The CDG2000 High Performance Transceiver (Part 4)

The IF Unit

The role of the IF unit it to accept a single, band limited signal from the post mixer amplifier and amplify it to a level suitable for a ‘standard’ +7dBm diode product detector. It should do so in such a way that the level delivered is ‘constant’ for any input signal over a 120 dB dynamic range. It must possess a low noise figure at its input and allow control over its operating parameters.

The IF unit presented here is not our design. Bill Carver, K6OLG now W7AAZ produced an excellent one in 1996 which was published in QST [1]. It is also described in the RSGB VHF/UHF Handbook [2]. 

If you refer back to the block diagram in Part 1 of this series, you will note that there is no AGC shown at all. This is because the AGC is local to the IF strip. With no pre amplifier there is no need for external AGC.

What made Bill’s design so good was that it had a carefully designed fast/slow AGC circuit to handle sudden signal increases, and it was based on high quality Analog Devices XAMP family amplifiers [3]. 

As Bill pointed out in his QST article, the handling of sudden signal level changes fundamentally affects how the recovered signal sounds. The IF possesses a fast and a slow AGC loop. When a sudden increase in signal occurs, the fast loop responds to it and reduces its gain. The slow loop is on the ‘other’ side of a noise filter and responds slowly. The composite AGC signal is a combination of the two AGC circuits. A block diagram of the IF is shown in Figure 1. The effect of this dual loop AGC is to produce an output signal that does not suffer distortion on the initial signal peaks.

A full description will not be given here, the reader is referred to the QST or RSGB Handbook articles. The input amplifier is a single J310 FET amplifier carefully matched to the 50 ohm input impedance, providing 12dB of gain and matching the input impedance of the AD600. Each AD600 is a dual variable gain amplifier with each stage providing 40 dB of gain control range, hence the first device produces 80 dB of control range.

The signal then passes through a crystal filter that is designed to remove wideband noise. Without this, there would be too much noise in the circuit to allow gain control over a 120 dB range. The next AD600 is not used to provide another 80 dB of control - a total of 160 dB would be pointless. Instead, one half is used to give another 40 dB to the AGC controlled IF strip giving a range of 120 dB and the final stage is used to adjust the output signal level. This is how the unit delivers a constant audio level over its whole AGC controlled range - but it can be tweaked to personal taste if you prefer. 

The AGC circuits also provide an accurate log signal output - see Figure 2. This is used to drive the S Meter on the controller of the CDG2000 or it may be used to drive an analogue meter. In order to compensate for attenuator setting changes or band by band gain differences, the controller can be used to provide an offset to the AGC signal so that the S Meter always reads true.

There are two controls to the IF unit - IF gain and AGC Hang time. These may either be driven by pots or by a Digital to Analogue converter. The CDG2000 controller provides for this. IF gain rarely needs adjustment. Finally, control lines are used to hold the AGC voltage when on transmit.

A full schematic of the IF is shown in Figure 6 and Figure 7. Note that the PCB is tracked for a simple crystal filter made of 9 MHz crystals. The exact details of this filter depend on whether you have spare crystals or ready made filters to hand. See Bill’s original article for details. The schematic shows series capacitors between the crystals. These are not used but provided for the experimenter if the filter design is changed. They should be replaced by wire links in this application. The filter is matched to the 100 ohm output impedance of the buffer amplifier and the 200 ohm input of the following AD600 by standard L match networks. This is the reason for the asymmetry in the component values.

Construction

Basically, we liked Bill’s design a lot and saw no reason to muck about with it at all. The only substantive change was to re-track the PCB so that it would fit on a single Eurocard. The component layout is shown in Figure 3 and the PCB tracking in Figure 4. Fitting it in was a squeeze and both layout and construction must be done carefully to avoid instability.

The ICs are socketed - the AD600s are not cheap - but with that much gain floating around, the earthing is critical. The ground pins of the sockets on the AD600s are soldered directly to the top of the board (the ground plane) and in some cases to the tracks on the bottom as well. Turned pin sockets are suggested and it is easier to attach these before any other components and definitely before you solder the board into a screening box (if that is what you choose to do). Do not miss any ground connections. George can vouch for the effect on stability if you do! There are many diodes shown on the circuit. These tend to be in pairs, so dual diodes in Surface Mount SOT23 packages were used. These are of two types and it is stupendously easy to get ‘em mixed up so be careful.

Before you start assembling however, decide how you will screen the unit. Being a Eurocard it lends itself to soldering into a standard tin plate box (hint, hint) but other methods are just as good. Use feedthrough capacitors for control and power lines. Use small coaxial connectors such as SMC for the signal lines. You can see this in Picture 1, where feedthroughs are visible on the bottom edge and the RF input is via an SMC soldered to the surface of the tin plate box visible on the left.

The coils need some comment. Transformer T1 is formed on a BN-61-202 ferrite as shown in Figure 5. Do not use anything else. T2 is an 8 turn trifilar winding on an Amidon L43-6 form. Coils L1 and L2 are off the shelf 2.2 uH coils – the PCB is tracked to take ‘standard’ 7 mm or 5 mm coils such as the Toko series pre wound devices.

Alignment is covered well in Bill’s original text and will not be repeated here, but is straightforward. You will notice however that some of the preset pots are multi turn devices. If these are not used, alignment will be very difficult. With 22 turn pots, it is simple to do.

Finally, a slightly revised circuit was produced by Bill after the original circuit was published. The circuit shown here follows his revised version. The changes are minor, and involved adding R65, R66, R67 and C11 and changing the value of R62 from 4k7 to 1k5. In doing this change, R65 was added as a chip resistor. Note also that, not shown on the original circuit diagrams but present on the PCB layout, the substrate connections of U8 & 9 need to be connected to –12V.

All semiconductors are available from Farnell. Toko coils are available from BEC. The crystals are the same type as those used in the front end roofing filters.

The crystal filter is tracked out to allow the design to be altered. Specifically, the 3 series caps C49,C51,C53 are unused in our version, but tracking is included should the implementer decide to alter the design to one that requires series caps.

There are two wire links not shown on the layout ( too cluttered ) for which pads are provided. U7 pin 13 connects to U2 pin 1 and the junction of R14 & R15 connects to U6 pin 5.

The board layout shows signal connections as an SMB/SMC type socket, and the astute reader will notice that the corresponding tracks on the underside of the board extend right up to the edge. This is to allow for variations in build; either a socket can be soldered direct to the ground plane, a wire taken to a socket on the side of the board as shown in Picture 1 or a socket soldered to the tin plate box may be positioned so that its pin lies directly on the signal track.

Performance

Basically, “It does what it says on the box” to mis-quote a TV advert. It works well. It is sensitive enough that the post mixer amplifier’s performance governs the overall sensitivity of the rig rather than the IF strip.

Three words of warning though. Screen it well.
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Figure 1 - Block Diagram of IF unit
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Figure 2 - S Meter output range from an early model of the unit.

Picture 1 - Inside the IF unit. The FET amp is upper left and the signal path top left to top right. The crystal filter may be seen upper centre. The AGC circuits are at the bottom

Figure 3 - Component placement on the top of the board. On the underside are the SOT-23 diodes and chip decoupling capcitors.
Figure 4 - PCB Tracking. Note the pads for the SOT23 diodes.
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Figure 5 - T1 winding details on BN-61-202 core
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Figure 6 - Schematic part 1 - the signal path
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Figure 7 - Schematic part 2 - the AGC

COMPONENTS LIST - IF AMPLIFIER
Capacitors

33p
ceramic plate

C48,50

43p
ceramic plate

C6

47p
ceramic plate

C17,25,46 (C47 on PCB)

68p
ceramic plate

C52

75p
ceramic plate

C2

82p
ceramic plate

C20,28

100p
ceramic plate

C10,42,43

220p
ceramic plate

C18,26

270p
ceramic plate

C11,19,27

1n
multi layer ceramic
C21,36

4n7
multi layer ceramic
C41

10n
multi layer ceramic
C30,8

270n
multi layer ceramic
C11

1uF
Tantalum bead 35v
C31,33,54,55

10uF
Tantalum bead 25v
C32,34,35

1uF
Polyester

C44

4.7uF
Polyester

C1

Capacitors surface mount 0805 X7R or Y5V multi layer ceramic 50v

100n



C3,4,5,7,9,13,14,15,16,22,23,24,29,45,Cz2,3,4

Resistors 0.25w metal film 1% MF25 series unless stated

47R 
1W


R24,25

75R



R22

150R



R21

200R



R17,18,19

220R



R9,16,26,31,32,33

330R



R10

470R



R8

1K



R11,12,13,14,15,23,41,57

2K7



R67

4K7



R46,61,62,66

4K99



R38

6K2



R59

10K



R58,64

12K



R49

27K



R40,48

33K



R27,28,29,30,34,35,36,37,54

47K



R56,60

68K



R63

82K



R20

100K



R42,43,44,45,50,51,52,55

180K



R39,47

4M7



R53

Resistors surface mount 1206 0.063W

3K3



R65

Preset Potentiometers (cermet )

1K
1 turn


R1

100R
22 turns

R2

20K
1 turn


R3

500K
22 turns

R4,5

500R
1 turn


R6

100K
1 turn


R7

Inductors
2.2uH
15 turns on Amidon L43-6

L1,2

47uH
Axial RFC



L3,7,8,9,10

4.7uH
Axial RFC



L11

36t on T37-6
(3.95uH)


L12

Pri 4 turns, sec 3.5 turns on BN61-202

T1 see note 1 below

15 turns trifilar on Amidon L43-6


pri 2 windings, sec 1 winding

T2 see note 2 below

Type 43 ferrite bead



FB1,2,3

Semiconductors

Integrated Circuits

AD600JN


U1,2

TL431ACLP


U3

7905 U4

7805 U5

TL084



U6,7,10,11

CA3046


U8,9

Diodes
8v2 Zener 0.25W

D23,24

The following diodes are all SOT23 packaged.

BAV99



D0203,0607,0809,1011,1213,1617,1819

BAV70



D0405,1415,2021

Either BAV70 or BAV99

D1,22,25,26

Transistors and FET

J310



Q1

2N918
or similar

Q2

2N3904
or similar

Q3

BS170



Q4

Components off- board unless CPU controlled

100K lin pot


IF gain control

100K lin pot


Hang Time control

68K 0.25w resistor in series with 5v and IF gain pot

1mA 'S' meter and calibration resistors if required

Other

9MHz A164A crystal (IQD or similar) Y1,2,3

Notes:

T1 is wound on a BN-61-202 ferrite core as shown in Figure 5. Use only the ferrite specified.

T2 is a 15 turn trifilar winding on an Amidon L43-6 coil former. The primary winding of the trannsformer is two of the windings in series. The secondary is the third winding.
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