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Preface

This manual describes the MKY49, which is a type of IC dedicated to CUnet.
Be sure to read “CUnet Introduction Guide"” before using the product to help you understand the
contents of this manual.

H Target Readers

This manual is intended for:
« Those who build a CUnet network for the first time
« Those who use StepTechnica ICs for the first time to build a CUnet network
« Those who design hardware and software using the MKY49

M Prerequisites

This manual assumes that you are familiar with:
« Network technology
« Semiconductor products (especially microcontrollers and memory devices)

H Related Manuals

« MKY49 Data Sheet
« CUnet Introduction Guide
« CUnet Technical Guide

[Caution]

Some terms in this manual are different from those used on our website and in our product
brochures. The brochure uses ordinary terms to help many people in various industries
understand our products.

Please understand technical information on HLS Family and CUnet Family based on technical
documents (manuals).
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1

Roles and features of MKY49

This chapter describes the roles and features of MKY49 in the CUnet network.

The MKY49 is a 48-pin QFN package IC dedicated to the CUnet, that has a SPI interface (SPI-
I/F) as a target device to interface with a CPU. The host device for the SPI-I/F connected

to the MKY49 is referred to as "CPU" in this manual, while it implies also FPGA and other
devices.

Register assignments and bit configurations have been changed from those for the MKY43
to reduce the number of access times by the SPI-I/F to the CPU to the minimum. (Refer to “3
MKY49 Register References” and “Appendix 2: Deviations from the MKY43")

The MKY49 belongs to CUnet Station-IC Family, which operates in MEM mode of the CUnet.
Different types of CUnet Family ICs can be used on the same CUnet network. It can be
connected to existing CUnet equipment built with the MKY43, MKY44 series, and MKY46.

The MKY49 is already installed the CUnet protocol in the hardware. Therefore, the users are
freed from complicated processing such as communication protocols.

Extremely fast CUnet communication is at the same time protected by a robust test technique
so that it is suitable for use with industrial equipment and devices. Introducing the MKY49 is
beneficial for building a CUnet network with lower power consumption and at a reasonable
cost.

“CUnet stations” equipped with the MKY49 is called “"MEM stations". They can be also used
as "GMM stations” operated by the Global Memory Monitor (GMM) function. (Refer to “2.4.8
Global Memory Monitor (GMM) function”)

"""""""""" :  Refer to "MKY49 Data Sheet"” for detailed information on the SPI-I/F, CPU interface of
Reference :

.................. i the MKY49.
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1.1

CUnet station with MKY49 (MEM station)

CUnet is a network system composed of multiple user equipment built with CUnet ICs.

The MKY49, one of the CUnet ICs, has an SPI interface (SPI-I/F) and a CUnet network
interface (network I/F). The user can build a CUnet station by connecting the SPI-I/F to the
CPU and the network I/F to the CUnet network (See Fig. 1.1).

: SPI-I/F Network I/F
= P JVINCER < ;I: >

User circuit

User equipment

Fig. 11 CUnet station (MEM station) equipped with the MKY49

Fig. 1.2 shows an example of CUnet system consisting of four MEM stations sharing memory
data. The CPU in each MEM station communicates between each other simply and rapidly
just by read and write access to Global Memory (GM) area in the MKY49. It also can use the
mail send and receive buffers of the MKY49 to send and receive up to 256 bytes of dataset to/
from other stations. This function is called “mail sending/receiving function” of CUnet. Refer
to “2.3 Mail sending/receiving functions” for more information.

Network cable

Network

Network I/F |

MKY49
SPI-I/F ¢

Network I/F I

MKY49
SPI-I/F ¢

Network I/F |

MKY49
SPI-I/F ¢

Network I/F |

MKY49
SPI-I/F ¢

CPU
User circuit User circuit User circuit User circuit
MEM station MEM station MEM station MEM station

Fig. 1.2

CUnet system connecting four MEM stations

1-2
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1.2

Features of MKY49
The MKY49 offers the following features:

N o o »

10.

Up to 64 CUnet stations can be connected.

Global Memory (GM) of 512 bytes are available.
One memory block takes 8 bytes. The GM consists of 64 memory blocks.

Multiple memory blocks can be owned by the MKY49.
For example, if each of two MEM stations owns 32 memory blocks, the MKY49 can use
the GM as dual-port RAM having 256 bytes by each of them.

Standard baud rate of 12 Mbps, 6 Mbps and 3 Mbps
Various interrupts can be generated.
Mails containing up to 256-byte data can be sent.

The CUnet protocol of the MKY49 guarantees that data can be transmitted between
CUnet stations without error or garbage.

The CPU is connected via SPI interface (SPI-1/F) dedicated as target device.
The nPF pin identifying Public Frame (PF) periods is available.

Register assignments optimized for SPI-I/F ensure reliable data access without data
hazards with a minimum number of access times.

For details of the CUnet protocol and data quality assurance, refer to “CUnet

. Reference  Introduction Guide"

For details of the SPI-I/F, CPU interface of the MKY49, and nPF pin function, refer to
“MKY49 Data Sheet"

1-3 P10936-011
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1.3 Connecting to I/0 stations

In the CUnet system, |/0O stations equipped with a CUnet I/0-IC N
such as MKY46 (See Fig. 1.3) can be connected to the network. CUnet

The connection allows /0 signals of each |/0 station to be
directly connected to Global Memory (GM) of the MKY49 in
MEM stations.

Network I/F

Fig. 1.4 shows an example of CUnet system connecting two
MEM stations equipped with a CPU and MKY49, and I/0

stations equipped with a CUnet 1/O-IC such as the MKY46. External general- t

In this setup, all CPUs of MEM stations can read the states of prpese |‘/o P o

input ports of 1/0 stations from the MKY49's GM. They can also ulsg ?é??%cslig:gn

set the states of output ports of 1/0 stations by writing data to \_ .
the GM.

Fig. 1.3  1/0 station

Network Network cable

Network I/F | I‘— Network I/F L— Network I/F | L— Network I/F

SPI-I/F i SPI-I/F i

gonogoon External general- _aoooooon
purpose /0 pin CPU

External general-
purpose I/0 pin

User circuit 170 station User circuit 170 station

MEM station MEM station

Fig. 1.4  CUnet connecting to I/O stations

1-4 P10936-011
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2 MKY49 software

This chapter describes the operation of MKY49 by the CPU.

2.1 Starting and stopping communication

The items essential to the operation of MKY49 are explained in the following order:

« Memory map

« Confirming the connection of MKY49

« Initial setting (initialization) and start-up of communication
« Response to each phase

« Protection against incorrect operation

« Cycle time of CUnet

« Detailed timings during cycle

« Stopping network

2.1 P10936-100
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2.1.1 Memory map

The CPU connected through SPI interface (SPI-I/F) can use SPI communication commands,
i.e. Read (0x03) and Write (0x02), to access the memory areas at the addresses shown in

Table 2.1.

Table 2.1 Memory map

Address

Description

0x0000-0x01FF

Global Memory (GM)

0x0200-0x021F

Network status registers (RFR to SSR)

0x0220-0x0417

Mirrored Global Memory (MGM)

0x0418-0x04F7

Access prohibited

0x04F8-0x055B

Control registers (CCR to general-purpose 1/0 nDio0-nDio3)

0x055C-0x20FF

Access prohibited

0x2100-0x21FF

Mail Send Buffer (MSB)

0x2200-0x22FF

Mail Receive Buffer 0 (MRBO)

0x2300-0x23FF

Mail Receive Buffer 1 (MRB1)

20x2400

Access prohibited

qm Both read and write accesses are prohibited in “Access Prohibited” areas. Proper

functionality is not guaranteed if they are accessed.

@ """"""""""" :  All data in the memory mentioned in Table 2.1 (GM, MGM, MSB, MRBO, MRBT1) are

: Reference :

........................... i cleared to "0" after hardware reset is released.

2-2
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2.1.2 Confirming the connection of MKY49

The MKY49 is designed to enable SPI interface (SPI-I/F) after internal initialization when the
power supply is turned on or a reset is released (See Fig. 2.1). The CPU cannot access the
MKY49 until the SPI-I/F is enabled.

With the MKY49 connected correctly to the CPU and the SPI-I/F enabled, reading CCR (Chip
Code Register) will give the ASCII character string "MKY49_Mm" (“Mm”" as version number)
as response. Successful connection can be confirmed when this character string is read out.

MKY49 CPU

— — — — CPU cannot be accessed while the power is off or during resetting. - — — —
Power on or
Reset released

Pins and registers SPI-I/F is disabled.
initialized CPU cannot access the MKY49.

l

SPI-I/F enabled

\4
————— - Front this point, settings before the network start-up start. — — — — —

Confirming connection

/ of the MKY49

Fig. 2.1 Confirming the connection of MKY49

Caution Output pins are at high impedance while the hardware reset is active.

As shown in Fig. 2., the initialization process resets all pin states and registers, and all
........................... ¢ data in the memory (GM, MGM, MSB, MRBO, MRB1) are cleared to “0".

2.3 P10936-100
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213 Initial setting (initialization) and start-up of communication

This section describes the procedures to start communication after resetting the MKY49.

1

Read CCR (Chip Code Register) to confirm
the connection of MKY49 after power-

up or reset. (Refer to 2.1.2 Confirming the
connection of MKY49)

Set Station Address (SA), OWN width
(OWN), and baud rate (BPS) to BCR (Basic
Control Register).
The BCR, protected to prevent accidental
writing during network operation, can be
written only when the GMM bit of SSRO
(System Status Register 0) is “1" The user
system program must observe the following
procedures to write setting values to the
BCR:
(1) Confirm that the START bit of SSR0 is “0"
(2) Write “1" to the GMM bit of SCR (System
Control Register).
(3) Confirm that the GMM bit of SSRO is “1"
(4) Write Station Address (SA), baud rate
(BPS), and OWN width (OWN) values
respectively to the SA bits, BPS bits and
OWN bits of BCR.

/ \

Read CCR to confirm connection of MKY49

y

Communication Settings
Confirm START of SSRO0 to show “0”
Write “1" to GMM of SCR
Confirm GMM of SSRO to go to “1”
Write SA, BPS, OWN and LFS to BCRO
Write MSA and MSZ to BCR1
Write “0" to GMM of SCR
Confirm GMM of SSRO to go to “0”

y

Write “1" to START of SCR

y

Confirm RUN of SSRO to go to “1"

o %

Fig. 2.2  Start-up algorithms

Write “0" to the LFS (Long Frame Select) bit (normal setting). (Refer to 2.4.9 Frame

option [for HUB])

If you wish to use Mirrored Global Memory (MGM) area, write Station Address (SA)
value allotted to the MGM area to the MSA bits, and the memory block size to the
MSZ bits. (Refer to 2.2.4 Mirrored Global Memory (MGM))

(5) Write "0" to the GMM bit of SCR.

BCR setting is applied, and data in the GM and MGM areas are cleared to “0"

(6) Confirm that the GMM bit of SSRO is “0"
Write “1" to the START bit of SCR.

The CUnet network starts up, and the MKY49 enters START phase.

Check that the RUN bit of SSRO0 is “1” to confirm that the MKY49 has entered RUN phase.
If the RUN bit of SSR0O does not go to “1" but instead CALL or BRK bit is “1” (meaning
other than RUN phase), follow the instructions described in 2.1.4 Response to each phase.

With the RUN bit of SSRO set to “1; the CUnet communication enabling “sharing of
memory data via Global Memory (GM)" and “dataset mail sending/receiving using the

mail send/receive buffers” is fully operational.

P10936-100
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The BCR is write-protected when the GMM bit of SSRO is “0', while it is write-enabled
Caution | when itis “1% After writing “1” to the GMM bit of SCR, make sure that the GMM bit of

SSRO is “1” before writing a setting value to the BCR.

With the GMM bit of SSRO set to “1'] you can skip the procedure 2-(5) and 2-(6) by
writing “"0" to the GMM bit, and “1” to the START bit, of SCR at once.

The MKY49 can output an interrupt trigger when the RUN bit of SSR0 is “1" (RUN
phase). For detailed information, refer to 2.5 Generating interrupt triggers.

214 Response to each phase

The MKY49 keeps START phase for “three cycle times" when the network has been started,
and then transits to either of CALL, RUN or BREAK phase in accordance with the phase
transition rules defined in the CUnet protocol.

The user system program can confirm the phase status by reading RUN, CALL and BRK bits
of SSRO (See Fig. 2.3).

Three cycles times

START phase

Cycle of [Final SA > Self-SA]
or a CUnet station in CALL

phase detected Q
BREAK phase

Cycle of [Final SA < Self-SA]
detected

Cycle not detected

CALL phase

Bit: 11 10 9 8
SSRO | BRK | CALL | RUN |START|
Cycle of
R/W : R R R R New cycle [Final SA > Self-SA]
L 1 4 established detected

The bit corresponding to the current phase i
goes to “1" (the three bits are “0" in START phase) !
| Writing “1" to the START bit of SCR RUN phase
I makes the START bit of SSRO go to “1" Q
i
i
i

(START phase)

Bit: 110 9 8
SCR | B | - | B |START|
RIW ; R R R R/W

AN

Start/Stop bit for the network /

Fig.2.3  MKY49 phase transitions and corresponding bits of SCR/SSR0

The “RUN phase” is the normal operating status of CUnet. The RUN bit of SSR0 goes to “1"
The following communication functions are available for the user system program in the RUN
phase:

1. The user system program writes data to the area owned by the self-station in Global
Memory (GM). The data are copied to the same address in the GM area of other CUnet
stations.

2. The user system program can refer to the data copied from other stations in the GM area
for other CUnet stations.

3. The user system program can send dataset mails to a specified CUnet station.

4. The user system program can receive dataset mails sent to the self-station.

2.5 P10936-100
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The "CALL phase” means a stand-by status, in which the CUnet is waiting to be connected.
The CALL bit of SSRO goes to “1" In this state, no station has not started yet, other than the
self-station connected to the network.

The CALL phase continues until it can send/receive data packets with the other stations.

The "BREAK phase” is an out-of-cycle status, meaning that the self-station is unable to enter
the cycles. The BRK bit of SSRO goes to “1"

The BREAK phase continues until another CUnet station performs resizing to permit the self-
station to enter the cycles.

the START phase when it attempts to start it. In such cases, refer to 2.1.8.3 Stop
exception to improve stability of the station.

2.1.5 Protection against incorrect operation

The MKY43 has protective functions to prevent incorrect operation by the user system

program. When operating the MKY49, note the following protective functions:

1. Writing “1" to the GMM bit of SCR (System Control Register) to use GMM (Global Memory
Monitor) function is valid only when the START bit of SSRO (System Status Register) is
“0" The operation is invalid when the START bit of SSRO0 is “1, and the GMM bit of SCR is
cleared to “0"

2. When the START bit of SSRO0 is “1, any memory area in the GM other than the owned area
of the self-station is write-protected.

3. The BCR (Basic Control Register) is write-enabled only when the START bit of SSRO is “0"
and the GMM bit is “1"

"""""""" :  For more information on the GMM bit of SCR, refer to 2.4.8 Global Memory Monitor
: Reference :

............... (GMM) function.

2.6 P10936-100
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2.1.6 Cycle time of CUnet
The cycle time of CUnet network built with MKY49 is determined by the equations 2.1 and 2.2
defined in the CUnet protocol. The CUnet cycle time represents the response time of memory
data sharing.
Equation 2.1 Frame Time = (LOF + FS + 1) X 2 X Tsps [s]
Equation 2.2 Cycle Time = Frame Time X (FS + PFC + 1) [s]
An example is given as follows:
FS = 03H, LOF =151, PFC = 2, Baud rate = 12 Mbps (Tsps = 0.0833 pus)
Frame Time = (151 + 3 + 1) X 2 X 0.0833 = 25.833 s
Cycle Time = 25833 us X (3+2+ 1) =155 us
The LOF (Length Of Frame) is fixed at “151 and the PFC (Public Frame Count) is fixed at 2"
To use the frame option described in 2.4.9 Frame option [for HUB], the LOF is fixed at “256"
The FS (Final Station) value is stored in the FSR (Final Station Register). When resizing
described in 2.4.2 Changing cycle time (resizing) has not been performed, the value stored in
the FSR (Final Station Register) is the initial value “63 (0x3F)"
""""""""""" + "Appendix 1: Cycle time list” shows a list of cycle times calculated for each FS value by
: Reference : .
R i the equations 2.1 and 2.2.
217 Detailed timings during cycles

Detailed timings in a cycle proceeding with frame transitions in MKY49 can be tracked.

For the user system program to 4 sT=0  SSRO N
recognize these timings, read SSR0 ST6 ST5 ST4 ST3 ST2 ST1 STO
(System Status Register 0). The ST @ ¢lofofolofolo]o]
bits of SSRO indicate Station Time oo Pme s o432z 0
(ST) (See Fig. 2.4). ST6 ST5 ST4 ST3 ST2 ST STO
_ | o] ) TeLeIelelelorn
By presetting a ST value at a specific £
register, the MKY49 can output an 35 ST=2 ST6 S5 ST4 STa STo ST1 ST
interrupt trigger when the setting g STololo o o] 0]
value matches the ST value of SSRO. g
This operation is called “alarm” L ST=3 Ste STs ST4 ST3 ST2 ST STO
For details, refer to 2.5 Generating @ Slofofo]o]o] 1] 1]
interrupt triggers. . =
v = :
ST=65(41H) -

ST6 ST5 ST4 ST3 ST2 ST1 STO

lifolofofofofn]
- /
Fig. 2.4  Station Time indicated by ST bits of SSRO
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2.1.8

2.1.8.1

Stopping network
The CUnet station with the MKY49 stops network operation in the following three cases:

1. Value "0" is intentionally written to the START bit of SCR (System Control Register).

2. SNF (Station Not Found): No link to other CUnet stations could be established for 32
consecutive cycles.

3. OC (Out of Cycle): Resizing by another CUnet station caused to lose the packet
transmission timing of the self-station in the continuous time sharing cycles.

The user system program running on the CPU connected to MKY49 can force the network to
stop by writing “0" to the START bit of SCR, while the MKY49 is in any phase of START, CALL,
RUN or BREAK. The RUN, CALL and BRK bits of SSRO (System Status Register 0) go to “0”
when the network has been stopped by this operation.

Stopping network operations caused by the above Case 2 (SNF) and Case 3 (OC) could occur
only when the MKY49 is in RUN or BREAK phase, while the user system program running on
the CPU connected to the MKY49 is processing any function.

Network stop by the SNF turns the RUN and START bits of SSRO to “0"” and the SNF bit to “1"
Network stop by the OC turns the RUN and START bits of SSRO to “0" and the OC bit to “1"

The MKY49 can output an interrupt trigger when the network is stopped. For details, refer to
2.5 Generating interrupt triggers.

The SNF and OC bits of SSRO0 are cleared to “0"” when the user system program writes “1" to
the START bit of SCR, or after a hardware reset is released.

SNF (Station Not Found)

Stopping network operations caused by SNF (Station Not Found) occurs when the self-
station is isolated during RUN phase due to the following reasons:

1. Disconnection from network, network cable breakdown, and transceiver parts failure
2. Intentional stop of all CUnet stations other than the self-station

In the above two cases, no link is established to other CUnet stations. The MKY49 judges that
the self-station has been isolated if it cannot establish links to any of other CUnet stations for
32 consecutive cycles and then stops network operation by SNF.

The SNF stop also occurs if the MKY49 in BREAK phase cannot receive packet data from any
of other CUnet stations for 32 consecutive cycle times due to the above reasons.
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2.1.8.2

2.1.8.3

@ .......

Reference . .
............. i SNF and OC stops of the network and execute suitable recovering processes (e.g.

OC (Out of Cycle)

Stopping network operations caused by OC (Out of Cycle) occurs when the self-station is
unable to send packet data in the self-station-owned area due to the resizing operation by
another CUnet station in RUN phase.

For example, suppose that one CUnet station changes the cycle time to “Ox1F" when the self-
station has the SA set to “0x20" Now the self-station is out of the FS range by the cycle time
reduction, resulting in loss of packet sending timing.

Suppose also that another station resizes to “0x20" when the self-station has “0x20" for the
SA and “0x02" for the OWN. The self-station cannot send a part of the owned area packet
data (“0x21"), causing the OC stop.

Stop exception

If there is a CUnet station with continuously unstable power supply after power-up, the
network may stop by SNF (Station Not Found) immediately after the start-up.

The following is an example of CUnet with two stations experiencing sequential events that
lead eventually to stopping the network:

1. The CPU of one CUnet station writes “1” to the START bit, resulting in the station entering
CALL phase.

2. The other station writes “1” to the START bit, resulting in both stations entering RUN
phase.

3. The hardware is reset again as power supply to the first station is delayed in stabilizing.
The START bit goes back to “0"

4. The second station goes to SNF stop after 32 cycles.

5. The first station starts the program from the beginning to write “1" to the START bit,
entering CALL phase.

6. The second station does not restart due to the SNF stop.

If the above example's user system is running at 12 Mbps rate, the entire sequence takes
about 80 milliseconds.

Such cases are observed in a system experiencing continuously unstable power supply at the
power-up. If the user system program is simply waiting for the network to go to RUN phase
without any accident, it may be unable to go to the next step.

CUnet stations with MKY49 must be configured to release hardware reset only after the
power supply is sufficiently stabilized at the power-up.

We recommend that the user system program employs algorithms which can detect

writing “1” again to the START bit to restart the network).

2.9 P10936-100



2 MKY49 software

MKY49 Reference Manual

2.2

2.2.1

0x0000

0x01FF

Using Global Memory (GM)

This section describes how to use Global Memory (GM) sharing data in CUnet.

Owned (OWN) area

Global Memory (GM) has a total of 512 bytes of data area containing 64 consecutive 8-byte
Memory Blocks (MB) defined in the CUnet protocol.

Each memory block is occupied usually by a CUnet station with the corresponding Station
Address (SA) (See Fig. 2.5).

+0

Global Memory 0x0000 Owned area for SAO Owned area for SA1
0x0010 Owned area for SA2 Owned area for SA3
0x0020 Owned area for SA4 Owned area for SA5

w 0x0030 Owned area for SA6 Owned area for SA7
0x0040 Owned area for SA8 Owned area for SA9
0x0050 Owned area for SA10 Owned area for SA1

- Owned area for SA12

\/

Owned area for SA47 —

0x0180 Owned area for SA48 Owned area for SA49
0x0190 Owned area for SA50 Owned area for SA51
0x01A0 Owned area for SA52 Owned area for SA53
0x01B0O Owned area for SA54 Owned area for SA55
0x01C0 Owned area for SA56 Owned area for SA57
0x01D0 Owned area for SA58 Owned area for SA59
0x01EQ Owned area for SA60 Owned area for SA61
0x01FO0 Owned area for SA62 Owned area for SA63

Fig.2.5  Global Memory (GM)

The MKY49 can expand its own memory area by setting OWN width as defined by the
“increased practicality” of the CUnet protocol.

An owned area is a series of Memory Blocks (MB) specified by Station Address (SA) and
OWN width stored in the BCR (Basic Control Register) (See Fig. 2.6).

For example, with the BCR set to SA=6 and OWN=2, 16 bytes of MB6 and MB7 (GM: 0x0030
to 0x003F) are owned by the MKY49.

The owned area in the CUnet is used to transmit (or copy) data to other stations. The
MKY49's owned area is always write-enabled, while the other areas in Global Memory are
write-protected when the START bit of SSR0O (System Status Register) is “1"

The clear separation of write-enabled and read-only areas in the handling of Global Memory
(GM) eliminates the possibility of simultaneous writing and overwriting to the same address.

2.10 P10936-100



2 MKY49 software MKY49 Reference Manual

+0 +7 +8 +F Setting example for each MEM station

0x0000 Owned arga for SAO SA=0, OWN=2
0x0010 Owned aréa for SA2
P }+ fffffffffffffffffffff SA=2, OWN=4
0x0030 Owned aréa for SA6 [~—— SA=6, OWN=2
0x0040 Owned arga for SA8 [«—— SA=8, OWN=3
oxo0s0 | Owned area for SA11 SA=11, OWN=1

_ Owned area for SA12 SA=12, OWN=1

B———————

Fig.2.6  Owned areas

Owned areas must not be duplicated among any CUnet stations building a CUnet network.
For example, if one MKY49 station is set to “SA=3 and OWN=2", another station is not
permitted to have SA=4,

Duplicate owned area setting is prohibited when performing the setting procedures described
in the procedure (2) in 2.1.3 Initial setting (initialization) and start-up of communication.

Owned areas can be expanded as far as they do not cause duplication. For example, if the
CUnet is built with two MEM stations, each MEM station can take 256 bytes of owned area.

When “0x00" is written to the OWN width in BCR (Basic Control Register), “0x01" is set. If the
total of SA and OWN value goes beyond “64 (0x40)", the OWN width value is limited to the
maximum possible value within “64" For example, when the values “SA=62, OWN=3" are
written, “2" is set to OWN. When the values “SA=32, OWN=63" are written, "32" is set to the
OWN.
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2.2.2

2.2.21

== CPU =P area owned by = transfer == area owned by (MKY49) area owned by

RxD =-MKY49 =» area owned by area owned by area owned by

-- MKY49 -,

Data hazards

If one CUnet station reads out dataset of another station while the latter is in the process of
writing a character string ranging across multiple station addresses, the read-out character
string could be a mix of new and old data. This phenomenon is called “data hazards" The
MKY49 has a “hazard protection function” to avoid data hazards.

Hazard protection function

The main buffer of MKY49 is positioned between Write Hazard Protection Buffer (WHPB)
and Read Hazard Protection Buffer (RHPB). Data hazards can be prevented by transferring
data between these three buffers. Hazard protection is applicable to Global Memory (GM),
network status registers (RFR to SSR) and Mirrored Global Memory (MGM). Data transfer
between the buffers as shown in Fig. 2.7 is automatically executed without needing any
specific operation when the CPU accesses the memory areas.

When the user system program writes dataset to the self-station-owned area, it is first written
in the WHPB, then automatically transferred to the main buffer once the write access is
complete. The MKY49 transfers the dataset from the main buffer to RHPB at the beginning of
the network status management described in 2.2.3.2 Start timing of status management and
exceptions and transmits (or copies) it. This ensures that no data hazard occurs for the self-
station-owned area to be transmitted (or copied) to other stations.

The MKY49 transfers contents of WHPB (Global Memory and status data written in advance)
to the main buffer when receiving a data packet is complete or at the beginning of each
frame. A read access from the user system program at a given timing prompts the main
buffer data transferred automatically to RHPB to be read out. This ensures that no data
hazard occurs for owned area data and network status registers of the other stations to be
read out.

WHPB Main buffer RHPB

Data
GM (Global Memory) Data GM (Global Memory) L... transfer ===»| GM (Global Memory) |.. MKY49 -=» TxD

the self-station (CPU) the self-station Hre-—seH-statton CPU =

GM (Global Memory) GM (Global Memory) GM (Global Memory)

other-than-self-stations Data other-than-self-stations Data other-than-self-stations
F=- transfer ' = transfer = CPU =3
(MKY49) (CPUL)

Network status Network status Network status
RFR .. SSR RFR .. SSR RFR .. SSR

Fig. 2.7  Data transfer between buffers
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2.2.2.2 Data transfer timing at write access and precautions

When the CPU writes a new dataset to the self-station-owned area, the data is transferred
from WHPB (Write Hazard Protection Buffer) to the main buffer at the timing when the write
access is completed (nSPICS pin goes from Lo to Hi). The MKY49 transfers the data in the
main buffer to RHPB (Read Hazard Protection Buffer) at the beginning of status management,
which is then transmitted (or copied). However, if the write access is not completed before
the beginning of status management, the old data is transmitted (or copied) in that cycle. The
new data can be read only in the next cycle.

When building a CUnet station programmed to cyclically update the self-station-owned
area, optimize the write access timing by utilizing alarm (ALarM) interrupts (2.5 Generating
interrupt triggers) and PF signal (2.2.2.4 PF signal output identifying Public Frame period).

When reading the self-station-owned area, the CPU reads the dataset in the main

Caution buffer, not in the RHPB. If the write access is not completed before the beginning of
status management, the data read by the CPU and those transmitted (copied) by the
MKY49 may not match.

2.2.2.3 Data transfer timing at read access and precautions

When the CPU reads the owned areas of other-than-self-stations and the network status
registers (RFR to SSR), the data is transferred from the main buffer to RHPB (Read Hazard
Protection Buffer) at the timing when the address is read in for the read command (0x03) of
the SPI. Once the data is transferred from the main buffer to the RHPB, the CPU reads the
RHPB data of that moment. While it is reading the RHPB, a new dataset in the main buffer/
WHPB cannot be read even if one is received.

When building a CUnet station programmed to cyclically update owned area data of the other
stations at once, optimize the read access timing by utilizing alarm (ALarM) interrupts (2.5
Generating interrupt triggers) and PF signal (2.2.2.4 PF signal output identifying Public Frame
period).
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2.2.2.4 PF signal output identifying Public Frame period

The MKY49 has an nPF pin that outputs Lo level during Public Frame (PF) periods, and Hi
level in other periods. A Public Frame defined in the CUnet protocol is a blank period of
cycles in which no change is observed in Global Memory (GM), the receive status or the link
status, in the CUnet operation under stable environment.

The user system can use the Public Frame period to safely perform write access to the self-
station-owned area and read access to Global Memory of the other stations and network
status registers (RFR to SSR).

Caution

Because the MKY49 uses SPI-I/F as its CPU interface, it is conceivable that memory
access needs a considerable amount of time depending on the CPU'’s performance
capability.

We therefore recommend the user system program to utilize the Public Frame period
to perform memory access with sufficient spare time.

Refer to “4.3 Cycle configuration” section in “CUnet Introduction Guide” for more
information on Public Frame.

If the start timing of status management is at the beginning of cycles (Station Time =
0), the user system program must complete write access in a Public Frame period to
write data in the self-station-owned area before the PF signal level changes from Lo
to Hi. If the write access completes after the signal transition (PF signal Lo to Hi), the
data sent in the current cycle (entire data in the self-station-owned area) could be the
old one before the write access.

The timing of PF signal changing from Lo to Hi does not guarantee that the network
status (MFR to SSR) has been updated for the SA=0 station. Use ALM interrupt to
read the network status (MFR to SSR) for the SA=0 station.
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2.2.3  Quality assurance of Global Memory (GM) data
The MKY49 with CUnet protocol assures handshaking communication between multiple
CUnet stations and multiple CUnet stations (N-to-N) for all CUnet stations connected to the
network.
The assured status is confirmed by the receive status and the link status registers as defined
in the CUnet protocol. The MKY49 has also extra functions to facilitate the user system
program to monitor each status.
This section describes registers and status monitoring functions related to data quality
assurance of Global Memory (GM) data.
""""""""""" : For the definitions of the receive status and the link status, refer to “Data Quality
: Reference: Y C . o
s i Assurance” section in “CUnet Introduction Guide'.
2.2.3.1 Status indication by registers

Receive Flag Register (RFR) and Link Flag Register (LFR) represent the receive status and link
status of the MKY49 defined in the CUnet protocol. Both RFR and LFR are 64-bit registers
(See Fig. 2.8).

A CUnet network can be built with up to 64 stations. Bit 0 of each register is assigned to
Station Address (SA) 0 and Memory Block (MB) 0, bit 1 assigned to SA1 and MB1, and bit 63
assigned to SA63 and MB63.

The user system program can confirm the detailed assurance status of Global Memory
sharing by reading RFR and LFR to check flag “1” at the relevant bits.

1. To check that the MB data of other-than-self-station is the latest dataset copied from the
other CUnet stations, read the RFR (Receive Flag Register) containing the flag bit values
of individual stations ensuring that the stored data has been fetched at the most recent
cycle.

2. To check if any of the CUnet stations are unsuccessful at copying data in the owned areas,
read the LFR (Link Flag Register) ensuring that the data has been copied correctly in the
individual Memory Blocks (MB).

RFR
Bit (3] . .. ... l6[s[a]n]e2[n]wo][e]s]7]6]s]a]3]2]1]0]

At the next frame of the beginning of Station Time of the self-station (at the start point of status management),

all bits other than those for the self-station-owned area are cleared to “0".

Bits for the CUnet stations which receive data packets sequentially go to "1” until the next start point of status management.
(Receive Status of the previous cycle is held during the frame for the self-station.)

LFR
Bit (63| . .. ... l6]ms[a]n]e[n]wo][e]s]7]6]s]a]3]2]1]0]

At the next frame of the beginning of Station Time of the self-station (at the start point of status management),

all bits other than those for the self-station-owned area are cleared to “0".

Bits for the CUnet stations to which the link is established sequentially go to “1” until the next start point of status management.
(Link Status of the previous cycle is held during the frame for the self-station.)

Fig.2.8  64-bit RFR and LFR
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2.2.3.2

Start timing of status management and exceptions

The RFR (Receive Flag
Register) and the LFR (Link
Flag Register) represent real
time status of the MKY49

in accordance with the
transitions of continuous time
sharing cycles. Therefore,
the beginning of the Station
Time (ST) matching the
Station Address (SA) of the
self-station is the start timing
of status management (See
Fig. 2.9).

The RFR and LFR status is
managed every cycle.

The values of RFR and LFR
are held for one frame time
of Station Time for the self-
station (ST=SA) which is
“the start timing of status
management’; and then
they are cleared to “0" at the
beginning of next frame.

The RFR and LFR bits
corresponding to the self-
station-owned area are
exceptionally set to “1” while
the START flag of SSR0

(System Status Register 0) is set to “1"

Status flags in CUnet station with SA=2 when FS is set to “3"

SA=0 packet \ Bit
SA=1 packet \ Bit

RFR example
5 4 3 2 1 0

oo r[i]o]1]

5 4 3 2 1 0

ool

SA=2 packet /

Transmitting

L]

This is “the start timing of status
management” for the CUnet station
with SA=2,

5 4 3 2 1 0

Bit
At the lead point of SA=3
SA=3 packet \
Bit
Public Frame
Bit

SA=0 packet \ Bit
SA=1 packet \ Bit

Tolo oo o] 7

Reset at the next frame of “the
start timing of status management”

ool 1]o]o]

5 4 3 2 1 0

ool ]1]o]o]

5 4 3 2 1 0

ool 1]o]o]

5 4 3 2 1 0

ool i]o]1]

5 4 3 2 1 0

ool ]r]

SA=2 packet /

Transmitting

v

Passage of time

ool ]

“The start timing of status management”

Fig. 2.9

Start timing of status management

The MKY49 has, in addition to the functions defined in the CUnet protocol, a monitoring
function as described in 2.4.8 Global Memory Monitor (GMM) function.

The MKY49 operating as GMM station has no defined Station Address (SA). This means that
“the start timing of status management” does not exist in a GMM station.

“The start timing of status management” for GMM stations is fixed at the beginning of cycles
(Station Time = 0). The value of RFR is held for one frame time at the top of a cycle (ST=0),
which is “the start timing of status management’, and then it is cleared to “0" at the beginning
of next frame. Bits for the CUnet stations which receive data packets sequentially go to “1"

The LFR bit for GMM stations is invalid as it loses its significance because they have no link to

other CUnet stations.
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The user system program, due to the data hazard protection function, can read Global
Memory (GM) and RFR and LFR values of the last cycle without a risk of data hazards
by burst reading them at “the start timing of status management”.

“The start timing of status management” can be recognized by receiving ALM
(ALarM) interrupt trigger. For more information, refer to 2.5 Generating interrupt

triggers.
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2.2.3.3

Link Group Register (LGR)

Link Flag Register (LFR) status transits dynamically in accordance with continuously repeated
cycles, and in high speed.

For example, at 12 Mbps baud rate and with Final Station (FS) set to “0x01", Frame Time is 25.5
microseconds, thus network operation shifts from station to station every 25.5 microseconds.
Status values are updated every cycle time, 102 microseconds.

Due to the rapid status transitions, there may not be enough time to run the user system
program for detailed management of LFR. The MKY49 solves this problem by a group setting
function which facilitates the management of LFR.

The MKY49 has a 64-bit Link Group Register (LGR).
The LGR watches the status of LFR (Link Flag Register). Each bit of LGR corresponds to each
of LFR. The user system program can write “1" or 0" to any LGR bits.

The MKY49 judges “Link OK" status when all target LFR bits corresponding to those LGR
bits with “1" go to “1” (LGR < LFR). When “Link OK" is detected, “1" is set to LOK bit of SSR1
(System Status Register 1), and “0" is set to LNG bit.

At the start timing of status management after “Link OK" has been detected (while LOK bit of
SSR1is “1”), the MKY49 judges “Link NG (No Good)" status if any one of the target LFR bits
goes to "0" (LGR > LFR). When “Link NG" is detected, “0" is set to LOK bit of SSR1, and “1" is
set to LNG bit.

The MKY49 can output an interrupt trigger. The user system program can recognize
“Link OK" or “Link NG" by accepting interrupt triggers. For more information, refer to2.5
Generating interrupt triggers.

Bit 63 62 ...... 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LtPRRO[-]-] [-[-T-J-T-T-T-T-[-Tofofofufa]-]-]-] _

=P Link OK not detected
LGR [-[-] ... ... [-T-T-T-T-T-T-T-T-T' W [ [ o T -T-T-1 SSR1: LOK bit=0, LNG bit=0

While the “Link OK" has not been detected at the start timing of status management,
“Link OK" is valid if all LFR bits corresponding to those LGR bits written with “1” go to "1”.

Bit 63 62  ...... % 15 14 13 12 1 .10 9 8 7 6 5 4 3 2 1 0
PR O[-[-] ... [[-[-[-[-[-T-T-T-Tefa o fa fuf-[-]-] _
=) | ink OK detected
WGR [-]-] ... .. [-T-T-T-1-1-1-1-1-h [ e[ [ ]-T-1-1 SSR1: LOK bit=1, LNG bit=0
At the start timing of status management after “Link OK" is detected, “Link NG" is valid
if any of the LFR bits corresponding to those LGR bits written with “1” go to “0".
Bit 63 62 ...... % 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
tFRRO[-[-] ... [[-T-T-T-[-[-[-[-[afofafafa]-]-]-] _
=) Link NG detected
LGR [-[-] ...... [-T-T-1-1-1-1-1-1T-Th' o al-1-1-1 SSR1: LOK bit=0, LNG bit=1

A

Passage of time

Fig. 210 LGR watching LFR and SSR1 bit status
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2.2.3.4

2.23.5

Member

In the CUnet operation under stable environment, “loss of link” as defined in the CUnet
protocol, or LNG (Link group No Good) by the link group management (LGR bits set to “1" as
in 2.2.3.3 Link Group Register (LGR)), does not occur.

“Loss of link" or LNG occurs “when normal packet delivery is disrupted due to a
disconnection of CUnet station, noise interference or other environmental degradation” A
momentary “loss of link” is recovered in the next cycle by the CUnet operating principle of
cyclic time sharing.

It is customary in general communication algorithms to perform three failed retries (re-
transmission) before declaring an error “when normal packet delivery is disrupted due to
noise interference or other environmental degradation”.

The MKY49 also is equipped with simple register functions compliant with the custom, i.e.
Member Flag Register (MFR) and Member Group Register (MGR). The concept used for this
management style of MKY49 is called “Member” (See Fig. 2.11).

MFR
Bit (3] ... ... l16[5[1a]n]2[n|wo]|e]s]7]6]s]a]3]2]1]0]

Bits for the corresponding CUnet stations go to “1” when the Link flag is “1" for three consecutive cycles.
Bits for the corresponding CUnet stations go to “0” when the Link flag is 0" for three consecutive cycles.

MGR
Bit (63| ... ... [16[5[1a][n]2[n|wo]|e]s]7]6]s]a]3]2]1]0]

The MGR register is used to write “1” to the target bits to watch the MFR.

Fig.211  MFR and MGR (64 bits)

Member Flag Register (MFR)

Just like for Link Flag Register (LFR), bit 0 of Member Flag Register (MFR) is assigned to
Station Address (SA) 0O, bit 1 assigned to SA1, and bit 63 assigned to SA63.

The start timing of status management for MFR is also the same as for LFR, i.e. the beginning
of self-station frame time (ST=SA).

The MFR flag bit goes to “1” when “link established” is recognized for three consecutive
times at the start timing of status management. The MFR flag bit goes to “0"” when “link
unestablished” is recognized at the stations with the MFR set to “1” for three consecutive
times at the start timing of status management.

The management function of MFR is similar to general communication management.

If the user system judges it "acceptable that a momentary “loss of link" is recovered by the
CUnet operating principle of continuous time sharing’, it can use the MFR to recognize the
assurance status of Global Memory data sharing including the recovery conditions.

The MFR is also useful for managing “disconnection of CUnet station” The MFR bit
corresponding to the CUnet station which left the network goes from “1" to “0".
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2.2.3.6 Member Group Register (MGR)

The Member Flag Register (MFR) status is updated at the start timing of status management
in accordance with continuously repeated cycles. The MKY49 has a function designed to
reduce the load of detailed management of MFR status by the user system program: 64-bit
Member Group Register (MGR).

The MGR watches the status of MFR. Each bit of MGR corresponds to each bit of MFR. The
user system program can write “1” or “0"” to any MGR bits.

The MKY49 judges “Member OK" status when all target MFR bits corresponding to those
MGR bits with “1” go to “1" (MGR < MFR). When “Member OK" is detected, “1" is set to the
MOK bit of SSR1 (System Status Register 1), and “0" is set to the MNG bit.

At the start timing of status management after “Member OK" has been detected (while the
MOK bit of SSR1 is “1"), the MKY49 judges “Member NG (No Good)" status if any one of the
target MFR bits goes to “0” (MGR > MFR). When “Member NG" is detected, “0" is set to the
MOK bit of SSR1, and “1" is set to the MNG bit.

The MKY49 can output an interrupt trigger. The user system program can recognize “Member
OK" or "Member NG" by accepting interrupt triggers. For more information, refer to 2.5
Generating interrupt triggers.

Bit 63 62 ...... 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MFR [-[-[ ... . [-[-T-f-T-0-T-1--Tofofofafa]-]-]-]

—) lember OK not detected
MGR [-]-] ... .. [-T-T-T-T-T-1-1-1-h [ I« [ [ ]-T-1-1 SSR1: MOK bit=0, MNG bit=0

While the “Member OK” has not been detected at the start timing of status management,
“Member OK" is valid if all MFR bits corresponding to those MGR bits written with “1” go to “1".

Bit 63 62 ...... 16 15 14 13 12 11 10 9 8 7 1.0
MFR [-[-] ... .. [[-T-T--T-T-T-1- |1|1|1|1|1| |-|-|

= Vlember OK detected
MGR [-[-] ... .. [-T-T-T-T-T-T-T-T-T' W [ [ o T -T-T-1 SSR1: MOK bit=1, MNG bit=0

At the start timing of status management after “Member OK" is detected, “Member NG" is valid
if any of the MFR bits corresponding to those MGR bits written with “1” go to “0”".

Bit 63 62 ...... 16 15 14 13 12 11 10 9 8 7 6 5 10
T N T[T [- DD - T-T-]

—) ember NG detected
MGR [-]-] ... .. [-T-T-T-T-T-1-1-1-h [ e[ [ ]-T-1-1 SSR1: MOK bit=0, MNG bit=1

v
Passage of time

Fig. 212 MGR watching MFR and SSR1 bit status

As explained in the above, the user system program can monitor multiple MFR status at once
by setting “1” to the MGR bits corresponding to the target MFR.

For example, if the user system program needs to monitor missing CUnet stations, read
System Status Register 1 (SSR1) regularly at appropriate moments while the program is
running.

If the MOK bit of SSR1 is “1' the CUnet stations corresponding to the MGR bits preset with “1"
exist as Member, and other CUnet stations are accepted as Member.

If the MNG bit of SSR1is “1', the CUnet stations corresponding to the MGR bits preset with “1”
do not exist as Member.

The user system program does not need regular reading of SSR1 if it can use another method
by "accepting interrupt triggers"
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2.2.3.7

Detecting Member increase and decrease

The MKY49 has a function to detect changes of Member Flag Register (MFR) regardless of
Member Group Register (MGR) status: New Member (NM) bit and Member Care (MC) bit of
System Status Register 1 (SSR1).

The NM bit sets up a flag (“1" is true) when the MFR bits change from “0" to “1" (Member
increased), while the MC bit sets up a flag when the MFR bits change from “1” to “0” (Member
decreased).

Both NM and MC bits are updated at the start timing of status management. The flags can
make an interrupt trigger output. For more information, refer to 2.5 Generating interrupt
triggers.

The user system program can use the NM and MC bits of SSR1to manage the Member
instead of using the MGR described in 2.2.3.6 Member Group Register (MGR).
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2.2.4 Mirrored Global Memory (MGM)

A part of Global Memory (GM) of MKY49 can be allocated to Mirrored Global Memory (MGM)
area.

The MGM is defined by Basic Control Register 1 (BCR1). Write the top Station Address (SA) of
the GM area to be allocated to the MGM to the Mirrored Station Address (MSA) bits of BCR1,
and the number of memory blocks to the Mirrored SiZe (MSZ) bits.

If “0" is set to the MSZ, the MGM setting is invalidated. Only “0" is read out from the area.

For example, with the BCR1 settings MSA=1and MSZ=3, when the CPU makes read access
to the MGM area from 0x0220 to 0x0237, the GM area from 0x0008 to 0x001F is read out
(See Fig. 2.13). The memory accessed through the MGM area is the GM memory itself. Data
hazards are therefore prevented when accessing through the MGM area in the same manner
as for the GM area.

0x0000-
MSA=1, MSZ=3 GM (512 bytes)
0x0008-
— 0x001F GM area
A range of GM 0x0200-
specified by BCR1is Network status
allotted to MGM. Network status (32 bytes)
(RFR-SSR)
0x0220- 0x0220-
8 0x0237 MGM (0-504 bytes)
Value"0" is always read from MGM area
the range out of MGM setting.

Fig. 213 MGM setting

Memory range including the self-station-owned area cannot be set to the MSA and
Caution MSZ of BCR1. If a memory range including the self-station-owned area is set, no data

is allocated to the MGM area. Only “0" is read out.

cevrmee, When building a CUnet station which changes its behavior according to the contents
: Reference of owned area of another station, the network status and the shared memory of the
"""""""""""""""" target station can be acquired in a single burst read if the owned area of target station
is allocated to the MGM area. The user system program can reduce overhead and
number of access times in SPI communication.

2.22 P10936-100



2 MKY49 software MKY49 Reference Manual

2.3 Mail sending/receiving functions
This section describes how to use the mail sending/receiving functions of MKY49.

The CUnet protocol defines that a CUnet IC has all protocols regarding sending and receiving
mails. Mail sending/receiving in the CUnet protocol functions between CUnet ICs except for
the I/0 stations, and when they are in RUN phase.

In the mail sending/receiving operations by the MKY49, errors can exist only on the source
side, not on the destination side. Based on this principle, the user system program can use
the function by the following basic operations and processing:

Permission to receive mail

Operations at receiving mail

Operations at sending and after completion of sending mail
Handling errors in mail sending

Ao

The MKY49 has registers and supplementary functions to support the above basic mail
sending/receiving operations.
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2.3.1 Permission to receive mail
The MKY49 has two mail receiving buffers, MRBO (Mail Receive Buffer 0) and MRB1 (Mail
Receive Buffer 1), as shown in 2.1.1 Memory map. The sizes of MRBO and MRB1 are 256 bytes
each.
The MROCR (Mail Receive 0 Control Register) and the MR1CR (Mail Receive 1 Control
Register) permit the MRBO and the MRB1 respectively to receive mail (See Fig. 2.14).
When the user system .
: qn Bit 10 9 8
program writes “1” to the MROCR .. [rov] i [FOY] .
RDY (ReaDY) bit of MROCR, | MRICR RWO R R/W
the MKY49 is permitted
to receive mail at the The RDY bit is used for a permission to receive mail.
. When “1" is written to the RDY bit, the RCV bit goes to "0".
MRBO. Once the mail has The RDY bit goes to “0” when mail reception is complete.
been received, the RCV Permission to receive mail can be canceled by writing “0”
) M to the RDY bit when it is “1".
(ReCeiVed) bit goes to “1" _ ) _ -
. The Rl bit goes to "1” when mail reception is started.
and the RDY bit to “0" The mail receive status (MROSR/MR1SR) and the mail receive
buffer (MRBO/MRB?1) are write-protected while the Rl bit is "1".
The RI (Receivlng) bit The RI bit goes to “0” by writing “0” to the RCV bit after mail
qn . reception is complete.
goes to “1” when the mail
.. . . The RCV bit goes to “1” when mail is received.
receiving 1s started. While The RDY bit goes to “0” when the RCV bit is “1".
itis “1'; the RDY bit, MRBO Value "0" can be written to the RCV bit when it is “1".
. ., The RI bit goes to “0" after the mail receive status (MROSR/MR1SR) and the mail

and MROSR (Mail Receive 0 receive buffer (MRBO/MRB1) are cleared to “0” by writing “0"” to the RCV bit.
Status Register) are write- . — _ .
protected to prevent Fig. 214  Permission to receive mail
incorrect operation.
This means the RDY bit cannot be back to “0" (mail receiving prohibited) while the mail is
being received.
When the RCV bit is “1', by writing “0" to this bit, the Rl bit goes to “0’, and the write-protection
of RDY bit, MRBO and MROSR is canceled.
When the user system program writes “1” to the RDY (ReaDY) bit of MR1CR, the MKY49 is
permitted to receive mail at the MRB1. Once the mail has been received, the RCV (ReCeiVed)
bit goes to “1" and the RDY bit to “0"
The RI (Receiving) bit goes to “1” when the mail receiving is started. While it is “1’, the RDY
bit, MRB1 and MR1SR (Mail Receive 1 Status Register) are write-protected to prevent
incorrect operation. This means the RDY bit cannot be back to “0” (mail receiving prohibited)
while the mail is being received.
When the RCV bit is “1'} by writing “0" to this bit, the Rl bit goes to "0’} and the write-protection
of RDY bit, MRB1 and MR1SR is canceled.
The received dataset is stored in the buffer with the RDY bit “1" If the RDY bits of both
MROCR and MR1CR are “1', it is stored in the MRBO.

"""""""" : When the RCV bit of MROCR (or MR1CR) is “1', writing “0" to this bit clears the

Reference :

............... i corresponding MROSR (or MR1SR) and MRBO (or MRB1) to “0" The RDY bit is set to

“1" at the same time.
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2.3.2  Operations at receiving mail

When a data set received by a mail from another CUnet station is stored in the MBRO (Mail

Receive Buffer 0), the MKY49 operates as follows (See Fig. 2.15):

1. The RCV (ReCeiVed) bit of MROCR (Mail Receive 0 Control Register) goes to “1” and the
RDY (ReaDY) bit goes to “0"

2. The received dataset size (hexadecimal) is stored in the SZ (SiZe) bits of MROSR (Mail
Receive 0 Status Register), and the source Station Address (SA) (hexadecimal) is stored
in the SRC (SouRCe) bits. Dataset size unit is by eight bytes.

3. If the mail receive interrupt trigger has been enabled, an interrupt signal is output.

The user system program, after a mail reception at the MBRO is detected, should follow the

procedures as explained below:

1. Read the MROSR to acquire the source SA and the mail dataset size.

2. Read the data for the relevant dataset size from the top of MRBO ([SZ of MROSR] X 8
bytes).

3. Write "0" to the RCV bit of MROCR. The write-protection of RDY bit, MRBO and MROSR is
canceled.

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
mrocR [ v [ - | - | - [ - Jev]w e | -[-[-]-]-]-7]-]
R R R R R R/WO0 R R/W R R R R R R R R
/ \
Goes from “0" to “1" Goes from “1" to “0"
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MROSR "0" 0 SRC[5:0] 0 0 SZ[5:0]
R R R R R R R R R R R R R R R R
l | l |
Source station address Received dataset size

in 8-byte units

Fig.215 MROCR and MROSR corresponding to MRBO with dataset

When a data set received by a mail from another CUnet station is stored in the MBR1 (Mail
Receive Buffer 1), the MKY49 operates as follows (See Fig. 2.16):

1

The RCV (ReCeiVed) bit of MRICR (Mail Receive 1 Control Register) goes to “1” and the
RDY (ReaDY) bit goes to “0"

The received dataset size (hexadecimal) is stored in the SZ (SiZe) bits of MR1SR (Mail
Receive 1 Status Register), and the source Station Address (SA) (hexadecimal) is stored in
the SRC (SouRCe) bits. Dataset size unit is by eight bytes.

If the mail receive interrupt trigger has been enabled, an interrupt signal is output.

The user system program, after a mail reception at the MBR1 is detected, should follow the
procedures as explained below:

1

2,

Read the MR1SR to acquire the source SA and the mail dataset size.

Read the data for the relevant dataset size from the top of MRB1 ([SZ of MR1SR] X 8
bytes).

Write “0” to the RCV bit of MR1CR. The write-protection of RDY bit, MRB1 and MR1SR is
canceled.
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Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
mRick | v | - | - | - | -Jewv[wfev| - -[-[-[-[-[-[]-]-]
R R R R R R/WO0 R R/W R R R R R R R R
Goes from "0" to “1" Goes from "1" to "0"
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MR1SR 0" 0" SRC[5:0] 0" “0" SZ[5:0]
R R R R R R R R R R R R R R R R
l | l |
Source station address Received dataset size
in 8-byte units

Fig.216 MR1CR and MR1SR corresponding to MRB1 with dataset

The MKY49 can proceed to store a dataset to the MRB1 even while the user system program
is processing the operations after mail reception at the MRBO. Likewise, the MKY49 can store
a dataset to the MRBO while the user system program is operating at the MRB1.

The MR (Mail Received) bit of SSR1 (System Control Register 1) goes to “1” when the RCV
bit of MROCR or MR1CR is “1" The MR bit of SSR1 is a flag showing the logical sum of “RCV
of MROCR" and “RCV of MR1CR'". The user system program can recognize mail reception
simply by checking the MR bit of SSR1, without needing to individually checking the RCV bit
of MROCR and MR1CR.

For the details of interrupt trigger output function at the timing of storing dataset to the MRBO
or MRBA, refer to 2.5 Generating interrupt triggers.

E 1. When “0" is written to the RCV bit of MROCR while “1" is set, the MRBO and MROSR
Caution are cleared to "0’ and then the RI bit goes to “0" A similar operation applies to the

MR1CR.

2. The MKY49 holds “1" at the RDY bit even while the network is stopped. It sets “0"
only when mail reception is complete. It does not accept mail in the phases other
than the RUN phase, even if the RDY bit is “1"
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2.3.3

Operations at sending and after completion of sending mail

The MKY49 can send a dataset written in the MSB (Mail Send Buffer) as mail to a specific
Station Address (SA). The mail sending procedures are as follows:

1. Write the dataset to be sent to the MSB from its top address, when the SEND bit of MSCR
(Mail Send Control Register) is “0"

2. Confirm that the ERR (ERRor) bit of MSCR is “0". The ERR bit “1” means that an error
status in the previous time has not been canceled. Refer to 2.3.4 Handling errors in mail
sending to proceed according to the bit status of MESR (Mail Error Status Register). Each
bit of MESR and ERR bit of MSCR can be cleared by writing “1” to the SEND bit of MSCR
(See Fig. 2.17).

3. To set a timeout for mail sending, write a timeout value (hexadecimal: 0x0004 to Ox1FFF)
to the MSLR (Mail Send Limit time Register). The value is defined by the user application
using a cycle time as one unit. The MSLR is initialized to the default value of “Ox1FFF" by
hardware reset. It is not necessary to write a specific value if the user application does
not define a timeout. The data written at the MSLR is held until hardware reset. There is
no need to set the timeout every time to send mail.

4, Write the size of dataset to be sent (hexadecimal) to the SZ (SiZe) bits of MSCR, the
destination Station Address (SA) (hexadecimal) to the DST (DeSTination) bits, and “1" to
the SEND bit.

Dataset size unit is by eight bytes. For example, the size of a dataset of 34 bytes is “0x05’,
and “0x20" is the maximum size of dataset of 256 bytes.

5. The MKY49 starts sending mail immediately after “1” is written to the SEND bit of MSCR.
While the SEND bit of MSCR is “1', the MSCR and MSB (Mail Send Buffer) are write-
protected. The written data is read out if the MSB is accessed during mail transmission.

6. When the mail transmission is complete, the SEND bit of MSCR goes to “0"
The MKY49 can output an interrupt trigger at the completion of mail transmission. Refer
to 2.5 Generating interrupt triggers for more information.

MSCR | ERR | SEND DST[5: 0] o | SZ[5:0]

MsLR | o | o | o | LMT [12: 0] |

R R R R/W R/W RW RW RW RW RW RW RW RW RW R/W R/W

Write the cycle count for mail sending timeout.
Default: “Ox1IFFF” Range: “0x0004-0x1FFF”"

Bit 15 14 13 12 n 10 9 8 7 6 5 4 3 2 1 0

R/W R/W RW RW RW R/W R/W R/W R R R/W R/W R/W R/W R/W R/W

l | l |
Write the destination station address Write the mail dataset size
in 8-byte units
Write “1" to start sending mail.

The bit goes to “0” when mail transmission is complete.

Confirm "0" before starting mail transmission.
The bit goes to “1" if an error is detected when mail transmission has been complete.
Write "0" to clear the error.

Fig. 217 MSLR and MSCR at mail transmission
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7. Confirm the ERR bit of MSCR after mail transmission.
The ERR bit “0” means that the mail was successfully sent. The MKY49 assures that the
dataset was sent to the mail receive buffer of the destination station.
If the ERR bit is “1') the user system program should proceed to handle it, referring to 2.3.4
Handling errors in mail sending.
The user system program can obtain the time spent in sending mail (entire time span
from the beginning to the end of transmission) by referring to the MSRR (Mail Send
Result Register). The MKY49 stores the number of cycles expended from the beginning
to the end of mail transmission to the MSRR at the moment when the transmission is
complete. The MSRR holds the value either until next transmission is completed, or until
the hardware is reset (See Fig. 2.18).

Bit 15 14 13 12 n 10 9 8 7 6 5 4 3 2 1 0
MSRR | "o | o | w0 | RLT [12:0] |
R R R R R R R R R R R R R R R R

Cycle count from the start to the end of mail transmission (required time)
stored when mail transmission is complete

Fig.218 MSRR
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2.3.4

Handling errors in mail sending

The quality of mail sending/receiving procedures is strictly managed by the CUnet protocol
installed in the MKY49. Errors occur only on the source side, but not on the destination side,
by this principle.

Errors related to the mail transmission are as listed below:

1. NORDY (destination NOt ReaDY):
Mail could not be sent because the mail receive buffer of the destination station was not
at "RDY (receive ReaDY)" state.
- It cannot be sent until the destination station turns to “RDY (receive ReaDY)" state.

2. NOEX (destination NOt EXist):
Mail could not be sent because the destination station was disconnected from the
network or was in a phase other than the RUN phase.
- Check Member flag to confirm if the destination station exists.

3. TOUT (limit Time OUT):
Mail transmission could not be finished within the cycle time (LMTO to 12) set to the
MSLR.
- Read the RLT bits of MSRR (bit 0 to 12) and change the LMT bits of MSLR (bit 0 to
12) before attempting retransmission. Alternatively, confirm that the value is equal to or
smaller than [SZ bit value of MSCR (bit 0 to 5) + 3].

4., SZFLT (SiZe FaulT):
Mail could not be sent because the dataset size (hexadecimal) set to the SZ bits of MSCR
(bit 0 to 5) was invalid.
- Confirm the SZ bits of MSCR (bit 0 to 5). The SZ must be between “"0x01 and 0x20"
Change the setting before attempting retransmission.

5. LMFLT (LiMit time FaulLT):
Mail could not be sent because the value (hexadecimal) set to the LMT bits of MSLR (bit O
to 12) was invalid.
- Confirm the LMT bits of MSLR (bit 0 to 12). The LMT must be between “0x0004 and
Ox1FFF" Change the setting before attempting retransmission.

6. STOP (communication STOPped):
Mail transmission was interrupted before finishing because the self-station entered a
phase other than the RUN phase. Or the transmission was started in a phase other than
the RUN phase.
- Try to send it again in the RUN phase.

The MKY49 sets up a flag “1"” in the MESR (Mail Error Status Register) according to the type of
error when mail transmission was not completed correctly.

When either one bit of MESR is “1', “1" is set to both the ERR (ERRor) bit of MSCR (Mail Send
Control Register) and the MSE (Mail Send Error) bit of SSR1 (System Status Register 1). If mail
transmission was not completed correctly, the user system program should refer to the MESR
and proceed to correct the error.

The ERR bit of MSCR and the MESR are cleared to “0" by writing “0" to the ERR bit of MSCR
or by writing “1” to the SEND bit of MSCR in the next mail transmission. The MSE bit of SSR1
goes to “0" by clearing the ERR bit of MSCR and the MESR.

2.29 P10936-100



2 MKY49 software MKY49 Reference Manual

2.3.5 Quality assurance of mail sending/receiving operations

The MKY49 installed with the CUnet protocol performs up to three retries to recover if mail
packet transmission is disrupted by certain environmental degradation such as by noise
interference. If it is unsuccessful to send the packet after three retries, it is stopped by NOEX
(destination NOt EXist) error.

This ensures that “lost mail’; “dataset missing a part” or “loss of entire dataset” does not occur
in the CUnet. The quality of dataset sent/received via mail is assured equally to that of the
shared memory data packets.

:  Retry (retransmission) of mail does not affect the memory data sharing operation by
Reference :
........................... i the CUnet protocol.

2.3.6  Supplementary functions of mail sending/receiving
The CUnet allows two pair of stations to send/receive mail at the same time.

For example, while mail is sent/received between the MEM stations [SA=1] and [SA=2],
another mail can be sent/received between the MEM stations [SA=3] and [SA=4].
However, if the MEM station [SA=3] starts sending to either the MEM station [SA1] or [SA2]
immediately after the MEM station [SA2] has started sending to the MEM station [SA1],

the MEM station [SA3] which started later must wait until the operation between the MEM
stations [SA2] and [SAT1] is finished.

The CUnet has a function to manage priorities of simultaneous mail transmissions.

For example, if more than three mail transmissions are started at the same time, the source
station having the smallest Station Address (SA) has a priority. This priority shifts in rotation.
Even if the one with a smaller SA sends multiple mails without interruption, the other with a
larger SA does not need to wait indefinitely.
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2.3.7  Estimating mail sending/receiving time

Time required to send/receive mail is calculated by the equation 2.3. Be aware that the
calculation does not consider the waiting time caused by simultaneous mail transmissions or
the retransmission (retry) time caused by disrupted packet transmissions. Use the calculated
value only as a guide when building a user system.

Equation 2.3  ( ((Byte Count of Dataset + 7) + 8) + 3) x Cycle Time [s]
The underlined partial solution in the above equation is
an integer (decimal points rounded down).

""""""""""" :  The following is an example of sending/receiving mail of 250 bytes in a system
........................... ¢ consisting of four CUnet stations running at 12 Mbps baud rate (FS=3):
(((250 +7) +8)+3)x 155 us = 35 X 155 uys = 543 ms

2.3.8  Precautions for mail sending/receiving operations

Note the following precautions for the user system to use the mail sending/receiving
functions.

1. Only MEM stations can be designated as mail destination.
Station addresses assigned to 1/0 stations or occupied by expansion of owned area
setting cannot be specified as mail destination. Mail sent to an address of I/0O station
by mistake will be terminated as NORDY (destination NOt ReaDY) error. Mail sent to
an address occupied by expansion of owned area setting will be terminated as NOEX
(destination NOt EXist) error.

2. Broadcast mailing (a method called “discharge” used for general RS-232C or “broadcast”
in LAN communication) is not available.

3. Dataset size used for mail sending/receiving is in 8-byte units.

“o - The CUnet protocol of the MKY49 guarantees not only successful mail transmission
........................... ! but also data quality.
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2.4 Detailed control operation and management of CUnet system
The user system program can operate the MKY49 by using the following functions to control
and manage the CUnet network:
1. Monitoring before network start-up
2. Changing cycle time (resizing)
3. Detecting and handling CUnet stations in BREAK phase
4. Detecting and handling jammers
5. Controlling and monitoring the network quality
6. PING instruction
7. Detecting mode of each station
8. Global Memory Monitor (GMM) function
9. Frame option [for HUB]
2.4.1 Monitoring before network start-up

The MKY49 is receiving data packets from other CUnet stations even before network start-up
(START bit of SCR is “0"). By these received packets, RFR (Receive Flag Register) and FSR
(Final Station Register) are updated, and synchronization and configuration with other CUnet
stations by cyclic time sharing is performed, even though no data update in Global Memory
or mail transmission is performed. The user system program can use the updated information
and configuration to monitor the network before starting up as shown below:

1

It can recognize whether the network cycle has been resized or not.

If the value stored in the FSR is other than the initial value 63 (0x3F), the current network
cycle has been resized. If the FSR is smaller than the self-station-owned area (SA+OWN),
the user system program can predict the MKY49 will go to BREAK phase when it joins the
network.

It can recognize Station Time (ST), the timing in the cycles, by reading the ST bits of SSRO
(System Status Register 0).

It can recognize other stations. If any bit of the RFR except for the memory areas owned
by the self-station is “1” at the time when the ST is “0" or in Public Frame period, the
CUnet station with the corresponding station address is operating in the network.

ﬁCaution When there is no other CUnet station in operation, the Station Time (ST) obtained by

the above procedure (2) is in the free-running state and is not synchronized with other
stations.

..... . The Station Time (ST) obtained by the above procedure (2) can be used to recognize
Reference i the timing not only before network start-up but also after the network is stopped.

The user system program can recognize Station Time (ST) by accepting an interrupt
trigger by ALM (ALarM). Refer to 2.5 Generating interrupt triggers for more
information.

It can recognize Public Frame period by using nPF signal. Refer to 2.2.2.4 PF signal
output identifying Public Frame period for more information.
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2.4.2

Changing cycle time (resizing)

The MKY49 can use resizing defined by the “increased practicality” in the CUnet protocol.

In a CUnet network built with the MKY49 installed with the CUnet protocol, the initial value of
Final Station (FS) is 63 (0x3F). Resizing is effective when the user system does not need all

64 frames.

For example, if it has only two stations with SA=0 and SA=1, a large part of the network'’s
Station Time (ST) in a cycle, from SA=2 through SA=63, is unused. In this case, changing
the Final Station (FS) to “1" provides the most efficient cycle. If the system is running at 12
Mbps baud rate, the response time speed of memory data sharing increases from 2.365
milliseconds to 102 microseconds (See Fig. 2.19).

FS=63 (3FH)
Cycle time = 2.365 ms (12 Mbps)

ST=645T=65

Resizing

FS=1(01H)

Cycle time = 102 ps (12 Mbps)

Fig. 219 Resizing
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2.4.21

Resizing procedure

The user system program can execute resizing by writing a new Final Station (FS) value to
the New Final Station Register (NFSR). However, the new value written to the NFSR may be
rejected or affected by correlation with the other CUnet stations.

The user system must follow the exact procedure to resize as explained below (See Fig. 2.20):

1

Write a resized value to the NFS
(New Final Station) bits of NFSR
(New Final Station Register).

Wait until the NFSR goes to “0x00"
It goes to “0x00" after the resizing
instruction has been sent for three
times or when the resizing is
rejected. Refer to 2.4.2.2 Rejecting
resizing to verify if it has been
rejected.

Confirm that the RO (Resize Overlap)
bit of SSR (System Status Register)
is “0" If itis "1’ the user system
should refer to 2.4.2.3 Resize Overlap
(RO) and 2.4.2.4 Precautions for
resizing to proceed accordingly.

Confirm that the RUN bit of SSR is
"1 If it is 0", the user system should
refer to 2.1.8 Stopping network to
proceed accordingly.

Confirm that the FSR (Final Station
Register) value is the same as that
written to the NFSR. An unmatched
value means that another CUnet
station performed resizing. In that
case, the user system should refer
to 2.4.2.4 Precautions for resizing to
proceed accordingly.

If some CUnet stations stop on the
network due to the OC (Out of Cycle)
by the resizing, the LFR (Link Flag
Register) and the MFR (Member Flag
Register) corresponding to them
change from the status before the
resizing within several cycle times.
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FSR = Written value
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(6)

Confirm correct link to
other CUnet stations
(Check LFR, MFR)

Procedure (6)

( End )

- /

Fig. 2.20 Resizing procedure

The user system can check the link to the other CUnet stations it requires by monitoring
the LFR and MFR as described in 2.2.3 Quality assurance of Global Memory (GM) data. If
it is incorrect, the user system should refer to 2.1.8 Stopping network (caused especially
by the OC) to perform an expanded resizing to allow the stopped CUnet stations joining

the network again.
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When either one of the CUnet stations executes resizing, the Final Station (FS) value of all
connected stations is updated to the resized value. The MEM stations other than the one
which initiated the resizing can output an interrupt trigger at the same moment. Refer to 2.5
Generating interrupt triggers for more information.

; While the NFSR value is not “0x00'; the cycle time does not match to the value
Caution

calculated by the equation 2.2. (Refer to 2.1.6 Cycle time of CUnet)
DO NOT perform the frame option setting and the resizing at the same time on the
network.

. Reference Any MEM station can execute resizing, but no I/0 station can.

2.4.2.2

Rejecting resizing

Resizing is not executed in the following cases when the NFSR (New Final Station Register) is
written. The NFSR value is reset to “0x00"

1. The MKY49 is not in RUN phase.

2. A value that excludes the self-station-owned area is written.
For example, with the setting of SA=2, OWN=5, the self-station-owned area is from
"0x02" to "0x06" Resizing is possible for values equal to or greater than “0x06" “0x05" or
smaller values are rejected as the self-station-owned area will be lost.

3. The RO (Resize Overlap) bit of SSR1 (System Status Register 1) is “1"
To enable resizing operation, write “1" to the RO (Resize Overlap) bit of SSR1CR (SSR1
Clear Register) to “1" to clear the RO bit of SSR1to "“0"

The rejection of resizing, as explained in the above, prevents operating conflicts on the CUnet.
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2.4.2.3

Resize Overlap (RO)

Any MEM station can execute resizing. However, if multiple MEM stations execute resizing
about the same time, when one MEM station receives a new resizing instruction from another
while it is still processing the previous resizing instruction, it sets “1” to the RO (Resize
Overlap) bit of SSR1 (System Status Register 1) to alert “Resize Overlap” to the user system
program. The resizing process is halted and the NFSR (New Final Station Register) is cleared
to “0x00"

Occurrence of the resize overlap indicates that the user system algorithm contains

contradictions, which must be optimized by the user.

The resize overlap alert (RO bit of SSR1 set to “1") can be cleared to “0" by writing “1" to the
RO bit of SSR1CR (System Status Register 1 Clear Register).

The MKY49 can output an interrupt trigger when the RO bit of SSR1 goes to “1" Be aware that
while the RO bit of SSR1 is set to “1, another RO event does not generate interrupt triggers.
Refer to 2.5 Generating interrupt triggers for more information.

E When both the RO (Resize Overlap) and the RC (Resize Complete) interrupt triggers

24.2.4

are enabled, both interrupts occur at the same time if resize overlap occurs.

Precautions for resizing

It is more complicated to determine the resized Final Station (FS) value when there are more
CUnet stations to perform resizing, depending on the operation timings and the resizing
instruction priorities among the relevant MEM stations.

It is recommended that the user system chooses an algorithm to avoid resize overlaps as in
the examples below:

1. Allowing only one specific MEM station to execute resizing

2. Providing a superordinate concept (program) requiring each of the relevant MEM stations
to acquire the right to perform resizing
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2.4.3 Detecting and handling CUnet stations in BREAK phase
The MKY49 may enter BREAK phase in the following cases:

« A CUnet station having its owned area assigned to the range larger than the Final Station
(FS) value joins the network of which the FS value has been changed by resizing (2.4.2
Changing cycle time (resizing)).

« A CUnet station that stopped by OC (Out of Cycle) (2.1.8.2 OC (Out of Cycle)) joins again the
network with the same FS value.

The CUnet station in BREAK phase transmits a Break packet in the Public Frame period of the
cycle towards other stations to recognize it. The MKY49 which received this packet sets “1” to
the BD (Break Detect) bit of SSR1 (System Status Register 1) to alert the user system program
of the BREAK phase station.

The MKY49 can output an interrupt trigger when the BD bit of SSR1 goes to “1" Be aware that
while the BD bit of SSR1 is set to “1', another BD event does not generate interrupt triggers.
Refer to 2.5 Generating interrupt triggers for more information.

The BD bit of SSR1is cleared to “0" by writing “1" to the BD (Break Detect) bit of SSR1CR
(System Status Register 1 Clear Register), but it goes to “1” again if another Break packet is
received later.

When the user system program lets the BREAK phase station join the cycle after having
received an interrupt trigger or recognized “1" at the BD bit of SSR1, perform an expanded
resizing to change the FS value by the operation explained in 2.4.2 Changing cycle time
(resizing).
""""""""""" The user system program can not recognize the Station Address and occupied area
........................... ¢ of the BREAK phase station. It is recommended to expand once to the maximum FS
value “63 (0x3F)"
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2.4.4

Detecting and handling jammers

The CUnet protocol defines the jammer (CUnet station which can send but not receive due
to certain hardware failure or defect). The MKY49 alerts to the user system program as a
jammer is detected.

It sets “1" to the JD (Jammer Detect) bit of SSR1 (System Status Register 1) to alert the user
system program when a jammer is detected.

The MKY49 can output an interrupt trigger when the JD bit of SSR1 goes to “1" Be aware that
while the JD bit of SSR1 is set to “1', another JD event does not generate interrupt triggers.
Refer to 2.5 Generating interrupt triggers for more information.

The JD bit of SSR1is cleared to “0" by writing “1” to the JD (Jammer Detect) bit of SSR1CR
(System Status Register 1 Clear Register), but it goes to “1" again if another jammer is
detected later.

The user system program that recognized a jammer by receiving an interrupt trigger or by
confirming “1” at the JD bit of SSR1 should request the system operator or supervisor to
remove or repair the jammer device.

A jammer could be detected occasionally due to slight start-up timing differences during the
transient start-up state, even when no CUnet station hardware is defective. Therefore, when
“1" is detected at the JD bit of SSR1, clear the JD bit once and wait to confirm that the jammer
is detected in a stable network state, not in the transient start-up state, before alerting the
system operator or supervisor.

The network cannot force a jammer station to stop since it cannot receive a packet.

.............. ! Itis necessary for the operator or supervisor to remove or repair it.
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2.4.5

2.4.5.1

Managing and monitoring the network quality

The MKY49 offers two concepts for network quality management: LCARE (Link CARE)
and MCARE (Member CARE). In addition, it is equipped with nMON (MONitor) pin used
for monitoring the station's “stable link with other CUnet stations” Refer to 2.2.3 Quality
assurance of Global Memory (GM) data for a deeper understanding of the contents of this
section,

LCARE signal output

In a stable operating environment of CUnet, a “dead link” as defined in the CUnet protocol
does not occur. It occurs only “when the CUnet station is disconnected’, “when packet
transmission is disturbed by noise interference or by the effects of certain environment
degradation’; or “when the network is operating at the marginal performance” Therefore,
except for the one caused by an intentional disconnection of the CUnet station by the user
system, the cause of a “dead link" is identified by the other two reasons. The quality of
hardware and environment in the network can be recognized by managing the occurrence of
dead links. The dead link is called “LCARE (Link CARE)"

When LCARE occurs, the MKY49 outputs a pulse signal that goes to Lo level for a given time
duration at nLCARE pin, regardless of the bit states stored in LGR described in 2.2.3.3 Link
Group Register (LGR). The occurrence of LCARE can be visually monitored by connecting an
LED indicator to the nLCARE pin. Refer to “MKY49 Data Sheet” for details of connecting LED
indicators.

Up to 255 LCARE occurrences are counted at the LCC (Link Care Counter) bits of CCTR (Care
CounTer Register). The count at the LCC stops and is held at “255 (OxFF)" The user system
program can read the LCC bits of CCTR to check the number of LCARE occurrences.

The user system can clear the count by writing “1” to the LCC (Link Care Counter) bit of
CCTCR (Care CounTer Clear Register).

The Lo pulse signal output at the nLCARE pin is generated by a retriggerable one-shot
multivibrator with a minimum time of about 52.2 milliseconds. The Lo pulse width gets longer
if another LCARE occurs during one Lo pulse output.

W A reduced resizing as described in 2.4.2 Changing cycle time (resizing) could cause

LCARE and Lo pulse output at nLCARE pin if a CUnet station which had previously
established link is disabled by the resizing.
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2.4.5.2

MCARE signal output

A "dead link" can occur for three consecutive times at the same CUnet station “when the
station is disconnected’, “when the system is in an extremely poor environment’, or “when

the network is operating at the marginal performance” The Member Flag Register (MFR)
manages the continuous dead link status (three consecutive times) as described in 2.2.3.5
Member Flag Register (MFR) and judges “Member decrease” as described in 2.2.3.7
Detecting Member increase and decrease. The Member decrease is called “"MCARE (Member
CARE)"

When MCARE occurs, the MKY49 outputs a pulse signal that goes to Lo level for a given
time duration at nMCARE pin, regardless of the bit states stored in MGR described in 2.2.3.6
Member Group Register (MGR). The occurrence of MCARE can be visually monitored by
connecting an LED indicator to the nMCARE pin. Refer to “MKY49 Data Sheet" for details of
connecting LED indicators.

The MCARE, except the one caused by an intentional disconnection of the CUnet station by
the user system, occurs either “when the system is in an extremely poor environment’; or
“when the network is operating at the marginal performance” The user can recognize the
quality of hardware and environment in the network by managing the MCARE occurrences.

Up to 255 MCARE occurrences are counted at the MCC (Member Care Counter) bits of CCTR
(Care CounTer Register). The count at the MCC stops and is held at “255 (OxFF)" The user
system program can read the MCC bits of CCTR to check the number of MCARE occurrences.

The user system can clear the count by writing “1” to the MCC (Member Care Counter) bit of
CCTCR (Care CounTer Clear Register).

The Lo pulse signal output at the nMCARE pin is generated by a retriggerable one-shot
multivibrator with a minimum time of about 52.2 milliseconds. The Lo pulse width gets longer
if another MCARE occurs during one Lo pulse output.

qm A reduced resizing as described in 2.4.2 Changing cycle time (resizing) could cause

2.4.5.3

MCARE and Lo pulse output at nMCARE pin if a CUnet station which had previously
established link is disabled by the resizing.

MON signal output

The MON signal indicates that the MKY49 is in RUN phase. Lo level signal is output at NnMON
pin when the MKY49 enters the RUN phase, while Hi level is output in other states.

The "RUN phase’, normal operating status of the CUnet, can be visually monitored by
connecting an LED indicator to the nMON pin. Refer to “MKY49 Data Sheet" for details of
connecting LED indicators.
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2.4.6 PING instruction

The MKY49 in RUN phase can transmit PING instructions to another CUnet station connected
to the network.

When the interrupt trigger by receiving PING instructions is enabled, the station can output
an interrupt trigger when it receives one. Refer to 2.5 Generating interrupt triggers for more
information.

The procedure to transmit a PING instruction to another CUnet station connected to the
network is as follows:

1. Confirm that the RUN bit of SSRO (System Status Register 0) is “1" (RUN phase).

2. Write the Station Address (SA) of the destination station of the PING instruction to the
TS (Target Station) bits of QCR (Query Control Register) and the PING bit of the same
register to “1"

3. The PING bit of QCR is cleared to “0" after the instruction has been sent to the network.

{E A PING instruction cannot be detected if it is transmitted while network of the
Caution destination station is stopped. The PING instruction can be transmitted only in RUN

phase. If the PING bit of QCR is set to “1” while the network is not in RUN phase, it is
not transmitted. The PING bit is set to “0"
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2.4.7 Detecting mode of each station

The user system can use QCR (Query Control Register) of the MKY49 to check the mode
status of a CUnet station identified with its SA, by referring to type codes. Table 2.2 shows
the type codes corresponding to each mode status.

The procedure to check the mode status of another CUnet station connected to the network
is as follows:

1. The user system writes the Station Address (SA) of the target station to the TS (Target
Station) bits of QCR and “1" to the TQ (Try Query) bit of the same register.

2. The MKY49 obtains the type code. The TQ bit of QCR goes to “0” and the code is stored
in the TYP (station TYPe) bits as shown in Table 2.2,

3. The user system can confirm “0" at the TQ bit of QCR and acquire the code at the TYP
bits.

The TQ bit of QCR does not go to “0" if the target CUnet station is not active in the network. If
it does not go to “0" after several cycles, the target CUnet station is either disconnected from
the network or not operating at all. In this case, write “0" to TQ bit to terminate the query. The
other MKY49 functions are not affected even if the TQ bit remains “1” by mistake, except that
PING instructions cannot be transmitted.

Table 2.2 Type codes

Type code stored .
in TYP bits of QCR CUnet IC mode Frame option status
0x00 MEM mode 0
0x01 MEM mode 1
0x02 10 mode 0
0x03 10 mode 1
0x04 Unsubstanjual MEM mode due to 0
the expansion of owned area
Unsubstantial MEM mode due to
0x05 the expansion of owned area 1
(MKY49 or later version device)

0x06-0x1F Reserved for Manufacturer

Refer to 2.4.9 Frame option [for HUB] for details of “Frame option” in Table 2.2.
Caution

Refer to 2.2.1 Owned (OWN) area for details of “expansion of owned area.’

When the expanded OWN area is recognized by the query with the frame option
status "“1'] the type code 0x04 is stored for the MKY44 or earlier version devices, while
the code 0x05 is for the MKY49 or later version devices.
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2.4.8

Global Memory Monitor (GMM) function

The MKY49 has a passive monitoring function called “Global Memory Monitor’, which enables
only receiving data packets based on cyclic time sharing, sent from other CUnet stations with
no link to them.

The CUnet station operating with this function is called “GMM (Global Memory Monitor)
station”

The procedure for the user system program to use the MKY49 as a GMM station is as follows:

Confirm that the START bit of SSRO (System Status Register 0) is “0".
Write “1" to the GMM bit of SCR (System Control Register).

Confirm that the GMM bit of SSRO is "1

Set a baud rate to the BPS bits of BCR (Basic Control Register).
Write “0" to GMM bit of SCR.

Confirm that the GMM bit of SSRO is “0"

Write “1” to the GMM bit of SCR again.

Confirm that the GMM bit of SSRO is "1

PN O A LN 2

The user system program can cancel the use of GMM station by writing “0" to the GMM bit of
SCR.

The MKY49 as GMM station can use the monitoring functions of Global Memory data shared
by other CUnet stations in addition to those described in 2.4.1 Monitoring before network
start-up.

The concept of owned area is not applied to the MKY49 as GMM station. All settings
regarding the Station Address (SA) and the OWN width are ignored.

The RFR (Receive Flag Register) of MKY49 as GMM station is cleared to “0"” when the SSR0O's
ST (Station Time) is “1" Then the MKY49 reflects the packet receive status from other CUnet
stations.

The following information can be obtained by reading the RFR in Public Frame period (Station
Time (ST) is greater than the value stored in the FSR (Final Station Register)):

1. If one or more bits are “1', the CUnet stations corresponding to them are running in the
network.

2. Data in the Global Memory blocks of the corresponding stations are the most updated.

In addition, the FSR value other than the default 63 (0x3F) confirms that resized cycles are
operating.
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E The BCR settings are applicable only when the GMM function is canceled (when the

2.4.9

GMM bit of SCRO transits from “1” to “0"). At the same time the entire area of GM is
cleared to “0"

A GMM station is not counted as one of the “64" stations, the maximum number of

.............. connectable CUnet ICs defined in the CUnet protocol. As many GMM stations can be

connected to the network as far as the electrical capacity of the network allows them.
The RFR data changes successively at high speed. For a low-speed CPU referring to
the RFR for the purpose of (1) mentioned above, the hazard protection function makes
it possible to refer to the stationary RFR by reading it at an appropriate timing. (Refer
to 2.2.2.1 Hazard protection function)

Frame option [for HUB]

The MKY49 is compliant with the frame option defined in the CUnet protocol. The option
makes the Length Of Frame (LOF) to be “256" and enables a HUB (network cable branching
unit) inserted in the CUnet network.

The HUB enhances flexibility in network cabling layout as in the examples given below, which
is beneficial for expanding user system applications. For more information, refer to "HUB-IC
User’s Manual’.

Extending the total length of network cables

Branching network cables

Reducing concern for terminating registers at each CUnet station unit
Allowing a star topology

N
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2.4.9.1

Number of HUBs inserted in the network

Up to two HUBs (network cable branching unit) can be inserted in the CUNet network with

the frame option setting (See Fig. 2.21).

HUB unit

Good

Two HUB units

HUB unit

NG

Example Port
o 1 2
[ r [
Rt Rt
# # CUnet station CUnet station
CUnet IC CUnet IC
CUnet station CUnet station
J
N
CUnet station CUnet station
# HUB unit
Rt
CUnet IC

Three HUB units

Example

HUB unit

CUnet IC

HUB unit

Rt

CUnet IC

Rt

o !!!!
CUnet IC

CUnet IC

CUnet station CUnet station
CUnet station CUnet station
J
Fig. 2.21  Number of HUBs inserted in the network
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2.4.9.2

Frame option setting

To set the frame option, write “1” to the LFS (Long Frame Select) bit of BCR (Basic Control
Register) at the timing of the procedure 2 - (4) described in 2.1.3 Initial setting (initialization)
and start-up of communication.

The frame option is applied to all CUnet stations in the process of interlinking with other
stations after the network start-up. Also, it is automatically applied to a CUnet station which
belatedly joins the network (connected or powered up) which has been operating with the
frame option setting. When one or more CUnet stations write “1" to the LFS bit of BCR, the
entire network changes to the one operating in a cycle with the LOF (Length Of Frame) of
256"

The LF (Long Frame) bit of SSR0O (System Status Register 0) is set to “1” when the MKY49 has
received the Long Frame packet. For the user system program to confirm the frame option
status, check the LF bit of SSRO.

The MKY49 can output an interrupt trigger when the LF bit of SSR0 goes from “0" to “1” by
another station setting the frame option while its own frame option is not set. Refer to 2.5
Generating interrupt triggers for more information.

The cycle time of the CUnet operating in a cycle with the LOF (Length Of Frame) of “256" (LF
bit of SCR = “1") is longer than that which does not use the frame option. (Refer to 2.1.6 Cycle
time of CUnet)

m The LF bit of SSRO of every CUnet station linked to the MEM station with the LF bit of

SSRO set to “1" goes to “1" To cancel the frame option once set to the system, execute
an operation to activate hardware reset for all CUnet ICs in it.

DO NOT apply simultaneously the frame option setting and the resizing on the
network.
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2.5 Generating interrupt triggers
The MKY49 is equipped with nINT pin to output interrupt triggers for the CPU.

This section describes the operations to generate an interrupt trigger and the MKY49's
behaviors associated with the interrupt trigger output.

2.5.1 Operating nINT pin

The user system program can use the interrupt trigger output function at the nINT pin by the
operations as explained below:

1. The INTCR (INTerrupt Control Register) is used to enable the nINT pin function. Write
“1" to the bits identifying the interrupt factors required by the user system and enable the
nINT pin function.

2. When one of the preset interrupt factors enabled by the INTCR occurs, “1" is set to the
equivalent bit of INTSR (INTerrupt Status Register) which has the same bit assignments
with the INTCR. The nINT pin outputs Lo level signal.

3. The user system program can read the INTSR to recognize which interrupt factor
generated the interrupt event.

4. Write "1" to the corresponding bit of INTRR (INTerrupt Release Register) after the user
system program has completed handling the interrupt. The INTSR status is cleared to “0"

5. The nINT pin outputs Hi level signal when all bits of INTSR are turned to “0"

The user system program must specify in advance the occurrence timing of ALM (ALarM)
interrupt event. The timing for the nINT pin is set to ITCR (Interrupt Timing Control Register).
Write the Station Time to trigger the ALM (ALarM) to the ALM (ALarM) bit of ITCR.

""""""""""" : Canceling “enabled” bits of INTCR while the INTSR status is held does not release the
Reference : . .
........................... i corresponding bits of INTSR.
After a hardware reset is released, all bits identifying the interrupt factors are reset to

“0" (disabled).

2.47 P10936-100



2 MKY49 software MKY49 Reference Manual

2.5.2

INTSR[12]. BD bit Q

INTSR[3]. MR bit : [

Retrigger function

Multiple interrupt factors can be assigned to the nINT pin which outputs an interrupt
trigger signal. When the user system program uses the single pin for two or more interrupt
factors, the output level of the pin may go back to Lo level in the time of “the internal clock
(M-CLK=120 MHz) x 15 (approx. 125 ns)" immediately after it has gone to Hi level. Itis
called “retrigger function” (See Fig. 2.22). The retrigger function is activated in the following
conditions:

1. While multiple status values are held in the INTSR, some of them are cleared. For
example, while the INTSR shows “0x1004", “0x1000" is written to the INTRR.

2. A newly enabled interrupt factor is triggered concurrently with write access to clear the
INTSR status. For example, a newly enabled interrupt factor “0x0004" is triggered at the
same time of writing “0x1000" to the INTRR while the INSTR shows “0x1000".

Example: An interrupt caused by BD interrupt factor followed by another by MR interrupt factor

nINT pin ’_CD

CPU detects an interrupt

N\

CPU processes the interrupt

Approx. 125 ns
(M-CLKx15)

Passage of time nINT pin goes back to Lo output
— an . i i
Value “"written to the BD bit of INTRR[12] by the interrupt factor at MR bit of INTSR[3]

Fig. 2.22 Example of retrigger operation

The retrigger function of the MKY49 does not miss an interrupt even when the CPU's interrupt
controller is designed to detect signal level changes (edges).

In case the CPU's interrupt controller is designed to enable a next interrupt event upon
receiving the EOI (End Of Interrupt) code from the CPU, it may be necessary to consider the
order of issuing the EOI code and clearing the INTSR status as described in the procedure (4)
of 2.5.1 Operating nINT pin depending on the edge detection type or the level detection type:

Edge detection type: After calling EOI, clear the INTSR status. If the INSTR is cleared before
calling EOI, the retrigger function switches the nINT pin from Hi level
to Lo level while the next interrupt event is not enabled yet. This may
prevent the CPU from processing interrupts.

Level detection type: Before calling EOI, clear the INTSR status. If the INSTR is cleared after
calling EOI, the Lo level status may be detected again, and the same
interrupt may be accepted twice.

E Algorithms of interrupt handling and canceling procedure depend on the user system,

such as the type of CPU and peripheral hardware devices. Use the functions of
MKY49 in compliance with the user system.
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CUnet station.

2.5.3 Interrupt factors
The INTCR (INTerrupt Control Register) has the following 15 types of interrupt factors to
enable an interrupt trigger output (See Table 2.3).
Table 2.3 Interrupt factors
Interrupt factor Bit Triggering condition Reference
Station Time (ST) reaches the timing . . .
ALM: ALarM 0 | preset by the ITCR during cycles. This (2:.1;:7|eDSeta|Ied timings during
interrupt trigger occurs every cycle. y
MR: Mail Receive 2 Mal! is received from another CUnet 2.3..2 Operations at receiving
station. mail
Mail transmission to another CUnet 2.3.3 Operations at sending
MSF: Mail Send Finish 3 | station is complete (successfully or in an | and after completion of
error). sending mail
MOK: . 2.2.3.6 Member Group
4 | The MOK f SSR1 f “0" to 1" .
Member group collect OK e MOK bit of SSR1 goes from 0" to Register (MGR)
MNG: , wait s umn | 2.2.3.6 Member Group
Member group collect No Good 5 | The MOK it of SSR1 goes from "1" to 0" Register (MGR)
The FS value of the self-station is
RC: Resize Complete 6 | changed by a resizing instruction from 2.4.2.1 Resizing procedure
another CUnet station.
RSTP: Run SToP 7 | Network is stopped. 2.1.8 Stopping network
2.1.3 Initial setting
RSTR: Run STaRt 8 | Network enters RUN phase. (initialization) and start-up of
communication
MC: Member Change 9 The _number of "1s” in the Member flag ?.2.3.7 Detecting Member
bits increases or decreases. increase and decrease
LOK: . 2.2.3.3 Link Group Register
. 1 The LOK f SSR1 f “0" to “1"
Link group collect OK 0 e LOK bit of SSR1 goes from 0" to (LGR)
LNG: . wam v unn | 2:2.3.3 Link Group Register
Link group collect No Good 11 | The LOK bit of SSR1 goes from “1” to “0". (LGR)
L . 2.4.3 Detecting and handling
BD: Break Detect 12 A CUnet station in BREAK phase is CUnet stations in BREAK
detected.
phase
RO: Resize Overlap 13 | Resize overlap occurs. 2.4.2.3 Resize Overlap (RO)
PR: Ping Receive 14 APING instruction .IS received from 2.4.6 PING instruction
another CUnet station.
ID: Jammer Detect 15 A CALL packet is received from another | 2.4.4 Detecting and handling

jammers
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2.5.4  Precautions for specifying timing of generating interrupt triggers

The timing value which can be set to the ITCR ranges from “0 to 127 (0x00 to 0x7F)" However,
the maximum usable value for CUnet cycles is limited up to the one stored in the FSR (Final
Station Register) plus “two"

Be careful not to set an inappropriate value because setting a value exceeding the limit to the
ITCR prevents generation of corresponding interrupt triggers.

2.5.5  Precautions for interrupt factors BD, RO and JD

Even when the interrupt factor bits for BD, RO and JD are set to “1', no interrupt trigger event
occurs while the corresponding flags in the SSR1 are 1"

Be sure to write “1” to the corresponding bits of SSR1CR (System Status Register 1 Clear
Register) to reset the detecting flags in the SSR1to “0".
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3 MKY49 Register References

This chapter lists register references for the registers available with the MKY49 in the order of
their addresses (See Table 3.1).

Descriptions in this chapter conform to the following format:

1. Register address is represented by its top address.
2. Data bits are represented in 16-bit access mode.

Note the following points when referring to the contents of this chapter:

1. The MKY49 has 16-bit-wide registers, 32-bit-wide registers and 64-bit-wide registers.

2. Register address is aligned on a 2-byte or 4-byte boundary (See Table 3.2).

3. Registers can be accessed by a 16-bit access at the minimum. An 8-bit access is
prohibited. Variable-length access in 16-bit units is possible by burst access.
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Table 3.1 List of registers
Section Address Area name Register name Bit Target function
count
31 0x0200 RFR Receive Flag Register 64 ) )
- - Link detection

3.2 0x0208 LFR Link Flag Register 64
3.3 0x0210 MFR Member Flag Register 64 | Member detection
3.4 0x0218 CCTR Care CounTer Register 16 | System's supplementary
35 0x021A FSR Final Station Register 16
3.6 0x021C SSR System Status Register 0/1 32
3.7 0x04F8 CCR Chip Code Register 64 | System
3.8 0x0500 BCR Basic Control Register 0/1 32
3.9 0x0504 SCR System Control Register 16
310 0x0508 MSCR Mail Send Control Register 16
3n 0x050C MESR Mail Error Status Register 16 ) )

- - Mail sending
312 0x050E MSRR Mail Send Result Register 16
313 0x0510 MSLR Mail Send Limit time Register 16
314 0x0514 MROCR Mail Receive 0 Control Register 16
315 0x0516 MROSR Mail Receive 0 Status Register 16 i .

- X - Mail receiving
316 0x0518 MR1CR Mail Receive 1 Control Register 16
317 0x051A MR1SR Mail Receive 1 Status Register 16
318 0x051C NFSR New Final Station Register 16 | System
319 0x0520 ITCR Interrupt Timing Control Register 16
3.20 0x0524 INTCR INTerrupt Control Register 16

- Interrupt control
3.21 0x0528 INTSR INTerrupt Status Register 16
3.22 0x052C INTRR INTerrupt Release Register 16
3.23 0x0530 SSR1CR System Status Register 1 Clear Register | 16 | System
3.24 0x0534 CCTCR Care CounTer Clear Register 16 | System’s supplementary
3.25 0x0538 LGR Link Group Register 64 | Link detection
3.26 0x0540 MGR Member Group Register 64 | Member detection
3.27 0x0548 QCR Query Control Register 16 | System's supplementary
General-
3.28 0x054C purpose | nDout0-3 16
output General-purpose I/0
329 | 0x0550 | S | b50ut0-3 / nDino-3 32
purpose |I/0
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Table 3.2 Register map

Area name (register name)
Address
[31:16] [15: 0]
0x0000-0x01FF GM
0x0200
RFR
0x0204
0x0208
LFR
0x020C
0x0210
MFR
0x0214
0x0218 FSR CCTR
0x021C SSR1 SSRO
0x0220-0x0417 MGM
0x0418-0x04F7 Access prohibited
0x04F8
CCR
0x04FC
0x0500 BCR1 BCRO
0x0504 SCR
0x0508 MSCR
0x050C MSRR MESR
0x0510 MSLR
0x0514 MROSR MROCR
0x0518 MR1SR MR1CR
0x051C NFSR
0x0520 --- ITCR
0x0524 INTCR
0x0528 --- INTSR
0x052C INTRR
0x0530 --- SSRI1CR
0x0534 CCTCR
0x0538
LGR
0x053C
0x0540
MGR
0x0544
0x0548 --- QCR
0x054C --- nDout0-3
0x0550 nDin0-3 nDout0-3
0x0554-0x20FF Access prohibited
0x2100-0x21FF MSB
0x2200-0x22FF MRBO
0x2300-0x23FF MRB1
>0x2400 Access prohibited
Note: “---" are unused areas.
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3.1 RFR (Receive Flag Register)

Address: 0x0200

Bit: 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RFR [63 : 48]

Defat: 0 o o0 ©0 O O O O O ©O0 ©O0 O0O 0 0 o0 0

RW: R R R R R R R R R R R R R R R R

Bit: 47 46 45 44 43 42 4 40 39 38 37 36 35 34 33 32
RFR [47 : 32]

Defat: o o o0 o0 o0 O O O O O o0 O0 O0 ©0 0 0

RW: R R R R R R R R R R R R R R R R

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RFR [31:16]

Defat: o o o0 o0 o0 O O O O O O O0 O0 ©0 0 0

RW: R R R R R R R R R R R R R R R R

Bt: 15 14 13 1 1 1 9 8 7 6 5 4 3 2 1 0
RFR[15: 0]

Defat: 0 o o0 ©0 O oO O O O ©O0 ©0 O 0 0 0 0

RW: R R R R R R R R R R R R R R R R

[Function description]

The RFR stores receiving status of individual memory blocks (MB) composing the Global
Memory (GB) that guarantees the data is written in the latest cycle when the START bit of
SSRO (System Status Register 0) is 1" Bit 0 is assigned to MBO, while bit 63 is assigned to

MBG63.

The bits for the self-station-owned areas go to “1” when the START bit of SSRO0 is set to "1,

and they go to “0" when the START bit of SSRO is set to “0"

Refer to “2.2.3 Quality assurance of Global Memory (GM) data” for details of the bit transition

timing of this register.

3-4

P10936-100




3 MKY49 Register References

MKY49 Reference Manual

3.2 LFR (Link Flag Register)

Address: 0x0208

Bit: 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
LFR [63 : 48]
Defalt: o o0 o0 o0 o0 O O O O O 0 0 0 0 0 0
RRW: R R R R R R R R R R R R R R R R
Bit: 47 46 45 44 43 42 4 40 39 38 37 36 35 34 33 32
LFR [47 : 32]
Defat: o o o0 o0 o0 O O O O ©O0 o0 O0 0 0 o0 ©
RRW: R R R R R R R R R R R R R R R R
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LFR [31:16]
Defat: o o o0 o0 o0 O O O O O 0 O0 O0 0 o0 0
RRW: R R R R R R R R R R R R R R R R
Bt: 15 14 13 1 n 1 9 8 7 6 5 4 3 2 1 0
LFR[15: 0]
Defat: 0 o o0 o0 O O O O O ©O0 O0 O0 ©0 0 0 O
RW: R R R R R R R R R R R R R R R R

[Function description]

The LFR contains flags to guarantee both the data of individual memory blocks (MB)
composing the Global Memory (GM) has been written in the latest cycle, and the data in the
Memory Block (MB) of the self-station has been correctly copied to individual CUnet stations.

Bit 0 is assigned to SAOQ (Station 0), while bit 63 is assigned to SA63.

Refer to “2.2.3 Quality assurance of Global Memory (GM) data” for details of the bit transition

timing of this register.
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3.3 MFR (Member Flag Register)

Address: 0x0210

Bit: 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

MFR [63 : 48]

Default : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 47 46 45 44 43 42 4 40 39 38 37 36 35 34 33 32

MFR [47 : 32]

Default : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MFR [31:16]

Default : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W': R R R R R R R R R R R R R R R R

Bit : 15 14 13 12 il 10 9 8 7 6 5 4 3 2 1 0

MFR [15 : 0]

Default : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

[Function description]

The MFR stores Member status of individual stations. Value “1" is set when “link established”
is recognized for three consecutive times, while “0" is set when “link failed” is recognized for
three consecutive times. Bit 0 is assigned to SAO (Station 0), while bit 63 is assigned to SA63.

The bit for the self-station-owned area goes to “1” when the START bit of SSRO0 is set to “1’,
and it goes to “0” when the START bit of SSRO is set to “0" Refer to “2.2.3 Quality assurance
of Global Memory (GM) data” for details of the bit transition timing of this register.

The bit status of this register is updated at the beginning of Station Time (ST) matching
Station Address (SA) of the self-station (at the start timing of status management).

All bits of the MFR are held at "0” when the START bit of SSRO is "0” and the GMM bit is “1"

3-6 P10936-100



3 MKY49 Register References MKY49 Reference Manual
3.4 CCTR (Care CounTer Register)
Address: 0x0218
Bit: 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
MCC [7:0] LCC[7:0]
Default: 0 0 0 0 0 0 o0 0 o0 0 0 0 o0 0 o0 0
RW: R R R R R R R R R R R R R R R R
[Function description]
The CCTR stores the occurrences of LCARE and MCARE signals.
[Bit description]
[7: 0] LCC (Link Care Counter)
The number of occurrences of LCARE signal is counted and stored in hexadecimal. It is
counted up to “OxFF" and then the value is held.
The count value is cleared to “0x00" by writing “1” to the LCC (Link Care Counter) bit of
CCTCR (Care CounTer Clear Register).
[16 : 8] MCC (Member Care Counter)
The number of occurrences of MCARE signal is counted and stored in hexadecimal. It is
counted up to “OxFF" and then the value is held.
The count value is cleared to “0x00" by writing “1" to the MCC (Member Care Counter) bit of
CCTCR (Care CounTer Clear Register).
3.5 FSR (Final Station Register)

Address: 0x021A
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o N T IR IR IR I FS[5:0]

Default : 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
R/W: R R R R R R R R R R R R R R R R

[Function description]

The FSR is a read-only register that stores the FS (Final Station) value in hexadecimal.
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3.6

SSR (System Status Register 0/1)

Address: 0x021C

Bit : 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SSR1 MC [ NM | LNG | LOK | - BD | JD | RO [ MSE| MR [MNG|MOK| - - - MSI

Default : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit : 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

SSRO GMM| LF | SNF | OC | BRK |CALL| RUN |START| - ST[6:0]

Default : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

[Function description]

The SSR stores various status flags regarding the CUnet network operations.
Refer to “2.2.3.2 Start timing of status management and exceptions” for details of the “start
timing of status management” that initiates updating of certain bits of this register.

[Bit description]

[6: 0] ST (Station Time)

Present Station Time is set in hexadecimal.

The value updates at the beginning of each frame as the cycle progresses.

Refer to “2.1.7 Detailed timings during cycles” and “CUnet Introduction Guide" for details of
Station Time.

[8] START (START)

Value “1" is held while network of the MKY49 is running.

The network starts up when “1” is written to the START bit of SCR (System Control Register)
while this bit shows "0, and “1" is set to it. To be precise, it is changed at the top of a cycle
(Frame Time is 0) after “1" is written to the SCR.

The network can be intentionally stopped by writing “0" to the START bit of SCR while this bit
shows “1" And “0" is set to this bit.

[9] RUN (RUN phase)
Value “1” is held while the MKY49 is in RUN phase.

[10] CALL (CALL phase)
Value “1" is held while the MKY49 is in CALL phase.

[11] BRK (BReaK phase)
Value “1” is held while the MKY49 is in BREAK phase.

[12] OC (Out of Cycle)

The bit shows that network is stopped by OC (Out of Cycle).

Value “1" is set when the network is stopped by OC.

The OC bit is cleared to “0” when the START bit of SSR is set to “1” by writing “1” to the START
bit of SCR, or when the hardware is reset.

Refer to “2.1.8.2 OC (Out of Cycle)” for details of OC.
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[13] SNF (Station Not Found)

The bit shows that network is stopped by SNF (Station Not Found).

Value "1" is set when the network is stopped by SNF.

The SNF bit is cleared to “0” when the START bit of the SSR is set to “1” by writing “1” to the
START bit of SCR, or when the hardware is reset.

Refer to “2.1.8 Stopping network” for details of SNF.

[14] LF (Long Frame)

The LF shows the frame option status.

Value “1" is held when network has been started by setting “1” to the LFS (Long Frame Select)
bit of BCR (Basic Control Register) of the device (MKY49), or when another station has set the
frame option.

The bit is cleared to “0" when the hardware is reset, or when GMM (Global Memory Monitor)
function is canceled (writing “0" to the GMM bit of SCR when the GMM bit of SSRO is set to
“1").

Refer to “2.4.9 Frame option [for HUB]" for details of the frame option.

[15] GMM (Global Memory Monitor)

The bit shows that the device (MKY49) is a GMM (Global Memory Monitor) station.
Value “1" is set when “1" is written to the GMM bit of BCR (Basic Control Register).
Refer to “2.4.8 Global Memory Monitor (GMM) function” for details of GMM.

[16] MSI (Mail Sending)

The MSI shows that mail is being transmitted.

Value "1" is set when mail transmission starts.

The bit is set to “0"” when mail transmission to another station is completed (successfully or in
an error).

Refer to “2.3.3 Operations at sending and after completion of sending mail” or details of mail
transmission.

[20] MOK (Member group collect OK)

The MOK shows the MGR is equal to or smaller than the MFR.

Value "1" is set when all the MFR (Member Flag Register) bits corresponding to the MGR
(Member Group Register) bits with “1” are also “1"

Value “0" is set in any other conditions.

[21] MNG (Member group collect No Good)
The MNG is set to “1” when the MOK bit of the same register goes from “1" to “0" It is set to
“0" when the MOK bit goes from “0" to “1"

[22] MR (Mail Received)

The MR shows that mail reception is complete.

The bit is set to “1” when the MRBO (Mail Receive Buffer 0) or the MRB1 (Mail Receive Buffer 1)
completes receiving dataset by mail.

It is cleared to “0” when the both RCV (ReCeiVed) bits of the MROCR (Mail Receive 0 Control
Register) and the MR1CR (Mail Receive 1 Control Register) are cleared to “0"

Refer to “2.3.2 Operations at receiving mail” for details of receiving mails.
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[23] MSE (Mail Send Error)

The MSE shows that mail transmission is stopped in error.

The bit is set to “1” when an error occurs during mail transmission. All bits of MESR (Mail
Error Status Register) are cleared to “0" together with the MSE bit by writing “0" to the
ERR bit of MSCR (Mail Send Control Register) or by writing “1” to the SEND bit of the same
register.

Refer to “2.3.4 Handling errors in mail sending” for details of mail transmission errors.

[24] RO (Resize Overlap)

The bit shows that resize overlap is detected.

Value “1" is set when the resizing operation by the self-station has overlapped with another
station’s resizing operation. The value is held until it is cleared to “0” by writing “1” to the RO
bit of SSR1CR (System Status Register 1 Clear Register).

[25] JD (Jammer Detect)

The bit shows that a jammer is detected.

Value “1" is set when a jammer is detected. The value is held until it is cleared to “0" by
writing “1” to the JD bit of SSR1CR (System Status Register 1 Clear Register).

[26] BD (Break Detect)

The bit shows that a CUnet station in BREAK phase is detected.

Value “1" is set when a Break packet sent from another CUnet station has been received. The
value is held until it is cleared to “0" by writing “1” to the BD bit of SSR1CR (System Status
Register 1 Clear Register).

[28] LOK (Link group collect OK)

The LOK shows the LGR is equal to or smaller than the LFR.

Value “1" is set when all the LFR (Link Flag Regist