Inter-Office Memorandum

To Alto Gateway Project Date July 31, 1978
From  David Boggs Location Palo Alto
Subject  How to install extra Fthernet Organization Parc

Interfaces in an Alto

XEROX

Filed on: [IvyKPortola>ExtraEther.bravo

This memo describes how to install up to two cxtra Ethernct interfaces in an Alto. This can casily
be done to any vintage Alto though these instructions are for an Alto 1. ‘The hardware
configuration of your Alto determines which card slots and tasks you usc, so this memo is not a
complete recipe - you must understand what you are doing.

Mechanical considerations

An extra Ethernet interface may be installed in any sparc processor slot, 15-20. There are no
uncommitted connector mounting holes on the rcar bulkhcad, but the TRICON radial cable hole is
the right size and will work for the first extra interface. Be sure to clearly label both cnds of the
cable. '

Board modifications

An FEthernet board used in onc of the cxtra positions nceds several modifications. The 1Cmd &
ocmd flip flop inputs must be disconnccted from  BUS[14-15]:

cut the trace at 35-2
cut the trace at 35-14,

and brought out to cdgc pins so that they can be sct by jumpers:

add a wire from 35-2 to cdge pin 98 (OCmd)
add a wirc from 35-14 to cdgc pin 97 (1ICmd).

The signal IBusy, which is brought out to an cdge pin for debugging, collides with TaskA’, so
cut the tracc at cdge pin 113

To prevent the extra boards from responding to the emulalor’s ReadSerialNumber function, and to
avoid driving the signal 10 from more than onc place,

remove the 3205 at position 9.

If this is an Alto I, replace the following chips with schottky versions:
7402 at position 40
7404 at position 55

74157 at position 48
7438s at positions 14, 15, 24, 25, 26.
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How to install extra Ethernet interfaces in an Alto 2
A modified board will work in a normal Ethernet slot if you replace the 3205 at position 9 and
jumper pin 14-98 to 14-95 and pin 14-97 to 14-94 on the backplane.

Backplane modifications

An Ethernet board nceds some signals which are not present on the standard processor bus slots.
‘These arc available on the corresponding pins of slot 14, the standard Ethernet.

SysCIk’ 12
AuSysClk 72
«KData’ 111
EmAct’ 99
SWakMRT’ 68

In addition, two BUS bits must be connected to the Cmd flip flops, and a task must be assigned by
connecting the board’s Active and Wakeup signals. These arc discussed below.

Note that SReset' and EStop are not wired on extra interfaces. SReset is the signal which boots the
machine, and it is sufficicnt for the standard Ethernet to yank on it; besides, S10 decoding on the
extra boards is disabled. EStop is the signal which stops the clocks for one cycle to fix a long path
in the interface. Installing Schottky chips in the path makes it unnccessary to do this.

Host addresses

The host address logic in an extra Fthernet interface is disabled by removing the 3205, so the SI0
instruction returns the address sct by the jumpers on the standard Ethernct interface in slot 14.
Host jumpers on the cxtra slots are not required.

Tasks, S10 bits, and Page 1 locations

The choize of task for an extra Fthernet interface is invisible to the emulator level program. An
active interface consumes about 15% of an Alto, which is low cnough that any of the four
uncommitted tasks available on the backplanc will work. Pick onc of them and wire its wakcup and
active pins on the control board (slot 11) to Etherwakeup' (pin 103) and FitherActive (pin 100) on the
extra lithernct board. ‘The table below gives the pin numbers on the control board for the
uncommitted tasks.

‘Task Wakeup' Active’

1 113 119
2 58 52

5 60 102
6 104 101

The microcode for the cxtra interfaces use page 1 locations 630-6408 and 642-6528 in the same way
that the standard Ethernet uses 600-6108.  The extra interfaces may be assigned different host
addresses than the standard one by putting different numbers in 6408 and 6528, but as mentioned
above. $10 returns the address set on the backplane of the standard interface so you must invent a
new way to get the additional addresses.  Unless there is a compelling rcason, 1 recommend that
additional interfaces use the same host address as the standard one.

‘The emulator task signals an Ether task by placing a valuc on BUS and exccuting the SIO emulator
function. Fach Ethernet interface checks two BUS bits during an S10 and wakes up its task if cither
bit is onc. 'The task then performs some action which ends up modifying its page 1 locations. Thus
the software must know the correspondence between S10 bits and page 1 locations. 1 recommend
the following correspondence:
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SIO bits page 1
14 & 15 600-610B (standard Ethernet interface)
12 & 13 630-640B
10 & 11 642-651B

where the MSB of the pair sets the ICmd FF by being wired to pin 97, and the LSB scts the OCmd FF
by being wired to pin 98. The MESA and BCPL PUP packages assume this; if you do it differently
you forfeit compatibility. BUS[0-15] arc on pins 80-95.

Microcode -

Files ExtraFtherl.mu and ExtraEther2.mu contain copies of the Ether microcode which use page 1
focations 630-640B and 642-6521 respectively. These files do not define task numbers or R-registers
to be used. File ExtraEther.mu is an example of how to do this, assigning tasks 2 and 3, and
registers 14-178, and adding cnough other definitions to make a stand-alone ram image for two
extra Fthernets.  These files are stored in [lvy[KPortola>GatewayMc.dm

Note that the registers must be in the first group of 32 since the Ether hardware can’t be ram-
related (function and bus sources collide with the ram). This is a problem for MESA, since only one
R-register is available. Another one can be freed by rewriting the memory refresh task to climinate
its usc of ClockTemp. To get the next two, the cursor must be sacrificed. This involves deleting all
references 0 CurX and CurData from the MRT, Cursor, and DVT tasks.

Revision History

July 20, 1978

First rclease.



ETHERNET

An Ethernet is the principal means of communications between an Alto and the outside world. The
object was to design a communication system which could grow smoothly to accommodate several
buildings full of personal computers and the facilities needed for their support. The Ethernet is a
broadcast. multi-drop. packet-switching, bit-serial, digital communications network: it connects up to
256 nodes. separated by as much as 1 kilometer, with a 2.94 megbits/sec. channel. Control of the
Ethernet is distributed among the communication computers to eliminate the reliability problems of
an active central controller, to avoid a bottleneck in a system. rich in parallelism. and to reduce the
fixed costs which make small systems unecononical.

The Ethernet is intended to be an efficient. low-level packet transport mechanism which gives its
best efforts to delivering packets, but it is not error free. Even when transmitted without source-
detected interference. a packet may not reach its destination without error: thus, packets are
delivered only with high probability. Stations requiring a residual error rate lower than that
provided by this bare packet transport mechanism must follow mutually agreed upon packet
protocols. :

Alto Ethernets come in three pieces: the transceiver, the interface, and the microcode. The
transceiver is a small device which taps into the passing Ether. inserting and extracting bits under
the control of the interface while disturbing the Ether as little as possible. The same device is used
to connect all types of Ethernet interfaces to the Ether, so the transceiver design is not specific to
the Alto, and will not be described here.

When a program wishes to send a packet, it must first turn off the receiver if it is on. If the receiver
is actively copying a packet into memorv. the transmitter should wait for the receiver to. finish (a
maximum of about 1.5 msec. assuming 250-300 word packets). The program can tell whether the
receiver is actively transferring or idle by zeroing the first word of the input buffer before starting
the receiver. When the program wants to start the transmitter, it checks the first word of the input
buffer: if it is still zero. input has not yet begun and the interface may be reset and the transmitter
started with a high probability of not missing an incoming packet. There is still a small window
between testing the word and starting the transmitter when a packet can arrive and be missed. but
paragraph two warned that the Ethernet is not error free anyway, so missing a few more packets
should be harmless.

The first word of all Ethernet packets must contain the address to which the packet is destined in
the left byte. and the address of the sender (or 'source’) in the right byte. Reveivers examine at least
the destination byte. and in some cases (not in Altos) the source byte 10 determine whether to copy
the message into memory as it passes by. Address zero has special meaning to the Ethernet. Packets
with destination zero are broadcast packets. and all receivers will receive them. If a program wishes
1o receive all packets on the Ether regardless of address (useful for debugging and diagnostic
programs). it should use zero. A host which does this is said to be promiscuous. Address 377 (octal)
is reserved for Ethernet booting. Address 376 (octal) is reserved as the destination for diagnostic
messages.



ETHERNET HARDWARE

The Ethernet hardware consists of a FIFO buffer, an output shift register and phase encoder. a
clock recovery circuit, an input shift register, a CRC register. and one microcode task. Packets on
the Ether are phase encoded and transmitter synchronous: it is the responsibility of the receiver to
decide where a packet begins (and thus establish the phase of the data clock), separate the clock
from the data, and deserialize the incoming bit stream. The purpose of the write register is to
synchronize data transfers between the input shift register whose clock is derived from the incoming
data. and the FIFO which is synchronous to the processor system clock. The large FIFO is
necessary because the Ethernet task has relatively low priority. and the worst case latency from
request to task wakeup is on the order of 20 microseconds. The phase encoder uses the system clock
(one Ethernet bit time is two clock periods).

Included in the clock recovery section is a one-shot which is retriggered by each level transition of a
passing packet. This detects the envelope of a packet and is called its ‘carrier’. Ethernet phase
encoders mark the beginning of a packet by prefixing a single 1 bit, called the sync bit, to the front
of all transmissions. The leading edge of the sync bit of a packet will trigger the carrier one-shot of
a listening receiver and establish the receiver clock phase. The sync bit is clocked into the input
shift register and recirculated every 16 bit times thereafter to mark the presence of a complete word
in the register. If carrier drops without the sync bit at the end of the register, the transmission was
incomplete, and is flagged in the hardware status bits. When the shift register if full, the word is
transferred to the write register where it sits until the FIFO control has synchronized its presence
and there is room to accept it. If the shift register fills up again before the word has been
transferred from the write register to the FIFO, data has been lost and the input data late flip flop
is set.

Ethernet transmitters accumulate a 16 bit cyclic redundancy checksum on the data as it is serialized,
and append it to an outgoing packet after the last data word. As a receiver deserializes an incoming
packet it recomputes the checksum over the data plus the appended CRC word. If the resulting
receiver checksum is non-zero, the received packet is assumed to be in error: and the condition is
flagged in the hardware status byte.

The phase encoder is started when the microcode has decremented the countdown to zero. there is
no carrier present. and either the FIFO is full. or if the message is less than 16 words long, all of it
has been transferred to the FIFO. The phase encoder will not start up while there is carrier present.
This means that collisions can only happen because of delay in sensing carrier between widely
spaced transmitters. Collisions are detected at the transceiver by comparing the data the interface is
supplying to the data being received off the Ether. If the two are not identical. a signal is returned
to the interface which sets the collision flip flop causing a wakeup request to the microcode which
resets the interface.

The interface and the transceiver are connected together by three twisted pairs for signals plus
supply voltages and ground supplied from the interface. The signals are (1) transmitted data to the
transceiver. (2) received data from the transceiver, and (3) the collision signal from the transceiver
indicating interference.



(Ve

16

16

ETHERNET MODULE

PROCESSQR BUS PROCESSOR BUS ()
BUS(00-15) £4¢ BUS(08-18) BUS(10-15)
Y BUS(00-15)
—SPECT |
EILDFCTB
745157
SERIAL STATUS
AL NUMBER INFORMATION
V'
- Pg. 10 16 4 TM(00-15) FROM
YWWE 1 /' RDCNT BACKPLANE
74181 74181 74185
INPUT ADDRESS OUTPUT ADDRESS IM{00:15)~.] OUTPUT SHIFT
COUNTER COUNTER REGISTER
Pg. 22 Pg. 22 Pg. 18
V.
4 as | TM(00-T5) /16 OSPATA
74157 13101A 7437,7410 P3601,74174
2:1 ADDRESS MA(0-3) | RAM BUFFER OUTPUT DATA | OSDATA PHASE DATA T0
MULTIPLEXER [ 74 {FIFO) MULTIPLEXER ENCODER ETHERNET
Pg. 22 Pg. 23 Pg.21 Pg. 17 TRANSCEIVER
p .
 BUS(00-15) 116 CRCDATA  hsphTaG
74L5298 74157, F9401
2 BUS(00-15) ~J] 2:10aTA CRC
746 MULTIPLEXER GENERATOR
Pg. 23 Pg. 8
ISR(00-15) {1e RELK
74164 74586, 74123
INPUT SHIFT RDATA PHASE TROATA  coom
REGISTER DECODER ETHERNET
Pg. 15 Pg. 9 TRANSCEIVER
74108 BRANCH
BUS(14.15) COMMAND ICMD & OCMD CONTROL +_NEXT(06.07) TO
72 DECODER 72:' —> LOGIC 7s ~ CONTROL
Pg.7 Pg.8,12 MODULE
DECPDED
FUNGTION
SIGNALS
FROM 13205
CONTROL——UNDECODED F1 & F2 S Egggyé)RN

MODULE

FUNCTION SIGNALS

Pg. 6




13843HL3 I oY 0
. RO M9 — QO——C. —taman
A ~ ATS a7 ars arz
— — —1
1
—NO
T, L
& M- iy ere n A p
< A Adl
S AR 2% T‘:i‘ﬂ-- Ase ""‘z AS4 AgY 321
n
a 1
»
g | 2
~] L~J ol L~ oy L~J L\ L~
ero cm ces cor cae cm coa css cuz _::l. _
4 80 A39 Ase Ase a8y As2 st
[ é [ Ase as Ay
ol { 3 -cior
z r Rk
n .
gz (PN "i N LN L~ d L L LA
al ceo cw» o8 cse 38 cse css cez en
AaY A AR Al
= i A [ ] Ass oy 2e4 '% ] [
s | ] ’—'
3 1 [
- » » }
' -
4 | R
3 N L LA L~ e ot
0 can ca car cae can cae ca3 cae ca
-ni— T
X Ass 138 439 434 ! A32 A3
E_’l v ] [} 14 ) 1 A3
teo c» e =24 . ey C3e 3 exn o
- 23 122 apt
a0 ﬁ = -‘-ﬁ’ ae Az8 Azs [ 1 T "‘1
o0 cze c2 cxr c2s - cz8 c2e c23 c12 =3
ARO L‘: Mo £ Ale AlS Me £!" ﬂ‘ ﬁ_l-
aeo B us
c20 =) c» =4 oe 8 e o3 cig sl
ALQ Ay a8 as " @
. AS - T A Al
R J—e
LA LA LAl A LA L~ N
L co ce cs ce (3] cz cl/
—ne—

3

These drawings and specifications, and the data con-
tained therein, are the exclusive property of Xerox
Corporation and/or Rank Xarox, Ltd. issued in strict
confidence and shall not, without the prior written

rmission of Xerox Corporation or Rank Xerox,

td., be reproduced, copiad or used for any purpose
whatsoever, sxcept the manufacture of articles for
Xerox Corporation or Rank Xerox, Ltd.

Titte

ASSEMBLY, PRINTED

WIRRING-
ETHERNET

Xerox Corporation
El Segundo, California

v
ce)
59

2 PLACES

216323

XEROX

Sheet 3

ot

1586(3/73)

A



r2-3  [33) a7k .
Fe-2  [33] &3 vo g2 Eism7
F2-/ [37] Zle v5 /0 £CHRET
F2-0 [3¢] vl — ZgFeT
(RD  vip2 — EEFeT
Vool — FBBACT
_L—————‘/dc-,:m Yl it FosFCT
T —32dcas Yoplfe FoO Fc 7™
é 6l
7% [z2]
-3 [33} 1IAGa VL S
FI-2 [32] =2 g Yopl — N.C
Fr-r 3]} 3lc v5 ol FwecT
F-9 [30] vapll __ grmcT
(09 vabz _ sZrrer
570 _.’_‘?.‘,74609 r yalbld— N.C.
3u5¢¢__‘7_“45 __]r——'-‘éée,o Y1 n.C.
~ 124628  Yop2— N.C.
U tles
svserR [ {s
| AP alé 5 RESET
l_ 4':c: =407 ¢ P v7 b2 75
.9 25 vepl—{uz]aEw
l.___'_g.'z 3z 3 c YSOLO-—E 7%
le | (?\ Yapll )| Emrd
PUC g Y5i (g ] &3
Yeb2Ay7y ] F972
bt PEP VipldTog) &7
7404 , 6—106;13 Ydfm
EmACT [G7 ] ‘7' £ ol

COMMAND DECODING

Lh.:.d d”n'.wipg and xocific'atipns, and the d:t:“con- Title ATLTO IT
A o
e e dlor Renk Xerox. Ltd wsoed in strict | ASSEMBLY, PRINTED WIRING

confidence and shall not, without the prior written

Xerox Corporation
£l Segundo, California

X

rmission of Xerox Corporation or Rank Xerox, .
nd.. be reproduced, copied or used for any purpose ETHERNET 216223 G
whatsosver, except the manufacture of articles for
Xerox Corporation or Rank Xerox, Ltd. Sheet 6 fs,

1586(3/73) A




pUI
5g 24109
(35)
4eLk
polddR  Fpl—— TCHT
CLR
—_— ﬁ[’/
ERESET
—S$TO pul
L 74/09
xed susk G} By Q (0 rems
Izo0 ° (35)
us  Jo* 12 ik
S CLAX 4a
| 13 |—
POl A—Qk Q Temo
cLR
e /5?
_@ ERESET
’D {74 | { =
2 Pb D_——P--#‘.W + 15V . | -
17 ~E 4 _—’::
D__27 _Hera G5 \
| ) -
auD -t 35 P4 +5V o
(= =
P20 .
4s 12 as ‘
D'—'-‘ c22 D._—J__,E
[353 rza b
\ — LR& | \D"'—
COMMAND DECODING

oll[

Thess drawings and specifications, and the data con-
tained th-nm, sre the exciusive property of Xerox
Corporation and/or Renk Xerox, Ltd. issued in strict
confidence lnd shail not, without the prior written
twmmion of Xerox Corponnon or Rank Xerox,
be nprodueod copied or used for any purpose

the o of articles for

anox Corponnon or Rank Xerox, Ltd.

Title  ATTO II Xerox Corporation *\':Qm ,‘
El Segundo, Californi ATy
ASSEMBLY, PRINTED WIRING egundo, California /b |
ETHERNET 216323 G
Sheet 7 ot

1586(3/73)

A



= =] =300 74HO/
NEXTB6A4 7
J
74800
Iemp I 7
3| A5
I Tuos '
ERBFCT ’ b.
74500
2
45 |
. [+
mp ‘ / 7440 / SHO!
NEXTETA ﬁg :>___._'2 | 3¢ pE—Tie7 | NEE7
BE Yeod . 74;°
ECBFcT ) 2 2| 4
/ 7438
SRESET
2 25 P2 [70] sReser
3 7402
£IRC | 10@ d N
- 2|47 W EIDFCT
— goa7A [ 117 < _
Y Jo0d eLDFCT
D
!5>°.z
74/5 7 ~ %o/
0SDATAG 2}, iy |4 Il lepr R cRecpATA
XcLoeK Slon  ay Lqeux
ST7oR Udsg  3yp2 2 e b2 o CRcm
crcGo lin  av|i 24sr
Tsers 310 E;L_ D9
RCLK __-___._%;o %iag
ZOoR7 e V. @ D)
. 53
Pu3—L 140 8| (53
TausY ds [ 21y
184 | 3 2
(2#s57)
Y; \V
BRANCH LOGIC
These drawings and specifications, and the dats con- | Title Xerox Corporation
iy S 17, 85 gl ppey 3G | ALTO 11 Eisenin.caner_ XEROX

confidence and shall not, without the ;rior written
Eorminion of Xerox Corporation or Rank Xerox,

td., be reproduced, copisd or used for any purpose
whatsoever, except the manufacture of articles for
Xerox Corporation or Rank Xerox, Ltd.

ASSEMBLY,PRINTED WIRING
ETHERNET

216323

Sheet

8 of

1586(3/73)

A




confidence snd shall not, without the

or written
tcmision of Xerox Corporation or
t

ank Xerox,

ASSEMBLY, PRINTED WIRING

RDATA
A
7483
/1l I_z:
/3 )D— A al— RcLK
/# P .
=
Vee -
Py {l -
RlQé 470 4 | TIPS TG 3P
[~ 7
Il
RIS 12K
Ve
7923
R18
3 h—&h -
4 AA /
Lcion P4 2qwe ghl—CarmiER
= 2200PF o vCC
NYTRONICS L
DC-222K Clo3
- R2
'Q_? HOK 5Kk
Vel cloz
ETLDFCTA
|
WR IS, " o[’ 5‘3 ESTOP
2.94 MBS 416 ) f76)
T, | 255us 5" 0
Cl0l | 47pf PU4/—q o=
T, | 170ns
Ra 5K
Cl02 | 68pf
Ty | 425ns
Ry | 208
€103 3% f
c104 | 2200Pf
R18 10
R19 470 n-
These drawings and specifications, and the dats con- | Title Xerox Corporation > )
g‘o',';:nm:,""‘;m',':, g‘.‘n‘:",‘(".‘::';" m’;ﬁvm":nx,::&’{ ALTO II £l Segundo, California X ‘OX

d., be reproduced, copied or ussd for any purpose 216323 G
atsoever, except the manufscture of articles for ~
Xerox Corporation or Rank Xerox, Ltd. ETHERNET Sheet 9 of

1586(3/73)

A



—— WLF [0 —
BF 503 &usy
L 200 /g 74500 7#/09 | &
8 RST
pu3 /43.7\j¢ 6"®F i1 qle wWR
( 2 5 €77’
WLLoAD -———Lz'-:CLK 2 <L
1 3
PU3 L= % apl—TF 2a%  epl—— wWR
74/04)| ﬁ’:i CLR
5 /T
— pu3
ARC
70
Busy 7 7 N a
ARC 3 o] /d O
wR ———Z 5 e
rs i _‘i‘ weE
Ft/s /’u 3
,_"_L_ __cLL
ST 2|, PT
WL F 1y /0 s IoL
TSRFULL Y Py ARC. dlox
pus —IYk ap po3 —3d%  &p2 Iow
cL
ERESET 1Y 'Y
74500 748157
SYscLk 2 @u 2 4 w |4 wLLOAD
fobrer __32.|>0"__ 0SLoAD ‘/"; 24 2y ROCNT
osLoap 30 3 RR
syeeLi 2 74800 o Y =
ISTDFCT L R ;—g
— O
EIpreT < 74500 R 25
e | OIF —— £z
ETCrCT — '
| Tgusy 4
| /5,
— EILDFCTA
74S00
:§75 >3 EILDFCTB
/) 7402..
we /4—-/ RERAD = ©
BUFFER CONTROL WRITE =/
These drawings and specifications, and the data con- Title Xerox Corporation
g PN I, B s et | ALTO 11 T s XEROX
gn:ab:.-":: of “Xerox "c";;,:{..“.t?;‘.: o Rank Xerox, | ASSEMBLY,PRINTED WIRING 216327 G
whatsosver. except 'the manufacturs of o fey ETHERNET
Xerox Corporation or Rank Xerox, Ltd. Sheet 10 owv

1586(3/73)

A




<

I—W / TE332
2| 14 P2 (80| Busas
27737 5 7228 '
4| 14 @ =8/ l Busd/
Tmda 9, 7426
Zm @3 3 7438
al’d P¥ {83] sguses
Zm P / 7438
o 24 P2 (82]  gousea
MET S (85] GBuses
A 9, 7428
4 24 P2 {8¢] sosge
Zgd7 _J3, 74285
2y P 87] Bous
EILDFCTA 2 D*l (87] Bosg7
m !, 7438
2903# {88] Boses
W & e TE 38
. 4//5 F& {89] Bos&9
9 7438
Zm#
_,@ﬁ 11 20 | B0S/@
T / 7438
_ = (a1 ] 8usw
F— / 72328
Imi 2 :
2 Qb6 2 ! 9z| BuUS /2
Im73 s 7‘235
4| e )3 { 95[ RVS/3
9, 7438
Ime
8|36 P [54] Bvsse
—_— /3 - 7438
Imis
EILDFCTS 2] 2@ )9// {95 ] BuLSIS

PROCESSOR BUS DRIVERS

These drawings and specifications, and the data con-
tained therein, are the exclusive property of Xerox
Corporation and/or Rank Xerox, Ltd, issued in strict
confidencs and shall not, without the or written
mission of Xerox Corporation or Rank Xerox,
td., be reproduced, copied or used for any purposs
whatsoever, except the manufacture of articies for
Xerox Corporation or Rank Xerox, Ltd.

Title
ALTO II

ASSEMBLY,PRINTED WIRING
ETHERNET

Xerox Corporation
El Segundo, California

X

X

215323

G

Sheet 11

of

1586(3/73)

A




POST
PosT
coLe —
| dle F” NEXTB6R
poST 9 1400
7404 8 —d
EBFcr 3 {écq Bl Y6 VEXT P4
BNE '3 o6
E7mC [/00 } 2 : .
9 “aad Zsusy. 5“2¢ LDRrR
BNNE aq 8
. 12, 7408
wiLF LS >cu /2 10
BF =1 7/ 5 P2 ODR.
cECT
oBusy
POST
PRTA
coLl
oCcow

O/<7ZZQUVV|// }4

OBape l 63 }

OIKTO RUN l// !

WAKEVP 7VPg

e _/

AUDYSCLK [72]

/3
/o2

Arc
NEXT b 7]
o0
o/
10
SYXLK 1/
—————————
SyscLk

ALTO INTERFACE

D474 (DL
pos7T
coLt
pPosS7”

These drawings and specifications, and the data con- | Title
tained therein, are the exclusive property of Xerox ALTO II —-—————E——-——)E(Ie;‘:’;g:;oorca;mgmia x

Corporation and/or Rank Xerox, Ltd. issued in strict
confidence and shall not, without the prior written
Eonmssion of Xerox Corporation or Rank Xerox,

td., be reproduced, copied or used for any purpose
whatsoever, excapt the manufacture of articies for
Xerox Corporation or Rank Xerox, Ltd.

ASSEMBLY, PRINTED WIRING

ETHERNET

216323

ROX

Sheet 12 &

1586(3/73)

A



POST
pPoOST
coLt ‘ 1 —_—
oS 9 J1400
-:—.——7: 3 74045{ d qcﬂ & /VS)(7_¢7/’
EBFcr @e '
BNE
Gz ry B
IDR
BNNE
WLF ] bS
BF & 2] 5l p 8 ODR
oEOoT
OBusy
PosT /3
BRATA ?
<5 12 (03 WRKEET
oCDw /&
-
o1 ToRUN [T - 7%
/& /7 Arc
/ 74508
OBARC e3 - ,,9,\ 3
2 , ARC.
NEXT b 7] \WAKEVP 7VPE
oo |p474(cbw)
o/ pPoS7
oIKTO RUI\) E /3‘ 74308 10 coLLl
Q P& sYScLk 1) | pPosT
qusyscek 2z} = =
/3 74837
yZ4 el
w2l 1 SYSCLK
ALTO INTERFACE
These drawings and specifications, and the data con- Titte Xerox Corporation
g"’:‘é:;:m:':‘;‘:‘l% I;?:n;";‘.‘;g:" gé::';m d°§“xs;:?c’: ALTO II El Segundo, California XEQOX
permition of Xarox Corperation o fank erox, | ASSEMBLY , PRINTED WIRING 216323 c
ahaisoever” oxcapt "the manufacture of arcicles for ETHERNET
Xerox Corporation or Rank Xerox, Ltd. Sheet 12 df

1586(3/73)

A



ERESET ______1
PSTS 9109
£l G _—
T &K I 8usy
VA
SVECLK 4'.cu<‘
EISFCT —éCE -§~7 {‘Hél ZB8usy
CLR
/ R4
T—--\/\/\/\— =7
ERESET :
//1 4189
4 16 O
TJQ ©8usy
SYSCZIK 2 CLK.
Zosrer —d 3pZ jl //4| oB8USY
‘i/5

400
I8usv P ) gosy
o8Oy 14
okToRun (17} o /o
7
/ <
ressr [23 2 s e
SYSCLK wd
EPFCT —— 5
— 2408
ZAR '5
1 L9774
(227> g
ALTO INTERF-.*

" PPy Titl ey i
tained therein, are. e exclutive property of xerax | | ALTO II oroxii 1y,
Corporation and/or Rank Xerox, Ltd. issued in strict ElSeg. .. ..
confidence and shall not, without the prior written ASSEMBLY.PRINTED WIRING

mission of Xerox Corporation or Rank Xerox, 4
td., be reproduced, copied or used for any purpose ETHERNET
whatsoever, except the manufacture of articies for S
Xerox Corporation or Rank Xerox, Ltd. Sheet

1586(3/73)

A

R L T e

Ll L R R ]

!

BRI N oy € e

1‘5

Ao

RO

-
54

e o e, smt————)

Ladadil TR SRR L e )



703
//J)
CARRIZR, 4 ;@Q 24 Zvons
Py 2h
K
e 2 74500
LMIp 3] = = 9 ——
Tioe /JEO—,‘——O < Qp ZAON
' /;13’1 24129
IBUSy
N lo Pus
BNE ‘f{}e
; [—54 Y ls 229
Loc & 2 b 9 7¢08
mz, 4| 39 J—~Q
WR == '————)CLK
ArRC 31 =7 —_———
pPOS =gk QP INGONE
CLR.
EoEsEr 17
IS?FoC,
““ o5
5J> 74109
2 o
ISRDF 15 _& ImIp
ReLK A he |
pu5 —2qF GbL ILe
/?‘
IO
PLsS
i
pUS _li.)@q & TLoC
CRRRIEE 120 |1909
pPLS /343)? 5:? ILoc
cLR
115
S lal
# vel
Ré
100 A
/1408
‘ s _
TRDATA  [P2/] 268 ) RDA7
- RS B
150 a0
INPUT STUFF
Title

Thess drawings and specifications, and the dats con-
tained therein, are the exclusive property of Xerox
Corporation and/or Rank Xerox, Ltd. issued in strict
confidence and shall not, without the prior written

ALTO IT

Xerox Corporation

El Segundo, California

XEROX

torminion of Xerox Corporation or Rank Xerox, | ASSEMBLY, PRINTED WIRING
td., be reproduced, copied or used for any purpose 216323 G
whatsoever, except the manufacture of articles for ETHERNET
Xerox Corporstion or Rank Xerox, Ltd. Sheet 14 d
1586(3/73) A



TSRS
Puse ISRFVLL
Inop }
11
PST - 5,,5,. lal
RDATA o J@—M .m- _2..,) al-
12| LR 4., 47
7402 -
L4k &b K &bl ISR 14
CLR LR 2 |/
109
Zi / N
INON —f 9} s ald ISR /3
PU4 R gl4 TSR /12
RCLK g >ck ¢ -1 IrsrR//
! ole ISR /0
@ &le ISRI?
FiL 5278
ol . 7sRH7
n }a ISRPG
74/@-
2 |/
sx v
7 ’ TR d5
T st LSRG
8bcue e} rsRP3
: oot rsed2
@ £le zskd /
X K / zsed d
2l gn s e
v G 55 ISR FULL
Sk Vee 13
[Vl H
6| 7 74164
7R U=
(4| !
2 arpl— pu4
TANOAN
INPUT SHIFT REGISTER
These drawings and specifications, and the data con- | Title Xerox Corporation
ches S, o e o s | 4170 1 B e XEROX
Er:n:i::oe: of Xerox ‘E’J;p}'m?é‘:.do:’ [rior written | ASSEMBLY , PRINTED WIRING 216323 o
s e " the menufacture of articles. for ETHERNET
Xerox Corporation or Rank Xerox, Ltd. Sheet 15 ot

1586(3/73) ‘



svd7 [25] 2 B,
IK PULLUP D 4- 2y ¢4 {95[ Bus IS
4
svde Iaq } " 10—
” % pe (2] svsse
9| » 44 8
SNBSS |23 } 2 had P
. |75 bl {23 svs:3
12 ‘
swg¢  [22] * e\, 3
1% 7z swse
i
SN®3 IZ/ { v /12
” /3 7928 b// {9/ I BYS//
sné 2 |2¢f} /\? 2,
X 7428
o s P2 [90] susi#
9
s~/ |/7 I X 5'-@\ c
4| =5 >:; {59] Bus 89
5 _‘
swd# 18] X /—7733 5 .
S
sy [42] ol 2| s (B8] svs#8

7404

oCMP ; 7/4;5), 8 EZ] oy
ICMO ; F;/;’? 6 E s

e ;7/4;5 4 @ Fusi2
o z@” {57 s
I;pi/:‘a'— /3l> 2 /: ’72,'53-8 8 {%5] sust#

(4
9404  SERIAL NUMBER & STATUS EPreT
e e A e cocarey, of Xevox | Xerox Corporation XEROX
Cor??’rnion ac':’d/%r .l'hnk ch?'x, Lt?ﬁ issued in strict ALTO II E! Segundo, California
i thout tt

E:rnn:is:?:r: of “Xerox Corporation or Mank Xerox, | ASSEMBLY,PRINTED WIRING c

td., be reproduced, copied or used for any purpose 216323
whatsoaver, except the manufacture of articles for ETHERNET - o]
Xerox Corporation or Rank Xerox, Ltd. Sheet 16 ot

1586(3/73) 2




G WA ”l“aw

~360/ 24/74
ovroo ——2g o HBR¥I3 ] P I N T
XORTA els, oafl—nll HNoo  aqpmem ~-- -
-
OSOATAS Zg, o5yt -1 PSS Y1 . 2
XCLOCK 4 45 04 2——)‘—/é— // 40 ‘/Q ﬁ-«.-‘ — » 3
oCNTRE 24, ] P! VS — o
oCrTR/ 2 As @ e  GQHEZ oo PR
OCNTRI / ‘l(’ uPEan v C
OCNTR3 /5 A ‘ -———LC R !
C& CcE @ f
/3
_P360/
oY% Y- R 7
xpRrA  —ll Oy
7 /0y
OSOR74G p Aa 03 ;(/4
xXceoek iy Oatxs
ocrred ———21A, @ By - 2
ocnre) ——25 B0
ocnres &L 4 KI5 rPUL
cE& CF I/é -3
/3 / /‘/ T a _4_‘4~ o e - QSL._:P; :.
__ )
TELE {2 cik
——————
EAY /. - .
OUTEND —-—3q B Bbee:wenm a50.
cLi% -
/5T
PlG
i
OUTPUT S.R. & P2 L : ‘
These drawings and specitications, and the dats con- Title Xerox . C - - O
g S ke et | A0 T Sea . XEROX
mn:uuoe: ;? Xor.ox ??c:r'p';'nt?:r: or. u&' v)v(:'t;: ASSMLY’PRINTED WIRING -
td., be reproduced, copied ar used for any purpose ETHERNET hd
whatsoever, except the manufacture of articles for s - -
Xerox Corporation or Rank Xerox, Ltd. Sheet

1586(3/73)

A



1265
TMoD ey an OSDATA
IMT] Sle
IMa 2 e
ZHD3 2l
IMPF “o
TMP5 ABle
TMP6 12} 5
IMHD7 114 @
OSLOAD Iqse
XCLoCckK 2 o)
Sleixa
v s
10
T14{LS
THo8 elv  an
I8 —2l6
ZHiz I
77 <l
b 9777 led
ZH/3 Hle
Zhr73 Ju2 3
ZMI5 14 @
...__{q st
2 ekl
E‘CLKZ
47/0
OUTPUT S.R. & PHASE ENCODER
e are s 93 axchutos propert of Xerow | ALTO IT orox Corporation

Corporation and/or Rank Xerox, Ltd. issued in strict
confidence and shall not, without the prior written
mission of Xerox Corporation or Rank Xerox,
td., be reproduced, copied or used for any purpose
whatsoever, except the manufacturs of articles for
Xerox Corporation or Rank Xerox, Ltd.

ASSEMBLY, PRINTED WIRING

ETHERNET

El Segundo, California

216323

XEROX

Sheet 18 oA

1586(3/73)

A




confidence and shali not, without the ;rior written
mission of Xerox Corporation or Rank Xerox,
td., be reproduced, copied or used for any purpose
whatsoever, except the manufacture of articles for
Xerox Corporation or Rank Xerox, Ltd.

ASSEMBLY, PRINTED WIRING

ETHERNET

Swﬁrmm-] L8 |
crPES&Tr
R 9 Vil
-
2~ le 2d ' ocow
_
SYSCLK >SeLk 24149
SWECT —234F &b ocbw
LR,
‘1
— PU6
ARE
Enic [eo
ERESET
Pu 7 pv7
._1_5?57_ 229189 J’pji‘ —
OUTON ’23‘@@-9 4 @QL_ cobLu
OTHER 4 DCLK 2 >eLK
pu7 4247 @b Fdx sbhle—— ZTorL
cLR LR
/ T T/3
O8VSY
ARC
ZRESET PO7
ji(L »IP9 __LT_S
I psT @ cm—— a PS
‘T@ Q= o7 pu7 =¥
sz Va soron 2L, &P
SYSCLK P> Lk OUTON w3
EEFCT ———";qk‘ 259 puU7 —éq'E & bL———— GUTEONE
CL cLi
1's i
s
pL7 o8UsY
i &
oBusy —— ¥ e
Cﬁ/?Q/CE_—L 24 8 O0K
OTHER — 4
OEOT /3, 7448 s
= OUTPUT STUFF
J— O =0T
8F B /1 ~
These drawings and specifications, and the data con- | Title Xerox Corporation
o wadior Renk Xerox. e weved 1n strict ALTO II El Segundo. California X

216323

R0OX

Sheet 19 ot

1586(3/73)

A




coLL = 74Ho01 oL
/2 30 o
XDATA
74
XDATA 4—X%
- 5| a5
COLL
vee
RI|
@8 < a00
e -
TeOTHER [ PIl} £ 3>02 2d DT HE®
R0
@ 270
g 74 5C8

3 =7
7/ TCLK
DBARC X .
Cr TORUN [ 77 {
OUTPUT STUFF
These drawings and specifications, and the data con- | Title Xerox Corporation X OX
gé?;gﬁ:\":{;d./% l%':ns:xﬁ:%;:? g?:p;rs:vgdognxs;:g: ALTO II El Segundo, California \
i t tt
permistion of Xerax Cotporation or Rank Xerox, | ASSEMBLY,PRINTED WIRING 216323 G
td., be reproduced, copied or used for any purpose

whatsosver, except the manufacture of articles for ETHERNET
Xerox Corporation or Rank Xerox, Ltd. Sheet . 20 of

1586(3/73) A



OSLOAD

A

A A 1 Jrt Sl WA

V-3

TCLK

PEsS7OP

TCLK o -

L Y3
W
, .. -
R O TN T S M- -y W'
A o U - B AR ¢ hd ..
"o
- U ST avt e > @, - v WS D v CRC&G
o N o rpp—— e il
..
e, o v, mm— B L
. .
v
~
e - 9
Comn "8 v eaea—— \ELL)O
- - - - om— N v
B " -
' - i -
o 2 - P 6 OV A U WA AR & W GRS OL‘ -=é.\/4:-'

| G <SSR G - G- 900 v RS ® . -

A % A o A VRS D W SO

-

.

B TR

. - .

: . . .

AT RO o, A R iy - B T AL . 2R -

L
- - P -
AP e B ER Ny A3 T
. .
Lt .-,‘.m-"".' : e - Y. \"_Q

“ . .

LS
e .
et W g -

Cav
T g iy
B P X T N P . 4
e AN I, B B g i 8

LR e P £ W' YDk

DREEY O

T
XCLDCK 2 " I % o P ™ . O N "
P Aot i N m . . IR X
I 42 -3 Mhada T Lo
e -~

E BESET- -

DrEoweE =
ogBusy

I

CRCLATA
C2CGo

oumeo PR

CRCGO

as LATA

A RN R A W

BRSO AT L G & o A i A S A W e s ¢ e

P I

s
o e sn o SOW N g g Ty
., N
16.\-._]‘
e
- oy s - %
o ae al W -« 5
-
vl il o e
. - o o s
h . O

o i s @

W S T A ouqu

ovVTHO

PEz

,£.-_..

OUTRBZ

Po ¥ batiar ¥

e
RE oK

.- ——

These drawings and specifications, and the “m.v
tained thersin, are the exciusive property wf isrcr
Corporation and/or Rank Xerox, Ltd. _um .
confidence and shall not, without the -ty
tormiuion of Xerox Corpouuon or Xewss:. .

td., be reproduced, copiad or used for o peagrsns

whatsoever, except the manufacture of artiches {-r
Xerox Corponnon or Rank Xerox, Ltd.

R R it ae UL IR Y 2 PNV ST L AT N * .
3 H ,‘,
. o [ A .»“
... .
e K d *, n..ﬁ s
N . 4 g e,
Pl Sodid I i
- e daden ' A
[ C e P
B T R T A L WP P

1586(3/73)



n.c. =24 ey hee.
<
n.c. —iB
n.é. —2lec
n.c. —Q" o
. -7
ROCrIT —-—-%>CLK o 457
BUSY ———qce gn ’3 2 /4
PUSG T o 22 f""’
7 = A <
_ZOLMbZZ// /4-1” A4 NMAD
74/G] Y f— MA/
g8 3v -‘2————/ 73 MA2
3 /4 3 WE—— M43
Nn.C. {4 QA 18
Nn.c. 4is asls 128
N.c. 42 e gqcle 233
n.c. - 2lp aolL an o
—_— (5
WE ek ey B2 pc. ’ j7
BUSY ———’7q cLR
)
PU4 e
7 om0
19161
ey P3éor I\iPU@jg
Ble) o[2xld z=
oo oallyis BrE
245 03[l 2 GuneE
2leg o4 [2xZ— ra
"’; A3
142
@ela/ @
2 140
Bdesi
desa
‘wriFo'!
HALF DUPLEX BUFFER
These drawings and specifications, and the data con- | Title Xerox Corporation >
Corporation andior Rank Noron: e woed i vex | ALTO II El Segundo, California X \OX
confidencs and shall not, without the prior written v
i be reproduced, comad o wed for sy purmess | ASSEMBLY , PRINTED WIRING 216323 G
whatsoever, except the manufacture of artictes for ETHERNET -
Xerox Corporation or Rank Xerox, Ltd. Sheet 22 a

1586(3/73)

A




e L L. ok = %Y
.":r ”;
- ?
.« A L m—— ;
e 420
- _‘m
s - LOr
" “ Tl""’??
S va - . S .
g 1
e 103 !
.
‘
ad i
- l
f
'
3
1
§
M
- ;
- . g
- . e
‘ ;7’;’
C e, 2 - .
. . L m—
POV V. L

BUSBD |[3e <1 7"} VI e
GUs@/ (g7 AV 7R § Vi A S
susee sz Qer el o e
BUSD3 |93 Zior oHE 4 R
ISREBD —=2i2 MAD —. . ,
ITSRD/ J—— 4 5"} MA | e i+
Iseae — T MAL — meme e i
Isea3 Slpa 177Y R —
W —edcix WE ——
IBUSY s
74.329€ |
BUsSo4 A< 24/ AME g
BUs05 |85 | e Gt .
BUS@e (86 2er clEd—x —— i
BUSB? 57 Lpsr pPHE — s e e
ISRD4 £l92 s
ISPD5 Lga e
ISRIéG Slea
ISea7 /él.p.:
l @ [N, 3 -
Aouus
74LS 298
BUSOB (B8 =1 PR VR, —
BUS®?S [&® Hor sl s
BUs/@ [so 2er <3y e
BUS// 9/ upy o2 % i
ISR @8 é/lm.z e s
ISRDS 52 -
ISR/D Sea (17)
Ise// Glpa .
oﬂccw
(7445298
BuUsie2  [3a 201 AHE—x —
BUS/3 93 2z  AHE—x v
BUS 13 94 Aot cf2—x ——m e
BUS/5  [9% o1 pHe—x e
ISR 12 292 L
I5R/3 Lga
ISR/ 4 Sieca ;
IsrR/S @l pa
LY e
/0 w5
| Z4LS5 298
Rl 0 Ll
i e o e shoserty of Xecax || ALTO TI

Corporation and/or Rank Xerox, Ltd. issued in strict
confidence and shail not, without the prior written
tormnmon of Xerox Corpormon or Rank Xerox,
be reproduced, copied or used for any purpose
whatsoever, except the manufacture of articles for
Xerox Corponuon or Rank Xerox, Ltd.

ASSEMBLY,PRIN™T. ™"
ETHERNE™

BN R

1586(3/73)

A

o o

— L e L

-

XEAOK 7

16325
a2




&

10

m BHEMG

0

£1%912

/ kNN el
Ry

BlLwIOje) ‘'opunbag |3

T —— o

(TVNYAINI) YNN3HLE
- T19¥D ‘XIGNASSY

I1 OL1V

2
(S P20 I AN
D it T N e e e ey —

Iy LoHeUBIS3Q Yo XijaIg

‘potelA3.iqqy a4y suciteubisag joy ‘2

a1qeonddy Ul S,0N Walf jayY L

*1S17 (eusen

By .".:..K Hui Y] 30 o .:::U EYYRR SN
30 ST 1O @INDCINUCUT DY JGEIND 1erpGILeA
asodind Aue 305 posn 10 pordod ‘prenicadas
‘XOIX Nuty 1o uonciodial) X0y jo u
u3uzs Joud A INOUIMACIOU luys puv ad 1
1212S Uf Pancst “pl} ‘X019 RUCYH JO/pur voR2i2GIC)
X012X 30 /310202d sALninXd oyl o1 ‘uidicul paucs

132 uoNes0dion) X0IsX sy LO3 BITP I pUR SLOKEdNIGGS pu sBumea) dSay)
< 9¢ - zr 1-1r 9¢
5z y1 | 5z
e [4 Y7¢
£C ST <
(44 £ A
1¢ 91 1c
0z 5 0z
o1 L1 61
e1 S 81
L1 81 L1
91 9 91
St 61 St
Q 7 : a
£l A €1
¢l 0¢ Al
11 8 11
01 ) YA 01
6 6 6
8 [44 8
L 01 L
) 9 €c 9
c 11 ] x;
Y ¢ Y
€ Al £
A S¢ rA
£ T -2¢r €T - 1r 1

‘397 by jeubig SOlON odhy anm wia gy o] woig4 wioy . “ON 94

2



[6]

T 25 win fiale
-

N -, [

[e][E]

P1

P2

L

< 40FT + 2.00IN.

)

/n
Ferale

PROPRIETARY NOTE ON SHEET 1 APPLIES TO ALL SHEETS

FILE: ETHEREXCABLE.SIL-3

A4  isueeT3or 5

UNLESS OTHERWISE SPECIFIED: DIMENSIONS IN:  REFER TO
THIRD [ MiLLMETERS FOR DWG INTERPRETATION
ANGLE MAXIMUM
PROJECTION CJ INches SURFACE TEXTURE
TITLE ALTO Il DWG. |DWG. 216411 SHEET
size | NoO. REV
ASSEMBLY, CABLE-ETHERNET (EXT) E




WIRENO. |[TERM|FROM | TQ | TERM TYPE NOTES SIGNAL
1 P1-12 pP2-9 1 BROWN TWISTED PAIR SPARE
2 P1-24 |P2-1 1 BLACK SPARE GND
3 P1-13 |P2-3 1 GREEN XDATA’
4 P1-25 |P2-4 1 BLACK GND
5 P1-16 |P2-5 1 WHITE TRDATA
6 P1-3 P2.6 1 BLACK TRDATA GND
7 1 |p1.8  |P2-7 1 BLUE TROTHER
8 P1-20 |P2-15 1 BLACK TROTHER GND
9 P1-11 |P2-10 1 RED +5V°
10 P1-23 [P2-11 1 BLACK +5V GND
11. P1-19 |P2-13 1 YELLOW +15V
12 P1-6 pP2-14 1 BLACK  TwisTEDPAIR 4+ 15V GND
\
PROPRIETARY NOTE ON SHEET 1 APPLIES TO ALL SHEETS FILE: ETHEREXCABLE.SIL-5
TITLE ALTO Il gl\gg ng- 216411 SHEEY

ASSEMBLY,CABLE-ETHERNET (EXTERNAL)

A4

REV.

sneetS oF S E




Inter-Office Memorandum

T Ron Cude Date 25 February 75
Frow David Boggs Location Palo Alto
subject Debugging Alto Ethernets Organization Parc

XEROX

This procedure uses EDP, the Ethernet debugging Program which is documented
in a companion memo by Bob Metcalfe. This test procedure does not need the
debugger interface. I have debugged over 50 interfaces this way and never
touched the microcode.

References to signals in the interface will follow this pattern:
SIGNALNAME, <chip>-<pin>, [schematic page number].

The Ethernet interface has two features not strictly connected with being an
Ethernet. They are the serial number drivers and the program controlled
boot feature.

The serial number feature decodes an EMULATOR SPECIFIC function (F1-16 -
Read Serial Number, RSN), and enables 8 bus drivers which drive BUS08-15.
The other input to each of these drivers come out to the backpanel, and are
the machine serial number you wire on before shipping an Alto. The Ethernet
uses the number returned by this function as its address, and these wires
WUST be installed before the interface can be checked out. When EDP cranks
up, it will read the serial number and tell you what it is in the top area
of the display. If it is 377, something is not working or you haven't wired
it.

The boot feature decodes EMULATOR SPECIFIC fuction (F1-17, SIO) and ANDs
this with BUS00. If the result is true, a 74H01 is enabled which pulls down
on SRESET', booting the machine just as if you had mashed the boot button.
EDP will test this feature with the Boot command. If it is successful, you
have to start EDP again. Ramload, which you will no doubt be hearing about
soon uses the boot feature too.

To debug an Alto Ethernet interface, you need:

A known to be working Ethernet Interface
Two working transceivers connected by some Ether
Two working Altos

Start up EDP on the Alto with the working interface. Call this 'Alto A'.
Extend the suspect board from the other Alto (presumably this is in a test
stand where you can get at the board easily), connect up the Ethernet cables
and power up the machine. call this 'Alto B'. Problems can be broken down
into three major classes of increasing difficulty: Won't boot, bad
transmitter, and bad receiver.

The general order of testing is:

Does the machine boot?

Does EDP give a reasonable serial number?
Does the EDP RESET TEST work? |

Does the EDP OUTPUT TEST work?



Does the Collision stuff work?
Does the EDP INPUT TEST work?
Does the EDP ECHO TEST work?

Once the machine boots and gives a reasonable serial number, try the ECHO
TEST. If it works, you are in luck, the interface works. Check the
collision stuff and ship it.

WON'T BOOT

This is fairly simple. The only signals going between the Ethernet board
and the rest of the Alto are:

The processor bus

The function busses

Wake task 7 (WAKEET' - E103)
Task 7 active (ETAC - E100)
SRESET'

RESET, OKTORUN, Clocks

NEXT 06 & 07.

The signals driven from the board are: the processor and NEXT bus, WAKEET'
and SRESET'. If SRESET' is low (25-3 [3]), the machine is continuously
booting; fix it. Step down the bus. All of the wires should be wiggling.
If they are not, remove the chips on the Ethernet board, one at a time,
corresponding to that bit:

BUS00 - 03: 13,14,45
BUS05 - 07: 23,24 .
BUSO8 - 11: 17,15,25,5
BUS12 - 15: 16,6,26,27,35.

If it is a 74HO1l, either its output is shorted, or it is enabled when it
shouldnt be. If it is a 74298, the chip is bad. Assured that it is not the
bus being clobbered, look at WAKEET' 39-8 [2]. If it is low, one of the
inputs to the WAKEET' gate is low. None of them should be. Booting should
generate ERESET' 11-3, [2], which should clear every flip flop that
matters. Next look at INPUTS to the NEXT bus drivers (30-4 and 30-1 [3]).
They should both be low, otherwise the NEXT bus is being polluted. This is
likely if WAKEET' is low, so make sure the interface is not spuriouly
requesting wakeups before believing something is wrong in the NEXT bus
area. I1f wakeups are happening, NEXT bus activity in the device is to be
expected.

If you have removed all the gates on the processor bus, the next bus and
SRESET', and it STILL wont boot, somebody is clobbering a clock, reset,
OKTORUN, or the fuction buses.

Now run the EDP RESET test (on Alto B). This test wakes up the microcode
which reads the hardware status, resets the hardware, and goes back to
sleep. The status EDP is looking for is 2771. While this test is running,
OCMD 35-6 [1] and ICMD 35-10 [1] should be wiggling, IBUSY 10-6 [2] and
OBUSY 10-10 [2] should be low, IT 16-12 [4], CRCZ' 16-1 [4], COLL 15-12 [4],
and IDL 15-9 [4] should be low. The EPFCT’ 19-12 [1] and SI10 9-15 [1]
decoder outputs should be wiggling.

BAD TRANSMITTER

Start the EDP INPUT test on Alto A. Start the EDP OUTPUT test on Alto B
with destination Alto A. Does Alto B say everything is ok? 1Ifso, the
transmitter appears to work from the originator's viewpoint (the transmitter
status is ok but the data could be screwed up). Does Alto A say everything
is ok? Ifso, the transmitter probably works. If Alto B immediatly slips
off the deep end when this test is started, the buffer is probably screwed
up in such a way as fo cause continuous wakeup requests, which locks out the



emulator. Swap the AFIFO rom. Check counters 58 and 59 [9] to make sure
they look like they are counting binarily. If you tell EDP to turn off the
display while poking around in the buffer area, the microcode responds much
quicker and the jitter on many of the signals is dramatically reduced.

If the Alto is alive but the test is failing, look at OCMD 35-6 [1]. It
should wiggle. So should OBUSY 10-10 [2]. If these are ok, look at 71-13
[11]. This must go high for the transmitter to start up. If not, FEOT'
63-11 [13] or 00K’ 73-8 [13] is broken. All the inputs to 00K®' should be
high. One of the inputs to FEOT' should be low (in this case OEOT'). On
the following three cycles after 71-13 goes high, 62-10 [11], then 62-6
[11], then 61-10 [11] should go high. If 61-10 goes high, the transmitter
has started. OSLOAD 73-13 [11] should pulse every 5.44 microseconds, and
XCLOCK 75-11 [11] should be a square wave with a period of 340 ns. Serial
data should start coming out of 34-7 [12]. From there it goes into 72-10
and out of 73-6 [11] and into the phase encoder ROMs. These ROMs also
produce XCLOCK and OSLOAD, so swap them out if these signals are broken.
41-9,10,11&12 [12] are a 4 bit counter, with 41-9 the LSB. These lines
should count to 15 and then an OSLOAD should happen. Make sure TCLK' 63-6
[13] is ticking! It should have a period of 170 ns. If not check the
jumper from 52-5 [13] to ground. It should be there or else the transmitter
will run at half speed (a feature we have never used). Look at 43-15 [12]:
this should have phase encoded data. When an OSLOAD (Output Shift register
LOAD) happens and the Buffer is empty, (BE' is low), the message is over,
except for shifting out the check character which has been accumulating in
the CRC chip, 53 [3]. 61-6 [11] will set, OSDATAG, 73-6 [11] will switch
from OSDATA, 72-10 [11], to CRCDATA,72-4 [11], the 16 bit CRC will shift
out, and then 72-11 [11] will go low, and everything will shut down.

Assuming that Alto B is satisfied that the transmitter works, look at the
input test running on Alto A. If it is not getting messages at all (no
activity on the screen), set its serial number to zero which will make it
accept any message. You do this by saying "WO". When you say "W" it will
say something like: "I am serial Number:" and you say "0" (thats a zero,
folks). then hit <CR>. Now restart the INPUT test. Getting anything?
Ifso, print the packet (say "P"). If the packet is so long it scroll off
the top of the screen, (it shouldn't, but then the interface is broken), you
can stop the printout by hitting the space bar. LOOK at it. does the "IN"
column on Alto B match the "OUT" column on Alto A when you print the packet
there? If not, there is a problem in the data path. Figure out which bits
are bad and start swapping 3101s, 74298s and 74165s. REMEMBER: The 'print
packet’ command in EDP prints BYTES. EVEN numbered bytes are bits 0 to 7 of
a 16 bit word. If Alto A complains of bad CRC, replace chip 63. These
chips fail often.

TESTING THE COLLISION STUFF

While running the EDP OUTPUT test, unplug the coax cable. EDP should show
lots of "C"s. Whenever the transmitter starts up, COLL should set, and the
microcode should wakeup and reset the interface. The cloud of stuff
producing OCDW 51-10 [13] is a circuit which wakes up the output microcode
every memory refresh time. When a collision happens, the microcode will use
this to count memory refresh intervals until the next attempt to start the
transmitter.

TESTING THE RECEIVER

Start the INPUT test on Alto B. Start the OUTPUT test on Alto A with
destination Alto B. Does Alto B say everything is ok? Ifso, the receiver
probably works and you can skip over this to the ECHO test. If the INPUT
test on Alto B doesnt get anything, make him accept any message (type
"%0<cr>"). Got anything? Ifso, there is a bad bit in the data path
somewhere which screwed up the destination address so that Alto B would not
accept it since it wasnt cddressed to him. Its probably not the 74298s or
3101s since they are used for transmitting too. Its either the input shift



register or the Bus drivers. Compare the packet being transmitted from Alto
A (type "P" for 'Print packet') (the "out"” column) with that being received
by Alto B (again 'Print packet', but look at the "in" column). If the
entire message is crap, there is (hopefully) a bad status indication. IT
probably means the carrier l-shot time constant is too short. Jumper
another capacitor across €3. If that fixes it, replace the capacitor. CRC
errors MIGHT be the CRC chip, but since this chip is used for transmitting
too, this is unlikely if the transmitter works ok. On input, the CRC chip
has its own private clock called RCLKP 50-13 [5]. This should be a square
wave with period 340 ns. If it is not close to a square wave, diddle with
€2 and R2 until it is.

We have now exhausted all of the easy problems. Start up the OUTPUT test on
A, and the INPUT test on B. Look at 68-1 [7]. Thats phase encoded data
coming into the interface. Now look at 68-3 [7]. 1t should look much
better, but roughly the same. Is it also at 67-12, 57-13&14, 47-13&14 [5]?
For EACH transition (low-to-high or high-to-low) there should be a 20 ns or
so pulse at 67-11 [5]. That's called TRANS. Set the scope for a horizontal
rate of 5 us/div. and hook channel 1 to RDATA 67-12 [5], for instance. Get
the sync right so that the packet stays steady. It should just fit in the
screen (total packet length of about 45 usec). Now with channel 2, look at
67-11 TRANS [5]. TRANS ok? Now look at 60-5 RCLK [5]. You should see a
periodic signal approximately 255 ns up and 85 ns down. Now look at 50-13
RCLKP [5]. You should see a square wave: 170 ns up and 170 ns down. Now
look at 60-13 CARRIER [5]. It should go high at the first transition of
RDATA, and stay high until about 400 ns after RDATA goes low for the last
time.

Look at 69-10 (INON) [7]. It should be high when the packet starts and go
low when CARRIER (60-13) drops. If INON drops prematurely, make the
receiver accept any message (type "WO<cr>", and then restart the INPUT
test). Now INON should stay up for the entire message. If it doesn't, the
ILOC 70-10 [7] flip flop is bad, since you have already assured yourself
that once CARRIER comes on, it stays on for the duration of the packet.

When the first 17 bits of a packet have arrived in the ISR, IMIP 70-6 [7]
should go high, or 340 ns before the first ISRFULL pulse. If all these look
reasonable, lets move on to the input shift register.

Look at 33-12 ISRFULL [6] (still with channel 2; leave channel 1 alone).

You should see a pulse of duration 340 ns every 5.44 usec. When the packet
is over, it should stay high for a longer time. This longer time is
dependent on how soon the microcode gets around to clearing the interface at
the end of a packet, so the trailing edge will jitter (it will be much
shorter if the display if off). The trailing edge of all of these ISRFULL
pulses should cause the l-shot to fire (50-5) [6] clearing the shift
registers. Each time an ISRFULL happens, the clock inputs to the buffer
register should be pulsed (delayed perhaps by up to 170 ns), and the
contents of the ISR should drop into the 74298s. After the packet has ended
(IMIP and ILOC true) and after the microcode has read the last interesting
word (BNE' 44-5 [7]) 69-6 INGONE [7] should set. As mentioned earlier,
ISRFULL should still be high, so 68-8 IT [7] should be low.

"The receiver now works. (Heh heh). The final test is:
ECHO TEST

This test shoots packets full of random numbers back and forth between the
two interfaces, with the originator of the packet making sure that what
comes back is what he sent out. The first 4 bytes will be different, so he
ignores differences in them. On Alto A, say "ES". It is now an 'echo
server'. Whenever it hears a packet whose second word contains 700, it will
send the packet back to whomever it came from having changed the 700 into a
701. On Alto B, say "EUCAlto A><cr>Y". This Alto is now an 'echo user’.
(Alto AD> is the serial number of the 'echo server'. The 'echo user' makes
up random length packets full of random numbers and sends them to the 'echo



server’', who sends them back to the “user’, who makes surc thcy vame bashk
undamaged. If you reply "N" instead of "Y" to 'Random packets?', it sends
the same packet all the time so that you can look at it with a scope.

If you run this test, and it gives no errors, the Ethernet interface works,
You can quote me.



Inter-Office Memorandum

To Ethernet Debuggers Date January 12, 1976
From David Boggs tocation  Coyote Hill
Subject Dummy Transceivers OrganizationParc

XEROX

I have designed a debugging aid for the Ethernet which I call a Dummy
Transceiver. It is a smaﬁ PCgboard (1.5" x 3.5") with a DA-15 connector at either
end, one IC, 4 LEDs, some resistors and some test points. Figure 1 is the schematic.
Here are some of its uses. Can you think of others?

1) Plug one end into the Ethernet connector on the rear apron of an Alto. Connect a
standard Ethernet interface cable between the other connector of the Dummy
Transceiver and the rear apron connector of another Alto (or Nova). You now have a
private, 2-node, T'ransceiverless Ethernet. This allows debugging defective boards on a
privatec network which cannot clobber the main net. t also removes the added
variable of transceivers, simplifying debugging.

The Dummy Transceiver is the n=2 case of a com%letely connected Ethernet. By
adding more inputs to the gatcs, more nodes could be accommodated. The limiting
factor is complexity and, of course, reliability.

If two nodes are all there will ever be on some Ethernet, using a Dummy Transceiver
to connect them is more economical. If the machines are separated by more than the
length of an interface cable, the Dummy Transceiver can be used to concatenate two
cables. If this isn't enough, then transcivers and coax should be used since the
ing,irface cable line drivers and receivers are not designed to drive longer pieces of
cable.

2) Plugging a Dummy Transceiver into the rear apron connector of an Alto allows the
transmitter to operate. A common failure mode of Ethernct interfaces is transmitter
timeouts: for some reason, the transmitter control logic refuses to send a packet. If
the output test fails with an interface cable and transceiver attached, but works with
a Dummy Transceiver, the problem is in the cable or transceiver. If the output test
works with the Dummy Transceiver plugged into the other end of the cable (at the
transceiver connector), then the transceiver is the cause of the problem.

3) If the Ethernct interface is full duplex (Novas are, Altos aren't), then the whole
interface can be tested since the Dummy Transceiver loops output back into input on
both connectors.

4) The LEDs next to each connector light up if +5 and +15 are present at the
connector.

5) Next to each connector is a row of test points for looking at the signals on the
interface cable.

OPERATIONAL NOTE: The end of the Dummy Transceiver with the slide lock supplys power to the
IC and all pullup resistors. This end must be plugged into a computer for the Dummy
Transceiver to work.

PC layout and manufacturing by Tat Lam,
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