16th January 1992

Support Group Application Note ‘

e Acorn®

Author:
1MHz Bus
Application Note
Applicable Related
Hardware : Application
BBC B Notes:
BBC B+

BBC Master 128

Copyright © Acorn Computers Limited 1992

Every effort hasbeenmadeto ensurethatthe informationin this leafletis true andcorrectat

thetime of printing. However,the productsdescribedn this leafletaresubjectto continuous Support Group
developmenandimprovementsand Acorn Computerd.imited reserveshe right to change o
its specificationsat any time. Acorn Computerd.imited cannotacceptliability for any loss Acorn CompUters Limited
or damagearising from the use of any information or particularsin this leaflet. ACORN, Acorn House
ECONET and ARCHIMEDES are trademarks of Acorn Computers Limited. ..

Vision Park

Histon

Cambridge CB4 4AE



Support Group Application Note No. 003sue 1 19th June 1992

CONTENTS
SECTION TITLE
1 Introduction
2 Signal Definitions
3 Hardware Requirements for 1LMHz Bus Expansion
4 Requirements for Acorn Approval
5 Derivation of Valid Page Select Signals
6 Address Space Allocation
DRAWINGS
1 MHz Bus Timing Diagram Figure 1

Derivation of Valid Page Select Siganl Figure 2

Derivation of Clean Select Signals Figure 3

Board Dimensions to fit BBC
Microcomputer Expansion Box Figure 4

Circuit Diagram for BBC Machine

Expansion Box Backplane

Drg No 107,000

Support Group Application Note No. 003sue 1 2



Support Group Application Note No. 003sue 1 19th June 1992

1 INTRODUCTION

The BBC Microcomputerhasbeendesignedo allow expansionin a numberof ways. In additionto the
specialisedDisc and Printer plugs, there are three "general”expansionfacilities. For thesefaclilities, the
Model B hasIDC headersnountedat the front edgeof the mainboard,accessedrom the undersideof the
case.

The Tubeinterfaceandthe userport will be discussedn otherapplicationnotes. This notedescribesdhe
signalavailableon the 1MegahertBus,the circuitry requiredto utilise them,andtheway in whichtheyare
connectedo the Acorn ExpansionBox. The expansionrmemorymapis alsodefined. Wheninterfacing
designsto the 1MHz Bus, it is vital to ensurecompatabilitywith Acorn standardsfo preventproblems
when using several peices of equipment on the bus simultaneously.

Remember that the standards cover both hardware and software protocols.

It is as important for the software to follow these guidelinesas it is for the hardware, otherwise
simultaneous operations of several peripherals may not be possible.

The standards describeallow up to 64K of pagesaddressspaceto be accesseds well as 255 bytesof
direct access ports.

2 SIGNAL DEFINITIONS
The following lines are available on the 1MHz Expansion Connector:

AO - A7 (pins 27-34) The low eight address lines from the 6502, buffered by a
74L.S244 (IC 71) permanently enabled.

DO - D7 (pins 18-25) A bi-directional data bus connected to the CPU through IC 72,
a 74LS245 buffer. The direction of data is determined by the
system Read-not-write (R/W) line. The buffer is only enabled
if NPGFC or NPGFD is low (see below).

Analogue In (pin 16) An input to the BBC Microcomputer audio circuitry. Input
impedance is 9K ohms. A siganl of +/-3 volts RMS will
produce a saturated siganl at the loudspeaker (full volume),
though signals this large will cause distortion if the on-board
sound or speech is used at the same time.

NRST (pin 14) Not Reset. This is an OUTPUT ONLY for the system reset
line (active low). It may be used to initialise peripherals on
power-up and when the "BREAK" key is pressed.

NPGFC & NPGFD (pins 10 & 12) "Not page FC" and "Not page FD". Page select signals
decoded from the top eight address bits of the system data bus.
These signals are active low. Pages FC and FD (ie FCOO to
FCFF and FDOO to FDFF hex) are the only pages available
for general expansion. However, the paging register
described in Section 5 allows a much larger address space to
be accessed.
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NIRQ (pin 8)

NNMI (pin 6)

IMHZE (pin 4)

R/W (pin 2)

oV (pins 1,3,5,7,9,11,13,15,17,26)

Not Interrupt Request (active low). The system IRQ line which
is open collector (ie "wired-or") and may be asserted by devices
attached to the extension bus. The pull-up resistor on this line
is 3K3.

IRQ is level triggered and it is absolutely essential for correct
operation of the machine that interrupts do not occur until the
software is capable of dealing with them. Interrupts on the
1MHz bux should therefore be disabled on power-up and reset
conditions.

Significant use of interrupt service time may affect other
machine functions. In particular, masking interrupts for more
than 10mS will affect the real time clock.

Not Non-Maskable Interrupt (active low). The system NMI

line which is open collector (ie wired-or) and may be

asserted by devices attached to the extension bus. The pull-up
resistor on this line is also 3K3.

It should be remembered that NMI is nagative edge triggered
and that both the disc and net chips on the main board use this
line. Caution must be exercised to avoid masking other
interrupts by holding the line low.

Use of NMI facilities on the BBC machine requires an
advanced knowledge of 6502 programming techniques and the
Operating System protocols.

A system clock timing signal which is a 1MHz 50% duty-cycle
square wave. During access to 1MHz peripherals and to the
extension bux the processor clock (normally 2MHz) is streched
so that the trailing edges of 1MHzE and processor clock are
coincident.

The system Read Not Write signal which is derived from the
CPU R/W siganl through two 74LS04 inverters.

System 0V, ie GND wires, dispersed so as to interleave with]
asynchronous groups of signals in a flat ribbon cable.

3 HARDWARE REQUIREMENTS FOR IMHZ EXPANSION BUS PERIPHERALS

1 No powermay be drawnfrom the BBC Microcomputer. Easchperipheralshouldhaveits own integral
power supply, although a separate power unit may be used.

2 Not more than one low-power Schottky TTL load may be presented to any bus line by each peripheral.

3 A 1MHz busfeed-througttonnectoishouldbe provided. Connectiorto the BBC Microcomputershould
be via 600mm of34-wayribbon cableterminatedwith a 34-wayIDC socket,andfitted with strainrelief.
Pleasenote that copying the Teletext Adapter'slayout is not possible,becausehis has beengiven the
special status of the last box in the chain.
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4 Opetionalbus terminationshould be providedon all buslines exceptNRST, NNMI and NIRQ. the
recommended termination is a 2K2 resistor to +5V and a 2K2 resistor to ground for each line.

5 The timing requirements for the 1MHz bus are detailed in Figure 1.

4 FURTHER REQUIREMENTS FOR EQUIPMENT TO BE APPROVED BY ACORN
COMPUTERS

1 Addressspacewithin page&FC must be allocatedby the Researchand DevelopmentDepartmentof
Acorn Computers Ltd - see Section 6.

2 Thedimensionsof any peripheralandits associatedntegral power suppliesshouldallow it to be fitted
into the BBC Microcomputer Expansion Box - see Figure 4.

3 When housedin the ExpansionBox, the equipmentshould meet BS415 Class 1 specificationsfor
Electrical safety.

Furtherdetails of the requirementsand proceduredor gaining approvalshould be obtainedfrom Acorn.
The information included here is for guidanceonly and is not intendedto be a full specificationfor
approval.

5 DERIVATION OF VALID PAGE SIGNALS

1MHz peripheralsare clockedby a 1MHz 50% duty cycle squarewave (chosento allow chipssuchasthe
6522t0 usetheir timing elementgeliably). The BBC Microcomputer'spunormally operatesvith a2MHz
clock, but with a slow-downcircuit which hasthe effect of stretchingthe "clock high" periodimmediately
following the detection of a valid 1IMHz peripheral address.

There are two problemsas a result of this. First, addressesvill changeand may momentarilybecome
1MHz addressewhile the 2MHz cpuclockis low, butwhile the LMHzE signalis high. this couldgiverise

to a spuriouspulseon the chip select. Secondjf the cpudeliveratelyaddressea 1MHz peripheralduring

the time that 1IMHZE is high, the devicewill be addressedmmediately,andthenagainwhen1MHZzE is

nexthigh: thisis becausehe cpuclock will be held"high" by the stretchingciruit until the nextcoincident
falling edgeof the 1IMHz and 2MHz clocks. SeeFigure2: thetwo accesseare markedC andD. this

doubleaccesss not usually a problemexceptwhenreadingfrom or writing to a locationtwice hassome
additional effect: an example of this is an interrupt flag which is cleared by reading it.

Theseeffectsmeanthatthe 1MHzE bux cannotbe useda aconventional'addressvalid” signal. However,
addressewill alwaysbe valid ontherising edgteof IMHzE. If the chip selectlinesarelatchedby 1MHzE
as shown in Figure 2, the clean signal CNGFC (or CNPGFD) will be generated.
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6 ADDRESS SPACE ALLOCATION

PAGE FC

PageFC is reservedor peripheralsvith smallmemoryrequirements.Only oneperipheralwill beallocated
to eachgroup of addresses.Furtherallocationsmust be agreedwith the R & D Departmentof Acorn
Computers Ltd.

Initial allocations are:

FCO0 to FCOF
FC10to FC13
FC14 to FC1F
FC20 to FC27
FC28 to FC2F
FC30 to FC3F
FC40 to FC47
FC48 to FC7F
FC80 to FC8F
FC90 to FCBF
FCCO to FCFE

Test Hardware

Teletext

Prestel

IEEE 488 Interface

Acorn Expansion: Spare
Cambridge Ring Interface
Winchester Disc Interface
Acorn Expansion: Spare
Test Hardware

Acorn Expansion: Spare
User Applications

FCFF Paging Register
PAGE FD

PageFD is usedin conjunctionwith the pagingregisgerto providea 64K addresspaceaccessednepage
atatime. EachBBC ExpansiorBox will havea pagingregisteron the backplanethusdata will belatched
simultaneouslyon every ExpansionBox. Datalatchedinto the pagingregisterwill providethe top eight
addressbits to the eurocardbackplane. Thesetop addressbits are referredto as the 'ExtendedPage
Number'. Any peripheraldesignedo locatein pageRD without usingan expansiorbackplanemustlatch
and decode the paging address inforation.

To makethis facility aseasyto useaspossible NPGFD (a hazardfree versionof the signalavailablefrom
PL 12) will be connectedo the backplanepin 24b, 'Not Valid memoryAddress'andalso OR-edwith the
top four extendedpageaddresdines asa link selectableoptionto pin 31a'BLKO'. (The otheroptionon
this pin will be NPGFC).

Extendedpages&00 to &7F arereservedor Acorn use,pages&80 to &FF may be freely usedby special
applicatons. The paging register will be reset to &00 on power-up and BREAK.

Since the paging registeris a write-only latch, location &00EE in the zero pageof the BBC machine
addressmapasbeenallocatedasa RAM imageof theregister. Notethat thislocationwill remainin the I/
O processor's memory map if a second processor is fitted.

The importanceof this imageis thatit allows interruptroutinesto changethe pagingregisterandrestoreit
again afterwards.

It is vital to changelocation &00Ee BEFORE changingthe pagingregisteritself. It you do not, thenan
interruptmay occur beforeyou changethe RAM imageandthis will restorethe pagingregisterto the old
value of &EE.
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A suitable sequence is:

LDA # new value
STA &EE
STA &FCFF MACHINE CODE

?&EE = new value
?&FCFF = new value BASIC

Userroutinesshouldsavethe contentsof &EE beforfe changingthe pagingregisterandrestoreboth &Ee
and &FCFF to this value before returning from the interrupt.

A suitable sequence is:
[save processor registers etc.]
LDA &EE
STA tempstore
LDA # new value
STA &EE
STA &FCFF

[users code here]

STA &EE
STA &FCFF

[restore other data and return]

Support Group Application Note No. 003sue 1 7



Support Group Application Note No. 003sue 1

19th June 1992

1 MHzE

¢— —|

ADDRESSLINES
AND READ/WRITE

tas —>‘
|
|
|
|

tes =,

NPGFC, NPGFD ‘

t— —

tdow  ——

DATA (WRITE CYCLE)

FIGURE 1

Timing requirements
Parameter

Address Set-up Time

(&R/W Set-up Time)

Address Hold Time

(&R/W Hold Time)

NPGFC & NPGFD Set-up Time
NPGFC & NPGFD Hold Time
Write Data Set-up Time

Write Data Hold Time

Read Data Set-up Time

Read Data Hold Time

: IMHzBUSTIMING DIAGRAM
Symbol Min Max
tas 300 1000
tah 30 -
tcs 250 1000
tch 30 -

t dsw - 150
t dhw 50 -
t dsr 200 -
t dhr 30 -

Note: The abovetimings arebasedon only one peripheralattachedo the ExpansionBus. Heavyloading

may slow the rise and fall times of 1MHzE with possible adverse effects on timings.
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FIGURE 2 : DERIVATION OF VALID PAGE SELECT SIGNAL

As the addresdines settle, anomentarypulsecould occuron the NPGFC(or NPGFD)line. The pulsesat
B are ignored because 1MHZE is low, but those at A could cause a spurious access.

When a valid 1MHz deviceaddressappearsNPGFC (or NPGFD) goeslow: this can happenas shown
whilst 1LMHzE goeshigh, accessinghe device. whena 1MHz addresss detectedthe clock stretching
circuit waits if necessaryor the next rising edgeof the 2MHz clock (point E), andholds the cpu clock
(point F). Hencethe deviceis accesse@gainat point D, when 1IMHZzE is next high. The gatedsignal
CNPGFC (or CNPGFD) removes the glitches A and the first of the two accesses at C.
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IMHzE

NPGEC CNPGFC
(or NPGFD)

FIGURE 3 : DERIVATION OF CLEAN SELECT SIGNALS

R-S flip-flop with gatedinput which allows 'clean select'to be set low only if 1MHzE is low. An
alternative circuit using transparenftflip-flops is shown on the circuit diagramfor the Expansionbox
backplane (Drawing 107,000).
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NOTE: All dimensions in millimetres
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E A 34-way transition connector
B Flat cale clamp (may be part of A)
C 34-way d.i.l. header
T D 34-way socket with strain relief
‘ H ‘ E 34-way ribbon cable (600mm)
\ F 9-off fixing holes 4.0mm dia.

FIGURE 4 : BOARD DIMENSIONSTO FIT BBC MICROCOMPUTER EXPANSION BOX
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