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1. FEATURE SUMMARY

The Monomeg Processor Board is the primary component of the MTU-130 Computer
System. It is truly a single-board computer requiring only a keyboard matrix, a
video monitor, and mass storage to form a fully functional computer system.

11 6502 MICROPROCESSOR

The Monomeg Processor Board uses the powerful and popular 6502 microprocessor
as its CPU. Processor and system bus clock speed is 1.0MHz and there are no wait
states introduced by any system components. Since the 6502's CPU cycle frequency
is the same as its clock frequency, that 1.0MHz 1is equivalent to a 3MHz 8080 or
7-80 CPU even before the 6502's advanced instruction set is taken into account.

1.2 18 BIT EXTENDED ADDRESSING

The Monomeg supports an extended 18 bit address bus which allows direct addres-
sing of 256K of memory without need for special bank-switched memory boards.
Address space expansion is based on the concept of separation of instructions and
data which allows a program as large as 64K to manipulate 64K of data without
constantly referencing bank selection registers. Even larger programs and/or data
spaces can be accomodated if the bank selection registers are manipulated.

13 READ/WRITE MEMORY

The Monomeg has U8K of RAM for general system use addressed from 00000 to OBFFF
and 16K of RAM associated with the display addressed from 1C000-1FFFF for an on-
board total of 64K. When used in the MTU-130 system, the Disk Controller adds
another 16K from OCO00-OFFFF for a system total of 80K. A software controlled
write protect feature is available for a portion of on-board RAM from 08000-0BFFF.
Although dynamic RAM ICs are used, the display section keeps all on-board RAM
refreshed without introducing wait states or other types of system slowdowns.

1.4 ROM/PROM SOCKETS

On-board the Monomeg Processor Board are four sockets which accept standard 32K
bit (4K byte) ROMs and PROMs. These are fixed addressed from 0COQ00-0FFFF and are
provided for custom applications of the Monomeg without mass storage. These sock-
ets are typically unused in the MTU-130 system but are available for use. A
programmable I/0 bit and on-board jumper determine whether the ROM sockets or the
external bus responds to addresses in the range of 0CO00-OFFFF.

1.5 DISPLAY GENERATOR

The on-board display generator operates in one of two modes. The high res-
olution black and white mode produces a 480 wide by 256 high bit mapped dot matrix.
The gray scale mode produces a 240 wide by 256 high dot matrix where 2 bits define
one of U4 possible shades of gray for each dot. Either mode uses 15K of on-board
memory fixed addressed from 1C000-1FBFF. With suitable character generation soft-
ware, the high resolution mode is capable of 25 lines of 80 characters per line.
The display may also be blanked under software control without affecting the
contents of display memory. Video output is standard composite video suitable for
a standard video monitor.



1.6 LIGHT PEN INTERFACE

P

Special registers on the Monomeg will latch the display memory address and
pixel number within the currently addressed byte in response to an input pulse.
Typically this pulse would come from an external high speed photodiode/amplifier
based 1light pen. The information provided by these registers can be easily
converted into X and Y coordinates to within 1 pixel resolution with software.
This light pen capability gives a digitizing speed of 60 points per second which is
suitable for real-time drawing and tracking as well as the usual menu selection
applications.

Tl KEYBOARD INTERFACE

The Monomeg is designed to interface with a nearly bare key matrix of up to 96
keys arranged in a 6 by 16 array. Other than a crosspoint matrix, the external
keyboard circuitry need only have a 4 Dbit resettable counter (type TULS93) and a
1-0f-16 decoder (type T4159) to select the columns. A software routine is respons-
ible for scanning the key matrix and implementing rollover, repeat, shift, and
other features. 1In addition to the standard matrix, interface for 4 normally open
individual keys is provided for break, interrupt, and reset console functions.

_1__._§_ AUDIO D-A CONVERTER

An 8 bit digital-to-analog converter coupled to a sharp low-pass filter and 1
watt power amplifier provides the primary sound generation capability of the
Monomeg. With the DAC and appropriate driver software, signal tones, high quality
multi-voice music, and speech sounds may be generated. The CB2 output of one of
the parallel interface chips is also tied into the audio system for simple rectang-
ular waveform generation without processor intervention.

1.9 CASSETTE INTERFACE

An audio cassette interface is provided for software and data exchange with
existing microcomputer systems. The write circuit consists of a flip-flop that can
be toggled under software control followed by an attenuator and waveshaping filter.
The read circuit consists of noise filter followed by a zero crossing detector.
With appropriate programming, it is possible to read and write nearly all audio
cassette formats in common use.

1210 SERIAL PORT

A type 6551 serial I/0O chip provides serial RS-232 compatible I/0 capability.
The baud rate is programmable from 50 to 19,200 baud and the data format is
programmable from 5 to 8 data bits, 1, 1.5, and 2 stop bits, and parity. A number
of modem control signals are implemented as well. Level shifters provide a stand-
ard + and - signal RS-232 interface.

1501 PARALLEL PORT

A type 6522 parallel 1I/0 chip is reserved for the user. The parallel port
connector is simply connected to the 20 I/0 pins on that 6522. Additionally,
regulated DC voltages of +12, +5, and -12 volts are provided to power customer
interfaces and the system Reset signal is provided.



112 RESERVED ON-BOARD I/O

Several additional bits of parallel 1I/0 terminate in two connectors on the
Monomeg. These are intended to connect to two optional off-board (but still inside
the MTU-130 case) driver boards for special features. One of these is a Network
Transceiver board that allows a very inexpensive implementation of a 50K baud
inter-processor notwork. The other is a miniature cartridge tape drive. Both
connectors have regulated power as well as the I/0 bits. The I/0 and power are
available to the customer if the corresponding driver board is not being used.

113 EXPANSION BUS

A set of 44 edge fingers forms the system bus connector. The 8 data lines, 18
address lines, bus control signals, and power connections to the Monomeg board are
made through these edge fingers. The external bus is used for additional memory
and I/O functions in the MTU-130 system. The physical dimensions and pin assign-
ments of the bus connector are designed to be compatible with the KIM-1 bus
structure.

1.14 POWER CONSUMPTION

The MONOMEG CPU is designed for low power consumption. Current requirements
are as follows:

+5 Regulated at 1.2 amps
+12 Regulated at .5 amps, .75 amps at full audio volume
-12 Regulated at .1 amps



2 INTEGRATION INTO THE MTU-130 COMPUTER

The Monomeg Single Board Computer is housed in the Keyboard Module. It resides
in the bottom slot of the 5 slot card file inside the module case. The bottom slot
position is required because the Monomeg is considerably deeper (10.5 inches) than
the Disk Controller and optional expansion boards.

N
—

CONNECTORS

Connection to the system bus, which goes to the other 4 slots, is with a 44 pin
edge connector. The Monomeg also receives regulated DC power from the Keyboard
Module power supply through the system bus.

Small separate connectors near the back edge of the Monomeg connect to various
1/0 devices within the Keyboard case and to the I/O connectors on the rear panel.
These connectors are as follows:

A. Keyboard connector - A 16 pin single row pin header which provides power to
the keyboard circuit board and connects to the keyswitch matrix and console
control keys (INT, MOD, RESET, BREAK) .

B. Light pen connector - A 4 pin single row pin header which provides power to
the light pen amplifier board and receives the "hit" signal from it.

C. Parallel I/O connector - A 26 pin dual row pin header which connects through
a flat cable to the parallel I/0 connector on the rear panel.

D. Serial I/O connector - A 10 pin single row pin header which connects through
a cable to the serial I/0 connector on the rear panel.

E. Miscellaneous I/O connector - A 10 pin single row pin header which connects
to the internal speaker, cassette I/0O jacks, and video jack on the rear
panel. It also provides separated video and sync signals which are not
connected to anything.

F. MTUNET connector - A 10 pin single row pin header which provides power and
receive/transmit signals to an optional MUNET Transceiver board which mounts
inside the keyboard case if present.

G. MTUTAPE connector - A 14 pin single row pin header which provides power,
data, and control signals to an optional miniature tape cartridge drive.
This connector can be used as a third user I/0 port if the tape drive is not
used.

n
n

POWER SUPPLY

|

The MTU-130 power supply provides regulated DC power (+12, +5, and =12) to the
Monomeg and unregulated DC power to other boards in the system. The Monomeg
receives its DC power from the system bus connector.
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PIN CONNECTIONS AND JUMPER OPTIONS

The following sections detail the pin assignments of all connectors on the
Monomeg CPU board.
3.1 SYSTEM BUS CONNECTOR
The system bus connector is a 22 position double-sided (44 pins total) PC edge
connector. Pins 1, 22, A, and Z are identified in etch.
BUS PIN SIGNAL
1 I/0 SELECT Logic 1 when OBEOO-OBFFF and I/0 is enabled.
2 ADDRESS BUS 16 Bank Select least significant bit.
3 ADDRESS BUS 17 Bank Select most significant bit.
y TRQ Maskable interrupt request, has 3K pullup.
5 SET OVERFLOW Input to pin 38 of 6502, has 3K pullup.
6 NMI Non-maskable interrupt request, has 3K pullup.
7 RESET Logic zero during power up, cold, or warm reset
8 BUFFERED DATA BUS BIT 7
9 BUFFERED DATA BUS BIT 6
10 BUFFERED DATA BUS BIT 5
11 BUFFERED DATA BUS BIT 4
12 BUFFERED DATA BUS BIT 3
13 BUFFERED DATA BUS BIT 2
14 BUFFERED DATA BUS BIT 1
15 BUFFERED DATA BUS BIT O
16 -12 VOLTS REGULATED Regulated power input
17 +12 VOLTS REGULATED Regulated power input
18 --NC-- (bus carries +8 volts unregulated on this pin)
19 ~=NC--
20 -=NC=m
21 +5 VOLTS REGULATED Regulated power input
22 GROUND
A BUFFERED ADDRESS BUS 0
B BUFFERED ADDRESS BUS 1
& BUFFERED ADDRESS BUS 2
D BUFFERED ADDRESS BUS 3
E BUFFERED ADDRESS BUS 4
F BUFFERED ADDRESS BUS 5
H BUFFERED ADDRESS BUS 6
J BUFFERED ADDRESS BUS 7
K BUFFERED ADDRESS BUS 8
i BUFFERED ADDRESS BUS 9
M BUFFERED ADDRESS BUS 10
N BUFFERED ADDRESS BUS 11
P BUFFERED ADDRESS BUS 12
R BUFFERED ADDRESS BUS 13
S BUFFERED ADDRESS BUS 14
T BUFFERED ADDRESS BUS 15
U PHASE 2 Phase 2 clock for bus data transfers, 1.0MHz
\Y READ/WRITE Logic high during bus read cycles
W READ/WRITE Logic low during bus read cycles
X --NC-- (bus carries +16 volts unregulated on this pin)
Y PHASE 2 Inverse of Phase 2
% RAM WRITE Logical NAND of READ/WRITE and PHASE 2
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The keyboard connector is designated J3.

KEYBOARD CONNECTOR

with pin 1 identified in printed circuit etch.

PINS SIGNALS PINS
1 +5V. regulated power 9
2 Ground 10
3 --polarize-- 11
y —--unused-- 12
5 Column count clear 13
6 Interrupt key 14
7 Column count clock 15
8 Modify key 16

w
w

The light pen connector is designated JT.
header with pin 1 identified in printed circuit etch.

PINS

ZEwW N -

w
=

LIGHT PEN CONNECTOR

SIGNALS

It is

SIGNALS
Break key
Reset key
Matrix row
Matrix row
Matrix row
Matrix row
Matrix row
Matrix row

nNDUTOoOYW &= -

+12 V.Nzggulated power

Hit sense
—--unused--
Ground

PARALLEL I/O CONNECTOR

The parallel I/0 connector is designated J5.

is identified in printed circuit etch.

PINS SIGNALS PINS
1 +5 Volts regulated i
2 GROUND 15
3 CB2 SOUND OFF 16
y +12 Volts regulated 17
5 RESET 18
6 -12 Volts regulated 19
{f CA2 20
8 CA1 21
9 PA1 22
10 PAO 23
11 PA3 2u
12 PA2 25
13 PAS 26

5;2 SERIAL I/0 CONNECTOR
The serial I/0 connector is designated Ju.

Tty
with odd numbered pins in one row and even numbered pins in

16

SIGNALS
PAY
PAT
PA6
PB1
PBO
EB3
PB2
PB5
PBY4
PB7
PBb
CcB2
CB1

is a polarized single

header with pin 1 identified in printed circuit etch.

PINS SIGNALS PINS
10 GROUND 5
9 --unused-- Yy
8 --polarize-- 3
7 Request To Send 2
6 Data Terminal Ready 1

SIGNALS
Transmit Data
Receive Data
Data Set Ready
Data Carrier Detect
Clear To Send

a polarized single

It is a polarized dual row pin header

row pin

a double row pin header
the other row.

Pin 1

row pin

v



~

&)

3.6 MISCELLANEOUS I/0 CONNECTOR

P

The miscellaneous I/0 connector is designated J6. It is a polarized single row
pin header with pin 1 identified in printed circuit etch.

PINS SIGNALS PINS SIGNALS
1 Cassette Output 6 Video Ground
2 Cassette Input 7 --polarize--
3 Cassette Ground 8 Composite Video
4 Sep Horiz Sync 9 Audio Ground
5 Sep Vert Sync 10 Audio Output
3.7 MTUNET I/0 CONNECTOR

The MUNET I/0 connector is designated J1. It is a single row pin header with
pin 1 identified in printed circuit etch.

PINS SIGNALS PINS SIGNALS
10 MTUNET Clock 5 —--polarize--
9 MTUNET Data 4 Power Ground
8 MTUNET Active 3 +12 Power
7 MTUNET Talk 2 ~-12 Power
6 --unused-- 1 +5 Power
3.8 MTUTAPE 1I/0 CONNECTOR

The MTUTAPE I/0 connector is designated J2. It is a single row pin header with
pin 1 identified in printed circuit etch.

PINS SIGNALS PINS SIGNALS
14 MTUTAPE Clock 7 MTUTAPE Data
13 MTUTAPE Go 6 MTUTAPE Signal Ground
12 MTUTAPE Write Enable 5 --polarize--
1 MTUTAPE Fast y Power Ground
10 MTUTAPE BOT 3 -12 Power
9 MTUTAPE Wrtie Protect 2 +12 Power
8 MTUTAPE Wafer in Place 1 +5 Power

3.9 JUMPER OPTIONS

There is only one jumper option on the Monomeg. This jumper determines whether
Addresses between 0C000 and OFFFF refer to the on-board ROM sockets or to the
external bus (and presumably the Disk Controller) immediately after power-up or
Reset. This is important because it determines where the reset/interrupt vectors
for the 6502 microprocessor are located. The normal setting of this jumper 1is for
external bus enabled and ROM sockets disabled which allows automatic boot from disk
when power is applied. In specialized applications of the Monomeg without disk,
this jumper would be put into the opposite position for power-up directly into the
ROM.

The jumper is located 1" up from the back and 4.5" from right edge of the board
(viewed with the edge fingers pointing away and the component side up). It con-
sists of 4 wire-wrap posts arranged as two rows of two posts each. A small push-on
jumper connects two of the posts together. The PC etch identifies one pair as Ry
for ROM and the other pair as "B" for Bus. (Note: For owners of boards through
Rev. C, these are misidentified.) The push-on jumper should be installed on the
post pair corresponding to the desired operation.

7



MICROPROCESSOR PROGRAMMING

P g

The microprocessor used in the Monomeg is a standard 6502 with peripheral logic
added to support an 18 bit address bus. There will be no attempt here to explain
the 6502's instruction set. The reader is referred to one of the following pub-
lications for a detailed description and explanation of the 6502 instruction set:

A. MOS Technology 6502 Programming Manual

B. Programming the 6502 (Third Ed.), by Rodney Zaks.

C. B502 Assembly Language Programming, by Lance A. Leventhal.

4.1 6502 INSTRUCTION SET SUMMARY

Instructions immediate | Absohite | Zero Page | Accum. | imphied | (ND,X) | (ND) Y | 7 Page. X | ABS, X ABS,Y | Relative | indirect | Z,Page, ¥ | ' Condition Codes
Mnemonic Operation ornllorn[ll(wulorn0ur~ﬂ(»NU(»Nﬁ(»Nvlornt<»~llor~ﬁor~#or~l~1(|Dv
A D ClASM+(C = A @ |69 2 {2 16D 4 | eS|y |2 bliw (21752542 ]7D|4 i |4 i) e v
A N D{AAM=A m 291 2] J2O)4 ybjas 8|2 AR R Mpsl2znla2)a (R i v
A S L =7 D=0 o | 6 Pjeel s 2 10A | 2 1 66 2 " L v v v
B C C |BRANCHONC=0 ol
B C S | BRANCHONC=1 1 Bol 2|2
B E Q|BRANCHONZ=1 @ ]2
B I T|AAM a8 faalsle M. v M,
B M 1 BRANCH ONN=1 ) il 2
B N E|BRANCHONZ=0 @ w22
B P L | BRANCHONN=0 w22
B R K| (Seefg 1) 0|7 |1
B V C|BRANCHONV=0 walz]|e
B V S |BRANCHONV=1 ) 70212
c L cle—-c Wl )

C L pjo=D oAl 2 {1 - - [)
[ g 1 j0=1 5812 1 [

G NEE-Y B2 : » [}
C M P|AM m €912 |2 JCD| 4 Pesis 2 e JC116 D1 ns! 4 2 b} 4 Py 4 i v v v -
C P ox|xm fo|2 |2 fec|a |y frali]2 R

c P vY[ym col2 ]2 fccfals]alye v v

D E C|M1=M k| b 3 Il»: 2 | el 6l 2 DL ] v o

D E X[X-1=X I | (A v o

D E Y]Y-1-=Y BH T

E O RIAVM—=A m |9 2|2 JaD] 4 vlan )y 2 Ao (2wl s 252D [N SRR ) >

I N CIM+1=M EE |6 ViS5 |2 6|27 i o

I N X|IX+1=X |2 1 w v

I N YiY4i=Y 82 1 W

| M P | IUMP TO NEW LOC ac| v |8 0|5 |4

| S R | (SeeFig. 2) JUMP SUB 06|

L D A{M=A m |A9| 2 12 |AD| 4 VIAS ] 2 Allb [ 28BS 2 ﬂsll BO| 4 (B4 3 L P ]

\omediate | Absohute | ZeroPage | Accum. | implied | (ND,X) | (ND),Y | Z Page X [ ABSX ABS,Y | Relative | Indirect | Z,Page,¥ |  Condition Codes

Mnemonic Operation o'NiovTNﬁovulornlmulornlar«ﬂoleornlorNJorINlorulo'NINl('|ov
L D X|[M=X w Az 2 (2 AL 4| s (ARl s [2 | wlals] | w v v

L D Y{M—=Y m jAR] 2| 2 |ACt 4 L LR Ba| 4 | 2 |BC| A i v v

L S Rlo=7 o-=C a | 6 Plae |5 |2 |aa|2 1 | 2 SE| 7 1 0 v v

N O P | NOOPERATION Al 2]

O R A|AVM=A | 2|2 o] 4 yles| s |2 orf6 12 nfs |24l 2]Df4 IR ) . W

P H A|lA=M $-1-=5$ a8 |3 1

P H PlP=M s1=5 IERE

P L AlS+1=5S M= A o8l a | W s

P L Pls+1=5s m=P IIERE (RESTORED)

R O L]=7 (Lol ol 2|6 3265 |2 [2A]2 1 B w2 k}|7 i L A

R O R|=C Ul of | 6 30665 |2 [6A |2 1 766|277 ) v v v

R T 1| (Seefig 1)RTRNINT a0l6 |1 (RESTORED)

R T 5 | (seefg 2)RTRNSUB 606 |1

S B ClA-M-C=A m €92 [ 2 (IO 4 |3 JE5 13 |2 Erfo {2 s l2isfaj2rojdalsivlalt v e @) - - v
(P8 39 o [ ey o Wiz g

S £ Df1=D 2| e e
G R SR IERE - - 1

S T AJlA=M B | 4 {85 | 2 816 2 |M6 2 ]9 4 2 |9D| 5 L RN 1

S T X|x=m stla|sse]s s lal2

ST I NTYEMSN BC | 4 i |Ba| 3|2 W42

T A'XjA=X AA |2 1 v v

T A Y]A=Y A8 | 2 1 v v

y S G 2 R BA | 2 1 PrW

T X AjX=A i BA | 2 1 v v

T X S§ixk=5 ; YA | 2 1

T Yo & Y=A l 98 | 2 1 v v
NOTES

1. Add 1to "N’ if Page Boundary is Crossed M Memory Per Effective Address v Modified
2. Add 1to "N" if Branch Occurs to Same Page M, Memory Per Stack Pointer <Nt Mickred

Add 2 to "N" if Branch Occurs to Different Page
. Carry Not = Borrow + Add My  Memory Bit 7
4. If in Decimal Mode Z Flag is Invalid

w

Accumulator Must be Checked for Zero Result e Mg, Memory Bit 6
X Index X A AND N No Cycles
Y index Y v OR # No Bytes
%  Exclusive OR

A Accumulator

8



4.2 MEMORY MAP

Following 1is a reference summary of the disposition of all addresses in the
MTU-130 system. Nearly all of these are fixed by logic design and cannot be easily
changed. Generally speaking, all 64K addresses in bank 0 and the upper 16K of bank
1 are assigned to specific functions. The remaining 48K of bank 1 is unassigned
while the 128K in banks 2 and 3 would typically be used by the 128K RAM/Math board.

4.2.1 Overall Memory Map

Below is a representation of the overall MIU-130 system memory map. Note that
dual use may be made of addresses from BE0OO to BFFF by manipulating the I-0/RAM
control bit. Dual use may also be made of addresses CO000 to FFFF in bank 0 by
manipulating the ROM/BUS control bit. See section 4.3 for further information on
the control bits.

BANK O BANK 1 BANK 2 BANK 3
DEFAULT & SYSTEM DISPLAY & EXPAND EXPANSION EXPANSION
FFFF
/ ROM F 1K MEMORY
F000
ROM E
E0Q0 DISK DISPLAY
ROM D §CONTROL- MEMORY
D000 LER
15K
ROM C
€000
BFFF
BFCO §{SYS I/0
BFBF 52
EXPN BYTES
I/0 RAM
BEOO
BDFF 4 8K 6 4 K 6 4 K
47 .5K
MEMORY
OPEN OPEN OPEN
0200
0100 STACK
0000 PAGE O




Detailed Memory Map

Page zero

Stack

General RAM

Reserved for external bus I/0

Light Pen bit number and hit flag

Light Pen address low 8 bits

Light Pen address high 6 bits and PIX 8 flag

-Reserved-

Reset light pen hit flag

Reset keyboard scan counter

Toggle cassette output

-Reserved-

Read serial I/0 received data, Write serial I/0 transmit data

Read serial I/0 status, Write serial reset

Read and write serial I/0 command register (parity, modem cntl, ete.)
Read and write serial I/0 control register (baud rate, serial format)

BFC8-BFCB duplicated once

User 6522 Port B data register

User 6522 Port A data register

User 6522 Port B direction register
User 6522 Port A direction register
User 6522 timer
User 6522 timer
User 6522 timer
User 6522 timer
User 6522 timer
User 6522 timer
User 6522 shift register

User 6522 auxiliary control register
User 6522 peripheral control register
User 6522 interrupt flag register
User 6522 interrupt enable register
User 6522 Port A without handshake

NN = a

System 1 6522 System control port data register
System 1 6522 Keyboard port data register

System 1 6522 System control port direction register
System 1 6522 Keyboard port direction register
System 1 6522 timer 1

System 1 6522 timer 1

System 1 6522 timer 1

System 1 6522 timer 1

System 1 6522 timer 2

System 1 6522 timer 2

System 16522 shift register (MTUNET)

System 1 6522 auxiliary control register

System 1 6522 peripheral control register

System 1 6522 interrupt flag register

System 1 6522 interrupt enable register

System 1 6522 Keyboard port data register without handshake
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OBFFO System 2 6522 MTUTAPE/cassette port data register

OBFF1 System 2 6522 Audio DAC port data register
OBFF2 System 2 6522 MTUTAPE/cassette port direction register
OBFF3 System 2 6522 Audio DAC port direction register

OBFFU4 System 2 6522 timer 1
0BFF5 System 2 6522 timer 1

OBFF6 System 2 6522 timer 1

OBFFT7 System 2 6522 timer 1

OBFF8 System 2 6522 timer 2
OBFF9 System 2 6522 timer 2
OBFFA System 2 6522 shift register (MTUTAPE)
OBFFB System 2 6522 auxiliary control register
OBFFC System 2 6522 peripheral control register
OBFFD System 2 6522 interrupt flag register
OBFFE System 2 6522 interrupt enable register
OBFFF System 2 6522 Audio DAC port data register without handshake
0C000

—_— UK of Disk Controller RAM or ROM C
OCFFF
0D000

- 4K of Disk Controller RAM or ROM D

ODFFF

0EO00O0

- UK of Disk Controller RAM (can be write protected) or ROM E
OEFFF
0F000

——— 3.75K of Disk Controller RAM (can be write protected) or ROM F
OFDFF
OFF00

—-_— Disk Controller boot ROM or ROM F
OFFET7
OFFE8 Disk Control hardware status read and control write or ROM F

OFFE9 Duplicate of OFFE8 or ROM F

OFFEA Disk Control DMA address register or ROM F

OFFEB Duplicate of OFFEA or ROM F

OFFEC Disk Control undefined or ROM F

OFFED Disk Control undefined or RCOM F

OFFEE Disk Control Main Status Register or ROM F

OFFEF Disk Control Data Register or ROM F

OFFFO Disk Control boot ROM or ROM F

OFFFD

OFFFE Disk Control boot ROM or ROM F read, disable I/0 at OBEOO-OBFFF write
OFFFF Disk Control boot ROM or ROM F read, enable I/0 at OBEOO-OBFFF write
10000

—-_— --Unused--
1BFFF

1C000

- Display memory
1FBFF

1FCO0

- General RAM
1FFFF ‘

20000

- ~-~Unused--
3FFFF
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4.2

.3

Following is a

4.2.3.1

OBFCO - Read light pen bit number and hit flag,

OBFC3 - Unused input enable

I/0 Area Address Map

summary of all of the
details, see the section on the respective device or interface.

OBFCO - OBFC7 Miscellaneous 1I/0

is hit flag.
OBFC1 - Read light pen address, low 8 bits
OBFC2 - Read light pen address, high 6 bits

I/0 resources on the MONOMEG board. For

OBFCY - Any write resets the light pen hit flag and bit number.
OBFC5 - Any write resets the keyboard scan counter
OBFC6 - Any write toggles the cassette output signal

OBFC7 - Unused pulse output

§,2,3.2

OBFC8 - OBFCB Serial Port, 6551 chip, see section 5.7

OBFC8 Transmit data (write) and receive data (read) registers
OBFC9 Reset (write) and status register (read)

OBFCA Command register (read and write) (parity, interrupt enables, RTS, DTR)
OBFCB Control register (read and write) (stop bits, data bits, baud rate select)

NOTE 2: Note that after
6522's revert to inputs.
therefore come up in a logical one state.

2

power-on or Reset all 20 ports on each of the
All of those that will function as outputs in the system

bits 0-2 are bit number, bit 3 is

2533 OBFDO - OBFDF User parallel port, 6522 chip, see section 5.6
4.2.3.4 OBFEO - OBFEF SYS1 internal 6522 chip #1, see section 5.6
120
PAO Modify key PBO Data bank select O 0 0 = bank 3
PA1 MTUNET Active (level sense) PB1 Data bank select 1 0 1 = bank 2
PA2 Keyboard row 1 PB2 Program bank select 0 1 0 = bank 1
PA3 Keyboard row 2 PB3 Program bank select 1 1 1 = bank O
PA4 Keyboard row 3 PB4 Black & white display mode select
PA5 Keyboard row 4 PB5 Display enable
PA6 Keyboard row 5 PB6 ROM ENABLE (see note 1)
PA7 Keyboard row 6 PB7 RAM 08000-OBFFF Write Enable
CA1 Keyboard BRK key CB1 MTUNET clock
CA2 Keyboard counter clock CB2 MTUNET data
4.,2.3.5 OBFFO - OBFFF SYS2 internal 6522 chip #2, see section 5.6
PAO Audio DAC bit O LSB PBO MTUTAPE Motor On (output)
PA1 Audio DAC bit 1 PB1 MTUTAPE Fast (output)
PA2 Audio DAC bit 2 PB2 MTUTAPE Write Enable (output)
PA3 Audio DAC bit 3 PB3 MTUTAPE BOT Sensor (input)
PA4 Audio DAC bit 4 PB4 MTUTAPE Write Protect Sensor (input)
PA5 Audio DAC bit 5 PB5 MTUTAPE Wafer Present Sensor (input)
PA6 Audio DAC bit 6 PB6 MTUNET Talk Mode (output)
PA7 Audio DAC bit 7 MSB PB7 Audio cassette input (input)
CA1 MTUNET active (interrupt on change)CB1 MTUTAPE Clock (bidirectional)
CA2 Vertical Interval Interrupt CB2 MTUTAPE Data (bidirectional)
NOTE 1: Jumper option makes this ROM ENABLE

two system

@
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4.3 I-O/RAM SELECT

In order to accomodate special applications that might demand over 48K of
contiguous RAM in bank O (such as the UCSD Pascal system), provision is made to
disable the I1I/0 address space from BEOO through BFFF and let the on-board RAM that
it normally masks show through. Since the I/0 might be switched off, the control
bit must be manipulated in a somewhat wunusual manner. To enable the I/0 address
space (and therefore mask off the RAM there), the programmer should write into
location FFFE in bank 0. To disable the I/0 address space (and therefore uncover
the RAM), the programmer should write into location FFFF. The data written. is not
significant; the hardware simply keys off the address. Note that these locations
are one of the vectors and therefore will always be some kind of ROM which of
course ignores write cycles. The RAM contents are preserved when I/0 1is selected
and manipulated. Power-on or Reset automatically selects I/0.

=
=

ROM/BUS SELECT

The Monomeg CPU can conceivably be used in two kinds of system configurations.
In a ROM-based system, the primary system software or even the whole application
permantly resides 1in ROMs. In a RAM-based system, such as the MTU-130, a very
small ROM loads the operating software rom an external storage device when power
is applied. In order to accomodate either system organization, the Monomeg can be
jumpered to assign the top 16K of bank 0 to either the on-board ROM sockets or to
the external bus. Since the top 16K of bank 0 holds the reset and interrupt
vectors, this selection has a profound effect on system organization. However,
regardless of the setting of this jumper, a running program can freely switch

between ROM and external bus for the top 16K.

The bit that selects between on-board ROM and external bus is bit 6 of port B
of the SYS1 I/0 chip. The port B data register can be reached at address BFEO.
The port B direction register can be reached at address BFE2 and bit 6 of that
address must be a 1 before bit 6 of the data register at BFEO can be altered. It
is important to note that the sense of this bit is affected by the ROM/BUS jumper
on the Monomeg. If the jumper is set for BUS, then power-up or Reset selects the
bus and a 1 in the control bit also selects the bus while a zero selects ROM. This
is the normal situation in the MTU-130 system. If the jumper is set for ROM, then
power-up or Reset selects the on-board ROM and a 1 in the control bit also selects
the ROM while O selets the bus. This operation is a natural consequence of the
6522 I/0 chips coming up with all ports set to inputs (which float up to logic
ones). The ROM/BUS jumper in fact simply inserts or bypasses an inverter between
SYS1 port B bit 6 and the ROM/BUS control circuitry.

There is a built-in one instruction delay between when the ROM/BUS select bit
is changed and when it is effective. This allows a JMP instruction to follow the
STA that changed the bit to make a controlled jump into the altered environment.

4.5 ON-BOARD MEMORY WRITE PROTECT

On-board RAM between 8000 and BFFF may be write protected under software con-
trol. Bit 7 of port B of the SYS1 I/O chip controls this feature. The port B data
register can be reached at address BFEO. The port B direction register can be
reached as address BFE2 and bit 7 of that address must be a 1 before bit 7 of the
data register at BFEO can be altered. Writing is allowed when the control bit is a
one. Writing is inhibited when the control bit is a zero. Writing is allowed
after power-up or a reset because the I/0 port reverts to an input which floats up
to a one logic level. Note that there is no indication of an attempted write into
prctected memory; the memory is simply not written into. Note also that this bit
has no effect on writing into I/0 registers (when I/0 is selected) even though they
are in the protected address range.
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E;g EXTENDED ADDRESSING

In order to provide room for growth in systems based on the MONOMEG CPU,
provision is made for addressing up to 256K bytes of memory through use of an 18
bit address bus and extended addressing hardware logic. Address space is thus
divided up into four banks of 64K bytes each. Full addresses are expressed as 5
hex digits with the leftmost designating the bank number. Since display memory is
in bank 1, all normal applications of the Monomeg board will make use ofi.the
extended addressing feature.

46 Extended Addressing Philosophy

Extended addressing in other microprocessor-based systems either uses a very
rudimentary scheme of bank selection performed by an output port oriai. very complex
segmentation scheme using block maps. The first method does not increase the
amount of memory conveniently addressed by a single program; instead it 1is most
suitable for time sharing systems where a number of relatively small, independent
programs must co-exist in memory simultaneously. The segmentation/block map scheme
requires a microprocessor whose instruction set design includes a segment field in
all memory reference instructions and thus is not directly applicable to the 6502
or other existing 8 bit microprocessors.

Extended addressing in the Monomeg is based on the concept of separation of
program and data memory. With such separation, program and data can be up to 64K
each in size with little if any loss in programming ease. This is particularly
applicable to interpretive languages (BASIC, PASCAL, FORTH) where the '"program" is
actually data for the interpreter. However it is also applicable to assembly lang-
uage and compiler language programs which manipulate large data arrays.

Although the 6502 microprocessor chip does not provide any signals to disting-
uish between data references and program references, some study of its instruction
set reveals that only the indirect addressing modes ((indirect,X) and (indirect),Y)
are usable to access large blocks of data (assuming no instruction self-modifica-
tion). All other addressing modes, including instruction fetches, can therefore be
assumed to refer to program memory. Thus the extended addressing logic 1in the
Monomeg board keys on the addressing mode being used and steers indirect references
(except the indirect jump) to the current data bank and all others to the current
program bank. To provide additional flexibility, instructions executed from page O
or page 1 (presumably self-modified code) using absolute addressing will be
interpreted as indirect references as well and refer to the data bank.

4.6.2 Extended Addressing Terminology

Before describing the rules governing extended addressing, several terms must
be defined:

1. The System Bank is always bank 0 which is all of the standard MTU-130
memory except the display memory.

2. The current Program Bank is defined by the setting of two I/0 register bits.

3. The current Data Bank is defined by the setting of two I/0 register Dbits.

4. Indirect memory references are defined as:
A. The data fetch or store cycle of instructions using (Indirect,X) addressing.
B. The data fetch or store cycle of instructions using (Indirect),Y addressing.
C. The data fetch or store cycle of instructions whose op-code was fetched from
page 0 or 1 using ABS, ABS,X, or ABS,Y addressing.

5. Direct memory references are all other memory references by the 6502.
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4.6.3 Extended Addressing Rules

Using these definitions, operation of the extended addressing logic can be
described as below:

1. Direct memory references (except those covered by 3 and 4 below) refer to the
current Program Bank.

2. Indirect memory references refer to the current Data Bank.

3. If a direct memory reference refers to page 0 or 1, the System Bank (Bank 0) is
always refered to. Thus the only way to refer to locations 0000-01FF in the
other banks is through an indirect reference.

4, Recognition of a Maskable or Non-Maskable Interrupt or execution of a BRK
instruction sets an Interrupt Mode flip-flop which forces direct memory refer-
ences to Bank 0. Indirect references still refer to the current Data Bank.
Execution of an RTI instruction resets the Interrupt Mode flip-flop.

5. Direct references by instructions fetched from page 0 or 1 refer to the system
bank.

b.6.4 Using Extended Addressing

The Data and Program Bank select bits are found in port B of SYS1 which is at
address BFEO. In order to change these bank select bits, the least significant y
bits of the corresponding direction register at BFE2 must be ones. Bits 0 and 1
select the Data Bank. Their value in binary is the complement of the bank number
thus bank 0 is selected by 11, bank 1 by 10, bank 2 by 01, and bank 3 by 00. Bits
2 and 3 select the program bank with similar coding.

After power-on or Reset, the I/0 port controlling the bank selection is set to
inputs which means that the bank select bits are all ones which in turn selects
bank 0 for all memory references. Thus the 6502 behaves normally as if there was
no extended addressing logic at all. If a programmer wishes to have a program run
in a bank other than zero but does not wish to differentiate between program and
data memory, then both pairs of bits should be set to select the same bank.

In assembly language programming the usual case will be Program Bank set to 0
and Data Bank set to something else. In many cases it will be sufficient to simply
set the Data Bank once on entry and leave it set. The program code, individual
variables, and small tables (such as would be accessed by ABS,X or ABS,Y addres-
sing) would all be in bank 0. The very large data arrays that would be accessed by
(IND,X) and (IND),Y addressing would be in the selected data bank. The only really
awkward case occurs when moving a large block of data between banks. In such
cases it 1is usually more efficient to use an intermediate buffer in the program
bank rather than switching the data bank twice for each byte to be moved.

The best way to transfer control from a program in one bank to a program in
another bank is with a small piece of code located in page O or 1. This code would
change the program bank select bits and then jump to the desired address. This
works since direct references to page 0 or 1 always refer to bank zero and thus the
code segment is not affected by the setting of the program bank control bits.

Since interrupts automatically defer program execution to bank O until they are
serviced, it is highly desirable to locate interrupt service routines there. In
many cases the interrupt service routine would not use any indirect references so
there would be no need to manipulate the bank selection register. If indirect
references are used during interrupt service, then the state of the data bank
se_ect bits Should be saved, set as desired, and restored before returning from the
interrupt.  Execution of the RTI instruction will restore normal program bank
operation.
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Sl INPUT/OQUTPUT PROGRAMMING

s

The following sections describe programming techniques for the various I/0
devices built into the Monomeg CPU. Only in very specialized cases should the user
or programmer need to program these devices himself since the CODOS operating
system and its associated I/0 drivers perform all of the standard I/0 functions
needed. The main exception is the User Parallel Port which is described in section

5.6,

5.1 DISPLAY GENERATOR PROGRAMMING

Conceptually the display generator 1is very simple but functionally it i
extremely versatile. One simplifying factor is the existence of only two operating
modes: two level black and white (which is the power-up default) and 4 1level gray
scale. SYS1 port B (BFEQ) bit 4 selects black and white when a one and gray scale
when a zero. Most display applications will wuse the black and white mode because
of its higher resolution. Besides a bit to select between these modes, there 1is a
display blank bit which will blank the screen without disturbing the contents of
display memory. The blank bit is SYS1 port B (BFE0) bit 5 which blanks the display
if it is a zero. Note that the corresponding direction register bits at BFE2 must
be ones in order to change the control bits. Other than the effect of these two
bits, the display appearance is governed solely by the contents of display memory.

Other than residing in bank 1 and showing up on the screen, display memory is
exactly like any other memory in the system. It may be accessed by the micropro-
cessor at any time with no wait states or other slowdowns. Also, accessing the
display memory does not produce any kind of interference on the screen regardless
of when or how often it is accessed. Only addresses 1C000-1FBFF are displayed; the
remaining 1K from1 FCOO0-1FFFF are reserved for future use by MTUNET software.

The display is essentially a matrix of dots with 256 rows of 480 dots per row.
For addressing purposes the dots can be numbered from 0 to 122,879 with dot 0 being
the upper left-hand corner dot, dot 479 being at the upper right corner, dot 480
being the leftmost dot on the next row down, and 122,879 being the lower right-
hand corner dot. Eight horizontally adjacent dots make up one byte of memory with
the left-right position of the dots on the display corresponding to the natural
order of bits in the byte. Thus dot O is the leftmost bit (bit 7) of ~the First
byte in the display memory (address 1C000). Conversely dot 479 would be the right-
most bit (bit 0) of the sixtieth byte (address 1C03B).

Usually graphics programming is performed using the X-Y method of identifying a
particular dot position. Although the origin of the coordinate system can be
assumed to be anywhere, it is convenient to place it at the lower left corner of
the display. Thus all of the displayable points are in the first quadrant and X
and Y are always positive numbers. To convert from X-Y point coordinates to a byte
address and bit number within the byte is a simple matter of evaluating the follow-
ing equations:

BYTE ADDRESS
BIT NUMBER

$C000+(255-Y) *60+INT(X/8)
7-REM(X/8)

non

Note that multiplication by 60 can be accomplished in steps as follows:
A#60=A%6U4-A%¥4 where multiplication by 4 and 64 is accomplished by shifting left 2
and 6 positions respectively. Divison by 8 is accomplished by shifting right 3
positions. Once the byte address and bit number has been found, the ORA instruct-
jon can be used to turn the dot on, AND to turn it off, EOR to flip it, and so
forth. Lines, circles, and other figures must be drawn one dot at a time by
evaluating the equations that define these figures.
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Text characters may be generated in two ways. One method is to consider
characters as collections of lines ("vectors") where a list of line endpoints that
make up each character shape in the font are stored in a "font table" in memory. A
line drawing routine would be called to literally draw the character in the desired
position on the screen. The advantage of this method is that the endpoint coord-
inates are -easily manipulated to scale and rotate the characters for different
applications. The disadvantage is slow drawing speed and large font table size.
The other method considers characters to be made of dots in a fixed matrix of for
example 5 dots wide and 7 dots high. The font table entry for each character is
simply a string of several bytes where bits represent the dots. Placing characters
on the screen then is a fairly simple matter of copying the pattern bytes from the
font table into the display memory with perhaps some shifting for horizontal
positioning. The advantage of this method is high speed and a compact font table.
The disadvantage is that scaling and rotation (in 90 degree increments) is diffi-
cult and likely to be slower than the vector approach.

In the MTU-130 system, the Graphics and Text I1I/0 driver routines in the operat-
ing system have entry points to perform all of the text and graphics functions
commonly needed. Please refer to the Graphic and Text Driver section of the CODOS
manual for a list of these functions and entry points.

5.2 LIGHT PEN PROGRAMMING

The Light Pen is a graphic input device that can be used to determine the X and
Y position of the light sensitive pen when it detects light from the displayed CRT
image. A single 1light pen "hit" is sufficient to establish the precise X and Y
coordinates of the hit in 1/60 of a second. This is possible because the light pen
circuitry can recognize light and store the state of display generator counters in
registers in 1less than 100NS. In this respect the 1light pen capability of the
Monomeg is much greater than that typically offered in personal computers. In many
cases the light pen can eliminate the need for a costly graphic digitizer.

The light pen is controlled via a single bit. The data latched when 1light is
detected is held in 3 registers. A typical light pen use sequence is as follows:

1. Wait for the beginning of vertical retrace. This can be detected as a
positive edge on SYS2 CA2 (see section 5.6 for details on programming the 6522
I/0 chips).

2. Reset the light pen hit flag by writing anything into OBFCA.

3. Wait for a light pen hit by waiting for bit 7 of OBFCO to go to a one. If
desired, a "failure" exit could be taken if there is no hit before the next
vertical retrace.

4., At this time the three light pen registers have meaningful data latched which
will persist until the hit flag is reset.

The next step is to convert the light pen register content into X and Y screen
coordinates. Two of the registers contain the 1low 14 bits of the display memory
address while the third contains the dot number and a "skew flag". One complicat-
ing factor however is a FIFO buffer between the display memory and the video shift
register. What this means is that the latched display memory address may be 0, 1,
2, or 3 counts ahead of the pixel that caused the light pen hit and latched the
registers. Thus the latched address must be corrected based on its value, the dot
number, and the state of the skew flag before it can be used with the dot number to
compute X and Y coordinates. The full procedure for doing this is as follows:
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1. A is defined as the 14 bit latched memory address, low byte at OBFC1 and high
byte at OBFC2. Be sure to mask off the upper 2 bits of the high byte.

2. B is defined as the 3 bit latched dot number at bits 0-2 of OBFCO. Be sure to
mask off bits 3-T.

3. S is the skew flag which is bit 7 of the byte at BFC2.
4. Decrement A by 2 to form A'.

5. Divide A' by 60 and define C as the quotient (range 0-255) and D as the
remainder (range 0-59).

6. Divide D by 10 and define E as the remainder. Discard the quotient.
7. Compute a table lookup address as 16*E+8%*S+B (range 0-159).

8. Lookup the correction factor (either -1, 0, +1 or +2) in the table below and
add it to C to form C'.

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140
150

X=Should not
occur.

+
4

+
+
+
+

+
<4
+
4
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+
+
+

+
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+
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9. Final X coordinate = 8%C'+B and final Y coordinate = 255-C. It may be
desirable to subtract approximately 3 from the X coordinate to compensate for
circuit, display monitor, and photodetector response delays.

In the MTU-130 system a complete light pen subroutine is available which returns X
and Y coordinates using the method outlined above. Please refer to the Graphics
Driver section of the CODOS manual for a listing of available functions and entry
point addresses.

Because of the finite field of view of the 1light pen and circuit noise in the
highly sensitive photodectector amplifier, there will be some uncertainty in the
coordinate output, particularly when the pen is moving. This uncertainty is
usually on the order of 1 coordinate unit in either direction but may reach 2 units
under some conditions. If the application involves direct drawing of curves on the
screen, it will probably be necessary to apply a smoothing function to the 1list of
coordinates received from the light pen. In addition, the pen will not reliably
detect a feature less than 2 pixels wide. In particular a single dot on the screen
is generally invisible to the pen unless the monitor brightness is very high.
Finally the light pen may produce a spurious hit once in a great while. If this is
a potential problem, you might want to require a confirming hit before taking
action.
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53 KEYBOARD PROGRAMMING

The MTU-130 keyboard is completely software driven which gives great flex-
ibility to programs using the keyboard. In most cases the standard keyboard
routines in CODOS are quite adequate but in some applications it may be desirable
to address the keyboard circuitry directly. For a description of the standard
keyboard routine, see the Text I/0 Driver section of the CODOS manual.

All of the keyboard keys (except INT, MOD, RESET, and BREAK) are connected in a
matrix having 16 columns and 6 rows. This includes the SHIFT keys, the CTRL key,
and even the REPEAT key. The columns are numbered from O to 15 and are addressed
by the state of a 4 bit counter that can be directly controlled. The counter is
reset to zero by writing anything to address OBFC5. The counter is clocked by a
1=-to-0 transition on CA2 of the SYS1 on-board 6522 IA0 chip (see section 5.6 for
details on programming the 6522 1/0 chips). The state of the 6 keyboard rows
appears on bits 2 through 7 of port A of the SYS1 I/0 chip. If a key in the
currently selected column (as determined by the counter) is pressed, the bit
associated with the row it resides in will be read as a zero. The other row bits
will remain ones. Keyboard routines typically scan the 16 columns looking for a
zero to appear in the row bits and take appropriate action when that situation is
found. With proper programming of the SYS1 I/0 chip, the column counter can be
made to automatically increment each time the rows are read and thus speed up a
keyboard scan loop. The BREAK key is connected directly to CA1 of the 3SYS1 I/0
chip such that pressing the key produces a logic 1 level.

The matrix arrangement used in the MTU-130 keyboard allows any two keys to be
down at once without ambiguity. However when 3 or more keys are pressed simultan-
eously, there is an excellent possibility of additional "phantom keys" appearing to
be pressed when in fact they are not. This effect is avoided with the SHIFT, CTRL,
REPEAT, CAPS LOCK and SPACE keys by adding series diodes in the matrix circuitry.

The matrix arrangement of the keyboard keys is shown below. Note that all of
the mode keys (shift, etc.) have been placed in column 0 so they may be quickly
addressed simply by resetting the column counter.

LEGEND COL ROW LEGEND  COL ROW LEGEND COL ROW LEGEND COL ROW
f1 1 6 TAB 1 3 d 8 4 up 4%
f2 e Q 2 3 K 9 left 13 6
£3 3 6 W 3 3 L 10 4 HOME 12 6
i Y06 E 4 3 e 11 4 right 10 6
£5 5 6 R 5 3 ton 12§ down 9 6
£6 6 6 T 6 3 13 4 PF1 13 F
£7 7. -56 Y 7T -3 RETURN 14 4 PF2 .
£8 8 6 U 8 3 DELETE 13 5 X 6 7
ESC 15 2 I 9 3 L. SHIFT 0 5 - B i T
11 g -2 0 10 3 Z 3.5 7 . S 4
2@ 3 2 P 11 3 X 4 5 8 7
3 # y 2 i 12 3 C 5 5 9 R
4§ e EAp N\ 13 3 v 6 5 - 1 e 2
5 % 6 2 LINE FEED 14 3 B 7 5 it 1DEL T
6 A Ot RUB OUT 15 3 N 8 5 5 N |
7 & B 52 CTRL 0 3 M g =5 6 A |
8 * g ~tg CAPS LOCK 0 4 0 10 5 ¥ i T
9 ( 1072 A 2 4 € 1 5 1 A
0) 2 S E R | /% 12 5 2 15 . 7
- 12, 2 D 4oy R. SHIFT 0 6 3 137
= + 1832 F 5 4 REPEAT 0 2 0 15- .6
\ o~ 1 2 G 6 4 INSERT 14 5 . 15 5

BACKSPACE 15 2 H 7 4 SPACE 2 5 ENTER 11 6
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& h SOUND GENERATOR PROGRAMMING

The Monomeg CPU board has two different methods of generating sounds. The
primary means is a digital-to-analog converter which is capable of producing tones,
multi-part music, and even speech with the proper programming. Many of the
capabilities of the converter are illustrated by demonstration programs supplied
with the MTU-130 system. A secondary means is provided by a programmable oscil-
lator which is part of the User Parallel I/0 port and is capable of producing
single tones without constant attention by the program. This oscillator is also
supported by the MTU BASIC TONE statement.

5.4.1 Digital-to-Analog Converter

The digital-to-analog converter is connected to port A of the SYS2 I/0 chip.
The data register is at address OBFFF and the direction register is at address
OBFF3. All 8 bits of the direction register must be set to ones before the data
register can be used. The D-to-A converter is offset binary coded which means that
a zero (or baseline) value is $80 or decimal 128. Positive full scale is $FF or
decimal 255 while negative full scale is $00. ‘When not making sound with the
converter, the contents of the data register should be left at the baseline value
of $80 to avoid an initial pop when sound generation is resumed.

Making sound with the D-to-A converter is simply a matter of sending bytes to
the data register at a high rate of speed, typically 8000 or more bytes per second.
The key to producing a particular sound then lies in rapidly calculating the values
these bytes should have or reading them from a disk file. This topic is much too
involved to describe here so the reader is referred to one of the following MTU
documents for more information:

1. K-1002-1ART - 16 page article reprint describes simple 4-voice music synthesis.

2. K-1002-6ART - 22 page article reprint describes more advanced music synthesis.
3. K-1002-BOOK - 653 page book which discusses all aspects of music synthesis.

5. 4u2 Programmable Oscillator

A programmable oscillator is provided for generating simple sounds automatical-
1y without requiring constant attention from the CPU. The oscillator in fact uses
Timer 2 and the shift register in the User 6522 I/0 chip. The output of the oscil-
lator is connected into the same audio amplifier used by the D-to-A converter.
Note that the oscillator feature uses the CA2 and CB2 signals of the User 6522 I/0
chip therefore these must not be connected to external equipment if the oscillator
is to be used. Conversely, if the oscillator will not be used and external equip-
ment uses the CB2 signal, extraneous sounds while the equipment is running may be
suppressed by grounding the CB2 SOUND OFF signal of the parallel I/O connector.

Three sound parameters are programmable: the frequency, the waveform, and the
volume. The frequency parameter (labelled FRQ in later examples) is an 8 bit
value. The actual tone frequency is 62500/FRQ. The actual waveform generated
consists of 8 segments, each of which may be either +1 or -1 in value. An 8 bit
waveform parameter (labelled WAV) determines the polarity of each segment where 1
represents +1 and 0 represents -1. The volume is determined by the content of the
D-to-A register (see 5.4.1 above). A value of $00 gives silence while $FF gives

maximum volume. The usual quiescent value of $80 gives an intermediate volume
level.
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Use the following code sequence to start the oscillator with a desired frequen-
cy, waveform, and volume:

LDA #$10 ;SELECT FREE RUN SHIFT REGISTER MODE
STA $BFDB
LDA FRQ ;SET TONE FREQUENCY
STA $BFD8
LDA WAV ;SET TONE WAVEFORM
STA $BFDA
LDA VOL ;SET TONE VOLUME (PORT A OUTPUT MODE ASSUMED)
STA $BFFF
LDA i#0 ;START TONE
STA $BFD9
After the tone has started it will continue sounding indefinitely. The frequency,

waveform, and volume may be dynamically altered without stopping and restarting the
tone simply by storing new values into the respective registers. There may be some
extraneous noise associated with changing the waveform however. Very sudden volume
changes should be avoided as well or else a "thumping" sound may be introduced.
When sound generation is complete, the oscillator should be stopped by storing
zeroes in bit positions 2-4 of address OBFDB. Setting the volume register to zero
should not be used to permanently silence the oscillator because any subsequent use
of the D-to-A converter (such as by the CODOS keyboard routine) will make the
oscillator audible again.
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5.0 CASSETTE INTERFACE PROGRAMMING

The audio cassette interface consists of independent read and write sections.
With proper programming, it should be possible to read and write nearly all audio
cassette formats in common use. It is expected that audio cassettes will serve as
an interchange medium between the MTU-130 and other computers although it could
also be used as the primary system storage in systems configured without disks. No
cassette motor control signals are explicitly provided. If it is necessary to
program control the cassette motor, the User Parallel Port in conjunction with a
relay circuit should be used for that purpose.

The write circuit consists of a flip-flop to produce precise program controlled
rectangular waves, a filter to remove high frequency harmonics, and an attenuator
to provide the proper signal level for the auxiliary input of a cassette recorder.
By writing anything to address OBFC6, the programmer can toggle the flip-flop and
thus make the audio waveform to the recorder change in polarity. To write a
particular cassette format, it is first necessary to know in detail how bits are
encoded into waveform polarity reversals.

For example, one method of encoding bits is to mark the beginning of each bit
with a polarity reversal. If the bit is to be a one, another reversal is inserted
after half a bit time. If the bit is to be a zero, nothing happens during the bit
time. This would be programmed simply by writing to OBFC6 at the beginning of a
bit, waiting half a bit time, writing to OBFC6 again if the bit is to be a one,
waiting half a bit time, and then looping for the next bit. To make readback
decoding easier and more reliable, it is desirable to compensate for variable soft-
ware delays so that the bits are spaced uniformly and the halfway point is indeed
halfway between bit boundaries. The method of grouping bits into bytes and bytes
into data records is determined by the format specification and is independent of
the cassette interface hardware.

The read circuit consists of a filter and zero-erossing detector connected to
pit 7 of port B of the SYS2 6522 I/0 chip. This register is at address OBFFO and
since the sign bit is of interest, it is very easy to test with the BIT instruc-
tion. When the audio signal from the cassette unit is negative, the sign bit will
be on and a BIT $BFFO followed by a BMI will branch. When the audio signal is
positive, there would be no branch. In theory, every polarity reversal recorded on
the tape would cause a sign reversal of the byte at OBFFO. Note that only the
reversal itself is of significance; the direction could be either - to + or + to ~.

In practice the reversal timing read from the cassette unit will be somewhat
different from that written on the tape. Generally there will be some bias that
depends on the recorder itself and some random jitter that depends on the data
pattern and on the tape quality. Thus a cassette read program will have to be
somewhat tolerant of timing variations if good data accuracy is to be achieved.
Best results are obtained with self-clocking bit encoding schemes (such as
described above) in conjunction with a read program that simulates a phase-locked
loop. The timers in the I/0 chips on the Monomeg are quite helpful in this regard
although standard timed loop techniques will also work since there are no memory
wait states or other timing uncertainties in the Monomeg circuitry. For more
details on programming the timers, please refer to section 5.6 which describes the
6522 I/0 chips.
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PARALLEL PORT PROGRAMMING

The 6522 VIA (Versatile Interface Adapter) chip used to implement the User
parallel port provides 2 independent 8 bit ports plus U4 control lines for standard
port-oriented I/0. In addition, it has two counter/timers and an 8 bit shift
register. This section will describe how to use the parallel port for simple I/0
interfacing functions. The reader should refer to the 6522 data sheet in this
section for detailed programming instructions for the control lines, counter/timers,
and the shift register.

The User 6522 VIA on the Monomeg uses 16 I/0 addresses. The table below gives
the function of each of these addresses:

ADDRESS FUNCTION

OBFDO Port B data register.

OBFD1 Port A data register (normal handshake operation).

OBFD2 Port B direction register.

OBFD3 Port A direction register.

OBFD4 Write timer 1 low latch. Read timer 1 low count and clear timer 1
interrupt flag. ,

OBFD5 Write timer 1 high latch and high count, transfer low latch to low count.
Read timer 1 high count.

OBFD6 Write timer 1 low latch. Read timer 1 low count.

OBFD7 Write timer 1 high latch. Read timer 1 high count.

OBFD8 Write timer 2 low latch. Read timer 2 low count, clear timer 2 int. flag.

OBFD9 Write timer 2 high count, transfer low latch to low count, clear timer 2
interrupt flag. Read high count.

OBFDA Shift Register.

OBFDB Auxiliary Control Register (counter & shift register. mode).

OBFDC Peripheral Control Register (CA1, CA2, CB1, CB2 control).

OBFDD Interrupt Flag Register.

OBFDE Interrupt Enable Register.

OBFDF Port A data register (no effect on handshake).

For simple port-oriented I/0, it is important that the Auxiliary Control Regis-
ter, Peripheral Control Register, Interrupt Flag Register, and Interrupt Enable Reg-
ister all be zeroes. Normally system reset can be counted upon to establish this
condition. However if the I/0 program must be completely self-initializing after a
crash, it can simply write 00 into these registers.

The next step is to determine whether the port is to be an input port or an
output port. If Port A is to be input, for example, then the program should write
00 into the Port A direction register. This is also accomplished by system reset
which sets both direction registers to 00 and thus programs both data registers for
inputs. To program a port for all outputs, $FF must be written into its
corresponding direction register. One can also mix inputs and outputs on the same
port if desired; simply set bits in the direction register to ones that are desired
to be outputs in the data register.

Examination of the chart above will reveal that the Port A data register can be
reached at two different addresses. With the Peripheral control register set to 00
there is no significant difference between the action of the two addresses. However
when the Peripheral control register is set to trigger actions on CA1 and CA2 when
port A is manipulated, using the BFDF address will not trigger those actions.

Besides the User parallel port, the Monomeg CPU uses two other 6522 I/0 chips to

control most of its on-board I/0 functions. The user is free to use the timers on
the SYS2 chip which uses addresses BFFO - BFFF.
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6522 1/0 CHIP DATA SHEET

TRQ (Interrupt Request)

The Interrupt Request output goes low whenever an
internal interrupt flag is set and the corresponding in-
terrupt enable bit is a logic 1. This output is “open-
drain’’ to allow the interrupt request signal to be
“wire-or'ed”” with other equivalent signals in the
system.

PAO-PA7 (Peripheral A Port)

The Peripheral A port consists of 8 lines which can
be individually programmed to act as inputs or out-
puts under control of a Data Direction Register. The
polarity of output pins is controlled by an Output
Register and input data may be latched into an in-
ternal register under control of the CA1 line. All of
these modes of operation are controlled by the sys-
tem processor through the internal control registers.
These lines represent one standard TTL load in the
input mode and will drive one standard TTL load in
the output mode. Figure 7 illustrates the output
circuit.

CA1, CA2 (Peripheral A Control Lines)

The two Peripheral A control lines act as interrupt in-
puts or as handshake outputs. Each line controls an
internal interrupt flag with a corresponding interrupt
enable bit. In addition, CA1 controls the latching of
data on Peripheral A port input lines. CA1 is a high-
impedance input only while CAZ2 represents one stan-
dard TTL load in the input mode. CA2 will drive one
standard TTL load in the output mode.

5V

PAO-PAT7,
CA2

[}

1/0 CONTROL )
OUTPUT DATA 1
!

INPUT DATA

Figure 7. Peripheral A Port Output Circuit

PBO-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 polarity of the PB7 output
signal can be controlled by one of the interval 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 addi-
tion, they are capable of sourcing 1.0mA at 1.5vDC
in the output mode to allow the outputs to directly
drive Darlington transistor circuits. Figure 8 is the
circuit schematic.

CB1, CB2 (Peripheral B Control Lines)

The Peripheral B control lines act as interrupt inputs
or as handshake outputs. As with CA1 and CAZ2, each
line controls an interrupt flag with a corresponding in-
terrupt 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 PBO-PB7, CB1 and CB2 cannot
drive Darlington transistor circuits.

+5V

INPUT/

OUTPUT —
CONTROL

Y

PBO-PB7,
cB1,CB2

ouTPUT
DATA

INPUT DATA

Figure 8. Peripheral B Port Output Circuit

FUNCTIONAL DESCRIPTION

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Reg-
ister (DDRA, DDRB) for specifying whether the peri-
pheral pins are to act as inputs or outputs. AOina
bit of the Data Direction Register causes the corres-
ponding 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 the
Output Register (ORA, ORB) and an Input Register
(IRA, IRB). When the pin is programmed as an out-
put, the voltage on the pin is controlled by the cor-
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responding bit of the Output Register. A 1in the Out-
put Register causes the output to go high, and a 0"’
causes the output to go low. Data may be written into
Output Register bits corresponding to pins which are
programmed as inputs. In this case, however, the out-
put signal is unaffected.

Reading a peripheral port causes the contents of the
Input Register (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 the latching occurred (via CA1).

The IRB register operates similar to the IRA register.
However, for pins programmed as outputs there is a
difference. When reading IRA, the level on the pin
determines whether a0 or a 1 is sensed. When reading
IRB, however, the bit stored in the output register,

REG 1 - ORA/IRA

PA2
OUTPUT REGISTER "A" (ORA)
PA3
- OR
Bas INPUT REGISTER "A” (IRA)
— PAS
——————————— a6
Pa7]
Pin
Data Owrection WRITE READ
Selection
DDRA 17 (OUTPUT) | MPU writes Output Level | MPU reads level on PA pin
(Input latching disabled) | (ORA)

DORA 17 (QUTPUT)
(lnput latching enabled)

MPU reads IRA bit which 15
the level of the PA pin at the
time of the last CA1 active
— transition

DDRA -~ 0" (INPUT) MPU writes into ORA, but | MPU reads level on PA pin
(Input latching desabled) | no effect on pin level, until
DDRA changed

ORB, is the bit sensed. Thus, for outputs which have
large loading effects and which pull an output 1"
down or which pull an output ‘0" up, reading IRA
may result in reading a ‘0’ when a ‘1" was actually
programmed, and reading a ‘1" when a ’0"" was pro-
grammed. Reading IRB, on the other hand, will read
the ““1"" or ""0" level actually programmed, no matter
what the loading on the pin.

Figures 9,10, and 11 illustrate the formats of the port
registers. In addition, the input latching modes are
selected by the Auxiliary Control Register (Figure
16.)

Handshake Control of Data Transfers

The SY6522 allows positive control of data transfers
between the system processor and peripheral devices

REG 0 — ORB/IRB

716|5|4|312]1(0

PB2
ouTPl G “B" (OR
PB3 DUTPUT REGISTER "8 (ORB)
- OR
(ORI PB.
INPUT REGISTER "B (ORB)
. PBS
— PB6
PB7.
Pin
Data Direction WRITE READ
Selection
DDRB = “1” (QUTPUT) | MPU writes Output Level | MPU reads output register it
(ORB) 1n ORB. Pin leve! has no affect

DDRB = 0" (INPUT) MPU writes into ORB, but [MPU reads input level on PB
(input latching disabled) | o effect on pin level. until| pin
DORB changed

DDRB = 0" (INPUT)
(Input latching enabled)

MPU reads IRB bit, which is
the level of the PB pin at the
time of the last CB1 active
transition

Figure 9. Output Register B (ORB),
Input Register B (IRB)

DDRA 07 (INPUT}
(Input latching enabled)

MPU reads IRA bit which 15
the level of the PA pin at the
tme of the last CA1 active
transition.

Figure 10. Output Register A (ORA),
Input Register A (IRA)

REG 2 (DDRB) AND REG 3 (DDRA)

716|51af3({2|1}]0
1
‘——PBO/PAﬂ
PB1/PAT

ey PB2/PA2

PB3/PA3] DATA DIRECTION REGISTER

‘B” OR “A” (DDRB/DDRA)

PB4A/PAS

PB5/PAS

PB6/PAG

PR7/PAT
0 ASSOCIATED PB/PA PIN 1S AN INPUT
(HIGH IMPEDANCE)

17 ASSOCIATED PB/PA PIN IS AN QUTPUT,
WHOSE LEVEL ISDETERMINED BY
ORB/ORA REGISTER BIT

Figure 11. Data Direction Registers (DDRB, DDRA)

through the operation of “handshake’ lines, Port A
lines (CA1, CA2) handshake data on both a read and
a write operation while the Port B lines (CB1, CB2)
handshake on a write operation only.

Read Handshake

Positive control of data transfers from peripheral de-
vices into the system processor can be accomplished
very effectively using Read Handshaking. In this case,
the peripheral device must generate the equivalent of
a ""Data Ready’ signal to the processor signifying that
valid datais present on the peripheral port. This signal
normally interrupts the 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.
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DATA READY
(CAT) Y

]

IRQ OUTPUT

READ IRA OPERATION

.

“DATA TAKEN"

HANDSHAKE MODE
(CA2)

“DATA TAKEN"

PULSE MODE
ICA2)

Figure 12. Read Handshake Timing (Port A, Only)

TTIROW ma ! oa M 03 o B g VA s OF s e s W i TOOPBR 5t s o i, 0

WRITE ORA ORB
OPERATION

"DATA READY"
HANDSHAKE MODE

(CAZ, CB2)
"“DATA READY"

PULSE MODE 1 I

(CA2,CB2)

“DATA TAKEN
(CA1,CB1)

A

1RQ OUTPUT

T
|
|
1
|
|

Figure 13. Write Handshake Timing

In the SY6522, automatic “Read” Handshaking is
possible on the Peripheral A port only. The CA1 in-
terrupt input pin accepts the “‘Data Ready’ signal
and CA2 generates the ““Data Taken'’ signal. The
“Data Ready’’ signal will set an internal flag which
may interrupt the processor or which may be polled
under program control. The "“Data Taken"’ signal can
either be a pulse or a level which is set low by the sys-
tem processor and is cleared by the “Data Ready””
signal. These options are shown in Figure 12 which
illustrates the normal Read Handshaking sequence.

Write Handshake

The sequence of operations which allows handshaking
data from the system processor to a peripheral device

is very similar to that described for Read Handshaking.

However, for Write Handshaking, the SY6522 gener-
ates the “Data Ready” signal and the peripheral de-
vice must respond with the “’Data Taken’ signal. This
can be accomplished on both the PA port and the
PB port on the SY6522. CA2 or CB2 act as a "‘Data
Ready’’ output in either the handshake mode or pulse
mode and CA1 or CB1 accept the “Data Taken"’ sig-
nal from the peripheral device, setting the interrupt
flag and cleaning the “Data Ready’ output. This
sequence is shown in Figure 13.

Selection of operating modes for CA1, CA2, CB1,
and CB2 is accomplished by the Peripheral Control
Register (Figure 14).

Timer Operation

Interval Timer T1 consists of two 8-bit latches and a
16-bit counter. The latches are used to store data
which is to be loaded into the counter. After loading,
the counter decrements at ¢2 clock rate. Upon reach-
ing zero, an interrupt flag will be set, and TRQ will go
low if the interrupt is enabled. The timer will then
disable any further interrupts, or will automatically
transfer the contents of the latches into the counter
and will continue to decrement. In addition, the timer
may be programmed to invert the output signal on a
peripheral pin each time it “times-out’. Each of
these modes is discussed separately below.

The T1 counter is depicted in Figure 15 and the
latches in Figure 16.

REG 12 — PERIPHERAL CONTROL REGISTER

[2l=1slatedaie]
€B2 CONTROL ——o CA1INTERRUPT CONTROL

7/6|5] OPERATION 0 - NEGATIVE ACTIVE EDGE
VQ 0 J‘q ”:‘P‘,)T_NE,GA,,",VE ACT‘VE EDGE 1= POSITIVE ILCT“/E EDGE
0 INDEPENDENT INTERRUPT

INPUT NEG EDGE CREEONTHOL

0[1]0]INPUT POSITIVE ACTIVE EDGE | a[2[1[oreraTiON

o |l| INDEPENQENTINTFRRUPT '0 olo ![qtl!l NEGA»!IV! AEU.VE &QG(4

B! PNPUTRUSEOOE © . 0[0[1] INDEPENDENT INTERRUPT

1100 [HANDSHAKE OUTPUT INPUT-NEG EDGE

jLja]1IPULSE O 2 [0]7]0[ INPUT POSITIVE ACTIV

[1]1]o]towoutPu £ | 0[1]1] INDEPENDENT INTER

1111 [HiGH OUTPUT | |INPUTPOSEDGE ___ |

CB1INTERRUPT CONTROL OH0FHANDSAARE Q'U‘P'UT ‘ —
0|1/ PULSE OUTPUT

=[=]=

T!o][fo‘v?ouwur

1[1]HIGH Ot i 3]

=T

0 NEGATIVE ACTIVE EDGE
1 POSITIVE ACTIVE EDGE

Figure 14. CA1, CA2, CB1, CB2 Control

HIGH OUTPUT _
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Two bits are provided in the Auxiliary Control Reg-
ister (bits 6 and 7) to allow selection of the T1 oper-

ating modes. The four possible modes are depicted
in Figure 17.

REG 4 — TIMER 1 LOW-ORDER COUNTER

|7|6|5|4|3|2|1|0|
[.—1‘1

2

b e 4

8 | count
16 | VALUE
32
64
128,

WRITE - 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES. LATCH CONTENTS ARE
TRANSFERRED INTO LOW-ORDER
COUNTER AT THE TIME THE HIGH
ORDER COUNTER IS LOADED (REG 5).

READ — 8 BITS FROM T1 LOW-ORDER COUNTER
TRANSFERRED TO MPU. IN ADDITION,
T1INTERRUPT FLAG IS RESET (BIT6
IN INTERRUPT FLAG REGISTER).

REG 5 — TIMER 1 HIGH-ORDER COUNTER

|7|6|5|¢‘a|zl1|ol
-

512

1024

2048 | COUNT
VALUE
4096

8192

e 16384

32768

WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. ALSO, AT THIS TIME BOTH
HIGH AND LOW-ORDER LATCHES
TRANSFERRED INTO T1 COUNTER.
T1INTERRUPT FLAG ALSO IS RESET.

8 BITS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU.

READ -~

Figure 15. T1 Counter Registers

REG 6 — TIMER 1 LOW-ORDER LATCHES

|7|6|5|4|3IZ|1|0|

8 | COUNT
VALUE

128

WRITE -8 BITS LOADED INTO T1 LOW-ORDER
LATCHES. THIS OPERATION IS NO
DIFFERENT THAT A WRITE INTO

READ - 8 BITS FROM T1 LOW-ORDER LATCHES
TRANSFERRED TO MPU. UNLIKE REG 4
OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG.

REG 7 — TIMER 1 HIGH-ORDER LATCHES

l7|6|5|4|3|2!1|0|
L————-zss‘T

512

1024

2048 | count
a096 | VALUE

e e e GADIY

——— 16384,

32768|

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. UNLIKE REG 4 OPERATION
NO LATCH-TO-COUNTER TRANSFERS
TAKE PLACE

READ — 8 BITS FROM T1 HIGH-ORDER LATCHES
TRANSFERRED TO MPU.

Figure 16. T1 Latch Registers

REG 11 — AUXILIARY CONTROL REGISTER

|76543..

=

T1 TIMER CONTROL

7|6|OPERATION PB7
0{0| TIMED INTERRUPT
EACH TIME T118
LOADED DISABLED
0{1[CONTINUOUS
INTERRUPTS
110{ TIMED INTERRUPT | ONE-SHOT
EACH TIME T11S OQUTPUT
LOADED
1| 1{CONTINUOUS SQUARE
INTERRUPTS WAVE
OUTPUT

T2 TIMER CONTROL

[operaTion ]
TIMED INTERRUPT
COUNT DOWN WITH
PULSES ON PB6

1 5]
0
1

ey
LATCH ENABLE/DISABLE

0 = DISABLE
1= ENABLE LATCHING

I— PA
PB

‘- SHIFT REGISTER CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OFf 02

SHIFT IN UNDER CONTROL OF EXT.CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2

SHIFT OUT UNDER CONTROL OF 02

SHIFY OUT UNDER CONTROL OF EXT. CLK.

S[=]=s[=Telo]ala]ls
Slelalel=lo|= o~

=lelolol-i=lolofw

Figure 17. Auxiliary Control Register

Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is loaded auto-
matically from the low order latch when the processor writes into the high order counter. In fact, it may not be necessary to
write to the low order counter in some applications since the timing operation is triggered by writing to the high order counter.
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WRITE TIC-H
OPERATION

TRG QUTPUT

PB7 OUTPUT |

N ! N-1 | N2 ‘ N3 ‘

je———————— N1 15CYCLES ——

TP S

Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing

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 generation 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) a “write T1C-H"’ oper-
ation will cause PB7 to go low. PB7 will return high
when Timer 1 times out. The result is a single pro-
grammable width pulse.

In the one-shot mode, writing into the high order
latch has no effect on the operation of Timer 1. How-
ever, it will be necessary to assure 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
T1 interrupt flag will be cleared, the contents of
the low order latch will be transferred into the low
order counter, and the timer will begin to decrement
at system clock rate. If the PB7 output is enabled,
this signal will go low on the phase two following the
write operation. When the counter reaches zero, the
T1 interrupt flag will be set, the TRQ pin will go low
(interrupt enabled), and the signal on PB7 will go
high. At this time the counter will continue to decre-
ment at system clock rate. This allows the system
processor to read the contents of the counter to de-
termine 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 SY6522 interval timer one-shot modes
is shown in Figure 18.

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 is
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 decre-
ment from zero after a time-out, the timer automati-
cally transfers the contents of the latch into the
counter (16 bits) and continues to 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. However, it is not neces-
sary to rewrite the timer to enable setting the inter-
rupt flag on the next time-out.

All interval timers in the SY6522 are “re-triggerable”’.
Rewriting the counter will always re-initialize the
time-out period. In fact, the time-out can be prevent-
ed 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 (T1C-H). However, by loading the
latches only, the processor can access the timer dur-
ing each down-counting operation 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 on PB7 is inverted and the in-
terrupt flag is set with each time-out. By responding
to the interrupts with new data for the latches, the
processor can determine the period of the next half
cycle during each half cycle of the output signal on
PB7. In this manner, very complex waveforms can be
generated. Timing for the free-running mode is shown
in Figure 19.
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WRITE T1C-H !_ ‘
OPERATION L
7
IRQ OUTPUT I _____/[ L-—_
L
PB7 QUTPUT l 7
o I

l¢ ~~~~~~ — N+ 1.5 CYCLES — *—-v——’l‘»-——"—”"

N + 2CYCLES —————————— ’l

Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. |f one is 1 and the other is 0, then PB7 functions

as a normal output pin, controlled by ORB bit 7.

Figure 19. Timer 1 Free-Run Mode Timing

Timer 2 Operation

Timer 2 operates as an interval timer (in the “‘one-
slot”” mode only), or as a counter for counting nega-
tive pulses on the PB6 peripheral pin. A single con-
trol bit is provided in the Auxiliary Control Register
to select between these two modes. This timer is com-
prised 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 ®2 rate. Figure 20 illus-
trates the T2 Counter Registers.

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the ‘‘one-shot”
mode similar 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 decre-
ment. However, setting of the interrupt flag will be
disabled after initial time-out so that it will not be set
by the counter continuing to decrement through zero.
The processor must rewrite T2C-H to enable setting
of the interrupt flag. The interrupt flag is cleared by
reading T2C-L or by writing T2C-H. Timing for this
operation is shown in Figure 18.

REG 8 — TIMER 2 LOW-ORDER COUNTER

|7Is]s 4|3 zlllo
L_f'

8 | count
VALUE

64

128_

WRITE — 8BITS LOADED INTO T2 LOW-ORDER
LATCHES

READ - 8 BITS FROM T2 LOW-ORDER COUNTER
TRANSFERRED TO MPU. T2 INTERRUPT
FLAG IS RESET

REG 9 — TIMER 2 HIGH-ORDER COUNTER

716)§5f4j312]1}j0
L—zse'

512

1024

2048 | COUNT
VALUE

4026

8192

16384

32768

WRITE — 8BITS LOADED INTO T2 HIGH-ORDER
COUNTER. ALSO, LOW-ORDER LATCHES
TRANSFERRED TO LOW-ORDER
COUNTER. IN ADDITION, T2 INTERRUPT
FLAG IS RESET.

READ — 8BITS FROM T2 HIGH-ORDER COUNTER
TRANSFERRED TO MPU

Figure 20. T2 Counter Registers




Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to
count a predetermined number of negative-going
pulses on PB6. This is accomplished by first loading
a number into T2. Writing into T2C-H clears the in-
terrupt flagand 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 on subsequent down-counting
operations. Timing for this mode is shown in Figure
21. The pulse must be low on the leading edge of ®2.

Shift Register Operation

The Shift Register (SR) performs serial data transfers
into and out of the CB2 pin under control of an in-
ternal modulo-8 counter. Shift pulses can be applied
to the CB1 pin from an external source or, with the
proper mode selection, shift pulses generated inter-
nally will appear on the CB1 pin for controlling ex-
ternal devices.

The control bits which select the various shift register
operating modes are located in the Auxiliary Control
Register. Figure 22 illustrates the configuration of the
SR data bits and the SR control bits of the ACR.

Figures 23 and 24 illustrate the operation of the vari-
ous shift register modes.

Interrupt Operation

Controlling interrupts within the SY8522 involves
three principal operations. These are flagging the in-
terrupts, enabling interrupts and signaling to the pro-
cessor that an active interrupt exists within the chip.
Interrupt flags are set by interrupting conditions
which exist within the chip or on inputs to the chip.
These flags normally remain set until the interrupt
has been serviced. To determine the source of an in-
terrupt, the microprocessor must examine these flags
in order from highest to lowest priority. This is ac-
complished by reading the flag register into the pro-
cessor 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. This can be set or cleared by the proces-
sor to enable interrupting the processor from the cor-
responding interrupt fiag. If an interrupt flag is set to
a logic 1 by an interrupting condition, and the corres-
ponding interrupt enable bit is set to a 1, the Inter-
rupt Request Output (IRQ) will go low. TRQ is an
“open-collector’”’ output which can be “‘wire-or'ed”
with other devices in the system to interrupt the
processor.

In the SYB522, all the interrupt flags are contained
in one register. In addition, bit 7 of this register will
be read as a logic 1 when an interrupt exists within
the chip. This allows very convenient polling of sev-
eral devices within a system to locate the source of
an interrupt.

WRITE T2C H r—'l

OPERATION

PB6 INPUT I l l l o I l I I
iRQOUTPUT I

N ' N-1

] N2 £ 2 l 1 | 0

Figure 21. Timer 2 Pulse Counting Mode

REG 10 — SHIFT REGISTER

|7‘6|5I4l3|2|1l0|

SHIFT
I~ REGISTER
BITS

G

NOTES:

1. WHEN SHIFTING QUT. BIT 7 IS THE FIRST BIT
OUT AND SIMULTANEOUSLY IS ROTATED BACK
INTO BIT 0.

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

REG 11 — AUXILIARY CONTROL REGISTER

[rleje]a[sfafals

—_d

l SHIFT REGISTER

MODE CONTROL

__OPERATION
DISABLED
SHIFT IN UNDER CONTROL OF 12
SHIFT IN UNDER CONTROL OF 'y
SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF ¢
SHIFT OUT UNDER CONTROL OF EXT CLK

ala|ai=jojolo]lola

a|alolof=]=|o|ojw
slolajolalolw|oln

Figure 22. SR and ACR Contro! Bits
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SR Disabled (000)

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR, but the
shifting operation is disabled and operation of CB1 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 0).

Shift in Under Control of T2 (001)

In the 001 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 contents 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 CB1 clock pulse. This data is shifted into
the shift register during the ¢, clock cycle following the positive-going edge of the CB1 clock pulse. After 8 CB1

clock pulses, the shift register interrupt flag will be set and TRQ will go low.

WRITE OR READ
SHIFT REG

!

t

l

N+2CYCLES

-

N+2
CYCLES

/L
/1

CB10OUTPUT
SHIFT CLOCK

1

2

1

3

/I// | 8 I

S S SE i SR i i, S, i

RO

Shift in Under Control of ¢, (010)

In mode 010 the shift rate is a direct function of the system clock frequency. CB1 becomes an output which
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and has no
effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted first into

bit 0 and is then shifted into the next higher order bit of the shift register on the trailing edge of each ¢ clock pulse.
After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on CB1 will stop.

READ SR

gl
OPERATION

|

CB1OUTPUT |
SHIFT CLOCK

oara " TR~ X X s X X e X X7 X e R,

RQ

Shift in Under Control of External CB1 Clock (011)

In mode 011 CB1 becomes an input. This aliows 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 shifting operation; it acts simply as a pulse counter. Reading or writing the Shift
Register resets the Interrupt flag and initializes the SR counter to count another 8 pulses.

Note that the data is shifted during the first system clock cycle following the positive-going edge of the CB1 shift
pulse. For this reason, data must be held stable during the first full cycle following CB1 going high.

CB1INPUT 1
SHIFT CLOCK

|

L

3

1

4

Ry
I’

O

DATA

RQ

Figure 23. Shift Register Input Modes
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Shift Out Free-Running at T2 Rate (100)

Mode 100 is very similar to mode 101 in which the shifting rate is set by T2. However, in mode 100 the SR Counter
does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back into bit 0, the 8 bits
loaded into the shift register will be clocked onto CB2 repetitively. In this mode the shift register counter is disabled.

|1 | | ‘
WRITE SR n
OPERATION I ;
y
N+2 CYCLES ’L N+2CYCLES |

I
i
k |
CB10OUTPUT ———_| 1J__] 2 l I g
SHIFT CLOCK
T COEIP SETID FEW 9, S A

sara T DN X

Shift Out Under Control of T2 (101)
In mode 101 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 puises are generated on CB1
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.

N

2
CLOCK
WRITE SR | | ]
OPERATION i ;
- »{ N+2 CYCLES
|
CB1OUTPUT l 1
SHIFT CLOCK
L
CB2 QUTPUT
e TN e
RO L__—

Shift Out Under Control of ¢ (110)
in mode 110, the shift rate is controlled by the ¢2 system clock.

il

| |
i PO v A | ||
OPERATION
CB10OUTPUT f 2 3 4 I 7 7 8
SHIFT CLOCK

Tt N, G S GRCER O/ GO W

IRQ

Shift Out Under Control of External CB1 Clock (111)

In mode 111 shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets the SR
Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the microprocessor
writes or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized to begin counting the
next 8 shift pulses on pin CB1. After 8 shift pulses, the interrupt flag is set. The microprocessor can then load the
shift register with the next byte of data.

"2 ILFLFLF‘IJ‘LI'U'U"LHJ—LHM/L’LJ_UFLFLFL
|

WRITE SR

OPERATION

/L

CB1INPUT | 1 I ‘ 2 I I’ l 8

SHIFT CLOCK - _I
T

€B2 OUTPUT ¢ N

DATA N \ 1 X 2 / [ )( 8
(¥4

Ra I

Figure 24. Shift Register Output Modes
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The Interrupt Flag Register (IFR) and Interrupt En-
able Register (IER) are depicted in Figures 25 and
26, respectively.

The IFR may be read directly by the processor. In ad-
dition, individual flag bits may be cleared by writing
a2 ""1" into the appropriate bit of the IFR. When the
proper chip select and register signals are applied to
the chip, the contents of this register are placed on
the data bus. Bit 7 indicates the status of the IRQ out-
put. This bit corresponds to the logic function: IRQ =
IFR6 x IER6+IFR5 x IER5+|FR4 x IER4 + IFR3 x
IER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x |ERO.
Note: X = logic AND, + = Logic OR.

The IFR bit 7 is not a flag. Therefore, this bit is not
directly cleared by writing a logic 1 into it. It can
only be cleared by clearing all the flags in the register
or by disabling all the active interrupts as discussed
in the next section.

REG 13 — INTERRUPT FLAG REGISTER

SET BY CLEARED BY
CA2 ACTIVE EDGE | READ OR WRITE
T REG 1 (ORA)
CA1ACTIVE EDGE READ OR WRITE
REG 1 (ORA)
5{COMPLETE 8 SHIFTS | READ OR WRITE
SHIFT REG

—CB2 ACTIVE EDGE READ OR WRITE ORB
DB1 ACTIVE EDGE READ OR WRITE ORB’
TIME OUT OF T2 READ T2 LOW OR

HMER 2 s WRITE T2 HIGH
TIME OUT OF T1 READ 71 LOW OR
LR 1 e WRITE T1 HIGH
braz e _[AWvEnABLED CLEAR ALL
INTERRUPT INTERRUPTS

Figure 25. Interrupt Flag Register (IFR)

For each interrupt flag in IFR, there is a correspond-
ing bit in the Interrupt Enable Register. The system
processor can set or clear selected bits in this register
to facilitate controlling individual interrupts without
affecting others. This is accomplished by writing to

address 1110 (IER address). If bit 7 of the data placed
on the system data bus during this write operation is
a 0, each 1 in bits 6 through O clears the correspond-
ing bit in the Interrupt Enable Register. For each zero
in bits 6 through 0, the corresponding bit is un-
affected.

Setting selected bits in the Interrupt Enable Register
is accomplished by writing to the same address with
bit 7 in the data word set to a logic 1. In this case,
each 1 in bits 6 through 0 will set the corresponding
bit. For each zero, the corresponding bit will be un-
affected. This individual control of the setting and
clearing operations allows very convenient control of
the interrupts during system operation.

In addition to setting and clearing IER bits, the pro-
cessor canread the contents of this register by placing
the proper address on the register select and chip
select inputs with the R/W line high. Bit 7 will be
read as a logic 0.

REG 14 - INTERRUPT ENABLE REGISTER

7165141312 )110

’—CAz 7

cal

+————————SHIFT REG

cB2 0= INTERRUPT DISABLED

———r——————— (Bt 1= INTERRUPT ENABLED

T TIMER 2

e TIMER 1

/
SET. CLEAE

NOTES

T IFBIT 71SA 0", THEN EACH “1” IN BITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT

2.1FBIT71SA 1", THEN EACH “1” INBITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT

3.1F AREAD OF THIS REGISTER IS DONE, BIT 7 WILL BE “0” AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE.

Figure 26. Interrupt Enable Register (IER)
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READ IRA
OPERATION

|
I

“DATA TAKEN" \ 1
B ) PR

Figure 5a. CA2 Timing for Read Handshake, Pulse Mode

1
READ IRA |
OPERATION |
\ ”
|
|
|
|
CA2 |
“DATA TAKEN" |
| N
|

CA1
"DATA READY"

T - SACHIVE
TRANSITION

Figure 5b. CA2 Timing for Read Handshake, Handshake Mode

WRITE ORA, ORB
OPERATION

CA2,CB2
“DATA READY’

PA, PB
PERIPHERAL
DATA

Figure 5¢c. CA2,CB2 Timing for Write Handshake, Pulse Mode
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lo o
WRITE ORA, ORB
QPERATION

-
CA2, CB2
“DATA READY’

PA, PB
PERIPHERAL
DATA
2.0 —
5 e
CA1,CB1
“DATA TAKEN"
, A
ACTIVE R
TRANSITION
Figure 5d. CA2, CB2 Timing for Write Handshake, Handshake Mode
W N '
PA, PB ‘\\\Q\\\\ \\«\\ N\ \\ \\X
PERIPHERAL  \\\ \ \\ \
INPUT DATA N N
‘——0’3 .
CA1, CB1
INPUT LATCHING
CONTROL
L ACTIVE
TRANSITION
Figure 5e. Peripheral Data Input Latching Timing
w2
cB2 -
W\
SHIFT DATA \ \ \ \ NN
(OUTPUT) \ N\ :
- J.o— -
cB1
SHIFT CLOCK
(INPUT OR
OUTPUT)
| DELAY TIME MEASURED FROM THE FIRST 4

~ FALLING EDGE AFTER CB1 FALLING EDGE.

Figure 5f. Timing for Shift Out with Internal or External Shift Clocking
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AT Il o ST L Tt
Y eayy ]
cB2
SHIFT DATA |
(INPUT) |
t
|
cB1
SHIFT CLOCK
(INPUT OR
OUTPUT)

Figure 5g. Ti

ming for Shift In with Internal or External Shift Clocking

{___ SETUP TIME MEASURED TO THE FIRST 0,
~ RISING EDGE AFTER CB1 RISING EDGE

cB1
SHIFT CLOCK
INPUT

[}

Figure 5h. External Shift Clock Timing

20— —2,0——

PB6
PULSE COUNT
INPUT

P 2.0

2.0

Figure 5i. Pulse Count Input Timing
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Disil} SERIAL PORT PROGRAMMING

The serial port on the Monomeg is implemented using a 6551 Asynchronous
Communications Adapter (ACIA) integrated circuit. Besides performing the usual
transmitter and receiver functions, this chip has its own baud rate generator so
the baud rate is programmable as well. In addition to these features, the most
important modem control signals are implemented for applications involving a tele-
phone data set.

The first step in using the serial port is to reset the chip and then set up
the various transmission parameters. Reset is accomplished by writing anything to
address OBFC9. Two registers are involved in specifying the transmission para-
meters and speed. The standard setting of the Command Register at address OBFCA is
$0B which gives no parity, independent transmitter and receiver operation (no
echo), no receive/transmit interrupts, and asserts the DTR (data terminal ready)
and RTS (request to send) modem control signals. The value $05 is the same except
that interrupts from the transmitter and receiver are enabled.

The Control Register at address OBFCB determines the byte format and the baud
rate. The standard setting of the upper 4 bits (left hex digit) of this register
is $1 which gives 8 data bits, 1 stop bit, and selects the on-chip baud rate
generator. The value $9 is similar except for two stop bits which is usually
required when talking to a teletype at 110 baud. The lower 4 bits (right hex
digit) determines the baud rate. Typical values are $6 for 300 baud, $A for 2400
baud, and $E for 9600 baud. Settings for other rates are shown on the 6551 data
sheet.

After resetting the chip and setting the Command and Control registers, the
serial port is ready for transmitting and receiving. The Data Register 1is at
address OBFC8. When read, its contents represent the character last received.
When written to, its contents specify the character to be sent. The chip is ready
to transmit a character whenever bit U4 (mask value $10) of the Status Register at
address OBFC9 is a one. A character is transmitted simply by storing it at OBFC8
which then clears bit 4 until the chip is ready for another character. A character
nas been received when bit 3 (mask value $08) of the Status Register is a one.
Reading the character from the Data Register resets bit 3 to zero until another
character is received. (Caution: resetting the chip does not clear the received
data register therefore if the status register indicates that a character has been
received immediately after reset, it should be read and discarded.)

Interrupts my originate from 4 different sources in the serial interface. One
of these is generated by the transmitter when bits 3 and 2 in the Command Register
are 0 and 1 respectively and a character has been transmitted. Another is gen-
erated by the receiver when Command Register bit 1 is a zero and a character has
been received. The remaining two interrupts are generated whenever the Data Set
Ready or Data Carrier Detect modem control signals change state and the receiver is
enabled. Thus a program using the receiver must be prepared to handle these latter
two interrupts or steps must be taken to prevent signal level changes on the DSR
and DCD lines (including noise cross-coupled in the connecting cable). Additional-
ly, when a program has finished using the serial port, it should reset the chip (by
writing into the Status Register), and then writing $02 into the Command Register
to prevent spurious interrupts from noise. Unexplained "IRQ" interrupts when a
program is run are usually caused by a prior program failing to "jdle" the serial
port and can be cleared by pressing the Reset key.

The Status Register also has a number of bits for error conditions and the
modem control signals. Please refer to the 6551 data sheet for the meaning of
these bits. Note that if nothing is connected to the CTS, DSR, and DCD input pins
on tr= serial connector all three of these signals will appear to be active because
of pullup resistors on the Monomeg.
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6551 1I/0 CHIP DATA SHEET

CONTROL REGISTER  (BFCB)

The Control Register is used to select the desired mode
for the SY6551. The word length, number of stop bits,
and clock controls are all determined by the Control
Register

CONTROL REGISTER

[GTelsfafaf2f110
TI1 *[ aaud AATE
STOP BITS GENERATOR
0- 1 Stop Bit 0] 0] 00 [ 16x EXTERNAL CLOCK
1= 2 Stop Bits olofo[1] 50 BAUD
? glgﬂiﬂ;:‘g P\A:Ir‘d .Lev\gth 0olol1]o0 l 75
1% Stop Bis if Word Length o[o[1 (1] 109:92
= 5 Bits and No Parity. 0l1]0]0] 134,58
of1]/0 {1 150
woaTo LENTGT;!VORD o T e e
'sB: 5 O ENGTH of1})1i 500
oo S e o 1]ofojo! 1200
i S —
19 & EEEEEE 3600
K 5
BERERL 4800
RECEIVER CLOCK SOURCE 1 A0 P 7200
0 xternal Receiver Clock 1 1 110 9600
1 = Baud Rate Generator 1 1 1 1 19,200

*This allows for 9 bit transmission (8 data bits plus panty)

HARDWARE RESET ofo { 0
R B W e 1n SLA]
PROGRAM RESET ) e [

COMMAND REGISTER (BFCA)

The Command Register is used to control Specific Trans-
mit/Receive functions

COMMAND REGISTER

[FTs]s]al3l2]1]0

-
PARITY CHECK CONTROLS ‘L DATA TERMINAL READY
BIT OPERATION 0 = Disable Receiver and All
71615 | Interrupts (DTR high)
— | — | 0| parity Disabled - No Parity Bit 1 = Enable Receiver and All
| Generated - No Parity Bit Received Interrupts (DTR low)
0|01 Odd Panity Receiver and Transmitter
calddh e L B -
0] 1| 1| EvenPanty Recewer and A= o RECEINER INTERRUPT ENABLE
Transmitter 0 = IRQ Interrupt Enabled from Bit 3
1 ol Mark Parity Bit Transmitted, o_l Status Register
Parity Check Disabled 1 = IRQ Interrupt Disabled
1 X 1 Space Parity Bit Transmitted,
RarityiChecia Disahiad TRANSMITTER CONTROLS

NQRMAL/ECHO MODE

FOR RECEIVER

0 = Normal
1~ Echo (Bits 2and 3
must be "0")

HARDWARE RESET
PROGRAM RESET

BIT TRANSMIT RTS
3] 2 | INTERRUPT LEVEL TRANSMITTER
00 Disabled High off
01 Enabled Low "On
110 Disabled Low On
ViR Disabled Low Transmit BRK
Z A N ]

7 6 5 a
,oToLoJ{of
i 6 ) 0 B 0.8 §
| - 10

1 8
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STATUS REGISTER (BFC9)

The Status Register is used to indicate to the processor
the status of various SY6551 functions

'
L STATUS SET BY CLEARED BY
” 0=NoE
Parity Error® 1= E:w”“ Self Clearing**
. 0 = No Error
Framing Error® jislEno Self Clearing”*®
0 = No Ei
Overrun® - E:m”o' Self Clearing®*
Receive Data 0 = Not Full Read Receive
Register Full 1= Full Data Register
Transmit Data 0 = Not Empty Write Trensmit
Register Empty 1= Empty Data Register
s - Not Resettable
L———|ocD 9 ﬁﬁc‘ég How | Retiects BCD
State
- Not Resettable
I I, "’ : g—g :'.‘;" Reflects DSR
State
IRQ 0 = No Interrupt | Read

1 = Interrupt Status Register

*NO INTERRUPT GENERATED FOR THESE CONDITIONS.
**CLEARED AUTOMATICALLY AFTER A READ OF RDR AND
THE NEXT ERROR FREE RECEIPT OF DATA.

76 4 3 10
HARDWAHERESETD]——]illrolololoj
PROGRAMRESET | — | — | - [-[-Jo]-]-
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6. USER INTERFACING TO THE MTU-130 BUS

This section provides the information necessary for the design of custom bus
interface boards. Such boards typically contain I/0 interfaces that are not con-
veniently handled through the standard I/0 ports provided. Specialized memory
expansion, such as large amounts of ROM or non-volitale read/write memory might
also be accommodated with a custom bus interface board.

6.1 PHYSICAL INTERFACE BOARD REQUIREMENTS

The MTU-130 Dbus normally contains 3 empty slots intended for bus interface
boards. All 3 have indentical bus connectors but the physical board dimensions
allowed vary as shown by the sketches below:

3.58% g
= e}
JU UU r,‘?,s —afle— .02
ToP PIN22 e J El
BoTTom PIN 2. 156
22 PLACES _]
5.0

P, L 0 )

L——-I
L e

'4("

)

.0
Dimensions for Either of the Top 2 Slots.

197

o 3, M J.,qg
r I_PL
J—U UU 1375 ol . 062
i ]
TOP PIN 22 + b 3
BOTTOM PIN 2 56 i
22 PLACES ,:\
7.5

L R T O e

i '
l.<— 4,1‘ L}:-l.soo
1.0 .050
Dimensions for the Third Slot.

The model K-1020 wire-wrap prototype board will fit any of the three available
slots. Note that very 1ittle depth is allowed for the wire-wrap pins so as a prac

tical matter, only the top slot may be used for wire-wrapped prototype boards. Two
small (1" by 1.5") cutouts and blank panels are provided on the rear of the MTU-130
just behind the empty slots for mounting customer supplied I/0 connectors.
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6.2 POWER PROVISIONS
DC power for customer interfaces is available on the bus connector as outlined
below:

6.2.1 Pin 22 GROUND - This is the return point for all power currents and signals
on the interface board. It must be connected directly to any power input
bypass capacitors and bus logic signal buffers used on the board.

6.2.2 Pin 21 +5 Regulated - This pin may be used to supply power to a simple inter-
face board that requires less than 50MA of current and can tolerate some
noise (the Monomeg draws its power from this pin). For boards requiring more
current or better regulation, you should use the +8 volt unregulated source
and an on-board 5 volt IC regulator.

6.2.3 Pin 18 +8 Unregulated - This pin may be used to supply up to .66 amp of raw
power to a custom interface board. If more current is required, the sum
total of all three expansion slots must be less than 2 amps. The actual
voltage found at this pin with no additional load and nominal line voltage is
approximately 9 volts average with 1 volt peak-to-peak of ripple superim-
posed. Five volt IC regulators such as LM340T-5 or 7805 types may be used to
provide +5 volt logic' power from this source.

6.2.4 Pin 17 +12 Regulated - This pin may be used to supply power to small inter-
face boards using op-amps and 12 volt memory circuits if the current drain is
less than 35MA. There may be some noise on this pin because the Monomeg uses
it to power its memory and analog circuits. For boards requiring more cur-
rent or better regulation, you should use the +16 volt unregulated source and
an on-board +12 volt regulator.

6.2.5 Pin 16 -12 Regulated - This pin may be used to supply up to 66MA of regulated
-12 to analog circuitry such as op-amps. If more current is required, the
sum total o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>