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’ ABSTRACT
This document attempts to describe the current MG-1 hardware

(Issue C). It is assumed that the reader has a copy of the Issue C Cir-
cuit Diagrams. ;o
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MG-1 Main Board Hardware Description

\
Phil hMartin
Whitechapel Ccmputer Works Ltd.,
75, Whitechapel Read,
Londen, _
E1 1DU.

1. Systems Cverview : )

The main board can be conveniently cdivided into foeur main functicnzl blocks (see

Fig 1): ‘

A The Frocessing Bleck containing the CPU & support, the DMA Coentrellers, inter-

faces o Ethernet, Hard & Floppy Disks, RS232 etc.

A The Video Bleck which is responsible for generating the 1024 X 800 pixel mcno-
chreme cisplay cf the MG-1, and incluces circuitry to gencrate the system's
Hardware Curscr. It takes its data cirectly cut of the System DRAM using a €4-
bit wide cata path to reduce the rate at which accesses are reguired. It Is also
respensitle for refreshing the System DRAM. The purpose of the Video Mapping
RAM will be explained later. i

A The DRAM System ccntains the memcry chips, and the centrel, timing, & crive
circuitry fer upto Shbytes of DRAM. The CRAM is dual-perted between the Cen-
tral Frccessing Bicck, and the video Block allowing the precesser to guickly &
easily ugcate the screen.

i A The I/O Prccesscr The system features a separate 1/O Processcr, whose gur-
pose in life is to leck after the keybcard, mouse, curser, & buzzer. Thus when ihe
mcuse rmcves, the ICP can pregram the Video Blcck to place the curscr at a cif-
ferent lccatien on the screen, cr, if necessary, change the curscr shape - 2ll
withcut ihe'intervention cf the main prccesscr. )

The IOP cemmunicates with the main processcr via an area cf cdual-peried RAM in
the 1/O Frccesscer chip itself. . ;
The nexi section cescribes in detail the contents of the four blecks menticned

‘iabove. The reacer sheuld refer o Fig 2 at this stage.

Necie: To aveid cliitering the ciagram tco much, the 'Memcry Reguest Ccntrci',
'Bus Arbitraticn', and 'Adcress Deccce' blccks have been separated cut cn the right
“hand sice cf ihe ciagram. ’

2. The Prccessing Blcck
The Proccessing Eicck consists of 24 functional Elecks (inclucding the J3 ccnnec-
ter), jeined tcceiher by four buses. S

2.1. The Frccestscr Blcck Buses

LPB & F2 ~ {he Lccal Prccesser Bus, and the (buffered) Prccesscr Bus ere the
main system buses. Ecth are 24-bits wice, with 1he lower 1G-tits being Muiti-
plexed ~ccress & Data, and the upper 8-bils Leing adcress bits 16-23. FB is
{he buffered versicn cf LPB, end ccontains indentical infcrmaticn, except curing

OIMA crerstions (sce later).

WiG-1 Hardware Lescripticn
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LLA A this bus contalns the latched addresses from LPBO-15. (Since LPB16-23
always contaln addresses, there Is no negd fer these signals to be latched.)

MPB A the MOS Perlpheral Bus Is an 8-bit buifered bus, contalning bits PBO-7,
and Is used to Interface to the data buses of the 8-bit perlpherals used by the
system. It Is used because the MOS periherals would nct be able to drive PB suf-

{iclently. \

>

>
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2.2. Address Decoding (Sheet S) . :
Flgure 3 shows the MG-1 Memory Map once the system has performed Its Initlak
power-on tests.
The MG-1 Memory Map Is divided Into 16 1NByte 'pages’'.

The 1st two pages contain the on board DRAM (Z2Nbyte). There Is room In the- '

Memory Map fcr a further 6MByte to be added.

Addresses Ox800000 to Oxb{{{{f are unused.

ROM-PAGE contains the PROM, SRAM & VIDEO MAPPING RAM -see Fig 4. :

I0-PAGE contalns everything else the CPU can address on the main board - see:
Fig 5.

IBM-ADAPTER - this space is reserved for the WCW IEM PC Motherboard. This.
device perfcrms its own acddress deccding. : :

2.2.1.: Detziled Circuit Cperation
When-DRAM-ON/ Is asserted, any address with LPB23 = 0 (le any address In the:
range 0x00C0C0CO0 to Ox7{{{f) Is cecoded as SYSTEM-DRAM. ’

LPB23 and PBR22 (gualified by DRAM-ON/) are OR'ed tcgether to give the gate on
\1249 {AA4238). This enables the cecocer for addresses in the range 0xcOCOCO %o
Dxfff{if. . .

PRZ20 & 21 cdeccde cre of the 4 paces (C, D, E, & F) In this block. Pages C & E
(outputs YO & Y2) are AND'ed give ROM-PAGE/. Page D (output Y1) is nct used (by
the main beard). Page F (cutput Y3) gives I0-PAGE/.

' The other half cf U249 (AAS1) decocdes ROM-PAGE into 4 1€KByte blecks.
(Adcress bits 16-18 are igncred.) Two of the blccks deccde to give EPROM-CS/,
using U250 (AAC2). )

The SRAN:s are aliccated 1EKBytes of séace.

The /4{)1 16K block is allocated %o the Video-Mapping RAM, but is cdeccded using
U271 (XX1) & U213 (AA83) so that this signal can become valid before BDBE/ is
asserted. ]

U233 (AA440) causes ar:f\y ROM access, except Video Mapping RAM accesses, to
assert ROM-CYC/, which is used to slow the bus cycle - see Sheet 1.
10-PAGE

The 1/0 cdeccce is perfcrmed by U232 & U231, which prcvice 16 ceccces cf 512
Bytes each, using LLAS-11, with LLA12 enabling U282, and LLA12/ enzabling U231.

) LLA15is also used,zs an enable.
2.2.2. The'lsfzemcry Map at Power-Up

When the WMG-1 is first powered-up, (cr Reset), the DRAM is disabled (DRAM-ON/
is FAL§E), and the upper 4MBytes of address space are mirrored to the cther 3

4NMByte blccks. )

The reascn fer this §s§ that the CPU begins executing coce from adcress
CxCCOCCO after reset, end therefcre it is ne¢essary to have RCM at this address.
Cratt 7/1/E6 WMCG-1 Hardware Descripticn 3
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2.3. Bus Master Arbiiration (Sheet 26)
The main beard has the 4 potentlal Bus Masters:

Pricrity- Bus Master

LANCE

General DVA Controller
Raster-Op DWMA Controller
CPU/NNMU

2.3.1. Basic Cperatlon

When the LANCE, cr either DMAC requests the bus, the CPU Is asked to relinguish
the bus. When it does so, the highest pricrity Bus Requester Is given the bus.

When a Bus Master relinquishes the bus, a new Arbitration Decision is mace, & a
new Bus Master Is selected.

2.3.2. Deteziled Circvuit Cperation
Assuming that the CPU has centrol of the bus, then S0-2 of U171 will be lew

"(selecung the 10 input), Z/ of U171 will be high, & HCLD will be low.

When a recuest for the bus is mace (by raising BREQETH and/cr 'BREQDISK
and/cr EREQRAS), the reguest Is latched by U170.

This causes U17 %o select an input (11-7) depending on the value cn S0-2. The
inputs to U171 are.arranged such that ihe highest pricrity request is allowed to
assert Z/ (l.e. set it to zero). ,

This inhibits further RQ-CLK /s, and asserts HOLD. HOLD is masked with FLCAT/ to
cverccrme a CFU bug, which dictates that HOLD must not te asserted when the CPU is
floating the bus. The HOLD/ signal is tzken to the CPU, which asserts HLBA/ (RHeld
Ackncwiedge) cnce it has ccmpleted its current bus cycle.

The O/P cf U228 (AAB22) ncw goes high, which causes U211 (AA7E6) to asserts

"BACKETH/ (Bus Acknowledge for Ethernet) if U170 Incicates that the LANCE is

recuesting the bus.

therwise, U211 (AA774) asserts its O/P, and U229 (AA823 & AA824) asserts
BACKDISK (if there is a disk request), cr BACKRAS.

When the Bus Master wishes to relinguish the bus, it negates its Bus Reguest
which sets Z/ cn U171 {0 '1' (since SO-2 have nct changed). This remcves the Clear
mput 1o U210, &nd allcy WS RQ-CLK/ to cleck again.:

7

U210 acis as a celav line, so that if a Bus Requect is already pencing, it is ack-
nowlecged befcre the CPU reoams ccntrel of the bus.

U178 (~rA2) & UZ01 (CPOOU cause ihe CMA Reqguest input to 1h Winchester
CMA Channel to be remcved if the LANCE requests the bus whilst the General DMAC
has the bus. This causcs the CMAC to give up the bus (eventuzliy), allowing the
LANCE to gein control. !

Similarly, U163 (AA776-C) & U1ESQ (SPGS6) ‘were used to cause the Raster-Op
CMAC to give up the Lus if {here was a request frcm {he LANCE cr General DWAC
pencing.

dware Descripticn 47
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2.4. CPU/FPU/MMU/TCU Cluster (Sheet 1) :

, The system Is based on the Natlonal Semiconductor Serles 32000, and uses the

NS32016 Central Processer Unit, the NS32081 Floating Polint Unit, the NS32082

Memory Management Unit, and the NS82201 Timing Control Unit.

These are connected together in a falrly standard manner - see Nat Seml data
book if necessary. ’
Polnts to note are: : .

~ The ADS/ Input to the TCU Is generated from PAV/ and HLDAO/ (from the MMU) -
so that the TCU doesn't generate cycles when the CPU/MMU have relinquished
the bus. '

A Wait-States - The TCU will Insert wait-states Into a bus cycle for several rea-
sons such as if a slow Internal peripheral has b”,een selected (l.e 10-PAGE/, RTC~
CS/, or ROM-CYC/), cr if a device on J3 (usvally the IBM PC Motherbcard) needs
to slow the bus cycle dewn using BWAIT/. FWAIT/ Is used to slow the cycle dewn
when a clash occurs between a video and a CPU access to DRAM - see later.

A SYSTEM-RESET Is synchrenised in the TCU and passed to the MMU, which OR's it ~
with its abort signal to the CPU.

e ns -

=
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2.5. DMA Centrollers & DMA Register (Sheet 2) .

Refering to the Fig 2, the MG-1 feafures 2 DMA contiollers. These are AND
AmS516s which are powerful devices with a 24-bit address space, 2 Independent
DMA channels with a varlety of mcdes, and the ability to automatlcally load In new
command Information. The current cleck speed used Is SMHz (P2 allows the clock fre-
quency to be changed to 4MHz). ’

2.5.1. The 'General' DA Controller (U267)

Channel 1 of this devicé Is dedicated to hancling data to/from the hard cisk
controller. As the hard disk contreller is an 8-bit device, the DMA controller must per-
fcrm 'Byte-Woid' & 'Werd-Byte' funneiing when servicing this cevice.

The DMA-Request & DMA-Acknowledge frcm Channel 2, (DREQ2/ & DACK2/), are
passed through a CD4052 (U176) Differentlal 4-Channel Multiplexer/Demultiplexer.
This allows thls pair of slgnals to be sent to 4 different scurce /destination pairs,
depending cn the A & B Inputs:

Input DMA Channel 2
B | A il Request | Acknowiedge |
0 |0 {| RQ3/ ACK3/
\ o | 1} rRo2/ ACK2/
110l RQ1/ ACK1/
1+ ] 1 || FLPRQ/ | (Not Used)

RQ1-3/ & ACK1-3/ zre passed to the J3 ccnnector, for use by the IBM Mcther-
beard, the Laser Printer, cr scme other cevice on J3.

FLPRQ/ Is the floeppy request line frcm the Floppy Disk Controller (this cevice
cces nct require a DMA-acknowledge signal). ; :

This system, of course, imposes the limitation that cnly cne cf these cdevices may
be active at cne time, but fcrtunately these devices tend to be used fairiy infre-
guently.

A & B are supplied by the DMA-register (see below).

2.5.2, The Raster-Op DMA Confircller (U267)

This CMAC is hard-wired into the (ncw abandoned) Raster-Op hardware. It is no
longer used. Later revisicns may rot have the Raster-Cp compenents fitted.

’2.5.3. The DKA Register (V227)

This is a B6-bit register, ccnsisting cf a 74C174, which latches the data cn
LPEC-4 & LPB7 cn the rising ecge of (WR/ + DMA-REG-CS/), ie the CPU may write 10

this reclster by writing 1o the DMA-REG éarea. :

Crait 7/4/56 NG-1 Harcware Cescripticn 6
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The bits of the register have the following functlons:

Register Bit | _Functlon
LPBO T Input 'A’ of Multlplexer/Demultlplexer (see above).
LPB1 | Input 'B' of Mulllplexer/Demultlplexer (see above).
LPB2 || DRAM-ON - used to enable the DRAM after Initlal systems checks.
LPB3 | Latched, but not used.
LPB4 | Latched, but not used.
LPBS Not latched.
LPES Not latched. :
LPB7 | MG-1 'OFF' switch - MUST alw.:ys be ZERC!

2.5.4, Cther Foints to Note ..

A Bus Ccenircl Signals: The DMACs provide (& use) different bus contrel sicnals
from the 832000 Series (l.e. ALE, R/W-, & ZGS/ Instead of FAV/, RD/, & WR/), so
it Is necessary to cenvert between them.

When the CPU is bus master, and it accesses the DMACs, U1E8 (AA1°) and UZ2E2
(AAZ0) zre used to generate ZDS/ & ZWR/ from the CPU signals RD/ & WR/.
! (When CFU is bus masier, HLDA Is low - enzabling the 'LS244.)

When a CMAC is bus master, PAV/ is generated from ADS using U320 (AA707) &
20 (AASB7). (DMA-HOLDA is hich when a CMAC Is bus master.) The cother bus
contrcl signals are ccnverted cn Sheet 3.

A Addressing the DWMACs: The chip select for each DMAC Is derived frecm DMA- CS/
and LLA2, using half of U316 (AA15). LLA1 Is fed to the Pcinter/Data (P/D-)
mpms, {hus each DMAC ocupies 2 werd locaticns.

The ciher half of U316 (AA16) Is used to decccde the interrupt acxnownec’ge sig-
nals (INTACK/) from DMA-INTA-CS/ and LLA2. This is used to allew the CPU to
ackncw!eccc an interrupt from the 'General DNMAC' (UZ267).

A W’alt States: U253 (AABER) is used to synchrcmce ANY-WAIT/ to the DMA-CLK/
to give CMA-WAIT/.

Lraft 7/4/26 ' WG-1 Harcdware Cescripticn 7
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6. The Ethernet Interface (Sheet 3)

The MG-1 Ethernet Interface consists cf U208, an AMD Am7EE0 Leczl Area Net-
werk Centroller for Ethernet (LANCE), and U207, an ANMD Am78€2 Serizl Interface
Adapier (SIR) plus the necessary glue to make it werk. Alternative part numbters
(shown on cct ¢iag) ere MKE8SEO0, and MKEE8S1 respechvely

The Lance- chip. is {co complex to be described in detail here, hcwever, very
briefly, this is what it cces:

The Operating System sets up buffers in memory - scme reserved fcr data o te
transmitted, the cthers reserved for inccming data.

When the Cperating System wishes to send data to another machine via E‘u er-
net, it first puts the data in the Transmit Buffer(s), and infcrms the Lance that d_cta is

) to be sent by <ettmg a bitin an area of memcry reserved fcr Transmit Centrel.

The Lance:polls ihis area cf memcry every 1.Bms to see there is data io te
transmitted - if there Is, it automatically reads it frcm memory using its cn chip DA

appropriate centrel infermation.

When receiving. a Packet, the Lance takes the serial cata frcm the SIA, ce-
serizlises it, and checks {0 see if this data Is actually Intended fcr the Lance's MG-1
(every packet ccntains its cwn cdestination address, and &ll packets cn the net are

* received by every Ethernet Contrelier). If the packet is not intenced fer this machine,

it Is ignered. If the packet is intencded for this machine, the LANCE ccntinues to input
data frem the SlA, and ClvAs it into the Receive Buffer(s).

If, when {ransmitting a Packet, the LANCE cetects a collisicn (i.e. scmeone else
on the net trying to transmit at the same time), it will abert the current packet and try

~again later.

~2.6.1. The Glue

When the Lance recuires the bus, it asserts its KOLD/ pin (BREGETH/). The bus
arbitraticn logic gives the Lance the bus by asserting BACKETH/ (l.e. its KLDA/ pin).

When the CPU zdcresses the Lcnce, the adcdress ceccde circuitry asserts
ETHER-CS/. The Lance clso requires ‘Register Adcdress Pcrt Select (ADR) which is

“taken frem LLAY.

The LANCE uses ZWR/ & ZDS/, as cerived cn Sheet 2.

ZDS/, ETHER-CS/ ard RDY/ (which acts as an cuiput when the Lance is the
bus-slave), are gated by U213 (AA49), UZ2E0 (AAE0), & U272 (AABA2) to give BWAIT/
~ this hclds {the CPU bus cycle up until ;lhe Lance is READY. (The Lance is a very sicw
bus slave - tyrical celays frcm asserting DAS/, to RDY/ teing asserted are GCCns &
14CCns depencing on circumstances). :

When the Lance is tus master, FAV/ is generated using ETH-ALE, inverted by

“U315, 'NegativerANDed' with ETH-TDBE/ using U319 (SP002), & feecing this thrcugh

UZ2E4 (BB77). This gating with ETR- TD.,E/ was used fcr early revisicn chips.

ETHREAD/ is used io siart a mehory read &s early as possible since memcry
reads are mcre time-critical than memcry writes. it is cderived using U180 (SPCC2) to
gate ETH-ALE with ZWR/. Thus a memcry read cycle begins as scon as ETH-ALE is
necgated. Whether cr nct this is i.ceded with the current memcry scheme is cekteate-
gkle.

KEE/, RD/, WR/ are recenstructed frem ZBYTE/, Z0S/, ZWR/ & LLAO, using U228
(AAS1), UZB3 (AAB2 & ~AB82) & UZG2 (AASB), which is enabled whenever FLCA/ is
asserted (i.e. the CPU/NMU have reinguished the bus).

centreller, serizlises it, and outputs it to the SIA in the form cf a PACKET with.

ey
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7. PB Buifering, MPB Buffering, & LLA Latching (Sheet 4)

2.7.1. PB Burfferlng .

U248, U:280, U270, U269, U281 are the LPB - PB Buffers. U248 buffers LPB16-23
onto PB16-23 becat\Jse LPB16-23 always ccntalns the non-multiplexed upper 8
address bits. .

The buifering of the lower 16 bits Is handled differently for two reasens:’

[1] Since LPBO-15 contains muitiplexed address/data, the directicn of these
buffers.must be LPB -> PB during Address-Time. During Data-Time,-the clrection
of 1these buffers depends on the cycle (read cr write), and the area of address
space being addressed.

U263 (AA711) & U228 (AAB7) prcduce a signal which Is low during the Data-Time

of any read cycle, at ail other times it Is high. :

U134 (AAE4) & U263 (AAB43) mask this signal when the device being accessed

Is cn LFB. .

[2] The DMA Controllers expect the low byte of data on LPB8-15, and the HIGH byte
cn LFBO-7. So during the Data-Time of DMA operations, U280 & U270 are
enabled (by U320 (AA72) & U307 (AA71)), otherwise U269 & U281 are used.

) Note: BUS-OFF/ Is a slgnal that was used by the Raster-Cp hardware.

2.7.2. WiPB Buffering

U282 is the MPB buffer. It Is enzbled during the Data-Time cf a cycle accessing
a cevice on MPB by U230 (AAB5), U285 (AA76), and U289 (AAB8). The cirecticn is
centrelled by DATA-RD/.

2.7.3. LLA Latches

U279 & UZ68 are the LLA latches. They use PAV (frecm U215 (XX39)) &s the
enatle signel.

Craft 7/4/E6 . WMG-1 Hardware Descripticn 10
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2.8.. PROM, SRAM (Sheet 5) -

2.8.1. PROM (U281 & U292)

The System PROM (actually EPROMs are usually used) area conslsts of two chips .
. In order to give the 16-bit word required by the 32016 CPU - U291 suppl]es the low-
byte onto LPBO-7, U292 supplies the high-byte onto LPB8-15.

They are each given 14 address lines (LLA1-14), allowing each PROM to hold
upto 16K bytes.

The chip enable lnput Is denved from 1the address decode cct (see below).

The O/P from U281 Is enabled whenever LLAO (and CE/) Is low. U292 Is enabled
when BHBE/ (Buffered Kigh Byte Enable) (and CE/)Is low.

2,8.2. SRAM (U289 & U2°O)

The SRhM Is arranged In a snmxlcr manner to the PROM except that WR/ Is used
to indicate whether a Read cr. Write cycle is required.

U2¢0 supplles the !ow-b?te, U289 supplies the high-byte. )
LLA1-11 supply the nddresses, civing a ZKWcerd RAM space.

SRAM- CS/ Is masked \uzth LLAO (low-byte) and BHBE/ (hlgh-byte) to glve CS1/
for each chip.

The contents of the RAM are nct lost when main-becard power Is remcved
because of VBACKUP (from the batterles on the Power Distribution Board).

POWER-CK/ (chip enzble) ensures that the RAM chips are ceselected when ‘t,he
meain-board powered ccwn.

Craft 7/2/e6 ) MiG-1 Hardware Descripticn 11
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2.8. ICU, USART, and RTC (Sheet 6)

2.9.1. The ICU (Interrupt Controller Unit)

The ICU (NS32202) Is the 5th member of the 32000 Serles used on the maln
beard. Its data busIs cennected to MPBO-7. It cccuples 32 word lccatlons, using
LLA1-5 as its addresses. .

The rest of its connecticns are all standard data bock stuff.
It Is set-up to have 16 possible interrupt scurces, of which 12 are used:

Interrupt Line | Sicnzl Name - Slgneal Source

IRO ! | (Not Used)
IR1 UST-RX-INT/ | USART when it has recieved a character
IR2 BUSINT2/ | | J3
IR3 | winiNT/ | Hard Disk Controller
IR4 DWAZINT/ - | General DMA Centroller
IR5 BUSINTZ/ = | J3 5
IR6 ETHKINT/ Ethernet Contrcller
IR7 BUSINT4/ - | J3 -
IR8 | FLPINT/ Floppy Disk Contreller
IRS BUSINTS/ J3 :
IR10 IOPINT / © | 1/O Processor
IR11 J] UST-TX-INT/ | USART when it has transmitted a character
IR12 BUSINTG/ J3

IR13-15 (Not Used)

The INT/ is taken cirectly to the CPU's maskable intérrupt pin (Sheet 1).

2.9.2. The USART (Universzl Synchrenous/Asynchronous Receiver/Transmitter)

The USART (8251A) tzkes its data from MPEO-7. LLA1 is used to select its Com-
mand or Data recisters.

The chip clcck used is the 1MKz IOP cleck (IOPE). The Rx & Tx clccks are nor-
mally taken frcm COUT cn the ICU (via P3).

Standard line crivers/receivers are vsed (U313 & U214), however, the foliowing
signal names (nct the signals!) have the wreng pclarity - DTR/, RTS/, & DSR/.

2.9.3. The RTC (Real Time Clock)

The RTC keeps irack cf the time whilst the MG-1 is powered cown. It tzkes its
FPower from VEACKUP, & is clccked by a 32768Hz crystel. . 7
. U274 & U321 are vsed to ensure that the RTC is ceselected while there is no
peower (ie POWER-OK is FALSE).

Craft 7/4/56 ' WG-1 Hardware Descripticn 12
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2.10. The Video Processor (Sheets 9, 10 & 11) .
-The MG-1 contalns clrcultry to perform 'Hardware Raster-Op called 1he Video
Processor'. A

This circuitry Is no longer used since It was found that It was mecre ccnvenlent (& -

quicker) to use an entlrely software Raster-Op Iimplementation.
Therefore, there Is no point explalning how it all werks!
Later revislons of the board may not have the Raster-Cp conponents fitted.

Note: Sheet 9 ccntalns the System CTC (as cpposed to the IOP ‘'CTC) (uzga).
Cne of Its 3 channels was dedlcated to the Video Processor.

Channel 2, however Is used to generate the signal iBM- EOP/ which simulates the
tlming of the EOP signal an 8237 DMA controller (as used on the IBM FC) glves cut.
This signal is used by the IBM PC Motherboard, and is neé:essary because the ECP sig-
nal from the MG-1 DMA Contreller has different timing characteristlcs.

Oraft 7/4/€6 " MG-1 Haréware Descripticn 13
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2.11. Hard Disk Controller & Data Handling (Sheets 18 & 19)

The MG-1 uses ithe uPD7261 Hard Disk Controller (U217) to provide an STEOG
Interface to varicus hard dlsks. It Is interfaced to the rest of the system using
MPBO-7, RD/, WR/,HDC-CS/, LLA1 & RESET.

It Is clecked By a 10MHz clock derived from OSC3, U320 (AAGS?), & U274
(AAS78).

Since 1h1s Is an 8-bit device, the DMA Controller must perform Word Byte &
Byte-Wcrd funnelling when transfering data to/{rom it.

U2S6 (AAS41) civides the 10MHz clock by two to glve CLK-SMHZ (which Is used
on Sheet 2 to clcck the DMA Contrellers).

uzs4a (AaCOZ & AAB04) Is used to delay the 10 MHz Winchester cleck sllghﬂy

U194 & U235 buffer the status & control signals to/from the KDC. The enzble
line to U235 is connected to POWERFAIL so that when the pcwer voltage gces out of
tolerance (ie ncrmally during Power-Up cr Pcwer-Down), writing to the disk is inhibited.

WINRQ Is the DMA request line taken to the General DA Controller (Channel 1).
Ui81 (BB13) allcws upto 4 different cisk drives to be selected.

The ccnnector ‘PS5 contains all the Input/Output siganl from the HCC & was
ncluded to allow the main beard to suppert SMD Drives. Unfortunately, the need to
byte-werd funnel data reduced the bancwicth of the system to such an extent that
the data rates required by SMD Drive cculd nct be suppcried. Therefere this copnec-
tor Is never used. ) .

UPD-HEAD-SELECT3 Is required when larger disks are used since they have
mcre than 8 heads (the maximum allowed by the HDC). This means that disks that
reguire 'recuced write current' can no lenger be used. .

2.11.1. Hard Disk Data Handling (Sheet 19)

uz21, Uzz3 (Delay Line) & U222 are used to allcw the HCC to vary the relation-
ship between the data cleck & the data written to the disk. This allows the EDC to
move bits written to the cisk closer tdgether or further apart. The Line-Driver, U220
(AA228), taxes the Fre- Ccmpensated data & drives NMEM-WT-DATA & MEM-WT-
DATA/

When reacing data frcm the dm(, the Lme Receiver U1E8 (AAZEE) Is used. The
Data Reccvery chip (U273) recovers-the data & supplies it (R-DATA) to the KDC,
along with WINI-CLK & SET-LOCK/. Vearicus ciscrete passive ccemponents (R22-28,
C148-188) are required to get it to work.

A
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2.12. Flcppy Disk Controller (Sheet 20)

The MG-1 floppy dlsk control loglc Is based on the WD1770 Flcppy Disk Con-
troller chlp (U297). The FDC Is an 8-bit devnce, and Is connected to NPBO-7, LLA1-2,
DATA-RD, FDC-CS/, ZDS/ & RESET.

U255 (AA311) provides the correct timing for the WD1770 CS/ lnput by masking
FDC-CS/ withZDS/. A .

0SC4 & U320 (AA743) are provide the 8MHz cleck for the chip (CLK-& MRZ).
v2¢6 divideds this to give CLK- 4MHZ (which Is used on Sheet 2 to provide an alterna-
tive DMA Contoller cleck).

The sicnels proylded by the FDC are used cirectly by the Flcppy Drive which Is
connected to J8. U277 & U322 are line crivers fer various signals.

FLPRQ/ Is taken to the DMA Multiplexer/Demultiplexer & thence to the General
DMA Contreller Channel 2.

2.12.1. The Floppy Control Register

This is a 5-bit Write-Only Reé.ster, which the CPU can access by writing to
FDC-REG. U255 (AAB0S) masks FDC-REG-CS/ with WR/, causing the data on PBC-4 to
be latched cn the rising edge of WR/ with FDC-REG-CS/ asserted.

The bits are used as follows:

PB |l Slgnzl Name

O || FLP-HEAD-SELECT
| SINGLE-DENSITY
FLP-IN-USE
FAULT-CODE-LED

| UPD-KEAD-SELECT3

DlOIN|=

FLP-KEAD-SELECT selects the Floppy Crive head to be used.
If Bit 1 islow, the FCC cperates in COUBLE-DENSITY mcce.
FLP-IN-USE enables ithe LED cn the floppy drive
FAULT-COCE-LED ccnirels the frent panel LED.

UPD-HEAD-SELECT3 is used on Sheet 18 %o allow large cisks (with upto 16 head)
io be used.

> > > > >
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2.13. The J3 Connector '
This connector provides the general purpose method of:hardware expansion for '
the MG-1. A dccument describing the signals present on the connecior Is avallable
separately. ; l
\ .
.;,
i " l
!
; i
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3. The Video Secticn '
j The heart of the Viceo Sectlon Is a 8845 CRT Controller (U245). This Is pro-
grammed by the ICP to generate ihe baslc timing signals & characterlstlcs of the
display such as 'characters' per line, lines ger frame, etc.

Althcuch the MG-1 screen consists of a _1024 X 800 bit mapped array, _‘.he CRTC
regards it as conslsting of 16 columns by 80 rows of characters, each €4 pixels wide
& 16 pixels hich - see Fig 6.

At 1he ‘end of each line, the CRTC precduces an HSYNC slgnal (CRT-HS), and
allows 4 chcrccter times for Horizontal Flyback.

These are utilised by the MG-1 main board to provicde 1 cycle to get curcor data,
& 3 cycles ic perfecrm DRAM refresh.

.With 3 refresh cycles every line (21.3us), all rows in the DRAMs are ncrmally
refreshed every 1.8ms - which is well within the maximum refresh penod of 4ms
allcwed (during Verticel Flyback the situatlon is slightly cifferent - see teiow).

The Video Mepping RAMS

As mentioned earlier the MG-1 uses the 32082 NMMU, which ccnverts the Virtual
Addresses cgenerated by the CPU to Physical Addresses which are -the actuel
addresses cf the data in memory. For the purposes cf address translation, memery is
cdivided into 512-byte paces.

As a consecuence cf the way the Cperating Systefn uses this, it is unlikely that
the 10CKBytes neeced fcr the screen will appear in censecutive pages in-physical
memcry. This creates a preblem, as the CRTC only generates linear accresses.

To cverccme this, Viceo Mapping RAMs are used to ccnvert the 'Virtual Viceo
Acdcress' cenerated by the CRTC into a 'Physiceal Video Adcress'.

3.1. CRT Conriroller Wiith Video Address Map (Sheet 24)

Fig S, & 7 illustrate the seqguence of events cdescribed in this & the folicwing
secticns. In Fig 9, the circled numbers identify example Video Characters as they
make their way through the system..

U245 is.precrammed by the lOP;v:a ICPDO-7 etc.
The chearacter clcck for U245 is CRT-VBAS which is cerived by civicing the Pixel
Clcck by 64 (hence viceo chars are G4 pixels wicde).
The CRTC generaies a 16-bit address (which incdicates the 'Virtual Adcress' cf
the Video Character recuired) frem MAO-3 (the Cclumn number), RAO-3 (the Pixel Rew
numbter of the current G845 'Chcchle' line), MA4-11 (the 6845 'Character' Row

ﬂumber)

| Acddress Eits i
o ] 1 2| 3]s 5|6 |71 8] 9 10|11 ]12]13]|147]15]
fiva | wa [ wa | A | FA | RA | RA | RA l W ‘ MiA l WA | WA | MA | MA | MA | A
lol 1 l2lalol1l2alalalsiei 7| sl sglioli]

|
P1 is used to zlicw the arrangment cf these bits to bte changed fcr the ccicur
machine, but in the mecrcchreme system, they are linked sirgight {hrcugh (apart frem
25-Z6 which is left unlinked). '

U243 &
ésscried.
VAO-5 ccmain the

UZ61 allew ihese acdcresses onto VAD-5 & VIMAG-15 when CRT-TINVE/ is

gccress cf the €4-bit Viceo Cheracter in the page.

adcresses fer the Video Mapping RAMS which

VIAG-VIYATS are
- (VAG-21) (ie the acdcress cf the page reqguired in physicel

ccd as ‘'lcck-up!
Frevice <s

v
ithe Viceo Addres:

Drafy 7/4/EG MiG-1 Hardware Cescripticn 17
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memcry). ) :
During CURSOR-TIME/, U224 enables the Cursor Row Number (CRO-5) (whlch Is

{he address of the GA4-bit Video Character), and the Curscr Page Number (CRG-7), v

onio VAD-5 & VIMAG-7. VMA8-15 are held high by the pull-ups.

Thus each curscr takes up one 512-byte page of memory & upto 4 cifferent cur- .
sors can be 'selected by the IOP, o

During CURSOR-TINE/, UG0O (AA271) ensures that VMA1G is lew, so that the
mapping adcress Is taken from the lower half cf the Mapping RAMs. At all cther times .
(except when SYSTEM-TIME/ Is asserted) U255 (AA372) & U300 (AA371) ensure :f
that VMA16 is high. ; '

Obvicusly, the CPU must be able to access the Mapping RANs. V242 & U239
latch the adcresses at PAY time, and are enables onto VME-15 curing SYSTEAA-TltxﬁE/. :
U238 & U240 zllow data to be transfered in the apprepriate directicn.

U255 & UGCO now allew the state cf LLAH {0 bte passed onto VMA16 to ailow :
the CPU to access all of the RANM:s.

3.2. Video Address Latches, Refresh et'c. (Sheet 25)
VAO-21. centain the System DRAM adcress cf the Viceo Character required.

V-ADD-STROBE/ (inverted by U258 (AA706)) latches these addresses cnio
)236, U237, & U241 just befere the start cf the Video Character Time in which they
are used. .

Cn the fzliing edge cf VEAS, a Video Cycle is reguested (sece Memcry Arbitraticn -
Sheet 13), & some pericd cf time later (cepending cn memcry usage by the rest cf
ihe system) a Video Cycle is started - indicated by VIDEC-CYCLE/ being asserted.
This enables U241, giving UPPER-MADCR(0-4), which are used cn Sheet 12.

U226 & Uz37, centrelled by VIDEO-RAE/ & VIDEO-CAE/, muitiplex the lower 16-
bits to give U-MUX-MADR(0-7) (aiso used on Sheet 12).

OSC1 precuces the basic 60Kz clock used by Video Sectien, which is buffered
by U183 to cive the 3 ‘inden*‘.igai' signals COT-CLCCK, VIDEC-CLK, & ECNHZ-CLK.

COT-CLCCK is fed %o UB? 2 U111 which form a 6-tit civider chain giving-the
basic Video Clccks VBAO-5. The reascn for the use of U87 (74F108) rather than just
cascading two 74F161s (as ccne cn Issue B beards) is that that arrangement can't
be guarenteed to werk at EOMHz. Using the IF108 means that there is only a slight
* violaticn cf wvicrst case cencgitiens at ECMHz! )

UZ05 is used to synchrenise the signals generated by the CRTC 1o the O/P frem
‘ghe viceo secticn, beczause to the 2 vViceo Cycle delay between the CRTC issueing a

_new adcress & the dath frem that adcress appearing at the O/P of the Video Secticn.
- uies (AA555) cenerates CURSCR-TINE/*, & U1S8 (AASSB) cenerates RFSR-
Ti'!x/.E/". U218 nermally passes these straight threugh giving CURSCR-TIME/ & RFSR-
TIME/, hcwever curing Vertical Flykback, U2EB (AA759) asserts CURSOR-MUX, which
causesithese {wo signals to be swapped recund - generating a lot cf CURSCR-TIVE/'s.
The reascn fer this is ciscussed in the Curscr Secticn.

Whilst CURSCR-MUX is asterted no Refresh Cycles are generated (i.e. for 20 line-
times - 427us), which means {hat the wcrst case time taken o refresh ail rows of
CRAM is 2.2ms.

The gereraticn of CURSCR-WUX has keen changed fcr use with MRC. Cn
machines with this mccificaiicn, CURSCR-WMUX is cnly asscrted while VSYNRC/ is
asserted (i.e. for 16 line times - 241us), which means that ihe werst case time tegken
toreiresh &l rews of CRAMIs 2.18ms.

Craft 7/4/E6 NMG-1 lHardware Descripticn 18
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U203 Is the 8-Bit Refresh Counter, which Is lncremenigd at the start cf RFSH-

TIME. U204 enzbles thls onto VAO-7 during RFEH-TIME.

3 3. Memory Buffermg & Video Ouiput (Sheet 17)

A key feature of ‘the WMG-1 Architecture Is the Double Buffering of the Video
Data. At the end cf a Video-Cycle, U250 (AA289) sircbes U147, U112, U124, U113,
U125, U115, UTcG,\ U114 which latch the 64-Bits of Video Data present on their
Inputs.

On the rext CRT -VBAS rising edge, bytes 1-7 of this data are transfered {o the
second set cf latches (U135, U148, U136 U148, U138, U150, U137), and a new Video
Cycle Is reguested. : 3

3}

The 8 tytes of Vicdeo Data are ncw enzbled cnto VBO-7 at 133ns intervals by
U142. The data In'U147 will be used with 1833ns cf the next Video Request, & there is
no way that a memory cycle can finish that quickly, so there is no need to couble
buffer this byte. ’ '

Thils deuble buifering means that we can request a Video Cycle lcng befcre it Is
needed, & nct care too much abcut when it is completed, since we know it will always
be completed within 1.07us. This ensures that we keep the delay caused to the rest
of the system by the Viceo Secticn to a minimum.

U188 (AA732) & 'U77 (AA733) centrel the lcading cf the Video Shift Register
(U110 & UEB) which shift the viceo data cut (preducing IMAGE-VIDEO).

DISP-EN is synchrenised with- the lcacing of the shift registers to give QYhC-
DISP-EN. : :

SYNC-DISP-EN, CURSOR-VIDEO, & IMAGE-VIDEO are re-syncronised to VIDEC-CLK
by U84 (AAS511), U76 (AAB12), & U76 (AA513) repectively. The cuipuis frem these
are mixed with CURSOR-CR-FN by U785, accerding to the fcllowing Truth Table:

SYNC- | IvAGE- | cURsOR- | cursor- || AND ,
pisp-En/ | viceEa | viEo | or-Fn lyo | vi | y2 | ya i CUTPUT
0 0 - 0 0 ololo]o ]
0 1 0 | 0 ol 1]o0]o0 0
0 0 1 Po o| o o] 1 0
0 1 1 .0 ol oo o 1
o) o] o] 1 0 o] o] 0 1
0 1 0 1 ol1]lo]|o 0
0] 0 1 "1 .0 0 0 1 o]
o i 1 1 Jolo]|1]o 0
1 i X X X N X X X 0 .

.

“Where YO = SYNC-DISP-EN/

Y1 = CURSCR-VIDEO/.IMAGE-VIDEO
Y2 = CURSOR-VIPEO.IMAGE-VIDEO.CR-FN
Y3 = CURSCR-VICEO.IMAGE-VIDEO/

Thus, if CURSCR-CR-FN is low, the OZP is the inverted EX-CR cf CURSCR-VIDEO &
IMAGE-VIiCEOQ. !f CURSCR-OR-FN Is hich, the O/P Is the -NOR cf the two signals.

The inverting acticn above ensures that a '1' in memcry eppears as a clLACK
Fixel cn the screen, & a '0' precuces a WHKITE pixel.

The C/P is re-syncherised 1o VIDEO-CLK (by U84 (AAZG2)) io eliminate skew
preblems thet might ccc“r {hrcugh u75.

U73 is ihe Video Lme Oriver, procducing the fingl Vicdeo C/P signel. RG Is a pull-up
which imprcves the signal guality at high freguencies D11 & D12 preiect the cutput

Crait 7/4/cC ' WG-1 Harcware Cescripticn 18
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from voltage spikes travelling back déwn the video cable.
\lso on this Page: The System Data Latches 3

U88-91 & U100-103 are the System-Cycle latches. These are 74L<37as (tran-
sparent latches) which allow the data through as early as possible.

U187 (AA515) enables the latches while CAS-TIME Is asserted & oisables it at
CLOSE-CYCLE/.  \

The eppropriate latches are enabled onto PBO-15 by RBS(0-3)L & RBS(0-3)H.

[rEr—
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3.4, The Curscr Logic (Sheets 7 & 8)
The MG-1 features a hardware ‘curscer, which can be positiocned anywhere on the
screen. .
The curscr conslsts of a 64 X €4 pixel Image. This Image can be OR'ed cr
EXOR'ed onto the background.
To pesiticn thetcursor on the screen, 3 counters are needed -~ see Flg 6.
[1] To ccunt the screen lines to the start of the curscr.
[2] Toindicate the Video Character in which the curscr starts.
[3] To give the pixel cffset within the Vicdeo Character to the start cfthe cursor.
Two staces are used tb determine the hcrizontal positicning of the curser
because cf the cifficuliies cf clocking an 11-bit TTL counter at E0MHz!

Every CRT Horizontal Fly-Back time, the cata for the next line cf the curscr (1
line of curscr = 64 pixels = 8 bytes) Is taken frem the System DRAM and lcaded into a
smell, hich speed, TTL Curscr RAM.

3.4.1. Cur?cr Posi“ionin'g ) .
The verticzal position of the cursor is contrelled by 'COUT1' from the_ ICP CTC

(Uz86 cn Sheet 22). ‘ .

: This ccunter counts Viceo Characters frem the end cf VSYNC/. The reascon why it

is necessary ‘o count characters rather than lines will be explained later.

The IOP scitware ensures that the count terminates during the hcerizental fly-
back by precramming the counter with:

! Countl = Characters-per-line * YPOS + cffset I

where cffset has been chosen so that COUT1 reaches its terminzl count at-the Viceo
Character after ihe apprepriate CURSCR-TINME. ‘

When CCUT1 reaches its terminal ccunt, it clecks U200 (AAG74) low indicating
that a curscris recguired cn this line.

CCUTZ2 is tricgered every line, so it clccks U200 (AAG78) incicating that we want
the curscr to start in the current Viceo Char.

Hewever, cue to its 'D!' input, U200 (AAB7E) cnly clccks a zero through when the

RCW is ccrrect tco.

U108 (2A7 13) synchrenises this to the failing ecge cf VBEAS using U188 (AAB78).

This causes U107 & U131 to be removed frem their ncrmal 'Lead! <tme, and
):.;uccs UiO7 io ke encu.cd

These ccunters fcrm the Herizental Cifset Ccunter. The IOP lcads them with the
2's Cemplement of the start postion (within the current viceo char) cf the curser. (If
the ccunter is lcaded with zero, the cifset is G4-pixels.)

The ccunters ncw cecunt upwerd, using the Curscr-Cleck (EONHz fer moncchrome
systems). (U131) QC & GD are loaced with O & 1 resgectively, which causes END-
CF- CUI‘QOR/ (shculd reaiiy be called NC-CURSCR/) {o ke asserted, indicating that no
curseris to ke C/P at ihis stage. :

When the !lcwer G-tits of 1his ccunter wrap-reund o zero, (U131) GC c¢ces high,
rnegcatling END-CF-CURSCR/ (which is used by the video mixing cct on Sheet 17).

3.4.2. Curscr Serialisaticn

Bit D cf U107 & Lils QA & CB cf U131 are enabled threcugh U144 {0 mvo CBLC-3
(Curser Byte técres), vsed by the Curser RANS.

5

N\)
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The cdata from the Curscr RAMsS Is passed via the Inverting buifer U180 to the
curser shifters U109 & U85 and thence to CURSOR-VIDEO, & the Video Nixing Section.

Data Is clecked out using CURSOR-CLK. U133 (BB79) and U108 (AAS6S) produce
LOAD-TIME which controls the lcading of the Curscr Shift Registers.

) U107 & U131 keep ccunting until all 8 bytes are 0/P, at which point, all 8-bits cf
the ccunter wrap rodnd 1o zero, re-asserting END-CF-CURSCR/.

At {his point, U131's R-CLK O/P pulses low fer half a cleck pericd (8.83ns - U200
Is an 74F74 in later Issuves of the beard) which, via U160 (AA115) sets the 'D' I/P cf
U108 high again. This high Is clccked through on the next VBAS falling edge, reacy fer
the next line. : :

Ncte: Because LOAD-TIME cccurs at the START cf each byte of the curser, the
addresses being presented to the curscr RAMs (znd thus the data being presented to
the cursor shifters) at this pcint have not actuzlly changed to the new value. Thus
the 1st byte cf cdata O/P is actually the last one in the RAMs, ie the order cf bytes
O/P is: '

Byte cf Cursor ol1l2]3]lalsls |7
Byteof ViceoChar [ 7 |0 |1 ]2 (341516

'3.4.3. Loading the Curscr RARI

As menticned previcusly, every herizontal flyback time, the Curscr RANs are
loaded with cata fcr the rnext line.

A curscr line requires 64 pixeis (8 bytes) which is cenveniently the amcunt cf
data exiracted frcm the System DRAM by cne Video Cycle. Thus cnly cne 'curscr-
read' cycle is required ger line - this cycle is incicated by the asserticn cf CURSCR-
TIME/. : A

U225 (the CURSCR-ROW-COUNTER) is incremented cn the faling edge cf
CURSCR-TINE/ to give the Curser Row Number reguired fcr the line just coming up.
The excepticn to this is the 1st line of the curscr, where the counter is held clear
(incicating that line zero cf the curseris recuired) by UZ00 - the IOP programs its CTC
'so that COUT1 cccurs AFTER the CURSOR-TINME/ of the 1st line.

The Curser Row (CRO-8) (from U225) is combined with CRB-7 (these bits zre
used by the iCP to select cne of the four curscr shapes available to it at any cne
. time) to give ihe CURSCR-ACCRESS. :

These zre passed to the VIDEO MAPPING RAMs (Sheet 24) which ccnverts this

adcress to ihe physical accress recguired by the System CRAM. :

The Viceo circuitry acquires the data, and mu tiplexes it a byte-at-a-time cnto
“VEO-7. Due %0 the ceutle buffering (Sheet 17), the data recuested at CURSOR-TIE/
is nct available cn VBC-7 until two VBAS cicck cycles later.

Fer 1his reasen, U182 is used to cdelay (and also lengihen) CURSdR-TiME/ - see
Fig 7. This signal is used to enable VBA2-5 cnio CBA2-0, to cive the WRITE-ADDRESS
10 1he Curscr RAMNs. The write strobe (CB-WE/) is gencrated using VBAZ and the G/
output cf U182 (AAG77) & U185 (AA112).

when !l G4 rows cf the curser have been displayed, the counter clocks its 'Bit
6' hich, which (curing rcen-cisplay time, with DISP-EN/ hich) will preset U200 (AAGT4),
causing the ccunter to te cleared .. CCIFLETING THE CURSCR DISFLAY SEQUENCE
FOR THIS FRAIVE!

N\
N
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3.4.4. Bleeding the Curscr Off the Botitom of the Screen

This Is stralght forward, except that we need to ensure that the cursor has teen
ﬂnlshed' befcre the next frame starts (o'lherwlse it would 'wrap-around’' at the tep of
ihe screen!).

There are not enouch 'Line-Times' in the VERTICAL FLY-BACK pericd 10 do this
(64 lines weuld be\necessary), so logic” cn sheet 25 (U256 & U218) causes a
CURSOR-TINE/ to be generated every video cycle during vertical 1ly-back.

This is mcre than sufficient to do the jeb!
Necie: If the board has the MRC Mods done to it, CURSOR-TIME/s are only gen-

erated while VSYNC/ Is asserted - this Is tecause of cgmpllcations with getting
the MRC cursor to work. :

3.4.5. Bleeding the Cursor On frcm the Top cf the Screen :

To do this we must cause the 1st line of the cursor disblayed to te a Jine other
than line zero. :

This is cdene by starting the curscr 'early'. As before, there are nct encugh
‘Line-Times' frcm the trzil edge of VSYNC/ to the Start-of-Display, so the I10P
scftware uses the fact that it can move the 'position' cf COUT1 'character- -by-
character’, to positicn it (COUT1) the appropriate number of CURSOR-TIME /s back into
the 'burst' of CURSOR-TIME/s that we have generated as cescribed abeve.

Thus the IOP uses a cifferent methed to calculate the value preerammed into the
CCUT1 counter when a -ve Y-cocrcinate for the curser Is reglired.

3.4.6, Curscr Bugs’

Apart frem the timing problem mentioned earlier assocna;ed with U200 cPFEcr to
be two further curscr bugs: :

[1] When the curscr is in the last Video Char of a display line, scrme <puncus ccis
can be seen at the very richt hand edge cf the display. ‘

This bug is cue to a clash between the curser cisglay circuitry trying to cisplay
i{he curscr & ﬂ;.e viceo circuitry trying to load the curscr RAM with the next line
cf curser data.!

The clash cccurs tecause cf the 8 pixel (1 byte) overlap caused by SYNC-
DISP-EN - 8 pixels azre cisplayed after the end of DISP-EN since the viceo
shifters ere lcaded at the very end of the 'cata-valid' time on VB.

[2] If the cursor is meved in, cr thrcugh, an area just to the richt ¢f a Video Char
beuncery, a 'rendom' pixel can sometimes be seen (on scrme machines). This cnly
cccurs when the curser is moving.

This bug is not fuily uncderstocd &t present, but appears to be cue to scme
obscvure timing prcblem asscciated with U107, U131 & U108, :
Note: Thése bugs are acceptzable (at present) and machines with thése favits
sheculd nct be failed.
|
3.4.7. Heacer P3

This heeacer alicws the cursor loglc to be clccked by a frecuency cther than
ECMKz. This is used fcr the cclecur versions cf the MG-1.

3.;4 8. Heacer P11

This heacer allcws ihe Curscr Few to be generated cifferently than cescrited
gbove - this cen be veced to generate an 'interlaced' curscr.

Craft 7/A/E6G - MG Hardware Descripticn 23 ‘
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3.4.9. The Low Cost Colour Connectlon (P12) .
This Is used to supply video data & control signals to the MG-1 colour board.

e

—w—
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4. The DRAI System '
The Maln Board DRAM System uses 64:DRAM chlips to glve a 64K x €64-bit worc_i
irray (using 84K x 1 DRAM:s) (51 2KBytes) or a 256K x 64-bit array (using 256K X 1
. DRAMs) (2MBytes). Expanslon cards Increase the height of thls array to a maximum
of 1024K x 64-bits (8NMBytes). See Fig 8.
The array Is 64-bits wide to allow the high video pixel rate (60NMHz) to be sup-
ported with the relatively low Video Cycle rate of one cycle every 1.07us.
When the Precessor Block performs a read, 64-bits are read and latched, and
t the appropriate bytes are enabled onto PBO-15. When the Processor Block performs
a write, only the appropriate bytes are written. L :

Thus the system sees the DRAM as a 16-bit wide array.

Orait 7/4/e6 MG-1 Hardware Descripticn 25
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4.1. Memory Arbitratlen (Sheet 13)
) This section of the circuitry ensures ‘that the Video Section & the Precesscr
Secticn do nct attempt to access the System DRAM at the same time, by crbnratmg
between them. d

The rising edge of PAV clocks the 'Bus Request Latch', U105 (AAGGQ) The rising
edge cf VBAE/ clocKs the 'Video Request Latch!, U105 (AAE44).

4.1.1. Consider a CPU access:

The O/P of U105 (AA4643) going low allows U182 (XX37) to clock U128 (AA461)
whoce O/Plsre- -latched by U128 (AA460) to cure meta-stability preblems.

If SYSTEM-DRAM Is high (l.e. main memcry Is being accessed), U127 (AA468)
clocks U161 (AAAS57), which asserts BUS-REQ (&NMEM-REQ).

: SYSTENM-DRAM Is also latched at the end cf PAV/ by UB0 (AA489), so that if a
Video- -Cycle is pending, F-WAIT/ is asserted - holding up the CPU (cr cther Bus Mas-
ter)

If a CPU reque<t is made when a Video Cyc'e is in progress, the CPU is held up,
(put into wait states), since USO (AA458 & AA458) cause F-WAIT/ to be asseried.
However, BUS-REQ is still asserted, so as socn as CLEAR-TIME is over, a new r‘.eﬂcry
cycle is started (MEM-REQ stays active).
) Due to the positicn in its bus cycle at which the CPU 'waits' (T3), F-WAIT/ cen-
nct be removed immecdiately. Instead, it is remcved curing the memcry cycle by END-
OF-WAIT - See Fig 12.

4.1.2. New Ccnsnder a Video Request:

. U105 (AAEG44) is clecked high. This alicws U127 (AA4EB) to clcck U129 (AA109)
high, (Pin 2 cf AA4G6 is high since we have assumed there is o CPU reguest pend-
ing), whcse O/P is re-latched by U128 (AA108) (to cure meta-stability prob‘ems),
which asserts VIDEO-CYCLE. One MEM-CLK later, VIDEO-REQ (& MEM-REQ) Is asser.cd

4t the end cf the memory cycle, CLEAR-TIME is asserted, which, usmg Uuig 4
(AA763), US1 (AA114 & AA4BS) & U153 (AA789), clears the appropriate latches
[U161 (£A4ET7) & U 0 (AA458) for a Bus Cycle or U128 (AA455 & AA108) for a Viceo
Cycle]. '

If a Videc-Cycle recuest is macde when a CPU cycle is in pregress, it is held up
. until the CPY cycle is ccmpleted by U127 (AA4EB) or U127 (AA467). (U105 (AALE4L)
is cleared as socn as the CPU reguest has been latched by U108.)

4,1.3. Simulteaneocus CFU & Video Reqguest

If the CFU & Viceo reguest a memcry cycle at virtually the same time, an attempt
Is mace {o held up the Viceo Cycle (which has a lcwer pncnty), at U127, (AA4EB6). if
that fails a Viceo Cycle is dene & the CPU is held up.

4.1.4. Bug Fixes fcr DIMA Centrcllers

U214 (AA453), U2 (AA788) & U77 are necessary to cverceme an AmES516 tug.
When it sweps frem chanrel ‘o channel (internelly) cr gives up the bus, the AmES16
issues a 'Recundant ALE' (ie it issves T1 of a bus cycle, & then either stops (if its
giving up the tus) cr cairies cn with a new bus cycie with a new T1).

Since tke system cenerates PAY frem ALE when the DMAC is bus master, a new
memcry cycie will have tcen started.

uz14 (/«A/" ) etfeciively celays PAV by half a DIVA-CLK and inverts it. This iken
Causes U82 (AA7EE) ‘o assert WAIT-KILL/ (since DMA-CEE/ is not assericd when a
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redundant ALE Is Issued) which removes the F-WAIT/ & BUS-REQ. ,
WAIT-KILL/ must be Issued quickly when ihe DMAC glves up the bus so as to
aviod Interfering with the next bus cycle, so DMA-HOLDA Is used to clear U214
(AA453) when the DMAC gives up the;bus, clccking UB2.

U77 Is necessary since the DMA-DBE/ can be actlve well Into the next bus
cycle, & if UB2Is cléqked to soon it may 'see' the DMA-DBE/ from the previous cycle,
& therefore not assert WAIT-KILL/. Therefore, U77 Is used to delay by half a DMA-CLK

(100ns).

Oraft 7/4/86 . MG-1 Hardware Description 27
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4.2, Memcry Timing (Sheet. 14)

U159 (SP0OS3) & UMS (SPO11) actas a ‘Nenory Cycle-Enable'.

On a Video-Cycle the memory cycle Is enabled as soon as possible.

On an Ethernet read cycle, the cycle Is started ‘as soon as the addresses are
valid using ETHREAD/. :

On a CPU read cycle, the cycle can be started as scon as the nemcry arbitration
Is complete, so it is enabled with DDIN/.

DMA cycles are nct started until ZDS/ to overccme the DMA Controller's redun-
dant ALE bug. :

When the cycle is enabled, and MEM REQ Is asserted, the cycle starts, pro-
pagating '1's down the 16-bit shift register (mace up by U162 & U185) clock at
60MHz.

U153 (AAS66) & U184 (AA4SS) clear the shift regl&ers once the high level has
propagated through all 16-bits. ‘

P7A & P7B provide a means of varying the exact relaticnship of the memory tim-
ing signals. : : ‘

The links used on P7A are 3-4, 5-6, 7-8, 8-10, 11-12, and on P78 11-12 & 15-

16.

This procuces the memory timing shewn In Fig 12.
U206 (AA481) deccdes BUS-RAE/, BUS-CAE/, VIDEO-RAE/, & VlDEO -CAE/.

UZ06 (AA4S2), U186, US4 (AAS02), & USS (AAS00, AAS01, XX45, XX46) provide
the RAS timing and bank selecticn using LLA1 & LLA2.




[ ]

]

] ! !
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- represents a '1' (because of the pull-up RP1).

. 3)H.

4.3. Miemory Addressing (Sheet 12)

: This sheet contains the memory addre551ng loglc used on a System (le Processor
Block) Cycle (le not a Video Cycle).

U165 latches the Upper S address bits, to give UPPER-MADR(0-4). Thls buffer Is

enabled when VIDEQ CYCLE Is low.

U123 compares UPPER-MADR(0-4) with the system DRAM base address, pro-

- grammed on P4, to decice if the on board DRAM Is belng addressed. if it Is, U123

asserts CAS-EBL. .
A link on P4 represents a '0' In the correspending bt of the .-.doress, & no link
i
If 64K DRAMs are being used, pins 1-2 & 3-4 sheuld be linked to allow all bits of
UPPER-MADR(0-4) to be compared.

Pins -6, 7-8, 10 11-12, 13-14 then aliow the baee address to be set en any
512KByte boundary In the 16NMByte acddress range (however, as discussed earlier,
other features cf the MG-1 Memcry Map resrict the DRAM to the lower SMBytes cof the
addre<s range - so Pins 13-14 of P4 should always be linked!).

Pin A5 cf U123 is pulled high, thus if pins 15-16 of P4 are linked, the on beard
DRAM can never be accessed l.e. it Is dlsabled.

‘ If 256X DRANSs are being used, the RAM needs to be addressed In ZMByte biccks.
‘This Is done by omitting the links on 1-2, 3-4, 5-6 & 7-8.

In a 64K DRAM system, U247 & U246 used to ehable the ROW & COLUNMN
" addresses (respectively) onto U-MUX-MARD(0-7).

256K CRAM systems reguire 8-bit ROW & COLUNMN adcresses - the extra bit Is
decoced from UPPER-MADRO & UPPER-MADDR1 by U1EB6.

U-MUX-MADR(0-8) is sent to the Memocry Expansicn ccnnec ter J11, and is used

" en board by US5 & U118 (via the damping resistors) to give the DRAM multiplexed
g addresses MUX-MADR(0-8).

During a Read-Cycle, U104 & U154 generate RBS(0-3)L & RBS(0-3)H from
LLA1-2, EKEE, LLAO & SYSTEM-CRAM/. These signals are used to enzble the apprepri-
ate bytcs cf data frem the memcry system (which Is read 8-bytes at a time) cnto
FBO-15. i

Similarly, US3 & U163 generate the Write Enzble signals WE-(0-3)L & WE-(O-

_iDraﬁ 7/4/26 WG-1 Kardware Descripilen 29
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4.4. Low Byte Memcry Banks (Sheet 15)

This contalns the 32 chips that make up the low bytes of each 16- blt word In

(he array (labelled OL, 1L, 2L & 3L).
MUX-MADR(0-8) & CAS/ Is taken to each chip.

To write to the array, PBO-7 Is buffered by U18 (& damped by U20) to glve °

WDO-7, which s takkn to the corresponding bit cf the array.
WE-(0-3)L enable writes to the apprepriate bytes.
RAS0O-3/ enables memery cycles to be done to Individual bytes. 3
Data Is read out onto OL(0-7), 1L(0-7), 2L(0-7) & 3L(Q-7). , :

' ]
4.5. High Byte Memory Banks (Sheet 16) :
As Sheet 15, except that It contalns the high-bytes.

Craft 7/4/€e6 i MG-1 Hardware Descripticn
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5. The 1/O Frecessor Block :
3 As menticned, earlier the MG-1 Uses a Separate mlcroprocessor to lock after 1/0

\

6perations such as keyboard, mouse & curscr. The microprecesscr used Is the
Motorola €8121 which is speciflcally designed for use In this type of situation.

The G8121 Is an &-bit device-with a 6801-type Instruction set. It contains
128-bytes of DualsPcrted RAM with which it can communlcate with the host-
processcr. It can ke cenflgured In cne of two modes (called Mode 2 & Mode 3). The
MG-1 uses NMcde 2 which gives a B4KByte adcress range, with the €8121 Internal
registers & RAM mapped Into the first 256-bytes of memory. See Flg. 10 fer ICP
Memcry Map. g

5.1. IOP, RO, RAM & Support (Sheet 21)

Fig. 11 shows the timi_ng & contrcl signals fer an 1OP Bus Cycle:

UR27 is cenfigured as 4-bit shift register clocked at MKz with its Inverted out-
put fed back to its input - producing four phase-shifted 1MHz square waves. U327 is
held clear until power Is stable by POWER-OK, which ensures that the shift register
begins clecking frcm a kncwn state. ' :

The outputs are gated using various bits cf glue (U300 (AA342), U178 (AA128),
U207 (AA3GE6), UR26 (AAR24)) to give IOP-AS, ICP-RD/, IOP-WR/ & !OP-CE/.

- ICP-AS is the ICP Address Sircbe. UZ2E9 latches the lower 8 adcress bits cf

ADO-7 using this sicnal. . ‘

- IOP-RD & ICP-\WR/ zare the masked Read & Write strcbes. They are valid curing
the Data Time ¢f each bus cycle, and are hich during the Address Time.

- IOP-CE/ is used to enabtle acdress deccding cnce addresses have teccme
stable. ) )

U274 (AAS79) buifers IOPE, raising its veltage. If the ICP is c¢riven with a ncrmal
TTL output it will net werk. ) .

Because ihe IOP clock (E);has been celayed by U274 (AAS782), it is not possible
to use ICFE as the CE/ sicnel for the Data Bus Buffer, U283, thereicre the 'GB' output
frecm U327 is used. , 1

The acdress cecccing for the ROM (U288) & RAM (U284) Is cdcne by UZSES
(EB12), & UZ07 (AAZES). ‘

U276 (AAZ32) synchrenises the RESET signal to ICPE and U274 (AAS80) Ltrings
the veltage 1o an accepteble level. .

U276 (AAEG82) & UICO (AAL45 & AAL46) ensure that, cduring RESET, pins 43 &
45 of the ICP are held low. This, together with pin 44 set high, sets the IOP into Mcce
2. h :

At ell cther times, fin 43 ‘Is_ used as an interrupt input, & pin 45, as the Serial
Cleck input. D

Note: The ICP has &n,cn chip USART. This is used on the MG-1 {0 accept seriel
data from the keybcard (J1). KBRD-DATA & KBRD-CLK are buffered by U330 (AA3CO &
AAZ31). ! '
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5.2. CTC & NMouse Counters (Sheet 22)

The IOP CTC (U286) controls the Cursor positlon (Channels 1 & 2, both pro-*
grammed In' CTC Mode 1) & the Front Panel Buzzer (Channel O, CTC Mode 3). Channel
0 Is clocked at 1MHz by IOPE, & its output Is taken 1o the speaker via U277 (AA756),
R30, R31, C157 & C158. The sound output can be disabled by setting U328 (AA548)_ -
low by writing to X-GNT-CS with IOPDO low. e

U228 (AA548) allows the IOP to switch the screen cn/oif (DISP-SWITCH-ON).

5.2.1. The Mouse Miovement Counters

The rest of the circuitry tracks the movement of the mouse, and ctensists cf two
Identical counter sections - one for movements in the 'X' directicon, the other fer 'Y!
movements.

Changes in the state cf the XA & XB (cr YA & YB) inputs are counted by tbe two
cascaded .up/down counters (U301 & U302 for X-movements, U308 & U309 fer Y-
movements).

These are clocked contlnuously by IOPE, but U312 (U305 for Y-mocvement) only
enables the ccunters when a transiticn on the inputs has taken place. U287 latches
the current status of the mouse inputs & their status at the previous l._OPE rising
‘edge. - ! )

) This complicated arrangement allews the counters to be cleccked cn every transi-
tion of XA & XB (cr YA & YB), giving ¢reater resolution than otherwise would be the
case. :

UG03 & U310 latch their respective counter velues, & are ‘enabled cnto the bus
when a read is perfcrmed from the apprepriate location. This also clears the counters.

[N
h]
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5.3. 1OP Address Decode & Mouse Buttens (Sheet 23)
UR06 perferms the 1/0 address decoding for the IOP.
Writing to 'HOST-RESET' with Address'Bit IOPA8 clear, Issues an l0- REQET/, if

on which 'cepy’ of the 1/0 area the ICP Is aclually accessing).

JO-RESET Is Issued by the IOP as part Is its Initlalisatlon routine. Its purpose Is to
cause another SYSTEM-RESET to be Issued. This Is necessary to ‘overcome an VMU
bug whereby, the MMU & CPU can sometimes tecome ‘out-of-step' when coming out
of reset after power-up. U276 (AA332) (Sheet 21) ensures that IOP is not re- reset
when It Issue an IO-RESET.

The secondary functicn of I0-RESET Is to allow the IOP to reset the rest of the
system when the user presses the 4 'ccrner® keys of the keyboard.

ertmg to MOUSE-BUTTONS ailows the IOP to select the CURSOR-OR-FN.
‘Reading from MOUSE-BUTTONS allows the ICP to monitcr the state of the buttons
on the mouse.

‘Accessing |OP- INTERRUPT causes an interrupt to be issued to the host processor
- this Is used to indicated that the IOP wants to be serviced by the host. .

g
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5. power Distributlon (Sheet 27)
) The sheet contalns the dec
on/off/fail inclctation slgnals.

R238, C191 are the Power-On reset RC N
0.5 seconds. D13 allows C191 to discharge qulckly w
(AABSS & AABGO) 'square' the slgnal up to glve RESET-RC/.

SYSTEM-RESET/ is asserted if RSTSW/ (from the reset switch on the Power Dis-
tribution Board) or 10-RESET/ (from the IOP) or RST-RC/ Is asserted.

U321 Is pewered by VBACKQP, so POWER-OK & POWER-OK/ are valid even when
the systemls pcw'!ered down, A

POWERFAIL/ Is taken to Sheet 1 to give the CPU the NMl high prlority Interrupt.

éupllng ‘for the power rails, & varlous power

etwork with a time constant of around
hen power Is removed. U315

Craft 7/4/EG " NG-1 Hardware Cescripticn
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7. Spare Gates & Components (Slzfeet 28).
) This sheet contalins the list of.unused gates & components not shown elsewhere

In the cct dlagrams.

A
(&)
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Support Note No 5

Jump Start Lead and Method

Equipment Required

Item WCW Part No Description Qty
1 006 043 000 .éé;recté gémaie | '2 |
2 w006 042 000 Shell Socket _ 1 '
3 ~~—~. Multi Stranwnd Single

Core Wire 12"
4 —-———- QQ Battery 1l
Overview

It hazs been found that under certain circumstances cduring
transit the batteries on the Power Distributicn Board become
discharged, although this has no adverse effect upon the
system, it makes normal ‘'powering on' cf the system
impcssible. To power up the system it now requires ‘a
special connecting cable and battery pach. )

Jump Start Lead

the plug shell (Item2 ) is marked with a "1" on the opposite
side from the horns, the "l1" indicates the location of Pin 1l
which is not uvsed. Pin 2 is the ve ccnnection and the cable
from this connector shculd be connected to the ve terminal
of a Sv Battery. Pin 3 is the +ve cocnnector and a cable
shouvld be taken to the +ve termainal of a 9v Battery. (It
would be good practice to indicate this lead by inserting an
additional in the +ve lead). .

RAQ- an

!

RD4:CL




Connection to Power Distribution PCB

Examin Power Distribution PCB and“locéte Plug Connector J13,
which 'is’ the plug to which the Jump Start Connector Lead is
to be connected.

R TP
L TR .
CIRUM S C]:rs : % o2 sl
= Q00— s
IMiers Lesd -
L B

Connect Jump Start Lead to J13. (Pin 1 on plug to Pin 1 on
the connector of the Jump Start Lead). After system boots,
carefully remove lead and then leave system ruvnning for: a
period of 15 minutes so that the starfup batteries have
recovered a sufficient charge before Powering Off the

system.
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SUPPORT NOTES NO. 7

CRT Adjustments to the Monitor Unit of the MG-1

Overview

It will occasionally become necessary to make field
adjustments to the present controls of the CRT Monitor on
the MG-1 workstation.

Caution

i) Flashover Protection

The primary function of the crt spark protection circuitry
is to protect the monitor circuits from damage in the event
of an internal flashover in the crt. When a flashover
occurs, the crt final anode capacity which is approximately
1000pf charged up to 16-18kv is abruptly discharged,
generating currents of several hundred amperes with
durations up to 100nS. The spark protection is instrumental
in routing these currents into well defined low impedance
paths and preventing the build up of voltage spikes which
can break down solid state devices.

Therefore ensure that all connectors are currently connected
before powering up the crt after any adjustments.

(ii) Discharge Procdure

Before attempting to remove a crt from its mounting, it will
be necessary to discharge the PDA (Extra High Voltage)
connector which is covered by a protective insulating cap.

Remove all power supplies from the crt unit and wait 5
minutes for internal discharge. Then with two insulated
handled screwdrivers, locate one on a good earth point on
the chassis, place the other screwdrivers point underneath
the protective cap. Without touching any other surface,
component or yourself, bring the two metal shafts of the
screwdriver, so discharging the crt.

TC1AAQ
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(iii) Implosion Precautions

Although the Ccrt is fitted with Implosion bands, there is
always the danger that when a crt is being moven that an
accident can occur whereby the crt's envelope will rupture,
with a subsequent danger to the person handling the crt
receiving injury from fragments of glass.

All persons handling a crt should be wearing the following
items:

a) Gauntlets to protect the hands

b) A Class 1 British Standard BS2092 (impact resistant) face
visor with headband, to protect face and eyes. ’

c) Canvas apron to protect those other precious parts.

(iv) Xray Emission

Less than 0.5 mRads per hour
EHT voltage nominal 16.5Kv
(limitary EHT value on this CRT is 23Kv.

(v) Adjustments Precautions

The crt unit of the MG-1 contains voltages which are
dangerous therefore compliance with the Health and Safety at
Work Act are necessary.

a) A competant person should be present at all times‘ while
making the adjustments, this person should be familiar with
how to switch the equipment OFF in an emergency.

b) All other safety precautions should be observed.

TC1AAQ




SPECIFICATION OF THE CRT

CRT Diagonal 17 Inches
CRT Phosphor White (P4)
Dot Clock 60 MHz

Display Density 1024 pixels (Horiz)
800 pixels (Vert)
Line Frequency 46.877 KHz
Frame Freguency 56 Hz
Non-Interlaced
Line Sync Pulse Width (& Polarity) 1.066 uS (+ ve)
Frame Syne Pulse Width (& Polarity) 341.32 uS (+ ve)
Active Video Line Time 17.066 uS

Active Video Frame Time 17.066 mS

RECOMMENDED SET-UP PROCEDURE

It is assumed that the assembly to be set up, has previously

been set up correctly during manufacture and that all the
components are present and in the correct positions with
correct values, and where appropriate, polarities, and that
there are no defective parts.

EQUIPMENT REQUIRED

a) Test generator with at least crosshatch, and preferably
circle and full page text capability.

b) Copper bladed trimming tool (A).

c) 0.1" square linearity adjustment tool. (B)

d) Various screwdrivers.

e) Supply of geometry adjustment magnets (by manufacture
only).

Access to the crt of the Monitor is by removing the two
covers, which are held in place by four Phillips Head belts
shown in the diagram below.

TC1AAQ
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VERTICAL AMPLITUDE (HEIGHT)

Adjust VR2 (V.AMP.) to give a display of approximately the
desired height.

HORIZONTAL LINEARITY *

A crosshatch and/or circle pattern should be displayed for
this adjustment.

With tool B rotate the magnet in L2 (H.LIN) to give a
display of maximum width, then continue to rotate until the
left hand side of the display is at optimum linearity, ie.
information at the left hand side of the display is as near
the same size as that at the centre and right hand side as
is possible within the limits of the control.

FOCUS
The test pattern should be changed to a full page of text.
Adjust VR8 (FOCUS) to give optimum focus over the entire

display area.

VERTICAL LINEARITY

The test pattern should revert to a crosshatch.

Adjust VR4 (V.LIN GEN) to equalise the height of blocks at
the top of the display with those at the centre.

Adjust VR3 (V.LIN BOTT) to equalise the height of blocks at
the bottom of the display with those at the centre.

At this point reset height if necessary. Adjustments to the
vertical amplitude (Height) and this the vertical limearity
are interdependent and may require to be repeated until the
desired performance is achieved.

CENTRALISING THE DISPLAY

See caution section before attempting this adjustment

If necessary, readjust the concentric ring magnets on the
scan coil to centralise the raster within the face of the
crt. In order to achieve the best focus, it is important to
use these magnets to centralise the raster only and not the
information. When finished, seal to prevent accidental
movement.

VERTICAL CENTRALISATION OF THE DISPLAYED INFORMATION

Rotate VR5 (V.SHIFT) to centralise the information within
the face of the crt.

TC1AAQ
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VERTICAL HOLD *

Adjust VR1 (V.HOLD) to find the points at which the field
lock is lost in either direction and set the slider midway
between these points.

HORIZONTAL ORTHOGONALITY *

See Caution section before attempting this adjustment.

Slacken the clamp screw on the scanning coil and rotate the
coil until the centre line of the display is horizontal.
Make sure that the scan coil is pushed hard up the neck of
the crt towards the face and tighted the clamp screw.

RASTER POSITION

Rotate the concentric ring magnets at the rear of the scan
coil to position the raster centrally within the face of the
crt.

TC1AAQ
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HORIZONTAL CENTRALISATION OF THE DISPLAYED INFORMATION

Correct operating conditions for the horizontal timebase
have to be set before setting the position of the
information.

The horizontal sync input at PL1/H has to be shorted to OV
to remove it from the hybrid H3. The core of L1 is then
adjusted to give a 'floating' picture, ie almost in lock
even without sync. The short is then released and the
picture will jump into lock. The core of L1 should be
sealed to prevent disturbance in transportation and so on.

Rotation of VCl will allow the displayed information to be
centralised within the raster.

SETTING MAXIMUM BRIGHTNESS * (MB1700 ISS B ONWARDS)

VR9 (MAX BR1l) should be rotated fully counterclockwise and,
either VR6 rotated fully clockwise or the user brightness
control set for maximum. VR9 is then adjusted to the point
where the background raster is just visible.

HF ADJ (CRT BASEBOARD)

A full page of text should be displayed on the crt with the
normally used polarity ie black on white or white on black.
In the black on white mode the brightness must be turned
down to a low level and the core of the coil screwed in to
the point where a white overshoot to the right of the
vertical bits of information becomes apparent. How much
overshoot is acceptable is a matter of individual choice but
going too far will cause severe 'ringing'.

PICTURE GEOMETRY ADJUSTMENT

Fit and adjust magnets as necessary around the periphery of
the scan coil to give the best shape of displayed picture.
Seal when finished to prevent accidental movement.

TC1AAQ
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\ SUPPORT NOTE NUMBER 8

CRT Adjustments to the Monitor Unit of the MG-1

overview

It will occasionally become necessary to make field
adjustments to the present controls of the CRT Moniter on
the MG-1 workstation. e e

Caution

i) Flashover Protection

The primary function of the crt spark protection circuitry
is to protect the monitor circuits from damage in the event
of an internal flashover in the crt. When a flashover
cccurs, the crt final aznocde capacity which is approximately
1000pf charged up to 16-18Xv is abruptly discharged,
cenerating currents of several hundred amperes with
Gurations up to 100nS. The spark protection is instrumental
in routing these currents into well defined low impecance
paths and preventing the build vp of voltage spikes which
can break dcwn solid state devices.

Therefore ensure that all connectors are currently connected
before pcwering up the crt afiter any adjustments.

(ii) Discharce Prccdure

Before attempting to remove a crt from its mounting, it will
be necessary to discharge the PDA (Extra High Voltage)
connector which is covered by a protective insulating cap.

Remove all power supplies from the crt unit and wait 5
minutes for internal discharge. Then with two insulated
handled screwdrivers, locate cne on a gocd earth point cn
the chassis, place the other screwdrivers point unéerneath
the protective cap. Without touching any other surface,
component or yourself, bring the two metal shafts of the
screwdriver, so discharging the crt.

TC) ARG



(iii) Implosion Precautions

. .
Although the Ccrt is fitted with Implosion bands, there is
always the danger that when a crt is being moven- that an
accident can cccur whereby the crt's envelope will rupture,
with a subsequent danger to the person handling the crt
receiving injury from. fragments of glass. - B

All persons handling a crt should be wearing the following
items: o : e e

a) Gauntlets to protect the hands

b) A Class 1 British Standard BS2092 (impact resistant) face
viscr with headband, to protect face and eyes.

c) Canvas apron to protect those other precious parts.

(iv) Xray Emission

Less than 0.5 mRads per hour
EHT voltage nominal 16.5Kv
(limitary EHT value cn this CRT is 23Kv.

(v) 2adjustments Precautions

The crt uvnit of the MG-1 contains voltages which are
dangerous therefore compliance with the Health and Safety at
WworkXx Act are necessary.

a) A competant person should be present at all times while
makirg the adjustments, this person should be familiar with
how to switch the eguipment OFF in an emergency.

b) All other safety precautions should be observed.

TCYAD
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SPECIFICATION OF THE CRT .

CRT Diagonal 17 Inches

CRT Phosphor white (P4)

Dot Clock 60 Mhz

Display Density 1024 pixels (Horiz)
800 pixels (Vert)

Line Frequency 46.877 KHz

Frame Freguency 56 Hz

Non-Interlaced

Line Sync Pulse Width (& Polarity) 1.066 uS (+ ve)

Frame Syne ;ulse Wwidth (& Folarity) 341.32 uS (+ ve)

Active Video Line Time i7.066 us

Active Video Frame Time 17.066 mS

RECONMMENDED SET-UP PROCEDURE

It is assumed that the asseably to be set up, has previously
been set up ccrrectly during manufacture and that all the
components are present and in the correct positions with
correct values, and where apprcpriate, polarities, and that
there are no defective parts.

EQUIFM4ENT REQUIRED

a) Test generator with at least crosshatch, and preferably
circle and full page text capability.

b) Ccpper blaéded trimming tool (A).

c) O0.1" sgvare linearity adjustment tcol. (B)

d) Various screwdrivers.

e) Supply of cecometry adjustment magnets (by manufacture
only).

Access to the crt of the Monitcr is by removing the two
covers, which are held in place by fcur Phillips #Hezd b
shown in the diagram helcw.

elts
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HORIZONTAL CENTRALISATION OF THE DISPLAYED INFORMATION

Correct operating conditions for the horizontal timebase
have to be set before setting the positicn of the
information. .

The horizontal sync input at PL1/H has to be shorted to OV

_ to remove it from. the _hybrid #3.. The-core.of--Ll-is--then-—--
adjusted to give a 'flcating' picture, ie almost in lock
even without sync. The short is then released and the
picture will jump into lock. The core of Ll should be
cealed to prevent disturbance in transportation and so on.

Rotation of VCl will allow the displayed information to be
centralised within the raster.

SETTING MAXINMUM BRIGHTNESS * (MB1700 ISS B ONWARDS)

VRO (MAX BR1) should be rotated fully covnterclockwise ang,
either VR6 rotated fully clockwise or the user brightness
control set for maximwa. VR9 is then adjusted to the coint
where the background raster is just visible.

BF ADJ (CRT BRASEEOARD)

A full page cf text should be displayed cn the crt with the
normally used polarity ie black on white or white on black.
In the black on white mode the brightness must be turned
down to a low level and the core of the coil screwed in to
the point where a white overshcot to the richt of the
vertical bits of information becomes apparent. How much
overshcot is acceptable is a matter of individuval choice but
going too far will cause severe ‘ringing'.

PICTURE GEOMETRY ADJUSTMENT

o)

ddjust magnets as necessary around the periphery of
an coil to give the best shape of displayed picture.

<

the

Fit an
ce

Seal when finished to prevent accidental movement.
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VERTICAL KEOLD *

Adjust VRl (V.HOLD) to find the points at which the field
lock is lost in either direction and set the slider midway
between these points.

HORIZONTAL ORTHOGONALITY *

See Caution section before attempting this adjustment.

Slacken the clamp screw on the scanning coil and rotate the
coil until the centreé line of the display is horizontal.
Make sure that the scan coil is pushed hard up the reck of
the crt towards the face and tighted the clamp screw.

RASTER POSITION

La L

Rotate the concentric ring magnets at the rear of the scan
coil to position the raster centrally within the face of the

crt.

TC ] l"'. I". Q
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VERTICAL @MPLITUDB;(HEIGHT)

]
Adjust VR2 (V.AMP.) to give a display of approximately the
desired height.

EORIZONTAL LINEARITY *

-

A crosshatch and/or circle pattern should be displayed for
this adjustment.

With tcol B rotate the magnet in L2 (H.LIN) to give a
display of maximum width, then continue to rotate until the
left hand side of the display is at optimum linearity, ie.
information at the left hand side of the display is as near
the same size as that at the centre and right hand side as
is possible within the limits of the contrel.

rOCuS

The test .pattern should be changed to a full page of text.
Adjust VR8 (FOCUS) to give optimum focus over the entire
display area.

The test pattern should revert to a crosshatch.

Adjust VR4 (V.LIN GEN) to egualise the height of blocks at
the tcp of the display with those at the centre.

Adjust VR3 (V.LIN EOTT) to eguvalise the height of blccks at
the tottom cf the display with those at the centre. :

At this point reset height if necessary. RAdjustments to the
vertical amplitude (Height) and this the vertical limearity

are interdependent and may reguire to be repeated until the

desired performance is achieved.

CENTRALISING THE DISPLAY

See caution secticn before attempting this adjustment

If rnecessary, readjust the concentric ring magnets on the
scan coil to centralise the raster within the face oif the
crt. In orcder to achieve the best fccus, it is important to
use these magnets to centralise the raster only anrnd rot the
information. When finished, seal to prevent accidenta
mOVEment.

VERTICAL CENTRALISATION OF THE DISPLAYED INFORMATION

Rotate YRS (V.SHIFT) to centralise the information within
the fzce of the crt.
TCl -0



SUPPORT NOTES NO. 9

Brief Resume of System ROM Error Codes and Their .

\

Interpretation

The error code numbering corresponds to the order in which
tests are performed by the System ROM. Error codes are
displayed by flashing the floppy LED - the 'on time' of the
LED determines the digit value: 0 - short time, 1 - long
time. All error codes are 4 bits in length.

Errof Error
Cod Type
0 ROM decode
1 SRAM fail
2 I0P fail
3 VMAP fail
4 ICU fail
5 USART fzail
6 Trap/NMI
7 Unused
8,9,A,B Single-bit
DRAM fail
(o Muliti-bit
DRAM fail
I3

LRIIAD

Interpretation

The system ROM failed to detect its
'alias' in high memory (EF000) prior
to switching DRAM on.

Erroneous write/read operation on
static RaM.

IOP has been unable to write to its
dual-port RaM.

Erroneous write/read operaticn on:
video mapping RAM.

ICU either not found or not
responding to programming.

USART either not found cor not
respending to programning.

Prccessor trap or NMI occurred prior
to DRARM test.

Single bit error found. Bits 0-1-of
error code indicate bank (0-3) '
ccntaining error. A second ccde,
displayed on Xeypress, will irdicate
the banx-bit (0-F).

Multi bit error found. A seccnd
ccde, displayed on keypress, will
indicate which bank ccntained the
error (bits 1-2), whether more than
one byte was involved (bit 3 set)
and if bit 3 clear then which banx
byte (bit 0).




-

Error
Code

LY7ADF

Exrror

Tyge
DRAM &address
fail
DRAM refresh

fail

Unused

Interpretation

Error discovered while writing/
reading locations with their own
addresses. A second eror code is
returned on kXeypress and is
interpreted as for error C.

Conténts of DRAM dropping out after
time. Second error returned as for
error BE. »
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IBM CARD LINKS FOR LASER : ' -
\

P10 - 9, 10 11, 12 out  (default 11, 12 out)

P11 - 9, 10 . out (all in default)

LASER COMMAND MODULE LINKS

SN HE P2 p3 b—

P4 9, 10 in - -

P5 4, 4 in

P6 3, 4 in

SCANNER CARD

Memqry Address XX00 H (default 220 H)

Links X2 X4 X6 X8 X10 X112 (all even jumpers on)

CSSACS




SUPPORT NOTES NO. 13

IBM adaptor/Driver Preli.iinary Notes

\

1. Disclaimer

This document is provided in advance of formal cocumenta-
tion. WCW dJdoes not guarantee that it'is full or correct,
and reserves the right to make changes in the specification
of the components described without notice.

2. Introduction

The MG-1 bus adapter is a motherboard accepting up to three
IBM-PC compatible IO expansion cards. This document is a
programmer's guide to the wuse of the bus adapter with
proprietary or third-party expansion cards.

The PC bus used by the IBM PC and compatible nicros is a ce
facto rather than a formal standard, although the number of
different manufacturers making boards to the standard is

testament to its effectiveness. This document &and its

accémpanying diagrams should give sufficient information
about the bus for simple interfaces. There are no specifi-
cations for timing; where common sense runs out the cdesigner
is .best advised. to consult the specifications of the 8088
microprocessor and the 8037 DMA controller on':which the tim-
ings ultimately. cdepend.

The bus strongly reflects the characteristics of the 80838
microprocessor, and great care has been taken to emulate
these characteristics in the FMG-1 bus adapter. The bus has
the following signals:

(1) & 20-bit acddress bus &nd an 8-bit data bus.

_[2Jg Add;eésable,meméryfexﬁgnds'f;omioztOJhexadec;mal Dz
C thefeﬁ}syalso{éksékbyteilofspéce from 0 to hex F

[(3) There are six interrupt levels (IRQ2-7), and one
(I0_CH_CK) which in the IBM FC is connected to the
microproccessor's non-maskable interrupt input.

(4) . Reguest and acknowlegde signals are provided for three
DMA ‘channels (DRQ/DACK); the characteristics of the
channels are determined by the 8037 DMA controller. 1In
most IEM PCs three out of the four 8037 channels are
vsed for system devices.
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3. MG-1 Memory/Device addresses

The MG-1 usas memd&y—mapped 10; all of the locatiocns on the
IBM adapter are addressable by the MG-1 at thg following
locations:

IBM bus locations ¥G-1 addresses
(memory) 0 - DFFFF D00000 - DDFFFF
(i/o) 0 - FFFF DE0000 - DEFFFF (normal access)

DF0000 - DFFFFF (DMA access)

Width Although PC bus memory can only be 8 bits wide,
the MG-1 bus adapter will map word and double-word
cycles at any location to multiple byte reads 'or
writes. The user should be aware that the MG-1's
32000 processor places the least significant byte
of a word or double-word lcwest in memory; this
convention is the sazme for the 1Intel processors
used on IBM PCs. :

1/0 There are two sets of WMG-1 locations vwhich are
mapped into the PC bus' 64k IO space. The lower
set should be used for all processor accesses to
10 registers; an address in the upper set is
cecoded by the bus adapter to mean that a PC bus
DMA cycle should be simulated. See the section
below on DMA programming.- '

4. Interrupt Assignments

The bus adapter has a patch-panel which can be used ‘to
select which of six PC bus interrupts, plus IO_CH_CX, are
connected to up to the five MG-1 hardware interrupt levels
reserved for the bus adapter. Default' connections are as
follows:

PC bus signal  MG-1 level
IRQ2 2
IRQ3 S5
IRQ4 7
IRQ5 9
IRQ6 12 »
IRQ7 . no connection
I0_CH_CX no connection

S. DMA service

One fully-prcgrammable DMA channel in the MG-1 is available
for servicing the PC bus, performing DMA cycles whenever

1.7.85 MG-1: PC buys adapier 2
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trigcered by an IBH PC boards DRQ signal. One of four DA
devices is selected by a subchannel number in a programmable
latch; channel 3 is for the on-board floppy disc controller,’
and channels 0-2 correspond to the three DRQ/DACK pairs on

the 2C bus, as follows:

4G1 subchannel IBM-PC DRQ/DACK No
0 3
1 2
2 1

The latch is programmed by writing a byte to hex FFE200; the
bottom two Dbits are the DMA subchannel, but bit 2 must

always be set 1 (if zero, the DRAM is disabled!).
Some features of DMA cycles on the PC bus are handled by
special MG-1 hardware:

DACK IBM PC-DMA cycles use the DACK signal as a data strobe
for the card. Accesses to the "pMA' area of the PC bus
zdapters memory map will generate an appropriately-
timed DACX strobe; the exact location addressed within

the DMA pace will be unimportant.

TCc The 8037's TC signal can be used by a cevice to cdetect
the last cycle of a DMA transfer. In the MG-1 the tim-
ing of this signal, which is a little odd, is generated
by a separate programmable counter.

Standard DMA access routines are
xernel; device drivers should always use these because they
manage the sharing of the DMA channel between devices, ‘and
program the bus zdapter to emulate IEM PC DMA cycles.

i

G-1: PC bus adapter

proviced in the MG-1 Unix

|
|
i
|
|
!
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Support Bulletin: Accessing devices on the 'IBM’ bus

Creham C Adams

distribulion: ALL SERVICE STAFF

machkine: ¥G-1

cs: 42-nix 2.0

imporicnce: handy-hints
problem:

Customers wish to access cdevices on the JBM PC compatible bus.
nix release 2.0 no code is proviced to facilitate this.

Under 42-

nicles:
There are lwo ways to zccess cevices cn the J5M bus.

. . :The first is to access the device via a device driver built into the kernel. This will

not be pessible fer custemers who have only a binary license until relezse 2.5 cf

42-nix is aveilatble. Thet release will suppert the addition of vser written drivers.

‘The cnly way to access arbitrary devices at present is through the /cdev/kmem

device. This should te cpened with the required read/write flags (sce cpen(2)).
To select an acdcdress lseek(2) should bte used, the cfiset being the adcress
required. Input znd cutput may then be perfcrmed using the standard reac(2)
and write(2) functicns. Ncte that reads znd writes will increment the 'file
pointer' i.e. the adcress, so to write to a single locaticn a ceries of lseeks end 1
byte write cperzaticns will be necessary.

The base address of the JBM bus is at CxcC0CCO.

Access to addresses in the range Ox300CC0 to Oxdéfiff results in nermel
“memory cycles on the JBM tus (JBM addresses C0CCO to dfifl).

The base address for i/o transfers (simulated JBM i/o bus cycles) is
Cxde00CO. Thus JBM i/o eddress Cx3F8 would be accessed via OxceO3FB.

The base address fcr édma lransfers is CxdfCOCO.




SUPPORT NOTES NO. 14

a Non Standard Keyboard to the MG-1

The MG-1's 'D-connector' kxeyboard interface operates on the
folleowing pin allocations: '

Pin l: [not used)

Pin 2: Data from keyboard
Pin 3: Reset to keyboard
Pin 4: Ground (O0v)
Pin S5: Power (+5v)

The interface is a standard asynchronous-type configured for
1200 Baud, No parity, 8 bits data (bit 7 gives key UP/DOWN
information), 1 start bit, 2 stop bits.

The kxeyboard scan codes are as shown in the accompanying
‘diagram.

Any non-standard keyboard must generate the same UP/DO&N
. data as the MG-1 keyboard, and maintain the standard key
. repeat mechanism, i.e.,

1. Bit 7: 0 for downccde
1 for upcode.

2. ALT, SHIFT, and CTRL should send a downcode when
first depressed, then send an upcode when released.

3. NUMLOCK and CAPSLCOCX should send a dcwnccde when
first depressed, then send an upcode when released.
At power-up or reset, the NUMLOCK and CAPSLOCX LED's
should switch off. These LED's should toggle on and
off each time the key is used.

The first time the Xey is rapidly depressed and
released, as a single operation, the LED's should
switch on. The second rzpid depression/release.
should switch them off. This cycle must repeat.

TSTAAY
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11.

12.

13.

SUPPORT NOTES NO. 15

3

MG-1 Maintenance Procedure

Unplug MG-1 and remove mains power lead.

Unscrew upper sleeve and slide forward, [Fig 1). Lay
the sleeve behind the unit. Note that there is an
earthing lead attached to the inner surface of the

sleeve.

Unscrew the earthing lead frem the inner surface of the
sleeve. Note that this lead is attached to the Pcwer
Distribution Board. It should not be unscrewed at this

end, [Fig 2].

Remove the short black power lead from the rear of the
Floppy Disk Drive. Note that this lead is plugged into
the Power Distribution Board on the right hand side,
(Figs 2 & 6]. :

Slide the earthing lead cut of the rear of the:Floppy
Disk Drive. The earth should not be unscrewed from the

PDB, [(Fig 2].

Remove the long black power lead from the rear cf the
Winchester Drive. It need not be disengaged from the
PDB, [Figs 2 & 6].

Slide the earthing lead out of the rear of the
Winchester Drive. The earth should not be unscrewed from

the PDB, [Figs 2 & 6].

Unplug the 34-way ribbon cable from the rear of the
Floppy Disk Drive. At this stage, do not attempt to
remove the ribbon cables from the unit completely,

(Fig 2).
Unplug the 34- and Zd—way ribbon cables from the rear of

the Winchester Drive, [Fig 2].

Unplug the ll-pin cable assembly from the PDB. Note that
this cable is wired into the Power Supply Board, and
cannot be disengaged at this end, [Figs 2 & 6).

Unplug the 3-pin cable assembly from the PDB. This cable
is also wired into the Pcwer Supply Board, and cannot be
removed, [Figs 2 & 6]).

Unplug the black power lead from the underside of the
fan unit, [Fig 3).

T

Unscrew the earth lead from the top of the fan unit,
l 30 ] 3

W
w
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14.

15.

16.

17.

18.

Unscrew the ‘earth lead from the rear panel of the
chassis, [Fig 3).

Unscrew the earth lead from the support strut of the
uvpper tray. Note that these leads should not be
unscrewed from the PDB, ([Fig 3].

Unscrew the upper tray from the chassis, [Fig 7].

Unscrew the ‘Power Distribution assembly from the rear
panel of the chassis, [Fig 3].

Lift out the upper tray assembly and remove the PED.
Take care when disengaging the lower edge of the PD3B
from the pins on the main board, [Fig 6].

Unscrew the front panel board, and lift out. Take care

19.
when disengaging the lower edge of the board from the
main board pins, [Fig S5]).

20. Unscrew the rear moulding panel.

21. Unscrew the fan unit from the rear panel of the
chassis, [Fig 3].

22. Remove ﬁhe ribbon cables from the main board.

23. Unscrew the D- -plug connectors from the rear panel of the
chassis and from the main board. Lift out the port
plates, [Fig 4].

24. Untie and remove the DMA Piggy Bcard.

25. Remove the MMU Piggy Board, where present.

26. Unscrew the nylon separator posts holding in the Memory
pran51on Cards, where present. Lift off the top card,
taking care not to damage the pins connecting the card
to the cara below or to the main board Repeat.

27. Remove the remaining nylon posts, and 1lift out the Main
Eoard, [Fig 6].

28. To dismantle the top tray assembly, begin by remcving
the two screws along the right hand side of the Floppy
Disk Drive. Sliéde out the drive unit, [(Fig 7).

29. Remove the four retaining screws from the sides of the
winchester Drive, and slide out the unit, [Fig 7].

30. To remove the Power Supply Beard, push-back the nylon
retainer; at the fcour corners, and lift out of the tray.
The retainers may be left in place, [(Fig 7).

TSTili
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MG-1 Main‘Board Pin Assignments.

J1l Pin Assignments.

Front Panel Connection: 24-pin SIL MOLEX connector,
4030. Pins are on an 0.1" pitch as

as seen from the component side of

lav]
[ 8
=]

WONAOATUV D WN M- ‘

1 2 3 4 5.

Ov

ov

+5v

+5v
FP-RESET/
N.C
ON_SW

XA

XB

YA

YB

N.C
EUTTONO
BUTTON)
EUTTON2
Fault code LED
Speaker
KBRD-DATA
RRBD-CLX
N.C

+5v

+5v

Ov

Ov

.

shown:
22 23

the FCB.

24

series




J2 Pin Assignment.

Ethernet Connection: 15-pin male “D° pin connector with
slide lock assembly. Pins are not on a 0.l1" pitch grid, but
are arranged as follows:

15 14 13 12 11 10 9
8 7 6 5 4 3 .2 1

as seen from the component side of the PCB.
Pin

ov 9 Collision Present -

Pin
1
2 Collision Present +

10 Transmit -

w

Transmit +
11

12 Receive -
5 Receive + ;
: 13 +%2v

14

15

6
; .
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J3 Pin Assignments.

Expansion Bus Connection: 64-pin DIL female Eurocard DIN
type connector. The pins are on a 0.1" pitch grid, as

shown:

Row B
Rew A

12
12

. . 32
. . 32

as seen from the component side of the PCB.

Row A

Wo~~Naul e W+~

ov
+5v
+12v
ov
N.C
CTTL
PAV
BDRBE
BWAIT
RQl/
RG22/
RQ3/
RD/
BUS_INT2/
BUS INT4/
BUS INT6/
N.C
P30
PR2
PB4
PB6
PB8
PB1lO
PB12
PB1l4
PB16
PB13
PB20
PB22
N.C
+Sv
Ov

Row B

Ov

+5v

+12v

Ov

N.C
IO_PAGE/
STl

EHBE/ .
ECoP/ (IEBM TC
RCR1l/
RCR2/
ACK3/

WR/
BUS_INTB/
BUS_INTS/
RESET

N.C

FBl

PB3

PBS

PB7

PRI

FBll

PB13

PBl5S

PB1l7

PB1S

PB21

FB23

-12v

+5Sv

Ov




J4 Pin Allocations.

Modem Connection: 25-pin male *D’ connector with slide lock
assembly. Right angle PCB mounting version. Pins are not on
a 0.1" pitch grid, but are arranged as shown:

25 - 24 23 22 21 20 19 18 17 16 15 14
13 12 11 10 9 8 7 6 5 4 3 2 1

as seen from the component side of the PCB.

Pin Pin
1 ov
) 14
2 T™xD/
15
3 RxD/
16
4 RTS/
E 17
5 cTs/
; 18
6 DSR/
19
7 Ov
20
8
21
9
22
10 DTR/
23
11
24
12
25
13
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J3 Expansion Slot User Notes

Phil Martin

ABSTRACT

This set of notes is designed to give enough
information to the wuser so that custom hardware
may be designed that interfaces directly with the
MG1 J3 expansion slot, rather than with the IBM
Expansion bus. A description of all the pins on
the connector is given, as well as timing diagrams
for CPU & UDC read/write cycles.

November 4, 1985




)

7

J3 Expansion Slot User Notes

Phil Martin

1. Introduction

J3 provides a means of expanding the MG-1's capabilities -
it is primarily intended to be used with the WCW IBM PC
Motherboard, however, with this document it should be possi-
ble for users to design their own hardware to utilise it.

2. J3 Pin Outs:

J3 consists of a 64-pin DIL female Eurocard DIN type connec-
tor. The pins are on a 0.1" pitch as shown :-

Row B : 1 2 3 4 5 . s . . . . 30 31 32
Row A : 1 2 3 4 5 . . . . . . 30 31 32

As seen from the component side of the PCB

Draft 26;9.85 J3 Expansion Slot User Notes 1
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2.1. Pin Labelling

Row A Row B

1 ov 1 oV

2 +5V 2 +5V

3 +12V 3 +12V
4 oV 4 oV

5 N.C. 5 N.C.
6 CTTL 6 N.C.
7 PAV 7 ST1

8 BDBE/ 8 BHBE/
9 BWAIT/ 9 EOP/
10 RQ1/ 10 ACK1/
11 RQ2/ 11 ACK2/
12 RQ3/ 12 ACK3/
13 RD/ 13 WR/
14 BUS-INT2/ 14 BUS-INT3/
15 BUS-INT4/ 15 BUS-INTS/
16 BUS-INT6/ 16 RESET
17 N.C. 17 N.C.
18 PBO 18 PB1
19 PB2 19 PB3
20 PB4 20 PB5
21 PB6 21 PB7
22 PB8 22 PB9
23 PB10 23 PB11
24 PB12 24 PB13
25 PB14 25 PB15
26 PB16 26 PB17
27 PB18 27 PB19
28 PB20 28 PB21
29 PB22 29 PB23
30 N.C. 30 -12V
31 +5V 31 +5V
32 oV 32 oV

3. Pin Descriptions

3.1. Power Lines & Unused Pins

- GND (Pins 1A, 1B, 4A, 4B, 32A, 32B) - Ground
- +5V (Pins 2A, 2B, 31A, 31B) - 45V @ ...

- +12V (Pins 3A, 3B) - +12vVv @ ...

- -12V (Pin 30A) - -12v @ ...

- N.C. (Pins 5A, 5B, 6B, 17A, 17B, 30A) - No connection

Draft 26.9.85 J3 Expansion Slot User Notes g
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3.2.

Input Signals

RQ1/, RQ2/, RQ3/ (Pins 10A, 11A, 12A) - DMA Request
lines. Active Low. Connected to the DREQ2/ input of
UDC #2. Only one RQn/ line may be active at one time -
selection is made by writing the number of the request
line OR'ed with 0x04 to DMASBASE (0x0ffe200). Request
line zero is reserved for the MG-1 internal floppy disk
drive.

BUS-INT2/- BUS-INT6/ (Pins 14A, 14B, 15A, 15B, 16A) -
Bus interrupt request lines. Active Low. Connected to
system ICU (NS32202) as follows:-

Interrupt Line ICU Pin
BUS-INT2/ IR2
BUS-INT3/ IRS5
BUS-INT4/ IR7
BUS-INTS/ IR9
BUS-INT6/ IR12
BWAIT/ (Pin 9A) - Wait Input. Active Low. Used to

extend control signals when dealing with slow memory &
peripheral devices. If used, this line should be driven
by an open-collector output.

Output Signals

RESET (Pin 16B) - Reset Output Signal. Active High.

PB16-23 (Pins 26A - 29B) - Processor Bus 16 - 23.
Active High. These are the buffered most significant 8
bits of the memory address bus, as generated by the CPU
& UDCs.

PAV (Pin 7A) - Physical Address Valid. Active High.
Controls address latches.

CTTL (Pin 6A) - TTL System Clock. This is a TTL output
version of PHI1. Therefore, it operates at the CPU
clock frequency.

BDBE/ (Pin 8A) - Buffered Data Bus Enable. Active Low.
This signal is used to enable or tri-state buffers on
the system data lines. It is low when the buffers are
to be enabled.

BHBE/ (Pin 8B) - Buffered High Byte Enable. Active Low.
Status signal enabling transfer of data on the most
significant byte of the Data Bus.

RD/ (Pin 13A) - Read Output Strobe. Active Low. Identi-
fies a read cycle. ‘ :

J3 Expansion Slot User Notes 3
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- WR/ (Pin 13B) - Write Output Strobe. Active Low. Iden-
tifies a write cycle.

- ACK1/, ACK2/, ACK3/ (Pins 10B, 11B, 12B) - DMA ack-
nowledges. Active Low. Connected to the DACK2/ line of
UDC #2. Acknowledges are sent to the currently active
channel corresponding to the RQn/ line that requested
the DMA. ‘

- ST1 (Pin 7B) - CPU Status line 1. This signal is pro-
vided to allow additional ICU's to be cascaded onto the
system ICU. Connecting this signal to the ST1 input on
a cascaded ICU allows it to distinguish between an
Interrupt Acknowledge cycle and an End Of Interrupt
cycle.

- EOP/ (Pin 9B) - End Of Process for IBM PC Motherboard.
" Active low. This signal is designed to simulate the
timing of the 8237 DMA Controller EOP/ signal when the

MG-1 1is performing DMA operations via the IBM PC Moth-

erboard.
3.4. Input/Output Signals .i
' |
- PB0-15 (Pins 18A - 25B) Address/Data lines 0 - 15. |

Active High. Multiplexed Address/Data information. Bit |
0 is the least significant bit of each. For DMA tran- |
sactions, MG-1 circuitry ‘'byte-reverses' the data |
to/from the UDCs so that the byte on PB0-7 is the least |
significant, as with CPU transactions. 1

.

Draft 26.9.85 | J3 Expansion Slot User Notes 4




JS Pin Asgignments.

Monitor Signal Connection: 15-pin female *D° connector with
slide lock assembly. Right angle PCB mounting version. Pins
are not on a 0.1" pitch grid, but are arranged as shown:

g 10 11 12 13 14 15
1. 2 3 4 -5 6 1 8

as seen from the component side of the PCB.

Pin "~ Bin
1l ov
9 VIDEO/
2 VIDEO
10 ov
;3 VSYNC-'57HZ.
, 11 VSYNC/
4 Ov
12 HSYNC/
5 ESYNC — & 7hlfz
13 ov
6 DISP_EN L
: 14 DISP EN/
7 VMONITOR T
= ) 15 VMONRITOR
8 VMONITOR
TSTHER
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J6 Pin Assignments.

Winchester Data Signals: 20-pin DIL unshrouded header on a
0.1" pitch grid as shown:

2468 . . .20
1357 . . .19

as seen from the component side of the PCB.

Pin Pin
1 DRIVE_SELECTED/ 2 Ov

3 4 ov

5 6 ov

7 8 Oov

9 10 ov

11 ov 12 ov ’
13 MFM_WRITE_DATA 14 MFM_WRITE_DATA
15 ov 16 Oov

17 MFM_READ _DATA 18 MFM_READ_DATA
19 Ov . 20 ov

TS T/‘ ey ?
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J7 Pin Assignments.

Winchester Control Signals: 34-pin DIL unshrouded header on
a 0.1" pitch grid, as shown:

2468 .. ... 34
1357. ... .33

as seen from the component side of the PCB.

il EE N I B B e

- N I N N B B e

Pin Pin
1 ov 2 REDUCED WRITE_CURRENT/
3 ov 4 BEAD SELECT 2/
5 ov 6 WRITE_GATE/
7 ov 8 SEEK_COMPLETE/
9 ov 10 TRACK_0/

11 ov - 12 WRITE FAULT/

13 ov 14 HEAD SELECT_0/
15 ov 16

17 ov 18 HEAD SELECT_ 1/
19 ov 20 INDEX/

21 ov 22 READY/

23 ov 24 STEP/

25 ov 26 DRIVE SELECT_1/
27 ov 28 +5v

29 ov 30 +5v

31 Oov 32 +5v

33 ov 34 DIRECTION_IN/
TS THaR
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J8 Pin Assignments.

Floppy Disk Signals: 34-pin DIL unshrouded header on a 0.1"
pitch grid as shown:

2468 . ... . 34
1357 ... ..35

as seen from the component side of the PCB.

Pin - Pin
1 ov 2
3 ov 4 HEAD SELECT/
5 ov 6
7 ov 8 INDEX PULSE/
9 ov 10 ov
11 Ov 12 ov
13 ov - 14 ov
15 ov 16 MOTOR_ON/
17 ov 18 DIRECTION/
19 ov 20 STEP/
21 ov 22 WRITE_DATA/
23 ov 24 WRITE_GATE/
25 ov 26 TRACK_00/
27 ov 28 WRITE PROTECT/
29 ov 30 READ_DATA/
31 Ov 32
33 ov 34

TSTrMMR




J9 Pin Askignments.

Power Connection: 24-pin SIL MOLEX connector, series 4030.
Pins are on a 0.1" pitch as shcwn:

1
2
3

24

as seen from the component side of the PCB.

Pin
1 ov
2 ov
3 +5v
4 +5v
5 +Sv
6 Ov
7 VMCONITOR
8 VMORNITOR
9 VMONITOR
10 -12v
11 ON_SW
12 RST_SW/
13 NMI_SW/
14 POWER FAIL/
15 VRBACKUP
16 Oov
17 +12v
18 +12v
19 Ov
- 20 +Sv
21 +Sv
22 +5v
- 23 Ov
24 ov
TSTHAR
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J10 Pin Assignments.

Memory Bus (Low Bytes): 64-pin DIL female Eurocard DIN type

connector. The pins are on a 0.1" pitch grid as shown:

Row A Row B
1l 1
2 2
3 3
32 32

as seen from the component side of the PCB.

Row A . Rcew B

1 Ov 1 Ov

2 +5v 2 +5v

3 BEBE/ 3 BUS_pXCLE/
4 N.C 4 :WR/ '

5 CAS*TIME/ 5 "LLAO

6 LLAL 6 ;LLAZ

7 UPPER_MADRO 7 UPPER_ﬁADRl
8 UPPER_MADR2 8 UPPER_&ADRB “
9 UPPER_MADR4 S N.C :
10 wDO0 10 WDl

11 wD2 11 wWD3

12 WwD4 12 WD5

13 wD6 13 wWD7

14 Ov 14 Ov

15 _ 0L0 (MRDO) 15 1L0 (MRD1l6)
16 0Ll (MRD1) 16 1Ll (MRD1l7)
17 0L2 (MRD2) 17 1L2 (™RD18)
18 OL3 (MRD3) 18 1L3 (MRD19)
19 OL4 (MRD4) 19 1.4 (MRD20)
20 0LS (MRDS) 20 "1L5 (MRD21)
21 0L6 (MRD6) 21 1L6 (MRD22)
22 0L7 (¥RD7) 22 1L7 (MRD23)
23 2L0 (MRD32) : 23 '3L0 (MRD48)
24 2Ll (MRD33) 24 3L1 (MRD49)
25 2L2 (¥RD34) 25 3L2 (MRD50)
26 2L3 (MRD35) 26 3,3 (MRDS1)
27 2L4 (MRD36) 27 3L4 (MRDS52)
28 2LS (MRD37) 28 .3LS5 (MRDS53)
29 2L6 (MRD38) 29 3L6 (MRDS4)
30 2L7 (MRD39) 3 3L7 (MRDSS5)
31 +5v 31 +5v

32 Ov 32 Ov

TS TAA R
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J11 Pin Assignments.

Memory Bus (High Bytes): 64-pin DIL female Eurocard DIN type
connector. The pins are on a 0.1" pitch grid as follows:

Row A Row B

1
2
3

32 3

1
2
3

2

as seen from the component side of the PCB.

Row A

ov

+5v

0EO0 (MRDS8)
0Bl (MRDS)
082 (MRD1lO)
0H3 (MRD1l)
054 (MRD1l2)
085 (MRD1l3)
0H6 (MRD1l4)
0R7 (MRD15)
2E0 (MRD40)
Z28). (MRD41l)
2H2 (MRD42)
283 (MRD43)
24 (MRD44)
2HS5 (MRD45S)
276 (MRD46)
287 (MRD47)
ov -
wD8

wD10

wD12

wD14
U_MUX_MADRO
U_MUX_MADR2
U_MUX_MADR4
U _MUX_MADR6
U_MUX_MADRS
U RSO0/

U RaS2/

+5v

Ov

Row B

woO~JAaAn A~ WN -

ov

+Sv

1H0 (MRD24)
131 (MRD25)
132 (MRD26)
1H3 (MRD27)
1H4 (MRD28)
185 (MRD29%)
156 (MRD30)
1H7 (MRD3l)
380 (MRD56)
331 (MRD57)

342 (MRDS8)

3H3 (MRD59)
384 (MRD60)
3HS (MRD61)
3H6 (MRD62)
3H7 (MRD63)
Ov

wD9

wWD1l1l

wD13

wWD1S
U_MUX_MADR1
U_MUX_MADR3
U_MUX_MADRS
U_MUX_MADR7T
CLOSE_CYCLE/
U RASY/
U RAS3/
+Sv

Ov




SUPPORT NOTES NO. 20

Information on the Depraz Mouse
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oepraz rmouse
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1. Principle : - Mechanical tracking with opto-électronic
decoding

- Quadrature outputs signals

- 3 debounced push buttcns

2. Hechanical specifications :

- Dimensions : 20 x 73 x 45 .
- Weight : 160 gr. with cable and connéctor
- Case : fire proosing plastic (makrolon)

- Cable : 9 conductor 47", unshielded
(shielded cable opticnal)

- Termination : subminiatur Caznnon 9 P male
( 8 2 female optional)

Ball Stainless steel, diameter 20, mm

removable for easy cleaning.

Pysh butten

_JJ
45 am

Spripg Jeaced ba))

7 90 cn

fiqg.1l
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j




DEPRAZ - MOUSE D 83 / P andé D 83 / N

The mouse has been shown to e an ideal interactive input
device for computer graphics, word precessing «nd office auto-
mation applicetins. Several products use a mouse successfully,
and many personal workstations under deve‘opment in various

reseadrch projects have selected this input device for efficient
man-machir.e dialogue.

- The principle of the mouse is to encode ard transfer to the
computer the displacement of the mouse held in the palm of
the hand, which cgn rest comfortably on the table riext to the
Keyboard. Three Xeys easity depressed by the flrgers can trig-
ger a partlcular action or set a particular noce of cperation’
in interaction with the disp play progranm.

A Swiss product

The Dépraz-Mouse D 83 features 1mprov:o perfornenice and better
ergonomical share at a lower price. Two models exist : type P
with a parallel interfzce ard type 3 with signal serialisation.
Industrial manufacturing starced early in 1982 by a competent
company next to the Lac ée Joux ( S50' from Genéve—Cointrin ).

Ceneral cCescripticn

The hcmlcoher~cal shape ( dlaneger 90 mm ) of tre mouse is
ea51ly asped by the hand, with the three micddle digits lay-
ing on the keys while the thumb and the little flnger move
the mouse prec1sely in interacticn with the display. A plain
tactile feedback is felt while depressing any xey, and the

way the mouse is held prevents any movement while depressing
a key. ( fig. 1 )
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Pysh button

Y

Spring lozced bzl .

$ S0 en

»a

fig.1l

As the mcuse is moved over the table top, a steel rolling pin
of 20 rm diameter rotates. This rotation is decomposed into
two perpendicular axes. For each axis, two sguare signals are
produced, out of phase by 20 degrees, providing 15 pulses per
millimeter, at any speed the hand can produce. alignment &nd
jitter is such that distance between ccnsecutive pulses is
guarantied. Pulse generation rate at maximuwn hand speed is
abcut 1 ms ( fig. 2 ).
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A ,
The mouse is usually held so that the X-axis is parallel to the major exis
“of the axis of the wrist,but the user c&n find ény positiob that is
comforteble.The Y-axis is perpendiculer to the X-axis.

If the number of 15 pulses per mm is too high' for standard epplications,
it can be easily divided by herdware or softwére.

Precision optical wheels with phototransistor; end Schmitt trigger generate

the signals.

On the standard mcuse type P, 4 lines carry the pulses out Qf the mouse

3 through a 9 wires ceble which also carry the status of {he three swi;ches.

| the power supply (+ 5V * 10 %) énd the power and signal return line (GND).
The mouse D 83,type H shifts the 7 bits inforpation'through a 5 lines cable
including the power supply.Power consumption is 40 mA.
All signals &re CHOS and TTL-LS compatible.

MOUSE D 83/P

Stenderd connector on P4 is a male 9 pins Ceannon subminigture cornector
(fig.3).An 120 cm long (4 feet). '
Cable is proviced.

12345

)9

6789

(ennen 2 DL 9P conneclor

Syebol on scheratic Hale plug

frent view
Fin 1 .+ SY
2 y2
Yoy
fig.3 b2
5 a0

w w ~
ool Xl




The mouse is usually held so that the X-axis is parallel to the major axis
of the axis of the wrist,but the user can find any position that is
comfortable.The Y-axis is perpendicular to the X-axis.

If the number of 15 pulses per mm is too high for standard applications,
it can be easily divided by hardware or software.

Precision optical wheels with phototransistors and Schmitt trigger generate
the signals.

On the standard mouse type P, 4 lines carry the pulses out of the mouse
through a 9 wires ‘cable which also carry the status of the three switches,
the power supply (+ 5V t 10 %) and the power and signal return line (GND).
The mouse D 83,type H shifts the 7 bits information through a 5 lines cable
including the power supply.Power consumption is 40 mA.

All signals are CMOS and TTL-LS compatible.

MOUSE D 83/P

Standard connector on P4 is a male 9 pins Cannon subminiature connector
(fig.3).An 120 cm long (4 feet).
Cable is provided.

Cannon 2 D€ 9P connector
Symbol on schematic

oo~ o
ololXio
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The D 83 / P mouse schematic is given in figure 4. When
a key is depressed, the corresponding output is active

low.
* Sv
black z}ﬁannon
100 1 brown - white bL-9¢
0P 140 g~ 0F 550 ya 2 L.S 05 3,5 ké:ﬁ G
> 7\ 9reen 1 l > left switch
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APPLICATION NOTE

Interfacing the mouse D 83 / P is easy. The three switches can
be directly read on a parallel port and scanned by software.
If handling by interrupt is required, a 3-input or gate can
trigger an interrupt when any key is depressed. Two 2-input
exclusive OR gate plus two flip-flops can trigger an inter-
rupt each time a key is pressed or depressed (see figure 5).
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The D 83 / Y mouse schematic is giyen in figuFe 4, Ehen
a ey is depressed, the corresponding output 1s active
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APPLICATION NOTE

Interfacing the mouse D 83 / P is easy:. The three switches céan
be directly read on a parallel port and scanned by software.
If handling by interrupt'is reguired, a 3-input or gate can
trigger an interrupt when any key is depressed. Two 2-1input
exclusive OR gate plus two flip-flops can trigger an inter-
rupt each time a Xey is pressed or depressed (see figure 5).

A B
vt ﬁ)"‘f ] ]("Bv—

[ S ¢

{i0.h




The four pulse lines control an up-down counter which can be
hardwsre, qr programmed. 1f made in hardware, the ccunter will
by read regulary to uvpdat: the pointer on the :crcen. 1f made

in software, interrupts will occur each time a pulse is deco-
ced.

Decoding of the pulses can be made with different schem

dtics
depending on the required resolution.

’

One pulse per period

Fig. 6 shows a simple schematic, which in most cases is Guite
adequate with the number of pulses per millimetre proviced by
the mouse. Direction is defined from the value of "b" at each
positive pulse edje of "u", and a delayed pulse is generategd
for the up-down counters at cach positive "a* transition.

The delayed negative pulse is required with cousnters mace of
pulse-trippred master-slave flip-flops likxe the 74LS120/191.
With these counters, UP/DOWN state mus: not be changed while
the clock is active low.

If the counter is updated by ¢n interrupt routine, two flip-
flops provide the required interfzce (fig. 6c). In a micrepro-
cessor system, a better choice than the LS191 is a LS697, which
provides a three-state buffer znd a latch (fig. 7). An AND gate
inhib the lpad of the register when the register is

reed by
the microprocessor, in order to av

0id any change of state while

reading.
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three-state up-cdown counters

A better approach is in most cases to use a programmable timer/
counter like the 8253, 6840 or 9513. Two channels have to be used
in order to simulate an up/down counter by subtraction (fig.8).

‘WO pulses per periocd

‘Both pulse edges of sigral "a" can be vsed for an improved reso-

luticn. The corresponding timing diagram and schematic is given
in fig.8. In this schematic, generaticn of éelays and pulses of
adequate length rely on the mixing of CMOS &nd TTL-LS techrology.

If all CMOS technology must be used, cr if programmable timer

have to be used, additional delays must be crovided inside the
cdotted schematic regions.
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A purely synchronous solution with clocxed flip- flops for the
generation of cdelays is shown in figure 10. There is a risk
for metastdble states, but due to the rather slow clock

(100 Xliz range, one can neglect this risk, Loosing a pulse every
month is acceptable with a mouse.
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fig.9 Interface with 2 counts per pulse
g b P

A) Timing diagremm
B) Schematic for hardware counter

C) Schematic with interrupts and software counters
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3. Four pulses per period

The highest resolution is cbtained with 4 pulses per period.
The synchronous schematic of fig.1ll generalizes the previous
scheme. The LS174 or LS175 register (LS273 for two channels)
generates delayed pulses whith defines the count slots (enable
the counter) and the direction. The truth table is given in fig.
11b and assumes that the synchronizing clock is fast enough to
nerer have two transitions in the same slot. CMOS technology can
be used for lower power conswaption.

A PKOM can be used &s shown in fig.ll, but this increases
the power and the cost for the saving of a single chip. A
registered PROM or PAL can save an acdditional circuit.
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MOUSE D 83/H

Fouse D 83/H has the same mechanical features as the Mouse D 83/p
The difference is that the 7 information bits are stored in a °
simple shift register and shifted out serially.Two timing signals
(CP for clock. pulse and LD for load pulse) define the shift
frequency and the load of new information every 8 or 7 clock pulses.

The standard connector is - a female 9 pins Cannon subminiature

connector (£ig.13).An 120 cm (4 feet) long, S wire cable is provicded.
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The full schematic es given in figure 14. It should be rnoticed
that. switches are not debounced. If a shift freguency greater

than 10 XHz 'is used, there is some risk of transfer bounces. A
lower freguency should not be used if very fast repositicning

is expected.
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SUPPORT NOTES NO. 15

Hemory Addressing on the MG-1

CAUTION - This documeni must be read fully before
commencing addressing adjustments.

The WCW MG-1 can be configured to accomodate various types of memory
components (either 64K Dram's or 256X Dram's) located in the three types
of boards and to construct the MG-1's.

Main Baord 0.5mb (64 K) memory

0.5mb expansion memory O.5mb (64 K) memory

2mb expansion memory 2.0mb (256K) memory

The limitations, currently, on the use of these components is as follows:-
A) GENIX and FOS only recognise a maximum of 4mbytes.

B) A maximum of 4 expansion memory boards can be used.

However, additional information 1is included in this support note on
layer memory array for future use.

The 0.5mb expansion memory board is currently capable of being addressed
from Omb to 4.0mb, also the 2.0mb expansion memory board from Omb to
8mb.

Expansion memory board part numbers.

0.5mb board WCW part number WO13 006 000
2.0mb Board WCW part number CA10030-2/256FU

1. Main board Links

This is carried out by adding or removing links (WCW part number WOO06
051 000) to the pins of patch connector P4, located between IC's Ul47
and U148 on the main board (Issue B) .

The P4 patch connection pins are designated as follows when viewed from
the front of the system.

2 4 6 8 10 12 14 16

1 3 5 7 9 11 13 15
Specified off and even numbers are connected together main board memory
address's are from O to 7FFFF

A) main board use, inconjunction with 0.5mb expansion memory boards.

. 1 - 2 Linked
3 - a Linked
5 - 6 Linked -
7 - 8 Linked ™~
e
9 -10

Not linked R




)

11- 12 Linked
13- 14 Linked
15- 16 Linked
B) Main board used inconjunction with 2.0mb expansion memory boards
only.
1 - 2 Linked
3 - 4 Linked
5- 6 Linked
7- 8 Linked
9 - 10 Linked
11 - 12 Linked
13 - 14 Linked
15 - 16 Linked

This method disables the 0.5mb of memory as the main board so allowing
a maximum of 4mbytes of memory to be installed by the use of two 2.0
mb expansion memory boards which are individually addressed.

C) Main board used inconjunction'with a mixed population of 0.5mb and
2.0mb expansion memory board (To a maximum of 4 expansion memory board

1 - 2 Linked
3 - 4 Linked
5 - 6 Linked
9 - 10 Not linked
11 - 12 * Linked
13 - 14 Not linked
15 - 16 Linked

This method enables the o.5mb of memory on the main board so allowing
a maximum of 4mbytes of memory to be installed by the use of one expanson
memory board and up to three 0.5mb expansion memory boards.

2) 0O.5mbyte expansion memory links

Addressing of the 0.5mb expansion memory boards is arrived at by adding
or removing links to the pins of the patch connection Pl of the expansion
memory board. When *he expansion memory board is installed in the main
board and the links are viewed from the front of the system the links
are designgted as follows:

a M-1. . . b

13 11 9 7 5 3 1
14 12 10 8 6 4 2
Maximum memory capacity Memory address Item
0.5mb 0 to 7FFFF Main Board
1.0mb ' 80000 to FFFFF 1st 0.5mb Expansion memory board
1.5mb ' 100000 to 17FFF 2nd " ' "
2.0mb 180000 to 1FFFFF 3rd " " "
> 2.5mb 2 200000 to 27FFFF ath " . .
! N 3.0mb . ‘ ’ 280000 to 2FFFFF | S5th " . "
‘ -~ 3.5mb e 8 300000 to 37FFFF 6th " " "
; 4.0mb e <77 380000 to 3FFFFF Tth " v "
i »NOTE‘ s Ohly':n mnxrmdmhﬁ" A expansion memoryﬂbnurds can be inserted in

|
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The 0.5mb expansion memory patch connector Pl has all its links linked,
except for the following list of connections which are not linked, so
giving the 0.5mb expansion memory its correct addressing. (The table
below gives the start and end address's for the expansion memory with
the numbers of the links that are not linked for that address)

0.5 to 1lmb S - 6

1.0 to 1.5mb 9 -10

1.5 to 2.0mb 5 - 6,9 -10

2.0 to 2.5mb 13 - 14

2.5 to 3.0mb 5 - 6,13 - 14

3.0 to 3.5mb 9 - 10,13 - 14

3.5 to 4.0mb 5 - 6, 9 -10, 13 - 14

3) 2.0mb expansion memory board links

Addressing of the 2.0mb expansion memory boards is carried out by adding
or removing links to the pins of the patch connection Pl of the expansion
memory board.

(Reference should as so be made to the links of P4 on the main board
details of which are given earlier in this support note)

a) 2.0mb expansion memory boards ONLY.

Maximum memory Capacity Memory Adress Items

2.0mb 0 to 1FFFFF 1st 2.0mb expansion board

4.0mb 2000000 to 3FFFFF 2nd 2.0mb expansion board

6.0mb 4000000 to SFFFFF 3rd 2.0mb expansion board

8.0mb 6000000 to 7FFFFF 4th 2.0mb expansion board

NOTE : memory capacities above d4mb are currently not available, and

the addressing of memory arrays are shown only for future feference.

The 2.0mb expansion memory patch connector Pl has all its links, except
for the following list of connections which are not linked, so giving
the 2.0mb. expansion memory its correct addressing (the table below gives
the start and end address for the expansion memory with the number of
the links that are not linked for the address)

0 to 2.0mb 3-4,5-6,7-8, 9-10
2.0 to 4.0mb 3-4,5-6,7-8, 9-10, 13 - 14
4.0 to 6.0mb 1-2,3-4,5-6,7- 8, 9-10
6.0 to 8.0mb 1-2,3-4,5-6,7- 8, 9-10, 13 - 14

4) Mixed configuration of memory boards

Example

‘4 Mbytes with the use of main board, one 2.0mb and three 0.Smb expansion
memory boards.




{

Memory

0
80000
280000
300000
380000

Adress

to

7FFFF
27FFFF
2FFFFFF
37FFFF
3FFFFF

Memory Physical

0.5mb main board

location

2.0mb Expansion memory board

0.5mb "
0.5mb "
0.5mb "

Total memory

4Mbytes

See
See
See
See

NN W
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SUPPORT NOTES NO.23

Keyboard on the MG-1




' GENERAL Data sheet E501-1083
INSTRUMENT PERSONAL COMPUTER KEYBOARD

Computer Products Division
C.P. Clare International N.V.

(

hinooblonaoona..,,

omwe IRITIT

STANDARD FEATURES MECHANICAL DATA

® 83 station full travel keyboard Key total travel 3,5mm

© Ergonomic capacitive switch technology to meet the Key operating travel 1,77 mm
30 mm requirement Key actuating force 70gr
Linear feel Keytop colour Beige shell, black legends
Microprocessor intelligence Light brown shell, black legends
4 mode full ASClI character set Frame C.RS.-1,5mm
Capslock, numlock, alt key Anti-corrosive treatment
N-key roliover . PCB FR4 quality grade
Sculptured keytops Double side PCB,
Auto repeat Plating through holes

Swith operating life  100.108 cycles

OPTIONAL FEATURES
ELECTRICAL DATA
® Baud rale selection
® RS422 output e Senal outpul data 1 start bit
IBM interface ‘ 8 data bits
+ 12V power inpul h Odd parity it
Telephone header 2 stop bits’
Full keycode reassignment ’ - 300 baud transnussion ate
- Natonal versions . _ P Mometim fnemees
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ASCII CODE TABLE

' SWITCH CONTROL . SWITCH CONTROL
KEY ADDRESS |UNSHIFT SHIFT | CONTROL AND KEY ADDRESS | UNSHIFT SHIFT | CONTROL AND
(HEX) © SHIFT 2 (HEX) SHIFT
l 1 4C 80 80 80 80 43 1B 73 53 13 13
2 4D 81 81 81 81 44 1A 64 44 04 04
3 4E 18 1B 1B 18 45 19| 66 46 06 06
4 4F 31 21 31 21 46 18 67 47 07 07
5 4B 32 40 32 00 47 10 68 48 08 08
6 4A 33 23 33 23 48 11 6A 4A 0A 0A
7 49 34 24 34 24 49 12 68 4B 08 08
I 8 48 35 25 35 25 50 17 6C 4C oC e
» 9 40 36 5€E 36 1E 51 16 3B 3A 38 3A
) 10 41 37 26 37 26 52 15 27 22 27 22
11 42 38 2A 38 2A 53 14 60 7€ 60 7€
l 12 47 39 28 39 28 54 51 12 34 12 34
13 46 30 29 30 29 55 50 35 35 35 35
14 45 2D 5F 1F 1F 56 58 13 36 13 36
15 44 3D 28 30 28 57 2C 86 86 86 86
. 16 43 08 08 08 08 58 20 87 87 87 87
17 53 NUM LOCK 59 2E SHIFT
18 54 88 88 88 88 60 oF 5C 7C 1c 1C
19 0C 82 82 82 82 61 28 7A 5A 1A 1A
l 20 0D 83 83 83 83 62 2A 78 58 18 18
. 21 0E 09 89 09 89 63 29 63 43 03 03
22 OF 71 51 1 11 64 28 76 56 16 16
23 08 77 57 17 17 65 20 62 42 02 02
l 24 0A 65 45 05 05 66 21 6E 4E OE 0E
" 25 09 .| 72 52 12 12 67 22 6D 4D 00 0D
26 08 74 54 14 14 68 27 2C 3C 2C 3C
27 00 79 59 19 19 69 26 2€ 3€E 2€ 3E
28 01 75 55 15 15 70 25 oF 3F 2F 3F
29 02 69 49 09 09 71 24 SHIFT
30 07 6F 4F OF OF 72 23 2A AA 2A AA
31 06 70 50 10 10 73 59 81 31 81 31
32 05 58 78 18 18 74 SA 14 32 14 32
a3 04 5D 70 10 10 75 58 B3. | 33 83 33
34 13 0D 00 0D 00 76 50 28 28 28 28
l 35 56 B7 37 87 37 77 3C 88 88 88 88
B 36 57 1 38 1 38 78 30 8A g8a | s8A 8A
37 52 B9 39 B89 39 79 3€ ALT
38 55 20 2D 20 20 80 3F 20 20 | 20 20
l ~ 39 1C 84 84 84 84 81 34 CAPS LOCK
B 0 1D 85 85 85 85 82 33 B0 30 B8O 30
a1 113 CTRt 83 oF 7t 2€ 7F 2t
l ' 42 1t 61 41 01 o1
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