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SCI Specifications 

3 independent parallel ports, each bit programmable input 
or latched output. Handshake signals for each port. 

Serial port with RS-232, 20ma, 60ma current loops, speed 
selectable between 45 and 9600 baud. 

High~speed biphase cassette interface with selectable 
speeds from 800 to 100,000 baud. Can also be used as a 
signal generator to test audio equipment. 

Two on-board relays control two recorders. Three status 
lines for external recorder control. 

Reset-jump: on reset, the CPU jumps to the SCI monitor. 

2708 programmer. 

256 bytes of RAM for stack and buffer space. 

2k monitor in 2708's provides . system control and I/O. 

SCI requires the following S-lOO bus signals: 

+8 volts, +16 volts, -16 volts, circuit ground 

PWR, PDBIN, PHOLD, PRESET, PSYNC 

SINP, SOUT 

AO-Al5, DIO-DI7, DOO-D07 

2 mhz clock 

Power Requirements: (nominal) 

+8 - 450 ma 
+16- 85 ma 
-16- 65 ma 

Dimensions: 10.0 II wide x 5.1 II high (excluding edge connector) 

SCI generates its own wait states, independent of the 
processor used, and can use 650ns 2708's. 
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SCI Assembly 

A note of caution: This is an expensive interface. 
To protect your investment, and ensure a long operating 
life, exerc1se care in the construction of this board. 
Take your time, be certain of parts placement, don't 
force I.C.'s into their sockets, solder thoroughly, but · 
sparingly, as a little solder goes a long way. rtandle 
the I.C.'s carefully, making sure that the pins are straight 
before inserting them into their sockets. I.C. pins can 
break, and lead receptacles damaged, by careless insertion. 
Take the time to inspect and test the finished board before 
applying power. This avoids the smoke test. 

Personal care: wear eye protection when cutting leads 
and soldering. This prevents foreign material from entering 
your eyes. 

Use a metallic holder for the soldering iron. This 
prevents heat-damaged tables, possible fires~ and carpet 
burns when soldering irons get loose. The soldering ~ron 
need only be 25 watts with a 1/8 inch spade tip. A welder 
is not necessary. An iron with a thr~e-wire cord is pref
erable for electrical safety. An Un~ar #135 is an excellent 
iron for p.c. work, and costs about i8.00. Rosin-core solder 
is supplied with the kit. If it's not enough, use 60/40 
lead-tin rosin-core solder only. Acid-core solder will de
stroy the circuit and void the warranty. 

All parts mount on the FRONT side, and solder on the 
BACK. Solder the parts after each step. 

tJ Check the parts list and the parts layout. These 
should agree with the parts supplied. Contact us immedi
ately if anything is missing, as shipping takes time. 

t] Locate the 7-pole DIP switch. Mount it in the upper 
left corner of the board. Hount it with the numbers toward 
the top of the board. 

[] Note the orientation of the I.C.'s: For vertical I.C.'s, 
pin 1 is to the upper left, and for horizontal I.C.'s, pin 
1 is to the upper right. 

[] Install the three standard profile 24-pin sockets in 
pads 17,18, and 19. These are the sockets for the 2708's. 

Note that W.pad 6 fs the address jumper pad and does 
not have a socket. 

[J Install the remaining sockets. 

[] Install the four regulators and the two heat sinks. 
Line up the heat sinks over the areas marked on tne p.c. 
board. Bend the leads of the regulators at right angles 
as shown on the parts lis.t. The holes for the · LM-320-T-12 
were small on early production boards, and the leads of the 
regulator should be bent and cut approximately as shown, then 
crimp the leads slightly with pliers so they will fit the 
p.c. holes. Use 4-40 nuts and bolts to secure the regulators. 

Leo..01 s C rfWi feJ 
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D Next, install t ne capacitors. . Observe the polarity 
of the 16 tantalum capacitors: the + lead must line up with 
the + shown in the layout and marked on the p.c. board. 

The - lead for the tantalum capacitor on the right~ 
hand side of the board must be bent inward, to avoid hit
ting the guide rails of the card rack. . 

D Install the diodes, being careful to align the cathode 
bands with the markings on the p.c. board and shown in the 
layout drawing. 

All resistors mount vertically: ~ 
D Install the 1/2 watt resistors. These are about 50% 
larger than the 1/4 watt resistors. ' All are near IC-45. Note: 
There is an extra 51 ohm 1/2 watt, used · in the 60 ma serial. 
D Install the remaining resistors. 

D There are two types of small-si~al transistors used: ' 
2N3904 and 2N3906. Be sure to place them at the correct 
locations, and oriented as shown in .the layout. Spread the 
lead£ slightly to fit the hole patterns. 

D The MJE-IBO transistor in the upper right-hand corner 
of the board, has leads that must be crimped slightly to fit 
the mounting holes. Trim the leads, then crimp with pliers 
to fit. 

D Insert the LED's, noting that the flat edge is the cathode. 
Check the parts list for details. 

Jumper Options 

D Strap the address jumpers for the board address you 
specified when ordering. If you didn't specify, DOOO hex 
is the standard address in the firmware supplied by DAJEN. 

A15 /4 . 13' A12 
o 0 . 0 0 , , 
o 0 b 0 

ADDRESS 
Booo hex 
9000 
AOOO 
BOOO 

Address pad, DOOO shown 

Jumper(s) 
A-12,13,14 
A-13,14 
A-12,14 
A-14 

ADDRESS 
COOO hex 
DOOO 
EOOO 
FOOO 

Jumper(s) 
A-12,13 
A-13 
A-12 
None 

Lower addresses (6000,7000) could be used, but are not 
recommended, as system RAM usually occupies the first 32 K 
of memory space, if not more. . . 

Note: I/O addresses use 16 consecutive ports, with 
the same byte as the board address. For a board address 
of DOOO, the I/O addresses are: DO,Dl,D2,.~ .• DE,DF. For 
a board address of AOOO, the I/O addresses are: AO, Al, A2~ :6 
•• AE, AF. . 

D The two jumpers in the upper right-hand corner next to 
pins 1 and 2 of IC pad 45, the serial port, should be in
stalled if there are no immediate plans for connection to 
a l-iodem. 
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Jumpers for CTS, DCD 

1

1 

IC-45 
'-------' 

When used, CTS (Clear To Send) and DCD (Data Carrier 
Detect) must be converted to RS-232 levels (they are TTL 
compatible) using a 1489 or equivalent RS-232 line receiver. 

+5 

~'i3 -From I DCD 
RS-232 7 , 

Typical 1489 circuit 

Device 

Reset-Jump Jumper 

IC-4 I IC-5 · 

o Disable 

IC-4 and 5 are located 
in the lower left portion 
of the SCI board. 

--0 . . -0 0, 

4.7k 510 "0 Enable 

The reset-jump circuit takes control of the S-lOO 
bus when the reset line (pin 75 on the bus) is active (low). 
No other jump circuits should be active, as they .will 
probably conflict and the system will hang-up. 

This circuit is enabled by placing a jumper from the 
reset-jump pad to the enable pad. It is disabled by placing 
a jumper to the disable pad. 

The address to which the processor jumps is determined 
by the first three bytes of the 2708 in IC position 17 (P0). 
With the SCI monitor, the jump address is directed to the 
initialization routine of the monitor, and is typically: 

C3 Jump instruction .for CPU 
lE Low-order jump address 
H~ High-order jump address 

The manner in which the SCI jump circuit is set up 
requires that the CPU jump to a location within the first 
lkof the SCI board address to reset the jump circuit. This 
design eliminates false reset of the reset-jump circuit 
when the SCI is addressed at F0.00. Thus, if other than the 
SCI monitor is used, and a jump outside the first lk of the 
SCI memory block is desired, a second jump instruction must 
be used, and could be placed immediately following the first 
jump instruction. 

Example: SCI addressed for D0.00-·DFFF, desired jump address 
is to E~.00: 

D000'C3 0'3 D0' first jump instruction 
D003 c3 00 E0 second jump instruction 
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If a !l1odem is to be us ed, the O'TS and DCD (Clear to Send, 
Data Carrier Detect) from the 1489 will connect to pins 1 
and 2 on the interface plug. If a l-1odem with CTS a..nd DCD 
is to be used interchangably with a device not sending 
those signals, wire one Ilo plug for the Modem, and another 
for the other device, connecting pins 1 and 2 to pin 6 on 
the plug for the other device. ' 

RS-232 or Current Loop 

Both an ,:,RS-232 device and a current-loop device can be 
connected to the SCI at ,the same time. Each keyboard can 
independently provide input, but each printer will print 
the same output. The devices must operate at the same baud 
rate. If only one device is used, the other input must be 
jumpered on the 14 pin connection plug. 

G.,c./ G.,~ f?rs PZO (T5 

Q)(i)®®®®<D 

®@@@@@@ 
(I.(rr Rs RS '0 20 
Tf.I -/2. LY2. 2,'1. MA MA 

r./J O'<T OUT 0«1 

Pad 45 

Serial Port Connections 
RTS is a TTL level output 

If a current loop device is used, connect the printer 
+ lead to pin 13 for a 20 ma loop, or to pin 12 for a 60 ma 
loop, and the other lead to pin 6. The keyboard contacts 
connect to pins 8 (+) and 7. The RS-232 input must be 
jumpered from pin 10 to pin 9. 

If an RS-232 device is used, connect the printer lead 
to pin 11, and the keyboard to pin 10, with common signal 
lead to pin 7. De-activate the current loop keyboard 
contact with a jumper from pin 8 to pin 7. 

Remember, when only one keyboard device is used ontne 
serial port, the other must be de-activated with an appro
priate jumper. 

!t is recommended that coaxial cable such as RG-174 
be used for connection to the serial devices, as the shielding 
prevents extraneous nois~ pick-up. 

EIA RS-232 Connections 

The following page Lists the pin numbers used on the 
EIA RS-232 standard connections. RS-232 is normally used 
on Modems, and data terminals, for high-speed serial data 
transfers. The standard connector used is a 25 pin EIA 
designated type. The use of cables under 50 feet is rec
ommended. If longer cables are used, the total capacitance 
of the cable and terminator must not exceed 2500 picofarads 
(micro-micra-farad). Normal cable capacitance is about 
30 picofarads per foot. 
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EIA Connections 

The following are the standard connections used with 
a 25-pin EIA port connector (RS-232). 

EIA pin Signal SCI pin 
on pad 45 

Description 

5 

1 Frame ground Connect to chassis ground (Tie 
to bolt of EIA socket). 

2 
3 
4 
5 
6 

7 
8 

9-16 
17 

Terminal Out 10 
Terminal In 11 
Request to Send-
Clear to Send 
Data Set Ready . 

Signal ground 7 
Received line 
signal detector 
Not used 
TTY output 8 

Data from terminal keyboard. 
Data to terminal printer. 
Request by terminal to send. 
Send data. 
To terminal. If needed, tie to 
+12 volts through a 1.5k resistor. 
ground, common signal. 
If needed, tie to +12 volts via 
1.5k resistor. 

Keyboard of TTY serial loop. 
(Tie to pin 6 if not used.) 

18-22 No connection 
24 TTY output 
23 TTY input · 
25 TTY input 

6 
13 
6 

ground for TTY loop. 
20ma current loop to TTY printer. 
ground reference for loop. 

If the RS-232 input is not used (SCI pin 10), tie to 
-12 volts on pin 9~ 

If the serial input to the SCI is not used, tie pin 8 
to pin 6 or 7. 

Resistor connections to +12 volts if Data Set Ready or 
Received Line Signal Detector are needed by terminal: 

EIA pin SCI pin (connect to +12 witn, a jumper). 
I.S I{ 

6~ I.SK 4 
8 

On SCI, jumper pin 4 (IC pad 45) to pin 
8 of IC-38, the LM-358, or TL-082. 

Keyboard and Parallel Port Wiring 

All three parallel ports are wired identically, except 
that IC pad 44, the "Keyboard" port, has -12 volts supplied 
on pin 1, for keyboards. that require a negative. bias. Other
wise the ports are identical, and the software determines 
which ports are input or output. The current available on 
the +5 volt supply is mainly a function of the regulator 
temperature. If forced air cooling is used, the regulator 
will remain cool, and a total of 500 rna is ,available. If 
convection cooling is used, it is recommended that total 
current be held to 100 mao . 

If a keyboard is used that has only seven data lines, 
don't use D7, leave it open. 

~I",( H (J7 50 5I -{'to ('I'f) 

7 (., S Y ') 1- I Parallel Ports, 42, 43, 44 

'6 "! 10 . II I 'to Ii IV D¢-D7= Data lines 

Ds P<f p:t, !,no. r?1 Ora'-+~ SI= Strobe in SO= Strobe out 
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Strobe polarity is determined by s~ftware, and is 
normally negative. The 2k monitor supplied looks at DIP 
switch 7 to determine the strobe of the Keyboard port. If 
switch 7 is on, the monitor expects a negative strobe If 
the switch 1s off or "Open", the monitor expects a PO~itive 
strobe. 

Typical Strobe Pulses 

Negative Positive 

Cassette Cable Connections 

o Cut the audio cable into two equal lengths. These 
ends then solder to appropriate pins of a 16 pin DIP plug 
for record and playback connections. If a standard cassette 
recorder is being used, connect the lead from the speaker 
jack to pins 7 and 8 on the plug (pin 8, is the shield con
nection). If a high-impedance output from a deck is used, 
connect the center lead to pin 6. For a microphone input, 
connect to pins 1 and 2 (shield to pin 1). If an AUX 
input is ussd, connect the c~nter lead to pin 3. 

Cassette Control 

Cassette Connections 
. Spkr, AUX shown 

o If you plan to use two recorders, connect the Read 
recorder remote control line to pins 9 and 10 on the plug. 
Connect the Write recorder remote line to pins 11 and 12. 
When reading a cassette tape, the Read recorder will be 
activated, and when writing a tape, the Write recorder will 
be active. 

. If you will be using one recorder for both.:readlng and 
writing, wire pin 9 to pin 11, and pin 10 to pin 12. Then 
connect the recorder remote line to pins 11 and 12, and it 
will be active when reading and writing. 

When using more sophisticated cassette control, pins 
14,15, andl6, provide additional control and status lines. 
Normally, with the monitor supplied, pin 14 1s set for 
status input, for turns counters, or other status info, 
and pins 15 & 16 output for additional control, connecting 
to a transistor relay driver or equivalent. These lines 
can be set up for other configurations, such as all 
outputs or two outputs and one input, by changing the 
initialization routine as desired. Complete control of 
an automatic deck, such as a Phi-Deck, can be easily 
implemented, to control forw~rd, reverse, read, and write. 
One status output controls Fast-Forward, or Rewind, one 
status output controls Read-Write, one on-board relay 
turns power on and off to the drive motors, and the other 
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relay controls the Playback-Record solenoid. The status 
input counts the turns of the tape reel to locate files. 
Further information is forth-coming. 

Check-out 

7 

Before inserting the I.O.'s or applying power, inspect 
the finished board. Are all connections soldered, are 
there any solder bridges? Are any leads touching other 
leads? Solder bridges are not likely to occur with the 
solder-masked p.c. board. If they do, draw the solder away 
with the tip of the iron. Compare the orientation of capa
citors,,,diOdes, transistors, and sockets, with the layout 
drawing. Correct any discrepancies. Excess solder flux 
can be removed with ~ftller-Stephenson . Heavy Duty Flux Remover. 
Alternatively, isopropyl alcohol and a clean rag will remove 
flux. Soak a corner 'of the rag in the alcohol and wipe the 
flux off, in a direction away from the edge connector, as 
flux remaining on the connector fingers could cause inter
mittent connection. 

After inspecting and cleaning the board, use a VOM 
(Volt Ohm Meter) set to resistance scale X 100, to check 
the resistance of all fingers of the edge connector to 
ground, pins 50 and 100, and t ·o +5 volts on board (pin 16 
of IO 5 or IO 7). This eliminates the destruction of bus 
drivers in .the computer if a problem exists. Most fingers 
will have infinite resistance •• Zero, or low resistance 
indicates a problem. Only pins 2 (+16), 52 (-16), and Reset 
pin 75 will have any resistance indication. Even here, the 
resistance should be greater than 200 ohms. Of course, pins 
1 and 51 the +8 supply will show resistance to ground and to 
the on-board +5 supply. If there is an abnormal indication, 
or short, follow the p.c. trace from that finger and look 
for a solder bridge or an etch problem. Repair the problem. 

Oaution: never insert or remove a board in the system 
bus with the power on. Always turn the power off, and wait 
half a minute for the power supply capacitors to discharge. 

After a satisfactory resistance check, plug the SOl 
into the system bus and apply power. Measure the voltages 
out of the four regulators. The values should be within 
10 % of the nominal value shown: 

I,:t-I 
<;--5V. 

IC-'B 

~
M 

3'LO T
I'L 

(;- - 1'2. V. 

I (- 3 

If any voltage measurement is not within range, there 
may be a problem with the regulator, associated bypass cap
acitor, a short in the p.c. power trace, or inadequate 
supply voltage. If the regulator is getting very hot, there 
is probably a short. ' Oheck that the associated tantalum 
bypass capacitors are correctly installed, the + lead is 
aligned with the + mark on the P.O. board. Or there. is a 
Short somewhere from the output trace to ground. If the 
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regulator is cool to the touch, check the supply voltage 
to the regulator. If the supply is ok (+8,+16, or -16), 
the regulator is faulty. Contact DAJEN for a replacement. 

With the regulators working correctly, turn off the 
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power and remove the SCI. The next step 1s to insert the 
I.O.'s. Be careIulwhen handling the I.O.'s. Avoid conditions 
that can generate static electricity: don't walk across 
carpets and then touch the I.O.'s, ground yourself to a metal 
object such as a desk or chair. Don't slide across plastic 
covered chairs. Leave the I.O.'s in the pink anti-static 
plastic bags until actually installing them. Place the 
p.c. board in front of you, the bag of I.O.'s to one side, 
and the layout picture to the other side. Remove one 1.0. 
from the bag at a time and install it. Prior to inserting 
each 1.0., straighten any bent pins, and squeeze them in 
slightly so they line up with the lead receptacles of the 
socket. One way to do this is to hold the 1.0. between ' 
thumb and fore-finger, and with the leads resting on a 
table top, press down lightly. Forming the leads prevents 
damage to the I.O. pins and to the ~ocket. 

To insert the I.O., place the pins directly over the 
socket receptacles and with an even pressure press the IO 
into the socket until it seats firmly. The 24 pin I.O.'s 
will require a great deal of force to seat into the socket. 

Note: , the 2708 marked PO plugs into the left-most 
standard profile socket. Pl plugs into the 'middle socket, 
and P2, when supplied, plugs into the right-hand socket(IO-19). 

After all the I.O.'s have been installed, make a visual 
check of their orientation and location. For all vertical 
I.O.'s~ the orientatibn mark faces toward the top of the 
board, and for all horizontal I.O.'s the orientation mark 
faces to the right of the board. Make sure all I.O.'s are 
in their correct position. 

Power-on Test 

Plug the completed board into the system bus. Oonnect 
the various peripherals (Tape recorder, keyboard, teletype, 
etc). If you are using a video monitor as the principal 
console output device, connect to the video interface 
board in the bus, and turn on the monitor. If you specified 
a teletype or serial device as the main console output, turn 
it to "Line". · Apply power to the computer. If you have a 
front panel, hit the "Reset" switch. The front panel lights 
should indicate address 0000, and the data bus should show 
03 (bits 7,6,1,0 on). rIit "Run", the data lights should all 
glow, and the high-order address lights (A-15,14,13,12) should 

. indicate the address of the SOl bo~rd (For examPte, for address 
DOOO, A-15,14, and 12 on, A-13 off). !fyou don t have a 



,. 

9 

front panel, hit "Reset". When running, the SCI monitor 
program clears the video monitor screen, outputs a . prompt 
character (» to the main console output device, and waits 
for a command from the main console input device. Characters 
typed on the input device are echoed to the output device. 
This action confirms that 90 % of the SCI is functional, so 
proceed to the Cassette Checkout. 

If SCI fails to perform up ~ to here, there is a problem. 
A few tests can be performed with a voltmeter. To know where 
to begin, analyze what is happening: when "Reset" is pressed 
the reset-jump circuit is activated. SCI grabs .::the bus and 
outputs a jump instruction to the processor (the ju~p instruction 
is the first three bytes in Prom 0). The CPU reads the jump 
data and jumps to the beginning of the SCI monitor. At this 
time the reset-jump circuit is reset and the SCI monitor 
initializes the .LSI circuits on board, clears the video 
screen, outputs the prompt character, and waits for input. 
Troubleshooting determines where the chain of events is 
interrupted. This then identifies the area of the faulty 
component. Start with the reset-jump circuit. With a VO~l 
measure the voltage to circuit ground (pin 7, IC-4) of pin 6 
on IC-4, while holding the reset button pressed. This volt-
age should be less ·than 0.3 volt. Still holding reset, . 
check the voltage at pin 6 of 10-13, which should be low (0.3), 
check pin 6 of IC-27, also low, and finally, check the voltage 
on the DI pins of the edge connector. DI-7,6,l,O, should 
be high (3 volts or so), and DI-5,4,3,2 should be low. Use 
the schematic to id.entify the pin numbers of t he DI lines. 
A problem at this point isolates the reset-jump circuit 
(IC-4~13,27) or the bus driver IC-10. Tests beyond this 
point require a front panel and an oscilloscope to trace 
signals. Contact us immediately. 

Programmer 

The on-board programmer power supply is active when the 
switch marked "p" is off or open. Place this switch off. 
Measure the output voltage at E of the 2N3906 transistor 
next to IC-29. It should be about 27 volts or slightly 
higher. Place the switch back in the . on position. 

When programming 2708 1 s, switch "p" must be in the 
off position, otherwise leave it in the on po~ition. 

Cassette Check-out 

With SCI functioning and responding to commands, insert 
the supplied tape into the cassette recorder. Turn the 
recorder volume control to about 1/3 of full range, and the 
tone control to mid-range. Hit the reset button and type 
in the command: SR 03E8(CR) (CR::Carriage Return). This 
sets the cassette read speed to 1500 baud. Place the rec
order in the playback mode and type RC(CR) on the keyboard. 
The recorder should start playing and when the leader tone 
on the tape is reached, the "Level" light on SCI should 
glow. Adjust the level of the recorder to illuminate the 
"Level"light~ When the sync code is received, the "Syno" 



light will glow. If it doesn't, change switch "R" to the 
opposite of its present position and repeat the entire 
procedure from the beginning. 

For recorders that can't monitor the tape with a 
plug in the external speaKer jack, add a 43 ohm resistor . 
across the amp and speaker leads as shown: 

EXT 
SPKR 
jack ~ V 1 : !'I~ To Amplifier 

_ ~-----~~~ To internal speaker 
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With the Read circuit working, fast forward the tape 
to a blank area. Record the digital counter reading. Hit 
the reset button and use the Z command as follows: Z 0 800 E9(OR). 
This writes sync bytes into the first 2k of memory. Place 
the recorder in the record mode and type in this command: 
WC 0 800(CR). The recorder should start, and then stop 
after about 10 seconds. Rewind the tape to the beginning 
of this section, place the recorder in th~ playback mode, 
and read in the data. ~he sync light should glow. If it 
doesn't glow with sync bytes coming from the recorder, try · 
reversing the "R" switch, hitting reset, and read in tae 
sync bytes again. If they read ·in this time, return the 
"R" switbh to its original position and flip the "X" switch 
to the opposite of its present position. This reverses 
the phase of the data recorded on the tape so it will read 
in. . 

Try recording some random memory blocks to check for 
errors on playback. If there are errors, try adjusting the 
tone control on the recorder to eliminate them. On some 
recorders there is an optimum setting of tone for best 
results. 

Tape 
We recommend Scotch "Highlander" or AVC series tape, 

which is low noise, high density, and costs around one 
to two dollars per 60 minute cassette. With this tape, 
we estimate an error rate of about one in ten million. We 
have never had a non-recoverable error (re-reading fails to 
bring correct data). 

Recorders 

We believe you get what you pay for·. A medium-priced 
recorder will provide better reliability, capability, and 
much longer life. For a moderately priced recorder, we 
recommend the Panasonic RQ-430S, at about $50-$60. For 
best price-performance, we have found the Superscope C-l04 
at $80-$100 unbeatable. This recorder can routinely record 
reliably at 5000 baud (624· bytes per second). We have one 
that's seen continuous service for a year and a half and 
still provides reliable, fast data recording. 

Characteristics to look for in a recorder: a digital 
tape counter to keep track of program locations, automatic 
level to eliminate guess-work about recording, freedom from 
line-noise pick-up. This last requirement can only be deter-



. mined by actual use with your system. When you buy a 
recorder, buy it on condition that you can return it in 
exchange for one that works with your computer system. 
Most dealers are willing to comply with your desires. If 
yours won't, find one who deserves your business. 

Maintenance is essential for reliable performance. 
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Keep the tape heads and capstan pressure roller clean. A 
Q-tip soaked in isopropyl alcohol is a good tool to get 
to those hard~to-reach places in the recorder. The dirt 
you see on the cotton swab can cause drop-outs and lost 
data. Keeping the capstan roller clean will help keep 
wow and flutter down. Although the SOl cassette interface 
can tolerate a 33% change in speed, a dirty pressure roller 
can cause that amount of speed change and consequent loss 
of data. We routin~ly record 24k data blocks, and following 
the above precautions, we almost never have errors. 

DIP Switch Junctions 

R X P 0 
1 234 567 

B B B B·B B B DIP Switch in 10 pad 39 
OPEN 

Switches 1 and 2 control the data inversion in the 
biphase cassette interface. Switch .1, "R", inverts the 
received data from the tape recorder. Switch 2, "X", 
inverts the data transmitted to the recorder. These 
switches compensate for different data inversions in 
different recorders. 

Switches 3 and 5 are not used, and are available to the 
us~r if so desir~d. 

Switch 4, "p", is the Programmer enable switch. When 
"OPEN" or "OFF", the on-board 2708 pro~rammer is active. 
Normally, except when programming 2708 s, this switch is 
"ON" to prevent inadvertent programming of the 2708 in 10 
pad 19 (3rd standard profile socket on the right.). 

Switches 6 and 7 control options selected by the SOl 
monitor program. In current versions of the SOl software, 
switch 6, on initial start-up or reset, selects the console 
devices used for input and output. When switch 6 is "ON", 
a keyboard connected to 10 p~d 44 is assumed to be the con
sole input device, and a video interface is assumed for 
output. When switch 6 is "OPEN" or "OFF", a serial device 
connected to 10 pad 45 is assumed for both input and output. 
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Theory of Biphase Cassette Operation 

Biphase recording is a means .of recording dl~ltal data 
in a high-speed, densely-packed format, on cassette tape. 
Because each cycle of ~he recording process represents One 
data bit, there is no wasted space. A standard cassette 
recorder operating well within its capabilities can record 
data at 2500 baud error-free. This is 2500/8, or 312 bytes 
per second. In comparison, Kansas-City recording, operating 
with shifting frequencies, runs at 300 baud, or 37 bytes 
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per second. Thus biphase is faster, and can as a consequence 
store more data on a given cassette. A 30 minute side of 
a standard Phillips cassette can hold 500 k-bytes of data. 

To understand how biphase works, look at the figure on 
page 12 titled "Biphase Data Encoding and Decoding". Look 
at the top drawing. This is the basic cassette clock 
which sets the data transmission speed, or baud rate (one 
baud is one bit per second). This clock is generated by 
dividing the crystal-controlled system clock through a series 
of dividers. Contained within the cassette interface is a 
shift register which is loaded with one byte of data to be 
output. Each positive transition of the cassette clock 
shifts one bit out ot the shift register. Data in a 
Tarbell-type system is shifted most significant bit first 
(bit 7 first, then bit 6, 5, ••.• 1, 0). When all eight 
bits of the present byte are shifted out, the interface 
requests another byte. 

The data shifted out of the register is then exclusive
OR'ed with the cassette clock. The logic states of a two
input exclusive-OR gate are as follows: 

Inputs A (f) B = Y Output 
0 0 0 
r) 1 1 
1 j1 1 
1 1 rJ 

Note: when both inputs are the same, the output is low. 

The third line of the figure. on page 12 illustrates the 
data after it has been exclusive-OR'ed with the clock. This 
is then fed to the recorder input. Notice that when the data 
is unchanging ( a string of zerOBS or ones)~ the output to 
the recorder is the cassette clock frequency, and when the 
data changes from a one to a zero, or a zero to a one, an 
extra one-half clock cycle is added to the data output. 
These extra half-cycles are the basis of biphase. When they 
occur, the phase changes and the decoded data changes to the 
opposite state. 

Now consider the decoding process. For the decoder 
presented, the input data must be inverted to provide the 
correct data output. 

After being amplified and squared by a comparator, the 
data from the tape recorder is fed to a receiver shift 
register and a "double pulser ll

• The "double pulser ll puts 
out a pulse every time the incoming data changes state. 



This output triggers a · digital timer which is set ·equal to 
75% of the time required for one complete cassette clock 
cycle. The output of this timer is the "reconstructed 
clock" shown in the figure. When triggered, this timer 
output goes low until it times out and returns to the high 
state. As it returns, the timer output pulse clocks the 
present data bit into the receiver shift register. When 
eight bits of data have entered the shift register, the 
cassette interface Signals the computer that a data byte 
is available. . 

Notice that the first two data bits clocked into the 
receiver are lis, where O's were sent originally. The 
interface, started at random, has noclocked to the data 
stream. However, after the first data transition from a 
oto a 1, the clock is now locked to the data stream, and 
the correct bits are entered into the receiver register. 
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That first byte of data (30 hex) is called the clock 
synchronizing byte, because it synchronizes the reconstructed 
clock with the data stream. 

The byte following the clock sync byte, is the data 
synchronizing byte (E6 hex). Up to the time it is received, 
the receiver shift register has been reset, not signalling 
the reception of bytes to the computer. When the receiver 
recognizes the data Hsync" byte, it knows the next 8 bits 
will be a data byte, and readies the data flag to signal 
the computer that a data byte is available. 

Analyze what would happen if the original, non-inverted 
data had been input to the receiver: all the data would be 
inverted. This is why the receiver has a data inversion 
switch. If the tape recorder doesn't invert the data it 
receives, then the interface must. 

The reason there is a transmitted data inversion switch 
is to allow easy software interchange among biphase-system 
owners. Each interface is shipped with a pre-recorded 
cassette tape. The system owner adjusts his interface and 
recorder to be compatible with that tape and he is then 
able to easily exchange tapes with other owners. 



Capacitors 
l 39 pf 
2 .001 uf 
4 · .0047uf 
3 .01 uf 
4 .05 uf 
16 4.7uf 35 VDe 

B 1 
Parts List 

Resistors 1/4 watt, unless noted 
4 4.7 ohm (Yellow-Violet-Gold) 

~.?- Polarity mark, 
~, on tantalum cap s 

+ 
Resistors 

3 20 1/2 watt(Red-Black-Black) 
1 51 1/2 watt(Green-Brown-Black) 
2 43 (Yellow-Orange-Black) 
2 300 . (Orange-Black-Brown) 
1 300 1/2 watt(Orange-Black-Brown) 
6 510 (Green-Brown-Brown) 
1 510 1/2 watt(Green-Brown-Brown) 
10 2k (Red-Black-Red) 
28 4.7k (Yellow-Violet-Red) 
5 20k (Red-Black-Orange) 
2 39k (Orange-White-Orange) 
3 lOOk (Brown-Black-Yellow) 
1 IMeg (Brown-Black-Green) 

1st color 
2nd color 
3rd color 
gold or silver 

1/2 watt is larger 
than 1/4 watt res. 

Diodes 
LED's 

6 lN4148 diodes 
2 MV-5075 LED lights 
4 2N3904 transistor 
3 2N3906 transistor 
1 MJE 180 transistor 
1 7-poleDIP switch 
4 14 pin DIP plugs 

Band 
indicate 
cathode 

* ,0 Flat 
,indicates 

1 16 pin DIP plug 

80ckets 
3 8 pin 
15 14 pin 
10 16 pin 
3 20 pin 
3 24 pin low profile 
3 24 pin standard profile 
2 40 pin 

. 2 Heat 8inks 

I.C.'s 
2 74L800 1 LH-320-T5 
2 74L804 1 LM-320-T 12 
2 74L811 1 L1-1- 340-T 5 
1 74L832 1 LH-340-T 12 
2 74L8155 1 TL- 08'2. 
2 74L8221 1 Ll1-380 
2 74L8367 2 LM-2903 
1 74L8386 
2 2112 
2 2708 1 . Audio Cable 
2 6820 1 Cassette tape 
1 6850 · with 8ync code 
1 6852 1 P.C . . Board 
1 8131 4 4-40 bolts and 
.3 81L897 15 feet of solder 
1 · 8253 

cathode 

Transistors 

9 

JR 
EB c. 

~ m 
E:. C (3 

I.C.'s and sockets 

0 

nuts 

A notch or dot 
. or U section 
locates pin 1 

Typical 
Regulator 
Installation 
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0-1 
Baud Rate Table 

This table lists some of the baud rates which the 
cassette and serial ports can generate. Use the appropriate 
command (SR for Read, SS for serial, SWfor write) to set 
the desired baud rate by inserting the hex number listed 
in the table, after the command letters. For example, to 
set the Read speed for 3600 baud, the command is: SR OlAO 
OR (Carriage Return). Remember that when reset, or started 
cold, the various speeds are set by the pre-determined 

. values in the initialization routine. For speeds not 
listed in the table, the appropriate hex number can be 
calculated as follows: 

For Write: N=2,000,000!Baud Rate, N must be expressed in hex. 
Example: 2500 baud desired. N=2,000,000!2500=800 decimal 
A hex ·number is N3 N2 NINO, where N3 has a value of 4096, 
N2 256, Nl 16, NO ones. 800 has 0-4096, so N3=0;800 has 
3-256, so N2=3. This leaves 800-3X256=32. Nl=2 (2X16=32), 
and NO=O because nothing remains. Thus the hex number is 
0320. The command is: SW 03200R (Carriage Return). 

Read speed: N=1,500,000!Baud Rate 

Serial speed: N=125,000!Baud Rate 

Cassette System Serial Port 
Baud Rate Write Read Serial 
45.45 ABE4 80EB OABE 60 WPH,. Baudot 
75 682A 4E20 0682 
75.75 6722 4D59 0672 110 WPM, Baudot 
110 4705 3544 0470 
150 3415 2710 0341 
300 lAOA 1388 OlAO 
600 OD05 09C4 OODO 
900 08AE 0682 008A 
1200 0682 04E2 0068 · 
1500 0535 03E8 0053 Tarbell cassette 
1800 0457 0341 0045 
2200 ·038D 02A9 0038 
2400 0341 0271 0034 
2500 0320 0258 0032 DAJEN Cassette 
3000 029A 01F4 0029 
3600 022B 01AO 0022 
4000 01F4 0177 001F 
4800 01AO 0138 OOIA 
5400 0172 0115 0017 
6000 014D OOFA 0014 
7200 0115 OODO 0011 
8000 OOFA OOBB OOOF 
9600 OODO 009C OOOD 
10400 OOCO 0090 OOOC 
12000 00A6 007D OOOA 
14000 008E 006B 0008 
18000 006F 0053 0006 
19200 0068 · 004E 0006 
31000 0040 0030 
45000 . 002C 0021 
70000 001C 0015 
100000 0014 OOOF 
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8253 Programmable Timer 

Pin Configuration 

12 11 10 9 8 .'7 .6 5 4 3 2 1 

Gnd Gate Out CKO DO Dl D2 D3 D4 D5 D6 D7 
0 0 

8253 Programmable Timer -
Out Gate CKl Gate . Out CK2 AO Al CS RD WR vec 

1 1 2 2 

13 14 15 16 17 18 19 20 21 22 23 24 

DO-D7 Data lines CS Chip Select 
AO,Al Address lines RD Read 

. CKO,1,2 Clock inputs WR Write 

The 8253 consists of three independent 16-bitprogram
mabIe timers, with a maximum count rate of 2 mhz. Each 
counter is programmed by writing a mode control word into 
the control word register. Depending on the mode, the 
count is loaded into the appropriate count register. 

Control Word: D7 D6 D5 D4 D3 D2Dl DO 

Bit assigned: SCl SCO RLl RLO M2 Ml MO BCD 

Where: SC=Select Counter to which control word applies 

SCl SCO 
o 0 
o 1 
1 0 
1 1 

Counter 
o 
1 
2 

Illegal 

BCD: 0= Binary counter 
1= 4-decade BCD counter 

RL=Read/Load command 

RLl RLO 
o 0 
o 1 
1 0 
1 1 

Mode: 

Latch counter for read operation 
Read/Load least significant byte only 
Read/Load most significant byte only 
Read/Load least sig.byte first, then most · sig.byte. 

M2 
o 
o 
X 
X 
1 
1 

Ml 
o 
o 
1 
1 
o 
o 

MO 
o 
1 
o 
1 
o 
1 

Mode 
o 
1 
2 
3 
4 
5 

Bus Address: Al AO 
o 0 
o 1 
1 0 
1 1 

Device Selected 
Count Reg. 0 
Count Reg. 1 
Count Reg. 2 
Control Reg. 

where X: don't care 



8253 Programmable Timer 

Mode Definitions 

Mode 0: Out will be low at start of count, goes high 
and remains high at the end of the count. The Gate input 
inhibits oounting when low, and enables counting when high. 
Out goes low when count register is re-loaded. Re-loading 
during counting: 1st load byte stops the count, 2nd load 
byte starts the new count·. 

Mode 1: Programmable One-shot. Out goes low following 
the riSing edge of the Gate i~put. Out goes high at the end 
of the count. If a new count value is loaded during the 
counting, the current count will not be affected. The One
shot is retriggerable and Out will remain low for the full 
count after the last trigger. 

Mode 2: Rate Generator. Divides by N (the count). 
Out is low for one period of the input clock after each 
N counts. Gate when low inhibits counting and holds Out 
high. When ' Gate goes high, the counter starts counting 
for the full count. Gate will synchronize the counter. 
If the count register is reloaded, only subsequent counts 
will be affected '. When Mode 2 is set, Out remains high 
until the count is loaded. 

Mode 3: Square wave generator. Similar to mode 2, 
but the output is aSQ,uare wave. If the count is odd, 
Out is high for (N+I)/2 counts, and low for (N-I)/2. If 
the count register is reloaded, the new count is effective 
immediately after the next output transition. Gate controls 
counting. 

Mode 4: Software triggered strobe. Out is high after 
the mode is set. When the count is loaded, counting begins. 
Gate low inhibits counting. On reaching the count, Out 
goes low for one clock period. Reloading the count register 
while counting does not affect the present count. Reloading 
the count register restarts counting. Gate low inhibits 
counting. 

Mode 5: Hardware triggered strobe. The count'er starts 
counting after the rising edge of the Gate input, and Out 
goes low for one clock period when the count is reached. 
The counter is retriggerable. 

E-2 

The loading of the count register does not have to 
immediately follow the loading of the Mode register. The 
sequenc'e of bytes specified in the mode word must be followed. 
All counters are down counters ' (count down from the count 
loaded ) . ~ 

To read the counter while counting, issue the RL ~ ~ 
mode addressed to the correct counter in a mode word. Then 
reading the counter will produce a latched count. The mode 
of reading must then be issued, and either one or two reads 

. made to input the least Significant byte, then the most sig
nificant byte of the count. The entire reading procedure 
must be completed. If two bytes are to be read, then two 
bytes must· be read, otherwise the WR command cantt be sent 
to the counter. . 
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6820 Peripheral Interface Adapter 

· 20 19 18 17 16 ----11 10 9 8 --------3 2 1 

Vcc CB2 CBl PB7 PB6----PBl PB0' PA7 PA6--------PAI pJ$ Vss 

6820 PIA 

R/W CS0CS2 CSI E D7---D0' Reset RSI RS¢ IRQB IRQA CA2 CAl 

21 22 23 24 25 26 33 34 35 36 37 38 39 40 . 

CAl, CA2 
CBI, CB2 
CS0, CSl, 
D0'-D7 
E 

Control lines for parallel port A 
Control lines for parallel port B 
CS2 Chip select inputs 
Data bus lines 
Enable pulse, clocks valid data, conditions 
control line s. 

IRQA, IRQB Interrupt flag lines for use in interrupt
driven systems. 

PA¢-PA7 
PB0-PB7 
R/W 
Reset 
RS~, RSI 

Parallel Port A 
Parallel Port B 
Read/Write control 
Resets .control registers and flags 
Address . lines to select internal registers. 

The 6820 Peripheral Interface Adapter consists of 
two independent parallel . ports, each with its own handshake 
signals and interrupt request line, each bit programmable 
as input or latched output, and ·the necessary control registers 
to implement operation. 

Register Addressing 

RSI RS0 Control Register bit Location selected 
JJ ~ CRA-2= 1 Data Register A 
(J' 0 CRA-2= JO Direction Register A 
fi1 I Control Register A 
I 0' CRB-2= 1 Data Register B 
I fa CRB-2= {O Direction Register B 
I I Control Register B 

The Data Direction registers determine the function of 
each bit in the associated pa~allel port. A B bit sets the 
corresponding peripheral line to an input mode. A I results 
in a latched output mode. 

The Control Registers set the operation of the control 
iines, CA-l,2, dB-I,2, and enable the interrupts. Bits 0-5 
of the control register maybe written and read, while bits 
6 and 7 are re·ad~only. 

Bit 7 6 
IRQl IRQ2 

Control Word 

543 
OA-2 Control 
OB-2 Oontrol 

Format for Control Registers 

2 ~l . (0 Data or CA-l Control 
Directio CB-l Oontrol 
Register 
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6820 continued 

Bit ~ of each control word allows acc~ss to either the 
data or direction register. See the register addressing on 
page E-3. 

Bits 6 and 7 are read-only flags, and are set by signals 
on the Oontrol lines. They are reset after - r~ad operations, 
by an E pulse, when the PIA is not selected. 

. Oontrol lines OA-l,2, and OB-l,2, can be programmed for 
a variety of input-output functions. The following tables 
summarize the options available: 

Interrupt inputs OA-l and OB-l 

Bit 1 Bit Z Interrupt Interrupt Flag Interrupt Request 
Input . Bit 7 IRQA or IRQB 

!?J ~ ,J, Active set high Disabled-IRQ stays high 
fO 1 -J, Active set high · Low when flag goes high 
1 Z 1- Active set high Disabled-IRQ stays high 
1 1 1- Active set high Low when flag goes high 

OA-2 and OB-2 as interrupt inputs 

Bit5 Bit4 Bit3 Interrupt Flag Interrupt request 
Input Bit 6 IRQA or IRQB 

0 ¢ CO t Active set high Disabled-IRQ stays high 
~ ~ 1 {- Active set high Low when flag goes high 
0 1 0 -t- Active set high Disabled-IRQ stays high 
~ 1 1 -t Active set high Low when flag goes high 

OB-2 configured as an output 

Bit5 Bit4 Bit3 OB-2 Oleared OB-2 Set 

1 o 

1 0 

1 1 

1 1 

OA-2 

1 0 

1 rJ 

Low on positive trans- High when flag bit 
ition of first E pulse 7 is set by active 
after a write B operation. transition of OB-l. 

1 .Low . on positive trans-
ition of first E pulse 
after a write B oper-
ation. 

Ii Low when OR bit 3 goes 
low after write into 
Oontrol Register B. 

1 same 

configured as an output 

¢ Low on negative trans
ition of E after a 
read operation of reg 
A. . 

1 same 

High on pas. edge 
of first E pulse after 
E pulse which occurred 
when not selected. 

Low as long as ORbit 3 
is low. High when OR 
bit 3 is written high. 

same 

High when flag goes 
high from active trans
ition on OA-l 

High after first .E pulse 
when part not selected 
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Bits Bit4 Bit3 OA-2 Oleared OA-2 Set 

1 1 Low when OR bit 3 
is set low. ('A' Oont
rol Regis~er) . 

High when OR bit 3 
is set high (~/Oontrol 
Register) 

1 1 1 same same 

Parallel Port A has internal pull-up resistors that 
represent about one TTL load. When configured as outputs, 
the voltages at the port pins must be above 2.0 volts, or 
erroneous data will be seen when trying to read what was 
written. 

Parallel Port B when configured as output, can drive 
up to 1 ma of current,·and the output voltage does not 
have to be above ·2.0 volts for the output to be read correctly 
after a write operation. Thus, Port B can drive the base 
of a transistor switch directly. 

The E pulse conditions the interrupt control lines. 
At least one E pulse must occur from the inactive edge to 
the active edge of the input signal to condition the edge 
sense network. In other words, at least one E pulse (about 
2 us apart) must occur betw.een strobe inputs from an external 
device. Then the interrupt flag will be set on the next 
active transition of the strobe. 

The interrupt flags are cleared after a read of th.e 
particular data register. They can not be set again until 
an E 'pulse occurs while the part is deselected. 

Interrupts 

When using interrupts, IRQA or IRQB is tied to the 
appropriate Vectored InterruP1-£in on the S-lOO bus, or 
they may be tied together to Int (pin 73), as they are 
open-drain outputs. Then when an interrupt occurs, the 
appropriate flags can be checked in the Oontrol Registers 
to determine the requesting device. . 
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6850 Asynchronous Communications Interface 

Adapter, or ACIA 

Vss 
RxData 
RxCK 
TxCk 
RTS 
TxData 
IRQ 6850 
CS0 
CS2 
CSI 
RS ' 
Vdd 

Pin-outs 

CTS 24 
DCD 23 

D022 
DI 21 
D2 20 
D3 19 
D4 18 
D5 17 
D6 16 
D7 15 
E 14 

R/w 13 

Definition of pins 

CS~,CSl,CS2 Chip-select inputs. 
When CSZand CSI are high, 
and CS2 is low, the 6850 is 
selected by the bus. 

CTS Clear to Send input from a 
modem, when low indicates that 
the data channel is ready for 
transmission. When a modem 

DCD 

is not used, must be tied to 
ground. 
Data Carrier Detect input from 
a modem, when low the data 

. carrier is present. If high, 
the data carrier is lost, and the 6850 will generate . 
an interrupt to reflect the DCD status in the. status 
register. The receive interrupt must be enabled for 
this to happen. Must be tied to ground when not used. 

D0-D7 Eight bidirectional data lines to the central bus. 
E Enable input. Clocks data to and from the ACIA and 

enables the input/output bus drivers. 
IRQ TTL compatible, open drain, active low output that 

requests an interrupt when the ACIA interrupts are 
enabled. It may be tied together with other open
drain interrupt outputs in a polled-interrupt system 
where the interrupt routine checks the status of each 

RS 
device to determine which one requested service. 
Register Select. Tied to .address line AO. When low, 
the status/control registers are selected. When high, 
the receive/transmit data registers are selected. 

RTS Ready to Send output. Signals the modem that ·the ACIA 
is ready to send data. Active low. 

R/W Read/Write signal from the bus. 
RxCK Receiver clock, normally 16 times the actual data rate. 
RxData Received data, serial input, least significant bit first. 
TxCK Transmitter clock, normally 16 times the data rate. 
TxData Transmitter data, serial output, least significant 

bit sent first. 
Vss System ground. 
Vdd +5 volt supply, nominally 5%. 

The ACIA transmit's and receives serial data in an 
asynchronous format, with one start bit" seven or eight 
data bits, and one or two stop bits, with or without parity. 
As used in the SCI, the ACIA is set up for one start bit, 
eight data bits, no parity, two stop bits, and divides the 
clock by a factor of 16. 
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Status RegisterB~t Assignments: 

The status register is selected when RS is low, and R/W 
is high, and the ACIA is selected. 

Bit 7 6 5 4 3 2 1 

IRQ PE OVRN FE CTS DCD TDRE RDA 

CTS Indicates the state of the CTS pin. When high, TDRE 
is disabled. 

DCD Indicates the state of the DCD pin. Remains high after 
DCD goes low, until reset by reading the status register 

. then the data register, or reset by Master Reset. 

FE Framing error which indicates a lack of the proper stup 
bit; which can be the result of a poor trans~ssion, or 
the break condition (open loop). . 

IRQ Interrupt request status, reflects the state of the IRQ 
pin. High indicates interrupt. Cleared by a read or 
write data operation. 

OVRN Indicates a receiver over-run. The last received data 
was not read by the time the new data was ready. 

EE Parity Error, when parity is selectee, indicates that 
the parity of the received data did not match the 
parity of the data transmitted, which resulta from a 
lost data bit. 

RDA Received data available in the receiver buffer. 
TDRE Transmit Data Register Empty, ready for new data to 

be entered for transmission. 

Control Register Bit Assignment: 

The control register is selected when RS is low, R/W 
is low, and the ACIA is selected. 

Bit 1 Bit Rf Select Clock divide ratio, or reset 

RJ RJ Divide by 1 
fJ' 1 Divide by 16 - (SCI) 
1 RJ Divide by 64 
1 1 Master Reset 

Bit 4 3 2 Word Length, Parity, Stop bits 

0 0 fO 7 data bits, even parity, 2 stop bits 
0 · 0 1 7 bits, odd parity, 2 stop bits 
0 1 fO 7 bits, even parity, 1 stop bit 
(0 1 1 7 bits, odd parity, 1 stop bit 

-1 0 fJ 8 bits, 2 stop bits (SCI) 
1 0 1 8 bits, 1 stop bit 
1 1 .0 8 bits, even parity, 1 stop bit 
1 1 1 8 bits~ odd parity, 1 stop bit 
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Bit 6 5 State of RTS Transmit control 

0 0 low transmit interrupt disabled 
0 1 low interrupt enabled 
1 0 high interrupt disabled 
1 1 low interrupt disabled, break level 

(open loop) transmitted. 

Bit 7 Receive interrupt control · 

0 disabled 
1 enabled 



Reference information 

For further information on the 8253 Programmable 
Oounter, see the In~el Data Oatalog 

Intel Oorporation 
3065 Bowers Ave. 
Santa Olara, Oa 95051 

For information on the 6820, 6850, and 6852, see the 
M6800 Microcomputer System Design Data from: 

Motorola Semiconductor Products, Inc 
Box 20912 
Phoenix, Arizona 85036 

A good source of data for TTL IO's is: 

The TTL Data Book for Design Engineers 

Texas Instruments, Inc. 
P.O. Box 5012 
Dallas, Texas 75222 
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SCI . 2K Monitor version 1.6 

This monitor provides the routines that initialize 
and interface the LSI circuits on board the System Central 
Interface. Other monitor functions are a video driver for 
a video display interface, commands to display and alter 
memory, nigh-speed cassette routines to store and load 
blocks of memory or data in a check-summed format (Auto
matically starting and stopping the tape recorders), assign 
I/O devices, and program 2708's. 

Monitor Operation 

When reset is activated, or on initial s·tart-up, the 
monitor configures th~ I/O ports, s~ts the speeds for cas
sette and serial port operation, and turns off the relays '. 
The monitor then erases the screen of the video display, 
clears the command buffer area, outputs a prompt character 
()) to the main console output device, and waits for a com-
mand. . 

Commands consist of one or two letters followed by 
hexadecimal addresses where appropriate. Command letters 
must be followed by a space, then addresses as necessary. 
If a mistake is made when typing in a command, hit rubout 
or control H (backspace) to delete the last character typed. 
Addresses can be from one to four hex characters (0-9,A-F). 
If more than four hex characters are typed without any inter-

. vening space, orily the last fou~ characters · will be used. 
For example, if AC100 is typed, only C100 is seen by the 
monitor. To read 16 bytes of a tape, and place them at . 
0000 hex, the following is sufficient: RS 0 10 (CR). 

All command strings are terminated by a , carriage 
return. At this time, a line feed and carriage return are 
output, and the command is executed. If the command is ' . 
erroneous, or there 1s an error in the command string, 
ERROR is output and the monitor waits for a new command. 
After the command has been executed, an appropriate remark 
is output and the monitor awaits another command. 

Escape 

All command routines contain an escape. To return 
to the command mode, just hit the Escape (Esc) key on the 
main console input device. The routine being executed will 
abort, and the monitor will wait for a command input. When 
escape is used to exit cassette routines, the cassette relays 
are left activated. This allows the operator to rewind, or 
fast forward the cassette. Before using the cassette rou
tines again, the reset switch must be activated, or .' a com
mand to go to. the start of the monitor. This re-ini tializes 
the cassette ports and turns the relays off. 

Video Driver Software 

This driver assumes that the video interface is a 
lk block of memory located at CC¢0 to .CFFF hex, and that 
CC0¢ is the upper left-hand corner of the monitor screen. 
A cursor is displayed on-screen to indicate where the 
next character will be written. Control commands av~ilable 
are: carriage return, which moves the cur~or to the left-



hand margin; line feed, which moves the cursor down one 
line; control H, a backspace, which moves the cursor back 
one position (when the cursor is at the left-hand margin, 
backspace moves it to the right-hand margin, one line up); 
rubout, does the same thing as backspace; control K, a 
vertical tab, moves the cursor to the upper left-hand 
corner of the screen (useful for live-action games, the 
program can use the upper left corner as a reference point 
to the rest of the screen when changing parts of the display); 
control L, form feed, which erases the entire screen and 
places the cursor at the upper left corner of the screen. 

. When the last line of the display is filled, the screen 
is scro·lled up one line. · The speed at which this occurs 
can be varied by typing 0-9 during the scrolling process. 
o is t~e slowest speed, about 2 seconds per line, and 9 is 

. the fastest, about l~ lines per second. Typing a spaae 
will stop the scroll. Typing any other character will 
start it again. 

There are differences among the video interfaces 
offered on the market. The P-Tech VDMrequires that bit 7 
be low for characters output to the screen. The Poly VTI 
requires bit 7 be high. The areas where bit 7 is critical 
are illustrated in the video driver section of the assembly 
listing. 

Jump Locations 
At the beginning of the monitor are 12 jump in

structions. The first jump simply jumps to the start of 
the monitor. The following jumps are the solution to easy · 
interfacing with any program. Just call t he appropriate 
routine and the SCI monitor takes over to do all the inter
face work. No need to worry about port locations, status 
data, or cassette routines. Each call (3 bytes) replaces 
at least 10 bytes in a typical status check,data handling 
routine, and the 12 bytes of cassette functions replace at 
least 38 bytes of code, in additlonto providing much more 
advanced functioning. So program modification is s~mple, 
fast, and saves memory space. 

Data ·in the routines is always handled in the 
accumulator (A). H is the high-order nibble of the SCI 
memory location (example, ~000, ~~~0, 1~¢0, etc.). 

H¢09 

Jumps to the input routine and ret·urns to the 
calling program with the character from the . 
console input device. Bit 7 is not masked. 

·Jumps to the console output routine, outputs the 
character, then returns. 

Cassette input. Calling this location starts the 
recorder, waits for a level indication, initializes 
the cassette circuits, and returns with a data byte. 
Each subsequent call returns with a byt~ of data. 

End cassette read operation. Call this location when 
all the data has been read. This routine then waits 
for an inter-record gap (a blank spot), then turns 
off the recorder. 

Cassette write. This routine turns on the recorder, 
Writes a leader on tape, sets the baud rate, . outputs 



H¢12 

H~15 

H¢18 

H~IB 

H¢lE 
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1;;he sync bytes then the data. Subsequent calls will 
write data to tape. 

Cassette write end, writes a brief trailer, followed 
by an inter-record gap, turns off the recorder, and 
returns to the calling program. 

Parallel input from the second parallel input port. 
(Port H0). Gets the data byte and returns. Usefu~ 
for paper tape readers or analog-to-digital converters. 

Parallel output, port H6. Outputs a byte, then a 
strobe pulse to the peripheral, and returns. 

Input status check. The status of the currently
selected input device is polled. If data is not 
available, the zero flag is set. If. data is available, 
the zero flag is not set, and the accumulator will 
return with the data byte. This is useful for escape 
routines, data input, and is dire6tly compatible with 
Processor Technology software. Bit 7 is masked low 

. on all data (E6 7F)~ 

Input masked. This routine is identical to H0¢3, 
but masks bit 7 low for all data. Saves two bytes 
in the user's program. 

H{b21Write B. ,This routine outputs the data byte passed 
in the B register. Directly compatible with Processor 
Technology software. 

H¢'l..4 Cdl E,s-ufJt"j (Vttc/;( (",,.1.:.1 (~I)..Vli.lf e ll 'l Vt'ti'W n 
For details on the use of these jump locations, and 

interfacing the SOl to popular software, see appendix H, . 
"Patches to Popular Software". 

Cassette Format 

The cassette tapes written and read by this monitor 
have the following format: a leader of tone, a clock syn
chronizing byte (3C hex), a data synchronizing byte (E6 hex), 
a low-order starting address byte (where the data will be 
stored), 'a high-order starting address byte, a high-order 
block-length byte, a low-order block-length byt~ {the number 
of data bytes), the data, and a checksum Which is the 8-bit 
result of adding all the bytes (excluding the clock and 
data sync bytes), and finally a trailer tone and an inter
record gap (a blank spot). 

When an external program is calling cassette functions 
via the jump locations, the sync bytes and the leader and 
trailer tones with an inter-record gap are generated by 
the SCI.. The header and data information are the respons
ibility of the calling program. 

Monitor Commands 

The SOl monitor will accept both upper and lower case 
characters. In the command mode, bit 7 is ignored. 
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In the following explanations, CR means Carriage 

Return, or simp~y Return. ADDR means a one to four character 
hex address. Commands, their operands, and hex addresses 
must be separated by one space. 

AI K, P, or S(CR) 

AO p., S, or V ( CR) 

D ADDR(CR) 

DA ADDR ADDR(CR) 

E ADDR(CR) 

EM ADDR(CR) 

G ADDR(CR) 

H ADDR ADDR(CR) 

I NN(CR) 

Assign Input device, either Serial, 
Parallel, or the Keyboard port at IC-
44. When reset is activated, input . 
returns to the device specified by 
the DIP switch (see page 11). 

Assign Output device~ either Parallel, 
Serial, or Video interface using the 
SCI video software driver. 

Dump hex data from memory. Dumps one 
line of 16 hex bytes, starting at ADDR. 
To dump additional data, hit the space 
bar. To return to the command mode, hit 
any other character. 

Dump ASCII; displays memory data in 
hex bytes, . and the ASCII equivalent. 
Useful for locating tables and com
ments in programs. 

Enter ·memory. The memory address and 
its content are displayed. If a new 
byte is desired, type it in and it 
will be entered into memory. The byte 
actually stored will be displayed, and 
the next memory location will be displayad. 
If the content is to remain unchanged, 
typing a space will bring the next byte. 
Typing a non-hex character will terminate 
the routine. If you want to move back
ward . in memory, hit Control H, a backspace. 

Enter Memory. Similar to the E command, 
but no data is read from memory. Sixteen 
bytes may be entered per line of type. 
This routine saves paper when using a 
printer for console output. Use the DA 
or D command to verify correct entry of 
the data into memory. 

Go. Transfers execution to that address. 

Hex arithmetic. Calculates the sum and 
difference of the two hex numbers. The 
first number printed is the sum, the 
second is the result of subtracting the 
first number from the second. 

Input from port NN. The byte 
spe6ified port is displayed. 
the input, hit the space bar. 
to the monitor, hit any other 

at the 
To repeat 

To return 
key. 

M ADDR ADDR ADDR(CR)Move memory from the block specified by 



o NN MM(CR) 

P AD DR ADDR(CR) 

RC(CR) 

RS ADDR ADDR(CR) 

. RV(CR) 

the first two addresses, to a block 
starting at the third. The data is 
moved and then verified. Any errors 
that occurred in the move are listed. 
Can be used as a simple memory check, 
see appendix G. 
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Output the hex byte MM to the port NN. 
To repeat the function, type a space. 
To return to the monitor, hit any other 
key. 

Program a 2708 with data from memory 
beginning at the first address, to 
the 2708 at the second address, which 
for the SCI is H8¢¢ (D800, E800, etc). 
Wh.en the 2708 is programmed according 
to Intel specifications, the data is 
checked, and any errors listed. Allow 
about 2 1/2 minutes for execution. 

Read Cassette. Reads a cassette tape 
of the format specified earlier. When 
finished, writes COMPLETE. If the 
checksum read in doesn't agree with 
the checksum on the tape, an error 
has occurred. In this case, the monitor 
writes TAPE ERROR. 

Read Specify. If no address is given, 
reads all information in the file and 
places it in memory, including the 
header, beginning at ¢¢¢0. If one 
address is given, the information 
is placed in memory starting at that 
address. If two addresses are given, 
that block of memory is filled with 
the first part of the file. The recorder 
is stopped when it reaches an inter-record 
gap. The checksum is calculated to check 
for errors, except waere two addresses 
are given. In that case, TAPE ERROR 
always appears • 

Read Verify. Reads a file and compares 
it with memory. Useful for checking 
files as they are written to make sure 
there are no errors. 

S ADDR AD DR Nl N2 •• N9 Search the memory block specified by 
the two addresses, for the hex character 
string Nl N2 ••• N9. The address of the 
start of each string found is printed. 
Up to 9 bytes may be specified, and a 
minimum of one, or the routine will 
loop forever. If all memory is searched, 
allow 50 seconds for execution. 



SR NNNN(OR) 

SS NNNN(CR) 

SW NNNN(OR) 
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Set Read speed for the cassette. The 
appropriate hex numb.er, NNNN, is given 
in the Baud Rate table, page 0-1. Wnen 
reset is hit, tbe SCI returns to the 
read speed specified in t he initialization 
routine. 

Set Serial speed for the serial port. 
Same requirements as SR. 

Set Write speed for the cassette. The 
requirements are the same as for SR. 

V ADDR ADDR ADDR(OR) Verify a block of memory specified by 
the first two addresses, with a block 
of memory starting at the third address. 
Useful for checking the programming of 
2708's, or changing bits in different 
memory blocks. 

WC ADDR ADDR(CR) Write Cassette, the memory block 
specified by the two addresses, in 
the format defined earlier • . The 
routine says WRITTEN when done. Auto
matically starts and stops the recorder 
as do all tape commands. 

Z ADDR ADDR NN(CR) Zero memory from ADDR to AnDR. If NN 
is not given, zeroes are written. If 
NN is given, the memory bloc:k is filled 
with that hex byte. Makes a simple 
means to fill memory with sync bytes to 
write a sync tape for recorde~ set-up. 
Or fill memory with FF to check the 
erasure of 2708's. . 

Hitting Escape will cause an exit from all routines, . 
and return to the command mode. If used during a cassette 
routine, reset must be hit before trying to use the cassette 
routine again, or Go to the start of the monitor (HOOO), or 
output 00 to port H2 the cassette port control. 

Cassette commands turn the relays on and off to con
trol two recorders, one for read and one for write. If only 
one recorder is used, wire the two sets of relay oontacts 
together in parallel, as outlined on page 6, Oassette Control. 

Keyboard problems 

Keyboards with unlatched outputs may have problems with 
Escape functions. Increasing the keyboard strobe pulse to 
20 ms will . allow the strobe and escape character to be 
recognized, while the monitor is executing a program. Also, 
some encoders are noisy on the data lines when not active. 
A false escape character may be occasionally generated which 
the SCI monitor will interpret .as a legitimate escape. Con
necting a transistor such as a 2N3904 ·to bit 4 of the key
board data lines,and driving it with an aotive-low strobe 
will ellm.na te the problem. . 

!3;Tl( ~~ AC.iive-low Siro~e 
. ~I1J ~ 1- ";~qO'f -



G-l 
Using the 8253 for a sweep generator. 

Using the cassette output vin (2 of 10 pad 41 for low 
level, and pin 3 for high level) as the signal source, and 
the following program, the 8253 can be programmed to 
sweep any range of frequencies. This range can start as 
low as 30 hz, and go as high as 1 mhz (to use the 1 mhz 
band, the output capacitors of the cassette system 
must be bypassed, so get the signal direct from pin 11 of~ 
10-31, the 74LS386). . 

The program as written produces an electronic siren, 
wh1ch provides interest1ng results when piped through a 
stereo. For a slowly changing tone that can be used to 
check the response of an audio amplif1er, change the fbllowing 
lines: 

0000 21 00 30 
OOOA IE 80 
0013 01 00 EO 

this changes the start frequency 
this changes the total range 
this changes the magnitude of the step 

Program to sweep the 8253 

0000 21 00 00 
0003 01 AO FF 
0006 3E 76 
0008 D3 DB 
OOOA IE 10 
0000 7D 
OOOD D3 D9 
OOOF 70 -
0010 D3 D9 · 
0012 05 -
0013 01 00 FA 
0016 03 
0017 78 
0018 Bl 
0019 02 16 00 
0010 01 
OOID 09 
OOIE ID 
OOIF 02 00 00 
0022 03 00 00 

set the starting frequency to 651 hz 
set B to subtract 60hex each freq change 
set up 8253 . 
SOl address set for DOOO. cbange to suit 
set number of steps 

. outputL to 8253 counter 
change ~9 for other address of SOl 
output H to 8253 counter 
change D9 for other address of SOl 
Push B to save 
set · up a delay 
1ncrement BO 
MOV A,B 
ORA 0 
JNZ 
POP B 
DAD B 
DOR 0 
JNZ 
JMP 

all zeroes yet? 
if not, loop 
restore BO 
add B to HL 
decrement step counter 
loop unt11 done 
start allover 

Try other variations of locations 0000, OOOA, and 0013 
for different sound effects. 



G-2 
Simple Memory Cheoker 

Using the E command and the M command, a simple check 
of a block of memory can be made to look for hard errors 
(Always bad bits). This is a simple, fast memory check. 
Since it only executes once, it is not always able to find 
elusive errors, but will pinpoint hard memory failure. 

Using the E command, to check and verify entry, enter 
the following sixteen bytes of data in the first sixteen 
locations of the block of memory to be tested: 
00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF 

Hit return and using the Move command, enter: · 

M ADDRl ADDR2 ADDR3(CR) 

ADDRl is the beginning address of the sixteen bytes of 
data, ADDR2 is the ending address of the block of memory, 
minus 16, and ADDR3 1s ADDRl plus 16. 

Example: 

A block of unknown memory at 2000 .hex to 2FFF is to be 
tested. First, enter the sixteen test bytes: 

E 2¢¢0(CR) 
2000 ·NN rJ'i 00 
20'!l1l NN 11 11 
2002 NN 
entered. 
location. 

and so on until all 16 bytes are correctly 
NN above ·is the present oontent of the memory 

Then use tbe Move command 

M 2¢00 2FEF 2¢1¢ (CR) 

This command then fills the block of memory with the 
sixteen bytes of test data and checks for any errors. If 
any errors do show up, the memory is unusable and should 
be tested thoroughly to looate the problems. 



H-l 
Interfacing the SCI Monitor to ESP-l 

ESP-l is an Assembler, Editor, and Monitor for an 8080, 
written for the 8080 by Michael Shrayer. The following 
patches are for the SCI Monitor version 1.5. 

Location 

6C52 
6CAD 
70C6 
7~C8 
7'/JCA 
700D 
700F 
7~Dl · 
7fl)DF 
7¢El 
7~E3 
7'/JE6 
713E7 
70E9 
77E8 
77EO 
77F</J 
77FA 
7815 
781D 
7820 
7823 
7826 
7829 
782B 
782D 
7760 
7776 
777A 
777E 
7782 
7780 
779.A. 
77 AJ. 
77A4 
77A7 
77A8 . 
77AB 
77AD 
77AF 

Code before 

DB 00 
E6 02 
CA 06 70 
DB 131 
E6 7F 
C9 
DB 00 
E6 01 
OA DF 70 
78 
D3 ¢l 
C9 
26 
26 
26 
26 
26 
CD ED 7~ 
21 00 60 
C3 DE 73 
OD BD 70 
DB 6E 
E6 10 
C2 26 78 
CD A7 77 
A7 
A7 
A7 
A7 
A7 
A7 
21 5F 78 
C3 E5 76 
F5 
CD BD 70 
DB 6E 
E6 20 
02 A8 77 

for SCI 

CD 06 H~ 
CD ~6 H0 
03 lE 
H0 

C3 24 HO 

00 00 
00 00 
00 00 0'IJ 
78 
03 06 H0 

29 
29 
29 
29 
29 
CD 00 H0 
CD ED 7¢ 
21 00 60 
C3 DE 73 
CD BD 
713 C3 
09 H0 78 
03 74 77 
AA 
AA 
AA 
AA 
AA 
AA 
CD 12 H0 
21 5F 78 
C3 
E5 76 F5 

·OD BD 
70 Fl 
C3 0F H0 

Output 
Output 
Input 

Escape Routine 

Output 
IJ 

" 
" 
" 

Cassette Read 
" " 
It " 
It It 

" rt 

It " 

" It 

" It 

" " It It 

It It 

" " 
Cassette Write 

" It 

" " 
" " 
" It 

" " 
It l' 
It It · 

" " 
It " 

" It 

" " 
" " 
" " 

In the E~cape routine, if ESC is typed the SOl monitor 
will take over. This is not a standard character for ESP-l. 

In the cassette read routine, if ESP-l detects an error, 
the SCI monitor must be reset to turn off the recorder, and 
reset the cassette port. 

The write cassette routine takes full advantage of the 
SCI monitor to write a tape and control the recorder. 

In the above. H stands for the 4k memory block of the 
SCI (D~, E0, etc.). 



Patches for Cromemco )k Control Basic 

Cromemco 3k Control Basic is a simple Basic modelled 
after Palo Alto Tiny Basic. It has integer arithmetic, 
and can call its programs located anywhere in memory. Its 
greatest utility is in control applications. ' such as Data 
Aquisition, and process control. 

Location Code Before Code for SCI 

EE9D DB 00 Fl E5 Output routine 
EE9F E6 80 15 E6 If 

EEll CA 9D EE 7F CD 06 If 

EEA4 Fl H0 If 

EEA5 E5 00 " 
EE!6 F5 00 If 

EEA7 E6 7F 00 ~0 " 
EEA9 D3 01 00 00 " 
EEEE DB 00 CD IB Input routine 
EEF~ E6 40 H0 00 " 
EEF2 C8 C8 " 
EEF3 DB 01 00 00 " 

The SCI input routine checks status of the selected 
input device, and returns with the zero flag set if no 
data is available. If data waa available, · the zer.o flag 
is not set, and the accumulator contains the data input. 

H-2 

In the above, H0 represents the memory blook of the SCI 
monitor, such as D0, E~, etc. 



H-3 
MICROCHESS by MicroWare L1mited 

An aggress1ve game of chess, a challenge for any player. 

Locat1on Or1g1nal Code 

f/DFl DB 00 
~D13 E6 4~ 
¢DF5 CA Fl ¢D 
0'DF8 DB ~l 

¢DE6 DB 00 
Ii!DE8 E6 80' 

~lD7 C3 0~ Er/ 

SCI 

CD ~3 Input Rout1ne 
HO ¢0 
(J~ ~~ 91<1 
00 ¢0 

C3 21 Output Rout1ne, Character 
H¢ 8fij 1s 1n B register. 

C3 ¢¢ H~ Return 11nkage to monitor 

The game of CHASE 

¢lA9 DB .¢0 
01AB E6 40 
¢lAD CA A9 01 
~lB9' DB ~l 

CD 03 Input Routine 
H~ 00 . 
00 00 00 
00 ¢r; 

Output is always to the v1deo dis:play memory lo,cated 
at CC0¢ to CFFF hex. (Normally a VDM-l) 

TREK-80 

The best game of STAR TREK to h1t the market. A live
action game, 1t's a challenge to win. Output 1s always to 
a video d1splay memory which must be equivalent ,to a VDM-l. 
TREK-80 is from Processor Technology. 

~lB0 DB 00' 
01B2 .00 
~lB3 E6 40 
0'1B5 C8 
(t11B6 DB 01 
¢lB8 E6 7F 

CD IB 
H¢ 
00 0'1 
C8 
00 ¢¢ 
E6 7F 

Input Routine 

T'his 1s a typ1cal Processor Technology input routine 
and is applicable to most of their software. 



. 00 '00 
00'00 
00'00 
00'00 
00 '00 
00'00 
00 '00 
00'00 

. 00'00 
00'00 
00 '00 
00'0 (1 

00'00 
00'00 
00'00 
00'00 
00'00 
00'00 
00 '00 
00'00 ' 
00 '0 a 
00'00 
00'00 
OOGiO C 
00'00 
00'00 
00'00 
00'0 C 
DO 'O 0 
00'00 
00'00 
00'0 a 
00'00 
OC'OC (3 27 [0 
OOOZ C3 6lj [2 
DO 0 e C395 C2 
0005' C3 D1 [3 . 
DO OC' C3 06 [q 

o G·n F' C 3 ~9 0 [ 5 
00 .12'C3 'EE [5 
D01~' C3 7C 02 
OO ,lE ' C3 '80 [2 
OO :1E' C3 52 [2 
o ('1 E: C 3 '5 E C 2 
0021 (3 :98 [2 
D02~ C3 :5E'C2 
0027 . 31C 0 [ F 
DO 2 J 3 E '0 C 
OC2() CO BC [2 

!JC '2F ' 3E '30 
DO 31 [:3 101 
00 ';3 3' C 3 '03 
DO 3 ~ C3 '05 
D037 [307 
DO 3 5 C3 'DB 
00 .3E ' S7 
003[' t3 Oll 

OA~EN Electronics 

* fc;* ~ * f! * SCI M 0 N IT 0 H 'f ER S l' 0 t-0005 
0010 
o 0 j, 5 
0020 
0025 
0030 
0035 

PORT EQ~ OOOH 

o OLl 0 
o OLIS 
0050 
0055 
0060 
0065 
0070 
0075 
0080 
0085 
0090 
0095 
0100 
0105 
0110 
0115 
0120 
0125 
0130 
01~5 
o 1 Lj 0 
o lL15 
o 1~ 0 
0155 
01l:0 
0165 
017 '0 
0175 
0180 
0185 
0190 
0195 
0200 
0205 
0210 . 
0215 
0220 
0225 
0230 

SlACK EQU CDFCOH 
STKO EQU STACK+~ 
SlKl EQU STACk+~ 

SlK2 EQU STACK+6 
S T'K 3 ~Q 1I S T A C k + 7 
SlK5 FQU STACK+9 
SlK7 EQU STACK+l1 
SlK9 EQ~ STACK+13 
STK10 EQU STACK+1Q 
Sl'l<11 EQU STACk+15 
STK13 EQU STACK+17 
SlK15 ~QU STACK+19 
SlK16 EQU STACK+20 
SlK17 EOU STACKi2l 
PORTO EQU PORTiO ' 
PORTl EQU PORTil 
PORT2 EQU FORTi2 
PORT3 EQU FORT43 
POR14 EUU PORTiLl 
PORT5 . EQU PORTi5 
PORT6 EUU PORTi6 
PORT? EQU FORTi? 
PORTS EQ U FORTi8 
PORT9 EQU PORTi9 
PORTA EQU PORTila 
PORTS ~QU PORTill 
P 0 R T C .FQ UFO R T i 12 
PORTO ~ou PORTi13 
P CRT E [Q U P 0 R.T i 1 ~ 
PORTF EQU PORTi15 
H 'C ODE S TAR T SHE R E * * 
SCI JMP INIT 

JMP INPUT 
JMP 'HRlTE 
JMP CASRO 
JMP EN£') 
JMP CAS"H 0 
JMP CASW2 
JMP FIN 
JMP FOUT 
JMP ISTAT 
JMP INPM 
JMP WRITS 
JMP ICHAF. 

0235 INIT 
02LlO 

LXI SP,ST ACK 
MVI ft,OCI-

02Ll5 
0250 
0255 
0260 
0265 
0270 
0275 
0280 
0285 

C:ALL VDM+1 
/'!VI A,301-
OUT PORTj 
OUT PORT~ 

OUT PORT5 
OUT PORT7 
OUT PORTE 
SUB 
OUT' 

p 
P OR T~ 

Fag e 1 

106**~UI *** ' 
PORT LeCATION · ' 
STACK l.OCAl ION 
INP DEV CODE 
OUT D EV COD E 
SCROLL SPEED 
CASS READ ~PO 
CASS WFi ITE SPD 
SERIAL SPEED 
TE~P SlORE 
VOM CHARACTER 
VOM FOINTE~ 
TEMP S10RE 
TEMP SlORE 
TEf'1P S10RE 

INPUT BUFFER 
PAR INF 
CONTROL REG 
CAS S E Tl E CaN T RO L 
CONTROL 
KEYBD IN 
CO.NTROl 
PAR OUT 
CONTROL 
CASS READ . CLOCK 
CASS WP ITE CLOCK 
SERIAL CLOCK 
C ONTR Ol REG 
UART CONTROL 
UART DitTA 
CASS S~OA Cotn 
CASS S~OA CATA 

INIT PORTS 
INPUT 
WRITE 
CASS HPUT 
T URN 0 F F R E LA Y . 

CASS \/RITE 
E ND 0 F WRIT E 
PAR INPUT 
PAR OUTPUT 
INP SHTUS 
INP MHKED 
BOUT 
ESCAPE 
SET S 1ft CK 
ERASE VIDEO 

INIT P~RALLEL FORT~ 

CLOCK f;EG 
SET INPUT PORTS 
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DO 31: (3 'DO 0290 OUT P ORTC PAR IN 
nO'LJO ~E '00 02';l5 M'V I ~, 00 RESET 'to,.. 

. DO LJ2 [3 'C8 03CO OUT C C8 H . . 
DC LJ L ' 00 '00 0305 DW C CUSTOM 
DO LJ€ ' 00 '00 0310 CW C 
OOqE 00 '00 0315 CW C , : . I 

ot q J 3E FF 0320 MVI ~,OFFH OUT POFT 
DO q C (3 '06 .:. ,' . 

0325 OUT POR T6 
DO qE ~E :0 F 0330 f-IVI ~,OFl- CASS CONTROL 
DO '5e ' C3 02 0335 OUT P OR T2 
[1052 ~E 2C o 3Ll 0 MVI ~ ,2 CI- ENABLE PORl S 
005t: [3 '01 03 LI 5 OUT P ORT1 :2 C= NE G STRCBE 
005£ (3 '03 03~0 OUT P OR T ~ ;:: E= P 0 S STROBE 
!) C 5 £ r3 07 03:5 OUT FOR T7 
OOSt ' 11 CLi (F 031: 0 IN IT 1 L'X I [,811<0 SW . Or-, =1< ~. ND V 
005 [ 06 07 0365 MVI b071- KEYBD-VIC 
OC : ~T (802 0370 IN FOR T2 SW OF F= SE RIAL 
DO 61 ' 07 0375 RL C I .N A~O OU T 
0062 07 03eo R:LC 
00 6~ ' 07 0385 R LC 
006t.: 0 0390 MOV I-,A SAVE A 
DC 6~ E6 '02. 0395 ANI 02 t'ASK S\o. IT Ch . , 

DO 67 ' 12 OqOO STAX [ INP DEVICE ' 
006( ' 13 OLJ05 INX [ 
00 '6~ 12 OLl10 STA X [ OUT o EV ICE 
I) 06 J 7C OLl15 MOV ,6,H GET A 

. 006 E' C7 OLl20 R LC GET G THER ~w 
DO 6C E6 02 OLl25 ANI C2H MASK S\o.' 
D [ 6E' (6 2C OLJ30 A 01 2CH A DC F 0 F ~H 
OC'7C (3 D5 o q3 5 OUT P OR T~ SET S TF 08 E POL 
0072 o LJLl 0 HSTROBEo SW ON=f\EI: J SW OF F= P 0 8M * 
DC'72' 21 Be [7 OLlL!5 LXI I-,TAEL2 SET GTl-Ef; CP1ION~ 
00 7~ 13 " 

o LJ: 0 HIT2 INX [ 
DO 7€ 7E Oq55 MOV ~,M GET Dft TA 
D077 : 12 Oq60 S T A X ( 
DC 7E 23 OLll:5 INX H· 
DO 75 ' C5 OLJ70 C CR 6 
0071' C2 75 CO o il7 5 J'NZ IN I T2 
OO?[ S7 OLieo sue " TURN OF F RE LA Y ~ 
007E (3 .02 . 0 LJ85 OUT P OR T2 o (,BC ~E '03 OLlC;O MVI ",031- SET LP SERIAL FORT 
DO 82 [3 DC OLJ95 OUT P OR TC 
OO ' 8~ 3E '11 0500 MVI ~,111-
DO 8 C [3 'oc 0505 OUT F ORTC 
00 eE 3E B6 O~ 10 MVI A,OE61- SET UF C LG C K S 
DO 8t [3 08 0515 OUT FOR TE 
DO BC ~E 70 0520 IWI A,701-
DO 8E r3 DE 0525 OUT FORTE 
00 '9(: 18 o 5~ 0 o CX C 
DO 9j.' 1A o 5~ 5 LOA X C 
DC 92 [3 'OA 05LlO OUT FORH 
00 9 Lj l 13 o 5L1 5 INX r 
00 9~ 1A o 5~ 0 LOAX C 
DC 9l [3 0,6 05:5 OUT PORH 
009 E 21 Dr; [F 0560 STRT L'X I I-,ST~17 II'-iITIALIZE I NF UT 6 UF FE R 
_IJG9E 26 'DC 0565 r-VI /" ,0 Of, 
DO 9 [ 23 0570 INX I-
00 ;9[ ' 57 0575 SU6 ~ 
IJ C:9 ~ EO 05eo C MP l 
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OG'AC' C2 9E [0 o Sf! 5 ':NZ S TR Ti 3 
90 A~ 31 'CO CF 0590 l'XI SP,STACK 
DC A~ 21 E7 C7 0555 LXI h,CMt-.TC 
O-GAS'CD '31 [2 0600 C~A L L C OM NT INITIAL COMMENT 
DO AC DE 28 0605' COHM D NYI C,28f- BUFF l.E NG 
D~ AE 21 D5 (F 0610 L1X I I-,STk17 
DOB1'CD 'SE C2 0615 C:A L L I NP M GET CO~MANr: 
D GBLi : FE o B 0620 CPI (8 H A 8ACK~PACE1 
OC8~ ' (A DLI [0 0625 JZ (ElET 
DO BS FE 7F o 6~ 0 CPI 7 FH A RUB Ol T? 
Of] BE ' C A DLi [0 o 6~ 5 ' "Z C ELET IF SO, ERASE IT 
DC BE FE lB 06L10 ' CPI :lBH ESCAPE CI-AFi ? 
D G'C C- (A DLI [0 o 6Ll5 ' JZ eEL ET GETRIe OF 11 
OG C2 FE '0 (l 0650 CP I rOH A CARRIAGE RETURt-i? 
DC C: CA FA CO 0655 JZ CHD 1 IF SO, EX EC UTE COMt-AND 
DO C t -77 0660 MOY t-,A ' PUT I NT 0 BU FF EFi · 
00 C ~ CD 99 [2 0665 CALL "'R I TE ECHO Cf-ARACTER 
DGCC 23 0670 INX h 
OOC[ 00 0675 C CR C E NO GF 11\ PU T BUFFEI'? DCCE C2 B1 (0 ' o 6e 0 JNZ COMMO+5 NO, L 00 P 
DC 0:1 C3 :CD C~ 0685 .;; MP ERROR YES, HO MU CH 
DO 'DLi 79 0690 DE LE T MOY A,C 
DCD: FE 2 e, 0655 CPI 28H ENO OF BUFF EP 1 
DO D7' C A (0 

" , 

JZ C OM Me YES, RE Tll Rt-. AC 0700 
00 D J DC 0705 INR C NO, INCREMENT C rro D [ 28 0710 rcx h DECREMENT FOINTER 
00 DC 36 "OD 0715 NYI /",OOf- ERA SE CHARACTEFi 
DCD E ~E '0 e 0720 MYI ,6,08!- A BACK~PACE 

- D'C E C CD '99 [2 0725 C:Al L .... R I TE 
DO E:' " C 3 'Bl · CO , 0730 JMP COMMC+5 
DO E~ 7E on5 Cf-,CK /" OY A,N GET CHtRAC1ER 
DO E7 23 07L10 INX !- POINT ~ EX T 
DO Et C6 '20 07L15 SUI 20H A SPA CE ? 
DCE/ ' C8 0750 RZ 
D GEE ' C 6 '20 0755 A DI 20H RESTORE 
DCE[ ' C07E [1 07~0 C:AL L CONYLI COI\VERl 
DO'Fe C A 'C C' CLI 0765 JC ERR OR CAR RY SET 
DCF~ (6 OA 0770 SUI C AH LETTER ? 
DC F: C A 'CC C~ 0775 JC ERROP. - NO 
DO F t 3C 0780 INR A 
DO F~ C9 0785 RET 
DO F J 21 05 [F 0790 Ct' 01 LXI !-" S1I<17 S TA RT CF II\PUT BUFFER 
DC Fe' CO '88 [3 07175 C:AL L C RL F RET ANC LIt\E FEED 
O:1 'OC ' CD E6 [0 08CO C:AL L CHe K C HE CK FIR Sl LE1TER 
D:1 o~ , 17 0805 RAL MULTIPLY BY 8 
01at; 17 a R 1 0 R:A l 
D1 O~ 17 0815 RAL 
D:I 0 €- il7 0820 MOV E ,A ~ AY E Il IN 8 
0107 ' CO E6 (0 0825 C:AL L CHC K C HE CK ~ND lET TE R D·l at' CA DE [1 0830 JZ $ +1 IT WA S A SF AC E 
010 ( 23 0835 INX I-
010 E EO o 8L1 0 AO[ E A DO F IF< ST lET TE R YA LU E ,0-1 '0 F 22 '01 (F a 8ll 5 S:HL 0 ~ TK 1~ ~ AV E PG INTER 
[):1,12' CE 'ELI , 0850 ~'V I C,OEL.H C O~' 0 C(U~T 
01 '1t: 21 .62 C7 0855 L X I h,TAEU COMHANr 1.00 K-UP T AS LE ,01 '17 EE o 8~ 0 Ct' 02 CMP f' FIND 111 
011E ' CA '25 [1 08t5 JZ CMC3 YES 
01 '1£ 23 087 a INX !- NO 
011 ( 23 0875 INX .. 
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01 ,1 ( 23 0880 INX ~ 
811 E OC 0885 HIP ( INCREMENT COMMAND COUN1E 
01 'iF CA :CD [q 0890 JZ E Rf1 OR COULDNITFIND IT Q122 ' (3 17 [1 0895 JMF CMC2 LOOP 

_ OJ 2 ~ 23 C 900 CI"03 INX !-, GET A O( RE8~ OF COHt"ANO 
!H2E ~E 0905 NOV E.,N SAV E H 0 A NO E 
012 i 23 : 0910 INX !-
D12E 56 0915 r. OV (,M 
012 ~ E8 0920 X;C I- G F LAC E DE I~ ~L 
D j '2 t E9 0925 P CH L FLACE HL IN FC AN 0 GO 
012E F.5 0930 CONY 0 PU8 H ~ SAVE Hl 
012C 11 '00 00 0935 LXI (,00(01- Z ER 0 DE 
01:2 F 2A 01 CF 09L!0 L:H L 0 5TI<13 GET FOINTE~ TO BUFFER 
0132 IE 09L15 MOV A,M 
013~ FE DC 0950 CPI C DH WAS I T A CARRIAGE RET? 
013!3 ' CA 70 [1 0955 JZ CONV~+e YES 
013£ 7E 0960 MOV ,6,M ' 
013 S FE '20 09~5 CPI 20H A SPACE? 
013 E (A '17 (1 0970 JZ (ONV1 YES 
013E 'F E DC 0975 CPI ( DH A CARRIAGE RET? 
01'qC (A ''17 [1 0geO JZ , CONV1 YES 
D1 Lj ~ 23 0985 INX !- INCREMENT F 0 I NlER !11qt ' (3 ' '38 [1 09<; 0 J MP CONVO+13 l.OOP 
01 LIl 2, 3 0995 CO NV 1 INX !- INCREMENT FOINTER 
D~ Lj ~ 22 :01 CF 1. 000 FH L 0 STI<1~ S AV E P( INTER 

_ 01 Lj E 28 10(5 rcx ~' GET CHARAC1ER 
01LjC' CO 6E C1 1010 C:A l. L COr-! Vt: GET L 0\1' ER f', 188 L E 
!J ~ 'I F 5F 1015 t'i OV bA SAVE ' H E 

- 01 '5C CD 68 [1 1020 CAL L CONV2 GET NIB8LE 
015~ 07 1025 RLC ROTATE 
015Ll ' 07 10:0 ,R LC 
D15~ 07 " 1035 R'LC 
015E 07 10LlO R LC 
D157 E3 1 OLl 5 ' A DO E GET 181 ~AI.F 
015f 5F 1050 r.OV E ,A NOW hAVE HT BYTE 
!)15~' CD 68 [1 1055 CA L L CONV2 GET 2 NC BYTE 
D15C 57 1060 MOV [,A 
D1:5F (0 68 [1 10~5 C:AL L CONV2 
01 '60' 07 ' 1070 R:LC 
0161 ' 07 1075 RLC 
016;' 07 10eo R LC 
D16~ 07 1085 RLC 
D1 6li €2 1090 A OC C 
0165 57 1095 · MOV C,A 
rJ 1 6 £ E1 1100 POP !-
D16T (9 1105 RET 
016 E 28 1110 CONV2 rcx !- GET CA1A 
0165 7E 1115 M OV P,M 
0161 FE 20 1120 CPI i:OH DONE? 
O'j 6C (2 72 [1 1125 JNZ CONV 3 NO 
f) j 6 F E1 1130 POP r GET RIC OF LA 8T CALL 
01'70 E1 1135 POP ~ 
-0171 ' (9 11L10 RET 
D172 ' CD 7E [1 11Ll5 , CONY 3 CAL L (ONVLi CONVERl 
D17: ' [ACC ('I 1150 JC ERROl' CARRY !: El 
Di7E FE 10 11~5 C PI 10H A "UM8ER ? o i 71 [2 'CD (q 1HO J:N C ERROR NO 
D17(' C9 1iE5 RET 
01,7£ [ 6'30 1170 CONVLt S'U I 201-i A 8C e 106 8 
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01 F t EO 1LJ70 AOC E GET t-i HiSLE 
I) j FE 77 1LJ75 NOV f',A S TO RE 

-01 F (' (3 96 [3 1Lf80 JMP ~PACE 
OlFF ' (0 28 [1 1 lIE 5 Pf;OG 0 C:ALL CONVG PROGRAf' · 27G8 
0'2 02 E B 1 LJ9 a X;C~ G SAVE H HL 
D2 a ~ C02 B [1 1455 CAL L CONVC 
O~ a £ 3E AO 1500 MV I A, OA 0"- 00 16( X 
02 O~ ' 32 :CD CF 1505 PliOG1 S!T ~ STK9 SAVE A 
02 a E [5 1510 PUSH [ 
02 a C E5 ' 1515 PUS H !-
02 ,0 [. 01 'DO 04 1520 LXI E,OLj(O!-
O~ 1C CD C5 [3 1525 C:AL L ESC AF . WAN T TO CUlT? 
02 :13 7E 15:?-0 PliOG2 NOV .oI,N GET B Y1 E 
021L! 12 1535 's T A X [ P LA CE IN 27 08 
0215 13 15£10 INX [ 
021 f CO 28 [2 1545 .CAL. L [ON E 
021$·' (2 '13 [2 15~ 0 .j" NZ FRO G2 LOOP 
02'1C E1 1555 POP !- GET HL 
021[ - [1 1S '£:. a POP [ GET OF. D2 '1( 3 A 'CD [F ' 1.565 L'DA STK9 GET C OU NT EYTE 
0221 ' 3D 1570 [. CR .01 DECREMENT IT 
['1222 ' (2 08 [2 1575 .TNZ FRO G j LOOP 
D22~' 01 '0 0 ' aLi 1580 VER 0 'L X I bGLJCO!-
022 E C3 26 [5 1585 JMP V ER n +1:: . VERIFY OA TA 
022 E 23 ! ' 15«;:0 DONE I N X !-
022(' 08 1595 [ CX E 
D22[ 57 - 1600 SUB A 
02 '2 E Fa 1605 ORA S 
02 '2 F E1 1610 O'RA C 
02'3£:" (9 1615 RET 
0231 7E 162 a CONN T NOV A,N GET B), T E 
0232 (0 :99 [2 1625 C:AL L IrIR I TE W RITE IT 
02 3~ 23 163 a INX !-
023£ ~7 1635 O'R A ~ SIT 7 !-IGH '1 0237 ' F2 '31 [2 1640 JP CON NT ~ 0, l 0 ( P 
023r C9 1645 RET 
023E' (0 '3 E [2 16~ a DE LA 2 C:AL L [EL A)' TWO T If' FE 
023E ' C5 1655 OEL.6Y PUSH E SAVE ' S 
02 '3 F 01 '00 70 16£0 LXI E,70COl-
0242 ' 03 1665 INX 6 
02 Lj~ 57 1670 SUB /J 
021.1'1 EO · 1675 ORA 8 
02 LJ5 E1 1680 OR~ C DONE '1 
o :2 1.1 C (2 :',LJ 2 [2 16€5 JNZ [ELAY+4 
02Lj~ ' (1 169 a POP E RESTORE BC 
024 t (9 1695 RET 
02 LJ E (5 17000 [EL AS 'PUSH B - . - - -

D24( 01 00 E8 1705 L'X 1 bOB80CH ~ALF A~ /"UCH DE' LA Y 
D 2·1.1 F' (3 '42 (2 1710 JNP [ELAY+£j 
0252 (0 ·86 [2 17:15 HTAT C:AL L CHK ST GET S 1ft TUS 
1)25~ E6 '80 1720 ANI 8 OH BIT 7 
D257 ' (8 1725 RZ Z= NC [ATA 
02 5 E' (0 6ft [2 1730 Ie HA R CAL L INPUT+I: GET C HA R 
D25E E6 7F 1735 ANI 7 FH MASK BIT 7 
025['(9 17 L! a RET 
Q2 ·51: · CO 6£1 [2 1 7 L! 5 HPM C:AL L INP Ul 
026:1 E6 7F 17~0 ANI 7 FH MASK BIH ( -6 
0263 ' (9 1755 RET 
D26~ ' to 52 [2 17l:0 HpUT C:AL L 1ST A 1 C HE CK ~TATLS 
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D~ 67' C A6q [2 17~5 JZ INPUl LOOP TIL READY 
Q261 3 A ;Cq [F 1770 L'O,A STKO INPUT [EVICE 

-02:6 [ E7 1775 OR A A 
O~ 6E ' (A ,78 [2 1 7P. 0 .;2 FINO FRIMARY FA~ALLEL INPLJT 
0271 ' 3D 1785 c: CR ,A 

-0,7, : CA '82 [2 17~O JZ FIN1 o T~ ER FARALLEL IN PI.. T 
D, 75 ' C B 'DD 1795 IN FORH INPUT FROM SERIAL 
0277'C9 18('10 RET 
02 7E ' r.B DlI 1805 PINO IN FOR TLl 
027J 00 1810 NOP C MA IF ' !f\V DA TA 
I);:: 7 E ' C 9 ' 1815 RET 
o2 ,7C' r.B '01 1820 PIN IN FOR T1 CHECK ~ T A TU S 
0~7E E7 1825 O'R ,A I- C HEC K E11 7 
0,7 F' ,F 2 7C (2 18:?0 JP I FIN LOOP 
02,82 CB '00 1835 PIN1 IN PORlO 
o2 '8L! 00 18L10 ~OP CMA IF IN V oA T 
rn 8!: (9 18115 RET 
D28i 3A ;Cq [F 1850 C~KS T L'DA ~TK 0 CHECK !: TA TU S 
02 8~ E7 18=5 ORA ,A 
D28t CA 95 [2 1860 JZ PINSO PAR SlAT 
D28[ ' 3D 18e5 D CR ,A 
D~ BE [B '01 18i 0 IN FORTi S TA TU S PO Rl 
02 '90 ' C8 ' , 1875 RZ 
D,91 [B 'DC 1Bf,O IN FOR TC S ER I A l STATUS 
0293 OF 1885 R'R C GET BIl 0, 
[l29l.j " (9 1890 RET 

' 029: [B 05 1895 ' PINSO IN PO R T: S TA TU S PORT 
!)2 97 C9 1900 RET 
029E 78 19(15 · W" IT B ~OV ,A,B GET D A T A 
D2 9 ~ F5 1910 WI' IT E PUS H P S~l SAVE A 
029J 3A C5 [F 1915 L'D .A S TK 1 OUl CE't'ICE 
D2 '9[ E7 1920 ORA A 
02 '9[ ' C A B8 [2 1925 JZ V DM V Ie EO ~OUTINE 
02 Ai ' 30 19~0 OCR A 
D2 ,A2 " (A 181 [2 1935 JZ POUTi 1 
o,A: ' r.B DC 19l1 0 SOUT IN FOR TC 
02 A7 E 6 '02 19115 A'N I (2H READY 7 
D2 At 9CA A5 02 1950 JZ ' SO Ul LOOP 
D2 A( F1 1955 POP PSW GET A 
D2:A[ [3 DO 1960 OUT PORRTD 
I), A F' C 9 19f5 RET 
02'60 F 5 1970 POUT PUSH PSI-' SAVE A 
02 B1 [8 07 1975 IN Fa R 17 CHECK ~ T A TU S 
0282 F.7 198 a ORA ,A SIT 7 ~IGH 1 
02 'Sl; F2 'B1 [2 1985 JP I FOUTi1 
D2 B j F1 19S a POP FSW C ET A 
02 BE r.3 06 1.995 OUT FORH 
0281' C9 2000 RET 
ot: BE F1 2005 veM POP ' F 8\01 GET A 
D2 B E C C5 2C10 PU Sf-{ 8 SA VE F EG 's 
02 B( [5 2015 PUSH [ 
028E E5 2020 PUS H ~ 
D28F F5 2025 PUSH FSW 
-0 ;:'C ( 2A 'CF [F 2030 L:H L 0 S TK 11 GET V Of" FOINTEF 
D2 'C:! FE '0 C 2035 CPI (CH [RASE: ~CRH N 1 
~2 C~ ' (A 'q Lj [3 2 OLl 0 J7. FF YES 
0:;: C€ FE 1) C 2045 CPI OOH CARRIAGE RE TU R t-. 1 
02 C~ C A 5 Lj (3 20500 JZ CR 
D2 'CC FE OA 2055 cPt OAH L I to; E FEED ~ 
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D2C F' CA 6E [3 20CO .JZ LF 
02.02 FE 08 2065 CP I (8 H A BAC K~PACE 1 

- O~ Dt, ' CA 70 : [3 2070 JZ ES 
0207 FE 7F 2075 CPI 7 Fh A RU89lJT 1 02 D~ ' C A :7D [3 2080 JZ ES 

- 02 D ( FE 06 2085 CPI C8H C TRL K.I HOME 1 , ' , 
D2DE ' (A '83 [3 2090 JZ I- 0 ~\ E 
D~ El E 6 7F 2095 ANI 7 FH POlY-H BO 
D2 E~ 77 2100 MOV M.lA PU T O~ SC~EEN 
D2'Et.: 23 21C5 INX I-
02 E!: (0 3CC 03 2110 VOl 'CA Ll VD3 END OF ~C~EEN~ , 
02 E E LA ',32 [3 ' 2115 JC VD2 
D2 EE ' 3A 'C6 [F 2120 SCl l 'OA S TK 2 GEl SCrOLL SP EED 
fJ2 'E E 57 2125 t-'.OV [.IA 
02 .EF lE FF 2130 MVI E,O FF H 
02 Fl ' 13 2135 INX [ 
02 F2 57 2 1Ll 0 SUE A . 
O~ F~ E2 21 Ll5 ORA [ 
D2 FL' E3 2150 O'R A E DO f\ E ? 
02 F ~ ' C2 'F1 [2 , 2155 JNZ ~ Cl +6 LOOP 
O~ ' F E' CD 52 [2 2HO SC2 C:AI. L . ISTAl CHANGE . SF EE 01 
D2 FE ' CA 19 [3 · 2165 JZ SC3 NO 
02 'FE FE 2 O. 2170 CPI 20H A SPACE? 
D~'O C' (2 06 (3 2175 J'N 2 $+3 
D~ O~ ' CD 5E [2 · 2180 C:A l. L I NP M WAIT FCR CI-AR 
n~ 0 £ FE 3" 2185. CPI ~AH GREA1EF lH.AN 9 1 . 030 l [2 19 [3 2190 JNC SC3 YES 
D:OE [6 '30 2195 SUI 30H ~UB A SC I I E I AS 
D2 :0C [A 19 [3 2 2C 0 JC ~C3 NOT 0-5 
D~'10 17 2205 RAt. MULTIPLY BY 16 
03'11 17 2210 RAI. 
D312 17 2215 RAL 
031~ 17 2220 RAL 
D3 ' 1L~ ' (6 6C 2225 ADI t C Ii 
D31l 32 C6 [F 2230 PH ~TK2 STORE ~ PE EC 
D~ 15 21 '-q 0 (C 2235 SC3 LXI b.,OCC40H . START ~C~OLL 
031 e- II '00 (C 2 2Ll 0 l 'X I C,OCCOCH 5 TA RT (F SC RE Ef\ 
D~1F 7E 22115 ~OV .A .1M GET BYlE 
03 '2 O' 12 2250 S TA X C t'OVE 11 
0321 13 2255 INX C 
032 ~ 23 22CO INX I-
032Z ' (0 3C . [3 22c5 C:A L L VD3 (lONE? 
O~2t [A '1 F [3 2270 JC ~ C3 +6 
0325 28 2275 ccx I-
0 ~ 2J 36 20 2280 MVJ ~.1 201- POlY-2( 
D32( 70 2285 t10V .A.lL 
D3 ,2[ FE 'CO 2290 C'P I C CO H DONE 1 

.. ~ . - - . . 

D~2F' (2 25 (3 2295 JNZ ~C3+:16 
0332 36 AO 23 C 0 V[2 ~: V I t',OAOH POLY-OFFH 
D~ 3 ~ 22 'CF CF 2305 EHL 0 ~ TK 1:1 SAVE PCII\TER 
D~ 3 i F1 23jO POP P Slot. RESTORE REG'S 
O~ 3 C El 2315 POP I-
D~3~ [1 2320 POP [ 
"o~ 3 J (1 2325 POP E 
o ~ 3 E' C 9 2330 RET CON E 
p3 3 ( 7C 23::5 vr3 M OV .A,H 
D33C FE 'DO 2 311 0 CPI (DOH C7-80X::4 
D~3F ' (9 23L!5 RET RC-8GX::4 
O~ '4 t 70 2350 ~ov ,A,L GET L 
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03 Ll j FE '80 2355 CPI SOH - E NO OF LI NE 
D~Lj~' C9 2360 RET 

- O~LjlJ 21 'FF CF 23~5 FF LX I I-,OCFFFH END OF SC RE EN 
0'3 Lj 7 36 '20 2370 MVI t',201- POLY-A( 
n ~, Lj S 28 2375 CCX I-

" D~LjJ 7C 2380 M (j V ' A,H 
D ~ LjE FE C8 2385 ' C P l' (CEl H CONE ? o ~ ~Ll [ ': (2 ,Lj7 [3 2390 .;-N Z FF+3 
03 '50 23 2395 INX I-
D~5r C3 ',32 (3 2l.100 JMP V 02 
0~5t; .. 36 20 2 Ll G 5 CP M'V I h201- POLY-lie , ' 

D~ 5 ~ iO ' 2 Ll j , 0 MOV ~,L 
[)~57 E6 CO 2Ll15 ANI (COH 
035 S tF 2Ll20 MOY L,A 
O~ 5J 7E 2Ll25 HOV ~ ,M SAY E B,( TE 
D~ 5 E 32 'CE [F 2L!30 S TA 5 TK 1C 
0~'5E C3 32 [3 2 Lj3 5 JMP ~ 02 
O~ 6j 2LjLiO u~qHE FOLLOWING FCR 80X2LjJi~HI , 
0361 7A 2LjLJ5 MOV ~,c 
D~ 62 SC 2Ll50 S8B I-
O~ 6~ [1 2Lj55 POP [ 
D~6~ CA SO C3 2Ll60 JC CR+9 
O~ 67 7E 2Ll65 I" OV A,t', 
036 t 32 CE [F 2 LJ7 0 8T,6 8T K 1C SAVE C~AR 
D~ 6E ' (3 32 [3 2Lj75 , JMP V02 , . 
O ~ 6E 3A 'CE [F 2 Lj eo LF LOA STK 10 GET 8Y1E 

- 0371 77 2 LJ 8 5 MOY t',A PUT ON SC RE EN 
0372 11 'Lj 0 00 2Lj~0 L X I C.J 0 OLl Or 
03 75 19 2 Ll9 5 CAe [ LI~E-FEEDS HL 
O~ 7€ 7E 2500 MOV " ,M GET B Yl E 
0377 32 CE [F 2505 S TA 5T K 1C 
D~ 7 ~ C3 E5 [2 2510 JMP V D1 
D~7[ ~6 20 2515 85 MVI t',201-, FOLY-A( 
037F 28 2520 ccx I-
n~ '8( C3 E5 C2 2525 JMP V01 
I) 3 8 ~ 36 20 2530 HO ME MY I t',201- POLY-AC 
D3 B ~ 21 '00 (C 2535 L X I I-,OCCOCH START (F SC RE 0 : 
D~ BE (3 '32 [3 2 51.l 0 " MP V 02 

, 03 'S f 3 E l)D 25Ll 5 CRLF MVI ",001- CARRIAGE RETURf--o ~ 8[ CO 9, [2 25~0 C:AL L \o.R I TE 
03 '9(' 3E '0 A 2555 M'V I A,OA~ LI~E FEED 
0~92 CD 9S [2 2560 CAL L \lRITE 
[1395 ' (9 2565 RET 
03 9~ 3E '20 2570 SP 'A C E M'V I ",201- SPA CE 
039E CD '99 [2 2575 CALL \':R I TE 
039 E' (9 2580 RET 
039C F5 2585 R1HE X PUSH FSW 
039(' iF 2590 R AR GET U PF EI1 /\lSBLE 
039E iF 2595 R AR 
O~ 9F iF 2600 R AR 
03"AO ' iF 2605 R AR ' 
D~ Ai' CO 'AF [3 2610 CAL L E ItH.~ 
D~ ' AL: ' CO '99 [2 2615 C:AL L 1,jR I TE 
03 'A7 F1 2620 ' POP PS~ fET BYTE AfAIN 
D~Af C [, AF 03 2E25 CA LL B INA S 
p3 AE -' (0 99 [2 2630 C:AL L \t;R lTE 
D~'AE C9 2635 RET 
D3'AF E 6 :OF 2640 B INA S A'N I o FH BIN TO A~CII 
D~ 81 ' C630 26l.l5 AOI ~OH 
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03 B;! . FE 311 2650 CPI ~AH OK? 
9:3 B~ (8 2655 RC YES 

e D:3 B€· C6 ~O 7 2660 kDI 0}1-1 . i 

D '~ Bf C9 2665 RET NOW IH CO~E ..J 

D~ B S 7C 2670 R1HL MOV .A, H WRlTE ' I-L 
D:.x B J CD 9C C3 2675 CAL L RTh EX ., . 

: l' D ~ "8( 7D 26eO f",OV .A,L 
D:3 BE ' CO 9C C3 2685 C:AL L RTH EX 
D~Cr CD 96 C3 2690 C:AL L !:PA CE 
D3 ' C~ (9 2695 RET 
03 C~ CD 58 (2 2700 E!:CAP C:A l L ICHAR GET C H.A R 
O~Cl FE is 2705 CPI 1BH ESCAPE ? 
03 cr CO 2710 RN2 
D~CE 21 :BO (7 2715 L'X I I-,CMNT~ 
D~ cr · C3 05 [5 2720 .i MP CMPL1+3 
0301 cs 02 2725 CJ SR 0 IN FORT, IS RE LA Y O~ ' ? 
O~O~ F.6 '01 2730 ANI C 1H 
03 D~ C21,A (Lj 2735 .fNZ CASR1 
O~ D l [B '02 27 Lj 0 IN FOR T, GET CA1A AT P OR T2 
D~ D J F6 01 27Ll5 O'R I o 1H TURN O~ READ ' RfLAY 
D:3 D ( C3 02 2750 OUT FOP.T£ 
')~,{)E ~E '32 2755 M V I . .A,321- ~ET LP REAC CLOCK , 03 'EC C3 DE 2760 o Ui P ORTf 
0:3 E2 3A C7 CF 2765 l. : OA !: TK 3 GET R Eft 0 SF E EO 
D3 E~ t3 08 2770 OUT P OR TE 
03 E7 3A ·C8 [F 2775 L'O.A !:TK 3 .. 1 
0:3 E J [3 De 27EO OUT FOR T8 
D~ EC ~ CO C5 C3 27e5 C:AL L ESCAF WA~IT : TO CUlT 1 
O~ EF C B :02 2790 IN FORn LEV EL [ETECTIO~ 
03 F1 E7 2795 ORA ft BIT 7 I-IGH 1 
O:3 !F, F2 EC [3 2800 JP CASRC+'7 . LOOP TIL TO NE 
D3 F~ ) CD 3E (2 2805 C'AL L C EL A Y 
03 FE CB 02 2810 IN P OR T, C HEC K lEVEl AGAH 
03 F J E7 2815 O'R A " BIT 7 I- IG H ? 
D~ FE F2 EC (3 2820 JP ! CASRO+27 LOOP TIL Te NE 
03FE 3 E '80 2825 ~1 V J f.,801- SET UP SEDA 
D L,'O C £13 'DE 2830 OUT FOR TE RES ET RECEIVER 
DLi 02 ' :3E 138 2835 r~: v I ft,OBeH 8 -s I T W 0 R D , ·S t', , 1 BYTE' 
DL,OW C3 :DF 28LlO · OUT POR TF 
OG 0 € 3 E 82 28 L15 H'V ! A,821- , W RI TE 10 CGN REG 3 
Oq 0 E 03 'DE 2850 · OUT P OR T E 
OLIO'" ~E '70 2855 f"VI f.,70h INT,ONE ~nc CLR STAT DLi 0 (. C 3 'DF 2860 OUT FOR TF 
0'1'0 E 3E 181 2865 /'iVI ",811- WRITE 10 SY NC REG 
OLi 10 fJ 3 'DE 287 a OUT P OR TE 
Dl.l12 3E E6 2875 ~ ' V I "J 0 E~ H SYNC CGDE 
Dt;1li OUT FOR TF . - . - - - . -(3 DF 2seo 
OLj H 3E ll3 2885 MVI A,031- E. NA B L E X-MIT 
DL,1l 03 'DE 2890 o Ul P OR TE 
D,lj 1 J' CD CS [3 28S5 C" SR 1 C:AL L ESC AF WAN T TO CUlT 1 
DG~1C [18 IDE 2900 IN P OR TE CHECK .!:TATUS 
Dt; iF E7 29C5 ' ORA A 8IT 7 I-IGH ? 
DW2C F2 1A [Lj 2910 JP CAS Rj NOT R Eft DY " . 

DL,22 [B 'OF 29j5 IN F 0 RTF GET CA1A 
0'1 2 ~ (9 2920 RET 
DLjU CD '01 (3 2925 CJ SR 2 C:A L L CASRC GET SA A"D LE N 
DLj2~ ' G6 DO 2920 f"VI F. ,0 Oh Z ER 0 C~ECK~!JH FEG 
OLi 2E 6F 2925 MO V L,A PU T Ae ORH S H HL 
DLi2C ~7 2940 MOV E..A 
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D L'2 [ " CD 1A eq 29 lj5 C.A l. L CASRj 
DlI'30 £:.7 2950 NOV I-,A 

" DLj31 EO 29::5 ADC E , , 
D'!! 32 LJ7 2960 /"OV E ,A 
Oll 3 ~ CD 11 ft eq 2965 C:AL L CASR1 

~ DLJ 3 t' 57 2970 HOV e,A PUT B LeCI< LEN IN DE 
O ~ 37 80 2975 A DC E 
O1l3r Lj7 2980 HOV bA 
(I L; 3~ ' CD 1A CLi , " 2985 C:AL L CASR1 
Oll 3 ( SF 2990 MOV E,ft. 
Dll3C EO 2995 AOC E 
O1l3E £17 3000 M OV E,A 
OLl3 F C9 3005 'R E T ' 
(It.'qC CD 1A [q 3010 Cft SR 3 CALL CASR1 GET DA1A NO W o LI Lj~ 77 3015 MOV t',A PUT IN ME He RY 
DLjLjLl EO ,3020 A DC E 
OLlLj~ Ll7 3025 HOV E,A 
OLjLj~ 23 ~ 0: 0 IN ): I-
Oll q i 18 3035 DCX r 
OLI LiE S7 30 I.! 0 SUB A ZERO A 
OLjLj~ E2 30Ll5 O'R '" [ IS D ZERO 1 
Dli q J E3 3050 ORA E I S E ZERO i o £I Lj E C2 'Lj 0 eq 3055 JN2 CAS R~ NO, L 0 C P o lj Lj E' CO '1A eLj 30!: 0 C:Al L CASR1 GET CHECKSLM 
OLI 5 j SO 3065 SUB 6 CO"':PARE WITH B 
Oll.52 57 3070 MOV (,1. SAVE R E SU Ll IN D 

- OLI 5~- cO 06 Cq 3075 C'Al L END 
DLI 5!: S7 3080 SUE A 
Dt; 5i EA 30 E5 CMP [ CHECKSlM 01< 1 , 
O'l5E 21 OS e7 , 3090 LXI I-,CM/\T2 TAPE E~RCR 
Ot, 5E ' CC '6 Lj CLi 3095 CZ CASRLJ TAPE O~ 
Dti'SE ' CD '31 (2 3100 C:AlL COMNl 
DLj 61 C3 9S eb 3105 JMP STP T 
Dli 6L' 21 CA [7 3110 Ct SR q LXI Ii,C t1t-. Til COMPLE1E 
OLj 67 C9 3115 RET 
o L, 6 E CO 28 C1 3120 C~ SR 5 CAL L CON VC READ At-."D SF EC IFY 
Oli 6 E EB 3125 Xcr.G SAVE H H 
OLj '6C E5 3130 PUSH I-o Lj ,6[ 2A "01 [F 3135 l.:HL D S TK 13 
DLj70 7E 31u 0 MOV A,M 
Of, 71 FE 00 31 Lj 5 CP r C OH A CARRIAGE RET ? 
olin E1 31::0 ' POP I-
DL!7Ll C2 9ft [ll 3155 JNZ CASR€ GET ANCTHEf' AOt:RESS 
OLl n' CD '01 [3 31€0 CALL CASRC 
Oil 7 J 06 '00 31€-5 MVI E,OOl- Z ER 0 CI-ECKSUI" FEG 
Dlj 7C i7 3170 HOV /",A P LA C [ EYTE IN I"EMORY 
Oll7C 80 3175 ,. DD E K EE P C~ECK~UM 
Dll 7 E Ll7 3180 MOV bA 
OLl7F 23 31 E5 INX I-
O!-l'8G CO '1 A [Li 3190 C:AL L CASR1 
Dt; 8~ 77 3195 MOV I",A 
O1l8Li 80 3200 A DC , 8 
O~ 8~ Ll7 32Q5 MOV E,A 
Co Il 8 f 23 3210 IN)! 

'" D1I87 ' CD 1ft ELj 3215 CA Ll CA SR 1 
P1l81 i7 3220 ~OV I",A 
Dll 8 E 57 3225 ~ov C,A 
DL! 8 C EO 3230 AOO E ower ~7 3235 /'IOV E,A 
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Oli 8 E . 23 32L10 INX 1- . 
D Lj 8 F' CO 1A [4 3 2L! 5 C:AL L CASR1 

r 0 1I92 77 3250 '10V N,A 
Oq 9~ 5F 3255 NOV E,A 
DLI 9 Ll eo 3260 A Dr. E 

,. DlI 9~ lJ.7 3265 . t"OV B,A 
DLI 9 ~ 23 3270 INX I-
Ot; 9T C3 'LIO CLI 3275 JMP CASR~ 
Oll9F (0 EA [LI 3280 C~ SR 6 C:AL L EKLEfI+Lj GET 2 NC A DO R 
OLI 9[ 50 3 2e 5 MOV [,8 
OLI 9E 59 3290 r'OV E,C 
OLl 9F CD '01 C3 3295 C:AL L CASRG 
D'IA2 06 "00 3300 MVI E,OOI- Z ER 0 C I- E C K~ U ~ FEG Df, At' C3 'q3 [4 3305 -iMP CAS R ~ +3 
Oll A 7 CO 26 eq 3310 C~ SR 7 C:AL L CASR2 RC PROGRAM 
O~ Ar C 3 'LI 0 [LI 3315 JMP CASR3 
OLJ'AC CO 26 [4 :3 320 CII SR 8 C:AL L C ASR::: RV PROGRAM 
Oli '80 CD1A Cq 3325 CAL L CASRj 
Ot; B:! EE 33;:0 C MP ~ r'EMORY SA ME AS TAPE? 
OLl8Li C2 "CLI [q 3335 J·NZ 'HERR ERROR 
Dt; 87 EO 33 110 A DO . E 
DLl BE Ll7 33115 t", OV 8 ,A I<EE P CI-ECK~Ur' 
OLi as 23 3350 INX I-
OLl 81 18 3355 o cx r 
DLl B f 57 3360 SUE A 
Ol; B C E2 3365 O'R A [ 

" [lLl .8[ E3 3370 O'R A E 
o t, BE C2 130 rq 3375 . JNZ . CASR8+:! 
O~C1 C3 qE eq 3380 .; MP CASR:! +1 q 

" DLlCLI' CO 06 [q 3385 Vl ER R CAL L ENO SHU T OFF RE LA Y 
DLi Ci 21 Oll [7 3350 LXI I-i,CMflT2 
oll C~ · CO 31 [2 33S5 CAL L C OM NT 
Ot;:CC · CD ·88 C3 3 LlO 0 Ef;RO R CAL L CRL F 
Oli'DC 21 'EO [7 3L105 L'X I I-,CC~NT1 ERROR 
OLl D~ · C3 05 (5 3L110 JHP P CMPLT-+3 
DLlDt co ·C 5 [3 3L115 Et-D CALL ESC AF CUlT ? 
OLlDS [B '02 3L120 IN FOR T2 CHECK LEV EL 
Ot;DE E7 3q25 Q'R A A fIT 7 I- I G H ? 
Oll 0 C FA 06 (q 3q~0 ';M E NO LOOP TIL NC LEV EL OLjOF [8 'D2 3q35 IN PORT:: A GAP 
DLl Ej F6 FE 3quO ANI (FEH MASK RELAY 
nil E~ [3 '02 3q45 OUT P OR T2 RESTORE 
D L; E ~ ' C 9 3450 RET 
Ot;U ' (02E (1 3q~5 BI< LE N C~ All CONV( 
DLl E~ £:8 3 lf60 X:CI- G SAVE IN HL 
DL Er co 26 [1 3qf5 C:AL L CONV( 
OLlEr 13 3 q 70 INX [ 
DLj EE 78 3475 MOY hE 
Dl; 'EF Cj5 34EO SUB l CAl.CUUTE LEN G 1 H 
o !:l'F 0 4F 3q85 MOV C,A 
Dt; F1 7A ~490 MOV A,D 
01.1 Fe 9C 3 q9 5 S88 !-
0!1 F~ ' il7 3500 MOV E,A 
'DilFLl" (9 35C5 RET 
OlJ. F~ "· CD 1:6 [4 3510 2 ER 0 ·CA LL BKLEN ZERO t 1" Er' DRY 
Ol1Fl ' CO '26 [1 3515 C:AL l CONV( NO ZERO 1 btl FE 73 3520 MOV /",E 
Dt,FC CO 28 C2 3525 CAL L [ON E 
0f,FF "' C2 FE Cq 3530 JNZ :ZERO~6 . LOOP TIL DONE 
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(l~O~' ~1 CA [7 3525 Ct'PL T l'X I I-,C H~ TLl COMPLE1E 
050 !; CD '31 [2 35LJO C:Al L C OMNl 

, 050£ C3 98 CO 35£15 ' JMP S TR T 
o50E' CD E6 [q 3550 NOVE C:A L L 5KLn I'OVE A 8l OC K OF MH 
D~OE CD 28 Cl 3555 C:AL L C ON V ( GET START AOCR ,. 05 1:1 7E 3560 M OV A,M GET BY1E 
0:;12 12 ; 3565 STAX [ t',OVE A 8Y TE 
O!: 1~' :13 - ' ' 3570 . I NX ' C 
051L1' CO '28 [2 3575 C:AL L [ONE 
o ~ 1 j' C2 '11 [5 35EO JN7 I' 0 V E+ 6 LOOP TIL DONE 
051J 21 07 [F, 35E5 l iX I I- , S T ~ 17 +2 
05:1 [ 22 01 [F 3590 S:HL O. S TI< U o ~ ,'2 G CD Et [q 3555 VE RF Y CAL L E Kl E~ V ER IF Y HE HO RY 
05 2~ - CD 26 [1 . 361:0 C:A l. L CONVC ' GET ADr.RES~ 
0~2i. CD 'C5 (3 3605 CAL L ESC AP WAN T TO au I T ? 
05.25 :1 A ' 36:1 0 I. Of, X [ 
052 t EE 3615 CMP I" COMPARE 
D!:2E C2 38 [5. 3620 JNZ 'vNERF. ERROR 
05'2 E 13 3625 IN)( [ 
D~'2 F CO 26' r.2 3630 C:AL L [ON E 
053~'C2 26 [5 3635 .. NZ V ER FY H LOOP 
0535 C3 ,02 [5 3640 JNP CMP Ll 
D53£ E5 36LI5 Vt' ER R PUSH I- SAVE H 
05 3~ 21 Dq ['7 3650 LX I t,C Mt'- n 
053 C' CD '31- [2 3655 CAL L COMNl 
I)!: '3 F 21 EO ['7 3660 LiX I I-JCH~T1 

. 05 LJ2 CD '31 [2 3665 C:Al L COMNT 
0: LJ ~ E1 3670 POP I-
O§ qt: CO 89 [3 3675 C:AL L RTrL WR I TE "DO RE SS 

' 0:4~ iE 3680 110 V " , ~1 WR lTE EYTE , 
05 q~ ' Co 9C [3 36£5 C:AL L "TH EX 
o!: ,qr- CD 96 [3 3690 C:A L L SPACE 
o 5'5C CD :50 C'5 3695 C'AL L R TO E WRITE CHi ER BY1E 
05 5~ 1A 37(0 lDAX C 
0:51; CO 9C C3 3705 CALL RTH EX 
0557 CD $ 5, [3 3710 C:AL L CRtF 
D55r C3 '2 E [5 3715 JMP " ER F) + j 4 
o5.5[ 7A 3720 R10E ~OV " ,D ~I R IT E CE 
055E ' CD ~C [3 . 3725 C:Al L RTI-EX 
0561 78 3730 MOV ",E 
D5'62 C 3 'B E ' [ 3 ~7~5 J MP RTHLi5 
0565 CD E6 [~ 37110 WCO 0 , L L E KL n. \oIC WR Il E CA S5 
056E iD 37 115 I':OV ,6 , L ' ~!RITE ftDCRES~ 
0565 ' 16 00 3750 N'V I [,001- ZERO CI-ECK~UI', FEG 
D56E CD :900 05 3755 CA LL CA Sloe 0 . . 
056 E 57 I ' 3760 I"OV CorA CHECKSLN n 0 
!J 56 F iC 3765 NOV ,6,H .. 
0570' CD :90 [5 . 3770 CALL CASt-I( 
05n 82 3775 A DC C 
057Lj 57 37eo MO\' [orA 
D575 78 3785 MOV A ,8 W RITE E L 0 C K L E~ 
D~ 7 ~ CD :90 [5 3790 C:A L L CA S W ( 
[1 ~ 7 ~ E2 3795 A Dr' C 
'057J 57 38(0 MOV C,A 
o 57E 79 3805 MOV /J,C 
D57( ' eo :90 C 5 .. 3810 C:Al L . CASWG 
D57 F E2 3815 A'DC [ 
D58e '37 3820 MOV [ ,A 
0581 7'E 3825 WCi HDV A,M GET t'H DRY 8 Y Tf. 



DA"EN Electronics Fage iLl 

D5 '8, C 0 ~90 [5 3830 C:AL L CASWG OUTPUT 
05 8~ ' 1:2 38:35 AOC r A DO C HE C K 5L M 

-D5 8~ 57 38110 MOV C ,A SAV E H C 
D-~ 87 CO 2~ [2 38LJ5 C:AL L CON E 
')"5 8) A C2 81 05 3f150 IJ f\ Z WC 1 LOOP lIt [ON E 

~05 ,:8 [ 7A 3855 ~OV A,D 
D ~J BE ' C 0:90 C5 3860 C:AL L CASWC 
0591 ' (0 'EE [5 3865 C:AL L CASW2 
D5 '9'1 21 'C3 [7 3870 LIX I , t-,CHf\T5 WR ITT H 
05971 CD '31 [2 3875 'Cft LL COM" T 
OS 91 C3 98 [0 , 3880 JHP STRT 
o 5:9C F5 3885 CI 5\01 0 PUS H- FSW SAVE A 
059£ r B '02 3890 IN FOR T2 IS WR 11 E RE LAY ON 
O'; ' AC E6 '.02 3895 ANI (2H 
05 A, ' (2 EO c,:5 39(10 JNZ CASWj , 
05 A5 [B 'D2 39G5 IN P OR T;: TURN RE LA Y 0/\ 
05 Ai , F 6 '02 3910 ORI C2H 
05 AS ' (3 ~ [) 2 ! , 3915 OUT P OR T2 
05 AE :?E qO 3920 H'V I ,6,QOI- SET UP TRAf\SMI1 
DS:AC 03 'DE :192 5 OUT FOR TE 
OS 'AF 3E 'BS 3930 N'V r A,OStJH 
[) ~ B1 C3 -OF 3935 OUT FORTF 
05:62 ~ E '02 3940 ~ ' V I ,6,021- COt-;T R~ G 3 

, 0585 '03 ' DE 39£15 'OU T PORIE 
D5 'Bi ~E 70 3950 r-VI ,6,701-, C LFAR C TS lU 
05 8~ r. 3 -OF :3 9!: 5 OUT P OR T F 
05 BE ~E '03 3960 H'V I ",031- E NA B L E X-MIT 
OS 'Be 03 :OE 3965 OUT FOR TE 
D5-BF CD '3E [2 3970 CAL L (ELA )' 
05 C2 ~E 76 3975 ~VI ,6,761-
05 CLi [3 DB 3980 OUT PORTF. SET UP C L OC K 
05 C l 3A C9 CF 39e.5 LOA ~TK5 GET S PE ED 
05 C S (3 09 3990 OUT F ORTC; 
Dr:; CE 3A CA [F 3995 L'OA ~ T K 5~ 1 
OS 'C E (3 09 'l000 OUT FOR Te; 
05 '0 C' CD 38 [2 LJOC5 C:AL L (EL A2 
o 5 O~ O CD '31:. C2 £I 010 C'AL L C ELA)' 
050l ~E 3C LJ015 MV! /l,3 CI- OUTPUT CL OC K BY TE 
050 c' CO '90 [5 LJ 020 C:AL L CASW( 

' 05DE ~E E6 LJ025 flVI ,6 .. 0 E6 H OUIPUT SY NC 6Y1E 
OS .OC CD :90 [5 £1030 CAL L CA8WO 
DS 'EO ' CO C5 [3 q 035 CAS W1 :CA LL ES CA P 
O~E~ 08 'DE 1I0LfO IN FORTE S TA TU S 
05 E5 F.6 QO £I Of~ 5 A'N I LlOH REA or ? 
D5Ei : (A 'EO [5 £1050 JZ CASW1 
05 EJ F1 LJ 055 POP P 8\0\ GET A 
05 EE [3 UF L! 060 OUT P OR TF OUTPUT 
o ~ : E [' (9 ' LJOt5 RET 
05 'EE CO lI6 [2 £I 070 C,6 8~ 2 CAL L [El AS W RITE " IRA ILE~ 
o~ F j ~E '70 1I 075 t''V I A J7 01- TURN OF F Cl OC K 
D~ F~ [3 06 LJOP.O OUT P OR TE 
o ~ F; ' co 3E [2 1I 085 CAL L [ELA 'y ~IRITE ,. I:AF 
O~ F~ (8 '02 1I090 IN FOR T;: GET FO~T OA TA 
05Ft E6 'Fe LJ 095 ANI (Fe H TURN OFF RE LA Y 
05FC' [3 '02 Ll100 OUT ' FOR T2 
05 FE (9 LI 1 C 5 RET 
O~FF 2A 'D1 [F 4110 AIO L:H L. 0 ~ TK 1~ SET I NF UT [EVICE 
D~O;: ' CO E6 [0 Lj 115 C:AL L CHC K 
D€ 0 ~ 06 00 £I 12 a H'V I e, 0 O~ 
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D~ 07 FE OE L! 125 CPI CSH I< FOR ~EYBD o ~O ~ ' C A 18 [6 q 130 JZ .611 
"060(' aLl LlU5 INR 6 
d~:o c FE '10 Ll1 q 0 C P II 10H P FOR FAR FOR T 
O ~ 0 F (A 18 [6 Ll1115 .. Z AI1 

f.' D~ t2 aLl 1.1 150 INR E 
DE' 1 ~ FE '13 Lj 155 CPI 13H E FOR ~ ER 1.6 L 
0~1: C2 :CD [Ll 1.1160 JN2 ERR OR NO GO OC 
D61 f 78 1.1 165 AI1 MOV /I,G 
D~1~ 32 :;CLl [F l.!170 S'TA ETKO INFUT rEV IC E ceDE O£ 1( ' C3 98 CO q 175 J MP fTRT 
O~lF 2A 01 fF Lj 1e 0 ADO L:HL D E TK 1~ ftSSlGN Ol:TFUT rEV ICE 
0~2~ ' CD E6 (0 Ll1B5 C:AL L CHC K 
Ol2 ~ 06 '00 lj 19 0 MVI E , O'Or ZERO 8 
Of27 FE 16 q195 CPl · 16H V FOR VOl" 
Dt 2 S' CA 3a [6 11200 JZ /101 
IJt2C 01.1 Ll205 INR E 
D~2[ FE 10 Ll210 CPI 10H P ·F OR FAR FOR T 
Ol2F CA 3B [6 Ll215 JZ /101 
D~32 aLl Ll220 INR [1 
Ol3~ FE '13 . L! 225 CPI j31i S FOR !:ERIAL 
0~3: C2 'CD [Ll Ll230 JNZ ERRO~ NO GO or. 
D63 f 78 Ll2~5 A01 MOV /I, , 8 
O£3~ 32 C5 [F 112LlO FT.ft E TK 1 () U T PU T DEVICE CODE 
Dt 3 C C 3 98 [0 LJ2 1J 5 JMP E TR T 
D~3F CD 2E C1 Ii 2!: 0 S~ CAL L CONV( CASS READ E PE E['l . 0 t Ll2 EB Ll2:5 XC HG PUT IN HL 
D~ Ll~ 22 'C7 [F 11260 S:HI. D ETK3 
Dt4£ (3 9E [0 ll265 JHP ETRT 

' D~LJS ' CD 2E [1 Ll270 SW C:A l. L CONVC CASS wr. IT E SPEF:D 
D~LlC EB L! 275 . XCh G FUT I NHL . 
D~Ll[ 22 C~ CF Ll280 FH l r) ETK5 
De50 C3 98 CO L!2e5 J MP S TR T 
o l 5:: CD 213 [1 Lj2C;0 SE CAL L CONV( S ER IA L SPEE 0 065t 78 L!295 M OV .6,r: 
Dl57 [3 DA 'J 300 . OUT PORTA 
065S 7A L!305 NOV /1,0 
Ol 5 t r.3 DA LI 310 OUT FOR TA 
D£5C [8 LJ 315 XCH G 
0~ ' 5 [ 22 CE CF 4320 S.HL 0 STK7 
D~ '6r ' C3 98 CO q 325 JMP S TR T 
D~ 6~ ' co EE Cq LJ330 D~O C:AL L EKLH ('ET LEt- G T H 
O~ 6t' CD 8E [3 Lj 335 C.Al L CRlF 
D~ 6S 16 De LJ3LlO r-\ V I (,08r SET 8Y'TE COUt-HR 
D£ 6E CD 89 [3 113Ll5 C:AL L RTHL \.IR I TE ftDCRESE o ~ '6E ' CO 96 [3 4350 C:AL L SPACE 
o ~ 71 CD 96 C3 Ll355 OP1 CALL EPP.CE 
D67 t 7E Lj 360 ~OV A,M GET t'Ef'ORY o £ 7 ~ co 9C C3 q365 C:AL L FTN EX WRITE IT · 
Df7E 23 Lj370 INX h 
De 7 ~ 15 '~37 5 C CR [ 
Dl7J.' C2 71 [6 LJ3EO JNZ C Ai LOOP 
D67[ 11 FB FF Ll3e5 L;X I [,OFFFEH 2 'S COt' P 9 
IH :8C : 19 L!390 CAe [ SUB H tY 9 
D£ ~ 8r 16 08 II 3 9 5 MVI [.lOB/-: SET BY1E CGUNTER 
[I~8~ ' CD '96 [3 LJ4CO C:AL L SPACE 
o ~ 8~ CD 96 [3 '~LJC5 0.<12 CALL EPA CE 
06 BS : 7E LlQ10 MOV /I,M GET BY1E o € BI 1:6 7F 4415 ANI 7 FH MA S K BlT 7 
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D~ 8e FE '20 4420 CPI 20H 
O~ ' 8E (A 'AO (-6 4L125 "C SKIP NOT C H,a R 

r D~ 91 FE '5E 4420 CP I 5 EH 
O-t n C A :A2 [6 LlLl35 JC FRINl 
Cf~ 9~ FE ,61 44L10 C'P I E:11i 

"0 ~ 9£ [A 'AO [6 4445 JC SKIP NOT C H,a R 
D ~ 9E FE 76 , 4450 C'P I 78H 
D~:9r ' C A '.A2 [6 4455 JC PRINl S TILL ,a SC I I 
D ~ AO ~E '2 E, 4 LH 0 SK'IP r-'VI ~ , I 0 I OUTPUT A ' a I OeA2' CO 99 [2 LI 4 t: 5 PR IN T C:AL L wRITE au T PU T 
O~ A~ ' CD 28 .[2 Ll470(l 'CA LL DO NE 
O~ At ' C A '02 [5 4475 .. Z CMP Ll CONE 
Of. 'A E 15 4480 C CR [ DEC Rt ME NT BY1E COU~ T 
Oi AC" (2 86 [6 l.jl.jE5 'IN Z oA2 LOOF 
Ot 'AF CD 'C5 [3 l.jl.j90 C:Al L ESC AP WAN T TO CUlT ? 
o l 82 C3 '66 [6 Lll.j95 JMP [AO+~ CONTINUE Dt: 8 ~ ~ CO Eli [4 l.j 500 HEX C:AL L E KL E~ GET A DC R 
Dl 8 E' 18 l.j505 rcx [ 
O~ BS 19 . LI 51 0 ' DAD · C 
n~ Bt CO B9 [3 l.j515 C:A l L RThL 
O~ :B[ 08 l.j 520 [CX E 
D~BE ~O Lf525 NOV I-,p, 
O~ SF 69 Ll520 NOY I.,C 
Decc ' CO 89 [3 l.j52!5 CAL L RTHL 
Of! C~ C3 98 [0 LI 5 LI 0 J MP S TR T 
D t, Cl ' CD E6 C4 l.j 5Ll 5 SERC H C:AL L EKLEI'> 

. D~ CS EB Lt 5 ~ 0 XCHG FUT H IN 0 
o ~ C J 2A 01 [F LI 555 L:HL 0 S TK 1;! GEl 8 U F F o f :e[ 1:5 Ll5EO PUSH 

"" 
PUT ON Sl AC K - OlCE' E8 Lt 5 E: 5 XCIiG RESTORE H 

D£CF 28 l{570 CI"PR 0 C ex l-
DE-DC ' 03 4575 I NX E 
Dl01 E8 q 580 X,C I- G PUT r. 1 N 0 
[H 02 E1 4585 POP I- GET 6 UF F 
Df! O;! 22 01 [F 4590 S'Hl D STK1;! STORE 
o ~ 0 i E5 LI 595 PUSH I- SAYE 
D ~ 07 E8 LI 600 X eH G RESTORE H 
D~ 0 E [:5 LI 605 P US' H I-
D~O~ [1 4610 POP ( FUT r. 1 N 0 
06 OJ 13 4615 INX [ 
OlOE CD '28 C2 l{ 62 0 C/"PR 1 , C~ AL L [ON E 
Dl 'oE CA '02 (5 q 625 JZ CMP L1 
Df! E1 E5 4630 PUSH I-
0(; E, 2A 01 [F Lt 635 ' LHL 0 S TK 12 
06 E5 7E q 6L1 0 MOY A,M 
DlEl E1 4645 POP I- RESTORE l-
DlE 7 FE 00 4650 CP I 00 H END OF S H ING 
D£ E ~ " C A F~ [6 4655 JZ CMPR2 YES 
DlEC C5 Ll6l0 PUS H [ SAY E 0 
D~E[ CD 2E [1 4 6E 5 C:At L CON VO GET C H,a R <. 

06 'FO ' 78 L! 670 MOV .A,E 
0(; F:1 (1 l.j 675 POP [ RESTORE D 
Of F, EE 4680 CMP I" COMPARE 
n ~ F ~ CA '0 P. [6 LJ6E5 JZ CMPR1 GOOD 
O~ F~ ' C3 '01 [6 Ll690 J MP CMPRC+2 
O(;F~ CD C5 [3 Lj 695 C~PR2 C:Al. L ESCAP au IT ? 
Of! F( E8 4700 XChG GET H 
O~ ' FC' CD 89 [3 ~705 CAL L RT HL WRIT'= ACDR 
o j 'Q ("' CO 88 [3 4710 C:AL L CRLF 
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0702 EB 4715 X CH G REETORE I-i cn 0 Lj C3 'CF [6 ' LJ720 J MP C MP R 0 
~ OjOi CO 28 ['1 4725 II\P 0 C:AL L CON ¥ ( 

O':IOJ 21 E9 [F £1730 l'X I ~ .. ST~17+20 B UF FE R A 1\ EA 
D7 :Or 36 ' 0 B 4735 MV I M .. OCBI-

, 070 F 23 LJ7L10 INX I-
Dl'iC 73 47L15 NOV f" .. E 
07U 23 Ll750 IN )( I-
07 12 ~6 C9 , 4755 f'I'¥ I 1' .. 0 C5 H 
D j 1ll CD E5 [F LI 760 I t-;p 1 C:AL L STK17+;:0 EXECUTE IT 0717 ; CD 9C [3 4765 C:AL L R TH EX 
D71rCO ' 3E [7 4770 C:AL L [' OA G~ 
OiH C3 '1 LI ['7 Ll775 JMP I NP 1 CO AGAIN 
07'2C ' (0 E6 [Ll LJ7 eo OU TO C:AL L EKlO 
0723 10 4 7P. 5 C CR E 
Di211 LID Ll790 I"!OV C .. L 
D7 2~ 21 E9 [F Ll795 l'X I I- .. ST~17+20 BUFFER AR EA 
072 E 36 7E Ll8GO M'V I f-I .. 07EH M OV A .. E 
072 J 23 . Ll805 ' I NX , ' I-
072 E 36 '03 Ll8l0 M'¥ I f" .. OO~H 
D72[ 23 4815 INX I-
072 E 71 LI 820 NOV t',C 
072 F 23 Lj 825 INX I-
m'3D 36 C9 Li 830 M:V I t',OC5H 
OJ 32 CD ES ['F 4835 OlT1 C:AL L STK17+20 EXECUTE IT 
D ;l 3~ CO 313 ,[ 7 48L10 C"ALL ['0 A G~ DO AGAIN~ 

" 073E ' C3 '32 [7 /.j8Ll5 J MP GUT 1 
Oi '3E ' CO '5E [2 Ll850 OO 'AG N C:AL L I NP M 
l)i3E FE '20 /.j855 CPI 20H A SPA CE ~ , 0 j'LlD C2 02 [5 Lj 860 JNZ CNP L1 DONE 
OJ Ll~' CO 88 [3 4865 C:AL L CRL F 
07 Llf - (9 4870 RET 
Di 'Llj CD 28 [1 Li875 01'0 CAL L (ON V ( 
07 4 J EB Li880 XG~G 
O/LlE ' CO BS [3 Li8P.5 C,AL L RTliL 
07 LI E OE '10 Ll8<;O ~¥I C ,101-
07 '5C 7E 4895 MOV A,M 
Oi51 CD '9C' [3 LJ900 CAL L RTH EX 
07511 23 Ll905 INX I-
07 5~ CO 96 [3 Li910 CAL L SPACE 
075f CD Li915 C CR C 
0755 (2 50 [7 4920 JNZ [' MO +5 
Di5eco 36 (7 LJ925 C:AL L [0 A G~ REPEAT? 
07.5F ~ (3 'LIB [7 Li930 J MP C HO +LI 
OJ .62 4935 H * COl" M AN [ LOOK-UP 1 AE LE JfIHf 
D762 ' 11 Ll9L10 HBL 1 CB 11H A I 
0762 FF 05 491.l5 cw A 10 
076~ 17 LJ950 DB , 17H AO 
1)7 6€' iF 06 q9!:5 OW AOO 
076 E 

u 20 LJ9~0 CB £OH 0 
0765 £17 07 I.j 9l:5 cw [MO 
076 E 21 q 97 0' OB ;:111 DA 
OJ 6C l:3 -06 4975 CW [AO 
~o 7 -6 E 28 1.j980 DB 28H E 
07 -6F SC '01 4985 cw EMO 
0771 ~5 4990 uS ~5H EM 
0772 CC '01 4995 cw E M3 
07'l1.! ~O 5000 CS 30H F 
077!; ' 03 SOCS 09 03 FlOPFY BOOl 
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D7 7 ~ [S 5010 DB FORTiO€H 
0777 3S 5015 CB ~SH G 

~ D7 7f. 57 '01 5020 (1 ~I GO 
Or' 7 J LJO 5025 , CB ~OfJ H rJ 77 E ~5 "06 5 O~ 0 rw .. EX 

I. 077 C llS 5035 08 LJSH I 
0 )'7 E 07 '07 5 OL! 0 CW I NP 0 
07 'SO I:S 50Ll5 DB 6SH H 
07 S1 DB '05 , , 5050 OW t< OV E 
07 S~ .t: B 5055 CB 68H HC 
D7S tfCO 'OLi 5060 OW ERR OR ' ~OT I M F L E MEN T ED 
07 a~ 78 5065 ['8 7SH 0 
0787 ~O 07 5070 CW OUTO 
D7 as ' 80 5075 . r. 8 SOH P 
07 8t FF '01 50 e 0 DW FRO GC 
078 C C;3 50e5 CB 9311 RC 
OT8f n 'OLi :; 090 rw CA5R7 
D7 8 F C;q 5095 OB ,qH RO 
07 '9 C' co , 'OLi 5HO ·CW ERROR t\OT IHFLEHENTEC 
0792 56 5105 C8 96H RF 
D7 : 9~ , CD OLi 5110 OW ERROR NOT I HF L EM E N 1 EC 
Oi 9: ' ~3 ?U5 (8 (A 3 H RS 
D79i '6 S' (j LJ 5120 ow CASli5 
079f. ~6 5125 CB CA6H RV 
o 7 9~ .A 0 'OLl 513 a cw CASR8 
01] 9 E sa 51~5 CB C;SH S 

Cl 0, 9 (' C6 D6 5 1L1 0 ( I~ S ER C" 
Di 9f tA SiLl5 C8 CAAH SR 
Oi 9F ' 3F D6 5 1~ 0 [101 SR 
OJ A 1 . AB 5155 DB CASH SS 
C7A, 53 :D6 5160 ow S5 
07 ALI JF 5165 [B (A F H SW 
07 A~ '19 06 5170 cw SW 
07 A7 EO 5175 [8 eBOH v 
07 AE. 20 D5 5180 cw VERn 
07AJ F.B 5185 DB G8BH WC 
Oi Af ' 65 '05 5190 cw IICO 
orAL EC 5195 DB CBCH ',10 
D7"AE ' CO 'DLi 52CO CW ERROR NOT IHFLEHENTH 
DiBO F.E 5205 CB CBEH WF 
07 B1 ' CD DLi 5210 OW ERROR NOT I H F L E HE NT EO 
07 8~ ' CO 5215 (8 (DOH Z 
07 8'1 F5 :OLi 5220 r:w 2 ER 0 
D7 Bt: 5225 JHI '* I NIT I:A L f'lOfE TABlEJ(** 
o i B i FO 5" 23 0 HBL2 C8 (FO H SCROLL SPEED 
97 B7 !:9 52~5 DB . !::9H CASS READ ~ PE Er 
076 E 02 ~2~0 DB C2H 2500 B,6UD 
07 '8 ~ ~O 52LJ5 C8 20H CASS Wf; IT E SP EED 
07 8/ ' 03 52:0 DB (311 2500 8A UD 
07 BE 70 5255 08 700 H SERIAL S PE ED " D7 Be eLi 52€0 os CLJH 110 e AL 0 
Di,Be lI5 '53 Ll3 Li1 50 5265 Ct"NT 6 . ,6 :8 C 'ESC.AP' 
OJ C~ C5 5270 DB CC5 H 

'D7 C~ 57 :52 Ll9 5tl 5Li 5275 Cf"NT 5 ASC 'WRITTE '. 
LIS 

JD/ CS ' CE 52P.O 08 , CCEH 
D7 C J 20 20 LJ3 LlF Li 0 5285 Ct'NTLJ A:S C CO MF LE T' 

50 lIC LJ5 5q 
D7 D~ ' C5 5290 t B 1 (C5H 
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0.7 01.1 56 'Ll5 52 ' LIS 1.16 5295 Ct'NT 3 ASC IVER1FYI 
59 

", 070 J JO 5300 08 OAOH 
Of 0 E 5£1 Ll1 50 Ll5 20 5305 C~NT 2 ,A!S C IT AP E , 
f) i 'E ( 2.0 :LI 5 52 52 LlF 5310 . CI"NT 1 .ASC • ERJ;OF.' 

./' 52 
0, E~ ,60 5315 CB CAOH 
07 E7' CO 5320 CI" NT 0 D8 OOH 
07 EE OA 5325 C8 (AH 
07 E'5 2E 53::0 [:8 I> , 

07 E J to 5335 [8 CAOH 
07EE 53L10 H *ENC OF PR ES EN T ASSEH8L~*** " 

8'1 ME'OL 1AGLE 

AIO o5F F Ali [618 ,6.00 061F . A 0 1 0628 BlN18 03AF S Kl EN C LIE 6 
BS '037C C A~ R O' (301 CftSR 1 o 1.11.A CASR2 o Ll2 6 CA'8F3 OLlqO CA ~ RLI (lq6L1 
C ~ SF 5 OLl68 CA!:R6 rLl9A Ct8R7 OLI A7 CASR8 o LlA 0 CA8100 059u CASW1 r 5EO 
C J S~ 2 051: E . CHC'K CO E6 OKST 02 8t: · . CMD 1 D OF A C 1"02 0117 . C Me 3 r:: 12 5 
cr- N1 0 07E7 CMN T1 (7[0 CI"NT2 07 DE CHNn 07C LI CMN1L1 07CA C M~ T5 D7C 3 
Cf". N16 OlSC CMP L T [502 CI"PR 0 06 CF ' C MP R1 o 6e B C t"PJ; 2 06F9 COl" MO rOAC 
C( M~ T 0231 CO N VO [12 B CCN'J1 01 Ll7 CONV2 C H 8 CO NV 3 0172. COt-- V'! D17E 
Cf< D35L1 CRLF D38 B I 0,60 0663 OA1 0671 DA 2 0686 CElA2 C 238 
DE LJ S 02L1E DEL AY (23 E DELET OODll r MO 07£,7 DO A~ N 073B [)Ot--E r 22 8 
E~ 0 :019C EM1 C1ED EI"2 01 C8 EM3 DiCC EM LI 01E9 ENe fLlD 6 
E ~ RC R OLrCD ESC AP 03C5 . F F 03 LP; GO o 1S 7 HE X 06B5 HOI" E T 38 3 
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