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The Motorola MIX900 handheld radio is designed to operate in the comrercial 900
MHz band. It nornmally receives 930 Miz to 942 MHz and transmts 890 MHz to 902
MHz. This is the range of the commercial band. The transmitter and receiver are
capabl e of operating in the Amateur Radio 900 MHz band (901 MHz to 928 MHz) but
the firmvare in the radio is incapable of accepting progranmng in that range

This is because all frequencies are stored in the radio EEPROM as offsets from
930 MHz. This was deternmined with great effort by disassenbling and single
st eppi ng t hrough the Mtorola progranmm ng software.

There were several possible solutions explored to solve this problem

- Change the synthesizer reference frequency

- Reprogramthe on-board MIX900 processor ROM sonehow

- Find a way to reprogramthe synthesizer with amateur frequencies on the fly
- Several other less likely possibilities

After much experinentation, the only feasible solution was found to be finding
some way of translating the synthesizer programming information from the on-
board processor to amateur band progranming information before it got to the
synthesizer. This would allow the MIX900 to be programed for standard
commercial frequencies with standard Mtorola progranm ng software which woul d
be decoded and translated “on-the-fly” to amateur frequencies and then
programed into the synthesizer.

The "nots6" nodification acconplishes this by inserting another nicroprocessor
in the serial link between the MI'X900 on board control mcroprocessor and the on
board synthesizer chip. This second mcroprocessor intercepts the serial data
stream from the MIX900 processor which normally directly programs the MIX900
synthesi zer. It decodes the comercial frequency that was sent, translates this
frequency to amateur band frequencies, re-encodes them to the format the

synthesizer wll accept, and programs the MIX900 synthesizer wth the new
frequency. The nicroprocessor nust re-program the MIX900 synthesizer in real
time and in only a few mlliseconds under the follow ng conditions:

- Wen the radio is turned on

- When the channel switch or system knob is changed

- When the PTT is pushed (to program TX frequency)

- When the PTT is released (to re-program RX frequency)

Determ ning how to do this was fairly difficult since the synthesizer chip that
Motorola uses in the MIX900 is not docunented in any avail able docunent. Since
no data on it's programmng was available | had to decipher it. Two approaches
where used. The first was to use a logic analyzer to get a high level view of
what was being sent to the synthesizer - nunber of bits, timing, relationship to
clock pins, etc. Once this was deternined, a mcrocontroller was progranmed to
nonitor these signals in real time, translate themto ASCI| representations of
one's and zero's, and send themvia a serial link to a PC. The MIX900 was then
programed with many different frequencies and the data nonitored as it was sent



to the synthesizer from the MIX900 m croprocessor. The results were noted in a
big Excel spreadsheet. This process was followed until finally a pattern was
determined. | worked on this off and on over several nonths. Code was then
witten and debugged for a snmall microcontroller to inplenment the required
serial protocol and the frequency translations.

The mcrocontroller | used was the McroChip 16c84. Due to the small form factor
requirenents of fitting inside the MIX900 case, | choose a prefabricated nodul e
called the "PicStic 1" from Mcronint Inc. This is a small "Basic Stanmp" |ike
PCB with the 16c84, a voltage regulator and a ceramic resonator on board. The
board neasure approxi mately 3/4" x 1.5" in size. The cost $30- $40.

Wth a pre-programmed "PicStic" in hand, nodifying the MIX900 is fairly
straightforward. It requires disassenbly of the MIX900, the renmpval of 5 pins
froma connector in the radio, the installation of the PicSticl by soldering 12
wires to the MIX900 PCB's, and the programm ng of the MIX900 with the right
frequencies. The npbst tedious part is cutting, striping and tinning the 12
Wi res.

Installing the Moudification

To install the nodification you need a PicSticl progranmed with the Mts6 code.
Then you nust add a snmall junper frompinl of the 16¢c84 to pin 5 of the nodule
as shown in the photo below (black line). W need an extra |I/O line for the
nodi fication to work and this is how we get it.

Photo of the component side of the
PicSticl showina small iumper to be added

In addition to adding the junper you nust cut the trace leading to pin 5 of the
nodul e as show bel ow.

Cut Trace
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Photo of the backside of the PicSticl showing
where to cut the trace leadina to Pin 5.




Now, set the PicSticl aside. You nust now make nodifications to the MIX900. Now
is the time to stop if you are unsure of yourself since the nodifications we
will be naking to the MIX900 will be difficult to reverse.

Take a look at the photo |abeled “NTN5234B and NTN5432B Controller PC board,
Layer1”. After disassenbling your MIX900, renbve the screws and cabl es attached
to this board and CAREFULLY rempve it from the HI's chassis. If you don't
understand how to do this STOP NOW reassenble the unit and ask soneone else to
do the nodification for you.

Once you have this renoved you will be |looking at a set of pins that connect J2
on the board you just renoved to P2 on the board still attached to the chassis
(reference the photos). You will need to renove several of the pins fromP2 (the
board still attached to the chassis. |’ve found that the best way to do this is
to use a small piece of brass tubing just slight larger than the pin. Slip it
over the pin and use it as a handle to wiggle the pin back and forth until it
breaks off. If you want to stop now this is your |ast chance. Once you renove

these pins the only way to go back is to solder wires from one board to the
ot her. Renobve pins 3,4,5,7,8

Once you have conpleted this task re-install the controller board (the one you
renoved). Connect all cables and put the screws back in it.

Now you are ready for wiring. The PicSticl will be taped up and positioned under
t he speaker and down towards the battery connector of the MIX900 on re-assenbly.
Take this into account for wire length. The best way to wire the PicSticl into

the radio is to build a small harness. You will need a single in-line socket
with 14 pins. These are available from Radio Shack in longer |engths which you
can cut. Alternately, you could solder right to the PicSticl but | don't

reconmend it.

You nust wuse very small wire. Wre wap wire or snmall ribbon cable cut to

length, stripped and tinned will work. | prefer ribbon cable because wire wap
wire breaks easily. Use your judgement and a very snmall soldering pencil tip,
the connections are small. Wre all the wires going to J2 and J1-4 first then

turn the MIX900 over and wire P2. Use the photos for reference and wire as
fol |l ows:

PicSticl MI'’X900 Pin
Pin

1 VCC J2-10 +8v

2 G\D J2-1 GN\D
3 RA3 J2-4 SSYI
4 RAL P2-4 SSYO
5 RA2 J1-4

6 /RST No Connecti on
7 RBO J2-3 SRO
8 RB1 J2-8 SDA
9 RB2 J2-7 SDAI
10 RB3 J2-5 SCLI
11 RB4 P2-3 SROO
12 RB5 P2-8 SDGO
13 RB6 P2-7 SDAO
14 RB7 P2-5 SCLO




Doubl e check all the wiring for proper connection and no shorts or sol der

bri dges. You should be able to re-assenble the unit back in the case. Very
carefully slide the case over the PicSticl. You may have to gently wi ggle things
around a bit to get it to fit. Re-attach the batter connector. Probably a good

i dea to have taped up the PicSticl prior to doing this. One |layer of tape is

suf ficient.

Assuming you wired it right and have a PicSticl with the Mts6 firmwvare, attach
a battery and turn the radio on. It should beep. If not press the PTT, it should
beep. If not change to a different systemand try again. If the radio is dead,
you did sonething wong. Go back and check everything again.

Once the Mbts6 nodification is properly installed, the MIX900 can be programed
usi ng standard Modtorola MIX900 RSS progranmi ng software. To enabl e anateur band
frequenci es conmercial frequencies are progranmmed using the follow ng tables:

; RX transl ati ons

Conmrer ci al Band Freq. Resul ti ng Anat eur Band Freq.
pr ogr anmed
; 940. 0000 - 940. 9875 ==> 927. 0000 - 927.9875 for CA band plan RX or
si mpl ex RX
; 937.0000 - 939.9875 ==>  918. 0000 - 920.9875 for ARRL band plan RX or
si mpl ex RX
Any frequency not listed in the "Comrercial Band Freq." columm will not be
translated and results in comrercial RX/ TX frequencies which is illegal for

amateurs to transnmit on. Renenber to select tal k-around if you want sinplex.

The Mbdtorola MIX900 software autonmatically calculates the TX frequency. For
reference here is what the comrercial frequencies translate to:

; TX freq transl ations

Conmmer ci al Band Freq. Resul ti ng Anat eur Band Freq.
pr ogr anmed
; 901. 0000 - 901.9875 ==>  902. 0000 - 902.9875 for TX -25mhz of fset

for CA band pl an

; 898. 0000 - 900. 9875 ==>  906. 0000 - 908.9875 for TX -12mhz of f set
for ARRL band pl an

; 940. 0000 - 940. 9875 ==>  0927.0000 - 927.9875 for sinplex TX

; 937. 0000 - 939.9875 ==>  918. 0000 - 920.9875 for sinplex TX

Programin your desired frequencies and you should be on your way. You m ght
want to go into the MRSS calibration nbde to adjust power output, frequency,
etc.

Have fun and good | uck



NTN5234B AND NTN5432B CONTROLLER PC BOARD, LAYER 1
WITH COMPONENT OVERLAY
VIEWED FROM TOP (LEADLESS COMPONENT) SIDE
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NUF6150C RF PC BOARD, LAYER 1 WITH LEADED COMPONENT OVERLAY
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