Mixer folder

The mixer (Q106) d.c. voltages in the FRG7 handbook are incorrect, correct values are listed below.

These were taken on a working mixer with TP408 showing +10.9 volts, (most frogs seem to have higher than 10V at this point, spread in D412), using a DVM.

Pin             Voltage

1

0v

2

9.6v

3

9.6v

4

4.8v

5

3.0v

6

0v

7

0v

8

0v

9

3.0v

10

4.7v

11

4.7v

12

4.7v

13

8.3v

14

0v

Notes that pin 5 and pin 9 are same voltage, not as shown in book.

Testing the mixer

One might expect the SN76514 mixer used in the FRG7 design to follow the manufacturer’s recommended operating rf voltages shown in the Texas Instruments (T.I.) data sheet, but for certain design reasons, it does not. A normal active double balanced mixer (DBM) would be expected to be run with LO port level about 20dB above the RF port level. This gives a useful conversion gain through the mixer, about 14dB for the T.I. device. 

In the FRG7, the LO port is fed from a multi-frequency source (30 frequencies at once!) from the 1 MHz harmonic generator. The individual harmonic levels are therefore set to a low level by design, and the high DBM conversion loss (>20dB) encountered under these conditions, made up by using a high gain BPF strip following the DBM in order to provide a useable 2nd LO mixer (Q105) injection voltage.

The mixer (Q106) o/p levels at 52.5Mhz are very low. So unless you have available some expensive test equipment, e.g. spectrum analyser, its difficult to check the o/p. But it is possible using only a signal generator and an RF probe millivoltmeter unit. 

Try the following:-

Check the calibration of the RF probe at low (100mv) levels using the sig.gen and correct if necessary.

Remove the harmonic generator input on TP106 and connect your sig.gen to this point. Temporary remove C143, or connect a 10nF capacitor to ground on Q108 base.

Set MHZ dial to 7MHz, and sig.gen. to 10MHz. Adjust the sig.gen. level to give 250mV p.d. o/p. Use the RF probe to check the MHZ osc o/p on TP101, it should be around 300mV, and 20mV at Q106 pin 11.

Using the RF probe on Q106 pin 3, you should now see about 100mV if the mixer is ok.

Replacing the mixer

The mixer, T.I. SN76514 or equivalent TL442, seems to be very robust in this set and you would be very unlucky indeed to need to replace it. If you do need to however, you will probably find that it is not readily available now. There are some obsolete semiconductor specialists who may find one for you, but expect a high fee.

The MC1496 DBM is still available and has been mentioned, but it needs several external bias components and this makes it difficult to interface to the FRG7 circuit.

A more useful and readily available item is the Philips SA/NE602 or 612.

This device has all biasing components inside the chip and although not 14DIL package is readily available in DIL8. It does need lower supply voltages than the SN76514, but as will be seen this is not a problem in use.

The SA602 has slightly different port impedances than the T.I. chip but in practice this has negligible effect on the performance. 

There are two ways to install the device in the FRG7.

(1) Make a small separate pcb to mount the DIL8 mixer and crosspatch on board foil to a DIL14 header, to enable insertion in the original FRG7 pcb.

(2) Mount the chip directly on the foil side of the FRG7 pcb, arranging pinout accordingly.

I used the latter method to save time and evaluate the feasibility of the new mixer.

I found the following the simplest approach.

Carefully unsolder and remove the SN76514.

Solder a small wire link between pcb pin 8 and 9(remember it’s the foil side).

Solder a 6.2V 400mW zener between pcb pin 2 and ground. (Anode to ground)

Spread the legs of the SA602, orientate upright with new mixer pins 1 and 8 facing towards the pcb pins 1 and 14 (remember it’s the foil side) and connect as follows.

New mixer pin 1 to pcb pin 11.

New mixer pin 2 to pcb pin 10.

New mixer pin 3 to pcb pin 9.

Using small wire links solder the following:-

New mixer pin 8 to pcb pin 2.

New mixer pin 4 to pcb pin 3.

New mixer pin 6 to pcb pin 5.

Leave new mixer pin 7 and 5 o/c.

The new mixer is now installed and should function correctly.

In my case I found the conversion loss to be about 3dB less than the T.I. device.

Incidentally, if while checking the 52.5MHz mixer o/p as seen at the end of the BPF strip, e.g. Q105 source, you rotate the Mhz dial across its full range, you will notice there is quite a variation of levels coming from the mixer. These can give a spread of about 12dB in the levels of LO injection to Q105, the 2nd signal mixer. The level variation is partly due to the MHZ osc level o/p across its wide range but also due to the harmonic generator o/p.

This is not as you might expect, falling at top end, but has quite a large variation in the o/p levels. The effect is to give a rising o/p to the 2nd mixer peaking at 14-15 MHz, 

falling again and then rising at the 30MHz end.

Being curious, I checked the response of the LPF in the harmonic generator and found it to have a large ripple. The components seem ok, and my belief is that the physical layout of the L303 coil is responsible. All the coils of the LPF are wound on the same former and mutually coupled, not a good idea in an LPF. The same probably applies to L101 in the signal path. 

While on the subject of L101, could I just explain the use of Q101. It has been mentioned that this device could be replaced by another higher gain device; personally I think it would not be a worthwhile exercise. Here is why.

In the FRG7 this MOSFET device is being used as an active RF transformer.It maintains the high Q of the preselector (very necessary in this design) while transferring the signal to the low impedance of the L101 LPF.

The gain of a MOSFET stage is related closely to the load impedance and gm of the device. So with this low drain load the gain is minimal, and with external noise the limiting factor at hf it is also unnecessary to provide a lower noise device.

