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OCPERATORS SAFETY SUMMARY

This general safety information is for both operating and servicing
personnel. Specific warnings and cautions will be found throughout
the manual where they apply, but may not appear in this summary.

TRERMS
In This Manual

CAUTION statements identify conditions or practices that can result

in damage to the equipment or other property.

WARNING statements identify conditions or practices that can result
in personal injury or loss of life.

As Marked on Equipment -

CAUTICN indicates a personal injury hazard not immediately accessgible
as one reads the marking, or a hazard to property including the

egquipment itself.

DANGER indicates a personal injury hazard immediately accessible as
one reads the markihg,'

SYMBOLS
In This Manual

This symbol indicates where applicable cautionary or other in-

formation 1s to be found,

As Marked on Equipment
g' DANGER-~High voltage.

Protective ground {earth) terminal.

ATTENTION~-refer to manual.

Fefer to manual

viil
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i

Powey Source

This product is designed to operate from a power module that does not
apply more than 250 volts rms between the supply conductors or
between either supply conductor and ground. A protective ground con-

nection by way of the grounding conductor in the power cord is essen-

tial for safe operation.

Grounding The Product

This product is grounded through the grounding conductor of the power
module power cord. To aveid electrical shock, plug the power cord
into a properly wired receptacle before connecting to the product
input or ocutput terminals. . A protective ground connection by way of
the grounding conductor in the power cord is essential for safe oper-

ation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all accessible conduc-
tive parts {including knobg and controls that may appear tc be insu-
lating) can render an electric shock.

Uze the Propeyr Power Cord
Use only the power cord and connector specified for your product.
Use only a power cord that is in good condition.

Refer cord and connector changes to gualified service personnel.

Use The Proper Fuse

To avoid fire hazard, use only the fuse specified in the parts list
for your product, and which is identical in type, voltage rating and
current rating.

Refer fuse replacement to qualified service personnel.

i
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Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an atmosphere of

explosive gases unless 1t has been specifically certified for such
operation.

Do NHot Operate Plug-In Unit Without Covers

To avoid personal injury, do not operate this product without covers
or panels installed. Do not apply power to the plug-in via a plug-in

extender.

SERVICING SAFETY SU

=Y ';.,-

FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer alsc to the preceding Operators Safety Summary
Do Hot Service Alone

Do not perform internal service or adjustment of this product unless
another person capable of rendering first aid and resuscitation is

present,

Use Care When Servicing With Power On

Dangerous voltages may exist at several points in this product. To
avoid personal inijury, dco not touch exposed connections and compon-

ents while power is on.

Disconnect power before rémoving protective panels, soldering, or
replacing components.

Do Bot Wear Jewelry

Remove Jewelry prior to servicinga Rings, necklaces, and other me-
tallic objects could come into contact with dangerous voltages and

currents.,
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Power Source

This product is intended to operate from a power module that will not
apply more than 250 volts rms between the supply conductors or
betwe@n'eithez supply conductor and ground. A protective ground con-
nection by way of the grounding conductor in the power cord is essen-
tial for safe operation.
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SPECIFICATION
Instrument Description

The AA 5001 is a fully automatic programmable distortion analyzer,.
packaged as a two-wide TM 5000 plug-in. Total harmonic distortion,
SMPTE/DIN intermodulation distortion and CCIF two-tone difference
frequency distortion are measured. Distortion set level, frequency
tuning and nulling are fully automatic, requiring no o?erétorkadjustn

ment. Distortion readout is provided in percent or dB.

The AA 5001 is also a high sensitivity, autoranging, audio frequency
voltmeter. Readings may be in wvolts, dBm, or dB relative to any ar-

bitrary referenge.

Filters are included which allow bandwidth limiting or weighted mea-
surement of noise. A hum rejection filter is also provided as are
provisions for an external filter.

A1l readings are displaved on a 3 1/2 digit readout and can be re-
motely sent. An uncalibrated analog readout is also provided to aid
in manual nulling and peaking applications. Ac to dc detection (re-
sponse) is either true rms or average {quasi-peak in Opticn 02 in-

struments) .

Ac input and ocutput connections are available on both the front panel
and the rear interface. Dec signalsg, corresponding to the displayed
reading, are available through the rear interface. This alleows flex-
ibility in interconnection with other instruments such as filters,

chart recorders, spectrum analyzers, oscilloscopes, etc,

Performance Conditions

The electrical characteristics in this speéification are valid only
if the AA 5001 has been adijusted at an ambient tempsrature between

+20 degrees C and +30 degrees C. The instrument must be in a noncon-

11
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densing environment whose limits are described under the envirvonmen-
tal part. Allow twenty minutes warm-up time for operation to speci-
fied accuracy; sixty minutes after exposure to or storage in a high
humidity ({(condensing) environment., Any conditions that are unique to
a particular characteristic are expressly stated as part of that

characteristic,

The electrical and environmental performance limits, together with
their related validation procedures, comprise a complete statement of
the electrical and environmental performance of a calibrated instru-

ment.

Items listed in the Performance Reguirements column of the Electrical
Characteristics are verified by completing the Performance Check in
the Calibration section of this manual, Items listed in the Supple-
mental Information column are not verified in this manual.
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Table 1-1
ELECTRICAL CH

100k ohms, +2%, each
side to ground

200 uV to 200 V in 10
steps (2-6 seguence from
200 mV to 200 V)

CTERISTICS

Full differential. Each
side ac ccupled through 1
uF and shunted to greound
by approximately egual to
200 pF. Dual banana jack
connectors at 0.750 inch
spacing with ground con-
nector additionally pro-
vided.

kRange selection is manual
or agutomatic., Auto-
ranging time is typically
< 1 second. Separate
increase range and de-
crease range indicators
illuminate whenever input
level does not f£all with-
in optimum window for
selected range. For
gpecified instrument per-
formance both indicators
must be extinguished.

300 vV peak, 200 V rms
either input to ground or
differentiallv. Will
recover without damace
from continucus overloads
of 120 V rms or 200 V rms
for 30 minutes on all
ranges. For linear re-
sponse, peak input vol~
tage must not exceed 3
times INPUT RANGE set~
ting.
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Common mode reijection
{Inputs shorted)
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Accuracy (level rang-
ing indicators extin-
guished)
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16 Bz to 100 kHz.
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Table 11
ELECTRICAL I

PON L U PG e et k) e e NG AT WA WAL U AT S AT T W ST ) D WA RS

> 50 4B at 50 or 60 Hz
for common mode signals
up to one-half of se-
lected input range or 50
mV, whichever is

greater.

Volts dB modes
Within +2% +0.3 apl
+1 count +0.5% of

reading
Within +4% +0.5 ant
+2 counts +0.5% of
reading

ACTERISTICE

e R ——

Typically > 40 dB to 300
kHz.

Volts, 4dBm (600 ohms}, or
dB ratio with push to set
0 dB reference. Input
range determines display
range. Single effective
range in 4B modes with
0.1 dB resolution.

Stored 0 dB reference is
unaffected by subseguent |
changes in mode cor func-
tion.

(o it i cot LS it el comle i T AT s Ml eyt Sl g e AP G R ki s b

Ly . room em o Ao T S R T 4 A U W TS GOA R SHI SR b SR G SR 4D A GO

T ik it it sl RS s T T e T Talp s ol s il ks oxin iy (P N RIS T mit

e o e T A T T A R TR TR ) S ? WA T N N S A S A oo

R e

+0.2 48 at 1 kHz only. Flatness is +0.1 4B, 20 Hz to 20 kHz, and +0.3 4B,
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Bandwidth {no filters
selected)
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Residual noise {(Inputs
shorted, T<+40 degrees
C}

TOTAL (1C DISTOR~
TION PLUS ROISE FURCTION

Operation
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Table 1-=1
ELECTRICAL CH

{cont)
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< 3.0 uv (~-108 dBm) with
B0 kHz, 400 Hz filters.

< 1.5 uV {-114 dBm) with
B weighting filter.
{Standard instrument
onlyl.

< 5.0 uv {~104 dBm} with
CCIR weighting and
guasi-peak response,
{Option 2 only).

i iy i i e W P A ST WIT) AT A AR WD AN NOr S0 G G ECD AN G S moos

R_BCTERISTICS

B el e e L R ——
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Fully automatic notch
filter tuning and nulling
for valid test signals
with 10% or less THD + N.

Midband signal THD + N
can dedrade to 30% with-
out logs of lock follow-
ing initial tuning for
SINAD testing.

Typical or average mea-
surement settling time is
2.5 seconds above 100 Hz
increasing by approxima-
tely 1 sec/octave below
106 Bz,
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range
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Bocuracy

20 Hz to 20 kH=z

1¢ Hz to 100 kHz

e o < S A GG RAS. i b AP i i b i S el et o e g e T T

Residual THD+N (Vin >
250 mV, T<+40 degrees
) '

20 Hz to 20 kHz with
820 kHz nolse limit=-
ing filter

1 Hz to 100 kHz, no
filter
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Pable 1-1
ELECTRICAL CH

{cont)
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Within +10% (+1 dB) for
harmonics < 100 kHz.

Within +20% (+2 dB) for
harmonics < 300 kHz.

.0032%
0 dB;

f*-.EA
oo

0.010%
~80 dB)

1-6

RCTERISTICS

free o s wmn o v N T D T W S K k. ek s o e S i e R S D

ottt i ondi cHES il cxtte s e it e el < R o YR MY G W W ARG o et s

Autoranging % or dB modes
only. 100% reference lev-
el is total input signal
amplitude including dis-—
tortion and noise compon-—
ents, Accuracy may also
be limited by the effects
of residual THD + W and
filter selection,

B o cxe i wa v e i S L Y L R A R MR GO WSS AR Wi UG e i

System specification with
any S5G 5010 or S8G 505
oscillator, all distor~
tion, noise, and nulling
error sources conmbined.
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Typical fundamental
rejection
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INTE
TION FPURCTION

Operation

o o il b S A A G S TS D D T ki TS it S by e e e il s s o}

SMETE and DIN tests

Frequency range {(up-
per tone)

iM frequency range
{lower tone)

Lavel ratio range
Residual IMD (Vin >

250 mV, T<+40 de-
grees C.}

s orsh e miem 7y o ¥ R TR ) TR SR T O R (T B AR WD WA RN €S e e
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Table 1-1
ELECTRICAL (CHBARSE

P a e At I T e A s i D S e s Y U e Y ma e e s e b

< ,0032% (-90 dB) with
60 Hz and 7 kHz or 250
Az and 8 kHz test tones,

o i A S R VR VR TR WD TR S KN WS R bl o T Yo K GAG S MR 6T G D

Bt least 10 4B below
specified residual THD+N
or the actual signal THD,
whichever is greater.

Fully automatic SMPTE/
DIN or CCIF difference
tone test selection de-
pending upon actual input
signal whenever respec-
tive IMD < 20%. Typical
or average measurement
settling time is 2 sec or
less.

b o wion i mty s o cm s i it ke S v T W AL A S v A T A

Useable from 3 kHz to
beyond 100 kHz

50 Hz to 250 Hz

1:1 to 4:1 {(lower:upper)

System specification with
any 8G 5010 oscillator or
passively summed 8G 505
oscillator pair.
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CCIF difference tone
rtest

Frequency range

Difference freguency
range

Residual IMD (Vin >
250 mV, T<+40 de-
grees (.}

Y ke s (i AT S A Sdts s E e s AT R e WO TR W N S0 S S e s

i e s i T G G WG MR O ST Ve e st e e Lrn Les Ak vce S he e o

Accuracy

Ik G S MER ST T FOT WAAY S WO o MY WAt ks s e it . e A 4]
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80 kHz low pass

<0.0018% (~95 dB) with
14 kHz and 15 kHz test
tones.

fe ra s W . L O LB S k] i S s s sk N T S Y B S o i

Within +10% (+1 dB) for
IM components < 1 kHz

T L e AT il il e ek iy e TP TR TR G TR AL U WO W WD e v e

at 400 Hz, +5%; at
~40 48 rejection
at 60 Hz

Li ot W v TR AT T T M S S S e S R A s 6 S e wma vl

at B0 kHz, +5%

Useable from 4 kHz to
beyond 1060 kHz

80 Hz to 1 kH=z

System specification with
any 5G 5010 oscillator or
passively summed SG 505
oscillator pair.

fcn e I S S M MG TSR ST M ol Al T R VTR T T DY W e 3 ik e e

e el T E T R e m——

only. Accuracy may also
be limited by the effects
of residual IMD and fil-
ter selection.

3 pole
sponse

o o um pRon s G e s i siok o mis i ekt ok e R R A e A M RS < N

3 pole Butterworth re-
sponse

1-8

Autoranging % or dB modes ﬂ
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Audio bandpass
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E weighting {(standard
instrument only}

CCIR WTG {Option 2
only)

i S T Y T AR WP R A T ORI D T D B i s ke s ey < T R T

External Filter
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_ Table 1-1
BLBCTRICAL CHA

{cont)

R R g PSS —
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”3 dB at 22«4 HZy 15%
and 22.4 kHz, +53

e 7 s e e R s A R A S TR AT MR TV WU G bk G ot st vk e R S

s ek om0 ST TS G T M ay e R FTGR R AE  AEY Th M D CHS S et nhath
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RECTERISTICS

5 ot i woph om0 ERD A, LEY (M w EAS B TR AT wh e D S R R o s e il

Within specifications of
CCIR Recommendation 468-2
and DIN 45405 for un-
weighted measurement re-
sponse,

o o iy o s e A AT T AE D M e it e el et R T SO WA S W L

Within specifications for
type 1 sound level meters
listed in ANSI S 1.4 1971
{revised 1976) and IEC
Recommendation 179.

oot o cho e T U i G A e A G S R AR A il i £ o e e e T

Within specifications of
CCIR recommendation 468-2
and DIN 45405 for noise
measurements with gquasi-
peak detector. Rms detec-
tor calibration shifted
for 0 dB at 2.00 kHz in-
stead of 1,00 kHz,

s o o G T T M A G G el it G TR TR N I T D WA S G ) S S

Selects front panel BUX-
ILIARY INPUT allowing
connection of external
filter between it and
FUNCTION OUTPUT,




INPUT MONITOR

Vin > 50 mV

Vin < 50 mv

Impedance

FUNCTION OUTPUT

Signal

Impedance

I W R T YT G GO VTP S0 i ) M (S A i il sl T A AR S e e

AUXILIARY INPUT

Sensitivity

Maximum Input Veoltage

Impedance
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Fable I1-1
BLECTRICAL % ;Y

1V rmsg, +10%

ik ohms, +5%

1 v, +3%, for 1000 count
volts or % displavy.

1k cohms, +5%

oo U ASoh BIND. i G G € NATe S N s B WA BN ot il e v e e WD O o)

1 v, +3%, for 1000 count
volts or % display.

160k ohms, +5%

Constant amplitude f(aver~
age response) version of
differential input sig-
nal. THD is typically <
0.0010% (~100 4dB} from 20
Hz to 20 kHz,

Approximately 20 times
input signal.

I dam i i Gk bl e e ca G AR VO N LR 4T TR D i e g e W G R R

Selected and filtered ac
signal actually measured.

for i A RS i S G (T T U NGRS N AT et aa e D Y WS w3 Sz

Loop through accuracy
from FUNCTION QUTPBUT is
+3%.

15 V peak, & V peak for
linear response.

Ac coupled.

1-10
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Table 1-1
&WTM CAL; C HRRE

{cont)

Rear interface input

Pins 28B {+), 2BA (-},
278 and 27A (common} are
froent panel selectable
and independent of main
front panel input. All
characteristics are the
game as main INPUT except
maximum input voltage isg
limited to 42 V peak, 30
V rms. Due to potential
crosstalk at the rear
interface, noise and dis-
tortion performance may
be degraded,

Input monitor

Pinsg 24A and 23A (gnd)
same as front panel FUNC-
TION OUTPUT,

Function output

Pins 23B and 24B (gnd)
same as front panel PUNC-
TION OUTPUT.

Buxiliary input

Pins 25B and 26B {(gnd)
same as front panel AUX-
TLIARY IWPUT. Maximum
input voltage is 15 ¥
peak, 6 V peak for linear
operation.

AC/DC Converter output

Pins 20A and 19A (gnd).
Dc cutput of the selected
ac¢ to dc converter, 1V
+5% for 1000 count dis-
play with 500 ohms +5%
source resistance.
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4B converter output

ke S W R Y by o i s ) T AT TR WA ol o il o st e it

DETECTORS AWD DISPLAYS
Detectors (Response)
RMS

AVG (standard in-
gstrument onlvy)

AA HUYLL -—— PRELIMINARY

Table 1-1
ELECTRICARYL C B,

A i s ke AR W W SR NG DN WD MV W B Aot m e T TS T S R T i ol

Pins 198 and 20B {gnd).
De ocutput of the loga-
rithmic 4B converter,
mV +5% equals 1 4B of

10

f By
Wl

digplay wi 1k ohms +5%
source resistance.

Changes in level or dis-
tortion range will cause

hbrief ac transients.

o o T T AT MG A WD e il oS AP TS TS WD MU NS S N A AR O STV S R

True rms detection.

Average detection, rms
calibrated for sinewaves,
Typically reads 1 to 2 4B
lower than true rms de-
tection for noise, THD+N,
and IMD measurements.




e D AT L WATS G ST TR TS TN VT D TS e e e s S ks e
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Quasi~peak (Option
02 only}

Displays

Digital

Analog bar gragph

BA 5001 -- PRELIMINARY

Table 1-1

o st i i e i e A ok ST A N AR R T WS ST 4T AR A RS S S e e

o o A A K TS AR AT VPR 4IRS R L R AT AT WA CET M SRR A G S T Y A

it ot v e o cmlh i ke s s s T AT TR AT XM T ST AN P WIS AT TR A L4

Quasi-peak detection, rms
calibrated for sinewaves.
Within specifications of
CCIR Recommendation 468-2
and DIN 45%405. Due to
the peak hold nature of
its response readings,
considerably higher than
rms response will ococury
with large crest factor
signals {such as noise}.
The input range indica-
torg should be ignored
and auto-ranging avoided
with these types of sig-
nals,

b o e S s A s Ao S G W G AT R MR TR WA U T ML ST T DR T T A

3 1/2 digit, 2000 count
LED. Overrange indica-
tion is 1, blank, blank,
blank,

10 segment LED intensity
modulated bar graph dis-
play of digital readout.
Segments are logarithmi-
cally activated with ap-
proximately 2.5 dB/seg-
ment.
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Table 1-1
BELECTRICAL CHARACTERISYTICS
{cont)
Characteristics Performance Requirement | Supplemental Information
HISCELLAWNREOUS
Power consumption Approximately 24 watts
Internal Power Sup-
plies
+15 Nominally +13.1 V, +3%
-15 Nominally -15.1 V, +5%
+5 Nominally +5.25 V, +2%
Fuse Data
Fi610 3 AG, 1 &, 250 v, fast
blow
71620 3 AG, 1 A, 250 v, fast
blow
Fl621 3 AG, 1L A, 250 VvV, fast
blow
Recommended adijustment 2000 hours or 12 months
interval whichever occurs first
Warm-up time 20 minutes (60 minutes
after storage in high
humidity environment)
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Temperature

Operating

Nonoperating

KO S T P oD W kS 3 chl) e ek ok Y TR IR (R I e e

Humidity

R s G Anin s T (DR <O ey ey e e s A A S AR TR Gk it <

Altitude

Operating
Nonoperating

TR B 4% e o ) e A A G (O e i T N R O e e

0 to +50 degrees C
-40 to +75 degrees

Bl L e o R R ———

95% RH, 0 to +30
degrees C

T5% RH, toc +40 de-
grees

45% RH, to +50 de-
grees C

Tk R e R R A G e S A WY T O AR VL VD e b it ek sk o

4.6 km (15,000 £t)
15 km (50,000 £t)

s it Y G PP D I 0 e S ol Mel S T R AT D CASES sl il mie iy

0.38 mm {0.015")

peak to peak, % Hz
to 55 Hz, 75 min-
utes,

Meets MIL-T-288008,
class 5,

AR AR AT WD ot waaS s o Cach R YT WD W G el D WE GRS S e ke e

Meets MIL-T-28800B,
class 5.

B T

Exceeds MIL-T-28800B,
class 5.

T G R S 00 s it e A T EE Gl B bl s T s YT M W O S

Meets MIL-T-2BBO0B,
class 5, when in-
stalled in qua%ified
power modules,

A R SN RS T e bt i il (T SR 4R ST KD LSO ST WAL D I T iy S I SHR WY DN G i i D I G RO R WD TN M il Held il wpi G T W Al i ke iR W AS N M O Rl S e G S ) SO o e TR O S

30 gfs (1/2 sine),
11 mg duration, 3
shocks in each di-

rection along 3 ma-

for axes, 18 total

shocks.

Meets MIL-T-288008,
class 5, when in-
stalled in qua%igied
power modules,

lgien ™ 5000~8eries power module. System performance subject to

exceptions of p

zRefer o powe
3

Requires power i

zle specifications.

xdule retainer bar or clip.

ser module or other individual plug-ins,
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Package Product Vibra-
tion and Shock (Plug-in
onlvy)

Electromagnetic Inter-
ference

Electrostatic Immunity

A 5 A T AT (e TR MU AR ST T PO S e A A e e mm L A VO O S e e A S Ao Ve T e R R s e T T W

b £ wn G e o o e e gk m S s gy e ety ok ol kil UL il el i comls cancr e e ) mlls s e s ks i el et cec s e )

12 drops from 45 Meets MIL-T-288008B,
degrees, 4" or equi- class 5,

librium, whichever

occurs first,

Quaiified under National Safe Transit
Association Preshipment Test ProcedurelA-
B~-1 and lA-B-2,

S s ST St T AT TR STV A TS SR AR AU TR SR ok i D AR WED G NGk IRES U kil ol il amn i mmn o G MR T R O T AN P SER A

Within limits of ¥.C.C. Regulations, Part
15, Subpart J, Class A: and MIL-STD-461R
(April 1., 1980) Class B,

At least 15 kV discharge from 500 pF in
series with 100 ohms to instrument case
or any front panel connector without dam-
age or permanent performance degradation
{Input terminals limited to 10 kV).

CATS e . o T B A ST ST TS AT TR AT WD G s 50 VS e ki i

lyith ™ 5000-Series poweyr mos
to exceptions of power ®

Bﬁequiges power m

it bt s ik wiim i o ke e e il ke A e ol SIS T, D AT e S S RS ks vk it s il ok et U gl e b e ke i i sy s

ule. System performance subject
dule or other individual plug-ins.

izle retainer bar or clip.
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Table 1-3
PHYSICAL CHARBCTERISTICS

Characteristics =~ |  Description
Maximom Overall Dimen-|
sions

Height 126.0 mm {(4.96 inches)

Width 131.2 mm (5.16 inches)

Length 285.5 mm (l11.24 inches)
Net Weight | Approximately equal to 2.04 kg (4.5 1bs.)
Finisn |

Front Panel Plastic-aluminum laminate

Chassis Anodized aluminuom
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SECTION 2
OPERATIHG INSTRUCTIONS

Preparation For Use

The AA 5001 is calibrated and ready for use when received., It oper-
ates in any two compartments of a ™ 5000~Series power module, See
the power module instruction manual for line voltage requirements and
power module operation. Figure 2-1 shows the AA 5001 installation
and removal procedure.

POWER
MODULE

2658-01

Fig. 2-1. Installation and removal
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Check to see that the plastic barriers on the interconnecting jack of
the selected power module compartment match the cutouts in the AA
5001 circuit board edge connecteor. Align the AA 5001 chassis with
the upper and lower guides of the selected compartment. Press the AA

5601 in, to firmly seat the circuit board in the interconnecting

jack, .

Turn the power module off before inserting the AA
5001. Otherwise, arcing may occur at the rear
interface connectors, reducing their useful life
and damage may result to the plug-in circuitry.

To remove the AA 5001 pull the release latch (located in the lower

left corner) until the interconnecting jack disengages and the AA
5001 slides ocut. ‘

Check that the AA 5001 is fully inserted in the power module. Pull
the power switch on the power module. One or more characters in the
LED display should now be wvisible. '

BOTE
The AR 5001 can be operated via the front panel
or by comaands sent over the GPIB by a suitable
controller. This section discusses front panel
operation. See the programming section of this
manual for instrument operation via the GPIB.

Repackaging Information

If the Tektronix instrument is to be shipped toc a Tektronixz Service
Center for service or repair, attach a tag showing the owner (with
address) and the name of an individuwal at your firm that can be con-

tacted. Include the complete instrument serial number and a descrip-
tion of the service required.
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Save and reuse the package in which vour instrument was shipped., If
the original packaging is unfit for use or not availlable, repackage

the instrument as follows:

Surrcund the instrument with polyethylene sheeting to pro-
tect the finish of the instrument. Obtain a carton of cor-
rugated cardboard of the correct carton strength and having
inside dimensions of no less than six inches more than the
instrument dimensions. Cushion the instrument by tightly
packing three inches of dunnage or urethane foam between
carton and instrument on all sides. Seal the carton with

shipping tape or an industrial stapler.

The carton test strength for this instrument is 200 pounds per sguare

inch.

Controls, Connectors, and Indicators

A1l controls, connectors and indicators ({except for the rear inter-
fate connector) required for operation of the AR 5001 are located on
the front panel, Fig., 2-2 provides a brief description of all front

panel controls, connectors, and indicators.

INPUT RANGE

Selects input voltage range or AUTORANGE. The three most
sensitive ranges operate in the LEVEL FUNCTION only. (The
ARA 5001 goes to AUTORANGE when in a remote state;)
DECREASE RANHGE £

When this light is illuminated, reduce the INPUT LEVEL
EANGE until the light goes out. If the FUNCTION selected
is THD+N or IMD a flashing light indicates insufficient

input signal level for distortion measurements.

IHCREASE RANGE
When this light is illuminated, increase the INPUT LEVEL
RANGE until the light goes out.
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Fig. 2-2. Front panel controls and connectors.
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IRErT

Differential input terminal. Positive going input signal
provides positive going output signal at INPUT MONITOR.
INPUT

Differential input terminal. Wegative going input signal
provides positive going output at INPUT MONITOR.

Release Latch

LEYEL

Button in selects input level measuring function.

VOLTS ,

Button in selects voltage units for level function.

dem 600 chms

Button in selects dBm units for level function. 0d4B refer-
ence is 0.7746V corresponding to 1 mW into 600 chms.

dB RATIO

Button in selects dB ratio, with respect to preset level,

cags units for level function,

POSH TO SET 0 dB REF
Push button to set display to 0 with input signal applied
to INPUT terminals in LEVEL function. 4B RATIC and LEVEL

pushbuttons must be in for thisg feature to ocperate,.

REAR INTFC--INPOT

Button in selects rear interface input; button out selects
front panel input.

RESPOHISE

Button in gives RMS detection (responds to the rms value of
the input waveform}@ Button out gives average detection or
gquasi-peak detection ({option 02 instruments) both are rmg

calibrated for sinewaves.

THO+H

Button in selects total harmonic distortion function.
IMD

Button in selects intermodulation distortion function.
AUTD RARGE
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Button in selects automatic distortion range selection
(0.2% to 100% full scale). {The AA 5001 goes to AUTORANGE
when in a remote state.)

208
Button in selects full scale distortion readout of 20% with

0.01% resolution.

@ »
Button in gelects full scale distortion readout of 2% with
0.001% resolution.

G.2%

Button in selects full scale distortion readout of 0.2%
with 0.0001% resolution,

de

Selects single equivalent 0 dB to ~100 dB distortion dis-

play range with 0.1 4B resclution.
400 Hz HI DASS

Button in connects filter before detector circuit in all

functions,

80 kHz LU PASS

Button in connects filter before detector circuit in all

functions.

(23) AUDIO BANDPASS
Button in connects filter before detector circuit in all
functions,

A" WEIGHTING (CCIR WEIGHTING In Option 02 Instruments)

Butten in connects filter before detector circult in all

functions.

EXT FILTER

Button in allows connection of external filter between
FUNCTION OUTPUT and AUXILIARY INPUT in all functions,
INPOT MONITOR

Provides a buffered sample of the input signal.
FORCTION OUTPUT
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Provides a sample of the selected FUNCTION signal addition-
ally wrocessed by selected filters.

AUEZILIARY IRPUT
Provides input tc the detector circuit when the EXT FILTER

button is pressed.

Ground

Provides front panel chassis ground connection,

LED Bar Graph

Provides approximate analog display of the digital disvlay
for nulling and peaking. Each segment represents approxi-
mately 2.5 dB. '

Digital Display

3 1/2 digits. Overrange indication is a blanked disvplay

with the numeral 1 in the most significant digit position.

A

Iliuminated when display units are volts.

wy L . A
Iiluminated when displdy units are millivolts,

u¥

Illuminated when display units are microvolts,

%

Tlluminated when display units are percent,

RET

Illuminated when the AA 5001 is in the remote state or the

remote with lockout state.

ADRS

Iliuminated when the AA 5001 is talk or listen addressed.
dBm

Iliuminated when display units are dBm.

dB

Illuminated when display units are dB.
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Instrument Connections

To make connections to the AA 5001, refer to Fig. 2-3. Connections
can be made to the rear interface connector. However, low level or
distortion measurements made through the rear interface may be de-
graded due to crosstalk., To measure signals connected to the front
panel make certain the INPUT pushbutton is out., To select the rear
interface signal input press the INPUT nushbutton.

HMaximum front panel input voltage is 300 V wpeak,
200 V rms either input to ground or differential-
ly; Maximum rear interface input is 42 V peak
and 30 V rms.

The AA 5001 input circultry is protected against accidental overload-
ing. This circuitry will recover without damage from continuous 120
V rms (30 minutes at 200 V rms) overloads in any INPUT RANGE setting.

In most cases, for maximum hum rejéctiony follow the cabling and
grounding as shown in the figure. Shielded, twisted pair offers max-
imum hum and radioc frequency interference rejection. Cable ghield-
ing, if used, should be grounded only at the AA 5001 front panel
ground post. Use shielded cable to connect the output of an oscilla-
tor, external to the device under test, to the input of the device.
Generally, to avoid possible ground loops, if the device under test
has one side of the input grounded, float the output of the external
oscillator. 1If the input to the device under test is floating (not
chassis grounded) select the grounded mode for the output of the os-
cillator. Terminate the ocutput of the device under tegt in its rec-
ommended load impedance, or the load impedance specified in the ap-
propriate standard.,
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AA 5001 Distortion Analyzer Oscitloscope

From Oscillator

Coaxisl cable

INPUIT FUNCTION
MONITOR  OUTPUT

AUXILIARY
INPUT
15V pk MAX
CH 1 cH2
@ @
*‘5\_\-\
> Coaxial
cables

Device Under Test

Input  Ground Output

QR

. Shielded twisted pair
for maximum hum
- reduction

458803

Fig. 2-3. Typical connections for distortion measurements. See text.

The illustration shows an optional oscilloscope for visual monitor-
ing. If connected as shown channel 1 displays a sample of the input

signal and channel 2 displays the distortion components when in the
IM or THD+N functicn.

2-9
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Level Measurvements

In the LEVEL function the AA 5001 operates as a wide band ac voltme-
ter. The Specification section of this manual contains the operating
parameters. The meter is rms calibtaﬁed and either rms or averadge
{(quasi~peak in option 02 instruments) responding, depending on the
position of the RESPONSE pushbutton.

Press the FUNCTION LEVEL pushbutton. The top three buttons to the
left of the FUNCTION pushbuttans select readout units as VOLTS, dBm
600 ohms, or dB RATIC. For example, to measure veltage press the
VOLTS pushbutton. If the INCREASE RANGE LED-is.iiIuminat@&, adijust
the LEVEL RANGE ccontrol to the highet ranges until the LED goes out,
(With the aAaA 5001 in the remote stgte, the INPUT RANGE automatically
goes to the AUTO RANGE position irrespective of the actual switch
position.} If the DECREASE RANGE LED is illuminated, turn the INPUT
RANGE control counterclockwise until the DECREASE RANGE LED goes out,
Readings are usable as long as the display is not overranged however
for specified accuracy the DECREASE RANGE LED must alsc be off.
Overrange is indicated by a blank display with the numeral 1 in the
most significant digit slot.

If the INPUT RANGE switch is placed in the AUTO RANGE position, the
input level is adjusted automatically. The LED"s (VOLTS, mVOLTS or
uVOLTS) automatically illuminate showing the proper display units.
Notice that the three most sensitive ranges on the INPUT RANGE con-
trol operate in the LEVEL FUNCTION only.

When the dBm 600 ohms pushbutton is pressed, the LED cpposite dBm on
the display indicates the display unitg. The reference level for

this measurement, 0 dBm, is 0.7746V corresponding to 1 mW dissipated
in 600 cohms. The INPUT RANGE switch operates as previously described.
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The 4B RATIO mode permits direct amplitude ratio measurements of two
input signals. When the dB RATIO pushbutton is pressed, the LED op-
posite the dB nomenclature on the display illuminates. To use this
feature, press the dB RATIO pushbutton. To establish the input sig-
nal as 0 dB reference, push the PUSH TO SET 0 dB REF pushbutton and
notice that the display veads all zeros. Release the § 4B REF push-
button. As the amplitude of the input signal is changed, the display
reads the 4B ratio of the input signal to the reference signal ampli-

tudes.

There are many useful applicationg for the dB RATIO mode in measure-
ments of gain~loss, frequency response, $/N ratio, etc. For example,
the corner frequency of a filter may be quickly checked. Set the
test frequency to some midband value and set the zero dB reference,
Adjust the test freguency until the display reads -3.0 dB; this is

the corner frequency of the filter.

Gain measurements may be simplified by using this feature. Set the
device to be tested as desired and connect the AA 5001 input to the
input of the device under test. Press the PUSH TO SET 0 4B REF push-
button. Then connect the input of the AA 5001 to the device output
and read the gain or loss directly from the display.

When measuring signal to noise ratio or making noise level measure-
ments, it is often desireable to employ a frequency dependent weight-
ing network, The AA 5001 provides several internal filters, as well
as facilities for connecting external filters., For information on
their operation and use, see the text under Filters in this section

of this manual.

Distortion HMeasurements

Distortion is a measure of signal impurity. It is usually expressed
as a percentage or dB ratio of the undesired components tce the de-
sired components., Harmonic distortion is simply the presence of har-
monically related or integral multiples of a single pure tone called
the fundamental, and can be expressed for each particular harmonic.
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Total harmonic distortion, or THD, expresses the ratio of the total
power in all significant harmonics to that in the fundamental.

A distortion analyzer removes the fundamental of the signal investi-
gated and measures the remainder. See Fig. 2-4, Because of the
notch filter response, any signal other than the fundamental in-

fluences the measurement,

A total harmonic distortion measurement inevitably includes effects
from noise or hum. The term THD+N has been recomm@ndedl to distin=-
guish distortion measurements made with a distortion analyzer from
those made with a spectrum analyzer. A spectrum analyzer allows di-
rect measurement ¢f each harmonic. However, it is relatively com-

plex, time consuming, and requires interpretation of a graphic dis-
rlay.

Fundamential
A g . Fundamentali A Fundamental Aj eliminated
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L1 Lo
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fast

Readout

{2058 03A 59804

Fig. 2-4. Block diagram of a basic harmonic distortion analyzer.
11H?mﬁw202 1978, Standard Methods of Measurement for Audio Rmpli-
fiers, The Institute of High Fidelity, Inc., 489% Fifth Avenue, Wew
York, W.Y¥. 10017
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Distortion analyzers can guantify the nonlinearity of a device or
system. The transfer {input vs output) characteristic of a typical
device is shown in Fig, 2-5. 1Ideally this is a straight line. &

change in the input produces a proportional change in the output.

Cutput
-
-
tdeat
device
Typical
= device
L
,/ Input
-

2958-04

Fig. 2=-5. Transfer characteristics of an audio device.

Since the actual transfer characteristic is nonlinear, a distorted
version of the input waveshape appears at the output, The output
waveform is the projection of the invut sine wave on the device
transfer characteristic as shown in Fig. 2-~6. The output waveform is
no longer sinusoidal, due to the nonlinearity of the transfer charac-
teristic. Using Fourier seies it can be shown that the output wave-
form consists of the original input sine wave, plusg sine waves at
integer multiples of the input frequency. Thege harmonics represent
nonlinearity in the device under test. Their amplitudes are related

to the degree of nonlinearity.

N
i

13
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Distortion Measurement Procedure

ALl of the controls found on a traditional distortion analyzer are
automated on the AA 5001. It is only necessary to set the INPUT

RANGE and distortion range switches to AUTO RANGE, press THD+N and
walt briefly for a reading.

& Actual
transfer s
characteristic ’
: Ve Actual 1deal
Output \ I cuiput oulput '

Ideat
transfer
characteristic

o
il

input

input

2958-05

Fig. 2-6. THD test of transfer characterisitcs.

Minimum input signal amplitude for valid distortion measurements is
60 mV. To provide greater flexibility the instrument may be manually

operated as described in the following paragraphs.

2-14
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Adjustment of the input range control is the same as for level mea-
surements. Setting the INPUT RANGE control to the correct scale en~
sures that the input is within the 10 tc 12 dR range of the internal
auto set-level circuitry. The rahge LED"s must be extinguished to
make readings to specified accuracy. The 200 uV, 2 mV and 20 mv
ranges do not operate in the distortion function and a flashing De-
crease Range LED indicates insufficient input signal level for dis-

rortion measurements.

To manually select a distortion range, press the THD+N button and the
desired range button. Selection of AUTO RANGE causes the instrument
to autorange the distortion readout. (With the AA 5001 in a remote
state, the distortion range automatically goes tc the AUTORANGE posi-
tion, irrespective of the actual switch positions.) The remaining
range pushbuttons cause the instrument to stay in these ranges with-
out autoranging. This may reduce the measurement time slightly if
the approximate reading ig already known. This is useful in produc-
tion line testing or in the testing of low digstortion sguipment., The
d8 display is effectively a single range; however, internal instru-
ment operation is identical to AUTO RANGE.

When making distortion measurements, the RESPONSE button should nor-
mally be in the RMS position. Current distortion measurement stan-
dards require the use of rms reading instruments by specifying power
summation of each of the components. The AVG regponse may be used
when making comparisons with readings taken with older distortion
analyzers. However, it may read up to 25% (2 dB) lower than rms re-
spongse when noise is significant and even lower with high crest fac-
tor distortion signals {characteristic of crossover or hard-clipping
non-linearities).

For frequencies below 20 kHz the residual wideband noise in the mea-
-surement may be reduced by activating the 80 kHz LO PASS filter. IEf
hum {(line related cdmponeﬁts} are inteyfering with the measurement,
they may be reduced with the 400 Hz HI PASS filter. This filter
should not be employed with fundamenE31 frequencies below approxima-
tely 400 Hz because of additional error due to rolloff. For more
information see text under Filters in this section of this manual.
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High Distortion Measurement Limitations

NOTE
Care must be taken to ensure proper locking for input
signals with 10% or greater noise or non-harmonic
components, bhecause the AA 5001 automatically tunes
and nulls out the fundamental freguency prior to

making a THD+N measurement,

In those applications which require higher THD+N measurements (for
example, SINAD? testing) the internal circuitry will remain locked to
noise levels of approximately 20%, after it is initially given a
clean signal. To perform a SINAD test, the receiver under test is
first given a high level modulated rf input. The AA 5001 will lock
onto the audio signal at the demodulated output. The rf level feed-
ing the receiver is then reduced until a ~12 dB (25%) THD+N reading
is obtained on the AA 5001 and becomes a measure of the receiver’s

sensitivity.

I¥ Distortion Measurements

Another measurement of distortion investigates the interaction of two
or more signals. Many tests have been devised to measure this inter-
3, pin?, and cCIF®. The aAA
5001 is capable of automatically selecting and performing all three

tests,

action. Three common standards are SMPTE

znefined in Blectronic Industries Association Standard No. RS 204A,

July 1972, Electronic Industries Association, Engineering Department,
Z00L EBye St. N.W., Washington, D.C. 20006.

350ﬁiety of Motion Picture and Television Engineers, Standard Wo. TH
22.%1,; 862 Scarsdale Avenue, Scarsdale, W.Y. 10583,

4Deutsches Institut fur Normung e V, No. 45403 Blatt 3 and 4, Jan—
uary 1%75, Beuth Verlag GmbE, Berlin 30 and Koln 1.

SInternational Telephone Consultative Committee.

2-16
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fig. 2~7. Block diagram of basic IM analyzer.

To measure intermodulation distortion (IM), according to SMPTE and
DIN standards, the device under test is excited with a low frequency
and high frequency signal simultaneously {Fig. 2-7}. The output sig-
nal is high-pass filtered to remove the low frequency component, The
high frequency tone is then demodulated, as an AM radio signal. The
demodulator output is low-pass filtered to remove the residual car-
rier (high frequency) components. The amplitude of the low freguency
modulation is displayved as a percentage of the high freguency level,
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I
Transfer (input-ouiput) e M}NMJ’W%Q
characteristics of !ﬁ{ iA}}
test device Iﬂd ?\ Output

\
y? (distorted)

2858-07

Fig. 2-8. IM test of transfer characteristics
in time and frequency domain.

As shown in Fig. 2-8, when this composite signal is applied to the
device, the output waveform is distorted. BAs the high freguency tone
is moved along the transfer characteristic, by the low fregquency
tone, its amplitude changes. This results in low frequency amplitude
modulation of the high freguency tone. This modulation is apparent in
the frequency domain as sidebands around the high freguencytone. The

power in these sidebands represents nonlinearity in the device under
test.
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The amplitude ratio of low to high freguencies should be between 4:1
and 1:1. The AA 5001 circuitry automatically adijusts calibration to
compensate for the selected test signal ratio. Some additional range
ig provided in this circuitry to enable measurement of devices with

noenflat fregquency response.

SMPTE standard test freguencies are 60 Hz and 7 kHz. The DIN stan-
dard is virtually identical to the SMPTE standard except for the two
frequencies used. They may be any pair of octave band center fre-
gquencies, with the upper at least eight times as high as the lower
{250 Hz and 8 kHz are most common}. The AR 5001 can accept a wide
range of test frequencies as shown in the Svecification section.

CCIF difference frequency distortion is measured with two high fre-
guency sine waves driving the device under test. Both are of egual
level and closely spaced in frequency. Nonlinearities in the device
under test cause the sine waves to cross modulate. This creates new
signals at various sum and difference frequencies from the inputs.
For example, the commonly used 14 kHz and 15 kHz test freguencies
produce 1 kHz, 13 kHz, 14 kHz, 15 kHz, 16 kHz, 28 kHz, etc. The user
could measure each new component with a tunable filter such as a
spectrum analvzer; however, thig is usually limited to an 80 4B dyn-
amic range and is very tedious. In many systems and especially those
with asymmetric non-linearities, a good measure of this distortion
may be obtained by investigating only the difference frequency {in
this example 1 kHz). If only the low frequency component is mea-
sured, it is called a CCIF second order difference frequency distor-

tion test,
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To measure two tone difference freguency distortion the device is
excited with two input signals as described above. The output of the
device ig low-pass filtered to remove the two test tones and extract
the difference frequency product. The level of this component is
expressed as a percentage of the high frequency signals. The AAd 5001
CCIF difference frequency mode will accept any pair of input frequen-
cies which are within limits as listed in the Specification section.
The amplitudes of the two signals should be equal.

I Distortion Measurement Procedure

Intermodulation and THD testing are similar, using the AA 5001. Af-
ter connecting the appropriate signal source to the device under
test, get the INPUT RANGE as described in the THD section. Press the
IMD FUNCTION button and select a distortion range. Selecting AUTO
RANGE or dB provides automatic ranging. The AA 30061 accepts either a
SMPTE, DIN, or a CCIF difference freguency test signal. Selection
petween the necessary analyzing circuits is accomplished automatical-~
ly for IMD levels less than 20%, based upon the spectral content of
the test tones. {There is a moveable jumper inside the AA 5001 to
allow defeating the automatic test gelection circuitry for special
applications requiring IMD measurments in excess of 20%., Refer any

jumper changes to qualified service personnel.)

The LO PASS5 and BAND PASS filters may be selected in the IM mode but
will have little or no effect., The 400 Hz HI PASS and the WEIGHTING
filters will cause erroneous readings because the IM components of
interest generated by the tests fall between 50 Hz and 1 kHz. These
filters, when activated in the IM mode may attenuate some of the fre-

guency components being measured and should be avoided.

Filters

The five buttons along the right edge of the instrument allow selec-
tion of four built-in frequency weighting filters plus an external

filter, as desired. See Fig. 2-9 for response curves of the various
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filters. The 400 Hz, and 80 kHz filters are both 3-pole ({18 dB per
cctave rolloff) Butterworth alignment. The AUDIO BAND PASS filter
follows CCIR Recommendation 468-2 for unweighted response. It is
approximately two pole rasponse below the lower 3 dB point of 22.4 Hz
and three pole regponse above the upper 3 dB point of 22.4 kHz. They
are placed in the measuring circuitry immediately before the average
or rms detectors. These filters are functional in all modes of oper-

ation. They alsgo affect the signal at the FUNCTION OUTPUT connector.
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Fig. 2-9. Response curves for AA 5001 filters.
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Check the position of all filter pushbuttons before making measure-
ments, to prevent inaccurate results. Filtering takes place after
2ll gain circuits. Therefore, it is possible to overload part of the
instrument, when operating in the manual distortion ranges with a
filter selected, even though the display is not overranged. This may
be checked by releasing the filter pushbuttons and checking the dis-
play for overrange or by pressing the AUTO RANGE pushbutton.

The 400 Hz HI PASS filter is used to reduce the effects of hum on the
“measurement, Although the differential input and common mode rejec-
tion of the AR 5001 reduce the effects of ground loops, extremely bad
measurement conditions may require use of this filter. The device
under test may also generate an undesirable amount of hum, limiting
the noise and distorticon residuals cbtainable., This filter may be
used when measvuring harmonic distortion of signals at about 400 Hz or
greater, but should not be used when measuring levels at frequencies

less than 1 kHz, nor when measuring intermodulation distortion.

Use of the 80 kHz LO PASS filter reduces the effects of wideband

noise and permits measurement of lower THD+N for input sigrnals up to
20 kHz., PFor 20 kHz inputs, 1t allows measurement of harmonics up to
the fourth order. Do not use this filter if harmonic components

above 80 kHz are of interest. When checking noise the 80 kHz filter
may be used to reduce the measurement bandwidth. However, for most
noise measuremente, the AUDIO BANDPASS or WREIGHTING filters are rec-—

ommended as they correlate better with the perceived noise level.

The AUDIO BAND PASS filter provides bandwidth limiting according to
CCIR Recommendation 468-2 and DIN 45405. It is also useful for un-
weighted measurements on certain accoustic equipment., When the AUDIO
BAND PASS filter ig used, the 80 kHz filter is disabled.
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The "A" weighting filter (standard instruments only) is used when
measuring the subijective noisiness of audioc eguipment. It conforms
to the noise measurement standards of the Institute of High Fidelity
{IHF}. The filter shape is within ANSTI, DIN, and 1ac® standards for
class 1 sound level meters.

The CCIR weighting filter (option 02 instruments only) is also used
when measuring the subjective nosiness of audio equipment, however it
conforms to CCIR Recommendation 468-2 and DIN 45405 when used with
the quasi»peak detector response., This filter may also be usged with
the rms detector, however the gain calibration is shifted for unity
gain at 2.0 kHz instead of 1.0 kHz permitting noise measurements si-
milar to those proposed by Dolby et al’ on tape recording and play-
back systems.

Connections for an external filter are also provided. Press the EXT
FILTER pushbutton. Connect the external filter between the PUNCTION
QUTPUT and the AUXILIARY INPUT, One application for the external

filter is selective measurement of individual harmonics or components

of an input signal. This may be accomplished using a unity gain

8

bandpass filter as an external filter® and adjusting the freguency to

the harmonic desired.

5Internati@nal Electrotechnical Commission, Publication 179, second
edition, Precision Sound Level Meters, 1973, Central Office of EIC
{sales department), 1, rue de Varembe”, 1211 CGeneva 20 Switzerland.

Vﬁolby et al, CCIR/AEM: A Practical Noise-Measurement Method, Jour-
nal of the Audio Bngineering Society, Vol. 27, Wo. 3, March 1979, p.
149,

ginternatianal Radio Consultative Commitiee.
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Displays

The AA 5001 provides two display forms for manual measurements. The
digital readout displayvs the selected function with units. Overrange
indicaticn blanks all digits and displays a 1 in the most significant
digit slot.

For rapid nulling or peaking applications, the digital display is
supplemented by an uncalibrated LED bar graph for an analog meter-
like display. The bar graph responds logarithmically, with each seg-
ment representing approximately a 2.5 dB change in the selected func-
tion. Additionally, the intensity of the segments is modulated
between steps permitting resolution of changes as small as 0.5 d4B.
The range of the bar graph is determined by the measurement range in
use. When using this feature it may be desirable to select a manual

range to prevent confusing displays caused by autoranging.

Monitoring

The interface capabilities of the AA 5001 may aid considerably in the
interpretation of measurements,

The INPUT MONITOR connector provides a fixed amplitude version (ap~
proxzimately equal to 1 V rms} of the input signal for input signals
of 50 mV or greater. This allows display of the input signal on an
oscilloscope, without constantly readjusting the oscilloscope sensi-
tivity. At input levels below about 50 mV the INPUT MONITOR signal
is approximately 26 4B (gain of approximately equal to 20) above the

input signal level.

The FUNCTION CUTPUT is taken after the distortion measurement and
high gain amplifier circuitry. It can be used for monitoring the
gignal read on the display. The signal at the FUNCTION OUTPUT con-
nector is 2 V for a full scale reading on the display. In the level
function this connector becomes an amplified version of the input
signal., The gain from the input to this output is dependent on the
INPUT RANGE switch, and is given in Table 2-1., When the AA 5001 is
used as a constant gain differential amplifier the INPUT RANGE switch
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must be set to a fixed range. In the distortion function this output
can he displaved on an oscilleoscope to view the distortion compon-
ents. This output may also be used to drive & spectrum analyzer or
selective voltmeter for examining the individual harmonics or modula-
tion preducts. When an oscilloscope is used, the triggering signal
is best taken from the sync output on the oscillator. 1TIf this is not
possible (for example in tape recorder or Telce link testing) it
should be obtained from the INPUT MONITOR connector on the AA 53001L.

Table 2-1

Gains from INPUT terminals to FUNCTION OUTPUT connector
for various setitings of the INPUT RANGE control

INPUT RANGE Setting | Gain to FUNCTION OUTBUT
""""""""" 200v | -s0a
mmmmmmmmmm sov | -s0a
T N 220 a8
""""""""""" sv |  -woa
""""""""""" v | ea
T eomv | +10 a8
T 0w | 120 a8
T e w | w40 a8
T o w w60 a8
0wy +80 aB

One interesting use of the Function Output and Input Monitor signals
igs to investigate the non-~linearities of the transfer function of a
device under test with the THD+N mode., For this measurement the
FUNCTION OUTPUT drives the vertical input of an oscilloscope while
the INPUT MONITOR drives the horizontal. The resulting display is
similar to Fig. 2-10, and represents the deviation from linearity of

the transfer characteristic. In other words, it represents the

225
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transfer characteristic after the best fit gstraight line is removed.
This can be particularly useful in diagnosing sources of non-
linearity such as clipping, crossover, etc. If the device under test
has large amounts of phase shift at the test freguencieg it may be
necessary tc introduce compensating phase shift into the horizontal
channel. Since the FUNCTION QUTPUT is taken after the filters, they
will affect the signal seen at this connector. The vertical scale is
the deviation from the best fit line and is related to the.diStOKEiOﬂ

range and vertical sensitivity of the coscilloscope.

Input amplitude

2958-09

Fig. 2-10. Oscilloscope display of deviation from linearity.
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SECTION 3
PROGRAMMING

Introduction

This section of the manual provides information for programming the
AR 5001 by remote control via the digital interface. In this manual
the digital interface is callied the IEEE-488 General Purpose Inter-
face Bus (GPIB}. The following information assumes the reader is
knowledgeable in GPIB communications and has some exposure to pro-
gramming controllers. Communication via the GPIB is specified and
described in the *IEEE Standard 488-1978, Standard Digital Interface

for Programmable Instrumentationl. ™ 5000 instruments are designed

to communicate with any GPIB-compatible controller that sends and
receives ASCII messages (commands) over the GPIB. These commands

program the instrument or request information from the instrument.

Commands for T™™M 5000 programmable instruments are designed for compa-
tibility among instrument types., The same command is used in differ-
ent instruments to control similar functions. In addition, commands
are specified in mnemonics related to the functions they implement.
For example, the command INIT initializes instrument settings to

their power-up states.

Lpublished by the Institute of Electrical and Electronics Engi-

neers, Inc., 345 Bast 47th Street, ¥Wew ¥York, WY, 10617
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Instrument commands are presented in three formats:

A front panel illustratiom -- showing command relationships to front

panel operation. See Fig. 3-1.

Instrument Command List -— A list divided into functional groups with

brief descriptions,

Detailed Command List -~ An alphabetical listing of commands with

complete descriptions.

™ 5000 programmable instruments connect to the GPIB through a TM
5000 power module. Refer to the Operating Instructions section of
this manual for information on installing the instrument in the power
module. Also review this section to become familiar with front-panel

and internally selectable instrument functions.

GPIB Address and Terminator Setting

The GPIB primary address for this instrument is set on the rear pan-
el. The AA 5001 is ghipped with the addregss set to decimal 28. The
message terminators may also be selected., Message terminators are
discugged in Messages and Communication Protocol (in this section).
™ 5000 instruments are shipped with this terminator set to EOI ONLY.
Refer qualified personnel Lo the Maintenance section of this manual

for locations and setting information,
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Fig. 3~1. BA 5001 commands and relationships to front panel controls.
gee command lists for descriptions.
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The commands for the AA 5001 can be classified in three categories:

Setting Commands -— Control Instrument Settings
Query-Output Commands -- Ask For Data
Operational Commands -- Cause a particular action

The instrument responds to and executes all commands when in the re-
mote state., In the local state setting and operational commands gen-
erate errors as the instrument is under front panel control. Only

gquery-output commands are executed in this mode.

Each command begins with a header--a word that describes the function
implemented. Many commands reguire an argument following the
header--a word or number which specifies the desired state.

WOTBR
Brackets [] indicate the enclosed item is optiomal, and.
carets <> indicate a defined element. Capitalized letters

are the reguired characters; the lower case letters may
also be used.

Instrument Commands

Counts <num> -- Sets the display counts window for the set-
tling algorithm.

Counts? ~- Returns the COUNTS setting.

DOs [ON] -~ Delays the SEND command until settled.

DUs OFf -- Does not delay the SEND command until settled.
MI=? —-- Returns DUS ON or DUS OFF.
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ERRMsg? -- Same action as ERR? but includes a description

string in the gquery response.

ERRBor? -- Returng the error code for the mosgt recent error
reported by serial poll when ROS is ON or the highest pri-
ority event when RQS is OFF.

EVent? -- Same acticon as ERR?

[Filters] BPass —- Enables bandpass filter.

[Filters] EXternal -~ Enables external filter.

{Filters] FLat -- Disables all filters.

[Filtersl HPass -- Enables high pass filter.

[Fiiters] Lpass -- Enables low pass filter.

Filters OFf -- Disables all filters.

{FPIlters} Wtg ~- Enables weighting filter.

FIlters? -- Returns the state of all programmable filters.
FPset —- Sets to front panel settings while under remote
control,

{Fﬂnctimn} DBm - Sélects lével.measuxement in decibelg

relative to 0.775% volts,

[FiUnction] IMDDb -~ Selects intermodulation distortion mea-

surement in decibels.
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IFiInction] IMDPot -- Selects intermodulation distortion

measurement in percent.

{FOnction] THDDDL -~ Selects total harmonic distortion mea-
gurement in decibels,

[POnction] THDPck -- Selects total harmonic distortion mea-

surement in percent.

[FOnction] Volis -- Selects level measurement in rms volts
FOnction? -- Returns the tvpe of measurement selected.
HE1p? -~ Returns a list of command headers.

IDentify? —-— Returns instrument identification and firmware
version.

INit -- Returns instrument to default settings.

OPc [OM] -~ Enables operation complete service request.

OPc OFf -~ Disables operation complete service ;equest,
OPc? ~- Returns OPC ON_Qr opC OFF.

OVer [ON] -- Enables reporting of display overrange, insuf-

ficient input level, excessive input level and unsettled

service requests.

OVer OFf -- Disables reporting of display overrange, insuf-
ficient input level, excessive input level and unsettled

service requests.
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OVer? ~-~ Returns OVER ON or OVER QOFF.

Points <num> -~ Sets the number of sample points for the

settling algorithm.

Points? -- Returns the POINTS setting.

i

[REsponse] AVG -~
strument onlvy)

[REsponse] AVE -
strument only)

{

[REsponse] BRMs -

Selects rms response.

[REsponsa}] Qpk

i
i

only)

REsponse? —~- Returns AVG (QPK for option 2) or RMS re~
sponse.

RQs [OH] -- Enables generation of service requests.

RQs OFf -~ Disables generation of service requests.
ROs? —~— Returns RQ5 ON or RQOS OFF,

SENd -~ Returns a measurement,

SETtings? -- Returns all programmable settings.

TEst? -~ Executes ROM test and returns 0 if test passes

384 if test fails,

Selects quasi<peak response. (option 2

Selects average response. {standard in-

Selects average response. {standard in-

or
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T™Tlerance <ngm> ~— Sets the tolerance window for the seb-

tling algorithm in percent.

TOlerance? —-- Returns the TOLERANCE setting.
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DETAILED COMMAND

NOTE
Brackets [] indicate the enclosed item is optiomnal, and
carets <> indicate a defined element. Capitalized letters
are the required characters; the lower case letters may

also bhe used.

Cou

Type:
Setting or query

Setting Syntaz:

Counts <numeric>

Arguments:

Counts 20
Counts 4.5
Counts 1.28+2
Counts 32.05E-2

Query Synta=m:
Counts?

Query Response:

Counts <numeric>:

Discussion:
The COUNTS command sets the settling algorithm window in
units of display counts. Refer to SETTLING ALGORITHM in

this section,

The COUNTS query returne the COUNTS setting.
The Power-up and INIT setting is COUNTS 2.0
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DUS {DELAY UNTIL SETITLED)

Type:
Setting or guery

Setting Syntax:
DUs [ON)
DUg OFF

Guery Syntax:
DUs?

Ouery Responses
pDUS ON: or DUS OFF

Discussion:

The DUS. command tells the SEND command to delay sending a

measurement until settling hasgs occurred., Refer to SETTLING

~~ PRELIMINARY

ALGORITHM and SEND in this section.

The Power--up and INIT setting

is DUS ON.



AA 5001 —- PRELIMINARY

ERRMSG (ERROR MESSAGE)

Types:
Query only

Query Syntax:
ERRMgg?

Query Response:
ERRMSG <numeric>,.<string>;

Examples
ERRMSG 0,"NO STATUS":

Discussion: _
The ERRMSG? guery has the same action as the ERROR? gquery
except that a brief description string is included in the

guery response.
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ERROR

TVpe:
Query only

fQuery Syntax:
ERRor?

Query Response:

ERR <numeric>;

Discussion:s

The BRROR? query is used to obtain information about the
gstatus of the instrument.

If RQS: 150N, ‘the ERROR? query ‘returns an évent code
<number> describing why the RQS bit was set in the last
Status Byte reported by the instrument., The event code is
then reset to 0.

If RO8 is OFF, the ERROR? guery returns an event code
<number> describing the highest pricrity condition current-
ly pending in the instrument. This event code is then
cleared and another ERROR? gquery will return the event code

for the next highest priority condition pending.
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EVERT

Type:
Query

Query Syntax:
EVent?

Query Responses
EVENT <numeric>:

Discuzssions

The EVENT? query has the same action as the ERROR? query.

a?
i
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FILTERE

Type:
Setting or guery

Setting Syntax:

[PIlters] <argument>

—= PRELIMINARY

[FIlters] <argument>,...,<argqument>

Aroumentss:
BPass
EXternal
Flat
HPass
Lpass
OFf
Wty

Exawmples:
FIlt EXt
FIit Hp
FIlt OFf
BE
Flat
HP OW
HP OFF .
FIlt Lp,Wtg,Ed:

Query Syntax:
Fllters?
BPass?
FLatc?

Duery Response:
FILT BP,EXT, HP;
FILT FLAT:
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Discussions:
Bach individual command enables the specified filter. FLAT
and OFF disables all the filters,

NOTE: "A" WEIGHTING is used on the standard instrument only.
"CCIR" WEIGHTING is used on option 2 only
Refer to the OPERATING INSTRUCTIONS section

For the setting command, multiple arguments separated by
commas are allowed. The arguments are processed from left
to right, that is the last argument prevails.

The FILTERS heading may be omitted for all arguments except
OFf unless multiple arguments are used. If the FILTERS
heading is omitted, the arguments ON or OFF may be option-

ally used. If not used, ON is assumed,.

BP, LP, and WTG are all mutually exclusive.

“The FILTERS? guéry returng a list of the”filtéts that are
enabled,

The INIT setting is FLAT.
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FPSET (FRONT PANEL SETTINGS)

Type:
Operaticnal

Setting Syntax:
FPset

Discussion:
The FPSET command sets the AR 5001 to the front panel set~

tings even though it is under remote control.

This is useful for allowing manually set input level and
distortion ranges, as these are otherwise autoranged when
in the remote state. ' ' '

Any other setting command made subsequently will defeat
Frset.
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FORCTION

Type s
Setting or guery

Setting Syntax:

[FUncticon] <argument>

Arguments:
DBm
IMDDDb -
IMhPct
THDDD
THDPCE
Volts

Framples:
FUnc IMDPct
THDPCL
Volts

Query Syntax:
FUnction?!

Query Responses

DBM:

DBR:

IMDDRB;
IMDPCT:
THDDB ;
THDPCT ;
VOLTS;
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Discugsion:

DBM selects input level measurement in decibels relative to
0.775% wvolts.

TMDDB selects intermodulation distortion measurements in
decibels,

ITMDPCT selects intermodulation distortion measurements in

percent.

THDDE selects total harmonic distortion measurements in

decibels.

THDPOT gselects total harmonic distortion measurements in

percent,

VOLTS selects level measurement in rms volis.

The use of the FUNCTION header is optional,

NCTE: DB RATIO is not progﬁammabiea References other than
0.775 volts (DBM), if needed, should be calculated by the

controller,

The FUNCTION? query returns the type of measurement select-
ed. The FUNCTION header is not returned.

The INIT setting is VOLTS.
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HELP

Fype:
Query

Query Syntax:
HElp?

Query Response:

HELP
AVE,AVG,BP,COUNTS ,DBM,DUS ,ERRMSG, ERR,EVENT ,EXT ,FILT , FLAT,
FPSET ,FUNC ,HELP ,HP,ID,IMDDRB,IMDPCT, INIT,LP,0PC ,QVER,POINTS,
OPK,RESP , FMS ,RQOS ,SEND ,SET , TEST , THDDB , THDPCT , TOL , VOLTS , WG :

Discussion:
The HELP? query returns a list of all valid command
headers.
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IDENTIFY

Type:
Query

Juery Syntax:
IDentify?

Juery Response:

ID TEK/AAS001,V81l.1,Fx.v; (standard instrument only)
ID TEK/ARSQ0L,V81.1,Fx.v,"OPTION 2%, foption 2 only)
Diseussiog:

The IDENTIFY? query returns the above response where:

TEK/AAS001 - Identifies the instrument type,.

vgl.1l ~ Identifies the version of Tektronix Codes and
Format Standard to which the instrument conforms,

FH.V - Identifies the firmware version of the instrument,
where x.v ig a decimal number.

"O?TION 27 -~ Identifies options if anvy.
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INIT (INITIARL SETTINGS)

Types

Operational

Setting Syntax:
INit

Discussion:

The IMIT command performs an initialization of the instru-
ment”’s settings. The initialization settings for the AA
5001 are:

VOLTS

RMS

FLAT

DUS ON

POINTS 3
TOLERANCE 2.0
COUNTS 2.0
OPC OFF

OVER OFF

RQS ON

The INIT command does not generate a power-on SRQ nor does
it put the instrument in LOCAL mode as power-on initializa-
tion does.
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OpC (OPERATION COMPLETE SERVICE EEQUEST)

Type:
Setting or Query

Setting Syntax:
Ope [ON]
OPc OFF

Query Syntax:
OPc?

Query Response:
OPC ON: or OPC OFF

Discussion:

The OPC command controls the asserting of SRQ when a mea-
surement is completed. This command allows a controller to
start a measurement, and then process some other task while
waiting for an SRQ to inform it that measurement data is

ready.

When CPC is ON and a measurement completes, SRQ is asserted
and remains asserted until the status is read via a serial

poll or until cleared by RQS OFF or a Device Clear. Opera-

tion Complete is indicated by a Status Byte of 66 or 82 and
an ERROR query regponse of ERR 402,

Refer to STATUS AND ERROR REPORTING in this section.
The power-up and INIT setting isg OPC OFF.
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OVER [OVERRANGE SERVICE REQUEST)

Type s
Setting or guery

Setting Syntax:
OVer [ON]
OvVer OFF

Ouery Syntaxs
OVer?

Query Response:
OVER ON; or OVER OFF:

Discussion:

The OVER command controls the asserting of SRQ for display
ovverange, insufficient level, excessive input level, and
unsettled conditions.,

These conditions are checked only when a measurement is
attempted (see SEND command).

Refer to STATUS AND ERROR REPORTING in this sectiocon,
The power~up and INIT setting is OVER OFF.
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POTHES

Type:
Setting or query

Setting Syntax:

Points <numeric>

Argumentse

Any Floating Point Value from 2 to 6

Query Syntaxs
Points?

Guery Responses:
POINTS <numeric>:

ﬁiS@mﬁﬁiﬁﬁ:

The POINTS é@mménd sets the number o©of sample points, 2
through 6, that must be within the settling algérithm”s
tolerance window for settling to occur.The numeric argument
in the setting is rounded to the nearest integer. Refer to
SETTLING ALGORITHM in this section.

The POINTS? guery returns the POINTS setting.
The power-up and INIT setting is POINTS 3.
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RESPONHSE

Types
Setting or guery

Setting Syntax:

[REsponse] <argument>

Arguments:
AVEr age (standard instrument only)
AVG {(standard instrument only}
RiMs
Qpk {option 2 only)

Exzamples:
REsp AVE
REspr RM=
RMga

. Queryﬁyntaxg o e . T
REsponse?

Cuery ResponsSe:

RESP AVG: or RESP RMS: (standard instrument only)
RESP QPK: or RESP RMS: {option 2 only}
Discussion:

The RESPONSE command sets the AA 5001 for average (gquasi-

peak for option 2} or rms response.

The RESPCONSE query returns the RESPONSE setting.
The RESPONSE header is optional.
The INIT setting is RESPONSE BMS,
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RS (REQUEST FOR SERVICE)

Type:
Setting or guery

Setting Syntax:
ROz [ON]
ROs OFF

Query Syntaw:z
ROs7?

Ouery Response:
RS ON or OFF

Discussion:
The RQS command is a glcbal control for assertion of SRQ by
the AAS001.

When ROS is OFF the AA5001 will not assert SRQ under any
circumstance, When RQS is ON the AAS001 is allowed to as-
sert SRQ under appropriate circumstances: i.e., errorsg,

operation complete, etc.

The ERROR? guery can be used while RQS is OFF to see if any
SRQ type conditions have occurred,

SR will be asserted for any previcusly unreported SRQ
event when RS is turned ON after being OFF.

The power-up and INIT setting is RQS ON.




AR 5601 ~-- PRELIMINARY

SERD

Type s
Output

Syntax:
SENA

Discussion:

The SHND command returns a measurement. Overrange is
1B+99, New meagurements are avalilable as the display up-
dates at approximately three (3) reading/sec. Any display.
reading may be returned only once.

If the DUS isg OFF the most recent display update is re-
turned.

If DUS is ON, the measurement must be settled before it is

returned. If settling does not occur within six (8) se-

conds, an average of the last two (2) seconds (6 display

updates) is returned.

If the OVER is ON an unsettled SRO is generated.
Refer to SETTLING ALGORITHM, DUS, OVER, and TALKED WITH
NOTHING TO SAY RESPONSE in this section,
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SETTINGS

Tvpes
Query

Query Syvntazx:
SETtings?

Query Regponses

<gtring>;

Example:
VOLTS;RESP RME;FILT FLAT:DUS
1.0:0PC OFF;0OVER OFF;RQS ON:

Discussion:
The SETTINGS? guerv returns the
instrument.

ON; POINTS 3:TOL 1.0;COUNTS

current settings of the

The SETTINGS? guery response may then be used at a later

time to reset the instrument back to those settings.
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TEST (ROM TEST)

Type:
Query

Setting Syntax:
ThEst?

Output Response:

TEST <numeric>:

Discussions
The TEST? query causes execution of the ROM test and re-
turns 0 if the test passes, or 394 if the test fails,
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TOLERANCE

Type 2
Setting or query

Setting Svyntax:

TOlerance <numerigc>

Argumentss
Any Fleating Point Value from 0 to 100

Exaumples:
TOL 12
TOL O.1E+2
TC1 1.5

JQuery Syvntax:

TClerance?

Query Hesponse:
TOL <numeric>:

Discussion:

The TOLERANCE command sets the tolerance window in percent
of the reading for the settling algorithm. Refer to SET-
TLING ALGORITHM in this section.

The TOLERANCE? query returns the TOLERANCE setting.
The power-up and INIT setting is PTOLERANCE 2.0.
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SETTLING ALGORITHM

This Algorithm delays a measurement from being sent until

settling has occcurred. The Settling Algorithm is enabled by
using the DUS ON command. A settled AR 5001 measurement is
obtained by using the SEND command to return a measurement

with the Settling Algorithm previously enabled

The AA 5001 is considevred settled when a series of measure-~
ment points {(display updates) are within a specified toler-
ance of each other. The tolerance window is plus or minus
the sum of the values set by the TOLERANCE command {in per-~
cent of reading from 0 to 100} and the COUNTS command (in
display counts from 0 to 20003 . The POINTS éommand sets the
number of measurement pointg {(from 2 to &) that must be
within the tolerance window for settling to occur. In gen-
eral, specifying as wide of a tolerance window and ag few
points as the accuracy of the measurement needed allows,
will cause the instrument to return a valid measurement
with a minimum of delay. The default settings will provide

good results under most test conditions.

THE DRFAULTSE ARE:
POINTS 3 '
TOLERANCE 2
COUNTS 2

When enabled, the SETTLING ALGORITHM is continually col-
lecting measurement points and keeping track of the set-
tling status.The algorithm is initialized at the time it is
enabled (anytime DUS ON is received), or when any setting
command 1s received. Initialization means any collected
measurement points are dumped. At least two {2) points will
be taken after receiving the SEND command before settled
status can occur. The remaining points ,if needed, mav have
been collected before the SEND command was received, if the

algorithm was enabled with sufficient time to collect these
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points. This ensures that the algorithm includes the ef-
fects of any svystem changes that were made negar the time
the SEND command is received, but returns a measursment
sooner if the AA 5001 remains settled. The measurement re-
turned is the most recent measurement point taken at the

time settling occurs,

If settling does not cocur within approximately six (6)
seconds after the SEND command is recelived, the AR 5001
returns the average of it”s last six (6) measurement points
{approximately 2 seconds, in duration). This averaging al-
lows usable measurements on signals containing low beat
freqgquencies or ncise. Additionally, if the OVER is ON, an
unsettled SRO i1s generated, alerting the controller that

averaging has occurred.

' LOCAL BECEPTIONS

If the LEVEL, THD+N, IMD, RESPONSE and any of the filter
buttons are pressed, the RA 5001 returns to local from re-

mote operatiocon.
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MESSAGES

Command Separator

A message consists of one command or a series of commands,
followed by a message terminator. Messages consisting of
multiple commands must have the commands separated by semi-
colons. A semicolon at the end of a message is optional.

For example, each line below 18 a message.

INIT
TEst;INit;RQ)s ON;DUs OFF;ID?;SET?
TEET;

Message Terminator

Messages may be terminated with BOI or the ASCII line feed
(LF} character. Some controllers assert ECT concurrently
with the last data byte. Others use only the LF character
as a terminator. This instrument can be set to accept ei-~
ther terminator. With FOI ONLY selected as the terminator,
the instrument interprets a data byvte received with BOI
asserted at the end of the input message; it also asserts
EOI concurrently with the last byte of the output message.
With the LF/E0I setting, the instrument interprets the LF
character without EOI asserted (or any data byte received
with EOI asserted) as the end of an input message. The AA
5001 transmits carriage return {CR) followed by line feed
(the LF with EOI asserted) to terminate output messages.
Refer service personnel toc the Maintenance section of the
manual for information on setting the message terminator,
™ 5000 instruments are shipped with EQCI ONLY selected,

Formatting A Message

Commands sent to the AA 500)1 must have the proper format
{syntax) to be understood. This format is flexible and
many variations are acceptable. The following describes
this format and the acceptable variations,
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All commands must be encoded in upper and lower case BASCII,
All data output is in upper case. See Pig. 3-2.

As previously discussed, a command consists of a header
followed, if necessary, by arguments., A command with argu-
ments must have a header delimiter which is the space char-
acter SP between the header and the argument. The space
character , carriage return , and line feed are shown

as subscripts in the following examples,

RQSepON

1f extra formatting characters 8P, CR, and L¥F {(the LF can-
not be used for format in the LF/E0I terminator mode) are
added between the header delimiter and the argument, they
are ignored by the instrument.

Example 1: ROS0N;

Example 2: RQS8gp ¢pON;

Example 3: RQ8qp cp 1

sp gpON

In general, these formatting characters are ignored after

any delimiter and the beginning and end of a message.

5pRAlSg,0Nicr 1p
sp U8 5pOFF
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In the command list, some letters are capitalized and oth~
ers are lower case. The capitalized letters are the mini-
mum necessary for command recognition. Bowever, if addi-
tional letters are added they must be the same as shown in
the header. For documentation of programs, the user may
add alpha characters to the full header. Alpha characters
may also be added to the guery header, provided the gues-

tion mark is at the end,

EV

Eve
EVen
EVent A?

Multiple arguments are separated by a comma; however, the
instrument will also accept a space or spaces as a delimit~
ar.

2,3
2,03

In the last example, the space is treated as a
format character because 1t follows the comma
(the argoment delimiter).

Humber Pormats

The instrument accepts the following kinds of numbers for any of the
numeric arguments.

* Signed or unsigned integers (including +0 and -0). Unsigned
integers are interpreted as positive. Examples: +1, 2, -1,
-10.

® Signed or unsigned decimal numbers. Unsigned decimal numbers
are interpreted as positive. Examples: ~3.2, +5.0, .2.
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* Floating point numbers expressed in scientific notation. Exam-
pless +1.0E-2, 1.47E1l, 1.E~2, 0.01E+0.

Rounding of Mumeric Arguments

The Iinstrument rounds numeric arguments to the nearest unit of reso-
iution and then checks for out-of-range conditions.

Mogsage Pznt@cal

As the instrument receives a message it is stored in the input buff-
er, processed, and executed. Processing a message consists of decod-
ing commands, detecting delimiters and checking syntax. For setting
comrﬁandsE the instrument stores the indicated changes in the pending

settings buffer. If an error is detecteé‘during processing, the in-
strument asserts SR, ignores the remainder of the messade, and re-

sets the pending settings buffer. Resetting the pending settings
buffer avoids undesirable states which could occur if some setting

Executing'a_méssaqe consists of performiﬁg the actions specified by
its command{s). For setting commands, this involves updating the

instrument settings and recording these updates in the current set-
tings buffer. The sgetting commands are executed in groups -~ that

is, a series of setting commands is processed and recorded in the

pending settings buffer before execution takes place. This allows

the user to specify a new instrument state without considering if a
particular sequence is valid. Execution of the settings occurs when
the instrument processes the message terminator, a query-ocutput com-

mand, or an operational command.

When the instrument processes a querv-output command any preceding

setting commands are executed to update the state of the instrument.

The guery-cutput command is then executed by retrieving the appropri-
ate data and putting it in the output buffer. Then, processing and

execution continue for the remainder of the message. When the in-
gstrument is made a talker the data are sent to the controller.
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When the instrument processes an operational command, it executes any

preceding setting commands before executing the operational command.

Multiple Mesmsages

A single message may be long encugh to f£ill the input buffer. If so,
a portion of the message is processed before the instrument accepts
additional input. During command processing the instrument holds off
additional data (by asserting HNRFD} until space is available in the
buffer.

When buffer space is available, the instrument accepts a second mes-
sage before processing the first. However, additional messages are

held off with NRFD until the first message is processed completely.

After the instrument executes a query-output command the response
holds the output buffer until the instrument becomes a talker. If a

new message is received before all of the output from the previocus
message is read the output buffer is cleared before executing the new
message. This prevents the controller from getting unwanted dats
from 0ld mesgsages,

One other situation may cause the instrument to delete output. The
exzecution of a long message might £ill both the input and output
buffers. When this occurs, the instrument cannot finish executing
the message becasue it is waiting for the controller to read the data
it has generated. But the controller cannot read the data because it
is waiting to finish sending its message. Because the instruments
input buffer is full and the remainder of the controllers message is
held off by NRFD, the system is hung up. The controller and instru-
ment are waiting for each other. When the instrument detects this
condition, it generates an error, asserts SRQ and deletes the data in
the ocutput buffer. This allows the controller to transmit the rest
of the message and informs the controller that the message was exe-
cuted and the output was deleted,
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ITHSTR " RESPONSE TG IEEE-488 IR

ERFALE MESLRGES

Interface messages and their effects on the instruments interface
functiong are defined in IEEE Standard 488-19%78. Abbreviations from
the standard are usged in this discussion, which describe the effects

of interface messages on instrument operation.

Bus interface control messages are sent as low level commands'thraugh
the use of WBYTE controller commands. For the following commands A =

32 plus the instrument address and B = 64 plus the instrument ad-

dress.
Listen ' WYBTE €@ A:
Unlisten WYBTE @ 63:
Talk WYBTE @ B:
Untalk WYRTE 8 9%:
Untalk-unlisten WYBTE @€ 63, 95:
Device clear (DCLY WYBTE @ 20:
Selective device clear (SDC) WYBTE @ A, 4:
Go to local (GTL) WYBTE & A, 1:
Remote with lockout WYBTE & a, 17, 63:
Local lockout of all instruments WYBTE @ 17:
Group execute trigger {GET) WYBTE 8 A, 8:

These commands are for the TEKTRONIX 4041 and 4050-Series controllers

and representative for other controllers,

UL ~- Uniisten
¥ -— Untalk

When the AA 5001 receives the UNL command the listener function goes
to the idle state {(unaddressed). In the idle state, the A2 5001 does
not accept instrument commands from the GPIB.

The talker function goes to the idle state when the AA 5001 receives
the UNT command., In this state, the AR 5001 cannot output data via
the GFPIB,

The ADRS light ieg off when both the talker and listener functions are
idle. The light is on if the instrument is either talk or listen

addressed. 339
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IPC -~ Interface Clear

This uniline message has the same affect as both the UNT and UNL mes-
sages. The front panel ADRS light is off,

Dy - Device Clear

The Device Clear message reinitializes communication between the in-
strument and cont:ollex,' In response to DCL, the instrument clears
any input and output messages and any unexpected settings in the
pending settings buffer. Alsc cleared are any errors or events wait-
ing to be reported, except the power-on events. When DCL is received
by the AA 5001 an SRQ is unasserted if the SRQ line was asserted for
any reason other than power-on,

SpC -~ Selected Device Clear

This message performs the same function as DCL; however, only instru-
ments that are listen addressed respond.

GET -~ Group Execute Trigger

The AA 5001 recognizes the GET message. Upon receipt the AA 5001
issues an error. ' '

EPE -~ Serial Poll Enable
SPD ~— Serial Poll Disable

The SPE message enables the AA 5001 to cutput serial poll status
bytes when it is talk addressed. The SPD message switches the AA
5001 to sending data from the output buffer.

B —— My Listen Address
HTE -— My Talk Address

The primary listen and talk addresses are established by the AA 5001
GPIB address (internally set)}. When the AR 5001 is addressed to talk
or listen, the front panel ADRS indicator illuminates,
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LELO - Local Lockeout

In response to LLO, the AA 5001 goes to a iockout state -- from LOCS
to LWLS or from REMS to RWLS.

REN -~ Remote Enable

If REN is true, the ingtrument goes to a remote state (from LOCS to
REMS or from LWLS to HWLS) when 1ts listen address is received. When
REN is false a transition from any state to LOCS. The AA 5001 stays
in LOCS as long as REN is false.

L REN transition may occur after megsage processing has begun. In

this case execution of the message being processed is not affected,

GTL -— GO To Local

Only instruments that are listen addressed respond to GTL. Remote-~
to-~local transitions caused by GTL do not affect the execution of the
"message being processed when GTL is received,.

Talked With Nothing To Say Response

The AA 5001 can be made a talker without having received a message
that specifies the ocutput. TIf the AR 5001 is talk addressed (re-
ceives MTA) without being specifically told what to say, it returns a
measurement as if the SEND command was received., Refer to the SEND

command in this section.

Remote-Local Operation

The preceding discussion described the state transitions caused by
GTL and REN. The LEVEL, THD+N, IMD RESPONSE or FILTERS pushbuttons
cause a transition from REMS to LOCS by asserting a message called
return-to-local (rtl). This transition may occur during message exe-
cution. In contrast tq 371, and REN transitions, a transition initi-
ated by rtl does affect message execution. The instrument generates

an error if there are any unexecuted setting or operational commands.
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The instrument maintains a receord of its settings in the current set-
tings buffer. WNew settings from the front panel or the controller
update these settings. In additicon, the front panel is updated to
reflect setting changes due to commands. The REMOTE indiciator is
tlluminated when the instrument is in REMS or RWLS.

Local State {(LOCS)

In LOCS, instrument settings are controlled by the operator via front
panel pushbuttons. When in LOCS, only bus commands that do not

change instrument settings are executed (queryv-cutput commands)., All

other bus commands (setting and operational)} generate an error as

their functions are under front panel control.

Local With Lockout State (LWLS)

The instrument operates the same as in LOCS, except rtl does not in-
hibit a transition to remote,.

Remote State (REMS)

In this state, the instrument executes all instrument commands. For
commands having front panel indicators, the front panel is updated
when the commands are exesecuted,.

Both the input range and distortion range are forced to auto-range
except when the "FPset" command is used (see FPset).

hemote With Lockout State (BWLS)

Instrument operation is identical to REMS operation except the rtl

message is ignored.

3-42
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STATUS AND ERRCR REPORTING

Through the Service Request Ffunction (defined in the IPEE~488 Stan—~
dard}, the instrument alerts the controller that it needs service.
This service request is also a means of indicating that an event {(a
change in status or an error) has occurred. To service a request the
controller performs a Serial Poll. In response the instrument re-
turns a Status Byte (STB) which indicates if it reguested service.
The STB also provides a limited amount of information about the re-
gquest. The format of information encoded in the STB is given in Fig.
3-3. When data bit 8 is set, the STB conveys Device Status informa-

tion indicated by bits 1 through 4.

e o 0, BTH indicates event glags
if %, 8TH indicates device siatus

\ g e e i¢ requesting service
- 1 indicaies an abnormal event

Voo \\ ¢ — 1 message processor is buby

Yool \ \\ ‘ =~ ~y — 1 - Define Events
4

v %

v
Vo DATABITS + V1§ DECIMAL
! i ! L T 1 %
STATUS BYTE {(Example) g |71 68651431211 Bit 5 Bits
DECIMAL WEIGHT $28 1641 32| 161 8B | 41 2 | 1 |notasserted! ssserted
Mormatl Conditions:
Power-up g 11D ixj0:06:0]1 85 81
Operation complete 6 10 2 O0iett| o 66 82
Display overrange UERER AR NN RE &8 B4
No events 1 g: 0| xjo0|0|lC10 128 144
Device Dependent Events:
insutficient input level i LR 816792 3 193 269
Excessive inpu level 1 1| @ gl ol 1 195 247
Linsetited i 1| @[ x i@l 118|686 198 212
Abnormal Conditions:
Command efrors 4] 1 1 x (O]9 6] 1 g7 113
Execution errors 0 1 1 x {90810 98 114
internal errors 6 11 11 x 10181 1 8g 115

459867

Fig. 3-3. Definition of status bytes.
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Az the STB conveys limited information about an event, the events are
divided into classesz: the Status Byte reports the class of events.

The classes of events arvre listed as follows:

Indicates the instrument received a command which it can-
BERROR not understand.

BERCUTION Indicates that the ingstrument received a command that it
ERROR cannot execute. This is caused by arguments out of range

or settings that conflict.

INTREREA Iindicates that the instrument has detected a hardware
ERROR condition or firmware problem that prevents operation.
SYSTEM Bvents that are common to instruments in a system (e.g.,
¥ WS Power on, User Regquesh, etc.).

INTERNAY The instrument has detected a problem. The instrument
B remains operaitonal but the problem should be corrected.

DEVICE Device dependent events.

STATUS

The instrument can provide additional information about many of the

events, varticularly the errors reported in the Event Query. After

determining that the instrument reqguested service (by examining the

STB) the controller may request additional information by sending an
event guery (EVENTY. In response, the instrument returns a code

which defines the event. These codes are described in Table 3-1,
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Table 3~1
ERROR QUERY AND STATUS INFOMMATION
Byent Bus response Response Lo
to ERR? gerial poll

Command Errors

Command header error 101 97 or 113
Header delimiter ervor 102 97 or 113
Command argument error 103 97 or 113
Argument delimiter error 104 97 or 113
Missing argument 1086 97 or 113
Invalid mesgssage unit delimiter 107 97 or 113

Execution Brrors

Command not executable in local mode 201 98 or 114
Returned to local, new pending 202 98 or 114
settings lost
1/0 buffers full, output dumped 203 98 or 114
Argument out of range 205 98 or 114
Group execute trigger ignored 206 98 or 114
Internal Errors

Interrupt fault 301 9% or 115
System error 302 9% or 1158
Math pack error 303 99 or 11

System Events

Power —-up 401 65 or 81
Operation complete 402 66 or 82
Execution Warning :
Display overrange 601 68 or 84
Device Dependent Events
Insufficient input level 701 193 or 209
Excessive input level 703 195 or 211
Unsettled 704 156 or 2112
No Errors or Events 0 6 or 16
With data not ready 128 or 144
With data ready 132 or 148

If the message processor is busy, the instrument returns the higher
decimal number.

345
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Tc report more than one event, the instrument continues to assert 5SRO
until all events are veported. Each event is cleared when reported
via Serial Poll. The Device Clear (DCL} interface megsage clears all

events except Power On.

Some commands control repcorting of certain individual events and dis-
able all service requeSts. For example, the Request for Service com-
mand (RQS) controls the reporting of events with SRQ. The Operation
Complete Service Request (0OPC) asserts SRQ where a valid reading is

available, The Overrange Service Request {(OVER) command asserts SRQ

when the for overrange, increase range or decrease range conditions.

ROS OFF inhibits all SROs. In this mode the EVENT? query allows the
controller to find out about events without performing a Serial Poll.
With RQS OFF, the controller may send the EVENT? quervy at any time

and the instrument returns an event walting to be reported. The con-
troller can clear all events by sending the EVENT? guery until a zerco

{0) code is returned, or clear all events except power-on through the
DCL interface message.

With RQS OFF the controller wmay perform a Serial Pell, but the Status
Byte only contains Device Dependent Status information. With RQS ON,
the STB contains the class of the event and a subsequent EVENT? query
returns additional information about the previous event reported in
the STRB.

Power-up Conditions

During power up, the AA 5001 microprocessor performs a diagnostic
routine (self test) to check the functiocnality of the ROM and RAM.

ITf no error is found, the instrument enters the Local State (LOCS)
with the default settings as listed in Table 3-3. The SRO line on
the GPIB is assgserted. If an internal error is found, an error code is
displayed using the front-panel annunciators. See Table 6-3 in the
Maintainance Section for front panel error displavs.
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The instrument goes to the front panel settings and the following at

power—up:

Table 3-3
POWER~TP SETTINGS

COUNTS 2.0

DUS ON
oeC OFF
POINTS 3
RQS ON
TOL 2.0
QVER OF¥

Mo b S AT A L A LA I LR) ok 0 i I vt Sl GAND il e o e s NI o M A e M e S B ot oy WD W T T Y P TN Y N R P A AGER MR TP R S M AR O R W e e s Cove o e R M MR R

The POLL Statement and Clearing SRQ

The POLL statement causes the BASIC interpreter in the 4050 series
controllers to serially poll each peripheral device on the General
Purpose Interface Bus (GPIB) to determine the device requesting ser-
vice. When the device is found, the device sends its status byte to

the BASIC interpreter over the GPIB,
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The POLL statement is normally executed in response to a service re-
guest from a peripheral device on the GPIB. Two numeric variables
are specified as parameters in the POLL statement followed by a se-
ries of I/0 addresses. The BASIC interpreter polls the first I/0
address in the lig¢t, the second I/0 addvess, the third, and so on,
until the device requesting service is found. Program execution is

halted, if the I/0 address of the device requesting serivee is not in

the list.

The AA 5001 asserts SRQO during power up or power down., The power up

SRO must be cleared bhefore continuing,

POLL A,B:22
Thisg statement shows a method of clearing the service request. Two
numeric variables A and B are specified, Following the variables ig
the Semicolon delimiter and the instrument address or the alpha char-
acter defined as the instruments primary address. After the device
reguesting service is found the devices position in the list is as-
signed to the first variable. The status word from this device is

asgsigned to the second variable.

3-48
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information Available

additional assistance in developing specific application oriented

software is available in the following Tektronix manuals.

{1y 070-3985-00~~GPIB Programming Guide. This manual is specifical~-
1y written for applications of this instrument in IEEE-488 sys-
tems., It contains programming instructions, tips and some spe-

cific example programs.,

(2) 070-3917-00--4041 System Controller Programmer’s Reference man-

wal.

{3y 070-2270-00~-~4051 GPIB Hardware Support Manual. This manual

gives an indepth discussion of IEEE~-488 bus operation, explana-

tions of bus timing details and early bus interface circuitry.

{4y 070-2058-01-~Programming In BASIC.

{5y 070-2059-01--Graphic Programming In BASIC.

{6 070-2380-01--4907 File Manager Op@ratés manual.

{7y 070-2128-00-~4924 Users manual

(8) 070-1940-01--405%0 Series Graphic System Operatcrs manual
{9y 070-2056-01-~4050 Serieg Graphic System Reference manual
{10} 0706-3%18-00~--4041 Operators manual

(11) 061-2546-00~--4041 Programming Reference manual

PROGRAMMING EXAMPLES ARE GIVEN

O THE POLLOWING PAGES

3-49
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130 § B3 3% 00 6 5 30 3 6 2 669 30 96 36 6 B B 30 36 96 90 B0 5 F 9K B B 04 6 36 U6 96 96 36 36 36 34 36 36 34 36 34 6 36 36 36 36 36 96 26 46 9 96 30 36 4
110 oesdnx TALKER/LISTENER PROGRAN FOR 40524 7/ ff 5001 sxuxssx
120 £ B30 30 B D36 06 036 26 96 0 20 2000 036 06 20 06 006 34 0 D0 36 36 6 96 9% 6 36 96 56 36 BE 96 36 36 3 96 36 36 56 36 96 06 36 96 36 26 6 4 36
130 H
140 Podet 4, 1983
150 i
160 t PURFOSE:
170 I Sueparts operator intersction with the AA 5001 over the BFIR,
180 Vo The orerator maey enter 44 3001 commsnds snd observe the
170G Doresultsg.  Bervice resuests: such as for an incorrsct commands
200 I sre handled,
21¢ !
220 | REGUIRED EQUIFMENT:
230 Po4032A Consroller
240 toAa 3001 Prosgrammable Distortion Anpluzer.
250 |
240 f UARIARBLES USED:
270 1
289 YoAe pri_addr -~ AA B00Y eyimery sddvress.  Assidned vaive of 28,
2990 I Chaenge ¥ instvrument sel to other address.
3060 i
310 I Seot) _stet -~ Status reburned be serisg! roll frow first
320 I instrument requssting service,
330 i
3490 I oAddr_Tist_indx -~ Address list index returned Ly serizl rall,
350 i
360 Pofwddr _tist - grray of sddresses found by CONFIG routine.
370 i
380 tlonfidg_code —- Flad returned by config routine,
390 H
400 PoAg_command$ -- Commands entered by the orerator and divected
410 I to the an 5001,
420 !
430 Ioas responset -- Response from the A4 5001 to S¢_commend$
440 P odnwit iF no oubrul commend contsingd 1n Az commandd).
450 ! : =
460 I ROUTINE CalLER:
470 I Berial poll subroutine handies instrument service reaussts
480 U from sl instroments on Lhe bus.
490 !
500 POFOSSIBLE ERRORS:
510 boaA S001 primary address is sebt Jdifferent than the number
320 I zgsigned Lo ds_rri_sddre.
520 |
540 INIT
BE0 DIM As _response$(300) sAa_commandd (LO0) rAddr 1 ist (15}
SE0 A _eri adur=28
570 1
580 CALL "config” Config _coderAddr _tist
990 IF Lontid¢ code THERN
4500 PRINT "Contidgurastion routine failed due to sroblem on GRIR."
610 STaF
620 ENDNOIF
630 i
440 ON SRE THEN 790
650 1
660 PRINT "AA 3001 TALKER/LISTENER PROGRAMY
670 !
&80 PRINT “"Enter commaend messade: 3
¢70 INFUT As commendd
700 FRINTY BAz eri sddrifs commandd
710 INFUT BAs eri addeibs responsed
720 FRINT Az responses "
Fig, 3-4. BAA 5001 Talker Listener program (4052A).
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7RG
TAG
750
740
770
780
%0
g00C
810
836
830
840
850
560

GO 70 480

ENT

!

P Beriel roll rouline
LECAL As_rerortd

[IiM As report$ (80
FOLL Adde list_indwsSpoll statiadder ligl
IF Addr list(Addr ist indbo=Aa eri_addr THEN

FRINT @Az sri BddriTid7ierrnse?”
INFUT Bfz pri addrifss rerort$
FRINT “ADERESE="iadatr "listdaddr Tist indw) s "STATUS="j8ral!l stat
FRINT Az reports - - - ”
ENWI IF -
RETURN U From service reavest subroutine

Fig. 3-4 cont., AA 5001 Talker Listener program (4052A%.
100 136 56 86 366 56 36 B 38 46 H 3696 96 96 3 B 58 U6 08 e 06 36 06 3606 B 96 36 A6 HE 36 36 56 30 6 96 B0 SE IV H B0 9 M6 36 00 2 20 36 06 06 B 06 N 06 M A A M I H
116 Uorwrsnnsd TALRKERZLISTENER FROGRAM FOR 4041 / AA B001  #3#rsnuis
120 b BRI P03 3 06 36 B 36 D 966506 696 96 06 06 D06 08 3 06 20 36 06 0 3636 0606 00 9600 56 36K 9620 06 300 36 6 36 96 36 0 6 46 K M R BB MK
130 !
144G tobctober 4, 19783
150 !

140 PURPOSE

170 ! Gupports operator intersction with the aa 5001 cver the GFIR.

180 I The oreretor masy enter AA 5001 commands and observe the results,
IR0 U Hervice rewuestsy such as For an incorrect commandr 2re handied.
200 !

216G | REQUIRED EQUIFMENT:

230 V4041 Controlier (VF,0)

230 I Al 5001 Prodrammable Distortion Analszer,

340 1

250 POVARTIARLES USEN:

260 1

270 P oag pe -~ AR 3001 primsry address.  Assidgned value of 28, Chenge if
280 Voinstrument set to other adidress,

290 §

300 P odas _port - Fort where A4 5001 connected, " Assigngd veiuve of 0.

310 I Chaenge if instrument is cennected to GRIRL insteed of GPIRO.

320 !

330 VoAzsbrewt -~ Stresm seecification for A& 5001,

340 !

350 t Spollsts »~ Stetus returned by First instrument found resvesting service,
3460 !

370 I Seolisdd -~ Address of first instrument found reauvesting servite.
380 !

350 ! Commenid$ ~- Commends entered by the orerstor snd directed to the AA 5001,
G40 H

430 I Reseronst -- Resronse of the A4 5001 to commandd {nuil if no outeud
430 I command contezined in command$) .,

450 !

448 PLAGICAL UNTT USED:

450 1100 Assiged to Ad 5001 siresm srec.

440 !

470 UOROUTINE CaLILED:

480 I Potibus Handles reavest for service from any instrument on the
450 U bus selected by the Ad 5001 stresm spet.

S6O i

Fig. 3-5. AA 500]1 Talker Listener program {4041).

98]
i

51
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510 fPFOSSIELE ERRORS!

S0 toas pa or a3 porit variables do nobt match the aa 3001 primary adidress or
SED | #ort whare AA S001 is connected:r respectivelu.

540

S50 i reseonsd o 30Gscommendd Lo 100raastrem$ to 20

A Inteder aa parsrolistersroliaddsss_port

GF0 A pawlB

580 £z port=0

B8 ! -

&30 Agastremd="dp ib"deirs(aa_rort)& " (pri="4strslas_ pPad& )"

SH10 Oren #100iaastremd

60 Seiect zastremd

&30 On sre then call eolibus

EAD Ensble gra

&S50 t

660 Tik lien: input promet "Enter commend messseged Ticommandd

670 Input #100 promet commsnd$ireseons$

LB Print roseons® | AR 5001 returns biank line if not aweried in command$
& a Goto t1k |isn

FO0 Eng | Main

800 Sub pollbus locat repordts

©190 bORURFOSE

920 P Hendles dg¢pib service resuests. FPolis aii erimary sddresses until

EREY fospurce of sre is found., IF sre from instrumenit st 44 5001 primarvy
S48 Poaddress, routine averies id and error nessase.

BEG !

B4 PLacal VARIARLE:

R?g toRgportd:  Id end event reeord from instrument st sza es if it has sra.
88 |

R Lim rerort$ Lo BO

SO0 Foll seolilstarspolladd

210 If sroitedd=zs_prg then inrut #1900 prowmpt "id?ievemss? " iraprort$

G320 Frint rerortd: "STATUS="jspol lata, "TADODRESS="jgpoilladad, "FORT="val (sastremd)
P30 Fegumns

F4Q End { Sub polibus

Fig. 3-5% cont. AA 5001 Talker Tistener program (40415 .

10¢ DD 300 26 36 6 B OB B6 U636 56 20 6 00 30 06 96 90 36 96 56 96 $4 36 00 26 36 0 30 30 30 0 36 00 30 36 30 3% 46 4 6 96 46 36 36 16 306 34 96 50 00 0 W o4
110 I owxssrggd TOTAL HARMONIC DISGYORTION VERSUS FREQUENCY sexsrxix
120 T 30 46 e BE 58 26 00 50 0 00 36 6 06 46 10 96 00 36 3 06 B 36 D636 36 3 96 B0 36 36 40 36 36 36 36 36 26 36 6 6 30 0 6 7 38 00 06 36 96 36 50 36 3036 3006 % M 3%
156 |

140 I For 40504 Seriegidulyg 23, 1983 Revised! Sertember 26, 1983
150 !

160 I Coruright (c) L1%83% Tektronixe Inc. ALl righls reserved, This
170 V software is erovided on an "as is" basis without warranty of
186 | any kind, It is net surrorted.

190 !

200 I This rrogran may be rerroduced withoul eprior permissions in
216G { whole or in earir By the oridinsl purchaser. Cories must

E%g 5 inciude the gbhove coruright and warrenty notice.

240 tOPURPOSE s

250 ! Records the total harmonic distortion of 2 svstem to g leveied
Ry I inPut signil which is swePt from 10 Hz-108 KHz in logsrithmiz
270 t fazhieon. The tots! number of roints is 21. Yhe resulls are then
280 Popiotted on the 40504 Series screen.

270 i

Fig. 3-~6. AA 3001 program example (4050A series).
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300
310
320
330
340
350

360

370
380
390
400
410
430
430
440
450
460
470
480
490
500
510
520
530
540
550
540
570
580
550
SO0
410
20
&30
640

11 U

660
&70
480
620
700
710
720
736
740
7580
7460
770
780
790
800
B1¢
820
B30
840
BE0
8460
870
8480
520
F00
#10
G20

PREQUIRED EQUIPHENT :
1 AR G001 Prodgrammsiie Distortion Anslvrer.
1 83 5010 Prosrzmmzsbie 160 KHx Oscillstor.
1 40504 Sevies Controfter
1
I PROGRAM SEGHMENT VARTABLES:
P oaaerim A& G001 primary address. Faetory set to 286,
b osserim 86 9010 primery address. Factors set to 25,
I naters number of freavsnty shepsg,
I freasray array of calculated freausncies,
I thdarey array ofF measured btolal harmonic distortion.
I freastrt sweer starting freauvency.
I fredastor swaepp stor frequency,
I _taleran tolerance for Delay Untit Settied aigorithm.
| counts number of counts for DUS zlsoriths in aa 5001,
I _points number of readings to be within tolersnce and
! COuntE.
foamel it oubrul amelitude of S6 5010.
{
I OPERATING INSTRUCTIONS:
P Connect outeut of 85 5010 to input of Device Under Test.
I Connect puteut of BT to inpult of A 5001, Adidress of AA 5001
I must be set to 28 and address of 36 5010 must be sel to 25. If
i addrecsses are different from these fsctory set asddeessess then
i variables sarrim C Ad 5001 primary address ) and sgrrim ( 86 301
1 primery address ¥ must be chended sccordingis,
§
{ ERRDRS:
1 Ad 3001 and 80 3010 sddresses must ke set to 28 and 25
forespectively or prowram asaignmnents of veriazbles saerim
t and sdprim chanded in prodram.
!
POINSTRUMENT CONTROL:
I Pobls instrumenis on assidned addresses (A& H001 and 586 5010).
|
F o 3603003606 5 0600 B0 00 B 06 M BE 36 S B MBS AER A BEAE IR M I NI I M BN AN NN NN
I Hedin main erodram segment
INIT
FPAGE
AspPr im=28

Bgrrim=235
Nsters=21
OIM Fresarsy (Nstees) rThadaras (Nsters)
Freastrt=10
Fregastopr=100000
_tolersn=0.1
Lounts=1
_roints=4
Aap | it=1
Titles$="THR VERSUS FREGUENLY"
Xtitles="Frequencys in Hertz"
Yeitlek="THI in Fevcent”
0N SRE THEN 1950
t

! Get freauency valuss for sweer.
Call. Sweeptog(Freastrt,Freaster NasterssFreasrisy)
i
Voinitialize Instruments
HEYTE BaAaprim+32,89rrim+32173,78,:73,-84
HEBYTE B95;43:
Pobock out the AA S001 znd the S§ 5010 front eanels.
HWBYTE @i7:
PoSet ur AA S0CL for THI Function in percenty filters off. RMS.

Fig. 3-6 cont. AA 5001 program example (4050A series),
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PEO FRINT @Aspr imi "FUNC THDFIFILT OFFRESP RMBT

240 I Set uer AA 5001 bto delsy sending s reading unhil gsetiled,
250 { Set tolersncss number of counts: and noumber of points.
Pa0 FRINT Bhaerim: "DUS ONITOL "F tolerani " JCOUNTS “iCounts

270 PRINT Bazerimi“FOINTS "7 points

TR PoGet wup 86 5010 Tor ah BRMS belasnced outpubr out ons diseiaw frea.
PEG FRINT 8Sger ims "VREMS "Fame it "7RaL ONFOUT ONJIISF FREQT

LOOG PR Count=1 T Nuteps

1¢10 FRINT @ggpreim: "FREG “iFreaszraw Count)

1026 FRINT Sagerimi "SEND

105G INFLT Baspr im: Thdaray (Count)

1040 MEXT Count

1080 CaALL Piotiope (NstergFrosgreny Thadaraw, Titled s Xbitled YL ie®)
1640 fotntock a1l instruments on the bus.

1070 CaLL "RENGFF"

1080 Cali. "RENON™

1090 OFF SRR

1100 END

1110 SUR Sweerliodg(Freastri ,Freastor,Neters Fressray)

1120 _sterssNstepsi-l

1130 _stersiresLOT (Freastop) ~LOT (Freastrl) )/ sters

1340 Index=0

1150 FOR Count=LEY (Freastrt) TO LGT(Freastoe) STEF stersize
114G Index=indax+i

1170 Freaavey (Endex) =10 Count

1180 MEXT Count

11%0 END SUR

1200 SUB Plotioor (Nsters:Freaarav:Thdaresysfitied . XtitiedsViitled:
1216 PAGE

WINBOW Gr130,0100

VIEWFORT G,130:0,100

FRINT "1 "iTitles

FRINT "J"

FOR I=177T0 LEN(YLitIa$)

Se=aEG L it led L0
PRINT-UBING 1290:8%
IHAGE &/

NEXT 1

MOVE O:4

FRINT "I "IKtitled

VIEWPORT 20,120,20.85
Low=Thdaraw (1)
FOR Index=1 TO Nsters
IF Thdadarsy (Index){Log THEN
Log=Thdaras {Index)
EMNE IR
NEXT Index
Hiwz=Thdsr ey (1)
FOR Index=1 T4 Nsters
IF Thdaevauwl{index) )Hiv THEN
Hig=Thdaraw (Index)
ENDIF
NEXT Inclex
Hiv=INT(LGuHiy+1) /10
Low=INT (0% Loy-1) /10

14RO IF Lopw<=0 THEN

14%0 Low=0

1500 ENDOIF

1510C Bif=Hiv-Loy

1530 WINDOW 10:50:LowsHiy
1530 MOVE 10-His

1540 LRAKW 100y

Fig. 3-6 cont., AA 5001 program example (4050A series).
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1550
13560
1573
1580
1690
1600
1610
16290
1630
1640
1650
L1860
1620
1680
1620
1700

iAW SO rlow
DRAM GOsHiw
LRAW LOrHiw
FOR F=1 TO 4

Tl O#LGTArLO"F)
HOMVE Trloy
FOR Tic=i.ow TO Hiy STEP 0. 3%0if
RMOVE 0,~Q, 018D F
RIRAM 0,0.02800F
MO TxTig
NEXT Tic
NEXT @
MOVE FrI0-0, 7%l oy-0, 14Dif
FRINT 10"
RMOVE O.70.,05uDi§
PRINT F
HOVE Trlow
BRAH TeHig

1746 NEXT F
1750 MOVE Pal0-0, 7l Low-0. 180 ¢
L7606 FRINT 1O
1770 RMOVE Q. 7,0.08D31
1780 FRINT #
1790 FOr Hovslow T0O Hiw STERF 0. 1xDif
1800 MOVE dsHor-0, 018l f
1810 IF Mor=0 YTHEN 1840
1820 FRINT ORING 20, 303A" tHovr A"
1830 GU TO 1830
18340 FRINT WSING "Zazn 7 " FHor
1850 MOVE LOsHor
18406 GRAW 50,Hor
1870 NEXT Hor
1860 MOVE 1O#LETFregsraw(l)) s Thadersy (1)
1890 FOR Count=2 T0 Naters
ARO0 o DRAK TORLGT (Freasr ey (Countd ¥ Thdaraw (Count?
1910 NEXT Count
1920 HME
1930 END SUB
LH4D POSRGE Handler
1950 BIHM E$ 607
1940 Eflegg=0
1970 FOLL AddrsStsbwtifzprimiSgerim
LYRO GOSUR aAdedr OF 2000:2040
1990 GO OTD 2340
2000 PEIRT BhAaerimi "HIRIERRT”
2010 INFUT BhzeriziEs
2000 Addr=faprin
2030 G 2070
2040 PRINT GSgerim: "[L7IERR?"
SO50 TWNFUT BSgpriaib$
2060 Addr=Tderim
POF0 L=POS{Ed: "ERR" 1)
2080 Ervord=SEGCES,L 102
2OF0 Epror=VAL (Error)
2100 SE=REGES B &)
2110 BE="AAS001L" ANI Error=4601 THEN
21320 £fisg=]
W13 END OIF
BL40 IF 44=7AaB00L" AND Ervor=?01 THEN
2150 Efiags=l
160 END IF
170 IF S82="AA85001" AND Erropr=703 THEN
2180 Eftsg=3

Fig. 3-6 cont.

AA 5001 program example {40502 series).
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ENEOIF
IF S4="aA0001" AND Evvor=704 THEN

ELE

=1 THEM

24" Bise lay Uverrenge”
EML
IF E THEHX

"Insufficient Input Leve!

80
2290 13 THEH
2IG0 . Excensive Ineub Level”
2316
d320 IF “laged THEN
2330 CEA "Unsetbied Reading”
i EMG IF

FRINT E$, "ANDRESE = "jAddr:"STATUS = "iStabut
: HETHRN
EIT0OEND

Fig. 3-6 cont. &A 5001 program example (40502 series).

PR T EEEEEEEEEEEEEEEEE T RS TR EESESTEEEEIEFEEEEEDEEEEEEEEE EEE LT
wxwnnnwREnre TOTAL HARMONIC DISTORTION VERSUS FREGUENCY #ERBEXRKRKBEERR
PR FEEEEE TR EEE RS EL I EES TSI T LEEEET TR IR TS SIS

Far 4041 Jduilw 232 1983 Revised! deplember 28, 1983

Coeyrishi ££) 1983 Tekironix: Inc, A1l rights reserved, This
safituware is rrovided on an "ss is” bssis without warrants of
any kind., It is nob supporied,

This progrem mes bE reproduced without pricr permigsiony in whole
or in part, by the original purchaser, Copies must include Lhe
zhove coruright and warrsnty notice,

FURPOSE

Kecords the tols! harmonic distortran of 2 swstem Lo 8 lavelsd
nput signs! which s sweet from 10 Hz teo 160 KHz in logsrithmic
fashion, The tota!l number of points is 1. The results are then
printed oul en Lhe 4041 rrinter.

REQUIRED EQUIFHMENT

Aan B001 Programmable Distortion Anaiwzer,
G %010 Frogremmeble 160 KHz Oscilletor.
4041 Controller (W2.0)

FROGRAM SEGHENT VARIARLES:

EEPTi® af 5001 peimarw address. Facters set bo 36,

SEPT 1M SE BOLO erimery ashdress. Factory set to 28,

EE] Af S00L lodgicael unit number,

54 86 5010 losical wunit number.

noters nupber of freauvency stepy,

froapray agrray of caloulated frequencies,

thiaray arrew of mezsured tobtal hermonic distortion.
fraastrt swgar starting freauency.

Fig. 3~7. BA 5001 program example (4041).
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440 T freastor sweep shop fresuency.
450 I toleran toterznce for lelaw Untit Sebtled sldgorithm in AR 35001,
460 I counts nuabier of counis For DU atgoriths in 44 5001,
470 i points nurher of readings to ke within toierance snd points,
430 Voame it puteut smelitude of 56 54610,
490 !
500 tOOFERATIRG INSTRUCTIONS:
510 I Connect outrut of 56 S010 to ineub of Device Under Test.
540 i Connect outrut of TUT te ineut of &4 5001, Address of aad 500}
B30 tomust be set Lo 28 and address of S5 S010 must be set to 285, IF
G40 ! sddresses are different from these faclory seit sddressesr then
55Q Poyariables aarrim { AA 5001 primary address ) snd sdgrrim ( 8G 3010
S460 { primery address ) omust be chended sccordingly,
G570 H
SHO 1 FERRIORG:
R0 { No GFIR or tare evrror hapdlers are linked so 4041 prints default sdstenm
400 b oerror messases and stops iF such errors occur (instrument power is off
&10 i or tape capacity exceeded: elc.).
&30 !
AEQ IOINSTRUMENT CONTROL :
640 I Faolis all instruments on sslected port.
65D
£&0 T 6363 3636 HE 06 P 6 06 10 56 B0 U0 2 200 B B0 05 06 00 0 30 20 0 0 R B B 50 06 46 30 0 H6 ML BE B B0 BN A M MBI B A R MK
670 1 Redin main srodram segment
6430 Intt &t
34y Splect "geibd:”
plils) On sra then caii handier
716 Integer zarrigsssprrimnraarsgrensieprsrroints
P20 Set fuzz 7,1.0E-14,14.1.00-44
730 faprin=32g
TED Segprim=ds
750 fa=lB0
760 Sez=lh
770 Natessedl
TR O W Frediariy (Astesg)yrthderay (nsteps)
790 Freastrt=i{
BOG Freastor=1,08+5
810 Toleran=0,1
B30 =
B30 e
#40 Amplit=1
850 Titlet="THD VERSUS FREQUENCY"
860 Xtitle$="Freauency in Heriz"
870 Ytitle$="THI in Percent”
2380 Gragn #zsgribl(pri="batrd(garrim) & i t"
890 Oren Fssidribd(priz"Astrédlsderim)& )"
Q0 Geen #2000:7print”
210 gnable srs
G20 i
30 I Get freavency values for sweer.
G40 fail logsweep (freastri:freastornsters;freasrayl
GEO |
2&0 I Initiglize Instruments
70 Khuwte atnimitaraarrint32rsdrrim+32) » "INIT " se0isatn{untsuni}
9B ! Lock out the ad 5061 and the 56 3010 front eanels.
PP Wbhate llo
1000 ! Set ur A& 5001 for THE Function in eercentr filters off, RHS Resronse.
1010 Frint #aa:"FUNC THOPIFILT OFFFRESF RMS™
1020 I Set ue A& S001 to delay sending a reading until settled.
1230 | Set toteraznces number of counts: snd number of points for DUS algorithm.
1040 Frint #zs:"DUS ONITOL " ttoleran: "COUNTS "fcounts: "POINTE "irnints
1050 I Set ur 686G 5010 for an RMS bhalanced outrut, oot one diselay frea,
Fig. 3-7 cont. AR 5001 program example (4041).
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1040
1070
1080
10990
1100
1110
1120
1130
1140
1200
1210
1220
1230
1240
1250
1240
1270
1280
1290
1300
1400
1410
1430
1420
1440
1450
1460
1470
1500
1530
1520
1530
1540
1550
1540
1570
1880
1590
1600
16190
1620
16390
1640
1650

Gut

Frint #sg:"VRHS jame it "Ral ONIQUT GNIDISF FREG®
for count=1 to nsieers .

Frint #sg:"FREG"ifreqarasw (Chunt)

Iaput promet "SEND® #azithdaray (count)

Next count
datai catl erintout(nstersrfreasgraysthidaray)

MUnlock all instruments on the hus.

Subs

Sul

Hute

Whyte rendd) sren(l)
End
logswesgr (Freastei:fraastorrnsters var freqarss) locs! sterssstersizerindexrcount
Inteder indexrsiers
Sters=nsteps-i
Stersize=(lgl{freastor) ~ldt{freastri))/sters
Indax=0
For countslgt (Freastriy to lgt(freastor) ster stersize
Index=index+1
Freqarad (index)=10"count
Mext copunt
Return
End
printout tnasters,fregarayrthadaray)
Frint using "FA4XFA™ $2000:1"FREQUENCY"»"THD"
Frint using "208" #2000 e e e e e “
For count=1l Lo nstepy
Frint veing "7J2A3X6.4GA" &2000:freasraw (county » "Hz " thdaray (count) » " %"
Mext count
Return
End
handler locel e$retatbubraddrreflae
Tiim 2% to &0
Eflag=0
Foll stabutraddr
ineut erompt “ID7IERR?" &addries
If segt (el 8)="4A0001" and valc(es:pos(as,"ERR" 1) =401 then eflisg=]
If seat(e%rB.40="AAB0OL" and valc (e$spos{ed, "ERR"+1i2:=701 then eflags)
If sod8 (e840 ="440001" and valceled,ros(ad) "ERR",121=703 then aflaug=3
If sadf (e4,8,:4Y="0A5001" and valcl(e$rrosi{es, "ERR",1))=704 then ef lsg=4
It eflag=1l then ef=sdd " Nisrisy Overrandge”
If efiasg=1l then et=gd&"Insufficient Inrut bLevel”
If eflag=1 then s$=es&"Excessive Input Level”
If eflagml then sd=e$& Unsetiled Reading”
Frint wsing "FalL=FAZDRL=FA3DL" 42000:e%; "ALDRESS = "sazddr: "STATUS = “setahyi
Resume
£nd

Fig. 3-7 cont. AA 5001 program example (4041).
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100 [T EI T ERES PRSI EREIEEEE P IR TEE LS I EF L TS LTS X
110 | wxenudsxxnngrss DEVICE GALN VERSUS FREQUENCY #5050 0w sk i
130 U B 306 30 06 B 06 46 36 D00 0 36 B0 6 5 00 36 B0 D4 U0 0 4 80 20 36 0 0 36 36 6 96 96 36 36 0 2 066 B 22 06 90 M 9 06 B30 0006 0 0 M
136 !

140 PoFor 405048 Seriewt Juls 22, 1983 Keviswd!: September 28y 1983
150 i

160 Vo Copurisht (£) 1983 Tektranix: Inrw. All rights reserved.  This
170 | software is rrovided on an “as is” bhasis withoult warranty of
1B b oany kind., It is not supported.

190 |

200 t This progrem may be rerroduced wilthoul srior rermissions in
210 Vowhole or in rart, by the original purchaser, Copies must

22 I ipclude the zbove copwright snd warranty notice.

230 !

240 VOPURFOSE:

250 I Records the total gain in decibels of & system to 3 leveled
260 I oinpuyt signs! which s swert from 10 Hz-100 KHz in logsrithmic
270 I Fashion. The total number of roints is 21 counting endpoinits,
280 I The gegin is referenced Lo the sain at 1 KHz, The resulits sre
290 ! then rilothed on The 4050aA Series scresn,

F00 !

310 I REQUIRED EQUIFMENT:

20 PoAA SO61 Progremmeble Distortion Ansluzer.

330 I SG 5010 Frogrammable 160 KHz Uscillator,

340 1 40504 Series Contvrolier

350 !

3460 UPROGRAM SEGHENT VARIARLES:

370 | sarrim AA S00L eprimsry address. Factory set to 28,

130 ! mEprim 56 $5010 primery adidress. Factors set to 35,

390 I naters numbrer of fresuency sters,

400 i fresaray arrau of celculisted fresvsnciss,

410 I ipvaray array of measursd levels.

420 ! freastrl sWeer starting fresuency.

430 I freaston sweer stor freausncy.

CRADTT TR TR EN UV eEREET Far BETEY Unt iU Set el dd wieov i the, o
4590 P ocounts numbier of counts for BUS aidovithe in AA 5001,
460 ! roints number of readings to be within tolerance and
47O i counts.

4860 Uoamwel it puteput amelitudse of S6G 5010,

490 I midfres midband freauanca.

500 !

G310 fOPERATING INSTRUCTIONS:

530 P Connect pulteol of 56 3010 Lo input of Device Under Test.

530 P Connect outrul of DUT te inrput of A 5601, Address of af 50061
540 Vomust, be set to 28 and address of 86 5010 must be set to 35, IfF
550 | zddresses are different from these Tactory set zddresses r then
SA0 Povariables seerim ( &4 3001 erimary address) snd sgerim

570 P86 5610 primaery address ) must he chanded accordingly,

580 i

50 I ERRORS:

00 Poad 5601 z=nd 86 5010 addresses must be set dto 2B znpd 25

410 {oreseectively or prodgram assidgnments of varisbles asprim

620 Voand sgerim changed in prosram.

&30 t

540 | INSTRUMENT CONTROL®

S50 VPolis instruments on assidped addressees (AH 5001 and 86 S010) .
6O i

&0 R 98 0 36 36 0 36 06 $0E 3 HE BB 06 6 06 3606 H 06 56 D6 36 56 FE 636 36 0 9 B 06 6 06 3000 30 260 36 4 36 0 36 00 56 2 30 06 04 9036 36 0 36
&80 P oBedin main rrogram sedgment

A¥0 IMIT

730 PAGE

710 Awprimes8
720 Sgprrim=25

Fig. 3-8. AA 5001 program example (4050Aa series).
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7EG Nutepaw2Rl

F4¢ i Freasrey (Nstees)sLevaraw {Nsterqs)
750 Freasteri=10

Fe0 Freastar=100000

770 _toleran=0.1

7680 Countsal

790 points=é

BOO Amedit=l

210 Midfres=1000

B0 Titied ALN VERSUS FREGUENCY™

B0 Xtitled="Freauency in Mertz”

B40 Ytitied="Gain in dR”
G50 ON 8RO THEM 218¢
4

560 !

G760 ! Bet freauency values for sSwWear.

E820 Call SweepitosiFreastrisFreastor)Nsters)Fredsray)
BYO !

GOG U initiatize Instruments

PLO HBYTE @fapr ime32,84primt32175%,78:73, -84

RAO REYTE 895,83

230 t Lock out the aAf 5001 and the 88 3010 front panelis.

4O WBYTE B17:

2E0 PoSet we A8 5001 for LEVEL Function in voltss filters off, RMS.
B&EO PRINT Bager imd "FUNC VOLTIFILT OFF:RESF RMS™

g70 P oSet ur Ad 5001 to delsw sending 3 reading until detiled,
FHG { Set tolerancer number of countsr and number of poinits.

S¥0 PRINT @aarvimt "HUS GNITOL ") tolerend "iCOUNTS "iCounts
OO0 PRINT Bazerim! "FOINTS ") saints

101G I Set up 60 5010 for KHS balanced outeut: out ons diseisy freq.
1000 PRINT GSgerim: "URMS "jame i7" BAL ONIOUT ONIDISE FREQ™
1030 VU Acauire gsin et midband,

1040 FRINT #8dgerimt "FRER "iMidfres
1050 FRINT Hagprim! !
1060 INFUT @aagereinRef
1070 FOR Count=1 TO Nzteps

LORO FRINT GS5gepe jm: "FRER "jFredaarauiCountl)
1050 FRINT Baaerim! "SENDT

1106 ITNFPDT Eaerrin:levarsy lount)
1iLlC !V Chanse reading to dF referenced to the dgsin a2t 1 KHz.
1120 Levarase {Lount ) =204L6T (Leveray (Count) ARef)

1130 MEXY Count

1149 ALl Fiotioone (Nsteps Freasrausbevaran, Tities Xtitled.YLitled)
1150 Vodntaock att instruments on the bus.

11e0 Calll "RENOFFT

1170 Cald, "RENDNT

1180 EMI

1170 SUHR Sweeriogi{Fraustri:FredstorsNsterssFreqsrsy)

1200 _stersmNsteps-]
1210 stersize= (LBT (Fraastor) ~LOBT (Freastrtl)/ sters
index=0

FOR Count=L6T (Freastrt) TO0 LGT (Freastoe) STEF _stersize
Irndex=Index+l |
Fregsevas (Index)=10"Caunt

MEXT Lount

EMD GUR
SUE Flotloor (Nsters Freqaravrlaevaray,Titledss{titiatYiities)

FABE

HINDOW 0,13G:0,100

VIEWFORT ©:13050,100

FRINT "1 “PTities

PRINT “JJ0J4"

For 1= TOLEM(YLiGled)

Se=8EG{Yhitles:1,0)

Fig. 3-8 cont. BA 5001 program example {(4050A series).
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1990
L00
1610
160
1634
1640
1650
1440
1670
1680
1690
1700

TG

1720
1730
1740
1730
17460
1770
1780
1790
1800
1810
1820
1830
1840
1850
1840
1870
1880
1890
1900
P10
1930
1930
15940
1950
L7469
1979
1980

FREINT USING L370:8%
IHAGE A/
NEXT I
MOVE 0,4
FRINT "I "IXbitla$
YTEWFORT 205 120,320.85
Lovys=Levaraey (1)
FOR Index=1 TO MNsteps
IF Levaeras {Index){Low THEN
Lowslavaray {Index)
ENDIF
NEXT Index
Hiw=levarsy (1}
Fak Index=1 T0 Nsteps
IF LevarswiIndex) dHiv THEN
Hiv=L.evaray (Index)
ENDOIF
NEXT Index
=5
Fladsd
no
Jw 33
IF HiwdJd AND Hiwd(=J+5 THEN
Hiwml+5
Flogg=1
ENE: TF
EXIT IF Flag
LOOF
S
Filag=0
HOY
MENES
IF Lowd) AND Lou=3rJ-5% THEM
Lows=J-5
Fiag=l
EMITE
EXIT IF Fiag
1.00F
Dif=Hiw-ioy
WINDOGW 10,50 LouwsHiy
MOVE 10,41y
BRAW 10rloy
DRAW S50slnu
[HRAK SOrHiw
BRAW J10sHiw
FOR Pal TO 4
FOR Q=3 Ti 10
T=L0#GT {Q®I0™)
MOVE T.biou
FOR Tioz=how T8O Hiw STEF 5
RMOVE 0,-0.01%Ri¥
RDERAM 0,0, 0280
MOVE T:Tic
REXT Tic
NEXTY Q
MOVE F#10-0.757Loy~-0, ixDif
FRINT "10°
RMOVE O.7:0,05%0i0 ¥
PRINT #
MOVE TrlLow
DRaW TsHiy
NEXT F
MOVE F®10-0,.79Low-C, 180T

Fig. 3-8 cont.

AA 5001 program example (4050A

3-61

seriesy,
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PRINT 10"

RMOVE 0.7,0.08%00 ¢

FRINT B

FOR Horslow TO Hiy STEF 5
MOVE 4rMor-0,01%li4$
IF Hor=0 THEN 2070
FRINT USING “3D. 2024" tHor i "dB"
GO TO 2080
FRINT USING "2A207:" "iHor
MOVE 10 Hor
DRAW S0, Hor

MOVE 10
FiR Count

GY{Fredasrav il sLevaraw (1)
2 OTO Mslers

NEXT Count
HITME
ENT SUR
TOoRD Hendier
1603

GOSUER Addr

GO TH 2590

FRINT QAsprimi " ILH7IERRT”
INFUT Bhapr imiEs

Addcde =azerim

i TO 2300

FRINT BSgprimi " IL7FERRY?"
TNFUT 3

GRS L L0

VAL (Errord)

(E$ 8262

TARGSO0LT AND Error=401 THEN

i

"AAGO0TT AND Error=701 THEN

F S$="AAS001L" aNI Eerror=703 THEN
Eflagsnd

ENDOIF

IF S%="aA5001" AND Error=704 THEN
Efieesq

ENDIF

Level”

=3 THEN
FedTExcessive Inpub Level”
EMDOIF
IF Eflasg=4 THEN
Ee=fsd "Unuettied Reeding”
IF

NRAK 1ORLET (Freaaraw (Count ) rlevaray (Count)

T E$, "ADDRESS = "jAddr "STATUS = "iStabut

Fig.

3-8 cont. AA 5001 program examnple

3

62
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100
110
120
130
140
150
140
176G
180
190
200
210
220
230
240
25

260
270
280
290
300
321G
320
ket
340
350
340
370
380
370
460
410
420
430
440

450

460
470
4850
490
500
510
52

530
D40
S50
D60
70
5B0
Y
600
G10
420
630
640
&350
660
570
680
690
700
710
720

HRRUAE T EN U TR R E R R EREH RN XU R RN RN HERE A AR SRR R B RN NN A URE RN RN NE R
FHEERANRERN AR Rd DEVICE GAIN VERSUS FREQUENLCY Sunssnzufiriiiizies
L2 333333 R R R R LA EL IR A RIS AE SRS LSS IS EES S

For 4041% July 32, 1983 Revised! Sertember 28, 1983

Coruright (c) 1983 Yehironixs Inc. &l rights regerved, This
software is provided on an "s8s (8" basis without wmarranty of
anyg kind, It is nobt sueprorted,

This rrogram meyw be reproduced without eprior rermissions in whole
or in epartes by the oridingd surchaser. Cories must incliude the
ahove coruright snd warranty notice.

FURPOSE

Records the total gain in decibels of & sustern to a8 levelied

inPut signal which is sweepl from 10 H: to 100 KMz in logeritheic
fashion, The total number of roints is 21 countindg the endroinis.
The sain is referenced to the #ain at 1 KHx. The resulis are then
printed ouvk on the 4041 printer. :

REQUIRED EGUIFPHMENT @

as 5001 Frogrammsble Distoertion Ansiszer,
S5G S01i0 Frodrammshle 1460 KHz fSzciilator,
4041 Lontriaifer (V2,0

FROGRAM SEGMENT VARTABLES:

BERPIM Af 5001 erimare address. Factors set to 28.

ER-EEE S6G B¢L0 primary address. Feclory set to 25,

EE AR 5001 losicel unit number.

4 S8 5010 logicat unit nunber,

nsteps number of frequency steps.

freqer sy array of calcuiated frequencies.

levaray array of measured levels,

freastrt sweer sbsrting freausncy.,

freastor ' zweer stor fredquency. T

taleran tolerance for Delsw Until Settled sigorithm in a4 3001,
naunts numbrar of counts for TUS algorithm in AA 3001,

roints number of resdings Lo be within toierence and points.
agar | it outrut smelitude of 8§ 5010,

midfrea midhband freauency.

OFERATING INBTRUCTIONS:

Connect outrut of §6 5010 to inrul of levice Under Test.

Connect cutrut of DUT to inrut of A4 5001. &ddress of aa 5001
mist be set to 28 and asddress of 86 5010 must be sst te 28, IF
addresses are different from these factory set addresses » then
variables asprim ( A& S001 primary address) and sgerim { 86 5010
rrimery address 3 nust be chansed sceordinglu.

ERRORS ¢

Ho GFIE or tsere error handlers are linked so 4041 prints defeult suatenm
error messases snd stors i f such errors occur {insi{irumeni power is off
or tape carscily exceeded, ete ).

TNSTRUMENT CONTROL S
Folls all instruments on seiected port,

KNSR NN N RN SR NN N R W RN R NIRRT M35 30 2 206 B B I 6 TE 26 2063 DO I e N
Begin mein rrogram sessent

Init all
SGalect "dpibli”
Un sra then a8t hendler

Fig. 3-9. AA 5001 program example {4041).
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1380
1390
1400
1500
1510

Suls

Inteder asprimssdrrinsaasrssdgsnstersrroints
Sat fuzr 721.0E-14:14,1,0E-64

Gopr iw=25

Aa=200

SuudE0

Neteps=21

Gim Freqaray(nsters)rleveraw insters)
Freastri=10

Feeastop=1.0E+S

Toteran=0.1

Countexl

Points=é&

Ame bt

Midfraa=1000,0

Titled="GAIN VERSUS FREGUENCY”
Xtitles="Frequency in Herty”
Yhitles="Gein in aF"

Uren #za! griblirpri="&str¥lasrrind & 317"
Oren #asg: e ib0der iz "detr${aaprim) &3 17
Deen $#2000:!"prini”

Ensbie sra

Get fresuvency values {or sweesp.
Catl lagsweer (freastrirfreqstorrnaters: freasraw)

Initialize Instruments
Wowte stni{mbtzrsasprinedlrager p+I2 " INIT s enisatn untunt)
Lock out the AN 3001 snd the 86 5010 front ranels.
Whuyte 1o
St ur && 9001 for LEVEL Function in voltss filters off, RMS Resronse.
Frindt &ast"FUND VOLTIFILT OFFIRESFE RMS™
Set ur AA 5001 to delaw sending & veading uniil settled.
et tolerancer number of counts: and number of epoints for DUS sidorithm,
Feint #az:"IUS ONGTOL"jtolersns "COUNTS "jocounts» "FOINTS"iroints
Set up 56 H010 for an EMS batanced outeul, out ons disrliazs fres.
Frint #ogt "VRMS “Jame (it "BAL ONFOUT ONFDISF FREG"
foauire sxin at midband,
Feoint #sg:"FREG Fmidfrea
Ineut eromet "SEND" fazzivef
For count=l Lo nsters
Frint #sg: " FREG"!fresaray (count)
Input promet "SEND" #setiievarasy Count)
Change reading to 4B referenced to ths dain ai 1 KHz,
Levarey (Ccount) =20% gt (leveras (Count) /vref)
Mext count

Jdatat call erintoutinstersrfreasray:ievaray)

Unlock sl instruments on the bus.
Mogts ren(Glsrenil)
i
lodaweer (freastrisfreastorrngsters var freseres) locsl stersrstersizerindexscount
Iintedar indexrsters
Sters~nsters-1
Stersize=dldgbFreqstor) gt (Fraastridi/steprs
Index=0
For count=idt(freastertd to IsSt(freastopr) sier stersize
Index=index+]
Freqaraw Cindex) =10 count
Nexl count
Return
Ensd
erintout{nsters,fregserav, levarav)
Frint wusing "FA4XFA" #2000 "FREBUENCY ", "LEVEL"

Fig. 3~9 cont. BAA 5001 program example (4041).

3-64



A7 5001 =-- PRELIMINARY

1530 Frint using "R0AY ERODQ T e i i i e
530 For gountsl to nsters
1540 Frint using “7J2aX7.26G2A" &2000:fresaray (couat) : "He "y levaray (count) » “dE"
1550 Next count
1560 Return
1570 el
1600 Sub hendier locat sfssiabutraddrseliay
14610 Iim &% to 40
162 Eftag=0
1430 Foli stehutredde
1440 input srompt “TOPHIERR?® #sddrie$
1450 14 sesdled B4l ="AA%00L" and valo{edrros{ed, "ERR",131 =401 then efiss=l
1660 If sedbl{edrB:6)="AAS00L" and valc{strposied, "ERR 10 3=7C1 bthen efiag=?
1470 IF sess(ed, B 6)="AAN00L" and valci{edrros{ed, "ERR",12)=703F then eflsg=yd
L4680 I4 sedtle$,B:46)="AAS5001" and valc{edrrosies, "ERR"13=704 then ofiagdg=4.
14%0 If gflag=l then ef=e$& ligrlay Qvervange”
1700 ¥ eflad=? then ed=ed& " Insufficient Input Level”
1710 I pflas=d then ed-es&"Excessive Inpul Leovel”
1720 ¥ eflag=4 then ef=eik "Unsettlied Reading”
L1730 Frint using "FAL=FAZDRL=FAZDL" 22000ie$, "ADDRESS = “raddr:"S5TATUS = "rstsbut
1740 Resume
1750 End
Pig. 3~9 cont. AA 5001 program example {4041},




AA 3001 -- PRELIMINARY

100 t
110 !
120 1
13 !
146G !
156 !
180 i
170 i
1680 H
i%0 i
X900 b
210 !
a2 i
230 !
240 !
25¢ !
260 4
270 !
280 !
290 !
300 !
310 !
320 !
330 |
340 !
3850 [
360 i
370 !
280 H
390 i
4430 ¢
410 !
420 |
430 !
440 !
450 !
440 !
470 !
ABO t
490 !
500 1
5190 !
520 !
JepAs !
540 !
559 1
T&G H
G790 i
80 i
550 H
400 H
&10 H
£20 !
&30 !
&40 i
650 !
460 i
670 |
&80 !
550 !

708 INIT
714 FAGE
730 aapr

B A0 U B 20 BE 36 6 B SR OE 3 S0 M 0 B0 BB R 90 36 0 30 3 636 90 36 30 3 96 30 36 36 36 D F6 4 96 36 36 96 30 0 3% B 396 39 35 36 3 36 3696 46 3 2%

Sundsnmrrnrng RIAG CQUALIZATION VERIFICATION #S8ssiiedudesy
TR T E R T R R S a3 R SR RTE R TR TS G gt gLy VR v Ergage

For 40504 Series?t July 232, 31983 Revised: Serlember 28, 1983
Corurisht () 1983 Tektronix, Inc. A1l rishis reserved. Thig
software is rrovided on an "as is" basis without warranty of
any kind, It is not surroried,

This program mey be reproducesd without prior permissiaons in
whoale or in partrs by the oridinal purchaser. Corigs must
inciude the sbove coryridght snd warranty notice.

FURFOSE

Ghecks the sccurascy of an RIAA eauazlizaition network on pleuback.

The freavency is swart from 20 Hz te 20 KHz, the ineui
sme | itude to the network ig varied sccording to the RIAA
resronse eaustion. The output of the BUT should remain al the
level that it wes st 1| KHz. The messured resuiis are srarhed as

devigtion from level st | KHz. The tetal number of roints is 21.

REQUIRED EQUIFPMENT:

A4 5001 Prosrammable Distortion Ansivzer.
86 G010 Frodrammable 160 KHz Osciliator.
40504 Series Controller

PROGRAM SEGMENT VARTARLES:

saprim Aan FOG1 primars address. Factory sel to 96,
sErT im S 5010 primary address. Factory set to 25,
nsters numbiar of freqvency stees,

fregasray array of celculated freavencies.

lavaray agrrad of measured fevels., Measured in volts,
v array of rizs esuglization eparameters.
freastert dwesr sterting Ffreauency.

Treagtor sweer stop freduendy,

toleran taleragnce for lDelaw Until Setiled stgorithm.
Counts number of counts for BUS zlgorithm in A 5001,
_roints numbrer of readings to be within folevance and

counts,

miclany midbend {1 KHz) auteul ame!itude of 806 5010,

OPERSTING INSTRUCTIONS:

Connect puteut of S5 3010 to inrut of Hevice Under Test.
Connect outerut of DUT to ineput of Ad 5001, Address of &4 5001
must Be et to 2B snd address of §6 5010 must be set to 29,
I# addresses ave 4iffarent from these factory sel addressess
then varisbles sarrim (AA 3001 primary sddress) and sserim
(8G 5010 sprimasry address > must be changed accardingiy,

ERRORS ¢
A 5001 end 86 5010 sddresses must be sed to 20 end 29

regractively or prodram assisnments of variablies sarrim
and ss8rrim chanded in prosram,

INSTRUMENT CONTROL . .
Falls instruments on zssigned addresses (AA %001 and S6 50107,

6396 06 D20 00 90 5 0006 3 00 0% 0 06 56 50 96 56 30 0 66 S0 00 A0 6 06 06 96 96 D P I MO0 30 36 36 06 600 95 1 96 3000 2 20 06 36 Y e o g
Bedin main rrodram sedgment

=208

Fig. 3-~10. AA 5001 program example (40502 series).
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AA 5001 =- PRELIMINARY

730 Sger im=15

740 Nsters=21

FE0 DEM Freagrsy {Neteps) slevaeray (Nsters) s Riss {Nsters)

760 Freaslrt=20

770 Fregsetoe=20000

780 toleran=0.1

720 Lounts=

BOO pointe=é

810 Midemp=1

B20 Titled="RIAA EQUALIZATION VERIFICATION™

B30 Xtitles="Frequency in Hertz"

B4G Yhitiets="Deviation in «=k"

B850 OGN SRE THEN 1980

840 i

870 P Bet freavency values for sweep,

880 Cakl Rizaveri(FreastrisFreastor:Nsters,Freaarav:Rise)

BYO i

700 U initialize Instruments

FI0 WEBYTE Bdserimt32:S8gerim+t32 73078, 73 -84

P20 WRYTE B9S85

P30 PoLock out the A4 5001 and the 56 5010 front parels,

G40 WRYTE E17:

wEo P oSet wup AAB00L for LEVEL Funciion in volts: filters of fs RMS.
F&0 PRINT @aAzerim! "FUNC YOLTIFILT OFFIRESP RMS™

] PoSet we Af 5001 Lo deisy sending 2 reading unti! settled.
F80 ! Set  tolerancer number of countsr and number of points.
F90 FRINT Basprim! IS ONSTOL "5 tolerani iCRUNTS “iCounts

1000 FRINT Bfapeim:"FUINTS "i points

1010 I Set up 50 S010 for KMS balanced outrut: oubl ons display fraa,
1020 PRINT @8wer imi"VRME "iMidasr i "JRAL ONGOUT ONGDISE FREGS
1030 P Acauire dain st 1L KHz.

1040 FREINY B%gerim: "FREG 1E3

1050 FRINT BAserim:"SEND

1040 INFUT GBaser imiRef

1070 FOR Count=1 T Nsters

10R0 CPRINT @Sgeein "AMPL " ITMIdenr /7RSS CCOURLY 3 "IFRED " P rBS Ay B Co0nY
]
1090 PRINT Qasprim: "SEND"
11066 INFUT @feprimilevaraw {Dount)
1110 I Calcutete dB level from valisse reading for sdded accuracy.
1120 Levaray {Count) =207 {Lavaraw (Count) /Ref)

1130 NEXT Count

1140 CaAlL Flotloor (Nsteps Freqaraw -LevarausTitlet Xtitlies,Ytitlas
1190 ntock slf instrumsnts on the bus.

11460 CALL "RENDFF"

L1470 CAll "RENON"

1180 OFF &RQ

1190 END

1200 BUR RigaveriFreastri,Freastor Nsters:FressrasysrRisgs)

1216 _ateps=Nateps-1

1220 “ﬁtEPﬁiZEW(LGT(FPEQEtOP);LST(FP@ﬂ%tPtﬁﬁ/“StQPﬁ
1230 Tisa= (7. 5E-52%PI#1000) %

13240 Tisaw (3, 1B4E-4%28PI#1000) 2
1250 T3sa=(0.003184%2%PIx10006) 2

1260 Ref=00R ((1+T2sq) /({1+Tisal# (1+T3aa) )

1270 Index=0

1280 FOR Count=LBT (Freastri) TO LGT(Freastor) STEF _stersize
120 Index=Index+1

1300 Feeaaras (ndex) =10"Count

1316 Tlea= {7, SE-S%2%PI%10 " Caunt) "2

L3I0 Tlea={3. 1B4E-4x2uFExi 0 Count) 2

1330 Thaas (0. 003184%2uPIel0 Count) "2

1340 Temr=80R (U +T2sa4) / ({1+Tlsad {1 +T36a) )

Fig,

3~-10 cont. AA 5001 program example (4050A series).




AA 5001 -~ PRELIMINARY

1350 Rizga(index)=10%Tems

1340 NEXT Count

1370 END SUR

138G SUB Plotioor (NsterssFreasvay LevarawrTitlied  Xtities :Ytitias)
1390 PaGE

1400 HINDEH 0,130,0,100
1410 VIEWFGRT 0s130:0,100
1420 PRINT "1 "iTitled
1430 PRINT "J"

1448 FOR I=1 70 LEN(YLitle$)
1450 BE=SEG(YLitiessIr1)
1440 PRINT USING 1470:5%
1470 IMAGE A7

1489 NEXT I

1490 MOVE 04

1500 FRINT "1 "iXtitles
1510 VIENFORT 20:120:20.85

1 3 low=-—-1i

1530 Hiw=1i

1540 RBifsHiv-lLoy .
1550 WINBOW 10:%0.08:Hiy
1560 MOVE 10,Hiyg

1E70 ORAW 10,iowu

1580 DRaW S0.Lov

5% 0 DRAKW S0:Hiy

1600 PRAW 10,Hiy
1610 FOR P=1 70 4

1624 FOR Q=23 TO 10 )

L&30 T=10#L6T (R#1Q7P}

1640 HIVE Taloa

1650 FOR Tic=lLow TO Hiw STER Q. 1#0if
1660 RMOVE 0,0, 018D
1670 RIRAM 070, 0280
1480 MOVE T:Tig

1699 NEXT Tic

100 NEXT @ '

1710 MOVE P#10-0.7%:Loy-0, 1% §
1720 FRINT 10"

1730 RMOVE 0.7:0.05%0i+

1740 FRINT P

1750 MOVE T:lLou

1760 NRAW TiHiy

1774 NEXT P

178G HOVE Folo-0, 75 Low-0 1#Di £
17%0 FRINT “107

1800 RMOVE G, 7:0.05#0if

1810 PRINT P

1840 FOR Hor=Low TO MHiy GVEP O.1#Dif
1830 MOVE 4,Hor=0,01xllif

1840 IF Hor=0 THEN 1870

185 FRINT USING "2, 2D2A7 tHor ) "dB"
1860 3O T9 1880

870 PRINT USING "2a20:" TiHor

1880 MOVE 10 sHor

LERG DRAK 530,Hor

1200 MEXY Hor

1910 MOVE 310%LGT (Freasray (1)) slevaray (1)
192 FOR Count=2 TO Nuters

1930 TRAH 10#LGT (Freasrey (Dount)) rlevaraw Lount?

1940 NEXT Count
1950 HOME

1960 ENEB SUR

1970 I SR Hendier

Fig. 3-10 cont. BAA 5001 program example {40502 series),
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1980 DM E$ (607

1990 E€ag=0

2000 POLL Addr:StebatisaprisiSserin
20106 GOSUR Adde OF 2030,3070

2020 GO TO 2390
2030 FRINT Bheprimt "IL7 ERR?Y

2040 THFUT BhaprimtEs

2050 Adde=Asprin

2060 GO TO 2100

2070 PRINT @Suprimt "IDPFERRT?"
2080 INFUT BS5gerimied

2OYC Adde=Sgrrim
2100 L= YERR" L2

211¢ GESR L 1)

21RO Errordd

$rits by

AASOOL" AND Error=4&01 THEN
Eflgdgnl

IF

" OARE Errors=7¢1 THEN
ANT Error=70% THEN

T S%="AA%001" AND Error=704 THEN
Eftadsd

b IF

las=l THEN _

TE&ETiarlay Overrende”

AUInaufficient Input bLevel”

Excesslve input Level”

P

THEN
4& "Unsettlied Reading”

EMDIF
FRINT E$, "AIDRESS = "jaddr, "STATUS = "jStabul
2390 RETURN

TAGH BN

e

Fig. 3-10 cont. BAA 5001 program example {4050A series).
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MK H RN M NI N K HIE NN N NI NN M R RN RN TN MM RN R NN RN E R
KunneHErrnREddeREer RIAA EQGUALIZATION VERIFICATION #&X®NEREEERENRERKN®
B 306 2 36 B U 36 36 06 36 566 36 U B0 26 BE 00 0 06 56 30 4 6K 0 0 3606 B0 HE U0 4 06 00 34 06 Db 34 0 B4 3 36 0 0 36 40 3 6 6 36 8 36 56 0 30 20 0 30 36 9600 96 46 S

For 40410 Julw 232, 1983 Revised: Seplember 28, 1983

Copuyright <) 1983 Tekitvonixs Inc. All rights reserved. This
software is provided on an "as is” hasis without warranty of
wgny kind, Tt is not surported.

This program may be reeroduced withoul rripnr rermissiony in whoile
or in parts by the oridingl purchaser, Cories must inciude the
above copyright and warrenity notice.

FURPOSE S

Checks the sccurascy of an RIas sauelization network on plaubechk, The
freauvancy s swerl from 20 Hz to 20 KHzs, the inrut smelituds to the
network is varied sccording Lo the RIAA resronse saustion., The butrut
of the levice Under Test should remzin at the same tevel that it was
st 1 NHz., The measured resulls gre printed out ss devietion from the
lavei at 1 KHz. The totz! number of points is 21,

REQUIRED CQUIFMENT:

fh H00L Prograemmeble Distortion Ansluzer,
56 3010 Frograemmable 160 KHz Osciiflstor.
4041 Controliser (V2,00

FROGRAM SEGMENT VARIABLES:

2T M AR 5001 primarw sddress. Factora set to 28,

SERT M 85 5010 errimery address, Fzeclorus set Lo 25,

EX] Ad 5001 todical unit number.

H5g 5 S010 iegicel unit number,

neLErs avnber of frequsncy sLeru,

freqaray arraw of cxlecuolated frequencies.

lavaray array-of - messured fevels: Measured in voltsr converted to
riae grray of riss eaquelization rarameters,

fresstrt sx2ep starlindg freaurncy.

fraxgtor suweep stor freauencyd.

taleran tolesrance for Delsyw Until Settied asidorithm in AA S001.
counts numbier of counts for DUED slgorithm in AR 5001,

points number of readings Lo e within ftolerance and roints,
midane midbangd (L KHz) puteut ameiitude of S6 3010,

GFERATING INSTRUCTIONS!

Connact outrpul of 56 5050 to input of levice Under Test.

Connect outerul of DUT to inret of AA G001, Address of A4 5001
must be sel to 28 and sddress of 856 2010 wust be sel to 25, I
addresses are different from these Factorwy sel sddresses. Lhen
variabiles sarrim a8 5001 primary address ) and sgerim { 55 3010
Frimsry address ) omusit be changed accordingly,

ERRORS

Na GFRIER or taee greor handiers are linked g0 4041 eripts defasull ssstem
sgrror messases and stops if sweh errors ococur linstrument rower s off
or tepe carac ity sxcesded) eto.).

TNSTRUMENT CONTROL:
Foils 2l instruments on selechted port.

L2 XL TSR L LTS EEEEEEEEEETE SIS TR TS TS
Hegin main prodram sedment

Init atl

Selact "gpib0O”




BA 5001 —- PRELIMINARY

FRG On sra then ciell handler

744 Inteser zaprim:s58prrimeszarsgensters-points

il Set furz 71, 0E~14,514,1,0E-44

760 fgpe i medg

Ay Sgerin=25%

780 Ar=280

Faa F=20

8O0 Nateps=2]

B10 fim freasrayinsteps)rievarauinastersl sriasinsters)

820 Freastel=320

B30 Freashop=d.0E+4

840 Toleran=0.1

BHEO Countls=1

8460 Fointgsé

B76 Hidieme=1

880 Title$="RIAA ERUALIZATION VERIFICATIONT

B0 Xbities="Freaugnce in Hertz"

00 Yhitied="leviagtion in d8"

#10 Open #eat"seibdderiz"dstrdélaarrind&™) ™

P20 Open #sgi'seiblipri="&strélagrriaii™ ™

G320 Oren #2000 "prin:”

F40 Enable sra

Qu50 !

240 ! Gei freauence vailues for swaep.

270 Call rigegveri{(fresstrisfraastornaters,Preqarayrr isa)

280 i

il U initisglize Instruments

1000 hwte stnlmtarasrrein+32rsdgerr int32), "IRIT yeciraztniuntsunl

1010 toLock out the &4 5001 andg the S5 5010 front paneis.

1O240 Whute [0

1030 I Set us A8 5001 for LEVEL Fungition in volitsy filters off. RMS Resronse.

1040 Frint #az2:"FUNC MOLYFFILT OFF FRESF RMB"

105 I Set ur AA 5001 to detlsy sending 2 reasding until ssetiied,

16460 I Het tolerancer nuabser of countsr and number of pPoints.

1070 Frint #as!"IUS ONITOL"Htolaraen: "COUNTS " jcounts, "POINTS " ipoints
108G 1 Setour - S6-5010 Ffor- an- 8HMS balanced - outeuts ouboons diselas fres.

10990 Print #oe! "UREME imiceme, "BAL ONFOUT ONJDISP FRER®

1100 I Acswuire ¢sin a3t | KHz.

1114 Print #sgi "FREQ 1E3"

1120 Input promet "SEND" #azsiref

1130 For count=1 to neters

1140 Print FsgrtAMPL"imideme/riaalcount? s "FREQ" ifreagray (Count)

1150 Kaeit 0.9

1140 Inerul eromet “HEND" $a2aiievaresy (Count?

1170 I Calculate dB level from voltase resding for added zocuracy,

1180 Levaray (count) =20%igt{ievaras (count) /rafd

1150 Mext coeunt

1200 {ut data: tatl eprintout(nstersrfreqarays levaray)

12190 i TUniock ali instruments on the hus.

1220 Wbyte ren(d)rend{ll

1236 End

1300 8Sub rissveritfresstrisfreastorsnsters var freaarsysrisel focsl stersrsiepsizerindexscount

1316 Integer indexsstieps

1320 Steraznsters—1

1330 HStergize=Clgt{freastop) ~ et {(freqagtrt) ) /sters

1340 Tisa=<{7 3E-582%p i%1000.0)"2

1358 T2sa={3, 184K -4 2%p i ¥1000.0) "2

1360 T3sa={0,003184%32%p | #1000,0) "2

1370 Hpdfzgqr ((1+bdsa) /(0 bigad w{l+t3sal 1)

1380 Index=90

13%0 For gount=lgt (fraaatrt) to ldt(freastory ster steprsize

1400 Index=index+i

1410 Freasrauy (index) =10 "count

Fig. 3-11 cont. AA 5001 program example (4041).
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s 5001

PRELIMINARY

1470 Tiega=(7,3E~-5ud4p | #10%count) "2
1430 TZae= (3, 1B4E~4%2%p i %10 count) "2
1444 Tisa= (0, 003184%#2%p i 810 count) "2
1450 Temp=gar ((1+t2sa) / ((L+tisa) = (L+6389) )
1440 Rigatindaxy=10%tamp
1470 Mext count
1480 Return
1490 Erdd
1600 Sub printoutinsters:freasray, fevsray)
14610 Frint using "FAZXFA" #2000 "FREQUENCY " "DEVIATION"
1420 Frint using "20A" 20001 ww s e
L1630 For count=1 to nsters
16490 Frint using "7J28X7.2624" #IJ000:freqarsy(count), "Hz ", levarass (count} ; "dE”
1600 Hext count
1640 Return
1470 Errd
1700 Sub handler locel es
17190 Dim &% Lo &0
1720 Efisg=0
1730 Foll stabuwtsacir
1740 Input promet "IL?77ERR?" #addries$
1750 If sedgs{e$ ,8,86="AR5001" and valc{esrros (e "ERR"+17)=401 then eflas=1
1760 IF sest (e 8,8)2"0a5%001" and valcie$rrosi{ed, "ERR")1)I=701 then efisd=2
1770 If sodE(e8,8,8)="AAS001L" and valc(esrrasied,"ERR")1) =703 then eflasg=3
1780 It segd(ed8,4)2"A00001" and valcletrposied, "ERR":1))=704 then ef lag=4
1790 If efisg=l then e$ced&"liselsy Overrange"
1800 If efitazg=1 then es=pt&"Insuffivient Ineput Level®
1810 If pflsu=3 then e$=e$d"Excessive Inerut Level"
1820 If efisg=4 Lthen e$=e$&“"Unsettied Reading”
1830 Print using "FAL=FARDL=FA3ZDL" #2000:e$, "ALDRESS = “,addr:"STATUS = ",stabyt
1840 Resune
18%0 Envd
Fig. 3~11 cont. AA 5001 program example (4041).




AA 5001 -~ PRELIMINARY

100 T BN 6 1 36 46 3036 26 46 96 5 56 30 36 3 36 96 6 6 30 368 96 38 36 36 96 36 58 36 36 36 0 I6 36 36 36 36 36 36 36 36 36 56 36 36 30 76 96 36 96 36 96 96 96 96 3¢

110 I owwwrek TOTAL HARMONIC DISTORTION VERSUS QUTFUT POWER ¥xexxsx

120 1 00000 6 1606 96 95 6 90 88 06 96 76 36 36 0 36 46 3 26 36 36 98 36 34 36 96 36 06 36 36 6 36 06 36 46 36 95 30 6 6 36 36 36 56 94 3% 06 36 96 36 4696 0 96 36 M 36

130 !

140 | For 40504 Series: Julw 32 1%¥83 Reviawd! September 28, 1983

150 |

140 ! Copyrisht (¢} 19B3 Tektronixr Inc. &1l rights reserved. This

170 | goftware is provided on an “as is"” basis withoul warrvanty of

180 Poang kind., It is nol surrorted.

190 i

200 P This erogrem may e resrogduced without pripr revmission: in

210 | whote or in Parts by the coriginal purchaser. Cories musl

220 | include the sbove copuyrisght and warrsnty notice,

RIG 1

244 V PURFOSE S

250 | Records the total harmonic distortion of a swsiem Lo &

TE9 ! todgerithmicstly incressing inrut signe! &1 &8 freauency

276 I determined by variabie tesifra,.

284 U The volttese is incressed from the vaslue of the varisble

299G I voltstrt to the vaive of the variable volistor untii the

330 I distortion s grester then or gausl to the velue of the

310 I variable maxdist. When this paint is reaschedr the outrut of

320 I the 8G 3010 is changed to the previous suitpul snd @ )

330 I new increment size is used, This techniasue allows for the

340 fodefinition of the knee of the curve. In order for the

350 i oatgorithm to produce useful resultys the value of variabile

340 Povoltstor must produce g distortion sausl Lo or srester

370 I than the veivue of the varisbie maxdist,

380 I The resulis are then pintied on the 4950a Series soreen,

390 i The total number of roints 1s 21,

400 }

410 I REQUIRED EQUIFMENT$

434 1 Aag 5001 Frosrammabie Distortion Analuzer,

430 I 86 5010 Frodrammabise 160 KHz Uscil lator,

A 4d} I 40504 Series Lontretier -

450 t

460 | PROGRAM SEGHMERT VARIARLES:

470 toaaprim AA 3001 erimary address. Factors sel to 28,

4B0 Iosgrrim 66 H5010 primery address,. Factorw sel te 25,

490 I nsters number of vollasge steps.

500 b osmparay array of progremmed outrut levela,

518 I thdaraw agrrad of meassured Lotsi harmonic distertion.

520 I putarsy array of measursd outeut.

538 I testfres frequencys at which Jevice Under Test iz tested,

N40 b ovaltstet starting voltgge of sweere,

550 ! valtstor sweer sior voltade.

564 ' 4oleran toterance for Delaw Untit Settled gigorithe,

a974 I Counts number of counts for S algorithm in &4 5001,

580 o _roints number of readings to be within tolerance

590 ! and counts,

400 b omaxdist maximur distortion allowed to define knee.

610 ! rload taosd impedsnce of LUT.

620 l

430 I QPERATING INSTRUCTIONG:

&40 t Connect putrut of 55 5010 1o input of Device Under Test.

650 I Connect aoutrut of BT to inrpul of A4 S001. Address of Ad 5001

640 I must he set to 28 and address of 56 3010 must be set Lo 35, IfF

670 1 addresses are different from these factory set addressses

6890 I varisblies aarrim ( AA 001 primary address ) and seéerim

&4 I 86 5010 primary address ) must be chanded accordingiy,

700 ! :

710 I ERKDRS:

70 I ad 3001 and 58 50146 sddresses must be set to 2B snd 35
Fig. 3-12. BAA 5001 program example {(4050A servies),
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730
740
750
760
770
780
790
800
B10
820
830
B840
BHC
840
B0
880
Yo
FOO
210
220
739
7490
P50
P60
P70
780
g%0Q
1000
1010
LO20
1030
1040
1050
1040
1070
togd
10%0
1160
1110
1120
1136
1140
1180
1160
1170
118¢
1190
1200
1210
1220
13230
1240
1250
1240
1270
12890
1390
1300
1310
1320
1330
1340
1356

Poresepectively or erodram sssisnment of variables aaerim

Poand sgerim chanded in Prosram.

t

I INSTRUMENY CONTROL S

P Polis instruments on assisned addresses (AA 5001 and 85 50100,

i

§HHE R AT S AT 0 06 06 36 40 36 303 30 6 36 96 5 36 36 36 36 96 36 030 D000 90 00 96 36 06 46 36 56 08 3606 36 96 36 30 36 36 6 36 36 3 M H 0606 2

I Begin main program sesment ' ’
INIY
FAGE
fAap e ime 38
Serrim
Neatepg=idl]
OIM Amparvas (Nstees)rThdaras (Nstepsy sDutaray (Nsters)
Yoeltstri=0,02
Voltstor=0,2
Jipleran=0.1

Countg=l
_points=d
Cmaxadintel
Test{raa=10060

Riozd=100004
Tittes="THI VERSUS OQUTPUT POMER®
Xtitlet="0utrut Fower in Watts"®
YLitles="THI in Fercent”
ON SRE THEN 2530
|
Pdnitialize Instruments
WRYTE Bfgerim+32,54pr im+32173,78:73) -84
WHYTE @95,463:
P lock out the AA S001 and the 56 5010 front pansis,
KEYTE 837
Podet wr A 5001 For THE Function in percents filters off, HME.
FRINT Rfaprimd “FUNC THREFIFILT GFFIRESE RMS™
fofet up AR 5001 to delaw sending & resding until seiiled,
teGet-bolerancers number of counts, znd number of pointz,
FRENT @pape ini"DUS ONJTOL J _tolersni "JCOUNTS "ilounts
PRINT BAzprim:"FOINTS "7 points
I Set up 36 5010 for test fresusncys balsnced outpubs
foout ons displaw velts RMS,
FERINT @Sgprim! "FRER "iTeastfraq) " ipal. ONJOUT ONILISF URMG®
_stersize=(LBTNoltatom) ~LBTVolistrt)) / (Neters-1)
PRINT @Sgppeimi"VRME “iVpitstirt,
Amparay (1) =Voitstrt
IPRINTEAAPRIMI "FUNC V0L T SENDT”
INFUT SBagerinilutaras (1)
FRINT @pgerimd "FUNC THOFFSERR”
INPUT BAsprim:Thdaray {1}
ITndex=1
FOR Count=L 8T (Voltstrid + stersize TO LBT (Voltstor) STEP _stersize
Tadex=Index+]
PRINT @8@dgprimi "URMS "j10"Count
Amparan {Index=10"Caunt
FRINT Baserim! "FUNC VOLTFSEND"
INFUT BaserviniOutaras (Index)
FRINT Sfapy inm: "FUNC THHFFSEND™
INFUT 8AsprimiThaderays (Tadex)
IF Thdsras (Index) =) maxdist THEN 1340
NEXT Count
IF Index=IiNsteps THEN 1550
Rasolve! Stee hack one step.
IF Index{=3 THEN
Voltstrt=Amraraw (1)

Fig.

3-12

cont. AA 5001 program example {40%0A series).
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1340 ELSE

1370 Voltstri=Amparsy {Index~1)

1380 END OIF

1390 Voltstor=amegraw{Indax)

1400 IndesxsIndex~1

1410 remszin=Nsigeg-Index

1430  gtersiz LET Weltstor) ~LET Mo ltstrt) )/ remsin

1430 FOR Count=LBT(Voltstri)+ stersize TO LBETWWoltstor) STER _stersize

1440 Inddex=Indax+1

1450 FRINT @8grprimi "URMS "118"Count
1460 Amparad (Index) =10 Count

147G FRINT @azer imi "FUNC VOLTISENDT
1480 INFUT BharriniDutaray Ondex)

L4Y0 FRINT @aserim: "FUNC THOFFSENR"
ITNFUT BAzprim:Thdaraw (Index)
NEXT Count
Outarsy=0utaray"?
OQuibteriy=Dutaraw/Rioed
Finish:t Test done,
Call Plotioor (Nsters Butaray s Thdaraw, Titled Xtitied,vtitlied)
Poinlock ali instruments on the bus.
R Call. "RENOFF”
1580 CALL "RENONY
L ERO OFF SRR
1400 END
14610 SUR Flotloor (NetepssOularavs Thdaraw Titied Xtitletrytities)
1420 FHGE
1630 WINGOW 0,130:0,100
1640 VIEWPORY 0,130,0,100

1650 "L TETi L ied
14460 "
L&70
1480 GeYtities, 1)
1490 PRINT USING 1700:8¢%
7 NEXT I
MOVE G4
FRINT "% "iXtitles

WEORT 20,1020,20,8%
) Thadaray (1)
FOR Index=1 TO MNsters
IF Thasraw (Index) {Low THEN
Lows=Thderas (Index?
ENDLOTIF
NEXT Index
Hiv=Thdarad (1)
FOR Index=1 T Nataeps
TF Thdaray (Index) dHin THEN
1840 HivsThdsr ey Cindex)
1856 ENDOTF
1840 NEXT Inidex
187¢ Hig=INT (L0%Hiu+12/10

1880 LowsINT(10%Lou~12/10

LEFO IF Lowd{=0 THEM

1900 Lioy=d

1910 END IF

1930 Difamiv-tou

1930 Lox=LGT (Mutaraw (1)

1940 FOR Index=1 T0 Nsteps

1950 IF LGT (Duteras (Index) ) (Lox THEN
1940 Lox=L56T (Dutaraw (Index))

1970 END TF

1980 NEXT Index

Fig. 3-12 cont. AA 5001 program example (40507 series).
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1990 Flag=0

2000 B

2010 £}

200 NENES)

2030 TF Loxd{J aNll Lox=)J-1 THEN
204D L=~ 1

DOEG Flag=1

20680 ENIDIF

207% EXIT If Filag

2080 LOOF

2090 Decade=3

2100 RIRDGUKW Lox#i0,lox*#l0+lecadeniG,lowsHiy
2110 MOVE LoxxidsHiy

2120 DRaR Loxxidslow

2130 DRAK Lox¥lO+iiecadariOrloy
H140 IRak Lox#i0+Deceder 0 Hiy
F156G DAl Loxsi0sHiyg

21 é0 FOR Pelox TO Lox+lecsde-)
217G FOR Q=2 TO 10

S180 T=1O#LGT (%107

2190 MOVE Trloy

200 FOR Tic=Low TO Hiw STEP O, 1#Dif

BEHOVE Or-0. 01l ¢
RIOFAW G0, 02800
MOVE T:Tic
NEXT Tic
NEXT @
MOVE F#10-0, 75, Low-0, Lelif
FRINT 10"
RMOVE O, 70,0860 F
FRINT B
MOVE Trlow
TRak TrHiw
REXT
MOVE PRI0-0, 75 Loy-0, 1
FRINT 10"
REMOUVE O, 7,0.05%Di¥
FRINT ¥
FOR Hor=Loy T8 Hiw STEFR 0. 1=ki{
MOVE Lox#i0-4:Hor—~4,.01#Dif
IF Har=0 THEW 2420
FRINT USING "20. 20247 tHoe "4
GO T 243G
FRINT USING "RA2D707 "iHor
MOVE Lox#10Hor
HRAW Loxxl Q+lecadeslQrHor
NEXT Hor
MOVE 10#L.GT (Nutarew (1)) s Thadarau (1)
FOR Count=% T Nsters .
DRAW 10#L.GY (Jutarsy (Count) ) Thdaras (Count)
NEXT Count
HOME
BNl SUR
fOHRE Hendler
DIK E${807
Eflag=0
FOLL Addr Stabytihser iniSgrrim
GOSUE aAdedr OF 25B6,2420
GO T4 2940
PRINT @Gparre imi "ID?3ERR?”
INFUT BaAzsprimiEs
Adodr=Aapre im
GO TO 2650

Fig. 3-12 cont. AA 5001 program example (4050A series).
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FRINT @Sgee im: "I07IERR?"

2 INFUT 8Sgprimtbs

2640 deddrshepe im

ZHEG | wFISCES, "ERR" 1}

2660 ErrordsSEGES,L»10)

26760 Error=Ual{(Error$)

DERO SE=BELEEH 4

690 IF S8="pAS001" AN Frror=601 THEN
700 Eflae=l

2710 ENDOIF

iy IF 88="Aa%001L" ARD Evrar=701 THEN

. EF laygsy
2740 ENDOIF
2708 IF Se="AA%5001" AND Error=703 THEN

2 Efiggal
2P0 ENR OIF

2780 IF 8%="AANG01" AND Errors704 THEN

d790 Eftadeg i

2EO00 END IF

L0 IF Efiag=1 THEN

2BIO Es=E3&"Nise lay Dverranse”

2830 END IF

2840 IF Eflsgw2 THEN

28O E$=E$4 " Insufficient Inpul Level®

2840 ENROIF

2870 IF Eftadg=3 THEN

2B E¢=E&"Exceusive Inpul Leve!®

2H90 ENDR IF

3900 IF Eftmg=4 THEN

2210 Ee=f$& "Unsetiled Reading”

2920 END IF

d930 PRINT E4:"ADDRESS = "ifddr, "STATUS = “FSLabut
2940 RETURN

2250 ENR

Fig. 3-12 cont. AA 5001 program example (4050A series).
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100
110
120
130
140
150
160
179
189
190
200
210
220
230
240
250
260
270
280
250
300
310
30
330
340
350
340
370
38O
390
400
410
420
430
440
450
440
470
480
450
S00
510
520
B3
540
550
540
E70
580
590
400
410
420
430
&40
550
460
&70
480
690
700
710
730

I R I i 22 EE A R L L A2 S LS E RS LS L e AL

spusnxssrsd TOTAL MHARMONIC- DISTOUORTION VERSUS QUTPUT POMER %Esaxnsii
PR NPT EET SRy SIS LTI R T EEEELE L I LR R EE S L]

For 40413 Juiw 233 1983 Revised: September 28, 1983

Copuright <o) 1983 Tekironixs Inc. All righis reserved. This
softuare i provided on an "as is" basis withoul warrsnty of
zny kind. It is not surroried.

This erodgrsm may be reproduced without srior rermission: in whole
or in parts by the origingl rurchaser. Cories must include the
shove copsright asnd warrants notice.

PURFPOSE S

fecords the totsl harmonic distortion of = sustem to 8 jodgarithmicslly
increasing input signa! 2t & fresuency determined by varisble testfreq.
The viitege g increased from the velug of the varisbie veitsirt to

the value df the varisble voitstor wntit the distortion is drester than
or eausl to the value 6f the varisble mexdist, dWhen this eaoint is
raachedr the outeut of the SG 3010 is chanded to the previous and a
new inkrement size is used. This techpique ailbws the definition of

the knee of the curve. In order for the azligorithm to erroduce useful
resulltss the veilue of variasble vottstor must erroduce & distortion

eqaual to or siightiy dreater than the value of the varisble maxdist.
The vesuwits are then erinted sut on the 4041 eprinter, The totasl number
of roints is 21.

REGUIRED EQUIFMENT:

it 5001 Frosremmzhie Distoriion énatvzer.
SG 5010 Prodgrammabie 160 KHz Oscilitator.
4041 Controlier (VZ.0)

FROGRAM SEGMENT VARIABLES:

aarrin an S5001 primary adcdress. Factory set to 28.

SR 8@ G 5010 primary sddress. Factorys set to 23,

aa Af S001 losical unit number.

EE] SG S010 iosical unit numbser,

nsteprs number of voltage sters.

BNP BT BY array of programmed oubtrut fevels.

thadaray array of messured total harmonic distortion.

DUt ar By arrad of messured owlputb,

testfrea Fraasusncd 8t which Device Under Test is tested.
vaitstri starting voltasse of sweep.

vaitstor sweap stop voltadge.

tolersn tolerance for Helsyw Until Settied alsorithm in AA 3001,
counts number of counts for IUS aigorithm in && 5001.

points number of resdinss 4o be within tolerance snd points.
maxlist maximum distortion allowed to define knee of curve.
rioad {ead impedance of BUT,

OPERATING IRGTRUCTIONS:

Connect outeut of 856 5010 to ineput of Device Under Test.

Connect outrut of DUT teo input of Af 5001, Address of A4 5001
must be set to 28 snd address of 86 5010 must be set to 28, IF
sddresses sre different from these facitory gel sddressess then
variahles asprim { 88 5001 primary address ) anod sgerim (56 5010
primary sddress ) must be chended accordinsls,

ERRDRS:

No GFIE or tsre error handiers sre tinked so 4041 eprints default swystem
arror messages and stops if such errors occur (instrument power is off
or Lere CBPaCity exceededr stc.),
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730
7440
TG0
760
770
780
R0
800
810
820
8390
849G
B0
Bol
BYO
880
BYQ
706
916
fgray
730
740
750
P60
§70
?80
T
LOGO
1010
1020
1030
1040
LOGG
1060
1070

R proe

LO%0
1100
1180
1120
1130
1140
1150
1160
1170
1180
1190
1200
1310
LARG
L3306
1240
1256
1240
1270
1280
1E96
1300
1310
13320
1330
134G
1350

INSTRUMENT GONTROL:
Faolis aii instruments on selected rort.

PR LI EE SRR LRI PR LRI L T L LR L
Bedin main program sedment

Init aii

Sefoct “deiboi”

On sra then cail handier

Long stersizesgountsvolistertrvoltstor

Integser sserimssgprrimrsagrsgrinsters

Set fuzz 7y1.0E~14:15,1.0E64%

Aspr in=28

Sarpr in=2

Neters=2l

Dim amearey (nsters) thdsray (nsters) rouvtarss (nsteprs)
Long stepsize

Valtelet=0,02

Voitstop=0,2

Toleran=0.1

Counts=li

Foints=é

Maxdiagts]

Tegtfres=1000.0

Rioad=],dE+5

Titied="THD VERSUS CUTFUT POKER"
Xtitledss "Output Fower in Habts”
Yhitlag="THE in fFercent”

Gren #ast geibOlpri="dstrd{aarrisl&") "
Oepen Fsg:“dgpibO(pri="gstré(sgrrinl& "
Geen $2000:"prin:”

Enabla s

S UERiETSTTre Prstroments
Hbhyte zin(mtarsagaerrin+idsgerin+3) » "INITseoiratn lunt unil
! Lock out the Aa 5001 and the BG 3010 front raneis.
Hiute f{io
I Set wup 84 5001 Ffor THD Function in percents §filters off, RMS Resroense.
Frint #aa! "FUNC THDPIFILT OFFIRESF RMS"
1 Het ue AR 3001 to delew sending & resding until seitied.
i Set tolersnce: nusber of counts: and number of roints for LBUS algorithm.
Print $as!"DUS ONSTOL"toleran: "COUNTE " jcounts, "FOINTS " froints
i Set up 88 5010 for test frequency: balanced outrut, out on: viselay volts RMS.
Frint desgi"FREG" Jtestfrea, "Hal ONIOUT ONGDISFH VRME"
HBtepsize=(lgt(voitatorr-tgt(valtstrid)/ (netéps—1}
Frint #sg: "VRMS"ivoitstrt
Amparay (li=voitstert
Input promet “FUND VOLTISEND® #ssioutsraw(ll
Inputl prompt "FUNC THRFGSEND #aszithdaraw (i
Index=1
Faor count=igti{voltstrti+stersize to fdtl{volitstor) sier siersire
Index=index+]l
Frint #ssi"VRMS" 10 count
Amp e ey {index)=10"count
Input promet "FUNC VOLTISENDE" #aaioutaraw{index)
Input prompt "FURE THDPFSEND" #azstihdarsy Cindex)
If thdaray (index) r=mexdist Lhen exit to resoive
Mext count
If index»=nsigrs then doto finish
Resolve? I Stepr back one sters,
I¥ index{(=2 then vaoltsteizamparaw(l) else volistri=smparay {index-1}

Fig. 3-13 cont. AA 5001 program example (4041).

3-79
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13460 Voltstlor=amparays (index)

137¢ Index=index-1

L3RG Feamsin=nastersindex

13%0 Stersize=(lgt{volitstord~lgtivaltastrt))/ (remaing

1400 For counts=igtivoltstirti+elersize to lstivoltstor) ster stepsize

141G Index=index+]

1420 Frint #sg:"VRMS ;10" count

1430 Amparas {index =10 count .

14490 Input promet "FUND VOLTISEND” #zatoutasray Cindex)

1450 Input promed “FUND THOFISEND" #satthdaraw (index)

1440 Nexlt count

L470 Outaraguw=outaras™2/vload

L4BG Finish: I Test <done,

149G Dut _dataid catl printout(nsters,outarav,thdarae)

150G lintock 21t instruments on the bus.

18510 Whyte ren {0 renii)

1536 End

1430 Sub eprintout (nstersrovtsrawsthdarsy) loecal count

14610 Frint using "FA4AXFA" #2000:"0UTFUT POMER","THDO"

1620 Print using "J047 20001 e e

14630 For cowunt=1 %0 nsters

1640 Frint using "7JA3X7. 464" #2000:outaras{count) s "KW  rthadaray (Count) » "4"
14650 Mext count

16860 Return

147G End

1700 Suk hendler locai e$,stesbyisaddrrefisg

1716 Nim ef% to &G

1720 Efledg=0

1730 Falil stabyt:addr

1740 Input promet "IDFIERR?" #eddries

1750 I¥ sed9{e$,8,46)="aA0001L" and valc(e$rros{es, "ERR" 1} =401 then efliag=l
1769 14 sessd{et,B:46)="aR0001" and valc(e$spos{et: "ERR":1)) =701 then efigg=2
1770 If segsd{et ,B:86)="0A0001" and valcle$:pos{ad, "ERR 1)1 =70% then eflagnl
1780 I¥ segs(ed,)B8,63="aR000C1L" and valc(e$rroai{ed) "ERR" 123 =704 then oflogsd
1750 I efizgg=l then e$=etd"Disrliazw {verranges"”

18090 If efiss=2 then e$=e$& Insufficient Inerut Level”

1816 If aflas=3 then e$=e$& Excessive Inrut Level”

1820 If efiee=4 then e$=p$&~Unsetiied Readins®

1830 Frint using "FAL=FARDL=FAZIL" $2000:12%: "AGDRESS = "saddr:"STATHS = "sstabut
1840 Resume

1850 Env

Fig. 3-13 cont. AA 5001 program example (4041}.
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SECTION 4
THEORY OF GPER&TIOE

Introduction

Refer to the block diagram located in the foldout pages of this man-
ual for a brief description and overall view of the AR 5001 opera-

tion. A detailed circuit description follows.

Input Amplifier

The input amplifier is designed for low noise and distortion. The
input configuration is differential with gingle-ended output, This
circuit provides good common mode rejection for suppression of ground
loop currents and other unwanted signals which may be present on both
input leads. The input stage is also protected to withstand at least
200 ¥ rms on any input range.

The input amplifier gain is set by the logic circuitry at 0 4B (uni-
ty), +10 4B or +20 dB. The logic circuitry controls the gain so that
the signal voltage at the output of the amplifier remains between
0.75 V and 3.0 V rms. An attenuator, prior to the amplifier, pro-
vides additional gain settings from -10 4B to -40 dR in 10 dB steps.
The actual gain or attenuation selected depends on the input voltage
level (or the setting of the INPUT RANGE switch if not in AUTO
RANGE). For example, the 200 V Input Range corresponds to 40 dB of
attenuation and amplifier unity gain.
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The input signal, from the front panel connections or the rear inter-
face input (selected by front panel switch $6181) enters the input
amplifier through P4070/34070. Each input is ac coupled through
C6070 or C4070. The signal then passes to the differential input at-
tenuator hybrid, R2052. These resistors are laser trimmed and ratioed
to maintain gain accuracy and common mode rejection. Relays K2052,
K2060, K2061, K2070 and K2071 select attenuation from 10 dB steps.
Frequency compensation of the attenuator is provided by C2061, C2051,
and R2051,

When there is no attenuation {0 4B}, DS3050 and DS3060 limit the in-
put current under overload conditions. The current passing through
the lamps warms their filaments, increasing their resistance. These
lamps will sustain 120 Vac indefinitely and 200 Vac for at least 30
minutes, If the AA 5001 is subjected to greater overloads in the 0 dR
attenuator position, the lamps act as fuses. When any attenuation
other than 0 dB is selected, the resistance in the hybrid network
provides current limiting. The inputs are clamped by Zener diodes
VR4071 and VR4070 through four dicde connected transistors Q4050,
04061, Q4070 and Q4071 and four diodes CR 4072 through CR 4075, When
the post attenuator voltage on any scale exceeds about 10 V, one set
of transistors turns on to limit the voltage at diode connected
U4050A4 and B. The effect of the nonlinear capacitance of clamp diodes
CR4072, CR4973, CRA0T74 and CR4075 is eliminated by wmaintaining a con-
stant voltage across the diodes via a bootstrap arrangement from the
ocutputs of U4050A and B,

The input signal is buffered by low noigse amplifiers U4050A and

U4050B. On the 0 dB through 40 dB attenuation ranges, these buffers
provide unity gain., Relays X2050 and K2051 change the gain to +20 48
or +10 dB, respectively, by adding resistors R4056D or R4(56E. Capa-

citors CA4053 and C4062 provide frequency compensation,
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The buffer cutputs are combined inteo a single-~ended ocutput signal by
U4061 (gain=1.5%). This signal ig then routed to the agutomatic gain

control circuitry {age) and input amplifier level detector.

The gains of the combining stage and the buffers are controlled by
hybrid resistor R4056. These resistors are laser trimmed and raticed

to insure gain accuracy and common mode rejection.

The signal level at the ocutput of the input amplifier is detected by
active rectifier U4041, in conjunction with {RA04AT and CR4042. This
full wave rectified signal is filtered by U4042A with C3045 and rout-
ed to the logic circuiltry through JiQ&0, pin 1. Recovery from over-
lcad is provided by VR3I041. Resistor R4040 gsets the filter gain so
that, with 2 ¥V rms into the AA 5001 input on the 2 V scale (3 V at
pin 6 of U4061) the output at pin 1 of U4042 is & Vdc.

The gain setting driver relays, K2052 through K2071, are driven by
the inverting amplifiers within U1060. Control signals from the logic

9, with one line at a time high (about +12 V}. Thig logic high causes
a low at the output cf the inverting amplifier and closes the relav.
When either 0 dB, +10 dB or +20 4B (pinsg &, 7 or 8} iz activated,
K2052 activates directly or by QL0700 and UL0B0B, In AUTORANGE, the
logic circuitry selects the proper input attenuation or gain to main-
tain 0.75 V to 3.0 V at U4061 pin 6 for inputs greater than approxi-
mately 50 mV.
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Antomatic Gain Control

The output of the input amplifier feeds the agc circuitry at levels
between 0.75 V and 3.0 V for inputs greater than approximately 50 mv,
and the agc automatically adijusts the signal to a constant 1.61 Vac.

Thig is the reference level for the distortion measuring circuits.

The agc circuitry is composed of attenuator R4053, US041, US5051,
R4055, and amplifier U4051. The control element in the age is a pair
cf light-dependent registors (LDRs), US5041 and 15051, These devices
consist of a light emitting diode and a semiconductor resistance cell
in one package. As more control current is forced through the LEDs,
the cells are illuminated more brightly and their c¢ells resistance
decreases. This causes more signal to shunt to ground.

The control circuitry for the agc consists of active rectifier,
040428 with diodes CR4052 and CR4051. The filters are composed of
U4062A and U4062B and assoclated components. This circuitry seeks to
keep the voltage at the output, pin 6 of low noise operational ampli-
fier U4051, to approximately 1.61 V., This ocutput voltage is varied to
calibrate the THD measurements by adjusting R1051, the THD CAL con-
trol.

The ocutput of U4051 is fullwave rectified by U4042B with diocdes
CR4051, CR4052 and integrated by U4062R and CS5061 with the reference
current from R5041 and R4042. Amplifier U4062B in conjunction with
C5060, C5062, R5063, R5064 and C5063 with R5065 provides additional
filtering of the rectifed voltage to reduce distortion introduced by
the agc action. Transistor 5071 provides the current drive necessary
for the LDRs, while VR5051 linearizes the open loop gain of the agc

loop to optimize transient response at all signal amplitudes.
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WA ]
o UI010A |
SizNAL T FTER
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GUTPUT
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R B S PP B
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Fig., 4-1. Simplified notch filter.

Hotch Filter

The leveled ocutput from the agc (U4051) provides the input for the
notch filter. The notch is formed by summing the output of an invert-
ing band pass filter with the input signal. See Fig. 4~1. Operational
amplifier U4020, and associated registors and capacitors comprises a
multiple feedback paﬁh inverting band pass filter. Amplifier U3010A
is an inverting summer. Filter tuning is accomplished in half decade
bands by switching both resistors and capacitors. Capacitore are
switched each decade. Relay K4031 is energized for input frequencies
below approximately 10 kHz. When below approximately 1 kHz, K4032 is
also activated, while below approximately 100 Hz, K5030, K4032, and
K4031 are used. K4030 is engergized in the upper half of each decade
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reducing the tuning resistances by a factor of 3.2 thus scaling up
the freguency vange by a factor of 3.2, Continuous tuning within
each half decade is achieved by adiusting the impedance of an elec~
tronic resistor ({U4021A and B) with LDR opto isolators U4011 and
'USOLO. As the LDR resigtance rises, the electronic resistor value
décreases, at the junctions of the outputs of R3026 and R5033, rais-

ing the filter frequency.

This circuit technique, although unusual, provides a good compromise
between residual noise and distortion sources inherent in U4021, and
LDR"s U40L1 and U5010.

U3020B feeds back a portion of the notch cutput to the electronic
resistor keeping the Q of the bandpass filter nearly constant, as it
is tuned.

Minor variations in the gain of the band pass filter {which causes
incomplete cancellation of the fundamental) are compensated by a
third LDR, U4010. Components C4021, R5032 and C5031 provide addi-
tional gain compensation. Drive signals for the LDRs come from the
control loop circuitry. Synchronization signals, to run the control
loops, come from the outputs of 4020 and U30204,

4-6
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Frequency Band Discrimimator

The signal from the juncticon of R2026 and R3021 located on schematic
2 is squared by a Schmitt trigger, composed of Q1041 and QLl042. The
freqguency band is determined by measuring the period of the resulting
sgquarewave. When the input goes high, the outputs of U2050 change
state. Assuming the § outputs are high, the capacitors in the four rc
networks f{that are connected to the ¢ ocutputs of U2050) start to
charge., The capacitor voltage on each network is compared via U2051
to a reference voltage developed across R2065, R3C6G, and R3061L. When
the input signal again goes high, the ocutputs of the comparators are
latched in U2042. Simultaneously, the outputs of U205%0 go low to dis-
charge the capacitors in the r¢ networks in preparation for the next
cyele,

If the period of the input is more than half the RC time constant,
the capacitor voltage will be above the threshold and the comparator
output is high at the transition. See Fig. 4-2. Discrimination of
half decades is obtained by selecting the appropriate RC network via
a CMOS switch (U2060} and comparing it to a higher reference voltage
at pin 6 of U2051B. The last column in Table 4-1 shows the inputs for
U2060. If the input frequency is bélow the band switch point of the
gselected decade {about 2.8 kHz for the 1 k#Hz to 10 kHz band} the out-
put of U2051 is low. Resistors R2054, R3052, R2052, and R2050 provide'
a slight hysteresis at each decade edge, while RI1515 provides hyster-
esis at half decade points. This hysteresis prevents random band

switching when measuring signals close to the transition frequencies..

A bounce eliminator, 72041, prevents random band changes caused by
grossly non-periodic signals. Capacitor C1l041 sets the internal clock
frequency of U2041 to approximately 100 Hz, The input state to UL400
must be stable for four clock cvcles or (.04 seconds for any change

in output to occur.
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Table 4-1
TROTH TABLE FOR 02042 OUTPUTS

f
Fin (Hz) 0 0 0 Q U2060

U2042a U2042C U2042D U20428 input
pin 3 pin 10 pin 15 pin 7 pin no.
! l l I | l

10-28 L H H H 4
28-95 H | q | H | H | 4
95-280 L | H | 3l | L | 12
280-950 H | H | H | L | 12
950-2.8k L | H | L | L | 14
2.8k-9.5k H | H | L | L | 14
9.5k-28k L | L | L | L | 13
1 . | . I L | L4

28k-100k H

Notch Filter Control

The notch filter is controlled by demodulating the in-phase and qua-
drature phase (shifted 90 degrees) components of the notch filter
output referenced to the input fundamental signal. See Fig. 4-1. The
in-phase reference inputs to pin 2 of U1020A, and the quadrature
phase reference inputs to pin 6 of Ul020B. When the notch frequency
is correctly tuned, there is no quadrature phase component at the
notch filter output. When the fundamental null (maximum amplitude
rejection) is adjusted correctly, there is no in-phase component in
the notch filter output.

The notch filter output is amplified by U3010B and UL0Ll1B. A total of
50 dB of gain is provided by these amplifiers. Differential input to
the demodulators (Ul010) is provided by U1l01llA. The output of this
amplifier stage is rectified by CR1010 and CR1011. This signal is
amplified by Q2010 and filtered by C201l to control the resistance of

FET Q2011, thus providing automatic gain control. This loop serves to
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optimize and level the input to the demodulators that generate the
tuning and nulling error voltages. The amplifier gain is raised by
02012 in all but the lowest fundamental frequency decade.

As stated earlier, the in-phase component of the fundamental derived
from the ocutput of the bandpass filter U4020 (located on diagram 2)
feeds pin 2 of UL020A. This circuitry forms a CMOS compatible logic
sigrnal to drive the CMOS multiplexer, UL010. The guadrature component
of the fundamental derived from U3020A {(diagram 2) similarly feeds
pin 6 of Ul010B. The switching arrangements of U2020 are shown in
Table 4-2. The input to U2020A is switched between the inverted {pins
1 and 13) and the normal (pins 2 and 12} output of the notched filter
at rate and phase determined by the in-phase signal at pin 10, The
input to U2020B is also switched between the normal and inverted in-
puts to UL010 at a rate and phase determined by the quadrature signal
at pin 11, The outputs of U1010 represent the synchronously demodu-
lated in-phase and quadrature components of the fundamental, present
in the notch output signal,

These ocutputs are integrated by U2020A, for the amplitude control
loop and U2020B for the frequency control lecor, buffered by Q2021 and
02024, to drive the respective LDR opto-isolators in the notch fil-
ter, The net dc polarity of the signals at pins 15 and 14 determine,
after passing through integrators U2020A and U2020B, the direction of
frequency change and amplitude change necessary to properly set the
notch freguency and null the fundamental. Adjustments R1023 and R1031
trim out the effects of offsets in the operational amplifiers en-
abling adjustment of the loops for best nulling of the fundamental
frequency. When stabilized, the dc signal at ping 14 and 15 of U1010
is essentially 0 V.,

The gain of the frequency control integrator is increased by 02023 in
all but the lowest frequency decade. Components VR2022, VR2023,
R2018, C2010, CR2024, and CR2025 help speed the fregquency control
integrator for large control errors. VR 4010 linearizes the open loop
gain of the frequency control loop.
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Table 4-2
INTERNAL CORNECTIONS IN UL010 DEPENDINGS
ON LOGIC STATES OF PINS 10 AND 11

Logic Internal Connections

Level Pins

Pins

1l 10

i l

| 00 1 12 o 14 & 2 to 1%

| 10 ] 13 to 14 & 2 to 18

l g 1 ] 12 to 14 & 1 to 15
11 13 to 14 & 1 to 18

Distortion Amplifier

This circuitry amplifies the distortion components from the THD notch -
filter or the IMD section, as well as providing additional gain for

the three lowest input ranges in level function.

Multiplexer U2040, selects the input source for the distortion ampli-
fier. The four sources are: input stage pins 5 and 15, input stage
less 10 4B pins 1 and 13 (through R2033 and R2032), THD notch filter
pins 2 and 4, and IMD pins 12 and 15. Control of U2040 is through the
level and IMD switches, as well as the output of U3021A as shown on
the schematic. In the IMD mode, Q2042 turns on. This action shorts
the THD input to U2040 to prevent possible creosstalk. In both the THD
and IMD, Q2041 alsc turns off, to prevent crosstalk,

The distortion amplifier gain is controlled by multiplexer UZ031. The
input to U2030B, attenuated by R2036, RZ037 or R2041 is supplied from
U2031. See Table 4~3. A gain of +46 dB is provided by U2030A and B,
The output of UZ2030A supplies a 4 V rms full scale signal to the
filters.
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Table 4-3
GAIN AND SWITCHING THEROUGH U2031

|
Logic Total 02041 Internal Connectionsg

Level Gain through Gain pins
Pins Dist Rmp
9 16
| | | |
| o 0 ] +6 4B 0 dn 13 to 12 and 3 to 1
|
¢ 1 +26 dB G dB 13 to 14 and 3 to 5
1 | | i
E 14 +46 dB ¢ dB 13 to 15 and 3 to 2
11 +66 4B +20 dB 13 to 11 and 3 to 4

Filters and Ac-Dc Converters (Standard Instruments Onlv}

The output of the distortion amplifier enters the main board through
J1042 driving the weighting filters and the distortion amplifier
ranging level detector. The detector, composed of U4030A and U4030R,
full wave rectifies and filters the distortion amplifier output, This
dc¢ signal goes to the logic board to control avto-ranging of the dis-

tortion amplifier.

The weighting filters consist of U2023A, U2023B, U3021B, U3021A and
assoclated registors and capvacitcors. The signal from the distortion
amplifier passes through the 330 kHz filter before passing to the
remaining filters. Output from the filters is multiplexed by UL021 to
the input of buffer, U4020A. Table 4-4 is a truth table for UL021,
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Table 4-4
TROTH TABLE FOR Ui021

B A ON CHANNELS

0 0 X0 Y0 WETIGHTING

0 1 X1 Y1 BANDPASS

1 0 X2 Y2 80 kHz LOWPASS
1 1 X3 Y3 330 kHz LOWPASS

The highpass filter (three pole 400 Hz Butterworth) is composed of
U40208, C4012, C4011, C4010, R4012, R4010, and R4011. This filter is
driven by U4020A. When the highpass filter is disabled, U3020 con-
nects pins 1, 13, 14, and 15 thus shorting the output of U4020A di~
rectly to the input of U4020B, R4013, R4014, and C4013 provide 10 Hz

response compensation for low frequency accuracy.

Output from the highpass filter, U4020B, connects to the front panel
Function output connector and the Cy channel of U3020. The AUXTLIARY
INPUT on the front panel connects to the Cx input through protection

~components R3022, CR4020, and CR4021. U2030B connects to either the

AUXILIARY INPUT or the output from U4020B depending upon the state of
the EXT control signal.

After filtering, the signal is converted to a dec voltage by both rms

and average techniques. Rms conversion is accomplished in U3031 (pin
10 out) using an implicit computing approach. The averaging capaci-

tor is C3032. A low pass filter, U2040A, reduces readout jitter due

to low freguency noise or ripple.

The averaging rectifier is U2030A with diocdes CR2031 and CR2032. The
rectified output is smoothed and filtered by U2040B, Cl040, and asso-
ciated components. The average detector output connects to U2040A via

03040 in the average response mode, overriding the rms converter.
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Filters and AC-DC Converters {option 02 Instruments Only) -

The ocutput of the distortion amplifier enters the main board through
J1042 to drive the filterg and the distortion amplifier ranging level
detector. This detector, composed of U4030A and U40308B, full wave
rectifies and filters the distortion amplifier output. This dc signal
goes to the logic board to control the distortion amplifier autorang-
ing.

The filters consist of U2023A, U20238, U2021B, U2040A, U2040C, and
U2040D with associated resistors and capacitors. The signal from the
distortion amplifier passes through the 330 kHz filter before passing
to the 80 kHz LU PASS and AUDIO BAND PASS filters. The weighting £il-
ter input is taken directly from the distorticon amplifier output,.
R2035 provides gain calibration adjustment for the CCIR weighting
filter., Output from the filters are multiplexed by UL021 to the input
of buffer U4020A. Table 4-4 is a truth table for UlL021.

The high pass filter (three pole 400 Hz Butterworth) is composed of
U40208B, C4012, C4011, C4010, R4012, R4CL10, and R4011. This filter is
driven by U4020A, When the high pass filter is disabled, U3020 con-
nects pins 1, 13, 14, and 15, shorting the cutput of U4020B directly
to the input of U4020B. Components R4013, R4014, and C4013 provide

10 Hz response compensation for low frequency accuracy.

Output from the high pass filter, U4020B connects to the front panel
FUNCTION OUTPUT connector and the Cy channel of U3020. The AUXILIARY
INPUT, on the front panel, connects to the Cx input through vrotect-
ing compconents R3022, CR4020, and CR4021, U20308B connects to either
the AUXILIARY INPUT or the output from U4020B, depending upon the
state of the EXT control signal.

After filtering, the signal is converted to a dc¢ voltage by both rms
and quasi~peak techniques. Rms conversion is accomplished in U3031
{(pin 10 out) using an implicit computing approach. The averaging ca-
pacitor is C3032. A low pass filter, U2021A, reduces readout jitter

due to low frequency ncise or ripple.
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The gquasi-peak convertor consists of full wave rectifier U20408B, peak
detector U4031 and U3030A, and averager U30308 and their related cir~
cuitry. The input to the full wave rectifier is normally connected
through R2022, except for the special case of simultaneous CCIR
weighting filter and guasi-peak response selections. In this case,
02021 turns on directly connecting the ocutput of the CCIR weighting
filter from U2040A to the full wave rectifier. This causes a gain
calibration shift of the weighting filter, depending upon the re-
sponge gelection. With BMS response, the (4B fredguency is nominally
2.0 kHz. However, with quasi-peak response, it shifts to 1.0 kHz.

The output from the full wave rectifier, U2040B, passes to pin 2 of
U4031. This circuitry rapidly charges C3053 to the peak value of the
input waveform. This peak voltage is referenced to the input through
U3030A with R4055, providing gain calibration adijustment. U30308B,
3052, and R3033 low-pass Tilter the charged peaks on C3053 and pass
the signal on to the peak hold circuit, composed of U3030D and
U3030C. . |

The purpose of the peak hold circuit is to allow short peak pulses to
be accurately measured and displayed on the digital readout. Capaci-
tor C3038 is charged to positive peaks through CR4033 until U3030D
inputs at pins 12 and 13 are nearly equal., C4031 is also charged
through CR4034. When the peak disappears, CR4033 reverse biages, and
C3038 maintains the peak voltage which is buffered through U3030C and
connected to the convertor output through (3040 and U2021A. The vol-
tage across C4031 decays through R4035% generating approximately 1
second time delay. The voltage across (C3038 remains constant until
the voltage across C4031 drops to about 7 V below the level on C3038.
C3038 then discharges through 4030, operating as a low leakage zener
diode. The guasi-peak detector output connects to U2021A via Q3040,

in the gquasi-peak response mode, overriding the rms converter,
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dB Converter

The dB section is fed by the dc output voltage from the selected de-
tector. Shown on this shcematic are the dB8 converter, 4B8/Volts

switch, offset generator, dB ratio circuit, and a voltage reference.

The dB converter consists of quad operational amplifier U4111, tran~
gistor array U5101 and associated circuitry. The input to the con-

verter is a 0~4 V dc signal from the selected detector and a 6 V ref-
erence., The output is a dc signal at 04111 pin 1. This signal is pro-
porticnal to the log of the ratio of the dec input signal to the ref-

erence voltage ag described in the relaticnship:

E =K % loglov:Ic for US101A:Ic for USL01B]

K is a constant and Ic is the noted collector current. The converter
output is zero when the input voltage is 1.5%49 V, with a scale factor
of ~100 mv/dR.

Operational amplifier U4111D provides a constant collector current in
U5101B while holding the collector voltage at 0. The collector vol-
tage of U5101A is held at 0 V by the action of U4111C, The collector
current in UBL01A varies with the input voltage. When the twe collec-
tor currents are egqual {(at Vin = 1.549 Volts), US10lA pin 2 is at 0 V
and U4111C pin 8 is at 0 V, The offset voltage of the differential
pair and U4111A is adjusted by R8101 (048 adjust), which sets the

0 dB output level. Compensation for the offset voltage of U4111C (-
40dB Adjust) is prdvided by R80%1. This provides correct log confor-
mity at low input voltages. Inversion of the dB output is provided by
'UélllAe Pin 1 of U4111A also provides the dB voltage to the bar graph
display.

The three remaining transistors in U5101 serve as heaters to maintain
the differential pair (U5101A and B) at a constant junction tempera-~
ture. The voltage at U510l pin 3 is proporticnal to the internal tem-
perature of U5101. This voltage is compared with the reference vol-

tage and any error is amplified by U4111B. The amplified error signal

drives Q3111 which supplies current to the heater transistors. The
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~20 dB Adijust, R2161, sets the internal junction temperature of the
differential pair for the correct scale factor.

dB (Offset Generator

The offset generator consists of U4121, U7101 and R7101, This cir-
cuitry provides a dc offset voltage that is added to the log convert-
er output at the input of operational amplifier U4121C. This voltage
is set by input from the logic section and corrects dB measurements
for the overall gain in the signal path.

The reference voltage is divided by R7101 into six offset voltages.
Multiplexer 07101 selects one of these six voltages (or ground) and
supplies it to U4121D. The gain setting resistor for U4121D, as well
as a resistor in series with its output, is included in R7101l. The
offset output is supplied to U4121C through R8L11.

This signal is routed to U2151, a multiplexer, which selects the 4B~

_processed voltage (+10 mV/dB) or the voltage directly from the se~

lected detector. This voltage is supplied to the DVM section. In the
distortion modes, R3173 provides a small offset so that the 0 dB ref-
erence is changed from 0.775 V (0 d4Bm) to 1 V corresponding to 100%.
In the 4B ratio mode, U4121C also adds the stored reference voltage
from the dBr section supplied via pin 5 of U2151.

dB Ratioc Circuitry

The 4B ratio circuitry allows selection of any input voltage as the
¢ dB reference. This is accomplished by adding a dc offset voltage
from pin 15 of R7121 to pin 9% of U4121 through multiplexer U2151C.
This causes 0 V at pin 8 of U4121C at the desired reference input
veltage.

Amplifiers U6121C and D with resistor network R7121 form a digital-
to-analeg converter which supplies the dc offset to the input of
U4121C. This converter is driven by an 11 bit binary counter composed
of U6111 and U711l. This counter is controlled by dual flip-~flop
U7161lB which is supplied with a clock signal from the gated oscilla-
tor composed of U7151A and B,
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When the 4B ratio button is pushed (grounded) a debounce circuit com-
posed of U7151C and D causes pin 3 of U7161A to go high, A short time
later, determined by R8131 and C8135, pin 4 of U7161A goes high, ter-
minating the high at pin 1. A positive pulse appears at U7161 pin 1,
resetting counters U6111L and U7111 and flip-flop U7161B. This allows
rhe oscillator to gtart. The oscillator increments the counters
changing the voltage offset. When the 0 dB reference button is
pushed, the counter starts with the most negative voltage offset and
increments in the positive direction. The ocutput of U4121C connects
to comparator U61Z21B. When the output of U4121C is 0 ¥V, U6121B vin 7
goes high, causing U7161lB pin 12 to go low at the next clock pulse.
This action stops the oscillator. Future dBr readings are referenced
to this voltage. Pin 1 of U6121A goes positive a short time before
U6121B pin 7. Thig switches the oscillator to a lower freguency
through 8161 and C7135 to prevent the circuits from overshooting the

correct value.

6 ¥V Reference

A 6 V reference voltage to the 4B converter, offset generator, dBr
gsection, and dvm is provided by U4121A and VR2143,

The DVM section accepts the do voltage f£rom the dB converter or di-
rectly from the ac selected to de¢ converter and drives the digital
display. The dvm input is proportional to the input signal voltage,
the percent distortion or the log (dB} of the selected function. An
LSI analog-to-digital converter with display drivers, U2050, drives
the respective segments in LED display. Overrange indication is sup-
plied internally in U2050. Reference voltage adjustment for the cor-
rect full scale reading is provided by R2064. Other external compon-
ents support the internal operation of U2050.

The most significant LED module, DS1022, is controlled by UL060D and
Ql060. This digit displays blank, 1 or 0. The 0 is displayed only in
the 0.2% distortion range.



AR 5001 -~ PRELIMINARY

If a decimal point is needed in LED display DS1021, pin 2 of UJ1L060A
is low. This assures that pin 11 of UL1060D iz alsc low and illumi-
nates the two segments comprising the one (1) in the most significant
digit module, DS1022. Pin 19 of U2050 is high when a 0 1is required
and low when a 1 is reguired. The one is changed to a zero by illumi-
nating an additional four segments of DS1022. The wminus gign to the
left of the most significant digit 15 of R1333 to pin 9 of T1313C.
This causes 0 V at pin 8 of UL313C at the desired reference input

voltage,

The ten operational amplifiers, U305%0A, B, U3051 and U3062 comprise

the drivers for the bar graph display. The analog signal from the dB
converter is applied to the negative inputs of these amplifiers. The
input resistance dividers are selected sc that only one operational

amplifier at a time is operating in the linear region. There is ap-

proximately 2.5 4B between ecach segment, with a slight overlap from

one segment to the next.

pisplay Board

The four LED digit display modules and the sign module are illuminat-
ed by lowering the cathode voltages. The display module ancdes and
the state LEDs are operated from +5 V.

Pins 11 through 20 of DS1010, the bar graph display, are connected to
-15 V. Pins 1 through 10 are driven by operational amplifiers in con-
formance with the analog signal strength.

Logic Circuitry

The input signals to the logic section come from the front panel
switches, the input stage level detector, GPIB circuitry and the dis-
tortion amplifier level detector. The logic circuitry controls the
gain of the input stage and distortion amplifier, the dB offset gen-
erator, location of the decimal points and the function annunicator
LEDs.

Diagram 10 shows the logic switching circuitry,

b
i
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On diagram 11 a presettable up-down counter, U7011, controls the gain
of the input gtage. In the manual ranges, the preset inputs are ena-
bled by S4171-4. The proper input level range signals are supplied by
$4171-1, 2, and 3. In the auto range position, the counter accepts
clock inputs from level comparators US081lA and B. These signals pass
from U701l to U301l1l. They are decoded in U3011, a bod-to-decimal de-

coder, to drive the input stage gain control lines.

A dc signal, proportional to the input signal amplitude, appears at
pin 4 of US08LA. The bias voltages on pins 5 and 6 of U5081A and B
are such that pin 2 of U5081A goes low when the input signal is high-
er than the range the input stage is presently in, This low appears
at pin 10 of U701l which causes the binary up-down counter to count
down. If the input attenuator is in the least sensitive range, a high
exists on pin 1 of U7021A. A low then exists on pin 3 of UT021A which
prevents the underrange LED from being illuminated. Pin 1 of U5081B
is low when the input signal is lower than the input attenuator
range. Pin 6 of U70218 is high in the most sensitive range. The up-
down counter counts only when pin 5 is low. This occurs when the in-
put signal level is higher than the attenuator range and the unit is
not in the least sensitive position, or when the input signal is low-
er than the input attenuator range and the wvnit is not in the most
sensitive range. The overrange and underrange LEDs are illuminated
through Q2181 and Q2183 respectively. When the bases of these tran-
sistors are high, through the outputs of U7021A and U7021B, the
lights are illuminated. The increase range and decrease range lights
are alsoc controlled by the distortion amplifier gain in the level
mode .

03021 decodes the odd 10 dB steps in the input stage gain and sup~
plies this information to the distortion amplifier control and to
U5011 for decimal point and offset formatting purposes.

Distortion amplifier gain is controlled in a manner similar to the
nput circultry gain, USG81C, and US081D are the level comparator and
U7G71Aa, UTDTLB, and U7071D perform the enable gating function,
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The gain control input for the distortion amplifier is selected by
U7041, a 4 bit and/or selector, In the level mode pin 9 is high, pin
14 is low, and pins 6, 4, and 2 are routed to the outputs. This se~
lects the Input Level Range Switch, S4171, as the gain control input.
In the distortion modes, pin 14 is high , 9 is low and 7, 5, and 3
are connected to the ocutput. The distortion range switches now con~
trol the gain,

The signals from and to U7021C control the switching of U7041. A dc
voltage proportional to the output of the distortion amplifier con-
nects to pin 11 of U5081D. The operation of U508l and U7071 are iden-
tical as described for the input stage up/down counter. These gates
control up/down counter, U7061, for the distortion amplifier gain. A
three-to-eight decoder driver, US071, supplies decimal output for the
distortion amplifier gain control circuitry.

A binary adder, U501l1l, shown on schematic 12, sums the gain of the
input stage and the distortion amplifier. Pins 7, 5, 3 and 6 provide
input stage gain information. Pins 4 and 2 provide distortion ampli-
fier gain information. This sum is decoded by US5021, and passes
through CR5031, CR5033 and CR5037. These diodes drive U3021B and
U4061 to operate the uV, mV, and Volts annunicator LEDs. The control
gsource for the decimal points is selected by U3041, a 4 bit and/or
selector which operates as a multiplexer. In the velts mode, the de-
cimal points are controlled by the decoded decimal information from
U5021 and the diodes. In the distortion modes, the decimal points are
controlled by the distortion amplifier gain. Gain information from
the distortion amplifier appears at 1, 3, 5 and 7. In the 4B modes,
U3041 is disabled, and Q2063 is turned on by U4071A or U4071B. This
ililuminates the proper decimal point for all dB displays.

A 4 bit and/or selector (U5061) operating as a multiplexer, selects
the control source for the dB offset generator. In the lever mode,
the offset is controlled by the sum at the output of US0LL., In the
distortion modes U5061 is controlled by the distortion amplifier
gain,
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Power Supplies

There are three operating voltages in the AA 5001l: + and -15 V dc and
+5 V dc. The 15 V supplies the operational amplifiers, linear cir-
cuitry and CMOS, while +5 ¥V is used for the logic and displavy cir-

cuitry,

The +5 V dc supply is derived from the +8 V dec supply in the main-
frame., A three terminal voltage regulator, U4040, provides +5 V and
includes built-in current limiting. Additional owvercurrent protection
is provided by F4062. R3047 provides adijustment of the voltage to a
nominal value of +5,.25 V measured at TP3041.

The +15 V dc supply is requlated from the +26 V dc mainframe supply.
The reference voltage, against which the regulator output, divided
down by R3043 and R3044 is compared, is supplied by VR3041l. Errors
between the reference voltage and divided output are amplified by
J40418 and Q4050. The mainframe NPN transistor and 3051 form a Darl-
ington series-pass transistor. Frequency compensation for stability
is provided by R4050 and C4050. Current limiting is accomplished by
03050 which senses the voltage across R3053. When the current deliv-
aered by the +15 volt supply exceeds about 500 mad, 30650 turns on.
This shunts base drive current from 03051 lowering the output vol-
tage. Fuse F4060 provides additional protection.

The -~15 V is supplied from the ~26 V dc in the mainframe, Amplifier
U4041A compares the regulated +15 V supply with the ~15 V through
R4041 and R4042. Voltage differences are amplified by U4041 and
Q4051. The mainframe PNP transistor and Q4052 form a Darlington
series-pass transistor. Frequency compensation for stability is pro-
vided by R4054 and C4051. Current limiting is accomplished by (4044
which senses the current through R4053. When the current delivered by
the ~15 volt supply exceeds about 300 mA, 04053 turns on. This shunts
base drive current away from Q4052 and lowers the output voltage of
the power supply. Fuse F4061 provides additional protection.
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Iinterface

This circuitry provides an interface between the microprocessor and

the Logic Switchesg shown on schematic 10,

Data on the state of the filter switches as well as the Mode Defeat,
Response Drive, IMD Drive and Level Drive input at inputs DO through
D7 on U3010. This integrated circuit is a data selector-multinlexer,
The input to bhe read is selected by lines A, B and C. Data cutput to
the processcr is via pin 5.

The filters are controlled via the front panel or the GPIB. The four
lines mentioned earlier under this heading are controlled via the
processor. This control from the processor passes through ULC10, an
eight bit addressable latch. The output lines are selected by input
lines connected tc A, B or C. The gtatus of the output line selected
to the latech at pin 13, The cutput of UL010 can override the front

panel filter switches as 20 kX resistors are connected between the

‘switches and the level shifters.

Level shifters U2020 and Ul020 provide logic compatible voltage lev-
els for the driven circuitry.
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E% Analyzer

The IMD Analyzer is block diagrammed in Fig. 4~3. In the difference
frequency distortion mode (CCIF) the analyzer is a 1.1 kHz 9-pole
Butterworth low pass filter. Two poles of this £ilter are provided hy
U3081B and associated components. The CCIF signal then passes to the
level sensor composed of Q7071, CR5083 and C6071. Depending on the
position of jumper P1053 and the amplitude of low frguency components
at the anode of CR5083, multiplexer UH8051 selects the output from the
SMPTE/DIN demodulator at pin 2 or the partially filtered CCIF signal
at pin 3. If approximately 1 V or more of low freguency signal is
present at the anode of CR5083, Q7071 turns on. If the jumper is in
the automatic position, the collector of U707L goes low. This lowers
pins 9, 10, and 11 of U1240 and connects pin 2 to pin 14, the output,
In the CCIF mode, there is little power below 1.0 kHz. Under these
conditions Q7071 is off, and pin 3 is connected to pin 14 of UBNSL.

Voltage
INFLT ;pgg:esh?f I: comrgiﬁeé
§—i wsszﬂitég;* — Re;“”:" Bl amplifler. {
UB0B1A, USOG1A & B U041 Control element ie U2041.
i Amplifier is U30418.

prd “mplifier
N\ U3031A

Zpoles ol a8 Electrone % poles of a
gl pole L1 krztow | SO gt " L SMPTE | spote iz |

pass filter LADE iow pass fiiter
Y3088 30318

Level [ T poles of a 8 pole

sensor : 1.1 kMz low pass bormsrmrein OLITEOUT

Qrev filter

L8065, Us04y
(2958 121469815

Fig. 4~3. Intermodulation distortion analvzer block diagram.
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The output of U8051 feeds buffer U6051B. The signals then pass
through the remaining 7 poles of the 1.1 kHz low pass filter, com~
prised of U6051A, U6041A and U6041B, to the distortion amplifier,

In the SMPTE/DIN mode, the input signal passes through 7 poles of a

2 kHz high pass filter to remove the low frequency tone. This filter
is composed of U3081a, U3061B and U3061A. The signal is full-wave
rectified by U3041A and applied to the input of a wvoltage controlled
amplifier U3041B. To maintain a constant signal amplitude of 3.6 V
dc, U3031A integrates the difference between this signal and a dc
reference voltage. The current through the LED in gain control resis-
tor U2041 maintains the gain of U3041B so that the cutput is at

3.6 Vdc. The rectifier signal contains the demcdulated SMPTE/DIN IM
distortion product and passes through a 30 Hz twc pole high pass fil-
ter comprised of C2021, C2011, R3021 and R3023 to the input of |
U3031B. This amplifier, along with C5021, C5023, C3031, and C30331,
forms the first two poles of the 9-pole 1.1 kHz low pass filter. Pin

-7 of. U3031B connects to multiplexer U8051. From this point, the sig-

nal is processed exactly the same as the CCIF signal.
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GPIB Circuitry

The microprocessor, U4020, is an eight bit parallel processor with a
16 bit address bus. Two 1024 X 4 RAMS, U3034 and U3043, and one 8192
¥ 8 ROM, U4030, comprise the microprocessor external memory. The GPIB
address switch, 53013, connects to the data bus via U3023, a tri-
state buffer. When pins 19 and 1 are low the logic appearing on the A
inputs output to the data bus.

The decimal point illuminated appears as a low on the Al through A4
inputs of U1044. A5 is not used at present. A6 and A7 is the output
from the eight channel decoders, U2045 and U2046 that read the illu«
minated display segments. U2035A and UZ035B serve as level shifters
from the eight line display segment decoders. Address decoding is
accomplised by UZ2034.

The data bus connects to U3041, an octal flip-flop. The output from
this flip-flop drives open collector inverter U3040. The ocutput from
this inverter drives the Logic Switch (schematic 10) and Autorange
Control Logic (gchematic 11} circuitry.

Various display data input to the microprocessor via buffer UL031.
GPIB communications are controlled by 02022, U2021 and UL020, Bidir-
ecticonal buffers U2021 and U1020 provide drive capability for 02022,
the GPIB interface. The IEEE 488-1978 standard protocol is handled
automatically in both talker and listener modes by U2022.



