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Glossary of Terms 
 

SBC Single Board Computer 

ROM Read only Memory 

EPROM Erasable, Programmable Read only Memory 

EEPROM Electrically erasable EPROM. 

SRAM Static Random Access memory. 

NMOS N-type Metal Oxide Semiconductor 

CMOS Complementary Metal Oxide Semiconductor 
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Introduction 
 

The aim of this project was to build a simple TNC that could implement the lower layers of an AX.25 

modem, using an 8051 microcontroller. Two versions have been designed; the first is just the analog 

section that can be added to the Tiny Basic SBC. This is ideal for development and experimental purposes 

as there is ample RAM on the board to be able to download and test programs. 

 

The second development was to add a ‘stripped down’ microcontroller circuit, similar to that on the SBC, 

but with some of the large components removed, or re-purposed into a smaller form factor. The 

standalone board is not downloadable, the program resides in a dedicated EPROM. 

 

Figure 1 illustrates the TNC adapter board, and Figure 2 illustrates the standalone variant. Both have the 

identical analog circuit and components. The description of the analog circuit and references to its 

components are based on the adapter board.  

 

 
Figure 1 Tiny Basic SBC Adapter board 
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Figure 2 Standalone 8051 TNC board 
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Circuit Overview 
 

Figure 3 illustrates the schematic diagram of the analog circuit of the TNC. 

 
Figure 3 Schematic Diagram of the TNC Adapter 

There are five sections that will be discussed separately: 

 

1. Receive Audio amplifier and squarer 

2. R-2R Digital to Analog converter  

3. PTT Circuit 

4. Microcontroller, power supply and RS232 interface 
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Receive Amplifier and Squarer 
 

The receive amplifier consists of R115, R116, RV102, U101C and C103. U101 is an inverting operational 

amplifier, whose gain is determined by the formula: 

 

𝐺 =  
𝑅𝑓

𝑅𝑖𝑛
 

 

Where Rf is the feedback resistor, and Rin is the input resistor. In this application, resistor R115 represents 

the minimum value Rin, fixed at 1K. Similarly, resistor R117 sets the minimum value of the feedback 

resistor to 1K. As the centre of the variable resistor is connected to the op amp, one side will contribute 

to the feedback value, while the other contributes to the input value. This sets a minimum/maximum 

range of both from 1K to 21K.  

 

This circuit provides both gain and attenuation for the input audio, as shown in Table 3. 

 

RV102 position Rin Value (K Ohms) Rf Value (K Ohms) Gain Gain (dB) 

Right 1 21 21 26.4 

Centre 11 11 1 0 

Left 21 1 0.047 -26.4 
Table 3 Receive amplifier gain 

As the output of the amplifier is a sinusoidal signal before it can be processed it must be converted to a 

square wave that is compatible with the microprocessor. U102A is a comparator, which turns on when 

the input (+) has a greater voltage than the reference (-) terminal. 

 

The reference terminal is held at ½ of the supply voltage, or 2.5V. Resistor R118 also keeps the input 

terminal at the same voltage. When an input signal is present, during the positive part of the sinusoid the 

input terminal is slightly more positive, which will turn on the comparator, and the opposite occurs during 

the negative part of the cycle. The result is a squared output of the sinusoid, ranging in voltage from +5 

to 0, and with the same period as its input signal. 

 

R-2R Digital to Analog Converter 
 

R105 to R112 make up a R-2R resistive ladder network, which outputs a voltage that is dependent on the 

value of the processor signals, P1.0 to P1.3. P1.0 feeds the end of the network, so it contributes the least 

amount of voltage to the output, where P1.3 contributes the most. The general equation for the voltage 

output can be expressed as: 

 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 ×  
𝑃1.0 + 2 × 𝑃1.1 + 4 × 𝑃1.2 + 8 × 𝑃1.3

16
 

 

The calculated output values can be found in Table 4.  
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P1.3 P1.2 P1.1 P1.0 Vout Expression Vout 

0 0 0 0 (0*5 + 0*5 + 0*5 + 0*5)/16 0 

0 0 0 1 (0*5 + 0*5 + 0*5 + 1*5)/16 0.3125 

0 0 1 0 (0*5 + 0*5 + 2*5 + 0*5)/16 0.6250 

0 0 1 1 (0*5 + 0*5 + 2*5 + 1*5)/16 0.9375 

0 1 0 0 (0*5 + 4*5 + 0*5 + 0*5)/16 1.2500 

0 1 0 1 (0*5 + 4*5 + 0*5 + 1*5)/16 1.5625 

0 1 1 0 (0*5 + 4*5 + 2*5 + 0*5)/16 1.8750 

0 1 1 1 (0*5 + 4*5 + 2*5 + 1*5)/16 2.1875 

1 0 0 0 (8*5 + 0*5 + 0*5 + 0*5)/16 2.5000 

1 0 0 1 (8*5 + 0*5 + 0*5 + 1*5)/16 2.8125 

1 0 1 0 (8*5 + 0*5 + 2*5 + 0*5)/16 3.1250 

1 0 1 1 (8*5 + 0*5 + 2*5 + 1*5)/16 3.4375 

1 1 0 0 (8*5 + 4*5 + 0*5 + 0*5)/16 3.7500 

1 1 0 1 (8*5 + 4*5 + 0*5 + 1*5)/16 4.0625 

1 1 1 0 (8*5 + 4*5 + 2*5 + 0*5)/16 4.3750 

1 1 1 1 (8*5 + 4*5 + 2*5 + 1*5)/16 4.6875 
Table 4 R-2R D/A converter output values 

As the input voltage is already approaching the maximum, then the transmit amplifier provides 

attenuation, not gain. The variable resistor RV101 is connected in series with the input resistor and does 

not affect the feedback. This sets the output voltage values to the microphone as shown in Table 5. 

 

RV101 position Rin Value (K Ohms) Rf Value (K Ohms) Gain Vout (V) 

Left 1 1 1 4.6875 

Centre 11 1 0.09 0.426 

Right 21 1 0.047 0.223 
Table 5 Transmit output amplifier gain 

 

PTT Circuit 
 

The PTT circuit consists of R012, R103 and Q101, which is a N-Channel MOSFET, which can sink up to 

200mA at 60V. Most PTT circuits require a connection to ground, which is supplied by this device. If the 

radio you are using requires a voltage instead, an external circuit to provide it would have to be built. 
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Microcontroller 

 
The microcontroller circuit is illustrated in Figure 4. 

 
Figure 4 Tiny TNC CPU circuit 

The microcontroller circuit consists of the 8X51 chip U103, the crystal Y1 and reset switch SW101. The 

CPU can be any variant in a 44-pin PLCC (Plastic Leadless Chip Carrier) case. The crystal frequency is 

11.0592 MHz, chosen because it can be evenly divided down for common baud rates. The reset switch is 

a momentary contact pushbutton switch that resets the CPU when pressed. 

 

The power supply consists of J103, U104 and D101. J103 is a centre-positive 2.5mm jack as is commonly 

used in most wall-mounted AC power supplies (“Wall Warts”). U110 is a 5V regulator that can support 

input voltages from 7 to 36V. It is a switching version of its linear counterpart and does not get as hot. The 

linear regulator, a 7805 can be substituted if the switcher cannot be found, however care must be taken 

to ensure that it does not get too warm. When the power is applied, the red LED, D101 should light. If it 

does not, check the input supply and its polarity. 
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The memory circuit consists of U101 and U102. U101 is a latch that stores the lower 8 bits of the address 

from the combined address/data bus. U102 is an 8K x 8 EPROM that holds the program code. The only 

ram available is inside the CPU chip. 

 

The RS232 interface is implemented by U105 and J103. The transmit and receive data pins from the CPU 

are converted to RS232 levels, and some control signals are also asserted. The connected is designed to 

support a ribbon cable connector to a DB-9 connector, as illustrated in Figure 5. 

 

 
Figure 5 Ribbon cable RS232 Connector 

 

A 10 conductor ribbon cable connects the header, J103, to a DB-9 connector. Either a male or female can 

be used, in both cases the red stripe on the cable must connect to pin 1. A surplus connector from an old 

computer can be used but check the pinout before using it. 

 

 

Header Pin DB-9 Pin RS232 Designation Connects to 

1 1 DCD 
not connected 

2 6 DSR 

3 2 RxD Receive data 

4 7 RTS Request to Send. Always high. 

5 3 TxD Transmit data 

6 8 CTS not connected 

7 4 DTR Data terminal ready. Always high. 

8 9 RI not connected 

9 5 GND GND 

10 n/c - - 
Table 6 Header to DB-9 Pinout 

The bit rate for the serial interface has been fixed at 9600 bits/sec.  
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Algorithms 
 

FSK Modulator 
 

The microcontroller implements the FSK modulator by periodically updating the R-2R ladder D/A 

converter with the appropriate values to approximate a sinusoid. To accomplish this, the microprocessor 

slices one period of a waveform into 16 intervals, then outputs a value at the beginning of each interval, 

as shown in Figure 6. This voltage is then buffered by U101A, and connected to the output amplifier at 

U101D, which is similar to the receive amplifier. 

 

 

 
Figure 6 Sine wave approximation 

The frequency of the sinusoid is dependent on how often the R-2R ladder is updated. The two tones 

required for packet radio are 1200Hz and 2100Hz, the former for a one and the latter for a zero. The 

internal timer is used to generate an interrupt to the CPU each time the value has to be updated.  

 

The internal timer is used to generate the interrupt for tone generation. Each count is fixed at the 

oscillator frequency, 11.0592MHz, divided by 12, or 921.6KHz which has a period of 1.085µs.  

 

Tone Frequency Period Update time Counter Value 

1200 0.833ms 0.052ms 48 

2100 0.476ms 0.029ms 27 
Table 7 Internal timer values for tone generation 

There is a slight frequency error of 1.5% on the higher tone, due to the frequency not being an even sub-

multiple of the crystal frequency. The error is within the  
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The approximation is not perfect as it is only a step-wise approximation. This results in several harmonics 

being generated, starting at 8400Hz.  

 

 
Figure 7 Harmonics in the tone generator 

 

Figure 7 shows the calculated harmonic energy present in the generated tone. The third harmonic at 

3600Hz is 30db below the fundamental, which decreases to approximately 45 dB at 7000Hz. There is 

another peak at 8400Hz, however as these are well out of band for the audio filters on most radios, they 

will not be seen at the transmitter. 
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FSK Demodulator 
 

The demodulator is implemented using a simple frequency counter algorithm. The sinusoidal signal from 

the receiver is squared by U102 to be compatible with the MPU inputs, as shown in Figure 8. 

 

 
Figure 8 Output of squarer 

The second comparator inverts this signal again. The output of the squarer is connected to the INT0 input 

of the microcontroller, which can be configured in software to enable the oscillator, divided by 12, into 

the counter. The timer logic is shown in Figure 9. 

 

 
 
Figure 9 8051 Timer logic 

The inverted copy is connected to the external interrupt input, INT1, which is sensitive to the falling edge 
of the data signal. The demodulator logic is shown in Figure 10. At the falling edge of the INT0 input, the 
counter in the microcontroller starts to count. At the rising edge the count is stopped, and the 
corresponding INT1 input then goes low, causing an interrupt. 
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Figure 10 Demodulator Logic 

The approximate values that can be found in the timer registers at each interrupt can be found in  

 

Tone Frequency ½ Period Oscillator Period Counter Value 

1200 0.416ms 
1.085µs 

384 

2100 0.238ms 219 
Table 8 Demodulator counter values 
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HDLC Frame Handling 
 

Frames in packet radio are sent using HDLC, or High level Data Link Code. They are sent and received as 

frames, consisting of an opening delimiter, data, frame check sequence and closing delimiter. The frame 

is first converted from parallel to serial form, then modulated into one of the two data tones at the 

transmitter, and vice versa at the receiver.  

 

There are two distinct layers, the frame and physical layer. 

 

Physical layer 
 

The physical layer handles the conversion between a data byte and a serial data stream. There are three 

aspects of HDLC that have to be implemented at this layer: 

 

1. Serializer/Deserializer. This algorithm converts bytes into a series of bits, commencing with the 

least significant bit first. A new bit is sent ever 0.833µSec, or at 1200 b/s. 

2. Bit stuffing. After 5 consecutive bit one bits, a zero is inserted into the data stream, which is 

removed at the receiver. This only occurs during the data part of the frame, to differentiate 

delimiters from data. 

3. NRZI Encoder/Decoder. A coding scheme that reduces the number of consecutive one bits sent. 

All data, including inserted bits, is encoded in this manner. 

 

The order of operations is to first serialize the data, then do the zero insertion into that stream, then 

finally the NRZI encoding. After serialization, the data is represented as a logic high level for a ‘1’, and low 

for a ‘0’, transitioning from one to the other when necessary. The rules for NRZI coding are that if the next 

data bit is 1, NRZI transitions at the clock boundary. If a data bit is 0, there is no transition. Figure 11 

illustrates the bit transitions. An interesting side effect is that the polarity is not important, only the 

transition. 

 
Figure 11 NRZ and NRZI encoding 
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Frame Layer 
 

The frame layer converts a data message into a frame by inserting the start and end delimiters and the 

frame check sequence. The delimiters are the same value, 7E16, or 01111110 as a serial stream. This value 

is sent without zero insertion, which causes a coding violation to be detected by the receiver, as the bit 

after the 5 consecutive 1’s is a 1, not a zero. This is referred to as a flag and is both the starting and ending 

delimiter of an HDLC frame. 

 

The FCS is a 16-bit calculated value representing all the data bytes in the frame. The transmitter generates 

it and appends it to the end of the frame, and the receiver regenerates it from the frame. If the two match, 

then the receiver knows that the received data is correct.  

 

The formula for the FCS is as follows: 

 

  𝑥15 + 𝑥12 + 𝑥5 + 1 
 

This can be implemented with a shift register and some exclusive-or gates. If the CRC is held in a register 

called A, and the current input bit B, then the next output, Q, would be represented by: 

 

    Q(15) := A(14); 

    Q(14) := A(13); 

    Q(13) := A(12); 

    Q(12) := A(11) XOR A(15) XOR B; 

    Q(11) := A(10); 

    Q(10) := A(9); 

    Q(9)  := A(8); 

    Q(8)  := A(7); 

    Q(7)  := A(6); 

    Q(6)  := A(5); 

    Q(5)  := A(4) XOR A(15) XOR B; 

    Q(4)  := A(3); 

    Q(3)  := A(2); 

    Q(2)  := A(1); 

    Q(1)  := A(0); 

    Q(0)  := A(15) XOR B; 

 

The output of the operation, Q, would become the next A operand for the next bit. The initial state is all 

1’s, and inserted bits are not included in the calculation. 
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KISS Protocol 
 

The TNC firmware only implements the physical layer of the modem, no data link layer processing is 

carried out. Instead, it is sent over the serial port to another computer for processing, using the KISS 

protocol [2]. 

 

The KISS protocol uses a delimiter, C016 at the beginning and end of each frame. If this byte appears in the 

data portion of the frame, a 2-byte sequence, consisting of a frame escape followed by a transposed 

escape character is sent in its place. Similarly, if the transposed escape character is present, a 2-byte 

sequence replaces it as well. 

 

The reserved character set is shown in Table 9. 

 

Hex Value Abbreviation Description 

C0 FEND Delimiter sent at the start and end of each frame 

DB FESC Start of 2-byte escape sequence 

DC TFEND Sent in place of the FEND character in an escape sequence 

DD TFESC Sent in place of a FESC character in an escape sequence 
Table 9 KISS Framing characters 

The first byte of the frame, following the FEND character, is reserved for a frame type. There are several 

frame types defined, however not all are used. Table 10 lists their meanings. 

 

Hex 
Value 

Frame Type Bytes Description 

00 Data n Frame contains data sent/received by the TNC. 

01 Tx Delay 1 Sets the Tx delay in increments of 10 ms 

02 P 1 Persistence. Not used. 

03 Slot Time 1 For CSMA only, not used. 

04 Tx Tail 1 Time from last byte to releasing PTT in increments of 10 ms 

05 Full Duplex 1 Ignored.  

06 Set Hardware n Varies by hardware type. Currently ignored. 

FF Return 0 Ignored. KISS mode is always on. 
Table 10 KISS mode frame types 

 

 

 

 

 

 

 


