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1. Introduction

The CADLINC Series 80A Processor board consists of a Hotorola
68000 central processing unites RAM and PROM memorys some [/0 facili-
tiesr 3 local HIGHSPEED memary bus and an IEEE-794 MULTIBUS % inter-
face. Onboard nmemory consists of 4 JEDEC stule byte-wide PROM sock-
etss and 256K butes of duynamic RAM. The I/0 facilities are two serial
coamunications partsy a3 16-bit bidirectional port and a S channel pro-
grampable timer.

The Series BOA Processor can be used as 3 standalone system with
only 3 power supplyy backerlane and serial terminal, or as part of 3
fully intedrated computer suystem that can include the CALLINC GRAPHICS
CONTROLLERs ETHERNET boards MULTIFUNCTION boards DUAL PORT MEMORY
boardsy FLOATING POINT Processor boards INTELLIGENT SERIAL CONTROLLER
board and aany other MULTIBUS comratible rerirherals.

% MULTIBUS is a trademark of Intel Core.



2. 0Overview of Oreration
2.1, Central Processind Unit (CPU)

The Hotorola 48000 has a 16-bit data bus and 3 23-bit address
bus. The internal redisters are 32-bits in lendth. It has 8 data and
7 address redisterss 2 stack rpointerss a3 prodgram counterr plus 3 16-
bit status worde Orerations on data mayv be bute (8)s word (14)s or
lond word (32 bits). Orerations on addresses may be of word or long
word lenath. All registers may be used as indexes. The 48000 has 2
states of oreration! Surervisor and User for enhanced sustem intedrity
and security.,

2.2+ Hemory

Onboard PROM consists of 4 JEDEC stule PROM sockets that can
accert 2732, 2764+ 27128 or 27256 ture ROMs (total capacity of 16K
32Ky 64K or 128K butes respectively).

Onboard RAM consists of 34 64K x 1| dunamic rams giving 3 caracity
of 254K butes with parity. RAM refreshing is done by a3 PROM monitor

routine that executes 128 NOP instructions everw 2 milliseconds. The
prodrammable timer denerates the Non-Maskable- Interruprt.

2.3+ Buses

The CADLINC Series 80A Processor has 3 bus structures. The first
is the internal sunchronous bus for Sustem accessed I/0 and Memory
Manadement’ the second is 3 rroprietary sunchronous HIGHSPEED BUS on
the Auxiliary MULTIBUS connector for exranded DUAL PORT MEMORY» FLOAT-
ING POINT and ENHANCED SERIAL Processor boardss and the third is the
MULTIBUS for exranded off-the-shelf reripheralss i.e. Disc controll-
erss ETHERNETs GRAPHICS CONTROLLERy etcs Sustem 1/0 devices and
onboard RAM do not reauire the use aof the MULTIBUS.

Advantades are!
1. Onboard memory accesses are faster than the Hultibﬁs.
2. The MULTIRUS is then availasble for use by

other bus masters without having to contend

for eriority very often.

3. DUAL PORT MEMORY resronds as fast as onboard RAM
and is immediately available to other bus masters.

The System 1/0 devicess onboard PROM and 256K butes of Local RAM
are not accessible to other bus masters.



2.4, Input - Outeut Devices

The Series 80A Processor board has 3 dual channel UART chirs S
prodramm3ble timerss and 3 16-bit bidirectional rort for general pur-
rose use. One of the UART’s channels is confidured to communicate
with 3 terainal or CADLINC kewboard derending on the PROM monitor sue-
plied. The other channel can be Jumpered with another computer or . 3
second terminal, The line drivers and receivers are RS-423 comeatible
and the connector pinouts are RS-232-C confiduration. Two of the five
14-bit counter/tiners are dedicated baud-rate denerators for the UART
chirs one timer channel for each serial channel, One timer is dedi-
cated to denerate a3 2-millisecond interrurt to refresh dunamic RAN.
One of the two rem3ining timers is available for user aerlications.
The other acts as 2 *Watchdod® timer to automatically reset the system
if the PROM monitor prodram has lost control. The 1{6-bit bidirec-
tional port is desidned for readind oprtions selections from a bank of
switches and to write status information to 2 static diselay.

2,3+ Interrurts

The 68000 has seven interrurt levels and a3 current interrurst
level mask., An interrurt will be processed if its level is dreater
than the current mask. Level 7» the highest prioritys is Non-Haskable
and will always interrurt any task. This level is reserved for the
dynamic RAM refresh routine. :

The standard MULTIRUS confiduration defines interrurt levels INTO
ta INT7, with INTO being the highest priorituy., The CADLINC Series 80A
Processor defines priorities according to the Motorolz conventions
with INT7Z as the highest. INTOs thens is not implemented and INT! is
the lowest priority,

Preassidned interrurts on the CADLINC Series 804 Processar are as
follaows!

INT7¢ Refresh timer (Non-Haskable)
INTS User prodrammable timer
INTS? UART denerated interrurts

Interrurts are processed by the 48000 in *Auto-Vector® mode only.,
Transfer vectors are suprlied from an internal tables so the inter-
rupting device need not surply 3 vector. .

2.4, Boot State

At power-on or whenever a hardware reset is dones the Processor
enters Boat State. In Boot Stater the first onboard PROM rair overlaus
RAM starting at location 0. All reads then come from PROMs» but writes
can d0 to RAM. This enables the 48000 to fetch its initial prodram
counter and suystem stack rointer from PROM locations 0-3. RAMr theny
m3y also be initialized. All interruertss including the Non-Maskable
INT?» are disabled by hardware., When BRoot State is exitedy Non-
Maskable interrurt is enableds but maskable interrurts will derend on

the current mask level,



Boot State is terminated by one write to the Sustem Access loca-
tion CLEARBOOT. See Device addresses.

2.7, Nenory Manadement

The Hemory Manadement system has been desidsned to suepport 2
multi-tasking crerating swstems The concerts in shorts is that of
translatinds or marpinds Processor address bits A12-A21 (or A22) into
rhysical address bits MA12-MA23, along with Protections Address Seace
Allocation and Page Control information about each Pade.

All accesses to local RAM and to HULTIBUS nemory and I/0 are
translated and erotected in the same manner.

Manaded Address access is initiated by Pracessor address bit A23.
When it is "on's Memory Manadement is disabled and indicates a System
Access is to be rerformed. When it is ‘off°s then the Processor
3ddresses A12-A21 (or A22) combine with pre-prodrammed Context bits to
fors 3 rointer into 3 4K x 20 bit Array. The outrut of this Array con-
tains the 12-bit Marred pPhuysical address and 8 Protection and alloca-
tion bits. The 12 Manaded Addresses combine with the lower 11 Proces-
sor addresses to form the 23-bit phusical addresss giving a full 16H
butes of rphusical sepace.

There are two modes of combining Context bits with Processor
addresses: One- with 1 Context bit, hence 2 levels aof Contexts the
other with 2 Context bits havind 4 levels of Context., In the first
modes Context bit CXO coabines with Processor address bits A22 and A21
as the most significant bits into the Array. 'In the seconds Context
bits CX1» CX0 and Processor address A21 are the most significant.
Hences the first mode wields 2 Contexts of 8K butes each and the
second vields 4 Contexts of 4N butes each.

Context bits CX0 and CX1 are accessable via a3 Sssten Access loca-
tion. See Device Addresses.

During 3 System Accesss hardware automatically swars the uerer
Processor address and Context bit(s) with lower Processor address bits
A2-A13. This allows 3 prodram in Surervisor state to access every Con-
text by manirulation of A12 and A13 during 3 read or write to the Sus-
tea Access Mar location.



3+ Theory Of Oreration
KYS I Introductiod

The Processor divides up its 14 Mbutes of address space into two
8 Mbute regions! Suystem Srace and MNanaged Seace., Sustem space
coarrises the on-board PROMs, Timers Uarts Parallel Port and Hemory
Manadeaent registers. WManaded srace consists of Local Hemorys the
Hishspeed bus and Multibus accesses.

Manaded srace is divided into 2 (or 4) Contextss each carable of
containind Pprocesses as large as 8 Mbutes (or 4 Hbutes) in phusical
nemory, The Memoru Manasdement Unit contains 4096 entries that filter
Virtual Processor addresses into Phuysical addresses and supearts the
full 16 Mbuytes of rhusical sepace.

3.2, Control Lodic

See schematic drawings $5D295014

See Arrendices F and G for firaware codes.
See Fidure 1 Control Rlock Diadram

The Series B0A Processor board makes extensive use of Prograam-
able Array Logic I.Cvs to rerfora necessary command timind and direc-
tion control. Fidure 1 is an overall block diadram that shows the
flow of ineut control and outrut command sidnals.

The following State Tables and Timind Diagrams describe in den-
eral the actions of the control lodgic. Refer to the PAL eauations in
Arprendix G. .

After leaving Boot States the control lodic decides what Srace 2
virtual address will atteart to access on every 48000 cucle by the
m3in Address Strobe (as-) and the level of address bit 323, If 323 is
highr 3 Sustem Access is reauested ands if the 68000 is in surervisor
states then On-board devicesr: Memory Manadement ram and Boot clear
accesses are alloweds If 323 is lows then some Managed Access is
requested and different logic is enabled based on the state of Page
Control bits (Bus | Local! b/1-» and I/0 | NHemory!: io/m-). They are
stored in the Memory Manadement Rzm along with each rage of the
translated Virtual to Phusical addresses.
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State I Descrirtion (See Figure 2) |
1 1
State 0, | Processor 3ddresses al thru 323 are nedated (#1), |
{ r/u- is asserted to a Read (#4) at the end of every |
I cycle, |
I |
L 1
State 1. | Processor addreses al thru 323 are asserted (#3). |
| 323 is hish indicating a System access reauest, Suys- |
| tem device address decades. I
1 1
State 2, | Processor strobes (as- for 3ll cyclesy ldsiuds- for |
I read cucles) become valid (#5). suysacc is asserted |
| ‘high®, ds denerated in 3 Read cucle, For a3 Write |
| cycler r/u- is asserted (#63). {
| |
1 1
State 3. | cs3 ssserted (#7). Processor drives Data Bus d0:id1S |
| for 2 Write cucle ($14). {
1 1
State 4, | cs4 (#7) asserted. Nultirlexed Addresses now switch |
| to ueper Processor addresses (#8c)., 1ldsluds- |
I asserted on 3 Write cucle. ds generated in a Write |
I cucle. |
| |
L _ 1
State 5¢ | cs5 (#7) asserted. m.csd- asserted (#8b) indicating |
| |
1 1

the Hultirlexed Address Bus 'is valid.

Table | - Sustem Access State Flow

Note! Numbers within ‘()’ refer to ballooned numbers in

the Figures.



State | Descrirtion (See Figure 2) ‘ |
| 1
State 6. | csé asserted, iorc- or iowc- accerted for access to |
i the Timer or UART, |
1 1
State 7. | cs7 asserted. No action. R
1 1
State 8, | s8 asserted. No action. {
[ i
1 1
State 9. | cs? asserted. No action. !
1 1
State 10. | c©s10 asserted. csi10 denerates dtack- to the 48000, {
| |
1 1
State 11, | No action. i
1 1
State 12. | Cucle terminates. Nedate 3l1 strobes (#12). Nedate |
f 3ll Clock States (#13). Slave keeers Data bus valid |
! until #11. Nedate Data Bus on 3 UWrite cucle (#15). |
I !
1 I

Table 1 - System Access State Flow cont’d

Note! Numbers within ‘()’ refer to ballooned numbers in
the Fidures.
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State:

Descrirtiont (See Figure 3) t
1

State 0.

Pracessor addresses al thru 323 are nedated (#1).!
Highspeed Bus High Order Addresses are nedated ($2).!
r/u- is asserted to a Read (#8) at the end of everyl

cucle, {
|

1

State 1.,

Processor addreses al thru 323 are asserted (#3).1
Highsreed Multirlexed Addresses m_30:7 become valid.!
Highsreed Bus High Order Addresses a_m317:23 becomel
valid after Memory Manadement translation (#4). Pagel

Control bits b/1- and io/m- 3lso become valid (#4). |
1

State 2.

Processor strobes (as~ for all cucless ldsiuds- forl
read cuycles) become valid (#3). Clock State genera-|
tor reset is deactivated. For Write cucles r/u- isl

asserted (#63), {
|

i

 State 3.

cs3 asserted (#7). a_prea- and cs.wait- asserted!
from cs3 (#8). Processor drives Data Bus a.d0id15-1|

for 3 Write cucle ($#14). l
1

State Wait.

[
1
l
I
I
l
|
1
I
|
|
|
|
1
I
|
1
|
|
1
t
1
1
1
I
I
|
|
!
|
1

One Wait inserted automatically by cs.wait- follow-|
ing 100, Clock State denerator skirs one advance.l
for 3 Write cycles strobes 1ldsiuds- are asserted!
(#3)s cs_wait- 1is nedated to allow the next systemi

clock edde to bume the generator. |
’ |
1

Table 2 - Managed Access State Flow for Highsreed ncces§

Note! Numbers within ‘()’ refer to ballooned numbers in

the Figures.



Claock States (#13). Negate a_rrea- (#14). Nedate
Data Bus m.d0!15- on a Write cucle (#13).,

| |
State! l Descrirtion! (See Figure 3) {
1 1
State 4, | cs4 (#7) asserted. Hultirlexed Addresses now |
i switch to upper Processor 3addresses (#8c). |
{ cs.wait- disabled. |
| [
1 1
State S, | csd (#7) asserted. m_csS5- asserted (#8b) indicat- |
| ind the Nultirlexed Address Bus is valid. Proces- |
| sor dtack- asserted. |
1 L
State 4. { No action. |
| |
1 1
State 7. | Data Bus m_d0:13- cartured on 3 Read cycle {
| (#10 ¢t #11), |
| 1
State 8. { Cucle terminates. Negate strobes ($#12). Nedate 3ll |
i |
I l
l {
1 L

Table 2 - Manaded Access State Flow for Hisﬁsveed Access cont‘d

Note! Numbers within ()’ refer to ballooned numbers in

the Figures,
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State Wait.,

One Wait inserted automatically bw cs.wait- fol-|
lowing ¢100, Clock State denerator skirs onel
advance. For 3 Write cucles strobes ldsiuds- arel
asserted (#3). cs_wait- is nedated to allow thel

next sustem clock edde to bump the denerator. I
' l
L

State 4 + Wait.

cs4 (4#7) asserted, cs.wait- dissbleds 1ds- isli
latched to produce a00. If sen- is asserted, thenl
the Multibus Dats bus b._d0idiS~- is activated byl
den-, Bute or Word transfers are determined by thel
state of 300, Direction is determined by r/u-, |

| |
State! | Descrirtion: (See Fidure 4) |

1 1
State 0. | Processor addresses al thru 323 are negated (#1), |

| r/u- is asserted to a3 Read (#4) at the 1

| end of every cycle, I

| |

i 1
State 1. | Processor addreses al thru a23 are asserted (#3).I

{ Managed hidh order addresses m212:23 become validl

| after Meamory Management translation (#4)., Padel

{ Control bits b/1- and io/m~ also become validl

I (#4)., i

1 1
State 2. | Processor straobes (as- for all cuclesy ldsiuds-|

| for read cucles) become valid (#5), Clock Statel

| generator reset is deactivated, For Write cuclerl

| r/u- is asserted (#63). |

{ |

1 1
State 3. I cs3 asserted ($7). bas- and cs_wait- asserted froml

| cs3 (#8), Bus arbitration bu the 8289 besun. Pro-|

| cessor drives Data Bus d0!diS5- for a MWrite cuclel

| (#14), I? aen- 1is asserteds then the Multibusl

| command shift redister is enabled. I

1 1

|

l

|

|

|

|

|

I

I

i

|

|

1

i

Table 3 - Manaded Access State Flow for Multibus Access

Note! Numbers within ‘()’ refer to ballooned nuabers in

the Fidures.
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l
|
I
I
I
l
I
{
l
!
|
i
|
|
|
|
|
I
|
l
|
|
I
|
i
|
|

Descrirtion: (See Figure 4) {
1

State 5 + Wait.

|
!
1
|

csS (#7) asserted. Processor addresses a301iallsl
Manaded addresses ma12:23 and the state of the 200I
latch are clocked into the Multibus Address redis-|
ters, If 3en- is asserteds the Addresses arel
driven onto the Multibus b.30:323-. cen- is alsol

denerated and enables the Multibus command driver.!
|

1

State 6 + Wait.

!
I
I
i
|
I
!
|

A NMultibus command (iowc-s iorc-s muwtc- or arde-)|
is denerated and buffered to the HNultibusl
(b.iowc-s b_iorc-r b_mwtc- or b_mardc-) if cen- isl
asserted, l
All commands data and address drivers andl
receivers now remain active until b.xack- isl

received from the tardet device. l
1

State Last -2,

b_xack- is received from the MNultibus. Processori
dtack- 1is asserted. Current cuycle bedins to ter-i|
minate, If the command w3s iowc-» dtack- assertedli
will nedgate it earlier than the other coamands.

State Last -i.

— e - -

No action.
1

State Last.

|
|
i
l
{
i
1l
|
I
|
|
|
1
|
1
I
|
i
i
|
|
1l

Cucle terminates, Nedate strobes (#12). ‘Nedate alll
Clock States (#13). Nedate current command.|
Nedate bas- (#14) and allow other Multibus Mastersl
to be granted. Negate Data Bus b_d0!15- on a Writel

cucle (#13), {
|
1

Table 3 - Manaded Access State Flow for Multibus Accesss cont’d

Note: Numbers within ‘()’ refer to bsllooned numbers in

the Fidures.



J¢241+ Command Generation

See Schematic #295014 Pades 5 and 1 for seecific IC’s ant their loca-
tions.

See Fidure 5 - Clock State Generator and Fidure 6 - Command Generation
for an overview of the logic.

See Arerendices G.1 through G.5 for detailed PAL codes.

The maJor suystem clocks on the Processor board (c100y ¢200 and
c400) are eproduced by dividing the Raw crustal oscillator output ¢S50
(P2 5 IC E1) bw 25 4 and 8r respectivelyy by 3 fast four-bit counter
(IC F2)

Command Timind relationshirs are sunchronized by the use of a
Clock State Generator (P 3§ IC H2)s which is a8 745299 Octal Shift
Register with controls. The clock into the Generator is ¢350 double
buffereds so that when shifts are enableds their outruts will g0 to
the *high® state on each edde of the 68000 system clock c100.

The outeuts of the denerator are Clock State sidnalss labeled cs3
to cs10. The 68000 drives its commandss as-» lds- and uds-» relative
to *high® states of the suystem clock c100., A cucle bedins at State 0
with negating the address bus and drives the commands at State 2. The
first State after 3s- is asserted is always csJd,

The reset input of the Clock State Generator is none other than
as- from the 48000y inverteds thus enabling it on every 48000 cucle.

The chir has two orerating states once enableds °*Shift® and ‘Do
Nothing®s controlled by cswait- from PALPI (Pg S IC Fé). Sustem

Manaded Accesses (those with address 323 low and Boot off) need con-
trol cswait-.

When cswait- is useds it must come before cs4 is shifted in. c¢s3
denerates RAS-s cs4 multirlexes the Dunamic Ram address lines and csS
denerates CAS- on the bank selected by Manaded Address mal7.
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Figure 5 - Clock State Generator Circuit
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3.2.1.1. Status Commands
See Arrendices G.l throush G.5 for detailed PAL codes.
See Fidure & - Coamand Generation for lavout of logical functions.

The Status Commands returned to the 68000 are reset-» halt-y
berr- and dtack-., halt- and reset- are discussed below.

To acknowledde the 68000‘s data transfer to the various seaces»
dtack- is enabled by two Clock States! csS alwaws and csiQ for Sustea
Accesses and the special mode if an I-0 Write to Multibus.

During 3 Manaded Accesss dtack- will latch itself on if no error
is present (bu berrx-). Padge Control bits b/1- and io/m-s and Multibus
response sidnals sen- and xack comrlete the necessary lodic. The use
of cswait- will delay assertind csS (and csi10)

During a3 System Accesss berrx- is actually asserteds but dtack-
is now denerated by csi0 and is not latched.

Error signals berr- (to the 468000) and berrx- (Extended berr-)
are denerated inderendently but share the same error conditions. The
berrx- sidnal is the simele ‘or® of the four basic errors that can
haprent: two (2) hardware faults - Timeout and Parity Errors and two
(2) Memorwy Manadement faults - Protection Error (smarerr-) and Invalid
Pade attempt. :

Parity Error means that something is very wrong with Local or
Highsreed Memory and should be investigated further. Timeouts howevers
can be useful in locating what Multibus devices and memory are actu-
ally installed by touching standard locations and waiting for a

response.

The tuwo Memory Manadement faults keep the Orerating Sustem and
the User honest by stoepind access to Virtual Addresses that are Pro-
tected or marred Invalid. This dives the Processor board rower for
complex Oreration Sustems to easily manade Memory and Devices.

When berr- occurss the states of timeoutr smarerr-» parerr- and
berrx- are latched into the Context Register and can be valuasble in
software when handlind the error, (See 3.3.1.2 for Context Redister
definitions.)



J¢2.1:2, Suystem Access Comamands
See Arrendices G.4 and G.1 for comrlete logic eauations.

The amaJor Suystem Access Commands are initiated in two PALs» PALPI
and PALPQO (Pg 3 IC Fés and Pg 1 IC FSs resrectively). Sustem Access
Coamands are those that control the access and direction of data for
On-board devices. Most are based on address 323 in the high state and
decode the sepecific device with 322:319.

Since access to On-board devices is epriviladeds» the 68000‘s Func-
tion Code fc2 is dated to enable the command only when the 468000 is in
Surervisor state. The Usersy thens has access to these devices only
through Sustea calls or Interrurts.

The current eauation for the suysacc- and devenab- sidnals are

clarified 3s follows!
sysacc- will be low true (Manaded Access) when!

sYs3cc- = 35S (Address Strobe offs no cucle)
+ as- % boot- X 323- (Not in Bootstate and 323 low)
+ a3s- % boot X rw- X 323- (1)

devenab~ will be low true when!

deveanb- X ds % 323 x 322 (2)
xd

= fc2
+ fc2 s X 223~ % 322~ ¢ 321~ % 320~ & 319- % boot X rw (3)

Product line (1) enables a Manaded Access Write during Bootstate
to initialize On-board Dunamic Ram. This needs to be done early in the
Power-on Reset routines to setur valid memory parity for the .Stack
area. Ur to that roints subroutines could not be called and variables
had to be in 468000 redisters. ’

Product line (2) enables for Surervisor addresses startins at
0xC00000.

Product line (3) enables for Surervisor address Ox0 during a
Rootstate Read, This branch forces access to PROM 0 as the 68000
begins to come up 3fter Power-on or Reset.



3.2.1.3. MHanaged Access Coamands

The maJority of Manaded Commands are denerated in PALP4 (P4, 1 IC
F4) and in PALPI (Pd. 5 IC F4). These commands include:

Control Clock States! m_wait-» cswait-.

Nultibus Memory and Il0 commands: ardc-r wwtc-y iorc-y iowc-ry
bas-.

Ram and Highsreed: oe.ram-s we.ramliu-» a_prea-s onbrd-.
Pade Accesses: We.R3PX—r eN.R3PX-—.

All of the above commands are ensbled by the ‘low® state of
sysacc-r which in turn was enabled by the ‘low® state of the 68000
address 323. The tardet bus is selected by bil- and ioclm- from the
Pade mar Rams. mprea- and bas—- are denerated by 3ll of the same sig-
nalsy excert for the state of bll- (See PALPI),

Sece Seétion J.2.1 for discussion of cswait- and m_wait-,

Hultibus commands are not made active until csé is asserted. The
seauence of events for a NMultibus acces are detailed in Table 3.

The 110 Write command is a serecial case. There are aany devices
available for the Multibus and have similar command reseronse logic for
Memoryy but I10 lodic on some varu considerably in their compliance to
the Multibus srecification. When doind -an iowc- comaands b_xack-
asserted by the tardet board will cancel iowc- esrly., bas- and data
drivers will stay asserted until the normsal end of the cuycle (dtack-
asserted and as- nedated two (2) high clock states later).

we.ramliu- are directly buffered to the onboard Rams durindg 3all
valid Local or Hishsreed accesses. onbrd- discriminates between Local
and Highsreed accesses and controls denerating CAS- to the onboard
Rams. oe.ram- en3bles the data buffers for the Local Ram and the
Highspeed connector. a_prrea- is the overall command that starts some
Local or Highspeed access.

The Pade Access commands allow the automatic uepdating of the
‘used® and the °*dirty® status lines for the Pade being urdated. Every
time a3 valid access to 3 Pade is mader it is marked as ‘used'. When
that Pade is written tor it is marked *dirty® . so that the orerating
system can keep track of memory allocations.



J+2:2. Reset Losgic -
See Schematic #295014 Pade 4.
See Fidure 7 for lavout of Reset functions

In order to satisfy the 68000 reauirements for 3 hard Resets both
reset- and halt- must be driven at the same time.

Hard Reset is denerated by ‘or-ind® several conditions together
to form setinit- then buffered throush two oren-collector drivers.

Conditions that denerate setinit- are as follows:

Reason? Control:

o w—

trir its outrut when the m3ain Power Sup-|
ply voltade drors below 4.75 Volts. R1 |
and C5 have the effect of slowing the |
turn-on time of the Surrly. I
|
External Resetl External connections on the J2 Cannectorl

! andy throush Jumrer Block JBR3s the Mul- |

| tibus b.init-. ) |

| |
Watchdod Timer! Prodrammable Timer Channel 1. Usually |
setur to be some larde count value that |
is restarted every Refresh Interrurt, If|
the counter is allowed to count 211 the |
w3y downs then the Refresh function has |
somehow storpredy invalidating all of |
Loc3l and Highsreed Memory.

|

{

1 .

Power On I IC D22 is a voltage comparator that willl

i

I

|

|

f

i .

I
1




J.2.3. Boot Logic
See Schematic #295014 Pade 4.
See Figure 8

At rower-up or Reset to the 48000» the Processor board is in Root
State. A hardware Reset condition (low-voltade comearators external
Reset switch or Prograsmable Watch-dod timer outerut) is the sidnal
that sets the Boot flie-flor (P4 4 IC H4) and is also buffered to
drive reset- and halt- into the 68000y causing 3 hard Reset. (This
does not affect the 68000 Reset instruction since reset- is then
driven by the 48000 itself.)

This is a temporary condition that allows for 1loading the ini-
tialization infornstion into the 68000 at Virtual memary address Ox0.
Boot State makes the first Prom address enabled at 0x0 as well as its
nora3l Suysteam Access address of 0xC00000. Once the Proma monitor loads
the initial starting address (somewhere zbove 0xC00000) then the Root
flis-flor is reset and is only re-entered by 3 hardware reset.
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J+2.4, Interrurt Lodic

There are 7 allowable Interrurt levels into the 48000 CPU., The
highest (Int 7) is reserved for executindg the Refresh Routine every 2
(or 4) milliseconds. The next level (Int é) is 2 deneral purrose pro-
dranaable outrut of the AMD 9513 timery as is the Refresh Interrurt.

Level 5 Interruprts are defaulted to the UART for communications.

Interrurt Levels § through 1| are hardware wired to the MHultibusy
with Jumpers available to add 6 and 7. All 7 Interrurt sidnals are
then latched into 3 register (Pg 5 IC K6) usind the 68000 sustem clock
c100. These Latched sidnals 20 to 3 priority encoder (Pg 5 IC K7) to
provide 3 three-bit Interrurt code to the 48000 that is sunchronous
with the system clock to avoid sepurious trars.,

Another function of Boot State is to disable 3ll interruerts Just
after power-ur or Reset., It’s alwauys rossible for some On-board device
or devices on the Multibus to have an interrupt level active at
rower-uryr and that can cause havoc if Memory has not vet been initial-
ized. The boot signal in the off state enables the Priority Encoder
I.C. output.
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3.3, Memory Manageaent

The Series 80A Processor Memory Manadement unit consists of three
address multirlexorsy 5 fast 4094 x 4 static Ramsy buffers for High
and Low word access and 3 512 X 4 PROM rprodrammed to decode Pade
Access rights.

The processor is provided with 3 mar that can mar pades of 4K
buytes anuwhere in the 14 Mbyte address srace. During initizlization,
the PROM Monitor sets up the Pade mar tables in @ standard way that
makes 3ll amemory and 1/0 devices 3vailable to user prodrams. User
frodrams m3y chande these mars 3s desireds howevery prade 0 and what-
ever pades are likely to contain the tor of the Surervisor Stack
should not be remarpeds otherwise memory refresh aay fail,

J.3e1s Sustem Accesses
Every 68000 bus cucle accesses some Virtusal memory location
within the 16 Mbute addressing rande. When 3ddress bit 323 is ‘on"y or

*high"y then the current cucle is a System Accesss hence occurying the
upper 8 Mbutes of available Virtual memory.

=27



J.3.1.1, MNemory Mar

The starting address for Sustem Access to the MHemory Har is
0%800000, The signals ce.m3r- and we.mar—- are denerated by PALPO (IC
FS). When access into the Hemory Mar Rams 1is reauested» the lower
address bus into those Rams is multirlexed by the following table:!

l | l

| Manased Access:!l Sustem Access!| Translated Harl
I (323 Low) I (323 High) | Address: l
| 1 1 ]
I cx0/cx1 I 313 | xail t
| 322/cx0 I 312 { %305 |
| a2t | a1 I x304 {
| 320 | 310 | %300 l
| a19 l 309 | xal1 |
I als I al8 | x302 |
| al? | 307 | %303 l
l alé { 206 i %307 {
I 315 | a03 | %306 |
| al4 | 304 | x308 l
I 313 | 303 | %310 |
I ai2 | 302 | %309 |
I I { l
{ i 1 1

Table 4 - Memory Manadement Address Translation

Initisllys each radge of on-board RAN is marred so that its phusi-
c3l and virtual addresses are identical, This means that each sedments
starting at sedment 0y is fully marred (ur to the limit of available
meaory), Pades are only initialized for context 0. Pade protection is
set so that both Surervisor and User modes have Readr Writes and Exe-
cute access to every sedment.,

The enable control to the 4K x 4 is permanently active to allow
fast access durind 3 Manaded cucle. The Write commands 3re serarated
into Ueprer and Lower enabless derending on address tit al (Schem Pg-
1),

Writing to the Ram that contains the four Pagze Control informs-
tion is selit into two conditions to denerate we.marx-! one for the
normnal System access write (we.marl-) and the other for urdating the
used and dirty bits (en.marx-).

The preferred access to the Memory Mar is via lond-word (32 bit)
moves, This foraat rlaces the Protection Code data bits in the ‘Low
word®y or internal data 31-14y and the Pade Control and Hanadged
Addresses in the °Hish word® or internal data 15-0. Conseauently, M3r
0 is located at address Ox0y Mar 1 is at Ox4y etc.
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The format of the dats bus into the Memory Mar is as follows:

| (
I Har Entryl | Sustem Datall
) 1 1
I Protection Code! |
1 : 1
l : | !
[ PROT3 | d19 |
| PROT2 | d18 |
1 PROT1 | d17 |
| PROTO ! dié l
| 1 1
| Page Control! |
| 1
| | i
| used | disS |
| dirty i d14 |
| busilocal | d13 I
| (b/1-) i ) I
| I10iYemory i d12 |
| (io/m-) { |
| 1 1
| Manaded Addresses: |
| 1
| i I
| 0323 I di1 I
| 322 | d10 {
| 321 | a9 |
{ n320 ! d8__ |
| nal? ! d? |
| a318 i dé |
{ nai? | ds |
| a3lé | da_ |
§ n3is | d3 i
I ‘- ma3l4 | d2 I
| 8313 | d1 {
I mal2 i d0 |
l 1 1

Table 5 - Pade Mar Data Entries
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3¢341.2. Context Register

The starting address for 2@ System Access into the Context Resgis-
ter is 0x880000.

The Context Redister is a one-word field whose bits reflect vari-
ous status inforaation sbout Memory Management intedrations Refreshing

of dunamic memory and Bus Error deneration.

The foraat of dats in the Context Redister is as follows!

Data’

Function?

Read-Write!

d15

d14

d13
d12

Refresh Enable - When ®one®y indicates to Slave
boards on the Highspeed Eus to override Uepper
Address decoding to rpermit refreshing of Dunamic
ramss if anv.

Parity Enable - When ‘one®s 3allows either Local
Parity Error detection or Hishsreed Parity Error
(a.rerr-) to denerate berr- to the 68000, indicat-
ing 3 bad Read has taken rlace.

Context bit cx1.
Context bit cx0,

Read Only:

Latched Error!

d8

d7

dé

ds

- —
-— e e " - SR ST R STh Mmm IR MED S SR S ST e e e c e Tt e e S wwe W e e - o

|
|
1
l
l
|
I
i
I
{
i
|
|
!
|
|
i
I
1
|
I
|
|
|
|
|
|
|
|
|
l
l
|
|
l
1

saarerr- (Low True). Indicates a Protection
Code violation.

Parity Error parerr- (Low trué).

Timeout (High true)., Too much time taken on a3
Hanaded Access (Multibus or ®Local® ram access).

Bus Error extention berrx- (Low true). True on any
of the above three error conditionss but is also
valid alone when access to @& Pade wmarred
*Invalid®y that iss marred as ‘Locasl 1/0%s has
been attemrted.

o e s ce o e e v e e fm e v e e cme ot e e e e i e emn = e (e e wm e - o

Table 6 - Context Register Data Format
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Context bits cx0 and cx! praovide latched address bits into the
Memory HMar when a Manaded Access is initiated., This dgives the orerat-
ing suystems like UNIX, the flexibility of switchind Memory NMars easily
between processes. ’

Hardware default enables one context bitr allowing 2 Contextss
each 84 butes per process. A second context bits cxls can be used to
provide 4 Contextss each 4M butes per process.
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3.3:1.3. Proms

The four 28-pin on-board PROM sockets support the JEDEC standard
rin assidnments for RONs and EPROMs. The Juarer block JB1 (See Appen-
dix A) selects address bits 314 and 315 to the sockets.

Default Juarers select 2732/2764 ture 4K/8K EPROMs and allow
expansion upuwards to 27128 (16K) and 27256 (32K) tupe devices.

Access to the first Logical PROM pair is 3llowed under two condi-
tions! ones immediately after Resety decodes the FROHM 0 starting
address at 0x07 the second decodes the PRONM 0 address at 0xC00000.

The PROM 1 address is defaulted to OxC80000 at 311 times.
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Je3e1.4. AND 9513 Timer

See ‘The Am9513 Sustem Timing Controller Handbook® from Advanced Micro
Devices for a coarleat descrirtion of all of the functions of the
chir,

See Fidure 10 for AMD‘s Function Diadram of the 9513 Timer.

3+.3.1.4.1, Introduction

This discussion dives a auick overview of the functions of the
cnhie that the Series 80A Processor Board makes use of.

The 9513 is. a surport device for processor oriented sustems that
is designed to enhance the available carability with resrect to count-
ing and timind orerations. It provides the capasbility for eprograem-
able freauency sunthesiss high resolution prodrammable duty cucle
waveformss retridderable diditial timing functionss time-of-day clock-
inds coincidence alarass comrlex pulse denerations high resolution
baud rate generations frequency shift keuings stor-watch timing, event
caunt accumulation and many amore., A variety of erodrammable oreration
modes and control features allow the 9513 to be rersonslized for par-
ticular aserlications 3s well as dunamically reconfidured under rrodram
control,

LR X S



3.3.1.4,2. Functional Descrietion
See Figure 10 for AMD’s Function [iadrams of the 9513 Timer,

The oscillator’s freauency is controlled at the X1 and X2 inter-
face pins by the Sustem Clock divided by 2s diving a reference fre-
aquency of 4,9152 Khz. The internal oscillator’s outeut is devided by
the Freauency Scalar to provide several sub-freauencies.

The 9913 is addressed by the external suystem 3s two locations! 3
Control rort and a Data rort, the Control port provides direct access
to the Status and Command Redisterss as well 3s allowing the user to
urdate the Data Fointer register, The Data port is used to communicate
with 31l other addressable internal locations. The Data Pointer redis-
ter controls the Data rort addressing.

Among the redisters accessible through the Data rort are the Mas-
ter Mode redister and five (5) Counter Mode redisterss one for each
counter, The Master Mode register controls the prodrammable oetions
that are not controlled by the Counter Mode registers.

Each of the five gdeneral-rurpose counters is 14-bits lond and is
inderendantly controlled by the Counter Mode redister. Throush this
redisters a3 user.can softuware select one of 16 sources as the counter
inruty 3 variety of dating and reretition modess ur or down counting
in binary or BCD and active-high or active-low input and outeput rolar-
ities,

Associated with each counter are 3 Load redister and a Hold
redisterr both accessible through the Data rort. The Load regdister is
used to automatically reload the counter to any predefined values thus
controlling the effective count eperiod. The Hold redister is used to
save the count values without disturbing the count erocesss permitting
the host Processor to read intermediate counts.

All five counters have the same basic control lodic and control
registers. Counters 1 and 2 have additionsl Alarm regsisters and com-
rarators associated with thems plus the extra lodic necessary for
oreratiing in 3 24-hour time-of-dav mode.

Each deneral counter has a3 single dedicated outein. It may be
turned off when the outrut is not of interest or may be confidured in
a3 variety of waus to drive interrurt controllersy bufferss etc.
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3.3.1.4.3. Timer Commands

A rowerful command structure simeplifies user interaction with the
counters.

A counter must be armed by onedf the ARM commands before coun-
tinc can comaence, Once armeds the counting process may be further
enabled or disabled using hardware gating facilities. (The Series B80A
Pracessor necessarily ties 3l1 Gates and Sources to one unchanging
state. Sorry.) The ARM and DISARM commands rermit software gating of
the count process in some mades.

The LOAD command causes the counter to be reloaded with the value
in either the 3ssociated Load regdister or the associated Hold redis-
ter. It can often be used a3s a software retridder,

The DISARM command disables further countind inderendent of anu
hardware dating, A disarmed counter may be reloaded using the LOAD
comnands may be incremented or decremented using the STEP command 3nd
may be read using the SAVE command, A count process may be resumed
using an ARM command.

The SAVE command transfers the contents of 2 counter to its asso-
ciated Hold redister, This command will overwrite any previous Hold
redister contents., TheSAVE command is desisned to allow an accumulated
count to be preserved so that it can be read by the host Processor at

a3 later time.

Two combinations of basic commands exist to either LOAD AND ARNM
or to DISARM AND SAVE any coabination of counters.

Additional commands are rrovided to! ster an individual counter
by one counts set and clear an outrput toddle) issue a software Reseti
clear and set srecial bits in the Master Mode regdister’ and load the
Data Pointer register.
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J.3.1.4.4, Cadlinc Orerating Modes

The 9513 has been hardware configured to provide a variety of
services aon the Series 80A Processor board. Two (2) of the channels
are dedicated Raud rate deneratorss usind Master Mode I'» and do not
denerate interrurts, Twa (2) other channels use Mode A to tosgdgle
their associated outputs and provide interrurts to the 68000 at level
7 (for refreshing Dunamic Rams) and level 6§ (user prosrammadble). The
interrurt routines must set the outeput inactive and leave the count
run free to interrurt adain at the prorer rate (every 2 milli-seconds
for INT 7s for examrle).

The fifth channel can be confidured to pulse the 68000 Reset
whenever the count reaches zero. This is called the Natchdog Tiamer
function. It is meant to be used in an operating sustem that monitors
the Refresh counter interruprts and reloads the Count into the Watchdosg
Timer, If the orerating sustem hands and no londer services theser
then the Roard will automatically Resets.,

Channel 2 of the 9513 is the only one buffered to 2 Jumrer allow-
ingd connection to anythind., Its default is to level &4 interrurt.

Channel 1 is the Watchdog Timers channel 3 is the Refresh Timer
connected to level 7 interrurt, Channels 4 and S are the BRaud rate
denerators.,
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J.3.1.5. Intel 8274 UART

See specification sheets on the Intel 8274 or NEC 7201 for 2 comrleat
descrirtion of a3ll of the functions of the chir.

See Figure 11 for UART Elock Diadranm.,

Je341.541, IﬂtrOdUCtion

This discussion gives 3 quick overview of the functions of the
chip that the Series 804 Processor Board makes use of.

The DIual-Channel UART chir suprorts Asuschronous (Start-Stor)s
Buyte Sunchronaous (Monosuncs IRM Risunc), and Bit Sunchraonous (ISQ‘s
HDLCy IRM‘s SDLC) eprotocols. The Cadlinc Series 80A Processor config-
ures the UART to use only the Asunchronouss Polled or Interrurt driven

and non-DMA features.
3+3.1.3.2, Functional Descrirtion

The suystem interface to the host Frocessor consists of 8 rorts or
buffers:

(A | | |
| a2l a1l Read Oreration I Write Oreration |
| 1 I 1 1
| | | | |
101 01 Chs A Data Read | Ch.A Data Write |
I 11 01! Ch. A Status Readl Ch. A Command-Parameter |
101 11 Che B Data Read [ Ch.R Data Write i
11 11 Chs B Status Readl Ch., B Qonnand-Paraneter l
] | | | I
ool 1 1 1

Dats buffers are addresed by 32 = 0y and Command rorts by a2 = 1,

Commandy status and rarameter information is held in 22 registers
within the UART (8 Write redister and J Read registers for each chan-

neld.

An internal rointer register selects which of the command or
status redisters will be read or written during a coamand-status
access to a channel.

After Resets the contents of the rointer regdister are zero., The
first write to a command regdister causes the data to be loaded into
Write Redister 0 (WR0). The three least siagnificant data bits of WRO
are loaded into the Comaand Status Pointer. The next Read or Write
aoreration accesses the read or write register selected by the rointer.
This rpointer is reset after the oreration is completed.
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3.3.1.5.3. UART Commands

For orerating in the Asynchronous modes the UART must be initial-
ized witin the followins information! character lendth (WR3} d7, dé6 and
WkSi dés d3)s clock rate (WR45 d7y dé)y number of stor bits (WR4i d3
" d2)s odds even or no parity (WR45 d1ls d0)s interrurt mode (WR1» WR2),
and receiver (WR3Ii d0) or tranmitter (WRS; d3) enable. When loadins
these r3arameters into the UART, WR4 information must be written before
the WR1y» WR3» WRS parameters-commands.

3+3+1.3+4, Cadlinc Oreratine Modes

The Processor board does not enable any [HA functions of the
UART. Both channels are allowed to use Polled and Interrupt orerating
modes. Interrurts for 311 serial communicationsy including nmultirle
Multifuction boards, are handled via INT 3.

Both channels transmit and receive using KS-423 compatible
drivers and receiverss transmitting at +5 V to -5 V level and able to
receive standard RS-232 levels of +12 V to -12 V, The receiver device
is 3 two-ineput halanced level coararator that has the + ineput drounded
and the - inerut connected to the active signsl, The transaitter device
drives a3 sindle line rer ineut,

Channel A is reserved for the Console terminal (either a3 Cadlinc
Kewboard and CRT monitor or 3 dumb terminal) and does not use any
hardware to enable modem controls. This eort can then be wused in 3
simple three-wire comaunication scheme (TxDs RxDs dround).

Channel R allows the use of these modem control sidnals:! ITRy
RTSs CTSs and DCD. '
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Je3elsbe Parallel Input Port

See Appendix E for pin assignments.

The Parallel Port currently reads 14 external switches froa which
the PRON Monitor interprets Root devices and Console configuration.

The default access address for ce.port- is 0x900000.

Control sidnals a3s-» r/w- and oe.rort- are buffered throush Oeen
Collectored drivers for interface handshakind, The halt- sidnal is
also buffered to drive an external LED.

The Parallel Port receives set.init- from an external Reset
switch and is then wire-ored to generate the 68000 reset- sidgnal.

3+34147, Hardware VPA

The signal vea- is a3 Sustem Access address at OxF80000, It is
only used during the 68000‘s Autovector Interrurt handlindg. When an
Interrurt occurs and is accertedr the 68000 sets the Hisher Order
address bits to ‘one's The sidnal vea- is received by the 48000 as
Valid Perirheral Address.
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J+3+2+ MHanaded Accesses
Refer to Schenatic‘drauins $295014 pages 1 and S5

When 3 Manaded Access is reauesteds the used and dirty bits of
the Pade Control Static ram must be urdated to show that a particular
p3de was accessed (used) and if was written to (dirty). These signals
are multirlexed by r/w and multierlexor chir (IC H7) is enabled by
en.marx- from PALPI (IC 6). If there is @ rage fault on the cucles
i.es Protected from Reads Write or Executer then the write is not
donesr leavind the status unchanded for further rrocessind. If the
cycle is okay by csé times then b/1- and io/m—- are unchanded, used is
aluays written as ‘one® and dirty is chanded to ‘one® during a write
only.

The static Rams write on the trailing edde of its write-enable
inrut. To resolve the Pade Control urdatess en.marx- is delaved fronm
doing active until csé. This allows the Bus error logic time to
decide that the Manaded cucle is do0od.

3+3+2.1+ Ram Memory

Ram Hemory accesses imrly either Laocal RAM data located on-board
the Processors or Hidhsreed accesses located on Dual-Ported Memory
boardss the Floating Point board or other devices responding to

Hidhspeed bus reauests.
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JeJe2.1.1. Local Memory

The Local Ram unit consists of 36 x 64Kbit Dunamic Ram devices
-(Pg 2) divind a tatal of 262,144 butes of Parity checked memory, The
Multirlexed addresses and Data driven into the Rams are also directly
connected to the Highspeed bus. This makes the Highsreed bus a func-
tional extension of the Local Ram.

The Ram cycle bedins when cs3 is buffered (Pg 1 - IC FO3 and Pg
2- IC E14) to drive ras- to all the Rams. At cs4y the Lower Address
driver (P¢ 2- IC A14) is shut offs and the Uprer Address driver (Pd 2-
IC C14) 1is enabled. At - cs3r ca3s0- or casl- is selected and driven
(rpadge 2- ICs K14 and E14) to the arprorriate bank of 18 Rams.

The addresses into the Rams are not 3 straight-forward swar of
address bits., The following table details the address translation!

{ i |
| Bus Addressi At cs3 | At cs5 |
| | (ras=) | (cas-) |
| i 1 1
I »_30 | 34 | 39 |
| m_3t | a1 | nald |
1 n.32 | a3é | n314 |
| m.33 | a7 | 210 f
| n.24 | al i a3t2 |
| a.35 | a2 | n3lé |
I a_aé | a5 | all |
| m.37 | 38 f m3l3 |
| | | |
{ i [} ]

Table 7 - Nultirlexed Ram Addresses
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3.302.1.2., Local Parity Logic
See Schematic $295014 Pasge S
See Fidure 12 for Local Parity Block Diadram.

The 256K butes of On-board dynamic ram is provided with Parity
checking on every bute., A Parity bit is denerated on a3 write by
resolving the even eparity of the bute with two 82562 Parity
Generator/Checkers (IC B1S and B17)s with the r/w- line as the ninth
bit of both butes. The outrut of this logic does to the data—-in of the
Parity Dunamic Rams and is written with the rest of memory. When a
Read is doner the data-out of the Parity ram now becomes the ninth
bits and the outeput of the logic should indicate carrect Parity.

When an error does occurr PALP1 (IC B19) provides the inerut to 2
flie-flors enlrperr-s that will be claocked on the trailindg edde of as—
from the 68000 to generate lrerr-.

The signal used to denerate berr- to the 68000» earerr-s is
enabled in PALP1 by the Context Redister bit eprtyenabs lrerr- from the
Local Parity logic and by m.perr- from the Highspeed bus.

The parerr- sidnal will actually be seen on the cucle after the
occurance of the error, Software handling of bus errors amust be able
to tell Parity Errors from every other error to recover control. The
Cadlinc From Monitor resident on the board eprints an error messade any
tise 3 berr- occurs and stops the pracess. Other errors indicate vio-
lation of various Protection or Allocation rightss but Parity Error is
aluays significant.
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'3.3.2.1.3. Highsreed Bus Interface

The Cadlinc Highsreed Bus allows the Processor to access wmore
fast nemory than phuysically resides on the CPU board. The Highsreed
Bus is meant to respond as fast as the On-board memory and to resrond
to control sidnals as if it were an extention of the Dunamic Rawm
memory chirs. This gives the Processor 3 full 16 Mbutes of hidhsreed
aeaory on one bus while freeind the Multibus for other Master devices.
Cadlinc Dual-Ported Memory boards are an intedral erart of the high-
rerforaance sustem for their accessibility by both this Highseeed bus

and by the Multibus.

When the current 68000 address cucle selects ‘Local® aemory
through Memory Manadement, i. e.r the m_rrea- comamand is asserteds the
high-order Manaded Address bits m_m323 throush m_m3i7 srecify memory
somewhere out on the Highsreed bus. If 3 board has responded to the
address randes then it will drive or receive data on the Highsreed
buss on 3 write or 3 readr resrectively.

There is no exelicit "acknowledge® of the cucle by the slave
board on the Highsreed buss Just as there is no exelicit acknowledge
of an On-board memory reauest when the addresses there harpen to com-
pare. The Highsereed bus interface relies on a_wait- from the slave
board to indicate whether it is ready to accert the MHultirlexed Ram
addresses. m.wait- directly controls the Clock State generator by den-
erating cswait- in PALP3I (Pg 5 - ICF8)» thereby preventing the shift
redister from advancing until it does awayr sunchronous with the 48000
clock c100, If there harrens to be no slave board to respond to the
addresss then no m_w3it- would be denerated and the cucle ter-xnates
normally without data being transfered or error.

The slave board will usually denerate m.wait- when it is beind
accessed on the other bus it is connected tos e.dss Multibus for
Dual-Port Memory or the 8086 pracessor on the Floating-Point board,
Alsos for boards with Dunamic Ram devicess as oprosed to Static Ramse
3 reriod of time after the actual bus access ends must be inserted to
maintain the Rams’ 'srecharde® reauirements.

When all delays on the slave board are resolved, it will begin to
drive its local addresses based on the Hultirlexed Ram addressess now
in the Low Address state. m_wait- will be nedated at this time and the
next high state of ¢100 effectively lets the Clock State denerator
advancer drivind the new High Address states onto the bus,

From that roints the cucle terminates norm3lly without any
further control from the slave board.
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J.3.2.2, MNultibus Interface

When the current 48000 cuycle selects a3 ‘Bus' access throush
Memory Manadements the Control Logic denerates bas-s which is used to
as the reauest to start Hultibus arbitration. The rparticular cosmand
to be driven out to the Multibus is derendant on the how the Memory
Mar for that rade was setup.

J+3e2¢2:1, Bus Master Arbitration
See Schematic $295014 Pade 3

The Arbitration Logic uses an 8289-tuepe Bus Arbitor (IC K3). The
chir is used in 3 simrle moder where there is one input (bas-) and one
autput (3en-) actually used by the Processor board.

The Status Line Inruts are all tied to bas-» thereby doing idle
when the &6B000 cucle ends and allowing another Bus Master access
through it, It is intended the Processor aske the most use of faster
Local and Highsreed Memories so that the bulk of Multibus accesses are
done by ather standard devices.

The b.prn~ (Priority In) sidnal into the 8289 is selectable to
3llow the Processor board Highest Priority for access to the Multibus,
or to receive the b.ero- (Priority Out) from the board immediately
above it in the card cade. In both casess the 8289 drives its own
b.pro- to the board immediately below the Processor. This scheme 3lso
allows for higher sreed Parallel Arbitration that can accomodate as
mang as 8 Masters on the Bus.

All the rest of the MNultibus Arbifration sidnals (b.init-»
b.brea-y b.busy-r and b.crea-) are used internally by the 8289 to
satisfy the Intel reauirements.

Once control of the Multibus is establisheds aen- does active and
stays on until 3nother Bus Master reaquest takes control away. The
Address Bus is directly enabled by sen-» 3nd the Datz and Coamand
driver delaus are enabled by bas- and sen-. When bas- and aen- are
both asserteds a3 shift redister (IC K1) is enabled and is clocked by
the 20MHZ base clocke The second shifted outrut enables the Data
drivers (den-)s the third shift enables the Command drivers (cen-).

The Processor board suprorts Multibus bute accesses by 1latching
in the state of the 48000’s 1ds- line at cs4 timer denerating Multibus
address bads and providing 2 local bhen (Bwte High Enable) from both
1ds- and uds- in PALP2 (Pg - 5 ICF1)., These two lines are latched
along with the Manaded Address bus (ma23!mal2) and the lawer 68000
address bus (311ia31) at cs5 time to provide the full 24 bits of Mul-
tibus accesses. All four of the Multibus commands (mrdc-r autc-r
iorc-s iowc-) a2re then dateds in PALP4 (Pg 1 - IC F4)s to bedin at csé
time,

All 24 bits of the Hultibus Address bus are driven for either
Memory or I-0 accesses.
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When b.xack- is driven by the target board 3s the acknouledder
dtack~- is denerated in PALP2 (IC F1). dtack- then latches itself
asserted until the end of the 48000 cucle,

3:342.2.2, Memory Access

PALP4A (IC F4) decodes mrdc- and mwtc- on the prorer state of
b/1~-y io/a- and r/u-.

34342:2.3. I-0 Access

Many Mulitbus products use either 16 or B bits to decode I-0
addresses. The Processor board drives all 24,

PALP4 (IC F4) decodes iorc- and iowc- on the eprorer states of
b/1-» io/m- 3and r/w-. There is 8 special mode for terminating the
iowc- command early, When b.xack- is returned and dtack- is asserted:
the iowc—- command is terainated, but the 48000 cycle still has 2+
clock states of Multibus control.

This was done to accommodate Multibus boards that return b.xack-

immediately after receiving the iowc- commands 3llowind a wide mardin
of data hold time on the bus.
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4,

Roard Nnemonics

(Note: Schematic drawinds and the printed format of the wirelist
are slightly different in natation. Hnemonic ‘b.init\*® on the
schematic corresronds to *b_init-* on the wirelists etec, This is
because UNIX editorss througsh which these dacuments were
prepareds differ slightly in their handlindg of special charac-
terss i.ee *\'s *.* and *-*. In denerals theny "_.*" or *.* in a
mnemonic signify an off-board connections and *-* or *\* as the
last character of the mnemonic mean it is “low' true.)
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Processor Roard Sidnal Names:

{Huw)
(Mu)
(M)
(By)
(Bu)
(Bu)
(Hu)
(Hu)
(Co)
(Ca)
(Hu)
(Hw)
(Hu)
(Ku)
(Hu)
(Hu)
(Hu)
(Hu)
(Hy)
(Mw)
(Hu)
(Mu)
(Hu)
(Nu)
(Hu)
(Hu)
(Hu)
(Mu)
(Hu)
(Hu)
{Hu)
(Mu)
(Co)
(Co)

-12vdc
-3vde
12vdc
a0
a3lta323
al-

aen
aen-

as

as-
b.30$23~
b.bclk-
b.bhen-
b.bern-
b_bprro-
b.brea-
b_busy-
b.cbra-
b.cclk-
b.d0:15-
b_inhi-
b.inh2-
b.init-
b_int0i7-
b.inta-
b.iorc-
b_iowc-
b.arde-
bonwtc-
b_xack-
bas~
belk-
berr-
berrx-

s W e W . T . TS Gwv S wme TV mme CTE mme GRS man TG mus D gy WED m GG e W e VEA Gme VS Gue RS s TS emm O e

(Hu)
(Co)
(HH)
(Ca)
(Co)
(Ca)
(Co)
(Co)
{Co)
(Co)
(Cm)
(Ca)
(Co)
(Co)
(Co)
(Hu)
(Ku)
(M)
(HM)
4,20
{Dv)
(Dv)
(Dv)
(Ku)
(Hu)
(Mu)
(Co)

" (Ca)

(Co)
(Co)
{Co)
(Ca)
{Co)
{Co)

bhen

boot

bil-

c100

c200

c400

€S0

c50-
50—~
800
cepl1t2
c.refresh
c-timerii2
carry
cas0i1-
cclk-
ce_byte-
ce.n3r-
ce.marl-
ce_maryu-
ce.pronfit-
ce.sio-
ce.timer-
ce.word-
cen-
cenl-
ckberr
clrboot-
csd

cs3-

cs4

cs4-

csd

csé

e G wwn e e G g SR e WNR Gwn M e GES Gae YES owe YHP gme GES G TUD G YYD Gus CUT Gun D mun N ame TR e Swv eme S eme

(Co)
(Ca)
(Ca)
(Ca)
(Co)
(Cm)
(MH)
(Buw)
(Mu)
(Mu)
(Mu)
(Ca)
(Hu)
(bv)
(MH)
(Co)
(Co)
(Cn)
(Cm)
(M)
(Co)
(Ca)
(Co)
{Ca)
(Hu)
(Co)
(Co)
{Ca)
(Co)
(Co)
(Co)
(Ca)
(Co)
(Ca)

cs7

cs8

cs9

csio
cswait-
ctsb-
cx0:1
4013
dlaen
d23en
d3zen
dedb-
den-
devenab-
dirty

ds
dtack-~
dtrb-
dtrb--
en_mapx-
enabto
enabto-
enlperr~
1c0:2
dnd

halt
halt-
hardreset
hardreset-
fhiust
init
init-
int0!7-
intisi7s~
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Sumbols Uged:
Bu - Buses

Cm ~ Communications

Co - Commands

1173
Hs

MM -

Mu

Devices

Highsreed
Menory Manadement
Hultibus
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Processor Board Signal Names cont’d:

(Co)
(Ca)
(Co)
(Dv)
(D)
(i)
(Co)
(Ca)
(Ca)
(Cm)
(Ca)
(Cm)
(Cm)
(Cm)
(Cn)
(Bu)
(Bu)
(Bu)
(Bu)
(Co)

* (Co)

(Hs)
(Hs)
(Hs)
(Co)
(Ca)
(Co)
(Ca)
(Hs)
(Hs)
(Hs)
(Hs)
(Hs)

int_sio—
int_sio---
int_timer2-
iore-
iowe-
iola-
irl022-
Ji_pli_rxd
Ji.pi_txd
Ji_p2_cts
Ji_p2_dcd
Ji_r2_dtr
Ji.p2.rts
Ji_p2_rxdltxd
Ji_p2_txdlrxd
J2.3s
J2_halt
J2.in0215
J2.r-lul
lds-
lrerr-
2307
a.Ccsd-
n.d0i15-
a.dil-
a_diu-
n.dol-
a_dou-
a.lds-
a_nai7:23
R_Perr-
a.prea-
s_rfenad

P--——-——————-———-———-.—-——-—-—.—-————-———————_

(Hs)
(Hs)
(MH)
(Co)
(Co)
(Nu)
(Co)
(Ca)
(Hu)
(Co)
(M)
(Dv)
(Co)
(Ca)
(Cm)
(Cm)
(Co)
(Co)
(Co)
(Co)
(Co)
(MM)
(Co)
(Co)
(Co)
(Co)
(Co)
(Ca)
(Cm)
(Cn)
(Cm)
(Co)
(Ca)

a_uds-
A_wait-
312123
macaslil-
aras-
ardec-
nweraml-
averanu-
awtc-

nc
oe.cx-
ce_rort-
oe_ram-
onbrd-
p2.rxd
p2.txd
parerr-
parerrl
parerru
parl-
Paru-

‘pprot0i3

prtuenad
r-lu
reset
reset-
rfenab
rtsb-
rtsb-—-
rxda
rxdb
rlu-
said

)—--.—_——_————-—-——_——-————-—-_——————_———_——.

(HM)
(Co)
(Co)
(Ca)
(Cm)
(Ca)
(Co)
(M)
(Hu)
(Bu)
(Bu)
(Ca)
(HH)
(i)
(M)
(M)
(HH)
(Ca)
(Ca)
(Ca)
(M)
(Hu)
(Cn)

saaperr-
sysace-
thr
tineout
txdaib
txdalb-
uds-
used

vee
veclats
veelals
vP3-
we_cx-
we._a3p-
we._a3rl-
we_maru-~
we_mapx-
we_raml-
we.raey-
wir=-
%30:11
xack
xcatbh

y-—-‘————-—————————-—.—_._-.——-———-——-.—.-._.__._)-—

Sumbols Used!

Bu - Buses

Ca - Comaunications
- Commands

- Devices

Co
Dv
Hs
M
Mu

Highsreed
- Memory Hanagement
Multibus
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4,1, Buses

The following names are ordanized to describe onboard ‘bus® sig-
nals, Multibus and Highsreed Bus names are described in serarate sec-
tions,

General Bus Names:

veelald Select High Address 15 for PRONMS.

| {
| 1
{ | |
I a0 | Produced by latching lds- with cs4. |
| l |
t al- I Inverted 48000 al, for Mar Lond words. |
| | {
I 211223 | 68000 Address Bus. 1
| | |
| d0:1S { 68000 Data Bus., |
| l {
| J2_3s I 68000 Address Strobes Hi true command |
{ { for parallel Port |
{ | |
| d2.halt | Sidnal for LED Halt indicstor |
| _ 1 |
I J2.in0$15 | Hi true data bus for Parallel Port {
] I i
| J2_r-lwl | Read (low) Write (Hi) command for Parallel Port |
| | |
| oe_rort- | Chis Enable far the Parallel Port |
i | |
I veclal4 | Select High Address 14 for PROMS. |
{ | l
| | |
| L 1

-



4.2, Coma3nds

The followind names describe the madority of Cosmand and
signals used by the 48000 and by 3all other logic onboard.

Control

Command Names?

as
as—

berr-
berrx-
baot
c100
c200
c400
c800
c30

c30-
cS0--

c-refresh
c.timerl
c-timer2
carry
casoOil-
ckberr
clrboot-
cs3:10
cs3-

cs4-

pue omm R e wm R e Tt e G . e Gan T G S G me Gwm O Gws G wmm Y Gne wes e MNe e Men emm e W e Gmm S ewe - e o

468000 Address Strobe

Bus Error to the 48000

Bus Error Extention

Boot State register

Sustem Clock at 10 Mhz

Timer Clock at 3 Hhz

UART Clack at 2.5 Hhz

1.25 Khz Clock

Raw Crustal output at 19.6608 Hhz

Inverted and delaved Crustal
Inverted and delaved Crystal

Timer outrut producing INT7

Watchdog Timer outeut Produées Reset when low
User Prograsmable Timer outsut sroduces INT6
Carry from System Clock counter

Coluan Address Strobe for Onboard Ram

Clock Bus Error. Invertec berr-

Clear Boot. See PALPO.

Clock States cs3» cs4s s csl10

Inverted cs3. Produces RAS to local Rams.,

Inverted cs4, Hultirlex contral for Ram Addreses.

p————-——-——-—_——--.——-———-——___—-—--—-————————-}-—-
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Command Names cont‘d?

cswait-
ds
dtack-
enabto

enabto-

enleperr-

fc0i2

oo com e n e e G e o T Gwe - = o

{
L
l

Clock State Wait. Makes the Clock State deneratorl
wait before cs4 dets denerated. See PALPI fori

eans. |
|

Data Strobe (High true). Produced by lds- OR uds-.l
!

Data Transfer Ack. to the 68000, See PALP2 forl
eans. {

Enable Timeout Generator. See PALPI for eans.

-— v

Enable Latched Parity Error. If ‘*low® when as-l|
does awayr then a Parity Error in Onboard Ram hasl
occured. See PALP1 for eauns. {

468000 Function Codes!

0

0 Undefined

1 User Data

0 User Program

1 Undefined

0 Undefined

1 Surervisor Data

0 Surervisor Prodram
1 Interrurt Ack

e e wan W cun W G G S e o e .
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Coanand Names cont‘d

halt

halt-
hardreset
hardreset-
hust

init
init-

int0!7-
intlsi7s-
int_sio-
int_sio--
int.sio--—-

int_timer2-

irl0i2-

fe e e e - e e e n - e e e e e et T e e = —

468000 halt sidnal

Power level husterises

Interruprts 3llawed to be latched

Latched Interrurts to encoded to the 48000

. 0.C interrurt from the UART

Buffered
Select UART Interrupt to INTS

Select c.timer2 to INT6

68000 Interrurt Priority bits

P e e o w wmr e oun Gm G G e e e e e cvm S en . e o o -
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Comaand Names cont’d:

m.dou-

1ds-

lprerr-

a-dil-
n.diu-
a.dol-~

mcas0tl-

aras-

averanl-|
averaau-|

I
nc

oe.ram-

onbrd-

poe o wmn W= v = -

68000 Lower Data Strobe

-— - - o=

Latched Parity Error. Latched when enlererr- was asserted|
on 3an Onboard Ram accesss indicating a Parity Error. Thisl
signal will be gated with the Parity enable line in PALPLI
to denerate rarerr-, |

Lower Bute Parity ineut
Upprer Rute Parity input
Lower Bute Parity output
Urrer Bute Parity output

Buffered casO!1- to drive Onboard Ram CAS pin.

Buffered csd- to drive Onboard Ram RAS rpin.

o et e v — — — o —

Buffered weraml- to drive Onboard Ram WRITE Low Bute rin. |
Buffered weramu~ to drive Onboard Ram WRITE High Bute pin.l
l

No Connect.
Device Select for enabling Onbaord Ram data drivers.

Onboard Access Enabled. See PALPL for eans.

pe - ot - - - o
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Command Names cont’d:

Parerr-

rarerrl
parerru

parl-

P3ru-

eritvenad

Pt o S e e cwm e e e G e am S e S Gme w Gee = cn

|
1
I

Parity Error. See PALP1 for eans. Generates berr-|
when either an Onboard Ram access ar Highsreed busl
access has rerorted a Parity Error. See PALP2 forl

its use.

Qutrut of Low Bute Parity checker. High true
Quteut of High Bute Parity checker, High true

9th bit into Low Parity deneratorichecker.
Always Low when writings follows a_dol
(inverted) when readind.

9th bit into High Parity deneratorichecker,
Always Low when writings follows a_dou
(inverted) when readind.

Parity Error Ensble bit in the Context Register.
When lows PALP1 disables parerr- from doing active.

Poe e ome e woe e e e e e e S e W e
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'Connand Names cont’d?

r-lu

reset
reset-

rfenab

rlu-

setinit-|

sysacc—

the
timeout
ud§¥

ve3-

we_raal-

we_raau-|

wir-

J
I
1

|

-1

|

Inverted 68000 riw- for PROMs direction |
|

{

|

48000 hardware Reset
{

Refresh Enable bit in the Context Redister. Buf-I
fered to the Hishsreed busy this allows al
Highsreed bus tardet board to override Addressl
compare with the intention of refreshing Dunamicl
Raas through the system. Roards with Static Raasi
as their Dual Ported memories can idnore this. t

468000 Read (Low) Write (high) command signal
Clock boot and issue hardware Reset.

Sustem Access. See PALPO for eans. When Hishs 3
Sustea Access is reauestedsy mostly when 48000
address 323 is high.

When lows a3 Manaded Access is reauested.

Power Level threshold

68000 Urper Data Strobe

Valid Perirheral Address - Interrurt ack onlu

Local Ram write enable. See PALP4.

|
l
l
|
|
|
|
|
|
|
|
{
Cucle Timeout Error. |
|
l
|
|
i
i
|
t
Inverted 48000 rluw-, Used for Multibus data |
l

1
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4,3, Comaunications

The following names are related to serial communications onboard.

Communication Signals:

| |
| 1
I | |
{ cop122 { PBRaud rate Clocks for Port A and B l
| | |
| ctsh- I Clear to Send Port B I
{ | l
| dedb- { Carrier Detect Port B |
| { |
| dtrb- { Data Terminal Ready Port B I
| dtrb—- I l
l | |
| Ji_pl_rxd I Port A Receive {
I Ji_pl_txd | Port A Xmit {
| t ) {
| Ji_e2_cts | Port B Clear to Send i
| J1_p2_dcd | Port B Carrier Detect {
| Jl_p2.dtr | Port B Data Terminal Ready I
| Jl_r2_rts | Port B Request to Send |
I Ji.r2.rxditxdl Port B (Receive) or Xmit I
| Ji.r2_txdirxdl Port B (Xmit) or Receive |
| | |
i 1 1

——§Pmm



Coamunication Signals cont’d:

p2_r¥%d
p2_txd

rtsb-
rtsb--

rxdas
sa:d

txdaib
txdatb-

fie o e T e e = e e cwm e e

Selected Port B Receive
Selected Port R Xait

Reaquest to Send Part R

Receive Dats Port A and B
Xmit chir sleu rate inruts

Xmit Datz Port A and R

b o e e . —— = -
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Highsreed Bus

The following names describe the Hishsepeed Rus,

Highspeed Rus Signals:

a.30:7
R.CS3~

a_d015-

mn.lds-
8-a317:23
a.perr-

a_prea-

e i e o e e s e e S aen S o e ey o ome .

Hultirlexed Duynamic Ram Addresses. See Table 7.
Buffered Clock State 5 for valid CAS address.

'ata Bus. Connected directly the the onboard
Rams data lines.

Buffered 48000 lds-
Buffered Uerer Manaded Addresses

Parity Error

e ee e e m e et = v e e - wwe o= fun —

Pracessor Reauest., This sidnal indicates to thel
Tardet board that wm_w2l7:23 are valid to enablel

respondind. See PALP3 for eans. I
|
]

—Lt



Highspeed Bus Sidnals cont’d: {
1

a.rfenab

n_rlu-
a.uds-

m_wait-

e omn wwe . e e e e e L e S e e e ST e S e e S . e

!
Buffered Refresh Enable. Indicates that the Targetl
baoard should override the Urper Nanaded Addressl
comrare and start responding, This is to allowl
the refreshing of Dunamic Rans out on thel
Highspeed Bus at the same time that the Local Raal
is refreshind. |

|

Buffered 48000 rlu- !
: !
Buffered 68000 uds- |
1
Highspeed Wait. Indicates to the Processor boardl
that the Tardet board is not ready to have thel
Multirlexed Ram addresses wm.30!7 switch to thel
uprer address bits. This stoes the Clock Statel
denerator from advancing by extending cswait-.!
m.wait- is not an acknowledde of valid addressi
coararesy but a3 command to wait until the Targetl
board can CAS the uerer address bits. See PALP3I

for its use in creating cswait-. !
]
1

——d



4.5, Hultibus

The following names describe the Multibus Commands Addresss and
Data lines as well as onboard sidnals that surrort them.

NMultibus Sidnals?

I l
i 1
1 i {
| -12vde | Power Surrlies |
| -Svde | |
| 12vdc | |
| | {
I b.30:23- | 24 bit Address bus l
i { I
| b-belk- I Bus Arbitor Clock i
i | |
| b_bhen- | Bute High Enable |
l | |
| b_bprn- | BRus Priority In |
| | i
| b.bepro- f PBus Priority Out |
| 1 t
| b_brea- | Multibus Haster arbitration handshaking sidnals. |
| b_busy- I Used only by IC AJ (8289}, |
| b.cbra- | See chir srecifications. |
| I : |
| bocclk- | Constant Clock I
{ | |
| b.d0$15- | Data bus |
l | 1
| boinhl- | Not Used |
| boinh2- | |
! | |
f boinit- | Reset |
| | |
l 1 1




Hultibus Sidnals cont‘d?

b_int0:7-
b.inta-

b.iorc-
b.iouwc-

b_ardc-
b_mutc-

b_xack-
aen
aen-

bas-

belk-

bhen

celk-

ce.byte-
ce.word-

o WS S Gue wmn Gve TR e GRS G EE Gun S G U mae S evn e . W ewn T G S e P Gwn WS v = —

Interrurts
Not used

I0 Commands

Nemory Commands

Command Acknowledsge

Address Enable from 8289 arbitor (High true).

- o ot - - - —— —— — —— = - -

Address Enable from 8289 Arbitor (Low true).

Bus Address Strobe. This is the reauest to the 82891
arbitor to become the Nultibus Master. Generated throughl

PALP3s it corresponds to m.prea- but blil- is now in thel
‘bus’® state.

Bus Arbitor Clock into the 8289 chir.

Bute High Enable. Generated by lds- and uds- both trues
that is» when a3 word access is reauested.

Constant Clock. Buffered 48000 Sustem Clock ci00.

Enable Buyte and Enable Word.

o U U S —
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Multibus Sidnals cont’d:

cen—

cenl-

disen
d2a3en
dlaen

dnd
iorc-
iowc-
ardc-
awte-
vee

%3ck

o e v S G R e T G e G T G A Gun GEe e GRS e S e wE wae S cm

|
1
) |
Command Enable delav to date on one of 4 Commands |

|
Phusical outeput enable for the four (4) Hultibusl

comaands. cenl won‘t be gated on until sen- froml

the 8289 arbitor is true. |
|

aen Delays 1» 25 and 3. Part of the Addresss I
Data and Coamand delay redister for the Nultibus. |
These are the inputs ta the next register elementsl
from the previous elements’ outrut. i
Data Enasble delay to gate ce_byte- a3nd ce_word-

Pawer Supply dround

Conmands to buffer ta the Hultibus.

Power Surprly 45 Volts..

I
i
1
l
I
|
|
l
|
|
|
, , i
Buffered Multibus Command Acknowledse {
|
1

-l Q-



4,6+ Devices

The following names describe Command Enables and related direc-
tion control lines for onboard devices.

Device Sidnal Names? |
1

ce_rronQii-|

ce.sio-
ce_timer-

devenab-

iore-~

{owc-

oe.rort-

poe S e e S e e Cur Y e . an W Gue G e e

Used by the UART and the TIKER as well as the Nultibus

|
Chir enable for the onboard PROM sockets. ce_rromi-|
carresponds to Virtual address 0xC80000., ce_promQ-1s|
howevers corresponds to two (2) address! Ox0 duringl
Boat State anlys and O0xC00000 when not in Boot State. |

Chie Enable for the UARTs address 0xD0000O.
Chir ensble for the Timers address 0xD80000

Enables theri-a decoder to drive the
ftive (5) Device addresses.

Used by the UART and the TIMER 3s well as the Multibus
as the Read command.

3s the Write command.

Chir Enable for the Parallel Ports address 0x900000.

pre @on won Wt G W e v e G e e S e . own




4,7, Hemory Manadement

The followind names describe Memory Management Command and Con-
traol signals.

Hemory Hanadement Sidnals:

| |
| 1
| | |
{ bll- I Bus (High) or Local (Low) tag of the current Pase |
{ | i |
| ce.mar~ | Chir Enable for Mar Ramss» address 0x800000 |
| | } |
| ce.m3rl- | Chip ensble for Urrer and Lower Pade Mar words. {
| ce_maru- | |
| | |
I ex0¢1 | Context bits latched in the Context Register |
| | i
| dirty | Indicates Pade has been written to. |
| | : |
| en_marx- | Enable Mar Extention. Allows IC H7 (aultirlexor) {
l | to over-write Pade Mar Status bits used and dirtw, |
{ | See PALPI for eans. |
| I |
! iolm- { IO (High) or Memory (low) tag of the current Pade |
| | , : l
| na12:23 | Managed Addresses. Output of the Pade Mar Rams. Seel
! | Table S for translation to data bus scheme. I
i | I
| oe.cx- | Output Enable for Context Redisters» address 0x8800001
{ | |
| prot0!3 | Protection Code entries into the Pade Mar Rams. Seel
{ | Table S5 far translation to data bus schemer andi
i | Arpendix F for code that denerates smarerr-, {
i 1 1

LY & B



Hemory Manadement Signals cont’d

sa3rerr-
used
we_cx-
we_mas-

we_marl-
we_aary-

We_R3PX~

xa0il

pos o e G G R ey T G G e S n S e W wn

Mae Error. See Arrendix F for code.

Indicates Page has been accessed successfully,
Write command for Context Registers address 0x880000
Write Enable for Map Ramss address 0xB800000

Write enables for Urper and Lower Page Mar words.

Write Mar Extention. The write control ta the
Page Map Ram holding the four Page Status bits.
See PALPI for eans. LR ' ‘

Page Rams physical addresses. See Table 4.

foe Gos Gan G G CE ey TEE GEe e GEe CUD e ewe e e e w— Gue e e
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Arpendix A - Juarer Ortions

The following tables describe onboard Ortions available. The
defaults (etched in on the circuit card) are shawn as *(n) --- (nt1)*.

Arrendix A.l - JBL
This Jumeer block allows selection of!
1) Serial Part B Transait and Receive rins on connector Ji

2) Extended Addresses for the Prom sockets.

= JB1? I
1 1
| t | I
i p2orxd | (1) =— (2) | Ji.r2.rxd/txdl
| JleP2etxd/rxd | (3) === (4) | p2.txd !

N { | |
{ vee | (3) == (8) | -—=%- vecc/3141
| atld | (D) 8) | _..I {
I | | |
| vee | (9) — (10){ ---+- vecc/alSi
I aiS 1 (11) (12) + .. |
f l I i
] [l 1 1

The comaunications default ultimately selects rin 3 of the RS-232
connector as Receiver and rin 2 3s Transmit.

Ta swar Port B Transait and Receive!
1) Cut (1) from (2) and (3) from (4).
2)  Jusser (1) to (3) and (3) to (4),

The Prom addresses are defaulted for 2764 (8192.x 8) JEDEC dev-
ices.

To select 27128‘s:

1) Cut (35) from (6) and Jumrer (7) to (8) together.
To select 27256's?

1) Cut (3) fro- (6) and Jumrer (7) to (8) todether.

2) Cut (9) from (10) and Juarer (11) to (12) together.

w=hQew



hrrendix A2 - JB2

Juarer JB2 sets the Interrurt level of the UART at INT S and sets
the Timer Channel 2 to INT 4.

Jp2:

- e —

| I

int.sio—— | (1) === (2)i intS-I
int.timer2- | (3) --- ()1 inté-l
| | |

J i L
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Arrendix A.3 - JBJ

Jusper JBJ selects various Hultibus commands and controls.,

|
1

| JB3$ |
i 1
| - I | |
| beinit- =¢-—1 (1) (2) | init- |
| P | (3) -— (4) | set.init-I
| | | I
I bebelk= 1 (J) == (4) | belk I
| { b !
| beborn~- | (7) (8) | dround |
| | t 1
I becclk- | (9) === (10)1 cclk |
I. | I
i 1 1

The tor 2 pairs select the saurce for the Multibus Reset sidnal
b.init-» The default is for set.init- to drive it. This sllows lets
the externsl Reset Switchs Watchdog Timer and Power Level Coararstor
to reset the Hultibus. The other ortion is to cut (3) from (4) and
connect (1) to (2) todether to source init- to the Multibus. This
ortion will add the 68000‘s Reset instruction to the first three.

The third pair defaults the source of the MNultibus Bus Arbitor
clock b.bclk~ to come from the Processor itself. If another device on
the Hultibus is selected to drive this sisnals then wou must cut (3)
froa (&) 7 )

The fourth pair default is Multibus Naster Priorits not at the
Highest level. This option assumes one of the following!

1)  There is Q;Hishér Priority Bus Haster in one slot above the Pro-
"cessor board in a Serial Priority scheae.

2) There is a3 Parallel Priority Schemer one whose Arbitration is
deterained by lodic on the Multibus motherboard.

For 3 Single Board confidurations or one that has the Processor
8s the Highest Priority Masterr then wou must Jumrer (7) ta (8)

todgether.

.. . The fifth rair defaults the source of the Multibus Constant Clock
b.cclk- as the Processor itself. This clock is used by other Cadlinc
Board products to synchronize Hultibus and Hidhsreed bus timing with
the Processaor board and should not be cut. Howeverr when more than one
Procesor board is plugded into one card-cage (for various reasons)s
then: the Haster Processar (the one that drives the Hishsreed bus)
- “should have this line intact and sll of the others must cut (9) from

(19)9‘1”



Arrendix A+4 - JB4

Jumrer JB4 selects Interrurts from the Multibus. (Note that inté-
and int7- are out of seauence at the tor of- the black.)

1

| JB4¢ |
- 1
t: { l
| b.ints- () (2) | inté-1
| beint7- (3 (4) | int7-1
I b.intS- (S) === (&) | int5-1
I beintd- (7) ==~ (8) | intd-|

(9 —= (10t int3-|
(11) === (12)1 1int2-|
(13) === (141 int1-l

| |
1 1

I beint3-
| beint2-
I beinti~
|
|

o e o e e e - - -

Interrurts inté- and int7- are not defaulted throush because
those levels on the Processor have predefined functions that should
not chande. If they are ensbleds then the User aust take care in han-
dling the Refresh routines (int7-) and the Prograsamzble Interruet
(inté-) so as not to conflict with the Processor.

. 1}



Aprpendix B - Initial Memory Marring

The CADLINC BASIC MONITOR will establish the following aemory

BR3P,

-

The Pade m3r preserves virtual addresses in all contextss and
sllows all access tures to all users for 8ll addresses excert the on-
board RAM holding the 4014 eamulators which is erotected adgainst zll
user-state accesses but allows 3all surervisor-state accesses.

| i
Virtual | Butes | Marred | Phusicall Normal Contents
Low Addr | I to! I Address |
1 1 1 |
| i | |
000000 I 256 t HS busl 000000 | Pre-defined vectors
I | | i
000100 I 254 I HS busl 000100 | RAK refresh routine
| { { I
000200 i 512 I HS busl 000200 | Global datas rastord
| { | |
000400 1 3k it HS busl 000400 | Surervisor stack
| I I |
001000 I 252K orl HS busi 001000 | All installed higshsreed
| mores lessl l | bus Ram
I emulator tol | {
I max af 604K | l |
{ | i l
Tos of HSI - i - I - { Invalid
rae tol- i I {
Q97FFF i I l I
t i | I
1 1 1 1

e - e wme en . e G e e we e mwe W Swn e e e wme e S et vee

Initial Prbcessor Hemory Mér cont‘d



|
Virtual | Butes! MNMaeped | Phusical Noraal Contents |
Low Addr! I to! | Address o |
1 1 1 ] 1
{ l | | . |
098000 | 32k | HS busl (tor ofl 4014 eaulator code |
[ t | installed ' | {
| { | highspreed . | {
i l | bus RAH) -l |
| | 1 32k i l
| I 1 o |
0AC000 |- 64k | MB I-OI 0000 | SHD Disk controllerse!
| | | | followed by Ethernet!
! 1 | | wmoduless extrs serial I/01
I | I | rortsy timerss etc. |
| { { i -
0BO00O ! 464k | NB meml FDOOOO { 3Com ethernet nmaodules
| I i |
0C0000 [ 128k | NMB meal FE0000 { Raster Disrlay Module
| { | . l
0EQ000 | 128k |  HS busi 7E0000 | Floating Point Module
I | {
| 1 1

1

T U N SN U p—

Initial Processor Helogu Mar cont‘d



{ |
Virtual | Butes | MHarred | Phusicall Normal Contents
Low Addrl | to? | Address |
1 L 1 1
| { _ | {
100000 | SH ! HS bus | 098000 | Remaining higshsreed bus RAH
| I { ! :
600000 | 2 or 1920kl KB meml 000000 | Hultibus RAM» etc.
| | { {
7€0000 | 128k I MB mem | FAQ0000 ! HltFunct board 0 promss NURAM
| | I |
800000 | S12k I - i - | Padge Mar Registers
I | { l '
880000 | Si2k 1 - |1 - | Context Register
| | { { :
900000 | S12k i - i - | Parallel 1/0 Redisters
| I { I
1 [ 1 1

poe o o G wen G cm = oun we Gwe we e e = e omm

Initial

Processor Nemory Mar

cont’d



I |
Virtual | Butesl MHarpedl Phuysicall Normal Cantents A
Low Addr | I to! | Address | . |
1 ] | ]| 1
| ] i { |
980000 i S12k | - { - t Clear Boot State |
i | i | |
€00000 I S12k | - i - | PROM O {
I | I I |
80000 I Stk + - I - I PROM 1 l
| | | { |
B0g000 i S12k | - I - I On-board UARTs l
l I | | I
080000 I Stk t - I - | On-board Timer {
| I l i |
F80000 I Si2k | - I - | VPA (not used by mrodraams)!
| f I { {
1 1 o | 1

-

Initial Processor Memorwy Mar cont’d



The standard phuysical address settings used by Cadlinc are as follows?

Hodule

- — -

1

1

Standard Phusical Addresses - Hemory

Note that all of the Floating Point Module is marredi
roint orerations are noraally initiated in the logical epracessar par-
Due to module constraintss there is

tition at virtual address 0F0000.
alusys @ rartition at this address.

| |

| Address Range | Serace |

f 1 1

| 000000 - Q3FFFF! Local bus! On-board ram |

I 040000 - FDFFFF1 HS bus | Dual-rorted rams |

{ | I high-speed bus access!

| FEOO00 - FFFFFFI HS bus | Floating Point Modulel

| { | |

| 1 1 1
t { f I |
| Address Rande | Sepace | Int. | Module |
| | | Level 1 I
. 1 1 1 §
| | l | {
t 000000 - 79FFFF! NHB meml | Dual-ported rame aul-i
1 (Haximum) { { | tibus access |
| toep to next! MB menal | MHultibus ram {
| madule i { { {
I FB0000 - FIFFFF | MB meal - | MltFunct 1 » 2764’s |
| { { I {
{ FB80000 - FBFFFF | HB meal - | HltFunct 1 » 2732's |
| I ! { |
I FAQO000 - FBFFFF | MB meml -~ I MltFunct 0 » 2764‘’s |
! | | { I
| FAOQ00 - FAFFFF | MB meal - { HltFunct 0 s 2732’s |
i | { | |
| FDOOOO - FDIFFF | MB meal 2 | 3Com ethernet module 0Ol
1 : { | | {
! FD2000 - FD3IFFF | MB memi 2 I 3Com ethernet module 1l
t | | | ' {
I FD4000O - FDSFFF | ¥B meal 2 | 3Com ethernet module 2!
i | | | I
| FD&0OO - FD7FFF | HB meml 2 I 3Com ethernet module 3I
. | l | (|
§f FE0000 - FFFFFF | MB memal! 1%x | Raster Disrlay Module |
1 1 1

floating



| | {
Address rande | Int | Module I

1 1 . 1
00D0 - QO0D1 1 3 { CPC Taremaster tare cntrl {
-E0 - __E7" [ 3or4 I DTC-510A/DTC-B86 disk cntrl O {
--E8 - __EF I Jor4 | DTC-510A/DTC-86 disk cntrl 1 {
-F0 - __F3 | 4 I Interphase SHMD-2180 disk cntrl 0 |
-F4 - __F7 I 4 ! Interphase SHD-2180 disk cntel t |
00F8 - OOFB 1 4 { Interrhase SMD-2181 disk entrl 0 |
Q0FC - QOFF I 4 | Interphase SHD-2181 disk cntrl |
01.0 - 01._4 I 2% 1 3 Hbit Ethernet Module |
0200 - 025F I 1 | Anti-aliased Raster Diselay Madule |
8000 - BO1F I S I HltFunct board 0 i/o rorts {
8200 - 821F I 3 I WltFunct board 1 i/0 rorts l
FF0O0 - FF7F i 1 | Dual-rorted memory multibus erearityl

| I flads/fault {

1 ] 1

Standard Physical

Addresses - Nultibus I-0

t% - These interrurt levels are user-eprodrammablers not
Jusper selectedi these are the default levels used.

-n



Appendix C - Multibus Bus Pin Assidgnments (P1)

Pin #! Mnemonic

Pin !

Mnemonic |

| (Solder Side)l

(IC Side)l

-4

J } ! | | U
3 W r o V.K C o r.é.Qal.W ' 1 [ o
gy _ZEEPEY FEUEiiEEigcsssssidsaiine
2eedR a9 .8993333305355850%3599338% .9
> W.l I NTOoODO000 n.o.m.b.b.b.b.o.L.D.L.D.D.D.D.D.D.D.L.m.m.o.m.k.b m M ] W > m
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Arpendix D - Hishsreed Bus Pin Assignaents (P2)

l

| Hnemonic | Pin &1 Pin #| MHnemonic |
i (IC Side)! | | (Solder Side)l
| 1 1 1 1
! | | { I
| m_prea- | 1 1 2 | mowait- 1
| n_m320 | 3 | 4 | wm.m323 I
| ar/u- | 5 1 6 | m_ma2i |
{ m.mat? | 7 1 8 | m_ma22 |
| m_uds- I ¢ 1 10 | wmlds- I
{ m_rfenab | 11 | 12 | w=m.csS- |
{ nc i 13 | 14 | nm.mai8 I
{ mperr- | 15 | 16 | wmm3l? |
| m.dl- I 17 1 18 | wm.d0- |
| a_d3- I 19t 20 | wm_d2- |
| ne i 21 1 22 | m.20 l
I m_d4~ t 23 | 24 | nec 1
| nc P 25 &t 26 | wm_d5- |
| a_33 i 221 28 | nc |
| »_.d7- 1T 22+ 30 | m.dé- |
I nc f 3t 1 32 | m.al |
{ nc i 331 34 1 m3b |
| a.d8- it 35 1 36 | md9- |
| n_237 t 37t 3 1 nc |
| ne I 39 1 40 | =.32 |
| md10- | 41 | 42 | w»_dil- I
| gnd I A3 | 44 | €nd. |
I nc 1 45 | 46 | wm.24 |
| mdi2- | 47 | 48 | wm.d13- I
i ne I 42 I S0 | ne |
I nc I St | 82 | =.as {
| ndtd- | S3I | 54 | w.diS- 1
fba22- | S35 | S6 | b.a23- |
1 ba20- |t S7 1 58 I b.a2l- |
| ne I S92 t 60 1| ne |
{ | { | |
| 1 i 1 1

Sumbols used?
nc = No Connection
dnd = Ground



Arrendix E - Coamunications and Parsllel Ports

J1 Comaunication Part?

J2 Parallel Part!?

Jleploetxd
Jieplerxd

snd

Jl.p2.dtr

Jl.p2.txd/rxd
Jlep2.rxd/txd
J2.p2.1ts
J2.P2.cts

dnd

J2.in0
J2.in1
J2.+in2
J2+in3
J2.in4
J2+inS
J2+iné
J2.in7
J2.in8
J2.in?
J2.in10
J2.intl
J2+inl2
J2.in13
J2.in14
J2.in1d
ce.port-

w/r-
J2+38
set.init-
J2.halt-
vee

dénd
dnd
snd
and
and
dnd
snd
dand
€nd
snd
snd
snd
gnd
dnd
dnd
and
dnd
gnd
gnd
dnd
dnd
4nd
€nd
and
4nd

el o=



Aprendix F - Protection PRON Code
/% Protection Proa for Enhanced Processor &/
/% 21-JAN-83 Georde Kiewicz Chanded state of susacc.i ¥/

t¢include <cadéB8/eromi.h>

tdefine Protl 32
tdefine prot2 a8
$define protd al
$define prot0 a0

#define sysacc.i a7
$define fci as
t¢define fco 24
§define read 323

tdefine fc2 aé

tdefine prot (Prot0%d0 + protixdl + prot2xd2 + srot3xdl)
f#define sys_access (suysacc.i)

#define execute_cucle (fcl &i IfcO &% read)

#define read_cycle (ifcl %% fcO L% read)

$#define write_cycle (1fcl &% fc0 &% Iread)

char protcodelf163(7] =
{

bl XTI LY
b SO VI
‘ru.rw.'y
PP X"
‘ruLTUX® s
rXP_X"
*PUXPX"
fPWR.X"?
* ruxrux*

530 PR G Qg RYTS AER Q

i




saarerr(add)
int addj

{
int res = 0j

res I= (fc2 &t read_cuycle L& (protcodefprotlCO0] == "r/))?1:0;
res I= ( fc2 &8 write_cucle 2% (rprotcodelrrotlCfi] == ‘w’))71!0;
res |= (fc2 &% execute.cucle &t (rrotcodelrrotlC2] == “»’))71:0;j
res I= (ifc2 &% read.cycle &t (protcadeCrrotlC3] == "r’))7110;
res I= (Ifc2 &8 write_cucle ! (protcodefprotlC4] == ‘w’))?1:0j
res I= (1fc2 &2 execute.cucle && (protcodelerotl(5]1 == ‘x’))?1:0;
res = (res && !sys_access)?1:0j}
return(res)i ,

b 4 )

main()

<
size(3512)%
prom(d4,0)}
rrom(d5,0) 4
prom(dérsmarerri{add) )}
rroa(d7s lsmarerr(add) )i
prolaodblasti

~=§3--



Arpendix G - PAL Codes

The Series B0A Processor makes extensive use of PALs (Prograam-
able Array Logic I.C.) to rerform nmast of the necessary discrete
logic. Each PAL is coded to use its inputs as elements of 2 lodic
eaquations in either “1°* state or *0" states lodically *anded® inta
‘product® lines that can be *ored® with as many 3s & more ‘product®
liness The tri-state outrut can be controlled by an 8th *product*
line. Six of the eight outruts can be fed-back into the internal
matrix and used as more inerut elements. Two rins are then dedicated as
outruts onlys and ten as inruts only.

PALs dive the Processor dreat flexibility by eliminating a dreat
many discrete I.Css 3and consolidating their functions into 3 small
nuaber of prodramaable chirs. Board lavout is aided by the mostly
arbitrary pin assidnment structures which can be better manirulated by
firaware than by artwork.

The following pades are the lodic eaustions for the individual
PALs on board the Series 80A Processor. The format here is as the
Structured Design SD20/24 PAL prodrammer requiress called PALASH.
Some mnemonics have been abbreviated far clarity and all are in
urper—case letters.,

One ture of PAL chir is wused for 3ll S Processor PALSs the
PAL16L8-Ar and programmed with individual code. All eauations are
evaluated to vield *low true®' results, This reduces the reauirement
for extra lodgic inverters since most IC’s with control sidnals are
*low true® anuway., A few mnemonicsy e.d. DSy SYSACC and BRHENy are
written for a3 *high true® outeput, so their logic eausations tend not to
be as straishtforward as the others. The logic suymbols used are!

*/* When mneaonic is low trues otherwise hish true.

*%* Logical AND.

*4+* Lodical OR.

*=* When Right side of eauation is trues make the Left mnemonic low.

—=84--



Arpendix G.1 - PALPO
PAL14LS
palpl prod 3 rev 0.0 deorde kiewicz

system control r3l
cadlincs inced S5 park stef trows mich 48083

re as fc2 baot 323 322 321 a20 ds dnd
al? clrboot oecx devenab cemap ocerort wemapr wecx sysacc vee

/sysace=as + /3s % /boot X /323V
+/3s & boot X /rw % /323

/cemap=fc2 X ds X 323 ¥ /322 % /321 ¥ /320 x /319

/uemap=fc2 & ds & 323 & /322 & /321 % /320 & /319 %X /rw % /as
/oecx=fc2 & ds % 323 % /a22 ¥ /321 X /320 % 319 % rv |
/uecx=tc2 t.ds & 327 X /322 & /321 x /320 % 2319 X /rw % /as
/oepart=fc2 % ds X 323 % /322 & /321 X 320 % /al19
/clrboot=fc2 & ds & 323 & /322 & /321 % 320 % 219 X /rv t»/as;

/devenab=fc2 X ds X 323 Xk 322
+fc2 X ds & /323 ¥ /2322 % /321 x /2320 % /alP%bootkrw

descrirtion .

18-arr-83 chanding -oerort- to read-writer and chanding -clrboot-
address to 0x980000.

sysacc chanded to hish for systems low for manased 20-Jan-83

system addresses:
800000 - pademar redisters r-w
880000 - context redister r-w

900000 - parallel rort r-o

980000 - clear boot w

00000 - prom O r

c80000 - eprom 1 r

d00000 - uart r-v

dg0000 - timer r~w

180000 - hardware vera not used by software

—efS~—



Arpendix G.2 - PALP1

PAL14LS

ra3lrl Prod 5 rev 0.0 deorde kiewicz

parity control
cadlinc incy S3 park ster trouss mich. 48083

oeran bl m320 m322 m3l? mrerr prtuensb rparerry parerrl dnd
lperr enlrerr parerr onbrd m2l8 rw m321 ma23 wr vee

/aonbrd = /e318 X /m3l? X /w320 % /na2l X /m322 %X /a323 X /oeram
/ur = Y

/enlrerr = /onbrd X /oeras X parerru X rw
+ /onbrd & /aeram X parerrl X rw

/parerr = /lrerr X prtvensh
+ /mperr X prtvenzd

descrirtion

version 2 of parity imrlementation.

version 4 of parity stuff for the box (sarrys don)., truing bl in
gsenerating /onbrd to avoid detting /cas during multibus access.
14-a3r-83 : :

version 5 detting rid of /bl in /onbrd ad rerlacing with /oeram.

18-aar-83

-=B4--



Arpendix G.3 - PALP2

PaL16LS

palp2 prod 5 dak

bus status

cadlincs inces 55 park st.s trow mich 48083

bl parerr sasrerr lds timeout uds susacc aen csS and
csi0 bhen xack ds berrx iom dtack fc2 berr vee

/berr = ¢s5 X ds X suysacc X /fc2
+ csS & ds X /parerr
t+ cs3 X ds X /sysacc t /smarerr
+ ds £ timeout
+ cs5 X ds ¥ /sysace & iom % /bl

/berrx = timeout
+ /parerr
+ /smarerr
+ iom % /b1 X ds

/dtack = cs3 % sysacc X csi0
+ csJ & /susacc ¥ /iom X /bl % berrx
+ cs5 & /sysacc X bl X iom X /3en X xack X berrx % csil
+. 083 & /sysacc ¥ bl ¥ /iom X /3en %X xack ¥ berrx
+ csS X /dtack % berrx

/ds = lds % uds
/bhen = 1ds + uds

descrirtion

11-m3y-83 aualify -dtack- with -csi0- during a3 multibus ioc sccess
only. multibus memory is unchanded.

28-m3r-83 latched dtack with csS5. also insert berrx into dtaack.

generate bus controls dtack and berr for the 48000

on clockstate cs9y sysaccr and error info.

also sroduce data strobe -ds- and multibus bute hidgh enable -bhen-
froms 68000 datas strobes ~1ds- ad -uds-.

|}
sysacc sense chanded. high for systeas low for manaded. 20-Jan-83.

--87--



Arpendix G.4 - PALPJ
PAL16LS
pale3 rrod 6 deorde kiewicz

request and wait denerators
cadlincs inc.s _55 park st.s troysr mich 48083

bl as saarerr csé c100 wenrl zen cs3 cs4 gnd
auw3it srrea bas wemrx enablto cswait boot 2323 enepx vee

/venpx = /uenri X /as
+ csé X smererr X /3s

/enpX = csé X sazrerr
s & /323 k /c100 X /cs4 X /boot

= /a
+ /3s % /323 X /bl X /au3it %X /cs4 X /boot
+ /3s & /323 ¥ bl X zen X cs3 X /cs4 X /boot

/eswait

/enablto = /as ¥ /323 % /bl
+ /3s X /3en X bl % /323

/maPrea = /as t /323 % /bl % /boot % csd
/bas = csd ¥ /a23 k bl X /boot

descrirtion

23-ma3y-83 remove -cs3- from -cswait eauation., this allows for 2
sloprier -as- to sunchronize back to denerate -cs3- on 2 low
state of -c100-, initially to fix fluke inability to access
dual port memorys this will also clean any mardinal 48000 rparts
whose timinds are at the lond end of the srec.

12-a3%-83
add -zen- and -bl- into eauation for -cswait- to saueeze out
8 bit more time for multibus accesses.

produce highspeed bus reauest -mprea- and multibus

reauest -bas- only during 3 manaded sccess (/323).

denerate -cswait- to insert 3 wait when the hishsreed bus

is not ready (mwait).
4-a3r improve -enabto- deneration on manaded regquest to multibus

--g8--



aArpendix G.3 - PALP4
PAL14LS
palr4 prod 4 dak

aultibuss local ram and io read-write controls
cadlinc

sysacc iom bl rw berrx csé 1lds uds cesio dnd
cetimer awtc dtack weramu oeram weraaml iowc iorc ardc vee

/mutc = csé X

¥ bl ¥ /iom X berrx & /sysacc X /1ds
+ csé X L b

/rw
/e 1 % /iom X berrx ¥ /sysacc % /uds
/iom ¥ berrx %X /sysacc X /lds

/arde = csé &£ rw £ b1 X
%X rw X bl ¥ /iom X berrx % /sysacc & /uds

+ csé

/iorc = csé & rw X bl X iom Xk berrx X /susacc &k /lds
+ csé X rw X bl X iom X berrx X /sysacc X /uds
+ csé ¥ rw %k sysacc X /cetimer X /1lds
+ csé % ru Xk sysacc ¥ /cetimer X /uds
+ csé X rw X sysacc X /cesio % /uds
/iouc = csé X /rw X bl X iom X berrx % /susacc X /lds X dtack
+ csé & /rw X bl X iom X berrx Xk /sysacc X /uds % dtack
+ csé ¢ /ru % susacce X /cetimer %X /lds
+ csé & /rw & sysace & /cetimer X /uds
+ csé X /ru X suysacc % /cesic %X /uds

/oeram = /bl X /iom & berrx % /susacc X llds'
+ /bl X /iom X berrx X /sysacc X /uds

/veraau = /ru & /bl X /iom % berrx X /sysacc ¥ /uds
/veraml = /rw X /bl £ /iom X berrx X /sysacc X /lds

descrirtion

28-mar-83 added dtack to multibus writes to turn command off,
also swarred rins 12 and 13 to make room for dtack.

susacce sense chanded to high for sustems low for managed.

ceflfe.



READER’S COMMENTS FORM

This form is for document comments and. suddestions only,  Your
comments m3y be used to improve future revisions of this document.
Please be sure to include the document Title and Number when returning
this fors.

Did wou find this manual understandables usables and well organ-
ized? Please make suddestions for improvement:

Did wou find any errors in this manual? If sor specifw the error
and ‘page nuaber?!
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