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1.0 SCOPE

processor.

2.0 DESIGN CONSIDERATIONS

This document is an attempt to define the programming format, idiosyncrasies,
and timing requirements of the Ethernet Controiler interface for the Notetaker
system. As such,itis a volatile document and will be changed as often as
necessary to keep it current with the ongoing development effort.

1.1 The basic processor used by the Ethernet Controller is the Intel 8086 micro-

2.1 The design of the Controiler was done based on the following considerations
with regard to Main Memory, Local RAM, Ethernet Data transfers, Ethernet
control and status and interrupt Controiler addressing assignments:

reserved for 1/0 processor 8085
FFOOO - FFFFF initialization procedures. ROM
FEOQOQ - FEFFF ——— Ethernet Controller Local RAM
Used for Data Storage
FDQOOO - FOFFF -——— Ethernet Controller Pseudo
addresses for Data Transfers
FC800 - FCFFF | Ethernet Addresses for Status
and Control functions
FCOOO - FC7FF —— 8259 Interrupt Controller
Addresses

Main memory-Data Storage
and Program Storage

Ethernet Controller initializes

3FFFF

frem this cell en booting

00000-FBFFF

Main memory-Data Storage
and Program Storage
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3.0 8086 PROCESSOR INITIALIZATION

The Ethernet 8086 microprocessor must be initialized by the /0

Processor before any Ethernet transactions can occur.

3.1 The method employed to initialize the 8086 processoristoissuea

Processor Boot With the MData.12 - MData.15 bits equal to Hex 1.

upon being booted. Presumably the 1/0 Processor will have put a

pointer in that location to direct the Ethernet microprocesscrto the

Controllers internal control register. See specific address and bit

assignments in the descriptions following in sections 4.0 and 4.1.

3.3 The Ethernet microprocessor can access the entire megabyte of
memory addresses once the Boot Sequence Done bit has been set,
however, for sending and receiving data the Ethernet logic will use

the address block FDOCO - FDFFF as shown under 2.1

3.2 The Ethernet microprocessor will access location 3FFFFH in memory

initialization code. Afterthe boot sequence is complete, the Ethernet

microprocessor must set the Boot Sequence Done bit in the Ethernet

§ These drawings and specifications,and the data
contained therein, are the exclusive property

of Xerox Corporation and or Rank Xerox,Ltd.
issued in strict confidence and shall not, without
the prior written permissiOn of Xerox Corpora-
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or Rank Xerox, Ltd.
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""" 4.0INTERRUPT CONTROLLER

are shown in the following chart:

The Interrupt Controller is addressed as memory location FC0O0O - FC002
and can be written into or read from in the same fashion as any memory
Iocation; See the 8259 specifications for initializing the Interrupt Con-

troller. The bit assignments for reading the Interrupt Regquest Register
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0 7 8 9 10 11 12 13 14 15
NOT USED PER!SYS!VSY!LQOC!|COL| FWD |NOT USED
BIT8 = 1 INDICATES PARITY EEROR '———I
IN MAIN MEMORY
BIT9 = 1INDICATES SYSTEM INTERRUPT
BIT 10 = 1 INDICATES \_CERT!CAL SYNC INTERRUPT
BIT11 = 1INDICATES LOSS OF CARRIER ON E-NET
BIT 12 = 1 INDICATES COLLISION DETECTED ON E-NET
BIT 13 = 1 INDICATES FIRST WORD IS IN RECEIVE BUFFER
WHEN IN READ OVERRIDE MODE
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. 5.0 ETHERNET MICRGPROCESSOR

The Ethernel microprocessor uses main memory addresses for passing Control
and Status information between the microprocessor and the Controller logic.
The address used for reading status information or writing control information

is FC80OO0H.

5.1 CONTROL OPERATION

A "Write" to adress FC800H will load a four bit register within the
controller in accordance with the following format: ———l

| ~ |

0 .7 8 10 11 12 13 14 15
OVER| PROC | BOOT | RCV | XMT

RIDE | LOCK | DONE ON ON

NOT USED NOT USED

] L

BIT11 = 1 CAUSES THEETHERNET READ OPERATION TO END AFTER
THE FIRST WORD IS INPUT

BIT12 = 1 CAUSES THEETHERNET CONTROLLER TO "LOCK™” QUT
OTHER PROCESSORS FROM ACCESSING THE SYSTEM BUS.

BIT 13 = 1 REMOVES THE FORCED "00" CONDITION FROM THETWO
MOST SIGNIFICANT BITS OF THE SEGMENT ADDRESS TO
MAIN MEMORY, ALLOWING A FULL MEGABYTE ADDRESS
CAPABILITY FOR THE ETHERNET MICROPROCESSOR

ENABLES THE RECEIVE LOGIC WITHIN THE ETHERNET -
CONTROLLER.

BIT 14

H
-

BIT 15 = 1 ENABLES THE TRANSMIT LOGIC WITHIN THE ETHERNET
CONTROLLER.
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5.2 STATUS OPERATION ' ' 7

A "Read" of address FC800H will cause the status word to be input from

the controller logic to the 8086. The formatis as follows:

o 7 8 15
ETHERNET ADDRESS I
———— |LCC|iDO | NWH CRC|COL|BSD|RCV| XM
MSB  FROM DIPSWITCHES LSB
BIT8 = 1INDICATES LOSS OF CARRIER J
BIT9 = 1INDICATES INPUT DATA NOT
TAKEN FAST ENOUGH BY 8086
(INPUT DATA OVERRUN)
BIT 10 = 1 INDICATES RECEIVED DATA DID —
NOT END ON WORD BOUNDARY
BIT 11 = 1INDICATES A CRC ERROR ON
INCOMING MESSAGE
BIT 12 = 1!NDICATES A COLLISICN WHEN
TRANSMITTING DATA
BIT 13 = 1 INDICATES BOOT SEQUENCE DONE
BIT 14 = 1INDICATES RECEIVE IS ACTIVE
BIT 15 = 1 INDICATES TRANSMIT IS ACTIVE

NOTE THAT THESE THREE BITS REFLECT THE COMMAND WORD BITS.

These drawings and specifications,and the data Title Xerox Corporation
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6.0 DATA TRANSFERS

Datais transferred under 8086 control using the MOVW - REP
instructions to transfer full 16 bit words from memory to the

Ethernet Controller logic and vice versa.

6.1 TRANSMIT OPERATION

To send data out over the Ethernet the 8086 mustissue a control
word to the Ethernet Conirollerlogic with the XMT ON bit = 1.

This should be followed by the 8086 entering into the MOVW - REP
ioop with the source address equal to FEOOOH (or some other area

- of main memory if the lccal RAM has not been loaded with the data

The first data word transferred will enter a buffer register and remain
there until deference has been met. If other wrrites occur while there
is still data in the buffer, the 8086 will enter a wait state suspending
operation until the buffer has been transferred to the parallel - to -

serial output shift register.

When the MOVW - REP loop completes, the Ethernet controller will

automatically append the CRC word to the outgoing message

In case of a collision occuring while the Ethernet microprocessoris
in the wait state, the Write ready condition is forced, permitting the

microprocessor to finish the cycle and sense the impending interrupt.

“j These drawings and specifications,and the data Title Xerox Corporation
contained therein, are the exclusive property . .
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6.2 RECEIVE OPERATION

To receive data the 8086 must issue a control word to the Ethernet
Controller logic with the RCV ON bit = 1. Two options are available

for controlling the receive operation; Read normal or Read Override.

In the Read Normal mode, the Read Override bit in the control register
is left = 0. The 8086, after turning on the RCV ON bit, enters into

a loop testing the state of the Test’ pin with a WAIT instruction until
the pin is taken low by th2 occurence of the assembly of the first

word in the input buffer. Upon exiting the WAIT instruction, the 8086
should enter the MOVW - REP sequence with the source address equal

to FDOOOH and the destination address FEOOOH or some other Main

The read cycle of the MOVW instruction will hang until the next
word has been received from the Ethernet. Subsequent reads must
occur within less than one word time {(5.44 microseconds) or a

Data Oveirun error will be repgorted in the Status word.

In the Read Override mode, the Read Override bit should be set = 1
at the same time the RCV ON bit is set = 1. In this mode the 8086

is free to run other processes and under program control can enable
the IR5 interrupt so that when an incoming word has been assembled
the 8086 is interrupted. At this time the 8086 can read the first

word assembled zad check source - destination addresses to decide

if it wants to become actively engaged in Ethernet operations.

if so, the 8086 should reset both the RCV ON and Read Override
bits followed by setting the RCV ON bit = 1. The MOVW - REP
sequence can then be entered in anticipation of the incoming

message or the Read Normal mode can be entered as described

used for any purpose whatsoever, except the

above.
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7.0 OTHER CAVEATS

The " normal " operation on Transmit will be terminated by the
word count being reached (set up when the message is first
started by the Ethernet 8086) during the REP - MOVW

operation.

An "Unusual End"” will be manifested by the occurence of an
interrupt to the 8086 with the IR 4 bit =1 from the Interrupt

Controller.

The " normal " termination for the receive channel is for the
IR 3 bit = 1 interruptto occur, which it does upon seeing

Loss of Carrier.

Far safei

<

’s sake, the Receive channel should also be made to
terminate on some maximum byte count so as not to overwrite

areas of memory not intended for Data Storage.

Status should be read whenever an 1/0 operation terminates as

the logic depends upon this for part of its reset.

CRC code is generated automatically on transmit operations and is
appended to the data stream as soon as the 8086 stops the REP -
MOVW operation (when the word count = 0).

CRC code is checked overincoming messages, but is not input
as part of the data field. CRC errors are reported in the Status

Word. See paragraph 5.3.

Software should inspect the Data block received to determine if
the message is for that station and should check the Status Word

to determine Normal or Unusual End conditions.
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| T1 | T2 | 73 | W ] ™w | T4 | T4 | T2 |
ECSysCiock T l T L 111 i ! J__‘L | L i 1
ECALE | l | I
ECCpuBus I Addr I | Addr
ECAddr.xx I
|
Valid by here
PROM output I
i
Valid by here
ECRead l I
ECDEN ]l l
ChipSelectto RAM I
RAM OutEn’ l r
RAM Data i
k Stable by} here
Data on ECBus must be stable by here
ReadStatusReg’ or ReadPortData’ ‘ [
LS373’s or LS374’s Data T
Stable by perm
SelintrCtir L
InterruptContollerData l
Stable py here
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ISR.15

U u Uy uuy

g uUuvuuuyuw

})ata15 i)ame bata1 lDataz l Data3 lData4 lDataS ! l I [ r I ' | |
SR j)atas IDataQ })ataw l ] { [ J l l I I [ l | I
S e e fem ] T T [ [ T T [ [ T T T ]
Comt(:r;om]emjg;]m!ol 1] 2] s8] a|l 5] 6] 7| 8] o] 10] 11] 12] 13]

ISRFull (Carry)

[ 1

LoadInputReg ﬂ
I— Puts third word in buffer here
ReadBufferFull |—| l
- 1 i
ReadPottData’ J l l
I—— Data taken here by 8086 l
ReadFullReset l__l This read hangs until J l
data is available or until ILOC occlus
ENetReadReady ’ I I
ILeC J
QGarbage read here
'~ READTIMING WHEN DATA NOT AVAILABLE IN BUFFER
OR WHEN LOSS OF CARRIER OCCURS DURING READ HANG TIME
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< [JUUUUU Uy oy
1t
11
XmtOn |
\)‘Ilrites first word into buffer Viin‘tes second wond into buffer

—_—]
WriitePortData’ I l
WriteBuffFull | I l

ENetWriteReady
SetWiiteFull I I J
OutOn [

d

]
OutGo " I

17

—

OuwtRGo |

-

SOSLoad’ I [

Loads first word into shift reg

OSLoad’ .

XClock

-

OCntr contents

[ B e e

0SDataG |0|1I1]0|—1]O|0|1| | I I l

SXData | | | I l | | l I I l ETC

XData | | ETC
I 1 0 l 1 1 0 1 0 0 1

XDataBitTimes Ista| 1 [ 2 | 3 | a |5 |6 |7 [ 8 ]9 | 10] 11] 12]

Delay for deference

Delay between writing control word

and first MOVW wiite operation

STARTUP TIMING SEQUENCE FOR TRANSMIT OPERATION
7 XEROX ‘Project o ~ File 7Designer 7Rev 7Date VPage
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XmtOn

Writes third word into buffer

I

WritePoriData’ 1 I

WiiteBuffFull ! I

ENetWriteReady l l

Coll causes late drop if no OSLoad occurs

SetWiiteFull l 1 I

OutOn

OutGo

OutRGo

SOSLoad’ I I

Loads second word into shift reg

OSLoad’ i i
- XClock .

OCntr contents

131415/ 0 [ 1] 2] 3]a]|] s]|e |7 |89 [10] 11] 12]13]
OSDataG
N I R O A T N
XDataBitTimes
12 | 13 1al15 |16 | 1] 2 |3 |a]|]s5 | 6|7 |8 |9 [10]11] 12| 13

Coll I

TIMING IF BUFFER IS STILL FULL WHEN WRITE OCCURS

OR
IF COLLISION OCCURS WHILE HUNG IN WRITE CONDITION

XEROQX | Project o File
g spG | NT1 l Ethemet Transmit timing | ENettiming03.sil
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XmtOn

Writes thid word inte buffer

WiitePortData’ I l

WiiteBuffFull l

ENetWriteReady

SetWiiteFull

OutOn

OutGo

OutRGo

SOSload’ I l

Loads] second word into shift reg

OSLoad’ L__

XClock

B A o

OCntr _contents

13 | 1a] 1501 |2 3] a] 5].6]7]8V]9!101>111 12 | 13 |
8 A A
| 13 14|l 15 6] 1] 23 ]a]ls ]| 6|7 |89 10|11 [12]13

TIMING IF BUFFER IS EMPTY WHEN WRITE OCCURS
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XmtOn

WiitePortData’

WiiteBuffFull

ENetWriteReady

SetWiiteFull

OutCn

OutGo

CutRGo

SOSLoad’ I

OSLozd’ ___l

XCiock
OCntr_contents
13 | 14|l 15l 0o |1 | 2] 3|a]| 5|6 |7 |8 |9 |10] 11| 12]13 ]|

OSDataG

' l ‘ CRC ICRC ICRC ICRC ICRC ICRC ICRC lCRC ICRC ICRC J CRC ICRC ICRC l

XDataBitTimes
12 | 13 I 14 | 15 l 16 Icrc1 |crc2 |crc3 |crc4 IcrcS Icrc@ |crc7 lcrcS Icch lcrc1olcrc11 !crc12l

CRCGo.
TIMING IF BUFFER IS EMPTY WHEN OSLOAD’ OCCURS
(WORD COUNT HAS GONE TO ZERO)
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XmtOn

WritePortData’

WiiteBut{Full

ENetWriteReady

SetWriteFull

QutOn

OutGo ’

E—

OutRGo

SOSload’ l l

OSlLoad’ i__

lipipigipipipipinipigigipipipipininl
001"1c?erts14| 1500 [ { ] 2] 3]a]| s]es 17‘18 | o |10 | 11| 12] 13 |

OSDataG
CRC ! CRC l CRC ‘ CRC l

XDataBitTimes
crc12 kre13 kre14 pre15 kre16

CRCGo '

OutEnd’ J

END TIMING SEQUENCE
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Bit Cells

Istat| 1+ | 2 ] 3| a|] 5| 6| 7| 8] o
N wn N o I e I e O e O
- S e ¥ 1 e W T e A
ISR.15 | l-gt:rﬂo 11 0 1 0 0 1

Me 2 1 "
ISR.08 jStat | O | 1 T 0

START OF RECEIVE OPERATION
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Inninninninninninninn inn innianinninninn innTauinnly

S e S o o s o I T O A
" ISR.08
pae Joatas paaro | | | ] | | [ [ | | [ [ |
ISR.00
fout foaat foxr | | | | | [ | | [ [ | [ |
MiP I
Counter=15 lo | 1] 2] 3] al s| 6] 7] 8] 9] 10] 11| 12] 13]
ISRFult (Carry) I l
LoadinputReg H
l— Puts first word in buffer here
ReadBufferFull [ ]
ReadPortData’ This first Read must occur within l !

one word time from IMIP going High

ReadFullReset ‘ I

FIRST WORD RECEIVED TIMING

Date

! XEROX [ Project 7 :, File Designer Rev
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Counter contents

13 |14 [ 15| o | 1| 2| 3] a]| 5] 6| 7] 8] 9] 10] 11| 12] 13]

ISRFull (Carry) l I
LoadInputReg l L

I-—- Puts second word in buifer here

ReadBufferFuil l

| .
ReadPortData’ Il i 4 _!
1
|

| — Data taken here by 8086

ReadFuilReset l I

ENetReadReady

This read hangs until
Tata is available

READ WHEN DATA IS AVAILABLE IN THE BUFFER REG
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Counter contents

13 |14 [ 15| 0 | 1] 2| 3] a| 5| 6| 7| 8| 9| 10] 11| 12] 13}
ISRFull (Carry) I
r
LoadInputReg l
I— Puts last word in buffer here
ReadBufferFull H
ReadPortData’ J
{ — Data taken here by 8086
ReadFullReset U
ENetReadReady r
iLoc [
"~ NORMAL ENDING SEQUENCE
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