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SECTION 1
INTRODUCTION

The Motorola MC143150 and MC 143120 NEURON CHIPS are sophisticated VLS| devices that make it pos-
sible to implement low-cost local operating network applications. Through a unique combination of hard-
ware and firmware, they provide all the key functions necessary to process inputs from sensors and control
devices intelligently, and propagate control information across a variety of network media. The MC143150
and MC143120 with the LONBUILDER Developer’'s Workbench offer the system designer:

« Easy implementation of distributed sense and control networks

« Flexible reconfiguration capability after network installation

« Management of LONTALK protocol messages on the network

« An object-oriented high level environment for system development

» CP4
MAC —> CP3
PROCESSOR > CP2
%] » CP1
2 —> CPO
=
NETWORK e
PROCESSOR @
APPLICATIONS
1/0:
GENERAL o
APPLICATION 110 > 1010
PROCESSOR PARALLEL .
PORT .
SERIAL .
PORT - 100
2 TIMER/
COUNTERS
EEPROM
512 BYTES
ADDRESS Il >
] CLOCKING CLK1
DATA > CLK2
) AND >
RiW < CONTROL > SERVICE
ol > RESET

Figure 1.1. MC143150 NEURON CHIP Simplified Block Diagram
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MAG <~ —> P4
PROCESSOR NETWORK [ > CP3
< > CP2
comm.  [© >
2 Dl
= >
z
NETWORK =
PROCESSOR 3
APPLICATIONS
1/0:
GENERAL _
APPLICATION 10 < > 1010
PROCESSOR PARALLEL .
PORT .
SERIAL .
RAM PORT | . 100
1KBYTES 2 TIMER/ .
COUNTERS
CLOCKING [ CLK1
ROM AND —> _—g:?f/lCE
CONTROL [€ > SERVIC
10K BYTES < i

Figure 1.2. MC143120 NEURON CHip Simplified Block Diagram

The MC143150 is designed for sense and control systems that require large application programs. An ex-
ternal memory interface allows the system designer to use 42K of the available 64K of address space for
application program storage. The MC143150 has no ROM on the chip. The communications protocol,
operating system and 24 /O function object code is provided with the LONBUILDER starter kit
(MC143160EVK). The protocol and application code can be located in external ROM, EEPROM, NVRAM,
or battery-backup static RAM.

The MC143120 has no external memory interface and is designed for applications that require smaller
application programs. It contains 10K of masked ROM that implements the communications protocol,
operating system and the 24 1/O functions that can be accessed by the application program. The applica-
tion program resides in the internal 512 bytes of EEPROM and utilizes the firmware in the masked ROM for
the specific application.

Both parts have an eleven pin I/O interface with integrated hardware and software for connecting to motors,
valves, display drivers, A/D converters, pressure sensors, thermistors, switches, relays, triacs, tachom-
eters, other microprocessors, modems, etc. They each have three processors, of which two interact with a
communication subsystem to make the transfer of information from node to node in a distributed control
system an automatic process.

1-2 MC143150eMC143120 MOTOROLA



SECTION 2
LONWORKS TECHNOLOGY OVERVIEW AND ARCHITECTURE

LONWORKS technology is a complete platform for implementing control network systems. These networks
consist of intelligent devices or nodes that interact with their environment, and communicate with one
another over a variety of communications media using a common, message-based control protocol.

LONWORKS technology includes all of the elements required to desigri, deploy and support control net-
works, specifically the following components:

¢ MC143150 and MC143120 NEURON CHIPS
e LONTALK Protocol

o LONWORKS Transceivers

o LONBUILDER Developer’'s Workbench

The Motorola NEURON CHIP is a VLS| component that performs the network and application-specific pro-
cessing within a node. A node typically consists of a NEURON CHIP, a power source, a transceiver for
communicating over the network medium, and circuitry for interfacing to the device being controlled or
monitored. The specifie circuitry will depend on the networking medium and application. See Figures 2.1
and 2.2.

Sense or Control Devices:
e.g. Motors, Valves,
Encoders, Switches

Power
Source

Crystal L 45V

/O Circuitry

LONWORKS
Transceiver

16K-58K EPROM/ROMJ ﬂ
N7

Networking Medium (Twisted Pair, RF, Power Line, etc.)

Figure 2.1. MC143150 in a Typical Node Block Diagram
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LoNnWorks Node 1 LoNWorks Node 2 LonWorks Node 3 LoNWoRks Node 4
Sense/Control Sense/Control Sense/Control Sense/Control
Device Device Device Device
|_voCireury || |{_tOCircuity ]| |[ WOCircutry ]| |[ VO Circuity ]|

| Transceiver I

| Transceiver ||

| Transceiver I

| Transceiver ll
}

Network Transmission Medium

LonWoRks Node 5 LonWorks Node 6
Sense/Control Sense/Control
Device Device

| wo Circuitry |

[_vo Circuity ]|

| Transceiver |

I Transceiver ||
—

LonWoRKs

Router

Transceiver

Transceiver

Network Transmission Medium

MC143150eMC143120

Figure 2.2. The MC143150 or MC143120 in a LONWORKS Network
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SECTION 3
NEURON CHIP PROCESSOR FAMILY—HARDWARE RESOURCES

The first members of the NEURON CHIP processor family are the MC143150 and the MC143120. The
MC143150 (Figure 3.1) supports external memory for more complex applications, while the MC143120
(Figure 3.2) is a complete system on a chip that supports many applications. The major hardware blocks of
both processors are the same, except where noted; see Table 3.1.

Table 3.1. Comparison of MC143150 and MC143120 Processors

Characteristic MC143150 MC143120

CPUs 3 3
RAM Bytes 2,048 1,024
ROM Bytes - 10,240
EEPROM Bytes 512 512
16-Bit Timer/Counters 2 2
External Memory Interface Yes No
Package PQFP and PQCC SOG
Pins 64/68 32

3.1 PROCESSING UNITS

The three identical 8-bit state machines form a symmetric multiprocessor, each one executing a different
microcycle within a three-phase minor cycle at any one time. Each has its own register set (Table 3.2), but
all three share 8-bit data and address ALUs and memory access circuitry. This reduces die size without
affecting performance.

Table 3.2. Register Set

Mnemonic Bits Contents
FLAGS 8 CPU number, fast I/O select, and carry bit
P 16 Next Instruction Pointer
BP 16 Address of 256-byte Base Page
DSP 8 Data Stack Pointer within base page
RSP 8 Return Stack Pointer within base page
TOS 8 Top Of Data Stack, ALU input
SAR 8 Signature Analysis Register

The architecture is stack-oriented; one 8-bit wide stack is used for data references, and the ALU operates
on the TOS (Top Of Stack) register and the next entry in the data stack which is in RAM. A second stack
stores the return addresses for CALL instructions, and may also be used for temporary data storage. This
zero-address architecture leads to very compact code. Tables 3.15, 3.16, and 3.17 outline the instruction
set.

MOTOROLA MC143150eMC143120 3-1
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Figure 3.1. MC143150
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Figure 3.3 shows the layout of a base page, which may be up to 256 bytes long. Each of the three pro-
cessors uses a different base page, whose address is given by the contents of the BP register of that pro-
cessor. The top of the data stack is in the 8-bit TOS register, and the next element in the data stack is at the
location within the base page at the offset given by the contents of the DSP register. The data stack grows
from low memory towards high memory, and the return stack grows from high memory towards low
memory.

Return Stack

BP+RSP

BP4DSP " NEXT L - - [ T0s

Data Stack
BP+0x18

BP+0x17

16 Directly-
Addressable Bytes
BP+0x8
BP+0x7

Four Two-Byte
Pointer Registers
BP

Figure 3.3. Base Page Memory Layout
3.2 MEMORY

3.2.1 EEPROM

Both the MC143150 and the MC143120 have 512 bytes in-circuit programmable EEPROM. All but eight
bytes of the EEPROM can be written under program control using an on-chip charge pump to generate the
required programming voltage. The remaining eight bytes are written during manufacture, and contain a
unique 48-bit identifier for each part, plus 16 bits for the manufacturer’s device code. Erase time and write
time are each 10 ms per byte. The EEPROM may be written up to 10,000 times with no data loss. For both
the MC143120 and the MC143150 the EEPROM stores the installation-specific information such as
network addresses and communications parameters. For the MC143120, EEPROM memory also stores
the application program generated by the LONBUILDER Developer’s Workbench. The application code for
the MC143150 may either be stored on-chip, or off-chip in external memory. Note that when the NEURON
CHIP is not within the specified power supply voltage range, a pending or on-going EEPROM write is not
guaranteed, and while there is built-in protection to prevent EEPROM corruption during power-down, it is
importantto hold the RESET pin low whenever Vpp is below its minimum operating level to avoid this possi-
bility (see Section 3.6.3).

3.2.2 Static RAM

The MC143150 has 2048 bytes of static RAM and the MC 143120 has 1024 bytes of static RAM. The RAM
state is retained as long as power is applied to the device, even in “sleep” mode.

3.2.3 Preprogrammed ROM

The MC143120 contains 10,240 bytes of pre-programmed ROM. This memory contains the LONWORKS
firmware, including the LONTALK protocol code, real time task scheduler and application function libraries.
The MC143150 accesses external memory for all of these. The object code is supplied with the
LONBUILDER development system.
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3.2.4 External Memory Interface (MC143150 Only)

This interface supports up to 42K bytes of external memory space for additional user program and data.
The total address space is 64K bytes. However, 6K of address space is reserved for on-chip, leaving 58K of
external address space. Of this space, 16K is used by the NEURON CHiP firmware, LONBUILDER develop-
ment debugger, and reserved space. The external memory space can be populated with RAM, ROM,
PROM, EPROM, or EEPROM in 256 byte increments. The memory maps are shown in Figure 4.2 and
Figure 4.3. The bus has eight bidirectional data lines, and sixteen address lines driven by the processor.
Two interface lines (R/W and E) are used for external memory access (see Figure 3.2). At the maximum
clock rate (10 MHz input clock), 70 ns or better access time to external memory is required. If the input clock
is scaled down, slower memory can be used. The allowable input clock rates are 10 MHz, 5 MHz, 2.5 MHz,
1.25 MHz, and 625 kHz. The Enable Clock (E) runs at the system clock rate, which is one half the input
clock rate. The Enable Clock is low whenever data is being transferred between the NEURON CHIP and
external memory. All memory, both internal and external, may be accessed by any of the three processors
at the appropriate phase of the instruction cycle. Since the instruction cycles of the three processors are
offset by one third of a cycle with respect to each other, the memory bus is in use by only one processor ata
time.

Appendix C shows diagrams of interfacing the MC143150 to different types of memory. A minimum hard-
ware configuration would use one external EPROM containing both the protocol code and user application
code (see Figure 3.4). This configuration would not allow the system engineer to change the application
code after installation. Binding and address information however could be altered because this information
resides in the internal 512 bytes of EEPROM. When developing nodes that must be rewritten over the net-
work with application code, external EEPROM, NVRAM or battery backed up SRAM are required if the user
code will not fit in the 512 bytes of internal EEPROM. Also when designing a node, using a slower crystal
clock rate, where possible, will significantly reduce memory speed and cost in addition to reducing power
consumption. The pins used for external memory interfacing are listed in Table 3.3. Timing information is
listed in Table 3.4 and is measured relative to the rising edge of E clock. The E clock signal is not typically
used for reading external memory but can be gated with decoded address lines and the R/W signal to gen-
erate WRITE signals to external memory. A15 (address line 15) or a PAL decoded signal gated with R/W
can be used to generate read signals to external memory. The MC143150 needs to see data (setup time)
65 ns ahead of the rising edge of E clock. The data hold time required when reading data is 0 ns.

MC143150 32K x 8 EPROM

A1 CE

A14-A) [l A14-A0

D7-D0 D7-D0

e
= 16K: LoNTaLx Protocol
16K: User Application Program

Figure 3.4. Minimum MC143150 Memory Interface

Table 3.3. External Memory Interface Pins

Pin Designation Direction Function
AO-A15 Output Address pins
DO-D7 Input/Output Data pins
E Output Enable clock
RW Output Read/not Write select

MOTOROLA MC143150eMC143120 3-5



Because one of the internal processors is always using the address bus, sharing the address and data bus
(and memory) with another MPU’s address and data bus can only be accomplished with the use of external
three-state bus drivers on the 16 address lines. This method is not recommended or emulated with the
LONBUILDER Developer’s Workbench. The preferred method of interfacing the NEURON CHIP to another
MPU is through the 11 I/O pins. There are parallel modes and serial modes for this purpose which are easily
implemented using the NEURON C programming language.

Table 3.4. External Memory Bus Timing* (VDD =4.5t0 5.5V, TA = - 40° to 85°C)

Symbol Parameter Min Max Unit
teye Memory Cycle Time (System Clock Period) (Note 1) 200 3200 ns
PWEH Pulse Width, E High teycl2 -5 toyc/2 + 5 ns
PWEL Pulse Width, E Low teyc/2 -5 teyc/2+5 ns
tAD Delay, E High to Address Valid — 55 ns
tAH Address Hold Time 5 — ns
tRD Delay, E High to R/W Valid Read - 25 ns
tRH R/W Hold Time Read 5 — ns
tDSR Read Data Setup Time 65 — ns
tozR Delay Data Bus High-Z to R/W High 5 — ns
tDHR Data Hold Time Read 0 — ns
twR Delay, E High to R/W Valid Write — 25 ns
twDD Delay, R/W Low to Data Drivers On (Note 2) 10 — ns
toDwW Delay, E Low to Data Valid — 67 ns
twH R/W Hold Time Write 5 — ns

NOTES:

* All values are preliminary and subject to change.

1.tcyc = 2¢1/f, where f is the input clock frequency. _

2. See Figure 3.5. The NEURON CHiP drives the previously read data until after the falling edge of E. Therefore, an
external memory and the NEuroN CHIP may both be driving the data lines to the same levels during this time without
contention.

3.3 INPUT/OUTPUT

3.3.1 Eleven Bidirectional I/O Pins

These pins are usable in several different configurations to provide flexible interfacing to external hardware
and access to the internal timer/counters. The level of output pins may be read back by the application
processor. See Section 6 for detailed electrical characteristics.

Pins 104-107 have programmable pull-ups. They are enabled or disabled with a compiler directive (see
NEURON C Programmers Guide). Pins I00-I03 have high current sink capability (20 mA @ 0.8 V). The
others have the standard sink capability (1.4 mA @ 0.4 V). All pins (100 to I010) have TTL-level inputs with
hysteresis. Pins 100 to 107 also have low level detect latches.
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3.3.2 Two 16-Bit Timer/Counters

The timer/counters are implemented as a load register writeable by the processor, a 16-bit counter, and a
latch readable by the processor. The 16-bit registers are accessed a byte at a time. Both the MC143150
and MC143120 have one timer/counter whose input is selectable among pins 104 through 107, and whose
outputis pin 100, and a second timer/counter with input from pin 104 and output to pin |01 (Figure 3.6). Note
that no I/O pins are dedicated to timer/counter functions. If for example, Timer/Counter 1 is used for input
signals only, then |00 is available for other input or output functions. Timer/counter clock and enable inputs
may be from external pins, or from scaled clocks derived from the system clock; the clock rates of the two
timer/counters are independent of each other. External clock actions occur optionally on the rising edge,
the falling edge, or both rising and falling edges of the input.

System Clock Divide Chain
+1,2,4,8,16,32,64,128

System Clock Divide Chain
+1,2,4,8,16,32,64,128

|

07 Control
106 x Logc [ Timer/Counter 1
105 =
104 o I

ontrol
103 D Logic F—1 Tlmer/g)ounter
02 []
o1 [} o— o
0 [ J——o"%

Figure 3.6. Timer/Counter Circuits

3.4 NETWORK COMMUNICATIONS

The five-pin communications port is the network connection that interfaces the processor to a wide variety
of media interfaces (network transceivers). The communications port may be configured to operate in one
of two modes: Direct Mode (single ended or differential) or Special Purpose Mode. See Table 3.5 and Fig-
ure 3.7.

Table 3.5. Communications Port Pin Characteristics

3-8

Drive
Current Direct Mode Direct Mode Special Purpose
Pin (mA) Differential Single-Ended Mode
CPO 1.4 RX+(in) RX(in) RX(in)
CP1 1.4 RX—(in) TX(out) TX(out)
CP2 35 TX+(out) TX Enable (out) Bit Clock (out)
CP3 35 TX—(out) Sleep (out) Sleep (out) or
Wake Up (out)
CP4 14 CDet(in) CDet (in) Frame Clock (out)

RX—Receiver

TX—Transmitter

CDet—Collision Detect

MC143150eMC143120
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| Single Ended and Special Purpose RX (in)

Selectable

Glitch (noise) \J CPO
Filter \n F2 Direct Mode Diflrential RX + ) ~ ———1_—1
+
o RCVR
Hi "o § cP1
Programmable / H3 Direct Mode Differential RX - (in) 1]
Hysteresis IM\
4 mA
I/Single-Ended TX (out) and Special Purpose TX (out)
l cp2
35m {:
Differential TX + (out), Single-Ended TX Enable (out) and Bit Clock (out)
Differential TX - (out), Single-Ended Sleep (out) cP3
35mA :l
/ Special Purpose Sleep (in)
Frame Clock (out) cPa
—1.4mA { |
Collision Detect (in)

Figure 3.7. Internal Transceiver Block Diagram

3.4.1 Direct Mode

In Direct mode, the processor communicates with the transceiver using a stream of Differential Manchester
encoded data (see Figure 3.8). This guarantees a transition in every bit period for purposes of synchroniz-
ing the receiver clock. Zero/one data is indicated by the presence/absence (respectively) of a second tran-
sition halfway between clock transitions. This mode is polarity insensitive.

| | | | | |
T N S A T A
| | [ [ | I
1 1 1 1 1 1
— 800ns w-——
@ 1250K bits/s

Figure 3.8. Direct Mode Differential Manchester Data Encoding
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Table 3.6. Single-Ended and Differential Network Data Rates

Network Bit Rate Minimum Input Clock | Maximum Input Clock
(kbps) (MH2) (MHz)
1,250 10.0 10.0
625 5.0 10.0
3125 25 10.0
156.3 1.25 10.0
781 0.625 10.0
39.1 0.625 10.0
19.5 0.625 10.0
9.8 0.625 10.0
49 0.625 5.0

3.4.1.1 DIRECT MODE SINGLE ENDED. The single-ended mode is most commonly used with external
active transceivers interfacing to media such as RF, IR, fiber optic, and coaxial cable. Figure 3.9 shows the
communications port configuration for the single-ended mode of operation. Data communication occurs
via the single-ended (with respect to VSs) input and output buffers on pins CP0 and CP1. Single-ended and
differential modes use Differential Manchester encoding, which is a widely used and reliable format for
transmitting data over various media. The available network bit rates for single-ended and differential
modes are given in Table 3.6, as a function of the NEURON CHIP input clock rate.

Differential |

NRZ Data «+— Manchester CPO | Data Input
Decoder l
Differential

NRZData —| Manch CP1 I Data Output
Encoder

i Transmit Enable
T
ransmit Enable —D——- cP2 Output
Sleep __D— cp3 | Sleep (Power-down)
Output

CP4 Collision Detect
Input

Collision Detect Enable

Figure 3.9. Single-Ended Mode Configuration

In single-ended mode, the communications port encodes transmitted data and decodes received data us-
ing Differential Manchester coding (also known as bi-phase space coding). This scheme guarantees a
transition at the beginning of every bit period for the purpose of synchronizing the receiver clock. Zero/one
data is indicated by the presence or absence of a second transition halfway between clock transitions. A
mid-cell transition indicates a 0. Lack of a mid-cell transition indicates a 1. Differential Manchester coding is
polarity-insensitive. Thus, reversal of polarity in the communication link will not affect data reception. Figure
3.10 shows a typical packet where T is the bit period, equal to 1/(bit rate).

The transmitter transmits a preamble at the beginning of a packet to allow the other nodes to synchronize
their receiver clocks. The preamble consists of a series of Differential Manchester 1’s. Its duration is at least
six bits long and is selectable by the user.
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| i I |l ll £ l
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Sync olati
} Preamble | Violation

Figure 3.10. Single-Ended Mode Data Format

The preamble ends with a single byte-sync bit, which marks the start of byte boundaries at the bit following.
The byte-sync bit is a Differential Manchester 0.

The NEURON CHIP terminates the packet by forcing a Differential Manchester code violation. After sending
the last CRC bit, it holds the data output transitionless for 2-1/2 bit times. The Transmit Enable pinon CP2is
then driven low, indicating the end of transmission. For a NEURON CHIP, the time to format and begin to send
a 12-byte message is from 2.8 to 44.8 ms depending on the input clock rate (10 MHz to 625 kHz).

As an option, the NEURON CHIP accepts an active-low Collision Detect input from the transceiver. If collision
detection is enabled and CP4 goes low for at least one system clock period (200 ns with a 10 MHz clock)
during transmission, the NEURON CHIP is signaled that a collision has or is occurring and that the message
must be resent. The node then attempts to reaccess the channel.

If the node does not use collision detection, then the only way it can determine that a message has notbeen
received is to request an acknowledgement. When acknowledged service is used, retry timer is set to allow
sufficient time for a message to be sent and acknowledged (typically 48 to 96 ms at 1.25 Mbps when there
are no routers in the transmission path). If the retry timer times out, the node attempts to reaccess the chan-
nel. The benefit of using collision detection is that the node does not have to wait for the retry timer to
time-out before attempting to resend the message, because the node detects the collision when it sends
the packet.

Beta 1 time is the idle period after a packet has been sent.

Both priority (P) and non-priority slots are defined by the Beta 2 time. Nodes listen to the network prior to
transmitting a packet. This prevents nodes from transmitting packets on top of each other except when the
packets are initiated at nearly the same time. In addition, nodes randomize the time before they start trans-
mitting on the network. When the network is idle, all nodes randomize over 16 slots. When the estimated
network load increases, nodes start randomizing over more slots in order to lower the probability of a colli-
sion. The number of randomizing slots (R) varies from 16 up to 1008, based on “n”, the estimated channel
backlog (the number of slots is ne16 where “n” has a range of 1 to 63). See Figure 3.11.

1] +-IP H

Code Violation -—] | | |
| Preamble Data and CRC n Beta 1 Time | Priority ! Randomizing |
r Transmitted Packet """ Chamnellde '  Beta2Siots !

Figure 3.11 Packet Timing
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When put in direct single-ended mode the NEURON CHIP can interface to an external EIA-485 transceiver
IC. See Figure 3.12. While not having the performance of a transformer coupled circuit (Section 3.4.1.2)
this can offer a more economical solution. EIA-485 chips can be found in bipolar and CMOS versions.
CMOS uses less power but is usually more expensive. The communications port must be put in single-
ended mode for implementing an EIA-485 network. EIA-485 specifies 32 drivers and 32 receivers on a
single twisted pair of wires. Many wire types can be used with this approach but collision detection may be
difficult to implement.

5V
MC143150 EIA-485 Transceiver 120Q
1
TG
CP1
CP2 o—_] (1\3 *—
CP3 {1 1
CP4 ——g
BV
MC143150 EIA-485 Transceiver
1
ey ;
CP1 [
cP2 - ! T+

rg
]

[
s:z T P1ly

>

+5V

Figure 3.12. EIA-485 Twisted Pair Interface
(Used with single-ended mode)

3.4.1.2 DIRECT MODE DIFFERENTIAL (DIRECT CONNECT). In the differential mode, the NEURON
CHIP’s built-in transceiver is able to differentially drive and sense a twisted-pair transmission line with exter-
nal passive components. Differential mode is similar in most respects to single-ended mode; the key differ-
ence is that the driver/receiver circuitry is configured for differential line transmission. Data output pins CP2
and CP3 are driven to opposite states during transmission and put in a high-impedance (undriven) state
when not transmitting. The differential receiver circuitry on pins CP0 and CP1 has selectable hysteresis
with eight selectable voltage levels followed by a selectable low-pass filter with four selectable values of
transient pulse (noise) suppression. See Figure 3.13. The selectable hysteresis and filter permit optimizing
receiver performance to line conditions. See Tables 3.7 and 3.8 for specific values.

Figure 3.14 shows a typical packet waveform in differential mode. Note that the packet format is identical to
that of the single-ended interface described earlier; the coding and jitter tolerance also apply identically.

The drivers can source 35 mA of current at 4.2 V and can sink 35 mA of currentat 0.8 V (VDD =5 V). The
programmable hysteresis values shown in Table 3.7 correspond to the differential threshold of the receiver.
It is recommended that the signal level at the receiver be kept two to three times higher than the pro-
grammed threshold. See Tables 3.8 and 3.9.
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Differential + cpo | +Datalnput
NRZ Data «— Manchester [— Filter o
Decoder * _ CP1 I - Data Input
F1-F2 H1-H3
Differential A cP2 | + Data Output
NRZ Data —={ Manch
Encoder p CP3 l - Data Output
Transmit Enable
(Three State Control)
Gpa | Colision Detect
Input

Collision Detect Enable

Figure 3.13. Differential Mode

IT/2 lT/2 |

lTJTJ
o T 1

UL ——

=L

|

UL/ UL S

| Bit Sync
| Preamble

Il IL I | C |
I By 1 I Code =55
Violation Beta 1

Data + 16 Bit CRC Bota 2
Sync | ©

Figure 3.14. Differential Mode Data Format

Table 3.7. Communications Port Programmable Hysteresis Values
(Expressed as differential peak to peak voltages in terms of Vpp)

MOTOROLA

Hysteresis Vhys Min Vhys Typ Vhys Max
0 0.019 Vpp 0.027 Vpp 0.035 Vpp
1 0.040 Vpp 0.054 Vpp 0.068 Vpp
2 0.061 Vpp 0.081 Vpp 0.101 Vpp
3 0.081 Vpp 0.108 Vpp 0.135 Vpp
4 0101 Vpp 0.135Vpp 0.169 Vpp
5 0.121 Vpp 0.162 Vpp 0.203 Vpp
6 0.142Vpp 0.189 Vpp 0.236 Vpp
7 0.162 Vpp 0.216 Vpp 0.270 Vpp
MC143150eMC143120
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Table 3.8. Communications Port Programmable Glitch Filter Values

Filter (F) Min Typ Max Unit
0 2 6 9 ns
1 90 270 580 ns
2 200 535 960 ns
3 410 1070 1920 ns

Table 3.9. Differential Transceiver Electrical Characteristics

Characteristic Min Max
Receiver Common Mode Voltage Range to maintain hysteresis as spe- 1.2V Vpp-22V
cified below
Receiver Common Mode Range to operate with unspecified hysteresis 09V Vpp-1.75V
Input Offset Voltage -0.05 Vhys ~ 35 mV 0.05 Vhys +35 mV
Propagation Delay (F = 0, V|p = Vhys/2 + 200 mV) -_ 230 ns
Input Resistance 5MQ —
Wake-Up Time — 10 us
Filter Asymmetry (tT H/tPHL) 0.7 1.42

In order for the receiver to detect the edge transitions, two windows are set up for each bit period, T. The first
window is set at T/2 and determines if a 0 is being received. The second window is at T and defines a 1. This
transition then sets up the next two windows (T/2 and T). If no transition occurs, a Manchester code
violation is detected and the packet is assumed to have ended. Table 3.10 shows the width of this window
as a function of the ratio of the NEURON CHIP input clock (MHz) and the network bit rate (Mbps) selected. If a
transition falls outside of either window, it is not detected. Timing instability of the transitions, known asjitter,
may be caused by changes in the communications medium, or instability in the transmitting or receiving
node’s input clocks. The jitter tolerance windows are expressed as fractions of the bit period, T, in
Table 3.10.

Table 3.10. Receiver Jitter Tolerance Windows

Ratio of NEuURON
CHIP Input Clock Next Data Edge Next Clock Edge
to Network Bit Rate Min Nom Max Min Nom Max
8:1 0.375T 0.500T 0.622T 0.875T 1.000T 1.1227
16:1 0.313T 0.500T 0.685T 0.813T 1.000T 1.185T
32:1 0.345T 0.500T 0.717T 0.845T 1.000T 1.155T
64:1 0.330T 0.500T 0.702T 0.830T 1.000T 1.170T
128:1 0.323T 0.500T 0.695T 0.823T 1.000T 11777
256:1 0.313T 0.500T 0.690T 0.818T 1.000T 1.182T
512:1 0.3157 0.500T 0.687T 0.815T 1.000T 1.185T
1024:1 0.315T 0.500T 0.687T 0.815T 1.000T 1.185T

The allowable network bit rates for Direct Mode are given in Table 3.6. All the active components necessary
to implement twisted pair networks using Direct Mode are present on the NEURON CHIP. For a small local
network of nodes a simplified direct-connect network interface, such as that shown in Figure 3.15, may be
employed. Use this circuit only when all the NEURON CHIPS on the network share a common power supply.
Up to 64 nodes can be networked in direct connect mode at 1.25 Mbps. The 51 Q resistors provide current
limiting when two NEURON CHIPS might be attempting to drive the line to alternate states (a collision) and
also bias the transmit signal to be within the common mode voltage range of the receiver. The diodes pro-
vide some transient protection.
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Figure 3.15. Simple Direct Connect Network Interface
(Used with direct mode differential)

3.4.1.3 DIRECT MODE DIFFERENTIAL (TRANSFORMER COUPLED). Transformer coupled twisted
pair transceivers are designed to communicate between multiple remote nodes, and incorporate circuitry
for common mode rejection, collision detection, line isolation, power-down protection, etc. An example is
shown in Figure 3.16.

When using the transformers described in Table 3.11, collision detection can be supported over specified
wire types (see twisted pair application note) and high common mode isolation and noise immunity is
achieved. Other data rates and wire types would require different transformers. Designers may develop
their own transformer coupled circuits. Properly designed transformer-coupled circuits can support up to
64 nodes on a single twisted pair of wires.

Table 3.11. Suggested Twisted-Pair Transformer Manufacturers for 78 kbps and 1.25 Mbps
78 kbps 1.25 Mbps
Part Number 0505-0542 PE-65948
Turns Ratio 2:1 11
Lineside Inductance =35mH =3.5mH
Company Precision Components Inc. Pulse Engineering, Inc.
Address 400 W. Davy Lane 7250 Convoy Court
Wilmington, lllinois 60481 San Diego, CA 92111
Phone Number 708-543-6448 619-268-2400
Contact Bill Gray John G. Schuler
MOTOROLA MC143150eMC143120 3-15
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Figure 3.16. Transformer Coupled Twisted Pair Interface
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3.4.2 Special-Purpose Mode

In special situations, it is desirable for the NEURON CHIP to provide the packet data in an unencoded format
and without a preamble. In this case, an intelligent transmitter accepts the unencoded data and does its
own formatting and preamble insertion. The intelligent receiver then detects and strips off the preamble and
formatting and returns the decoded data to the NEURON CHIP. Such an intelligent transceiver contains its
own input and output data buffers and intelligent control functions, and provides handshaking signais to
properly pass the data back and forth between the NEURON CHIP and the transceiver. In addition, there are
many features that can be defined by and incorporated into a special purpose transceiver.

« Ability to configure various parameters of the transceiver from the NEURON CHIP

« Ability to report on various parameters of the transceiver to the NEURON CHIP

¢ Multiple channel operation

« Multiple bit rate operation

» Use of forward error correction

 Media specific modulation techniques requiring special message headers and framing.
« Collision detection

When the special-purpose mode is used, a protocol is utilized between the NEURON CHIP and the trans-
ceiver. This protocol consists of the NEURON CHIP and the transceiver, each exchanging 16 bits, 8 bits of
status and 8 bits of data (see Figure 3.17) simultaneously and continuously at rates up to 1.25 Mbps (when
the NEURON CHIP’s input clock is 10 MHz). The 1.25 Mbps bit rate allows time-critical flags, such as a Car-
rier Detect, to be exchanged across the interface with network bit rates up to 156 kbps. The maximum bit
rate is 156 kbps due to the overhead associated with the handshaking.

Bit Clock Output
| I
| |

Frame Clock Output
CP4 ll' lll

MSB Status LSB MSB Data LSB]
RX Input
oo |1l 7 e|s|ala]a|1]of7|e|s|a]s]|2]t]o]7]6
l MsB Status LSB MSB Data l,lse
Txo“é';": 1lol7]6|s|afala]1]o|7|6]s|alalalt|o]7]s

Figure 3.17. Special-Purpose Mode Data Format

There are three types of data that can be sent and received during each frame.

N nsmitted or received.

2. Configuration data: | nformatlonf t NEURON C whic tells the transceiver how it is to be set
up or configured.

3. Status data: Information parameters reported from the transceiver to the NEURON CHIP when it is

requested by the NEURON CHIP.

MOTOROLA MC143150eMC143120 3-17



The contents of the configuration data and status data are defined by the transceiver. The status flags are
listed in Table 3.12. If it is determined that the special-purpose mode is necessary and practical for the
user’s transceiver design then the LONBUILDER Developer’s Workbench can be used to test this mode of
operation with the user’s own transceiver. See Table 3.13 for Part Timing Characteristics and Figure 3.18
Timing Diagram.

Table 3.12 Special-Purpose Mode Transmit and Receive Status Bits

TX Output, Status Bits

Bit 7 TX_FLAG NEURON CHiP in the process of transmitting packet

Bit6 TX_REQ_FLAG NeurON CHiP requests to transmit on the network

Bit 5 TX_DATA_VALID NEURON CHIP is passing network data to the transceiver in this frame
Bit 4 Don’t Care Unused

Bit 3 TX_ADDR_R/W If negated, NEurON CHIP is writing internal transceiver register

Bit 2 TX_ADDR_2 Address bit 2 of internal transceiver register (1..7) *

Bit 1 TX_ADDR_1 Address bit 1 of internal transceiver register (1 .. 7) *

Bit 0 TX_ADDR_O Address bit 0 of internal transceiver register (1 .. 7) *

RX Input, Status Bits

Bit7 SET_TX_FLAG Transceiver accepts request to transmit packet

Bit 6 CLR_TX_REQ_FLAG Transceiver acknowledges request to transmit packet

Bit5 RX_DATA_VALID Transceiver is passing network data to the NEURON CHIP in this frame
Bit 4 TX_DATA_CTS Transceiver indicates that NEURON CHIP is clear to send byte of network data
Bit 3 SET_COLL_DET Transceiver has detected a collision while transmitting the preamble
Bit 2 RX_FLAG Transceiver has detected a packet on the network

Bit 1 RD/WR_ACK Transceiver acknowledges read/write to internal register

Bit0 TX_ON Transceiver is transmitting on the network

*Note that internal transceiver Register 0 is not valid. Registers 1 through 7 are defined by the transceiver implementation.

While the special purpose mode offers custom features, it is expected that most transceivers will use the
single-ended mode for most types of medium, from coaxial cable to RF to fiber optic, since it offers Differ-
ential Manchester encoding, which takes care of clock recovery. A more detailed document entitled:
Special-purpose mode, Transceiver interface specification will be available.

Table 3.13. Special-Purpose Mode Communication Port Timing Characteristics

Num Parameter* Min** Max
1 Clock High Time TBD TBD
2 Clock Low Time TBD TBD
3 Frame Clock Low to Bit Clock Low TBD TBD
4 Frame Clock High TBD TBD
5 Frame Clock Low to First Status Bit Out TBD TBD

* Accuracy of values is dependent on crystal accuracy (recommended +1.5%).
** Characteristics are @ 1.25 Mbps.
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Figure 3.18. Special Purpose Mode Timing Diagram

3.5 CLOCKING SYSTEM

3.5.1 Clock Generation

The NEURON CHIP includes an oscillator that may be used to generate an input clock using an external
crystal . The transconductance of this oscillator is 2.1 millisiemens minimum. The NEURON CHIP may oper-
ate over a range of input clock rates from 10 MHz to 625 kHz for low power applications. The valid input
clock frequencies are: 10 MHz, 5 MHz, 2.5 MHz, 1.25 MHz, and 625 kHz. Alternatively, an externally gener-
ated clock may drive the CMOS input pin CLK1 of the NEURON CHIP, in which case CLK2 must be left uncon-
nected. The accuracy of the clock frequency must be +1.5 % or better to ensure that nodes may correctly
synchronize their bit clocks when using Direct Mode transceivers. Crystal values are listed down to 625
kHz. See Figure 3.19 and Table 3.14. Because the input clock is divided by two, a wide range input duty

cycle is allowed.

CLK1 CLK2

Ry
Crystal or
Ceramic R

Resonator |_|
c f f c
Figure 3.19. NEURON CHIP Clock Generator Circuit
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Table 3.14. Clock Generator Component Values

Crystal Ceramic Resonator
Input Clock Frequency R C R C
10.0 MHz 270 Q 30 pF 270 Q 30 pF
5.0 MHz 470 Q 30 pF 270 Q 30 pF
2.5 MHz 1kQ 36 pF 1kQ 36 pF
1.25 MHz 1.2kQ 47 pF 1.2kQ 47 pF
625 kHz 2.7 kQ 47 pF 1.2 kQ 100 pF

Rf = 100 k< for all conditions. Ceramic or crystal resonator frequency = input clock frequency. Crystal may
be parallel or series resonant. NPO-type ceramic capacitors are recommended. Resistor and capacitor
tolerance is +5%. A suggested supplier for the ceramic resonators is :

Murata Erie 10 MHz CSA 10.0 MT
2200 Lake Park Drive 5 MHz CSA50MT
Smyrna, Georgia 30080 2.5 MHz CSA 2.5 MG

Tel: 404-436-1300

3.5.2 Clock-Divide Circuitry

The NEURON CHIP divides the input clock by a factor of two to provide a symmetrical on-chip system clock.
As mentioned in the previous section, the input clock may be generated either by an external free-running
TTL source, or by an on-chip oscillator using an external crystal or ceramic resonator.

A processor instruction cycle is three system clock cycles, or six input clock cycles. Most instructions take
between one and seven processor instruction cycles. At a maximum input clock rate of 10 MHz, instruction
times are between 0.6 pus and 4.2 ps. The formula for instruction time is:

<Instruction Time> (us) = <# Cycles> x 6 / <Input Clock> (MHz)

Tables 3.15, 3.16, and 3.17 list the processor instructions and their timings. This is provided for purposes of
calculating response times to events on the I/O pins. ALL PROGRAMMING OF THE NEURON CHIP IS
DONE WITH NEURON C USING A LONBUILDER DEVELOPMENT SYSTEM.

Table 3.15. Program Control Instruction Timings

Mnemonic Cycles Description
NOP 1 No operation
SBR 1 Short branch
BR/BRC/BRNC 2 Branch, branch on (not) carry
SBRZ/SBRNZ 3 Short branch on (not) zero
BRF 4 Branch far
BRZ/BRNZ 4 Branch on (not) zero
RET 4 Return from subroutine
BRNEQ 4/6 Branch if not equal (taken/not taken)
DBRNZ 5 Decrement and branch if not zero
CALLR 5 Call subroutine relative
CALL 6 Call subroutine
CALLF 7 Call subroutine far

3.20 MC143150eMC143120 MOTOROLA



Table 3.16. Program Control Instruction Timings

Mnemonic Cycles Addressing Mode
PUSH TOS 3 TOS register
PUSH/POP cpureg 4 Any CPU register
PUSH/POP D 4 Base page plus displacement (8-23)
PUSH/POP ITOS 4 Base page plus contents of TOS
PUSH [RSP] 4 Data on top of return stack
PUSHS/PUSH #literal 4 3 or 8-bit literal value
PUSHPOP 5 Pop from return stack, push to data stack
POPPUSH 5 Pop from data stack, push to return stack
LDBP address 5 Load base pointer register
PUSH/POP [DSP][D] 5 Contents of DSP minus displacement (1-8)
PUSHD #iiteral 6 16-bit literal value
POPD/PUSHD [PTR] 6 16-bit indirect through base page pointer (0-3)
PUSH/POP [PTR][TOS] 6 Indirect through base page pointer plus TOS
PUSH/POP [PTR][D] 7 Indirect through base page pointer plus displ.
PUSH/POP absolute 7 Push memory data to data stack ]

Table 3.17. ALU Instruction Timings

Mnemonic Cycles Operation
INC/DEC/NOT 2 Increment/decrement/negate
TOSROLC/RORC 2 Rotate left/right TOS through carry
SHL/SHR 2 Logical left/right shift TOS
SHLA/SHRA 2 Arithmetic left/right shift TOS
DROP NEXT (*) 2 Drop next element from data stack
DROP [RSP] 2 Drop top of return stack
ADD/AND/OR/XOR #literal 3 Operate with literal on TOS
DROP TOS (*) 3 Drop top of data stack
ALLOC #literal 3 Move data stack pointer
ADD/AND/OR/XOR (*) 4 Operate with next element on TOS
ADC/SBC/SUB/XCH 4 Operate with next element on TOS
INC [PTR] 6 Increment base page pointer (0-3)
DEALLOC_R #literal 6 Move data stack pointer and return
IN/OUT 7+4" #bytes | Block input/output

*These instructions optionally return from the current subroutine — add “_R” to the mnemonic
and 3 cycles to the timing.

3.6 ADDITIONAL FUNCTIONS

3.6.1 Sleep/Wake-Up Circuitry

The NEURON CHIP may be put into a low-power sleep mode under software control. In this mode, the sys-
tem clock and all timer/counters are turned off, but all state information (including the contents of on-chip
RAM) is retained. Normal operation resumes when an input transition occurs on any one of the following:

¢ 1/O pins (maskable):

One of 104 through 107, selected by the timer/counter multiplexer
« Service pin (not maskable)
« Communications port (maskable):

Differential Direct Mode CPO or CP1
Single-Ended Direct Mode CPO
Special Purpose mode CP3
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The application software may optionally specify that the programmable pull-ups on the service pin and I/O
pins 104-107 be disabled to further reduce power consumption.

3.6.2 Watchdog Timer

The NEURON CHIP processors are protected against malfunctioning software or memory faults by three
watchdog timers, one per processor. If application or system software fails to reset these timers periodi-
cally, the entire NEURON CHIP is automatically reset. The watchdog period is approximately 0.84 seconds at
maximum input clock rate (10 MHz) and scales inversely with the input clock rate. When the NEURON CHIP
is in sleep mode, all the watchdog timers are disabled.

3.6.3 Reset Circuitry

3.6.4 Power On Reset

The RESET pin is an open-drain active low input to the NEURON CHIP, with an internal pull-up and also an
output under software control. When power is applied to the following circuit, the reset capacitor Cy charges
via the internal pull-up and the diode, providing a clean reset to the NEURON CHIP and other attached cir-
cuitry. When Vpp is turned off, the circuit resets the NEURON CHIP by discharging the capacitor through the
external diode and the source impedance of the power supply in conjunction with the internal P channel
transistor acting as a diode to ground when power down occurs.

The value of the capacitance is given by:

Cr = (300 pA + 1) x TV

where:
Cr=minimum value of reset capacitance
300 pA =maximum built-in pull-up current
I =maximum pull-up current due to external devices (e.g. TTL input current)
T=time for VpD to reach 90% of final value
V=final Vpp voltage

e.g., ifa5.25 V power supply ramps up in one full 60 Hz cycle (16.67 ms), and external components could
contribute up to 15 pA of pull-up current, a total minimum value of 1 uF capacitance is required. The RESET
pin may also be activated as an output under software control. It may therefore be used to reset external
circuitry such as transceivers. In this case, the optional external reset capacitor Ce is needed, as shown in
Figure 3.20. Figure 3.21 shows a typical analog waveform.

Ce = (300 pA + 1) x T/(V — 0.5 V)

where:
Ce=minimum value of external reset capacitance
300 pA=maximum built-in pull-up current
I=maximum pull-up current due to external circuits
T=reset pin low hold time for external devices to reset properly
V=minimum reset V| level of external device
0.5 V=maximum expected offset of RESET pin

Forexample, if two external LSTTL devices (with V| =0.8 V) contribute 400 pA each of pull-up current, and
require a 30 ns reset low hold time, a total minimum value of 110 pF capacitance is required. The total
capacitance directly connected to the RESET pin, including stray and external device input capacitance,
may not exceed 250 pF. A NEURON CHIP needs no capacitance on the RESET pin to reset itself or be reset
by an external device. These components will provide proper reset for a normal power down and power up
supply condition. For systems in which the power supply voltage may fluctuate or does not completely
power down in all cases, a low voltage detect circuit, as shown in Figure 3.22, is recommended.
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A Devices

Cr T 3 2 Ce (optional)

Figure 3.20. Power on Reset Circuit

i

VDD

08V

Vss

——>| |-— Duration of Neuron CHiP Power-on Reset

Figure 3.21. Typical Analog Waveform on Reset Pin at Power On

External _ NEURON CHIP
5VVpp Devices ‘:
Py ! 1
lo,s mA 4.59 V Reset Threshold) . 7 30-300 A
2 MC34064D : RESET
q
' 6
: [
Cr == iz
—___I: _.|__ Network
- - Reset
Ceg (optional) Message
(250 pF max)
T External
Reset
Power on Reset Time = (C; x Vpp) / (300 A + 1) s
0.8V
Internal
Threshold

Figure 3.22. Example Low Voltage Detect/Reset Circuit

To reset the NEURON CHIP from an outside source, the RESET pin must be pulled below 0.8 V by an open
drain output for a duration of 20 ns. After release of the pin by the external source the pin must be allowed to
rise using the internal pull-up source and any external pull-up current source of not greater than 1.6 mA.
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Using the minimum internal capacitance of 10 pF and the maximum pull-up current of 1.9 mA (1.6 mA exter-
nal +300 pA internal) the minimum risetime on the pin can be obtained. During reset the communications
port pins and I/O pins are three-state. The address bus is an output (high or low) and all others are indeter-
minate (high, low, or three-state).

When a processor watchdog timer expires, or a software command to reset occurs, output N-channel tran-
sistor turns on and pulls down the RESET pin (the power on capacitor is not discharged). This transistor has
the same drive capability as the other high sink pins (20 mA @ 0.8 V). When the TTL compatible input buffer
senses the RESET pin is low, it sends a signal through the control logic to shut off the N-channel transistor.
The RESET pin and optional capacitor (<250 pF) are allowed to begin their slow rise time, and provide the
required duration of reset.

3.7 SERVICE PIN

This pin alternates between input and open-drain output at a 76 Hz rate with a 50% duty cycle. Whenitis an
output, it can sink 20 mA for use in driving a LED. When it is used exclusively as an input, it has an optional
on-chip pull-up. Under control of NEURON CHIP firmware, this pin is used during configuration and instal-
lation of the node containing the NEURON CHIP. The firmware lights the LED when the NEURON CHIP has not
been configured with network address information. Grounding the service pin causes the NEURON CHIP to
transmit a network management message containing its 48-bit unique ID on the network. This information
may then be used by a network management device to install and configure the node. A typical circuit for
the service pin LED and push-button is shown in Figure 3.23. During reset the Service pin state is
indeterminate.

MC143150 / MC143120

Vpp —

LED b— <« Config

Pullup

7 Broadcast

Service D

20 mA
gﬁ( —  <~— Diveou
Vss

For driving a 50% duty cycle output.
=3 Waveform is sampled for external ground condition.

Service Pin [SSS‘ ESSS' FSS S
Signal Out I I I Samples

Figure 3.23. Service Pin Circuit
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SECTION 4
PROCESSOR ORGANIZATION

4.1 PROCESSING UNITS

The three processors are dedicated to the following functions by the system software (Figure 4.1).

Processor 1 is the Media Access Control (MAC) layer processor that handles layer one of the seven-layer
network protocol stack. This includes driving the communications subsystem hardware as well as execut-
ing the collision avoidance algorithm. Processor 1 communicates with Processor 2 using packet buffers
located in shared memory.

Processor 2 is the Network Processor thatimplements layers two through six of the network protocol stack.
It handles network variable processing, addressing, transaction processing, authentication, background
diagnostics, software timers, network management, and routing functions. Processor 2 uses packet buff-
ers in shared memory to communicate with Processor 1, and Service Interface Control Blocks (SICBs) to
communicate with Processor 3.

Processor 3 is the Application Processor. It runs code written by the user, together with the operating sys-
tem services called by user code. The primary programming language used by most applications is
NEURON C, a derivative of the C language optimized and enhanced for LON distributed control applica-
tions. The major enhancements are:

» A built-in multitasking scheduler that allows the programmer to express logically parallel event-driven
tasks in a natural way, and to control the priority execution of these tasks.

« A declarative syntax for input/output objects directly mapping into the input/output capabilities of the
processor—see Section 7 for details.

« A declarative syntax for network variables, which are NEURON C language objects whose values are
automatically propagated over the network whenever values are assigned to them.

« Adeclarative syntax for millisecond and second timer objects which activate user tasks on expiration.

¢ A run-time library of function calls to perform event checking and input/output, to send and receive
messages across the network, and to control miscellaneous functions of the NEURON.

The support for all these capabilities is part of the LONWORKS firmware, and does not need to be written by

the programmer. This allows even complex applications to be written in the application program memory
space of the MC143120 processor.
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Figure 4.1. Processor Organization Memory Allocation

4.2 MEMORY ALLOCATION

4.2.1 MC143150 Memory Allocation (See Figure 4.2)

» 512 bytes of in-circuit programmable EEPROM that store:
— Network configuration and addressing information
— Unique 48-bit LON identification code — written at the factory
— User-written application code and read-mostly data
e 2,048 bytes of static RAM that store:
— Stack segment, application, and system data
— LON protocol network buffers and application buffer
« Up to 65,536 bytes of memory address space — any mix of ROM, EPROM, EEPROM or RAM. The

processor can access 59,392 bytes of this memory via the external memory interface; 6,144 bytes
of the address space are mapped internally.

16,384 bytes of external memory are required to store:

— The LONWORKS operating system, including the system firmware executed by the MAC and Net-
work processors, and the executive supporting the application program.

The rest of external memory is available for:

— User-written application code

— Additional application read/write data

— Additional network buffers and application buffer
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4.2.2 MC143120 Memory Allocation (See Figure 4.3)

¢ 512 bytes of in-circuit programmable EEPROM that store:

— Network configuration and addressing information
— Unique 48-bit LON identification code — written at the factory
— User-written application code and read-mostly data

* 1,024 bytes of static RAM that store:

— Stack segment, application, and system data
— LON protocol network buffers and application buffer

* 10,240 bytes of masked ROM that store:
— LONWORKS firmware executed by the MAC and Network processors
— Operating system supporting the application program

0000

16K NEuroN CHip
Firmware and
Reserved Space
3FFF
4000
42K of Memory
Space Available
to the User
E7FF
E800
2K RAM
EFFF
F000
0.5K EEPROM
FIFF
2.5K Reserved
FCo0
1K Memory-mapped
1/0 and Reserved Space
FFFF

Figure 4.2. MC143150 Processor
Memory Map
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0000

27FF

EC00

EFFF
F000

FIFF

FC00

FFFF

Figure 4.3. MC143120 Processor
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S

1K RAM
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SECTION 5
INPUT/OUTPUT INTERFACES

The NEURON CHIP connects to application-specific external hardware via eleven pins named 100 through
1010. These pins may be configured in numerous ways to provide flexible input and output functions with a
minimum of external circuitry. The programming model (the NEURON C language) allows the programmer
to declare one or more pins as |/O objects. An object is simply an input or output waveform definition. They
can be thought of as prewritten firmware routines in ROM which are accessed by the user’s application
program. The user’s program may then refer to these objects in io_inand io_out system calls to perform the
actual input/output function during execution of the program. There are 24 different I/O functions available
— 11 for input, 11 for output, and two bidirectional functions.

5.1 HARDWARE CONSIDERATIONS

Various combinations of I/O pins may be configured as digital inputs or outputs as listed in Tables 5.1, 5.2,
and 5.3. For the electrical characteristics of these pins, see Tables 6.1, 6.2, and 6.3 in Section 6. The appli-
cation program may optionally specify the initial values of digital outputs. Pins configured as outputs may
also be read as inputs, returning the value last written. Pins 104, 105, 106, and |07 have optional pull-up
current sources (30 pA to 300 pA). These are enabled with a NEURON C compiler directive (# pragma
enable_io_pullups). Pins 100, 101, 102, and 103 have high sink capability (20 mA @ 0.8 V). The others
have the standard sink capability (1.4 mA @ 0.4 V). The latency and timing values described in this section
are typical. The accuracy is +10%. Most latency values scale up at lower input clock rates.

Table 5.1. Summary of Input Functions

/O Mode Applicable /O Pins Input Value
Bit 100-1010 0, 1 binary data
Bit Shift Any adjacent pair (with Up to 16 bits of clocked data

even bit being the clock)

Byte 100-107 0 .. 255 binary data

Level Detect 100-107 Negative edge or no edge detected

Nibble 100..103 to 104..107 0 .. 15 binary data

On-Time 104-107 Pulse width of 0.2 us — 1.678 s

Period 104-107 Signal period of 0.2 ps — 1.678 s

Pulse Count 104-107 0 .. 65,535 input edges during 0.839 s
Quadrature 104 & 105, 106 & 107 + 16,383 binary Gray code transitions

Serial 108 8-bit characters at 600, 1200, 2400, or 4800 baud
Total Count 104-107 0 .. 65,535 input edges
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Table 5.2. Summary of Output Functions

1/0 Mode Applicable I/0 Pins Output Value
Bit 100-1010 0, 1 binary data
Bit Shift Any adjacent pair Up to 16 bits of clocked data
Byte 100 .. 107 0 .. 255 binary data
Frequency 100, 101 Square wave of 0.3 Hz to 2.5 MHz
Nibble 100 .. 103, 104.. 107 0 .. 15 binary data
One-Shot 100, 101 Pulse of duration 0.2 us to 1.678 s
Pulse Count 100, 101 0 .. 65,535 pulses
Pulse Width 100, 101 0 .. 100% duty cycle pulse train
Serial 1010 8-bit characters at 600, 1200, 2400, or 4800 baud
Triac 100, 101 & 104-107 Delay of output pulse w.r.t. input edge
Triggered Count | 100, 101 & 104-107 Output pulse controlled by counting input edges

Table 5.3. Summary of Bi-Directional Functions

/0 Mode Applicable I/O Pins Output Value
NeuROWIRE 108 (clk) & 109, 1010 (data) | Up to 255 bits of clocked data
Parallel 11O 100-1010 Up to 255 bytes of data

To maintain and provide consistent behavior for external events, all eleven I/O pins of the NEURON CHIP,
when configured as inputs, are passed through a hardware synchronization block sampled by the internal
system clock which is always the input clock divided by two (5 MHz). Therefore, for any signal to be reliably
synchronized it must be at least 220 ns in duration (see Figure 5.1).

tsetp | | |
0ns | jenl 'hod
|

t Ons
INPUT i
10_0-10_10 |
|

INTERNAL (200 s
SYSTEM _/_\—/—\ with 10 MHz
CLOCK input clock)

Figure 5.1. Synchronization of External Signals

Allinputs are software sampled during when statement processing. The latency in sampling is dependent
on the I/O object which is being executed (see I/0 timing specification and NEURON C programmers guide
for more information). These latency values scale up proportionally at lower clock rates. Thus any event
that lasts longer than 220 ns will be synchronized by hardware, but there will be latency in software
sampling resulting in delay detecting the event. If the state changes at a faster rate than software sampling
can occur then the interim changes will go undetected. One exception to this is the level detect input which
is latched by a flip-flop with a 200 ns clock. The level detect transition event will be latched but there willbe a
delay in software detection (see Level Detect description in this section). The input timer counter/functions
are also different in that events on the I/O pins will be accurately measured and a value returned to a regis-
ter regardless of the state of the application processor. However, the application processor may be delayed
in reading the register. Consult the NEURON C programmers guide for detailed programming information.
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5.2 SOFTWARE CONSIDERATIONS

Certain events, which are associated with changes in input values, are predefined. The task scheduler can
execute associated user code when these changes occur. The when clause, which is defined in the
NEURON C programming language, is used to evaluate the state of the events. There is latency associated
with evaluating events on the I/0 pins due to when-clause to when-clause software processing delays. The
delay varies with the number when statements and other factors. Figure 5.2 illustrates the best case
latency associated with two when clauses doing bit outputs (high then low) that evaluate to be true. The
NEURON C code which would perform this is:

/* NEURON C code to drive I/O pin high then low */
10_0 output bit testbit;

when (1) {
io_out (testbit, 1); }
when (1) {
io_out (testbit,0); }
ety —> ety —>|
| —| |10l |

100 I —
|
|
|

\
|
\
|

ST T

1stwhen end-of-loop 2nd when 1st when
clause  processing clause clause
begins
Symbol Description Typ @ 10 MHz
tww when-clause to when-clause latency 940 ps
tsol Scheduler overhead latency (see text) 54 us

Figure 5.2. when -Clause to when -Clause Latency, tww and Scheduler Overhead Latency, tsol
(Not to scale)

Figure 5.2 shows the best case delays associated between two when clauses that evaluate to be true and
illustrates the scheduler’s end-of-loop latency, tsol. tww is the off-time period of the output waveform and
tsol is the on-time of the output waveform minus tww.

NOTE

Some input/output functions suspend application processing until the task is complete. This is
because they are firmware driven. These are BIT SHIFT, NEUROWIRE, PARALLEL, and SERIAL
I/0 FUNCTIONS. They do not suspend network communication as this is handled by the
NETWORK processor and the MEDIA ACCESS processor.

5.3 DIGITAL INTERFACES (BIT I/0, BYTE I/O, LEVEL DETECT, AND NIBBLE)

5.3.1 Bitl/O

Pins 100 through 1010 may be individually configured as single bit input or output ports. Inputs may be used
to sense TTL-level compatible logic signals from external logic, contact closures, and the like. Outputs may
be used to drive external CMOS and TTL level compatible logic, and switch transistors and very low current
relays to actuate higher-current external devices such as stepper motors and lights. The high (20 mA)
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current sink capability of pins 100 through 103 allows these pins to drive many I/O devices directly. See
Figures 5.3, 5.4, and 5.5.

100 100
101 101
102 102
103 103
104 104
105 105
106 106
107 107
108 108
109 109
1010 1010
3 High Current Drive mm Optional Pullup Resistors
Figure 5.3. Bit I/O
e tfin —>-e— tret —>|
l + f
INPUT :>< [ I I
% : &
TIME + ; +
STARTOF  INPUTPIN  END OF
10-IN() SAMPLED  10-IN()
Symbol Description Typ @ 10 MHz
tfin Function call to sample
100 to 1010 41 us
tret Return from Function
100 19 ps
101 23 us
102 28 us
103 32 us
104 37 us
105 41yus
106 46 us
107 50 us
108 19 ps
109 23 us
1010 28 us

Figure 5.4. Bit Input Latency Values
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1 U
| | |
t | f
OUTPUT | X \
1 \ t
| |

«—tfgyt —> < lrgt —>

TIME ? T T
STARTOF OUTPUTPIN ENDOF
10-0UT() UPDATED  10_0OUT()
Symbol Description Typ @ 10 MHz
tfout Function call to update
103 to 105 69 us
All others 60 us
tret Return from function
100 to 1010 5us

Figure 5.5. Bit Output Latency Values

5.3.2 Byte l/O

Pins 100 through 107 may be configured as a byte-wide input or output port, which may be read or written
using integers in the range 0 to 255. This is useful for driving devices that require ASCI| data, or other data
eight bits at a time. For example, an alphanumeric display panel can use byte function for data, and use
pins 108—1010 in bit function for control and addressing. See Figures 5.6, 5.7, and 5.8.

100 100
101 101
102 102
103 103
104 104
105 105
106 106
107 107
108 108
109 109
1010 1010
3 High Current Drive mm Optional Pullup Resistors

Figure 5.6. Byte I/O

[ lfin —»>je— tret —

i It 1
T T T
INPUT | l [
; ! ;
TIME + % #
STARTOF  INPUTPIN  END OF
10-IN() SAMPLED  10-IN()
Symbol Description Typ @ 10 MHz
tfin Function call to input sample 24 us
tret Return from function 4us

Figure 5.7. Byte Input Latency Values
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<—tfout —»'<—tret —»

i | |

t | f
OUTPUT \ X \
1 | f
TIME + + T‘
STARTOF  OUTPUTPIN ENDOF
I0-CUT{)  UPDATED 10 OUT()

Symbol Description Typ @ 10 MHz
tout Function call to update 57 us
tret Return from function 5us

Figure 5.8. Byte Output Latency Values

5.3.3 Level Detect (Logic Low Level for Input >200 ns)

Pins 100 through 107 may be individually configured as level detect input pins, which latch a negative-going
transition of the input level with a minimal low pulse width of 200 ns with a NEURON CHIP clocked at 10 MHz.
The application can therefore detect short pulses on the input which might be missed by software polling.
This is useful for reading devices such as proximity sensors. Note that this is the only I/O function which is
latched before it is sampled. The latch is cleared during the when statement sampling and can be set again
immediately after, if another transition should occur. See Figure 5.9.

| [ tfin —fa— tret

INPUT Lol | bl

PIN
[ | I
200 ns
SYSTEM
100 CLOCK
101 (@10 MHz) L |
102 i
I83 INPUT —_ : :
104
105 LATCH |
106 TIME
107 T
18 1ST NEGATIVE INPUT | ENDOF
1010 TRANSITION LATCH 2ND 10-IN()
NEGATIVE
= Optional Pullup Resistors IS LATCHED STARTOF - SAMPLED o, cimon
-N) CLEARED 'SLATCHED
Symbol Description Typ @ 10 MHz
tfin Function call to sample
100 35 us
101 39 us
102 44 s
103 48 us
104 53 us
105 57 us
106 62 us
107 66 us
tret Return from function 32 us

Figure 5.9. Level Detect Input Latency Values
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5.3.4 Nibble I/O

Groups of four consecutive pins between 100 and |07 may be configured as nibble-wide input or output
ports, which may be read or written to using integers in the range 0 to 15. This is useful for driving devices
that require BCD data, or other data four bits at a time. For example, a 4x4 key switch matrix may be
scanned by using one nibble to generate an output (row select—one of four rows), and one nibble to read the
input from the columns of the switch matrix. See Figures 5.10, 5.11, and 5.12.

100 100
101 101
102 102
103 103
104 104
105 105
106 106
107 107
108 108
109 109
1010 1010
3 High Current Drive mm Optional Pullup Resistors
Figure 5.10. Nibble I/O
|- tin — - tret —
; f t
INPUT :>< 1 \ I
é : z
TIME | i |
! ! !
START OF INPUTPIN  END OF
10-IN() SAMPLED  10-IN()
Symbol Description Typ @ 10 MHz
tfin Function call to sample
100 to 104 41 us
tret Return from function
100 18 us
101 23 ps
102 28 us
103 32 s
104 37 us

Figure 5.11. Nibble Input Latency Values
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«— lfout —»'<— tret—»

| \
t | —
e
I 1
—+ \ |
TIME + + +
START OF  OUTPUTPIN END OF
10-0UT() UPDATED  10_OUT()

OUTPUT

Symbol Description Typ @ 10 MHz
tfout Function to update
100 78 us
101 90 us
102 102 us
103 113 us
104 125 us
tret Return from function
100 to 104 5us

Figure 5.12. Nibble Output Latency Values
5.4 PARALLEL I/0 INTERFACE FUNCTION

5.4.1 Introduction

Pins 100 through 1010 may be configured as a bidirectional 8-bit data and 3-bit control port for connection
to another processor. The other processor may be a computer, microcontroller, or another NEURON CHIP
(for bridge, router, gateway, or other applications). The parallel interface may be configured in either mas-
ter/slave A, or master/slave B mode. Typically, two NEURON CHIPS interface in master/slave A mode and
interface with a non-NEURON CHIP processor in the master/slave B configuration with the non-NEURON
CHIp as the master. Handshaking is used in both modes to control the instruction execution, and application
processing is suspended for the duration of the transfer (up to 255 bytes per transfer). Consult the NEURON
C programmers guide for detailed programming instructions. Upon a reset condition the master processor
monitors the low transition of the handshake line from the slave NEURON CHIP, then passes a
CMD_RESYNC (0 X 5A) to the NEURON CHIP for synchronization purposes. This must be done within 0.84
seconds after reset goes high with a NEURON CHIP running at 10 MHz to avoid a watchdog reset error condi-
tion (see NEURON C programmers guide). The CMD_RESYNC is followed by the slave acknowledging with
a CMD_ACKSYNC (0 X 07). This synchronization ensures that both processors are properly reset before
data transfer occurs. When interfacing two NEURON CHIPS, these characters are passed automatically
(refer to the flow table illustrated later in this section). However, a non-NEURON CHIP must duplicate the
interface signals and characters that are automatically generated by the parallel I/O function.

5.4.2 Master/Slave A Mode

This mode is recommended when interfacing two NEURON CHIPS. In master/slave A mode, the master
drives 108 as a chip select and |09 to specify a read or write cycle, and the slave drives 1010 as a hand-
shake acknowledgement (see Figure 5.13). The maximum data transfer rate is one byte per four processor
instruction cycles, or 2.4 us per byte at the maximum input clock rate (10 MHz). The data transfer rate
scales proportionally to the input clock rate. Typical timing is shown in Table 5.4 (note thata master write is
aslave read). Timing for the case where the NEURON CHIP is the master (Figure 5.14) refers to measured
output timing at 10 MHz. After every byte write or byte read the handshake line is monitored by the master
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to verify the slave has completed processing (when HS = 0) and the slave is ready for next byte transfer.
This is done automatically in NEURON CHIP to NEURON CHIP (master/slave A mode) data transfers.

100 J<+——+ ‘ 0 100
101 [[J=—" F— 0
02—+ fe——1] 102
103[[e—> le——{1] 103
|04E:|‘—’ D0-D7 D0-D7 _____.C:] 104
105[[J<+—" e—>{13 105
106 [[J—— be——={1] 106
1073=—" fe——=N 107
1080——— CS cs —={]1 108
os([}—— ”RW RW ———{1] 109
1010(J<——— Hs Hs =—]1 1010
Parallel Master Parallel Slave A

Figure 5.13. Parallel I/O—Master and Slave A

MC143150 / MC143120 I MASTER WRITE | MASTER READ |

| O =

(. |
109 (Output ! ll l :
(RW) to Slave) IS\ ! | :——>| ’l*‘j—@
s ) ' el |<|—.
108 (Output I_\k—/—_—‘ L__—\:\_}/_L
(cs) to Slave) | h | | | \ |
|

|
||
|
|
; |

®

®
T
—L

1010 (Input I

(Handshake) ~ from Slave) ' | o |
| @—-L»l -~ :
! ' |

Figure 5.14. Parallel Interface with NEURON CHIP as Master and NEURON CHIP or
Non-NEURON CHIP as Slave A Mode Timing Diagram
[Master Write (Slave Read) / Master Read (Slave Write)]
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Table 5.4. Typical Parallel Interface NEURON as Master Mode Timing

Num Description Value* Unit
1 Write low setup before CS low 225 ns
2 Period, chip select low 250 ns
3 Delay, CS rising to HS high 25 ns typ
4 Handshake output high >2.4 us
5 Data setup to CS rising 225 ns
6 Data hold from CS rising >5 ns
7 Delay, new data to HS low 200 ns typ
8 Read high setup before CS low >25 ns
9 CS high to handshake high 225 ns
10 Data hold time CS high >200 ns

*Values are preliminary and subject to change.

Following is an example program for transferring data in parallel I/O master/slave A mode. The code is for
two NEURON emulators hardwired as shown in Figure 5.13. An |/O extender card or cable can be built to
access these pins on the emulators. The master program writes the test_data to the slave’s input buffer (as
the master owns the token after reset and has the first option to write on the bus) and the slave then outputs
data to the master’s input buffer. The buffers can be viewed through the debug option on the LONBUILDER to
verify the transfer was complete. The master transmits [5,1,1,1,1,1] to the slave and the slave transmits
[7,1,2,3,4,5,6,7,0,0,0,0,0,0] to the master. The first byte indicates the number of bytes being passed; the
following non-zero valued bytes in this example are the actual data transferred. The remaining length of the
array, if any, is filled with zeros. This program writes once to the slave and reads once from the slave. To
implement continuous writes and reads, add an io_out_request statement after the io_in statement on the
master’s program.

/*This is the master program. After reset, the buffer is filled with ones and then the buffer is written to the
/*slave. The master then reads the slave’s buffer. The master's output buffer should contain [5,1,1,1,1,1];
/*the input buffer should contain [7,1,2,3,4,5,6,7,0,0,0,0,0,0].

/*

10_0 parallel master parallel_bus;

#define TEST_DATA 1 //data to be written in output buffer

#define MAX_IN 13 //maximum length of input data expected
#define OUT_LEN 5 /floutput length can be equal to or less than the max
#define MAX_OUT 5 //maximum arrray length

struct parallel_out /loutput structure

{

unsigned int len; /lactual length of data to be output

unsigned int bufferfmax_out];  //array set up for max length of data to be output
}p_out; /loutput structure name

struct parallel_in /linput structure

{

unsigned int len; //actual length of buffer to be input

unsigned int buffermax_in]; //maximum input array

tp_in; /linput structure name

unsigned int i;

when (reset)

{

p_out.len=out_len; /lassign output length

5-10 MC143150eMC143120 MOTOROLA



for(i=0; i<out_len; ++i) /ffill output buffer with ones
p_out.bufferfi]=test_data;

io_out_request(parallel_bus);  //request to output buffer

}

when (io_out_ready(parallel_bus))

{

io_out(parallel_bus, &pt_out);  //output buffer when slave is ready
}

when (io_in_ready(parallel_bus))

{

p_in.len=max_in; //declare the maximum input buffer acceptable
io_in(parallel_bus, &pt_in); //store input data in buffer

} /fend of program

/*This is the slave program. After reset, the output buffer is filled with data and then the slave reads from
/*the master. The slave then writes to the master. The slave’s input buffer should contain [5,1,1,1,1,1]; the
[*output buffer should contain [7,1,2,3,4,5,6,7,0,0,0,0,0,0].

/ﬂ

10_0 parallel slave parallel_bus;

#define MAX_IN 5 //maximum length of input data expected
#define OUT_LEN 7 /loutput length can be equal to or less than the max
#define MAX_OUT 13 //maximum arrray length

struct parallel_out //output structure

{

unsigned int len; //actual length of data to be output

unsigned int bufferfmax_out]; /larray set up for max length of data to be output
}p_out; //output structure name

struct parallel_in /linput structure

{

unsigned int len; /lactual length of buffer to be input

unsigned int buffermax_in]; //[maximum input array

Yp_in; /linput structure name

unsigned int i;

when (reset)

{

p_out.len=out_len; //assign output length

for(i=0; i<out_len; ++i) /fill output buffer with ones

p_out.buffer[i]=i+1;
}

when (io_out_ready(parallel_bus))

io_out(parallel_bus, &pt_out);  //output buffer
}

when (io_in_ready(parallel_bus))

{

p_in.len=max_in; //declare the maximum input buffer acceptable
io_in(parallel_bus, &pt_in); /Istore input data in buffer
io_out_request(parallel_bus);  //request to output buffer

} /lend of program
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Debugging the Above Programs: If a watchdog time out occurs, simultaneously reset the two emulators
using the reset pushbutton switches on the face of the emulators. Also, both JP1 and JP2 on the emulator
boards should be disconnected for this application.

5.4.3 Master/Slave B Mode

The master/slave B mode is recommended for interfacing a NEURON CHIP (as the slave) to a non-NEURON
CHiP processor as the master. When configured in slave B mode, the NEURON CHIP accepts 108 as a chip
select and |09 to specify whether the master will read or write, and accepts 1010 as a selector input. When
CS is asserted and either I010 is low or IO10 is high and R/W is low , pins 100 through 107 form the bi-
directional data bus. When 1010 is high, R/W is high, and CS is asserted, 100 is driven as the handshake
acknowledgement signal to the master. The NEURON CHIP may appear as two registers in the master’s
address space, one of the registers being the read/write data register, and the other being the read-only
control register. Therefore, reads by the master to an odd address access the control register for hand-
shaking acknowledgements and all other reads or writes access the data register for I/O transfers. The
least significant bit of the control register, which is read through pin 100, is the handshake (HS) bit. The
master reads the handshake bit after every master read or write. In NEURON CHIP to non-NEURON CHIP
interface, the NEURON CHIP slave B handles all handshaking and token passing automatically. However, a
non-NEURON CHIP master must read the handshake bit after each transaction and must also internally
track the token passing. This mode is designed for use with a master processor that uses memory-mapped
I/0, as the least significant bit of the master’s address bus is typically connected to the NEURON CHIP’s 1010
pin. This is illustrated in Figures 5.15, 5.16, and Table 5.5.

poHs {11 100
le——{1] 101
{1 102
fe——{[] 103
D1-07 ffe—{1 104
le—{1] 105
e—{1] 106
[« 107
cs —={]1 108
RW ——{1] 109
A0 —{{] 1010

1010=1 1010=0 ‘ .
RW=0 © RW=0ort l 7| 6| 5 | 4[ 3 | 2| 1 l OJ Read/Write Data Register

1010=1 f
RW=1 I | | l | [ | THS I Read Only Data Register

Figure 5.15. Parallel I/O Master/Slave B
(NEURON CHIP as Memory-Mapped I/O Device)
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1010
(AO)

108
(Cs)

109
(RW)

100 -107
(DATA D0-D7)

(Input from
Master)

tres — - —»|  {=— tdhold

- teslo —>

(Input from

Master) | | :

lgsetup—>  |=—|
(Input from | |
Master) | |

(Input from /l VALID kl
Master) DATA

a. Slave B (NEURON CHIP) Reads From Master

1010
(A0)
(A0=0)

108
(CS)

109
(RW)

100-107
(DATA D0-D7)

(Non-NEURON CHIP)

lags —>! i<— —| e tsa
(input from | ||
Master) /\} l |1/ : \
y s
\‘——’T— teslo

tres —a) e
(Input from |
Master) |
(Input from
Master)

tesoe —| |—
(Output to | VALID
Master) T\ DATA /

b. Slave B (NEURON CHIP) Writes Data to Master

1010
(AQ)
(A0=1)

108
(CS)

109
(RIW)

100
(HS=DO)

(Non-NEURON CHIP)

|

L

(Input from | ;
Master) | |

(Input from
Master) |

(Input from
Master) |
tesoe — -—
(Output to VALID
Master) STATUS

c. Slave B (NEURON CHIP) Writes Handshake (HS) Bit
Through the DO Pin to Master (Non-NEURON CHIP):
Repeats until HS is low verifying previous transfer

has been processed

Figure 5.16. Parallel Master/Slave B Mode Timing Diagrams
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Table 5.5. Typical Parallel Mode Slave B Timing

Symbol Description Value
tres R/W setup before CS active (min) 25ns
tdsetup Data setup before CS rising edge (min) 25ns
tdhold Data hold after CS inactive (min) 5ns
teshs CS rising edge to HS transition (min) 25ns
tesio CS low pulse width (min) 25 ns
tesoe CS to slave output enable (data valid) 50 ns
tesod CS to slave output disabled (data invalid) 50 ns
tacs Address vaild to CS (max) 50 ns
tesa CS inactive to address invalid 25ns

5.4.4 Token Passing

Token passing is implemented to eliminate the possibility of data bus contention. The token is owned by the
master after synchronization and is passed between the master and slave nodes. After each data transfer
is completed the token owner writes an EOM (0 X 00) to indicate transfer is complete. The EOM is never
read. Instead “processing the EOM” indicates passing of the token. Token passing can be achieved by
executing either a data packet or a NULL transfer. Only the owner of the token can write to the bus. There-
fore, when the master performs two writes of data (1-255 bytes each) a dummy read cycle (NULL charac-
ter =0 X 00) must be inserted between them in order to pass the token. Token passing is executed automat-
ically in a NEURON CHIP to NEURON CHIP interface. Refer to flow table in Section 5.4.6 for master/slave
transactions.

5.4.5 Handshaking

Handshaking allows the master to monitor the slave between every byte transfer, ensuring that both pro-
cessors are ready for the byte to be transferred. If the master owns the token, the master waits for the hand-
shake from the slave before writing data to the bus. If the slave owns the token, the master monitors the low
transition of the handshake before reading the bus. In master/slave A mode, the NEURON CHIP handshake
line is monitored on pin |0 10. In master/slave B, the NEURON CHIP handshake bit is monitored on 100 which

.......... Y TR R S Y < S, PO T PO Y T,

corresponds to the ieast significant data bit of the controi register.

5.4.6 Data Transferring

Resynchronization Procedure: The following procedure applies to master/slave A and master/slave B
modes. The master initiates the resynchronization with a RESYNC (0X5A) command, and the slave
acknowledges with a ACKSYNC (0X07). If the slave does not respond, the master continues to send the
RESYNC until the slave responds correctly.

MASTER SLAVE

Owns Token )

Write RESYNC //master initiates resynchronization (0X5A)
Read RESYNC

Write EOM /lend of message (EOM=0X00)

Process EOM

Write ACKSYNC //slave acknowledges resynching (0X07)
Read ACKSYNC

Write EOM
Process EOM //Imaster owns token when reset
Owns Token
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Master writes buffer to slave: Enter RD/_WR=0.

MASTER SLAVE

Owns Token

Write XFER //master has data to write (XFER=0X01)
Read XFER

Write (length) /Nlength=number of bytes of data
Read (length)

Write (data_0) //master begins data transfer to slave

Read (data_0)

Write (data_n) //last byte of data to be transferred
Read (data_n)

Write EOM //lend of data transfer (EOM=00)
Process EOM //lexchange token
Owns Token

Slave writes buffer to master: Enter RD/_WR=1.

MASTER SLAVE

Owns Token

Write XFER /Islave has data to write (XFER=0X01)
Read XFER

Write (length) /Nlength=number of bytes of data
Read (length)

Write (data_0) //slave begins writing data tc master
Read (data_0)

Write (data_n) /Nast byte of data to be transferred
Read (data_n)

Write EOM /lend of data transfer
Process EOM //lexchange token

Owns Token

Master passes token to slave: Entry same as when master writes buffer to slave.

MASTER SLAVE

Owns Token

Write NULL //master has no data to send to slave
Read NULL //NULL=0x00

Write EOM /lend of message (EOM=0x00)
Process EOM /lexchange token
Owns Token
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Slave passes token to master: Entry same as when slave writes buffer master.

MASTER SLAVE
Owns Token
Write NULL //slave has no data to send to the master
Read NULL //INULL=0X00
Write EOM /fend of message (EOM=0X00)
Process EOM /lexchange token
Owns Token

5.5 SERIAL INTERFACE

5.5.1 Bitshift I/0

Pairs of adjacent pins may be configured as serial input or output lines, the lower numbered pin being used
for the clock (driven by the NEURON CHIP) and the higher numbered pin being used for up to 16 bits of serial
data. The data rate may be configured as 1, 10, or 15 kbps at maximum input clock rate (10 MHz). The data
rate scales proportionally to the input clock rate. The active clock edge may be specified as either rising or
falling. This function is useful for transferring data to external logic employing shift registers. This function
suspends application processing until the operation is complete. See Figures 5.17, 5.18, and 5.19.

100 @@—— Clk 100 GB— Ck
101 §&— Data 101 §g3— Data
102 §3—— Clk 102 93— Ck
103 CO— Data 103 CB— Data
104 3—> Clk 104 CB—> Clk
105 gg— Data 105 g@— Data
106 @— Clk 106 —— Clk
107 g3—— Data 107 g3 Data
108 gQ@—— Clk 108 gg— Clk
109 23— Data 109 G—> Data
1010 0 1010 9
Bitshift Output Bitshift Input

*Data can be either an input or an output

Figure 5.17. Bitshift I/O

5-16 MC143150eMC143120 MOTOROLA



MOTOROLA

Input Sampled

l

thold —>! |<—

«— tapt —>-te— t13e ——l

Output | | |
Clock [ | |
| |
Data In 4}(7 X
Active clock edge assumed
to be positive in the diagram
Symbol Description Typ @ 10 MHz

thold Active clock edge to sampling of input data

15 kbaud data rate 9us

10 kbaud data rate 40.8 us

1 kbaud data rate 938.2 us
taet Active clock edge to next clock transition

15 kbaud data rate 31.8 us

10 kbaud data rate 63.6 us

1 kbaud data rate 961 us
ttae Clock transition to next active clock edge

15 kbaud data rate 144 us

10 kbaud data rate 14.4 us

1 kbaud data rate 144 us

f Clock frequency

15 kbaud data rate 21.6 kHz

10 kbaud data rate 12.8 kHz

1 kbaud data rate 1.03 kHz

Figure 5.18. Bitshift Input Latency Values
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tsetup ——! |—

Output “ |

Clock | |
| |

Data Out X ><

Active clock edge assumed

to be positive in the diagram

|«— taet # tae —»,

Symbol Description Typ @ 10 MHz
tsetup Data out stable to active clock edge
15 kbaud data rate 10.8 us
10 kbaud data rate 10.8 us
1 kbaud data rate 10.8 us
taet Active clock edge to next clock transition
15 kbaud data rate 10.2 us
10 kbaud data rate 42 us
1 kbaud data rate 939.5 us
ttae Clock transition to next active clock edge
15 kbaud data rate 34.8 us
10 kbaud data rate 34.8 us
1 kbaud data rate 34.8 s
f Clock frequency
15 kbaud data rate 17.9 kHz
10 kbaud data rate 11.4 kHz
1 kbaud data rate 1.02 kHz

Figure 5.19. Bitshift Output Latency Values

5.5.2 NEUROWIRE (SPI Interface) I/O Function

The NEUROWIRE function implements a full-duplex synchronous transfer of data to some peripheral de-
vice. It can operate as the master (drive a clock out) or as the slave (accept a clock in). In both master and
slave modes, up to 255 bits of data may be transferred at a time. The NEUROWIRE 1/O suspends application
processing until the operation is completed. NEUROWIRE function is useful for external devices, such as
A/D, D/A converters, and display drivers incorporating serial interfaces that conform with Motorola’s SPI
interface. See Figure 5.20.

100 B—> —1 100
gE— | —
2 102
103 BEF——> gt Timeout ::E:’ 103
104 O——> —= |04
105 c—> —=7 (05
106 g—> — 106
107 fg——> — 107
108 4 Clock Clock —=Ca 108
109 G Data Out Data Out <-——2 |09
1010 0 Data In Data In ——=1 1010
NeuroWIRE Master NeuroWire Slave

Figure 5.20. NEUROWIRE I/O
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5.5.2.1 NEUROWIRE MASTER MODE. In NEUROWIRE master mode, pin 108 is the clock (driven by the
NEURON CHIP), 09 is serial data output, and 1010 is serial data input. Serial data is clocked out on pin |09
atthe same time as data is clocked in from pin I010. Data is clocked by the rising edge of the clock signal. In
addition, one or more of the pins 100 through 107 may be used as a chip select, allowing muitiple
NEUROWIRE devices to be connected on a 3-wire bus. The clock rate may be specified as 1, 10, or 20 kbps
at an input clock rate of 10 MHz; these scale proportionally with input clock. See Figure 5.21 and Table 5.6.

MC143150 / MC143120 MASTER MODE @) —
|
CS Output |
(107-100) N|\ - =@ !f'

T 1 T |
O = b
Bit Clock | | | |
Output | | | |
08— B } I i ' ! 1

[ .
' - ~—® « |
RX Input I R i
(1010) | | ‘e |
T )T X
01 La! |
|

| <
TX Output J____<———TX ) X >_
(109) | ' | S
~—>l [4—

Figure 5.21. NEUROWIRE (SPI) Master Timing Diagram

Table 5.6. NEUROWIRE (SPI) Master Timing

Num Parameter 1 kbps 10 kbps 20 kbps Unit
1 Clock High Time 983.5 76.2 24 us
2 Clock Low Time 22.2 22.2 222 us
3 Chip select to clock high 91.2 91.2 91.2 us
4 Clock high to RX sampling 970.9 63.6 1.4 us
5 CS low to TX data valid 85.8 85.8 85.8 us
6 TX data valid to clock high 5.4 5.4 5.4 us
7 Last clock low to CS high 81.6 81.6 81.6 us
8 TX data hold time after bit clock goes low 17 17 17 us

5.5.2.2 NEUROWIRE SLAVE MODE. In NEUROWIRE slave mode, pin IO8 is the clock (driven by the exter-
nal master), 109 is serial data output, and 1010 is serial data input. Serial data is clocked out on pin 109 at
the same time as data is clocked in from pin 1010. Data is clocked by the rising edge of the clock signal,
which may be up to 18 kbps. One of the pins 100 through 107 may be designated as a time-out pin. A logic
one level on the time-out pin causes the NEUROWIRE slave I/O operation to be terminated before the spe-
cified number of bits has been transferred. This prevents the NEURON CHIP watchdog timer from resetting
the chip in the event that fewer than the requested number of bits are transferred by the external clock. See
Figure 5.22 and Table 5.7.
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DATAOUT  END OF I0_IN()

Figure 5.22. NEUROWIRE (SPI) Slave Mode Timing Diagram

Table 5.7. NEUROWIRE Slave Mode Timing

Num Parameter Value
1 CS input low to start of /O input function call (see note) | >1 ms
2 1/0_input function call to data bit out 41.2 s
3 Data bit out to sample on RX input data bit 4.8us
4 Data sampled to clock low sampled 240 s
775 Return frogguncaéaﬁ 19.2 us
6 Clock low sampled to data output 25.8 us
— Maximum input clock rate 18.31 kHz

NOTE: Application programmer must ensure CS from master is low long enough
for slave NEURON to return to process the NEUROWIRE when statement

5.5.3 Serial I/0

Pin 108 may be configured as an asynchronous serial input line, and pin 1010 may be configured as an
asynchronous serial output line. The bit rates for input and for output may be independently specified to be
600, 1200, 2400, or 4800 bps at maximum input clock rate (10 MHz). The data rate scales proportionally to
the input clock rate. The frame format is fixed at one start bit, eight data bits, and one stop bit, and up to 255
bytes may be transferred at a time. Either a serial input or a serial output operation (but not both) may be in
effect at any one time.The interface is half duplex. This function suspends application processing until the
operation is completed. On input, the io_in request will time out after 20 frame times if no start bit is re-
ceived. If the stop bit has the wrong polarity (it should be a one), the input operation is terminated with an
error. The application code can use bit I/O pins for flow control handshaking if required. This function is
useful for transferring data to serial devices such as terminals, modems, and computer serial interfaces.
See Figures 5.23 and 5.24.
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Figure 5.23. Serial Input
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tfout Function call to start bit 79 us
tret Return from function 10 ps

Figure 5.24. Serial Output

5.6 TIMER/COUNTER INTERFACE FUNCTIONS

Both the MC143150 and the MC143120 have two 16-bit timer/counters. For the first timer/counter, 100 is
used as the output, and a multiplexer selects one of |04 through 107 as the input. The second timer/counter
uses 104 as the input, and 101 as the output (see Figure 3.4). Note that multiple timer/counter input objects
may be declared on different pins within a single application. By calling io_select, the application can use
the first timer/counter in up to four different input functions. If a timer/counter is configured in one of the
output functions, or configured as a quadrature input, then it cannot be re-assigned to another timer/

counter function in the same application program.
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5.6.1 Timer/Counter Input Functions (On-Time, Period, Pulsecount Input, Quadrature,

Totalcount)

Input timer/counter functions have the advantage (over non-timer/counter functions) that input events will
be captured even if the application processor is occupied doing something else when the event occurs. A
true when statement condition for an event being measured by a timer/counter is the completion of the
measurement and a value being returned to an event register. If the processor is delayed due to software
processing and cannot read the register before another event occurs then the value in the register will
reflect the status of the last event. The timer/counters are automatically reset upon completion of a mea-
surement. The first measured value of a timer/counter is always discarded to eliminate the possibility of a
bad measurement after the chip comes out of a reset condition and single events cannot be measured with
the timer/counters. Figure 5.25 shows an example of how the timer/counter functions are processed with

NEURON C when statement.

INPUT |

SIGNAL 4’

Example of a (event) |
when statement |
evaluating true |
|

e Hfin —sle— tret —»!

| \
| | |
| T I
| |
| |
1

|
I
\
\
|

|
\
i ¥

(unless it is the
first event) TIME ?
START STOP START READ END OF
TIMER/ TIMER/COUNTER OF TIMER/ 10-IN()
COUNTER SETFLAG I0-IN()  COUNTER
LOAD EVENT (when FLAG AND
REGISTER statement)  REGISTER
CLEAR FLAG
[ lfin — lret —
INPUT | ! ! \L
Example of a SIGNAL I ' |
when statement | \ \ [
missing a present | | | [ ]
event but evaluating | | | [
a previous event TIME + * | | *
START START OF END OF
TIMER/ 10-IN() 10-IN()
COUNTER
READ TIMER/COUNTER FLAG— STOP TIMERICOUNTER
AND REGISTER FROM THE SET FLAG LOAD NEW
VALUE INTO REGISTER
PREVIOUS EVENT

Figure 5.25. when Statement Processing Using the On-Time Input Function
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5.6.1.1 ON-TIME INPUT. A timer/counter may be configured to measure the time for which its input is
asserted. Table 5.8 shows the resolution and maximum times for different I/O clock selections. Assertion
may be defined as either logic high or logic low. This function may be used as a simple analog-to-digital
converter with a voltage-to-time circuit, or for measuring velocity by timing motion past a position sensor.
See Figures 5.25 and 5.26.

100
102 [ 1
103 Timer/Counter 2

— |04
- 105

> 106

Timer/Counter 1

- 07

108 Event Register
109 System Clock
1010 Divide Chain

E Optional Pullup Resistors

Symbol Description Typ @ 10 MHz
tfin Function call to input sample 86 us
tret Return from function 52 s

Figure 5.26. On-Time Latency Values (see Figure 5.25)
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5.6.1.2 PERIODINPUT. Atimer/counter may be configured to measure the period from one rising or falling
edge to the next corresponding edge on the input. Table 5.8 shows the resolution and maximum time mea-
sured for various clock selections. This function is useful for instantaneous frequency or tachometer appli-
cations. Analog-to-digital conversion can be implemented using a voltage-to-frequency converter with this
function. See Figure 5.27.
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|
| 7 [
| | |
i | |
| \ |
| \ |

! } !

START OF READ END OF
10-IN()  TIMER/COUNTER  10-IN()
FLAG AND
EVENT
REGISTER
CLEAR FLAG

Reference Figure 5.25

Symbol Description Typ @ 10 MHz
tfin Function call to input sample 86 us
tret Return from function 52 us

Figure 5.27. Period Input Latency Values
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5.6.1.3 PULSE COUNT INPUT. A timer/counter may be configured to count the number of input edges
(up to 65,535) in a fixed time (0.8388608 second) at all allowed input clock rates. Edges may be defined as
rising or falling. This function is useful for average frequency measurements, or tachometer applications.
See Figure 5.28.
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Figure 5.28. Pulse Count Input Latency Values
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5.6.1.4 QUADRATURE INPUT. A timer/counter may be configured to count transitions of a binary Gray
code input on two adjacent input pins. The Gray code is generated by devices such as shaft encoders and
optical position sensors which generate the bit pattern (00,01,11,10,00...) for one direction of motion and
(00,10,11,01,00...) for the opposite direction. Reading the value of a quadrature object gives half the
arithmetic net sum of the number of transitions since the last time it was read (-16,384 to 16,383). The
maximum frequency of the input is one quarter of the input clock rate, for example 1.25 MHz at the maxi-
mum 10 MHz NEURON CHIP input clock. Quadrature devices may be connected to timer/counter 1 via pins
106 and 107, and timer/counter 2 via pins 104 and 105. See Figure 5.29.

101 11

102 1] Event Register I
103 1

104

| :gs | Timer/Counter 1

108 1]

109 L] I Event Register |
1010 L]

f ! f !

read,reset read,reset read,reset read,reset
Count +6 counts Count -6 counts

|e— in — ol tret — ol
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| | | between consecutive transitions)
A ]
| I |
[ | {

SN\ \_/
i i { :
START OF READ END OF

I0-IN() TIMERICOUNTER 10-IN() g
FLAG AND

EVENT
REGISTER
CLEAR FLAG

Reference Figure 5.25

Symbol Description Typ @ 10 MHz
tfin Function call to input sample 90 ps
tret Return from function 88 us

Figure 5.29. Quadrature Input Latency Values
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5.6.1.5 TOTAL COUNT INPUT. A timer/counter may be configured to count input edges, either rising or
falling but not both. Reading the value of a total count object gives the number of transitions since the last
time it was read (0 to 65,535). Maximum frequency of the input is one quarter of the input clock rate, for
example 2.5 MHz at the maximum 10 MHz NEURON CHIP input clock. This function is useful for counting
external events such as contact closures, where it is important to keep an accurate running total. See Fig-

ure 5.30.
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Figure 5.30. Total Count Input Latency Values
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5.6.2 Timer/Counter Output Functions (Frequency, One-Shot, Pulsecount Output, Pulsewidth,
Triac, Triggered Count)

5.6.2.1 FREQUENCY OUTPUT. A timer/counter may be configured to generate a continuous square
wave of 50% duty cycle. Writing a new frequency value to the device takes effect at the end of the current
cycle. This function is useful for frequency synthesis to drive an audio transducer, or to drive a frequency to
voltage converter to generate an analog output. See Figure 5.31.

Timer/Counter 1 100

01 ——
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105
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107
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1010

Timer/Counter 2

System Clock
Divide Chain
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ﬂ: ONECYCLE l=— Maximum Range
. Co
fout | CLK Resolution Range
FREQUENCY | I/
OUTPUT M—\_/_\_/_\ : - 02
| | [ 1 0.8 52.4
TIME |ret—> [ 2 16 104.9
T T 3 3.2 209.7
START — END NEW OUTPUT
OF 10_out OFI0 ot APPEARSON 4 6.4 4194
HARDWARE PIN 5 12.8 838.9
UPDATED 6 25.6 1678
INTERNALLY
7 51.2 3355
Symbol Description Typ @ 10 MHz
tout Function call to output update 96 pus
tret Return from function 13 us

Figure 5.31. Frequency Output Latency Values
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5.6.2.2 ONE-SHOT OUTPUT. A timer/counter may be configured to generate a single pulse of program-
mable duration. The asserted state may be either logic high or logic low. Retriggering the one-shot before
the end of the pulse causes it to continue for the new duration. Table 5.8 gives the resolution and maximum
time of the pulse for various clock selections. This function is useful for generating a time delay without
intervention of the application processor. See Figure 5.32.

o
101
102
104
105
106
5 o 107
ystem Clock 108
Divide Chain o
109
1010
3 High Current Sink Drivers
tfout —|<—>i == =—"tout ‘
Lo T
- T .
i | | | |
ONESHOT | [ TN
outeu | /1 b N
%‘ la—tret :
TIME J ||
START T T
OF1st HARDWARE
10 out UPDATE/
o START  RETRIGGER
HARDWARE END OF 2nd
A
UPDATE OF 10_out
10_out
T = USER-DEFINED ONESHOT OUTPUT PERIOD
Symbol Description Typ @ 10 MHz
tout Function call to output update 96 ps
tret Return from function 13 us

Figure 5.32. One-Shot Output Latency Values
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5.6.2.3 PULSE COUNT OUTPUT. Atimer/counter may be configured to generate a series of pulses. The
number of pulses output is in the range 0 to 65,535, and the output waveform is a square wave of 50% duty
cycle. This function suspends application processing until the pulse train is complete. The frequency of the
waveform may be one of eight values given by Table 5.9, with clock select values of 1 through 7. This mode
is useful for external counting devices that can accumulate pulse trains, such as stepper motors. See Fig-
ure 5.33.

Timer/Counter 1 100 ——
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102
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104

105
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107

108
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function call active from
output function
pulse call
edge
Symbol Description Typ @ 10 MHz
tout Function call to first active output pulse edge 115 ps
tret Return from function 5ps

Figure 5.33. Pulse Count Output Latency Values
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5.6.2.4 PULSEWIDTH OUTPUT. A timer/counter may be configured to generate a pulsewidth modulated
repeating waveform. In pulsewidth short function, the duty cycle ranges from 0% to 100% (0/256 to
255/256) of a cycle in steps of about 0.4% (1/256). In pulsewidth short function, the frequency of the wave-
form may be one of the eight values given by Table 5.9. In pulsewidth long function, the duty cycle ranges
from 0% to almost 100% (0/65,536 to 65,535/65,536) of a cycle in steps of 15.25 ppm (1/65,536). In pulse-
width long function, the frequency of the waveform may be one of the eight values given by Table 5.10. The
asserted state of the waveform may be either logic high or logic low. Writing a new pulsewidth value to the
device takes effect at the end of the current cycle. A pulsewidth modulated signal provides a simple means
of digital to analog conversion. See Figure 5.34.
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Timer/Counter 2

System Clock
Divide Chain

[ High Current Sink Drivers
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10_OUT INTERNALLY PIN
Symbol Description Typ @ 10 MHz
tfout Function call to output update 101 ps
tret Return from function 13 us

Figure 5.34. Pulse Width Output Latency Values
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5.6.2.5 TRIAC OUTPUT. On the MC143150, a timer/counter may be configured to control the delay of a
25 us wide output pulse signal with respect to either a rising edge or a falling input edge as trigger. On the
MC 143120, this trigger may be either a rising edge, a falling edge, or both rising and falling edges. For
control of ac circuits using a triac device, the sync input is typically a zero-crossing signal, and the pulse
output is the triac trigger signal. Table 5.8 shows the resolution and maximum range of the delay. See Fig-

ure 5.35.
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Figure 5.35. Triac Output Latency Values
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5.6.2.6 TRIGGERED COUNT OUTPUT. A timer/counter may be configured to generate an output pulse
that is asserted under program control, and de-asserted when a programmable number of input edges (up
to 65,535) has been counted on an input pin (I04-100). Assertion may be either logic high or logic low. This
mode is useful for controlling stepper motors or positioning actuators which provide position feedback in
the form of a pulse train. The drive to the external device is enabled until it has moved the required distance,
and then the device is disabled. See Figure 5.36.
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STARTOF  OUTPUT LAST ACTIVE
10_OUT()  ACTIVE SYNC CLOCK END OF
EDGE 10_0UT()
OUTPUT
INACTIVE
Symbol Descrintion Tyn @ 10 MHz
tfout Function call to output pulse 109 ps
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tret Return from function 7 us

Figure 5.36. Triggered Count Output Latency Values
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5.7 NOTES

For on-time input and period input, the timer/counter returns a number in the range 0 to 65,535, repre-
senting elapsed times from zero up to the maximum range given in Table 5.8.

For one-shot output and triac output, the timer/counter may be programmed with a number in the range O to
65,535, representing waveform on-times from zero up to the maximum range given in Table 5.8. The clock
select value is specified in the declaration of the 1/0 object in the NEURON C application program, and may
be modified at runtime.

Table 5.8. Timer/Counter Resolution and Maximum Range

Clock Select Resolution (us) Maximum Range (ms)
(System Clock +) (Clock Period) (Max Count)
0 (+1) (5 MHz) 02 13.11
1 (+2) (2.5 MHz) 0.4 26.21
2 (+4) (1.25 MHz) 0.8 52.42
3 (+8) (625 kHz) 1.6 104.86
4 (+16) (312.5 kHz) 32 209.71
5 (+32) (156.25 kHz) 6.4 419.42
6 (+64) (78.125 kHz) 12.8 838.85
7 (+128) (39.06 kHz) 25.6 1,677.70

NOTE: This table is for 10 MHz input clock. Scale appropriately for other clock rates:
Resolution (us) = 2(Clock Select + 1) / |nput Clock (MHz)
<Maximum Range> (ms) = 65.535 x Resolution (us)

For pulse-width short output and pulse-count output, Table 5.9 gives the possible choices for pulse-train
repetition frequencies.

Table 5.9. Timer/Counter Square Wave Output

Clock Select Repetition Rate Repetition Period Resolution (us)

(System Clock +) (Hz) (us) of Pulse
0 (+1) (5 MHz) 19,531 51.2 0.2
1 (+2) (2.5 MHz) 9,766 102.4 0.4
2 (+4) (1.25 MHz) 4,883 204.8 0.8
3 (+8) (625 kHz) 2,441 409.6 1.6
4 (+16) (312.5 kHz) 1,221 819.2 3.2
5 (+32) (156.25 kHz) 610 1,638.4 6.4
6 (+64) (78.125 kHz) 305 3,276.8 12.8
7 (+128) (39.06 kHz) 153 6,553.6 25.6

NOTE: This table is for 10 MHz input clock. Scale appropriately for other clock rates:
Period (us) = 512 x 2Clock Select / |nput Clock (MHz)
Frequency (Hz) = 1,000,000 / Period (us)
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For pulse-width long output, Table 5.10 gives the possible choices for pulse-train repetition frequencies.

MOTOROLA

Table 5.10. Timer/Counter Pulse Train Output

Clock Select Frequency (Hz) Period (ms)

0 76.29 13.11

1 38.15 26.21

2 19.07 52.43

3 9.54 104.86

4 4.77 209.72

5 2.38 419.43

6 1.19 838.86

7 0.60 1,677.72

NOTE: This table is for 10 MHz input clock. Scale appropriately for other clock

rates:

Period (ms) = 131.072 x 2Clock Select / |nput Clock (MHz)
Frequency (Hz) = 1,000 / Period (ms)

MC143150eMC143120

5-35



5-36 MC143150eMC143120 MOTOROLA



SECTION 6
NEURON CHIP ELECTRICAL AND MECHANICAL SPECIFICATIONS

6.1 ELECTRICAL SPECIFICATIONS

6.1.1 Absolute Maximum Ratings (Voltages referenced to VsS)

Rating Symbol Value Unit
Supply Voltage Range VbD -03to7.0V \
Input Voltage Range Vin -03toVpp+0.3 \"
Maximum Source Current IbD 200 mA
Maximum Drain Current Iss 300 mA
Continuous Power Dissipation Pp 1 W
Operating Temperature TA -40to+ 85 °C
Storage Temperature Range Tstg - 6510+ 150 °C

6.1.2 Recommended Operating Conditions (Voltages referenced to Vsg, TA = — 40 to + 85°C)

Parameter Symbol Min Max Unit
Supply Voltage VDD 45 55
TTL Low-Level Input Voltage ViL Vgs 0.8 Y
TTL High-Level Input Voltage ViH 2.0 VpD \
CMOS Low-Level Input Voltage ViL Vgs 0.8 \
CMOS High-Level Input Voltage VIH Vpp-0.38 VoD \"
Operating Free-Air Temperature TA —-40 +85 °C
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6.1.3 Electrical Characteristics

(Excluding differential inputs CP0 and CP1 - TBD; Vpp =4.5t0 5.5 V)

Parameter Symbol Min Max Unit

Input Low Voltage ViL \

100-1010, DO-D7, A0-A15, CP2-CP4 — 0.8

CPO, CP1 (Differential) — Programmable
Input High Voltage VIH \

100-1010, D0-D7, A0-A15, CP2-CP4 2.0 —

CPO, CP1 (Differential) Programmable —
Low-Level Output Voltage VoL \

Standard Outputs™ @ CMOS Level (Io| = TBD) — 0.8

Standard Outputs™ (Ig = 1.4 mA) — 04

High Sink (I00-103), SERVICE, RESET (Ig| = 20 mA) - 08

Maximum Drive (CP2, CP3) (IgL= 35 mA) - 0.8
High-Level Output Voltage VOH \

Standard Outputs* @ CMOS Level (IoH = TBD) Vpp-0.8V —

Standard Outputs™ (IgH = ~1.4 mA) 24 -

High Drive (100~-103), SERVICE (lpH = - 1.4 mA) 2.4 -

Maximum Drive (CP2, CP3) (I0H = — 35 mA) Vpp-08V -
Hysteresis (Excluding CLK1, RESET) Vhys 175 — mv
Input Current (Excluding pullups)** (Vss to Vpp) lin -10 10 HA
Pullup Source Current (Vout = 0V, Output = High-2Z) lin 30 300 HA
Supply Current-Operating Mode (f = 10 MHz, quiescent) IbD — 40 mA
Supply Current-Sleep Mode Ibp — 2 mA

* Standard outputs are A0O-A15, D0-D7, 104-1010, CPO, CP1, CP4, E, and R/W. (RESET is a CMOS open drain input/output. CLK2 must

not be used to drive external devices.)

**104-107 and SERVICE have configurable pullups. RESET has a permanent pullup.
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6.2 MECHANICAL SPECIFICATIONS

6.2.1 MC143150 Pin Assignments

MOTOROLA
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6.2.2 MC143150 Package Dimensions
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SECTION B-B
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6.2.3 MC143150 Pad Layout
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6.2.4 MC143120 Pin Assignment
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6.2.6 MC143120 Pad Layout
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6.2.7 Sockets for NEURON CHIPS

NOTE: Motorola cannot recommend one supplier over another and in no way suggests that these are the
only suppliers.

Integrated Circuit Manufacturer Part Number
MC143120 Yamaichi 1C51-0322-667-2
MC143150 Enplas FPQ-64-0.8-10A
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SECTION 7
LONWORKS PROGRAMMING MODEL

The primary programming language used to write applications for the NEURON CHIP is a derivative of the C
programming language called NEURON C. NEURON C is based on ANSI C, enhanced to support I/O, event
processing, message passing, and distributed data objects. Several major differences between NEURON C
and ANSI C are in the area of supported data types.

The numeric data types supported by NEURON C are:

char 8 bits signed or unsigned
short 8 bits signed or unsigned
int 8 bits signed or unsigned
long 16 bits signed or unsigned

boolean 8 bits

NEURON C also supports typedefs, enums, arrays, pointers, structs, and unions. Unlike ANSI C, NEURON C
does not include a standard run-time library supporting file /O and other features common to larger target
processors, such as floating point. However, NEURON C has a special run-time library and language syntax
extensions supporting intelligent distributed control applications using NEURON CHIPS. NEURON C exten-
sions include software timers, network variables, explicit messages, a multitasking scheduler, EEPROM
variables, and miscellaneous functions. For further details on the NEURON C language, see the NEURON C
Programming Guide.

7.1 TIMERS

The application program can use up to fifteen timers that decrement either every second or every millisec-
ond, and optionally repeat. These timers are implemented in software running on the Network Processor,
and are independent of the NEURON CHIP input clock rate. The expiration of a timer is an event that may
cause the execution of a user-written task (see below). This event is called timer_expires. The value of a
timer variable is an unsigned long (0-65,535).

7.2 NETWORK VARIABLES

The application program can declare a special class of static objects called network variables, which may
be of class input or output. Assignment of a value to a network output variable causes propagation of that
value to all nodes declaring an input variable that is connected to the network output variable. For example,
a node that contains a temperature sensing device could declare an output network variable which con-
tains the current temperature sensed by the node. Every time the node measures a new value for the tem-
perature, it updates the output network variable. Another node or nodes needing to know the current tem-
perature, such as a heating control node, can then declare an input network variable for current
temperature. Whenever the heating control node wants to use the value of the current temperature, it
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simply refers to the input network variable which will always contain the last temperature measured by the
sensing node. Atinstallation time, the output network variable on the sensing node is connected to the input
network variable on the controlling node.

Binding is the process of connecting network variables from different nodes together, and is typically
performed by a network management device. The LONBUILDER Developer’s Workbench and the LON-
MANAGER Applications Programming Interface (API) both include such a binding capability. The binding is
physically implemented by sending network management messages containing the necessary addressing
information to the nodes to be connected. Nodes may also update their own binding information for simple
networks, without network management devices. Tables containing binding information are in the
EEPROM, and hence may be written after the node has been manufactured.

Nodes declaring an input network variable need only refer to that variable to determine the latest value
propagated across the network. A node declaring an input network variable may also call the library routine
pollto cause the latest value to be propagated to it. The library routine is_boundmay be used to check if a
network variable is associated with (bound to) a network variable on another node.

Note that declaring network variables within a node’s code occurs at compile time. The binding of the net-
work variable outputs from one node to inputs on other nodes occurs at a later time, either before, during or
after the node is installed in a network.

The network variable concept greatly simplifies the programming of complex distributed applications. Net-
work variables provide a very flexible view of distributed data to be operated on by the nodes in a system.
The programmer need not deal with message buffers, node addressing, request/response/retry process-
ing, and other low-level details.

A node running a regular application program may have up to 62 network variables, including array ele-
ments. A network variable may be a NEURON C variable or structure up to 31 bytes in length. Arrays of up to
31 bytes may be embedded in a structure and propagated as a single network variable. A network variable
may also be an array of elements, each of which may be individually connected to network variables on
other nodes. An output network variable on a node may also be connected to an input network variable on
the same node (turnaround network variable). A node running a microprocessor interface program may
have 4095 network variables. The Microprocessor Interface Program is a special system image used to
attach the node to a host processor. In this case, the network variable information is located in the host’s
memory.

The network variable updates may be sent with four classes of service:

ACKD Acknowledged service with retries

UNACKD Unacknowledged service

UNACKD_RPT Unacknowledged repeated service (message sent multiple times)
REQUEST Request/response service, used for polling network variables

Network variables may be specified as authentic, meaning that authenticated messages are used to trans-
mit their values (see Section 8.6). Network variables may also be specified to have priority, meaning that a
priority time slot is used to transmit their values (see Section 8.7).

The following built-in events may be checked by the scheduler to allow the asynchronous processing of
network variables:

nv_update_occurs A new value has been received for an input network variable

nv_update_fails Propagation of the value of an output network variable has failed

nv_update_succeeds Propagation of the value of an output network variable has succeeded

nv_update_completes Propagation of the value of an output network variable has completed,
either successfully or unsuccessfully
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7.3 EXPLICIT MESSAGES

For most applications, network variables allow the most compact and simple implementation. However, for
applications where data objects larger than 31 bytes need to be transmitted, request/response service is
desired, or the network variable model is not suitable, then the application can use explicit messaging.

The application program can construct messages containing up to 229 bytes of data, addressed to other
nodes or groups of nodes via implicit address connections called message tags. Alternatively, messages
may be explicitly addressed to other nodes using subnet/node, group, broadcast or unique ID addressing.
The messages may be sent with four classes of service:

ACKD Acknowledged service with retry

UNACKD Unacknowledged service

UNACKD_RPT Unacknowledged repeated service (message sent multiple times )
REQUEST Request/response service

Request/response service allows the node receiving a message to respond with data in the response mes-
sage, as distinct from an acknowledgement, which contains no application-level data. Messages may be
specified as authenticated (see Section 5.6). Messages may also be specified to have priority, meaning
that they use a priority time slot on the channel if the node has a priority slot allocated to it. In any case,
priority messages are always sent by the node before non-priority messages (see Section 5.7). The appli-
cation program may explicitly assign the destination addresses or use the default address associated with
the message tag.

Messages are exchanged between nodes by calling run-time library support routines:

msg_alloc Allocate a message buffer
msg_alloc_priority  Allocate a priority message buffer
msg_cancel Cancel a message being built for sending
msg_free Free a message buffer

msg_receive Receive a message at this node
msg_send Send a message to another node
resp_alloc Allocate a buffer for a response to a request message
resp_cancel Cancel a response being built

resp_free Free a response buffer

resp_receive Receive a response to a request message
resp_send Send a response to a request message

The following built-in events may be checked by the scheduler to allow asynchronous transmission and
reception of messages:

msg_arrives A message has arrived at this node

msg_completes Outgoing message has been handled, either successfully or unsuccessfully
msg_succeeds Outgoing message has been successfully sent

msg_fails Some acknowledgements have not been received for an outgoing message
resp_arrives A response to a request has been received

The following data objects are defined for use by the application program:

msg_in Currently received message
msg_out Message to be sent
resp_in Currently received response to a previous message
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7.4 SCHEDULER

The scheduler executes user-written tasks in response to events or conditions specified in when clauses by
the application program. When a specified event or condition becomes true, the associated task body is
executed. The user has the capability of specifying one or more when clauses as having priority, and the
scheduler checks priority when clauses, one per scheduler cycle, in order of their appearance in the
NEURON C program, followed by the non-priority when clauses in a round-robin fashion. The task scheduler
can handle up to eighty when clauses, depending on type.

Events fall into five classes:
System Wide Events:

reset

offline

online
flush_completes
wink

Input/Output Events:
io_changes

io_update_occurs

io_in_ready

io_out_ready
Timer Events:

timer_expires

Node has been reset

Node has been set off-line

Node has been set on-line

Node has completed preparations to enter sleep mode
Node has received ‘wink’ network management message

Value read from an 1/O device has changed since last reading
Changes may be unconditional, or specified as to a specified value, or
by a specified amount.

Value read from a timer/counter input object device has been updated
Parallel I/O device is ready to receive data from external processor
Parallel I/0O device is ready to transmit data to external processor

Software timer value has decremented to zero

Message and Network Variable Events:

The following events associated with the transmission of network variables and messages are
discussed above in Sections 7.2 and 7.3:

nv_update_occurs
nv_update_fails
nv_update_succeeds
nv_update_completes
msg_arrives
msg_completes
msg_succeeds
msg_fails
resp_arrives

User-Specified Events:

<boolean expression>

7-4

User-specified expression, evaluating to true or false
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7.5 ADDITIONAL LIBRARY FUNCTIONS

The following miscellaneous functions are available from the application program:

Execution Control:

delay
flush_cancel
flush_wait

go_offline
post_events
power_up
scaled_delay
watchdog_update

Delay processing for a time independent of input clock rate

Cancel a flush in progress

Wait for outgoing messages and updates to be sent before going off-
line

Cease execution of the application program

Defines a critical section for network variable and message processing
Determine whether last processor reset was due to power up

Delay processing for a time that depends on the input clock rate

Tickle the watch-dog timer to prevent node reset

Network Management Control:

access_address
access_domain
access_nv
go_unconfigured
offline_confirm
update_address
update_domain
update_nv

Error Handling:

application_restart
clear_status
error_log
node_reset
retrieve_status
retrieve_xcvr_status

Sleep Mode:

flush
sleep
timers_off

Utilities:
abs
bed2bin
bin2bcd
max
min
muldiv(s)
random
refresh_memory
reverse

MOTOROLA

Read node’s address table

Read node’s domain table

Read node’s network variable configuration table

Reset this node to an uninstalled state

Inform network management node that this node is going off-line
Write node’s address table

Write node’s domain table

Write node’s network variable configuration table

Begin application program over again

Clear error statistics accumulators and error log

Record software-detected error

Activate NEURON CHIP reset pin, and reset all processors
Read error statistics from protocol processor

Read transceiver status register

Flush all outgoing messages and network variable updates
Enter low-power mode by disabling system clock
Turn off all software timers

Arithmetic absolute value

Convert binary coded decimal data to binary

Convert binary data to binary coded decimal

Arithmetic maximum of two values

Arithmetic minimum of two values

Multiply/divide with 32-bit intermediate result—(un)signed
Generate eight-bit random number

Rewrite contents of EEPROM memory

Reverse the order of bits in an eight-bit number
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Input/Output (see Section 8 for details):

io_in

io_out
io_out_request
io_change_init
io_select
io_set_direction
io_set_clock

Input data from 1/0O object

Output data to 1/0 object

Request ready indication from parallel I/O object
Initialize reference value for io_changes event
Set timer/counter multiplexer

Change direction of 1/0 pins

Set timer/counter clock rate

7.6 BUILT-IN VARIABLES

7-6

input_value
input_is_new
nv_array_index

Data read by last explicit or implicit io_in( ) calll

True if last input from a timer/counter object read an updated value

Index of element in network variable array with updated value
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SECTION 8
LONTALK PROTOCOL

The NEURON CHIP implements a complete networking protocol using two of the three on-chip processors.
This networking protocol follows the ISO OSI reference model for network protocols; this allows application
code running on Processor-3 to communicate with applications running on other NEURON CHIP nodes else-
where on the same network. See Sections 7.2 and 7.3 and the NEURON C Programmer’s Guide for details
of how the protocol is used by application-level objects called network variables and message tags. The
three processors in the NEURON CHIP are used to execute the protocol software along with the application
program. Table 8.1 shows the mapping of LONTALK services onto the 7-layer OSlI reference model.

Table 8.1. LONTALK Protocol Layering

OSI Layer Purpose Services Provided Processor
7 | Application Application compatibility Standard network variable types Application
6 | Presentation Data interpretation Network variables, foreign frame transmission Network
5 | Session Remote actions Request/response, authentication, network Network
management
4 | Transport End-to-end reliability Acknowledged and unacknowledged, unicast Network

and multicast, authentication, common ordering,
duplicate detection

3 | Network Destination addressing Addressing, routers Network

2 | Link Media access and framing Framing. data encoding, CRC error checking, MAC
predictive CSMA, collision avoidance, priority,
collision detection

1 Physical Electrical interconnect Media-specific interfaces and modulation MAC, XCVR
schemes

The main features of the LONTALK protocol are:

8.1 MULTIPLE MEDIA SUPPORT

The protocol processing on the NEURON CHIP is media-independent. This allows the NEURON CHIP to sup-
port a wide variety of communications media, including twisted-pair, powerline, radio-frequency, infrared,
coaxial cable, and fiber optics.

8.2 SUPPORT FOR MULTIPLE COMMUNICATION CHANNELS

A channel is a physical transport medium for packets. A network may be composed of one or more chan-
nels. In order for packets to be transferred from one channel to another, a device called a router is used to
connect the two channels. These devices typically consist of two NEURON CHIPS connected together via
their 1/0 pins. Each of the NEURON CHIPS uses its own transceiver to communicate with its channel. The
protocol supports such devices so that multimedia networks may be constructed, and network loading can
be optimized by localizing traffic.

8.3 COMMUNICATIONS RATES

Channels may be configured for different data rates to allow trade-offs of distance, throughput, and power
consumption. The allowable bit rates are 4.9, 9.8, 19.5, 39.1, 78.1, 156.3, 312.5, 625, and 1,250 kb/s.
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Channel throughput depends on the data rate, the average size of a packet, and the use of acknowledg-
ments, priority, and authentication (see below). An average packet is in the range of 10 to 16 bytes long,
depending on the length of the domain identifier, the addressing mode, size of the data field for a network
variable update or an explicit message.

8.4 LONTALK ADDRESSING LIMITS

The top level of the addressing hierarchy is a domain. For example, if different network applications are
implemented on a shared communications medium such as RF, different domain identifiers can be used to
keep the applications completely separate. The domain identifier is selectable to be 0, 1, 3, or 6 bytes long.

The second level of addressing is the subnet. There may be up to 255 subnets per domain. A subnet is a
logical grouping of nodes from one or more channels. An intelligent router operates at the subnet level. It
determines which subnets lie on which side of it, and forwards packets accordingly.

The third level of addressing is the node. There may be up to 127 nodes per subnet. Thus a maximum of
255x127 = 32,385 nodes may be in a single domain. Any node may be a member of one or two domains,
allowing a node to serve as an interdomain gateway. This also allows, for example, a single sensor node to
transmit its outputs into two different domains.

Nodes may also be grouped. Groups of nodes may span several subnets within a domain. Groups may
also span several channels. Up to 256 groups may be specified within adomain, and up to 64 nodes may be
in a group for acknowledged service. For unacknowledged service within a domain, an unlimited number of
nodes may belong to a group. A single node may be a member of up to 15 groups. Group addressing re-
duces the number of bytes of address information transmitted with each message, and also allows many
nodes to receive a piece of information using a single message on the network.

In addition, each node carries a unique 48-bit NEURON CHIP ID assigned during manufacture. This ID is
typically used as a network address only during installation and configuration. It may also be read and used
by application programs as a unique product serial number.

The channel (transmission medium) of a node does not affect the way a node is addressed. Domains can
contain several channels. Subnets and groups may also span several channels.

Nodes are addressed using one of five addressing formats:

Address Data Specified Nodes Addressed
Domain, Subnet = 0 All nodes in the domain
Domain, Subnet All nodes in the subnet
Domain, Subnet, Node Specific logical node
Domain, Group All nodes in the group
Unique-ID Specific physical node

8.5 MESSAGE SERVICES

The LONTALK protocol offers four basic types of message service. The first two service types are end-to-
end acknowledged. They are:

ACKD, or end-to-end acknowledged service, where a message is sent to a node or group of nodes, and
individual acknowledgments are expected from each receiver. If the acknowledgments are not all received,
the sender times out and retries the transaction. The number of retries and the time-out are both selectable.
The acknowledgments are generated by the network processor without intervention of the application.
Transaction IDs keep track of messages and acknowledgments so that an application does not receive
duplicate messages.
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REQUEST, or request/response service, where a message is sent to a node or group of nodes, and individ-
ual responses are expected from each receiver. The incoming message is processed by the application on
the receiving side before a response is generated. The same retry and time-out options are available as
with ACKD service. Responses may include data, so that this service is particularly suitable for remote pro-
cedure call, or client/server applications.

The other two service types are unacknowledcged. They are:

UNACKD_RPT (unacknowledged repeated), where a message is sent to a node or group of nodes multiple
times, and no response is expected. This service is typically used when broadcasting to large groups of
nodes, in which the traffic generated by all the responses would overload the network.

UNACKD (unacknowledged), where a message is sent once to a node or group of nodes, and no response
is expected. This is typically used when highest transmission rate is required, or when large amounts of
data are to be transferred. When using this service, the application must not be sensitive to the loss of a
message.

8.6 AUTHENTICATION

The protocol supports authenticated messages, which allow the receivers of a message to determine if the
sender is authorized to send that message. This is used to prevent unauthorized access to nodes and their
applications. Authentication is implemented by distributing 48-bit keys to the nodes at installation time. For
an authenticated message to be accepted by the receiver, both sender and receiver must possess the
same key. The key is distinct from the node’s unique 1D.

When an authenticated message is sent, the receiver challenges the sender to provide authentication,
using a different random challenge every time. The sender then responds with a transformation performed
on the challenge, using the authentication key. The receiver compares the reply to the challenge with its
own transformation on the challenge. If the transformations match, the transaction goes forward. The
transformation used is designed so that it is extremely difficult to deduce what the key is, even if the
challenge and the response are both known. The use of authentication is configurable individually for each
network variable connection. In addition, network management transactions may be optionally
authenticated.

8.7 PRIORITY

The LONTALK protocol optionally offers a priority mechanism to improve the response time of critical pack-
ets. The protocol permits the user to specify priority time slots on a channel dedicated to priority nodes.
Each priority time slot on a channel adds time to the transmission of every message, but now dedicated
bandwidth is available at the end of each packet for priority access without any contention for the channel.

8.8 COLLISION AVOIDANCE

The LONTALK protocol uses a unique collision avoidance algorithm which has the property that under condi-
tions of overload, the channel can still carry its maximum capacity, rather than have its throughput degrade
due to excess collisions.

8.9 COLLISION DETECTION

On communications media that support hardware collision detection (for example, twisted pair), the
LONTALK protocol can optionally cancel transmission of a packet as soon as a collision is detected by the
transceiver. This allows the node to immediately retransmit any packet that has been damaged by a
collision. Retransmission after a collision has been detected occurs for all classes of service. Without colli-
sion detection, the node would have to wait for the retry time before retransmitting the packet, assuming
acknowledged or request/response service.
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8.10 FOREIGN FRAMES

A special range of message codes is reserved for foreign frame transmission. Up to 229 bytes of data may
be embedded in a message packet and transmitted like any other message. The LONTALK protocol applies
no special processing to foreign frames. They are treated as a simple array of bytes. The application pro-
gram may interpret the data in any way it wishes.

8.11 NETWORK MANAGEMENT AND DIAGNOSTIC SERVICES

In addition to application message services, the LONTALK protocol provides network management services
for installation and configuration of nodes, downloading of software, and diagnosis of the network. Refer to
Appendix A for more detail on these services.
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APPENDIX A
NEURON CHIP CONFIGURATION DATA STRUCTURES

The software in the NEURON CHIP may be divided into three main sections: system image, application
image, and network image

THE SYSTEM IMAGE

This contains the LONTALK protocol, the NEURON C runtime library, and the task scheduler. In the NEURON
3120 CHIP, this software is in the on-chip 10K ROM. In the NEURON 3150 CHIP, this software is in an external
ROM. For the NEURON 3150 CHIP, this software is provided as part of the LONBUILDER Developer’s Work-
bench environment. With this tool, the user can produce Intel Hex or Motorola S-record files containing the
system image so that EPROM devices may be programmed.

In the NEURON 3120 CHIP, the following NEURON C runtime library functions are not in the on-chip ROM, but
may be loaded into EEPROM along with the application program: access_address, access_
domain, access_nv, bcd2bin, bin2bcd, flush_wait, go_unconfigured, muldiv,
muldivs, power_up, retrieve_status, reverse, update_address, update_domain,
update_nv, use of a signed bitfield, memcpy or structure assignment (length > 256 bytes), wmemset
(length > 256 bytes), memcpy from msg_in.data, memcpy to resp_out.data, ability to send ex-
plicitly addressed messages, NEUROWIRE slave mode.

THE APPLICATION IMAGE

This contains the object code generated by the NEURON C compiler from the user’s application program,
along with other application-specific parameters. These parameters may be queried by a network manage-
ment node. They include:

Network variable external interface data

Program ID string

Optional self-identification and self-documentation data

Number of address table entries

Number of domain table entries

Number and size of network buffers

Number and size of application buffers

Number of receive transaction records

Input clock speed of target NEURON CHIP

Transceiver type and bit rate

In the NEURON 3150 CHIP, the application image is typically programmed into an external ROM, or down-
loaded over the network to EEPROM memory. In the NEURON 3120 CHIP, the application image is down-
loaded into the on-chip EEPROM memory. The LONBUILDER Developer’s Workbench supports creation of
application images.

MOTOROLA MC143150eMC143120 A-1



THE NETWORK IMAGE

This contains the address assignments of the LONWORKS node, the binding information connecting net-
work variables and message tags between the nodes in the network, parameters of the LONTALK protocol
that may be set at installation time, and configuration variables of the application program. A network man-
agement node typically downloads the network image over the network into on-chip EEPROM memory
when the node is installed. For simple networks, a node can update its own network image.

This section is intended for application programmers who need to understand the internal data structures of
the NEURON CHIP that are used for address assignment, binding, and configuration. The NEURON C appli-
cation program running on the NEURON CHIP may access these data using run-time library calls and decla-
rations for the purpose of node self-installation. In the LONBUILDER NEURON C development environment,
function prototypes and declarations are to be found in the files ...\INCLUDE\ACCESS.H and
...\ INCLUDE\ADDRDEFS.H.

These data structures may also be accessed by network management messages received over the net-
work from a network management node (see Appendix B). For network management nodes running on
host computers, the LONMANAGER API application programmer’s interface provides convenient high-level
access to these data structures from a host-based application program. See the LONMANAGER API Devel-
oper’s Guide for more details.

The NEURON CHIP configuration data structures may be divided into six main sections:

1. A fixed structure, whose size is independent of the application on the node.

A domain table, with an entry for every domain this node belongs to.

An address table, with an entry for every network address referenced by this node.
Network variable tables, with entries for every network variable defined by this node.

Optional self-identification and self-documentation information describing this node and its network
variables.

6. A channel configuration structure, defining the transceiver interface of the node.

o prwbd

A.1 FIXED READ-ONLY DATA STRUCTURE

This structure is physically located at the start of on-chip EEPROM, at location 0xFO0O0O. It defines the node
identification, as well as some of the application image parameters.

Declarations from ACCESS . H and ADDRDEFS . H

#define NEURON_ID_LEN 6

#define ID_STR_LEN 8

typedef struct ({
unsigned neuron_id[ NEURON_ID_LEN ];
unsigned model_num;

unsigned minor_model_num : 4;
unsigned : 4
const nv_fixed_struct * nv_fixed;
unsigned read_write_protect : 1;
unsigned : 1;
unsigned nv_count : 63

const snvt_struct * snvt;
unsigned id_string( ID_STR_LEN |;

unsigned 1
unsigned two_domains 1
unsigned : 63
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unsigned address_count : 4y
} read_only_data_struct;

const read_only_data_struct read_only_data;

The application program may read, but not write this structure, using the global declaration
read_only_data. The structure is 21 bytes long, and it may be read and mostly written (except for the first
eight bytes) over the network using the Read Memory and Write Memory network management messages
with address_mode=1.

A.1.1 Read-Only Structure Field Descriptions
unsigned neuron_id [NEURON_ID_LEN] ; // offset 0x00

This field is a 6-byte ID assigned by the manufacturer of the NEURON CHIP which is unique to each NEURON
CHIP manufactured. Hardware prevents this field from being written after manufacture. It may be read over
the network using the Query ID network management message. It is also part of the unsolicited Service Pin
network management message. The first byte is a manufacturer number (0 for Toshiba and 1 for Motorola).
All other values are reserved. The next four bytes form a manufacturer-assigned sequence number. The
last byte is an Echelon-assigned block number.

unsigned model_num; // offset 0x06
unsigned minor_model_num : 4; // offset 0x07

These are two fields that specify the model of the NEURON CHIP. The encoding of these fields is: NEURON
3150 CHIP = 0, NEURON 3120 CHIP = TBD.

const nv_fixed_struct * nv_fixed; // offset 0x08

This field is a pointer to the Network Variable fixed data table (see Section A.4). If there are no network
variables on the node, this pointer is undefined.

unsigned read_write_protect: 1; // offset Ox0A

This bit specifies that parts of the NEURON CHIP memory may not be read or written over the network with
the Read Memory and Write Memory network management messages. The protected data includes the
application code and the network variable fixed table. This includes the read_write_protect bititself,
so that once set, the bit may not be reset over the network. The application program may set this bit with the
NEURON C compiler directive #pragma read_write_protect.

unsigned nv_count : 63
This field specifies the number of network variables declared in the application program running on this
node (0-62). Each element of a network variable array is counted separately.

const snvt_struct * snvt; // offset 0xO0B

This field is a pointer to the data structure giving self-identification information for the network variables
(see Section A.5). If the self-identification information is not present, this is a null (0) pointer. If the NEURON
CHIP is executing a microprocessor interface program and acting as a communications chip, this pointer is
OxFFFF. The self-identification information may be suppressed with the NEURON C compiler directive
fpragma disable_snvt_si.

unsigned id_string[ ID_STR_LEN ]; // offset 0x0D
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This field contains an 8-byte program identifying information as specified in either of the NEURON C com-
piler directives:

#pragma set_id_string “ssssssss”
or

#pragma set_std_prog_id fm:mm:mm:CC:CS:Ss:nn:nn

The second format is reserved for Echelon-certified application nodes. The bit assignment for this format is
as follows:

The first 4 bits are the format code (0x8 — OxF).

The next 20 bits are the manufacturer code.

The next 12 bits are the device class.

The next 12 bits are the device sub-class.

The last 16 bits are the manufacturer-assigned model number.

The encoding of all these fields is TBD. If the program ID string is not specified by either of the compiler
directives, then it contains the name of the NEURON C source file. The program ID string may be read over
the network using the Query 1D network management message. ltis also part of the unsolicited Service Pin
network management message.

unsigned two_domains : 1; // offset 0x15
This bit specifies that the domain table has two entries (see Section A.2). If this bitis zero, the domain table
has one entry. This bit is set unless the NEURON C compiler directive #pragma one_domain was speci-
fied in the application program.

unsigned address_count : 4

This field specifies the number of entries (0—15) in the address table (see Section A.3).

A.2 THE DOMAIN TABLE

This table defines the domains to which this node belongs. Itis located in EEPROM, and is part of the net-
work image written during node installation.

Declarations from ACCESS.H and ADDRDEFS . H

tdefine AUTH_KEY_LEN 6
#tdefine DOMAIN_ID_LEN 6
typedef struct {

unsigned id[ DOMAIN_ID_LEN ]; // offset 0x00
unsigned subnet ; // offset 0x06
unsigned 1

unsigned node : 7; // offset 0x07
unsigned len; // offset 0x08
unsigned key [ AUTH_KEY_LEN ]; // offset 0x09

} domain_struct;
const domain_struct * access_domain( int index );

void update_domain( domain_struct * domain, int index );

The application program may read or write any entry in this table using the access routines access_do-
mainand update_domain. The domain table consists of up to two entries, each 15 bytes in length. The
default number of entries is two, which may be overridden by the NEURON C compiler directive #pragma
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one_domain. The entries in this table may be written and read over the network with the Update Domain,
Leave Domain, and Query Domain network management messages.

A.2.1 Domain Table Field Descriptions
unsigned id[ DOMAIN_ID_LEN ];

Each domain in a LONWORKS network has a unique ID of 0, 1, 3, or 6 bytes in length. If the ID is shorter than
six bytes, itis left justified in this field. In the development environment, the user specifies the size and value
of the domain ID when creating the domain object.

unsigned subnet ;

This field specifies the ID of the subnet within this domain to which this node belongs. A subnet ID may be in
the range 1-255 for each domain. In the development environment, this is assigned automatically when the
subnet object is created.

unsigned node;

This field specifies the ID of the node within this subnet (1-127). In the development environment, this is
assigned automatically when the node specification object is created. The value 0 means that this domain
table entry is not in use.

unsigned len;
This field specifies the length of the domain ID in bytes (0, 1, 3, or 6). The value OxFF (255) means that this
domain table entry is not in use.

unsigned key [ AUTH_KEY_LEN ];

This field specifies the six-byte authentication key to be used in this domain for authenticated transactions.
This key must match the key of all the other nodes on this domain that participate in authenticated trans-
actions with this node. In the development environment, the user specifies the key in the node specification
screen. The authentication key may be incremented over the network using the Update Key network man-
agement message.

A.3 THE ADDRESS TABLE
This table defines the network addresses to which this node may send implicitly-addressed messages and
network variables. It also defines the groups to which this node belongs. It is located in EEPROM, and is
part of the network image written during node installation.
Declarations from ACCESS . H and ADDRDEFS . H

typedef enum { UNBOUND, SUBNET_NODE, NEURON_ID, BROADCAST } addr_type;

typedef union {

group_struct gp;
snode_struct sn;
bcast_struct bc;
turnaround_struct ta;

} address_struct;

const address_struct * access_address( int index );
update_address( const address_struct * address_entry, int index );
int addr_table_index( message_tag_name ) ;

The application program may read and write any entry in this table using the access routines
access_address and update_address. The index of the address table entry corresponding to any
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message tag declared in the program may be determined with the function addr_table_index. The ad-
dress table consists of up to 15 entries, each five bytes in length. The default number of entries is 15, which
may be overridden by the NEURON C compiler directive #pragma num_addr_table_entries nn.

Each entry may be in one of five formats: group address, subnet/node address, broadcast address, turn-
around address, or notin use. A group address is used for multicast addressing, when a network variable or
message tag is used in a connection having more than two members. A subnet/node address is used for
unicast addressing, when an output network variable or message tagis used in a connection with one other
node. Broadcast addressing is not used by the LONBUILDER binder or the API binder when they create net-
work variable or message tag connections. However, broadcast addressing is supported in the protocol,
and may be used with explicit addressing. A turnaround address is used for network variables that are only
bound to other network variables in the same node, and not to any network variables on other nodes. Desti-
nation addresses in the unique 48-bit NEURON CHIP ID format are never used in the address table, but they
may be used as destination addresses in explicitly addressed messages. For completeness, this format is
described below. The declaration of this format is in the NEURON C include file MSG_ADDR. H.

In the development environment, entries in the address table are created when the network manager loads
the network image into the node. The entries in this table may be read and written over the network with the
Query Address and Update Address Table network management messages. An entry using group address
format may be updated over the network with the Update Group Address Data network management
message.

The first byte in an address table entry specifies the format of the entry:

0 not in use/turnaround format
1 (subnet,node) format
3 broadcast format

128-255  group format

Any bindable message tags declared in the application program are assigned to the first entries in the
address table in order of declaration. This is followed by address table entries used for network variables —
in the development environment, the binder assigns these entries.

The repeat timer, retry count, receive timer, and transmit timer are common to several of these address
formats, and are described below in Section A.3.11.

A.3.1 Declaration of Group Address Format

typedef struct ({
unsigned type
unsigned size
unsigned domain
unsigned memper
unsigned rpt_timer
unsigned retry
unsigned rcv_timer
unsigned tx_timer
unsigned group

} group_struct;

// offset 0x00

// offset 0x01

// offset 0x02

// offset 0x03

[o oSN SN i A

// offset 0x04

A.3.2 Group Address Field Descriptions
unsigned type 1
This bit is 1 for a group address, 0 for any of the other formats.
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unsigned size 7

This field specifies the size of the group (2-64). If this field is 0, then the group is of unlimited size, and
unacknowledged or unacknowledged-repeated service must be used.

unsigned domain N

This field specifies the index into the domain table for this address (0 or 1).

unsigned member 7

This field specifies the member ID of this node within this group (0-63). A group of unlimited size has 0 in
this field. The member ID is used in acknowledgments to allow the sender of an acknowledged multicast
message to keep track of which nodes have responded.

unsigned group 8

This field specifies the ID of this group within this domain. A group ID may be in the range of 0-255. In the
development environment, the group ID is allocated by the binder.

A.3.3 Declaration of Subnet/Node Address Format

typedef struct {
addr_type type; // offset 0x00
unsigned domain // offset 0x01
unsigned node
unsigned rpt_timer
unsigned retry
unsigned rcv_timer
unsigned tx_timer
unsigned subnet

} snode_struct;

// offset 0x02

// offset 0x03

QO B B

H // offset 0x04

A.3.4 Subnet/Node Address Field Descriptions
addr_type type;
This field contains the value SUBNET_NODE (1).

unsigned domain 1

This field specifies the index into the domain table for this address (0 or 1).

unsigned node : 7;

This field specifies the node ID (1-127) within the specified subnet and domain. Zero is not a valid node ID.
unsigned subnet : 8;

This field specifies the subnet ID (1-255) within the specified domain. Zero is not a valid subnet ID.

A.3.5 Declaration of Broadcast Address Format

typedef struct {

addr_type type; // offset 0x00
unsigned domain N // offset 0x01
unsigned 7

unsigned rpt_timer : 4; // offset 0x02
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unsigned retry 4
unsigned i 4, // offset 0x03
unsigned tx_timer 4
unsigned subnet 8
} bcast_struct;

; // offset 0x04

A.3.6 Broadcast Address Field Descriptions
addr_type type;
This field contains the value BROADCAST (3).

unsigned domain 1

This field specifies the index into the domain table for this address (0 or 1).

unsigned subnet : 8;

This field specifies the subnet number (1-255) within the specified domain. The message is delivered to all
nodes in this subnet. If the subnet number is 0, the message is delivered to all nodes in the domain. If
request/response or acknowledged service is used with a broadcast address, the transaction completes as
soon as the first response or acknowledgement is received. Subsequent responses or acknowledgements
are discarded.

A.3.7 Declaration of Turnaround Address Format

typedef struct {
addr_type type; // offset 0x00
unsigned turnaround; // offset 0x01
} turnaround_struct;

A.3.8 Turnaround Address Field Descriptions
addr_type type;
Contains the value UNBOUND (0).

unsigned turnaround;

This field contains the value one. If the turnaround field is zero, this address table entry is not in use.

A.3.9 Declaration of Unique ID Address Format

Note: This format is not used in the address table, but it may be used as a destination address for an explic-
itly addressed message.

typedef struct {

addr_type type; // offset 0x00
unsigned domain 1; // offset 0x01
unsigned 7;
unsigned rpt_timer 4; // offset 0x02
unsigned retry : 4;
unsigned 4; // offset 0x03
unsigned tx_timer 4;
unsigned subnet : 85 // offset 0x04
unsigned nid[ NEURON_ID_LEN ]; // offset 0x05

} nrnid_struct;
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A.3.10 Unique ID Address Field Descriptions
addr_type type;
This field contains the value NEURON_ID (2).

unsigned domain 1

This field specifies the index into the domain table for the destination address (0 or 1). However, unique-1D
addressed messages may be sent on any domain.
unsigned subnet : 85
This field specifies the destination subnet number (1-255) within the domain. It is only used for routing of
the message, and may be set to zero if the message should pass through all routers in the domain.
unsigned nid[ NEURON_ID_LEN ];
This field specifies the unique 48-bit ID of the destination NEURON CHIP.

A.3.11 Timer Field Descriptions
In the development environment, the user specifies these values in the network variable or message con-
nection screens.
unsigned rpt_timer : 4;
This field specifies the time interval between repetitions of an outgoing message when unacknowl-
edged-repeated service is used. The encoding of this field is in Table A.1.
unsigned retry : 4
This field specifies the number of retries for acknowledged, request/response, or unacknowledged-re-
peated service (0-15). The maximum number of messages sent is one more than this number.
unsigned rcv_timer : 4;

When the node receives a multicast (group) message, the receive timer is set to the time interval specified
by this field. If a message with the same transaction ID is received before the receive timer expires, it is
considered to be a retry of the previous message. The encoding of this field is in Table A.1.

unsigned tx_timer 4

This field specifies the time interval between retries when acknowledged or request/response service is
used. The retry timer is restarted when each attempt is made, and also when any acknowledgment or
response (except for the last one) is received. The encoding of this field is specified in Table A.1.
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Table A.1. Encoding of Timer Field Values (ms)

Value rpt_timer rev_timer tx_timer non_group_timer

0 16 128 16 128

1 24 192 24 192

2 32 256 32 256

3 48 384 48 384

4 64 512 64 512

5 96 768 96 768

6 128 1,024 128 1,024
7 192 1.536 192 1,536
8 256 2,048 256 2,048
9 384 3,072 384 3,072
10 512 4,096 512 4,096
1 768 6,144 768 6,144
12 1,024 8,192 1,024 8,192
13 1,536 12,288 1,536 12,288
14 2,048 16,384 2,048 16,384
15 3,072 24,576 3,072 24,576

A.4 NETWORK VARIABLE TABLES

There are two tables associated with network variables: the network variable configuration table and the
network variable fixed table. The network variable configuration table defines the configurable attributes of
the network variables in this node. Itis located in EEPROM, and is part of the network image written during
node installation. The network variable fixed table defines the compile-time attributes of the network vari-
ables in this node. It may be located in read-only memory, and is part of the application image written during

node manufacture.

Declarations from ACCESS

.H

#define MAX_NVS 62

typedef struct {
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

} nv_struct;

const nv_struct
void update_nv (

nv_priority
nv_direction

nv_selector_hi:
nv_selector_lo:

nv_turnaround
nv_service
nv_auth
nv_addr_index

* access_nv( int index
const nv_struct * nv_entry,

// offset 0x00

// offset 0x01
// offset 0x02

);

int nv_table_index( network_variable_name );

typedef struct {
unsigned
unsigned
unsigned
void

} nv_fixed_struct;

A-10

int index );

0x00

nv_sync 1; // offset
2;
nv_length 5;
* nv_address; // offset 0x01
MC143150eMC143120

MOTOROLA



The application program may read and write any entry in the network variable configuration table using the
access routines access_nv and update_nv. The index of the table entry corresponding to any network
variable declared in the program may be determined with the function nv_table_index. The base
address of the network variable fixed table may be retrieved from the configuration data field
config_data.nv_fixed.

Each table consists of up to 62 entries, each three bytes in length in either table. The number of entries is
determined by the number of network variables declared in the application program — each element of a
network variable array counts separately. For a node running the microprocessor interface program, the
network variable tables are implemented on the host microprocessor and not in the NEURON CHIP memory.
In this case, the number of network variables is not limited to 62. For a node running a regular application
program, the index into either of these tables corresponding to a particular network variable is determined
by the order of declaration of the network variables in the application program. Entries in the network vari-
able configuration table may be read and written over the network with the Query/Update Net Variable Con-
fig network management messages. The network variable fixed table may not be written, except when
downloading the application image.

A.4.1 Network Variable Configuration Table Field Descriptions
unsigned nv_priority : 1;

This bit is set to one if the network variable uses priority messaging. Specified by bind_info(priority
| nonpriority) inthe NEURON C declaration of the network variable. In the development environment,
this may be overridden in the connection screen.

unsigned nv_direction 1

This bit is set to one if this is an output network variable, zero if an input. This bit must not be changed by the
application program or a Write Memory network management message.

unsigned nv_selector_hi : 6;
unsigned nv_selector_1lo : 8;

These two fields form a 14-bit network variable selector in the range 0 -Ox3FFF. The network variables on
any one node must all have different selectors, unless they are turnaround network variables bound to each
other. The binder in the development system ensures this by assigning a network variable selector to the
union of all the connection sets that this network variable participates in. This, however, is not required by
the protocol.

unsigned nv_turnaround 1

This bitis setto one if this is a turnaround network variable, that is, bound to another network variable on the
same node.

unsigned nv_service 2

This field specifies the type of service used to deliver this network variable. Specified by bind_
info(ackd | unackd_rpt | unackd) inthe NEURON C declaration of the network variable. In the
development environment, this may be overridden in the connection screen. The encoding is as follows:

ACKD =0  acknowledged
UNACKD_RPT =1 unacknowledged/repeated
UNACKD =2 unacknowledged
unsigned nv_auth 1

This bit is set to one if this network variable uses authenticated transactions. Specified by bind_
info (authenticated | nonauthenticated) in the NEURON C declaration of the network variable.
In the development environment, this may be overridden in the connection screen.
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unsigned nv_addr_index : 4,

This field specifies the index into the address table for this network variable (0—14). If the network variable is
not associated with an address table entry, then the value 15 is used.

A.4.2 Network Variable Fixed Table Field Descriptions

unsigned nv_sync : 1;
This bit is set to one if this is a synchronous network variable. Specified with the modifier sync in the
NEURON C declaration of the network variable.

unsigned nv_length : 5

This field specifies the number of bytes in the network variable (1-31).

void * nv_address;

This field is a pointer to the location of the variable’s data in RAM or EEPROM.

A.5 THE STANDARD NETWORK VARIABLE TYPE (SNVT) STRUCTURES

There are four structures associated with self-identification and self-documentation: a fixed size SNVT
structure, a table containing a self-identification descriptor for each network variable, a self-documentation
string for the node, and self-documentation information for network variables. If the NEURON C compiler
directive #pragma disable_snvt_si is specified in the application program, none of this information is
present. These tables may be located in read-only memory, and form part of the application image written
during node manufacture.

Declarations from ACCESS . H

typedef struct {

unsigned long length; // offset 0x00
unsigned num_netvars; // offset 0x02
unsigned version; // offset 0x03
unsigned mtag_count; // offset 0x04

} snvt_struct;

typedef struct {
unsigned ext_rec 1; // offset 0x00
unsigned nv_sync HE
unsigned nv_polled 1
unsigned nv_offline : 1;
unsigned nv_service_type_config : 1
unsigned nv_priority_config 1
unsigned nv_auth_config : 1
unsigned nv_config class 1
unsigned snvt_type_index;

} snvt_desc_struct;

The base address of the SNVT structure may be retrieved from the configuration data field
config_data.snvt. This structure is five bytes long. The SNVT descriptor table follows immediately
after the SNVT structure, and it has one entry for every network variable declared in the application pro-
gram. Each element of a network variable array has its own entry. Each entry in the SNVT descriptor table is
two bytes long.

Following the SNVT descriptor table is a null-terminated text string containing the self-documentation of the
node. This string may be up to 255 bytes in length, and it is the string specified in the NEURON C compiler
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directive #pragma set_node_sd_string “sss”. If there is no self-documentation string, the null
termination byte is still present.

Following the self-documentation string for the node are extension records for those network variables that
require them. All the self-identification and self-documentation information may be read over the network
with the Read Memory network management command using address_mode=0.

A.5.1 SNVT Structure Field Descriptions
unsigned long length;

This field specifies the total number of bytes in the self-identification and self-documentation data struc-
tures described here.

unsigned num_net_vars;

This field specifies the number of network variables declared on this node. Each element of a network vari-
able array counts separately.

unsigned version;

This field contains the version number of the SNVT definition file used to compile the application programin
this node. If the network management node’s SNVT version is less than the SNVT version of the node being
managed, then there may be some SNV Ts in the node that are unknown to the network management node.
Data types in the SNVT definition file are never deleted or modified, but new data types may be added in
later versions of the file.

unsigned mtag_count;

This field specifies the number of bindable message tags declared by the application program on this node.
These message tags take the first entries in the address table (see Section A.3).

A.5.2 SNVT Descriptor Table Field Descriptions

unsigned ext_rec : 1

This bit is set to one if this network variable has an extension record following the node’s self-documen-
tation string.

unsigned nv_sync : 1

This bit is set to one if this is a synchronous network variable. Specified with the modifier sync in the
NEURON C declaration of the network variable.

unsigned nv_polled : 1;

This bit is set to one if this network variable is polled. If it is an output network variable, this is specified with
the modifier polled in the NEURON C declaration. If this is an input network variable, this means that the
network variabie is mentioned as the argument of a qualified polii( ) system cali, or that there is an unquaii-
fied poll( ) call in the application program.

unsigned nv_offline : 1

This bit is set to one if the network management node should take the node off-line before this network
variable is updated. Specified by bind_info( offline ) inthe NEURON C declaration of the network
variable.
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unsigned nv_service_type_config : 1;

This bit is set to one if the service type of this network variable (ACKD, UNACKD, UNACKD_RPT) may be
modified by a network management message. Specified by bind_info( service_type( config |
nonconfig ) ) inthe NEURON C declaration of the network variable.

unsigned nv_priority_config 1

Tl l..n‘- ant ta e I imvimvitis Afdlaia matiarl vavialhla manu bha mAadifiad b A mahaArl maanaAasAarmsan + man
1 NiS DIt iS Set 10 Oine || ll c PIIUl Ily VI LIS TICWWUIR Vvaiilavic itiay e ifivuiicu vy a IIULVVUI '\ IIIGIIGBCIIIUI niieo-
sage. Specified by bind_info( priority | nonpriority ( config | nonconfig ) ) inthe
NEURON C declaration of the network variable.

unsigned nv_auth_config 1

This bit is set to one if the authentication of this network variable may be modified by a network manage-
ment message. Specified by bind_info( auth | nonauth ( config | nonconfig ) ) inthe
NEURON C declaration of the network variable.

q

unsigned nv_config_class 1

This bit is set to one if this is a configuration network variable whose value is stored in EEPROM. Specified
with the config modifier in the NEURON C declaration of the network variable.

unsigned snvt_type_index;

If this is a network variable of a standard type, this field specifies the type (1-250). For a listing of the Stan-
dard Network Variable Types, see The SNVT Guide. If this field is zero, the network variable is of a
non-standard type.

A.5.3 SNVT Table Extension Records

Extension records may be present for only some of the network variables. If an extension record is present,
the field ext _rec is set to one in the SNVT descriptor. The extension records appear in the order that the
network variables were declared in the application program. Each extension record begins with a one-byte
bit-mask defining which fields are to follow. The fields follow in the order of the bits in the bit mask defined
here. These bits appear in the mask starting with the most significant bit.

unsigned mre : 1;

If this bit is set to one, the extension record contains an estimate of the maximum rate at which this network
variable is updated. The field is an unsigned int in the range 0—127 representing the rate in the range
0-1878.0 as specified by bind_info( max_rate_est ( nnn ) ) inthe NEURON C declaration of the
network variable. The rate is given by the formula 2 (7/8)-5 messages/per second, rounded to the nearest
tenth of a message per second.

unsigned re : 1;

If this bit is set to one, the extension record contains an estimate of the average rate at which this network
variable is updated. The field is an unsigned int in the range 0—127 representing the rate in the range
0-1878.0 as specified by bind_info( rate_est ( nnn ) ) inthe NEURON C declaration of the net-
work variable. The rate is given by the formula 2 (n/8)-5 messages/per second, rounded to the nearest tenth
of a message per second.

unsigned nm : 1;

If this bit is set to one, the extension record contains the name of the network variable as declared in the
NeEURON C program. This information is present if the compiler directive #pragma enable_
sd_nv_names is specified. The name is represented as a null terminated string of up to 17 bytes, or up to
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21 bytes if a network variable array element. Each array element has its own extension record containing
the name of the array, a left square bracket, one or two decimal digits denoting the index of the element, and
a right square bracket.

unsigned sd : 1;

if this bit is set to one, the extension record contains the self-documentation string for the netwoik variable
This is a nuI termmated string of up to 1023 bytes, which may be specified by the modifier sd_string
( “sss" ) inthe NEURON C declaration of the network variable.

A.6 THE CONFIGURATION STRUCTURE

This structure defines the hardware and transceiver properties of this node. It is located in EEPROM, and is
part of both the application image written during node manufacture, and the network image written during
node installation.

Declarations from ACCESS . H

#define LOCATION_LEN 6
#define NUM_COMM_PARAMS 7

typedef struct {

unsigned long channel_id; // offset 0x00
char location[ LOCATION_LEN ]; // offset 0x02
unsigned comm_clock : 55 // offset 0x08
unsigned input_clock 3;
unsigned comm_type 35 // offset 0x09
unsigned comm_pin_dir 5;
unsigned reserved[ 5 1; // offset 0x0A
unsigned node_priority; // offset 0xO0F
unsigned channel_priorities; // offset 0x10
union {
unsigned xcvr_params|[ NUM_COMM_PARAMS ];
direct_param_struct dir_params; // offset 0x11
}
unsigned non_group_timer 4 // offset 0x18
unsigned nm_auth : 1;
unsigned preemption_timeout: 3;

} config_data_struct;

typedef struct {

unsigned collision_detect 1; // offset 0x11
unsigned bit_sync_threshold: 2;
unsigned filter 2;
unsigned hysteresis 3;
unsigned 6; // offset 0x12
unsigned cd_tail 1;
unsigned cd_preamble 1;

} direct_param_struct;
const config_data_struct config_data;
The application program may read, but not write this structure using the global declaration config_data.

The structure is 25 bytes long, and it may be read and written over the network using the Read Memory and
Write Memory network management messages with address_mode=2.
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A.6.1 Configuration Structure Field Descriptions
unsigned long channel_id;

This field specifies the ID of the channel that this node is assigned. In the development environment, this is
assigned automatically when the channel object is created. The NEURON CHIP firmware does not reference
this field, but it is available to assist in recreation of the network topology data structure by interrogating the
nodes.

char location[ LOCATION_LEN ];

The location field is used to pass a six-byte ASCII string describing the physical location of the node to the
network management node. In the development environment, this is defined in the node specification
screen.

unsigned comm_clock : 5;

For direct mode transceivers, this field specifies the ratio between the NEURON CHIP input clock oscillator
frequency and the transceiver bit rate. For special purpose mode transceivers, it specifies the rate of the bit
clock between the NEURON CHIP and the transceiver. In the development environment, the transceiver bit
rate is specified in the channel screen. Table A.2 shows the transceiver bit rate as a function of the
input_clock field and the comm_c1lock field.

Table A.2. Transceiver Bit Rate (kbit/s) as a Function of comm_clock and input_clock

input_clock
comm_clock ratio 5 4 3 2 1
0 8:1 1,250 625 312.5 156.3 78.1
1 16:1 625 312.5 156.3 78.1 39.1
2 32:1 3125 156.3 781 39.1 19.5
3 64:1 156.3 781 39.1 19.5 9.8
4 128:1 78.1 39.1 19.5 9.8 49
5 256:1 39.1 19.5 9.8 49 —_
6 512:1 195 9.8 49 — —
7 1,024:1 9.8 49 — — —
unsigned input_clock 35

This field specifies the NEURON CHIP input clock (oscillator frequency). In the development environment,
the user specifies this value in the hardware properties screen for the node. The encoding is as follows:

10.0 MHz
5.0 MHz
2.5 MHz
1.25 MHz

625 kHz

not used

O—=NWrLO

unsigned comm_type 3

This field specifies the type of transceiver. In the development environment, this is specified in the channel
screen. The encoding is as follows:

1 Single-ended
5 Differential
2 Special-purpose
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unsigned comm_pin_dir : 55

This field specifies the direction of the NEURON CHIP’'s communications port pins. Zero indicates an input,
one indicates an output with respect to the NEURON CHIP. The least significant bit corresponds to pin CPO.
Values used in this field include:

O0xO0E Direct mode — single-ended

0x0C Direct mode — differential

Ox1E Special-purpose — wake-up pin is an output

0x17 Special-purpose — wake-up pin is an input
unsigned reserved [ 57;

This field specifies the raw transceiver parameters in units of processor cycles. In the development envi-
ronment, these parameters are specified as the Raw Data in the channel screen. The descriptions are:

reserved[ O ] preamble length pad — determines the length of the preamble for
direct mode transceivers

reserved[ 1] packet cycle pad — determines the packet cycle duration for
counting down the backlog

reserved[ 2 ] beta pad — the pad for the beta loop

reserved[ 3 ] transmit beta 1 pad — the pad for the beta 1 period after
transmitting

reserved| 4 ] receive beta 1 pad — the pad for the beta 1 period after receiving

unsigned node_priority;

This field specifies the priority slot used by the node when sending priority messages on the channel
(1-255). It should not be greater than the number of priority slots on the channel. If the node has no priority
slot allocated, this is zero. In the development environment, the node priority is specified in the hardware
properties screen for the node.

unsigned channel_priorities;

This field specifies the number of priority slots on the channel (0-255). The slots are numbered starting at
one. In the development environment, this is specified in the channel screen, with a maximum value of 127.

unsigned xcvr_params|[ NUM_COMM_PARAMS ];

This field forms an array of seven transceiver-specific parameters for special-purpose mode transceivers.
All seven parameters are loaded into the transceiver when the node is initialized. in the development envi-
ronment, these are specified as General Purpose Data in the channel screen. The most significant bit of the
first transceiver parameter is defined to be the alternate channel bit. The alternate channel is used for the
later retries with acknowledged or request/response service. In the case of the powerline transceiver, this
bit determines whether the transceiver uses QPSK modulation at 9600 bps (bit is zero), or BPSK modula-
tion at 4800 bps (bit is one). All other transceiver parameters are user-defined. For direct-mode trans-
ceivers, the first two bytes are overlaid by the direct mode parameter structure defined below.

unsigned non_group_timer : 4;

When the node receives a unicast (non-group) message requiring a response or acknowledgement, the
receive timer is set to the time interval specified by this field. If a message with the same transaction ID is
received before the receive timer expires, it is considered to be a retry of the previous message. In the
development environment, this is implicitly set to the maximum of the non-group receive timers specified in
the connection screens. The encoding is of this field is in Table A.1.

unsigned nm_auth : 1;

This field specifies that network management messages are to be authenticated. Setting this bit prevents
the node from being configured by an unauthorized network management node. In the development envi-
ronment, this is defined in the node specification screen.
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unsigned preemption_timeout :3;

This field specifies the maximum time the node should wait for a free buffer. In the development environ-
ment, this is defined in the node specification screen. The encoding is as follows:

forever

2 seconds
4 seconds
6 seconds
8 seconds
10 seconds
12 seconds
14 seconds

NO O~ WN-—=O

A.6.2 Direct-Mode Transceiver Parameters Field Descriptions

For direct (single-ended or differential) mode transceivers, these parameters are used to control the opera-
tion of the transceiver port. In the development environment, these parameters are specified in the channel
screen.

unsigned collision_detect : 1;

This field specifies that the NEURON CHIP monitors pin CP4 for an indication of a collision on the network.

unsigned bit_sync_threshold: 2;

This field specifies the number of logic one bits received that are to be interpreted as the bit sync indicating
the start of a packet. The encoding is as follows:

Threshold Number of bits

0 4
1 5
2 6
3 7
unsigned filter : 2;

For differential mode transceivers, this field specifies the setting of the receive glitch filter (0-3). See the
electrical specifications of the NEURON CHIP (Table 12.6) for details of the available glitch filter settings.
unsigned hysteresis : 3

For differential mode transceivers, this field specifies the setting of the receive hysteresis filter (0~7). See
the electrical specifications of the NEURON CHIP (Table 12.5) for details of the available hysteresis filter
settings.

unsigned cd_tail : 1;

unsigned cd_preamble 1

This bit specifies that collisions are to be detected during the preamble at the beginning of the transmitted
packet. When specified, the packet is terminated at the end of the preamble if a collision is detected during
the preamble.
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NETWORK MANAGEMENT AND DIAGNOSTIC SERVICES

APPENDIX B

In addition to application message services, the LONTALK protocol provides network management services
for installation and configuration of nodes, downloading of software, and diagnosis of the network. Mes-
sage codes used by the LONTALK protocol are as follows:

Message Type

Application Messages
Application Responses
Response if node is off-line

Foreign Messages
Foreign Responses
Response if node is off-line

Hexadecimal Message Codes

0x00 — Ox3E
0x00 — Ox3E
Ox3F

0x40 — Ox4E
0x40 — Ox4E
Ox4F

Section 7.3 describes the use of application messages. A foreign message is a packet of another protocol
embedded in the LONTALK protocol packet. The application program allocates application or foreign mes-

sage and response codes.

Network Diagnostic Request Success Failed
Messages Code Response Response
Query Status 0x50 0x30 0x10
Clear Status 0x51 0x31 ox11
Proxy Command 0x52 0x32 0x12
Query XCVR Status 0x53 0x33 0x13
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Network Management Request Success Failed
Messages Code Response Response
Query ID 0x61 0x21 0x01
Respond to Query 0x62 0x22 0x02
Update Domain 0x63 0x23 0x03
Leave Domain 0x64 0x24 0x04
Update Key 0x65 0x25 0x05
Update Address 0x66 0x26 0x06
Query Address 0x67 0x27 0x07
Query Net Variable Config 0x68 0x28 0x08
Update Group Address Data 0x69 0x29 0x09
Query Domain 0x6A 0x2A 0x0A
Update Net Variable Config 0x6B 0x2B 0x0B
Set Node Mode 0x6C 0x2C 0x0C
Read Memory 0x6D 0x2D 0x0D
Write Memory 0x6E 0x2E Ox0E
Checksum Recalculate Ox6F Ox2F 0x0F
Wink 0x70 — —
Memory Refresh 0x71 0x31 0x11
Query SNVT 0x72 0x32 0x12
Network Variable Fetch 0x73 0x33 0x13
Router Configuration Messages 0x74 — OX7E
Router Config Success Responses 0x34 — Ox3E
Router Config Failed Responses 0x14 - Ox1E

Router messages are used by network management nodes to configure nodes that run the special router
system image. They are not useful for application nodes, which will return the failed response.

Service Pin Message Ox7F (Unsolicited message)
Network Variable Messages 0x80 — OxFF

Network variable messages cannot be received by an application program using explicit messaging
syntax. They are sent by updating network output variables in the application program, and are implicitly
received by network input variables in the same connection. Polling of network variables is implemented
with request/response service.

Network management and network diagnostic messages may be delivered using Request/ Response ser-
vice (except for mode on-line, mode off-line and wink, which do not have response data associated with
them). Network management messages that do not have response data associated with them may also be
delivered with the other classes of service, namely Acknowledged, Unacknowledged and Unacknow!-
edged/Repeated. These messages are: Respond to Query, Update Domain, Leave Domain, Update Key,
Update Address, Update Group Address Data, Update Net Variable Config, Set Node Mode, Write
Memory, Checksum Recalculate, Memory Refresh, and Clear Status. If broadcast addressing is used with
Acknowledged or Request/Response service, then only the first acknowledgement or response can be
handled.

Application messages and network variable updates are delivered with the specified class of service. Note
that most network management and network diagnostic messages may be authenticated (if the nm_auth
bit is set in the Configuration Structure). Authentication never applies to Query ID, Respond to Query,
Query Status, or Proxy messages.
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In the following descriptions of the network management messages, the data structures named
NM_xxx_request specify the data field of the outgoing message (following the code field). Similarly, the
data structures named NM_ xxx_response specify the data field of the corresponding response. Network
management messages are sent like any other explicit message, either from a host microprocessor or from
a NEURON CHIP. The following example shows how a NEURON C program running on a NEURON CHIP could

use the Read Memory network management message (see B.1.5) to retrieve the 6-byte NEURON ID from
CH!P at offset 0ox0000 intn ihn nnnd nnl\l Qf rtiira

rit .
atl viioo U u uuLviluIc.

struct {
enum {
absolute =0,
read_only_relative = 1,
config_relative = 2,
} mode;

unsigned long offset;
unsigned count;

} read_rq;

msg_tag read_mem_tag;

// a local copy of the request msg

// declare a destination address

when ( reset ) {
msg_out.code = 0x6D; // Read-memory code
read_rg.mode = read_only_relative; // Address mode
read_rqg.offset = 0x0000; // Address offset
read_rqg.count = 6; // Byte count
memcpy ( msg_out .data, &read_rqg, sizeof( read_rqg ) ):
// Copy into msg_out data array
msg_out .service = REQUEST; // Expect a response
msg_out.tag = read_mem_tag; // Destination address

mog_send( ) ; // Scnd the message
}
unsigned neuron_id[ 6 ]; // Place to save the returned ID

when( resp_arrives( read_mem_tag ) ) {
memcpy ( neuron_id, resp_in.data, 6 ), // copy the response data to a
local variable

}

The failed response is returned when the destination NEURON CHIP cannot process the message, for
example when a table index is out of range, there is a memory failure when writing to EEPROM, or an
attempt is made to violate read/write protection.

B.1 NETWORK MANAGEMENT MESSAGES

These messages are described in six main groups: node identification messages, domain table messages,
address table messages, messages related to network variables, node memory messages, and special-
purpose messages.

B.1.1 Node Identification Messages

Query ID (Request/Response Only)

This message requests selected nodes to respond with a message containing their 48-bit unique ID and
program ID. This message is normally broadcast during network installation to find specific nodes in the
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domain. It can be used to find unconfigured nodes or explicitly selected nodes, or nodes with specified
memory contents at a specified address. This address may be specified relative to the Read-Only Structure
(see A.1), or the Configuration Structure (see A.6). This can be used for example to find nodes with a par-
ticular channel ID or location string (in the Configuration Structure) or program ID string (in the Read-Only
Structure).

Message declarations:

typedef struct {

enum {
unconfigured =0,
selected =1,
selected_uncnfg = 2,
} selector;
enum { // Begin optional fields
read_only_relative= 1,
config_relative = 2,
} mode;

unsigned long offset;
unsigned count;
unsigned datal 1;

} NM_query_id_request;

typedef struct {
unsigned neuron_id[ NEURON_ID_LEN ];
unsigned id_string[ ID_STR_LEN ];

} NM_query_id_response;

The first byte of the request message specifies which nodes are to respond, whether unconfigured nodes,
selected nodes, or both. A node may be selected with the Respond to Query message. The response mes-
sage contains the 6-byte NEURON ID and the 8-byte program ID.

Respond to Query
This message explicitly selects or deselects a node to respond to a Query ID message. It can be used to
determine network topology. Resetting the node clears the selection.

Message declaration:

typedef enum ({
disable= 0,
enable= 1,
} NM_respond_to_guery_request;

The request message consists of a single byte specifying whether the node should be selected or
deselected.

This is an unsolicited message sent by a node when service pin is grounded. It contains the node’s unique
ID followed by the program ID.
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Message declaration:

typedef struct {
unsigned neuron_id[ NEURON_ID_LEN ];
unsigned id_string( ID_STR_LEN ];

} NM_service_pin_msg;

The message data contains the 6-byte unique NEURON ID assigned by the manufacturer of the NEURON
CHIP, followed by the 8-byte ID of the application program in the NEURON CHIP. See A.1.1 for details on
these values.

B.1.2 Domain Table Messages

Update Domain

This message overwrites a domain table entry with a new value, and recomputes the configuration check-
sum. This assigns a domain, subnet and node identifier to the node, as well as an authentication key for that
domain. The authentication key is transmitted in the clear, so that this message should not be used on an
open network if authentication protection is desired. The node does not enter the configured state until a
Set Node Mode message is sent to change its state to configured. The Update Domain message is hon-
ored even if the node is read/write protected. For a description of the domain table, see A.2.

Message declaration:

typedef struct {
unsigned domain_index;
unsigned id[ DOMAIN_ID_LEN ];
unsigned subnet;
unsigned must_be_one : 1; // this bit must be set to 1
unsigned node 2 7;
unsigned len;
unsigned key|[ AUTH_KEY_LEN ];
} NM_update_domain_request;

The request message consists of an index into the domain table (0 or 1), followed by an image of the
domain table entry to be written, in the format of a domain_struct declared in \LB\ INCLUDE
\ACCESS . H. The most significant bit of the byte containing the node ID must be set.

Query Domain (Request/Response Only)

This message retrieves an entry in the domain table. This message is honored even if the node is read/write
protected. For a description of the domain table, see A.2.

Message declarations:

typedef unsigned /* domain_index */ NM_query_domain_request;

typedef struct {
unsigned id[ DOMAIN_ID_LEN ];
unsigned subnet;
unsigned : 1
unsigned node: 7;
unsigned len;
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unsigned key[ AUTH_KEY_LEN ];
} NM_query_domain_response;

The request message consists of an index into the domain table (0 or 1). The response message contains
an image of the domain table entry that was read, in the format of a domain_struct declared in
\LB\ INCLUDE\ACCESS.H.

Leave Domain

This message deletes a domain table entry, and recomputes the configuration checksum. After the mes-
sage is processed, if the node does not belong to any domain, it becomes unconfigured and is reset. This
message is honored even if the node is read/write protected. For a description of the domain table, see A.2.

Message declaration:
typedef unsigned /* domain_index */ NM_leave_domain_request;

The request message consists of an index into the domain table (0 or 1).

Update Key

This message adds an increment to the current encryption key in a domain table entry to form a new key,
and recomputes the configuration checksum. This allows rekeying of a node without having to transmit the
new key in the clear on the network. This message is honored even if the node is read/write protected. Fora
description of the domain table, see A.2.

Message declaration:

typedef struct {
unsigned domain_index;
unsigned key|[ AUTH_KEY_LEN ];
} NM_update_key_request;

The request message consists of an index into the domain table (0 or 1), followed by six bytes of authenti-
cation key increment.

B.1.3 Address Table Messages

Update Address

This message overwrites an address table entry with a new value, and recomputes the configuration
checksum. An address table entry allows the node to implicitly address another node, or join a group. This
message is honored even if the node is read/write protected. For a description of the address table,
see A.3.

Message declaration:

typedef struct {
unsigned addr_index;

unsigned type; // addr_type or (0x80
group_size)

unsigned domain : 1

unsigned member_or_node : 7;
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unsigned rpt_timer

unsigned retry

unsigned rcv_timer

unsigned tx_timer

unsigned group_or_subnet;
} NM_update_addr_request;

OB D

The request message consists of an index into the address table (0 to 14), followed by an image of the
address table entry to be written, in the format of an address_struct declared in \LB\ INCLUDE\
ACCESS. H. The address type field is O for unbound, 1 for subnet_node, 3forbroadcast, and for group
addressing it contains the group size with the most significant bit set.

Query Address (Request/Response Only)

This message retrieves an entry in the address table. This message is honored even if the node is read/
write protected. For a description of the address table, see A.3.

Message declarations:

typedef unsigned /* addr_index */ NM_query_addr_request;

typedef struct {
unsigned type; // addr_type or (0x80 |group_size)
unsigned domain 1
unsigned member_or_node 7
unsigned rpt_timer : 4,
unsigned retry 4
unsigned rcv_timer 4
unsigned tx_timer 4
unsigned group_or_subnet;

} NM_query_addr_response;

The request message consists of an index into the address table (0 to 14). The response message con-
tains an image of the address table entry that was read, in the format of an address_struct declaredin
\LB\INCLUDE\ACCESS.H. The address type field is 0 for unbound, 1 for subnet_node, 3forbroad-
cast, and for group addressing it contains the group size with the most significant bit set.

Update Group Address Data

This message updates a group entry in the address table with a new group size and timer fields, and recom-
putes the configuration checksum. The message is sent to all members of the group, and updates the cor-
responding entry in the address table. This is used when nodes join or ieave the group. This message is
honored even if the node is read/write protected. For a description of the address table, see A.3.

Message declaration:

typedef struct {
unsigned type
unsigned size
unsigned domain
unsigned member
unsigned rpt_timer
unsigned retry
unsigned rcv_timer

/I must be one

ARABNANZ
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unsigned tx_timer -4,
unsigned group;
} NM_update_group_addr_request;

The request message consists of an image of the address table entry to be written, and must be delivered
with group addressing. The group size and timer values are updated with new values, but the member num-
ber and domain index are left unchanged. The group number must not change.

B.1.4 Network Variable-Related Messages
Network variable update and poll messages are described in B.3.

Update Net Variable Config

This message overwrites a network variable configuration table entry with a new value, and recomputes
the configuration checksum. This assigns a network variable selector to effect the binding of the network
variable to network variables with the same selector on other nodes. This message is honored even if the
node is read/write protected. For a description of the network variable configuration table, see A.4. For a
node running the Microprocessor Interface Program with the network variable configuration table on the
host, the Update Net Variable Config message is passed to the host microprocessor. In this case, the net-
work variable index value of 255 is reserved to indicate that the following two bytes in the message form a
16-bit network variable index, allowing up to 16,383 network variables to be bound.

typedef struct {
unsigned nv_index;
unsigned nv_priority
unsigned nv_direction
unsigned nv_selector_hi
unsigned nv_selector_lo
unsigned nv_turnaround
unsigned nv_service
unsigned nv_auth
unsigned nv_addr_index

} NM_update_nv_cnfg_request;

BN 0O

The request message consists of an index into the network variable table, followed by an image of the
network variable configuration table entry to be written, in the format of an nv_struct declared in
\LB\ INCLUDE\ACCESS.H.

Query Net Variable Config (Request/Response Only)

This message retrieves an entry in the network variable configuration table. This message is honored even
ifthe node is read/write protected. For a description of the network variable configuration table, see A.4. For
a node running the Microprocessor Interface Program with the network variable configuration table on the
host, the Query Net Variable Config message is passed to the host microprocessor. In this case, the net-
work variable index value of 255 is reserved to indicate that the following two bytes in the message form a
16-bit network variable index, allowing up to 16,383 network variable configuration table entries to be
queried.

Message declaration:

typedef unsigned /* nv_index */ NM_query_nv_cnfg_request;

typedef struct {
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unsigned nv_priority
unsigned nv_direction
unsigned nv_selector_hi
unsigned nv_selector_1lo
unsigned nv_turnaround
unsigned nv_service
unsigned nv_auth
unsigned nv_addr_index

} NM_query_nv_cnfg_response;

SN O e

The request message consists of an index into the network variable configuration table. The response
message contains an image of the network variable configuration table entry that was read, in the format of
an nv_struct declared in \LB\ INCLUDE\ACCESS . H.

Query SNVT (Request/Response Only)

This message retrieves self-identification and self-documentation data from the host processor memory of
anode running the Microprocessor Interface Program. This program is a special application used to attach
the node to a host processor at Layer 4 of the protocol. In this case, the address table is located in the
NEURON CHIP memory, but the network variable fixed table and SNVT information is located in the host’s
memory. The specified amount of data is retrieved from the specified offset into the SNVT Structure on the
host. The number of bytes read in one message is limited by the network buffer sizes on both NEURON
CHIPs. For a NEURON CHIP running a regular application program, the Query SNVT message will return the
failed response. In this case the Read Memory message should be used to retrieve the SNVT information
using the snvt pointer in the Read-Only Structure (see A.1). For a description of the SNVT Structure,
see A5.

Message declarations:

typedef struct {
unsigned long offset;
unsigned count;

} NM_query_SNVT_request;

typedef unsigned NM_query_SNVT_response| ];

The request message consists of two bytes specifying the offset into the addressed memory, and a byte
specifying the number of bytes to be retrieved. The address is passed with the most significant byte first,
whether or not this is the native address format of the host microprocessor. The response message con-
tains the data in the memory that was read.

Network Variable Fetch (Request/Response Only)

This message retrieves the value of a network variable by its index into the network variable tables. This
can be used to poll the value of a network variable, even if the node is off-line. For a description of the net-
work variable tables, see A.3. The normal way to poll a network variable value is with an application mes-
sage specifying the network variable’s selector (see B.3). For a node running the Microprocessor Interface
Program, the Network Variable Fetch message is passed to the host microprocessor. In this case, the net-
work variable index value of 255 is reserved to indicate that the following two bytes in the message form a
16-bit network variable index, allowing up to 16,383 network variables to be fetched.

Message declarations:

typedef unsigned /* nv_index */ NM_NV_fetch_request;
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typedef struct {
unsigned nv_index;
unsigned datal ];

} NM_NV_fetch_response;

The request message consists of the network variable index, which is the index into either of the network
variable tables. The response message contains the network variable index, followed by the network vari-

able data itself.

B.1.5 Memory-Related Messages

Read Memory (Request/Response Only)

This message reads data from the node’s memory. Addresses may be specified relative to the Read-Only
Structure (see A.1), relative to the Configuration Structure (see A.6), or absolutely. To read the domain
table, the address table, or the network variable configuration table, the Query Domain/Address/NV Config
messages should be used. The number of bytes that can be be read in one message is limited only by the
network buffer sizes on both NEURON CHIPS. If the node is read/write protected, none of the node’s memory
may be read, except for the Read-Only Structure, the SNVT Structures (see A.5) and the Configuration
Structure.

Message declaration:

typedef struct {

enum {
absolute =0,
read_only_relative= 1,
config_relative = 2,
} mode;

unsigned long offset;
unsigned count;
} NM_read_memory_request;

typedef unsigned NM_read_memory_response[ ];

The request message consists of a byte specifying the address mode, two bytes specifying the offset into
the addressed memory (most significant byte of the address first), and a byte specifying the number of
bytes to be read. The response message contains the data in the memory that was read.

Write Memory

This message writes data to the node’s memory. Addresses may be specified relative to the Read-Only
Structure (see A.1), relative to the Configuration Structure (see A.6), or absolutely. This message may be
used to download an application program to read/write memory on the node. The number of bytes that can
be written in one message is limited by the network buffer sizes on both NEURON CHIPS. To write the domain
table, the address table, or the network variable configuration table, the Update Domain/Address/NV Con-
fig messages should be used. If writing to EEPROM, the application checksum and the configuration
checksum may be recalculated. In this case, the number of bytes written in one message should be limited
to 38 to avoid watchdog timeouts at maximum input clock rate. The node may also be reset. If the node is
read/write protected, none of the node’s memory may be written except for the Configuration Structure.

Message declaration:

typedef struct ({
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enum {
absolute =0,
read_only_relative
config_relative ,

} mode;
unsigned long offset;
unsigned count;

enum {
no_action =0
both_cs_recalc =1
cnfg_cs_recalc = 4
only_reset = 8,
9
0

i
N =

I

both_cs_recalc_reset =
cnfg_cs_recalc_reset =
} form;
unsigned datal J;
} NM_write_memory_request;

The request message consists of a byte specifying the address mode, two bytes specifying the offset into
the addressed memory (most significant byte of the address first), a byte specifying the number of bytes to
be written, and a byte specifying the action to be taken at the completion of the write operation, followed by
the data bytes to be written.

Checksum Recalculate

This message recomputes either the network image checksum, or both the network and application image
checksums in EEPROM. The application image and the network image are independently checked when-
everthe node is reset. They are also checked by a continually running background task. If the configuration
checksumiis invalid, the node enters the unconfigured state. If the application checksum is invalid, the node
enters the application-less state. The network variable messages to update the domain, address, or net-
work variable tables automatically update the configuration checksum. The Checksum Recalculate mes-
sage is intended for use after a series of Write Memory messages, for example, when downloading an
application program.

Message declaration:

typedef enum {
both_cs = 1,
cnfg_cs = 4,
} NM_checksum_recalc_request;

The request message consists of a single byte specifying which checksums should be recalculated.

Memory Refresh

This message rewrites EEPROM memory at the specified offset. Either on-chip or off-chip EEPROM may
be refreshed. Up to eight bytes may be written if the node is on-line (executing the application program) and
up to 38 bytes if it is off-line. This message may be used periodically to extend the 10-year data retention of
most EEPROM devices. Note that most EEPROM devices are specified as supporting 10,000 write cycles,
therefore this message should not be used very frequently. The 48-bit NEURON ID cannot be refreshed. The
Memory Refresh message returns the failed response if the address specified is outside of the on-chip or
off-chip EEPROM regions.
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Message declaration:

typedef struct {
unsigned long offset;
unsigned count;

enum {
on_chip = 0,
off_chip = 1,
} which;

} NM_memory_refresh_request;

The request message consists of two bytes specifying the offset into the addressed memory (most signifi-
cant byte of the address first), a byte specifying the number of bytes to be refreshed, and a byte indicating
whether on-chip or off-chip EEPROM is to be refreshed.

B.1.6 Special-Purpose Messages

Set Node Mode (Service class varies)

This message puts the application in an off-line or on-line mode, or resets the node. This message may also
be used to change the state of the node. The state may be:

Application-less and unconfigured (Service LED on full)
Unconfigured (but with an application) (Service LED flashing)
Configured, hard off-line (a reset leaves the node off-line) (Service LED off)
Configured, soft off-line (a reset puts the node on-line) (Service LED off)
Configured, on-line (Service LED off)

When the application is off-line, the scheduler is disabled. Polling a network variable will return no data, but
network variable updates will be processed. However, if the application is off-line, nv_update_occurs
events will be lost. If this message changes the mode to off-line or on-line, the appropriate NEURON C task (if
any) will be executed. Mode on-line and mode off-line messages should not be delivered with Request/
Response service.

Message declaration:

typedef struct ({
enum {
appl_offline =
appl_online
appl_reset
change_state
} mode;
enum {
appl_uncnfg 2
no_appl_uncnfg= 3,
cnfg_online = 4,
cnfg_offline = 6, // hard offline state
} state; // Optional field if mode = 3
} NM_set_node_mode_request;

, // soft offline state

1l

1l
w N = O

il

’

il
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The request message consists of a byte specifying whether this is a request to put the node in the soft off-
line state, put it on-line, reset it, or change the state of the NEURON CHIP. In this last case, there is a second
byte specifying which state the node should enter.

Wink (Any service class except Request/Response)

This message causes the node to execute the wink clause in application program (if any). This may be
used to identify nodes visually or audibly if it is more convenient than grounding the service pin. Thereis no
data associated with this message.

B.2 NETWORK DIAGNOSTIC MESSAGES

Query Status (Request/Response Only)

This message retrieves the network error statistics accumulators, the cause of the last reset, the state of
the node, and the last run-time error logged. This message is used after a node has been reset to verify that
the reset has occurred, since resets are not acknowledged.

Message declaration:

typedef struct {

unsigned long xmit_errors;

unsigned long transaction_timeouts;

unsigned long rcv_transaction_full;

unsigned long lost_msgs;

unsigned long missed_msgs;

unsigned reset_cause;

enum {
appi_uncnfg
no_appl_uncnfg
cnfg_online
cnfg_offline =
soft_offline

} node_state;

unsigned version_number;

enum {

1

I

' // hard offline state

1]
O O\ W N

bad_event =1,
nv_length_mismatch = 2,
nv_msg_too_short = 3,
eeprom_write_fail = 4,
bad_address_type =5,
preemption_mode_timeout = 6,
already_preempted =7,
sync_nv_update_lost = 8,
invalid_resp_alloc =9,
invalid_domain = 10,
read_past_end_of_msg = 11,
write_past_end_of_msg =12,
invalid_addr_table_index = 13,
incomplete_msg = 14,
nv_update_on_output_nv = 15,
no_msg_avail = 16,
illegal_send =17,
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unknown_PDU = 18,

invalid_nv_index =19,
divide_by_zero = 20,
invalid_appl_error = 21,
memory_alloc_failure = 22,
write_past_end_of_net_buffer = 23,
appl_cs_error = 24,
cnfg_cs_error = 25,
invalid_xcvr_reg_addr = 26,
XCvr_reg_timeout = 27,
write_past_end_of_appl_buffer= 28,
io_ready = 29,
self_test_failed = 30,
subnet_router = 31,

} error_log;
unsigned model_number;
} ND_qguery_status_response;

The request message contains no data. The response message begins with five 16-bit error statistics
accumulators as follows:

Transmission errors — The number of CRC errors detected during packet reception. These may be due to
collisions or noise on the transceiver input.

Transaction timeouts — The number of times that the node failed to receive expected acknowledgements
or responses after retrying the configured number of times. These may be due to destination nodes being
inaccessible on the network, transmission failures because of noise on the channel, or if any destination
node has insufficient buffers or receive transaction records. When using Request/Response service or net-
work variable polling, a transaction timeout can also occur if the destination node application program does
not return to the scheduler frequently enough, because responses are synchronized with the application
tasks.

Receive transaction full errors — The number of times that an incoming packet was discarded because
there was no room in the transaction database. These may be due to excessively long receive timers (see
A.3.11), or inadequate size of the transaction database.

Lost messages — The number of times that an incoming packet was discarded because there was no ap-
plication buffer available. These may be due to an application program being too slow to process incoming
packets, to insufficient application buffers, or to excess traffic on the channel. If the incoming message is
too large for the application buffer, an error is logged, but the lost message count is not incremented.

Missed messages — The number of times that an incoming packet was discarded because there was no
network buffer available. These may be due to excess traffic on the channel, to insufficient network buffers,
or to the network buffers not being large enough to accept all packets on the channel, whether or not ad-
dressed to this node.

The response message also contains a byte with the cause of the last reset as follows (X = don’t care):

Power—up reset ObXXXXXXX1
External reset 0bXXXXXX10
Watchdog reset 0bXXXX1100
Software reset 0bXXX10100
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This is followed by a byte containing the current state of the node. The state may be:

Application-less and unconfigured (Service LED on full)
Unconfigured (but with an application) (Service LED flashing)
Configured, hard off-line (a reset leaves the node off-line) (Service LED off)
Configured, soft off-line (a reset puts the node on-line) (Service LED off)
Configured, on-line (Service LED off)

The next byte in the response message indicates the version number of the firmware executing on the tar-
get node. For the firmware distributed with LONBUILDER 2.0, this is 2. The version number is followed by a
byte indicating the reason for the last error detected by the firmware on the target node. Zero means that no
error has been detected since the last reset. For a description of the firmware errors, see the NEURON C
Programmer’s Guide, Appendix E.

Clear Status

This message clears the network error statistics accumulators and the error log. The request message
contains no data.

Proxy Command (Request/Response Only)

This message requests the node to deliver a Query ID, Query Status, or Query Transceiver Status mes-
sage to another node. This can be used when the target node is out of earshot of the network management
node. The response is also relayed back to the original sender.

Message declaration:

typedef struct {
enum {
query_unconfigured
status_request =1,
xcvr_status = 2,
} sub_command;
unsigned type; // addr_type or (0x80 |group_size)
unsigned 1
unsigned member_or_node 7
unsigned rpt_timer : 4
4
4

I
o

unsigned retry

unsigned tx_timer :

unsigned group_or_subnet;

unsigned neuron_id[ 6 ]; // for type = 2
} ND_proxy_request;

The request message contains a byte specifying which message is to be delivered by proxy, followed by a
destination address in the format of a msg_out_addr declared in \LB\ INCLUDE\MSG_ADDR. H. See A.3
for a description of destination address formats. The proxy message is delivered on the domain on which it
was received. The address type field is 1 for subnet_node, 2 for neuron_id, 3 for broadcast, and for
group addressing it contains the group size with the most significant bit set. The response message is the
response appropriate to the specified status request.
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Query Transceiver Status (Request/Response Only)

This message retrieves transceiver status registers. This is a group of seven registers implemented in
special-purpose mode transceivers. Even if the transceiver implements fewer than seven registers, seven
values are returned in the response (see 7.3).

Message declaration:

typedef struct ({
unsigned xcvr_params|[ NUM_COMM_PARAMS ] ;
} ND_query_Xcvr_response;

The request message contains no data. The response message contains seven bytes with the transceiver
status register values.

B.3 NETWORK VARIABLE MESSAGES

Network variable messages are of two types — network variable updates and network variable polls. All
network variable messages are implemented with message codes in the range 0x80 — OxFF, i.e. the most
significant bit of the code is set.

A network variable update message is sent whenever an output network variable is updated by the applica-
tion program, and the variable has been declared without the polled qualifier. These messages may be sent
with Acknowledged, Unacknowledged, or Unacknowledged/Repeated service class. Updating an output
network variable that has been declared with the polled qualifier does not cause a network variable update
to be sent. A network variable update message contains the selector of the network variable that was up-
dated, along with the data value. When a network variable update message is addressed to a node that has
an input network variable whose selector matches the network variable selector in the message, then a
network variable update event occurs on the destination node, and the value of the input network variable is
modified with the data in the message.

A network variable poll message is sent when the application program calls the poll() system function
specifying one or all of its input network variables. This message is sent with request/response service, and
contains the selector of the polled network variable. When a network variable poll message is addressed to
a node which has an output network variable whose selector matches the network variable selector in the
message, then that node responds with a message containing the data in the network variable. This
response is treated the same as a network variable update message; a network variable update event
occurs on the requesting node, and the value of the input network variable is modified with the data in the
message.

Normally, network variable updates and polls are delivered using implicit addressing, namely using an
entry in the address table of the source node as the destination address. However, for special applications,
it is possible to explicitly address network variable updates and polls by sending explicit messages.

Network Variable Update (Acknowledged, Unacknowledged, or Unacknowledged/Repeated)

The code field of this message contains the most significant six bits of the network variable selector. The
most significant bit of the code field is set, indicating a network variable message, and the second most
significant bit is clear, indicating that the update is addressed to an input network variable. The first data
byte of the message contains the least significant eight bits of the network variable selector, and this is
followed by the data in the network variable itself. The length of the data in the message must match the
length of the destination network variable.
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Example of updating a two-byte network variable whose selector is 0x1234 with the data value 0x5678:

msg_out.code = 0x80 | 0x12; // code field = 0x80 | nv_selector_hi

msg_out.datal 0 ] = 0x34; // data field = nv_selector_lo
msg_out.datal 1 ] = 0x56; // high byte of network variable value
msg_out.datal[ 2 ] = 0x78; // low byte of network variable value

Note that a network variable update message is processed by the network processor on the destination
node. In a normal application program, the network variable update cannot be received in the application
processor using explicit messaging syntax. If an application needs to extract the source address from an
incoming network variable update message, the Microprocessor Interface Program can be used.

Network Variable Poll (Request/Response Only)

For completeness, the network variable poll message format is described here, although this message is
not very useful in a normal NEURON C application program. This is because the response to the poll will be
processed by the network processor, and cannot be received in the application program using explicit mes-
saging syntax. If the node sending the poll message has an input network variable with the same selector
and the same size as the polled network variable, then this network variable will be updated by the
response to the poll. A more convenient method of reading the value of a network variable with an explicitly
addressed message is with the Network Variable Fetch network management message described in B.2.
Alternatively, a node running the Microprocessor Interface Program can handle the response to the poll

explicitly.

The code field of the Network Variable Poll request message contains the most significant six bits of the
network variable selector. The most significant bit of the code is set, indicating a network variable message,
and the second most significant bit is set indicating that the poll is addressed to an output network variable.
The first data byte of the request message contains the least significant eight bits of the network variable
selector. The response message contains the same code, except that the second most significant bit is
clear, indicating that the response is addressed to an input network variable. The first data byte of the re-
sponse contains the least significant eight bits of the network variable seiector, and this is followed by the
data in the network variable itself. If the poll is received by a node that has no matching network variable, or
the node is offline, then the response contains the selector, but no data is present.
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APPENDIX C
EXTERNAL MEMORY INTERFACING

(EPROM READ ONLY)
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