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�
� AUTONUMLGL � Introduction


By examining the operation of the TM-441A/E and comparing it to the TK-931, it is possible to program the TK-931 to operate on the 902 Mhz amateur band.





This process consists of 2 parts:  changing the receive frequency to go lower, and changing the repeater shift frequency from 39 Mhz to 25 Mhz for the California 902 band.


� AUTONUMLGL � Documents


Kenwood TM-441A/E service manual B51-8061-00(S)955





Kenwood TK-931/931(HD) service manual B51-8086-00 (O) 1103


� AUTONUMLGL � Kenwood TM-441A/E examination





� AUTONUMLGL � Transmit/receiver PLL operation


The TM-441 has a common PLL that is programmed to transmit or receive a specific frequency.  In the K or P model, the transmitter frequencies span from 438.000 Mhz to 449.995 Mhz.  The receive PLL frequencies span from 407.175 Mhz to 419.179 Mhz.  This allows for a first IF of 30.825 Mhz.





The PLL is programmed by shifting in serial data.  These data consist of 2 counters:  a 10 bit counter n, and a 7 bit counter A.  The E or M models operate from 430 to 439.995 Mhz.  From the manual, 





	In 430 Mhz mode, Fvco (RX) is calculated by the following formula:


	Fvco = (430 - 30.825) = {(n x 128) + A} x Fosc / R


	where,


	Fvco: VCO output frequency


	n: Binary value of the 10-bit programmable counter


	A: Binary value of the 7-bit programmable counter


	Fosc: 12.8 Mhz reference frequency


	R: Binary value of the 14-bit programmable counter


		2560 (5, 10, 15, 20, or 25 kHz step mode)


		2048 (12.5 kHz step mode)


	In 5, 10, 15, 20, or 25 kHz step mode, n = 623 and A = 91


	Therefore, Fvco is calculated as follows:


	Fvco	= {(623 x 128) + 91} x 12800 / 2560


		= {79744 + 91} x 5


		= 399175 = 399.175 Mhz





There’s a few things to observe about this process.  Since A is a 7 bit counter, it can only span the values 0 - 127.  Because the above equation multiplies n by 128, n can be thought of as a most significant portion, and A as a least significant portion.  Therefore, you can view n and A as a continuous 17 bit counter and not worry about the dual counter process.  Furthermore, depending on the value of R, a single step of the 17 bit counter will increase the PLL frequency by the desired 5, 10, 15, 20, or 25 kHz.





The concept here is that by storing the 17 bit PLL counter value, you are storing a particular frequency, and each step in the counter steps by the desired channel spacing.





� AUTONUMLGL � Kenwood TK-931





� AUTONUMLGL � Schematic examination


An examination of the TK-931 shows that the basic radio architecture is the same as the TM-441.  The PLL is changed by a serial bit stream, and the PLL also has a 12.8 Mhz reference oscillator.  12.8 Mhz / 2048 = 6.25 kHz, and 6.25 x 2 = 12.5 kHz, so if you compute 12.8 Mhz / 1024 = 12.5 kHz, which is the 900 business band channel separation.  We must be getting close.


� AUTONUMLGL � 93CS66 serial EEPROM


The TK-931 has a 93CS66 4096 bit, or 512 byte EEPROM.  The KPG5D programming software makes a data file of 560 bytes, enough for the 512 bytes and some other extra info about the file itself.


� AUTONUMLGL � KPG5D programming software


If you save a programming file with the test frequencies set to certain values, and then change the test frequencies and resave to a different file, you can then compare the two programming files that you have.





What you find is the location in the file of the test frequency data, and furthermore you find the proportional relationship constant between the stored value and the actual frequency.  For example, if you start test frequency 1 with 935.0125 Mhz and change to 935.0250 Mhz, the values in the programming file at address 0x01A are hex 0x9801 and 9802 respectively.  You can start to build a translation table for values to frequency:


	hex		decimal		freq


	0x9801		38913		935.0125 Mhz


	0x9802		38914		935.0250 Mhz





Here we find evidence that a single step in the stored value corresponds to a single channel spacing increment.


� AUTONUMLGL � The programming equation


Continuing with other frequencies,  we hypothesize an equation:


	F = N x .0125 + c, where


	N is our stored EEPROM value


	F is the transmit frequency


	c is some value that offsets the calc
