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A BBC EPROM Programmer

Angus Duggan
1st April 2001

1 Introduction

This document describes an EPROM programmer | designed and built circa 1985, for
use with a BBC microcomputer.

2 Usingthe programmer

The EPROM programmer should be plugged into the BBC computer’s user port. The
switch should always be set to the read position before starting the software. The
software should be run from disc; this will show a menu allowing ROM images to
be loaded, saved, programmed, and verified, and operating system commands to be
issued.

3 Hardware

| “designed” the EPROM programmer by adapting an existing design, published in
the Beebug magazine. My alterations were to add a second address latch and a state
machine to select the read/write functions and latches. This allowed the programmer to
be driven with just the user port, instead of using the printer port as well (as the Beebug
design had done). My knowledge of hardware was just adequate for the task; the board
works fine, but more experienced hardware designers will probably find flaws in the
design.

The circuit diagram is shown in figure 1. Note that the 27128 EPROM is shown
with the pins mirrored left for right, because the socket was mounted on the reverse
(track) side of the board | built the programmer on. Also, for cleanliness in the layout,

I have shown the +5v and Ov pins at the wrong ends of the edge connector; be careful
when laying out a board not to copy this order onto the board.

The circuitry at the bottom selects the programming functions. The CB2 line from
the user VIA (6522 interface adapter) is used to control the programmer, with the CB1
line providing feedback. The low and high address latches are loaded first, and then the
output enable or program enable are driven low to read or write the EPROM. Table 2
shows the state machine implemented by this hardware. The outputs from the circuit
are CB1 (used for feedback to the BBC so it can detect which state the programmer is
in), Enable (set low to make the EPROM read or write data from or to the data bus),
CK | (used to set the low order address latch) and,Ctdsed to set the high order
address latch). The CB2 line controls the state machine; it drives the clock line of
the 74LS74 flip-flop, triggering a new state when it is set low and then high again.
The 74LS374 latches are also edge-triggered, so the latches will only capture data
from the data bus when transitioning from low to high. There are only three states in
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BBC EPROM Programmer circuitry, Angus Duggan, 1985

Note: 27128 is shown with pins mirrored left-right, because socket is mounted on reverse (track) side of board.
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Figure 1: Circuit diagram of EPROM programmer

the cycle; the remaining possible state (whepa@d Q are both 1) will transition to
the R/W state, and then the state cycle will repeat. When the software initialises the
programmer, it repeatedly clocks the state until the CB1 line changes.

| implemented the design using vero-board, managing tofititinto a 37 by 36 section
of 0.1 inch pitch board. Photos may be found on my web site at
http://knackered. or g/ “angus/ beeb/ .

4 Software

The software to drive the EPROM programmer is a 6502 assembly program. It per-
forms the functions of loading ROM images, saving ROM images, reading, writing,
and verifying EPROMSs. The 6502 assembler source is shown below, in the format for
my own assembler. Some assembler directives (EQB, EQA, EQD) may be unfamiliar.
Their meanings are:
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State Q, Q,|CB2|CBl1 Enable CK, CK, | Nextstate
LatchLO| O O 1 0 1 0 0

0 O 0 0 1 1 0 | LatchHI
LatchHI | O 1 1 1 1 0 0

0O 1] 0 1 1 0 1 | RIW
R/W 1 0 1 1 1 0 0

1 0] O 1 0 0 0 | LatchLO

Figure 2: State machine implemented by 74LS00, 74LS08 and 74LS74

EQA Inserts an ASCII string at the current program counter position, with no termi-
nation nor preceding length byte.

EQB Insert a byte at the current program counter position. A list of bytes may be
specified, and constant arithmetic expressions may be used.

EQW Insert a two-byte word at the current program counter position, low byte first. A
list of words may be specified, and constant arithmetic expressions may be used.

EQD Insert a four-byte double word at the current program counter position, least
significant byte first. A list of double words may be specified, and constant
arithmetic expressions may be used.

ORG Sets the default origin (initial program counter) for the code. If an execution
address is not also specified, the execution address is set to the origin

<, > Use the low or high (second) byte of an expression evaluating to an address.

N L H PO conmy=16 \ filey+2 = command wi ndow position
brknsg=&FD conmx=0 \ conmand wi ndow i ndent
escape=&FF \ escape flag wi dt h=40 \ conmand wi ndow wi dt h
brkvec=6202 \ BRK vector
irqvec=8206 \ interrupt vector 2 org &3000
or b=&FE60 \ User VIA registers
irb=&FE60 >EPROG \" eprom progr anmer
ddr b=&FE62 jsr PRINT
t 2| =&FE68 eqw P2-P1
t 2h=8FE69 P1 egb 22, 7, 134, 157, 129, 141, 31, 10, 0
acr =&FE6B eqa "AJCD Eprom Progranmer"
per =&FE6C egb 31, 0, 1, 134, 157, 129, 141, 31, 10, 1
ifr=8FE6D ega "AJCD Eprom Progr anmer "
i er =8FEGE egb 31, nenux, nenuy
osfil e=&FFDD \ 0S addresses ega "1 - Load buffer fromfile"
osnew =&FFE7 egb 13, 129, 32, 134, 31, nmenux, menuy+l
osr dch=&FFE0 eqa "2 - Save buffer to file"
oswr ch=8FFEE egb 13, 129, 32, 134, 31, menux, menuy+2
oswor d=&FFF1 eqga "3 - Copy EPROMto buffer”
osbyt e=&FFF4 egb 13, 129, 32, 134, 31, nenux, menuy+3
oscl i =8FFF7 eqa "4 - Program EPROM from buffer"
egb 13, 129, 32, 134, 31, nenux, menuy+4
zpwor k=&70 \ work space for PRINT routine eqga "5 - Conpare EPROMwith buffer"
| engt h=&74 \ length of EPROM (high byte) egb 13, 129, 32, 134, 31, nenux, menuy+5
eaddr =&75 \ address in EPROM (high byte) eqga "6 - Check EPROMis blank”
baddr =&76 \ address in buffer (page address) egb 13, 129, 32, 134, 31, nenux, menuy+6
m ddl e=&78 \ address of loop routine ega "* - |ssue MOS conmand”
egb 13, 129, 32, 134, 31, nmenux-1, menuy+7
buf f er =&3C00 \ buffer for ROMS &3C00- &7C00 ega "ESC - Exit from progrant
egb 31, 3, filey, 131, 157, 132
del ay=50000 \ 50ms delay in 1M clock cycles ega "Fil ename"
egb 31, 35, filey, 156
menux=4 \ menu indentation P2 | da #234
nmenuy=5 \ menu position ldx #0
nmenu=7 \ nunber of menu options | dy #255
filey=14 \ nenuy+menu+2 = filenane w ndow position jsr osbyte
sel ecty=13 \ filey-1 = cursor select position cpx #0
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MAIN

\ Load file to buffe

beq NOTUBE
jsr PRINT
eqw P4-P3
egb 31, conmx,

comy

eqa "Please turn your TUBE off and re-run"

egb 13, 10
jmp ABORT

sei

Ida irqvec
sta OLDIRQ
I'da #<IRQ
sta irqvec
Ida irqvec+l
sta OLDIRQ+L
Ida #>1RQ
sta irquec+l
| da #880

sta ier

I da #0

sta acr

Ida per

ora #&F0

sta per

cli

I da brkvec
sta OLDBRK

| da #<BRKERR
sta brkvec

I da brkvec+l
sta OLDBRK+1
| da #>BRKERR
sta brkvec+l
tsx

stx STAK
jsr ESCAPE
jsr PRINT
eqw P8-P7
egb 26, 31, 1,
egb 32, 10, 8,
egb 32, 10, 8,
egb 31, menux,
I da #21

ldx #0

jsr osbyte
jsr osrdch
bce NOABORT
cnp #27

bne ABCRT

| da #126

jsr osbyte

I da OLDIRQHL
beq RL

sei

sta irqvec+l
I'da OLDIRQ
sta irqvec

| da QLDBRK
sta brkvec

| da QLDBRK
sta brkvec+l
cli

rts

I dx #nmenu
dex

bm MAIN

cmp CPTIONS, X
T

bne CHK(

I da #31
jsr oswch
lda #1

jsr oswch
txa

cle

adc #menuy
jsr oswch
I da #157
jsr oswch
dex

bpl SAVE

r
jsr FILEWND
I da #0

ldx #<FILINE
Idy #>FILINE
jsr osword
bes KILLOAD
j st COMMAND
jsr PRINT
eqw P12- P11

\ continue with setting up

\ enable CBL & t2 interrupts

\ disable input |atching etc

\ set CB2 to high output

\ ignore escape
\ restore cursor position

menuy
32, 10, 8, 32, 10, 8, 32, 10, 8
32, 10, 8, 32, 10, 8

sel ecty

flush keyboard buffer
mai n menu | oop

error condition?
escape?

\ indicate which option selected

\ filename wi ndow
\ filename input line

\ read a line frominput
\ input error
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P11

P12
Ll

KILLOAD

SAVE

P13

P14
sl

KI LSAVE

[ee

P15

P16

KI LOOPY

LOOPOOPY

PROGRAM

P25

P26

KI LPROG

LOOPPROG

WIT

egb 31, width/2-7, 0
eqa "Loading..."
ldx #15

| da LOADINFQ, X
sta BLOCK+2, X
dex

bpl LI

I dx #<BLOCK

I dy #>BLOCK

| da #&FF
jsroostile

jmp DONE2

jmp MIN

dex

bpl  CoPY

\ Save file to buffer

jsr FILEWNND

I da #0

ldx #<FILINE
Idy #>FILINE
jsr osword

bes KILSAVE
jsr COMMAND
jsr PRINT

eqw P14- P13
egb 31, width/2-7, 0
eqa "Saving..."
ldx #15

| da SAVEINFQ, X
sta BLOOK+2, X
dex

bpl S

I dx #<BLOCK

| dy #>BLOCK

I da #0

jsr osfile

imp DONE2

jmp MAIN

dex
bpl  PROGRAM

\ Copy Epromto buffer

jsr FILENND
jsr READY

bes KILOGPY

jsr PRINT

eqw P16- P15

egb 31, width/2-8, 4
eqa " Copyi ng"

| dx #<LOOPCOPY

| dy #>LOOPOOPY

jsr LooP

jnp DONE

jmp MIN

jsr READ

sta (baddr), Y

cle
rts

dex
bpl VERIFY

\ Program Eprom from buffer

jsr WRITEY
bes KILPROG

jsr PRINT

eqw P26- P25

egb 31, width/2-10,
ega "Programi ng"

I dx #<LOOPPROG

| dy #>LOOPPROG

jsr LOOP

jnp DONE

jmp MIN

| da #&FF
sta ddrb
sta TIMER
Ida (baddr), Y
sta orb

| da #8DF
and per

sta per

| da #<del ay
sta t2l

I da #>del ay
sta t2h

Ida TIMER
bne WAIT

| da #&F0

\ clear out block

\ filename wi ndow
\ filename input line

\ read a line frominput
\ input error

\ clear out block

\ Delete filename

\ Error

4

\ B2 =0

\ 50 ms del ay
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ora per
sta per
cle
rts

VERI FY dex
bpl CHECK
\ Verify epromagainst buffer
jsr READY
bes KILPROG
jsr PRINT
eqw P28- P27

P27 egb 31, width/2-9, 4

eqa “Verifying"

P28 I dx #<LOOPVFY
I dy #>LOOPVFY
jsr LOOP
jm DO

KI LVFY jmp MIN

LOCPVFY jsr READ
cnp (baddr), Y
cle
beq R4
sec

R4 rts

CHECK dex
bpl MOSCALL
\ Check blank eprom
jsr READY
bes KILPROG
jsr PRINT
eqw P30- P29

P29 egb 31, width/2-8, 4

ega " Checking"
P30 I dx #<LOOPCHK
| dy #>LOOPCHK
jsr LOOP
i m DO
KI LOHK jmp MUN
LOOPCHK jsr READ
cnp #&FF
cle
beq R6
sec
R6 rts

MOSCALL \ Operating system call

jsr COMMAND

Ida # *

jsr oswch

I da #0

I dx #<OSLINE

I dy #>08LINE

jsr osword

bes KILLOSC

| da #14

jsr oswch

I dx #<I NPUT

Idy #>I NPUT

jsrooscli

I da #15

jsr oswch
KI LLOSC jmp MAN

LooP stx middle
sty middl e+l
jsr PRINT
eqw P32- P31

P31 ega "...& "

P32 ldy #0

RECHECK jsr ESCAPE
bes QUI TLOGP
| da #8
jsr oswch
jsr oswch
| da eaddr
jsr HEX

REPEAT tya
jsr HEX
| da #8
jsr oswch
jsr oswch
| da #&FF
sta ddrb
sty orb
jsr TOGALE
| da eaddr
sta orb

\ set up conmand wi ndow

\ indicate input required
\ CSinput line

read a line frominput
input error

page node on

Common 1oop for prog etc.

check escape key

get to right place

print high address
print |ow address

move back into position

\ load |ow address

\ load high address

PROGK

Q TLOP
NOTEQUAL

P33

P34

M DDLE

P35

P36
P37

DaT

NUMBER

P17

P18

P19

P20
PREPARE

P21

P22

jsr TOGALE
ldx CB1

jsr MDDLE
bcs NOTEQUAL
cpx CBL \ check CBL interrupt
bne PROGK

j np PROGERRCR

iny \ increnent address
bne REPEAT

inc eaddr

inc baddr+1

dec Iength

bne RECHECK

cle

rts

jsr PRINT

eqw P34- P33

eqb 7, 31, width/2-8, 5

eqga " Conparison error”

sec

rts

\ do centre routine

jmp (niddie) \ i ndi rect

bes P37

jsr PRINT \ Print Message
eqw DONE2- P35

egb 31, width/2-2, 5

jsr PRINT

eqw P37- P36

ega "Done"

jmp MIN

pha

Isr A

Isr A

Isr A

Isr A

jsr DG@T
pla

and #&F
cnp #10
bce NUMBER
adc #6
adc #48
jmp oswrch

print two hex digits
get left digit

get right digit

add digit base

jsr COMMAIND
jsr PRINT
eqw P18- P17
eqa " Set the programmer switch to"
egb 130

eqa "READ,"

jmp PREPARE

\ get ready to READ

| da #0 \ read byte from progranmer
sta ddrb

| da #&DF \B2=0
and per

sta per

ldairb

pha

| da #&F0 V=1
ora per

sta per

pla

rts

j sr COMMAIND
jsr PRINT
eqw P20- P19
eqa " Set the programmer switch to"
egb 129

eqa "WRITE, "

\ jmp PREPARE

\ get ready to WITE

jsr PRINT
eqw P22- P21
egh 31, 1, 1
eqa "then select the EPROM type -"

egb 13, 10, 132, 31, menux-1, 2, 135

eqa "l - 2764"

egb 13, 10, 132, 31, menux-1, 3, 135

eqa "2 - 27128"

egb 13, 10

| da #&80

sta eaddr \ EPROMstart at &8000
| da #840
sta length
| da #&3C
sta baddr+1

\ default length = &4000

\ Buffer start at &3C00



GETLEN

LENK

QI TPREP
RS
PROGERRCR

P23
P24

TOELE

PRINT

PRLOCP

DECLON

GETIND

I NCADR

| da
sta
jsr
bes
cnp
beq
cnp
bne
I'sr
| da
jsr
| da
jsr
| da
jsr
I da
jsr
I da
sta
sta
ldx
jsr
cpx
bne
jsr
cpx
bne
jsr
cpx
beq
clc
rts
jsr
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#0
baddr
osrdch
RS
#2
LENK
#1
GETLEN
length
#11
osw ch
#11
osw ch
#9
osw ch
#157
osw ch
#&FF
ddrb
orb
CBL \ take old count
TOGALE

8L \ once

QU TPREP

TOGALE

CB1 \ twice

QUI TPREP

TOGALE

CB1 \ three tines...
PROGERROR

\ make outputs safe

PRINT \ No response from programrer

eqw P24- P23

egb
eqa
egb
sec
rts

I da
and
sta
ora
sta
rts

I da
cle
bpl
I da
jsr
sec
rts

pla
sta
pla
sta
jsr
sta
jsr
sta
jsr
jsr
| da
bne
dec
dec
bne
I da
bne
jsr
im
I dy
| da
inc

7, 31, width/2-12, 5, 136
“EPROM Programmer Error”
13, 10

#8DF
per
per \ low
#8F0

per \ high

\ make CB2 go |ow then high

escape \ test & reset escape condition
NCESC
#126
oshyte
\ carry set if escape detected

\ print in-line codes
zpwor k
\ two byte size
zpwor k+1
GETIND
zpwor k+2
GETIND
zpwor k+3
GETIND
osw ch
zpwor k+2
DECLOWV
zpwor k+3
zpwor k+2
PRLOCP
zpwor k+3
PRLOCP
| NCADR
(zpwor k)

#1 \ get data fromindirect address|
(zpwork), Y

zpwor k

BRKERR

P38

P39
BRKMEG

BRKQU T

ARAIN

FILEWND

P9
P10

bne R2
inc zpwork+l
rts

I dx STACK
txs

jsr PRINT
eqw P39- P38
egb 15, 13, 10, 10, 7

eqa " s Error @ "
Idy #1

I'da (brkmsg), Y

beq BRKQU T

jsr oswch

iny

bne BRKMSG

jsr osnew

imp AN

\ action taken on BRK

pha \ interrupt routine
Idaifr \ test interrupt condition
and #32 \ tineout ?

beq AGAIN
Ida t2l

inc TIMR
ldaifr

and #16

beq CHAIN
lda orb

inc CBL

pla

imp (OLDIRY

\ clear interrupt condition

\ 8L ?

\ clear interrupt condition

\ goto next interrupt handler

jsr PRINT
eqw P6- P5
egb 28, commx, 24, commx+width-1, comy, 12
rts

\ setup command wi ndow

jsr PRINT \ setup filename wi ndow
eqw P10- P9

egb 28, 15, filey, 34, filey, 12

rts

\ Data area follows...

CPTIONS

OBLINE

FILINE

TIMER
oD RQ

STAK
QOLDBRK

BLOCK

LOADI NFO

SAVEI NFO

egp 1, "2, '3, 4

eqw | NPUT \ OSWORD 0 bl ock for commands

egb 255, 32, 127

eqw | NPUT
egb 19, 32, 127

\ OSWCRD 0 bl ock for filenanes

egb 0
egb 0
eqw 0

\ counter for CBL interrupts
\ counter for t2 timeouts
\ ad IR

egb 0
eqw 0

\ stack pointer
\ dd brkvec

eqw | NPUT
eqd

I \ Load file parameter block
0
eqd 0
0
0

eqd buf fer
eqd 0
eqd 0
eqd 0

eqd &FFFFB000
eqd &FFFF8000
eqd buffer

eqd buf f er +&4000

\ input buffer



