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printer

a black-and-white display

It can be useful to print the information output from a microprocessor
system on paper. For small uP systems that give a hexadecimal output,
a so-called matrix printer is a good choice. This is connected to the
microcomputer system via a suitable interface.

In this article, a printer and interface for the SC/MP system are
discussed, as well as the necessary software. A ‘disassembler’ program
is also included — an invaluable aid when analysing existing programs.
The printer and interface are suitable for other microprocessor systems
as well; however, the software must then be modified, of course.

printer for microprocessors

The matrix printer shown in the photo
is the Matsushita EUY-10E-10T. This is
a so-called electro-sensitive printer, that
prints the characters (letters, numerals
and symbols) on a special type of paper.
This paper is coated with a very thin
(0.1 micron) layer of aluminium; im-
mediately below this is an almost black
surface. If the aluminium is scratched
off, this dark layer becomes visible; it
is possible to ‘write’ on it in this way,
using a sharp point.

The matrix printer does its job in a
more elegant way. A miniature motor
moves a ‘print head’ across the paper, as
each line is printed. The same motor
also takes care of the paper transport
for ‘line feed’. The print head contains
a vertical row of seven little ‘pins’;
these can be connected (via electronic
switches) to supply common. The pins
are in contact with the aluminium
coating on the paper. This electrically
conducting layer is connected to a
positive voltage (27 V). When one of
the pins is connected to supply common,
a current of a few hundred milliamps
flows through the aluminium coating
and the printer pin. At the point where
the latter touches the paper, a high
current density results. The heat pro-
duced is sufficient to burn away the
aluminium layer at that point, leaving
a small black dot. Since more than
one of the pins can be connected to
supply common simultaneously, it is
possible to write up to seven dots in
a vertical row at any time.

If voltage is now applied to the motor,
the print head will move across the
paper — writing up to seven horizontal
lines, depending on the number of
pins that are activated. At the end of
the line, the printer head is automati-
cally moved back to the beginning of
the next line: ‘line feed’ and ‘carriage
return’,

As the head moves across the paper, it
is obviously possible to switch the pins
on and off, producing dotted lines. In
this way, all sorts of characters can be
printed as groups of dots: the trick is
to switch the pins on and off at exactly
the right moments to produce the
the desired character. As shown in
figure 1, each character is built up in
a 35-dot matrix: five successive vertical
columns (T1...T5H), each consisting
of seven dot positions (N1...N7,
corresponding to the seven pins).

A character generator switches the
printer pins on and off at the correct
moments. This unit is part of the
electronics that link the SC/MP system
to the printer: the printer interface.
This interface circuit will be discussed
later.

The printer contains a reed switch to
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Figure 1. Using a 5 x 7 dot matrix, clearly legible characters are obtained.

indicate the end of a line, and the
moment that the print head has returned
to the beginning of the next line.

Furthermore, a ‘sync generator’ s
included, intended for synchronising the
character generator to the position of
the printer head on the line. This
‘generator’ consists of a gear-wheel,
driven by the motor in the printer and
moving past the core of a coil. The core
is magnetised, by means of a permanent
magnet; as the teeth of the gear-wheel
pass through the magnetic field, a
sinusoidal voltage is included in the coil.
The interface described here doesn’t do
the actual synchronisation itself; instead,

proportional to the speed of the printer
head.

So much for the printer itself. On its
own, however, without the interface
circuit and corresponding software, it is
as useless as a typewriter without a
typist. Which brings us to the next
section:

The interface

A block diagram of the interface circuit
is given in figure 2. The buffer memory
(8-bit latch) is basically equivalent to a
single RAM location. When the address
decoder provides a ‘store’ pulse, the
information present on the data bus is

the software is designed to ensure that stored in this latch and passed (via
the column spacing is maintained suitable power drivers) to the printer
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Figure 2. Block diagram of the printer interface.

pins. Each ‘store’ pulse therefore enters
the data for a single column of dots.

As mentioned earlier, the characters are
printed one column at a time — five for
each character. For each column, seven
data bits are required ('stored’ at an
address in the field F200 . . . F3FF); the
eighth bit is used for motor control, via
a separate buffer stage: it ensures that
the motor starts at the correct moment
at the beginning of a line, and stops
immediately after returning to the
beginning of the next line.

The address decoder is designed for use
with % K address fields. The EPROM
with the firmware for SC/MP system
control and character generation is
located between addresses FO@0 and
F1FF. The following % K is used for
addressing the 8-bit latch; then another
% K (from F400 to F5FF) correspond
to a tri-state buffer that outputs the
data from the reed switch and sync
generator in the printer to the data bus.
The fourth address field (F600 ... F7FF)
can be used for an additional EPROM.
This could be used, for instance, to
store firmware that makes the printer
routine independent of Elbug in the
original SC/MP system — the push and
pull routines, in particular. Alternatively,
a special printer program could be
located here. All in all, the complete
interface uses a 2 K address field — half
a page, in other words.

As mentioned earlier, the firmware
takes care of character generation,
including correct column spacing as
detertmined by the speed of the printer
head. Furthermore, it ensures that the
text is printed in lines, each containing
8, 16 or 32 characters, as required. The
SC/MP system must supply the data to
be printed, one complete line at a time.
To this end, the text must be loaded in
ASCIl code in a specified RAM area.
Any available area can be used: as long
as the interface is told where to look for
it!

The character generator, stored as
firmware, can generate 64 different
characters. Only the lower 6 bits of the
ASCI| code in each RAM location are
needed to select the correct character.
The two remaining (upper) bits are used
to define the desired character size,
corresponding to 8, 16 or 24 characters
per line. As an example, the letter A in
6-bit ASCIl code corresponds to 01.
When the two upper bits are both @
(complete code: @1) the smallest
character size will be printed, corre-
sponding to 32 characters per line.
However, if one of the two upper bits is
‘1', larger characters are obtained: ‘41’
for an A corresponds to 16 characters
per line, and ‘81" makes the A even
bigger, for 8 characters per line.

When the firmware routine is started, it
will want to know where to look in
RAM for the text buffer that contains
the data for one line of text. It will then
scan the (hexadecimal) codes for the
characters, as found in the text buffer,
and convert them (by means of a
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‘look-up table’) from ASCII code to
printer pin control data. The routine
transfers the data for the five columns,
in turn, to the latch; the character is
printed.

Each character is automatically followed
by a two-column space, after which the
next character is retrieved from RAM
and printed. This process is repeated
until the end of the line (up to 32
characters). As each line is printed, the
reed switch is ‘open’; via N6, data bus
line @0 is therefore ‘high’. At the end of
the line, the reed switch closes and the
corresponding data line goes ‘low’. This
causes the program to load the text
buffer, with the data for the next line;
however, the printer head will not have
got back to the beginning of the new
line yet. The program continues to scan
the data line, until the head is correctly
positioned and the pins are again in
contact with the paper. At that point,
the reed switch opens and the next line
can be printed.

Further details on the use of the text
buffer and printer routine will be given
when we come to the software.

The circuit

The complete circuit is given in figure 3.
IC1 is the address decoder. It is connec-
ted to the upper seven address lines
(making FFFF the highest address) and
to the NWDS + NRDS line. Basically,
this IC is a 3-to-8 decoder, but only half
of it is used —as a 3-to-4 decoder.
Output YO selects an EPROM, IC2,
from address FOQ@. This EPROM is also
connected to the lower nine address
lines, so that %2 K addresses are available.
The output from the EPROM goes
straight onto the data bus.

Outputs Y1...Y3 of IC1 correspond
to three further % K address fields:
F200 to F400, F400 to F600 and F600
to F80O. When output Y1 is active (and
NWDS), the character information on
the data bus is passed via IC6 to IC7.

The latter contains seven power drivers
that can easily supply the current
required for the printer pins. R8 and C6
are included to ensure that IC6 is
cleared when power is first applied
(‘power-on reset’). The eighth output
from ICB is used to start and stop the
motor, via T1...T4. This circuit is
designed to introduce a slight voltage
drop, since the motor is intended to run
on 24V. When the motor is to be
stopped, it is actually shorted by T4,
making for a more rapid stop.
Output Y2 of IC1 enables the tri-state
buffers, N5 and N6, when the third
address field is selected (from F400).
These buffers pass the information from
the reed switch and sync coil in the
printer to the data bus.

The power supply for the printer is a
standard circuit, as shown in figure 4.
The output voltage can be adjusted
(by means of P1) in the range from
20 ...30 V. This gives some measure of
‘copy darkness’ control. A slightly
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Figure 3. The complete circuit. IC7 drives the printer pins, T3 and T4 control the motor.
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Figure 4. A simple stabilised power supply.

higher voltage than the nominal 24 V
will do no harm to the printer head:
those pins have 10 times the life expect-
ancy of the rest of the printer
mechanism! The motor is protected by
means of series resistor R7 (figure 3), so
that the power supply can safely be set
to about 27 or 28 V. This has proved to
give good results in practice.

Construction

The printed circuit board and com-
ponent layout are given in figure 5. It is

Figure 5. This p.c. board contains the complete interface and power supply. It plugs into the SC/MP bus.
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Eurocard size, and fitted with a 64-pin
connector so that it can be plugged
straight into the main bus in the existing
SC/MP system.

A 14-pin DIL connector at the other
short edge of the board is used for the
connections to the printer. The printer
itself uses a 15-pin connector. The
connections between the latter and the
14-pin connector on the p.c. board are
listed in Table 1; for a neat appearance,
it is a good idea to use so-called flat
cable.

Since the power supply circuit is on the
p.c. board, two connections for the
mains transformer (24 V secondary) are
also provided.

The complete unit can be plugged into
the SC/MP system, without affecting its
operation in any way. There is, however,
one important point to note: the metal
case of the printer and the paper are
both connected to the +27 V supply, so
they must be kept well away from
supply common. That includes, for
instance, the metal case of the existing
SC/MP system . . .

The software

Without software, the printer is useless.
The basic principle of the printer routine
was mentioned earlier; a complete
listing is given in Table 2. An extremely
useful extension is given in Table 4; a
disassembler program. An interesting
point: both of these Tables were actu-
ally printed with the aid of these two
routines!

The ‘instructions for use’ of this
software are best broken down into a
few groups.

Motor control

The latch in the interface can be ad-
dressed as F200. Storing data there
(by means of the instruction MOD F200)
with a value between 80 and FF starts
the motor and causes up to seven
horizontal lines to be printed.

The motor can be stopped by means of
the NRST key, or by storing data
between 00 and 7F in the latch.

Printer routine

As mentioned earlier, the text is printed
one complete line at a time; all data for
the line must be available in a text
buffer (somewhere in RAM) before
starting the printer. The location of this
text buffer can be specified as required,
provided the printer routine is started at
address FOOOQ (see Table 2). Alterna-
tively, the routine can be started at
address FOOF; in this case, address OFQ0
is automatically selected as the first
address of the text buffer —in other
words the ASCII character codes must
be stored from OF@0 on, so that the
interface can retrieve them from there
as the line is being printed.

If the text buffer is to be located
elsewhere in RAM, the first address
must be specified in the TEXTAD
locations: @FF4 + OFF5. The printer

Table 1. Interconnections between the DIL connector (on the p.c. board) and the printer.

FO89 @8 NOP
FBéA @8 NOP
FO@B @88 MNOP
F@C 98 wNOP
FeD 88 MNOP
FBBE 98 MNOP
FEEF 24

FO16 C4F3 LDI F3
FBIB 35 XPAH 1
FB19 C4FF LDI FF
F1B 31 XPAL 1
FBIC C4FF LDI FF
FBlE CAFF ST FF (2)
F@28 C480 LDI 80
F@22 (9@ ST 88 (1)
2

$
F@24 clel LD 8l (1)
1E RR
FB27 94FBJP § 2
3

F@29 Cl@l LD 81 (1)

F828 D401 ANI @1

FO2D 9CFA ONZ § 3
5 4

FO2F AAFF ILD FF (2)

FE31l el XAE

4@ LDE
F@33 E420 XrI 20
FP35 9888 JZ § 5
P37 C280 LD 88 (2)
F839 8l XAE
FO3A 40 LDE
F@3B E4FF XRI FF
F@3D 9CBF JNZ § 7

$ 5
FB3F C181 LD 21 (1)
FP4l D421 ANI 21
FB43 9BFA JZ § 5
6

F@45 C4@@ LDI 80
FP47 (C98@ ST @@ (1)
FB49 37 XPAH 3
FP4A C414 LDI 14
FR4C 33 XPAL 3
FB4D 3F XPPC 3
§ 7
FB4E C485 LDI @5
F@50 CAFB ST FB (2)
LDE

4@
F@53 D43F ANI 3F
F@55 @1 XAE
F@56 D4CP ANI CP

FB62 C780 LD @80
FP64 C780 LD @80
FB66 C780 LD @80
FB6B C780 LD @8@
Fd6A C400 LDI 00
F@6C @1 XAE

$ 8

(3)
(3)
(3)
(3)

FB6D C2FE LD FE (2)
FB6F 9C04 INZ § 9

F@71 C4@l LDI @1

F873 908A JMP § 11

$ 9
F@75 E440 XRI 40

F@77 9CP4 INZ S 19

F@79 C402 LDI @2

F@78 9082 JMP $ 11

$ 18
FOTD C484 IDI 84
s 1

FOTF CAFC ST FC (2)
$ 12

F@8l cClel b e1 (1)

F@83 94FC JP § 12
$ 13

F@85 Clel Lb @1 (1)

FB87 D48 ANI 80

F@89 9CFA JNZ § 13
F@eB Clel b @1 (1)

FB8D D481 ANI 81

FBBF 9CB4 ONZ § 6

F@91 48 LDE

F@92 SCBA ONZ § 14
F@94 C3ee LD @@ (3)
F@96 C98@ ST ee (1)
F898 (€988 ST 8¢ (1)

FB9A (488 LDI 8@

FOSC (980 ST @8 (1)

5 14

FB9E BAFC DLD FC (2)
FBA® O9CDF JNZ § 12

FEAZ C781 LD eel

(3)

F@A4 BAFB DLD FB (2)
FBA6 90C5J0NzZ § 8

F@Be 99BB JMP § 8

FiB2 HALT
FoB3 HALT
FiB4 HALT
F@BS HALT

-

2

o
ESs=sssss

g

signal DIL connector printer connector
reed switch 8 1
sync coil 7 2
screen 9 3
motor + 6 4
motor GND 10 5
paper contact (27 V) 5 6
NC 11 7
pin 7 1 14
pin 6 14 13
pin 5 2 12
pin 4 13 1
pin 3 3 10
pin 2 12 9
pin 1 4 8
NC NC 15
Table 2. Listing of the printer routine, as stored in EPROM.

s @ FO58 CAFE ST FE_(2) FOBE @@ FALT
FO8@ @4 DINT F@5A C4F8 LDI FOBC 80 HALT
F@@l CIF5 LD F5 (1) FO5C 37 XPAH FEBD 80 HALT
F@83 36 XPAH 2 F@5D C4CP@ DI C@ F@BE @@ HALT
FO84 CIF4 ID F4 (1) FOSF 33 XPAL 3 FOBF 88 HALT
FO86 32 XPAL 2 FO68 C780 LD @80 (3) TAB:

FOCO BE C1 DD DS DE FE 89 89
FOC8 89 FE FF C9 C9 C9 B6 BE
FED@ C1 C1 C1 A2 FF Cl1 C1 A2
F@D8 9C FF €9 C9 C9 C1 FF B9
FH@E@ 89 B9 81 BE C1 C1 C9 F9
FOEB FF 88 B8 B8 FF 88 Cl FF
F@F@ C1 B0 AB C@ Cl1 BF Bl FF
FOFB B8 94 A2 C1 FF C@ CP C8
F188 C@ FF B2 B4 82 FF FF 84
F198 B8 9@ FF BE Cl1 Cl1 Cl BE
F11@ FF 89 B9 89 86 BE C1 D1
F118 Al DE FF 89 99 A9 C6 Cb
F120 C9 C9 C9 Bl 81 81 FF 81
F128 81 BF C@ C@ CO BF 9F AR
F136 CB A® SF BF C@ BS C@ BF
F138 E3 94 88 94 E3 87 88 F@
F148 688 87 E1 D1 C9 C5 C3 B@
F148 FF C1 C1 8@ 98 B4 88 9@
F150 BC B@ C1 C1 FF 8@ 88 B6
F158 C1 Cl 8@ C1 C1 B6 88 B@
F162 80 B2 B0 B8 B8 6@ B CF
F168 80 B@ 60 87 B@ B7 B@ 94
F178 FF 94 FF 94 A4 AA FF AA
F178 92 83 93 88 E4 E2 BO CE
F188 D9 A6 D@ 88 B4 682 Bl 8@
F188 82 9C A2 C1 88 C1 A2
F198 9C 8@ 94 88 88 94 88
F198 88 BE 88 88 CP BD 80
FlAB 82 B8 B8 88 88 B0 E@
F1AB E@ 88 80 AD 88 B4 B2
F1B@ BE D1 C9 C5 88 C2 FF
F1BB C@ 88 C2 E1 C6 Al
F1C8 C1 C5 CB Bl 94 92 FF
F1C8 98 A7 C5 C5 B9 BC CA
F1D@ C9 C9 B@ Bl 89 85 83
F1D8 B6 C9 C9 C9 86 C9 C9
F1E@ A9 9E 80 E3 82 80 80
F1E8 C@ B3 80 89 94 A2 C1
F1F® 83 94 94 94
F1F8 A2 94 88 82 81 D1 89 86

EQNREGEEREREE:
(g}
w
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Table 3. This little program illustrates the ‘instructions for use’.

s B
8EQ8 88 NOP
BEQ] C48F LDI OF
BE@3 35 XPAH 1
@E@4 C4FB LDI FO
BEG6 31 XPAL 1
8E07 C4rF o1 [EE)
#E@9 C99C ST AC (1)
8E@B C4FF LDI FF
8E@D C99D ST @D (1)
8E@F C40E LDI PE
BE1l (984 ST @4 (1)
8E13 C439 LDI 38
BE1S €983 ST 83 (1)

1

$
BE17 C4@@ LDI 0@
8E19 37 XPAH 3
BE1A (455 LDI 55
BEIC 33 XPAL 3
8EID 3F XPPC 3
@E1E 9@ HALT
BEIF 90F6 JMP § 1
PE2]1 @@ HALT
@E22 @@
PE23 @20
BE24 @90
0E25 @0
@E26 @@
GE27 @0
PE28 00
BE29 0
QOE2A @9
BEZB 55
@EC 55
@EZD 55
GEZE 55
PE2F 55

TAB:
@E3P 28 53 43 6F 4D 50 20 29
BE38 58 52 49 4E 54 45 52 20
@E4D FP

NN

/ set Pl to
/BFF@
4

4
/set ROUTAD (@FFC+8FFD)
/ to FFFF (PRINT-ROUTINE)

t TEXTAD (BFF4+8FF3)
o OE30 (TEXT-TABLE)

g8

JS 3 (PUSH)
set P3 to 8856-1
and JUMP via XPPC

SRR RANNNN NSNS

2

SCRATHPAD for
PRINTER-ROUTINE

B e M N T T T T, T

routine is then started at address FO00.
It should be noted that the printer
routine uses a further five RAM bytes as
scratch pad for counting; these bytes
correspond to the five locations im-
mediately preceeding the first address of
the text buffer.

Short texts, less than one line in length,
should be concluded by storing FF in
the text buffer. This corresponds to a
space, so that no further (unwanted)
characters are printed. For that matter,
it is good practice to conclude even
complete lines with FF, as otherwise the
printer may add part of a 33rd character
at the end of the line.

After loading the text buffer, and the
corresponding first address if necessary,
the next step is to jump to the printer
routine. This can only be done via the
LIFO stack in the Elbug routine. This
has the advantage that Elbug stores the
CPU status in the stack before executing
the printer routine. At the end of this
routine, Elbug returns to the main
program after restoring the original CPU
status”.

The printer routine is started as follows.
The start address of the printer routine
minus one (i.e. FO00 - 1 = FFFF — same
page! — or FOOF - 1= FOQE) is stored
in ROUTAD (Routine  address:
PFFC +@FFD). Then a JS3 (PUSH)
= @056 - 1 instruction is given. An
example is listed in Table 3; the

* Further details of the Elbug monitor
routines are contained in Elektor,
February 1979, and in the SC/MP book
that will be appearing shortly.

comments given there should give
sufficient explanation. In this example,
OE30 ...0QE40 is the text buffer; it
contains the text .SC/MP . . PRINTER.',
where each *." corresponds to a space.

If the same text buffer locations are
used for the next line, the address
specified in TEXTAD can be left.
Obviously this data must be modified,
however, if a different RAM area is to
be used for the following line. Further-
more, it is possible to initiate further
jumps to the printer routine by means
of the instruction XPPC3, provided the
contents of pointer register P3 are not
modified by the main program.

SC/MP disassembler

A disassembler routine can be used to
analyse an existing program, and print a
‘listing’ by means of the printer routine.
As mentioned, the ‘raw’ machine-code
programs for the printer routine and
disassembler routine were converted
into Tables 2 and 4 in this way.

The disassembler first locates PC-relative
jump instructions in the program to be
analysed, calculates the initial addresses
of the corresponding routines and marks
these with a $ symbol and a number.
This, in itself, breaks the program up
into small sections — a great help when
studying and trying to analyse an
‘unknown’ program. The complete
program is printed as a series of addresses
and mnemonics, as shown in the Tables.
The disassembler routine starts at
address 2600; the display then reads
da-d-t-s. There are now three ways of
executing the program: operating the
D key (on the hex keyboard) initiates a
print-out via the printer described above.

The T key (block transfer) is used for an
output to the Elekterminal (1200 BD at
flag @). In this case, the halt LED will
light every 16 lines; operating the halt/
reset key initiates the print-out of the
next 16 lines, and so on. Finally,
operating the S (subtract) key gives a
serial output at 110 baud via flag @; in
this case, the print-out is continuous: it
doesn't stop after each group of 16 lines.
In some cases, determined by the
characteristics of the peripheral equip-
ment, the print-out may appear on
alternate lines — in other words, every
other line is left unused. In this case, the
data in address 2516 can be modified
from 3F to 08.

After the desired key (D, T or S) has
been operated, the display will indicate
the type of output that has been
selected. The next step is to enter the
first and last address of the program
that is to be ‘disassembled’. If the first
address is x000, the last address should
not be xFFF (due to a peculiarity in the
program . . .); it must be xFFE or less.

If there are tables in the program, key T
(block transfer) is operated. ‘ta’ now
appears in the display, and the first and
last address of the table can be entered.
More than one table (up to 15) can be
specified in this way, provided they are
entered in the order in which they occur
in the program. A single-byte table can
be specified; furthermore, two or more
tables that occur in a consecutive series
of addresses may be specified separately.
All tables are printed in hex matrix
format. It is even possible to print out a
complete program in this way.

If a program is to be examined in which
the addresses of the tables are unknown,
the disassembler can still be used for an
initial listing. Where tables occur, two
question marks will be printed at the
majority of the addresses, since the data
will rarely correspond to a valid instruc-
tion.

Once the tables — if any — have been
specified, the disassembler can be
started by operating any key except T.
It then scans the specified program
(section) twice, locating the various
subroutines on the first pass and printing
during the second.

The disassembler can only handle
programs that are contained on a single
page. Larger programs must be dealt
with one page at a time.

If certain locations are used as 'scratch-
pad’ memory, they will be indicated as
‘byte’ provided the data ‘55’ is stored
there before running the disassembler,
PC-relative jump instructions that
specify an address outside the program
range (lower than the start address, say)
are not permitted.

The disassembler uses memory locations
from 2840 up to 2A40 as scratch pad
for ‘lable’ addresses: room enough for
255 PC-relative jump instructions.

A useful tip

The EPROM that contains the printer
routine is not strictly necessary. The




3-34 — elektor march 1980

printer for microprocessors

Table 4. Listing of the disassembler program.

$ 0
2080 C45E LDI 5E
2082 C9%6 ST @6 (1)
2084 CASF LDI SF
20886 C9%5 ST 85 (1)
2088 C480 LDI 68
208A C994 ST 94 (1)
208C C983 ST 83 (1)
280E C992 ST 82 (1)
2918 C981 ST 81 (1)
2812 C4@@ LDI 8@
2814 (€872 ST 72 =2087
2016 C98@ ST @@ (1)
2818 @8 NOP
2019 @8 HNOP
281A C428 LDI 28
281C 35 XPAH 1
201D C4ee LDI @0
281F 31 XPAL 1

§ 1

2820 C43E LDI 3E
2022 CAID ST 1D (2)
2024 C400 LDI 90
2026 37 XPAH 3
2027 C455 LDI 55
2029 33 XPAL 3
202n 3F XPPC 3
2828 (C282 1D 02 (2)
202D (DRl ST @8l (1)
282F C281 LD 81 (2)
2@31 (D@l ST edl (1)
2833 3F XPPC 3
2834 C202 LD 82 (2)
2836 (DBl ST edl (1)
2038 C201 LD @1 (2)
203n (D@l ST eel (1)
283C C4BA LDI @A
283E CAID ST ID (2)
2040 3¢ XPPC 3
2841 C4BO LDI B@
2043 E208 XOR 88 (2)

204B 37 XPAH 3
204C C478 LDI 78
204E (BE2 ST B2 (3)
2058 C45F LDI 5F
2052 (B8l ST @1 (3)
2854 98CA JMP § 1

205F C601 LD edl (2)
2861 CIFA LD FA (1)
2863 36 XPAH 2
2064 C9PC ST FC (1)
2066 C1FB LD FB (1)
2868 32 XPAL 2
2069 C9FD ST FD (1)
206B C428 LDI 28
286D 37 XPAH 1
286E (440 LDI 42
2878 33 XPAL 3
2871 C40@ LDI 0@
2073 CB87B ST 7B =20EF
2875 cell b 11 =2887
2877 C855 ST 55 =20CD
2079 9CB2 Nz § 3
2078 CSFE LD @FE (1)
§ 3
2070 CIFF LD FF (1)
207F CB4C ST 4C =28CC
2881 CIFE LD FE (1)
2883 CB6C ST 6C =28F9
2885 9981 JMP S 4
TAB:
2887 12
5 4
2088 32 XPAL 2
2089 81 XAE
208a 4@ LDE
2088 32 XPAL 2
288C CO3F LD 3F =28CC
208E 60 XRE
208BF 9CA9 JNZ § 5
2091 36 XPAH 2
2892 81 XAE
2093 48 LDE
2894 36 XPAH 2
2895 CO5A LD 5A =20F@

68 XRE
2098 9834 J2 § 9

209E C6@1 LD @8l (2)
99E6 JMP § 4

6
c681 LD @01 (2)

9803 Jz § B
7

83 sCL
98D9 JMP § 4

]

32 XPAL 2
el st 81 (3)
32 XPAL 2
36 XPAH 2
Bee ST 88 (3)
36 XPAH 2
C208 LD 0@ (2)

EEREE.ER.E

~

20E5
20E7
20E9
20EB
20ED

0l XAE

C688 LD @88 (2)
C681 LD @81 (2)
C301 LD 61 (3)
32 xeAL 2
8@l ST 8l (3)
C38@ LD 8@ (3)
36 XPaH 2
CF@2 ST @82 (3)
AB26 ILD 26 =20EF
9PE@ IMP § 7

@82 CcL

C8FD LD FD =20CD
98lE Jz § 11
C581 LD @8l (1)
36 XPAH 2

CcSel 1D 881 (1)
32 XPAL 2

C601 LD 881 (2)
BEF1 DLD F1 =28CD
9C@6 INZ § 18
C428 DI 28

35 XPAH 1

C482 LDI 92

31 XPAL 1

19
C561 LD @8l (1)

CBO8 ST @88 =20FQ
csel 1D edl (1)
CBE@ ST E@ =20CC
9899 JMP 5 4

TAB:
20EF 65 27

C@95 LD 95 =2087
C908 ST D@ (1)
CIFC LD FC (1)
CFBl ST @8l (3)
CIFD LD FD (1)
CFBl ST @8l (3)
ABF1 ILD Fl =20EF

2
C428 LDI 28

37 XPAH 3
C448 LDI 4@
33 XPAL 3
C8E9 LD B9 =20EF

CB48 ST 48 =2158
13

B846 DLD 46 =2150
9844 JZ § 16

83 SsCL

C383 D @83 (3)
FBE1 CAD 81 (3)

81 XAE

€382 LD 82 (3)
FF@2 CAD @92 (3)
82 ccL

9813 Jz $ 15
94ED JP § 13

83 sCL

4
CTFF LD @FF (3)

81 XAE
C382 1D 82 (3)
CBB@ ST @@ (3)
40 LDE
CB@2 ST 82 (3)
86 CsA
94D5 JP § 12

CCL
JMP § 14

s 5
ag5gR

o

g
=% gnigge
&

i

L

fzRpizefs
§ &k

gegEgUEcE
§8645
«23Pg -

C@97 1D 97 =2BEF
CSCB ST @B (1)
C499 LDI 99
€905 ST D5 (1)
C9D6 ST D6 (1)
CIF8 LD F8 (1)
C9C7 ST C7 (1)

CIF9 LD F9 (1)
CSCB ST CB (1)

878585
ME4EHE
838833

®

non
REEEERERY
BUE¥ME49E4E

GRy8I8AAT

~
o
@
=1

nnsn

(1)
)
2189 C903 ST D3 (1)
2188 C904 ST D4 (1)
218D C442 LDI 42

218F C9D2 ST D2 (1)
2191 C488 LDI 08

2193 C9C6 5T C6 (1)
2195 TBBB J¥P § 18

2197 CAFF LDI FF
2199 Cp@l ST @8l (1)
2198 C408 LDI @@
2190 37 XPAH 3
219E (C455 LDI 55
21A8 33 XPAL 3
21A1 C427 LDI 27
21A3 CBYF ST 9F (3)
21A5 C4E4 LDI E4
21A7 CBY9E ST 9E (3)
21A9
21n8
21AD

=
aQ
o]

CBAB ST A8 (3)
C424 1DT 24
CBA7 ST A7 (3)
IF XPFC 3

§18
21B8 82 OCL
9

Em
-
—

C427 DI 27
2183 37 XPAH 3
21B4 C49A LDI 9A
21B6 33 XPAL 3
21B7 (427 LDI 27
2189 35 XPAH 1
21BA C4E4 LDI E4
21BC 31 XPAL 1
218D €337 LD 37 (3)
21BF (B@4 ST 84 (3)
21C1 C338 LD 38 (3)
21c3 cB@3 ST 83 (3)
21Cs
21Cé
21c8
21CA
2icc

B+
3

§
45
B

2y
o
wlow
BT

4

hB
PEPEET

S
g
o3
nw
(<3
@®

B
cag
s%g-#!
SREHCE

B
28
g

NOP
21DE 9282 JMP § 22
$2
21E@ 98BS JMP § 17
s 22
21E2 C3EF LD EF (3)
$

2

21E4 S9C6F ONZ $ 29
21E6 BB39 DLD 39 (3)
21E8 CIF5 LD F5 (1)
21EA 37 XPAH 3
21EB CIF6 LD F6 (1)
21ED 33 XPAL 3
21EE C701 LD @41 (3)
21F@ C9EB ST EB (1)
21F2 C781 LD el (3)
21F4 C9EC ST EC (1)
21F6 37 XPAH 3
21P7 C9F5 ST FS (1)

92 oL
2205 C316 LD 16 (3)
2287 ECE1 DAI 81
2209 CB16 ST 16 (3)
2288 C315 LD 15 (3)
228D ECP@ DAI 8@
220F (B15 ST 15 (3)
2211 C4AP LDI AP
2213 Cpél ST @l (1)
2215 CD@1 ST @l (1)
2217 C464 LDI 64
2219 Cp@l ST @8l (1)
221B C428 LDI 28

~§5E
“g8v
gxis Bagds
mat—nﬂ
=3

n
w
=
o
u

8
g5~

2233
2235
2236
2238

0w
gg*
598
L]

223A C9FE ST FE (1)

$ 27
223C 98A2 JwP § 21
$ 28
2238 C341 LD 41 (3)
2240 9C38 JNZ § 32
2242 €330 LD 3D (3)
2244 (BP4 ST 84 (3)
2246 C33E LD 3E (3)
2248 CB@3 ST 83 (3)
224n CGFF LD €FF (2)
224C 3F XPPC 3
224D 9C21 JNz § 31
224F C
2251 @8 MNOP
2252 @8 NOP
2253 C3EF LD EF (3)

2255 9C75 ONZ § 39
2257 98 NOP

2258 CIE9 LD E9 (1)
225A C9F7 ST F7 (1)
225C 37 XPAH 3
225D CIEA LD EA (1)
225F 33 XPAL 3
2268 C701 LD @8l (3)
2262 C9F3 ST F3 (1)
2264 C781 LD €@l (3)
2266 C9F4 ST F4 (1)
2268 37 XPAH 3
2269 C9E9 ST E9 (1)
2268 33 XPAL 3
226C CYEA ST EA (1)

$ 30

226E 99B1 JMP § 24
$ 3

2278 C601 LD R81 (2)
$

32

2272 CI3A LD 3A (3)
2274 983F J2 § 34
2276 C33B LD 3B (3)
2278 CB@4 ST B4 (3)
227A C3C 1D X (3)
227C (B3 ST 03 (3)
227E 3F XPPC 3
227F 9C34 JNZ S 34

-
nEg
™

2289 CIE9 LD E9 (1)
288 37 XPAH 3
226C CIEA LD EA (1)
22BE 33 XPAL 3
228F C781 LD @1 (3)
2291 C9¢1 ST F1 (1)
2293 C7el 1D @l (3)
2295 C9F2 ST F2 (1)
2297 37 ¥XPAH 3
2298 C9E9 ST E9 (1)
229n 33 XPAL 3
2298 CYEA ST EA (1)
229D CAAB LDI A8
229F (DOl ST édl (1)
221 (DAl ST e8l (1)
22A3 C454 LDI 54
225 (D@1 ST e8l (1)
227 C441 LDI 41
2229 CDBl ST @01 (1)
22AB 442 LDI 42
22AD (DOl ST @dl (1)
22AF C47A IDI 7R

5
2287 C681 LD @@l (2)
2289 3F XPFC 3
22BA 35 XPAH 1
22BB CB37 ST 37 =22F3
228D 35 XPRAH 1

31 XPAL 1
22BF (834 ST 34 =22F4
22c1 31 XPAL 1
22C2 ABC1 ILD C1 (3)
22C4 mr.ua XRI 08

$
22C6 9CA6 JNZ § 30
$ 7
22C8 CBCL ST C1 (3)
$ 38
22cA 98E7 JMP § 33
220C 9928 JMP § 43
40

22CE €427 1DI 27
2208 37 XPAH 3
2201 (C4C8 LDI C8
2203 33 XPAL 3
2204 CX1 b Cl (3)
2206 9B2B J7 § 44

22E8 CDPL ST @21 (1)
22E2 99D3 JMP § 35
41

22E4 B6 CSA

22E5 9482 JP § 42
22E7 90ES JMP § 4@

§ 42

22E9 C1P8 LD F8 (1)
22EB 94El JP § 44
228D C681 LD @@l (2)
22eF 83 SCL

22F9 86 CsSA

22F1 98D3 JMP § 36
TAB:
22F3 27 EB 90
$ 43
22F6 COFC LD FC =22F3
22F8 35 XPAH 1
22F9 CBFA LD FA =22F4
22FB 31 XPAL 1
22PC C4CB LDI CB
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2323 CDOL ST edl (1)
2325 C681 LD @@l (2)
2327 3F XPRC 3

2328 C2FF LD FF (2)
232A (B14 ST 14 (3)
232C CBCB ST C8 =22F5
232E 94083 JP § 46
2339 C200 LD 99 (2)
2332 3F XPFC 3

2333 (426 LDI 26
2335 37 XPAH 3

2336 C4E@ LDI EP

2338 33 XPAL 3

2339 C460 LDI 6@
2338 Cpel st edl (1)
233D C@B7 LD B7 =22F5
233F 9405 JP § 48
2341 997E JMP § 58

$ 47

2343 9885 JMP § 38
TAB:

2345 16

236C 40 LDE

236D D4BC ANI 8C
236F E48C XRI BC
2371 9CBA JNZ § 49
2373 C45@ 1DI 58

2 9984 JMP § 51
s

238C C44C LDI 4C
238E (D@1 ST €8l (1)

1
2398 (C420 LDI 28
2392 CDel ST @81 (1)
LDE

49
2395 D483 ANI 83
2397 81 XAE
2398 C7SA LD @5 (3)
239 (€388 LD 88 (3)
235C Cpél ST eel (1)

23A9 C703 LD @83 (3)
23AB C701 LD @8l (3)
23AD 94F3 JP § 54

23aF C701 1D @8l (3)
2381 99EF JMP § 54

$ 55
2383 €757 LD @57 (3)

56
2385 C787 LD @87 (3)

$5

5
2387 €701 LD @8l (3)
23B9 9488 JP 5 47
23BB D47F ANI TF
23BD D@l ST @8l (1)
23BF 98F6 JMP § 57

$ 58
23C1 C2FF LD FF (2)
23c3 81 XAE
23C4 48 [DE
23C5 DA78 ANI 78
23C7 9C89 INZ § 59
23C9 (404 1DI M4
23CB (CB3IC ST 3C =2408
23CD 4@ LDE
23CE E483 XRI 83
2308 9211 JMP § 61

§ 59
23D2 D448 ANI 40
23p4 9C@7 INZ § 6@
236 48 LDE
23D7 D4@3 ANI @3
2309 CBZE ST 2E =2408
23DB 9018 JMP $ 62

23DE D487 ANI @7
23E@ (827 ST 27 =2488

&
B

B
g
=RERS

8&5 5

2358
cc§c8g®®R B
g-8 g

2482 C71 LD €8l (3)
2484 99F4 JMP § 63

$ 64
2486 9996 JMP § 52

2416 CDBL ST @édl (1)
2418 COEF LD EF =2408

2433 C200 LD @@ (2)
2435 3F XPIC 3
2436 40 LDE
2437 EAB4 XRI B4
2439 98CB JZ § 64
2438 C420 LDI 20
243D D@l ST @4l (1)
243F 4 L1DE
2448 9BOE JZ § 67
2442 4@ IDE
2443 D483 ANI 23
2445 3F XPPC 3
2446 C428 LDI 28
2448 CYFE ST FE (1)
244A (429 LDI 29
244C (DL ST @01 (1)
244E 90B6 JMP § 64

$ 67
2458 32 xpAL 2
2451 CBlE ST 1E =2478
2453 32 XPAL 2
2454 36 XPAH 2
2455 C819 ST 19 =246F
2457 36 XPAH 2
2458 C200 LD 9@ (2)
245A 91 XAE
2458 C680@ LD @8d (2)
245D CAAA LD AA =2408
245F 9813 JZ § 69
2461 C43D LDI 3D
2463 CDEl ST edl (1)
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2465 (B89 LD B89 =246F
2467 36 XPAH 2
2468 3F XPPC 3
2469 C0B6 LD 96 =2478
246B 32 XPAL 2
246C 3F XPPC 3

$ 68

246D 9097 JMP § 64
TAB:

246F 24 96 80 64 20
$ 69

2474 C681 1D 801 (2)

2476 COFB LD FB =246F

2478 36 xPAH 2

2479 CAFS ST F5 =246F

2478 COF4 LD Fd4 =2478

247D 32 xPAL 2

247E CBFL ST F1 =2478

2480 C428 LDI 28

2482 37 XPAH 3

2483 C441 DT 41

2485 33 XPAL 3

2486 C499 LDI 99

2488 CBE9 ST E9 =2472

24BA CBE6 ST E6 =2471

248C 86 CSA

248D CBES ST ES =2473
s 79

248F 82 CCL

2498 CBEL LD El =2472

2492 ECO DAI 1

2494 CBDD ST D =2472

2496 CODA LD DA =2471

2498 ECOA DAI 80

249A CBD6 ST D6 =2471

249C C762 LD €02 (3)

249E EOD1 XOR D1 =2479

24A@ SCED JNZ § 70
24A2 CIFD LD FD (3)

24A4 EBCA XOR CA =246F

24AE  C464 LDI 64

2488 CD@1 ST @@l (1)

24B2 C420 LDI 28

2484 (D1 ST @Al (1)
83 sCL

24p7 CBBY LD B9 =2471
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83
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88
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B!SSS&SS!!S%SE i&g!gg'ﬂg Saglﬂg

=2473

#5 sgud

&

24FF 37
2580 C47@ LDI 70
2582 XPAL 3

9 9CB9 JNZ § 76
2508 C48A LDI @A
256D 3F XPPC 3
258E C419 LDI 19
2518 C823 ST 23 =2534
2512 9@5F JMP $ B4

$T
251a C501 1D édl (1)
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252F 48 LDE
2538 3F XPPC 3
2531 96E7 JMP § 77

TAB:
25331 F@ 6E 00 80
$ 79

2537 C@éFB LD FB =2533
2539 9495 JP § B9

2538 BEFB DLD F8 =2534

253D SCB1 JNZ § B@
253F 8@ HALT
5 88
2548 C40@ LDI 0@
2542 37 XPMH 3
2543 C414 1DI 14
2545 33 XPAL 3
2546 3F XPPC 3
$ 8l
2547 81 XaE
2548 C419 LDI 19
254A BFE2 DLY 82
254C 86 CSA
254D DCOl ORI @1
254F 87 CAS
2558 C489 LDI 89
2552 CBE2 ST E2 =2535
§ 82
2554 C482 1DI B2
2556 B8F9@ DLY 20

2558 BEDC DLD DC =2535

255A 9818 Jz § B3
255C 4@ LDE

256D DAFE ANI FE

256F 87 CAS

2578 3F XPPC 3

2571 98D4 JMP § Bl
5 84

2573 C46D LDI @D

2575 3F XPFC 3

2576 Bmz JMP § 77

s
2600 C4SE LDI SE
2682 (C986 ST 86 (1)
2684 93 ST @3 (1)
2686 C45F LDI SF
2688 C985 ST 85 (1)
268A C448 LDI 40
268C (984 ST 84 (1)
260E €982 ST 02 (1)
2618 C9%@ sT 80 (1)
2612 C478 LDI 78
2614 (991 ST 21 (1)
2616 C46D LDI 6D
2618 C9FF ST FF (1)

$ 1
261A C4B8@ LDI
261C 37 XPAH
261D C44F LDI
261F 33 XPAL

3F XPPC
2621 C426 LDI
2623 37 XPAH

262B 9C@4 JNz § 2
262D C7F4 LD @F4 (3)
262F 908C JMP § 4

2

2631 E460 XRI 60
2633 9C@4 INz § 3
2635 CT7FA LD @FA (3)
2637 9084 JMP S 4

$ 3
2639 E42D XRI 2D
2638 9CD JNZ § 1

4
263D C425 LDI 25
263F 36 XPAH 2
2640 C408 LDI 88
2642 32 XPAL 2
2643 €300 LD 89 (3)
2645 CA33 ST 33 (2)
2647 C301 [D 81 (3)
2649 CO9FF ST FF (1)
2648 C400 LDI 8@
264D CAJ4 ST 34 (2)
264F C302 LD 62 (3)
2651 CA49 ST 49 (2)
2653 €303 LD 83 (3)
2655 CAdB ST 48 (2)
2657 C384 LD 84 (3)

2659
2658
265D
265F
2661
2662
2664
2665
2667
2668
266A
2668

CAS5S ST 55 (2)
C305 LD 85 (3)
CAS7 ST 57 (2)
CdPF LDI BF
36 XPAH 2
C4E® LDI E@
32 XPAL 2
C427 Lp1 27
37 XPAH 3
C440 LDI 40
33 xpaL 3
3F XPPC 3

TAB:

266C
2674
267C

TAB:
2681 FF 7F

2689
2691
2699
26A1
26A9
2681
26B9

88 @8
BF 6D
28 8@

78 19 82 82
17 8a 88 00
a8

2
8

CA 58
BC 24
84 B9
8E @9
8F 12
84 81 @9 81
@9 83 81 84

238882 =32
=RE
2IYRBRE
EE2E8REE

o
-
o
(=1
=
]

TAB:

26C0
26C8
2608
26D8

TAB:

26E@
26E8
26F8
26F8
2788
2788
2718
2718
2720
2728
2738
2738
2748
2741
2743
2744
2746
2747
2749
274A
274C
274D
274F
2758

81 61 81 83
81 81 9@ 81
96 98 9B Bl
A8 AB AE Bl B4

828
TEE8

91 98 Bl 85 49
@2 83 83 BC B0
94 83 93 83 BC
99 86 83 93 Bl
85 @7 83 81 93
20 70 81 84 B5
29 78 83 81 B85
85 19 93 89 8F
8E 94 50 81 BE
92 85 85 89 85
92 8C 1F 92 92
99 94 85 71 72
22

C425 LDI
37 XPAH
C446 LDI
33 XPAL
C48C LDI
3F XPEC
C42F IDI
37 XPAH
C4FF LDI
33 XPAL 3
IF XPEC 3

UEBREBRAEEER

HUHURYEYR

TAB:

2751
2759
2761
2769
211
2779
2781

22 28 98 28 98 98 B8
95 88 95 28 96 96 @8
86 85 98 28 28 08 08
@8 88 92 28 @8 98 e8
98 @8 9 @8 @8 28 @
88 DB 98 98 98 @8 @8
98 98 98 28 98 98 P8

TAB:

2789
$

278A
278B
278C
278D
278E
278F
2791
2793
2794
27195
2796
2797
2798
$
2798
2798

TAB.
279D

$
279F
27a8
27A2
27A3
27A5
27n6
Z7A7
278
27A9

§
27TAA
2788
278D
278F

$
2181
2783
2785
2786
2788
2789

[}

5

32 XPAL 2

81 XAE

40 LDE

32 XPAL 2

48 LDE
E8BD XOR @D =279D
9Ce7 Nz $ 6

36 XPAH 2

81 XaE

48 LDE

36 XPAH 2

42 LDE

E@85 XOR 85 =279E
6

3F XPPC 3

98ED JMP § 5
@ 27

7

86 CSA
C828 ST 28 =27CC

Ic
1c
1c
1c
8
92 CCL

P4F6 ADI F6
9492 JP § 9
F439 ADI 39

BBBYE

F400 ADI @@
D@l ST @91 (1)
86 CSA

E401 XrI 81

87 cas

D481 ANI 01
9805 JZ § 18
4@ LDE

D4@F ANI OF
9PE8 JMP § 8

8

€89 1D 89 =27CC
87 CAS

ceées LD 95 =27CB
8l XAE

F XPFC 3
90D4 MP 5 7

program given in Table 2 can be stored
in RAM in the SC/MP system, say from
address OCO0 to address ODFF. In this
case, the instruction at address FO5A
must be modified accordingly: to C40C
in this example, instead of C4FQ. In the
demonstration program given in Table 3,
the routine address will also have to be
modified in this case: at address OEQ7,
the data becomes C40B instead of C4FF.
This is because the address of the
printer routine minus 1 is stored at
addresses 24EB and 24EF.

With these modifications, the three
routines can be entered into the SC/MP
and transferred from there to tape. If
the printer routine is to be located
elsewhere, the modifications must
obviously be modified accordingly . . .
Admittedly, this suggestion involves a
lot of laborious loading-by-hand; but it
saves an EPROM. It is the intention to
include these routines on an ESS
software record — at some future date.




