
Section 16 IMO CARD 

PCB 77401 

16.1 Introduction 

The intermodulation distortion card provides IMD measurement capability to 
S.M.P.T.E., D.I.N., or C.C.I.F. standards. The measurement standard can be 
selected by the combination of two on-card D.I.L. switches or by remote 
contr·ol. 

The switch settings signal to the microcomputer syst~m which I.M.D. 
measurement standard is required by the user. The MJS401D microcomputer in 
turn instructs the MD404B oscillator to provide the appropriate test tones for 
the standard selected. 

16.1.1 S.M.P.T.E. and D.I.N. Technique 

The S.M.P.T.E. distortion measurement standard requires a test tone comprising 
two signals mixed together, 60 Hz and 7 kHz, at an amplitude ratio of 4:1. 
The 60 Hz signal effectively sweeps the 7 kHz signal throughout the amplitude 
range of the system under test, and detects any non-linearity as amplitude 
modulation of the 7 kHz signal. Since the measuring bandwidth required is 
very much less than that required for total harmonic distortion measurement, 
it is a more sensitive method of measuring non-linearities. The standard 
specifies the distortion as the percentage amplitude modulation of the higher 
frequency component of the test tone. 

The D.I.N. standard is similar to S.M.P.T.E., except that the tones are at 
250 Hz and 8 kHz. The level ratio remains at 4:1. 

16.1.2 C.C.I.F. Technique 

The C.C.I.F. measurement applies a test tone of 14 kHz and 15 kHz, and equal 
amplitudes. 

The measurement system filters out the composite 14 kHz/15 kHz signal, 
measures any signal at the difference frequency of 1 kHz, and displays this as 
a percentage of the peak level of the composite test signal returned from the 
equipment under test. 

Figure 16.1.1 shows the IMO card block diagram. 

It1D Car·d Introduction Pa•:;Je 1 Sect. 16. 1 



IN~ 
I 

4,1 KHz 

- -
1,4 KHz 

CCIF ,) 
r-------------

0 

C> 'X.I 
rv .__ DISTORTION 

-C:t-
FULL 
WAVE 

RECTIFIER 

-
'X.I 
rv 

1,4 KHz 
-

1 SMPTE, DIN 

rv 
'X.I 

AMPLIFIER 1,4 KHz 34 Hz 

+20 dB 
, GAIN 

ENA BLE 1(6 

SMP TE&DIN/CCIF SELECT ---LOGIC 
+40 dB --

TYPE IDENTIFIER 

C> A-5- L 
o.c. 

0,16 Hz AMPLIFIER OUTPUT 

(:> , OUTPUT 
t--.---t SWITCHED GAIN AMPLIFIER - : ~ 

1/BdB 1/ltdB 1/2dB 20dB ' 

• f t 
A-S-L GAIN STEPS 

~~ 
1(5 

CARD 
FUNCTION A 
SELECT 

LOGIC 

- B 

( 

Figu r e 16 .1.1 IMO Car d - Block Diagram 

IMO Car·d I ntr· oducti on Page 2 Sec t. 11.:,. 1 



16.2 Circuit Description 

16.2.1 S.M.P.T.E. and D.I.N. Operation 

The !MD card is enabled by the "enable" pin (SKl/5) going high (+5 V). ~his 
turns on Rll and RL2, which connect the input and output of the IMD circuitry, 
inserting it in the MJS401D signal path. The enable line also sets the 
amplifier gains to minimum when low. 

16.2.2 Input Filter 

The 6 pole highpass filter compr1s1ng part of !Cl and IC2, has a cut off 
frequency of 4.1 kHz, and has flat response to to signals above 6 kHz. 

The 4.1 kHz HP filter removes the lower frequency (60 Hz or 25~ Hz) component 
of the IMD input signal, leaving the higher frequency (7 kHz or 8 kHz), 
amplitude modulated by any non linearities of the system under test. 

16.2.3 Rectifier 

The higher frequency signal amplitude modulation is detected by a full wave 
rectifier, comprising unity gain inverter IC3, with D2 and D3. The diode 
connected transistor, TR2, provides a small amount of forward bias of D2 and 
D3, ensuring good rectifier linearity. 

16.2.4 D.C. Amplifier and Auto-Set-Level Output 

The amplitude of the higher frequency signal is averaged by the time constant 
VRl, R17 and CS, amplified by the d.c. amplifier part IC4, R18, R19, and VR2, 
to provide a d.c. output to the MJS401D microcomputer system. VR1 sets the 
averaging time constant to exactly that expected by the MJS401D microcomputer 
system, which is important because the microcomputer predicts a final value of 
the auto-set level voltage by taking successive A.S.L. voltage measurements, 
to speed measurement time. 

16.2.5 Distortion Amplifier 

The rectified, amplitude modulated higher frequency signal appears as a 14 kHz 
or 16 kHz signal with the d.c. component removed, at R26/R27 junction. 
According to the IMO range setting, the gain of the post rectifier amplifier 
IC10 has either R26 or R27 selected as its input resistor, depending on which 
sections of ICS analogue switch IC are made. 

When a 40 dB gain increase is required, a 20 dB gain increase is produced by 
substuting R26 for R27 as IC10 input resistor. A further 20 db gain increase 
occurs in the output amplifier. 

The rectified high frequency amplitude modulated signal (now doubled in 
frequency) is fed through a 6 pole 1~4 kHz lowpass filter, part IC10 and IC11, 
to the card output, via IC12. 

16.2.6 Gain Control 

The post filter amplifier gain is set from the microcomputer card in 40 dB, 
1/2 dB, 1/4 dB and 1/8 dB steps on the IMD card, with 40 dB, 20 dB, 10 dB, 
4 dB, 2 dB and 1 dB gain steps provided by the Gain ·chain card. 
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The auto set level function is achieved by the microcomputer, which reads the 
MJS401D "% distortion'' range, and also the average value of the high frequency 
signal, as described earlier. A 100 % modulation of the high frequency signal 
would correspond to 100 % IMD. 

If the amplitude of the test signal increases, the microcomputer measures the 
increase in signal level, and reduces the post IMD detector circuit gain by 
the same amount (within ±1/16 dB). This effectively ensures that the measured 
IMD is always measured as a proportion of signal level, regardless of the 
actual IMD card input signal level. 

16.2.7 Output Amplifier 

20 dB of the 40 dB post IMD measurement gain is achieved by +5 V present on 
the input to IC6/1 (SK3/3). This reduces the input resistor vaiue to IC10 by 
a factor of 10, increasing IC10 gain by 20 dB. (IC7 substitutes R24 for R25, 
for S.M.P.T.E. or D.I.N., IC8 substitutes R26 for R27 for CCIF). The 
remaining 20 dB is achieved by removing R60 from the parallel combination 
R59/R60, effectively increasing IC12 gain by 20 dB. R60 is switched across 
R59 by two sections of analogue switch IC13. The remaining section of IC13 
prevents the 20 dB gain increase if the enable line is low. 

The 1/2 dB, 1/4 dB, and 1/8 dB steps are provided by R28, R29 and R30, 
switched in by IC9. 

16.2.8 C.C.I.F. Operation 

To measure C.C.I.F. distortion, the input signal is passed through a 1.4 kHz 
lowpass filter comprising IC1 and associated components. 

The residual signal at the difference frequency is passed through either R24 
or R25 by analogue switch sections within IC7 to inverting amplifier part 
IC10. The residual signal is further filtered by 1.4 kHz lowpass filter part 
IC10, and IC11, and arrives at the card output via IC12 and RL1. The control 
at post filter gain and auto set level is accomplished in an identical manner 
to S.M.P.T.E. and D.I.N. intermodulation distortion. 

16.2.9 Function and Gain Select Logic 

IC6 functions as a 2 to 4 line decoder which controls the analogue switch 
sections within IC7 and IC8. With the "Enable" line (1/5) low, all IC6 
outputs are high, and the signal path is broken. With the enable high, the 
analogue switches are set as in the following table: 

Enable (1/5) SMPTE & DIN/ CCIF 
0 X 
1 0 
1 0 
1 1 
1 1 

X = Don't care. 

(2/4) +40 dB 
X 
0 
1 
0 
1 

(3/3) Analogue Switches On 
None 

IC8/4,5 
IC8/14,12; IC8/15,2 

IC7/4,5 
IC7/14,12; IC7/15,2 

The +40 dB select line (3 / 3 ) goes high to increase the post-tilter gain by 
40 dB when required by the distortion range switch i et ting and input signal 
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level. 

16.2.10 1st/2nd Level Type Identifier 

The IMD slot in 
To identify the 
brought high by 
1/ 6) are read. 
lines. This is 
forcing all its 

the MJS401D may be occupied by one of several IMD type cards. 
particular type in use, the 1st/2nd level identifier line is 
the microcomputer and the IMD type identifier lines (1/8, 1/7, 
This card (PCB 77401) is identified by a "0" on all three 
achieved by taking the NOT ENABLE input of IC5, pin 6, high, 
outputs low. 

16.2.11 Card Function Select Logic 

The particular standard of IMO measurement is selected by setting combinations 
of S1 and S2. When its NOT ENABLE input, pin 6, is low, IC5 encodes the 
switch settings onto three IMO card type identifier lines A, Band C ( 1/8, 
1/7, 1/6), which are read by the microcomputer, The microcomputer then 
selects the appropriate S.M.P.T.E. or O.I.N./C.C.I.F. logic line, as well as 
instructing the M0404B oscillator to provide the appropriate test signal. 

The identifier code is set out in the table below: 

Select S1 52 C<SK1/6) B<SK1/7) A<SK1/8) 
S.M.P.T.E. Closed Closed 0 0 0 
O.I.N. Closed Open 0 0 1 
C.C.I.F. Open Closed 0 1 0 
OFF Open Open 1 1 1 
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16.3 Removal/Replacement 

Switch off the MJS401D and remove the mains lead. 

F.:emove the four· screws retaining the top cover. Pull the top cover str,aight 
up. 

With the instrument facing you, the IMD card is installed in the 4th slot from 
the left in the main card frame. Verify by noting the printing on the 
mot he r·b oard. 
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Remove the card by grasping the top corners and gently pulling up. 

Replacement is the opposite of removal. Carefully line up the connectors 
before pushing down and ensure the card is properly held within the guides. 

Extender card PCB 75035 may be used to facilitate repair and calibration. 
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16.4 Fault Finding 

16.4.1 Standard and Test Signal Not Correct 

Check that Sl and S2 are correctly set. 

Check if Sl, S2 or IC5 is faulty. 

Check that the software in the MJS401D is version 4.2 or 4.3, or later, and 
that the software in the MD404B oscillator is 1.5 or later. 

16.4.2 Standard Correct but Measurement System Incorrectly Set 

Check function select logic line (2/4). 

Check logic supply voltages to IC5-IC8. 

16.4.3 No Output 

Check logic supply voltage. 

Check relays RL1 and RL2 are activated. 

Trace signal through the card, referring to block and circuit diagrams. 

16.4.4 Permanent "Lev~l High" Indication 

The auto-set-level output voltage (3/4) is permanently high. Trace back 
thr·ough IC4, IC3, IC2. 

16.4.5 100 % Calibratiori Incorrect 

Check full-wave rectified signal present on D2 and D3 cathodes. Remove input 
signal and check that the offset voltage at IC4 pin 7 is between 0 V and 
0.2 V. If larger than 0.2 V, check that the offsets of IC2 and IC3 are within 
±10 mV of the voltage on TR2 collector. Check that TR2 collector-emitter 
voltage is about 0.55 V. Check IC4 offset voltage. 

If these are all correct, and the calibration error is small, check VR2 
calibration. 

16.4.6 Gain Incorrect For Range Selected 

Check logic levels. Check IC7, IC:3, IC·:1, IC13. 

16.4.7 High IMD Residual 

Early Notch Filter Control cards had an F.E.T output gate, which does not 
fully cut off signals from the THD+N system. See section 10 of this manual. 
If your MJS401D has such a card, contact your local agent or dealer. 

Some specimens of IC17 on the Notch Filter card exhibit parasitic insta~ility 
when an IMD signal is present. This can be clearly seen on IC17 pin 6, or the 
Notch Filter· "Output" pin. It your· Notch Filter· e :-:hibits this pr·oblem, 
contact your local agent or dealer. 
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16.5 Calibration 

16.5.1 Equipment Needed 

MJS401D with MD404B. 

A signal generator capable of generating a 7 kHz sine wave, amplitude 
modulated in calibrated steps from 100 % to 1 % at modulating frequencies from 
30 Hz to 1.5 kHz; alternatively, a signal generator capable of generating one 
of those frequencies, and a modulator or multiplier with which to modulate the 
signal. 

A signal mixer such as that described in Section 31, Appendix B. 

A separate audio signal generator or function generator, capable of operation 
from 30 Hz to 1.5 kHz; distortion performance not important. 

IMD Extender Card, PCB 75035. 

16.5.2 S.M.P.T.E./D.I.N. Calibration 

Set up the source to generate a 7 kHz sine wave, amplitude modulated at 500 Hz 
to a depth of 100 %. Connect this signal to input A of the MJS401D. Set the 
IMO card OIL switches to S.M.P.T.E. or D.I.N. 

MJS401D Front Panel Setup 

Input Load Function Filters Rectifier Scale Dist'n 
A Off IMO RMS % Dist 100 % 

The display of the MJS401D should show ''SMPTE" or "DIN". 

Adjust VR2 on the IMO card for 100 % indication. 

Coarse Fine 

Reduce the modulation to exactly 1 % (if using an external modulating­
-frequency generator, reduce its output by exactly 40 dB). 

MJS401D Front Panel Setup 

Input Load Function Filters Rectifier Scale Dist'n Coarse Fine 
A Off IMO RMS % Dist 1 % 

Check that the reading is exactly 1 %. If not, first double-check that the 
modulation step was exactly 40 dB. If it was, check the ratio of R26 and R27 
is exactly 100:1, and that IC8 and IC6 are operating correctly. 

Sweep the modulating frequency from 30 Hz to 1.5 kHz. The response should be 
flat within 1 % from 60 Hz to 1 kHz, and -3 dB at 33 Hz and 1.4 kHz (reading 
of 0.71 % IMO). 

16.5.3 Check C.C.I.F. Calibration 

Switch the IMD card OIL switches to C.C.I.F, Connect the output of the MD404B 
to input A of the signal mi xer, and the output of the other signal generator 
to input B of the signa1 mi xer. Connect the output of the signal mi xer to 
input A of the MJS401D. 
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MJS401D Front Panel Setup 

Input Load F•.mction Filters Rectifier Scale Dist'n Coar·se Fine 
A Off Level Off RMS dB E:-:p 0 0 

Switch the MJS401D to IMD. The display should show "CCIF". Switch back to 
Level. 

Adjust the output level of the MD404B for a reading of exactly 0 dB. 

Mute the MD404B. 

MJS401D Front Panel Setup 

I n~t1J t Load Functior, Filter·s F.:ectifier Scale Dist'n Coarse Fine 
A Off Level Off RMS dB Exp -40 +< ·-· 

Set the other· generator to 500 Hz. Adjust its level for a reading of 
-37 dB. 

exactly 

Unmute the MD404B. The signal emerging from the signal mixer is a C.C.I.F. 
test signal containing 1 % distortion (-40 dB). Note that the relevant 
standar·d r·efers the F.:MS value of the distor·tion content to the peak value of 
the composite 14 kHz/15 kHz test signal; therefore the RMS values will be in a 
ratio of 37 dB. 

Input 
A 

Load 
Off 

Function 
IMD 

MJS401D Front Panel Setup 

Filters F.:ecti tier· Scale Dist'n Coarse Fine 
F.:MS % Dist 1 % 

Chec k that the reading is 1 ¾. The r e is no separate calibration adjustment 
for C.C.I.F. If the reading is significantly in er r or, check the values of 
R24 and R25, and the operation of IC:7 and IC:6. 

16.5.4 Adjustment of VR1 and VR3 

It is normally sufficient to set VR1 to mid-t r ack. 

To set VF:3, connect a D.C. voltmeter to the "Output" test point on the 
e>:tender. Set the MJS401D to "IMD" and the "DISTOF.:TION" rotary cont r· ol to 
0.3 %. 

Adjust VR3 for a read~ng of 0 mV ±10 mV. 
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