






























































































































































































































































































































































































































































































































































































































































































B2595FX 

3.0 82595FX INTERNAL 
ARCHITECTURE OVERVIEW 

Figure 1 shows a high level block diagram of the 
82595FX. The 82595FX is divided into four main 
subsections; a system interface, a local memory 
sub-system interface, a CSMAlCD unit, and a serial 
interface. . 

3.1 System Interface Overview 

The 82595FX's system interface subsection in­
cludes a glueless ISA bus interface, and the 
82595FX's 10 registers (including the 82595FX's 

. command, status, and Data In/Out registers). The 
system interface block also interfaces with the 
82595FX's local memory interface subsystem and 
CSMAlCD subsystem. 

The bus interface logic provides the control, ad­
dress, and data interface to an ISA compatible bus. 
The 82595FX decodes up to 1 M of total memory 
address space. Address decoding within 16K block 
increments (A14-A19) are used for Flash or Boot 
EPROM. 10 accesses are decoded throughout the 1 
Kbyte PC 10 address range (A 10 and A 11 provide up 
to 4K of 10 addressing and are used for Plug N' 
Play). The 82595FX data bus interface provides ei­
ther an 8- or 16-bit interface to the host system's 
data bus. The control interface provides complete 
handshaking interface with the system bus to enable 
transfer of data between the 82595FX solution and 
the host system. 

The 82595FX's 10 registers provide 3 banks of di­
rectly addressable registers which are used as the 
control and data interface to the 82595FX. There 
are 16 10' registers per bank, with only one bank 
enabled at a time. This allows the complete 
82595FX software interface to be contained in one 
16-byte 10 space. The base address of this 10 space 
is selectable via either software (which can be 
stored in a serial EEPROM), or by strapping the 
82595FX 10 Jumper block (JO-J2). The 82595FX 
can also detect conflicts to its base 10 space, and 
automatically resolve these conflicts either by allow­
ing the selection of one Plug N' Play card from multi­
ple cards (using Plug N' Play software), or by map­
ping itself into an un-used 10 space (Automatic 10 
Resolution). Included in the 82595FX 10 registers 
are the Command Register, the Status Register, and 
the Local Memory 10 Port register, which provides 
the data interface to the local SRAM buffer con­
tained in an 82595FX solution. Functions such as 10 
window mapping, Interrupt enable, RCV and XMT 
buffer initialization, etc. are also configured and con­
trolled through the 10 registers. 
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3.1.1 CONCURRENT PROCESSING 
FUNCTIONALITY 

The 82595FX's Concurrent Processing feature sig­
nificantly enchances data throughput performance 
by performing both system bus and serial link activi­
ties concurrently. Transmission of a frame is started 
by the 82595FX before that frame is completely cop­
ied into local memory. During reception, a frame is 
processed by the host CPU before that frame is en­
tirely copied to local memory. Transmit Concurrent 
Processing feature is enabled by writing to BANK 2, 
Register 1, Bit O. A 1 written to this bit enables this 
functionality, a 0 (default) disables it. To enable Re. 
ceive Concurrent Processing, BANK 1, Register 7 
must be programmed to value other than OOh (OOh 
disables RCV Concurrent Processing, and is de­
fault). (See Section 4.1 for the format of 10 BANK 1 
and 2.) Improvements in concurrent processing 
functionality have allowed the 82595FX to include 
enhancements to the throughput efficiency of the 
82595TX. For details, refer to the 82595FX User's 
Guide. Concurrent Processing is not recommended 
for 8-bit interfaces. For more information on Trans­
mit and Receive Concurrent Processing, refer to 
Section 7.0 and Section 8.0. 

3.2 Local Memory Interface 

The 82595FX's local memory interface includes a 
DMA unit which controls data transfers to or from 
the 82595FX's local SRAM, control for access to a 
Boot EPROM/FLASH, and two interfaces to a serial 
EEPROM. The local memory interface subsection 
also arbitrates accesses to the local memory by the 
host CPU and the 82595FX. 

Data transfers between the 82595FX and the local 
SRAM are always through the 82595FX's Local 
Memory 16-bitl32-bit 10 Port. This allows the entire 
SRAM memory (up to 64 Kbytes) to be mapped into 
one 10 location in the host systems 10 map. By 
setting a configuration bit in the 82595FX's 10 
Registers (3210/HAR #), the local memory can be 
extended from 16 bits to a full 32 bits. During 32-bit 
accesses, the CPU would perform a doubleword ac­
cess addressed to register 12 of BANKO. The ISA 
bus will break this access up into two 16-bit access­
es to Registers 12/13 followed by Registers 14/15, 
(or 4 sequential 8-bit accesses in an 8-bit interface). 
The CPU always accesses the 82595FX 10 Port for 
Receive or Transmit data transfers, while the 
82595FX automatically increments the address to 
the SRAM after each CPU access. The SRAMs data 
path is an 8-bit interface (typically 64K by 8-bits 
wide, or 256K by 8-bits wide) to allow for the lowest 
possible solution cost. The 82595FX implements a 



prefetch mechanism to the local SRAM so that the 
data is always available to the CPU as either an 8- or 
16-bit word. In the case of the CPU reading from the 
SRAM, the 82595FX reads the next two bytes from 
the SRAM, the 82595FX between CPU cycles so 
that the data is always available as a word in the 
82595FX's Local Memory 10 Port register. In the 
case of the CPU writing to the SRAM, the data is 
written into the 82595FX's Local Memory 10 Port 
then transferred to the SRAM by the 82595FX be­
tween CPU cycles. This prefetch mechanism of the 
82595FX allows for 10 read and writes to the local 
memory to be performed with no additional wait­
states (3 clocks per data transfer cycle). 

The DMA unit provides addressing and control to 
move RCV or XMT data between the 82595FX and 
the local SRAM. For transmission, the CPU is re­
quired only to copy the data to the local memory, 
initialize the 82595FX's DMA Current Address Reg­
ister (CAR) to point to the beginning of the frame, 
and issue a Transmit Command to the 82595FX. 
The DMA unit facilitates the transfers from the local 
memory to the 82595FX as transmission takes 
place. The DMA unit will reset upon collision during 
a transmission, enabling automatic re-transmission 
of the transmit frame. During reception, the DMA 
unit implements a recyclable ring buffer structure 
which can receive continuous back to back frames 
without CPU intervention on a per frame basis (see 
Section 8.2 fqr details). 

The 82595FX provides address decoding and con­
trol to allow access to an external Boot EPROMI 
FLASH if these components are utilized in an 
82595FX design. The 82595FX also provides an in­
terface to a serial EEPROM to replace jumper 
blocks used to contain configuration information. 
This port is used to store configuration information 
and in addition, it is used to store Plug N' Play infor­
mation as defined in the Plug N' Play Specification. 

The 82595FX arbitrates accesses to the local mem­
ory sub-system by the CPU and the 82595FX. The 
arbitration unit will hold off an 82595FX DMA cycle 
to the local memory if a CPU cycle is already in prog­
ress. Likewise, it will hold off the CPU if an 82595FX 
cycle is already in progress. The cycle which is held 
off will be completed on termination of the preceding 
cycle. 

82595FX 

3.3 CSMA/CD Unit 

The CSMAlCD unit implements the IEEE 802.3 
CSMA/CD protocol. It performs such functions as 
transmission deferral to link traffic, interframe spac­
ing, exponential backoff for collision handling, ad­
dress recognition, etc. The CSMAlCD unit serves as 
the interface between the local memory and the se­
rial interface. It serializes data transferred from the 
local memory before it is passed to the serial inter­
face unit for transmission. During frame reception, it 
converts the serial data received from the serial in­
terface to a byte format before it is transferred to 
local memory. The CSMAlCD unit strips framing pa­
rameters such as the Preamble and SFD fields be­
fore the frame is passes to memory for reception, 
For transmission, the CSMAlCD unit builds the 
frame format before the frame is passed to the serial 
interface for transmission. 

3.4 Serial Interface 

The 82595FX's serial interface provides either an 
AUI port interface or a Twisted Pair Ethernet (TPE) 
interface. The AUI port can be connected to an 
Ethernet Transceiver cable drop to provide a fully 
compliant IEEE 802.3 AUI interface. The AUI port 
can also interface to a transceiver device to 
provide a fully compliant IEEE 802.3 10BASE2 
(Cheapernet) interface. The TPE port provides a ful­
ly compliant 10BASE-T interface. The 82595FX au­
tomatically enables either to the AUI or TPE inter­
face depending on which medium is connected to 
the chip. Software configuration can override this 
automatic selection. 

4.0 ACCESSING THE 82595FX 

All access to the 82595FX is made through one of 
three banks of 10 registers. Each bank contains 16 
registers. Each register in a bank is directly accessi­
ble via addressing. Through the use of bank switch­
ing, the 82595FX utilizes only 16 10 locations in the 
host system's 10 map to access each of its regis­
ters. The different banks are accessed by setting the 
POINTER field in the 82595FX Command Register 
to select each bank. The Command Register is Reg­
ister for each bank. 

4.1 82595FX Register Map 

The 82595FX registers are contained in three banks 
of 16 10 registers per bank. These three banks are 
shown in the following three pages. 
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4.1.1 10 BANK 0 

The format for 10 Bank 0 is shown below. 

7 6 5 4 3 2 o 

POINTER ABORT .cOMMAND OP CODE 

RCV EXEC 

I 
EXEC 

I 
TX RX I RXSTP 

States States INT INT INT INT 
, 

IDREGISTER 0 0 
(Counter) 1 (Auto En) 0 1 RESERVED 

01 0 Curl 3210/ -' EXEC 

I 
TX RX I RXSTP 

Resvrd Resvrd Base HAR Mask Mask Mask Mask 

RCVCAR/BAR 
(Low) 

RCVCAR/BAR 
(High) 

RCVSTOPREG 
(Low) , 

RCVSTOPREG 
(High) 

RCV Copy Threshold REG 

EARLY XMT THRESHOLD REGISTER (XTR) 

XMTCAR/BAR 
(Low) 

XMT CAR/BAR ' 
(High) 

Host Address Reg (Low) 
/32-Bit I/O (Byte 0) 

Host Address Reg (High) 
/32-Bit I/O (Byte 1) 

Local Memory I/O Port (Low) 
/32-Bit I/O (Byte 2) 

Local Memory I/O Port (High) 
/32-Bit I/O (Byte 3) 
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Reg 0 
(CMD 
Reg) 

Reg 1 

Reg 2 

Reg 3 

Reg 4 

Reg 5 

Reg 6 

Reg 7 

RegS 

Reg~ 

Reg 10 

Reg11 

Reg 12 

Reg 13 

Reg 14 

Reg 15 



4.1.2 10 BANK 1 

The format for 10 Bank 1 is shown below. 

7 6 5 4 3 2 

POINTER ABORT COMMAND OP CODE 

Tri-ST 0 0 0 0 0 I Host I 
INT Resvrd Resvrd Resvrd Resvrd Resvrd BusWd 

FL/BT Boot EPROM/FLASH Bad 
INTSelect 

Present Decode Window IRQ 

0 0 I/O Mapping 
Window 

0 0 0 0 0 0 0 
(Reserved) 

0 0 0 0 0 6 0 
(Reserved) 

BACK TO BACK TRANSMIT IFS 

RCV BOF Threshold REG 

RCV LOWER LIMIT REG 
(High Byte) 

RCV UPPER LIMiT REG 
(High Byte) 

XMT LOWER LIMIT REG 
(High Byte) 

XMT UPPER LIMIT REG 
(High Byte) 

FLASH PAGE FLASH WRITE FLASH PAGE 
SELECT HIGH ENABLE SELECT 

0 0 0 0 0 SMOUT I 0 

I (Reserved) OUTEN Resvrd 

0 0 0 0 0 0 0 
(Reserved) 

0 0 0 0 0 0 0 
(Reserved) 

o 

0 
Resvrd 

0 

0 

0 
Resvrd 

0 

0 

82595FX 

Reg 0 
(CMD 
Reg) 

Reg 1 

Reg2 

Reg 3 

Reg 4 

RegS 

Reg 6 

Reg 7 

Reg a 

Reg 9 

Reg 10 

Reg 11 

Reg 12 

Reg 13 

Reg 14 

Reg 1p 
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4.1.3 10 BANK 2 

The format for 10 Bank 2 is shown below. 

7 6 5 

POINTER ABORT 

Disc I TxChn TxChri 
Bad Fr ErStp IntMd 

LoopBack 
Multi 

IA 

Test 1 I Test 2 
BNC/ 
TPE 

STEPPING 

Polarity I Link Activity 
LED LED LED 

0 0 0 

0 0 0 

4.2 Writing to the 82595FX 

4 3 2 

COMMAND OP CODE· 

Res 0 0 0 
0 (Reserved) 

NoSA Length RXPRC BC 
Ins Enable InMEM. DIS 

APORT 
Jabber TPE/ Pol 
Disable AUI Corr 

INDIVIDUAL ADDRESS 
REGISTER 0 

INDIVIDUAL ADDRESS 
REGISTER 1 

INDIVIDUAL ADDRESS 
REGISTER 2 

INDIVIDUAL ADDRESS 
REGISTER 3 

INDIVIDUAL ADDRESS 
REGISTER 4 

INDIVIDUAL ADDRESS 
REGISTER 5 

Turnoff 
EEDO EEDI EECS 

Enabl~ 

RCV NO RESOURCE 
COUNTER , 

Reserved 
0 , 

0 Auto~Negotiation A·N 
(Resvrd) Status Enable 

0 0 0 0 
(Reserved) . 

0 0 0 0 
(Reserved) 

o 

TXCon 
Proc En 

PRMSC 
Mode 

Link In 
Dis 

EESK 

FDX/ 
. HDX 

0 

0 

Reg 0 
(CMD 
Reg) 

Reg 1 

Reg 2 

Reg 3 

Reg 4 

Reg 5 

Reg 6 

Reg 7 

Reg 8 

Reg 9 

Reg 10 

Reg 11 

Reg 12 

Reg 13 

Reg 14. 

Reg 15 

Writing to the 82595FX is accomplished by an 10 
Write instruction (such as an OUT instruction) from 
the host processor to one of the 82595FX registers. 
The 82595FX registers reside in a block of 16 con· 
tiguous addresses contained within the PC 10 ad· 
dress space. The mapping of this address block is 
programmable throughout the 1 Kbyte PC 10 ad· 
dress map. 

The 82595FX registers ·are contained within three 
banks of 10 registers. When writing to a particular 
register, the processor must first select the correct 
bank (Bank 0, 1 or 2) in which the register resides. 
Once a bank is selected, all register accesses are 
made in that bank until a switch to another bank is 
performed. Switching banks is accomplished by writ· 
ing to the PTR field of Reg 0 in any bank. Reg 0 is 
the command register of the 82595FX and its func­
tionality is identical in each banK Once in the appro-
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priate bank, the processor can write directly to any 
of the B2595FX registers by simply issuing an OUT 
instruction to the 10 address of the register. 

4.3 Reading from the 82595FX 

Reading from the B2595FX is accomplished ~y an 
10 Read instruction (such as an IN instruction) from 
the host processor to one of the B2595FX registers. 
When reading from a particular register, the proces­
sor must first select the correct bank (Bank 0, 1 or 2) 
in which the register resides. Once in the appropri­
ate bank, the processor can read directly from any 
of the B2595FX registers by simply issuing an IN in­
struction to the 10 address of the register. 

4.4 Local SRAM Accesses 

10 mapping the local SRAM memory of an B2595FX 
solution allows it to appear as simply an 10 Port to 
the host system. This allows an B2595FX solution to 
work in PCs which do not have enough space in 
their system memory map to accommodate the ad­
dition of LAN buffer memory (typically 16 Kbytes to 
64 Kbytes) into the map. The entire local memory 
(up to 64 Kbytes) is mapped into one 16-bit 10 Port 
location. For all 10-mapped accesses to the local 
memory of a B2595FX solution, the 82595FX per­
forms the 10 address decoding and the ISA Bus in­
terface handshake and asserts the address and 
control signals to the local memory. 
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4.4.1 WRITING TO LOCAL MEMORY 

The local memory of an 82595FX solution is written 
to whenever the host CPU performs a Write opera­
tion to the B2595FX Local Memory 10 Port. Prior to 
writing a block of data to the local memory, the CPU 
should update the B2595FX Host Address Register 
with the first address to be written. The CPU then 
copies the data to the local memory by writing it to 
the 82595FX Local Memory 10 Port. The addressing 
to the local memory is provided by the Host Address 
Register which is automatically incremented by the 
82595FX upon completion of each write cycle. This 
allows sequential accesses to the local memory, 
even though the 10 port a~dress accessed does not 
change. 

4.4.2 READING FROM LOCAL MEMORY 

The local memory of an 82595FX solution is read 
from whenever the host CPU performs a Read oper­
ation from the B2595FX Local Memory 10 Port. Prior 
to reading a block of data from the local memory, 
the CPU should utilize the 82595FX Host Address 
Register to point to first address to be read. The 
CPU then reads the data from the local memory 
through the 82595FX Local Memory 10 Port. The 
addressing to the local memory is provided by the 
Host Address Register which is automatically incre­
mented by the 82595FX upon completion of each 
read cycle. 
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4.5 Serial EEPROM Interface 

A Serial EEPROM, a Hyundai HY93C46 or equiva­
lent IC, stores configuration data for the 82595FX. 
The use of an EEPROM enables 82595FX designs 
to be implemented without jumpers (the use of jump­
ers to select 10 windows is optional.) The port inter­
face to the serial EEPROM provides both configura­
tion and Plug N' Play information access. Plug N' 
Play allows peripheral functions to be added to a PC 
(such as adapter cards) without the need to individu­
ally configure each parameter (e.g. Interrupt, 10 Ad­
dress, etc). Information describing system resources 
are contained within the 82595FX configuration reg­
isters. This allows Auto-configuration software, 
which is usually contained in the BIOS or OIS, to 
identify system resource usage, identify conflicts 
and automatically re-configure the 82595FX. 

The 82595FX automatically accesses Register 0 of 
the EEPROM upon a RESET in ISA Bus Interface 
mode. Register 0 contains the information that the 
82595FX must be configured to allow CPU 
accesses to it (10 Mapping Window, FLASH Detect 
Enable, Auto 1/0 Enable, Boot EPROM/FLASH 
Window, Host Bus Width, and Plug N' Play Enable) 
following a system boot. The format for EEPROM 
Register 0 is shown in Figure 4-1. Note that all O's 
are assumed to be reserved. In the case where an 
EEPROM is either unprogrammed (each bit defaults 
to a 1) or completely erased (all O's), the 82595FX· 
will default to 10 Address 300h. 

WordO, Bit 1, the Word 1 Enable bit, is asserted. to 
enable the read of EEPROM Word 1 during reset. 
This bit is active high. 

NOTE: 
If Word 1 of the EEPROM is not to be read 
during a reset, software must wait 200 /Ls af­
ter the reset is issued before accessing the 
82595FX, as was the case on all versions of 
the 82595. If Word 1 is to be read during' a 
reset, software must wait 400 /Ls after reset 
before accessing the part. During this 
"blackout" period, the part will not respond 
to accesses on the ISA bus. 

Word 0, Bit 8, is the Flash Present bit. This bit is 
active low to indicate the presence of flash memory, 
as in the 82595FX B-3. The functionality of the bit is 
changed from the 82595FX B-2 and prior versions. 
Word 0, Bit 9 is the Auto-Negotiation, or A-N, Enable 
bit for the negotiation process at boot time. The bit is 
active high. 

Word 1 of the EEPROM is used to store the INT 
Select value to which the part will default on reset. 
The mapping from INT Select to IRQ is explained 
later in this document. The value stored in bits 0 
through 2 of word 1 of the EEPROM is loaded into 
the INT Select register of the 82595FX, bank 1, reg­
ister 2, bits 0 through 2 on any hardware or software 
reset. The reading of Word 1 on reset is enabled 
when bit 1 of word 0 of the EEPROM is set. If this bit 
is not set on reset, word 1 will not be read and the 
INT select register and Bad IRQ bit in bank 1 will be 
initialized to zero. 

For additional information regarding a Plug N' Play implementation for the 82595FX, please consult the 
82595FX User's Guide and LAN595TX Specification, available through your local sales representative. 
The latest Plug N' Play Specification is available by Microsoft. 

015 

Software Reserved 

Figure 4-1. EEPROM Register 0 

05 

1/0 Mapping Window 

Figure 4-2. EEPROM Register 1 
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04 

BTl FLASH 

Window 

03 02 

03 

01 DO 

INTSelec! 
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4.6 Boot EPROM/FLASH Interface 

The Boot EPROM/FLASH of an 82595FX solution is 
read from or written to (FLASH only) whenever the 
host CPU performs a Read or a Write operation to a 
memory location that is within the Boot EPROM/ 
FLASH mapping window. This window is program­
mable throughout the ISA PROM address range 
(C8000-DFFFF) by configuring the 82595FX Boot 
EPROM Decode Window register (Bank 1, Register 
2, bits 4-6). The 82595FX asserts the BOOTCS# 
signal when it decodes a valid access. Up to 1 
MBytes of FLASH can be addressed by the 
82595FX. 

5.0 COMMAND AND STATUS 
INTERFACE 

The format for the 82595FX Command Register is 
shown in Figure 5-1. The Command Register resides 
in Register 0 of each of the three 10 Banks of the 
82595FX, and can be accessed in any of these 
banks. The Command Register is accessed by writ­
ing to or reading from the 10 address for Register O. 

5.1 Command OP Code Field 

Bits 0 through 4 of the Command Register comprise 
the Command OP Code field. A command is issued 
to the 82595FX by writing it into the Command OP 
Code field. A command can be issued to the 
82595FX at any time; however in certain cases the 
command may be ignored (for example, issuing a 
Transmit command while a Transmit is already in 
progress). In these cases the command is not per­
formed, and no interrupt will result from it. 

82595FX 

The Command·OP Code field can also be read. In 
this case it will indicate an execution status event 
other than TRANSMIT DONE (TOR Done, DIAG­
NOSE Done, MC-SETUP Done, DUMP Done, INIT 
Done, and POWER-UP) has been completed. This 
fieldis valid only when the EXEC INT bit (Bank 0, 
Reg 1, Bit 3) is set. 

5.2 ABORT (Bit 5) 

This bit indicates if an execution command other 
than TRANSMIT was aborted while in progress. This 
bit provides status information only. It should be writ­
ten to a 0 whenever the Command Register is writ­
ten to. 

5.3 Pointer Field (Bits 6 and 7) 

The Pointer field controls which 82595FX 10 register 
bank is currently to be accessed (Bank 0, Bank 1, or 
Bank 2). Writing a OO:b to the Pointer field selects 
Bank 0, 01:b for Bank 1, and 10:b for Bank 2. The 
Pointer field is valid only when the SWITCH BANK 
(Oh) command is issued. This field will be ignored for 
any other command. The 82595FX will continue to 
operate in a current bank until a different bank is 
selected. Upon power up of the device or Reset, the 
82595FX will default to Bank O. 
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7 6 5 4 3 2 1 0 

Pointer I ABORT I COMMAND OP CODE I Reg 0 (CMD Reg) 

Figure 5-1. 82595FX Command Register 

I 

82595rX Command Register 
'-SWITCH BANK 00 

RESERVEO 01 
7 654 3 2 1 0 RESERVEO 02 

IAbl 
MC-SETUP 03 
TRANSMIT 04 

'--,..-J 

Lo~o~ 
TOR 05 
DUMP 06 
DIAGNOSE 07 
ABORT 00 
RESERVED 12 
XMT no CRC/SA 14 
RESUME XMT LIST lC 
CONT XMT TEST 15 
SET TRISTATE 16 
RESET TRISTATE 17 
POWER DOWN 18 
SLEEP MODE 19 
RESET OE 
SEL RESET 1 E 
RCV ENABLE 08 
RCV DISABLE OA 
RCV STOP OB 
NEGOTIATE lA 

'-

Pointer Gank 0 
00 

Bank 1 01 
Bank 2 10 

281732-3 

Figure 5-2. 82595FX Command Interface 
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5.4 82595FX Status Interface 

The Status of the 82595FX can be read from Regis­
ter 1 of Bank 0, with additional status information 
contained in Register 0 (the Command Register). 
Figure 5-3 shows these registers. Other information 
concerning the configuration and initialization of the 
82595FX and its registers can be obtained by direct­
ly reading the 82595FX registers. 

When read, the Command OP Code field indicates 
which event (MC Done, Init Done, TOR Done, or 
DIAG Done) has been completed. This field is valid 
only when the EXEC INT Bit (Bank 0, Reg 1, Bit 3) is 
set to a 1. Reading the Pointer field indicates which 
bank the 82595FX is currently operating in. Register 
1 in Bank 0 contains the 82595FX interrupts status 
as well as the current states of the RCV and Execu­
tion units of the 82595FX. Resultant status from 
events such as the completion of a transmission or 
the reception of an incoming frame is contained in 
the status field of the memory structures for these 
particular events. 

7 6 5 4 3 

82595FX 

6.0 INITIALIZATION 

Upon either a software or hardware RESET, the 
82595FX enters into its initialization sequence. 
When the 82595FX is interfaced to an ISA bus, the 
82595FX reads information from its EEPROM and 
Jumper block (if utilized) which configures critical pa­
rameters (10 Address mapping, etc.) to allow initial 
accesses to the 82595FX during the host system's 
initialization sequence and also access by the soft­
ware device driver. The 82595FX can also be config­
ured (via the EEPROM) to automatically resolve any 
conflicts to its 10 address location either by moving 
its 10 address offset to an unused location in the 
case that a conflict occurs, or by using the Plug N' 
Play Software to the 1/0 address location. This pro­
cess eliminates a large majority of LAN end-user 
setup problems. 

The 82595FX can be configured to operate with ISA 
systems that require early deassertion of the 
lOCH ROY signal to its low (not ready) state. The 
82595FX, along with its software driver, can perform 
a test at initialization to determine if early lOCH ROY 
deassertion is required. 

2 o 

Pointer ABORT I EXECUTION EVENT 
Reg 0 (CMD Reg) 

RCV EXEC 

I 
EXEC I TX I RX I RX STP 

States States INT INT INT INT Reg 1 (Bank 0) 

Figure 5-3. 82595FX Status Information 
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7.0 FRAME TRANSMISSION 

The 82595FX performs all of the necessary func­
tions needed to transmit frames from its local mem­
ory. If Transmit Concurrent Processing is enabled, 
the CPU must only program the Base and Host Ad­
dress Register with the starting address to be trans­
mitted, copy a portion of the frame into the 
82595FX's transmit buffer located in local memory 
(the number of bytes for this first portion is deter~ 
mined by the software driver without causing an Un­
derrun), issue a XMT command to the 82595FX, and 
complete the data copies for this frame to local 
memory. If Transmit Concurrent Processing is dis­
abled, the CPU must copy an entire frame into the 
82595FX's transmit buffer located in local memory, 
set up the 82595FX's Current Address Registers to 

15 

Status 1 

point to that frame, and issue a XMT command to 
the 82559TX. The 82595FX performs all the link 
management functions, DMA operations, and statis­
tics keeping to handle transmission onto the link and 
communicate the status of the transmission to the 
CPU. The 82595FX performs automatic retransmis­
sion on collision with no CPU interaction. 

7.1 82595FX XMTBlock Memory 
Format 

The format in which a XMT block is written to memo­
ry by the CPU is shown in Figure 7-1 for a 16-bit 
interface. Figure 7-2 shows this structure for an 8-bit 
interface. 

XMT Opcode 

Status 0 

Base/Current Addr Reg 
..- Command Field 

Status Field 

XMT Chain Point HI XMT Chain Point LO Transmit Choin Pointer 
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Byte Count HI 

XMT Data field (Start) 

XMT DATA 

XMT Data Field (End) 

o Dn I 0 I Ab I 

Byte Count LO 

XMT Opcode 

Byte Count/Chain 

Commmond Field for Next 

Transmission in Choin 

Figure 7-1. XMT Block Memory Structure (1S-Bit) 
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7 a Base/Current Addr Reg 
+- Command Field 

Dn I a I Ab I XMT Opcode 

a a a a a a a a 

Status a 

Status 1 Status Field 

XMT Chain Point La 

XMT Chain Point Hi Transmit Chain Pointer 

Byte Count Lo 

Ch I Byte Count Hi Byte Count/Chain 

XMT Data Field (Start) 
---------------------

XMT DATA 

---------------------
XMT Data Field (End) 

Dn I a I Ab I XMT Opcode 
Command Field for 
Next Transmission in Chain 

281732-5 

Figure 7-2. XMT Block Memory Structure (S-Bit) 
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Status Field 

The two bytes of the Status Field (Status 0 and 
Status 1) are shown in detail in Figure 7-3. In a 16-bit 
wide interface, these two bytes will combine to form 
one word. This field is originally set to all O's by the 
CPU as the XMT block is copied to memory. It is 
updated by the 82595FX upon completion of the 
transmission. 

7.2 XMT Chaining 

The 82595FX can transmit consecutive frames with­
out the CPU having issued a separate Transmit 
command for each frame. This is called Transmit 
Chaining. The 82595FX Transmit Chaining memory 
structure for a 16-bit interface is shown in Figure 7-4, 

7 6 3 

with an 8-bit interface shown in Figure 7-5. The 
82595FX registers which control the memory struc­
ture are also shown. The CPU places multiple XMT 
blocks in the Transmit buffer. The 82595FX will 
transmit each frame in the chain, reporting the 
status for each frame in its status field. If Concurrent 
Processing is enabled, the copy of additional frames 
in a chain will take place while the first portion of the 
chain (one or more frames) is being transmitted by 
the 82595FX. This chain can be dynamically updat­
ed by the CPU to add more frames to the chain. The 
transmit chain can be configured to terminate upon 
an errored frame (maximum collisions, underrun, lost 
CRS, etc.) or it can continue to the next frame in the 
chain. The 82595FX can be configured to interrupt 
upon completion of each transmission or to interrupt 
at the end of the transmit chain only (it always inter­
rupts upon an errored condition). 

2 o 
Status 0 

~----+------+------1------r-----.------,-------,-----~ 
Status 1 

NOTE: 
1. Only functional in full duplex operations. 

Figure 7-3. Transmit Result 
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15 Start of XtdT Buffer o 
0 0 0 0 0 0 0 0 DnlOIAbl XtdT Opcode 

Status 1 Status 0 

XtdT Chain Point HI XtdT Chain Point LO 

Ch I Byte Count HI Byte Count LO 

XtdT Data field (Start) -------------------------------------------

XtdT DATA 

frome 1 

-------------------------------------------XtdT Data Field (End) 

0 0 0 0 0 0 0 0 On I XNT Opcode 

Status 1 Status 0 

Next FRtd Point HI Next FRtd Point LO 

Ch I Byte Cou nt HI Byte Count LO 

XtdT Data Field (Start) -------------------------------------------

XtdT DATA 

Frame 2 

-------------------------------------------XtdT Data Field (End) 

0 0 0 0 0 0 0 0 On I 0 I Ab I 

Remaining Unused 

82595FX 

+- Lower Limit Register 
Bose Addr Register 
Current Addr Register 
Ch = 1 (Chaining Bit) 

Ch = 0 

(End of XtdT Chain) 

Ch = 0 

r ~ r 
1.. ___________________________ .... _ Upper Limit Register 
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Figure 7-4. 82595FX XMT Chaining Memory Structure 
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7 o 
On 10 1 Ab 1 XMT apcode 

+- Lower Limit Register 
Base Addr Register 

Current Addr Register a 0 

Ch 1 

On 1 

a 0' 

Ch I 

On 1 

0 0 a a 

Status 0 

Status 1 

XMT Chain Point Lo 

XMT Chain Point Hi 

Byte Count Lo 

Byte Cou nt Hi 

XMT Data Field (Start) 

XMT DATA 

XMT Data Field (End) 

XMT Opcode 

0 0 0 0 

Status 0 

Status 1 

XMT Chain Point Lo 

XMT Chain Point Hi 

Byte Count Lo 

Byte .Count Hi 

XMT Data Field (start) 

XMT DATA 

XMT Data Field (End) 

Nap 

Remaining Unused Area 

0 0 

0 0 

~ 

(End of XMT Chain) 

Ch = 0 

.- Upper Limit Register 

Figure 7-5. XMT Block Memory Structure (8-Bit) 
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7.3 Automatic Retransmission on 
Collision 

The 82595FX performs automatic retransmission 
when a collision is experienced within the first slot 
time of the transmission with no intervention by the 
CPU. The 82595FX performs jamming, exponential 
backoff, and retransmission attempts as specified by 
the IEEE 802.3 spec. The 82595FX reaccesses its 
local memory automatically on collision. This allows 
the 82595FX to retransmit up to 15 times after the 
initial collision with no CPU interaction. 

The 82595FX reaccesses the data in its transmit 
buffer by simply resetting the value of its Current 
Address Register back to the value of the Base Ad­
dress Register (the beginning of the XMT block) and 
repeating the DMA process to access the data in the 
transmit buffer again. Once it regains access to the 
link, retransmission is attempted. When Transmit 
Chaining is utilized, the process for retransmission is 
exactly the same. Only the current frame in the' 
chain will be retransmitted, since the Base Address 
Register is updated upon transmission of each 
frame. 

8.0 FRAME RECEPTION 

The 82595FX implements a recyclable ring buffer 
DMA structure to support the reception of back to 
back incoming RCV frames with minimal CPU over­
head. The structure of the RCV frames in memory is 
optimized to allow the CPU to process each frame 
with as few software processing steps as pos-

82595FX 

sible. The frame format is arranged so that all of the 
required infomation for each frame (status, size, 
etc.) is located at the beginning of the frame. 

8.1 82595FX RCV Memory Structure 

, The 82595FX RCV memory structure for a 16-bit in­
terface is shown in Figure 8-1. Figure 8-2 shows this 
structure for the 8-bit interface. Once an incoming 
frame passes the 82595FX's address filtering, the 
82595FX deposits the frame into the RCV Data field 
of the RCV Memory Structure. The fields which pre­
cede the RCV Data field, Event, Status, Byte Count, 
Next Frame Pointer, and the Event field of the fol­
lowing frame, are updated upon the end of the frame 
after all of the incoming data has been deposited in 
the RCV Data field. If Receive Concurrent Process­
ing is enabled, the CPU processes the receive frame 
without the entire frame being deposited by the 
82595FX to the RCV Data Field. The 85295FX, 
along with the software driver, determines the por­
tion of the frame being copied to host memory be­
fore the rest cif that frame is copied to local memory. 
An interrrupt is asserted by the 82595FX (EOF) after 
frame reception has been completed. 

If the 82595FX is configured to Discard Bad Frames, 
it will discard all incoming errored frames by reset­
ting its DMA Currel')t Address Register back to the 
value of the Base Address Register and not updat­
ing any of the fields in the RCV frame structure. This 
area will now be reused to store the next incoming 
frame. 
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0 0 

0 0 

0 0 

I 
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0 0 0 0 

Status 1 

Next FRM Point HI 

Byte Count HI 

0 0 0 0 

Status 1 

Next FRM Point HI 

Byte Count HI 

0 0 0 0 

Start of ReV Buffer 

0 0 

RCV Data Field (Start) 

RCV DATA 

Frome 1 

RCV Data Field (End) 

0 0 

RCV Data Field (Start) 

RCV DATA 

Frome 2 

RCV Data Field (End) 

0 0 

Remaining Unused 

Area 

Rev Event 

Status 0 

Next rR~ Point LO 

Byte Count LO 

ReV Event 

Status 0 

Next FRM Point LO 

Byte Count LO 

NOP 

. 0 

J 

<4-lower Limit Register 

+- Base Addr Register 
Current Addr Register 

+- Upper Limit Register 

281732-8 

Figure 8-1. 82595FX ReV Memory Structure (1S-Bit) 
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0 0 

0 0 

Start of RCV Buffer 

RCV Event 

0 0 0 0 

Status 0 

Status 1 

Next Frame Point La 

Next Frame Point Hi 

Byte Count La 

Byte Count Hi 

RCV Data Field (Sta rt) 

RCV DATA 

(Frame 1) 

RCV Data Field (End) 

RCV Event 

0 0 0 0 

Status 0 

Status 1 

Next Frame Point La 

Next Frame Point Hi 

Byte Cou nt La 

Byte Count Hi 

RCV Data Field (Start) 

RCV DATA 

RCV Data Field (End) 

NOP 

Remaining Unused Area 

o 

0 0 

0 0 

+-- Lower Limit Register 

Base Addr Register 
Current Addr Register 

+-- Upper limit Register 

Figure 8-2. 82595FX ReV Memory Structure (8-Bit) 
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Status Field 

The two bytes of the Status Field (Status 0 and 
Status 1) are shown in detail in Figure 8-3. In a 16-bit 
wide interface, these two bytes will combine to form 
one word. The 82595FX provides this field for each 
incoming frame. . 

8.2 ReV Ring Buffer Operation 

The 82595FX RCV Ring Buffer operation is illustrat­
ed in Figure 8-4. The 82595FX copies received 
frames sequentially into the RCV Buffer area .ofthe 
local memory. The CPU processes these frames by 
copying the frames from the local memory. After a 
frame is processed,- the CPU updates the 82595FX's 
Stop Register to point to the last location processed. 
This indicates that the RCV Buffer memory which 

6 5 

precedes the value programmed in the Stop Regis­
ter is now free area (it has been processed by the 
CPU). When the 82595FX reachl-_ _: Ie end of the 
RCV Buffer (the Upper Limit Register yalue) it will 
now wrap around back to the beginning of the buff­
er, and continue to copy RCV frames into the buffer, 
beginning at the value pointed to by the Lower Limit 
Register. The 82595FX will continue to copy frames 
into the RCV Buffer area as long as it does not reach 
the address pointed to by the Stop Register (if this 
. does occur, the 82595FX stops copying the frames 
into memory and issues an Interrupt to the CPU). As 
the CPU processes additional incoming frames, the. 
Stop Register value continues to be moved. This ac­
tion allows the CPU to keep ahead of the incoming 
frames and allows the Ring Buffer to be continually 
recycled as the memory [space consumed by an in­
coming frame is reused as that frame is processed. 

o 
Status 0 

~------~----~------~--------~------~--------~------~------~ 
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Unprocessed 
Fram •• 

Figure 8·3. RCV Status Field 

1ImII-.......... +--- Lower Limit Register 

\ , 

I 

I 
I 

\ 

\ 
\ , 
I 
I 

I 

--~ +--- Upper Limit RegIster 

Figure 8-4. 82595FX RCV Ring Buffer Operation 

Status 1 
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9.0 SERIAL INTERFACE 

The 82595FX's serial interface subsystem incorpo­
rates all the active circuitry required to interface the 
82595FX to 10BASE-T networks or to the attach­
ment unit (AUI) interface. It includes on-chip AUI and 
TPE drivers and receivers as well as Manchester 
Encoder/Decoder and Clock Recovery circuitry. The 
AUI port can be connected to an Ethernet Trans­
ceiver cable drop to provide a fully compliant IEEE 
802.3 AUI interface. The AUI port can also be inter­
faced to a transceiver to provide a fully compliant 
IEEE 802.3 10BASE2 (Cheapernet) interface. The 
TPE port provides a fully compliant 10BASE-T inter­
face. The 8259,5FX automatically enables either the 
AUI or TPE interface, depending on which medium is 
active. This automatic selection can be overridden 
by software configuration. The TPE interface also 
features a polarity fault detection and correction cir­
cuit which will detect and correct a polarity error on 
the twisted pair wire, the most common wiring fault 
in twisted pair networks. 

A 20 MHz parallel resonant crystal is used to control 
the clock generation oscillator, which provides the 
basic 20 MHz clock source. An internal divide-by­
two counter generates the 10 MHz ±0.01,% clock 
required by the IEEE 802.3 specification. 

The 82595FX supports 802.3 Half Duplex Ethernet 
functionality, as did previous versions of the 82595. 

, It also supports a Full Duplex Ethernet mode that 
complies with Specifications for Full Duplex Ether­
net, Rev. 1.0, Sept. 9th, 1993, from Kalpana, when 
connected, to a Full Duplex hub through the TPE 
port. Full-duplex provides increased network 
throughput (using full duplex. network components) 
by providing dedicated channels for both Transmit 
and Receive data at the, same time. Full Duplex op­
eration is transparent to existing software drivers. 
More details on Full Duplex functionality can be 
found in the 82595FX User's Guide. 

Auto-Negotiation (or N-Way) is a method of maximiz­
ing network operational efficiency. Auto-Negotiation 
works by interrogating Auto-Negotiation compliant 
equipment to determine the highest common mode 
of operation shared by all connected devices. When 
Auto-Negotiation is enabled, the 82595FX will nego­
tiate the Highest Common Denominator (HCD) 
transmission mode with the hub to which it is at­
tached, on a hardware reset. If the hub does not 
support Auto-Negotiation and Auto-Negotiation is 
enabled on the 82595FX, the 82595FX will revert to 
Half Duplex. 

82595FX 

The 82595FX is in Auto-Negotiation mode only 
when the A-N Enable bit, bit 1 in register 13 of bank 
2, is set. On hardware reset, the state of this bit is 
copied from the EEPROM A-N Enable bit, bit 9 of 
Word 0 of the EEPROM. 

We recommend that a crystal that meets the follow­
ing specifications be used: 

• Quartz Crystal 
• 20.00 MHz ± 0.002% at 25·C 

• Accuracy ±0.005% over Full Operating Temper­
ature, O·C to + 70·C 

• Parallel resonant with 20 pF Load Fundamental 
Mode 

Several vendors have such crystals; either off-the­
shelf or custom-made. Two possible vendors are: 

1. M-Tron Industries, Inc. 
Yankton, SO 57078 

Specifications: 
Part No. HC49 with 20 MHz, 50 PPM over O·C to 
+ 70·C, and 20 pF fundamental load. 

2. Crystek Corporation 
100 Crystal Drive 
Ft. Myers, FL 33907 

Part No. 013212 

The accuracy of the Crystal Oscillator frequency de­
pends on the PC board characteristics; therefore, it 
is advisable to keep th,e X1 and X2 traces as short 
as possible. The optimum value of C1 and C2 should 
be determined experimentally under nominal 'operat­
ing conditions. The typical value of C1 and C2 is 
between 22 pF and 35 pF. 

An external 20 MHz MOS-Ievel clock may be applied 
to pin X1, if pin X2 is left floating. 

A summary of the 82595FX's serial interface sub­
sections functions is shown below: 

• Manchester Encoder/Decoder and Clock 
Recovery 

• Diagnostic Loopback 

• Reset-Low-Power Mode 

• Network Status Indicators 

• Defeatable Jabber Timer 

• User Test Modes 
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• Complies with IEEE 802.3 AUI Standard 

- Direct Interface to AUI Transformers 

- On-Chip AUI Squelch 

• Complies with IEEE 802.3 10BASE-T for 
Twisted Pair Ethernet 

- Selectable Polarity Detection and 
Correction 

- Direct Interface to TPE Analog Filters 

- On-Chip TPE Squelch 

- Defeatable Link Integrity for Pre-Standard 
Networks 

- Supports 4 LEOs (Link Integrity, Activity, 
AUI/BNC DIS and Polarity Correction) 

- Auto-Negotiation of Full Duplex 
Functionality 

10.0 APPLICATION NOTES 

This section is intended to provide Ethernet LAN de­
Signers with a basic understanding of how the 
82595FX is used in a buffered LAN design. 

10.1 Bus Interface 

The 82595FX Bus Interface unit integrates ISA Bus 
data transceivers, providing an even more cost effi­
cient and seamless integration than that of the 
82595TX. The 82595FX provides the complete cori­
trol and. address interface to the host system bus­
implementing a complete ISA bus protocol. 

10.2 Local Memory Interface 

The 82595FX's local memory interface includes a 
OMA unit which controls data transfers between the 
82595FX and the local memory SRAM. The 
82595FX can support up to 64 Kbytes of local 
SRAM. 

The 82595FX provides address decoding and con­
trol to allow access to an external Boot EPROM or a 
FLASH. Addition of a Boot EPROM or FLASH to an 
ISA solution is optional. The IA is assumed to be 
stored in the serial EEPROM for the ISA solution. 
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10.3 EEPROM Interface 

The 82595FX provides a complete interface to a se· 
rial EEPROM for ISA adapter designs. For ISA moth­
erboard designs, the EEPROM is not required. The 
EEPROM is used to store configuration information 
such as Memory and 10 Mapping Window, Interrupt 
line selection, Plug N' Play resource data local bus 
width, etc. The EEPROM is used to replace jumper 
blocks which previously contained this type of infor­
mation. 

10.4 Serial Interface 

The 82595FX's serial interface provides either an 
AUI port interface or a Twisted Pair Ethernet (TPE) 
interface. The AUI port can be connected to an 
Ethernet Transceiver cable drop to provide a fully 
compliant IEEE 802.3 10BASE5 interface. The AUI 
port can also be interfaced to a transceiver device 
on the adapter to provide a fully compliant IEEE 
802.3 10BASE2 (Cheapernet) interface. The TPE 
port provides a fully compliant 1 OBASE-T interface. 
The 82595FX automatically enables either the AUI 
or TPE interface, depending on which medium is 
connected to the chip. This automatic selection can 
be overridden by software configuration. 

10.4.1 AUI CIRCUIT 

When used in conjunction with pulse transformers, 
the 82595FX provides a complete IEEE 802.3 AUI 
interface. In order to meet the 16V fault tolerance 
specification of IEEE 802.3, a pulse transformer is 
recommended. The transformer should _ be placed 
between the TRMT, RCV, and CLSN pairs of the 
82595FX and the ~O, 01, and CI pairs of the AUI 
(OB-15) connector. The pulse transformer should 
have the following characteristics: 

• 75 J-LH minimum inductance (100 J-LH recom­
mended) 

• 2000V isolation between the primary and second­
ary windings 

• 2000V isolation between the primaries of sepa­
rate transformers 

• 1:1 Turns ratio 

The RCV and CLSN input pairs should each be ter­
minated by 78.7fl ± 1 % resistors. 



10.4.2 TPE CIRCUIT 

The B2595FX provides the line drivers and receivers 
needed to directly Fabinterface to the TPE analog 
filter network. The TPE receive section requires a 
100.11 termination resistor, a filter section (filter, iso­
lation transformer, and a common mode choke) as 
described by the 10BASE-T B02.3i-1990 specifica­
tion. 

The TPE transmit section is implemented by con­
necti~e B2595FX's four TPE outputs (TDH, TDH, 
TDL, TDLl to a resistor summing network to form the 
differential output signal. The parallel resistance of 
R5 and R6 sets the transmitters maximum output 
voltage, while the difference (R5 - R6)/R5 + R6), is 
used to reduce the amplitude of the second half of 
the fat bit (100 ns) to a predetermined level. This 
predistortion reduces line overcharging, a major 
source of jitter in the TPE environment. The output 
of the summing network is .then fed into the above 
mentioned filter and then to the 10BASE-T connec­
tor (RJ-45). Analog Front End solutions can be pur­
chased in a single-chip solution from several manu­
facturers. The solution described in this data sheet 
uses the Pulse Engineering (PE65434) AFE. 

10.4.3 LED CIRCUIT 

The B2595FX's internal LED drivers support four 
LED indicators displaying node status and activity 
(i.e., Transmit data, receive data, collisions, link in­
tegrity, polarity correction, and port (TPE/ AUI). To 
implement the LED indicators, connect the LED driv­
er output to an LED in series with a 510.11 resistor 
tied to Vee. Each driver can sink up to 10 mA of 
current with an output impedance of less than 50.11. 

10.5 Layout Guidelines 

10.5.1 GENERAL 

The analog section, as well as the. entire board itself, 
should conform to good high-frequency practices 
and standards to minimize switching transients and 
parasitic interaction between various circuits. To 
achieve this, follow these guidelines: 

Make power supply and ground traces as thick and 
as short as possible. This will reduce high-frequency 
cross coupling caused by the inductance of thin 
traces. 
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Connect logic and chassis ground together, only at 
one point on the fab-near the connection to system 
ground. 

You must connect all Vee pins to the same power 
supply and all Vss pins to the same ground plane. 
Use separate decoupling per power-supply/ground 
pin. 

Close signal paths to ground as close as possible to 
their sources to avoid ground loops and noise cross 
coupling. 

10.5.2 CRYSTAL 

The crystal should be adjacent to the B2595FX and 
trace lengths should be as short as possible. the X1 
and X2 traces should be as symmetrical as possible. 

10.5.3 82595FX ANALOG DIFFERENTIAL 
SIGNALS 

The differential signals from the 82595FX to the 
transformers, analog front end, and the connectors 
should be symmetrical for each pair and as short as 
possible. 

The differential signals should also be isolated from 
the high speed logic signals on the same layer as 
well as on any ·sublayers of the PCB. 

Group each of the circuits together, but keep them 
separate from each other. Separate their grounds. 

In layout, the circuitry from the connectors to the 
filter network should have the ground and power 
planes removed from beneath it. This will prevent 
ground noise from being induced into. the analog 
front end. 

All trace bends should not exceed 45 degrees. 

10.5.4 DECOUPLING CONSIDERATIONS 

Four 0.1 /LF ceramic capacitors should be used. 
Place one on each side in the center of the I.C. adja­
cent to the B2595FX. Connect the capacitors direct­
ly to the Vee pins and ground planes of the 
82595FX. 
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11.0 ELECTRICAL SPECIFICATIONS 
AND TIMINGS 

11.1 Absolute Maximum Ratings 

Case Temperature under Bias ....... O·C to + 85·C 

Storage Temperature .......... -65·C to + 140·C 

All Output and Supply Voltages ..... -0.5V to + 7V 

All Input Voltages ............. -1.0V to + 6.0V(1) 

Further information on the quality and reliability of 
the 82595FX may be found in the Components 

. Ouality and Reliability Handbook, Order Number 
210997. 

NOTICE: This data sheet containsinlormation on 
products in the sampling and initial production phases 
of development. The specilications are subject to 
change without notice. Verify with your local Intel 
Sales office that you. have the latest data sheet be-
lore linalizing a design. . .. 

• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex­
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 

Table 11-1. DC Characteristics (Tc = O·C to + 85·C, VCC = 5V ± 5%) 

Symbol Pararr-eter Min Max Units Test Conditions 

VIL Input LOW Voltage (TTL) -0.3 +0.8 V 

VIH Input HIGH Voltage (TTL) 2.0 Vee + 0.3 V 

VIHCJUMPRl Input HIGH Voltage (Jumpers) 3.0 Vee + 0.3 V 
VOL1(2) Output LOW Voltage 0.45 V IOL =17 mA 
VOL2(3) Output LOW Voltage 0.45 V IOL = 12 mA 
VOL4(4) Output LOW Voltage 0.45 V IOL = 2 mA 

VOH Output HIGH Voltage 2.4 V IOH = -1 mA 
VOL (LED)(5) Output Low Voltage 0.45 V IOL = 10 mA 

VOH (LED) Output High Voltage 3.9 V IOH = -500/LA 
ILP(6) Leakage Current ±10 /LA o ~ VI ~ Vee 
RDIFF(7) Input Differential-Resistance 10 Kn DC 

VIDF (TPE)(S) Input Differential Accept ±0.5 ±3.1 Vp 5 MHz ~ I ~ 10 MHz 
Input Differential Reject ±0.3 Vp 

Rs (TPE)(9) Output Source Resistance 5 13 n IILOADI = 25 mA 
VIDF (AUI)(10) Input Differential Accept ±0.3 ±1.5 Vp 

Input Differential Reject ±0.16 Vp 
VI eM (AUI)(11) AC Input Common Mode ±0.5 Vp 1~40KHz 

±0.1 Vp 40 KHz ~ I ~ 10 MHz 

VODF (AUI) Output Differential Voltage ±0.45 ± 1.2 V 

lose (AUI) AU I Output Short Circuit Current ±150 mA Short Circuit to Vee or GND 

VU(AUI) Output Differential Undershoot -100 mV 
VODI (AUI)(12) Differential Idle Voltage 40 mV 

lee Power Supply Current 90 mA 

leeHwPD .. Hardware Power Down 400 /LA 
leeSWPD Software Power Down 2 mA 
leeSLEEP Sleep Mode 35 mA 
CIN(13) Input Capacitance 10 pF @I = 1 MHz . 

NOTES: 
1. The voltage level lor RCV and CLSN pairs are -'-0.75V to +S.5V. 
2. SDx, IOCS16. 
3. IOCHRDY, IRQx. 
4. LDATAx, LADDRx, LOE, LWE, BOOTCS, SRAMCS, EEPROMCS, SMOUT, TSTCLK, TDO, J1, J2. 
5. LlLED, ACTLED, POLED and TPLBNC-AUI. 
6. Pins: ACTLED, LlLED, POLED, TPE_BNC-AUI. 
7. RD to RD, RCV to RCV and CLSN to CLSN. 
S. TPE input pins: RD and RD. 
9. TPE output pins: TDH, TDH, TDL and TDL, Rs measure Vee or Vss to pin. 
10. AUI input pins: RCV and CLSN pairs. 
11. AUI output pins: TPMT pair. 
12. Measured S.O /Ls after last positive transition 01 data packet. 
13. Characterized, not tested. 
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11.1.1 PACKAGE THERMAL SPECIFICATIONS 

The 82595FX is specified for operation when case 
temperature is within the range of O·G to 85·G. The 
case temperature may be measured in any environ­
ment to determine whether the 82595FX is within 
the specified operating range. The case temperature 
should be measured at the center of the top surface 
opposite the pins. 

The ambient temperature is guaranteed as long as 
T c is not violated. The ambient temperature can be 
calculated from the 8JA and the 8JC from the follow­
ing equations: 

TJ = Tc + p*oJC 
TA;" TJ - P*OJA 
Tc = TA + P*(OJA - oJcl 

8 JA and 8 JC values for the 160 QFP package are as 
follows: 

Thermal Resistance ("C/Watt) 

8JC 8JA - VS - Air1low ft/mln (m/Sec) 

0(0) 

4.9 34.4 

11.2' AC Timing Characteristics 

28~mV - - - - -ov t ____ _ 

DELAY /WIDTH MEASUREMENT -
RISE/FALL MEASUREMENT -- I--

281732-11 

Figure 11-1. Voltage Levels for Olfferentlallnput 
Timing Measurements (RCV and CLSN Pairs) 

DELAY /WIDTH MEASUREMENT -
RISE/FALL MEASUREMENT -- I--

281732-12 

Figure 11-2. Voltage Levels for 
TDH, TOL, TDH and TOL 
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Vee ': 
: 

vss 
,~ 

DELAY /WIDTH MEASUREMENT -

RISE/FALL M'EASUREMENT -- I-

vee/ 2 

281732-13 

Figure 11-3. Voltage Levels for TRMT 
Pair Output Timing Measurements 

"x+---OV 
Il 

DELAY /WIDTH MEASUREMENT -joo 
RISE/FALL MEASUREMENT -- I-

281732-14 

Figure 11-4; Voltage Levels for Olfferentiallnput 
Timing Measurements (RD Pair) 

11.3 AC Measurement Conditions 

1. Tc = O·G to + 85·G, Vcc = 5V ±5% 

2. The signal levels are referred to in Figures 1, 2, 3 
and 4. 

3. AG Loads: 

a) AUI Differential: a 10 pF total capacitance 
from each terminal to ground,and a load resis­
tor of 78!1 ± 1 % in parallel with a 27 ,...H 
± 5% inductor between termina,ls. 

b) TPE: 20 pF totaicapacitance to ground. 

O.9V - - -
O.4SV 

281732-15 , 

Figure 11-5. X11nput Voltage Levels 
for Timing Measurements 
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Table 11-2. Clock Timing 

Symbol Parameter Min Max Unit 

t1 X1 Cycle Time 49.995 50.005 ns 

t2 X1 Fall Time 5 ns 

t3 X1 Rise Time 5 ns 

t4 X1 Low Time 15 ns 

t5 X1 High Time 15 ns 

11.4 ISA Interface Timing 

Table 11-3. 16-Bit 1/0 Access 

Parameter Description Min Max Units Comments 

T1a AEN Valid to 1/0 Command Active 100 ns 

T2a AEN Valid from 1/0 Command Inactive 30 ns 

T3a SA to CMDActive 63 ns 

T4a SA Valid Hold from CMD Inactive 42 ns 

T5a Valid SA to IOCS16 Active 100 ns 

T6a IOCS16 Valid Hold from Valid SA 0 ns 

T7a CMD Active to Inactive 125 ns 

TSa CMD Inactive to Active 92 ns Before 1/0 Command 

T9a Active CMD toValid 10CHRDY 30 ns Applies to Ready Cycles 

T10a CMD Active Hold from 10CHRDY Active SO ns Applies to Ready Cycles 

T11a DATA Driven from READ CMDActive 0 ns 

T12a Valid READ Data from CMD Active 64 ns Applies to Standard Cycles Only 

T13a Valid READ Data from 10CHRDY Active 52 ns Applies to Ready Cycles Only 

T14a READOata Hold from CMD Inactive 0 ns 

T15a READ CMD Inactive toOata Tristate 30 ns 

T16a CMD to WRITE Data Active 62 ns 

T17a WRITE Data Hold from CMD Inactive 15 ns 

T1Sa WRITE CMD Inactive to Data Tristate 30 ns 
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Table 11-4. a-Bit 1/0 Access 

Parameter Description Min Max Units Comments 

T1b AEN Valid to 1/0 Command Active 100 ns 

T2b AEN Valid from 1/0 Command Inactive 30 ns 

T3b SA to CMD Active 63 ns 

T4b SA Valid Hold from CMD Inactive 42 ns 

T5b Valid SA to IOCS16 Inactive 100 ns 

T6b IOCS16 Valid Hold from Valid SA 0 ns 

T7b CMD Active to Inactive 125 ns 

T8b CMD Inactive to Active 92 ns Before 1/0 Command 

T9b Active CMD to Valid 10CHRDY 226 ns Applies to Ready Cycles 

T10b CMD Active Hold from 10CHRDY Active 80 ns Applies to Ready Cycles 

T11b DATA Driven from READ CMD Active 0 ns 

T12b Valid READ Data from CMD Active 64 ns Applies to Standard Cycles 

T13b Valid READ Data from 10CHRDY Active 52 ns Applies to Ready Cycles Only 

T14b READ Data Hold from CMD Inactive 0 ns 

T15b READ CMD Inactive to Data Tristate 30 ns 

T16b CMD to WRITE Data Active 62 ns 

T17b WRITE Data Hold from CMD Inactive 15 ns 

T18b WRITE CMD Inactive to Data Tristate ns 
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Table 11-5. 8-Blt Memory Access 

Parameter Description Min Max Units Comments 

T1c AEN Valid to Command Active 100 ns 

T2c AEN Valid from Command Inactive 30 ns 

T3c SA to CMD Active 63 ns 

T4c SA Valid Hold from CMD Inactive 42 ns 

T5c CMD Active to Inactive 125 ns 

T6c CMD Inactive to Active 60 ns Before Memory Command 

T7c Active CMD toValid IOCHRDY 226 ns Applies to Ready Cycles 

T8c CMD Active Hold from IOCHRDY Active 80 ns Applies to Ready Cycles 

T9c DATA Driven from READ CMD Active 0 ns 

T10c Valid READ Data from IOCHRDY Active 52 ns 

T11c READ Data Hold from CMD Inactive 0 ns 

T12c READ CMD'lnactive to Data Tristate 30 ns 

T13c CMD to WRITE Data Active 62 ns 

T14c WRITE CMD Inactive to Data Tristate 30 ns 
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T1 T2 

AEN 

SAl 19:0]. SBHE ________ II~--------~--------------------~~-JI 

10CHRDY 

DATA (READ) -------------------+--~ 
~~~~~~----~~~T_--

DATA (WRITE) ________________ +--1 
281732-16 

Figure 11-6. ISA Read/Write Cycle 

1-349 



82595FX 

11.6 Local Memory Timings 

11.6.1 SRAM TIMINGS 
• The S2595FX any SRAM up to 25 ns access 

time . 

• SRAM type supported are 4K, SK, 16K, 32K, 
64K x S. 

Table 11-6. 82595FX SRAM-AC Characteristics 

Parameter Description Min Max 

T1w LADDR Valid to SRAMCS Active 0 

T2w LADDR Valid to LWE Active 0 

T3w SRAMCS Active Time 25 

T4w LWE Active Time 25 

T5w Data Valid to SRAMCS Inactive 15 

T6w Data Valid to LWE Inactive 15 

T7w SRAMCS Inactive to Data Invalid 0 

TSw LWE Inactive to Data Invalid 0 

T9w SRAMCS Inactive to LADDR Invalid 0 

T10w LWE Inactive to LADDR Invalid 0 

T1r LADDR Valid to SRAMCS Active 0 

T2r LADDR Valid to LOE Active 0 

T3r SRAMCS Active Time 25 

T4r LOE Active Time 25 

T5r Data Valid to SRAMCS Active 25 

T6r Data Valid to LOE Inactive 25 

T7r Data Read Hold Time from SRAMCS Inactive 0 25 

TSr Read Data Hold Time from LOE Inactive 0 25 
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LADDR[ 15:0] Address Valid 

Tlw 

LDATA[7:0] --+------( 
T2w 

,LWE, 

281732-19 

Figure 11-7. SRAM Timings-Write Cycle 

LADDR[ 15:0] Address Valid 

Tlr 

LDATA[7:0] .--+-----~ 

T2r 

281732-20 

Figure 11-8. S~AM Timings-Read Cycle 
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11.6.2 FLASH/EPROM TIMINGS • Flash/EPROM types supported are 16K, 32K, 
64K, 128K, 256K, 512K, 1024K x 8. 

• The 82595FX is designed to support a FLASH or 
EPROM up to 200 ns access time. 

Table 11·7. FLASH-AC Characteristics 

Parameter Description Min Max 

T1w LADDR Setup Time to LWE Active 0 

T2w LADDR Hold Time from LWE Active 75 

T3w LWE Active Time 60 

T4w BOOTeS Setup Time before LWEActive 20 

T5w BOOTeS Hold Time from LWE Inactive 0 

T6w Data Setup Time before LWE Inactive 50 

T7w Data Hold Time from LWE Inactive 10 

T1r LADDR Setup Time to BOOTeS Active 0 

T2r LADDR Setup Time to LOE 0 

T3r BOOTeS Active Time 225 

T4r LOE Active Time 225 

T5r BOOTeS Active to Data Valid 200 

T6r LOE Active to Data Valid 200 

T7r Data Hold Time from BOOTeS Inactive 0 40 

T8r Data Hold Time from LOE Inactive 0 40 

LADDR[S:O] 

LWE 

LDATA[7:0] -----------0(1 Data In 

Figure 11·10. FLASH Timings-Write Cycle 

1·352 

Units Comments 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Parameter 

T1 (css) 

T2(skh) 

T3(skl) 

T4(csh) 

T5(cs) 

T6(dis) 

T7(dih) 

T8(do) 

T9(df) 

LADDR[5:0] 

LOE 

LDATA[7:0] ---------~ 

Figure 11-11. Flash Timings-Read Cycle 

Table 11-8. EEPROM AC Characteristics 

Description Min Max Units 

CS Setup Time 1.0 /ks 

SK High Time 3.0 /ks 

SK Low Time 3.0 /ks 

CS Hold Time 0 /ks 

CS Low Time 1.0 /ks 

01 Setup Time 0.4 /ks 

01 Hold Time 0.4 /ks 

00 Valid Time 0.4 /ks 

CS Inactive to 00 Floating 0.4 /ks 

EEPROMes 

EESK 

EEDI 

T8(do) T9(df) 

EEDO 

Figure 11-12. EEPROM Timings 

82595FX 

281732-23 

Comments 

EEPROM Restriction 

EEPROM Restriction 

281732-24 
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,11.7 Interrupt Timing 
Table 11-9. Interrupt Timing 

Parameter " Description Min ' Max Units Notes 

T177 Interrupt Ack CMD Inactive to IRQ[0-7] Inactive 500 ns 

T178 IRQ[0-7] Inactive to IRQ[O-: 7] Active 100 ns 

T179 Tri-state CMD Inactive to IRQ[0-7J Tri-State 500 ns 

T177 T178 

IRQO-7 'J,"--, __ _ 

T179 

IRQO-7 ~>-....................................................... --
--------------------~--~ 281732-26 

Figure 11-13. Interrupt Timing 
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11.8 RESET and SMOUT Timing 

General Comments 

• Both signals are asynchronous signals and have minimum pulse duration specification only. 

• SMOUT during Hardware power down activation. 

Table 11·10. RESET and SMOUT Timing 

Parameter Description Min Max Units Notes 

T180 RESET Minimum Duration 32 ms 1 

T181 SMOUT Minimum Duration 100 ns 2 

T182 SMOUT Activation by Power Down Command 150 ns 3 

T183 SMOUT Deactivation· 25 ns 3 

NOTES: 
1. Noise spikes of maximum TBD ns are allowed on Reset. 
2. SMOUT is input. 
3. SMOUT is. output after configuration. 

RESET /. TISO \ 

~ 
TISI J 

f 

~ t .\ TIS2 

'--
261732-27 

Figure 11·14. SMOUT Timing 
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11.9 JTAG Timing 

Symbol 

T184 

T185 

T186 

T187 

T188 

T189 

T190 

T191 

T192 
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Table 11·11. 82595FX JTAG Timing 

Parameter 

TMS'Set-Up Time 

TMS Hold Time 

TDI Set-Up Time 

TDI Hold Time 

Input Signals Set-Up Time 

Input Signals Hold Time 

Outputs Valid Delay 

TOO Valid Delay 

TCK Cycle Time (Period) 

TCK 

T~S 

TOI 

Inpu~ 
Signals 

Output 
Signals 

TOO 

Min Max 

30 

30 

30 

30 

30 

30 

200 

40 

100 

Figure 11-15_ 82595FX JTAG Timing 

Unit Notes 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 50% Duty Cycle 

281732-28 
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11.10 Serial Timings 

Table 11-12. TPE Timings 

Symbol Parameter Min Typ Max Unit 

t90 Number of TxD Bit Loss at Start of Packet 2 bits 

t91 Internal Steady State Propagation Delay 400 ns 

t92 Internal Start UP Delay 600 ns 

t93 TDH and TDL Pairs Edge Skew (@ Vee/2) 1.5 3 ns 

t94 TDH and TDL Pairs Rise/Fall Times 2 5 ns 
(@ 0.5V to Vee - 0.5V) 

t95 TDH and TDL Pairs Bit Cell Center to Center 99 100 101 ns 

t96 TDH and TDL Pairs Bit Cell Center to Boundary 49 50 51 ns 

t97 TDH and TDL Pairs Return to Zero from Last TDH 250 400 ns 

t98 Link Test Pulse Width 98 100 100 ns 

t99 Last TO Activity to Link Test Pulse 8 13 24 ms 

two Link Test Pulse to Data Separation 190 200 ns 

~----------~7----------~ 

TDH 

TDL 

281732-29 

1--------- "00 ----------II 
I '99 --1--"', ---I 

TDH --'~I-: _---II -{ .... _____ ---Irr----..\.. 

TOL ~:_: __ -'I\\-________ ~~ 

TDH 
-------------~::-: --------------------------------------
TOL~:_: ______ -Jr-\~ _______________ ~ 

281732-30 

Figure 11-16. TPE Transmit Timings (Link Test Pulse) 
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Table 11-13. TPE Receive Timings 

Symbol Parameter Min Typ Max Unit 

t105 AD to R~D Bit Loss at Start of Packet 4 19 bits 

t106 AD Invalid Bits Allowed at Start of Packet 1 bits 

t107 AD to Internal Steady State Propagation Delay 400 ns 

t108 AD to Internal Start Up Delay 2.4 . JLs 

t109 AD Pair Bit Cell Center Jitter ±13.5 ns 

t110 AD Pair Bit Cell Boundry Jitter ±13.5 ns 

t111 AD Pair Held High from Last Valid 230 400 ns 
Position Transition 

; I t'11 I 
RD LF\..J"\j....----.\L __ ------:--~--~ 

~13 =I 

Symbol 

t120 

t121 

t122 

NOTES: 

Figure 11-17. TPE Receive Timings (End of Frame) 

Table 11-14. TPE Link Integrity Timings 

Parameter Min Typ 

Last AD Activity to Link Fault 50 100 
(Link Loss Timer) 

Minimum Fieceived Linkbeat Separation(1) 2 5 

Maximum Aeceived Linkbeat Separation(2) 25 50 

1. Linkbeats closer in time to this value are considered noise and rejected. 
2. Linkbeats further apart in time than this value are not considered consecutive and are rejected. 
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Max Unit 
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RO pair 

LlLED 

1-\120 --j __________ ~/r-------------------------------
281732-32 

Figure 11-18. TPE Link Integrity Timings 

Table 11-15. AUI Timings 

Symbol Parameter Min Typ Max Unit 

t126 TRMT Pair Rise/Fall Times 3 5 ns 

t127 Bit Cell Center to Bit Cell Center of 99.5 50 100.5 ns 
TRMT Pair 

t128 Bit Cell Center to Bit Cell Boundary of 49.5 50 50.5 ns 
TRMT Pair 

t129 TRMT Pair Held at Positive Differential at 200 ns 
Start of Idle 

t130 TRTM Pair Return to ";:40 mVp from 8.0 p..s 
Last Positive Transition 

I t130 --------I 

~------~----======~~~----TRMT ~ 
po;, -------------' i126-1 I--t'26 ~ 1---t'29---1 

Symbol 

t135 

t136 

t137 

t138 

t139 

127 128 

Figure 11-19. AUI Transmit Timings 

Table 11-16. AUI Receive Timings 

Parameter Min 

RCV Pair Rise/Fall Times 

RCV Pair Bit Cell Center Jitter in Preamble 

RCV Pair Bit Cell Center/Boundary Jitter in Data 

RCV Pair Idle Time after Transmission 8 

RCV Pair Return to Zero from Last 160 
Positive Transition 

281732-33 

Typ Max Unit 

10 ns 

±12 ns 

±18 ns 

p..s 

ns 
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Rev 
pair 

Symbol 

t145 

t146 

t147 

t148 

CLSN 
pair 

Symbol 

t152 

t153 

1-360 

Figure 11·20. AUI Receive Timings 

Table 11·17. AUI Collision Timings 

Parameter Min Typ 

CLSN Pair .Cycle Time 80 

CLSN Pair Rise/Fall Times 

CLSN Pair Return to Zero from 160 
Last Positive Transition 

CLSN Pair High/Low Times 35 

Figure 11·21. AUI Collision Timings 

Table 11·18. AUI Noise Filter Timings 

Parameter 

RCV Pair Noise Filter Pulse Width 
Accept(@ -285 mV) 

CLSN Pair Noise Filter Pulse Width 
Accept (@ -285 mV) 

Min 

25 

25 

300mV 
--- 285 mV 

Figure 11·22. AUI Noise Filter Timings 

Typ 

281732-36 

281732-34 

Max Unit 

118 ns 

10 ns 

ns 

70 ns 

281732-35 

Max Unit 

ns 

ns 



Symbol 

t165 

t166 

t167 

TRMT 
0' 
TO 

Symbol 

t170 

t171 

t172 

t173 

Table 11-19. Jabber Timings 

Parameter Min 

Maximum Length Transmission before 20 
Jabber Fault (TPE) 

Maximum Length Transmission before 10 
Jabber Fault (AUI) 

Minimum Idle Time to Clear Jabber Function 250 

Figure 11-23. Jabber Timings 

Table 11-20. LED Timings 

Parameter Min Typ 

ACTLED On Time 50 

ACTLED Off Time 50 

LlLED On Time 50 

LlLED Off Time 100 

Figure 11-24. LED Timings 

82595FX 

Typ Max Unit 

25 150 ms 

13 18 ms 

275 750 ms 

281732-37 

Max Unit 

450 ms 

ms 

ms 

ms 

281732-38 
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Additional 82595FX Documentation· 

This datasheet provides complete pinout .and pin 
definitions, and electrical specifications and timings. 
It also includes an overview of the various subsec­
tions listed in Figure 1. For more complete informa­
tion on the 82595FX, please ask your local sales 
representative for the 82595FX User's GUide. The 
82595FX User's.Guide contains detailed information 
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on the 82595FX feature set, including register de­
scriptions and implementation steps for various 
82595FX ·functions (initialization, transmission, re-
ception). . 

Design Example 

The schematic on the next page shows a typical 
82595FX design. 
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1.0 INTRODUCTION 

Over the last few years, the networking environment 
has evolved to account for the needs of high-band­
width. Fast Ethernet,· otherwise known as IEEE 
looBASE-T, is a technology derived from 10BASE-T 
Ethernet and was designed to address many of the per­
formance bottlenecks associated with classic 10 Mbit 
Ethernet networks. Intel's Fast Ethernet component 
product solution includes the 82557 and 82553 compo­
nents. 

This application note provides information on the dif­
ferences between the Intel 82596 and the Intel 82557 
next generation family of LAN controllers. It explains 
82596 to 82557 compatibility for Ethernet designers. 
The application note can help designers transition from 
an existing 82596 LAN solution to an 82557 solution. 

For further information on the 82557, refer to the 
82557 Data Sheet and the 82557 User's Manual, avail­
able from an Intel Sales Representative. 

2.0 THE 82557 LAN CONTROLLER 

The 82557 is Intel's first highly-integrated 32-bit PGI 
LAN controller for 10 or 100 Mbps Fast Ethernet net­
works. The 82557 offers a high performance LAN solu­
tion while maintaining low-cost through its high-inte­
gration. It contains a high-performance 32-bit PCI Bus 
Master interface to fully use the high bandwidth avail­
able (up to 132 Mbytes per second) to masters on the 
PCI bus. The 82557 is optimized to support 
twisted pair Ethernet, the required wiring media for 
looBASE-T. 

The 82557 contains a number of high-performance net­
working features that off-load time-critical tasks from 
the CPU. Its bus master architecture can eliminate the 
"intermediate copy" step in Receive (RCV) and Trans­
mit (XMT) frame copies,· resulting in faster processing 
of these frames. It maintains a similar memory struc­
ture to the Intel 82596 LAN Coprocessor, however, 
these memory structures have been streamlined for bet­
ter Network Operating System (NOS) interaction and 
improved performance. 

The 82557 contains two separate RCV and XMT 
FIFOs, preventing data overruns or underruns while 
waiting for access to the PCI bus. The FIFOs also en­
able back to back frame transmission within the mini­
mum inter-frame spacing. Full support for up tci 1 Mbyte 
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of FLASH provides remote Boot capability (a BIOS 
extension stored in the FLASH which could allow a 
node to boot itself off of a network drive). For 
100 Mbps applications the 82557 contains an IEEE 
MIl compliant interface to the Intel 82553 physical in­
terface device (or other MIl compliant PHY) which 
provides a complete LAN solution for 100/10 Mbps 
networks. For 10 Mbps networks, the 82557 can be 
interfaced to a standard ENDEC interface (such as the 
Intel 82503 Serial Interface component), while main­
taining software compatibility to 100 Mbps solutions. 

The 82557 was designed to implement cost-effective, 
high-performance PCI add-in adapters, or it can also be . 
used directly on a PC motherboard designs. ItS combi-

. nation of high integration and low cost make it ideal for 
either application. 

82557 Feature Summary 

• Glueless 32-bit PCI bus master interface (direct 
. drive of bus)---compatible to PCI spec Rev 2.1 

• 82596-like chained memory structure 

• Improved dynamic transmit chaining for enhanced 
performance 

• Programmable transmit threshold for improved bus 
utilization 

• Early receive interrupt for concurrent processing of 
receive data 

• Built-in FLASH· interface with addressing up to 
1 MByte 

• On-chip receive and transmit FIFOs 

• On-chip counters for network management 

• Support for back to back transmit interframe spac-
ing (IFS) 

• Built in EEPROM interface 
• Support for both 10 Mbps and 100 Mbps networks 

• Interface to MIl-compliant physical interface such 
as the Intel 82553 Serial Component for 10/100 
Mbps designs-IEEE 802.3 looBASE-T compatible 

• Interface to Intel 82503 for 10 Mbps designs-IEEE 
802.3 10BASE-T compatible 

• Autodetect and autoswitching for 10 or 100 Mbps 
network speeds 

• Full duplex capable at 10 and 100 Mbps 

• 160 Lead QFP package 



3.0 FEATURE CHANGES IN THE 
82557 

The 82557 is a follow-on to the 82596 LAN controller. 
Intel made a number of changes and enhancements in 
the 82557 to increase performance while being cost sen- I 

sitive. The following table highlights key functional and 
physical changes between the 82557 and 82596: 

Feature 82557 82596 

Maximum Serial 100r 1 00 Mbps 10 Mbps 
Speed 

Mil No 

Bus Interface 32-Bit Local 
Bus 

Bus Bandwidth 106 Mbytes/ 
Sec. @33MHz 

Architecture Master 

Shared Memory Initialization 
Structures Root, SCB, 

CBL,RFA 

Transmit! 82586, 
Receive Simplified, 
Structures Flexible 

Memory 82586, 32-Bit 
Addressing Segmented, 

linear 

FIFO 128 Byte RX, 
64 Byte TX 

Byte Ordering little, Big 
Endian 

FLASH No 
Interface 

Package 132-Pin PQFP, 
PGA 

Pin Compatible No 

Bursting 4 Dword 

4.0 FUNCTIONAL CHANGES 
BETWEEN THE 82557 AND 
82596 

This section lists primary functional changes between 
the 82557 and the 82596. Some are functional enhance­
ments, others are deletions of the 82596 functionality. 
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4.1 New Enhancements in the 82557 

• FIFO size: the 82557 includes independent on-chip 
Transmit and Receive FIFOs (3 Kbytes each); the 
82596 includes 64 byte transmit and 128 byte re­
ceive on-chip FIFOs. 

• General chip control structure changes: in the 
82557, an on-chip CSR structure incorporates SCB, 
Flash/EEPROM and MOl registers. In the 82596, 
the shared memory SCB, ISCP, and SCP structures 
were used for general chip control. 

• Operational speed flexibility: the 82557 supports ei­
ther 10 or 100 Mbit operation. The 82596 supports a 
10 Mbit operation only (ignoring full duplex func­
tionality in both). 

• Reset functionality: the 82557 includes a selective 
reset command which specifically resets CU and 
RU without affecting the overall device configura­
tion. The 82596 includes the CU_ABORT com­
mand which terminates the current CU activity and 
returns the CU to a known (Idle) state. 

• OMA resource tuning: in the 82557, Tx and Rx 
OMA preempt counts allow direct manipulation of 
OMA resources to reflect design biases towards ei­
ther transmit or receive functions. The 82596 has a 
fixed priority scheme for managing OMA resources. 

• Statistical counters: the 82557 contains 16 on-chip 
statistical counters that are automatically updated 
with each transmit/receive command. The 82596 
TCB stores statistical data which must be compiled 
by the driver for each TCB before continuing to the 
next command. 

• MIl: the 82557 supports MIl interface compatibility 
(includes MIl specific control and data signals and 
MOl register). The 82596 includes a generic 
ENOEC serial interface. 

• PCI: the 82557 includes a full 32-bit PCI standard 
interface. The 82596 includes a 32-bit local bus in­
terface. 

• Bus throughput: the 82557 allows a 132 Mbyte max­
imum parallel (PCI) bandwidth at 33 MHz. The 
82596 allows a 106 Mbyte maximum parallel band­
width at 33 MHz. 

• Flash capable: the 82557 allows for a flash memory 
interface (control and addressing up to I Mbyte). 
The 82596 does not allow for designs requiring flash 
memory devices. 

• Full duplex: the 82557 is truly Full duplex capable 
using FOX and FULHAL pins for controlling full 
duplex functionality. The 82596 implements a limit­
ed full duplex capability. 
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• Adaptive IFS: the 82557 supports an adaptive IFS. 
algorithm which maximizes network throughput. 
The 82596 includes a tunable IFS parameter for 
manually adjusting IFS. 

• Bursting: the 82557 allows bursting of 256 Dword 
lengths. The 82596 allows bursting of 4 Dword 
length. 

• Early Transmit Completion Status: the 82557 re­
ports a completion of a transmit command as soon 
as the frame is copied from menioryso that the driv­
er can reuse resources to prepare a new transmit 
command. 

• Transmit threshold: the 82557 incorporates a trans­
mit threshold parameter which allows adjustment to 
the FIFO level at which the Transmit process be­
gins. The 82596 begins the Transmit process as soon 
as the first Dword reaches the bottom of the trans­
mit FIFO. 

• Addressing modes: the 82557 uses an enhanced lin­
ear addressing mode for all operations. The 82596 
uses either linear or 32-bit segmented (82586) ad­
dressing modes. 

4.2 Functions in the 82596 not· 
Supported by the 82557 

• Byte Ordering: the· 82557 supports Little Endian 
mode oilly (no Big Endian mode) .. 

• Addressing: the 82557 has no 82586 compatible ad-. 
dressing modes. 

• Adjustable frame length: the 82557 has rio Mini­
mum Frame Length variable (82557 has a default 
minimum frame length of 64 bytes). 

• Monitor mode: the 82557 has no monitoring mode 
for evaluating incoming frames. 

• Adjustable slot time: the 82557 has no support for 
an adjustable slot time parameter. 

• Control structures: the 82557 does not include SCP, 
SCB or ISCP shared memory structures (on-chip 
CSR replaces SCB). 

• CRC: CRC flexibility is not supported in the 82557 
(No CRC and CRC-16/CRC-32 options are not 
present). 
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5.0 SOFTWARE INTERFACE 
COMPARISONS 

Both the 82557 and 82596 use a shared memory com- . 
munication system with the CPU. However, the 82557 
uses only three parts that comprise the shared memory 
structure: Control/Status Registers (CSR), Command 
Block List (CBL), and the Receive Frame Area (RFA). 
The 82:196 memory structure is divided into four parts: 
the Initialization Root, the System Contro/Block. the. 
Command Block List, arid the Receive Frame Area. 

One of the main differences in the 82557 and 8259.6 
memory structures is the 82557 System Control block 
(SCB) residing on-chip (accessed by either I100r 
memory .cycles) as part of the Control Status Register 
(CSR). In the 82596, the channel attention signal is 
used by the 82596 to access the System Configuration 
Pointer (SCP) and the Intermediate System Configura­
tion Pointer (ISCP). The ISCP then points to the SCB 
(see Figure 2). However, the SCB serves the same pur­
pose in both the 82596 and 82557. It is a central com­
munication point for exchanging control and status in­
formation ,between the CPU and the 82557. The CPU 
controls the state of the Command Unit (CU) and Re­
ceive Unit (RU) (e.g. Active, Suspended or Idle) by , 
writing commands to the SCB. The '82557 and 82596 
updates the SCB Status Word to provide status. 

5.1 The 82557 Control Status Register 
(CSR) 

The 82557 CSR registers, MOl, Flash, PORT, MDI 
Control, and General Pointer allow the CPU to read to 
and from an EEPROM, FLASH, Management Data 
Interface (in the case of MDI, Flash, and MDI Con­
trol). They also point to various data structures in 
memory, reset the 82557, etc. (for General Pointer and 
PORT, respectively). In contrast, the 82596 does not 
include FLASH or MDI in its SCB; it uses RFA Off-: 
set/CBL Offset, as opposed to the 82557 General· 
Pointer. The 82596 also uses T-ON and T-OFF param­
eters in its SCB, which the 82557.does not use. Addi­
tionally, the 82596· uses the PORT# pin to allow the 
CPU to directly access it for certain function, as op­
posed to the 82557, which has a PORT register within 
its SCB. 
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82557 Registers 

644216-1 

Figure 1.82557 Shared Memory Structure· 
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.(System Memory) 

644216-2 

Figure 2. 82596 Shared Memory Structure 
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31 Upper Word 16 15 Lower Word o 
ACK I x I cuc I R I RUC I 0 I 0 I 0 I 0 I STAT 10J CUS I RUS I T I 0 I 0 I 0 

RFAOFFSET I CBLOFFSET· 

CRCERRORS 

ALIGNMENT ERRORS 

RESOURCE ERRORS 

OVERRUN ERRORS 

RCVCOT ERRORS 

SHORT FRAME ERRORS 

T-ONTIMER I T-OFFTIMER 

Figure 3. 82596 System Control Block 

31 Upper Word 16 15 Lower Word o 
SCB Command Word I SCB Status Word 

SCB General Pointer 

PORT 

EEPROM Control Register I Flash Control Register 

MOl Control Register 

Figure 4. 82557 Control Status Register 

The 82557 Command Block List (linked list of individ­
ual action commands) and Receive Frame Area (list of 
free frame descriptors and data buffers) are very similar 
to those of the 82596. Transmit commands can be pro­
grammed in either Simplified or Flexible memory 
modes. The Receive Frame Area consists of Receive 
Frame Descriptors (RFDs) and Receive Buffer De-

scriptors (RBDs). The 82596 RFD can be one two 
types: Simplified or Flexible. For the 82557, its RFD 
can be one of three types: Simplified, Flexible, or Head­
er. 

Detailed memory structure differences are highlighted 
in Sections 5.2 through 5.7. 
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5.2 

Type of c::ommand 

CPU Acknowledge 
Events 

Other 
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Parameter 

Reset (logically same as hardware 
RESED . 
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5.3 SCB Status! Acknowledge Comparisons 
Type of Status 82557 82596 

Interrupt Acknowledgment CX/TNO: CU finished executing a CX: CU finished executing a 
command with "I" bit set, or command with its "I" bit set. 
indicates transmit command ended 
NOT OK. (configurable) 

FR: RU finished receiving the frame, FR: RU finished receiving a frame. 
or header part of frame. 

CNA: Command unit left the Active CNA: Command unit left the active 
state and entered the idle state. state. 
(configurable) 

RNR: Receive unit left the Ready RNR: Receive unit left the Ready 
state. state. 

MDI: MDrread or*itecycleis N/A 
completed: (configurable) ........•.. 

S,,¥I: Software generated interrupt. ... ' N/A 

CU Status Idle 
. 

Idle 

suspended .' .' Suspended 

Active.··· ..•.....•. 
'" 

Active 

RU Status .. 1(i1a ........•.•.......•.....•........•.... ' '" .. ' 

Idle 

suspended> .. ' Suspended 

No Resources .... No Resources 

Rl;lady " ... Ready 

SusPElndedwith no moreH6Ds ....•... N/A 

NO (esolJrges que to no more R6Ds No resources due to no more RBDs 

ReadyWithnoRBDs present ...•..... Ready with no RBDs present 

5.4 Action Command Comparisons 
Type of Command Op Code 82557 Op Code 82596 

Action Commands 000 NOP .. 000 NOP 

001 IndiltidualAddr~ss Setup 001 Individual Address Setup 

010 Q6nfigure ........ 010 Configure 

011 Multicast Address Setup 011 Multicast Address Setup 

100 Transmit 
." 

100 Transmit 

1 01 Aes~rlted .. ·· •.•.• ···· .... ..' 101 TDR 

110 I Dump".'. 110 Dump 

111 
:., .... .. .... 

Diagnose ......• ..•........ 111 Diagnose 
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5.5 Configure Parameter Differences 

Parameters 

Configure Command 
Parameters 

FIFO/DMA Parameters 

Statistical/Error Parameters 

Op 
Code 

010 

·'82557 .. ':: , 
.' ... 

.... 

··RX.FII=O Limit. ". .. , . 

TXFIFO limit ., .'. 

Byte Count 

Op 
Code 

010 

FIFO Limit 

FIFO Limit 

N/A 

N/A 

N/A 

82596 

Save Bad Frames 

Frames N/ A (use Min. Frame length) 

. N~A' . '.' :t. ." .• , '.: ., No CRC Insertion 

.NtA .. ' ,. CRC-16/CRC-32 

r-----------------+-----I N .. 1A~~~,-.:~ .. ~.:--~~'.-~:.~:----+-C-R-C-in-M--em-o-~~------~ 
y Monitor Bits 

N'!t... Monitor 

IEEE Parameters Il~ear PriorItY ':" .. " Linear Priority 

N/A 

No Source Address Insertion 

Backoff Method 
.' "". ;JIIIA .................... : ..... . Slot Time 

Maximum Ret~ Number 

Disable Backoff 

Exponential Priority 
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5.5 Configure Parameter Differences (Continued) 

Parameters 
Op 

Code 

AP-368 

82596 
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5.6 PORT Interface Comparisons 
82557 82596 

. Software Reset Software Reset 

... Self·TMt ...• Self-Test 

" Selective Resel NI A (must use CU/RU Abort) 

Dump, Dump 

N/A ... SCP 

5.7 Statistical/Error Information Comparisons 

. on chip C()uhter 

. ,on chip counter· 

,TrahsmitMultiple COllisions 
" " 'c <0 ". c , ', 

0" chip ci<>~nter 

1-376 

82596 

Statistical/Error 

N/A 

Transmit Maximum Collisions 
(number of collisions 
experience per frame; used 
with Transmit Attempt 
Stopped) 

Transmit Attempt Stopped 
(stopped because number of 
collisions exceeded max . 

. number of retries) 

Transmit Late Collision 

Transmit Underrun 

Transmit Lost Carrier Sense 

Transmit Deferred 

Use Transmit Max. Collisions 

N/A 

Receive CRC Errors 

Location in 
Memory IOn-Chip 

N/A 

in TCB (per frame) 

in TCB (per frame) 

in TCB (per frame) 

in TCB (per frame) 

in TCB (per frame) 

in TCB (per frame) 

N/A 

inSCB 

Receive Alignment Errors in SCB 

Receive Resource Errors in SCB 

Receive Overrun Errors in SCB 

Receive Collision Detect Errors in SCB 

Receive Short Frame Errors in SCB 

Heartbeat Indicator in TCB (per frame) 

Transmit lost Clear to Send in TCB (per frame) 



6.0 ADDITIONAL INFORMATION 

For additional literature contact your local Intel sales 
office or contact the Intel Literature Center by calling 
1-800-548-4725. If you need design information, con­
tact your local Intel Field Applications Engineer. 
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2910A 
PCM CODEC a fLlAW 

8-BIT COMPANDED AID AND 01 A CONVERTER 

• Per Channel, Single Chip Codec iil 78dB Dynamic Range, with Resolution 

• CCITT G711 and G712 Compatible, ATT Equivalent to 12-Bit Linear Conversion 

T1 Compatible with 8th Bit Signaling Around Zero 

• Microcomputer Interface with On-Chip III Precision On-Chip Voltage Reference 

Timeslot Computation IiiIi Low Power Consumption 230 mW Typ. 

• Simple Direct Mode Interface When Standby Power 33mW Typ. 

Fixed Timeslots are Used [;!) Fabricated with Reliable N-Channel 

• ±S% Power Supplies: +12V, +SV, -SV MOS Process 

The Intel 2910A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder·Decoder), fabricated with 
N·channel silicon gate technology. The high density of integration allows the sample and hold circuits, the 
digital-to·analog converter, the comparator and the successive approximation register to be integrated on the 
same chip, along with the logic necessary to interface a full duplex PCM link and provide in·band signaling. 

The primary applications are in telephone systems: 

• Transmission -T1 Carrier 

• Switching -Digital PBX's and Central Office Switching Systems 

• Concentration -Subscriber Carrier/Concentrators 

The wide dynamic range of the 291 OA (78dB) and the minimal conversion time (80fLsec minimum) make it an 
ideal product for other applications, like: 

• Date Acquisition • Telemetry • Secure Communications Systems 0 Signal Processing Systems 

@ SIGx 

® VFx 

0 AUTO 
SAMPLE 

& CD CAP lx 
HOLD 

0 CAP2x 

@ VFR_-t_C 

TRANSMIT SECTION AID 

TSx @ 
SUCCESSIVE Ox @ 

APPROXIMATION 
ClKx @ 

REGISTER 
FSx @ 

1-L...'_+_Oe @ 
r.---t-- Cl"c ® 

L-,--J----jr-- PON ® 

r-'--i---t.-OR ® 
I--+ __ CLK A @ 
r-t--FSR @ 

® ~GR--t-------------------------------~ 

GRDA GRDD 
QPINNLM&R ® @ 

006785-2 

Figure 1. Block Diagram 

CAP 'x CLKc 

CAP2l( De 

VFx 

AUTO 

GRDA FSx 

SIGH 

voo FS R 

"" 
CLKR 

PON Vee 
VFR TSx 
NC Ox 
NC 

006785-1 

Figure 2. Pin 
Configuration 

CAP 1 x, CAP 2x Holding Capacitor 

VFx Analog Input 

VFR Analq9 Output 

DR, Dc. SIGx Digital Input 

SIGR. Ox. TSx Digital Output 

CLKc, CLKx. CLKR Clock Input 

FSx. FSR Frame Sync Input 

AUTO Auto Zero Output 

VB8 Power (-5V) 

Vee Power (+5V) 

VDD Power ( + 12V) 

PDN Power Down 

GRDA Analog Ground 

GRDD Digital Ground 

NC No Connect 

Figure 3. Pin Names 
The complete document for this product is available on Intel's "Data·on·Demand" CD·ROM product. Contact 
your local Intel field sales office, Intel technical distributor, or call 1·800·548·4725. 
November 1986 
Order Number: 006785·002 2·1 



2911A-1 
PCM CODEC-ALAW 

8-BIT COMPANDED AID AND DIA CONVERTER 

• Per Channel, Single Chip Codec • 66 dB Dynamic Range, with Resolution 

• CCITT G711 and G732 Compatible, Equivalent to 11-Bit Linear Conversion 

Even Order Bits Inversion Included Around Zero 

• Microcomputer Interface with On-Chip • Precision On-Chip Voltage Reference 

Time-Slot Computation • Low Power Consumption 230 mW Typ. 

• Simple Direct Mode Interface When Standby Power 33 mW Typ. 

Fixed Timeslots Are Used • Fabricated with Reliable N-Channel 

• ±5% Power Supplies: + 12V, +5V, -5V MOS Process 

The Intel 2911 A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder·Decoder), fabricated with 
N·channel silicon gate technology. The high density of integration allows the sample and hold circuits, the 
digital·to·analog converter, the comparator and the successive approximation register to be integrated on the 
same chip, along with the logic necessary to interface a full duplex PCM link. 

The primary applications are in telephone systems: 

• Transmission - 30/32 Channel Systems at 2.048 Mbps 
• Switching - Digital PBX's and Central Office Switching Systems 
• Concentration - Subscriber Carrier/Concentrators 

The wide dynamic range of the 2911A (66 dB) and the minimal conversion time (80 f-ts minimum) make it an 
ideal product for other applications, like: . 

• Data Acquisition 
• Telemetry 

270158-1 

Figure 1. Pin 
Configuration 

CAP 1 x. CAP 2x Holding CapaCitor 

VFx Analog Input 

VFR Analog Output 

DR. De . Digitallnput 

Ox. TSx Digital Output 

CLKe. CLKx. CLKR Clock Input 

FSx. FSR Frame Sync Input 

AUTO \ Auto Zero Output 

Vee Power (-SV) 

Vee Power(+SV) 

Voo Power (+ 12V) 

PDN PowerOown 

GRDA Analog Ground 

GRDD Digital Ground 

NC No Connect 

Figure 2. Pin Names 

• Secure Communications Systems 
• Signal Processing Systems 

TRANSMIT SECTION AID 

o VF. --r---i r------l---J- TS. "" f4' AUTO SAMPLE ,. \!.:!I 
"" & 1-----1 SUCCESSIVE 0. @ 
CD CAP \ HOLD APPROXIMATION elK" r,w. 
0 CAP2x--t----I REGISTER FS. @ 

OPlNNLMIER 

O/A 

r...L..--,~-I._oc @ 
1--+-_CL"c@ 

L-r--.JI-1-- 'ON ® 

r.L..-l-:--I--o" 0 
I--..... _CLK.@ 
I--..... -FS. @ 

L...-_..J 

270158-2 

Figure 3. Block Diagram 

The complete document for this product is available on Intel's "Oata-on-Oemand" CD-ROM product. Contact 
your local Intel field sales office, Intel technical distributor, or caI/1-800-S48-412S. 

2-2 
November 1986 

Order Number: 270158-001 



2912A 
PCM TRANSMIT IRECEIVE FILTER 

• Low Power Consumption: • Adjustable Gain in Both Directions 
60 mW Typical without Power • Fully Compatible with the Industry 
Amplifiers Standard Intel 2912 
80 mW Typical with Power Amplifiers 

03/04 and CCITT G712 Compatible 0.5 mW Typical Standby • 
• Low Idle Channel Noise: • Common Mode Op Amp Input Rejection 

2 dBrncO Typical, Receive 75 dB Typical 
6 dBrncO Typical, Transmit • Direct Interface to the Intel 

• Excellent Power Supply Rejection: 2910A/2911A PCM Codecs Including 
40 dB Typical on V CC @ 50 KHz Stand-By Power Down Mode 
30 dB Typical on Vee @ 50 KHz • Direct Interface with Transformer or 

• Transmit Filter Rejects Low Electronic Hybrids 
Frequency Noise: • Fabricated with Reliable N-Channel 
23 dB @ 60 Hz MOS Process 
25 dB @ 50 Hz 
50 dB @ 16-2/3 Hz 

The Intel 2912A 2nd generation PCM line filter is a fully integrated monolithic device containing the two filters 
of a PCM line or trunk termination. It has improved key parameters of power consumption, idle channel noise, 
and power supply rejection. A single part exceeds both AT&T* 03/04 and CCITT transmission specs, ex­
ceeds digital Class 5 central office switching system stringent specifications, and is fully compatible with the 
2912. The primary application for the 2912A is in telephone systems for transmission, switching, or remote 
concentration. 

An advanced version of the switched capacitor technique used for the 2912 is used to implement the transmit 
and receive passband filter sections of the 2912A. The.device is fabricated using Intel's reliable two layer 
poly'silicon gate NMOS technology. (See Inte.1 Reliability Report RR-24 on the 2910A, 2911 A, and 2912.) The 
combination of advances in the switched capacitor techniques first used on the 2912 and the NMOS technolo­
gy results in a monolithic 2912A filter which is packaged in a standard 16-pin DIP. 

0vFx'· ~~ VFICO@. (!) YF.I· 

0 GS, 

@PWRo" 

~b:: YF"I@ 
0""Ro- I 

PDN @ 
elK @ 
CLKO@ 

NRI YF"O v.. Vee GRDD GADA 

O,,··u.... ® 0 0 0 @ @ 
270159-1 

Figure 1. Block Diagram 

VF)(I· 

VFxl-

GS. 

VFRO • 
PWRI 

PWRO· 

PWRO-

lie. 

Pin Names 
VFXI+, VFxl Analog Inputs 

GSx Gain Control 

VFJCO 

GRDA 

CLKO 

VFxO Analog Output . 

VFRI Analog Input 

VFRO Analog Output 

PWRI Driver Input 

PWRO+,PWRO Driver Output 

CLK Clock Input 

VFRI 
CLKO Clock Selection 

PDN Power Down 

Vee Power (+5V) 
270159-2 VBB Power (-5V) 

GRDD. . Digital Ground 

GRDA Analog Ground 

Figure 2. Pin Configuration 

-AT&T is a registered trademark of American Telephone and Telegraph Corporation. 

The complete document for this product is available on Intel's "Data-on-Demand" CD-ROM product. Contact 
your local Intel field sales office, Intel technical distributor, or cal/1-800-S48-412S. 
September 1988 
Order Number: 270159-002 2-3 



2913 AND 2914 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 

• 2913 Synchronous Clocks Only, 300 Mil • Exceptional Analog Performance 
Package • 28-Pin Plastic Leaded Chip Carrier 

• 2914 Asynchronous Clocks, 8th Bit (PLCC) for Higher Integration 
Signaling, Loop Back Test Capability • Low Power HMOS-E Technology: 

• AT&T D3/D4 and CCITT Compatible for - 5 mW Typical Power Down 
Synchronous Operation -140 mW Typical Operating 

• Pin Selectable p.-Law or A-Law • Fully Differential Architecture Enhances 
Operatior:'l Noise Immunity 

• Two Timing Modes: • On-Chip Auto Zero, Sample and Hold, 
~ Fixed Data Rate Mode. and Precision Voltage References 

1.536, 1.544, or 2.048 MHz • Direct Interface with Transformer or 
- Variable Data Rate Mode Electronic Hybrids 

64 KHz 2.048 MHz 

The Intel 2913 and 2914 are fully integrated PCM codecs with transmit/receive filters fabricated in ahighly 
reliable and proven N-channel HMOS silicon gate technology (HMOS-E). These devices provide the functions 
that were formerly provided by two complex chips (2910A or2911 A and 2912A). Besides the higher level. of 
integration, the perf()rmanceof the 2913 and 2914 is superior to that of the separate devices. . 

The. primary applications for the 2913 and 2914 are in telephone systems: 

• Switching-Digital PBX's and Central Office Switching Systems 

• Transmission-D3/D4 Type Channel Banks and Subscriber Carrier Systems 

~ Subscriber Instruments-Digital Handsets and Office Workstations 

The wide dynamic range of the 2913 and 2914 (78 dB)a~d the minimal conversion time make them ideal 
products for other applications such as: 

• Voice Store and Forward • Secure Communications Systems 
• Digital Echo Cancellers • Satellite Earth Stations 

PLCC 28-Lead Rectangular .. 
~ < < ., 

:IE 

'" 0 
v •• Vee I + = R I' 

v .. Vee PWAO+ GS, 

PWRO+ GS, PWRO- VF.I-
NC VF.I-

PWRO- VF.I - GS. YF.I+ 
GS. VFxl+ 

GS. VF.I + PiiN GADA 
OADA He 

PON OADA' CLKSEL Ne 
iiiiN NC 

CLKSEL ASEL LOOP SIG.IASEL 
CLKSEL SIGxlASEL 

OCLK. TS.IDCLKx SIG. TSxlDCLKx 
LOOP iixlDCLKx 

0. ."" DCLK" 0, 
SlO. Ne 

FS. FS, D. FS, 
OCLI<" 0, 

GRDD elK" FS. eLK. 
NC DR 

GADD eLK" 
210629-1 

210629-2 'Jrann; g f .r 
210629-3 

Figure 1. Pin Configurations 

The complete document for this product is available on Intel's "Oata-on-Oemand" CD-ROM product. Contact 
your local Intel field sales office, Intel technical distributor, or calt 1-800-548-4725. 

2·4 
September 1993 

Order Number: 210629'()04 



• 
• 

iATC 29C48 
FEATURE CONTROL COMBO 

External and User Programmable • Programmable pJ A-Law Select 
Transmit and Receive Gain • Secondary Analog Input Channel 
Programmable External Hybrid Balance • Low Power Consumption 
Network Select 

• Programmable Analog, Digital and • External Tone Injection to Receive Path 

Subscriber Loopback • SLD AlB Channel Select (for 16 
Channel Line Cards) 

The Intel iATC 29C48 Feature Control Combo is a low cost, user-programmable, fully integrated PCM Codec 
with transmit/receive filters fabricated in a CMOS technology. This technology is built on CHMOS and will 
allow the 29C48 to realize the same excellent transmission performance as in the Intel 2913/2914 combo 
while achieving the low power consumption typical of CMOS circuits. 

The 29C48 supports the analog subscriber with a variety of added per-line features to the normal BORSCHT 
functions associated with the analog line circuit. Some of these features include secondary analog input 
channel, programmable transmit and receive gain, custom hybrid balancing network selection, and program­
mable J.J. or A-law conversions. Additionally, the 29C48 can operate on either the A or B channel of the SLD 
interface, allowing two combos to be connected to one SLD link. In order to facilitate the SLiC interface in this 
configuration, the 29C48 generates SLiC chip select signals for the proper routing of signaling information. 

A unique feature of the 29C48 is programmable tone injection. This feature and its SLD interface makes it 
particularly easy to use in conjunction with Intel's advanced transceivers, such as the iATC 29C53AA, in 
subscriber equipment environments. The 29C53AA handles transfer of voice and feature control information 
to the 29C48. 

28-Lead Rectangular 
Plastic Leaded Chip Carrier 

18-Lead Plastic Dual-In-Line Package 
;:::: 
"­
'" Z a:::: CD U x 
[D ..... II) (.) La.. 

Vaa 

VfR 

EBN3/TI 

EBN2 

EBN1 

EBN 

SCS 

BIA 

GNDD 

vee 
VfX NC' 
TG1 NC 
TG2 EBN2 
GNDA NC 
SAl NC 
SLD NC 
SDIR EBN1 
SCL EBN 

270153-1 
NC 

• Not connected 
Figure 1. Pin Configurations 

I.&J > > > > 

26 TG1 

25 TG2 

24 NC 

23 NC 

N29C48 NC 

21 GNDA 

SAl 

NC 

SLD 

IV> 1< c ...J '" U "- C u is 
V> III Z V> V> 

" 270153-2 

The complete document for this product is available on Intel's "Data-on-Demand" CD-ROM product Contact 
your local Intel field sales office, Intel technical distributor, or call1-BOO-54B-4725. 
September 1993 
Order Number: 270153·008 2-5 
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8251A 
PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous • Asynchronous Baud Rate-DC to 19.2K 
Operation Baud 

• Synchronous 5-8 Bit Characters; • Full-Duplex, Double-Buffered 
Internal or External Character Transmitter and Receiver 
Synchronization; Automatic Sync • Error Detection-Parity, Overrun and 
Insertion Framing 

• Asynchronous 5-8 Bit Characters; • Compatible with an Extended Range of 
Clock Rate-1, 16 or 64 Times Baud Intel Microprocessors 
Rate; Break Character Generation; 1, 
1%, or 2 Stop Bits; False Start Bit • 28-Pin DIP Package 
Detection; Automatic Break Detect and • All Inputs and Outputs are TTL 
Handling Compatible 

• Synchronous Baud Rate-DC to 64K • Available in EXPRESS and Military 
Baud Versions 

The Intel 8251 A is the industry standard Universal Synchronous/Asynchronous Receiver/Transmitter 
(USART), designed for data communications with Intel's microprocessor families such as MCS·48, 80, 85, and 
iAPX-86, 88. The 8251A is used as a peripheral device and is programmed by the CPU to operate using 
virtually any serial data transmission technique presently in use (including IBM "bi-syn.c"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream 
for transmission. Simultaneously, it can receive serial data streams and convert them into parallel data charac­
ters for the CPU. The USART will signal the CPU whenever it can accept a new character for transmission or 
whenever it has received a character for the CPU. The CPU can read the complete status of the USART at any 
time. These include data transmission errors and control signals such as SYNDET, TxEMPTY. The chip is 
fabricated using Intel's high performance HMOS technology. 

INTERNAL 
DATA BUS 

Figure 1. Block Diagram 
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Figure 2. Pin Configuration 

The complete document for this product is available on Intel's "Data-on-Demand" CD-ROM product. Contact 
your local Intel field sales office, Intel technical distributor, or call 1-800-548-4725. 
September 1993 
Order Number: 205222-003 3-1 



82050 
ASYNCHRONOUS COMMUNICATIONS CONTROLLER 

• Asynchronous Operation • Seven I/O Pins 
- 5- to 8-Bit Character Format - Dedicated Modem I/O 
- Odd-, Even-, or No-Parity Generation - General Purpose I/O 

and Detection • No-TTL Interface to Most Intel 
- Serial Bit Rate: DC to 56 Kb/s Processors 

• Programmable, 16-Bit Baud Rate • Internal Diagnostics with Local 
Generator Loopback 

• System Clock • Complete Interrupt and Status 
- On-Chip Crystal Oscillator Reporting 
- Externally Generated Clock 

• CHMOS III Technology Provides • 28-Lead DIP and PLCC Packages Increased Reliability and Reduced 

• IBM PC (INS 16450/8250A) Software Power Consumption 
Compatible • Line Break Generation and Detection 

The Intel CHMOS 82050 Asynchronous Communications Controller is a low cost, higher performance alterna­
tive to the INS 16450-it emulates the INS 16450 and provides 100% compatibility with IBM PC software. Its 
28-lead package provides all the functionality necessary for an IBM PC environment while substantially de­
creasing board space requirements. The 82050's simpler system interface reduces TTL glue-especially for 
higher frequency PC bus designs: The 82050 provides a low cost, high-performance integrated modem solu­
tion when combined with Intel's 89024 modem chip set. The compact 28-pin 82050 is fabricated using 
CHMOS III technology for decreased power consumption and increased reliability. 
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82510 
ASYNCHRONOUS SERIAL CONTROLLER 

Asynchronous Operation • MCS-51 9-Bit Protocol Support 
- 5- to 9-Bit Character Format • IBM PC AT' (INS 8250A/16450) 
- Baud Rate DC to 288k Software Compatible 
- Complete Error Detection 

Multiple Sampling Windows • Control Character Recognition 

Two, Independent, Four-Byte Transmit • CHMOS III with Power Down Mode 

and Receive FIFOs with Programmable • Interrupts Maskable at Two Levels 
Threshold • Auto Echo and Loopback Modes 

• Two, 16-Bit Baud Rate Generators/ • Seven I/O Pins, Dedicated and General 
Timers Purpose 

• System Clock Options • 28-Lead DIP and PLCC Packages 
- On-Chip Crystal Oscillator (See Packaging Spec .. Order #: 231369) 
- External Clocks, Low/High Speed 

The Intel CHMOS 82510 is designed to increase system efficiency in asynchronous environments such as 
modems or serial ports-including expanding performance areas: MCS-51 9-bit format and high speed async. 
The functional support provided in the 82510 is unparqlleled-two baud rate generators/timers provide inde­
pendent data rates or protocol timeouts; a crystal oscillator and smart modem I/O simplify system logic. New 
features, dual FIFOs and Control Character Recognition (CCR), dramatically reduce CPU interrupts and in­
crease software efficiency. The 82510's software versatility allows emulation of the INS8250Al16450 for IBM 
PC AT' compatibility or a high-performance mode, configured by 35 control registers. All interrupts are maska­
ble at two levels. The multipersonality I/O pins are configurable as desired. A DPLL and multiple sampling of 
serial data improve data reliability for high-speed, asynchronous communication. The compact 28-pin 82510 is 
fabricated with CHMOS III technology and includes a software powerdown option. 
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8273 
PROGRAMMABLE HOLC/SOLC 

PROTOCOL CONTROLLER 
CCITT X.25 Compatible • Programmable NRZI Encode/Decode 

HDLC/SDLC Compatible • Two Programmable Modem Control 

Full Duplex, Half Duplex, or Loop SDLC Ports 

Operation • Digital Phase Locked Loop Clock 

Up to 64K Baud Synchronous Transfers Recovery 

Automatic FCS (CRC) Generation and • Minimum CPU Overhead 

Checking • Fully Compatible with 8048/8080/ 

Up to 9.6K Baud with On-Board Phase 8085/8088/8086/80188/80186 CPUs 

Locked Loop • Single + 5V Supply 

The Intel 8273 Programmable HOLC/SOLC Protocol Controller is a dedicated device designed to support the 
ISO/CCITT's HOLC and IBM's SOLC communication line protocols. It is fully compatible with Intel's new high 
performance microcomputer systems such as the MCS 188/186. A frame level command set is achieved by a 
unique microprogrammed dual processor chip architecture. The . processing capability supported by the 8273 
relieves the system CPU of the low level real-time tasks normally associated with controllers. 
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your local Intel field sales office, Intel technical distributor, or call 1-800-548-4725. 

December 1992 
3-4 Order Number: 210479-004 



8274 
MULTI-PROTOCOL SERIAL CONTROLLER (MPSC) 

• Asynchronous, Byte Synchronous and • Byte Synchronous: 
Bit Synchronous Operation - Character Synchronization, Int. or 

• Two Independent Full Duplex Ext. 

Transmitters and Receivers - One or Two Sync Characters 
- Automatic CRC Generation and 

• Fully Compatible with 8048, 8051, 8085, Checking (CRC-16) 
8088, 8086, 80188 and 80186 CPU's; -IBM Bisync Compatible 
8257 and 8237 DMA Controllers; and • Bit Synchronous: 8089 I/O Proc. 

- SDLC/HDLC Flag Generation and 

• 4 Independent DMA Channels Recognition 

• Baud Rate: DC to 880K Baud - 8 Bit Address Recognition 

Asynchronous: 
- Automatic Zero Bit Insertion and • Deletion 

- 5-8 Bit Character; Odd, Even, or No - Automatic CRC Generation and 
Parity; 1, 1.5 or 2 Stop Bits Checking (CCITT-16) 

- Error Detection: Framing, Overrun, - CCITT X.25 Compatible 
and Parity 

• Available in EXPRESS and Military 

The Intel 8274 Multi-Protocol Series Controller (MPSC) is designed to interface High Speed Communications 
Lines using Asynchronous, IBM Bisync, and SOLC/HOLC protocol to Intel microcomputer systems. It can be 
interfaced with Intel's MCS-48, -85, -51; iAPX-86, -88, -186 and -188 families, the 8237 OMA Controller, or the 
8089 I/O Processor in polled, interrupt driven, or OMA driven modes of operation~ 

The MPSC is a 40 pin device fabricated using Intel's High Performance HMOS Technology. 
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82530/82530-6 
SERIAL COMMUNICATIONS CONTROLLER (SCC) 

• Two Independent Full Duplex Serial • Available in Express Version 
Ch'annels • Asynchronous Modes 

• On Chip Crystal Oscillator, Baud-Rate - 5-8 bit Character; Odd, Even or No 
Generator arid Digital Phase Locked Parity; 1, 1.5 or 2 Stop Bits 
Loop for Each Channel - Independent Transmit and Receive 

• Programmable for NRZ, NRZI or FM Clocks. lX, 16X, 32X or 64X 

Data Encoding/Decoding Programmable Sampling Rate 
- Error Detection: Framing, Overrun 

• Diagnostic Local Loopback and and Parity 
Automatic Echo for Fault Detection and - Break Detection and Generation 
Isolation 

Bit Synchronous Modes • • System Clock Rates: - SDLC Loop/Non-Loop Operation 
- 4 MHz for 82530 -CRC-16 or CCITT Generation 
- 6 MHz' for 82530-6 Detection 

• Max Bit Rate (6 MHz) - Abort Generation and Detection 
- Externally Clocked: 1.5 Mbps -I-field Residue Handling 

Self-Clocked: - CCITT X.25 Compatible 
375 Kbps FM CODING • Byte Synchronous Modes 
187 KbpsNRZI CODING - Internal or External Character 
93 Kbps Asynchronous Synchronization (1 or 2 Characters)' 

• Interfaces with Any INTEL CPU, DMA or - Automatic CRC Generation and 
I/O Processor Checking (CRC 16 or CCITT) 

• Available in 40 Pin DIP and 44 Lead 
-IBM Bisync Compatible 

PLCC 

The INTEL 82530 Serial Communications Controller (SCC) is a dual-channel, multi-protocol data communica­
tions peripheral. It is designed to interface high speed communications lines using Asynchronous, Byte syn­
chronous and Bit synchronous protocols to INTEL's microprocessors based systems. It can be interfaced with 
Intel's MCS51 196, iAPX86/88/186 and 188 in polled, interrupt driven or DMA driven modes of operation. 

The SCC is a 40-pin device manufactured using INTEL's high-performance HMOS' II technology. 

• HMOS is a patented process of Intel Corporation. 

The complete document for this product is available on Intel's "Oata-on-Oemand" CD-ROM product Contact 
your local Intel field sales office, Intel technical distributor, or call 1-800-548-4125. 

October 1987 
3-6 Order Number: 230834-003 
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8291A 
GPIB TALKER/LISTENER 

• Designed to Interface Microprocessors • 1-8 MHz Clock Range 
(e.g., 8048/49, 8051, 8080/85, 8086/88) • 16 Registers (8 Read, 8 Write), 2 for 
to an IEEE Standard 488 Digital Data Transfer, the Rest for Interface 
Interface Bus Function Control, Status, etc. 

• Programmable Data Transfer Rate • Directly Interfaces to External Non-

• Complete Source and Acceptor Inverting Tranceivers for Connection to 
Handshake the GPIB 

• Complete Talker and Listener • Provides Three Addressing Modes, 
Functions with Extended Addressing Allowing the Chip to be Addressed 

• Service Request, Parallel Poll, Device Either as a Major or a Minor Talker/ 

Clear, Device Trigger, Remote/Local Listener with Primary or Secondary 

Functions Addressing 

• Selectable Interrupts • DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 

• On-Chip Primary and Secondary 
Trigger Output Pin Address Recognition • 

• Automatic Handling of Addressing and • On-Chip EOS (End of Sequence) 

Handshake Protocol Message Recognition Facilitates 
Handling of Multi-Byte Transfers 

• Provision for Software Implementation 
of Additional Features 

The 8291A is an enhanced version of the 8291 GPIB Talker/Listener designed to interface microprocessors to 
an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's interface functions 
except for the controller. The controller function can be added with the 8292 GPIB Controller. 
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8292 
GPIB CONTROLLER 

• Complete IEEE Standard 488 Controller 
Function 

• Interface Clear (IFC) Sending Capability 
Allows Seizure of Bus Control and/or 

. Initialization of the Bus 

• Responds to Service Requests (SRQ) 

• Sends Remote Enable (REN), Allowing 
Instruments to Switch to Remote 
Control 

• Complete Implementation of Transfer 
Control Protocol 

• Synchronous Control Seizure Prevents 
the Destruction of Any Data 
Transmission in Progress 

• Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/ Listener/Controller 

The 8292 GPIB Controller is a microprocessor-controlled chip designed to function with the 8291 GPIB Talk­
er/Listener to implement the full IEEE Standard 488 controller function, including transfer control protocol. 
The 8292 is a preprogrammed Intel 8041 A. 
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8294A 
DATA ENCRYPTION/DECRYPTION UNIT 

• Certified by National Bureau of • Single 5V ± 10% Power Supply 
Standards • Fully Compatible with iAPX-86, 88, 

• 400 Byte/Sec Data Conversion Rate MCS-85, MCS-80, MCS-51, and MCS-48 

• 64-Bit Data Encryption Using 56-Bit Key Processors 

• DMA Interface • Implements Federal Information 
Processing Data Encryption Standard 

• 3 Interrupt Outputs to Aid in Loading 
Encrypt and Decrypt Modes Available and Unloading Data • 

• 7-Bit User Output Port 

The Intel B294A Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and 
decrypt 64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryp­
tion Standard. The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit 
cipher words. The operation is reversible: if the cipher word is operated upon, the original text word is pro­
duced. The algorithm itself is permanently contained in the B294A; however, the 56-bit key is user-defined and 
may be changed at any time. 

The 56-bit key and 64-bit message data are transferred to and from the B294A in B-bit bytes by way of the 
system data bus. A DMA interface and three interrupt outputs are available to minimize software overhead 
associated with data transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel 
to achieve effective system conversion rates which are virtually any multiple of 400 bytes/second. The B294A 
also has a 7-bit TTL compatible output port for user-specified functions. 

Because the B294A implements the NBS encryption algorithm it can be used in a variety of Electronic Funds 
Transfer applications as well as other electronic banking and data handling applications where data must be 
encrypted. 
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4835 University Square Road San Diego 92123 6 Cromwell Street Anthem Electronics 
Suite 5 Calabasas 91302 Tel: (619) 571-7540 Suite 100 5200 NW 3rd Avenue 
Huntsville 35805 Tel: (818) 880-9686 FAX: (619) 277-6136 Irvine 92718 Suite 206 
Tel: (205) 837-9300 FAX: (818) 772-8930 Hamilton Hallmark Tel: (714) 581-4622 Ft. Lauderdale 33309 
FAX: (205) 837-9358 

Arrow/Schweber 21150 Califa Street FAX: (714) 454-4355 Tel: (305) 484-0990 

Wyle Electronics Electronics Woodland Hills 91367 
COLORADO Anthem Electronics 

7800 Governers Dr .. W. 48834 Kato Road Tel: (818) 594-0404 598 S. Northlake Blvd. 
Tower Building, 2nd Suite 103 FAX: (81 8) 594-82~4 Anthem Electronics Suite 1024 
Floor Fremont 94538 Hamilton Hallmark 373 Inverness Dr. S. Altamonte Sprgs 32701 
HUntsville 35807 Tel: (510) 490-9477 580 Menlo· Drive Englewood 80112 Tel: (813) 797-2900 
Tel: (205) 830-1119 FAX: (510) 490-1084 Suite 2 Tel: (303) 790-4500 FAX: (813) 796-4880 
FAX: (205) 830-1520 

Arrow/Schweber Rocklin 95762 FAX: (303) 790-4532 
Arrow/Schweber 

ARIZONA Electronics Tel: (916) 624-9781 Arrow/Schweber Electronics 
6 Cromwell FAX: (916) 961-0922 Electronics 400 Fairway Drive 

Alliance Electronics Suite 100 Pioneer Standard 61 Inverness Dr East Suite 102 
7550 East Redfield Rd Irvine 92718 5126 Clareton Drive Suite 105 Deerfield Beach 33441 
Scottsdale 85260 Tel: (714) 581-4622 Suite 106 Englewood 80112 Tel: (305) 429-8200 
Tel: (602) 261-7988 FAX: (714) 454-4206 Agoura Hills 91301 Tel: (303) 799-0258 FAX: (305) 428-3991 

Anthem Electronics Arrow/Schweber Tel, (818) 865-5800 FAX, (303) 799-0730 
Arrow/Schweber 

1555 West ·1oth Place Electronics Pioneer Standard Avnet Computer Electronics 
Suite 101 9511 Ridgehaven Court 217 Technology Drive 9605 Maroon Circle 37 Skyline Drive 
Tempe 85281 San Diego 92123 Suite 110 Englewood 80111 Suite 3101 
Tel: (602) 966-6600 Tel: (619) 565-4800 Irvine 92718 Tel: (800) 426-7999 Lake Mary 32746 
FAX: (602) 966-4826 FAX: (619) 279-8062 Tel: (714) 753-5090 Hall-Mark Computer ~~lx~(~M~~3:~~~0 Arrow/Schweber Arrow/Schweber Pioneer Technologies 9605 Maroon Circle 
Electronics Electronics 

r~~wo Robles 
Englewood 80111 ArrowlSchweber 

2415 West Erie Drive 1180 Murphy Avenue Tel: (800) 409-1483 Electronics 
Tempe 85282 San Jose 95131 San Jose 95134 Hamilton Hallmark ~~1t~ ~~~ Scout Dr. Tel: (602) 431-0030 Tel: (408) 441-9700 Tel: (408) 954-9100 12503 East Eucl~d Dr FAX: (602) 431-9555 FAX: (408) 453-4810 FAX: (408) 954-9113 Tampa 33607 

Suite 20 Tel: (813) 873-1030 Avnet Computer Avnet Computer Pioneer Standard Englewood 80111 FAX: (813) 873-0077 1626 South Edwards Dr 1 Mauchley 4370 La Jolla Village Tel: (303) 790-1662 
Tempe 85281 Irvine 92718 Drive FAX: (303) 790-4991 Avnet Computer 
Tel: (800) 426-7999 Tel: (800) 426-7999 San Diego 92122 Hamilton Hallmark 

541 S. Orlando Ave. 
Suite 203 Hall-Mark Computer Avnet Computer Tel: (619) 546-4906 710 Wooten Road Mailland 32751 4637 South 37th Place 371 Van Ness Way Wyle Electronics Suite 28 Tel: (800) 426-7999 Phoenix 85040 Torrance 90501 15370 Barranca Pkwy Colorado Springs 

Tel: (800) 409-1483 Tel: (800) 426-7999 Irvine 92713 80915 Hall-Mark Computer 
Pioneer Standard Avnet Computer Tel: (714) 753-9953 Tel, (719) 637-0055 10491 72nd 51. North 
1438 West Broadway FAX: (714) 753-9877 FAX: (719) 637-0088 Largo 34647 

15950 Bernardo Ctr Dr Tel: (800) 409-1483 Suite B-140 Suite 6 Wyle Electronics ~~~~e~~e~~~ono~~Y!~~ Tempe 85282 San Diego 92127 15360 Barranca Pkwy Hall-Mark Computer 
Tel: (602) 350-9335 Tel: (800) 426-7999 Suite 200 Blvd. 13700 58th SI. North 

Hamilton Hallmark Avnet Computer Irvine 92713 Suite 201 Suite 206 
4637 South 36th Place 1175 Bordeaux Drive Tel: (714) 753-9953 Englewood 80111 Clearwater 34620 
Phoenix 85040 Suite A FAX: (714) 753-9877 Tel: (303) 773-8090 Tel: (800) 409-1483 

Tel: (602) 437-1200 Sunnyvale 94089 Wyle Electronics Wyle Electronics Hamilton Hallmark 
FAX: (602) 437-2348 Tel: (800) 426-7999 2951 SUnrise Blvd. 451 East 124th Avenue 3350 N.W. 53rd Street 
Wyle Electronics Hall-Mark Computer Suite 175 Thornton 80241 Suite 105-107 

Rancho Cordova 95742 Tel: (303) 457-9953 Ft. Lauderdale 33309 4141 East Raymond 21150 Califa Street 
Tel: (916) 638-5282 FAX: (303) 457-4831 Tel: (305) 484-5482 Phoenix 85040 Woodland Hills 91367 FAX: (305) 484-2995 Tel: (602) 437-2088 Tel: (800) 409-1483 FAX: (916) 638-1491 

FAX: (602) 437-2124 
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Hamilton Hallmark Arrow/Schwaber MARYLAND ZousArrow 
10491 72nd SI. North Eloctronlcs 

Wyla Electronics 
Electronics 1325 East 79th Street 

Largo 34647 1140 W Thorndale Rd 
Tel: (813) 541-7440 Itasca 60143 

Anthem Electronics 25 Upton Drive Suite 1 

FAX: (813) 544-4394 Tel: (708) 250-0500 
7168A Columbia Wilmington 01887 Bloomington 55425 
Gateway Drive Tel: (508) 658-4776 Tel: (612) 853-2280 

Hamilton Hallmark Avnot Computer Columbia 21046 FAX: (508) 694-2199 FAX: (612) 853-2298 

7079 University Blvd. 1124 Thorndale Ave Tel: (800) 239-6039 
Winter Park 32792 Bensenvillo 60106 Arrow/Schwaber 

MICHIGAN MISSOURI 

Tel: (407) 657-3300 Tel: (800) 426-7999 
FAX: (407) 678·4414 

Electronics Arrow/Schwaber Arrow/Schwaber 

Pioneer Technologies 
Hall-Mark Computer 9800J Patuxent Woods electronics Electronics 

1124 Thorndale Ave Drive 44720 Helm Street 2380 Schuetz Road 

~~~':forthlake Blvd 
Bensenville 60106 Columbia 21046 Plymouth 48170 St. Louis 63141 

Tel: (800) 409-1483 Tel: (301) 596-7800 Tel: (313) 462·2290 Tel: (314) 567-6888 

Suite 1000 FAX: (301) 596·7821 FAX: (313) 462-2686 FAX: (314) 567-1164 

Alia Monle Spgs 32701 Hamilton Hallmark 
Tel: (407) 834-9090 1130 Thorndale Ave Avnat Computer Avnet Computer :j~kTdo:~~i~r South 
FAX: (407) 834-0865 Bensenville 60106 7172 ColUmbia 41650 Garden Brk Ad 

Pioneer Technologies 
Tel: (800) 426-7999 Gateway Drive Suite 120 f:r~8~~j :~g~5999 
MTI Systems Sales 

Suite G Novi 48375 

~~~~uth Military Trail 
ColumbIa 21045 Tel: (800) 426·7999 

1140 West Thorndale Tel: (800) 426-7999 
~f~'5~~~r~~nm~r~t~~ ~~~~~~~~rc-rr~r~~~h 

Deerfield Beach 33442 Avenue 
Tel: (305) 428-8877 Itasca 60143 Hall-Mark Computer f:r~8~~j :g8~5483 
FAX: (305) 481·2950 Tel: (708) 250-8222 7172 Columbia Suite 120 

FAX: (708) 250-8275 Gateway Drive Novi 48375 

Wyle Electronics SuiteG Tel: (800) 409·1483 Hamilton Hallmark 

1000 112th Circle North Pioneer Standard Columbia 21046 Hamilton Hallmark 
3783 Rider Trail South 

SI. Petersburg 33716 2171 Executive Drive Tel: (800) 409·1483 f:r~3~~j ~2n~50 
Suite 800 Suite 200 44191 Plymouth Oaks 

Tel: (813) 579-1518 Addison 60101 Hamilton Hallmark Blvd. . FAX: (314) 291-0362 

FAX: (813) 579-1518 Tel: (708) 495-9680 10240 Old Columbia Suite 1300 

FAX: (708) 495-9831 Road Plymouth 48170 NEW HAMPSHIRE 

Zeus Arrow Columbia 21046 Tel: (313) 416-5806 

Electronics Wyle Electronics Tel: (410) 988-9800 FAX: (313) 416-5811 Avnet Computer 

~Td~kd'~:niuPt~i~~ 01 
2055 Army Trail Road FAX: (410) 381-2036 Hamilton Hallmark 

2 Executive Park Drive 

Suite 140 Bedford 03102 

Lake Mary 32746 Addison 60101 North Atlantic 41650 Garden Brk Rd Tel: (800) 426-7999 

Suite 800 Tel: (800) 853·9953 Industries Suite 100 

Tel: (407) 333-3055 Zeus Arrow 
Systems Division Novi 49418 NEW JERSEY 

FAX: (407) 333·9681 
7125 RiVer Wood Drive Tel: (313) 347-4271 

Electronics Columbia 21046 FAX: (313) 347-4021 Anthem Electronics 

GEORGIA 1140 W Thorndale Ave Tel: (301) 312-5800 Pioneer Standard 
26 Chapin Road, Unit K 

Itasca 60143 FAX: (301) 312-5850 Pine Brook 07058 

Anthem Electronics Tel: (708) 250-0500 
4505 Broadmoor S.E. Tel: (201) 227-7960 

2400 Pleasant Hill Rd INDIANA 
Pioneer Technologies Grand Rapids 49512 FAX: (201) 227-9246 

Suites 9 & 10 
Group Tel: (616) 698·1800 

Dululh 30136 Arrow/Schweber 
15810 Gaither Road FAX: (616) 698-1831 Arrow/Schweber 

Tel: (404) 931-3900 
Gaithersburg 20877 Pioneer Standard 

Electronics 

FAX: (404) 931-3902 
Electronics Tel: (301) 921·0660 4 East Slow Road 

7108 Lakeview FAX: (301) 670-6746 
44190 Plymouth Oaks Unit 11 

Arrow/Schweber Parkway West Drive 
Blvd. Marlton 08053 

Electronics Indianapolis 46268 Wyle Electronics Plymouth 48170 Tel: (609) 596·8000 

4250 E Riyergreen Pkwy Tel: (317) 299·2071 9101 Guilford Road Tel: (313) 525-1 800 FAX: (609) 596-9632 

Suite E FAX: (317) 299-2379 Suite 120 FAX: (313) 427·3720 

Duluth 30136 Avnet Computer 
Columbia 21046 

MINNESOTA 
Arrow/Schweber 

Tel: (404) 497-1300 
Tel: (301) 490-2170 Electronics 

FAX: (404) 476·1493 
655 West Carmel Drive FAX: (301) 490-2190 Anthem Electronics 

43 Route 46 East 

Suite 160 Pine Brook 07058 

Avnet Computer Carmel 46032 MASSACHUSETTS 7646 Golden Triangle Tel: (201) 227-7880 

3425 Corporate Way Tel: (800)426-7999 Drive FAX: (201) 227-2064 

SuiteG Hall-Mark Computer 
Anthem Electronics Eden Prairie 55344 

AVnet Computer 
Dululh 30136 

200 Research Drive Tel: (612) 944-5454 . 

Tel: (800) 426·7999 
655 West Carmel Drive Wilmingto'n 01887 FAX: (612) 944-3045 1-B Keystone Avenue 

Carmel 46032 Tel: (508) 657-5170 ~~~~in~~F 08003 
Hall-Mark Computer Tel: (800) 409-1483 FAX: (508) 657-6008 

Arrow/Schweber 

3425 Corporate Way Hamilton Hallmark 
Electronics Tel: (~OO) 426-7999 

Sune G 
Arrow/Schweber 10100 Viking Orive 

Duluth 30136 
655 West Carmel Drive Electronics Suite 100 Hall-Mark Computer 

Tel: (800) 40~·1483 
Suite 160 25 Upton Drive Eden Prairie 55344 l·B Keystone Avenue 

Carmel 46032 Wilmington 01887 Tel: (612) 941-5280 ~~~~int~F 08003 
Hamilton Hallmark Tel: (317) 575-3500 Tel: (508) 658-0900 FAX: (612) 942-7803 

3425 Corporate Way FAX: (317) 575-3535 FAX: (508)694-1754 
:;~~~7~nmFfou~~~ East 

Tel: (~OO) 409-1483 

Suite G & A Pioneer Standard Avnet Computer Hall-Mark Computer 
Duluth 30136 
Tel: (404) 623·5475 

9350 Priority Way W Dr 100 Centennial Drive Suite 410 10 Lanidex Plaza West 

FAX: (404) 623-5490 
Indianapolis 46250 Peabody 01960 Minnetonka 55343 Parsippany 07054 

Tel: (317) 573·0880 Tel: (800) 426-7999 Tel: (800) 426·7999 Tel: (800) 409-1483 

Pioneer Technologies FAX: (317) 573-0979 

~~16~~rn~~~~rD~i:e 
Hall-Mark Computer Hamilton Hallmark 

~~~~g Rivergreen Pkwy KANSAS 9800 Bren Road East ~~,df~to~~ Avenue 

Duluth 30136 Arrow/Schweber 
Peabody 01960 Suite 410 

Cherry II-iill 08003 
Tel: (404) 623-1003 

Tel: (800) 409-1483 Minnetonka 55343 

FAX: (404) 623·0665 
Electronics Tel: (800) 409·1483 Tel: (609) 424-0110 

9801 Legler Road Hamilton Hallmark FAX: (609) 751-2552 

Wyle Electronics Lenexa 66219 10 D Centennial Drive Hamilton Hallmark 

6025 The Corners Pkwy Tel: (913) 541-9542 Peabody 01960 9401 James Ave South Hamilton Hallmark 

Suite 111 FAX: (913) 541·0328 Tel: (508) 531-7430 Suite 140 10 Lanldex Plaza West 

Norcross 30092 Hall-Mark Computer 
FAX: (508) 532·9802 Bloomington 55431 Parsippany 07054 

Tel: (404) 441·9045 Pioneer Standard 
Tel: (612) 881·2600 Tel: (201) 515-5300 

FAX: (404) 441-9086 
10809 Lakeview Ave FAX: (612) 881-9461 FAX: (201) 515-1601 

Lenexa 66219 44 HartwelJ Avenue 

ILLINOIS 
Tel: (800) 409-1483 Lexington 02173 Pioneer Standard MTI Systems Sales 

Hamilton Hallmark 
Tel: (617) 861-9200 7625 Golden Triangle 43 Route 46 East 

Anthem Electronics 
FAX: (617) 863-1547 Drive Pine brook 07058 

1300 Remington Road 
10809 Lakeview Wyle Electronics 

.SuiteG Tel: (201) 882·8780 

Suite A 
Avenue Eden Prairie 55344 FAX: (201) 539-6430 

Schaumberg 60173 
Lenexa 66215 5 Oak Park Drive Tel: (612) 944-3355 
Tel: (913) 888·4747 Bedford 01803 

Tel: (708) 884-0200 FAX: (913) 888-0523 ~Mmm5:5~g9 
FAX: (612) 944-3794 

FAX: (708) 885-0480 



NORTH AMERICAN DISTRIBUTORS (Cont'd) 
PioneerStandard Pioneer Standard Hall·Mark Computer Pioneer Technologies f~~:~~~~r~~~ West 14·A Madison Road 60 Crossway Pk West 777 Dearborn Pk Lane 8905 Southwest 
Fairfield 07006 Woodbury, Long Island Suite L Numbus Ave, Suite 525 . 
Tel: (201) 575·3510 11797 Worthington 43085 Suite 160 Houston 77008 
FAX: (201) 575·3454 Tel: (516) 921·8700 Tel: (800) 409·1483 Beaverton 97005 Tel: (800) 426·7999 

Wyle Electronics 
FAX: (516) 921·2143 

Hamilton Hallmark 
Tel: (503) 626·7300 

Hall-Mark Computer 
115 Route 46. Bldg F Pioneer Standard 5821 Harper Road 

FAX: (503) 626·5300 
12211 Technology Blvd 

Mountain Lakes 07046 840 Fairport Park Solon 44139 Wyle Electronics Austin 78727 
Tel: (201) 402·4970 Fairport 14450 Tel: (216) 498·1100 9640 Sunshine Court Tel: (800) 409·1483 

NEW MEXICO 
Tel: (716) 381·7070 FAX: (216) 248·4803 Building G 

Hall-Mark Computer FAX: (716) 381·5955 Suite 200 
Hamilton Hallmark Beaverton 97005 4004 Beltline Road 

Alliance Electronics, Zeus Arrow 777 Dearborn Pk Lane Tel: (503) 643·7900 Suite 200 
Inc. Electronics Suite L FAX: (503) 646·5466 Dallas 75244 
3411 Bryn MawrN.E. 100 Midland Avenue Worthington 43085 Tel: (800) 409·1483 
Albuquerque 87101 Port Chester 10573 Tel: (614) 888·3313 PENNSYLVANIA 

Hall~Mark Computer Tel: (505) 292·3360 Tel: (914) 937·7400 FAX: (614) 888·0767 
FAX: (505) 275·6392 FAX: (914) 937·2553 Anthem Electronics 1235 North Loop West 

MTI Systems Sales 355 Business Clr Drive Houston 77008 
Avnst Computer NORTH CAROLINA 23404 Commerce Pk Horsham 19044 Tel: (800) 409·1483 
7801 Academy Road Road Tel: (215) 443·5150 Hamilton Hallmark Building 1, Suile 204 Anthem Electronics Beachwood 44122 FAX: (215) 675·9875 
Albuquerque 87109 4805 Greenwood Tel: (216) 464·6688 12211 Technology 
Tel: (800) 426·7999 Suite 100 FAX: (216) 464·3564 Avnet Computer Boulevard 

Raleigh 27604 213 Executive Drive Austin 78727 
NEW YORK Tel: (919) 782·3550 Pioneer Standard Suile 320 Tel: (512) 258·8848 

4433 interpoin! Blvd Mars 16046 FAX: (512) 258·3777 
Anthem Electronics Arrow/Schweber Dayton 45424 Tel: (800) 426·7999 Hamilton Hallmark 47 Mall Drive Electronics Tel: (513) 236·9900 
Commack 11725 5240 Greensdairy FAX: (513) 236·8133 Arrow/Schweber 11420 Page Mill Road 
Tel: (516) 864·6600 Road Electronics Dalias 75243 
FAX: (516) 493·2244 Raleigh 27604 Pioneer Standard 2681 Mosside Blvd Tel: (214) 553·4300 

Tel: (919) 876·3132 4800 East 131s1 Sireet Suite 204 FAX: (214) 553·4395 
ArrowlSchweber FAX: (919) 878·9517 Cleveland 44105 Monroeville 15146 Hamilton Hallmark Electronics Tel: (2t6) 587·3600 Tel.: (412) 856·9490 
3375 Brighton Henrietta Avnet Computer FAX: (216) 663·1004 8000 Westglen 
Townline Road 4421 Stuart Andrew Pioneer Technologies Houston 77063 
Rochester 14623 Boulevard Wyle Electronics 

~£~~ppa Drive 
Tel: (713) 781·6100 

Tel: (716) 427·0300 Suite 600 6835 Cochran Rd. FAX: (713) 953·8420 
FAX: (716) 427·0735 Charlotte 28217 Solon 44139 Pittsburgh 15238 Pioneer Standard 

Tel: (800) 426·7999 Tel: (216) 248·9996 Tel: (412) 782·2300 18260 Kramer Lane Arrow/Schwaber FAX: (412) 963·8255 
Electronics Hall-Mark Computer OKLAHOMA Austin 78758 
20 Oser Avenue 3510 Spring Forest Rd Pioneer Technologlos Tel: (512) 835·4000 
Hauppauge 11788 Suite B Arrow/Schwaber 

~~g~terprise Road 
FAX: (512) 835·9829 

Tel: (516) 231·1000 Raleigh 27604 Electronics Pioneer Standard 
FAX: (516) 231-1072 Tel: (800) 409·1483 12101 Easl51st Street Keith Valley- BUs.Clr 13765 Beta Road Suite 106 Horsham 19044 Dalias 75244 Avnet Computer Hamilton Hallmark Tulsa 74146 Tel: (215) 674·4000 
2 Penn Plaza 3510 Spring Forest Rd Tel: (918) 252·7537 Tel: (214) 263·3168 
Suite 1245 Suite B FAX: (918) 254·0917 ~~~~;I~~~~onlcs FAX: (214) 490·6419 
New York 10121 Raleigh 27604 Pioneer Standard 
Tel: (800) 426·7999 Tel: (800) 409·1483 Hamilton Hallmark Suite 111 10530 Rockley Road 5411 S. 125th E. Ave Marlton 08053-3185 
Avnet Computer Hamilton Hallmark Suile 305 Tel: (609) 985·7953 Suite 100 

Houston 77099 1057 E. Henrietta Road 5234 Greens Dairy Rd Tulsa 74146 FAX: (609) 985·8757 Tel: (713) 495·4700 Rochester 14623 Raleigh 27604 Tel: (918) 254·6110 
Tel: (800) 426·7999 Tel: (919) 878·0819 FAX: (918) 254·6207 TEXAS FAX: (713) 495·5642 

Hall-Mark Computer Pioneer Technologies Pioneer Standard Anthem Electronics Wyle Electronics 
2 Penn Plaza Group 9717 East 42nd Street 651 N. Piano Road 1810 Greenville Ave 
New York 10121 2200 Gateway Clr. Blvd Suite 105 Suite 401 Richardson 75081 
Tel: (800) 409·1483 Suite 215 Tulsa 74146 Richardson 75081 Tel: (214) 235·9953 

Morrisville 27560 Tel: (918) 665·7840 Tel: (214) 238·7100 FAX: (214) 644·5064 
Hal1~Mark Computer Tel: (919) 460·1530 FAX: (918) 665·189t FAX: (214) 238·0237 Wyle Electronics 1057 E Henrietta Road 
Rochester 14623 OHIO OREGON Antham Electronics 9208 Waterford Center 

Blvd Tel: (800) 409-1483 14050 Summit Drive Suite 150 
Hamilton Hallmark 

Arrow/Schwaber AlmacArrow Suite 119 Austin 78750 Electronics Electronics Tel: (512) 388·0049 933 Motor Parkway 6573 Cochran Road 9500 S.W. Nimbus Ave FAX: (512) 388·0271 Tel: (512) 345·8853 
Hauppauge 11788 Suite E Suite E FAX: (512) 345·9330 
Tel: (516) 434·7470 Solon 44139 Beaverton 97008 Arrow/Schweber Wyle Electronics FAX: (516) 434·7491 Tel: (216) 248·3990 Tel: (503) 629·8090 Electronics 2901 Wilcrest 
Hamilton Hallmark FAX: (216) 248·1106 FAX: (503) 645·0611 Brake Ctr III. Bldg M1 Suite 120 
1057 E Henrietta Road 11500 Metric Boulevard Houston 77099 Arrow/Schweber Anthem Electronics Suite 160 Rochester 14623 Electronics 9090 SW Gemini Drive Austin 78758 Tel: (713) 879·9953 
Tel: (716) 475·9130 8200 Washington Beaverton 97005 Tel; (512) 835·4180 FAX: (713) 879·9953 
FAX: (716)475·9119 Village Drive Tel: (503) 643·1114 FAX: (512) 832·5921 Zeus Arrow 
Hamilton Hallmark Centerville 45458 FAX: (503) 626·7928 Electronics 
3075 Veterans Tel: (5t3) 435·5563 Arrow/Schweber 3220 Commander Dr 
Memorial Hwy. FAX: (513) 435·2049 Avnet Computer Electronics Carrollton 75006 9750 SW Nimbus Ave. 3220 Commander Drive Ronkonkoma 11779 Avnet Computer Beaverton 97005 Carrollton 75006 Tel: (214) 380·4330 
Tel: (516) 737·0600 7764 Washington Tel: (800) 426·7999 Tel: (214) 380·6464 FAX: (214) 447·2222 
FAX: (516) 737·0838 Village Drive 

Hall~Mark Computer FAX: (214) 248·7208 UTAH 
MTI Systems Sales Dayton 45459 

9750 SW Nimbus Ave. Arrow/Schweber 1 Penn Plaza Tel: (800) 426·7999 
Beaverton 97005 Electronics Anthem Electronics 

250 West 34th Street Avnet Computer Teto (800) 409·1483 19416 Park Row 1279 West 2200 South 
New York 10119 2 Summit Park Drive Suite 190 

Salt Lake City 84119 
Tel: (212) 643·1280 Suite 520 Hamilton Hallmark Houston 77084 Tel: (801) 973·8555 
FAX: (212) 643·1288 Independence 44131 9750 SW Nimbus Ave. Tel: (713) 647·6868 FAX: (801) 973·8909 

Beaverton 97005 
Pioneer Standard Tel: (800) 426·7999 

Tel: (503) 526·6200 FAX: (713) 492·8722 ArrowlSchwebar 
68 Corporate Drive Hall-Mark Computer FAX: (503) 641·5939 Avnet Computer Electronics 
Binghamton 13904 5821 Harper Road 4004 Belt line 1946 West Parkway 
Tel: (607) 722·9300 Solon 44139 Suite 200 Boulevard 
FAX: (607) 722·9562 Tel: (800) 409·t483 Dallas 75244 

Salt Lake City 84119 
Tel: (801) 973·6913 Tel: (800) 426·799 FAX: (801) 972·0200 
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Avnet Computer ~~~~ele~6ThA~~o~~~.ies ALASKA ONTARIO Pioneer/Pioneer 
1100 East 6600 South 155 Colonnade Rd .. S. 
Suite 150 Suite 100 Avnet Computer Arrow/Schwaber Suite 17 
Salt lake City 84121 Bellevue 98007 1400 W Benson Blvd Electronics ~:F{gM~~l.~~40 Tel: (800) 426-7999 Tel: (206) 644-7500 Suite 400 36 Antares Drive 

Hall-Mark Computer Wyle Electronics ~~~~~~aO~e4~~:~~99 Unill00 FAX: (613) 226-6352 

1100 East 6600 South 15385 NE 90lh SI ~:F:(~~~~~l.~g503 QUEBEC 
Suite 150 Redmond 98052 FAX: (613) 723-2018 
Salt Lake City Tel: (206) 881-1150 CANADA Arrow/Schwaber 
Tel: (800) 409-1483 FAX: (206) 881-1567 Arrow/Schwaber Electronics 

Hamilton Hallmark ALBERTA Electronics 1100 Street Regis Blvd 
WISCONSIN 1093 Meyerside, Unit 2 Dorval H9P 2T5 

1100 East 6600 South Avne! Computer Mississauga L5T 1 M4 Tel: (514) 421-7411 
Suite 120 Arrow/Schwaber 1144 29th Avenue NE Tel: (416) 670-2010 FAX: (514) 421-7430 Salt Lake City 84121 Electronics Suite 108 FAX: (416) 670-5863 
Tel: (801) 266-2022 200 N. Patrick Calgary T2E 7Pl Gates Arrow 
FAX: (801) 263-0104 Suite 100 Avnet Computer Electronics 

Brookfield 53045 Tel: (800) 387-3406 Canada System 500 Soul. Wyle Electronics Tet: (414) 792-0150 Pioneer/Pioneer ~~fi~~~~~ig?BWd. 5~~b~~·~~~ti~W9 Ave 1325 West 2200 South FAX: (414) 792-0156 560,1212-31 Ave. NE Suite E 
West Vaiiey 84119 Avnet Computer Calgary T2E 7S8 Mississuaga L5T 2L 1 Tel: (418) 871-7500 

Tel: (801) 974-9953 2440 South 179th St Tel: (403) 291-1988 Tel: (800) 387-3406 FAX: (418) 871-6816 

FAX: (801) 972-2524 New Berlin 53416 FAX: (403) 295-8714 Avnet Computer Avnet Computer 
Tel: (800) 426-7999 BRITISH COLUMBIA 190 Colonade Road 7575 Trans Canada 

WASHINGTON 
~:F(~30~~~l.~~06 Suite 601 Hall-Mark Computer AlmacArrow st. Laurent H4T 1 V6 

AlmacArrow 2440 Soulh 1791h SI Electronics Tel: (800) 265-1135 
Electronics New Berlin 53146 8544 Baxter Place Canada System 
14360 S.E. Easlgale Tel: (BOO) 409-1483 Burnaby V5A 4T8 Engineering Group Hamilton Hallmark 

ii'e~fevue 98007 
151 Superior Boulevard 7575 Transcanada Hwy 

Hamilton Hallmark Tel: (604) 421-2333 Mississuaga L5T 2L 1 Suite 600 
Tel: (206) 643-9992 2440 Soulh 1791h SI FAX: (604) 421-5030 Tel: (800) 387-3406 Sireet Laurent H4T 2V6 
FAX: (206) 643-9709 New Berlin 53146 Hamilton Hallmark Tel: (514) 335-1000 

Tel: (414) 797-7844 8610 Commerce Court Hamilton Hallmark FAX: (514) 335-2481 Anthem Electronics FAX: (414) 797-9259 Burnaby V5A 4N6 151 Superior Blvd., 
19017 .12Oth Ave N.E. Unit 1-6 Pioneer/Pioneer 
Suite 102 Pionoor Standard Tel: (604) 420-4101 Mississauga L5T 2L 1 520 McCaffrey 
Bolhell 98011 120 Bishops Way FAX: (604) 420-5376 Tel: (416) 564-6060 Street Laurent H4T lNt 
Tel: (206) 483-1700 Suite 163 Pioneer/Pioneer FAX: (416) 564-6033 Tel: (514) 737-9700 
FAX: (206) 486-0571 Brookfield 53005 4455 North 6 Road FAX: (514) 737-5212 

Tel: (414) 780-3600 Rochmond V6V 1 P6 Hamilton Hallmark 
Avnet Computer FAX, (414) 780-3613 

Tel: (604) 273-5575 190 Colonade Road 
8630 154th Ave, NE Nepean K2E 7J5 
Redmond 98052 WyJe Electronics FAX: (604) 273-2413 Tel: (613) 226-1700 
Tel: (800) 426-7999 150 North Patrick 

MANITOBA FAX: (613) 226-1184 
Building 7, Suite 150 

Hamilton Hallmark Brookfield 53045 Pioneer/Pioneer Pioneer/Pioneer 
8630 154th Avenue Tel: (414) 879-0434 540 Marjorie Street 341 5 American Drive 
Redmond 98052 FAX: (414) 879-0474 Mississauga L4V 1 T6 
Tel: (206) 881-6697 Winnipeg R3H OS9 Tel: (416) 507-2600 
FAX: (206) 867-0159 FAX: (416) 507-2831 



NORTH AMERICAN SERVICE OFFICES 
Computervision 

Intel Corporation's North American Preferred Service Provider 
Central Dispatch: 1-800-876-SERV (1-800-876-7378) 

ALABAMA GEORGIA MICHIGAN NORTH CAROLINA UTAH 
Birmingham Atlanta Detroit Ashville Salt Lake Cily 
Huntsville 

HAWAII Flint Charlotte 
VERMONT 

ALASKA 
Grand Rapids Greensboro 

Honolulu Lansing Raleigh White River Junction 
Anchorage 

ILLINOIS Troy Wilmington VIRGINIA 
ARIZONA Chicago MINNESOTA OHIO Charlottesville 

Phoenix Wood Dale Minneapolis Cincinnati Richmond 
Tucson 

INDIANA Cleveland Roanoke 
MISSOURI Virginia Beach 

ARKANSAS Carmel Columbus 

North Little Rock Evansville 
Springfield Dayton WASHINGTON Street Louis 

CALIFORNIA 
FI. Wayne OKLAHOMA Renton 
South Bend MISSISSIPPI Oklahoma City Richland 

Concord Jackson 
Los Angeles IOWA Tulsa WASHINGTON D.C: 
Ontario Cedar Rapids NEW HAMPSHIRE OREGON 
Orange Davenport Manchester* WEST VIRGINIA 

Beaverton 
Redwood City West Des Moines Charleston 

MONTANA Sacramento PENNSYLVANIA WISCONSIN 
San Diego KANSAS Butte Camp Hill 

Kansas City Milwaukee 
San Francisco NEBRASKA Erie 
Van Nuys Wichita Pittsburgh CANADA Omaha 

COLORADO KENTUCKY Wayne Calgary 

Louisville NEW JERSEY Edmonton 
Colorado Springs SOUTH CAROLINA 

Madisonville Cherry Hill Fredericton 
Denver Hamilton Township Charleston Halifax 

CONNECTICUT LOUISIANA Westfield Columbia Mississauga 
Baton Rouge Greenville Montreal E. Windsor NEW MEXICO 

Middlebury New Orleans TENNESSEE Ottawa 
Albuquerque 

Chattanooga Toronto 
FLORIDA MAINE Vancouver, BC· 

Auburn NEW YORK Knoxville 
Ft. Lauderdale Albany Memphis Winnipeg 
Jacksonville MARYLAND Binghampton Nashville Quebec City 
Miami BaHimore Buffalo Regina 
Orlando Farmingdale 

TEXAS St.John's 
Pensacola MASSACHUSETTS New York City Austin 
Tampa Bedfoird Rochester Houston 

S. Easton Dryden Dallas 
Tyler 



9 781555 122560 


