TYP 
(0.254) 

0.020 (0.51) min. 

28-Pin 600 mil Plastic DIP #2 

INDEX 

.543 ±.010 

(13.80 ± 0.25) 

~~~~~ 

10-9 

0° 
15° 

REF 

MS6264 
MS6264N 
MS62256 

MS62256N 
MS7201A 
MS7202A 

MS7203 
MS7204 

MS62256C 

.600 (15.24) TYP 

! 

• 



MOSEL-VITELIC MS6265 

28-Pin 600 mil Plastic DIP #3 

28 15 

l; : : : : :':-----1: : ~: J}m~ 
Ii 15.24 TYP··I 4.25 ±0.2 

~~--------~~5.1±0.lB 325 ± 0.2 _ + j __ 0.2LO.5 

0'_15' ~ 
2.54 TYP. 0.5±0.1 0.51 MIN 

MS6265 
28-Pin 330 mil SOG #1 

1.7 

f ~2.0±0.4 
8.6±0.2 10.6 

1.7 ~~ 
0.15 ± 0.05 

1.025 
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MOSEL-VITELIC 

28-Pin 330 mil SOG #2 
.100±.OO5 .100 ± .005 

NO.1 PIN IDENTIFIER 

045X5±IDP 
SPOT POLISH 

NOTE: 
1. MATTE SURFACE: TOP AND BOTTOM SURFACE ONLY VOl 21. 

MS6264 
MS6264N 

MS7200 
MS7201A 
MS7202A 

MS7203 
MS7204 

2. LEADS ARE COPPER ALLOY EITHER TIN PLATED OR SOLDER COATED. 

SHARP 
(4 PLACES) 

.727 ± .001 

28-Pin 330 mil SOG #3 

0.713 TYP (0.733 MAX) _ 

~.~A~.;;~~~~;;~~~~ III ' -, --. 0.098 ± 0.005 

""~HHf-ll--IHI:H:HHf-ll--IH~~(2.45±0_15) 
.050 (1.27) 
""""'fYP 

-11,-018 ± .004 
(0.45 ± 0.10) 

28-Pin 330 mil SOG #4 

3. ALL TOLERANCES ARE ±2 UNLESS OTHERWISE SPECIFIED. 

R.03ff .002 x MAX .020 DP 

0_80 

~ 

ci 

~~-H 
~iH-42±4 

.402 ± .012 
(10.20 ± 0.30) 

1 
0.449 MIN 

0.492 MAX 

0.031 MIN 

r-

10-11 

(4 PLeS) 3_60 

MS62256C 

MS62256 
MS62256N 

• 



MOSEL-VITELIC 

28-Pin 300 mil SOJ 

I J ~ ~ ~ ~ ~ ~ ~ ~ ~ ] 13~~ 
I. 0.710TYP .1 

(0.730 MAX) 

1 
0.340 [8.63) 
0.130 [8.23) 

1 

DETAIL 

0.146 [3.7) 
0.130 [3.3) 0.102 [2.6) 

0.087 [2.2) ~ 

0.025 [0.635) MIN 

0.031 [0.8) 
0.024 [0.6) 

0.008 [0.20) +C; ~ 

0.50 [1.27) 
TYP. 

0.021 [0.53) 
0.013 [0.33) 

DIMENSIONS IN INCHES [MM) 

28-Pin 400 mil SOJ 

0.045 [1.15) 
0.033 [0.85) 

~::!:::!:::1:::!::!:::!:::1:::!~~~~f 
10.4 [0.408) 

J'0.0 [0.392) [0.422) 

[0.440) 

~:;:::;:;::;:::r:;::;:;:::;:;::;::;::;::;:::;:;:;:::;:;::;::: ~ 

f.1. _____ l.87 [0.736) ___ --1.1 
18.3 [0.720) 

1.27 [0.050] TYP. 0.53 [0.021] 
0.33 [0.013] 

DIMENSIONS IN MM [INCHES) 

1.15 [0.045] 
0.85 [0.033] 

10-12 

1--0.275 [7.0)----1 
0.260 [6.6) 

DETAIL 

3.7[0.146] 
3.3[0.130) [0.082] min 

[0.026] min -11 
0.8 [0.031) j 
0.6 [0.024) 

ld;,.----dJ 
I--- [0.354] ----1 

[0.378) 

MS6264A 
MS62256A 

V52C4256 
V52C4258 
V53C8512 

V53C8512N 
V53C9512 

V53C9512N 



MOSEL-VITELIC 

28-PinZIP 
Units in inches 

0.110/0.120 

H 

11 
0.100 TYP. 

30-Pin SIMM #1 

0.01 Max. 

~ r. 000000000000000000000000000000 
0.4 

I 
0- 0 
I 

1---------3.5 --------~'I 
1+--------3.234 -------+1" 

DDDDDDDDD 0.1250ia. 

0805 Max 0.25 - ~ - ~ 0.1 Min. 

V52C4256 
V52C4258 

V100J819 
V400J819 

r1 0.206 Max. 

~ ~ DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD-~ 
0.08 I- 0 1 -I 1-0- 007 -I i+- I n 

1+-------- 2.9 •. 0.06 Min. 
0.047/0.053 J I-

0.3 

* Package dimensions subject to change without notice, 
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MOSEL-VITELIC V104J819 

30-Pln SIMM #2 

"l(?-DDDDDDDDDDDD DDDDDDDDODODDDDUOD 0 I 

0.125 Dfl,a. r.. 3~:4 .~·I H 0.206 Max. 

"-"1.-1 ~'-I I I I 0 -; ~"". HI 
Li~o:n 00000 00000 00000 00000 00000 ooo~ 0.1 Min. II 

0.08 J-. 0.1 -I I+- 0.07 -II+- I D 0.047/0.053 -./ I.-
1---------2.9 •. 0.06 Min. 

0.3 

• 0.5" module also available 
•• Package dimensions subject to change without notice. 

30-Pin S Module #3 

I· 
0.133 -ti 

.400 I A'r 10001 
R .062 -./ -+I L 0.080 

• 0.65" module also available 

3.5 

II 
101 

•• Package dimensions subject to change without notice. 
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MOSEL· VITELIC 

32-Pin 400 mil Plastic DIP 

[ : : : : : : : : : : : : : : JJ::r.= 
1 40.77 [1.605] .1 

40.51 [1.595] 

3.81 [0.150] 
r--_____________ ---,NOM 

~
5.08[0.2OO] 

34::~35] --I I-- 3.18 [0.125] 

1 .65 [0.065] 2.54 [0.100] 0.56 [0.022] 0.36 [0.015) 
1.27 [0.055) sse .035 [0.014] MIN 

32-Pin 600 mil Plastic DIP 

n n n nOn 0 n n n n n n Vti°.210MAX 

+.012 +.006 
1f1I~mrU 1I1f 1I1fmlf1fj 0.120 MIN 

.'00(2.54)~ ~ .047-0 -II .. 018-.002 0.010 MIN 

TYP (1.20~.g30) (0.45 -i:~~) +.012 
.032 - 0 

(0.82 ~.g30) 

10-15 

+.004 
.010-.0004 

(0.25 .j:~1 ) 

.800 (15.24) 

TYP 

MS621 002 
MS62100B 

MS628128 



MOSEL-VITELIC 

32-Pin Plastic Leaded Chip Carrier 

.D50TYP 

..i.. 

32-Pin 330 mil SOG 

r 
~ ~ 

(800 [H!;='ilFii'i"'i'r=;;'"i'i''i'i'''n=;_;=;:;:_:;:;=;~;;..&I 

10-16 

00 MIN l ( TANDOFF) 

.402 ± .012 
(10.20.0.30) 

Detail Of-A" part 

.007(0.18) 

MAX 
.0Z1(0.88) 

MAX 

1457200 
M57201A 
M57202A 

1457203 
1457204 

145628128 



MOSEL-VITELIC 

32-Pin 400 mil SOJ 

~~~~~~~~~-, 
10.40 [0.409] 
10.00 [0.394] J 11.13[0.438] 

10.73 [0.422] 

~::;::::;::;::;:;::::;::::;::;:::;:;::;:;::;::;:::;:;::;:;:;;:;::;:;:::;::: i 
",,1.~ ____ 21.20[0.835] _____ -I.1 

20.80 [0.819] 

1.27 [0.050] TYP. 0.53 [0.021] 
0.33 [0.013] 

DIMENSIONS IN MM [INCHES] 

40-Pin Plastic SOJ 

1.15 [0.045] 
0.85 [0.033] 

I 
1 025 TYP (1 035 MAX ) 

.~,.,,.,,.,,.,,.,,., ~,...,,...,,...,,...,,...,,...,,...,,.,,....,,., ,....,~. 

ww ........ 1--' ........ 1--' ...... 1--' ....... ......, ................................ I...1 ........................ 

20 

z 
:! ~ 

0.711 ~:~~~ ~ ::; 

~ 
1.270 ±0.152 0.457 ~:~~ 

10-17 

DETAIL 

3.7 [0.146] 

d; Jl 
!.-9.5O [0.374] --I 

9.10 [0.358] 

Unit in inches 

o 
o 
ci ... 
! 

MS621002 
MS621008 

V52C8126 
V52C8128 
V52C8254 
V52C8255 
V52C8258 

II 



MOSEL-VITELIC 

4O-Pin Plastic ZIP 

Unit in inc:hes 

I: 
2.00412.028 

0.100/0.120 

'! H 
~ 
~ 

1.27TVP 

O.100TYP. 

52-Pin Plastic Leaded Chip Carrier 

0.050 BSC 11.27 BSC] 0.013 (0.33] 
0.023 (0.58] 

DIMENSIONS IN INCHES [MMJ 

0.735 (18.67) 
0.775 [19.691 

0.770 (19.56) 
0.810 (20.57) 

0.015(0.38] 

r--------------.O.~JL 
a.'40'!.; C ,.nL 
0.160(4.061 I--g:~:g~::t~~ 
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V52C8126 
V52C8128 

MS76500A 
MS76502A 



MOSEL-VITELIC 

6B-Pin Plastic Leaded Chip Carrier 

950 (24.13) 
957.87 (24.33) 

72-Pin SIMM #1 

MS76215 
MS76225 

V104J32136 

I' ---4.25----°1 
3.98 

• Package dimensions subject to change without notice. 
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MOSEL-VITELIC V104J2321236 

72-Pin SIMM #2 

,.~ °DDDDBBDDDDo 
" 

4.25 " 

I, 3.98 

'~_~ DDDDBB DDDD I 
.08 R.082 2.125----+--1 

• Package dimensions subject to change without notice. 

V40OJ32136 

72-Pin SIMM #3 

'-------' '-------' ,-------,I ,---I ----' '-------' 

DDDDDDDDDDDDD 
I- 5.00 'I 

• 3.984 

1D DDDDDDDDDDD I 
L~;J; I II II II II I 1 

.08 I-
.700 

• Package dimensions subject to change without notice. 
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MOSEL-VITELIC V404J32136 

72·Pin SIMM #4 

0.125 Dia. 

~IO 

1---1. ----4.25------·1 

3.98 t 

~DDDD DDDD.1 
R062400 .250 1 

~ 1+.08 R.062 2.125--

0.25 ...... 1 

* Package dimensions subject to change without notice. 

V404J2321236 

72·Pin SIMM #5 

R.062 

,------,I 1 I ,----I ---' 

DDDDDDD[ 
I, 4.25 '1 . ~ . 

DDDDDDDDI 
.40~-.-----t-+H-2~0 . '---------.JI 1 '---------.JI I '---------.JI I ,------,I 1 

-- I .08 .1 0.050 -11 __ 
- ±~ 

* Package dimensions subject to change without notice. 
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MOSEL· VITELIC MS622424 

100-Pin QFP 

TOP VIEW 
0.025 TYP. -II--

n° 
0.783/0.791 

-ia!!!!f-----+ ----1-1-

0.90410.923 

f4--- 'M"~ ~ I 
1---- 0.66710.687 ~ 

~1·004MIN. 

I.. 12.351.486 .. I 7 
REF 
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MOSEL· VITELIC 

132-Pin QFP 

28.02 [1.103] 
27.86 [1.097] 

27.56 [1 .085] 
27.31 [1.075] 

24.21 [0.953] 
24.05 [0.947] 

0.635 
[0.025] TYP 
NON·ACCUM 

10·23 

45° 
CHAMFER 

4.57 [0.180] 
4.06 [0.160] 

MS76542 

r- .51 [0.020] I MIN. 

SECTION 

0.64 [0.025] 

f I 
___ 0.25 [0.010] TYP. 

t 
u _+-_~ 0.51 [0.020] MIN. 
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MOSEL-VITELIC SALES NETWORK 

MOSEL-VITELIC U.S. SALES OFFICES: 
NORTHEASTERN 
71 Spilbrook Road, #306 
Nashua, NH 03062 
Tel. 603-891-2007 
Fax. 603-891-3597 

NORTHWESTERN 
3910 N. First Street 
San Jose, CA 95134 
Tel. 408-433-0000 
Fax. 408-433-0952 

SOUTHWESTERN 
5150 E. Pacific Coast Hwy., #200 
Long Beach, CA 90904 
Tel .. 310-498-3314 
Fax. 310-597-2174 

MOSEL-VITELIC U.S. MANUFACTURER REPRESENTATIVES: 
ALABAMA CONNECTICUT KANSAS 
BITS,lnc. Datcom ImpaqSales 
3801 Triana Blvd., Ste. 19 One Evergreen Avenue 1434 East Sheridan 
Huntsville, 35805 Hamden, 06518 Olathe, 66062 
Tel. 205-881-2900 Tel. 203-288-7005 Tel.913-780-6565 
Fax. 205-881-7333 Fax. 203-281-4233 Fax. 913-780-1540 

ARIZONA FLORIDA MASSACHUSETTS 
Compass Marketing & Sales aXllnc. Procomp 
11801 N. Tantum Blvd. 1510- 9th Street North 1 049 East Street 
Suite 101 SI. Petersburg, 33704 Tewksbury, 01876 
Phoenix, 85028 Tel. 813-894-4556 Tel. 508-858-0100 
Tel. 602-996-0635 Fax. 813-894-3989 Fax. 508-858-0110 
Fax. 602-996-0586 

aXllnc. MICHIGAN 
CALIFORNIA 2020 W. McNab Road C.B. Jensen & Associate 
Harvey King Ft. Lauderdale, 33309 2145 Crooks Road, Suite 201 
9520 Padget St., Ste.l 01 Tel. 305-978-0120 Troy, 48084-5318 
San Diego, 92126 Fax. 305-972-4752 Tel. 313-643-0506 
Tel. 619-695-9300 aXllne. Fax. 313-643-4735 
Fax. 619-695-9515 128 Wisteria Avenue 
Spectrum Orlando, 32806 MINNESOTA 

25 Mauchly, Suite 311 Tel. 407-872-2321 Cahill, Schmitz & Cahill 

Irvine, 92718 Fax. 407-872-0449 315 N. Pierce 

Tel. 714-453-1525 SI. Paul, 55104 

Fax. 714-453-1925 GEORGIA Tel. 612-646-7217 
BITS, Inc. Fax. 612-646-4484 

Spectrum One Meca Way 
31368 Via Colinas, SuRe 101 Norcross, 30093 NEW JERSEY 
Westlake Village, 91362 Tel. 404-564-5599 Metro Logic 
Tel. 818-706-2919 Fax. 404-564-5588 271 Route 46 West, SuRe 0202 
Fax. 818-706-2978 Fairfield, 07004 

Zeustec Sales IDAHO Tel. 201-575-5585 

4655 Old Ironside Drive, #385 Oakridge Marketing Fax. 201-575-8023 

Santa Clara, 95054 445 W. Ustick TritekSales 
Tel. 408-987-0164 Meridian, 83642 One Cherry Hill, Suite 41 0 
Fax. 408-987-0169 T eI.208-888-7345 Cherry Hill, 08002 

Fax.208-888-9528 Tel. 609-667-0200 
CANADA Fax. 609-667-8741 
GMAlnc. ILLINOIS 
7050 Bramalea Road, Unit 27A Victory Sales Inc. NEW MEXICO 
Mississauga, ONT L5S tTl 1030 W. Higgins Rd., Su~e 101 Compass Marketing & Sales 
Tel. 416-671-8111 Hoffman Estates, 60195 4100 Osuna Road NE, Suite 208 
Fax. 416-671-2422 Tel. 708-490-0300 Albuquerque, 87109 
GMAlnc. 

Fax. 708-490-1499 Tel. 505-344-9990 
301 Moodie Drive INDIANA Fax. 505-345-4848 
Suite 122 Electro Reps, Inc. NEW YORK Nepean, ONT K2H 9C4 7240 Shadeland Station Pi'Tronics Tel. 613-820-3822 Suite 275 Picard Bldg. Office 110 Fax. 613-820-7633 IndianapOlis, 46256 5858 Molly Rd. 
GMAlnc. Tel. 317-842-7202 Syracuse, 13211 
3860 Cote-Vertu, Suite 221 Fax. 317-841-0230 Tel. 315-455-7346 
SI. Laurent, auebec H4R 1 V4 Electro Reps, Inc. Fax. 315-455-2630 
Tel. 514- 335-9572 125 Airport North Office Park 
Fax. 514-335-9573 Fort Wayne, 46825 NORTH CAROLINA 

GMAlnc. Tel. 219-489-6205 BITS,lnc. 

3665 Kingsway Fax. 219-489-8408 12609 Sandwood Court 

Vancouver, BC V5R 5W2 Raleigh, 27613 

Tel. 604-439-3383 IOWA Tel. 919-676-1880 
Cahill, Schmitz, & Howe Fax. 919-676-1881 

COLORADO 226 Sussex Dr. N.E. 
Component Sales, Inc. Cedar Rapids, 52402 
7600 E. Arapahoe Rd., Suite 211 Tel. 319-377-8219 
Englewood,80112 Fax. 319-377-0958 
Tel. 303-779-8060 
Fax. 303-779-6357 
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CENTRAL & SOUTHEASTERN 
604 Fieldwood Circle 
Richardson, TX 75081 
Tel. 214-690-1402 
Fax. 214-690-0341 

OHIO 
Omega Sales 
240 West Elmwood Dr., Ste. 2015 
Centerville, 45459 
Tel. 513-434-5507 
Fax. 513-434-5772 

Omega Sales 
4555 Emery Industrial Pkwy. 
Suite 104 
Cleveland, 44128 
Tel. 216-360-9400 
Fax. 216-360-0712 

OREGON 
Electra Technical Sales 
6700 SW 105th Avenue, Ste. 300 
Beaverton, 97005 
Tel. 503-643-5074 
Fax. 503-526-2055 

TEXAS 
Impaq Sales Company 
13706 North Highway 183 
Suite 308 
Austin, 78750 
Tel. 512-335-9666 
Fax. 512-335-3858 

Impaq Sales Company 
100 Decker Court, Suite 140 
Irving, 75062 
Tel. 214-650-0000 
Fax. 214-650-1953 

Impaq Sales Company 
507 North Belt East, Suite 530 
Houston, 77060 
Tel. 713-820-0288 
Fax. 713-82Q-4860 

UTAH 
Oakridge Marketing, Inc. 
P.O.Box 798 
912 N. Oakridge Dr. 
Farmington, 84025 
Tel. 801-451-7563 
Fax. 801-451-6245 

VIRGINIA 
Elex-Sys Group, Inc. 
11350 Random Hills Rd. 
Suite 800 
Fairlax, 22030 
Tel. 703-934-6053 
Fax. 703-648-0231 

WASHINGTON 
Electra Technical Sales 
11411 NE 124th St., Ste. 285 
Kirkland,98034 
Tel. 206-821-7442 
Fax. 206-821-7289 

WISCONSIN 
Victory Sales Inc. 
405 N. Calhoun Road, Suite 208 
Brookfield, 53005 
Tel. 414-789-5770 
Fax. 414-789-5760 

III 



MOSEL·VITELIC SALES NETWORK 

MOSEL-VITELIC u.s. DISTRIBUTORS: 

ALABAMA Milgray Electronics Hall-Mark Electronics Hall-Mark Electronics 
Arrow Electronics CamarillO, 805-484-4055 Cheshire, 203-271-2844 Lenexa, 913-888-4747 
Huntsville, 205-837~955 Milgray Electronics Milgray Electronics 
Future Electronics Corp. Irvine, 714-753-1282 FLORIDA Overland Park, 913-235-8800 
Huntsville, 205-830-2322 Arrow Electronics 

TIME Electronics Deerfield Beach, 305-429-8200 
Hall-Mark Electronics Anaheim, 714-937-0911 MARYLAND 
Huntsville, 205-837-8700 Arrow Electronics Arrow Electronics 

TIME Electronics Lake Mary, 407-333-9300 Columbus, 301-596-7800 
TIME Electronics Chatsworth,818-998-7200 
Huntsville, 205-721-1133 TIME Electronics 

Future Electronics Corp. Future Electronics Corp. 
Altamonte Springs, Columbia, 410-290-0600 

ARIZONA 
San Diego, 619-586-1331 407-767-8414 Hall-Mark Electronics 

Arrow Electronics TIME Electronics Future Electronics Corp. Columbia, 301-988-9800 
Tempe, 602431-0030 Sunnyvale, 408-734-9888 Largo, 813-530-1222 Milgray Electronics 
A.V.E.D. TIME Electronics Hall-Mark Electronics Columbia, 301~1-8169 
Scottsdale, 602-951-9788 Torrance, 213-320-0880 Casselberry, 407-830-5855 TIME Electronics 
Future Electronics Corp. CANADA Hall-Mark Electronics Columbia, 301-964-3090 
Phoenix, 602-968-7140 Arrow Electronics Largo, 813-541-7440 

Hall-Mark Electronics Calgary, 403-250-1690 Hall-Mark Electronics MASSACHUSETTS 
Phoenix, 602437-1200 Pompano Beach, 305-971-9280 Arrow ElectroniCS 

Arrow Electronics Wilmington, 508~58-09oo 
TIME Electronics Brunaby, 604-421-2333 Milgray Electronics 
Tempe, 602-967-2000 Winter Park, 407-847-5747 Cronin Electronics 

Arrow Electronics Needham, 508-449-5000 
Mississauga, 415-870-7769 TIME Electronics 

CALIFORNIA Orlando, 407-841~565 Future Electronics Corp. 
A.V.E.D. Arrow Electronics Bolton, 508-779-3000 
San Diego, 619-558-8890 Nepean, 613-226-6903 

GEORGIA Hall-Mark Electronics 
A.V.E.D. Arrow Electronics Arrow Electronics Billerica, 508-935-9777 
Tustin, 714-259-8258 Dorval,514421-7411 Duluth,404-497-1300 Milgray Electronics 
A.V.E.D. Future Electronics Future Electronics Corp. Wilmington, 508~57-5900 
Visialia, 209-734-8861 Montreal, 514-694-7710 Norcross, 404-441-7676 TIME Electronics 
Arrow Electronics Future Electronics Hall-Mark Electronics Peabody, 508-532~2oo 
Calabasas, 818-880-9686 Ottawa, 613-820-8313 Duluth,404-447-8000 

Arrow Electronics Future Electronics Milgray Electronics MICHIGAN 
Irvine, 714-587-0404 Quebec City, 418-682-8092 Norcross, 404~34400 Arrow Electronics 

Arrow Electronics Future Electronics TIME Electronics 
Uvonia, 313-462-2290 

San Diego, 619-585-4800 Toronto, 418-6384771 Norcross, 404-4484448 Future Electronics Corp. 

Arrow Electronics Milgray Electronics Grand Rapids, 616-249-3200 

San Jose, 408-441-9700 Toronto, 800-268-3315 ILUNOIS Future Electronics Corp. 

TIME Electronics Arrow Electronics Uvonia, 313-261-5270 
Future Electronics Corp. 

Ontario, 416-672-5300 Itasca, 708-250-0500 Hall-Mark Electronics Chatsworth, 818-772~40 

Future Electronics Corp. 
Future Electronics Corp. Plymouth, 313416-5800 

COLORADO Hoffman Estates, 708-882-1255 
Irvine, 714-250-4141 A.V.E.D. Hall-Mark Electronics MINNESOTA 
Future Electronics Corp. Wheat Ridge, 303422-1701 Wood Dale, 312-860-3800 Arrow Electronics 
San Diego, 619~25-2800 Arrow Electronics Milgray Electronics 

Eden Prairie, 612-941-5280 

Future Electronics Corp. Englewood, 303-799-0258 Palatine, 708-202-1900 Future Electronics Corp. 
San Jose, 408-434-1122 Future Electronics Corp. TIME Electronics 

Eden Prairie, 612-944-2200 

Hall-Mark Electronics Lakewood, 303-232-2008 Schaumburg, 708-303-3000 Hall-Mark Electronics 
Chatsworth, 818-773-4500 Hall-Mark Electronics Bloomington, 612-881-2600 

Hall-Mark Electronics Englewood,303-790-166 IOWA 
Irvine, 714-727-6000 Arrow Electronics MISSOURI 

Hall-Mark Electronics CONNECTICUT Cedar Rapids, 319-395-7230 Arrow Electronics 

Rocklin, 916-624-9781 Arrow Electronics SI. Louis, 314-567-6888 

Wallingford,203-265-7741 INDIANA Future Electronics Corp. 
Hall-Mark Electronics Arrow Electronics SI. Louis, 314-469-6805 Cronin Electronics San Diego, 619-268-1201 

Wallingford,203-265-3134 Indianapolis, 317-299-2071 Hall-Mark Electronics 
Hall-Mark Electronics Hall-Mark Electronics Earth City, 314-291-5350 
San Jose, 4084324000 Future Electronics Corp. 

Bethel,203-743-9594 Indianapolis, 317-872-8875 TIME Electronics 
Merit Electronics SI. Louis, 314-391-6444 
San Jose, 408434-0800 Milgray Electronics KANSAS 

Milford, 203-878-5538 Arrow Electronics 
Lenexa, 913-541-9542 
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MOSEL-VITELIC 

MOSEL-VITELIC U.S. DISTRIBUTORS (continued): 

NEW HAMPSHIRE Hall-Mark Electronics OREGON 
Cronin Electronics Fairport, 716-425-3300 Arrow Electronics 
Manchester, 603-624-0105 Milgray Electronics Beaverton, 503-629-8090 

NEW JERSEY 
Farmingdale, 516-391-3000 Future Electronics Corp. 

Arrow Electronics TIME Electronics Beaverton, 503-645-9454 

Marllon, 609-596-8000 Hauppauge, 516-273-0100 TIME Electronics 

Arrow Electronics 
Portland, 503-684-3780 

NORTH CAROLINA 
Pine Brook, 201-227-7880 Arrow Electronics PENNSYLVANIA 
Future Electronics Corp. Raleigh,919-876-3132 Arrow Electronics 
Parsippany, 201-299-0400 Future Electronics Corp. Pittsburgh, 412-963-6807 

Hall-Mark Electronics Concord, 704-455-9030 Future Electronics Corp. 
MI. Laurel, 609-235-1900 Future Electronics Corp. Martton, NJ, 609-596-4080 

Hall-Mark Electronics Raleigh, 919-790-7111 
Parsippany, 201-515-3000 Hall-Mark Electronics 

TEXAS 
Allied Electronics 

MIlgray Electronics Raleigh, 919-872-0712 Fort Worth, 817-595-6409 
Car1ton, 708-983-5010 Milgray Electronics Arrow Electronics 
Milgray Electronics Raleigh, 919-790-8094 Austin, 512-835-4180 
Parsippany, 201-335-1766 

Arrow Electronics 
Time Electronics OHIO 

Carroltton, 214-380-6464 
Mariton, 215-337-0900 Arrow Electronics 

Centerville, 513-435-5563 Arrow Electronics 

NEW YORK Arrow Electronics Houston, 713-530-4700 

Arrow Electronics SoIon,216-248-399O Future Electronics Corp. 
Hauppauge, 516-231-1000 Future Electronics Corp. Houston, 713-556-8696 

Arrow Electronics Mayfield Heights, 216-449-6996 Future Electronics Corp. 
Rochester, 716-427-0300 Hall-Mark Electronics Richardson, 214-437-2437 

Future Electronics Corp. Solon, 216-349-4632 TIME Electronics 
Hauppage, 516-234-4000 Hall-Mark Electronics Austin, 512-339-3051 

Future Electronics Corp. Worthington, 614-888-3313 Hall-Mark ElectroniCS 
Rochester, 716-272-1120 Milgray Electronics Austin, 512-256-8848 

Future Electronics Corp. Cleveland,216-447-1520 Hall-Mark Electronics 
Syracuse, 315-451-2371 Dallas, 214-553-4300 

Hall-Mark Electronics OKLAHOMA Hall-Mark Electronics 
Plymouth,313-416-58oo Arrow Electronics Houston, 713-781-6100 

Cronin Electronics 
Tulsa, 918-252-7537 

East Syracuse, 315-433-0033 Hall-Mark Electronics 

Hall-Mark Electronics 
Tulsa, 918-254-6110 

Ronkonkoma, 516-737-0800 
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SALES NETWORK 

Milgray Electronics 
Dallas, 214-248-1603 

Milgray Electronics 
Stafford,713-240-5360 

TIME Electronics 
Carrotton, 214-241-7441 

UTAH 
Arrow Electronics 
Salt Lake City, 801-973-6913 

A.V.E.D. 
West Valley City, 801-975-9500 

Future Electronics Corp. 
Sail Lake City, 801-972-8489 

Milgray Electronics 
Sait Lake City, 801-261-2999 

TIME Electronics 
West Vailey, 801-973-8181 

WASHINGTON 
Arrow Electronics 
Bellevue, 206-643-9992 

Future Electronics Corp. 
Bothell, 206-489-3400 

Hail-Mark Electronics 
Seattle, 206-547-0415 

TIME Electronics 
Redmond,20B-B82-1600 

WISCONSIN 
Arrow Electronics 
New Berlin, 414-792-0150 

Future Electronics Corp. 
Waukasha, 414-786-1884 

Hail-Mark Electronics 
New Berlin, 414-797-7844 

III 



MOSEL-VITELIC 

MOSEL-VITELIC WORLDWIDE OFFICES: 

U.S.A. 
3910 N. First Street 
San Jose, CA 95134 
Tel. 408-433-6000 
Fax. 408-433-0952 

HONG KONG 
19 Dai Fu Street 
Taipo Industrial Estate 
Taipo, NT, Hong Kong 
Tel. 852-665-4883 
Fax. 852-664-7535 

TAIWAN 
1 R&D Road I 
Science Based Industrial Park 
Hsinchu City, Taiwan 
Tel. 886-35-770055 
Fax. 886-35-776520 

5F No. 102, Min-Chuan E. Road 
Sec.3, Taipei, Taiwan 
Tel. 886-2-545-1213 
Fax. 886-2-545-1209 

JAPAN 
Kanagawa Science Park 
R&D C-4F 
100-1, Sakado, Takatsu-Ku 
Kawasaki 213 Japan 
Tel. 81-44-812-4397 
Fax. 81-44-612-7433 

Rm.302, Annex-G Higashi-Nakano 
Nakano-Ku, Tokyo 164 
Tel. 81-3-3365-2851 
Fax: 81-3-3365-2836 

SALES NETWORK 

MOSEL-VITELIC INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS: 

AUSTRALIA Future Electronics Europe 
Braemac Ply Ltd. Westring216 
Unit 6, 111 Moore St. 0-4620 Castrop-Rauxel 
Leichhardt, Sydney 2040 Dortmund 
Tel. 61-2-564-1211 Tel. 02305-42051 
Fax. 61-2-564-2789 Fax. 02305-42614 

AUSTRIA 
Future Electronics Europe 
Black & Decker Strabe 17 A 

Codico 0-6270 Idstein 
Gessellschaft M.B. H&Co. KG Frankfurt 
Muhlgasse 86-88 A-2380 Tel. 0049-6126-54020 
Erchtoldsdorf Fax. 0049-6126-51629 
Tel. 222-662428 

Future Electronics Europe 

BELGIUM Munchner Strasse 19 

Aicom 0-6043 Unterfohring 

Singel 3, 8-2550 Kontich Munich 

Tel. 03-458-3033 Tel. 089-9571950 

Fax. 03-458-3126 Fax. 089-95719573 

Future Electronics Europe 
FINLAND Johannes-Daur Str. 1 
Fintronic 0-7015 Korntal-Munchingen 
Heikkiiantie2A Stuttgart 
00210 Helsinki Tel. 0711-630830 
Tel. 35-806926022 Fax. 0711-8308383 
Fax. 35-80674886 Tekelec Airtronic GMBH 

Kapuziner Strasse 9 
FRANCE 8000 Munich 2 
Almex Tel. 49-8951640 
48 Rue de L' Aubepine BP 102 Fax. 49-89516410 
Antony Cedex 
Tel. 33-140965400 HONG-KONG 
Fax. 33-146666028 Tektron Electronics (HK) Ltd. 
Microel 1702 Bank Center 
Ave De La BaRique 636 Nathan Road 
Za de Courtaboeuf Kowloon 
BP, 91941 Les Ulis, Cedex Tel. 852-388-0629 
Tel. 33-169070824 Fax. 852-780-5871 
Fax. 33-169071723 Hennison Technology Ltd. 

1 O/F, Un Fook House 
GERMANY 3 Jardine's Crescent 
API Electronik Causeway Bay 
Vertriebs GmbH Tel. 852-890-1967 
Lorenz-Braren-Str. 32 Fax. 852-576-4562 
8062 Markt Indersdorf 
Tel. 4981-367092 Dynatek Electronics Ltd. 

Fax. 4981-367398 Unit 701, 7/F 
Hong Leong Industrial Complex 

Avnet E2000 4 Wang Kwong Road 
Stahlgrubering 12 Kowloon Bay 
8000 Munich 82 Tel. 852-796-6689 
Fax. 49-89422775 Fax. 852-796-6109 

HOLLAND 
Alcom 
Essebaanl 
2908 Ijcapelle aid ijssel 
Tel. 010-4519533 
Fax. 01 0-4586482 

IRELAND 
Future Electronics Europe 
Post Office Lane 
Abbey Street 
Ennis, County Clare 
Tel. 010-353-65-41330 
Fax. 010-353-65-40654 

ITALY 
Silverstar 
Viale Fulvio Testin 280 
20126 Milano 
Tel. 39-2661251 
Fax. 39-266101359 

JAPAN 
T eksel Co. Ltd. 
Kanagawa Science Park, 
R&DC-4F 
1 00-1, Sakado, T akatsu-Ku 
Kawasaki 213 
Tel. 81-44-812-7430 
Fax. 81-44-612-7433 

Rectronics Corp. 
2F, S. S5, Bldg. 6-6-16 
Nihikasai, Eddgawa-Ku 
Tokyo 
Tel. 81-22-878-2901 
Fax. 81-33-878-2905 

Mitsui & Co. Ltd. "TKMKH" 
2-1, Ohtemahi 1-Chome, 
Chiyoda-Ku, Tokyo 
Tel. 81-3-3285-4066 
Fax. 81-3-3285-9868 

Internix, Inc. 
Shinjuku Hamada Bldg. 7-4-7 
Nishi-Shinjuku Shinjuku-Ku 
Tokyo 160 
Tel. 81-3-369-1105 
Fax. 81-3-366-8566 

Kyocera Corp. 
2-14-9 Tamagawadai, 
Setagaya-Ku, Tokyo 158 
Tel. 81-3-708-3111 
Fax. 81-3-708-3864 
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Microtec Inc. 
Itoh Bldg. 7-9-17 
Nishi-Shinjuku, Shinjuku-Ku 
Tokyo 160 
Tel. 81-3-371-1811 
Fax. 81-3-369-5623 

Kanematsu Corporation 
Section No.2 Electronics 
Devices Dept. 2-1 Shibaura 
1-Chome Minatoku 
Tokyo 105-05 
Tel. 81-3-5440-8612 
Fax. 81-3-5440-6523 

KOREA 
Helbon Electronics Co., Ltd. 
Rm. 402, Wonjin Bldg. 
1626-2 Seocho-Dong 
Seocho-Ku, Seoul 
Tel. 82-2-525-5091 
Fax. 82-2-525-5095 

Acetronix Company Ltd. 
Rm. 402, Parklim Bldg. 
95, Seobingko-Dong 
Yongsan-Ku, Seoul 
Tel. 82-2-796-4561 
Fax. 82-2-796-4563 

SINGAPORE 
Electec Pie. Ltd. 
Block 50 Kallang Bahru #04-21 
Singapore 
Tel. 65-294-8389 
Fax. 65-294-7623 

Westech Electronics Pie. Ltd. 
12 Lorong Bakar Batu #05-07 
Kolam Ayer Industrial Park 
Tel. 65-743-6355 
Fax. 65-746-1396 

SPAIN 
ADM Electronica, SA 
ClTomas Breton, 50, 3-2 
28045 Madrid 
Tel. 34-1-5304121 
Fax. 34-1-5300164 
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MOSEL-VITELIC INTERNAnONAL SALES REPRESENTATIVES AND DISTRIBUTORS (continued): 

SWEDEN 
DIP Electronics 
Danvik Center, 8th Floor 
8-104 65 Stockholm 
Tel. 46-8-644-9190 
Fax. 46-8-643-0047 

Titan 
Bergkallavagen 25 
191 07 Sollentuna 
Tel. 46-87549880 
Fax. 46-87548915 

SWITZERLAND 
Ascom Primotec AG 
Tafernstrasse 37 
Ch-5405 Baden Dattwill 
Tel. 41-56-840171 
Fax. 41-56-833454 

ElectronHel S.A. 
Ch. Du Grand-Clos, 1-BP 
93-1752 Villars sur Glane 
Tel. 41-374-10060 
Fax. 41-374-1 0070 

TAIWAN 
MSllnternational Corp. 
4th Fl., 75, Sec. 3, 
Ming Sheng E. Rd., 
Taipei 
Tel. 02-506-3320 
Fax. 02-506-8609 

Veiga Technology Corp. 
7F, No. 85, Section 6 
RooseveR Road, Taipei 
Tel. 02-933-2941 
Fax. 02-933-2945 

McTeam Intemationallnc. 
5F, No. 38, Leh Lei Rd., 
Taipei 
Tel. 02-736.{)875 
Fax. 02-738-7046 

UNITED KINGDOM 
DIP Electronics Ltd. 
Sheraton House 
Castel Park 
Cambridge CB3 OAl( 
Tel. 44-223-462-244 
Fax. 44-223467-316 
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Force Technology 
Unit 18 
Campbell Court 
Bramley 
Basingstoke, Hants RG265EG 
Tel. 44-256880788 
Fax. 44-256880307 

Future Electronics Europe 
Petersfield Avenue 
Slough, Berkshire 
England, U.K. 
SL25EA 
Tel. 0753-521193 
Fax. 0753-577661 
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MOSEL - VITELIC Taiwan 
1 R&D Road I 

Science Based Industrial Park 

Hsin Chu, Taiwan, R.O.C. 

Phone: 011-886-35-770055 

FAJ<:011-886-35-772788 

MOSEL- VITELIC USA 
3910 North First Street 

San Jose, CA 95134 

Phone: 408-433-6000 

FAJ<:408-433-0952 

MOSEL - VITELIC Hong Kong 
19 Dai Fu Street 

Taipo Industrial Estate 

Taipo, NT, Hong Kong 

Phone: 011-852-665-4883 

FAJ<:011-852-664-7535 

MOSEL- VITELIC Japan 
Rxn.302,Aunnex-G 

Higashi -Nakano, N akano-ku 

Tokyo 164, Japan 

Phone: 011-81-3-3365-2851 

FAJ<:011-81-3-3365-2836 

MOSEL __ 

VITELIC 


