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GENERAIL. DESCRIPTION

T he 4400 Audio Test Set consists of basically three sections: A generator
or a transmitter developing a source signal, a meter or measuring facility
and a receiver or analyser to evaluate the returned signhal, In addition to
the basic facilities of a conventional test set the instrument incorporates
several additional features to provide a more complete and rapid
performance evaluation of the device or medium undep test,

Efficient integration of facilities, sophisticated control circuits and good
human engineering enhance the use of the 4400 and reduce the chances of
measurement epror.,

The instrument uses inovative circuits, state of the art sermiconductors such
as CMOS logic and Bi-fet linear devices and high quality components
throughout. It pequires a minimum of calibration and provides easy access
to all circuitry, All integrated circuits are on plug in sockets and most parts
are standard "off the shelf" types to facilitate service,

In addition to front panel controls two multicontact connectors are provided
on the rear panel for external equipment, remote programming and
connection of accessory products to expand the basic facilities of the
instrument,
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This instrument can be set to opepate from ohe
of four nominal power line voltages, Unless
otherwise specified, instruments shipped to
North America destinations are set to operate
from 120V AC, those to other destinations are
set for 240V AC, Before connecting this
instrument to a source of AC power ensure that
both the voltage selection card and the fuse are
correct,

CAUTION

VOLTAGE AND FUSE SELECTION

Max { 105| 126 | 231
Min 90| 108 | 188

252
216

Input Voltage
(48 to 440 Hz)

Voltage Selection 100] 120 | 220 | 240

Fuse Selection 50O mA 250 mA

HOW TO SELECT OPERATING VOLTAGE

1. Open cover door and rotate fuse-pull te left.

2. Select operating voltage by orienting PC Board

to position desired voltage on top left side.
Push board firmly into medule slot.

Operating voltage is showa in
VS&F Connector window.

POWER CORD

Instruments shipped to destinations outside
North America are supplied with a power cord
with conductors employing I, E,C. color code
and ready to accept a malte plug (not supplied)
to mate with the customers receptacle, Refer
to the accompanying sketch to determine
~connection procedure. (Instruments shipped

=L

QU//;mWN LIGHT BLUE

3. Rotate fuse-pull back into normal position and
re-insert fuse into holders, using caution to selecy
correct fuse value.

PREPARATION exssmmems
to Nopth American destinations are supplied
with a power cord terminating in a molded
female receptacle at one end and a molded
standard twin blade ptus ground male plug at
the other end, These cords, of course,

require no prepapation.)
-
(G) GROUND

| EC POWER

R A

TO POWER
. TRANSFORMER

RFI FILTER

INSTRUMENT
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COMB/MARKER GENERATOR

2,1 GENERATOR SECTION

The generator or transmitter section provides
the basic source signals for all measurements,
It consists of several source sigmals, a gating

circuit and an output power amplifier,

2.1.1 GENERATOR FUNCTION CONTROL

The GENERATOR FUNCTICN Control chooses
the signal to be generated. The first six
positions of this control choose the function
generator and set one of 6 possible wave forms:
sine, triangle, sguare, asymmetrically
clipped sine, asymmetrically clipped triangle
and pulse, The frequency of these waveforms
is set by the concentric FREQUENCY controls
over a range of approximately 1000 to t, The
push/pull control in the center selects the
broad range: Im 20 Hz to 20kHz or Out: 100 Hz
to 100kHz, Within this range the COARSE and
FINE FREQUENCY controls set a specific
frequency, The FINE control varies the
frequency set by the COARSE control by
approximately £12%, (It shoutd be noted that
the FINE control continues to operate in the
SWEEP mode although the COARSE control
operates only in the first 6 positions of the
GENERATOR FUNCTION control).

The CLIP LEVEL control sets the clipping
point of the asymmetrical wave forms. 1t is
generally set to approximately 76%, A mid
frequency asymmetrical clipped triangle is
particutarty useful as a "quick check" signal,
This wave form will provide an immediate
indication of polarity or 1g0° phase reversal,
low frequency roll off by the tilt of the clip
line, high frequency roll off by the shape of
the triangle, crossover distortion and severat
other gross malfunctions,

Positions 7,8 and 9 of the GENERATOR
FUNCTION control choose a sweep mode, In
this maode the sine wave is swept up or down
logarithmically over the selected range (20 Hz

to 20kHz or 100 Hz to 100kHz), Speed of sweep
and other parameters are set by the SWEEP
section, As this mode closely relates to the
receiver section it will be described in a
separate section of this manual.

Position 10 is PINK NOISE, This is a psuedo
random pink noise signal of particular value in
acoustic testing, It is derived from white noise
which is digitally generated and passed through
a seven section 8 dB per octave low pass filter,
The white noise generator uses a 26 stage shift
register and 128kHz clock which provides a

524 second sequence length and spectral lines
separated by 0,002 Hz,

Position 11 is a unigue signal, It consists of
any combination of ten fixed frequency sine
waves at the ANSI octave fregquencies, The
sine waves are selected by the 10 COMB/
MARKER GENERATOR pushbuttons, Selected
one at a time they form accurate and stable
reference sighals. Selected in combination
they become a comb signal useful for spectrum
analysis markers and other applications,

The signals are digitally generated by counting
down the master crystal clock, The 10
resulting square waves have 8rd-harmonic
components eliminated by digital cancellation
and the results are filtered by 10 5-pole
Butterworth low pass filters to produce 10 sine
waves, They can then be selected in
combination and summed. As the original
reference is a crystal clock the signals are
accurate and stable in both frequency and
amplitude, The B-pole low pass filters and
3rd harmonic cancellation yield a distortion

in the order of 1% T,.H,D, or better,
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2,1.2 OUTPUT GATE

This section provides a means of turning on
the selected source signal for a predetermined
time with either a SINGLE or REPETITIVE
burst, The predetermined time may be keyed
to either a length of time, a number of cycles
of the waveform or a manually determined
time,

The pushbutton on the right marked CONT/
GATE (continuous/gate) bypasses the gate
control and selects continuous operation. With
this pushbutton OUT, the gate logic controls
the output signal, The START pushbutton
initiates the gate period and the ON led shows
when the signal is ON in any maode,

With the SINGLE mode selected three triggers
are possible: TIME, GYCLES or MOMENTARY,

In the TIME mode the signal is on for a specific
time from 168 milliseconds to 16 seconds as
selected by the 11 position rotary switch., The
ON pericd starts on the next positive going
zero crossing transition of the signal, continues
for the selected time and switches off at the
next positive going zero crossing transition,
Thus an integral quantity of cycles is generated
ard the actual time is the time selected, plus
up to one cycle period., The ON period
continues for the selected interval regardless
how long the START button is activated.

In the CYCLE mode the gate is on for a
salected quantity of cycles of the source signal,
The guantity of cycles is selected by the 11
position rotary switch from 1 to 1024 cycles

in a binary sequence,

If both the TIME and CYCLES huttons are out
the gate ih is the momentary mode, In this
mode the gate is ON when the START button

is pushed and OFF when the button is released ,
The ZERO CROSS feature is functional in

this mode as well,

6mft “16/1024
GATE PERIODS
GATE SECS/SwEEP SECS

In the REPEAT (repetitive) mode, two triggers
are possible: TIME or CYCLES, Operation is
essentially the same as the SINGLE mode
described above but is a continuous stream of
on ard off tone bursts, The ON and OFF times
are always identical and are the same as would
be if the SINGLE mode had been selected,

For example if CY'CLES and 4 is selected the
output will be 4 cycles on followed by an eguivalent
period of silence followed by 4 cycles on and so
on.

The gate operation may be remoted by grounding
terminal 8 of J1 on the rear panel ({the connector
farthest from the AC power connector.) This
action is equivalent to pushing the START push
button,
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2,1.3 OUTPUT AMPLIFIER

The output power amplifier provides a low
impedance, high-power drive to a load, It may
be set to provide either a floating output or
ground referenced output, The floating output
may be efficiently used to reduce the problems
caused by ground loops in measurement set ups.
The output float is achieved without the use of a
transformer to preserve the quality of output
waveform generated by the generator section.
Although actively achieved it exhibits the fleating
characteristics of a true transformer output,
That is,either side may be connected to
instrument ground with no change in output.

The output amplifier is capable of producing

in excess of B watts into a load,

The voltage

output swing is 60V peak while the current

is limited to approximstely £200ma peak, This
represents an output level of over +33dBm, The
output impedance (that is the source impedance
of the amplifier) is 802, This value remains
constant in the floating or grounded mode and
at any attenuator setting, The output load
impedance will normally be BOOR but may be
anywhere from® to 501, With a 50 load the
maxirmum output capability is reduced to
approximately +20dBv. It will however drive
load impedances as low as 300 to full output
before current limiting, The output is short
circuit protected by virtue of the output current
timiting. The amplifier is not thermally
protected, however, and certain forms of abuse
could damage it. Adequate ventilation must be
provided and extended short circuits or high
level drives to low load impedances should be

avoided,

The output level is variable over a range in
excess of 100 dB using the OUTPUT
ATTENUATOR and OUTPUT LEVEL controis,
The attenuator varies the output level ih 1648

. steps while the variabte level control provides
a nominal 14dB range to provide a total output
range of approximately +33dBm to -80dBm. A
concentric knob within the LEVEL control may

insert a DC offset in the output,

This is activated
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by pulting the knob and turning clockwise for
positive offset and counter-clockwise for negative
offset,

The miniature teggle switch adjacent to the
CUTPUT connector selects FLOATING,
GROUNDED or OFF modes, Inthe OFF mode
the connector is grounded and connected to a
50Q source restistor,

SOURCE OUT AND EXT IN

The SOURCE OQUT connector is the direct output
of the selected source signal prior to gating and
the cutput amplifier. It may be used as a
generator sync out signal or as the output for
further processing. The EXT IN connector is
the input to the gating circuits and the power
amplifier (and its associated attenuator), It is
activated by pushing EXT. Signals connected
to this input can benefit from the gate function
ard the drive capability of the power amplifier,
The nominal maximum input level is
approximately +12 dBv (8v rms). External
processing may be inserted between SOURCE
OUT and EXT IN, For example a filter will
produce band limited pink noise if this source is
selected,
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2,2 MEASUREMENT SECTION

The measurement or meter section provides a
digital readout of amplitude and frequency of
either the send (generator) signal or the receive
signal, The freguency readout is in Hertz from
10Hz to over 100kHz while the amplitude readout
is in dBm from over +30, 00dBm to tower than
80, 00dBm,

The amplitude measurements are in dBm and
" either true rms, average or peak, The
measurement bandwidth may be chosen by
front panel pushbuttons,

An auto range level setting cireuit permits
automatic amplitude measurements over a wide
range and facilitates frequency measurements
of low level signals,

2.2,.1 INPUT SELECTION

The readout may measure two parameters:
frequency and amplitude, of four circuits: the
cutput or what the generator is sending, the
input or what the receiver is receiving, the
output of the filter or wave analyser or the
center firequency of the filter itself,

When measuring SEND amplitude it is
measuring the absolute level in.dBm delivered
to the cutput connector. To prevent disturbing
the output floating configuration the meter
measures using an isolated preamp whose gain
is the inverse of the cutput attenuation. Thus it
will be sensitive to output load variations and
indicate the true signal delivered to the load,

2,2,2 FUNCTION SELECTION

Four pushbuttons set the function of the
measurerment section, The first button EXT,
selects an external accessory connected to J3
on the rear panel, In this mode the digital
readout is completely connected to the external
device,

The second button FREQ causes the readout to
display the frequency of the selected signal in Hz.
The measurement time is one second and the
display is updated at the completion of each
measurament, Auto ranging level circuits

allow a measurement over a 60dB range, Beydnd-
this range the HI or LLO leds will light and the
display will flash indicating an trvalid reading.

The next two pushbuttons select the amplitude
measuring mode, The third button selects FAST
RMS, the fourth button SLLOW RMS and if both
buttons are pushed the detector is PEAK or
AVERAGE as determined by an internal connection.
(see section 4 for details on how to make this
connecticn,) The instrument is normatly
calibrated so each of the three detectors will show
the RMS value of a sine wave, With other wave

. forms the three readings will obvicusly be different,

The unweighted bandwidth of the measuring
instrument is 20Hz to 100kHz, Certain
measurements require readings to be made in a
more restricted bandwidth, With both weighting
buttons OUT the full 100kHz bandwidth is selected,
Pushing 20kHz inserts a 8 pole 20kHz Butterworth
tow pass filter in the measuring path, This
provides measurements in the audio band, If INT
NET (internal weighting network) is pushed a
user option weighting rnc twork is selected. An
internal accessory socket accepts plug—in
weighting networks, iletails are provided in
section four for construction of 1,2, or 3 high
pass or low pass filters, band pass and band
rejects filters, band pass and band reject filters
and A,B and C weighting networks, A high
performance operational amplifier is dedicated to
this function and most filters may be constructed
using only resistors and capacitors, )

If both weighting buttons are pushed the resultant
curve will be a composite of the two, As buffers
are used no interaction will be caused by using
both filters simultaneously.

2-4
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The weighting networks are normally used to
make partizular amplitude measurements.
However, they may also be used when making
ﬁﬂequenéy measurements to reduce the errors
caused by trying to measure the frequency of
noisy sigrals,

The readout is a 5~1/2 digit (5 full digits and

+1 digit) LED display., The large 0.6 inch
filter enhanced display facilitates viewing even
at great distances, LED's on the right of the
display show the measurement units and LED's
on the left show high or low levels, When these
are lit the signal level presented to the
rmeasurement section is outside the amplitude
capabilities of the circuit, At the same time
the readout will flash to show an invalid reading.,
The over and under trip points are approximately
3dB away from the actual limits as an added
protection., For example when reading 0dBm

to ~80dBm the display will flash above ~3dBm
and below ~57dBm, Readings will, in fact, be
wvalid over the full 0 to ~80 range however,

Note that the resolution of the dBm measure—
ment is much above the stated absolute accuracy.

This is common in digitally measuring instruments.

While the meter will not measure over its entire
range to 0,01 dB absolute accuracy, over a small
range say, 10dB, will maintain an accurate

0.01 dB relative accuracy., Thus it is possible

to compare two signals of approximately the
same amplitude and determine their dB difference
to 0.01 dB accuracy,

The meter has a measurement range of over 150dB,

This enormous pange is handled by breaking it up
into several 830dB ranges and either autoranging
or manual ranging to place the input signal within
a particular 30dB window., The range switching
is at approximately -3,-33,~63 and -93dBm.
Internat trim adjustments permit the ranges to be
adjusted for maximum absolute accuracy, however,
this accuracy is not claimed to be 0.01dB., Thus
the above statement regarding 0.01dE relative
accuracy s true within a particular range, for
example ~10dB to =15dB, But from say =30 to

~35dB a range change will take place and the
0.01dB relative accuracy will not be maintained,

The nominal amplitude range of the instrument

is +30dBm to =30dBm., However the output
amplifier will actually provide up to +33dBm. To
accormmodate this level the meter has an over—
range circuit at the high end to extend the
measurement capability above +30dBm. Thus

it will measure the full output level of the
geherator,

Similarily at the low end the inclusicon of the
band pass filter in the recelve section permits
measurements below -20dBm. An additional
80dB range at the low end extends the capability
of the instrument well below —160 dBm

To the left of the digital readout is a small analog
meter and senhsitivity control. This meter may
be used to see trend indications or find peaks and
nulls; it is useful any time relative level change
is more important than absolute level, The scale
is arbitrary and the variabla control permits
setting the meter to a mid-scale reading, The
meter is measuring a DC voltage representative
of the true RMS amplitude of the signal and is
located after the autoranging circuitry, Thus as
the input signal is increased the meter will read
higher and higher until it falls to a low level and
begins climbing again.

The meter may measure at several selected
points in the instrument, SEND measures the
actual signal delivered to the load at the QUT-
PUT connector, INPUT A measures the signal
connected to INPUT A in the DUAL CHANNEL
mode and the sighals at both INPUT A and INPUT
B in the DIFFERENTIAL MODE, FILTER
measures the signal at the output of the receiver
filter and with alt three buttons OUT the signal
at INPUT B (in either the DUAL CHANNEL or
DIFFERENTIAL mode) is measured. Finally if
FILTER and FREQ are both selected and READ
FILTER Fg is pushed the receiver filter will be
put into osciilation at its natural (center)
frequency and that frequency will be disptayed,
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2,2,3 OSCILLOSCOPE

Three pushbuttons are provided as a convenience
to select the signal viewed on an external
oscilloscope, Two connectors are provided

for vertical or Y signal deflection and trigger.

The three pushbuttons each route a particular
set of signals to the two connectors to
establish oscilloscope sync ahd viewing of the
selected signal,

If SEND is pushed the vertical connector
contains an amplified version of the actual
signal presented to the load while the
TRIGGER connector contains the SOURCE
output. In this manner the oscilloscope will
remain syncronized regardless of what
happens to the output, For example, if the
OUTPUT is a gated tone burst the SOURCE is
a steady version on the sarne signal, The
oscilloscope will trigger on the continuous
waveform and not be falsely triggered by the
gating action,

As stated the VERTICAL output is an
amplified version of the actual QUTPUT, In
this way it will show the true OUTPUT signat
as presented to the external lead, The
amplification presents a good oscilloscope
drive signal even with very low outputs,

Also the constant level TRIGGER signal will
prevent the oscilloscope from loosing sync
as the signal is lowered, Finally, the
isolation amptlifier presents an instrurnent
ground referenced oscilloscope signat without
disturbing the OUTPUT floating characteristics.

If RECEIVE is pushed the VERTICAL output
contains the FILTER OUT signal while the
TRIGGER contains the INPUT A signal, The
FILTER OUT signal is, of course, a wide
band signal similar to INPUT A in receiver
functions which do not include the fitter
(positions 6 through 11), Also INPUT A is
onty the signal connected to INPUT A in the

DUAL CHANNEL mode., In the DIFFERENTIAL
mode this signal is the differential input
provided by both INPUT A and INPUT B,

As in the SEND mode the cheice of different
pick off points for VERTICAL and TRIGGER
signals prevents the oscilloscope from
loosing syne, for example, as the filter is
passed through a null in the reject mode,

If both the SEND and RECEIVE buttons are
pushed the VERTICAL output will be FILTER
OUT while the TRIGGER will be generator
SOURCE out,

Finalty the MEM mode selects the outputs of

the digital memory or plot recorder as selected
by the DISPLAY control group. In this mode the
oscilloscope should be set to a 200 us per
division sweep. The vertical deftection should
be set to place the approximate 5 volt pattern
over 6 or 8 divisions of the screen, '

Memory data is read out as a series of eight
sub frames to form a single frame, The eight
sub frames are each plot with its associated
reference lines repeated twice, The trigger

 pulse is arranged so that four of the these

sub frames overlay to form the composite
frame, If the oscilloscope used is dual trace
it should be switched to single trace, If left

in the dual trace mode it will probably only
disptay two of the required four sub frames,
Thus depending on which trigger pulse it uses,
it will display A only or B only but not both,

If all three buttons are out,the VERTICAL and
TRIGGER connectors will contain signals
determined by user selected conditional
strapping on an internal 14-pin header, This
header contains additional signals such as’
memory clock signals, SWEEP commands and
INPUT B signals. See section 4 for variations,
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2.3 RECEIVER SECTION

This section is perhaps the most unique in the
instrument and contains some of the most
powerful features. It begins with a wide band
instrumentation type front end or preamp fellowed
by a choice of filter, wide band processor or
phase comparator and finally terminating in the
digital plot recorder. It permits a detailed
analysis of the genzrator signal as returned by
the device or medium under test, Amplitude
measurements in restricted bandwidths (wave
analysis) may be made and XY plots in the form
of amplitude or phase versus time or frequency
can be generated,

A word about a basic philosophy carried
throughout the instrument is in order, The
audio industry is basically a logarithrnic world,
Intensity or amplitude is measured in dB or
dBm, a log based unit, as opposed to volts, a
linear based unit., That is, each time a signal
lavel is doubled it is increased by a fixed amount
(6 in the case of dB), Similarily in the frequency
domain a log frequency scale or linear octave
scale is used, This format is derived from our
subjective perception of sound, We consider a
sliding tone going from say 100Hz to 200Ha to
change by the same amount as from 10000Hz to
20000Hz, In both cases the signal ihereases by
ohe octave yet at the higher freguency the change
is 100 times the number of cycles as the lower
frequency, Because of this subjective perception

most audic measurements are made with log units.

Armplitudes are measured in dB or dBm and
frequency scales are log with linear octave
spacing. This also means that noise must be
pink noise and not white and filters must be
constant percentage bandwidth as opposed to
constant bandwidth, All functions of this test
set are based on these facts in order that
information be presented in the most meaningful
format,

£2.3.1 FRONT END

Two inputs are provided: INPUT A snd INPUT
B, (these designations are purely for reference
ard in no way are they related to MEMORY A
or MEMORY B.) The two inpuis may be
configured as independent input channels 1,e.

a DUAL. CHANNEL preamp or as a DIFFEREN-
TIAL (single channel) preamp. The miniature
toggle switch selects the configuration. In the
upper position the inputs form the differential
inputs of an instrumentation type preamplifier,
INPUT A is the non inverting (positive) input
while INPUT B is the inverting (negative)

input, The output of the differential preamplifier
feeds the filter input. In the lower position the
two inputs are separate and independent,
although with the same gain., They separately
feed the two inputs of the phase compaprator and
the inputs of the two RMS converters in the dB
ratio circuit. In the mid position an inversion
stage is inserted into the A input, Otherwise
the configuration is the same as the lower
position. {.e. DUAL CHANNEL, The +/-
option provided by the mid and lower toggle
positions facilitates phase measurements as it
can correct an external phase inversion between
two input signals,

Three pushbuttons determine the gain of the front
end section. They are set according to the
signal level to be processed, High level signals
will fall in the +30dBm to —30d8Bm range, medium
level sighals from O to —80dBrn and low level
signals (microphones, tranducers etc.) in the
~30dBm to ~90dBm range. If an incorrect choice
is made the OVER or UNDER led will light and
an arrow will point to a lower or higher button,
A different selection should be made, The

OVER led indicates the front end is clipping or
near clipping (the led comes on 3dB below
clipping)., The UNDER led show the signal is too
close to the noise floor of the preamp.
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When the input range is selected one of four led's

above the pushbutton group will Tight to show
which of four display ranges has been selected,
There are three preamp gains and two gains
after the filter, the combination of which can
select one of four possible measurement ranges.

Measurements made in the measurement section
by selecting INPUT A or INPUT B are made
after the input preamp and prior to any further
processing. The digital display in the measure~
ment section is absolute and takes into
consideration the gain of the front end,

2,3,2 RECEIVER FUNCTION

The receiver function switch sets the basic
operational mode of the receiver, The first
mode is used for wave analysis or plots in a
restricted bandwidth, The filter may be
switched to a band pass, band reject, high pass
or low pass mode. The center frequency of the
filter is set by the concentric FREQUENGCY
controls and the filter Q or percentage band
width is set by the Q contrel., The frequehcy
range is similar to that of the generator with
two nominal ranges of 20Hz to 20kHz and 100Hz
to 100kHz. The Q range is approxirmately 70%
to 2%,

To read the amplitude of the signal at the output
of the filter the FILTER button is pushed in

the measurement section, With this button
pushed and the FREQ button selected the
frequency of the signhal present at the output of
the filter is measured, Finally with these same
two buttons pushed and the READ FILTER F_
button held, the center freguency of the filter

is displayed. This frequency is found by
putting the filter into oscillation with amplitude
stabilization and disconnecting the input signal,
The AGC circuit ensures that the filter will
oscillate at its center frequency, This frequency
is, of course, not necessarily the same
frequency as the input signal,

The "center" frequency of the high pass and low
pass filter is the —3dB point in low Q settings or
the peaking freqguency in high Q settings. The
filter shapes for various configurations and @
settings are shown in the illustrations,

The cutput of the filter is available at FILTER
OQUT for further processing or external
measurements,

Position 5 is a log sweep of the band pass or
band reject filter over the range 20Hz to
20kHz or 100Hz to 100kHz. This is the
spectrum analysis mode and is used with the
digital plot recorder. The Q control has the
same effect as in the manual mode,

A 30dB gain stage may be switched into the
output of the filter to measure low level signals
in the presence of high level signals, For
example, say an input signal contained both
1kHz and 10kHz and the 10kHz was B0dB below
the 1kHz. The INPUT RANGE (front end) would
be set so the higher tevel signal, 1kHz, would
not overload the preamp. If the band pass filter
were set to 10kHz the tkHz would be virtually .
non existant but the 10kHz signal would be a low
level, Pushing the +30dBE POST FILTER GAIN
button would parmit measurement of this low
level signal,

The addition of this gain after the filter permits
very low tevel measurements to be made, In

a narrow bandwidth levels considerably below
=100dBm may be made. The measurement
section takes into account the additional 30dB
of gain switched in.

The 30dB gain stage may be used in the spectrum
analysis mode (position 5). However very slow
sweeps must be made to psrmit the filter to
settle after switching to a new value. Speeds

of 2 minutes or longer are necessary,
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In the sweep mode the filter is actually
incremented through 256 togarithmic steps by
switching precision resistors in the frequency
détermining section, This provides a significant
advantage over, for example a woltage controlled
filter., The frequency determination is very
accurate, better than 2% at any step, The range
can be 3 decades (10 octaves) without the
limitations that would be present at one end or
the other ih an analog technigque. Finally the
frequency determination is extremely stable
with time and termperature. There are no trim
adjustments and drift is virtually nil,

The penalty for all these advantages is switching
transients, The filter is freguency programmed
by an 8 bit digital code for its 2566 values, Each
time a new value is entered a switching transient
will be generated,These are greatest at the MSB
(most significant bit) transitions, i,e, at one
guarter, one half and three quarters of the
sweep, No visible switching transients would
imply they be over 90d8 below clipping or about
ten parts per mitlion, With the very high Q x
Frequency products of the filter (over onhe
million) this is virtually impossible,

The proper technique is simply to wait for the
transient to die down before taking the rmeasure-—
ment and storing the value in the digital plot
recorder, A slow sweep speed will accomplish
this, With very slow speeds (4,8 or 16 minutes)
it is possible to plot down to ~120dBm,

RECEIVER FUNCTION SWITCH POSITIONS
& through 11

These positions remove the filter from the

input and provide WIDE BAND or PHASE plotting
capabil ity, Positions 6 and 7 plot wide band
amplitude vs time. If the generator is switched

to SWEEP the time axis becomes frequency so the
resulting plot is amplitude vs frequency (assum-
ing the device under test does not change during
the sweep time),

Position 6 is the ABSOLUTE dBm mode., That
is the plots will be the absolute amplitude using
an internal precision reference, Position 7

is dB ratio ard is the amplitude difference
between two inputs, In this mode the input
preamp must be set to the DUAL CHANNEL
mode. The plot will bae the amplitude of INPUT A
as referenced to INFUT B, The range is
+30dB, (see window selection), The two signals
rmust be both within the input range selected and
differ by no more than 30dB,

Positions 8 and 9 are phase vs time (or vs
frequency if a sweep signal s selected in the
generator), Position 8 plots the phase difference
batween signal at INPUT A or INPUT B and the
generator OQUTPUT, That is the reference is the
SEND signal, Position 9 is the phase difference
between two signals at INPUT A and INPUT B
respectively, INPUT B is the reference input.
Again the DUAL CHANNEL mode must be
selected,

If the two signals are in phase or almost n
phase sealect ~ DUAL CHANNEL, If they differ
by close to 180° use + DUAL. CHANNEL., This
selection will put the plot near the center of
the window. In DUAL CHANNEL, the total
window is £180° while in +-DUAL CHANNEL the
total window is 0 to +360° , As the plot nears the
upper or lower limits of the window its phase
difference becomes ambiguous and the plot will
show this embiguity as chatter, Selecting a
different configuration with the toggle switch
will place a 180° offset in the plot t{o shift it to
the center of the window, -

Positions 10 and 11 are dual plotting modes,
Position 10 is Positions 6 and 8 combined whila
POSITION 11 is POSITIONS 7 and @ combined,
They are.exactly equivalent to doing two separate
plots into two memory positions at two different
times but combine both plots in a single sweep,
These positions override the MEM ENTER
selection and place the two plots in A and B or
Cand D,
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2,3.3 FILTER SHAPES

The 4400A receiver section includes a state
variable filter with provision for either manual
tuning ob sweep tuning, The filter may be
configured as either a BAND PASS, BAND
REJECT, HIGH PASS or LOW PASS format, In
addition the Q or percentage bandwidth may be
adjusted over a wide range, Each of these para-
meters is mutually independent,
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BAND PASS configuration, The asymptote of
‘the Fllter skirts is 6dB per octave, At maximum
@ (approx. 3%) the skirt is approximately 854B
down at 2F and 1/2F, The filter parameters
are identical in either the MANUAL TUNE mode
or the SWEPT TUNE (digitally programmed
mode,
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BAND REJECT configuration, Maximum

notch depth is with the Q control at minimum
(fully COW), The depth at center frequency is
approximately B8 dB max, while the attenuation
at 2F and 1/2F is less than 2dB,
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HIGH PASS configuration, Ingreasing Q praduces
a "ecorner peaking' effect, The agymptete of the
roll off {s 12 dB per octave,
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LLOW PASS conflguration, Similar to HIGH PASS
again with 12dB per octave roll off,

The filter {s configured so any Q setting gives a
constant center frequency gain, This avolds
clipping problems as the bandwidth is reduced,
With the BAND PASS filter centered on a steady
sine wave the amplitude at the output of the
Fitter should remain within 2dB as the @ ¢ontrol
is vapried over its range., However if the sine
wave {s replaced with PINK NQISE the filter
output will decrease as the bandwidth is reduced
{or @ increased) as a lower bandwidth pagges
less energy,
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2,3.4 DIGITAL PLOT RECORDER

MEMORY SELECT ,WINDOW SELECT ard
LEVEL

This control grouping establishes the mode of
operation of the write or enter portion of the
digital plot recerder. The recorder contains four
digital mernories divided into two pairs. The
memories are desighated A and B for the first
pair and C and D for the second. One pair

may be selected at a time and either position

of that pair addressed, The MEMORY PAIR
SELECT pushbutton selects the pair. Out,

it selects pair A and B; in, it selects pair C

and D, The MEM ENTER button selects

which position of the selected pair will be
addressed., Thus if both buttons are out the

plot will be "written" into memory position A .
With both buttons in position D would be selected
and so on,

Writing a plot into a mermory position auto-
matically erases the previous plot,

In absolute amplitude response plots the
vertical range is determined by the seven
PLOTTER WINDOW SELECT pushbuttons and
the WINDOW SHIFT LEVEL control, The
total vertical range may be any 10,20,30,40,
60 or 60dE window within the INPUT RANGE
chosen in the front end, This window is
selected by pushing any two of the seven push-
buttons in the group. For example if the
0dBm to ~60dBm range had been chosen on the
INPUT RANGE group the second led would
tight pointing to the 0 to -80 scale. Then by
pushing the 0 and ~50 buttons for example a
50dB window would be chosen, If the ~20

and =30 buttons were pushed a 10dB window
would be selected, The seven buttons permit
a permutation of 21 possibilities of windows
within the 60dB scale selected,

When the WINDOW SHIFT LEVEL control is in
the GAL center detent position the plot is as
selected above, By moving this control
clockwise or counterclockwise this scale may
be shifted up or down approximately 10dB, This
is useful where it is desired to lay a trace on a
particular reference line or oscilloscope
graticule,

Bear in mind that all of these contirols affect
the trace write mode, That is they rust be
set before the plot is made.

In ratio amplitude response plots the vertical
range is as defined by the top scale: -30 to +30
The total window is £30dB ard 21 possibilities
from 10 to 60 dB total range may be selected,
Remember the scale is dB ratio. The two
signals may, for example, be —52dBmand ~43dBm
absolute but their difference (or ratio) is 9 dB.
The two signals must be within the input range
setected and differ by no more than 30dB.

For example if 0 to-—80 is selected on the
INPUT RANGE switch and one signal is —-20dBm
thé other signal can be between 0 and ~50dBm.

In phase response plots the vertical range is
+180° (or 0, +360° as described earlier), Again
21 possibilities between 60°and 360° total window
may be setected, The amplitude of the two

input signals rust be within the INFPUT RANGE
selected ard a suitable phase difference window
may be selected,

Before continuing a word about frequency
response plots, There are basically two methods
to generate an XY plot of amplitude vs frequency
of a device or medium, You may use a swept
sine wave and a wide band receive or a wide
band source, such as pink noise, and sweep
tune the receive. The swept sine wave gives, -
by far, the fastest results, the most accurate
and the cleanest display, It can be used

to analyse an amplifier, a filter, an equalizer,

a tape recorder or any electronic medium,
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However, normally it cannot be used with acoustic
mediums or tranducers due to room reflections,

standing waves and other disturbances which
would cause large errors in the results. In this
case the pink noise/tuned receive method must
be used,

The swept wave method is selected by setting
the GENERATOR FUNGTION switch to SWEEP
and the RECEIVER FUNCTION switch to WIDE
BAND, The swept filter method is selected by
setting the GENERATOR FUNCTION switch

to PINK NOISE and the RECEIVER FUNCTION
switch to SWEEP FREQ and the band pass mode,
The digital plot recorder controls operate in an
identical way for either method,

A further rmode is possible by using a swept sine
wave and swept tuned receive. The filter has

not specifically been optimised to track the
geherator as this would involve a completely
different approach to the sacrifice of some of

the parameters that have been optimised,
However, at low Q settings it will track with
reasonable accuracy, The plotted rasults will

be the same as swept sine wave/wide band receive
except they can be made in the presence of

-hoise in the device under test, The wide band
receive cannot differentiate between the swept
sine wave and the noise floor of the test

medium, Using the filter with minimum @

an additional 10 or more dB margin may be
gained with less than 2dB error due to mistracking
of the filter and generator,

DIGITAL PLOT RECORDER INPUT

The miniature toggte switch designated PLOTTER
INPUT selects the input to the amplitude plotting
section, With the switch up it selects FILTER .
OUT, The filter, in turn, is fed from INPUT A
in the DUAL CHANNEL mode or INPUT A and
INPUT B in the DIFFERENTIAL mode, When

the filter is not selected by the RECEIVER
FUNGCTION SWITCH (Positions 6 through 11)

the FILTER OUT conrnector (and thus PLOTTER
input when A is selected) is the output of the
INPUT A preamp. That is, the filter acts as a
unity gain, wide band buffer,

With the switch in the mid position the plotter
is fed by the signal cornected to EXT IN, The
nominal input level at this point is +13dBm to
~47dBm corresponding to tha 60dB plotting
window,

Finally, with the switch in the lower position
the ptotter is connected to the INPUT B preamp.

This facility permits the front end of tte receiver,
ard specifically the filter, to be used for other
functions and still retain the plotting capability,
For example, it may be desired to connect the
filter between SOURCE and EXT IN in the
GENERATOR using PINK NOISE in order to
achieve swept, band limited PINK NOISE put

use the WIDE BAND mode of the plotter by using
INPUT B or EXT IN,

The detectors used to produce the singie line
amplitude plots are a true RMS to DC converters,
They have selectable response times, RMS

FAST or RMS SLOW, by pushing the RESPONSE
button. The fast mode will more generally be
used, while the slow mode is useful for pink
noise analysis,
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2,38.4.1 SWEEP CONTROLS

The sweep controls are commeoen to the generator
sine wave sweep, the receiver filter sweep and
the digitat plot recorder, They consist of a
mode selection, sweep initiate control and sweep
speed control,

There are three sweep modes: MOM or
momentary, SINGLE and CONT or continuous,
The SINGLE mode is a single up or down sweep
after pushing the UP or DOWN button, CONT is
a repetitive version of SINGLE with a short
pause batween sweeps, MOM is a manual sweep
where the sweep is under direct control of the
UP and DOWN buttons. Sweeping takes place
only when the buttons are held and sweep
direction may be reversed mid-sweep.

While the instrument is sweeping, a vertical [ine
or cursor moves across the plot to show the
memory enter position, Also, the led below

the UP or DOWN button flashes at the sweep

rate to show direction and speed, The cursor

is particularly useful in the momentary mode
for example to examine a filter response. The
cursar can be "walked" to the peak of a filter,
the frequency and amplitude read then "walked"
to a new point and readings taken, The slope

in dB per octave can be measured along with
other parameters. Both UP and DOWN
pushbuttons can be used to zero in on a particular
spot,

In the MOM mode when the sweep has reached
an end point it stops, It can only be moved by
sweeping in the opposite direction. In the
SINGLE or CONT modes when the sweep reaches
an end point it resets to the opposite end and
may continue in the same direction,

The 11 position rotary switch selects the time for
a complete sweep, It is variable from 1 to 1024
seconds in a binary sequence,

omf1

GATE PERIODS
GATE SECS{o\WEEP SECS

The sweep speed must be carefully chosen. It is
desirable to use the maximum speed before the
results are inaccurate. Several factors
determine the maximum permissible sweep speed,
They are basically the Q of the swept fitter (if
used) and the G of the device being measured,

The higher the Q, the steeper the slopes in the
plot and the slower the sweep speed must be,

If too high a speed is used two things will happen,
First, sharp peaks will be rounded., This will
be particularly noticable on very sharp spikes

of peak or notch filters. Second, an apparent
frequency displacement or shift in the direction of
sweep will be noticed, These errors obey a
basic law of physics relating sweep speed to
device Q and carnot be overcome in any other
way except a slower speed, This speed can be
determined very easily by doing a plot 2t a
particular speed into one memory then deing tha
same plot in the opposite direction into the other
memory., When the horizontal displacement is
nil or very low the speed is acceptable, Another
method is to examine the shape of sharp peaks.,
As the speed is reduced the peaks will sharpen.
When no further sharpness is evident by
switching to lower speeds, the correct speed

has been chosen,

It will be found that devices with reasonable

flat responses, such as amplifiers, tape recorders
ete, can be swept from 20Hz to 20kHz in 1,2,

or 4 seconds with accurate results. Sharp filter
and equalizers will require 8, 16 second or slower
sweeps, Acoustic plots using pink noise and
SLOW RMS detection will generally require a
slow sweep, '
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2,3,4,2 BASE LINE SENSE

Certain plots can be made in less time than ) l
normally required. In particular, plots of
band pass filters. Such curves have a bell
shaped response with a sharp peak at the center
frequency and large attenuation a few octaves
above and below the center frequency. ' [

To achieve these plots rapidly, a feature
called BASE LINE SENSE may be used, With
this button in  the sweep is spzeded up
whenever there is no information, that is when \
the cursor is on the base line of the plot, The i
"fast" sweep speed may be chosen internally
to be 2,4 8,16 or 32 times the selected speed.

Sweep with BASE LINE SENSE, With

SWEEP SPEED knob set to 18 secs, slow speed
during data plot is at 16 seconds rate, fast
speed during base line plotting is at 2 secord
rate, Total time to generate the plot would

be approximately 9 to 10 seconds,

The instrument is normally shipped with the 8x
= 4 speed selected, If, for example, a 32 second
l sweep is chosen to achieve a good sharp plot
at the peaks, the speed will be at the 4 secord
sweep rate when on the base line and will
immediately switch to a 32 second speed to plot
the filter and then return to the rapid speed at
- . the base line. Because of the fast approach
\ speed the leading edge of the filter plot may
show a small error in the form of an overshoot
but the important peak and the trailing slope will
be as accurate as a full 32 second plot although
it will have taken far less time. When in the
fast mode the FAST led below the BASE LINE
SENSE button lights up.

Normal Sweep, With SWEEP SPEED knob
set to 16 secs total time to generate this bard
pass filter plot would be 16 seconds,
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2.2,4.3 AUTO START

Certain response plots must be made where the
generator and receiver are separated in space
or time. For example, response plots of a
transmission line or a tape recorder. The
instantaneous swept sine wave frequency must
coincide with the digital plot recorder X axis
address, This is automatic when both happen
simultaneously but some means of
synchronization must be used otherwise, The
4400 uses a 1kHz cue tone before a sweep to
accomplish this,

Two AUTO START modes are provided REC
or record and REPR or reproduce, REC is
identical to the normal MANUAL START mode
except at when the generator is not sweeping
_the output is 1kHz rather than the normal

20Hz (or 20kHz), This permits a 1kHz cue tone
to be recorded between sweeps, As soon as
the UP button (or DOWN button) is pushed

the output falls to 20Hz and sweeps up to 20kHz
(or the reverse for DOWN), At the conclusion
of a sweep the output returns to TkHz until the
hext sweep is initiated.

The REP mode is similar to the MANUAL
SWEEP mode except sweep start is initiated
by detecting the drop out of 1kHz. During
tape playback and with a 1kHz signal on the
INPUT connectors the 1TkHz SENSE led will
light, As soon as the sweep starts the signal
changes to 20Hz or 20kHz and the tkHz led
goes out., If the UP or DOWN pushbutton is held
in before the sweep starts, the digital plot
recorder will start as socn as the 1kHz stops
and thus load the memory in syncronism with
the previously generated sweep, Obviously
the SWEEP SECS (speed) must be in the same
position for both send and receive and both
must be either UP or DOWN,

If, for example, several response plots are
required of a tape recorder while various bias
settings are tried or some other paramecter is
varied, several sweeps will be recorded with
a short pause between sweeps containing the
TkHz cue tone, Before each sweep the parameter
is varied, On playback the UP button would
be held in during the 1kHz portion and could be
released as soon as the sweep starts, If the
memory enter controls are changed before
each sweep up to four separate plots could be
made,

The sweep can be prograrnmed to automatically
start by pushing both the SINGLE and CONT
buttons in, Doing this eliminates the requirement
of holding the UP or DOWN button while the
1kHz disappears. This is useful, for exampile,
during playback optimization of a tape recorder,
If a tape has several sweeps recorded on it with
short pauses between sweeps the plot will be
updated each tirme a new sweep is played back,
Adjustments can be made during the pause

and the results will be displayed with a new
sweep as an old one is erased, With the initial
sweep oh the second trace a direct comparison
of the improvement can be made on a continuous
basis,

The AUTO START mode operates in any receiver
function, that is, both amplitude and phase plots,
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2.3.4.,4 DISPLAY CONTROLS

This controt grouping determines the memory
display format. They operate in conjunction
with the MEMORY SELECT pushbutton (pair
select),

REF LINES (reference lines) turns on 3
horizontal dotted lines at maximum, medium
and minimum amplitude as set by the DISPLAY
RANGE pushbuttons, Ifan amplitude window
from, for example, -20dBm to -40dBm was
chosen to make the plot the top line would
indicate —20, the center =30 and the lower
~40dBrm,

The second two pushbuttons select either or

both traces from the memeory pair selacted,
Note that when the MEMORY SELECT push-
button is out, the buttons select memory position
A and/or Bj in, they select C and/or D,

The TRAGE SHIFT control can provide three
separate functions, The choice of onhe of these
is made by operating miniature rocker switches
inside the instrument, Details of these setups
are given in section 4,

The three functions are:
TRACE and REFERENCE LINES SHIFT
TRACE ONLY SHIFT
TRACE MAGNIFY AND SHIFT

The first of the above allows plot B or D to be
shifted vertically up or down with respect to A
or G, This is useful where it is desired to
view two plots of unrelated data where super—
imposition would cause confusion, In this mode
the reference lines associated with the shifted

trace move with the trace to retain an accurate

vertical scale reference,

TRACE ONLY SHIFT is ldentical to above except
the reference lines remain fixed, This is useful
to reposition ane trace over the other for direct
compartson,

TRAGE MAGNIFY AND SHIFT magnifies the
vertical scale of the B or D trace by precisely
5, This is equivalent to dividing the previously
gelected window by 5. For example, if a 10dB
window had been used for memory enter it ‘
would now be 2dB, a 607 phase window would be
12%nd so on, Nate that this function is only
DISFLAY magnify and does not affect the
gelected WINDOW, The WINDOW selection is a
memory enter function and affects the scale
factor of data fo be stored in the DIGITAL PLOT
RECORDER, The X8& function temporarily
changes the display of the memory output. The
memory quantizatton will become more visible -
what was displayed as 256 steps will now be

51 steps. Had a 10dB window been used to
record the plot each step would be 10 divided by
256 or 0,04 dB,

The designations below the push buttons indicate
which trace is amplitude and which is phase
when a dual plot is generated, Remember that
when in the dual mede the MEM ENTER push
Bbutton (right button of the twa) is controlled by
internal logic, If this button were in during the
plot (normally selecting B or D) PHASE will

be recorded in A (or C) and amplitude in B (or D).
If the button was out the reverse would be true,
This flexibility permits the user to himself
select the assignment of parameters between
the traces, The graphics define the choice,
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2,3.4.6 MARKERS

Two types of frequency markers may be added
to response plots to obtain accurate frequency
references, The markers are added during a
sweep and are entered into the memory,
Markers are turned on by rotating the small
MARKER knob past the click stop off position.
Up to ten markers may be added to a plot as
selected by the COMB/MARKER GENERATOR
pushbutton bank, Any combination from one to
ten markers at octave intervals from 31,25 Hz
to 16kHz may be selected,

In the SWEPRPT SINE WAVE/WIDE BAND RECEIVE
mode the marker generator is a digital ..circuit
which compares the sighal on the INPUT
conhector (& sine wave sweep) with a sat of
accurate, crystal controlled reference signals.
When the swept input signal frequency is the
same as a reference signal a marker in the
form of a negative going spike is added to this
trace. If, for example,the 1K, 2K and 8K
buttons were pushed in, three spikes would mark
these frequencies on the plot, By interpolation
and extrapolation other frequencies could be
determined. These marker spikes in
cornbination with the reference lines facilitate
accupataly reading information about a response
directly from the trace. (An up sweep must be
used),

In the swept filter mode the markers are
actually a comb signal mixed with the input,
The digital principle carnnot be used, of course,
since the input is not sweeping, The MARKER
knob adjusts the amplitude of the comb signal
and the COMB/MARKER GENERATOR push-
buttons setect the frequencies to be displayed .
In some cases it may be desirable to put
markers only, with no signal, on one trace and
signal, with no markers, on the other trace, In
this way the filter Q and display window can be

optimized for best display, The markers will
show as positive going spikes if a 10dB window
and high @ setting is used. By using the trace
shift control the marker peaks can be positioned
over the signal plot on the other trace,

Swept sine wave response plot oF.an
equalizer with all but the TkHz markers
switched on,

Swept filter response plot of tha same
equalizer using a pink noise source on trace
A, Trace B is a plot of the comb signal less
the 2kHz frequency. This plot was made
using a 10dB window and adjusting the )
MARKER level control so the peaks appeared
in the lower area,

Remember that the digital markers (negative
spikes) operate only with up swept sine waves
ard the RECEIVE FUNCTION switch in positions
1,2,3,4,6;7,8,9,10 or 11. The COMB markers
(positive peaks of adijustabls amplitude) only
operate with position 5 of the RECEIVE
FUNCTION switch,
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3.0 SPECIFIC APPLICATIONS

3,1.0 Acoustic Applications

3,1.1 Freguency Response,

Frequency response of acoustic transducers, such

as microphones, speakers etc, require excitation
with & wide band signal to avoid the problems
that would be caused by sinusoidal signals., The
latter waveforms introduce erprors due to room
modes and other effects not directly related to
frequency response,

A wide band signal better approximates the
natupral use of the system (music or voice) with

a controlled, known signal. A convenient wide
band signal is pink noise., Such a signal has
equal energy In each octave or percentage octave,

To generate frequency response plots three
elements are required: A generating or
transmitting transducer (usually a speaker),

. a receiving transducer (usually a microphone)
and a medium conhecting the two ( a room or
ancochic chamber), One or mare of these is

"often an unknown. Fopr example, to test a studio
monitor system the speaker and room are
unknown while a "flat" reference microphone is
used,

~The response is made by exciting the generating
transducer with pink noise, receiving the noise
signal with the receiving transducer and
selectively tuning this signal with a narrow band
pass filter and plotting the amplitude at the output
" of the filter versus its center frequency, The
receiver configuration for such a measurement
is commonly refered te as a spectrum analyser,

Pink hoise, or more specifically Pseudo

Random Pink Noise, by its very nature has
random variations in its amplitude. These
variations are most pronounced at the low end of
the spectrum, To achieve meaningful results
these amplitude vapiations must be time averaged
over some period of time. As the time Increases
the amplitude will approach a fixed value,

The time averaging is achieved on the 4400 by
using the SLOW RMS mode, This inserts a
long time constant in the RMS detector, The
sweep speed must be consistent with the time
" averaging, That is the RMS detector must be
given time to settle before the filter tunes to
a new frequency band.

Stow sweep speeds (32 seconds or longer) and
SLOW RMS detection should yield an

acceptable frequency respanse plot of the system
urder test,

Te filter bandwidth used affects resotution of
the pesultant plot, Most acoustic measurements
can be made with the control 1/2 or 2/3 open.,
This gives a filter bandwidth clase to 1/3 octave,
With the control fully clockwise the bandwidth

is approximately 2%,

The shape of the filter rmust be specified with
mope detail than just bandwidth, The bandwidth
(or percentage bandwidth or @) describes the
width of the filter, relative to the center
frequency, where the slope is 3dB below the
attenuation at the center fregquency, Thus it
only specifies the very tip of the peak, The
slope of the skirts beyond this 3dB point are
also impoptant, however.

Vartous standard organizations agree on a

rigid and rigorous definition of a full octave,

1/2 octave or 1/3 octave filter., The shape of

the filter is defined by giving an actual plot

of the limits on an XY attenuation vs frequency
graph. Two or more classes apre defined for
each size of filter, The difference in the classes
is chiefty one of skirt roll off characteristics,

It is virtually impossible or at least impracticatl

to construct a fitter with & rectangular shape,

that is zero attenuation within the band and infinite
attenuation cutside the band., Practical filters
have a bell shaped curve; minimum attenuation

in the pass band and progressively greater
attenuation outside the pass band, To meet the
characteristics of acoustic filter sets dafined

by standard organizations requires.a multtiple

pole filter, In a band pass filter these are

realized by céscading sevepral band pass filters

in series with slightly staggered center frequencies,

This gives good flatness (low ripple) at the top
of the filter and steep filter skirt slopes.

The 4400 uses a sihgle pole pair filtep, A
rmultiple pole filter with the characteristics

of the actual filter used in the 4400 would be

a few orders of magnitude more complex than
the filter used. For example, three or more
sections using six or more variable elements
would have to track in the sweep mode over a
1000 to 1 prange with better than 0.5% error,
This is beyord the scope of the instrument,

In normal situations, however, the simplified
filter used, due to high Q capabilities, gives
excellent results, The skirt roll off
chapracteristics have a very minimal effect on
the readings or plots. The bandwidth of the
filter is variable from approximately 70% to

3%, Using these figures alone the corresponding
bandwidth would be approximately one~octave

to ohe-thirtieth~octave. The foregoing
discussion will clarify that this is not completely
valid,



3.1.2 Reverb Time

Rewverb time or RT=80 is the time it takes for an
acoustic excitation in a room to fall 80 dB in
amplitude, It is measured by exciting a room
with a signal (usually pink noise), abruptly
removing this signal and measuring the time it
takes for the amplitude to fall from the original
by 60dB.

Reverb time can be measured wide band, that is,
without any spectral weighting or in a restricted
bandwidth such as octave or third-octave,

The 4400 may be easily used to directly determine
reverb time, The Generator should be set to
PINK NOISE and this signal fed to the room using
a power amplifier and flat speaker, A micro-
phone should be connected via a simple low to
high impedance transformer to the recetver
input, Initially select WIDE BAND on the
RECEIVER FUNCTION switch and a B0dE plotting
window. Adjust amptitudes so with the room
excited with a reasonably loud signai the plotter
just paints a line on the top of the plot., Quickly
cut the signal and observe the decay. Select

a plotting speed slightly longer than the observed
decay,
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Fig, 3,1.2 Hlustration of amplitude decay on
removal of pink noise excitation, A 60dB window
has been selected (6 divisions on the CRT)Y The
total decay achieved is just over 40dB, By
extrapolation the slop is extended to the full
60dB range and the time measured based on the
sweep time.

In many cases it will be difficult or impossible

to achieve a complete 60dB decay, 30 or 40dB
may be the maximum for several acoustic and
electrical reasons, However, the slope of the
decay can be extrapolated to show the equivalent
of a 60 dB decay, Under most situations the
slope will be reasomably constant. Certain
acoustic conditions may produce odd shaped or
multiple slopes, Thease could be caused by
anorrolies in the room and should be investigated.

If the RECEIVE FUNCTION switch is put in the
FEXED FREQ band pass mode the reverb time in
a restricted bandwidth can be determined. By
making several tests with different settings of
the FREQUENCY control the RT at various parts
of the spectrum can be determined.

3.1,3 TONE BURSTS

Tone bursts are very useful to evaluate the
transient capabilities of a transducer. They can
be easily generated on the 4400,

The GENERATOR FUNCTION is set to sine wave,
the GATE to REPEAT and CYCLES mods and a
suitable quantity of cycles selected, This signal
is fed to the speaker under test and a microphone
connected to the RECEIVER input will monitor

the results. The Oscilloscope should be connhected
to the VERTICAL and TRIGGER connectors and
both the SEND and RECEIVE buttons selected in
the OSCILLOSCORE group, This will put the
transmitted steady state tone on the TRIGGER |
connector and the received burst on the VERTICAL
connector, In this way the oscilloscope can
trigger on the send signal and allow abservation

of the leading edge of the received signal,
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3,2.0 TAPE RECORDER APPLICATIONS

3.2.1 Freguency response

There are various ways to generate frequency
response plots of a tape recorder, Plots can

be generated of just the reproduce portion or

the total record-reproduce chain.,

3.2.1.1 Reproduce response

Response can be checked in two ways, First by
using a callbrated, standard test tape and second
by magnetically coupting into the reproduce head,

In the first method a standard test tape is played
and the plotter is set to WIDE BAND with a 10 or
20 dB window selected, If a slow sweep speed

is used the amplitude at each reproduced
frequency wiltl be plotted with one trace. The
whole test tape will draw a sky tine picture of
the machine response, Relative amplitudes can
ke seen at a glance without having to write down
each reading. An oscilloscope photo gives a
permanent record,

The second method uses the normal sine wave/
wide band plotting capabilities of the 4400, If
the generator output were connected directly

to the reproduce preamp input the reactive
components of the reproduce head would hot be
included, Also, the extreme low level required
by the preamp would introduce noise and other
errors,

A convenient method is to couple magnetically
directly into the reproduce head., A small

coil connected to the 4400 output and oriented to
couple into the gap of the head will give excellent
results, The plotted curve will, of course, be
the playback curve of the amplifier (NAB or
other equalization),

3.2.1,2 Record/Reproduce Response

Freguency response can be determined in a
variety of ways. If an accurate response over the
full 20Hz to 20kHz range is required the AUTO
START meode should be used,

First one or more sweaps are reccrded on the
tape wlth the GENERATOR FUNCTION switch in
AUTO START REC, This will record a 1kH=z=
cue tone when the 4400 is not sweeping,

Several sweeps could be recorded leaving a
pause between sweeps (filted with 1kHz),
Changeas could be made as reguired before each
aweep,

On playback the AUTC START REP mode would
be used, The receiver would be set up in the
normal mode for swept sine wave response plots.

As a confirmation of acocuracy some markers
(Eg. 63Hz, 1kHz, BkHz) should be switched on,
The tape is played back including some of the
1kHz tone, This should cause the 1kHz SENSE
led in the SWEEP control group to light, If it
does not light the level is probably too low, Push
ard hold in the UP sweep button, During the TkHz
tone nothing will happen, As soon as the tkHz
tone disappears the sweep starts and, if the UP
button is still being held, the memory will

start to enter and pltot a response trace. If
there are several sweeps on the tape up to four
of them can be loaded into the four available
memory positions by selecting suitable MEMORY
ENTER functions between sweeps,

Note that in AUTO START REP sweep start can
only be initiated by a combination of interuption
of 1kHz and the UP button being held.(see page 2-15)

There are times when an accurate full range plot
is not as important as fast continuous information,
In this case the MANUAL START mode should be
used and CONTINUQOUS sweep selected, Due to
the time delay between record and ptayback (head
spacing) the response plot will be shifted to the
right. This will cut off the high frequency part
of the rangs, This can be minimized by using
fast tape speeds and/or slow sweep speeds.
Alternatively, the 100Hz to 100kHz range can be
used, This will give a plot from 100Hz to say
50kHz, Using markers, various sweep speeds
and both sweep ranges the full 20Hz to 20kHz
range can be covered in the CONTINUCUS mode,

This mode is particutarly useful during
adjustments. For example, to optimize bias or
head alignment the effect of change will be
rapidly seen, Seeing the whole spectrum ina
plot avoids the potential errors of looking at
only one or a few discrete frequencies.

3.2.2 PRINT THROUGH

Print through can be readily evaluated using the
4400. The procedure is as follows.

Record a series of short tone bursts on the tape
with the burst repetition rate synchronized to
reel rewolutions, For example, select a 1kHz
sine wave, 32 or 64 cycle gate mode and push
the GATE START BUTTON once at each reel
revolution, (Use MOMENTARY and SINGLE)

The tape is played back with the RECEIVER
FUNCTION switch in WIDE BAND, a 60dB windaw
selected and a slow sweep speed selected. The
tone bursts should register as ™ull scale! steps
in the plot, The print through will be lower steps
displaced firom the larger ones but at the same
rate and in phase, Other random steps are noise,
erasure ete. and not print through. The distance
hetween the tops of the two steps in dB is the
print through.
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4.0 MODIFICATIONS AND CUSTOM NETWORKS

4,1,3 Invalid Display Mode

This section describes certain custom maodifica-
tions that may be performed inside the 4400A and
the construction details for weighting networks
used on the meter amplitude measuring circuit,

4.1 Internal Modifications

The 4400A Sudio Test Set can be modified to
meet particular requirements or suit personal
preferences., Standard modifications include:

1. Pause duration during CONTINUOUS sweep,
AVERAGE or PEAK detection characteristics
oh amplitude meter.

Invalid display mode,

. Oscilloscope outputs,

FAST speed during BASE LINE SENSE,
Marker height selection,

Filter input configuration.

Rear panel plotter output,

. Display shift and magnify mode,

o
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Beiore any modifications are made the reader
should read the HANDLING PROCEDURES
warnings in section 6 and be familiar with good
practice in soldering, etc, Amber will not
uphold warrenty claims on damages due to poor
handling.

4.1,1 Pause Duration During Contihuous Sweep

When in the CONTINUOUS sweep mode a short
pause is generated between sweeps to allow the
ascillator time to settle to 20Hz after switching
from 20kHz. This pause can be 1,2 or 4 seconds
in duration, The selection is done on the
genarator board by connecting two pads with a
jurmper wire,

PAUSE DURATION CONNECT PADS

1 second Aand D
2 seconds Aand C
4 seconds Aand B

4,1.2 Average/Peak Destector

The meter board has three types of AC to DG
converters used for amplitude measurements,
An RMS to DC converter is normally used, A
PEAK or AVERAGE responding detector may
also be selected, The determination of PEAK
or AVERAGE {s made on the meter board by
joining two pads located between U311 and U313.
The pad oh the left is connected to either PK
for PEAK or AVG for AVERAGE, Of course,
the calibration described in section 6 should
be followed,

When the signal amplitude being measured is
outside the measurement range of the meter
circuit the digital display will normally flash
and the HI or LO leds will indicate if the signal
is above or below the capability of the meter,
The status of the display during this condition
can be set to flash at one of 3 rates, remain on
or completely blank by conhecting two pads
near U31 on the meter board,

DISPLAY MODE CONNECT PADS
Mo Change (ON) A and VvV
Total Blank A and W
Flash § Hz A and X
Flash 2 H=z A and Y
Flash 1 H=z A and Z

4.1.4 Oscilloscope Cutputs

The three OSCILLOSCOPE SELECT push
buttons are configured so that when all three

are out other signals can be routed to VERTICAL
and TRIGGER output connectors. The choice

is made on J10 located near the push button
group. By connecting suitable pins of a 14 PIN
header that can plug into J10 several signals can
be selected, Pins 1 through 7 have the signals
while pins 8 through 14 have the VERTICAL

and TRIGGER connectors when all three buttons

are released,

J10 PIN ASSIGNMENTS

PIN NUMBER

SIGNAL

Plotter DG Input

SWEEP

Rimac Clock

Preamp B Out

Filter Qut

Preamp A Qut

Trigger 250 Hz

Vertical BNC

Qlo|~N O] I j—

Trigger BNC

10

Vertical BNG

Trigger BNC

12

Vertical BNC

13

Trigger BNC

14

Vertical BNC

4.1.56 Base Line Sense Speed

When the BASE LINE SENSE button is pushed
the sweep will switch to a faster speed when
the plot is on the base line, that is when data

is outside the window selected. This faster
speed is normally eight times the normal speed,
The instrument can, however, be modified to
change the fast multiple to 2,4,8, 16 or 32,




The FAST speed is set by a loop joining two points
on the RECEIVER BOARD (lowest board)., Thereo
are 10 solder holes located between U23 and U24,
A loop is connected between any of the four
terminals labeled F and one of A,B,G, D or E,

C is the normal 8x connection. The following
table shows the connections for various speeds,

Fast Speed Connections to be Joined
2% F and A
A Fand B
B8x Fand C
16x F and D
gox ] Fand &

when changing loops use caution to prevent
damage to the circuit board,

4.1,6 Marker Height Selection

The swept sine wave marker cause a sharp
negative spike to be added to the trace, The
height of this spike may be varied with loops
on the RECEIVER BOARD,

Marker height is set by a loop between G and
either A,B,C,D, or E. These terminals are
located between U23 and U24, (some of the
terminals are shared with base line sense.)

The instrument is normally set with G and B
cennected, Other connections will give variations
to the height of the spike,

Marker Size Connect Pads
1/2 Full Scale G and A
1/4 Full Scale G and B
1/8 Full Scale Gand C
1/16 Full Scale G ard D
1,/32 Full Scale Gand E

4,1,7 Filter Input Configuration

Some applications in acoustic testing require
band limited pink noise as the source, In this
case the filter of the receiver is moved to the
generator path by connecting it between SOURQE
and EXT IN, The preamp is set to the DUAL
CHANNEL mode and the PLOTTER INPUT select
switch is set to INPUT B, INPUT A and FILTER
OUT are the input and output respectively of the
filter, These are connected to SOURCE and
EXT IN on the generator., INPUT B is now the
wide band input to the plotter.

Although this signal routing is correct the levels
are not ideal and the INPUT A and INPUT B
levels must be the same.

There is a way to internally connect the SOURCE
signal directly to the FILTER input, This frees
the preamp for {ts normal function and allows
the INPUT RANGE push button group to be set

to whatever is convenient to the INPUT B signal,
It also establishes the signal level through the
filter to an optimum level,

An internal CMOS switch can be set to transfer
the direct filter input from its normal preamp A
output to SOURCE cut, FILTER OUT is conhected
to EXXT IN and onhe of the filter modes is selected
on the RECEIVER FUNCTION switch, The

plotter input is set to INPUT B,

To permit this path install a jumper between
pads H and I on the receiver board. This
connects the SOURCE signal to the switch., To
transfer the filter input to SOURCE put a DC
levet of +7V to 10V on pad L, This will operate
the CMOS switch, It may be desirable to install
a miniature toggle switch to activate this CMOS
switch,

The SOURCE signal is routed via the HI jumper
to reduce crosstalk, Ewven with the CMOS
switch in the normal (INPUT A) mode some of
the SOURCE signal would leak into the filter
input, With the path between H and I broken the
source of crosstalk is removed,
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4.1,8 Rehr Panel Plotter Output

Pin 23 on J1 located on the rear panel may receive
one of two signals: the DC level going into the

A to D converter at the input to the plotter or the
PG ovutput coming out of the D to A conventer gt
the output of the plotter. In the former case a

DC voltage of 0 to +10V DC represents a 60dB
input amplitude. 0O is the lowest signal amplitude
while +10V is the highest. The DG voltage is
linear in dB i,e. +5V is 80dB down, 8,3V is

10dB down, etc, In the case of memory data
output mid scale (center reference line is OV,

the top reference line is approximately +3.5V

and the lower reference tine is ~3,6V, SWITCHES SHOWN ON

The input OR the output DC may be selected by
operating ohe of two positions on a 5 position
miniature racker switch,

Function Dasired Set Switch QOn
Platter DG Input 1—MA
Ptotter Data Output 2N !

4,1,9 Display Shift and Magnify

The TRACE SHIFT rotary control in the
DISPLAY group can actually produce any of
three possible effects, Operation is initiated
by pulling the knob and shifting by rotating
the knob, (see page 2-186)

The choice of which of the three modes of
operation will be available is determined by
three of the five position of tha rocker switch
on the receiver board,

Function Desired Set Switches On

DATA and Reference 4=P, 5-Q
tines of PLOT 8/0
to shift when SHIFT
control operated,

DATA only of PLOT 3-0, 4-P, 5-0Q
B/D to shift when
SHIFT control
oparated,

DATA only of PLOT 3-0
B/D to both shift and
magnify x5 when
SHIFT control
operated

4-3



Amplitude Measurement Weighting Network,

Arnplitude measurements are often made using

some form of weighting., This may be to canform

te some standard practice using a standard
weighting curve, for example noise measure-—
ments using an "A" weighting curve or to
measure a particular signal in the presence of
another signal or noise,

The amplitude measuring circuit of the 4400 can
accept several weighting networks to provide

weighted amplitude measurements, An accessory
16 pin dual in line socket is provided on the meter

board to accept standard 16 pin headers with
rosistors and capacitors, A dedicated high

quality operationatl amplifier is used in conjunction

with these passive components to form precision
filter networks which may be inserted in the
measurement path by pushing the WGHT push
button on the instrument,

Specific applications will dictate the use of
particular types of filters, For example, to
raject hum components a high pass filter with a
cut off frequency of around 400 Hz ymay be
required, Or to measure ambient noise in a
noisy environment the standard "A" curve may
be required,

Several types of stardard filters are described
here along with details of how to determine

comgponent values to provide specific parameters,

In addition to the networks presented here
several others may be derived using classic
filter design technique and implemented in a
similap fashion. The configuration of the
accessory socket, dedicated op amp and
terminations provide near ideal filter conditions:
low source impadance, extremely high op amp
input impedance and wide op amp bandwidth,

For best results resistors should be 1/4 watt
metal film with 1% tolerance, capacitors shoutd
be cepamic plastic film or mica with £10% or
better tolerance,

3rd Opder Butterworth HIGH PASS and LLOW
PASS filter networks.

Three pole filters may be realized by using
three rasistors and three capacitors as shown
in the instructions, The component location
determines the filter character while it
values the -3d8 point,

Capacitor values should lie between 200 pf and
0.5 uf while resistor values should be between
1K and 400KG., Values for several frequencies
are shown, Comgponent values for other
frequencies can be found by interpolation or
extrapolation or using the 1Hz values and the
fotlowing procedure:

LOW PASS

Divide the capacitor values shown by the desired
-3 dB frequency (fc). If the resulting capacitor
values are too small multiply each by a constant
and devide the 10KQ resistor value by the same
constant, If the capacitor values are too large
divide each by a constant and multiply the

10KQ) resistor value by the same constant,

HIGH PASS

Divide the resistor values shown by the desired
-3dB frequency (fc), If the resulting resistor
values are too small multiply each by a constant
and divide the 0.01 uf capacitor value by the
same constant, If the resistor values are too
large divide each by a constant and multipty the
1015} resistor value by the same constant,

Example:

Suppose we want a B0Hz high pass filter:
C{=Co=Cz=10.01 uf

Rq=11.43 Mg + 60 = 190,5KQ
Ro=78.68M1 =+ 60 =1,310 MQ2

R =4,49 MQ + 60 =74,.83 K2

Ry is over 1M and should be scaled to about

20% of this value. Choosing a standard value
capacitor of 0.047 uf or 4,7 times the previous
value we divide all resistors by 4.7 to arrive
at the final values:

Cy=GCp=Cg= 0.047 uf

R{= 190.5KQ + 4,7 = 40,5 Kq
Ro=1.310 Ma + 4,7 = 279 KQ

R

11

74.83 K@ + 4,7 = 15,9 KQ
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3 POLE HIGH PASS FILTER (BUTTERWORTH)

[$)

T

@)

O

1

R Jce R3IC3 Re

9

[

COMPONENT VALUES FOR HIGH FPASS FILTER

Fc R1 R2 RG C1=02:CS
20 Hz 26,1 K 178 K82 10.2 Kg 0,22 uf
30 Hé 17,4 KQ 118 K@ 6.81 K 0.22 uf
50 Hz 48.7 KQ 332 K 19,1 K 0,047 uf
100 Hz 24,3 K 169 KR 9,53 K 0.047 uf
400 l.ﬁz 28,7 K 196 K02 1.3 K 0,01 uf
1kHz 22,6 K2 168 KQ 8,87 KQ 0.005 uf
10kHz 24.3 K 169 KQ 9.53 KQ 470 pf
1 Hz 11,43 M2 78.63 MQ 4,49 M2 0.01 uf
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3 .POLE LOW PASS FILTER (BUTTERWORTH)

4
6

O
I

1
RI o

1311]
Re Jea gRafca :

COMPONENT VALUES FOR LOW PASS FILTER

Fe Gy Co Gy R{=Ro= Ry
100 Hz Q.047 uf 0.0068 uf 0.12 uf 47,5 Ko
ikHz | 0.022 uf 3300 pf 0.056 uf 10.0 K
10kHz 2200 pf 330 pf 5600 pf 10.0 Kq
20kHz 2500 bf lsz‘so pf 5600 pf 4,99 KQ
30kHz 2200 pf 330 pf 5600 pf 3.82 K
50kHz 2900 pf 330 pf 5600 pf 2,00 Ko
100kHz 2200 pf 330 pf 5600 pf 1,00 Ko
1 Hz 22.15' uf 3,221 uf E6. 44 uf 10 K
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2 POLE "TWIN TEE" BAND REJEéT FIL-TER

R
NN
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e :
.
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2R 2R
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! 2 C . *Adjust to tune Fc +10%

i

--- =30 TO
~50 dB

2R
l

> o &9V

i S L]
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l l'('j_j) | | a8

COMPONENT VALUES FOR BAND REJECT FILTER

—r

Fe R 2R C ec
60 Hz 26,7 KQ 53,6 K 0.05 uf 0,1 uf
120 Hz 13,3 K@ 26,7 KQ 3,05 uf 0,1 uf
400 Hz 20.0 K 39,2 Ko 0,01 uf 0,02 uf
TkHz 15,8 K@ 31.6 K@ 0.005 uf ¢,01 uf
10kHz 2,438 K@ 4,87 Ko 3300 pf 6800 pf




SINGLE POLE PAIR BANDPASS FILTER

6 dB /OCTAVE

R

For Gain at Fo = -1 R.= 2R

Filter Q =

i
Foc =

i

Example: For Q@ =10
Fc RBC Fe = 1kH=

O

C=0.1pf

' - Ry = 10KQ

Ry+ Ry .
5 Rp = 5308

2R{% C2R, R, = 20017
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"AN WEIGHTING NETWORK
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20 80 320 1280 5K 20K

YA Weighting Network Frequency Response
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4400A REAR PANEL CONNECTOR DESIGNATIONS

Ja J1

REAR PANEL VIEWED FROM REAR

OHOOO
®EE

OO0
06

25-PIN FEMALE CONNECTOR VIEWED
FROM MATING SIDE, (AS SEEN ON

REAR PANEL OF 44004)

Two 26-Pin D-Type connectors are provided on
the rear panel to interface to various Amber
accessories, Various logic outputs and

command inputs are available as well as
unregulated power, The tables show the functions
of these connectors,

The first column of numbers refers to the actual
numbers on the connectors. (Either on the rear
panel or a mating connector). The second
column of numbers refers to the equilivent
number of the flat cable internal to the 44004,
These numbers appear on all schematics in this
manual and other documentation,

As the D-Type connector and the flat cable
system ewvolved from different segments of the
industry their numbering sequence does not
correspord,

Note that these rear panel connectors are

intended for use with Amber accessories only,
They should not be considered general purpose
control inputs and ocutput as they are neither
buffered nor protected. Incorrect voltage or
current levels could permantly damage internal
circuitry on the 4400A and such damage will not
be covered under warranty. The tables shown
here are a guide only and should not be considered
as definitive use instructions,
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J1 PIN ASSIGNMENTS ACCESSORY CONNECTOR
I Flat Cable
Designations | Designations Function Voltage Level/ Operation
1 25 SWEEP SWEEP = ~7V STOP = +7V
2 23 Flotter DC or Memory Data Cut DC =0 to +10V; DATA = 14V
3 21 XY Mode ON/SET PULL TO 45V to Set; +5V = XY Mode
4 i9 SWEEP Up Start Pull To =7V To Start; +7V Normal
5 17 1,024 MHz Master Clock 0 to +10V Clock
6 15 RIMAC Bit 8 MSB Low = =7V; High = +7V
7 13 RIMAC Bit 6 Low = -7V:; High = +7V
8 11 RIMAC Bit 4 Low = =7V; High = +7V
9 9 RIMAGC Bit 2 Low = =7V; High = +7V
i 7 +10V Regulated +10V for reference
11 5 GROUND
12 3 ~-18V Unregulated Current Drain  40MA
13 1 =9V Unregulated Current Drain  40MA
14 24 *Plotter Logic In/Out Low = 0V; High = +5V
15 22 *MEMORY Enter Select Low = OV = B/D ; High = 16V = A/C
16 20 62.5Hz Clock Low freq Sync L.ow = O0V; High = +5V
17 18 *Variable RIMAC Clock Low = -7V; High = +7V
18 16 RIMAC Bit 7 Low = =7V; High = +7V
19 14 RIMAC Bit 5 Low = =7V, High = +7V
20 12 RIMAC Bit 3 Low = -7V} High = +7V
21 10 RIMAC Bit 1 LSB Low = -7V, High =+7V
22 8 Externat GATE High = Nor = +7; Pull to =7V for On
23 5] GROUND
24 4 +18V Unrequlated Current Drain  40MA
25 2 +8V Unregulated Current Drain  40MA
26 Not Used B
* High impedance line (10KQ); May be forced to new value,
J3 PIN ASSIGNMENTS DIGITAL DISPLAY
J3 Flat Cable
Designations| Designations Function Cperation
i o5 U47 SCAN OSC 500Hz 1 /4 Duty
2 23 DECIMAL POINT H =+10V At Digit Strobe for D, P,
3 21 BCD PRESET BIT B H =+10V at digit Strobe to pre-set
4 19 EXTERNAL DEVICE ENARI.E +10V when external selected
5 17 LOAD COUNTER H = +10V to Load pre—-set
6 15 BCD PRESET BIT A H = +10V at Digit Strobes to pre-set
7 i3 COUNT H = +10V to increment/decremant
8 11 STORE H = +10V = Display Hold; L=0V=update
9 g LEADING ZERO BLANKING L = oV For Blanking
10 7 DIGIT 6 STROBE H = +10V During digit 6 Strobe
11 5 +10VvV REGULATED +10V Reference
12 3 8CD QUTPUT BIT B H = +10V at Digit Strobe
13 1 BCD QUTPUT BIT D H = +10V At Digit Strobe
14 24 BCD PRESET BIT C H = +10V At Digit Strobe to pre-set
15 22 BCD PRESET BIT D H = +10V Digit Strobe to pre-set
16 20 COUNT INHIBIT H = +10V = Count Input Inhibited
17 18 CLEAR H = +10V = Reset all digits to zero
18 16 uprP/DOWN H= +10V to increment; L=0V to decrea,
19 14 SET H = +10V = Nor; L=0V = forced to MSD
20 12 MINUS SIGN Ov=07f; +H10V VIA 1820 = On
21 10 ZERO COUNT H = +10V when all digits = 0
22 8 PLUS SIGN H = +10V = Nor;, L=0V=0n
23 9] CROUND
24 4 BCD QUTPUT BIT A H= +i0V At Digit Strobe
25 2 BCD QUTPUT BIT C H = +10V At Digit Strobe
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5 THEORY OF OPERATION

5,0 Introduction

This section is a detailed description of the
operation of the various circuits used in the
4400A Multipurpose Audio Test Set, Reference
is made throughout the text to the schematics
contained in section 8 of this manual, In
addition, there are useful tables and ather
information contained in section 6 - Maintenance,
Reference should also be made to Section 4 -
Modifications,

5.1 Systern Interconnection

The 4400A Mainframe consists of a cabinet
assembly which includes a rear panel and front
panel ,

The rear panel includes the power transformer,
AC pawer connector and two multi-contact
accessory connectors, The front panel contains
a 10 station push button switch assembly and
attached harness and 9 BNC connectors with
attached harness.

The AC power connector incorporates an
international standard power receptacle, a fuse
and a facility for selecting any of four wvoltage
taps on the transformer primary., The
configuration is such as to afford maximum
safely, Neither the fuse nor the voltage taps
can be changed without first unplugging the
AC power cord and the voltage tap cannct be
changed without first removing the fuse. The
table below shows the proper fuse and voltage
selection for various line voltages.

The power connector also incorporates an LG
RFI filter to reduce the possibility of RF signal
being introduced into the instrurment by way of
the power cord,

The power transformer provides multiple,
taped primaries to accomodate the various

line voltages. It contains two tapped
secondaries. Cne of these secondaries supplies
the raw power to the bulk of the instrument,
The second secondary supplies the power to the
output amplifier onty., This permits the output
amplifier to be completely floated with respect
to the instrument itself, An electrostatic -
shield is provided between each secondary and
between the secorndary and the primary.

The construction of the transformer affoils
minimum interference, It uses a "C" core
winding.technique and is located in a metal

enclosure to minimize radiation,

The BNC connectors are insulated from the
front panel to prevent system ground loops,
The connector ground and center conductor

is fed via a shielded cable to a miniature
cohnhector at the signal location on the circuit

board itself,

VOLTAGE AND FUSE SELECTION
Input Voltage Max | 105| 126 | 231 | 252
(48 to 440 H=z) Min 80| 108 | 198 | 216
Voltage Selection 100| 120 | 220 | 240
Fuse Selection 500 250 mA

Operating valtage is shown in
VS&F Connector window,




5,2 FRONT END and LINEAR RAMP
GENERATOR

5.2,1 Front End or Preamp

The input to the receive portion of the 4400 consists

of a switched gain differential /dual channel
amplifier. This circuit is realized using five
operational amplifiers Uili, U112 U213,U313
and U314, The configuration provides a differen~
tial or dual channel input, three switch selected
gains, constant input impedance , wide bandwidth
and low noise,

The gain of the front end is changed by selectively
changing the gain of each amplifier to provide

the best dynamic range and lowest noise flgor,
The gain is changed by switching the feedback
resistors using CMOS switches,

Ul1t and Ut 12 are used in the inverting mode,

In the DIFFERENTIAL mode their respective
outputs are connected to the differential inputs

of U213 which in turn is connected to the inverting
input of U314, Thus the output of U314 (PREAMP
"AN OUT) is the difference of the signals presented
to INPUT A and INPUT B,

In the DUAL CHANNEL mode the respective
outputs of UT12 and U111 are connected to the
inverting inputs of U314 and U313, Thus the
outputs of U314 and U313 are signals correspond-
ing to INPUT A and INPUT B. In the center
position of the toggle switch, U218 configured as
a unity gain inverting buffer, is inserted between
Ut12 output and U314 input, This gives a 180°
phase inversion to the PREAMP "A™ OUT signal.

The input signal is coupled via two 20KQ resistors
ard capacitors to the inverting inputs of the input
op amps. The input capacitors (like coupling
capacitors used elsewhere in the instrument) are
polarized tantalum capacitors connected back teo
back to behave similar to a non-polar capacitor,
Their value is chosen to preserve the low
frequency response of the instrument,

The front end can be set to give one of three
gains: -17dB , +13dB and +43d8. The first
stage (U112 U1i1) can be set to ~17dB or +13dB
gain while the second stages (U314, U313) can
be set to 0dB or +30d8 gain.

The large input woltage swings possible (+30dBm
= approx 135V) require that the first stage operate
in the loss mode when the instrument is set to the
+30dBm to -30dBm range. This ensures that the
voltage swing at the output of ths first stage will
be within the capabilities of the op amps., This
loss is set up by considering the input resistance
of 20k and a feedback resistance of g0,9Kq in
parallel with approximately 2,2KQ, This gives

a ratio of approximately 0. 14 or —17dB,

The mid range (0 to -60dBm) requires a gain of
+13dB, This is set by an input resistance of
20K and a feedback resistance of 80,9KQ giving
a ratio of approximately 4,5 or +13dB.

- The low range (-30dBm to -80dBm) requires a

gain of +43dB, This is set by a gain of +13dB
in the first stage and +30dB in the second stage,
The second stage input resistance is 4,99KQ
with a feedback resistance of 158k giving a
ratio of approximately 31,6 or +30d8,

The four CMOS switches are all configured to
operate at ground or virtual ground to minimize
distortion and maximize wvoltage swing capability,

Capacitors C22,C21,020,C37,048,049,C41,C46,
C47 and C40 neutralize the stray input capacit-
ances of the op amps and ensure stable operation,
Their values have been chosen to prevent high
frequency oscillation while preserving a wide
bandwidth,

5,2,2 Qverload Detector

U49 is a level comparator that senses an excessive
signal on either U314 or U313 output, Pin 2 has
a reference voltage of 2,5V derived by the voltage
divider R1028 and R104 and the +158V rail, R107,
CR62 and R106, CR61 rectify the signals at

Uz14 pin 6 and U313 pin 6 respectively and
prasent the higher of these across R106 and

pin 3 of W49, C69 provides some filtaring and
"peak holding", Whnen the analog signal exceeds
the preset valua U49 changes state, pin 3 goes
high turning on @16 and lighting the LED,

5.2.8 Linear Ramp Generator

This circuit generates a repetitive (600Hz) linear
reference ramp for use with the A to D comparator
of the digital plot recorder (schematic 7 location
A=3), The start and stop points of the ramp are
determined by the buttons activated in the
WINDOW SELECT push button group, This pamp’
has a maximum amplitude of +10.0V DC to

0 WV DC (60dB window) and a minimum amplitude
of .67 V DC within this 10V range,

To generate the linear ramp, a capacitor is
rapidly charged to a specific reference woltage
(ramp start voltage) and discharged into a
precision current sink. The choice of plotting
window determineas the ramp start volitage and
discharge current,
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The precision +10.00 V DC reference voltage
generated oh the meter board is inverted to
=10.00V DC by U776, a unity gain inverting buffer.
This ~10, 00 Volts is placed across the series
voltage divider compased of R177 thru R182. This
forms voltage levels at specific junctions of =10, 00,
-8.83, 6,67, -5.00, -3,83 and 1,67 V DC, One
of these values is selected by the WINDOW SELECT
group to appear at the left end of R145 and cause a
particular curre~t to flow into pin 2 of U3, RVS,
a trim adjustment can add to or subtract from

this current as can RV19, if S6 is closed, This
preduces a net voltage at U83 pin 6 with nominal
values of +10.00V, +8,33V, +6,67V, +5.00V,

+3.33 or +1.67V all  any correction afforded by
RVE and/or RV19,

500Hz from the counters in the DIGITAL PLOT
RECORDER (schermatic 7) switches @17 at a
500Hz rate causing contacts 3 and 4 of U73, a
CMOS switch to open and close at a 500Hz rate,
When closed they rapidly charge C92, a precision
stable capacitor to the ramp start voltage., When
they open, they allow C92 to discharge into Q19
and the particular combination of R193 thru R198
selected. The action of @19, US4 and its
surrounding circuitry causes C92 to discharge
with a constant current, which generates a linear
slope,

The WINDOW SELECT push button group S7
through S13 select one of 21 possible plotting
windows, Two of the seven buttons are pushed
to select the window which in turn sets the

ramp slope and start points, The highest button
pushed in the group, by chain connection of the
switches, determines the ramp start voltage and
hence the window ceiling value, The spacing
between the two push buttons selected determines
the value of the discharge resistance and thus the
discharge current, This sets the ramp slope
ard therefore the ramp final value or window
floor, The six TMQ resistors and interconnected
switch contacts select various parallel
combinations of resistors, For example, suppose
the 0 to =80 dBm range is selected, If the =10
and -20 dBm buttons were pushed, S8 and 59, &
single 1MQ resistor would be selected causing

a low discharge current and 1,67V overall ramp
amplitude starting at 8.33V and falling to 6.67V
If, on the other hand, =20 and =40 were pushed,
59 and S11, resulting in a 20d8 window, two
1MQ resistors would be setected in paraliel
giving a discharge resistance of 500KQ, This
would generate an overall ramp amplitude of
3.33V and the 59 button would start the ramp

at 6,67V which would mean it would finish at
3.33V. If 0 and ~60 were selected, all 1MQ
resistors would be put in parallel for a net

value of 167K, a ramp amplitude of 10V and a
start point of +10,00V and end point of 0,00V,
Other combinations will follow a similar pattern,
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FIG 5.2, 1 FRONT END SIMPLIFIED SCHEMATIC

TABLE 6,2,1 FRONT END GAIN
INPUT RANGE SELECTED | +30 -30 0 -60 -30 ~80
U1, Uitl GAIN -7 d8 +i3d8 +18 dB
Usi4, Usis GAIN 0 o _tsods |
FRONT END OVERALL GAIN|  -17d8 _ #wds +43 dB
RANGE GODE ESB @2-28) | L=-7v | L=-7v H =+1ov
RANGE CODE MSH (J2-21) =7V  H=+lov L =7V
U214 CMOS 10to 11 1 to 2
SWITCH GONNECTIONS - .
CLOSED Bto9; 4to5 Bto9; 4tos
U214 12,13 H =47V = -7V ' L= =7V
CONTROL PINS| &, 6 H=+7Vv H =47V L= -7V




5.3 DIGITALLY PROGRAMMED FILLTER

Uriz, Uss and U710 form a STATE VARIABLE
filter which may be set to operate in the BAND
PASS, BAND REJECT, HIGH PASS or LOW
PASS mode by the RECEIVER FUNCTION switch
S21,

ugs and U710 (B-6 & B-2) are the two integrators
of the state variable network, and U712 the
difference amplifier, Front panel control S22
(20Hz -20kHz/100Hz — 100kHz) selects either a
820 pf feedback capacitor for each integrator

or 820 +3300 = 4120 pf, to produce the appropriate
frequency ranges,

The effective input resistor value of each integrator
is controlled either by front-panel potentiometers
(one dual-ganged pot for coarse, one for fine)

or in the SWEEP mode by digitally programmed
attenuators controlled by the RIMAGC code.

Since an integrator presents a virtual ground to
the "low" end of the input resistor, the effective
value of that resistance can be controlled either
by varying the resistor value itself or by dividing
the voltage applied to the high end, Either method
varies the current flowing inte the integrator input
junction, Both methods are employed, in both the
manual tune and swept tune modes,

Manual control is achieved by ganged potentio-
meters RV2T1, RV22 (fine) and RV24,RV23 (coarse),
CMOS switches U86/6 and U87 /6 are closed for
manual tuning,

For digitally programmed control, six bits of the
, RIMAC code control the dual 4—input multiplexers
Us11 and Us12, Us13. The two halves of each
multiplexer are in the corresponding locations

of the input circuits of the two integrators, and
are switched in parallel ("ganged") by the two

bit code control applied to pins 9 and 10, The
switches select the tapping points of the three
voltage dividers in each input circuit, The two
MSB commands control switch U514 to select one of
four series resistors for each integrator, To
cover a range of 20Hz to 20kHz (or 100Hz to
100kHz) reguires the effective resistance to vary
by a factor of 1000 or 60dB , in logarithmically
spaced steps, ie constant dB per step.

To do this, the two MSB's of the RIMAC code
control U514 to change the input resistance in
156d8 steps; the next two bits switch Us13 to divide
the signal voltage in 16 + 4 = 3,75dB steps; the
next two bits control switch U512 to divide in

3.75 + 4 = 0,9375dB steps; and the two LSB's
switch steps of 0,9375 + 4 =0,234dB, Each
divider output is buffered by a unity-gain LM310
follower to drive the top of the succeeding divider,

In the sweep mode  the manually contraélled

input circuits are disabled by opening switches
Us7/6 and UB6/6 and the INHIBIT line (pin 6)

of U514 is held low to enable that switch. CR15
thru CR28 and R52 thru R56 and R109 freeze
Usti, Us12 and U513 in their minimum attenuation
mode during manual operation. The six LM310
voltage followers are left in the loop during
manual operation so the filter will behave the
same as in the swept mode. These followers

add some phase shift and the high freguency
characteristics of the filter would change if they
were excluded from the circuit, However, in the
manual mode the RIMAG may be cycling for othar
circuit requirements arnd must be inhibited from
changing the state of the attenuators., The
specified dicdes and resistors accomplish this,

R245 and RV20 form the shunt element of internal
feedback in the filter and determine the @ or
quality factor of the filter, Variable resistor
RV20 allows the Q or percentage bandwidth to
take values from approximately 70% of center
frequency to as low as 2% of center frequency,

2% bandwidth is equivalent to a @ of 50,

CRE3 and CR8&4 form a simple AGC network to
limit the positive feedback in FILTER QOSCILLATE
modes and keep the distortion low and thus indicate
accurate center frequency,

Variable capacitor CV1 provides high frequency
compensation to nutl out stray capacitances and
resulting phase shifts at high frequencies, Absence
of this capacitor would cause "Q" enhancement,
center frequency shift, filter shape factor
distortion and eventual oscillation as the center
frequency was increased,

U89 is a CMOS switch used to change the
configuration of the filter and cause osciliation,
In the normal (Filter) mode the positive feedback
path R241, R240, CR63 arnd CR54 is disconhected
and the output resistor R239 is grounded., Also
"Q" feedback is via R243 and R242 to the non
inverting input of U712 with R245, RV20 and Ras2
forming a variable shunt to adjust the amount of
feedback and hence the @, The source signal is
coupled to the filter input via U713 12-5 also to the
non inverting input of U712,

In the FILTER OSCILLATE mede, the input signal
is disconnected by UB9/14 changinhg from pin 12 to
pin 13, a fixed Q feedback is established by R260
and R244 and positive feedback via R241 and R240
is provided from U88 output to U712 inverting input.
CRB3 and CR54 provide a limiting or AGC function,
Signal output is taken from U88 pin 6 via R239

and coupled inte the summing bus of U810,




Us?7 /12 connects a COMB signal from the
GENERATOR section to be mixed with the input
signal when the MARKER is selected, The
amplitude is set by RVi8,

Us9/9 can change the filter input from PREAMP
A QUTPUT to generator SOURGCE, If option
pads H and I are connected and pad L is pulled
to +7V, U85/2 will effect this change.,

5.3.1 Post Filter Gain

Amplifier U810 (A-4 on the schematic) serves a
variety of purposes. Using CMOS switch UBB
ard U87 it selects appropriate outputs from the
three stage filter, In the Band Reject mode the
High Pass and Low FPass modes must be surmmed
together. As UBO is operating in the inverting
mode it easily becomes a summing amplifier,

Feedback resistor R233 is normally [n parallel
with R229 giving an effective feedback resistance
of 10Kg, In conjunction with the 10k input
 resistors this sets UB10 to unity gain, When

POST FILTER GAIN is selected (and available)
U86 pins 10 and 11 open glving a feedback
resistance of 316k, This provides a gain of
+30d8,

Cit4 ard R232 are compensation components to
ensure high frequency stability. C61 and Ci116
also preserve high frequency stability,

The signal at the output of UB10 (FILTER OUT)
is coupled via R236 and CR51 to Ra235, G119

and the non inverting input of U811, This forms
a half wave rectifier and produces a DC vottage
across C119 representative of the average value
of the AC voltage at FILTER CUT, The negative
input of U811 is connected to a reference voltage
formed by a resistor divider R230,231. When
the AC signal exceeds the capability of U810 the
resulting DC voltage exceeds the reference
voltage and causes U811 to change state, pin' 6
goes high, current flows in R237 saturating Q24
ard lighting the LED CR8&8,
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5.4 FUNCTION SWITCH LOGIC, POWER
REGULATORS, INPUT RANGE SWITCH

5.4.1 Function Switch

The Regeiver FUNGTION switch, S21, in
conjunction with logic formed by U779, UB10,
ust1, Usi2 and diodes CR38 to CR50 converts
the 11 position front panel ratary swikch into
proper commands to sglect filter modes and
receiyer operation.

The switch static logic is powered from 27V {o
generate cormmands of this voltage to drive the
CMQS analog switches, Pull down resistor
network U85 holds gate inputs at -7V except
when the wiper of S21 pulls them to +7V (logic
high),

The first five positions of the switch set up
various operating modes of the State Variable
Filter. The four modes, band pass, band
reject, high pass and low pass are set by
selecting appropriate outputs from the three
primary op amps of the circuit U712, UBS or
U710, Positions 6 thru 11 by pass the filten
and connect various amplitude and phase
measuring ¢ircuits to the plot recorder,

The FILTER OSCILLATE button (510 on the
meter board) sets the filter into an oscillating
mode at its natural frequency to determine what
this center frequency is. To achieve this, a
logic high (+10V) is sent on J2-20 to appropriate
logic gates to disconnect the signal input, apply
positive feedback with AGC stabilization and
remove POST FILTER Gain, if selected,

The MARKER caontrol, RV18 contalns switch
S5 to select markers., Two types of markers
are generated by the 4400A, Swept sine waves
require the digital markers described in section
5.8, The tuned receive or spectrum analysis
mode mixes a portion of the COMB signal
(section 5.12) into the input signal. The
selection of which type of marker to use is
determined by which position the FUNCTION
SWITCH S21 is in, The FUNCTION SWITCH
logic generates the appropriate commands to
the required circuits to generate markers
when regquired,

Q18 operates analog select switch U73/10
(schematic 8 location D-1) to select a DC
voltage reprasentative of the signal amplitude
or a DG voltage representative of the phase
difference to the plotter A to D converter, In
positions 6 thru 9 of S21 this selection is
obvious, In positipns 10 or 11 @18 is driven
by a 260Hz drive from the plotter (schematic 7
location C-~1). This causes the plotter to
alternately convert phase and amplitude at a

250Hz rate, This 280Hz signal is injected via
CR46 when CR40/CR39 is high, In non dual
modes CR49/CR39 is low and the signal at the
anode of CR46 is low allowing CR42/CR43 to
control Q18,

CR41/CR44/CR38 operate Analog Select switch
U9 (schematic 5 locations A-8,D-7,E~5) to
route the appropriate signals to the detectors,
When in positions 7,9 or 11 Q23 is saturated to
disable U886 (schematic 5 locatlion E-2)

5.4,2 Input Range Switching

514,516 and S16 form a mechanically interlocked
push button group that chooses the galn of the
front end and thus the possible range of the input
signal.

In addition to the three possible gains the front
end may assume, an additional +30dB gain may
be switched into the circuit after the Filter., Thus
there are actually 4 possible measurement ranges
and therefore there are 4 led's to indicate the
selected range, The POST FILTER GAIN may
only he used when the filter has been sslected

and logic is included to both select and indicate
the correct range under all conditions, For
example if +30dB POST FILTER GAIN is called
for by pushing S19 but the RECEIVER FUNGTION
switch is in positions 6 thru 11 the gain will
neither he selected nor indicated.

The logic for the led's is as follows: Say the
O to =60dBrm range is selected (S5 pushed)
and POST FILTER GAIN is not selected

(i.e, the filter is set to unity gain) then the O
to -60dBm led will light. If PFG were now
called for and available the led's would down
range to -30dBm to -90dBm.

The anodes of the four Led's are tied together
and via R129 are connected to ground, The
cathode side is connected by a contact on S1i4,
S15 or 516 and Q20 or Q21 to -7V. When PFG
is requested and available Q20 saturates, Q21
opens and the appropriate Led is tit,

The INPUT RANGE SWITCH (S14, Si15 and S18)
operates the control pins of U214 (5,6,12 and 13)
fo select the proper feedback resistors of the
front end and therefore its gain. It also
geherates a two bit range code to program the
metep to include the front end gain in its
computation before displaying a dBm reading.



5,4,3 Power Regulators

U44 is a 3—terminal 5V regulator providing the
power to the digital portion of the Digital Plot
Recorder. [t receives the +9V unregulated from
the meter board and provides a clean, regulatad
+5,0V DC to the logic,

U110 is aduat tracking regulator that generates

a ctean. regulated X168V DC from the £18V
unregulated supply from the meter board, Q5 and
Q8 increase the current capability of U110 and
R21 and R22 provide current limiting to
approximately 200 ma,

R18 through R12 form a voltage divider to generate
+7,.5V DC from the 15V DC to drive the
darlington pairs @Q1,Q2 and Q3,Q4. These
transistors provide a regulated 7V DC from the
+9V unregulated from the meter board, R15

and R20 provide overcurrent protection in the
event of a short on the 17 volt line,




5.5 RMS TO BbC CONVERTERS, AGC
AMPLIFIERS, PHASE COMPARATOR

5,.5,1 RMS to DC Converters

This section contains two RMS to DC converters,
some AC gain stages, some DC gain stages and
ripple filters, All of this {s used to convert the
RMS amplitude of an AC voltage presented to tha
input to a DC voltage with a value between 0 and
+10V DC. It may be configured in two possible
ways: to measure the absolute amplitude of a
single signal or secondly to measure the relative
amplitude difference between two signals. See
page 6-4 for a simplified schematic of these
configurations,

In the case of an absolute amplitude measurement
(dBm ABS) the signal comes in on the upper

left hand corner (E=9) and is connected to UB9
and US10, U69 is a 7dB gain amplifier whose
purpose is to raise the +13dBm to -47dBm input
signal to +20dBm to ~40dBm as required by the
RMS converter, The output of U89 is AC coupled
to UBB, the RMS converter. This monolithic
device contains all of the circuitry to compute the
RMS value of the AC signal and provide a DG
voltage representative of the logarithm of this
RMS value, The output signal at pin 6 is a DG
voltage from +120mV to -80mV. This 180mV
range is representative of the 60dB range of the
input signal with a scale factor of -3mV per dB,
Although the scale factor, and hence the 180mV
range is fixed, the overall offset is a function of
the reference current into pin 5. This current

is set by RV13, a voltage divider from the
precision +10V reference voltage generated on the
meter board, It is set so an input AC level of
0dBm will produce a DC output voltage of OmV,
Thus the maximum input tevel of +20dBm will
produce an autput of -60mY and the minimum
input signal of ~40dBm will produce a DC output
of +120mV, C85 and C104 provide integration

of the signal conversion, The 0.47 uf value
provides a fast response while the 22uf value
provides a slow response or long integration time,

The millivolt output of UB8 is connected via Rv8,
R162, RT1 and R170 to U67 which, with R163 at
36. 5K is configured as a x55 gain amplifier,
This scales the 180mV input range to a 10 volt
cutput range on U7 pin 6, In addition, a
reference voltage via RV10, Ri85, R161 is
summed to provide an offset and shift the bipolar
input to a unipolar output from 0 to +10V DC,

RT1 provides positive temperature coeficient
thermal compensation exactly inverse to the
temperature drift of U683,

The 0 to +10V DC voltage at U7 pin 6 is coupted
to UG5 and associated components. This isa
3=pole bessel filter to remove residule ripple
from the converted DC woltage, The cutoff
frequency of this filter and the integrating
capacitor of US8 are c¢hosen to provide the best
accuracy/settling time compromise, Accurate
RMS conversions of low frequency sighals implies
a long integration time but convenience of use of
the instrument requires a fast response, The
four pole filtering of this cornbination provides
a significant improvement over that of the single
pole integration of UG8 alone,

In the dBrm absclute mode, the signal range is
680dB, The bandwidth of interest is 20Hz to
100kHz. At the extremes of these dimensions,
that is low levels and high frequencies, the RMS
to DC converter can produce substantial errors.
This (s characteristic of all AC to DC converters,
To provide accurate plotting over this range,

the amplitude range is divided into two 30dB
ranges and each 30dB range is seperately
converted, UB8 and associated gain and filter
stages described above operate on the upper -
30dB portion (+20dBm to ~10dBm or +10V to +5V).
A secord conversion chain is used for the lower
3CdB portion. This second chain performs in the
same manner as the upper chain with a couple of
minor variations,

Us10 is a 30dB AC gain stage to raise the input
level to the lower conversion chain by 30dB,

Thus it is able to operate on the lower 30dB levels
as though they were 30dB above their actual

level. For example, an input signal of -17dBm
would appear at UG8 pin 1 as ~10dBm and at U77
pin 1 as +20dBm. The lowest input signat of
-47dBrm would appear as -10dBm at U77 pin 1.

U758 is a Xb5 gain amplifier like U7 but its offset
via RV12,R183, R172 is "30dB" different than
that of U&7, It provides that a +80 mV signal

at U77 pin 6 will generate a +10V DG signal at
U75 pin 6. Thus an input level of —17dBm will
praoduce AC lavels of —10dBm and +20dBm
respectively at UgB and U77 pin 1, These in
turn will produce DG woltages of +90mV and
-B0mMV respectively at UB8 and W77 pin 6 and
+5V at U7 and U75 pin 6, In other

words, with the following exception, the DC out-
put of each converter will be the same for a
given AGC input,

The exception is the errors of the upper converter
at low levels and the saturation or overleoad of

the lower converter at high levels, (Us10 wiltl be
clipped at levels in the upper 30dB range) .
However, the upper converter will be optimally
accurate for the upper 30dB range and the lower
converter optirmally accurate for the lower 304B
range,




UEE is a level detector which senses what part of
the range the signal is in and causes U73/11 to
select the correct converter. Its nominal trigger
point is just below +5V ard hystereslis prevents
chatter at the threshold point, As the signal
level passes fromm the upper 30dB range to the
tower, U8S6 changes state switching U73/11 and
causing the DC output to the plotter corwerter

to be fed from the most accurate RMS to DC
converter., With alt of the gain stages correctly
adjusted the DG voltage at the cutputs of both
bessel filters will be identical at the switch over
point and should cause no noticeable inflection in
the plot. Fig 5.5, 1 shows the various levels in
the circuits,

The second mode of operation is the dB ratio

rmode where the difference of the RMS amplitudes
of two signals is plotted., For this mode, the two
BMS to DC converters operate in a similar
manner. AGC signals presented to the INPUT A

and INPUT B inputs to the preamp appear as

inputs to UB9 and U78 respectively, Note that

the 30dB gain stage, UB10 is not used and US9/0 has
selected PREAMP B output,

In this case the offset to UB7 is via RVi1, R184,
R173 pather than RV1i0, R185, R161, At the
same time the output of U75 is connected to

us7 input via R176, As U75 is an inverting
amplifier, U667 will be summing the DC output
of Us8 with an inveirted output of U777, This
equivalent to taking thedifference between U8
ard U77 or INPUT A and INPUT B, In this case
U74 is not used and the composite difference of
Us7 is filtered by UB5. Also during this mode
U66 is inhibited by the function switch logie,

RV13 and RV14 set the respective reference
current into U8 and U?7 so an input of 0dB will
produce an output of OmV DG, RWV8 and RV9
adjust the respective scale factors of US8 and U77
to produce a 10V DG output range for a 60dB

input range, RV10, RV11 and RVi2 adjust various
offsets to place the 10V cutput in the 0 to +10V DG
range,

5.5.2 AGC Amplifiers

Uzi2, Usiz, @8, Qt2, Q11 and associated
components form an automatic gain control
amplifier, Operation is such that an input with a
range of 60dB will preoduce an output with a range
of only a few 48, U211, U3ll, Q7, Q10, Q13
and assoclated components forim a second identical
circuit, The two circuits recelve the two input
signals via the input preamp or generator meter
send preamp and provide a leveled signal to-the
zero crossing detectors of the phase comparator,
As each circuit is identical, the A circuit only
will be described.

The input signal is coupled to R40, R38, Q8 a
voltage divider. The signal at the junction of
these three components is connected to the non-
inverting input of U312, a 60dB gain amplifier,
The drain-source resistance of @B, in parallel
with R38, is a function of the gate voltage., With
the variation of gate woltage available, the voltage
divider R40, R38, Q8 forms an attenuator with a
range in the order of 45dB. U212 and U312 provide
a combined gain of 74dB, CR72, CR73, Qi2,
Q11, CR14 form a full wave rectifier to convert
the output of U312 to a DC wvoltage., This voltage
is compared to a fixed reference voltage and an
error voltage developed to provide gate drive to
the FET., The circuit attermnps te maintain the
signal amplitude at U312 pin 6 constant by varying
the attenuation provided by Q8,

5,6,3 Phase Comparator

The leveled AC signals provided by the two AGC
amplifiers are connected to twin, dual zero
crossing detectors UBt, Us2, UB1 and 82, As
with the AGC amplifiers each pair is identical.

Us1 and UG2 generate opposite polarity square
waves with positive transitions at precise zero
crossings of the AC signal, Each circuit has
hysteresis to prevent erratic operation near the
zero cross transition. This hysteresis is
configured ta displace the negative transition only,
these transitions are not used in the following
comparators.

Ui and U8B2 operate in an identical manner to
Us1 and U62, Their ocutputs are differentiated by
C74, R130 and C75, R131 into sharp positive
going spikes,

These square waves and differentiated spikes
clock ard reset two D type flip flops U3, This
produces a variable duty cycte rectangular wave

at their Q outputs whose duty cycle ratio is
piroportional to the time between zero crossings

of the two AC signals, In other words, the duty
cycle ratio is proportional to the phase difference
of the two input signals, The flip flops are ’
powered from O and +10V DC giving a rectangular
waveform output with the same amptitude,

U711 and U72 are two 3 pole series connected
bessel low pass filters which take the average
value of the variable duty cycle wave form, They
output a DC voltage between 0 and +10V DC
propartional to the duty cycle of 0 to 100% which
in turn is proportional to a 0 to 360° phase
difference,
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The four zero—crossing detectors and two flip
flops are arranged to provide inverse rectangular
waves using all four zero crossing transitions of
the input signals (positive and negative A and 8),
The resulting waveforms are "summed" by R12i
and R122 into the bessetl filter, llsing all four
transitions improves the accuracy by cancelling
errors and significantly reduces the resulting
ripple and therefore the filter cutoff frequency/
response time of the circuit,

The output of US1, containing zero cross informa-
tion of INPUT A signal, is also used in the swept
sine wave marker generator, R263 couples this
signal to the marker circuit of schematic 6.

The final DC voltage at U72 pin 6 is available at
L73/10 as is the final DC voltage from the RMS
conversion circult, Function switch logic
determines the state of U73/10 and thus the
signal to the analog to digital converter in the
digital plot recorder,

5,5,4 Under Range Detector

u4s (A=7) is a level detector that senses when

the DC voltage at the output of the full wave
rectifiers in the AGC amplifiers have exceeded

a preset valuae, This happens when the input
signal is a very low value, When the DC control
voltage becomes more negative than -7V U48
changes state saturating Q15 and turning on CRBG,
the UNDER led,
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5,6 MARKER GENERATOR

5,6.1 Marker Generator

The Marker Generator circuitkry has three wave—
form inputs, ten switch (select) inputs and a
single output.

Signal Inputs 1. 1.024 MMz clock (J1-17, at D-8)
2, SWEEP command (J1-25, at B-9)
3. INPUT ZERO CROSSING pulses
(at A-9)

Select Lines: (E-4,E-5) ten connections from
comb/marker frequency select
switches on front panet, Contacts
to +7V when buttons are pushed;
lines are pulled down to GND by
the resistors of network U10,
Limiting resistors of network
U4s, U47, U29 allow the 47V "high!
levels to dirive the AND gate inputs
shown, the latter operating from
the +5V supply line,

QCTAVE MARKER OUT goes to
Plotter digital circuitry to provide
a stored marker "pip" on the
display whenever the sweep crosses
an octave fregquency which has been
selected by one of the switches
mentioned above.

Output:

The TIME-QUT COUNTER consists of the half
shown of U17, plus Us58, It is a straight binary
counter, If its reset tine (W17 pin 7, US8 pin 11)
were held inactive (low), U17 pin 6 would exhibit
a frequency of 1,024 MHz «~ 16, or 64 kHz; ard
the pins of US8 would carry frequencies
successively divided by two to the right, Two pins
of the 4040 carrying 32kHz and 16kHz are not
shown; pin 6 would carry 8kHz, pin 5 4kHz, and
s0 on to pin 1 at 16,125 Hz,

In practice the reset line carries pulses which
occur once per cycle 'of the input waveform,at
its positive zero crossing, One-shot U44/6
provides a 2uS ocutput pulse for every positive-
going edge of the ZCD square wave. Each pulse
causes all outputs of U17 and US8 to go to low
levels. Thus, whether a particular output of the
TIME-OUT COUNTER can even undergo a single
transition depends upon the frequency of the input
waveform. For example, as the input frequency
sweeps upwards through 500Hz, US8 pin 12
(which would carry 260Hz if the reset were left
low) goes from a condition of just achieving a
positive transition to one of just failing to do so,
fig., 5.6.1 illustratas this point.

input > i -
Zero ' I"— 500H= 500H=z
Crossing
(Increasing
Frequency) n 1
: Clockede:rh n |
' Reset 1 Reset |
|
Us7 Pin 12 ',
1
. L+ 1/2
aycle of
250 Hz
= 1 oycle of 500 Hz
FIcbs.6.1

The OCTAVE COUNTER U57 is a different type
of counter, namely a "ring" counter, When the
Feseot line (pin 15) is high, or after it has gone
ilow but before a clock pulse (CP) occurs, pin 3
is high., The first CP on pin 14 causes pin 3 to
go low, pin 2 high, The next causes pin 2 to go
low again and pin 4 to go high, and so on from
right to left with each pin staying high for one
clock intervat,

Octave markgr generation proceeds as follows,
When SWEEP goes low (i.e. during sweeping)
the INPUT frequency begins to climb from about
20Hz. (Note that the Octave Marker Generator
works onty for "UP" sweeps), As long as it
remains below 31.25 Hz, there will always be a
positive transition of U8 pin 1 before each new
INPUT ZERO CROSSING pulse. This causes
the current in the resistor between US8 pin 1 and
Us7 pin 3 to drop to zero, Then zero curient
flows in power supply pin (16) of U57, (all other
outputs of US7 are low, so any current from their
resistors flows in the ground pin of U37), This
turns off transistor Q14; it's collector goes low,
so that flip—flop W45/13 is preset (pin 12 goes
tow), This shuts off gate Us4/13 and prevents
the succeeding INPUT ZERO CROSSING pulse
from clocking U87,

On the first ocecasion when the succeeding INPUT
zero crossing pulse wins the race and appears
before USB pin 1 has gone high, it will get through
gate US5/13 and advance the state of Us7 (pin 2
goes high), This happens when the input freguency
passes through 31.26 Hz, US55 pin 13 drives the
non retriggerable one shot U44/10 which provides
the cutput pulse, subject to other inputs to gate
uss/1.

a) US55 pin 21 high if the select button
correspording to the frequency in question
is pushed (see AND-OR logic, using OCTAVE
COUNTER outputs).
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L) Us5 pin 3 Marker Pulse

d)

One-shot U44/10 provides standardized 2uS
pulses for each pulse out of gate U55/13 which
is sufficiently long to trigger U44/10, This
avoids the possiblity that a short "spike"

from the gate could advance the Octave
Counter but fail to propagate threough to
register a marker in the meamory of the digital
plot recorder,

Us5 Pin 4: single-cycle constraint, After the
sweep passes through 16kHz, the OCTAVE
COUNTER will cycle continuously, "searching'
for a higher frequency and causing false
marker pulses to appear at U55 pin 3, The
flip~flop U45 gates these off, U45 pin 1 is
clocked "high" by the leading edge of the
SWEEP waveform, at the start of the sweep,

It is cleared to a low again on the first negative
going transition of US7 pin 11, which is
inverted, and differentiated by C-66 and the
shunt resistor to give a short "pip" on the
reset input of flip-flop U4S/1,

Us5 Pin 5: the "WMARKER ON" switch input,
This pin is high (+5V) when the MARKER
control on the front panel is ON,
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5,7 DIGITAL PLOT RECORDER

Before detailing circuit functions of this section,
a little review is in order, c)

The display on the user's oscilloscope screen
consists of a plot of some quantity (dBm level,
dB ratio, or phase difference) versus frequency.
The selected memory in the 4400A is slowly
filled with the incoming data, the "read-in
memory address" changing with the frequency
at which the quantity in question is being
measured, To generate the display, the contents
of the memory are rapidly and repetitively read
out (non—-destructively, i,e, without changing
those contents), converted to analog form, and
applied to the scope vertical axis as the scope
sweeps horizontally in the normal fashion,

Thus there is a correspordence:;

b))
Frequency At Which Data

Point is Measured for Read

Memory Address
(Read-in or Read-out)

Horizontal Position
On Oscilloscope Screen

There follows a breakdown of the circultry by
"functional blocks", after which a sequential
description is given,

5,7.1 Functional Blocks

The digital circuitry of the Digital Plot Recorder
can be subdivided, for purposes of understanding
its operation, into six functions:

a) Scan Counter (U15,U14; E~7, E-8 of schematic)
This binary counter runs constantly, clocked e)
by the 1,024 MHz input to U156 pin 2, It
provides timing services to the other blocks,
and the "scan" address count which sequences
data out of the memory for the display,

B) Cursor Comparator (U11,U12; E-4, E-5
of schematic)

This compares the scan—count address from
W5, Uld with the RIMAC count (Read=In
Memory Address Counter) which specifies
the address at which new data is currently
being stored, From this it is possible to
generate the cursor (or "spike') on the display,

showing the user the point to which the
frequency plot has progressed,

Address Switches (U2t,U22; D-4, D-5
of schematic)

These are switches which drive the RAM
address lines from the Scan Counter or
from the RIMAC count as required. The
control pins are 14 and 9, Normally the
ACO ("Address Change-Over'") line to
pins 8 is low, ACO high, and the signals
on pins 7,6,3,1 reappear respectively on
pins 10,11,12,13 of each 4019, Thus
the Scan Counter drives the memory,
When ACO goes high, ACO low, pins
6,4,2,15 are switched to 10,11,12,13,
Thus the new data word is written into
the memory at the address specified by
the RIMAC,

RAM's (Random Access Memories) U31
through U38

The term RAM' s is used to distinguish
the bank of eight 2102' s from the
"memories", (A,B,C and D) referred

to on the front panel.legends., The latter
are not separate hardware blocks but are
quarters of the RAM bank, divided as
described later,

Each 2102 contains 1024 locations, each
corresponding to a combination of the 10
address bits., Single-bit data, (a 1 or a
0) appearing on the input pin (3) is
entered at the address specified by the
address code when the WRITE line (to
pins 8) is low, Data in a location,
whether newly entered or not, appears
at the output pin (i2) when the locaticn
is addressed,

Two of the ten address lines of the RAM
bank are used to specifiy one of the four
"memories", leaving eight bits to be
switched by the 4019' s as described
above. Each memory then has 2566
locations,

Input Logic and A to D Conversion

The gates, flip-flops and switches to the
left of the 2102' s perform functions, to
beg detailed below, associated with the
araiog-to—-digital conversion and entry
of new data into memory.
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f. Output Circuits
To the right of the 2102's are: an eight-bit
register (U42 and U43) to re~time (clean up)
and invert the RAM outputs, and inhibit
display of data being entered; a digitai-to-
analag ({D/A) converter US2; and an output
buffer amplifier/filter, U511, This section
also contains [Logic and switches to generate
the amplitude reference lines,

g. XY Recorder interface Ul8/1 (B-8) is used
to change the mode and speed of data readout
for plotting on an external XY recorder,

The XY mode is set by motnentarily pulling
J1-21 high (+5V) which clocks U18 causing

Q (pin 1) to go high, This maintains the high
manually placed on J1-21 to activate externat
interface logic,

5,7.2 Sequence of Operations

5,7.2.1 Data Conversion Input

Us4 (A-9) is a precision high speed comparator,
Its inputs are the linear ramp (schematic 2)

and the DG level from the RMS converters op
phase detectors (schematic 5), The output (pin 7)
is a rectangular waveform with a duty cycle
determined by the stope and end points of the
linear ramp (a function of the Window Select:
control group) and the DG conversion level,

A 500Hz square wave is available at U28 pin 15,
This waveform is used in linear ramp generator
to define the start and stop times of the linear
ramp. The output of US4 provides a timed
interval the tength of which represents the
quantity being measured, The data for entry
into memory is the state of a counter at the end
of this interwval.

The Scan Gounter is employed for this purpose;
thus it has two completely separate and distinct
functions: memory scanning for display output,
and generation of input data,

The input description begins with the 500H=z
driving U73/56 (schematic 2). This is driven

by a waveform originating at Ul4 pin 5 (Scan
Counter), This is a square wave at 500Mz, thus
its period is 2 milliseconds. When a marker is
generated, switch U26/15 is thrown to select a
delayed version of the 500Hz wave for a short
interval; details of this function are given later
and are of no cancern here,

The data conversion timing interval begins when
the 500Hz is low, and throwing switch U73/6 to
allow the timing capacitor C92 to discharge into
the current sink as described in section 5,2,3.
The timing interval ends when voltage comparator
UB4 provides a low-going edge into U24 pin 5,

Fig., 56.7.2.1 shows the sequence initiated by
that low—~going edge, The next positive edge of
the clock (286 kHz) connacted to U24 pins 3

and 11 causes the Q output, pin 1, to go low,
Similarly, the next edge after that caused U24
pin 13 to go low. During the 4 microsecond
interval between these edges, gate U168/11 is
quatified (both ihputs high) and puts out the
low-going pulse ACO, As described in saction
5.7.1, this causes eight of the memory address
tines to be switched momentarily from the scan
counter to the RIMAC, In the middle of m,

a WRITE pulse is generated, with transitions
will separated in time from the instants of
address change (a requirement of the 2102's )
to enter the data in memory, This is generated
by gate U28/1 as detailed in Fig, 5.7.2,1., ACO
also drives U16 pin 8 to inhibit the clock to tha
output registers (see section 5).

u73 Pin 5

U24 3/11 (2586

el N O I I

Usd 1 Q

Us4a 13 @

Uis 11 ACO

Uzg 1 WRITE

—

FIG 5.7.2.1

The data entered is the state of eight bits of the
Scan Counter, Since the data conversion
interval started when the bit to the right of these
went from "t" to "0", the eight-bit count word
was then 00000000, Thus its state at the end of
that interval is equal to the length of the interval,
measured in increments equal to the rate at
which the B-bit count changes.

5,7,2.2 Forced Entry for Signals Below Range

DC Signal levels from the analog section which
are too high to generate a waveform out of the
voltage comparatar U4 (i.e. higher than the +10
volt reference level) automatically register a
saturation level at the top of the display amplitude
range. Flip=flop U24 pin 1 is preset to a high
tevel before conversion starts; the sequence
described above for data entry will take place,
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Howewver a problem arises if the DC level output
is below OV DC, In this case the output of UGS
is high throughout the conversion cycle and if no
special provision were made, no data would be
entered intoc memory at all,

This would leave old data (or the random data
entered at power turn-cn) in the memory in all
locations addressed while this condition cccurred,
The problem is dealt with by the 8~input gate
U23/13, This gate decodes states 1111 1110 and
1111 1111 of the count supplied to the RAM inputs,
i,e. the last two states in the longest possible
conversion interval., If UG5 has not already

driven U24 pin 5 low by the time this count appears,

gate U23/13 do2s so via the diode CRb, and
initiates a data entry sequence,

5.7.2,3 Octave Marker Entry

Cctave marker commands are generated elsewhere
(sec schematic 6). The markers are entered into
the memory as reductions in the value of the data
word entered into a few locations following receipt
of the marker command. This entry function is
implemented by the flip-flop U27 and counter

1/2 N7 (C-8 of schematic),

The positive—going transition of the narrqow
marker command pulse presets U27 causing
U27 pin 2 to go low, This removes the reset
on the counter Pin 15, The counter then
increments until its pin 11 goes high, This
causes switch U26/10 to select U27 pin 13 to
drive the A to D converter. This is a delayed
version of the normal drive waveform, so that
conversion counts are reduced by a fixed amount
from the value they would otherwise have taken,
The amount of reduction is determined by how
long U17 pin 11 remains high, When it goes low
U25/6 provides a positive going clock input to
U27 pin 3. Then U27 pin 2 goes high again
since the D input is held low resetting the
counter, and remains high until the hext actave
marker command. (Note that the clock pulse on
U27 pin 3 is therefore very narrow and failure
to observe it on a scope should not suggest that
it is not cccuring.) The counter is clocked by
the least significant bit of the RIMAC count,

so that the delaying condition on the conversion
lasts for a fixed (selected) number of input
samples.

5.7.2.4 Data Output From RAM's to Display

As the Stan Counter increments, each successive
word is entered into the register U42-U43 at the
positive—going edge of the clock on pin 6. This
clock is inhibited at time of data entry by gate
U16/10, This prevents data being entered,

which is unrelated to that being displayed, from
appearing on the display as a "dancing glitch",

The registers "clean Up" the output data from the
RAM's by re-timing it. The propagation delays
agsociated with memory addressing (both outside
ard inside the 2102's) cause output data to appear
at poorly defined times after the nominal time
when an address changes, or even to bounce
around before settling, The registers are clocked
at a time when all of this is over and they present
ctean, simultaneous inputs to the D/A converter
us2,

The D/A converter US2 draws a current into pin 4
which is proportional to the numerical value of
the code presented at the digital input word on

the left. This current flows in the feedback
resistor of US1 and provides a proportional output
voltage at J7-4,

Three DISPLAY SHIFT modes are possible by
selection of miniature rocker switch sections O,
P and Q,

In mode 1 data and reference lines of the B/D
trace are shifted when the SHIFT control is
pulled and rotated., In this mode switch P and Q
are closed, Pulling the control opens S1 and
allows 126Hz to control U41,/10, Thus for two
frames of the output data (125Hz high) during the
reference line and data of trace A/C the operation
will be normat. When the 125Hz goes low for two
frames (data and reference lines B/D) U41 /10
changes state and connects the variable DC offset
control RV17 into Us1, This will cause a vertical
offset or shift to this data proportional to the
setting of RV17,

Mode 2 is similar to mode 1 except only the data
of trace B/D is shifted (reference lines remain
stationary}., In this mode all three rocker
switches O, P, and Q are closed. Qperation is
similar to mode [ except 125Hz and 62,5Hz (via
switch Q) are controlling U41/10, This allows
U41/10 to change state during only one of the
four frames, that is, when data B/D is being
displayed.

Mode 3 is different. It causes trace B/D to
magnify x5 and allows it to be shifted, (No
reference lines shift.) In this mode only rocker
switch O is closed., With switch P open the gain
of Ui is ingreased to 5 times its former value,
RV7 allows this to be set to exactly 5§ times,
During data B/D switch U41/10 disconnects UB3
pin 8 - 12, R93, RV7 from the feedback path
leaving only R91 and injects a DC offset from
RV17, This provides the magnification and
shifting., At all other times U41/10 has contacts
15 and 1 connected and the gain of U5t is its
nornial unity gain,
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5.7.2.5 Painting of Amplitude Reference Lines

Amplitude reference lines on the display are

painted at the top, the centre ard the bottam,

When reference lines are selected (switch at

E-2 of schematic) the right end of R86 containing

a 62,5 Hz square wave is connected to several gates
and ground removed from these gates, This wave~
form is four frames long: high for two frames,

low for two, During the low period, nothing differs
from the case when no lines are selected, During
the high period, four inputs are activated:

a) the registers U42 and U43 are held reset,
so that their internal state is 0000,

b) The high-frequency (82kHz) waveform on 15
pin 11 is gated through to drive the normal/
invert control pins of the registers, causing
their outputs to change from 0000 to 1111 and
back at the 32 kHz rate,

c) Switch U41/11 is thrown so that the most
significant bit input of the D/A converter,
pin 6, is now driven from U156 pin 6, (64kHz)

d) The filtering feedback capacitor C69 (-2 of
schematic) is now returned to ground by
switch U41/9, instead of to the summing
junction of Us1,

The results of (&), (®) and (c) above are shown
in Figure 65,7,2,5. As the two~bit count from
U156 pins 6 and 11 progresses, the states listed
appear oh the D/A converter inputs, resulting in
the waveform shown,

; : " . "
| ] i ] [} 1
U1E Pin 11 lo jorv 1.1, 0!
. P
U1s Pin 6 and oo,
D/A MSB (Pin 5) Lol i, 0,1 10,
oo b
i
All Other D/ABIs | 1 1 1 1] 0 0 b
T f T t T
Numerical Input 1 ) 1 [ : :
To D/A(range0to256) 127 | 255" © 11281127
; ¢ 7
: S
1
1 I i :
Output Wavefoprm — e
FIGs,7.2.5

The difference of one LSB (one 256th of display
amplitude) between the two middie levels is
neglected.

Finally , (d) above results in more rapid
switching of the output waveform from one level
to the next than would be possible if the smoothing
filter were left connected.

5,7.2,6 XY Data Read Out Mode

When the XY mode has been selected (momentarily
pulling J1-21 high with an external push buttom)

@ output of U18/1 remains high. When @ is high
(XY maode) several functions are changed:

WRITE is inhibited to prevent destruction of

data in the mermory ACO is held high forcing the
rarm's to be addressed at all times by the RIMAC,
the CURSOR is inhibited, and the REF LINES ARE
inhibited,

All of this causes the Oscilloscope output display to
change to a single level display of the initial

value of the selected plot, That is, the output

on J7~4 (and Oscilloscope VERTICAL) will be a
fixed lavel DC voltage corresponding to the

initial value of the plot stored in memory and
selected by the MEM ENTER controls, In the

XY rmode the MEM ENTER controls become

Xy DATAM controls,

If the SWEEP UP button is pushed when in the

XY mode the DC voltage at UB1 pin 6 will change
to represent the data being read out of the memonry
at the speed selected by the SWEEP SPEED
control, Remember that in the XY mode the
WRITE itine is inhibited so the 4400A goes through
all the motions of entering a plot into the memory
when in fact it is reading a plot out of the memory.
This slow speed is such that the X drive of the

XY recorder can move the pen to plot the trace.
(The Y drive is a DC voltage derived from an 8

bit D to A converter driven by the RIMAC and
located in the external XY interface card),

At the conclusion of the "sweep", tha SWEEP
line goes high and resets U18/1 back to its
normal (non->X) mode, The oscilloscope display
resumes,
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5.8 METER ANALOG, AC TO DC CONVERSION,
POWER SUPPLY RECTIFIERS and
REGULATORS

§,8,1 Functional Description of Meter Board
Operation

The meter board measures frrequency, absolute
signal amplitude (dBm) or a variable determined
by some external device, The first two functions
are self~contained; the external function requires
circuitry in a unit external to the 4400 ard is not
of concern here,

Frequency measurement is performed in the
ususal way, by counting cycles of the unknown
frequency over a periocd of cne second, and
displaying the resutting number,

To measure dBm level, the incoming signal is
filtered as called for by front-panel selecticn
switches; subjected to the appropriate gain,

set both manually and automatically; rectified

in an AC to DC converter; filtered to remove
ripple; and compared to a decaying expohential
waveform to derive a time interval proportional
to the togarithm of signal level, i,e. to dBm,
By counting a constant clock frequency over this
time interval, a number is generated for display.
However, before accumulating this count, the
counter is pre-loaded with a number determined
by the total gain between instrument input and
the RMS=to-DC conversion, This corrects the
reading for this gain, so that the reading
represents dBm at the instrument input.,

In a case where circuitry applying gain to the
signal is located off the Meter Board, a digital
code tndicating the magnitude of the gain is
brought onto the Meter Board and fed to the
pre~loading logic,

Provision is made for internal switching of the
instrument' s Generator output to the Meter
Board, for measurement of its level or frequency,
Ih this case, two "gain™ bits from the output
atterwator level switching circuits are brought
onto the Meter Board for the purposes described
above.

Update rate for the dBm measurement is 10
samples per second.

5.8.2 Meter Analog

The various sigrals from other locations in the
instrument enter the meter board via J5,J6,J9

arnd J8, These are in turn routed to the MEASURE
select group 57,58 and 59, Pushing one of these
plus the condition of none selected provides the 4
conditions to select INPUT A, INPUT B, FILTER
OUT or GENERATOR OUT, The selected signal
is presented to the input of U48, a differential

input switched gain amplifier, The differential
configuration helps to avoid errors caused by
ground differences between the meter board
and those of the other two boards,

U48 can be switched, with U311/9, to one of two
gains: +3dB or ~7dB. The normal gain is +3dB
but when the input signal exceeds a nominal
maximum value an overrange command is
generated (schematic 9) to switch U48 to -7dB,
This 10dB variation is included in the computation
to display the true absolute signal level,

From 48 the signal can optionally pass through
two analog filters or weighting networks, The
First is a 20kHz 3-pole low pass filter to reject
high frequency noise in the measurement., The
20kHz filter is realized with operational amplifier
U498 (E-4) and passive components R75,R76,R77,
Ce5,C66,C67, It is the classic 3—pole Butter-
worth configuration giving an 18dB per octave
roll off beyond 20kHz. It is selected by pushing
S5, J11 can accept an optional weighting network
as described in section 4, The user may use
passive component networks to form filters or
standard weighting curves, Power is also
provided on J11 for networks requiring active
devices, U310 normally forms a part of the
network and provides a buffered, low irnpedance
output from the network. S6 when pushed in
selects the weighting., Note that either or both

S5 and 56 can be selected to allow composite
filtering.

The signal is next passed to U312, a switched
gain amplifier which can assume gains of unity
(CdB) or +30dB, This amplifier is the auto range
amplifier and its gain, determined by the setting
of Ua11/11, is established by the auto range logic
circuitry described in section 5.9,

To preserve high frequency response an LLM318
is used, ©C40,C41 and R32 provide a lead/lag
compensation network to ensure stability and
preserve the response at 100kHz and +30d82 gain.,
With only R28 4,99k and R33 158k in the circult
the gain is x31.6 or +30dB, With U311/11 set

to connect pins 12 and 14, the effective feedback
resistor is the series/parallel combination of
Ra3,R36,R36 and RV3, This has a nominal
resistance of 5k to match the input resistor R28,
RV3 trims the nominal unity gain to be exactly
30dB less than the nominal +30dB gain.

The autoranged AC signal at U312 pin 8 then goes
three places: to the zero crossing detector
(schematic 9) for frequency counting; to the RMS
to DC converter and to the AVERAGE/PEAK AC
to DC converter.,
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5.8.83 AC to DC Converters

U315 is a monolithic device that computes the
RMS value of the input AC signal (pin 1) and
provides a DG voltage representative of its
amplitude at pin 6. C48 and C18 sat the internal
integrating time constant. In the FAST RMS -
mode only C48 is selected, In the SLOW RMS
mode C18 is added in parallel with C48 to provide
a longer integration time as required for low
frequency signals or time varying signals such
as noise,

U410 and U411 form a full wave precision
absolute value detector to calculate the average
value of the AC signal, The input signal takes

two paths: R74, U410 and associated compohents
form a precision diede providing half wave

signal at the junction of R71 and CR18; R46 Inputs
the AC sigral into U411, R47 injects the half
wave signal also into U411, The summing
junction at pin 2 of U411 adds these two waveforms.
Since R47 is half R46 the resulting signal at U411
pin 6 is the sum of the AC signal and twice its
inverted half wave rectified component, The
result is a full wave rectified signal whose
amplitude is the absolute value of the input AC
signal,

CR17 and Q8 with the "kesp alive™ bias provided
by R73 improve the high frequency response of
the circuit by reducing the switching time
requirement of U410, RVE, R44 and R45 inject
a positive offset into summing amplifier U411 to
overcome the error introduced by R73 and allow
adjustment to compensate for the offset errors
of the op amps, C638 provides some simple
filtering of the full wave signal,

U313 is a peak hold detector, The absolute

value signal at U411 pin 6 is buffered by U313

and CR16 which form a precision diode, The
output at the cathode of CR16 charges C70 via
R40, When the signal drops below the value of
the charge on C70,U313/CR 16 effectively dis-—
connects itself frorm R40 which lets C70 discharge
into R41 at a slow rate, RV4 provides adjust~
ment of the offset error of U313,

Each of the above three circuits presents a DC
voltage representative of the RMS, AVERAGE
or PEAK value of the input AC signal, Selection
of one of these is effected by S3, S4-B or a
board jumper, The jumper chooses either the
PEAK or AVERAGE output while the push buttons
select RMS or PEAK/AVERAGE, The selected
DG woltage is filtered by U29 and associated
components which form a low pass Bessel filter,
This removes any remaining ripple on the DC
signals from the converters and provides a clean
DG woltage to the A to D converter (schematic 9)
ard the small analog meter M1,

5.8.4 Power Supply Rectifiers and Regulators

The lower left corher of the schematic shows the
six bi-phase rectifiers and filter capacitors to
convert the AC voltages from the secondaries

of the power transformer (located on the rear
panel) to the six unregulated DC voltages, R1
and R2 provide some isolation of the heavy pulsed
current demands of the LED drive in the meter
from the +9V used elsewhere in the instrument.

U314 is the $15V DC dual tracking regulator to
provide the supply voltages to the analog circuits
of the meter board. Q2 and Q3 provide current
boosting to U314 and R20 and R21 are overcurrent
sense resistors to limit the current drain in the
event of a malfunction,

U13 is a precision +10,00V reference regulator,
U4, Q1 and associated components provide
current boosting., Ut4 is a high impedance

buffer to receive the +10V from U13 and provide

a drive to the emitter follower Q1. U14 seeks to
maintain the voltage at the emitter of Q1 at
exactly what is on U13 pin 2, This 10,00V is usad
to power the CMOS circuitry of the meter and
provide a precision reference to A to D converters
used in the instrument,
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5,9 METER DIGITAL

This schematic describes all the meter logilc,
counting, preseting arnd display driving circuitry.
It peceives a DG level or zero crossing pulse
from the analog sections described in section 5.8
and processes this data into a displayed numeric
readout, It also receives range bits indicative of
gain on other boards, The schematic may be
divided into five major functions:

a) Analog to Digital conversion, In FREQ this
consists of simply counting zero crossing
pulses during a 1 second gate time. In AMPL
this consists of converting a DC level to a
variable duty cycle waveform and then to a
numeric count,

b)Y Auto-ranging detection logic, This measures
the DG voltage level and, if necessary, sends
comrands to the analog section to change
the front end gain,

The job of the remainder of the meter logic
circuitry is similar in both frequency and
amplitude to count the number of waveform
cycles occuring during a specified interval,
and drive a display showing that number,

c) Counting and Display of Converted Number:
All of the logic functions required for these
operations are provided by the I.SI counter
U47, Its internal operation is described in
section 5,9,1,

d) Cyeling Counters and CGontrol Logic: (lower
left quarter of schematic) This hardware
defines the control cycles for the two modes
(FREQ, dB). It provides command pulses

to activate various functions of the L.SI counter,

and (in dB mode) numbers for pre-loading of
the counter.

e) Display Drivers and Display: (to right of U47)
Switches driven by the multiplexed segment
and digit ocutputs from U47 drive the light-
emitting diode (LED) display.

5,9,1 LSI Counter IG

The MKB0385 counter U47 has the following
capabilities, as used here:

a, Caunting: The MKB0395 will count in binary-
coded-decimal (BCD) format, upwards or
downwards, with a maxtmum capacity of
899999, The COUNT, COUNT INHIBIT,
CLEAR and UR/DOWN inputs (left of U47)
perform the functions named, for this count,
The ZERO tine is high when the count is at
000000,

b, Display Buffering, Muttiplexing and Driving:
The state of the MKB0395' s internal BCD
counter can be loaded into a display buffer
register by pulsing the STORE input. The
counter is then free to accumulate more
counts, while the contents of the display
buffer are multiptexed digit-by-digit into a
BCD-to-seven—-segment decoder, This
provides segment drives to a multiplexed
display, at pins 3 through 10 at the upper
right of U47. The digits are sequenced from
most to least significant, and the appropriate
digit line (pins 24 through 23, lower right of
U47) is raised for each digit, Simultaneously,
the BCD codes are presented digit—-by~digit
at pins 11 through 14 (lower right) but the
440048 makes no internal use of them,

Leading zero blanking is provided as an
opticn, for the seven—-segment outputs,
When the LZB line (pin 3, top left) is low,
all zero digits to the left of the leftmost
non—-zero digit are blanked. Thus a count
327 appears that way, not as 000327,

¢, Gounter Pre-loading: The six-digit BCD
counter can be pre~loaded with a number,
when the "LOAD COUNTER" line (pin 31) is
high, by sequencing the desired 4-bit paraliel
digit codes onto pins 16 through 19, digit-by—
digit in synchronism with the digit count
available from pins 24 through 28.

5,9.2 Analog to Digital Conversion,

A DG level from schematic 8 enters at the upper
left hand corner (E-9) to R24 and CMOS switch
uUzi1/10. This level is sampled and held by
U311 and C39, Sampting is at a 10Hz rate from
counter U21, The same 10Hz signal alternately
switches Q9 on and off which causes G28 to be
rapidly charged to a reference voltage (@pprox-—
imately +5V DC) and discharged into RV2 and
R15, This creates an exponential ramp on C28
and thus on pin 2 of U210,

U210 is a comparator that changes state when the
reference voltage (ramp) on pin 2 equals the DC
level on pin 3. As the ramp is exponential the
output is a rectangular waveform whose duty
eyecle is proportional to the log of the DG level.
This variable duty cycle is then converted into

a count by the succeeding logic,

5.9,3 Auto-ranging Circuit

uziz and U48 (on schematic 8) are the auto-
ranging amplifiers switched automatically to give
one of three values of gain, The appropriate

gain is selected to bring the output signal into a
suitable range to drive succeeding circuits.
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The resistor switching is controlled by level=
sensing comparators U27, U28 (E~7) monitoring
the DC level at the output of the filter following
the AC-to-DC converter, The changeovers
called for by these comparators are timed by
the Aip-flops U41/15 and U32/15 to occcur at

the correct point in the measurement cycle,

When the signal out of the AC=DC converter

via the filter U29 (schematic B8) is lower than

the voltage at the other input of comparator U28,
the latter provides a high level into the K inputs
of the flip—flops, This causes each flip—flop to
assume the zero state (if not already in it) at

the next positive edge of the clock signal, These
zero states (U41/15 high; U32/14 low) respect-
ively cause switch U311/33 to disconnect fead—
back resistor R386 (schematic 8). This places
Uz12 in its highest~gain condition, where it
remains whether or not the gain switching caused
the signal tevel to rise just above the trip level
of comparator U28,

If the rectified signal level now rises further,
beyond the voltage to which U27 pin 2 is returned
the lower flip—flop will see a high into the J input,
pin 10. At the next clock edge U32 pin 156 will go
high, pin 14 low, and the switched feedback
resistor to U312 will be reconnected to the circuit,
This leaves the gain of U312 at unity,

The difference in gain between the two ranges
controlled by the lower flip-flop is 30dB, The
ratio of d,c, voltages at the high/low comparator
trip points is greater than 30dB, Thus there is
no possibility of loop oscillation, i,e. of the gain
being switched back and forth continuously when
the signal is near the boundary of the ranges,

The above actions take place in any of the three
gain ranges selected by the INPUT SENSITIVITY
switches on the front panel. For large input
signals, a special over-ranging provision is
made, by means of an auxiliary flip-flop U41/15,
This controls a switch to shunt the feedback
resistor of amplifier U48 and reduce the gain

by 10dB,

If the front—-panel switch is set to the highest
signal range (-30dBm to +30dBm) and the main
auto-ranging control flip-flop U32/15 is in the
"' state, U39 pin 9 {(B-3) will be high (as
explained later in section 5.9.6.1)., If the
rectified and filtered signal is still higher than
the trip level of the upper comparator, gate U42/
11 (E~B) will have both inputs high and will
gualify the J input pin 10 of U41/16, The next
clock edge on U41 pin 18 will cause U41 pin 15
to go high, throwing switch U311/9 and causing
R72 to shunt the feedback path of U48, This
reduces the gatn of U48 by 10dB (schematic 8),

The high level on W41 pin 15 performs two other
functions:

a) it pulls up the trip level of the lower
comparator U28, causing it to respond sooner
to a decreasing signal tevel.

b) It holds the main auto~ranging control flip—~
flops U32/15 preset so that when comparator
Uz8 does respond to a falling signal level and
output & "high'", only flip~flop U4t /16 will
be set back to the zero state by the next clock
edge,

The clock frequency applied to the auto-ranging
flip~flop is equal to the sampling rate for the
measurement being made (1Hz for FREQ, 10H=z
for dBm). This ensures most rapid possible
rasponse of the auto=-ranging circuits,

5,9.4 Cycling Counters and Control Logic:

5.9,4,1 GCycling Counters

Timing services for the whole rmeter board are
provided by the counter chain U11-U21-U31 down
the left-hand edge of the schematic., These
counters free-run., U1 is a 12-bit binary counter.
It receives a 1,024 mHz crystal controlled clock
from the Generator Board via J1-17, The signal
appearing at U1 pin 14 is this frequency divided
by 1024, or 1.00kH=z, This clocks the dual decade
counter U21, producing a 100Hz output at pin 6
and a 10Hz output at pins 13 and 14 (different
waveshapes), ’

The latter clocks one of the two decade counters
of U1 (the other is not used), to produce 1,00Hz
at U31 pins 5 and 8,

5,9.4,2 Store/Clear Sequencer

In either FREQ or dBm mode, the STORE and
CLEAR terminals of U47 (the LSI counter) must
be puised rapidly in that order at the end of the
measurement cycle. This stores the accumulated
count in the display buffer register inside U47,
and clears the counter for the start of the next
measurement cycle,

The two pulses are produced as follows, A
positive-going tevel change, occuring just before
they are required, drives the D input U33 pin &
(B~7)., About 4 microseconds later, the flip-
flop is set to the " " state by the 256 kHz clock
on pin 3. During that four microseconds both
inputs to gate U28/10 are high, and the gate puts
out a low-going pulse, which is the STORE
command for U47, This pulse also enters a btwo-
bit shift register, and two clock periods latepr
U34 pin 12 provides a high-going pulse to the
CLEAR command input of 47,
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5,9,5 Frequenay Measurement

The cycle of frequency measurement is very
simple. All contacts of the FRE® switch (52)
are in the "down" position (not the "up'' positicn
shown).

The output of the auto-ranging amptifier U312
{(schematic 8) drives U211 (C~8) which Is connected
as a crossover detector with a small amount of
positive feedback, This feedback provides a
"snap" action to prevent roise-induced multiple
edges at the crossover times, which would

cause false counts,

The output of U211 is a square wave at signal
frequency, It is gated off while the STORE

and CLEAR pulses are generated (sec, 5.9,4,2)
by means of gate U22/11, controlled by flip-flop
U35/13, The flip-flop "D" input (pin 9) is wired
high, so that the r*is'ing edge of the 1Hz clock
waveform from U31 pin 6 causes the G output
pin 12 to go low, Eight microseconds later the
flip~flop is reset by the next rising edge from
U11 pin 5; pin 12 goes high again, During that
short period the STORE and CLEAR pulses are
generated as described previously.

During a given one-~second period (minus eight
microseconds) between these short sequences,
a count of the unknown frequency is accumulated
by U47. At the end of that second the count is
transferred into the display buffer register in
U47, to be multiptexed out to the display as
described in Section 5.8,4,6, Meanwhile

the counter can accumulate a hew count,

5.9,6 Amplitude (dBm) Measurernent

The dBm level of the input signal is measured

as described briefly in section 5.9,2, The
autoranging procedure has already been defailed,
including the RMS-to-DC conversion and ripple
filtering which need no elahoration, This section
will detail the procedure proportional to the dBm

“level,

Q9 is alternately turned on and off at a 10Hz rate
via CR15 and R14, The precision 10, 00V DC
reference voltage is divided down to approximately
+5V DC by R30, R31 and RV11, This voltage
appears on the collector of Q9. When saturated,
Q9 pulls C28 to the reference voltage and when
open, C28 exponentially discharges into RV2,

R15 at a rate determined by the setting of Rva,
Ca8 is a highly stable capacitor to reduce
calibration drift of the circuit,

This exponentially decaying ramp waveform is
presented to pin 2 of U210, configured as a
comparator,

The voltage comparator's output goes from
positive to negative when the decay waveform
passes through the DC tewvel from the Bessel
filter, The time from the start of the discharge
ts found by solving the discharge equation (see
also Fig. 5.9.6)

-t/RC

V= VO = v

for t = -RC In ( Vg )
RGC (lnV - in Vo 3

RC (In V, = In V)

it

I}

where In = natural logarithm

Vo

FIGS5,9.,.8

This shows that the time to crossover varies
linearly with the logarithm of the voltage at the
positive input of U210; that is, the time can .
represent the dB level of that voltage, as required.

The procedure is as follows:

a. Pre-load the counter in U47 with a nunmber
representative of the gain seen by the signal,

b. Perform the decaying exponential conversion,
incrementing or decrementing the counter
state from the pre-~loaded number,

Expressed another way, the counter is pre-loaded
with a number equal to that dBm level which would
give an output from the RMS-to-DC converter
equal to the DC reference voltage from which the
exponentiat decay starts (resulting in zero counts
during the conversion), The counts accumulated
during the conversion then represent dB's below
that level, hence are algebraicatly subtracted
from the number in the counter. Thus the counter
counts downward from the preloaded number for
levels above 0 dBm, to display a srmaller number;
and upwards for levels below 0 dBm, to display

a larger number, The sign to be displayed is
determined when the conversion is complete.

Sections 5,9.6.1 and 5,9,6, 2 following detail

the preloading logic and the exponential-decay
conversion,
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5.9.6.1 Counter Pre-leocading

The total gain seen by the measured signal is
made up of three components:

a) Auto-ranging gain

b) Manual gain set by front panel controls

¢) Post filter gain (in the case of filter
measurements only)

From the circuit providing each component of
gain comes a one-bit or two-bit code, the
rumerical vatue of which is equal to the gain
(relative to the minimum value) of that circuit
in units of 830dB, These codes are fed to an
adder (U38, A-3) on the Meter board, which
sums them to give a total gain number, This
number is used to pre-load the counter in W47,

The main auto=ranging gain is either 0 or 30dB,
An overrarge condition occurs for signals greater
than about +27 dBm on the input or output,
and an attenuation of 10dB is switched on.
Howewver this is dealt with separately, A bit

- specifyihg the main auto-ranging gain (0 for 0dB,
1 for +30dB) is fed to U38 pin 8,

The auto=ranging clrcuit is on the Meter board
{see section 5,9,8), Its operation is unaffected
by settings of any of the Mater "FUNCTION" or
"MEASUREM switches,

The two=bit Manual Ranging Gain code comes
from one of two sources according to the setting
of the "SEND" switch (57), If the SEND switch
is out, the Meter is measuring the signal coming
from the instrument INPUT terminals in the
Recelver section, via amplifiers controiled by
the INPUT RANGE switches, Contacts on these
switches provide a two-bit gain code to the Meter
board, If the Filter switeh is pushed, tha signal
is also routed on the Receiver board through the
state-variable filter, where a post-filter gain of
0 or +30 dB may be selected, A bit from a
contact of that select switch is routed, via the
FILTER switch on the Meter board, to U38 pin 9,

If the SEND switch is in, the Meater measures the
signal from a switched gain preamp being fed by
the output of the instrument's Generator section,
The gain of this preamp is set by the OUTPUT
ATTENUATOR switch, which also provides a
two~bit gain code to the Meter board, to correct
the amplitude reading for the gain change.
Contacts on the SEND switch route this code to
Uss,

Either way (SEND switch in or out) the two-bit
code arriving at pins 5 and 7 of 138 gives the
manual ranging gain value as follows:

Relative
Pin 5 Pin 7 Gain
4] ) 0
[¢] 1 +30dB
1 0 +60dB

The pre-loading logic is at the lower right corner
on the schermatic, consisting of U38, U37 and
associated gates,

U3e is an adder, Inputs 6 and 7 are the L.SB
inputs, and pin 9 the CARRY input having the
same welght as an LSB input, Input 6 has

twice the weight of an L.SB or carry input, This
is the MSB of a two-bit gain code, ALl higher-
order inputs to U38 are wired to logic zero
(ground).

The gain sum code can range from 000 to 100,
hence reguiring three output bits from U38,
These are pins 12,11 and 10, in descending order
of significance.

The gain sum code is used in two ways, First,
it indicates when the METER is in the highest
range, i.e, the signal is above 0 dBm, This
corresponds to a gain sum code of 000, which is
detected by gate U39/9, The use made of the
signal or U39 pin 9 will be detailed in section
5.9.6,2, Secondly, the gain sum code is
converted by combinational logic into the
appropriate codes to pre-load the counter in U47,
Fig. 5.9,6,1 shows the conversion.

Only the most significant digit of the threé —digit
dBm display is effected, since all preset values
are multiples of 10,0 dBm.

The gates to the right of U33 translate the gain
code to the BCD codes required. An additional
input, from the overranging flip-flop, drives
three exclusive -~ OR gates (U26) to provide a
4 instead of a 3 for the overrange case,

5.9.6.2 dBm Measurement Cycle

The measurement cycle for dBm is 100 milli-
seconds ltong, It is defined by the waveforms at
pins 13 and 14 of counter U21 (A-9). The cycle
is depicted in Fig, 5,9,6.2, It proceeds as
follows:

While U22 pin 3 is high (A~8) two actions are
taken, Digit 3 of counter 47 is pre-loaded with
the number derived as explained above, and the
initial direction of counting is set,

Pre-loading consists of strobing the pre-loading
number onto pins 16, 17,18 and 19 of U47 (B-3)
at the correct time to load Digit 3, While U22
pln 3 drives the [.OAD COUNTER pin (31) of
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U47 high, U47 pin 8 the Digit 8 strobe causes U37
to select the bit appearing at the upper of each

pair of inputs and apply it to the corresponding
output: pin 15 to pin 18, 2 to 12, 4 to 11, 5 to 10,
This caused the pre-loading code (see Fig, 5,9.6.2)
to be loaded into the third decade of the BCD
counter inside U47,

For the count direction function, flip~flop Uza/N
(A=B) is set initially to a 1 or 0, placing U47
initially in a "count down™ or a "count up™ mode.
Count down is used only when the measured
signal is greater than 0dBm. In this case U3®
pin 9 is high, so that gate U22/10 is qualified
when U22 pin 3 goes high, This resets flip~flop
use/1, placing a 0 on pin 40 of U47 so that Li47
is initially in a count down mode, If the count
goes to 000000, U47 pin 398 is raised, qualifying
the J input (pin 6) of U32/1. U32 pin 3 receives
the inverse of the clock that U47 uses in dBm
modes thus when the next positive edge arrives
at Ud7 pin 36, U32 pin 1 has gohe high and U47
instead of going from 000000 to 999998, goes to
000001 and thepeafter continues counting upwards,

As toted in fig. 5.9,.6.1, all other gain codes
cause the counter in U47 to count up throughout
the measurement, U39 pin 9 is low, flip-flop
U3z2/1 gets preset to the "1' state (& high) and
stays there.

The remainder of the measurement cycle is readily
urderstood by reference to the timing diagram

fig 5,9.6,2. The sample/hold switch U311/10
discohnects the D, C, output signal of the Bessel
filter U298 from the storage capacitor G338, The
exponential—decay waveform, generated by
applying the sample/hold cornmand waveform to the
network R21-R15-C17, is compared by U210 to

the sampled-and-held level on C39, The output

of U210 is re-timed by flip-flop U33/13, which
receives the inverse of the 128kHz c¢lock connected
to U47 pin 86, the COUNT input., When the
comparator output goes high, U33 pin 13 and the
COUNT INHIBIT pin of U47 follows 13 follows on
the next clock edge, disabling further counting

by U47. Counting was enabled at the start of

the decay period when U22 pin 3 and the LLOAD
COUNTER pin went low, The counter therefore
counts up or down from the pre-loaded number by
a number proportional to the decay time to sample
level, as required, The resulting final state of the
counter is loaded into the internal display buffer
register of U47, and the counter cleared, by the
STORE and CLEAR strobes which are generated
as described in Section 5,9.4,2

The sign to be displayed {(+ or ~) is deterrined by
observing whether the U47 counter was counting
up or down when counting ceased, The D type

flip flop U35/1 (A=6) is qualified by the up/down
controtl flip~flop U32/1, and clocked by the COUNT

INHIBIT waveform, to produce this effect. Its
output drives Q7 which illurninates the vertical
bar of the + sign when high, The horizontal

bapr is always on in dBm mode. Flip-flop Us2/1
is held preset during FREQUENCY operation,
when no sign is displayed. :

5,9,7 Display Drive

As explained in Section 5.9.1, the LS1 counter
U47 contains a buffer storage register into
which the contents of the BC D GCounter can be
transferred by pulsing the STORE command
line. The contents of the storage register are
multiplexed out to drive displays, That is, the
four=bit code representing the value of each of
the decimal digits is output pins (11,12,13 and 14
of U47 =-B-4 of schematic) whence it is made
available to the accessory connector on rear of
the instrument. Intermally in U47, the code is
applied to a BCD-to-seven segment decoder
which drives pins 4 through 10 (upper right of
U47) in the pattern required to illuminate the
appropriate segments of the digit concerned,
Maanwhile the digit line (one of pins 24 through
29, lower right of U47) corresponding to the
position of the digit in question is driven high, -
all the others being low,

The segment drives from pins 4 through 10 are
buffered by emitter followers in the array U43,
current limited by resistors in the array U45

and drive corresponding segments of all digits

in paraliel (the “a'" drive is connected to all "a"
segments, '"b" to ail "b's, etc.). The digit drives
are buffered by Darlington connected grounded
emitter stages in U36 and U486 to ground the
common cathode return of the selected digit

(pin 14 or 156 of a digit pair). Correspending pins
of U36 and U468 are all paralleled for greater
drive capability except for the ground returns

in which sharing resistors ensure fairly even
division of load currents between them.

Digits are selected and illuminated in sequence
at a rate determined by the digit clock on pin 21,
This clook is 512 Hz, with a duty of 3/4 (wave-
form is 76% high) arranged by the dicde gating
near U21 (A-9). This duby ensures that a given
digit is illuminated for 8/4 of its allocated time,
instead of 1/2 as for a square=-wave clock.,
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METER BOARD COUNTER PRE-LOADING

FIG, 5.9,6,1
GAIN CODE OVER RANGE] 1op oF |PRESET DIGIT 8 to;
(Uss pins 12,11, 10) FLIP FLOP RANGE — U37 —| COUNT DIRECGTION
' S Q U41 PIN 15 NUM 13 12 11 10
Down,change to up
0 o] 0 i +40 dB 4 1110 |0 ]at count zero
' Down, change to up
0 ° © 0 +30 dB 3 00|t 1 lat count zero
0 0 1 ] 0 dB o] clo|Oo |0} Up
o] i 8] 8] -30 dB 3 0]0}1 1 Up
0 1 1 0 -60 dB 6 o111 ot Up
1 o) ] o ~320 dB 2] 1 oo |1 Up

FIG 56.9.6,2
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5,10 FUNCTION GENERATOR

Schematic 10 is the Function Generator, This
is an oscillator, tunable over two ranges

(20 Hz-20kHz and 100Hz — 100kHz) by either
manual or electronic (digital) control, and
capable of producing high quality sine, triangle
and square wave outputs,

5,10, 1 Sine Waves

For generation of sine waves, the Function
Generator is configured as a state—variable
filter with just sufficient positive feedback
applied to cause oscillation, An automatic
gain control maintains the net positive feedback
at this level,

U71 and U1 are the two integrators of the state
variable network, and U2 the difference
amplifier, The front—panel control S1 (20Hz -
20kHz/100kHz) selects either an 820 pf feedback
capacitor for each integrator or B20 + 3300
= 4120 pf, to produce the appropriate ﬁ*equency
ranges,

The effective input resistor value of each
integrator is controtled either by front~-panel
potentiometers (one dual~ganged pot for coarse,
one for fine) or in the SWEEP mode by digitally
programmed attenuators controlled by the
RIMAC code and the FINE control.

Since an integrator presents a virtual ground
to the "low" end of the input resistor, the
effective value of that resistance can be
controlled either by varying the resistor value
itself or by dividing the voltage appiied to the
high end. Either method varies the current

flowing into the integrator input junction., Both
" methods are employed, in both the manual and
swept modes,

Manual control is achieved by ganged
potentiometers RV - RV10 (fing) and RVii-
RV12 (coarse}, Switches U73/13 ard U73/6
are closed for manual tuning.

For digital control, six bits of the RIMAC code
control the dual 4-input multiplexers U32, U33,
Us4, The two halves of each multiplexer are

in the corresponding locations in the input
circuits of the two integrators, and are switched
in parallel ("ganged") by the two-bit control
code applied to pins 9 and 10, The switches
select the tapping points of the three voltage
dividers in each input circuit, The two MSB's
control switch UB4 to select one of four series
resistors for each integrator, To cover a range
of 20Hz to 20kHz or 100Hz to 1000kHz requires
the effective resistance to vary by a factor of
1,000 or 60dB, in logarithmically ~ spaced steps,

i,e, constant dB per step. To do this, the two
MSB!' s of the RIMAC code control B4 to change
the input resistance in 15dB steps; the next two
bits switch U34 to divide the signal voltage in
15,/4 = 3,75dB steps; the next two bits control
switch U33 to divide in 8,75/4 = 0, 9375 dB steps;
and the two LLSB's switeh steps of ,9375/4 =
0.234 dB, FEach divider cutput is buffered by a
unity—gain LM310 follower to drive the top of the
succeeding divider.

In "swept" mode, the manually controlled input
circuits are disabiled by opening switches U73/1
and U73/8, and the INHIBIT line (pin 8) of US4

is held low to enable that switch,

As the RIMAC code increments, the resistance
at the input of each integrator decreases and
the frequency of oscillation increases,

Automatic gain control is achieved by rectifying
the output signal level of the oscillator, comparing
it with a fixed d.c. value, filtering the difference
signal and driving a voltage - variable resistar
(FET) to adjust the negative feedback to the right
tevel for sustained oscillation, i.e, just balancing
the positive feedback,

To reduce rectification ripple, four phase
ractification Is used. Three phases of the signal
are available directly from the state variable
circuit, The fourth is generated by the inverting
amplifier U911 (Just below U71), The four diodes
CR17,CR18,CR19 and CR20 select the most
poslitive voltage at any instant, and the common
cathode line carries the waveform shown in
Fig. 5,10.1
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FOUR FPHASE RECTIFICATION

The comparison and filtering functions

are performed respectively by the input and
feedback circuits of U82, The waveform of
Fig5.10.1 is applied to the summing junction
via R132, A direct current of opposite polarity
via R133 subtracts from this, and normal op
amp action causes the difference current to flow
in the feedback circuit, A multiple RC network
provides filtering to stabilize the oscillator over
its whole frequency range, The filtered output
is attenuated and level-shifted by a resistor
network to drive the gate of FET Q12,
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The resistance of Q12 varies with the voltage
applied {o its gate, and this controls the amount
of negative feedback applied to the state—variable
filter by shunting the signal appearing at U3

pin 12, If the amplitude of oscillation goes up,
the output of U82 goes down, driving @12 towards
cutoff and so increasing its resistance, This
results in less shunting of the negative feedback,
therefore more negative feedback, which over—-
comes the positive feedback to reduce oscillation,
The converse is true if oscillation amplitude
tends to decrease, Thus the oscillation amplitude
stabtlizes at a value giving an average current

in R132 equal to the current in R133,

5,10.2 Triangle Waves

Triangular waves are generated by the standard
integrator/Schmitt trigger arrangement,
Integrator U1 (C-8) drives UB1 (B-5) via R126
and the cornpensating or Uspeed-up' capacitor
Ce4, U8l is connected as a Schmitt trigger by
feedback from the output to the positive input via
the divider R140-R131 (switch U73/12 is closed)
and the resistor U83/8,7. U71 is connected as
a unity~gain buffer by means of switch U73/5
which is closed for triangle wave generation,
71 drives integrator Ut via the rmanual controls
which operate as for sine waves,

 Fig, 10. 2 shows waveforms in the circuit,
Starting with U81 pin 6 low, the resulting low
signal into the integrator UB1 produces a positive
‘going ramp at UB1 pin 8, The voltage at the
mid=-point of the feedback divider around Us1 is
a weighted attenuated sum of the voltages at
each end; when this signal rises to ground level
Ug1 wakes up and sraps its output voltage to
"plus" saturation level by positive feedback,
This generates a negative ramp out of US1 until
the same thing occurs in reverse; then the .
cycle repeats,

ugl
PIN B

Ust
PiN &

usy
PN 3

FIG, 5.10.2 TRIANGLE WAVE GENERATOR

The ratio of input to feedback resistance in the
Schmitt trigger is calculated to give triangle-
wave oscillation at approximately the same
frequency as the sinewave, for the same settings
of the frequency controls, The output attenuator
R140-R131 sets amplitude tevels relative to the
saturation voltages of U81,

5,10,3 Clipped and Rectangular Waveforms

Sine or triangle waves generated by the circuits
described previously are presented to U44, a
summing/clipping amplifier via C66, C67 and
U72 pin 2/3, This waveform is added to the DC
voltage established by RV14, the front panel
CLIP LEVEL/OUTY CYCLE control via R93,

At the same time, a compensating DC level is
applied to the positive input of U44 via R153

and R154, This compensating level maintains the
waveforim at a constant level and varies the clip
level rather than a fixed clip level and varying
waveform if not present,

When the current into the summing node of U44.
{pin 2) is positive, it is removed by conduction

of CR14; when negative by conduction of GR16 via
R97, Thus the voltage across R97 reproduces the
sine or triangle wave when the net current is
below a cerfain level, This gives the clipped
sine or triangle waveform which is buffered by
Ues3 and presented to the output bus via UB4/5,

Q9 and Q10 and associated components form a '
high gain switching amplifier. When U44 pin 6

is positive of its pin 8 (i.e., CR 15 conducting)
the current in R145 flows {n CR21 and CR22, When
Ud4 pin 6 is negative of its pin 3 (i,e, CR14
conducting) the current in R145 is diverted into
Q10, When Q10 conducts, Q8 is switched on, the
junction of R144 and R146 is driven high and
clamped at +7.5 wvolts by CR23, When Q10 and
Q9 do not conduct the R144, R146 junction ls
pulled down by R146 and clamped by CR24.at -7.5
volts, R127 and R128 attenuate this £7.5 volt
signal to a level similar to the peak level of the
sine and triangle waveforms,

The purpose of Q8 is to disable the variabte control
RV14 and provide a Ov reference signal to U44,
This produces a square wave, &8 is turned on by
a level from the function switch when SQUARE
WAVE {s selected.

Q7 is used to disable the entire circuit when it is
not required, When positions other than 3,4,5 and
6 of the GENERATOR FUNCTION switch are
selected, Q7 is turned on and pulls the surmming
node of U44 negative turning off the circult, This
prevents spikes from being added to the ciean
waveforms due to circuit crosstalk of the fast
edges of the rectangular waveforms,
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5.11 FUNGCTION SWITCH LOGIC DC POWER
REGULATOR, MASTER CRYSTAL CLOCK
AND PSEUDO-RANDOM NOISE GENERATOR

Schermatic 11 contains a variety of related and
unrelated functions.

5.11,1 Function Switch Logic

The static logic in the top left corner of the
schematic accepts the switch contact inputs
shown (selected contact high, all other low)
and translates them into the control outputs
labatled to the left, The relationships are
self-explanatory,

5.11.2 OC Power Regulators

The + i5 Volt rails are regulated by U11, with
current boosting by Q1 and Q2, R1 and R2 provide
current sensing for the current limiting provision
of U114,

R4,R5,R6 and R169 are voltage dividers providing
+7.5 volt base drive for the darlington pairs

@8,Q4 and W56,Q6,

5,11,3 Master Crystal Clock

At the lower left corner of the schematic,
transistors Q21 and Q22 form an emitter—coupled
oscillator with the crystal X1, Diodes CR48,
CR49 provide protection against excessive
reverse emitter-base voltage,

This forrn of oscillator is non-saturating and
therefore reliably self-starting.

The 8.072 MHz output from the coliector of

Q22 is coupled to U79 for division down to 384kHz
. for the COMB generator and to the divide by 3
counter formed by U710 to generate the 1,024MHz
master clock signal, A short exercise with the
truth table of a JK flip=flop will show that the
divide~by-three counter progresses through

the stages 00,01, 10 and back to 00, where the
right-hand flip—flop contains the mast significant
(left) of the two bits of each word, This in turn
is coupled to U79 for division down to 128kkHz for
the COMB generator and via R123 to the flat
cable bus and the rest of the system,

Q12 inhibits U79 to shut down the COMB generator
and NOISE generator during the continuous

gafe and sine wave mode to eliminate crosstalk
during this mode,

Q18 is a level shifter to translate the 0 to +10V
signal from U783 to a £7V signal for the random
noise generator,

5,11,4 Pseudo=Random Noise Ganerator

The shift registers U711 and UB11 with their
feedback path via the exclusive-or gate U77
together form a pseudo-random binary sequence
(PRBS) generator, The total shift register
length is 26 stages, and the pulse pattern

coming cut of any terminal does not repeat

for 228 11 clock intervals (about 67 million),

At a clock rate of 128kHz from U79 pin 13 via
Q18, this time is 524 seconds, or nearly 9
minutes, For all practical purposes the pattern
never repeats, hence the name "pseudo-random
binary sequence”,

The waveform at pin 9 of UBt1 is two-level; by
passage through a low=-pass filter this becomes
a smooth "amalog! waveform, U186 and the
multistage feedback ladder of C11 through C17
and R16 through R22 forms a low pass filtar
with & close approximation to a linear 3dBE per
octave roll off curve over the 10H2 to 50kHz2
range, This converts the "white" noise
(constant power per Hz of bandwidth) appearing
at the output of the PRBS generator, inte "pink"
roise, which has constant power per unit of
fractional bandwidth, e,g. the same power in
any one=third octave band, The output of U168
is the PINK NOISE terminal of the GENERATOR
FUNCTION switch,

A precautionary measure is required in case the
PRBS shift register should accidentally attain
the all~zeros state, from which it would never
change since the exclusive — or junction of 0

and 0 is 0, which would go back into the input
U711 pin 4 (via two inversions). Such a condition
could be present for example immediately after
power switch on,

The two flip—flop~flops U812 protect against this
eventual ity as follows; Both are clocked by the
4kHz output from Q14, The positive edge of

this waveform causes U812 pin 1 to go high,
untess a high level is simultaneously present

on U812 pin 4 (in which case there is no problem).
If, as will normally oceur, the succeeding
sequence of 26 shifts (one full 1ength of the shift
register) produces one or more hiéh levels at
U811 pin 9, the flip—flop UB12/1 is reset, The
next positive edge of the 4kkHz waveform enters

a zepro into the second flip—flop, so that U812

pin 12 is high, If, however, the shift register
were stuck in the all-zeroces state, the flrst
flip~flop would rematin in the '"1" state (pin 1
high) between positive edges of the 4kHz wave,
and the second flip-flop would enter a one, The
resulting low on pin 12 would force a high level
at Us9 pin 11, to start the PRBS generator going.
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5,12 COMB GENERATOR

The COMB GENERATOR receives 128kHz and

384 kHz clock drives from the divide by eight
counters in the master clock generator (schematic
11}, These are coupled to the binary counters U45
and U486,

The outputs of the upper binary counter Uds
form a set of square waves at octave intervals,
The first two stages of each (outputs on pins 8
and 7) are not used; the signal on pin 6 is
therefore 1,024MHz divided by two five times
over, or 168kHz, On pin & we have 8kHz; on

pin 3, 4kHz, etc. to pin 1, which carries 31, 25Hz,

Similarly, a set of signals at octave spacings
appear on the outputs of U468, Each of these

has three times the frequency of the signal an
the corresponding pin of U456, since U468 receives
a clock that is three times higher, Further,

the outputs of U46 are aligned with those of U45
by applying a reset "pip" to pin 11 of U486 from
the positive going edge of the slowest output from
U45, This results in the waveform transitions
of each U45 cutput being in line with every third
transition of the corresponding waveform from
U486, as depicted in Fig, 5,12,

Fig. 5 12 COUNTER WAVEFORMS

Waveform
From U45

Waveform from ‘
corresponding ! [ [ ‘
output of U486,

If a square wave of fundamentat frequency 3f and
amplitude 1/3A is subtracted from a square wave
of fundarmental frequency f, amplitude A, the
former exactly cancels out the third harmonic
component of the latter. There results a wave-~
form of fundamental frequency f, having no
harmonics below the 6th, This ¢an be filtered
more readily to produce a sinuscidal output

than could a sirmple square wave.

|
U

This operation is parformed for ten "f-3f" pairs
of frequencies from U45 and U46. The schematic
onlty shows the circuitry for the 31, 25Hz case,
When that frequency is selected, pin J2-9 (E-7

of schermatic) is high and gates U13/11 and

U14/3 are passing signals, These signals are
combined via 31 weighting resistances (in favour
of the fundamental)., Since U18/11 inverts the
signal and U14/3 does not, the signal at 3x
81.25 = 93,76 Hz is subtracted from the 31,25 Hz
signat, and the third harmonics cancel as
described,

The clrcuit within the dotted enclesure is a five—~
pole tow-pass Butterworth filter, Its output,
adjusted in amplitude by the trimpot RV-13, is
surmmed with the output frequencles from all of
the other similar circuits into the op amp USS,

the output of which goes to the COMB switch UsS4/6
controlled by the GENERATOR FUNCTICN switch,

The 1kHz square wave from U36/3 is filtzred by
the three pole butterworth filter composed by
UG5 and its surrounding passive components.
RWV17 is a level trim to adjust the sinewave
signal at US55 pin 6 td a level the same as that
produced by the function generator. This is the
cue as described elsewhere, :
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5.13 GATE LOGIC AND SWEEP LOGIC AND
1KHz SENSE

5,13.1 Gate Logle

The upper portion of the schematic shows the
output gating logic, This consists of counter
usia (D-7) and associated control logic to
implement the functions named on the front panel
controls, and the humber set on switch 515
which selects outputs of the counter,

Gounter Ug13 and its associated multiple switgh
515 serve two completely separate functions,
When both the TIME and the CYCLES switches
are out (UP, on schematic) U813 is clocked

by the RIMAC CLOCK via Q20 and $15 selects
the sweep time, i,e, the rate at which the
RIMAG counter, UG5, U66) will be clocked,

In this case the instrument is being used for
plotting of a response or spectral curve, On
the othar hand when it is desired to gate a
burst of the generator output, 515 selects the
number of generator waveform cycles in the
burst or the time duration of the burst, according
to whether TIME or CYCLES is pushed, If
TIME is pushed, UB13 gets clocked by a 62,5Hz
waveform brought in from the comb generator.

If CYGLES is pushed, the zero—~crossing signal
(schematic 14) provides a clock coincldent with
the zero~voltage crossings of the signat,

Apart from the source of the clock to U813 circuit
operation is identical in either TIME or OYCLES
mode,

Gate operation may be either SINGLE in which
case a single burst of the selected duration is
programimed or REPETITIVE in which case a

continuous stream of on/off bursts is programmed,

In this mode the ON and OFF times are both equal
to the selected burst duration,

In the SINGLE mode, selected by 512 being out
(up in the schematic), pressing the START hutton
generates a low-going step at 88 pin 4 (C-8),

the switch action being "debounced" by the flip-
flop UB8/4 -U88/3 so that a single clean tr‘ansttiop
results, Either this or a clean low—going EXT

GATE signal gives a high—going step at U88g pin i1,

which is differentiated by the R-C network to form
a short "spike" which resets flip-flop Ug10/1,

The reset flip-flop produces a low on the Q output,
pin 1 which causes U89 pin 10 to go high and U75
pin 4 to go low, This enables U813 to begin
counting the clock signal presented to {ts pin 10.
This signal is either zero crossing transitions

or 62,5Hz as determined by the TIME or CYCLES
buttons, U813 increments until the selected
output, via S15, goes high, clocking U810/t

which provides a high at @ which becomes a
high at U813 pin 11 and resets U813,

For the duration of this count Q of U810 (pin 2)
has peen high and this high, via the TIME or
CYCI-ES switches S10-B and S9-A provides a
high at the D input of flip—flop UB10/13, On the
next positive going zero crossing transition of
the signal waveform after the D input is held
high U810/13 clocks changing the states of Q
and @ and closes the gate switch to let the
signal pass, At the end of the selected duration,
D goes low and on the next positive going zero
crossing transition UB10/13 again clocks and Q
and @ return to their normal state turning off
the signal., This retiming provided by U810/13
ensures that gate on and off switch times will
always be at zero crossings to always provide a
burst of an integral quantity of cycles,

Q17 serves to light the GATE ON ted CR88 when
Q is high,

When the SINGLE /REPEAT button is in
(repetitive mode, down on the schematic) U89

pin 10 is held permanently high, U75 pin 4
permanently low and UB13 is free to count
continuously, In this case the selected output,
via S15, will be a square wave whose period is
twice the selected duration with a high and low
time equal to the duration, This signal is coupled
via 512, 510-B, 83-A to the D input of UB10/13 to
control the gate directly,

{f TIME and CYCLES are both out, the signal on
1188 pin 11 (C-8) which is low while START is
held in, is substituted for the signhal from S12.
This allows the START button to be used as a
"rromeantary" or direct manual gate control,

The retiming provided by UB10/13 is, of course,
still in effect.

Finally, if the CONT (continuous) button is
pushed, the preset input of U810/13, pin 8, is
held permanently high which holds the gate in a
permanent ON state.

5.13.2 Sweep Loglc

The "sweep logic" in the tower portion of the
schematic consists of the 8-bit up/down counter
UsE~UB6 and the logic to the left which sets up
its direction of countihg, the conditions under
which its clock is driven, and the state in which
the counter stabilizes at the end of a sweep. The
circuit will be described by referring to conditions
set up by the function switches S4, S5, 56, 57 and
58,
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The DOWN and UP buttons set and reset the "up-
down' flip-flop control pin 10 of the up/down
counters, setting the direction of counting, It
also controls other logic to be described,

The remaining three switches control the cordifipns
under which the clock is applied to the RIMAC
counter, The modes are:

MOMENTARY: clock runs as long as UP or
down push-button is held in, stops when it is
released, Sweep stops when it arrives at top or
bottorn end (counter state = 1111 111t or

Q000 CO00),

SINGL.E: each press of button causes sweep to
start at one end, progress to the other end and
reset to the first end, If direction of sweep is
UP, RIMAC state starts and finishes at

Q000 0000; if DOWN at 1111 1111,

CONTINUOUS: Sweep goes repetitively in
direction set by UP/DOWN controls, resetting
automatically and pausing for 1,2, or 4 seconds
before starting again, o

In MOMENTARY operation, pressing either the
DOWN or the UFP button causes a high to appear
at UB6G pin 4 (C~7), This raises the J input of a
flip-flop (C~5) and the next positive clock edge
on U76 pin 3 causes the Q output to go high, If
the counters UBE, UB6 are not in an end state
{0000 0000 if counting down, 1111 1111 {f counting
_up) then the final carry output signal on UG8
pin 7 (C-3) is high, and U89 pin 3 is high., Thus
gate U74/86 ts qualified and the clock on U74 pin 4
is gated through to the counter, With the
MOMENTARY button pressed, the EN pins are
low and the countzrs are enabled to count. Also,
conditions are set up for the UP or DOWN
"SWEEPING! LED (A-4,A-5) to blink at clock
rate, according to the state of the Up/Down
flip-flop.

Counting stops when either of two events occurs:

a) the DOWN or UP button, whichever was being
pressed, is released, Then the J input,
U786 pin 6, goes low and the flip-fliop
synchronously resets (@ low) at the next clock
edge,

b) the counter reaches an end state: 0000 0QC0
if counting down, 1111 1111 if counting up.
In this case UBS pin 7 (CARRY OUT) goes low,
Since U77 pin 6 (C~5) is held low, U77 pin 4 is
high, so the low on UE6 pin 7 appears at U74
pin 3 and shuts off the clock.

If the direction of counting is reversed by
pressing the DOWN or UP button, the CARRY
OUT signal will disappear and counting can
recomrnance,

In SINGLE mode, pressing of DOWN or UP sets
the state of the up/down flip~flop and raises

U8B pin 4 as befora, This pin is now connected
to reset flip~flop U78/15, This drops SWEEP
and allows the counter to count, Note that in
aither SINGLE or CONTINUOUS mode, the
PRESET line (pin 7) of the clock control flip-
flop U76/1 is permanently high, so that the
clock is always present, If counting direction .
is up, U8BS pin 11 (B-7) is high ard the exclusive
OR gate U77/3 will invert the signal from pin 1
to pin 3, Therefore when the counter MSEB
changes from 1 to © (ie the state of the counter
carries from 1111 1111 to 0000 0000) a positive
going edge appeanrs on U76 pin 13, This changes
the flip—flop state back to "1", raising SWEEP
and stopping the count,

The quiescent state of the counter is determined
by the state of the Up/Down flip~flop UB6/3 -
uas/11(B-7). U86 pin 3 drives the "jam" or
asynchronous preset input lines of UGBS — UB6:
pins 3,4,12 and 13. When SWEEP is high,

pin 1 is high (the PRESET ENABLE lines) and
the counter IC's take the state appearing on the
jam lines. Thus a down~count starts at 1111
1111, an up~count at 0000 0000, as required,

In CONTINUOUS mode, the RESET Inhput U76

pin 12 (B-6) is driven by the output of the PAUSE
COUNTER U687, (Pin 14,15 or 1 as determined by
conditional jumpers), The flip-flop & output in
turh drives the reset of the counter, pin i1, The
flip-flop is clocked oh the end carry of the RIMAG
counter as for SINGLE mode, releasing the.reset
of the PAUSE COUNTER which begins to increment
at the 500Hz clock rate. 1 secord later, pin 14
goes high (or 2 seconds 15 goes high or 4 seconds
1 goes high), The flip=flop immediately resets
and in turn cltears the counter, (Note that the
high—going pulse on U7 pin 14 is very narrow
and will not be seen on an oscilloscope). Thus
the RIMAC can begin counting again, after
spending one, two or four seconds in the
appropriate state to begin the next sweep (0000
0000 for up sweeping, 1111 1111 for down
sweeping) which allows the circuit under test to
stabilize.

5,18.3 1kHz Tone Detector

When GENERATOR FUNCTION switch S2 is set
to AUTO START REP, +7V power is supptied

to U92, a tone detector, The signal input to

V92 comes from an output of the front end preamp
and is thus the Receiver input signal. The
capacitors and resistors surrounding U92 set its
operating frequency to 1tkHz. This means that
every time the {nput signal is 1kHz and at a
sufficient amplitude the output of U92 pin 8 will
go low, This causes current to flow in R169 and
and CR89 and light the 1kHz SENSE led.
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L.evel shifter Q11 converts this 0 to +7V signal
to a +7 volt drive to U75 pin 7 and S4 and S5,
When 1kHz is sehsed this signal is +7V which
inhibits the operation of S4 and S5, As soon as
the 1kHz tone ceases (and sweeping beging)

Q11 coliector goes low (—7) and, if the UP or
DOWRN button were being held, the RIMAG would
begin counting to toad a plot into {the mamory,
(This assumes SINGLE. has been pushed},

If both CONT and SINGLE are pushed this
operation is autormatic. When the 1kHz stops,
U75 pin 7 goes high causing a momentary high
on U8s pin 9, During this time U7 is g¢logking
and a 62.5Hz signal is present on pin 8 of U8S,
On the next high going edge of this clock LI86
pin 10 goes low, This has the same effect as
momentarily pushing the UP button and starting
the RIMAC counter, This action causes U87

to be held reset and U8B pin B to remain low,

At the conclusion of the swept signal the 1TkHz
reappears, the tone detector senses it and Qi1
goes high and the circuit waits for the T1kHz to
again disappear. '

To ensure reliable operation the circuit is
inhibited from starting for 16 ms, When the
RIMAGC has completed its full count the reset
pin of U67 (pin 11) goes low and UG7 begins to
increment., 16ms later pin 6 goes high for
16ms after the RIMAG cornpletes its count, the
low in U7 pin 6 inhibits U8B pin 10 from going
low and prevents false triggering by the tone
detector from starting the RIMAC count
prematurely, The differentiating circuit
composed of C80 and R157 hold U8E pin 9 high
for longer than 16ms to ensure operation,

Thus when the 1TkHz again disappears U86 is
started,
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5,14 ANALOG GATE, ZERO CRQSS DETECTOR

POWER AMPLIFIER, OUTPUT ATT'ENQATOR
AND METER SEND AMPLIFIER '

5.14,1 Signal buffer and Analog Gate

The signal selected by the CENERATOR FUNCTION
switch appears on U28 pin 3 (E-8) via a selected
4066 CMOS switch, U28 buffers the signal and

it is available at the SOURCE output connector
and the INT/EXT switch S14, The signal selected
by Si14 appears on R39 and {s connected by the
analog gate, U27/12 and U27/6 to U29 pin 3, The
gate is configured as a series/shunt switch with
inverted drives from the gate logic to provide a
high degree of attenuation in the off mode, The
virtually infinite input impedance of 29 prevents
the CMOS switch from introducing non linearities.

U29 may have a gain of 0 or +10dB as determined
by U18/5. This sets the feedback condition as
determined by the requirements of $16, the
output attenuator, (see the GENERATOR BOARD
OUTPUT POWER AMPLIFIER table for details
on this function,)

Usts (E-5) is a differential buffer to permit

the power amplifier to be operated in a floating
mode, UB15 and the entire power amplifier are
powered from an isolated power supply o permit
this entire block to be referenced to a ground
potential differing from that of the 4400A circuit
comrmon,

5,14,2 Zero Cross Detecltor

U310 recsives a sample of the SOURCE signal
via R48 and C29, RB0, RS1 and R52 form a
Schmitt Trigger with hysteresis to convert the
SOURCE waveform into a square wave, The
circuit is configured such that as the SOURCE
waveform just crosses 0 volts in a negative going
direction the output, pin 6, swings positive
changing the reference voltage on pin 3, The
signal must then go positive of 0O volts in the
opposite direction to change the state of pin 8

of U310, This ensures that the positive going
transitions of the squarewave output coincide
with the negative zero crossing transitions of
the signal for proper gate operation. The
negative square wave transitions will be displaced
in time due to the hystersis action,

310
Pin 2 .

$ichie]
Pin 6

Q24 is used to Inhibit the action of the zero cross
detector when it is not required, When the CONT
gate button s pushed, Q24 is saturated to shunt
the SOURCE signal and inhibit the operation of
UB10, This ensures clean signals free firom the
potential leakage of the sharp spikes present
during the transitions of U310,

6,14,.3 Output Power Amplifier

ugis is a differential input buffer with a loss

of 12dB used to bridge the instrument referenced
ground of the SOURCE signal to the ocutput circuit,
The divide by four configuration gives the circuit
a common mode range of over 50 volts, the
maximum swing of the output power amplifier.
This atlows the output high te be connected
directly to instrument ground and the signat
taken frorm the output floating ground., This
glves complete freedom of use of the two output
terminals for use with balanced, floating loads,

UB1s is coupled to RV15 the QUTPUT LEVEL
control, This has a range of 0 to about —14dB
loss, The signal is then coupled into Us14
inverting input via R89 and, if RL7 is closed,
R88, RL7 sets the gain of the power amplifier
to +16dB or +26dB nominally as determined by
the requirements of the OUTPUT ATTENUATOR,
(see the GENERATOR BOARD OUTPUT POWER
AMPLIFIER table),

The op amp UB14 provides most of the loop gain
of the output amplifier. It is supplied from the
"floating" 50V rails via zener regulators., Usi4
output drives the base of @25, The signal is also
shifted in D, C. level by the thermally variable
potential across Q30 to drive the base of Q27,

Q25 and Q27 are the "driver" pair, They
provide complementary signals to the bases of
the output pair Q29-Q31: as current increases in
Q25 it decreases in Q27, and vice versa, This
causes complementary signal currents in the
output pair, to drive the load positive and
negative of the common terminal,

Transistors Q26 and Q28 provide short-circuit
protection, If the ocutput is short—circuited or
loaded with too low a resistance, and if retay
RL6 (0-1) is closed, the output amplifier will
attempt to maintain signal voltage across it by
providing large signal currents, However if the
in Q29 (for example) appreaches 200mA, voltage
appearing across R74 will cause Q26 to conduct
and divert base drive current from Q29,

Overall feedback s via the network R82/C32,
Audio~frequency feedback is via R82, giving an
overall gain of approximatety 6 or 22, The
capacitor provides phase-lead feedback to suppress
ringing or oscillation in the output, and to give the
best transient response.
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5,14, 4 Output Attenuator

R72 and four voltage dividers formed by R64,65,
56,57,866,67,88 and 69 provide § levels of
attenuation from O to —=80dB, This, in conjunction
with the 0 or 10dB galn of U29 and the $16 or

+26dB gain of the powe'r' amplifier provides 11 steps
of output level in 10dB increments, The output
attenuator is designed to present a constant 500
source impedance to the load at any setting of the
controls,

Relays are used to selact the tap polint for the
output due to the low impedance and high voltage
swings and to prevent non linearities that slectronic
switching would introduce, The 1% resistors
produce accurate 10dB steps throughout the range,
The relays are driven by diode logic addressed by
the OUTPUT ATTENUATOR switch 518, See the
GENERATOR BOARD OUTPUT POWER '
AMPLIFIER table for details,

5,14,5 Meter Send Amplifier

U210 and U17 form a switched gain preamplifier
to provide a signal representative of that on the
QUTPUT connector to the meter and internal
phase reference, Their purpose is to buffep the
fleating output and provide a ground referenced
signal with an amplitude range lower than 60dB
although the OUTPUT signal can vary moreg than
120d8, '

U210 is a differential input amptifier with a gain
of ~17dB or +13dB., U17 has a gain of unity of
+30dB. Three sets of overall gains of ~17dB,
+13dB or +43dB are selected by the QUTPUT
ATTENUATOR switch S16 to correspond to the
requirements of the OUTPUT signal and the metern
send range, Agaln the table gives details of the
operation of the CMOS switch U18 to establish
these gains, Trim controls RV1, RV2, RV3 ang
RV4 align the gains of the pair to exactlly, 30dB3
increments. The various capacitors provide
amplifier stability,
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Caution. This instrument contains CMOS and other types of
semiconductors that are sensitive to electrostatic discharge.
These parts can be permanently damaged or their reliability
dimmished unless proper handling procedures are followed,

Before removing the cover of this instrument study these
procedures carefully and follow them rigorously to avoid
damaging your instrument,

1)

2)

3

4)

USE A STATIC FREE WORK STATION,

This includes an antistatic work surface grounded via a 330KQ resistor
to a hard ground, Avoid all plastics, vinyl and styrofoam including
styrofoam cups, plastic coffee cups, plastic coffee cup holders,
cigarette packages with cellophane wrappers, plastic combs, vinyl books
or folders, plastic covers on work sheets, plastic bottles, plastic bags,
potato chip bags, plastic purses, plastic solder suckers and plastic
ashtrays, '

ENSURE THAT YOUR BODY IS GROUNDED BEFORE TOUCHING ANY
STATIC SENSITIVE DEVICE,

Develop habits to prevent discharging your body into static sensitive
devices, When approaching a test bench touch a ground first, When
working on equipment wear a metalic wrist strap connected via a 330K
resistor to hard ground. If not wearing a grounding stirap hold on to a
ground while touching any semiconductor (unpowered of course).

KEEP PARTS AT GROUND POTENTIA L

Store parts in antistatic containers such as special antistatic integrated
circuit storage tubes or special conductive foam. Pick up parts by the
the body of the item, not the leads, Do not subject semiconductors to
sliding movements over any surfece at any time,

USE GROUNDED TEST EQUIPMENT

This includes soldering iron tips, voltmsters, oscilloscopes etc, Never
probe or test semiconductor circuitry with a volt—ohm metenr,
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COMPONENT R’E_MOYAL. AND REPLACEMENT

Components that are soldered in place must be removed with great care to
avoid permanently damaging the printed circuit board, Amber circuit
boards are among the highest quality available but, as with all boards with
high component density, small somewhat fragile traces are used, Improper
component removal could pull these traces off the board necessitating major
repainr, '

To remove a defective or suspect component first remove solder from the
mounting pad. Use a good quality vaccum sotder removal tool or similar
technique to remove solder from around and inside the plated through hole

that mounts the component, After this is done, carefully free the leads one by
one which will probably be sticking to one side of the hole. Use care to avoid
darmaging the pad. It is suggested that where possible, the component be
crushed to allow each lead to be removed individually, If this is not possible cut
each lead close to the component body, remove the body then the leads one by
one, Do not use excessive force to pull the leads out of the board., They should
either fall out by gravity or be able to be gently removed by applying a slight
heat o the lead with a soldering iron, Avoid overheating the pad as this could
destroy the adhesive holding the pad and trace to the board substrate, Examine
each removed lead to see if the internal hole plating has been removed by
accident, If so this pad will have to be soldered on both sides of the board when
the new component is inserted to maintain continuity.

Careful practice in component removal will prevent any board damage and
leave the component mounting pads and surrounding board area in the same
state it was in before component removal.




Section 6

4400A AUDIO TEST SET
ADJUSTMENTS AND CA LIBRATIONS

6.0 General Notes:

Due to the nature of the 4400A all calibrations,
with one exception, can be made using the 4400A
itself and an external oscilloscope. This ona
exception is the absolute amplitude calibration
of the digital dBm measuring circuit. This
requires either another calibrated 4400A or an
equivalent, accurate meter capable of measuring
amplitude in dBm,

The use of an oscilloscope is not essential for
all calibrations but its use is recommended to
cobserve waveforms during all adjustments,

If a complete catibration i{s being done it should
follow the order outlined in this section as
some calibrations are done using other circuits
of the 4400A which are presumed previously
calibrated. :

Generally, all the adjustments are analog and
amplitude in nature. Frequency adjustments
are not required as these circults use the
3.072 MHz master clock for their reference,
This clock is gererated using a crystal whose
basic accuracy and long term stability (s far
better than required for most purposes.

Certain frequency related variables cannot be
referenced to this master clock (sweep end
points, for example). In these cases stable,
*1% precision components are used and absolute
accuracy can be verified using the crystal based
circuits. (for example, the sweep end points
can be measured with the freguency counter and
the plot with markers, both of which dertve:
from the crystal.)

The 4400A measures ard plots amplitude with the
designation dBm, The proper definition of this
term requires the measurement to be made
across a 600Q2 resistor, Most measurements

will be the same absolute amplitude (i.e. voltage)
with or without a 600Q2 termination, if they are
made in typical points within the 44004, as the
source impedance is below 12, Strictly speaking,
these measurements, when made without a 6000
termination and with a conventional high
impedance AC voltmeter (or "dBm " meter),
should be specified in dBv, However, two
conventions are popular as a reference for dBy, .
One states that 0dBy = 1V RMS while the other
states OdBv = 0,775V RMS (=0dBm across 600R).
To avoid this confusion and to agree with. the
panel designations used in the 4400A the term
dBm will (incorrectly) be used throughout the
calibration procedure,

To summarize:

0dBm = 0,778V RMS as measured with a high
impedance voltmeter that presents virtually no
load to the measuping point, The same

yoltmeter would read 0dBm if placed across a
6000 resistor dissipating 1mW, Most contempory
AC voltmeters fulfill this description.

6.0.1 Measuring Amplitude

The 4400A resolves to 00,0148 although has a
specified absolute accuracy of typically 10,2dB.

- To achleve this or better galibration accuracy
implies the use of & meter capable of measuring

to better than 10, 1dB or about #1%, Few
instrurnents are capable of such accuracies and
even fewer over any frequengy range cor below
a few hundred millivotts,

When performing the calibration of the 4400A,
particularily in the digital dBm display section,
hear in mind the actual error of the external
measuring meter, This error will often be a

. composlite of an absplute errar plus a reading

error, plus a low level offset plus an attenuator
error plus a frequency response error, Itis
not uncommaon for good quality meters to have a
cumulative ahsolute error of over 10, 6dB at mid
frequencies,

6.0.2 Simplified Schematics

It is suggested that the reader observe the
various simplified schematics In this section,
The general functional schematic at the end
together with the calibration summary shows
all the calibrations referred to in this section,
Additional partial functionals throughout the
text serve to clarify signal path and functional
layout of specific circuits,




6.1 RECEIVER BOARD CALIBRATIONS

Adjustments ard calibrations in the recelver
board can be classified into four basic apreas:

1) Preamp or front end

2) Filter

3) Digital plot recorder analeg section
4) Digital plot recorder digital section,

6.1,1 Preamp or Front End

There are five trim adjustments in this area,
The preamp can be set to one of three gains with
a nominal 30dB difference between each gain,
Four of the trims set these gain differences tp
precisely 30dB while the fifth adjusts the gain
symmetry between A and B inputs or the CMRR
{commrmon mode rejection ratio) in the differential
configuration, Note that the absolute gain or
toas is not critical at this point only the 30dB
difference between gains, See Fig 6.1.1

Equipment Required:

AC voltmeter measuring in dBm with an absolute
accyracy of 10, 2dE8 or better,

DG Oscilloscope
Procedure:

1. Set up generator section of 4400A to provide
a fixed frequency sine wave around 1kHz,
Connhect the GENERATOR OQUTPUT to INPUT
A and monitor this point with the external
meter,

2, Set RECEIVER FUNCTION switch to any
non-filter position, for example positions &
through 11,

3, Set the INPUT RANGE pushbutton group to
-30 to —00dBm,

4, Send a level of —40dBm to INPUT A, Read
the signal level at FILTER OUT (the output
of the preamp in this casa), 1t should be
+3dBm t1dB, Note the actual level,

5. Change the INPUT RANGE to 0 to ~60gBm
and change the signal level at INPUT A to
=10dBm (exactly 30dB above the previous
level}, Observe the level at FILTER OUT,
It should be nominally +8dBm. Adjust RS
for the same reading as in step 4, (i.e, If
the reading in step 4 was +2,8dBm adjust
RVS for +2.8dBm)

Raise the input level to +20dBm (exactly
30dB above the previous level) ard change
the INPUT RANGE to 430 to ~30dBm. Look
for a reading of +3dBm at filter out, Adjust
RV2 for a level of exactly the same as the
readlng in step B), (Using the previous
example the reading would be 42, 8dBrm),

Return the INPUT A level to ~10dB, Select
~0 to =60 INPUT RANGE., The signal at
FILTER OUT should be approximately +3dBm,

" Move the slgnal to INPUT B and select

INFUT

DIFFERENTIAL on the toggle switch., The
signal at FILTER OUT should be approximately
the same as that read when the signal was on
INPUT A, Now connect the signal to both
INPUT A and INPUT B at the same time

(Using a Y cable or T connector,) The level

at FILTER QUT should drop by several di3,
Adjust RV3 for minimum signal. It should

be possible to adjust for a cancellation of

more than 50dB (i.e, around ~50dBm).

Repeat step 7. with a signal level of +20dBm
and INPUT RANGE of +30 to —-30dB, Now
adjust RVt for maximum cancellation.
Again look for 50dB or more cancellation,

The-final control, RV4, will be adjusted
using the meter in sectlon 6,8 paragraph 16,
The preamp should now have three gains
differing by exactly 30dB,
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6,.1,2 Filter

A single adjustment is provided in the fllter section,
a high frequency compensation variable capacitor.

The purpase of the filter frequency compensation
is to provide a constant filter center frequency
gain at all frequencies, Without compensation,
at high @ values and high freguencies, "Q
enhancement " occurs, This is caused by the gain
bandwidth product limitations of the operational
amplifiers, It shows up as a higher pass band
gain at frequencies over 10kHz and increases
with frequency. The error is compensated with
a single variable capacitor in the feedback path.

Equipment Required:

Oscilloscope ok AC Voltmeter

Procedure:

1.

Connect the oscilloscope or external meter to
FILTER OQUT.

Connect SOURCE out to INPUT A and select
the 430 to ~80 INPUT RANGE, Select 100Hz
to 100kHz on both the GENERATOR and
RECEIVER. Select SWEEP MAN START
on the generator and SWEEP FREQ on the
receiver, Select MOM sweep and a suitable
SWEEP SPEED (arcund 8 secs to start).

Turn the FILTER Q control to minimum @
(fully CCW) and the generator and receiver
FINE FREQUENCY controls to their mid
position,

Using the UP and DOWN buttons advance the
generator and filter to a mid band freguency
(around 1kHz), Tune the FILTER FINE
FREQUENCY for a maximum reading on

the external oscilloscope or meter. Advance
the FII.TER Q control to its maximum Q
position and carefully retune the FINE control,
Note the maximum reading cbtained as the
control goes through the peak,

Repeat step 4) but at a frequency of around
60kHz, Start with low Q then advance to
high Q. Adjust CV1, the variable capacitor
on the receiver board for the same reading
as observed at tkHz, Note that some settings
of the trim capacitor will cause the filter

to oscillate, WVerify that the filter is not
oscillating when the correct reading is
obtained by temporarily disconnecting the
INPUT A signal, FILTER OUT should

have no signal under this condition,
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6,1.3 DIGITAL PLOT RECORDER

Analog Section

The analog section of the Digital Plot Recorder
consists of several AC gain stages, two RMS to
DC converters, several DC gain stages, a phase
comparator and a linear ramp generator, This
scction describes the adjustment of the DC gain
and ramp levels to cause accurate plotting.

The reader may wish to refer to the simplified
functional of the three basic configurations of
the plotter analog section,

Note that two independant RMS to DC converters
are used in the plotter, In the dB RATIO mode
each converter measures the respective
amplitude of the A and B signal inputs, The
difference of the logs of these two amplitudes

is then plotted.,

In the case of dBm ABS both RMS converters

act on the same signal, To permit an accurate
conversion over the full amplitude and frequency
dimension the amplitude range is divided into two
30dB windows with each window being measured
by its own converter, As both are operating
simultaneocusly the transition from one converter
to the other (auto ranging) is smooth and
unnoticeable, provided each converter is properly
calibrated. The exception is under certain
dynamic conditions where a rapidly varying

signal near the crossover point will produce a
minor jog in the plot. This is due to the fact

that the time constants of the RMS converter is
somewhat dependant on the signal level (a condition
of virtually all AC to DC converters),

Thus the top converter will be at the end of its
range, where it is slow, and the bottom converter
will be at the top of its range, where it is fast.
The "fast" and "slow™ arre minor variations and
shoutd not be confused with the pronounced FAST
and SLOW RMS selection shown on the front
panel,

Equipment Required:

AGC Voltmeter measuring in dBm with an absolute
accuracy of 120.2dB or better,
DC Oscilloscope,

Procedure:

1. Fhis procedure assumes the preamp has
been correctly adjusted as described in
section 6,1.,1,

2. Select 0 to ~80dBm input level range on
preamp, select dB RATIO mode with
RECEIVER FUNCTION switch and INPUT B
on PLOTTER INPUT SELECT toggle.

3. Connect a mid-band signal {approx, 1kHz)
to INPUT B at a level of —-20dBm, This
signal should appear at an amplitude of
approximately 0dBm at the inputs (pin 1)
of both RMS to DC converters,

4, Connect an oscilloscope probe to the first
RMS converter, UG8, pin 6, Set the
sensitivity to about 5mV per division or less,
Adjust RVI13 for a minimum DC reading, As
the control is turned end to end the voltage
may swing up to #50mMV,

5. Using a similar procedure to 4. above
adjust RV14 for a minimum DC voltage at
PIN 6 of 77,

6, With the same signal amplitude and frequency
levels specified in 2. and 3, connect the
signal to INPUT A, select = DUAL CHANNEL
(mid position of toggle) and PHASE INT REF
oh the RECEIVER FUNCTION switch,

7. With a probe from the DC osciiloscope look
for a level of approximately +5V DC at
pin 6 of U72, Adjust RV15 for exactly
+5.0V DC,

8. L.ook on Pin 2 of UG4 and observe a linear
ramp with a slope between +10V DC and
oV DC, Adjust RV16 so the bottom of the
ramp just hits OV DC, See figure 6.1,3.1

Wrong wrong

right

Fig, 8 13- 1 RV16 Ramp Adjustments

9. Set up the oscilloscope to view the digital
plot recorder. Using the set up of 8, sweep
the recorder. It should plot near the center
reference line, Adjust RVE so it plots
exactly on the center line.

10, Change the RECEIVER FUNCTION switch
to dBm ABS, With the sarme signal as
before (~20dBm) adjust RV10 so the plotter
will put a line at what should be -20dBm on
the oscilloscope screen, (For convenience,
set the upper and lower reference lines on
two graticule lines separated by 6 major
divisions, Each major line will then
correspond to a 10dB step. )
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11,

2,

13.

14,

15,

16.

17,

Change the input level to -10dBm and adjust 5,
RV8 for the proper plot,

Check -20 and ~10 again and verify that

they are correct, If not, repeat steps

10. and i1, &8,

Change the input tevel to -60dBm and adjust
RW12 for a proper plot.

Change the input level to —-40dBm and adjust
RVA for a proper plot,

Step the input level over the range O to
-60dBm in 1(dB steps and check if all steps
fall on a major line on the scope,

Finally send a level of about —20dBm to both
INPUT A and INPUT B and select dB RATIO
mode on the RECEIVER FUNCTION switch.
Adjust RV11 so the plot is just on the

center reference line (i,e, 0dB difference).

Change the input levels at A and B over the
range ~5dBm to ~-50dBm. The plot should
not deviate more than £1,6dB,

DIGITAL SECTION

A single trim control requires adjustment in

this section.

This control, RV7, sets the x5

magnify mode to be exactly 5 times the normal
(x1) mode.

Equipment Required:

[C Oscilloscope

Procedure:

1.

Set the internal miniature rocker switch
to the x5 mode. (Switch 3-0 to be closed
see section 4, for detailed instructions.)

Connect the oscilloscope to the 4400A and set

up all controls to view the digital memory

(plotter) output, Connect OUTPUT to INPUT

A,

Select a fixed frequency mid band signal on
the generator, Select a 50dB window and an
INPUT RANGE of 0 to ~60dBm, Send a
signat of about —10dBm. Select MEM ENTER
into trace B or D,

Push the UP button arnd plot a step pattern
by lowering the send level by exactly 10dB
during the plot,

Pull the TRACE SHIFT x5 control, The
10dB step created in step 4 should be

expanded to be approximately the total height
between the top and bottom reference lines,

Using the TRACE SHIFT control RV7 and

adjust the reference lines so they fall exactly
on the step pattern,
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6.2 GENERATOR BOARD CALIBRATIONS

Generator board calibrations divide into four
areas:

COMB GENERATOR and ikHz send amplitude
1kHz Tone Decoder Frequency

Power amplifier Offset and Bilas

Meter Send Amplifier Gains

PO\

6,2.1 Comb Generator Amplitude Adjustments

The comb generator starts by generating 10
square waves of the required frequencies and 10
square waves eqgual to bul oppesite in phase to
the third harmonic of these fundamentals. These
signals are surnmed individually and sent to 10
low pass filters, Component variations due to
finite tolerances will present amplitude
variations at the outputs of the respective filters.
This procedure adjusts each of the 10 circuits to |
give identical output amplitude,

Equipment Required:

AC voltmeter with a frequency response accuracy
of 0, 1dB or better 30Hz to 20kHz or an
QOsciltloscope,

Procedure:

1. Gonnect the AC voltmeter or Oscilloscope to
SOURCES out and select COMB on the
GENERATOR FUNCTION switch, Select
1kHz with the COMB/MARKER pushbuttons
and adjust RV13=-6 to its midpoint. Note
the level observed.

2, Turn off the 1kHz and select each frequency in
turn one at a time and adjust their respective
trims (RV138=1 through RV13~10) for an
amplitude equal to that observed in step 1,

6,2,2, 1kHz Auto Start Tone Adjust

The 1kHz sine wave used to generate the cue tone
to syncronize sweep and. memory enter functions

in the AUTO START mode is generated by filtering
a 1kHz square wave clock signal, This procedure
adjusts its amplitude to be the same as the

swept sine wave,

Eaguipment Required:

AC voltmeter or an Osciltoscope,

Procedure:

1, Connect the AC voltmeter or oscilloscope to

SOURCE out, Select AUTO START REC
maode onh the GENERATOR FUNCTION switch.

2, Select MOM sweep and using the U and
DOWN pushbuttons advance the sweep to a
midband frequency (approximately 1kHz),
Note the level at SOURCE out .

3, Select SINGLE sweep and let sweep advance
to the end so the 1kHz cue tone appears,
Adjust RV7 so the level at SOURCE out is
the same as that noted in 2,

6.2,3. 1kHz Tone Detector Adjust

The 1kHz tone detector is energized when in the
AUTO START REP mode and decodes a 1kHz
signal at INPUT A to provide a logic command
to start the plot recorder in syncronism with an
externally generated sweep,

Equipment Required:

An external tkHz accurate oscillator or the 4400A
generator set to 1kHz,

Procedure:

1, The COMB generator or 1kHz AUTO START
generator cannot be used as the GENERATOR
FUNCTION switch must be in AUTO START
REP,

2, Put the SWEEP controls in the MOM mode
and sweep up to 1kHz, Use the FINE controt
to set the generator to as close to 1000Hz
as is possible,

3. Connect the QUTPUT to INPUT A, Send a
level of just under 0dBm and set the INPUT
RANGE pushbuttons to 0 to —-80dBm,

4, Adjust RVS so the 1kHz SENSE led lights,
Lower the output (send) level until the led
goes out. Re-adjust RV8 so the led comes on,
Repeat until the lowest level is reached where
no further optimization of RVE is possible.

6.2.4 Power Amplifier Offsat

This procedure adjusts the output power amplifier
for minimum DC offset,

Equipment Required:
DG Oscilloscope,
Procedure:

i, Connhect the oscilloscope to the OUTPUT
BNGC Connector,




2, Select +30 on the OUTPUT ATTENUATOR,
push in the DC OFFSET control (concentric
to the output level control) and select EXT
with the OUTPUT pushbutton., There should
be no AC signal an the output except noise,

3, Adjust RV=& for minimum DC offset, The
extremes of the control rr{ay parmit up to
50 mV DC and proper adjustment should
yield virtually no DC component,

6,2,5 Power Amplifier Bias

The power amplifier output stage requires a
quiescent bias to eliminate crossover distortion
as the signal goes through zero volts, With no
bias there will be & dead band at the zero crossing
which will show up as distortion, The distortion
witl be tnversly proportional to signal amplitude
i.e, high at low signal levels, The correct

bias will completely eliminate this crossover
distortion, Too much bias will cause excessive
quiescent current drain through the cutput
devices which could cause excessive heat
dissipation,

Equipment Required:
Oscilloscope
Procedure:

1. Connect the OUTPUT BNC to INPUT A BNC
and the oscilloscope to FILTER QUT,

2, Select the first position on the GENERATOR
FUNCTION switch, fixed frequency SINE
WAVE, Select the first position on the
RECEIVER FUNCTION switch, fixed
frequency BAND PASS, Select maximum
FILTER Q, ’

3. Tune the GENERATOR to a frequency around
10kHz, Tune the FILTER to the same
frequency and using the FINE control tune
for a peak,

4, Change the RECEIVER FUNCTION switch to
the second position, BAND REJECT, Push
POST FILTER GAIN and adjust the oscilloscope
for a useable sensitivity, Change the FIL.TER
Q to minimum, If necessary retune the
FILTER for a nutl,

5. Turnthe BIAS trim control, RVS, counter-
clockwise and observe short sharp spikes
on the nulled waveform, GCarefully turn
this control clockwise until the spikes just
disappear. Be careful not to advance the
control past the point where the crossover
spikes are just eliminated, This would
cause excessive bias current producing
excessive power dissipation in the output

transistors and eventual distruction of the
output devices,

/ SINE WAVE
SHOWING
CROSSOVER DISTORTION

FUNDAMENTAL NULLED
ﬁL{—L{LJ OUT TO SHOW SPIKES

SPIKES REMOVED

68.2.68 Meter Send Amplifier Gains

The meter send amplifier provides a ground
referenced signal to the meter board with a

level range within the capabilities of the meter
while the generator output may vary over a much
larger level range, It monitors the actual output
connector and is similar in configuration to ona
half of the input preamp. lts gain is set
autormatically by the OUTPUT ATTENUATOR
switch and this gain is reported to the meter

in order that the true absolute output level be
displayed on the digital readout, The following
calibration procedure assumes the input

prearmp has been calibrated as in section 6.1.1.,
The meter need not be accurately calibrated as
it is only used for comparisons,

Equipment Required: None
Procedure:

1. Connect the OUTPUT BNC connector to
INPUT A BNC., Select the GROUND
REFERENCED output mode (mid position
of toggle switch). Select a mid band
(approximately 1kHz) sine wave, Select
~30 to =20 dBm input level range on the
receive input,

2, Select ~40 on the OUTPUT ATTENUATOR,
Select INPUT A on the meter MEASURE
pushbuttons. Adjust the OUTPUT LEVEL
control for a reading of —-40, 00dBm on the
display,

3, Select SEND on the meter MEASURE
pushbuttons and adjust RV2 for the same
digital readout as in step 2, :

4, Select -10 on the OUTPUT ATTENUATOR
and 0 to ~80dBm on the INFPUT RANGE
pushbuttons, Select INPUT A on the meter
and adjust the OUTPUT LEVEL for a reading
of =10, 00dBm,
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Select SEND on the meter and adjust RV1 for
the same dBm reading as obtained in step 4,

Select +20 on the OUTPUT ATTENUATOR
and +30 to =30 dBm on the INFPUT RANGE
pushbuttons, Select INPUT A on the meter
and adjust the OUTPUT LEVEL control for
a reading of +20.00dBm,

Select SEND on the meter and adjust RV3
for the same dBm reading as obtained in
step 6.

Without disturbing the level set up of step 6,
disconnect the cable from the OUTPUT
connector and INPUT A, Select the FLOAT
mode on the toggle switch and using a
suitable cable connect the QUTPUT signal,
inverted, to INPUT A, That is, the center
conductor of the OUTPUT BNC will go to the
shell of INPUT A and the shell of the
OUTPUT BNC will go to the center conductor
of INPUT A,

Repeat step 7. but adjust RV4 instead of RV3
for the same level, :

Reconnect as in step 1, and verify that the
three levels specified in step 2., 4., and &,
are the same in both INPUT A and SEND
modes under the conditions described,
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6.3 METER BOARD CALIBRATIONS

This adjustment procedure calibrates the meter
board itself for correct dBm readings. The

meter board receives signals from the other

two boards of an amplitude between +13dBv and
-47dBv (. e, a range of 60 dB), It also receives
logic commands to indicate gains in earller stages.
These analog signals and digital cormmands are
used to generate the digital display., This
procedure involves adjustments to affect the gain
of the input autoranging circuitry that converts

the 60dB input range to a 30dB measurement

range and adjustments to the RMS to DG converter,
the average and peak detectors and the log analeg
to digital converter to provide an accurate digital
display,

All meter calibrations assume the INPUT PREAMP
has been calibrated as described in section 6,1,1,
The reader is also advised to. note the observations
of section 6,0.1,

Equipment Required:

Ac voltmeter with an absolute accuracy in dBm
measuremeants of 10,2dBm or better,
DC Oscilloscope.,

Procedure:

1, Select RMS FAST and INPUT A on the meter,
Select 0 to -680dBm INPUT RANGE on the
receiver and connect a mid band signal
(approximately 1kiHz) to INPUT A, The AC
voltmeter should ailso be connected to this
point, Install a clip lead from the right end
of RE64 to the top end of R78, This supplies
+10V to RG4 and holds the autorange switch
in the low gain mode to facititate the foltowing
adjustrments, :

2, Set the INPUT A level to ~-31dBm and adjust
RV11 for a disptay readout of =1.00dBEm.
(The display will flash but the -1,00 will be
correct).

3. Change the INPUT A level to -41dBm and
adjust RV2 for a display readout of ~11.00d8m.

4, Check the =31dBm (-1,00dBm) reading again
and if necessary repeat steps 2, and 3, to
obtain proper results.

5, Rermove the clip lead,
6. Change the INPUT A level to —10dBm and

adjust RV3 for a display readout of ~10.00
dBm,

10,

1t,

12,

13,

14

15,

16.

Change the INPUT A level to -1 dBm and
check that the display readout is —1,00dBm, .
Inability to obtaln this reading indicates
either RV11, RV2 or RV3 have been
improperly set and steps 2, through 6, should
be repeated or the AC meter being used has
a curmulative absolute error close to that
being displayed,

Change the INPUT A level to -20dBm and
adjust RV10 for a display readout of
-20.00dBm.

Change the INFUT A level to -30dBm and
adjust RV for a display readout of
~30, 00dBm,

Selact an INPUT RANGE of +30 to —-30dBm
and change the INPUT A level to +30dBm.
Adjust RVSE for a display readout of
+30,00dBm,

The meter is now calibrated In the RMS mode.,
Verify by making some spot checks at

various levels, Again, bear in mird that -
the digital readout which resolves to 0,01dB
will display er+rors in the meter circuit, the
input preamp and the external AC wvoltmeter,
All elements would have to be accurate to
better than 0.05% cumulative error, an
unlikely prospect, for the digital display to
show all digits perfectiy,

Change the input level to —10dBm and select
the ¢ to -80dBm INPUT RANGE, Adjust the
signal level for a display readout of exactly
-10,00dBm.

Push both RMS FAST and SL.OW to select
AVERAGE (or PEAK) response, Adjust
RWV7 for a display readout of =10, 00dBm,

Change the INPUT A level to ~-30dBm and
adjust RVES for a displtay readout of
~30, 00dBrn,

If PEAK is used repeat step 14. using RV4
and RVE,

Select DUAL CHANNEL on the input preamp,
Connect a signal to both INPUT A and INPUT
B. Select +30 to =30 INPUT RANGE and
adjust the input signal level to some value
between +10dBm and +20dBm, Select

INPUT A on the meter and note the amplitude
being shown on the readout, Now select-
INPUT B (release all buttons) and adjust
RV4 on the input preamp (on the receiver
board) for the same reading as INPUT A,
This RV4 should not be confused with the
RV4 in the meter board,
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CALIBRATION SUMMARY

L.ocation Desig. Function Trim Procedure

Generator RWV1 U17 0dB Gain ADJ Adjust for Nominal 0dB Gain to be exactly
30dB less than nominal +30dB gain.

" RVv2 Meter send gain adjust Adjust for correct GENERATOR meter
send level, i, e, correct dBm display
reading,

" RvV3 U210 normat -17dB With OUTPUT ground at instrument

gain adjust, ground,adjust for nominal —=17dB gain to
be exactly 30dB less than nominal +13dB gain,

" RV4 U210 reverse —~17dB With OUTPUT 'hot' at instrurment ground,

gain adjust, adjust as RV3 above,

" RVB Power Amp, bias adj, Adjust to just eliminate crossover distortion,

" RV6 Power Amp. offset adj. Adjust for minimum OUTPUT DG offset.

" RwvV7 1 kHz amplitude adj, Adjust for same amplitude 1 kHz tone at
AUTO START RECORD as SWEPT SINE
WAVE,

" RV8 1 kHz tone detector adi. Adjust for correct center frequency of Ug2
i kHz PLL tone detector,

" RvVi13-i COMB generator individual | Adjust so each of ten COMB frequencies is

thru frequency amplitude adjust.| sarme relative amplitude,
RV13-10

Receiver RwV1 Ui11 =i7dB gain adjust Adjust for nominal ~-17dB gain to be exactly
30d8 less than nominal +13dB gain,

" Rv2 Ulig =17dB gain adjust Adjust same as RV1 above but on U112,

" Rv3 U213 CMRR adj, With DIFFERENTIAL selected and equal
1 kHz sigmals at A and B inputs, adjust
for minimum output frorm U213,

" RV4 U313 0dB gain adjust Adjust for nominal 0dB gain te be exactly
30dB less than nominal +30dB gain.

" RV5 U314 0dB gain adjust Adjust same as RV4 above but on U314,

" RV6 LIN Ramp generator offset | Adjust for 0° phase diff, to plot on
center reference line,

" RV7 xB DISPLAY mode Adjust so x5 DISPLAY mode is exactly
5 times normal ( x1 ) mode.

" RvV8 uss, Us7 gain adjust Adjust in absolute dBm mode so top 80dB

dB scale factor adjust of 60dB window shows correct plot change
for corresponding amplitude change at thput,

" RV9 U77, U75 gain adj,, dB Adjust as RV8 above but for lower 30dB

scale factor adjust of 60dB window,

" RWV10 Plot offset, top 30dB Adjust as RV8 above but for correct
absolute plot value for corresponding
input value ( intop 80dB ) .

" RwVi1 Plot offset, ratio Adjust after RV12, in ratio dB mode for

center reference line plot with 0dB
difference at inputs,

614




Location Desig. Function Trim Procedure

Recelver RVi2 Plot offset, lower 30dB Adjust as RV10 above but for lower 30dB,.

" RvV13 Us8 scale adjust Adjust so CdBm at U8 Pin 1 results in
oVvDC 18MV AT UBS PIN 6,

" RV14 U77 scale adjust Same as RV13 above but on U77,

" RVi5 U72 offset With 0° phase shift between two inputs.
adjust for +5,0V DC at 72 pin 6,

1 RV16 Linear ramp scope Adjust so bottom of ramp just touches

adjust ov,

Meter RV1 U210 offset Adiust for correct absolute dBm readings
at very low levels in RMS mode.

"t Rv2 l.eg Ramp slope Adjust so a given input change in amplitude
shows correct digital display change in dB.

" RWV3 U312 0dB gain adjust Adjust for nominal 0dE gain to be exactly
80dB less than nominal +30d8 gain.

" Rv4 U313 offset Adjust for correct absolute dBm readings
of low level signals in PEAK mode,

" RVB u48 ~7dB gain adjust Adjust for nominal ~7dB gain to be exactly
10dB less than nominal +3dB gain,

" RV6 U411 offset Adjust for correct absolute dBm readings
of low level signals in AVERAGE mode,

" RV7 U411 gain Adjust for desired dBm calibration in
AVERAGE or PEAK mode.

" Rv8 U315 offset Not used,

" RvVG U31b offset Not used,

" RV10 U316 offset _Adjust for correct absolute dBm readings

' of low level signals in RMS mode.
" RV1H1 Log Ramp start point Adjust for correct overall dBm RMS

calibration .
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P! 2 e 1 5 - e 5| L2 cx OR ¢y OUT/IH
CHANNELS-| 2% 3y mmUT{ B3
INAQUT | 34 =— COMMON P E
F L] 15 LeF Mme— f CUT/IN Vpp =16
‘ A '°| %8 vpp-16 CONTROL{—J Veg =8
Vee . CONTROL‘[B Vsg=8 Vep =7
ves -~ 2 W | VYee=?
N
7 CD400%A
NC + 16
CD40494 cD4052 .C04053 !
{a) Differential 4-Channet Triple 2-Channel
cD4009, CP404q9
Hax Buffer /Converter
Inverting Type
i 14
INFOUT ———— L V0
516G A sW
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outsy 24— [T H12 CoNT \
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4 i ]
IN/OUT — - IN/QUT ¢ .4 l
SIG D D .~5_me l" s
Al AR A3 CONT 5 5[‘;" 19_ outsin e J
llo llz lﬁ! llb B E © I
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2 I -
CASCADING | LA<BY, |~ **#{A-CB] uT I J:ABCOEFGH
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Fron | VAR BHL [ 4 8lour 1 sw H
PREVIOUS [ (a>@),. —# A [+ (A>Blgyy [ si6 ¢
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? TT“ T Vop* 16 §s L1
Bl 82 83 Vogt8 Vg5 *7
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4-Bit Magnitude Comparator

8-Input NAND
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INTEGRATED GCIRCUIT POWER SUPPLY VOLTAGES
RECEIVER BOARD Sheet 1 of 2
TYPE l PIN VOLTAGE PIN VOLTAGE]
Uil 4083 a8 GRD {
Ui12 4063 8 GRD
| IBIE 0K RNET
FUia 4520 ) GRD
s 4520 ) GRD |
uig 4011 7 GRD
Ui7 4620 ) GRD
Uis 4013 7 GRD
1o 100KRNET ]
Ut10 CM325N 7 -5V 14 +15V
Ui LFa66 4 —16V
Uii2 LE356 4 -16V
Uz 4019 8 GRD
U2z 4019 8 GRD
U23 4069 7 GRD
UR4 4013 7 GRD
VES 4049 1 15V .
U2g 4053 7 -7V 16 45V |
uzy 4013 7 GRD
) 4012 7 GRD
Uzo 10K RNET
U210 4081 7 GRD
Ua11 _Ea67 4 15V N
U212 LF357 4 16V |
H u=z13 |_F356 4 -15V 1
B uzi4 4066 7 ~7V
i usi 2102 913 GRD
Euse 2102 q o-i3 GRD
Uas 2102 | o-18 GRD
F uss 2102 H o-i3 GRD
| Uss 2102 { o-13 GRD |
| IEEG) 2102 | _9-13 GRD
Us7 2102  o-13 GRD
38 | 2102 | o-13 GRD
f_U3g 4086 i GRD
l usio 4086 i 7 - lerD | 14 15V
B s LEAs6 ' 4 ~15V 7 +16Y |
H usiz LF358 4 ~15V 7 +15V
l usia L.3ig 4 =15V z +15Y ﬂ
Usig 1M318 4 —15Y yd +1BY |
Ud1 4053 7 -7V g GRD 18 17V
4o 4036 8 GRD 16. 5V
43 4035 8 GRD 16 +5V
Ud4q 4098 3 15V 13 +BV ) 16 16V
U45 4013 7 GRD 14 15V
46 10KRNET i
uay 10KRINET
U48 LM301 4 ~15V ; 7 +15V |
U490 LM301 4 ~15V L 7 +15Y |
410 _LM310 4 =7\ : z 17y H
ILLM31O 4 w7\ iy ErAYA E
[LM310 4 A rd +7V
LM310 4 -7V 7 +7V
LF356 4 -15Y 7 +15Y
3408 3 ~15V 13 15Y 2 15 D
2KRNET
LM340& 5.0 B i OV 2 +B5V 3 GND  §
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INTEGRATED CIRCUIT POWER SUPPLY VOLTAGES

RECEIVER BOARD sheet 2 of 2
DEVIGE TYPE PIN VOLTAGEEH PIN VOLTAGE PIN |[VOLTAGE
Us5 4012 7 GRD 14 15V
Us6 4049 1 15V 8 GRD
Us7 4017 8 GRD i6 5V
U58 4040 8 GRD 16 TV
U59 4053 7 7V 8 GRD 6 7V
U510 4011 7 7V 14 7V
Us11 4052 7 7V 8 7V 16 7V
Usi2 4052 7 7V B -7V 16 7V
U513 4052 7 7V ) 7V 16 7V
U514 4052 7 7V B8 7V 16 7V
Us1 LM318 4 15V 7 TV,
Us2 LM318 4 —16V 7 HEV
Uea 4013 7 GRD 14 oV
Us4 LM311 Pl —15V 8 Y]
Bk LF356 4 15V 7 15V
Ue6 LM301 4 TV 7 18V
i Us7 [.F366 4 Yy, 7 BV
Uss ADB38 3 15V 0-10 GRD 14 +15V
H uss LF356 4 -15V 7 +16V
i usio LM318 4 =15V 7 HBEV
Us11 4025 7 7V 14 7V
Usi2 4001 7 -7V 14 +7V
Usi3 Custorm RNET
I usia LM310 4 -7V 7 17V
I usis Custorn RNET
N uri LF356 4 —15V 7 15V
g U2 LFa56 4 ~15V 7 15V
i ura 4053 7 —-1.2V 8 GRD 16 Y
H uza LE356 4 ~16Y 7 +15V
E u75s LF356 4 -15V 7 16V
u7e LM301 4 -5V 7 +i5V
[ uz7 AD536 3 Y 9-10 | GRD 14 116V
[ Urs LF356 4 —15V 7 16V
[ uro 4001 7 -7V 14 17V
I U710 LF356 4 -7V 7 47V
Uz11 LM310 -7V 7 17V
Euzis | FaRf 4 -7V 7 17V E
l uzia 10K RNET
us1 LM31g 4 =15Y 7 +15V |
Uso LM31i8 4 —15V 7 +18V
83 LE356 4 15V 7 +15V
us4 LF356 4 ~16Y 7. +15V
uss 100K RNET
_uss 4066 7 -7V 14 17V f
ug7 4066 7 =7V 14 +7V
uss LE356 4 =7V 7 +7V
(Wisle] 4083 i -7\ g8 T A 18 7V
[ Usio LM3TE 4 -7V 7 +7V |
|r Usii LM301 4 ~7V 7 +7V 1
| :
]|
[
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INTEGRATED CIRCUIT POWER SUPPLY VOLTAGES

METER BOARD

Sheet 1 of 1

TYPE PIN VOLTAGEH PIN VOLTAGE PIN VOLTAGE
4040 8 GRD 16 +10V
33KRINET
LM340 LAH-10 1 TV o 1OV 3 GRD
LM301 4 GRD 7 +15V
4518 8 GRD 16 +1oV
4081 7 GRD 14 Hov k
4049 1 +10vV 2] GRD E.
4011 7 GRD 14 +1ovV
4011 7 GRD 14 10V
4070 7 GRD 14 +10V
L.M301 4 =15V 7 +15V
LA30T P 15V 7 +15V
LF366 4 ~15V 7 sV
LF366 4 -16V 7 +15V
LM311 4 —15V 8 +15V
4518 ) GRD 16 +HOV
4013 7 GRD 14 oV -
4013 7 GRD i4 +ov |
4018 7 GRD 14 +10V
76492 4 GRD via 1 11 +ioV
4019 8 GRD 16 +10V
4008 8 GRD 16 +Hov
4025 7 GRD 14 ov
LF366 4 =5V 7 +15V
4053 7 -5V 8 GRD 18 +10V
LM318B 4 -15V 7 115V
1_.F366 4 ~15V 7 +15V
LM3ZEN 7 =15V 11 GRD 4 | +16V
ADS5S6 3 =15V 9-ig__|GRD 14 +16V
4027 8 GRD 16 +ov '
4081 7 GRD 14 +10V
3082 5 GRD i +gV
4700 RNET
470 RNET
75492 4 GRD via 1 K 1oV
MIKK50395 1 +Hov 2o GRD
L.F356 4 ~15Y 7 +15V
LFES66 4 -16V 7 +15V
LF356 4 -5V 7 +15V
LF3556 4 -15V 7 +15V
f
I
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INTEGRATED CIRCUIT POWER SUPPLY VOLTAGES

GENERATOR BOARD

VOLTAGE

Sheet 1 of 2 |

| DEVICE TYPE PIN VOLTAGEH PIN PIN VOLTAGE}
MK LMB25N 7 16V K GRD 14 +15Y '
f Uiz 4011 7 GRD 14 +10v :
[ Uis 4081 7 GRD | 14 +10V
l U14 22K RNET L
Uis 22K RNET _ .
uUie l.F356 4 -7V 7 +7V.
Uiz LM3aig 4 -158Y i 7 +i6V
WEEF:] 4066 7 -7V 14 +7V
21 4011 7 GRD 14 +10v
U232 4081 7 GRD 4 +iov
U23 20K RNET
24 3082 5 -7V {15 F7V
uzs 22K RNET
uUzs 3082 5 -7V 15 17V
27 4066 7 =7V R 14 7N
U2g LF356 4 -5V 7 +H5V
U2g LF356 4 =15V : 7 +15V :
Uz10 L3566 4 16V 7 +1sv
’Tum Custom RNET
ug2 4055 7 TAYS 8 =7V 16 v
L33 4052 7 =7V 8 7V 16 +7V
Us4 4052 7 -7V 8 =7V 18 +7V
Uss Custom RNET
Use 4011 7 GRD 14 +10V
us7 4081 7 GRD 14 +10V,
20K RNET
So K RNET
LM318 4 15V 7 +15Y
LM310 4 7V z 17V
LAM310 4 YA 7 7Y/
LM310 4 -7V 7 7V
LM318 4 eTAY 7 17V
4049 8 GRD 18 +10V
4040 8 GRD 16 +10V E
201K RNET
20K RNET i
LM310 4 -7V 7 7V
LM310 4 7V 7 +7V
LM310 4 -7V 7 17V
4052 7 w7V 8 ~7V 16 +7V
LM301 4 -7V 7 +7V
LLF356 4 -7V 7 +7V
10K RNET
10K RNET
20K RNET
3082 5 -7V 15 17V
LM318 4 7V 7 7V
LM318 4 -7V 7 17V
10K RNET :
4066 7 -7V H 14 v
4029 8 -7V 16 +7V i
4029 8 -7V 16 +7V ]
4040 8 A 186 7TV |
22K RNET i
2200 RNET
LM318 4 -7V 7 +7V

10K RNET

6-24




INTEGRATED CIRCUIT POWER SUPPLY VOLTAGES

GENERATOR BOARD Sheet 2 of 2

DEVICE TYPE PIN VOLTAGE[ PIN VOLTAGE PIN |VOLTAGE
U73 4066 7 7\ 14 17V
U7a 4073 7 7V 14 e
u75 4049 1 7V 8 7V

i U7s 4027 8 7V 16 7V
U7y 4070 7 7V 14 7V
u7s 10K RNET
U79 4620 8 GRD 16 oV
U710 4027 8 GRD 16 1oV
U711 4006 7 7V 4 7V
Ust LM318 P -7V 7 7
usz LFa56 4 16V 7 5
U83 LM310 4 —15V 7 16V
Us4 4001 7 7\ 14 7V
Uss 100K RNET

I_uss 4011 7 7V 14 7V

[ us? 100K RNET '

I uss 401 1 7 Y 14 7V
usg 4011 7 7V 14 7V
usio 4013 7 -7V 14 7V
us1i 4006 7 -7V _ 14 7V
usie 4013 7 7V 14 7V
Us13 4040 8 -7\ 16 7V
Us14 LF357 4 16V 7 116V
UB15 LF386 4 16V 7 16
Ug1 LM301 4 7V 7 7V
Ugg LM567 4 7T 7 GRD

e

*+7Volt in Auto Start reproduce mode only,
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PARTS LIST

ASSEMBLY 4400-700-06 TOTAL ASSEMBLY
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ AUG 78 | SHEET + OF 1
DESIGNATION | PART  NUMBER DESCRIPTION MFGR  1QQTY
- 4400-7 i0-086 Receiver Sub Ass'y AMBER 1
4400-720-06 Meter Sub Ass'y AMBER 1
4400-730-08 Generator Sub Ass'y AMBER 1
440064504 Plastic Front Panel AMBER 1
4400-510=-06 Top Cover IAMBER 1
4400-610-05 Bottom Cover IAMBER 1
4400-622~-013 Chassis IAMBER 1
44006 25-04 Side Bracket AMBER 2
4400-630-08 Rear Pansl AMBER 1
4400-640-06 Front Underlay IAMBER 1
4400-663-02 Bress Strip AMBER 4
4400-655-01 Handle Ass'y IAMBER 2
10 x F10 10 Position Switch Ass'y SCHADOW i
14-024-108 Ribbon Cable IARIES 1
7211SY2Z26 3 Position ON-ON=-ON TOGGLE [C&K 3
4400~-0100-03 Transformer HAMMOND 1
4400-635-01 Transformer Bracket IAMBER 1
6J4 Power Filter, Connector CORCOM 1
Fuse FUSETRON 1
KC=79~131 BNC Receptacles KINGS 2]
22012151 Housing 15 Position MO LEX 1
Housing 4 position MOLEX 14
108860110 Crimp Terminals, gold MO LEX 71
15045209 Crimp Terminals, round MOLEX 7
Harness Assembly IWMBER 1
RB67-IB-SKML Knob Bar Skirted ROGAN 4
RB&7-~ISK7~DML Knoh Concentric ROGAN 4
RB67-0DCML Knob, Round ROGAN 4
Vinyl Feet & Ball Ass'y BUCKEYE 1
172508 Power Cord BELDEN 1
Ground Lug No. 4 VARIOUS 1
CGround Lug 3/8" [,D, VARIOUS Q
Nylon Washer No, 10 VARIOUS 2
2668 MNylon Washer BNGC SMITH 9
5614-18-31 Nylon Spacer BNC SEASTROM 9
4=40 x 3/16" Spacer, threaded brass 1/2" AF | VARIOUS 2
Panel Held Down 256 x 1/4" Screw, Flat Head, Black VARIOUS 1
Panel Hold Down 2-56 x 1/4" Screw, Flat Head, Yellow Cad VARIOUS 1
Frame Ass'y 4-40 x 1/4" Serew, Flat Head, Yellow Cad VARIOUS 32
Cover 440 x 3/8" Screw, Flat Yellow Cad VARIOUS 20
Flat Cable, Sw 4=40 x 1/4" Screw, Pan Head, Yellow Cad VARIOUS 7
Feet, Rear 4-40 x 3/8" Screw, Pan Head, Yellow Cad VARIOUS 4
PCB, XFRM Mount 6-32 x 5/18" Screw, Pan Head, Yellow Cad VARIOUS 15
PGB Mourt 8-32 x 1/2" Screw, Pan Head, Yellow Gad VARIOUS 1
Feet Bottom 6-32 x 1/2" Screw, Pan Yellow Cad VARIOUS 6
Misc No 4 Lock Washer, Int Tooth VARIOUS 7
Misc No 6 Lock Washer, Int Tooth VARIOUS 16
Controls 1/4" 1,D, Lock Washer, Int Tooth VARIOUS 8
Controls 3/8" 1.0, Lock Washer, Int Tooth VARIOUS 2
440 x 1/4" AF Hex Nuts, Yellow Cad VARIOUS 5
Controls 3/8 x 32 x7/16" AF Hex Nuts, Yellow Cad VARIOUS 8
Controls 1/4" x 32 x 5/16 AF Hex Nuts, Yellow Cad VARIOUS 2




PARTS LIST

ASSEMBLY RECEIVER BOARD (4400-710-06)
USED ON 4400 MULTIPURPQOSE AUDIO TEST SET
PREPARED WI JULY 78 [SHEET 1 OF 4
DESICNATION | PART NUMBER DESCRIPTION MFGR  [QTY
Usi2,79 cD4001B8 QUAD 2 IN NOR VARIOUS 2
Ui5,510 CP40118 QUAD 2 IN NAND VARIOUS 2
U2g 55 CD4012B DUAL 4 IN NAND VARIOUS 2
Ui8,24,27,46.63 CD40138 BUAL D=FLIP=FLOP VARIOUS 5
us7 Ccb40178 DECADE COUNTER VARIOUS 1
ug1,0o cb40188 QUAD AND/OR VARIOUS o
Ustt CD40268 TRI 38 IN NOR VARIOUS 1
U422, 43 CD40368 4 BIT SHIFT REGISTER VARIOUS 2
U58 CD40408B BINARY COUNTER VARIOUS 1
U2s .56 c40498 HEX INVERTER VARIOUS 2
Us1 thru 514 CcD40528 MUX/DE MUX VARIOUS 4
U26,41,69,73-89 CD40538 MUX/DEMUX VARIOUS 5
i, 12 CcD40838B 4 BIT COMPARATOR VARIOUS 2
86,87 ,214 CcD4066B8 QUAD SWITCH VARIOUS 3
U2k ] CD40688 8-IN NAND VARIOUS 1
U210 CcD40818 DUAL 4 IN AND VARIOUS 1
39,310 CD4o868 QUAD 2 IN AND/OR INVERT VARIOUS 2
Ud4 CD40g88 DUAL 1-SHOT VARIOUS 1
Ui4,16,17 CD45208 DUAL UP COUNTER VARIOUS 3
U2 MC3408 LIN 8 BIT D/A VARIOUS 1
us8, 77 ADB38AJID LIN RMS to DC CONV, VARIOUS 2
Uz1 thiu 38 2102 1K % 1 RAM VARIOUS 8
148,49,66,76, 811 LAM3O1TN LIN QP AMP VARIOUS 6
U410 thru 413, 614, [LM310N LIN OP AMP VARIOUS 6
711
us4 LM311N LIN VOLT COMP VARIOUS 1
Uai1a,a14,61,62,610{LM318N LIN OP AMP VARIOUS 7
81,82
U110 LM32BN LIN 8V REGULATCR VARIOUS 1
US54 LM340TOB LIN +5V REGULATOR VARIOUS i
U111,112,213,311, |LF386N LIN BIFET OGP AMP VARIOUS 20
312,81,66,67,69,
71,72,74,76,78,710
712,83,84,88,810
Uoi11,212 LF367N LIN BIFET OP AMP VARIOUS 2
9 314A104 Resistor Network 100K A-B 1
LU53 3148202 Resistor Network 2K A-B 1
Uss 316A104 Reslstor Network 100K A=-B 1
t13,29,46,47,713 [816B103 Reslstor Network 10K A-B B
uUs13,616 1000-4404/CBD788 Resistor Network Custom A-B 2
All resistors 1/4w 6% unless
otherwlsa stated, *irdicates
leads formed for vertical mounting,
all otherd horizontal mounting,
R15,20,21,22 2.20 VARIOUS 4
Re42 150 VARIOUS 1
RB8,245 61 VARIOUS 2
R23,837,249,2860,252 1000 VARIOUS 5
R177 thru 182 1000 1% A-B &
RS0,244 2200 VARIOUS o
R100,110 218,219 2700 VARIOUS 4
RT1,RT2 83052 positive temco thermistor, iTI 2
R170, 171 3600 VARIOUS 2




PARTS LIST

ASSEMBLY RECEIVER BOARD (4400-710-G5)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED W JULY 78 | SHEET =2 OF 4
DESICGNATION [ PART NUMBER DESCRIPTION MFCR  [QTY
All resistors 1/4w 45% unless
otherwise stated, ¥ indicates
leads formed for vertical
mounting, alt others horizontal
mounting.,
R16,17,18,19,112, 4700 VARIOUS 8
114,123,125
R246,247 5600 VARIOUS o
R146*,147* 8200 VARIOUS 2
Ro21, 205 9760 +1% A-B o
Rt 81,36%,45,50%, 1@ VARIOUS 12
94,142,188, 190,205,
228,238
R62,63,67,68,69,70 3,9k VARIOUS 12
71,72,73,74,98,104
R30*,44%,162 4.7k VARIOUS 3
Ras,49,75,78,82,83, 5.1k VARIOUS 8
167. ,260
R220, 297 5,00k +1% A-B 2
Ra1,95 8, 2k VARIOUS o
R2.3,4,6,7,8,9,14, 10k VARIOUS 79
25,33%,34%,39,47%,
48* ,51%,52% ,63%,54%,
55% 56% B87,93,96,%
o7* ©9,102,107,108,
109*,113,116,118,108
119,120 124,127,129,
180,131, 132,133 134,
135,143%, 182,169,160
168,169,174,183 184,
185,192,200,202%,
207 %, 208, 209, 210,
211 212,213 214,215*
216%, 280,231 234,
236,237,240,243,251*
259, , 062,263
064,
R186, 167, 261 10, Ok #1% A-B 3
R233 10, 2k2 1% A-B 1
R79,80, 165 11k VARIOUS 3
R115,117,126 128 12k VARIOUS 4
R153 15k VARIOUS 1
R57,58,108,111, 157, 20k VARIOUS 7
201,204
Rg6,173,203,239, 30k VARIOUS 5
253, ¥
R203, 206 34,0k +1% A-B o
R66 161, 163,166,175 36k VARIOUS 5
R199, 206 43k VARIOUS 2
R26,28%, 40, 40% 47K VARIOUS 4
R61.64,65 40, Ok $1% A—B 3
R241,248 51k VARIOUS z
RBg, 60 21k VARIOUS 2
R148 7.5KQ VARIOUS 1




PARTS LIST

ASSEMBLY RECEIVER BOARD (4400~7 10~08)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WwWJ JULY 78 | SHEET 3 OF 4
DESIGNATION | PART  NUMBER DESCRIPTION MFGR  |QTY

All resistors 1/4w 15% unless

otherwise stated, * indicates leads

formed for vertical mounting,

all others horizontal mounting,
R5,10,11*,12* 13, 100k VARIOUS 20
24,a8,85%,89, 138,
137,138, 139, 140, 158,
172,176,217,256%,
258%,
R144,145 100k +1% A-B 2
R76,77,81,84 160k VARIOUS 4
Ropz, 024 19tkQ £1% A-O 2
R121,122, 164 200k VARIOUS 3
R149%,150%,151%, 1849 270K VARIOUS 7
165%, 156*, 257 % .
R22g9 31k £1% A-B 1
R189, 191 330k0 VARIOUS 2
R141,254%* 430k2 VARIOUS 2
R27¥*,29%,32,417%, 437, 1MQ VARIOUS 9
46, 101,108, 236,
R193 194,195,198, t,00MQ +1% A-B )
197,198
Rv1,2,4,5,8,0,10, |E2A103 10K Trim Pot A-B 12
11,12,13,14,18,
RV3,6,7,15 E2AB03 BOK Trim Pot A-B 4
C 16,17,18,19, 0.1 Ceramic Disc Various 34
23,30, 38,89,42 thru
45 56,57 ,67,68,60
70 thru 73,88,90,91,
103 106,107,108,112,
113,116,117,119,187
C6,7,31,34 62,135 4,7 /35V Tantalum VARIOUS 8
C4,5, 10 thru 15, 10/35V Tantalum VARIOUS oo

63,99 thru 102

129, 130,50,51,181,
182,133,134
C52,53,104 105,8,9 20/36 Tantalum VARIOUS 6
Cet 100/85 Electrolytic VARIOUS 1
CR20,37,46, thru 49, 3,3pF Ceramic Disc VARIOUS 7
116
cCi0g, 110,111 10pF Ceramic Disc VARIOUS 3
C21,22,40,41,122 30pE Ceramic Disc VARIOUS 5
C55,58 47pF Ceramic Disc VARIOUS 2
C864,65,66,74,75, 100pF Cerarnic Disc VARIOUS 7
106,128
C24 150pF Ceramic Disc VARIOUS 1
C25,26,08,050,93, 126 0.01uF Ceramic Disc VARIOUS 6
C123,124 CUNUGFUBSTL0S 820pfF 2% Dipped Mica VARIOUS 2
co2,120, 121 UMOBFL332603 3300pF 2% Dipped Mica VARIOUS 3
C83, 54 0,001 Film VARIOUS 2
C59 0,0022 Film WINA 1
CB0 0.0047 Film WIMA 1
c3 0.01 Fflm WINMA 1




PARTS

LIST

ASSEMBLY REGEIVER BOARD (4400~7 10-06)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ JULY 78 | SHEET 4 OF 4
DESIGNATION | PART NUMBER DESCRIPTION MFCGR  |QTY
c78,81,84,87 0,022 Film WIMA 4
C35,36 0.047 Film WIMA 2
c1,82,33,76,79,82, 0.t Film WIMA 9
85.06,08
C77,80,83,86 0,16 Film WIMA 4
Co5,97 0,47 Fitm WINMA 2
c2 0,68 Film WINMA 1
C\V1 7=-265pF Trimming Capacitor ERIE 1
CR1 thru CR54 1N4148 Dilode GEN PURFOSE VARIOUS 86
CR61 thru CRBE8,
CR70 thru CR78
CR8&5 thru CR60 69 MVE054 LED TI-38/4 Red Diffused VARIOUS 7
Q2,10,12,13,15 thru | 2N4401 NPN GEN PURPOSE VARIOUS 13
21,23 24
Q3,9,11, 14,22 2N4403 PNP GEN PURPOSE VARIOUS 5
Q4,5,8,25 2NB474 NPN 16w/120v VARIOUS 4
Q1 2N 6476 PNP 18w,/120v VARIOUS 1
Q7,8 2N4881 FET N=CHANNEL VARIOUS 2
52 thry S4 Custom Switch Assy 3 x F type SCGHADOW 1
S7 thru S20 Custom Switch Assy 14 x F type | SCHADOW 1
51, RvVi17 4400-0752 Pot Switeh Combination A~B 1
522, RV20 4400~0793 Pot Switch Combination A-B i
55,6,RV18,19 44000724 FPot Switch Comblination A~B 1
RV21 thru 24 4400-0798 Quad Pot Combination A=B 1
Set 71BF80=1=1=11=N Switch Rotary 11 Position GRAYHILL t
76805 5 Position Rocker Dip Switch GRAYHIL L 1
80308 Heatsink THERMALLOY 1
J1,2 600-2602~MR / Connector 26 Pin ANSI_EY/3M 2
J3,4,6,7,8,9,10, 11 [oon7.0041 Connector 4 Pin Header, l.ocking |MOLEX 8
1.C. Socket 8 Pin VARIOUS 33
1.G. Socket 14 Pin VARIOUS 22
I,C. Socket 16 Pin VARIOUS 36
Machine Socket 14 Pin AUGAT 1
6-32 x 3/8 Pan HD Screw VARIOUS 1
6-32 Hex Nut VARIOUS 1
4400-410-06 Printed Circuit Board AMBER 1




PARTS LIST

ASSEMBLY METER BOARD (4400-720-06)

USED ON 4400 MUL TIPURPOSE AUDIQ TEST SET

PREPARED WJ JULY 78 FSHEET 1 OF s
DESICNATION | PART NUMBER DESCRIPTION MFCR  |QTY
LI38 Cb40088B 4 BIT FUL L. ADDER VARIOUS 1
U4, o6 cD40118 QUAD 2 in NAND VARIOUS 2
133,34,35 CcbD40138 DUAL D FLIP=-FLOP VARICUS 3
37 CD40198 QUAD AND-OR VARIOUS 1
Uu3g CD402BB TRI 3~IN NOR VARIOUS 1
U322, 41 C40278B DUAL J=-K FLIP FLOP VARIOUS 2
26 Cb4030/CD4070 B QUAD EXCL~-OR VARIOUS 1
930 CD40408 UP COUNTER VARIOUS 1
U23 CD40498 HEX INVERTER VARIOUS 1
U3t CD40638 TRI 2-CH MUX/DEMUX VARIOUS 1
U2o . 42 CD4081B DUA L 4=in AND VARIOUS 2
Us1,31 CD4518B DUAL DECADE UP COUNTER VARIOUS 2
u43 CA3082 LIN NPN XSTR ARRAY VARIOUS 1
U318 ADS36AJD RMS to DC CONVERTER Analog Device 1
LI47 MKB0395 Six digit decade Counter VARIOUS 1
U36, 46 SN75402 LIN MOS toe VLED DRIVER VARIOUS 2
U4, 27, 28 LM301AN LiN OP AMP VARIOUS 3
U211 LM31 1N LIN COMPARATOR VARIOUS 1
Usi2 LM318N LIN PRECISION OP AMP VARIOUS 1
U314 L.M326N LIN 158V REGULATOR VARIOUS 1
U2g, 210,310,813, | L F356N LIN BIFET OP AMP VARIOUS 8
48,49,410,411
13 LHO070/1.M340-10 LIN +10V Precision Reference VARIOUS 1
L45 3148470 4702 Resistor Network A=-B 1
Ud4 3148471 4700 Resistor Network A-B 1
Uig 3148333 33K Resistor Network A-B 1
s MANGBE0 LED 1=-1/2 digit common cathode [MONSANTO 1
Us2,53 MANBB40 I_LED 2 digit common cathode MONSANTO 2]

All Reslstors 1/4W 15% unless
otherwise stated,

R4 380 1/2w VARIOUS 1
R1,2 0,610 2w VARIOUS 2
RG64,66 10 1/2w VARIOUS 2
R49 2,20 2w VARIOUS 1
R20,21 2,20 VARIOUS 2
Reg 10082 VARIOUS 1
R18,57,58,61 18052 VARIOUS 4
R5 2200 VARIOUS 1
R52 53 3300 VARIOUS 2
Rep 47052 VARIOUS 1
Rz6,27,30,31 1K VARIOUS 7
40,51,63
RE6 1.8K VARIOUS 1
Ra5 oK VARIOUS 1
R28,34 5, 1K VARIOUS 2
R3,6,8,9,16 10K VARICUS 19
19,22, 24,35,50,59
62,84,65,73,78,79,
80, 81
R76,76,77 10K 1% A-B 3
R36 7.6K VARIOUS i
R72 16K VARIOUS ]
R4z,47 24K VARIOUS 2




Ve

PARTS LIST

ASSEMBLY METER BOARD (4400-720-06)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ JULY 78 [ SHEET =2 OF s
DESIGNATION | PART  NUMBER DESCRIPTION MFCR  |QTY
All resistors 1/4w 15% unless
otherwise stated,
R17,67,68 33K VARIOUS 3
R46,66,69,71,74 47K VARIOUS 5
R11,12,13,23,48 100K VARIOUS 5
R32,33 160K VARIOUS 2
R7,15 390K VARIOUS 2
R14, 430K VARIOUS 1
R10 620K VARIOUS 1
R41 1M VARIOUS 1
R43, 44,45 10M VARIOUS 3
RVvV2 E2A-104 100K Trim Pot A-B 1
RV3,5,11 E2A-103 10K TRIM POT A-B 3
RV1, 4,6,7,10 E2A-503 60K TRIM POT AB 5
RWV12 4400-0721 BK LOG POT A—B i
Capacitors, All values inuF
untess otherwise stated,
c18 47/16V Electrolytic VARIOUS 1
c3,16,186 100/25V Electrolytic VARIOUS 3
C5,6 220/63V Electrolytic VARIOUS 2
Cg,10 1000/40V Electrolytic VARIOUS 2
Ci1,4 2200/25V Electrolytic VARIOUS 2
C11,82,33,45,46, 10/36V Tant VARIOUS 11
53,66,57,68,59,54
C36,37,48,50,51 4,7/35V Tantalum VARIDOUS 3
C7,8,14,17,19,21 0.1 Ceramic Disc VERIOUS 9
o2, 07,29,31,42, 438
44,47,60,61,68,71)
72
Ce7 1B0pf Film WIMA 1
Ce5 0,001 Film WIMA 1
C86 0.0033 Film WIMA 1
[9=15] 0,022 Film WIMA 1
C24,39,66,70 0.1 Film WINMA 4
c26 0,15 Film WINMA 1
Ce9 0,47 Film WIMA 1
C40,41,62,63 3,3pF Ceramic Disc VARIOUS 4
C38,64 10pF Ceramlc Disc VARIOUS 2
C49 30pF Ceramic Disc VARIOUS 1
Cil1z,20,23,30,34, 100pF Ceramic Disc VARIOUS [5]
52
c13,C35 0,01 uF Geramic Disc VARIOUS 2
ca8 0.015 NPO TEMPCO VARIOUS 1
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PARTS LIST

ASSEMBLY METER BOARD (4400~720~06)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ JULY 78 | SHEET 5 OF 4
CR13 thru 18 1N4148 Diode, Gen Purpose VARIOUS 5]
CR1 thru 12 1N5404 Rectifier Diode 3A/400V VARIOUS 12
CR19 thru 82 MVB054 LED TI-3/4 Red Diff, VARIGUS 4
Q4,7,8,9 2N4401 NPN Gen, Purpose VARICUS 4
Q5.6 2N4403 PNP Gen, Purpose VARIOUS e
Q1, 2,3, 2NG47 4 NPN 18w/120V VARIOUS 3
S1-14 16 x F12,5FA201 Switch Assembly SCHADOW 1
M1 ME~DUA-500 Meter 500 uA, Custom Scale MODUTEC 1
80308 Heat Sink THERMALILOY 1
Heat Sink Washer i
J1,2,3 602~2603 Connector 26 PIN ANSLEY 3
Js 6,7,8,9 4180-~4AG Connector 4 PIN HEADER MCOLEX 5
J4a 4180-1BAG Connector 18 PIN HEADER MOLEX 1
Socket 8 PIN DUAL in line VARIOUS 13
Socket 14 PIN DUAL in line VARIOUS 13
Socket 18 PIN DUAL in line VARIOUS 10
Socket 40 PIN DUAL in line VARIOUS i
Ji1t Socket 16 PIN DIL Machined 1
contact
501-18-CLR Socket 18 PIN Right Angle GARRY 3
8-32 x 5/186 Screw, Pan Head VARIOUS 1
6-32 Hexnut VARIOUS 1
4400-420-06 Printed Circuit Board AMBER 1
171-26 Flat Cable ANSLLEY 3
609-2600M Connector 268 PIN socket ANSLEY 4
609-255 Connector 26 PIN ANSLEY 2




PARTS LIST

ASSEMBLY GENERATOR BOARD (4400-730-06)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ JULY 78 | SHEET 1+ OF 4
DESIGNATION | PART NUMBER DESCRIPTION MFGR  |QTY
g4 CD400148 IC, CMOS, QUAD 2 in NCR VARIOUS 1
U711,811 Cc40068 1C, CMOS 18 STAGE S-R VARIOUS 2
Uiz,21 36 86.88, [CD4011B 1IC, GMOS QUAD 2 In NAND VARIOUS 6
89
UB10,812 CD4013B8 IC,CMOS DUAL D FLIP FLOP VARIOUS 2
Ur6,710 cD40278 IC, CMOS DUAL J=-K FLIP FLOP VARIOUS 2
Uues,66 CD40208 IC, CMOS UP/DOWN COUNTER VARIOUS 2
L77 C24030B 1C CMOS QUAD EXCL-OR VARIOUS 1
U45,46,67,813 CD4040B 1C, CMOS BINARY COUNTER VARIOUS 4
U7 CD40488 1C, CMOS HEX INVERTER VARIOUS 1
LU32,33,84,54 CD40528 1C, CMOS MUX, DEMUX VARIOUS 4
Uli8,27 64,73 CD4066B IC, CMOS QUAD SWITCH VARIOUS 4
Ur4 CD40738B 1C, CMOS TRI 3 in AND VARIOUS 1
Uu13,22,37 CD40818B IC, CMOS DUAL 4in AND VARIOUS 3
U7g CD45208B 1C, CMOS DUAL UP COUNTER VARIOUS 1
U24,26.510 CA3082 IC, LIN XS5TR ARRAY VARIOUS 3
| I SIS LAM3OIN IC, LIN OP AMP VARIOUS 2
ua1,42,43,51,52, |L.M310N IG, LIN OP AMP VARIOUS 7
63,83
17,310,44, LM318N IC, LIN PRECISION OF AMP VARIOUS 4
81
U1 L.M32BN IC, LIN #1568V REGULATOR VARIOUS 1
u16,28,29,210,66,| LF366N IC LIN BIFET OP AMP VARIOUS 10
82,815,61,62,71
g4 LF387N IC LIN BIFET OP AMP VARIOUS 1
Usz NESS7N LIN TONE DECODER VARICOUS 1
U89 3148221 Resistor MNetwork 2200 A 1
Us7,58 314A1083 Resistor Network 10k} A-B 2
Ues,72 3148103 Resistor Network 10KQ A-B 2
Jzs 316RB103 Resistor Network 10k A-B 1
ut4,16,23,25,28 (3168223 Resistor Network 22k A~B 10
39,47,48,59,68
Ugs 314A104 Resistor Network 100k A-B i
usz 3168104 Resistor Network 100k A-B 1
Us1,35 1000~4404/CBD788 Resistor Network CUSTOM A~B 2
All resistors 1/4w 5% Unless
otherwise stated * indicates leads
formed for vertical mounting,
all others horizontal mounting.
R1,2,3,8,74,79 2,20 VARIOUS &
R72 i 45,90 +1% 2W A~B 1
R54,55,56 49,90 +1% A-B 3
R57 54,90 £1% A-B 1
R52, 123, 165,172, 1000 VARIOUS 5
173
R73,78 3000 VARIOUS ]
169, 166,167,168 2700 VARIOUS 4
R7-1 thru R7-10 4700 VARIOUS o7
R10-1 thru R10-10
R4,6,6,76,118,
124,169




PARTS LIST
ASSEMBLY GENERATCOR BOARD (4400-730-06)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ JULY 78 | SHEET 2 OF 4
DESIGNATION [ PART NUMBER DESCRIPTION MFGR  |QTY
All resistors 1/4w 5% unless
othorwise stated, * indicates
leads formed for vertical mounting
all others horizontal mounting.
R69 4990 1% A-B i
R137,1a8 5600 VARIOUS 2
R86 6800 VARIOUS 1
Rigi* 7508 VARIOUS 1
Regsg, 102 oren $1% A-B 2
R16,94,112,119, 1397 1ke VARIOUS 11
140%,144%, 147*,152*
177, 178,
R163 1.65Kq VARIOUS 1
R70,71, 1, 8K 2w VARIOUS 2
R75,39 2k VARIOUS 2
Ras 2, 4ks VARIOUS 1
R17,87,127%,153 2.7k VARIOUS 4
R93,110, 128 3, 3kg VARIOUS 3
R30,86,37 498 3.9k VARIOUS 4
R146%, 148,149, 151 4,7k VARIOUS 7
164,166,174
R68 4,99 kQ 1% A-B 1
R18,29 5, 1ka VARIOUS 2
R95,100 5,90kn 1% A-B 2
Reg, 145% 6, 8kq VARIOUS 2
R32, 109, 154 7., BkQ VARIOUS a
Ro*,11¥%,12% '13%, 10k VARIOUS 51
R14=-1 thru R14=10,
R15,19,25,33, 41,
47,48, 49,50,51,53,
58,59,60,61,77, 97,
104,106 107,108,
1i1,118%,114%,115%,
117,121, 122, t29*,
156, 168, 160,161, 170
171*,175,176
R31 11k VARIOUS i
Ri132* 15k VARIOUS 1
R126 16k VARIOUS 1
Re1,92 20k VARIOUS o
R42 20kq VARIOUS 1
R85,90 24,8k +1% A-B 2
R20 27k VARIOUS 1
R34,86,130% 133" 33k VARIOUS 4
R9g, 101 84KQ #1% A-B 2
R24,82 39kn VARIOUS 2
R67 49,9k +1% A~B 1
R21,44,45 5 1ks2 VARIOUS 3
R125 B2kQ VARIOUS 1
R22,26,62,63, 64,65, 100k VARIOUS 11
120,136%, 142*, 150 ‘
157* :
R80, 81 100k %1% A-B o
R27,26,136% 160k VARIOUS 3




PARTS LIST

ASSEMBLY GENERATOR BOARD (4400-730-08)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ JULY 78 [ SHEET 3 OF 4
DESICNATION | PART  NUMBER DESCRIPTION MFCR  1QTY

All resistors 1/4w 15% unless

otherwise stated, *indicates leads

formed for vertical mounting, all

others horizontal mounting,
RO6 103 191k £1% A-B 2
R43,46, 1347 2006k} VARIOUS 3
RrR116* 270k VARIOUS i
R141 330k VARIOUS 1
R66 499k £1% A-B 1
R23,105 EIYY) VARIOGUS 2
RVi3~1 thru RV18-10 | E2A 103 10K TRIM POTS A-B 17
RvV1,2,3,4,56,7,8
RvVS E2AB03 50K TRIM POT 1

Capacitors, All values inuF

unless otherwise stated,
C3~10,C5-~10 150pF Film WIMA, 2
C3~9,C5-9,31,84 330pF Film WIMA 4
Ci1-10, Ce2-1n, C3-8 880pF Film WIMA 5
CE-~8, Ci1
G1-9, C5-7 0.001 Film WINMA o
Ca~g, C3~7 C4-10, 0.0016 Fiim WINMA 4
12
ci-8, C5-6 0,0022 Film WINMA o
Ga~8, C3-6, C4-9, 13 0.003 Film WIMA 85
48
Ci1~-7, C4-8, CB-5 Q,0047 Film WIMA 3
Ga-7, C3=5. 14 (0.0068 Film WINA 3
Ct-86, Ce-6, C3-4, 0.01 Fitm WIMA 8
c4~7, Cs5-4, C30, 78
82
C15 0,018 Film WINMA i
ct-g, C2-5, C3-3, 0.022 Film WINMA 7
C4-6, C56-3, 49,68
Cl—-4, C5~2, 18 0,033 Film WINA 3
Ce-4, C3-2, C4~5, 0.047 Film WIMA 3
C1-3,08-1,017,69,62 0,068 Film WIMA 5
Ca2~3, C3-1, C4-4, 0.1 Fitm WIMA 5
C46, 76
Ci1-2, C4-3 0,15 Film WIMA 2
ce-2, C71, 72,77 0.22 Film WIMA 4
C1~1, Ce-t, C4-2 6§ 0,33 Film WINMA 4
C75 B8, B9 Q.47 Film WIMA 3.
C4-t, C70, 8O 0,68 Fitm WIMA 3
Co2,03,33,34,98,99 3.,3pF Ceramlc Disc VARIOUS 6
C32,37,38.45,74,95, 10pF Ceramic Disc VARICUS 7.
101
c26 30pF Ceramlc Disc VARICUS 1
C100 47pF Ceramic Disc VARIOUS 1
c39, 47, 64,81,83 100pF Ceramic Disc VARIOUS 5
C73,104 150pF Ceramic Disc VARIOUS o
Ca9 470pF Ceramic Disc VARIOUS 1
C79,92 0,01 Ceramic Disc VARIOUS a




PARTS

LIST

ASSEMBLY - GENERATOR BOARD (4400-730-06)
USED ON 4400 MULTIPURPOSE AUDIO TEST SET
PREPARED WJ JULY 78 [ SHEET 4 OF 4
DESIGNATION | PART NUMBER DESCRIPTION MFGR |QTY
Capacitors, All values inufF
unless otherwise stated,
C60,62 CMOBFD821G03 820pF 2% Dipped Mica VARIOUS 2
C61,63 CMOBFD332G03 8300pF 2% Dipped Mica VARIOUS 2
G20, 21 24,85,27, 0,1 Ceramic Disc VARIOUS 25
28,385,386 40 thru
44,50 53,55,56,67
58,59, B3 thru 87
c7,8,51,90,91 4,7 /86V Tantalum VARIOUS [3
C6,9 10,18,19,94 10/35V Tantalum VARIOUS 6
96,97,102,103
Ce8, 67 22 /35V Tantatum VARIOUS 2
CR46 1N750 Zener 4,7V 400mY VARIOUS 1
CRrg2 1NB21 Zener 86,2V VARIOUS 1
CR1 thru 45, CR47 |i1N4148 Diode General Purpose VARIOUS 82
thru 50, CRBS thru
84,90, 91,93
CR53,54 T1N4745 Zener 16V 1W VARIOUS 2
CR856 thru 89 MVB054 .LED TI=3/4 red diffused VARIOUS 5
Q25 2N2243 NPN HI-VOIL_TAGE 1
Q27 2N4031 PNP HI-VOLTAGE 1
Q4 7,8,10,138 185, 2N4401 NPN GEN PURPOSE VARIOUS 14
16,17, t9,21,22,23,
24 28 .
Q5,9,11,14,18,20, |2N4403 PNP GEN PURPOSE VARIOUS )
26,32
Qi2 2N4861 FET N-CHANNEL VARIOUS 1
Q1,2,6,31 2N6474 NPN 16w /120V RCA 4
Q3,29 2NB476 PNP 16w/120V RCA 2
Q30 T1P28A NPN Power TI i
>1 3,072 MHz Crystal AMBER 1
RL1 thru RLL7 925A12C1 A Relay 12V, 1A Contact CP CLARE 7
52,15,16 7i1BF30=1=1=11=N Switch Rotary 11 pos, GRAYHII- L. 3
53 thru S14 Custormn Switch Assy 12 xF type SCHADOW 1
RV14/51 44000792 Pot/Switch Combination A~B Custom 1
RV1B/RV16/S17 4400~-0796 Dual Pot/Switch Combination A-B Custom 1
RVY/RVIO/MRVI 1 4400~0785 Quad Pot Combination A~B Custom 1
RwvV12
4400-AB25 Heatsink AMBER 1
Ji,2 609-26802~-MR/ Connector 26 PIN ANSLEY /3M 2
J3,4,5 4108-4AG Connector 4 FIN Header MOLEX 3
8 PIN 1,C. Socket VARIOUS 2b
i4 PIN 1,C, Socket VARIOUS 21
16 PIN I,C, Socket VARIQUS 16
i 6-32 % 3/8 Pan Head Screw VARIOUS 3
6-32 Heax Nut VARIOUS 3
Heat Sink Washer VARIOUS 3
Nylon Washer VARIOUS 3
4400-430-06 PCB AMBER 1




SCHEMATIC GENERAL NOTES

l. COMPONENT VALUES ARE AS FOLLOWS UNL.ESS OTHERWISE NOTED:

RESISTANCE IN OHMS
CAPACITANCE IN MICROFARADS
ALL DIODES ARE 1N4148

2.

+

éé%@

|
-

SN Al

Ue4

~

11,

DC POWER SUPPLY VOLTAGE

GROUND

POWER AMPLIFIER QUTPUT GROUND

CONNECTED TO LOCATION ON SAME DRAWING
SPECIFIED BY SCHEMATIC COORDINATES As,

CONNECTED TO LOCATION ON SAME SUB-ASSEMBLY
(i.e, RECEIVER, METER, GENERATOR) SFPECIFIED BY
SCHEMATIC COORDINATES A5 ON DRAWING 6,

PRINTED CIRCUIT SUB-ASSEMBILY

MULTI PIN FLAT CABLE OR MOLEX CONNECTOR
FPIN OUT

INTEGRATED CIRCUIT LOCATED AT ROW 6 COLUMN 4

CMOS ANALOG SWITCH (4053)

CONNECTION MADE WHEN CONTROL LINE IS HIGH,
CONTROL LINE

CMOS ANALCG SWITCH (40686)

)

SWITCH CLOSED WHEN CONTROL LINE IS HIGH,

CONTROL LINE

PUSH BUTTON SWITCH

SHOWN IN "OUT" POSITION
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SCHEMATIC GENERAL NOTES
(CONTINUED)

13. ‘J\/&—- SCREWDRIVER ADJUST TRIM CONTROL.
— CW

FRONT PANEL POTENTIOMETER

15, BNC CONNEGTOR

e SHIELD CONNECTION

<— CENTER CONNECTION

18, SHIELDED CABLE
CENTER CONNECTION

- SHIELD CONNECTION

17, FILTER TYPES

LOW PASS FILTER

BAND PASS FILTER

HIGH PASS FILTER

18, — 7 CONTROLE LINE VOLTAGE LEVELS

- —_—

BEFORE AFTER
EVENT EVENT

19, LEVEL AND GAIN NOTATION
(+13dB) HIGHEST GAIN OR LOSS
(-17dB) LOWEST GAIN OR LOSS

+7Y HIGHEST VOLTAGE LEVEL
+220mY LOWEST VOILTAGE LEVEL
+20 dBm HIGHEST ABSOLUTE LEVEL
—40 dBm LOWEST ABSOLUTE LEVEL
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