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FOREWORD

TANEX 1is the second board in the microtan system. On this )

single board there are sufficient facilities to satisfy the needs

. ; of most users.

Featuring 7K RAM, 6K ROM, an 1K microsoft BASIC interpreter,
parallel and serial 1/0 ports, and all the essential logic for
memory mapping and data bus buffering, TANEX turns the microtan

65 into a very powerful and usable system.

= If you have purchased TANEX in kit form then read chapter

8 before assembly; better still read the whole manual!
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The data bus on the microtan 65 is directly connected to the 6502
microprocessor. In order to drive a complete system, it is neces-
sary to buffer this bus, but to have done this on the microtan
65 would have increased the cost of production, apart from the
more obvious problem of insufficient space on the printed circuit
board.  Data bus buffers are therefore placed on TANEX, as they
are only a necessity when microtan is expanded into a system,

and this results in the system shown in the block diagram below.

MICROTAN 65 TANEX Additional
Boards
Data
DATA Buffers
Address
Buffers
Data Bus i
Address Bus é\

The data bus buffers are controlled by the memory mapping logic
on TANEX as follows.

When the 6502 microprocessor addresses memory located on the micro-
tan 65 card, the buffers are disabled. Conversely, when memory
which is external to the microtan 65 card is addressed, the buffers

are enabled and the direction of data flow is determined by the
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state of the R/W line.

The only restriction impésed by this method of bus buffering is
that a device capable of Direct Memory Access (DMA), such as
TANDISC, cannot read or write directly to the RAM, ROM, or 1/0
ports on the microtan 65 card. Examined in more depth, this
restriction is of little consequence, since a DMA device is unlikely
to want to read the TANBUG ROM, or to access any of the 1/0
ports on the microtan 65. In addition, this means that there
is no way that a DMA device can accidentally overwrite TANBUG's
system parameters, the processor stack, or the display memory,
as these are located in the RAM on the microtan 65. The microtan
system is therefore safe from system crashes which might otherwise
be caused by a DMA transfer of data into this reserved memory

area.
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Referring back to the microtan 65 manual, page 3-3, it is described
there how microtan 65 operates with a very simple memory map
of only three segments. When used in conjunction with TANEX,
a more complex memory map is generated by the logic circuitry
included on TANEX, which reconfigures the mapping as shown in
the accompanying figure. In order to continue to use the RAM,
ROM, and I/0 on the microtan 65, three control lines are generated
. by TANEX; these are called RAME, ROME and 1OE.

When. the microprocessor addresses memory between locations @ and
3FF (i.e. the lowest 1K of memory), the control line RAME is acti-
vated. By cutting the link LKRAM on the microtan 65, the 1K
RAM on microtan can then be enabled by RAME. When any other
memory address is selected, RAME is inactive, and the microtan
. 65 RAM is disabled.

Addresses TF80¢ to FFFF (the top 2K of memory) cause ROME to
be active in a similar way, and by cutting link LKROM on the
microtan 65, this signal allows the ROM on microtan (TANBUG)
to be enabled.

The third control line is IOE, which become active for addresses
in the range BFFJ to BFFF - the top 16 1/0 addresses. Again,
cutting link LKIO on the microtan 65 allows this signal to enable
microtan's I/0 ports. Note that IOE enables 16 1/0 addresses
although microtan only uses 4 1/0 port addresses. Users should
not use any of these 16 1/0 addresses for self constructed peri-
pherals. As described in the microtan manual, user peripherals

should use addresses starting at BC@J and work upwards.

Thus by cutting the three links LKRAM, LKROM and LKIO on the
microtan 65, and connecting TANEX, full memory mapping of the
microtan system is achieved. The RAM, ROM and 1/0 on TANEX
itself are controlled by TANEX with no dependence on external
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described in the appropriate section.
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ADDRESS FUNCTION
FFFF 2K ROK (TANBUGY ---
Fagg
FIFF
2K ROM (XBUG)
Fppe
EFFF
2K ROM (SPACE)
E8fQ ;

j
E7FF -

f) é.’:[ a. v /*.ﬁ.
£y9 | Keweni
OFFF / IV
Depd 19K BASIC INTERPRETER S

. A .
CFFF TANEX ki
Cpag
BFFF BFFP - BFFF MICROTAN 65 1/0
K 1/0 PORTS
BCdg K1/
BBFF
4¥K RAM
TANRAM
2p0¢
1FFF
7K RAM
TANEX
pugp
g3FF ,
1K RAM ON MICROTAN 65
goge

NG ERINE

Fig2:1 Full Memory Map of the Microtan System
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CHAPTER 3

Random Access Memory

Q.U Rem \\as \Jem\ Ttmoueo\ Qrmv\ TONEX on "\\v\n.
Ram Fo'r \oced tons  Oloo — IFFF s now ‘?ro\)‘\AQ_o\
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TANEX has provision for 7K of static RAM on board using the
popular 2114 1K x 4 static RAM. chip. The memory occupies ad-
dresses in the range 400 to 1FFF.

Only two 2114's (i.e. 1K x 8) are supplied with TANEX in the
minimum configuration, and these two chips should be inserted
into locations N7 and N14 on the circuit board. Subsequent 21.14.'5
should be inserted in the ascending order indicated in Fig. 3.1,
as this ensures that the available RAM is always in a contiguous
block with the 1K of RAM located on the microtan 65. (No harm
will be done by not following this recommendation if the user has

particular need for non contiguous memory).

ADDRESS FUNCTION IC LOCATIONS
1FFF 1K TANEX
ICHg RAM N1 NS
1BFF 1K TAMEX
18¢¢ RAM N2 N9
17FF 1K TANEX '
1400 RAM N3 _ N1
L3FF 1K TANEX
1909 RAM N& N11
gFFF 1K TANEX
gogd RAM NS N12
PAFF 1K TANEX _
g RAM NG N13
p7FF 1K TANEX
pLgg RAM N7 N4
p3FF VDU DISPLAY
LT MEMORY MICROTAN 65 RAM (1K)
g1FF MICROTAN 65 STACK OPERATES DOWN-
pdug USER RAM WARDS FROM PIFF
ga3rF
pogd RESERVED FOR TANBUG

Fig 31 RAM Segment Memory Map
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TANEX can a-ccept up to three 2K x 8 EPROMS and the two 4K x
8 ROMS that contain microsoft BASIC. The BASIC interpreter (in
two 2332 ROMS) is located in the address space from C@@@ to DFFF,
and these two ROMS should be inserted into IC locations H2 and
Jj2. Each ROM must be placed in its correct socket for the BASIC
interpreter to operate, though no damage will ensue if they are
accidentally transposed. Full information on this is included
with the BASIC ROMS.

The three 2K byte EPROM positions accept the industry standard
2716 EPROM 1in its 5 volt only version. The IC locations and ap-

propriate address range are shown in Fig. 4.1. ..

In order to make use of EPROM in the microtan system, the EPROM
must be programmed with useful software. This could be the users
own software, programmed into EPROM using an EPROM programmer,
which itself may be either the microtan system programmer, or
the users own. Alternatively, EPROMS containing proprietary soft-
ware can be obtained from TANGERINE.

Interaction with TANBUG

The microtan system has been designed from the outset to be ex-
pandable, and TANBUG is no exception to this. Already powerful
as a 1K monitor, it contains within itself the necessary code to

expand by a further 2K, when used in conjunction with TANEX.

Referring back to the microtan 65 manual, page 6-21, there is
described TANBUG's error linking procedure. When TANBUG re-
ceives a command that is not in its repetoire, the program ex-
ecutes a jump to location F7F7, which is in the top EPROM on
TANEX. If no EPROM is installed, and the link LKl is present,
location F7F7 is decoded as FFF7, and the program continues,
ge'nerating a '?' on the VDU. If the link LKl is broken, address
F7F7 1is correctly decoded, and TANBUG's action will then depend
upon the content of the EPROM in board location G2. If the user

4:1 J
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wishes to use an EPROM in this socket, but without expanding .

TANBUG, then locations F7F7, F7F8 and F7F9 must be programmed \

with the instruction: .’
JMP FFF7

This will return TANBUG to the correct point. If the user does

wish to expand TANBUG, then location F7F7 should have the in-

struction:
JMP USERBUG

where 'USERBUG' is the start address of the users expansion soft-
ware that will action any new commands. At the end of the users .
expansion software, a normal return to TANBUG should be executed

using the instruction:
RTS

This will generate a carriage return/linefeed and re-enter TANBUG.
Alternatively, the user expansion software can end with the follow- .

ing instructions:

PLA
PLA
JMP FC37

This will return directly to TANBUG with no change to the display. .
1f, however, an error situation is the result, for example, because

of an illegal command, the program should execute the instruction:
JMP FC89

This will print a question mark and carriage return and restart

TANBUG appropriately.

The methods given above all presume that the users software has

left the stack pointer in the same position as it was when the

entry was made via address F7F7 i.e. that there are an equal

number of JSR and RTS instructions in every flow path of the users

S INGERINE v — -
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expansion software.

Note that TANGERINE Computer Systems reserve the right to wuse
this top EPROM location for the expanded system monitor, 'XBUG'.

ADDRESS - . FUNCTION ‘ LGCATION
- FFFF 2K TANBUG ON MICROTAN 65
~ Fapg
FIFF
TANEX G2
2K EPROM RESERVED FOR "XBUG"
Foge '
EFFF
2K EPROM TANEX 2
£8¢d
ETFF
. 2K BASIC ’ TANEX D3
EXTENSION
Epod
DFFF
8K BASIC . TANEX
INTERPRETER H2 and J2
Cogg

Fig 4-1 ROM Segment Memory Map
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The 6522 Versatile Interface Adaptor
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TANEX uses the 6522 VIA to implement the following facilities:

2 8 bit bi-directional parallel data ports.

2 16 bit programmable timer/counters.

1 serial TTL data port.
In its minimum configuration, TANEX is supplied with one 6522,
which should be located in IC socket A2. A second 6522 may be
fitted as an option into IC socket C2. In the description that
follows, references to IC locations and memory addresses will be
given as in the following examples:

A) The 6522 in location A2 (C2).

B) The register at memory address BFCA (BFEA).
The YTirst number w‘ﬂl ‘always relate to the standard 6522; the

number in brackets refers to the second, optional, 6522.

It should be noted that the standard 6522 in location A2 is also
used to implement the cassette recorder interface described 1in
chapter 7 of this manual, although this dces not restrict the user i
from any of the 6522's facilities when the cassette interface 1is

not actually in use.

A block diagram of the 6522 is shown in Fig. 5.1, and it can
be seen that despite the number of functions implemented within
the 6522, the number of input/output pins available to the user
is kept to a minimum by allowing a degree of flexibility. Each
eight bit parallel data port has two control lines associated with
it, available to the user to implement handshaking, input latching
etc. When using the serial output, two of the control lines become
serial 1/0 ports; one acting as the data pin, the other as a shift
clock. In addition, one of the timer/counters can contrcl one
data line, for the generation of anything from simple sgquare waves
or pulses, up to complex programmable pulse waveforms. The other
timer/counter can, in addition to normal timing functions, count

pulses applied to one of the data lines.

To allow full control of all the functions, the 6322 has sixteen




internal registers; the detailed function of each of these 1is des-
cribed in subsequent sections. An overall memory map of the
registers, giving their memory addresses and mnemonic names is

given in Fig. 5.2.

INTERAUPT RG
CONTROL
FLAGS INPUT LATCH
(IFR) (IRA)
ENABLE [“" N\ OouTPUT BUFFERS
(1ER) . F/ ORA) PA) PORT A
ATA DATA _j DATA DIR,
Daus <:> BUS {DDRA)
BUFFERS [
PORT A REGISTERS
PERIPHERAL
{(PCR)
AUXILIARY . PORT A CAl
(ACR) > _ CA2
FUNCTION " PORTSE
CONTROL
HANDSHAKE
CONTROL
LATCH LATCH
HES. TIL- .
i h— g S
R ey
N COUNTER COUNTER (5R) ce?
94— TICH)  } (TIeL)
1
cs1 * CHIP TIMER 1 PORT B REGISTERS
T ] ACCESS -
RS0 ] CONTROL TIMER 2 INPUJRLBA)TCH
113 P—— LATCH e
RE2 e (T2L-L) ouTPUT BUFFERS
Ass . __> (ORB) (8) FORT 8
COUNTER 1 COUNTER R
_: > {T2C-H) {T2c-L) '
h DATA DIR.

{(DDRB)

Fig 5-1 Block Diagram of 6522

USER CONNECTIONS

The wuser can connect his/her hardware to the 6522 using two 14
pin 1C sockets in locations Al and Bl (Cl and D1). A block dia-
gram of the output signals, and the pin connections in the sockets
is given in Fig. 5.3, and the signals are described in outline

below.

PA@-PA7 (Peripheral A Port)

The Peripheral A port consists: of 8 lines which can be individual-

ly programmed to act as inputs or outputs under control of a Data

Direction Register. The polarity of output pins is controlled by J

- PANEERINTE —— - S
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MEMORY ADDRESS READ WRITE MNEMONIC
BFCF (8FEF) Same as IRA with- Same as ORA with-
out handshake out handshake

BFCE (BFEE) Interrupt Enable Interrupt Enable IER

' Register Register

BECD (BFED) Interrupt Flag Interrupt Flag IRF
Register Register

BFCC (BFEC) Peripheral Control Peripheral Control PCR

BFCB (BFEB) Auxiliary Control Auxiliary Control ACR

BFCA (BFEA) Shift Register Shift Register SR

BFCY (BFEY) Timer 2 Counter Timer 2 Counter T2C-H
High Byte High Byte

BFCS (BFES)" Timer 2 Counter Timer 2 Latch T2C-L
Low Byte Low Byte

BFC7 (BFE7) Timer 1 Latch Timer 1 Latch T1L-H
High Byte High Byte

BFCH (BFES) Timer 1 Latch Timer 1 Latch TiL-L
Low Byte Low Byte

BFCS (BFES) Timer 1 Counter Timer 1 Counter T1C-H
High Byte High Byte

BFC4 (8FE4) Timer 1 Counter Timer 1 Latch TiC-L
Low Byte Low Byte

BFC3 (BFE3) Data Oirection Data Direction DDRA
Port A Port A

BFC2 (BFE2) Data Direction Data Direction DORB
Port B Port B

BFCL (BFE1) Parallel Port A Parallel Port A TIRA/ORA

BFCP (BFE®) Parallel Port 8 Parallel Port B IRB/ORB

Fig 5-2 Register Addresses of the 6522




6522

PA@ - PA7

~

CA1

CA2

PE®@ - PB7

\
/

CB1

cB2

BOTH SOCKETS HAVE THE SAME PIN-OUTS, AND ARE AS SHOWN BELOW.
Ao}
j/ PIN 'A' SIGNALS 'B' SIGNALS SIGNAL
NUMBER | at socket Al (C1) at socket Bl (D1) SENSE
LD 13 1 +5 volts +5 volts -
BRo-IN JA 2 PAF PR T In/Qut
oRave, |y 3 PAl PB1 In/Out
4 PA2 PB2 In/Out
5 PA3 PB3 In/Out
] PAL PB4 In/Out
7 Ground Ground
Ruec, | 8 Ground Ground
fudl 7 9 PAS PBS In/Out
(iﬁi-r;;‘c’, b 18 PAG6 PB6 In/0ut
oW & 11 PAT7 ~ Pg7 In/0ut
ok 12 cA2 B iy c82 In/0ut
3_7 13 CAlL Input only
CB1 In/Out
14 +5 volts +5 volts

A Port
14 pin
Socket

B Port
14 pin
Socket

* 0

5
24 Tur
723 PiNK

bin ks

* D Connec,'tbr DUM\D(’-"

[ K@_\“)oJ comec* 1on

SN GERINE

Fig 5-3 Parallel I/0 Connections
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an Output Register and input data may be latched inte an internal
register under control of the CAl line. These lines represent one
standard TTL load in the input mode and will drive one standard
TTL load in the output mode. The A port is socket location Al
(CL).

"CAl, - CA2 (Peripheral A Control Lines)

These two control lines have multiple functions. Both lines can
act as interrupt inputs; with corresponding interrupt flégs and
enable bits. In addition, CAl controls the latching of input data
on PA@-PA7, and CAl with CA2 can implement a handshake control
for data exchange. CA2 may also be 'manually' set to high or
low in the manner of a data output. - CAl is a high impedance
input. CAZ is one standard TTL load when in input mode, and

will drive one TTL load when an output.

PB@P-PB7 (Peripheral B Port)

The Peripheral B port consists of eight bi-directional lines which
are controlled by an output register and a data direction register
in much the same manner as the PA port. In addition, the polar-
ity of the PB7 output signal can be controlled by one of the inter—

val timers while the second timer can be programmed to count

pulses on the PB6 pin. Peripheral B lines represent one standard

TTL load in the input mode and will drive one standard TTL load
in the output mode. In addition, they are capable of sourcing
3.0mA at 1.5VDC in the output mode to allow the outputs to direct-
ly drive Darlington transistor circuits. The B port is socket lo-
cation Bl (D1).

CBl, CB2 (Peripheral B Control Lines)

The Peripheral B control lines act as .interrupt inputs or as hand-
shake outputs. As with CAl and CA2, each line controls an inter-
rupt enable bit. In addition, these lines act as a serial port
under control of the Shift Register. These lines represent one

standard TTL load in the input mode and will drive one standard

TTL load in the output mode. Unlike PB@-~-PB7, CBl and CB2 cannot

drive Darlington transistor circuits.

5:5
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PARALLEL DATA PORT QPERATION -

Referring to the block diagram, Fig. 5.1, it can be seen that
each 8 bit peripheral port has a Data Direction Register (DDRA,
DDRB) for specifying whether the peripheral pins are to act as
inputs or outputs. A @ in a bit of the Data Direction Register
causes the corresponding peripheral pin to act as an input. A

1 causes the pin to act as an output.

Each peripheral pin is also controlled by a bit in an QOutput
Register (ORA, ORB) and an Input Register (IRA, IRB). When
the pin is programmed as an output, the voltage on the pin is
controlled Dby the corresponding bit of the Output Register. A
1 in the Output Register causes the output to go high, and a @
causes the output to go low. Data may be written into Output
Register bits corresponding to pins which are programmed as in-

puts. In this case, however, the output pin is unaffected.

Reading a peripheral port causes the contents of the Input Regis-
ter (IRA, IRB) to be transferred onto the Data Bus. With input
latching disabled, IRA will always reflect the levels on the PA
pins. With input latching enabled, IRA will reflect the levels
on the PA pins at the time that CAl received the latching signal.

The 1IRB register operates similarly to IRA, however, for pins
programmed as outputs there is a slight difference. Whereas read-
ing IRA results in the actual level at the PA pih being sensed,
reading IRB results in the relevant bits of the output register,
ORB, being sensed. The data direction registers and input/output

registers are depicted in Fig. 5.4a and Fig. 5.4b.

l7Jslsl‘l3'21'l°l A Port Address BFC3 (BFE3)
. B Port Address BFC2 (BFE2)

——— rgosPad]

PR1FPAT

PB2/PAZ

FBIPA3|  DATA DIRECTION HEGISTER

I "B OR “A” (DDRB/DDRA!

“0" ASSOCIATED PB/PA PIN IS AN INPUT
PES/PAS [HIGH-IMPEDANCE)

“1" ASSOCIATED PB/PA PIN 1S AN OUTPUT,

WHOSE LEVEL 1S DETEAMINED 8Y
ORB/ORA REGISTER AIT,

PBA/PAL

PBB/PAB

Pa7/Pa7

Fig 5-4a Data Direction Register




-

e - AN GERINE ~

ORB/IRB Address BFC@ (BFEQ) ORA/IRA Address BFC1 (BFE1)
LLels [« ool ]| CIefe]e o Tz o]
P80 ] — rad]
Pa1 Pal
“g” QUTPUT REGISTER “A™ (ORA}
PE2 QUTPUT REGISTER “B” (ORB) PA3
= OR - OR
Pas INPUT REGISTER “B" (ORB) a4 INPUT REGISTER “A™ {IRA)
- PBS e e PAS .
fBG PAG
#g7 ] PA7
Pin Pin
Data Owection WRITE READ Dv!sl Pere::wn WRITE READ
Selection ¢1eCTIO -
ODRB = 1" (OUTPUT) | MPU writes Outout Level | MPU reads output register bit DORA » 1 IOUTPUT) ':)FU writes Output Level | MPU reads levet on PA pun.
{OR8) in QRB. Pin level has no affect. {inpuy mmfng duabled) | (ORA). oy —— ,
DORB ~ "0 (INPUT) MPU writes into ORB, but | MPU reads input lavel on PB DORA = 3" (QUTPUT) B vads it which i
(input latching disabied) | no effect on pin lavel, until | pin. {inpyt latching enabled | the level of the PCA :m! At the
DOWB changed, time of the (ast CA1 active
D R e —y TIRNITRIN.
="0" Mi IRB bit, whieh
I(’l‘:::: Iuc?\mlg"::::)l?dl m:t:.::::‘( the p: D:! : “:'. DORA = 0" {INPUT) MPU writes into ORA, but { MPU reads level on PA pin,
ume af the st CBY active {Input Latching d:sabied) no aftect on pin level, uatd
transtion. DDRA d
DDRA = 0" (INPUT) MPU reads IRA bit whigh s
(Input laiching enabled) thr tewel of the PA pin at the
ume of the lant CA 1 active
tranution

Fig 5-4b Input/Output Registers

Handshake Control of Data Transfers

The 6522 allows positive control of data  transfers to and from
peripheral devices through the operation of "handshake" lines.
Port A lines (CAl, CA2) handshake data on both a read and a
write operation while the Port B lines (CBl, CB2) handshake on
a write operation only.

Read Handshake:- Positive control of data transfers from peri-
pheral devices can be accomplished very effectively using Read

Handshaking. In this case, the peripheral device must generate

"Data Ready" signal signifying that valid data is present on

the peripheral port. This signal normally interrupts the micro-
processor, which then reads the data, causing generation of a
"Data Taken'" signal. The peripheral device responds by making

new data available. This process continues until the data trans-

fer is complete.

In the 6322, automatic "Read" Handshaking is possible on the Peri-

pheral A pert only. The CAl interrupt input pin accepts the

5:7 -
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"Data Ready” signal and CA2 generates the "Data Taken" signal.
The "Data Ready" signal will set an internal flag which may inter-
rupt the processor or which may be polled under program control.
The "Data Taken" signal can either be a pulse, or a level which
ls set low when the microprocessor reads the input data and is
cleared by the next '"Data Ready" signal. These options are shown
in Fig. 5.5 which illustrates the normal Read Handshaking se-
quence.

Write Handshake:- The sequence of operations which allows hand-
shaking data from microprocessor to a peripheral device is very
similar to that described for Read Handshaking. For Write Hand-
shaking, the 6522 generates the "Data Ready" signal and the peri-
‘pheral device must respond with the "Data Taken" sighal. This
can be accomplished on both the PA port and the PB port on the
6522. CA2 or CB2 .act as a 'Data Ready" output in either the
handshake mode or pulse mode and CAl or CBl accept the "Data
Taken" signal from the peripheral device, which sets the interrupt
flag and clears the 'Data Ready" output. This sequence is shown
in Fig. 5.5.

Selection of operating modes for CAl, CA2, CBl, and CB2 is accom-
plished by the Peripheral Control Register, and by the two bits
in the Auxiliary Control Register. The format of all these

registers is given in Fig. 5.6 and Fig. 5.7.

Summary of Pafallel Port Operating Modes

1) As a simple output with DDRA(B) = FF

2) As an unlatched input with DDRA(B) = @, ACRG and ACR1
= 0

3) As a latched input using CAl with DDRA(B) = @, ACRZ and
ACRL = 1, positive or negative edge latched (PCR@, PCR4)

4) As a handshake interface in two modes (level handshake
or pulse handshake) using CAl and CA2 (CBl and CB2)

) If CA2 (or CB2) is not in use for handshaking, it can be

used as an additional data output, or as an independent
interrupt input. ,
Note:  Use of CBl and CB2 as input/output controls assumes that
the shift register is disabled i.e. ACR4,3,2 are set to ¢.

- TATEEREE —— . ———
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DATA READY P77 ]

INTERRUPT TO PROCESSOR

READ IRA OPERATICN !
'DATA TAKEN HANDSHAKE MODE 1 I
(€A2)

‘'DATA TAKEN' PULSE MODE

(CA2) ' ' | P—

5.-5a Read Handshake Timing (Port A Only)

AN

sstem ook — beed W LS L L LT LT ML LT

WRITE ORA. ORB OPERATION I I

DATA READY HANDSHAKE MODE ettt —
(CAZ.CB2) . |

DATA READY PULSE MODE

|
(CA2 CB2) | I 1l_
—

DATA TAKEN .
Iof-\lei- 1)) | A %

©NTERRUPT TO PROCESSOR |

5-5b Write Handshake Timing (Port A and Port B)

AUXILIARY CONTROL REGISTER - ADDRESS BFCB (BFEB)
\-._
BIT# PA INPUT LATCH CONTROL: ¢ -ELatch disabled. 1 = Latch enabled.
BITL PB INPUT-LATCH CONTROL: @ ='Latch disabled. 1 ='Latch enabled.
BITS

L, 3 and 2 SHIFT REGISTER CONTROL:
(#@9) disabled.
( ) shift in, timed by timer 2.
(#19) shift in, timed by system clock.
(#11) shift in, timed by external clock.
(1#8) shift out, free running at timer 2 rate.
(141) shift out, timed by timer 2.
(11¢) shift out, timed by system clock.
( ) shift out, timed by external clock.
BITS TIMER 2 CONTROL: @ = Single timed interrupt. 1 = Count down
with pulses input on PBE,
BITS 7 and 6 TIMER 1 CONTROL:
(#@) single timed interrupt, PB7 output disabled.

) continuous timed interrupts, PB7 output disabled.
1#) single timed interrupt, single pulse output to PB7*.
i1) continuous interrupts, PB7 inverted on each interrupt¥®.

* Note: For timer 1 to output to PB7, both DDRB7 and ACR7 must
be set. The level of ORB7 has no effect under these con-
ditions.

Fig 5-6 Auxiliary Control Register




PERIPHERAL CONTROL REGISTER - ADDRESS BFCC (BFEC)

BIT@ CAl INTERRUPT CONTROL: @ = Negative active edge. 1 = Positive
active edge.
BITS 3, 2 and 1 CA2 CONTROL:
(pgg) Input: set the CA2 interrupt flag on negative edge.
Clear flag by reading IRA/ORA.
(8#1) Input: set flag CA2 on negative edge. Clear flag by
writing to IFR register.
(#16)  Input: as for code @@, with positive edge.
(#11)  Input: as for code @P1, with positive edge.
(19)  Output: handshake mode (active low). Reset by active
transition of CAl input.
(lQl) Output: pulse mode (active low).
(11¢)  Manual Output: CAZ held low.
(111)  Manual Output: CA2 held high.
BIT4 CBl INTERRUPT CONTROL: Code as for CAIl.
BITS 7, 6 and 5 CB2 CONTROL: Codes as for CAZ.

Note 1: The specified active edge for CAl, CBl controls both the
active edge for interrupt and the active edge for input
latching when enabled.

Note 2: Codes @#1 and @83 for CA2 and CB2 allow this input to be
used as a completely independent interrupt; the Shift Regis-
ter must be disabled to use CB1/CB2 as input/output.

Fig 5:7 Peripheral Control Register

TIMER-COUNTER OPERATION

Timer T1 Operation

Timer T1 consists of two 8 bit latches and a 16 bit counter (see
Fig. 5.1). The latches are used to store data which is to be
loaded 1into the counter. After loading, the counter decrements
at the system clock rate of ¢MHz. Upon reaching zero, an inter-
rupt flag will be set, and the microprocessor will be interrupted
if the appropriate enable bit is set in the IER register. The
timer will then disable any further interrupts, or will automati-
cally transfer the contents of the latches into the counter and
will continue to decrement. In addition, the timer may be pro-
grammed to invert the output signal on a peripheral pin each
time it 'times—out'. Each of these modes is selected via 2 bits
in the ACR (Fig. 5.5), and are fully described below.

The T1 registers are depicted in Fig. 5.8, and are summarised
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in the table below:

Address| Mnemonic Write Read
BFC4 T1C-L Lecad counter to low Read low byte of
byte of latch. counter.
reset Tl interrupt
flag.
BFCS T1C-H Load high byte latch Read high byte of
and transfer count counter.

from both latches to
counter (16 bits) and
initiate counting.

. | reset Tl flag.
BFC6 T1L-L Load low byte latch Read low byte of
(same as BFC4). data latch.
BFC7 T1L-H Load high byte of Read high byte of
data latch. data latch.

Timer 1 - One Shot Mode

The interval timer one-shot mode allows generation of a single
interrupt for each timer load operation. As with any interval
timer, the-.delay between the "write T1C-H" operation and gene-
.- ration of the processor interrupt is a direct function of the data
loaded into the timing counter. In addition to generating a single
interrupt, Timer 1 can be programmed to produce a single negative
pulse on the PB7 peripheral pin. With the output enabled (ACR7
= 1 and DDRB7 = 1), a "write T1C-H" operation will cause PB7
to go low. PB7 will return high when Timer 1 times out. The
result is a single, programmable width, pulse,
In the one-shot mode, writing into the high order latch has no
effect on the operation of Timer 1. However, it will be necessary
to ensure that the low order latch contains the proper data before
initiating the count-down with a "write T1C-H" operation. When
the processor writes into the high order counter, the Tl interrupt

flag will be cleared, the contents of the low order latch will be

L

transferred into the low order counter, and the timer will begin
to decrement at the system clock rate of IMHz. If the PB7 output

‘_-_.— 5:11 )




Address BFC4 (BFE4) Address BFC5 (BFES5)
REG 4 — TIMER 1 LOW-ORDER COUNTER REG 5 — TIMER 1 HIGH-ORDER COUNTER
I7|s|s|4|alz|1|ol 7lels)ala{z2]1]o
L_....1 = 256 7
- 592
4 1024
9 | counT e 2048 | COUNT
VALUE . VALUE
1% e 2096
32 e e e 8192
& 16384
128 32768|
Address BFC6 (BFE6). - Address BFC7 (BFE7)
REG 6 — TIMER 1 LOW-ORDER LATCHES REG 7 — TIMER 1 HIGH-ORDER LATCHES
[7]5'5 4'3'2'1'0] 7[5 s{a|3]2 |]o
L I
2 bre—— 512
4 024
8 | count 2048 | couNT
| VALUE . a006 | VALUE
32 8192
P 16384
128 32768

Fig 5-8 Timer 1 Registers
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is enabled, this signal will go low on the phase two following
the write operation. When the counter reaches zero, the Tl inter-
rupt flag will be set, and the processor interrupted (if interrupt
is enabled), and the signal on PB7 will go high. At this time
the counter will continue to decrement at system clock rate. This
allows the processor to read the contents of the counter to deter-
mine the time since interrupt. However, the T1 interrupt flag
cannot be set again unless it has been cleared as described in

this specification.
Timing for the one-shot mode is shown in Fig. 5.9.

Timer 1 Free-Run Mode

The most important advantage associated with the latches in T1
is the ability to produce a continuous series of evenly spaced
interrupts and the ability to produce a square wave on PB7 whose
frequency 1is not affected by variations in the processor interrupt

response time. This is accomplished in the "free-running" mode.

In the free-running mode, the interrupt flag is set and the signal
on PB7 is inverted each time the counter reaches zero. However,
instead of continuing to decrement from =zero after a time-out,
the timer automatically transfers the contents of the latches into
the counter (16 bits) and continues decrement from there. The
interrupt flag can be cleared by writing T1C-H, by reading T1C-
L, or by writing directly into the flag as described later. How-
ever, it 1s not necessary to rewrite to the timer to enable setting

the interrupt flag for the next time-out.

Both interval timers in the 6522 are 're-triggerable", that is re-
writing to the counter will always re~initialize the time-out period,
In fact, the time-out can be prevented completely if the processor
continues to rewrite the timer before it reaches zero. Timer 1
will operate in this manner if the processor writes into the high
order <counter (TIC-H). However, by loading the latches only,
the processor can access the timer during each down-counting oper-
ation without affecting the time-out in process. Instead, the data

loaded into the latches will determine the length of the next time-

out period. This capability is particularly valuable in the free-
running mode with the output enabled. In this mode, the signal

N ——— 5:13 —
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CLOCK
WRITE T1C-H f ]

QPERATION? /
1RG OUTPUT / o 1
PB7OUTPUT-—-——-——|
L l
7
N | N-1 | N-2 ‘ N-3 1 ’ 0 IFFE ! FE [ | re

et N + 1.5 CYCLES‘——J

INTERVAL TIMER “ONE-SHOT"” MODE TIMING SEQUENCE

sod L LI L LML LML, ML LI

WRITE T1C-H I I / &

GPERATION 7/ "
TRG OUTPUT - f——l
R ]_ /
7
PBY OUTPUT -—_l [ vy fr l

iy
ld—N*1.5 CYCLES e !"' N+2 CYCLES _D-]

TIMER 1 “FREE-RUNNING"” MODE

WRITE T2C-H I l '

OPERATION
P88 INPUT L.l u 7 /o u u
TRG QUTPUT l
N 1 N1 \ Nz 2 l 1 | 0

TIMER 2 PULSE COUNTING MODE

v

Fig 5.9 Counter-Timer Operating Modes
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on PB7 is inverted and the interrupt flag is set with each time-
out. By responding to the interrupts with new data for the
latches, the processor can alter the period 6f the next half cycle
during each half cycle of the output signal on PB7. In this
manner, vefy complex waveforms can be generated.  Timing for

the free-running mode is shown in Fig. 5.9..

Timer 2 Operation

Timer 2 operates as an interval timer (in the '"one-shot" mode
only), or as a counter for counting negative pulses on the PB6
peripheral pin. A single'control bit is provided in the Auxiliary
Control Register to select between these two modes. This timer
has data registers comprised of a "write-only' low-order latch
(T2L-L), a 'read-only" low-order counter and a read/write high
order counter.  The counter registers act as a 16 bit counter
which decrements at the system clock rate. Fig. 5.10 illustrates

the T2 Counter Registers.

Address BFC8 (BFES) Address BFC9 (BFE9)
REG 8 — TIMER 2 LOW-ORDER COUNTER REG 9 — TIMER 2 HIGH-ORDER COUNTER
LLefefes]e]]o] noanaann
'— 17 256 ]
2 " — 512
h—— Mt 1024
=—————28 | COUNT 2048 | COUNT
VALUE VALUE
— 6 S E——T T
rr— 32 8192
& |- 16384
128 32768
WRITE — 8 8ITS LOADED INTO T2 LOW-ORDER WRITE — ERITS LOADED INTO T2 HIGH-ORDER
LATCHES, COUNTER, ALSO, LOW-ORDER LATCHES
_ TRANSFERRED TO LOW-ORDER
ReaD 33)3523'&';?4‘3?‘?&357&‘#’1&?'1 COUNTER. IN ADDITION, TZ INTERRUPT
FLAG 1S RESET. FLAG 1S RESET

AEAD -~ 88ITS FAOM TZ HIGH-ORDER COUNTER
TRANSFERRED TO MPU,

Fig 5-10 T2 Counter Registers
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Timer 2 One=Shot Mode

As an interval timer, T2 operates in the "one-shot" mode similarly
to Timer 1. In this mode, T2 provides a single interrupt for
each "write T2C-H" operation. After timing out, the counter will
continue to decrement; however, setting of the interrupt flag will
be disabled after the initial time-out so that it will not be set
by the counter continuing to decrement through zero. The pro-
cessor must rewrite T2C-H, which re-loads the counter, and re-
enables the T2 interrupt. The T2 interrupt flag is cleared by
reading T2C-L or by writing T2C-H. Timing for this operation

is shown in Fig. 5.9.

Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to count a pre-
determined number of low going pulses on PB6. This is accom-
plished by first loading a number into T2. Writing into T2C-H
clears the interrupt flag and. allows the counter to decrement each
time a pulse is applied to PB6. The interrupt flag will be set
when T2 reaches zero. At this time the counter will continue to
decrement with each pulse on PB6, however, it is necessary to
rewrite T2C-H to allow the interrupt flag to set the next time T2
reaches zero. Timing for this mode is shown in Fig. 5.9. The
input pulse must be low on the leading edge of the system clock

(i.e. it must be wider than the period of the 02 clock).

APPLICATIONS OF THE INTERVAL TIMERS

A Real-Time Clock

The function of a real-time clock is to allow the microprocessor
to keep a count of hours, minutes and seconds. With such know-
ledge of "real-time', the microprocessor can then control any task,
or peripheral equipment, that needs to operate at a particular
time, or times, of day. The microprocessor could be programmed,
for example, to turn on the television, or radio, at certain times
of the day; to control the house lights; or to put messages on
the VDU screen, such as "GOOD MORNING", "COFFEE TIME", "TIME
TO MAKE LUNCH" etec.
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In order to do this, Timer 1 would be used in its free running
mode to provide interrupts at fixed intervals which are easily
related to seconds; in addition, the interrupts need to be fairly
slow so as not to tie up the processor inordinately. If 2¢ milli-
seconds is chosen as the time interval, then Timer 1 needs a count
of 15000 (decimal) with microtan's system clock rate of £MHz.
Thus the user would set the registers as follows:-

Auxiliary Control Register: bit 7 = @, bit 6 = 1 (continuous

interrupts).

Timer 1 TI1L-L = 8A (Hex) low byte of period.

Timer 1 T1L-H = 3D (Hex) high byte of period.

Timer 1 TIC-H = 3D loads c¢ounters and commences timer oper-

ation.

In order for interrupts to occur, the user must set the appropriate
bit in the interrupt enable register IER. The users interrupt
routine must then perform the actual conversion to hours, minutes,

seconds by maintaining a count in locations in memory.

Bi-phase Encoded Data

As an example of wusing the Tl output via PB7, consider serial

output of data in the following format:

Binary data @@100@18 to be output.

VAN GERINIE )

1

Al .
|

Lo
...__;_.._
____&_......
..-._;....-
___;..__

] -
__.._G__..

-As can be seen, each bit occupies a time AT, and at the end of

each bit, the signal changes state. If the bit is a 1, an add-
itional state change occurs in the middle of the bit period. This
is called bi-phase, or two frequency data, and is popular for
use on disc and tape memories. The method would work as follows.
Timer 1 is set to free running mode with output to PB7 enabled,
and period AT set in TI1L-L. If the first bit is zero, as here,

- —
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TIC-H is loaded with zero, which triggers the timer for a count
of AT. During this interval, the second bit is tested; if it is
zero, (as here) no action need be taken, as the timer will re—

load the period AT. 1f the subsequent bit is a 1, -then the pro-
cessor loads period AT/2 into T1L-L, so that output PB7 changes

state at twice the rate. In the latter part of this cycle, the
next bit is inspected, and so the process goes on. The process
is thus:

1) Set up timer for first bit period.

2) Inspect next bit: if it has changed load T1L-L with new count.
if it is the same as the previous one, leave
T1L-L alone.

SHIFT REGISTER OPERATION - TTL SERIAL I/0Q PORT

The Shift Register (SR) performs serial data transfers into and
‘out of the CB2 pin under control of an internal modulo-8 counter.
Shift pulses can be applied to the CBl pin from an external source
or, with the proper mode sélection, shift pulses generated inter-

- nally will appear on the CBl1 pin for controlling external devices.
The control bits which select the various shift register operating

modes are located in the Auxiliary Control Register, as shown

in Fig. 5.6. The shift register itself is depicted below.

Address BFCA (BFEA)

I’lslsl'lslzl'&_

SHIFT
[~ REGISTER
BITS

-]

NOTES:

1. WHEN SHIFTING Ql._ll‘ BIT 715 THE FIRST &1T
OUT AND SIMULTANEOUSLY 1S ROTATED BACK
INTOBITQ. ,

2, WHEN SMIFTING IN, BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7.

" The eight modes of operation of the shift register are now described.
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SR Disabled (g@@)

The @PF mode is used to disable the Shift Register. In this mode |
the microprocessor can write or read the SR, but the shifting oper-
ation is disabled and operation of CBl and CB2 is controlled by
the appropriate bits in the Peripheral Control Register (PCR).
In this mode the SR Interrupt Flag is disabled (held to a logic
a).

Shift in Under Control of T2 (@@1)

In the @@l mode the shifting rate is controlled by the low order
8 bits of T2. Shift pulses are generated on the CB1 pin to control
shifting in external devices. The time between transitions of this
output clock is a function of the system clock period and the con-
tents of the low order T2 latch (N).

The shifting operation is triggered by writing or reading the shift
register. Data is shifted first into the low order bit of SR and
is then shifted into the next higher order bit of the shift register
on the negative-going edge of each clock pulse. The input data
should change before the positive-going edge of the CBl clock
pulse. This data is shifted into the shift register during the
phase 2 clock cycle following the positive=going edge of the CBIl
clock pulse. After 8 CBl1 clock pulses, the shift register interrupt.
flag will be set and IRQ will go low.

sl
WHITE OR READ n_
SHIFT REG. o L

Ne2 //
N+2 EYCLES M s !

CBY OUTPUT
SHIFT CLOCK

. . L i
NSl /1IN S i S T SR i W

Shift in Under Control of System Clock (g1¢)

In mode @10 the shift rate is a direct function of the system clock
frequency. CBl Dbecomes an output which generates shift pulses

fer controlling external devices. Timer 2 operates as an inde-
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pendent interval timer and has no effect on SR. The shifting

operation 1is triggered by reading or writing the Shift Register.
Data is shifted first into bit ¢ and is then shifted into the next
higher order bit of the shift register on the trailing edge of each
phase 2 clock pulse. After 8 clock pulses, the shift register inter-
rupt flag will be set, and the output clock pulses on CBl will
stop.

neavsn M | |
cooumy EpEpEpEpNpEgEgEy
a2 NPyt Mlmmnnnnnnnnvwm/l//////y///m

"o ' i

'Shift in Under Control of External CBl1 Clock (@11)

In mode @11 CBl becomes an input. This allows an external device
to load the shift register at its own pace. The shift register
counter will interrupt the processor each time 8 bits have been
shifted in, However, the shift register counter does not stop the
shiftingmﬂ"_ﬂgperation; it acts simply as a pulse counter. Reading
or writing the Shift Register resets the interrupt flag and initial-

izes the SR counter to count another 8 pulses.

Note that this data is shifted during the first system clock cycle
following the positive~edge of the CBl shift pulse. For this
reason, data must be held stable during the first full cycle follow-

ing CB1 going high.

v
J

¥
o JULMMULUUU U UL
SHIFT CLOCK Ll L] | | | s

cvvte TR 01 111 1 1 D

IRQ
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Shift OQut Free-Running at T2 Rate (10@)

ANGERINE ~

Mode 10@ is very similar to mode 1¢1 in which the shifting rate
is set by T2. However, in mode 10f the SR Counter does not stop
the shifting operation. Since the Shift Register bit 7 (SR7) is
recirculated back into bit @, the 8 bits loaded into the shift reg-
ister will be clocked onto CB2 repetitively. In this mode the shift

register counter is disabled.

(! I i :

WRITE $A |
OPERATION n !
{
|

N+2 CYCLES N+2 CYCLES i H ‘
CB1 QUTPUT I 1 l l 2 I l 3 a l 71 | 8 I I 9 I
SHIFT CLOCK

e M X X XXX

Shift Out Under Control of T2 (1¢1)

In mode 1@1 the shift rate is controlled by T2 (as in,the previous
mode) . However, with each read or write of the shift register
the SR Counter is reset and 8 bits are shifted onto CB2. At the
same time, 8 shift pulses are generated on CBl to control shifting
in external devices, After the 8 shift pulses, the shifting is

disabled, the SR Interrupt Flag is set and CB2 remains at the
last data level,

Y

2
cx.ocxl | | l | | I I | I I | I l I | | I I | I I I I I I | | I | ; I l I | 1 I l I l
I ! ‘

s T | | 1
N+2 CYCLES j ——]— N+2Z cw:x.ssI ‘ ‘ ‘

i I ;

Bara i 1 A 2 X 3 iy ) G

Shift Out Under Control of System Clock (11¢)

In mode 110, the shift rate is controlled by the phase 2 system
clock.
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L |
: ™ |
S o ‘ } | » I |
SHIFT 100K L L2 3 Le 7 8
SN NN\ S S S /A S St
WO S

Shift Out Under Control of External CBl1 Clock (111)

In mc;de 111 shifting is controlled by pulses applied to the CBI
piﬁ by an external device. The SR counter sets the SR Interrupt
flag each time it counts 8 pulses but it does not disable the shift—
ing function. Each time the microprocessor writes or reads the
shift register, the SR Interrupt flag is reset and the SR counter
1s initialized to begin counting the next 8 shift pulses on pin
CBI. After 8 shift pulses, the interrupt flag is set. The micro-
processor can then load the shift register with ‘the next byte of
data.

i igEpipinipinipipipgipi/aiplgipgigi
!
WRITE SR l_i .
. OPERATION
SMIFT CLOCK
CH2 OUTPUT
g2~ {FTTTITX 1 G — o

IRQ

INTERRUPT OPERATION

Controlling interrupts " \I;vi‘thin. the 6522 involves three principle
operations. These are flagging the interrupts, enabling interrupts
and signaling to the pfocessor that an active interrupt exists
within the chip. Interrupt flags are set by interrupting con-

ditions which exist within the 6522 or on inputs to the 6522.

These flags normally remain sct until the interrupt has been ser-

viced. To determine the source of an interrupt, the microprocessor
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must examine the flag register bits in order from highest to low-
est priority. This is accomplished by reading the flag register
into the processor accumulator, shifting this register either right
or left and then using conditional branch instructions to detect

an active interrupt.

Associated with each interrupt flag is an interrupt enable bit.
These can be set or cleared by the processor to allow the corres-
ponding interrupt flag to interrupt the processor. If an interrupt
flag is set to a logic 1 by an interrupting condition, and the
corresponding interrupt enable bit is set to a 1, the Interrupt
Request Qutput (IRQ) will go active. The microtan 65 will respond
to this interrupt as described in the microtan manual, page 6-
19, and the user must modify the interrupt linkage as described

there in order to respond to the 6522.

In the 6522, the seven interrupt flags are contained in one regis—
ter. In addition, bit 7 of this register will be read as a logic
1 when an interrupt exists within the chip. This allows the micro-
processor to ascertain the existence of an interrupt condition with -
a single conditional branch instruction. The interrupt registers

are shown below:

7 6 5 A 3 2 1 [ Address-
IFR IRQ Tl T2 | CBL1]| CB2 | SR | CAl | CA2 BFCD (BFED)

Set/

IER
Clear

TL | T2 | CBLj CB2 | SR | CAL | CA2 | BFCE (BFEE)

The conditions for setting/clearing the IFR flags are shown below:

BIT SET BY CLEARED BY

) An Active Transition on CA2 ‘Read/Write to ORA/IRA=®

1 An Active Transition on CAl Read/Write to ORA/IRA

2 Completion of 8 shifts Read/Write to SR

3 Active Transition on CB2 Read/Write to ORB/IRB*

4 Active Transition on CBI1 Read/Write to ORB/IRB

5 Time out of T2 Read T2C-L, or write T2C-H
6 Time out of T1 Read TIC-L, or write T1C-H
7 Any enabled interrupt Clearing all interrupts

* except in certain modes (see Fig. 5.7, PCR)
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In addition to the flag clearing methods shown above, any flag

may be cleared by writing a 1 to the appropriate bit of the IFR,

Interrupt Control

To enable the selected interrupts, the respective bits in the enable
register must be set. This is accomplished by writing to the IER

with a 1 in bit 7, and a 1 in each bit which is to be enabled.
e.g. 10010100 enables the CBl and SR interrupts.

To disable these, the same byte is written to 1ER, but with bit

7 zero.
e.g. (0P10100 disables the CBl and SR interrupts.

Having enabled interrupts, an operation may now occur in the
6522 which results in an interrupt flag being set, and this flag
may or may not be an enabled interrupt. If it is enabled, the
IRQ bit will be set, and the processor interrupted. Before the
interrupt routine can identify the flag which has caused the in-

terrupt, the microprocessor must first mask off any flag bits cor-

responding to disabled interrupts. This can be done simply as
follows:

LDA IFR ; read flag register.

AND 1ER ; and accumulator with enable bits.

note: IER bit 7 will always be read as a zero.

The interrupt service routine can now’ correctly identify the inter-
rupt condition and take the appropriate action, to clear the inter-
rupt flag(s), before returning from the service routine. If it
is required to clear all the interrupt flags in '"one go", the follow-

ing simple operation will suffice:

LDA IFR ; active flags are logic one.
STA 1IFR ; writing back a "one" clears the flag.
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CHAPTER 6

Serial 1/0O Option |







o4

The serial 1/0 option allows the user to implement a full asyn-

. chronous serial data port, connecting, for example, to a profess-—

ional computer terminal. The data port can operate as TTL, 20mA
current loop, or RS232C mode, as selected by the user, with full
modem control if required. The kit consists of a 6551 program-
mable UART (Universal Asynchronous Receiver/Transmitter), a
1.8432MHz crystal, and an RS232C interface driver. Note that
the RS232C driver requires an additional power supply of +12 volts
and -12 wvolts at approximately 15 milliamps. The data port is

brought out via a 14 pin socket at location El, the pin out of

which is shown in Fig. 6.1.

In" order to operate the UART, its mode of operation must be pro-
grammed from software, wusing its four internal registers. The

significance of these registers, and their memory addresses, are.

shown in Figs. 6.2 to 6.5.

PIN SIGNAL DIRECTION COMMENT
1 2@mA Loop Output
+ Transmit
2 28mA Loop Qutput
- Transmit -
3 RS232C out Qutout
& TTL Input _ Input Remove LK2 to operate
with a TTL input,
BTR Qutput Modem control
6 TTL Qutput Qutput
Ground Input
2dmA Receive -
"8 EEE Input Modem control*
9 Blé Qutput Modem control
- 10 DCD Input Modem control
- 11 OSR Input Modem control
12 RS232C in Input
13 2@mA Receive «+ Input Pair with pin 7
14 +3 volts Qutput

*Note: CTS must be held low to enable the transmitter if no modem is useq.

‘Fig 61 Serial 1/0 Socket Pinout
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- Writing a byte of data to the UART data register loads the UART
transmitter register with that data and starts transmission, pro-
vidipg that the necessary control bits have been set in the other
registers. If the UART receives serial data, it may be read as
an eight bit byte from the same memory address. The UART is
organised iriternally with entirely separate data registers for trans—
mitting and receiving, and it is simply for. convenience in oper-

ation that they are accessed using the same memory address.

"UART DATA REGISTER - ADDRESS BFDg

DB7 DBg

DATA | DATA | DATA | DATA | DATA | DATA | DATA | DATA

Fig 6:2 UART Data Register

STATUS REGISTER ~ ADDRESS BFDI

087 DB

O
|

i
to IR | OSR | DCD | TDRE | RDRF | OR | FE | PE

This register 1s READ ONLY, and reflects the status of the UART.
NOTE: WRITING 7O THIS ADDRESS CAUSES THE UART TG BE RESET.
PE = PARITY ERROR: This bit will be set (high) if a received byte
of data has incorrect parity.

FE = FRAMING ERROR: This bit is set (high) if -the received data
did not frame correctly. (This is indicative of slightly mis-matched
baud rates). . :

OR = OQVERRUN: Set (active high) 1if the received data overruns.
RDRF = RECEIVER DATA REGISTER FULL: Active high. Indicates that
data has been received. Generates an interrupt if set.

TDRE = TRANSMITTER DATA REGISTER EMPTY:  Active high. Indicates
that the next byte of data to be transmitted may be loaded into BOF{.
Generates an interrupt if set.

DCD = DATA CARRIER DETECTED: Active low. Indicates the presence
of a carrier signal when the 6551 is used with a modem. Generates
an interrupt when set.

OSR = DATA SET READY: Active. low. For a modem control, indicating
that data transfer can take place. Generates an interrupt when
active. ‘
IR = INTERRUPT REQUEST: Active high. This bit is set if the UART
is generating an interrupt.

Fig 6-3 Status Register — |

-
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COMMAND REGISTER - ADDRESS BFD2

DB? DB

PMC1 | PMC@ | PME | REM | TIC1 | TIC@ | IRD.| OTR

s d o
Writing to this register loads the UART command register; a read
may be performed to check the register contents.

OTR = DATA TERMINAL READY: Active low. For modem control - used .
to indicate the terminal is ready. Must be @ to emable transmitter. ) ol rtcerwe
IRD = INTERRUPTS DISABLE: Active high. ODisables the UART interrupt
when active,
TIC1 and TICY = TRANSMITTER INTERRUPT CONTROL.
(@@) RTS output = high, transmit interrupt disabled.ﬁi'??’w h
(#1) RTS output = low, transmit interrupt enabled. -+ 7 =i
(1@) RTS output = low, transmit interrupt disabled.
(11) RTS output = low, transmit interrupt disabled
and transmit BREAK (i.e. continuous zero).
REM = RECEIVER ECHO MODE: Active high. When active, the transmitter
automatically transmits (echoes) a received character - also called
half-duplex mode. Normal operation is with this bit low.
PME = PARITY MODE ENABLE: Active high. When active, the UART gene-
rates a parity bit on transmission, and checks parity on reception,
PMC1 and PMCP = PARITY MODE CONTROL.

(@#) 0dd parity transmitted and received.
(1) Even parity transmitted and received.
(1#) High parity bit transmitted but no parity check.
(11) Low parity bit transmitted but no parity check.

Fig 6-4 Command Register _

Applying the serial 1/0 option

Although the above register details may make this option seem
complex to use, it should be remembered that the Control and Co-
mmand Registers will, for any given application, only require
to "be set up once. After that it will only be necessary to use'
the Status Register and Data Register for the actual communication,
an example of which now follows. Suppose it is desired to use
this port to connect to a standard computer terminal, which has
the following characteristics: Baud rate 120¢, word length 8 bits,
2 stop bits and no parity, full duplex mode. Since this is not
a modem the signals CTS, DCD, DSR, DTR and RTS may all be

ignored, though CTS must be connected to ground to enable the

transmitter. For the sake of simplicity, we will also ignore the
three error conditions FE, OR and PE, and we will operate

the UART without interrupts. Thus the first .thing the users soft-
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CONTROL REGISTER - ADDRESS BFD3

DB7 DB

SBN WLf WL RCS SBR3 SBR2 SBR1 SBRY
@y T R > ¥ e

SBRO to SBR3 - SELECT BAUD RATE.

(p@@P) External clock - not available to the user.
(dp@1) 5@ Baud
(pg1g) 75 Baud
(gp11) 114 Baud €=
(g1ed) 135 Baud =
(@1¢1) 15¢  .Baud
(d11¢) 3¢9 Baud
(d111) 6p¢ Baud
(19¢¢) 12p¢ Baud
(1¢¢1) 1804 Baud
(101¢) 249  Baud
(1g11) 36@@¢  Baud.
(11¢¢) 48¢@ Baud
(11¢1) 72¢¢ Baud
(111¢) 96¢¢ Baud
(1111) 192¢9 Baud

RCS = RECEIVER CLOCK SQURCE: A logic one selects the internal clock
source, and terminal RXC on the 6551 becomes a clock output. Logic
zero selects external clock. Must always be a one. é—

WLl and WL@ = SELECT WORD LENGTH

-2 (§@) 8 bits (@1) 7 bits
(14) 6 bits {11) 5 bits
SBN = STQOP BIT NUMBER: When a logic zero, one stop bit is trans-

mitted and received. when a logic one, one and a half stop bits
are transmitted and received for word length of 5 bits with no parity,
- one stop bit for word length of 8 bits with parity and two stop bits
for all other combinations. '

ware must do is to

check, REM .a @ to

Register SBN is set
select 8 Dbit
and SBR3 to

to be sent to

to produce an interface to match the specification given.

In the Command Register PMCl and PMC@ should be 16, selg_ct/{ng
high parity with no check, PME should be @ to inhibip«""barity

¢ to disable transmitter interrupt, IRD set to 1 to /di'sable inter—
rupts and DTR set to # to enable the transmitter/'/

to be sent to the Command Register is therefore 8‘@ In the Control

word length,
SBR@ set to 100@0 to select 1200 baud.
the Control Register is therefore 98.

N NG E R —

Fig 6:5 Control Register

initialise the Command and Control Registers 2

e

select full duplex mode, TICl and_}/’f‘ICQi both

The hex code

WL1 and WLZ to @0 to
internal clock
The hex code

—

to 1 for 2 stop bits,

RCS set to 1 to select

6:4
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Thus, the initialisation routine becomes simply:

LA #4887

STA BFD2 ; sends command byte.
LDA #98 "=

STA BFD3 ; sends control byte.

In addition, the user needs two subroutines, one to receive a
data byte from the,terminal, and one to transmit a data byte.
The following examples use three RAM locations as temporary stor-

age areas:

TRCHAR: contains a character for transmission.
RDCHAR: contains a received character.
CHWAIT: is a marker flag.

Since the example assumes full duplex mode, it is possible for
a character to be received at the same time as one is being trans-
mitted. The transmit character routine therefore always looks
to see if a character has been received, and if so, sets CHWAIT
to be non-zero, indicating that a received character is awaiting
attention. The users main program can then take the necessary
action if it inspects CHWAIT.

TRANSMIT CHARACTER ROUTINE

TCH: LDA BFD1 ; read UART status.
PHA ; save it,
AND #08 ; test RDRF,
ORA  CHWAIT ; OR in marker.
STA CHWAIT ; and store it.
PLA ; get status again,
AND #10 ; test TDRE.
BEQ TCH i loop until not busy.
LDA TRCHAR ; fetch character.
STA BFDg ; send it.
RTS ; and return.

6:5




RCH: LDA
BNE
RCH1@: LDA
AND
BEQ
RCH20: LDA

LDA
STA
RTS

condition that has

action.

STA,

caused

CHWAIT
RCH29
BFD1
#08
RCH1d
#9
CHWAIT

" BFD@

RDCHAR

\~ AR EERIE ——

RECEIVE CHARACTER ROUTINE

; marker.

; branch if char waiting.

; status.
; test RDRF.

; loop if none.

; clear marker.
; read data.
; store it.

: and return.

the interrupt, and take

If it is preferred to use the port under interrupt control, the
user must provide the software to modify TANBUG's interrupt linking
as described in the microtan 65 manual page 6~19, and the inte-
rrupt routine must then read the UART status word to find the

appropriate
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CHAPTER 7

Cassette Recorder Interface
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This interface allows the user to store programs on an ordinary
domestic cassette recorder, and to reload them from cassette for
subsequent use. The interface makes use of the 6522 Versatile
Interface Adaptor described in section 5, using Timer Tl to generate
serial data to the PB7 output for recording, and using the CB2
input as the signal input for reading in recorded programs. Note
that these cassette connections are common to those of the parallel
I/0 socket B1.

The software to operate this interface is listed at the end of this
section, and must, initially, be manually entered into RAM using
TANBUG. Two programs are provided, called LOADCH, to load pro-
grams from cassette, and DUMPC@ to dump programs to cassette,
and these normally reside in the bottom 1K of RAM (on microtan).
With these programs installed in microtan, only memory locations
44 to LF are available to the user, plus approximately 20 (deci-
mal) locations available for the stack; however, dumping the dump
program itself to cassette allows the use of memory addresses 146

to 1E8 as temporary store, since the load program can then reload

'dump' when required.

Connecting to the cassette recorder

The user must provide a suitable lead to connect to his/her tape

recorder. The terminal block on TANEX has four terminals. which
should be connected as follows:

CAS O/P : Connect to cassette recorder input.
ov : Earth connection for shield.

CAS 1/pP : Connect to cassette recorder output,
ov : Earth connection for shield.

The user may now manually load the cassette software into microtan
using TANBUG, in the locations indicated on the listing provided,

and can immediately dump the 'DUMPCg@' program to tape for future
use. '




——

Dumping a program to tape

Subroutine DUMPC@ dumps the contents of a specified memory segment

cnte the tape as follows:

al Using TANBUG's 'M' command, enter the memory address of
where the dump is to start into locations 4@ (low byte of
address) and 41 (high byte).

b) Similarly, enter the end address into locations 42 (low byte)
and 43 (high byte). For example, if the wusers program
that is to be dumped starts at 49F and ends at 4DE  then
after steps a) and b) above, the four locations should be

as follows:

Location _ Contents

L _ o0 start address low byte.
41 @4 start address high byte.
42 DE end address low b‘yte.
43 @4 end address high byte.
c) Start the program by wusing TANBUG's 'G' command from
location DUMPC@ (146). The VDU will give a carriage return

and cursor prompt.

d) Start the cassette tape running in record mode and adjust
the recording level if required. Make a note of the tape

counter on the recorder for later use.
e) Let the tape run for at least 5 seconds to record the lead
in tone, then hit any keyboard key to commence recording.

(The cursor will also disappear from the VDU screen).

£) The contents of the specified memory area will now be re-

corded onto tape.

g) When the recording is complete, the cursor will reappear

on the screen.

h) The cassette recorder can now be stopped. Note the tape

ESIANGERINVEREEE S --_—-—_—
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| i ' Loading a program from tape
L)

The LOADCH program loads a program into the same memory area
from which it was dumped.

a) Load the appropriate cassette into the cassette recorder,
and position the tape at the start of the 5 second lead in
tone recorded in step d) above, leaving the cassette on 'play’

‘ with 'pause' set. )

b) Set the load program ready to run by using TANBUG's 'G’
command from location LOADC@ (5@) but do not depress
CR yet!

c) Let the tape run by releasing the pause button, and then
é press CR on the microtan keyboard.

, d) The program will now load from tape, and the cursor will
g disappear from the VDU screen.

| ‘ '

5 e) When loading is complete the cursor will regppear. on the
& VDU screen, and the cassette can be stopped.

The load program may generate three error messages, these are
parity error, framing error and checksum error. If a parity error
occurs the program displays a 'P' and the location at which the
error occurred. Program loading still continues however. The
user may then correct the location that suffered the parity error.
If a framing error occurs the load program completely loses syn-
chronisation with the data on the tape and loading is aborted.
g 'F' is displayed along with the location where the  framing error

occurred. An attempt should be made to reload the tape. 1f

PR

the framing error occurs in the same position then there is most
likely to be a drop-out on the tape, but if loading is successful
then the original framing error may have been due to mains borne
interference. The third error condition is an incorrect checksum,
indicated by 'C' being displayed. An incorrect checksum may
be caused by a double error in a data byte which will not produce

a parity error. A checksum error means that the user must check

L s A

his/her original listing to find and correct the "bad" data bytes.
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pisd
P53
pgss
@gs7
#9859
gsB
#@sE
gp6g
p@63
ﬂﬁﬁh
@967
ppss
pRsA
pgen
g9
pe72
#p75
pg77
pe79
e
pe70
pg7F

CASSETTE INTERFACE ASSEMBLER LISTING

; Program LOADCH loads an absolute file from the cassette.
; The code is automatically dumped into the area of store specified

; on the tape at dump time.

; RESET recovers monitor in case of lock-up.

; If the user wishes to relocate code in a different area
; of memory (e.g. for text) he/she should change the

; STA 4@, STA 41 and STA 4f,Y instructions at the start

; of LOADCS to NOP.
; Locations 4@ and 41 should be set to the required start

; address and locations 42 and 43 to the required end address.

s Define
I0IER =
10ACR =
10DDRB =
I0TILL =
I0TILH =
100RB =
10TICL =
I0IFR =
T2CH =
TICH =
IOPCR =
T2LL =
s Define
POLLKB =
QUTPCR =
OPCHR =
VOUC =
HEXPNT =
RCI =

2p8ApH(E) LoADCH:

ropg

854

8541

8544

8DCBBF

AQTF

8DCEBF

#a

8DC8BF

78

2949 FORLB:

8DCCBF

2p1c917

AQR3

20c309(0) Loap1:
7032

93¢

99490

88

19F3

c8

I/0 label addresses.

BFCE
BFCB
BFC2
BFC6
BFC7
BFCH
BFC4
BFCD
BFCY
BFCS
BFCC
BFC8

TANBUG label addresses.

FOFA
FE73
FETS
g3cd
FF@B
FC4B

JSR INITL
LDA #¢

STA 4@

STA &1

STA 44

STA IDACR
LDA #7F
STA I0IER
ASL A

STA T2LL
SEI

LDA #40
STA I10PCR
JSR THTNCH
LDY #3

JSR RDWOCH
BVS FERR
BCC FERR
STA 4@,
DEY
BPL
INY

LOAD!L

STV G E R p—

7:4

First initialise the 6522.
Clear souce address and checksum.

Set timer 2 mode.
Disable 6522 interrupts.

Load low byte of timer latch.

Disable interrupts.

Set CB2 nmode.

Load 6522 peripheral control register.
Synchronise on tape leader.

Set count.

Get status byte.

Frame check.

Fatal error on status read?

Else store till done.

—_—
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g8
#g83
pg8s
gg87
ppas
gp8a
gg8n
gpst
ggagp
#ga1
#993
#99s
pa9s
#g9A
LD
gpar
gpa1
poA3
DL
Y]
paaB

#ga0
#geg
@pB2
g@Bs
pgB7
fgsA
#geD
poeF
gec?

ggc3
gocs
gacs
gocs
: gaca
ggco
gpcF
gdo1
$903
#@Ds
#gn7
pgos
poDA
$poD
#a0Ee
#@oF

ggED 68 PLA ; Pick up checksum.

{, N GERINEEN

; We have now set status up in locations 4@-43 as in the
; OUMP subroutine.

. Proceed to get characters and store then.

i Y = @ here.

20c3gp[6) LOADI: SR RDWDCH Get the character.

-

7024 BVS FERR s Check for fatal frame error.
Bo@7 BCS LOADZ2 ; Branch if parity 0.K.

48 PHA

A95@ LDA #50 ‘ ; Else set up P.

20A099 (¢) JSR ERRP ; Call error print.

68 PLA :

914¢ LOAD2:  STA (48),Y ; Store the number.

18 cLe ; Clear carry,

6544 ADC &&4 ; Add checksum.

8544 STA 44 s Restore it.

293301 (7) JSR RECCMP ; Increment count via subroutine.
DPEB BNE LOAD3 s If carry clear done, else next.
20309 (& JSR ROWDC Get checksum.

C544 CHMP 44 Compare with actual checksum.
F@@s BEQ LOAD4 If equal then 0.K.

A943 LDA #43 Else set up C.

Error.

Return to TANBUG.
Frame error - set F.
Unconditional branch.

20A009(6) LOADS:  JSR ERRP
4C4BFC  LOADG:  JMP RC1
AQLG FERR:  LDA #46
D@F6 8NE LOADS

.k oAb MA we we wd ws ws

; ERRP is the load routine error printer.

2@75FE  ERRP: JSR OPCHR . 3 Output error type.
A541 LDA 41 ; Output high byte of address.

..

20@BFF JSR HEXPNT
A543 LDA 4§ ; Output low byte of address.

200BFF JSR HEXPNT
2¢73FE  INITL:  JSR OUTPCR
A929 OBLCR:  LDA #2¢
8DERP3 STA 3E¢

69 RTS

Carriage return,
Obliterate cursor.

P

: Subroutine RDWDC@ reads a byte from the tape.

: On entry it assumes that the interface i1s set up and running,
; and that initially the tape is running with 24@@Hz.

; Ansuwer is placed in the accumulator.

98 "ROWDCP: TYA ; Save Y.

48 PHA

2010917 STBIT:  JSR THMTNCH : Keep looking for a start bit.

BAFB BCS STBIT ; Read first cycle.

20F 699 () JSR RDBTCH ; Test start bit.

5004 BVC ROWD1 ; No framing error.

2469 ROWD2:  BIT FORLB+1 ; Redundant - set V.

781iF BVS RDWD5 ; Else return with F error.

BAFA ROWD1:  BCS ROWD2 ; If carry set then a framming error.
AS@d LDA #¢ ; Else get 8 bits and clear accumulator.
48 PHA ; Save parity.

AB@8 LDY #8 ; Count of 8,

20F609 () roWD3:  JUSR RDBTCH : Read a bit.

6A ROR A s Shift into accumulator.

AA TAX ; Save accumulator in X.

ga ASL A ; Get bit back in carry.




goe1
PBE3
#oes
paes
@oES
poEs
#ecEs
ppEC
foED
PoEF
poF 1
par2
paF3
dgr ¢
#gFs

#oF6
foF7
poFs
#oF9
ggFa
f#@FD
g1pd
g1g1
g1
p1gs
g1g6
f1gs
glga
g1gc
pLoe
p11g
g111
@114
pris
g117
glr1s
#119
Pria
#118

6909 ADC #f ; Add in carry.
48 PHA ; Push it on stack.
8A TXA ; Recover A,
88 DEY ; Decrement count.
D@F2 BNE RDWD3 ; Till 8 bits.
20F 509 (6 JSR RDBTCY ; Get parity.
AA TAX
68 PLA
70E9 BVS RDWD2 ; Error if frame.
690¢ ADC #§ : Add parity bit.
LA LSR A
68 RDWD5: PLA
A8 TAY
8A TXA
6 RTS
: Subroutine RDBTCH reads one bit from cassette via PB2.
i On entry it assumes subroutine TMINCH to have been used
; to set timer 2.
i Note on entry, one transition of the current ‘data bit
; has been read,
; On exit, one transition of the next data bit will
; have been read.
; If all transitions are logic high, the result is a
; one, and the carry is set,
; If all are zero, the result is a zero and the carry
;i 1s clear, otherwise the overflow bit is set as a
; framing error flag.
; Using two bits makes cassette recorder phase irrelevant.
48 RDBTCP: PHA ' ; Save accumulator.
98 TYA ; Save Y.
48 PHA
ASog LDA #p ; Clear accumulator.
Adp2 LDY #2 : Set Y = 2.
2p1c91 (7) JSR THTNCY ; Read two bits.
2h ROL A~
201201 (7) JSR THTNC
24 ROL A
B8 CLY i Clear frame error flag.
Fpos BEQ RDBTI v If # a zero, clear carry and V.
Ag@o LDY #6 : Else set Y = 6.
£9g3 CMP #3 ; Compare accumulator with 3.
Fag2 BEQ RDBT! 7 If equal to ! carry set.
2469 BIT FORLB+! i Else set frame error V flag.
g8 ROBT1: PHP ; Save V and C flags.
2¢1C¢lb7 REMCH:  JSR TMTNCE ; Read remaining characters.
88 DEY
D@FA BNE REMCH
28 PLP ; Recover PSHW.
68 PLA i Recover Y and A. C and V unaffected.
A8 TAY
68 PLA
6¢ RTS ; Return.

’
v
'
v

'
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Subroutine TMTNC# obtains the time (in processor clock
cycles via timer 2) between two successive low to

i high transitions of the input on CB2 pin.
i On entry it expects the following conditions to be met:
;i (a) Timer 2 to have been loaded at the previous low

@
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; to high transition.

; (b) CB2 to already be set up to receive.

; On exit, the flag is for a logic 1 transition, for a logic 4.
; Note this subroutine investigates one waveform cycle

; and not a complete bit.

; Cassette input CB2 working in positive edge interrupt.

; Register X is used.

filic 48 TMTNCA: PHA ; Save accumulator.

g110 ADC@BF LDA I0ORB ; Clear interrupt flag bit 3,
@12¢ ADCDBF  TMT1: LDA IOIFR ; Examine interrupt flag.
@123 2948 - AND #8 ; Compare bit 3.

#125 F@F9 BEQ TMTL ; Wait for the transition.
§127 AECIBF LDX T2CH ; Read timer 2 high counter.
@124 ASFF LDA #FF ; Restart the counter.

#12c 8DCIBF STA T2CH

g12F E@FE CPX #FE ; Set up carry. 1 for 2408, § For 1204.
#131 68 PLA ; Reset accumulator.

$132 & RTS

; Subroutine RECCMP compares the address held in locations

; 40 and 41 with that held in locations 42 and 43.

; If they are equal it exits with zero flag clear, otherwise
; it increments the address in 4@ and 41 and exits with

; zero flag set.

i Note the user must initially set 4@ and &1 to a lower

: value than 42 ;;3_43.

$133 A543 RECCMP: LDA 43

#135 (€541 CMP 41 ; Compare high bytes.
g137 DOY6 BNE RCMP1

#139 AS42 . LDA 42

#1338 CS4d CHMP 49 ; Compare low bytes.

$130 Fyps BEQ RCMP2

#13F E64 RCMPL:  INC 4¢ ; Increment address.

g1e1l D@2 BNE RCMP2

Pl43 E64l INC 41

p1us  6f RCMP2:  RTS

+ The program DUMPCH is used to dump an area of memory to

y cassette tape.

; The program is written to reside in pages @ and 1, but may
i be relocated by suitably changing addresses.

; ALl subroutines used must be present in RAM with the

i exception of POLLKB, OPCHR and OUTPCR which are in TANBUG.
 Once the dump program and its relevant subroutines have

i been entered and are working, the DUMPC program may be

7 used to dump itself to cassette.

i In future it is only necessary to re-key in the loader

i program to recover the dump program after a power fail.

; Note that the monitor BPTCOD store is used For the dump.

; ALl breakpoints must be removed before using the dump routine.
3 The checksum is stored in location &,

fi46 A2¢9 DUMPCP: LDX #@ ; First initialise the interface.
r‘.. f148 8644 STX &4& ; Clear checksum.
g14p  AQ7F LDA #7F ; Clear 6522 interrupts.
@14C  8DCEBF STA TIQIER
. PL4F A8 LDA #8¢ i Set port B for output.
' #151 8DC2BF STA I0DDRB

#154 A9CH LDA #C§ 7 Set ACR for PB? s-uare wave.
7:7 — _J




@156 8DCBBF STA I0ACR

$159 A99C LDA #9C ; Load T1 counter. .
@158 8DC4BF STA I0TICL L
156  BECSBF STX TICH .
@161 2@73FE JSR QUTPCR _—
@164 20FAFD JSR POLLKB ; Look at keyboard.

#1567 78 SEI ; Disable interrupts.

g168 ABP3 LDY #3 ; Set count.

§164 B94PPE  DUMPCI: LDA 40,Y ; Record the 4 status words.

#160 2p9001 JSR RECORD

g17¢ 88 DEY !

gL71  1¢¥7 ' BPL. DUMPCI

g173 208089 . JSR OBLCR ; Obliterate cursor.

$176 C8 INY _

@177 Bl4p DUMPC2: LDA (48),Y : Get the first character.

179 48 PHA ; Save 1it.

#17n 18 cLeC ; Add in checksum.

#178 6544 ADC 44

#17D 8544 STA &b ; Save it again.

g17f 68 PLA : Recover character.

gigg 2099081 JSR RECORD ; Transmit it. ‘
@183 2¢33p1 JSR RECCMP : Increment address and compare. ’
f186 ODQEF BNE DUMPC2 : If carry set do next.

188 AS4h4 LDA &4 ; Else record checksum.

glsa 299801 JSR RECORD

§18D 4CLBFC JWP RC1 : Return to TANBUG with CR. >

: Subroutine RECORD records a complete 8 bit byte of data
; present in the accumulater on entry.

; Format of data is logib § start bit, 8 bits of data lsb first, ~
; even parity bit, two logic 1 stop bits.

; The logic 1 stop bits may extend to longer than two bit periods.
: Y index is used to count the number of bits. -

g19g AA RECORD: TAX ‘

#191 98 TYA : Accumulator in X,

@192 48 PHA ‘ ; Save Y.

#193 2CCPBF RCRD1: BIT IOORB ; Is PB7 set to a 17

#196 1¢FB BPL RCRD1 ; If not wait.

#198 2CCPBF  RCRD2:  BIT IOORB ; Now wait for zero transition.
p198  3¢FB BMI RCRD2 .
@190 AP@9 LDY #9 : Set index count for output.
@19F  A9pP LDA #§ : Set stack to compare parity,
#1A1 48 PHA

pLAZ 8A TXA . ; Get accumulator back.

p1a3 18 cLC ; Output start bit.

f1AL  2¢CEPL RCRDS: JSR 0PBTC¢_

$1A7 88 DEY ; Now output each bit.

@g1A8  Fpgc : BEQ RCRD3 ; When zero give parity.

GLAA  3PPF BMI RCRD& ; When negative give stop bits.
PLAC  AA TAX : Save accumulator in X.

GLAD 4A LSR A : Set up carry.

@1AE 68 PLA " ; Recover parity.

GLAF 6979 ADC #¢ : Add in the parity.

P1B1 48 PHA

#182 8A : TXA ; Recover accumulator.

#183  4A RCRD6:  LSR A ; Reset carry.

#1B4 1QEE BPL RCRDS . Unconditional jump to output.
¢186 68 © RCRD3:  PLA ; Recover parity.

#187 4901 EOR #1 ; Invert lower bit.
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#189 19F8 BPL RCRD6 : Unconditional jump to output. i
#1868 38 RCRD4:  SEC

p18Cc 2¢C6@1 JSR OPBTCH

#1BF 38 SEC

gicg 24c6@1 JSR OPBTCH

@1C3 68 } PLA : Recover Y.

PiCh A8 TAY

g1cs 6 ' RTS

: Subroutine OPBTCY outputs one bit to Cf.

; On entry it is assumed that a minimum of 1@PuSec logic low
; is available to reset timer 1 latches, and that the timer
; is already running except on start-up.

; If carry is sét on entry to this subroutine, a logic 1

: (8 cycles of 24f@Hz) is output, otherwise a logic § is

; output (& cycles of 120¢Hz).

: An exit occurs immediately after the last transition but one
; to give the program time to set up the 6522 timer 1

; latches before the next transition.

; On exit, the interface is still oscillating.

+ Note LDA and LDX instructions do not affect the carry.

f#1ce 48 OPBTC@: PHA ; Save accumulator,
#1C7  A99C LDA #9C ; Set time codes for 24{@Hz.
g1c9  A2¢d LDX #§ ; A = low byte. X = high Byte.
gice  Bpg3 BCS OPBT1 ; If carry set skip the next bit.
#1CD @A ASL A s Else set for 12¢@Hz.
#1CE E8 INX
@icF 18 CLC
#10@9 8DCGBF  OPBT1:  STA IOTILL ; Set up the timer.
$103 BEC7BF STX IOTILH ; Write low and high.
#106 A9¢8 LDA #8 ; Set accumulator for 83 low cycles.
giD8  9gd1 BCC PPBTZ ; If carry clear skip.
gl0A @A ASL A : Else double for 24f@Hz.
#10B  AA QPBT2: TAX ; Get in X.
@1DC ADC4BF  0PBT3:  LDA IOTICL ' ; Clear timer time-out, read low timer.
§10F 2CCDBF  OPBT4: BIT IQIFR ; Test for it to become set again.
§lE2 5¢F8B BVC OPBT4 ; Can use overflow flag.
gles’ CA DEX ' ; When set decrement index.
#1E5 D@FS BNE OPBT3 ; Till all done.
glE7 68 PLA ; Then exit with at least 2@@uSec.
#lE8 69 PRGEND: RTS
END
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Assembly and Construction
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Although this chapter 1is intended for those who have purchased
TANEX in kit form, it is recommended that purchasers of ready
assembled TANEX also read through this, particularly the last
section -"Connecting to Microtan 65". Before beginning to assemble

TANEX, ~please read right through the instructions carefully
so that you understand all the operations involved.

Preparing Your Work Surface

For assembling TANEX vyou will requiré a ‘miniature soldering-

. iron, thin multicored solder, pliers and wirecutters (both of
the small variety).

As in the Microtan 65, many of the integrated circuits are of
the MOS type and can be damaged by static electricity, and
we recommend vyou take the following precautions. Do not wear
. nylon clothes; ensure that your soldering iron is properly earthed;

spread a sheet of aluminium foil (cooking foil) over vour working
area and earth it to a radiator or water pipe with a piece

of wire.

Unpacking and ldentifying the Parts

. Unpack the kit and identify all the parts as listed below:
P.C.B. MT002

1C Sockets

2 off - 8 pins
11 off ~ 14 pins
3 off - 16 pins
14 off - 18 pins

off - 24 pins
off - 28 pins
off ~ 4P pins
off - 20 pins
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Integrated Circuits - Minimum Configuration TANEX

Ml 741530 K2 741500

L1 . 74LS21 M4 74LS244

K1 7415138 L3 741832

J1 74L8138 A3 LM358

H1  74LS@4 N7 2114 (MOS)
Gl  74LS139 N14 2114 (MOS)
M3  74LS244 A2 6522 (MOS)
L2 74LS74

Optional Integrated Circuits

C2 6522 additional VIA integrated circuit.
F1 6551 serial 1/0 option.
D2  7515@ serial 1/0 option.

N1 N6, N8 - N13 additional RAM (see
Fig. 3.1)

Resistors

ANGERINE T

(MOS)
(MOS)

(MOS)

(See Microtan 65 Manual, page 2 - <4 for identi-

fication method).

Rl 1@K (brown,black,orange)
R2) No longer required.
R3)

)
R4 1K (brown,black,red)
R5 10K (brown, black, orange)
R6 1K (brown, black, red)
R7 120K (brown, red, yellow)
R8 22K (red, red, orange)
RO 2K2 (red, red, red)
R1@ 2K2 (red, red, red)
R11 22¢R (red, red, brown)
R12 16K (brown, black,orange)
R13 1K (brown, black, red)

R14 220R (red, red, brown)

8:2 _____.J
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‘ R15 1K (brown, black, red)
o R16 2K2 (red, red, red)

R17 10K (brown, black, orange)
R18 1K (brown, black, red)
R19 16K (brown, black, orange)

'CaE acitors

Cl - C19 and C21 - C23 47n
C2¢0 100 AF 1pV

. Transistors
_ _ransistors

Trl -~ Tr3 BC184

Crzstal

. 1.8432 MHz serial 1/0 option.

Connectors

R 14 Pin DIL Header serial 1/0 option.
64 pin Eurocard style edge connector.

4 way screw terminal block.

ASSEMBLING TANEX

a) Fit and solder the 1IC sockets, ensuring that the.y
are the correct way round, i.e. that the pin 1 identi-
fier on the socket is at the same end as the identifier
mark on the printed circuit board. Al, Bl1, 1, D1,
El should be fitted with 'RN'. sockets.,

b) Fit  and solder the resistors into their positiens.
Note R2 and R3 no longer fitted.

c) Fit and solder the capacitors into their positions.

‘
' .

C2¢ is an electrolytic, connect Positive terminal to




the "0" in "C20" legend.
d) Fit and solder the transistors into their positions.

e) Fit and solder 1links LK1,LK2 and LK3 using the

excess wire cut off from one of the resistors.

f) Fit and solder the screw terminal for the cassette

interface, and the edge connector.

g) If you have purchased the serial 1/0 option, fit
the crystal using the ‘"sticky pad" provided and
solder 1in ©place. Plug Header 1into El1 when serial
1/0 not being used.

h) Insert the integrated circuits, ensuring that they
are the correct way round,  into their respective

sockets, leaving the MOS devices until last.

Assembly 1is now complete, but carefully double check to ensure

that there are no solder blobs or bridges anywhere,

Further Assembly Hints

1) The circuit beoard is of the plated through hole type.
This makes it difficult to remove a component once
it has been soldered in place, so please double check
that you have the right component in the right place

before soldering it.

2) Do not apply pressure to the printed circuit board
when soldering, as this may cause the tracks to
lift and break. '

3) . A good solder joint 1is made by ‘wetting' the tip
of the soldering iron with solder, and then placing
the tip of the iron against the leg of the component

where it emerges from the circuit board, and then
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CONNECTING TO MICROTAN 65
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allowing it to flow around the area of the joint.

Wash your hands. Dirt and grease on the circuit

board will make soldering difficult and unreliable,
Components are inserted on the side of the board
with the white printing, and soldered ONLY on the

opposite side.

Most important of all: DO NOT HURRY.

In order to allow Microtan 65 and TANEX to operate together,
the following procedure, which assumes that the user has purchased
a motherboard, must be followed:

1)

% B - - —’ I

Turn off the power supplies, and disconnect the Microtan

65.

On Microtan 65, cut through the three 1links marked
LKRAM, LKROM and LKIO.

On TANEX, LK3 has been added for DMA operations.
When connected LK1 must be disconnected and DMA
operations may then be carried out. For normal use

leave LK3 disconnected until XBUG has been fitted
and LK1 cut.

Now plug the two boards into the mini-motherboard
or system motherboard. Note that the edge connectors
of the +two boards are offset at different positions
to prevent confusion. The track side of the motherboard,
or  mini-motherboard indicates the correct positions
for the printed circuit boards.

Reconnect to you power supply, and begin to enjoy

the full power of your expanded Microtan System.










COMPUTER SYSTEMS LIMITED
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