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9600 taud Modem p-1-

9600 BAUD PACKET RADIO MODEM PCB
by James !iiller GIRUH

Tre standard packet VHFANF radio data rate is 1200 baud because all TNCs provide an intermnal
modem for thias apeed, and the two-tone AFSK audio spectrum sults unmodified voiceband radics
comfortably.  However, all TNCs can generate much higher data rates, and most M radice have
an unrealised audio bandwidth of soma 7-8 kHz or more. So in many cases 5600 bsud radio
transmission is entirely practical with them. )

‘Thia design is a high performance full duplex modem designed for packet use with most.
volceband NBFM radios, assuming only minor modifications.

A key feature of this modem is itas digital generation of the transmit audio waveform. Precise
shaping ccmpensates exactly for the amplitude and phass response of the receiver. This
results in a "matched Filter” system, which meana that the received audio offered to the data
detector has the optimum characteristic (“eye”) for minimum errors. It alao allows very tignt
control of the tranamit audio bandwidth. Here is a summary of the modem features.

» MODULATION: FM. Audio appllied direct to TX varactor. +/- 3 kiz deviation gives RF spectrnum
20 kHz wide (-60db). Fite amtendard channol easily.

+ TX MODULATOR: 8 bit long digital F.1.R. transversal fllter in Eprom for transmit waveform
generation (12 bit optional). Glivea “brick-wall” audlo spectrum. Typically -6 db at 4800 Hz,
-50 db at 7500 Hz. Allows compensation for receiver (the channel) to achieve perfect {04
‘uye”. Up to 16 TX waveforma (3% optlonal), jumper selectable. (utput adjustable U-8v pi-pk.

» SCRAMBLER (Randomiser): 17 bit maximal length LFSR scrambler, as per KSNG system, and
UoSAT-C. Jumper selectable Data or BEKT tbit error rate test) moda .

»* RX DEMCDULATON: Audiv from- receiver disceriminator, 50mv-1(v pk-pk. 3rd order Dutterworth
filter, 6 kHz. Data Detect circuit for use on simplex (CSMA) links. Independent
un-scrambler.

* CLOCK RECOVERY: Mew digital PLL clock recovery circuit with 1/256th bit resolution.
Aversge lock-in time 50 bits (depends on SNR).

+ CONNECTS to AX.25 TNC “Modem disconnect” Jack. Suitable for TNC-2 (and any other provided
the internal modem can be bypassed). Standard TNC digital connections weaded: TiData, - TXClock
(16x bit rate), RiData, Data Detect ("DCD"), GND, (HXClock available). TTL levels. RADIO:
TXAudio, ”XAudio, GND. All connections via 0.1" pitch pads for SIL connectors or direct
eoldering. Unwired DIN 41612 96-way connector (use optional).

* POWER OUNSUMPTION: 10 to 15v DC at 4Uma (dKS Rome), 170ma (NS Roms). Total 19 1Ca (13
M08, 2 DACa, 2 Eproms). 5 volt regulator and heatsink. : . .

# UTHER FEATURES: The only set-up is TXAudlo level. Will run speeda other than 9600 baud if
some filter capacitors changed. Channel calibration facility. Audio loopback. HNo
hard-to-get parts.

+ PCB: 160x100mn {single Eurocard format). Top professional quality, double sided, max copper
ground plane, plated through, solder resist, yellow silk-screen/legend. Four 3.3 mm sounting
holes. .

¥ ORDERING: PCB £18 post paid UK/Europe, £19 airwail elsewhers. T™X and RX Eproms
{programmed), when ordered at the same time as the PCB, £6/pasr. Any eproms ordered
sepurately £5 each. You are free to copy tha.eproms if you xish. Cheque, Eurochieque, Bark
draft or cash. Sterling only, no credit cafda.

Jabes R Miller G3RUH, 3 Denny’s Way, CUTON, Cambridge, CB3 TPS, England
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’ SECTICN § - APPLICATION

1.1 APPLICATION - TNCS
Thia modem is obviously only suitable for your TNC if its intermal modem can be bypasaed, and
if it provides for the TTL dligital aignals:

* TXData e.g. TNC-2 J4-19
* TXClock (16x bit rate} Ja-11
* RXData J4-17
* Data Detect ("IXD") Ja- 1
* GND J4-15
* RXClock (optional) not. used

[APR TNC-2 based designs do this, typified by the TNC-2, FK-80, MFJ1270, TNC-200, BSX-2,
Mny-2, Euro-TNC2. The PK-87, PX-88, and TNC-220 are also suitable.

1,2 - APPLICATION - RADIOS
The ideal is to have a flat DC-8 kHz radio 1link. The "better” the TX and RX specification,
the better the received dats at the detector, and hence less suceptibility to errors.

Some apparently horrid receiver responses still offer useable service, but with a typically
2.5 db reduction in performance. A good radio achieves about 1.5 db implementation loss
(compared with a perfect link).

femember that you are pushing most radios to their limit since they were designed for speech
where even 100% distortion is still intelligible. A little more finesse is required for data
transnission.

1.2.1 RECEIVERS

NBFM design

(utput from discriminator (essential)}

Response to DU (essential)

Response no worse than -4 db at 4.8 klz

No worse than -10 db at 7.2 kliz

Ae smooth/flat a phase delay as possible

As smooth an amplitude response as possible

Little change in response with 2 kHz de-tuning off-channel
Symetric, linear FM discriminator characteristic

L R SN AR R

On the whole, most receivers will perform as required. Those with the least complicated IF
filtering appear best, especially with type "D" 20 klz channel filters (e.g. CFM455D), though
the "E" (16 kHz) is (K too.

8 kHz filters for 12.5 kHz channel spacing are too narrow for 9600 baud, but can be used at
4800 baud with +/-1.5 kHz deviation. However in thic case all filter capacitors must be
doubled in value (C26-32).

Radios with dozens of cascadod tuned circuit IFs tend to be fussy, and should be properly
aligned for good response, particularly linearity, phase delay and mistuning performance.

1.2.2 TRANSHITTERS

* MUST generate true FM, as linear as poesible
% Response DC to 7.2 kH: flat (essentisl)

% Deviation +/- 3 kHz must be at 4800 Hz

Transmitters based on Xtal oscillator/multipliers are likely to be the most appropriate.
{"Base stations™)

Transceivers (synthesised or not) that have quite separate oscillator sub-systems for
generating FM and poesibly SSB/CW, which is then mixed with & synthesised source to produce
the final carrier are (K.

Simpler synthesised M tranamitters, where the varactor modulated oscillator is within the
synthesis PLL are generally not useable, as the PLL tracks the modulation, and so you get no
LF response. There are ways around this by modulating the reference xtal too, but ...!

Remember you need true M, shich means a varaclor diode pulling the oscillator frequency, NIT
phase modulating a tuned circuit. '
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SECTION 2 - HARDWARE DESCRIPTION

The modem consiats of two independent parts - transmitter and receiver - sharing only clock
and pover supplies, See circult diagram, centre pages 8 & 9.

2.1 MODEM TRANSMIT

Qutgoing transmit data is clocked into D-type bistable Ul7a on a high going eadge of TXclock
(P2 pin 3), and then entera a randomiser/acrambler comprising 17 stage shift resgister
U14/018/017b and Exor gates U13. So, in transit through Ui4 are 8 bits of the TXData
eequence, scrambled.

These B bits are used to look up a waveform profile for one period of that bit sequence, from
TX Eprom U15. Four samples/bit make up the waveform, and jumpers JMP1-4 allow pre-selection
of 16 different characteristica. P8 selects an altemative iﬁ from a type eprom 27256.

The Eprom output ie passed to digital-to-analogue converter (DAC) U19, which generates a
discrete ataircase-like waveform. Thie ia then smoothed by a four pole “anti-alias” filter
and the transmit audio (TMAudio) is output at P3 pin 1 to modulate the M radio transmitter.

1f jumper JMPS is O b-c or OFF, the scrambler generates a repeated sequence of 131071
rendom bits (duration 13.7 sec) which can be used for bit error rate testing BERT (see section
11.1 Reference - Jumpers).

Jumpers JHP1-4 set to (N b-c may, in conjuction with a special Eprom, be used to generate
higher precision waveforma, say those optimised for dedicated radio links (eee section 5 -
Calibrating a Radio Link).

Jumper JMP6 is for audio loopback testing. Jumper JHMP? allowe the DAC to be disconnected, and
& test signal to be injected at TP2. R4 is the sawe as the DAC output impedance, 10k ohmas.

The scramgling "polynomial™ 15 1 + X"12 + X"17, one of the eight maximal length generators
poesible using a one-tap 17 bit shift register.

2.2 MDEM RECEIVE

Received audio (IXAudio) is passed through a 3 pole lou pass filter, and 1imited by U10
pin 1. It is then sampled by the receive clock (from Ull pin 10) and latched in D-tyre
bistable U5a. '

Detected data next enters a 17 bit shift register U12/UT/USb, is unscrambled by Exor gates U6,
and sent to the TNC as received data (RXData) on P2 pin 4.

Eight bit shift register U4 is a 1/2 bit delay, and with exor U6 pin 3 forms a zero-crosaing
detector (ZCD) that generates one cycle of 9600 Hz for each zerv croesing of the incoming
audio,

This ragged “proto-clock” is used by a digital phase locked loop (FLL) to regenerats a
continuous received clock (RXClock). U1/U3 is an up/dosn counter phase detector, counting up
if the proto-clock input at pins 15 is late, DIWN if early with respect to the local clock at
pins 10,

This counter looks up one of 256 sinewave profiles (16 atepe per cycle) stored in Eprom U2,
which ls converted to analogue by a DAC U9, smoothed by C18, and limited to a square wave at
U10 pin 2. 1n this way the recovered clock is pulled into phase with the incoming data at U10
pin 1.

Recovered clock and proto-clock are "multiplied” in exor U pin 6 and if in phase, a net IC
rise accumulates on C21. Comparator Uil pin 13 senses this, pulling the data carrier detect
line (ICD) PZ pin 5 1low. An alternative DCD high is available at U0 pin 14.

There are test points for receiver monitoring (see sectlon 11.2, Reference - Test Points).

tesgoe 3
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9600 Baud Modem
SECTION 3 ~ INSTALLATION

The modem interconnects at connectors Pi {power), P2 (digital) and P3 (radlo). Full
specifications for the signals are given in section 11.3 - Reference - Connectors).

3.1 POWER

A 10 to 15 volt stablised supply connects to modem Pl pin 2, ground pins 1 & 3. The current
consumption will be about 40 ma if QM0S eprom are used, and up to 170 ma with NMOS devices.
Bither performs equally well. If a TNC-2 is used, switched power is conveniently obtained
from acroes its 1000 uF reservoir capacitor C12.

3.2 DIGITAL OCRNECTIONS

3.2.1 Connection to TNC-2
This mwodem replaces your TNC's standard intermnal modem. The conections to do this are
provided on the TNC board on the "Hodem disconnect Jack™, labelled J4. There will be no
actual connoctor, though the pin out was designed by TAPR to accept a 20 pin IDC plug if
required. As the modem connects to TNC-2 J4'e odd pins only, a 10 pin SIL connector may
convenfently be used. You MUST cut the trace between J4-17 and 18, Modem P2-6 is NOT used.

T™C-2 J4 Modem  Digital
Evens (dds P2 Signal Figure 1
2 —---- 1 5 DCD Shows connections
4 -—-—- 3 to a TNC-2 Modem
6 ---~- 5 Disconnect Header
8 7 J4.
10 ----- 9
12 w=mm- 11 3 TXClock All links shown must be present.
14 ----- 13 On new unpopulated boards they
16 15 2 GND may be missing, and must be
Cut this track ~->18 17 4 RData installed.
20 =-=-wm= 19 1 TXData

3.2.2 Connections to AEA PK-87

[AEA circuit 012-060 Rev A & E). This TNC provides signals at the "Ext Modem” socket J4:

Signal PX-87 J4 MODEM P2 NOTE: 0ld & Rew PK-87 Models differ.
—————————————————————————————————————————— OLD have 2.5 Mz xta}, and

T Data 1 1 a TXClock = 9600 Hz

GND 2 2 NEW have 4.9 MHz xtal, and
TXClock 3 ok 3 a TXClock = 153.6 kHz
RData 4 4 TXDATA, RXDATA and DCD: Cut jumper
DCD 5 5 linke at JP3,JP4 and JP5, and

re-bridge to other side,
TXCLOCK: ¢ NEW models only. On OLD models obtain 153.6 kHz from PK-87 D20 pin 11.

3.2.3 Connections to AEA PK-88

Signal PX-88 J1 MODEM P2 Note:
—————————————————————————————————————————— TXClock: Cut intermal track to J1 and obtain
TXData 16 1 153.6 ¥Hz from PX-88 U20 pin 11.
GND 17 2
TXClock 13 Bee note 3 ‘MData, TXData, ICD: Cut the 3 Jumper
RData 15 4 tracks at JP4 and re-bridge to
DCD 14 3 other side.
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3.2.4 Connections to Fac-Comm TNC-220

WARNING! Pac-Cosm’s circult diagrame vary, have errors and differ from the actual PCBs!
Some of the algnals are at 20 pin 1IC facility J5.

Signal TNC-220 J5 WD 2 Notes:

B e THCLOCK: CUbtain 153.6 kliz frowm the TNC's

TAData 18 ° 1 74HC4020 divider chip pin 5, and
GND 15 2 connect to modem P2-3.

TXClock see note 3 . )

RXData 3 4 Cut track between THC J5 pins 3 & 4: See nots below.

DD 1 5 Qut track batween TNC J5 pina 1 & 2

R{Data: Some models have a second path in parallel with this track! Locate and cut it too.

3.2.5 Connections to Pac-Comm Tiny-2

Signal Tiny-2 J5 HODEM P2 Notes :
.......................................... TACLLUCK: (btain 153.6 kHz from the Tiny-2
TXData 19 1 shorting link JPR, and connect to
GND 15 2 modem at P2-3.

TXClock gee note 3

RXData 17 4 Cut track between TNC J5 pins 17 & 18

DCD 1 5 Cut track between TNC J5 pins 1 & 2 - see below.

The DCD LED will not function unless you re-wire it correctly to Tiny-2 J5 pin i (is pin 2).

3.3 CONNECTING TO RADIO
There are three connections to the radio; TXAudio, RMaudio and PTT.

3.3.1 TRANSMITTER
PIT is the normal signal obtained from a TNC on its conventional 5 pin DIN audic connector
pin 3, ground pin 2. This signal is not needed by the 9600 baud modem.

TXAudio should be taken from modem P3 pin 1, ground pin 2 directly to the transmitter varacic
dicde 86 noted in section 1.2.2, Application - Tranamittera. You CANNUT inject the signal
into the Microphone socket. The signal lead MUST be screened.

Modem adjustment VR1 allows you to set the drive level, which should result in a peak M
deviation.of no more than +/- 3 kHz for normal 20-25 kHz wide channels.

A Bignal of up to B volte pk-pk is avallable, but if less than 1 volt is needed, it is
recommended that a high level is used, and a simple resistive attenuator be fitted at the
transmitter.

IMPORTANT: The output has been designed for an optimum load of 600 ohms. If you use a highet
inpedance load, reduce C34 in proportion. This will ensure the correct low frequency respont
{down to 3 Hz), and hence control any key-up “chirp”. For example, if the transmitter load !
10k ohms, use a coupling capacitor of 1(u x 500710000 = U.b uf. This may be placed in serie
with C34, and can be conveniently located in the tranamitter.

1f possible the
Chirp will

There will always be a TXAudic signal, even when the PTT is not active.
modulated oscillator should remain powered during receive to avoid keying chirp.
cause the distant receiver to take longer to lock-in.

3.3.2 RECEIVER

. RtAudio MUST be brought direct from the receiver FY discriminator, and connects to modem P3

pin 4, ground pin 5. The I audio lead HUST be screened.

A decoupling RO network of time constant. not exceeding 10 us is permissible at the
diseriminator to remove extraneous IF noise, but is not essential. The signal should be:
unsquelched (1t almost certainly Is anyway).
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7 You CANNCT use the receiver loudspeaker output for this system, though you can monitor
reception by ear on it. The signal sounds like a burst of nolse.

The modem audio input impedance is approximately 50k ohme, AC coupled. In a full-duplex
system (l.e continuous tranamit and receive) (NLY, modem C25 may be increased to 1 uF. Do NOT
alter it for norwal simplex service or the modem receive transient performance will be
atfected, reeulting in slow lock-in.

SECTION 4 - OPERATION

4.1 JWMPER SETTINGS

Eight Jumpers are provided on the modem PCH to configure the syastem, and allow user
. experimentation. Positions for NORMAL operation are:

Jumper  Function Normal Position Result

JHP1-4 TX Waveform Select {See TXEPR(M Sheet)

JHPS Data/BERT Mode select (N a-b (Data Mode)

JHMF6 Audio loopback OFF (No loopback)

JHP? TX DAC connect N (Connected)

JHPS TX Waveform 1] OFF (See TXEPR(M sheet)

The data sheet supplied with the Tranamit waveform Eprom will indicate its contents, and the

settings for JMP1-4 and JMPS. Note that the selection compensates for the DISTANT receiver -
not your local receiver.

The receivers your link uses may not feature in the Eprom contents list. Nevertheless, most
NBfY radioe responses are quite similar, and one selection should be found acceptable.

You should examine the received “eye" diagram (see section 10 - Eye Diagrams) while the sender
tries different JMP1-4 combinations. At least one of them will be "best'. Repeat for the
other TX/HX combination. Obviously this is more easily tried out with all radioce in one room.
You may well find the “"loopback” selection is useable.

You can also calibrate a radio channel, and have a custom Eprom blown for it {see Section & -
Culibrating a Madio Link)

It is vital that the radios are tuned to the correct frequency. 1If they are mis-tuned by more
than 2-3 kHz, distortion will be apparent on the received signal, which will rapidly degrade
purformance Some receivers have AFC, which will be helpful if it pulls in within 50 ms and
8180 docs not. try to track the data and so impair the link's LF performance.

4.2 OFTIMM TNC SETTINGS

These are a matter for individual experimantation. TXDELAY = 0 can be used on a full duplex
link. (n simplex try TXDELAY = 2 or 3 for transmitters with solid-state antenna changeover,
and TXDELAY = 4 or more if there are relays. 1f you find a TADELAY of 10 or more is needed
you probably have a key-up ‘“chirp” problem. Check esystem coupling time constants.

Other important settings are DWAIT=0 and FRACK = 1. Don't forget FULLDUP=(R for a full duplex
link and also audio loopback testing. :

More efficient use of the channel can be made if packets are long and concatenated, so set
HAXFRAME = 7, and PACLEN:z255. Sometimes it & better to use a SENDPPAC character other than $0D

¢return>.  In some instances data is sent faster from terminal to TNC if ECHO = OFF.
Better 8til), use TRANSPARENT mode .

Obviously the TNC radio speed should be set for 9600 baud. (n a TNC-Z, this is SWZ2 :
Cpoeitions 6,7.8 = OFF,0FF,(N.  (ther TNCs require a command or an internal jumper change.
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SECTION 5 - CALIBRATING A RADIO LINK

There may be occasions where the transmit waveform in the standard TX eprom is not suitable,
and you would like a characteristic customimed to your specific link., You can do this by
making measurements on the receiver, and submitting them to the address below.

What you muat do is measure the amplitude and phase response of the receiver(s) you will to
use from (-9600 Hz, in steps of 300 Hz, i.e. 33 points, WITHOUT the modem. -

You will need a sinewave audio ocecillator which covers up to 9600 Hz, an RF signal generator
and an accurately calibrated dual beam ocscilloecope. Use the audio to frequency modulate (FM)
the RF with a deviation +/- 1 kHz. Display the audio source on “scope channel 1 which should
ulso be used as Trigger.

Inject RF into the radio. (in "scope channel 2 display the RX output. Ubtain audio output
DIRECT from the discriminator with ncne of the de-emphasis components affecting things. You
may have to make some mods to do this. A tiny bit of RC filtering is permissible to remove
the 910 kHz IF nolee (say a 10 microsecond time-constant, no more).

Using the “scope measure the amplitude response, AND the phase response. The latter is
vital, and should be the phase delay (not group delay) in microeeconds. 1t’s simply the
input-to-output delay as you see it on the 'scops, and will be of the order of 150-250 ua,
fairly constant. If you see a delay of some 1700 us at 300 Hz you are looking on the wrong
edge on channel 2. Look carefully 1/2 cycle earlier for the correct zero crossing at around
200 us delay; it could be high or low going. You may like to use x5 expansion for the delay,
and measure it relative to the centre of the screen. The abeolute delay ia not important.
Your data is required in a table like this:

RADIO: FTY99R Transceiver
Freq Amp Delay us

0 1.00 210

Freq Amp Delay us

300 1.00 210 9000  0.13 245
600 0.9 213 9300 .12 245

900 0.98 214 9600  0.11 2486

Amplitude should be absolute (i.e. volts, NOT in db), as measured dir?ctly on the “scope.
Please be as accurate as poasible. +/-2% is very easy to determine. “Jumpe” caused by" .
careless readings necessarily show up again in your customised TX Eprom - as unwanted “noise”.

CALIBRATING A WHOLE CHANNEL. 1f you wish you can characterise the entire channel including
transmitter, modem filters and receiver. With the modem connected to tranemitter and
receiver, set jumper JMP7T OFF, and inject audio at TP2. Measure the system response az above.
When sending the data make sure you identify these test conditions explicitly.

Send the data, together with your name, address, instructions and £5 Sterling {Cheque,
Eurocheque, Bank draft or cash) to the address below. In return you will receive ONE 27128
Eprom and data sheet, programmed with a 12-bit FIR to compensate the response you measured.

whsther
1f you send two or more responses please state whether you want tio or more eprome or

you require all responses in just (NE eprom. You must send £5 per eprom. These charges are
for the IC and poatage, at basic cost.

SECTION 6 - CONSTRUCTOR'S FOLLOW UP SUPPORT

You are invited to contact GIRUH with any technical enquiries about this project. You'll get
& reply by retum - provided you supply a atamped addressed envelope (or 4 1RC). He gﬂn also
tuild and/or test your mcdem PCB by prior arrangement, as well as generate custom TX Eproms,

Jamee K Mi)ler G3RUH, 3 Benny's Way, (XTON, Cambridge, CB3 7P3, England.
AMSAT TMAIL Address: via MSWEETING. Pucket: G3RUH @ GASPV.
Tel: UR 0954-210388, Intermationa) +44 954 210388
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p-10 9600 Baud Modem

SECTION 7 - CCHPONENTS LIST
RESISTORS - (All 2X, 0.4" pitch)

9600 Baud Hodem .

R1,6,14-16,21 100k (6) R8 47k R22 56k
R2,5 4k7 (2) R17 82k R23 3k3
R3 18k Ri8 3% R24 12k
R4,8-13,20,27-28 10k (9) R19 27k R25,26 100 (2)
R? 33k Note: 4k7 = 4700 chme, etc
@ VR1 10k Cermot Trimmer e.g. Spectrol 63, 64 series,
Bourns 3386, 3266, 3296 etc. PCB Drilled for all types.
CAPACITORS
C1-16,19,21-22,24-25 100n 20% monolithic (21) U.1" pitch (NJT .2")
C17,33-34 100 16v tantalum (3) 0.2" pitch
ci18 4n? 20% monolithic ceramic 0.1" pitch
C20 100p  20% monolithic ceramic 0.1" pitch
C23 In 20% monolithic ceramic (1.1" pitch Note
“C26 220p 1% polystyrene ) -
C27-28,32 in 1X polystyrene (3) ) 10n = 0.1u
C29 3Ind 1% polystyrene ) {or 2.5%) 10n = 0.01lu
€30 100p  1X polystyrene ) 4n? = (1.004%
C31 470p 1% polyatyrene ) In = 0.001u
ate
INTBGRATED CIRCUITS
+ 01,3 4029 Up/down counter
uz2 2764 Epromn (RX) (or 27128 and/or CMCS)
2 U4,7,12,14,18 741C164 8-bit shift register
U5,17 T4HCT4 Dual D type
+ 06,13 74HC86 Quad Exor
V):] 741iC161 4-bit counter
U9,19 ZN429E-8 DAC (or ZN426E-8), Ferranti Semiconductors
010 LM339N Quad camparator
u11 T4HC14 Hex Schmitt inverter
U5 27128 Eprom (TX) (or 2764,27256 and/or CMOS)
¢ Ui TLOB4CN Quad op-amp
" MISCELLANEOUS
TP(-8 Test points (9)
8 x Shorting jacks - 0.1"
JHP1-6  3-pin header, male, SIL, ¢.1" pitch
JMP6-8  2-pin header, male, S1L, 0.1 pitch
P1 3 pin connector, male, SIL, (.1" pitch e.g. Molex etc.
P2 6 pin connector, male, SIL, U.1" pitch
r L pin cannoctor, male, SIL, 0.1 pitah
D1 1N4O(1 diode

cQl LM340TS, LM7BUSCT etc v TO-220 Voltage regulator
¢ 1 x Redpoint TV46 {T(~126 size) Heatsink. 27 degC/w, 22x19 mm
i x M3x6 screw and nut .
IC sockets: 2 x 28-pin. (Optional 14 x 14-pin, 3 x 16-pin)
1 x PICB. Rotes: Board is single Eurocard size, 160 x 100mm. Double sided, plated through,
.max copper ground-plane, solder resist and legend. Drilled for an optional DIN 41612 96 way

connector, Four 3.3 om mounting holes provided on 6.05 x 3.50 inch centres. Two gpare 16
pin IC positiona. ’

A suitable heatsink can also be fabricated from a piece of 1.6mm aluminium, 19mm wide x 30 mm,
folded into a “U1" shape 19x%( with 10mm high sjdes, with & 3.3.mm hole drilled in the centre.
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SECTION 8 - CONMSTRUCTION

The usual caveata apply when populating the board. Don't try to assemble light
electronics with a poker! A fine tipped iron and fine gauge resin cored solder are essential.
Proceed wethodically, checking each soldered joint for integrity immediately you have done it.

Good soldering will flow sweetly through the holes and be visible from the both sides. All
component leads must be bright and shiny. Junk-box parts will probably be filthy. Clean them
first - and the PCB if it's been handled. It's far more difficult to remove a component
later than to do things right first time. 1C sockets are a useful precaution; one is
essential for the 28 pin TX Eprom D15,

Fit components in ascending order of height - diodes, resistors, IC socksts (or 1Ce),
capacitors, trimmer, Jumpers, connectors (if you want them), requlator and heatsink. (beerve
polarity of tantalum capacitors and all semiconductors. 1f using IC mockets do not fit ICa
yet; install them only after PSU tests.

Be sure to fit trimmer VR correctly, as the PCB is drilled for three possible pin
configurations (check the legend and underside tracks).

For the finishing touch, deflux the board on completion. Besides looking good, this will help
expose any solder defects.

SECTION 9 - TESTING AND TEST BQUIPHMENT
No adjustments are needed. Assuming there are no faulta whatsoever the modem ia ready for
use. However ycu should also perform the confirmatory performanca tests. DO NUT attach TNC
or rudios at this stage. You will need a dual trace oscilloscope, and a multimeter.

1968 Mg 20
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N s T 9600 Baud Modem

:::8,1 INITIAL CHBECKS

1. 1f you used sockets, remove all 1Cs. Apply 12 volt powver to Pl. Verify that 12 volts is
paintained at U6 pin 4. Verify that b volts is present at 15 pin 28. O NUT PROCEED 1F
THESE TESTS FAIL. If they do you have a power supply problem which must be fixed first.
Check for solder bridges, faulty or misplaced components.

2. Remove power, insert U16, and reapply power. Check for approximately 6 volts (half the
power supply voltage) at Ul pin 1.

3. Remove power. Now insert all 1Ca. Cbeerve polarity. All notches go to the top of the
board. A 2764 or 27128 is assumed to be at Ul5. JMP8 OFF. Re-apply power and check that.12v
and 5v are maintained. Check the 12 volt power consumpt.ion is appropriate (about 40-60 ma
with QX5 eprems, up to 170 ma with RXS) . Hegulator Q1 will be slightly warm with NS,

4. With a multimeter check the voltages on every pin of P2 and P3. They MUST lie between 0
and +5 volts. 1f for any reason a higher voltage is measured, FIND OUT WHY AND PUT IT RIGHT.

There will almost certainly be a soldering error, component fallure or wrong item fitted,
which could damage TNC or radlos.

5. You mist nouw commect a 163.6 kHz TTL clock to P2 pin 3, ground pin 2. The proper place to
obtain thise from is the TNC. Neither transmitter nor recelver will work without this clock,
&0 make all the connections to the TNC now, as described in section 3.2, TRC Connections.

9.2 TRANSMITTER

6. Install jumpers thus: JMP1-4 ON a-b (TX selection (1), JHP5 OFF, JMP6 OFF, MMP7 (N,
JHMP8 OFF. Set YR1 to mid position.

7. Switch power OFF then ON, and install JHP5 ON b-c.

8. Check that a 9600 Hz pulse train is obtained at test point "I'P(). and then trigger the scope
from this, time-base 20 us/div.

9. Examine TIZ. You should see a rather coarse "eye' pattern at an amplitude of about 2 volts
pk-pk.  Examine the signal at JHP6 (left), and you should see a smooth “eye’. Vary YR1 and
note that the amplitude changes.

1. Try changing jumpers JMP1-4 (N a-b and OFF, and observe the variety of waveforms. (Do NOT
install them ON b-c).

11. Whenever you power up in test mode, always remove and replace JMP5 (N b-c. If you don’t
do this the scrambler can jam, and no TXAudio will be generated.

9.3 RECEIVER

12, Install Jumpers thus: JHPI-4 ON a-b (TX selection (1), Jups OFF, JMP6& ON, JHPT ON,
JHMPH OFF. Set YII to mid position.

13. Switch power OFF then (N, and install JMPS ON b-c. The modem is now in audio loopback and
BERT mode. (see Section 11.1 - Heference, Jumpers for explanations of these modes).

14. Examine TP4, the received "eye" point. 1f the correct selection has been made from the
transmit eprom U5 (JMP1-4 as required, and JMPH OFF), you should see a perfect eye waveform.

15. Now use the other trace of the scope tc view the received clock (RXClock) at TPB. This
lshould ghow a UM going edge at the same moment as all the eye traces converge to & point..
‘There may be a little jitter, and possibly a slight displacement.

16 Momentarily remove JMM6, put your finger on TP4, and this Miclock will drift. Heplace JHMPE
and the clock should pull in again. ’

17. Examine RXTlata at TPG. With JMPY ON b-¢ the £ignal should Lz AW, With IMPH OFF it
ghould be HIGH. With JMPE OFF it will go completely random.  With JMHE OFF you should alsio
motice the DO LED on the THC extinguish.
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9.4 TNC DIGITAL LOOPBACK

18. Install jumpers thus: JHP1-4 ON a-b (TX selection u), JMP5 (N a-b, JHP6 N, MPT W,
JMPS OFF. Set YR1 to mid position.

19. Examine Rata at TP6. With a THC-2 you ahould mee "flags", one bit in eight, i.e.
00010000 or 11101111 repeated (Not all TNCe do this; some will simply show high or low).

20. Set FULLDUP = (N at the TNC, and MYCALL GIRM (or your callsign)

21. Now type CONNECT G3RUH, and you should get the ok COMNECTED to G3RUH message. Type “teat’
and you should get a repeat of "test”. Now disconnect. (beerve data at TP6 during this
test.

272, Experiment a bit; try OCONNECT G3RUH VIA G3RUH,G3RUH,G3RUH etc. When you have finished
don’t forget to remove JMP6, and set FULLDUP = OFF.

73. Congratulations! Your modem is now working correctly with the TNC.

SECTICH 10 - “EYE" DIAGRAMS

The “eye" diagram is a simple yet powerful way of deciding whether or not the received audic
is of satisfactory quality. You can see what a “good” eye looks like uaing audio loopback.

Power the modem, and connect P2 to the TNC (for the 153.6 kHz TXClock signal on P2 pin 3).
Remove Radio connector P3. Install Jjuspers JHP1-4 N a-b (TX "loopback™ selection 0), JHPS ON
a-b, JMPS ON, JHPT ON, JHPS OFF. Set VR to mid poaition. Trigger the scope from TPO,
timebase set to ime/div. Put a probe on TP4, the “Eye” point.

At this slow speed the waveform locks rather like familiar digital “data” but with sloping
edges, and a little overshoot.

Now gradually speed up the timebase to 20us/div. See hou the data bits become superimposed,
fusing into a characteristic “eye”, the diamond shape in the centre of the screen.

Notice the traces converge at two distinct points, one high corresponding to a 1" bit, t.he
other low for a "0" bit. It is at these pointa the modem samples the audio to detect & 17 «
& “0". THE IDEAL RADIO LINK WKXILD PRODUCE AN “EYE" LIKE THIS.

Clearly the goodness of this convergence is an indication of the way the modem will perform.
Vertical scatter at the sample point reduces the system' s tolerance to noiss, because some
bits pass cloeer than others to the zero datum, i.a. the "0° “1” decision threshold. This
scatter is "self-noise”, and adds to any real noise present.

Now as an example, change jumpers JHMP1-4 to select another transmit waveform. You will see
the eye change someswhat, with scatter at the sample point, as well as some asywstry.

However if this audio were passed through its mpatched tranamitter/receiver ocombination it
would convolve back to the ideal shape. It is this compensatory feature of the modem which
contributes mainly to its high performance.

When uging a real radio link, trigger the scope from TP8, the FXClock. It will add lateral
jitter due to the clock recovery process, and give a more valid (and atationary) eye.
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SECTI(N 11 - REFERENCE DATA

11.1 JMPER FUNCTIONS
Eight Jjumpers are provided on the modem PCB to configure the system, and allow user

experimentation. Positions for NORMAL operation are:

Juper Function Normal Position
JMP1-4 TX Waveform Select As required
JMP5 Data/BERT Mode select (N  a-b
JHPS Audio loopback OFF
JMPT TX DAC Connect ON
JHre TX Haveform 11 OFF
JMP1-4 TX WAVEFOf®! SELECT
The tranamit waveform generator uses a look-up table of values stored in Eprom U15.
Depending on the contents of this Eprom, and the selections of JMP1-4, a variety of transmit
waveform characteristics may be achieved to suit differing radlo channels.
JMPx Position Function (x = 1,2,3 or 4)
OFF TX Waveform Selection bit x = 1
ON a-b TX Haveform Selection bit x = 0
ON b-c TX Waveforw uses DATA bit x+8
In the standard confliguration, the generator operates on & 6pan of 8 data bits at once via
shift register U14. A 27128 Eprom can hold up to sixteen different waveform characteristics:
______________________ e e e m e ———————
Bit x TX Haveform t Bit x TX Haveform
4321 Selection ' 4321 Selection
0000 0 L1000 B
0001 1 H 1001 9
0010 2 . 1010 10 Refer to data sheet
0n011 3 ' 1011 11 supplied with eprom
0100 4 | 1100 12 for details of
0101 5 ' 1101 13 characteristics.
0110 6 H 1110 14
0111 7 H 1111 15
______________________ fmm e mmm—————————
Alternatively, it could hold eight characterintics operating on 9 data bite (JMP1 = ON b-c)
und s0 on, up to one characteristic espanning 12 data bits (JMP1,2,3,4 = (N b-c).
Non-standard or customised Eprome are supplied with linking information their data sheet. For

example a type 27256 Eprom can hold 32 waveforws in 2 banks of 16, selected by jumper JMPS.

JMPS DATA/BERT MODE SELECT

BERT = Bit Error Hate Testing. 1n BERT mode, the transmitter generates a specific sequence
of 131071 pseudo~random bits. At the receiver, after unscrambling, the received data
(RXData) should be a constant () or a constant 1. However, if a received bit is corrupted,
then there will be burst of exactly 3 pulses on RData. These are easily counted, and provide
an accurate measure of the channel quality.

If there are N camts in T seconds, the channel’s bit error rate ig (N/3)/(T+9600). For

exsmple a count of 30 in 10 seconds would equate o an error rate of approximately 1 in 10000
bits (10E-4).
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JHPS Poeition Function
o a-b Normal DATA
o  b-c BERT mode - all 0
OFF BERT mcde - all 1
NOTE: 1f the modem is powered up with JMPS set for a BERT mode, the TX scrambler can jam, ar

no TXAudio will be generated. Remove and replace the jumper as required. The NORMAL poaiti
of JHPS ie ON a-b (LEFT).

JMPE  AUDIC LOOPBACK

Installing JMPS connects the transmitted analcgue audio eignal to the modem receiver input
This allows a modem performance check to be carried out without radics. The NORMAL positia
of JMP6 is OFF.

JMPT  TX DAC CONNECT .

Removing JMPT disconnects the transmitter waveform generator.
be connected to teat points TPZ and TP3. You would do this to perform radio checks.
NORMAL position of JMP? is ON.

This allows a test source U
The

JUP8  TX WAVEFORM SELECT I1
1f U15 is type 2764 or 27128 this jumper must be OFF at all times.
JMP8 should be ON for TX waveform selections (-15, and OFF for selections 16-31.

1f U15 is type 27256,
See JMF1

11.2 TEST POINTS :
Five test points facilitate monitoring:

Point Function Ground Scanned by IW1AXR
--------------------------------------------- Downloaded by
TPO 9600 Hz Sync TP1 .

TP2 Transnit audio inject TP3 RadioAmateur.EU
TP4 RX "Eye" Point TPS

TP Received Data TP7

TP8 RX recavered Clcck ™7

TPO: 9600 Hz Sync
This is a high going 5 volt pulse of duration 1/16th bit, at 9600 Hz.
“gync” to trigger a scope when examining waveforms.

1t should be used :

TP2: TRANSMIT AUDIO INJECT

Hith JMP7 removed this point allous a test audio signal to be injected into the transmit
cystem. In this way the radioc may be checked, and a radio transmitter/receiver combinatio
can be checked/calibrated.

TP4: RX "EYE" POINT

This point allows the received audio to be examined just prior to the data detector. The
characteristic trace of numerous bits superimposed resembles an “aye”. ‘This analogue sign
ic sampled on the low goling edge of H{Clock (TP8). The desired trace has sypetry, an open
"eye”, with all trajectories converging to a spot at the sample point, once por bit.

TP6: RX Data (RXData)
Thie is the 5 volt TTL signal sent to the TNC. In data mode this will be essentially rar
In BERT mode it will be high or low, punctuated by any errors. (See notes on JMPS)

TP8: RX Recovered Clock (RXClk)
This is & 5 volt TTL symetric 9600 Hz clock signal recovered from the received audio. It

goes HIGH mid-bit. NOTE: HXClock uill take the frequency of the transmitter. 1t will only
identical with TPU in Audio Loopback Mode (see notes on JMPG) .
Jseue~3 1948 M
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Power Supply | Digital ! Radio ! Optional DIN 41612
------------ —+-------*------—-0——--—-—-------—'f’-'-—--—---1——0----~--
Pl Signal | P2 Slgnal | P3 Sigmal | P4 ’S\‘gnal
-+ o o m——— F A R
1 QD ' 1 TXData | 1 TXAudio | Al1-A32 No )
2 +l2v 42 QD 1.2 @D ! B1-B32 pins (..
, 3 QD 13- TXClock | 3 - 1 C1-C32 assigned
commco—eaee——t 4 RData | 4 BAudio +4---m=—--=—mmmmmomemees
vt 5 DO 5 @D H
! & FRiClock +---m===—-=woTTTmT -+
11.3.1 FOWER SUPPLY PL - i
Pin 1 & 3 Gramd (-)
Pin 2 +10 to 15 volts IC at 40 ma (OXE Eproos) 170 ma (RS Eproms).

-

11.3.2 DIGITAL SIGNALS P2 . : W
This connoctor links to the “modom disconnect” or "Extemal Modem™ facility of the

associated THC (J4 of a TAPR TRC-2). All signals are.standard 5 volt TTL. A TTL high or "V

ig greater than 2.4 volts, but less than 5.25 volta. A TT0L low, or ~0°, 'is less than 0.8
volts, but greater than -0.4 volts. DO NOT connect anything other than a TTL device (or

sppropriate test equipwent) to P2! . -

et

) .

Pin 1 TXData .

A signal from the TNC, u\diathedamtobetrmmittod. It is read by the modem on a hi
going edge of TXClock. This signal is provided by a TNC-2 at J4 pin 19. s "
Pin 2 QD ' o

Cosmon connection for the digital signals. This service is provided by a THC-Z at J4 pin

Pin 3 TXClock . ’
A signal from the TNC, and provides timing for the podem. 1ts spoed pust be 16 timen the
data rate (153.6 kiz for 9600 baud). This signal is provided by a THC-2 at 'J4 pin 11.
Pin 4 RXData . : T
Aslgwlwmeﬂic.mdiathemoeiveddawaadecodedbythen)dm. This signal is ser
to a TNC-2's J4 pin 17, (The THC-2 trace from J4 17-18 HUST be cut). - -

Pin 5 DCD : . :

A signal to the TNC, "data detect”. It 1s a LOW when the nodem recognises that the recef
sudio ls a valid data stream. This signal is sent to 2 TNC-2°s J4 pin 1, and will light it
ICD LED. Altemnatively a HIGH signal is available at Uil pin 14. Carefully cut the short
trace on the underside of the FCE that links U10 pin 13 and adjacent VIA (hole), and aolder
wire link in the box labelled “"DCD" on_the top of the board, located between U10 and R6.

Pin 6 RXClock '

A symatric 9600 Hz clock signal extracted from the received audio, and goes HIGH in the
widdle of "a KXData bit ( P2 pin 4). This signal is NOT required ‘by 2 TNC-2, which has an
intemal clock extract syatem.

11.3.3 RADIO CONNECTIONS . P3

Pin 1 TXAudio + Pin 2 GND ’
The audio signal to the transmitter, used to modulate the varactor diode to generate true ]
The level is adjustable by VRi from U to about 8 volts pe-pk. The cable MUST be scresned.

Pin 4 RXaudio + Pin 5 GD
The audio signal direct from the receiver's FM discriminator. A level excesding 50wv is
sufficient, but a probe on TP4 should not show clipping. The cable HUST be screened.

11.3.4 DIN 41612 CONNECTOR P4
The PCB is drilled for a 32, 64 or 86 way Furo connector. None of the pins ie
asaigned. Bridge pins as appropriate to P1, P2 and PJ pads and test pointe (TPx).
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