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Abstract

This paper describes the features and
desi gn phil osophy of the new VADCG TNC+
(TNC plus) termnal node controller which
is the second TNC produced by the Vancouver
Amateur Digital Conmmunications G oup
(VADCG). The TNC+ has many unique features
not found on the current TNCs being
mar ket ed. These features facilitate
Amat eur packet radio software devel opnent
and dissemnation and pernit the interested
user to learn about the detailed operation
of the TNC and various protocols. The
VADCG TNC+ is an 'open' system as opposed
to a 'black box' system

Background

Menbers of the VADCG designed the
first Amateur packet radio board in 1979
and after sone discussion one evening in
the living room of ny house over possible
names to give the device, we decided to
call it a "termnal node controller’ (TNQ.
Al though there were a lot of other
proposals that evening, this termnology is
now used world-wide to describe this
commonpl ace piece of equiprment. The sane
term is now also used to describe equipnent
with both a controller and nmodem although
at the tinme the termwas coined, it was
the nodem and controller
The ori gi nal

consi dered that
functi ons were separate.
board used an external nodem

When the first VADCG TNC was designed
in 1979, 2716s cost $80 each and they were
hard to find even at that price. So the
first TNC was designed with the |ess
expensive 2708 EPROMs. Tine has passed and
menory prices and technology have
substantially inproved. Al t hough the
original TNC's lifetime has been extended
throu?h a slight nodification allowing the
use of 2732 EPROVs or by the use of add-on
or 'daughter' boards, the time has finally
come to replace the board with one with
nore nenory and some new features such as
long-term battery backed up RAM which were
not possible when the original board was
desi gned.

The original TNC has now been around
for over six years and the original
purchasers have certainly seen a |ong
lifetime for a pioneer project. Software
devel opnent is still being done on the
original board and software devel opers

5.46

using it usually have nmde available all
the source code freely and free of charge
for the various prograns developed for the
board. The tradition of supplying software
source free of charge for Amateur packet
radio use started wth the original
software for the first TNC which was
witten by nyself in the spirit of
cooperative developnent. This tradition of
free sharing of infornmation is dying out

now t hat Amateur packet radio has been

turned over to commercial interests.
Protocols such as V-1, V-2, AX 25 and
V-3 as well as various types of repeater

and digi peater programs, nonitors and
debuggers and user interfaces have been
provided free of charge to users of the
original VADCG TNC. These prograns were
usual Iy devel oped on CP/M systens. There
is even a system which allows three of
these protocols to be resident in the TNC
at the same tinme.

When the original TNC was designed, it
was intended to be used as a common
devel opnent system so that software
devel opers could exchange their prograns
and sharetheirwork for the comongoal of
Amat eur packet radio developnent. It was
designed so that developers could use the
nost common devel opment system available to
thematthetime- theCP/M system It was
intended that it would meet the needs of
Amat eur packet radio developers long into
the future. It was designed to operate at
speeds up to 64,000 Baud which at the tine
were thought to be necessary for a useful
Amat eur packet radio network. It is
somewhat of a surprise and a di sappoi nt ment
to the original developers of the TNC to
see that alnpbst seven years later, in 1986
that alnmost all packet radio operation is
done at speeds no higher than 1200 Baud.
The high speed capability of this board has
never been used.

In the intervening years since the
VADCG pi oneer TNC devel opment, Anmateur TNCs
have degenerated into nass-produced ' black
boxes with canned prograns w th unavail abl e
source code and little or no information on
the internal workings of the software.
Some have been stripped of the conmon
devel opment tools such as the ability to
display and alter nenory. This has
presumably been done to keep the inner
workings of the software a secret. It is
the author's opinion that these closed



systens and an alnost paranoid tendency to

standardi ze at any cost suppress the
further devel opment of Amateur packet radio
and in fact are significant enough that
they make it doubtful that the rfull
potential of Amateur packet radio will ever
be realized.

In spite of these somewhat gl oony
expectations, the VADCG has produced its

second TNC - the TNCt+. This work has been
done in order to encourage nore technical
development of Amateur packet radio
hardware and software by providing a TNC
that is easy to develop and exchange
programs for and has the capability of high
speed operation. But note that the TNC+ is
not just intended for devel opers. It is
intended to be used by both devel opers and
end users alike. It is hoped that the
end users will realize the 1nportance of
using equi pment and software that can be
upgraded by local devel opers and not sinply
opt for the cheapest TNC available at the
t ime.

SYSTEM DESI GN

Al t hough many people helped to bring
the TNC+ into existence, the design of the
system was done nainly by two individuals -
John Spraggs, VE7ADE and nysel f. It is
i mportant to wunderstand the design
phi | osophy behind the VADCG TNC+ as it 1Is
not the same as nmost of the TNCs on the
market. Factors which went into the design
of this TNC are:

W wanted to nodernize the TNC while

still keepin? faith with the purchasers of
t he original VADCG TNC designed in 1979.
W did not want to negate the original
purchaser’s investnment in hardware or the
time spent in getting the system
oper ational,

W also wanted to avoid negating all
the effort by many people devel oping

software for the original board.

W wanted to provide a nore ‘open’
system than nmopst of the other TNC
manufacturers. The source for nost of the

software running on the board is available.

We wanted nore and better
upgrade and distribute new software for the
TNC than by replacenent of EPROVs. The
large battery backed up RAM space combined
with selectable wite protected areas
allows prograns to be distributed in five
different ways wth aBpropriate sof t war e:

1. Programs nay be |oaded froma ‘HEX
file from a conmputer.

2. Progranms may be
remote conputer using a packet

3. Programs may be transferred
directly fromone TNC to another using a
packet radio link without the aid of a
conput er.

4, Programs may be
t el ephone connection with sinple
har dwar e.

ways to

| oaded from a

radi o |ink,

| oaded over a
interface
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rovided in

5. Prograns can still be
one in the

burned in EPROMs as has been
past .

We wanted to provide a system that
software devel opers could easily use. With
this TnC, the software devel oper does not
have toown an EPROM programmer and eraser.
New programs can be |oaded quickly from a
serial port on the devel opment system In
addition, an (Operati*ng system using a
version of FORTH called STOC and an
assembler 1s already operating and
avail able which runs on the TNC+ itself.
Wth these tools, a knowledgable devel oper
can program directly on the TNC in either
assenbly | anguage or higher level Forth

type words. This in fact, allows the TNC
to operate as an independent nicroconputer
devel opment system

W wanted to increase the flexibility
and function of the TNC rather than strip
it to bare essentials as is being done by
others. The parallel port allows use of a
printer and term nal sinultaneously or
provides signals for renote control
applications. The serial port supports
automatic speed and format selection
(Aut obaud) over a w de range. The Baud
rates are not just the binary rates between
300 and 9600but go up to 38,400 Baud and
down to DC including all standard speeds in
this range as well as nmany non-standard

speeds. For example, speeds of 45.45, 110,
400 and 134.5 are supported by the
har dwar e.

Instead of an ion-board mcdem providing
only |ow speeds of 300 or 1200 Baud, the
TNC+ has an industry standard connector to
an off-board mbdem and supports synchronous
modens at Baud rates up to 64,000 Baud and
asynchronous noderns up to 9600 Baud and
both NRZ and NRZI encoding is supported at
all Baud rates. In the author's opinion,,
the future of Amateur packet radio urgently
requires a nmove to higher Baud rates for
both the end-user and backbone i nks. The
TNC+ can use alnbost all existing standard

modems such as Bell 202, 2124, 103, etc. as
wel | as many ot hers which have not seen
conmon use in Amateur radio as yet. (An

of f-board radio nodem is available from the
VADCG which supports changes from 300 to
1200 Baud with switch selection and
requires no tuning up and is powered
directly from the TNC+.)

to the off-
ot her TNCs.
a standard

Conpare this for exanple,
board nodem connector . many
They frequently do not use
connector or standard voltage levels (ITL
instead of RS-232), and only support the
nore expensi ve synchronous nodens and
require special signals which are not

supplied by standard modens.

We wanted to ensure that the TNC+ had
sufficient capacity for expansion. Th e
full 64xB menory support should provide
adequat e mem)rgl for many future packet
radio software devel opnents.



HARDWARE SPECI FI CATI ONS

Ti m ng

The 8085A M croprocessor uses a 4.9152 MHz.
crystal toNEéovide a master system cl ock of
2.4576 . A binary dividing chain
provides frequencies from 307.2 kHz. down
to 46875 Hz. for HDLC controller data
rates and software clocking. The timng
chain may also be used for interrupting the
microprocessor at selected regular
intervals.

Menor

The fyuII 64k addr essi ng space i s supported
and the follow ng conbinations of RAM EPROM
are supported by junper selection:

8k EPROM - 56k RAM
16k EPROM - 48x RAM
32k EPROM - 32k RAM

The RAM bel ow 8000 (Hexadecimal) in the
address s;t))ace may be sel ectively wite
protected by jumper selection. ATl RAMis

backed up by a Lithium batter

, expected to
[ ast about 5 years if the T

+ is powered

off. If the TNC 1s powered on, it should
last for the shelf life of the battery
which is greater thanl0 years. 8socketsS

for 2764type EPROVE and 6264LP RAM chi ps
are provided. A Voltage conparator
automatically disables memory and resets
the microprocessor when the supply voltage
drops into an out of specification range.
Thi's prevents the mcroprocessor from
writing garbage data into random nenory
| ocations during power brown-outs.

Serial Port ) ]

Uses an 8250UART with internal Baud rate
generator using industry standard 1488 and
1489 RS-232 drivers to a standard fenale
DB-25Sconnector. The connector may be

configured as either a DCE or DTE(or non-
st andar d connecﬂons% with a junper plu
provi ded. The RS-232 signals supporte
are:

Transnit Data TD +*

Recei ved Data RD #

Request to Send RTS

Cear to Send CTS #

Data Set Read DSR #

Carrier Detec CD «

Data Term nal Ready DIR

Ri ng I ndicator RI
The serial port can be used in polled node

or interrupt driven node by the software.
Changes in status of the lines narked with
an '#' can generate interrupts. The serial
Baud rate, data format, stop bits, etc. are
under conplete software control allown
for automatic selection of data speed an
format (Autobaud). Standard Baud rates
supported are: 38,400, 19,200, 9600, 4800,
2400, 1200, 600,400, 300, 150, 134.5,110,
75, 45.45.  Many other non-standard speeds
are alsosupported by the hardware.

Modem por t
I nt

An el 8273 HDLC/SDLC protocol controller

chip is used with 1488and 1489 R3-232
drivers and an industry standard DB-258
(female) connector supporting the follow ng
signal s:

Transnit Data TD #

Recei ved Data RD

Request to Send RTS ¢

Clear to Send CTS

Data Set Read DSR

Carrier Detec CD

Transnmit O ock TC

Recei ve O ock RC

Data Term nal Ready DIR #

Signal Quality SQ

Ring | ndicator Rl

DSS #

The output signals are indicated by an '#'.
In addition, +12 and -12 voltages are
supplied on pins 9 and 10 of the DB-25S
connector to supply power to the npdem
The on-board sw tching power supply has
excess capacity to power a modem.
separate header connector provides the
above signals at TTL levels along with +5,
+12 and -12 voltage levels for an internal
modem (inside the same cabinet). Both full
dupl ex and half dupl ex, synchronous and
asynchronous nodens are supported by means
of " on- board Lunpers. _Asynchronous nodem
speeds at the follow ng Baud rates are
supported by neans of on board junpers:
9600, 4800, 2400, 1200, 600, 300, 150, 75.
O her asynchronous. modem speeds (such as
400 Baud) are possible up to 9600 Baud if
cl ocks are Fr])row ded on RC and TC by the
modem  Synchronous nodens are su Eorted at
any Baud rate up to 64,000 Baud. F aud rate
is controlled by the nodem) Note that the
Baud rate may be limted by the software
bei ng used.

Data Speed Sel ect

The g273transmit and receive functions are
conFI etely independent allowing for full
dupl ex operati on. Separate receive and
transmt interrupts are provided allow ng
for interrupt driven software.

Paral l el Port

An 8255A Programmable Parallel Interface
provides 24 |/0O lines of TTL level signals
on a DB-25S connector. These |ines my be
progranmmed under software control” in
several different nodes of operation such
as input or output, handshaking,
bidirectional and interrupt control. _They
may be progranmed to drive a printer with a
Centronics parallel interface or provide
control lines for specialized equl prent.
The parallel port may be operated under
I nterrupt control.

Configuration Switches ) , ]
An 8-position DIP switch is provided which
can be read by software.

| ndi cat or LEDs .
There are 4 on-board LEDs which can be
turned on and off by software. A header is
provi ded for nountfng the LEDs off board if

desired,
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Trap Switch

Crcuitry and a connector
allow for an off-board Trap interrupt
switch. (Non-maskable interrupt) This is
very useful for a software devel oper to
analyse software failures.

is provided to

Reset Switch

Crcuitry and a connector
allow for an off--board Reset switch or
pushbutton. A reset function 1is
automatically perforned when the TNC+ is
powered on.

is provided to

Power suppl y

An on board sw tching power supply and
regulation is provided to supply all
vol tages needed by the board as well as

Power for off board circuitry such as
nmodens. Nom nal DC power of +10 to +15
Volts is required but typical operation is
between +7 Volts and +18 Volts. A

connector is provided to operate the TNC
directly from regulated +5, +12 and -12
Volts wthout the need of the switching
power supply conponents. \When the board is
not supplying off-board power the neasured

current consunption w thout CMOS conponents
is:

290 mA at 17 Volts

340 mA atl12 Volts

480 mA at 7 Volts
The on board switching power supply

supplies regulated power at the following
currents for off-board devices.

5 Volts at 2 Anperes

-12 Volts at approximtely 120 mA.
The input power Voltage (+10 to +15 Volts)
is also available.

PC Board
7.75 X 8.5 inches (197 X 216 mm) Doubl e--
sided G 10 dass Epoxy with plated through

holes. The board is sil k-screened and
sol der masked.
Upgr ade

Users with the original VADCG TNC board
should note that this board is exactly the
same size as the original board wth

mounting holes and edge connectors in the
same position as the original board. The
maj or conponents from the original board

such as the 8273, 8255, 8250, 8085, 1488s,
1489s, 4024, 74LS373, T4LS132s, THLSOO0 and
4.9152 MHz. crystal can be renpved and
installed on the new board and the old
power supply can be used to power it
Instead of using the on-board sw tching
power supply conponents. This will
significantly reduce the cost of upgrading;
to the new board. A special parts kit wll
be available for those who already have the
original VADCG TNC and are upgrading to the
TNC+.

Docurrent at i on
Since the TNC+ is being supplied as a kit,
the docunentation includes step-by-step
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assenmbly instructions, parts lists and
circuit diagram as well as hardware
configuration instructions. Because many
different types of software are available
to run on the TNC+, separate docunentation
packages are provided for each software
package or protocol and for the firmware.

FI RMAVARE

The TNC+ parts kit will cone with a
single programmed 2764 EPROM cont ai ni ng
code which will allow bootstrap |oading of
the battery backed up RAM through the
serial port or by a radio link to another
TNC+. It contains the Autobaud routines
and nenory file system as well as drivers
for the serial, parallel and HDLC ports.
The firmmvare contains buffer and guieue
management routines and common routines
which can be used by programs in RAM and a
nmonitor program which allows for the
di splaying of registers and status, the
di splaying and changing of nmenory, and the
display of the directory of nenory files
and programs. The firmmare allows for all
but the Trap and Restart interrupts to be
vectored to RAM addresses. The firmware
provides for the disabling of the AutoBaud
function if desired and allows for
sel ection of the program (protocol) to be
entered after a hardware reset of the TNC+,
These features are useful when the TNC is
connected to a host computer.

SOFTWARE

Al /0O port addresses remain the same
as in the original TNC board so the many
prograns witten for the original board
still run in the new board usually with no
nodi fications  required. Much tinme and
effort has been nmde devel oping these
prograns and that effort should not have
been wasted.

The follow ng prograns are expected to
be available at the time this paper is
publ i shed. Most are available now Note
that several of these programs (protocols)
may be installed in the TNC+ at the sane
tine. New prograns wll becone available
as they are devel oped.

STOC - This is a Forth-like operating
system for the TNC+. It contains an
integrated 8085 assembler as well as
addi ti onal | ow1 evel comrunicati on words
for use of the HDLC/SDLC conmuni cations
interface on the TNC+. This allows the
TNC+t o be used as a personal conputer and
all ows the know edgabl e user to devel op
comuni cations prograns directly on %“he

TNC+. Although this is not a normal TNC
functi on, the structure and addressing
capability of the TNC+ nmade it easy to
provide this operating system

V-1 - Also called the original
"Vancouver" link |evel protocol. This was
the first protocol in w despread use for
packet radio in the U.S. and Canada.



Al t hough superceded by the nore generalized
V-2, V-3 and AX 25 protocols nowadays, it

is nevertheless the nost efficient protocol
in terns of overhead and may well be the
best choice for point to point half duplex

links and for

and the current type of satellite
conmuni cat i ons.

s imlt

aneously. Like V-2, it

and X 28 protocols as well.
- This is current

protocol in use.

popul ar

supports multiple repeaters.

uses the X.3

|y the nost

Thi s version

Note that the source code for nost of
v-2 - An efficient link level protocol these programs will be nade available on
al so devel oped in Vancouver and used in di skette.
several countries. The specifications for
this protocol were published in the SUMVARY
proceedings of the third ARRL Amateur Radio .
Conputer Networking Conference in the paper The author is grateful to those
titled, "A New Vancouver Protocol.” This vol unteers whose efforts have made the TNC+
i npl enentation supports the |International avail abl e. It is hoped that the
Standard X.3 and X.28 wuser interface availablility o.f this board and its
protocols as well. software wll accelerate the technical
devel opment of Arnateur packet radio and
V-3 - This is a experinental new give interested Amateurs a tool which can
state-exchange link level protocol capable be used to learn the details of packet
of supporting mul tiple links radi o conmuni cati on.
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Power »rocessol UART Level @ Jumper
& Shift Plug
Baud Rate RS232
Generator i
RESET 8 signals
SWITCH
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