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lL_GEHERAL
1.1 Specificaticns

Processars 609 780

RAM &4 Kbytes
ROM 4 Kbytes
Clock I80 4 MHz (1 wait state per machine cycle)

6309 4 MHz clock, 1 MHz cycle

Disk Drives  One or two 8" half height drives {Shugart SAS60)
Double sided single density
Capacity 630 Kbytes per disk (CP/M)
590 Kbytes (Flex,Polysys)
Single sided can be used for compatibility

Ports Standard One RS232
One Poly network

Optional Total 3 RS232

Ore Paly network

ne parallel

- One disk drive extension

Cperating Systems
CP/M. The standard operating system for BOSO/ZH0 micros,
FLEX. The standard aperating system far 6809 micros,
POLYSYS. The operating system for the POLY network.

5ize J82mm wide, 133mm high, 373mm deep

Power Reguirenent :
230 Yelts AC +-10%, Approx 140 Watts

Operating Temperature
UCt 35 L

Operating Relative Humidity
20% to 90%, nOh condensing



1.2 Dual Pragessors.

Either the Z80 or the 6309 can be running at a given time, but
not  both. The two processors can however pass control to each
other. The system always starts with the 6809 running and the Z8Q
remains reset. The 6809 reads in the first sector an the aisk and
starts execution of it. If it is a FLEX or POLY disk the the
system operates exactly as before. If i1 is a CP/M disk one of
the first few instuctions halts the 6309 and starts up the Z80.
The rest of CP/M is then loaded and axecuted.

IEJE Ports.

Options are available with one RS232 port or with 3 R5232 ports
~and one parallel port.

1.3.1 Single Port Operation

The single port is connected ton 4 terminal with a controlled
printer port eg ADM-21. When the CP/M 1/0 software (BIOS) detects
putput to the printer it automatically sends control charaters to
the terminal tn select the 'transparent print' mode - and the
following output is sent to the printer without be¥ng displayed
on the screen. The normal mode is reselected in a similar manner

. when output to the screen resumes. BIOS may easily be modified to
useé the control codes applicable for various terminals.

Although ADM-31 and ADM-42 terminals do work in the above manner
they do not handshake correctly when printing. :

The terminal must be set for conversational mode,full duplex, 9600
baud, B8 data hits, no parity, 1 stop bit. The printer interface
0n the terminal must be set to suit the printer. If an EPSON

printer i5 used with an ADM-42 a special cable must be used which
connects pin 20 of the printer to pim 19 of the ADM-42.

1.3.2 Multiple Port Oparation

One port is dedicated to the terminal, one to the printer and a
third R5232 port is available for conneciion to a mainframe etc.

A parallel port is available for connection to a Centronics-1ike
parallel printer, or to 2 hard disk interface.




1.3.3 Terminal RS232 Port {Printer port for Poly system)

Address 04,05 (EQDA,5 for 680G}

IC MCE&B50

CP/M device CON:

Baud Rate 300,600,1200,2400,48C0,9000 Selectable hy Jumper.

Proteccol 8 data hits, no parity, 1 stop bit.(Software
selectable)

Connector D825 Femate connector on PROTELS.

Con nections-

1 GROUND

2 TXDATA Data transmitted by termipal to PROTEUS.

3 ! RXDATA Data transmitted hy PROTEUS to terminal.

B : CLEAR TG SEND Normally high level output by PROTEUS.

Can be set Tow by software.

& : DATA SET READY High Tevel output by PROTEUS.

¥ @ GROUND

8 : DATA CARRIER DETECT High Tevel output by PROTEUS.

20 : DATA TERMINAL READY High level autput by terminal when 11 15
ready to receive data. No data will be
?ransnitted hy PROTEUS while this 1line
5 Tow.



1.3.4 Printer R5232 Port

Address 08,09  {EONB,9 for 6BUY)

IC MCGE5D

CP/M device L5T: (LPT:)

Baud Rate 300,600,1200,2400,4800,9600 Selectable by jumper.

Protocol 8 data bits, no parity, 1 stop bit.{Software
selectable)

Connector DB25 Female connecior on PROTEUS.

Lonnections-

1 : GROUND

2 : TXDATA Data transmitted by printer to PROTEUS.

3 : RABATA Data transmitted by PROTEUS to printer.

5 : CLEAR TO SEND Normally high Tevel output by PROTEUS.

Can be set low by software,

O : DATA SET READY High level output by PROTEUS.

7 @ GROUND

B - DATA CARRIER DETECT High level output by PROTEUS.

200 : DATA TERMINAL READY High Tevel output by printer when it is

ready to receive data. Mo data will he
Transmitted by PROTEUS while this 1line
is 0w,

The CP/W software will allow hardware handshake with pin 20 or
software handshake with X-ON, X-OFF protocal.

1.3.5 Madem RS232 Port

Address

ic

CF/M devica
Baud Rate
Protosg]

Connector

Cannections-

: GROUND
i TADATA

mn P fad PG e

[ R w s B

. RXDATA
: REQUEST TO SEND High level transmitted hy PROTEUS when

- s

GC.0D  (EDOC.D for B30D9)

MC6E50

ROR:, PUN:

300,600,1200,2400,4800,9600 Selectahle by Jjumper.
8 data bits, no parity, 1 stop bit.(Software
selectable)

DB25 Female canmector on PROTEUS.

Uata transmitted by PROTEUS to modem,
Data transmitted by modem to PROTEUS.

1t wants t9 transmit data.

CLEAR TD SENQD High level transmitted by modem when 1t

GROUND

is ready for PROTEUS to transmit data.

DATA CARRIER DETECT High Tlevei gutput hy modem.
: DATA TERMINAL READY High level output by PROTFUS.



1.3.6 Parallel Port {Optional printer port)

Address B0-03 {(EQDO-ECO3 for 6809}

IC MCBA21

CF/N Device L$T: {(UL1:)

Protocol Lentronics Standard

Egnnectﬂr Amphenol 57F-36 , female on PROTEUS
ins

1 STROBE Low signal to indicate vaiid data on pins 2-9

2-3 DATA 1-8 Data

11 BUSY . High signal putput by printer to whee it is not
ready 1o recelve data.

16  LOGIC GND

19-30 LOGIC GKD

Al 1/0 pins of the 6821 are available for comnection to a
peripheral if required,

1.3.7 Hetwork Port.

HOLC Port for network of POLY computers.,
5 pin NEUTRICK wicrophone connector. Male connector on PROTEUS.
Pin 1 : Data out from PROTEUS.
Pin 2 : Clock out from PROTFUS.
Pin 3 : Ground.
Pin 4 : Data in to PROTEUS

1.4 Disks,

The normal  CP/M format used is single density, double sided.
31z byte physical sectors are used with code to block and deblock
the 128 byte Togical sectors of CP/M. S$ingle sided with 128 byte
sectors can be used on drive B: for transfer to other CP/M
systems. This format is automatically selected when a3 warm or
cold start fs performed with a single sided disk 1s fnserted. It
is constdered that the double sided blocked format will always be
used, except for interchange with other CP/M systems.

Hith FLEX and POLYSYS single or double sided need only be defined
at the time of formatting the disk. 255 byte sectors are ysed,

1.4.1 Disk capacity.

FLEX-POLYSYS CR/M
Sides ¢ 2
Tracks/side 77 77
Sectors/track 15 8
Bytes/sector 256 512
Total fermatted capacity/disk 591360 630784

In both systems the sectors on side 2 are numbered as a
continmiation of the sectors on the same track on side 1.



1.5 Polycorp Utilities

Uti1ity programs have been written to format disks, check newly
formatted ar used disks For CRC errors, copy an entire disk onto
another, etc.

The Polycorp utilities are in the file UTE.COM which displays a
menu of the availabie commands. The command f1le PUTSYS sheuld be
used to copy the operating system onto a disk and to reconfigure
it 1f necessary.

The standard CP/M utilities all operate as described in the CP/M
manual except that PUTSYS should be used rather than SYSGEW. The
pnly device assignment that can be performed with the STAT
command  is  to select either a serial printer (LST:=LPT:} or a
parallel printer {LST:=UL1:}.

1.6 CP/M Software

In addition to the operating system itself the following

software has been tested with complete success on the CP/M system
MBASIC Micresoft Basic ver 5 for CP/M

MACRO-80  Micresoft BOBO / 780 Macro Assembler

L INK Linking loader

2810 80 sympolic debugger

WORODMASTER Screen editor

HORDSTAR  Word processaor

MULTIPLAN Spreadsheet calcuiator

DBASE-2 Catahase management

Notes:

1. Werdstar and Macro-80 are infinitely better than €D and ASH,
the editor and assembier supplied with CP/M.

2. Lf an ADM-21 terminal is used with Wordstar be sure that it
has the 4k I8 fitted, With the initial 2k it was far too slow.
When installing Wordstar select ADM-31 for ADM-21, ADM-31, ADM-42
and Televideo 910+, LST: will always work for the printer, but
to aliow simultaneous printing and editing with a2 multiport
Proteus it is better to use Wordstars port driver.

1.7 Low-1evel CP/M programming notes

Interupts are not normally used in the CP/M system. If they are
required the 28D must be programmed for Interupt Mode 1, A jump
instruction ta the interupt service routine must then be inserted
at address [038H. MNote that this restart is the same as that
normally used by the debugger 2SID for breakpoints and tracing -
however Z5ID can be patched to use znother restart.

[f 1t is required to use the timer chip 1n the ZB0 mode it should
be noted that the E input which is 1MHz in the 6809 mode will not
be a constant freguency. However a fixed 1MHz signal has been
connected 1o the external clock inputs of the tiwer and it shouid
be programmed to use that.



1,8 Memory maps

In the Z80 mode the 1/0 ports are shifted o the 780 1/0 space
and the CPROM is deselected. This gives 64k of RAM,

FLEX memory map

¥ Address T Type T Contents b
| | k! 1
1 aclo Y RAM ¥ User RAM [Large transient progsh
1 BFFF % 1 1
| A 1 2 |
FLEX opevydating system |

¥ DFFF | 1 (SmMall transient programs) |
L | \| b | 1
Y ECOO-3 ¥ T PTA - BBII TParalTer port] ¥
t ECO4-5 9 I/0 o ACIA - 8850 {Terminal} |
Y EO0D8-9 4 | ACIA - 6850 [Printer) 1
1 EOQOC-D ¥ 1 ACIA - 6850 (Madem} 1
1 E014 | y Drive register 5
1 EQL8-B 1 | FOC - 1771 {Floppy contrcl) W
1 E020-7 1 ' PTM - 6340 (Timer} |
Y ED30-6 1 ADLC - 6854 {Poly network) Y
i EO0GD 1 k! Enable Z80 !
-1 1 N L
I 1 ROM ¥ EOOTSTRAF ,6H09 DEBUGGER ETC |
Y FFFF y | L
4 L] 1 |




CPM memory map

i_hddress 1 Jype ¢ contents 1
¥ 1 L

4 Oann T RAM 1 {P% YarTabTes etc ¢

¥ OOFF | ¥ b

4 ' 1 y

¥ OI00 VIR Y TPA I |

¥ DFFF | 1 (Transient Program Area) ¥

| L | b | 4

¥ E0DD ¥ OKAM o LAV R

: E7FF : ; (Consele commznd processor) 3

4T EARGD 1 RAM ¥ BLOS k)

3 FSFF : 1 (Basic Disk Operating System) :

Al

¥ Feod ¥ RAM ¥ Bigs [ |

T FFFF | | [Basic Input-Dutput System 1

| 1 iy |

CPM 170 Hap

€ 00-03 ¥ FTa - &BZ1 [ParalTeT port) L]

Y 04-05 ¢ AClA - B350 [Termtnal) 8|

¥ 05-08 ¥ ACIA - B850 (Printer) |

¥ OC-00 4 ACla - 6850 [Modam} |

Y14 Y Drive register |

¥ 18-1B ¥ FOC - 1771 {Floppy controller} ¥

1 20-27 ¢ PTM - 6840 (Timer) y

¥ 30-36 1 ADLC - 06854 {Poly network) 1

i 50 Y Enable 6309 1

| 1 |

10



2.0 780-6809 Processor PCB

2.1 General Descripticn

U7.U8 are the tws microprocessors.Their address and data busses
are connected in parallel, and it is arranged 50 that when each
one 75 operating the other is in a high impedance state,

Uio,ul1,uU33 are wused to generate timing sigrals from the Z80
whi1Cli more or less correspond to those generated by the 6809,

U25,U26 select the control and 1/0 decode signals from the 6B09
of the 780, depending on which is running.

U2? decodes the memory addresses in the EQOQ-EFFF range in - the
809 mede and decodes the 1/0 port addresses in the 780 mode. It
should be noted that the decoded signals are disabled during the

first part of any machine cycle (when the address 1ines are ail
changing) sa that glitches do not pecur on the outputs.

. U28 15 the disk hootstrap and debug ROM. It is accessihle enly in
The 6809 made.

U30 s wsed to keep time of day and to generate the ciock signal
. ¥or the network only when running PGLYSYS,

ggg is the data 1ink contrel IC.

U12-Ul9 are the BR&k x 1 dynamic memories.

U2 is the refresh counter. As an 8 hit refresh address is
generated, wmemory ICs which require 7 or 8 bit refresh addresses
can be used.

V20,021 select the refresh address instead of the CPU address
during the refresh operations.

UZ3,U24 are the row/column address multiplexor used to multiplex
the T8 bit CPU address onto the 8 address pins of the memory ICs.

2.2 Operation of Dual Processors

The simplified operation of the dual processor is as follows-

The control signals required for the memory and [/0 are generated
by the 6809 more or less directly. The Z80 control signals are
manipylated so that they approximate those generated by the 6H0%.
A data selector is then used to select the scurce of the control

signals for the rest of the system depending on which processor
is running.

2.3 Clock Oscillatar

A dMHz oscillator (U4.X1,QL) 3s used to drive the ¢lock inputs of
both the GAD9 and 780, This results in the 680% operating 3t a
(bus) frequency of IMHz. One wait state i5 inserted into each
machine c¢ycle of the 780 to reduce its bus frequency to
approximately 1MHz also.

11



2.4 Generation of contrel signals

With the 6809 in contral RAS is activated when [} goes high., The
address 1ines of the memory chips are switched when E goes high.
CAS 1s activated when [] goes low. Finally when E goes Tlow the
cycle is complete and RAS and CAS are de-activated. Refresh of
the memory occurs during cycles when EQDO or above is addressed
1e 1/0, ROM or internal operations. RAS is generated as above but
LAS 15 not generated. Instead of the {PU address being selected
the refresh counter s selected during the entire refresh cycle
and incremented at the end of the cycle,

With the ZB0 in control RAS ¥s activated an the first positive
clock edge after MREQ is activated. This js also the start of the
walt state, The address 1ines are switched on the next negative
edge of the c¢lock. CAS 15 then activated on the next positive
edge of the ciock. At the end of MRE{, RAS and CAS are both de-
activated. Refresh pccurs during the RFSH output of the ZAG which
15 used to select the refresh counter and to increment it. RAS Js
generited by Ulla during the refresh operation.

The caontrol signals are generated in a similar manner during [/0
cycles. RAS 1s also generated on the first positive clock edge
after I0OREQ 4sx asserted. {This refreshes a random memory
addresst) On the folowing regative clock edge "E“ 1s generated as
required by the 6800 family peripherats., "E" 1% alsc generated
during memory cycles as 1t s the same signal as the multipexor
contral.

2.5 Transfer Ef contral

When the PCB is reset the 6809 is always selected, To transfer
control to the Z80, <the 680% should execute a double byte store
instruction to $EQR(. This will halt the GBO9 at the end of the
instruction and at the same time remove the reset from the JBO,
After a couple of clock cycles the Z80O will start execution of
the instruction at 00Q3. This instruction must have been put
there by the 6809,

To transfer control back to the 6809, the Z80 should execute an
output to [/0 port 50, This will immediately reset the ZB0 and
the 6809 will continue operation with the instruction following
the doubie byte store insruction which it used to halt itself.

1%t should be noted that when the switch is made from one sef of

control signals to the other, by altering the state of the
seject dinput to U25,U26, that all of the control signals are
always inactive.

12



2.6 6809 Timing Diagram

Memory cycle

MPX ®

£ =
Q

RAS
TES

R/ X

ADDRESSES X

I/0 cycle

E i

Q

RAS

I/0 Tecodas

R/W X

ADDRESSES X
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2./ 50 Timing Diagram

Instruction Fatch

¥ T ¥ 12 % T oY T3 9 T4 W

Cbock /7@ [/~ [T ® & w1
MRE] ® / ® o
TEST ® /

wph / o

AS ® /
RFSH ® /
RAS T e /
R/W N
enery Rezerengi T T2 f T ¢ T3 «

Lotk /% /e [ e
FREQ ® S
RES T . e

"E" / ®
.53 B .

R/W 7 ¥ /

o Eyc1e1 LD | 2 % TH % ™wW g T3 %
CLOCK T T L A STe e
TORG ® Y
T/U TECHles w P
up /

R/H 7 ® /
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3.0 Disk Controller PCB

3.1 General

Hi2 s fhe floppy disk controller IC which performs ngst of the
fuctions required for the floppy disk interface.

UL5 1is the inverting data bus buffer used to cannect the logic
true Dbus of the CPU to the Yogically inverting data bus of the
Floppy disk cantroller 1€,

U7 15 the drive and side select register.

Ule is wused to enable the drive select signals for 3  seconds
after any CPU access to the disk controller.

U1,U3,U4 are the driver ICs for the disk drive interface.

U5 is the recelver IC for the disk drive interface.
U13,U17,09,U10 are the data separator circuit.

U1% is the ACIA ie interface for the serial R$232 1interface.
UG, U1l are the driver and receiver ICs for the RS232 interface.
Ul4,U18 are the baud rate generator for Y19.

3.2 Drive and side select

Address EO14 (I/0 port 14} is the write-only drive select
register. The lower 2 bits define the drive-

00 = drive 0 or A

01 = drive 1 or B
Qther codes are invalid as there are only two drives.
Bit 6 15 the side-select control-

0 = side 1 (or O!)

1 = side 2 (or 11)
The drive selects are enabled for approximately 3 seconds after
the last disk access. After the disk has not been accessed for
this time, all drives will be deselected. The SHUGART ODrives
normally wused will remain on for 2 seconds after this, after
which the red indicator is extinguished and the door lock
released. The TANDON drives optionally fitted will immediately
extinguish their red jndicator but remain turning for 30 seconds
after this time after which their motors are stopped.

3.1 Disk Change Detector

The Disk-change output from the selected drive can be read by the
CPYU  reading Tocation EOL4 bit 1. If it is a 1, the disk drive
door has been opened since the drive was last selected. This bit
15 cleared wher the drive is deselected.

3.4 Floppy disk controller

The FDIF71 IC performs all the reading, writing, and head
stepping functions required by the Floppy disk system. For more

15



infarmation the manufacturers data sheet should be consul ted.

3.5 Data Separater

The output from the drive consists of clock pulses {nearly} every
bit boundary {every 4 microsecends), and data pulses midway
between the clock pulses if the data bit is a 1. If the data bit
1¢ a 0 there is no data pulse.

The data separater basically consists of a 3 wmwicrosecond
menostable triggered by the clock pulses. If another pulse
arrives during this time 1t is considered to be a data pulse. The
data and clock pulses are routed to separate inputs of the 1771.
This simple operation 1is complicated by the fact that during
address marks and other special marks on the formatted disk there
2re mizsing ciock pulses used to identify the special marks. When
this happens UYl3a, which 15 triggered by data pulses, 15 used to
trigger U13b at around the time that it would normally be
triggered by a ¢loCk pulse, At the end of 3 consequeutive missing
clock pulses, U2l pin 6 goes low which resets the monostable and
determines that the next pulse will be taken as a clock pulse.
This narmally happens during the special marks and also if the
séparater starts off with the data and ¢lock pulses arocund the
wrong way.

Ul0c and Ul0d are used t¢ ensure that a change in the data window
. generated by U13b cannot take effect during a data ar claock
pul se.

3.6 Data separater alignment

}. Load the head on a formatted disk.

2. Monitor UG pin 12 with an osciliostope and adjust RY1 ungil
the length of the negative going pulses 15 3.0 microseconds.

3, Monitor UL? pin 11 with the oscilloscope and adjust RY2 until

the bright nregative going pulse PLUS the dim extension is 2.7
microseconds,

3.7 Data separater timing diagrams

RAW DATA ® / ® / ® / LV
DATA WINOOW — @ /e e
CLOCK /e [ /&
DATA j®

16



4.0 1;0 PCB

This PCB also functions as the bus PCE to connect the processor
PCB and the diszk Tnterface PLA.

U2 is the ACIA {Asynchonous Communications Interface Adapter) for
the modem port. U7 and UH provide translation to R5232 levels.
Nota that this port {s wired for direct connection to a modem e
for connection to "data set equipment”,

U3 3s the ACIA For the printer port. U8 and U9 provide
transiation to RS5232 ievels. MNote that this port is wired for
direct connection to a oprinter ie for connection to “data
termiral equipment”. Jumper J3 can be used to select betwzen a

nigh READY handshake signal or a high BUSY handshake. Most
" printers use pin 20 [DTR} as a high READY signal.

U4 is the PIA {Peripheral Interface Adapter) for the paraliel
printer port or hard disk Interface. This is connected for use
with a Centronics type interface, however all the pins are taken
out to faciiitate connection to other devices.

U5 and U6 provide 16 times a selection af baud rates from 300 to

9600 and the baud rate for the mndem may be selected with J1 and
the rate for the printer may be selected with J2.

17



5.0 Power Supply

The power supply js a conventional transformer/ capaciter 1nput
filter/ linear regulator design. The transformer has 3 windings-

1. 27.3 vac {used for 24v dc)
2. 5.4 Yac (f{used for Sv dc)
3. 14.1 Yac (used for +12v,-12v,-5v dc)

The regulator assembly produces the following supplies for EACH
drive-

+24v +- 10% at 1.5 A intermittent

+hv +- 5% at G.7 A

and the following supplies for the computer znd interface PCBs
“+12v 4~ 10% at BOmA

+bv +- 5% at Q.7 A
-5y += 10% at ImA
-12v +- 10% at S0mA

The power supply is capable of maintaining the above outputs with
a4 mains voltage of 200-260 volts,

12



6.0 Production Testing

The CPU beard and disk interface board are tested with the
EXORCISOR plugged into the 6809 socket using the program MINIGS.
This tests most of the board except for the Z80 assoclated
compenents.

1f the Dboards pass the above test it should be =zble 1o Dool
FLEX. 7The 280 circuitry can them be tested with the program
780-6809, The memory should then be tested with the program
MTESTS4. The disk drives shouid then be checked by copying the
complete contents of a disk onto the other drive and back aga’n
using the FLEX MIRROR command. Finally 1t should he verified that
CP/M will run by boating a CP/M disk.

15
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