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The Product

PIOC, the Programmable Input Output Controller is an
ND— 100 interface card capable of handling A full
duplex serial communication lines. The hardware is
built around an MC 68000 microprocessor and 128 Kbytes
of Random Access Memory (RAM) with error correction
logic.

The Reader

The manual is intended for hardware engineers and
other personnel performing maintenance on ND products.

Prerequisite Knowledge

Basic knowledge of the ND—100 computer system is
recommended. This knowledge can be obtained by '
attending NORSK DATA courses and by studying NORSK
DATA manuals.

The Manual

The manual contains 6 chapters and U appendices.
Chapter 1 contains an introduction and gives some
specifications. Chapter 2 explains the PIOC ND-100
communication and chapter 3 the Local Interrupt.
Chapter A describes the memory and chapter 5 the Local
I 0. Chapter 6 contains the logic diagrams.

Appendix A describes the interrupt controller,
appendix B the DMA controllers, appendix C the timing
controller and appendix D the serial controllers.

NOTE:

The figure numbers in the appendices are applicable to
the particular appendix.

ND-02.003.0T
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INTRODUCTION

1 INTRODUCTION

1.1 General

The Brogrammable Input Qutput Controller - PIOC e is designed and
built around an MC 68000 microprocessor and 128 Kbytes of Random
Access Memory (RAM).
The purpose of the PIOC is to relieve the ND-100 of the low level
handling of the serial controllers thus giving better performance.
The PIOC consists .of 1 ND—100 interface card capable of handling A
full duplex serial communication lines. All serial channels may
exchange data simultaneously with local RAM via Direct Memory Access
(DMA): The RAM is also accessible directly from the ND—100 as an
ordinary RAM module. The microprocessor may also be programmed for
complete communication protocols such as the CCITT X.25.

1.2 Specifications

Number of serial lines................. A full duplex

Local Processor........................ MC 68000.

Local Memory........................... 128 Kbyte EDAC DRAM
8 Kbyte EPROM

Clock Ereouency ..... ... ..... ........... 8 MHZ

Electrical Levels...................... RS 232C (V—24/28)
RS U22 (V11/X.27)

Serial Modes................ ...... ..... Asynchronous
Binary Synchronous
HDLC and SDLC

Serial Bit Rate........................ 800 Kbit/s maximum
depending on local
processing

1.3 Local Processor

The local PIOC processor is a standard MC 68000 16 bit microprocessor
running at 8 MHz.
The basic control signals of the microprocessor, HALT and RESET, are
directly set by the ND—100. They will also be set when the power goes
down. When the HALT and RESET signals are switched off, the processor
will fetch the system stack pointer and the restart address from the
first 8 bytes of EPROM memory.
The MC 68000 is described in detail in the "MC 68000 16 bit
microprocessor users guide" by Motorola.

ND-02.003.01
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PIOC HARDWARE REFERENCE MANUAL 3
PIOC ND-1OO COMMUNICATION

2 PIOC ND—1OO COMMUNICATION

The 128 Kbytes of the PIOC RAM is accessible from the ND-1OO as any
other memory bank. .
The position of the PIOC RAM in the address space of the ND—1OO (Bank
Number)-may be changed in steps of 128 Kbytes with two thumbwheel
switches on the PIOC.
The Bank Number can be read back to the ND—1OO via an IOX instruction.

The common memory allows a simple and effective communication between
the PIOC and' the ND-100. Messages can be transferred via special
mailbox areas in RAM.

This requires a synchronization mechanism in software and some kind of
attention line in each direction between the processors.
In PIOC, the attention line to ND-1OO is an interrupt, (level 12)
which is set by any access from the PIOC CPU in the SCIP address (see
table 5.6). '
In the opposite direction, ND~100 can send two different interrupts to
PIOC by setting bits 2 and 7 in the PIOC control word. There is also a
very high level interrupt from ND-1OO to PIOC intended for situations
when normal PIOC/ND—1OO communication cannot be used. Each PIOC has a
control word which is set directly by ND-1OO (IOX PIOC + 3) and a
status word that can be read back (IOX PIOC + 2).

2.1 PIOC Control Word

IOX PIOC +3 % Write Control Register

MSB LSB

15 1M 13 12 11 1O 9 8 7 6 5 U 3 2 1 O

BIT O : 1 - ENABLE FOR SCIP INTERRUPT
BIT 2 : 1 — SET ND CALLING INTERRUPT
BIT 3 : 1 - START OPCOM
BIT U : 1 - RESET
BIT 5 = 1 - HALT
BIT 6 : 1 - POWER LOW
BIT 7 : 1 — SET ND READY INTERRUPT
BIT 8 : 1 - DISABLE CHECK BIT WRITE

Table 2.1 PIOC Control WORD

A Master Clear pulse from the ND—1OO (or power on) will set the local
RESET and HALT signals in PIOC and local I/O will be reset.
To start opration, the MC 68000 requires an IOX PIOC + 3 command with
RESET and HALT off.

ND—02.003.01
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0PIOC ND-1 O COMMUNICATION

2.2 PIOC Status Word

IOX PIOC + 2 % Read Status Register

15 14 13 12 11 1O 9 8 7 6 5 4 3 2_ 1 O

BIT O = 1 - STATUS CHANGE IN PIOC INTERRUPT ENABLED
BIT 2 : 1 - STATUS CHANGE IN PIOC (SCIP)
BIT 4 : 1 - PIOC RESET ON
BIT 5 : 1 - PIOC HALTED
BIT 8—15 READS BACK BANK NUMBER OF THE COMMON MEMORY

Table 2.2 PIOC Status Word

2.2.1 Switch Settings

There are 3 thumbwheels on the P100. One of these (position 12 J) is
for selection of P100 number, with corresponding device number and‘
identification number and the remaining.two thumbwheels will select
which Bank Number the PIOC occupies in the address range of ND—100.

PIOC number Device number Ident code
(Octal) (Octal)

0 140020 140002
1 140024 140003
2 140030 140004
3 140034 140005
4 140040 140006
5 140044 1”0007

Table 2.3 Standard PIOC Device Number

NOTE: PIOC number equals setting of thumbwheel 12J

Bank number is selected with the thumbwheels in position 7J and 9J
with 7J being most significant. Resulting Bank Number is:

7J setting * 16 + 9J setting : Bank Number
The lowest address in PIOC seen from ND-1OO will be:
7J setting * 2048K + 9J setting * 128K : Lower PIOC address

(bytes)
If 7J is set to 2 and 9J is set to 3 then:
Bank Number : 2 * 16 + 3 = 35
Lower PIOC address = 2 * 2048 + 3 * 128 : 4480 Kbytes

ND-02.003.01
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O “H INTERRUPTl“
3 LOCAL INTERRUPT

The basic interrupt facilities of the local MC 68000 processor with 8
basic levels, are expanded with 8 sub-levels on level 3.

The expansion is performed by an AM 9519 interrupt controller which is
fully described in appendix A.
Each PIOC interrupt is identified by a unique vector.

(Highest) Level POWER Low
OPCOM
MEMORY ERROR
SERIAL INPUT
INPUT OMA ERROR
OUTPUT DMA FINISHED
REAL TIME CLOCK
ND—100 CALLING
ND-TOO READY
SINGLE MEMORY ERROR
COMMUNICATION CONTROLLER RESET
WRITE PROTECT VIOLATION
SERIAL OUTPUT
SPARE
SPARE
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Table 3.1. PIOC Interrupt Levels

Level 7: The Power Low interrupt is generated on the leading edge
of the ND-TOO Master Clear signal, which may be caused by
ND-lOO program, operators push—button or by a detected
power failure.
Internal PIOC Reset is delayed 50 microseconds after
Master Clear, enabling the MC 68000 registers to be saved
in memory.

Level 6: OPCOM interrupt is directly set by bit 3 in the control
IOX word from ND—100 to PIOC.
It must be reset by reading the PIOC OPCL address (see
table 5.6). .
OPCOM interrupts are intended for actions with higher
priority than the normal PIOC/ND—lOO communication.

Level 5: The Memory Error interrupt is always generated when a
double memory error is detected and on single memory
errors when error logging is enabled.

ND-02.003.01
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Level A:

Level 3.7:

Level 3.5:

Level 3.“:

PIOC HARDWARE REFERENCE MANUAL
LOCAL INTERRUPT

Serial Input interrupts are generated directly by the
input Serial Line controllers. The two input controllers
($10 0 and 2) are daisy chained. The devices also have an
internal daisy chain giving the following prioryty on
interrupt level u:

Highest: SIO 0 input A PIOC input channel O
810 0 output A (normally not used)
SIO O ext/status A (status signals)
810 0 input B PIOC input channel 1
810 0 output B (normally not used)
SIO O ext/status B (statuus signals)
$10 2 input A PIOC input channel 2
SIO 2 output A (normally not used)
810 2 ext/status A (status signals)
$10 2 input B PIOC input channel 3
SIO 2 output 8 (normally not used)
810 2 ext/status B (status signals)

The Input DMA Error interrupt is set when the word counter
advances from O to -1, indicating that the allocated
memory space is taken. '

RTC interrupts are generated by the timing controller. The
frequency is software selectable..

ND—lOO calling interrupt is set directly by bit 2 in the
ND~1OO to PIOC control word IOX. It is intended as the
"wake—up" signal in normal ND-TOO to PIOC communication.

ND—02.003.0T
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LOCAL INTERRUPT

Level 3.3:

Level 3.2:

Level 3.1:

Level 3.0:

Level 2:

ND—100 ready interrupt is set directly by bit 7 in the ND-
100 to PIOC control word IOX.

Single memory error is set by all corrected (single)
errors, even if error logging is not enabled.

The Communication Lines Reset interrupt is set when the
line controllers are reset by the common watch—dog or when
they are reset by ND—1OO or MC 68000.

The Write Protect Violation interrupt is set when MC 68000
user or input DMA attempts writing in a protected area. An
attempt by MC 68000 will also lead to bus error, while an
attempt by a DNA controller will set interrupt level 3.7.

Serial Output interrupts are generated directly by the
output serial line controllers. The two output controllers
(SIO 1 and 3) are daisy chained. There is also an internal
interrupt daisy chain giving a total interrupt chain on
level 2 as follows:

Highest: SIO 1 input A (normally not used)
SIO 1 output A (PIOC output channel 0)
SIO 1 ext/status (status signals)
SIO 1 input B (normally not used)
SIO 1 output B (PIOC output channel 0)
SIO 1 ext/status B (status signals)
SIO 3 input A (normally not used)
SIO 3 output A (PIOC output channel 2)
SIO 3 ext/status A (status signals)
BIG 3 input 3 (normally not used)
SIO 3 output B (PIOC output channel 3)
SIO 3 ext/status B (status signals)

ND—02.003.01
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MEMORY

4 MEMORY

The PIOC memory consists of 4K X 16 bits EPROM with an access time of
#50 nanoseconds and 6AK X 22 bits error correcting dynamic RAM.

Because of the error correction, 1 wait state (125ns) is inserted in
memory read cycles and 2 wait states are inserted in memory write
cycles.
The EPROM is only accessible from MC 68000, while the RAM can be
accessed from ND—lOO and DMA as well. Access priority is shown in
table H.1.

(Highest) 1 ND~TOO
2 OUTPUT DMA
3 INPUT DMA

(Lowest) 4 MC 68000

Table U.1 Priority of P100 Bus Accesses.

Address: (Bytes) Use: Access from:
0 - 64K RAM ND—TOO, MC 68000*
6&K — 128K RAM ND-100, MC 68000*; DMA**
128K - 15296K Spare
15296K — 13298K Local I/0 MC 68000
15328K — 15336K ROM MC 68000
15360K — 15488K Protect Table MC 68000 supervisor
15U88K — 16256K Reserved
16256K

- 1638MK (RAM Image)

Table U.2 PIOC Address Space Utilisation

* : User write access depends on protect table.
** : Input DMA access depends on protect table.

The 128 Kbytes of RAM are also accessible in the upper part of the
address space from 16256K to 1638MK.
ND—TOO and DMA accesses actually makes use of these addresses.

ND-02.003.01
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4.1 Error Detection and Correction

A data word read from RAM will always go through a correction cycle.

Thus, a single bit error will not be noticed by the processor but the
data word in-RAM will still be wrong.

If error logging is enabled, the syndrome code and failing address
will be latched and interrupt is set. MC 68000 can then read the Error
Address and Syndrome registers, log the error and correct it.

2—bit errors will always be latched and interrupt will be set even if
error logging is not enabled. Software has to decide if processing has
to stop or not in the case of double errors.

When one error has been latched the syndrome code has to be read
before another error can be latched.

If a double error is detected during an ND—100 access in the common
memory, the signal MERR will be given back to the ND—100 together with
databits 16 and 17. This indicates parity errors in both bytes. Single
errors will not be noticed by the ND—100 but may be logged by MC
68000.

Together with the 6 syndrome bits, 2 bits will be latched indicating
that the ND—100 or DNA performed the failing access. If none of these
bits are set, the access is done by the local processor.

Testing of the error correction logic is possible from the ND—100
using bit 8 of the PIOC control word (Disable Check Bit Write). A test
pattern is first written in memory with control bit 8 : 0 as usual.
Control bit 8 is then set to 1 and another testpattern is written over
the first one. The memory will now contain the data bits of the last
test pattern and the check bits of the first test pattern.
In this way different memory errors may be simulated.

LSB

9 8 7 6 5 U 3 2 1 0

Fig. H.1. Syndrome Register (Syren)

ND—02.003.01
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_ Bit 7 Bit 6 Error Access by:

0 0 ND—100
1 0 DMA
1 1 MC 68000

Table M.3. Error Access Codes

Syndrome Code Bits Failing Bit Number

110100
110010
110001
101100
101010
101001
100101
100011
011100
011010
010110
010101
010011
001110
001101
001011
111110
111101
111011
110111
101111
011111
111111

0
1
2
3
4
5
6
7
8
9
1O
11
12
13
1“
15
16 (2 CB
17 (: CB
18 <: CB
19 (2 CB
20 (: CB
21 (: CB
NO ERROR

Table M.u. Error Syndrome Table

ND-02.003.01
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”.2 Write Protection

The RAM memory has a protection system that may protect against
writing from input DMA and from MC 68000 user. The protection is
divided into segments of 128 bytes. Write access to a segment is
obtained by. writing 001 in a word with address in the segment
concerned + 1536OK. Writing 0 in the word will protect from writing.
Attempted write in a protected area will lead to time-out of the bus
cycle, BUS ERROR and interrupt 3.0.

15360K ...... “"'-"'-1536
+1536

0 protected “"“+
15360K ' ‘ ‘ ' " ' ‘ “ ‘ " 1408
+1408

1 open ""—'*
15360K ' ‘ ' ' “ ‘ ‘ “ ' “ 1280
+1280

0 protected ""“+
15360K ' ' ‘ ‘ “ ' ‘ ‘ ‘ “ 1152
+1152

0 protected """‘*
15360K ‘ ' ‘ ‘ . " ‘ ‘ “ ' “ 102A

‘ +102M

16128K "“ """"“0

Fig. M.2. Correspondence between Protect Table and RAM

NOTE: Write protect is set from the supervisor routine. Inquiries to
the protect table are ignored in user routines with access to
areas otherwise protected. This is used to give the user routine
access to the I/O system and all of the memory.

H.3 Power Failure

The refresh system and the memory array itself are connected to the
Stand—by power supply so that memory contents will be retained during
short periods of power failure. When loss of mains power has been
detected by the ND—100, the CPU will go through a Power Fail sequence
and activate the Master Clear. In PIOC this leads to a Power Low
interrupt and local PIOC Reset after a short delay (50 microcseconds).
During Power Low interrupt service routine, all registers in MC 68000
are saved.

ND—02.003.01
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5 LOCAL I/O

5.1 Internal DMA

In order to releave the PIOC CPU of data transport between local RAM
and serial controllers, each of the A serial lines has a dedicated DMA
channel for incoming data and another for output.
The DMA system is based on 2 AM9517 u—channel DMA controllers
(described in detail in appendix B). For priority reasons one of the
controllers contains all the input DMA channels while the other is for
output only.

Each DMA transfer moves 1 byte of data and occupies the PIOC bus for
approximately 1,6 microseconds. Maximum bytecount and address range is
64 Kbytes. DMA can only access the upper half of the PIOC RAM.

5.2 Timing Controller

The PIOC timing functions are carried out in an AM9513 System Timing
Controller containing 5 programmable 16 bit counters.
This circuit is described in detail in appendix C. Channel 1 of the
device is used as PIOC real time clock while channels 2 to.5 are used
as baud rate generators for the 4 PIOC serial lines.
Any practical baud rate and RTC frequency may be selected by proper
programming of the AM9513. Input signal to the controller comes from a
standard “,9152 MHz oscillator.

5.3 Serial Lines

The serial line interface consists of U identical parts and can handle
A full duplex channels. The line controllers can be programmed for
synchronous or asynchronous transfer and can handle bit oriented
(HDLC/SDLC) or byte oriented protocols.
Description and programming specifications for the serial controllers
(ZSO-SIO) is found in appendix D.

In order to obtain DMA transfer of data in both directions and to
divide between input and output interrupts, the A 2-channels SIO
circuits are configured as follows:
In 2 of the circuits only the input side is used while the outputs are
used only in the 2 remaining circuits. This leaves U unused inputs and
A unused outputs without DMA possibilities and with reversed interrupt
priority.

These channels have no separate connection to external lines but may
be used to connect and disconnct X.21 lines while the "main" channels
take care of the data transfer.
Therefore the extra channels are connected to the same data and clock
lines as the main channels. The outputs are "or'ed" together so that
if any of the twin lines are active, the line will be active (figure
6.3).

ND—02.003.01
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All A (main) channels are buffered for X—type (RSUZZ) and V—type
(R8232C) electrical levels. One PIOC will therefore have A plugs for
V—2u as well as U plugs for X-21.
V—type interface is automatically selected when the V~type external
cable is plugged in. The interface circuits used are listed in table
5.1.

Panel plug Modem plug Signal name
pin number pin number

8 8 Ground
A 4 Receive Data A

16 11 Receive Data B
6 6 Clock A

18 13 Clock B
5 5 Indication A

17 12 Indication B
2 2 Transmit Data A

14 9 Transmit Data B
3 3 Control A

15 10 Control B

Table 5.1 X.21 Interface Circuits

Panel plug Modem plug Signal name
bin number pin number

7 7 Ground
3 3 Receive Data

17 17 Receive Clock
5 5 Ready for Sending
6 6 Data Set Ready
8 8 Signal Detect
2 2 Transmit Data

15 15 Transmit Clock
4 4 Request to Send

20 20 Data Terminal Ready

Table 5.2 V-ZU Interface Circuits

ND—02.003.01
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In order to disconnect all active serial lines in case of system
failure, all u serial controllers and all X—type output buffers are
connected to a common Watch—Dog circuit.
Normally the PIOC CPU should do a write access with bit 1 set in the
WDOP address (table 6.4.3) every 0,5 seconds. The Watch-Dog will reset
the serial lines 1 second after the last access.

Depending on the transfer mode there are many different connection
schemes for receive and transmit clock. Cross connection of these
signals is therefore done in the external cable plug.
When the correct cable is plugged in, routing of the clOck signals is
done at the same time. If the internal Baud Rate Generators are used
the frequency must be software selected for each active channel.

The maximum baud rate for each channel is limited by the serial line
controllers to 800 Kbits/second. In most applications the practical
transfer rate will be much lower.
Even if the DMA circuits take care of the data transfer within the
frames, the MC 68000 will have to program a new base address and byte
count into the controller for each new frame or block of data.

Maximum line speed will then be decided by the delay between frames,
the interrupt handling in MC 68000 and total load on the MC 68000. 38
Kbits on U duplex lines is an early estimate.

Maintenance mode may be selected by software. Serial output is then
looped back to serial input of the same channel and internal baud rate
is automatically selected.
The serial output will also be connected to the line. RTS will be
looped back to RFS.

The X-type output signals may be disabled by a software command,
making software controlled multi—drop lines possible.

ND-02.003.01
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5.3.1 Modem Control Lines

Each serial controller has 2 inputs and 2 outputs that may be used as
modem control signals or as general purpose I/O lines. Table 5.3 shows
how these lines are used in the PIOC. When X—type electrical levels
(RS 422) are selected, the I-line corresponds to the RFS input and the
C-line corresponds to the RTS output; All X—type outputs of a PIOC
channel are disabled when DTR of the same channel is switched off.

PIOC PIOC SIO Signal Active
function channel number name . logic level

Request to send 0 1 RTS A 1
Ready for sending O 1 CTS A 1
Data terminal ready 0 1 DTR A 1
Data set ready 0 1 DCD A 1
Maintenance mode enable 0 0 RTS A 1
Ready for sending O O CTS A 1

O O DTR A 1
Signal detect 0 O DCD A 1

Request to send 1 1 RTS B 1
Ready for sending 1 1 CTS B 1
Data terminal ready 1 1 DTR B 1
Data set ready 1 1 DCD B 1
Maintenance mode enable 1 0 RTS B 1
Ready for sending 1 O CTS B 1

1 O DTR B 1
Signal detect 1 O DCD B 1

Maintenance mode enable 2 2 RTS A 1
Ready for sending 2 2 CTS A 1

2 2 DTR A 1
Signal detect 2 2 DCD A 1
Maintenance mode enable 3 3 RTS B 1
Ready for sending 3 3 CTS B 1

3 3 DTR B 1
Signal detect 3 3 DCD B 1

Request to send 2 2 RTS A 1
Ready for sending 2 2 CTS A 1
Data terminal ready 2 2 DTR A 1
Data set ready 2 2 DCD A 1
Request to send 3 3 RTS B 1
Ready for sending 3 3 CTS B 1
Data terminal ready 3 3 DTR B 1
Data set ready 3 3 DCD B 1

Table 5.3 Modem Control Lines
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LOCAL 1/0

5.3 PIOC Internal Device Numbers

Hardware System Byte address
function function (hex)

SIO-O Data A Input 0 Data EFOOOO
SIO-O Contr A Input 0 Control EFOOO8
SIO-O Data B Input 1 Data EFOO1O
SIO—O Contr 8 Input 1 Control EFOO18

SID-1 Data A Output 0 Data EFOO2O
SID-1 Contr A Output 0 Control EF0028
SIG—1 Data B Output 1 Data EFOOBO
SID-1 Contr 8 Output 1 Control EFOO38

SID-2 Data A, Input 2 Data EFOOUO
SIC—2 Contr A Input 2 Control EFOOM8
SID—2 Data B Input 3 Data EFOOSO
SID-2 Contr B Input 3 Control EFOOS8

SID—3 Data A Output 2 Data EFOO6O
SID—3 Contr A Output 2 Control EF0068
SID-3 Data B Output 3 Data EFOOYO
SIG-3 Contr B Output 3 Control EFOO78

Table 5.u PIOC Internal Device Numbers
Serial Line Controllers

ND—02.003.01



18 PIOC HARDWARE REFERENCE MANUAL
LOCAL I/O

Channel Function R/W Byte Address Byte Address
Input DMA Output DNA

0 Base Address R/W EFOO9O EFOOBO
0 Word Count R/W EFOOBO EFOOAO
1 Base Address‘ R/W EF0092 EFOOBZ
1 Word Count R/W EFOO82 EFOOAZ
2 Base Address R/W EFOOQM EFOOBA
2 Word Count R/W EF0084 EFOOAU
3 Base Address R/W EFOO96 EFOOB6
3 Word Count R/w EF0086 EFOOA6 _

Command/Status W EFOO98 ‘ EFOOB8
Mask Set/Reset W EFOOQA EFOOBA
Request reg. W EFOO88 EFOOAS
Mode reg. W EFOO8A EFOOAA
Temporary reg. w EFOO8C _ EFOOAC
Mask Write W EFOOBE EFOOAE
Clear FF ~W EF009C EFOOBC
Reset W EFOOSC . EFOOAC

Table 5.5 PIOC Internal Device Numbers
DMA Controllers

ND-02.003.0T



PIOC HARDWARE REFERENCE MANUAL 19
LOCAL I/O

Device: Function R/W Byte Address
(Hex)

Interrupt Controller: Data R/W EFOOCO
Interrupt Controller: Contr/Stat R/W EFOODO

. WP: Write protect EFOOEO

Timing Controller: Data R/W EFOlOO
Timing Controller: Contr/Stat R/W EF0101

OPCL: Clear 0pcom Interrupt EFOTZO

SYREN: Read Syndrome R EFOWUO

EAREN: Read Error Address R EF0160

SCIP: Set Interrupt to ND—100 W EFOTSO

ELSE: Error Log Select . W EFOTAO

W‘DOP: Trig Watchdog , — I EFOTCO

Table 5.6 PIOC Device Numbers
Miscellaneous Devices

5 H 3 2 1 O

ELSE: Error Log Select

Bit 1
Bit 1

0 : Disable Error Log
1 : Enable Error Log

Write Protection:
MC 58000: DMA:

*WRITE PROTECT
1 > WP > PROTECT OFF OUTPUT > NO restrictions

(All of memory accessible INPUT > Never to
by the MC 68000) protected area

0 > WP > PROTECT ON
(Supervisor access
User no access)

NOTE: Write protect is set from the supervisor. Inquiries to the
protect table are ignored in user routines with access to
areas otherwise protected. This is used to give the user
routine access to the I/O system and all of memory.

ND—02.003.01



20 PIOC HARDWAUE REFEDEN MANUAL
CAL 1/0(”

0
O

D
)

FFFFFF-’ 16384K /

7/ .

FEOOOO—> 16128K /

RESERVED

F1FFFF—t 15488K \‘\
@TECT

\€§\: EFQFFF\{ABL 7//
ROM

FOOOOO—t 15360KV/\ /% EF8000

5\ EFOOOO -> 15296K

z’ r,fii EFOZOO
I/O—

2% EFOOOO

01FFFF—> 128K /

7“DRA///
000000 -h

‘OC Address Space (Version L Bytes)r] H 0Q \n c: ’U H

ND-02.003.0‘t



"PIOC HARDWARE REFERENCE MANUAL. 21
LOCAL T/O

t———fi
_ I I Semal

A Qir._T__—____I O— I lire C)

erza- -xout, I _. j u
Cont.“ I I..___.._.'I —-I> I 9.5322

0 ’pvwir ‘ '
I

B ~Lcut)

Request; ' ‘ 1
lines I I

A 41ml
DNA ; Serial I r--—-1
Contr V Contr‘ __I..our._. ___._I <— I Serial

:5 1 I I line Y
4..(in)_..-.£ I.-...-I—(:

3 ._."{L_.__ouL—__¢..I I 332325
I —-. I 351122
s__..__1

,_......_.1
I I Serial

.‘ir—T—q #— I line 2A --+C::>
I —-§ I RSZBZC

Serial "(OUtW‘r—w I RS422
Contr . l—.—..—...J

2 I I
. 4in———.____._.

3 4?”);

Request I
‘f:es ‘ !

A‘ I
z A _(in)_J ,____fi
4—.___] I I I Serial

DNA ; Serial. ...ou ‘___I 4-— I line 3
Contr Contr‘ I I... .. 4G

3 4.__<:n)..._J I I aszzzc
ut—_.I —-§ I 251122

3 I...__J

Fig. 5.5. Block Diagram of Serial Controllers and DMA Controllers
(X—21 Auxiliary Channels are dotted)
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6.3 DMA and I/O Control
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The AM 9519A Universal
circuit.
The circuit provides a powerful interrupt structure that increases the
efficiency and the versatility of microcomputer based systems.

Interrupt Controller is a processor support

A single
resolves
response

AM 9519A manages up to 8 maskable interrupt request inputs,
priorities and supplies up to A bytes of fully programmable

for each input.
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2 REGISTER
i

AM 9519A Interrupt Controller Block Diagram
Usage in PIOC:

The interrupt controller must be initialized according to the PIOC
hardware. This implies active low polarity for GINT and IREQ and
single byte vector.
Correspondence between AM 9519A channels and PIOC interrupt levels is
shown below.

PIOC Interrupt Level AM 9519A Channel

Input DMA Error
Output DMA Finished
Real Time Clock
ND-lOO Calling
ND—lOO Ready
Single Memory Error
Comm. Controller Reset
Write Protect ViolationO
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REGISTER DESCRIPTION

interrupt Request Register (lRR): The 8~bit IRR is used to
store pending interrupt requests. A bit in the IRR is set
whenever the corresponding lREQ input goes active. Sits
may also be set under program control from the CPU.
thus permitting software generated interrupts. lRR bits
may be cleared under program control. An lRR bit is au-
tomatically cleared when its interrupt is acknowledged. All
lRR bits are cleared by a reset functionl

interrupt Service Register (lSR): The 8-bit lSR contains
one bit for each lREQ input. It is used to indicate that a
pending interrupt has been acknowledged and to mask all
lower priority interrupts. When a bit is set by the acknow-
ledge logic in the lSR, the corresponding IRR bit is
cleared. If an acknowledged interrupt is not programmed
to be automatically cleared. its lSR bit must be cleared by
the CPU under program control when it is desired to
permit interrupts from lower priority devices. When the
interrupt is programmed for automatic clearing, the ISR
bit is automatically reset during the acknowledge se-
quence. All lSR bits are cleared by a reset function.

Interrupt Mask Register (lMRl: The 8-bit lMR is used to
enable or disable the individual interrupt inputs. The IMR
bits correspond to the IREQ inputs and all eight may be
loaded. set or cleared in parallel under program control.
in addition, individual lMR bits may be set or cleared by
the CPU. A reset function will set all eight mask bits, dis-
abling all requests. A mask bit that is set does not disable
the lRR, and an lREQ that arrives while a corresponding
mask bit is set will cause an interrupt later when the mask
bit is cleared. Only unmasked interrupt inputs can gener-
ate a Group Interrupt output.

Response Memory: An 8 x 32 read/write response mem-
ory is included in the AmQSlQA. It is used to store up to
four bytes of response information for each of the eight
interrupt request inputs. All bits in the memory are pro-
grammable, allowing any desired vector, opcode. instruo
tion or other data to be entered. The Am9519A transfers
the interrupt response information for the highest priority
unmasked interrupt from the memow to the data bus
wnen the iACK input is active.

Auto Clear Register: The 8-bit Auto Clear register con~
tains one bit for each lREQ input and specifies the operat«
ing mode for each of the lSR bits. When an auto clear bit

Appendix A
INTERRUPT CONTROLLER

is off, the corresponding lSR bit is set when that interrupt
is acknowledged and is cleared by software command.
When an auto clear bit is on, the corresponding ESR bit is
cleared by the hardware at the end of the acknowledge
seouence. A reset Function clears all auto Clear bits,

Status Register: The 8-bit Status register contains infor-
mation concerning the internal state of the chip. It is
especially useful when operating in the polled mode in
order to identify interrupting deVices. Figure 1 shows the
status register bit assignments. The polarity of the GlNT
bit 7 is not affected by the GlNT polarity control (Mode bit
status register bit assignments. Sits 50—32 are set asyn-
chronously to a status register read operation. it is recom-
mended to read the register twice and to compare the binary
vectors for equality prior to the proceeding with device ser-
vice in polled mode. The polarity of the GlNT bit 7 is not
affected by the GlNT polarity control (Mode bit 3). The Status
register is read by executing a read operation l€§ = 0, R8 = 0)
with the control location selected (0‘5 = 1).
Mode Register: The 8-bit Mode register controls the
operating options of the Am9519A. Figure 2 shows the bit
assignments for the Mode register. The five low order
mode bits {0 through 4) are loaded in parallel by com-
mand. Bits 5, 6 and 7 are controlled by separate commands.
{See Figure 4.) The'Mode register cannot be read out di-
rectly to the data bus, but Mode bits 0, 2 and 7 are available
as part of the Status register.

Command Register: The 8.bit Command register stores
the last command entered. Depending upon the com-
mand opcode, it may initiate internal actions or precondi-
tion the part for subsequent data bus transfers. The
Comrria_nd register is loaded by executing a write opera-
tion (WR = 0) with the control location selected (C5 = l).
as shown in Figure 3.

Byte Count Register: The length in bytes of the response
associated with each interrupt is independently program-
med so that different interrupts may have different length
responses. The byte count for each response is stored in
fight Zbit Byte Count registers. :"or .5 given .nterrupt Lite
Am9519A will expect to receive a number of IACK bulges
that equals the corresponding byte count, and will hold RIP
low until the count is satisfied.

ND—02.003.0l
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S7 56 55 $4 S3 52 $1 $0

L— ainarv vector indicating the
number or the highest priority
unmasked bit that iS set an iRR.
Valid only when S7 = O

Vlaster Masx Bit
0 Chip disarmed
‘i Chip armed

interrupt Mode
0 Interrupt
I Polled

Priority Mode
0 Fixed
l Rotating

Enable Input
0 Chip disabled
1 Chip enabled

Group Interrupt
I No unmasked

IRR bit set
0 At least one unmasked

[RR bit set

rigure 1. Status Register Bit ASSignments. M05025

M7 M6 M5 M4 M3 M2 M1 M0

r i

l ‘— Prioritv Mode
0 ’:IXEC

Rotating

Vector Selection
0 Individual vector
l Common vecwr

I
l

l

l

L..— Interruot Mode
0 Interrupt
I Polled

GINT Polarity
0 Active low
l Active hign

IREQ Polarity
0 Active low
I Active high

Register PreseleC‘lion
00 Interrupt service register
01 Interrupt mask register
10 Interrupt request register
II Auto clear register

Master Mask Bit
0 Chip disarmed
1 Chip armed

Figure 2. Mode Register Bit, Assignments. MOS-026

FUNCTIONAL DESCRIPTION

lnterrupts are used to improve system throughout and re-
sponse time by eliminating heavy dependence on
software polling procedures. Interrupts allow external de-
vices to asynchronously modify the instruction sequence
of a program being executed. In systems with multiple in-
terrupts, vectoring can further improve performance by al—
lowing direct identification of the interrupting device and
its associated service routine. The AmQSiQA Universal Inter-
rupt Controller contains. on one chip, all of the circuitry
necessary to detect, prioritize and manage eight vectored
‘nterrupts. it includes many options and operating modes
that permit the design of sophisticated interrupt systems.

Reset

The reset function is accomplished by software command
or automatically during power-up. The reset command
may be issued by the CPU at any time. Internal power up
circuitry is triggered when VCC reaches a predetermined
threshold, causing a brief internal reset pulse. in both
cases. the resulting internal state of the machine is that all
registers are cleared except the Mask register which is
set. Thus no Group interrupt will be generated and no in-
terrupt requests will be recognized. The response memory
and Byte Count registers are not affected by reset. Their
contents ar’ter power—up are unpredictable and must be
established by the host CPU during initialization.

Operating Sequence

A brief description of a typical sequence of events in an
operating interrupt system will illustrate the general interac-
tions among the host CPU, the interrupt controller and the
interrupting peripheral.

1. The AmQSlQA controller is initialized by the CPU in
order to customize its configuration and operation for
the application at hand. 80th the controller and the
CPU are then enabled to accept interrupts.

2. One (or more) of the interrupt request inputs to the
controller becomes active indicating that peripheral
equipment is asking for service. The controller asyn»
chronously accepts and latches the requestlsl.

3. If the request is masked, no further action takes place.
If the request is not masked, a Group Interrupt output
is generated-by the controller.

4. The GlNT signal is recognized by the CPU which nor-
mally will complete the execution of the current in-
struction, insert an interrupt acknowledge sequence
into its instruction execution stream, and disable its
internal interrupt structure. The controller expects to
receive one or more lACK signals from the CPU during
the acknowledge sequence.

5. When the controller receives the Tit—57(- signal, it brings
PAUSE low and selects the highest priority unmasked
pending request. When selection is complete, the RIP

output is brought low and the first byte in the response
memory associated with the selected request is output

on the data bus. PAUSE stays low until RIP goes low-FillS
stays low until the last byte of the response has been
transferred.

6. During the acknowledge sequence, the IRR bit corre-
sponding to the selected request is automatically
cleared, and the corresponding ISR bit is set. When the
ISR bit is set, the Group Interrupt output is disabled until
a higher priority request arrives or the 188 bit is cleared.
The lSR bit will be cleared by either hardware or
software. '

7. If a higher priority reqUest arrives while the current re
quest is being serviced, GlNT will be output by the con‘
troller, but will be recognized and acknowledged only if
the CPU has its interrupt input enabled. If acknowledged,
the corresponding higher priority ISR bit will be set and
the requests nested.

ND-O2.003.0i
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lnformation Transfers

Figure 3 shows the control signal configurations for all
‘ information transfer operations between the Am9519 and
the data bus The following convention__s are assumed: RD
and WR active are mutually excl usive: RD WR and C D have
no meaning unless C—S Is low; active IACK pulses occur only
when as is high.
For reading, the Status register is selected directly by the
GE control input. Other internal registers are read by pre-
selecting the desired-register with mode bits 5 and 6, and
then executing a data read. The response memory can be
read only with lACK pulses. For writing, the Command
register is selected directly by the 0'5 control input, The
Mask and Auto Clear registers are loaded following
specific commands to that effect. To load each level of the
response memory, the response preselect command is is-
sued to select the desired level. An appropriate number of
data write operations are then executed to load that level.

l CONTROL lNPUT ,
L=~—=—==~==:===rl DATABUS
CSiGDiRDIWRlMCKI opeaAnON

i E Transfer contents of
preselected data register
to data bus
Transfer contents of data bus 5
to preselected data register

, ‘ Transfer contents of status l
i : _ register to data bus l

: , 1 Transfer contents of data
5 bus to command register

Transfer contents of selected
response memory location
to data bus

No information transferred

Figure 3. Summary of Data Bus Transfers.

The Pause output may be used by the host CPU {0 ensure that
propertiming relationships are maintained with the AmQSlgA
when m is active. The W pulse width required depends
on several variables. including: operating temperature, in-
ternal logic delays, number of interrupt controllers chained
together, and the priority level ofthe interrupt being acknow-
ledged. When delays in [these variables combine to delay
selection of a request following the falling edge of the____first
IACK the Pause output may be used to extend the IACK
pulse, if necessary. Pause will remain low until a requfit
has been selected, as indicated by the falling edge of RlP.
Typically, the internal interrupt selection process is quite
fast. especially for systems with a single Am9519A and Pause
will consequently remain low for only a very brief interval
and will not cause extension of the IACK timing.

Operating Options

The Mode register specifies the various combinations of
operating options that may be selected by the CPU. it is
cleared by power~up or by a reset command.
Mode bit 0 specifies the rotating/fixed priority mode (see
Figure 2), in the fixed mode, priority is assigned to the re-
quest inputs based upon their physical location at the
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chip interface, with lREQO the highest and lFiEQ7 the low-
est. In the rotating mode, relative priority is the same as
for the fixed mode and the most recently serviced request
is assigned the lowest priority. In the fixed mode, a lower
priority request might never receive service if enough
higher priority requests are active. In the rotating mode,
any request will receive service within a maximum of
seven other sen/Ice cyc2es no matter what pattern the re-
quest inputs foilow.

Mode bit l selects the individual/common vector option.
individual vectoring provides a unique location in the re-
sponse memory for each interrupt request. The common
vector option always supplies the response associated
with lREQO no matter which request is being acknow-
ledged.

Mode bit 2 specifies interrupt or polled operation. In the
polled mode the Group Interrupt output is disabled. The CPU
may read the Status register to determine if a request is
pending. Since {At—CZ? pulses are not normally supplied in
polled mode, the lFlFl bit is notautomatically cleared, but may
be cleared by command. With no lACK input the lSFi and the
response memory are not used. An Am95l9A in the polled
mode has El connected to EC so that in multichip interrupt
systems the polled chip is functionally removed from the
priority hierarchy.

Mode bit 3 specifies the sense of the GlNT output. When
active high polarity is selected the output is a two-state
configuration. For active low polarity, the output is open
drain and requires an external pull-up resistor to provide
the high logic level. The open drain output allows wired-
or configurations with other similar output signals.
Mode bit 4 specifies the sense of the IREQ inputs. When
active low polarity is selected, the lRR responds to falling
edges on the request inputs When active high is selected,
the lRR responds to rising edges

Mode bits 5 and 6 specify the register that will be read on
subsequent data read operations (0‘5 = 0. P5 = O). This
preselection remains valid until changed by a reset or a
command.

Mode bit 7 is the master mask bit that disables all request
'nouts. ',t :3 used to disable all interrupts .vithout 'nooify—
ing the ”MR so that the previous lMR contents are valid
when interrupts are re-enabled. When the master mask bit
is low, it causes the E0 line to remain disabled (lowl.
Thus, for multiple-chip interrupt systems, one master
mask bit can disable the whole interrupt structure. Alter-
natively, portions of the structure may be disabled. The
state of the master mask bit is available as bit 83 of the
Status register.

Programming

After reset. the Am95l9A must be initialized by the CPU in
order to perform useful work. At a minimum, the master
mask bit and at least one of the IMR bits should be en-
abled. lf vectoring is to be used, the response memory
must be loaded: if not. the mode must be changed to a
non-vectored configuration. Normally, the first step will
be to modify the Mode register and the Auto clear regis-
ter in order to establish the configuraton desired for the
application. Then the response memory and byte count
will be loaded for those request levels that will be in use.
Finally, the master mask bit and at least portions of the
lMR will be enabled to allow interrupt processmg to pro-
ceed.

ND—02.003.0l
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Interrupt Controller Programming Example:

MODULE PER-IN % PERIPHERAL INITIALISATION

CONSTANT INCD = EEOOCOR % DATA ADDRESS
CONSTANT INCC = EFOODOH T CONTROL ADDRESS
%
% INTERRUPT CONTROLLER PARAMETERS
d
p

BYTES : INPART :: (&
3OOB ,& % AUTO CLEAR POINTER
376B ,& % AUTO CLEAR DATA
3u0E ,& % CHANNEL 0 VECTOR POINTER
107B ,& % DMA INPUT VECTOR
3A1 ,& A
1068 ,& A DNA OUTPUT VECTOR
3A2E ,&
1058 ,& % RTC VECTOR
3A3B ,&
TOME ,& % NORD CALLING VECTOR
3AAE ,&
103B ,& % NORD RDY VECTOR
BASE ,&
102B ,& % SEE VECTOR
346E ,&
101B ,& % ZMCL VECTOR

INTERRUPT CONTROLLER INITIALISATION:
THE INTERRUPT CONTROLLER (LEVEL 3) IS INITIALIZED,
AND LEVELS 1 TO 7 ARE ENABLED.$2

15
1t

ROUTINE SPECIAL VOID,VOID:INTC-IN

LABEL : INTCl

$* MOVE.L #INCD,AO
$* MOVE.L #INCC,A1
$* MOVE.w #OFFOOH,(A1) z RESET
$* MOVE.w #OOO7H,DO % SET TABLE LENGTH
$* LEA INPART,AA
$* MOVE.E(AA)+,(A1) % LOAD REG. POINTER
$* MOVE.E(AA)+,<A0) %LOAD DATA
$* DBEQ DO,INTC1 % NEXT REG;
$* MOVE.w #0EE8OR,(A1) % SET MODE REG.
$* MOVE.w #0FFA1H,(A1) % ARM
$* MOVE.w #OEEEOR,(A1) % PRESELECT MASK REGISTER
$* MOVE.w #OFF01H,(AO) % SET MASK
$* RTS

ENDROUTINE
ENDMODULE
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Commands l8Y1 1 eye COUNT 1The host CPU configures, changes and inspects the internal 0 K O z 1 1 ,
condition of the Am9519A using the set of commands sh0wn - 1
in Figure 4. An ”X" entry in the tabie indicates a “don’t 0 1 ‘ 2 i 1care” state. All commands are entered by directly loading 1 O 3 fthe Command register as shown in Figure 3 (Cl—D- = kW 1 1 4 '
= 01 Figure 5 shows the coding assignments for the Byte
Count registers. A detailed descriotion of each command is Figure 5. Byte Count Coding.
contained in the AmQS‘iSA Application Note AMPU8~O71.

1 COMMAND cone 1 COMMAND ‘
' 7 l 5 ‘ 5 i 4 3 ‘ t 1 1 0 j DESCRIPTION

0 O O 1 O 1 O 0 O i 0 Reset ;g o o o 1 1 L o . 1 x , . Clear all IRR and all lMR bits
O i 0 E, O i 1 1 B2 5 81 3 80 ‘ Clear [RR and lMR bit specified by 82, 81, BO 1

' o E o 1 = o o ' x ; x 1 x 3 Clear aii lMR bits
1 O 1 O 1 i O 1 .1 82 1 81 f 80 Clear IMR bit specified by 82, B1, 80 .y
f O ‘ O 1 I 1 O X f X : X 1 Set all [MR bits ;

0 O ‘: 1 ‘ 1 82 - B1 ' 80 , Set [MR bit specified by 82, B1, 80
: O 1 O O 0 X , X Clear all IRR bits
1 O 1 O 1' O 1 82 81 ; BO , Clear lRR bit specified by 82, 81, 80o 1 o 1 1 o x , x i x 1 Set all lRR bits

0 i 1 i 0 3 1 1 82 l 81 ‘ 80 Set lRR bit specified by 82, 81, 80
0 1 1 O X X X ; X Clear highest priority [SR bit

1 E O 1 1 1 0 X X g X 1 Clear all lSR bits ;
‘ 1 0 1 , 1 1 1 . 1 82 81 g 80 : Clear lSR bit specified by 82. 81, BO
i 1 O 1 0 M4 M3 1, M2 . M1 _ MO , Load Mode register bits 0—4 with specified pattern

‘ x 1 O 1 0 1 M6 ; MS i O i O , Load Mode register bits 5, 6 with specified pattern
; 1 0 f 1 O 1 M6 M5 ; 0 l 1 Load Mode register bits 5, 6 and set mode bit 7
I 1 3 0 i' 1 O , M6 ; M5 : 1 1 0 ’ ‘ Load Mode register bits 5, 6 and clear mode bit 7

1 1 O 1 1 , 1 1 X 1 X X ' X 1 :lrJesselect IMR for subsequent loading from data
1 1 1 1 o o x X i x X Ejjieggcggi-Jntzactl:abrursegister for subsequent ;

K , 1 1 Load 5Y1, 8Y0 into byte count register and1 I 1 1 1 ’ 8Y1 8Y0 L2 L1 : L0 preselect response memory level specified by L2.
i l I 1 ‘ ; L1, L0 for subsequent loading from data bus

Figure 4. Am9519A Command Summary.
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EMA CONTROLLERS

The AM 9517 Multimode Direct
peripheral interface circuit for microprocessor systems.

system performance by allowing external
devices to transfer information directly to or from the system memory.
The AM 9517 contains 4 independant channels.

It is

3 basic transfer
channel can be

designed to

modes

improve

may be
automatically programmed to

original condition following an End of Process (EDP).

Each channel has

to

39

Memory Access (DMA) Controller is a

program selected by the user. Each
Autoinitialize its

64K address and byte count capability. An external
EOP signal can terminate a DMA trasnsfer.

BLOCK-DIAGRAM
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AM 9517 DMA Controllers Block Diagram

Usage in PIOC:

The DNA Controllers have to be initialized according to the PIOC
hardware configuration. In addition to the fixed transfer direction
for each .device plus DREQ and DACK polarities, normal timing and
extended write have to be selected.

Memory to memory cascade modes cannot be used. A programming
is shown at the end of this appendix.

example
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FUNCTIONAL DESCRIPTION

The Am9517A block diagram includes the mayor logic blocks and
all of the internal registers. The data Interconnection paths are
also shown. Not shown are the various control Signals between
the blocks. The Am95l7A contains 344 bits of internal memory
in the form of registers. Figure 2 lists these registers by name
and snows the size of eacn. A detaiied description of the regis-
ters and their iunctlons can be found under Register Description.

The Am9517A contains three DaSlC blocks of control logic. The
Timing Control block generates internal timing and external
control Signals for the Am9517A. The Program Command Con:
trol block decodes the various commands given to the Am9517A
by the microprocessor prior to sewicmg a DMA Request. It also
decodes each channel's Mode Control word. The Priority En-
coder block resolves pnorlty contention among DMA channels
requesting sewice Simultaneously.

The Timing Control block derives internal timing from the clock
input. in AmQOBOA systems this input will usually be the 02 TTL
clock from an Am8224. However. any appropriate system clock
will suffice.

DMA Operation

The Am95‘i7A is designed to operate in two malor cycles. These
are called idle and Active cycles. Each devtce cycte ls made uo
of a number of states. The Am9517A can assume seven sepa-
rate states. each composed of one full ClOCK period. State 1 (St)
is the inactive state. lt is entered when the Am9517A has no
valid DMA requests pending. While in St. the DMA controller ls
inactive but may be in the Program Condition. being program-
med by the processor. State 0 (SD) is the first state of a DMA
serVice. The Am9517A has requested a hold but the processor
has not yet returned an ackn0wledge. Ah acknowledge from the
CPU will Signal that transfers may begin. Si. 52. S3 and 84 are
the working states of the DMA serwce. if more time is needed to
complete a transfer than ls available with normal timing. wait
states (SW) can be inserted before 84 by the use of the Ready
line on the Am9517A. '
Memory—to‘memory transfers require a read-from and a
write-io~memory to complete each transfer. The states, which
resemble the normal working states. use two digit numbers for
identification. Eight states are reduired for each complete
17353732 $1
the read-trom-memory half and the last four states (821, 822,
$23 and $24) for the write-to~memory half of the transfer. The
Temporary Data register is used for intermediate storage of the
memory byte.

IDLE Cycle

When no channel is requesting service. the Am95‘l 7A will enter
the Idle cycle and perform "81" states. in this cycle the
Am9517A will sample the DREQ lines every clock cycle to de-
temilne if any channel is requesting a DMA servxce. The device
will also sample C5. looking for an attempt by the microproces-
sor to write or read the internal registers of the Am9517A. When
CC: is low and HACK is low the Am9517A enters the Program
Condition. The CPU can now establish. change or inspect the
internal definition of the part by reading from or writing to the
internal registers. Address lines A0-A3 are inputs to the__dewce
and select which registers Will be read or written. The 10R and
W lines are used to select and time reads or writes. Due to the

l""’ ‘ci'r ~totes “‘-‘ ”‘1“ 5“” 314} are used for..g\1‘/—ll - '~v—d -i i. c“... 4”“ out.

number and size of the internal registers. an internal flip/flop is
used to generate an additional bit of address. This bit is used to
determme the upper or lower byte of the 16-bit Address and
Word Count registers. The flip/flop is reset by Master Clear or
Reset. A separate software command can also reset this flip/
flop.

Special snrtware commands can be executed by the Am9517A
in the Program Condition. The_se commands are decoded as
sets of addresses when both CS and lOW are active and do not
make use of the data bus. Functions include Clear First/Last
Pip/Flop and Master Clear

Appendix B
DMA CONTROLLERS

Name i Size Number
Base Address Registers : 16 bits 4 ;
Base Word Count Registers ‘V 16 bits 4 )
Current Address Registers l6 bits 4
Current Word Count Registers 3 l6 bits 4 f
Temporary Address Register ' l6 bits 5 l ;
Temporary Word Count Register . 16 bits 1 3
Status Register 5 8 bits 1 i
Command Register 8 bits , l
Temporary Register 8 bits j l "
Mode Registers ,3 6 bits 5 4
Mask Register ', 4 hits l
Request Register : 4 bits l l i

Figure 2. Am9517A Internal Registers.

ACTIVE CYCLE
When the Am9517A is in the idle cycle and a channel requests a
DMA serVice. the device Will output a HREQ to the micropro—
cessor and enter the Active cycle. it is in this cycle that the DMA
service will take place. in one of four modes:
Single Transfer Mode: in Single Transfer mode. the Am9517A
Will make a. Che-byte transfer during each HREQ/HACK hand-
shake. When DREO goes active. HREQ Will go active. After the
CPU responds by Jrivmg HACK active. 3 one-byte transfer Will
take place Followmg the transfer. HREQ Will go inactive. the
word count Will be decremented and the address Will be either
incremented or decremented. When the word count goes to zero
a Terminal Count (TC) Will cause an Autoinitiaiize if the channel
has been programmed to do so.
To perfon‘n a single transfer. DREQ must be held active only
until the corresponding DACK goes active. If DREQ is held ’con-
tlnucusr/ rictive. HREQ Will go inactive followmg each transfer
and then Will go active again and a new one-byte transfer Will be
made following eacr‘. rising edge of HACK. in 808OA/9080A
systems this Wlll ensure one full machine cycle of execution
between EMA transrers. uetails o: timing oerween the AmSSl 7A
and other bus control protocols Will depend upon the charac-
teristics of the microprocessor involved.
Block Tr’insfer Mode: in Block Transfer mode. the Am9517A
Will continue making transfers until a TC l’caiised by the word‘
scum going to terol or an external End of Process (ii—55) is
encountered. OREQ need be held active only until DACK be-
comes qlve. An automltialize Will occur at the end of the ser-
Vlce ii the channel has been programmed for it.
Demand Transfer Mode: In Demand Transfer mode the de-
vice Will continue maklng transfers until a TC or external ETD—R is
encountered or U'tlll DREQ goes inactive Thus, the device re-
questing serVice may discontinue transfers by bringing DREO
inactive. Service may be resumed by asserting an active DHEQ
onCe again. During the time between sen/toes when the micro-
processor is allowed to operate. the intermediate values of ad-
dress and word count may be read from the Am9517A Current
Address and Current Word Count registers AutOinitializatlon Will
only occur rollowmd a TC or E173 at the end of SBWlCE. Follow-
ing AUIOlnlllallZallOl’l. an active-gomg DREQ edge is required to
initiate a new OMA sen/ice.
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TRANSFER TYPES

Each of the three active transfer modes can perform three dif-
ferent types of transfers. These are Read. Write and Verify.
Write transfers move data from an li’O dance to the memory by
activating CE and ‘AEMW. Head transters move data from
memory to an LC device 3y activating ME: lR and tOW. ‘i/erl'h/
transfers are pseu c Erans‘ers the AmQSlTA :oerates as n
Read or Write transfers gene'ating addresses. responding to
@573 etc.. however the memory and l/O controt lines remain
inactive. .
Memory-to~Memory: The Am95l7A includes a block move
capability that allows blocks of data to be moved from one mem-
ory address space to another. When Bit CO in the Command
register is set to a logical l. channels '3 and i will operate as
memonwto-memory transfer channels. Channel 0 forms the
source address and channel 1 forms the destlnation address.
The channel l word count is uscc. A memony~to-memory trans-
fer is initiated by setting a software DMA reouest for channel 0.
Blocx Transfer Mode shou:d o hiseil for memonwto-mernory.
When channel 0 :s programmed :‘Or a fixed source address. a
Single source word may be written into a block of memory.

When setting up the Am95l7A for memoryao-mernonr opera-
tion. it is suggested that both channels 0 and f be masked out.
Further. the channel 0 word count snould be initialized to the
same value used in channel t. Ho DACK outputs Will be active
during memory—to-memory transfers.

The Am9517A Wlll respond to external EDP Signals during
memory-to-memory transfers Data comparators rn DlOCK searcn
schemes may use this input to terminate the servrce wnen a
match is found. The timing of memorwto-memory transfers may
be found in Timing Diagram 4.

Autointialize: By programming a bit in the Mode register a
channel may be set up for an Automltiaiize operation. During
Autornitiallzation, the original values of the Current Address and
Current Word Count registers are automatically restored,from
the Base Addrfi and Base Word Count'registers of that chan‘
nel following EOP. The base registers are loaded simultane—
ously with the current registers by the microprocessor and re
main unchanged throughout the DMA sewice. The mask bit is
not set by F565 when the channel is in Autornltlallze. Followmg
Autoinitiallze the channel is ready to repeat its servrce Without
CPU intervention.

Cascade Mode: This mode is used to cascade more than one
Am9517A together for simple system expansion. The HHEG and
HACK signals from the additional Am95‘i7A are connected to
the DREQ and DACK signals of a channel of the initial
Am9517A. This allows the OMA reduests of the additional devrce
to propagate through the priority network CeUltry of the pre—~
ceding device. The priority chain is preserved and the new de-
vice must wait for its turn to acknowledge requests. Since the
cascade channel in the initial devrce IS used only for prioritizmg
the additional deVlce. it does not output any address or control
signals of its own. These would conflict with the outputs of the
active channel ‘n the added devrce. The AmQSlTA Will respond
to DREQ With DACK but all other outputs except HREQ Will be
disabled.

Figure 3 shows two additional dewces cascaded into an initial
device using two of the prevrous channels. This forms a two
level DMA system. More Am9517As could be added at the sec~
0nd level by usmg the remaining channels of the first level.
Additional devices can also be added by cascading into the
channels of the second level deVices forming a third level.

Ml

Priority: The Am95t7A has two types of priority encoding
available as software selectable options. The first is Fixed Pnor-
iry which fixes the channels in priority order based upon the
descending value of their number. The channel With the lowest
priority is 3 followed by 2. t and the highest priority channel. 0.

The second scheme is Rotating Priority The last channel to gel
seece becomes the lowest priority channel with. the others
rotating accordingly With Rotating Priority in a Single cnio DMA
system. any deVice reouesting serVice is guaranteed to be rec-
ognized after no more than three higher priority servrces have
occurred. This prevents any one channel from monopolizing the
system.

‘ljt Sew-ca 2nd Semce 3rd Service
highest 0 2 <——— servtce 3 ‘— serwce

1*— servrce 3 ~0— request 0
2 0 1

lowest 3 ‘i 2

The priority encoder seems the highest priority channel re-
questing service on each active-gomg HACK edge. Once a
channel is started. its operation Will not be suspended if a re-
Quest is received by a higher priority channel, The high priority
channel will only gain control after the lower priority channel
releases HREC. When control is passed from one cnannel to
another. the CPU WI“ always gain bus control. This ensures
generation of rising HACK edge to be used to initiate selection of
the new highest-priority requesting channel.

Compressed Timing: in order to achieve even greater
throughput where system characteristics permit. the Am9517A
can compress the transfer time to two Clocx cycles. From Timing
Diagram 3 it can be seen that state 83 is used to extend the
access time of the read pulse. 8y removmg state 83 the read
pulse Width is made eoual to the write pulse Width and a transfer
consrsts only of state 82 to cnange the address and state 84 to
perform the read/write. 81 states will still occur when A8-A15
need updating (see Address Generation). Timing for compres-
sed transfers is found in Timing Diagram 6.

Address Generation: in order to reduce pin count. the
Am95t 7A multiplexes the eight higher order address bits on the
data lines. State St is used to output the higher order address
ullS ;o an external iatcn item which they may be placed or. the
address bus. The falling edge of Address Strobe (ADSTB) is
used to load these bits from the data lines to the latch. Address
Enable (AEN) is used to enable the bits onto the address bus
through a 3-state enable. The lower order address bits are out-
put by the Am9517A directly. Lines A0-A7 should be connected
to the address bus. Timing Diagram 3 shows the time relation-
ships between CLK. AEN. ADSTB. DBO-DB? and AO-A7.

During Block and Demand Transfer mode services which in-
clude multiple transfers. the addresses generated will be se-
quential. For many transfers the data held in the external ad—
dress latch Will remain the same. This data need only change
when a carry or borrow from A7 to A8 takes place In the normal
sequence of addresses. To save time and speed transfers, the
Am95l7A executes 81 states only when updating of AB-Als in
the latch is necessary. This means for long servuces. Sr states
may occur only once every 256 transfers. a savrngs of 255 clock
cycles for each 256 transfers.
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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 in
Cremented or decremented after each transfer and the inter-
mediate values of the address are stored in the Current Address
register during the transfer. This register is written or read by the
microprocessor in successrve 8~bit bytes. It may also be
reinitialized by an AutOinitialize pack to its original vaiue. Au-
toinitiaiization takes place only after an 5073.

Current Word Count Register: Each channel has a 16-bit Cur-
rent Word Count register. This register should be programmed
with. and will return on a CPU read. a value one less than the
number of words to be transferred. The word count is dec-
remented after each transfer. The intermediate value at the word
count is stored in the register during the transfer. When the
value in the register goes to zero. a TC will be generated. This
register is loaded or read in successive asbit bytes by the micro-
processor in the Program Condition. Followmg the end of a DMA
serVice it may also be reinitialized by an Autoinitialize 0233530 its
original value. Autoinitialize can occur only when an EOP oc-
curs. Note that the contents of the Word CougLLegister Will be
Frri- (hex) lollowmg on internally generated EOP.

Command Register: This 8-bit register controls the operation
of the Am9517A. It is programmed by the microprocessor in the
Program Condition and is cleared by Reset. The following table
lists the function of the command bits. See Figure 4 for address
coding.

\I O) U! A U 2 l 0 «Bit Number

O Memory-tomemory disable
Memory-td-memorv enable

0 Channel 0 address hold disable
Channel 0 address hold enable
if bit 0 = O><

—
‘

0 Controller enable
Controrler disable

0 Normal timing
Compressed timing
lf bit 0 = lX

0 Fixed Priority

Rotating Priority

Late write selection
Extended write selection
lf bit 3 = l

O DREQ sense active high
1 DREQ sense active low

0 BACK sense active low
1 DACK sense active high

il
il
l

3

Base Address and Base Word Count Registers: Each chan-
nel has a pair of Base Address and Base Word Count registers.
These 16-bit registers store the original values of their as—
somated 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 correspond:
ing current register in 8-bit bytes dunng DMA programming by
the microprocessor. Accordingly, writing to these registers when
intermediate values are in the Current registers will ovenNrite the
intermediate values. The Base registers cannot be read by the
microprocessor.

Mode Register: Each channel has a 6-bit Mode register as
soctated With it. When the register is being wntten to by the
microprocessor in the Program Condition. bits 0 and ‘i deter—
mine whiCh Channel Mode register it to be written.

7 r3 5 4 3 2 'i Ohaitfilumoer

‘ j ' 00 Channel 0 select
E i , 01 Channel l select
' 10 Channel 2 select
i H Channel 3 select
l
|
|

00 Verity transfer
01 Write transier
i0 Read transfer
11 illegal
XX lfbitsaand7= ll

0 Aut‘oinitialize disable
l Autoinitialize enable

*___l

0 Address increment select
1 Address decrement select

00 Demand mode select
Ol Single mode select
to Block mode select
it Cascade mode select

Request Register: The Am9517A can respond to reouests tor
DMA sewice which are initiated by software as well as by a
DREQ. Each channel has a request bit associated With it in the
4-bit Request register. These are nonmaskable and subiect to
pnontization by the Priority Encoder network. Each register bit is
set or reset separately under sottware control or is Cleared upon
generation of a TC or external EOP. The entire register .5-
cleared by a Reset. To set or reset a bit. the software loads the
proper form of the data word. See Figure 4 for address coding.

7 5 5 4 3 2 I 04‘8itNumber

00 Salem channel 0
01 Select channel 1
10 Select channel 2
11 Select channel 3

0 Reset request bit
1 Set request bit

Software requests Will be serviced only if the channel is in Block
mode. When initiating a memory-to-memory transfer. the
software request for channel 0 should be set.

Don't Care
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Status Register: The Status registers may be read out of the
Am9517A by the mtcroorocessor. It indicates which channels
have reached a terminal count and whlch channels have oeno.
ing DMA reduests. Bits 0-3 are set each time a TC is reached by
that channel. Including after each Automltlallzatlon. These arts
are cleared by Reset and eacn Status Read. Bits 4-7 are set
whenever the“ CCNBSDOFIOIHQ channel ES reduesting serv1ce

O 4—81: Numoer

r.
~

,,
1

Channel 0 has reached TC
[— 1 Channel I has reacned TC

1 Channel 2 has reached TC
'————-——— i Channel 3 has reached TC

I Channel 0 request
Channel I request

Temporary Register: The Temporary register is used to hold
data during memory-to—memory transfers. Followmg the com~
oletlon of the transfers. the last word moved can be read by the
microorocessor in the Program Condition. The Temporary reg-
ister always contains the last oyte transferred in the Drewous
memory'to-memory ooeratloh. unless cleared by a Reset.

Software Commands: There are two soec:al software com-
mands which can be executed in the Program Condition, They
do not deoeno on any soecilic bit oattern on the data bus. The
two software commands are:

Clear First/Last Flip/Flop. This command may oe issued onor
to writing or reading AmQSl'r’A address or word count infor-
mation. This initializes the lilo/flop to a known state so that
suoseouent accesses to register contents by the micro-
processor w1ll address lower and upper bytes in the correct
sequence.

Master Clear: Thls software instruction has the same effect
as the hardware Reset. The Command. Status. Reduest.
Temoorary and Internal First/Last Filo/Flop regtsters are
cleared and the Mask register IS set. The Am9517A will enter

I Channel 2 few“; the Idle cycle.
L———-——-———————— 1 Channel 3 request - Figure 4 lists the address cooes tor the software commands.

Interface Signals

A3 A2 A1 A0 ' Fifi tow ' Operation
1 0 O O O 1 Read Status Register

1 o O 0 l 0 Wow Command Register

1 O O 1 O 1 Illegal

1 0 O 1 t 0 Write Request Reglster ?

1 o 1 o o n mam ‘
1 O 1 O 1 0 Write Single Mask Register Bit

1 O 1 t O 1 Illegal

1 o 1 1 1 0 Write Mode Register

1 1 O O O 1 Illegal

‘ " " ‘ ”I “fear Svte Dormer Pith/FWD

1 , 1 O 1 O 1 Read Temporary Register

1 1 0 1 1 0 Master Clear
1 1 1 0 f O 1 Illegal
1 1 1 0 3 1 0 Illegal
l 1 1 1 O t Illegal ,

1 1 1 1 1 0 Write All Mask Register Bits

Figure 4. Register and Function Addressing.
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DMA Programming Example:

Appendix B
DNA CONTROLLERS

PROGRAM EXAMPLE SHOWING HOW INPUT DMA CHANNEL 0d
,o

1 CAN BE INITIALIZED TO TRANSEER 6H BYTES INTO
% RAM, (FROM SERIAL CHANNEL 0) STARTING AT
% ADDRESS UOOB.

INTEGER IBALO :: O % BASE ADDRESS LOW BYTE
INTEGER IBAHO := 10 % BASE ADDRESS HIGH BYTE
INTEGER IWCLO := lOO % WORD COUNT LOW BYTE
INTEGER IWCHO := o % WORD COUNT HIGH BYTE
INTEGER IMODO := 124 % MODE CHANNEL 0
INTEGER ICOMM := 140 % COMMAND REGISTER DATA
INTEGER IDMMR := O % CLEAR MASK CHANNEL 0

$*IDMIN: MOVE.E #0, OEFOO9OH % RESET
$* MOVE.E IBALO, OEEOO9OH % SET EASE ADDRESS L
$* MOVE.B IBAHO, OEE0090H % SET BASE ADDRESS H
$* MOVE.E IWCLO, OEFOO8OH % SET WORD COUNT L
$* MOVE.E IWCHO, OEFOO8OH % SET WORD COUNT R
$* MOVE.B IMODO, OEEOOBAH % SET MODE REG. 0
$* MOVE.B ICOMM, OEE0098H % Set COMMAND REG.
$* MOVE.B IDMRO, OEFOO9AH % CLEAR MASK
$* RTS

Mask Register: Each channel has associated with it a mask bit
which can be set to disable the incoming OREQ. Each mask bit
is set when its assomated channel oroduces an SOP it the
Channel is not programmed for Automitialize. Each bit of the 4~oit
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 recuests until a clear Mask register instruction
allows them to occur. The instmction to seoarately set or Clear
the mask oits l$ Similar in form to that used With the Request
register. See Figure 4 for instruction addressmg.

7 6 5 4 3 2 l O q--—8itNurnDer

Select channel 0 mask bit
01 Select Channel 1 mask bit
to Select channel 2 mask bit
ll Select Channel 3 mask bit

0 Clear mask bit
1 Set mask bit

All four bits of the Mask Register may also be written With a
single command.

0 4—E§it Numoer

1
Don‘t Care { U C) Clear Chanriet O mask oit

\ l Set Channel 0 mask bit

0 Clear Channel 1 mask hit
3 Set Channel l mask bit

'0 Clear Channel 2 mask hit
l Set Channel 2 mask bit

0 Clear Channel 3 mask DII
l Set Chennai 3 mask sit

ND—02.003.0l
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TIMING CONTROLLER

The Am9513 System Timing Controller is an LSI circuit designed to
service many types of courting, sequencing and timing applications. It
provides the capability for programmable frequency synthesis, high
resolution programmable duty cycle waveforms, retriggerable digital
timing functions, time of day clocking, coincidence alarms, complex
pulse generation, high resolution baud rate generation, frequency
shift keying, stop—watch timing, even count accumulation, waveform
analysis and many more.
A variety of programmable operating modes and control features allow
the Am9513 to be personalized for particular applications as well as
dynamically reconfigured under program control.

The STC includes five general-purpose 16-bit counters. A variety of
internal frequency sources and external pins may be selected as inputs
for individual counters with software selectable active-high or
active—low input polarity. Both hardware and software gating of each
counter is available.
Three—state outputs for each counter provide’either pulses or levels.
The counters can be programmed to count up or down in either binary or
BCD. The accumulated count may be read without disturbing the counting
process. Any of the counters may be internally concatenated to form an
effective counter length of up to 80 bits.

.oCUHCE 3 3 ‘

on: LS s. 3
i 4

‘1 men acumen L12 «Canton :aeousncv scum , coumn 5 LOCK: snow ———- ours

[ u l
[”9“ l 1FOUT ...__._ ‘Fggfguw'gf: SELECT ' comma» 4 LOGIC Gnouo -—~ pun
Locxc

' l

5-6” 5-5" S-Bn'
coummc »-—-— can ~—— sums coumn : LOCK: snow ——-— om
REGISTER PO‘NTER QEGISTES,

l ” l s t
cm 1 5' Bus5 “P... m

5 , sun-an ,’ Sggpzafin mum-En 1 Loan: snow ———-— mm
one-om: .‘7‘"" ”‘0 W" p

‘5
F1 2 l

77“ sus ,— MMWES’EJ" .4 coumn x LDC-K: anouv -—-——-—-—- own
it! wruncz
Q6 CONTROL:3 vcc vs: .___I

Timing Controller Block Diagram
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Usage in PIOC:

The STC must be programmed according to the PIOC hardware
configuration. Channel 1 is connected to the interrupt controller,
which will give an interrupt on level 3.5 at high to low transition.
This channel should therefore be initialized to count down repeatedly
with an active low output pulse.

STC channels 2 to 5 are used as baud rate generators for PIOC channels
0 to 3. They should haVe a duty cycle of 50% and are set to count down
repeatedly at twice the desired frequency with the output flip-flop
toggling each time zero count is reached.

The desired frequency is equal to the desired baud rate for
synchronous mode.
When asynchronous mode, the frequency will be 16, 32 or BU times the
baud rate, depending on how the serial controller is set up.

ND-02.003.0l
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FUNCTIONAL DESCRIPTION

The AmQSlS block diagrams iFégures 2. 3 and 4) indicate the
interface signals and the basic flow of information. internal control
lines and the internal data ous have seen omitted. The control
and data registers are all connected to a common internal le-oit
bust The external bus may be 8 or 16 oits WIOei in the a-cn mode
the internal its-on information is multioiexed to the my order data
bus pins 080 through DB7. .

An internal osc:llator orovxdes a convenient source of treduenc:es
.‘or use as counter inputs. The osc:l|ator's frequency is controlled
at the X1 and X2 interface pins by an external reactive network
such as a crystal. The osctllator output is diwded by the Fre-
quency Scaler to provide several su’o-lreduenCies. One of the
scaled treouenczes (or one of ten input signals) may be selected
as an input to the FOUT lider and then comes out of the chip at
the FOUT interface pin.

The STC is addressed by the external system as two locations: a
control port and a data port. The control port orowdes direct
access to the Status and Command registers. as well as allowmg
the user to update the Data Painter register. The data port is used
to communicate With all other addressable internal locations. The
Data Pomter register controls the data port adoressmg.
Among the registers accessrole through the data port are the
Master Mode register and five Counter Mode registers. one tor
each counter. The Master Mode register controls the pro-
grammaole options that are not controlled by the Counter Mode
registers.

Each ot’ the five general-purpose counters is 16 bits long and is
independently controlled by its Counter Mooe register. Through
this register. a user can software select one ol‘ l6 sources as the
counter input. a variety of gating and reoetition modes. uo or
down counting in bll'lal'y or 8CD and active-nigh or active-low
input and output polarities.

Assocrated With each counter are 3 Load register and a Hold
register. both accessible through the data port, The Load register
is used to automatically reload the counter to any predefined
value. thus controlling the effective count period. The Hold regis‘
ter is used to save count values Without disturoing the count
process. permitting the host orocessor to read intermediate
counts in addition. the Hold register may be used as a second
Load ‘eoister ‘3 generate a “umber :i’ :cmclex autout
waveforms.

All five counters have the same oaSic control logic and control
registers Counters 1 and 2 have additional Alarm registers and

v-

an: 4:. INPUT wen- LOAD necis‘rsn
FREQ 5', SELECT

‘ I LOGIC 1 WT
70‘" Hi commi.

COUNTER
cournoc iurr coumn --— ..

LOGlC our

l ' “’——————i

lb-SIT MODE REGISTER 16-8" HOLD REGISTER

l

VS-BIT COMO AfiAYOR

16-6" ALARM REGBT‘ER

Figure 3. Counter Logic Groups 1 and 2.
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comparators assoc1ated With them, plus the extra logic necessary
for ooerating in a 24—hour time-of-day mode. For real-time opera
tion the time-ol-day logic Will acceot SOHZ. 50Hz or lOOHz input
frequenCies.

Each general counter has a Single dedicated cutout pin, it may he
turned off when the output is not of interest or may 08 configured
:n a vanety at ways I drive interrupt controllers. Dariington out-
lers. ous drivers. etc. The counter inputs. on the other hand. are
soeCitically not dedicated to any given interface iine. ConSicer-
aole versatility is availaole for configuring com the input and the
gating of indiVidual counters. This not only permits dynamic re-
assignment of inputs under software control. but also allows
multiple counters to use a Single input. and allows a Single gate
pinto control more than one counter. indeed. a Single pin can oe
the gate for one counter and. at the same time. the count source
for another.

A powerful command structure Simplifies user interaction With the
counters. A counter must be armed by one of the ARM com-
mands oet'ore counting can commence. Once armed. the count-
ing process may be further enaoled or disabled using the
hardware gating i‘aCilities. The ARM and DlSARM commands
permit software gating of the count process in some modes.
The LOAD command causes the counter to ca reloaded With the
value in either the assooated Load register or the assomateo
HOld register. it Will often be used as a software retrigger or as
counter initialization orior to active hardware gating.
The DiSAFlM command disables further counting independent of
any hardware gating. A disarmed counter may oe reloaded USlng
the LOAD command. may be incremented or oecremented using
the STEP command and may he read usmg the SAVE command.
A count process may be resumed usmg an ARM command.
The SAVE command transfers the contents of a counter to its
assoc:ated Hold register, This command Will overwrite any prew-
ous Hold register contents. The SAVE command is desrgned to
allow an accumulated count to be preserved so that it can be read
by the host CPU at some later time.
Two combinations of the baSic commands exist to either LOAD
AND ARM or to DISARM AND SAVE any compination of count-
ers. Additional commands are prowded to: step an indiVidual
counter oy one count: set and clear an output toggle: issue a
software reset: tiear and set T385153! * a u. ii... ”A"ii. ’~} misiEi' “out?
register: and load the Data Pornter register.

Jr.
.5 _5,r... mm wet-r LOAD “EGISTEN

senor
“5° 5 LOGIC

i , t OUT
TEN“ , ' comet.

couursn
comwm lHn’ coupon ..... __

LOOK: our
N

i l
(Gum M002 REGISTER id-an' HOLD REGlSTER

Figure 4. Counter Logic Groups 3. 4 and 5.
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Command Code
i 1 l i i

C7 1 c5 é cs ’ c: 1 c3 ? oz 1 c1 1 c0 Command Description

O .' O O 52 1 E1 G4 , GE 31 Load Data Pomter register with contents of E and G fields.
JG a 000.6 a 11d

3 O 1 85 S4 33 32 51 Arm counting for all selected counters

O 1 0 85 S4 53 82 81 1 Load contents of scec:fied source into all selected counters
O 1 _ 1 _ - 85 . $4 33 i 32- 31 Load and Arm all seiected counters .__-
1 O O 85 84 53 1 52 S‘. Disarm and Save all selected. counters“ _‘——-—_«.—
1 0 1 85 ; 84 f 83 : 32 51 Save all selected comiers :11 hold register 1

1 1 O 85 84 f 83 l 82 1 S1 Disarm all selected counters 1
1 1 1 o 1 ; N4 3 N2 ;- N1 Setoutpui bit N 1001 s N s 101)
1 1 1 O Clear output bit N 1001 s N s 101)o ; N4? N2 3N1

o ‘ N4; N2 'N1 Step counter N‘lOOt s NS 101)

1 1 1 O 1 O O 0 Set MMiA (Disable Data Peinter Seduehcmg)
1 1 1 1'0 1 1 1 o SetMMizicmeoflFouT
1 1 1 I O 1 1 1 1 Set MM13 (Enter 16-bit bus mode)
1 1 1 O O O O 0 Clear MM14 (Enable Data Pointer Seouencmg)
1 1 1 O '0 1 1 0 Clear MM12 iGate on FOUT‘i
1 1 1 0 0 1 1 1 Clear MM13.lEmer 8~Dlt bus model

Master :eset ‘

Figure 21. 'Am9513 Command Summary.

CONTROL PORT REGISTERS
The STC is addressed by the external system as only two loca-
tions: a Control port and a Data port. Transfers at the Control port
(0/5 = High) allow direct access to the command register when
writing and the status register when reading. All other available
internal locations are accessed for both reading and writing Via
the Data port (C5 = Low). Data port transfers are executed to
and from the location currently addressed by the Data Pomter
register Options available in the Master Mode register and the
Data Pomter control structure allow several types of transfer
seouencmg to be used. See Figure 7.

Transfers to and from the control port are always 8 bits wide. Each
access to the Control port Will transfer data between the Com-
mand register twntes) or Status register (reads) and Data Bus
pins DBO—DBY. regardless of whether the Am9513151n 8- or 18—bit
bus mode. When the Am9513 is in 8-bit bus mode. Data Bus pins
0813-0815 should be held at a logic high whenever CE andWfi
are both active.

Command Register

The Command register provides direct control over each of the
five general counters and controls access through the Data port
by allowing the user to update the Data Pointer register. The
“Command Description" section of this data sheet explains the
detailed operation of each command. A summary of all com-
mands appears in Figure 21. Six of the command types are used
for direct software control of the counting process Each of these
six commands contains a 5-bit 8 field. in a linear-seiect fashion.
each bit in the 8 field corresponds to one of the five general
counters (81 = Counter 1. $2 = Counter 2. etc). When an 8 bit is
a one. the spec1fied operation is periormed on the counter so
destgnated: when an 5 bit is a zero. no operation occurs for the
corresponding counter.

Data Pointer Register

The 6-bit Data POinter register is loaded by issurng the appro-
priate command through the control port to the Command regis-
ter. As shown in Figure 7. the contents ofthe Data Pointer register
are used to control the Data Port multiplexer. selecting which
internal register is to be acce551ble through the Date Port.

ND-02.003.01

The Data Peinter consxsts of a 3-bit Group Pomter. a 2~bit Ee
merit Pomter and a 1-bit Byte Pomter. depicted in Figure 8. 1
Byte Pointer bit indicates which byte of a 16-bit register is to be
transferred on the next access through the data port. Wheneve’
the Data Pornter is loaded. the 8e Pointer bit is set to one.
indicating a least-Significant byte is expected. The Byte Peinte-r
toggles followmg each 8-bit data transfer With an 8-bit data bus
(MM13 = O). or it always remains set With the 16-bit data bus
option (MM13 = 1). The Element and Group pomters are used to
select wnicn intemai register is to be access101e inrougn the para
Port. Although the contents of the Element and Group Pomter r
the Data Pomter register cannot be read by the host processor.
the Byte Painter is available as a bit in the Status register.

Random access to any available internal data location can be
accomplished by Simply loading the Data Ppinter usmg the corn»
mand shown in Figure 9 ano then initiating a data read or data
write, This procedure can be used at any time. regardless of the
setting of the Data Pointer Control bit (MM14), When the 8-bit data
bus configuration is being used lMM13 = 0). two bytes of data
would normally be transferred lollowmg the issumg of the "Load
Data F‘ornter" command.

To permit the host processor to rapidly access the various intemai
registers. automatic sequencmg of the Data Pomter is prowded.
Seauencxng is‘enabled by clearing Master Mode bit 14(MM14) to
zero. As shown in Figure 10. several types of sequencing are
available depending on the data bus w1dth being used and the
initial Data Pomter value entered by command.

When E1 = Oor E2 = O and G4. G2. Gi point to .3 Counter Group.
the Data Peinter will proceed through the Element cycle. The
Element field will automatically sequence through the three val-
ues 00. O1 and 10 starting with the value entered. When the
transition from 10 to 00 occurs. the Group field Will also be
incremented by one. Note that the Element field in this case does
not sequence to a value of 11. The Group field Circulates only
within the five Counter Group codes.

If F2. E1 = 11 and a Counter Group is selected. then only the
Group field is sequenced. This is the Hold cycle it allows the Hold
registers to be sequentially accessed while bypassmg the Mode
and Load registers. The third type of sequencing is the Control
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cycle. If G4. G2. G1 = H1 and E2. El :5 11, the Element Pointer
wrll be Incremented through the values 00. 01 and 10. Nlth no
change to the Grouo Pornter.
When C24. G2. G1 = 111 and £2. El = 21. no incrementlng takes
place and only the Status reglster wtll ce availaole through the
data port. Note that the Status reglster can also always oe read
directly through the ContrOl sch.
For all of these auto-seouence modes. J an 8-olt data pus lS used.
the Byte painter wtil toggle after every data transler to allow the
least and most Stghlt’icant oytes to oe transferred oetore the
Element or Group Fields are incremented.

Prefetch Circuit

ln order to minimize the read access time to Internal Am9513
registers. a prefetch circult 15 used tor all read operatlons through
the Data Port. Followrng each read or write operation through the
Data Port. the Data POIhter reglster is updated-to pOlnt to the next
register to be accessed. immediately followlng this uodate. the
new reglster data :5 transferred to a sDeClal prefetcn latch at the
interface pad logic. When the user performs a suoseouent read of
the Data Port. the data ous drivers are enaoled. outputtlng the
prefetched data on the bus. Since the enternal data register 55
accessed prior to the start of the read operation. its access tlme IS
transparent to the user. In order to Keeo the prefetcned data
conslster‘lt With the data oomter. oreietches are also performed
after each write to the Data Port and after executlon at the "Load
Data Pdlnter' command. The followmg rules should be ‘<._eot :n
mind regarding Data Port Transfers.
l, The Data Pomter reglster should always be reloaded before

reading from the Data Port «t a command other than "Load
Data Pornter” was issued to the Am9513 tolImg the {ast
Data Port read or Write. The Data Pomter does not have to oe
loaded again if the first Data Port transactlon after a command
entry is a write, Since the Data Port write wrll automatically
cause a new oret’etch to occur.

2. Operatlhg modesN. O, O and R allow the user to save the
counter contents in the Hold reglster by appiylng an active-
gomg gate edge. lfthe Data Pornter register had been porntlng
to the Hold register in guestlon. the prefetched value will not
correspond to the new value saved in the Hold reglster. To

Connor.

ml
/ arr! .

Dormer: I
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av0ld reading an incorrect value. a new ‘Load Data Pomter"
command shoutd be issued before attemotlng to read the
saved data. A Data Port write {to another reglster) Will also
inltlate a prefetch: suoseduent reads Will access the recently
saved Hold reglster data. Many systems Will use the "savrng'
gate edge to interrupt the host CPU. in systems such as this
:he tnterruot service 'outzne should issue 3 "Load Data
Pointer' command prior to reading the saved data.

Status Register

The 84pm read-only Status reglster indicates the state of the 8e
Pointer oil in the Data Pointer reglster and the state of the OUT
Signal for each of the general counters, See Figures 11 and 19.
The OUT signals reported are those internal to the chip after the
polarity-select logic and gust before the 3‘state interface oufter
crrcurtry.

The Status reglster OUT Tort reflects an actlve-high or actlve-low
TC output. or a TC Toggled outoutras programmed in the Output
Control Field of the Counter Mode reglster. That :5. :t reflects the
exact state of the OUT pm. When the Low Impedance to Ground
Output option (CM2-0M0 = 0C0) is selected. the Status reglster
Will reflect an active-high TC Output. When a High Impedance
Output optlon (CM2-0M0 i 100) is selected. the Status reglster
Wlll reflect an actlve-low TC output.
For Counters 1 and 2. the OUT pln will reflect the comparator
output it the comparators are enabled. The Status reglster pit and
OUT pin are actlve high it CM2 = O and active-low if CM2 = 1.
When the High impedance option is selected and the comparator
is enaoled. the status register on will reflect an active-high com-
oarator output. When the Low Impedance to Ground option ls
selected and the comparator is enabled. the status reglster plt Will
reflect an active-low comparator output.
The Status reglster IS normally accessed oy reading the control
port (see Figure 7) but may also be read Via the data port as part
of the Control Group.

v

SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO

lllllll
ll ll l

l
I.

OUT4 outz arm
mma

OUTS OUTS OUTl

Figure 11. Status Register Bit Assignments.
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Figure 7. Am9513 Register Access.
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G4 G2 G1 E2 51 BP

L————— Byte Pointer

1 = Least Significant Byte Transferred next
0 = Most Significant Byte Transferred next

Group Pointer ——-—-—-——-—-———-—-———————— Element Pointer
000 = lllegal 00 : Mode Register 1 E'ement C de
001 = Counter Group 1 01 = Load Register ~ increment y
010 = Counter Group 2 _________.__ 10 = Hold Reglster J
011 = Counter Group 3 11 = Hold Register/Hold Cycle lncrement
100 = Counter Group 4
1 1 = Counte u 5 -O r Gro p 00 = Alarm Register 1 t110 = Illegal _ Control Cycle
111 = Control Group 01 ‘ Alarm Register 2 I l r t10 = Master Mode Register} nclemen

11 = Status Register/No lncrement

M05473
Figure 8. Data Pointer Register.

, Element Cycle Hold Cycle 1
Mode Load Hold 1 Hold

—"_—“ "'_—7 § Register Register ’ Register 1 Register

Counter 1 E FFO1 2 FFOQ 2 PPM FFIQ
Counter 1 Hold Reg. Counter 1 Mode Reg. Counter 2 FF02 FFOA . FF12 =FtA

Counter 3 l FFQB FFOB : FFlG FFtB
i i Counter 4 1 FFOA 1 FFOC ; FFM FF1C

‘ Counter 5 l FFOS E FFOD l FFlS FFiDCounter 2 Hold Reg, ‘ Counter 1 Load Reg. 1 ‘
Master Mode Register = FF17

* ; Alarm 1 Register = FPO?
Alarm 2 Register = ,FFQF ’ l

. Counter 1 Hold Reg.

. Notes:

. ; 1. All codes are in hex.
= 2. When used With an 8-bit bus. only the two low order hex diottsI

-Counter 2 MOde Reg. should be written to the command sort: the 'FF‘ prefix should be
‘ i 4560 only 101‘ a root data ous menace.

Counter 2 Load Reg. .
Counter 5 Hold Reg. * Figure 9. Load Data Pointer Commands.

““1 Counter 2 Hold Reg.
HOLD CYCLE *

1

O

O

I

‘ Counter 5 Hold Reg.
Alarm Reg. 1 l

‘ ELEMENT CYCLE
Alarm Reg. 2

Master Mode Reg. Status Reg.

CONTROL GROUP CYCLE STATUS CYCLE

MOS-I74

Figure 10. Data Pointer Sequencing.
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Count Source Selection

53

-— Count Control
OXXXX =Count on Rismg Edge OXXXX = Disable SpeCial Gate
1XXXX =Count on Falling Edge 1XXXX = Enable Specral Gate
X0000 = TCN—t XOXXX = Reload from Load
X0001 = SRC 1 X1XXX = Reload from Load or Hold
X0010 = SRC 2 XXOXX = Count Once
X0011 = SRC 3 XX1X>t 2 Count Reoetmveiy
X0100 = SRC 4 XXXOX = Binary Count
X0101 = SRC 5 XXX1X = 8CD Count
X0110 = GATE 1 XXXXO = Count Down
X0111 = GATE 2. XXXX1 = Count Up
X1000 = GATE 3
X1001 = GATE 4
x1ou3= GATES
X1011 = F1
X1100 = F2
X1101 = F3
X1110 = F4
X1111 = F5

CM15 CM11: CM13 CM12 CM11 CM10 CM9 CM8 CM7 CM6 CM5 CM4 CM3 CM2 CM1 CM0

T MM

Gating Control Output Control
000 = No Gating 000 = Inactive. Output Low
001 = Active High Level TON—1 001 = Active High Terminal Count Pulse
010 = Active High Level GATE N—1 010 = TC Toggled
011 = Active High Level GATE N—l 011 = lllegal
100 = Active High Level GATE N 100 = lnactive, Output High impedance
101 = Active Low Level GATE N 101 = Active Low Terminal Count Pulse
110 = Active High Edge GATE N 110 = lllegal
111 = Active Low Edge GATE N 111 = lllegal

Figure 18. Counter Mode Register Bit Assignments.

DATA PORT REGISTERS

Counter Logic Groups

As shown in Figures 3 and 4. each of the five Counter Looic
Groups consrsts of a 16-bit general counter With assomated
control and output logic. a 16-bit Load register. a 16-bit Hold
register and a 16-bit Mode register. in addition. Counter Groups 1
and 2 also include 18-bit Comparators and 16-bit Alarm registers.
The comparator/alarm functions are controlled by the Master
Mode register. The operation of the Counter Mode registers 15
the same for all five counters. The host CPU has both read and
write access to all registers in the Counter Logic Groups through
the data port. The counter itself is never directly accessed.
The 16-bit read/write Load register is used to control the effective
period of the general counter. Any 16-bit value may be written
into the Load register. That value can then be transferred into the
counter each time that Terminal Count (TC) occurs. "Terminal
Count" is defined as that period of time when the counter obn-
tents would have been zero if an external value had not been
transferred into the counter. Thus the terminal count frequency
can be the input frequency diVided by the value in the Load
register. in all operating modes the contents of either Load or
Hold register will be transferred into the counter when TC occurs.
ln cases where values are being accumulated in the counter, the
Load register action can be transparent by filling the Load regis-
ter with all zeros.

The 16-bit read/write Hold register is dual-purpose. it can be
used in the same way as the Load register. thus offering an
alternate source for modulo definition for the counter. The Hold
register may also be used to store accumulated counter values
for later transfer to the host processor. This allows the count to be
sampled while the counting process proceeds. Transfer of the
counter contents into the Hold register is accomplished by the
hardware intertace in some operating modes or by the software
SAVE command at any time.

Counter Mode Register

The 16-bit read/write Counter Mode register controls the gating,
counting. output and source select functions within each Counter
Logic Group. The "Counter diode Control Options
data sheet describes the detailed control options available.
Figure 18 shows the bit aSSignments for the Counter Mode
registers.

‘4 w .:CCIICR Of this

Alarm Registers and Comparators

Added functions are available in the Counter Logic Groups for
Counters 1 and 2 (see Figure 3). Each contains a 16-bit Alarm.
register and a 18-bit Comparator. When the value in the counter
reaches the value in the Alarm register. the Comparator output
will go true. The Master Mode register contains control bits to
indivrdually enable/disable the comparators. When enabled. the
comparator output appears on the OUT pin of the associated
counter in place of the normal counter output. The output Will
remain true as long as the comparison is true. that is. until the next
input causes the count to cnange. The polarity of the Comparator
output Will be active-high if the Output Control field of the Counter
Mode register is 001 or 010 and active-low if the Output Control
field is 101.

ND-oz.Qo3.01
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Figure 23. Bus Transfer Switching Waveforms.
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COUNTER MODE
REGISTER

i
‘CN-:

i
,

GATE INPUT 1
i“tn" W uutriaxEn a _

.. ' on“ ...1 mo eounmr ; =DGE
SELECT LOGIC 1 AND

5‘11"" _“ *EVEL —-i couursn1 one
3 CONTROL

GATENIA ..—___.._._1 .0c

Figure 15. Gating Control.

FOUT Divider FOUT Source
0000 = Divrde by 16 0000 = F1
0001 = Divide by 1 0001 = sec 1
0010 = Olvrde by 2 0010 = SRC 2
0011 = Oivtde by 3 0011 = SRC 3
0100 = Divroe Dy 4 0100 = SRC 4
0101 = Divroe by 5 0101 = SRC 5
0110 = DIVlde by a 0110 = GATE 1
0111 = DiVide by 7 . 0111 = GATE 2
1000 = Dryide by 8 N 1000 = GATE 3
1001 = DiVIde by 9 1001 = GATE 4
1010’ = Divrde by 10 1010 = GATE 5
1011 = D'Mde oy11 1011: F1
1100 = 0011139 by 12 1100 = F2
1101 = Divude Dy 13 1101 = F3
1110=D1Vlde by14 1110=F4
1111 =Divloeby15 1111=F5

MM15 MM14 MM13 MM12 MM11 MM10 MM9 MMS MM? MM6 MMS MM4 MM3 MM2 MM1 MMO

{— FOUT Gate Compare 2 Enable J
0 = FOUT On 0 = Disabled
l = FOUT 011 (Low Z to GNO) 1 z Enabled

) , Data Bus Width Comosr‘e 1 Enable
0 = S-Bit Bus 0 = Disabled
1 =16-81t Bus 1 = Enabled

Data Pointer Control Time-of-Day Mode
0 = Enable Increment 00 = TOD Disabled
1 = Disable Increment 01 = TOD Enabled: —.- 5 Inout

Sealer Control 10 = TOD Enabled: - 6 Input
0 = Binary Divusion 11 = TOD Enabled: — 10 Input

1 = 800 Divtsmn

MASTER MODE CONTROL OPTIONS
The 16-bit Master Mode (MM) register is used to control those
internal actwrties that are not controlled by the indiVidual Counter
Mode registers. This includes frequency control. t1me~of—day oo—
eratlon, comparator controls. data bus width and data pomter
sequencrngv Figure 13 shows the bit assrgnments for the Master
Mode register. This sectxon descnbes the use of each control
field.

Master Mode register bits MM12, MM13 and MM14 can be indi-
v10ual|y set and reset usmg commands issued to the Command
18915181" In addition they can all be changed by writing directly to
the Master Mode register.

Figure 13. Master Mode Register

After power-on reset or a Master Reset command. the Master
Mode reglster is cleared to an all zero condition. This results in the
lollowing configuration:

Blt Assignments.

fime-of~day disabled
Both Comparators disabled
FOUT Source 15 frequency Fl
FOUT Divider set for divide-by—16
FOUT gated on
Data Bus 8 bits wrde
Data Pointer Sequencing enabled
Frequency Scalar divides in binary

ND-02 .003.01
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l Ooerattng Mode 0 In ‘ll

LSooctal Gate (CM7)

Reload Source (CMG)

Reoetmon lCMSl

O
O

U
J

0
0

0
0 o

O §O;O;l§!r‘.
Gate Control (Cm S~CM13l ”I U 0 m r tn < ”J I“ K. O m g

o
r m a m r I! D C) {7‘ F I“ < m r ”I O 0 f"

Count to TC once. men mean

A

O

O

.3 ,

5300 'LEVELt

X

Count to TC Mtce, Inert cm

Count to TC repeatedly

Gate tnout does not gate counter lnout

Count onty dunng acnve gate levet

Stan count on acttve gate edge and
stoo count on next TC.

Stan count on acttve gate edge and
slot) count on second TC.

No hardware retnggenng

Reload counter lrom Load Regtster
on TC

Reload counter on eacn TC. attemattng
reload source between Load and Hold
Regtstarst

Transtar Load Regtster mto counter on
each TC that gate 45 LOW: transter Hold
Regular tnto counter on eacn TC that
gate ls HIGH.

On acttve gate edge transler counter
tnto Held Regtster and then reload
counter lrorn Load Requstar

Ooetattng Mode

Soemal Gate (CM?)

Reload Source lCMGl 0 O 3 O O O t t t t t t
Reoetttton lCMS) O 0 O t t 1 0 0 O t t t
Gate Control (CMl 5-CM13l 000 LEVEL EDGEé 000 LEVEL EDGE 000 LEVEL EDGE} 000 LEVEL EDGE
Count to TC once. then dtsarm

Count to TC twtce. then dtsarm

Count to TC repealedly

:ate 'JZL‘UI (4093 ”OK 9.118 LGUKIKBL’I‘IDUI

Count only dunnq acttve gate level

Start count on acttve gate edge and
stop count on next TC.

X X

Start count on acttve gate edge and
stoo count on second TC.

No hardware retnggenng

Reload wunter lrorn Load Regtster
on TC

Reload counter on eacn TC. attemaung
raload source between Load and Hold
Rtsters.

Transfer Load Regtster tnto counter on
each TC tnat gate ts LOW: transler Hold
Reglster unto counter on each TC mat
gate ts HlGH.

On acttve gate edge transfer counter
tnto Hold Flegtster and then reload
counter lrorn Load Regtsler.

Note: Operating modes M. P. T, U. W and X are reserved and should not be used.

Figure 17. Counter Control lnteractlon.
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F1

i n
1 F3
i ———————-————— i=4

2 l
X1————-— 5 1

056 E A BITS A BITS ‘ BITS A BITS F5
X2

1. FREQUENCY SCALER

BCD Binary
Scaling Scellng

Frequency MM15 = 1 MM15 = 0

F1 OSC OSC
F2 F1 + 10 F1 -:- 16
F3 F1 :— 100 F1 + 256
F4 F1 + 1.000 F1 4 4,096
F5 F1 "r 10,000 F1 + 65,536 _

Figure 16. Frequency Sealer Ratios.

T‘ime—Of-Day Comparator Enable
Bits MMO and MM1 of the Master Mode register soecxfy the
time—oi-day iTODl options. When MMO = 0 and MM1 = 0. the
soecxal logic used to implement TOD is disabled and COunters 1
and 2 Will operate in exactly the same‘way as Counters 3. 4 and 5.
When MMO = 1 or mm = 1. additional ebunter decoding and
control logic is enabled on Counters 1 and 2 Which causes their
decades to turn over at the counts that generate approoriate
24-hour TOD accumulations.

Figure 14 shows the counter configurations for TOD ooeratlon.
The two most significant decades of Counter 2 contain the
“hours" digits and they can hold a maximum count of 23 hours.
The two least Significant decades of Counter 2 indicate "minutes '
and Will hold values up to 59. The three most Significant decades
of Counter 1 indicate “seconds" and WIN contain values up to
59.9. The least Significant decade of Counter 1 is used to scale
the input ireouency in order to output tenth-oi-secono periods li‘iIO
the next decade. it can be set up to diVide-by-iive lMMO = 1,MM1
= O). divtde-oy-six lMMO = O. MM1 = 11, or divtde-oy-ten lMMO =
1, MM1 = 1). The input frequency. therefore. for real-time ciocl<<

ing can be, respectively. SOHz. 501-12 or 100Hz. With divrde-byuten
specn‘ied and wrth 100Hz input. the least Significant decade of
Counter 1 accumulates time in hundredths of seconds (tens of
milliseconds). For accelerated time aoplicatlons other input tre-
quencxes may be useful.

The input for Counter 2 should be the TC outout of Counter 1.
connected either internally or externally, tor TOD ooeratlon. Both
counters should be set up for 8CD counting. The Load registers
should be used to initialize the counters to the proper time. Either
count up or c0unt down may be used.

To read the time. a SAVE command should be Issued to Counters
1 and 2. Because counts ripple between the counters. the pOSSi-
bility extsts ot' the SAVE command occurring after Counter 1 has
counted but before Counter 2 has. This would result in an incor-
rectly saved time. To guard against this, Counter 2 should be
resaved if Counter 1’s saved value indicates a ripple carry/borrow
may have been generated. in other words. Counter 2 should be
resaved it the value saved from Counter 1 is 0 (up counting).
59.94 (down counting, MM1—MMO = 01). 59.95 (down counting.
MM1 -MMO = 101. or 59.991down counting,MM1-MMO = 11). By
the time this test is performed and Counter 2 is resaved. any
rippling carry/borrow W1“ have updated Counter 2.

Bits MM2 and MM3 control the Comoarators assoc1ateo With
Counter 1 and 2. When a Comoaralor is enabled. its outDut is
substituted for the normal counter output on the assoc1ateo OUT1
or OUT2 Din. The comoaralor outout W1” be active-nigh it the
output control field of the Counter Mooe register is 001 or 010 and
active low for acode of 101 . Once the compare Cutout is tme. itwril
remain so until the countchanges and the comoarison thereiore
goes false.

The two Comparators can always be used individually in any
operating mode. One speCial case occurs When the time-of-oay
cotton is invoked and both Comparators are enabled. The opera-
tion oi Comparator 2w11| then be conditioned by Comoarator 1 so
that a full 32-bit compare must be true in order to generate a true
Signal on OUT2. OUT1 WI“ continue. as usual. to reflect the state
of the 16-bit comoarison between Alarm 1 and Counter 1.

FOUT Source

Master Mooe ‘oits Mil/14 thrOugn MM? soectfy the source mom for
the FOUT divrder. Fifteen inouts are available for selection and
they include the five Source pins, the live Gate bins and the live
internal frequenCies derived from the osc1llator. The 16th combi-
nation of the four control bits (all zeros) is used to assure that an
active frequency is available at the input to the FOUT diVlder
tollowtng reset.

FOUT Divider

Bits MM8 througnt MM11 specxty the diViding ratio for the FOUT
Oivtder. The FOUT source (selected by bits MM4 through MM71is
diyided by an integer value between 1 and 16. incluswe. and is
then passed to the FOUT output buffer. After power-on or reset.
the FOUT llGer is set to diVide-by—16.

FOUT Gate

Master Mode bit MM12 prowdes a software gating capability lor
the FOUT signal. When MM12 = 1, FOUT is off and in a low
imoedance state to ground. MM12 may be set or cleared in
coniunction With the loading of the other bits in the Master Mode
register: alternatively. there are commands that allow MM1210 be
indiVidually set or cleared directly Without changing any cther
Master Mode bits. After power-uo or reset. FOUT is gated on.
When changing the FOUT divider ratio or FOUT source. tranSient
pulses as short as half the period of the FOUT source may appear
on the FOUT pin, Turning the FOUT gate on or oil can also
generate a moment. This should be conSldered when usmg
FOUT as a system clock source.

ND-02.003.01
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Timer Initialization Example:

% TIMER INITIALISATION:
% TIMCOM WILL INITIALIZE THE REAL TIME CLOCK
% GENERATOR WITH A FREQUENCY OR 5 Hz, AND THE
% EAUD RATE GENERATORS TO 16 * 9600 BAUD.

% TIMER PARAMETERS
z ,
CONSTANT STCD = EEOTOOH
CONSTANT STCC = EFOTOZH
%
INTEGER ARRAY : TIPART:=(&

54453 ,& % MODE 1 (COUNTER 1 PARAMETERS)
17OOOOE ,& % LOAD 1 ( A9152OO/5*16)E
O ,& % HOLD 1 (DUMMY)
60A7B ,& % MODE 2 (COUNTER 2 PARAMETERS)
2GB ,& % LOAD 2 ( A9152OO/16*9600)B
O ,& ‘% HOLD 2
60478 ,& % MODE 3
2GB ,& % HOLD 3
O ,& % HOLD 3
60478 ,& % MODE u
208 ,& .% LOAD A
O ,& % HOLD A
60A7B ,& % MODE 5
2GB ,& % LOAD 5
O .& % HOLD =

ROUTINE SPECIAL VOID,VOID:TIMCOM

LABEL : TICOT

$* MOVE.L #STCD,AO
$* MOVE.L #STCC,A1
$* MOVE.w #OEEEEH,(AT)‘ % RESET STC
$* MOVE.w #OFFE7H,(A1) % 16 BITS BUS
$* MOVE.w #OFFFOH,(A1) % AUTOMATIC SEQUENCING
$* MOVE.w #OFFFTH,(A1) % POINTER TO 1.DATA ELEMENT$* . MOVE.w #0006H,DO % SET TABLE LENGTH
$* LEA TIRART,AA % POINT TO TABLETOP
TICOT: $* MOVE.w (Au)+,(AO) % LOAD REGISTER CONTENTS
$* DBEQ DO,TIC01 z NEXT REG.
$* MOVE.W #OFF7FH,(A1) % LOAD AND ARM COUNTERS
$* RTs

ENDROUTINE

ND—O2.003.01
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The Z80-SIO (Serial Input/Output) is a dual channel multi~function
peripheral component designed to satisfy a wide variety of serial data
communication requirements in microcomputer systems.
Its basic function is a serial to parallel, parallel to serial
converter/controller, but within that role it is configurable by
systems software so its "personality” can be optimized for a given
serial data communications application.

The 280—810 is capable of handling synchronous and asynchronous byte
oriented protocols such as IBM Bisync and synchronous bit oriented
protocols such as HDLC and IBM SDLC.
This versatile device can also be used to support virtually any other
serial protocol for applications other than data communications (e.g.,
cassette or floppy disk).

The Z80—SIO can generate and check CBC codes in any synchronous mode
and can be programmed to check data integrity in various modes.
The device also has facilities for modem controls in both channels. In
applications where these controls are not needed, the modem controls
can be used for general purpose I/O.

Structure:

* N-channel silicon gate depletion-load technology

* no pin DIP

* Single 5V power supply '

* Single phase 5V clock

* All inputs and outputs TTL compatible

Features:

* Two independent full duplex channels

* Data rates in synchronous or asynchronous modes:
- 0—550 Kbits/second with 2,5 MHZ system clock
- 0—880 Kbits/second with 4,0 MHZ system clock rate.

* Receiver data registers quadruply buffered; transmitter
doubly buffered

* Asynchronous features:
— 5, 6, 7 or 8 bits/character
- 1, 1 1/2 or 2 stop bits
- Even, odd or no parity
- X1, X16, X32 and xsu clock modes
- Break generation and detection
- Parity, overrun and framing error detection

ND~02.003.01
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Architecture

The device internal Structure includes a ZSO-CPU inter—
face. internal control and interrupt logic. and two full-
duplex channels. Associated with each channel are read
and write registers, and discrete control and status logic
that prOVidcs the interface to modems or other external
devices.

The read and write register group includes five 8-bit
control registers. two sync-character registers'and two
status regisrers. The interrupt vector is written into an
additional-8-bit register (Write Register 2) in Channel 8
that may be read through Read Register 2 in Channel B.
The registers for both channels are designated in the text
as follows:

wRo—wm —— Write Registers 0 through 7
RRO—RR: -— Read Registers 0 through 2

The bit assignment and functional grouping of each
register is configured to simplify and organize the pro-
gramming process. Table l illustrates the functions
assigned to each read or write register.

Register painters. CRC initialize. initialization com-WRO mands tor the various modes. etc,

Transmit/Receive interruot 'and data transfer modeWFH .
definition,

WRZ lnterruot vector (Channel 8 only)

W83 Receive parameters and controls

Transmit/fieceive miscellaneous parameters and
modes

W94

WRS Transmit parameters and controls

WRS Sync character or SDLC address field

WFt7 Sync character or SDLC Hag

(3) Write Register Functions

Transmit/Recewe butter status. interrupt status andRRO external status

Rm SoeCial Receive Condition status

RRZ Modified interrupt vector (Channel 8 only)

(b) Read Register Functions

The logic for both channels provides formats. syn-
chronization and validation for data transferred to and
from the channiLnterface. The modem contrg_l__inputs
Clear to Send (CTS) and Data Carrier Detect (DCD) are
monitored by the discrete control logic under program

control. All the modern control signals are general pur-
pose in nature and can be used for functions other than
modem control.

For automatic interrupt vectoring, the interrupt con-
trol logic determines which channel and which device
within the channel has the highest priority. Priority is
fixed with Channel A assigned a higher priority than
Channel B; Receive. Transmit and External/ Status in-
terrupts are prioritized in that order within each chan—
nel.

Data Path

The transmit and receive data path for each channel is
shown in Figure 4. The receiver has three 8-bit buffer
registers in a FIFO arrangement (to provide a 3-bytc
delay) in addition to the 8-bit receive shift register. This
arrangement creates additional time for the CPU to ser-
vice an interrupt at the beginning of a block of high-
speed data. The receive error FIFO stores parity and
framing errors and other types of Status information for
each of the three bytes in the receive data FIFO.

Incoming data is routed through one of several paths
depending on the mode and character length. in the
Asynchronous mode. serial data is entered in the 3-bit
buffer if it has a character length of seven or eight bits.
or is entered in the 5-bit receive shift :cgtster if it has u-
length of five or six bits.

In the Synchronous mode. however. the data path is
determined by the phase of the receive process currently
in operation. A Synchronous Receive operation begins
with the receiver in the Hunt phase. during which the
receiver searches the incoming data stream for a bit pat-
tern that matches the preprogrammed sync characters
(or flags in the SDLC mode). if the device is programmed
for Monosync Hunt, a match is made with a single sync
character stored in WR7. ln Bisync Hunt. a match is
made with dual sync characters stored in WRé and war.

ln either case the incoming data passes through the
receive sync register. and is compared against the pro-
grammed sync character in WRo or WR7. In the Mono-
sync mode. a match between the sync character pro-
grammed into WR'I and the character assembled in the
receive sync register establishes synchronization.

ln the Bisync mode. however. incoming data is
shifted to the receive shift register while the next eight
bits of the message are assembled in the receive sync
register. The match between the assembled character in
the receive sync registers With the programmed sync
character in We and WK? establishes synchronization.
Once synchronization is established. incoming data by—
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Transmit and Receive Data Path

passes the receive sync register and directly enters the
3-bit buffer.

in the SDLC mode, incoming data first passes through
the receive sync register. which continuously monitors
the receive data stream and performs zero deletion when
indicated. Upon receiving five contiguous l's. the sixth
bit is inspected. If the sixth bit is a 0, it is deleted from
the data stream. lf the sixth bit is a 1. the seventh bit is
inspeCted. If that bit is a O. a Flag sequence has been
received; if it is a 1, an Abort sequence has been re-
ceived.

The reformatted data enters the 3-bit buffer and is
transferred to the receive shift register. Note that the
SDLC receive operation also begins in the Hunt phase.
during which the 280-510 tries to match the assembled
character in the receive shift register With the flag pat-
tern in WR7. Once the first flag character is recognized.
all subsequent data is routed through the same path‘
regardless of character length.

ND—O2.003.0l

Although the same CRC checker is used for both SDLC
and synchronous data. the data path taken for each
mode is different. in Bisync protocol, a byte-oriented
operation requires that the CPU decide to include the
data character in CRC. To allow the CPL; ample time to
make this decision. the ZBO-SIO pr0vides an 8-bit
delay for synchronous data. ln the SDLC mode. no delay
is provided since the 280-510 contains logic that deter-
mines the bytes on Which CRC is calculated.

The transmitter has an 8-bit transmit data regime:
that is loaded from the internal data bus and a 2043i:
transmit shift register that can be loaded from was, WR?
and the transmit data register. was and WR7 contain
sync characters in the Monosync or Bisync modes, or
address field (one character long) and flag respectively
in the SDLC mode. During Synchronous modes. infor.
mation contained in was and WR7 is loaded into the
transmit shift register at the beginning of the message
and. as a time filler, in the middle of the message if a
Transmit Underrun condition occurs. in the SDLC
mode. the flags are loaded into the transmit shift regis-
ter at the beginning and end of message.
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Asynchronous data in the transmit shift register is
formatted with start and stop bits and is shifted out to
the transmit multiplexer at the selected clock rate. Syn-
chronous (Monosync or Bisync) data is shifted out to
the transmit multiplexer and also to the CRC generator
at the X l clock rate.

SDLC.’HDLC data is shifted out through the zero inser.
tion logic. which is disabled while the flags are being
sent. For all other fields (address, control and frame
check) a O is inserted follOwing five contiguous 1’s in the
data stream. The CRC generator result for SDLC data is
also routed through the zero insertion logic.

Functional Description

The functional capabilities of the ZBO-SIO can be
described from two different points of view: as a data
communications device. it transmits and receives serial
data. and meets the requirements of various data com-
munications protocols; as a 280 family peripheral, it
interacts with the ZSOCPU and other 230 peripheral
circuits. and shares their data. address and control
busses. as well as being a part of the 280 interrupt struc-
ture. As a peripheral to other microprocessors. the
ZSO-SlO offers valuable features such as non-vectored
interrupts, polling and simple handshake capabilities.

The first part of the following functional description
describes the interaction between the CPU and 280-510;
the second part introduces its data communications
capabilities.

l/O CAPABILITIES

The ZSO-SIO offers the choice of Polling, lnterrupt
(vectored or non-vectored) and Block Transfer modes to
transfer data. status and control information to and
from the CPU. The Block Transfer mode can be
implemented under CPU or DMA control.

Polling. The Polled mode avoids interrupts. Status
registers RRO and RRl are updated at appropriate times
for each function being performed (for example. CRC
Error status valid at the end of the message). All the in-
terrupt modes of the ZSO-SlO must be disabled to
operate the device in a polled environment.

While in its Polling sequence. the CPU examines the
status contained in RRO for each channel: the RRO status
bits serve as an acknowledge to the Poll inquiry. The
two RRO status bits Do and 0: indicate that a receive or
transmit data transfer is needed. The status also in-
dicates Error or other special status conditions (see
“ZBO~SlO Programming"). The Special Receive Condi-
tion status contained in RRl does not have to be read in a
Polling sequence because the status bits in RRl are ac
companied by a Receive Character Available status in
RRO. ,
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Interrupts. The ZSO—SlO offers an elaborate interrupt
scheme to provide fasr interrupt response in real-time
applications. As mentioned earlier. Channel 8 registers
Wit: and RR: contain the interrupt vector that points to
an interrupt service routine in the memory. To service
operations in both channels and to eliminate the neces-
sity of writing a status analysis routine. the ZBO-SIO can
modify the interrupt vector in RRZ so it points directly to
one of eight interrupt service routines. This is done
under program_control by setting a program bit (WRl.
Dz) in Channel 8 called “Status Affects Vector.” When
this bit is set. the interrupt vector in WRZ is modified
according to the assigned priority of the various inter-
rupting conditions. The table in the Write Register 1
description (ZSO—SIO Programming section) sh0ws the
modification details.

Transmit interrupts. Receive interrupts and External/
Status interrupts are the main sources of interrupts
(Figure 5). Each interrupt source is enabled under pro-
gram control with Channel A having a higher priority
than Channel B. and with Receiver, Transmit and Ex‘
ternal/Status interrupts prioritized in that order within
each channel. When the Transmit interrupt is enabled.
the CPU is interrupted by the transmit buffer becoming
empty. (This implies that the transmitter must have had
a data character written into it so it can become empty.)
When enabled, the receiver can interrupt the CPU in one
of three ways:

' lnterrupt on first receive character
' Interrupt on all receive characters
° lnterrupt on a Special Receive condition

interrupt On First Character is typically used With the
Block Transfer mode. lnterrupt On All Receive Charac-
ters has the option of modifying the interrupt vector in
the event of a parity error. The Special Receive Condi-
tion interrupt can occur on a character or message basis
(End Of Frame interrupt in SDLC. for example). The
Special Receive condition can cause an interrupt only if
the lnterrupt On First Receive Character or lnterrupt
On All 'Receive Characters mode is selected. In lnter-
rupt On First Receive Character. an interrupt can occur
from Special Receive conditions (except Parity Error)
after the first receive character interrupt (example:
Receive Overrun interrupt).

The main function of the External/Status interrupt is
to monitor the signal transitions of the CT’S‘. BEE and
SYNC pins: however. an External/Status interrupt is also
caused by a Transmit Underrun condition or by the
detection of a Break (Asynchronous mode) or Abort
(SDLC mode) sequence in the data stream. The interrupt
caused by the Break/Abort sequence has a special
feature that allows the ZSO-SlO to interrupt when the
Break/Abort sequence is detected or terminated. This
feature facilitates the proper termination of the current
message. correct initialization of the next message. and
the accurate timing of the Break/Abort condition in
external logic.

ND-02.003.0‘l
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CPLY/DMA Block Transfer. The ZBO-SIO provides a
Block Transfer mode to accommodate CPU block trans-
fer functions and DMA controllers (ZSO-DMA or other
designs). The Block Transfer mode uses the WAIT/
READY output in conjunction with the Wait/Ready bits
of Write Register I. The WAIT/READY output can be
defined under software control as a WAIT line in the CPU
Block Transfer mode or as a READY line in the DMA
Block Transfer rnode.

To a DMA controller. the ZSO-SIO READY output
indicates that the ZSO-SIO is ready to transfer data to or
from memory. To the CPU, the W‘AIT output indicates
that the 280-SIO is n0t ready to transfer data thereby
requesting the CPU to extend the 1/0 cycle. The pro-
gramming of bitsS 6 and7 of Write Register I and the
logic states of the WAIT/READY line are dettned in the
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Write Register I description (ZSO~SIO Programmi
seetion.)

DATA COMMUNICATIONS CAPABILITIES

In addition to the 1/0 capabilities previously discussed
the 280—510 provides two independent full-dupler
channels as well as Asynchronous. Synchronous arr:
SDLC (HDLC) operational modes. These modes facilita*
the implementation of commonly used data commur
cations protocols.

The specific features of these modes are described
the following sections. To‘ preserve the independen
and completeness of each section. some informatioe,
common to all modes is repeated. ‘

RECEIVE CHARACTER

\mrmaupr on ALL
RECEIVE CHARACTERS

\ RECEIVE
/’i ’HTERRUPT

INTERRUPT ON
FIRST CHARACTER/

mm ERROR\
aacavs oveanun ERROR K. SPECIAL RECEIVEFRAMING 5mm ——-—-—---" CONDITION mnsaaum/em: or FRAME (sutci/

{i857 DATA CHARACTEHN
FIRST NON SYNC CHARACTER [SYNCIW
VALID ADDRESS BYTE {SDLC}

acu mmsmoncrs mnsmouk
smc musmonM
n usuannumsom
BREAK/ABORT DETECTION /"‘

BUFFER BECOMING EMPTY

Figure 5. Interrupt Structure
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Asynchronous Operation

To receive or transmit data in the Asynchronous mode.
the 280-510 must .be initialized with the following pa-
rameters: character length, clock rate. number of stop
bits. even or odd parity, interrupt mode. and receiver or
transmitter enable. The parameters are loaded into the
appropriate write registers by the system program. WRA
parameters must be issued before WRl. WRJ and WRS
parameters or commands. ‘

If the data is transmitted over a modem or RSZ32C
interface. the REQUEST TO SEND (FT—S) and DATA TER-
.W(W) outputs must be set along with the
Transmit Enable bit. Transmission cannot begin until
the Transmit Enable bit is set.

The Auto Enables feature allows the programmer to
send the first data character of the message to the
280—310 without waiting for 575. If the flute Enables
bit is set. the ZSO~SlO will wait for the CTS pin to go
Low‘before it begins data transmission. C‘TE, fl and
SYTC are general-purpose I/O lines that may be used for
functions other than their labeled purposes. If E’s is
used for another purpose. the Auto Enables Bit must be
programmed to 0.

Figure 6 illustrates asynchronous message formats;
Table 2 shows WR3. W34 and WR5 with bits set to indi—
cate the applicable modes. parameters and commands in
asynchronous modes. WR: (Channel B only) stores the
interrupt vector: WRl defines the interrupt modes and
data transfer modes. WR6 and WR7 are not used in asyn-
chronous modes. Table 3 shows the typical program
steps that implement a r‘uii-dupiex receive/transmit
operation in either channel.

iAsynchronous'Transnut

The Transmit Data output (TxD) is held marking (High)
when the transmitter has no data to send. Under pro-
gram control. the Send Break (s, D4) command can
be issued to hold TxD spacing (Low) until the command
is cleared. A

The ZSO-SlO automatically adds the start bit. the
programmed parity bit (odd. even or no parity) and the
programmed number of stop bits to the data character
to be transmitted. When the character length is six or
seven bits, the unused bits are automatically ignored by
the 280-510. If the character length is five bits or less,
refer to the table in the Write Register 5 description
(ZSO-SlO Programming section) for the data format.

Serial data is shifted from TxD at a rate equal to l.
l/léth, l/32nd or l/64th of the clock rate supplied to
the Transmit Clock input (TxC ). Serial data is shifted
out on the falling edge of ( TxC i.

If set, the External/Status Interrupt mode monitors
the status of 572—5. 57% and SYNC throughout the trans-
mission of the message. If these inputs change for a
period of time greater than the minimum specified pulse
width. the interrupt is generated. In a transmit opera-
tion, this feature is used to monitor the moaem controt
signal E’Ti

ASYNC‘HRONOUS FORMAT

mama LINE stun an ctx

37
CC ‘ l

O” PARITY STOP MARKING LINE

3) h
C L 4 4 \\

N-5.5.7.0Rl—/
i. W, OR 2 HTSALL TRANSACTIONS OCCURon _A_FALLJKG sect

0F TIC.
MAY IE PRESENT OR
NOT. EVEN OR 000

MESSAGE FLOW

Figure 6. Asynchronous Message Format
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Asynchronous Receive

An Asynchronous Receive operation begins when the
Receive Enable bit is set. lf the Auto Enables option is
selected. 5.55 must be Low as well. A Low (spacing)
condition on the Receive Data input (RxD) indicates a
start bit. If this Low persiSts for at least one~half of a bit
time. the Start bit is assumed to be valid and the data in-
put is then sampled at mid-bit time until the entire
character is assembled. This method of detecting a start
bit improves error rejection when noise spikes exist on
an otherWise marking line. .

if the X l clock mode is selected, bit synchronization
must be accomplished externally. Receive data is sam~
pled on the rising edge of RxC. The receiver inserts l’s
when a character length of other than eight bits is used.
If parity is enabled, the parity bit is not stripped from
the assembled character for character lengths other than
eight bits. For lengths other than eight bits, the receiver
assembles a character length of the required number oi”
data bits, plus a parity bit and 1’s for any unused bits.
For example, the receiver assembles a 5-bit character
with the following format: it P D4 D} D: Di Do.

Since the receiver is buffered by three 8-bit registers
in addition to the receive shift register. the CPU has
enough time to service an interrupt and to accept the
data character assembled by the 280-310. The receiver
also has three buffers that store error flags for each data
charaCter in the receive buffer. These error flags are
loaded at the same time as the data characters.

After a character is received, it is checked for the
following error conditions:

0 When parity is enabled, the Parity Error bit (km.
0.1) is set whenever the parity bit of the character
does not match with the programmed parity. Once
this bit is set. it remains set until the Error Rese
Command (WRO) is given.

- The Framing Error bit (RRt. Db) is set if the char«
acter is assembled without any stop bits (that is. a
Lew level detected for a stop bit). Unlike the Parit,
Error bit. this bit is set (and not latched) only few
the character on which it occurred. Detection o
framing error adds an additional one-half of a bi
time to the character time so the framing error is
not interpreted as a new start bit.

0 If the CPU fails to read a data character while more
than three characters have been received, the Re”
ceive Overrun bit (RRt, D5) is set. When this oc»
curs, the fourth character assembled replaces the
third character in the receive buffers. With this ar
rangement, only the character that has been writ~
ten over is flagged with the Receive Overrun Err
bit. Like Parity Error, this bit can only be reset b "
the Error Reset command from the CPU. Both the
Framing Error and Receive Overrun Error cause
an interrupt with the interrupt vector indicating a
Special Receive condition (if Status Affects Vector
is selected).

Since the Parity Error and Receive Overrun Error
flags are latched, the error status that is read reflects c“
error in the current word in the receive buffer plus art:
Parity or Overrun Errors received since the last Erro
Reset command. To keep correspondence between the
state of the error buffers and the contents of the receive
data buffers, the error status register must be reac“
before the data. This is easily accomplished if vectorea

BIT 7 BIT 6 BIT S BIT 4 BIT 3 ‘BIT 2 BIT 1 BIT 0

00
10 2: fix 5 BITSICHAR AUTO

ll Rx 5 BITS-CHAR
Fix

w” 01 a fix 7 BITS'CHAR ENABLES 0 0 ° ENABLE
ii a Rx e BITS-CHAR

on = x1 CLOCK MODE oo = NOT USED _____
WM 01 = x16 CLOCK MODE 0 01 = 2 STOP BIT’CHAR EVEN/ODD PARITV

to a x32 CLOCK MODE to = w: STOP BITS-CHAR DARtTY ENABLE
ti = x64 CLOCK MODE 11 = ZSTOP BITS/CHAS

oo . Tx 5 BITS (OR
was om LESSiICHAR SEND Tx 0

10 - Tx 6 BlTSiCHAFl
01 a T): 7 BITS/CHAR
1‘1 = TX 8 BITS/CHAR

BREAK ENABLE 0 RTS

Table 2. Contents at Write Registers 3. 4 and Sin Asynchronous Modes
0
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FUNCTION TYPICAL PROGRAM STEPS COMMENTS

FIE ISTER: INFORMATION LOADED

wno CHANNEL RESET Ram SIO

WRO POINTER 2
.

wnz INTERRUPT VECTOR ChanneI E onIy

WRO POINTER AI RESET EXTERNAL/STATUS INTERRUPT ‘

wm AsYNCHRONOUS MODE. PARITY INFORMATION. STOP BITS Issue parameters
INFORMATION. CLOCK RATE INFORMATION

INITIALIZE WRO POINTER 3

WIRE RECEIVE ENABLE. AUTO ENABLES. RECEIVE CHARACTER
LENGTH

wRo POINTER 5

WR5 REQUEST TO SEND. TRANSMIT ENABLE TRANSMIT Reeewe and Transmn Dom fuIIy InmaI.
CHARACTER LENGTH. DATA TERMINAL READY ‘Ized. Auto Enades wiII enable Trans-

_ miner if 5% Is wave and Recerver II
0CD Is acztve.

wRo POINTER 1. RESET EXTERNAL/STATUS IN'I'EF-IRUPT

WH1 TRANSMI’T INTEFIRUPT ENABLE. STATUS AFFECTS VECTOR. TransmIt/Recewe Intermm mode se-
INTERRUF’T ON ALL RECEIVE CHARACTERS. DISABLE WAIT/ lected, ExternaI Inle_rrupt manner: the
READY FUNCTION. EXTERNAL INTERRUPT ENABLE status of me 73. DOB and SYNE moms

' ' and detects the Break sequence. Status
Afieas Vector In ChanneI 8 onIy.

TRANSFER FIRST DATA BYTE TO SIO Thus data byte must be tansterred or no
' - transmIt imarruots wIII occur.

IDLE MODE EXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM Program is wamng for an Imerrum from
— the SIG.

280 INTERRUPT ACKNOWLEDGE CYCLE TRANSFERS RRZ TO CPU When the interrum occurs. the interTum
vector Is modified by: 14 Recee Char-

IF A CHARACTER IS RECEIVED acter AvaIIataIe; 2. Transmtt Buffer Emo-
- TRANSFER OATA CHARACTER TO CPU Iv: 3. ExternaIIStaIus chance: and A
- UPDATE POINTERS AND PARAMETERS , SceCIaI ReCEIve conditxon.
o RETURN FROM INTERRUPT

IF TRANSMITTER BUFFER IS EMPTY: Program comm-II Is transferred to one of
o TRANSFER DATA CHARACTER TO SIO the eIgm Interrupt sen/Ice romInes.
0 UPDATE POINTERS AND PARAMETERS

DATA TRANSFER AND . RETURN FROM INTERRUFT
ERROR MONITORING

TERMINATION

IF EXTERNAL STATUS CHANGES
o TRANSFER FIRO TO CPU
0 PERFORM ERROR ROU‘UNES (INCLUDE BREAK DETECTION)
. RETURN FROM INTERFIUF'T

IF SPECIAL RECEIVE CONDITION OCCURS:
0 TRANSFER RFI‘I TO CPU
0 DO SPECIAL ERROR (EG FRAMING ERROR) ROUTINE
o RETURN FROM INTERRUPT

REDEFINE RECEIVE/TRANSMIT INTERRUPT MODES

DISABLE TRANSMITIFIECEIVE MODES

UPDATE MODEM CONTROL OUTPUTS (EG. RTS om

If used with processors other man the 280.
the modified Interruut veaor (RRZ) snouid
be returned to the CPU In the lntermot Ac-
knowledge sectuence.

When transmrt or reserve data transfer Is
comDIetet

In Transmrt. the All Sent status on ma»
cates transmISSIon Is COr‘nOIete‘

~

Tto 3. Asynchronous Mode
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interrupts are used. because a special interrupt vector is
generated for these conditions.

While the External/Status interrupt is enabled. break
detection causes an interrupt and the Break Detected
status bit (RRO. D7) is set. The Break Detected interrupt
should be handled by issuing the Reset External/Status
interrupt command to the ZSO—SiO in response to the
first Break Detected interrupt that has a Break status of
l (RRo, D7). The ZSO-SIO monitors the Receive Data in-
put and waits for the Break sequence to terminate. at
which point the 280-810 interrupts the CPU with the
Break status set to O.The CPU must again issue the Reset
External/Status Interrupt command in its interrupt ser-
vice routine to reinitialize the break detection logic.

The External/Status interrupt also monitors the
status of 555. if the 5-513 pin becomes inactive for a
period greater than the minimum specified pulse width.
an interrupt is generated with the DCD status bit (RRO,
03) set to l. Vete that the DE) input is inverted in the
RRO status register.

If the status is read after the data. the error data for
the next word is also included if it has been stacked in
the buffer. lf operations are performed rapidly enough
so the next character is not yet received. the status regis—

ND—OZ. 003‘ 01
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ter remains valid. An exception occurs when the inter-r
rupt On First Character Only mode is selected. A spec
interrupt in this mode holds the error data and the char-
aCter itself (even if read from the buffer) until the Error
Reset command is issued. This prevents further date.
from becoming available in the receiver until the Res ~,
command is issued. and allows CPU intervention on to

m
f!

1"!

character with the error even if DMA' or block transfer f
techniques are being used.

If Interrupt On Every Character is selected, the inter
rupt vector is different if there is an error status in Rat.
If a Receiver Overrun occurs. the most recent character
received is loaded into the buffer: the character pres
ceding it is lost. When'the character that has been writ~ ,
ten Over the other characters is read. the Receive Over-
run bit is set and the Special Receive Condition vector is
returned if Status Affects Vector is enabled.

in a polled environment. the Receive Character
Available bit (RRO. D0) must be monitored so the:
ZSO-CPU can know when to read a character. This bit
automatically reset when the receive buffers are read
To prevent overwriting data in polled operations, the
transmit buffer status must be checked before writins
into the transmitter. The Transmit Buffer Empty bit is
set to 1 whenever the transmit buffer is empty.
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Synchronous Operation '

Before describing synchronous transmission and recep-
tion. the three types of character synchronimtion—
Monosync, Bisync and External Sync—require some ex-
planation. These modes use the x l clock for both
Transmit and Receive operations. Data is sampled on
the rising edge of the Receive Clock input ($372). Trans-
mitter data transitions occur on the falling edge of the
Transmit Clock input (E).

The differences between Monosync. Bisync and Ex-
ternal Sync are in the manner in which initial character
synchrouization is achieved. The mode of operation
must be seleeted before sync characters are loaded.
because the registers are used differently in the various ~
modes. Figure 7 shows the formats for all three of these
synchronous modes. '

Monosync. In a Receive operation, matching a single
sync character (8-bit sync mode) with the programmed
sync character stored in WR7 implies character synchro-
nization and enables data transfer.

Bisync. Matching two contiguous sync characters
(16~bit sync mode) with the programmed sync charac-
ters stored in WRb and WR? implies character synchroni‘
zation. In both the Monosync and Bisync modes. W
is used as an output, and is active for the part of the
receive clock that detects the sync character.

External Sync. In this mode. character synchronization
is established externally; m is an input that indicates
external character synchronization has been achieved.
After the sync pattern is detected, the external logic
must wait for two full Receive Clock cycles to activate
the SYNC input. The SYNC input must be held Low until
character synchronization is lost. Character assembly
begins on the rising edge of €75 that precedes the falling
edge of 577335.

In all cases after a reset. the receiver is in the Hunt
phase, durirg which the ZSO~SIO looks for character
synchronization. The hunt can begin only when the
receiver is enabled. and data transfer can begin only
when character synchronization has been achieved. lf
character synchronization is lost, the Hunt phase can be
re-entered by writing a control word with the Enter
Hunt Phase bit set (WR3. D4). in the Transmit mode. the
transmitter always sends the programmed number of
sync bits (8 or 16). In the Monosync mode. the trans-
mitter transmits from WRé: the receiver compares
against wm.

In the Monosync, Bisync and External Sync modes.
assembly of received data continues until the 280-510 is
reset. or until the receiver is disabled (by command or
by I‘D—55 in the Auto Enables mode), or until the CPU sets
the Enter Hunt Phase bit.

MésSAcsFa

nan—u 3-, . m
LL

me ex: onecan-um: mum confine d I

l. V 3‘ H I 7 I

LL

(A) MONOSYNC MESSAGE FORMAT (lNTERNAL SYNC QUEST)

nan—c 3) run
LS

me in: er: a:tun-Aer" momma sunny bun-afra- Dill-A1573

l t u 4 3) ' n l 7 c
LL

(Bl MSYNC MESSAGE FORMAT (lNTERHAL SYNC DETECTl

m 71 no
it

' a: cuteuunu aux-m “tilt"!

31 ‘5 I V I

U.

. (C) ETERNAL SYNC DEFECT FORMAT

Figure 7. Synchronous Format:
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After initial synchronization has been achieved. the
operation of the Monosync, Bisync and External Sync
modes is quite similar. Any differences are specified in
the following text. '

Table 4 shows how was. was and WRS are used in
synchronous receive and transmit operations. WRO
points to other registers and issues various commands.
WEI defines the interrupt modes, wR: stores the inter~
rupt vector. and WR6 and WR‘I store sync characters.
Table 5 illustrates the~typical program steps that imple-
ment a half-duplex Bisync transmit operation.

Synchronous'Transnfit

INITIALIZATION

The system program must initialize the transmitter with
the following parameters: odd or even parity, x l clock
mode. 8- or l6.bit sync character(s). CRC polynomial,
Transmitter Enables, Request To Send, Data Terminal
Ready, interrupt modes and transmit character length.
WR‘. parameters must be issued before Wm, WM. was,
was and WR7 parameters or commands.«

One of two polynomials-CRC-16 (>06; X15 —‘- X2+ l)
or SDLC (X’°+X13+X5a—l)—-may be used with syn-
chronous modes. In either case (SDLC mode not

,selected).. the CRC generator and checker are reset to all
0's. in the transmit initialization process, the CRC
generator is initialized by setting the Reset Transmit
cnc Generator command bits (WRO). Beth the trans-
mitter and the receiver use the same polynomial.

Transmit Interrupt Enable or Wait/Ready Enable

Appendix D
SERIAL CONTROLLERS

can be SClctd to transfer the data. The External/Status
interrupt mode is used to monitor the status of the
minput as well as the Transmit Under-
run/EOM latch. Optionally, the Auto Enables feature
can be used to enable the transmitter when as is active.
The first data transfer to the 230-310 can begin when
the EXternal/Status interrupt occurs (CTS status bit set)
or immediately following the Transmit Enable com-
mand (if the Auto Enables modes is set).

Transmit data is held marking after reset or if the
transmitter is not enabled. Break may be programmed
to generate a spacing line'that begins as soon as the Send
Break bit is set. With the transmitter fully initialized and
enabled. the default condition is continuous transmis-
sion of the 8- or- 16bit sync character.

DATA TRANSFER AND STATUS MONITORING

In this phase, there are several combinations of inter—
rupts and Wait/Ready.

Data Transfer Using Interrupts. If the Transmit lnter~
rupt Enable bit (Wm. Di) is set. an interrupt is generated
each time the transmit buffer becomes empty. The inter-
rupt can be satisfied either by writing another character
into the transmitter or by resetting the Transmitter In-
terrupt Pending latch with a Reset Transmitter Pending
command (W120. CMDS). If the interrupt is satisfied with
this command and nothing more is written into the
transmitter, there can be no further Transmit Buffer
Empty interrupts, because it is the process of the buffer
becoming empty that causes the interrupts and the buf-
fer cannot become empty when it is already empty. This
situation does cause a Transmit Underrun condition,
which is explained in the “Bisync Transmit Undermn"
section.

EFT? BITS BITS 8W4 3W3 BITZ BlT‘l BITU

oo - Rx s BITS/CHAR ENTER SYNC
WRJ 10 - Fix 6 alTsHAR AUTO _HUNT Rx CRC 0 CHAR RX

01 - fix 7 BITS‘CHAR ENABLES MODE ENABLE LOAD ENABLE
11 - Rx B BITS/CHAR INHIBIT

00 - 8-8” SYNC CHAR
W94 0 0 O1 - 18—8” SYNC CHAR O O EVEN/ODD PARITY

to - SDLC MODE SELEC‘TS SYNC PARITY ENABLE
11 - arr SYNC MODE MODES

00 - Tx 5 BlTS (OR
LESSl/CHAR 1SEND Tx Tx CRCWRS DTFI ‘IO - Tx 5 BITS/CHAR SELECTS FITS. C F, 01 _ Tx 7 BITS/CHAR BREAK ENABL. Ciao-is ENABL.

11 - Tx 5 BITS/CHAR

Table 4. Contents of Write Register: 3. 4 and 5 in Synchronous Mod-z
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Data Transfer Using WAIT/READY. To the CPU. the
activation of WT? indicates that the 280-510 is not
ready to accept data and that the CPL' must extend the
output cycle. To 3 DMA controller. READY indicates that
the transmit buffer is empty and that the 230-310 is
ready to accept the next data character. if the data
character is not loaded into the 280-510 by the time the
transmit shift register is empty. the 280-510 enters the
Transmit Underrun condition.

Bisync Transmit Underrun. In Bisync protocol, filler
characters are inserted to maintain synchronization
When the transmitter has no data to send (Transmit
Underrun condition). The ZSO-SIO has two program-
mable options for solving this situation: it can insert
sync characters, or it an send the CRC characters gener-
ated so far. followed by sync characters.

These options are under the control of the Reset
Transmit Underrun/EOM command in WRO. Following a
chip or channel reset. the Transmit Underrun/EOM
status bit (RRO. D6) is in a set condition and allows the
insertion of sync characmrswhen there is no data to
send. CRC is not calculated on the automatically inserted
sync characters. When the CPU detects the end of mes-
sage. a Reset Transmit Underrun/EOM command can be
issued. This allows CRC to be sent when the transmitter
has no data. in this case. the 280~SIO sends CRC,
followed by sync characters, to terminate the message.

There is no restriction as to when in the message the
~lIransmit Underrun/EOM bit can be reset. ll.Reset is
issued after the first data character has been loaded the
16-bit CRC is sent and followed by sync characters the
first time the transmitter has no data to send. Because of
the Transmit Underrun condition. an External/Status
interrupt is generated whenever the Transmit Under-
run/EOM bit becomes set.

In the case of sync insertion. an interrupt is generated
only after the first automatically inserted sync character
has been loaded. The status indicates the Transmit
Underrun/EOM bit and the Transmit Buffer Empty bit
are set.

In the case of CRC insertion, the Transmit Underrun/
EOM bit is set and the Transmit Buffer Empty bit is reset
while CRC is being sent. When CRC has been completely
sent, the Transmit Buffer Empty status bit is set and an
interrupt is generated to indicate to the CPU that another
message can begin (this interrupt occurs bemuse CRC
has been sent and sync has been loaded). If no more
messages are to be sent, the program can terminate
transmission by resetting RTS. and disabling the
transmitter (was; 03). .

Pad characters may be sent by setting the 280-510 to
8 bits/transmit character and writing FF to the transmit-
ter while CRC is being sent. Alternatively. the sync char-
acters can be redefined as pad characters during this
time. The following example is included to clarify this
pomt.

73

The ZSO-SlO interrupts with the Transmit Buller Empty bit
set.

The CPU recognizes that the last Character ten: ol the
message has already been sent to the EEO-SIC by examining
the internal program status.

To lorce the ZBO-SlO to send cac, the CPU issues the Reset
Transmit Unoerruntsou Latch command (WHO) and satisfies
the interrupt with the Reset Transmit Interrupt Pending
command. (This command prevents the 280—810 lrom re
Questing more data.) Because of the transmit underrun
caused by this command. the ZBO~SIO starts sending cac.
The ZSGSIO also causes an External/Status manual with
the Transmit UnoerrunIEOM latch set.

The CPU satisfies this interrupt by loading pad characters in-
to the transmit butler and issuing the Reset External/Status
interrupt command. ~ ‘ - '

With this sequence. CRC IS followed by a pad character in-
stead ot a sync character. Note that the ZBO-SIO will inter.
ruot with a Transmit BulierEmoty interrupt when on: is
completely sent and that the pad character lS loaded into
the transmit shift register.

From this OOH“ on the CPU can send more Dad characters Of
SYNC characters.

Bisync CRC Generation. Setting the Transmit CRC
enable bit (WRj. Do) initiates CRC accumulation when
the program sends the first data character to the
280-510. Although the 280-310 automatically trans-
mits up to two sync characters (16-bit sync). it is wise to
send a few more sync characters ahead of the message
(before enabling Transmit CRC) to ensure synchroniza-
tion at the receiving end.

The transmit CRC Enable bit can be changed on the
fly any time in the message to include or exclude a par-
ticular data character from CRC accumulation. The
Transmit CRC Enable bit should be in the desired state
when the data character is loaded from the transmit
data butfer into the transmit shift register. To ensure
this bit is in the proper state. the Transmit CRC Enable
bit must be issued before sending the data character to
the ZSO~SlO.

Transmit Transparent Mode. Transparent mode (Bi-
sync protocol) operation is made possible by the ability
to change Transmit CRC Enable on the fly and by the_
additional capability of inserting 16-bit sync characters.
Exclusion of DLE characters from CRC calculation can
be achieved by disabling CRC calculation immediately
preceding the DLE character transfer to the 280-310.

In the case of a Transmit Underrun condition in the
Transparent mode. a pair of OLE-SYN characters are
sent. The ZBO—SIO an be programmed to send the DLE-
SYN sequence by loading a DLE character into WRs and a
sync character into wx7.

Transmit Termination. The 280—310 is equipped with a
special termination feature that maintains data integrity
and validity. if the transmitter is disabled while a data
or sync character is being sent. that character is sent as
usual, but is followed by a marking line rather than CRC
or sync characters. When the transmitter is disabled, a

ND-O2. 003. 01
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FUNCTION TYPICAL PROGRAM STEPS COMMENTS

REGISTER INFORMATION LOADED

WRo CHANNEL RE‘ET, RESET TRANSMIT CRC GENERATOR Reset Slo. InfllIlZE CFlC generalm.

WRO POINTER 2

' waz INTERFIUPT vacron Channel 8 only

WRO POINTER :3

wna AUTO ENABLES Transmlssmn beglns only alter C75 3 .
detected.

wao POINTER 4

wm PARITY lNFORMATlON. SYNC MODES INFORMATION, :1 Issue Ilansmll parameters.
CLOCK MODE

WHO POINTER 6

was SYNC CHARACTER x

WRO POINTER 7. RESET EXTERNAUSTATUS INTERRUPTS

lNlTlALlZE wm SYNC CHARACTER 2

WRO POINTER 1. RESET EXTERNAL/STATUS INTERRUPTS

WR1 STATUS AFFECTS VECTOR EXTERNAL INT‘EFlFlUPT ENABLE. External lmenuollode monnors :63
TRANSMIT INTERRUPT ENABLE on WAIT/READY MODE ENABLE Status ol ES and 0:3 mm olns as WE-

as the status of Tx Unoerrun/EOM lam"
Transmll Imerruol Enable Inlerrusrs
when the Transmlt bufier becomes.
empty: the Wan/Ready mode can oe use:
to transfer data usmg DMA or CPU 810cm
Transfer.

wno POINTER 5 Status Afiects Vector (Channel 8 only},

was REQUEST TO SEND. TRANSMIT ENABLE. BISYNC CRC. Transmn CFlC Enable should be setwne“
TRANSMIT CHARACTER LENBTH first non-sync data ls sen: to ZED-SIC.

FIRST SYNC BYTE TO 510 , Need several sync crlaraclers in me be-
glnnlng of message. Transmmer 15 MN
.I'lmallzed.

lDLE MODE EXECUTE HALT INSTRUCTION OR SOME OTHER PROGHAM Walllng for mterruol or wall/Ready outs-C7;
to transfer gala.

WHEN w‘rEfiHuPT (WAIT/READY) OCCURS: Inter-rum occurs (Walt/Ready becomes
0 INCLUDE/EXECLUDE DATA BYTE FROM CRC actrve) when first data byte IS belng sen:

ACCUMULATlON (lN SlOl. Walt mode allows CPU block transfer
. TRANSFER DATA BYTE FROM CPU (OR MEMORY) TO SIO. from memory to SIO: Ready mode allows
0 DETECT AND SET APPROPRIATE FLAGS FOR CONTROL DMA block transfer fl'Dm memory lo SIC,

CHARACTERS (IN CPU). The DMA two can be programmed to (2::-
DATA TRANSFER AND . RESET 7: UNDERRUNIEOM LATCH (wan) IF w CHARACTER me soeaal wmrol characters (by ex-
STA'IUS MONITORING OF MESSAGE IS DETECTED.

0 LPDATE POINTFRS AND PARAME :FIS (CPUL
0 RETURN FROM INTERRUPT

IF ERROR CONDITION OR STATUS CHANGE OCCURS.
o TRANSFER RRO TO CPU.
0 EXECUTE ERROR ROUTINE.
I RETURN FROM lNTERRUF’T,

amlnlng only me alts-ma! soeclly ASCH or
EBCDIC control cnaramers). and Interruc:
CPU.

Tx Undermn/EOM Indlmles emer trans.
mlt unoerrun (sync cnaracxer oelng seml
or end of message lCRC-IS bezng
senu.

REDEFlNE INTERRUF’T MODES

TERMINATION UPDATE MODEM CONTROL OUTPUTS (5.6m TURN OFF HTS}.

DISABLE T'PIANSMI‘T MODE

Program should gracelully lermrnau:
message

Tabla 5. Blsync Transmit Mods

ND—OZ. 003.01
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character in the buffer remains in the buffer. If the
transmitter is disabled while CRC is being sent. the l6-bit
transmission is completed. but sync is sent instead of
CRC.

A programmed break is effective as soon as it is writ-
ten into the control register: characters in the transmit
buffer and shift register are lost.

In all modes. characters are sent with the least signifi-
cant bits first. This requires right-hand justification of
transmitted data if the word length is less than eight
bits. If the word length is five bits or less. the special
technique described in the Write Register 5 discussion
(ZSO-SIO Programming section) must be used for the
data format. The states of any unused bits in a data
character are irrelevant, except when in the Five Bits Or
Less mode.’

If the External/Status lnterrupt Enable bit is set.
ransmitter conditions such as “starting to send CRC

charaCters." “starting'to send sync characters." and
(3—75 changing state cause interrupts that have a unique
vector if Status Affects Vector is set. This interrupt
mode may be used during block transfers.

All interrupts may be disabled for operation in a
Polled mode. or to avoid interrupts at inappropriate
times during the execution of a program.

Synchronous Receive

INITIALIZATION

The system program initiates the Synchronous Receive
operation with the following parameters: odd or even
parity. 8- or 16-bit sync characters. x1 clock mode,
CRC polynomial. receive character length. etc. Sync
characters must be loaded into registers WR6 and WR'I.
The receivers can be enabled only after all receive pa-
rameters are set. WRA parameters must be issued before
WRI. WRJ. WRS. WR6 and WR‘. parameters or commands.

After this is done. the receiver is in the Hunt phase. it
remains in this phase until character synchronization is
achieved. Note that. under program control. all the
leading sync characters of the message can be inhibited
from loading the receive buffers by setting the Sync
Character Load Inhibit bit in WRJ.

DATA TRANSFER AND STATUS MONITORING

After character synchronization is achieved. the as-
sembled characters are transferred to the receive data
FIFO. The following four interrupt modes are available
to transfer the data and its associated Status to the CPU.

No Interrupts Enabled. This mode is used for a purely
polled operation or for off-line conditions.

75

interrupt On First Character Only. This mode is norm-
ally used to Start a polling loop or a Block Transfer in-
struction using WAIT/READY to synchronize the CPU or
the DMA device to the incoming data rate. In this mode.
the ZSO—SIO interrupts on the first character and there
after interrupts only if Special Receive conditions are
detected. The mode is reinitialized with the Enable ln-
terrupt On Next Receive Character command to allow
the next character received to generate an interrupt.
Parity errors do not cause interrupts in this mode. but
End Of Frame (SDLC mode) and Receive Overrun do.

If External/Status interrupts are enabled. they may
interrupt any time DCD changes State.-

lnterrupt On Every Character. Whenever a character
enters the receive buffer. an interrupt is generated.
Error and Special Receive conditions generate a special.
vector if Status Affects Vector is selected. Optionally. a
Parity Error may be directed not to generate the special
interrupt vector.

Special Receive Condition Interrupts. The Special
Receive Condition interrupt can occur only if either the
Receive Interrupt On First Character Only or Interrupt
On Every Receive Character modes is also set. The
Special Receive Condition interrupt is caused by the
Receive Overrun error condition. Since the Receive
Overrun and Parity error status bits are latched, the
error status—when read-—reflects an error in the current
word in the receive buffer in addition to any Parity or
Overrun errors received since the last Error Reset com-
mand. These status bits can only be reset by the Error
reset command. .

CRC Error Checking and Termination. A CRC error
check on the receive message can be performed on a per
character basis under program control. The Receive
52:: Enable bit (was. 33) must be set/reset by the pro—
gram before the next character is transferred from the
receive shift register into the receive buffer regisrer. This
ensures proper inclusion or exclusion of data characters
in the CRC check.

To allow the CPU ample time to enable or disable the
CRC check on a particular character. the 280-810 calcu-
lates CRC eight bit times after the character has been
transferred to the receive buffer. If CRC is enabled
before the next character is transferred. CRC is calcu-
lated on the transferred character. if CRC is disabled
before the time of the next transfer. calculation pro-
ceeds on the word in progress. but the word just trans-
ferred to the buffer is not included. When these require‘
ments are satisfied. the 3-byte receive data buffer is. in
effect. unusable in Bisync operation. CRC may be enabl—
ed and disabled as many times as necessary for a given
calculation.

In the Monosync. Bisync and External Sync modes.
the CRC/Framing Error bit (RRI. 06) contains the com-
parison result of the CRC checker 16 bit times (eight bits
delay and eight shifts for CRC) after the character has
been transferred from the receive shift register to the
buffer. The result should be zero. indicating an error-
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' free transmission. (Note that the result is valid only at
the end of CRC‘ calculation. if the result is examined
before this time. it usually indicates an error.) The com—
parison is made with each transfer and is valid only as
long as the character remains in the receive FIFO.

Following is an example of the CRC checking opera-
tion when four characters (A. B. C and D) are received
in that order.

Character A loaded into butter
Character 8 loaded into putter

If ‘CRC is disabled before C is in the buffer, CRC is not
calculated on B. - '

Character C loaded into butter

After C is loaded. the CRC/Frarning Error bit shows the
result of the comparison through character A.

Appendix D
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Character D loaded into butter

After D is in the buffer, the CRC Error Loit shows the
result of the comparison through character B whether or
not B was included in the CRC calculations.

Due to the serial nature of CRC calculation. the
Receive Clock UTE) must cycle 16 times (8-bit delay plus
8—bit CRC shift) after the second CRC character has been
loaded into the receive buffer. or 20 times (the previous
16 plus 3-bit buffer delay and 1-bit input delay) after the
last bit is at the RxD input, before CRC calculation is
complete. A faster external clock can be gated into the
Receive Clock input to supply the required 16 cycles;
The Transmit and Receive Data Path diagram (Figure 4)
illustrates the various points of delay in the CRC path.

The typical program steps that implement a half-
duplex Bisync Receive mode are illustrated in Table 6.
The complete set of command and status bit definitions
are explained under “ZSO-SlO Programming."

FUNCTION TYPiCAL PROGRAM STEPS COMMENTS

REGISTER INFORMATION LOADED

wRo CHANNEL RESET. RESET RECEIVE CRC CHECKER Reset SlO: inmauu Receive CFlC Cheat-3?.

WHO POINTER 2

waz INTERRUPT VECTOR Channel 8 onty

wno POINTER-4
wm many INFORMATION. SYNC MODES tNFORMATtON. x1 Issue receive parameters.

CUDCX MODE _
wno POINTER 5. RESET EXTERNAL STATUS INTERRUPT

was BISYNC ORG-is. DATA TERMINAL READY

wno POINTER a

NmAUZE was s‘mc CHARACTER LOAD INHIBIT. RECEIVE cnc ENABLE: Sync character load inhibit smps all me
ENTER HUNT MODE. AUTO ENABLES. RECEIVE CHARACTER leading sync characters at the beginning
LENGTH of the message. Auto Enables enamea

the reoewer to accept data only after me
see input IS aotzve.

who POINTER e

was SYNC CHARACTER 1

WHO POINTER 3 ‘
wm SYNC CHARACTER 2

WHO POINTER 1. RESET ErrERMAtrATus INTERHUPT

wm STATUS AFFECTS VECTOR. EXTERNAL INTERRUF’T ENABLE. in this interrupt mode. only the first new
RECEIVE INTERRUPT ON FIRST CHARACTER ONLY sync data characxer IS transterred to the

CPU. All suoseouent data is transferred:
on a DMA 5335: however Soeaat Re.
carve Condition interrupts will interns:
the CPU. Status Affects Vector used :2:
Channel 8 only.

Table 6. Bisync Receive Mode
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TYP‘CAL PROGRAM STEPS COMMENTS

W90 POINTERJAENABLES ERPUDTONNEXTRECEFVECHARACTEF

WRZ RECEIVE ENABLE. SYNC CHARACTER LOAD INHIBIT. ENTER
HUNT MODE. AUTO ENABLE. RECEIVE WORD LENGTH

Resemng {ms :merruor mode arovooes
srmole program mooacx entry for me
next rransacrronr

s rs reissued to wane recarver. Re-
cerve cac Ename must be set aner re-
Cervmg SOH or STx cnaracrer.

EXECUTE HALT INSTRUCTION on some OTHER PROGRAM
Recerve mode rs fully mmanzed and me
system rs waning for mtemmr on first
char-acrer.

FUNCTION

INITIALIZE
( ONTINUED)

IDLE MODE

DATA TRANSFER AND
STATUS MONITORING

WHEN INTERRUPT ON FIRST CHARACTER OCCURS. THE CPU DOES THE
FOLLOWING:

o TRANSFERS DATA BYTE TO CPU '
0 DETECTS AND SETS APPROPRIATE FUGS FOR CONTROL CHAR-

ACTERS (IN CPU)
lNCLUDES/EXCLUDES DATA BYTE IN CRC CHECKER
UPDATES POINTERS AND OTHER PARAMETERS
ENABLES WAIT/READY FOR DMA OPERA'DON
ENABLES DMA CONTROLLER
RETURNS FROM NTERRUP’T

WHEN WAIT/READY EECOMES ACTIVE THE DMA CONTROLLER DOES THE
FOLLOWING:

o TRANSFERS DATA BYTE TO MEMORY
o INTEHRUPTS CPU IF A SPECIAL CHARACTER IS CAPTURED BY THE

DMA CONTROLLER
o XNTEHRUPTS THE CPU IF THE LAST CHARACTER OF THE MESSAGE

XS DETECTED

FOR MESSAGE TERMINATION, THE CPU DOES THE FOLLOWING:
- TRANSFERS RR‘) TO THE CPU
I SETS ACK/NAK REPLY FLAG BASED ON CRC RESULT
O UPDATES POINTERS AND PARAMETERS
O RETURNS PROM WTERRUF'T

Dunng the Hun! mode. the $10 dereas
two connguous maraaers to esraollsn
synchromzanon. The CPU esranhshes the
DMA mode and an subsequem' daza char-
aaers are transferred by the DMA con.
matter. The controller rs also programmed
to We soecal diameters (by exam-
rmng onry the bus mar soeafy ASCH or
EBCDIC comm! characters) and interwar
the CPU upon dereaxon. In response.
me CPU exammes the status or camrol
charamers and taxes ancr‘opnare acvon
(e.g. CRC Enable UDGaIeL

The $10 ImefTUDIS me CPU for error can-
dmcn‘ and the error rouzrne abons the
presem message. clears the error undi-
non‘ and repeats the ooerauon.

TERMINATION

REDEFWE iNTERFiUPT MODES AND SYNC MODES

UPDATE MODEM CONTROLS

DISABLES RECEWE MODE

Table 6. Bisync Receive Mode (Continued)

ND-02.003.01



78 Appendix D
SERIAL CONTROLLERS

SDLC (HDLC) Operation

The 230-510 is capable of handling both High-level
Synchronous Data Link Control (HDLC) and lBM Syn-
chronous Data Link Control (SDLC) protocols. In the
following text. only SDLC is referred to because of the
high degree of similarity between SDLC and HDLC.

The SDLC mode is considerably different than Syn-
chronous Bisync protocol because it is bit oriented
rather than character oriented and, therefore, can natu-
rally‘ handle transparent operation. Bit orientation
makes SDLC a flexible pr0tocol in terms of message
length and bit patterns. The ZSO—SlO has several built-in
features to handle variable message length. Detailed in-
formation concerning SDLC protocol can be found in
literature published on this subject. such as IBM docu-
ment GA27-3093. '

~The SDLC message. called the frame (Figure 8). is
opened and closed by flags that are similar to the sync
characzers in Bisync protocol. The ZSO-SIO handles the
transmission and recognition of the flag characters that
mark the beginning and end of the frame. Now that the
280510 can receive shared-zero flags. but mnnot trans-
mit them. The 8-bit address field of an SDLC frame con-
tains the secondary station address. The ZSO-SIO has an
Address Search mode that recognizes the secondary sta-
tion address so it can accept or reject the frame.

Since the control field of the SDLC frame is transpar-
ent to the ZSO—SlO. it is simply transferred to the CPU.
The ZSO—SIO handles the Frame Check sequence in a
manner that simplifies the program by incorporating
features such as initializing the CRC generator to all l’s.
resetting the cRC checker when the opening flag is
detected in the Receive mode. and sending the Frame
Check/Flag sequence in the Transmit mode. Controller
hardware is simplified by automatic zero insertion and
deletion logic contained in the 280-510.

Table 7 shows the contents of Wm. WR4 and WRS dur-
ing SDLC Receive and Transmit modes. WRO points to
other registers and issues various commands. \X'RI
defines the interrupt modes. WRZ stores the interrupt
vector. WR7 stores the. flag character and WR6 the sec-
ondary address.

NR 3-,

SDLC Transmit

INITIALXZATION

Like Synchronous operation. the SDLC Transmit mod:
must be initialized with the following parameters: SDLC
mode, SDLC polynomial. Reouest To Send, Data Ter-

. minal Ready. transmit character length, transmit inter.
rupt modes (or Wait/Ready funcuon). Transmit En-
able, Auto Enables and'External/Status interrupt.

Selecting the SDLC mode and the SDLC polynomial
enables the 280-510 to initialize the CRC Generator to
all l‘s. This is accomplished by issuing the Reset
Transmit CRC Generator command (WROl. Refer to the
Synchronous Operation section for more details on the
interrupt modes.

After reset. or when the transmitter is not enabled.
the Transmit Data output is held marking. Break may
be programmed to generate a spacing line. With the
transmitter fully initialized and enabled, continuous
flags are transmitted on the Transmit Data output.

'An abort sequence may be sent by issuing the Send
Abort command (WRO. CMDi). This causes at least eight.
but less than fourteen. l’s to be sent before the line
reverts to continuous flags. it is possible that the Abon
sequence (eight 1's) could follow up to five continuous l
bits (allowed by the zero insertion logic) and thus cause
up to thirteen l’s to be sent. Any data being transmitted
and any data in the transmit buffer is lost wnen an abort
is issued.

When required. an extra 0 is automatically inserted
when there are five contiguous 1’s in the data stream.
This does not apply to flags or aborts.

DATA TRANSFER AND STATUS MONITORING

There are several combinations of interrupts and the
Wait/Ready function in the SLDC mode.

(C
mg mg: “"0?”

mum ' ' new
11

“WC
“.1:" '1 I‘HHIII

CL
nuua eur-

Figuro 8. TnnsmlUR-eaive SDLCIHDLC Message Format
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Data Transfer Using interrupts. if the Transmit inter-
rupt Enable bit is set. an interrupt is generated each time
the buffer becomes empty. The interrupt may be satis-
fied either by writing another character into the trans-
mitter or by resetting the Transmit interrupt Pending
latch with 3 Reset Transmitter Pending command (WRO.
CMDf). if the interrupt is satisfied-with this command
and nothing more is written into the transmitter. there
are no further transmitter interrupts. The result is a
Transmit Underrun condition. When another character
is written and sent out. the transmitter can again
become empty and interrupt the CPU. Following the
flags in an SDLC operation. the 8~bit address field. con-
trol field and information field may be sent to the
280-810 using the Transmit interrupt mode. The
280-810 transmits the Frame Check sequence using the
Transmit Underrun feature.

When the transmitter is first enabled, it is already
empty and obviously cannot then become empty. There-
fore. no Transmit Buffer Empty interrupts can occur
until after the first data character is written.

When the transmitter is first enabled. it is already
empty and cannot then become empty. Therefore, no
Transmit Buffer Empty interrupts can occur until after
the first data character is written.

Data Transfer Using Wait/Ready. if the Wait/Ready
function has been selected, WAIT indicates to the CPU
that the 280-510 is not ready to accept the data and the
CPU must extend the 1/0 cycle. To a DMA controller.
READY indicates that the transmitter buffer is empty and
that the 280—510 is ready to accept the next character. if
the data character is not loaded into the ZBO-SIO by the
time the transmit shift register is empty. the ZSO~SIO
enters the Transmit Underrun condition. Address, con-
trol and information fields may be transferred to the
280610 with this mode using the Wait/Ready func-
tion. The 1280-510 transmits the Frame Checx sequence
using the Transmit Underrun feature.

79

SDLC Transmit Undermn/End Of Message. SDLC-like
protocols do not have provisions for fill characters with-
in a message. The ZBO-SlO therefore automatically ter-
mtnates an SDLC frame when the transmit data buffer
and output shift register have no more bits to send. it
does this by first sending the two bytes of CRC and
following these with one or more flags. This technique
allows very high-speed transmissions under DMA or CPU
block l/O control without requiring the CPU to respond
quickly to the end of message situation.

The action that the 280610 takes in the underrun sit-
uation depends on the state of the Transmit Underrun/
EOM command. Following a reset. the Transmit Under-
run/EOM status bit is in the set state and prevents the in-
sertion of CRC characters during the time there is no
data to send. Consequently, flag characters are sent.
The ZSD—SIO begins to send the frame as data is written
into the transmit buffer. Between the time the first data
byte is written and the end of the message. the Reset
Transmit Underrun/EOM command must be issued.
Thus the Transmit Underrun/EOM Status bit is in the
reset state at the end of the message (when underrun oc-
curs), which automatimlly sends the CRC characters.
The sending of CRC again sets the Transmit/Underrun/
EOM status bit.

Although there is no restriction as to when the Trans-
mit Underrun/EOM bit can be reset within a message, it
is usually reset after the first data character (secondary
address) is sent to the 280-510. Resetting this bit allows
CRC and flags to be sent when there is no data to send
which gives additional time to the CPU for recognizing
the fault and responding with an abort command. By re-
setting it early in the message. the entire message has the
maxtmum amount ot CPU response time in an uninten-
tional transmit underrun situation.

8W2arr7 arts arts arra BITZl BfT1 BITO

oo = a: s BITS-CHAR ETATOEUREPiliJFNT
was 10 - m 5 BITS/CHAIR- AUTO tomwo Fix cat: ADDRESS 0 Rx

01 =- Fix 7 BITS/CHAR ENABLES DATA Nor ENABLE SEARCH ENABLE
11 a R ' Ex e BITS/CHAR NEEDED) MOD

1 0
WM 0 o SELECTS SDLC o o 0 0

' MODE

oo - Tx 5 arts (on 0
LESSVCHAR ,_ t: T CRCwas pm to - Tx 6 BITSICHAR o _ TX S:L_CTS 9T5 ax a ::NABLE SDLC —NA L01 - ix 7 BITS/CHAR one

it - Tx 8 BITSICHAR

Table 7. Contents of Write Register: 3. 4 and 5 in SDLC Modes
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When the External/Status interrupt is set and While
CRC is being sent. the Transmit Underrun/EOM bit is set
and the Transmit Buffer Empty bll is reset to indicate
that the transmit register is full of CRC data. When CRC
has been completely sent. the Transmit Buffer Empty
status bit is set and an interrupt is generated to indicate
to the CPU that another message can begin. This inter-
rupt occurs because CRC has been sent and the flag has
been loaded. If no more messages are to be sent. the
program can terminate transmission by resetting ETS‘,
and disabling the transmitter.

In the SDLC mode, it is good practice to reset the
Transmit Undermn/EOM status bit immediately after
the first character is sent to the 280-510. When the
Transmit Underrim is detected. this ensures that the
transmission time is filled by CRC characters, giving the
CPU enough time to issue the Send Abort command.
This also stops the flags from going on the line prema-
turely and eliminates the possibility of the receiver ac-
cepting the‘t'rame as valid data. The situation can hap-
pen because it is possible that—at the receiving end—the
data pattern immediately preceding the automatic fiag
insertion could match the CRC checker. giving a false
CRC check result. The External/Status interrupt is gen—
erated whenever the Transmit Underrun/EOM bit is set
because of the Transmit Underrun condition.

The transmit underrun logic provides additional pro-
tection against premature flag insertion if the proper
response is given to the 280-SIO by the CPU interrupt
service routine. The following example is given to clar-
ify this point:

The ZBO-SIO raises an interrupt with the Transmit Butler
Empty status bit set.

The CPU does not respond in time and causes a Transmit
Unoerrun condition.

The ZBOGIO starts sending one characters (two bytes).

The CPU eventually satisfies the Transmit Buffer Empty in-
terruot With a data character that follows the CRC character
being transmitted.

The ZSO-Slo sets the External/Status interruoi with the
Transmit Underrun/EOM status bit set.

The CPU recognizes the Transmit Underrunlt—ZOM status and
determines from its internal program status that the inter-
mat is not for “end of message".

The cpu immediately tsSdes a Send Aport Command (weal to
the ZED-SID.

The ZBO—Slo sends the Abort sequence by destroying what-
ever data (CFC. data or flag) is Demo sent.

This sequence illustrates that the CPU has a protec-
tion of 22 minimum and 30 maximum transmit clock
cycles.

SDLC CRC Generation. The CRC generator must be
reset to all I's at the beginning of each frame before CRC
accumulation can begin. Actual accumulation begins
when the program sends the address field (eight bits) to
the ZSO-SIO. Although the ZSO—SIO automatically
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transmits one flag character following the Transmit
Enable. it may be wise to send a few more flag charac-
ters ahead of the message to ensure eharacter svnchron.-
ration at the receiving end. This can be done by exter-
nally timing out after enabling the transmitter and
before loading the first character.

The Transmit CRC Enable (WRS. D0) should be en-
abled prior to sending the address field. in the SDLC
mode all the charaCters between the opening and closing
flags are included in CRC accumulation. and the CRC
generated in the 280-510 transmitter is inverted before
it is sent on the line.

Transmit Termination. If the transmitter is disabled
while a character is being sent. that character (data or
flag) is sent in the normal fashion. but is followed by“ a
marking line rather than CRC or flag characters.

A character in the buffer When the transmitter is dis-
abled remains in the buffer: however. a programmed
Abort sequence is effective as soon as it is written into
the control register. Characters being transmitted. if
any, are lost. In the case of CRC. the I6-bit transmission
is completed if the transmitter is disabled; however.
flags are sent in place of CRC.

In all modes. characters are sent with the least-signifi-
cant biLs first. This requires right-hand justification of
data to be transmitted It‘ the word length is less than
eight bits. If the word length is five bits or less. the
special technique described in the Write Register 5 sec-
:ion (“ISO-SIC Programming" chapter. “Write Regis-
ters" section) must be used.

Since the number of bits/character can be changed
on the Fly, the data field can be filled with any number
of bits. When used in conjunction with the Receiver
Residue codes. the ZSO-SIO can receive a message that
has a variable I-field and retransmit it exactly as re-
ceived with no previous information about the character
structure of the I-field (if any). A change in the number
of bits does not affect the character in the process of
being shifted out. Characters are sent with the number
of bits programmed at the time that the character is
loaded from the transmit buffer to the transmitter.

If the External/Status Interrupt Enable is set,, trans-
mitter conditions such as “starting to send CRC charac»
ters." “starting to send flag characters." and fl
changing state cause interrupts that have a unique vec-
tor if Status Affects Vector is set. All interrupts can be
disabled for operation in a polled mode.

Table 8 shows the typical program steps that imple-
ment the half-duplex SDLC Transmit mode.
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FUNCTION TYPlCAL PROGRAM STEPS COMMENTS

REGISTER INFORMATION LOADED

WRO CHANNEL RESET Resel SlO

wRo DOINTER 2

MR: lNTERRuPT VECTOR Channel 8 only

wRo POluTER 3

WR3 AUTO ENABLES Transmmer sends data only after ES is
deleded.

W‘RO POINTER 4. RESET EXTERNAL/STATUS INTERRUPTS

WRA PARITY lNFORMATION. SDEC MODE. x1 CLOCK MODE

wno POINTER 1. RESET EXTERNAUSTATUS lN‘TTzFiRUPTS
WR1 UTEFINAL IN’TERRUPT ENABLE. STATUS AFFECTS VECTOR The External Imermm mode monrtors me

mmswr w‘raanup‘r small}. on WAIT/READY status at me as and 52m mpuzs. as well
MODE ENABLE as me status of T2 UndereEOM latcn.

‘ Transmrt Interrupt lmerrums wnen the
lALlZE Transmn buffer becomes emmy; me

Wan/Ready mode can be used to transfer
data on a DMA or Block Transfer Bass.
The first imerruot owns when 575
becomes acme. at wnlcn porn! flags are
rransmmed by the 250-510. The first data
be (address fieldl can be loaded In the
zso-Slo after mus xmerruot. Flags cannot
be sent to the zso-Slo as daxa. Slams
Allecs Vector used ln Channel 5 only.

WRO POINTER 5

was TRANSMIT CRC ENABLE. REQUEST TO SEND, SDLC-CRC. sum mode must be defined before
TRANSMIT ENABLE. TRANSMIT WORD LENGTH, DATA mitializmq transmit C‘Ri: generator.
TERMlNAL READY

WRO RESET TRANSMYT CRC GENERATOR Inmalize CRC generator to all 1’s.

IDLE MODE EXECUTE HALT INSTRUCTION on songs OTHER PROGRAM wamwmr 'mem‘p‘ °’ Wat/Ready Wm“
. to transfer data.

WHEN INTERRUPT (WAIT/READY) OCCURS. THE CPU DOES Flags are lransmmed ay me 510 as soon
THE FOLLOWING; as Transmn Enable IS set and C'JS De-

“ CHANGES TRANSMIT WORD LENGTH llF NECESSARY) Games acme. The (Fr—S status change IS
. TRANSFERS DATA BYTE FROM CPU (MEMORY) TO 510 _ me firs1 imerruor that occurs and «5 lol-
- RESETS Tx UNOERRUN/EOM LATCH (WHO) lowed by lransmn buffer empty for

subsequent translers.

IF LAST CHARACTER OF THE I-FIELD IS SENT, YHE SlO DOES Word length can be changed "on the fly"
THE FOLLOWING; for vanaole l~fleld Iengm. The data byxe

0 SENDS CRC can contaln address. control. or l-fleld
o SENDS CLOSING FLAG mformauon (never a flag). l! is a good
I INTERRUFTS CPU WITH BUFFER EMPTY STATUS pracuce to reset TX Underfun/EOM latch

I In the begmnrng of the message lo avmd a
CPU DOES 7745 FOLLOW/Ne false end-of‘fr‘ame deteann at the

DATA TRANSFER AND - ISSUES RESET Tx INTERRUPT PENDING COMMAND To THE ZBO-SIO recemng and. This ensures that. when
STATUS MONITORING . UPDATES ~s couwr ' under‘mn occurs. cnc IS uansmmea and

c REPEATS THE PROCESS FOR NEXT MESSAGE. ETC. undermn lnterrum (TX Underrun/EOM
latch aczrvel occurs. Note that "Send

IF THE VECTOR INDICATES AN ERROR. 7H5 CPU DOES THE FOLLOWING: Anon" can be Issued to me $10 In re-
- SENDS ABORT sponse to any Interrupting cormnumg to
I EXECUTES ERROR ROUTINE abort me lranSm15510n.
- UPDATES PARAMETERS. MODES. ETC.
0 RETURNS FROM lNTERRUFT

REDEFINE lNrERRUPT MODES Termmale gracefully.

TERMINATION UPDATE MODEM CONTROL OUTPUTS

DISABLE TRANSMI‘T MODE

Table 8. SDLC Transmit Mode
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SDLC Receive

lNlTlALlZATlON

The SDLC Receive mode is initialized by the system with
the following parameters: SDLC mode. x l clock mode.
SDLC polynomial. receive word length. etc. The flag
characters rnusz also be loaded in WK? and the secondary
address field loaded in was. The receiver is enabled only

. after all the receive parameters have been set. After all
this has been done. the receiver is in the Hunt phase and
remains in this phase until the first flag is received.
While in the SDLC mode. the receiver never re—enters the
Huntphase. unless specifically instructed to do so by
the program. The was parameters must be issued prior
to the WM, was. was, was and wm parameters.

Under program control. the receiver can enter the
Address Search mode. if the Address Search bit (was,
D3) is set. a character following the flag (first non-flag
character) is compared against the programmed address
in was and the hardwired global address (1 l l l l l l 1). If
the SDLC frame address field'matc'ncs either address.
data transfer begins.

Since the 280-510 is capable of matching only one
address character. extended address field recognition
must be done by the CPU. In this case. the 230-810
simply transfers the additional address bytes to the CPU
as if they were data characters. If the CPU determines
that the frame does not have the correct address field. I
can set the Hunt bit, and the 280-510 suspends recep-
tion and searches for a new message headed by a flag.
Since the control field of the frame is transparent to the
280-810. it is transferred to the CPU as a data character.
Exzra zeros inserted in the data stream are automatically
deleted: flags are not transferred to the CPU.

DATA TRANSFER AND STATUS MONITORING

After receipt of a valid flag. the assembled characters
are transferred to the receive data FlFO. The following
four interrupt modes are available to transfer this data
and its associated status.

No Interrupts Enabled. This mode is used for purely
poll‘ed operations or for off-line conditions.

interrupt On First Character Only. This mode is nor-
mally used to start a software polling loop or a Block
Transfer instruction using WAIT/READY to synchronize
the CPU or DMA device to the incoming data rate. In this
mode. the ZSO~SlO interrupts on the first character and
thereafter only interrupts if Special Receive conditions
are detected. The mode is reinitialized with the Enable
Interrupt On Next Receive Character Command.

The first character received after this command is
issued causes an interrupt. lf External/Status interrupts
are enabled. they may interrupt any time the D-CTD input
changes state. Special Receive conditions such as End

ND—02. 003. 01
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Of Frame and Receiver Overrun also cause interrupts.
The End Of Frame interrupt can be used to exit the
Block Transfer mode.

interrupt On Every Character. An interrupt is genera-
ted whenever the receive FIFO contains a character.
Error and Special eceive conditions generate a special
vector if Status Affects Vector is selected.

Special Receive Condition interrupts. The Speciai
Receive Condition interrupt is not. as such. a separate
interrupt mode. Before the Special Receive condition
can cause an interrupt, either Interrupt On First Receive
Character Only or Interrupt On Every Character must
be selected. The Special Receive Condition interrupt is
caused by a Receive Overrun or End Of Frame detec-
tion. Since the Receive Overrun status bit is latched. the
error status read reflects an error in the current word in
the receive buffer in addition to any errors received
since the last Error Reset command. The Receive Over-
run status bit can only be reset by the Error Reset com-
mand. The End Of Frame status bit indicates that a
valid ending flag has been received and that the CRC
Error and Residue codes are also valid.

Character length may be changed on the fly. 1f the
address and control bytes are processed as 8-bit charac-
ters. the receiver may be switched to a shorter character
length during the time that the first information charac—
ter is being assembled. This change must be made fast
enough so it is effective before the number of bits speci-
fied for the character length have been assembled. For
example. if the change is to be from the 8-bit control
field to a 7-bit information field. the change must be
made before the first seven bits of the l’field are
assembled.

SDLC Receive C’2C Checking. Control 3:" h: resci‘ :2
CRC checker is automatic. it is reset by the leading flag
and CRC is calculated Up to the final flag. The byte that
has the End Of Frame Bit set is the byte that contains the
result of the CRC check. if the CRC/Framing Error bit is
not set. the CRC indicates a valid message. A special
check sequence is used for the SDLC check because the
transmitted CRC check is inverted. The final check must
be 00011101000011“. The 2-byte CRC check characters
must be read by the CPU and discarded because the
280510. while using them for CRC checking, treats
them as ordinary data.

SDLC Receive Termination. lf enabled, a special vec-
tor is generated when the closing flag is received. This
signals that the byte with the End Of Frame bit set has
been received. ln.addition to the results of the CRC
check. RR! has three bits of Residue code valid at this
time. For those cases in which the number of bits in the
l-field is not an integral multiple of the character length
used. these bits indicate the boundary between the CRC
checit bits and the l-field bits. For a detailed description
of the meaning of these bits, see the description of the
residue codes in RR] under “ZBO—SlO Programming."

Any frame can be prematurely aborted by an Abort
sequence. Aborts are detected if seven or more l‘s occur
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and cause an External/Status interrupt (if enabled) with
the Break/Albert bit in RRO set. After the Reset Exter-
nal/Status interrupts command has been issued a sec-
ond interrupt occurs when the continuous l’s condition
has been cleared. This can be used to distinguish be
tween the Abort and Idle line conditions.

Unlike the synchronous mode. CRC calculation in
SDLC does not have an 8-bit delay since all the charac-
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ters are included in CRC calculation. When the second
CRC character is loaded into the receive buffer. CRC
calculation is complete.

Table 9 shows the typical steps required to implement
a half‘dupiex SDLC receive mode. The complete set of
command and status bit definitions is found in the next
section.

»

COMMENTS:uncnon ‘ TYPICAL PROGRAM scraps

REGISTER INFORMATION LOADED:

WRO CHANNEL 2 Reset SIO

WFlO . POINTER 2

W82 INTEFlFlUFT VECTOR Channel 8 only

WRO POINTER 4

wr-u PARITY INFORMATION. SYNC MODE. SDLC MODE. x1 CLOCK
MODE

WHO POINTER 5. RESET EXTERNAL/STATUS INTERRUPTS

WFIS SDLC—CFIC. DATA TERMINAL READY

WRD POINTER 3

I WR3 RECEIVE CRC ENABLE. ENTER HUNT MODE. AUTO ENABLES. 'Auto Enables enables the receiver to
aecewe CHARACTER LENGTH. ADDRESS SEARCH MODE ament data only alter ace becomes

active. Address Seat-en Mode enables
SIO to matcn the message address mm
the programmed address or the global
adores.

WRO POINTER 6

INITIAUZE was SECONDARY ADDRESS FIELD This address ts matched against the mes
sage address In an sDLC poll operation.

WHO POINTER 7

wR7 SDLC FLAG 01111110 This flag detects the start and end of
frame tn an SDLC ooemoon.

WRD POINTER 1. RESET EXTERNAUSTATUS INTERRUPTS In this lmerrunt mooe. only the Adams
Field (1 character only) is transferred to

wm STATUS AFFEC‘TS VECTOR. EXTERNAL INTERRUPT ENABLE. the CPU. All subsequent fields (Control.
RECEIVE INTERRUFT ON FIRST CHARACTER ONLY. Intonnanon, etc.) are transferred on 3

DMA 53515. Status Affects Vector In
Channel 5 only.

WRO POINTe' R 3. ENABLE INTERFIUPT ON NEXT RECEIVE Used to £1d Simole loop-back entry
CHARACTER point for next transacnon.

I W93 RECEIVE ENABLE. RECEIVE CHC ENABLE. ENTER HUNT MODE. WR3 l'BlSSUSO to enable recerver.
AUTO ENABLES. RECEIVER CHARACTER LENGTH. ADDRESS
SEARCH MODE

SDLC Receive Mooe is fully xnmahzed
iDLE MODE and SIO IS waiting tor me opening llagEXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM

followed by a matming address field to
intermot the CPU.

Table 9. SDLC Receive Mode

ND—02.003.0I
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FUNCTION TYPICAL PROGRAM STEPS COMMENTS

WHEN INTERRUPT ON FIRST CHARACTER OCCURS. THE CPU Dunng me Hum phase. me SIO met?
DOES THE FOLLOWING. wnen the programmed accress ma ‘-

. TRANsFERS DATA BYTE IADDRESS SWEI TD CPU the message address. The ”PD ,3»
- DETECTS AND SEE APF‘RDPRIAT‘E FLAG FOR EXTENDED iisnes me DMA mode and ail sucsefi

ADDRESS FIELD data cnaracxers are transferred :3
. UPDATES POINTERS AND PARAMETERS DMA mmroIIer In memory.
0 ENABLES DMA CONTROLLER
. ENABLES WAIT/READY FUNCTION IN 510
o RETURNS FROM INTERRUF'T

WHEN THE READY OUTPUT BECOMES ACTIVE THE DMA CONTROLLER Dunng the DMA ooeranon. the Sm
DOES THE FOLLOWING mommts me 665 mpux and the AW

. TRANSFERS THE DATA BYTE To MEMORY sequence In the data stream to mm»-
o UPDATES THE POINTERS the CPU with External Status envy. _,

Soeoal Recerve condition xnrerru-a-t:
caused by Reserve Overrun erron

DATA TRANSFER AND WHEN END OF FRAME INTERRUPT occuns. THE CPU DOES Detecmn of End of Frame (Flag) cam
STATUS MONITORING THE FOLLOWING;

o EXITS DMA MODE (DISABLES WAIT/READY)
o TRANSFERS RR‘I TO THE CFU
o CHECKS THE CRC ERROR BIT STATUS AND RESIDUE CODES
O UPDATES NR COUNT
0 ISSUES ERROR RESET COMMAND TO SIO

WHEN ‘ABORT SEQUENCE DETECTED INTERRUPT OCCURS.
THE CPU DOES THE FOLLOWING

o TRANSFERS RRO TO THE CPU
0 EXITS DMA MODE
0 ISSUES THE RESET EXTERNAL STATUS INTERFIUPT COMMAND

TO THE SID
0 ENTERS THE IDLE MODE

WHEN THE SECOND ABORT SEQUENCE INTERRUPT OCCURS.
THE CPU DOES THE FOLLOWING;

0 ISSUES THE RESET WERNAL STATUS INTEHRUPT COMMAND
TO THE SID

mterrum and deacxwates me Wamiew
funmon. Rescue woes indxcate m m
structure of me Iast two Owes a:
message. wnicn were nansferrec
memory uncer DMA ‘Ermr Reese: 2%,
ssuea to clear the soeaai conmion.

Anon sequence IS deteaec wnen SW
or more 1's are found m the data mac-f

CPU is wamng tor Anon Secuence :zv
zerrnmate. Termmanon cIears the Stem;
Anon status on and causes Interrusz.

At 1t com. the program proceecs tr: ,
termmate mls message.

TERMINATION REDEFINE INTERRUP’T MODES. SYNC‘MODE AND SDLC MODES
DISABLE RECEIVE MODE

TIbIe 9. SOLD Rec-in Mod: (Continued)

ND-02.003.0I
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280-510 Programming

To program the ZSO-SlO. the system program first
issues a series of commands that initialize the basic
mode of operation and then other commands that qual-
ify conditions within the selected mode. For example.
the Asynchronous mode, character length. clock rate,
number of stop bits. even or odd parity are first set,
then the interrupt mode and, finally, receiver or
transmitter enable. The WR4 parameters must be issued
before any other parameters are issued in the initializa-
tion routine.

Both channels contain command registers that must
be programmed via the system program prior to opera-
tion. The Channel Select input (8/3?) and the Control/
Data input tC/Bi are the command structure addressing
controls. and are normally controlled by the CPU ad-
dress bus. Figure 14 illustrates the timing relationships
for programming the write registers, and transferring
data and status.

C15 81K Function

0 0 Channel A Data
0 1 Channel 8 Data .
1 0 Channel A Commands/Status
1 1 Channel 8 Commands/Status .

Write Registers

The ZSO-SIO contains eight registers (WRo—WR‘I) in each
channel that are programmed separately by the system
program to configure the functional personality of the
channels. With the exception‘of WRo, programming the
write registers requires two bytes. The first byte contains
three bits (Do—D3) that point to the selected register; the
second byte is the actual control word that is written
into the register to configure the Z80~SlO.

Note that the programmer has complete freedom,
after pointing to the selected register. of either reading
to test the read register or writing to initialize the write
register. By designing software to initialize the 280-510
in a modular and structured fashion. the programmer
can use powerful block l/O instructions.

WRO is a special case in that all the basic commands
(CMDO—CMDZ) can be accessed with a single byte. Reset
(internal or external) initializes the pointer bits Do-D; to
point to WRO.

The basic commands (CMDO-CMDgi and the CRC con~
trols (CRCO. CRCI) are contained in the first byte of any
write register access. This maintains maximum fiexibil-
ity and system control. Each channel contains the fol-
lowing control registers. These registers are addressed as
commands (not data).

WRITE REGlSTER 0

WRO is the command register; however. it is also used for
CRC reset codes and to point to the other registers.

07 06 D5 04 03 02 01 00
CRC CRC CM0 CM0 CMD PTR PTR PTR
Reset Reset 2 l O 2 1 0
Code Code

1 O

Pointer Bits (Do-D7). Bits 00-02 are pointer bits that
determine which other write register the next byte is to
be written into or which read register the next byte is to
be read from. The first byte written into each channel
after a reset (either by 3 Reset command or by the exter-
nal reset input) goes into W110. Following a read or write
to any register (except WRO). the pointer will point to
WRO.

Command Bits (133-05). Three bits. 133—05, are encoded
to issue the seven basic ZSO-SIO commands.

Command CMDz CMD1 CMDO

0 0 0 0 Null Command (no effect)
1 o 0 1 Send Abort (SDLC Model
2 O 1 0 Reset External/Status

Interruots
3 O 1 1 Channel Reset
4 1 0 Enable lnterruot on next

Fix Character
5 1 0 1 Reset Transmitter Inter-

rupt Pending
6 1 1 0 Error Reset llatenes)
7 1 1 1 Return from lnterruot

(Channel A)

Command 0 (Nu/1). The Null command has no effect.
its normal use is to cause the 280—510 to do nothing
while the pointers are set for the following byte.

Command 1 (SendAborr). This command is used only
with the SDLC mode to generate a sequence of eight to
thirteen l's.

Command 2 {Reset External/Slants Interrupts). After
an External/Status interrupt (a change on a modem line
or a break condition. for example). the status bits of RRO
are latched. This command re-enables them and allows
interrupts to occur again. Latching the status bits cap-
tures short pulses until the CPU has time to read the
change.

Command 3 {Channel Reset). This command performs
the same function as an External Reset. but only on a
single channel. Channel A Reset also resets the interrupt
prioritization logic. All control registers for the channel
must be rewritten after a Channel Reset command.

ND—02.003.0l
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' erator to all 1’s.

After a Channel Reset tour extra system clock cycles
should be allowed for ZSO.SI O reset time betore anv
additional commands or controls are written into that
Channel. This can normally be the time used by the CPU
to fetch the next op code.

Command 4 (Enable Interrupt On Next Receive Charac-
ter). If the Interrupt On First Receive Character mode
is selected. this command reactivates that mode after
each complete message is received to prepare the
280-510 for the next message.

Command5 (Reset Transmitter Interrupt Pending). The
transmitter interrupts when the transmit buffer becomes
empty if the Transmit Interrupt Enable mode is se-
lected. In those cases where there are no more characters
to be sent (at the end of message for example). issuing
this command prevents further transmitter interrupts
until after the next character has been loaded into the
transmit buffer or until CRC has been completely sent.

Command 6 {Error Reset). This command resets the
error latches. Parity and Overrun errors are latched in
RRI until they are reset with this command. With this
scheme, parity errors occurring in block transfers can be
examined at the end of the block.

Command 7 (Return From Interrupt). This command
must be issued in Channel A and is interpreted by the
280-$10 in exactly the same way it would interpret an
RETI command on the data bus. It resets the interrupt-
under-service latch of the highest-priority internal -
device under service and thus allows lower priority
devices to interrupt via the daisy chain. This command
allows use of the internal daisy chain even in systems
with no external daisy chain or RETI command.

CRC Reset Coda 0 and 1 (D6 and D7). Together these
n he :..re: :ollcwingr:set commands:k; ,.1,IYr a .4;-tlL—I shcc. 3n":

CRC Reset CRC Reset
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03 Dz 01 Do
Receive Status Transmit Externat
Intertuol Affects Interrupt interrupts
Mode 0 Vector Enable Enable

External/Status Interrupt Enable (D0). The Ester.
Status Interrupt Enable allows interrupts to occur as
result of transitions on the 555. crs or ETRE inputsi
a result of a Break/Abort detection and termination
at the beginning of CRC or sync character transmiss
when the Transmit Underrun/EOM latch becomes

Transmitter Interrupt Enable (D1) If enabled int-ct
rupts occur whenever the transmitter buffer becoreM
empty

Status Affects Vector (D;). This bit is active in Charm ‘
B only. If this bit is not set the fixed vector progra
med in WK: is returned trom an interrupt acknowie’
sequence. If this bit is set the vector returned froma
interrupt acknowledge is variable according to the to
lowing interrupt conditions:

V3 V2 V1

0 0 0 Ch 8 Transmit Buffer Empty
Ch 8 O O 1 Ch 8 External/Status Change

0 1 0 Ch 8 Receive Character Available
0 1 1 Ch 8 Special Receive Condition‘
1 0 0 Ch A Transmit Butter Empty

Ch A 1 0 1 Ch A External/Status Change
1 1 0 Ch A Receive Character Available
1 1 1 Ch A Special Recoive Condition'

'SoeCial Receive Conditions: Parity Error. Rx Overrun Error. I
Framing Error. End Of Frame (SDLC).

Receive Interrupt Modes 0 and 1 (D3 and Di). Together
these two bits specify the various character-avatiaote
conditions. In Receive Interrupt modes I, 2 and 3‘ a
Special Receive Condition can cause an interrupt andC°d° 1 C°°' ° modify the interrupt vector.

0 O Null Code (no affect)
O 1 Reset Receive CRC Checker Dd 03
1 0 Reset Transmit CRC Generator figcaiy. Rgcnivq
1 1 Reset Tx Underrun/End 0! Message lntorrupt Interrupt

latch Mode 1 Mode 0

O O 0. Receive Interrupts Disabled
The Reset Transmit CRC Generator command nor- ‘ 0 1 1136681119 Imen'um On First Charactermall initialize: the CRC enerator to all 0's. If the SDLC myy g 1 O 2. Interrupt On All Receive Characters——mode is selected, this command initializes the CRC gen-

The Receive CRC checker is also in-
itialized to all I’s for the SDLC mode.

WRITE REGISTER 1

WRI contains the control bits for the various interrupt
and Wait/Ready modes.

07 De Us 04
Wait/Ready Wait Or Wait/Ready Receive

Enable Ready On Receive/ Interrupt
Function Transmit Mode 1

ND-OZ. 003. 01

parity error is a Soecxal Receive
condition

3. Interrupt On All Recexve Characters—
parity error is not a Scam
Receive condition

Wait/Ready Function Selection (D5—D7). The Wait and
Ready functions are selected by controlling D5. De. and
D7. Wait/Ready function is enabled by setting Wait/
Ready Enable (WRI, D7) to I. The Ready function is
selected by setting 06 (Wait/Ready function) to 1. If this
bit is 1, themoutput switches from High to
Lew when the 280-510 is ready to transfer data. The
Wait function is selected by setting De to 0. If this bit is
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O. the WAIT/READY Output is in the opemdrain state and
goes Low when active.

Both the Wait and Ready functions can be used in
either the Transmit or Receive modes. but not both
simultaneously. If Dg (Watt/Ready on Receive/Trans-
mit) is set to l. the Wait/Ready function responds to the
condition of the receive buffer (empty or full). if D; is
set to O. the Wait/Ready function responds to the condi-
tion of the transmit buffer (empty or full).

The logic states of the WAIT/READY output when ac-
tive or inactive depend on the combination of modes
selected. Following is a summary of these combinations:

If 07 z 0
And 0311 And 0510

READY is High WAIT is floating

ll Dy :1
And 05:0 And bsai

READY ls High when transmit READY is High when receive
butter ts full. butter is emoty.

WAIT ls Low when transmit WAlT ls Low when recewe
butter ts full and an butter ts emOty and
SlO data port is an SlO data sort is
selec'ted. selected.

READY ls Low when transmit READY l5 Low when receive
butter is empty. buffer IS lull.

WATT ls lloating wnen m is floating when
transmit buffer is receive butter is full.
emoty.

The W output High-to—Low transition occurs with
the delay time iDlCtWR) after the Ho request. The Low-
to-l-ligh transition occurs with the delay zDHotWR) from
the falling edge of o. The W output High’to—Low
transition occurs with the deiay totals/R) from the rising
edge of d. The ms output LOW~KO—High transition
occurs with the delay tDlC(WR) after TEE?) falls.

The Ready function can occur any time the ZSO—SlO
is not selected. When the ‘56? output becomes active
(Low). the DMA controller issues [ORQ and the corre~
sponding 3/; and C/B inputs to the 280—510 to transfer
data. The W output becomes inactive as soon as
i675 and (3 become active. Since the Ready function
can occur internally in the 280-310 whether it is ad-
dressed or not, the READY output becomes inaczive
when any CPU data or command transfer takes place.
This does not cause problems because the DMA con-
troller is not enabled when the CPU transfer takes place.

The Wait funcrion—on the other hand—~is active
only if the CPU attempts to read ZSO-SIO data that has
net yet been received. which occurs frequently when
block transfer instructions are used. The Wait function
can also become active (under program control) if the
CPU tries to write data while the transmit buffer is still
full. The fact that the WAIT output for either channel
can become active when the opposite channel is ad-
dressed (because the ZSO«SlO is addressed) does not
affect operation of software loops or block m0ve in-
structions. ‘
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WRITE REGISTER 2

WRZ is the interrupt vector register: it exists in Channel
B only. Vs—V- and V0 are always returned exactly as
written; Vz—V3 are returned as written if the Status'Atl
fects Vector (WRt. D2) control bit is 0, if this bit is 1.
they are modified as explained in the previous section.

07 06 05 04 03 02 D1 00
V7 V6 V5 V4 V3 V2 V1 V0

WRITE REGXSTER 3

Wk: contains receiver logic control bits and parameters.

D7 De 05 04

Recetver Receiver Auto Enter
Bits! Bits/ Enables Hunt

Char 1 Char 0 Phase

03 Dz 01 Do

Receiver Address Sync Char Receiver
CRC Search Load Enable

Enable Mode lnmbit

Receiver Enable (Do). A i programmed into this bit
allows receive operations to begin. This bit should be set
only after all other receive parameters are set and
receiver is completely initialized.

Sync Character Load Inhibit (D1). Sync characters pre-
ceding the message (leading sync characters) are not
loaded into the receive buffers if this option is selected.
Because CRC calculations are not stopped by svnc char-
acter stripping, this feature should be enabled only at
the beginning of the message.

Address Search Mode (D1). lf SDLC is selected, setting
this mode causes messages with addresses not matching
the programmed address in WR6 or the global (l l 1 l l l l 1)
address to be rejected. In other words. no receive inter-
rupts can occur in the Address Search mode unless there
is an address match.

Receiver CRC Enable (D3). If this bit is set. CRC calcu-
lation starts (or restarts) at the beginning of the last
character transferred from the receive shift register to
the buffer stack. regardless of the number of characters
in the stack. See “SDLC Receive CRC Checking"
(SDLC Receive section) and “CRC Error Checking"
(Synchronous Receive section) for details regarding
when this bit should be set.

Enter Hunt Phase (D‘). The 280.810 automatically
enters the Hunt phase after a reset: however. it can be
re-entered if character synchronization is lost for any
reason (Synchronous mode) or if the contents of an in-
coming message are not needed (SDLC mode). The Hunt
phase is re-entered by writing a i into bit D4. This sets
the Sync/Hunt bit (D4) in RRO.
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Auto Enables (D5). If this mode is selected. 555 and
ET—S become the receiver and transmitter enables, respec-
tively. If this bit is not set. 356 and 75 are simply in-
puts to their corresponding status bits in RRO.

Receiver Bits/Characters I and 0 (D7 and D6).
gether, these bits determine the number of serial receive
bits assembled to form a character Both bits may be
changed during the time that a character is being as-
sembled, but they must be changed before the number
of bits currently programmed is reached.

D7 05 BltuCharact-r

0 O 5
0 1 7
1 0 6
1 1 5

WRITE REGISTER 4

WR4 contains the control bits that affect both the
-receiver and transmitter. In the transmit and receive in-
itialization routine. these bits should be set before issu-
ing WRI, was, was, was, and Win.

07 De 05 0‘4 03 02 01 00
Clock Clock Sync Sync Stop Stop Parity Parity
Rate Rate Modes Modes Bits Bits Even/

t 0 1 o 1 0 Odd

Parity (Do). If this bit is set. an additional bit position
(in addition to those specified in the bits/character con-
trol) is added to transmitted data and is expected in
receive data. In the Receive mode. the parity bit received
is transferred to the CPU as part of the character. unless
8 bits/character is selected.

Panty Even/Odd (3,). if parity is specified. this bit
determines whether it is sent and checked as even or odd
(I = even).

Stop Bits 0 and 1 (D2 and D3). These bits determine the
number of stop bits added to each asynchronous char-
acter sent. The receiver always checks for one stop bit.
A special mode (00) signifies that a synchronous mode ts
to be selected.

03 02
Stop 5115 1 Stop Blts 0

O O Sync modes
' O 1 1 stop bit per character

1 0 W: stoo bits per character
1 1 2 stop bits per character

Sync Modes 0 and 1 (D4 and D5). These bits select the
various options for character synchronization.

Sync Sync
Mode 1 Mode 0

u

0 0 8-bit programmed sync
O 1 16—bit programmed sync
1 O SDLC mode (01111110 flag pattern)
1 1 Extemai Sync mode

ND-OZ. 003. Ol
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Clock Rate 0 and I (D6 and D7). These bits specify the
multiplier between the clock (T75 and fit?) and data
rates. For synchronous modes. the x I clock rate mus;
be specified Any rate may be specified For async'rto.
nous modes; however. the same rate must be used for
both the receiver and transmitter. The system clock 2r:
all modes must be at leasr 4.5 times the data rate. If the
XI clock rate is selected. bit synchronization must be
accomplished externally.

Clock Rat-1 Clock Rate 0

0 0 Data Rate x 1 = Clock Rate
0 1 Data Rate at 16 = Clock Rate
1 0
1 1

Data Rate x 32 = Clock Rate
Data Rate x 64 = Clock Rate

WRITE REGISTER 5

WR5 contains control bits that affect the operation of
transmitter with the exception of 0;, which atfects the
transmitter and receiver.

D7 D6 D5 04 D3 02 D1 00

DTR T: T: Send Tx CRC~1SI RTS Tx
Bits] Bits/ Break Enable SDLC CRC

Char 1 Char 0 Enable

Transmit CRC Enable (Do). This bit deiermines if CRC
is calculated on a particular transmit character. If it is
set at the time the character is loaded from the transmit
buffer into the tmnsmit shift register. CRC is calculated
on the character. CRC is not automatically sent unless
this bit is set when the Transmit Underrun condition
exrsts.

Requmt To Send (I)_)_. . ..15 is :h: :_o_nt:ol ‘:it For 1::
RTS pin. Wh_e__n the RTS bit IS set the RTS pin goes Lowz
w_h_en reset RTS goes High. In the Asynchronous mode
RTS goes High only after all the bits of the character are
transmitted and the transmitter buffer ts empty. In Syn~
chronous modes. the pin directly follows the state of the
bit.

CRC-IG/SDLC (D2). This bit selects the CRC poly-
nomial used by both the transmitter and receiver. When
set, the 02016 polynomial (X’6+X‘5+ XZ+ I) is used:
when reset the SDLC polynomial (X‘6 -:— X13 4- X5 +1) is
used. If the SDLC mode is selected. the CRC generator
and checker are preset to all 1’s and a special check se-
quence is used. The SDLC CRC polnomial must be
selected when the SDLC mode is selected. If the SDLC
mode is not selected, the CRC generator and checker are
preset to all 0's (for both polynomials).

Transmit Enable (D3). Data is not transmitted until this
bit is set, and the Transmit Data output is held marking.
Data or sync characters in the process of being trans-
mitted are completely sent if this bit is reset after trans-
mission has started. If the transmitter is disabled during
the transmission of a CRC character. sync or flag char-
acters are sent instead of CRC.
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Send Bffik (DI). When set. this bit immediately forces
the Transmit Data output to the spacing condition.
regardless of any data being transmitted. When reset.
TtD returns to marking.

Transmit Bits/Characters 0 and 1 (D5 and De). T0-
gether. D5 and 05 control the number of bits in each byte
transferred to“ the transmit buffer.

06 D5
Transmit Bits! Transmit Bits]

Character 1 Character 0 Bltlharxcter

O 0 Five or teas
O 1 7
1 O 5
T 1 3

Bits to be sent must be right justified. least-
significant bits firm. The Five Or Less mode allows
transmission of one to five bits per character; however,
the CPU should format the data character as shown in
the following table.

D7 De 05 D4 D3 Dz D1 Do

e. Sends one data bit
Sends two data bits
Sends three data bits
Sends tour data bits
Sends live data bits0

.4
.1

..
..

O
O

—
‘J

-I

C
O

O
—

:4

0
0

0
0

0
0

0
0

0

0
0

0
0

0

0
0

0
0

0

0
0

0
0

0

Data Terminal Ready (D7). This is the control bit for
the DTR pin. When set. DTR is active (Low); when reset.
DTR is inactive (High).

WRITE REGISTER 6

This register is programmed to contain the transmit sync
charaCter in the Monosync mode, the first eight bits of a
l6-bit sync character in the Bisync mode, or a transmit
sync charaCter in the External Sync mode. In the SDLC
mode. it is programmed to contain the secondary ad-
dress field used to compare against the address field of
the SDLC frame.

D7 D5 05 04 D3 D2 D1 D0

Sync 7 Syncfi Sync 5 Sync 4 Sync 3 Sync 2 Sync t Sync O

WRITE REGISTER 7

This register is programmed to contain the receive sync
character in the Monosync mode. a second byte (last
eight bits) of a 16-bit sync character in the Bisync mode.
or a flag character (01 11 l 1 10) in the SDLC mode. WR7 is
not used in the External Sync mode.

D7 05 05 D4 D: 02 D1 Do

Sync 15 Sync 1‘ Sync 13 Sync 12 Sync 11 Sync 1O Synes Syncs
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Read Registers

The ZSO‘SIO contains three registers. RRO—RR: (Figure
)0), that can be read to‘obtain the status information
for each channel (except for Ritz—Channel B only). The
Status information includes error conditions, interrupt
vector and standard communications-interface signals.

To read the contents of a selected read register other
than RRo, the system program must first write the
pointer byte to WRO in exactly the same way as a write
register operation. Then. by executing an input instruc-
tion. the contents of the addressed read register can be
read by the CPU. -

The status bits of RRO and RR! are carefully grouped
to simplify status monitoring. For example, when the
interrupt vector indicates that a Special Receive Condi-
tion interrupt has occurred. all the appropriate error
bits an be read from a single register tRRli.

READ REGISTER 0

This register contains the status of the receive and trans-
mit buffers: the DCD, 5‘3 and SYNC inputs; the Trans-
mit Underrun/EOM latch; and the Break/Abort latch.

D7 Ds D5 D4 03 Dz D1 Do

Break] Trans- CTS Sync] DCD Trans- lnter- Receive
Abort rnlt Hunt mit rupt Charac-

Under~ Butter Pend- ter
runl Empty lng Avail-
EOM (Ch. A able

only)

Receive Character Available (Do). This bit is set when
at least one character is available in the receive buffer: it
is reset when the receive FIFO is completely empty.

Interrupt Pending (By). Any interrupting condition in
the 280510 causes this bit to be set; however, it is read—
able only in Channel A. This bit is mainly used in appli-
cations that do not have vectoreel interrupts available.
During the interrupt service routine in these applica-
tions. this bit indicates if any interrupt conditions are
present in the 280-510. This eliminates the need for
analyzing all the bits of RRO in both Channels A and B.
Bit D, is reset when all the interrupting conditions are
satisfied. This bit is always 0 in Channel B.

Transmit Buffer Empty (1);). This bit is set whenever
the transmit buffer becomes empty, except when a CRC
character is being sent in a synchronous or SDLC mode.
The bit is reset when a character is loaded into the trans-
mit buffer. This bit is in the set condition after a reset.

Data Carrier-Detect (D3). The ocp bit shows the state
at” the fit) input at the time of the last change of any of
the five External/Status bits (DCD. CTS. Sync/Hunt,
Break/Abort or Transmit Undermn/EOM). Any transi~
tion of the 555 input causes the DCD bit to be latched

ND~02.003. Ol
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and causes an External/Status interrupt. To read the
current state of the DCD bit. this bit must be read im-
mediately following 3 Reset External/Status Interrupt
command.

Sync/Hunt (D4). Since this bit is controlled differently
in the Asynchronous. Synchronous and SDLC modes. its
operation is somewhat more complex than that of the
other bits and ther'et'ore requires more explanation.

In asynchronous modes, the operation of this bit is
similar to the ocp status bit. except that Sync/Hunt
shows the Stat: of the SYNC input. Any High-to—Low
ransition on the SYNC pin sets this bit and causes an Ex-

ternal/Status interrupt (if enabled). The Reset External/
Status Interrupt command is issued to clear the inter-
rupt. A Low-to—High transition clears this bit and sets
'the External/Status interrupt. When the External/
Status interrupt is set by the change in state of any other
input or condition, this bit shows the inverted state of
the SYNC pin at the time of the change. This bit must be
read immediately following a Reset External/Status In-
terrupt command to read the current state of the W5
input.

In the External Sync mode. the Sync/Hunt bit oper-
ates in a fashion similar to the Asynchronous mode. ex‘
cept the Enter Hunt Mode control bit enables the exter-
nal sync detection logic. When the External Sync Mode
and Enter Hunt Mode bits are set (for example. when
the receiver is enabled following a reset). the SYNC input
must be held High by the external logic until external
character synchronization is achieved. A High at the
537% input holds the Sync/Hunt status bit in the reset
condition. .

When external synchronization is achieved. s—‘FN—E
must be driven Low on the second rising edge of R
after that rising edge of Won which the last bit of the
sync character was received. In other words. after the
sync pattern is detected. the external logic must wait for
two full Receive Clock cycles to activate the 57% input.
Once m is forced Low. it is a good practice to keep it
Low until the CPU informs the external sync logic that
synchronization has been lost or a new message is about
to start. Refer to Figure 18 for timing details. The High-
to-Low transition of the 533%? input sets the Sync/Hunt
bit. which-in turn——sets the External/Status interrupt.
The CPU must clear the interrupt by issuing the Reset
External/Status Interrupt command.

When the m input goes High again, another Ex-
- ternal/Status interrupt is generated that muSt also be

cleared. The Enter Hunt Mode control bit is set when-
ever character synchronization is lost or the end of mes-
sage is detected. In this case, the ZBO-SIO again looks
for a High-to—Low transition on the W input and the
operation repeats as explained previously. This implies
the CPU should also inform the external logic that char-
acter synchronization has been lost and that the
280510 is waiting for m to become active.

In the Monosync and Bisync Receive modes, the
Sync/Hunt status bit is initially set to l by the Enter
Hunt Mode bit. The Sync/Hunt bit is reset when the
ZSO~SIO establishes character synchronization. The

ND—OZ . 003 . OI
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High-to-Low transition of the Sync/Hunt bit causes an
External/Status interrupt that must be cleared by the
CPU issuing the Reset External/Status Interrupt com—
mand. This enables the ZSO-SIO to detect the next tran.
sition of other External/Status bits.

When the CPU detects the end of message or that
character synchronization is IOSt. it sets the Enter Hunt
Mode control bit, which—in turn—sets the Sync/Hunt
bit to l. The Low-to-High transition of the Sync/Hunt
bit sets the External/Status interrupt. which must also
be cleared by the Reset External/Status Interrupt com-
mand. Note that the SYNC pin acts as an output in this
mode and goes Low every time a sync pattern is detected
in the data stream.

In the SDLC mode, the Sync/Hunt bit is initially set
by the Enter Hunt mode bit, or when the receiver is dis-
abled. In any case, it is reset to 0 when the opening flag
of the first frame is detected by the ZBO—SIO. The Exter-
nal/Status interrupt is also generated, and should be
handled as discussed previously.

Unlike the Monosync and Bisync modes, once the
Sync/Hunt bit is reset in the SDLC mode. it does not
need to be set when the end of message is detected. The
ZSO~SIO automatically maintains synchronization. The
only way the Sync/Hunt bit can be set again is by the
Enter Hunt Mode bit. or by disabling the receiver.

Clear To Send (D5). This bit is similar to the DCD bit.
except that it shows the inverted state of the CTS pin.

Transmit Underrun/End 0f Message (D6). This bit is
in a set condition following a reset (internal or external)

. . . ’The only command that can reset this bit IS the Reset
Transmit Uririerrun/EOM Latch command (WY-lo. 0.3 and
D1). When the Transmit Underrun condition occurs,
this bit is set; its becoming set causes the External/
Status interrupt, which must be reset by issuing the
Reset External/Status interrupt command bits (WRO).
This status bit plays an important role in conjunction
with other control his in controlling a transmit opera-
tion. Refer to “Bisync Transmit Underrun" and
”SDLC Transmit Underrun” for additional details.

Break/Abort (D7). In the Asynchronous Receive mode,
this bit is set when a Break sequence (null character plus
framing error) is detected in the data stream. The Exter-
nal/Status interrupt, if enabled. is set when Break is
detected. The interrupt service routine must issue the
Reset External/Status Interrupt command (WRO. CMDy
to the break detection logic so the Break sequence ter—
mination can be recognized.

The Break/Abort bit is reset when the termination of
the Break sequence is detected in the incoming data
stream. The termination of the Break sequence also
causes the External/Status interrupt to be set. The Reset
External/Status Interrupt command must be issued to
enable the break detection logic to look for the next
Break sequence. A single extraneous null character is
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present in the receiver after the termination of a break;
it should be read and discarded.

In the SDLC Receive mode. this status bit is set by the
detection of an Abort sequence (seven or more l's). The
External/Status interrupt is handled the same way as in
the case of a Break. The Break/Abort bit is not used in
the Synchronous Receive mode.

READ REGISTER 1

This register contains the Special Receive condition
status bits and Residue codes for the Iofield in the SDLC
Receive Mode.

D7 De 05 D4 D3 Dz D1 Do

End Of CRCI Receiver Parity Fiesndue Resroue Residue All
Frame Framing Overrun Error Code 2 Code 1 Code 0 Sent
(SDLC) Error Error

All Sent (Do). In asynchronous modes, this bit is set
when all the characters have completely cleared the
transmitter. Transitions of this bit do not cause inter-
rupts. It is always set in synchronous modes.

Residue Codes 0. 1 and 2(D1-D3). In those cases of the
SDLC receive mode where the l—field is not an integral
multiple of the character length. these three bits indicate
the length of the I-field. These codes are mmingf’ui on-
ly for the transfer in which the End Of Frame bit is set
(SDLC). For a receive character length of eight bits per
character. the codes signify the following:

I-c’sald Bits “meld Bits
Residue Residue Residue In Previous ln Second
Code 2 Code 1 Code 0 Byte Previous Byte

1 O O 0 3
O 1 0 O 4
1 1 0 0 5
O O 1 O 6
1 0 1 O 7
0 1 1 O 8
1 1 1 1 8

0 0 0 2 8
l-Fielo bits are rtgnt‘yustifieo in all cases.

If a receive character length different from eight bits
is used for the l-field. a table similar to the previous one
may be constructed for each different character length.
For no residue (that is, the last character boundary coin-
cides with the boundary of the l-field and CRC field), the
Residue codes are:

Residue Residue Residue
Bits per Character Code 2 Code 1 Code 0

8 Bits per Character 0 1 1
7 Bits per Character 0 0 O
5 Bits per Character 0 1 0
5 Bits per Character 0 O 1
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Parity Error (D4). When parity is enabled. this bit is set
for those characters whose parity does not match the
programmed sense (even/odd). The bit is latched. so
once an error occurs. it remains set until the Error Reset
command (WRO) is given.

Receive Overrun Error (D5). This bit indicates that
more than three characters have been received without a
read from the CPU. Only the character that has been
written over is flagged with this error. but when this
character is read, the error condition is latched until
reset by the Error Reset command. If Status Affects
Vector is enabled, the character that has been overrun
interrupts with a Spedal Receive Condition veCtor.

CRC/Framing Error (D6). If a Framing Error occurs
(asynchronous modes). this bit is set (and not latched)
for the receive character in which the Framing Error
occurred. Detection of 3 Framing Error adds an addi-
tional one-half of a bit time to the character time so the
Framing Error is not interpreted as a new start bit. ln
synchronous and SDLC modes. this bit indicates the
result of comparing the CRC checker to the appropriate
check value. This bit is reset by issuing an Error Reset
command. The bit is not latched, so it is always updated
when the next character is received. When used for CRC
error and status in synchronous modes, it is usually set
since most bit combinations result in a non-zero CRC
except for a correctly completed message.

ND—02.003.0l
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End Of Frame (D7). This bit is used only with the SDLC
mode and indicates that a valid ending flag has been
received and that the CRC Error and Residue codes are
also valid. This bit can be reset by issuing the Error
Reset command. It is also updated by the first character
of the following frame.

READ REGISTER 2 (Ch. 8 Only)

This register contains the interrupt vector written into
WRZ if the Status Affects Vector control bit is not set. If
the control bit is set. it contains the modified vector
shown in the Status Affects Vector paragraph of the
Write Register 1 section. When this register is read, the
vector returned is modified by the highest priority inter.
rupting condition at the time of the read. if no inter—
rupts are pending, the vector is modified with V3=O.
V2=l and V,=l. This register may be read only
through Channei B.

07 05 05 D4 D3 Dz D1 00

V7 V5 V5 V4 V3 V2 V1 V0
Variable 3! Status
Affects Vector is

enabled
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Appendix E 95
EXTERNAL CABLES 8: TEST PLUGS

PIOC
NORSK DATA A.S Test Plug:

PLUGPANEL DE‘II-E PLUG
WIRE SIGNAL POLARITY ZUPOPLUG 25-pins "D"
”0- .‘10. Female PIN NO.

PIN NO.

2 CHASSIS c e : W2 a I 141
3 TX: c 2 2 ’
'4 ’E'XC a 2 - '25 3—
5 RXD _ c 3 3
5 a 3 I6
7 ms cu u
8 RXC a u 17 > ‘1 — Level
9 RES c 5 5 Tes‘plug

10 UTC a S 78
11 SSE c 6 5
12 "fLEV a 6 193
13 GND c 7 7 3
114 0TH a 7 20
1‘5 SIGN.DET. c 8 8
16 3 8 21 ‘
17 c 9 1
t8 1'3 3 9 HS .—
19 TA c 7 2
20 C3 3 IO ‘15
21 CA a H 3
22 38 a H 16 .—
23 RA 2 12 ’4an 2A a 2 17 -——-- ? ’( ‘ Laval
2‘5 13 c 13 5 TestpLug
% 53 373 ‘ ‘12" SA c 1 ‘ ‘
28 713 a z 23.]
23 GA C 15 7 --
30 '{B a 3 20
3: 3m: 0 16 8
73 {9. . a ‘« 21

EXTEPNAL CABLE TYPE“ . 511 wire flatcable
EXTENHAL CABLE TIPS 1 :
EXTERNAL. CABLE TYPE 2 :
EXTEPNAL CABLE TYPE 3 : 'EX.-P.NAL CABLE TYPE 11 :

Drawn by Remarks qe_c>}.acemenc for Date

Aoproved Replaced by Date

Date
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**********SENDUSYOURCOMMENTSIII *** *******

. . 3 ; Are you frustrated because of nuclear information

¢ . in this manual? Do you have trouble finding
_ things? Why don‘t you join the Reader’s Club and

I send us a note? You will receive a membership
‘ ) card - and an answer to your comments.

I I

Please let us know if you ' . /
* find errors ' \
* cannot understand information / \* . . .

cannot find information Q Q \
* find needless information

Do you think we could improve the manual by rearranging the‘ contents? You could also tell us if you like the manual}! / \

~k'k****‘k**HELPYOURSELFBYHELPINGUSI! *********

. . Manual name: PIOC Hardware Reference Mnaual Manual number: “10432-00301

What problems do you have? (use extra pages if needed)

Do you have suggestions for improving this manual?

Your name: Date:
Company: Position:
Address:

_ What are you using this manual for?

Send to: Norsk Data A.S.
_ Documentation Department
_. . PO. Box 4, Lindeberg Gard ———$

Oslo 10, Norway

Norsk Data’s answer will be found on reverse side



Answer from Norsk Data 1.

Answered by Date

Norsk Data A.S

Documentation Department
PO. Box 25, Bogerud
0621 05106, Norway

£0
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