Section 28 MD4@4B ANALOGUE 2 BOAFRD

PCB 7&5@d

28.1 Introduction

The AZ hoard is interposed between the Al board and the oscillator output, and
carries out the following processes:

- Derives a square wave from the main oscillator input;

- Switches and/or mixes various combinations of main, secondary and derived
square wave inputs to produce the reguired composite output signal for a
selected measurement;

- Provides an opto-isolated "sync" outputjy

- Controls output level control from +3@ dbu (balanced) to -70 dhu in @.1 dB
steps;

- Allows front panel level trim of 8.1 dB;

- Supplies a halanced output capakle of driving +3@ dbu source EMF into 300 @
minimum load, from source impedances of = f, 120 &, and B0 23

- Provides a halanced or unkalanced output.

The output from the main (low distortion) oscillator normally éppears at the
output alone, except for the following conditions:

SOUARE WAVE Sguare wave alone

I.M.D. (1:1) (@.707 » main osc) + (@.707 x second osc)

I.M.D. (d:1) (main osc (low frequency?) + (B.25 x second osc)
D.I.M.-30 {square wave) + (@.12 % second osc)

D.I.M.-100 (square wave) + (0.18 x second osc)

Wi

OW and FLUTTER Second oscillator input only

Other combinations for different standards may also be accommodated with the
appropriate software (and possihly hardware) updates.

The front panel level trim control can be disabled under remote control.

Figure 22.1.1 shows the block diagram of the AZ hoard.
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23,2 Circuit Description

22.2.1 Sgquarer

The main oscillator input, appearing on pin 37 at a level of 5 V peak, is fed
into the non-inverting input of comparator ICIZ2. The other input of ICLZ is
connected to the ground rail. ICIS output therefore changes state each time
the sine wave at the non-inverting input crosses through zero. The square
wave output at pin 7 of IC12 changes state between +d V and +9 V. This square
wave is conmected to a control input of analogue switch IC1, pin 11, The
“normally open" and "normally closed" positions (pins 12 and 13) of IC1 are
connected to stakle *6.1 V voltage sources (the exact voltage is variahkle to
set the level despite component tolerances, but the chosen voltage is stahble).
A square wave of *&£.,1 V with exact amplitude symmetry about @ V and unity
mark:space ratio appears at IC! pin 14 (changeover switch common) and is fed
to part of the oscillator source select switch circuitry, via RN3A & B, REN4E,
ENSEB, RENdA and RNSA.

Stakle square wave amplitude is provided by a voltage regulator IC19, and a
negative version of the reference voltage appears at the output of unity gain
inverter IC17. VRI is used to adjust the square wave amplitude and VEZ the
amplitude symmetry.

The comparator is disabled when the square wave is not required, by turning on
transistor TRZ? from the data latch ICIS pin 1&. With +% V on TR2Y hase, RA3
causes a current of about 3.5 mA to he drawn from IC12 pin &, forcing ICIE
output 7 to a high state.

The preset VRZ is used to adjust the mark:space ratio of the square wave to
exactly 1:1, effectively trimming out any offset voltages on the main
oscillator signal or ICIE input.

28.2.2 Input Selection Circuit

The analogue switches IC2, IC3 and ICd4, select combinations of signals
originating from the main and secondary oscillators, plus the output from the
square wave circuit. The analogue switch sections either route the signals to
the virtual earth input formed at the input of inverting amplifier IC& or
ground. This arrangement minimises hreakthrough from unselected signals, as
well as minimising distortion due to switch element won—linearity. The
switching arrangements of the two oscillator and one square wave source are
programmed according to the required output test signal requirements, as set
out in the takle helow:-

MODE Analogque Switches '"Made"

Sine Wave ICZ Pins 1d4-13

Square Wave IC3 Pins 14-13

I.M.D. (1:1) ICZ Pins 15-1

I.M.D. (d:1) ICZ Pins 1d-13, ICd Pins 15-1
D.1.M.-3@ IC3 Pins 4-3

D.I.M.-10@ ICE Pins 15-1

W& F 1C4 Pins 14-13

Combinations of signals other than those listed ahove for different test
signal requivements can be oktained by making the appropriate link LEL or LEZ,
but this can only be done in conjunction with appropriate software.
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The low pass filters RN3A and B with C1, ENdB and ENSE with C2Z, provide the
required square wave filtering specified in the D.I.M.-38 and D.I.M.-100
standards, respectively.

The low pass filter network RN4A, RNSA and C3, removes overshoot on the square
wave in the "square wave only" output mode. The same purpose is also served
by C57, effectively switched in parallel with RNIB, the feedback resistor for
IC6,

The control inputs for the analogue switches IC2Z, IC3 and ICd are latched
across from the isolated data hus by IC17, an octal D-type flip-flop. The
analogue switch ICs are powered from +9 V and -9 V rails, while the control
logic levels are +9 V and +4 V.

28.2.3 First Amplifier

The input signals from the combination of main/secondary oscillators and/or
square wave are mixed together at the inverting input of IC6. The gain of the
amplifier stage comprising IC&, feedback resistor REN3IE, and input networks and
switches, is so arranged as to provide a constant F.M.S5. output signal level
at IC& pin &6, regardless of the input signal selected. For a sine wave input
(S V peak at main input or 10 V peak at secondary oscillator input) the signal
amplitude will be approximately 8.65 V peak. The gain of this stage can be
reduced in @.1 4B steps by up to 0.7 dB, by a weighted value resistor EN3A,
RNER, and FEN3C, effectively switched in parallel with IC6 feedhack resistor
RNZB by analogue switch ICS sections. The gain reduction is effected by
resistor/switch combinations as set out in the table helow:-

Gain Reduction (dB) Resistors Across RNIB Analoque Switch Section Mad

(%] None None

2.1 FENZA d-3

2.2 RENSB 15-1

2.3 ENSA, RNSE d-3, 15-1

0.4 RN2A 1d-13

0.5 REN3A, RN9A d-3, 14-13

0.6 ENSB, REN7A _ 15-1, 1d4-13

0.7 EN2A, RN3B, REN3?A 4-3, 15-1, 1d4-13

The switched ends of RN2A, RNSB and RN%A are grounded by the analogue switch
sections when not in circuit, in a similar manner to the analogue switch
sections within IC2, IC3, and IC4.

el

22.2.4 Fine Level Control

The front panel level trim control is a potentiometer whose ends are connected
hetween IC& output and ground. The slider from the trim control is connected
to one end of R&S, so that RéS is progressively introduced in parallel with
IC6 feedback resistor RN9B provided that the analogue switch section in series
with R&S (IC2 pins 4-3) is made.

This provides a further maximum gain reduction around IC& of @.2 dE,
effectively giving a gain trim range of *@.1 4B. The level trim control can
ke switched out of circuit hy IC2. In order to make the trim range *@.1 4B
rather than @ dB to -8.2 dB, the operating programme switches the gain hy
@.1 4B when the fine level comtrol is switched in or out.
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2%,.2.5 Second Amplifier

The signal from the first amplifier is fed to IC2 via IC7, a 1-o0f-8 analogue
multiplexer., IC7 selects one of eight pairs of gain-setting resistors, made
up from ENI@ to RNid. These gains are from slightly over unity te -5.6 dB in
2.2 dB steps., IC2 functions as an inverting amplifier. C10 and ENLIF are to
stabilise ICH, ‘

28.2.6 Gain Trim Steps

All the feedback resistors round ICE are the same value. This makes it
possible to switch high value resistors in parallel in order to trim out
variations in gain due to resistor tolerance. The trim components used are
FEN1SA to REN12D, which are binary weighted. The overall step size is reduced
by R&&. The actual step size is approximately @.033 dB. '

The steps are switched in or out by ICY and one section of ICL, controlled hy
bits 1 to 4 of ICIS, an octal D-type flip-flop.

28,2.7 Dutput Amplifiers

Dix

Figure 28.2.1 shows a simplified circuit of the MDA@4B output system.

------
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Figure 28.2.1 MDd@dE Simplified DQutput Circuit

TR1-TR1d4 form an op-amp of high voltage, current and power bandwidth
capability. TR!1 and TRZ are a differential pair, with emitter current
supplied by Ri1d. TR1 is the non-inverting input. Its output is fed to TRd,
which passes a non—inverted signal on to TRES. TRZ's output feeds TRI, which
passes an inverted signal on to TRE. TRS and TRE provide the majority of the
voltage gain of the entire amplifier. TR& and TR7 are diode connected in
order to provide femperature compensated bhias to the output stage halves.

TRY acts as the driver transistor for TRil and TR1Z, the output transistors of
the top half output stage. R? and REi0@ ensure current sharing bhetween TR11 and
TRiZ. D2 and TRE limit the drive to about 1.2 V across TRY and R1%, and so
the maximum voltage which can appear across F19 is about @.6 V, thus limiting
the autput stage curvent to about 130 mA.

TRi1@, TRI3 and TRid operate similarly as the lower half output stage. Current
limiting is again applied by D3 and RZ21.

The input offset voltage, hias current, etc. of the op-amp thus formed is
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poor. ICli, via R11, detects any offset veoltage at the summing junction. The
voltage is integrated in €12, and a proportion is fed hack to the non-
—inverting input of the ocutput amplifier via R1Z and R13., The offset voltage
at the summing junction is thus kept to the input offset voltage of ICli,
which is very low. FBiasc for the inverting input (TRZ hase) is provided hy
F15. :

Ri and Ci1Z2 stabilise the output amplifier. DI prevents saturation of TES.

TR15-TR2S8, IC12, etc. form an identical output amplifier. The gain is set to
~1 by B26 and R37. In halanced mode, the output presented to the outside
world is taken hetween the outputs of the two amplifiers. In unbalanced mode,
only the upper amplifier (TR1-TRIZ) is connected to the load.

22,2.8 Qutput Amplifier Gain Control

IC1@ is a 1-of-3 analogue multiplexer, connecting one of the eight sets of
gain setting resistors RN1& to RNZZ around the main output amplifier. The
resistors are arranged to give gain control from +6 dB to -32.3 dR in &.4 dB
steps. FREN1&ER and ENZOE to RN23B keep the voltage swing of the non-selected
gain steps within the voltage rails (t1é6 V) of IC10.

ICi3 bits & and 7, and ICiS hit @, control ICIO.

28.2.9 51.2 dB Gain Step

RNZ7B, C and D provide S1.2 dB attenuation with an output resistance of 1 Q.

ENZ7A provides @ dB attenuation with 1 @ output resistance. RL2Z is switched

in for @ dB attenuation; RFL1 and REL3 are switched in for 51.2 dB attenuation.
The same output resistance applies whichever attenuation is selected.

When the oscillator is muted, RL3 is made, but REL1 and RLZ are not. Thus the
output resistance is maintained at 1 & with no noise contribution.

The lower output amplifier has an identical system.

22.2.10 Qutput Resistance Selection

The signals emerging from the 51.2 dR attenuator stage (either attenuated or
direct) appear from a source resistance of 1 @ per side (2 & balanced). If
this is the chosen output resistance, RLd is made, and the signals are
transferved directly to the outside world.

FN29 and RBN24 build out the output resistamce to the middle value (usually
150 @), with RLS made and FLd open. RN25 and EN2& hLuild out further, to the
maximum output resistance (usually @@ £, with RLd and RLS open.

In unbalanced mode, the higher output resistances are disbarred in software,
because the hardware cannot provide the required output resistance.

28.2.11 Sync Circuit

An isolated sync circuit is provided at pin 39 on the board edge connector.
The sync signal is either derived from the main (low distortion) oscillator
input, or the output of IC&. The source selection for the sync circuit is via
RHMi&, B, € and D, through IC1 pins 3 or 5 to pin d. ‘The_signal is then routed
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to voltage follower IC17, and the buffered signal is taken from ICI7 output
via C52 and RS&. The signal increases or cuts off the current flowing through
the opto-coupler IC1& LED on altermate half cycles, thus turning the photo
diode/transistor part of IClé& onm and off, providing & nearly square wave of
approximately equal mark:space ratio, alternating between @ V and +1 V.

The source select analogue switch section IC1 control pin 9 is driven hy pin
17 of data latch IC1S.

28.2.12 Sub-Fail Power

The +3 V and +4 V for the analogue switch ICs is derived from the +23 V rail
by SV regulator IC20, with 3.7 V Zener diode D10 in series with the "common"
connection at IC2ZB. Input and output decoupling for ICZB is provided by CéD
and C61 respectively.

The =7 V rail for the analogue switch ICs is derived from the -1& V rail via
Fez, and shunt regulated by 9.1 V Zener diode D9.
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258.3 Removal/Feplacement

Femoval and replacement of the AZ hoard are dealt with in section 25 of this
manual. It is important that these details are closely followed iw order to
avoid damage to, or malfunctioning of, the MD4BdE oscillator.

22.3.1 Accessing the AZ Board While Live

After following the removal instructions in section 25 as far as removal of
the AZ board, the AZ hboard can be pushed back onto the pins of the "comb"
connector of the digital hoard the "wrong way up", i.e. with the A2 hoard
above the digital board, and the "comb” pins entering the AZ hboard commectors
from the wrong side. This operation must he performed very carefully hecause
it is very easy to fail to mate one (or more) pins of the comb and hend them.

The Al board may then be added in its normal position (with respect to the
digital hoard). The A2 hoard may now be accessed from both sides, while all
boards are connected up and able to fully work.

Insert one of the long screws into the middle pillar set to strengthen the
heoard set and remove the mechanical stress from the "comb" connector.

3l
P

DTl
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22.4 Fault Finding

28.4.1 No Dutput

Using an oscilloscope, check that an input signal to the AZ hboard is present
on pin 37 of the edge connector (Al bhoard main oscillator output). There
should be a sine wave present with approx 10 V pk-pk amplitude. If not the
power supply should he checked, and if correct, the Al hoard is faulty — see
section 27 - Al board fault finding.

If the 1@ V pk-pk sine wave is present, check the output of ICA at pin & with
the oscilloscope. The signal present should again be approx 1@ V pk-pk
varying by approximately 1@ % as the level control is turned. If the signal
is ahsent, check the d.c. voltage at IC2 pin 143 this should he +9 V. If not,
the fault is in ICl4 or associated components. If +% V is present, ICZ or
connections to it should he suspected.

If the signal is present at IC6& output, check ICZ output (pin &). If no
signal is present,check IC&, IC7, and associated components. If the signal is
present at IC2 output, check the signal at either end of L1, If the signal is
present there it must be broken somewhere in the impedance switching network.
If the signal at L1 appears to be correct, switch the output impedance to "0"
and observe the waveform at L1. If it clips and diminishes in amplitude,
suspect a short circuit in the output impedance selection circuitry or wiring.

28.4.2 Qutput Distortion When Feeding Low Loads

Check operation of TRI1, 12, 13 and 14, and also TRZS, 26, 27 and 28.

28.4.37 D.C. On Output

Check all power supply rail voltages. Measure the offset voltage on ICE2; it
should he within *1@ milliveolts. If the offset appears to he substantially
larger than that, remove IC3. If the d.c. disappears then check IC3 pins 9,
18 and 11. They should all be at +d4 V (off). If pins 9, 1@ or 11 are high,
then suspect one of the square wave on/off control latch sections, i.e. ICid
pins &, 9 and 12. If the switch control lines are all low, suspect IC3.

The foregoing paragraph checks that the D.C. is not present as the result of
the square wave input to IC2 being switched on by a fault condition. Under
these circumstances the square wave comparator IC1E8 is still disabled by TR29.
The result is that the control pin of the square wave circuit, IC1 pin 11, is
held high and +6.2 V is applied to IC& via ICI pins 13-14 and any of the
switch sections of IC3 and ICd.

If 'all is well up to ICé output, check ICE output at ICE pin &. If D.C. is
present here check IC2 and IC7. If not the fault is in the output stage(s).

The first output amplifier is a.c. coupled, and will not show d.c at the
output due to faults on earlier stages, unless the offset voltage at ICS
output is negative, reverse hiassing CI1Z. If d.c. is measured at the output
of amplifier TRI1S-TRZ23, but not at the first amplifier, the fault is in
inverting amplifier TR15-28 or ICLZ.

The output d.c. offset.-is servoed to within 2 mV on each amplifier hy low
offset amplifiers IC11 and ICIZ. Measure the voltage at the outputs of IC1i
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and IC1Z via a 1 k& resistor in series with the test lead (this prevents the
capacitance of the meter causing the IC to oscillate). They should both ke
within 5 V. If not check IC11 or IC1Z hy replacement. If the fault persists
check the voltages on the bhases of the input transistor pairs, TRl & TRZ or
TR1S & TRi6. There should he no more than 5@ millivolts difference hetween
them. If this is the case, check the other voltages around the discrete |
output amplifiers against those indicated on the circuit to locate the
malfunction.

Z2.d.4 D.C On Output With Square Wave Selected Only

This can he due either to a fault causing the markispace ratio of the square
wave to be other than 1:1, or a voltage difference betweern the positive and
negative half cycles of the sguare wave. Measure the d.c. voltage at the
output of the voltage regulator IC19 (RS7, R39 junction) with a D.V.M. This
should be between +5.3 and 4.7 volts. Next measure the output of IC17 (pin
7). This should bhe a negative value within 20 mv of the voltage measured at
IC19 gutput. If not, suspect IC17 or VWRZ adjustment. Check the mark:space
ratic by a dual trace oscilloscope, one trace connected to the output, and the
other connected to the sine wave input at pin 37 of the edge conmector. The
side points of the sgquare wave should correspond to the crossing points of the
sine wave. If not check the d.c. content of the sine wave present at pin 37
with a D.V.M., If it is more than 2@ mv, suspect a fault on the Al hoard. If
this is correct then suspect ICL3.

22.4.5 Missing Output Level Values, Or Output level Incorrect

Each detent in the continuous rotary level control produces a level change of
@.1 dB (5 dB per revolution). A level change of more than @.1 dB/detent
indicates a fault in one of the three level control stages, or associated
latches. The list below indicates where to start looking:

less than @.1 dE suspect ICL, IC%, RNIS A & C
B.1- 8.7 dR suspect ICS, RENSA, RENZSE, FEN3JA
@.3- 3.6 dB suspect IC7, EN1@-1d

&.d- d44.8 dB suspect IC1@, REN1&-23

Always check the logic levels on the control inputs to the malfunctioning
analogue switch ICs and associated resistors first. Fotate the level control
and check each stage steps sequentially through the eight logic level
combinations between minimum and maximum gain in each stage.

22.d.6 Symmetrical Clipping Akove -21.2 dBu

If a high current (>1 A) flows in the output circuit, even hriefly, relays
FLZ, EL4 and RL& may hecome welded. A possible cause is plugging into a
transformerless phantom—-powered microphone input, which is capable of
momentarily charging or discharging its input coupling capacitors through a
very low resistance.

The MDd@dE, if so damaged, is only capable of delivering akout *140 mV peak,
and hegins to square akove this level. The #23 V supplies sometimes collapse
(temporarily) due to the current limit in the power supply on the digital
koard,
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.5 A2 Card Calibration

2.%.1 Equipment Regquired

[N
o

D.C. D.V.M. (3 1/2 digit).

MIS4@1D test set. It should have been calibrated recently (less than & months
ago).

Extender card, PCB 7&£505.

25.5.2 Procedure

The board is factory calibrated, with the EPROM on the microcomputer koard
containing the requisite data to compensate for errors due to component
tolerance variations. If "missing values" continue to be evident, despite

following the fault finding procedures described earlier, return the entire
oscillator to the factory for recalibration.

To adjust VR1 to VR3, follow the steps outlined helow:
1/ Install MD4@4EB on extender card in MI54@1D main frame.
2/ Switch on power to MJS4@1D.

3/ VR3 is not fitted on later models, since it has a very small effect. 1If
VR3 is fitted, it is sufficient to adjust it to halfway.

4/ Measure the voltage at IC19 output (centre pin). This should ke in the
region of &.1 V. Adjust VRZ so that the voltage at IC17 output is exactly the
same negative voltage as the positive voltage measured at IC19 output.

5/ MJS4@1D Front Panel Setup

Input load Function Filters Rectifier Scale Dist'n Coarse Fine
== aff Fead Dsc == REMS dB Exp i 2 ]

Set MDd@4E to 1 kHz, sine wave, and exactly @ dBu out, using the fine level
control.

Select square wave on MDdB4dB. Adjust VE1 for exactly @ dB output.

Select the sine wave output and check the MD4@4E output is still exactly @ dB.
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