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1.1 GENERAL DESCRIPTION
NOKIA P C is a highly developed stand-alone personal computer.
NOKIA PC is composed of three main units, namely MPS 4 system
unit, MDU15 monochrome video display unit and the workstation
keyboard.
The MPS 4 system unit includes power supply, system board and slots
for up to five expansion boards, e.g. CRT conroller board and mass
memory controller board, which are both needed in the stand-alone
configuration. The system unit can include internally one or two 5.25
inch floppy disk units each with the formatted capacity of 320 kbytes
or 640 kbytes. The other floppy disk unit can be replaced with one
5.25 inch Winchester disk drive with 5 Mbytes or 15 Mbytes formatted
capacity.
The MDU15 monochrome display unit is a high quality monitor with
15 inch CRT. 70 Hz refresh rate guarantees flicker-free display even if
dark characters on light background are shown. The compact design
and many adjustable features of the display unit make it easy to fit it
into all working environments. If the standard display controller
CRTC186 is used, 2 4 + 1 + 3 rows with 80 characters each can be
shown on the display. With graphics option the maximum resolution
of 800 x 420 pixels can be realized.
The workstation keyboard is a separate low-profile keyboard which is
connected with a thin flexible cable to the MDU15 display unit. It has
a standard alphanumeric keyfield, a separate numeric keypad and
several function keys. A magnetic card reader can be connected to the
system through the keyboard.
Section 1.11 shows a list of NOKIA PC models defining various main
and mass memory configurations.
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1.2 SBC186 SINGLE BOARD COMPUTER
SBC186 is a single board microcomputer based on the Intel 80186
microprocessor. The main features of SBC186 are:
— Intel 80186 microprocessor:
The 80186 is an advanced, highly integrated microprocessor
which combines a CPU and most common system components
into one chip. These auxiliary on-chip components are a clock
circuit, a interrupt controller, a DMA-controller, three timers,
a chip-select circuit and a wait-state generator. The 80186 is
object code compatible with all 8086/8088 software and it has
two times the performance of standard 5 MHz 8086 processor.
— 128 or 256 kbytes dynamic RAM with parity cheking. Memory
is controlled by an own controller.
— 16 — 64 kbytes EPROM and nonvolatile RAM for fixed
routines and alterable parameters.
— A multi-purpose serial controller with two serial I/O channels:
The controller can be programmed to make transfers
asynchronously or synchronously with various protocols and
baud rates.
— Five slot internal expansion bus:
This allows the computer to be expanded with additional
boards. Possible extensions are:
— display controller board (obligatory)
— mass memory controller board (obligatory)
— memory expansion board
— I/O expansion board
— local network (NETNET) adapter board.

126 - 2 5 6 K B

8252

t/mer

RAM

16 - 6 4

KB

8255A
INTERRUPT
CTRL

EXPANSION

BUS

EPROM

Figure 1.2-1: SBC186 block diagram
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1.3 CRTC186 VIDEO DISPLAY CONTROLLER
The CRTC186 display controller is an expansion board that is installed
in the expansion bus of the workstation processor board SBC186. It
includes display controller circuit and support electronics, display
memory, character generator, and serial interface channel for the
keyboard. (See Fig. 2.4).
The character display controller produces a picture of 24 + 1 4- 3
rows with 80 characters per row. Character matrix is 8 x (9 + 2) dots
in a 10 x 15 dot field. The character generator can store from 128
characters up to 512 characters. The controller supports 6 character
attributes which can be changed character by character. The attributes
are:
underline
inverse video
blinking
grey background
invisible
bold
All combinations of the above attributes are also possible. The size of
the display memory is 4 K x 16 bits. Large number of characters are
provided with the large character generator, e.g. 96 ASCII characters
and availability of 160 other symbols in the lower part plus all
EBCDIC characters in the upper part of the generator, making totally
512 characters.
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1.4 MMC186 MASS MEMORY CONTROLLER
The Mass Memory Controller is an expansion board that interfaces
mass memory devices to the microprocessor system. It supports the
format modified for mini disk from the IBM System 34 doubledensity
recording format (MFM).
The MMC186 includes a host adapter for a hard disk controller. A
5.25 inch Winchester disk drive with hard disk controller can be
connected to the system via this host adapter.

AND DMA LOGIC

FLOPPY DISK
CONTROLLER
BUS CONNECTION

EXPANSION BUS CONNECTION

Chapters 4.8.1 and 4.8.2 include technical specifications of the floppy
disk and hard disk units, respectively.

HOST
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Figure 1.4-1: MMC186 Block Diagram
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The IOE186 is an expansion board that can be installed in the internal
bus of the SBC 186 processor. It includes two high-speed serial I/O
channels with DMA-based data transfer. The channels can operate
either synchronously or asynchronously and use several line protocols,
e.g. BSC, HDLC or SDLC.

TIMER

Figure 1.5-1: IOE186 block diagram
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1.6 MEME186 MEMORY EXPANSION
The MEME 186 is an expansion board that can be installed in the
internal bus of the SBC186 processor. It includes 256 or 512 kbytes of
dynamic RAM. The memory has parity checking and an interrupt is
generated in case of parity error.

1.7

POWER UNIT

The switching type power unit is housed in the system unit. It supplies
the needed electricity for the computer, the mass memory units and the
display unit.
The input voltage can be chosen between 110 V and 220 V. The output
voltages 4-30 V, 4-/-12 V and + 5 V are regulated, filtered and
isolated from input. The unit is protected against overload and
shortages.

1.8

WORKSTATION KEYBOARD

The Workstation Keyboard is a separate unit that is connected with a
thin flexible cable (length 1.5 m) to the MDU15 display unit. It is easy
to change the keyboard if a different keyboard layout is needed
because of the 5-pin DIN-type connector used.
The height of the keyboard is 26 mm measured to the ”A” row and it
has an adjustable tilt of about 5 and 10 degrees. The keyboard profile
is sculptured with double-shot moulded keycaps. The keyboard has
tactile feedback with an audible ’’click”, and every key has an
automatic repeat function.
It is possible to connect a magnetic card reader to the system through
the Workstation Keyboard. The reader can read standard track 2
contents.
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1.9 MDU15 MONOCHROME DISPLAY UNIT
The MDU15 monochrome display unit is composed of a 15 inch CRT
with associated video electronics. In its design ergonomic aspects have
been taken into consideration . The overall design is very compact
which makes it easy to fit the unit in the working environment . It is
possible to tilt the unit 5 degrees forwards to 20 degrees backwards and
30 degrees left to 30 degrees right. The refresh frequency is 71 Hz
noninterlaced , which makes it possible to use a positive image, i.e.
dark characters on a light background.
The CRT has a direct etched, non-glare faceplate. The active display
area is 282 mm x 196 mm which enables very symmetrical characters
(character width is 66 % from character height) when using 80 x 28
character screen format. It is possible to switch the display off if there
is no activity on the screen for a certain time. That extends considerably the lifetime of the CRT phosphor. An indicator lamp on the front
panel indicates that the display is switched off.

1.10 MASS MEMORY DEVICES
1.10.1

5.25 Inch Floppy Disk Drives

NOKIA PC includes two 5 1 / 4 inch slim line floppy disk units with a
formatted capacity of 320 Kbytes or 640 Kbytes.
320 kbytes formatted capacity
= double recording density, double track density, single sided
640 kbytes formatted capacity
= double recording density, double track density, double sided
The supported format is modified for mini disk from the IBM System
34 double density recording format. The recording method is MFM
(modified FM).
640 Kbyte units can read and write 320 Kbyte disks. NOKIA PC is
capable to read data files recorded onto the floppy disks in the original
floppy disk units of IBM PC.
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1.10.2 5.25 Inch Winchester Disk Drives
NOKIA PC includes two mass memory units, with an option of a 5
1 / 4 inch Winchester disk unit with 5 Mbytes or 15 Mbytes formatted
capacity. The other mass memory unit is the slim line floppy disk unit
with 640 Kbytes formatted capacity.

NOKIA PC MODELS
FLOPPY DISK
capacity (kbyte)
320

640

640

5

15

128

512

768

X

X

X

256

X

X

X

X
XXX

XXX

XXX

XXX

xxxx

xxxx

X

X

xxxx
XXX XXX

ODBC

dots

xxxx

OOtS>

xxxx

xxxx

320

HARD DISK MAIN MEMORY
capac. (Mbytes)
(kbytes)

XXX

MODEL

xxxx

1.11
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Comments on Nokia PC Models
Models MIXA (X = 3, 4, 5, 6) can be used mainly with SW originally
written for 8 bit microcomputers.
For program development main memory must be at least 256 kB.
Models with 512 or 768 kbytes main memory have one memory
expansion card, leaving two slots in SBC186 for other purposes.
320 kB floppy disks can be read in floppy disk units for 640 kB floppy
disks. Floppy disk capacity will be increased from 320/640 to 360/720
kbytes respectively.

1.12 ENVIRONMENTAL REQUIREMENTS
Storage and Transport
temperature -40°C to +55°C (Diskettes: + 5 ° C to +45°C)
relative humidity 20 % to 90 %
shock 20 g, less than 20 ms, max. 1 per 10 seconds
vibration 2 g (10 — 100 Hz)
Operating Environment
temperature +15°C to +35°C
relative humidity 20 % to 80 %
shock 1 g, less than 10 ms, max. 1 per 10 seconds,
vibration 0.2 g (10 — 100 Hz)
static electricity spark 7 kV; E = 2 mJ
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Mains Connection
only to a single phase outlet with protective earth
190 to 260 V; 45 to 65 Hz (optional 95 to 130 V)
300 VA max.
switch-on input surge 30 A/10 ms max.
power disturbances (system withstands)
— symmetrical line transients (frepetition < 1 Hz)
U <=

1 kV

tr > = 120 ns
Wp < = 100 us
E = 2 Ws
— Asymmetrical line transients (frepetition < 1 Hz)

u <=

1 kV

U <=

1 kV

tr > = 400 ns

tr > = 5 ns

Wp < = 50 us

Wp < = 100 ns

E = 2 Ws

E = 2 mWs

— Hold up time > = 20 ms (input voltage 220V)
Conducted EMI below VDE 0871A
R.F.I Below VDE 0871A
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1.13 MAINTAINABILITY
1.13.1 Reliability/Maintainability Goals
Evaluated Mean Time Between Failures and Mean Time to Repair for
NOKIA PC are as follows. For units from subcontractors (floppies
etc) values specified by the subcontractors are used
Product

F/h

MTTR/h

Nokia PC 1)
5 1/4” drive unit
5 1/4” Winchester
(5Mbytes)
with controller
Keyboard 4)

20 000 h
10 000 POH

30 min 2)
30 min 3)

8000 POH
60 000 h

30 min 2)
30 min

1) Cabinet in max. configuration, without mass
memories
2) Troubleshooting at sub-unit level
3) With floppy tester
4) 30 x 106 actuations per key station
MTBF values in calendar hours (9 h/day)
POH = power on hours
1.13.2 Maintenance Strategy
Nokia systems are designed to be easy-maintenanced from both
mechanical and electronical point of view. The main features supporting serviceability are modular mechanical design, on-board test
logics, and a powerful built-in self test.
Maintenance Levels
Because of the modular design of NOKIA PC the maintenance
strategy can be divided onto different levels. Every level sets different
requirements for both the service personnel and the tools needed. This
approach offers certain flexibility to adapt the service strategy for the
local conditions. Different maintenance levels are as follows.
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System level maintenance
Error detecting:
System level error detecting is based on an effective power-up self-test.
This self-test gives an audible tone code indication about an error. A
message on the screen is also included if the failure does not prevent
the use of the Display Unit.
Required technical level:
The power-up self-test is executed every time when power is switched
on. The error indication warns that the system has failed irrespective
of the cause. This is used to make the user (who doesn’t need any
special technical skills) to take appropriate steps and contact the
service personnel. No tools are required.
Replacement:
If any spare system is available, the whole system is replaced.
Generally the separate service organisation takes care of the defective
system.
Unit level maintenance:
Error detecting:
Unit level (controller, Display, keyboard) error detecting is based on a
power-up self-test. A certain technical knowledge is required to
determine which unit failed.
Required technical level:
The operator can replace the unit without any tools. Simple userlevel
instructions are provided.
Replacement:
Separate units are connected together by cables. The whole unit is
replaced in one operation. The spare units are held in stock. Generally
it is the separate service organisation that takes care of the defective
units.
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Sub-unit level maintenance
Error Detecting:
Sub-unit level (circuit boards, etc) error detecting is mainly performed
on the basis of the power-up self-test. Some measurements with a
multimeter may be required.
Required technical level:
Easy-to-learn debugging instructions are needed. The knowledge of the
computer technique principles and an ability to use a multimeter are
needed. Some common tools can be required, such as a screw driver
and multimeter. Field engineering documents and training are provided.
Replacement:
All the sub-units can be replaced. A screw driver is the only required
tool. Nokia provides a kit recommendation, which covers most
maintenance needs.
Component level maintenance
Error Detecting:
Error detection to the component level (integrated circuits etc) is
achieved partly based on the self-test and in the most difficult cases
with measuring equipment.
Required technical level:
To be able to repair the system at the component level a trained staff
with engineering experience is needed. Measuring equipment and
repair workshop with standard tools are required. Some special tools
eg. floppy drive tester are recommended if the number of units is high.
Nokia offers documentation, technical back up, and a variety of
training courses for the appropiate service personnel.
Replacement
Service kits and special spare parts are required. They can be
purchased from Nokia Field Engineering Support. Most of the
components are also internationally available from local component
dealers.
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1.13.3 Diagnostics
General Description
NOKIA PC is provided with two kinds of test software: 1) Self-tests;
located on PROM, 2) Test-Programs which can be loaded from
diskette and run under the operating system.
Self-tests
Testing starts from elementary operations and continues to more
complicated operations. The whole self-test is run by this method,
logically continuing until the whole system has been tested. There are
two kinds of self-tests:
1) The test which is executed when power is switched on. After
that the normal loading program is executed.
2) The test which is executed only when the operator presses a
certain key, while the power-on self-test is running. This test
sequence continues to operate, unless the operator changes to
the loading program or restarts the system. NOKIA PC can
be divided into the following logical parts, which are tested by
using the self-test:
ROM-memory
RAM-memory
NONVOLATILE STATIC RAM
CPU 80186
Timer-function
INTERRUPT-function
DMA-function
serial I/O-parts
keyboard-connection
CRT-connection
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Error Messages
There are four methods to indicate an error.
1) Diagnostic display.
The diagnostic display is a plug-in tool intended for the
service engineer. It can also be provided as an option if
required.
2) Buzzer tone
This system notifies the operator that a mailfunction has
occurred.
3) The cursor location on the screen.
The cursor can still be controlled when display memory is
dead.
4) Diagnostic messages on the screen.
Test Programs
NOKIA PC is provided with separate loadable tests on diskettes. These
tests are mainly designed for the testing of the peripheral devices.
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2.1 GENERAL DESCRIPTION
SBC186 is a single board microcomputer based on Intel 80186
microprocessor. The 80186 is a highly integrated device which contains
the CPU and several peripheral circuits integrated onto one single
chip. The on-chip peripheral circuits are:
a 2-channel DMA controller, a programmable chip select and wait
state generator, 3 programmable timers, a programmable interrupt controller, a clock generator and a local bus controller.
Besides the 80186 internal support circuits there are on the SBC186
board an additional interrupt controller (Intel 8259) and a programmable timer (Intel 8253).
Memory capacity of the board is from 128 Kbytes up to 512 Kbytes of
dynamic RAM (Random Access Memory) and up to 64 Kbytes of
EPROM (Erasable and Programmable Read Only Memory) in 16
Kbytes increments. 1 Kbit nonvolatile RAM, that doesn’t lose its
contents during power-offs, is reserved for various parameter information. The dynamic RAM has parity error checking and a
non-maskable interrupt is generated in case of failure. The dynamic
RAM has a own controller for refeshing etc..
SBC 186 has two serial communications channels with intelligent
multiprotocol serial controller. The other channel (A) transfers data on
DMA-, interrupt- or polled-basis. It can operate both synchronously
and asynchronously and use e.g. BSC, HDLC or SDLC line protocols.
The other channel (B) operates on interrupt or polled data transferbasis. It is configured only in the asynchronous mode. Both I/O
channels have local loopback for testing purposes.
There is an expansion bus with five slots for expansion boards on the
processor board. The bus consists of multiplexed address/data lines,
six interrupt channels, five DMA-controller connections and appropriate control lines. Two of the board slots are reserved for video display
controller and mass memory controller.
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2.2 80186 MICROPROSESSOR
Intel 80186 is a highly integrated microprocessor that contains:
—
—
—
—
—
—
—
—

an enhanced 8086-2 CPU
a clock generator
two independent, high-speed DMA-channels
a programmable interrupt controller
three programmable 16-bit timers
programmable memory and peripheral chip-select logic
programmable wait-state generator
local bus controller.

Equipped with an 8 MHz clock the processor has twice the performance of the standard 8086. The 80186 can directly address 1 Mbyte
of memory. The block diagram of the 80186 is below.
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Figure 2.2-1: Block diagram of the 80186 microprocessor
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2.2.1 CPU
Register set
The 80186 CPU unit has fourteen registers as shown in figures below.
These registers can be grouped into the following categories: general
registers, segment registers and status and control registers.

DATA REGISTERS
7

07

AX

AH

0
AL

BX

BH

BL

ex

CH

CL

DX

DH

DL

POINTER AND INDEX REGISTERS
15
SP

STACK POINTER

BP

BASE POINTER

SI

SOURCE INDEX

DI

DESTINATION INDEX

SEGMENT REGISTERS
15

cs

CODE

DS

DATA

SS

STACK

ES

EXTRA

INSTRUCTION POINTER AND FLAGS
15
INSTRUCTION
POINTER

IP
STATUS WORD
OR FLAGS

ITS
15

11 10 9 8 7 6 5 4 3 2 1

0

Figure 2,2-2: CPU registers
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General registers
The CPU has eight 16-bit general registers. They are divided into two
files of four registers each: the data register file and the pointer and
index register file.
The upper and lower halves of the data registers are separately
addressable. This means that each data register can be used interchangeably as a 16-bit register or as two 8-bit registers.
The 16-bit data registers are named AX, BX, CX and DX. The 8-bit
registers are named with the H or L suffix (high-order or low-order
byte of 16-bit register): AL, AH, BL, BH, CL, CH, DL and D H . The
other registers are always accessed as 16-bit units only.
The data registers can be used in most arithmetic and logic operations.
Some instructions (e.g. string instructions), however, require certain
general registers for specific uses. This implicit register use allows a
more compact instruction encoding.
Implicit use of general registers
Register

Operations

AX
AL

Word Multiply, Word Divide, Word I/O
Byte Multiply, Byte Divide, Byte I/O, Translate,
Decimal Arithmetic
Byte Multiply, Byte Divide
Enter, Leave
Translate
String Operations
Variable Shift and Rotate
Word Multiply, Word Divide, Indirect I/O
Stack Operations
String Operations
String Operations

AH
BP
BX
CX
CL
DX
SP
SI
DI

The pointer and index registers consist of the 16-bit registers SP, BP,
SI and DI as shown in figure. They can also be used in most arithmetic
and logic operations. These registers usually contain offset addresses
for addressing within a segment. They reduce program size by
eliminating the need for each instruction to specify frequently used
addresses. The dynamic logical address computation is also provided
by these registers. They are used implicitly in some instructions as
shown before.
The pointer registers provide convenient access to the current stack
segment (as opposed to the data segment). Unless otherwise specified
in the instruction, pointer registers refer to the current stack segment
while index registers refer to the current data segment.
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Segment Registers
The segment registers are also 16-bit registers. These registers specify
the four currently addressable memory segments: CS (code segment),
DS (data segment), SS (stack segment) and ES (extra segment). All
instructions are fetched from the current code segment, offset by the
instruction pointer (IP) register. Operand fetches are usually made
from the current data segment (DS) or the current stack segment (SS),
depending on whether the offset address was calculated from the
contents of a pointer register. For the exceptional cases where operand
references are required outside the default segment, a segment override
prefix may be added to the instruction to designate the required
segment.
Status and Control Registers
The status and control register consist of the instruction pointer and
the status word or flags.
The 16-bit instruction pointer (IP) points to the next instruction. The
instruction pointer is updated by the Bus Interface Unit (BIU) so that
it contains the offset (distance in bytes) of the next instruction from
the beginning of the current code segment. During normal execution,
the IP contains the offset of the next instruction to be fetched by the
BIU. However, for all instructions that manipulate the IP, the
contents of IP are adjusted to point the next instruction to be
executed, for example, when the IP is pushed on the stack or is used to
calculate the address of a relative jump.
The status word or flags is a 16-bit register consisting of three control
flags and six status flags. The control flags control the operation of the
CPU within a given operation mode (bits 8, 9 and 10); the status flags
record specific characteristics of the result of logical and arithmetic
instructions (bits 0, 2, 6, 7 and 11).
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Status Word Description
The Status Word records specific characteristics of the result of logical
and arithmetic instructions (bits 0,2, 4, 6, 7 and 11) and controls the
operation of the 80186 within a given operating mode (bits 8,9 and 10).
The Status Word Register is 16-bits wide. The function of the Status
Word bits is shown below.
Status Word Bit Functions
Name

Function

0

CF

Carry Flag — set on high-order bit carry or
borrow; cleared otherwise.

2

PF

Parity Flag — Set if low-order 8 bits of result
contain an even number of 1-bits; cleared
otherwise.

4

AF

Set on carry from or borrow to the low order
four bits of AL; cleared otherwise.

6

ZF

Zero Flag — Set if result is zero; cleared
otherwise.

7

SF

Sign Flag — Set equal to high-order bit of
result (0 if positive, 1 if negative).

8

TF

Single Step Flag — Once set, a single step
interrupt occurs after the next instruction executes. TF is cleared by the single step interrupt.

9

IF

Interrupt-enab le Flag — When set, maskable
interrupts will cause the CPU to transfer
control to an interrupt vector specified
location.

10

DF

Direction Flag — Causes string instructions to
auto decrement the appropiate index register
when set. Clearing DF causes auto increment.

11

OF

Overflow Flag — Set if the signed result
cannot be expressed within the number of bits
in the destination operand; cleared otherwise.

Bit
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Instruction Set
The instruction set is divided into seven categories: data transfer,
arithmetic, shift/rotate/logical, string manipulation, control transfer,
high-level instructions and processor control. These categories are next
summarized.
Data Transfer Instructions:
General Purpose
MOV
PUSH
POP
PUSHA
POPA
XCHG
XLAT

Move byte or word
Push word onto stack
Pop word off stack
Push all registers on stack
Pop all registers from stack
Exchange byte or word
Translate byte
Input/Output

IN
OUT

Input byte or word
Output byte or word
Address Object

LEA
LDS
LES

Load effective address
Load pointer using DS
Load pointer using ES
Flag Transfer

LAHF
SAHF
PUSHF
POPF

Load AH register from flags
Store AH register in flags
Push flags onto stack
Pop flags off stack

Processor Control Instructions:
Flag Operations
STC
CLC
CMC
STD
CLD
STI
CLI

Set carry flag
Clear carry flag
Complement carry flag
Set direction flag
Clear direction flag
Set interrupt enable flag
Clear interrupt enable flag

10 — SBC186

External Synchronization
HLT
WAIT
ESC
LOCK

Halt until interrupt or reset
Wait for -TEST pin active
Escape to extension processor
Lock bus during instruction
No Operation

NOP

No operation

Arithmetic Instructions:
Addition
ADD
ADC
INC
AAA
DAA

Add byte or word
Add byte or word with carry
Increment byte or word by 1
ASCII adjust for addition
Decimal adjust for addition
Subtraction

SUB
SBB
DEC
NEG
CMP
AAS
DAS

Subtract byte or word
Subtract byte or word with borrow
Decrement byte or word by 1
Negate byte or word
Compare byte or word
ASCII adjust for subtraction
Decimal adjust for subtraction
Multiplication

MUL
IMUL
AAM

Multiply byte or word unsigned
Integer multiply byte or word
ASCII adjust for multiply
Division

DIV
IDIV
AAD
CBW
CWD

Divide byte or word unsigned
Integer divide byte or word
ASCII adjust for division
Convert byte to word
Convert word to doubleword
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String Instructions:
MOVS
INS
OUTS
CMPS
SCAS
LODS
STOS
REP
REPE/
REPZ
REPNE/
REPNEZ

Move byte or word string
Input bytes or word string
Output bytes or word string
Compare byte or word string
Scan byte or word string
Load byte or or word string
Store byte or word string
Repeat
Repeat while equal/zero
Repeat while not equal/not zero

Control Transfer Instructions:
Conditional Transfers
JA/JNBE
JAE/JNB
JB/JNAE
JBE/JNA
JC
JE/JZ
JG/JNLE
JGE/JNL
JL/JNGE
JLE/JNG
JNC
JNE/JNZ
JNO
JNP/JPO
JNS
JO
JP/JPE
JS

Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump
Jump

if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if

above/not below nor equal
above or equal/not below
below/not above nor equal
below or equal/not above
carry
equal/zero
greater/not less nor equal
greater or equal/not less
less/not greater nor equal
less or equal/not greater
not carry
not equal/not zero
not overflow
not parity/parity odd
not sign
overflow
parity/parity even
sign

Unconditional Transfers
CALL
RET
JMP

Call procedure
Return from procedure
Jump
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Iteration Controls
LOOP
LOOPE/
LOOPZ
LOOPNE/
LOOPNZ
JCXZ

Loop
Loop if equal/zero
Loop if not equal/not zero
Jump if register CX = 0
Interrupts

INT
INTO
IRET

Interrupt
Interrupt if overflow
Interrupt return

Shift/Rotate/Logical Instructions :
Logicals
NOT
AND
OR
XOR
TEST

’’Not” byte or word
’’And” byte or word
’’Inclusive or” byte or word
’’Exclusive or” byte or word
’’Test” byte or word
Shifts

SHL/SAL
SHR/SAR

Shift logical/arithmetic left byte or word
Shift logical/arithmetic rigth byte or word
Rotates

ROL
ROR
RCL
RCR

Rotate
Rotate
Rotate
Rotate

left byte or word
right byte or word
trough carry left byte or word
trough carry right byte or word

High-level Instructions
ENTER
LEAVE
BOUND

Format stack for procedure entry
Restore stack for procedure exit
Detects values outside prescribed range

An 80186 instruction can reference anywhere from zero to several
operands. An operand can reside in a register, in the instruction itself
or in memory.
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2.2.2 DMA Controller
The 80186 includes two independent, high-speed DMA channels which
operate independently of the CPU and drive all integrated bus
interface components.
Data can be transferred over these channels at the rate of 2 Mbytes/
sec. The transfers can occur between memory and I/O, I/O and I/O,
or memory and memory. Data may be transferred either in bytes or
words, to or from even or odd addresses. The block diagram of the
DMA unit is below.

ADDER CONTROL
LOGIC

20 BIT ADDER/SUBTRACTOR

TIMER REQUEST
------------<
DRQ1

| TRANSFER COUNTER
DEST. AORS. POINTER

CH. 1
CH. 1

REQUEST
SELECTION
LOGIC

4

-----

SRC. ADRS. POINTER CH. 1

4 ----------

I TRANSFER C O U N T E R CH. 0

4 ----------

DEST. ADRS. POINTER CH. 0

4 -----------

SRC. ADRS POINTER CH. 0

-4 -----------

CHANNEL
20

DMA
CONTROL
LOGIC

CONTROL WORD 1

CHANNEL CONTROL WORD 0

INTERNAL ADDRESS/DATA BUS

Figure 2.2-3: DMA-controller

block diagram

DROO
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Each channel has four registers in the peripheral control block which
defines its specific operation. These registers include a 20-bit source
pointer (2 words), a 20-bit destination pointer (2 words), a 16-bit
transfer counter and a 16-bit control word. All registers may be
modified or altered by the CPU during any DMA activity. Changes
made to these registers will be reflected immediately in DMA
operation. Next table shows the addresses of these registers. (Address
base of the control block is FFOOH.)
DMA Register addresses
Register name

Register
Ch. 0

address
Ch. 1

Control word
Transfer count
Destin. pointer(upper 4 bits)
Destination pointer
Source pointer(upper 4 bits)
Source pointer

CAH
C8H
C6H
C4H
C2H
COH

DAH
D8H
D6H
D4H
D2H
DOH

Channel control word register
The control word register contains bits which determine the precise
mode of operation for each channel.
Bit

Name

Function

0

-B/W

Byte/Word(0/1) Transfers.

1

ST/STOP

Start/Stop(l/0) Channel.

2

CHG/-NOCHG

Change/Don’t change (1/0) ST/-STOP
bit.

If this bit is set when writing to the control word, the
ST/-STOP bit will be programmed by the write. If this bit is
cleared when writing to the control word, the ST/-STOP bit
will not be altered. This bit is not stored, it will always be a 0
on read.
Not used.

3
4

TDRQ

0: Disable DMA requests from timer 2.
1: Enable DMA requests from timer 2.
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5

p

Channel priority — relative to other
channel (0 = low, l = h i g h priority).

6
&
7

SYN

00:
01:
10:
11:

8

INT

Enable interrupts to CPU on Transfer
Count termination.

9

TC

If set, DMA will terminate when the
contents of the Transfer Count register
reach zero.

No synchronization
Source synchronization
Source synchronization
Not used.

The ST/-STOP bit will also be reset at this point if TC is set. If
this bit is cleared, the DMA unit will decrement the transfer
count register for each DMA cycle, but the DMA transfer will
not stop when the contents of the TC register reach zero. (The
ST bit will be cleared automatically when the contents of the
TC register reach zero regardless of the state of the TC bit.)
10

INC (SOURCE)

Increment source pointer by 1 or 2
(depends on -B/W) after each transfer.

11

DEC (SOURCE)

Decrement source pointer by 1 or 2
(-B/W) after each transfer.

12

M/-IO (SOURCE)

Source pointer is in the memory/IO
space (1/0).

13

INC (DEST)

Increment destination pointer by 1 or 2
(depends on -B/W) after each transfer.

14

DEC (DEST)

Decrement destination pointer by 1 or 2
(-B/W) after each transfer.

15

M/-IO (DEST)

Destination pointer is in the memory/IO
space (1/0).
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DMA Destination and Source Pointer Registers
Each DMA channel has a 20-bit source and a 20-bit destination
pointer. These pointers are used to access the I/O or memory location
from which data will be fetched or to which data will be written. Each
occupies two 16-bit registers in the peripheral control block: the lowest
four bits of the upper register specifies the four high-order bits of the
20-bit physical address.

HIGHER
REGISTER
ADDRESS
LOWER
REGISTER
ADDRESS

XXX

XXX

XXX

A19-A16

A15-A12

A11-A8

A7-A4

A3-A0
0

15

Figure 2.2-4: DMA

Memory

Pointer Register Format

DMA Transfer Count Register
The transfer count register specifies the number of DMA transfers to
be performed, up to a maximum of 64 Kbytes or words. This register
is decremented after every DMA cycle (for both word and byte
transfers), regardless of the state of the TC bit in the DMA control
word register. If the TC bit in the DMA control word is set, however,
DMA activity will terminate when the transfer count register reaches
zero.
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2.2.3 Timer unit
The 80186 includes an integrated timer unit which provides three 16-bit
timer/counters. These timers operate independently of the CPU. Two
of the timers have input and output pins allowing counting of external
events and generation of arbitrary waveforms. The third timer is not
connected to any external pins and is useful for real-time coding and
time delay applications. In addition, it can be used as a prescaler for
the other two, or as a DMA request source.

DMA
REQ.
T2
INT.
REQ.

T1
INT.
REQ.

TO
INT.
REQ.

T2 OUT

TIMER 1

TIMER 0
MAX COUNT VALUE
MAX COUNT VALUE

CLOCK

MODE/CONTROL
WORD _____

MAX COUNT VALUE

TIMER 2

MAX COUNT VALUE

MAX COUNT VALUE
MODE/CONTROL
WORD

MODE/CONTROL
WORD

INTERNAL ADDRESS/DATA BUS
ALL 1« BIT REGISTERS

Figure 2.2-5: Timer unit block diagram
The timers are controlled by eleven 16-bit registers located in the
internal peripheral control block. Timers 0 and 1 are controlled by
four registers each, timer 2 makes use of three registers. The location
of these registers in the peripheral control block is shown in the next
table. (Control block starting address is FF00H.)
Register Name
Mode/Control Word
Max Count B
Max Count A
Count Register

Register Offset
TmrO Tmrl
56H
54H
52H
50H

5EH
5CH
5AH
58H

Tmr2
66H
not present
62H
60H
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The count register contains the current value of the timer and can be
read or written whether the timer is running or not. The value of this
register will be incremented for each timer event. The MAX COUNT
register defines the maximum count the timer will reach. Timers 0 and
1 are equipped with a second MAX COUNT register, which enables
them to alternate their count between two different MAX COUNT
values programmed by the user. The mode/control register is used for
programming the timers specific mode of operation.
Count Register
Each of the three timers has a 16-bit count register. The current
contents of this register may be read or written by the processor at any
time. If the register is written into while the timer is counting, the new
value will take effect in the current count cycle.
Because the count register is 16 bits wide, up to 2**16 timer events can
be counted by a single timer/counter. Every fourth CPU clock
transition can act as a timer event. In addition, transitions on the
external lines of timers 0 and 1 can act as timer events for these timers,
and timer 2 can be set to produce interrupts that serve as timer events
for timers 0 and 1.
Max Count Registers
Timers 0 and 1 have two MAX COUNT registers, while timer 2 has a
single MAX COUNT register. These contain the number of events the
timer will count.
After reaching the MAX COUNT register value, the timer count value
will reset to zero during the same clock cycle. Each timer can generate
an interrupt whenever the timer count value reaches a maximum count
value (in maximum count register A or B). If a timer generates a
second interrupt request before the first interrupt has been serviced,
the first interrupt request to the CPU will be lost.
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Mode/Control Register

The mode/control register allows the user to program the specific
mode of operation or check the current programmed status of any of
the three timers.
Bit

Name

Description

0

CONT

Setting the CONT bit causes the associated
timer to run continuously, while resetting it
causes the timer to halt upon maximum count.

1

ALT

The ALT bit determines which of two MAX
COUNT registers is used for count comparison. If ALT = 0, register A for that timer is
always used, while if A = l , the comparison
will alternate between register A and B when
each maximum count is reached.

2

EXT

The external bit selects between internal and
external clocking for the timer (0 = internal,
1 = external).

3

P

The prescaler bit is ignored unless internal
clocking has been selected (EXT = 0). 0 =
(internal CPU clock rate)/4 is used.
1 = output of timer 2 is used.

4

RTG

Retrigger bit is only active for internal clocking
(EXT = 0). It determines the control function
of the input pin.
0 = input level gates the internal clock on and
off (high = on, low = off).
1 = first low-to-high transition starts the timer
running from zero and further transitions will
do the same again.

5

MC

The Maximum Count bit is set whenever the
timer reaches its final maximum count value.

6,7,8
9,10,11

These bits are not in use.
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12

RIU

The Register in Use bit indicates which MAX
COUNT register is currently being used for
comparison to the timer count value. A zero
value indicates register A. The RIU bit cannot
be written.

13

INT

When set, the INT bit enables interrupts from
the timer, which will be generated on every
terminal count.

14

-INH

The inhibit bit allows for selective updating of
the enable (EN) bit.
0 = EN remains unaffected during a write.
1 = EN will be modified by write.

15

EN

The enable bit provides control over the timers
RUN/HALT status.
0 = Timer is inhibited from counting.
1 = Timer is enabled to count.

(NOTE: For timer 2 certain bits are hardwired as follows: ALT = 0,
EXT = 0, P = 0, RTG = 0, RIU = 0.)
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2.2.4 Interrupt Controller
Interrupts
The 80186 can service interrupts generated by software or hardware.
Software interrupts are generated by specific instructions or the results
of conditions specified by instructions. Hardware interrupts occur
when any of the external interrupt lines (INT0-INT3) are activated.
The vector types for all interrupts are given in the figure 2.2-6.
The 80186 software generated interrupts are:
—
—
—
—
—
—
—

divide error
single-step
breakpoint
overflow
array bounds
unused opcode
escape opcode

Hardware-generated interrupts are of two types: maskable and nonmaskable. For external maskable interrupts the 80186 provides the
INT0-INT3 interrupt request pins. Maskable interrupts may also be
generated by the integrated DMA controller and the integrated DMA
unit. Software enables these interrupts by setting the interrupt flag bit
(IF) in the Status Word.
A non-maskable interrupt is also provided. This interrupt is served
regardless of the state of the IF bit. The IF bit is cleared at the
beginning of an NMI interrupt to prevent maskable interrupts from
being serviced.
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Vector
Type

Interrupt N a m e

D i v i d e Error
Exception
Single Step
Interrupt
NMI
Breakpoint
Interrupt
INTO Detected
Overflow
Exception
A r r a y Bounds
Exception
Unused-Opcode
Exception
ESC Opcode
Exception
T i m e r 0 Interrupt
Timer 1 Interrupt
T i m e r 2 Interrupt
Reserved
DMA 0 Interrupt
DMA 1 Interrupt
INTO Interrupt
INTI Interrupt
I N T 2 Interrupt
I N T 3 Interrupt

0

Default
Priority

*1

Related
Instructions

DIV,IDIV

1

12**2

All

2
3

1
*1

All
I NT

4

*1

INTO

5

*1

BOUND

6

*1

Undef ined
Opcodes
ESC
Opcodes

7

* 1* * *

8
18
19
9
10
11
12
13
14
15

2B****
2c****
3
4
5
6
7
8
9

2a****

NOTES :
*1. These a r e generated a s the result o f a n instruction
execution.
**2. T h i s is handled a s i n the 8086.
A l l three timers constitute o n e source o f request to the
****3.
interrupt controller. T h e Timer interrupts a l l have the
s a m e d e f a u l t priority level w i t h respect t o a l l other
interrupt s o u r c e s . H o w e v e r , they have a defined priority
ordering amongst themselves. (Priority 2A i s higher
priority t h a n 2B) . Each Timer interrupt h a s a separate
vector t y p e number.
4 . D e f a u t priorities for the interrupt s o u r c e a r e used o n l y
if the user d o e s n o t program each source into a unique
priority l e v e l .
o p c o d e w i l l c a u s e a t r a p o n l y if the proper bit
* * * 5 . A n escape
is s e t i n t h e peripheral control block relocation regis r .

Figure 2,2-6: Interrupt

vectors

SBC186 — 23

Interrupt controller
The 80186 integrated interrupt controller performs synchronizatio n of
interrupt requests, priorization of interrupt requests and request type
vectoring in response to a CPU acknowledge. Nesting is provided so
that interrupt service routines for lower priority interrupts may
themselves be interrupted by higher priority interrupts. The block
diagram of the integrated interrupt controller is shown below.

TIMER TIMER TIMER

DMA

DMA
INTO

INT1

INT2

INT3

TIMER
CONTROL REG.

NMI

INTERRUPT
REQUEST REG.
INTERRUPT
MASK REG.

DMAO
CONTROL REG
DMA1
CONTROL REG.
EXT. INPUT 0
CONTROL REG.
EXT. INPUT 1
CONTROL REG.
EXT. INPUT 2
CONTROL REG.
EXT. INPUT 3
CONTROL REG

INTERRUPT
PRIORITY
RESOLVER

_______
_____
J

IN-SERVICE
REQ.
j
PRIOR. LEV
MASK REQ.
INTERRUPT
STATUS REQ.

VECTOR
GENERATION
LOGIC

INTERRUPT
REQUEST TO
PROCESSOR
INTERNAL ADDRESS/DATA BUS

Figure 2.2-7: Interrupt

controller block diagram

The 80186 can receive interrupts from a number of sources, both
internal and external. Internal interrupt sources (timers and DMA
channels) can be disabled by their own control registers or by mask
bits within the interrupt controller. The 80186 interrupt controller has
it’s own control registers that set the mode of operation for the
controller.
The interrupt controller operates in two major modes: master mode
and iRMX86-mode . In master mode, the integrated controller acts as
the master controller for the system; in iRMX86 mode, the controller
operates as a slave to an external controller which functions as the
master interrupt controller for the system.
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The iRMX86 mode is used in the SBC 186. The internal 80186
resources are monitored through the internal interrupt controller,
while the external controller (Intel 8259A) functions as the system
master interrupt controller.
Because there aren’t any hardwired priorities, the initialization software must program the proper priority levels for each internal and
external interrupt source. The required levels for the internal interrupt
sources are shown in the next table. They must remain fixed during the
operation.
Internal Source Priority Level
Priority Level
Highest

0
1
2
3
4
5

Interrupt Source
Timer 0
(reserved)
DMA 0
DMA 1
Timer 1
Timer 2

The nesting of interrupt requests is allowed. When an interrupt is
acknowledged, the priority logic masks off all priority levels exept
those with equal or higher priority.
Interrupt Controller Registers

The interrupt controller has a number of registers which are used to
control its operation. The interrupt controller register model is shown
in the next figure. It contains 15 registers, all of which can be read or
written unless otherwise specified.
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OFFSET
LEVEL 5 CONTROL REGISTER
(TIMER 2)

3AH

LEVEL 4 CONTROL REGISTER
(TIMER 1)

38H

LEVEL 3 CONTROL REGISTER
(DMA 1)

36H

LEVEL 2 CONTROL REGISTER
(DMA 0)

34H

LEVEL 0 CONTROL REGISTER
(TIMER 0)

32H

INTERRUPT-REQUEST

REGISTER

2EH

IN-SERVICE REGISTER

2CH

PRIORITY-LEVEL MASK REGISTER

2AH

MASK REGISTER

28H

SPECIFIC EOI REGISTER

22H

INTERRUPT VECTOR REGISTER

20H

Figure 2.2-8: Interrupt

controller registers
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Control Registers
The interrupt controller includes five control registers, one for each
interrupt source:

|

0

_________________________________

13

14

15
”o

0

|

I

?

7

.

.

,

[

0

[

0

[

0

4

5

8

7

8

[

0

|

0

0

21

3

J M S K | PR2 [ PR1

J PRO [

These registers contain three bits (PRO, PR1, PR2), which select one of
eight different priority levels (0 is highest, 7 lowest) and a mask (MSK)
bit to enable the interrupt. When the mask bit is zero, the interrupt is
enabled; when it is set, the interrupt is masked. Modifying these bits in
the individual control registers will also modify them in the mask
register and vice versa.
Interrupt Request Register
The interrupt request register contains bits which are automatically set
when interrupt requests are pending. The format of this register is
shown below. TMRO, TMR1, TMR2 are the interrupt request bits for
timers; DI ja DO for DMA channels. The bits can be both read and
written.
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In-Service Register
This register contains In-Service (IS) bits for each interrupt source,
indicating that its service routine is in process. When an IS bit is set,
no interrupts will be generated from devices with a lower priority level.
The format of the register is same as in the Interrupt Request register.
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Priority-Level Mask Register
This register allows masking of all interrupts below a particular
interrupt priority level. The format of this register is shown on below.
The code in the lower three bits indicate the priority of the current
interrrupt being serviced. This prevents any interrupts of lower
priority. After RESET interrupts of all priority levels are enabled.

15
[

0

14
|

0

___________________________________________________________________
|

..............................................................................................................

3
|

0

2

1

0

[ PRM2 [ PRM1 1PRMO |

Mask Register
The mask register contains a mask bit for each interrupt source. When
the bit in this register corresponding to a particular interrupt source is
set, all interrupts from that source will be masked. The format of this
register is same as in the Interrupt Request register.
EOI Register
The end of interrupt register is used by the programmer to issue an
End of Interrupt command to the controller. After receiving this
command, the interrupt controller automatically resets the in-service
bit for the interrupt and the priority mask register bits. The format of
this register is shown below.
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Interrupt Vector Register
The interrupt controller generates an 8-bit vector which the CPU
multiplies by four and uses as an address into a interrupt vector table.
The five most significant bits of the vector are programmed by writing
to the Interrupt Vector register. The lower 3 significant bits of the
interrupt type are determined by the priority level of the device causing
the interrupt. The format of the register is shown on below.
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2.2.5 Clock Generator
The 80186 provides an integrated clock generator which generates the
main clock signal for all 80186 integrated components, as well as CPU
synchronous devices in the system. The clock generator consists of a
crystal-controlled oscillator, a divide-by-two counter, synchronous and
asynchronous ready inputs and reset circuitry.
The Oscillator
The oscillator circuit is designed to be used with a parallel resonant
fundamental mode crystal at 2X the desired CPU clock speed (i.e. 16
MHz for an 8 MHz 80186).
Divide-by-two Counter
The clock generator provides the 50% duty cycle processor clock for
the CPU. This is done by dividing the oscillator output by two,
forming the symmetrical clock. The CLKOUT pin provides the
processor clock signal for use outside the 80186. This signal may be
used to drive other system components.
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2.2.6 Chip Select Unit
The 80186 includes an integrated chip select unit which provides
programmable chip-select generation for both memory banks and
peripherals. In addition, it can be programmed to provide READY (or
WAIT state) generation, and also can provide latched address bits A l
and A2.
Six output lines are used for memory addressing and seven output lines
are used for peripheral addressing. The chip-select lines are active for
all memory and I/O cycles (in their programmed areas) generated by
both the CPU and by the integrated DMA unit.
Memory Chip Selects
The memory chip select lines are divided into 3 groups which
separately address the major areas of memory: upper memory for reset
ROM, lower memory for interrupt vectors, and mid-range memory for
program area. One output each is provided for upper and lower
memory; four outputs are provided for mid-range memory.
The size of each memory area is user programmable. In addition, the
base address of the midrange memory chip select may be programmed
to be active for any memory location at a time.
The starting location and ending location of both upper and lower
memory areas are fixed at 00000H and FFFFFH respectively; the
starting location of the mid-range memory is user programmable.
The memory chip selects are controlled by four registers located in the
peripheral control block. These include one register each for upper and
lower memory, the values of which determine the size of the two
memory blocks; the other two registers are used to set the size and base
address of the mid-range block.
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Upper Memory
The -UCS chip select line is used for the top of the memory. This area
is used as system ROM, because after reset the 80186 begins executing
at memory location FFFFOH.
The upper limit of memory defined by this chip select is always
FFFFFH; the lower limit is defined in the UMCS register. The legal
values of bits 6-13 of the UMCS register are shown in the next table.
After reset the register is programmed for a IK area and it must be
reprogrammed depending the size of ROM.
Starting
Address
(Base
Address)
FFCOO
FF800
FFOOO
FEOOO
FC000
F8000
F0000
E0000
COOOO

Memory
Block
Size
1K
2K
4K
8K
16K
32K
64K
128K
256K

UMCS Value
(Assuming
r q = R1=R2=0)
FFF8H
FFB8H
FF38H
FE38H
FC38H
F838H
F038H
E038H
C038H

Any internally generated 20-bit address whose upper 16 bits are greater
than or equal to the UMCS register (with register bits 0-5 equal to 0)
will cause -UCS to be activated.
Lower memory
The -LCS line selects the lower memory. The bottom of the memory
contains the interrupt vector table, beginning at the location 00000H.
The lower Emit of this memory is always OH, the upper limit is defined
in the LMCS register. The legal values for bits 6-13 are shown below.

Upper
Address
003FFH
007FFH
OOFFFH
01FFFH
03FFFH
07FFFH
OFFFFH
1FFFFH
3FFFFH

Memory
Block
Size
1K
2K
4K
8K
16K
32K
64K
128K
256K

LMCS Value
(Assuming
R0 = R1=R2=0)
0038H
0078H
00F8H
01F8H
03F8H
07F8H
0FF8H
1FF8H
3FF8H
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Any internally generated 20-bit address whose upper 16 bits are less
than or equal to LMCS (with register bits 0-5 equal to 1) will cause
-LCS to be active.
Mid-range Memory

The four -MCS lines select locations within a user-locatable memory
block, which can be located anywhere within the I M byte address
space exclusive of the areas defined by UMCS and LMCS. Both the
base address and the memory size are programmable.
The size of the memory block is determined by bits 8-14 of the MPCS
register as shown in the next table. The EX and MX bits in the register
relate to peripheral functionality and are described later.

Total Block
Size

Individual
Select Size

MMCS Bits
14-8

8K
16K
32K
64K
128K
256K
512K

2K
4K
8K
16K
32K
64K
128K

0000001 B
000001 0B
0000100B
0001 000B
0010000B
0100000 B
1000000B

Each of the four -MCS lines is active for one of the four equal
contiguous divisions of the memory block.
The base address of the mid-range memory block is defined by bits
15-9 of the MMCS register. Bits 15-9 correspond to bits A19-A13 of
the 20-bit memory address. (Bits A 12-AO of the base address are
always 0). The base address may be set to any integer multiple of the
size of total memory block selected.
Peripheral Chip Select

The 80186 can generate chip selects for up to seven peripheral devices.
The chip select lines -PCS0-6 are active for seven contiguous blocks of
128 bytes. The base address is user-programmable, and may be located
in either I/O or memory space. Thus the peripheral devices may be
I/O — or memory-mapped.
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The peripheral chip selects are controlled by the PACS and MPCS
registers located in the internal peripheral control block. The format of
the registers is shown in the next figure.
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Figure 2.2-10: Peripheral chip select registers
These registers allow the base addresses of the peripherals to be set,
and specify whether the peripherals are mapped into memory or I/O
space. Both registers must be accessed before any of the peripheral
chip selects will become active. The starting address of the peripheral
chip-select block is defined by the PACS register. Bits 15-6 of this
register correspond to bits A19-A10 of the 20-bit programmable base
address (PBA) of the peripheral chip-select block. PACS bits 0-2 are
used to specify READY mode for PCS0-PCS3. Next table shows the
address range of each peripheral chip select with respect to the PBA.

Table 5 - 6 P C S Address Ranges
PCS Line

Active between Locations

peso
PCS1
PCS2
PCS3
PCS4
PCS5
PCS6

PBA
— PBA + 127
PBA + 128 — PBA+255
PBA + 256 — PBA + 383
PBA + 384 — PBA + 51 1
PBA + 512 — PBA + 639
PBA + 6 4 0 — PBA+767
PBA + 768 — PBA + 895
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The mode of operation of the peripheral chip selects is defined by the
MPCS register. Bit 7 (EX) is used to select the function of -PCS5 and
-PCS6; bit 6 (MS) is used to select whether the peripheral chip selects
are mapped into memory or I/O space. MPCS bits 0-2 are used to
specify READY mode for -PCS4 - -PCS6. Next table shows the
programming of these bits.
Table 5 - 7 M S , EX Programming Values
Description

Bit
1
0
0
1

MS
EX

=
=
=
=

Peripherals mapped into memory space.
Peripherals mapped into I/O space.
5 PCS lines. A1, A2 provided.
7 PCS lines. A1. A2 arp not provided.

READY/ WAIT Generation Logic
The 80186 can generate an internal READY signal for each of the
memory or peripheral -CS lines. In addition, 0-3 wait states may be
inserted for all accesses to the area for which the chip select is active.
Finally, each chip-select range may be individually programmed to
either ignore external READY or to factor external READY with the
integrated ready generator.
READY Control consists of 3 bits for each -CS linear group of lines.
The interpretation of bits is shown in the next table.

Table 5 - 8 READY Bits Programming
RO Number of WAIT States Generated

R2

R1

0
0

0
0

0
1

0

1

0

0

1

1

1
1

0
0

0
1

1

1

0

1

1

1

0 wait states, external RDY also used.
1 wait state inserted, external RDY also
used.
2 wait states inserted, external RDYalso
used.
3 wait states inserted, external RDYalso
used.
0 wait states, external RDY ignored.
1 wait state inserted, external RDY
ignored
2 wait states inserted, external RDY
ignored
3 wait states inserted, external RDY
ignored
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2.2.7 Internal Peripheral Interface
Peripheral Control Block
The four 80186 programmable integrated peripherals are controlled by
16-bit registers located in an internal 256-byte control block. Control
and status registers are provided for each of the programmable
peripherals. The function of these registers is described with correspondent devices.
OFFSET
Relocation

FEM

Register

DAM
DMA Descriptors

Channel

1
DOM

CAM
DMA Descriptors

Channel

0

COM

A°M
Chip-Select

Control Registers

BCH
Timer 2 Control

Registers
BOH
5EM

Timer 1 Control Registers
58H
56M
Timor 0 Control Registers
5OM

3EM
Interrupt

Controller

Registers
20M

Figure 2.2-11: Peripheral control block
The control and status registers of each integrated peripheral are
located at a fixed location above the programmed base location
(FF00H) of the peripheral control block. The base address must be on
an even 256-byte boundary.
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Relocation Register
The control block base address is programmed via a 16-bit relocation
register contained within the control block at offset FEH from the
base address.
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Relocation Address Bits R19-R8

ESC Trap N o ESC Trap (1/0)
Register block located In Memory / HO Space (1'0)
Normal Interrupt Controller mode / IRMX compatible
Interrupt Controller mode (0/1)

The relocation register provides the upper 12 bits of the base address
of the control block. In addition, bit 12 of this register defines whether
the control block will be mapped into I/O or memory space. When the
control register block is mapped into I/O space, the upper 4 bits of the
base address must be programmed as 0, since I/O addresses are only
16 bits wide.
In addition to the peripheral control block information, the relocation
register contains two additional bits. One is used to set the interrupt
controller into iRMX86 compatible mode. The other is used to force
the processor to trap whenever an ESCape instruction is encountered.
The relocation register is located after reset at word location FFFEH in
I/O space.
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2.3 MEMORY
On the SBC186 there are three kinds of memory. The main memory
consists of dynamic RAM chips, some fixed routines are coded in
ROM and for alterable parameters there is some non-volatile RAM
(NRAM).
The SBC 186 can be equipped with 256 kbytes of dynamic RAM using
64 kbit memory chips. With 256 kbit memory chips the RAM is
expandable to 512 Kbytes. The selection between the sizes is done by
two jumpers. The RAM is controlled with a dynamic RAM controller
chip which takes care of refreshing, address multiplexing, memory
timing and generation of ready signals to the device using memory.
The SBC 186 can be equipped with up to 64 kbytes of ROM. The use
of 64 kbit chips limits the space to 32 kbytes, 128 kbit parts give the
full 64 kB (minus 512 bytes reserved by the NRAM). The address space
is selected by a jumper.
The nonvolatile RAM (NRAM) is organized as 256 x 4 bits, thus
reserving 512 bytes due to the 16 bit wide data bus.
Chip selects

Addresses ( H e x )
FFFFF
EPROM 32 KB
F8000
EPROM 31.5 KB (with
128 Kbit chips)

Upper chip
Select (UCS)

NOVRAM 0.5 KB

F0200
F0000

BFFFF
DRAM 256 KB
(on MEME186)
7FFFF
DRAM 256 KB
(on MEME186, or
on SBC186, when
256 Kbit chips
are used
3FFFF
DRAM 128 KB
(on SBC186)
1FFFF
DRAM 128 KB
(on SBC186)
Medium chip
select (MCS)
Lower chip
select (LCS)

-— >

Figure 2.3-1: Memory

0

organization
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ROM chip selects are connected directly to the select signal (ECS)
generated by the 80186. So all PROMs are activated simultaneously.
The selection between PROMs is done by enabling only the proper
PROM outputs with a memory read signal and a PROM size
dependent address signal (A14 or A l 5). As PROMs are activated by
80186 directly they cannot be addressed from the bus.
The NRAM can be read and written data residing in the upper four
bits of the lower byte. The NRAM contents can be saved in the
nonvolatile part of the memory by an I/O-write. The recalling of the
saved data is done by pulsing low a register output. In a reset situation
the RECALL signal is active (low) and the nonvolatile data is moved
to the volatile part of the NRAM.
The memory timing is derived from a 25 MHz crystal that is connected
directly to the DRAM controller. When the controller select (DCS) and
either a read or write pulse are simultaneously active the controller
starts a memory cycle.
Selection between two memory banks is done by separate RAS signals
falling down first in the cycle. Address (AXi) is multiplexed next to get
the column information to the memory chips. (When 256 kbit chips
are used only RASO and the ninth address (AX8) are multiplexed.)
During write cycles also write pulse is activated at this stage.
Write pulse is gated (LOB, HIB) to allow separate high and low byte
write (WEL, WEH). The column address strobe (CAS) falls next
allowing write or read to take place in the memory chips. The column
strobe is lengthened with a controller acknowledge pulse (XACK) to
keep the read data in memory outputs. The controller can start to
refresh the memory at this time, so a hidden refresh sceme is used.
As the controller uses early write (write pulse comes before column
strobe), no read modify write cycles are used and column strobe is kept
active until processor cycle terminates, there is no need for latching
read data and memory input and output pins are connected together.
The dynamic memory includes a separate parity bit for both lower and
higher byte. During a write cycle the parity bit is set to the proper state
and during a read the parity is checked causing a nonmaskable
interrupt if the parity fails.
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The memory NMI is connected directly to the SBC 186 bus. Dynamic
memory is synchronized to devices using it with a READY signal.
When DRAM is selected and a read or write occurs, ready is driven
low, DRAM controller drives ready active high with its advanced
acknowledge pulse which comes late enough to indicate a succeeded
memory cycle only in case of a refresh collision. So a sufficient
amount of wait states must be generated by the device using the
memory. In case of the 80186, this is done with the programmable wait
state generator internal to the CPU. READY is also connected directly
to the SBC186 bus READY signal. As the dynamic RAM selects are
derived from the address, the RAM can be used as well by the CPU as
devices residing on the SBC186 bus.
The memory on the SBC 186 (RAM and ROM) is separated from the
processor data bus with tranceiver chips. The buffers are activated
whenever on-board memory is addressed and their direction is controlled with the memory read signal.
Battery Back-Up Option
The dynamic RAM on SBC186 can be protected against power
drop-offs for up to ten minutes with a battery back-up module. In case
of power fail the a power module interrupts the CPU five milliseconds
before supply voltage falls under critical limit. The interrupting is done
by using a non-maskable interrupt and the CPU can check the origin
of the interrupt by reading an I/O-port.
So, in case of power fail, the processor can store all necessary
information in the secured RAM. A power fail, even a very short one,
always ends up with a reset, after which the CPU is able to restore the
saved status.

2.4 INTERRUPT STRUCTURE
2.4.1 General description
Interrupts play an important role in the control of the CPU. Interrupts
may be triggered by devices external to the CPU or by software
interrupt instructions or, under certain conditions, by the CPU itself.
For any interrupt there must be a program routine to be performed,
when this interupt will occur. When the processor gets an interrupt
request, it’s operation will be halted and the interrupt routine
executed, before the formerly operation can continue.
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Every interrupt is assigned a type code that identifies it to the CPU.
The type code is used by the CPU to point a location in the memory
based interrupt vector table that contains the address of the interrupt
routine. This interrupt vector table can contain up to 256 vectors for
different interrupt types.
There are priority levels of interrupts for handling the situation of
several interrupt requests at the same time. The priority is handled by a
interrupt controller, which is a programmable integrated circuit.

8259A
MASTER
IN
80186 INT. IN

I RO

REQUESTS FROM
OTHER SLAVES

INT

IR7
CASO- 2

80186
INTO

slave select

CASCADE
ADDRESS DECODER

InT2
801M SLAVE INTERRUPT OUTPUT

INT3

Figure 2.4-1: Interrupt
80186 Internal PIC
(iRMX mode)
Interrupt
Interrupt
source
level
Highest IRO
IR1
IR2
IR3
IR4
IR5
Lowest

Timer 0
(Reserved)
DMAO
DMA1
Timer 1
Timer2

handling block diagram.

Master PIC (8259A)
Interrupt
level

Interrupting
device/bus signal

Highest 0
1
2
3
4
5
6
7

System clock (8253)
MPSC (uPD7201)
IR2
IR3
IR4 Bus interrupts
IR5 (selectable for
IR6 each exp.card)
80186 internal PIC

(As default MMC = IR4 and
CRTC = IR5)
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SBC186 includes two separate interrupt controllers: The 8259A interrupt controller as a master device and the internal 80186 interrupt
controller as a slave. The 80186 interrupt controller is initialized in
iRMX-mode and its interrupt output is connected to master PIC’s level
7 interrupt. Level 0 and level 1 interrupts are used by a timer and a
MPSC (uPD7201).
The five other interrupt inputs to the master PIC (levels 2-6) are routed
through the SBC-bus thus making it possible to select the interrupt
priority on each expansion card individually.
During the master interrupt controller initialization or poll the part is
selected directly by 80186’s peripherical select (PCSO). When the CPU
serves an interrupt caused by the PIC, two interrupt acknowledge
pulses are given to the controller. After the first pulse the PIC drives
the level of the interrupt to be served to the slave select outputs. On
the next acknowledge pulse either the master or the slave PIC (selected
by the slave code) outputs a vector by which the CPU branches to the
proper interrupt routine.
2.4.2 Interrupt Vector Table
The interrupt vector table (Figure 2.4-2) is the link between an
interrupt type code and the procedure that has been designated to
service interrupts associated with that code. The interrupt vector table
occupies up to the first 1 Kbytes of the lower memory.
There may be up to 256 entries in the table, one for each interrupt type
that can occur in the system. Each entry in the table is a doubleword
pointer containing the address of the procedure that is to service
interrupts of that type. The higher-addressed word of the pointer
contains the base address of the segment containing the procedure.
The lower-addressed word contains the procedure’s offset from the
beginning of the segment. Since each entry is four bytes long, the CPU
can calculate the location of the correct entry for a given interrupt type
by simple multiplying (type*4).
Interrupt types 0-31 are reserved by Intel. These portions of the
interrupt vector table should not be used for any other purpose to
insure proper system operation. Space at the high end of the table that
would be occupied by entries for interrupt types that cannot occur in a
given application may be used for other purposes.
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X 3FFH
TYPE 255 POINTER:
(AVAILABLE)
3FCH
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Figure 2.4-2: Interrupt vector table
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2.5

DMA STRUCTURE

2.5.1 DMA Priorization
A feature that improves microprocessor efficiency is direct memory
access, also called DMA. It is used, when some peripheral device is
able to transfer information to and from memory faster than the CPU
can accomplish the transfer under program control.
By using DMA, the CPU allows the peripheral device to hold and
control the bus, transferring the data directly to and from memory
without involving the CPU itself. When the transfer is done, the
peripheral releases the bus and the CPU then resumes processing
instructions where it left off.
The DMA transfer is controlled by a sophisticated integrated circuit
called the DMA-controller. On the SBC186-board the 80186 CPU
itself contains a 2-channel DMA-controller. Besides it, at the same
time there can be several other DMA-controllers on the expansion
cards (e.g. MMC186, IOE186). So there must be a priorization
mechanism to handle the collisions of different DMA requests.

HOLD
80186
HOLD
HLDA

INTERNAL
DMAC

HLDA
DMA
PRIORIZE

HLDA

CASO-2
HOLD1-5

EXTERNAL
DMAC 8237A

EXTERNAL
DMAC

Figure 2.5-1: DMA

structure block diagram
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On SBC 186 eight levels of DMA-priority are used. Highest priority is
given to the requests coming from expansion cards on the SBC-bus.
On the bus there are 5 lines for DMA-requests (HOLD1-HOLD5), one
for each possible expansion card. The priorities of the cards are
individually selectable with on-board jumpers, one request on each
level. Lowest DMA priorities are given to internal 80186 DMA-channels, between which the priority is selected by software.
Bus Master Priority
Level

Master

Highest

Bus request 1
2
”
”
3
”
”
4
”
”
5
”
”
Internal DMA 0 / 1
DMA 1 / 0
”
80186 CPU

Lowest

Though the internal DMA controller and CPU have the lowest bus
priorities, the bus is granted to 80186 after an external DMA-cycle
ends. In this way CPU or 80186 internal DMA gets at least one bus
cycle before the next external DMA-controller takes over. Which one
(CPU/DMA) gets the bus cycle is resolved internally.
2.5.2 Operational Description
When a DMA request occurs from the SBC 186 bus a HOLD is
generated to the processor. The priorization logic allows the HOLD
request with highest priority to be presented to the CPU. When the
processor acknowledges the HOLD all the other requests are latched
thus freezing the situation for next priorization.
The priorization logic produces from the priority of highest active
request the BCAS-address of that requesting device and sends the
HOLD acknowledge to it. This device is now the temporary bus master
and it is able to execute the DMA-transfer.
When taking over the bus the DMA device must drive the address
enable (AEN) signal low as it is used to remove the processor HOLD
after DMA is completed. When the processor finds the HOLD inactive
it removes the hold acknowledge, which lets the DMA request latch to
be updated and a new hold to be generated.
At this point, the CPU or 80186 internal DMA is able to execute at
least one bus cycle before it responds to the next bus request.
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2.6 TIMERS
There are two timer circuits on SBC186: the three 80186 internal timers
and a separate timer chip with also three independent programmable
timers.
2.6.1 80186 Internal timers
The two of the 80186 internal timers, that are usable as peripheral
timing sources, can be used to generate the line frequency for one of
the two I/O-channels on SBC186. The third timer is only usable
internal to the processor.
Internal timers are discussed in section 2.2.3.
2.6.2 External timers
The external timers are realized with Intel 8253 Programmable Timer
chip. It supports three counters and has a Control Word register.
The separate timer’s counters are driven with a 2 MHz clock divided
down from the 4 MHz system clock.
One of the counters generates interrupts (IRO) thus producing a real
time clock base. After it has been acknowledged, the timer interrupt
must be cleared with an I/O- write (TCL).
The second counter (LCK) is used to produce the line frequency for
the other on board I/O-channel (MPSC B-channel). The third timer
drives a transistor to which a beep or a loudspeaker can be connected.
Counter description
Each Counter consists of a single, 16-bit, presettable, DOWN counter.
The counter can operate in either binary or BCD and its input, gate
and output are configured by the selection of MODES stored in the
Control Word Register.
The counters are fully independent and each can have a separate mode
configuration and counting operation, binary or BCD. Also, there are
special features in the logic included in the 8253 so that the contents of
each counter can be read ”on the fly” without having to inhibit the
clock input.
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Control Word Register
Control Word Format
D7
SCI

D6
SCO

D5
RL1

D4
RLO

D3
M2

DI
MO

D2
Ml

DO
BCD

SC — Select Counter:
SCI
0
0
1
1

SCO
0
1
0
1

Select Counter 0
Select Counter 1
Select Counter 2
Illegal

RL — Read/Load:
RL1
0

RLO
0

1
0
1

0
1
1

Counter Latching operation (see
READ/WRITE Procedure Section)
Read/Load most significant byte only
Read/Load least significant byte only
Read/Load least significant byte first,
then most significant byte

M — MODE:
M2
0
0
X
X
1
1

Ml
0
0
1
1
0
0

0
1

Binary Counter 16-bits
Binary Coded Decimal (BCD) Counter
(4 Decades)

MO
0
1
0
1
0
1

Mode
Mode
Mode
Mode
Mode
Mode

0
1
2
3
4
5

BCD:

Counter Loading
The count register is not loaded until the count value is written (one or
two bytes, depending on the mode selected by the RL bits), followed
by a rising edge and a falling edge of the clock. Any read of the
counter prior to that falling clock edge may yield invalid data.
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MODE Definition
MODE 0 interrupt on Terminal Count. The output will be initially
low after the mode set operation. After the count is loaded into the
selected count register, the output will remain low and the counter will
count. When terminal count is reached the output will go high and
remain high until the selected count register is reloaded with the mode
or a new count is loaded. The counter continues to decrement after
terminal count had been reached.
Rewriting a counter register during counting results in the following
(1) Write 1st byte stops the current counting.
(2) Write 2nd byte starts the new count.
MODE 1: Programmable One-Shot. The output will go low on the
count following the rising edge of the gate input. The output will go
high on the terminal count. If a new count value is loaded while the
output is low it will not affect the duration of the one-shot pulse until
the succeeding trigger. The current count can be read at any time
without affecting the one-shot pulse. The one-shot is retriggerable,
hence the output will remain low for the full count after any rising
edge of the gate input.
MODE 2: Rate Generator. Divide by N counter. The output will be
low for one period of the input clock. The period from one output
pulse to the next equals the number of input counts in the count
register. If the count register is reloaded between output pulses the
present period will not be affected, but the subsequent period will
reflect the new value. The gate input, when low, will force the output
high. When the gate input goes high, the counter will start from the
initial count. Thus, the gate input can be used to synchronize the
counter. When this mode is set, the output will remain high until after
the count register is loaded. The output then can also be synchronized
by software.
MODE 3: Square Wave Rate Generator. Similar to MODE 2 except
that the output will remain high until one half the count has been
completed (for even numbers) and go low for the other half of the
count. This is accomplished by decrementing the counter by two on the
falling edge of each clock pulse. When the counter reaches terminal
count, the state of the output is changed and the counter is reloaded
with the full count and the whole process is repeated. If the count is
odd and the output is high, the first clock pulse (after the count is
loaded) decrement the count by 1 . Subsequent clock pulses decrement
the clock by 2. After timeout, the output goes low and the full count is
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reloaded. The first clock pulse (following the reload) decrement the
counter by 3. Subsequent clock pulses decrement the count by 2 until
timeout. Then the whole process is repeated. In this way, if the count
is odd, the output will be high for (N + l)/2 counts and low for (N l)/2 counts.
Mode 4: Software Triggered Strobe. After the mode is set, the output
will be high. When the count is loaded, the counter will begin
counting. On terminal count, the output will go low for one input
clock period, then will go high again. If the count register is reloaded
between output pulses the present period will not be affected, but the
subsequent period will reflect the new value. The count will be
inhibited while the gate input is low. Reloading the counter register
will restart counting beginning with the new number.
MODE 5: Hardware Triggered Strobe. The counter will start counting
after the rising edge of the trigger input and will go low for one clock
period when the terminal count is reached. The counter is retriggerable. The output will not go low until the full count after the rising edge
of any trigger.
Signal
status

Low
Or Going
Low

High

Rising

Modes
0

Disables
counting

1
2

3

4
5

1) Disables
counting
2) Sets output
immediately
high
1) Disables
counting
2) Sets output
immediately
high
Disables
counting
--

—
1) Initiates
counting
2) Resets output
after next clock

Enables
counting
—

Initiates
counting

Enables
counting

Initiates
counting

Enables
counting

--

Enables
counting
--

Initiates
counting

Gate Pin Operations Summary
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2.6.3 Addresses and Baud rates
Addresses
The registers of the internal timers are located in the I/O space as
follows:
Tmr2
Tmrl
TmrO
FF56H
FF54H
FF52H
FF50H

Mode/Control Word
Max Count B
Max Count A
Count Register
The registers of
follows:
CRTO;
CRT1;
CRT2;
Timer

FF5EH
FF5CH
FF5AH
FF58H

FF66H
not present
FF62H
FF60H

the external timer chip are located in the I/O space as
F931H
System clock counter
MPSC ch B line clock counter F933H
F935H
Beep control counter
F937H
Conrol Register

Baud rate setting
The baud rates of both SBC186 channels are defined by the values of
the timer’s counter and the MPSC prescaler together. The following
table shows the values of the counters for asynchronous (MPSC
prescaler = 16) and synchronous (MPSC prescaler = 1) line baud
rates. (For prescaler value setting refer to chapter 2.8.1, Write Register
4.)
Preset value
Baud rate

75
110
150
300
600
1200
2400
4800
9600

Async

Sync
hex

dec

hex

dec

682B
4706
3415
1A0B
D05
683
341
1A1
DO

26667
18182
13333
6667
3333
1667
833
417
208

683
470
341
1A1
DO
68
34
1A
D

1667
1136
833
417
208
104
52
26
13

Timer preset values for different baud rates
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Initialization

During initialization are the counters of baud rate timers programmed
with DH for asynchronous 9600 Baud operation.

2.7

I/O-CHANNELS

The SBC186 offers two separate I/O-channels based on a multiprotocol serial controller chip. The first channel (CHA) can be driven with
DMA, interrupt or poll. Its physical interface can be either CCITT
V.24/V. 28 or CCITT X.24/X.27. This channel has either NRZ or
NRZI coding. It has separate transmit and receive DMA requests,
which are connected to the 80186 internal DMA channels 1 and 2
respectively.
The DMA is acknowledged by the 80186 peripheral chip select (PCS1)
which activates the chip and by generating a read or write to the
proper data register. The MPSC interrupt is latched and the latch is
cleared when reading the MPSC’s status register.
The receive and transmit clocks on channel A can be configured as
shown in the next table. Channel A can use either NRZ or NRZI
coding, the mode being selected by the signal NRZI which is set by a
write to the control register.
CLSl

CLSO

TxCA

RxCA

0
0
1

0
1
0

80186 timer 0
80186 timer 1
Received Rx clock

1

1

80186 timer 0
80186 timer 0
Received Tx clock
(local network)
Received Tx clock
(V.28, X.27)

Received Rx clock

The interface type on channel A is selectable between V.28 and X.27.
The other channel (CH B) can be based on interrupts or poll. The
same interrupt as in the other channel is used. Channel B is always
using V.28 interface levels. Both channels can be separately looped
(LLBA, LLBB) to test the channels, excluding signal level shifters.
When channel is looped line signals are at their inactive level.
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2.7.1 Multi-Purpose Serial Controller
General Description
The Intel 8274 or NEC 7201 Multi-Protocol Serial Controller is a
microcomputer peripheral device which supports asynchronous (Start/
Stop), Byte Synchronous (Monosync, IBM Bisync), and Bit Synchronous (ISO’s HDLC, IBM’s SDLC) protocols. This controller’s
flexible architecture allows easy implementation of many variations of
these three protocols with low software and hardware overhead. The
Multi-Protocol Serial Controller (MPSC) implements two independent
serial receiver/transmitter channels. The MPSC supports several microprocessor interface options; Polled, Wait, Interrupt driven and
DMA driven.
Command Description
The MPSC supports an extremely wide set of serial and system
interface modes. The system interface to the CPU consists of 8 ports
of buffers:

OO OO QO OO
OO 00 00 oo

W> W>

Read Operation
o o n a
sr p- tr tr

ADDRESS

Data Read
Data Read
Status Read
Status Read

Write Operation
ch.
ch.
ch.
ch.

A
B
A
B

Data Write
Data Write
Command/Parameter
Command/Parameter

Data buffers are addressed by F880H and F882H and command ports
are addressed by F884H and F886H.
Command, parameter, and status information is held in 22 registers
within the MPSC (8 write registers and 3 read registers for each
channel). They are all a accessed via the command ports.
An internal pointer register selects which of the command or status
registers will be read or written during a command/status access of an
MPSC channel.
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COMMAND/STATUS
POINTER
RRO -------WRO -RR1 ------WR1 ------RR2 -------WR2 ------LSB
MSB
WR3 -------Read Registers
WR4 ------WR5 ------WR6 ------WR7 ------LSB
MSB
Write Registers

—>
D2

DI

DO

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

After reset, the contents of the pointer register are zero. The first write
to a command register causes the data to be loaded into Write Register
0 (WRO). The three least significant bits of WRO are loaded into the
Command/Status Pointer. The next read or write operation accesses
the read or write register selected by the pointer. The pointer is reset
after the read or write operation is completed.
Command/Status Description
The following command and status bytes are used during initialization
and execution phases of operation. All Command/Status operations
on the two channels are identical, and independent, except where
noted.

2.7.2 Detailed Register Description
Write Register 0 (WRO)
Bit number
2, 1,
0

Command/Status
Register pointer
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Bit number
5,4,
3

Basic seven commands
000
001
010
Oil
100
101
110
111

7,6

Null code
Send Abort (SDLC)
Reset EXT/STATUS Interrupts
Channel Reset
Enable interrupt on next Rx. char.
Reset TxINT/DMA pending
Error reset
End of interrupt

CRC Reset Code
00
01
10
11

Null code
Reset Rx CRC checker
Reset Tx CRC generator
Reset Tx underrun/EOM latches

Write Register 1 (WR 1)

Bit number
0

EXT interrupt enable

1

Tx interrupt/DMA enable

2

Status affects vector (CHB only)(Null code CHA)
1 = variable;0 = fixed vector

4, 3

Receive
00
01
10

5

Wait on Receive/Transmit
1 = Wait on Rx, 0 = wait on Tx

6

This bit must be zero.

7

Wait enable: 1 = enable; 0 = disable.

Interrupt Mode:
Rx INT/DMA disable
Rx INT on first character or special condition
INT on all Rx char’s (Parity affects vector) or
special condition
11 INT on all Rx char. (Parity does not affect
vector) or special condition
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Write Register 2 (WR 2) Channel A
Bit number
1,0

System Configuration:
00 Both channels use interrupt
01 A DMA, B interrupt
10 Both DMA
11 Illegal

2

Priority:
I = Priority RxA, RxB, TxA, TxB, EXTA*, EXTB*
0 = Priority RxA, TxA, RxB, TxB, EXTA*, EXTB*

4, 3

Interrupt Vector Modes:
00 Not in use
01 Not in use
10 8086 Mode
I I Not in use

5

Interrupt Vector Flag
1 = Vectored interrupt
0 = Non vectored interrupt

7, 6

These bits must be zero.

(* External status interrupt. Only if EXT interrrupt enable (WRl:D0)
is set.)
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Write Register 2 (WR2): Channel B
This register contains the value of the interrupt vector placed on the
data bus during interrupt acknowledge sequence. Bits 2-4 have
special meaning.
V4 V3

V2

0
0
0
0

0
0
1
1

0
1
0
1

1
1
1
1

0
0
1
1

0
1
0
1

Channel
B

A

Condition
Tx Buffer Empty
Ext/Status Change
Rx/Char available
Special Rx condition*
Tx Buffer empty
Ext/Status change
Rx Char. Available
Special Rx condition*

♦Special receive condition (Parity error, Rx overrun error, Framing
error, End of Frame (SDLC)).
Write Register 3 (WR3):
Bit Number
0

Receiver enable

1

Sync Character load inhibit

2

Address Search Mode (SDLC)
0 = receive all frames
1 = match the address byte
(non-SLDC mode this bit must be zero).

3

Receive CRC enable

4

Enter Hunt Mode

5

Auto Enables
1 = signals CD (receiver) and CTS (transmitter) are
automatically used to enable.
0 = only the corresponding bits in the status register
(RRO) set.

7,6

Receive Character Lenght
00
5 Data bits/Character
01
6
bits
10
7
bits
11
8
bits

56 — S B C 1 8 6

Write Register 4 (WR4)

Bit number
0

Parity enable:
1 = Enable parity; 0 = disable parity.

1

Even/odd parity:
I = Even parity; 0 = Odd parity.

3, 2

Sync mode/stop bits:
Enable synchronous modes
00
Asynchronous mode, 1 stop bit
01
Async mode, 1.5 stop bits
10
Async mode, 2 stop bits
II

5, 4

Synchronous Mode select:
8 bit sync character
00
16 bit sync character
01
SDLC/HDLC MODE (01111110) FLAG
10
11 EXTERNAL sync mode

7, 6

Clock Mode select (clock/data rate)
Data rate*l = clock rate
00
Data rate*16 = clock
01
Data rate*32 = clock
10
Data rate*64 = clock
11

(1* mode for synchronous modes; bit synchronous must be done
externally.)
Write Register 5 (WR5):

Bit number
Transmit CRC enable
0
1

Set REQUEST TO SEND-signal active

2

CRC Select
0 = CCITT-CRC polynomial
(X16 + X15 + X 2 + 1)
1 = CRC-16 polynomial
(X16 + X12 + X5 + 1)
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Bit number
3
Transmitter Enable
4

Send Break

6, 5

Transmit Character Lenght
00 5 or less bits/character
01 7 bits/character
10 6 bits/character
11 8 bits/character

7

Data Terminal Ready

Bits to be sent must be right justified least significant bit first, eg:
D7
0

D6
0

D5
B5

D4
B4

D3
B3

D2
B2

DI
Bl

DO
BO

Five or less mode allows transmission of one to five bits per character.
The microprocessor must format the data in the following way:
D7
1
1
1
1
0

D6
1
1
1
0
0

D5
1
1
0
0
0

D4
1
0
0
0
B4

D3
0
0
0
B3
B3

D2
0
0
B2
B2
B2

DI
0
Bl
Bl
Bl
Bl

DO
B0
B0
BO
BO
BO

Sends
Sends
Sends
Sends
Sends

one data bit
two data bits
three data bits
four data bits
five data bits

Write Register 6 (WR6):
Sync/Address — this 8-bit register contains:
— the transmit sync character in Monosync mode,
— the low order 8 sync bits in bisync mode, or
— the Address byte in SDLC mode.
Write Register 7 (WR7):
Sync/Flag — this register contains:
— the receive sync character in Monosync mode,
— the high order 8 sync bits in Bisync mode, or
— the Flag character (01111110) in SDLC mode.
WR7 is not used in External Sync mode.
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Read Register 0 (RRO):
Bit number
0

Receive Character Available

1

Interrupt Pending (Ch A only)

2

Transmit Buffer Empty

3

Carrier Detect State

4

Sync/Hunt

5

Clear To Send State

6

Transmit Underrun/End Of Message

7

Break/Abort

External
Status
Interrupt
Mode

Read Register 1 (RR 1):
Bit number
0

All characters sent (in async mode, in sync
mode this bit is always one).

3,2,
1

Residue Codes for bit sync protocols:
I field bits prev.byte 2nd prev.byte
2
8
000
6
0
001
4
0
010
8
0
on
3
0
100
7
0
101
5
0
110
8
1
111

4

Parity Error

5

Receive Overrun Error

6

CRC (in async)/Framing (in sync) error

7

End Of Frame (SDLC/HDLC Mode)
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Read Register 2 (RR2):
Interrupt vector — contains the interrupt vector programmed into
WR2. If the status affects vector mode is selected, it contains the
modified vector. (See WR2) RR2 contains the modified vector for the
highest priority interrupt pending. If no interrupts are pending, the
variable bits in the vector are set to one.
2.7.3 Available I/O -signals
PIN NO.
1
2
3
4
5
6
7
8
12
13
15
17
20
PIN NO.
1
7
9
10
11
14
15
17
16
18
19
21
22
23

V.28 SIGNALS
SHIELD
TXD
RXD
RTS
CTS
DSR
GND
DCD
SRS
TST
TXC
RXC
DTR

101
103
104
105
106
107
102
109
111
141
114
115
108

X.27 SIGNALS
SHIELD
GND
KB)
KA)
S(B)
S(A)
B(B)
B(A)
R(B)
R(A)
T(B)
T(A)
C(B)
C(A)

SIGNAL SOURCE /
CHANNEL A

MPSC CH A
,,
,,
>»
STATUS PORT
GND
MPSC CH A
CONTROL REGISTER

DESTINATION IN
CHANNEL B

MPSC CH B

GND

CLOCK SELECTOR
CONTROL REGISTER
CHANNEL A
GND
MPSC CH A DCD
CLOCK SELECTOR
CLOCK SELECTOR
MPSC CH A RXD
MPSC CH A TXD
MPSC CH A RTS

CONTROL REG.
CHANNEL B
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2.8 CONTROL REGISTERS
On SBC186 there are two bit-addressable eight bit registers which are
used to produce the needed control-, test- and I/O-signals. Changing
the state of these signals is done by writing to a specific I/O-address.
Activation of PCS2 and IOW with an odd address (LOB high) enables
the write to the registers.
The diagnostic display satellite (DIAG186), when connected to P6 on
SBC186, can be updated with a single byte write to an I/O address
(DWR pulsed). The display directly reflects the hexadecimal value of
the written byte.
After reset all bits are zero.
CONTROL SIGNALS (WRITE ONLY)
SIGNAL

ADDRESS, DATA USEDi DESCRIPTION

STORE

F901, DATA IGNORED

NRAM STORE START PULSE

TCL

F941, DATA IGNORED

TIMER INTERRUPT CLEAR
PULSE

DWR

F951, BYTE

DIAGNOSTIC DISPLAY WRITE
PULSE

CLSO

F961, BIT 0

CLS1

F963, ”

MPSC CH A CLOCK SELECTION
(see MPSC WR4)
,,

LLBA

F965, ”

MPSC CH A LOOP BACK
(0 = NORMAL,1 = LOOPED)

LLBB

F967, ”

MPSC CH B

NRZI

F969, ”

MPSC CH A CODING
(0 = NRZ, 1=NRZI)

V24

F96B, ”

MPSC CH A INTERFACE LEVELS
(1=V.28 SELECTED

X21

F96D, ”

(1 = X . 27 SELECTED)

- ” -
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DTRA

F96F, ”

MPSC CH A SIGNAL DTR
INVERTED

TSTA

F971, ”

TST INVERTED

SRSA

F973, ”

SRS INVERTED

DTRB

F975, ”

MPSC CH B SIGNAL DTR
INVERTED

RECALL F97F, ”

NRAM RECALL MODE
(0 = RECALL, 1 = NORMAL
OPERATION)

STATUS SIGNALS (READ ONLY)
SIGNAL ADDRESS, DATA USED DESCRIPTION
DSRA

F885, BIT 4

MPSC CH A SIGNAL DSR
INVERTED

PWRDN

F885, BIT 7

POWER FAIL INDICATION
(0 = FAIL, 1 = OK)

2.9 SBC186 BUS
Signal description
Pin

Signal

Description

Al
Cl
A2

+ 5V

LOGIC + 5V supply

C2

+ BATT.

Backup + 5 V supply

A3

+ 12V

-1- 12V supply

C3

-12V

-12V supply

A4
C4
A32
C32

GND

Logic ground
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A5

C8M

8MHz system clock, symmetric

C5

C4M

4MHz system clock, symmetric

A6

RESET

System reset, true high

C6

NMI

Non-maskable interrupt line, true low.
Open-collector signal with 680 ohm pullup.
NMI, when true, causes a NMI to CPU

A7

IR2

Level 2 interrupt line, true high

C7

IR3

Level 3 int

A8

IR4

Level 4 int

C8

IR5

Level 5 int

A9

IR6

Level 6 int
Interrupts are connected to (master) 8259A
interrupt controller on CPU board

A10

INTA

Processor interrupt acknowledge, true low
INTA is tri-stated during processor hold
with 22 k pullup resistor to + 5 V

A17
A18
A19
C18
C19

AMEMR
MEMR
MEMW
IOR
IOW

Advanced memory read, true low
Normal memory read
memory write
peripherical read
peripherical write
Signals are tri-stated during processor hold
with 22 k pullups

A20

AEN

DMA address enable, true low. Peripherical
bus controller must lower AEN when starting to drive bus, and when returning bus
control to processor AEN should be left to
float high. Open collector signal with 680
ohm pullup

C20

READY

Addressed device ready, true high, open
collector signal with 680 ohm pullup
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C21

AST

Address strobe, true high. When memory or
I/O-cycle begins address is strobed from
bus address/data lines with AST. When in
hold processor tri-states AST and peripherical bus controller must drive AST in order
to strobe its address from bus

A22
C22
A23
C23
A24-A31

BAD19
BAD18
BAD17
BAD16
BAD15-8

C24-C31
C21

BAD7-0
BBHE

Address 19, S6, true high
18, S5
Addr
17, S4
Addr
16, S3
Addr
Address/data 15-8, data high byte, true
high
Address/data 7-0, data low byte
Bus high enable, S7, true low
When AST is high BAD’S & BBHE contain
the address to which the next read or write
is projected, data is transferred in
BAD15-0, when processor is driving bus
A16-A19, BBHE reflects status information
S3-S6, S7 resp. during bus cycles T2, T3,
TW, T H . During processor hold these lines
are TRI-stated. Latched BADO, BBHE must
be used to enable data on to the different
halves of data bus. Eight bit devices must
drive BBHE as the inverse of BADO in
order to activate the right half of the data
bus.
BBHE
0
0
1
1

CIO
All
Cll

BCASO
BCAS1
BCAS2

BADO Data moved
whole word
0
upper/odd byte
1
lower/even byte
0
none
1

Cascade address 0, true high
1
addr
Cas
2
addr
Cas
During processor hold BCAS-lines contain
the ID of the DMA-controller to which the
bus is granted, BCAS-address is valid only
when BHLDA is high.
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A12

BHLDA

Hold acknowledge signal, true high. Another bus master selected by BCAS-lines may
start to drive the bus when BHLDA goes
high. BHLDA goes low when acknowledged
holdrequest is removed and rises again if
other requests are active.

C12
A13
C13
A14
C14

HOLD1
HOLD2
H0LD3
HOLD4
HOLD5

Level 1 hold request, true low
Level 2 hold
Level 3 hold
Level 4 hold
Level 5 hold
Hold signals have 10 k pullups to +5V,
signals can be asynchronous to system
clocks

A15
C15
A16
C16

BCS3
BCS4
BCS5
BCS6

Peripherical chip select 3, true low
chip sei
4
chip sei
5
chip sei
6
Chip selects are processor chip select lines,
each activated in a selectable 128 byte section of I/O space. BCS lines are tri-stated
during processor hold with 4,7 k pullups.
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2.10

SBC186 ADDRESSES

MEMORY
DRAM

0-1FFFF
0-3FFFF
0-7FFFF

128 KBYTES
256 KBYTES
512 KBYTES

64 KB CHIPS
64 KB CHIPS
256 KB CHIPS

Chip select is decoded from address. RAM
is available to all bus masters. Wait states
are generated by the user, only advanced
ready and refresh collision waits are
offered.
1 WAIT STATE 150ms MEMORIES
2 WAIT STATES UP TO 275 ms.
EPROM

F8000-FFFFF 32 KBYTES 64 KB CHIPS
F0200-FFFFF 63,5 KBYTES 128 KB CHIPS
Chip selects are decoded from 80186 UCS
and address, EPROM is available only to
CPU.
0 Wait states up to 250 ms memories
1 Wait state up to 375 ms
2 Wait states up to 500 ms

80186 memory chip select definitions
start
address

chip
select

memory
(speed)

LCS

0
RAM ( < 1 5 0 ns)
0
(-275 ns)
RAM ( < 150 ns)
0
0
(-275 ns)
EPROM ( < 2 5 0 ns) F0200
(-375 ns)
(-500 ns)
F0000
NOVRAM

MCS
UCS

size
/kbytes

wait states
(186 internal)

-256
-256
-512
-512
64
64
64
(256x4bit) (as

1
2
1
2
0
1
2
for eprom)
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PERIPHERALS ON SBC186
CIRCUIT

FUNCTION

CHIP SELECT
+ OFFSET

PIC 8259A

DATA PORT
CONTROL PORT

peso

MPSC UPD7201

A
B
A
B

STATUS INPUT
PORT

I/O CH A DSR

DATA PORT
- ” CONTROL PORT
- ” -

POWER DOWN

NOVRAM X2212

STORE
RECALL

DIAGNOSTIC
DISPLAY

DISPLAY UPDATE

BYTE
ADDRESS

+ 0
+ 2

F800
F802

0
2
4
6

F88O
F882
F884
F886

PCS1 +
+
+
+

PCS1 + 5,
BIT 4
+ 5,
BIT 7

F885,
BIT 4
F885,
BIT 7

PCS2 + 0
WRITE, DATA
PCS2 + 7F,
WRITE,
BIT 0

F900,
IGNORED
F97F,
BIT 0

PCS2 + 51

F951

CONTROL OUTPUT CLOCK SELECT
CLSO PCS2 + 61,BIT0
+ 63
CLS1
LOOPBACK
+ 65
LLBA
+ 67
LLBB
DATA CODING
NRZI
+ 65
SIGNAL LEVELS
+ 6B
V24
+ 6D
X27
V24 SIGNAL
+ 6F
DTRA
+ 71
TSTA
SRSA
+ 73
DTRB
+ 75

F961
F963
F965
F967
F969
F96B
F96D
F96F
F971
F973
F975
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TIMER 8253

CTRO; TIMER
INTERRUPT
CTRI; MPSC CHB
LINE CLOCK
CTR2; BEEP

PCS2 + 31

F93I

+ 33

F933

+ 35

F935

+ 37

F937

CONTROL

F941,
TIMER INTERRUPT INTERRUPT CLEAR PCS2 + 41
WRITE, DATA IGNORED
LATCH

80186 INTERNAL REGISTER ADDRESSES
FUNCTION

WORD ADDRESS

RELOCATION REGISTER
DMA DESCR. C H I
DMA DESCR. CHO
CHIP-SELECT REGISTERS
TIMER 2 CONTROL
TIMER 1 CONTROL
TIMER 0 CONTROL
INTERRUPT CONTROL

FFFE
FFDO
FFCO
FFAO
FF60
FF58
FF50
FF20

--------

DA
CA
A8
66
5E
56
3E

2.11 80186 REGISTER INITIALIZATION AT
POWER-UP
REGISTER

ADDRESS

DATA

SETUP DESCRIPTION

RELOCATION

FFFE

60FF

— NO ESC. TRAP
— REGISTER BLOCK IN I/OSPACE
— iRMX COMPATIBLE INTERRUPT CONTROLLER
MODE
— CONTROL BLOCK
ADDRESS BASE IS FF00
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UPPER
MEMORY
CHIP SELECT

FFAO

F03X

F03C
F03D
F03E

LOWER
MEMORY
CHIP SELECT

FFA2

1FFX

— 128 KBYTES DRAM
STARTING FROM 00000

3FFX

— 256 OR 512 KBYTES DRAM
STARTING FROM 00000
— 1 WAIT STATE, 150 ns OR
FASTER DRAMS
— 2 WAIT STATES, 275 ns OR
FASTER DRAMS
— EXTERNAL READY ALSO
USED

XFF9
XFFA

MID-RANGE
FFA8
MEMORY C H I P
SELECTS

FFA6

AOB9

41F9

41FA

FFA4
PERIPHERAL
CHIP SELECTS

— 64 KBYTES EPROM AND
NOVRAM REGION
STARTING FROM F0000
— 0 WAIT STATES, 250 ms
OR FASTER EPROMS
— 1 WAIT STATE, 375 ns OR
FASTER EPROMS
— 2 WAIT STATES, 500 ns OR
FASTER EPROMS
— EXTERNAL READY
IGNORED

0FB9

— 256 KBYTES (OF 512 KB)
DRAM
— PERIPHERALS IN I/OSPACE
— 7 PERIPHERAL SELECTS
— 1 I/O-WAIT
— 256 KBYTES (OF 512 KB)
DRAM START AT 4000H
— 1 WAIT STATE, 150 ns OR
FASTER DRAMS
— 2 WAIT STATES, 275 ns OR
FASTER DRAM
— RETURNAL READY ALSO
USED
— PERIPHERAL SELECTS
START FROM F800H
— 1 I/O-WAIT
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2.12 JUMPERS ON SBC186
TP1:

TP2:

— Break Connector; switching causes a non-maskable
interrupt to processor
1-2 3

Break Reset

1 2-3

Break Set

— Jumper for disconnecting dynamic RAM controller’s
crystal from oscillator while in test
1-2

Crystal connected

1 2

Crystal not connected

TP3, TP5: — Dynamic RAM type selection (use both connections)

TP4:

TP6:

1-2 3

64 Kbit Dynamic RAMs
(connection done on circuit board)

1 2-3

256 Kbit Dynamic RAMs
(connection 1-2 must be cut on PCB)

— Reset input to processor on pin 2, connecting the two
pins causes system reset (gnd on pin 1)
1 2

System running

1-2

System reset

— EPROM type selection
1-2 3

64 Kbit EPROMS

1 2-3

128 Kbit EPROMS

TP7:

— Loudspeaker connector, can be used in the place of the
magnetic beeper on board. If a loudspeaker with
impedance less than 30 ohms is used, the short under
R46 must be cut

TP8:

— Clock connection for driving a small multidrop network using X.27 signal levels
1 2

clock drivers not connected

1-2

clock drivers connected

CRTC186
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3.1 GENERAL DESCRIPTION
Nokia CRT Controller (CRTC186) is an additional board, which fits
into one of the expansion slots on the system board (SBC 186).
CRTC186 has two functions: to control a monochrome display (like
MDU15, Nokia 15 1/2 inch display unit) and to connect a serial
keyboard (like Nokia ILU9821) to the system. CRTC186 supports both
alphanumeric and graphic modes and can produce many attributes for
characters in the alphanumeric mode.
The board is designed around a highly intelligent and flexible CRT
controller chip, the CRT 9007. On the board there are 8K bytes of
static RAM for video memory. The video memory is located in the
host processors addressing space and is thus shared by the 80186 and
the CRT 9007. The video memory is expandable to 16K words,
allowing the maximum of 8 pages (80 x 24, with attributes) to be hold
in the memory at the same time. The character generator of CRTC186
supports 256 different characters. In the generator there is enough
room for an other, alternative set of 256 characters.
The CRTC186 is designed to support the Nokia Display Unit MDU15,
which normally has black characters on the white background. In
order to avoid the flickering of the screen, the refresh rate is higher
than normal, 71 Hz.
The operation of CRTC186 can be controlled by software via both the
registers of CRT 9007 and the 8-bit control register.

CPU
BUS

LOGIC

CONN.

A1- 6

VIDEO
MEMORY

0-8

Figure 3.1-1: Block

diagram
REG.

VPAC

data

Ink-

INTERFACE
LOGIC

ORB

KEYBOARD
CONNECTOR

CONTROL
LOGIC

TIMING

CHARACTER
GENER.

LOAD
CONTROL

35.4525 MHz

ATTR.
CONV.
LOG.
’ISO

tCL HLT

VIDEO

VIDEO
CONNECT©

0
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The main features of the CRTC186 are:
Alphanumeric Mode:
— row length is 80 characters (black characters on the
white background, refresh rate 71 Hz)
— cursor can be:
blinking block
unblinking block
underline
blinking underline
— eight attributes can be selected for each character
— attribute control bits are located in the video memory
as follows:
character generator extension
line element
reverse
half-lit
invisible
bold
underline
blink
(xx is the code of

( OlxxH )
( 02xxH )
(04xxH)
( 08xxH )
( lOxxH )
( 20xxH )
( 40xxH )
( 80xxH )
a character)

Graphic Mode:
— bit-mapped graphics
— 71 Hz frame frequency
— resolution depends on the video memory size:
— with 8K bytes max 65536 pixels(e.g. 400x160)
— with 32K bytes max 262144 pixels(e.g. 800x256)
— maximal vertical resolution is 256 lines
— cursor may be only a blinking or unblinking block
— there are no attributes in the graphic mode
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3.2 VIDEO PROCESSOR/CONTROLLER

CRT 9007

3.2.1 General description
The CRT 9007 is an advanced video processor/controller - a MOS LSI
integrated circuit which has several features for both on-screen data
manipulation and display support. Such features are e.g.:
— a wide scale of screen formatting parameters
— variable-speed smooth- or jump scroll on the whole screen or
on any part of it
— status rows can be defined anywhere on the screen
— several video-memory addressing modes for flexible operation
— support for double-row-buffer operation for efficient sharing
of the video memory.
CRT 9007 consists of the timing and control logic, the 14-bit address
bus, the 8-bit data bus, altogether 27 registers and the internal bus
between registers. Because of the 14-bit wide address bus the CRT
9007 is capable to direct address up to 16K words of the video
memory.
The registers consists of 20 wnte-only registers, 4 read/write registers
and 3 read-only registers. The write-only registers are used to maintain
or alter needed parameters (e.g. screen formatting) during the
operation. Two of the read/write registers are used for cursor
controlling, the other two are ’’dummy” registers (software commands,
that can be executed by addressing that ’’register”). The three
read-only registers are used for status information.

internal
bus

Figure 3.2-1: Block diagram of the CRT 9007

CSYNC
SLOSLD _________

SLl SIG _________

SL2WB6N

CBLANK
[lNT
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Connection to the CRTC186 address- and databusses
CRT 9007 is connected to the internal address- and databusses of the
CRTC186 as shown in the figure below:
Internal
Data Bus
I nternal
Addr . bus

System
bus
ADDRESS
BUFFERS

15

CCLK

VPAC

AO-13
DBtf-7
DATA
BUFFERS
SMC9007

Figure 3.2-2: Connection

to the address- and databusses

Write and read timings to CRT 9007 are shown in the figure below.

DB0-7
WRITE t o
VPAC

C S VPAC

>110ns

>165ns
>50

DB0- 7
READ f r o m
VPAC

M40ns
ADDRL

| *read
data" intormation
is clock into data
b u f f e r s (74 L S 6 4 6 ) f o r
CPU ‘s r e a d

Figure 3.2-3: CRT 9007 timing diagram
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3.2.2 Operational Description
There are features in the CRT9007 circuit, that can not be used in the
CRTC186 board. These and some other remarks are listed below. For
more detailed information about the CRT9007 circuit, see SMC’s
(Standard Micro System’s) DATA CATALOG 1983 (pp. 251-270).
— The CRT 9007 on the CRTC186 board must be used in the
double row buffer mode. Other operation modes are impossible.
— Smooth scroll may be used.
— Both addressing modes (row table or sequential) may be used.
In the row table addressing mode, both addressing formats
(linked list or contiguous row table) may be used.
— Double height/width operation should not be used in the
alphanumeric mode because of hardware limitations of the
CRT 9007.
— Pin configuration register initialization value must be DBH.
This means:
— double buffer mode
— cursor skew is 2
— blank skew is 2
— The CRT 9007 controls the internal ”DMA-cycles” of the
CRTC186 board. These cycles are used to fill the next row
data from the videomemory to the double row buffer’s
(DRB’s) ’’write side”, while the data from the ’’read side” is
used to refresh the current displayed row on the screen.
If the CPU tries to access to the CRTC186 board during these
DMA cycles, the connection locig forces the CPU into the wait
state until the DMA cycle is passed. In order to cause as little
delay as possible to the host processor, the DMA active time is
defined as short as possible and the repetition rate high enough
to ensure proper operation. (E.g. during the display of one
row, the next row data is filled into the DRB.)
— The horizontal and vertical timing registers should be programmed as listed in initialization values. Otherwise the
picture position may be incorrect or unstable or in the worst
case it may damage the display unit.
— The light pen -feature is not available.
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3.3 VIDEO MEMORY AND BUFFERS
3.3.1 Video Memory

The video memory is located at the processor’s memory space,
beginning from address DOOOO. The video memory is 16 bits wide
and fully static. The even (DBO-7) part of the memory contains the
character codes and the odd part (DB8-15) the attribute information of
each character.
The video memory can be built up using either 2kx8 or 8kx8 chips and
it is thus expandable up to 16K words. Memory access time should be
less than 150 ns. For different configurations see section 3.8 Configuration, Initialization values and Jumpers.
The figure below illustrates the CPU video memory write timing.

CCLK
ADDRESS
DATA
MEMWRITE
RAM SELECT

V///////
Figure 3.3-1: Video memory

write timing

A write signal is activated before a chip-select signal, because in that
way it is possible to keep the memory circuits ’output in a high-impedance state and so avoid a crash between the outputs of the video
memory and data buffers.
The OEN (output enable) signal of the video memory is normally
activated (low state). When character generator is loaded , address bit
15 is set to logical one which disables the output of video memory.
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3.3.2 Double Row Buffers
The CRT 9212 DRB is a RAM-based buffer which provides two rows
of buffering. It appears to the system as two octal shift registers of
dynamically variable length (2-135). The Double Row Buffer has a
read buffer and a write buffer. While the read buffer is being read and
supplying data to the character generator for the current data row, the
write buffer is being loaded with the next data row to be displayed.
Thus relaxed time allows the processor to perform additional processing on the data or service other high priority interrupts (such as a
Floppy Disk DMA reguest) which may occur during a single video scan
line. The result is enhanced processor throughput and flicker-free
display of data.
Operation
Data is written into the input latch on the positive-going edge of Write
Clock (WCLK). When both Write Enable (WEN1,WEN2) signals go
high, the next WCLK causes data from the input latch to be written
into the selected buffer (1 or 2) and the associated address counter to
be incremented by one. Loading of the buffer continues until WEN
goes inactive or until the buffer has been fully loaded.
At the next data row boundary, the Toggle Signal (TOG) will go low.
Now, when Clear Counter (CLRCNT) goes low, the next Read Clock
(RCLK) will reset both buffer address counters to zero, switching the
buffer just loaded from a ’’write buffer” to a ’’read buffer”. Data from
the current ’’read” buffer is read out of the buffer and to the output
latch whenever Read Enable (REN) is high during a Read Clock
(RCLK). Each read-out from the buffer RAM causes the ’’read”
address counter to be incremented. REN is normally high during the
entire visible line time of each scan line of the data row. CLRCNT
resets the present ’’read” address counter.
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ClrCnt

REN
INTERNAL
REN

n

INTERNAL
RAMADOR
(READ)
DOUT7-0

Figure 3.3-2: Functional timing
for reading the CRT 9212
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WCLK*

XRCNT

INTERNAL
RAM ADDR
(WRITE)

ADOR2

ADDRO

WEN
( - WEN 1 -WEN 2)

J- - -v

/

INTERNAL
WEN
DIN7-0

INTERNAL
WRITE DATA

—

4V

* in general WCLK and RCLK can be different

Figure 3.3-3: Functional timing
for writing the CRT 9212

CRTC186 — 13

3.4 CHARACTER GENERATION
3.4.1 Character generator
Character generator may be an EPROM or a loadable static RAM.
The size of the generator can be either 2k x 8 or 8k x 8. The minimum
access time is 250 ns. The character generator is located at the even
memory address starting from D8000H. The character code is located
in the generator as follows:
A5 — A l 3 define the character position in the generator.
A l — A4 define the pixel contents for each line of the
generator.
(DBf-7)

Choracterdato
Charocter

3

LSB

MSB

1
2

ADDRESSES A 1 - A 4
1

11n e o f t h e r o w

Addresses?
A5-A13

Choracte

512
16 line of the row

Character set
Charater element

Figure 3.4-1: 8K*8 character generator
The least significant bit (LSB) of the character generator is shown on
the screen as the leftmost pixel of the character field. As mentioned
earlier, it is possible to use 8k x 8 size generator, which means that the
user has altogether 512 characters to be used. The attribute ’’character
generator extension” (data bit 9, x2xxH) defines which one of the two
256-character sets is used.
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If the graphic mode is used, then each character’s code value should be
stored in the 16th line position of the character, e.g.
character 20H — the contents of address 20FH should be 20
character 7FH — the contents of address 7FFH should be 7F
With this arrangement, the graphic information of the video memory
is transferred forward.
3.4.2 Attribute conversion
The attribute logic realizes attributes fixed on each character. The
attribute logic includes a conversion PROM and timing circuit (to
generate blink frequency). The conversion PROMs are controlled by
signals
LNEL

— when set, the first and last bit of the character field
are copied as follows:
bit 0 = bit 1
bit 9 = bit 8

REVL

— when set, the whole character field is complemented

NONE

— when set, no characters are shown (does not affect
on attributes)

BLDL

— when set, bold is produced, (every active pixel is
doubled)

MODEG

— indicates graphic mode when set

The following table shows the way how the pixel information flows
through the attribute logic.
Alphanumeric mode

PDl-9
PD0,10

thru EPROM
thru PROM

Graphic mode

PDO
PD1-7
PD8
PD9

thru
thru
thru
thru

PROM
EPROM
EPROM (from CH8L)
PROM (from LNEL)
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3.4.3 Shift Register
The shift register converts the parallel data to serial form by control of
G1 and LPX signals. Serial mode data is then synchronized with
half-light information (half-light changes at the same time as the video
signal). TTL level video signal is then converted to ECL level by an
TTL/ECL circuit.
LPX
0
0
1
1

G1
0
1
0
1

halt
shift right (to CRT)
shift left (shifts zero to CRT)
load

Truth-table of shift register
In the graphic mode, the shifting to CRT begins from LSB of
character byte as shown below:
'□B15
A t t r i bate
byte
<

PISO

DB8
' DB7
Character
byte

VIDEO
DB0
2 *5299
Video
memory

DB0 DB15

Figure 3.4-2: Shifting

to CRT

When the TTL-level video signal is high, it represents a dark pixel on
the screen (white background).

16 — CRTC186

3.5 TIMING LOGIC
The timing logic is driven by a loadable counter which defines the
lenght of the character. The lenght of the character is 10 pixels in the
alphanumeric and 16 pixels in the graphic mode. The pixel rate is
generated by an 35.4525 MHz oscillator. The pixel frequency may
reduce to half of the nominal by setting the MODE signal active. The
timing logic generates the following signals:
CCLK

— Character clock,
Used for driving CRT 9007 and DRBs,
Levels: ”1” > = 4 V ”0” < = 0,8 V,

LPX

— Used for loading a new character to paraller to serial
converter

G1

— Controls the shifting speed of the PISO circuit.
ZOOM effect is made by that signal. Shifting is
disabled by this signal during retrace intervals.

ZOOM — Indicates when a zoomed row is being displayed.
This signal is reset every time after the rising edge of
BLANK signal. If the next line is zoomed, CRT
9007 activates CRS signal during the horizontal
retrace, which sets the ZOOM active. If ZOOM is
active, then both LPX and DCK are divided by two
( the character length on screen is doubled)
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9

DCK

G1
ZOOMEN
( IC 1 1 / 8 )

bla

/

\

BLAL
G1

ZOOM
ZOOMEN

/////////7z\
///////////,
////////,

V7X
7
b l a n k period
starts
( retrace happens )

visible line
starts first
character is loaded
2

s e c o n d c h a r a c t e r i s not
l o a d e d e t c if t h i s l i n e
is zoomed

Figure 3.5-1: Timing diagrams for the signals:
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3.6 KEYBOARD INTERFACE
The keyboard interface is based on a 8251 A serial interface circuit.
The transmission speed is fixed at 9600 bps and it is formed by a
divider from system’s 4 MHz clock frequency. SIO should be initialized to an internal divide value of sixteen (9600 * 1 6 * 1 3 * 2 = 4
MHz). The transmit and receive levels are noninverted TTL levels. The
receive line is protected against external hazards with a resistor and
diode network. The keyboard interface is located on the upper half of
the sixteen-bit databus (DB8-15).
SIO
SYSTEM
BUS

CS

A0 Keyboard s u p p l y
Voltage < 1 2 V

ADDR
BUFFER
4MHz

-o
TxC

26

RxC

<]

TTL

_ _D B 0 - 7
DB6-15

DATA

KEYBOARD
8251 A

Figure 3.6-1: Keyboard interface block diagram
SIO Register Addresses
Address

Action

Function

F981

read
write

receive data reg.
send data reg.

F983

read
write

status reg.
mode/status reg.

CONNECTION
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Keyboard connector
The next table shows the pin descriptions of the keyboard connectors
on CRT 186 and CRTC 186 B boards.

Supply voltage + 12 V
TxD
CTS (not used)
RxD
GND

3.7

CRTC 186
(25 D connector)
14
2
5
3
1,4

CRTC 186 B
(5 pin connector)
5
1
2
3
4

INTERFACE TO THE SYSTEM BUS

The connection logic takes care of the timing between processor and
CRTC 186 board. It generates the necessary control-, address-, and
data signals in a proper time.
In the first phase, the connection logic recognizes the processor’s
request to the CRT board (READ or WRITE signal is activated).
Logic drives the processor in the ’’WAIT” state where it is kept until
the whole sequence is passed. The next rising edge of the character
clock (CLK) latches the processor’s request (REQ).
If the internal DMA cycle is not activated, the processor’s activity is
carried out, otherwise the logic stays in the wait state until the whole
DMA cycle has been done. When DMA cycle is passed, the next
character clock (CLK) will activate the ADDRess signal, which opens
the address and data buffer to the CRTC board. After that, the next
CLK activates the ADDRL signal, which enables the chip selection
logic.

OPEN
(WRITE)
VIDEOMEMW

OPEN
(READ)

ADDRL

ADDR

DRQ.

ACK

DMRQ
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Figure 3.7-1: Connection Logic Timing Diagram
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If writing happens to the video memory, the write signals (WH/WL)
are activated before the chip select signal. That is because the static
RAM’s output buffer has to be kept in a tri-state during the write
cycle.
The next CLK activates the DONE signal and deactivates the ADDRL
signal. Now the CPU’s action on the CRTC board has been produced
and the chip select signals are passivated. The address and data buffers
are still kept open in order to ensure a proper hold time for the
interface circuits.
When the CLK signal goes low, it will cause ’’set” to the ADDR signal.
Address and data buffers are closed and the CRTC board is isolated
from the processor’s bus. The WAIT signal is deactivated and the
processor is allowed to run forward . If the action to the CRTC board
was a read cycle, the data buffers are kept open to CPU’s bus during
the whole read cycle.
The connection logic takes care that the CRTC board’s internal DMA
cycles are not disturbed by the processor, otherwise that would cause
flickering on the screen or even a breakdown of the CRT controller.
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3.8 CONFIGURATION, INITIALIZATION AND
JUMPERS
3.8.1 Configuration Register
The CRTC 186 board has some software selectable operation modes
according to the following table:
State

Name

Address

Description

CPL

1/0

F9CO

black/white background

BLC

1/0

F9C2

enable/blank screen

MODE

1/0

F9C4

predivider on/off

MODEG

1/0

F9C6

graphic/alphanumeric mode

C7O/5O

1/0

F9CA

frame frequency 71/50 Hz

CRU

1/0

F9CE

cursor underline/block

CRB

1/0

F9CC

cursor blink/stable

The predivider is a D-flipflop that is enabled or disabled according to
the MODE control signal. If it is enabled, the pixel clock frequency is
divided by two and the character clock as well. This means that the
CRT 9007 must be initialized again with new parameter values. All
control register signals are in low state after power-up (reset). The
program is only allowed to write to the configuration register, and the
state of the register is affected by the lowest data bit (DBO). The write
timing diagram is shown below.
ADDRESS
DATA

REG

Figure 3.8-1: Write timing to the configuration register
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3.8.2 Interrupts

The CRTC 186 board may cause interrupts for the following reasons:
— keyboard interface
— receiver ready
— transmission ready
— CRT 9007
— frame interrupt
— light pen interrupt (not used)
All interrupts are or-wired together and the interrupt level is selectable
according to the following table:
NR7
pin
1
2
3
4
5

NR8 Interrupt level

o o
o o
o o
o--o
o o

2
3
4
5
6

default

CRTC 186 interrupt levels

3.8.3 Initialization

values

Configuration Register

COMPL (F9C0H)
BLANK (F9C2H)
MODE (F9C4H)
MODEG (F9C6H)
C70/50(F9CAH)
Vert. freq.
Horiz. freq.
Background
Letters/pixels
Attributes avail.
Resolution

Alphanumeric
mode

Graphic
mode

0
1
0
0
1

0
1
0
1
1

71.77 Hz
33.45 KHz
white
black
yes
—

71.77 Hz
33.58 KHz
white
black
no
400*160
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CRT 9007 Registers

addr.

register

F980
F982
F984
F986
F988
F98A
F98C
F98E
F990
F992
F994
F996
F998
F99A
F99C
F99E
F9A0
F9A2
F9A4
F9A6
F9A8
F9AA
F9AC
F9AE
F9B0
F9B2
F9B4
F9B6
F9B8
F9BA

characters/horiz. period
6A
characters/data row (n-1)
4F
horizontal delay
14
horizontal sync, width
09
vertical sync, width
10
vertical delay (n-1)
IE
pm conf. & cursor and blank skewDB
visible data rows/frame (n-1)
IB
scanlines /row (n-1)
2E
scanlines / vert. (LSB)
D2
DMA control reg.
00
control reg.
03
table start reg. LSB
00
table start reg. MSB
00
aux. address reg. 1 LSB
00
aux. address reg. 1 MSB
00
sequential break reg. 1
FF
data row start reg.
00
data row end/seq. break reg. 2
FF
auxial addr. reg. 2 LSB
00
auxial addr. reg. 2 MSB
00
start
reset
smooth scroll offset reg.
vertical cursor reg.
horizontal cursor reg.
interrupt enable reg.
status reg.
vertical light pen reg.
horizontal light pen reg.

R = Read
W = Write

A/N

o 5§§8o

***3**3**333333333333333333333
33

Initialization values (hex) for 71,77 Hz frame frequency
Graphic
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3.8.4 Jumpers on the CRTC186 board
Display memory:
NRL

NR1

NR5

2k X 8
SRAM

Character generator:
NR3
8k * 8

(EPROM)
(SRAM)

2k * 8

(SRAM)

Interrupt level:
NR7.8
INTERRUPT LEVEL

5

960

6

Bus speed selection:
NR6
80186 ( 8 MHz)

80185 (LMHz)
8086
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3.9

CONNECTORS

There is one standard 25-pin female D-connector on the CRTC186
board. Both the display unit and the keyboard are connected via the
same connector, because keyboard connects to the display unit.
The signals in the D-connector
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

GND
TXD
RXD
GND
CTS
not in use
GND
CMPL
VSYN
VDO
DIM
GND
+ 30 V
+ 12 V
not in use
GND
not in use
not in use
-C70/C50
BLNC
HSYN
-VDO
-DIM
GND
+ 30 V

are:
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4.1 GENERAL DESCRIPTION
Nokia Mass Memory Controller 186 (MMC186) is an additional board
which fits into one of the expansion slots in the system board
(SBC186). With it can several mass memory devices, like floppy disk
drives and a Winchester hard disk drive, be connected to the system.
At most four internal 5.25-inch floppy disk drives can be connected to
MMC186. For connecting a Winchester hard disk drive, a SCSI Host
Adapter is provided.
MMC186 is buffered on the system bus (186 Bus). It uses the direct
memory access (DMA) and on-board DMA controller for data
transfers between mass memory and main memory. Only one mass
memory device can be activated for DMA operation at a time.
Functionally the MMC186 consists of four main units: the DMA
controller, the floppy disk controller, the SCSI Host Adapter and
circuits used for bus buffering and control logic.
The floppy-disk controller is designed for double-density, MFM-coded
floppy disk drives, but it is fully programmable, thus allowing a wide
variety of drives to be used.
SBC186
Bus connector

Processor
Control
Lines

AD
(19-16)

Device
Select
Decoder

Read
Write
DMA
Control
Logic

DMA High
Addr Bits
Register

DMA
Controller

nn

SASI Bus r~P4~
connector
for
Winchester
Controller

Control
Register

SASI
Host
Adapter

A(5-O]

0(3'
AD
(15-0)

Address/
Data
Buffer

D (7-0)

Figure 4.1-1: MMC186 Block Diagram

P3~]
Mini
Floppy
Drive
connector

Floppy
Disk
Controller _____
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4.2 I/O OPERATIONS
4.2.1 Input direction

When the processor begins an I/O-operation with the MMC186, it
activates the Device Select signal BCS4. (FAOOH) in I/O-operations
data is moved only by lowerbyte transfer (address AD0 = 0 (even) and
-BHE is not true). Thus there are 64 I/O-addresses (bits AD(6-1)),
which correspond in MMC186 to bits A(5-0). The shifting of addresses
is done in the register where the incoming addresses are saved.
The internal addresses of MMC186 are decoded from the saved
addresses. The transfer direction is determined by the signals -IOR (for
output direction) and -IOW (for input direction) given by the processor.
I/O addresses
-BCS4

AD6

1
0
0
0
0
0

X

X

X

0
0
1
1
1

0
1
0
1
1

X

0
1

AD5

AD4

MMC internal chip select
none
DMA-controller
SCSI Host Adapter
Floppy Disk Controller
Control Register
DMA high address bits reg.

X
X

Control Register
DO

AD3

AD2

ADI

1
1
1
1
1
1
1
1

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

-IOW
0
0
0
0
0
0
0
0

Operation
SASI Select
SASI Interrupts Enable
not in use
FDC Reset
not in use
-Mini/Std Select
Motor On (Mini)
Motor On (Std)
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DMA high address bits register

The CPU writes into this register the high address bits AD19-AD16
(the page address). The address bits are the four least significant bits.
AD16
AD17
AD18
AD19
0
0
0
0

DO
DI
D2
D3
D4
D5
D6
D7
4.2.2 Output direction

The MMC186 uses level 4 interrupts (IRA) and level 3 Hold Requests
(HOLD3), when it is ready for DMA-transfer. The host CPU selects
the next temporary bus master with signals BCAS0-BCAS2:
BCASO

BCAS1

BCAS2

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

not in use
MMC186 DMA
not in use
not in use

The selected bus master can start the transfer when the host processor
sets the Bus Hold Acknowledge (BHLDA) signal.
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4.3 DMA-controller
DMA (Direct Memory Access) -controller has a central role in
MMC186’s operation. It is a specialized processor designed to perform
high speed data transfers between main memory and mass memory
devices. The DMA-controller in MMC186 is realized with Intel’s 8237
-circuit or equivalent. The 8237 is a programmable device which
provides a complete four-channel DMA-controlling.
DMA channels are used for
SCSI Host Adapter for hard disk controller
channel 0
Floppy Disk controller
channel 1
not used
channel 2
not used
channel 3
This means that DMA-controllers Device Request (DREQ) and DMA
Acknowledge (DACK) signals are wired to these controllers.

CURRENT
ADORER*
I
HO
I

rniority
ENCODER
ANO
ROTATING
FRtoRrrr
LOGIC

CURRENT
WORD
COUNT
(!•

gnu
g
>—

Figure 4.3-1: DMA-controller

block diagram
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4.3.1 Functional Description
The 8237 block diagram includes the major logic blocks and all of the
internal registers. The data interconnection paths are also shown. The
various control signals between the blocks are not shown in the
picture. The 8237 contains 344 bits of internal memory in the form of
registers. Table below lists these registers by name and shows the size
and number. The detailed description of the registers and their
functions can be found under header REGISTER DESCRIPTION.
Name

Size

Base Address Register
Base Word Count Register
Current Address Register
Current Word Count Register
Temporary Address Register
Temporary Word Count Register
Status Register
Command Register
Temporary Register
Mode Register
Mask Register
Request Register

16
16
16
16
16
16
8
8
8
6
4
4

bits
bits
bits
bits
bits
bits
bits
bits
bits
bits
bits
bits

Number
4
4
4
4
1
1
1
1
1
4
1
1

The 8237 contains three basic blocks of control logic. The Timing
Control Block generates internal timing and external control signals
for the 8237. The Program Command Control block decodes the
various commands given to the 8237 before serving a DMA request. It
also decodes the Mode Control word, which is used to select the type
of DMA during the service. The Priority Encoder block resolves
priority contention between DMA channels when requesting service
simultaneously.
The Timing Control Block derives internal timing from the clock
input. In MMC186 this input is a 4 Mhz signal C4M in 186-Bus
connector.
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4.3.2 DMA Operation

The 8237 is designed to operate in two major cycles. They are called
Idle and Active cycles. Each device cycle consists of a number of
states. The 8237 can be in seven separate states, each composed of one
full clock period. State I (SI) is the inactive state. It is entered when the
8237 has no pending DMA request. In SI the DMA controller is
inactive but may be in the Program Condition, if it is programmed by
the processor. State O (SO) is the first state of DMA service. The 8237
has requested a hold but the processor has not yet returned an
acknowledge. An acknowledge from the CPU will signal that the
transfer may begin. SI, S2, S3 and S4 are the working states of the
DMA service.
Memory-to-memory transfer requires a read from and write to
memory to complete each transfer. The states use two-digit number for
identification. Eight states are required for a single transfer. The first
four states (SI 1, S12, S13, S14) are used for the read-from-memory
half and the last four states (S21, S22, S23, S24) for the write-tomemory half of the transfer.
Idle Cycle

When no channel is requesting service, the 8237 will enter the idle cycle
and perform ”SI” states. In this cycle the 8237 will poll the DREQ
lines during every clock cycle to determine, if any channel is requesting
DMA service. To find out if the microprocessor is attempting to write
or read the internal registers of the 8237, the device will also poll the
Chip Select (CS) line. When CS is low and Hold Request (HRQ) is
low, the 8237 enters the Program Condition. The CPU can now
establish, change or inspect the internal definitions of the device by
reading from or writing to the internal registers. Address lines A0-A3
are inputs to the device and they select which registers will be read or
written. The lines Read and Write (IOR, IOW) are used to select and
time reads and writes.
Due to the number and size of internal registers, an internal flip-flop is
used to generate an additional bit of the address. This bit is used to
determine the upper or lower byte of the 16-bit Address and Word
Count register. The flip-flop is reset by Master Clear or Reset. A
separate software command can also reset this flip-flop. Separate
software commands can be executed by the 8237 in the Program
Condition. These commands are decoded as sets of the addresses with
the CS and IOW. The commands do not use the data bus. Instructions
include Clear First/Last Flip-flop and Master Clear.
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Active Cycle
When the 8237 is in the Idle cycle and a channel requests a DMA
service, the device will output an HRQ to the CPU and enter the
Active cycle. In this cycle the DMA service will take place in one of
three modes:
Single Transfer Mode — In the Single Transfer mode the device is
programmed to make one transfer only. The word counter will be
decremented and the address decremented or incremented after each
transfer. When the word counter runs to zero, a Terminal Count (TC)
will cause an Autoinitialize if the channel has been programmed to do
so.
Block Transfer Mode — In the Block Transfer mode the device is
activated by DREQ in order to continue transfers until a TC (caused
by word count reaching zero) occurs. DREQ must be held active until
DACK becomes active. An Autoinitialize will occur at the end of the
service if the device has been programmed to do so.
Demand Transfer Mode — In the Demand Transfer mode the device is
programmed to continue transfers until a TC occurs or until DREQ
goes inactive. Thus the DMA service is re-established by means of a
DREQ and transfers may continue until the I / O device has had a
chance to interrupt. During the time between services, when the CPU
is allowed to operate, the intermediate values of the address and word
counter are stored in the Current Address and Current Word Count
registers. Only an EOP can cause an Autoinitialize at the end of the
service. EOP is generated by the Terminal Count (TC).
Transfer Types
Each of the three active transfer modes can perform three different
types of the transfers. These are Read, Write and Verify. Write
transfers move data from an I / O device to the memory by activating
Memory Write(-MEMW) and I/O Read(-IOR) signals. Verify transfers
are pseudo transfers. The 8237 operates as in Read or Write transfers
generating addresses, responding to EOP, etc. However, the memory
and I/O control lines remain inactive.
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Memory-to memory — To perform the block moves of the data from
one memory address space to another with the minimal program effort
and time, the 8237 can make memory-to-memory transfers. The
programming of one bit in the command register selects channels 0 and
1 to operate as memory-to-memory transfer channels. The transfer is
initiated by setting the software DREQ for channel 0. The 8237
requests a DMA service in the normal manner. After the Hold
Acknowledge (HLDA) is true, the device (using eight-state transfer in
Block Transfer mode) reads data from the memory. The address for
reading is in the Current Address register of the Channel 0. It is
decremented or incremented in the normal manner. The data byte read
from the memory is stored in the 8237 internal Temporary register.
Then Channel 1 writes the data from the Temporary register to the
memory using the address in its Current Address register and incrementing or decrementing it in the normal manner. The channel 1
Current Word Count is decremented. When the word counter of the
Channel 1 reaches zero, a TC is generated. It causes an EOP output
and thus terminates the service.
Channel 0 may be programmed to retain the same address for all
transfers. This makes possible that a single word can be written to a
block memory.
The 8237 will respond to external EOP signals during memory-tomemory transfers. The data comparators in the block search schemes
may use this input to terminate the service when a match is found. The
timing of the memory-to-memory operations can be detected as an
active Address Enable (AEN) signal without DACK outputs.
Autoinitialize — By programming a bit in the Mode register, a channel
may be set up as an Autoinitialize channel. After an EOP and during
the Autoinitialization, the original values of the Current Address and
Current Word Count registers are automatically restored from the
Base Address and the Base Word Count registers of that channel. The
base registers are loaded simultaneously with the current registers by
the CPU and they remain unchanged throughout the DMA service.
The mask bit is not set when the channel is in the Autoinitialize. After
the Autoinitialization the channel is ready to perform another service
without CPU intervention.

10 — MMC186

Priority — The 8237 has two types of priority encoding available as
software selectable options. The first is Fixed Priority which fixes the
channels in priority order based upon the descending value of their
numbers. The channel with lowest priority is channel 3, second lowest
is 2, then 1 and highest priority has channel 0. After one channel has
begun the service, the other channels are prevented interferring with
that service until it is completed.
The second scheme is Rotating Priority. The last channel which was
served becomes the lowest priority channel. The others rotate accordingly. For example:
Priority

1st Service

2nd Service

3rd Service

high

0
1 service
2
3

2 service
3 request
0
1

3 service
0
1
2

low

With Rotating Priority in a single chip DMA system, any device
requesting service is guaranteed to be served after no more than three
higher priority services. This prevents one channel from monopolizing
the system.
Compressed Timing — The 8237 can compress the transfer time to two
clocks in order to achieve even more throughput where system
characteristics permit. State S3 is used to extend the access time of the
read pulse. By removing state S3, the read pulse width is made equal to
the write pulse and a transfer consists only of state S2 (to change the
address) and state S4 (to perform the read/write operation). The SI
states will still occur when addresses A8-A15 need updating (see
Address Generation).
Address Generation — In order to reduce pin count, the 8237
multiplexes the eight higher order address bits on the data lines. State
SI is used to output the higher order address bits to an external latch
from where they can be placed on the address bus. The falling edge of
the Address Strobe (ADSTB) is used to load these bits from the data
lines to the latch. The Address Enable (AEN) is used to enable the bits
onto the address bus through a threestate gate. The lower order
address bits are output by the 8237 directly.
During Block and Demand Transfer mode services, which include
multiple transfers, the generated addresses will be sequential. For
many transfers the data held in the external address latch will remain
the same. This data needs only change when a carry or borrow bit
from A7 to A8 takes place in the normal sequence of the addresses. To
save the time and speed the transfers, the 8237 executes SI states only
when the updating of the addresses A8-A15 in the latch is necessary.
This means for long services that SI states may occur only once during
the 256 transfers. This saves 255 clock cycles for each 256 transfers.
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4.3.3 Register Description

Current Address Register — Each channel has a 16-bit Current
Address register. This register holds the value of the address used
during DMA transfers. The address is automatically incremented or
decremented after each transfer and the intermediate values of the
address are stored in the Current Address register during the transfer.
This register is written or read by the microprocessor in successive 8-bit
bytes. It can also be reinitialized by an Autoinitialize back to its
original value. An Autoinitialize occurs only after an EOP.
Current Word Register — Each channel has a 16-bit Current Word
Count register. This register holds the number of the transfers to be
performed. The word counter is decremented after each transfer. The
intermediate value of the word counter is stored in the register during
the transfer. When the value in the register reaches zero, a TC will be
generated. This register is loaded or read in the successive 8-bit bytes
by the microprocessor in the Program Condition. After the end of a
DMA service it may also be reinitialized by an Autoinitialization back
to its original value. An Autoinitialize can occur only when an EOP
occurs.
Base Address and Base Word Count Register — Each channel has a
pair of Base Address and Base Word Count registers. These 16-bit
registers store the original values of their associated current registers.
During Autoinitialize these values are used to restore the current
registers to their original values. The base registers are written
simultaneously with their corresponding current register in 8-bit bytes
by the microprocessor in the Program Condition. These registers
cannot be read by the microprocessor.
Command Register — This 8-bit register controls the operation of the
8237. It is programmed by the microprocessor in the Program
Condition and is cleared by Reset. The function of the command bits
is declared in 4.3.4.
Mode Register — Each channel has a 6-bit Mode register associated
with it. Bits 0 and 1 determine the channel which Mode register is to be
written by the microprocessor in the Program Condition.
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Request Register — The 8237 can respond to requests for DMA service
which are initiated by the software as well as by a DREQ. Each
channel has a associated request bit in the 4-bit Request register. These
are nonmaskable and subject to priorization by the Priority Encoder
network. Each register bit is set or reset separately under software
control or is cleared upon generation of a TC or external EOP. The
entire register is cleared by a Reset. To set or reset a bit, the software
loads a proper form of the data word. Software requests will be served
only if the channel is in block mode. When initiating a memory-tomemory transfer, the software request for channel 0 should be set.
Mask Register — Each channel has a mask bit which can be set to
disable the incoming DREQ. Each mask bit is set when its associated
channel produces an EOP if the channel is not programmed for
Autoinitialize. Each bit of the 4-bit Mask register may also be set or
cleared separately under software control. The entire register is also set
by a Reset. This disables all DMA requests until a clear Mask register
instruction allows them to occur. The instruction to separately set or
clear the mask bits is similar in form to that used with the Request
register (see Instruction Addressing). All four bits of the Mask register
may also be written with a single command.
Status Register — The Status register is to be read out of the 8237 by
the microprocessor. It contains information about the status of the
device at that point. This information includes which channels have
reached a Terminal Count and which channel have pending DMA
requests. Bits 0-3 are set every time a TC is reached by that channel or
an external EOP is applied. These bits are cleared upon Reset and on
each Status Read. Bits 4-7 are set whenever their corresponding
channel is requesting a service.
Temporary Register — The Temporary register is used to hold data
during memory-to-memory transfers. Following the completion of the
transfers, the last word moved can be read by the microprocessor in
the Program Condition. The Temporary register always contains the
last transferred word.
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Register Addresses
Register

Operation

R/W

Address

Command
Mode
Request
Mask
Mask
Temporary
Status

Write
Write
Write
Set/Reset
Write
Read
Read

W
W
W
W
W
R
R

FA10
FA16
FA12
FA14
FA1E
FA1A
FA10

Software Commands — These are additional special software commands which can be executed in the Program Condition. They do not
depend on any specific bit pattern on the data bus. The two software
commands are:
Clear First/Last Flip-Flop: This command is executed prior to writing
or reading new addresses or word count information to the 8237. This
initializes the flip-flop to a known state so that subsequent accesses to
register contents by the microprocessor will address upper and lower
bytes in the correct sequence.
Master Clear: This software command has the same effect as the
hardware Reset. The Command, Status, Request, Temporary and
Internal First/Last Flip-Flop registers are cleared and the Mask
register is set. The 8237 will enter the Idle cycle.
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4.3.4 Register Bit Level Definitions
Command Register
Bit number

Value

Definition

0

0
1

Memory-to-memory disable
Memory-to-memory enable

1

0
1
X

Channel 0 address hold disable
Channel 0 address hold enable
If bit 0 = 0

2

0
1

Controller enable
Controller disable

3

0
1
X

Normal timing
Compressed timing
If bit 0 = 1

4

0
1

Fixed priority
Rotating priority

5

0
1
X

Late write selection
Extended write selection
If bit 3 = 1

6

0
1

DREQ sense active high
DREQ sense active low

7

0
1

DACK sense active low
DACK sense active high
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Mode Register

Bit number

Value

Definition

1, o

00
01
10
11

Channel
Channel
Channel
Channel

3, 2

00
01
10
11

Verify transfer
Write transfer
Read transfer
Illegal
If bits 6 & 7 = 11

XX

0
1
2
3

select
select
select
select

4

0
1

Autoinitialization disable
Autoinitialization enable

5

0
1

Address increment select
Address decrement select

7, 6

00
01
10
11

Demand mode select
Single mode select
Block mode select
Cascade mode select

Reguest Register

Bit Number
1, o

2
7,6,
5,4,
3

Value
00
01
10
11
0
1

Definition
Select
Select
Select
Select

channel
channel
channel
channel

0
1
2
3

Reset request bit
Set request bit
Don’t care
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Mask Register — set and reset
Bit number
1, 0

2

Value
00
01
10
11
0
1

7, 6,
5,4,
3

Definiton
Select
Select
Select
Select

channel
channel
channel
channel

0
1
2
3

mask
mask
mask
mask

bit
bit
bit
bit

Clear mask bit
Set mask bit
Don’t care

Mask Register — write
Definition

Bit number

Value

0

0
1

Clear channel 0 mask bit
Set channel 0 mask bit

1

0
1

Clear channel 1 mask bit
Set channel 1 mask bit

2

0
1

Clear channel 2 mask bit
Set channel 2 mask bit

3

0
1

Clear channel 3 mask bit
Set channel 3 mask bit

7,6,
5, 4

Don’t care
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Status Register
Bit number

Value

Definition

0

1

Channel 0 has reached TC

1

1

Channel 1 has reached TC

2

1

Channel 2 has reached TC

3

1

Channel 3 has reached TC

4

1

Channel 0 request

5

1

Channel 1 request

6

1

Channel 2 reguest

7

1

Channel 3 request
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4.3.5 DMA Command Codes
Address

Operation

FAOO Write
Read

FA02

Write
Read

FA04

Write
Read

FA06

Write
Read

FA08

Write
Read

FAOA Write
Read

FAOC Write
Read

FAOE Write
Read

Internal
flip-flop

Explanation

0
1
0
1

Channel 0 Base and Current address
Base and Current address
Current address
Current address

0
1
0
1

Channel 0 Base and Current word count W0-W7
Base and Current word count W8-W15
Current word count
W0-W7
Current word count
W8-W15

0
1
0
1

Channel 1 Base and Current address
Base and Current address
Current address
Current address

0
1
0
1

Channel 1 Base and Current word count W0-W7
Base and Current word count W8-W15
Current word count
W0-W7
Current word count
W8-W15

0
1
0
1

Channel 2 Base and Current address
Base and Current address
Current address
Current address

0
1
0
1

Channel 2 Base and Current word count W0-W7
Base and Current word count W8-W15
Current word count
W0-W7
Current word count
W8-W15

0
1
0
1

Channel 3 Base and Current address
Base and Current address
Current address
Current address

A0-A7
A8-A15
A0-A7
A8-A15

0
1
0
1

Channel 3 Base and Current word count
Base and Current word count
Current word count
Current word count

W0-W7
W8-W15
W0-W7
W8-W15

A0-A7
A8-A15
A0-A7
8-Al 5

A0-A7
A8-A15
A0-A7
A8-A15

A0-A7
A8-A15
A0-A7
A8-A15
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Internal
flip-flop

Address

Operation

FA10

Write
Read

X

Write
Read

X

Write
Read

X

FA12

FA14

FA16

FA18

X

X

X

Write
Read

X

Write

X

Read

X

X

FA1A Write
Read

X

Write
Read

X

Write
Read

X

FA1C

FA1E

(x = not in use)

X

X

X

Explanation

Command register
Status register
Request register
ILLEGAL
Single Mask Register bit
ILLEGAL
Mode Register
ILLEGAL
Clear Byte pointer flip-flop
(Internal flip-flop above)
ILLEGAL
Master Clear
Temporary Register
ILLEGAL
ILLEGAL
Write all Mask Register bits
ILLEGAL
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4.4 FLOPPY DISK CONTROLLER
The Floppy Disk Controller (FDC) in MMC186 supports up to four
floppy-disk drives. The normal disk format is compatible with the
IBM 3740 format (in the 8-inch size) or with format modified for mini
disk from the IBM System 34 double-density format. Single-density
recoding uses the FM (frequency modulation) technique, while doubledensity operation uses the MFM (modified FM) technique.
The FDC is realized with NEC uPD765 or eqivalent Intel 8272. These
controllers are programmable devices, which support 15 software
commands, processor interrupt generation and DMA (direct memory
accsess) data transfers.

DBc.7

DATA BUS
BUFFER

REGISTERS

SERIAL
INTERFACE
CONTROLLER

READ DATA
DATA WINDOW
Vco SYNC

TERMINAL
COUNT
PRO
QTOR
INT
TO
w*
*0
RESET

WR CLOCK
WR DATA
WR ENABLE
PRE SHIFT 0
PRESHIFT 1

INPUT
PORT

READ
WRITE
DMA
CONTROL
LOGIC

DRIVE SELECT 0
DRIVE SELECT 1
M F M MODE

DRIVE
INTERFACE
CONTROLLER
OUTPUT
PORT

CLK
Vcc
QND

READY
WRITE PROTECTHWO SIDE
INDEX
FAULT/TRACK 0

WWfSEEK
HEAD LOAD
HEAD SELECT
LOW CURRENT/DIRECTION
FAULT RESET/STEP

Figure 4.4-1: Functional block diagram of 8272/uPD765
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4.4.1 Description
The FDC produces hand-shaking signals which make the DMA
operation easy to incorporate with the aid of an external DMA
controller chip, such as the 8237 used in Nokia PC. The FDC will
operate in either DMA or Non-DMA mode. In the Non-DMA mode,
the FDC generates an interrupt to the processor for every data byte
transfer between the CPU and the FDC. In the DMA mode the
processor needs only load a command into the FDC and all data
transfers occur under control of the FDC and DMA controller. The
DMA mode is normally used in Nokia PC.
There are 15 separate commands which the FDC will execute. Each of
these commands requires multiple 8-bit bytes to specify the operation
which the processor wishes the FDC to perform. The following
commands are available:
Read Data
Read ID
Read Deleted Data
Read a Track
Scan Equal
Scan High or Equal
Scan Low or Equal
Specify

Write Data
Format a Track
Write Deleted Data
Seek
Recalibrate (Restore to
Track 0)
Sense Interrupt Status
Sense Drive Status

4.4.2 FDC Registers — CPU Interface
The FDC contains two registers which may be accessed by the CPU; a
Status Register and a Data Register. The 8-bit Main Status Register
contains the status information of the FDC, and it can be accessed at
any time. The 8-bit Data Register stores data commands, parameters
and FDD status information. The Data register actually consists of
several registers in a stack — only one register is presented on the data
bus at a time. Data bytes are read out or written into the Data Register
in order to program or obtain the results after execution of a
command. The Status Register can be only read and it is used to
facilitate the transfer of data between the processor and FDC.
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The bits in the Main Status Register are defined as below:
BIT
NUMBER NAME

0 Busy
1 Busy
2 Busy
3 Busy
Busy

SYMBOL

DESCRIPTION

DOB
DIB
D2B
DOB
CB

FDD 0 is in the SEEK mode.
FDD 1 is in the SEEK mode.
FDD 2 is in the SEEK mode.
FDD 3 is in the SEEK mode.
A read or write command is
in the process.

DBO
DB1
DB2
DB3
DB4

FDD
FDD
FDD
FDD
FDC

DB5

Non-DMA
Mode

NDM

The FDC is in the non-DMA
mode.

DB6

Data Input/

DIO

Indicates the direction of data
transfer between FDC and
processor. If D I O = 1 , then
transfer is from the processor
to the FDC data register.

RQM

Indicates that data register is
ready to send or receive data
to or from the processor.
Both bits DIO and RQM
should be used to perform
the handshaking functions of
’’ready” and ’’direction” to
the processor.

Output

DB7

Request
for Master

The FDC can execute 15 different commands. Each command is
initiated by a multi-byte transfer from the processor, and after
execution of the command the result can be also a multi-byte transfer
back to the processor. Because of this multibyte interchange of
information between the FDC and the processor it is convenient to
consider each command as consisting of three phases:
Command Phase:

The FDC receives all information
required to perform a particular
operation from the processor.

Execution Phase:

The FDC performs the operation it
was instructed to do.

Result Phase:

After completion of the operation,
status and other housekeeping information are made available to
the processor.
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The FDC contains five Status Registers. The Main Status Register
mentioned above may be read by the processor at any time. The other
four Status Registers (STO, STI, ST2 and ST3) are available only
during the Result Phase, and can be read only after succesfully
completing a command. The executed command determines how many
of the Status Registers will be read.
The bytes of the data which are sent to the FDC (to form the
Command Phase) and are read out of FDC (in the Result Phase), must
occur in order shown in the Command Table. Thus the Command
Code must be sent first and the other bytes sent in the prescribed
sequence. No abbreviation of the Command or the Result Phases are
allowed. The Execution Phase starts automatically after the last byte
of data in the Command Phase has been sent to the FDC .
Correspondingly when the last byte of data is read out in the Result
Phase, the command is automatically ended and the FDC is ready for
a new command. A command may be aborted simply by sending a
Terminal Count signal. This is a convenient way to ensure that the
processor can always get the FDC’s attention even if the disk system
hangs up in an abnormal manner.
4.4.3 Polling Feature of the FDC

After the Specify Command has been sent to the FDC, the Drive Select
Lines DSO and DS1 will automatically go into a polling mode. Between
the commands ( and between the step pulses in the SEEK command)
the FDC polls all four FDD’s looking for a change in the Ready line of
any drive. If the Ready line changes state (usually due to a door
opening or closing) then the FDC will generate an interrupt. When the
Status Register 0 (STO) is read (after Sense Interrupt Status is issued), a
Not Ready (NR) signal will be indicated. The polling of the Ready line
by the FDC occurs continuously between instructions thus notifying
the processor which drives are on or off line.
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4.4.4 Symbol Descriptions in the FDC command summary
Symbol Name

Description

AO

Address line 0

AO controls selection of main status
register(AO = 0) or data register(AO= 1).

C

Cylinder Number

C stands for the current/selecte d cylinder(track) number of the medium.

D

Data

D stands for the data pattern that is
going to be written into a sector.

D7-D0 Data Bus

8-bit data bus, where D7 stands for a
most significant bit and DO stands for a
least significant bit.

DSO,
DS1

Drive Select

DS stands for a selected drive number 0
or 1.

DTL

Data Lenght

When N is defined as 00, DTL stands
for the data lenght that user is going to
read from or write to the sector.

EOT

End of Track

EOT stands for the final sector number
on a cylinder.

GPL

Gap Lenght

GPL stands for the lenght of gap 3
(spacing between sectors excluding
VCO sync field).

H

Head Address

H stands for head number 0 or 1, as
specified in ID field.

HD

Head

H D stands for a selected head number
0 or 1.(H = HD in all command words.)

HLT

Head Load Time

HLT stands for the head load time in
the FDD (4 to 508 ms in 32-ms increments).

HUT

Head Unload Time HUT stands for the head unload time
after a read or write operation has
occurred (32 to 480 ms in 32-ms increments).
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MF

FM or MFM Mode If MF is low, FM is selected; if it is
high, MFM mode is selected only if
MFM is implemented.

MT

Multi-Track

If MT is high, a multi-track operation
is to be performed. (A cylinder under
both FIDO and HD1 will be read or
written).

N

Number

N stands for the number of data bytes
written in a sector.

NCN

New Cylinder
Number

NCN stands for a new cylinder number, which is going to be reached as a
result of the seek operation. (Desired
position of the head.)

ND

Non-DMA Mode

ND stands for operation in the nonDMA mode.

PCN

Present Cylinder

PCN stands for cylinder number at the
completion of sense-interrupt-status
command indicating the position of the
head at present time.

R

Record

R stands for the sector number, which
will be read or written.

R/W

Read/Write

R/W stands for either read (R) or write
(W) signal.

SC

Sector

SC indicates the number of sectors per
cylinder.

SK

Skip

SK stands for skip deleted-data address
mark.

SRT

Step Rate Time

SRT stands for the stepping rate for the
FDD (2 to 32 ms in 2-ms increments).
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STO

Status
Status
Status
Status

0
1
2
3

STP

Scan Test

STO-3 stand for one of four registers
that store the status information after a
command has been executed. This information is available during the result
phase after command execution. These
registers should not be confused with
the main status register (selected by
A0 = 0). STO-3 may be read only after a
command has been executed and contain information relevant to that particular command.
During a scan operation, if S T P = 1 ,
the data in contiguous sectors is compared byte-by-byte with data sent from
the processor (or DMA), and if
STP = 2, then alternate sectors are read
and compared.
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4.4.5 FDC Command Set
Bit values:

0 = logical 0
1 = logical 1
x - don’t care
Data Bus

Phase

R / W D7 D6 D5 D4 D3 D2 DI DO Remarks

Command

W
W
W
W
W
W
W
w
w

READ DATA
MT MF SK 0 0 1 1
0
Command Codes
x
x x x x HD DS1 DSO
C
Sector ID information
H
prior to command
R
execution.
N
EOT
GPL
DTL

Execution
Result

R
R
R
R
R
R
R

Command

W
W
W
W
W
W
W
W
W

Execution
Result

R
R
R
R
R
R
R

STO
STI
ST2
C
H
R
N

Data transfer between the
FDD and main system.
Status information
after command
execution.
Sector ID information
after command
execution.

READ DELETED DATA
MT MF SK 0 1 1 0
0
Command Codes
x
x x x x HD DS1 DSO
C
Sector ID information
H
prior to command
R
execution.
N
EOT
GPL
DTL
Data transfer between the
FDD and main system.
STO
Status information
STI
after command
ST2
execution.
C
Sector ID information
H
after command
R
execution.
N
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Phase

Data Bus
R/W D7 D6 D5 D4 D3 D2 DI DO Remarks
WRITE DATA

Command

W
W
W
W
W
W
W
W
W

MT ME 0
X

X

X

1
Command Codes
00 1 0
x x HD DS1 DSO
Sector ID information
C
prior to command
H
R
execution.
N
EOT
GPL
DTL

Execution

Result

Data transfer between the
main system and the
FDD.
R
R
R
R
R
R
R

STO
STI
ST2
C
H
R
N

Status information
after command
execution.
Sector ID information
after command
execution.

WRITE DELETED DATA
Command

W
W
w
w
w
w
w
w
w

MT MF 0
X

X

X

1 Command Codes
0
0 10
x x HD DS1 DSO
Sector ID information
C
prior to command
H
execution.
R
N
EOT
GPL
DTL
Data transfer between the
FDD and main system.

Execution
Result

R
R
R
R
R
R
R

STO
STI
ST2
C
H
R
N

Status information
after command
execution.
Sector ID information
after command
execution.
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Phase

Data Bus
R/W D7 D6 D5 D4 D3 D2 DI DO Remarks
READ A TRACK

Command

W
W
W
W
W
W
W
W
W

0
X

0
Command Codes
MF SK 0 0 0
1
X
x x HD DS1 DSO
Sector ID information
C
prior to command
H
execution.
R

X

N
EOT

GPL
DTL
Data transfer between the
FDD and the main system. The FDC reads all of
cylinder’s contents from
index hole to the EOT.

Execution

Result

STO
STI
ST2

R
R
R
R
R
R
R

c
H
R
N

Status information
after command
execution.
Sector ID information
after command
execution.

READ ID
Command

W
W

0

MF 0

X

X

X

Command Codes
0 10
1
0
x x HD DS1 DSO

Execution

Result

The first correct ID
information on the cylinder is stored in the data
register.
R
R
R
R
R
R
R

STO
STI
ST2
C
H
R
N

Status information
after command
execution.
Sector ID information
after command
execution.
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Phase

Data Bus
R/W D7 D6 D5 D4 D3 D2 DI DO Remarks
FORMAT A TRACK

Command

W
W
W

0
X

w
w
w

MF 0
x x

0 11 0
0
Command Codes
x x HD DS1 DSO
N
Bytes/Sector
SC
Sector/Track
GPL
Gap 3
D
Filler byte

Execution

Result

FDC formats an entire
cylinder.
R
R
R
R
R
R
R

STO
STI
ST2
C
H
R
N

Status information
after command
execution.
In this case, the ID
information has no
meaning.

SCAN EQUAL
Command

W
W
W
W
W
W
W
W
W

MT MF SK 1 0 0 0
1
Command Codes
x x x x HD DS1 DSO
C
Sector ID information
H
prior to command
R
execution.
N

X

EOT

GPL
STP

Execution

Result

Data compared between
the FDD and main
system.
R
R
R
R
R
R
R

STO
STI
ST2
C
H
R
N

Status information
after command
execution.
Sector ID information
after command
execution.
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Phase

Data Bus
R/W D7 D6 D5 D4 D3 D2 DI DO Remarks
SCAN LOW OR EQUAL

Command

W
W
W
W
W
W
W
W
W

Execution
Result

R
R
R
R
R
R
R

Command Codes
1
MT MF SK 1 1 0 0
x x x x HD DS1 DSO
x
Sector ID information
C
prior to command
H
execution.
R
N
EOT
GPL
STP
Data compared between
the FDD and main
system.
Status information
STO
after command
STI
execution.
ST2
Sector ID information
C
after command
H
execution.
R
N
SCAN HIGH OR EQUAL

Command

Execution
Result

1 Command Codes
MT MF SK 1 1 1 0
x x x x x HD DS1 DSO
Sector ID information
C
prior to command
H
execution.
R
N
EOT
GPL
STP
Data compared between
the FDD and main
system.
Status information
STO
after command
STI
execution.
ST2
Sector ID information
C
after command
H
execution.
R
N
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Phase

Data Bus
R/W D7 D6 D5 D4 D3 D2 DI DO Remarks
RECALIBRATE

Command

W
W

0

0

0

X

X

X

0 0 1
x x 0

1
1
Command Codes
DS1 DSO

Execution
No Result Phase

Head retracted to track 0.
SENSE INTERRUPT STATUS

Command

W

Result

R

0

0

0

0 10

0

0

STO

Command Codes
Status information at R
PCN the end of the seek
operation about the FDC.

SPECIFY
W
0
0 0 0 0 0 1
1
W
- S R T -------- —HUT ---------------HLT ------- ND
W
No Result Phase

Command

Command Codes

SENSE DRIVE STATUS
Command

Result

W
w

0

0

X

X

0
x

R

0 0 1
0
0
Command Codes
x x HD DS1 DSO
ST3

Status information about
FDD.

SEEK
Command

W
W
W

Execution

0

0

X

X

0
x

0 11
1
1
Command Codes
x x HD DS1 DSO
NCN
Head is positioned over
proper cylinder on the
diskette.

No Result Phase
INVALID
Command

W

Invalid Codes

Result

R

STO

Invalid Command codes
(NoOp — FDC goes into
standby state).
STO = 80H.
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4.4.6 Command descriptions
Transfer Capacity
The amount of data that can be handled with a single command to the
FDC depends upon parameters MT (multi-track), MFM (FM/MFM)
and N (number of bytes per sector). The following table shows this
Transfer Capacity.

Multi-Track
MT

MFM/FM
MFM

Byte s/S actor
N

Maximum Transfer Capacity
(Bytos/Sactor) (Number of Sectors)

Final Sector Read
from Diskette

0
0

0
1

00
01

(128) (26)= 3.328
(256) (26)= 6.656

26 at Side 0
or 26 at Side 1

1
1

0
1

00
01

(128) (52)= 6,656
(256) (52)= 13,312

26 at Side 1

0
0

0
1

01
02

(256) (15)= 3,840
(512) (15)= 7,680

15 at Side 0
or 15 at Side 1

1
1

0
1

01
02

(256) (30)= 7,680
(512) (30)= 15,360

15 at Side 1

0
0

0
1

02
03

(512) (8) = 4.096
(1024) (8) = 8,192

8 at Side 0
or 8 at Side 1

1
1

0
1

02
03

(512) (16)= 8,192
(1024) (16)= 16,384

8 at Side 1

Figure 4.4-2 Transfer capacity
Formatting
The Format Command allows an entire track to be formatted. After
the Index Hole is detected, data is written on the diskette: Gaps,
Address Marks, ID Fields and Data Fields. The particular format that
will be written is controlled by the values programmed into N
(numbers of bytes/sector), SC (sectors/cylinder), GPL (Gap Lenght)
and D (Data Pattern), that are supplied by the processor during the
Command Phase. The Data Field is filled with the byte of data stored
in D. The ID Field of each sector is supplied by the processor; that is,
four data requests per sector are made by the FDC for C (Cylinder
Number), H (Head Number), R (Sector Number) and N (Number of
Bytes/Sector). If desired, this allows diskette to be formatted with
nonsequential sector numbers.
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After formatting each sector the processor must send new values for
C, H , R and N per each sector on the track. The contents of the R
register is incremented by one after each sector is formatted. Thus the
R register contains a value of R + 1 when it is read during the Result
Phase. This incrementing and formatting continues for the whole track
until the FDC encounteres the Index Hole for the second time,
whereupon it terminates the command.
If a FAULT signal is received from the FDD at the end of a write
operation the FDC sets the EC (Error Count) flag of Status Register 0
to a 1 (high) and terminates the command after setting bits 7 and 6 of
Status Register 0 to 0 and 1 respectively. Also a loss of a READY
signal at the beginning of a command execution phase causes command termination.
The relationships between N, SC and GPL for various sector sizes are:

FORMAT

SECTOR SIZE

N

128 bytes/Sector
256
512

00
01
02

FM Mode

1024 bytes/Sector
2048
4098

03
04
05

M F M Mode

256
512
1024
2048
4096
8192

01
02
03
04
05
06

F M Mode

SC

OF

(10
08

GPL 1

GPL2

07

(16)

1B

oe

(16)

2A

(16)

3a

1B

04
02
01
1
0F

16)
(16)
08
04
02
01

(16)
(16)

(16)

—
—

—
—

—

—

OE

(16)

1b

(16)

REMARKS
IBM Diskette 1
IBM Diskette 2

®®(18)
—
—

36(16)
54
(16)
74
(16)
—
—

—

—

Figure 4.4-3: Sector size relationships

IBM Diskette 2D
IBM Diskette 2 D
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Interrupts
An Interrupt signal is generated by the FDC for one of the following
reasons:
1. Upon entering the Result Phase of:
a . Read Data Command
b. Read a Track Command
c. Read ID Command
d . Read Deleted Data Command
e. Write Data Command
f. Format a Cylinder Command
g. Write Deleted Data Command
h. Scan Commands
2. Ready Line of FDD changes state
3. End of Seek or Recalibrate Command
4. During Execution Phase in the Non-DMA Mode
Interrupt caused by reasons 1 and 4 above occur during normal
command operations and are easily discernible by the processor.
Interrupts caused by reasons 2 and 3 above may be uniquely identified
with the aid of the Sense Interrupt Status Command. When this
command is issued it resets the interrupt signal and via bits 5, 6 and 7
of Status Register 0 identifies the cause of the interrupt.
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4.4.7 Status Register Description
No.

Bit
Name

Symbol Description
STATUS REGISTER 0

Interrupt
Code

IC

* D7 = 0 and D6 = 0
Normal Termination of Command
(NT). Command was completed
and properly executed.
* D7 = 0 and D6= 1
Abnormal Termination (AT). Execution of command was started
but was not succesfully completed.
* D 7 = l and D6 = 0
Invalid Command Issue (IC). Command which was issued was never
started.
* D7=l
and D 6 = l
Abnormal
Termination because during command execution the READY signal
from FDD changed state.

D5

Seek End

SE

* When the FDC completes the Seek
Command, this flag is set to 1
(high).

D4

Equipment
Check

EC

* If a FAUET signal is received from
the FDD or if the Track 0 signal
fails to occur after 77 Step Pulses
(Recalibrate Command), then this
flag is set.

D3

Not Ready

NR

* When the FDD is in the not-ready
state and a read or write command
is issued, this flag is set. Also, if a
read or write command is issued to
side 1 of a single-sided drive, then
this flag is set.

D2

Head
Address

DI

Unit
Select 1
Unit
Select 2

D7

D6

DO

* This flag is used to indicate the
state of the head at Interrupt.
US1
US2

* These flags are used to indicate a
Drive Unit Number at Interrupt.
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STATUS REGISTER 1
D7

End of
Cylinder

EN

sector beyond the final sector of a
cylinder, this flag is set.

D6
D5

Data Error

* When the FDC tries to access a

DE

* Not used. This bit is always 0 (low).
* When the FDC detects a CRC error
in either the ID field or the data
field, this flag is set.

D4

Over Run

OR

* If the FDC is not serviced by the
main system within a certain time
interval during the data transfers,
this flag is set.

D3
D2

No Data

ND

* Not used. Is always 0 (low).
* During execution of READ DATA,

*

WRITE DELETED DATA or
SCAN Command, if the FDC cannot find the sector specified in the
IDR register, this flag is set.
During executing the READ ID
command, if the FDC cannot read
the ID field without an error, then
this flag is set.
During the execution of the READ
a CYLINDER Command, if the
starting sector cannot be found,
then this flag is set.

DI

Not
Writable

NW

During execution of WRITE
DATA, WRITE DELETED DATA
or FORMAT A CYLINDER Commands, if the FDC detects a write
protect signal from the FDD, then
this flag is set.

DO

Missing
Address
Mark

MA

If the FDC cannot detect the ID
Address Mark after encountering
the Index Hole twice, then this flag
is set.
If the FDC cannot detect the Data
Address Mark or Deleted Data
Address Mark, this flag is set. Also
at the same time, the MD (Missing
Address Mark in Data Field) of
Status Register 2 is set.
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STATUS REGISTER 2
* Not used. This bit is always 0.

D7
D6

Control
Mark

CM

* During executing the READ DATA
or SCAN Command, if the FDC
encounteres a sector which contains
a Deleted Data Address Mark, this
flag is set.

D5

Data Error
in
Data Field

DD

* If the FDC detects a CRC error in
the data field, then this flag is set.

D4

Wrong
Cylinder

WC

* This bit is related with the ND bit,
and when the content of C on the
medium is different from the one
stored in the IDR, this flag is set.

D3

Scan Equal
Hit

SH

* During execution of the SCAN
Command, if the condition of
’’equal” is satisfied, this flag is set.

D2

Scan Not
Satisfied

SN

* During execution of the SCAN
Command , if the FDC cannot find
a sector on the cylinder which fulfills the condition, then this flag is
set.

DI

Bad
Cylinder

BC

* This bit is related with the ND bit,
and when the content of C on the
medium is different from the one
stored in the IDR and the content
of C is FF, then this flag is set.

DO

Missing
Address
Mark in
Data Field

MD

* When data is read from the medium, if the FDC cannot find a
Data Address Mark or Deleted
Data Address Mark, then this flag
is set.
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STATUS REGISTER 3
D7

Fault

FT

* This bit is used to indicate the
status of the FAULT signal from
the FDD.

D6

Write
Protected

WP

* This bit is used to indicate the
status of the WRITE PROTECTED
signal from the FDD.

D5

Ready

RDY

* This bit is used to indicate the
status of the READY signal from
the FDD.

D4

Track 0

TO

* This bit is used to indicate the
status of the TRACK 0 signal from
the FDD.

D3

Two Side

TS

* This bit is used to indicate the
status of the TWO SIDE signal
from the FDD.

D2

Head
Address

HD

* This bit is used to indicate the
status of SIDE SELECT signal to
the FDD.

DI

Unit
Select 1

US 1

* This bit is used to indicate the
status of the UNIT SELECT 1
signal to the FDD.

DO

Unit
Select 2

US 2

* This bit is used to indicate the
status of the UNIT SELECT 2
signal to the FDD.
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4.4.8 Status Register States

MAIN STATUS REGISTER
State

Explanation

<80H

FDC is doing an internal operation or an I / O
command via DMA. (The last one can be
interrupted with TC).

80H

Basic DMA state: ready to take commands.

81H-8FH

Ready to take SEEK, RECALIBRATE, SDS
and SIS commands. (SIS resets the SEEK-bit
in lowest unit). (In DMA mode).

90H-9FH

DMA command state: The command is not yet
fulfilled.

AOH

Non-DMA basic state: ready to take commands.

A1H-AFH

Non-DMA state like 81H-8FH.

BOH

Non-DMA command state (I/O command) or
request for data transfer in I/O executing
phase.

B1H-BFH

Non-DMA command state (SEEK, RECALIBRATE, SDS).

COH-CFH

—

DOH-DFH

Data register readable; result phase.

EOH-EFH

—

FOH

Non-DMA result state (like DOH) or datareadrequest in I/O execution phase.

F1H-FFH

Non-DMA result state, result byte ready for
reading in dataregister.
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STATUS REGISTER 0
State

Explanation

00H-07H

Operation succesfully completed (No SEEK or
RECALIBRATE).

08H-1FH

—

20H-27H

SEEK or RECALIBRATE succesfully completed.

28H-3FH

—

40H-47H

Operation not succesful (see STI and ST2).

48H-4FH

Operation not succesful, due to drive that is
not in READY state or the unit/head does not
exist.

5OH-57H

The unit not in order (FAULT =1).

58H-5FH

—

60H-67H

(SEEK or RECAL not succeeded).

68H-6FH

—

70H-77H

RECAL not succesful.

78H-7FH

—

80H

Invalid command

81H-BFH

—

COH-CFH

The READY-signal of the unit has changed
state during instruction execution.
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STATUS REGISTERS 1 & 2
Explanation

State
STI

ST2

00

00

No errors

01

00

The FDC cannot detect ID Address Mark

01

01

The FDC cannot find Data Address Mark or
Deleted Data Address Mark

02

00

Write protected diskette

04

00

ID-field cannot be read or the sector is missing

04

01

In the diskettes ID-field the cylinder is FFH,
but not in the command

04

10

In the diskette ID-field not equal to the one in
command

10

00

Data transfer request not answered during
correct time

20

00

CRC error in ID-field

20

20

CRC error in data field

80

00

An attempt to use a sector with too big number

00

04

Scan condition is not fulfilled

00

08

Scan condition ’’equal” succeeded

00

40

An attempt to READ/COMPARE deleted
data (other than READ DELETED DATA
command)
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STATUS REGISTER 3
State

Explanation

21H

Everything OK (drive = I)

41H

Not Ready, WP (drive = 1 )

61H

READY, WP (drive = 1 )

01H

Power is missing in the FDD
Bit 4 in ST3 cannot be read, because of it’s
being active only after RECALIBRATE
** FAULT (Bit 7) not from the drive, but it is
used to detect faults in FDC-card voltage.

*
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4.5

SCSI HOST COMPUTER ADAPTER

4.5.1 General Description

Host Computer Adapter (HCA) is a specific circuitry that is needed
for communication between the system bus (186 Bus) and a separate
Winchester hard disk controller. The interface between HCA and
controller in MMC186 is based on the common SCSI port (Small
Computer System Interface). The HCA does not provide full SCSI
compability, because it can’t handle SCSI-bus arbitration.
The SCSI port in MMC186 consists of two 9-line connections. One set
of 9 lines is for data (8 data bit and one bit for optional parity
checking) and the other set of 9 lines for controlling signals. Controlling signals consists of 5 signals for controller-to-HCA and 4 signals
for HCA-to-controller communication.
The HCA operates under control of DMA-controller in MMC186. It
consists of controlling logic and four registers. The control logic
generates the register addressing and I / O controlling from signals
given by either the processor or the DMA-controller. Logic circuits are
of TTL-LS-type. The four registers are:
— output register for data or command byte from host to
controller
— input register for data or status byte from controller to host
— input and output registers for control lines.
The using of Winchester hard disk via SCSI HCA will happen in
general as follows:
For reading the processor places an address bit on the SCSI data bus
and generates a SELECT signal on the SCSI interface. This informs
the controller, that a command sequence of 6 command bytes will be
coming. These will be sent through the command/data lines of SCSI
interface by the processor. The transfer will happen via handshaking.
The 6 command bytes contain the read command, the address of the
sector, from which data shall be read and the data block count.
Then the Winchester controller seeks the right sector and reads the
data into its own buffer. When the data is in the buffer it generates an
interrupt for DMA-controller thus informing that the data is now
readable. The reading happens again through the command/data port
via handshaking. After the block count has been reached the transfer
ends to an interrupt to the host CPU.
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A write operation is performed in a similar manner. The processor
first places an address bit on SCSI data bus and generates a SELECT
signal on the SCSI interface. Then it sends (using handshaking) the
6-byte command sequence to the controller (the write command, the
sector address and the block count). After that it sends the data to be
written, and the Winchester controller reads it into its buffer.
Handshaking is used again in the transfer. Then the controller seeks
the right sector and writes the data onto the disk. After reaching the
block count an interrupt will again be sent to the host CPU.
4.5.2 I/O operations
I/O operations through the SCSI HCA can be divided into two phases:
select and transfer. The needed operation is selected by using signals
SASI Sei, -IOW, -IOR and ADI:
SASI Sei
1
X

1
X

SASI

Sei
1
1

Operation

-IOW -IOR

ADI

Write Hardware Command
Read Hardware Status
Write Data
Read Data

1
0
1
0

0
1
0
1

0
0
1
1

-DACK -IOW -IOR
DMA Write Data
DMA Read Data

1
0

0
1

0
0

Select phase
In the Select phase of an I/O operation, the control logic of SCSI
HCA is activated by setting bit SASI Sei in the Control Register of
MMC186. When this bit is zero the output buffers are in the Hold
State and the DMA- and interrupt requests are reset. Thus this bit can
be used for general reset of the HCA.
After the control logic has been activated, the processor writes the
address of winchester controller into the output register of HCA and
then sets the SEL-signal. If the controller is busy, it will answer with
BSY-signal, which resets the SEL-signal. The SEL-signal cannot be set,
if the BSY-signal from controller is already on.
i ________» » _______ ____________
i
SASI Sel

i

I1 I1

Controller
Address Bit
SEL
BSY

II

11 1 1 n

i

■

11

1
i

1

h

II
.1

1

i ii '
i

;;
II
'1

•i i i i

n n

iti

♦ _____________; i

H

1 _______!_f

z»L ___________

F------

Figure 4.5-1: The Select Phase of an I/O operation.
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Transfer phase
The transfer through the HCA occurs asynchronically by using a
handshaking flip-flop. If the controller is not busy it gives after the
select phase the REQ-signal which enables the handshaking flip-flop to
be set. The flip-flop is set when the processor or DMA-controller has
made an I/O-operation into the input- or output register. When the
flip-flop is set, it sets the ACK-signal on the SCSI-interface. When
ACK is set, the controller resets the REQ-signal, which in turn resets
the ACK-signal. Handshaking continues, when the controller sets
again the REQ-signal. One handshaking cycle is shown below.

REQ
DRQ
DACK
IOR/IOW
ACK
SDB(7-0)
write
read

data not guaranteed

Figure 4.5-2: One cycle of handshaking
1) DMA-signals are active only during data
transfer
2) Reading from input register for data/cmd
or writing to output register for data/cmd.
A DMA request can occur only when the REQ-signal is set and
C/D-signal is in the ”data”-state (controller wants to transfer data in
or out). The request is reset by an acknowledgement from the
DMA-controller.
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An interrupt will occur (interrupt flip-flop will be set) if both C / D and I/O-signals are active when REQ is set. The handshaking can’t
continue, before the interrupt is acknowledged (the interrupt flip-flop
is reset) by writing a zero-byte into the Control Line register. Also the
RST-signal will set the interrupt flip-flop and then the acknowledge
will not succeed before the RST is reset. An interrupt can get on the
system bus only when the bit ’’SCSI Interrupts Enable” is set in the
Control Register of the MMC186.
A RST signal to controller can be set only by software because there is
no hardware support for it. A RST signal will reset the whole Control
Line register (exept itself) and prevent data transfers. By software it is
also possible to use the ATN-signaL
Hardware Command and Status Bytes

Hardware Command Byte
DO
DI
D2
D3
D4
D5
D6
D7

SEL
RST
ATN
0
0
0
0
0

Hardware Status Byte
DO
DI
D2
D3
D4
D5
D6
D7

BSY
RST
MSG
C/D
REQ
I/O
not used
ACK
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4.6

BUFFERING OF THE SYSTEM BUS

The bus buffers in the MMC186 are needed to separate alternating
address and data, to make the direct DMA-transfer into byteaddresses
possible and to buffer the system bus (186 Bus) electrically. The
buffers are controlled either by the processor (when doing I / O
operations with MMC186) or by the DMA-controller (when it is the
bus master).
The internal data bus of MMC186 is connected to both the upper and
the lower byte of the system bus (186 Bus) with two-directional buffers
(type LS245). During the address cycle of a DMA-transfer through
them moves also the upper byteaddress. The rest of a DMA-address
can be seen on the internal address bus through the ouput address
register (type LS373) as bits AD(7-0). The fixed part of the address can
be seen in the separate register (type LS374). When the processor is
doing I/O operations with MMC186, the address bits AD(6-1) can be
used. When the processor gives the AST(Address Strobe) pulse, these
bits are saved into the input address register (type LS373).
The control signals, given onto the system bus by the DMA-controller,
are buffered for better loadability (circuit type LS244).
When the processor begins an I/O-operation with the MMC186, it
activates the Device Select signal BCS(4). In I/O-operations data is
moved only by lowerbyte transfer ( address AD0 = 0 (even) and -BHE
is not true). Thus there are 64 I/O-addresses (bits AD(6-1)), which
correspond in MMC186 to bits A(5-0). The shifting of addresses is
done in the register where the incoming addresses are saved.
The internal addresses of MMC186 are decoded from the saved
addresses. The transfer direction of the bus buffers is determined by
the signals -IOR (for output direction) and -IOW (for input direction)
given by the processor.
When the DMA-controller is the bus master, the AEN-signal is
activated. This closes the input address register and allows the
MMC186 to put onto the system bus signals -BHE, AST and -MEMR
or -MEMW.
AST-signal sets with its rising edge the bus buffers to the output
direction and opens the high address register (AD(19-16)), the bus
buffer for upper byte (AD(15-8)) and the output address register
(AD(7-0)). When the AST-signal goes low, the next clock pulse will
close the addresses. DMA-controller will move the data to or from
sequential byte addresses, because the lowest address bit AO shows
alternately lower and upper bus buffer. Besides this is the signal -BHE
made from inverted AO-signal.
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The control logic of the bus buffers controls the transfer direction and
openings of the buffers. Logic is realized with standard TTL-LS
circuits. The timing diagram is shown below.
a) The address cycle of the DMA
C4M

AST
BDIR
BAE
BHADE

b) The data cycle of the DMA
IOR
IOW
BDIR
BLDE
BHADE
AO

BHE

BLDE

BHADE

c) I/O-addressing to the MMC (-BCS4 = 0)
IOR
IOW
BDIR
BLDE

Figure 4.6-1: Timing diagram of the bus buffers
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4.7

SIGNALS IN CONNECTORS

There is a 34-pin standard connector for internal drives and a 37-pin
D-connector for external drives. In the internal connector are all the
odd pins (pins 1-33) grounded and correspondingly in the external
connector pins 20-36.
Descriptions of interface signals
Output lines
-DRIVE SELECT x
These four drive-selection lines (0-3) are
used to enable the selected drive to respond
to input signals or to output data and/or
status information. All drives must be configured to respond to one of the four
signals. All the signals are in both connectors, thus allowing the using of four external 8-inch drives, for example.
-DIRECTION
If this signal is high (1) the read/write head
moves out toward the outer edge of the disk
during the step operation. If the signal is
low (0) the head moves inward.
-STEP
The read/write head moves one step (cylinder) in the direction selected by the DIRECTION-signal, when this line changes state
low-to-high (0 to 1).
-HEAD LOAD
The head-load signal can be used to load
and unload the read/write head from the
disk’s surface.
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-HEAD SELECT
This line is used to select which side of a
double-sided floppy disk is to be used.
When this line is active-low (0) it causes that
the read/write head on side 1 is activated. If
the signal is high (1) side 0 is selected.
-MOTOR ON(int/ext)
These lines are used to control the spindle
motors of the floppy-disk drives. The motor
of the selected drive must start when this
line becomes active-low (0) and stop when it
becomes high (1). A typical delay of 1second is needed after starting a motor
before reading or writing.
-WRITE GATE
This signal is used to allow the writing of
data onto the disk when it is in the activelow state (0). When the signal is high (1), it
enables the read-data logic and head-step
logic.
-WRITE DATA
This line contains the serial data information to be written onto the disk. Each
low-to-high (0 to 1) change on this line
causes the writing of a data bit onto the
disk, when WRITE GATE is active.
-LOW CURRENT
This active-low (0) signal is used only with
8-inch disk drives. It allows the using of
lower current flow through the read/write
head when writing on inner tracks (43-76).
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Input lines

-READY
This signal indicates the status of the disk
drives. It is active-low (0) when the drive is
rotating at the normal speed and the index
hole(s) are detected. (All drives don’t support this signal).
-INDEX
On this line the selected drive supplies one
active-low (0) signal per disk revolution.
The signal indicates the logical beginning of
a track.
-TRACK 00
This signal is active-low (0) if the read/write
head is over the track 00 (the outermost
track).
-TWO SIDED
This signal indicates that a double-sided
disk is contained in the drive when the
signal is active-low (0). There is in the drive
a single-sided disk when the signal is high. It
is used only with the 8-inch drives.
-WRITE PROTECT
This signal indicates that a write-protected
disk is inserted in the selected drive.
-READ DATA
This signal contains the serial data read
from disk. Within the data there is the clock
bit information, too. Each active-low(O)
pulse on this line indicates a bit to be read
(either a data or a clock bit).
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4.8

MASS MEMORY DEVICES

4.8.1 Floppy Disk Units
NOKIA PC includes two 5 1/4 inch slim line floppy disk units with a
formatted capacity of 320 Kbytes or 640 Kbytes.
Technical specifications:
Recording Method

:

MFM(double density)

Capacity (kbytes)

:

320(single sided)
640(double sided)

Track Density (tpi)

:

96

Tracks/Surface

:

80

Sectors/Track

8 or 9

Bytes/sec

:

512

Disk Rotational
Speed (rpm)

:

300

Access Time (ms)
— track-to-track
— average
— max
— latency
Transfer Rate
(Kbits/sec)

4 + 1 5 (settling time)
120 (incl. settling)
330 (incl. settling)
100
:

250

NOKIA PC supports the format modified for mini disk from the IBM
System 34 double density recording format (MFM).
NOKIA PC is able to read data files recorded onto the floppy disks in
the original floppy disk units of IBM PC.
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4.8.2 Hard Disk Units
NOKIA PC includes two mass memory units, with an option of a 5
1 / 4 inch Winchester disk unit with 5 Mbytes or 15 Mbytes formatted
capacity. The other mass memory unit is the slim line floppy disk unit
with 640 Kbytes formatted capacity.
Technical specifications of Winchester disk unit:
Capacity (Mbytes),
formatted

:
:

5
15

Track Density (tpi)

:

345

Tracks/Surface

:

306

Surfaces/unit

:

Sectors/Track

:

17

Bytes/sec

:

512

Disk Rotational
Speed (rpm)

:

3600

Access Time (ms)
— track-to-track
— average
— max
— latency
Transfer Rate
(Mbits/sec)

2 (5MB), 6 (15MB)

3 + 1 5 (settling time)
85(incl. settling)
205(incl. settling)
8.33
:
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5.1 GENERAL DESCRIPTION
IOE186 is an expansion board for SBC186 bus. It contains two serial
I/O channels with a multiprotocol serial controller. I/O channels are
fully flexible and the available electrical levels are according to V.24
and X.27. The other channel (A) is also connectable to a NETNET
adapter or a small and limited simple network without any adapter.
Data transfers from processor memory to MPSC may be carried out in
polling, interrupting or DMA environments. The board has its own
DMA controller which transfers a single byte per DMA request from
MPSC.
Various operating modes are almost completely software selectable.
There are also many controls and general purpose outputs that are
controlled by software.

CONN.
25-PIN
1

X.24

I 25 - P I N CONN.

LOGIC
DMA
AND

BUS CONNECTION

EXPANSION BUS CONNECTION

NRZ/NRZ:

The board may be located to various I/O-regions and connected to
different DMA and interrupt priority lines. These selects are done with
hardware jumpers.

TIMER

Figure 5.1-1: IOE186 block diagram
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5.2 CONNECTION LOGIC
5.2.1 Bus buffers
IOE186 expansion card may be directly connected to SBC 186 bus. The
bus signals are mostly buffered to the expansion card and only few
signals are directly used.
There is one transceiver for both the low and high bytes between the
multiplexed address/data lines of the system bus and the internal
databus on the board. The direction and enable inputs are controlled
by bus buffer logic. An address latch captures the appropriate
addressing signals during the processor address cycle.
Also, there is a buffer which drives the low byte of the bus addresses
during DMA cycles that the IOE186 has generated.
At last there is a buffer which enables the DMA controller to drive the
following bus signals during DMA cycles: BBHE, AST, MEMR and
MEMW. The same buffer prevents bus signals IOR and IOW from
reaching the expansion board during DMA cycles. During processor
cycles IOR and IOW are the LIOR and LIOW signals respectively.
The SBC186 bus signal BBHE is generated from AO by inverting it.
Also, the bus signal AEN is active low during DMA LAEN.
BHADEBDIR-

BAE
OAT A BUS

A0-A7

AST ■
LAEN

BLDEBDIR-

--------\
BADCl-7

--------7

On- 7

v-

BADC-C

--------1/

AO- AS
->BS

LAEN
LAEN

BKRT
AST
MEHR

Figure 5.2-1: Bus buffers

METO
rro

ito

FuTT
LAST
DTP
LMU'

lTdr
ETTO
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5.2.2 Bus buffer logic
There are two different cycles that control the bus buffers: the
processor cycle and the DMA controller cycle. When the DMA
controller is the bus master comes LAEN (Local address enable) active
high and removes the bus addresses from local address bus.
When DMAC outputs its addresses it generates a LAST (local address
strobe signal) which sets the bidirectional buffers to output from
IOE186 with signal BDIR (bus direction) going high. During LAST the
address generated by DMA controller is enabled on the SBC186 bus by
BAE (bus address enable) and BHADE.
If the transfer is from IOE to memory BDIR remains high and one of
the signals BHADE (Bus high address & data enable) or BLDE (Bus
low data enable) is active low depending on AO. This signal is enabled
by LIOR (local IO read) and during it data is moved to SBC186 bus.
If the transfer is to the other direction BDIR is zeroed by MEMR.
Either BHADE or BLDE becomes active low on LIOW (local IO
write) and data from bus is then available on IOE data bus.
Because the same buffers are used for high byte address and data
output the address must be latched on LAST deactivation. Address is
removed from buffers on next C4M (Clock 4 MHz) high going edge
LAST going low.
When the processor masters the bus LAEN is inactive. If the processor
writes data to IOE186 then BDIR is reset to zero and either BHADE
or BLDE is enabled. Processor reads data in the same way, only BDIR
is set to one by IOR.
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C4M
LAEN

LAST

FOP
no

or

no o r
MEM'W
ME MR a n d LIDW
BDIR

gAE
bhade

BAD0= 1

BlDE

BADO-O

B A D0 - 5

X

ADDRESS

V

DAt7

a) DMA cycle:

IOR
I0W

BDIR
BLDE

BHADL

BAD0 = 1

b) processor cycle:
Fig 5.2-2: Timing diagram
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5.2.3 Registers and decoders

The DMA-controller may be connected to one of the five HOLD lines
(HOLD 1... 5) that are available on the board. Hold is acknowledged by
a code on BCAS lines during BHLDA signal. The code on BCAS lines
is decoded to respective HLDA line (HLDAI...5) to generate the real
acknowledge signal.
The interrupt sources on the board (MPSC and DMAC) are connected
together to one of the five interrupt lines IR2...IR6. Interrupt
acknowledge must be done within a software polling routine.
When the board is doing output operation are the A0...A7 lines
connected directly to BAD0...BAD7.
When the processor is doing I / O operation the addresses are decoded
from BCS3...BCS6 (user selectable) and from local address bus signals
A3...A5. The local address bus is made so that SBC 186 bus addresses
BAD6...BAD1 are A5...A0 respectively, and BADO is used as BS (byte
select) signal on bus buffer logic.
Thus only every other address is seen as a different address on the
board. It is recommended that only even I / O addresses are used when
addressing this board, although the BS signal automatically could
direct the data to right places when using also odd addresses.
ADDRESS
(Offset from BCS)

DEVICE

00 —
20 —
30 —
40 —
50 —
60H
70H

DMA controller
MPSC
timer
control register
output signal register
input register
page register

1EH
26H
36H
4EH
5EH

The address that is attached to BCS signal on the board must be added
to these addresses. A detailed address map is in 5.7.
The four highest bits (BAD16...BAD19) of the addresses that a DMA
cycle outputs must be loaded to the page register before DMA
transfer. The register is loaded by addressing it and outputting the
desired address bits 16.. 19 on data D0...D3 respectively.
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There are two addressable bit registers for different software control
purposes. Each bit may be changed by the software. These bits are
used for example in selecting timer clocks to MPSC, loopback
controls, and general purpose output signals to line connections. A
detailed description of the controls is in 5.7.

5.3

DMA-CONTROLLER

DMA-controller is one of the main components of the Input/Output
Expansion board. The flow of data to (from) serial channels from (to)
processor bus is handled by DMA. For detailed description of the
DMA-controller refer to chapter 4.3 (the DMA-controller on the
IOE186 board is similar to that used on the MMC186 board).
After reset Command, Status, Request and Temporary registers and
first/last flip-flop are cleared and Mask register is set. The controller is
now in the Idle cycle. During these Idle cycles the CPU initializes the
DMA-controller in the same way as any other peripheral device. In the
initialization phase the processor sets the proper address for the
expansion board on the bus and gives next the desired data through the
bus to the controller.
DMA-controller is situated in address space from BCS + OOH to
BCS+ 1EH and only in the even addresses. The address bits AO... A3
of the internal board address bus select the internal registers of the
DMA-controller. These four address pins are bidirectional as well as
the IOR/IOW pins. IOR/IOW signals control the timing of DMAcontroller initialization.
The initialization defines the transfer mode (single or demand transfers
are possible) for each of the four DMA channels, the transfer type
(memory to MPSC or MPSC to memory), the starting addresses of
memory buffers and their sizes.
The DMA controller may be set to Autoinitialization, which means
that the controller starts to fill or empty the memory buffer from the
beginning without the CPU intervention every time the buffer size
overflows.
After the initialization the controller idles and polls all the DRQ
(DMA request) inputs. Whenever one of them becomes active the
controller starts the DMA transfer to or from the requesting device as
it was initialized.
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READY
GENERATION

READY

RDY
---------HQLD
fOA
DATA
0-7

ADD 0 - 3

_______IS

____t\

MPSC

DRG

-----------j/

DECODE

oaTk

------U
PR3C

DMA

Figure 5.3-1: DMA-controller block diagram

In the first state after DRQ going high (Fig 5.3-2, 1) the controller asks
the CPU to free the processor bus with HOLDn (2). Processor
responds with HLDAn (3) and resigns from the bus and the DMAcontroller takes over the bus with LAEN (4).
Now the DMA-controller is the bus master. It generates next a DACK
(DMA acknowledge) signal (6) which is handshaking to the peripheral
device (MPSC) and also activates the device for data transfer. Earlier
the controller has latched the proper memory address to the processor
bus with LAST (5).
Depending on the DMA channel that is now served the transfer is from
memory to MPSC or vice versa. If the transfer is from MPSC to
memory the controller first activates a LIOR (7) signal after which the
data is available. The data is immediately written to memory with
MEMW (8).
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To the opposite direction activates first the MEMR and then the
LIOW signal. After the desired amount of data (defined in the
initialization) is transferred the controller generates an EOP (end of
process) pulse (9) which is latched to one of the interrupt lines of the
bus.
In this expansion board each DMA channel is connected to one of the
possible DMA request outputs of the MPSC. During the transfer only
one byte of data is moved for each DMA request. Because the MPSC’s
from different manufacturers act differently on DMA, the DMA
request is reset with DACK by hardware.
Because of the possible use of slow memory devices there is a ready
generation logic which makes the DMA-controlle r to do at least two
wait states during each transfer. This logic also guarantees that short
ready deactivations will generate wait states as needed.

DRQ

3

LAEN
AST

D0-D7

D0-D7

A0-A7
DALK
MEMR,
LIOR
LIOW,
MEMW
EOP

Figure 5.3-2: DMA-transfer
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5.4

BAUD RATE GENERATOR

The baud rate generator generates the clock frequencies that are
needed in serial communication. The basic frequency is the 4 MHz bus
clock.
First the 4 MHz clock is divided by two and then it is directed to a
programmable timer which has three independent 16-bit timers. The
clock frequencies are multiplexed to the transmit and receive clocks of
the MPSC. The following table shows the preset values of the counters
for asynchronous (MPSC prescaler = 16) and synchronous (MPSC
prescaler = 1) line baud rates.
Preset value
Baud rate

75
110
150
300
600
1200
2400
4800
9600

Sync

Async

hex

dec

hex

dec

682B
4706
3415
1A0B
D05
683
341
1A1
DO

26667
18182
13333
6667
3333
1667
833
417
208

683
470
341
1A1
DO
68
34
1A
D

1667
1136
833
417
208
104
52
26
13

Timer preset values for different

5.5

baud rates

MULTIPROTOCOL SERIAL CONTROLLER
(MPSC)

The MPSC is the central device of the I/O-expansion board. It
converts the parallel data of the processor to serial form and drives out
the data to serial line and vice versa. This controller also handles
automatically the different frame constructions of various serial
protocols (synchronous and asynchronous). The processor may use the
MPSC with DMA, interrupt or poll. For detailed description of MPSC
operation refer to chapter 2.8.1 (the MPSC on the IOE186 board is
similar to that used on the SBC186 board).
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The MPSC has two independent serial channels. For both channels
there are 11 registers, eight of which are for control word writing.
After power up reset each channel has to be reset and initialized to
desired serial mode. The following table shows the addresses of MPSC
channels. The addressing of each register is done by writing first the
number of desired register to the command port and then again writing
the data to the same port. The two register select inputs B/A and C / D
are controlled by address bits AO and A l respectively or by the
DMA-controller when a DMA transfer is taking place.
ADDRESS

PORT

+ 20H
+ 22H
+ 24H
+ 26H

channel
”
”
”

A data
B ”
A command/status
B

The receiver/transmitter clocks for both channels of the MPSC are
selectable. The clocks may come from baud rate generator on the
board or from some clock outside the board. There are two software
selectable control bits which define the clocks for both channels. The
following table shows all the possible clock combinations. After reset
all selects are zero.
CLA1

CLAO

0
0
1

0
1
0

1

1

CLB1

CLBO

TxCA

RxCA

timer 0
timer 0
NNCL
(P2 pins 15 & 17)
TxCA (P2 pin 15)
or S

timer 0
timer 1
RxCA (P2 pin 17) or
S(P2 pins 11 & 14)
RxCA or S

TxCB

RxCB
timer 2
timer 1
RxC (P3 pin 17) or
S(P3 pins 11 & 14)
RxC or S

0
0
1

0
1
0

timer 2
timer 2
TxBC (P3 pin 15)

1

1

RxCB or S
Baud rate clock selects
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There is also a possibility to encode the data from channel A to NRZI
-code. The purpose of NRZI -code is to generate almost equal number
of high and low levels in order to avoid DC-signals. NRZI encoding is
enabled by a software control NRZI.
For testing purposes, it is possible to connect TxD to RxD and CTS to
RTS in both channels with software controls LLBA and LLBB. After
reset the loopbacks are not connected.

5.6

LINE CONNECTIONS

The serial data to (from) both channels of the MPSC from (to) outside
world is transferred through line connections. They contain also
various control and clock signals.
Physically, both line connections are 25-pin D-connectors (male). The
electrical signal levels are selectable by software to V.28 or X.27 (loop
definitions V.24 or X.24). Line communication may be either synchronous or asynchronous and line clocks may come from the line or
from the board as mentioned earlier. The block diagram of the line
connection is in fig. 5.6-1 and it is principally the same for both
channels.

clock

select
TRANSMIT

V.28/
TTL

timer;

MUX

MPSC
'RECEIVE

MUX
V.28/

25
pi n

X.27

X.27/
TTL

Figure 5.6-1: Line connections
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5.6.1 V.28 configuration
Transmission and receive is done on V.28 (RS232C) levels when V28A
= 1 (channel A) and X27B = 0 (channel B). These are software
controls. Next table shows the pins that are in use. (All other output
pins are tri-stated).
Pin no.
2
3
4
5
6
7, 24
8
12
13
15
17
20

<TxD
>RxD
<RTS
>CTS
>DSR
GND
>DCD
<SRS
<TST
>TxC
>RxC
<DTR

Function
transmitted data
received data
request to send
clear to send
data set ready
data carrier detect
signal rate select
test indication
transmit clock
receive clock
data terminal ready

5.6.2 X.27 configuration
Transmission and receive is done on X.27 (RS422) levels when
X27A = 1 (channel A) and X27B = 1 (channel B). These are software
controls. Next table shows the pins that are in use.
Pin No.
9
10
11
14
15
17
16
18
19
21
22
23

KB)
KA)
S(B)
S(A)
B(B)
B(A)
R(B)
R(A)
T(B)
T(A)
C(B)
C(A)

Function
CD, carrier detect
RxC and TxC, receive and transmit clock
NETNET clock (channel A only)
RxD, received data
TxD, transmitted data
RTS, request to send

Although X.27 driver/receiver were selected it should be noted that
CTS and DSR signals are not deselected and, being so, CTS signal
must be active to enable transmitting.
It is also possible to enable the X.27 receiver when the X.27 driver is
off with the signal MN.
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5.7

I/O-MAP OF IOE186

BCS4,5 or 6 specifies the base address to which the following addresses
must be added to get the actual I/O-address.As default the base
address is BCS5, FA80H.Even addresses are recommended
(BAD0 = 0).
76543210
543210

SBC186 address bits BAD7-0
IOE186 local address bits A5-0
HEX

I/O-device and port

0E
10
12
14
16
18
1A
1C
IE

DMA-controller
base & current add. write, current add. read
word count ”, ” w.c. ”
”
”
add.
”,
”
add.
”
w.c.
”,
”
w.c.
”
”
add.
”,
”
add.
”
w.c.
”,
”
w.c.
”
”
add.
”,
”
add.
”
w.c.
”,
”
w.c.
read status/write command register
write request register
write single mask register bit
write mode register
clear byte pointer flip/flop
master clear/read temp, register
clear mask register
write all mask register bits

0100000
0100010
0100100
0100110

20
22
24
26

MPSC
channel A data
channel B data
channel A command write/status read
channel B

0110000
0110010
0110100
0110110

30
32
34
36

Timer
counter 0
counter 1
counter 2
mode word

0000000
0000010
0000100
0000110
0001000
0001010
0001100
0001110
0010000
0010010
0010100
0010110
0011000
0011010
0011100
0011110

00
02
04
06
08
0A

oc

chO
”
chi
ch2
ch3
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1000000
1000010
1000100
1000110
1001000
1001010
1001100
1001110

40
42
44
46
48
4A
4C
4E

Control Register
CLA0 MPSC channel A clock select
CLA1
CLB0 MPSC channel B clock select
CLB1
LLBA local loopback select channel A
LLBB
”
”
”
”
B
NRZI NRZI encoding/decoding, channel A
MN
mininet select

1010000
1010010
1010100
1010110
1011000
1011010
1011100
1011110

50
52
54
56
58
5A
5C
5E

Output Signal Register
SRSA signal rate selector
DTRA data terminal ready
TSTA test indicator
SRSB signal rate selector
DTRB data terminal ready
TSTB test indicator
X27BX.27 receiver select
X27A/V28A X.27 receiver select

1100000

60

Input Register
D0 = DSRA, D1 = DSRB, data set ready

1110000

70

Page Register
D 0 = BAD16...D3 = BAD19

channel
channel
channel
channel
channel
channel
channel
channel

A
A
A
B
B
B
B
A

After reset all bits of control registers are zero and functions are as
follows:
— Channel A receiver and transmitter clocks from counter 0
— Channel B
— Local loopbacks are not connected
— NRZI encoding/decoding not connected
— V.28 on both line connections
— Data terminal ready signals on both channels are not active
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5.8 JUMPERS AND TEST POINTS ON IOE186
J3,J4:

— Clock connection for driving a small multidrop network
using X.27 signal levels
3 3
4 4

— Clock drivers not connected

3-3
4-4

— Clock drivers connected

S1A, SIB: — IOE186’s DMA controller priority, SI A DMA acknowledge, SIB DMA request, both selections must be set to
same position and only one level should be selected
1 1 — DMA priority level 1 (highest available)
2
”
2-2 —
3
”
3 3 —
4
”
4 4 —
5 (lowest available)
”
5 5 —
(Default 2)
SIC:

— IOE186’s interrupt priority level
1-1 — Interrupt priority level 2 (highest)
3
”
2 2 —
4
”
3 3 —
5
”
4 4 —
6 (lowest)
”
5 5 —
(Default level 2)

SID:

— IOE186’s device address selection
1 1 — Base address FBOO HEX, In I/O-space
FA80 HEX,
”
2 2 —
FAOO HEX
”
3 3 —
F980 HEX
”
4 4 —
(Default BCS5, FA80H)

MEME186

Chapter 6
memory expansion board

6.1 General Description
6.2 Bus Interface
6.3 Memory Interface
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6.1 GENERAL DISCRIPTION
MEME 186 is an expansion board that can be installed in the expansion
bus of the SBC186 single board computer. MEME186 can be equipped
with 256 Kbytes/512 Kbytes of dynamic RAM, thus expanding the
SBC186 RAM up to 768 Kbytes. The memory has parity checking and
an interrupt is generated in case of parity error.
The memory works asynchronously to the bus and all timings
generated by the memory card are based on the 25 MHz crystal
connected directly to the 8203 dynamic RAM controller.

6.2 BUS INTERFACE
MEME 186 is connected to SBC186 bus with a 64-pin connector. All
signals used on the memory-board are buffered from the bus. Of the
supply voltages only + 5 V is used. Because of the multiplexed bus
address/data lines address is latched in the beginning of each bus cycle
with the address strobe (AST). Card select (PCS) is decoded from two
of the most significant address bits, A19 and A18. To avoid ciitches
during the address change, decoding is disabled during the address
strobing. Board address can be set by a jumper connection (P3, see
6.4).
Data lines are buffered with the tranceiver circuits, one for both the
even and the odd byte. Data buffer is enabled when the board is
addressed (PCS low) and the respective byte is used (LOB for even and
HIB for odd byte, LOB and HIB for word). The direction of the
buffers is controlled by the memory read signal (MEMR). To start a
memory cycle, a READ or WRITE command must be issued in
addition to the selected address.
Besides the normal commands (MEMW, MEMR), which activate only
after address has settled, there is an advanced READ commad
(AMEMR). To avoid the READ command for the dynamic RAM
controller to be active before the controller’s select input, the advanced
READ is gated with the card select signal. After this the advanced and
normal READ are joined together to form the controller’s READ
command (DRD). Thus either one or both READ commands can be
used.
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To guarantee sufficiently long memory cycle times in case of fast bus
master or refresh collision, the READY signal is used. As soon as the
card select (PCS) goes active, the READY signal is driven to the
logical false state. Restoring the READY state is done by latching a
memory speed dependent pulse from the controller to a flip-flop and
driving READY true with this latched acknowledge signal. Selection
between advanced (SACK), column strobe (XCAS) and executed
(XACK) acknowledgement pulse is done by a jumper ( P l , see Section
6.4: Jumpers on MEME186).
The nonmaskable interrupt (NMI) is used to indicate that a parity
error is detected. After reset and when writing to memory the error
status (PERR) is cleared. The correct parity is set by a write to each
byte, so after the power-up the memory should be initialized in order
to avoid useless interrupts. The cheking of the parity happens at the
end of a read cycle, when the column strobe (XCAS) or read (DRD)
rises. The parity of both bytes is cheked and clocked to the same
flip-flop, which indicates the failure (a whole word is cheked even if
only one byte is accessed).

6.3 MEMORY INTERFACE
The memory is organized in eight 64k x 9 bit blocks, making thus a
maximum memory space of 512 kbytes with parity. The memory can
be accessed either a byte (even or odd address) or a word (only even
addresses) at a time. Though only a byte were accessed, the two blocks
that contain the respective word are activated. This is done because a
part of the parity checking logic is common to both bytes. If a write is
performed to a byte, the non-addressed byte in that word is read, but
it’s parity is not checked.
The Intel 8203 dynamic RAM controller starts the memory cycle when
the chip select input (PCS) is low and either read (DRD) or write
(MEMW) command goes low. The 8203 begins the cycle by giving the
advanced acknowledge pulse (SACK) if refreshing is not active, in
which case SACK is delayed to the end of the cycle.
When the controller is idle, the eight lowest addresses (A1-A8) coming
to the controller flow through the address multiplexer to the address
outputs. At the beginning of the cycle they are strobed to the RAMs by
the row address strobe (RASO or RAS1) selected by A17. After this,
the next eight addresses (A9-A16) are switched to the outputs to make
the column address. At this point, also a write strobe (WE) is given in
case of a write cycle. Write strobe is gated with byte select signals
(LOB, HIB) to enable writing only to the selcted byte (WEL, WEH).
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Next the controller activates the column address strobe signal (CAS).
To avoid latching of the read data, column strobe is lengthened with
the executed acknowledge signal (XACK) in case of a read cycle (DRD
active). The extended column strobe (XCAS) is divided into four with
A17 and A18 to let all word banks have their own column strobe
(CAS0-CAS3).
During a write cycle, data flows from the bus to the memories as soon
as it is available on the bus. The written parity bit (PIL for even PIH
for odd byte) is generated as soon as the data is valid. The floating
parity outputs (POL, POH) are pulled high making the parity
generators (74S280) give odd parity.
In case of a read cycle, column strobe activates the memory outputs
and the data flows to the bus through the buffers. The read byte and
its parity bit are simultaneously checked by the same circuits that
generate the parity. As the data is held valid until the end of the read
cycle by the extended column strobe, the decision of the parity failure
is done at that point.
The 8203 dynamic RAM controller takes care of the address counting,
the strobing of the refresh address and the handshaking in case of the
refresh and memory access collision. The controller performs the
refreshing by outputting the current refresh address and pulsing both
RAS signals low once in about every 11,5 us. After that, the eight-bit
refresh counter is incremented, so the counter cycle time is less than 3
ms.
When the memory access collides with refresh, the controller does not
give the advanced acknowledge pulse (SACK) until the requested
memory cycle is performed. All other counter signals act as normal.
So, depending on the acknowledge used (SACK, XCAS, XACK) and
the phase of the refresh cycle where the memory is requested, a various
amount of wait states are generated.
The length of the memory cycles performed by the controller is fixed
and based only on the crystal frequency. Only the acknowledge signals
are extended until read or write command is removed. So, when read is
performed, the controller can start a refresh cycle when the extended
column strobe is still holding the data. This is why the memories used
must have the hidden refresh capability.

MEME186 — 5

PCS
DRD/MEMW
SACK
READY
RAS
WE
CAS
(FROM CTRL)
XACK
CAS
(TO DRAMS)
AXi
77777
(

DLi/DHi
(READ)
DLi/DHi
(WRITE)

««

»))/

written data

Figure 6.3-1: Dynamic
1
2
3
4

READ DATA

.....

RAM Cycle Timing

RAS-ONLY-REFRESH Cycle
Read or Write Cycle
Hidden-Refresh Cycle
Ready timing depends on the selected acknowledge type
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6.4 JUMPERS ON MEME186
Pl:

P2:

P3:

— Ready Delay Select
1-1
2 2
3 3

— Advanced acknowledge, normally generates one
wait state with 8 MHz 80186 CPU;
to be used with 150 ns dynamic RAMs

1 1
2-2
3 3

— Column strobe acknowledge, normally generates
two wait states with 8 MHz 80186 CPU;
used with 200 ns DRAMs

11
2 2
3-3

— Executed acknowledge, mostly generates three
wait states with 8 MHz 80186 CPU

— Jumper for disconnecting dynamic RAM controller’s crystal
from oscillator while in test
1-1

— Crystal connected

1 1

— Crystal not connected

— Memory Address Selection
1-1
2 2
3 3

— 256 Kbytes RAM from 40000H to 7FFFFH, two
lowest columns (36 chips) installed
(jumper 2 cut on PCB)

1 1
2-2
3 3

— 256 Kbytes RAM from 80000H to BFFFFH, two
lowest columns (36 chips) installed
(jumper 1 cut on PCB)

1-1
2-2
3 3

— 512 Kbytes RAM from 40000H to BFFFFH, all
columns (72 chips) installed
(selection made on PCB)
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7.1 GENERAL DESCRIPTION
Power unit is housed in the system unit. It supplies the needed
electricity for the computer, the mass memory units and the display
unit.
The switching type power unit operates in fly-back mode. The input
voltage can be chosen between 110 V and 220 V. The output voltages
are + 3 0 V, + / - 1 2 V and + 5 V. Outputs are regulated, filtered and
isolated from input. The unit is protected against overload and
shortages. The block diagram is below.

7.2 LINE RETIFICATION AND FILTERING
The line voltage is rectified and filtered in order to provide a 300 V
bulk voltage. In the 220 V operation mode the line voltage is full wave
rectified over the capacitors connected in series. In the 110 V operation
mode the rectification is realized by a standard voltage doubler
(jumper M2 must be connected).

7.3 RADIO FREQUENCY INTERFERENCE
FILTERING
The radio frequency filtering is double staged. The first stage is in the
line connector and the other on the power unit logic board.

7.4 CONTROL LOGIC
The operation of the power unit is controlled by special integrated
circuit UAA4001. It controls the output voltages and generates the
high frequency needed in switching-mode operation. The frequency is
set at 22.5 kHz in Nokia PC. This frequency does not interfere much
with display frequencies.
The output voltage levels are controlled by UAA4001 with two voltage
feedback loops.
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7.5 PROTECTION
The input supply voltage is controlled at the power-up. If the voltage is
not high enough, the operation will not start. For starting there must
also be a 30% basic load.
The primary and secondary currents are controlled continuously.
The overload of the + 5 V output interrupts the operation of the
power supply. The operation restarts in less than 5 seconds after
disconnecting the line.
The overload of the + 3 0 V output does not fully interrupt the
operation of the power supply, but the input power is reduced
considerably.
The regulators of the + / - 12 V outputs are internally protected against
overload.

220/110V

D-LATCH

START
CIRCUIT

CORR
LIM.

3 0 0 VDC

Figure 7,1-1: Power unit block diagram

CONTROL L O G I C
UAA4001

RECTIF
FILTT.

Olt

RFI
SUPPR

REGUL

FILTT

FILTT

REGUL

FILTT

FILTT

SET
VALUE

+ 5V

-12V

+ 12V

+ 30V
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8.1 GENERAL DESCRIPTION
Nokia PC Keyboard is a low profile keyboard based on full-travel
capacitive membrane technology. It’s main application areas are
general purpose personal computers and office automation systems.
The keyboard has a standard 57 key alphanumeric key field, a 22 key
numeric keyfield and 12 and 9 key function key fields. Every key
produces a code when depressed and most keys produce a different
code when released. This makes possible a wide varity of applications
without changing the keyboard electronics.
Four external keylock switches can be connected to the keyboard.
These produce a code when closed and a different code when opened.
The state of the keylock switches can be asked from the keyboard. A
magnetic card reader, capable of reading standard track 2 (ABA)
contents, can be connected to the keyboard.
The keyboard has a serial input/output connection to the terminal
equipment. By using the serial input the state of the keylock switches
can be asked or the keyboard can be commanded to perform a self-test
routine. With the help of this feature the terminal equipment can also
check if the keyboard is properly connected to it. The serial output line
is an open collector type interface and by using a special BUSY signal
several keyboards with similar interface can be connected to the same
terminal equipment connection. The keyswitches have tactile feedback
with audible ’’click”. Keytops are sculptured to provide a contoured
typing surface. The keyboard has n-key rollover (n = 6). Auto repeat is
provided for most keys.
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8.2

FUNCTIONAL DESCRIPTION

8.2.1 Keyboard layout
The basic keyboard layout is shown in fig. 8.2-1. The alphanumeric
keyfield is stepped with 1 / 2 M - 1/4 M - 1 / 2 M offset between rows
within the staggered array (M = 19,05 mm). Keyswitches are spaced
on 19,05 mm centers. Keytops are doubleshot molded. The shape of
the keytops in the alphanumeric keyfield is sculptured to provide a
concave typing surface. The shape of the other keyfields is sloped. The
keytop legends will be supplied separately from this specification.
8.2.2 Code assignment
The codes generated by the keyboard are shown in figure 8.2-2. Every
key produces a make-code when depressed and most keys produce a
different break-code when released. These codes remain the same also
when the SHIFT or CTRL key is pressed at the same time. The
SHIFT/CONTROL functions must be defined by the software with
the help of the make/brake codes from these keys. The code
assignment is shown in fig. 8.2-2. The minimum interval between
adjacent keystrokes, which the keyboard can interpret correctly, is 10
msec.
Repeat function
Every key, except keys 79 and 91, have an auto repeat function. The
initial delay is 500 - 750 msec and the repeat rate is 10 + -2 Hz. The
repeating key sends the make code.
Self test
The keyboard has a self test. The test includes processor ROM and
RAM checks and a check for stuck keys. The test is initiated by
sending code 78 (HEX) from the terminal equipment. In case of failure
code 79 (HEX) is transmitted, otherwise code 7A (HEX) is transmitted.

ECHCDDHHDDS

cjhhddddhdhccccc

n m m n ri rn m c m m m n n m
CD E H
H L’J □ H □ 0 0 □ □ □

□ □□□
□ □ □ □
□ □ □ □
□ DEC
r°n □ b
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Figure 8.2-1: Keyboard layout
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60
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41
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63

42
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43

65

44

45

66

b7

46

<.7

48

49

50

51

76

75

74

73

100
r-E9i

55

54

53

I 52

□ □ □ □ □ □ [j
]□ □ □ □ □ □ □ □ □ □ □ □ □ □ □ □ □
□□□ □
nnDnonnuDG
□ □□ □
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Figure 8.2-2: Keyboard codes
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8.2.3 Keylock switches
Up to four keylock switches can be connected to the keyboard. A
make-code is sent to the terminal equipment when the switch is closed
and a break-code when the switch is opened. Code assignment is
shown in fig. 8.2-2. The state of the keylock switches can also be asked
from the keyboard by sending code 7B (HEX) to the keyboard. In
response to that question the keyboard sends the corresponding make
or break codes about all the four keyswitches so that a make-code is
sent if the key is closed and a break-code if the key is open. The state
of keyswitch SW1 is sent first.
8.2.4 Magnetic card reader interface
A magnetic card reader (MCR) can be connected to the keyboard. The
MCR can read standard track 2 (ABA) contents (International
Standard ISO 3554: Credit cards — Magnetic stripe encoding for
tracks 1 and 2). The maximum number of characters on track 2 is 40.
The character code, which is numeric only, is a BCD 4-bit subset with
odd parity (P). The character set is shown below. The characters are
encoded on the card with least signifigant bit (bl) first and the parity
bit last.
The information format on track 2 is as follows:
1. Leading zero bits — Number of bits is not specified, they
must be discarded
2. Starting sentinel — 1 character, the first character to be
read
3. Data characters — 1-37 characters
4. End sentinel
— 1 character, the last character to be
read
— 1 character, an even bit parity
5. LCR
longitudinal parity check character.
Leading zeros are not included in the
check. LRC must be checked.
— Number of bits is not specified, they
6. Extra bits
must be discarded.
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STANDARD MAGNETIC CARD CHARACTER SET
p

b4

b3

b2

bl

Character

ASCII

1
0
0
1
0
1
1
0
0
1
1
0
1
0
0
1

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

0
1
2
3
4
5
6
7
8
9
ILLEGAL (:)
START SENTINEL (;)
ILLEGAL ( < )
SEPARATOR ( = )
ILLEGAL ( > )
END SENTINEL (?)

30 (HEX)
31
32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F

The characters from the magnetic card reader are sent in ASCII form
to the terminal equipment preceded with code 7C (HEX) and followed
by code 7D (HEX). If start sentinel or end sentinel is not found or if
there is a parity error, either character parity or longitudinal parity,
code 7E (HEX) is sent instead of the erroneous character. End sentinel
should be found within the first 39 characters.
8.2.5 Terminal equipment interface

The keyboard is connected to the terminal equipment via serial
interface. Serial input to the keyboard is used to initiate the self test
routine (code 78 HEX) and to ask for the keylock switch status (code
7B HEX). All other codes but 78 and 7B sent to the keyboard are
discarded. Serial output is used to transmit key codes, keylock switch
codes, magnetic card data and self test results to the terminal
equipment. By setting a special BUSY signal active the terminal
equipment can prevent the keyboard sending data. In this case the
keyboard must store at least eight latest key codes. The BUSY line is a
bidirectional signal, and the keyboard must set this line active while it
is sending data. With the help of the bidirectional BUSY signal and the
open-collector type DATA OUT signal, a bus type interface is
generated so that several keyboards with similar interface can be
connected to the same terminal equipment connection.
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8.3 INTERFACE SPECIFICATIONS
8.3.1 General description

The Nokia PC keyboard includes three interfaces to external devices,
namely the terminal interface, the keylock switch interface and the
magnetic card reader interface. The general principle of these interfaces is shown in figure 8.3-1.
MAGNE TIC
Caro
READER
INTERFACE

am/qmron
proc

BUSY
GND

Figure 8.3-1: Keyboard interfaces
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8.3.2 Power supply
The supply voltage of the keyboard is + 12 VDC + - 10 % . The needed
current is 200mA max.
8.3.3 Terminal equipment interface
Data out
Data is transmitted at a rate of 9600 bps. Each bit is 104 us + - 2% in
duration. Total time for each character is 1,15 ms + - 2 % . Data
format is one start, 8 data, even parity and one stop bit. Data format
is shown in fig. 8.3-2.
logic 1:
logic 0:

2,4V min 2,6 mA sourcing
0,4 V max 8 mA sinking

Output is equipped with 470 ohm pull-up resistor to +5V.

1 I I I I I I I I I II
i

bO b l

b2 b3 b4 b5 b6 b7

L
stop
I
I— p a r i t y

L start
Figure 8,3-2: Transmitted

data format

Data in
Data is transmitted at a rate of 9600 bps. Each bit is 104 us + - 2% in
duration. Total time for each character is 1,15 ms + - 2 % . Data
format is one start, 8 data, even parity and one stop bit. DATA IN is
separated from RCP-signal with CLS signal. INT is caused by DATA
IN if CLS is high (see fig. 8.3-1).
logic 1:
logic 0:

2,4 VDC min 3 mA sourcing
0,4 VDC max 12 mA sinking
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Busy
The keyboard checks before transmission if BUSY is active (logic ”1”).
The keyboard buffers keystrokes in its memory until BUSY goes
inactive (logic ”0”). When BUSY is inactive, the keyboard sets it active
and starts transmission. After transmission the keyboard sets BUSY
inactive (see fig.8. 3-3).
logic 1:
logic 0:

0,4 VDC max 8 mA sinking
2,4V min 2,6 mA sourcing

Output is equipped with 470 ohm pull-up resistor to +5V.

BUSY
DATA OUT
Ready to transmit (eg)
[
Transmission enabled
[
Line reserved by keyboard
[
Transmission
|
|
Line released

Figure 8.3-3: Transmission

cycle

Connector
The connector is of type AMP MOD II 825437 or equivalent (6 pins,
one center pin removed).
8.3.4 Keylock switch interface
The keylock switch connects the corresponding pin on the keylock
switch interface to ground when the switch is closed, and the pull-up
resistor on the keyboard connects the corresponding pin to + 5V when
the switch is opened. Contact debounce time is 100 msec maximum.
Key matrix scanning can be interrupted when this debounce time is
checked. The connector is of type AMP MOD II 825437 or equivalent
(5 or 6 pins).
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8.3.5 Magnetic card reader interface
Data is transferred with three signals, namely RCP (Read Clock
Pulse), RDP (Read Data Pulse) and CLS (Card Loading Signal).
Either American Magnetics or Omron type readers can be used. These
readers differ in signal polarities, and that’s why a different interface
program must be provided for each reader. Selection is done with
signal AM/OMRON.
American Magnetics’ interface:
American Magnetics’ magnetic card reader interface signals are shown
in fig. 8.3-4. Data (RDP) must be read at the raising edge of the strobe
signal (RCP). Data polarity is positive(logic ” 1 ” > = 2,5 VDC). Interface signals are low power Schottky TTL compatible. Power is
supplied to the reader from the keyboard. Power requirements are
5 VDC + - 5 % 10 mA max
Ripple voltage < 50 mV peak to peak.
In case of American Magnetics interface the signal AM/OMRON is
connected to + 5 V .

CLS
RDP
RCP
8us min
(50us typical)

Figure 8.3-4: American

Magnetics signals
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Omron interface:
Omron magnetic card reader signals are shown in fig. 8.3-5. Data
(RDP) must be read at the falling edge of the strobe signal (RCP).
Data polarity is negative (logic ”1” < = 0,4 VDC). Power requirements are
5 VDC + - 5<7o 25 mA max
Ripple voltage < 100 mV peak to peak.
In case of Omron interface the signal AM/OMRON is connected to
GND.
Data reception from the magnetic card reader is started from the first
strobe (RCP) pulse if signal CLS is low. (If CLS is high, the interrupt
is caused by DATA IN signal). Normal keyboard operation is halted
during magnetic card read-operation, and the keyboard status is
restored to the initial (power up) state when the read operation is
completed. Data reception from the magnetic card reader is in
operation as long as CLS signal is low.

CLS
RDP
0

0

RCP
50us-lms

Figure 8.3-5: Omron signals
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8.4 MECHANICAL SPECIFICATIONS
The keyswitches are low-profile (18,5 mm) and actuator feedback is
linear.

8.5

ENVIRONMENTAL REQUIREMENTS

Storage and transport:
temperature -40°C to +52°C
relative humidity 20% — 90%
shock 20 G
vibration 2 G (10 — 100 Hz)
Operating environment:
temperature +15°C to +40°C
relative humidity 20% to 80%
shock 1 G
vibration 0,2 G (10 — 100 Hz)
static electricity spark 7 kV; E = 2 mJ

Chapter 9
MDU15 Display Unit

9.1 General Description
9.2 Signals

2 — Display

9.1 GENERAL DESCRIPTION
The MDU15 monochrome display unit is a high quality monitor with
15 inch screen diagonal. Because the refresh rate can be 71 Hz, it can
produce flicker-free black characters on the white background. In
graphics mode a resolution of 800 x 420 pixels can be used.
The stand of the monitor is adjustable. It can tilt + /- 15 degrees and
swivel 30 degrees in both directions. The screen is etched for the
non-glare effect.
The monitor is connected to the system unit with a multi-wire cable.
All the signals and the needed electricity for the monitor is supplied by
the system unit via this cable, thus the monitor doesn’t need own line
cord. The keyboard is connected to the system unit via the MDU15.
The 5-pin female keyboard cord connector resides behind the monitor.
The controls in the front panel are the brightness and contrast
adjustments.
It is possible to switch off the screen, when the operation is not
continual (stand-by mode). Thus the life of the CRT can be expanded.

9.2 SIGNALS
Monitor is driven with following ECL-signals:
VDO
-VDO
DIM
-DIM

videosignal
inverted videosignal
dual intensity
inverted dual intensity

and with following TTL-signals:
HSYN
VSYN
F1/F2
ST
COMP

horizontal sync pulse
vertical sync pulse
operating mode
stand by — mode
complementation of video

The needed supply voltage is 30 V + /- 10% 1.2 A .
The operating mode is:
line frequency 32 kHz, vert, frequency 71 Hz

