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Photo 1. No, this is not a
giant pen, it is a minia-
ture XY plotter. The heat-
sensitive paper used is

9 cm wide.

Most of us would never even consider the idea of building an XY
plotter or a matrix printer with a Centronics input. That, however, is
exactly what this article proposes: a combined X< plotter and matrix

printer. Probably the most important point is that you do not have to

an elegant
solution to the
problem of how
to make your
own graphics
printer
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the design is not prohibitive.

graphic

This project is very original, even by
Elektor standards. It is a complete matrix
printer and high-resolution XY plotter,
affordable enough to be a solution for the
‘impoverished’ but at the same time itis a
very interesting design in its own right.
The idea of making an XY plotter is by no
means new but to achieve a good result
there is one essential prerequisite, namely
a very precise mechanical section.

A realistic compromise

Designing the circuit and writing the
necessary software for this project comes
easily to the Elektor designers. The
mechanical part is a different matter,
however. You cannot expect to be good at
evervthing, after all. However, just as with
our mini-printer published in the
December 1984 issue, Seiko supply a com-
plete XY plotter (minus electronics). This

be a genius with your hands to construct the mechanical section.
Not only that, but the electronics is straightforward and the cost of

The concept of this d.i.y. project is made possible by the availability
of the entire printer mechanism, complete with two bi-directional
motors that drive a thermal print-head. All that remains is to fix all
this in place with four small bolts. The circuit is quite simple,
consisting of the Centronics interface, an input data buffer, and a
character generator. The software included provides the means of
drawing vectors point-to-point with a high resolution.

plotter

is shown in photo 1. We used the STP411
printer mechanism for our prototype but
we must stress that the electronics and
the software could also be used with dif-
ferent mechanical modules. This leaves
plenty of options open for those fortunate
readers who are skilled in the arts of sal-
vaging or even making the whole unit.
Before becoming involved with the details
of this project we have to define what we
mean by a matrix printer and XY plotter.
Most commercial matrix printers (Epson,
Seikosha, Nec, etc.) have a (pseudo)
graphics mode to enable them to print
designs. The resident software, however,
does not enable them to handle the co-
ordinates of a vector on a cartesian (XY)
grid direct, as happens with a drawing
table. What these printers do is produce a
hard copy of a memory (generally the
screen or video memory) in which the

"design to be traced is stored. Just as the

design exists pixel by pixel on the screen,



Characteristics

B Bidirectional thermal printer mechanism
containing:

2 stepping motors

8 or 8 element thermal print head

friction drum to hold the paper

worm-drive shaft to hold the print head

‘home position’ microswitch

B 6502 CPU complete with software

to control operation in:

7 * B or9 = b matrix printer mode

XY graphics plotter mode (with automatic test
procedure)

B Character generator stored in EPROM
ready for reception of:

alphanumeric characters (in ASCIl code)

XY vectorial coordinates (decimal values in ASCII
code)

gontral characters

B Input buffer
12K bytes or 7K bytes (depending on the
RAM capacity — 2K or 8K/

B Printing speed
on average 0.5 s per line of text.

B Horizontal resolution
256 or 320 dots
45 or 56 characiers per 9 cm line.

M Printer mechanism

dimensions: 153 = 45 x 20 mm

weight: 135 g

expected lifespan: 500 000 lines !

expected print-head lifespan: 300 000 lines !
AC supply: 5 VW5 A (max.)

1} at a 50% printing speed
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it exists bit by bit in the memory. By send-
ing the contents of the memory one byte
at a time to the matrix printer (which must
be in graphics mode), it is possible to
obtain a copy of the design on paper. It

is, however, impossible to trace the design
directly on the printer based on the vec-
tor coordinates. That is exactly what the
plotter proposed here can do.

The procedure used is guite simple. We
start by sending the ESC character to the
printer via the Centronics port. This signi-
fies that the following ASCII codes are not
characters for printing but the co-ordi-
nates of a vector that has to be traced.
The coordinates of the vector are then
sent, separated by ASCII character "/"
and beginning with the origin of the
veclor.

For example, the vector starts at X = 2,

Y = 6, and finishesat X = 1§, Y = 12 (see
figure 1).

The sequence of instructions needed to
print the vector is:

PRINT CHR$(2T), /™ '2% /"6 /™ 18,
i g el A

It is worth noting at this point that most
BASIC interpreters accept the PRINT
instruction without the semi-colons
between strings of characters (which are
in quotes) and variables (which are not
enclosed by quotes).

If the end-point of a vector is the same as
its origin a single dot is printed. The para-
meters needed to trace vectors are as
follows:

(ESC)/OX/OY/EX/EY/(CR)

BRO30 2

%Y graphic plotter

Figure 1. As it is almost
impaossible to plot a
straight line from an ORG
point to an END point,
this is achieved by using
segments of successive
approximations.

et haadd

commection 1o et hasd

]

OEEE

guide ahad

® W e shaty
@ prerited eirtuit Boatl

@ T bk

R M oy et e

@ ba-dwnctianal itipaing rsator | prang-hesd dro)

Figure 2. The Seiko ther-
mal printer mechanism
used here is only one of
the many possibilities. If
another mechanism is
used, the circuit will
almost certainly have to
be changed somewhat, as
will the software.

Photo 2. The print head
rides on the worm-drive
shaft seen here. This
photo also shows the
flexible connection to the
print head.
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X graphic plotter

where OX and OY define the origin of the

vector and EX and EY signify its end.

STP411-256 STP411-320 That all seems very simply but the desired.
e e result is achieved only if electronics, !
i ] os o S hanics, and soft rfectl
i ow2[] 33 mechanics, and software are perfectly co-
““’ZH | m D‘—' ordinated.
I I: 0.2
Figure 3. The dimensions D & ; 0 - kexd
of the two types of |:| R A 0"
printer, STP411-256 or 0O 0 The printer mechanism
STP411-320, are different. Vi " b
The higher resolution of 0 (] The sketch in figure 2 shows the printer
the 320-dot version makes ws[]_;_ oucs [c] i mechanism with its two bi-directional step-
it more suitable for pre- . ping motors, worm-drive shaft, and ther-
cisg Laces, mal print-head. We will not deal with this
Table 2. mechanism in any great detail. As photo 2
shows, it is a fine example of precision
Correction: 256/320 engineering but, because it has been kept
as simple as possible, it is pleasantly inex-
PLA (closed = "1"; open = "0") pensive. The horizontal motor is connec-
12 vy — STP 411320 ted direct to the drive shaft; every pulse
“g — STP 411-256 to the motor causes the head to move one
34 bit 2 binary coded step to either the left or the right. The
5-6 bit 1 7 step correction horizontal resolution is 256 or 320 dots
18 Dit® on paperfesd depending on the type of mechanism
Lt Fimber plugs chosen and the size of step is 0.35 mm in
210 of steps 34 |56 | 78 the former and 0.28 mm in the latter case
(see figure 3). The manufacturer indicates
o000 o] no no no 4 : 2
001 1 no | no |yes thatthere is a 'dead’ angle of two or three
010 2 no |yes | no dots according to the type of mechanism
@11 g no |yes |ves ysed. This means that nothing happens for
1001 4 “:Z :z ';2 2 or 3 pulses after the head changes
: ? é g :es yes vno direction. The software that drives the
111 7 yes |yes |yes printer must take this into account.
Table 1. a4
Centronics input
address bus x
Centronics —
PL2 input
1| STROBE
2| DATA @ ﬁ address
3| DATA 1 decoder ~
4| DATA 2 7 o
5[ DATA 3
6| DATA 4 adin @
7|DATA S e head
8| DATA B AL ol B _»uh_ﬂ.v; " i; feed
10| Buse L‘ A 6116 [ o 45 Ao
i iy 6164) "]
12 | Paper empty R N
13 'SSEEEF{,:?J control @ ~_| Ppaper
CPU = __bus | || .VZ.. feed
14| GND 5502 == _ij_s B 4x motor
Pa ¢ LM address
PEFBIDELY "V‘L decoder
PL3 L1 address
1-2[ PAPER EMPTY L /A decoder
3-4| PAPER EMPTY
&% ’ Bt D
LM} | n_| thermal
I~ o _y)_ “\rvL a5 .VP_ elements
s 1M
I_I 2] > Sl o
(27186; 5\;;, s
ot |(L0[ 2 2732 Lwy
reset A\IV_
head
data bus | position
f 1, + detector
power supply dot silict paper FIFO
Figure 4, As this block (+5 V) timer feed timer
diagram shows, the cir- 850204

cuit of the printer/plotter
is actually a complete
microcomputer.
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Like the head movement, the paper feed-
ing occurs in steps, which are the same
size as the steps the head makes. In this "
case the motor is not directly coupled to
the paperdrum. A miniature 'gearbox’ is
used that gives a reduction factor of 4 : L.
This means that the motor has to receive
four pulses for the paper to move by one
step.

This reduction (illustrated in figure 3) is
also subject to a ‘dead’ period every time
the motor direction is changed. If uncor-
rected, this would, of course, make rub-
bish of any design that is being drawn.
Unfortunately, Seiko, did not mention this
detail in their data sheet for the STP4ll,
which caused a few headaches for our
designers. They were, of course, very
reluctant to modify the otherwise excel-
lent mechanics to cure the problem. As it
happens, this was not necessary: the soft-
ware was made clever enough to iron out
this little difficulty.

Qur final comment about the motors is to
note that each has a maximum current
consumption of 500 mA at 5.5 V.

We have already mentioned that there are
two different printer mechanisms available.
The main difference between them is in
the print head. The 256 dot version has 8
thermal elements while the 320 dot type
has 9. The sketch in figure 3 shows how
the size of the dots consequently varies.
The current applied to the heating el-
ements is corrected to compensate for
changes in the ambient temperature. This
current regulation is achieved by varying
the frequency of the signal applied to the
print head. The mazimum current drain is
3.5 A when all the thermal elements are
on simultaneously.

The final feature of the printer mechanism
we will mention is the ‘home’ detector.
This is a micro-switch which is open when
the print head is at the extreme left. As
our designers were not fully satisfied with
this arrangement, they added a further
precaution. After receiving a ‘head-home’
indication, the head is first moved several
steps to the right, then brought left until
‘home’ is again detected, and finally
moved three steps to the right. This is
then taken to be the initial position for the
head. This precaution ensures that the
head's ‘home’ position is always correct
even if the mechanism is moved or
stopped accidentally by hand.

So much for the mechanics of the printer;
now for the electronics.

A complete microcomputer

The electronics section of this project is
no less than a complete microcomputer,
as the block diagram of figure 4 shows. It
has a CPU (8502), random access memory
(2K or 8K), read-only memory (4K or 8K),
input and output ports (18 lines), a clock,
and the ‘home’' detector already men-
tioned. The layout requires no comment.
There are, however, some points in the

Table 3.

Inputs-Outputs

6821/1C4 | Port A Centronics interface
40 | CAl lin} | STROBE
39 | CcCA2 {out) | BUSY
2 PAD
| | {out) | Data @...7
9 | PA7
6821/1C4 Port B Motor control
18 |CB1 not used
19 cB2 {out) | BUSY indicator
10 | PB@ 2
| | } {out) | Head drive motor
13 | PB3 3
14 PB4
| | } (out) | Paper feed motor
17 PB7
6821/I1C5 |Port A Switch/timing control
40 CA1l lin) | Select/deselect
39 CA2 {in} | FIFO timer
2 | PAR
| | lin) |PL4: paper feed error
5 |PA3
6 PA4 {out) | FIFO timer
7 | PAS {out} | Select indicator
B8 PAS lin)] |Home switch
9 PAT (in} |Paper feed switch
6821/1C5 |Port B Dot control
18 cB1 {in} | Dot timer
19 ce2 lout) | Thermal head: dot 9
10 | PBO
| | } (out) | Thermal head: dots 1,..8
17 |PB7
Table 4.
STP411-266 |  STP411-320
1 Home switch
2
3 Green c
4 Green c
5 Blue @1 Motor for head driving
& White $2
7 Yellow 43
8 Red 44
9 Green [
10 Green (2
11 Blue $1 Motor for paper feeding
12 White $2
13 Yellow $3
14 Red ¢4 | SEIKO ELEKTOR
15 NC Dot 1 Dot 1
16 Dot 1 Dot 2 Dot 2
17 Dot 2 Dot 3 Dot 3
18 Dot 3 fiot 4 Dot 4
19 Dot 4 Dot 5 Dot 5
20 Dot 5 Dot 6 Dot 6
21 Dot 6 Dot 7 Dot 7
22 Dot 7 Dot 8 Dot 8
23 Dot 8 Common |Dot 8
24 Commeon Common

XY graphic plotter

Photo 3. The gearing
mechanism on the printer
has a 'dead angle’ (the
mechanical equivalent of
hysteresis) that Seiko has
neglected to mention in

their literature on the

STP411.
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Figure 5. Although
designed to suit the
Seiko printer, this circuit
is universal enough to be
easily maodified if another
type of mechanism is to
be used.
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diagram of specific importance to this
project. There is a select switch to turn
the plotter on and off, a manual paper-
feed switch, the Centronics interface, the
transistorized power stages, the clock
used to control the head-current based on
the ambient temperature (dot timer), and a
timer (FIFO timer) that determines the
printing speed for characters received via
the input buffer. At the right-hand side of

figure 4 we see the printer sections: two
motors (one for the paper, one for the
head), the head itself, and the ‘home’
switch.

Once you have seen the block diagram,
the actual circuit (shown in figure 5) holds
few surprises. On power-up the circuit is
reset by R28 and C8. The 4 MHz clock sig-
nal generated by NI13 and N4 is reduced
to 1 MHz by FF1 and FF2.'A RAM R/W



signal is obtained via N§ and NI5, while
N18 provides the address decoding signal
for read-only memory IC3. If an 8K
EPROM chip is used, it is located in
addresses E000ypy to FFFFHEpy. If a 4K
EPROM is used (as is shown here), the
addresses occupied are F@@0. . .FFFFgpx.
The possibility of using 8K of ROM (twice
the standard size) leaves room to expand
the resident software. Address decoding
for the RAM is taken care of by N17 and
N18. Depending on the choice of IC2,
either 2K or 8K of RAM is available, occu-
pying addresses @00@. . .07FF or

(000@. . . IFFF respectively. If 2K RAM is
used, the input buffer is only 1%2K bytes;
with 8K RAM the buffer size grows to 7%:K
bytes. If IC2 is a 6116, pins 3 and 4 of PLl
must be linked, whereas in the case of a
6164 a link is made between pins 1 and 2.
Address decoding of input-output circuits
IC4 and ICS is taken care of by N6 and
NI18 (up to the general selection of page
TXXX) in combination with N12. This latter
NOT gate is needed to choose either:
1018HEx (IC4) or

1000pEx (IC5)

Simple anti-bounce flip-flops are located
around Sl and S2. The logic levels output
by these flip-flops is fed to lines CAl and
PAT of ICS, via which the processor can
examine them. In this way 5] switches the
plotter on and off and S2 controls the
manual paper feed.

The printer's Centronics interface, the pin
designation of which is given in table 1, is
based on port A of IC4 and connector
PL2. The BUSY and SELECT LEDs are con-
trolled by lines CB2 of IC4 and PAS of
ICS. The printer mechanism we used does
not signal whether there is paper present
or not, so the Centronics interface does
not have a PAPER EMPTY signal as such.
Making one of the links in PL3 as shown
below causes the inverse level at the Cen-
tronics PE line of that expected by the
computer.

1-2, if the computer expects a PE signal
(Centronics = PE)

3-4, if the PE signal is expected (Centro- -
nics = PE).

The compensation for the paper feed
mechanism’s ‘dead’ angle is achieved by
placing links in PL4. We have dedicated a
box here to deal with this. The dead
angle of the 256-dot mechanism is 2 dots
and of the 320-dot type is 3 dots. In prac-
tice or with use these values may change
so we have allowed for a compensation of
up to 7 steps.

The links at PL4 also select either the 256
or the 320 point mechanism. This is deter-
mined by the logic level on line PA3,
which also ensures that the software is
suitable for the version used.

All this brings us to the input-output lines
and to the actual operation of the circuit.
The 6821ls, used here because of their
favourable price, do not have any internal
timer like their more expensive counter-
paris so a 855 is needed for this. The
timer generates a pulse used to control
the speed at which the 6502 deals with

Table 5.
Plot one dot if _
ORG = END
Exchange ORG
and END =
il ORG ~ END

Push END on steck

Push END on stack

Compute the co-or-
dinates at the mid-
point of the current {
segmnt

Plot one dot if
MID = ORG

X graphic plotter

LOOF B

= LOOPAX .

Plot one dot (ORG)

Pull ORG from ttack

Plat one dot and

Dtherevibe midsssint J’ Fut END on stack Pull END from stack e |:’:“ e
S RO e || o e ek o plotted
| END = MID
- JMP — LOOPA
st i =ics
compute mid-point
bl oy Plot the last dot

the input buffer. The processor is continu-

ally divided between two tasks: receiving

and storing characters in the buffer and

outputting these same characters for print-

ing. The sequence of events can be sum-

marized as follows.

B The printer has just been initialized and
is ready to receive data; before starting

to receive data the software sends a trig-

ger pulse to monostable [CB.

B During the IC6 pulse the printer is in
the receive mode; characters that

appear at the input are saved in a FIFO

(first in first out) buffer.

M As soon as the pulse has passed a line
of characters is printed if there is one

in the buffer (if a CR is present).

B The software resets the monostable and

elektor india may 1985 5-29



XY graphic plotter

Figure 6. All the compo-
nents except the mains
transformer fit onto this
printed circuit board.
Even the Seiko printer is
bolted to the board.
When fitting the com-
pleted circuit into a case,
be careful not to forget
that the paper needs an
entry and an exit point.

5'30 elektor india may 1985

examines the Centronics interface: if a
new character has appeared it is loaded
into the buffer and reception continues
until the end of the pulse; if there is no
new character to receive, the program
continues to print the lines of characters
already received until the buffer is empty
or the timing pulse supplied by the 555
ends.

This cycle continues indefinitely. The soft-

ware constantly examines the buffer
pointer to avoid a skip that would result in
an irreparable loss of data.

The oscillator based on N6...N9 is also
an essential timing element during print-
ing. Its frequency determines the cyclic
relationship of the pulses applied via
T12...T20 to the print-head elements. The

‘energy applied to these elements is scru-

tinized closely as the current cannot be



constantly present or it would cause a
burn-out. Compensation for changes in
ambient temperature is achieved with pre-
set Pl, whose wiper is connected to the
base of transistor Tl. Moving the wiper of
P1 changes the biasing on Tl and thereby
increases or decreases the frequency of
the associated multivibrator.

This section of the circuit also enables the
electronics for the printer to be tuned to

the different types of thermal elements
that Seiko mount in the mechanism. The
suffix used (A, B or C) designates the
resistance of the print head. The exact
value is unimportant as Pl compensates
for it in any case. The smaller the resist-
ance of the thermal elements the lower
the multivibrator oscillating frequency
(upon which the current directly
depends).

XY graphic plotter

Parts list

Resistors:

R1 = 150 k
R2,R3 = 22 k

R4 = 2k2

RS = 100 k
R6,R8,R29. . .R32,
R37 = 10 k
R7,R9 = 330 Q
R10,R19...R27,R35,
R36 = 4k7
R11...R18 = 5k6
R28 = 1k
R33,R34 = 470 @
P1 = 50 k preset

Capacitors:
Cl=82p
C2=1u/16YV

C3=10n

C4 = 2200 u/16 V

C5,C6,C7,C10...C16 =
100 n

C8 = 47 u/6 V

C8 = 1000 u/16 V

Semiconductors:

D1,.D4.. D11 = 1IN4148
D2 = LED red

D3 = LED green

D12,D13 = 33 V/400 mW
zener

B1 = bridge rectifier

40 V/5 A

T1 = BC550B
T2,T3,T12...T20 = BC 516
T4...T11 = BCB17

IC1 = 6802

IC2 = 6116 {6164)
IC3 = 2732 (2764)
IC4,IC5 = 6821 (6521)
IC6 = 555

IC7 = 78H05 (TO3)
IC8 = 740500

IC9 = 74L520
IC10 = 4069

IC11 = 74LS74
1IC12 = 74LS04
IC13 = 74LS27

Miscellaneous:

F1 = fuse, 1 A slow-blow
Tr1 = mains transformer,
9...10v/4 A
X1 = quartz crystal, 4 MHz
Seiko X-Y plotter
mechanism, STP411-256 or
STP411-320
heat sink for IC7, TO3 type
dual-row links: 2 off 4-way
1 off B-way
1 off 14-way
PCB 85020
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Photo 4. To use the same
character generatar for
both types of printer
mechanism (256 or 320
points), the connector of
the 256-point version
must be moved one
space to the left.
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The stepping motors are controlled via
two groups of four transistors (T4...T7 and
T8...Tll), each fitted with a diode circuit
as a protection against any reverse induc-
tive charges the motors may generate. An
article is dedicated to this sort of motor
elsewhere in this issue so we will not
duplicate any of the details here.

Before moving on from figure 5 we would
like to point out the power supply section
based on IC7. This provides power for the
processor and its peripherals, of course,
but also for the motors and thermal el-
ements. Because of that is dissipates a lot
of heat. During printing the peak current
consumption is actually about 4.5 A.

Small, but. ..

Of no little merit is the fact that this
printer/plotter is small in size. The layout
of the printed circuit board is seen in “gu-
re 6. The four comers of the printer mech-
anism are bolted to this board at the
positions provided. Connecting the mech-
anism to the board is a matter of making
24 direct links between the two, on a one-
to-one basis. Before doing this, however, it
is wise to test the power supply (without
the other components), and then the
clock, anti-bounce flip-flops, and oscillator
NB6...N9. After mounting P1 on the
printed circuit board, its wiper should be
turned fully to the right. In this position
the printing contrast is minimal and there
is no danger of burning out the print-head
elements. Initialize (reset) the circuit and
check that the logic level at the bases of
T12...T20 is high. These transistors are
then switched off so no current can flow
through the thermal elements.

The ‘electronics’ can now be connected
to the ‘mechanics’ If an STP411-320 is
used, make links 1...24 as indicated. If
the lower-resolution STP411-256 is chosen,
make all the links except 23 and then
solder pins 23 and 24 together at the
printer mechanism (not on the printed cir-
cuit board). The mechanism of the
STP411-256 must also be modified slightly.
As table 4 shows, pins 15...23 are offset
on the ‘256’ compared to the ‘320" Rather
than correct this by software, we prefer to
move the internal connector on the printer
block. The print head is connected to the
chassis by a small piece of flexible
printed circuit board (this can be seen in
photo 4). The ‘320" version uses all of the
ten available tracks, whereas with the '256'
only nine of the lines in the female con-
nector are used by the male connector. In

this way, there is a line free either at the
left or at the right of the female connector.
The Seiko version leaves the empty line at
the left (pin 15 in table 4), but in our
design we have moved the space to the
extreme right (pin 24). This change is eas-
ily made: carefully extract the female con-
nector from the chassis, move it one step
to the left, and re-insert it. Do not use any
sharp (or toothed) tools for this — it is far
better to just use your fingers.

If the wiper of Pl is turned fully clock-
wise, this electronico-mechanical
assembly is now ready for the baptism of
fire.

The software

The program stored in EPROM IC3 cannot
be properly dealt with in this article so
we will only describe it in a very general
way. The software is the same no matter

Table 6.

Important addresses

Owing to lack of space, we are not
able to give you the complete source
listing; the hex dump of the EFROM in
the plotter is given instead. Vector NMI
in FFFARex and FFFBhex points to the
origin of a test routine in FB41hex. The
remainder of the EPROM content is
divided into two: the routines for
receiving and printing {alphanumerically)
with the character generator, and the
routines for plotting the vectors.

Table 6 gives the principal addresses in
hexadecimal.

FOBO. . .FR2C: internal jump-talble
F@2D . . .FB34: siepper look-up tables
FB39: delay subroutine

FB41: SIGMA initialisation (reset vector]
FOS2; turn paper feed stepper right
FOAC: turn paper feed stepper left
FBBC: step print head left

FOD6: srep print head right

FOEG: feed paper and incremeant
F10D: eat paper and increment
F13B: head right and increment
Fi44: head feft and decrement
F154: home head

F194: print character in A

F308: print line buffer

F3B4: /oad head

F393: receive a character

FAVA: printer main program

F586: character generator

F935: graphic sigma

F976: plot origin

FAAF; graphic handler

FB41: rest program (NI vector!
FB99: vector plotter
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888: 4C DS F2 4C S7 FZ 4C §3 F2 4C 54 FI 4C 84 F3 4C &481 22 41 TF 40 48 48 48 TF 92 @C 02 FF 7F 82 84 88
@iB: Do FO 9C BC F@ 4C F2 FB 4C AC FP 4C 3B FI 4C 44 G781 PF 3E 41 41 41 3E 7F 87 09 99 84 JE 41 51 21 SE
828: F1 4C E& F@ 4C 90 FI 4C 41 F8 4C 22 F4 AD 40 50 488: TF @F IP 29 44 26 47 4% 49 32 @1 81 7F 81 91 3F
P38; FR B8 B 0T 0P AT C8 B0 B2 98 28 48 &8 CA (@ FF? 4FB: 40 4@ 4@ IF |F 20 48 24 IF 7F 28 18 20 7F &3 14
P46 o8 DE AF 80 BL 03 70 BD 93 7O 80 i1 7@ BL U3 70 Sa0: BB 14 63 B 85 70 B8 87 &1 51 4% 45 435 86 FF 41
8381 801070 Ay 34 6D/ B0 28/ A% FE SDE2 78 BD) 12 70 4BA: 41 @8 02 B84 @5 18 28 8 41 41 7F 80 @5 82 7FF 02
Qs0: A% 94 8D Bl 78 A® JC B0 €3 70 A° FF 8D 02 70 AF 4CEL B4 @B IC 24 98 @8 @0 @7 @B 9@ 98 78 54 54 7E 40
@70: 2C B0 11 78 &% 3C 8D I3 76 w2 DF SE 88 70 A% 00 400 4B 7F 44 94 3C 90 38 44 44 48 35 44 44 7F 49 .68
Ba: A2 B7 ¥5 GE Chm I8 FE A7 24 83 21 AP 90 8% 0@ BS SEB; 38 59 54 4B 00 @5 FC 94 02 82 78 A4 Ad FC 8@ TF
0901 ©1 &8 Bc 08 EG E0 84 FO IE.BS 00 AD 12 7o 27 OF GFB: B4 84 TE 86 BB T4 08 80 B 48 S0 7A B8 89 FE 19
BAB: 1020 F@ B 12 70 AE 34 FB 4C 39 F@ A 00 CA 38 7eR; 2B 44 @b 92 TE 48 88 FC 84 FC 84 78 BA TC 04 04
BB BT A4C F5 FO A2 86 FO O EI A2 BE 00 0D A& 01 EE E@ 7i8: 78 0B 36 44 44 38 08 FC 24 24 18 16 24 24 FC @8
Qco: 04 FO IB 8= @1 A0 12 70 2F FO 1L 3| FO 80 12 7 P28: BP PC 96 64 84 00 428 54 54 24 09 04 3L 44 28 3C
O00: SE 3% F@ 4C 37 Fo ae 81 CA L3 07 4C ©3 Fo A: @0

7aB: 40 48 FC 40 OC 36 4@ 30 OC 3C 40 39 40 3IC 44 24

QEa: PO LU AT A3 080D A% .65 B9-20 I8 T8RS, 03 98 NE 740; 3@ 45 44 G0 IC M@ AE FC 48 &4 54 4C 84 08 88 34
OF@: &4 &3 20 P2 FO B8 D0 FA AS &% BY B8 B9 &5 E& 84 7SR 4] 4] B9 @@ 77 08 08 88 41 41 34 68 02 A8 A8-@E
100: DR B2 E& 95 AB G4 20 92 FB BB D@ FA 58 A5 &5 27 7681 38 %% 24 %% 24 %% FF FF FF EF FE FF FF FF FE FF
118 26 D@ 12 24 &5 18 BE A9 43 20 AC FB 28 D0 Fa AT 7782 FF FF FF FF 'FF FF FFE .FF FF FF FF FF £F FF FF-FF
128: 23 27 7F @3 43 38 A3 04 EF 01 85 94 &5 @3 E? 00 798 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
138: 85 @5 A0 64 26 AC FO 8B 00 FA 48 E& OR 00 02 E& 7901 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
149: @3 4C D5 F@ 32 AS 92 E° 91 85 02 AS 83 EP 80 8% 708t FE FF FF FF FF FF FF FF.FF FF FF FF FF FF FF FF
158: @3 4C BC F@ 2C @@ 76 BO 64 28 BC Fd 40 54 FL Ak 788: FF FF FF FF FF FF FF FF FF FE FF FE FE FE FF FF
160: 20 20 Dé Fo 88 D8 Fi 2C 88 70 70 ©& 28 BC Fo 4L CRi FF FE FF FF FF FF FF FF FF FF FF FF FF FF FF FF
178: &7 Fl a8 82 20 BC FO &6 DD FA AD 82 28 Ds FB 88 7D8: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
188 D@ Fa a8 16 28 #2 Fb 82 DE FA AR 18 20 »C F@ 88 TE@: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
1991 D® FA 68 &0 CF 20 98 FB CP 80 BB F7 38 E¥ 20 AB 7¥8: FF FF FF FF FF FF FF FF EF FF FF FF FF FF FF FF
1ald: &% 00 As 48 A7 DS 48 B4 48 P8 48 @8 72 F2 AF FS B0f: 4C 3% F? 4C 4F FA 4C P FP Al 00 AZ 20 #1 52 28
1Bb: 48 AP Bs 48 20 57 F2 &8 BS #C &8 85 A0 A9 04 BI 8i8: 29 FB.AS 2C #1 32 20 24 FB A5 2B 71 32 20 24 F8
ICe: OC #% OE 00 88 10 FE A4 1B 00 47 20 38 F1 AD 02 B20: AS 24 71 3Z 38 AS 32 EF 81 65 32 B 62 Cs 33 &0
ID8: T8 BT BE DB AZ 25 2C 83 78 10 FE 48 A% &5 2F 1@ B30: A8 B0 AS 31 P| 32 20 24 FE AS 30 P1 32 20 24 F8
1E8: D8 24 &8 4% FF 8D 82 78 A0 €2 70 2C 93 70 18 FB B48: A8 2F 1 37 20 24 FE A% 2E §1 32 4C 24 F8 28 4D
IFd: CA 838: FB A0 0¢ B1 32 85 24 20 4D FS Bl 32 63 27 20 4D
280 CS Bs8: FB Bl 32 85 28 20 o0 F@ Bl 32 BS 29 &0 ES 32 De
218y ES B78: B2 E4 33 40 20 40 FB AP 00 B1 32 85 24 20 4D FB
2281 AT S80: Bl 32 85 2B 20 40 F8 Bl 32 8% 2C 20 &0 Fe Bl 32
238 Bz BF8: 65 ZD 4b 1B AS 26 45 24 BS ZE AS 27 &5 28 85 IF
2981 38 Bad: 44 ZF &2 2E 18 AS 28 45 2C 83 30 A0 27 43 20 85
20 8 BBB: 31 44 3| &6 30 40 A7 AL 48 AF TF 48 AS 37 48 AS
2481 28 BCO: 32 48 20 80 FO &0 AS 27 48 AY 24 48 A% 2F 4B AS
270 48 BOBd: ZE <8 20 oD Fo &0 A3 27 48 AT 28 <8 AT 31 48 A3
2081 a7 BE@: 30 42 20 88 FO 40 AS 27 48 AS 24 40 AS 2B 48 AS
%81 14 BFB: 24 48 20 00 F@ &8 AT 27 48 A5 28 48 AS 2D 48 AD
2n9: 85 Fe0: 2C 2

2B8: &¢ Tl 2m

2C: B7 $201 8% 2

208: 48 301 24

ZE: BF P48 94

2FB1 Bs 5@ 45

Jee: Ta FEB: B4

310: 24 P70 02

328: 81 88 4l

330: EE E w90 4C

3481 F2 48 B9 22 AA 48 85 23 48 B4 485 AT 83 48 AS B2 FaE: 7

3T0: 48 20 03 FZ F@ 0A B 2Z 20 4949 FI 20 A F4 00 Fe #B8: 2(

348 A% 85 B85 18 A& IF CA B4 20 A4 20 BF 81 81 CF BaA oCe: BD

378: F@ @3 20 94 F1 Cé 28 D8 FE 48 20 38 F| 20 §A F4 P08 34

39@: DB F8 FO DC A8 84 28 Ds Fe B8 DB FAa AP 80 85 82 PER: 35

378: 99 83 48 2C 11 70 18 35 AD 13 78 29 F7 &0 13 7@ PFB: aC

3AB: AD 18 TR 48 AD 13 7@ BF 08 80 13 PA &8 CP IE F@ apg; P

3881 16 CF @4 F@ |4 CP 8% F@ 16 C¥ @D F@ OC CP 8a F@ Albl 38

3C6: BE CY 20 9?0 BS CF 8@ B 04 B85 1D 38 48 18 &0 Eé AZB: 38

306: 1B DB 02 E6 IC AS 25 C3 IC DB 84 AF 82 85 IC &0 A361 Es

3E@: E4 17 DO 02 E6 1A AS 25 C5 1A DB 84 A7 82 B85 1A AGB 1 AP

5FB: 48 AS IC 4B AS IE 48 AS 1A 48 AS 15 46 2@ DS F2 WSe 1 FF

4B S0 A4 21 20 P2 FR 55 [0 FA 40 A% 83 98 A% P2 48 Ba8: 18

418: AS 23 48 AS 22 496 20 DT FZ 40 AF 08 DO 97 A% 2B A7B: 2F

420: DO 38 78 A2 FF 94 EB B84 45 94 43 20 41 F@ 20 %4 BT AR

4381 FI 28 B4 F3 AD 08 78 27 OF 4% OF ma 27 67 D@ 08 AER: 48

440: AS &5 B9 20 B85 &9 D@ 03 EA 85 &3 84 27 @8 FA CE AR &2

4581 A% 30 BT 44 AF 80 B5 3C AD 37 Fe 85 1% BS 1B AD ABE: 36

4481 38 F@ BS 1A B85 IC AP 00 B5 80 A &5 90 @0 88 €5 Aco; 89

478: 88 FO A7 AY 20 BS 29 AF 7F B5 32 A% B1 8% 33 AS ADBT 28

4881 45 @F 40 B5 45 28 30 F5 28 41 F3 A2 8@ B4 IE 284 GED: A

4781 24 EB B4 IF 20 3D FS AS &5 27 48 Fe 22 28 53 F3 AFD1 &0

4aB: P4 18 CP 04 Fa 2F C? B9 FE 31 CF 00 F@ E4 A0 80 BeG: 00

4Ba; $1 1B 20 CF F3 20 Fi F3 F@ @A 2C @1 76 5@ DS 2 Bi: 89

ACH: FI F3 FB DO @ 80 B1 1F 98 20 €8 F3 48 C? 1B DR B28: @1

4081 13 €S 3C F@ 13 20 @8 F@ 4C 8% F4 &% 45 4% 18 8% B3B: 04

4Ed: &5 AC 8% F4 C7 @4 FA 13 AS IF $0 21 @1 E4 IE Es Bk

4Fd: IF A& IE E4 44 F@ 24 280 FI F3 DB CB FB %4 Ad IF B8O 34

580: 70 81 91 E5 24 E6 IF AS 5C C7 1B F@ 27 26 @8 F3 Bed1 E

Si8: 2C 41 70 1@ 83 4C 85 F4 4C BB F4 As IF AP A 7D B70: EB

S26: 81 @1 E& 24 E& IF 20 06 F3 A2 88 84 IE 83 24 E6 a80: 85

S30: 84 IF DB C3 20 B3 FB AP @B 85 3C FO D3 2C 8l 74 B%91 AT

548: 18 i2 A5 43 49 40 85 &5 AD ¢ 78 47 28 80 €8 70 BEE ED

S56: 20 41 FS &0 AS &5 27 46 D8 04 20 &F FS 28 &1 F5 BB6;: FF

Se8: o8 AD B0 78 27 EF 80 @0 78 09 18 80 99 76 &0 AD BCB: Co

578 88 78 @ |1 20 54 Fy AD 88 78 18 85 28 P2 F@ 4C BDB; 27

SB@: 77 FS 4C 84 F3 40 B0 80 @0 80 80 89 @0 @8 S5F 00 BEB: B4

S598: 88 @7 B0 87 80 BA IF @A IF 84 24 24 PF 2A 12 23 BF&; 29

S40: 13 88 44 52 34 4% 55 22 S50 00 99 90 26 87 ¢ IC Céw: Fe

SB@: 22 41 @8 90 41 22 IC @8 24 IC 7F IC 24 88 85 3£ Cig: Fa

SCH: 5 B8 88 @0 4B BA 78 @0 08 @3 85 98 89 C@ Ca Q@ C2é: Fag 2

SDéy 8@ 20 (9 B2 04 @2 3E S1 4% 95 3E €0 82 7F 00 @0 cae: 36

SE@: &2 S1 47 47 46 41 41 49 40 33 @F 4@ 98 7F 88 47 cdg: 27

SF8: 43 45 45 39 3C 44 4% 4F 38 &1 11 @F 0% 83 34 4F Eiut uy

SBB: 4F 4P 35 B4 47 49 29 IE 80 34 34 00 08 B0 Bé T4 C&: @

4i0: 98 00 0E 14 22 41 B8O I4 14 14 14 14 @8 41 22 14

$2@: 98 82 Bl 51 @ @4 IE 41 S0 55 SE 7E 09 @7 €7 VE

438: PF 4% 4% 49 34 3E 41 41 41 22 PF 41 41 41 3E 7F

4481 47 4% 47 41 PF 8% BF BF 81 3E 41 47 4% 7A FF @8 A

438: 88 BB TF 8@ 41 FF 41 @0 28 48 48 4P IF FF BE 14 FFa: 41

which type of RAM is used. After initiali- varies with the frequency of the clock,
zation it determines how much random which itself determines the degree of con-
access memory is available for the input trast. On average fwo lines of characters
buffer (spooler). This buffer is used both per second are printed.

in matrix printer mode and in XY plotter The parameters for tracing a vector, as we
mode. The computer connected to the have already mentioned, must be pre-
Centronics printer can transmit data very ceded by the ASCII ESC character. Four
quickly and does not have to wait for it to parameters are specified, separated by the
be printed. The average transmission rate ASCII character '/". The order is:

is about 300 baud. The printing speed M coordinate of the origin on the X-axis
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B coordinate of the origin on the Y-axis

. 11}"

B coordinate of the end on the X-axis
w/

B coordinate of the end on the Y-axis
|

If none of these parameters is left out or if
there is an error in the syntax the com-
plete instruction is simply ignored. Be
especially careful not to forget the last '/
after the end Y coordinate.

Before starting to trace a design the
pointers and timers for the plotter
program must be initialized. This is
achieved with the CTL-D (CHR$4)
command.

It will now be apparent just how easy this
printer is to use in either mode. It is also a
simple matter to combine alphanumeric
characters and graphic traces.

Lines are traced using an algorithm that
makes successive approximations for the
coordinates of all points between the ori-
gin and the end of the vector (table 5). In
theory this algorithm allows vectors to be
32768 dots. If the vectors end coordinates
are lower than the origin (on one axis or
both), the XY plotter itself automatically
reverses the direction of the plot.

In printer mode the CTL-I (CHR$9) instruc-
tion flips a ‘switch’ in the program: all
characters received after this command
are printed in white on a black back-
ground. The inversion continues until anot-
her CTL-I is received. Note that an

ASCII LF (line feed) is not needed after
CR (carriage return) but it does not affect
the operation of the printer. On the other
hand, the characters fed into the buffer
are dealt with one line at a time so the
program can determine the position of the
print head when the CR armrives. This infor-

mation is then used to decide whether the
next line will be printed from left to right
or right to left. This so-called ‘bi-direc
tional logical seek’' simply locks at which
choice requires the least head movement.

Printer

This printer/plotter can be tested even
without a Centronics interface. An auto-
matic test program included in EPROM
IC3 takes care of this. The test draws a
three-dimensional pyramid and is started
by a short negative pulse on the 6502's
NMI (non maskable interrupt) input. A
push-button can be connected from pin 6
of ICI to ground for this.

The printing contrast is increased by
moving the wiper of Pl left-ward. The con-
trast changes very gradually only.

There may be a noticeable drift at the cor-
ners of the test pyramid’s base. If this is
the case, insert the link between pins 7
and 8 of PL4 and give another NMI pulse.
The drift is then reduced by one step. If
this is not enough, insert the next link.
Continue like this, following table 2, until
the pyramid is as perfect as possible.
When this correction is made, the push-
button can be removed. Now all the
printer/tracer needs is to be put into a
suitable case.

Final note

If the power-on reset does not always
work error-free, this may be remedied by
(a) replacing the 74L504 in the ICI12 pos-
ition by a T4LS14, or (b) connecting an
additional pull-up resistor of 1 k between
the +5 V line and pin 10 of ICI2 (output of
N16). |
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