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Introduction

This document describes the construction and operation of a circuit to interface an amateur radio transceiver with a home computer for operating digital radio-teletype modes such as binary phase shift keying (BPSK), multiple frequency shift keying (MFSK) and Hellschreiber (Hell mode), as well as slow scan television (SSTV) in both digital and analog forms. It lets you monitor the transmit and receive audio during normal station operation, or monitor the receive audio while using the computer sound card for other applications such as music or video games. 

The interface is based on the LM358 operational amplifier (op amp) that is designed for use with a single power supply, so it’s easy to use. The interface has no relays, which can be expensive, to switch a speaker between the computer and transceiver to monitor the transmit and receive audio. Rather, these signals are amplified, summed and applied to the computer speakers (which include an amplifier), a common accessory for a home computer. Although it was designed for a supply voltage of 13.8 V, it may be powered with as little as 9 V or as much as 
24 V. 

This interface is designed for use with the Icom IC-718, but may be adapted for use with other transceivers. It’s likely that the only necessary change will be to reconfigure the connections to the microphone plug. Less likely will be the need to adjust the op amp circuit gains by changing the values of some of the resistors. If you do elect to modify the circuit, it would be good to assemble it on a breadboard and test it before final assembly. 

Circuit Description

The interface is an assembly of five circuits, three of which process the audio signals from the computer and the transceiver. There is also a power supply circuit, as well as a circuit for triggering the transmitter. Detailed descriptions are proved below. 

The signal handling circuits contain bypass capacitors that must have low impedance at audio frequencies. I used Mylar capacitors that were 12000 pF and larger. 

Transmit Circuit
This circuit is comprised of resistors R1 through R8, transformer T1 and op amp IC-A. The stereo inputs from the computer sound card are summed by the inverting amplifier that, in turn, drives the transceiver microphone input through R5, the isolation transformer T1 and potentiometer R6. The principle benefit of the op-amp circuit is that it presents independent loads, 5.6 kOhms each, to the stereo sound card outputs. The 10 kOhm resistor, R5, not only provides some voltage reduction in the signal delivered to the transceiver microphone input, but also serves as a bias resistor for the output of IC-A. (A resistor in shunt with the op amp output biases its final driver circuit to operate as a linear Class A amplifier.) In the DC equivalent circuit (quiescence), the op amp inputs are supplied by equivalent bias circuits comprised of a 6.2 V sources in series with 6.5 kOhm resistors R3 and R4. Note that the secondary of the transformer is not connected to the interface circuit ground to eliminate ground loops.

Receive Circuit

This circuit, which is passive, is comprised of resistors R9 through R12 and the isolation transformer T2. The impedance of this circuit as seen by the transceiver headphone output is very close to the value of R9, 36 Ohms, regardless of the tap placement on potentiometer R11. (Thirty-six Ohms is a nominal value for headphone impedance. Most commercial headphones can have impedances as low as 16 Ohms or as high as 60 Ohms.) Note that the secondary of the transformer is not connected to the interface circuit ground to eliminate ground loops. 

Monitor Circuit

This circuit delivers to the computer speakers/amp the sum of the amplified signals from the receive and transmit circuits. It is comprised of resistors R13 through R18 and op amp IC-B. The receive and transmit signals as tapped from the voltage dividers R8 and R12, which are “relative volume controls” that are set during initial calibration of the interface. They are intended to be “set and forget” controls. In series with the op amp output is a 1.5 kOhm resistor, R18, that provides a load to the op amp if the line to the computer speakers/amp is accidentally grounded. The 10 kOhm resistor, R17, serves as a bias resistor for the output of IC-B. In the DC equivalent circuit (quiescence), the op amp inputs are supplied by equivalent bias circuits comprised of a 6.2 V sources in series with 47  kOhm resistors R15 and R16. 

Power Supply Circuit

This circuit is comprised of resistors R19 and R20, diodes D1 through D3, and capacitors C1 and C2. Using this supply circuit, the interface (excluding the trigger circuit) draws about 11 mA when supplied with a conventional 13.8 V power supply. Diode D1 is merely a safety feature, preventing a negative supply voltage from being applied to the interface. (If D1 were not there, the application of a negative supply voltage would destroy the op amp integrated circuit.) C1 provides some additional regulation of the supply voltage. R19 and the light-emitting diode D3 are an ON/OFF indicator. R20 and Zener diode D2 form a regulated voltage source that provide a 6.2 V bias for the non-inverting op amp inputs, and C2 reduces any noise from the Zener diode. The Zener diode can be replaced with the 1.5 kOhm resistor, R21, using switch SW3. The advantage of this is that it will cause the bias voltage to the non-inverting op amp inputs to always be half the supply voltage (whatever it is) minus 0.7 V. The disadvantage is that there will be no voltage regulation, so this configuration should only be used with well regulated power supplies or batteries. 

Although the interface was designed for a supply voltage of 13.8 V, it may be used over a wide range of voltages: 9 to 25 V. This is because the LM358 op amp can be powered with a voltage as low as 5V and as high as 30 V. The interface may be powered with a conventional 9 V transistor battery, drawing about 7 mA. The only problem I encountered with this was the clipping that occurred at the output of the transmit circuit op amp, IC-A, when the sound card output level was set to its maximum, and the 6.2 V Zener diode was used in the power supply circuit. (This happened because the op amp output cannot be greater then its supply voltage minus 1.5 V, a fundamental limitation of the LM358.) There are two easy ways to fix this: simply turn down the sound card output level on the computer so that the clipping is no longer heard in the monitor circuit, or switch from D2 to the 1.5 kOhm resistor R21

Push-to-Talk (PTT) Trigger Circuit

This circuit is comprised of resistor R22, diodes D4 and D5 and transistor Q1. This circuit is not attached to the interface supply circuit, and draws it’s current from the serial port Data Terminal Ready (DTR) line. When the DTR line is “off,” it presents a negative voltage (typically –12 V), reverse biasing the emitter-base junction of Q1 and placing the transistor in cut-off. When the DTR line is “on,” it presents a positive voltage (typically 12V), the emitter-base junction of transistor Q1 is forward biased to saturation. In this case, the collector circuit draws current, causing the transceiver to transmit. D5 is a safety feature, forward biasing when a negative voltage of 0.7 V or more appears at the transceiver PTT line, thus protecting Q1. The light-emitting diode D4 merely shows when the transceiver is on. (D4 is not essential and can be eliminated.) Diode D6 limits the collective reverse voltage across the light-emitting diode and the base-emitter junction of Q1 to 0.7 V. 

This circuit was designed assuming that the “on” and “off” voltages of the DTR line are 12 V and –12V respectively. Under these conditions, when the DTR line is on, D6 is reversed biased and the base of Q1 draws about 3.5 mA. When the DTR line is off, the emitter-base junction of Q1 is reversed biased, but D6 is forward biased and delivers about 4 mA through R22. These are acceptable amounts of current that can be drawn through the DTR line. The RS232 standard allows “on” signals to be anything between 3 V and 25 V, and “off” signals to be anything between –25 V and –3V.  This circuit should work throughout both voltage ranges. At +/-25 V this circuit can draw nearly 10 mA, the maximum current as you can wisely draw from a serial port despite the standard stating that any RS232 pin should be able to deliver 500 mA. For DTR signals as low as +/-3 V, the circuit will trigger, but the light-emitting diode will be dim. 

Adjustment

A good first objective is to adjust the relative volume controls (potentiometers R8 and R12), the computer speaker volume and the transceiver volume so that (1) the transmit and receive signals are at a comparable and reasonable level from the computer speakers when operating your amateur radio station, (2) the computer speaker volume is reasonable when the interface is bypassed to use the computer to play music or games, and (3) the transceiver speaker volume is reasonable when the cable between the interface and transceiver is pulled from the transceiver headphone jack. Here’s how:

1. Without the interface connected to the receiver, set the transceiver speaker volume to a reasonable level.

2. With the interface circuit bypassed so that the computer is directly connected to the computer speakers, set the speaker volume to a reasonable lever by adjusting it using both the volume knob on the speakers and the sound card software on the computer. Chances are you’ve already done this because you’ve used the computer to play music or provide audio for computer games.

3. Power the interface and place it in line between the computer and transceiver. 

4. Adjust the receive relative volume control (potentiometer R12) until the audio from the transceiver is at a reasonable level. 

5. Start your favorite digital mode or SSTV software application on your computer and configure it to enable the DTR line to trigger the transceiver. 

6. Tune the transceiver and antenna to an unoccupied frequency. 

7. Set the Icom IC-718 microphone gain to 50 (the default value) using the “Quick Set” options accessed by pushing and holding the “Set” button on the transceiver’s front panel. 

8. Click on the software application button to start transmitting. 

9. Adjust the transmit relative volume control (potentiometer R18) until the audio from the transceiver is at a reasonable level.

You might have to go through these steps more than once. Chances are you’ll change your mind as to what you feel are reasonable volume levels for monitoring.

The procedure outlined above should generally cause the transmit drive level potentiometer to be set to its mid point (mid scale) under normal operation described in the next section. If you’re using a transceiver other than the IC-718, you may have to experiment and adjust the microphone gain during on-air operation. 

Operation

The only adjustments to be made during operation are the transmit and receive drive levels that are set by changing the tap positions on audio potentiometers R6 and R11 respectively. These potentiometers should be mounted on the front panel of the box containing the interface so that they can be easily adjusted. They will have to be adjusted frequently, because the acceptable drive levels will depend on the software being used and your transmitter’s audio frequency response. 

First adjust the receive drive level by simply moving the tap on R11 until the waterfall plot, spectrum or other display in the software is correctly displayed. Often the software will automatically “normalize” its displays after sensing the audio level delivered to the sound card. However, if the nominal drive level is outside of some range, you may be warned with a text message in the display. 

Adjusting the transmit level is done by commanding the software to transmit and then adjusting the ALC level, which is located just below the frequency display on the Icom IC-718. You should set the level at about 90 percent of full scale. 

Construction Tips

Although it’s temping to eliminate transformers T1 and T2 to save money or make the circuit more compact and less complex, I advise against this. The first interface I built was a simple circuit consisting of two potentiometers and a couple of resistors. It worked, but ground loops caused lines to appear at multiples of 60 Hz in the waterfall displays for the software I was using. Using isolation transformers in this interface eliminated the ground loops through the receive circuit. The result is cleaner waterfall displays.

You can dispense with SW3 and use either the Zener diode (D2) or the 1.5 kOhm (R21) resistor to provide the bias voltage to the non-inverting op-amp inputs. If you use the resistor, then the external power supply should be well regulated. If not, noise or “hum” will be heard through the computer speakers and, worse yet, hear over the air when you transmit. 

If you use a painted enclosure or apply decals to it to label the signal inputs and outputs (female plug sockets), take measures to ensure good ground connections are made. A poor contact with ground at these points can cause “hum” in any of the audio circuits. 

The socket for the sound card microphone inputs must be mounted on an insulating surface. If this not done, and its ground point is connected to the interface ground, a ground loop will occur, rendering transformer T2 useless, causing noise and “hum” in the receive circuit. 

Parts List

Resistors

1
36 Ohm, 1 W, carbon

R9

2
1.5 kOhm, ¼ W, carbon
R18, R20, R21

1
2.2 kOhm, ¼ W, carbon
R22

2
4.7 kOhm, ¼ W, carbon
R10, R14

1
3.3 kOhm, ¼ W, carbon
R20

4
5.6 kOhm, ¼ W, carbon
R1 through R4

2
47 kOhm, ¼ W carbon
R13, R15, R16

3
10 kOhm, ¼ W, carbon
R5, R7, R17

2
20 kOhm, trim pot

R8, R12

2
50 kOhm, audio pot

R6, R11

Capacitors

1
220 microfarad, 35 V, electrolytic 


C1

1
3.3 microfarad, tantalum 



C2

5
0.1 microfarad (or greater), Mylar or ceramic
bypass capacitors

Semiconductors

1
LM358 op amp, 8 pin ceramic DIP

IC-A, IC-B 

(two op amps per package)

3
1N4001 diode




D1, D5, D6

1
1N4735 6.2 V Zener diode


D2

2 
XC556R light-emitting diode


D3, D4

1
2N2222A small-signal transistor

Q1

Transformers

Two Radio Shack audio isolation transformers, 1:1 turns ratio (catalog number 273-1374) 

Switches, Plugs and Connectors

2
DPDT, on/off toggle switch

SW1, SW2

1
SPDT, on/off toggle switch

SW3

4
¼ inch audio plug receptacle 

1
8-pin microphone plug receptacle

1
9-pin female D-sub connector/socket (for serial port input)

2
binding posts (red for the positive supply voltage, black for ground)

Other Hardware

2 
knobs

1
6” by 2” by 3.5” metal box (or similar)

1
12-617B Datak printed circuit board (or similar)
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