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Note: All descriptions apply to both the MB86965A and MB86965B
FEATURES

» SoftwareReset now enables the system to fully reset

Providesinterface to thé/O bus of PC/XTI /AT or
compatible computers

Optional,generic host interface to connect to industry-
standard microprocessor buses

Interfaceto serial EEPROM for Node ID and configu
ration option storage allowsonstruction of jumper
less, electronically configurable adapter cards

Automatic polarity detection and correction on
twisted-pair 10BASE-T cable

Allows automatic selection of nonconflicting I/0-ad
dress for self-installing under software control

High-performance, packet-buffer architecture pipe-|
lines data for highest throughput

On-chipbuffer managemerdontrols bufier pointers
to reduce software overhead and improve perfor
mance

Hash filter for multicast packet reception

Manchesteencoder/decoder tolerates input jitter up
to+18 ns

Fully compliant with ISO/ANSI/IEEE 8802-8peci
fications

Two network ports, AUl and 10BASE-T, witiute
matic port selection

Integratedpulse shape, and transmit and receive filterg

Selectable 150 and100Q termination for shielded or
unshielded twisted-pair cable, respectively

Powerdowmmode to reduce power dissipation in-bat
tery-powered equipment

Low-power CMOS technology
Single 5-volt power supply
160-pin plastic quad flat package (PQFP)

ADDITIONAL FEATURES IN MB86965B ONLY

Full-duplex capability

External loopback mode allows testing of all
10BASE-T interface circuits

Write support for an external Flash boot PROM

andre—initialize the controller without the need to acti
vate the system reset line

e 24mAdrive capability for IOCHRDYand I0S16 pins
to allow direct connection to the ISA bus

GENERAL DESCRIPTION

The MB86965 EtherCouplér Controller is ehigh-per
formance, highly integrated monolithic device that
incorporates a network controller with buffer manage-
ment,10BASE-T transceiver witbn-chip transmit and
receive filters, Manchester encoder/decoder, and bus
interfacefor a PC/XT/A/ISA bus. EtherCoupleallows
implementatiorof adapter solutionwith as few as four
chips.With its optional native bus mode for use directly
on a microprocessor bus, it is ideal for use on daughter
and motherboards, as well as expansion-bus adapter
boards. An EEPROM can be interfaced to the chip for
storage of Ethernet ID and configuration settings.
EtherCoupleiis designed to be configured electronically
thuseliminating thgumpers typically used to configure
the system network adapters.

The buffer management architecture of the MB86965
allows packet data to access a buffer memory area
simultaneously from the host and from the network
media. The network controller updates all receive and
transmit pointers automatically to reduce the software
overheacheeded t@ontrol these operations, resulting in
maximumperformance. EtherCouplsrtransmit buer

is programmable assingle 2-kbyte bank or as two banks
of 2, 4, or 8 kbytes each. This Beifchains multiple data
packetsand transmits them to the network frorsilagle
transmit command, thereby offering greater design
flexibility and throughput. A ring bfér thatcan be sized
from 4 to 62 kbytes, depending on the amount of
availablememory used for the transmit ferf captures
the receive packets.

The MB86965 performs pulse shaping and filtering
internally,which eliminates the need for external filtering
componentsnd reduces overall system cdstherCoup
ler is compatible with shielded and unshielded
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twisted-pair cables and provides outputs for receive
transmit, collision and link test LEDs. The twisted pair
receive threshold can be reduced to allow an extends
rangebetween nodes in low-noise environmentswitie
rangeof features makes EtherCoupler the ideal deface
10BASE-T twisted-pair Ethernet.

d

Possible configurations for the system bus interfac¢
include I/O mapping, memory mapping and DMA
access, or a combination of these. With a 20 Mbyte/s
bandwidth,the EtherCoupler systebus interface allows
use of full throughput capacity of its packet-buffering
architecture. EtherCoupler bus modes are selectabl
thereby providing big or little endian byte-ordering,
permitting efficient data interface with most micro—
processors and higher-level protocols. The Fuijitsy
high-speed, low-power CMOS process is used td
manufacture of the MB86965, which is furnished in a
160-pin plastic quad flat package.

U

%

FUNCTIONAL DESCRIPTION

As shown below in Figure 1, the MB86965 comprises
five major functional blocks: System Interface, Buffer
Controller, Control and Status Registers, Transmitte
and receiver. EtherCoupler’s receive and transmi

sections fully implement the ISO/ANSI/IEEE 8802-3
CSMA/CD specification for 10-megabit per second
Ethernet. The transmitter assembles data packets for
transmissiorand the receiver disassembles received data
packets. On-chip Ethernet protocol functions include:
automatic generation and stripping of the 64-bit
preamble; generation and verification of 32-bit cyclic
redundancycheck(CRC); collision resolution by binary
exponentiabackof and retransmissiorseveral modes of
address recognition, error detection and reporting; and
serial/parallel and parallel/serial conversions.

TYPICAL APPLICATION

Figure2 is a block diagram illustrating the application of
the MB86965 in an add-in adapter card for an ISA
bus-based personal computer. The serial EEPROM
provides storage for I/O base address, boot PROM
addressnd interrupt channel as well as the Ethernet node
ID. One or two 8-bit bidirectional transceivers provide
data buffering between the Ethercoupler and the 8- or
16-hit system bus. A single SRAM, typically 8 or 32
kbytes, implements the local packet buffer, while an
optionalboot PROM allows use of the adapter in diskless
environmentsyhere the driver program must be loaded
from the network. The EtherCoupler provides interfaces
to 100- or 150-ohm twisted pair (10BASE-T) as well as

MEESGOAT

S ool TRANSMITTER
NTERFACE | Sramus ENCODER || SHAPER 5 || TRANSMITTER| | i 1o
REGETERS |y | —= FILTER AMFLF ER NETWORK
TRANSHTTER ¢
CONTROL
L AL .
BUFFER lg—| cOLLISEN
TO AND CONTROLLER o
FROM -
SYSTEM A
EUS
<[ sreen ’ RECEIVER
ACCESS
pocess o RECEIVER pEcobER || FECENER RECENER Ll FROM
e CoNTROL % SLEER [ sMPLFER WETW R

L EXTERMAL L

EEFRCM SFiAM

Figure 1. EtherCoupler Block Diagram
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adirect AUI capability (10BASES). An optional coaxial
transceiver interface, such as Fujitsu’'s MBL8392A,
provides additional capability for Thin Ethernet
(10BASE2) networks. The MB86965 directly drives
several LEDs which provide indication of adapter
operational status.

For complete information on a typical adapter design
referto the Hardware Reference Manual included in thg
DK86965B—ISA Designer Kit which is available for
purchasdrom yourauthorized Fujitsu Microelectronics
sales representative or distributor. Schematics i
electronic format, board layouts and Gerber tape fo
printed circuit card construction are also available.
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PIN ASSIGNMENTS AND DESCRIPTIONS ‘

LOGIC CONVENTION

Unless otherwise noted, a positive logic (active high)
convention is assumed throughout this document,
wherebythe presence at a pin of a highaore-positive
voltage(nominally 5 VDC) causes assertion of the signal.
An underscore, e.g.. RD¥dicates that the signal is
assertedn the low state (nominally 0 volts). Dual-func
tion pins have their alternate function enclosed in
parentheses, e.g., RDY(RDYWhenever a signal is
separated into numbered bits, e.g., BD7, BD6, BD5,
BD4, BD3, BD2, BD1 and BDO, the family of bits may
also be shown collectively, e.g., as BD<7:0>.
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Figure 2. Typical Application, Block Diagram
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Note: Phs 60 ad 108 are dual function pins on the MB8965B Ethenet Controller.
Pins ® ard 108 are simgle function on MB86965A version
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PIN DESCRIPTIONS

Configuration Mode Selection

The MB86965 can be configured to match specifi
hardwareenvironments, and pin functions vary aceord
ing to Mode. Setting pins 90, 91 and 92 allows selectio

CONFIGURATION PINS
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of EtherCoupler for operatian one of four predefined
configurations. Operation is selectable as jumpedess
requiring jumpers. Initial parameters can be stored in a
bit-serial EEPROM or a byte-parallel PROMepending

on Mode. Operation as a NICE chip is also available.

PIN NO. SYMBOL MODE TYPE DESCRIPTION
90-92 MODE<2:0> — | MODE SELECT: Allows selection of EtherCoupler configuration mode
pull-down | as shown in the MODE column in these tables.
Pin Pin Pin | Operation Initial
No. | Bus 90 91 92 Parameters
0 ISA 0 0 0 Jumper- | Stored in bit-serial
less EEPROM.
1 ISA 0 0 1 Jumpers | Stored in bit-serial
EEPROM.
2 ISA 0 1 0 Jumpers | Stored in
byte-parallel ID
PROM.
3 Non- 0 1 1 Jumpers | Functions identical
ISA to MB86960 NICE
(Network Interface
Controller with
Encoder/ decoder)
chip with MB86961
10BASE-T Interface.
X - 1 X X - Reserved.
111-109 | IOSEL<2:0> 1,2 | INPUT/OUTPUT BLOCK ADDRESS SELECT : Sets the base address
pull-up | at which the controller is located, as follows:
I0SEL2 IOSEL1 I0OSELO I/0 BASE
ADDRESS
0 0 0 260 — 27F
0 0 1 280 — 29F
0 1 0 2A0 - 2BF
0 1 1 240 — 25F
1 0 0 340 - 35F
1 0 1 320 - 33F
1 1 0 380 — 39F
1 1 1 300 - 31F
111-109 | RESERVED 0,3 | NOT USED. These pins should be left floating, internally pulled high.
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PIN NO. SYMBOL MODE TYPE DESCRIPTION

112-115 | SD<15:12> 0,123 1/0 SYSTEM DATA: All data, command, and status transfers take place over

117-119 | SD<11:9> this bus.

122 SD<8>

157-159 | SD<7:5>

2-6 SD<4:0>

150-145 | SA<19:14> 0,1,2 | SYSTEM ADDRESS: Selects EtherCoupler internal register or port for

144-141 | SA<9:6> read/write operations.

139-134 | SA<5:0>

137-134 | SA<3:0> 3 | SYSTEM ADDRESS: Selects EtherCoupler internal register or port for
read/write operations.

142 INTSELO 3 | INTERRUPT SELECT: Selects the interrupt signal. Read only. Same as

141 INTSEL1 BMPR19<6:7>.

139 SBHE 3 | SYSTEM BUS HIGH ENABLE: Active low. This pin is the byte/word
control line. It is used only when EtherCoupler is configured for a 16-bit

127 SBHE 0,1,2 | data bus by the SB/SW bit, DLCR6<5>. It allows word, upper byte only or
lower byte only transfers. The address select pin SAQ is used with SBHE
for byte or word transfers as follows:

SB/SW SBHE SAO0 FUNCTION

0 0 0 Word transfer

0 0 1 Byte transfer on upper half of
data bus (SD15-8)

0 1 0 Byte transfer on lower half of
data bus (SD7-0)

1 1 Reserved

1 X X Byte transfer (SD7-0)

138 Cs 3 | CHIP SELECT: Active low signal which, when set to 0, selects the
EtherCoupler chip.

156 RESET 0,123 | CHIP RESET: Resets the chip internal pointers and initializes internal
registers and logic.

154 (0] 0,123 | INPUT/OUTPUT READ: Active low signal from the system bus which
indicates that the current bus cycle is a read operation.

155 10W 0,123 | INPUT/OUTPUT WRITE: Active low signal from the system bus which
indicates that the current bus cycle is a write operation.

153 SMEMRD 0,1,2 | SYSTEM MEMORY READ: Active low signal from the system bus that
indicates the current bus cycle is in a memory-read operation. Used for
Boot ROM Chip Select (BRCS).

152 AEN 0,1,2 | ADDRESS ENABLE: When asserted indicates that a DMA transfer is
taking place.

124 EOP(EOP) 0,123 | END OF PROCESS: When asserted by the DMA controller, indicates that
an entire packet has been transferred between buffer memory and the
host system.

129 ALE 0,1,2 | ADDRESS LATCH ENABLE: Provided by the system to latch valid
addresses.

125 DMACK 0,123 | DMA ACKNOWLEDGE: Active low signal which indicates that the DMA
controller is ready to transfer data between the host system and the
EtherCoupler buffer memory.

15 BRCS 0,1,2 (0] BOOT ROM CHIP SELECT: Active low signal which indicates that the

current memory access is to Boot ROM.
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PIN NO. SYMBOL MODE TYPE DESCRIPTION

133 IRQA 0,1,2,3 (0] INTERRUPT REQUEST: One of four interrupt request lines which
24-ma | indicate that EtherCoupler requires host attention after successful
tristate | transmission or reception of a packet, or if any error conditions occur,

including an EOP after the completion of the DMA cycle.

130-132 | IRQD, IRQC, 0,3 (0] INTERRUPT REQUEST: In jumperless mode: three of four interrupt

IRQB 24-ma | request lines which indicate that EtherCoupler requires host attention
tristate | after successful transmission or reception of a packet, or if any error
conditions occur, including an EOP after completion of DMA cycle.

130-132 | MSEL<2:0> 1,2 | MEMORY SELECT: In jumper select mode: sets Boot ROM location base
address.

MSEL2 MSEL1 MSELO ROM ADDRESS RANGE

0 0 C4000 — C7FFF
0 0 1 C8000 — CBFFF
0 1 0 CCO000 — CFFFF
0 1 1 D0000 — D3FFF
1 0 0 D4000 — D7FFF
1 0 1 D8000 — DBFFF
1 1 0 DCO000 — DFFFF
1 1 1 Decode disabled

126 DREQ 0,1,2,3 (0] DMA REQUEST: Issued to the DMA controller to indicate that
EtherCoupler has data available to be read in its receive buffer, or is ready
to accept data into its transmit buffer.

151 RDY(RDY) 3 (@) INPUT/OUTPUT CHANNEL READY: This signal indicates to the host

24-ma | that EtherCoupler is ready to complete the requested read or write

tristate | operation. Polarity of this pin is programmed by RDYPOL, pin 108.
High-impedance to READY valid, or READy valid to high impedance
(Tables 41 and 43). N-channel open drain.

151 IOCHRDY 0,1,2 e} INPUT/OUTPUT CHANNEL READY: This signal indicates to the host
24-ma | that EtherCoupler is ready to complete the requested read or write
tristate | operation. RDYPOL pin must be tied to ground. N-channel open drain.

128 10CS16 0,1,2 (0] INPUT/OUTPUT 16-BIT CHANNEL SIZE: Active low signal which
24-ma | indicates that present data transfer is 16-bit I/O cycle. N-channel open
tristate | drain.

123 ENHB 0,12 (@] ENABLE DATA HIGH BYTE: Active low signal which enables the system

data transceiver high byte.

7 ENLB 0,12 (@] ENABLE DATA LOW BYTE: Active low signal which enables the system
data transceiver low byte.

8 DIR 0,1,2 (@) TRANSCEIVER DIRECTION: Active low signal sets the external
transceiver direction, from chip to system (read operation). Active high
signal sets the external transceiver direction from system to chip (write
operation).

9 X12SEL 0,1,2 (0] SELECT CONFIGURATION REGISTER 1: Active low signal pulse to
read the jumper configuration register 1, located at address 0X12.
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PIN NO. SYMBOL MODE TYPE DESCRIPTION

10 X13SEL 0,1,2 o SELECT CONFIGURATION REGISTER 2: Active low signal pulse to
read the jumper configuration register 2, located at address 0X13.

10 SB/SW 3 o} SYSTEM BYTE / WORD BUS WIDTH: When high, System Bus operates
in 8-bit mode; when low,16-bit mode is selected. Same as DLCR6<5>.

12 SK 0,1 (0] EEPROM SHIFT CLOCK: With EEPROM option, this signal is generated
from software, which shifts data in and out of the EEPROM.

12 LSAO 2 (0] LATCHED ADDRESS 0: With ID PROM option, the pin provides one of
three latched address lines to the ID PROM.

13 DI 0,1 (0] EEPROM DATA IN: With EEPROM option, this is serial data going to the
EEPROM.

13 LSA1 2 (@] LATCHED ADDRESS 1: With ID PROM option, the pin provides one of
three latched address lines to the ID PROM.

14 DO 0,1 | EEPROM DATA OUT: With EEPROM option, this is serial data coming
from the EEPROM.

14 LSA2 2 (@] LATCHED ADDRESS 2: With ID PROM option, the pin provides one of
three latched address lines to the ID PROM.

11 EPCS 0,1 e} PROM CHIP SELECT: High signal selects EEPROM.

11 EPCS 2 (@] PROM CHIP SELECT: Low signal selects ID PROM.

108 RDYPOL 0,1,23 | READY LINE POLARITY SELECT: Controls polarity of IOCHRDY signal
at pin 151, where 0 is active low ready and 1 is active high ready.

108 SMEMWR / 0,1,2 | MB86965B ONLY: Dual-function pin in ISA-BUS compatible operating

RDYPOL modes 0, 1 and 2 (when one or both of mode pins 91 and 92 are tied low),
pin 108 serves as the 'system memory write’ input (SMEMWR) to support
writing to a Flash Boot ROM (For this purpose, it should be connected to
the system memory write pin of the PC/XT/AT/ISA bus connector.) In
these three modes, the MB86965B will provide chip select pulses to the
boot ROM for both read and write operations. In mode 3, pin 108 reverts
toits original role in the MB86965A as RDYPOL, an input to select the
polarity of the ready pin.

63 RMTCNTRL |0,1,2,3 e} REMOTE CONTROL: When RMT RST bit DLCR5<2> is set high, this pin
follows RMT 0900H bit DLCR1<4>, which indicates that a complete
special packet with type field = 0900H has been received. This is intended
for use as a remotely controlled hardware function from other nodes in the
network.

64 CNTRL 0,123 (@] CONTROL: This pin is intended as a hardware control pin programmable
by the system software. Complement of CNTRL, DLCR4<2>.

127,129, | RESERVED 3 | NOT USED. These pins should be pulled low to ground.

143-150,

152, 153

7-9, RESERVED 3 (0] NOT USED. These pins should be left floating, internally pulled high.

11-15,

123,128
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PIN NO. SYMBOL | MODE TYPE DESCRIPTION

6679, BD<15:2>, 0,1,2,3 110 BUFFER MEMORY DATA BUS: Data lines between SRAM buffer

82-83 BD<1:0> memory and EtherCoupler. This data bus configurable for 8-bit or
16-bit data size by BB/BW bit DLCR6<4>.

84-89, BA<15:10> 0,123 O BUFFER MEMORY ADDRESS BUS: These lines address up to

93-98, BA<9:4> 64 kbytes of buffer memory.

100-103 BA<3:0>

104 BCS1 0,1,2,3 (0] BUFFER RAM CHIP SELECT 1: Active low signal that is chip
select for most significant byte of buffer memory.

105 BCSO 0,123 O BUFFER RAM CHIP SELECT 0: Active low signal that is chip
select for least significant byte of buffer memory.

106 BWE 0,1,2,3 O BUFFER WRITE ENABLE: Active low, write-enable-to-buffer
-memory signal output during memory write cycles.

107 BOE 0,1,2,3 (0] BUFFER OUTPUT ENABLE: Active low, output-enable-to-buffer
memory signal output during memory read cycles.

POWER AND TRANSCEIVER INTERFACE PINS
PIN NO. SYMBOL | MODE TYPE

1,19,31,32, |Vcc 0,123 | POWER SUPPLY: +5 Volts + 5%, for analog and digital circuits.

52,53, 62, 81,

116, 121 _

16, 20, 29, 30, | GND 0,123 | GROUND: digital and analog ground.

37, 56, 61, 65,

80, 99, 120,

140, 160 |

45, 46 DOP 0,123 (0] AUl TRANSMIT PAIR: Differential output driver pair for AUI

48, 49 DON O transceiver DO circuits; output is Manchester-encoded.

42 DIP 0,1,2,3 | AUl RECEIVE PAIR: A differential input driver pair for the AUI

43 DIN | transceiver DI circuits; input is Manchester-encoded.

54 CIP 0,123 | AUI COLLISION PAIR: A differential input driver pair for the AUI

55 CIN | transceiver Cl circuits.  The input is collision signalling or
signal-quality error (SQE).

28, 34 TPOPA, TPONA O TWISTED-PAIR OUTPUT: Differential driver pair outputs to the

25, 36 TPOBP, TPONB twisted-pair cable. The output is pre-equalized so that no external
filter is required.

38, TPIP 0,1,2,3 | TWISTED-PAIR INPUT: A differential input pair from the

39 TPIN twisted-pair cable.

60 LEDC 0,123 O COLLISION LED: Open-drain driver for the collision indicator.
Output is pulled low during collision.

60 LEDC / EDX 0,1,2,3 o/l MB86965B only: FULL DUPLEX: When tied low, the 10 BASE-T
port will operate in full-duplex mode. It does this by disabling the
collision function of the 10 BASE-T port.

59 LEDL 0,1,2,3 (0] LINK LED: Open-drain driver for link integrity indicator. Output is
pulled low during link test pass.

58 LEDT 0,1,2,3 (0] TRANSMIT LED: Open-drain driver for transmit indicator. Output
is pulled low during transmit.

57 LEDR 0,1,2,3 O RECEIVE LED: Open-drain driver for the receive indicator. Output
is pulled low during receive.

21 RBIAS 0,123 | BIAS RESISTOR: To control bias of operating circuit; pulled to
ground with 12.4-kilohm +1% pulldown resistor.

17 CLKO 0,1,2,3 O CRYSTAL OSCILLATOR: A 20-MHz crystal must be connected

18 CLKI between these pins. [See figure 4.]

22-24, 26, 27, | No Connection | 0,1,2,3 O NOT USED. These pins should be left floating, internally pulled

33, 35, 40, 41, high.

44, 47, 50, 51
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SYSTEM CONFIGURATION
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Figure 4. System Configuration
Simplified Block Diagram

As shown in Figure 4, EtherCoupler allows a highly
integrated system configuration. EtherCoupler’s archi
tecture and high level of integration facilitate packet
management and storage, and eliminate the need forn a
local microprocessor. EtherCoupler connects with thg
hostsystembus to provide command and status interfaces
as well as packet data access. The host processor dan
directly access command and status registers whe
mappednto the host I/O or memory space. Data packetd
to be transmitted to the mediatially transfer from host
memory through an EtherCoupler port into a dedicatedl
buffer memory where they are temporarily stored until
transmitted Buffer memory initially stores receivetita
packets that are later transferred to the host memory.
[Referto the section on Control and Status Registers fo
identification of control and status bits of the data link
control registers, DLCRO through DLCR7, and buffer
memory port register pair, BMPR8 and BMPR9.]

>

CONNECTION TO THE LAN MEDIA

Connection to the LAN media can be accomplished by
on-boardconnection to a shielded or unshielded twisted
pair, through the on-chip 10BASE-T transceiver.

CRYSTAL OSCILLATOR

Theclock rate of 10 Mbits/s specified by the international
LAN standard, ISO/ANSI/IEEE 8802-3, derives fram
on-chiposcillator that is controlled bg crystal connected
across pins 17 and 18 (CLKO and CLKI). Capacitanced
specified by the crystal manufacturer must

10
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EtherCoupler

CLKO CLKI
20 MHz

il
T T

Figure 5. Crystal Oscillator Connection

20 pF

be connected across pins 17 and 18 to ground, as shown
in Figure 5, tostabilize the décts of stray capacitance that
may vary crystal frequency. The 20-MHz clock also
servesas an internal phase-locked loop (Plé&jerence

for decoder clock recovery. Internal clocks shut down
whenthe PWRDN bit, DLCR7<5>, is asserted for power
down mode. Use a crystal with the following
specificationsguartz (A-cut); 20-MHz; frequency/ac
curacyof + 50ppm at 23C and 100ppm at'® to 70°C;
parallelresonant with 20 pF-load in fundamental mode.
Possible vendors include: Ecliptek Corp. (Costa Mesa,
CA) p/n ECSM20.000M; and M-tron Industries, Inc.
(Yankton, SD) p/n MP-1 and MP-2, with 20-MHz,
50ppmover O°C to 70°C, and 18 pF fundamental load.

SRAM CONFIGURATIONS

Figure 6 shows how to configure industry-standard
SRAMsfor memory implementation of packet rk in
byte and word modes. The Buffer Byte/Buffer Word
(BB/BW) bit, DLCR6<4>, selects the width of the
SRAM data path as 8 or 16 bits. Setting this bit to 1 selects
byte-wide (8-bit) data; setting it to 0 selects word-wide
(16-bit) data. The System Byte/System WEBB/SW)

bit, DLCR6<5>, selects the width of the system gzt

as 8 or 16 bits. Setting this bit to 1 selects byte-wide
(8-bit) data; setting it to 0 selects word-wide (16-bit)
data. Do not use the combination of SB/SW bit,
DLCR6<5>,set to 1 (byte) anBB/BW bit, DLCR6<4>,

set to O (word). The Buffer Size (BS1 and BSO) bits,
DLCR6<1:0>, select SRAM size as 8, 16, 32 or
64kbytes.



(o8

FUJITSU

MB86965
BS1 BSO
DLCR6<1> DLCR<0> 8-BIT BUFFER BUS 16-BIT BUFFER BUS
0 0 + BA<12:0> ﬁ BA<12:1>
BCSO BCS1 BCSO
8Kx8 4Kx8 | | 4Kx8
8 8
BD<7:0> BD<7:0 8
BD<15:8>—+—
0 1 ﬁ BA<13:1> ﬁ BA<13:1>
BCS1 BCSO BCS1 BCSO0
—P -— —P -—
8Kx8 | | 8Kx8 8Kx8 | | 8Kx8
O 2]
BD<7:0 BD<7:0 8
BD<15:8>——«—
BA<14:0> BA<14:1>
) 0 v o v oy
BCSO BCS1 BCSO
32Kx8 16Kx8| |16Kx8
8 8
BD<7:0> BD<7:0 8
BD<15:8>——«
1 1 ﬁ BA<15:1> ﬁ BA<15:1>
BCS1 BCSO BCS1 BCSO
—P -— —P -—
32Kx8| |32Kx8 32Kx8| |32Kx8
sl | 8
BD<7:0 BD<7:0 8
BD<15:8>——+—
Figure 6. SRAM Configurations
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SYSTEM INTERFACE

GENERAL

The System Interface provides the interface logig
necessaryo connect to ®C/XT/AT/ISA bus and, via an
alternate bus mode, to an x86, RISC or 680 x O-typé¢
microprocessobus. The interface supports 8- and 16-bit
buswidths and byte or word transfers, as determined b
the SB/SW bit, DLCR6<5>. Depending on the type of
hostCPU, EtherCoupler supplies the datder MSB or
LSB first (big or little endian), according to the setting of
the M..L/L..M bit, DLCR7<0>.

EtherCoupler supports I/O-mapping, and burst of
single-transfer DMA modes. The user can select th¢
active interrupt pin to inform the CPU of transmit and
receive status conditions requiring host processing.
EtherCoupler includes three sets of user-accessib
registers, all of which are accessible as bytes or words.

1]

Pins 90 to 92 allow selection and configuration of the
mode in which the MB86965 operates. Specifically,
whenMODE<2:0> bits are set to 00H, the bus is in ISA
modewith an EEPROMuhat stores initial parameters and
jumperlesperation. When MODE<2:0> bits are &t
01H the bus is set for operation with jumpers and
EEPROM.When MODE<2:0> bits are set@@H the bus

is set for operation with jumpers and ID PROM. When
MODE<2:0>bits are set to 03H the bus is set for generig
bus operation.

REGISTER ACCESS

Direct access is available to eight registers in the desice’
registerset, addresses xxx0H through xxx7H. Access tg
remaining physical addresses is through indirec
addressingr bank-switching of three ddrent register
banks, for the address set xxx8H through xxxFH
Bank-switching bits reside in register 07H. The
bank-switched register group comprises three sets (¢
banksof registers: NodéD (Ethernet Address) and TDR
DiagnosticsHash Bble for multicast address filtering;
and Buffer Memory Access. During hormal operation
(excluding initialization or diagnostics), the Buffer
Memory Access bank is selected, and access to other
registers is not required.

=

BUFFER ACCESS

The Buffer Memory Port register pair BMPR8 and
BMPR9 provide 8 or 16-bit data width access to thg
receiveand transmibuffers through on-chip FIFOsoT

eliminate the need for complicated directional control,
FIFOs are dedicated to each direction of data transfer.

12
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Writing to the transmit buffer interleaves with reading
from the receive bdiér, with EtherCoupler automatical

ly maintaining buffer memory pointers. The Buffer
Memory port register pair is accessible via register
address xxx8H, when bank | is selected. When using
DMA, the bufer memory port is automatically selected
when the DMA Acknowledge input, DMACKs
asserted.

Datacan transfer from the host memory to ttemsmit
buffer, or from the receive buffer to host memory by
using string moves, single-transfer programmed /O
moves,or DMA. Select the method that yields the highest
system-leveefficiency. A rapid transfeprocess results in
best performance. Slow transfer could result in poor
throughput and performance, and cause the receive
buffer to overflow and lose packets.

I/O OPERATION

Write transmits data to BMPR10, and /O Write will
address the data to the Transmit Buffer. Read receives
dataon BMPR10through I/O Read, which will load the
data from the Receive Buffer.

DMA OPERATION

EtherCoupler supports single-cycle and burst DMA
operationfor data transfer between thest system and
the dedicated buffer memory. Handshaking between
EtherCoupleand external DMA is accomplished the
DREQand DMACK signals. The end of process input,
pin 124, when asserted by the system DMA controller
during a transfer cycle, terminates DMA activity after
completion of the current cycle. If a DMA interrupt
(DLCR3<5>) is enabled, EtherCoupler generates an
interrupt after completion of DMA activity.

DMA Write (Transmit)

Settingthe TXDMA Enable bit, BMPR12<0>, enables
DMA transfer of data packets from the host mentory
the EtherCoupler transmit bigfr. When invoked, DMA
burstcontrol bits BMPR13<1:0®nable burst transfers.
EtherCouplerwhenready to accept data from the host,
sets the DMA request output, DREQ, and the host
respondsy setting DMA acknowledge, DMACK, and
write enable, WE, and placing data on the data bus.
EtherCouplessets the IOCHRDY output when ready to
completethe current data-transfer cycle. (Polaritythue#
IOCHRDY signal andhe EOP input are independently
programmable.) EtherCoupler accepts the data byte/
word into its Bus Write FIFO and later moves it into
buffer memory At the close of a transfer cycle, the host
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negates WE. In burst mode and depending on CNTR
bit, DLCR4<2>, at the next-to-last cycle, EtherCoupler
negates DREQ. The host DMA then completes the lag
two transfer cyclesand negates DACK to close the burst.

To start another burst, EtherCoupler re-asserts DREQ.

Thenumber of DMA write cycles within one burst cag
1,4, 8, or 12 data transfers (bytes or words), dependin|
on burst control bits BURST 1 and BURST 0,
BMPR13<1:0>.

The DMA controller asserts the end of process input
EOP, concurrent with the last data-transfer cycle tg
indicate completion of the entire transfer process. Thi
action sets the DMA EOP bit, DLCR1<5>, to

discontinuefurther EtherCoupler data requests. Setting
the EOP signal will also generate an interrupt. If the
DMA EOP INTenable bit, DLCR3<5>, is high. the host

canuse this interrupto begin action to close the process.
The host should reset EtherCoupler's DMA logic and
clear the interrupt by resetting the DMA enable bit,
BMPR12<0>.

The transmit DMA process must be closed by clearing
BMPR12<0>before attempting another DMA process.
Clearingthe DMA EOP INT EN bit, BMPR3<5>, then
automatically clears the EOP status and interrupt
removingthe need to clear the interrupt separafehe
host initiates packet transmission after loading packet]
into the buffer by loading the number of packets to bg
transmittednto the TX PKT CNT bits, BMPR10<6:0>,
and asserting TX START bit, BMPR10<7>.

DMA Read (Receive)

EtherCoupler indicates when it receives packets to b
readwith status bits or interrupts. Before reading a packet
the host processor can read the RX BUF EMPTY bit
DLCR5<6>,which if 0 indicates one or more packets in
thereceive bukr to read. After reading each packet, the
host again checks this bit for more packets.

Beforetransferring a packet via DMA from the receive
buffer to host memory, the host first reads the buffe
four-byte receive packet header to obtain packet statu
and packet byte length. [Also refer to the discussion 0|
Transmit and Receive Packet Headers.] The hos
calculates and loads the host DMA controller cycle
counterwith the number of DMA cycleseeded to read

—

«
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the packet. The system memory starting address mu

13

also be loaded into the DMA controller. The RX DMA
EN bit, BMPR12<1>, is next set to enable the DMA read
operationand transfer thpacket to host memaryWhen
readyto begin this transfeEtherCouplesets the DMA
requesbutput DREQ, and the hostsponds by asserting
DMA acknowledge bit, DMACK, and then 1/0O Read,
IOR. EtherCoupler setthe IOCHRDY output when the
byte/wordis onthe data bus, and the data transfer cycle is
readyto be completed. After system memory accepts the
data,the host negates IOR. EtherCoupler then “pops” the
data in the Bus Read FIFO, and points the internal Bus
Read pointer to the next buffer byte/word to move that
data into the FIFO.

If programmed for burst operation and depending on
CNTRL bit, DLCR4<2>, EtherCoupler negates DREQ
two cycles before the end of the burst, then re-asserts
DREQto repeat th@rocess, if it can transfer more data
after the host negates DMACK. The number of DMA
read cycles in a burst can be 1, 4, 8, or 12 data-transfer
(byte or word) cycles, depending on burst control bits
BURST1 and BURSTO, BMPR13<1:0>. The DMA
controller asserts the end of process input EOP
concurrent with the last byte/word data transfer to
indicatecompletion of the entire proce&therCoupler
thenstops requesting more DMA cycles. After the DMA
process, RX DMA enable must be cleared then
re-asserteavhenthe host wants to begin reading another
packet from the Receive Buffer by using DMA.

When the host DMA controller asserts EOP, the DMA
EOPbDit, DLCR1<5>, is set and generates an interrupt, if
so enabled by setting the associated INT EN bit,
DLCR3<5>.The host can use this interrupt to close the
receive DMA process. Writing O00H to the DMA EN
bits, BMPR12<1:0>, clears the interrupt and disables and
resetghe DMA, removing the need to clear the interrupt
separatelyThe receiveDMA process must be terminated
before attempting another DMA process.

ETHERCOUPLER INTERFACE TO AT BUS

As shown in Figure 7EtherCoupler provides jumpered
(with ID PROM or serial ID EEPROM) and jumperless
design solutions. Designed primarily for AT Bus
Systems, EtherCoupler assumes that the program /O
modeis the most déctive way to transfer datzetween
controller and system resources.
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Figure 8. Jumperless/Jumpered Logic

Jumperless And Jumpered Mode Configura -
tion And Control Registers

Thejumperless EtherCoupler design approach assumgs

that an EEPROM is available for storage of I/0O and

memory base addresses, as well as system interrupt

information in the first (Configuration) byte.

Jumperless/Jumpered Operation

The interrupt, 1/0 base address, and memory bage
addressre set up on powerup aafter system hardware
reset, by first reading the configuration byte from the|
EEPROM into a special serial-in/parallel-out shift
register/counter@s shown in Figure 8ables 1 through
provide detailed information about registers used fo

15

EtherCoupledumperless and Jumpered mode configura
tion and control.

Abbreviations that describe control and status bits are
shown in the legend below.

Type Description
R Readable
w Writable
N Not used, reserved; write 0 when written.
C Clears associated status bit and interrupt
0/1 Initial state after hardware reset
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Table 1. BMPR16 — EPROM Control Register
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BIT SYMBOL TYPE DESCRIPTION
7 0 9 RESERVED: Write 0
6 ESK W EEPROM SHIFT CLOCK: Generates a shift clock signal for the EEPROM,
by writing 1 or O from the software program. Write only.
5 ECS W EEPROM CHIP SELECT: When set to 1, generates a chip select signal for
the EEPROM. Write only.
4-0 0 0 RESERVED: Write 0

Table 2. BMPR17 — EEPROM Data Register

BIT SYMBOL TYPE DESCRIPTION
7 EDIO W/R EEPROM INPUT/OUTPUT CLOCK: When set to 1, indicates data is being

input to the EEPROM. When set to 0, indicates that data is being output from
the EEPROM

6-0 0 0 RESERVED: Write 0

Table 3. BMPR18 — I/O Base Address Register

BIT SYMBOL TYPE DESCRIPTION

7-0 IOBA<7:0> R I/0 BASE ADDRESS: When in Jumperless mode, enables storage and
incrementing if I/O base address. Read only.

7-0 X12SEL R ADDRESS 12 SELECT: When set to high in Jumpered mode, enables
reading of jumpered information (address 0X12) from the board.

RegisterBMPR16 controls the selection and operation
of the EEPROM and operatgsJumperless mode only

Register BMPR17 controls the input or output of the|
EEPROM and operates in Jumperless mode only.

Register BMPR18 temporarily stores, increments andl
readsout the I/O base address in Jumperless mode, whgn
in Mode 3 operation with an EEPROIshd generates the
X12SEL signal in Jumpered mode to enable reading gf
jumpered information from the board.

Register BMPR18 temporarily stores, increments andl
readsout the I/O base address in Jumperless mode, whgn
in Mode 3 operation with an EEPROIshd generates the
X12SEL signal in Jumpered mode to enable reading df
jumpered information from the board.

Register BMPR19 reads the EtherCoupler jumperles|
configurationdata in Jumperless mode, and generates th
X13SEL signal in Jumpered mode to enable reading d
jumpered information from the board.

= (D U
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Memory Base Address Configuration

Table 4 shows how BMPR19<5:3> defines the ROM
Addressread from the EEPROM. The process of reading
the byte begins at system powerup, and is in paraill
systemBIOS powerup initialization and checkout. This
allows the BIOS to scan the ROM location for a valid
bootROM. If there are no memory address conflicts, the
boot ROM initialization code then initializes its
resources, replaces the required interrupt vectors, and
returns control to system BIOS to complete system
initialization.

If there are any memory address conflicts, the system
may halt during powerup. If so, EtherCoupler should be
removedfrom the system and installed in a systeithn

no memory address conflict. This allows the user to
reprogram the EEPROM with a different memory base
addressAn adapter card reprogrammed with a new base
addresgan then be reinstalled in the original system. In
caseof I/0 conflicts, EtherCoupler isoftware-configur
able.In jumperless mode, removal of EtherCoupler from
the system is unnecessary.
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Table 4. BMPR19 — Jumperless Configuration Register
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BIT SYMBOL TYPE DESCRIPTION
7 INTSEL1 R INTERRUPT SELECT: In Jumperless mode, enables definition of the
6 INTSELO R interrupt select signal. Ready only.
BIT7 BIT6 DESCRIPTION
0 0 INTO
0 1 INT1
1 0 INT2
1 1 INT3
5 MEMSEL2 R INPUT/OUTPUT CHANNEL READY: In Jumperless mode, enables ROM
4 MEMSEL1 R address decoding. Read only.
3 MEMSELO R
BIT5 BIT4 BIT3 ROM ADDRESS DECODING
0 0 0 C4000 — C7FFF
0 0 1 C8000 — CBFFF
0 1 0 CCO000 — CFFFF
0 1 1 D0000 — D3FFF
1 0 0 D4000 — D7FFF
1 0 1 D8000 — DBFFF
1 1 0 DCO000 — DFFFF
1 1 1 Decode disabled
2 IOSEL2 R INPUT/OUTPUT SELECT: In Jumperless mode, enables I/O Base Address
1 IOSEL1 R decoding. Ready only.
0 IOSELO R
7-0 X13SEL R ADDRESS 13 SELECT: When set to high in Jumperd mode, enables

reading of jumpered information (address 0X13) from the board.

BIT2 BIT1 BITO I/0 BASE ADDRESS
DECODING
0 0 0 260-27F
0 0 1 280-29G
0 1 0 2A0-2BF
0 1 1 240-25F
1 0 0 340-35F
1 0 1 320-33F
1 1 0 380-39F
1 1 1 300-31F

17
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I/O Base Address Configuration

After successful system powerup, the software utility
reads and compares the Product Signature or poweryip
valuesof the first eight registers to see if the controller is
set with a nonconflicting 1/0 base address. Produc]
Signature is the initial value of the first eight
EtherCoupler registers.

The 1/0 base address is determined by bits 2—0 of th
configuration byte read from EEPROM into the shift
register/counter at the time of powerup. After reading
from the EEPROM, hardware logic sets the shift
register/counteto counter mode, and assigns a Counte
Enable (Counter/Shift Register Select) bit within
EtherCoupler registers to monitor the register ang
counter modes of this special three-bit block.

Table4 also shows how BMPR19<2:0> defines lif@
Base Address read from the EEPROM. If the Product
Signature read does match expected values, there is ho
conflict in the 1/O address range. If there is a conflict in
settingthe address, the system mggore the existence
of EtherCoupler, although the software utility should
continuereading thedX12 registerBecause the cell is set
for counter mode (I/0 Base Unlock bit, BMPR13<7>),
everytime the register is reatlits 2, 1 and 0 increment by

[}
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one,moving the I/O base address to the next setlihg.
utility should read the chip for the correct Product
Signatureeach time the register/counter counts up to the
nextbase I/O address. This mechanaliows an adapter
boardto dynamically reconfigure itself to a nonconflict
ing 1/0 base address.

Once the right address is achieved, software locks the
register/counter cell to register Address mode by
resetting the designated Counter Enable bit. The
softwareutility then reads the new configuratifrom

the 0X13 register, and reprograms the EEPROM
configuration byte with correct base addresses.

Interrupt Definition

Additionally, Table 4 indicates how BMPR19<7:6>
definesthe interrupt read from the EEPROBIts 6 and

7, which are used to configure interrupts, can be
programmed to select any one of four interrupt lines
offeredat the system interface side of the EtherCoupler
The user may connect these lines to any four available
system interrupt lines. The software utility tests the
interrupt configuration for conflict and, if conflicting,
reprograms the EEPROM bits with the next available
interrupt option, and reboots the system to try again.
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REGISTER accessed through (direct) register addresses xxxOH
GIS S through xxxFH, and (indirect) register bank-switching
bits RBS1 and RBS0, DLCR7<3:2>.

CONTROL AND STATUS REGISTERS
The control and status registers on EtherCoupler al

Table 5. Internal Register Address Map

REGISTER
BANK SYSTEM ADDRESS REGISTER
SWITCHING
RBS1 | RBSO | SA4 SA3 SA2 SAl SAO0 Name Description
X X 0 0 0 0 0 DLCRO Transmit Status
X X 0 0 0 0 1 DLCR1 Receive Status
X X 0 0 0 1 0 DLCR2 Transmit Interrupt Enable
X X 0 0 0 1 1 DLCR3 Receive Interrupt Enable
X X 0 0 1 0 0 DLCR4 Transmit Mode
X X 0 0 1 0 1 DLCR5 Receive Mode
X X 0 0 1 1 0 DLCR6 Configuration 0
X X 0 0 1 1 1 DLCRY Configuration 1
0 0 0 1 0 0 0 DLCR8 Node ID O
0 0 0 1 0 0 1 DLCR9 Node ID 1
0 0 0 1 0 1 0 DLCR10 Node ID 2
0 0 0 1 0 1 1 DLCR11 Node ID 3
0 0 0 1 1 0 0 DLCR12 Node ID 4
0 0 0 1 1 0 1 DLCR13 Node ID 5
0 0 0 1 1 1 0 DLCR14 TDR 0 (LSB)
0 0 0 1 1 1 1 DLCR15 TDR 1 (MSB)
0 1 0 1 0 0 0 HT8 Hash Table O
0 1 0 1 0 0 1 HT9 Hash Table 1
0 1 0 1 0 1 0 HT10 Hash Table 2
0 1 0 1 0 1 1 HT11 Hash Table 3
0 1 0 1 1 0 0 HT12 Hash Table 4
0 1 0 1 1 0 1 HT13 Hash Table 5
0 1 0 1 1 1 0 HT14 Hash Table 6
0 1 0 1 1 1 1 HT15 Hash Table 7
1 0 0 1 0 0 0 BMPRS8 Buffer Memory Port (LSB)
1 0 0 1 0 0 1 BMPR9 Buffer Memory Port (MSB)
1 0 0 1 0 1 0 BMPR10 | Transmit Start
1 0 0 1 0 1 1 BMPR11 16 Collisions
1 0 0 1 1 0 0 BMPR12 | DMA Enable
1 0 0 1 1 0 1 BMPR13 DMA Burst, Transceiver Mode
1 0 0 1 1 1 0 BMPR14 | Filter Self Receive, Transceiver Interrupt
Enable
1 0 0 1 1 1 1 BMPR15 Transceiver Status
1 1 0 X X X X Reserved | Not used.
X X 1 0 0 0 0 BMPR16 | EEPROM Control. Write Only.
X X 1 0 0 0 1 BMPR17 | EEPROM Data. Read/Write.

19
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Table 5. Internal Register Address Map continued...
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REGISTER
BANK SYSTEM ADDRESS REGISTER

SWITCHING
RBS1 | RBSO | SA4 SA3 SA2 SAl SAO0 Name Description

X X 1 0 0 1 0 BMPR18 | I/O Base Address. Read Only.

X X 1 0 0 1 1 | BMPR19 Jumperless Configuration. Read Only.

X X 1 0 1 0 0 | Reserved | Not used.

X X 1 0 1 0 1 Reserved | Not used.

X X 1 0 1 1 0 Reserved | Not used.

X X 1 0 1 1 1 Reserved | Not used.

X X 1 1 0 0 0 IDRBO ID ROM Byte 0

X X 1 1 0 0 1 IDRB1 ID ROM Byte 1

X X 1 1 0 1 0 IDRB2 ID ROM Byte 2

X X 1 1 0 1 1 IDRB3 ID ROM Byte 3

X X 1 1 1 0 0 IDRB4 ID ROM Byte 4

X X 1 1 1 0 1 IDRB5 ID ROM Byte 5

X X 1 1 1 1 0 IDRB6 ID ROM Byte 6

X X 1 1 1 1 1 IDRB7 ID ROM Byte 7

Table5 summarizes the addressing scheme and provides

functional selection criteria for system addressing
Systemaddress is relative to base 1/0 address selected
IOSEL<2:0>. Writing to a location within the optional
IDROM space resets the EtherCoupsanternal registers
andstate machines. In SystenoWl mode, dat&ransfers

16 bits at a timeon the system bus, or 8 bits at a time by
using EtherCoupler byte lane controls. In 16-bit mode

evendirect addresses select the registers when transfe

Table 6. Control and Status Bits, DLCRO-7

y

=

ring to and from the registers. For example, address

xXXOH accesses the Transmit/Receive Status registers.
Transmit Status would be on the low byte and Receive
Status on the high byte. Appropriate byte-access
processor instructions access high and low bytes
separately.

Tables 6-11 describe control and status bits.

REGISTER BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
TX STATUS TXDONE | NET BSY | TX PKT CRLOST | JABBER |COL 16 COL 0
DLDRO RCD
RX STATUS RX PKT BUS RD DMA EOP | RMT SHORT ALIGN CRC ERR | RXBUF
DLCR1 ERR 0900H PKT ERR | ERR OVRFLO
TXINT ENABLE | INT EN 0 0 JABBER | INT EN INT EN 0
DLCR2 INT EN
RXINT ENABLE | INT EN INT EN INT EN INT EN INT EN INT EN INT EN INT EN
DLCRS3
TX MODE COLCTR |COLCTR |COLCTR | COLCTR 0 CNTRL & | LBC ENTX
DLCR4 3 2 1 0 DREQ DEFER

EXTND
RX MODE 0 RX BUF ACPT BAD| RX ACPT RMT RST | AF1 AFO
DLCR5 EMPTY PKTS SHORT SHORT
ADDR PKTS

CONFIG 0 DLCEN 100NS/ SB/SW BB/BW TBS1 TBS O BS1 BSO
DLCRG6 150NS

SRAM
CONFIG 1 ECID 1 ECID 0 PWRDN RDYPN RBS 1 RBS 0 EOPPOL | M..L/L.M
DLCR7 SEL

20
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Table 7. Control and Status Bits, BMPR8-15
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REGISTER BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
BUF MEM PORT 7 6 5 4 3 2 1 0
(LSB) BMPR8
BUF MEM PORT 15 14 13 12 11 10 9 8
(MSB) BMPR9
TX START TX START | TX PKT TX PKT TX PKT TX PKT TX PKT TX PKT TX PKT
BMPR10 CNT 6 CNT 5 CNT 4 CNT 3 CNT 2 CNT 1 CNTO
16 COLLISIONS 0 0 0 0 0 16 COL 16 COL 16 COL
BMPR11 CNTRL2 |CNTRL1 |CNTRLO
DMA ENABLE 0 0 0 0 0 0 RXDMA | TX DMA
BMPR13 EN EN
DMA BURST/ /O BASE | LOWER LINK AUI/TP AUTO STP/UTP |BURST1 |BURSTO
TXVR MODE UNLOCK | SQUELCH | TEST EN PORT SEL
BMPR13 THRESH
FILTER SELF RX RLD LLD RJAB 0 0 SKIP PKT SQE FILTER
BMPR14 INT EN INT EN INT EN INT EN | SELF RX
TXVR STATUS LLD RJAB RMT RXI PIN 0 SQE 0
BMPR15 PORT REV

Table 8. Control and Status Bits, BMPR16-19

REGISTER BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
EEPROM 0 ESK ECS 0 0 0 0 0
CONTROL
BMPR16
EEPROM DATA EDIO 0 0 0 0 0 0 0
BMPR17
10 BASE 0 0 0 0 0 0 0 0
ADDRESS
INCREMENT &

X12SEL BMPR18
JUMPERLESS & | INTSEL1 | INTSELO | MEMSEL2 | MEMSEL1 | MEMSELO | IOSEL2 IOSEL1 IOSELO
X13SEL BMPR19

Table 9. Control and Status Bits, DLCR8-15

REGISTER BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
NODE ID 0 7 6 5 4 3 2 1 0
DLCRS
NODE ID 1 15 14 13 12 11 10 9 8
DLCR9
NODE ID 2 23 22 21 20 19 18 17 16
DLCRI10
NODE ID 3 31 30 29 28 27 26 25 24
DLCR11
NODE ID 4 39 38 37 36 35 34 33 32
DLCR12
NODE ID 5 47 46 45 44 43 42 41 40
DLCR13
TDR O 7 6 5 4 3 2 1 0
DLCR14
TDR 1 N/A N/A 13 12 11 10 9 8
DLCR15 0) 0)
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Table 10. Control and Status Bits, HTR8-15

REGISTER BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
HASH TABLE 0 7 6 5 4 3 2 1 0
HT8
HASH TABLE 1 15 14 13 12 11 10 9 8
HT9
HASH TABLE 2 23 22 21 20 19 18 17 16
HT12
HASH TABLE 3 31 30 29 28 27 26 25 24
HT11
HASH TABLE 4 39 38 37 36 35 34 33 32
HT12
HASH TABLE 5 47 46 45 44 43 42 41 40
HT13
HASH TABLE 6 55 54 53 52 51 50 49 48
HT14
HASH TABLE 7 63 62 61 60 59 58 57 56
HT15

Table 11. Control and Status Bits, Packet Buffer Headers
REGISTER BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
TRANSMIT PACKET HEADER
TX LENGTH 7 6 5 4 3 2 1 0
(LSB)
TPH1
TX LENGTH N/A N/A N/A N/A N/A 10 9 8
(MSB) (0) (0) (0) (0) (0)
TPH2
RECEIVE PACKET HEADER

PKT STATUS N/A N/A GOOD RMT SHORT ALIGN CRC N/A
RPH1 (0) (0) PKT 0900H ERR ERR ERR (0)
RESERVED N/A N/A N/A N/A N/A N/A N/A N/A
RPH2 (0) (0) (0) (0) (0) (0) (0) (0)
RX LENGTH 7 6 5 4 3 2 1 0
(LSB)
RPH3
RX LENGTH N/A N/A N/A N/A N/A 10 9 8
(MSB) (0) (0) (0) (0) (0)
RPH4
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DATA LINK CONTROL REGISTERS

Statusand control bits for the EtherCoupkefransmitter
and Receiver sections are located in Data Link Contrd|
registers DLCRO through DLCRY.

Transmit Status Register

As shown in Table 12, this register provides transmi
status for the host processor. The system can enable
interruptsbased on setting (active high) of bits 7, 3, 2, or 1
of this register by setting the corresponding interrup
enable bits in the Transmit Interrupt Enable register|
DLCRA4.

Writing 1 to bits 7, 3, 2, and 1 clears this regisidrich
can generate interrupts. Writing 0 to these bits has np
effect; only EtherCoupler’s control logic can set thesg

Table 12. DLCRO — Transmit Status Register
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FUJITSU

bits. Clearing the bit that causes an interrupt clears the bit
andtheinterrupt. Because two or more status conditions
may occur simultaneouslyhe interrupt routine must read
and act on all status conditions that are set.

Onemethod to clear interrupts is to read the contents of
the status registethen write the same value back to the
register, thus clearing all bits that were set. Another
techniqués to clear eachktatus bit separatellgy writing

its mask (interrupenable) to the registeFhis might be
doneas thecorresponding interrupt service is performed.
Notethat wholesale clearing of all status bits by writing
FFH to the register is not recommended, because this
actionmay clear a just set status that has not yet teseh

by the system. Note also that theaismitter must bille
andTX DONE, DLCRO<7>, must be cleared by writing

1 to it, before starting therdnsmitter by writing 1 to TX
START bit, BMPR10<7>.

BIT SYMBOL TYPE

DESCRIPTION

7 TX DONE RCO

DLCR 2<7>.

TRANSMIT DONE: This bit is set high when all packets in the active
TRANSMIT BUFFER have been successfully transmitted to the LAN media,
or skipped due to excessive collisions. Can generate interrupts if enabled by

6 NET BSY R
Receiver.

NET BUSY: This is a real-time image of the Carrier Sense signal of the

5 TX PKT
RCD

RCO

TRANSMIT PACKET RECEIVED: Indicates that good packet was received
by EtherCoupler shortly after transmission was completed. This is used to
indicate self-reception of the packet. This bit is cleared as each transmission
begins, or by writing 1 to it.

4 CR LOST RO

CARRIER LOST: This bit is set if the receive Carrier Sense input is negated
during a packet transmission. This can be caused by collision or a shorted
LAN medium. It is automatically cleared as each transmission begins.

3 JABBER RCO

DCLR2<3>.

JABBER: When active high, indicates excessive transmit length is detected
by Jabber timer. Can generate interrupts if enabled by INT EN bit,

2 COoL RCO

COLLISIONS: This bit will assert during transmission of a data packet if a
collision occurs on the network. The Buffer Controller will automatically
re—transmit the current packet after collisions up to 16 times. The user may
read the number of consecutive collisions in collision counter, DCLR4<7:4>.
Can generate interrupts if enabled by INT EN bit, DCLR2<2>.

1 16 COL RCO

DLCR2<1>.

16 COLLISIONS: This bit is set after the sixteenth unsuccessful transmission
of the same packet. Can generate interrupts if enabled by INT EN bit,
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Receive Status Register

Table 13. DLCR1 — Receive Status Register

BIT SYMBOL TYPE DESCRIPTION
7 RX PKT RCO RECEIVE PACKET: Set when a new receive packet is stored on the Receive
Buffer. Can generate interrupts if enabled by INT EN bit, DCLR3<7>.
6 BUS TS RCO BUS READ ERROR: Set when a ready response cannot be issued within 2.4
ERR milliseconds after the SMEMRD signal is asserted. Occurs when reading an
empty buffer. Can generate interrupts if enabled by INT EN bit, DCLR3<6>.
5 DMA EOP RCO DMA END OF PROCESS: Set when the host DMA asserts the EOP pin
indicating that the process is finished. when set, inhibits further assertion of
DREQ. Cleared by writing 00H to BMPR12, or by writing 1 to this bit. Can
generate interrupts if enabled by INT EN bit, DCLR3<5>.
4 RMT RCO REMOTE CONTROL PACKET RECEIVED: This bit is set if a packet is
09900H received with 0900H in its Length/Type field (two bytes following the source
address, received MSB first). Can generate interrupts if enabled by INT EN
bit, DCLR3<4>.
3 SHORT PKT RCO SHORT PACKET ERROR: This bit is set when a packet is received with less
ERR than 60 bytes, excluding its Preamble and CRC fields. Such a packet usually
indicates a collision has truncated its original length, since IEEE 802.3
minimum length is 60 bytes. Can generate interrupts if enabled by INT EN bit,
DCLR2<3>.
2 ALIGN RCO ALIGNMENT PACK ERROR: This bit will assert if a packet is received with
ERR an alignment error, meaning there were 1 to 7 extra bits at the end of the
packet. Such an occurrence usually indicates a collision, or a faulty
transceiver. Can generates interrupts if enabled by INT EN bit, DCLR3<2>.
1 CRC RCO CRC PACK ERROR: This bit is set if a packet is received with a CRC error.
ERR This usually indicates a collision has corrupted the packet. Can generate
interrupts if enabled by INT EN bit, DLCR3<1>.
0 RX BUR RCO RECEIVE BUFFER OVERFLOW: This bit will be set if the Receive Buffer
OVEFLO becomes full and must reject a packet for lack of space. Can generate
interrupts if enabled by INT EN bit, DLCR3<0>.

As shown in Bble 13 this register contains eight status
bits which can generate interrupts if enabled by thg
correspondingdit in DLCRS3. Fiveof these bits report the
statusof the mostecently received packet accepted for
storage in the Receive Buffer. Bit 7, RX PKT, is set
whenever a new packet is successfully received and
storedin the bufer. One bit reports reception of a special
packet with 0900H in its type field. Other bits in this
registerreport bufer overflow DMA endof process, and
bus read error. Bits 1, 2 and 3 indicate errors, if any
detected in the packet. If ACPT BAD PKTS hit,
DLCR5<5> or ACPT SHORT PKTS bit, DLCR5<3>

areset allowing acceptance of a bad packet, these errpr

indicatorswill be stored in théStatus Byte of the Receive
Packet Header. If DLCR5<5> and/or DLCR5<3> are
both 0, all packets with detected errors are automatically
discarded and not stored in the buffer.
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Thebits in this register are cleared by writing 1 to the bit.
Writing O to these bits has ndedt; only EtherCoupler
controllogic can set these bits. Clearing the bit teises
aninterrupt clears the bit and the interrupt. Because two or
more status conditions can occur simultaneously, the
interruptroutine must read and act on all status conditions
thatare set. One method to clear interrupts is to read the
contents of the status registdren write the same value
back to the register, thus clearing all bits that were set.
Anothertechnique is to cleaach status bit separatdly
writing its (interrupt enable) mask to the register. This
might be done as the corresponding interrupt service is
performed Notethat wholesale clearing of all status bits
by writing FFH to the register is not recommended,
becausehis action may clear a just-set status that has not
yet been read by the system.
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Transmit Interrupt Enable Register
Table 14. DLCR2 — Transmit Interrupt Enable Register

BIT SYMBOL TYPE DESCRIPTION

7 INT EN RCO INTERRUPT ENABLE: When high, enables TX DONE to generate interrupt.
Also DCLRO<7>.

6 0 NO RESERVED: Write 0.

5 0 NO RESERVED: Write 0.

4 0 NO RESERVED: Write 0.

3 INT EN RCO INTERRUPT ENABLE: When high, enables JABBER to generate interrupt.
Also DCLRO<3>.

2 INT EN RCO INTERRUPT ENABLE: When high, enables COL to generate interrupt. Also
DCLRO<2>.

1 16 COL RCO INTERRUPT ENABLE: When high, enables 16 COL to generate interrupt.

INT EN Also DCLRO<1>.
0 0 NO RESERVED: Write 0.

Receive Interrupt Enable Register
Table 15. DLCR3 — Receive Interrupt Enable Register

BIT SYMBOL TYPE DESCRIPTION

7 INT EN RCO INTERRUPT ENABLE: When high, enables RX PKT to generate interrupt.
Also DCLR1<7>.

6 INT EN RCO INTERRUPT ENABLE: When high, enables BUS RS ERR to generate
interrupt. Also DCLR1<6>.

5 INT EN RCO INTERRUPT ENABLE: When high, enables DMA EOP to generate interrupt.
Also DCLR1<5>.

4 INT EN RCO INTERRUPT ENABLE: When high, enables RMT 0900H to generate
interrupt. Also DCLR1<4>.

3 INT EN RCO INTERRUPT ENABLE: When high, enables SHORT PKT ERR to generate
interrupt. Also DCLR1<3>.

2 INT EN RCO INTERRUPT ENABLE: When high, enables ALIGN ERR to generate
interrupt. Also DCLR1<2>.

1 INT EN RCO INTERRUPT ENABLE: When high, enables CRC ERR to generate interrupt.
Also DCLR1<1>.

0 INT EN RCO INTERRUPT ENABLE: When high, enables RX BUF OVERFLO to generate
interrupt. Also DCLR1<0>.

As shown in @ble 14, thigegister contains the bits that As shown inTable 15, this register provides control for
enablethe status bits in DLCRO to generate interrupis. enablinginterrupts based on the settingstditus bits in

4 extends the DMA Request from the next-to-last to th DLCR1, the Receive Status register.

last transfer cycle. Only bits 7, 3, 2, and 1 can genera

interrupts; the other interrupt enable bits are not used
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Table 16. Network Error Monitoring Modes

ACPT BAD ACPT SHORT |INT EN SHORT | INT EN ALIGN INT EN
PKTS PKTS PKT ERR ERR DLCR3<2> CRCERR Mode
DLCR5<5> DLCR5<3> DLCR3<3> DLCR3<1>

0 0 0 0 0 Normal, nominator mode.

0 0 X X X Error interrupts only, if enabled.

0 1 0 X X Save short packets if otherwise
error-free in buffer. Interrupts only
for alignment and CRC errors, if
enabled. RX PKT bit DLCR1<7>
set high if short packet received.

1 0 0 0 0 Save packets with short,
alignment or CRC errors in buffer.
RX PKT bit DLCR1<7> set high if
packet with error received.

All others Not used.

Transmit Mode Register
Table 17. DLCR4 — Transmit Mode Register

BIT SYMBOL TYPE DESCRIPTION
7 COLCTR 3 R* COLLISION COUNT 3 _ 0: Indicate the number of consecutive collisions
. encountered by the current transmit packet. Read only. (* Initial value is not

6 COLCTR2 R predictable until first packet transmits.)

5 COLCTR1 R*

4 COLCTRO R*

3 0 NO RESERVED. Write 0.

2 DREQ RW1 DMA REQUEST EXTEND: When high, extends DMA Request until last transfer
EXTND cycle.
CNTRL RWO CONTROL OUTPUT: When low, the complement to this bit is for general use as

the CNTRL signal, available on EtherCoupler pin 64. When low, DMA Request
extends until next-to-last transfer cycle.

1 LBC Rw1 LOOPBACK CONTROL: This bit controls encoder/decoder loopback function. A
zero on this bit places EtherCoupler in internal loopback mode.

0 EN TX RWO ENABLE TRANSMIT DEFER: Program this bit low for normal network operation.

DEFER When high, the transmitter will not defer to traffic on the network, and will ignore the

collision indications.

Table 16 shows details on Network Error Monitoring bits associated with transmission, a general-purpose
modes. control bit that drives an EtherCoupler pin, and extends
As shown in Bble 17 this register contains two control the DMA request, and a collision counter.
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Table 18. Collision Count
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COLLISION 16 COL COL CTR3 COL CTR2 COL CTR1 COL CTRO |COL DLCRO<2>
COUNT DLCRO<1> DLCR4<7> DLCR4<6> DLCR4<5> DLCR4<4>
0 0 0 0 0 0 0
1 0 0 0 0 1 1
2 0 0 0 1 0 1
3 0 0 0 1 1 1
4 0 0 1 0 0 1
5 0 0 1 0 1 1
6 0 0 1 1 0 1
7 0 0 1 1 1 1
8 0 1 0 0 0 1
9 0 1 0 0 1 1
10 0 1 0 1 0 1
11 0 1 0 1 1 1
12 0 1 1 0 0 1
13 0 1 1 0 1 1
14 0 1 1 1 0 1
15 0 1 1 1 1 1
16 1 0 0 0 0 1

Table 18 shows details on collision counting.

Receive Mode Register

As shown in Bble 19, this register contains six bits that
controlreceiver function, and one Receive fgufstatus
bit. Status bit RX BUF EMPTY, DLCR5<6>, is
necessary to the software routine, which reads receiy
packetsrom the bufer. It tells thehost routine whether
there are any packets in the Receive Buffer that ar
complete and ready-to-read. In a multitasking system,
this indicator would be used in conjunction with an
interrupt when RX PKT asserts, which means a packg
has arrived in memory. The interrupt would be used td
start the routine that reads packets from the buffer.

[¢)

14

—

As this routine begins, the interrupt on RX PKT can be
disabled to prevent unneeded interrupts. After the first
packetis read from the bigr, the RX BUF EMPTY bit
would be read, to see if more packets have come in
(packetsmay at times, arrive in bursts). If the feifis not
empty, another packet would be read out, and thi§
procedure repeated until the buffer is empty. After
emptying the buffer, the host clears RX PKT, then
re-enablesnterrupts on RX PK{Tchecks the bér status

onemore time (because a packet can arrive at any timeli,
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thenexits to do other tasks. Note that the packet header
can reflect acceptance of a short packet (byt®s59).

Two of the control bits allow reception of packets with
certaintypes of errors. The ACPT BAD PKTS bit, when
set, causethe Receiver to retain and store in thefduf
packets with CRC, alignment or short-length errors,
providedthat there was no indication of collision during
reception Likewise, the ACPT SHORPKTS bit, when
set, allows the retention of short packets down to and
including only six bytes in length, excluding Preamble
and CRC, provided that there was no indication of
collision during reception and no alignment or CRC
error.

Undernormaloperation, packets with less than 60 bytes,
the IEEE 802.3 lower limit, would be discarded. These
functionsareprovided for diagnostic purposes. Packets
areaccepted only if both the address filter and error filter
are passed. Packets with no content errors, i.e., short,
alignment or CRC, are accepted without regard to
collision indications. Normally Node ID is six bytes,
exceptif RX SHORT ADDR bit DLCR5<4>is set high,

in which case only the first five bytes of the NdBeare
checked.
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Table 19. DLCR5 — Receive Mode Register

BIT SYMBOL TYPE DESCRIPTION
7 0 NO RESERVED: Write 0.
6 RX BUF R1 RECEIVE BUFFER EMPTY: Status bit which indicates that the Receive Buffer does
EMPTY not have any complete packets to read. (Read only.)
5 ACPT BAD RWO ACCEPT BAD PACKETS: When set high, allows packets with CRC, and/or alignment
PKTS errors or packets that are short, to be saved into the Receive Buffer for analysis.
Otherwise such packets would be discarded automatically by the Receiver and
removed from the buffer.
4 RX SHORT RWO RECEIVE SHORT ADDRESS: When set high, instead of customary 48-bit NODE ID
ADDR address filter, only first 40 bits of NODE ID are compared.
3 ACCPT RWO ACCEPT SHORT PACKETS: When set high, allows short packets (with less than 60
SHORT bytes, excluding Preamble and CRC, i.e. below IEEE minimum length) to be saved into
PKTS the Receive Buffer. Otherwise such packets would be discarded automatically by the
Receiver and removed from the buffer.
acpTBap | LT SHORTPKT ALIGNERR | CRCERR | ERROR
PKTS PKTS DLCR1<3> DLCR1<2> | DLCR1<1> |INTERRUPT
0 0 — — — Accept
0 1 Accept — — Accept
1 X Accept Accept Accept —
2 RMT RST RWO REMOTE RESET: When set high, enables remote reset of Receiver.
1 AF1 RwW1 ADDRESS FILTER MODE: These two bits control the address filtering on incoming
packets. Note that self reception of broadcast and multicast packets is prohibited
0 AFO RWO except in Accept all packets and loopback modes. When LBC is low (loopback mode),

broadcast packets can be self-received, except in Reject All Packets mode.

AF1 AFO Acceptable Address Description
0 1 NODE ID, Broadcast, Multicast, and 2nd-24th bits of
NODE ID.
1 0 NODE ID, Broadcast, Multicast, and Hash Table.
0 0 Reject all packets.
1 1 Accept all packets.
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Table 20. Reception Destination Address Filtering
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Receiving From Other Nodes
AF1 AFO LBC FILTER Node ID Match * Broadcast | Multicast (bit 0=1) and
SELF RX Address
DLCR5 DLCR5 DLCR4 | BMPR14 Yes No Node ID  Hash Table
<1> <0> <1> <0> <23:1>
0 0 X — — — — —
0 1 0 X — — — — —
0 1 1 X Accept — Accept Accept —
1 0 0 X — — — — —
1 0 1 X Accept — Accept — Accept
1 1 0 X — — — — —
1 1 1 0 Accept Accept Accept Accept Accept
1 1 1 1 Accept Accept Accept Accept Accept
Receiving Own Transmission
AF1 AFO LBC FILTER Node ID Match * Broadcast Multicast (bit 0=1) and
SELF RX Address
DLCR5 DLCR5 DLCR4 | BMPR14 Yes No Node ID | Hash Table
<1> <0> <1> <0> <23:1>
0 0 X — — — — —
0 1 0 X Accept — Accept Accept —
0 1 1 X Accept — — — —
1 0 0 X Accept — Accept — Accept
1 0 1 X Accept — — — —
1 1 0 X Accept Accept Accept Accept Accept
1 1 1 0 Accept Accept Accept Accept Accept
1 1 1 1 — — — — —

Note: A NODE ID match occurs when the incoming packet has a destination address whose first bit is a zero, and whose second through
forty-eighth bits match bits 1-47 respectively of EtherCoupler's Node ID Registers.

As shown in Table 20, packet destination address
filtering depends on the programming of Address Filte
bits AF1 and AFO, Loopback Control bit LBC, and
self-receive filter bit, Filter Self RX. Received packet
addresses can be filtered by Node ID, Broadcast,
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Multicast plus bits 23 through 1 of Node ID, and/or
Multicastplus Hashrable. © be accepted, a packet must
notonly pass requirements for the address filterand
errorfilter requirements. [Also refer taeble30 and the
discussion of Filter Self Receive Register BMPR14.]
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Configuration Registers 0 and 1
Table 21. DLCR6 — Configuration Register O

BIT SYMBOL TYPE DESCRIPTION

7 DLC EN RwW1 DATA LINK CONTROL ENABLE: When low, enables EtherCoupler Receiver and
Transmitter sections. This bit must be set high during initialization, and set low to
enable loopback testing and operation on the network. Program Node ID and Hash
Table only when this bit is high.

6 100 NS/ 150 RWO SRAM CYCLE TIME: Controls the SRAM time cycle. When high, selects 100 ns;

NS when low, selects 150 ns.
5 SB/SW Rw1 SYSTEM BYTE/WORD BUS WIDTH: When high, system bus will operate in 8-bit
data mode; when low, 16-bit data mode is selected. Also see BB/BW below.
4 BB / BW RwW1 BUFFER BYTE/WORD WIDTH: When high, buffer memory will operate in 8-bit
data mode; when low, 16-bit data mode is selected.
SB/SW BB/ BW. System Buffer
0 0 word word
0 1 word byte
1 0 Do not use Do not use
1 1 byte byte
3 TBS1 RwW1 TRANSMIT BUFFER SIZE: Selects size of Transmit buffers.
2 TBSO RWO
TBS1 | TBSO Transmit Size, each TX Buffer Size, total TX Buffer
Buffer (kbytes) (kbytes)
Quantity
0 0 1 2 2
0 1 2 2 4
1 0 2 4 8
1 1 2 8 16
1 BS1 RwW1 BUFFER SIZE: Selects physical size of total SRAM buffer memory for transmit and
0 BSO RWO receive functions.
BS1 BSO SRAM size (kbytes)
0 0 8
0 1 16
1 0 32
1 1 64
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Table 22. DLCR7 — Configuration Register 1

BIT SYMBOL TYPE DESCRIPTION

7 ECID1 R1 ETHERCOUPLER IDENTIFICATION: When both set high, indicates to software that

6 ECIDO R1 EtherCoupler rather than another Fujitsu product is being used as controller.

5 PWRDN RwW1 POWERDOWN: When set high, enables power to the chip for all functions; when set
low, places chip in powerdown mode for power conservation.

4 RDYPNSEL| RO0/1 READY PIN SELECT: Reads the state of RDYPOL signal at EtherCoupler pin 108.

3 RBS1 RWO REGISTER BANK SELECT: Provides the indirect address for selecting one of

2 RBSO RWO three sets of registers to access when the physical register address is xxx8H-
xxxF. The lower seven registers are not bank-selectable.

RBS1 RBSO Registers
0 0 DLCRO thru DLCR7, DLCRS8 thru DLCR15
0 1 word
1 0 Do not use
1 1 byte

1 EOPPOL RWO EOP PIN SIGNAL POLARITY : When high, the EOP pin is active-high; when low, EOP
is active-low.

0 M..L/LM RWO BYTE ORDER CONTROL: Selects byte lane ordering for packet data in the buffer
(applies only in System Word mode). In both Most.Least and Least.Most modes, the
first and second bytes of the packet, as well as its non-transmitted buffer header, will
appear in the same word on the system bus. When this bit is high (M..L mode), the first
and all odd-numbered bytes of a packet and its header appear on the high byte of the
system bus. When low, the first and all odd-numbered bytes of a packet appear on the
low byte. Note that header bytes are also swapped.

As shown inTables 21 and 22, system configuration bits
arefound in these two registers. Among the configuration
controlsfound hereare physical memory size, partition
ing between transmit and receive buffers, widths of
memory and system busses, byte lane control, and
powerdowncontrol. Most configuration parameters are
programmednly during initialization, after power start
and hardware reset.

Softwareengineers, whaant to use the same node driver
for EtherCoupler and NICE controllers from Fujitsu,
should note that the driver can determine which chip i
beingused, by readinPLCR7 or DLCR6 after hardware
reset. EtherCoupler reads EOB6H (EOH or FOH for
DLCR7 and B6H for DLCR6, when in byte mode);
NICE reads 30B6H or 20B6H.

Powerdowmmode saves power when EtherCoupleras
in use. When ready to place the EtherCoupler chip if
Powerdowmmode, first write 1 to DLC EN, DLCR6<7>,
to turn of the Receiver andrainsmittey then write 0 to
PWRDN, DLCR7<5>. To exit the Powerdown mode,
write 1 to PWRDN. Register contents are preserved,
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unlesshardware is reset. Hardware reset also terminates
the Powerdown mode.

Byte-ordercontrol provided by Most..Least/Least..Most
bit, DLCR7<0>, provides compatibility with various
higher-levelprotocols, suclas TCP/IP and XNS. These
protocols may have different order for transmission of
the bytes within a word. When M..L/L..M is low, the
least-significanbyte of the word transmits first, followed

by the most-significant. When M..L/L..M is set high, the
byte order reverses. This feature applies only when the
system bus operates in 16-bit (word) mode.

The byte-order control works by reversing, or not
reversingthe bytes of all wordas they pass between the
buffer memory and the system bd$ws all data stored in
the Transmit Bufer or retrieved from the Receive Beif

is affected, including nontransmitted headers. This
control bit does not affect the EtherCoupler’s registers
other than Buffer Memory Port registers, BMPR8 and
BMPR9.Whenusing this feature, ensure the reversal of
headeiinformation as well as packet data in the software
driver code. See Table 23 for examples of using
least..most and most..least byte ordering.
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Table 23. Byte Ordering
DATA <15:8> DATA <7:0>
For Transmit Packet

Least....Most
Transmit Length, high byte Transmit Length, low byte
Destination Address, 2nd byte Destination Address, 1st byte...
Source Address, 2nd byte Source Address, 2nd byte...
Length Field, low byte* Length Field, high byte*
Data Field, 2nd byte Data Field, 1st byte
Most....Least
Transmit Length, low byte * Transmit Length, high byte*
Destination Addr, 1st byte Destination Addr, 2nd byte...
Source Addr, 1st byte Source Addr, 2nd byte...
Length Field, high byte Length Field, low byte...
Data Field, 1st byte Data Field, 2nd byte...
For Receive Packet
Least....Most
Unused, reserved Receive Packet Status
Receive Length, high byte Receive Length, low byte...
Destination Address, 2nd byte Destination Address, 1st byte...
Source Address, 2nd byte Source Address, 1st byte...
Length Field, low byte* Length Field, high byte*
Data Field, 2nd byte Data Field, 1st byte
Most....Least
Receive Packet Status Unused; reserved
Receive Length, low byte* Receive Length, high byte*
Destination Addr, 1st byte Destination Addr, 2nd byte...
Source Addr, 1st byte Source Addr, 2nd byte...
Length Field, high byte Length Field, low byte...
Data Field, 1st byte Data Field, 2nd byte

Items with asterisk (*) are in numerically reversed byte order.
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NODE ID REGISTERS

TheNode ID Registers are accessedégister bank “0”

at register addresses xxx8H - xxxDH. During node
initialization, the unique Ethernet address assigneteo
node loads into these registerse first register at xxx8H
correspondso the first byte of the Node ID, or the first
address bytéo be received as a packet arrives from the
network. If EtherCoupler is configured to do so via
Address Filter bits, DLCR5<1:0>, the destination
address field of an incoming packet compares with the
NodelD stored in these registers. The packet is accepted,
if it passes the error filter and there is a match.

TheNodelD registers are readable and writable registers
andshould not be accessed while the Receiver is enablef.
To avoid interaction with the Receiverccess the Node
ID registers only when DLC EN, DLCR6<7>, is 1. It is
recommendedthat the NodéD registers be written and
read only during initialization before enabling the
Receiverj.e., before writing 0 to DLC EN. The address
containedn the Node ID registers is used only for receive
(destination)address filtering, not for the source addresg
of outgoing packets. The system provides outgoing
packetaddresses as part of the packet dafthikeach
byte, bits are transmitted and received on the network in
least-significant-bit-first order.

Time Domain Reflectometry (TDR) Counter

The TDR Counter approximately indicates the location
of a fault on the network, if one exists. When a nods
transmits, a short or open on the network causes

reflected signal to the node receiver, which can
sometimes be detected. The reflection causes faifure

the carrier sense or detection of a false collision. Time
domain reflectometry allows estimates of the distance
along the network cable from the node to the fault.

The TDR Counter counts the number of transmitted bits
beforeoccurrence of a collision or loss of carrier sense
whichever comes first. If neither occurs during packet
transmission, the count clears. The elapsed tim
representswice the signal delay from node to fault. An
openon the network may cause a false collision, wherea
a short usually causes loss of carrier sense. The TD
Countcomes from DLCR14 (the least-significdnite)
andDLCR15 (themost-significant byte). Only the lower
14 bits of the counter are equippedhich is more than is
neededor an IEEE or Ethernet LAN. The top two bits,
DLCR15<7:6>, are always 0.

%

To perform the TDR fault test, first enable interrupts for
TX DONE, by setting DLCR2<7> high. An alternative to
usetheinterrupt is to poll the TX DONE hit, looking for a
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high level. Set the 16 Collisions register, BMPR11, to
07H for this test (no halt, skip-failed packet). Clear status
bits by writing FF86H to the Receive andafismit Status
registersNext, try to transmit a packet length of 620
morebits. Up to 16 attempts may be made automatically
if collisions are indicated. Upon completion of the
transmissionattempts, TX Done goes high, generating
an interrupt, if enabled. When this occurs, read the
Transmit Status register and the TDR register.

Interpreting The Results

If the count is zero, no fault was detected. If the count is
greater than zero, but smaller than the packet length, a
cablefault my exist. If the count is less than 52%5¢al
collision may have occurred duririgst. Real collisions
normally occur within the first 65 bytes of the packet,
including preamble. Note the error messages, @od
CRLOST. COL high suggests a cable open, whereas CR
LOST suggests ahort. Repeat the measurement several
times,throw out any anomalous values, and average the
rest. A cluster of readings at about the same value is a
strong indicator of a valid fault measurement. If such a
cluster of readings occurs, multiply the average of the
clusterby 39 feet to estimate the distance from the node to
thefault. [39 feet = (100 ns x 0.8 x 186,282 miles/second
x 5280 feet/mile)/2; this assumes the network is mostly
coaxial cable with signal propagation speed of
approximately 0.8 x C, the speed of light.]

HASH TABLE

The Hash Table provides a way to filter incoming
multicastpackets so the host processor need not process
packetghat are not of interest. The principal behind this
filtering process is based on the arrangement of a large
numberof elements of an arragr database, to facilitate
searching for elements associated with a given key or
datum. The hash function is a mathematical or logical
functionthat maps all elements in a domain onto a smaller
domain called the hash table.

Assume this hashing function as an example: treat the
multicastaddress as a honnegative 48-bit intedmide

this number by 64 and take the remaindéiis function
mapsall multicast addresses into a 64-element hash table
becausehe remainder must be integer values 0 through
63. Applying this hashing function results in taking the
least-significant six bits of the multicast address as an
integer.In the hash table, for each element, 0 through 63, a
singlebit is stored to indicate if the address is accepted (1)
or rejected (0). If, for example, the node belongs to three
multicast groups, only three or fewer of the hash table
elementsstore ones, and the rest store zeroes. The scheme
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allows the acceptance of any number of addresse
includingall of them. Howevemwhile this filters out most
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areused to address the elements of the hash tablenk a
is stored in an element of the table, associated packets are

nonspecific addresses, there may be addresses not|of accepted. The hash filter criteria are only used on

interestused on th@etwork that also fall into the accept
elements, so filtering may be imperfect.

The actual hashing function used in EtherCoupler is t@
calculatethe CRC on the multicast address and take
most-significantsix bits of this calculation. The six bits

multicastaddresses, which all start with a one. Node IDs
thatstartwith a zero are not filtered by the hash filfEne
broadcast address, a special case of the multicast set
whereinall the bits are ones, are accepted anyway unless
the Reject All Packets mode is selected.
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Figure 9. CRC Register Core
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Figure9 shows the CyclicdRedundancy Check (CRC)
registercore, which is a modified shift-right regisiesed

to generate and check CRCs. While some controller
share a single core between transmitter and receive
EtherCouplehas one core for the generadmd one core
for the checker, thus allowing concurrent operation
during self-receive.

= 0

To begin the calculation, the register is first set to all ones|
For the generator case, as the packet transmits, datal
clocked serially into the left-hand end of the register
starting with 48 bits of the destination address (the
Preamble is skipped). After the last bit of the data field
clocksinto the registerthe CRC calculation finishe$She
feedbackHine is then forced low bthe NOR gate, and the
registerbecomes a simple shift-right registiés contents
then shift out serially, and are transmitted while
appendinghe CRC to the end of the packet. Calculation
for the CRC checker begins similar to CRC generation
by feeding the incoming data into the register. But thg
CRC field of the packet also feeds the calculation. The
resultis a fixed constant in the registémo CRC error
occurs.

For the Hash Filter, after the last bit of the destinatior]
addres<locks into the registethe left-hand six register

bits store in another register used to address the Hagh

Tableelements. The left-most bit is most significant. The

left-most three bits are used as the Hash Table register

addressand the right-most three bits are used as the bt
address within a registéryte. Such selection of a Hash
Tableelement yields a ih the table to indicate that the
packetwill be accepted, if it is a multicast packet (fipt
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of destination address equals 1), and passes the error
filters.

The hash filter is used only when the Address Fitterde
selectbit AF1 is 1 and mode select bit AF0 is 0, selecting
the Node ID, Broadcast, MulticastHash Bble mode.
Like theNode ID registers, Hashable registers should
only be accessed when the Receiver is disabledwiben
DLC EN is high, to avoid interaction with the Receiver
(Software code examples showing how to calculate
entries for the Hash Table are available through the
Fujitsu Customer Response Center 1-800-866—-8608.
There are eight bytes of registers in the Hash Table
containing64 one-bit elements, as showrthe Control
and Status Table 11.

TRANSMIT AND RECEIVE PACKET HEADERS

Buffer memory is partitioned intor&nsmit and Receive
sections, which store Packet Headers that precede
associated outgoing and incoming packet information.

TheTransmit Packet Header stored in the first bytes

of the Transmit Buffer reflects length characteristids
the currentoutgoing packet. Subsequemaismit Bufer
bytes store the contents of Destination ID, Source ID,
Length, and Data fields of the outgoing packet.

The Receive Packet Headstored in the first four bytes of
the Receive Bufr reflects packet conditions and length
characteristic®f the current incoming packet. (Refer to
the discussion of Receive Status register DLCR1 for
receivederrors.) Subsequent Receive Rufbytesstore

the contents of Destination ID, Source ID, Length, and
Data fields of the incoming packet.
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Table 24. Receive Packet Header Condition
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CONDITION N/A NA GOOD RMT SHORT ALIGN CRC NA
PKT 0900H PKT ERR ERR ERR
(bit 7) (bit 6) (bit 5) (bit 4) (bit 3) (bit 2) (bit 1) (bit 0)

GOOD PACKET 0 0 1 X X X X X
GOOD PACKET 0 0 1 1 X X X X
WITH TYPE=0900H
SHORT ERROR 0 0 0 1
PACKET
ALIGNMENT 0 0 0 1
ERROR PACKET
CRC PACKET 0 0 0 1
ERROR
RECEIVE BUFFER 0 0 0 1
OVERFLOW ERROR
As indicated by shading in the table, EtherCoupler may detect multiple errors as they occur simultaneously, and then reflect
their status in the Receive Packet Header.

Table 24 identifies possible conditions for incoming
packetsand describes theontents of the Receive Packet
Headeryte under suchonditions. [Also seedble 1,
Control and Status Bits, Packet Buffer Headers.]

Transmit Packet Length

An 11-bit integer indicates the number of bytes in thg
packet to be transmitted, excluding Preamble @RE
fields generated by EtherCoupler.

Receive Packet Status

Thereceive packet header comprises one byte of packe
status, an unused byte ameb bytes (1 bits) for packet
length in bytes. Bits 1 through 4 of the stabyte are an
imageof the same bits in Receive Status regiskiCR1,
with respect to the packet that follows. Bit 5 is the GOOD
PKT bit, which when set to 1 indicates that no errors werg
detectedn the packet. Bits 0, 6 and 7 aneused and are
always set to 0.

Receive Packet Length

The third and fourth bytes of the receive packet heade
indicate the total number of bytes in the stored packg
data.

— =

BUFFER MEMORY PORT REGISTERS

Buffer Memory Port registers BMPR8 and BMPR9
provide the host with access to buffer memory. Whileg
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EtherCoupleis on thenetwork, Register Bank Select bits
RBSland RBS0O, DLCR7<3:2>, may be setltand 0,
respectively, to facilitate access to buffer memory.

Writing a byte/word to BMPRS8 transfers that data to the
currently addressed location in the transmit buffer, and
incrementghe transmit bdér pointer to point to the next
byte/word.Reading a byte/word from this port transfers
the contents of the currently addressed location in the
receive buffer to the host, and increments the receive
buffer pointer to point to the next byte/word.

BMPRO9is used only in word mode as the high byte of the
word. In word mode, all transfers must be 16-bits wide, as
the Buffer Memory Port register does not support
byte-wide transfers in this mode. As required, other
registerscan be accessed word-wide, high-byte-only or
low-byte-only.

Transmit Start Register

Table 25 describes Transmit Start register, BMPR10,
which contains the TX SART bit and the TX PKT CNT
bits. Witing a 1 tothe TX START bit immediately starts
the Transmitter. Transmit Packet Count is a seven-bit
binaryinteger written by the host to indicate tiember

of packets in the transmit buffer to be transmitted. The
TransmitStart register should be written only whee
transmitteris idle, but can be read at atiyje. TX START

is always read as a 1.
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DESCRIPTION

TRANSMITTER START: Writing 1 to this bit commands the Transmitter to start
transmitting packets loaded into the transmit buffer. Before doing so, the Transmitter
must be idle (not busy with another buffer).

TRANSMIT PACKET COUNT: A binary integer written by the system to indicate the

MB86965
Table 25. BMPR10 — Transmit Start Register
BIT SYMBOL TYPE
7 TX START WO
6-0 TX PKT RWO
CNT6-0

number of packets contained in the transmit buffer for transmission. This information
can be loaded at the same time the TX START bit is set high. As the Transmitter finishes
transmitting each packet, this counter is decremented. The value can be read by the
system to see how many packets remain to be transmitted.

Table 26. BMPR11 — 16

Collisions Control Register

BIT SYMBOL TYPE DESCRIPTION
7-3 0 RWO RESERVED: Write 0.
2 16 COL RWO 16 COLLISIONS CONTROL: Masks the internal logic for 16 COL CONTRLO
CNTRL 2 BMPR11<1>. If this bit is set to 0, EtherCoupler halts when the 16th collision occurs. If
this bit is set to 1, EtherCoupler does not halt when the 16th collision occurs.
1 16 COL RWO 16 COLLISIONS CONTROL: Restarts transmission when set to 1. Is set to 0 by
CNTRL 1 EtherCoupler before transmitting a packet, when 16 COL CNTRL 2 set to 0.
0 16 COL RWO 16 COLLISIONS CONTROL: Retransmit or throw away this transmitted packet, when
CNTRL O the 16th collision is met on the transmitted packet. When set to 0, retransmit this
packet. When set to 1, throws away this packet.
16 COL CNTRL 2 | 16 COL CNTRL1 | 16 COL CNTRL O Description
(BIT 2) (BIT 1) (BIT 0)

0 0 X Halt on 16
collisions.

0 1 0 Retransmit the
packet, following a
halt.

0 1 1 Throw away this
packet and resume
transmitting,
following a halt.

1 X 0 Don't halt;
retransmit current
packet.

1 X 1 Don't halt; throw
away current
packet; and go to
next packet.

16 Collisions Control Register

Table 26 describes 16 Collisions Control register,
BMPR11,which controls action taken when each of 16
consecutive attempts to transmit a packet are met wi
collision. The 16 Collisions Control register serves as a|
mode-selectegister an@n action command registés
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a mode select register, two functions are selectable:
automatic continuation, or halt after 16 collisions. If
automatic continuatiois selected, there is an option to
continueattempting to transmit the same packet or skip to
the next packet. If halt is enabled, Transmitter restarts
aftera halt by writing an action code listed iable 27.
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Table 27. Collision Action Codes Written to BMPR11

ACTION CODE
02H or O3H
02H

ACTIONS
MODE SETUP: Halt after 16 collisions.

COMMAND: Resume transmitting, repeat failed packet. For use following a halt. Terminates the halt.
Instructs Transmitter to resume transmitting by repeating the failed packet. The collision counter is
reset, allowing up to 16 additional attempts to be made. Transmitter will again halt after 16 collisions.

03H

COMMAND: Resume transmitting, skip failed packet. For use following a halt. Terminates the halt.
Instructs Transmitter to skip the failed packet and resume transmitting with the next packet in the buffer.
The collision counter is reset, allowing up to 16 additional attempts to be made. If there is no next packet,
the Transmitter deactivates, setting TX DONE bit, DLCR0<7>, as it does so. Transmitter halts after 16
collisions.

06H

MODE SETUP: Continue automatically after 16 collisions, repeat failed packet. Note that if the network
medium disconnects, transmission attempts usually result in false collision detection. Under this
condition, this mode causes Transmitter to continue attempting transmission of the same packet
indefinitely. Interrupt or periodic polling of the status bits could detect this condition.

07H

MODE SETUP: Continue automatically after 16 collisions, skip failed packet. Note that this mode
results in failure to transmit some packets, because it skips a packet that has had 16 consecutive
collisions. While this condition is rare on a healthy network, it does occur occasionally.

DMA Enable Register

Table 28. BMPR12 — DMA Enable Register

BIT SYMBOL TYPE DESCRIPTION
7-2 0 0 RESERVED: Write 0.
1 RX DMAEN| WRO DMA RECEIVE ENABLE: When set to 0, disables DMA read. When set to 1, enables
DMA read.
0 TX DMA EN WRO DMA TRANSMIT ENABLE: When set to 0, disables DMA write. When set to 1, enables
DMA write.
RX DMA EN TX DMA EN ACTIONS
0 0 Clear or terminate DMA activity, DMA EOP status bit and
associated interrupt, if any. Normally used as response to
End of Process (DMA EOP) interrupt.
0 1 Enable Transmit Write DMA.

0 Enable Receive Read DMA.

Table 28 describes DMA Enable register, BMPR12, a
write-only register that enables or clears Receive Re

DMA or Transmit Write DMA. SystemByte/System Wrd mode selecte@LCR6<5>.
Table29 describes DMA Burst aVR Mode register Writing code 00H, 01H, 02H or 03H to the registetects
BMPR13, which selects the burst length for DMA burst length as 1, 2, 4, or 12 transfers.

38

operation, and programs the 10BASE-T Transceiver
modes Each burst is one word or one byte, depending on
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DMA Burst and Transceiver Mode Register (BMPR13)
Table 29. BMPR13 — DMA Burst and Transceiver Mode Register

BIT SYMBOL TYPE DESCRIPTION
7 I/ O BASE WR1 I/0 BASE UNLOCK: When set to 1, enables the I/O Counter for I/O space change.
UNLOCK When the bit is set to 1, an I/O read address X12H increases the 1/0 space 32 bytes at a
time. The I/O space change is between 260H and 3FFH. When set to 0, this 1/O
incremental function is disabled. Any 1/0 address read as X12H does not change the
selected space.
6 LOWER WRO LOWER SQUELCH THRESHOLD: When set to 1, reduces twisted-pair squelch
SQLCH threshold by 4.5 dB. When set to 0, twisted-pair squelch threshold is normal.
THRESH
5 LINK WRO LINK TEST ENABLE: When set to 1, disables transmit and receive link integrity test
TEST EN functions. When set to 0, enables link integrity test.

4 AUl / TP WRO AUI /TP PORT SELECT: When AUTO PORT SELECT bit, BMPR13<3>, is set to 1, the
Manual Port Select mode is in effect. When set to 1, the AUI port is selected. When set
to 0, the TP port is selected.

3 AUTO WRO AUTOMATIC PORT SELECTION: When set to 0, Automatic Port Selection mode is in

PORT SEL effect. EtherCoupler defaults to the AUI port if twisted-pair link integrity fails. When set
to 1, allows manual port selection via AUI/TP bit, BMPR13<4>, which determines the
active port.

2 STP /UTP WRO STP /UTP SELECT: When set to 1, selects 150Q termination for shielded twisted pair.
When set to 0, selects 100Q termination for unshielded twisted pair.

1 BURST 1 WRO BURST CONTROL: Selects the burst length for DMA operation. Each burst is one
word or one byte, depending on System Byte/System Word mode selected,

0 BURST 0 WRO DLCR6<5>.

BURST 1 BURST 0 Burst Length (T ransfers)
0 0
0 1
1 0
1 1 12
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Filter Self Receive Register (BMPR14)
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Table 30. BMPR14 — Filter Self Receive Register

BIT SYMBOL TYPE DESCRIPTION
7 INT EN RCO INTERRUPT ENABLE: When high, enables RLD, BMPR15<7>, to generate an
interrupt.
6 INT EN RCO INTERRUPT ENABLE: When high, enables LLD, BMPR15<6>, to generate an
interrupt.
5 INT EN RCO INTERRUPT ENABLE: When high, enables RJIAB, BMPR15<5>, to generate an
interrupt.
4 0 0 RESERVED: Write 0
0 0 RESERVED: Write 0
SKIP PKT WRO SKIP RECEIVE PACKET: Flushes one receive packet. EtherCoupler adjusts the
system read pointer to the beginning of the next received packer. The new pointer
points to an empty buffer if there are no incoming packets, and remains uncharged if it
points to an empty packet.
1 INT EN RCO INTERRUPT ENABLE: When high, enables SQE, DLCR15<1>, to generate an
interrupt.
0 FILTER WR1 FILTER SELF RECEIVE: When set to 1, disables the Accept All Packets mode Self
SELF RX Receive function. When set to 0, enable the self receive function in Accept All Packets
mode.

Table30 describes Filter Self Receive regisBvVIPR14.
[Also refer to Table 20 and the detailed description of
Receive Mode register, DLCR5, for more information
about the Filter Self Receive function.]

Writing 04H to this register commands the Buffer
Controller to skip the balance of the current receive
packetin memory The bit can then be read to determine
completion of the skip process is complete (within 300
ns).|f there is another packet, the bit returns to 0 when th¢
chip is ready to read the next packet or, if there is ngt
another packet, to stop reading. Do not use this featulle
beforereading at least four times frotime beginning of

the packet, nor if there are eight or fewer bytes left of the
packet in the buffer; doing so may corrupt the receivg

40

buffer pointers.

Regardless of whether EtherCoupler is in byte or word
mode,the system has to read four times from the receive
buffer so that the SKIP PKT function can operate
properly. The SKIP PKT function cannot be used when
the receive packet contains only two bytes when the
system in byte mode, or two words whéae system in
word mode. Those bytes or words move into system
FIFO, and the System Read Pointer points at the next
packet location.

As shown inTable 30, this register provides control for
enablinginterrupts based on the settingstditus bits in
BMPR15, the Transceiver Status Register.
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Filter Self Receive Register (BMPR14)
Table 30. BMPR14 — Filter Self Receive Register
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BIT SYMBOL TYPE DESCRIPTION
7 RLD WRO0/1 REMOTE LINKDOWN: When set to 1, indicates that port is in linkdown condition. Can
generate interrupts if enabled by Interrupt Enable bit BMPR14<7>.
6 LLD WRO0/1 LOCAL LINKDOWN: When set to 1, indicates that port is in linkdown condition. Can
generate interrupts if enabled by Interrupt Enable bit BMPR14<6>.
5 RJAB WRO0/1 REMOTE JABBER: When set to 1, indicates that remote port is in Jabber condition.
Can generate interrupts if enabled by Interrupt Enable bit BMPR14<5>.
4 RMT WRO0/1 REMOTE PORT: When set to 1, indicates that remote port is compatible with and is
PORT using the same kind of TP chip.
3 RXI POL WRO0/1 REMOTE PORT: When set to 1, indicates reversed polarity.
REV
2 0 0 RESERVED: Write 0
SQE WRO SIGNAL QUALITY ERROR: When set to 1, indicates detection of SQE. Can generate
interrupts if enabled by Interrupt Enable bit BMPR14<1>.
0 0 0 RESERVED: Write 0

Table31 describesransceiveiStatus registeBMPR15.
Note that when RMT PORT is set to 0, RLD,
DLCR15<7>, and RJAB, DLCR17<5>, are meaning-
less.

POWERDOWN MODE
WhenEtherCoupler is not in use, the powerdown feature
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reduces power consumption by shutting off all internal
clocks.This featuras invoked by first setting DLC EN
bit, DLCR6<7>, high and disabling the Receiver and
Transmitter, and then by setting PWRDN bit,
DLCR7<5>, low. The powerdown mode terminates by
setting the PWRDN bit high (writing a one to
DLCR7<5>) or by implementing a hardware reset.



MB86965

BUFFER CONTROLLER
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TRAKNSMIT BUFFERS

RECEIYED PACKET n+3 [LAST P2RT)

FREE ELIFFER AREA

CLURREMTLY &al LAELE

ONE OF WO
TRAMSMIT BUFFERS

RECEIYED PACKET n

RECEIVE BUFFER RING
[62 KILDEYTES haX)

RECEIYED PACZKET n+1 '

RECEIYED PACKET n+2

RECBYHE PACKET n+3 [FIRST PART]

1. Length [tL£= 8, 16,32, or 64 kilobetes.

2. Transtit Size|T1= 2 [ane bark], 4 [two banks),
G [two barnks), or 16 [bwo banks] kil obedes.

3. Receive packets are aligned on eght-nde
boundary.

4. BEachreceved packel is preceded by afour-bate
packe header as follows:

Byte 0 Packe Stabus
Bwte 1 Mo Used

Byte 2 Packe Size LSBs
Bwte 3 Packe SizebMSBs

Figure 10. Buffer Memory Organization

As shown in Figure 10, EtherCoupler uses dedicateg
buffer memory to store data packets to be transmitted t
andreceived from the network. By direct connection to
the EtherCoupler controller rather than a sepatata|
microprocessobus, bufer memoryeliminates the need
for a local microprocessofhe Bufer Controller keeps
track of buffer memory partitioning, as well as
automatically allocating and updating receive and
transmitpointers, eliminating these tasks from software
overhead. Benchmark performance tests typically ca
surpass those of competing controllers because Ethdr
Coupler provides a high level of automation and
high-performance packet-buffering.

=

=

EtherCoupleon-chip Bufer Controller manages access
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to buffer memory by updating internal address pointers,
which handle transmit, retransmit, receive, rejection of
packets with errors, and data transfers to and from the
host.The easy-to-operate EtherCoupdecess-manage
ment feature relieves the host of buffer-management
functions and substantially reduces software require-
ments.EtherCoupler automatically rejects packeith
alignment, CRC or short-length errors. Packet rejection
occursunlessthe host sets the Acpt Bad Pkts bit, which
passepackets received with errors to the hoicessor
andsets appropriate error status bits to inform the host of
the error. EtherCoupler allows reception of packets as
small as six bytes by setting the Acpt short Pkts bit.
Normal operation requires IEEE minimum packet
length, excluding Preamble and CRC, of 60 bytes.
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48 kilobytes
45 kilob Receive
ilotrytes / Sechion
Figure 11. Transmit Buffer

As shownin Figure 1, system software can be used to
program and partitiobuffer memory into transmit and
receive buffer areas for optimum operation and for
systemconfigurations that accommodate a wide range o
application demands. The transmit and receive buffe
areas can allocate varying proportions of space to th
transmit and receive functions.

[}

Total EtherCouplebuffer memory size is configurable
as8, 16, 32 or 64 kbytes, including transmit and receive
spaces. The buffer memory Transmitter section is
configurableas a single, 2-kilobyte Hfef or as a pair of

2, 4, or 8-kilobyte banks. Therefore, total size of the
Transmitbuffer space can be either 2, 4, 8 or 16 kbytes
Within each buker orbank, the system writes one or more
packets until available space is too small for anothe|
packet. Once begun, the Transmitter automatically
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transmitshbuffer packets, then finishes with a status update
and interrupt. One bank of a two-bank configuration
transmitswhile the other loads. The use of dualfbrs,
multiple-packet loading, and chaining produces the
highesttransmission rate, whidbhoosts performance to
accommodateystems that need high-throughput trans
mission.

EtherCouplerautomatically configures memory asireg
buffer and allocates unused Transmitter memory to the
Receiver. Like the Transmit buffer, the Receive buffer
storespackets head-to-toe, but does so until reaching the
end of the linear addressing space, where the
EtherCoupler Receive-kife pointer then returns to the
top of the receive addressing range, forming an
apparently seamless ring with packets aligned on an
8-byte boundaryAs packets readut to the system, the
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Receive-Read pointer also forms a seamless ring.
EtherCoupler automatically provides all necessary
buffer-pointer management functions, to relieve hos
system drivers of this time-consuming task. Accom-
plished faster in hardware than software, this not only
off-loadsthe host system but also speeds the communics
tion process and increases throughput.

The Buffer Controller automatically prioritizes and
servicegequests for access to memory fromafsmitter,
Receiver and host system. The Buffer Controlle
provides complete packet-management functions b
updating buffer-memory pointers, allocating memory
space for incoming data packets, and controlling
pertinent bits within status registers.

The EtherCoupler arbitration mechanism provideg
packetmanagement, binterleaving packet-data accesses
to the buffer memory, so that operation appears to b

[
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simultaneousThe host writes data to or reads data from
buffer memory via Bufer Memory Port register BMPR8
while the Receiver readsut data packets for transmission

or writes in data packets for storage. EtherCoupler
appears to independently serve the host system and
network access interfaces, whose associated first-in,
first-out (FIFO) circuits provide time for buffer
interleaving.

As shown in Figure 12, packet data pipelines through the
systemto increase performance and throughput, with the
Buffer Controller supporting all cases of simultaneous
access to buffer memory, such as: (1) network data
storagen the Receive biér; (2) host retrieval of packets
from the Receive biir; (3) host loading of packet data
into the Transmit buffer; (4) transmitter data acquisition
for transmission from the Transmit buffer; and (5) any
combination, including all of these, simultaneously.

Hust CRLU
Swstemn Inteface
READ
A0 OR
WHITE TRANSHIT
AR
SIMULT AN BOLIS
RECBVYE
EtherZaupler el
METWOREK
BELUF FBER
CONTROLLER MEDIA
IMT ERLEAYVE
D AT A,
DEDICAT HD
B FFER M BAORY
Figure 12. Simultaneous Access to Buffer Memory
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System Access T o Buffer

EtherCoupler supports programmed-I/O, Single-cyclg
andBurst modeDMA transfers between bigir memory
and host system. The host accesses buffer memory by
readingfrom or writing to EtherCoupler Bfdr Memory
Portregister BMPRS8. Data read or written by #ystem
passes through on-chip FIFOs to eliminate effects of
real-timeinteraction among the systenralsmitter and
Receiveras each accesses faufmemory EtherCoupler
alsoautomatically controls read and write operations tg
external static random-access memory (SRAM).

Transmitter Access T o Buffer

Programming Buffer Size bits BS1 and BSO,
DLCR6<1:0>, changes the size of each transmit bank.
Software allocates transmit buffer size as a single
2-kilobyte Transmit buffer, or as pairs of 2, 4 or
8-kilobyte Transmit buffers. A single packet or multiple
packets simultaneously load into the buffer for
transmissionThe system andrainsmitter time-share the
bufferwith a single Tansmit bufer. The system utilizes
two Transmit bufer sections to load packets into afe
the buffers, while contents of the other Eerfsection are
transmitted.

At reset, pointers initialize to set a beginning for one o
theTransmit bufers. Each timéhe host writes data to the
buffer via the Buffer Memory Port register, an internal
pointeradvances to the next memory location witthie
Transmit buffer. Once a data byte/word is written, it
cannot be read and the internal pointer cannot b
reversed.

1%

EtherCoupler manages internal pointers that contrgl
access by the host to the two banks and selection ¢
specific bank bytes and words. EtherCoupler switche
banksas soon a$X START bit, BMPR10<7>, is set high
by the host system, after which EtherCoupler begin
transmitting at the earliest opportunity. The Transmit-
Read pointer, which is also automatically managed
sequences through the transmitted bank to read packet
datainto the Tansmitter through its FIFO. If a collision
occurs, the packet automatically retransmit after 4
pseudo-random (backoff interval) waiting period.
EtherCoupler continues down the list, automatically}
transmittingall multiple packets in the bank. EtherCeup
ler can transmimultiple, back-to-back packets of legal
Ethernetsizes tahe LAN network. Excluding preamble
and CRC fields, these packets can be between 60 and
1514 bytes.

=

I°2)
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LEMGTH LSE
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Figure 13. Transmit Buffer Detail

As shown in Figure 13nultiple packets can reside within
one transmit bank, separated by a nontransmitted,
two-byte header that provides packet byte-length
information. At the end of a packet list or chain, the
Transmitterstops, updates its status katsd, if enabled,
generates an interrupt.

Transmit Packet Data Formats

Packets to be transmitted (minus preamble and CRC
fields) first load into the Tansmit bufer with a two-byte
header indicating packet byte-length. If buffer space
permits, multiple packets load simultaneously. After
packet-loadingthe host initiates transmission by writing
the number of packets just loaded into TX PKT CNT bits,
BMPR10<6:0>.If the two-bank bdér configuration is
selectedthe second bank nolwads additional packets.
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Receiver Access T o Buffer

Onceinitialized and enabled, the Receiver automatically
loads the Receive buffer (via address filter and
EtherCoupler’$IFO) with incoming, errofree packets,
while inserting a four-byte packet-status and packet
lengthheaderAn interrupt alerts the host processor to the
availability of packets in the buffer. As they become
available the host processor reads out receive packets.
an interrupt occurs to indicate when overflow occurs
buffer data writes to fregpace to resume reception. As
soon as space is available in the Receive buffer, the
Receiver automatically continues reception.
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Figure 14. Receiver Buffer Detall
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Receive buffer size varies between 62 kilobyte (with 2
kilobytes allocated for the transmit section with
maximummemory size of 64 kilobyte) and 4 kbytes, if 4
kbytes are allocated for the Transmit section with
minimummemory size of 8 kbytes. The Receive section
dynamically allocates space along an eight-byte page
boundary for each individual incoming data packet. A
four-byteheadethat shows data packet status and length
precedes each received packet. Internal pointers sense
data packet length from the header and set a starting
address for the next packet to link or chain with the
previouspacket. Figure 14 shows details of Receive
buffer. In this architecture, EtherCoupler controls a
dedicated buffer memory, and FIFO size and depth are
not relevant to system timing.

The RX BUF Empty status bit, DLCR5<6>, alerts the
hostthat the Receive bigr holds one or more packets to
be read. The host retrieves these packets from buffer
memory by successively reading Buffer Memory Port
register BMPRS8. After a data byte/word is read from
buffer memory, internal pointers advance to the next
byte/word. As the system sequentially reads data,
memory becomes available to receive new packets.
EtherCouplerautomatically rejectsicoming packets if
there is insufficient buffer space to fully receive that
packet. Therefore, already received packets cannot be
overrun by incoming packets.

When ACPT BAD PKTS bit, DLCR5<5>, is disabled
(setto 0), a bad incoming packet causes EtherCoupler to
release the buffer space containing that packet, and to
resetinternal pointers so the next incoming packet can use
thatspace. When DLCR5<5> is set to a 1, the packet with
a short-length, alignment or CRC error is accepted and
appropriate error bits in the header status field are set.
Similarly, when ACPT SHOR PKTS bit, DLCR5<3>,

is set to al, packets shorter than IEEE 802.3 minimum
size(less than 60 bytes excluding preamble and CRC) are
accepted.

Receive Packet Data Formats

Thebuffer stores receive packets, lggsamble and CRC
fields, with a four-byte header. The initial header byte
gives status information, such as errors that occurred
during packet reception. Normally EtherCoupler auto-
matically eliminates from memorgnd discards packets
with errors. However, EtherCoupler offers mode
selection to permit bad-packet reception, and indicates
errorsin the header status byte. While the second header
byte is unused at this time, the last two header bytes
provide packet byte count (less preamble and CRC).
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TRANSMITTER CIRCUITS

Circuitswithin the Tansmitter include a transmitter state
machine, a small FIFO for pipe-lining the packet data
preamble generator, CRC generator, end-of-packg
symbolgeneratgrparallel-to-serial converteklanches

ter encoderwaveform generatptransmit filter twisted-
pairline driver backof generatqrinterpacket gap-timer
and time domain reflectometer (TDR) counter.

—

The transmitter state machine, which sequences Tran
mitter events (idle, preamble, data, CRC, inter-packe
gap, jam and backoff), detects various transmit erro
conditions and sets appropriate bits within the DLCR
registers.

The pipe-line FIFO provides elastic buffering that the
Buffer Controller loads witldata to be transmitted. The
EtherCoupler’'s CRC generator calculates the Etherng
32-bit CRC on the destination and source address, th
length field, and the (ISO/ANSI/IEEE 8802-3 Ethernet
specification) data field that appends to the packet.

—

TRANSMIT ERROR PROCESSING

Transmit error status bits in Transmit Status registe
DLCRO report possible transmit errors, the last two of
which can be enabled separately to generate interrljpts:
CR Lost, DLCR0<4>, loss ofarrier during transmission,
usuallya medium fault or collision; 2) CODLCR0<2>,
collision; and 3) 16 Col, DLCR0<1>, 16 consecutive
collisions.

If it detectsa collision during transmission, EtherCoupler
automaticallytries to retransmit the packet until sixteen
attempts have been made. Collision counte
DLCR4<7:4> automatically increments after each
Collision up to the sixteenttgt which time it rolls over to
zero. (Bit 7 is the most-significant of the four bits.)
Appropriatestatus hits ithe Transmit Status register are
set when a collision terminates transmission. The
occurrence of 16 collisions may indicate a network
problem,such as a disconnected cable or terminétat
producedalse collisions. While rarg,6 collisions may
normally occur.

A pseudo-random number generator, which provide
collision backof clocked at the 10-megahertz bit rate so
that distances between stations become part of th
randomizingfunction, is sampled at the time of collision,
so as to mask all but the appropriate number of bitg
specifiedby the 8802-3 backbélgorithm. This valués
then counted down at the slot-time rate (512 bits pe
second)o generat¢he backdfinterval. Only one bit is

D

47

U7
0

)

[e®)
FUJITSU

used for a first collision, giving a backoff either O or
51.2microseconds. A secormnsecutive collision uses
two bits, and so forth, up to ten bits. The tenth through
16th collisions use 10 bits to provide a pseudo-random
backoff interval from 0 to 52.38 milliseconds that, per
8802-3, is the so-called binary exponential backoff for
collisions.

TIME DOMAIN REFLECTOMETRY

The TDR function counts the actual number of bits
transmittedfor each packet before a collision indication,
carrierloss indication or completion of transmission. A
completetransmission with no error indications clears the
TDR counter. [Refer to register descriptions for Time
Domain Reflectometry registers, DLCR14 and
DLCR15.]

MEDIA ACCESS CONTROL

The EtherCoupler transmitter state machine implements
the 8802-3 networks media-access protocol, CSMA/CD
(Carrier Sense, Multiple Access with Collision Detec-
tion). Carrier sense means ttiztherCoupler monitors the
network for any other node carrier, and defers
transmissior(collision avoidance) whilether nodes are
transmitting.Collision detectiorhandles collisions that
may still occur when two nodes separated onrtéavork

by several microseconds begin transmitting at nearly the
sametime. All nodes monitor the network for collisions
and, when involved in one, transmit a 32-bit Jam to
reinforcethe collision and then terminati@nsmission.
After waiting a pseudo-random backufterval, the node
automatically retries transmission of the packet.

Packetsnust be separated by at least 9.6 microsecands,
timing gap during which trunk cabling is idle. The
EtherCoupler’slransmitter state machine that measures
this interval, starting from the end of a packet on the
network,does not transmit until the end of this intervial.
carrier reappears on the network during the first
two-thirdsof theinterval, EtherCoupler resets the interval
timer to re-time the interval from the end of the new
transmission.

Superimpositiorof two packets corrupts data and carrier
indications, such as during a collision. During the last
one-third of the interval, EtherCoupler ignores the
occurrence of a carrier indication, in accordance with
8802-3,and ensures fairness and equality in access to the
network.If one station begingansmission slightly ahead

of anotherthere isno advantage to the earlier start. Both
nodes transmit, a collision occurs, and backoff interval
differentials resolve the media-access contention.
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Figure 15. Typical Connections

DATA ENCODER

EtherCoupler serializes the data for transmission, ang
convertseach bit to Manchester Code, the format used on
the network media. Manchester Code for a one is &
100-nanoseconihterval starting with a lonending with

a high,with a low-to-high transition at the 50-nanosec
ond point; Manchester Code for a zero is the inverse.

TRANSMIT PACKET PROCESSING

Whentransmitting one omore packets, the host system
first loads the packets into a transmitfeufThe packets

arepreceded by a two-byte header giving their lengths
andare written to Butr MemoryPort registers BMPR8
and BMPR9. The system loads only packet destination
address, source address, length field and data fiel(]i;
EtherCouplegenerates the rest. When the packets load,
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the system turns on the Transmitter to initiate
transmission, enabling EtherCoupler to transmit. Ob-
servingthe media access protocol, EtherCoupler delays
transmittinguntil the absence of carrier from other nodes
or intervals for minimum interpacket gap and backoff,
and then begins to transmit. EtherCoupler, which
serializesand encodes data Bkanchester code, generates
the Preamble field at the beginning and calculates and
appends the CRC field at the end, followed by the
non-Manchester End-Of-Packet delimiter.

Figure 15, which shows typical connections to an
EEPROM and the LEDs, also indicates typical
interfacing to the AUI cable. The Manchester-encoded
signalsare output to transmitter data pins DOP and DON
througha differential driver which can drive a 50-meter
segment of 7@ transceiver cable as specified in the
8802-3 standard.
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Figure 16. Loopback Operation

The host system activates theafismitter by writing the
packet count to TX PKT CNT register, BMPR10<6:0>
andby writing one to the TX SART bit, after which the
Transmitter transmits each packet in the buffer in the
orderin which they were loaded. If a collision occurs, the
Transmitter automatically retransmits the packet unti
successfubr until 16 consecutive attempts have ended in
collision. In the latter case, depending on the mode
selection made at initialization time, the Transmitter
continuedo try to transmit the same packet starting again
with a collision count of zero, or skips the current packe
and tries to transmit the next packet starting with 3
collision count of zero, or halts and waits for instruction
from the host. In the last case, the host terminates by
setting DLC EN, DLCR6<7> to one, or continues to
attempt to transmit the same packet (collision countef
reset),or skips the current packet and tries to transmit thg
next packet (collision count is zero).

COLLISION SIGNAL PROCESSING

As collisions are detected on the network media, @
10-megahertsignal isgenerated on collision dérential
inputs, CIP and CIN. When EtherCoupler detects thig
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signal,it asserts the internal collision line. The CIP and
CIN differential driver inputs require termination
similar to that for the DIP and DIN inputs, i.e.,(39
resistorgied to groundhrough 0.1-microFarad capaci
tors.

LOOPBACK

As shown in Figure 16, loopback allows EtherCoupler
testingwithout sending signals onto the LAN mediae
loopback function is invoked by clearing LBC bit
DLCR4<1>. Data is routed from the Transmit Buffer
through a FIFO to the Transmit section of the data link
controller,through the interndlanchester encoddrack
through the Manchester decoder, through the Receiver
sectionof the data link controlleland is therstored in a
Receive Buffer. Software can then read and check the
receivedpacket that has traveled through the EtherCoup
ler Transmit and Receive sections. The Manchester
encoder/decodeesponds to assertion thie LBC input

by internally looping the transmitter outpiotthe receiver
input, and blocks the transmit data from appearing at the
network output pin.
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RECEIVER CIRCUITS

The Receiver includes twisted-pair line recejweceive

squelchreceive filtering, a phase-locked loop (PLb)

clock and data separation (Manchester decoding),
receive state machine, serial-to-parallel conversion
pipe-line FIFO, preamble recognition, bit and
byte-framing, address filtering, CRC and other erron
checking and end-of-packet symbol recognition.

Thereceiverstate machine, which provides sequencing

of events for the receiver, including idle, busy, addres$

filtering, and data storage, detects receive error condition
and sets appropriate bits within the data link contro
registersA small data FIFO provides elastic frriing for
synchronization with Buffer Controller timing, and
buffering data while the Buffer Controller is servicing
other buffer memory access requests.

All received bytes are delayed by four bytes before
storingin the Receive Biiér, so thelast four bytes of the
packetcan be stripped and checked for correct CRC. (Thg
CRC bhytes are not transferred to the Receive Buffer.)

During reception, the controller automatically rejects
packetdf Receive Bufer space is insfitient to hold the
entire received packet. Status bits in the receive statt
registerare set to indicate this and other errors. Receiv
errors are: 1) bus read error, which occurs if the hos
system attempts to read from an empty receive buffg
(this need never occur if the RX BUF EMPTY bit is
checked), 2) short packet error, 3) alignment erro
(incompletebyte fragment at enaf packet), 4) CRC error
and 5) Buffer Overflow. The software checks Length
error, an additional possible receive error. When thg
length of the packet does not match the value in th
LengthField of an 8802-packet, a length error occurs.
Some protocols use the length field for other purposes
for example, the DIX protocol that uses it for a packet type
code. In this case, allowed type codes do not overla,
allowed packet length values, providing a means td
distinguishwhich protocol is being used (if length value
>1500,it is DIX type code). Length check can be made|
conditionalon protocol type, if necessary to support other,
protocols such as DIX.

DECODER FUNCTIONS
Thedata decoder section performs three functions on th
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data received at thdifferential receive inputs from the
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transceiver: clock recovery, carrier detection, and
Manchester data decoding. Clock recovery and data
separatiorare accomplished by a phase-locked loop. Use
of proprietary techniques in the PLL allows lock-on
within 6 - 7 bittimes of the beginning of the Preamble,
andpermits stable operation with input signal jitter of up
to£18 ns. Carrier detectian indicated to the controller

by assertion of the internal CRS signal, which occurs
shortly after the received data signals appear.

Therecovered clock is supplied to the controlierdis

also used to convert Manchester-encoded data to NRZ
format. Transitions in the state of the NRZ data are
synchronouswith the falling edge of the receivelock
pulse. During idle periods, the receiver clock pulse is
disabled.The DIP and DIN dfrential inputs are usually
terminated with two 3Q resistors in series and a
0.1-microGarad bypass capacitor to ground at their
junction.

MONITORING THE NETWORK

Whenevetthe datdink section is enabled (DLC EN bit,
DLCR6<7>, is set to zero), the Receiver constantly
monitorsthe network for carrieiSignalsthat exceed the

AC and DC squelch thresholds of the received ohgtat
section cause the internal carrier sense line to assert,
whichin turn causes the Receiverattempt to receive a
packet. The Transmitter also uses the carrier sense
function to defer to transmissions from other nodes,
except when EN TX DEFER bit, DLCR4<0>, is high.

After the PLL decoder acquires bit-synchronization with
the incoming signal, the Receiver monitors the data
stream for the end-of-preamble bit pattern, a four-bit
pattern of 1011 ending the Preamble’s pattern of
alternating ones and zeros. This pattern gives the
Receiverbyte and field synchronizatiohecause the bit
immediately following the four-bit pattern of 1011
endingthe Preamble is the first bit of the first byte of the
packet’s destination address field.

When packet transmission is unflawed, carrier sense
remainsassertedor the duration of the packet, negating
justafterthe last bit is received. As a packet comes in, the
decodercarrier sensénction monitors the data stream
for the end-of-packet symbd,special non-Manchester
codeelement at thend of the packet. When detecting this
symbol,the carrier sense line is negated. Lossaofier
may also result from negation of the carrier sense line
during a collision.
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Figure 17.8802-3 Packet Format

Figure 17 illustrates the 8802-3 packet format. When
receivedpacket enters from the network, its destination
addresdield is tested for address filter criteria selected by
the Hash Table and Address Filter Mode bits AF1 an
AFO0, DLCR5<1:0>. If the address meets filter criteria, the
ReceiveBuffer accepts the packet fetorage. The packet
must also be error-free unless the reception of flawegl
packets is allowed, e.g., for diagnostic purposes. |
conditionsare met, packeeception results in the Bef
storing the packet, updating the four-byte header at th
end of reception, clearing the RX BUF EMPTY bit,
settingthe RXPKT bit high, and (if enabled) generating
an interrupt. Otherwise the packet is discarded, anfl
pointersreset to reuse the same portion of memorytfer
next arriving packet. A flawed packet accepted for
storagefor diagnostic purposes is reportedaaserror in
the PKT STATUS byte of its headeThe Receive Packet
Header bit positions for PKT STATUS are shown in
Table 24, Receive Packet Header Conditions.

[©]

NETWORK MANAGEMENT

Error, traffic andperformance statistics may be collected
continuouslyor on a sampled basis. The Receive Statu
register and Transmit Status register indicate detecte
errors.Such dataan be collected in two ways: interrupts
can be used after each packet, and the interrupt servige
routinereads the status from the status register; or packefs
areaccepted for storage in the ReceivefBuin Accept
BadPackets mode, and content and error status stored
the header are later read in batch mode. Frequep
selectionof the Accept all packets mode to getaximum

o
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statistics for the network and to count all packets
including their length, because it maximizes host
overheadwvith user terminal equipment, @scouraged.

Sampling of carrier detection estimates network
bandwidthutilization, via Transmit Status register NET
BSY bit, DLCR0<6>. Average media-access waiting
timeis estimated by calculating the elapsed time between
startingthe Transmitter and TX DONE biDLCRO0<7>,
going high, and subtracting calculated transmit time.
Collision counter bits COL CTRS3 through CGLTRO,
DLCR4<7:4>, determine the number of collisions
encountered by the last outgoing packet. The counter
resets at the start of transmission of each packet.

RECEIVE ERROR PROCESSING

Interruptsmay optionally be generated by these receive
error conditions:buffer overflowy CRC erroyalignment
error, and short packet. None of these errors requires
special host processing or intervention, other than
optional tallying of the error for network management
purposes. EtherCoupler automatically discards any
packet with errors. If a buffer overflow occurs,
EtherCouplermutomatically handles that as wélhackets
alreadystored in the bdér are not lost. The host simply
reads out some of the packet data, freeing space in the
buffer for more packets. EtherCoupler then automatically
resumes reception of packets, as long as there is buffer
space. To prevent packet loss although EtherCoupler
automatically recovers, avoid overflow by rapidly
processing incoming packets.
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TRANSCEIVER

The EtherCoupler’s Transceiver, which is fully com-
pliant with IEEE 802.3 specifications for AUI (Attach-
ment Unit Interface) and 10BASE-T (twisted-pair)
interfaces, provides electrical interface to DB15 (AUI)
andRJ45 (10BASE-T) connections to an Ethernet loca
areanetwork. Its functions include Manchesegrcoding
and decoding of serial data streams, level conversion,
collision detection, signal quality error (SQE) and link
integrity testing, jabber control, loopback, and automatic
correctionof polarity reversal on the twisted-paiput.
Pulse-shapingnd filtering functiongliminate the need
for external filteringcomponents and thus reduce overall
system cost. Also provided are outputs for receive
transmit,collision and link test LEDs, and compatibility
with shielded and unshielded twisted-pair cables
Receive threshold can be reducedlftow an extended
range between nodes in low-noise environments.
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TRANSMIT FUNCTION

The Transceiver Transmitter section receives from the
controllersection non-returmero (NRZ) data that passes
through a Manchester encoder. Encoded data then
transfergo either the AUI cable via the DO circuit or the
twisted-pair network via the TPO circuit. Advanced
integrated pulse-shaping and filtering produces on the
TPON and TPOP pins an output signal that is
predistortecand prefilteredo meet the 10BASE-T jitter
template, which requires no external filters.

During idle periods, EtherCoupler transmits link
integrity test pulses on the TPO circuit if LinkeStEnable
bit, LINK TEST EN, BMPR13<5>, is enabled and the
AUI/TP port-select bit, BMPR13<4> is set low for
twisted-pair(TP) mode. EtherCoupler is programmed for
either shielded (150Q) or unshielded (100Q)
twisted-pair through STP/UTP bit BMBR13<2>.
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Figure 18. Jabber Control Function
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Jabber Control Function

Figurel8 is a state diagram of the jabber control function
An on-chip watchdog timer prevents the data termina
equipment (DTE) from locking into a continuous
transmit mode. When a transmission exceeds the tim
limit, the watchdog timer disables the transmit and|
loopback functions, and activates the JABBER signal
BeforeEtherCoupler can exit the jabber state, the transmif
datacircuit must remain idléor between 0.25 and 0.75
seconds.

D
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SQE TEST FUNCTION

The Transceiver supports the signal quality error (SQE)
test function as shown in Figure 19. After every
successful transmission on the 10BASE-T network,
EtherCoupler transmits the SQE signal to the DTE for
10+ 5 bit times over the internal CI circuit. Bit 1 of
TransceiveiStatus register BMPR15 reflects the status of
this SQE signal.

Power On

Y Y
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CQUTPRUT DETECT D

¢[Do=|d|e]

S0E WAIT TEST

Start_SOE_Test Wait_Timer
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[¥MIT = Dizable J [#MIT=

Erablel

SOE TEST

Cl = 32E
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Figure 19. SQE Test Function
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Figure 20. Carrier Sense Function

RECEIVE FUNCTION

The Transceiver receive function acquires timing ang
data from the twisted-pair network (the TPI circuit) or
from the AUI (the DI circuit). \alid received signals pass
throughthe on-chip filters and Manchester decoded
output as decoded NRZ data and receive timing on the
ReceiverDataand Receiver Clock to the Receiver State]
Machine. No external filters are required.

An internal intelligent squelch function discriminates
noise from link test pulses and valid data streams. Th

[
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receive function is activated only by valid data streams
above the squelch level and with proper timing. If the
differential signal at the TPI or the DI circuit inputs falls
below 75% of the threshold level (unsquelched) for eight
bit times (typical), the receive function enters the idle
state. If polarity of the TPI circuit reverses, the
Transceivedetects the polarity reversal and reports it via
RXI POL REV bit, BMPR15<3>. The Transceiver
automatically corrects reversed polarity. Figure 20 is a
state diagram of the carrier sense function.
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Figure 21. Collision Detection Function

POLARITY REVERSE FUNCTION

The Transceiver polarity reverse function uses link
pulsesand end-of-frame data to determine the polarity of
receivedsignals. A reversed polarity condition is detected
when eight opposite receive link pulses are detected,
without receiving ofa link pulse of the expected polarity
Reversed polarity is also detected if four frames ar¢
receivedwith a reversed start-of-idle. Whenever polarity

is reversed, these two counters are reset to zero. If the

Transceiveenters the link fail state and no valid data or
link pulses are received within 96 to 128 milliseconds
polarity resets to thelefault uninverted condition. If Link
Integrity Testing is disabled, polarityetection is based
only on received data. Polarity correction is always
enabled.

COLLISION DETECTION FUNCTION

The collision detection function operates on the
twisted-pairside of the interface. A collisios defined as
the simultaneous presence of valid signals on both the
TPI circuit and the TPO circuit. Thednhsceivereports
collisions to the back-end via the COL pin. If the TPI
circuit is active while there is activity on the TPO circuit,

the TPI data passes to the back-end as received dala,

disablingnormal loopback. Figure 21 is a state diagram
of the collision detection function.

TWISTED-PAIR LOOPBACK FUNCTION

EtherCoupler provides the normal loopback function
specifiedby thel0BASE-T standard for the twisted-pair
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port. The loopback function operates in conjunctidth

the transmit function. Data transmittbg the Tansmit
State Machine is internally looped back within
EtherCouplebefore the TPO drivers to the Manchester
decoderand returned tthe Receive State Machine. The
normal loopback function is disabled when a data
collision occurs, clearing the received data circuithie
Transceiver for the twisted-pair input data. The normal
loopbackis also disabled durinipe link fail and jabber
states.

EtherCoupler provides additional loopback functions
controlled by LBC bit, DLCR4<1>. When the
twisted-pair port is selected and LBC is set high, the
twisted-pairloopback isorced to override collisions on
the twisted-pair circuit. Normal loopback is in effect
whenLBC is set lowWhen the AUI port is selected and
LBC is set high, data transmitted by the back-end
internallyloops back from therinsmit Data pin through
the Manchester encoder/decoder to the Receive Data pin.
When LBC is set low, no AUI loopback occurs.

AUTOMATIC PULSE-STRETCHING FUNCTION

EtherCoupleincorporates open-drain drivers to provide
signals to each LED that indicates packet reception,
transmission, collision, and linking. The chip provides
automaticstretching of pulses to alloperception by the
humaneye of the presence of packets — as they are being
processedor each function — despite true rates which
would be too fast to visibly indicate state changes.
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Figure 22. Link Integrity Function

LINK INTEGRITY TEST

Figure 22 is a state diagram of the link integrity test
function. The link integrity test determines the status of
thereceive side twisted-pair cable. Link integrity testing
is enabled when Linkdst En bit BMPR13<5> is set low
Whenenabled, the Receiver recognizes the link integrity
pulsestransmitted in the absence of receiafic. If no
serial data stream or link integrity pulses are detectefl
within 50 to 150 milliseconds, EtherCoupler enters &
link-fail state and disables the transmit and norma
loopback functions. EtherCoupler ignores any link
integrity pulse with an interval less than 2 to 7
milliseconds EtherCoupler remains in the link-failate
until it detects either a serial data packet or two or morg¢
link integrity pulses.
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REMOTE SIGNALING

EtherCoupletransmits standard link pulses that meet the
10BASE-T specification. However, EtherCoupler en-
codesadditional status informatianto the link pulse by
varying the link-pulse timing; this is referred to as
remote signaling. By using alternate pulse intervals,
EtherCoupler signals three binary conditions: Remote
Linkdown (RLD), Remote Jabber (RJAB), and Remote
RemotePort (RMT Port). EtherCoupler also recognizes
these alternate pulse intervals when received from a
remoteunit. Remote status conditions are sensed by the
controller as RLD bit, BMPR15<7>, RJAB bit,
BMPR15<5> and RMT Port bit, BMPR15<4>,
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FEATURES

OPERATIONAL SPECIFICATION

Table 33. Absolute Maximum Ratings

SYMBOL PARAMETER DESCRIPTION MINIMUM | MAXIMUM UNITS
Vee Supply voltage -0.5 6.0 \%
VN Input voltage -05 Veet 0.5 \Y,

Vout Output voltage -05 Vee +0.5 \Y,
lopk Differential output current on DOP pins -40 mA
Vipc Input DC voltage on DIP and CIP -05 16 Y,
Vobci Output DC voltage on DOP without transformer -0.5 14 \%
Vobc2 Output DC voltage on DOP with transformer -0.5 16 Vv
TeiAs Temperature under bias -25 +85 °C
Tste Storage temperature —40 +125 °C
PWR Power dissipation 787.5 mwW

Permanent device damage may occur if absolute maximum ratings are exceeded. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability. No more than one output may be shorted to ground of V¢ at a
time for a maximum duration of one second.

Table 34. Recommended Operating Conditions

SYMBOL PARAMETER DESCRIPTION MINIMUM | TYPICAL | MAXIMUM UNITS
Voo | Supply Voltage 475 5.25 v
Viy Logic input high voltage 2.2 V
ViL Logic input low voltage 0.8 \%

RL Driver load resistors (across DOP and DON) 7 78 79.5 Q
Rt Termination resistors (two in series across DIP and 38.6 39 39.4 Q
CIP)
Cr Termination bypass capacitors (between junction of 0.1 uF
termination resistors, ground)
Cosc Oscillator load capacitors 12 20 38 pF
fxTAL Crystal oscillator frequency 19.999 20 20.001 MHz
Ta Operating temperature 0 70 °C
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Table 35. DC Specifications
SYMBOL PARAMETER DESCRIPTION CONDITIONS | MINIMUM | TYPICAL | MAXIMUM UNITS

VL Low-level input voltage 0.0 0.8 \%
\um High-level input voltage 2.2 Vee \%
Vo1 Low-level output voltage, all outputs| Ig_ = 3.2 mA 0.0 0.4 \%
except DREQ
VoL2 Low-level output voltage, DREQ loL =12 mA 0.0 0.4 \%
only
VoLs Low-level output voltage, pins 130 loL =24 mA 0.0 0.4 \Y
—132, 151, and 128
Vou1 High-level output voltage, all log =—2 mA 4.2 Vee \Y
outputs except DREQ
VoH2 High-level output voltage, DREQ lon =—4 mA 4.2 Vee Y,
only
VoH3 High-level output voltage, pins 130 | Ioy=—-8 mA 4.2 Vee Y
—132, 151, and 128
Vop DOP peak output RL=270Q +0.5 +1.3 \Y
VaccMm Output AC common mode on DOP Rr=78Q +40 mV
Vpcewm Output DC common mode on DOP| R =270 Q 2.4 3.4 4.4 \%
Vsq Squelch threshold AC/IDC =1 -300 -220 -140 mV
AC/DC =0 -80 0 +80
I Input leakage current V|=0-Vcc -10 10 uA
IPWRDN Powerdown V¢ current No output loads 4 10 mA
libLE Idle V¢ current No output loads 83 100 mA
lcc Operating V¢c current No output loads 110 150 mA

Table 36. General Capacitance

SYMBOL PARAMETER DESCRIPTION MINIMUM | MAXIMUM UNITS
CiN Input pin capacitance 16 pF
Court Output pin capacitance 16 PF
Cio ‘ 1/O pin capacitance 16 pF

Ta =25°C, Vpp = V| =0 volts, and f = 1 megahertz

Table 37. AUI Electrical Characteristics

SYMBOL PARAMETER MINIMUM | TYPICAL | MAXIMUM ‘ UNITS
IIL Input low current —700 mA
IIH Input high current 500 ua

Figures for design aid only; not guaranteed and not
subject to production testing.

VOD Differential output voltage +550 +1200 mV
VDS Differential squelch threshold 220 mV

Typical figures are at 25°C and are used for design aid only; not guaranteed and not subject to production testing. TA =
0°C to +70°C, VCC =5 V+ 5%
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Table 38. Twisted-pair Electrical Characteristics

Zout Transmit output impedance 5 Q
Vop Peak differential output voltage Load = 100 ohms at 3.5 \%
TPOP and TPON
JouT Transmit timing jitter addition 0 line length +8 ns
Parameter is guaranteed by design; not After line model +3.5
subject to product testing. specified by IEEE
802.3 for 10BASE-T
ZIN Receive input impedance Between TPIP/TPIN, 20 0 kQ
CIP/CIN and DIP/DIN
Vps Differential squelch threshold 420 mV
VpsL Lower squelch threshold 250 mV

Typical figures are at 25°C and are used for design aid only; not guaranteed and not subject to production testing. Ty = 0°C
to +70° C,Vcc =5V + 5%

Table 39. Switching Characteristics

SYMBOL PARAMETER MINIMUM | TYPICAL | MAXIMUM UNITS

Jabber Maximum transmit time 20 150

Timing ms
Unjab time 250 750

Link Time link loss 55 66

Integrity

Timing Time between link integrity pulses 8 24 ms
Interval for valid receive link integrity pulses 4.1 65

General Receive startup delay 0 500
Transmit startup delay 0 200 ns
Loopback startup delay 0 500
(These parameters are guaranteed by design and not
subject to product testing.)

To=0°Ct0+70°C, Ve =5V + 5%

TIMING DIAGRAMS may operateand for which timing diagrams are specified
Table 40. Operational modes in which EtherCoupler in Tables 41-57

Table 40. Operational Modes

MODE NO. BUS PIN 90 PIN 90 PIN92 | OPERATIONAL INITIAL PARAMETERS

0 ISA 0 0 0 Jumperless Stored in bit-serial EEPROM

1 ISA 0 0 1 Jumpers Stored in bit-serial EEPROM

2 ISA 0 1 0 Jumpers Stored in byte-parallel ID PROM.

3 Non-IS 0 1 1 Jumpers Functions identical to MB86960
NICE Network Interface Controller
with Encoder/Decoder) chip.

X — 1 X X — Reserved
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Table 41. Read Cycle (Mode 0-2)
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SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM UNITS
t1 IOR to SD<15:0>enable 38 ns
to IOR to SD<15:0>tristate 38 ns
t3 IOR to IOCHRDY not ready 14 — ns
ta SA, AEN, SBHE to IOCS16 Tristate to low 28 ns
tg SA, AEN, to IOCS16 low to Tristate 71 ns
tg IOR to ENHB active 46 ns
t7 IOR to ENLB active 24 ns
tg IOR to ENLB inactive 45 ns
tg IOR to LBDIR active 24 ns
tio IOR to ENLB inactive 42 ns
t11 IOR to LBDIR inactive 21 ns
tio IOR to X12SEL active 44 ns
t13 IOR to X12SEL inactive 23 ns
t1a IOR to X13SEL active 45 ns
tis IOR to X13SEL inactive 24 ns
ti SA, AEN, rising ALE to LSA<2:0> stable 21 ns

(Mode 2)
t17 IOR to EPCS active (Mode 2) 45 ns
t1g IOR to EPCS inactive (Mode 2) 23 ns
ti9 SMEMRD to BRCS active 44 ns
too SMEMRD to BRCS inactive 20 ns

61




(o8
MB86965 FUJITSU

Table 42. Read Cycle (Mode 3)

Shan0x
by —ae I g—
cs
= ty =]
BR
bt e
RDY TRETATE TRISTATE
- {4 -7
RDY TRISTATE TRISTATE
L —— | -ty — M
Sh13:0:
ot —— 10—
= ts =
SYMBOL PARAMETER DESCRIPTION MINIMUM MAXIMUM | UNITS
t1 SA<3:0> valid to IOR low; CS low to IOR Low. 3 ns
tr IOR High to SA<3:0> invalid; IOR high to CS high. 3 ns
t3 IOR low pulse width. 30 ns
tg IOR low RDY low 0 26 ns
t5 IOR low to RDY Tristate 175 ns

For registers and Buffer Port when is ready before the read 0 7 ns

cycle begins

For port access only. if system makes contiguous system read 175 ns

cycles at less than 100 ns intervals, and the network is busy.

For bus read error. 2.15 ps
tg IOR low to RDY low 0 175 ns

For all registers. 28 ns

For port access only, if system makes contiguous system read 175 ns

cycles at less than 100 ns intervals, and the network is busy.

For bus read error. 2.15 ps
t7 IOR high to RDY Tristate 28 ns
tg IOR low to SD<15:0> valid (registers). 44 ns
tg RDY Tristate to SD<15:0> valid (buffer port). 8 ns
t10 RDY low to SD<15:0> valid . 10 ns
t11 IOR high to SD<15:0> valid (data hold). 15 ns
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Table 43. Write Cycle (Mode 2-0)

ALE__ S A
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SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM | UNITS
t1 SA, SBHE and AEN setup time to IOW low 15 ns
tr Hold time of SA, SBHE and AEN after IOW high 21 ns
(up to leading edge of next cycle ALE)
t3 Setup time of SD to IOW high 5 ns
ta Hold time of SD to IOW low 33 ns
tg IOW to IOCHRDY not ready 14 ns
ts SA, AEN, SBHE to IOCS16 low to Tristate 38 ns
ty SA, AEN, to IOCS16 Tristate to low 71 ns
tg IOW to ENHB active a7 ns
tg IOW to ENLB active 24 ns
t1o IOW to ENLB inactive 45 ns
t11 IOW to ENLB inactive 25 ns

AC characteristics: Vcc=5.0+5%; Ta=0°C to +70°C
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Table 44. Write Cycle (Mode 3)
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SYMBOL PARAMETER DESCRIPTION MINIMUM MAXIMUM | UNITS
t1 SA<3:0> valid to IOW low; CS low to IOW Low. 3 ns
to IOW High to SA<3:0> invalid; IOW high to CS high. 3 ns
t3 IOW low pulse width. 36 ns
tq IOW low RDY low 0 26 ns
ts IOW low to RDY Tristate 175 ns
For registers and Buffer Port when is ready before the write 0 7 ns
cycle begins
For port access only. if system makes contiguous system write 175 ns
cycles at less than 100 ns intervals, and both the transmitter
and receiver are active in loopback reception.
ts IOW low to RDY low 0 175 ns
For all registers. 28 ns
For port access only, if system makes contiguous system write 175 ns
cycles at less than 100 ns intervals, and both the transmitter
and receiver are active in loopback reception.
ty IOW high to RDY Tristate 28 ns
tg SD<15:0> valid (data setup) . 5 ns
tg IOW high to SD<15:0> valid (data hold) . 6 ns
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Table 45. Single-cycle DMA Timing

oree S \L -
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SYMBOL PARAMETER DESCRIPTION MINIMUM MAXIMUM UNITS
t1 DMACK low to DREQ low 0 21 ns
tr DMACK high to DREQ high 0 19 ns
t3 DMACK low to IOR or IOW low 0 ns
tg IOR or IOW high to DMACK high 3 ns
tg IOR or IOW low to EOP low 0 ns
tg EOP high to DMACK high 3 ns
ty EOP low pulse width 19 ns

All of the IOR, IOW and EOP low-going pulses must fall inside of the DMACK low-going pulse. An asserted EOP terminates
any further DREQ after DMACK returns high. The DMA cycle uses DMACK as the chip select. DMACK overrides SA<3:0>,
forcing selection of the Buffer Memory Port as in a DMA cycle.
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Table 46. Burst DMA Timing

DREG 7 N _‘x[ yan
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2ty foEe— — - t

10 OF oW

i
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T
RDY TRISTATEY, [/ N/ \_/

SYMBOL PARAMETER DESCRIPTION MINIMUM MAXIMUM UNITS
t1 IOR or IOW low to DREQ low 32 ns
to IOR or IOW high to DACK high 3 ns
t3 IOR or IOW low to DREQ low, if DREQ EXTND (DLCR4<2>) is 32 ns

set to 1 (default)

All of the 10R, 10W and EOP low-going pulses must fall inside of the DMACK low-going pulse. The DMA cycle uses DMACK as
the chip select. DMACK overrides SA<3:0>, forcing selection of the Buffer Memory Port as in a DMA cycle. DREQ goes low
during the next-to-last transfer of the burst, and can be extended from the next-to-last transfer cycle when DREQ EXTND,
DLCR4<2>, is low to the last transfer cycle when DREQ EXTND is high.

1
DRES %

I

_/ )
M\ VERN

XX

o

=y
LN

k|
Rov  TRISTATE % f %/ ™

Fov  TRISTATE M/ /]
-

L

A

i — ELURST NTERRLU PTELD

Burst can be interrupted by DMACK high-going pulse during the burst. Burst will resume when DMACK returns low. DREQ
goes low during the nest-to-last transfer of the burst.
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Table 47. Burst DMA Terminated by EOP

DRES / - by
bz
CrAACE kY T
1N
R O 10 \—/Jb
I
EQF - A
SYMBOL PARAMETER DESCRIPTION MINIMUM | MAXIMUM | UNITS
t1 EOP low to DREQ low 4 28 ns
t EOP high to DMACK high 3 ns
t3 IOR or IOW low to EOP low 0 ns
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Table 48. RESET Timing

k1

RESET ‘v
-
b2
2B or
o 46
SYMBOL PARAMETER DESCRIPTION MINIMUM MAXIMUM | UNITS
t1 RESET pulse width 200 ns
ty RESET low to first IOR or IOW low 300 ns

Before enabling Transmit and Receive functions, wait 200u sec after reset pulse for stabilization of receiver PLL.

Table 49. Skip Packet Timing

L
t
- -
R Iy
SYMBOL PARAMETER DESCRIPTION MINIMUM MAXIMUM UNITS
t1 Writing skip packet high to next Buffer Memory Port read 300 ns

Table 50. IRQ Timing

[OR
_ t 1 -
R0
SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM UNITS
t3 IRQO signal-clearing delay 30 80 ns
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Table 51. SRAM Read Timing

BA<1510:
k2
= t3
Iq
BECS1, BCSO
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k7 bz

B

BL <1510 4 A
+ kg +
SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM | UNITS
ty Read cycle, 100 ns 95 100 105 ns
Read cycle, 150 ns 145 150 155 ns

to Taa, address access time 81 ns
t3 BCS!, BCSO high to address invalid 0 ns
tq Address valid to BCS!, BCSO low 0 8 ns
tg Tac chip select access time 81 ns
te BOE high to BCS!, BCSO high 0 2 ns
t7 Tog output enable access time 49 ns
tg Data setup time 15 ns
tg Data hold time 0 ns

Use SRAM with Tap of 80 ns or less
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Table 52. SRAM Write Timing
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SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM | UNITS

ty Write cycle, 100 ns 95 100 105 ns
Write cycle, 150 ns 145 150 155 ns
to Address valid to BCS!, BCSO low 2 8 ns
t3 Address valid to BWE low 71 ns
tq BCS!, BCSO0 low to BWE high 62 ns
tg BCS!, BCSO0 high to address invalid 0 ns
tg BCS!, BCSO low to BWE low 0 ns
t7 BWE pulse width 60 ns
tg BWE high to BCS!, BCSO0 high 0 ns
tg BWE high to address invalid 12 ns
tio Data setup time 41 ns
t11 Data hold time 14 ns

Use SRAM with Tap of 80 ns or less
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Table 53. RCLK/Start of Frame Timing (Mode 3) — For Reference Only

[e®)
FUJITSU

l1lal1lolilaolslolilqalqlalslololol1lolqlal
TPIPITPIN
or DIPIDIN.
e ]
O
LROH
EoaTA |
LRD=E
=]
[T of oo o 11 1]o]1
SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM | UNITS
tcp CD turn-on delay - AUI — 900 — ns
tcp CD turn-on delay - TP — 1300 — ns
tpATA Decoder acquisition time - AUI — 50 — ns
tpATA Decoder acquisition time - TP — 400 — ns
tRDH Receive data hold from RCLK 30 — — ns
trRDS Receive data setup from RCLK 30 — — ns
The CD, RCLK and RXD signals are internal to the EtherCoupler chip, and are provided for reference only. The RXD signal
changes at the rising edge of RCLK. The controller is sampled at the falling edge.
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Table 54. RCLK/End of Frame Timing (Mode 3) — For Reference Only
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SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM UNITS
tRCH RCLK hold after CD low 27 — — bit time
tRD RCV data throughput delay — 275 — ns

tcDoFF CD turn-off delay, measured from middle of last — 375 — ns

bit, so that timing specification is unaffected by
the value of the last bit.

tire Receive block out — 400 — bit time

The CD, RCLK and RXD signals are internal to the EtherCoupler chip, and are provided for reference only. The RXD signal
changes at the rising edge of RCLK. The controller is sampled at the falling edge. Typical figures are at 25°C and are for design
aid only, not guaranteed and not subject to production testing.
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Table 55. Collision Detect and COL/CI Output Timing (Mode 3) — For Reference Only
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SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM UNITS
tcoLp COL turn-on delay — 50 — ns

tcoLoFF COL turn-off delay — 160 — ns
tSQED SQE delay 0.65 — 1.6 ns
tsoep SQE pulse duration 500 — 1500 ns

The CI, COL and TEN signals are internal to the EtherCoupler chip, and are provided for reference only. Typical figures are at
25°C and are for design aid only, not guaranteed and not subject to production testing.
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Table 56. EEPROM Write Timing (Mode 0-2)

(

/ y

50150

} | /

L EWT
DI, 5K, “alicl
C35
SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM | UNITS
tewT IOW to DI, SK CS valid 9 — 24 ns

The SD signal is for reference only.

Table 57. EEPROM Read Timing

0

50150 { >7
ts [H
Do walicl
SYMBOL PARAMETER DESCRIPTION MINIMUM TYPICAL MAXIMUM | UNITS
tg DO valid to IOR 2 — — ns
tH IOR to DO invalid 2 — — ns

The SD signal is for reference only.
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Dimensions in inches (millimeters)
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