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GENERAL DESCRIPTION

T he 4400 Audio Test Set consists of basically thr,ee sections: A genepatoP
oP a tPansmitteP developing a sour,ce signal, a metep or’ measuPing facility
and a r,eceiver, oP anatysep to evaluate the r,etuPned signal. In addition to
the basic facilities of a conventional test set the instPument incoPpoPates
sever’at additional featur,es to pr,ovide a mor,e complete and Papid
pePfopmance evaluation of the device or, medium under‘ test.

Efficient integr,ation o£ 1=acilities, sophisticated contPot ctPcutts and good
human engineer,ing enhance the use of the 4400 and Peduce the chances o1=
me~suPement er,poP,

The instr,ument uses inovative oiPoutts, state of the apt sem[conductor,s such
as OMOS logic and Bt-l=et linear, devices and high quality components
thPoughout. It r,equir,es a minimum oi= catibr,ation and pPovides easy access
to all c[Pcuitr,y. All integr,ated ciPcuits ape on plug in sockets and most papts
ape standaPd ~’o1=1= the shelf" types to facilitate sePv[ce.

In addition to fr,ont panel contPols two mutttcontact connector,s ape pPovided
on the peab panel 1=or, extePnal equipment~ r,emote pPogPamming and
connection of accessoPy pPoducts to expand the basic facilities o1= the
instrument.
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CAUTION

of foup nominal poweP line voltages. Unless
other’wise specifiied, instPuments shipped to
North Amenica destir~qtions ape set to opePate
if-ore 120VAC, those to otheP desti~tions ape
set fop 240V AO, BefoPe connecting this

both the voltage selection capd and the fi~se ape

VOLTAGE AND FUSE SELECTION

input Voltage 105 126 231

(48 to 440 Hz) MaM~inX 90 108 198 216

Voltage Selection loo 120 22O 240

500 rnA 250 nlA

HOW TO SELECT OPERATING VOLTAGE

3. Rotate fuse.pull back into normal position and

POWER CORD PREPARATION

Instpuments shipped to destinations outside
NoPth AmePica ape supplied with a poweP cord
with conductobs employing ],E,C, co[oP code
and pearly to accept a male plug (not supplied)
to mate with the customePs Peceptacle, RefeP
to the accompanying sketch to detePmine
connection pPoceduPe, (][nst~umentp shipped

GREEN/YELLOW

to NoPth Amer~lcan destb~tions ape supplied
with a poweP coPd tePminating in a molded
fertile Peceptacie at oiqe eild and a molded
stalldaPd twilq blade plus gPoulqd rr~.le plug at
the otheP end, These copds> o~" COUPSe,
Pequ[Pe no pPepaPation, )

~L~ LINE (HOT)

~ NEUTRAL

I EC POWER CORD

RFI FILTER

i

POWER
SWITCH .TO POWER

TRANSFORMER

INSTRUMENT



FREQUENCY

PUSH
20Hz-2OkHz

PULL
100Hz-10OkHz

SYMMETI~Y
CLIP LEVEl

STARTs,
/ "~’~~ SWEEF

~NK

COMB

GENERATOR FUNCTION

,COMB/MARKER GENERATOR _J
2. I GENERATOR SECTION

The generator oP transmitter section provides

it consists of several source sigr~ls, a gating
circuit and an output power amplifier-.

2,1,1 GENERATOR FUNCTION CONTROL

The GENERATOR FUNCTION Control chooses
the signal to be generated. The first six
positions of this control choose the function
generator and set one of 6 possibie wave gorms:
sine, triangle, square, asymmetrically
clipped sine, asymmetrically clipped it.tangle
and pulse. The frequency of these wavef’orms
is set by the concentric FREQUENCY contr-ols
over a range of approximately 1000 to 1. The
push/pull contr’ol in the center- selects the
broad range: In: 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 v~Ples the
~r’equency set by the COARSE control by
approximately +12%. (It should be noted .that
the FINE contpol continues to operate in the
SWEEP mode although ~che COARSE contpoI
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. It is
generally set to approxin~tely 75%. A mid
frequency asymmetrical clipped triangle is
particularly useful as & "quick check" signal.
This w~ve form will provide an immediate
indication of polarity or i80° phase reversal
low frequency roll off by the tilt of the clip
line, high frequency roll off by the shape of
the triengle~ cr‘ossoveP distortion and several
other gross malfunctions.

to 20kHz or. 100 Hz to 100kHz). Speed of sweep
and other parameters ape set by the SWEEP
section. As this rnnde closely Palates to the
receiver, section it will be described in a
separate section of this rr~nual.

Position 10 is PINK NOISE. This is a psuedo
random pink noise sigr~l of particular value in
acoustic testing, tt is derived from white noise
which is digitally generated and passed through
a seven section 8 dB pep ochre low pass filter.
The white noise generator uses a 26 stage
register and 128kHz clock which provides a
524 second sequence length ~nd spectral lines
separated by 0.002

Position 11 is a unique signal, it consists of
any combination of ten fixed rPequency sine
waves at the ANSI octave frequencies. The
sine waves ape selected by the 10 COMB/
MARKER GENERATOR pushbuttons. Selected
one at 8 time they form accurate and stable
reference signals. Selected in combination
they become a comb sigr~l useful for" spectrum
analysis markers ned other‘ app! ic~tlons.

The signals ar‘e digitally generated by counting
down the master‘ cr‘ystal clock. The 10
resulting square waves have 3r‘d-h~Pmonic
components eliminated by digita| cancel|alton
and the r‘esults ape filtered by 10 5-po|e
ButtePwor"th low pass fi|ter"s to pr"eduoe 10 slne
waves. They can then be selected in
combination and summed. As the original
reference is a cr"ystai clock the signals ape
accurate and stable in both fHequency and
amplitude. The 5-pole low pass fllter‘s and
8rd harmonic cancellation yield ~ distor‘tion
in the order of 1% T.H.D. or" better‘.

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

2-I



0 0     0 0
TIME CYCLES        REPEAT CON]

START
MOMENTARY        SINGLE GATE

OUTPUT GATE

2.1 .2 OIJTPUT GATE

This section provides a means of turning on
the selected source signal for a predetermined
time with either a SINGLE or [;~EPETITIVE
burst. The predetermined time may be keyed
to either a length of time. a number of cycles
of the waveform oP a manually determined

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 p~shbutton
initiates the gate period ar~J the ON led shows
when the signal is ON in any mode.

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

In the TIME mode the signal is on fop a specific
time ff’om 16 milliseconds to 16 seconds as
selected by the 11 position rotary switch. The
ON period starts on the next positive going
zero crossing transition of the slgnal, continues
fop the se!ected time and switches off at the
next positive going zero crossing transition.
Thus an integral quantity of cycles is generated
and the actual time is the time selected, plus
up to one cycie period. The ON period
continues Fop the selected interval regardless
how long the START button is activated.

In the CYCLE mode the gate is on fop a
selected quantity of cycles of the source signal.
The quantity of cycles is selected by the 11
position rotary switch if’ore 1 to 1024 cycles
in a binary sequence.

If both the TiME and CYCLES buttons ape out
the gate in 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.

In the REPEAT (repetitive) mode, ~wo tr, iggePs
ape possible= TIME or CYCLES. Operation is
essentially the same as the SINGLE mode
described above but is a continuous stream of
on and off tone bursts. The ON and OFF times
are always identical and ape the same as would
be if the SINGLE mode h~d been selected.
FoP example if CYCLES and 4 is selected the
output will be 4 cycles on followed by an equivalent
pePtod off silence f’oltowed by 4 cycles on and so
on.

The gate operation may be remoted by grounding
terminal 8 of Jl 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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EXT I

IF LOATOUTPUT EXT IN SOURCE

I~ ~.o~ ~o. GENERATOR

The output power" amplifier provides a low
(mpedance~ high-power drive to a load. It m~y
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 gr.our~J loops in measurement set ups.
The output float is achieved without the use off a
tPansFurmer to preserve the quality of output
waveform generated by the generator section.
Although actively achieved sit exhibits the floating
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 oP producing
in excess of 8 walls into a load. The voltage
output swing is -+50V peak while the current
is limited to approximately _+200ma peak. This
represents an output level of over +88dlBm, The
output impedance (that is the source impedance
of the amplifier) is 50~, This value remains
constant in the floating or grounded mode and
at any attenuator setting, The output load
impedance will normally be 600~ but may be
anywhere from~O to 50~, With a 50~ toad the
maximum output capability is reduced to
approximately +20dBv. It will however drive
load Impedances as tow as 800~ to full output
before current limiting, The output is sho~t
circult protected by virtue of the output current
limiting. The amplifier is not thermally
protected,however~ and certain florms of abuse
could damage it. Adequate venLitation must be
provided and extended short circuits or high
level drives to tow 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 controls,
The attenuator varies the output level in 10dB
steps while the variable level control provides
a nominal 14rib range to provide a total output
range of approximately +38dBm to -80dBm, A
concentric knob within the LEVEL control may
insert a DO offset in the output, This is activated

-20 -10

-70       ",30

IOUTPUT AITENUATOR

SIGNAU-~@-------DC
(PULL)

OUTPUT LEVEl.

+32

/
/

10     32      100     316    IK
Load Impedance (ohms)

by pulling the knob and turning clockwise for
positive offset and counter-clockwise fop negative
offset.

The miniature toggle switch adjacent to the
OUTPUT connector" selects FLOATING~
GROUNDED or OFF modes. In the OFF mode
the connector is grounded and connected to a
50FZ source resistor,

SOURCE OUT AND EXT IN

The SOURCE OUT connector" is the direct output
of the selected sour.ce signal pPlor to gating and
the output amplifier. It may be used as a
generator sync out signal or as the output for
further" processing. The EXT IN connector" ts
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 £Pom the gate Function
and the drive capabitib] o£ the power amplifier,
The nominal maximum input level is
approximately +12 dBv (Sv Pros). External
processing may be inserted between SOURCE
OUT and ~XT IN, For example a filter will
produce band limited pink noise if this source is
selected,
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2.2 MEASUREMENT SECTION

digital readout of amplitude and PPequency of
either the send (generator) signal or the receive
signal. The frequency readout is In Hertz from
10Hz to over 100kHz while the amplitude readout
is in dBm from over +80.00dBm to lower than
-90.00dBm.

The amplitude measurements ape in dBm and

measuPernent bandwidth may be chosen by
front panel pushbuttons.

An auto range level setting circuit permits
autorratic amplitude measurements over a wide
range and Paoititates frequency measurements
of low level signals.

2.2. 1- INPUT SELECTION

The readout may measure two parameters=
fr‘equency and amplitude, of four circuits; the
output or, wh~t the generator is sending~ the
input oP what the r‘eceiver is receiving, the
output of" the filler oP wave analyser or the
center‘ fi~equenc*] of Lhe filler itself.

When measuring SEND amplitude it is
measuring the absolute level in_dBm delivered
to the output connector‘. To prevent distur‘blng
the output floating configuration the meter
measures using an isolated preamp whose gain
is the inverse of the output aLtenuaLion. Thus it
will be sensitive to output load var‘iations and
indicate the true sigi~-ti delivered to the load.

2.2.2 FUNCTION SELECTION

Four pushbuttons set the function of the
measurement section. The first button EXT,

on the r‘ear 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

allow a measurement over a 60dB range. Bey6nd
this r,ange the HI or LO lads wilt light and the
display wilt flash indicating an invalid reading.

The next two pushbuttons se[gct the amplitude
measuring mode. The thir,d button selects FAST
RMS, the fourth button SLOW RMS and if both
buttons ape pushed the detector is PEAK or
AVERAGE as deter,mined by an internal connection.
(see section 4 for" details on how to make this
connection.) The instr‘ument is normally
calibrated so each of the three detectors will show
the RMS v~[ue of a sine wave. With other wave
forms the three readings will obviously be diffePer~t.

The unweighled bandwidth of the measuring
instrument is 20Hz to 100kHz. Certain
measurements require readings to be made in
mope restricted bandwidth. With both weighting
buttons OUT the f"utt 100kHz bandwidth is selected.
Pushing 20kHz inserts a 8 pole 20kHz Butterwor‘th
tow ~ss filter in ~he measuring path. This
provides measurements in ~he audio
NET (internal weighting network) is ~shed
user option weighting n(twoPk is selected. An
in~ePnal accessory socke~ access plug-in
weighting ne~oPks. :,etails ape pPovid~
section foun fop construction of 1 ~ 2, oP @ high
~ss oP low ~ss fitters, ba~ ~ss a~ band
rejects filtePs~ ~ ~ss and ba~ Pejec~ fiH:e~s
and A,B and C weighting ne~oPks. A high
performance operational ampt [flap
this ~nction and mos~ f[l~ePs ~y be constructed
using only resistors and ca~citoPs.

If both weighting buttons ape pushed the Pesuttant
curve will be a composite of the two. As buffers
ar‘e used no interaction wilt be caused by using
both filters simultaneously.
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The wetghLlng neEworks ape normally used to
make paPtI.~-ular" amplitade measurements.
Howeve[’~ they may also be used when making

noisy signals.

The readout is a 5-1/2 digit (5 full digits and
-+1 digit) LED display, The large 0.6 inch
filter enhanced display ffactiitates viewing even
at great distances, LED’s on the right of the
display show the measurement units a~ LED’s
on the le~ s~w high or tow levels, When these
ape tit the signal level presented ~o ~he
m~supemen~ section ~s outside the amplitude
re.hittites of ~he circuit. At the same time
the r~dout wUt ~ash ~o show an in.lid r~ding,
¯ he over a~ under trip ~ints ape approximately
8dB away from ~he actue[ limits as an added
projection, Fop example when p~ding
ta -60dBm the display wU[ flash above -SdBm
and below -57dBm, Readings wUI ~ in £eck~ be

Note that the r‘esolution 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 entlr’e
Pangs to 0,01 dB absolute accuPacy~ over a small
Pangs say, 10dB~ will ~intain an accurate

to compare ~o stg~l$ o£ approximately the
same amplitude a~ determine their dB di~e#ence
to 0.01 dB accuracy.

The meter has e measurement range of" over 150dE3.
This enormous range is handled by breaking it up
into several 80dE~ ranges and etther autorangtng
or manuel ranging to place the input signal within
a par,ticuisr 80rib window. The range switching
is at approximately-3,-83,-63 and -98dE3m.
internal trim adjustments permit the ranges to be
adjusted for maximum absolute accuracy, however,,
this accur,acy is not claimed to be 0.01dl3. Thus
the above statement regarding 0,01d£3 relative

-35dB a range change wilt take piece and the
0.01dB relative accuracy will not be rr~intained.

The nominal amplitude range of= the instrument
is +80dBm to -90dBm. However, the output
amplifier will actually provide up to +33dBm. To
accommodate this level the mete~- has an
range ci~-cuit at the high end to extend the
measurement capabil[by above +80dBm. Thus
It will measure the £ul| output level of the

Similarity at the low end the inclusion of the
band pass fitter in the receive section permits
measurements below -90dBm. An additional
80rib range at the low end ex~ends the capablliby
ot~ the lnstPumen~ well below -100 dBm

To the tef~ of the digital r,eadout is a small analog
meter and sensitiviby control. This meter, may
be used to see trend indications oP find peaks and
nulls; it is useful any time relative level change
ks mope important than absolute tryst, The s~[e
is arbitrary ~d the variable control permits
setting ~he meter ~o a mid-scale Pead~ng, The

of the true ~MS amplitude o£the stg~[ and is
to.ted a~eP ~he au~opang~ng circuitry. Thus as
~he ~nput signal [~ increased ~he meter w~tt read
h~gheP and h~gheP unt[~ it ~alts to a ~ow level a~

ac~ua~ s[g~l deUve#ed ta the [~d a~ the OUT-

connected ~o iNPUT A tn the DUAL C~NNEL
~de a~ the signals at both iNPUT A a~ iNPUT
B in the D[FFERENT~L MODE. FILTER

fU~eP a~ with aU ~hPee bu~ons O~ the signa~
a~ iNPUT B (in either the D~L C~NNSL oP
D[FFERENT]AL m~e) is measure. Finally if
FILTER a~ ~E~ ape both selected and RDD
FILTER Fc ls push~ ~he receiver fitter will be
pu~ into oscillation at ~s ~uPat (center)
~equency a~ that ~equency will be displayed.
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OSCILLOSCOPE

2.2.8 OSCILLOSCOPE

Three pushbuttons are provided as a convenience
to select ~che signal viewed on an external
oscilloscope. Two connectors ape provided
fop vertical oPY s[gr~l deflection and trigger.

The three pushbuttons each route a particular
set of stgnals 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 same signal. The
oscilloscope will trigger on the continuous
waveform and r~t be falsely triggered by the
gating action.

As stated the VERTICAL output is an
amplflied version of the actual OUTPUT. In
this way it wilt show the true OUTPUT signal
as presented to the external load0 The
amplification presents a good oscilloscope
drive signal even with very low outputs.
Also the constant level TRIGGER signal will
prevent the oscilloscope fl-om loosing sync
as the signal is towered. Finally, the
isolation amplifier presents an Instnument
ground referenced oscilloscope signal without
disturbing the OUTPUT floating characteristics.

If RECEIVE is pushed the VERTICAL output
contains the FILTER OUT signal whlle the
TRIGGER contains the iNPUT A signal. The
FILTER OUT signal is, of couPse~ a wide
band signet similar to INPUT A in receiver
functions which do not tnciude the filter
(positions 6 through 11). Also INPUT A is
only 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 choice of different
pick off points for VERTICAL and TRIGGER
signals prevents the oscilloscope f~om
loosing sync, for example, as the filter is
passed through a null in the reject mode,

If both the SEND and RECEIVE buttons ape
pushed the VERTICAL output wtlI be FILTER
OUT while the TRIGGER will be genenaton
SOURCE out,

Finally 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/~s per
division sweep. The vertical deflection should
be set to place the appPoximate 5 voIt pattern
over 6 or 8 divisions of the screen.

Memory data is need out as .a series of eight
sub frames to form a single fr, ame. The eight
sub if’ames ape each plot with its associated
reference lines repeated twlce. The trigger

, pulse ls arranged so that four Of the these
sub frames overls.y to form the composite
frame. If the oscilloscope used Is dual trace
[t should be switched to single trace. If lef~
in the dual trace mode it will probably only
display two of the required four sub frames.
Thus depending on which trigger pulse it uses,
it wtH display A onIy or B o?ly but not both.

If all three buttons ape o~he VERTICAL and
TRIGGER co~nectoPs wUt contain signals
determined by user selected co~[~{o~l
strapping on an internal 14-pin header. This
h~deP contains additional sig~ls such as
memory clock signals~ ~EEP comma~a a~
INP~ B signals. See section 4 fop ~riatlons.
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RECEIVER ~~+

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 followed
by a choice of filter, wide b~nd processor or
phase comparator and finally tePmfuatlng in the
digital plot recorder. It permits a detailed
analysis of the generator signal as returned by
the device or medium under test. Amplitude
measurements in restricted bandwldths (wave
analysis) may be made and XY plots in the form
of" amplitude or phase versus time or fr’equenoy
can be generated.

A word about a basic philosophy carried
throughout the instrument is in order. The
audio industry is basically a logarithmic world.
Intensity or amplitude is measured in dB or
dBm, a Io9 based untt~ as opposed to volta, a
linear, based unit. That is, each time a signal
level is doubled it is Increased by a fixed amount
(6 in the case of: dB). Similartly in the frequency
domain a log frequency scate or linear octave
scale is used. This forrr~t is derived from our
subjective perception of sound. We consider a
sliding tone going from say 100Hz to 200Ha to
change by the -~me amount as from 10000Hz to
20000Hz. In both cases the sign~[ increases by
one octave yet st the higher frequency the change
is 100 times the number of cycles as the lower
ff’equency. Because of this subjective perception
most audio measurements are made with log units.
Amplitudes 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.

FRONT END

Two inputs ape pmovlded= INPUT A ~nd iNPUT
B. (these designations are purely for reference
and in no way are they related to MEMORY A
or MEMORY B.) The two inputs ~y be
configured as indepe~ent [n~ channels
~ DUAL CHANNEL primp oP as a DIFFEREN-
TiAL (single channel) primp. The m~niatuPe
toggle switch selects the configuration. In the
upper ~sition ~ in~s form the d~ffePential
in,is of an instrumentation ~pe preamplifier.
INPUT A is t~ non inverting (~st[ive) in~[
while INPUT B is ~he Inverting (negative)
input. The out~ of the di~ePent~al preamplifier
fe~s the filter Inst. In the lower ~sit[on the
~o in,is ape separate and I~epe~ent,
although with the same gain. They separately
feed the ~o ln~ts of t~ phase com~PatoP and
the inputs of the ~o RMS converters in the dB
ratio circuit. In the mid ~sit[on an inversion
stage is inserted into th~ A Inst. OthePw[se
the conflguPatton is the same ~s the tower
~s[t[on i.e. DUAL CHANNEL. The +/-
o~ion pPov[d~ by the mid aM lower toggle
~sit[ons Acilttates p~se measurements as
can correct an external phase inversion be~een
~o Input signals.

Three pushbuttons determine the gain of the front
end section. They ape set according to the
signal level to be processed. High level signals
will fall in the +80dBm to -30dBm range, medium
level signals from 0 to -60dBm and low level
signals (microphones~ trandL~cers etc.) in the
-G0dBm 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 ted comes on 8dB below
clipping). The UNDER led show the signal is too
close to the noise floor of the pPeamp.

2-7



FILTER
20Hz-20kHz

PULL

When the input range is selected one of four lad’s
above the pushbutton group will light to show
which of four- display ranges I-~s 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 measuPement section
by selecting iNPUT A or INPUT B are made
after the input preamp and prior to any further
pr-ocessing. The digital display in the measure-
ment section is absolute and takes into
consideration the gain of the ff’ont end.

2.3.2 RECEIV~R FUNCTION

The receiver flJnctlon 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 passj band reject, high pass
or low pass mode. The center" frequency of the
filter is set by the concentric FREQUENCY
controls and the filter (~ or percentage band
width is set by the ~ control. The frequency
range is similar to t~t of the generator with
two nominal ranges of g0Hz to 20kHz and 10QHz
to 100kHz. The (~ range is approximately 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 FRE~ button selected the
frequency of the signal present at the output of
the filter is measured. Finally with these same
~wo buttons pushed and the READ FILTER Fc
button held~ the center frequency of’ the filter
is displayed. This frequency is found by
putting the fitter into oscillation with amplitude
stabilization and disconnecting the input sigr~l.
The AGO 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
pass filter is the -3dB point in low ~ settings or
the peaking frequency in high (~ settings. The
filter shapes for- various configurations and C~
settings are shown in the iltustr’ations.

The output of the filter ls available at FILTER
OUT 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 e£f’ect as in the manual mode.

A 30dE~ gain stage may be switched into the
output of the filter to measure low level signals
in the presence of high level stgnais. FoP
example~ say an input signal contained both
lkHz and 10kHz and the 10kHz was 60dE~ below
the lkHz. The iNPUT RANGE (front end) would
be set so the higher level signals lkHz~ would
not overload the pPeamp. If the be~d pass filter
were set to 10kHz the lkHz would be virtually
non existant but the 10kHz signal would be a low
level. Pushing the +80dlB POST FILTER GAIN
button would permit measurement of this low
level signal.

The addition of this gain after the filter permits
very low level measurements to be made. In
a narrow bandwidth levels considerably below
-100dBm may be made. The measurement
section takes into account the additional 80dB
of gain switched in.

The 80dB gain stage may be used in the spectrum
analysis mode (position 5). However very slow
sweeps must be made to paPmit the filter to
settle aPcer switching to a new value. Speeds
of 2 minutes op longer are necessary.
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In the sweep mode the filter is actually
incremented through 256 logarithmic steps by
switching precision resistors in the frequency
ddtermining section. This provides a significant
advantage oveP~ for example a voltage controlled
ftiteP, The frequency determination is very
sccurate~ better then 2% at any step. The range
can be 8 decades (10 octaves) without the
limitations that would be present at one end or
the other, in an analog technique. Finally the
fi^equency determination is extremely stable
with time and temperature, Ther;e are no trim
adjustments and drift is virtually nil,

The penalb~/ for all these advantages is switching
transients, The filter is fPequency progPammed
by an 8 bit digital code for tts 286 values. Each
time a new v~lue is entered a switchin~ transient
wilt be generated.These are greatest ate the MSB
(most significant bit) transltlons~ i.e, at one
quarter~ one b~lf eaqd three quarters of the
sweep. No visible switching transients would
imply they be over 90dB below clipping or about
ten parts per million, With the very high (~ x
Frequency products of the filter, (over one
million) this is virtually impossible.

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

RECEIVER FUNCTION SWITCH POSITIONS
6 through 11

These positions remove the filter‘ From the
inpot and provide WIDE BAND or PHASE plotting
cap~bIilt3/. 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 AE]SOLUTE dBm mode, That
Is the plots will be the absolute amplitude Using
an internal precision reference, P0~ition 7
is dB ratio and is the Amplitude difference
between two inputs, In this mode the !n~.
pPeamp must be se~ ~o the DUAL CHANNEL
mode, The plot wilt be the amplitude of INPUT
as referenced ~o INPUT B, The range
¯ 80dB, (see window selection). The ~o
mus~ be both within the tnpu~ Pangs selected
d[~em by no mope ~n

Positions 8 and 9 are phase vs time (Or vs
frequency if a sweep signal is selected in the
generator), P0sit|on 8 plots the phase difference
between signal at INPUT A or INPUT B ~nd the
generator OUTPUT, That is the reference is the
SEND signal, Position 9 is the phase differense
between two signals at INPUT A and INPUT B
respectively. INPUT B is tie reference input.
Again the DUAL OHANNEL mode must be
selected,

If the two slgnals are in phase or almost in
phase select -. DUAL CHANNEL, If they d~ffer
by close to 180° use + DUAL CHANNEL. This
selection wilt put the plot near the ceqter of
the window. In DUAL OHANNEL the total
window is -+180° white in +DUAL CHANNEL the
total window is 0 to +360° . As the plot nears the
upper or lower limits of the window its phsse
difference becomes ambiguous and the plot wilt
show this ambiguity as chatter. Selecting a
different configuration with the toggle switch
will place a 180° offset in the plot to shift it to
the center‘ of the window.

Positions 10 a4nd 11 are dual piottcing modes,
Posilcion 10 is Posit~ons 6 and 8 combined while
POSITION 11 is POS~FIONS 7 and 9 combined,
They are.exactly equivalent to doing ~vvo sepadate
plots in[o #o memory ~sitions at Lwo different
times bu[ combine both plo~s in a single sweep;
These ~sitions override the MEM ENTER
selection and piece ~he ~o plots in A and B, oP
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2,8,8 FILTER SHAFTS

The 4400A receiver section lnoludes a state
variable filter with provision for either manual
tuning or sweep tuning. The filter may be
configured as either a BAND PASS, BAND
RDECT, HIGH PASS or LOW PASS format. In
addition the Q or’ percentage bandwidth may be
adjusted over a wide ~ange. Each of these parle-
meters is mutually Independent.

BAND PASS configuration. Theasyrnptote of
the filter skirts is 6dB per octave. At maximum
q (approx. 8%) the skirt is approximately 85dB
down st 2F and 1/2F. The filter parameters
~re Identical in either the MANUAL TUNE mode
or the SWEF:q" TUNE (digitally programmed

BAND REJECT ¢onfigu#ation. Maximum
notch depth ts wl~h the Q control at minimum
(fully coW). The depth at cen~er #,equency is

at 2F and 1/2F is less than 2dB.
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2.8.4 DiGiTAL PLOT RECORDER

MEMORY SELECT~WINDOW SELECT ar~l
LEVEL

This control grouping establishes the mode of"
operation of the write or enter portion of the
digital plot recorder. The recorder contains four
digital memories divided into two pairs. The
memories are designated A and B for the first
p~lr and O 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; ln~ It selects pair C
and D. The MEM ENTER button selects
which position of~ the selected pair will be
addressed. Thus 1£ both buttons ape out the
plot will be ~wrftten" into memory posftton A.
With both buttons in position D would be selected

Whiting a plot into a memony position auto-
,maritally erases the previous plot,

In absolute amplitude response plots the
vertical Pangs is detenmined by the seven
PLOTTER WINDOW SELECT pushbuttons and
the WINDOW SHIFT LEVEL control. The
total ventlcal range may be any 10~20~G0~40~
50 or 60dB window within the INPUT RANGE
ch£sen in the fnont end. This window is
selected by pushing any two of the seven push-
buttons in the group. FoP example if the
0dBm to -60dBm Pangs had been chosen on the
INPUT RANGE group the second led would
light pointing to the 0 to -60 scale. Then by
pushing the 0 and -50 buttons fop example a
50dB window would be chosen. If" the -20
and -80 buttons were pushed a 10rib window
would be selected. The seven buttons permit
a permutation o£ 21 possibilities of=windows
within the 60riB scale selected,

When the WINDOW SHIFT LEVEL control is In
the OAL center detent position the plot is as
selected above. By moving this control
clockwise on counterclockwise this scale m~y
be shifted up or down approximately 10dB. This
is usefiJl wrens it is desired to lay a tnsce on a
particular reference line oP oscilloscope
gnafcicule.

Bean in mind that all of these controls affect
the b’ace write mode. That is they must be
set before the plot is made.

In ratio amplitude response plots Ehe vertical
Pangs is as defined by the top scale~ -30 to +30
The total window is _+80da and 21 posslbllities
~’om 10 to 60 dB total ~-ange may be selected,
Remember the scale is dB Patio, The two
sigr~ls may, fop example, be-52dE~mand -43dlBm
absolute but their difference (or- ratio) is 9 dB.
The two signals must be within the input range
selected and differ by no more than 80dlB.
Fop examp)e If 0 to.-60 is selected on the
INPUT RANGE switch and one signal is -20dBm
the other stgr~l can be between 0 and -50dBm.

In phase response plots the vertical range is
-+180° (on 0~ +860° as described earlier). Again
21 possibilities between 60°a~d 860°total wtndow
may be selected. The amplitude ol~ the two
input signals must be within the INPUT RANGE
selected and a suttable phase difference window
may be selected.

Before continuing a word about frequency
response plots. There are basically two methods
to generate an ><Y plot of~ ampiitude vs ff-equency
of’ a devlce or medium. You may use a swept
sine wave and a wide band necelve on a wide
band souPce~ such as pink notse~ and sweep
tune the receive. The swept sine wave glves~
by laP, the fastest Pesults~ the most accunate
and the cleanest dlsplay, it can be used
to analyse an amplifier, a filter, an equalizer,
a tape recorden on any electronic medium.
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However% normally it cannot be used with acoustic
mediums or tranducers due to room refleotions~
standtng 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 meth~3d is selected by setting
the GENERATOR FUNCTION switch to SWEEP
and the RECEIVER FUNCTION switch to WiDE
BAND. The swept filter metl~KI is selected by
setting the GENERATOR FUNCTION switch
to PINK NOISE aed 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 fur‘theb mode is possible by using a swept sine
wave and swept tuned receive. The filter has
not specifically been optimlsed to track the
generator 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 Pesutts will
be the same as swept sine wave/wide band receive
except they can be made in the presence of=

¯ noise in the device ueder 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 Q
an additional 10 or, more dB margin rc~y be
gained with Less than 2dE error due to misirecking
of the filter and generator.

DIGITAL PLOT RECORDER INPUT

The miniature toggle switch designated PLOTTER
INPUT setects the input to the amplitude piotting
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 BIn the DIFFERENTIAL mode. When
the filter is not selected by the RECEIVER
FUNCTION SWITCH (Positions 6 through 1 1)

the FILTER OUT connector (and thus PLOTTER
input when A is selected) is the output of the
INPUT A pPeamp. That is~ the filter acts as a
unity galn~ wide band buffer,.

With the switch in the mid position the plotter
is fed by the signal connected to EXT IN. The
nominal input level at this point is +18dBm to
-47dam corresponding to the 60dB plotting
window,

Finally~ with the switch in the lower- position
the plotter is connected to the INPUT B ppeamp,

This facility permits the front end of tie receiverj
and specifically the fiiter~ 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 NO[SE in order, to
achieve swept~ band limited PiNK NOISE but
use the WIDE BAND mode of the plotter by using
INPUT B or EXT IN.

The detectors used to produce the single Line
amplitude plots are a true RMS to DO converters.
They have selectable response times~ RMS
FAST or" RMS SLOW’, by pushing the RESPONSE
button. The Past mode wilt more generally be
used, while the slow mode is useful for- pink
noise analysis.
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2.8.4.1 SWEEP CONTROLS

sine wave sweep, the receiver filter sweep and
the digital plot PecordeP. They consist of a
mode selection, sweep initiate control and sweep
speed control.

There are three sweep modes: NOV or
momentary, SINGLE and CONT or continuous.
The SINGLE mode ls a single up or down sweep
after I~shing the UP or DOWN button. CONT is
a repetitive version o£ SINGLE with a short
pause beLween sweeps. NOV is a manual sweep
where the sweep is under direct control ol= the
UP and DOWN buttons. Sweeping takes place
only when the buttons are held and sweep
direction rosy be reversed mid-sweep.

While the Instrument is sweeping, a vertlcai i
or cursor moves across the plot to show the
memory enter position. Also, the led below
the UP or DOWN button Hashes at the sweep
rate to st~ow direction and speed. The cursor
is particularly useful in the momentary mode
for example to examine a filter response. The
cuPsoP can be ’~Nalked" to the peak of a filter,
the frequency a~ amplitude read then ’~alked"
to a new ~int and readings taken. The slope
in dB pep octave can be measured a~ong with
other parameters. Both UP and DOWN
~shbu~ons can be used to zero ~n on a particular
spot.

In the MOM mode when the sweep has reached
an end point tt 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 [s variable 1=POP 1 to 1024
secoods in a binary sequence.

The sweep speed must be carefully chosen. It is
desirable to use the maximum speed be1=ope the

determine the maximum permissible sweep speed.
They are basically the Q ol= the swept fitter (if=

used) and the ~l o1= the device being measured.
The higher the (~, the steeper the slopes in the
plot and the slower the sweep speed must be.

If~ too high a speed is used ~wo things will happen.
First, sharp peaks will be rounded. This will
be particularly notlcable on very sharp spikes
of" peak or notch fitters. Second~ an apparent
frequency d{spiacement or shif~ in the direction of’
sweep will be noticed. These errors obey a
basic law of physics relating sweep speed to
device Q and cal~qot be overcome in any other
way except a slower speed. This speed can be
determined very easily by doing 8 plot at a
particular speed into one memory then doing the
same plot in the opposite direction into the other
memory. When the horizontal displacement ts
nit or very low the speed is acceptable. Another
method is to examine the shape ol= shsrp peaks.
As the speed is reduced the peaks will shsrpen.
When no further sharpoess is evident by
switching to lower speeds, the correct speed

It wilt be found that devices with reasonable
fiat responses, such as ampli1=iers, tape recorders
etc. can be swept fi~om 20Hz to 20kHz in 1,2,
or 4 seconds with accurate results. Sharp £[tter
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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2.8.4.2 BASE LINE SENSE

OePtain plots can be made in less time than
noPmatly PequiPed. In paPticulaP~ plots of
band pass filtePs. Such cuPves b~ve a bell
shaped Pesponse with a shaPp peal< at the centeP

To achieve these plots Papldty~ a featuPe
called BASE LINE SENSE may be used. With
this button in the sweep is speeded up
wheneveP thePe is no infoPmation~ that is when
the cursom is on the base line of the plot. The
"fast" sweep speed may be chosen intePnally
to be 2.4 8j16 oP82 times the selected speed.

/          ,
_Z_ _ _& __

Sweep with BASE LINE SENSE. With
SWEEP SPEED knob set to 16 sacs, slow speed
duping data plot is at 16 seconds Pate~ flast
speed duping base line plotting is at 2 second
Pate. Total time to genePate the plot would
be appPoximately 9 to 10 secor~ls.

The instPument is no~-rnalty shipped with the 8x
speed selected. If, fop example, a 32 second
sweep is chosen to achieve a good sh~-p plot
at the peaks, the speed will be at the 4 second
sweep Pate when on the base line and will
immediately switch to a 82 second speed to plot
the filteP and then Petu~’n to the Papid speed at
the base line. Because of the fast appPoach
speed the leading edge o~: the filteP plot may
show a srr~[l ePPoP in the foPm of an ovePshoot
but the impoPt~nt peak and the tPal[lng slope wltt
be as accuPate as a full 8g second plot although
it will b~ve taken flap tess time. When in the
last mode the FAST led below the BASE LINE
SENSE button lights up.

NoPmat Sweep. With SWEEP SPEED knob
set to 16 secs total time to genePate this band
pass fllteP plot would be 16 seco~Js.
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2.2.4.3 AUTO START

Captain Pesponse plots must be made whePe the
genePatoP and PeceiveP ape sepapated in space
oP time. Fop example~ Pesponse plots of a
tPansmisslon line oP a tape PecoPdeP. The
instantaneous swept sine wave f’Pequency must
coincide with the digital plot PecoPdeP X axis
addPess. This is automatic when both happen
simultaneously but some means of
synchPonization must be used othePwlse. The
4400 uses a lkHz cue tone bel~oPe a sweep to
accx)mpl tsh this.

Two AUTO START modes ape pPovlded REO
oP PecoPd and REP oP PepPoduce. REC is
identical to the noPmal MANUAL START mode
except at when the genePatoP is not sweeping
the output ts lkHz PatheP than the noPrna[
20Hz lop 20kHz). This pePmits a lkHz cue tone
to be PecoPded between sweeps. As soon as
the UP button lop DOWN button) is pushed
the output falls to 20Hz and sweeps up to 20kHz
lop the PevePse fop DOWN). At the conclusion
of a sweep the output PetuPns to lkHz until the
next sweep is initiated.

The REP mode is simi[aP to the MANUAL
SWEEP mode except sweep staPt Is initiated
by detecting the dPop out off lkHz. Duping
tape playback and wlth a lkHz signal on the
iNPUT connectoPs the lkHz SENSE led will
light. As soon as the sweep stapts the signal
changes to 20Hz oP 20kHz and the lkHz led
goes out. if the UP oP DOWN pushbutton is held
in befoPe the sweep staPts, the digital plot
PecoPdeP will staPt as soon as the lkHz stops
and ~hus load the memoPy in ~RcPoRism with
the pmeviously genemated sweep. Obviously
the SWEEP SECS (spe~) must be in the same
~si~ion fop both se~ a~ Peceive and ~th
mus~ be eitheP UP oP DOWN.

Pequtmed of a tape PecoPdem while vaPlous bias
settings ape tPled oP some otheP papameteP is
vaPied~ sevemal sweeps will be PecoPded with
a shoPt pause between sweeps containing the
lkHz cue tone. [3elope each sweep the paPameteP
is vaPied. On playback the UP button would
be held in duping the lkHz poptlon and could be
meleased as soon as the sweep staPts, if the
memoey enter controls ape changed before
each sweep up to fou# sepapate plots could be

The sweep can be progPammed to automatically
staPt by pushing both the SINGLE and CONT
buttons in. Doing this eliminates the Pequirement
of holding the UP oP DOWN button while the
lkHz disappeaes. This is useful, fop example.
duping playback optimlza~clon of a tape Pecordeb.
ifia tape has sevePal sweeps PecoPded on it with
shoPt pauses between sweeps the plot will be
updated each time a new sweep is played back.
Adjustments can be made dut’ing the pause
and the Pesults will be displayed with a new
sweep as an old one is ePased. With the initial
sweep on the second tPace a diPect compaP[son
of the impPovement can be made on a continuous
basts,

The AUTO START mode opePates in any PecelveP
flanction, that is, both amplitude and phase plots.
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2.3.4.4 DISPLAY CONTROLS

This control grouping determines the memory
display format. They oper-ate in conjunction
with the MEMORY SELECT pushbutton (pair,
select).

REF LINES (reference lines) turns on 8
horizontal doLLed lines at r~xlmum, medium
and minimum amplitude as set by the DISPLAy
RANGE pushbuLLons. If an amplitude window
from, for example, -20dBm Lo -40dBm WaS
chosen to make the plot the Lop line would
lndieaLe -20, the center -30 and the lower
-40dBm.

The second two pushbuttons select either or
both traces from the memory pair selected.
Note that when the MEMORY SELECT push-
button is outj the buttons select memory position
A and/or B~ in, they 8elect C end/or D.

The TRACE SHIFT control can provide three
separate functions. The choice of one of these

The three functions are:

TRik’CE and REFERENCE LINES SHIFT
TRACE ONLY SHIFT
TRACE iVb~GNIF~/ AND SHIFT

The first of the above allows piofc B or D to be
shined vertically up 0~" down with respect to A
or O. This is useful where it is desired to
view two plots of unrelated data where super-
imposition would cause confusion. In this mode
the r’eference lines associated with the shifted
trace move with the trace to retain an accurate
vertical scale reference.

TRACE ONLY SHIFT is identical to above except
the reference lines remain fixed. This is useful
to reposition one trace over the other for" direct
comparison.

TRACE MAGNIFY AND SHIFT magnifies the
vertical scale of the B or O trace by precisely
5. This is equivalent to dividing the previously
selected window by 5. For example, if a 10dE~
window had been used for memory enter it
would now be 2dB, a 60° phase window would be
12°and so on. Note that this function is only
DISPLAY magnify and does not affect the
setected WINDOW. The WINDOW selection Is a
memory enter functlon and affects ~he scale
£actor of data to be stored in the DIGITAL PLOT
RECORDER, The X5 function temporarily
ohanges the display of the memory output. The
memory quantizatlon will become more vislble -
what was displayed as 256 steps wlll now be
51 steps. H~d a 10dB window been used Lo
record the plot e~ch step would be 10 divided by
256 or 0.04 dE3.

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 mode the MEM ENTER push
~utton (right button o£ the two) is controlled by
internal logic. If" this button were In during the
plot (normally selecting B o~- 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 use~" to himeeJf
select the assignment of parameters between
the traces. The graphics de#ire the choice.
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2.8.4.6 MAR KBRS

Two b~/pes of frequency markers may be added
to response plota to obtain accurate frequency

selected by the COMB/K&ZkRKER GENERATOR

In the S’~f~PT SiNE WAVE/&/VIDE BAND REOEIV~
mode the marker’ generator is a digital.’circuit
which compares the stgr~l on ~he INPUT
connector (a sine wave sweep) wi~h a set of
accurate, crystal controlled reference signals.
When the swept in~t signal f~equency is the
same as a reference 8[g~ a marker in the
form of a negative going spike is added to this
trace. If, for example, the 1K, 2Kand 8K
buttons were ~shed in, three spikes would mark
these f~equencies on the pint. By i~te~iation
and e~a~latton other f~uencies could be
determined. These marker spikes in
combination with the re£ereooe lines ~oilitate
accurately readiog information about a res~nse
db-eot~y ~m the t~ce. (An up sweep must be
us~).

In the swept filter mode the markers are
actually a comb signal mixed with the input.
The digital principle cannot be used, of course,
since the input is not sweeping. The MARK~’R
knob adjusts the amplitude o£ the comb signal
and the COMB/IV~RKER GENERATOR ~sh-
buttons select the frequencies to be d~sptayed.
In soma ~ses it may be desirable to ~t
mapkers only, with no signal, on one tpace and
signal, w[thno m~kers, on the other trace, in
this way the f[~tep Q a~ display widow can be

optimized for, best display, The markers wilt
show as positive going spikes ira 10dB wlndow
and high q setting is used. By using the trace
shift control the maPkep peaks can be ~sitioned
over the signal plot on the other trace.

Swept sine wave response plot of an
equalizer with all but the lkHz markers
switched on.

Swept filter response plot of the same
equalizer using a pink noise source on trace
A. Trace B is a plolc of the comb signal less
the 2kNz ~’equency. This plot was made
using a 10dB window and adjusting the
~RKER level control sothe peaks appeared
in the lower area.

Remember that the digital markers (negative
spikes) operate only with up swept sine waves
and the RECEIVE FUNCTION switch in positiol~s
1~2,8,4,6;7,8,9,10or 11. The COMB marke~,s
(positive peaks of adjustable amplitude) only
operate with position 6 of the RECEIVE
FUNCTION switch.
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S.d SPECIFIC APPLICATIONS

3.1.0 Acoustic Applications

3.1.1 Frequency Response.

with a wide band signal to avoid the problems
that would be caused by sinusoidal signals, The

modes and other effects not directly related to

A wide band signal better appPo×tmates the
~aturel use of the system (music oP voice) with
a controlled, known signal, A convenient wide
band signal is pink noise, Such a signal has

transmitting transducer (usually a speaker),
~ r~ceivin9 t~-ansducel- (usually a microphone)
and a medium connecting the two ( & Poem on
aneochic chamber-) , One or- mope of these is

monitor system the speaker and poem are

The r‘esponse is made by exciting the generating
transducer with pink noise, receiving the noise
sigma[ wlth the receiving transducer and

Pink notse~ or" mope specifically Pseudo
Random Pink Noise, by its very nature has
Pandora variations in its amplitude. These
variations are most pronounced at the tow end of
the spectrum. To achieve meaningful results
these amplitude var"iations 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 inset-is &
long time conatant in the RMS detector", The
sweep speed must be consistent wlth the time
averaging, That is the RMS detector" must be
given time to settle befor"e the filter tunes to
a new frequency band,

Slow sweep speeds (32 seconds or longer) and
SLO’~/ RMS detection should yield an
acceptable frequency response plot of the system
under test,

The filter bandwidth u~ed affects resolution of
the mesuttan~ plot, Most acoustic measurements
can be made with the control 1/2 or 2/3 open.
This gives a filter, bandwidth close to 1/8 octave,
With the contr"ot fully clockwise the bandwidth
is approximately

The shape of the filter must be specified with
more detail than just bandwidth, The bandwidth
(or percentage bandwidth op C~) describes the
width of the fiItee, relative to the center
frequency, where the slope is 3dB below the
attenuation at the center, frequency, Thus it
only specifies the very tip of the peak, The
slope of the skirts beyond this 3da point ape

rigid and rigorous definition of a fialI octave,
1/2 octave or 1/3 octave fitte~-, The shape of
the filter is defined by giving an actual plot
of the limits on an XY attenuation vs frequency

e&¢h size of filter. The difference i~ the c[&sses
is chiefly one of sk[p~ poll off characteristics.

~t is virtually impossible or" at least impractical

The 4400 uses a single pole pair fitter.. A
multiple pete flIter with the chaPacter.tstics
of the actual filter used in the 4400 would be
a few order‘s of magnitude more complex than
the filter used. For example~ three or. more
sect[one using six or more vamt&ble elements
would have to t~-ack in the sweep mode over a
1000 to 1 range with better, than 0.5% error.
This is beyond the scope of the instrument.

In nor‘mat situations~ however% the simplified

excellent results. The skirt roll off

the readings or plots. The bandwidth of the

to one-thirtieth-octave. The foregoing
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3,1 ,2 Reverb Time

Reverb time or AT-60 is the time it takes CoP an
acoustic excitation in a room to fall 60 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 fop the amplitude to fall from the original
by 60dE.

Reverb time can be measured wide ba~d~ that
without any spectral weighting or in a restricted
bandwidth such as octave oP third-octave,

The 440Q may be easity 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 fiat speaker.. A micro-
phone should be connected via a simple tow to
high impedance transformer to the receiver
input. Initially select WiDE BAND on the
RECEIVER FUNCTION switch and a 60dE plotting
window. Adjust amplitudes so with the room
excited with a reasonably loud signal the plotter
just paints aline on the top of the plot. Quickly
cut the signal and observe the decay. Select
a plotting speed slightly longer than the observed
decay.

Fig. 3.1.2 illustration of amplitude decay on
removal of pink noise excitation. A 60dE window
has been selected (6 divisions on the CAT) The
total decay achieved is just over 40dE. By
extrapolation the slop is extended to the ~ull
60dE range and the time measured based on the
sweep time.

in rY~r~y cases tt will be difficult or impossible
to achieve a complete 60dE decay. 80 or 40dE
may be the maximum for several acoustic and
electrical reasons, H<weverj the slope of the
dec~y can be extrapolated to show the equivalent
of a 60 dB decay, Under most situations the
slope will be reasonably constant. Certain
acoustic conditions may produce odd shaped or
multiple slopes, These could be caused by
anomolies in the room and should be investigated,

If the RECEIVE FUNCTION switch is put in the
FIXED 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,

TONE BURSTS

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 mode 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 connected
to the VERTICAL and TRIGGER connectors and
both the SEND and RECEIVE buttons selected in
the OSCILLOSCOPE 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 observation
of the leading edge ol-the received signal,
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2.0 TAPE RECORDER APPLICATIONS

3,2, 1 Frequency/response

There are v~rlous ways to generate frequency
response plots of a tape recorder. Plots can
be generated of just the reproduce pop,lion or
the total record-reproduce chain.

Reproduce response

Response can be checked in two ways. First by
using a calibrated, standard test tape and second
by magnetically coupling 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 stow sweep speed
is used the amplitude at each reproduced
frequency will be plotted with one [Pace. The
whole test tape wilt draw a sky line picture of
the machine response. Relative amplitudes can
be seen at a glance without having to write down
each meadtng. 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 repmoduce pmeamp input the reactive
components of the reproduce head would not be
included. Aiso~ the extreme low levol required
by the pPeamp would introduce noise and othem

A convenient method is to couple magnetic.~lly
directly into the Pepl-oduce 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 w[ll~ of course~ be
the playback curve of the amplifier (NAB or
other" equa.lization).

3.2. I. 2 Record/Reproduce Response

variety of ways. If an accurate response over the
full 20Hz to 2OkHz range is required the AUTO
START mode should be used.

tape wlth the GENERATOR FUNCTION switch in
AUTO START REC, This will record a lkHz
cue tone when the 4400 is not sweeping.

Several sweeps could be recorded leaving a
pause be~veen sweeps (filled with lkHz).
Changes could be made as required before each
sweep,

On playback the AUTO START REP mode would
be Used. The receiver would be set up In the

As a confirmation Of accuracy some markers
(Eg. 68Hz, lkHz, 8kHz) should be switched on.
The tape is played back including some of" the
IkHz tone. This should cause the lkHz SENSE
led in the SWEEP control group to light, If it
does not llght the level is probably too tow. IA3sh
and hold in the UP sweep button. During the lkHz
tone nothlr~ will happen. As soon as ~che lkHz
tone disappears the sweep starts and~ if the UP
button is still being held~ the memory will

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 tntemuption
of lkHz and the UP button being held.(see page g-15)

There are times when an’ascurate full range plot
is not as important as fast continuous information.
In this case the MANUAL START mode should be
used and CONTINUOUS sweep selectsd, Due to
the time delay between record and playback (head
Sl:~clng) the response plot will be shttted to the
right. This will cut oft the high frequency pant
of the range. 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 if’on 100Hz to say
50kHz. Using markersj various sweep speeds
and both sweep manges the FUll 20Hz to 20kHz
r,ange can be covered in the CONTINUOUS mode.

This mode is p~rticularly useful during
adjustments. For example> to optimize bias or
head alignment the effect of change will be
rapidly seen. Seeing the whole spectrum in a
plot a~ids the ~tential ePpoPs 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 but’st repetition rate synchronized to
reel revolutions. For example~ select a lkHz
sine wave, 82 or 64 cycle gate mode and push
the GATE START BUTTON once at each reel
revolution. (Use MOMENTARY a~d SINGLE)

The tape is played back with the RECEIVER
FUNCTION switch in WiDE BAND, a 60dB window
selected and a stow sweep speed selected, The
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4.0 IV~ODIFICATIONS AND CUSTOM NETWORKS

This section describes certain custom modlflca-
lions that r~y be performed inside the 4400A and
the construction details fop weighting networks
used on the meter amplitude measur,ing circuit,

4.1 Internal Modifications

The 4400A Sudio Test Bet can be modified to

meet p~Ptlcular requirements oP suit pensonal
preferences, Standard modifications include;

1, Pause duration during CONTINUOUS sweep,
2, AVERAGE or pEAl< detection characteristics

on amplitude rneLeP,
8, invalid dlsplay mode.
4, Oscilloscope outputs,
5, FAST speed during BASE LINE SENSE,
6, Marker height selection,
7, Filter input configuration,
8, Reap panel plotter output,
9. Display shift and magnify mode,

BepaPe 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 wammenty claims on damages due to poor‘
handling,

4, 1.1 Pause Duration DuPing[ Continuous Sweep_

When in the CONTINUOUS sweep mode a short
pause is generated between sweeps to allow the
oscillator 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
generator board by connecting two pads with a
jumper‘ wire.

PAUSE DURATION CONNECT PADS
I second A and D
2 seconds A and C
4 seconds A and B

4.1,2 Avenage/Peak Detector

The meter, board has three types of AC to DC

An RMS to DO converter is normally used. A
PEAK on AVERAGE nespondlng detector nqay
also be selected, The deter,ruination of PEAt<
oP AVERAGE ls made on the meter board by
joining two pads located between U311 and U818,
The pad on the left is connected to either‘ PK
fob PEAK on AVG fop AVERAGE. Of course,
the calibration described in section 6 should
be followed.

4.1.8 In_valid Dis la Mode

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 dur,ing this condition
can be set to flash at one of 8 Pates, nerr~in on
or completely blank by connecting two pads
neap U31 on the meter board.

DISPLAy MODE CONNECT PADS

No Change (ON) A and V
Total Blank A and W
Flash 8 Hz A and X
Flash 2 Hz A and Y
Flash A and Z

4.1.4 Oscilloscope Outputs

The three OSCILLOSCOPE SELECT push
buttons ar,e configured so that when all three
ar,e OUt other signals can be Pouted to VERTICAL
and TRIGGER output connector,s, The choice
is rr>ade on J10 located near the push button
group, By connecting suitable pins of a 14 PIN
head#n that can plug into J10 several signals can
be selected, Pins 1 through 7 ha~e the signals
while pins 8 thr,ough 14 have the VERTICAL
and TRIGGER connectors when all thnee bu[tons
are nel eased,

J10 PiN ASSIGNMENTS

PiN NUMBER SIGNAL
1 Plotter DC Input
2 SWEEP
8 Rimac Clock
4 Preamp B Out
5 Filter Out
6 Preamp A Out
7 Trlggen 250 Hz
8 Vertical BNC
9 Trigger‘ BNC

V~rtical BNO
11 Trigger BNC
12 Ver,t lcal BNC
18 Trlg,qeP BNC
14 Vertical BNC

4.1 .5 Base Line Sense Spee.~d

When the BASE LINE SENSE button is pushed
the sweep will sw[tch to a Paster 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- 82.
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The FAST speed is set by a loop joining two points
on the RECEIVER BOARD (lowest board). Ther,e
ar,e 10 solder holes located between U28 and U24.
A loop is connected between any o£ the four‘
ter,mlnals labeled Fand one ofiA~B,C~ D or, E.
C is the nor,real 8x connection. The following
table shows the connections fop var,ious sp#eds.

Fast Speed Connections to be Joihed

2x F and A
4x F and B
8x F and C

16x F and D
82x F and E

when changin9 loops use caution to pr,event
damage to the cir,cuit board.

4.1 . 6 Marker Hei~ Selection

negative spike to be added to the trace. The
height of this spike may be yap‘led with loops
on the RECEIVER BOARD.

Marker‘ height is set by a loop between G and
either A~B~C~D, oP E. These tePmir~ls ar,e
located between U23 and U24. (some of the
tePmlr~ls ape shaped wlth base line sense.)
The instrument is nor,malty set with G and B
connected. Other" connections will give va~,lations
to the height of the spike.

M~r,keP Size Connect Pads

1/2 Full Scale GandA
__1/4 Full Scale

1/8 Full Scale GandC
¯ .1/16 Full Scale Gand D

1/82 Full Scale Gand E

4.1.7 Fitter‘ Input Configuration

Some applications In acoustic testing mequlPe
bard limited pink noise as the sour,ca. In this
case the filter of the receiver, is moved to the
generator path by connecting it between SOUROE
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 ar,e the input and outl~Jt r,espectlvely of the
filter‘. These ape connected to SOURCE and
EXT IN on the gener,ator,. INPUT B is now the
wide band input to the plotter,.

Although this signal r,outing is correct the levels
ape not ideal ard the INPUT A ard INPUT B
levels must be the same.

Ther’e is a way to internally connect the SOURCE
signal dip,retry to the FILTER input. This frees

An internal CMOS switch can be set to transfer
the dip,act filter‘ input fr,om its normal pr,eamp A
output to SOURCE out. FILTER OUT is connected
to EXT IN and one of the fiilteP modes ts selected
on the RECEIVER FUNCTION switch. The
piot~er, input is set to iNPUT B.

To permit this path install a jumper‘ between
gads H and ~ on the r,eceiveP board. This
connects the SOURCE signal to the switch. To
transfer‘ the filter inpot to SOURCE put a DC
level of +7V to +10V on pad L. This will operate
the aMOS switch. 1~ may be desir,able to install
a minlatur,e toggle switch to activate this aMOS
switch.

The SOURCE signal is r,outed via the HI jumper
to r,educe cr,osstaik. Even with the CMOS
switch in the nor,m~t (INPUT A) mode some off
the SOURCE signal would leak into the filter
input. Wi~h the path between H and I broken the
source of cr,osstatk is removed.

~sSo[:mpllfted fiJnctlonal showing signet pathinsertion of Receive Filter" in Generator‘
nd Signal.
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4.1.8 Re&P’Panel P[ott~

Pin 28 on J1 located on the heap pane[ may Pece~ve
one of~ two signals= the DC level going into the
A to D convePteP at the inpQt to the plotteP oP the
DO output coming out of the D to A conventeP ~t
the output of the pro[tap. In the f~oPnleP case 8
DC voltage of 0 to +10V DO PepPesents a 60dB
input amplitude. 0 is the lowest signal amplitude
while +10V is the highest. The DO veltege is
lineup in dB [.e. +hV is 80dB down, +8.GV is

The input OR the output DO rray be seteqted by
ope#ating one of two positions on a 5 position
miniature rockeP switch,

SWITCHES SHOWN ON

Function DesiPed

Pio~teP DO Input
Plotteb Data Output

4,1,9 Displa Shift and Me nl

The TRACE SHIFT PotaPy contr-ol in the
DISPLAY gPoup can actually pPoduce any of
thPee possib|e effects, Openation is initiated
by pulling the knob and shifting by hOtating
the knob, (see page 2~16)

The choice of~ which of the thPee modes of
operation wilt be available [s determined by
LhPee of the five position of the PockeP switch
on the receiver boaPd.

Function Desired Set Switches On

DATA and Re£er’ence      4-P~
lines of PLOT
to shift when SHIFT
control openated.

DATA only of PLOT
B/D to shift when
SHIFT contPol

DATA only of PLOT
B/D to both shill and
magnify x8 when
SHIFT contPoi
opePated
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Amplitude Mea~urement Weighting Network.

some form of weighting. This may be to conform
to some standard practice using a standar-d

The amplitude measuring circuit of the 4400 can
accept ~everal weighting netwopks 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
resistors and capacitors. A dedicated high
quality operational 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

Specific applications will dictate the use of
particular types of fitteps, Fop example~ to
reject hum components a higl~ pass filter with
cut off frequency of around 400 Hz may be

noisy environment the standard "A" curve ma~

Several types of standard fitters are described
here along with details of how to determine

In addition to the networks presented here
several others may be derived using classic
fitter design technique and implemented in a

Fop best results resistors should be 1/4 watt
metal film with +1% tolerance, capacitor.s should
be ceramic plastic film or mica with -+10% or

8rd Order Butterworth HIGH PASS arid LOW
PASS filter networks.

Three pole filters may be realized by using

in the instructions, The component location
determines the filter character while it
values the -3dB point.

Capacitor values should tie between 200 pf and
0.5/Jr while resistor values should be between
1K~} and 4001<9. Values fop several frequencies

frequencies can be found by interpolation qP
extrapolation oP using the IHz values and the
following procedure:

LOW PASS

Divide the capacitor values shown by the desired
-3 dB frequency (fc). If the resulting capacitor
values ape too small multiply each by a constant
and devtde the 10K~ resistor value by the name
constant. If the capacitor values are too lapge
divide each by a constant and multiply the
10K~] 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

large divide each by a constant and multiply the
101<~ resistor value by the same constant,

Suppose we want a 60Hz high pass

C1=O2=C3=0.01

RI = 11 .43 A/~} ~. 60 = 190.51<4~

R2= 78.68h/~

R =4.49h/~ -. 60=74.83 K9

R2 is over 1 ~ and should be scaled to about
20% of this value. Choosing a standard value
capacitor of 0,047 zuf or 4,7 times the previous
value we divide all resistors by 4,7 to arrive
at the final values:

C1= C2=C3~ 0.047~uf

R1 = 190.5K£ -t. 4.7 = 40.5 K~

R2= 1.810 K/~ -. 4.7 = 279 K~

R =74.83 Kq~. 4.7 = 15.9K~

16

8

+15 -15

Accessory Socket Wiring
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8 POLE HIGH PASS FILTER (BUTTERWORTH)

-3dB .......

dB/OCTAVE

c2 I- s 0

16 9

I 8

GOMPONENT VALUES FOR HIGH PASS FILTER

Fc R1 R2 R8 C1 = C2= C3

20 Hz 178 K~ 10.2 O, 22 uf

30 Hz 17,4 1181<.~ 6.81 O. 22 uf

50 Hz 382 19,1 0,047 uf

100 Hz 24,8K~ 169 0,047 uf

400 Iqz 28.7 11 .8 I<,~ O. 01 uf

lkHz 22.6 158 K~ 8,87 K.Q O. 005 uf

10kHz 24,8 K 9,53 K41 J 470 pfl

1 Hz
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POLE LOW PASS FILTER (BUTTERWORTH)

16 9

0 o
I 8

COMPONENT VALUES FOR LOW PASS FILTER

Fc C1 02 08 R1 = R2= R8

i00 Hz 0,047 uf 0.0068 uf 0,12 uf 47.5

lkHz 0.022 uf 8800 pf 0,056 uf 10.0 K~]

10kHz 2200 pf 88Op~ 5600 pf

20kHz 2200 pf ~80 pf 5600 pf

80kHz 2200 pf 880 pf 5600 pf 8.821<,q

50kHz 2200 pf 830 pf 5600 pf 2,00 F4~

100kHz 030 pf 5600 pf

1 Hz 22,15 uf 8.221 uf 56,44 uf 10 K~2
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2 POLE "TWIN TEE" BAND REJE~T FILTER

- -30 TO
-50 ,::JB

4~RC

2R

COMPONENT VALUES FOR BAND REJECT FILTER

Fo R 2R O 2C

120 Hz 18,3 K~ 26,7 K~ 0,05 uf 0.1 uf

400 Hz 20,0 t<~, 89.2 I<.q 0.01 uf 0.02 uf~

lkHz 15o8 1<4~ 81,6 I<9 0°005 uf" 0o01 ul=

10kHz 2,4,3 K~ 4,87 K~ 3300 pf" 6800 pfl
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SINGLE POLE PAIR BANDPASS FILTER

4B/0CTAVE

¢ R5

16 9

I 8

Fc RSC
Fi~teP Q =

2

Fc    1       RI+ R2

R3= 2R1
Example= Fop Q = 10

Fc = lkHz

C =0,1,uF
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"A" WEIGHTING NETWORK

-40 /

-50

-60

-70
20 80 820 1280 5K

"A" Weighting Nebwo#k FPequency Response

20K

0’33 0’33 10K 0’047

lOOK

16

IOK

._°L~. 47

2200

9

>>lOOK

3o4K
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4400A REAR PANEL CONNECTOR DESIGNATIONS

REAR PANEL VIEWED FROM REAR

251pIN FEMALE CONNECTOR VIEWED
FROM MATING SIDE. (AS SEEN ON
REAR PANEL OF 4400A)

Two 2B-Pin D-Type connectors are provided on
the rear panel to interfiace to various Amber
accessories, Various logic outputs and
comm~nd inputs are available as well as
unregulated power, The tables show the functions
of these connectors,

The fir-st column of numbers refers to the actual
numbers on the connectors. (Either on the Pear"
panel or a mating connector). The second
column of numbers pef’ers to the equllivent
number of the fiat cable internal to the 4400A.
These numbers appear on all schematics in this

As the D-Type connector and the flat cable
system evolved from diR’erent segments of the
industr’y their" numbering sequence does not
correspond.

Note that these pear panel connectors ape
intended for" use with Amber accessories only,
They should not be considered general purpose
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J1 PIN ASSIGNMENTS ACCESSORY CONNECTOR

Flat Cable
Des ignations Des tgnatlons Function Voltage Level/Operation

25 SWEEP SWEEP = -7V STOP = +7V
2 23 Plotter DC oP Memory Data Out DC = 0 to +10V} DATA = -+4V

21 XY Mode ON/SET PULL TO +5V to Set; +BY = XY Mode
4 19 SWEEP Up Start Pull To -7V To Start; +7V Normal
5 17 1 ,024 MHz iV~steP Clock 0 to +10V Clock
6 15 RIMAC Bit 8 MSB Low = -7V~ High = +7V
7 RIMAC Bit 6 Low = -7Vi High = +TV
8 11 RIMAC Bit 4 Low = -7V; High = +7V
9 9 RIMAC Bit 2 Low = -7Vi High = +7V

10 7 +10V Requlated +10V for reference
5 GROUND

- 18V Unregulated Current Drain 40/V~A
1 -gv Unregulated Current Drain 40MA

14 24 ~PlotteP Logic In/Out Low = 0V; High = +5V
22 *MEMORY Enter Select Low = 0V ~ B/D ; High = +SV = A/C
go 62,5Hz Clock Low freq Sync Low = 0V~ High =+5V
18 ~Variable RIMAO Clock Low = -7Vi High = +7V
16 RiMAC Bit 7 Low = -7Vi High = +7V
14 RIMAC Bit 5 Low = -7V; High = +7V

2O 12 RIMAC Bit 3 Low = -7V; High = +7V
RIMAG Bit 1    LSB Low = -7V; High = +7V

22 8 External GATE High= Nor =+71 Pull to-7VFor On
23 6 GROUND
24 4 +18V Unregulated Current Drain 40MA
25 g +9V Unregulated Current Drain 40MA

26 Not Used
High impedance ttne (10KfZ); M~y be forced to new v~tue,

J3 PiN ASSIGNMENTS DIGITAL DISPLAy

J3 FLat Cable
DOs l(]nations Designations Function Operation

25 U47 SCAN OSC 500Hz 1/4 Duty
2 23 DECIMAL POINT H =+10v At Digit SLrobe for D, P,
3 BCD PRESET BIT B H = +10V at digit Strobe to pre-set
4 EXTERNAL DEVICE ENABLE +10V when external selected
5 LOAD COUNTER H = +10V Lo Load pre-set
6 BCD PRESET BIT A H = +10V at Digit Strobes to pre-set
7 13 COUNT H = +10V to increment/decrement
8 STORE H = +10V = Display Hold; L=0V=update
9 9 LEADING ZERO BLANKING L = 0V For Blanking

10 7 !DIGIT 6 STROBE H = +10V During digit 6 Strobe
5 +|0V REGULATED +10V Reference

BCD OUTPUT BIT B H = +10V at Digit Strobe
1 BCD OUTPUT BIT D FI = +10V At Digit Strobe

14 24 BCD PRESET BIT C -4 = +10V At Digit Strobe to pre-se[
22 BCD PRESET BIT D -4 = +10V Digit Strobe to pre-set
2O COUNT INHIBIT -4 = +10V = Count Input Inhibited

CLEAR -4 = +10V = Reset all digits to zero
16 UP/DOWN H= +10V to increment; L=0V to decrea

|9 14 SET H = +10V = Nor; L=0V = Forced to MSD
20 12 MINUS SIGN 0V=Off; +10V VIA 182~ = On

10 ZERO COUNT H = +10V when all digits = 0
22 8 PLUS SIGN H = +10V = Nor; L=0V=On
23 6 GROUND
24 4 BCD OUTPUT BIT A H= +10VAt Digit Strobe
25 2 BCD OUTPUT B~C H = +10V At Digit Strobe
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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 schemstic8
contained in section 8 of this manual. In
addition, there are usefut"tables and other
information contained in section 6 - M~intenarlee.
Reference should also be made to Section 4 -
Nod lfications.

5. I System Interconnection

The 4400A AA~tnf~ame consists of a cabinet
assembly which includes a rear panel and front
panel.

The rear panel includes the power transformer,
AO power connector and two multi=contact
accessory connectors. The ff’ont panel contains
a 10 station push button switch assembly and
attached harness and 9 BNC connectors with
attached harness.

The AO power connector incorporates an
international standard power receptacle, a fuse
and a fiacility for selecting any of four voltage
taps on the transformer, primary. The
configuration is such as to afford m~ximum
safety. Neither the fuse nor the voltage taps
can be changed without first unplugging the
AC power cord and the voltage tap cannot be
changed without first removing the fuse. The
table below shows the proper fuse and voltage
selection for" various line voltages.

RFI filter to reduce the possibility of RF signal
being introduced into the instrument by way of
the power cord,

The power transformer provides muitipie~
taped primaries to accomodate the various
line voltages. It contains two tapped
secondaries. One of these secondaries supplies
the raw power to the bulk of the instrument.
The second secondary suppt ies the power to the
output amplifier only, 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 secondary and the primary,

The construction of the transformer
13qlnimum interference. It uses a ’~O~ core
winding.technique and is located in e metal

The BNO connectors are Insulated f~om the
ff’ont panel to prevent system ground loops.
The connector ground and center conductor
is fed via a shielded cable to a miniature
contractor at the sigr~l |oc~tion on the circuit
board itself,

VOLTAGE AND FUSE SELECTION
Input Voltage     MaM~nX

105 126 281 252
(48 to 440 90 108 198 216

Voltage Selection 100 120 22O 240

Fuse Selection 500 rr~ 250 mA
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5,2 FRONT END and LINEAR RAMP
GENERATOR

Front End or Preamp

The input to the receive portion of the 4400 consists
of a switched gain differential/dusl channel
ar0p[ifier. This circuit ls realized using five
operational erupt{fiefs UI11~U112 U213~U313
and U314. The configuration provides a diffePen~
tial or dual channel lnput~ three switch selected
gains, constant input impedance, wide bandwidth
a~%l low noise.

The gain of the ff’ont end is changed by selectively
ct~anglng the gain of each amplifier to provide
the best dynamlc range and lowest noise flOOr,
The gain is changed by switching the feedback
resistors using CIVICS switches.

U111 and U112 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
"A" OUT) is the difference off the signals presented
to INPUT A and INPUT B,

In the DUAL CHANNEL mode the respective
outputs ofiU112 and U111 are connected to the
inverting inputs of U314 and U318. Thus the
outputs of U314 and U318 ape signals corPespond-
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
Ul12 output ar.~ U314 input. This gives a 180e
phase inversion to the PREAMP "A" OUT signal.

The input signal is coupled via two 20K~ resistors
and cap~citoPs tO the inverting inputs of the input
o17 amps. The input capacitors (like coupling
capacitors used elsewhere in the instrument) are
polarized tantalum capacitors connected back to
back to behave similar to a non-polar capacitor.
Their value is chosen to preserve the low
frequency response of the instrument.

The fi~ont end can be set to give one off three
galns; -17dB , +18dB and +43dB, The first
stage (Ul12 Ul11) can be set to-17dB or+lSdB
gain while the second stages (U3!4, U318) can
be set to 0rib or +80rib gain,

The large input voltage swings possible (+80dBm
= approx _4~35V) require that the first stage operate
in the toss mode when the instrument is set to the
+80dBm to -30dBm range, This ensures that the
voltage swing at the output of" the first stage will
be withi¢~ the capabilities of the o~ arnps. This
loss is set up by considering the input resistance
of 20k~ and a feedback resistance of 90.91~4~ in
parallel with approximately 2.9KQ. This gives
a ratio of approximately 0.14 or -17dB.

The mid range (0 to -60dBm) requires a gain of
+18dB, This is set by an input resistance of
20K9 and e feedback resistance of 90,9K~ giving
a ratio of approximately 4.5 or +18dB.

The low range (-30dBm to -g0dBm) requires a
gain of +43dB, This is set by a gain of +13dB
in the first stage and +80dB in the second stage.
The second stage input resistance is 4.991<9
with a feedback resistance of 158kQ giving a
ratio of approximately 81,6 or +30dB,

The four CMOS switches are all configured to
operate at ground or virtual ground to minimize
dlstortlon and rr~xlmize voltage swing capability.

Capacitors C22 ~ C21 ¯ C20 ~ C37 ~ C48~ C49~ C41, C46,
047 and 040 neutralize the stray input ~apaclt-
ances of the opamps and ensure stable operation.
Theirvalues have been chosen to prevent high
frequency oscillation while preserving a wide
bandwidth.

5,2,2 Overload Detector

U49 is a level compaPator that senses an excessive
signal on either U314 or U318 output. Pin 2 has
a reference voltage of 2.5V derived by the voltage
divider R103 and R104 and the +15V rail. R107~
CR62 and R106~ 0R61 Pecti~j the signals at
U314 pin 6 and U318 pin 6 respectively and
present ~he higher of these across R105 and
pin 8 of U49. 069 provides some filtering and
"peak holding". Wren the analog signal exceeds
the preset value U49 changes state, pin ~3 goes
high turning on Q16 and lighting the LED.

5.2.8 Linear Ramp Generator

This circuit generates a repetitive (500Hz) linear
reference ramp lop use with the A to D conqparatop
of the digital plot recorder (schematic 7 location
A-9), The start and stop points of the ramp are
determined by the buttons activated in the
WINDOW SELECT push button group, This ramp
has a maximum amplitude of +10,0V DO to
0 V DO (60rib window) and a minimum amplitude
of 1.67 V DO within this i0V range.

To generate the linear ramp, a capacitor is
rapidly charged to a specific reference voltage
(ramp start voltage) and discharged into a
precision current sink. The ck~3ice of plotting
window determines the ramp start voltage and
discharge current.
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The pPeoision +10.00 V DO r‘efer,ence voltage
gener,ated on the meter‘ boaPd is lnver,ted to
-10.00V DO by U76~ a unity gain inver,ting buffeP.
This -10.00 Volts is placed acPoss the sePies
voltage divider‘ composed of R177 thPu R182. This
for’ms voltage levels at specific junctions of -10.00~
-8.33~ -6.67, -5.00, -3.88 and -1.67 V DO. One
of these values is selected by the WINDOW SELECT
gPoup to appear‘ at the left end of R145 and cause a
par,tiCLJ[aP cur,Peqt to flow into pin 2 of U83. RV6~
a tr,im adjustment can add to or, subtr,act f=r,om
thi~ cuPbent as c~n RV19~ if $6 is c|osed. This
pr,oduces a net voltage at U83 pin 6 with nominal
values 0f+10.00V, +8.83V, +6.67V, +5.00V~
+3.33 or" +1.67V all -+ any cor,r,ection afl"oPded by
RV6 and/or, RV19.

500Hz fPom the counteps ir~ the DIGITAL PLOT
RECORDER (scherr~tic 7) switches Q17 at a
500Hz r,ate causing contacts 3 and 4 of U78~ a
CMOS switch to open and c|ose a[ a 500Hz r,ate.
When closed they papidly char,go 092~ a pPecislon
stable capacitor‘ to the ramp star,t voltage. When
they open~ they allow 092 to dischabge into Q19
ar~ the par,ttcu[ar, combir~tion of R193 thpu R198
selected. The action of Q19, U84 and its
suPr,ounding clr’cuitr,y causes 092 to dischar,ge
with a constant cuPPent, which gener,ates a linear,
slope.

The WINDOW SELECT push button gr‘oup $7
thPough S13 select one of’21 possible plotting
windows. Two of= the seven buttons ar,e pushed
to select the window which [n tur,n sets tha
r,amp slope and star,t points. The highest button
pushed in the gPoup~ by chain connection of the
swltches~ determines the Pomp star,t voltage and
hence the window ceiling value. The spacing
between the two push buttons selected determines
the value of the dlschaPge r,eslstat~ce and thus the
dischar’ge cuPr,eiqt. This sets the ramp slope
aed ther,efor,e the r,amp final Value or" window
floor‘. The six 1iv~ r,esls~or,s and interconnected
switch contacts select var,ious par,allot
combinations of Pesistor.s. For‘ example~ suppose
the 0 to -60 dBm r,ange is selected, if the -10
and -20 dBm buttons wer,e pushed, $8 and $9~ a
single IIV~ r,eslstor, would be selected causing
a low dischapge cur,Pent and 1.67V over,all r,omp
amplitude star,ling at 8.88V and falling to 6.67V
[f~ on the otheP hand~ -20 ar~J -40 wer,e pushed~
S9 and Sl 1 ~ r,esulting in a 20dB window~ two
1A/~ r,eslstor,s would be selected in par, allel
giving a dischaPge r,esistance off 500K~0 This
would generate an over,all r,amp amplitude of
8.88V and the S9 button would staPt the r,amp
at 6.67V which would mean it would finish at
3.33V. If 0 and -60 wer,e selected, all 1M~
r,eslstor,s would be put in par,atle[ for‘ a net
value of 167KQ, a Pomp amplitude of 10V and a
star,t point of ÷10.00V and end point of 0.00V.
Other‘ combir~tlons will follow a similar‘ pattern.
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FIG 5.2,1 FRONT END SIMPLIFIED SCHEMATIC
f

TABLE 5.2. 1 FRONT END GATN

-60 -80INPUT RANGE SELECTED +80 -80 0 -90

Ul12, Ulll GAIN -17 dB +lSdB +18dB

U314, U318 GAIN 0 0 +30dB

FRONT END OVERALL GAIK -17 dB +18 dB

L = -7V L= -7VRANGE CODE LSB (J2-22)

RANGE CODE MSB (J2-21)

U214
SWITCH CONNECTIONS
O LOSED

CONTROL PINS 5, 6

L = -7V

10to 11; 1 1:o2

8 to 9; 4 to 5

H = +7V

H = +7V

H= +10V

8 to 9; 4 to 5

L = -7V

H = +TV

+48 dB

H = +10V

L = -7V

L = -TV

:    L = -TV
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5.3 DIGITALLY PROGRAMMED FILTER

U712, U88 and U710 form a STATE VARIABLE
filter which may be set to operate in the BAND
PASSj BAND REJECT, HIGH PASS or LOW
PASS mode by the RECEIVER FUNCTION switch
$21,

U88 and U710 (B-6 & B-2) are the two integrators
of the state variable network, and U712 the
difference amplifier. Front panel control $22
(20Hz -20kHz/100Hz - 100kHz) selects either a
820 pf feedback capacitor for each integrator
oP 820 +3300 = 4120 pf~ to produce the appropriate
Frequency ranges.

The effective lnput resistor v~lue 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 RIMAC code,

Since an integrator presents a virtual ground to
the "tow" 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

Manual control is achieved by ganged potentio-
meters RV21, RV22 (fine) and RV24,RVg3 (coarse).
CMOS switches U86/6 ar~ U87/6 are closed for
manual Luring.

For digitally programmed control, six bits of the
¯ RIM/NO code control the dual 4-lnpot multiplexers

U511 and U512, U513. The two h~lves of eaeh
multiplexer are in the corresponding locations
of the input circuits of the two integrators~ and
are switched in paratle! ("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 Lo select one of
four, series resistors for" each integrator, To
Cover a range of 20Hz to 20kHz (or IOOHz Lo
100kHz) requires the effieoLlve resistance Lo vary
by a factor of 1000 or" 60rib ~ in logarithmically
spaced steps, te constant dB per step,

To do this, the two MSB’ s of the RIMAC code
control U514 to change the input resistance in
15dB steps; the next two bits switch U518 to divide
the signal voltage in 15 ~. 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 bu~ered by a unity-gain LM310
follower to drive the top of the succeeding divider,

In the sweep mode the manually controlled
inpuL circuits are disabled by opening switches
U87/6 and U86/6 and the INHIBIT line (pin 6)
of U514 is held low to enable that switch, CR15
thru CR26 and R52 thPu R56 and R109 ~reeze
U511, U512 and US18 in their minimum attenuation
mode during manual operation. The six LM310
voltage followers ape lef~ 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 frequency
characteristics of the filter would change if they
were excluded from the circuit, However, in the
manual mode the RIA~AO may be cycling for other
circuit requirements and must be inhibited fiPom
changing the state of the a~tenuators, The
specified diodes and resistors accomplish this,

R245 and RV20 Form the shunt element of internal
feedback in the filter and determine the Q or
quality factor of the filler, Variable resistor
RV20 allows the Q or- percentage bandwidth to
take values ~om approximately 70% of center
ff’equency to as low as 2% of center frequency.
2% bandwidth is equivalent to a Q of 50.

CR53 and CR54 form a simple AGC network to
limit the positive feedback in FILTER OSCILLATE
modes and keep the distortion low and thus indicate
accurate center ff-equency.

Variable capacitor CV1 provides high frequency
compensation Lo null out stray capacitances and
resulting phase shifts at high frequencies, Absence

center ~-equency shift~ filter shape factor
distortion and eventual oscillation as the center
~requency was increased.

U89 is a OK/~::)S switch used to change the
configuration of the filler and cause oscillation,
In the normal (filter) mode the positive feedback
path R241, R240, CR58 and CR54 is disconnected
and the output resistor R239 is grounded, fflso
"Q" feedback is via R243 and R242 to ~he non
inverting in~t of U712 with R245, RV20 and R252
forming a variable s~nL to adjust the amoun~ oP
feedback and hence ~he Q, The source signal is
coupl~ to the filter input via U718 12-5 also Lo the
non inverting input of U712.

In the FILTER OSCILLATE mode~ the input signal
is disconnected by U89/14 changing fr,om 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.
0R53 and 0R54 provide a limiting oP AGO fiJncLton.
Signal outpuL is taken from U88 pin 6 via R239
and coupled into the su~r~ming bus of U810.
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U87/12 connects ~ COMB signal from the
GENERATOR section to be mixed with the input
sign~| when the MARKER is selected. The
ampiitu0e is set by RV18.

U89/9 can change the filter input from PREAMP
A OUTPUT to generator SOURCE. if option
pads H and i are connected and pad L is pulled
to +?V, U89/9 wilt effecfc this change.

5.8, 1 Post F’[iter Gain

Amplifier U810 (A-4 on the schematic) serves a
variety of purposes. Using OM~DS switch LI86
and U87 iL selects appropriate cult,s from the
three stage filter. In ~he Sand Reject m~e the
High Pass and Low Pass m~es must be summed
together. As U80 Is operating tn [he inverting
mode it easily becomes a summing ampl~fte~.

Feedback resistor ROB8 is norn~l|y In parallel
with R229 giving an effective feedback resistance
of 10K~. in conjunction with the 10k.Q input
resistors this sets U810 to un[~ gain. When
POST FILTER GAiN is selected (and a~[labte)
U86 pins 10 and 11 open giving a feed~ck
resistance o£ 816k~. This provides a gain of
+30dB.

O114 and R2O2 ape compensation componellts to
ensure high frequency stability. C6t and Ol16
also preserve high ~Pequency stability.

The signal at the output of O810 (FILTER OUT)
is coupled via R236 and CR51 LO R235~ C119
and the non inverting input of" U811. This forms
a halfi wave rectifier a~ pP~uces a DO voltage
across Cl 19 PepPesenEatlve o£ the average
of ~he AC voltage a[ FILTER OUT. The
input of U811 is connected to a reference voltage
formed by ~ resistor divider R230~281. Whe~
the AC signet exce~s ~he capabili~ of U810 the
resulting DO voltage exceeds the reference

goes ~igh, current ~ows tn R237 saturating ~24
a~ lighting the LED CR66.
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6.4 FUNCTION SWITCH LOGIC, POWER
’REGULATORS INPUT RANGE SWITCH

5.4, 1 Function Switch

The Receiver FUNCTION swltch~ Sgl, in
conjunction with logic formed by U79, U510,
U611, U612 and diodes OR88 to OR60 converts
the 11 position front panel rotary sw[#ch into
proper commands to select fitter modes and
receiver operation.

The switch static logic is powered from +-TV to
generate commands of this voltage to drive the
OMQS anatog switches. Pull down resistor
network U85 holds gate inputs at -7V except
when the wiper of $21 putts them to ÷TV 0ogic
high).

The first five positions of the switch set up
various operating modes of the State Variable
Fitter. The £our 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, U88 oP
U710. Positions 6 thru 11 by pass the fittem
and connect various amplitude and phase
measuring circuits to the plot recorder.

The FILTER OSCILLATE button ($I0 on the
meter boand) sets the filter into an oscillating
mode at its natural frequency to determine what
this center feeqgency 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 AGO stabilization and

remove POST FILTER Gain, if= selected.

The MARKER control, RV18 contains switoh
S5 to select markers, Two types of markers
ape generated by the 4400A. Swept sine waves
require the digital markers described in section
5,6, The tuned receive or spectrum analysis
mode mixes a portion of the COMl3 sign6t
(section 5. !2) into the Input signal. The
selection of which type of marker to use is
determined by which position the FUNCTION
SWITCH $21 is in. The FUNCTION SWITCH
logic generates the appropriate commands to
the required circuits to generate markers
when required.

Q18 operate~ analog select switch U78/10
(schematic 8 location D-l) to select a DO
vottage representative of the signal ampl|tude
oP a DO voltage representative of the phase
difflePence to the plotter A to D converter. In
positions 6 thru 9 of $21 this selection is
obvious. In positions 10 or 11 O,18 ts driven
by a 250Hz drive f’~-om the plotter (scherr~tic 7
location 0-I). This causes the plotter to
alternately convert phase and amplitude at a

250Hz Pate. This 250Hz signal is injected via
CR46 when CR40/CR89 is high. in non dual
modes CR49/CR89 is |ow and the signal at the
anode of 0R46 is low allowing CR42/CR48 to

OR41/CR44/CR88 operate Analog Select switch
U59 (schematic 6 locations A-8, D-7, E-5) to
route the appropriate signals to the detectors.
When in positions 7,9 or 11 Q28 is saturated to
disable U66 (schematic 5 tocatlon

6.4.£ input Range Switching

S14, $16 and S16 form a mechanically interlocked
push button group that chooses the gala of the
~Pont end and thus the possible range of the t~put
signal.

In addition to the three possible gains the front
end may assume, an additional +80dB gain may
be switched into the circuit after the filter. Thus
there are actually 4 possible measurement panges
and therefore there ape 4 led’s to indicate the
selected range. The POST FILTER GAIN may
only be used when the filter has been selected
and logic is included to both select and Indicate
the correct range under aH conditions. FoP
example if+8~B DST FILTER GAiN is cal[~
~P by pushing S19 but the RECEIVER FUNCTION
switch is In ~sitions 6 thPu 11 the gain will
neithe# be selected nor indicated.

The logic fop the ted’s is as follows: Say the
0 to -60dl3m range is selected ($15 pushed)
and POST FILTER GAIN is no~ selected
(i.e. the filter is set to unity gain) then the 0
to -60dBm led will light. If PFG were now
catted for and available the tedts would down
range to -30dBm to -90dBrn,

The anodes of the four Led’ s ape tied together
and via R129 ape connected to ground. The
¢atb~de side ts con~eoted by a contact on S14.
S15 or S16 and qg0 oP Q21 to -TV. When PFG
is requested and available Qg0 saturates, Q21
opens and the appropriate Led is tit.

The INPUT RANGE SWITCH ($14, $15 and S16)
operates the control ptns of U214 (5, 6, 12 and 13)
to select the proper feedback resistors of the
front end and therefore its gain. It also
generates a two blt range code to program the
meter to include the ~ont end gain in its
com~tat{om before disp{aying a dBm reading.
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5,4,8 Power Regulators

U44 is a 8-terminal 5V regulator providing the
power to the digital portion of the DIglta.i P|ol;
Recorder’, [t receives the +9V unregulated from
the meter board and provides a clean~ regulated
+5,0V DO to the logic,

Ul10 is adual tracking regulator that generates
clean, regulated -+15V DO from the -+18V

unregulated supply from the meter board, G~5 a~d
G~6 increase the current ~biHty of U110 and
R21 and R22 provide current limiting to
approximately 2~ ma.

R16 through R19 form a voltage divider to generate
_+7,5V DO from the _+15V DO to drive the
dartington pairs Q1 ~(~2 ar, d (~3~(~4, These
transistors provide a regulated -+TV DO from the
-+gv unregulated from the meter board,
and R20 provide overcurrent protection in the
event of a short on the -+7 volt line,
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.5,5 RMS TO DC CONVERTERS AGC
AMPLIFIERS~ PHASE COMPARATOR

5,5,1 RMSto DO Converters

This section contains two RMS to DO convertePs~
some AC gain stages, some DO gain stages and
ripple filters, All of this is used to co~)vert the
RMS amplitude of an AC voltage presented to the
input to a DO voltage with a value between 0 and
+10V DO, It :nay be configured in two possible
ways= to measure the absolute amplitude of a
sir~gte sig~l or secondly to measure the ~-elatlve
amplitude difference between two signals. See
page 6-4 PoP a simplified schematic of these
configurations.

In the ~se of an absolute amplitude measurement
(dBm ABS) the signal comes in on the upper"
left hand corner (E-9) and is connected to U69
and U610, U69 is a 7dB gain amplifier whose
purpose is to Paise the +1adam to -47dBm input
signal to +20dBm to -40dBm as required by the
RMS converter, The output of U69 is AO coupted
to U68, the RMS converter, This monolithic
device contains all of the circuitry to compute the
RMS value of the AC signal and provide a DO
voltage representative of the logarithm of" this
RMS value. The output sigr~l at pin 6 is a DC
voltage from +120mY to -60mY. This 180mY
range is repPeser~tative of the 60rib range of the
input signal with a scale factor of -3mY per dB.
Although the scale factor, and hence the 180mY
range is fixed~ the overall offset is a function of
the reference current into pin 5. This current
is set by RV18, a voltage divider" £T’om the
precision + 10V reference voltage generated on the
meter board. It is set so an input AO level of
0dBm will produce a DO output voltage of" 0mY.
Thus the maximum input level of +20dBm will
produce an output of -60mV and the minimum
input signal of -40dBm will produce a DO output
of+120mV, 095 and O104 provide integration
of the signal conversion, The 0,47 uf value
provides a fast response while the 22uf value
provides a slow response or tong integration time,

The millivolt output of U68 is connected via RV8~
R162~ RT1 and R170 to U67 which~ withR168 at
86.5K~ is configured as a x55 g~ln amplifier.
This scales the 180mY input range to a 10 volt
output range on U67 pin 6. in addltion~ a
reference voltage via RV10, R185, R161 is
summed to provide an offset and shift the bipolar,
input to a unlpolar output from 0 to +10V DO.

RT1 provides positive temperature coeficient
thermal compensation exactly inverse to the
tempera, lure drift of U68,

The 0 to ÷10V DC voltage at U67 pin 6 is coupled
to U65 and associated components, This is a
8-pole bessel filter to remove reslduie ripple
from the converted DO voltage, The cutoff
frequency of this filter and the integrating
o~pac[tor of U68 ape chosen to provide the best
accuracy/settling time compromise. Accurate
RMS conversions of low PPequency signals implies
a long integration time but convenience of use of
the instrument requires a ~st response. The
four pole filtering of this combination provides
& significant improvement over that of the single
pole integration of U68 alone.

In the dBm absolute mode~ the signal range is
60dB, The bandwidth of interest ls 20Hz to
100kHz, At the extremes of these dimensions,
that ts low levels and high frequencies, the RMS
to DO converter c~n produce substantial errors.
This is characteristic of" all AC to DO converters.
To provide accurate plotting over this r’ar~ge,
the amplitude range is divided into two 80dB
ranges and each 80dB range is separately
converted. U68 and associated gain and fitter
#~ages described above operate on the upper
80dB portion (+20dBm to -10dBm or +10V to +5V).
A second conversion chain is used for the lower
80dB portion. This second chain porforms in the
same manner as the upper chain with a couple of
minor varl&t tons.

U610 ls a 30dB AC gain stage to raise the input
level to the lower conversion ct’~ln by 80riB.
Thus it is able to operate on the lower 80dB levels
as though they were 80dB above their actual
level. For example~ an input signal of-17dBm
would appear at U68 pin 1 as -10dBm end at U77
pin 1 as +20dBm. The lowest input signal of
-47dBm would appear as -10dBm at U77 pin 1.

U75 is a X55 gain amplifier like U67 but its offset
via RV12~R183~ R172 is "80dB" different than
that of U67. It provides that a +90 mV signal
at U77 pin 6 will generate a +10V DO signal at
U75 pin 6. Thus an input level of -17dBm wilt
produce AO levels of-10dBm and +20dBm
respectively at U68 and U77 pin 1. These in
turn will produce DO voltages of +90mV and
-60mY respectively at U68 and U77 pin 6 and
+SV at U67 and U75 pin 6. In other
words, with the fi3ilowlng exceptlon~ the DO out-
put of each converter wilt be the same for a
given AC Input.

The exception is the errors of" the upper converter
at tow levels and the saturation or overload of"
the lower converter at high levels. (U610 will be
Clipped at levels in the upper 80dB range)
However~ the upper converter will be optimally
accurate for the upper 80dB range er~ the tower
converter optimally accurate fop the lower 30dB
range.
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U66 is a level detector which senses what part o?
the range the signal is in and causes U78/11 to
select the correct converter. Its nominal trlggeP
point is just below +sv and hysteresis prevents
chatter at the threshold point. As the signal
level passes from the upper 30dl3 range to the
lower~ U66 changes state switching U78/11 and
causing the DO output to the plotter converter
to be fed from the most accupate RMS to DO
converter. With all of the gain stages correctly
adjusted the DO voltage at the outputs of both
bessel fitters will be identical at the switch over
point and should cause no noticeable inflection in
the plot. Fig 5.5. 1 sb~3ws the various levels in

The second mode o£ operation is the dB Patio
mode where the difference el~ the RMS amplitudes

The input signal is coupled Lo R40, R38, (~8 a
voltage divider. The sigr~l at the junction off
these three components is connected to the non-
inverting input of U312, a 60dB gain ampliffier,
The drain-source resistance of(~8, in porallel
with R38, is a ~unction of the gate voltage. With
the variation of gate voltage available, the voltage
divider R40, RGa, (~8 forms an attenuator with a
range in the order of 45dB. Ug12 and U312 provide
a combined gainof74dB. CR72, CR73, G~|2,
0‘11, CR14 form a ~ull wave rectifier to convert
the output of U312 to a DO voltage. This voltage
is compared to a fixed reference voltage and an
error voltage developed to provide gate drive to
the FET, The circuit attemps to n~intain the
signet amplitude at U312 pin 6 constant by varying
the attenuation provided by ~8.

5.5.3 Phase Comj3aratoP

The leveled AC signals provided by the two AGC
amplifiers are connected to twin, dual zero
crossing detectors U61, U62, U81 and. U82. As

the G0dB gain stage, U610 is not used and U59/9 has
selected PREAMP B output.

In this case the offset to U67 is viaRV11, R184,
R173 rather than RVI0, R185, R161. At the
same time the output of U75 is connected to
U67 input via R175. As U75 is an inverting
amplifier, U67 will be slimming the DC output
of U68 with an inverted output of U77. This
equivalent to taking thediffePence between U68
and U77 or, INPUT A and iNPUT B. in this case
U74 is not used and the composite difference off
U57 is filtered by U65. Also during this mode
U66 is inhibited by the function switch logic.

RV13 and RV14 set the respective reference
current into U68 and U77 so an input of 0dB wilt
produce an output of 0mY DO. RV8 and IRV9
adjust the respective scale factors of U68 and U77
to produce a 10V DC output range fop a 60dB
input range. IRV!0, RV11 and RV12 adjust various
offsets to place the 10V output in the 0 to +10V DO

5.5.2 AOCAmDtifiers

U212, U312, 0.8, 0.12, (~11 and associated
components foPm an automatic gain control
amplifier, Operation is such that an input with a
range of 60riB will produce an output with a range

and associated components form a second identical
circuit. The two circults receive the two input
signals via the input preamp or generator meter
send preamp and provide a leveled signet lethe
zero crossing detectors of the phase compaPator.
As each circuit is identical, the A circuit only
wilt be described.

with the AGO amplifiers each pair is identical.

U61 and U62 generate opposite polarity square
waves with positive transitions at precise zero
crossings of the AC signal. Each circuit has
hysteresis L0 prevent erratic operation near the
zero cross transition. This hysteres!s is
configured to displace the negative transition only.
these transitions are not used in the following
comparetors.

U81 and U82 operate in an identical rr~nneP to
U61 end U62, Their outputs are differentiated by
074, R130 and 075, R181 into sharp positive
going spikes.

These square waves and differentiated spikes
clock and reset two D type flip flops U63. This
produces a variable duty cycle rectangular wave
at theh" G[ outputs whose duty cycte Patio is
proportional to the time between zero crossings
of the two AC signets, in other words~ the duty
cycle ratio is proportional to the phase difference
of the two input signals. The i~ip f~ops are
powered from 0 and +10V DO giving a rectangular
waveform output with the same ampt [rude.

U71 and U72 are two 8 pole sepias connected
bessel low pass filters which take the average
value of the variable duty cycle wave form. They
output a DO voltage between 0 and +10V DO
proportional to the duty cycle of 0 to 100% which
[n turn is proportional to a 0 to 860°phase
difference°
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The f.our zero-crossing detectors and two tltp
flops are arranged to provide inverse rectangular
waves using all four zero crossing transitions of
the input signals (positive and negative A and
The resulting waveforms are ~summed" by R121
and R122 into the besset filter, Using ell four
transitions improves the accuracy by cancelling
errors and significantly reduces the resulting
ripple and therefore the f.ilter cutoff frequency/
response time of the circuit,

The outpu~ of U61 , containing zero cross informa-
tion of INPUT A slgnal~ 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
U78/10 as is the final DC voltage ~om the RMS
conversion circuit, 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

U48 (A-7) is a level detector that senses when
the DC volt&ge at the output of the fiuil wave
rectifiers in the AGO amplifiers have exceeded
a preset value, This happens when the input
signal is a very low value, When the DO control
voltage becomes more neg&tive than -TV U48
changes state saturating Q15 and turning on CR65~
the UNDER led,
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5.6 MARKER GENERATOR

5.6.1 iV~rker Generator

The /V~arkeP Generator circuitry has three wave-
form inp#ts, ten switch (select) inputs ~nd a
single output.

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

(at A-9)

Select Lines~ (E-4~ E-.5)= ten connections from
comb/rr~rker frequency select
switches on front panel. Contacts
to +7V when I~ttons ape pushed;
lines ape pulled down to GND by
the resistors of" network U10.
Limiting resistors of network
U46, U47~ U29 allow the +7V "highu

levels to drive the AND gate inputs
shown, the latter operating Prom
the +sV supply line.

Output: OCTAVE MARKER OUT goes to
Plotter digital circuitry to provide

display whenever the sweep crosses
an octave frequency which has been
selected by one of the switches
mentioned above.

The TIME-OUT COUNTER consists of the half
shown of" U17, plus U58. It is a str’alght binary
counter. If its reset line (U17 pin 7, U58 ptn 11)
were held inactive (low)~ U17 pin 6 would exhibit
a frequency of 1.024 MHz .~ 16, or 64 kHz; and
the pins of U58 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 c~Pry 8kHz, pin 5~ 4kHz~ and
so on to pin 1 at 16. 125 Hz.

In practice the reset line caPp[es pulses which
occur- once per cycte’of the input w~vefoPm~at
its positive zero cPossfng. One-shot U44/6
provides a 2~1S ouLpuL pulse for every positive-
going edge of the ZCD square wave. Each pulse
causes all outputs of U17 and U68 to go to tow
levels. Thus, whether a p~r[icular output of the
TIME-OUT COUNTER can even uedePgo a single
transition depends upon the ff, eqt~ency of the input
w~vefoPm. For example, as the lnput frequency
sweeps upwards through 500Hz, U58 pin 12
(which would carry 250Hz if the reset were left
tow) goes from a condition of just achieving a
positive transition to one of just fa.iling to do so.
fig. 5.6.1 iliustratas this point.

Crossing

Frequency)
--~ Clocked T

~cte of
250 Hz

= I cycle of 500 Hz

FIG 5. 6. 1

The OCTAVE COUNTER U57 is a different type
Of coui3teP~ r~mely a "Ping" counter. When the
r~eset line (pin 15) is high~ oP after it has gone
tow but before a clock pulse (CP) occups, pin 3
is high. The first CP on pin 14 causes pin 8 to
go low~ pin 2 high. The next causes pin 2 to go
tow again and pin 4 to go high, and so on from
r-lght to left with each pin staying high for one
clock intervaI.

Octave mark~.r generation proceeds as follows.
When £WEEP goes low (i. e. during sweeping)
t~e iNPUT frequency begins to climb from about
20Hz. (Note that the Octave ik4arkeP Generator
works only for "UP" sweeps). As tong as it
remains below 81.25 Hz~ there will always be a
positive transition of U58 pin 1 before each new
INPUT ZERO CROSSING pulse. This causes
th~ cuPPent in the resistor between U58 pin 1 and
U57 pin 8 to drop to zero. Then zePo cuPPent
flows in power supply pin (16) of" U57. (art other
outputs of U57 ape Iow~ so any current fPol’n their
reslsLoPs flows in the gr-oued pin of U57). This
turns off transistor Q14~ lt~s collector goes low,
so that flip-flop U45/13 is preset (pin 12 goes
low). This shuts off gate U54/18 and prevents
the succeeding INPUT ZERO CROSSING pulse
from clocking U57.

On the first occasion when the succeeding iNPUT
zePo crossing pulse wins the race and appeaPs
before U58 pin 1 has gone high~ it will get through
gate U55/10 and advance the state of U57 (pin 2
goes high). This happens when the input frequency
passes through 81 .25 Hz. U55 pin 18 drives the
non Petriggerable one shot U44/10 which provides
the output pulse, subject to other inputs to gate
U55/~.

U55 pln 2: high if the select bu~con
corPespoeding to the frequency tn question
is pushed (see AND-OR logic, using OCTAVE
COUNTER outputs).
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b)

d)

U55 pin 3 Ma~’keP P~lse
One-shot U44/10 pPovides standaPdized 2uS
pulses fop each pulse out of gate U55/18 which
is sufficiently long to tPiggem U44/10. This
avoids the possibiity that a shomt ~spike"
from the gate could advance the Octave
CounteP but f~ll to pPopagate thPough to
r’egisteP a maPker" in the memoPy of the digital
plot PecoPdep.

U55 Pin 4: single-cycle constt-aint. Af~eP the
sweep passes thPough 16kHz~ the OCTAVE
COUNTER wiil cycle continuously~ ~rsear, chtng"
fop a hlgheP frequency and causing raise
maPkeP pulses to appeam at U55 pin 8. The
flip-flop U45 gates these off. U45 pin 1 is
clocked "high" by the leading edge of the
SVVEEP w~vefoPm, at the slept of the sweep.

U55 F~in 5: the "MARKER ON" switch input.
This pin is high (+SV) when the MARKER
contmol on the front panel is ON.
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5.7 DIGITAL PLOT RECORDER showing the user" the point to which the
frequency plot has progressed.

c)

The display on the user’s oscilloscope screen
consists off a plot of some quanti~y (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 quanti~y in question is being
measured. To generate the display, the contents
off the memory are rapidly and repetitively read
out (non-destructively, t.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 correspondence;

Frequency At Which Data
Point is Measured flop Read

Memory Address
(Read-in or, Read-out)

Horizontal Position
On Oscilloscope Screen

There follows a breakdown of the circuitry 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
by the 1.024 MHz input to U15 pin 2.
provldes timing services to the other btocks~
and the "scan" address count which sequences
data out of the memory for the display.

e)

b) Cursor Comparator (U11 ~ U12; E-4~ E-5
of schematic)

This compares the scan-count address from
U15~ U14 with the R[MAC 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 dispiay~

Address Switches (U21 ~ U22i D-4, 0-5
of schematic)

These are switches which drive the RAM
address lines fi~om the Scan Counter or
from the RIMAC count as required. The
control pins ape 14 and 9. Normally the
AGO ("Address Change-Over") line to
pins 9 is low, ACO high, and the signals
on pins 7,5,8~ 1 reappear respectively on
pins 10~11,12,18 of each 4019. Thus
the Scan____Oounter drives the memory.
When ACO goes high, AGO Iow~ pins
6,4~2~ 15 ape switched to 10~11,12,18.
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 ~Pont panel.legends. The latter-
are not separate hardware blocks but ape
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 (8) is
entered at the address s_a.oecified by the
address code when the WRITE line (to
pins 3) is low. Data in a locatbn~
whether newly entered or not~ appears
at the output pin (12) when the location
is addressed.

Two of the ten address Itnes of the RAM
bank ape used to specify one of the four
"memories", leaving eight bits to be
switched by the 4019’s as described
above. Each memory then has 256
locations.

Input Logic and A to D Conversion
The gates~ flip-flops and switches to the
lelT of the 2102’s perform functions, to
be detailed below, associated with the
analog-to-digital conversion and entry
of new data into memory.
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Output Oircuits
To the right of the 2102~sare~ an eight-bit
register (U42 ar~J U48) to Pc-time (clean up)
and invert the RAM outputs, and inhibit
display of data being entered; a digital-to-
analog (D/A) converter U52; and an output
buffer amplifier/filter, U51. This section
also contains Logic and switches to generate
the amplitude reference lines.

><f Recorder interface UiS/1 (B-8) is used
to change the mode and speed of data readout
for plotting on an external ~’¢ recorder.
The )Or" mode is set by momentarily ~Hing
J1-21 high (+5~ which clocks U18 ~using
~ (pin 1) to go high. This maintains the high
r~nuatly placed on J1-21 to actinic e~ePnal
interface [og ic.

5.7.2 Sequence of Operations

5.7.2.1 Data Conversion Input

U64 (A-9) is a precision high speed comp~rator.
its inputs are the linear ramp (schematic 2)
and the DO level from the RMS converters or
phase detectors (schematic 5). The output (pin 7)
is a rectangular waveform with a duty cycle
determined by the slope and end points of the
linear ramp (a function of the Window Select
control group) and the DC conversion level.

A 500Hz square wave is available at U26 pin 15.
This waveform is used in linear ramp generator
to define the start and stop times of the linear
ramp. The output of U64 provides a timed
interval the length of which represents the
quantity being measured. The data for entry
into memory is the state of a counter at the end
of this interval.

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

The input description begins with the 500Hz
driving U78/5 (schematic 2). This is driven
by a wavefoPm originating at U14 pin ~ (Scan
Counter). This is a square wave at 500Hz, thus
its period is 2 milliseconds. When a market is
generated, switch U26/15 is thrown to select a
delayed version of the 500Hz wave fop a short
interval; details of this function are given later-
and are of no concern here.

The data conversion timing interval begins when
the 500Hz is low, and throwing switch U78/5 to
allow the timing capacitor" C92 to discharge into
the current sink as described In section 5.2.8.
The timing interval er~Js when voltage compaPator
U64 provides a iow-going edge into U24 pin 5.

Fig. 5.7.2.1 shows the sequence initiated by
that low-going edge. The next positive edge of
the clock (256 kHz) connected to U24 pins 3
and 11 causes the Q output, pin 1, to go low.
SirnitaPly, the next edge after that caused U24
pin 13 to go low. Dup[P<j the 4 microsecond
interval between these edges, gate U16/11 is
qualified (both in u.Eu_.ts high) and puts out the
low-going pulse Ace. ,As described in section
5.7.1, this causes eight of the memory address

U78 Pin ~

U24 8/11 (256
kHz)

U24 1 Q

U24 13 Q

U16 11 Ace

U28 1 WRIT~ U
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 "1 " to "0", the eight-blt 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 8-bit count changes.

5.7.2.2 Forced Entry fop Signals Below Range

DC Signal levels from the analog section which
are too high to generate a wavefoPm out of the
voltage compaPatop U64 (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 I is preset to a high
level before conversion s~apts, ~he s~uence
d~cPib~ above fop data entry will take place.
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However a problem arises if the DO level output
ls below 0V DC. In this c~se the output of U65
is high throughout the conversion cycle and if no
special provision were made, no data would be
entered into memory at all.

This woul# leave old data (or the random data
entered at power turn-on) in the memory in all
locations addressed while this condition oscurPed,
The problem is dealt with by the 8-input gate
U23/13. This gate decodes states 1111 1110arid
1111 1111 of the count supplied to the RAM inputs,
i.e. the last ~vo states in the longest possible
conversion interval, [f U65 has not already
driven U24 pin 5 low by the time this count appear,s,
gate U23/13 do~s so via the diode ORS, and
initiates a data entry sequence.

5.7.2.3 Octave Marker Entry

(see schematic 6). The markers are entered into

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 U17 (0-8 of schematic).

The positive-going tPansition Of the r~c~PrOw
rr~Pker command pulse presets Ug7 causing
U27 pin 2 [o go low. This renqoves the reset
on the counter Pin 15. The counter then
increments until its pin I 1 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
coiqversion counts are reduced by a fixed amount
~om the value they would otherwise have taken.
The amount of reduction is determined by how
long Ul7 pin 11 ren~ins 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 ts held low resetting the
counter, and remains high until the next Qcf~ve
m~rkeP command. (Note that the clock pulse on
U27 ph 3 is thePefore very narrow aod failure
to obsepve it on a scope should not suggest that
it is not occuring.) The counter is clocked by
the least significant bit of the Rliv~AC 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

word is entePed into the PegisteP 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 unreIated to tt’~t 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
associated with memory addressing (both outside
and inside the 2102~s) c~use output data to appear
at poorly defined times after the nominal time

arouod before settling. The registers ape clocked
at a time when art of this is over ar~ they present
clean, simultaneous inputs to the D/A converter
U52.

The D/A converter U52 draws a current into pin 4
which is proportional to the numerical v~lue of
the code presented at the digital input word on
the left. This cuPPent flows in the feedback
resistor of U81 and provides a pPopoPEional output

voltage at J7-4.

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

in mode 1 date and reference lines of the B/D
~bace ape shifted when the SHIFT control is
pulled and rotated. In this mode switch P and Q
are closed. F~lling the control opens $1 and
allows 125Hz 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 normal. When the 125Hz goes low for ~vo
frames (data and reference lines B/D) U41/10
cb~nges state and connects the variable DO offset
contPo[ RV17 into U51. This will C~use a vertical
offset or shift to this data proportional to the
setting of RVI7.

Mode 2 is similar to mode 1 except only the data
of trace B/D is shifted (reference Iines remain
stationary). In this mode all three rocker
switches O, P~ and Q ape closed. Operation is
similar to mode I except 125Hz and 62.5Hz (via
switchO) ape 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 U51 is inoreased to 5 times its former value.
RW allows this to be set to exactly 5 times.
During data B/D switch U41/I0 disconnects USg
pin 3 - 12, RA3, RV7 from the feedback path
leaving only R91 and injects a DO 0~set from
RV17. This pPovides the magqlflc~tion and
shifting. #t art otheP times U41/10 has contacts
15 and 1 connected and the gain of U51 is its
normal unl~y gain.
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5.7.2.5 Painting of Amplitude Reference Lines

Amplitude reference lines on the display ape
painted at the top, the centre and the bottom.
When reference tines are selected (switch at
E-2 of schematic) the right end of R86 cont~ining
a 62.5 Hz squ~re 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 differ8
from the case when no tines are selected. During
the high periedj four inputs are activated:

the registers U42 and U43 are held eese~
so that their internal state is 0000.

b) The high-frequency (O2kHz) waveform on U15
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 blt Input of the DiA converter,
pin 5, is now driven from U15 pin 6. (64kHz)

d) The filtering feedback capacitor- C59 (0-2 of
schematic) is now ret.urned to ground by
switch U41/9, b~stead of to the summing
junction of U51 .

The results of (a)~ 03) and (o) above are shown
in FigureS.7.g.5. As the two-bit count from
U15 pins 6 and 11 progresses, the states listed
appear on the D/A converter, inputs~ resulting in
the waveform shown.

U15 Pin 11 ,010,1’,1:o,,~ I
U15 Pin 6 and
D/A MSB (Pin 5)

All Other D/A Bits
,i ’,    ’

~ 0 1 0 ’I ~I
Numerical Input

To D/A (range 0 to 256

Output Waveform

FIGs.7.O.5

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 wept lef~ connected.

5.7,2,6 >0¢ Data Read Out Mode

When the XY mode has been selected (momentarily
pulling 01-21 high with an external push button)
63. output of U18/1 remains high. When Q is high
(XY mode) several functions are changed:
~ is inhibited to prevent destruction of
data In the memory ~ is held high forcing the
ram~s to be addressed at art times by the RIMAC.
the CURSOR is inhlb[ted~ and the REF LINES ARE
inhibited.

All of this causes the Oscilloscope output dlsplay to
change to a single level display of the initial
v~lue of the selected plot. That is. the output
on 07-4 (and Oscilloscope VERTICAL) wili be a
fixed level DO voltage corresponding to the
initial value of the plot stored in memory and
selected by the MEN ENTER controls. In the
XY mode the MEN ENTER controls become
"XY DATA" controls.

If the SWEEP U~ button is pushed when in the
XY mode the DO voltage at U51 pin 6 will change
to repre3ent the data being re~’~d out of the memory
at the speed selected by the SWEEP SPEED
control. Remember that In the XY mode the
WRErE line is inhibited so the 4400A goes through
all the motions of enterin9 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 R|iV~C and
located in the external X’Y interface card).

At the conclusion of the "sweep"j the SWEEP
line goes high and resets U18/1 back to its
normal (non-X’~ mode. The oscilloscope display
resumes,

The difference of one LSB (one 256th of display
amplitude) between the two middle levels is
neglected,
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5.8 METER ANALOG~ AC TO DO CONVERS[ON~
POWER SUPPLY RECTIFIERS and
REGULATORS

5,8, 1 Functional DescripLion of Meter Board
Operation

The meter board measures fi-equenoy~ absolute
signal amplitude (dBm) or a v~rlable determined
by some exterr~i device. The first two functions
ape self-containS; the exteP~[ ~nction P~uiPes
circuitry in a unit e~ePnal to the 4400 ~nd Is no~
of concern here.

Frequency measurement is performed in the
ususal way, by counting cycles of the unknown
frequency over a period of one second, and
displaying the resulting number°

To measure dBm level, the incoming signal is
filtered as called for by front-panel selection
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 exponential
waveform to derive a time lntePv~| proportiona!
to the logarithm of signal leveI~ i0 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-lo~ded wlth a number determined
by the total gain between instrument Input and
the RMS-to-DQ 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 indicating the magnitude of the g~ln is
brought onto the Meter Board and fed to the
pre-loading logic.

Provision is made for interr~[ switching of the
instrument~ s Generator output to the Meter
Board~ for measurement of its level or f~equency.
In this case. two ~g&tn~ bits from the output
attenuator level switching circuits are brought
onto the Meter Board for the purposes described
above.

Update rate for the dBm measurement ls 10
samp|es per second.

5.8.2 Meter Analog

The various signals from other locations in the
instrument enter the meter board via JS,d6,O9
and J8. These are in turn routed to the MEASURE
select group $7~ $8 arKJ $9. 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 signet
is preseiqted to the input of U48, a differential

input switched gain amplifier. The differential
configuration helps to avoid el-PoPs caused by

ground differences between the meter board
and those off the other two boards.

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

From U48 the signal can optlonatty p~ss through
two analog filters or weighting networks, The
l’lrst is a 20kHz G-pule low pass fitter to reject
high frequency noise in the measurement. The
20kHz filter is realized with opePatioeal amplifier
U49 (E-4) and passive components R75, R76. R77,
C65,066, C67. It is the classic 8-po|e Butter-
worth configuration giving an 18dE pep octave
roll off beyond 20kHz. It is selected by pushing
$5. Jll can accept an optional weighting network
as described in section 4. The user rr~y use
passive component networks to form fitters or
standard weighting curves. Power is also
provided on J11 for networks requiring arrive
devices. U810 normally forms a part of the
network and provides e buffered, low impedance
output from the network. $6 when pushed in
selects the weighting. Note that either or beth
$5 and $6 c~n be selected to allow composite
filtering.

The signal is next passed to U812, a switched
gain amplifier which can assume g~ins of unity
(0dE) or +80dE. This amplifier is the auto range
amplifier and its gain~ determined by the setting
of U811/11, is established by the auto range logic
circuitry described in section 5.9.

To preserve high frequency response an LM318
is used. C40~041 and R82 provide a lead/tag
compensation network to ensure stability and
preserve the response at 100kHz and +80dE gain.
Wlth only R98 4.99k~ and R83 158P-~ in the circuit,
the gain is x81.6 or+30dB. Wlth U311/11 set
to connect pins 12 and 14, the effective feedback
resistor is the series/parallel comblnatic~] of
,R83,R~6,R35 and RV3. This has a nominal
resistance of 51d~ to match the tnput resistor R28.
RV3 trims the nominal unity gain to be exactly
30dB less than the nominal +30dB gain.

The autoranged AO slgnal at U312 pin 6 then goes
three places; to the zero crossing detector
(schematic 9) for frequency counting; to the RMS
to DO converter and to the AVERAGE/pEAK AO
to DO converter.
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5.8.3 AO to DO Converters

U315 is a monolithic device that computes the
RMS value of the input AO signal (pin 1) and
provides a DO voltage repmesentat[ve of its
amplitude at pin 6. 048 and O18 set the internal
lntegt-atlng ttme constant. ]n the FAST RMS
mode only 048 ls selected. ]n the SLOW RMS
mode O18 is added in parallel with 048 to provide
a longer integration time as required For low
frequency sigr~.ls or time varying signals such

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 components
£orm a precision diode providing half wave
signal at the junction of R71 and CR18; R46 inputs
the AC signal into U411. R47 injects the haw
wave signal also into U411. The summing
junction at pin 2 of U411 adds these two wavef’orms.
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 sigr~l whose
ampli£ude is the absolute value o£ the input AO
signal.

CR17 and 0.8 with the "keep alive" bias provided
by R78 improve the high fi~equency response of‘
the circuit by reducing the switchfng time
requirement ol= U410. RV6, R44 and R45 inject
a positlve offset into summtng amplifier U411 to
overcome the error introduced by R78 and allow
adjustment to compensate for the offset errors
of‘ the op amps. 069 provides some simple
filtering of the full wave signal.

U818 is a peak hold detector. The abso|ute
value signal at U411 pin 6 is buffered by U818
and CR16 which form a precision diode. The
output at the cathode of CR16 charges 070 via
R40. When the signal drops below the value of"
the charge on 070~U818/CR16 effectively dis-
connects ttseff from R40 which lets C70 discharge
Into R41 at a slaw rate. RV4 provides adjust-
ment of the offset error of U818.

Each of‘ the above three circuits presents a DO
voltage mepeesentatlve of the RMS, AVERAGE
or PEA}< value of‘ the input AC signal. Selection
of one of‘ these is effeoted by SS, S4-B or a
board jumper. The jumper chooses either the
P~6,K oP AVEIDJkOE output while the push buttons
select f~MS or PEA}</AX, I--PUkGE. The selected
DO voltage is littered by U29 and associated
components which form a low pass Bessel filter.
This removes any remaining ripple on the DO
signals if-ore the converters and provides a clean
DC voltage to rhea to D converter (schematic 9)
and the small analog meter M1,

5.8.4 Power Supply Rectifiers and Regulators

The lower left corner of the schematic shows the
SlX bl-phase rectifiers and filter capacitors to
convert the AC voltages from the secondaries
of: the power transf‘oPmer (located on the Pear
panel) to the six unregulated [30 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 duat tracking regulator to
provide the supply voltages to the analog circuits
of= the meter board, Q2 and 1~8 provlde current
boosting to U814 and R20 and R21 are overcurrent
sense resistors to limit the current drain in the
event of" a malfunction.

U18 is a precision +10.00V reference regulator.
U14, Q1 and associated components provide
current boosting. U14 is a high impedance
buffer to receive the +10V from U18 and provide
a dr’ire to the emitter fioltower Q1. U14 seeks to
maintain the voltage at the emitter of 6~I at
exactly what is on UI8 pin 2. This 10.00V l~ used

to power the CMOS circuitry of the meter and
provide a precision r’eference to A to D converters
used In the instrument.
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5.9 METER DIGITAL

This schematic describes all the meter log[o~
count[ng~ pPesetlng and display dr,iving circuitry.
It receives a DO level or zer,o cr,ossing pulse
from the analog sections descr,ibed in section 5.8
and processes this data into a displayed numeric
r,e~dout. It also r,ecetves range bits indicative of
gain on other boards. The schematic rn~y be
divided into five major‘ fiJnctions~

Analog to Digital conver,sion. In FREQ this
consists of simply counting zero cr,ossing
pulses duping a 1 second gate time. In AMPL
this cor~sists of= conver,ting a DO level to a
variable duty cycle wavefoPm and then to a

b) Auto-ranging detection logic. This measures
the DO voltage level and~ if necessar,y~ sends
commands to the analog section to change
the fr,ont end gain.

The job of the remainder of the meter‘ logic
circuitry is simltar in both fi~equency and
amplitMde to count the number of w~vefor,m
cycles oc£ur,ing during a specified interval
and drive a display showing that number‘.

c) Counting and Display of Converted Number,~
At[ of the logic functions r,equlred for‘ these
openatlons ape provided by the LSI counter‘

. U47. Its internal oper,ation is descr,Ibed in
section 5.9.1.

d) Cycling Counters and Control Logts~ (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 off the LSI counter,~
and (in dB mode) number,s fop pre-loading of
the counter o

e) Display DrIver,s and Display: (to right of U47)
Switches driven by the multiplexed segment
and digit outputs fr,om U47 dr,lye the tight-
emitting diode (LED) display.

5.9.1 LSI Counter IO

The MK50395 counter‘ U47 has the following
capabilities, as used here:

Counting~ The MK50395 wilt count in binary-
coded-decimal (BCD) for,mat~ upwards or
downwards~ with a maximum c~paolty of
999999. The COUNT~ COUNT INHIBIT~
CLEAR and UP/DOWN inputs (leffc of U47)
perfor,rn the functions named~ for this count,
The ZERO line is high when the count is at
000009.

Display Buffer,ing~ Multiplexing and Drtving~
The state of the MKS0895~s internal BCD
counter‘ can be loaded into a display buff~er
r,eg[ster, by pulsing the STORE input. The
counter‘ is then free to accumulate mor,e
counts, white the contents of the display
burrer, are multiplexed digit-by-digit into a
BOD-to-seven-segment decoder‘. This
provides segment drives to a multiplexed
disptay~ at pins 8 thr,ough 10 at the upper
r,tght of U47. The digits ar,e sequenced from
most to lesst signiflcant~ and the appropriate
digit line (pins 24 through 29~ lower right of
U47) is re[sea for‘ each digit. Simultaneously,
the BCD codes ape presented digit-by-digit
at pins 11 through 14 (lower" right) but the
4400A makes no internal use of them.

Leading zero blanking is provided as an
optton~ for‘ the seven-segment outputs.
When the LZB line (pin 8, top leE) is low,
all zero digits to the left of the leftmost
non-zero digit are blanked. Thus a count
827 appear,s that w~y, not as 000327.

Counter, PPe-loeding~ The six-digit BCD
counter‘ can be pre-toaded with a number,~
when the "LOAD COUNTER" line (pin 81) is
high~ by sequencing the desired 4-bit parallel
digit cedes onto pins 16 through 19~ digit-by-
digit in sy~chr,onism with the digit count
available fiPom pins 24 through 29.

5.9.2 Analog to Digital Conver,sion.

A DC level fr,om sche~T~t[c 8 enters at the upper‘
left h~nd corner (E-9) to R24 and CMOS switch
U311/10. This level is sampled and held by
U311 and G89. Sampling Is at
counter U21. The s~me 10Hz signal alter,r~tely
switches Q9 on and off which causes 028 to be
rapidly c~ar,ged to a r,efePence voltage (appPox-
irr~tety.÷sV DO) and discharged into RVg and
R15. This creates an exponential r,amp on 098
and thus on pin 2 of U210.

U210 is a comper,ator that changes state when the
Pafer,ence Vo|tage (ramp) On pin 2 equals the DO
level on pin 8. As the ramp is exponential the
output is a r,ectanguiaP wavefoPm whose duty
cycle is pPopor,tlonal to fche tog of the DO level.
This var,iable du~y cycle is then converted into
a count by the succeeding logic.

5~.9.8 Auto-ranging Otr,cult

U812 and U48 (on schematic 8) ar,e the auto-
r,anging ampiifier,s switched automatically to give
one of thr,ee v~lues of 9~ln. The appropriate
gain is selected to br,ing the output sigr~l into a
suitable r,ange to dr,lye succeeding circuits.
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The resistor switching is controlled by level-
sensing comp~rators U27, U28 (E-7) monitorfng
the DO level at the output of" the fitter following
the AO-to-DO converter,. The changeovers
called for by these comparators are timed b~,
the flip-flops U41/15 and U32/15 to occur at
the correct point in the measuremenl cycle.

When the signal out of= the AC-DO converter
via the f.i[ter U29 (schematic 8) is tower than
the voltage at the other input of comparator U28,
the tatter 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 slgr~l. The~e
zero states (U41/15 high~ U82/14 tow) neapeot-
ive[y cause switch U311/38 to disconnect feed-
back resistor R86 (schematic 8). This places
U312 in its highest-gain condition, where it
remains whether or not the gain switching caused
the signal level to rise just above the trip levei
of comparator U28.

If the rectified sig~’~l level r~w rises fiJPthen,
beyond the voltage to which U27 pin 2 is re[unreal
the lower flip-flop witl see a high into the d input,
pin 10. At the next clock edge U32 pin 15 w~li go
high, pin 14 low, and the switched feedback
Pe~lslor to U812 will be reconnected to the circuit.
This leaves the gain of U312 at unity.

The difference in gain between the two ranges
contr,oiled by the lower Hip-flop ts 80dB. The
ratio of d.c. voltages at the high/low comparator
trip points is greater than 80dB. Thus there is
no possibility of loop oscttiation, i.e. of the gain
being switched hack and forth continuously when
the signal is near the boundary of the ranges.

The above actions t~ke place in any of= the three
gain ranges selected by the ]NPUT SENSITIVITY
switches on the fi~ont panel. For‘ large input
signals, a special over-ranging provision is
made, by means of an auxiliary flip-flop U41/16.
This con[pots a swath to shunt the feedback
re,sis[or ofampiif=ier U48 and reduce the gain
by 10dB.

If the front-panel switch is set to the highest
signal range (-80dBm to +80dBm) aed the main
auto-ranging control flip-flop U82/15 is in the
~1" state, U39 pin 9 (B-8) will be high
explained tater in sectionS.9.6.1). If the
rectified and filtered stgr~l is stilt higher than
the trip level of=the upper comparator, gate U42/
11 (E-6) wilt have both inputs high and
quality the J input pin 10 of U41/15. 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 gain of U48 by 10rib (schematic 8).

The h{gh level on U41 pin 15 performs two other
£~nctions~

a) it putts up the trip level of ~he lower
comparator U28, causing it to respond sooner
to a decreasing signal level.

It holds the main auto-ranging control flip-
flops U82/15 preset so that when compaPatop
U28 does respond to a failing signal level and
output a "high"j only Rip-flop U41/15 will
be set back to the zero state by the next ctock
edge.

The ciock fcequency appiied to the auto-ranging
flip-flop is equal to the sampling rate for the
measur, ement being trade (1Hz fop FRE~, 10Hz
for dBm). This ensures most rapid possible
response of the auto-ranging circuits.

5.9.4 Cycling Counters and Con[Pot Logic~

5.9.4.1 Cycling Counters

Timing services for the whole meter board ar,e
provided by the counter chain U11-U21-U81 down
the left-hand edge of the schematic. These
counter~ fr,ee-run. Ull is a 12-bit binary counter‘.
It receives a 1.024 mHz crystal controlled clock
if’ore the Generator Board via J1-17. The signal
appearing at UI 1 pin 14 is this fr,equency divided
by 1024~ or 1.00kHz. This clocks the dual decade
counter U21, producing a 100Hz output at pin 6
and a 10Hz output at pins 18 and 14 (different
waveshapes).

The tatter clocks one of the two decade counters
of= U81 (the other is r~t used), to produce 1.00Hz
at U31 pins 5 and 6.

5.9.4.2 Store/Ciear Sequencer

In either, FRE(~ or" di3m mode, the STORE and
CLEAR termfoais of U47 (the LSI counter) must
be pulsed rapidly in that o~der at the end of= the
measurement cycle. This stores the accumulated
count in the display bu[fer r,egister inside U47,
and clears the counter for the start of the next
measurement cyct e.

The two poises are produced as follows. A
positive-going level change, occurtng just before
they ape required, drives the D input U33 pin 5
(E~-7). About 4 microseconds later, the flip-
flop is set to the "1 " state by the 256 kHz clock
on pin 8. During that four microseconds both
inputs to gate U25/10 ape high, e~d the gate puts
out a tow-going pulse, which is the STORE
comrn~nd for U47. This pulse also enters a two-
bit shift register, and two clock periods later
U34 pin 12 provides a high-going poise to the
CLEAR command input of= U47.
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5.9.5 Frequency Measurement

The cycle of ff-equency measurement ls very
simple, All contacts of the FR~’C[ switch ($2)
are in the "down" position (not the "up" position
shown).

The output of the auto-~anging amplifier U812
(schematic 8) drives U211 (0-8) which is connected
as a crossover detector with a smalI amount of
positive feedback. This feedback provides a
"snap" action to prevent ¢~olse-lnduced multiple
edges at the crossover times~ which would

The output of U211 is a square wave at
frequency. It is gated off white the STORE
and CLEAR pulses are generated (see.
by means of gate U22/11 ~ controlled by f]lp-ffqp
U35/13. The flip-flop "D" input (pin 9) is wired
high~ so that the msmg edge of~ the IHz clock
waveform ~r’om U31 pin 6 causes the Q output
pia 12 to go low. Eight microseconds later the
flip-flop is reset by the next rising edge from
UI 1 pin 5; pin 12 goes high again. During that
short period the STORE and CLEAR pulses ape
generated as described previously.

DuPing a given one-second period (minus eight
rntcPoseconds) between these short sequences~
a count of the unknown frequency is accumulal;ed
by U47. At the end of= that second the count is
transferred into the display buffer reglster in
U47~ to be multiplexed out to the display as
described in Section 5.8.4.6. Meanwhile
the counter c~n accumulate a new count.

5.9.6 AmpilbJde (dBm) Measurement

The dBm level of the input sigr~l is measured
as described briefly in section 5.9.2. The
autoranging procedure has already been derailed,
including the RMS-to-DC conversion and ripple
filtering which need no elaboration. This section
wilt detail the procedure proportional to the dBm
level,

Q9 is alternately turned on and offal a 10Hz rate
via CR15 and R14. The precision +10,00V DC
reference voltage is divided down to approxirr~teiy
+sV DO by RS0~ R31 and RV11. This voltage

This exponentially decaying ramp wavefoPm is
presented lo pin 2 of U210, configured as &
comporator.

The voltage comparator~s output goes from
positive lo negative when the decay wavefoPm
passes through the DO level from the Bessel
fitter. The time from the start of the discharge
is found by solving the discharge equation (see
also Fig. 5.9.6)

V=V0 e       v

for t =-RCln ( vo)
= RC(lnV-lnVo)
= RC (lnV0 - In V)

where tn = natural logarithm

V /v=v°e

FIO5.90 6

This shows that the time to crossover v~ries
t tnearly with the logarithm of= the voltage at the
.positive input of U210i that ls~ the time can
r#present the dB level of= tbat voltage~ as required.

The procedure is as

a. Per-load lhe counter in U47 with a number
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 per-loaded
with a number equal to that dBm level which would
give an output from ~he RMS-to-DC converter
equai to the DO reference voltage from which the
exponential decay starts (resulting in zero counts
during the conversion). The counts accumulated
during the conversion then represent dB~s below
that level, hence are algebraically subtracted
from the number in the counter. Thus the countep
counts downward from the preloaded number f=oP
levels above 0 dBm, to disptay a steelier number;
and upwards for levels below 0 dBm, to display
a larger number. The sigh to be displayed Is
determined when the conversion is complete.

Sections 5.9.6.1 and 5.9.6.2 following detail
the preicadtng logic and the exponential-decay
conversion.
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5.9.6.1 Counter Pre-ioading

The total gain seen by the measured signal is
trade up of three components=

a) Auto-ranging gain
b) IV~anua[ gain set by front panel controls
c) Post filter gain (in the ease of filter

measurements only)

From the circuit providing each component of
gain comes a one-bit or ~wo-blt code~ the
numerical v~lue of’which is equal to the gain
(relative to the minimum value) of that circuit
in units of 30dB, These codes are fed to an
~ddeP (U38~ A-8) on the Meter boar,d, which
sum~ them to give a total gain number, This
number is used to pre-load the counter in U47,

The main auto-ranging gain is either 0 or, 80dB,
An overrange condition occurs for sigr~is greater
than about +27 dBm on the input or outpu%
and an attenuation of 10dB is switched on,
However this is dealt with separately. A bit
s,pecirying the main auto-ranging gain (0 for
1 for +30dB) is fed to U38 pin 6,

The auto-ranging circuit is on the Meter board
(see section 5.9,3), its operation is unaffected
by settings of any of the Meter "FUNCTION" or
"MEASURE" switches,

The two-bit Manual Ranging Gain code comes
~rom one of two sources according to the setting
of the "SEND" switch ($7), If: the SEND switch
is out, the Meter is measuring the sigma[ coming
from the instrument iNPUT terminals in the
Receiver section~ via amplifiers controlled by
the iNPUT RANGE switches. Contacts on these
switches provide a tw~bit gain c~e to the Meter
b~Pd, if the Fitter switch is pushed~ the signal
is also Pouted on the Receiver board through the
s~te-~Piab[e filteP~ where a ~st-fitteP gain of
0 oP+8OdB ~y be selected. A bit ~om a
contact of that select switch is Pouted, via the
FILTER switch on the Me~eP boaPd~ ~o U38 pin 9.

if the SEND swiLch is in~ the Meter measures the
signal from a swiLched gain preamp being fed by
the output of the instrument’s Generator sectlon,
The gain of this preamp ls 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,
Contact~ on the SEND switch route this code to
U38.

Either way (SEND switch in or out) the two-bit
cede arriving at pins 5 and 7 of" U88 gives the
manual ranging gain value as f’oilows=

Relattve
Pin 5 Pin 7 Gain

0 0 0
0 1 +80dB
1 0 +60dB

The pre=loadtng logic is at the lower right corner
on the schematic~ consisting of U38, U37 and
associated gates.

U38 is an adder, inputs 6 and 7 are the LSB
inputs, and pin 9 the CARRY input having the
same weight as an LSB input, inpWc 5 has
twice the weight of an LSB or earry 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 requiring three output bits from U38,
These ape 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 slgr~l is above 0 dBm, This
corresponds to a gain sum code of 000~ which is
detected by gate U39/9, The use trade of" the
signal or U39 pin 9 will be detailed in section
6,9,6,2, Secondly, the gain sum code ls
converted by combinational logic into the
appropriate codes to pre-iead the counter in U47,
Fig, 5,9, 6, 1 shows the conversion,

Only the most significant digit of the thre~-digit
dBm display is affected, since all preset values
are multiples o� 10,0 dBm,

The gates to the right of U33 translate the gain
code to the BeD codes required. An additional
input, from the ovePranging 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 nil|i-
seconds long. 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 8 of= counter U47 is pre-loaded with
the number derived as explained above, and the
initial direction of counting is set,

Pre-loading consists or strobing the pre-loading
number onto pins 16~ 17~ 18 and 19 of U47 (B-B)
at the correct time to load Digit 8, While U22
pin 8 drives the LOAD COUNTER pin (81) of
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U47 high~ U47 piq 6 the Digit 3 strobe causes LI37
to select the bit appearing at the upper of each
pair of inputs and apply it to the corr~ing
outpu~ pinlStopin 13~ 2to 1~ 4to 11~ 5~o 10.
This caus~ the pPe-l~ding c~e (see Fig, 5,9,6,2)
to be Ioad~ into the third decade o£ the BOp
counter inside U47.

For the count direction £unction~ flip-flop U32/1
(A-6) is set initially to a 1 or 0r placing U47
initially in a "count down" or a "count up" mode.

As ~oted in flg. 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
U32/1 gets preset to the "1 " state (G~ htgh) and
stays there.

The rernair~der of the measurement cycle is readily
understood by refierence to the timing diagram
£ig 5.9.6.2. The eample/hold switch U811/10
dlscohnects the D.O. output slgna[ of= the Bessel
filter U2g f~orn the storage eapacitor 088. The
exponential-decay waveform~ generated by
applying the sample/hold com~ wavefoPm to the
netwoPkR21-R15-017~ [s com~P~ by U210 ~o
the ~mpl~-and-heid level on 089. The output
of U210 is me-timed by ~i~op U38/18~ which
receives the inverse of the 128kHz clock connect~
to U47 pin 86~ the ~UNT input. When the
cem~Patop ou~t goes high~ U38 pin 18 a~ ~he
COUNT ]NHIB~ pin of U47 follows 18 follows on
the nex~ clock edge~ d tsabt ing ~ptheP counting
by U47. Countl~ was e~bt~ at ~he slept of
the decay period when U22 pin 8 a~ the LOAD
COUNTER pin went tow. The counter therefore
counts up ob down from the pPe-~oad~ number by
a number ~opoptional to the decay ~lme to sample
level, as #equipS. The resulting fi~[ state of the
counter is loaded into the intep~l display ~eP
register of U47. a~ ~he counter oleePed~ by ~he
£TORE a~ CL~R strobes which ape genePaLed
as d~cPtbed in So,ion 5.9.4.2

INHIBIT waveform, to produce this effect, Its
output drives Q.7 which illuminates the vertical
bat- of= the ÷ sign when high. The k~Drtzontal
bar ls always on in dBm mode. Flip-flop U32/1
is held preset during FREG~UENCY operation,
when no sign ls displayed.

5.9.7 Dlsplay Drive

As explained in Section 5.9.1, the LS[ counter
U47 contains a barfer storage register into
which the contents of= the BCE) CQunter ~n be
transfiepr~ by ~lsing the STORE com~nd
Hne. The contents of the storage register ape
muitipiex~ out to drive displays. T~t is~ ~he
four-bit c~e repp~enting the value of each o~
the deci~l digi~ is out~t pins (11~ 12~ 13 and 14
of U47 -B-4 of schematic) whence t~ is made
a~i~abie to the accessory connector on r~p o£
the instrument. [nter~ily in U47, the code is
applied to a ~O~o-seven segment decoder
which drives pins 4 through 10 (upper might o£

appropriate segments of the digit concerned~
M~nwhtte the digit tire (one of pins 24 through
29~ lower right or U47) copres~ing to the
~si~ton of the digit in question is driven hlgh~ ¯
aU the others being low.

The segment drives ~rom pins 4 through 10 are
barfered by emitter followers in the array U4~,
current limited by resistors in the array U45
and drive corresponding segments of all digits

(pin 14 or 15 of a digit pair), Corresponding pins

drive eapabilibj, except for the ground returns

Digits are setected and illuminated in sequence
at a rate determined by the digit clock on pin 21.
This clock is 5t2 Hz~ with a duty of 3/4 (wave-
form is 75% high) arranged by the diode gating
near U21 (A-9). This duby ensures that a given
dtglt is illuminated f=or 3/4 of= its allocated time~
instead of 1/2 as f=or a square&wave clock.

The sign to be displayed (÷ or -) is determined by
observing whether the U47 counter was counting
up or down when counting ceased. The D type
Dip flop U35/1 (A-6) is qualified by the up/down
control flip-flop U82/1, and clocked by the COUNT
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5.10 FUNCTION GENERATOR

Schematic 10 is the Function Generator. This
is an osciliator~ tunable over two ranges
(20 Hz-20kHz and 100Hz - 100kHz) by either
manual or- electronic (digital) control~ and
capable of producing high quality sine~ trlangie
and square wave outputs.

5.10.1 Sine Waves

filter with just su£ficlent posltlve feedback
apptled to cause oscillation. An autorr~tic
gain control maintains the net positive feedback
at this level.

U71 and U61 are the two integrators of the state
variable network, and U69 the difference
amplifier. The if’Grit-panel control $1 (20Hz -
20kHz/100kHz) selects either an 820 pf feedback
capaclton fop each integrator or. 890 + 0300
= 41g0 pf~ to pPeduce the appropriate ff-equensy

integraton is controlled either by front-panel
potentiometePs (one dual-ganged put for co~Pse~
one for fine) or in the SWEEP mode by digitally

RIMAC code and the FINE control.

Since an integrator presents e 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 into the integrator input junction. Both
methods are employed~ in both the manual and
swept modes.

M~nual control is aohieved by ganged
putentiometers RV9 - RV10 (fine) a~:l RV11-
RV12 (coarse), Switches U78/18 and U78/6
are closed for manual tuning.

PoP digital controt~ six bits of the RIP, A© code
control the dual 4-input multiplexers U82~ U88,
U84. The two halves of each multiplexer are
in the correspundfng locations in the input
circuits Of the two integrators~ and are switched
in ~Paliet (~gang~~) by the ~o-bit control
code applied to pins 9 a~ 10. The switches
select the ~apping ~ints of ~he three voltage
dividers in ~ch input circuit. The two MSB~s
cohtrol switch U54 to select one o¢ ~our sepi~
resistors fop ~ch in[egP~top. To cover ~ r~ge
of 20Hz to 20kHz or 100Hz to 10~kHz r~uipes
the effective resistance to ~Py by a fao~oP of
1~0 oP 6~B. in IogaPlthmi~lly - s~c~ ste~

l,e0 constant dB per step, To do this~ the two
MSB~ s of the RIMAC code control U54 to change
the input resistance in 15dB steps; the nex~ two
bits switch U34 to divide the slgnsl voltage in
15/4 = 8.75dB steps; the next two bits control
switch U83 to divide in 8.75/4 = 0.9375 dB steps;
and the two LSB~s switch steps of . 9375/4 =
0.284 dB. Each divider- output Is buffered by a
uniLy-gain L1~310 follower to drive the top of the
succeeding divider,

In ~swept~ mode~ the manually controlled input
circuits are disalJted by opening switches U73/1
and U78/9, and the INHIBIT line (pin 6) of U54
is held low to enable that switch,

As the R[MAC code increments, the resistance
at the input of each tntegnator decreases and
the frequency of oscillation increases,

Automatic gain contnoi is achieved by PectiPding
the output signal level of the oscillator, comparing
it with a fixed d,c, value~ filtering the difference
signal and driving a voltage - variable resistor
(FET) to adjust the negative feedback to the right
level for sustained oscillation~ l.e. just balancing
f~he positive feedback.

To reduce rectification ripple, f°oun phase
rectification ts used. Three phases ol= the signal
ape available directly from the state variable
circuit. The fourth is generated by the |nvertlng
amplifier U91 (lust below U71). The four diodes
CR17~CR18~CR19 and OR20 select the most
posItlve voltage at any instant, and the common
cathode line carries the wavefoPm shown i~
Fig, 5, 10,1

’’

FIG. 5,10, 1 FOUR PHASE RECTIFICATION

The comparison and filtering functions
are performed nespectively by the input and
feedback circuits of U82. The waveform of
Fig6.10.1 is applied to the summing junction
via R182. A direct current of= oppusite polanlty
via R183 subtracts from this, and normal op
amp action causes the difference current to flow
in the feedback circuit. A multiple RC network
pPovlde~ filter trig to stablllge the oscillator over
its whole frequency range. The fi|tered 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 vat ies with the voltage

of negative fe~back appl[~ to ~he state-~PiabIe
filter by shunting the sight appearing at U63

the output of U82 goes down~ driving ~12 towards
cu~o~ and so increasing its resistance. This
results in tess shunting of the negative fe~beck~
~heeefoee more negative feedback, which over-
comes the ~si~ive feedback to P~uce
The converse is true if oscillation ampttt~e
te~s to decrease. Thus ~he osc[Itatton ampH~de
stabilizes a~ a ~lue giving an average cuPPen~
in R182 equal ~o the cuPeen~ in R133.

5.10.2 Triangle Waves

Triangular waves are generated by the standard
integrator/Schmltt trigger arrangement.
Integrator. U61 (C-~g) drives U81 (B-5) vla R126

the divider R140-R131 (switch U78/12 is closed)

a unity-gain buffer by means of switch U78/5

¯ Fig. 10.2 shows waveforms in the clrcuit~
Starting with U81 pin 6 low, the resulting
signal into the integrator U61 produces a positive
going ramp at U61 pin 6. The vo|tage at the
mid-point of the feedback divider arout3d U81 is

U81
PiN 6

FiG. 5. 10.2 TRIANGLE WAVE GENERATOR

The ratio of inpot to feedback resistance in the
Schmitt trigger ls calculated to give triangle-

.5. ~0.3 Clipped and Rectangular Waveforms

Sine or triangle waves generated by the circuits
described previously are presented to U44~ a
summing/clipping amplifier via C6O~ 067 arid
U72 pin 2/8. This wavefonm is added to the DO
voltage established by RV14~ the front panel
CLiP LEVEL/DUTY CYCLE control via R98,
At the same time, a compensating DO level is
applied to the positive input of U44 via R158
and R154. This compensating level rr~intains the
waveform at a constant level and varies the clip
level rather t~an a fixed clip level and varying
waveform if not present.

When the current into the summing node of U44.
(pin 2) is posttive~ it is removed by conduction
of CR 14; when negative by conduction of OR 15 via
R970 Thus the voltage across R97 reproduces the
sine or triangle wave when the net current is
below a certai~ level. This gives the c~ipped
sine oP ~Pia~te wavefoPm which is bu~ePed by
U83 a~ ~esented to ~he outpu~ bus via U64/5.

Q9 and Q10 and associated components form a
high gain switching amplifier. When U44 pin 6
is positive of Its pin 8 (l.e. OR 15 conducting)
the current in R145 flows in 0R21 and 0R22. When
U44 pin 6 is negative of its pin 3 (i.e. 0R14
conducting) the current in R145 is diverted into
Q10. When Q10 conducts, Q9 is switched on~ the
junction of R144 and R146 is driven high and
clamped at +7.5 volta by CR~8. When Q10 and
Q9 do not conduct the R144, R146 junction ~s
pulled down by R146 and clamped by CR24.at -7.5
volts. R127 and R128 attenuate this +7.5 volt
signa~ to a level similar to the pe~k ieve~ of the
sine and triangle ~vaveforms.

The purpose of Q8 is to d[sabte the variable control
RV14 and provide a 0v reference signal to U44.
This produces a square wave. Q8 is turned on by
a level from the function switch when S~UARE
WAVE is selected.

Q7 is used to disable the entire circuit when it is
not required, When positions other" than 8,4~5 and .
6 of the GENERATOR FUNCTION switch are
setected~ ~7 is turned on and pulls the summing
node of U44 negative turning off the circuit. This
prevents spikes from being added to the clean
waveforms due to circuit crosstalk of the fast
edges of the rectangular wavefoPms.
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FUNCTION SWITCH LOGIC DO POWER_.
REGULATOR~ MASTER CRYSTAL CLOCK
AND PSEUDO-RANDOM NOISE GENERATOR

Schematic 11 contains a variety of related and
unrelated flJncttons,

5~, 11.1 Functton Swltch Logic

The static loglc In the top left: corner of the
schematic accepte the swltch contact inpLIts
shown (selected contact high~ all other low)
and translates them into the control outputs
labelled to the taft, The relationships are
self-explanatory,

5.11 .2 OC Power Regulators,

The ± 15 Volt rai|s are regulsted by Ul1~ with
current boosting by Q1 and Qg, R1 and R2 provide
current sensing foP the curnentlimlting provision

Master Cr,ystal Clock,

At the lower leffc cop,net, of the schematic~
transistors Q21 and (~g2 form an emitter-coupled
oscillator with the crystal Xl, Diodes 0R48,
CR49 provide protection against excessive
reverse emitter-base voltage,

This form of OSCillator is non-saturating and
therefore reliably self-starting,

The 8.072 MHz output if’on the collector of
Q22 is coupied to U79 for division down to 384kHz
for the COMB generator arid to the divide by 3
counter formed by U710 to generate the 1,0221MHz
master clock sigr~l, A short exercise with the
truth table of a JK flip-flop will show that the
divide-by-three counter progresses thr’ough
the stages 00~01,10 and back to 00~ wher,e the
right-hand flip-flop contains the most significant
(left) of the two bits of each word, This in turn
is coupled to U79 for‘ division down to 128kBz for
the COME} generator and via R128 to the flat
cable bus and the rest of the system,

Qlg inhibits U79 to shut down the COMB generator
and NOISE generator during the continuous
gate and sine wave mode to eliminate crosstalk
during this mode,

Q18 is a level shifter to translate the 0 to +10V
signal from U79 to a ±7V signal for the random

Pseudo-Random Noise Generator

feedback path vla the exclusive-or g~te U77

length is 26 stages~ and the pulse ~ttern

for 22~ -1 clock inte#~ts (ab~t 67 million).
A~ a clock #ste or 128kHz from ~9 pin 13 via
q18~ this t~me is524 seco~s, or really 9
minutes, FoP all practical pur~ses the ~ern

The waveform at pin 9 of U811 is two-level; by
passage through a low-pass filter this becomes

A pr,ecautlonaPy measure is required in case the
PRBS shift: register should accidentally attain
the all-zeros etate~ from which it would r~ever
change since the exclusive - on 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 fOP example immediately after
power switch on,

The two flip-flop-flops U812 protect against this
eventuallby as follows: Both are clocked by the
4kHz output from Q14, The positive edge of
this waveform causes U812 pin 1 to go high~
unless a high level is slP~uttaneousty present
on U81g pin 4 (in which case there is no problem),
If, ee will normally occur, the succeeding

sequence of 26 shifts (one full leng,~h of the shIf~

U811 pin 9, the flip-flop U812/1 is reset, The
next positive edge of the 4kHz waveform enters
a zer,o into the second flip--flop~ so that U812
pin 12 is high, If, however, the shift: register
were stuck in the all-zeroes state, the first
Hip-flop would remain in the "I " state (pin I
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 U89 pin 11, to start the PRBS generator going,
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5.12 COMB GENERATOR

The C~DMB GENERATOR receives 128kHz and
884 kHz clock drives from the dlvide by eight
counters in the master clock generator (schematic
11). These are coupled to the binary counters U4~
and U46.

The outputs of the upper binary counter U4k5
form a set of square waves at octave intervals
The first two stages of each (outputs on pins 9
and 7) are not usedI the signal on pin 6 is
therefore 1.024MHz divided by two five times
oveP~ or" 16kHz. On pin 5 we have 8kHzi on
pin 3~ 4kHz, etc. to pin 1~ which carries 81

Sirnilarlyj a set of signals at octave spacings
appear on the outputs of U46. Each of these
has three times the fl~equenoy of the signal on
the corresponding pin of U45, since U46 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 U46 from
the positive going edge of the slowest output from
U45. This results in the waveform transitions
of each U45 output being in 1 ine with every third
transition of the corresponding waveform from
U46, as depicted in Fig. 5.12.

Fig. 5. 12 COUNTER WAVEFORMS

From U45

Waveformfi~om
corresponding
output o? U46.

The circuit within the dotted enclosure is a five~
pole low-pass Bu~erwor’th filter. Its output,
adjusted in amplitude by the trimpot RV-13, is
summed with the output frequencies from all of
the other similar circuits lnto the op amp U56,
the output of which goes to the COMB switch U64/6
controlled by the GENERATOR FUNCTION switch.

The lkHz square wave if’am U36/8 is filtered by
the three pole butterworth filter composed by
U55 And its surrounding passive components.
RV17 is a level trim to adjust the sinewave
signal at U55 pin 6 tda level the same as that
pPeduced by the function generator. This is the
cue as described elsewhere.

Jf a square wave of fundamental frequency 81~ end
amplitude 1/8A is subtracted f~om a square wave
of fundamental frequency f~ amplitude A~ the
former exactly cancels out ~he thi~ ~rmon[c
componen~ of ~he latter. There Pesul~s a wave-
form of ~ndamental ~equency if, having ~
~pmonics below ~he 8[h, This ~n be fttteP~
more readily to produce a sinusoidal ouL~L
than could a simple square wave.

This operation is performed for ten ~fuSf~ pairs
of #’equencles from U45 and U46. The scherr~tic
only shows the circuitry for the 81.25Hz case.
When that frequency is selected, pin J2-9
of schematic) is high and gates U18/11 and
U14/8 are p~ssing signals. These signals are
combined via 8:1 weighting resistances (in favot4r
of" the fundamental). Since U18/11 inverts the
signal ar~l U14/8 does not, the signal at 3x
81.25 = 93.75 Hz is subtracted from the 81.25 Hz
signal, and the third harmonics c~ncet as
described.
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5.18 GATE LOGIC AND SWEEP LOGIC AND
1KHz SENSE

5.13.1 Gate Logic

The upper- portion of the schematic shows the
output gating logic, This consists of counter
U813 (D-7) and associated control logic to
implement the functions named on the ff.ont paqel
controls, and the number set on switch S15
which selects outputs of the counte~-.

Counter U813 and its associated multiple swtt¢h
S15 serve two completely separate functions.
When both the TIME and the CYCLES switches
are out (UP, on schematic) U818 is clocked
by the RIMAC CLOCK via Q20 and $15 selects
the sweep dme~ i.e. [he rate at which the
RInG counter~ U65~ U~) will be clocked.
In this case ~he instrument is being used fop
plot~b~ of a r~ponse or spectral curve. On
the o[her hand when it is d~iped to gate a
burst of ~he generator ou[~[~ ~15 selects Lhe

If CYCLES is pushed, the zero-crossing signal
(schematic 14) provides a clock coincident with
the zero-voltage crosslogs of the signal.

Apart from the source of the clock to U813 circuit
operation is Identlcal in either- TIME or CYCLES

Gate operation may be either SINGLE In which
case a single burst of the selected duration is
programmed or REPETITIVE In which case a
continuous stream of on/off bursts is progPa0~med.
In this m~e the ON and OFF times ape both equal
to the selected burst duration.

In the SINGLE mode, selected by S12 being out
(up tn the schematic), pressing the START bu%t0n
generates a low-going step at U88 pin 4 (0-8),
the switch action being "debounced" by the flip-
flop U88/4 -U88/3 so that a single clean transttto[~
results. Either" this oP a clan low-going E~
GATE slg~l g~ves a h~gh-going step at U88 pin
which is dt~ePent~a~ by the R-C ne~oPk to form
a short "spike" which resets flip-flop U810/1.

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 U818 to begin
counting the clock signal presented to its pin 10.
This signal is either zero crossing transitions
or- 62.5Hz as determined by the TIME oP CYCLES
buttons. U818 increments until the selected
out,t, via $15~ goes high~ clocking U810/1

which provides a high at Q which become~ a
high at U818 pin 11 and resets U818,

For the duration of this count Q of U810 (pin 2)
has been high and this high, via the TIME or
CYCLES switches S10-B and Sg-A provides a
high at the D input of flip-t]op U810/18. On the
next positive going zero crossing transition of
the signal waveform a~ep the D input ls held
high U810/18 clocks c~nging the states of~
end ~ &rid closes the gate sw[tch to let the
signal ~ss, At the end of the selected duration,
D goes tow and on the next ~[tive going zero
crossing tPansition U810/18 again clocks and ~
and ~ #etuPn to theip normal state turning o~
the sign&t. This retiming ~ovided by U810/18
ensures t~t gate on and o~ switch times will
always be at zero crossings to always p-ovide
burst o£ an integbal quantity of cycles.

Q17 serves to light the GATE ON ted CR88 when
Q ts high.

When the SINGLE /REP~.T button is in
(repetitive mode, down on the schematic) U89
pin 10 is held permanently high, LU5 pin 4
permanently low and U818 is free to count
continuously. In this case the selected output,
via $15, will be a square wave whose period is
twice the selected duration with a high and tow
time equal to the duration. This signal is coupled
via Slg,S10=B,Sg-A to the D input of U810/18 to
control the gate directly.

If TIME and CYCLES are both out, the signal on
U88 pin 11 (C-8) which is low while START is
held in, ts substituted for the signal from Slg.
This allows the START button to be used as a

Flnalty, if the CONT (continuous) button is
pushed, the preset input o1: U810/13, pin 8. is
held permanently high which holds the gate in a
permanent ON state,

13.2 Sweep Logic

The "sweep logic" in the lower portion of the
schematic consists of the 8-bit up/down counter
U65-U66 and the logic to the left which sets up
~ts direction of counting, the conditions under
which its clock is driven, and the state tn 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,SS.SB,S7 and
$8.
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The DOWN and UP buttons set and reset the
down"fiip-flgp control pin 10 of the up/d0wn
counter,s, setting the dip,action of counting.
also controls other logtc to be descr,ibed.

The remaining three switches control the oondI~;~gne
under which the clock is applied to the RIMAC
counter, The modes ~rel

MOMENTARY: c/col< runs as tong as UP or
down pUShTb~tton is heId in, stops when it ls
released. Sweep stops when it arrives at top on
bottom end (counter state = 1111 1111 oP
0000 ~o0),

SINGLE: each pr,ess of button causes sweep to
start at one end, progress to the other‘ end add
r,eset to the first end. If direction of sweep is
UP, RIMAC state star,is and finishes at
0000 0000; if DOWN at 1111 1111.

CONTINUOUS: Sweep goes repetitively in
direction set by UP/DOWN controls, resel;ting
automatically and pausing for 1,2, or, 4 seconds
before staPLing again.

In MOMENTARY operation, pressing either the
DOWN or the UP button causes a high LO appear
at U86 pin 4 (0-7). This raises the J input of a
flip-flop (C-5) and the next positive clock edge
on U76 pin 8 causes the (~ output Lo go high. tf
the counters U65, U66 are not in an end state
(0000 0000 if counting down, 1111 1111 if counting
up) then the final carry out~:~Jt signal on U66
pin 7 (C-8) is high, and U89 pin 8 is high. Thu~
gate U74/6 i~ qualified and the clock on U74 pin 4
is g&ted through to the counter‘, With the
MOMENTARY button pressed, the EN pin8 are
low and the counter,s ar,e enabled to count. Aieo~
conditions are set up for‘ the UP or DOWN
"SWEEPING" LED (A-4~A-5) to blink e.t clock
rate, according to the state of the Up/Down
fl ip-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,
U76 pin 6~ goes tow and the Rip-flop
synchronously resets (~ tow) at the next ctook
edge.

b) the counter Peaches an end state: 0000 0000
if counting down, 1111 1111 if counting up.
In this case U66 pin 7 (CARRY OU~) goes low.
Since U77 pin 6 (0-5) is held low, U77 pin 4 is
high, so the low on U66 pin 7 appears at U74
pin 3 and shuts off the clock.

if the dir,ection of counting is reversed by
pr,essing the DOWN or, UP button, the CARRY
OUT signal will disappear‘ and counting can
recommence.

In SINGLE mode, pnessing of DOWN or, UP sets
the state of the up/down flip-Rap and raises
U86 pin 4 as before. This pin is now connected
to r,eset flip-flop U76/15. This dr,ops SWEEP
and allows the counter to count. Note that in
either SINGLE or CONTINUOUS mode~ the
PRESET line (pin 7) of the clock control flip-
Flop U76/1 is permanently high, so that the
o|ock is always present. If counting dip,action
is up, U86 pi~ 11 (~-7) is high and the exclusive
OR gate U77/8 will invert the signal from pin 1
to ptn 8. Therefore when the counter MSB
changes from 1 to 0 (ie the state of the counter
carries f~om 111 t 1111 to OOO0 0O00) a positive
going edge appears on U76 pin 10. This cha~
the flip-flop state back to "I ", r,aising SWEEP
and stopping the count.

The quiescent state of the counter is determined
by the state of the Up/Down flip-flop U86/8 -
U86/1 liB-7). U86 pin o drives the "jam" or,
asynchronous preset input tines of U65 - U66:
pins 0,4,12 and 13. When SWEEP is high,
pin 1 is high (the PRESET ENABLE lines) and
the counter IC~ s take the state appear,ing on the
jam tines. Thus a down-count starts at 1111
1 t 11 ~ an up-count at 0000 0000, as required.

In CONTINUOUS mode, the RESET input U76
pin 12 (8-6) is driven by the output of the PAUSE
COUNTER U67. (Pin 14,15 or 1 as determined by
conditional jumper,s). The flip-flop ~ output in
turn dr,lves the reset of the counter, pin 11. The
flip-flop is clocked on the end carry of the RIMAC
counter‘ as for SINGLE mode, r,eleaslng the.r,eset
of the PAUSE COUNTER which begins to incr,ement
at the 500Hz clock rate. 1 second later, pin 14
goes high (or 2 seconds 15 goes high or 4 seconds
1 goes high). The flip-flop immediately r,esets
and in turn clears the counter. (Note that the
high-going pulse on U67 pin 14 is very nar‘r,ow
and wilt not be seen on on oscilloscope). Thus
the RIMAO can begin counting again, after"
spending one, two on four, seconds In the
apFeop,~late st&re to begin the next sweep (0000
0000 for up sweeping~ 1111 1111 for down
sweeping) which allows the circuit under test to
stabilize,

10.0 lkHz Tone Detector

When GENERATOR FUNCTION switch S2 is set
to AUTO START REP, +7V power ie supplied
to U92~ a tone detector. The signal input to
U92 comes fi~om an output of the front end preomp
and is thus the Receiver‘ input signal. The
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Level shifter- Q11 convePts thfs 0 to +7V signal
to a -+7 vol~; dPive to U75 p|n 7 and S4 and $5.
When lkHz [s sensed this signal is +TV which
inhlblts the opePetlon or $4 and $5. As soon
the lkHz tone ceases (and sweeping begins)
Q11 collector goes low (-7) and~ if the UP or,
DOWN button wer,e being heid~ the RIM~G woul~J
begin counting to load a plot into the memopy.
(This assumes SINGLE. has been pushed).

if both CONT and SINGLE ape pushed this
oper-ation is automatic. When the lkHz steps~
U75 pin 7 goes high c~using a momentar‘y high
on U86 pin 9. Duping this time U67 is �looklng
and a 62.5Hz signal is #r‘esent on pin 8 off U86.
On the next high going edge o£ this clock U86
pin 10 goes low. This has the same effect as
momenta#ily pushing the UP button and star,ling
the RiMAC counter,. This action cause8 U67
to be held peset and U86 pin 8 to Pemain low,

Atthe conclusion ofthe swept signal the lkHz
Peappear,s, the tone detectoP senses it and Q11
goes high and the cir,cult waits foP the lkH~ to
again disappear,.

To ensur‘e Pe|iable’ 0pePation the cibcuit is
inhibited fr,om star,ling fop 16 ms, When the
RIMAC has completed its full count the r‘eset
pin of U67 (pin 11) goes tow and U67 begin~ to
incPement. 16ms later‘ pin 6 goes high for,
16ms after, the RIMAC completes its eount~ the
low ir~ U67 pin 6 inhibits U86 pin 10 fPom going
low and pr,events raise tr,lggePing by the tone
detector, fPom star,ling the R[MAC count
pPematuPely, The dlffer,entiating cIPcuit
composed of 080 a~d R187 hold U86 pin 9 high
fop longer‘ than 16ms to ensur‘e oper,atlon,

Thus when the lkHz again disappear,s U86 is
star,ted.
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5,14 ANALOG GATE, ZERO CROSS DETECTQR
POWER AMPLIFIER, OUTPUT ATT,EN~J~y~)~
AND METER SEND AMPLIFIER

5.14.1 Signal buffer- and Analog Gate

The signal selected by the GENERATOR FUNCTION
switch appears on U28 pin 8 (E-8) via a selected
4066 CMOS switch. U28 burrers the signal and
it is available at the SOURCE output connector
and the INT/EXT switch $14. The slgnat selected
by $14 appears on R89 and is connected by the
analog gate~ U27/12 and U27/6 to U29 pin 8. The
gate is configured as a series/shunt switch with
inverted drives from the gale logic to pr,ovlde a
high degree of attenuation in the off mode. The
virtually infinite input impedance of U29 prevents
the Ctv’~)S switch fr’om inLrnducing non [IneapiLies.

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

U815 (E-5) is a differential buffer to permit
the power amplifier‘ to be oper,ated in a floating
mode. U815 and the entire power amplifier, ape
power,ed from an isolated power supply 1;0 permit
this entlr,e block to be r,efer,enced to a ground
potential differing from that of the 4400A o|Pcuit

6.14.2 Zero Cross DetactoP

U310 receives a sample off the SOURCE signal
via R48 and C29. R50, R61 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
wavefoPm just crosses 0 volts in a negative gsing
dir,ection the output, pin 6, swings positive
changing the refer,ence voltage on pin 8. The
signet must then go positive of 0 volts in the
opposite direction to change the state of pin 6
of U310, This ensures that the positive going
transitions of the squarewave output coincide
with the negative zero crossing transitions 0f
the stgnat for proper gate oper,ation. The
negative square wave transitions will be displaced
in time due to the hystePsts action.

U810
Pin 2

U810
Pin 6

Q24 is used to inhibit the action of the zero cross
detector when it is not required. When the CONT
gate button is pushed, 0.24 is saturated to shunt
I;he SOURCE signal and inhibi~ the operation of
U810. This ensures clan signals £Pee from the
~tentlal l~kage of ~he s~Pp spikes present
dur,lng the transitions of U810.

Output Power- Amplifier,

U818 is a differ,ential input buffer‘ with a loss
of 12dB used to br,idge the instrument refer,enced
gr,ound of the SOURCE sigr~l to the output cir,cuit,
The divide by four. conflgur’ation gives the cir,cuit
a common mode r,ange of over‘ 60 volts, the
maximum swing of the output power amplifier,.
This allows the output high to be connected
dir,ectly to instr,ument ground and the signal
taken fr.om the output floating gr,ound, This
gives complete fr,eedom of use of the two output
ter,mlnals for use with balanced, floating loads.

U815 is coupled tO RV15 the OUTPUT LEVEL
control. This has a range of 0 to about -14dB
loss, The signal is then coupled into U814
inverting input via R89 and~ if RL7 is closed~
R88. RL7 sets the pain of the power amplifier
to +16rib or" +26dB nomir~liy as deter’mined by
the r‘equirements of the OUTPUT ATTENUATOR.
(see the GENERATOR BOARD OUTPUT POWER
AMPLIFIER table).

The op amp U814 pr‘ovtdes most of the loop gain
of the output amplifier‘, it is supplied fr‘om the
"floating" -+50V rails via zener‘ r’egulator’s. U814
output dr’lves the b~se of Q2B. The signal is also
shifted in D.C. level by the thor’really variable
potential aor’oss CO0 to dr,ire the base of Q27.

Q26 and Q27 ar,e the "driver" pair.. They
provide comptementar‘y signals to the b~ses of
the output pair‘ Q29~Gh as current incr,eases in
Q25 it decr,eases in Q27, and vice ver‘s~. This
causes complementar,y signal cuPr‘ents in the
output pair‘~ to dr,tve the load positive and
nepatlve of the common terminal.

Tr’ansistor’s Q26 and Q28 pr’ovide shop,t-tip,cult
pr’otection, If the output is short-circuited
loaded with too low a resistance, and if r,elay
RL6 (0-1) is closed, the output amplifier, will
attempt to maintain signal voltage acr‘oss it by
pr‘oviding large signal cur‘r’ents. However" if the
in (~£9 (for" example) appr’oaches 200mA, voltage
appear’ing across R74 will c~use Q26 to conduct
and dlver’t base drive cur‘Pent fr‘om Q29.

Over’all feedback is via the networ’k R82/C82.
Audio-fr‘equency feedback is via R82, giving an
over‘all gain of appr‘oximateiy 6 or" 22. The
capacitor‘ pr‘ovides phase-lead feedback to suppr,ess
r‘inglng or‘ oscillation in the output~ and to give the
best tr’ansient r’esponse.
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5.14.4 Output Attenuator

R72 and four voltage divider8 formed by R54~55~
56~57~66,67~68 and 69 provide 5 levels oF
attenuation fi~om 0 to -80riB. This~ ip conjunction
with the 0 or 10dB gain, o? U29 and the +16 or
+26dB gain o£ the power amplirieP provides 11 steps
of output level in 10dB increments, The output
attenuator is designed to present a constar~t 50#
source impedance to the load at any setting of th~

Relays are used to se|ect the tap point for the
output due to the low impedance and high voltage
swings and to p~event non linearities tk~t etectron[~
switching would introduce, The !% resistors
produce accurate 10dB steps throughout the range
The relays are driven by diode logic Addressed by
the OUTPUT ATTENUATOR switch Slg. See
GENERATOR BOARD OUTPUT POWER
AMPL[FI[ER table for details,

5.14,5 Meter Send Amplifier"

U210 and U17 form a switched gain preampiIfiem
to provide a sIgnai representative of that on the
OUTPUT connector to the meter a~d internal
phase reference, Their purpose is to buffer, the
floating output and provide a ground refe#enoed
signal with an amplitude range lower than
although the OL~FPUT signal can v~r~/ mop~ than
120dB.

U210 is a differential input ampiif’ier with a gain
of-17dB or+lSdB. U17 has
+80riB. Three sets of overall gains of-17dB~
+18dB oP +~dB ape selected by the OUTPUT
ATTENUATOR switch $16 to coPPes~ ~o the
PequiPements o£ the OUTPUT sig~l a~ the meter
se~ range, Again the ~able gives details of ~he
operation of the CMOS ~ttch U18 to establish
these gains, Trim controls RV1
RV4 align the ~tns of the ~ir to
inc#emen~s, The ~Pious ~citoPs provide
ampI ifieP s~bil ity,
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Caution, This instPument contains CMOS and other" types of
semiconductor’s that ape sensitive to e[ectPostatic dischaPge.
These par’is can be per’manentty darr~ged or" their" r’eliab[ttty
diminished unless pr’opeP handling pr’ocedur’es ar’e followed.

Befor’e r’emoving the cover" of’ this instPument study these
pr‘ooedur’es car’efuily and follow them r’igopously to avoid
damaging your’ tnstr‘ument,

1) USE A STATIC FREE WORK STATION.

2)

This includes an antistatic woPk suPf’ace gPounded via. a 8801<~ Pesistor"
to a haPd gPound. Avoid all plastics, vinyl and styPofoam including
styPofoam cups~ plastic cofffee cups, plastic coffee cup hotdePs~
cigaPette packages with celtoph&ne wr‘apper‘s, plastic combs~ vinyl books
or- fotdeps~ plastic covePs on wor’k sheets~ plastic bottles, plastic bags,
potato chip bags, plastic puPses, plastic solder" suckePs and plastic
ashtPays.

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

Develop habits to pPevent dischAPging your‘ body into static sensitive
devices, When appPoaching a test bench touch a gPound fir‘st, When
wor‘king on equipment weAP a metatio wpist stPap connected via a 330KQ
PesistoP to haPd gr‘ound. If not weaPing a gr‘oundtng stpap hold on to
gPound while touching any semiconductor‘ (unpower‘ed of’ cour‘se).

3) KEEP PARTS AT GROUND POTENTIAL

SLoPe paPts in antistatic container’s such as special antistatic tntegr’ated
c[mcuit stor’age tubes or" special conductive f’oam. Pick up p~r‘ts by the
the body of the item, not the leads, Do not subject semiconductor’s to
sliding movemants oveP any sur’fs.ce at any time.

4) USE GROUNDED TEST EQUIPMENT

This includes solder, trig iPon tips, vottmater‘s~ oscilloscopes etc. Never‘
pPobe or" test semiconductor‘ cir‘cuitr‘y with a volt-ohm meter’.
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COMPONENT REMOVA L AND REPLACEMENT

Components that are soldered in plaoe must be removed with great care to
avoid permanently damaging the printed circuit board. Amber circult
boards ere among the highest quality available but, as with all boards with
high component density, srr~t~ somewhat fragile traces ape used, Improper
component removal could putt these traces o~f" the board necessitating major
repair.

To remove a defective or suspect eomp0nent first remove solder from the
mounting pad, Use a good qualt~y vaocum solder removal too[ 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 wilt probably be sticking to one side el~ the hole, Use care to avoid
damaging the pad. It is suggested that where possible, the component be
cPushed 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 toads one by
one, Do not use excessive force to pull the leads out of the board, They should
either l’atl out by gravity op be able to be gently removed by applying a slight
heat Co the lead with a soldering iron, Avoid overheating the pad as this could
destroy the adhesive holding the pad and trace to the boa.pd substPate, Examine
each removed lead to see if the internal hole plating has been removed by
accident, If so this pad wilt have to be soldered on both sides o1" the board when
the new component is inserted to maintain continuity,

Carefiul practice in component removal wilt prevent any board damage and
leave the component mounting pads and surPounding boaPd area tn the same
state it was in befope component removal,
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Section 6

4400A AUDIO TEST SET
ADJ USTMENTS AND CA LIBRATIONS

6,0 General

Due to the m~ture of the 4400A nit
with one excepttonj can be made using the 4400A

itself and an external oscllloscope~ This
exception is the absolute amplitude c~libratlo~
of the digital dBm measuring circult. This
requires either another C~llbPated 4400A 0P an
equivalent, accurate meter c~pable of measuring
amplitude in dBm.

The use of an oscilloscope is not assent[at for
all calibrations but its use is recommended to
observe waveforms during all adjustments.

[fa complete calibration ls being done It shou|d
follow the order outctined in this sectton as
some calibrations ape done uslng other circuits
of the 4400A which are presumed prevt0us[y
calibrated,

Generatly~ all the adjustments are analog and
amplitude in nature. Frequency adjustments
are not required as these circuits use the,
8.072 MHz rr~ster clock for’ their reference.
Th[s clock is generated using a crystal whose
basic accuracy and long term stabtlit!/ ls far
better than required for" most purposes.

Certain ff’equency related variables cannot be
referenced to this master clock (sweep end
points, for example). In these oases stable.
_+1% precision components are used and absolute
accuracy can be verified using the crystal based
circults. (for examplej the sweep end points
can be measured with the frequency counter and
the plot with markers~ both of which derive.
if’on the crystal.)

The 4400A measures and plots amplitude with the
designation dBm. The proper definition of this
term requires the measurement to be made
across a 60Q~ resistor. Most measurements
will be the same absolute amplitude (l. e. volta£e
with or without a 600~ termination, [f they are
made in typical points within the 440Q~ as the
source Impedance is below 1#, Strictly speal~lng#
these measurements~ when trade without a 600~
termination ~nd with a convent[o~l high
[mpedance AO voltmeter (or "dBm " meteP)~
should be speo[f{~ {n dBv. HoweveP~ two
convent[ors are ~pu[sP ~s ~ reference fop
One steles t~t 0dBv = 1V RMS white the other
sta~es 0dBv = 0.775V RMS (=0dBm across
To ~vo[d ~h[s cohesion ~nd ~o agree wi~h the
pane{ des[gna~[ons used in ~he 4400A the ~ePm
dBm wUI (Incorrectly) be used ~hroug~u~ the
c~t [bra~{on procedure.

To summar[ze

0dBm = 0.776V RMS as meast~red with ~ high
impedance voltmeter that presents virtually no
10ad }~o the measuring point. The same
yo~tmetep woul~ read 0dBrn tf placed across a
6009 resistor dise’lpat~ng I roW. Most con~;empory
AG voi~qme~ers fulf~H thls descr’tptlon.

,6.0.1 Measupln,g Amplitude

The 4400A resolves to 0.01EIB although basa
specified absoiMte accuracy of typisaily _+0 ~ 2dB.
TO achieve this or beL’~en ~alibratlon accuracy
implies the use of ~ meter cap, hie of measuring
to better than _40. ldB or about ±1% Few
instruments are capable of such accuracies and
eve~ fewer over any PPequenoy pangs oP below
a few hundred mllltv0its.

When performing the caUbration of the 4400A,

6,0,2 Simplified Schematics

It is suggested that the reader observe the
various simplified schematics in this seeti0n.
The general functional schematic at the end
together with the col lbratton summary shows
all the calibrations referred to in this section.
Additional partial functtonals throughout the
te×[ serve to clarify signal path end functional
layout of specific circuits.
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RECEIVER BOARD CALIBRATIONS

Adjustments and calibrations in the receiver
board can be classified into four basis areas:

1) Preamp or front end
2) Filter
8) Digital plot recorder analog section
4) Digital plot recorder digital section.

6.1.1 PPeempoP Front End

There ape Five trim adjustments in this area.
The preamp can be set to one of three gains
a nominal 80dB dff-’f~ePencs between each
Four of the trims set’these gain dl~ePeno~ tp
precisely 8~B while the f~h adjusts the gain
symmetry between A a~ B in,is oP the
(com~n m~e Pejec~ion Pa~o) In the
configuPation, Note t~ the absotu~e g~in
Ices is no~ cnit[ol at this ~int only the 8~B
di~ePence between gains. See Fig 6.1.1

Equipment Required:

AC voltmeter measurlng in dBm with an absolute

DC Oscilloscope
Procedure:

Set up generator section of 4400A to provide
a fixed ~equency sine wave around lkHz.
Connect the GENERATOR OUTPUT to INPUT
A and monitor this point with the external
meter.

Set RECEIVER FUNCTION switch to any
non-filter position, for example positions 6
through 1 i.

Set the INPUT RANGE pushbutton growf~ to
-30 to -90dBm. "

Send a level of-40dBm to INPUT A. Read
the signal level at FILTER OUT (the out~t
of the pneamp In this case)0 It should be
+edBm !ldB. Note the actual level.

Change the INPUT RANGE to 0 to -60c~Bm
and change the signal level at INPUT A to
-10dBm (exactly 80dB above the previous
level). Observe the level at FILTER OUT.
It should be nominally +3dBm, Adjust RV~
fop the same reading as in step 4. (l.e. If
the reading in step 4 was +2.8dBm adjust
RV5 for +2.8dBm)

Raise the Input level to +20dBm (exactly
80dB above the previous level) and change
the iNPUT RANGE to +80 to -80dBm. Look
for & reading of 4-edBm at filter out. Adjust
RV2 for a level of exagtly the same as the
reading in step 5). (Using the previous
example the reading would be +’2.8dBm).

Return th~ INPUT A level to -10dB. Select
-0 to -60 INPUT RANGE. The signal at
FILTER OUT s~3uld be approximately +3dBm.
IX4ove the signal to INPUT B and select
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 OUT should drop by several
Adjust RV8 for minimum signal, it should
be possible to adjust for a cancellation of
mope than 50dB ([.e. around -50dBm).

Repeat step 7. with a signal level of +20dBm
and INPUT RANGE of +80 to -30dB. Now ¯
adjust RV1 fop maximum cancellation.
Again look for 80dB or more cancellation,

The-final control, RV4, will be adjusted
using the meter in section 6.8 paragraph 16.
The preamp should now have three gains
differing by exactly 80dB.
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6,1.2 Filter

single adjustment is provided in the fltter section~
high frequency compensation variable capacitor,

The purpose OF Lhe filler frequency compensation
is to provide a consLant filter" center frequency
gain aL all frequencies. Witt’~ut compensation,
at high Q values and high frequencies, "Q
enhancement" occurs, This is caused by the gain
bandwidth product i imitations 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 or AC Voltmeter

1, Connect the oscilloscope or external meter to
FILTER OUT,

2. Connect SOURCE out to INPUT A and select
the +30 to -80 INPUT RANGE. Select 100Hz
to 100kHz on both the GENERATOR and
RECEIVER. Setect SWEEP MAN START
on the 9enerator and SWEEP FREQ on the
receiver, Select MOM sweep and a suitable
SWEEP SPEED (around 8 sacs to start),

Turn the FILTER Q control to minimum Q
(fully COW) and the generator and receiver
FINE FREQUENCY controls to their mid
position,

4, Using the UP and DOWN buttons advance the
generator and filter to a mid band frequency
(around lkHz). Tune the FILTER FINE
FREQUENCY for a maximum reading on
the external oscilloscope or meter. Advance
the FILTER Q con[Pot to its maximum Q
position and carefully retune the FINE control.
Note the maximum reading obtained as the
control goes through the peak,

5. Repeat step 4) but at a feequency of around
60kHz, Start with low Q then advance to
high Q, Adjust CVl ~ the variable capacitor
on the receiver board for the same reading
as observed at lkHz, Note that some settings
of the trim capacitor will cause the filter,
to oscillate, Verify that the filter is not
oscillating when the corPecl reading is
obtained by temporarily disconnecting the
INPUT A signal, FILTER OUT should
have qo 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 severaI AC gain stages~ two RMS to

comparator and a linear ramp generator. This
section describes the adjustment of the DO 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 tint two independant RMS to DC converters
are used in the plotter, in the dB RATIO mode

amplitude of the A and B signal inputs. The
difference of the logs of these ~vo amplitudes
is then plotted.

In the case of dBm ABS both RMS converters
act on the same slgr~l. To permit an accurate
conversion over the full amplitude and frequency
dimension the amplitude range is divided into two
30dB wi~dows with each window being measured
by its own converter. As both are operating
simultaneously the transition from one converter
to the other (auto ranging) is smooth and
unnoticeab[e~ provided each converter is proper|y
calibrated. Tl~a 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 off the RMS converter is
somewhat dependant on the signal level (a condition
of virtually all AC to DO converters).
Thus the top converter will be at the end of its
range, where it is slowj and the bottom converter
will be at the top of its range~ where it is fast.

should not be confused with the pronounced FAST
and SLOW RMS selection shown on the front

Equipment Requieed~

AO Voltmeter measuring in dBm with an absolute
accuracy of ±0.2dB oP better.
DO Oscilloscope.

1. This procedure assumes the preamp has
been correctly adjusted as described in

2. Select 0 to -60dBm input level range on
preamp, select dB RATIO mode with
RECEIVER FUNCTION switch and INPUT B
on PLOTTER INPUT SELECT toggle.

Connect a mid-band signal (approx. lkHz)
to INPUT B at a level of-20dBm. This
signal should appear at an amplitude of
approxirr~tely 0dBm at the inputs (pin 1)
of both RMS to DO converters.

Connect an oscilloscope probe to the first
RMS converter, U68, pin 6. Set the
sensitivity to about 5mY per division or tess.
Adjust AM18 for a minimum DO reading. As
the control is turned end to end the voltage
may swing up to ±50mV.

Using a similar procedure to 4. above
adjust RV14 for a minimum DC voltage at
PIN 6 of U77.

With the same signal amplitude and frequency
levels specified in 2. and 8. connect the
signal to INPUTA~ select- DUAL CHANNEL
(mid position of toggle) and PHASE INT REF
on the RECEIVER FUNCTION switch.

With a probe f~om the DO oscilloscope look
for a level of approximately +5V DC at
pin 6 of U72. Adjust AM15 fop exactly
+5.0V DO.

Look on Pin 2 of U64 and observe a linear
ramp with a slope between +10V DC and
0V DO. Adjust RV16 so the bottom of the
ramp just hits 0V DC. See figure 6.1 .8.1

wrong

Fig. 6 ,1,~, 1

wrong right

RV16 Ramp Adjustments

Set up the oscilloscope to view the digital
plot recorder. Using the set up of 6. sweep
the recorder. It should plot near the center
reference line. Adjust AM6 so it plots
exactly on the center line,

10. Change the RECEIVER FUNCTION switch
to dBm ABS. With the same signal as
before (-20dBm) adjust RVI0 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 Iines separated by 6 n~jor
divisions. Each major line will then
correspond to a 10da step. )
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11.

1~,

Change the input level to -10dBm and adjust
RV8 for the proper plot.

Check -20 and -10 again and verifiy that
they ape correct, If not~ repeat steps
10. and 11,

Change the input level to -50dBm and adjust
RV12 for a proper plot,

14, Change the input level to -40dBm and adjust
RV9 for a proper plot,

Step the input level over the range 0 to
-60dBm in 10rib steps and check if all steps
fall on a major line on the scope,

16. Finally ser~ 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),

17, Change the input levels at A and B over the
range -5dBm to -50dBm, The plot should
Rot deviate more than _+1 ,sdB,

DIGITAL SECTION

A single trim control requires adjustment in
this section, This cont#oI~ RV7~ sets the x5
magnir~y mode to be exactly 5 times the normal
(xl) mode.

Equipment Required~

DO Oscilloscope

Procodure~

1, Set the internal miniature rocker" switch
to the ×5 mode, (Swttch 8-0 to be closed
see section 4, fop detailed instructions,)

2, Connect the oscilloscope to the 4400A and set
¯ u p at t controls to view the dig itaI memory
(plotter) output, Connect OUTPUT to INptJT
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
signal of about -10dBm, Select MEN ENTER
into trace B or O,

4, Push the UP button and plot a step pattern
by towering the send level by exactly 10dB
during the plot.

Putt the TRACE SHIFT x5 control, The
10dB step created in step 4 should be
expanded to be approxin’~tely the total height
between the top and bottom reference lines,

Using the TRACE SHIFT control RV~ and
adjust the reference lines so they fall exactly
on the step pattern,
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A

AMPLITUDE PLOTTING (ANALOG)

dB ABSOLUTE PLOTTING SIMPLIFIED

dB RATIO PLOTTING SIMPLIFIED

OUT

PHASE

INT

PLOTTING SIMPLIFIED

RAMP
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( 6,g GENERATOR BOARD CALIBRATIONS

Generator board calibrations divide into four

1 . COMB GENERATOR and lkHz send amplitude
2, lkHz Tone Decoder Frequency
3, Power amplifier Ofl’set and Bias
4, Meter Send Amplifier Gains

Comb Generator Ampt itude Adlustments

The comb generator starts by generating 10
square waves of the required fi-equencies and 10
square waves equal to but opposite in phase to
the third harmonic of these fundamentals, These
signals are summed individually and sent to 10
low pass filters, Component variations due to
finite tolerances will present amplitude
~Piations at the out~ts of the respective f[ltePs,
Th[s procedure adjusts each of the 10 circuits to .
give identical ou~t amplitude,

Equipment Required:

AC voltmeter with a #requency response accuracy
of _+0, ldB or better 80Hz to 20kHz br an
Oscilloscope,

Procedure:

Connect the AC voltmeter- or Oscilloscope to
SOURCES out and select COMB on the
GENERATOR FUNCTION switch. Select
IRHz wlth the COMB/MARKER pushbuttons
and adjust RV18-6 to its midpoint. Note
the level observed,

Turn off the lkHz and select each frequency in
turn one at a time and adjust their respective
trims (RV18-1 through RV18-10) rot an
ampl itude equal to that observed in step 1.

6.2.2. lkHz Auto Start Tone Adjus=t

The lkHz sine wave used to generate the cue tone
to syncronize sweep and, memory enter, fiJnctions
in the AUTO START mode is generated by fiiterfng
a l kHz square wave clock stgnal, This procedure
adjusts its amplitude to be the same as the
swept stne wave.

Equipment Required=

AC voltmeter or an Oscilloscope.

Procedure:

1. Connect the AC voltmeter or oscilloscope to
SOURCE out. Select AUTO START REC
mode on the GENERATOR FUNCTION switch,

Select MOM sweep and using the UP and
DOWN p~lshbuttons advance the sweep to a
mldband frequency (approximately lkHz),
Note the level at SOURCE out,

Select SINGLE sweep and let sweep advance
to the end so the lkHz cue tone appears.
Adjust RV7 so the level at SOURCE out is
the same as that noted tn 2,

6.2,8. lkHz Tone Detector Adjust

The lkHz tone detector is energized when in the
AUTO START REP mode and decodes a lkHz
signal at INPUT A to provide a logic command
to start the plot recorder in sy~cPonism with an
externally generated sweep,

Equipment Required:

An external tkHz accurate oscillator or the 4400A
generator set to lkHz,

Procedure:

The COMB generator or lkHz AUTO START
generator cannot be used as the GENERATOR
FUNCTION switch must be in AUTO START
REP.

Put the SWEEP controls in the MOM mode
and sweep up to lkHz, Use the FINE control
to set the generator to as close t6 1000Hz
as is possible,

8. Connect the OUTPUT to INPUT A, Send a
level of" just under 0dBm and set the INPUT
RANGE pushbuttons to 0 to -60dBm.

,Adjust RV8 so the lkHz SENSE led lights.
Lower the output (send) level until the led
goes out, Re-adjust RV8 so the led comes on,
Repe~t until the lowest level is reached where
no further optimization of= RV8 is possible,

6. g.4 Power Amplifier Offset

This procedure adjusts £he output power ampiif=ier
f=or‘ minimum DO off’set,

Equipment Required:

DC Oscltloscopo.

Procedure:

1. Connect the oscilloscope to the OUTPUT
BNC Connector’.
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Select +80 on the OUTPUT ATTENUATOR,
push in the DC OFFSET control (concentr-ic
to the output level control) ar~ select EXT
with the OUTPUT pushbutton. Theme should
be no AC signal on the output except noise.

Adjust RV-6 for minimum DC offset. The
extremes of the control r~ay permit up to
_+150 mV DO 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 dis[option
as the signal goes through zero volts, With no
bias there will be a dead band &t the zero crossing
which will show up as dis[option. The distortion
will be lnversly proportior~l 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 output
devices which could cause excessive heat
dissipation,

Equipment Required:

Oscilloscope

1 . Connect the OUTPUT BNC to INPUT A BNC
ar~J the oscilloscope to FILTER OUT.

transistors and eventual dis[ruction of the
output devices.

SINE WAVE
SHOWING
CROSSOVER DISTORT[0N

FUNDAMENTAL NULLED
OUT TO SHOW SpIK~-S

6,2,6 Meter SendArnDlifter Gains

The meter send ampl trier provides a ground
refiePenced signal to the meter board with a
level mange within the capabilities of the meter
while the generator output may vary over 8 much
larger level P~nge. ~t monitors the actual out~t
connector and is similar in conf[guPatio~ to one
half of the [n~ primp, Its gain is set
automatically by the OUTP~ ATTENUATOR
switch and this g~in is Pe~ted to the meter
in o~eP that the true absolute ou~pu~ level be
displayed on ~he digital readout. The following
~libPat[on procedure assumes the inpu~
pbeamp has been calibrated as in section 6.1.1.
The meter need no~ be accurately ~atibPated as
1~ is only us~ fop comparisons.

2. Select the first post[ion on the GENERATOR
FUNCTION swltch~ fixed frequency SINE
WAVE. Select the first position on the
RECEIVER FUNCTION switch, fixed
frequency BAND PASS. Select maximum
FILTER Q.

Tune the GENERATOR to a frequency aPour~
10kHz. Tune the FILTER to the same
frequency and using the FINE control tune
for, a peak.

Equipment Requlbed~ None

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 lkHz) sine wave. Select
-30 to -90 dBm !nput level raRge on the
recelve input.

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 FILTER
Q to minimum. If necessary retune the
FILTER fop a null,

Turn the BIAS[rim contPol~ RV6~ counter-
clockwise and observe short sharp spikes
on the hulled w~veform. Carefully 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

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,

Select SEND on the meter MEASURE
pushbuttons and adjust RV2 fop the same
digital readout as in step 2.

Select -10 on the OUTPUT ATTENUATOR
and 0 to -60dBm on the INPUT RANGE
pushbuttons, Select iNPUT A on the meter
and adjust the OUTPUT LEVEL for a reading
of -10.00dBm.
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5, Select SEND on the meter and adjust RV1 for,
the same dBm re~ding as obtained in step 4.

6. Select +20 on the OUTPUT ATTENUATOR
and +80 to -30 dBm on the iNPUT RANGE
pushbuttons, Select iNPUT A on the meter
and adjust the OUTPUT LEVEL control for
a reading of" +20,00dE3m,

7. Select SEND on the meter and adjust RV8
fop the same dE3m reading as obtained in
step 6,

8, Without disturbing the teve| set up of= step 6~
disconnect the cable from the OUTPUT
connector and iNPUT A, Select the FLOAT
mode on the toggle switch and uslng a
suitable cable connect the OUTPUT signal ¯
invented~ to iNPUT A, ThaL 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,

9, Repeat step 7, but adjust RV4 instead of= RV8
f=oP the same level,

10, Reconnect as in step 1. and veri~/that the
three levels specif=ied In step 2,, 4, ~ and
are the same in both iNPUT A and SEND
modes under" the conditions described,
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METER BOARD CALIBRATIONS

This adjustment pnocedure calibrates the meter
board itself for correct dBm readings. The
meter board receives signals from the other
b~vo boards of an amplitude beb~een +18dBv a~d
-47dBv (l,e. a range of 60 dB), It also receives
logic commands to indicate gains in earlier s~ages,
These ar~log signals and digital commands ape
used to generate the dtgital display0 Thls
procedure involves adjustments to affect the gain
of the input autoranging circuitry that converts
the 60dB Input range to a 80dB measurement
range and adjustments to the RMS to DO converter,
the average and peak detectors and the log ar~log
to digital converter to provide an accurate digital
display.

All meter calibrations assume the INPUT PREAMP
has been calibra[ed as described in section 6, 1,1,
The Pe~deP is also advised to, note the observations
of section 6, 0.1,

Equipment Required=

Ac voltmeter with an absolute accuracy
measurements of _+0.2dBm or better.
DO Oscilloscope,

in dBm

Select RMS FAST and INPUT A on the meter,
Select 0 to -60dBm INPUT RANGE on the
receiver and connect a mid band signal
(approximately lkHz) to INPUT A, The AC
voltmeter should also be connected to this
point° Install a clip lead from the right end
of R64 to the top end of R78, This suppl ies
+10V to R64 and holds the autorange switch
in the low gain mode to facilitate the following
adjustments,

2, Set the INPUT A level to -31dBm and adjust
RV11 for a display readout of-1,00dBm,
(The display wilt flash but the -1,00 will be

Change the INPUT A level to -41dBm and
adjust RV2 for a display readout of -11.00dBm.

4, Check the -81dBm (-1,00dBm) reading again
and if necessary repeat steps 2, and 8, to
obtain proper results.

5. Remove the clip lead.

6. Change the INPUT A level to -10dBm and
adjust RV8 for a display readout of -10.00
dBm,

Change the INPUTA level to -1 dBm and
check that the display readout is -1.00dBm, .
inability to obtain this reading lnd[eates
either RV11, RV2 or RV3 have been
improperly set and steps 2, through 6, should
be repeated or- the AO meter being used has
a cumulative absolute error close to that
being d fsplayed,

Change the INPUT A level to -20dBm and
adjust RV10 for a display readout of
-20.00d Bin.

Change the INPUT A levelto -30dBmand
adjust RV1 for a display readout of
-30,00dBm,

10, Select an INPUT RANGE of +30 to 40dBm
and change the INPUT A level to +80dBm.
Adjust RV5 for a display resdout of
+30,00dBm,

11, The meter ls now c~tlbrated In the RMS mode.
Ver[~ by rr~klng some spot checks at
various levels. Again, bear- In mlr~l that ’
the digital readout which resolves to 0.01dB
will display errors in the meter- circuit, the
input preamp and the external AO voltmeter,
All elements would have to be accurate to
better than 0,05% cumulative error, an
unlikely pPospect~ for" the digital display to
shaw all dlgits perfectly.

12,

18,

14,

15.

16.

Change the input lea, el to -10dBm and select
the 0 to -60dBm INPUT RANGE. Adjust the
signal level for a display red-dour of exactly
-lO.OOdBm.

Push both RMS FAST and SLOW to select
AVERAGE (or- PEAK) response, Adjust
RV7 for e, display readout of -10.00dBm,

Change the iNPUT A level to -80dBm and
adjust RV6 for- a display readout of

If PEAK is used repeat step 14, using RV4
and RV6,

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 ehauld not be confiJsed with the
RV4 in the meter beard.
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CALIBRATION SUMMARY
Location Desig. Function Trim Procedure

RV1 U17 OdE] Gain ADJ Adjust for Nominal OdE] Cain to be exactly
8OdE] less than nominal +30dE gain,

RV2 Meter send gain adjust Adjust for correct GENERATOR meter
se~d lave% l, e0 correct dBm dlsplay
reading,

RV8 U210 normal -17dE With OUTPUT ground at instrument
gain adjust, ground,adjust for nominal -17dB gain to

be exactly 80dB less than nominal +18dB galn.

RV4 U210 reverse -17dB Wlth OUTPUT * hot~ at instrument ground,
gain adjust, adjust as RV3 above.

RV5 Power Amp. bias adj. Adjust to just eliminate crossover distortion.

RV6 Power Amp. offset adj. Adjust for minimum ObTPUT DO offset,

RV7 1 kHz amplitude adj. Adjust for same amplitude 1 kHz tone at
AUTO START RECORD as SWEPT SINE
WAVE,

RV8 1 kHz tone detector adj. Adjust for correct center ~equency of U92
1 kHz PLL tone detector,

RV 18 -I COME] generator individual Adjust so each of ten COME] frequencies is
thru fi, e~uency amplitude adjust. same relative ampl ltude.
RV18-10

Receiver RV1 U111 -17dE] gain adjust Adjust for nominal -17dE gain to be exactly
80dE less th~n nomlr~l +13dB gain.

RV2 U112 -17dB g~in adjust Adjust same as RV1 above but on U112,

RV8 U218 Ctv~R adj, With DIFFERENTIAL selected and equal
1 kHz s[gr~is at A and B inputs~ adjust
floP minimum output fi~om U218.

RV4 U3180dB gain adjust Adjust for nominal 0dB gain to be exactly
80dE less than nominal +80dE] gain.

RV5 U314OdB gain adjust Adjust same as RV4 above but on U814.

RV6 LIN Ramp generator offset Adjust for 0° phase diff. to plot on
center reference line,

I~ RV7 x5 DISPLAY mode Adjust so x5 DISPLAY mode is exactly
5 times normal ( xl ) mode.

RV8 U6% U67 gain adjust Adjust in absolute dBm mode so top 80dB
dB scale ~actor adjust of 60dB window shows correct plot cb~nge

for corresponding amplltude change at input.

I~ RV9 U77, U75 gain adj. Adjust as RV8 above but for lower" 80dB
scale ~actor adjust of 60dB window.

RVIO Plot offse% top 3OdB Adjust as RV8 above but for correct
absolute plot value for corresponding
input value ( in top 80dB ) .

RV11 Plot off%el, ratio Adjust after RV1% in ratio dB mode for
center reference line plot with 0dB
difference at inputs.
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Location Des[g, Function

Race[vet RV12 Plot offset, lower 30dB Adjust as RVIO above but for lower 80riB,

RV13 U68 sc~|e adjust Adjust so OdBm at U68 P[n 1 results in
0VDC ±SMVAT U68 P:[N 6,

RV14 U77 scale adjust Same as RV18 above but on U77,

RV15 U72 offset With 0° phase shift between two inputs
adjust for +5.0V DC at U72 pin 6.

RV16 Linear ramp scope Adjust so bottom of ramp just touches
adjust OV,

Meter RVI U210 offset Adjust for correct absolute dBm readfngs
at very low levels in RMS mode.

RV2 Log Ramp slope Adjust so a given Inp~t change In amplitude
shews correct digital display change [n dE~,

RV8 U312 OdB gain adjust Adjust for" nominal OdE] gain to be exactly
80dB less than nom[l~’~[ +80rib gain.

RV4 U318 offset Adjust for correct absolute dBm readings
of low level signals [n PEAl< mode,

~1 RV5 U48-TdB gain adjust Adjust for nomlnal -7dB gain to be exactly
10dE~ less than I~om[r~l +3dB

RV6 U411 offset Adjust for" correct absolute dBm readings
of low level signals in AVERAGE mode,

RV7 U411 gain Adjust for desired dBm cat[b~-at[on in
AVERAGE oP pEAK mode,

RVB U815 offset Not used,

RV9 U315 offset Not used,

RV10 U815 offset .Adjust for correct absolute deem readings
of low level signals In RMS mode.

RVl 1 Log Ramp start point Adjust for correct over’all dBm RMS
calibration ,
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CD4001
Quad 2-Input NOR

CD4011
Quad 2-Input NAND

CD4002
Dual 4-Input NOR

C04012
Dual 4-Input NAND

CD4006
18.Stage

CD4013
Dual "D" with

S~t/Reset Capability

CD4008
Four-Bit Full Adder with

Parallel Carry Out

CD4017
Decade Counter/Divider

Plus 10 Decoded Decimal Outputs

CD4019
Quad AND/OR S~lect

CD4025
Triple 3-Input NOR

Voo

L 0z

CD4027
Dual "J,K" with

Set Reset Capability

JAM
INPUTS

vs s

CO4029
~esettahle Up/Down Counter

Binary or BCO-Decade
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c~

Vss.~z

CD4030
Quad Exclusive-OR

CL~ ~----

TIC L

CD4035A
4- STAGE REGISTER

J15

TIC’ OUT

with J-K Input
and True/Complement Output

12-STAGE
RIPPLE COURTER

CD4040
12-Stage

Vcc ~

{o)

IN/OUT

CHANNELS= 2 2
IN/OO¥

I0 9
V00 = 16

CD4052
Differential 4-Channel

ox 12

15 bx OR by OUT/IN

VEE : 7

CO4053
Triple 2-Channel

CD4009, CD4049
Hex Buffer/Converter

Inverting Type

CD4063
4-Bit Magnitude Comparator

C°~c~ ~ ~-OUT/m
U sw I     sm c

CD4016 CD4066

Q~d 0ilateratSwitch

A 2

E 9

H

CD4068
8-Input NAND
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CDZi070
Quad Exclusive-OR

CD4073
Triple 3-Input AND

CD4086
Expandable 4-Wide, 2-Input

AND/OR Invert (AOI)

CD4518
Dual BCD
Up-counter

CD4520
Dual Binary
Up-Counter
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METER DIGIT    PRESETTING LOGIC    TRUTH    TABLE

INPUT RANGE SELECTED +ao/-3o I o/-6o -8o/-9o : +8o/-8o[ o/-6o -80/--90

POST FILTER GAIN 0dB +80 dB

INPUT SIGNAL MAX +40 +80 0 0 -3O -8O -60 0 -80 -8O -6O -6O -9O

LEVEL MIN +8O 0 -8O -6O -6O -9O -3O -6O -6O -90 -9O -120

Pin 5 MSB L h h h L H H L L L L H H

Pin 6 AUTO h L H L H L H L H h H h H

Pin 7 LSB L "L L H H L L L L H H L L

U38 Pin 9 PFG L L h L L L L H H H H H H

Pin 10 h h H H L L H H L L H H h

Pin 11 L h L L H H H L H H H H L

Pin 12 L L L L h L L L h h L h H

H L h H H L H H L L H
U25

Pin 4 H L

Pin 11 H H L L H H H L kl H H H L

Pin 8 L H L h H H L L H H L h H

U26 Pin 4 L H h L H H H L H H H H

Pin 10 H H H H L L h H L L L h H

Pin 11 H h h L L L H L L L H H L

U39 Pin 9 H H L h L h L L L L h L L

U42 Pin 4 h L L L L L H L L L H H L

Pin 16 D h h h L h L L L L L h h H

Pin 17 H L L L L L H L L L H H L
U47

(dur-tng Pin 18 B L H L L H H H h H H H h

Digit 3) Pin 19 A L H h L H H L h H H h L H

DIGIT PRESET 4 8 0 0 6 0 8 6 6 9
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INTEGRATED OIRCUIT POWER SUPPLY VOLTAGES

RECEIVER BOARD Sheet

DEVICE TYPE PIN VO LTA G E PIN VOLTAGE PIN VOLTAGE
4068 8 GRD 16 +sV

U12 4063 8 GRD 16 +SV
lOK RNET

U14 452O 8 GRD 16 +SV
U15 4520 8 GRD 16 +SV
U16 4011 7 ORD 14 +SV
U17 4520 8 GRD 16 +SV
U18 4018 7 GRD 14 +SV
U19 100KRNET

LM325N 7 -15V 11 GRD 14 +15V
Ulll LF356 4 -15V 7 +15V

LF956 4 -15V 7 +15V
U21 4019 8 GRD 16 +SV
U22 4019 8 GRD 16 +5V
U28 4069 7 GRD 14 +SV
U24 4018 7 GRD 14 +5V
U25 4049 1 +SV 8 GRD
U96 4058 7 -TV 8 GRD 16 445V
U27 4018 7 GRD 14 +SV
U28 4012 7 GRD 14 +SV
U29 10K RNET
U210 4081 7 GRD 14 +SV
U211 LF857 4 -15V 7 +15V
U212 LF657 4 -15V 7 +15V
U218 LF856, 4 7 +15V
U214 4066 7 -7V 14 +TV
U31 2102 9-18 GRD 10 +SV
U92 9102 9-18 GRD 10 +SV
UO8 2102 9-1~ GRD lO
U34 2102 9-18 GRD lO +SV
U85 2102 9-18 GRD 10 +BY
U36 2109 9-18 GRD 10 +SV
U37 2102 9-18 GRD 10 +SV
U38 2102 9-18 GRD 10 +BY
ug9 4086 7 GRD
U310 4086 7    "¸ GRD 14 +SV
U~11 4 -l,~V 7 +15V
U312 LF856 4 -t5V 7 +15V
u~Ig Lfv~18 4 -15V 7 +15V
U814 LM318 4 -15V 7 +l#V
U41 4053 7 -TV GRD 1~ +7V
U42 4035 8 , GRD 16. +,,~v
U49 4085 8 GRD 16 +SV
U44 4098 +SV 18 +tsV 16 +BY
U45 4018 7 GRD 14 +SV
U46 10KRNET
U47 10KRNET
U48 LM301 4 -1,5V +15V
u4~ 4 -15V +1,5V

-7",/ 7
4

U412 4 -7V 7 +7V
U416 LM.910 4 -TV 7 +TV
U51 LF656 4 -15V 7 +18V
U52 6408 -15V 1~ +SV 1,2. t6 ~ND
U58 9KRNET
U54 LM,340 & 5.0 t +gv 2 +SV 8 GND
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INTEGRATED CIRCUIT POWER SUPPLY VOLTAGES

RECEIVER BOARD sheet 2of$

DEVICE TYPE PIN VOLTAGE PIN VOLTAGE
U55 4012 7 GRD 14 +SV
U56 4049 1 +SV 8 GRD
U57 4017 8 GRD 16 +SV
U58 4040 8 GRD 16 +BY
U59 4058 7 -TV 8 GRD 16 +7V
U510 4011 7 -TV 14 +TV
U511 4052 7 -TV 8 -7V 16 +7V
U512 4052 7 -7V 8 -TV 16 +TV
U518 4052 7 -7V 8 -TV 16 +7V
U514 4052 7 -7V 8 -7V 16 +7V
U61 LM318 4 7 +15V
U62 LM318 4 -15V 7 +15V
U63 4018 7 GRD 14 +10V
U64 LM811 4 -15V 8 +15V
U65 LF856 4 -15V 7 +15V
U66 LM.301 4 -15V 7 +15V
U67 LF856 4 -15V 7 +15V
U68 AD586 8 -15V 9-10 GRD 14 +15V
U69 LF856 4 -15V 7 +15V
U610 LM818 4 -15V 7 +15V
U611 4025 7 -TV 14 +TV
U612 4OO I 7 -7V 14 +7V
U618 Custom RNET
U614 LM810 4 -TV 7 +TV
U615 Custom RNET
U71 LF856 4 -15V 7 +15V
U72 LF856 4 -15V ’7 +15V
U78 4053 7 -1,2V 8 GRD 16     ¯ +15V
U74 -l~V 7 +15V
U75 LF856 4 -15V 7 +15V
U76 LMS01 4 -15V 7 +lTV
U77 AD586 8 -15V 9-10 GRD 14 +15V
U78 LF856 4 -15V 7 +15v
U79 4001 .7 -7V 14 +TV
[J710 4 -TV 7 +7V

Liv~’~ 10 -TV 7 +7V
4 -TV +TV

10KRNET
U81 LM.qt8 -l~V 7 +15V
U82 LM318 4 -15V 7 +15V
U88 LF856 4 -15V 7 +15V
U84 LES#6 4 -15V +15V
US6 100K RNET
U86 406~ 7 -TV 14
U87 4066 7 -7V 14 +TV
U88 LFS~6 4 -7V 7 +7V

-7V 8 -TV +7VU810 LM818 4 -TV 7 +?v
U811 LMS01 4 -TV ’7 +7V

6"22



INTEGRATED CIRCUIT POWER SUPPLY VOLTAGES

METER BOARD Sheet 1 of 1

DEVICE TYPE PiN VOLTAGE PIN VOLTAGE PIN VOLTAGE

u11 4040 8 GRD 16 +10V
U12 88KRNET
U18 LM840 LAH-10 1 +15V 2 +lOV 8 GRD
U14 LMS01 4 GRD 7 +15V
U21 4518 8 GRD +lOV
U22 4081 7 GRD i4 +1 ov
U23 4049 1 +10V 8 GRD
U24 4011 7 GRD 14 +10V
U25 4011 7 GRD 14 ¯ t-10V
U26 4070 7 GRD i4 +10V
U27 L~01 4 -15V 7 +15V
U28 LMS01 4 -15V 7 +15V
U29 LF856 4 -15V 7 +15V
U210 LF856 4 -15V 7 +15V

LM811 4 8 +15V
U31 4518 8 GRD 16 +10V
U38 4018 7 GRD 14 +lOV
U84 4018 7 GRD i4 +10V
U35 i4019 7 GRD 14 +10V
U36 75492 4 GRD via 1~ 11 +10V
U87 8 GRD 16 +10V
U88 40O8 8 GRD 16 +lov
U39 4025 7 GRD 14 +lOV
U810 LF856 4 -15V 7 +15V
U811 4058 7 -SV 8 GRD 15 +10V
U812 LMS18 4 -15V 7 +15V
U812 LF856 4 -15V 7 +15V
U314 LM825N 7 -15V 11 GRD 14 +15V
U315 AD586 8 -15V 9-10 GRD 14 +15V
U41 4027 8 GRD 16 +10V
U42 4081 GRD 14 +lOV
U48 8082 5 GRD 15 +gv
U44 470£ RNET
U45 47£ RNET
U46 75492 4 GRD v~.a 14 11 + 10V
U47 1 4-10V    / 22 GRD
U48 LF856 4 7 +15V
U49 LF856 4 -15V 7 +15V
U410 I LF~6 4 -15V 7 +15V
U411 LF856 4 -15V 7 +15V

, , ,

~1
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INTEGRATED CIRGUIT POWER SUPPLY VOLTAGES

GENERATOR BOARD Sheet 1 of 2

DEVICE TYPE PiN VOLTAGE PIN VOLTAGE PIN VOLTAGE
U11 LM825N 7 -15V 11 GRD 14 +15V
U12 4011 7 GRD 14 +lOV
U18 4081 7 GRD 14 +lOV
U14 22K RNET
U15 22K RNET
U16 LF856 4 -7V 7 +7V
U17 LM818 4 -15V 7 +15V
U118 4066 7 -7V 14 +TV

4011 7 GRD 14 +lOV
U22 4081 7 GRD 14
U28 29K RNET
U24 8O82 5 -TV Ig
U25 22K RNET
U26 8082 5 -7V 15 .+TV
U27 4066 7 -7V 14 +7\!
U28 LF856 4 7 +15V
U29 LF856 4 -15V 7 +,!5V
U210 LF856 4 - 15v 7 +15V
U81 Custom RNET
U32 4052 7 -7V 8 -7V +7V
U83 4052 7 -TV 8 -7V 16 +TV
U34 4052 7 -TV 8 -TV +TV
U35 Custom RNET
U36 4011 7 GRD 14 +lov
U37 4081 7 GRD 14 +10V
U88 22K RNET
U89 22KRNET
U810 LIVe18 4 -15V 7 +I#V
U41 LMRIO 4 -7V 7 +7V
U42 LK&’~ I0 4 -TV 7 +7V
U48 LM~IO 4 -TV 7 +7V
U44 LM818 4 -TV 7 +7V
U45 4040 8 GRD I +lOV
U46 4O40 8 GRD 16 I +loV

U48 22K RNET
U51 LM810 4 -7V 7 +TV
U62 LM310 4 -TV 7 +TV
U58 Lt,&310 4 -TV 7 +7V
U54 4062 7 -TV 8 -7V 16 +TV
U56 Lt~301 4 -TV 7 +TV
U56 LF856 4 -TV 7 +7V
U57 10KRNET
U58 10K RNET
U59 22K RNET
U6t0 8082 8 -TV 18 +TV
U61 LM818 4 -7V’ 7 +TV
U69 LM~18 4 -7V 7 +TV
U68 10K RNET
U64 4O66 7 -TV 14 +TV
U65 4029 8 -TV 16 +TV
U66 4029 8 -TV 16 +TV
U67 4040 8 -7V 16 +7V
U68 29KRNET
U69 2201~ RNET
U71 LM318 4 -7V 7 +7V
U72 10KRNET

6"24
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PARTS LIST
ASSEMBLY
USED ON
PREPARED

4400-700-06 TOTAL ASSEMBLY

4400 MULTIPURPOSE AUDIO TEST SET
WJ AUG 78 SHEET 1 OF

DESIGNATION PART NUMBER DESCRIPTIOI’:4 MFGR QTY
4400--710-08 Receiver Sub Ass’¥ AMBER
4400-720-06 Meter Sub Assay AMBER
4400-730-06 AMBER 1
4400-64-5-04 ~ast[c Front Panel AMBER
4400-610-08 !Top Cover AMBER
4400"610-05 BoLtom OoveP AMBER
4400-622-0~ Chassis AMBER
4400-628-04 Side Bracket AMBER 2
4400-630-08 Rear Panel AMBER 1
4400-640-06 Front Underlay AMBER 1
4400-653-02 Dress Strip AMBER 4
4400-655-01 Handle Assay AMBER 2

10 x F10 10 Position Switch Ass’y SCHADOW 1
14-024-108 Ribbon Cable ARIES 1

3 Position ON-ON-ON TOGGLE 8
4400-0100-03 HAMMOND

~.MBER
~6J4 Power Filter~ Connector 3ORCOM 1

FUSETRON
BNC Receptactes KINGS 9

2201-2151 Housing 15 Position VQLEX
Housing 4 position MOLEX 14

0856-0110 Crimp Terminals~ gold V~) LEX
1504~9209 Crimp Termlr~ls~ rour, d VIO LEX 7

Harness Assembly AMBER 1
RB67-IB-SKML ~OGAN 4
RB67-ISK7-DML ~OGAN 4
RB67-ODCML Knob~ Round ROGAN 4

Vinyl Feet & Bait Assay 3UCKEyE 1
172808 Power Cord 3ELDEN 1

Ground Lug No. 4 VAR IO US 1
Ground Lug 8/8’~I,D, VARIOUS 9
Nylon Washer No, 10 VARIOUS 2

2668 N~lonWasher BNC SMEFH 9
5614-18-81 N~lon Spacer BNO SEASTROM 9
4-40 x 8/16" Spacer, threaded brass 1/2"AF VARIOUS 2

Panel Hold Down 2-56 x 1/4" Screw, Flat Head# Black VARIOUS
Panel Hold Down 2-56 X 1/4" Screw~ Flat Head, Yellow Cad VARIOUS

4-40 x I/4" Screw, Flat Head, Yellow Cad VARIOUS 82
Cover 4~40 x 3/8" ScPew~ Flat Yellow Cad VARIOUS 20
Fiat Cable, Sw 4-40 x 1/4" Screw, Pan Head, Yello~v Cad VARIOUS 7
Feet, Rear 4-40 x 8/8" Screw, Pan Head, Yellow Cad VARIOUS 4
PCBj XFRM Mount 6-82 x 5/16" ScPew~ Pan Head~ Yellow Cad VARIOUS

6-32 X 1/2" Screw~ Pan Head~ Yellow Cad VARIOUS 1
Feet Bottom 6-82 x 1/2" Screw~ Pan Yellow Cad VARIOUS 6

No 4 Lock Washer, Int Tooth VARIOUS 7
Misc No 6 Lock Washer~ Int Tooth VARIOUS !16
Controls I/4" I.D. Lock Washer~ Int Tooth VARIOUS 8
Controls Lock Washer~ Int Tooth VARIOUS 2

4=40 x 1/4" AF Hex Nuts, Yellow Cad VARIOUS 8
Controls 8/8 X 82 x 7/16" AF Hex Nuts~ Yellow Cad VARIOUS 8
Controls 1/4" x 82 x 5/16AF Hex Nuts, Yellow VARIOUS 2



PARTS LIST
ASSEMBLY
USED ON
PREPARED

RECEIVER BOARD (4400-710-06)                                I

I4400 MULTIPURPOSE AUDIO TEST SET
WJ JULY 78

I SHEET OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
U612~79 CD4001B QUAD 2 IN NOR VARIOUS 2
Ut6,510 CD401 IB QUAD 2 IN NAND VARIOUS
U28 55 CD4012B DUAL 4 IN NAND VARIOUS
U18~24~97~45.6-3 CD4018B DUAL D-FLIP-FLOP VARIOUS 5
U57 CD4017B DECADE COUNTER VARIOUS 1
U21~22 CD4019B QUAD AND/OR VARIOUS g

CD4025B TRI 8 IN NOR VARIOUS 1
U42~48 CD4085B 4 BIT SHIFT REGISTER VARIOUS 2

U58 OD4040B BINARY COUNTER VARIOUS 1
U25,56 CD4049B HEX INVERTER VARIOUS 2
U511 thru 514 OD4052B MUX/DEMUX VARIOUS
U26~41~59178 89 OD4058B MUX/DEMUX VARIOUS
Ull 12 CD4068B 4 BiT COMPARATOR VARIOUS 2
U86~871214 CD4066B QUAD SWITCH VARIOUS
U28 CD4068B 8-IN NAND VARIOUS 1
U210 CD4081B DUAL 4 IN AND VARIOUS 1
U89~810 CD4086B QUAD 2 ,IN AND/DR INVERT VARIOUS
U44 OD4098B DUAL 1-SHOT VARIOUS 1
U14t1B,17 CD4520B DUAL UP COUNTER VARIOUS 8
U52 M~3408 LIN 8 BIT D/A VARIOUS 1
U68,77 ADB36&JD LIN RMS to DO CONV. VARIOUS 2
U81 thru 88 2102 1K x 1 R~kM VARIOUS 8
U48,49~66t76t811 LM301N L[N OP AMP VARIOUS
U410thru 418, 614~ LM310N LIN OP AMP V,~ious 6
711
U64 I_M311N LIN VOLT COMP VARIOUS 1

LM318N LIN O P AMP VARIOUS 7
81~82
U110 LM325N LIN :L~SV R~’GULATOR VARIOUS 1
U54 LM340TOI5 LIN +SV REGULATOR VARIOUS 1
Ul11,112,218,811, LF856N LIN BIFET OP AMP ,V,Z~4R IO U S

812,61,66,67,69~
71.72,74,76.78~710
712,88~84~88,810
U211 212 LF857N :LIN ~ OPAMP VARIOUS 2
U19 814A104 Resistor Ne~voPk 100K A-B 1
U58 8t4B202 Resistor NeW.york 2K A-B 1
U85 816A104 Resistor Network 100K A-B 1
U18tggt46t47~718 816B108 Resistor Network 10K A-B

1000-4404/CBD788 Resistor Network Custom A-B

All resistors 1/4w ±5% unless
otherwise stated. *Indicates
leads formed for vertical mountln~
all otherd horizontal mounting.

VARTOUS 4
R242 VARIOUS 1
R88t245 VARIOUS
R28 p 87,249p 250 ~52 1009 VARIOUS
R177 thPu 182  o0£ A-B 6
R90,244 VARIOUS
R100~t10 218,219 270~ VARIOUS 4
RT1 RT2 880,~ positive temco thermistor. TI
R170, 171 860£ VARIOUS 2



IUSED ON
PREPARED

PARTS LIST
RECEIVER BOARD (4400-710-06)

4400 MULTIPURPOSE AUDIO TEST SET

WJ JULY 78 I SHEET 2 OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
All PesistoPs 1/4w ~+~% unless
o[hePwise stated, * indicates
leads foPmed fop veP~ical
mounting~ all othePs hoPizontal
mounting.

470~ VARIOUS 8

R246~247 56o# VARIOUS
R146~147* VARIOUS 2
R221~225 A-B

11~ VARIOUS

VARIOUS

4,7k.Q VARIOUS
"V/~RIO US 8

167 260
R220~227 5,90k£ +1% 2
R91,95 8,2P4"~ VARIOUS 2

10k£ VARIOUS 79

10.0k£ ±1% A-B 3
R208 10,2k~ ±1% A-B I
R79~80~165 VARIOUS
Rl15,117~126 128 12k VARIOUS 4
R 153 15k VARIOUS 1

20k VARIOUS 7

R86~170~203,239~ 0Ok VARIOUS
258~~

R228~226 84. Ok~ +1% A-B 2
36k VARIOUS 5

R199~206 48k VARIOUS 2
R26,28"~ 40,42* 47k VARIO US 4
R61.64~65 49.91~ ±1%
R241 t 248 51k£ VARIOUS 2
R59~60 VARIOUS
R148 7,5K~ VARIOUS



PARTS LIST
ASSEMBLY RECEIVER BOARD (4400-710-O0) [
USED ON 4400 MULTIPURPOSE AUDIO TEST SET IPREPARED wJ JULY 78 I SHEET 8 OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR
All resistors 1/4w +-5% unless
otherwise stated, * indicates leads
formed fop vertical mounting,
all others horizontal mounting.

1001~ VARIOUS 20
24,38,85",89,136,
187,188,189,140,158

100~ -+1% A-B 2
160k£ VARIOUS 4

R222,224 191k~ +1% A=B 2
200k£ VARIOUS

R149".150"~151".154~ 270KQ VARIOUS 7
155"~156"~257*
R229 816k~ +-1% A-B

VARIOUS 2
R141j254* 430k~ VARIOUS 2

VARIOUS 0

1.0oM~ _+1% A-B 6
197~198
RVI ,2,4~5,8,9,10, E#A103 10K Trim Pot 12
11,12~18t14~16~

E2AS03 50K Tr’im Pot A-B 4

O. 1 Ceramic Disc 34

4.7/85V Tantalum VAR IO US 6
C4,5~10 thru 15, 10/85V Tan~a|um VARIOUS 22

22/85 Tantalum VARIOUS 6
O61 100/25 Electroi~/tlc VARIOUS
C20~87,46, thPu 49~ 8.SpF Ceramic Disc VARIOUS 7
116

10pF Ceramic Disc VARIOUS
00pF Ceramic Disc VARIOUS 5

C55,58 47pF Cer&mlc Disc VARIOUS 2
C64,65,66~74~75, 100pF Ceramic Disc VARIOUS 7
125,128
C94 150pF Cer.amic Disc VARIOUS

0.01,uF Ceramic Disc VARIOUS 6
820pF 2% Dipped Mica VARIOUS 2
8300pF 2% Dipped Mica VARIOUS

C89~84 0. 001 Film VARIOUS 2
059 0.0022 Film WIMA I
C60 0.0047 Film WIMA

0.01 Film WIMA I



PARTS LIST
ASSEMBLY RECEIVER BOARD (4400-710-06)
USED ON 44o0 MULTIPURPOSE AUDIO TEST SET IPREPARED wa dULY 78 I SHEET 4 OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
078~81~84~87 0.022 Film WtMA 4
088,86 0.047 Film WIMA

O, t Ftlm WIMA 9

077,80,88,86 0,15 Fllm WIMA 4
C95~97 0,47 Film WIMA 2
02 0.68 Film WIMA 1
OV1 7-28pF TPImmlnq CapacltoP ~RIE 1
CR1 thru CR84 1N4148 Diode GEN PURPOSE VARIOUS 66
CR61 thPu 0R68,
CR70 thPu CR78
CR55 thPu OR60 69 MV6054 LED T1-8/4 Red Dlffused VARIOUS 7

2N4401 NPN BEN PURPOSE VARIOUS 18

Q3~9~11~14~22 2N440.3 PNP BEN PURPOSE VARIOUS 8
2N6474 NPN 16w/120v VARIOUS 4

Q1 2N6476 PNP 16w/120v VARIOUS 1
2N4861 FET N-CHANNEL VARIOUS 2

$2 thPu $4 Custom Switch Assy 8 x F type SOHADOW 1
S7thPu S20 Custom Switch Ass~/ 14 x F t:fpe SCHADOW 1
$1~ RV17 4400-0799 Pot Switch Comblrmtlon 1
$22,RV20 4400-0798 Pot Switch Combination A-B 1

4400-0794 Pot Switch Comblr~tion A-B 1
RV21 thnu 24 4400-079,5 Quad Pot Combination A-B 1
$21 [71BFS0-1-1-11-N Switch RotaPy 11 Position GRAYH[LL 1

76605 Position RockeP Dip Switch GRAYHILL 1
6O006 He~tslnk T H E R MA L LOY 1

!609~2602-MR/ ConnectoP 26 Pin ANS LEY/sM
2227-2041 ConnectoP 4 Pin HeadeP, Locking MOLEX 8

I.C. Socket 8 Pin VARIOUS 33
i.C. Socket 14 Pin VARIOUS 22
I,C. Socket 16 Pin VARIOUS 86
Machine Socket 1# Pin AUBAT 1

6-82 x 8/8 Pan HD ScPew VARIOUS 1
6~2 Hex Nut VARIOUS 1
4400-410-06 PPInted OiPcult Board AMBER



PARTS LIST
ASSEMBLY
USED ON

I PREPARED

METER BOARD (4400-720-06)

4400 MULTIPURPOSE AUDIO T~T ~’1"
WJ JULY 78 I SHEET 1 OF ~

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
U88 CD4008B 4 BIT FULL ADDER VARIOUS 1
U24. 25 CD4011B QUAD 2 In NAND VARIOUS 2

CD4018B DUAL D FLIP-FLOP VARIOUS 8
U37 CD4019B QUAD AND-OR VARIOUS 1
U39 CD4025B TRI 8-IN NOR VARIOUS
U32~41 OD4027B DUAL J-K FLIP FLOP VARIOUS 2
U26 OD4080/CD4070 B QUAD EXO L-OR VARIOUS 1
Ull CD4040B UP COUNTER VARIOUS 1
U28 CD4049B HEX INVERTER VARIOUS

OD4053B TRI 2-OH MUX/DEMUX VARIOUS 1
U22~42 CD4081B DUAL 4-tn AND VARIOUS 2
U21~81 CD4518B DUAL DECADE UP COUNTER VARIOUS 2
U48 [ OA8082 LIN NPN XSTR ARRAy VARIOUS 1
U315 ADB86AJD RMS to DO CONVERTER Analog Device
u47 MKS0395 Six di¢ltt decade Counter VARIOUS 1
U36~46 SN75492 UN ivDS to VLED DRIVER VARIOUS 2

LM301AN LIN OP AMP VARIOUS 8
LK&311N LIN CO MPARATOR VARIOUS

U312 LM318N LIN PRECI S[ON O P AMP VARIOUS 1
U314 LM825N LIN +JSV REGULATOR VARIOUS 1

LFSB6N LIN BIFET OPAMP VARIOUS 8
48~49~410~411
U18 LH0070/LM340-10 LIN +10V Precision Ref:ePence VARIOUS 1
U45 814B470 47~ Res|stoP Network A-B 1
U44 814B471 470~ Resistor, Netwot, k A-B 1
U12 814B083 8OK Resistor Nelcwork A-B 1
U51 MAN6650 LED 1-1/2 digit common cathode MONSANTO 1
U52,58 MAN6640 LED 2 digit common cathode 2

All Resistors 1/4W -+5% unless
3therwlse stated,

R4 83~ l/2w VARIOUS 1
0.15t~ 2w VARIOUS 2

R54~55 1~ 1/2w VARIOUS 2
R49 VARIOUS 1
R20,21 VARIOUS 2
R29 10o~ VARIOUS 1

180~ VARIOUS 4
R5 VARIOUS 1
R62 60 VARIOUS 2

4Y0~ VARIOUS 1
R26,27~80,81 1K VARIOUS 7
40~51,63
R56 1 VARIOUS
R25 2K VARIOUS
R28~34 5.1K VARIOUS
R3~6~8,9~16 10K VARIOUS 19

80~81
10K -+1% A-B

R86 7,5K VARIOUS I
R72 16K VARIOUS
R42~47 24K VARIOUS



PARTS LIST
ASSEMBLY
USED ON
PREPARED

METER BOARD (4400-720-06)                                    I
4400 MULTIPURPOSE AUDIO TEST SET Iwa JULY 78 I SHEET 2 OF s

DESIGNATION PART NUMBER DESCRIPTION MFGR
All resistors 1/4w !5% unless
otherwise stated.

88K VARIOUS
47 K VARIOUS 5
1001< VARIO US 5

R82~33 160K VARIOUS
R7~15 390K VARIOUS 2

4GOK VARIOUS
R10 620K VARIOUS
R4! 1M VAR IO US
R48~44,45 10M VARIOUS
RV2 E2A-104 100K Trim Pot

E2A-103 10K TRIM POT A-B
50K TRIM POT A-B 5

RV12 4400-0791 5K LOG POT A-B

Capacitors. All v~lues in/~F
Mqtess otherwise stated~

O18 47/16V Electrolytic VARIOUS 1
O3,15,16 100/25V EiectPol¥~lc VARIOUS 3

220/63VEiectrolytlc VARIO US 2
1000/40V El ectroly~lc VARIOUS 2

O1,4 2200/25V Elect rob./tic VARIOUS 2
10/35V Tant VAR IO US 11

4.7/95V Tantalum VARIOUS 5
0.1 Ceramic Disc VARIOUS 19

C67 i50pf Film WIMA I
C65 0.001 Film WIMA
C66 0. 0038 Film WIMA
C25 0.022 Film WIMA 1

0.1 Film WIMA 4
C26 0.15 Film WIMA 1
C69 0.47 Film WIMA 1

8.SpF Ceramic Disc VARIOUS 4
C38~64 10pF Ceramic Disc VARIOUS 2
C49 30pF Ceramic Disc VARIOUS 1

100pF CePamlc Disc VARIOUS 6

0.01/JF Ceramic Disc VARIOUS 2
C28 0.015 NPO TEMPCO VARIOUS



PARTS LIST               I

~ METER BOARD (4400-720-06) ]

USED ON 4400 MULTIPURPOSE AUDIO TEST SET IPREPARED wu JULY 78 I SHE[T ~ OF ,3

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
CR18 thPu 18 1N4148 Dlode~ Gen F~Ppose VARIOUS
CR1 thr’u 12 1N5404 RectifieP Diode 8A/400V VARIOUS
CR 19 thPu 22 MV6054 LED T!-8/4 Red DI~T, VARIOUS

Q4~7,8,9 2N4401 NPN Gen, Fur-pose VARIOUS 4
Q5,6 2N4403 PNP Gem PuPpose VARIOUS 2

2N8474 NPN 16w/120V VARIOUS

Switch Assembly SCHADOW
ME-DUA-600 MeteP 500 uA, Custom Scale MODUTEC

6030B Heat Sink THER fv~ LLOY
Hea~ Sttlk WasheP 1

609-2603 ©onnectoP 26 PIN ANSLEY
J5 6,7,8,9 4180-4AG ConnectoP 4 PiN HEADER MOLEX 6
J4 4180-15AG Connector, 15 PIN HEADER MOLEX

Socket 8 PIN DUAL in line VARIOUS 13
Socket 14 PIN DUAL in line VARIOUS 18
Socket 16 PIN DUAL in line VARIO US
Socket 40 PIN DUAL in line VARIOUS
Socket 16 PiN DIL Machined I

contact
Socket 18 PIN Right Angle GARRY 3

6-82 x 5/16 VAR[O US
6-82 He×nu~ VARIOUS 1
4400-4204:)6 PPtnted Circuit BoaPd AMBER 1
171-26 Fiat Cable ANSLEY 3
609-2600M 3onnectoP 26 PIN socket ANSLEY 4
609-255 3onnectoP 25 PIN ANSLEY 2



[ PARTS LIST
ASSEMBLY
USED ON
PREPARED

GENERATOR BOARD (4400-780~06)

4400 MULTIPURPOSE AUDIO TEST SET
WJ JULY 78 I SHEET 1 OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
CD4001B IO, CMOSt QUAD 2 In NOR VARIOUS

U711,811 CD4006B IO~ CMOS 18 STAGE VARIOUS 2
GD4011B IO~ GMOS QUAD 2 In NAND VARIOUS 6

89
CD4018B [C~C~V’QS DUAL D FLIP FLOP VARIOUS 2

U76,710 OD4027B [C~ CMOS DUAL J-K FLIP FLOP VARIOUS 2

U65~66 OD4029B [O~ CMOS UP/DOWN COUNTER VARIOUS 2

U77 OD4(X30B [G OMOS QUAD EXCL-OR VARIOUS 1

U45~46~67,813 GD4040B [O~ CMOS BINARY COUNTER VARIOUS 4
U75 CD4049B lOt CMOS HEX INVERTER VARIOUS 1

U32~33~34~54 CD4052B [O~ OMOS MUX~ DEMUX VARIOUS 4
U18~27 64~73 CD4066B [C~ CM~DS QUAD SWITCH VARIOUS 4
U74 CD4073B [C~ Ofv~DS TRI 8 in AND VARIOUS 1

CD4081B [C~ OMOS DUAL 4in AND VARIOUS
U79 OD4520B [C~ CMOS DUAL UP COUNTER VARIOUS 1
U24.26~510 0A8082 IO~ LIN XSTR ARRAY VARIOUS
UB59! LM301N IC~ LIN OP AMP VARIOUS 2
U41~42~43~51,52~ LM310N IO, LIN OP AMP VARIOUS 7

L~318N IC~ LIN PRECISION OP AMP VARIOUS 4
81

LiV~325N IC, LIN -+1BY REGULATOR VAR’IOUS
LF356N IO LIN BIFETOP AMP VARIOUS 10

U814 LF357N [C LIN BIFETOP AMP VARIOUS
U92 NE567N LIN TONE DECODER VARIOUS 1

U69 314B221 ReststoP NetwoPk 220~ A-B 1
U57~58 314A103 Resis~oP NetwoPk 10k~ A-B 2
U68,72 314B103 Resistor, NetwoPk 10K9 A-B 2
U78 316B103 Resistor, NetwoPk 10k9 A-B 1

816B223 Resistor, NetwoPk 22k9 A-B 10
39,47,48t59,68
U85 314A104 Resistor‘ NetwoPk 100k~. A-B 1

U87 316B104 Resistor, NetwoPk 100k~ A-B 1
U31,35 1000-4404/0BD788 Resistor‘ NetwoPk CUSTOM A-B 2

All r‘eslstoPs 1/4w ~t5% Untess
othePwise s~ated * Ir~Jicates leads
for‘reed fop veP~cal mounting,
all othePs ~Ptzontal mounting,

VARIOUS 6
R72 49.9~ +1% 2W A-B I
R54,55t56 49.9~ +1% A-B
R57 54.9~ -+1% A-B 1

lOO~ VARIOUS 5
173
R78~78 VARIOUS 2

VARIOUS 4
R7-1 thPu R7-10 470~ VARIOUS 27



I
IASSEMBLY
USED ON
PREPARED

PARTS LIST
GENERATOR BOARD (4400-780-06)
4400 MULTIPURPOSE AUDIO TEST SET
WJ JULY 78 £SHEET ~ OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
Air Pesis~coPs 1/4w +,~% unless

R69 499~ +1% A-B 1
R137~188 660~ VARIOUS 2
R86 680~ VAR IO US 1

760~ VARIOUS 1
R98~102 A-B 2

I k~ VARIOUS 11

R168 VARIOUS 1
VARIOUS 2

R76~89 VARIOUS 2
R88 2, 4k~ vARIOUS I

2.7M’Z VARIOUS 4
3,3k~ VARIOUS

R30~85~87 88 3,9k VARIOUS 4
4.7k£ VARIOUS 7

R68 4, £9 k£ +1% A-B 1
R18~29 5.1k~ VARIOUS
R95~100 5.90kft +1% A-B 2

~,8k~ VARIOUS 2
1£9t164 VARIOUS

10k£ VARIOUS 51
R14-1 thPu R14-10~

R81 11k£ VARIOUS 1
15k£ VARIOUS 1

R126 16k~ VARIOUS 1
R91~92 20k£ VARIOUS
R42 VARIOUS
R85~90 24,8~ +1% A-B 2
R20 VARIOUS 1
R84,86t180~183~ 88k VARIOUS 4

841~ +1% A-B 2
R24j82 89k~ VARIOUS 2
R67 49.9k~ +1% A-B 1

61k£ VARIOUS
R125 VARIOUS 1

100k£ VARIOUS 11

R80~81 100k.~ +1% A-B
R27~28~185~ VAEIOUS



PARTS LIST J
ASSEMBLY
USED ON
PREPARED

GENERATOR BOARD (4400-780-06)
4400 MULTIPURPOSE AUDIO TEST SET
WJ JULY 78 I SHEET 8 OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
All resistors 1/4w -+5% unless
otherwise stated. *Indicates leads
l=ormed for" vertical mounting~ all
others b~srizontal mounting.

R96 103 191k~ -+1% A-B 2

R48~46~184~ 220k~ VARIOUS
Rl16" 270k~ VARIOUS 1

830P-~ VARIOUS 1

R66 499kQ -+1% A-B
VARIOUS 2

RV13-1 thru RV18-10 EgAI08 1OK TRIM POTS A-B 17

RV6 EgAS08 5OK TRIM lOT 1

Capacitors. All values in~uF
unless otherwise stated.
150pF Film W[MA 2

08-9, 05-9, 31 ~ 64 880pF Film WIMA 4

C1-10~ C2-1~3, 08-8 680pF Film WIMA 5
C5-8~ C11

0.00t Film WIMA 2
0.0015 Film WIMA 4

0.0022 Film WIMA 2
Cg-8, 03-6~ C4-9, 16 9,008 Film WlMA 6
48
01-7t C4-8~ 05-5 0.0047 Film WIMA

3.0068 Film WIMA
0o01 Fitm WIMA 8

82
C15 0.016 Fllm WlMA
O1-5, C2-5, 08-3, 0.022 Film WIMA 7
C4-6, C5-8~ 49,68

0.0~8 Film WIMA 8

C2-4, C,3-2, C4-5~ 0.047 Film W[MA

0.068 Film WIMA
O. 1 Film 5

046, 76
Cl-2~ C4-8 0.15 Film WlMA 2

0.22 Film WIMA 4
0.88 Film WIMA 4

C75 88~ 89 0.47 Film W[MA
O4-1, C70 80 0.68 Film W[MA
C22,28,88,84,98,99 8.SpF Ceramic Disc VARIOUS 6

10pF Ceramic Disc VARIOUS 7
101
C26 80pF Ceramic Disc VARIOUS
O100 47pF Ceramic Disc VARIOUS 1

100pF Cer-amic Disc VARIOUS 5

C78,104 150pF Ceramic Disc VARIOUS 2
029 470pF Ceramic Disc VARIOUS
C79,92 0.01 Ceramic Disc VARIOUS



PARTS
ASSEMBLY
USED ON
PREPARED

GENERATOR BOARD (4400-780-06)

4400 MULTIPURPOSE AUDIO TEST SET
WJ JULY 78 [SHEET 4 OF 4

DESIGNATION PART NUMBER DESCRIPTION MFGR QTY
Capacitoes. All values ln~aF
unless other’wlse stated.

C60,62 CM06FD821G08 820pF 2% Dipped Mica VARIOUS 2
C61 ~68 0M06 FD882G08 8800pF 2% Dipped Mica VARIOUS 2

0.1 CePamlc Disc VARIOUS 25
28~85,86 40 thPu

58,59~ 88 thpu 87
4.7/85V Tantalum VARIOUS 5
10/85V Tantalum VARIOUS 6

C66 ~ 67 22/85V Tantalum VARIOUS 2
0R46 1 N750 Zener 4,7V 400mY VARIOUS
CR92 N821 ZeneP 6,2V VARIOUS 1
CR1 thPu 45~ CR47 1N4148 Diode GenePal Purpose VARIOUS 82
thPu 50, 0R55 thPu

0R53~54 1N4745 ZeneP 16V lW VARIOUS 2
CR85 thru 89 MV5054 LED T1-3/4 red diffused VARIOUS 5
Q25 2N2248 NPN HI-VOLTAGE
Q27 2N40,31 PNP HI-VOLTAGE 1

2N44Ol NPN GEN PURPOSE VARIOUS 14

24 28
2N44O8 PNP GEN PURPOSE VARIOUS 8

Q12 2N4861 FET N-CHANNEL VARIOUS 1
2N6474 N PN 16w/120v ROA 4

Q8~29 2N6476 PN P 16w/120V RCA 2
QSO T1P29A NPN PoweP TI 1

Xl 8.072 MHz CPystal AMBER 1
RL1 th~’u RL7 925A12C1A Rei~y 12V, 1A Contact CP CLARE 7

’1 BF80-1-1-11-N Switch RotaPy 11 pos. GRAYHILL
$8 thPu S14 Custom Switch Assy 12 x F~ype SCHADOW 1
RV14/S1 4400-0792 Pot/Switch Combination A-B Custom 1

4400-0796 Dual Pot/Switch Combination A-B Custom 1
RV9/RV10/RVl 1 4400-0795 Quad Pot Combination A-B Custom 1
RV12

4400-A625 Heatsink AMBER 1
609-2602-MR/ ConnectoP 26 PIN ANSLEY/sM 2

J8,4~5 4108-4AG ConnectoP 4 PIN HeadeP MO LE× 8
8 PIN l,C, Socket VARIOUS 25
14 PIN I.C. Socket VARIOUS 21
16 PIN I,C, Socket VARIOUS

6-82 x 8/8 Pan Head VARIOUS 8
6-32 Hex Nut VARIOUS 8

[Heat S|nkWasheP VARIOUS 8
N¥1onWasheP VARIOUS 8

4400-480-08 POB AMBER 1



SCHEMATIC GENERAL NOTES

COMFONENT VALOES ARE AS FOLLOWS UNLESS OTHERWISE NOTED:
RESISTAN©E IN OHMS
CAPACITANCE IN MICROFARADS
ALL DIODES ARE 1N4148

DC POWER SUPPLY VOLTAGE

(;ROUND

POWER AMPLIFIER OtlTPtlT GROUND

CONNECTED TO LOCATION ON .gAME DRAWING
SPECIFIED BY SCHEMATIC COORDINATES A5.

CONNECTED TO LOCATION ON SAME SUB-ASSEMBLY
(t,e, RECEIVER~ METER, GENERATOR)SPECIFIED BY
SCHEMATIC COORDINATES A5 ON DRAWING

PRINTED CIRCUIT SUB-ASSEMBLY

MULTI PIN FLAT CABLE OR MOLEX CONNECTOR
PIN OUT

INTEGRATED CIRCUIT LOCATED AT ROW 6 COLUMN 4

CMOS ANALOG SWITCH (4053)

CONNECTION K4~,DE WHEN CONTROL LINE IS HIGH,

CONTROL LINE

OMOS ANALOG SWITCH (4066)

SWITCH CLOSED WHEN CONTROL LINE IS HIGH,

CONTROL LINE

PUSH BUTTON SVV[TCH

SHOWN IN "OUT" POSITION 8-1



SCHEMATIC GENERAL NOTES
(CONTINUED)

SCREWDRIVER AI:XJUST TRIM CONTROL

FRONT PANEL POTENTIOMETER

15, BN(; CONNE(;TOR

SHIELD CONNECTION

CENTER CONNECTION

16, SHIELDED CABLE

CENTER CONNECTION

SHIELD CONNECTION

17, FILTER TYPES

LOW PASS FILTER

BAND PASS FILTER

HIGH PASS FILTER

.7 ____~"+7

BEFORE AFTER
EVENT EVENT

+7~/
+220r,.,Y

+20 ~tB...,
-40 ~,~

CONTROL LINE VOLTAGE LEVELS

LEVEL AND GAIN NOTATION
HIGHEST GAIN OR LOSS
LOWEST GAIN OR LOSS

HIGHEST VOLTAGE LEVEL
LOWEST VOLTAGE LEVEL

HIGHEST ABSOLUTE LEVEL
LOWEST ABSOLUTE LEVEL

8-2
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