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Introduction 

1. Introduction 

The Microbee 256 TC is culmination of five years 
of Microbee computer development. The best features of 
previous design have been incorporated onto a single, 
four layer, printed circuit board. 

1.1, Technical spec ~ standard. 

CPU : 280 3.375Miz clock rate 
RAM : 256k Dynamic RAM. 
ROM : 16k Boot / Network ROM / Kernel 
VDU : Memory Mapped 

2k Screen RAM 
2k Colour RAM 
2k Attribute RAM 
4x Dual Font ROM 
Formats 40x24 for Videotex 

64x16 for Basic 
80x24 for CP/M. 

Flashing (character ON/OFF) 
Inverse attribute bit 6 (LALA) 

(does not need PCG) 
16k Programmable Character Generator or 131,072 pixels 

VIDEO : Monochrome standard 1 volt peak to peak 
composite video with negative syne 

COLOUR : R.G.B. intensity with positive or negative 
syne 

KEYBOARD : Full sized 92 keys including numeric pad and 
12 function keys 

DRIVE : Single 3.5 inch, double density @00k 
CASSETTE : Built-in to load and dump programs at 300 and 1200 baud 
SERIAL : RS232. Can be used to connect modems, printers 

and to network with other computers 
PARALLEL : 8 bit I/O fully programmable with strobe 

pulse for centronic printers. Connection for 
Star Network 

256 TC Technical Reference aa 
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SOUND : Internal speaker with volume control for under CP/M 
REAL TIME CLOCK : Using the Motorola RTC 146818 Battery backed with a nicad battery 
DISK CONTROLLER : TMS2793NL Texas Instruments 
POWER SUPPLY : 10 to 12 volts at 1.5 amps. Standby current approx T00mA ta 800mA. Peak current during a single disk access 1200ma, 
POWER SUPPLY UNITS : For monochrome use, use the Microbee M15 moniter with the internal power supply. For Colo use, use the Microbee plug pack number 111-012 (10V, 1: 5amps) 
OPERATING TEMPERATURE : 5-45 degrees ¢ 
OPERATING HUMIDITY ; 204-808 relative humidity 

286 TC Technical Reference 1-2 
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Technical spec ~ options 

MOST OPTIONS ARE NOT SUPPORTED 
WITH SOFTWARE AT PRESENT 

ndable from 2k to Bk 
pagea of Memory mapped screen 

Bk Screen RAM 
8 Colour BAM 
bk Attribute RAM 
Character ROM expandable from 4k to 8k or 16k 
rek Font ROM (expansion for other languages! 

GRAPHICS : Expandable from 16k to 
Character Generator or 262 
40x24 graphics 

32k Progra 
© pixe: 

KEYBOARD serial keyboard instead af the 
internal Microbee 256 TC keynoard 

DRIVE : Second 3.5 inch, double a2 
G0or ceive can be added 

d, double density 

SERIAL : True 2523? signal can be added tor negative 
suing 

EXPANSION ; Internal $0 way 280 bus fully buttered 
available for external testing and further 
expansion 
Internal 40 way for hard disk interface 
which can be Used with internal 3 5 inch 
drives 

SOUND : Internal circurt can use either the BCo46 
transistor of the LM386 op amp, Also socket 
available for the TI SH76489AN sound generator 

Sei: wil end eel patekanee 1-3 
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Technical Description 

2. Technical Description. 

This chapter details the theory behind the 
operation of the Microbee 256 TC’s hardware 

2.1. The CPU, 

The 280 CPU 1s an NMOS device and so is only 
capable of supplying one TTL load per output, The 
buffering of its outputs increases its current drive 
capabilities and gives a better noise margin. The 80 
CPU, U16, transmits and receives all data via bi- 
directional data lines, designated D0 through D7. DO is 
the Least Significant Bit (L.S.B.) of the data, The 
data lines are buffered by U37, a 74HCT245 octal bus 
transceiver 

Pin 1 of U37 controls the direction of data flow 
through the device. This pin is set high when either a 
READ cycle 1s indicated by the CPU’s ZRD* signal, or 
when the 2I0RQ* and 2Mi* signals are concurrently 
active, indicating an interrupt acknowledge read from a 
device (such as the P10) 

Pin 19 either enables (low) or disables (high? 
037. When disabled, all outputs are tristate (high 
impedance). Thus, the CPU data lines are isolated from 
the external data’ bus 

U37 will be disabled for one of two reasons. The 
first is when an external device tries to gain direct 
access to the 256 TC internal buses by asserting the 
BUSREQ* signal. When the 280 detects that this signal 
is low, it completes the current bus cycle and responds 
with the ZBUSAK* signal. This line is used to disable 
processor control of the data bus, address bus and all 
control signals, It is inverted by one gate of U7 and 
used to disable the address and control buffers 
(O15,U17 & 027), This inverted line is then inverted 
again to give a buffered BUSAK* signal to external 
devices and drive pin 5 of U6, which disables the data 
bus buffer U37 when BUSAK* is’ low. 

The other occasion that U37 1s disabled is in 
order to perform the power-on reset or keyboard reset 
This reset function is mainly performed by one half of 
U9S, a 74HC74 dual D flip-flop. This flip-flop is reset 

256 TC Technical Reference a1 



‘Technical Description 

using pin 13 whenever the processor is reset. When this 
flip-flop is reset, the Q output, pin 8, goes low, and 
therefore disables U37 via one gate of U6 

On the processor side of the U3? butters are pull- 
down resistors (in resistor SIP RPI), forcing the CPU 
data lines low whenever the buffers are disabled Thus, 
the processor 1s forced to execute the instruction code 
00h (a 'NOP’). ‘NOB’ as the No OPeration instruction 
for the 280 that does, as the name suggests, nothing 
The 280 accordingly increments through its ‘addresses, 
starting at address 0000h and executing NOPs until it 
reaches the desired ROM address. This address 19 
determined by U39 and the signals VIDEO-5 and ROM-S 

The active low signal (RCS) 1s gated with MREQ* by 
U40 and then goes to the SET input (pin 10) of U95. Tho 
Q output on pin 9 is now high, enabling U3? and the 
first’ byte of the ROM appears at the CPU, Norma: CPU 
execution continues from this point. Thus, the 256 TC 
avoids the need for having ROM at address 0000h 

The reset circuitry also serves the purpose of 
protecting the RAM from spurious writes which the 280 
tends to do when resetting. This is achieved by gating 
the WR* line through U32 so that writing 1s disallowed 
as soon as the reset 1s applied and up until the RON 1s 
found. 

The 280 address bus 1s buffered by two TAHCTS41 
octal buffer chips, U15 and U27. These chips are 
disabled by taking pins 1 and 19 high, as 12 done when 
the 280 grants bus access to an externai device by 
asserting the BUSAK* output 

‘The various control lines that the 280 asserts are 
buttered by a third 74HCTS41, U17. These are aiso 
disabled when the 280 acknowledges an external bus 
request by using the BUSAK* line 

256 TC Technical Reference 22 
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Clock circuitry 

The 256 TC's crystal oscitiator provides all the 
timing for both the VDU and CBU 

A crystal oscillator 1s formed using inverters in 
4 TALS04 package (Us) with a further inverter gate that 
is used to ‘square up’ the signal. Buffered output at 
the 13.5 MHz crystal frequency appears at pin 12 or U4 

The 13 5Miz clock 1s fed to US and U3, the output 
of the U3 gate is fed to pin 2 of UL4 (ACI61) where it 
is divided by 4 to provide a clock frequency of 
3.375MAz. Additional outputs of U1é are 6. 75MHZ on pin 
14 and 1 68Miz on pin 12 

The clock circuit includes three latch circuits 
(U5 and half of US2). These are used to latch various 
combinations of the seven clock frequencies generated 
in the clock circuitry. These latches are latched by 
using port 9 and address lines 8 and 9, There are 
three combinations in all and they are 

80 column LD a,o or POWER OW and 
IN alia RESET 

40 column wD ast 
malts) 

Signal Ic Pin 80 col. 40 col vez SET 

Dot Clock U3 6 A3.5MHz  6.75MHz 13. Suita 
cD clock U3 3 13.SMAz €.75MBz «13. SMe 
cooks od 1. bem BaMiiz = GaMHz 
ccLx ule 121 6eMAZ BaMHz 1, 6aMHe 
TOAD us 6 1 eautz Baz 1. 6aMHZ 
cor Ul4 13° 3.375MHz 1 6a7MH2 3 375Miz 
3.375Miz U3 8 3°375Mhz 3.375MR2 6. 1SMBZ 
‘ceo? 

The CPU clock 3.375Miz or 6.75mHz feeds the 2280 
CPU on pin 6, the 280 PIO on pin 25, and pin 12 of 
connector X12 

256 Tc Technical Reference 2-3 
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The character clock CCLX, used by the 6545 CRTC 
(U100) and generated by Ul4, ‘appears on pin 12 and is 
the master frequency divided by 8. The synchronous load 
pulse LOAD, used to load the video shift register U4? 
(74Hc166) with dot information, 1s generated by NORing 
the outputs of pins 12, 13 and'l4 of Ul4 using one gate 
of us (74HC10) 

1/0 circuitry. 

The Z80 microprocessor is capable of addressing a 
total of 256 input/output ports. Not all of these are 
used, Use and Uae decode address lines 0-4 and M+ 
(machine cycle 1) to give various port selects, which 
are used to drive the chip selects on the RTC chip 
(U104), the 6545 VBU controller, the LV DAT bus (seo 
section on the VDU for details}, etc 

Us‘ latches data for the LV DAT bus, and uss (a 
tri-state buffer) allows it to be read by the CPU 

Ul, the PIO, 1s a 280 family device which 
amplements 16 bits of fully independent input or 
output. As a 280 family device, the  PIo’s 
configuration is fully programmable by the CPU, and 
this feature has been used to generate the RS232 Serial 
interface, the cassette interface, sound generation and 
the 8 bit programmable 1/0 port. All the port A signals 
of the PIO are taken directly to a DBIS socket, Xl, 
while individual bits of port B are used for cassette 
interface, S232 interface, keyboard control and 
networking 

Most of the 280 CPU bus signals are used by the 
PIO to control direction of data, interrupts, etc. The 
PIO requires only two address lines to decode the four 
internal control ports. The chip select signal (active 
low) from pin 15 of USB 18 applied to pin 4 of the PIO 
The ‘interrupt enable in’ (IEI) line of the Pio 1s tied 
high and as such, tt becomes the highest priority 
interrupting device in the 256 TC 

Port A is suited to any kind of 8 bit 1/0 It as 
commonly used as a parallel printer port, but may be 
used, for instance, to interface an external keyboard 
This’ port plays an important role in providing the 
interface to the Microbee Star Network 
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Either of the ports on a 280 PIO may be programmed 
to operate in what 1s known as ‘BIT’ mode. In thas mode 
each bit of the port 1s programmable as either an input 
er an output. This flexibility has been put to great 
use in the 256 TC, with port B of the PIO on the 
motherboard configured to provide both cassette and 
RS232 1/0 ports. 

The music chip (U24) 1s driven from the 280 data 
bus whilst its chip select 1s driven from pin 11 of 
usa. “RVI provides volume control for the speaker 
output and V2 reduces the level of the ‘bit-bashed 
tone’ output of the PIO so that it suite the music 
chip. The ‘bit-bashed tone’ output of the PIO 1s 
connected directly to the op amp if the music chip is 
not fitted In the standard 256 TC the op amp (U44) 1s 
replaced by 2 BCS47 transistor (a2) 

With respect to the RS232¢ standard |Australian 
standard V24/V28), ‘the 256 TC 1s configured as ‘data 
terminal equipment! which allows atandard connection to 
modem devices. The 256 TC does not, however, fully 
implement the S232¢ standard. The 256 TC does not 
Support all standard signals, nor does 1t provide a 
negative voltage swing on cutput. In general, this does 
not provide a problem with moat RS232 equipment. 

A negative voltage swing 1s available by fitting 
m3 (781701) and U25 17660) and a few additional 
passive components (seo circuit diagram A for values) 

The S232 data transmit signal (pin 2 of x2) 18 
driven by gates of U4 and 102. R16 protects the 
output line from damage due to an external short 
circuit. If U13 1s fitted, R16 must be removed 

The RS232 receive data line (pin 3 of x2) takes 
RS232 signals over a wide voltage range (-12V to +12V) 
The resistor and diode networks (D5, D6, etc) limit the 
voltage (0V-SV range) being fed to pin 31 (bit 4) of 
the PIO. If U12 is fitted R14, R15, DS and D6 are not 
needed and link 1 has to be connected 

The Clear To Send (CTS and Clock (CLK) inputs 
from the RS232 port (pin 5) are voltage converted in a 
similar manner to the receive data line 

286 TC Technical Reference a5 
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The cassette interface of the 256 TC 1s software 
driven, a major advantage in realising far greater 
reliability than 1s often obtainable using hardware 
designs, This 1s because the interface software can 
actually ‘track! the data coming in on a ‘bit-by-bit’ 
basis and can therefore cope with mich greater speed 
Irregularities between tape recorders 

he cassette data output consists merely of an RC 
network which accepts a signal from DBL (pin 28 of the 
PIO). The signal i attenuated and then decoupled prior 
to sending it to the cassette recorder’s ‘aux’ input 
This signal appears on pin 3 of the 5 pin DIN socket 
Microphone inputs may be used if the 1kS (R20) resistor 
is decreased in value (approx 680R) 

The cassette data input circuit is slightly more 
complicated. The input (pin 5 of the DIN socket) passes 
first to an attenuator-decoupler. Following this 1s an 
op-amp (U105) to allow a wide range of input levels to 
be squared up before the signal is passed to pin 27 of 
the PIO (DBO). The two dicdes across the inverting and 
non-inverting inputs to the op-amp clip any input 
signals greater than the diodes forward voltage in 
either direction. Two capacitors are required by the 
CMOS op-amp for pre-compensation 

‘The Keyboard. 

The xeyboard :¢ scanned by U60_and the output of 
Uso 4s controlled by US1 and U?1. The keyboard can be 
used in one of two ways. It can be programmed to 
Generate interrupts when a key 1s pressed or it can be 
polled and read when required 

‘the keyboard uses two software ports, port 2 bit 1 
and port 18h, 8 parallel bits 

then a key 1s pressed, pin 7 of U60 changes state 
and sets a flip flop using two gates of U71 Pin 13 of 
O71 connects to bit 1 port B of the PIO (U1). When this 
pin goes high 1 indicates a key has been pressed and 
Se will remain high until a read from port 18h is made 
When bit 1 goes high, and bit 1 is programmed to 
generate an interrupt, the keyboard can be read by the 
interrupt routine. In polled mode you wait for bit 1 
Of port 2 to go high and then do an IN routine from 
port 18h to get the data 
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‘Technical Description 

Whon an IN port 18h 1s made, enabling U61 and 
putting the data from U60 onto the Data Bus, the flip 
flop, using U71, 18 reset. U71 pin 1 goes high and 
tells U60, via pin 38, that the data has been read 

Us0_ also has a keyboard buffer which can store up 
to nine down key strokes. The 3870 (U60) generates two 
lots of data for each key pressed. When a key 13 
pressed a code 1s generated with bit 7 set and when the 
key 1s released the same code is generated with bit 7 
reset (see the following tables for the key codes) 

For software programming of the keyboard, see 
chapter 4 of this manual 

4.1. External keyboard 

With an external keyboard fitted, 60 18 not used 
RP4 must be fitted and D8 must replace D13. Data from 
the external keyboard 1s read in serial format via X15 
(pin 11) to Port 2 bit 1. 

Port 5h and data lines 1, 263 are used as 
control lines for the serial keyboard and port 2 bit as 
the input data port. 68 1s used to latch the control 
data lines. 

RP4 1s used to hold all data lines high when port 
igh 18 read and returns FFh (code not generated by 
60), indicating there 1s no internal keyboard fitted 
This’ then allows the software to use port 58h to find 
the external keyboard 
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2 2 Keyboard code tables. 

ASCIT 
FI 
Esc 
TAB 
BRE 
2 (num) 
DECIMAL, 
SPACE 
F2 
1 
Q 
A 
caps 
LF 
Ins 
FR 
2-a 
a 
3s 
ADD 
2 (num) 
3 (num) 
z 
F 
3-4 
E 
D 
SUBTRACT 
5 (num) 
6 (num) 
x 
F: 
ass 
R 
E 
MULTIPLY 
8 (num 
3 (num) 
© 
F6 
5-4 
T 
s 
7 (num) 
1 (num: 
4 (nun 
v 
F 

Technical Description 

Bo 

DECIMAL 
128 
129 
130 
431 
132 
133 
134 
135 
136 
337 
138 
139 
140 
1a 
aaz 
143 
144 
1as, 
146 
147 
148 
149 
150 
isa 
452 
153 
154 
155 
136 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
10 
in 
172 
173 
im 
17s 
176 

ue 
HEX 
D0 
01 
02 

DECTMAL 

10 
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Technical Description 

DOWN UP 
ASCII HEX DECIMAL HEX 

§- 4 Bl 177 31 
4 B2 178 32 
H B3 179 33 
DIVIDE B4 180 34 
DOWN ARROW B5 181 35 
RIGHT ARROW B6é 182 36 
B BT 183 37 
F8 B8 184 38 
7-& B9 185 39 
U BA 186 3A 
J BB 187 3B 

BC 188 3c 
LEFT ARROW BD 189 3D 

BE 190 3E 
N BF 191 3F 
F9 co 192 40 
8 - * C1 193 41 
a C2 194 42 
K C3 195 43 

C4 196 44 
cs 197 45 

UP ARROW cé 198 46 
M C1 199 47 
F10 c8 200 48 
9 - ( co 201 49 
° CA 202 4a 
hs cB 203 4B 

ec 204 4c 
BACK SPACE CD 205 4D 
cR CE 206 4E 
oe CF 207 4P 
F1l DO 208 50 
ea) D1 209 SL 
P D2 210 52 
im D3 211 53 
DEL D4 212 54 
i= = D5 Paes) 55 
\-1 Dé 214 56 
>- D7 215 si 
F12 D8 216 58 
== D9 217 59 
E=2 DA 218 5A 

= @ DB 219 5B 
pe 220 5c 

=-+ DD 221, 5D 
1= 3 DE 222 5E 
i=? DF 223 5F 
SHIFT E7 2a 67 
CONTROL EF 239 6F 
ALT F7 247 77 
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2. 4. 3. 

Technical Description 

Keyboard codes grouped. 

DOWN UP 
FUNCTION. 

F1 | 80 00 
E2 88 08 
3. 90 10 
F4 98 18 

RS AO 20 
F6 A8 28 
Ev Bo 30 
F8 B8 38 
F9 co 40 

F10 cs 48 

PLL DO 50 

EL2 D8 58 

CONTROL. 
ESC 81 o1 

TAB 82 02 
BRK 83 03 
SPACE 87 07 
CAPS LOCK 8D oD 
LF 8E OE 

INS 8F OF 
BACK SPACE CD 4D 

CR CE 4E 
DEL D4 54 

SHIFT Dae 67 
CONTROL EF 6F 

ALT F7 TI 

NUMERIC 

a=) D1 a1. 
f=) 89 09 
2-8 91 ail 

3 - # 99 Be) 
4-§ Al 21 
5 - & AQ ZS 
o> Bl 31 
7 = 8 BO 39 
Boa €1 41 

So= co 49 

ALPHA 

A 8B OB 
B BT 37 
€ Al 2a 

D 9B 1B 

E 9A 1A 
Ee A3 23 

G AB 2B 
H B3 33 

ny c2 42 
J BB 3B 

256 TC Technical Reference 

> 34 td fas} > 

NKMECGHNADONOBZE HH! 

> N 

MERIC PAD. NUI 
0 
aS 
2 95 
3 
4 
5 
6 
i 
8 
9 AG 
DIVIDE B4 
MULTIPLY A4 
SUBTRACT 9c 
ADD 94 
DECIMAL 86 
UP ARROW C6 
LEFT ARROW CF 
DOWN ARROW B5 
RIGHT ARROWYB6 

SPECIAL FUNCTION. 
= CE ' 

Z 
\ 

a) 

~e Il 
' 



Technical Description 

2.4.4. Keyboard matrix. 

ee 2 OF A Ee OS 
mas 
1 aL 

2 err 

3 SHIET 

ae & & rH % Bn 
4 

ee vot fs © in 
5 

6 8 oF ot = Vin 
6 

yo NU FR HOMES ‘ 

8 OK w o£ Be 
5 

9 - 2 © wie | BS 
F 8 

10 > 2 mm } = H : 

wm r Piz * 
: y t = 

wz oD x 5 Ff 5A 
3 

iz 8 2 ow 'F3 8 an 
2 

uA Ns QR LARS 
1 lock 

is of SPACE TAB Fl ESC on 
BRE 

n= numeric pad. 
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‘Technical Description 

Real time clock circuitry. 

The MDLdss1e (UL04) 29 a CMOS device which 
combines three unique features - a conplere ‘time of 
day’ clack with alarm and a one hundred yee calendar, 
a programmable periodic interrupt and squere-weve 
Generator and 50 bytes of low power static RAN 

v1o1 vs battery backed with a nicad battery so 
that once the correct time is set it should never have 
to be adjusted again 

1. Main cloek features. 

stay clock and calendar 
seconds, minutes, and hours of the day 
days of week, date, month, and yeer 

* = Binary, or BCD representation of the tine, calenda: 
and alarm 

- Tp or 24 hour clock with AM and PM tn 12 héur mode 
Aucomatic end of month recognition 

= Automatic leap year compensatio: 
= Iterfaced with software as 54 RAM Locations 

jg Bytes of clock and control register 
50 bytes af general purpose RAN. 

2. REC memory address map. 

coh = Seconds oah = Month 
ork Seconds alarm ooh = Year 
02h = Minutes gah «Register A 
03h «= Minutes alarm OB) «= Registar B 
oh = Hours Qch «Register c 
95h Bours alarm ODA Register D 
6h aye of the week OEh-3Fh User RAM 
07h Date of month , 

Full programming detarls can be 
the Hitachi Semiconductor Data 
Mierotomputer manual (AMCS8.16 BY) or the Motorola / 
bit Microprocessor manual 
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‘Technical Description 

The VbU cireuatry 

yhe 256 Te’s Visual Display Unit (VOU) is. memory 
mapped and has a fully programmable display siz. Fach 
gharaster displayed is 8 bits wide by up to 16 sean 
fines high. The character dot information 1 avaitable 
fran two sources; the first is the masked font _ Rol 
(ui), ‘Tkis ROM contains the two standard cheracter 
sets, one peing used in the 64 cheracter by 16 line 
mode (a. character cell of 8 bits by 16 scan lines) 
Ginile the other 18 used in §0 character by 24 line mode 
(g bits by 12 scan lines). The display is not 
[estriczed to these display formats, es will be seen 
dat 

the Second source of character dot int mn is 
the Brogrammabie Chatacter Generator (PCG) RAM. This 
Glious selection of a pre-programmed character (from 
the Row) ‘a programmable (PCG) character using the 
most signlfi¢ant Bit (bit 7) of the ASCII characte: 
Qalue contained in the screen character memory 

‘whe VbU logic is based atound a 6545 Cathode Ray 
‘Tube Controller (CRTC). The CRT controller consists of 
programmable horizental and vertical timing generators, 
Eredjnear address counter and cursor logic. The 6545 
Siso hag 8 light pen capture register connected to pin 

of 2 and control circuitry for interface to the 
processor bus. The 6545 1s accessible through ports och 
Gnd ODh, port OCh le the 6245 ‘address’ port while port 
oh is the ‘data’ port 

ALL timing for the CRTC 1s derived from the clock 
input on pin 21. This is the character rate clock, 
GeLK+, and is generated by dividing the 13.5MH2 master 
clock by &, the dot width ef a character. The character 
Glock of 2.se7sMiz is generated by Ul4, a 74HC161 

ary synchronous counter. This clock 1s used by the 
2545 her:zontal and vertical counters to generate 
display enable (DISPEN) signal, horizontal 
(asic), vertical syne (VSYNC) and scan line 
signais’RAQ-RA4, The initial values of these col 

fully progtammable to allow for different soreen 
formats 
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echnical Beseription 

che 256 TC ean be fated with Up fo O28. 

(progeatmabie character genexeros Raw capable 

kprogranmeh's saber of auegerent charseres S°°t, De 

noiding ey, ex of screen RAM (waseh Bolte. the ase 

colour Revue characters phat wilt actualy appear of 

womee een) and 8k of attribute: RAY 

sees spendendyvareton,, tet RES BN een)" @ 

panken ae eueeed (086 and UST) as voll, 82.26 (each) for 

banks) tugs), calour (ET) ahd aECESoNtS (uga). The 

Screen vg RAH 15 aed to Nord only Eee gharacter set 

geceibire res, ates pextaee ane Foo AN Te use) £07 

each character B PARAM complement allows fu2t 

Seek Gee geaphuse ota rageapeten te oF by 255, 

contsel °F apiemented fully 1 YAzsoMt 7 ong of 

yiigh SS ..cn am of .2cG Ran exuked toe ame 085) 

Basis ote oni up to. 640 By 264 axe possibte 

py, ansettinig Wait @eaten inte. the Coe operation, 

the Deegale aijons ceUland vides guesses fo these RAMS 

without screen flicker 

dhe dhua ines on, ther ctneiile, Auadires [De ep, SD 

and Hpi form the CPU data bus. These ¢0e proaght into 

and aU) fy mead of tri_stave butfers, (BO, vad, U2 

the Rats PY Dare aiows the GRU co both reat, and ‘write 

and URt) = 2 cheae RAMS... Tee gulpuns: fen 9 colour 

fo 2hY ad attribute Rave are latohed bY Nit, 93, U1 

mouse 30S Gh chab tyeyiNirs nok: athee Wai? the’ ¢Pu 

Secesses the RAMS 

daepuectrom the colewe Ram ts fed on Cie Foot) Bus" 

ee Usletan # to 4 date selecar) ¥BAEE switches fron 

te ground to background cotours. 091 jatches at 

output 

output fon thie POG RAM and Font ROM TF fed inte 

shite register 047 and chen used: Te contrel the 

Selection at UIT 

tse 45 a pAb (programmable, veges SETA) hae 

cages bee oe all af Ene vest geeks TREES and other 

toR eet gunckaons. tha flow Of SAN 9s hagormation in 

genteel eter as pathape themes SLESSPNTE part to 

comprehend 
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‘Technical Description 

The character row count from UL00 i¢ shown on the 
fata circuit as the RA BUS. This cycles through the 
Various parts of each character as they are to be sent 
fo the shift ragister for displey 

This ts combined with the particular character's 
ASCIT code from the screen RAM and the character set 
select from the attribute RAM, The MSE (inost 
Significant bit) of each character in the screen RAM 
Bevermines whether a programmable character or a KOM 
character is to be used, 

Gn thé sther s1dé ef the @iagram, the CPU address 
bus is combined with the LV DAT bus; which originates 
Zron Ue (eirevit A, main circuit), The LV BUS allows 
the BU to seiect which chip/bank of the BCG RAM tt 1g 
going to read from oz write to. ‘There’d also a bit of 

BaP bus called LV) which is used by the software 
‘for the Premium Microbee to turn on the 

Ehip/pank select of the PcG, This means that the 256 
fun older software without médifieation 

ig Bit buses are fed to of data 
selectors (U2, Usd, U74 and 075) gatermine 
whether the CPU or the video circuitry has atcess. The 
Switching 1s controlled by U52, 

The resulting adéress bus, called the 2c BUS, is 
fed to the addzess inpute of the PCG RAM and character 
ROM. the LV7 signal is used to enable the chip/bank 
selects. 

he top Bit of the data from the screen RAM 1s 
taken off the Po AUS and used te select whether the RAM 
cr ROM characters are used. Address lines to the 
Soteur, screen and attribute RAM have 2 ar 
arrangement. Character eset infortation from ULoo 
tealied the MA BUS) is fed into data selectors vss ULL 
and Ug which select eather the MA BUS or the A BUS 
ithe c2u addrese bus) and LV DAT pus. The selected bus 
is used to feed the address ifputs of the colour, 
seyesn and attribute RAM 
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‘Technical Deseription 

The Memory eireuitty. 

The 236 TC uses exght 4256 dynamic RAMS. These are 
256 by 1 bat RAMs (1.8, eight aze required to supply 
the 8 Gata bits needed per byte) 

The addressing of the RAMs is. eritical to the 
operation of the board, but ize timing can be assumed 
to be correct if RAS and CAS can be observed at 
appropriate pins. Please note that the Data lines 

ear to float often in the tri-state mode and wi 

The 17 bit address bus is multiplexed via three 
address multiplexers (023, 30 and U2) and is presented nine bits at a time te the RAM. The nine ROW 
address lines to the RAM are strobed with the RAS, while CAS strobes the nine column address lines (refer to the data book for RAS and CAS taming requirements! 

The PAL (US2? generates the RAS and CAS signals 
and One gate of U43 generates the MUX changeover delay 

At power on, thé 256 BC Behaves a littie differently from ‘other Microbees. The data bus is disabled until the address of the ROM 1 (U3E) is reached at s00ch (figure 2.1). The data bus is then enabled and code from the ROM executed. This code wil first check for the presence of a disk controller and 2 disk in the disk drive, 1 no disk can be found then the presence of connection to a Microbee Star network 38 checked. If the 256 Tc cannot detect connection to a network, it will continue to execute code from the ROM, 
the Kernel main menu being displayed on the soreen as 4 
Eesult 

If a disk Ys found (or sf <Pl> ov <rg> is pressed 
fxom the Kernel main menu), the Kernel will attempt to 
detect the presence of either a disk in the @isk drive 
or connection to a Star network, control being returned 
to the Kernel if neither cannot be detected. 6 
detection is successful then the CPU copies an image of 
either the disk boot code or the network boat code into 
RAM at 6000h (figure 2.1). Control 1s then passed to a 
small routine loaded into the PCG RAM which then 
Switches the RAM from 0000h to 8000h, so that the image 
of the ROM just produced is located at E0aoh. Control 
4s then passed to the ROM image at 2000h (figure 2.1) 
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Technical Description 

00008 80008 FRR 
— Sh = 

System ROM 
‘000 6000 FFL 

F — 
Disk or Network boot image 

0000 80908 FO00n 
E a 

Disk or Network boot image 

Fig. 2.2. The 256 To's: power-up memory map 

This movang of the ROM amage is another feature of 
ihe BRAM sectaon, The PAL (U39) has a 6 bit latch 
(dabeiled §0 $8) at port Sah, The outputs of the 
lateh deteritine where each bank of memory is located in 
the memory map 

Many daggerent combinations of memory can be 
selected, however, 1t must be remembered when switching 
Dlocks that the’scratch areas of memory do not move 
wath the selected blocks, This makes the movement of 
Dlocxs to. enable data storage somewhat difficult and 
with Basie, virtually impossible. Memory block 
Selection and movement ig discussed further in chapter 
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‘Technical Description 

2.8. Disk controller cireuitry. 

the following table shows briefly the functions oF 
contreller section: 

Integrated cirenit Function 

3% D2792 he disk sontrettex 

ge 1aHer Is Produces side seiect 

oo 74ac139 prive select decoder 

there are three broad categories for eonmunieation 
between he computer and the disk drive: 

i) reading from disk 
2) writing to disk 
3) mechanteal informatzon 

to the drive: a) motor sbarting/stopping 
b) head Loading 
@) head stepping 
q) direction of head stepping 

vom the drive!) wrate protect signal 
£) index pulse 
g) track 0 detector 
h) ready signal (not used) 

Before. any Yeading or writing occurs; the 
qéchaniee] information must be frst dealt with. In 
Meher to read or write, the disk drive unit must be 
feady to operate with the correct track and sector of 
the diskette. Ths information must be supplied to the 
dbpropriate registefe within the floppy Aik controt ter 
ingegrated circuit (FD2793) 

the register select 1:nes are AU and Al (pans ® & 
6 of the Fp21931. By the setting the appropriate leg 
Severs, on RE* and WE (pins 4 @ 2 respectively of the 
zos95a),, daca esp than be fed to the FD2793 for 
Thelusion in the appropriate registers, The WE* or RBs 
pignals inatiate the date transfer 

256 Te Technical Reference 2-18 



‘Technical Description 

When reading or writing, the #D2793 first reads 
the traék-and sector details unti? the fatehing trac] 
sector i found (coupled with appropriate head stepping 

structions, ete.), Then, providing the signals Wes, 
Wee or the RE* are correctly set, fading or writing 
may occur 

8.1. Reading data 

he raw data pulses from the disk drive enter the 
p2792 at pin 27. On the anput side of the FD2793, when 

the RE* goes low, valid read data is output to the 256 
TC no more than 350n$ later. When the RE® gous high, 
valid read data is finished between Sins and 150n% 
later, 

2.8.2. Wes ang Data 

This requires that the write gate (WG) to the diex 
@rave should rise before the write data (WO), out of 
pin 20 of the FD2733 by a maximum of gus. The write 
data exits the FD2793 at pin 31 and then travels ta the 
aask. 
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Technical Neseription 

whe Power supply. 

The .256°TC power supply is based around a special high current switching regulator, the L296. This power supply has the fGllowing features: 

~ §.1 votes output 
— 4 dips oucput our 
> Qverveltage output protection. 
~ Overcurrent shorteircust protection 

Th power Supply boata 1s fitted to the disk drive support bracket, underneath the keyboard. It is conmected to the main PCB with four wires via connector x6, 

The thput voltage to the L296 can vary aver a wide range, the limit input voltage on the 256 TC be: limited to the voltage level required for the S232 eireuit. The RS232 circuitry on the 256 TC opevates on the amput supply. This must net he greater than 25 volts 

The supply voltage passes through a 4 anh fuse. before it reaches pin 3 of the 1296. The fuse 1s used if the output voltage exceeds §.1 valts. if the oukput age rises above 5.1 volts, the voltage sense pin turns on the SCR which shorts the input volsage “to ground, causing the fuse to blow 

Tf yOu ever find the fuse blown don't just replace it and “power up again, Check the power Supply on a Separate DUMMY LOAD CIRCUIT. DO NOT USE THE MATN BOARD. Short the fuse and measure the output voltage, :f it 9 greater than 5.1 volts then check the few passive Components around the 1296. If these are OX then try a new L296 

Tf the output voltage is shorted to ground, the L296 wilt shut down. Removing the short well allow the output to return to normal, Further information on the L296 regulator can be found in SGS power supply date hooks 
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Waveforms 

3. Waveforms. 

This chapter provides you with waveforms for 

important clock, data and video signals on a properly 

functioning 256 TC. 

On these photographs, 0 volts is set to the second 

division, with the 256 TC powered up and the Kernel 

main menu displayed. 

3.1. Dot clock. 

Location - U3 pin 6 

Time/Div -— .lus. 
Volt/Div - 1lv/cm 

3.2. CCLK*. 

Location - U4 pin 6 

Time/Div - .lus. 
Volt/Div - 1v/cm 

256 TC Technical Reference 5, es 



Waveforms 

Load. 

Location - U8 pin 6 

Time/Div — .2us. 
Volt/Div - lv/cm 

col. 

Location - U14 pinl3 

Time/Div - .lus. 
Volt/Div - lv/cm 

CPU clock. 

Location - U3 pin 8 

Time/Div — .lus. 
Volt/Div - lv/cm 
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Waveforms 

Power supply. 

Location - L296 
regulator 
output. 

Time/Div - Sus. 
Volt/Div - 2v/cm 

Disk controller —- CV1. 

Location - CV1 Adj. 

Time/Div - lus. 
Volt/Div — lv/cm 

Disk controller —- RV1. 

Location —- RV1 

Time/Div - lus. 
Volt/Div - lv/cm 
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Waveforms 

3.9. Disk controller — RV2. 

Location - RV2 

Time/Div - lus. 

Volt/Div - lv/cm 

3.10. Disk controller — 2793. 

Time/Div -:.5us. 

Volt/Div - lv/cm 

3.11. Composite video. 

Location - Q3 (base) 

Time/Div - 20us. 

Volt/Div - 1v/cm 
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‘system Programming 

system Programming. 

This) chapter detatle some the changes and 
revisions that have been made to the operating system 
supplied with tne 256. TC. 

‘The Kernel. 

In most cases) the Kernel will be by-pas: 
aa the 256 TC will access software from 

atte ve 99% of the time, lowever; the 
Kernel dees pexform a check upon bootup and powezup I 
cheeks to see if there 1s a floppy disk controller, 
disk drive ox a disk in tha drive, If any one of these 
fo not available, che main menu will appear 

Yow will be greeted and informed of your last 
power-up fime — this 14 the tame your machine was last 

ed on 

Foux icons appearing in the middie of the screen 
invite you to select one of four functions which are 
available, Each function 1s selected using a function 
key: 

EL - Boot-disk from drive A: 
Beotup starnet system 
Set the sy tame 

~ verséin Se: et 

secondary fUmetions arevalso available in this 
main menu. They.are 

eer ALT-DEL> ~ Perform a warm boot 

<SHIET-E1> © - Boot disk ¢fom drive B: and from then 
on, physical drive B: will be drive 
A:and physical drive A; will | be 
drive 8: (1.e., drive codes swapped) 

= Juinp inte the system monitor 
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system Programming 

4.1.1. Boot disk from Drive Ar. 

When the <E1> Key is pressed: the bo 
iil flash and § attempts will be made to look 
disk in drive a: 

Uf alz these attempts fails, 3 short beeps 
follow and a DISK READ ERROR warning will be dispt: 
with the. disk xeon atili flashing. You will have’ 3 
Ghoice ef either exiting te the main menu or ré- 
attempsing to Boot the disk 

I you choose te exit to the main menu, press the 
e£2> key. If you wish to ye-attempt to boot the dzsk, 
the <Fi> key should be pressed and the whole process 14 
repeated 

Tf, however, “a dusk 1s found, control 29 passed. 
onto a dusk boot image, Upon receipt of control, the 
Screen is re-programmed in 64x16 mode and a block 
eursor #111 appear on ‘the top left cornet of the 
Sereen. Attempts to boot the disk will be made and 1f 
Suecessful, the familiar Shell based CP/M operating 
system wili greet you. If, however, the attempts were 
unsuccessful, the system will keep'retrying andy in 
some cases, ‘the system Will ‘hang’. Regretfully, the 
oniy way to exit from this eituation is to press’ the 
RESET button (located on the back panel) 

4.1.2, Network. 

The -<F25 key will immediately put the 256Tc an 
Starnet mode and, 1£ connected to an activ 
Server, the system should boot up quite happily and 
any progran 

Please remenber that if you have @ program thet 
uses the hardware to scan the Keyboard, such ae games, 
they will not run until the software is updated to sean 
the new keyboard. 
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System Programming 

Set Time, 

To set the tame; press the <Pi> key from the main 
menu afd the Set Time menu will appear. You should see 
several fields which form the time and date. Please 
note that im this mode the time will not be updated. A 
flashing block cursor should also appear on the 
adjustment fields 

You ah Ove the cursor inte any ‘field’ and 
directly manipulate the fields from the keyboard. Use 
the right and left cursor keys to move the cursor to 
the field you want 

The time 1s based on a 24 hour clock although the 
gysten clocks operates on a 12 hour cycle. Simply 
adjust the time and set it. ‘The field is laid ont ina 
bhimm:ss fash here 

hh hour (0-23) 
minute (0-59) 
second (0-53) 

The date is can also be adjusted in the same 
manner as the time, however it does not check for 
validity nf the dates and may set tho clock even if 
such as date is not available le.g., 30th Pebruary 
‘s1). The freid is aid out in a dd:mm:ryy fashion 
where, 

da = date vi-a2) 
mm = month (1 
yy = year (00-98) 

To Sat the time-according to the parameters in the 
fields, press the <F5> key or <Pl> to abort the 
operations completely and return to the main menu 
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Self Test 

The system Self Test 1s fairly atraigit forward It Simply does a self test of the computers mein operations and gives a visual status report either with a TICK or a CROSS for pass or fallure, If a failure is reported, the number of cycles which it has passed through the self-test 1s repozted alongside the CROSS 

4.1.4.1. Keyboard test 

Press the key corresponding to that which appears on the screen. If you press the wrong key, a bees will follow and more beeps will follow until you press ch: correct key. If a key ts faulty however, you will never be able. to get to the next key. In this case, prass the <ESC> key and, unless the <ESC> key 2s the one th faulty, the self test will continue on 

You can press the <ES0> key at any time to abor! the keyboard test atid continue on with the other tests Or press the <BRK> key to bypass thes test completely. 

4.1.4.2. Parallel Printer test. 

This test simply pronts out: 

Microbee 256 1C Parallel Printer Test 

on the first. run and just checks for the paralie1 printer on every subsequent iteration, If the printer ig not selected, the test will fail 

4.1.4.2. Serial Port test, 

An RS232 mini tester should be connected to the serial pert with these pins connected ta pass the vest 
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To abort the Self Test, press <F2 and wait for 
uhe current Eest to be completed, If you want to re-run 
all the tests, press <ESG> again, To return to the main 
menu, press the <BRK> key. 

4.8. Kernel function calls 

The Kernel has provided emuiatyons of xBTOS calls 
1g for programmers writing software for Sternet 

udent stations. These functions are located in memory 
n defined by value of SFFAn 

a 
a 
at 2 local 

Jump Vector Peseription 

sen an Keyboard scan Th routine, Returns Z wath 
keycode 1n A or NZ when no 1s key 
available 

1s closed Emulates extended Bros ¢a11 15 

Piey Set Emulates extended BIOS cali 16, Buffer 
can contain up to 256 bytes 

Pxey Read Emulates extended BIOS call 17. Buffer 
ean contain up to 256 bytes 

Ext_key Emulates extended S105. call 16 
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4.1.6, Machine code monitor commands 

The. machine code moniter is entered by pre'ssing SCTRL“ALD-M> from the Kernel’s main menu. The following control keys have been implemented: 

<CTRI-E> ~ reverse cursor’ 16 bytes 
<CTRI-N> ~ forward cursor 16 bytes 
<CTRL-S> — reverse cursor 1 byte 

~ forward ¢ or 1 byte 
<CTRE-R> or 
<SHIFI> UP arrow ~ reverse cursor 16"4 bytes 

<SHIFI> DOM arrow - forward 164 byes. 
SCTRL“f> - toggles between text and hex write mode 
<E8C> -~ return control to command 1ine 

4.1.6.1, A sou - Alter memory at address 

Allows hand alteration of memory. the byte changed is-indicated by the position of the cursor. 

4.156:2, B xx - Boot a disk. 

Bootup the! disk from drive xv (curn and 1) ently, only 0 

4.1.6.3. © aaaa bbbb 1111 - compare memory, 

Compare two 1111 bytes iong blocks starting at aaea and bbbb 
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6.4. B xxx ~ Examine memory: 

Oonmand 1¢ similar to A commend, except that <a> 
key needs to be pressed to invoke MODIFY mode 

6.5. EF sses ££££ (xx) — Fill memory: 

Fill block of memory from sees to fete with xx. Tf 
kk ie not specified, the block of memory will be flied 
with 00 

6.6. G@aaaa ~ Goto address 

Execute a machine) codé routine at memory address 

-6.7. Taa ~ Input from port 

Input ‘a byte from port AA, and display it-on the 

6.8 M sss dddd 1111 ~ Move memory. 

Moye 111i bytes feom the sess source address, to 
whe dddd destination address 

-6.9. N= Network. 

dumpoto the network routines, auto boot into’ the 
Starnet system. 

6.10, O1aa bb ~ Output to port. 

Output byte bb, to port addres’ aa 
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1.6.11. P— Clear screen: 

Clear the screen 

1.6.12, S.ssse £fff aa bb co — Search for memory 

Séaich the block of memory between seas ai 
for the sequences of up to six bytes (aa bb ca! 

oes sec 
.1.6.13. R tts dadd 1111 - Read from Az drive ae gual Giese Cker 

Read 1111 bytes from the A: 
address dddd (no sector ske\ 
sector addresses. 

deive inte memory at 
ig). tess, track and 

2.6.14, XW toss dddd 1111 ~ wrzte to A: drive 

Similar to ¥R, except this. function write instead of reads 

1.6.15. YR btss dddd 1111 - Read from: drive 

Similar toNR, oxeept this cunetion performs a read from drive B: 

1.6.16. YW ttss dddd 1111 ~ Write to Bi drive 

Similar to XW, except this-funetzon performs a write to Grive B: 

1,6,17. 2 - Execute code. 

Execute prograt at location cogoh. 
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BIOS eats 

256 TC BIOS has ail the standard cP/M-e0 BIOS 
alls ampiemented. In this section we wll 

present a brie! summary of each. Fer further details, 
see ‘Inside CP/M’ by David E, Cortesi (CBS College 
Publishing, 1982) 

Detatis on standard CB/t-80 BDOS calls can alsa be 
found =n ‘Inside CP/M’. Calling BIOS functions can be 
made easier by inserting the following macro at ti 
Start of your progran and vsing to perform ¢all the 
Functions 

Bios_call MACRO function 
id hL.() ;eead the Blog stare 

de 
de,3*fungtion get to the entry point 
blide 
de 
3x/847 preturn address 
ix, 
thy 

‘This allows BIOS functions to be called simply by 
using the label BIOS CALL and specifying the call 
number (1,¢,, BIOS CALD 3 will call BIOS func 

ease note that these function calls were 
originally :ntended te be implemented on CE/M syetema 
that sed serial terminals and as such, some of the 
calls are either unnecessary cr made redundant by the 
XBIOS calis 

The following program demonstrates the use of this 
macro by implementing a glass typewriter. Any 
characters you type at the keyboard wili be echoed to 
the screen_ “You may press <CTRL-c> to, exit the program 
and if 18 presented in M80 format 
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iV typewriter program 
}IC) 2987 Microbee Systems Ltd 

aseg 
280 

org Lodhi 

Bios_call MACRO. function. 
ad nd, (1) jeead the Bros start 
push de 
id de,*function —jget to the entry pornt 
add hi,de 
pep de 
id 1x, S47 jroturn address 
push 2x 
5p (hl) 
END 

Loop: 
iget a key from the keyboard 

bios call 2 

jeheck for CrRL © 
op ror-64 
@ 2,0 

i@isplay the characi console 
id ea 
bios_call 3 
iE Loop 

END 

4.2.1, Function 0 - Watm boot oP/¥ 

This futict{on causes the calling program to be 
termanated and C2/M re-initielised (warm booted), Tr a 
§8§.SUB fle exists on the logged drive then the next 
comand will be read from it 

Funetion 1 — Check console status 

Thig call causes the BIOS te check the status of 
the keyboard, If a non-zero value is placed into the & 
register then the key has been pressed and a characte: 
ie ready to be read, A zero value will be returned 3! 
no character is ready be read 
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4.2.3. Function 2 - Read from the keyboard. 

This call causes the BIOS to read @ character from: 
the keyboard, The ASCII value of the key is placed into 
the A register and the calling program will be 
suspended until the key has beon read 

4.2.4. Function 3 ~ Send to the screen, 

Functaon 3 is used to send a character to the 
sereon, The character to be sent must be placed into 
tha C) register before calling the function and the 
calling program will be suspended until the character 
is dieplayed 

4.2.5. Function 4 - Send tothe List device. 

This function causes the AS¢IY equivalent of the 
value in the © register to be sent to the list device. 
The calling program 1s suspended until transmission 16 
complete. The list device is normally the paralli 
ers Assumes gy 726 

4.2.6. Function 5 ~ Send to the punch device 

Thas function. causes the ASCIT equivalent of the 
walue in the © register to be sent to the punch device 
he calling program is suspended until transmission 16 
complete. The punch device is normally the serial port 

Assumes AIT 7 
nction 6 ~ Read from reader device 

This funétion returie a éharacter from the reader 
device into the A register. The calling program is 
suspended until the character has been read. The reader 
is normally the serial port 
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4.2.8. Eunction 7 - Home the drive head, 

Function 7 18 used t6 move the fieads of the 
currently selected drive to track 6 of the disx (the 
outermost track) 

4.2.9. Bunction @ - Select. drive 

Thag ‘call takes the rive number in the C register 
and logs it for any further operat he value in C 
must be in the range of 0..15, 
Ar to Ps 

4.2.10. Function 9 - Move the drive head. 

‘This: function ellows you to move the drive head to 
any track on the disk, Once called, CP/M will read the 
value in the BC register pair and move the head to thar 
track 

The 256 TC double sided disks use Bo tracks per 
side, tracks 0-3 being reserved as the CP/M syste 
tracks, On single sided 256 Tc disks, 80 tracks are 
used on side 0 of the disk, tracks 0 and 1 being 
reserved aa the CP/M system tracks 

4.2.11, Function 10 ~ Set sector for 1/0 

Function 10 2¢ sed to inform CP/M on which sector 
of the current track it will perform I/O, On the 256 
TC, ten 512 byte sectors are stored per track, numbered 
1 ‘to 10. The sector number must be loaded inte the BC 
register pair before calling this function 

4.2.12: Function 11 - Set file buffer address 

This function sets the value in the B¢ register 
pair as the address of the file buffer. The f11e buszer 
Stores one complete sector (512 bytes) 
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4.2.43) Function 12 - Read a sector. 

thas function ill read the sector ($12 bytes) 
specified by BIOS calls 8, § and 10 and place the data 
inte the disk buffer, the address of which is defined 
by ETS call 11. Tf a read has been successful then a 
zero value 38 placed into the A register. A non-zero 
Yalue 1s returned if an error occurs. The calling 
Erogran 18 suspended until either the sector 2s read or 
an error is reported 

4.2.14, Punction 13 ~ Write a sector 

thas funetiga will weite thé data um) the: disk 
butter tthe address of wiach 1s defined by BI05 call 
Ti to the sector specified py BIOS calls 8, 9 and 10 
The € register should be loaded with a value indicating 
the type of data being written 

00 - Normal write, pre-read if necessary, defer 1f 
convenzent, 

01 - Directory write, pre-read 1f necessary, do 
not defer 

02 - Initial write to sector, no pre-tead 
necessary, defer if convenient 

4.2.15. Function 14 - Poli list device, 

This function allows polling of the list device 
hen it is teady to accept a character a non-2ero value 
wilt be eturned in the A register 

4.2.16, Function 15 ~ Translate sector number 

he segtor number an the BC register paiy is 
translated by the skew table whose address must appear 
ih the DE register pair. The translated sector number 
will be returned in the BL register pair 
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4.3, Extended BIOS calls 

Ag the 256 TC has no boot ROM permatiently mapped 
an memory, the functions otherwise found in ROM have 
been replaced by extensions to the BIOS. To call an 
extended’ BIOS (or XSTO5) function call, place the 
function .aumber in the A register and execute a RST 
Sek, Galis “1-14 ae standard on all DRAM Microbes 
aystane, Function call 15 and greater aze special 256 
Re calle, otherwise knows as ‘Subset C’ functions 

4.3.1, Function 0 - Set: CoP. 

Usage wa at 
rau 28h 

has, function sete the ce? (ZoPR2 commind Tine’ 
ntérface). The file 'COP-S¥S’ must be present on the 

disk. This effect until a BOOS function 
0 (warm reset) 28 executed. 

4.9.2, Function 1 — Set Shell. 

Usage: ld. 
rst 20h 

ae function sets thé She1l. The file ‘SHELL sys! 
qust be present on Ehe disk. This function has no 
Uerect’ until a BOOS function. 0 (warm reset) is 
executed 

4.3.3, Function 2 - Number of drives 

usage: 1d a2 
ret 2h 

this function “rétutns into the acoumstator the 
diimber of Gonsecutively connected drives to the system, 
feavting with the A: drive, (Chis does not tnelude 
either the M: or Li drives) 

286 Te Technical Reference a4 



System Programming 

4.3.4, Function 3 - M: drive fitted. 

Usage: id a3 

The function will returna l value inte the A xegister if an M: drive is fitted, otherwise 8 0 value will be returned 

4.3.9. Function 4 ~ Interrupt vector table base 

Usage: day 
ret 28h 

This, function returns tho base address of the interrupt vector table inte the HL register. the ture of the vector table us shown below: 

Picavect defw par_int plo a int: vector 
Biobivect  defw int ttn ;pio b int vector defy 0 jxeserved for future use derw 0 preserved for future use efw 0 juser defined interrupt 

dete 0 juser defined interrupt 

4.3.6. Function $ - pointer to command buffer 

us a, 
est 28h 

his tune! yn returns a pointer to an internal 128 byte extended command buffer. This buféer is only éver used by the Shell and CCP. The 2 flag will be set if successful 
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4.3.7, Function 6 - Purge drive buffer 

usage: 14, DRIVE_CODE 
ld ass 
rec 26h 

Will purge ali the bufgering for the drive 
indicated by DRIVE CODE. The DRIVE CODE is expressed as 
an integer, (1.e, A: drive = 0, Bivdrive = 1, ete) 

This function 5 useful when drives are being 
accessed directly from software or it 
Verify that data has been saved correctly 

‘The function will only werk on a hard drive when 
the FLUSH_PLAG byte (located at BIOS BASEF132h) is set 
to EFh, TE should be reset to 0 after use 

4.3.8, Function 7 - Purge directory buffers. 

usage: de /DRIVE_Gone 
id 3,7 
xst 28h 

This at owe for the directory butters to be purged 
when disk swapping 1s taking place, The DRIVE CODE is 
expressed as an integer, (i.e, Ar drive = 0, B: drive 
1, ete). ‘This function has no effect on-a partitioned 
hard disk. 

4.3.9, Funetion 8 - Return floppies: 

Usage: 1d a8 
Est 28h 

This. function returng into the accumulator the 
number of floppy drives connected to the system 
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4.2.10. Function 9 ~ Resense media. 

Usage! lea, 3 
rst 26h 

Forces the BIOS to re-examine the disk media on the next access 

4.4.11, Function 10 - Set baud rate 

vaaue ©,BAUB RATE cone le aie © 
qs 28h 

This, funetion ss used to get the baud rate of the RS232 port. The BAUD RATE area follows: 

0 300 baue 
i 600 baud 
2 1200 baud 
3 2400 baud 
4 4800 baud 

This funetion may ba used in conjunction with funetion 11 and 12. Upon booting, the ST0S performs an anternal initialisation of the RS232 port, according to the parameters set by the INIT program 

4.4,12. Punetion 11 - nsa32 receive 

Usage: tds 
rst 2éh 

Thas functzon returns a recdived cheracter 1n the A register 1f available and sets the 2 flag, otherwise Nz 
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4.3.13, Function 12 - R622 send. 

usage? eyCHAR_T0_SEND 
a,12 
2an 

onde a character hag been Ioaded inte the 
wegister, executing thas function will cause it te be 
sent out the RS232 port 

4.4:14, Function 13 ~ Set error mode 

Usage: 1d ¢ ERROR MODE. 
id ay13 
zst 28h 

This’ function allows you determine the method by 
whach errors will be detected. If ERROR MODE 1s eqite? 
too, then physical disk errors are detected but “not 
passed te the BDOS, avoiding BOOS errers, Function 14 
fan then be used to check after each disk operation 
that ne errors have occurred 

re MODE is equal te FFh, then att disk 
errors are passed to the BOOS and a BDOS error message 
will be returned (thie is the default state) 

4.3.15, Punction 14 ~ Return disk status, 

usage: id ay 14 
rst 28h 

This function is used ex¢lusively with funetién 
13, If 2 0 value was returned to the A register then no 
errors on the last disk access, If @ non-zero value 1s 
feturned into A then a disk errér has occurred 
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4.3.16. Eunetion 15 - Keyboard test. 

Usage: ld cvkey_code 
la a,18 
rst 028h 

This function checks to see if the Key whose code 
43 an € (from table below) 1s currently down on the 
Keyboard. f£ it is down it returns with the 2 lag 
get, :£ 1b ie up Lt returns with NZ status 

should be noted that the fact that this 
function 1 available doés ast necessarily meen th 
the keyboare being used is a 256 fC style. Therefore, 
ne should be careful not to make programs ahcompatible 

With. existing keyboards by relying on keys which only 
Sxist on the new keyboard [e.g., the <ALT> key), This 
does not mean that these keys should not be offered as 
Sh alternative for users wath new keyboards, it 1s 
Simply a matter of checkiny, for instance, both <CTRL- 
E> and the UP arrow code. | Please note that if a key 
hich only exists on the néw keyboard is checked on 2 

hachine ‘using an old keyboard the key-up (NZ) status 
will always be returned 

So that chatacters are net tost when a program ts 
ailing. the KB TES? routine on a system with a new 

keybo: the characters found by KB TEST will Aiso be 
put in a queue and returned yaa the standard BIOS/BDOS 
console :tiput calls the length 
implemented is 20 characters, Because ef this 1t would 
be a good adea to empty the key buffer by calling BDOS 
Gongole in or something until ne more keys are found 
before prompting the user for input 16 the KB_TES? cal: 
hae been used previcusly - otherwise the user could get 

string of 20 or more of the last characters that he 
has been using to move the cursor around che screen 
with ete 

Remember not to rely too heavily on keys bi 
returnes through congole-in that have been detected 
with KB TEST as on an old keyboard the queueing doesn’t 
pecur > so the key will only bo returned by console-in 
if this is called whilst the key 1s actually down 
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Below tg a list of the keys on the different 
keyboards and the corresponding trodes top 
KBLTEST te test if they are down. You will that 
the first 64 codes aze the same as the matrix codes for 
the keys on the old keyboard for obvious reasons of 
compatibilaty 

Keycode Standard XS. 25¢ Te KBD 
" " - 
1 B B 

26 2 
2 ta 
28 Si 
2 1 
30 fang 
3 DEL “ 
32 o 
33 a} 
34 ae 
a5 ae 
36 as 
33 s& 
35 66 
38 1! 
40 a6 
4a Ea) 
42 * 
a i 
44 we 
a3 = ” 
46 > 5 
a 1a Le 
48 BSC Esc 
49 BACK SPACE coanuer 
50 TAB ‘EAB BACKTAS 
51 LINE FRED SELECT 
52 RETURN RETURN 
53 Lock CAPS. LOCK 
84 BREAK 
55 SPACE 
56 ARROW _UP 
37 TRE 
58 ‘ARROW _DOW 2 
59 ARROW LEFT ARROW ORF? 
60 RESERVED RESERVED 
5) RESERVED RESERVED. 
82 ‘BRROW_RIGHT ARROW RIGHT 
53 SHIFT SHIFT 
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(tew Keyboard ony) 

286 TC Technical Reference 

ALT 
FL 
2 
FS 
PA 
ES 
FS 
FI 
Fa 
9 
FLO 
Ful 
Piz 
ESC 
UP_ARROW 
ins 
DEL + 
LEFT ARROW 
Bown aRROT 
RIGHT ARROW 
BRK 
7 (NUM PRD) 
8 (NUM PAD) 
9 (NUM PAD) 
DIVIDE 
© OVUM PAD) 
5. (NUM PAD} 
6 (NUM PAD) 
MULTIPLY 
1 (UM PAD) 
2.(NUM PAD) 
3. (NUM PAD) 
SUBTRACT 
0 (NUM PAD) 

(SUM PAD) 
app 
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4.4.7, Punetion 16 - Program function keys 

usage: id bl, key_table_addr 
ida. le 
ret 26h 
[aB, Be, DE-and RL are corrui 

mhie Tunetyor copies. the tabie et (Ht) to the 
jaterne) programmable Key buster. On the istendard 
Aieeibes: ‘Reynoars the° function keys aré .<CTRD i> 
ReiRre>, providing 9 function k on the 256 
Style. keyboard there are i2 function Keye — <Fl2 
Sela. The data provided to this e must define 
Si’ gunction keys, even af only 9 are ectually used 

dhe Hormat for the data table is a9 follows) 

key_table addr 
Gere length of Fi_data i4 an this cago: (test) 
det ‘test’ jactual data for this 
Gers rength of _F2 data ;13 for ‘fred was bi 
derh 2d Was haze! 

Agey  lengthjoe P12 data ¢ last entty 
@etb last Zuneticn’ 

4.3.18. Function 17 - Copy function key codes 

usage hi,fane_tebte butter 

ret 28h 
(AE, BC, D2 atid Aivcorrupted! 

tite funcrson copies the internal, programmebie ke 
putter te the users buffer at (HL), The program shoula 
veeyide at least 1024 bytes.ac (HL) as the snternal ‘key 
eevee will be less than or equal tc this size — never 

Varger. EKRY READ also returns the maximum butter = 
jaroer. “SRibie function should be called betors 
dteempting te setup new function keys with PREY SET be 
ar rOmeta Te nen key daca ts not cog ong (1.e., longer 

than the value returned in BE) 
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4.3.19. Function 18 — Extended xey check 

Usage: ld aye 
rst 28h 

This function checks the keyboard and returns an ASCII code inte the A register and NZ. The Z flag witl be set 1f the xeycode 1s unavailable. This tunetion may also be used to detect which type of keyboard is beiny used, If ¢ 256 To style xeyboard 18 being used then | will be returned in the B register, a 0 1s returned for a Promium style keyboard. EXT KEY returns all the no¥Hal Keyboard eades except for 

vashitced shifted 

on keys eth-eeh Din~Deh Nunerie keypad BOh-Boh Boh-Ssh Add (oum) normal (HBS) normal (HBS) Subtract (num) normal (HBS) normal (HBS) Division (num) normal (HBS) nozmal (HBS) ty (nun) normal (BS) (IBS) Right arrow CTRE-D (HBS) (HBS? Left arrow CTRE-s (HBS) (HBS) Up arrow CTRL-E (HBS) (HBS) Down arrow CPRL-x (HBS) (HES) SELECT GTRL-J (HBS) 5s) CTRL-V (HBS) (EBS) 03h 
Teh 
DDL: CTRL-BRK DER 

ABS = High bit (pit 7) set. 

20. Function 19 ~ Select speed, 

Usage: laa 19 
st 28h 

This function 18 ohly applicable to dual speed 256 Tors. Dual speed machines are aot currentiy being eftered by Microbee Systems - this function will nave ho effect on the speed of the machine 
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thas function 48 enly applicable untir the next 
warm boot when the defeuit speed (defined by Init) is 
set 

Fun@tion 19 requires one of the following values 
to be placed in the the ¢ register 

ooh - set speed to 3.975 Mie 
olh ~ set speed to 6.75 

(sets carry flag 1 syitch not pdssible) 

FF - return current sped 
(returns 0 in the A register sf 
3.30sMiiz, 1 if 6. 75Miz) 
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Memory bank switching 

The 256 TC uses 256% of dynamic random aécess 
memory. (DRAM) with one 27128 (16k) EPROM. To enable 
all of these memory devices and the VDU to be used 
to advantage, the 256 T¢ uses a write-only bank 
select port at S0h to control the memory map 

The 256% of ORAM pemory 18 effectively broker 
ko 42 64k banks, named banks 0-: 

Banke 1s intendsd to be used for nozmally 
weeessed progvan/data memory. Under the BIOS) bank 0 
memory contains the CP/M program being run, the BEOS 
and the BIOs 

Banke 1 and 2 ig intended to be used for other 
storage such as the Mi drive while bank 3 ts used for 
disk caching data and tables 

The 27128 EPROM always resided from s000h 
BEFEh If the ROM is enabled. The VDU memory is also 
controlled by the bank select port, The VDU menozy 

jays acoupies 4k of memory and can be disabled, 
enabled at S000h-2FfFh or enabled at FOOOh-FFFEh 

The bank switching port (port SOW) uses 6 bits 
Wamed S0-SS which correspond to the data lanes 50 
Chrough D5 in the data being written to the port, The 
meanings of these bite are as folie 

50 - This bit selects between DRAM bank @ and bank 1 
at O000h-7FFEh, If §0 = 0 then bank 0 <s 
selected, if §0 = 1 then bank 1 18 selected 

Sl - Thus bit selects the upper or lowex 22k of DRAM 
bank 1 to appear at O000h-7FSY when SO = 1 

s2- This bit selects either the ROMs ox the upper 
half of DRAM bank 0 at GO00h-FFEEh. When 82 = 
0, the ROMs are enabled at 000h-FFFFh. When 
si = 1, the upper 32k of DRAM bank 0 1s enabled at 
2000h-FFFFh. 
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83 - This bit enabies/disabies the 4k VOU menory book if 83.= 0, video is enabled and overrides DRAM oF ROM at the address. If 53 = 1 then the VOU monocy, block is disabled and any hidden RAM or ROW 1s made accessible 

S4— This bit selects the addvese of the video between BO00h-SFEFh end FOOOR-PFEFh. If §4 = 0 (and 53 6) then video is enabled at POOOR-FFFER. TE S4 = 1 (and 83-0) then video enabled at 8000h-SFFFh 

S5- This bit is used to geléct between banks 0 and 1 and banks 2 and 3. With ss = lit is simply @ Matter of using bits $0 and Sl te select any of the four 32k blocks from the second 128k at 9~ EEF. Please note that this ig the only bit that is not compatible with Fremium 128 Microbeos 

These bit définitiois give rise to a se! useful values which set various memory maps 

poh - Reset map - vhis configuration has DRAM be Be gecene at U00h-TEFFh, ROM at sodon- and the vpv at Fo00K-FFFFR. 

Och - BIOS map - This setup has DRAM bank o at gooon- wv EFFFh so that VDU 1¢ switched out of veosnoe the memory map. This is called the BIOS map because Blog usually occupies the memory exposed at P0005 when the YOU is switched out 
“This: hag’ DRAM bank 9 at oo9on- PEEK except that VOU is located av BOUGh-SFFFh. This 1s how the Bros routines above Pooh access the 

ODh - Bank A map - This configuration has the seaaie 32k oF DRAM bank 1 at D000h~71 and the upper 32x of DRAM bank 0 at 8000h-FFFFh 
OPH - Bank B map - This configuration has the upper 32% ef DRAM bank 1 at oo00h-7 and the upper 32k of DRAM bank 0 at 8000h-FFFFA 
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Programming the keyboard 

WARNING : Attempting to run any program on the 256 Te that reprograms bit 1 of the PIO port B to an output bit will stop the 256 TC keyboard system software working, (hen reprogramming the PIO port 3 make sure you leave bit 1 (pin 28) as an input bit generating an anterrupt with @ logic 1 

The keyboard includes features such as tru: Follover, function keys, @ numeric xeypad and an exganemi¢ design 

Because of differences between this keyboard “and the previous keyboard, changes will have to be made in any currently existing, or fUture, software releases avoid hardware dependency an the 6545 keyboard scanning system. We realise that meny programmers have used voutines to check if a particular key 43 pressed and hat ‘these routines depend on the. current eyboard hardware, Unfortunately, the ony way for these Programs to work with the néw keyboard systen 1s for the hardware dependent pieces of code to be removed 

To facilitate easy change over and to avoid problems, should keyboard interfacing change in the future, Microbee Systems is providing calls in the BIOS for checking whether or not keys are down and for programming function keys. These extra calis are accessed Via the cutrently existing extended Bios (BIOS) call structure, Obviously any program wishing to use these calls will need first to determine whether the calls are present under the particular version of BIOS and if so use them or 1f not use present methods of scanning etc (1.c., all users with new xeyboards will be running BIOS’ versions. with these new calls! 

In order to determine if the BIOS your program xs runniog under supports these calis (known as subset of the XBIQS calls) the version number byte can be checked. In any given system the BIOS version nuber found at BIOS START+033h, ‘Therefore, in. an assembler program TXBIOS calls MUST be called from assembler) you would use code similar to the following to determine whether or not subset ¢ if XBIOS 19 present: 
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at 
de 
ht 
bi, (voOTh) jadeyess of wart Srart 

yentry, 
de,dsoh — ; (BIOS¥a) 
lide P(BIOS+033n =Bios_TyDe 
a/thi) 
ao jinbeter flag vaTuextarse 

< 0x06 
2h 

e,testz 
Osh 
ne, teee2 
Use_XBTOSse 

7 > 0x08 AND < 0x17 
beata: 

op e7h 
te c,test3 
ep ah 
ir ne, testa 
iz Use _XBTOSse 

7 > 0x1D AND © 0x27 
festa; 

ep zeh 
es cy teste 
cp 2th 
iz ne, testa 
at Use _XBr 

= > 0x42 AND < OxBE 
testa: 

op. 4th 
Was e,axt 
op obeh 
HE hg /nxt 

} If We get to here we must wee XBTOS call 15 te check 
; for key closed:- 
Use XBIOSee: 

qd ayofeh pélagetrue 1f HBT0S C 
javaitable 

pIE we have jumpad to this mark we use the 0545 n/w to 
ieheck for a key down 
Use 6545 

ad and 
id (New_BIOS),a j=f£h af BIOS subset ¢ 

~ [so tf not 
pop i 
pop ce 
pop ae 
ret 
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AS you €an see the codp caveses out this simpt: 
test on the version nunber: 

IP BIOS TYPE Ys > O1h AND < DSh OR 
> Oh AND < 17h OR 
> Dh AND < 2Fh on 
> 43h AND ¢ BH 

XBIOS SUBSET ¢ IS SUPPORTED 
u HARI TS.CLOSED ROUTINE TOUSCAN 65: 

4.5.2, Basie and the keyboard, 

Most Basic programs, whether they be in Basie or 
in assembler running with Basie, should not notice 
difference when running under the new keyboard, except 
for the fact that a few keys are different’ on the 
keyboard 

I your Basic program uses machine code sub- routines’ that directly scan the keyboard for pressed 
keys you will most likely need to make a couple of 
small changes, Some programmers call a non-standard 
location inside the Basie code itself (1.e., not in the 
jump table) which takes a key tatrix code’ in the 
egister and returns the % flag if this key 1s down or 
Z1f it is up, We have decided to retain this system 

and will be supporting this call location on all 
versions of Basie past, present and future (please note 
thay, this 38 the ONLY internal éall that will pe 
supported in future versione of Basic! 

Tf your program calis this internal routine 
(address 50a) then you don’t need to change your 
code, If your program does its own hardware scan then 
all you need do is change 1¢ to cali ASUAh instead 
Whilst you could call the XBIOS cali detailed above 
this {8 not recommended as ali the version checking is 
done automatically and the correct. keyboard test 

formed whether it be on an eld or new keyboard 

The first yezsion of Basic 6 support thie ASUAR 
gall and to support access to ALL keyboard types is 
version 6.31. If your program needs to access the 
programmable function keys please call the extended 
BIOS runctions 
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6. Sexeen programming. 

One atea where the 256 TC has. smproved 
earlier release Microbees. 1s in the screen area, 
Ghereased PCG and screen attributes 

Tie 256 TC can provide programe: 
of FOG RAM, Bk Of sezeen RAN, 8k of colour RAM, and 8k 
Se attribute RAM, The initial production versions, 
Rowever, will only have 1ék of 2CG RAM, ond 2k each of 
Rereen, attribute and colour RAM. This configuration 
eri8ee’ a tail bit-mapped graphics resolution of 512 by 
356 pixels, which is amplonented fully by Mieroworld 
Baste’ The higher cf resolution of 649 by 264 pixels is 
only possible with 32k of PCG Rat 

with up to 32k 

The operation of the screen, 
you will he femiliaz, with if you have used @ Microbes 
YGfore - the screen RAN contains the ASCIT code 
yech character to be digplayed on the screen and the 
folsur RAM contains codes which represent the 
GSreqround and background colours thet each character 
fs to be digplayed in. The attribute RaM, however, 25 
exclusive to the Premium and the 256 TC 

6.2, The 6545 CRT controller. 

the 6545 CRT controller is xesponsibie | for 
antertacing thé 286 TC to cathote ray tube monitors 
The 6545 8 2 dedicated video processor, responsible 
for the generation of horizontal and vertical timing 
signals. 

he 6845 hes 23 internal registers, 20 6f whieh 
are used to control various aspects of the screen 
Qigpiay see figure 4.2), To program a 6548 register, 
one must first output the nur 
fregranmed to port OCh and then output to pert Dh the 
Galde that is to be loaded into the register 
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Ae moe! progrenmers will only ever access the 6545 
to change the soreen format, we have resented tables 
Giving values £0r conmon screen formats (below) and 
Summary cf the registers implemented in the 6545 
(eigure 4.1) 

Format / Register Values (hex) 

0123 4 5 6 7 8 910411213 1615 

eaxi6 | 68 40.52.37 12 09 10 12 48 OF 2F SF oo 00 00 00 

64x17 | 6B 40 91-37 12 08 1b oo 00 

40x25 1 34 28 20-24 18 05 19 TA 4B 0A 2A 0A 20 00 00 GD 
wade 

1 
1 
1 
1 
1 
1 
1 
1 

40x25 | 6B 28 46 37 18 08 19 1A 48 0A 2a GA 20 00 od 00 
narrow! 

i 
1 
1 
1 
1 
1 

@oK16 | GB $0 S937 12°09 10 12 48 OF 2F"OF vo 09 oo co 

0x24 1 65 50 $697 1B 05 18 1A 48 0A 2A oA 20 00 00 00 

80x25 | 68 $0 58 37 1B 05 {9 1A 480A 99'0A 20 00 on co 

ase note that ali values presented above are 
hewadecimal, For the 40 column wide screen format to be 
enabled, the programmer must first halve the frequency 
of the video élack by issuing the instructions: 

Ip ay 
IN ALT) 

When re-entering ahy of the #0 or 64 ¢otusn 
formats or the narrow 40 column format, the video clock 
frequency must be doubled by issuing the instructions 

ED Ayo 
IN Asta) 

Full detaive of the 6545’e internal registers can 
be found in elther the Synertex data book (1983) or the 
Rockwell data book (1984), 
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eg fegister Nome Taformation W/m) 
‘ies Tegaterxe, wf 
status a fo 

RO. Hriz fotal-1 2 thors w z 
HL Mort wisployed thers w 
2 Horie Sync Pos # chars w [ 
RS Usune,HSyne wscantines a [al yalyi[ volwsfal fool 

widths # char times E 
4 vert Total 1 #charsnow =U! 
5 Wert Total Ad) #scantines = wf 
AG vert Displayed fener tows = Ww 
AZ ert Sync Pos # ther Rows = 
AB Mode Controt wl 
9 Stan Lines -1 eseantines WLI aire 
10 Cursor start, sean tine wo. w [es] 
HL Cursor End seontineno, ie SEI 
12 display tert Rade “w i 
13 nispioy Foor (Ly w a 
14 Cursor Postion (8) q 3 
IS Cursor Position (L) 
NG ght Pen tw 
RIT Light Pen (L) 
R18 uptote Race CH) 
H19 Update Réar iL) 
f931_Cummy Location 
WOTES. []oesignaes on anne it 

Fig: 4,1. 6545 anternal register suimary 
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4.6.2. The Abtribute: RAM 

The Abtribuea RAM contains data whitch influeaces 
how the cozvesponding byte in the character RAM is 
displayed. Most importantly, it ¢ontains the bask 
qumber that contains the CG data af the | corresponding 

ation in the character RAM 1s selecting a POG 
character 

Ta explain this more fully, let assume that bank 0 
y lgvation 123 contains the code 

which 2s for a BCG character - bit 7 2s set. let 
us alae agsume that bank 0 cf the attribute RAM, at 
Yocatzon 123h contains a 0h, The eddress for. the data 
actually displayed would be obtained as: 

Chatacter RAM Attribute Raw 
Bank 0, Loc 123h Bank 0, Loc 123 

Value 654 Value 04h 
borzs45671 )or234se7) 
Tab wi yard 
in Set to "2" ries} 
rid for PCG rid 
ru det ey 
rid 1 aba 

value 05h value 04h 

This meané that the data actually drsplayed on the 
soreen would cone from PCG bank 4, and would be the 
Fifth character in that bank, which is at location Sok 
(each character ig 16 bytes fong). If bit 7 of the byte 
in the character RAM ‘s not set (1.e., PCG operation is 
not selected) then the attribute RaM is ignored and the 
character dzeplayed comes from the character generator 
ROW, 

Please note that 1t 1s possible to disable the 
function of the attribute RAM in hardware and make all 
PCG characters used cone from bank 0, This is done by 
resetting bit 7 of the "Video Memory Latch" (VM) 
Toeated at port 1Ch. Thzs is the default mode apon 
power-up or reset. Thig was included to allow emulatzon 
Sf an earlier version Microbee machine from the power 
up condition, The same effect could be done in software 
by filling the attribute RAM with the same bank number 
for ail bytes on the screen 
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As cach bank of PCG RAN canvcontarn up to 128 
gharatters, 1¢ follows that there are 26K/128 =, 8 banks 
eet eee RAM in the peoduction versions of the 256 TC 
Seis means that to select a unique bank for each 
rie cesr only fequires programming the first shreo 
GRRE"SE each attribute RAM character, Assuming | thet 
pie tner bit 1g roserved for usé when 32k of PCG HAM is 
a Reeetied, what ate the other four bits used for? These 
eee ee sed for hardware attributes, such us inverse 
and flashing 

6.3. Banking and memory locations 

in the 256 TC, locations oFo0dh to OFFFFh are 
eeserved for use by the VOU RAM, As thete 1s obviously 
eset en 4 Of RAH that has to be accessed, some sort 
Nore aking axrangement is necessarily, The banking usec 
OF pene bee TC has been made as compatible as possible 
ith earlier Microbee models. 

gneve are th¥ee. bahke of VOU memory that con 
appear froi OFo00n to OFTEFh (Zaguro 4.21. The first 4s 
eee" i yaracter RAM, and thas is the default one upon 
Eawersup BE. désct. The second is the character 
BOnerator ROM, Thag: is selected by setting bit 0 of 
gene gbh to a one, Ie as deselected by setting the same 
Ett to a ero, The third bank of RAM as the 
RAM This is selected by setting bit 4 of part 1ch (the 
Que jatch), It is devselected by resetting the sane 
pit 

tube ~ 1348p 
FO00h - F7FFh 

ON gre Bering 
‘Screen RAM POG RAM 

Colour RAM 

gp aout BFTF) 

gig. 4.2, YOU memory banking 
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Between OFa00h and OFFFFh, tyo: banks of VDU RAM can be selected (figure 6.1), ‘Firstly, the PcG RAM hormally regides here. The colour RAM, ‘however, can’ be made to overlay this area By setting bit € of port Jen 0 @ ene, and can disabled by setting the same bit to a 

the case of exther thé artribute, sereen, colour or PCG RAM being enabled ona 256 1G, ‘there 16 also a mechanism for selecting which bank of the Particular type of RAM you are talking to leg. you May Want tol access the third Bank of BCG RAtt). Aigo, in the ase of having 8x of screen, attribute or colour RAM, ‘you may want to access another of the four Possible banks of these RAMs. Todo this, the bank. that you wish to access should be selected by setting the Humber on the bottom four bits of the port ich (the vb latch}, 

At this point, please note that the hank of Screen/colour/attribute/PCG RAM selected by the lowe bite of the WML are not those that are being displayed, but those accessable by the processoz, If 256 TC mode is enabled (1.e,, bit 7 of the WNL is set) the 6545 Screen start address will determine the first address in screen memory being displayed on the screen 

In the case of only having @ Single 2k bank of Screen/colour/attribute RAM, this will not be the case, as the addressing will "wrap" around, and use the same locations in any case 

4.6.4, Hardware attributes 

The 286 TC has add:tzonal cireuitry to allow Brogramnérs to set flashing and inverse attributes te characters, without the need of using extra PCG characters, Haxdware inverse and flashing may be attributed to characters by setting bits 6 and 7, respectively, of the corrsponding byte of ateribucg RAN. 

The Turbo Pascal program tisted below demonstrates the use of bits 6 and 7 of the attribute RAM to set inverse and flashing attributes 
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(286 TC hardware inverse/flashing demonstzaticy | 
var 

1} bytes 
ch char? 

begin 
porti$ie] == 194s (atch the Abtesbute RAM? for 1 i= 0 to 23 do 

memt$£000+1) += 64) (Set Bit § for Ist message! for 2 = 0 to 24 do 
memi$£000+80+i1 j= 128) (St Hit 7 fo¥ dnd message fori := 0 to 32 da 
mem(S£000+(2480)*29 y= 192; 

(Set bits 627 - 3rd message) 128; (Lateh Screen Ray - a+ enabled] porttsic) 
elrser; 
writeln(/This 4s hardware INVERSE’); writeln( (This is hardvare FLASHING!) ; writelnt ‘This is hardware. INVERSS/ELASHING! )3 read (kbd ch) 
porttsic) i= 0; (besable at mode! end 

6.8. Colour RAM, 

The 256 TC uses @ single yte of dolour information per character location on the streen, with the colour RAM being selected at location QF800h by setting bit 6 of port 08h to a one. The function of the colour RAM bits are as follows 

reground Background 
Bit 0 - Red Bit 4 - Red Bit 1 - Green Bit 5 - Green Bit 2 ~ Blue Bit 6 - Blue Bit 3.- Intensity Bit 7 - Intensity 

The function of the intensity bit 1s not as che might expect. Half intensity is enabled by secting the bit to s zero and full intensity by setting it to 3 
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40626. Summary. 

video Memory Batch ~ port 1¢h’ 
Bit 9 - 3 pea/thar/Attr/col Bank Select 
Bit 4 Attribute RAM Enable 
Bit § ECGS ROM “AY Select (not Used) 
Bit § Reserved - always set to Zoro 
Bit 7 Alphat mode enable 

Attribute RAM 
Bit o- 3 PCG Bank Enable 
Bit 4 Char ROM select 4x’ blocks. Link 116 
Bie S Char ROM select 8k blocks, Link L6,7 
Bit 6 Inverse (hardware select) 
Bie Flashing (hardware select) 

Colour RAM 
Bit 0 — Foxeground Red 
Bit 1 - Foreground Green 
Bit 2 - Foxeground Blue 
Bit 3 — Foreground Half tat 
Bit 4 - Background Red 
Bit 5 - Background Green. 
Bit 6 - Background Blue 

7 ~ Background Half int, 

colours 
Haig Thtensity Colours Fuld mntengity cotours 

0 - Black 8 ~ Dark Grey 
A — Red IT 8 ~ Red 
2 - Green 1) 10 - Green 
3 = Yellow Tr (srown) LL — Yellow 
= Blue TT 12 - Blue 
5 = Magenta 11 13 — Magenta 
§ - @yan IT 4a - cyan 
J = Light Grey 15 = white 
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7, Programming the PIO 

The BIO is a 280-tamily device, used to provide a 
TM-compatible interface between the 780 data bus and 
peripherals 

The PIO 18 2 dual port device and is used in the 
256 TC to interface the parallel, seriai and cassette 
porte to the Cpl, Port Aof the PIO is reserved 
exclusively far the parallel port, Thé paraite! port 
cannected directly to PIO and soas available for use 
by the programmer in any of the four 10 operating 
modes. Port B is configured permanently by the 256 TC's 
hardware for ‘bit-mode’ operation, providing the soral 
and cassette ports and keyboard’ activity detection 
Further details can be obtained from the "Zilog 
Components Data Book’ (1983) or the  ‘scs 280 
wacroprocesser Family’ data book (1982) 

.7)1, Operating modes 

The BIO offers the programmer four different 
operational modes. Mode 0 (or ‘Output mode’) elious 
bytes of data to written to the port. An active (high) 
Ready output is used by the PIO to indicate to 
peripheral that data is ready to be transmitted. On: 
data has been transferred, the peripheral should 
respond with an active (low) strobe inpat, which w: 
an turn generate an interrupt if interrupts have been 
enabled 

Mode 2, Input mode’, uses an active thigh? Ready 
signal to indicate to the peripheral that data is ready 
to be read. The peripheral should then place 
onto the I/O lines and strobe the port by taking 
Strobe signal low. This causes the data to be latched 
into the input registers, resets the Ready line and 
triggers the interrupt request, if enabled 

Mode 2 allows ‘bi-directional’ deta 1/0. This mode 
requixes that port B handshake and interrupt signals be 
used when data is being read. As all versrons of the 
Micrahee use port E co interface 88232 devices and a 
cassette recorder, it is not possible to support this 
mode, Instead, the spaze port Bdata line (DB7) is 
connected to ‘the parallel port (pin 15) and may be 
used, with additional hardware, as a data direction 
indicator (this 1s implemented with the  Starnet 
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network). The Starnet sets DB7 high to output data 
bidirectional date buffer, connected to parallel port 
When DB? 18 sent low, the direction latch on the buffer 
1s changed and data can be read 

Mode 4 ie ‘Bit’ mode, This mode a1iows you to 
configure any of the data bits for esther anput or 
output * mode dees not use either the Ready or 
Strobe signals, instead it can generate an interrupt 
whenever the state o£ an input bit is changed to a 
Programmable level (the interrupt mode is configured 
uhen mode 3 1s selected) 

4.7.2, PIO configuration. 

The 286 TC has dedicated ports on and ozh as che 
PIO port A and B contrel porte respectively. The 
control ports are used to configure the operation of 
the Pro’s data porcs., 

When configuring a port for modes 6, lor 2, the 
BIO requires that you send to its relevant control port 
a ‘mode contrel word’ (figure 4.3) which may be 
followed by an ‘interrupt vector word’, if interrupts 
are to be enabled (figure 4.3) 

Et tf 
Mode select Notused —Identiles mode 

‘control word: 
2 | 0 - mode o 
0 1 - mode 1 
10 ~ mode 2 
11 mode 3 

INTERRUPT VECTOR WORD 
Fig. 4.3. Mode control & interrupt vector words 
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When programing 2 PTO port’ for ‘hit! mode 
operation (mode 3), the PIO requires that you send 1 
three additional words to those described abave 

The mode control word’ must be _ folloned 
immediately hy an ‘I/O register Gontroi word’. This 
byte defines the data direction of each of the eight 
data lines (figure 4.4) 

a7 [oe [os [4 [03 [v2 [or J 00 

6 sets bit to outpat 
1 ~ sets bit to input 

1/0 REGISTER CONTROL. WORD 

9. §.4. The I/O register control 

The ‘interrupt control word’ derunes__ the 
conditions hen interrupts wili be generated (tzgure 
4.5). Because handshaking signals axe not used in mode 
3, it 48 necessary to generate interrupts as a logic 
Elnction of the input signal levels. When the AND 
function is selected, an interrupt will be generated 1f 
all input bits change to an aétive level. selecting the 
OR function will cause an interrupt to be generated 
when any of the input bits change te an active level 
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0 Active tovel is ow 
1 Active level is high 
‘9 Interrupt on OR function 
{Interrupt on AND function 
0- Interrupt disabled 
1 Interrupt enabied 

INTERRUPT CONTROL WORD 

4.5, The hterrupt contro? word 

you are not using aL1 the data lines, chen get 
D4 an che ‘anterrupt contre? word’ to 1. This indicates 
to the PIO that a ‘mask control word’ 18 about to 
fellow, A ‘mask control word’ simply indicates to the 
PIO which data lines are not going to be used (figure 
4.6). Any bits containing a zero value in the ‘mask 
trel word’ will be regarded by the PIO as. being 

masked 

o7 [os [os | 4 [03 [oe [or [00 
a | 

(MBO-MB7 mask bits. A bit is monitored for 
‘an interrupt if it is defined as an input and 
the mask bit is set to 0, 

MASK CONTROL WORD 

Fig, 4.5, The mask control word, 

‘There 18 one £anal control word that may be used 
with the PIO. This is ‘interrupt disable word’ (figure 
4.7), This Word allows you te enable or disable 
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interrupts, at any point of operation, without having 
te change any portions of the ‘interrupt contral word’ 

we peletotelitt) 

Not used Tdentifies interrupt 
0- Interrupts disabled _—_dsable word. 
1 - Interrupts enabled 

INTERRUPT DISABLE WORD 

Fig. 4:7. The anterrupt disable word. 

As we have mentioned previously, pore B of the 256 
we’s PIO has additional hardware attached to it and so 
it ts not recommended that any pfegramner attempt to 
change the direction of any of the bits other than DB] 
(bit 1), Thia bit 1s now used by the keyboard circuitry 
to detect keyboard activity and is set as an input. If 
you wish to use the cassette output line, you 
Tecontigure this bit fo ah output but you must 
program if to an input once you have finished sending 
data to the cassette, The keyboard will not operate 
unless DBL is set as an input. 

The default configuration of bort 8 on the 256 TC 
18 deseribed below: 

PIO port B defavit ‘bit made’ configuration 

BIT SIGNAL CONNECTOR DIRECTION 

DRO Cassette IN X11/pin $ 
DBL Keyboard xal/pin 3 
DB2 Clock Ra/pins 20624 
RI CTS 5 
DB RxD a 
DBS TxD 2 
DBS Sound X6/pin 3 
DB? Direction xispin 14 
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the disk formats 

The Macrobee 286 TC BIOS provites for two types of 
dusk formats on 3.5" disks, The first format is the 80 
track format (400k) which uses SSDD dasxettes. This 
format is provided fo maintain compatibil:ty with disxs 
created on earlier versions of the Microbee [Computer 
En-A-Book, etc! 

An 80 track (800K) format, using DSDD diskettes, 
as also provided. Please note that the 256 Tc BIOS 
allows either format to be used in any combinations 
(i.e-, it is possable to use a 400k disk in one drive 
whilst having an €00k drive in the other drive) 

ne 256 TC CP/M disk formats use the MPM recording 
scheme with a system 24/ND2793 organisaticn. All sides 
dn one eylander use the same track number. The 
Suvermest track 1g numbered ag 0) Che innermost track 
Ss esther 38 or 78 (decimali, The format sets the 
‘gide! byte to Zero on oth sides of the diskette 

Seetor numbering +s dependent upon’ the format 
being used. The single sided (400%) format uses 10 
sectors of 512 bytes. These are formatted linearly with 
values 1 through 10. The double sided (800k) format 
uses sector numbers 1-1) on cylinder 0 and sector 
fumbers 21-39 on cylinders 1-79 

The physical sectors on the disk are interleaved 
by €B/M using the following translation tables 

séetor numbering 1-10: 
itd? ab 2,5,8 

ab 1,4,7,20 
ab 3,69 

Sector numbering 21-30: 
rekew with offset of 20 for 80 track disks 
ab 22,25,28 
ab 21) 28127,30 
do 23,26,29 

witb: 

To access the physical sectors of a disk, Bi0S 
calls should be used in preference to te direct disk 
eontraller access 
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A list 6f che disk patameter blocks for bath 
formats are listed below 

D.P.B. for 3.5" 80 track single sided disks 
format di Double density, 10*512 byte: sectors 
for most work, giving 410k per drive 
this one is a double sided cylander format 
shifted 3 sector skew should allow 6 revs per sea 
for sequential reading/wrating 
Thas 1 spread over $0 tracks of oie side for 3.5" 
Grives and 40 tracks on two sides for 5.25" drives. 

db xitd-xit base jsector translate table 
j0X02 1e'the “don’t corfect for 40 track IBM style" bic 

db 0x02 jorganised on side 0 only 
ab 3 jsector mask 
de a0 psectors per track 
ab 4 Lock shift factor 
db 15 jblock mesk 
db 1 yextenc mask 
dw 194 jblocks per disk-bS only 
ay 127 ih a tries 
db 192 palloe 0 
ab 0 yar 
dw 32 jdaz check vector size 
ay 2 psyaten track offset 

D.P.B. for 3.5" 80 track double sided disks 
format b: Double density, 10*S12 byte sectors 
80 tracks per side, double-sided format using 
78 data tracks to allow same organisation for system 
track storage as SS. 

db Rit base jorfset from alt base 
ab }280 track + up/down 
db jsector mask 
dy 40 psectors per track 
ab 3 jblock shift factor 
db oxie pblock mask 
ab 0x03, jextent mask 
au 134 pblocks per disk (DS) 
dw 127 5% directazy entries 
db 0x80 palloc 0 
abo jalloc 1 
dw 32 jdir check vector size 
av 4 isystem track offset 
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System Programming 

The aetual D2B starts after the-semicolon in each 
augting, The three items before the gtart of the DPS 
used by the BIO$ to control various modes of operation 
The maln item of interest is the mode byte, the second 
of the three bytes, The various hits in this flag byte 
have the following meanings 

Bit 0 - Up/Down format 

JE thie bit d8et the isk is organised in 
cylinder format, alternating between sides as the disk 
1s traversed from the outside to the inside 

Logical track 9 2 @ 3 & §& & Fs 
cylinder 1 @ 2 f € SB B 8 
Side a 4 eH 8G a OF 

1£ the ‘up/down format’ bit 1s zexe then the 
ks ‘are flmbered first inwards on side 0 and 

outwards on side 1 

fogical track 0 81 2 3, 36 a7 B38 
cylinder $ £ gw su os a F 
Side $ &€ © uk 2 2 - 

Bit 1 — Disable 49 track folding 
If this bit is set then the folding at track 40 

will be disabled, allowing access to all @0 tracks on a 
single sided disk, 

Bit 2'- Enable agcess to #00k dusk, 
f this bit is Set then the férmat is an sox 

format disk and access to both sides of an €9 track 
disk will be possible if the up/down bit 15 set. 
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System Programming 

The DGOS tape format. 

the 286 Te; like other versions of 280 based 
Microbee computers, supports an extended ver 
hese (David Grifciths Operating System) cassct 
format 

this extension of the DGos format as :den! 
ziginal except for two bytes (unused In the original) 
whigh aze used to indicate tepe speed 

Bytes Name Beseraption 

16 NUELS AE _ lease 16 NUDES (usually mn 
1 ‘sof art of header character (01h) 
6 NAME Left justified name. Maxamum of 

6 chars, padded with NUDLS 
z TYPE File type character 
2 LENGE Length ef file in 280 torinat 

(ie,, LSB, MS8 format? 
2 apDR Load “ddress of file 
2 ADDR Auto. : 

FL_FXEC is <> 0 
a SPEED 0 = 300 band, 

ero = 1200 baud 
1 EL EXEC WL, te auto start, else o 
a SPARE 
1 cK checkeun byte for head 
296 DATA 256 bytes for each £41 
1 OK Checksum for block 

jes esee DATA BLOCKS 

? DATA jast ploek, Fength <= 286 bytes 
i orc eae for iast block 

‘The checksum is éalewleted using the following: 
formula: 

ero 
Bor each data byte " 
¢ = CBitd - ¢) 

" ane bieek do 
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System Programming 
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Connections 

5. Connections 

This chaptét details the signals. connected to cach 
of the physical connectors and the port maps, 

5.1. Finding Pin 1. 

Leaking at the board from the 1/0 edge with the 
mask overlay the correct way up 

Gonhectors Xl, x2, XS, X6, XT, Xa, X9) X10, X21, 
X13, Sid are numbered from tight to" left, the reverse 
of the c/s: 

6 5. A. 3.82 
H&K. Ke, wecohd row M1, #2 8 Rro 

Connectors Ki, K4, H12, Kie-ate numbered from test 
eo Fight 

connector X15 numbered the same as a 14 pin IC 

5.2, Parallel port bB1s — x1 

1. $3 vouTs 9, 412 same as input voltage 
2. Data a7 10. Data a6 
3. Data AS il. Data ag 
4. Data a3 12. Data a2 
5. Bata Al 13) Data Ad 
Printer strobe 14. ‘Data BT (fdr Starnéc) 
7. ARDY 15. ASIB 
a. OY or ground 
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connections 

Serial port DaZS ~ x2 

dm wiie 
6 
7 
8 
3 
1 

wie 
Transi 
Recei 
w/c. 
Clear 
we 
0 vo 

mit TxD. 15 
ve RXD 16 
to sone ers 1a 

te (ground) 20 
Pullup resistor +5 volts 21 
#12 volts 22 
N/E 
N/e 
we 
ne 

dick 

Bo 
DL 
D2 
Da 
Da 
DS 
os 
D7 
Ro 
aL 
a2 
Bort 
xu * ee 

Ma 
TORQ 
aL? 
FP SIDE 
RESET = 

System clock 2.275Miz 

interface 40 way ~ x3. 

aon 
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nye 
wie 
Light en = 
nic 
M6 
nic 
cloek 
wie 
Nie 
Nic 

ebK 

CLK ink to. 
Nic 

(684s) 

20 

PEO) 



5.5. Floppy disk interface 34 way - 

0 voite 

connections 

xa. 

nie 
Link to ready, 
D seiect 
Index Bulse 

step 
write 
Write 
Track 
Write Protect 
Ray Road 
Side Select 
wre 

5.6, Floppy drive B: power connector — x5 

+5 Voles 
D Volts 
NIC 

5.7. Speaker connector — x6 

1. Rudi signal 
2. 0 Volts 

5.8. Floppy drive Ay power connector 

+5 volts 
D volte 
+12 Volts 
Nic 

+12 Volts 
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connections 

5.4) Ploppy drive alignment test points - xa. 

0 veirs 
2. TL adjust Rv2 34 pin 29 + .bus 
3. TR2 adjust RV) U34 pin 31 =250n8 
4. TPS adjust cv1_U34 pin 16 ~ 2us 
5. TEST connect to pil 1 to make adjustsients 
6, +5 vorts 
Please refer to thapter 3 

5.10; Rewer connector to power supply ~ x9 

1, #5 volts from power supply 
2, 0 volts. 
3) #12 volts to power supply. 
4. 0 volts 

§.11, Colour port DBs - x10. 

1, 0 vents 
2) 0 volte 
3, RED Th, 
3) GREEN TTL 
3, BLUE TTL, 
6. Intensity 
7, Comp. Syne (Neg! 
8) Horizontai syne tpos). 
9, Vertical Sync (pos) 

5.12. Main plug 9 pin DIN - XL 
1, +12 volts @1.5 amps 
2, 0 volts 
3, Cassette "SAVE". Cie 
4) Composite Video (monochrome) 
5. Cassette "LOAD" - pe 
SHIELD connected te 0 volts 
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Connections 

5.13, Expansion port 50 way — x12 

2 

é 
7 
3 
a 
1 

(2 thav-Taput/outpur: Power to or from Unit. 
iA @ volts systen ground 

Port 6#H or 14H + (0) select with link L14 
IEQ or TET * (Toro) gelect with link 113 
+ used to slow down cru 

interrupt input 
indicates CPU halted 
nO maskable interrupt 

CBU CLOCK 10) 3.375¥ 
BUSAK * (0) acknowledge bus request 
BUSRQ © (1) Feguest use of bus 

@ +5 volte from main supply 
RFSH * (0) refresh on DRAM 
RESET + (1/0) open collector driven 
Mi > Co) instruction fetch 
TORQ. * (0) indicates port access 
RD * (0) read strobe 
WR + (0) deglitched write stb. 
PEANTOM * ( 
MREQ + (0) indicates memory access 
Address 14 
Addzess 15 
Address 12 
Address 12 
Address 10 
Address 11 
Address 
address 3 
Address 6 

Notes : (0) = output (1) = input (+9 = active iow, 
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Connections 

5.14. Keyboard 15 way ~ X13 

1 ¥6o 3870 pin 17 
2 nos pin 18 
3 mow 19 
4 ened 22 
5 " 23 
6 eed 24 
7 " 25 
8 " 5 
3 7m 4 
it aad 5 
ree 4 6 
a2 nos 34 
3 + 38 
14 "oy 36 
4s a 37 

5.15, Keyboard 8 way ~ x14. 

uso 3870 

5,16, Serial keyboard 14 pin DIP header — x15 

1 9 veits a4. +8 verre 
2. 0 volte 13) oN/e 
2 one 12, Keo + (0) 
4. LOAD EN * (0) a1. KSTB 
3 ONG 10. DATA EN (o) 
6 NIC 9. Nie 
Th We BNC 

9.17. Serial port internal connection — x16 
a 0 volts 2. clock CLK 
3 0 volts 4. 412 volte 
5. 9 volts 6, clear to send CTs 
1 0 volts 8. receive RED 
3. volts 10, transmic THD 
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Connections 

5.18, Port maps. 

The following details the port maps of the 256 TC. 
some of these ports are only used if the related, 
optional, parts are fitted 

Port Punction 

oon BIO port A data port 

ein PIO port A control port 

oan PIO port Bidata port 
bit 9 Cassette data in 
bit 1 a, ‘Keyboard interrupt internal 

b, Keyboard data external 
¢, Cassette data out 

bit 2 -_RS232 CHOGK or DIR line 
bit 3 RS232 Clear To Send (CTS) 

(a= true) 
bit 4 -RS292 Receive Data (RxD) 

(0. = mark) 
pit § «S292 Transmit Date (TXD? 

(= mark) 
pit 6 © Speaker bit (1 = on) 
bit 7 a. Network data direction 

b. RTC interrupt bit 
8: VSYNC interrupt 

o3h PIO port B control port 

bah RIC address port 

veh RIC wEste port 

a7h RIC read port 

osn COLOUR control port: 

bit 6 COLOUR RAM enable 
(= BCG, 1 = colour, 
Ped0h-FFFER) 

09h 40 column video mode INPUT from port 

LD ayt 
i ay (9) 40 column 

ID -aid 
IN a, (8) 80 column 
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ah 

bab 

och 
Oph 
Eh 
ion-19n 
aR-17B 
eh-1BA 
aeh-1Fh 

son 
aan 
42h 
aah 
48h 

Connections 

Decoded but not Use, 
Used in ROM Microbees for Paks, 
Character ROM CPU access - makes ch: 
ter generator ROM appear from FOOCh to 
PIEFh when bit 0 of this port 12 get 
6545. CRTC control port 
6548 cate data port 
not USED. 
Sound chip Tédasay 
Decoded - possibte use £8r second 
Tnterhal Keyboard 
video Memory Lateh 
bit 0-3 PcG RaW, 

RAM, at 
selser 

sozeen RAM, colour 
abute RAM bank 

bit 2 Enable rea 
attribute RAM 
bute RAN appear from Fo 
FIBER 

bit 5 Do Not Use, Should always be zero, PSS ROM ‘A’ select 
bit 6 Reserved - always get to 0 
Bit 7 Extended PCG character sets enable 
Disk controller conmand/etatus register 
Disk controller track register 
Disk controller sector register 
Disk controlier data register 
Disk controller select/side/DD iateh bit 
assignments (write only) 
bit 0 LUSH of Urive address 
Biba MSB of drive address 
bit 2 Side select 

(o-side 0, 
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connections 

pit 3 BD ss 
(a = single density? 

1 controller TRANSFER 
status bit ~ gives 
INTRQ or BRO 

30h DRAM active block selection (all set to 
Q on reset), pits 0, 1 select which 32k 
bank of RAM appears from 0000h Co TF 

Bit%q BAB} Rawat 00008-7FFFR 

a ° Bank ovbLock 0 
° a jank 9 block 2 
1 0 bank 1 block 0 
1 a bank 1 block 2 

pit 2 ‘Disables ROMS. When tow, ROM 
i (ua8) appears from B900h to 
BEEF 

bit 3 ‘Disables video RAM when high 

pit 4 When low, video RAM appears at 
Foch to FEFFh irrespective of 
RAM select bits 0 and 1. When 
high, video RAM is from ec00h 
to aFeFh, again, irrespe 
of bits 0 and 1) 

bit 5 When s@t, enables second 128% 
DRAM into the low 32k area of 
memory 

sen pit 0 Low. selects. internal floppy 
disk drive 
High selects external Floppy 
or hard disk drive. 

biti External keyboard control 
High latches KCOM © 

Bit 2 High latches LOAD BN * 

bit 2 High latches DATA EN * 

eon File server selection 

68h Reserved for #530 Sc 

TOR Decoded - not USED 

78h Decoded ~ not USED 
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Connections 

iank selections: 

Wath whe statidard mode. 256 Tc, only one 1ank hes 
Been changed (18 - the flashing rate lank}, Lanks will 
ony have to be changed wheh certain options are 
eitted 

Legend = oz | Linked with track 
: Permenently connected 

at AL BL Join AXB for R822 ree with UL3 

12. A==B. CHE A)Beat ound IC. U24 installed. 

pet ALB, ©, ABVSYNE. BeRTC INT, CHNET DIR 
1 

Pyo.cBiv.-D.  FED,= Pan34 U1 PIO 

4 A. Be Link READY signal a4 to %4, Pin 4 

8 Ay. Bie. @s1-sD,  ADS-HLIT timang on the. 2793 
1 uaa 
fh, (FB 

ue ALG: CHARACTER Row SeLecT 4732/2784/27128 
4732 link D--G, C--P standard 

2 2932/2764 link ’A--D, Fond 
1 27128 link A--D, Fe-d + LT 
a. iz 

uy A.-- B. ©, CHARACTER ROM 27128 
CUT A-B joan 5-C 

8, Ayee-Bee: (6it4sDi02B, Change: flashing rates 
1 

f , Bo ® 

19 AL Be-= Cy REMOVE BUFFER cut B,C goin BA 

aio. A.-- B.C, RESET CPU only on BOWER ON 

D -- F. Change HS¥No colour port to CouP 
syne 

it, oR. B.  ASNME BeDelayed Reset from SWI 
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connections 

aa 6G. GU AB ana 
Colour RAM 
Cut D/E and Join E=-F for a 6264 

2 Soreen RAN. 

Br-¢ for a 6264 

eee. 3. Cat GH and oi E--J fora 6264 
Actribute. RAM 

tia A. Bee ASIED UL, pan 24 
Bex12 pin 6 (50. way! 
eaIE0 UL, pin 22 

nit AL Bin. AgBort TA? 
12 pin 5 (50 way) 
ort 68 

me om BS etribuve Bit Aa (bAI2) 
53 pin 2 BIZ 

D. e248 Velts (High 4k block? 
Deo Volts (Low 4k block) 

pactory modifications 

ahs eeetiona ists all of the modifications being 
made to all 286 Tes as of the date of publication 

1, Bual apes disable 

as the dual speed option cannot be supported at 
the pregent time, boards should have the track 
the eeted to pin iS of UlLO Cut (component side). The 
Stine through hole should then be connected to pin @ oF 
bio 

2. POG write delay 

pisconnect. pan 12 of Us6 fiom the bosTd and’ joty 
the print throtigh hole closest to pin 3 of X1S to the 
SenePenroagh nearest X15, under the nicad battery 

286 TC Technical Reference son 



$:20 

connections 

3, ma delay Line. 

cue the track under R58 (solder side) next to the 
jeg closest to pint of UT6 

.A, £296 ground strap. 

A ground strap must be connected. from the mounts 
derew” Ze the 1296 regulator to the dv legs of Cat an 
az 

5, F-354l drive earth strap. 

the Ov ine and framé°ground of the disk drives 
mist be shorted. Use a short, length of wire between pin 
ee (en the disk drive PCB) and the track connected 
the nearest mounting screw, 

6: PCG chip select. 

gene earty releage had an 7aHCi57 fitted as U6s 
this should be replaced by a 74ALS15? 
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Component Reference 

6, Component Reference. 

this chapter wides you with 
reference for every component weed in the 

6.1. Maanboara - 970.755 

Gomponent Description Comp: Ree 

550.508 upssas 286 TC ECB 
£00,081 280. FIO «1/0 interzacé BL SockET 
S10, 008K 74ac08 AND. gate Ww 
610. 032HC 74He32 OR gate 3 

Hex inverter ua 
610. 07aue Dual D-type Flip-Flop us 
519 _900HC NAND gate ve 
610, 004HC Hex inverter ur 

Three Input NAND cA) 
286k DRA us 
256% DRAM vio 
286K: DRAN via 
258k DRAM aed 2 751701 RSQ32 TxD/RxD ULa *RS232 

610. 261%¢ 74HeL6L 4-bit Binary Counter ula 
610.S41HCT —74HETS41 etal _BUEF: pis 
500.080 230 CPU Central Processor U6 socKET 
610.s¢1ucr TacTS42 otal BUEFER ul7- 
518,256 4256 256% DRAM ms 
618. 256 4256 256K DRAM wis 
418.256 4256 256K DRAN 20 
618.256 1256 256K DRAM val 

niu 22 
aya 23 

613.489 76489RN Sound Generator U24 *Sound 
00.660 TSC7660 «DC to DC converter «25 *RSZI2Z 
19-904 7aLso4 Rex inverter uz6 
10. S41KCT #CTS41 Octal BUFFER u27— 
610, 1 74H Hex D Flip Flop uze 
610.157HC Multiplexer u29 
10. 157He. 2 7 Multiplexer u30 
610.1878C 74HC157 Multiplexer U3i 
610 _092H 74HC32 OR gate a2 
610 125He aHci2s S-State BUFFER ua 
600.795 2793 Disk Controller 034 SocKET 
610, 074KC TaReT Dual D-type Flip-Flop U5 
610/175HC waHci7s -Quad_D Flip-Flop 36 
610. 645RCT T4HCTS4$ Octal ‘Transceiver 37 

BOOT RON 27128 U38 SocKET 
B10, 0148 PAL 14tg PAL Silver U39 SOCKET 
810. 032He anes, On gate Wao 
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Component Reference 

store No Component _Desertption comp. Ref 

629. 011Ne 7aHCTI Three-Input AND 
61a, dosHe 74HC08 AND gate 

0 oa2He 748C32, OR gate 
613.386 M386 Oper. Amplifier *sound 
611.006 7486 Hex Inv, Buffer 
gio 139Hc 74HC139 «Decoder 
619. 166HC T4HC166 Sift Register 
610. d04He T4Rco4 Hex inverter 
610. 074HC 748CT4 Dual D-type Fiip-Fiop 
610,139HC 74ici39 Decoder 
620.521 4521 Binary Counter 
618.2106 PALI2I20 © Gold BAL SOCKET 
04.516 TMG732 Character Generator socKer 
600.2648 6264-15 64K CMOS RAM MPC. 
600.2648 6264-15 4K COS RAM *P CL. 
600.2648 6264-15 «4K COS RAM 
600.2648 6264-15 64K CMOS RAM 
511.007 7407 Hox Buffer/Driver 
510, 032K y4nca2 OR gate 
618.870 3870 Keyboard cru SocKET 
610. 541H0r J4HCTS21 Octal BUFFE! 
610. 157HC 34HC157.  Multuplexer 
€10.157ALS «74ALS157 Multiplexer 
619. 273HC 74NC273. Octal D Flip-Fiep 
610.SaiRCT —74HCT541 Octal BUFFER 
610.645HCT  748CT645 dct al Transceiver 
610. 032K TaHe32 OR gate 
510.1 758¢ 7486178 Quad Flip-Flop 
610.393HC T4He393 Counter 
510,136HC 7480138 1 of 8 Decoder 
610! 002KC T4Kco2 NOR gate 
610, 645HCT 74867645 Octal Transcerver 
610. 574KC7 Octal D Flip-Flop 
10, 157HC Multiplexer 
610. 157Ke Multiplexer 
610, 004He Hex inverter 
610.175HC 74HC175 Quad D Flip-Flop 
610. 008HC J4Hooe AND gate 
61017486 74HeL74 © Hex D Flip Flop 
610 og6He ances Exclusive-oR Gate 
610. 004HC 748004 Hex inverter 
610 a74He 74HCT4 Dual D-type Fiip 

asa 
610,645HCT —-74HCTS4S Octal Transceiver 
610, S74HCT 74R6TS74 Octal D Flip-Flop 
610,1578¢ 74HC157 Multiplexer 
610.157HC w4ucis? Multiplexer *P.c,6, 
810, 138HC T4HCL38 = of 8 Decoder 
610. 032He 74uc32 oR gate 
610.57¢HCT | 74HCTS74 Octal D Flap-Fiep 
610.157KC 74HC157 Multiplexer 
610.574Hc7 74aCTS74 Octal D Flip-Flop 
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Store Wo Component. _ Deseraptuon Comp. Ret 

@10.svaeT = 4HOTS74¢ «© Octal D FItp- 93 
G10.64sHCT —7alleT6as Octal Transceiver ved 
Slo vane qaHeT4 Dual D-type Flip-Flop u9s 

S116-15R5P 2K CMOS RAM(OR 62615) 96 
S116-15ASP 2K.CMOS RAM(OR 62645) 97 
G116-15ASP 2K CMOS RAM(OR 62645) 98 
j4ac1s?—-MultapLexer 99 
55455 ent controller Vio SockET 

C j4ues73 — Oetal latch Dior 
Do? 7407 Hex Bufter/Driver Bio2 ao0xe 74AC00 NAND gate 0103 gre 
Ble Mci46a18 © Real Time Glock vied RTC t40 cas lao Oper, Amplifier u105 acaRe ‘raucoe AND gate vine 
onane 74 Hex Iny. Sehiitt Trig UL07 
ooorc qaiieoo NAND gate vios RTC o32uc 74Hea2 OR gate wis 

néu ino ei0.1stae 74HC1S7 Multiplexer gui 
alu unig 

300.101 LOR Resistor 1/4 watt Ra 300 103 Lok ij it R2 300.102 “ as Ra 300-102 " " i 
300.472 * aie RS 300.252 ” cats = 
309.102 « oo ge 
300.102 7 wD Re 300.470 * os RS *RS232 300.102 " * Rig 300 12 " am) i a 
300 183 a st B12 300.152 " iO RLS 300.183 * bine RLa 300.152 my a RIS 300.471 7 be RIé 300/471 , Pars R17 300.472 * “4 Rie 300.103 * a Rig 300.152 * an) R20 300,100 = ahd R21 *Sound 300/102 " nos R22 300.181 = oe R23 *Sound " a aa 
300.100 : ed R25 Sound 300.202 * now R26 
390.331 " # # R27 
300.182 " wom R28 
300.103 * " R29 
300.183 * a R30 300,152 * a) a1 
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Store No. component Deseraptzon 

309.152 Resistor 1/4 wat R92 
300223 id % 33 
300,102 if " Rad 
300.331, * ¢ 
300,820 : 
300.331 2 * 
300.472 . " 
300.102 =) 
300.103 " 
300.820 s) id 
300.681 B z 
390.331 i o 8 
300.331 * A 
300,472 “1 ‘ 
300.333 eo 4 
300.105 eK 
300.108 bi yt 
300.472 t me 

300:182 " raed 
300,105 " ay 
300.154 yw 
300.475 ) 
300.102 " “ts 
avery = sm 

300:472 ” ae 
300.102 * nee 
310.472 g*4k7 resistor Sip 
310-102 31k _ 
310.472 gray ° 
320,010 Lok pot Lok crimpet 
320.050 Sok pet «0k ‘tximpot R 
320,002 2k pot 2k trimpot RV3 *Sound 
320.006 Sk VoL Sk Volume Cont, xv296RE RV4 

420.587 augue tag Cap, 16v ct 
410.301 bine Our Ceramic Cap 2 to €8 
412.401 ue {uf Monolithic Cap C10 te C1d 
420.601 ius Tag cap. 16v ora 
410-301 o1ue Olut Ceramic Cap a5 
420, 216 ooiue “oolut ceramic cop O18 
410/301 o1ue D1ue Ceramic cap e17,er8 
432.401 ius jug Monolithic Cap C19 to C2t 
420,601 due ag Cap. 16v aa 

n/a 23 c24 
420.847 a.tue Tag Cap. 16¥ 25. 
410,302 o1ue ‘Olut Ceramic Cap 26 
420.6108 tout Tag Cap. 16v C27 *RS232 
410.122 220pt Ceramic cap 28 
412.401 tut Auf Monolithic Cap C29 
410,303 lonut Oiue Ceramic Cap 30 to c35 
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410,302 
410-301 
420.6105 
410.301 
420.601 
410.301 
410.302 
410,302 
412.401 
422.701 
410.401 
420.602 
410,302 
420,302 
420,601 
410/302 
420,902 
420,301 
420.547 
4101301 
420.601 
10.301 
420,547 
410.301 
420/601 
410,301 
420.602 
420,301 
420.301 
410.122 
420.468 
420,301 
420.033 
410.247 

410,033 
470.301 
420,601 
a1o.301 
420.601 
419.301 

component Reference 

component _Descraption 

oiue oiue Ceramic Cap 
Loiue Oiug ceramic Cap 
jour Tag cap. 16v 
Lut Diur Ceramic cap 

iat tag Cap, 16v 
Olut Cezamic cap 
Olut Ceramic Cap 
ius Ceramic Cap 
Inf Monolithic Cap 

16V Electro 
Olus Ceramic Cap 

Tag Cap, 16¥ 
Out Ceramic Cap 

nyu 
Out Ceramic Cap 

fag Cap. lev 
Oiut Ceramic Cap 

Electro 
O1ue Ceramic Cap 

Btectro 
Qiue Ceramic Cap 

Tag Cap. 16v 
Oiué Ceramic cap 

Tag Cap. 16¥ 
Oiuf Ceramic cap 

Tag Cap. 18 
Glut Ceramzc Gap 

Tag Cap. 16v 
Olue dius Ceramic cap 

fue Tag Cap, 16v 
olue eiuf Ceramic cap 

Asn 
oiue Qlut ceramic cap 

220pE Ceramse Cap 
seus Tag Cap lév 
olue Dine Ceramic cap 

33pe Geramic Capacitor 
ei0ope Ceramic Capacitor 
lout Tag Cap. 16¥ 
4otue Tag Cap. 16v 
43pt Ceramic Capacitor 
pitta lug Monelithic Cap 
‘tue Tag cap. 16v 
nut .Olug Ceramic Cap 

2, 2ue Tag Cap. tev 
dine <Olug Ceramie Cap 

33pf Geramie Capacitor 
OLue Dlut Ceramic Cap 

Lue Tag cap. 16v 
olue Dius Ceramic Cap 

ine Tag cap, 16v 
o1ue Olue Ceramic Cap 

256 TC Technical Reference 
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33 to 39 
C40 to CAL 
G42 *RS232 
43 to C50 
csi 
52 to 083 
54 *Sound 
G55 to 56 
57 *Sound 
58 *Sound 
59 to 064 
ces 
ce 
a7 to C69 
C10 to C78 
19 
cag 
ear 
a2 
aa 
cad 
cas 
C86 to cas 
a7 
cea 
en 
100-c109 
e110 
cili-c116 
cit 
cuis 
cig 
ciz0-crai 
e122 
6123 
e124 
C125 sare 
126 «RTC 
C127 *RTe 
cis 
129 
e130 
eal 
6132-c138 
e134 
e135-C136 
©137 *REC 
c1ge-c14o 
erat 
cla2-ciad 
e145 
c1as 



store Wo 

420.547 
410.018 
410-022 
425,565 
425.565 
5a0.914 
Sao. 914 
520.914 
580.740 
580.914 
590.548 
590.548 
590.548 
71i.r4d 
711135 
714.327 
519.218 
510.252 
300.408 
500,342 
710.026 
710.025 
710.026 
710.025, 
710.036 
510.997 
710.005 
500.502 
510.230, 
720/291 
530.014 

30.040 
530.040 
530.040 
530,040, 
530.040 
530.925 
530,025 
530,028 
530,028 
V10.023 
750.300 

Component Reference 

trim cap 
trim cap 
anaria 
1Nalaa 
imate. 
4Ns7490 
aNales 
O54 
Be546 
BoS48 
tal 
xtal 
atal 
pBIS 
B25 
40 way 
34 way 
4 pin 
2 pin 
4 pin 
6 pin 
@ pin 
DBS 
Din Socket 
50 way 
15 wey 
B way 
14 pin 
10 way 
40 pin 
40 pin 
40 pin 
40 pan 
40 pin 
24 pin 
24 pin 
28 pin 
28 pin 
Switch 
battery 

tag cap. 1s e1ay-c1se 
Ceramic cap: eras-cis2 
Cevamic Capacitor 
5,5 to éSpr Trim Cap 
5.8 to 65pf Trim Cap 

sitali signal diode bo D6 
small aignal diode DT *RS232 
diode FXT KB ONLY DB 
10 volt zener dio pa *RS232 
stall signal diode © DLO to D2s 
Trangistor aL 
rans TR? 
transistor TRI 
2 oMbz LL 
Y3.Sehz una 
32, Teak La «ere 

R/A feriale nut inserts XL 
R/A female nut inserts 42 
vertical mount xo *ExT 
vertical mount 3] 
6410-48 XS 
pins for speaker x6 
6410-28 1 
pine for TEST po! xs 
socket 250211-1 xe 
R/A female nut inserts xt0 
R/A PCB mounting a1 
vertical mount a2 *Exr 
flat cable socxet 3 
flat cable socket Ear 
Ic socket x15 *ExT 
vertical mount X16 *EXT 

Ig socket .6 pitch Ui 
IC socket .6 pitch 16 
IC socket 16 pitch —U34 
Tc socket 16 pitch 80 
IC socket |¢ pitch —-‘Ul90 
TC socket 3 pitch 39 
iC socket |3 pitch —USZ 
IC socket 6 pitch 38 
Ic socket .6 pitch 53 
push button 802: si 
nicad battery Bl *RTC 
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Component. Reference 

6.2. O£E board components ~ single drive 

store No Deseriptien 

gas 34 way Reader socket 2 
520 ase for 256 TC 1 
705 Back panel for 256 TC a 
708 Deive support bracket i 
797 Drive gap panel 256 7 1 
o272 drive 2,5" F954 single $ volts =} 
09! 3 way NR connector 03NR-BAK 1 
asa* crimp pins M2759-TL 4 
500 Keyboard Module 92 KEY L 
ozo! Speaker Wire 5/0.2m 3 
24x Red cable 7/9-0547C 2 

740. 215% Green cable 7/0.0547C 2 
340. 3408 34 way ribbon cable isd 
14h. 233 moulded mb lead assembly i 
745.205 09012 black robber. bumpons 4 
750.020! speaker 2" 50 ohms 2 
755 145 Decal 256 TC 1 
55146 Decal Back Panel 286 TC 1 
Jal 00s Screw lock without nut 5 
7811155 42x3/@PAN PAIL.9/t nackle plat 8 

Sub/ass $70,786 #-Sub/ass 970,765 Sub/ase 970.788 

6.3. Bower supply ~ 970,760, 

ore Ne Compotient _Deseription 

ao. 103 10K Resistor 1/4 wate 3 
300.153 18k sf eee 2 
300.472 ot s Pee RI 
410.222 2200pf ceramic or green cap = C6 
410333 Sant ie Tama es 
420.522 2.2ue tag léve ca 
420.610 iout @ * a7 
422,703 Lous Lévu Electro pig-tall 2 
422.703 ioout igvw Electro pig-tail G1 
422, 8250 2500ue RI2590/16 Soanar Cap C3 
5801810 a1ode RURE10 Fast-actang DE 
590.560 SCR TECLOSA 
602 295 SM Regulater IC xh 
50-511 Power supply PCB 
700.632 280 ul inductor Hors, = LL 
741.210 power supply cable ea 
750-222 elephanide 120mm-40mm sa 
750.233 fuse holder PCB fuse holders 2 
750.406 damp (amp fast M205 fuse FL 
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Component Reference 

6:4. RS232 option - 970.757 

store No component —_Desoriptien 

gu0.470 47k Reeister 1/4 wate Ro 
410.302 oie Geramac Cap cao-at 
420.619 lout Tag Cap lévu C42 
580.740 aNaTa jo volt zener dzode, BS 
580.914 ANan4g small sagnal diode DT 
500-660 sc76so De to De converter 25 
628,703 751701 S232 txd/Exd ma 

6.5. Sound cireuit - 970.758 

Store No component _Deseription 

300.100 OR’ Resistor 1/4 watt R21 
300.181 Lear * nes R23 
300/100 oR Resistor 1/4 watt R25 
320,602 2k pot 2k trimpot 
410.301 Lue oeramic cap 
4z.40L ine mono cap 7 
422.701 Loour levw electro 58 
611.489 Tea99an Sound generator uaa 
61a 385 M386 Oper. Amplifier m4 

6.6. Other options - 970.756 

store No Component Description comp: Ref 

500.408 40 way vertical mount 
500.502 30 way vertical mount, 
530.014 ia pin IC socket .2 pitch 
600, 2648 2645 MGZedasp-15 CMOS RAM USE, 55 

96,87,98 
10, 157he yaucis7 Multiplexer 87 
740/160 laway Ribbon Cable 30am 
500.014 14 pin dip header L ext KS 
510-096 DBS male cable mount Text KB 
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a 
ATTRIBUTE RAM, 2-15, 4-33 

B 
BANK SWITCHING. 

MEMORY, 4-28 
cx CONSOLE STR 

FUNCTION 0, 4-10 
FUNCTION 1, 4-10 
FUNCTION 10, 4-12 
FUNCTION 12; 4-12 
PUNCTION 12, 4-13 

caret! 
ac13 
4-13. 
aan 
a1 
(a1 

FUNCTION 5, 4-11 
PUNCTION 6, 4-11 

INCTION 7, 4-12 
FUNCTION &, 4-12 
FUNCTION 9) 4-12 2, Ten DRIVE, 

‘THE DRIVE HEAD, 
THE LIST DEVICE, ¢-13 
A SECTOR; 4-13 
FROM THE READER 

READ THE KEYBOARD, 4-11 
SELECT DRIVE, 4-12 
SEND To THE LIST DEVICE, 
SEND TO THE PUNCH DEVICE, (11 
SEND TO.THE SCREEN, 4-11 
SET FILE SUFFER ADDRESS, 4-12 
SET SECTOR FOR 1/0, 4-12 
TRANSLATE SECTOR NUMBER, 4-13 
WARM BOOT CP/M, 4-10 
WRITE A SECTOR, ¢-13 

BIOS CALLS; 4-9 
BOARD MODIFICATIONS, 5-11 
BUSAK®, 2-1, 2-2 
BUSRED* 
c 
CACHE 

BURGE DIRECTORY, 4-16 
PURGE DISK, 4-16 

CASETTE PORT, 2-5, 2-6 
CASSETTE TAPE FORMAT, 4-46 
CLK CLOCK, 2-3, 2-4 
CCLK* CLOCK, 2-3, 2-13 
cD CLOCK, 243 
ChOCK, 2-3) 

CCL, 2-3, 2-4 



OCIA, 2-8, 2-19 
2t3 

chock, 2-3 
COLOUR RAM, 2-15, 4-36 
COMBONENT REFERENCE, 5-1 

MAINBOARD, 6-1 
‘OFF BOARD’ COMPONENTS, 6-7 
‘OTHER OPTIONS, 6-8 
POWER. SUPPLY," 6-7 
RS232 OPTION, 6-8 
SOUND OBTION, 6-8 

pu, 2 
cpu 'cLock, 2-3 
RTC 

6545, 2-4, 2-13, 4-30 
D 
GOS TAPE FORMAT; 4-46 
DISK CONTROLLER, 2-18 

REx, 2-18, 2-19 
READING DATA, 2-19 
Wee, 2-19, 2°18 
WRITING DATA, 2-19 

DISK FORMAT, 4743 
Dor CLOCK, 2-3 
zg 
EXTENDED BIOS CALLS, 4~. 
RTERNAL KEYBOARD, 2-7 

FACTORY MODIFICATIONS, 
FLASHING 

HARDWARE, 4-35 
ELOPPY DISK FORMAT) 4-43 
SLOPPY DRIVE ALIGMIENT TEST ForNTS, 5-4 
BORMAT 

PLOPPY DISK; 4-43 
FUNCTION KEYS 

COPYING CODES, 4-22 
PROGRAMMING THE, 4-22 

B 
HARDWARE ATTRIBUTES, 4-35 
x 
averse 

HARDWARE, 4-35 



®, 
KERNEL, 2-216) 4-1 

BOOT A: DRIVE, 4-2 
BOOT FROM B: DRIVE, 4-2 
SUNCTION CALLS, 4-5 
KEYBOARD TEST, 4-4 
MACHINE CODE MONITOR, 4-1, 4-6 
NEDWORK, 472 
BARALLES PRINTER TEST, 4-4 
SELF TEST, 4-4 
SERIAL BORT TEST, 4-4 
SET TIME, 4-3 
Wagy SCOT, 4-2 

KEYBOARD, 2-6 
‘GHECEING KEY CODES FROM BASIC, 
GORE TABLES, 2-8 
EXTERNAL, 2-7 
MATRIX, 211 
PROGRAMMING THE, 4-27 

Se 
TINK SELECTIONS, 5-10 
‘LOAD CLOCK, 2-3 

w 
MACHINE CODE. MONE 

ALTER MEMORY, 4-6 
BOOT DISK, 4-6 
LEAR SCREEN, 4-8 
COMPARE MEMORY, 4-6 
EXAMINE MEMORY, 4-7 
EXECUTE CODE, 4-8 
FILL MEMORY, 4 
GOTO ADDRESS, 4~ 
INPUT EROM PORT, 4-7 
MOVE MEMORY, 4-7) 
NETWORK, 4-7 
OUTPUT To BORE, 4-7 

DRIVE, 4-8 
DRIVE, 4-8 

SEARCH MEMORY, 4-8 
WRITE TO A: DRIVE, 4-8 
WRITE TO B: DRIVE, 4-8 

MEMORY, 
hy 2-26 

RAS, 2-16 
MEMORY BANK SHITCRING, ¢-25 
MODIFICATIONS 

FACTORY, 5-11 
WREQ*, 2-2 

42s 



Pp 
PARALLEL PORT, 2-4 
POG RAM, 2-13, 2-18, 2-1 
PIO, 2-3, 2-4 

BIT MODE, 2-5 
CONFIGURATION, 4-39 
MODE 0, 4-30 
MODE 1; 4-38 
MODE 2; 4-38 
MODE 3, 2-5, 4-39 
PROGRAMMING THE, 4-38 

BoRT 
50.WAY EXPANSION, §-5 
CASSETTE, 2-5, 2-6 
conor, 5-4 
DIN Pius, 5-4 
DRIVE A: POWER, 5~ 
DRIVE B: POWER, 3-3 
ELOPEY DISK, 5°3 
HARD DISK, 5-2 
KEYBOARD 15 way, 5-6 
KEYBOARD § WAY, 5-6 
KEYBOARD SERIAL, 5-6 
PARALLEL, 2-4, 5-1 
ROWER SUPPLY CoNNECTOR, 5-4 
RS232, 2-4, 2-5, 2-24, 5-2 
SERIAL, 5-2 
SERIAL INTERNAL, 5-6 
SPEAKER, 5-3 

PORT MAPS, 5-7 
BOWER SUPPLY, 2-20 
EROGRAMMABLE CHARACTER GENERATOR, 
R 
REAL TIME CLOCK, 2-12 
RS232 PORT, 2-4; 2-5, 2-20 

5 eke 
s 
SCREEN PROGRAMMING, 4-30 
SCREEN RAM, 2-15 
SELP TEST, 4-4 
SPECIFICATIONS: 

‘OPTIONS, 1-3 
STANDARD MODEL, 1~1 

r 
TAPE FORMAT 

CASSETTE, 4-46 
TEST 

KERNEL SELF TEST, 4-4 



v 
vou, 2-13 

6545 CRTC, 2-13, 4-30 
ATTRIBUTE RAM, 2-15, (4-33, 4-35 
COLOUR RAM, 2°15, 4°36 
MEMORY BANKING, 4-34 
BCG RAM, 2-13, 2-14, 2-15 
SCREEN RAM, 2°15 

Ww 
WAVEFORMS, 2-1 

2793, 374 
CCLK* GLoeX, 3-1 
co1, 3-2 
COMPOSITE VIDEO, 3-4 
GPU CLOCK, 3-2 
ov, 393 
BOT’ chock; 3-1 
HOARD, 3-2 
POWER SUPPLY, 3-3 
RVL, 3-3 
v2, 3-4 

WR, 2-2 
x 
#8108 

BAUD RATE SELECTION FoR RS232, 4-2 
GHECK FOR DISK ERROR, 4-18 
CHECK M: DRIVE, 4-15 
CHECK NUMBER OF DRIVES, 4-14 
CHECK NUMBER OF FLOPPY, 4-16 
COMMAND BUFFER FOINTSR, 4-15 
GOBYING FUNCTION KEY CONES, 4-22 
ERROR MODE, 4-12 
EXTENDED KEY CHECK, 4-23 
FUNCTION 0, 4-14 
FONCTION 1, 4-14 
EUNCTTON 16, 4-17 
FUNCTION 11) 4-17 
FUNCTION 12, 4-18 
FUNCTION 13, 4-18 
EUNCTION 14, 4-18 
FUNCTION 15, 4-19 
FUNCTION 16, 4-22 
FUNCTION 
FUNCTION 
FUNCTION 
EUNCTION 
FUNCTION 
FUNCTION 
FUNCTION 
SUNCTION 
FUNCTION 
EUNCTION 
FUNCTION 9, 4-17 



FUNCTION KEYS PROGRAMMING, 4-22 
INTERRUPT TABLE BASE VECTOR, 4-15 
BURGE DIRECTORY BUFFERS, @-16 
BURGE DISK BUFFER, 4-16 
RECEIVE A CHARACTER, 4-17 
RESENSE THE MEDIA, 4-17 
SEND A CHARACTER, 4-15 
SET BAUD RATES, (-17 
SET THE CCP, 4"14 
SET THE SHELU, 4-14 
SPEED SELECTION, 4-23 
TESTING KEYBOARD cones, 4-19 

XBIOS CALLS, 4-14 
2 
Zao, 2-1 
BUSAK*, 2-1 
zroRg*, '2 
gui, 2-1 
gape) 2-1 
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