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1.0 Purpose of this application note

1 To describe the signals available on the expansion port at the rear of the Electron microcomputer.
2 To define the specification which all expansion modules for the Electron microcomputer must meet.
3 To describe Acorn Computers' philosophy for expansion of the Electron microcomputer.

Note that both hardwareandsoftwaremustconformto the standardsetout in this note. Failureto do this
will resultin poor reliability, and incompatibility with other expansionmodulesand the Electronitself.

Failure to comply with the power supply requirementsmay causethe thermalfuse in the mains power
adaptor to blow irretrievably.

1.1 Acorn Expansion Module Philosophy

TheElectronis designedo takeoneor two expansiorunits fixedrigidly to the mainunit andto oneanother
by screwswhich locateinto recessedrassbosses. More expansionunits can be addedvith consequent
loss of rigidity.

Electrical connectionis to the PCB edge connectorat the back of the Electron. Dimensionsand
specifications for the expansion connector are given in section 2 and the Appendix.
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2.0 Electron Expansion Connector

Pinout

To gain accesdo the Electronexpansionconnector the plastic cover which protectsit mustbe removed.
Any instructionssuppliedwith an expansionmodule must direct the userto removethis cover before
attemptingto connectthe module to the Electron, and to replacethe cover wheneverthe module is
disconnected.

The Electron expansion connector is laid out as shown in Figure 1.

Bottom Top
18V AC 2|1 18vAC
ACRETURN 4 | 3 ACRETURN
-5V 6 | 5 -5v

ov sl 7 ov

+5V 10 9 +5v
16MHz 12| 11 SOUND o/P
PHI OUT 14§ 13 +13IN
NMI 16 | 15 RST
RIW 18 17 IRQ

D6 200 19 D7

D4 220 21 D5

D2 24 23 D3

DO 26 25 D1

NC 28 | 27 RDY
SLOT 30 29 sLoT
Al4 32 31 A5
Al12 34 33 A13
A10 36 35 ALl

A0 38 37 A9

A2 400 39 A1

A4 2 41 A3

A6 a4 43 A5

A8 a6 | 45 A7

ov a8 | 47 ov

+5V 50 1 49  +5v

Figure 1 : Layout of Electron Expansion Connector

2.1 Signal Definitions
The function of each terminal on the Electron expansion connector is described below.

18V AC (pins 1,2) These lines are connected directly to the output from the Electron mains powel

AC RETURNS (pins 3,4) adaptor. A total of 6W may be drawn from these lines as long as no power is
taken from +5V (pins 9,10,49,50). For safety reasons these lines must never
be used as an AC input to the Electron, see Section 3.
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-5V (pins 5,6)

0V (pins 7,8,47,48)

+5V (pins 9,10,49,50)

SOUND O/P (pin 11)

16 MHz (pin 12)

/13 IN (pin 13)

PHI OUT (pin 14)

RST (pin 15)

NMI (pin 16)

IRQ (pin 17)

R/W (pin 18)
D7-DO (pins 19-26)

RDY (pin 27)

A -5V supply from the Electron. Up to 20mA (total) may safely be drawn
from this line by expansion modules.

Ground. Expansion modules with their own power supply must have the 0\
lines commoned with the Electron.

A +5V supply from the Electron. Up to 500mA (total) may safely be drawn
from this line by expansion modules as long as no power is taken from 18V
AC (pins 1,2,3,4).

Sound output. A 3V peak to peak source via a 1K series resistor from the
Electron ULA.

16 Megahertz from the Electron main oscillator. This output may be used
for clock generation within an expansion module.

16 Megahertz divided by 13. This output may be used for baud rate
generation. If divided by 1024 it will give approximately 1200Hz.

The 6502 input clock. The low time is nominally 250ns. The high time may
be 250ns (2MHz operation when reading ROMs) or 750ns or 1250ns

(stretched clock for a 1IMHz access, the length depending on the phase of t
2MHz clock) or up to 40us (if in modes 0-3). For further details see Section

Reset (active low). This is an OUTPUT ONLY for the system reset line. It
may be used to initialise expansion modules on power up and when the
BREAK key is pressed.

Non-Maskable Interrupt (negative edge triggered). This is the system NMI
line which is open collector (wire-OR) and may be asserted by an expansio
module. The pull-up resistor on this line inside the ULA is 3k3. Care must
be taken to avoid masking other interrupts by holding the line low. Using
NMI on the Electron requires knowledge of operating system protocols.

Interrupt Request (active low). This is the system IRQ line which is open
collector (wire-OR) and may be asserted by an expansion module. The pul
up resistor on this line inside the ULA is 3k3. It is essential for the correct
operation of the machine that interrupts to not occur until the software is
capable of dealing with them. Interrupts on the Electron expansion bus shc
therefore be disabled on power-up and reset. Significant use of interrupt
service time may affect other machine functions, eg the real time clock. Fo
further details see Section 4.

The system read/write line from the 6502.
Bi-directional data bus. The direction of data is determined by R/W.
6502 ready line (active low). May be asserted by an expansion module to

stop the processor when reading slow memory. This line works on read on
(RIW=1).
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(pin 28) No connection
(pins 29,30) Polarising key connector.
AO0-A15 (pins 31-46) 6502 address bus.

3.0 Power Supply
Electron power supply:

Note carefully: instructionssuppliedwith any expansionunit must statethat all power suppliedto the
Electron and the expansionunit must be turned off before the expansionmodule is connectedto or
disconnected from the Electron.

The Electronpower supply may be usedto powerexpansiommodulesto a total of 500mA drawnfrom the
+5V terminal on the expansionconnector,and 20mA from the -5V terminal. THESE ARE TOTAL
FIGURES FOR ALL EXPANSION UNITS COMBINED.

The 18V AC terminalson the expansiorconnectormay be usedto drive a low voltagepowersupplyin the
expansiommodule,but the total power drawrfrom the Electronmains poweadaptormustneverexceedl4
watts (worstcase). If no poweris beingdrawnby the expansiorunit from the Electron's+5V supplythen
6W may safelybedrawnfrom the 18VAC lineson the expansiorconnector.The thermafusein themains
power adaptor is blown irretrievably if these values are exceeded.

Expansion power supply:

To accommodatexpansiommodulesand combinationsof moduleswhich requiremore current,a separate
powersupplymustbe used.Whenthis is done,the OV rail of the expansiormodulemustbe connectedo
the OV terminalof the Electronexpansiorconnector. The +5V rail andthe -5V rail (if implemented)nust
remain isolated from the Electron.

On no accountshouldan expansionmodule power supply be designatedo drive the Electron's18V AC

lines. This could createa conflict with the Electron'sown AC supply,andwould be extremelydangerousf

the Electron's mains power transformer were plugged into the Electron when disconnected from the main
4.0 Timing

Processor Clock:

The Electron clock changes speed depending on what is being accessed at the time.

During accesseto the ROM the processorunsat 2MHz; PHI OUT is low for 250nsfollowed by high for
250ns (nominal).

During accesgo 1/0 andto RAM in modes4-6 the processorunsat 1 MHz. Thetransitionfrom 2Mhz to
1MHz is accomplishedy having PHI OUT low time of 250nsfollowed by a high time of either 750 or
1250nsdependingon the phaseof the 2MHz signal,seeFigure2. Thereasonfor thisis thatthe processor
will re-synchroniseo the 1Mhz clock, makinginterfacingto peripheralssuchasthe 6522 possible. The
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1MHz clock is not available outside the ULA; it must be generated externally.
\ \ \
\ \ \

\ \

\ \

\

| 2MHz
\

\ \ \ \ \

\ \ \ \ \

| | 750ns | |

\

| 1MHz
\

\ \ \ \ \

\ \ \ \ \

| | 1250ns | | |

\ \

| | 1MHz
\ \

\ \ \

Figure 2 : Transition from 2MHz to 1MHz

In modes0-3 the processois deniedaccesgo the RAM during the displayedportion of the screen(40us
out of 64usin 256 lines out of 312). If the processorequiresaccesso the RAM during this time it is
forcedto wait until the end of the 40usline displayperiod. ROM accesguring this time is allowed. The
effect of all this is that the processor clock may be stretched in the high state for a period of up to 40us.

4.1 Regeneration of PHI

Thetiming of signalsuppliedto the Electronexpansiorare 16 MHz, PHI OUT (the processoinput clock),
and16M/13 (for baudrategeneration). Signalssuchas 1MHz and2MHz areusedinsidethe ULA butdo
not existoutside. Since,for example the 6522needsa 1MHz clock in phasewith the processoclock, this
must be generated externally, see Figure 3.
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Figure 3 : 1MHz Regeneration Circuit
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4.2 Interrupt Latency

The longest period for which interrupts (IRQs) are disabled determinesthe frequencyat which new
interruptscanbe serviced. Whenthe Electronis in modes0-3 this period (knownasinterruptlatency)can
be as long as 10ms worst case. This can cause problems for RS423, A/D conversion, etc.

In modes4-6 the interruptlatencyis 4msworst case so actionswhich requirefastaccessr high datarate
must force the Electron into one of these modes.

Use of an ACIA or UART with FIFO capability and/or a handshake will increase data throughput.

5.0 Sideways ROMs
Decoding:

Decoding of sidewaysROMSs is carried out at location &FEO05. Any expansionmodule which uses
sidewaysROMs mustinclude circuitry to interceptthe write to &FEQ05 and act appropriately. The ULA
handlesthe keyboard(ROM numbers8 and9) andBASIC (ROM numbersl0 and11). Thesefour ROM
numbersare decodednside the Electronitself and are not availablefor useby an expansiormodule. All
other ROM calls must be decoded by the expansion module at address &FEOQ5.

Twelve sidewaysROMs canbe accommodatedn the Electronexpansionandfour (ROM numbersl2 to
15) are accessible by a single write to &FEO05.

D7 D6 D5 D4 D3 D2 D1 DO
Write at &FEQ05 0 0 0 0 1 1 R1 RO

Where R1 RO selects which of the four ROMs is required. These four ROMs are numbered 12 to 15.
Selection of a ROM number 12 to 13 will take the following form:

LDA# ROMnumber

STA &F4

STA  &Fe05
The write to &F4 mustbe carriedout beforethe write to &FEOQ5 in casean interruptoccurs. The write to
&FEO5 tellsthe ULA thata sidewaysROM is to be accessedndit passegontrolto the operatingsystem.

Hardware in the expansion module must decode the write to &FEO05 and select one of the four ROMs.

Now that BASIC hasbeende-selecteda further write to &FEO05 canbe decodedoy the expansiormodule
to select ROMs numbered from O to 7.

D7 D6 D5 D4 D3 D2 D1 DO
Write at &FEQ05 0 0 0 0 0 R2 RI1 RO

where R2 R1 RO select which of the eight ROMs is required. These eight ROMs are numbered 0 to 7

Onceagain,the write to &FEO05 mustbe decodedby hardwarein the expansiormodulewhich selectsone
of the eight ROMs.
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Selection of a ROM number O to 7 will take the following form:

LDA# &O0C \to
STA &F4  \deselect
STA &FEO5 \BASIC
LDA# ROMnumber
STA &F4

STA &FEO05

On power-up sidewaysROMsarepolledin theorder15 throughto O to find thefirst whichis configuredas
alanguageROM. Executionwill thencommencen thisROM. As BASIC is ROM numberl0/11,a ROM
in an expansion module which is required to power-up before BASIC must be numbered 12 to 15.

ROM number allocation:

ROM selectedoy onewrite to addresFEO5 arenumberedl2 to 15, specifiedby 1100, 1101, 111Q,111
in D3 D2 D1 DOrespectively. TheseROMs areallocatedto high priority NMI devices,or languagewnhich
is to boot up before BASIC (eg a games cartridge).

ROMs selectedy two writesto addres&FEO05 arenumbered to 7, specifiedby 0000, 0001, 001@100,
0101, 0110, 0111 in D3 D2 D1 DO respectively. These ROMs are low priority.

Acorn Plus 1 priority is forced as follows, highest priority first:
15t0 12
7t0 O
BASIC

This meanghatif sidewaysROMs areusedwith the Plus1 fitted thena languagen 0 to 7 will power-up
ahead of BASIC.

ROM number allocation is as follows:

0,1 Second external socket on expansion module (SK2)
2,3 First external socket on expansion module (SK1)
4-6 User applications

7 Modem

8,9 Keyboard

10,11 BASIC

12 Expansion module operating system

13 High priority slot in expansion module

14 ECONET

15 Disc
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6.0 Mechanical Constraints

Expansionmodules must be designedto mate mechanicallywith the rear of the Electron (relevant
dimensionsare given in the Appendix). Note that the caseof any expansionmodule should have a
protrudingtonguewhich locateswith the clearanceshown,into the cutoutat the rearof the Electron. This

ensureghat the connectorcannotbe insertedcrookedly. A simple connectorwithout caselocationis not
sufficient: if the connectis insertedcrookedlywhile the poweris on (in sucha way asto shortadjacent
tracks),damagecan be doneto the Electron. For secureattachmentmodulesshould be suppliedwith

captive screws which locate into recessed brass bosses at the rear of the Electron.

7.0 Compatibility with Acorn Expansion Modules

I/O space

Page&FC in memoryis reservedfor peripheralswith small memoryrequirements.Only one peripheral
will beallocatedto eachgroupof addressesUseof any memoryareasot designatedor userapplications

may lead to conflict with expansion modules produced by Acorn.

Initial allocations of space are as follows:

FCO0 to FCOF
FC10 to FC13
FC14 to FC1F
FC20 to FC27
FC28 to FC2F
FC30 to FC3F
FC40 to FC37
FC48 to FC5F
FC60 to FC6F
FC70

FC71

FC72

FC73

FC74 to FCT7F
FC80 to FC8F
FC90 to FCOF
FCAO to FCAF
FCBO to FCBF
FCDO to FCDF
FCEO to FCEF
FCFO to FCFE
FCFF

Test hardware
TELETEXT
PRESTEL
IEEE 488 Interface
ECONET
CAMBRIDGE RING interface
WINCHESTER disc interface
Reserved for ACORN expansions
ACIA
A to D conversion
CENTRONICS
Status register - BSY ADC FB2 FB1 x x X x
FB1 - fire button 1
FB2 - fire button 2
ADC - end of A to D conversion
BSY - printer busy
X - undefined
Sideways scrolled ROM control register
Reserved for ACORN expansions
Test hardware
Sound/speech
Reserved for ACORN expansions
VIA/real-time clock
Floppy disc controller
THE TUBE
User applications
Paging register for JIM

Support Group Application Note No. 01ISsue 2 10



Support Group Application Note No. 01Ssue 2 7th July 1992

ROM numbers:

Use of sidewaysROM numbersotherthanthosedesignatedor userapplicationsmay causeconflict with
expansiommodulesproducedby Acorn. Connectionof two expansiormoduleswhich usethe sameROM
number will cause the system to crash and may result in damage to the expansion units or to the Electror

7.1 BS 415

Any expansion module must meet BS 415 Class 1 specification for electrical safety.

7,2 Electron expansion middle module data buffer control

As two expansiormodulescan be usedon the Electronsimultaneouslyandin any order,theremay be a
conflict on the databusduringreadcyclesif buffersin arearexpansiorunit areenabledvhena peripheral
devicein a middle expansiorunit is beingaccessed.Also, databuffersin expansiorunits mustneverbe
enabled when the Electron's own internal ROMs (8 to 11) are being accessed.

To preventthesecollisions,a buffer enableline hasbeenallocatedthroughwhich anexpansiormodulewill
enablethe databuffers of the expansionmodule behindit whenrequired. As Acorn haveallocatedthe
sparepin on the expansionconnector(pin 28) to SOUND IN, pin 27 (the RDY line on the expansion
connector) has been chosen to fulfil this buffer enable function in middle expansion modules.

Furtherdetails of the requirementsand proceduredor gaining approvalshould be obtainedfrom Acorn
Computers Limited.
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APPENDIX
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Figure 5 : Case dimensions around Electron expansion connector
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Figure 6 : Fixing hole gauge M6
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