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Abst ract

This ga er des ribes the AMRAD packet assem
bl er/ di sassenbl er 4PAD§t0 be rel eased soon. It
is Zilog z80A based, uses a Zilog 8530 serial
comuni cations controller and is packaged on an S-
100 pc board.

| nt roduction

One of the main Probl ens with gacket radiois
that until recently there hasn't been a |ot of
hardware to sufpport the various protocols bein
used. fxcept for a few pockets of activity, mpos
of North Americ has adopted the jdea of using

separate board 4usually a single-board com)uter?
to handle the actual géneration and rec,e;l)tal on o0

frames. The first Eroduction board avai 1able to
the amateur to do t h's was the Vancouver Amateur
Dgital mruslicatio,n oup's Term nal Nod
Controller (TNC )., This board was (and still is
aval lable primarily as a bare board which had to
be built up bgothe packet enthusi ast. The board

uses an Intel 35 processor, 4k each of EPROM and

static a serial or parallel device to
conmmuni cate' to gour term nal/ cor nput er and an
Intel” 8273 HDLC cOntroller.  The VADCG Twc  noved

the packet-radio software from the host corrp uter
to a separate board, and at the sane tine al lowed
magy people to use a sinple termnal wth packet
radio.

The next board that came out was designed b
and. is available fromthe Tuscon Anateur Packe
Radi o ,Oorgoratlon (TAPH . Its basic desi gn philo-
sophy is the same as the VADCG TNC in that it al so
handles all of the frane-level agneration and
reception of packets, requiring only a termnal _or
serial/parallel interface to a conputer. Its
actual -hardware design is quite a bit different
fromthe VADCG TNC, however. n addition to a

different CPU (a o,torobla 680,9(}, it boasts quite a
bit nore n,rermr(}/ six byte-w de RAM EPROM sockets
nornal ly fitted wth Zék of EPROM and 6k static
RAM), a different. HDLC controller chip (Western
Digital 19%5), timed interru ts, a non-volatile
memory, and a corrplete Bell 262 corr@ atible nodem
(using the Exar modem chips). The

L APH group had
fime to study the V TNC and made a Iog of
I nprovements when they desi %ed their board. An-

tothe TAPR INC is that it is
ed board, reducing great]y
for the user. One of the
e TAPR TNC actual Uf] has no-
hoard itself. TAPR has had a

0
gurchased as an assenbl

| problens getting the boards designed and
info production.. = As of when this paper iS being
witten TAPR is getting the boards out to the

'ast of their customers. Thi's is one of the
di sadvantaqes of being out at the infamous |eading
edge. This al so shows that the TAPR group doesn

waht to send out TNCs that aren't as dgod as the,“
ca,nt be, and the boards are definitly worth the
wait .

The Amateur Radi o Research and bDevelopment
(AMRAD) group_ has been watching the progress of
these boards with interest for quite a while now,
and we figured it was time we got into the act.
Most of uS in AVMRAD that are into the devel opment
stages of packet radio use S-100 b%sed Sys tens,
usually w %h Z30 processors.  So the TAPR TNC is
rather” difficult for us to wite software for.

so, Wwhile having the modem on the TNC 1s nice
for two-neter operation. However. when testing
new i deas out for hf OSeration or btherw se when a
different nodemis needed, all the on-board nodem
does is take up board space.

W had sone different problens with Zhe VADCG
TNC.  The primary one is that the nenory (both RAM
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and EPROM) are too small. | have nodified the
EPROM sgace to allow, the use of either 2716's (u
to 8k EPROM) or 2732's (up to 1ok BPROM), but no
many Egople want to take an X-ACTO (tm) knife to
tReir ard. Bill Danielson, NoFQR has modified
the VADCG TNC to run 2k static RAM chips and al so
be abl e to _down] oad software fromanother computer
to the TNC during software debuggrings. but here
again, the board fust be butchered:

W have cone up with an S-100 board that
contains an_Intel 8275 protocol chio and sone
su%}gort logic so that we can write and debug
software for the VADCG TNC in our S-100 systens
before bl ow ng anv EPROVs for the VADCG TaC. Thi s
s:ﬁstem works _very nicely when coming up wth
changes in exjsting software, or working on sone
radical new i dea without hawl néq to repburn iPROMs
for every failure (no, | haven't witten error~
free code in a long tine).

An additional problemwith the VADCG TNC is
that the baud rate on the packet channel iIs
hardware selected and it goes down only to 600
bauds. Another nodification was nade to allow the
baud rate to be software selectable and to allow
tne sl ower speeds needed for hf operation.

The AVRAD PAD

] The further along we went with packet r
tne more kil udges we needed to make on the
T™C to allow us to do the experinentatiaq
want ed. Since the TAPK TNC was in the init

design stages and using a processor we weren't
accostomed 10, it becane afparent to us t it
%glbdoatg%l easier to design and build a whole new

After making the decision to design our own

board, we next had to decjide what to put on the
board., and, what Ehysical size it should be. |'m
sure 'that it wl

cone as a surprise to alnost no
one that the board will fit into an S-100 frane,
and steal its power off the S-100 bus. Thi s, does
not precl ude,}c)he po,55|b|I|tX of using the board
stand alone with a single $100 edge connector to
s;p;;lay power if the user isn't using an s-100
system

Basi ¢ PAD Layout

Eiﬁl‘) 1 shows the basic |ayout of the AVMRAD
PAD (P stands for Packet Assenbl er/Di sassem
bler). ~ The PAD was designed to be very flexible.
In addition to allowing the user to co nect to it
in éither serial or garallel node 4t he other
boards do this also) 1t allows for fully. adjusta-
bl'e baud rate on both serial norts, and if neces-
sary, both serial ports can be programmed to be
HDLC "~ channel s. It ‘also has room for controlling
the speed of a multi-speed Erogranmable modem.
The | arge amount of menory, al lows_for downloading
and deblggi ng of prograns’in the PAD ratther = than
needi ng another sinulator board in a Ialrger m cro-
conput er. The Targe RAM space also allows a |ot
more space for hutférs and other storage,, meaning
that he PAD should be able %o run more than one
connection per HDLC channel (something that could
come in handy in the near’futureg. The EPROM area
can programmed to accept 2716, 2732, or 2764 de-
vices allowing plenty of room for expansion. A
detailed description of the PAD board follows.

PAD Power Supply Circuitry

) The, pover necessar{ to operate the PAD bhoard
is supplied thru the $1 00 bus connector on the
bottom of the hoard. The PAD uses three voltages,
+8V at about an anp, +13V at about 50 mllianps,
and -138V at approximately 100 m || i anps. These




voltages are regalated on the board to sugpl% the
+H voIts and + 12 volts that the rest of the board
requires. The five-volt bus has two 7805, TO-<20

type voltage regulators one on each side of the
board. Th& + twelve-volt regulators use the smal-
ler, T0-92-style ack%eg,_v These vol tages are
used primrily Tor %he ~232 driver chips ‘and the
real-time cl ock

In addition to the %ower supply nentioned
above, there is also a battery sugpl ¥<Aon board to
run the real-time clock, the standby [\]/Ichlﬁg, Fmd
sone of these devices support logic. The PAD also
has a sense circuit on board to tell the clock
chip when-to go into the standby node because the
power is being shut down. This is acconplished by
usi ng a micro-power op anp that nonitors botg the
battery voltage and the +5=volt bus, and sends an
active | ow signal out when the main power is bel ow
the battery.

280 CPU_and_Support Circuitry

The PAD board is designed around the Zloa
780 processor. The master osci|lator is an Intel
8030 support I'C, the 8224, running at 18.432 iz,
This frequency was chosen because it is a nmultiple
of the conmon baud-rate frequency of 1.8432 iz,
and al so because it is high enough to be used hn
the refresh logic for the dynamC menory. The
master oscillator is divided D Ive to a?oduce a
3.6804-MHz clock for the z30 CPU, along with the
rest of the board. Thi S_fre%uency_ isTa multiple
of the 1.8432-MHz cl ock desired, so it can be used
as the clock input to the serial-interface chip.

The Z30 reset logic consists of one half of a
dual D flig-flo to make sure that all devices
using rese get a properly timed signal. The
Z80°'s  WNMI in 1is “optionally connected to _a
pushbutton to allow a way of interrupting CPU
operations for debugging.

) The 730's RD and Wk signals are buffered,
since thegf are fed to many of the other devices on
board. ORQ and M* are ORed together to produce
|INTA* that is used by the 8530 interrupt support
ogi c.

EPROM Menory and Support Logic

There are four 28-pin sockets _provided for
EPROMs_on the PAD board.” They have been placed so
that Text ool Zero-Insertion-Force(ZIF) sockets
can be used if the EPROMs are go'gng to be changed
frequent|y (they are recomended ) A junper area
Is provided to allow the EPROM spavee to be
fro§ramred for 2716, 2732, or 2764 type EPROMS.
f 2716"s are used, _b6116°type RAM ChIES .al so can
be pl uggﬁd into the EPROM sockets, al lowi ng u¥ to
62k of M and one | pader EPROM to be used. his
mode of operation is advantageous when testmg
software written on a larger system and dowBI oade
tothe PAv. It also comes in han % en de u%ﬁk&%l
the d%/nam_c RAM .since the static RAMin the
sockef wll allow nmonitors or nenory testers to
run properly.

A 7413138 decoder is used to provide the chi
enable to the EPROW, There 1s also a signa
generated called PROM*, which is used to automat]-
cally deselect the gPROM nmenory space fromthe
dynariic nenory.

Dynanmi ¢ Menory and Support

The dynamic nenory consists of eight 4164
t\s{)pe chips Tor a potential of 64k of memory. en
this board was in its initial design stage, 4116
t}/pe devices were used since they }t)row ded'a ot
of  menory for a very litt|e anount of monev and
board space. As the PAD design progressed; the
prices ~of the 64k chips dropped down to where_jt
becane cost effective to put them on instead. The
refresh support logic is the same for both types
of devices. and the gower, supply_ considerations
are sinpler for the 64k ch|{)s. The 64k devi ces
also generate less noise on the power bus.

The sixteen address |ines from the CPU are
muétj.plexed onto the eight address lines of the
416473 with 7T4LS157 multiplexers driven bhy_.a
select Jiming si gnal . This select signal ,RAS¥,
and CAS si%nals are generated by three D-ty
flig flops that are driven by the_ two clocks
mentioned earlier, M*, MREQ¥, and .RFSH' signals
from the Z80 CPU, and some additional logic. The
PROM* s1%nal mentioned earlier is added Into the
refresh Iogic to deselect the dynamic memory when
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an £PROM might be addressed instead of RAM

) The refresh logicis of standard design taken
right out of the Zilog dynamc menmory interface
application note. The only differences are the
aggltlon of the two added address lines into the
address multiplexers, and the use cf a times fjve
clock instead of a times two clock. This hi gher
clock rate is actual 156 better because it causes
the refresh signals to be within tolerences where
a times two signal would cause sone tinming signals
to be slightly out of specification.

| nput/ Qut put Decode Logic

Most of the port decode logc consi sts of one
IC, a 74Ls133decoder.. It sends chip-select si %
nal's to the various [/0 devices, exceptfor the
real time c¢lock and standby chips. . Because
the real-tinme clock and stand-by kAM chips use
many nore ports than the other devices, they have
separate chip-enable logic. The foliow1n§ is a
brief chart of the port assignnents on the PAD:

HEX ADDRESS DEVI CE
cm-03 385359, 5CC

U4-07 Terminal PIO

03-UB Auxilliary PIO
0C-0OF G ock Interrupt Latch
10-13 Standby RAM Latch, |
40-5F Real Time Cock Chip
80-FF St andby RAM Chip

8530 and Support Logic

The two serial channels are generated by a
rel ativel new _device to_ the amateur packet
enthusjast, the Zilog 8530 SeriLal. Communi cations
Control ler, . or C. en the PAD was 1in 1t3
initial design, it used the Intel 5273 protocol
chip. . This was the chip that nost of us were
famliar with, and software already existed to
drive the 3273 _roggrlﬁ/. _ Wen we diScovered the
8530, we realized that it could greatly sinpli
the PAD. Not only does it have "two ¢€onp ete¥/
programmable channels, it also has two separatly
rogrammabl e baud-rate generators, and two DPLLs.
gms one chip can support both the HDLC packet
channel and the serial channel to the ternminal or
conput er.. In addition, if the termnal or compu-
ter is interfaced to the PAD board thra the paral -
el port, both serial channels can be used as HDLC
Ir)mcket channel s. Thi.'s mght be usefal when the
AD board is wused with a larger conputer as a
gatewaydbetvxeen t\ﬁ) n?t-workst or |]§ one cth_annel( is
assigned pernmanen 0 one e o eration (sa
hfs,gn ndpthe ot heryls used f%? a rachaﬁy 0 eraX
tiORRP%ay vhf or phone Iine interface to " Telenet
or ‘

Even t hough the SCC
corpany as the Z30 and it

is designed by the sane
IS 'S

tible, ° there are sone tim
n

upposed to be cormpa-
probl ens between the
problem has to do with
I ning. The sgc is

SCC and the CPU. The mai
interrunt-acknowldegement
designed to work on the Zilog . Z- BUS, o its
dai sy-chain interrupt structure is slightly diffe-
rent” than the zg80 _Pe_rlpherals used on the rest of
the PAD board. This timing problemis cured by
adding a couple chips that are used to extend the
time ~of an interrupt-acknow degenent cycle, and
also allowthe SCC to be }d)roper_ly reset" by -hard-
ware. The timng of this delay i'S accomplished by
waiting the Z30 CPU with a delayed signal froma
74L3164 shift register. As wit'h the dynam c re-
fresh lo§|c nentioned above, this nodification is
right out of an application note fromZilog.

Since both of the serial channels can be used
as HDLC channel s, it was decided to Eut tinmers on
the RTS signal of both channels. These are 555
type timer designed to tine out in about 30
seconds and stay off until reset by RTS changin
back to _an inactive state.  The timer output o
each Of these time-out circuits are fed back into
the CPU thru two bits on the auxilliary PIO,
allow ng the PIO to be programmed to generate an
interrupt anytine the timer changes state. Not
only does thi's give a fairly positive indication
that the transmit command was successfully accom
plished, but it also gives the CPU an indtcation
if a tine out has gccured, and allows for a fai r1¥
gracef 1 recovery Cas ogpo_sed to hitti n% the rese

uttonlj after a finme-out situation. These tiners
can be jumpered around in both channels if they
aren't necessary.

The auxilliary PIO output side generates two

S
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signals that can be jumpered into the transmt
data si gnal fromthe SCC These signals are
usef ul %rclar adding a cw i-d by changing “the con-
nect ed nodem between mark and s pce i ndependantly
of the SCC.  This means a cw i-d can be generated
without having to change the SCC's operating mode
and kl udgi ng the software as is done on the VADCG
TNC. Hopefully this will sinpplify both the SCC
support software and the cw i-d routlne.

The rest of the SCC support |ogic consists of
TTL/RS-232-C interface chips to al Iow the SCC to
gom'runl cate wth nodens or other RS-232-C type
evi ces.

The connectors used for the serjal channels
are the st anda 2@-p%‘jn i nsul ati on di spl acement
connect or IbC) wred so that when crinped to a
cable with a DB-25 on the other end, the RS-232-C
signals will come out on the correct pins.

PIo.Grcuitry

The PAD has two 280 PIO chips on it. e is
used for an optional ternminal or computer inter-
face If the user wshes to communicate with the
PAD in parallel rather than serial node. I't can
be left off if parallel interface is not re uired.
A junper is provided to continue the In8errupt
dai'sy-chain if ‘this chip is not installed. If 1t
Is being used, its output signals are fed thru a
7415244 octal buffer to provi de_enou§h drive to
run the signals through ‘a relativelylong cable.
The connector used for the parallel interfaces are
the standard 2o-pin IDC connectors and are wired
%he same as nost ‘parallel ports using this connec-
or.

~The auxilliary PIO is used to generate and
receive several signals used by thé PAD board.
The parts of the aux PIO not neeéded for on-board
functions are fed to a standard 26-pin connector,
so they are available to the user for whatever he
want s. In addition to the lines nentioned above
that are used by the SCC interface, three Iines
fromthe out Ut are sent to the channel A HDLC
interface so !'hey optionally can be used to con-
trol the speed of a nulti-speed nodem  such as
m ght be used on hf.

Real - Tine O ock and Support

. The real -time-clock Chlg used is the National
Sem conduct or MM>3157. |In addition to keeP| nfq t he
time of day, It can generate tined interrupfs to
the CPU. " and it also has an alarm function,

allowng it to wake u% the rest of a systemat a
preset " tine. POWﬁr or the real-time-clock chip
1s obtained from the plus twelve-volt bus thru a

zener diode regulated power supply, some swtching
diodes and a battery supply. ’Fl%s allows for noré
time to cleanly shut dowi the system and prevent
the clock chip Tfromlosing its nenory.

. The clock chin is not part of the Zilog Z30
famly, and |t does not generate any interrupt
vector when It interruptS the CPU,  'so an octal
tri-state |atch was added to the board to rovi de
an interrupt_ vector when the clock generates an
Interrupt. This vector 1s |oaded by the , SO
it can be pro gamred to be just a{out anything
that the CPU wi Il recogni ze.

The . clock chi ;t1 s power-down interrupt* is an
Ogen_-dral n output that is fed to the aux parallel
26-pin connector, allowng this signal to be used
by external logic to power "up a system

Standby RAM Logic

_The stgndby RAMis a 6514 | ow power
static RAN ?organl zed as a 1024-by=-4-bit device
that is _addressed as a seri of |n(§Jut out put
ports. bits to the EAM

i

es
The upper three address
atch. ~This allows the
he RA

chip ,come froma four-bhi )
of M chi p. The RAM

t|
use all 1024 nibbles int

ig autommtically deselected on power down, pre-
venting it frombeing glitched by power ransi=-
tions. The RAM can bé uUsed to store -the amateur
call, speed on both serial channe|s whet her the
termnal /conputer is using a serial or arallel
channel, and many other PAD attributes thst should
be saved during power down. Usirﬁ a battery-
backed-up RAM i ns%ead of .a WOVRAM al .lows the RAM
to be updated mich easier and nore often, in
addition go sinplifying the hardware design.

Software Considerations fortbe PAD
The first software running on the 2AD is a

Zs0 monitor nodified to run on the PAD, The
required to run the PAD on AX.25 |level 2

sof t war e ) |

i's being developed right now, and should beavail -
abl e ust about the sane time as the hardvare.
This software is witten to take advanta e of the
PiaD's features including the potential ?or down-

loading the protocol program and also allow ng
multip§e connections. This software is taking a
[ittle longer to develoP rimarily because it is
being witten for a TDLABS assembler rather than
usi ng a higher-level language.

The Zilog 8530 SCC has sixteen wite and nine
read registers internally for each of the two

serial channels. They are addressed oy first
writing a pointer to the conptrol register”of the
channel of interest, _then the requested register
can be accessed. These registers allow™ each

serial channels attributes to be programmed, f'rom
whether the channel is to be synchronous or
asynchronous to the type of flag character used.

The regl sters have to"be programmed in a certain
order to obtain proEer operation, especi al Iy when
using the SCC in HDLC node. For nore information

on the SCC and its internals., see the ANRAD

Newsl etter for January of 1933.

The National MM53167A clock chip has 24 in-
ternal registers available to the Brogranmar.
Eight of these registers are the counters that
gontain the time,  another eight contain the
aFarm” tine, . and_ the rest are used to control or
read the various I nternal functions of the chip,
including_ such things as the interrups handling,
individual counter résets, and the standby inter-
rupt (power down alarm) control.

__The,parallel input/output chips are stancard
Z&0A PIO's. They have four nodes of operation for
each of the two parallel channels per chip Igexcept
forport B not being able to run nbde 2. “The four
mcdes ar e:

Mbode 0. Qutput mode.

Mbde 1. [Input node.

Mbde 2.  Bidirectional node.
Mbde 3. Control node.

The term nal PIO is capable of {)per‘ating in
ary. of the four modes with no roblems. The
auXxil I'iar PIO is used to (:ontr_oI.{ and nonitor
several of the internal PAD operations, along Wth
having a few bits left over for such things as
m:demSgeed control . The aux PIO has the outputs
of the trangmt tiners §0| ng to it for exanple, so
if gort A of the aux. IOwas put in node 3, it
cculd nonitor the timers and generate an interru t
wkenever the tiners output changes state. The
PI0s do generate 730 style interrupt vectors, so
thkis  coul d be acconplished very easily, .allowing
ar. el egant recovery froma tine-out condition.

PAD Availability

The PAD will be available only as a bare
board for a while, due to capital limtations. |
w 'l be able to offer sone of the harder-to-find
corrp onents on a sporadic basis for a whik:. Hope-
ful we will be able to support the board bet l‘g_er
ir. the near future. Anyone interested in this
bgard should wite to né at the address listed
above.
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Fig. 1 - Block diagram of PAD.
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