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INTRODUCTION

SIGNALANALYSIS

The spectrum analyzer is a receiver that displays signals
in the frequency domain. The CRT on the spectrum ana-
lyzer mainframe displays signal amplitude (A) on the ver-
tical axis (see Figure 1) and frequency (f) on the horizon-
1al axis. To visualize how a spectrum analyzer displays the
frequency domain, picture a tuneable bandpass fileer that

‘scans the frequency axis. At any point on the frequency

auis, the spectrum analyzer displays only the signal com-
ponent b is iuned to receive, rejecting all others. In this
way, the individual frequency components of a signal are

‘l i

viewed separately. In comparison, an oscilloscope dis-~

plays the signal i the time domain, and the displayed
amplitude represents the vettor sum of all signal compo-
nents. B ’
This manual will acquaint you with various kinds of spec-
trum measurements, and the techniques for making them
with a Hewlett-Packard economy spectrum analyzer:
Model 8559A, B558B, or 8557A. Further information en
specific topics related to signal analysis is available in HP
Application Notes, which can be obtained by contacting
your nearest Hewlett-Packard sales of fice,
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BASIC DESCRIFTION.

An HP &conomy spectrum analyzer consists of either the

HP 853A Spectrum Analyzer Display mainframe or an
HP 180-series Display mainframe plus one of three dif-
ferent spectetn anatyzer plug-ins: the HP B559A Spec-

trum Analyzer, the HP 8558B Spectrum Analyzer, or the

HP 8557A Spectrum Analyzer. The HP 853A Display
mainframe end the three plug-in spectrum analyzers are
shown | in F1gure 2,

HP 8553A Spectrum Analyzer

The HP 85594 Spectrum Analyzer plug-in cmﬁlb’ys har-

monic mixing to eover a measurement range of 10 MHz
to 21 GHz in six frequency bands. It can display frequen-
¢y apans as narrow as 100 kHz, and as wicle a3 9 GHz {the
latter in full span mode). A five-digit LED readout indi-
cates the speciruwm analyzer center frequency with a reso-
lution of 1 MHz, The HP.8559A can be used to measure
yignals over an amplitude range of —111 dBm to +30
dBm .

HP 83588 Spoclrum Anulyzor

The HP 85588 Spectrum Analyzer plug-in s o mea-
surement range of 100 kHz to 1500 MHz, and cui display
frequency spans from 50 kHz to 1000 MHz. A fourdigit
LED readout indicates the spectrum analyzer start or
center frequency with a resolution of 1 MHz or 100 k}lz
The HP 85588 can be used to measure signals over an
amplltude range of =117 dBm to + 30 dBm. A front-
panel IST LO OUTPUT is provided for stimulus/re-
sponse measurements, using the HP 8444.1\. Dpnon 059 .
Tracking Generator.

HP BS57A Spectrum Anatyzer

The HF B557A Spectrum Analyzer plug-in has a mea-
surement range of 10 kHz to 350 MHz, and can display

fréquency spans as narrow as 50 kHz, and as wide as 350 -

MHz. A four-digit LED readout indicates the spectrum
analyzer start or center frequency with a resotution of 1
MHz or 100 kHz. The HP B557A can measure. signals
over an amplitude range of - 117dBm to +20 dBm.

Featares common to the three economy spcurum nnn[yz-
er plug-ms include:

" Zeo ! span mode enables operation as a manually-
tuned receiver for time domain dlsplay of signal
modulation.

# Resolution bnndwad:h.q in 1-3 sequence from 1
kHzto 3 MHz,

#® Frequency span control and resolution bandwidth
control can be coupled to function as a single
*2o0m"” control.

i ® Automatic sweep contral coupled to frequency
* span, resolution bandwidth, end video filter to
) maintain CRT display calibration.

® Absolute amplitude calibration and direct readout
of the reference level, CW signals at or below the
reference level are automatically below the gain
compression level,

'
® Low internal harmonic and intermodulation distor-

tion, typically provides greater than 76 dB of dy-
namic range for distortion measurement,

® Probe péwer jaack For signal analysis with high-im--
pedance active probes, such as the HP 11214, (fea-
. tures on HP 85588 and B357A only).

HP B53A Spectum Analyzer Display

. The HP B53A Spectrurh Analyzer Display is a large-

screen, digital storage display mainframe For use exclu.

fsively with the HP 8559A, 8558B, and 8557A Spectrum

Analyrer plug-ins. Digital memory provides buffer stor-

- age for two independent teaces, both of which can be

displayed-or blanked a3 desired. Digital processing also
provides push-button features such as maximum signal
hold, digital avernging, and trace normalization, A con-
ventional analog display mode can also be selected,

‘The HP 853A bas limited HP-IB capabilities, CRT troce
and graticule data is dumped directly to a listen-only HP-
IB plotter by pressing two front-panel push buttons,
Control settings on the spectrum analyzer plug-in cannot
be mommred via the HP-IB; however, all digital display
fukctions are programmable via a controller, and two
lines of annotation can be displayed on the CRT for la-
belling purposes or operator prompting. In addition,
controller commands allow tra.nsfer of trace data for
analysis or storage.




CHAPTER 1
GETTING STARTED

OPERATI.NG PRECAUTIONS

The HP B559A, 85588, and B557A Spectrum Analyzer
plug-ins are sensitive measuring instruments. Overload-
ing their inputs with too much power, peak voltage, or dc
voliage will pecmanently damage their input ciccuits. Do
not exceed the input levels specified below:

Maximum Input (Damage) Levels

HP 5594,
- Total Power:
+20 dBm (0.1W, 2.2 Vrms) with 0 dB input
attenuation
+30dBm (1W, 7,1 Vrms) with =10 dR mput
attenuation

dcorac (<100 H2x: +7.1V
PEak Pulse Power: 50 dBm (ioow >10 pger

pulse width, 0.01% duey cycle) with =30 dB input
attenvation

HP 85588
Total Power: |
+30dBm (1W, 7.1 Vems)

de or ac (<100 H2) + 350V

Peak Pulse Power: + 50 dBm (100W, »10 psec

pulsc width, G.01% duty. cycle) with 220 B japut

attenuation

HPB55TA
Total Power: o
+20dBm (0.1W, 2.2 Vrms)

deorac{<100Hz) +30v -
NOTE

When you are measuring input slgnals of

unknown power’levels, a preliminary.In-

strument salling of =30 dB INPUT AT-
- TENis rscemmended. ‘

“icauTion | -
Althdugh the spectrum analyzers refer-
ence kevel can be set for power levels up

to + 60 dBm, the total Input power must
not exceed the absolute maximum limiis
listed above.

LINE POWER ON

Before connecting the line power cord, make sure the
proper line voltage and line fuse have been selected for
the display mainframe. Failure to set the oc power input
selector on the display mainframe to correspond with the
[evel of the ac source voltage could cause damage to the
instrument when the power cord is plugged in.

The spactrurn analyzer and any device
connecled to It musl be connecled 1o
power line ground. Fallure to ensure prop-
or grounding could result In a shock haz-
ard 1o personnel or damage to the instru-
ment,

LINE power is switched at the display mainframe front
panel. A safety indicator lights when the ac power is on,
NEVER remove a specirum enalyzer plug-in from the
display mainframe without first switching the ac L]NE
pnwcr switch to OFF,

Fur optimum pecformance, you should allow the spee-
trum analyzer to warm up for a [eusl 3[) minutes before
using it to make mcasuremems

FRONT-PANEL ADJUSTMENT PHDCEDURE

The front-panel ndjus!menl pracedure ,adubts the HP
8559A, B558B, or B557A Spectrum Analyzer piug-intoa
particular display mainframe, und should be performed
daily after instrument warm-up. The step-by-step adjust-
ment is also an excellent way for new wsers to become
acquainted with the various spectrum analyzer contrals,
Once the procedure is'completed, the spectium analyzer

is calibrated for absolute amplitude and frequency mea-

surements. Mike the adjustment settings shown in Table
t before you start the ndjustment procedure.

DISPLAY ADJUSTMENTS HP 853A Speclrum Ana-
lyzr Display

1. Switch LINE power OFF then ON while holding
PLOT GRAT push button depressed 1o activate the



Table 1. Acdjustment Settings

" Fupetion - Setting
Spectram Analyzes Plug-In
_ INPUT ATTEN {UB}* 10.dB
REFERENCE LEVEL 04Bm
Option 002 +50 dBmY
REF LEVEL FINE "0 dBm
Amplitude Scale - LIN
FREQ SPAN/DIY | 0 MH:z {uncoupled) |- -
RESOLUTION BY 1 MHz {uncoupled)
SWEEF TIME/DIV -AUTO
- SWEEP TRIGGER FREERUN
START-CENTER CENTER
 (4558B,8557A)
'FREQUENCY BAND GHz’ CN1-3
(B5594)
TLINING > 60 MHz
BASELINE CLIFPER OFF
VIDEQ FILTER . OFF
*On older plug-ing, set
OPTIMUM INPUT to
~30 (Bm,
HP 853A Spectrum Analvzar
Oisplw )
TRACE A WRITE .
TRACEB STORE BLANK
DGTL AVG OFF. -
INPUT-B-+A OFF
HP 180-Series Display
Mainframe
DISPLAY INT
MAGNIFIER h.{ I
SCALE({lBOTR, 182T) OFF
PERSISTENCE (181 T/TR) MIN .
Display Mode (1B1T/TR) WRITE

digital test routines. The "‘#0"-that appears on the

left side of the CRT means digital test routine 40 is,

now activated.

Press and release the PLOT GRAT push butten
four times to step to digital test routine #4, as indi-
cated by the “#4™ displayed on the left 'm']e of the
CRT.

3. With an adjustment I:ocl, adjust the FOCUS con-
trol as necessary to make the characters on the CRT
B cleor as possible.

Adjust fhc X POSN and Y POSN contrels to align
the square trace patterm wlth lhe outerrrust CRT
graticule lines, .

-5.

Momentarily press the PLOT GRAT and PLOT
TRACE push buttons s1multancnusly to exit the
digital test routines. |

DISPLAY ADJUSTMENTS HP 1BD-Series Display
Mainlrame '

1

With an adjustment tool, 'adjusi the VERTICAL -
POSN control to place the CRT trace on a horizon-
tal graticule line near the CRT center.

Reduce the INTENSITY and set the SWEEP
TIME/DIV control to MAN. Use the MAN
SWEEP knob to center the CRT dot,

Leaving a doi on the CRT for profonged
periods at high Intensity can burn the .

" phosphor.

Adjust FOCUSNaml ASTIG contrals for the small-
est round dot possible,

Reset the SWEEP TIME/DIV vontrol to AUTO
and increase the INTENSITY for an optimum CRT
trace. Adjust the HORIZONTAL POSITICN con-

_ trol to center'the CRT trace, I the horizontal de-

flection i3 not exactly 10 divisions, adjust the
HORIZ GAIN control lecated on the rear panel of
the spectrum analyzer plug-in. :

NOTE

To adjust the HORIZ GAIN, you musl
gwitch the LINE power OFF, then remove
the specirum enalyzer plugin from the
‘malnframe.”

Adjust TRACE ALIGN so thai the CRT trace is
parallel to the. hunzoma! graticule lines.

FREQUENCY AND AMPLITUDE ADJUS‘I’MENTS —_—
HP 8558B Specirum Analyzer

- L

ot

2.

Adjust VERTICAL POSN untit the CRT trace
aligns with the bottom CRT graticule line,

Connect the 35 MH:z CAL OUTPUT to the spec-
trum analyzer input and center the 35 MHz signal
w::h the TUNING control. .

Narrow the FREQ SPAN/DIY to 200 kHz and ud-
just the REF LEVEL FINE cantrol as necessary to

.- position the 35 MHz signal peak near the top CRT

graticule line,



10.

Center the signal again, il necessary, and adjust.

FREQ CAL to calibrate the FREQUENCY GHz
readout at 0.035 QGHz,

Set the FREQ SPAN/DIV control to 1 MHz and
adjust the REF LEVEL FINE control to place the
35 MHz signal peak at the top CRT graticule li]'_l:.

Press the 10dB/DIV Amlplitude Seale push battot.
Adjust VERTICAL GAIN to place the signal peak

.at the top CRT graticule line,

Press the LIN Amplitude Scale push button. Adjust
the REF LEVEL FINE control to place the signal
peak at the top graticule line,

" Repeat steps 6 and 7 unt the sigral peak remains at
the top CRT graticule line when the Amplitude
) Scale is altecnated between 10 dB/DIV and LIN,

‘Set the REF LEVEL FINE control to 0 and the

REFERENCE LEVEL control to — 10 dBm.

Press the LIN Amplitude Scale push bution and ad-
Jjust REF LEVEL CAL to place the signal peak at
thetop CRT praticule line.

FREQUENCY AND AMPLITUDE ADJUSTMENTS —
HP 8557A Spectrum Analyzer

L

Adjust VERTICAL POSN until 1he CRT trace
aligns with the bottom graticule line,

Center the LO feedthrough (i.c., the “signal” at 0

MHz) on the CRT with the TUNING control,
pressing the FREQUENCY CAL push button two
or three times to remove tuning hysteresis in the
first LO{Y1G oscillator).

Narrow the FREQ SPAN/DIV to 200 kHz and
press the FREQUENCY CAL push button once
more. Adjust the REF LEVEL FINE control o3
necessary to position the sngnal penk near th: top
CRT graticule line,

Center the LO fcedth.mugh again, if necessary, and
adjust FREQUENCY ZERO to calibrate the FRE-
QUF.NCT MHz readout at 00.0 MHz.

Set the FREQ SPAN/DIV control to 1 MHz and
the REF LEVEL FINE control to 0. Adjust the

TUNING control for a FREQUENCY MHz read-

out of approximately 280 MHz.

Press the 10 dB/DIV Amphtude Scale push button,
and set the' REFERENCE LEVEL control to —20
dBm (+ 30 dBmV for Option 002 instrumeng),

Connect the 280 MHz CAL OUTPUT to the spee-
trum analyzer input. Center the signal on the CRT
with the TUNING control, pressing the FRE-
QUENCY CAL push button two or three times.

The FREQUENCY MHz readout will indicate 280
MHz +5 MHz.

Press the LIN Amplitude Scale push button. Adjust

the REF LEVEL FINE contral to place the signal
peak at the top CRT graticule [ine.

Press the 10 dB/DIV Amplitude Scale push bution.
Adjust VERTICAL GAIN to place the signal peak
atthe top CRT graticule line. '

* Repeat steps & and O uniil the signal peak remains at
the top CRT graticule line when the Amplitude o

Scale s alternated between 10dB/DIV and LIN..
Set the REF LEVEL FINE contral to ©, and the
REFERENCE LEVYEL control te ~30 dBm [+ 20
<BmV for Option 002 instruments).

Press the LIN Amplitude Scale push button 2nd ad-

just.REF LEVEL CAL to place the signal peak at

the top CRT graticuli line,

FREQUENCY AND AMPLITUDE ADJUSTMENTS —
HP 8559A Specirum Analyzer

N

Adjust VERTICAL POSN.ID align the CRT trace

_with the bottom graticule line, |,

Center the LO Feedthrough (i.c., the "signhal™ at 0

.~ MHz) on the CRT with the TUNING control,

Narrow the FREQ SPAN/DIV to 200 kHz. Adjust
the REF LEVEL FINE control as necessacy to posi-
tion the sighat peak near the top CRT graticule line,

Ccntér the LO feedthrough again, i n'ccessnry. and ‘
adjust FREQ ZERO to calibrate the FREQUENCY

MHz readout at 00.0 MHz.

Set the FREQ SPAN/DIY control to 1 MHz nsid
the REF LEVEL FINE control to 0. Adjust the

- TUNING control for a FREQUENCY MHz rend-

out of approximately 250 MHz.

Press the 10 dB/DIV Amplitude Scale push button,
and set the REFERENCE LEVEL control to - 20
dBm.( + 30 dBmV for Option 002 insttuments),

Connect the 250 MHz CAL QUTPUT (o the spec-
trem analyzer input, and center the signal on the
CRT with the TUMING control. The FREQUEN-
CY MHz readout will indicate 250 MHz + 3 MHz.

d



'

8. Pressthe LIN Amplitude Scale push bution. Adjust .

the REF LEVEL FINE control to place the signal
" peak at'the top CRT graticule line.

9, Press the 10 dBi DIV Amplitude Scale push button,
 Adjust VERTICAL GAIN to place the signal peak
at the top CRT graticule Line.

19, Repéat steps 8 and 9 unti! the signal peak remains at
the top CRT graticula line when the Amplitade
Scaleis alternated between 10 dB/DEY and LIN.

11, Set the REF LEVEL FINE controf to 0, and the
REFERENCE LEVEL control to —30 dBm (+20
dBmY¥ for Option 002 instruments),

12. Press the LIN Amplitude Scalc push button, and
' udjust REF LEVEL CAL to place the signal peak
ot the top CRT graticule line. '

NORMAL SETTINGS

Certain control settings such as 10 dB/DIY, AUTO, and

FREE RUM are used for the majority of measurements,

and so are classified as normal settings. Table 2 lists the
normal settings for the HP 8559A, 8558B, und 8557A

Spectrum Analyzer plug-ins, as well as for the HP 833A

Spectrum Analyzer Display and the HP 180-serfes Dis-
play Mainframés, Note that many of the normal settings
are coded green on the front panels of the instruments.

With normal settings, most fncasurements are made us-
ing only the TUNING, FREQ SFAN/DLY, and REFER-

ENCE LEVEL controls. In pddition;, the spectrom ana-
Iyzer amplitude is calibrated for any combination of -

control settings as long as the AUTO sweep mode is se-
fected, Refer to Chapter 2 for further details.

THHEE-KNOB OPERATION

Most measurEmems made with an cconomy spcctrum‘

analyzer utilize ooly three of the spectrum analyzer con-
trols:

TUNING adjusts the start or center frequency.

FREQUENCY SPAN/DIV selects the freguency calibra-

tion of the CRT horizontal axis. Optimum RESOLU-

Table 2, Normal Settings

Function Satting
Spectsum Analyzer Plug-ln
[NPUT ATTEN (dB)* _ 10dB
Amulitude Scale 10 JB/DIY
 FREQ SPAN/DIV and QPTIMUM.
RESOLUTION BW {enupled)
SWEEP TIME/DIV AUTO
SWEEP TRIGGER FREE RUN
'START—CENTER CENTER
. (855BB, 8557A) '
BASELINE CLIPPEP. . ) , OFF
VIDEO FILTER . OFF.
ALT IF (B5594) . OFF
SIG [DENT (8559A) " OFF
*On older plug-ing, set -
OPTIMUM INPUT
to =30 JBm,
HP 853A Spectrum Analyzer
. Display )
TRACE A "WRITE
TRACEB . WRITE
DGTLAVG : OFF
INPUT=B—+A ' . OFF
HP 180-Series Display _ .
Mainframe
DISPLAY . INT
MAGNIFIER LX)
SCALE {130T, 180TR) ’ OFF
PERSISTENCE (181T/TR) o MIN
Display Mode {181T/TR) WRITE

TION BW is amtomatically selected whenever the two'
kr:obs are coupled with their green arrows aligned.

The REFERENCE' LEVEL control varies the absolute
pawer level {in dBmy at the top CRT graticule line.
Changes in INPUT AT"EN also affect the reference
tevel.

Figure 3 illusteates the use of thﬁe theee controls with
normal settings to make a typical measurement, The il-
[ustrations show the sequence employed 10 measure a sig-
nal of —20.0dBm at 50 MHz.




1. TUNE TO SIGNAL
Sclect u wile frequency’span and tune the signal to center sereer with the TUNING gontzol,
Signal frequency Is indicated by the FREQUENCY MEz readout (50 MHz).

i FREQ SPAN/DIN O n JUUPRIN ERPREN RSSO PRNRN E M R
RESOLUTION B ©

e B . 5
ey, . ‘

A

Reduce the frequum.y span. Resalulion bandwidth, sweep time, and video I"hcr'b.lmlwid'th
are aulamativally set to muintein on amplitude-calibrated display. The TUNlNG control cm
be used 10 adjust center frcquem.y

-2 ZDOMAN

potan REFERENCE LEVEL s
ST ATTEN () PUSHQ

]

3. - SET AMPLITUDE LEVEL

Raise the signat to the reference level, lhe.fop CRT graticule line, and read the amplitude in . .
dBm (—2D.dBm), The colibrated 10-4B steps and !2.4B vernier of the REFERENCE LEVEL

"control sllow aceurate [F substitution measurement of various signal amplitudes, - B 1 -

. Figute 3, Measuring o Signal with are Ecanomy Spectran Analyzer (HP 8533B)

PLUM




CHAPTER 2
FRONT PANEL OPERATION

‘This chapter provides detailed functional descriptions of
the major front- panel controls on the HP 8539A, #5588,
and B557A Spectrum Analyrer plug-ins, and the HP
853A Spectrum Analyzer Display mainframe. Spectrum
annlyzer contrals are the same for all three plug-ing unless
otkerwise noted, All controls, indicators, and connectors

on the plug-ins and on the HE 853A Display are identi-

fied and briefly described in Appendix D, Economy
Spectrum Analyzar Family Front- and Rear-Panel
Features, . .

HP 85594, 85586, and BSS?A Spaclmm Analyzers

TUNING

FREQUENCY GHz {(HP 8558A)
FREQUENCY MHz{HP 85538, 8557A)
START-CENTER

The TUNING control adjusts the center frequency {or
start. frequency) of the spectrum nnalyzer, This frequency
is displayed on the FREQUENCY GHz or FREQUEN-
CY MHz readout. In addition, the TUNING controf po-

sitions the tuning marker when the spectrum analyzer is -

bemg operated In the F span mode,

The START-CENTER push button sc]eus the tuning
mode of the spectrum analyzer; for example, with
START selected, the FREQUENCY readout corresponds
to the frequency at the left side of the CRT display. The
START-CENTER push button has no effect in zero span
mode because the spectrum analyzer is tuoed to o fixed
frequency instead of being swept,

FREQUENCY BAND GHz (HP 85504}
S1G IDENT {HP 85594}
ALT IF (HP 85594)

neoueum nmnom L
R

The FREQUENCY
BAND GHz push but-
o tons on the HP B559A
perform several fune-

tions mssociated with

: harmonic mixing (re-

fer to Chapter 3). Sclectwn of = particular frequency

band automatically shifts the FREQUENCY GHz read-
out and adjusts the CRT frequency and amplitude cali-
bration as necessary for propér display of in-band sig-
oals. [n addition, the input mixer is bizsed to provide
maximum conversion efficiency for the particular LO
harmonic used.

The FREQUENCY BAND Gi-lz anc:l SIG IDENT con-

+ trols are used together to determine the harmenic mixing

ode (and, therefere, the correct frequency band) for an
unknown signal. On alternate sweeps, the signat identifi-
er shifts the spectrum anabyzer IF and gecreases the over-

- all gain by approximately 6 dB. When the vorrect fre-

quency band is selected, the unknown signal shifts to the
left by 1 MHz as shown in Figure 4, Once the unknown
signal is tuned to the CRT center and is correctly identi-
fied, its frequency can be read dlruutly on the FRE-
QUENCY GHz readout.

The ALT IF contral shifts the first IF 15 MHz (o elimi-
nate baseline [ffr cansed by a 3 GHz input signal (normal
IF is approximatély 3.0075 GHz),

1 MHz
Figure 4, Correct Signal Identification wilh the HP 83594

- FREQUENCY CAL (HP 8558B) '

The FREQUENCY. CAL. push button removes tuning
hysteresis in the swept first LO {a YIG osciltaior} of the
HP B558B. Tuning changes of more than 50 MHz shoult
be followed by a press or two of this push butlton to en-
sure frequency accuracy; it is good practice to always

_ press FREQUENCY CAL' before calibrating the FRE-

QUENCY MHz readout, selecting narraw spans, nnd
making frequency measurencents.



FREQUENCY SPANIDIVISICON
RESOLUTION BANDWIDTH -

wrzrw FREQ SPAN/DIV Q H
RESCLUTHN BW & i

CLL T

"The FREQ ‘SPAN/DIV
control sets the horizonte!

Gl bt
- calibration of the CRT.

BULL T
LINCOUNLE.

FREQ SPAN/DIV control
mechanically couples with

control, For normal operd-
tions, the two controls are
coup[cd with their OPTIMUM markings (><) aligned 1o
form an effective “zoom" cantrol.

F (Full Band - HP 85594)

Thcl HP 85594 sweeps the entire setected Frequency

band in the full-band made. In addition, a tuning

- marker is displayed on ths CRT, and the Frequency
of an in-band signal located at the tuning masker is
indicated on the FREQUENCY GHz readout.
Once the tuning marker'is positioned under an un-

- known signal, the frequency span can be narrowed
“for detailed signal nnalysm Note thar displayed sig:
nals are not pecessarily in the selected frequency
band —the signal identifizr is provided to identify

the correct frequency band for an unknown signal.

" F (Fqll Span-— HP 8557A)

The HP 8557A sweeps its entire frequency rangy in
., the full span mode, The FREQUENCY MHz read-
out shows the frequency of the tuning marker dis-
played on the CRT, After the tuning marker is posi-
tioned under an unknown signal, the frequency
span con be narrowed for detailed signal analysis,

Figure 5. Tuning Marker in Full Span
MHzIDI¥
'kHzIDIV

" The pec-division mode selects a particular fraquen-
cy calibration for the CRT horizontal axis. Settings

When it is pushed m the

the RESOLUTION BW

are provided in a 1-2-5 sequence fur a vudc range of
t'rcqucncy spand. !

J{Zem Spaln)

The zero spad mode can be wsed to recaver the
modulation on a carrier signal. In this moxe, the
first LO is tuned to a fixed {requency; and the spe¢-
trum analyzer operates as a manually tuned, varin-
ble bandwidih receiver at the frequency indicated

by the FREQUENCY GHz or FREQUENCY MHz'

readout. This allows the carrier modulation to be
" displayed in the time domain, as shown in Figure 6.

The calibeated SWEEP TIME/DIV contral pro-

vides colibrated sweep times for use with 2ero span.

VIDEQ TRiIGGER synchronizes the sweep with the
. demodulated wave{orm.

Figure 6, Fime-Domatn Display of a Demodulated
- AM Signal in Zero Span

_The RESOLUTION BW control selects the spectrum

analyzer 3-dB bandwidth. Eight bandwidths are provid-

ed, ranging from 1 kHz to 3 MHz in a 1-3 sequence. [n

normal operation, the RESOLUTION BW control is
coupled with the FREQ SFAN/DIV centrol, and the OF:

‘TIMUM markings (> <) on the two controls are oligned

1o provide an aspect ratio {ratio of total span to resolu-

iion bandwidth) of approximately | percent. The con-

1rols may be coupled for other ratios,

Reselution bandwidth determines the sensitivity and res-
olution of the spectrum analyzer. Each decade of reduc-
tion in resolution bandwidths lowers the spectrum ana-
Iyzer nnise floor by approximately 10 dB, allowing lower
sigruls to be measured. Additionally, a narrow resolution
vandwidth enables closely-spaced signals to be resoived,
35 shown in Figure 7. These advantages must be balnneed
against the increased sweep time necessary to ensure am-
plitude calibration with narrower, bandwidths, Wish the

AUTO sweep time setting selected, the spectrum .mnlyzcr '

automatically adjusts the swe'.p spccd to mnmtam u Guli-

brated dlsp!ajr




- REFERENCE LEVEL
INPUT ATTEN:
- Amplitude Scale

The reference level — that
is, the top CRT graticule
ling — is used to make nccu-
rate- amplitude ‘measure-
ments, The reference level is
determined by a combina-
tion of IF gain (REFER-
" ENCE LEVEL control) and
RF attenmation (INPUT AT-
'TEN control), The REFER-
:EMCE LEVEL/IMPUT
" ATTEN control knob ad-
. Jhsts the IF gain in 10-dB
steps, and when pushed in, adjusts the input attenuation.
The FINE contral is a cahbryted vernier. which provides
12—dB of contingous IF gmn adjustmcm

'lnput ﬁtlenuauon (blue numbcrs) can be adjusted in 10-

dB steps by pushmg and turning the outer REFERENCE
LEVEL knob. Except for neise mensurements, or when -
maximum sensitivity is reqmred a minimum INPUT AT- .
TEN setting of 10°dB is.recommended 1o cnsure good ;

. mpul SWR and amphtude accuracy.

The REFERENCE LEVEL/INPUT ATTEN, conarol,

may be:used to make both relative and absolute measure-
‘ments. OF the two methods, absolute amplitude measure-
ment provndes the greater accuracy and is recammended
especmﬂy for measurmg low-level mgnnls

Tb mnke an, absolur.e amp]nude measurement, pomnon
the penk ol' the input signal on the reference level line
with the REFERENCE LEVEL cantrol. In the example
shownin Flg'urcﬂ the a.mpill.udu ol fl is — IﬂdBm

Tomakea rc]a!ive amplitude mcasurcmem use lh: REF-
ERENCE LEVEL gontrol and the 10 dB/DIV and 1 dB/
DIV Amplitude Scale push buttons. In Figure 8, the am-

plitude of £2 can be read from the CRT' display as ~60

dBm; thet is, 50 dB below the reference’ level of - 10
dBm. Note that with :m Amplnude Scale of 10 dB/D1V
selected, the CRT is ‘calibrated over the top: seven divi-
stons, with the bottom dmsmn compresser.l for ease in
locring low-level slgna]s .o

[

Pressing the LIN push IJuuon selects an Ampluudc Scale
proportional 1o volts, with'the bottom gmucu]e line rep-

retenting 0 volts and the 1op graucule Tine, {the referem.e '

levc!) unchanged

{a} Display wlti;-\f.'iﬁe Banﬁﬁi_dth .

\
|
I8
i

o

. b} Display with Narrower Bendwidth

{c) Display with Narrow Bondwidth

Flaure 7. Nerrowing of the IF Filters dllows
Resolution of Adjaeent Signals

10 dBm
10 dB/DIY |- J . Refarenca
Amgltuda | | Loval
Scala

e,




SWEEPTIMEDIV
SWEEP TRIGGER

SWEEP
Yo TNEDIY

"TIME/ DIV
control selects
" the sweep speed

its . oscilloscope

: counterpart. The

Pcr Division maode permm manual selection of a cali-
brated sweep time, which is useful for making time-do-
main measurérnenls in zero span. Sweep time can be
manually selected with other frequency span settings as
well (such as MHz/ DIV, kHz/ DIV, cic);’ however, the
sweep spred must be slow enough 1o allew the spedtrum:
analyzer 1o fully respond to input signals, IF the spectrum
analyzer is being swept too fust for the selected settings,

signal responses will draop, yxe!dmg lm:nrrccl amphmdc :

readings. -

"The AUTO mode 'is recommended for norenal operalidn

When SWEEP TIME/DIV s set to AUTO, the sweep -
time is uuiomahcnl!y adjusted for all FREQUENCY,
SPAN/DIY, RESOLUTION BW, and VIDEO FILTER -

ronerol settings to muintain o calibrated pmplitude dis-
play. The effect of the AUTO SWEEP setting can be ob-
served by decreasing the video filter bandwidth, The
sweep rate slows automatically with narrower video filter

bandwidths to gllow the spectrum analyzer more time to
respond. A gimilar effect results when the resolurion '

bandwidth i3 narrawed, or the frequency ﬁpan is wid-
‘ened, .

The MAN (manual) mode enables Svou 10 sweep thé Spec-
trum analyzer across the frequency band with the MAN
SWEEP control.

The SWEEP

of the spectrum .
analyzer in much .
the same way as -

The SWEEY TRIGUER conlrol provides four duterent

modes for triggering the speutrum analzyer sweep LINE,
FREE RUN, and SINGLE operate in much the same
manner as-theit oscilloscope counterparts. The spring-

" lgaded SINGLE SWEEP setlmg SIOpS or starls lht‘ .

SWeep,

The VIDEO TRIGGER setting allois the apectrim ke
lyzeir to be tnggered on adetected modulation waveform.. )
Appruxlmalely one -half ma_]or division of amptitude -

change, as seen an the CRT, is necessary to trigger a
sweep. Video triggering in zero span mode allows accu-
rate time-domain measurements of many moduletion
waveform's, withoot the need for a spectalized receiver.

VIDEO FILTER

- + The VIDEO FILTER conual is uwful
‘ for noise mt.asur..ments and observa-
m.Q.’. , tions of low-level signals closc to the
: : spectrum analyzer noise floor, The
* video tilter i a post-detection low-pass

fllter which smooths the CRT trace by averaging random -
rioise, as shown in Figure 9. The video Ell!f.'r bandwidthis - -
-automatically scaled to the. RESOLUT]ON BW setting.

The MAX (detent) position selects o 1.5 Hz Video filter

‘ _ bandwidth for maximum noise ;m:ragmg This position
‘is provided for noise-level and sensitivity measurements,
" and shou]d nol be usea for mcasurcmcnls of cw 5ignalq

BASELINE CLIPPER

The BASEI.]NE CLIPPER control is used to prl.vcnl .
"', baseline “blooming” when the spectrum ‘analyzer is oper-,
ated in an HP 181T/TR Display mainframe. The base. .

line clipper banks a variable lower portion of the CRT
display. ‘The control has no eifect when an HP 8534

Spectrum Analyzer Display mainfrome is bcmg used, ex- |
cht in lhc anntog display mnc!c ;

. {a Disghey without Viesd Fikering -

!

(h) Display with Video Fiftering

Flgure 0, Video Filtering

12




HP B53A Specirum Analyzer Dlsplay

TRACEA L Lo K
TRACEB )

Two digital trace memories (A and B) are pmvided far

independent storage of two CRT traces. The video signat
from the spectrum analyzer plug-in is converted to digital
information and stored in trace memory (see Figote 10).
The trace memory is in turn written to the CRT display a1
a refresh rate of about 53 Hz {rapid enough to prevent
trace flickering). Trace A and trace B may be displayed
separately or simultanecusly. '

CLEAR WRITE ‘

In the clear wiite mode, the trace memory i contin-
uously updated with the current input signal data,
and the conl=nts of trace memory are d:sp[ayed on
the CRT.

MAX HOLD '

In the maximum hold mode, the contents of the '

trace memory are continuously vompared with the
current input signal data and are updated to yeflect

the maximum signal values. The conte .5 of trace .

MEmOory are displaved on the CR”I‘

STORZ VIEW

‘In the store view mode, the data currently in the
trace memory are preserved and displayed on the
.CRT. v

STORE BLANK
“In the store blank mode, the datn current]y in the
trace memory are preserved but are not displaved
Jonthe CRT, ‘

ANALCG DISPLAY

The analog display mnde is selected by pressmg‘

".both STORE BL " NK push buttons, tn Fais mode,
the CRT display swilchesto a cenventional nnalog

DGTL AVG

Digital -averaging improves the ability of the spectrum
analyzer to meastre 'ut-level signals — signals that might
otherwist be maskerl by nolse, Unlike video filtering, dig-
ital averaging smoaths the CRT trace without necessitat-
ing an increase in spectrum analyzer sweep time.

To use digital averaging, first sefect the spectrum analyzer
control settlngs for the measurement you wish to per-
form. Then press the DGTL AVG push button and note
“the reduction in displayed nofse on the CRT. Digital aver-
aging should be restarted after any change you make in
the spectrum analyzer control settings to ensure that all
signals are displayed with the pmpcr amplitude calibra-
tion.

Digital averaging employs a filtering algorithm that aver-
ages troce data from sweep to sweep. After the initial
sweep, the trace data for each subsequent sweep is expo-
nentially weighted and added to the contents of the trage
memory. Thus, the degree of trace averaging is directly
related to the number ol sweeps. The exponentially
weighted algorithm is expressed as follows:

Y. =5 . {N=1} -
=Yoo (S = Yy - 1VE {1<n<6t)
=Y = Tt By - Yom /64 (N>64)
Whure D Y= culncntcnptenlsof frace memory
Y.~ = plfevious contents of trace memory
. Sy = {.;urrént input signal data .

N = sweep humber

display of the current mpm signal. " | A

. BIGITIZED | TRACE C CRT DISPLAY
RE : VIDED . VIDED |MEMORIES DlsFLAY
INPUT SFECTRUM QUTPUT N ANALOG QUTPUT RESPONSE

ANALYZER N 1o
PLUGHN [——| DIGITAL

' DIGITAL '
:> DL | |

DATA UPDATED AT
SPECTRUM ANALYZER SWEEPTIME S

DATA DISPLAYED AT
' L : DISPLAY REFRESH >

. RATE

RATE[~~56 K1)

Figure 10, Trace Mamory in the HP 8534 Spectrum Analvzer Display



In other words, the difference between the previous aver-
age end the current input signal is divided by F. The result
is then added to the previous average to obtain the new
average. F increases from 2 10 a fixed value of 54 so that

maximum digital averaging is quickly approached witha

minimum number of sweeps.

INPUT -B—A

The trace arithmetic feature of the HP 853A can be used:

for either comparison of twp traces or trace normaliza-

tion during swept-frequency measurements. Trace nor-

malization corrects for minor deviations in the frequency
response charact:nstlcs {flatness) of rm-asuremem sYs-
tem.

When INPUT - BA is selected, the contents of ‘the
trace B memo- ; are subtracted point-by-point from the

current input signal data before the input signal data is.

stored in the wace A memory, Trace B must, thevefore, be
in one of the store modes during trace arlthmetic. 1f the
current input signal data are identical to the contents of

the trace B memory, a straight horizontal trace (reference *

trace) will be stor.d in the trace A memory.

The location of the reference trace during trace J‘

arithmetic has been preset at the factory to midscreen on
the CRT. A small jumnper connection, inside the HP 853A
on Processor Assembly A7, allows the reference trace lo-
cation to be moved to top-sereen or midscreen (scc Figure

n). o

h Positioning of Ihe traca arithmetic jumper ' -
on Procossor Assembly AT can only be
ammplishad with the HP B53A bollcm

H

HEAR EOGE OF CIHCUIT BOARAD {CLOSEST TD REAR
PANEL}

" INPUT-B
Top

'PHDCESSOR. ASSEMBLY A7

Figure 11, Trace Arithmetic Jumper
14 - v |

, cover removeil. Since this exposes a num-
ber of high-voltage polnts, the work’
should be done only by & qualifled service

- technician who Is aware of the hazard In-
volved. To avold tha possibllity of elecir:

‘cal shock, tha HP 853A power cable
should be disconnected before. he bot

. tom cover Js removed.

PLOT GRAT
PLOT TRACE
HP4B CLEAR

_"The HF 853A PLOT push buttons allow graticule and
*, trace information to be output directly 1o a digizal plotter

through an HP-IE cable, without the n:ed for a control-
ler.

NOTE

it an HP-IB controller s conneclad to the
HP-JB connector of tha HP 8534, place
the controllar in the reset siate (Le., termi-
nate any running program) before the di-
rect plo! routine s executed.

Digital plotters can provide fullsize copies—up 10 11 by
16 inches (approximately 279 by 406 mm) with the HP
9872C - that ore ideal for Iaboratory reports, and which

_can be reproduced more easily than photegraphs.

The HP T470A, HP 72258, and the HP 9872C are
among the platters that feature HP-IB compotibility and,
therefore, are directly compatible with the HP 853A.
(Most of the CRT plats shown in this manual were di-
rectly plotted with the HPTZZSB) ’

To generale aplot:
1. Attach HP-IB cable between lhe HP- lB cennecior
" oo the rear panel of the HP 853A and the HP/ B

connector on the rear panel of the plotter, os shown
in Figure 12, Set the platter to Listen-only mode.

o III'*IFI Y

]
DHllTM PLOTTER “ ' .

— D

(RS NE A
upar SHCTERy

-BPECTAUM AHALYZLR

Figure 12, Digital Plotter Secup

sy



2. 'Establish the lowerleft and upper—right limits on
the plotier. These limits will set the corner points of
the graticule plot, ’

3. " Press and release the PLOT GRAT push bureon to
plot the graticule pattern,

" 4. Press and release the PLOT TRACE push button
to plot the trace data displayed on the CRT,

A plot in progress may be stopped by holding down the
PLOT GRAT push button for approximately three sec-
onds to execute an HP-1B clear. This procedure can also

* be used to return the HP 853A from HP-IB control to. =

Tocal control, and to clclnr HP-IB error messages ot lahels’
from the CRT.

Several special test routines are built into the HP 853A 10
serve as adjustment aids and troubleshooting toals.
These routines can be activated by first switching the

* LINE power ON while holding the PLOT GRAT push

button pressed, then repeatedly pressing PLOT GRAT to

step to the desired routine (test routine numbers are dis. .

played on the left side of the CRT). Test routine #4 i3
recommended for adjustment of the TRACE ALIGN,

FOCUS, X-POSN, and Y-POSN controls. Refer 1o Sec-

tion V of the HP §53A Operation and Service Manual for
further details.




. CHAPTER 3
SPECIAL TOPICS

MAXIMUM DYNAMIC RANGE

‘The maximum dynamic rangs of a spectrum analyzer is
defined as the maximum measurable amplitude differ
ence {in dB) bietween two signals simultaneously present
at the input. Depending on the particolar measurement,
dynamic range is limited by a combination of spectrum
analyzer sensitivity, internal distortion, and gain com-
pression. Judicious adjustment of the signal level reach-
ing the input miner {through the use of RF input attenug-

tion} provides maximum dynamic range for a wide

variety of spectrum analyzer measurements.

Sensitivity

Spectrum analyzer sensitivity is defined traditionally as
the average noise level (“noise floor™) displayed on the
analyzzr when no input signals are applied. It establishes
an effective lower limit on the range of signal levels that
can be measured. An input signal level equal to the aver
age noise level, considered a minimum discernible signal,
-causss a peak approximately 3-dB above the noise, Spec-
trum analyzer sensitivity is dependent on the resolution
bandwidth and on the frequency band selected, Inter
nally generated noise is more or less evenly distributed in
frequency (white); therefore, for every decade incrense
(decrense) in resolution bandwidth, the average nokse lev-
¢l increases (decrenses) by approximately 10 dB,

The HP B559A iises harmonic tmiaing (harmonics of the
first local oscillator) to provide calibrated operation to 21
GHz in six overlapping frequency bands. Higher har-

monic mixing modes {corresponding 1o wider frequency -

bands) have higher average noise levels, due to lower con-
version efficiencies in the input mixer, Therefore, best
‘sensitivity is achievéd by selecting the nacrowest Frequen-
cy band covering the frequencies of inferest,

Ming Level

The Miner Level is defined as the signal level at the spee-
trum analyzer input minus the INPUT ATTEN neuing-- '

MIXER LEVEL = INPUT SIGNAL - INPUT
ATTEN -

16 o

In other wérdé. the mixer level reflects the 'sigrml Tevel

_ reaching the spectrum analyzer input mixer. {This defini-

tion is for convenience — for example, a 3-dB attenvator
is located beiween the input attenuator and input mixer
in the HP B55%. 4, but is not inctuded when fignring Mix-
er Level.)

Gain Comprassion and Maxlmum Input {Damage)
Lavels

Gain compression occurs in a spectrum onaljzer ag the
mixer level is increased above normal leveis. For exam-
ple, a top-screen signal for the HP 8559A, corresponds 1o
at most a mixer level of — 10 ABm, ensuring less than 0.5
dB of amplitude error due to gain compression. Higher
mixer levels drive the signal responsc off the top of the
CRT and cause amplitude errors in other low-level sige
nals, When this occurs, additioral input attenuation
should be used to decrease the mixer level. Note, how-
ever, that the specified maximum inpuc tevel for o spec-
teuin analyzer must never be exceeded,

internal Disterlion

Distartion products are generated in the spectrum analyz-
ef inpul mixer whenever one or more signuls are present,
since it is & nonlinear device. Furthermore, the ampli-
tudes of these products change nonlinearly with a change
in signal amplitude. For example, a 10 dB increase in sig-
nal amplitude causes a 20 dB ingrense in second-order
harmaonics and'a 30 dB increase in third-order distortion

"products generated in the first mixer (both approximate),

For most input signals, internal distoreton is negligible,
being well below the displayed noise Foor, RF input at-
tenuation 8 used with Iarge input signals to reduce the
mixer level, lowermg mixer distortion produus tu the

. nmsu floor for maximum dynamtc range.

RF input attenvation can be used in a simple test to cheek
whether internally generated distortion is affecting a dis-
tortion measurement. Increase the spectrum analyzet in-
put attenuation by 10 dB-while observing the CRT, Dis-
played signals affected by internal distortion will
deceease by more than 10 dB, while true input signals wili
decrense by exactly 10 dB. Input aenvation can be in-
crensed as necessary to reduce internal distortion until :l
no Ionger affects the measurement at hand,




Internal distortion does not interfere with many spec-
trum analyzer measurements. o thesetgnsey, dynamic
* range s limited only by the spectrum analyzer sensitivity
and gain compression level, Thus, maxithum dynamic

wange (MDR) varies with the type of measurement to bc

mixle.

Dynamic Range Graph

‘The Dynamic Range Graph is a useful tool for achieving
MDR for a particular spectrum analyzer measurement.
Figures 13, 14, and 15 are tke dynamic range graphs for
the standard HP.8559A, HP 23588, and HP 8557A, re-
spncmely

Three types of curves are presented on a dynamic range
graph sensitivity (solid line), second-order distortion
(dashed line),. and third-ordec distortion (short-dashed
line). These three curves are plotted versus mixer level,

measured in dBm. Sensitivity curves ave given for a 1 kHz
reselution bandwidth; when using other resclution band-
widths, simply shift the appropriate sensitivity curve up-
‘wards by 10 dB (a straightedge ‘works nicely) for each

decade increase in resolution bandwidth, For example, a°
_ sensitivity curve shifts upward on the dynamic range

graph by 20 dB for a 100 kHz resolution bandwidth,

nl : .

Two vertical axes are used on a dynamic range graph:
Signal-to-Noise Ratio {right side) and Spuorious-Free Dy.
namic Range {left side). MDR oceurs at the intersection
of the particular sensitivity curve and distortion curve un-
der consideration. This point is achieved on the spectrum
analyzer by adjusting the RF input attenuation for opu-
mum signal level at lhc input mixer.

Dynamic range 'varies as a function of mixer level. For

example, a mixer level of approximately —40-dBm
achieves MDR for mensuring seonnd-order distortion
products with on HP B559A (0.01 - 3 GHz). Internal sec-

ond-order distortion products increase 20 dB for every 10

- dRincrease above this mixer level. For third-order distor-
tion measurements, the mixer level should be approxi-
"mately —33 dBm, Internal third-order distortion prod-
ucts increase 30 dB for every 10 dB increase nbove this
Tevel.

EXAMPLE. {See Figure 13;) The second-crder harmonic

. distortion of a device is to be measured with an HP

85594, The signal ot the spectrum analyzer input has a

fundamental frequency of 1!46 MHz at 0 dBm {1 mW)

with associated low-level distortion. Find the mixer level

to nchieve ma.'umum dynamm range for the measure-
~ ment.

SOLUTION. The mixer level for MDR is —40 dBm.

Since this is a second-ordeér measurement, use the dashed
second-order distortion curve. Intersect this curve with
the 0.0! - 3 GHz sensitivity curve, since the second-order
harmonic frequency of 2292 MHz falls in this band. The
MDR and optimum mixer level for a 1 kHz resolution
bandwidth qceurs at the intersection of the curves. The

- INPUT ATTEN controf must, therefore, be set to 40 dB

(for o mix<r level of —4D dBm) 10 achieve an MDR of 7C
dB, (See Figure 132,)

EXAMPLE. A device js to be adjusted for minimum
third-order intermodulation distortion. During testing,
the device output includes two fundamental -5 dBm sig-
nals at 11456 MHz and 1156 MHz, with associoted low-
level distortion. Find the mixer level for the HP B559A
that will achieve maximum dynamn: range For the mea~
surement

SOLUTION. The tnixer level for MDR is approximately

. =33 dBm (— 36 dBm for each fundamental), Since this is

a third-order measurement, use the dotted third-order -
distortion curve, Eotersect this curve with the 0.01-3
GHz sensitivity curve, since the critical third-order distor-
tion praducts fall in this band, The MDR and optimum
mixer levet for a 1 kHz resolution bundwidths oceurs at
the intersection of the curves. Since the input signal level
is approxlmalely —3 dBm, the INPUT ATTEN control

. must be set 10 3¢ dB (for a mixer lzvel of —33 dBm) to

achieve an MDR of 76dB.

"

Signal-to-Noise Ratio

In many spectrum analyzer applications, internal distor-
tion praduocts nre of little or no concern, since they do not
interfere with the measurement being made.  Likewise,

when measuring low-level signals { < - 40 dBm), katernal
distortion products are well below the specirum analyzer
noise level. In either case, dynamic range is limiied only
by the analyzer sensitivity (and gain compression level)
and can be expressed us @ signal-te-noise ratio. Simply
Find the- mixer level on the dynamic range graph (Figure
13, 14, or 15) and go vertically to the appropriate sensi-
tivity curve. The maximum obtainable dynamic range is

-read from the Signal-to-Moise Ratio (vertical) zxis. Note

that when measuring low- Ievg[ signals ({0 dB INPUT AT-
TEN assumed), the input signal level is equal to the mixer
level nnd con be used directly to determine the signal-to-

noise ratio.

HARMONIC MIXING

The HP 855%A Spectrum Analyzet uses harmonic mining
to cover the 0.08—21 GHz frequency cange, While har-
monic mixing makes such broad frequency coverage pos-
sible; it also allows multiple responscs, image responses,

17
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*Graph shows spectrym 'malﬁal wensitivity to siumls. »1 MHz,
using a rasolution bandwidth of 1 kHz {~117 dBm).
**Graph shows second order procucts for input signals >5 MYz,
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Figure 14, Dyramic Range Graph for HP 83588 (Standard)
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and IF feedthrough. The ALT IF and SIG IDENT fea-

tures of the HP B539A pro\nde convenient solutions to
these prob]ems and require only a basic understanding of
harmonic mixing and the Spectrum analyzer input sec-
tion. : :

The black diagram ‘in_Figure 16 shows the basic input
section of the HP 8559A, A 3—6 GHz local escillator
{f.o) provides tuning for the spectrum analyzer. Harmon-

ics of this frequency (nf, ) are generated in the input mix-

er by the nonlinear mixer diode. An input signal (f,)
passes through the variable input awenuator and mixes
with the LO end its barmonics, generating sum and dif-
ference signals. A response appears on the specirum ana-

lyzer display whenever one of these mixing products falls

wilhin the bandpass of the IF section (f,). Thus, i dis-
played signal satlst'lcs the equanon

fy=nfy & fpin = ‘[»2! 3. -)I
This is the genérﬂl tuning equation for a harmonic mixing
spectrum anajyzer ‘The jnput signal can mix with the fun-
damental or any of the harmomcs of the LO to produce
the proper lF

Tuning prés '

Tﬁc tuning equation is often graphed 1o help visualize the

harmonic mixing process, A separate tuning curve results. )

from each combination of sign and harmanic number n.
In Figure 17, tuning curves are shown for. fundamental,
second harmonic, and third harmonic mixing {n = 1, 2,
3) based on an IF of 3 CiHz and a 3~6 GHz LO=the
npprmdmn!e values used in Ihe HP 8559A.

For example, if n=1, the input mixes with the'LO {fun-
damentel mixing). The dotted lire in Figure 17 represents
the L as it is tuned over its 3-6 GHz range. We can
draw one corve using the minus sign in the equation and
another for the plus sign. These represent input slgnal
frequencies for-the 1— and 1+ mixing modes, respec-
tively. The number indicotes the harmunic of the LO
which is being used, and the plus or minus sign indicates
the sign used in the tuning equation.

From the basic tuning equation it follows that each LO
harmonic will generate a pair of parallel curves separated
by twice the IF frequency (2 X ¥ GHz = 6 GHi). Thus,
the first three harmonics of the LO, provide six frequency
bands (or harmonic mixing modes), each with a frequen-

cy span equal to that of the LO (3 GHz) multiplied by the

pariicular hormonic number ‘used. For example, the
6— 15 GHz frequency band uses the 3~ harmonic mix-
ing mode and gpans 9 GHz. These six bands allow cali-
brated measurement of input signals up to 21 GHz,

vy 1, ("9 =
" 1Mt 8 LF IF -
T > ATPER sEc1Tas

Lkl
U!NI.LI'IOH
-0 o

Jagnal st ourpuk whenmver
g = nfg g
t; = trecusncy of Laput mighat
f1pe truguapcy of [F eecktian pasnbang

Figure 16, HP 8539 Simplified fnput Block Disgram

The HP B559A front panel lists the nominal frequency
limits for each frequency band. Table 3 lists the specified
frequency bend limits and corresponding harmonic mix-
ing mades. Note that use of the ALT IF feature changes

- the lowest specified frequeacy fur ench band.

Table 3. HP 85594 Specifid Frequency Band Linits

Frequency | Hammanic F:; n::;' Highest
Band GHz Mixing . ‘EH,JW Frequaney
(nnmlnal.) Moda | it {GHz)
01-3 1= o010 3.060
P [0.025]
6-0 1+ 6.035 9.060
- [6.020] _
T35 2- 3033 9.120
. : [3.048)
915 Fad 9058 | 15120
. o 9043}
6~15 - 6.053 15,180
(3]
12,1-21 M 12.080 21,000
[12.065]

_ The six Frequency Band GHz butlons on the HE BS59A

perform several functions associated with harmonic mix-

ing. Selection of a particular frequency band automati- .

cally scales and shifts the Frequency GHz display'to the

correct center frequency. The input mixer is biased to.

provide maximum conversion effictency for the particu-
lzr LO harmonic used. Additionally, the LO sweep range

and internal gains ave adjusted, mhhratmg the display E

forall m—band input signals,
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Image Responses

A harmonic mixing spectrum analyzer such -as the HP
B559A sweeps all of its frequency bands simultaneously.
Thus, a response on the CRT corresponds to one of sev-
eral possible input signal frequencies. For example, input
signals near 1 GHz and 7 GHz can both mik with 4 GHz
from the LO to produce the TF frequency of 3 GHz. Sim-
itar image pairs can occur for each LO harmonic. Figure
18 ilkustrates six possible image responses for a 3 GHz LO
frequcncy )

Multlple Responses

Multiple responses to a single input signal are also possi-
ble with a harmonic mixing spectrum analyzer because of
vverlapping of the different frequency bands. For exam-
ple, Figare 19 illustrates that'an HP 8559A with a7 GHz
inpet signal will display as many as three distinct signn]

respanses, corresponding to lhrce possible harmomc mix-

ing modes. |

Signal Idanlliia: '

The SIG IDENi"_featur: of the HP BS59A Is used to veris

fy the mixing mode of unknown signals fer proper fre-

quency band selection. On every other sweep, the signal

identifier shifts the IF frequency (2nd LO) 1 MHz higher
and lowers the entire CRT trace approximately 3 minor
divisions. A signal shifts 1 MHz to the left on the CRT

display (and drops in amplitude) only when the correct.

frequency band is selected, as shown in Figure 4. The
wnknown signal ¢can then be tuned to the CRT center to

read its frequency du'cc:ly on the FREQUENCY GHz . .

readout.

Multiple and image responses are easily identified with -

the signal identifier. When image responses are present,

they appear as o single response on the CRT. The signal
identifier separates the images, since ¢ach harmonic mix-

ing mode exhibits a different shift.’ ALT IF or simple
bandpass filtering prevents images from interfering with
the analysis of the desired signal,

‘IF Fepdthrough and ALT IF

On occosion, an input signid] may be present that falls
within the IF passband of the HY 8559A (approximately
3 GHz). This signal can pass direc 'y through the input
raixer, causing baseline lift — a rise inthe “noise f[:mr on
the spectrum analyzer display.

‘The ALT IF feature of the HP 8559A shifts both the LO -

and IF frequencies by 15 MHz to provide an alrernate 1IF
frequency without the necessity-of retuning. Switching 1o
the alternate IF allows measurements in the presence of

input signals that would normally cause baseline Oft. In

addition, image responses are separated, since each out-

. of-band response is shifted on the display when the IF is
changed. -For maximum accuracy, the HP 8559A front -

panel -adjustment procedure should be repeated when
switching to or from ALT IT (see Chapter 1).

IMPROVING AMPLITUDE MEASUHEMENT AC:
CI.IRACY—IFSUBSTITUTION ' '

A technique called [F substitution can be used to improve
the accuracy of spectrum analyzer amplitude measure-
menis. IF substitution involves using only the accurate IF
gain of the spectrum analyzer 1o position ab unknown
signal at the calibrated REFERENCE LEVEL line, Er-

- rors caused by the log amplifier, input attenuator, bands

width. filters, and CRT are eliminated because they are
left unchanged throughous the measurement, The EF gain
of the spectrum analyzer is controled wnh the calibrated
REFERENCE LEVEL control.

Amplitude Maasummnnt with IF Subslitul!nn

The stcps t'or achieving accuratc nmplnude measure-
ments with IF substitution arc as follows:
1. Set the INPUT ATTEN control to 10 d8 or gremcr‘
This ensures o good mpul SWR 10 rmmmlze mis-
match errors.

2. Set-the FREQUENCY SPAN/DIV and RESOLU-
. TION BW controls to the aettmss desired for the
measurement.

-3, If an absolute-amplitude measurerent is to be

made, connect a calibrated rfecence sipnat (CAL
QUTPUT, for example) to the spectrum analyzt:r
" and v:nfv absolute-amplitude calibration,

4, Ifa relatwe-ampluude measurement is to be maxle,
connect the refercnce signal (unmodulated cacrier
signal, etc.) to the spectrum analyzer and use the

+ TUNING control and FREQUENCY BAND push
buttons to properly tune the signal to the CRT cen-
ter. Use the REFERENCE LEVEL control and
FINE vernier to position the signal peak ar the CRT
top graticule liie, and note the control reading,

5. Connect the signal to be mensured and usé the
TUNING control and FREQUENCY BAND push
buttons to properly tune the signal to the CRT cen-
ter. Use on!y the REFERENCE LEVEL centrol
and FINE vernier to position the signal peak ot the
CRT top graticule lire,

px)
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5. Note the REFERENCE LEVEL control reading.
For relative-amplitude measurements, subtract this
reading from the reading in step 4 1o dctermme the
amplitude difference in dB, .

When the IF-substuu'mn l_echruque is used for amplitude
measurerments, the only remaining measurement uncer-

taintics are duc to the calibrated refevence signal, fre-'

quency response flatness, and REFERENCE LEVEL
control accuracy of the spectrum analyzer. Uncertainties

26

due to log amplifier Fidelity, CRT nonlinearities, RESO-
LUTION BW switching and INPUT ATTEN error are

© eliminated, .

Further improvement, in accuracy can be achieved by cal-
ibating the spectrum analyzer at the same frequency at
which the measurement will be made. Since this elimi-
nates any flatness wncervainties, measurement accuracy
depends only upor Lhe accuracy of the calibration signat
and the REFERENCE: LEVEL contral, -




© DisToRTION” 7' ;|

- Amplifiers BRI

D:stomon measuremenl is an area in‘which li‘*: speclrum .

analyzcr makes & 51gmf1cant coniribution. Two -Bbasic;

types of dlstomon are of particular interesti: ‘hagmonie .

distortion and two-tone, third-order mtermodu!a!iun di=-
{ortion. The HP 85534, 85588, and 8557A can measirre’

- harmenic distortion products and thlrd-order m(ermodu-

"lation products more than 70 ‘dB down, depending on
signal sepatation’ and frequency, Refer to the ducus'imn :

Ton Maxtmum Dyna.mlc Rangein Chaptcr 3. R

Al mnbhﬁeré genarate sortie. dxslomon at’ the output

-and these distortion pruduc:s can bie slgmﬁcant if the am-"-

plifier-is overdrivén with a high- level nput- signal, The

test sewp’in Figure 20 was used to measyre ‘the third- " :
order intermodulation products of a microwave fi eld- ef-
fect transistor (FET) amplifier. Directional couplers and-.
attenuarors. were vsed to prov:de :solalmn between :

SOLTCES. . W

Figure 21 isa CRT plol' for @ two-lone, third-order"ihier- '

modulation measurement. The close-in thitd-order proc'-;

ucts (2.~ f,and 2f, ~ f)ore visible as low-level signals .
' on cach side of the two- tunc slgnnls if,and £,

Mixers ' - .

M:xcrs use thc ‘mén-linear cha.ru.clens!:cs of an active or

- ‘passive device to achieve a desired frcquency conyersion...
As w resu]t ‘some dlstomon at the output is duig to the .
Nl inherem ton- lmcnnty of the devu:e. Flgure 22 tllusuales

Oscll!atnrs. 2
' -Dlsmruon inos

" harmonic oscillator utgilits ar
Both| harmonic snd SpUrioUs nutputs of, anostlllutor can .

- re!'iled respnnies'

. vt CHAPTERA4
TYPICALMEASUREMENTS

the tcs.t'selup and CRT plot of a typical mixer measore-

ment, In the example, the RF and LO input signals for a’

. particular mixer were also measured with the spectium

analyzer, and the following informavion on miser per-
formance was calculated:

Conversaon loss (S5B)
RF,“ - IP,,, = (=20) — (=) = 14dB

- LO to lF Isu[atmn

0= 1-0.,_.»;—(+5)—< zs)_ssdn

RI-' m lF lmlatwn: N
‘RE, = Rr...‘,.,, = { 20) —-{: 48) = 28 dB

'!‘hlrd-order dlstornon prudm.t 2 LO- _RF):

— 58dBm at 398 MHz,

i lnmrs may bc‘hnrmomcaﬂy or nan-| -har-
momcally re[atcd o the" fundnmcmal in:qu cy. Non-
are usn.slly termcd gpurious,

tinimized ‘With ‘praper bln:smg ‘andi; f:ltmng ‘tech-
A SpEctrim oontyzer can; momtm: changt.s in dis-

. lurunn levels. while modifications o the oSefllator. are

. n the fuli-bnnd r wide span mndes, harrnomcally
1 be eas:]y identif lcd Figuit 23 is it
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Figure 21. Two-Tone, Third Order

Intermodulation Products

Mixer Output Specirum
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'cbnsu'it HP Application Note AN 150-11
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surements. ,
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© Figure 23, Osclllator Fundmental ared Second Harmonje

MODULATION

Amplitude Modulation

- The wide dynnmic range of the spectrum anofyzer allows
. eccurate measatement of modulatidn levels. For exam-

ple, the spectrunt anadyzer cun display 4 0.08 percent AM
signal as a carrier with 70 dBe sidelands. Figure 24 shows
& signal with 0.6 percem AM dlsplaycd a log ratio of 50
dB.

Percent AM can be determined from the dlbp]il}' with ﬂu:
followmg equation: ’

Percent aAM = 200 Log '(XdBe/20) .
= 200 Log '{—50/20)

= 0.63%

Where X is the dB ratio between the carrier and the .
sideband - ’

et Y

© o SOMHz s
okRyow 10 dB/oIY
Figure 24. 0.6 Percent AM




When the spectrurm analyzer 15 used as a manually tuned
receiver (Zero Span), the AM signal cun be demodulated
and viewed in the time domain. To demodulate an AM
signal, uncouple the RESOLUTION BW and set it to a
value at [east twice the modulation frequency. Then set
the Amphitude Scaleto LIN aod center the signal, hor-
izontally and vertically, on the CRT. Select ZERQ SPAN
and VIDEO trigger for a stable trace. The modulation
will be displayed in the time domain. (Refer to Figure
15.) The time Yardation of the wmodulation signal can then
be measured with the calibrated SW&EP TlME/DlV
control. "

Percent, AM can also be determined from the time do-
main display with the follo»vmg cquauun

Percent AM =, IOO(E“.. - Em,n/Em. + Eud
= 100% (T div. = 1 div./7 div. + 1 div}
= 75%

The example shown in Figure 25 demonstrates sinusoidal

amplitude modulation, which can be used for narrow-

band rinc wove testing of components and systems. In

some cases though, the modulation s not ‘'a pure sine
wave; however, the spectrum analyzer can still be used to
abtain signatures (reference responses) of random modu-

lation for comparison, and as a fixed-thned receiver
which, with headphones connected to its VERTICAL
CQUTPUT receptacle, can be used to Imen to the detected
outpw,

’L_, J;: A
biEd

1
10 msec/ DIV '
F:gure 15, Demudu.h:ed AM Slgrmf in Zero Span

Fraqnency Modulallon' o

For frequency modulated signals, parameters such as
madulation frequency {f.), modulation index (m}, and
peak frenuency deviation of carrier (Af,,,) are afl easily
measurcd with the spectrum analyzer, The FM signal in
Figure 26 was adjusted for the carrier null which corres-
ponds to m = 2.4 for the Bessel function. The medula-

tion frequency f,, is 100 kHz, the Frequency separation of
thesidebands, The peak Frequency deviation of the carri-
er (Af,,) can be cakulated using the following equanon

Cm = AF/f,
or Af,,, = 2.4 100kHz = 24D kHz -

90 MHz
© 200 ksDIV 1048/01V

Figure 26, FM Sigral Spectrum

“If the FM sigmal displayed does not correspond to a spe- .

cific carrier or sideband null, the Af,,, can be measured

directly, and the modulation index (mycan be caleulated.

Although the spectrunt analyzers do net have built-in dis-
criminators, FM signals con be demodulated by slope de-

tection. Rather thun tuning the signal to the center of the

CRT as in AM, the slope of the IF filter is tuned to the
center of the CRT. At the slope of the IF filter, the fre-
quency variation is converted to amplituce variation. In
FM, the resolution bandwidth must be increased to yield
a display similar to that shown in Figure 27 before
switching to Zera Span, Note that Af,,,, can be deter
mined directly from this display. When Zero Span is se-
lected, the amplitude vartation i3 detected by the spec-
teum analyzer and displayed in the time domain as shown
in Figure 28,

SO0 kHA/DIV
1 Wi HES BW

Figure 27, Proper Tuning for Stope Detection
fin Hz{Div Mode _ui';'rh Wide Resolutton Bandwiith)
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TmegDV . LN
Figure 26, Demodulated FM Signalin Zerm Span

NOTE

. Refer to HP Application Note AN 1504 for
turlher Information on ‘AM and FM mea-
- surements,

Pulsed RF

A pulsed RF signal is basically an RF signal which is

torned on periodically for brief intervais of time. Somé
parameters o be determined in measuring pulsed RF sig-
nals are pulse repetition frequency (PRF), pulse width,
duty cycle, on-off ratio of the modulator, and pulse
power. Pulse power can refer to either the avernge power
ot o the peak power of the pulse.

The spcct'nim analyzer can display o pulsed RF signakin
cither of two modes, the line mode or the pulse mode.

The factor that determines the display mocds is the num-
ber of' spectral components or lines that are in the pass-

band of the spectrum analyzer at any one time. In the line
mode, there is only one spectral component or line in the

passhand; te,, the spectrum analyzer resolution band- |
width is less than the PRE In the pulse mode, there i5

more than one spectral line'in the passband; i.e., the
spectrum analyzer resolution bandwidth is greater than
about twice 2 PRE. L

Since a spectrum analyzer does not display ihe actual
peak pulse power of the signal (a pulsed signal has its
power distributed over a number of spectral components,
each component representing a fraction of the peak pulse
power), a correction of ‘desensitization factor must be
added to the displayed main lobe power of the pulsed RF

signal to obtain the peak pulse power, The caleulation of -

the desensitization factor depends on whether the spec-
trum analyzer is d:splaymg the.signal in the Tine or pulse
mnde

30

Line Mode

To obtain a fine gpectrum on the spectrum analyzer, the
rule of thumb to faflow is that the resolution bandwidth
must be léss than the PRE This ensures that individual

. spectral lines will be resclved. From the line spectrim

shown in Figure 29, it is possible 10 measure the follow-
ing parameters: .

PRF = 50 kHz (spacing betwein spectral lines) -
Mhain lobe width = 800kHz

. Main Jobe power = —41 dBm

‘Then, iased on the ghove measurement, the following

data can be calculated;

Pulse width = 2/Main Lobe width
= ZISU()RHZ = 2.5psec
Duly cyLlc 2 PRE/Main Lobe wullh

= 2(50 kHz)/800 kHz = 0.125

"y determine the peak pulse power for a line spectrum, a

pulse desensitization factar (2, must be added to the ‘

mensured main lobe power, The desensitization factor is
a function of the duty cycle and is re*prcm.ntcd by the
following equation:

", = 20 log{duty cyele)

. For'a 0125 duiy cycle, o .= -~ 18 dB, Hence the puali '

pulse power in Figure 29js -23dBm..

1036 MHz
Ret I.wa =20 dBrm

200 kHz/D IV 10 dB/DIV

10kHzAESBW

Figure 29, Pulsed:RF Line Speetram
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Pulse Mode

To obtain a pulse spectrum on the spectrum analyzer, the |

resolution bandwidth must be set to greater than about
twice the PR, to engure that more than one spectral line
is within the analyzer passband. To find the peak pulse
power in the pulse mode, add the pulse desensitization a,,
which is a finction of pulse width and spectrum nnelyzer
impulse kandwidth, to the main lobe power.

a, = 20log * pulse width x Impulse BW)

'Figure 30 illustrates a signal in the pulse spectrum mede.
As with the line spectrum, the pulse widih can be deter-

rined from the mait lobe width, while the impulse band- -

width is a characteristic of the analyzer, The impulse
bandwidth is appmmmat:iy 1.5 times the 3 dB band-
widti.

For o pulse width of 2.5 psec and an impulse bandwidth
of 150 kHz, &, = —B dB. The pea" pulse power of the
signal shown in Figure 30 then, is — 23 dBm.

1040 MHz

J0d48/01Y-
Ref Level -20dBm -

600 le}DIV
100 AHz RES AW,

Figure 30, Pulse L.RF Pulse Spectrum

is increased because the pulse amplitude increases linearly
with the resofution bandwidth while random noise in-

creases proporllonally 1o the square root of; ‘the resolu-

tion’ bandwidth. . The only limitation is. that the band-

widih should berto greater than about 5 percent of the - '

main lobe width. Secondly, {aster sweep times can be

used becausé of the wider resolution bandwidths. The g
HP B559A, 85538, and 8557A all have & 3 MHz résolu-
tion bdndw:dlh which enables them to effectively display *

pulsed RF signals in the pulse mode. The 3 MHz band-
width, along with fast sweep times, also enables narrow
pulse widths to be measured in:the time domain. A de-
quu[a.l:d pulsed RF signal is shown in Figure 31,

pl

o e . ) v
Using the pulse specirum enables a wider resolution
bandwidth to be used. The wider resolution bandwidth
provides two advantages: First, the signal-fo- noise ratio

)] |
Amsefol - LiN

3 MHz RESEW . 5
Figure 31, Demodulated Pulred RF S.l'xnat in Zem Span

Few nperaung pulsed RF; syu:ems have ideal spectra.,

Measurements can still be made regardiess of the asym- - .

metry of the spectrum. Examples of non-ideal spectra ore
found in i.-lgl.tal communicntions and radar,

Since most radar systems do not have ldeaI spectra. the
spectrum of a properly operating system is often stored
away for future reference. This reference or spectral sig-
nature can then be used to determine changes that woult
mdlcate potential problems, An HP 853A based system',
has the Lapabllny of storing display information onto'.
magnetic tape via BP-1B or directly plotting the informa-
tion {bard copy) for uss later (refer to Chapter 2).

In digital coﬁ'trriunicatiuns the *mits pfac:d ON transmis-

- sions by regulatory agencics aca major concern, If the

HP B53A is used with a controller, specification limits

. “can be written: directly onto the CRT, thereby making *,
- onformam:e testmg less tedious, -

‘ Addmona.l factors to oamfder when measuring pulsed

RF slgnals are the spectrum am]ym YIDEO FILTER

- control and the g:gua! averaging capability of the HP

853A Display. In general, the YIDEO FILTER and
DGTL AVG should be OFF when measuring pulsed KE -
signals, Adding video fil ltering or dxgual averaging will
desensitize a pulsed sagnal and h:mt its displayed ampli-
tudc ‘

S NOTE

K

. "' Conault HP Application Nola AN 150-2 for
- more, Inl‘onnullon on pulsed RF msasure-
i ments C

i

NOISE ‘. |

‘ Typiénl spectrum analyzer noise measurements include
" oscillator noxsc (spectral purity), signal-to-noise ratie,
-&nd noise” fj 5ure ‘The MAX posztmn OF the VlDEO L

e .

.

.




FILYER control and the digital averaging capabifity of
.the HP 853A Spectrum Analyzer Display can be used to

measure the spectrum nnalyzer sensitivity or noise power.

The test setup in Fignre 32 o be used to make i swepl '

noise figure measurement of an amplifier. First, the totat
gain of the preamplifier and amplifer under test is deter-
mined, Then, the input of the amplifizr is terminated and

its noise power is measured. The nofse figure of the am-

plifier is the theoretical noise power (KTB) minus the to-

tal gain and the amplifier noise power. An ndded correc- - '

tion fector of 1.7 dB results in the true noise figure (N}
of the test amplifier. The correction factor is the sum of
the bandwidth, log amphf:er and peak detector correc-
tions required to compensate for ersors introduced by

these elements in the displayed noise powcr Figure33isa

plot of an amplifier’s noise puwer output.,

- SPEGTRUM ANALYZER
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NAIHBP lulogP —1I]IIJ|I(T—1(I InnB—IUIogGA

10 lag kT ~—174 dBm III Wz hand'nlmh]

1010G3 4 10leg 1.2 X REWY R
~08e8+10MgREW ., ..o 7

IDluuP,,zP.,,p +2.5d8-|0logupr.. o

[T

\lllum)' Py= nuim power nn!nut imw im?ul larrninntlunl
Po disp ™ displayad noisa pmr ivet {dBin)
' KT = noise powee Inpuz (mwm:) ‘ .
B = noise powar bandwidth (Hz) '
- B4, Bpe® ampk‘llar nveampllﬁur paing

RBW = spectrum analvzur rs:nlutinn hundw dlh [Hzl

NAMBD P.,.,,.,,u?sna'-1ntaglsp,.+s,,,l-tumgasw. N

me 32 Memrbngaire Figun? Absolure
3 Power Tecfznique

g | L _. ,,."

)

100 MHz/IV

10da/mIv
3 MHz RES BW SR

Frgur: 33, Nobe PaﬁefMeaxuremenk o

‘ Another techmque called: the \’Fnctor Techmque (ret‘er S
1o F:gurc 34, Gvercomes the prablems associated with
the analyzer’y "Absolute. geciracy by wsing a calibrated .

nioise power standard, such asthe HP 3468 Excess. Nimsc

 Source. By mcasurmg the ratlo of P, .with- the’ noise - .
‘sobrce ON, to B, wuhnmse souneOFF(lhemt nmp!nfn- S
& input ierminated in Z, lmpedam.e) we tan. dclcrmlm. &
noise figure to & much greater accuracy Speetrum nrn-__

Iyzer instrument etrors in the relative measurement of P,

" ON/P, OFF are typically fess than r few tenths of o dB, )
_,leadmg 10 measurement accuracies ipproaching: those of - )
a noise figure meter, Flgure 35 shows the results of o ‘t'-

Faclm' mcasurcmcm ;!

Consuit HE Appllcatlon Nntes‘ AN 1504,
AN 150-7 and AN 1408 for T more [nlmmn-
iEon nn noise maasuremanls. .

;
Ay '
P 4 ! I i

. . .
i, e N

" NaldB} « ENR — 10 og |:Pn%=\w A
: : T , P_n&!ls;‘:-ﬂjF-'

where ENF = Excess neise ratio {dB) -

Py aivp ON, UFF fdishlaund,nnim pavwer lavals (mMi).. ‘

' Figure 34, Madsiring Notse Figure —
1" Facmr Techmque '
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ELECTROMAGNETIC INTEHFERENCE {EMD

" .The ob]echve of EMI measirements i to ensure compat-

ibility between devices aperating in the same vicinity. The

- spectrum analyzer, along with hn appropriate transducer,

is capable of measuring either conducted or 1 diated EM]
andd can also be used as a calibration tool for EMI suscep-
tability testing. Figure 36 illustrates an equipment setop

. used for mieasuring rnd:atqd_ﬂcld strength. :

>+ Fhe antenna in Figure 36 is used to convert the ragiated

field 1o o voltage for the spectrum analyzer to measure.

- 'The field strength is the spectrum analyzer reading plus
the antenna correction factor,

ANTEHNA
8 A “»f

Figure 36, Field Strength Test Setup

: 'Compatabxhw i4.also imporcant for high-frequency cir-

cuits which are in close proximity to cach other ln a
multi-stage circuit, parasitic oscillation from one stage
con couple (o a nearby stage and cause unpredictable be-
havior. A popular technique used to search for spurious
radiation uses an inductive loop probe. The loap probe is

a few turns of wire that attaches to the spectrum analyzer

with a flexible coaxial cable. (Refer to Figure 37.)

Vnrinﬁs parts of the circuit can be “p}obed" to ide'nlify

- the location a3 well as the frequencies and relative ampli-

tudes of-spurious signals, Once the spurious signal has
been identified, design techniques can be implemented to
reduge or eliminate the cause of interference,

SPEGTRUM ARALYZE

100P PROBE

ey |

Figure 37. Loop. Probe

When testing tD de:mlcd EMI specifications {i.e., MIL-
STD), it is the worst case limits or the pezks of the srgnals

_-that are ‘of coneern. MAX HOLD on the HP B53A can
" be used to store the maximum amplitudes of these signals,

for Ialcr comparisun with specified limits.

‘With interface to a dmk.op camputer, an HP 8853A-based

“ system can output data automatically and reformat the

display to include test limits with the required impulst.
bandwidth normalizations and antenna lactor or current
probe correctlom

- NOTE

Consuit HP Application Noles AN 150-10 and AN
142 for more information on EMImeasureiments.

SWEPT-FREQUENCY RESPONSE

Frequency response measurements dre i COMMOn re-
quirement for many sysl{:m components such as filters,

amplifiers, and mixers. The addition of an appropriate . .

source to the spectrum analyzer makes 2 powerful system
for stimulus/response (swept-frequency) measurements,

The HP 8444A Option 059 is a tracking generator with
- an RF outpui’ frequency that follows {tracks) the tuning

of the HP BS5BB apectrum analyzer over the frequency
range of 500 kHx to 1500 MHz, Since the first locnl oscil-
lator from the spectrum analyzer is used as a reference by

the trncking generator, any deift or residual FM is trans- |
ferved to the tracking generator. The frequency spans of

the two instrements are mn!ched and syncha mouws, pro-
viding precise signal tracking. The equipment setuyp for

- this measurement is shown in Figure 38,

A significant advantage of the spectrum analyzer/track-
ing generator combination for swept measurements is the
large dymamic range, Noise is bandwidth-limited in the
spectrum analyzer, and harmonics ond spurious produgts
ore not limiting factors since the spectrum analyzer is ak
ways tuned to the fundamental of the trackmg generator.
The dynamic range for the tracking generator/spectrum
analyzer system extends from the output available on the

a3



TRACKING OENERATOA

SPECTRUM
ANALYZER

Figure 38, Swept Frequency Test Setup

tracking generator io the noise floor of the spectrium ans-

Iyzer. For the HP B558B/8444A Option 059 system, the

dynamic range is generally greater than 90 dB, Figure 39
) iltustrates the large dynamic range that is possible using
" the HP 8444A Option 059 and the HP 8558R.

160 MHz
10dg/ol
Rof Lavel 0 0Bm

0 MKZOI
1kHz RES BW

Fraure 39. Swept- Frequemjr Measurement { Composite Plot
_,or Loquar.r Filter w!r.': >100 dB of Stop-Band Refection)

. With the HP B53A, the system frequency responsc <an be

++ eliminated from the measurement results by irsmg the IN-

. P—B-~Amade. Flirst, calibrate the-system with'a known

standard (j.c., 2 through’line for transmission. meashre-

' memx) Then, store the displayed respoTse in 'n'ace Bby,

. usitlg either STORE VIEW or STORE BLANK. Next, in ;
sert the device under !cs; aurh press INPUT ~ B-~A, The- g
displayed frequency tesponse is that 'of the s!evrcc, not of

" the system plus the device irefer tu Chapter 2 for further
dctar]s) -

Errors due fo mlsmatch uneer!nlnly are
... nat removad !mm maasurement by’ now: !
mallutlon. e

85388 ate available whi
: syrtems d]rcctfx, prov

The HP 8444A Option 059 can be used with a counter 1o
make accurate, highly sensitive and very sclective fre-
quency measurements of, unknown signals, Providing a
signal can be resolved on the specteum analyzer, it can be
counted. The system can count srgnals down to the sensi-
tivity of the spectrum analyzer with the frequency accu-

) _ racy several orders of imagnitade hetler than the specirum

analyzer accuracy.

NOTE .

Consult HP Application Notes AN 150-3
and AN 150-13 for more Information on
Swept-Frequency Response measure-
ments. . .

CATV :'-'*EASUREMENTS

The spectrum: analyzer is an |mpurmnt tool for mnkms
CATV systen) measurements. Measurenients of signal
level, signal frequency, sideband amplitude and frequ{,n-
cy. nojse, and mterfercmc arc posrrb[e

Any signal within the passband of a TV channel that
causes degradation in the quality of signal reception is
‘called an intecference signal, Intermodulation hum and
Cross~ modulauon are interference signals which com-
monly orginate within a CATV system. Co-chanmel in-
térfercnce and radinted interference arc-ako commonly
encountered and readily measured with a spectrum an-
Tyzer. Co-channel interference occurs when more. than
one signal competes for the same channel, A co-channel
interference signal appenrs as an unmodulntel.l sideband
separated from the main cnrrrer mgnnl by I[) ur 20 kHz,

T
\.:t

The starsdird economy spet.lrum nnalyreu hnve Y

Cansult Ihe HP Cablg Telavlslnn Syslems
Measurements Handbook (HP. Parl Num
ber 5955-8500) for. rrora Informaliu }
CA'I'V mazsurarnlnis.

nbut

" itipedance of 50 ohms; -for 75-olim CATY measure-
..ments, an HP- 1|694A Mn:ching Tramformnr is redom-
.« mended.. In-making amplitude mensurements, the per. o
. forimiance chamctemtu.s of the HP: 116944 mustbe .

“taken mro acccmnt Optr\'ms for thy HF 8557A" and. ...
Ml mi:usurumentq in 75~ohm :
Bm gr dBrrl\g'_;,nlrbrnt n.. ot




CHAPTEKS
HP-IB REMOTE OPERATION

This chapter provides information about remote opera-
tion of the HP 853A Spectrum Analyzer D:sp]ay {with a
compatible spectrum analyzer p]ug-—m) usmg an HP-IB'
controller. )

Genaral Deurlptlnn

The HP 853A Spectrum Analyzer. Display can be ac-
cessed et remote aperation through HP-IB, The HP-IB
connectot and address switch are on the instrument rear
panel, Interconnection between e HP 853A and the
'HP-IB: controller Is accomplished with an appropriate
HF-1B interface, and may require an acddicional HP-IB

interconnection cahle (ol‘ten supphed as an integral part .

of the HPIB interface), .

"

‘Communication ‘bctwi:cn‘ 'insirnments on the HP-IB re-

quires that a unique address be assigned to each instru-

ment. The rear-pancl address switeh (Figure 40} iy used to

set the HP-1B address of the HP 853A.

. AnDepes

lllnﬁl

L Meaen

Figure 40, HP-IBAddrm Swirch

HP-IB Capablllly

The complere bius Lapablhty of the HP BS3A, as defined

ln IEEE" S’I"D 458 {o¢ identical ANS! Standard MCI. 1},is
ouﬂmcd it Table 4. Instrumert responses to generat bus
commands and :untro[ ugna.ls are descrlbed in detail to
md in program g, -

Specil' ie HP 1):] pru.grammmg tndes for :hc HP B53A are

gwen in thg smtax Yeference guide at.the end of this .

chaplt:r. and are summa.nzcd in.Table 5. Sample pro-

prams written oA an HP 85 controller, in the BASIC pro.
gramnunp; Ia-lgunge are presen:er.l n Appendu B m. s

dm.nnstrate the use uf thcse pmsrammmg codes.

Seiedilett- Pack.m.l Imerfm:e Bua ‘the H:w]ett—l"acknrd:mph-
- entation of IERE STD '48H-1978 and ANSESTD,MC1.I,
¢ uglla[ In:uh’ue for . ngmmmahle lnslrumcntui:lnn

Digital Dlsplay Cuorﬂlnaias

Trace data is smred in the trace memory of the HP 853A .
using the digital display coordinates shown in Figure 41,
In references to the display coordinates for programming |

" codes AP/BE, BA/BB, XY, TA/TE, 1A/IB, and JA/IB,

the coordinates in Figure 41 apply.

DAOLEIS B — — — — — — — — & e .05 -

: IVEARANDE [ " : C
500 800 g 480,000

WAITH B

[

i
a0, coa 400, ned
. UHDEABANEE

W48 = — — e e .-

Figure 41, HP 8537 Digital Display Coordingtez .-+

Within the range of tbx CRT graticule, there are a total
of 481 x-axis values {0 to 480, with 48 points per division)
and B0] y ~ axis values {0 to 800, with 100 points per divi-
sion). The y—axis overrange vatues od undermngc val-
ues are also noted in the figure.

Two lines of annotation near the top of the frace arza of
the CRT display are controlied by the prugm"nming
codes CS LULU LB and RU!RL

Syntax Reference Guide

This Syntax Reference Guide is intended to provide, In
detail, the required command format to be used when
addressing the HP 853A from an external HP-IB control-
ler, and to describe precisely the resulting HP-1B output,

_+Ir.i5 important to keep in mind that this guide is written

from & controller. point of view, as usergenerated pro--

. grams will always be executed in the contraller, not in the
" gpectrum analyzer display.

A picierial flow réprésematinn i3 used to delineate the
sequence of bytes or blocks of traffic across the bys, Lit-

v eral ASCIH characters are bold and shown in rounded
. ‘envelopes. These are transmitted exactly as shown. Items
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enclosed I rectangular boxes are blocks of bug traffic

which require further explanation. Those used repeatedly
aver ’ : :

UNL TA2] LAIS: UNListen, Talk Address
21, Listen Address t82 (ASCI] code: ? U2)

UNL LA2i TAI8: UNLisien, Listen Address

21, Talk Address 182 (ASCII code: ?75R)

| Additional Commands | Additional programming
cades {two Tetter mmemonics} may follow with-
in the sam= "Dutput" statement -

Note that data bms passed along the bus ongmate from
the comm[ler (controller is tatker) un:rl an “Enter” block

3 Assumes controller uddrems = 21, HP 8534 address = 14,

is transmitted, at which time the spectrum analyzer dis-
play generates a'n:( succeeding data (display is talker).

In several cases, two programming codes are used in an
identical fashion and are listed togelher, Each pair per-
forms the same function either on Teace A or Trace B, or
on the Tower or upper CRT annatation line, Usage of
caly the first code listed is described; the second code
may simply be subsututed in its place. -

A reference to z “diglt” should be understood to refer to
the ASCIN code for one of the characters 1,2, 3, 4 5,6,
7.8, 90\'0

The HP 833A ignores extra delimiters such as CR '(cnr-
tiage re!u'n) and LF (line I'eed) in a command sequem:e

Table 4. HP 8534 Rcsponsex to General HBIB Bus Commnds

HP-18 Message Related Mnemunics Resporise
Duta Trigger GET Tasues  sweep trigger pulse (for proper use, spovirum :
‘ ' analyzer should be in SINGLE SWEEP mode),
Clear : BCL, SDC . Interrupts 2 sweep in prugréss. Terminates unfinished
. commanda, Clears any service requeats. Resets trace
arithmetic reference line to default pasition (refer to
OF commend).
T:esets onnotation posltinn to mp -acreen (refer to 1P
. tvmmand).
Resats dugnnl ovecnging algorlthm,
Resats sweep, ‘
‘Remote ' REN " Enables remote piogrmm&lg of front punel controls.
"Local 1. REN,GIL Front panel contsols are not remutefy programable,
Local Lockout | ' LLO Locks out tacal button on from pnnel {PLOT GRAT/
[ HPIBCLEAR), il
Réquire-Smict ' RQS Instrument may n:quesl'sendce {refer to RS commantd),
Stntus Byte SPE, SPD - Serial parll (lhntrument transmits status byte).
Abort - . IFC Unaddresses instrument.
" Response Byte PPC,PPU Parallet poll (ne respmse).
The Intetface functions suppurted by the HP 3534 Spectrum Asalyzer Dup]ny arer SHI AHI Ts, 14, SRI RLI,
FPO,DC1,DT1,C0,E2 (23 deﬁned in IEEE STD 488.1978 and identical ANS] STD MCI Q. :

5 -
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sent from a controller. However, when the HP B53A is
instructed to put out a sequence of data bytes, the com-
plete sequence must be read by the controller before nor-
mal operation can be resumed. With ihe exception of bi-
nary trace data iransfers (BA and BR), data byte
* sequences are terminated by transmhting the ASCII char-
acters CR .and LF with the End message (EOW bus Jine
pulled “true™), Binary trace data sequences include no .
teminating' CR. LF, bui the End message is sent during
iransmission of the final byte of the sequence (the tma.l
byteis the 962nd byte for BA and BB), - .

Pressing RESET on HP-1B controllers generates an inter:
face clear (IFC) commard on the bus, whmh unnddresscs
the HPBS3A.
L

When an illegaf ‘two-character mnemonic is received by
the HP Z53A (ome that'is nat ncluded in the program-
ming code set), bit § of the status byte is set and a SYN-
TAX ERR (errar) message is displayed on the upper CRT
annotation line. To cemove the message, press EEP-ER

CLEAR (PLOT‘GRAT) for se‘vcral secands, or execute n

Clear command over HP-IB.

Tuble 5, Summary of HP 8534 Pmmunmg Codes

Mnemanic anlml:un Mremonic Definition

TA Oulput trace A, dectrmal {ASCIT) values A Input trace A, binary values
78 Output trce B, decimal (ASCIT) vatues B Input teace B, binary values
BA .| Ouiput truce A, blnaey values .o o
BB. Quiput trace B, blnary values CA Clear {blanic) trace A
. CB Cleaz {blank trace B
AP . Cutput peak cuordmn!es trace A ' o

_ BP . Output pek coordinates, irace B T5,T8n | - Toke sweep (n=0-63) .
XY . Qutput coordinates, varent point in sweep ‘Rsh Set Request Service conditions (b=mnsk)
. ' S oi Output Device Identification
Lu Input upper CRT annotation line OFn Set INTUT-B-=A offset (n=0-975)
LL Input lower CRT annotation tine FP * Outpux Front punel control sellings
LPn Set annotation line position {(n=0-8) '
RU Restore upper CRT annotation line REMOTE OPERATION (REN enabled)
Rt Restore lower C'3T annotation line T
5 Output chaeactey strmg (CRT annotatlon Aln . Set TRACE A control (n=1~4)

' lines) BCn Set TRACE B contxol (n=1-4)
. : 0cn Set DIGITAL AVERAGE cumru[

1A . Input tracy A, decimol (ASCIE) volues - (n=0<1)
I8 " Input trace B, decimal (ASCIF} values 1En Set INPUT—B-+A controt [n=llﬁl)

TA,TB ompunmcm,omput'uaceB,decima:mscn)vnmes '

nterL—[Trace sut CA LF

Trace Out: Sequential y-coordmates {—350to 975) for trace A of trace B Format ix 481 three-digit coordinates
(including leading zeros.and minus. signs) separated by commas for u 1otal of 1923 AQCII chnraclurs The value

~50 mdlcales a blanked trace.

' Example: .
) Hoo# n
ASCII Sequence 001,

BA,BB Ontput lrﬂce A, output trace B, binnry' values -

mm

#4800  #4B1
-04, 012, ... 975, 100
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 “Trace Ollt‘ Sequenﬁal y-coordinates (— 5010 975, in two’s mmplcment binary form} for Lrar:e Aortrace B, Format
is 481 two-hyte cnordmates for atolal of 962 bym The value - 50indicates a blankcd trace.

F.xamp]e. o ‘ S o
- ’ LA 73 #3 #3480 #481
Bytesequence- ab  ab . ab ... al; . .ab . )
. whercaand bare il:hil bytes, To' reprcs:n.l‘lhe y—cnardin‘a'l.el 820, the pair of 8-hit bytqiwould im
a= 00000011 ' '
h = 0110100

AP BP. Output peak cocrdmates of trace A, teace B

e @]

CRYIONY cuordmates (000 o 480, 48 to 975) of ;mgle maximum trace peak Furma.l. is two 3—{11311 caordmalex
separated by a “omma (7 ASCII characl:ers) .

Example: ‘ ]
X ¥
ASCIX sequence 240 800
If the p:nk y~vn]ue occurs for two or more va.lues of x, the leftmost point ([owesx x-valuehi {s retwrned.
Xy Output coordinates, current point in sweep

XY: XY coordinates (QU0-to 4.0, ~48 to 975) ol‘ current point in sweep. Format is two 3-digit.coordinates
. separated by acomma (7 ASCH ch:u'aclers)

) Exqmple: . ‘
Sy ¥
. ASC]I sequence 240, 800
_LU,LL ]npul upper, Tower CRT angotation fine

o o " I'I:Mmlliwnl Cmnmnndslj

X

Text: Upto 60 ASCI] charm:ters 0] appem' on uppcr nnnntnllon line {LU) or lower annotal:on line (L1)an CRT,

: 'Ihrm AnASCIIwmunatmgchamcterETX I.F CR ornny bytemlherang:omiildmmat

5534 Displyy Chmter Ser
3283 | "WEIR (Db, - L AOL2BI557AB =0t
8485 @HBC!JEFGHIJELNtIDPﬂF“STI_I\-'u}";‘ 1n_
86127 *abedéfghi jk Tnnopgrstuumens{ | be@
- *Gharacter 32 )3 » blank

r







', 3¢t annotation lif position

CS . Output chamcter slrmg (CRT n.nnumlion lmes)

-—.——lEnlcr HUppar Lina,

. Upper, ‘Lower Line: “Two s0-character ASCII 'itrmgli r:nrn.spondms to'the chaml:ters dlsp]uycd m thc upper nml'
aner CRT annotation lmes.. Each 60-character line | is t’ollnwed byan ETX i

IA_,IB .nprptme:A.;mceB.decumal'lASCIl).values o '

Traco.in

a1 1 forne) Commands’

Trace, In: Scducntial'y-'cnnrdinntcs {(-99 tbQ'."S) for trac\.'A or teace B, Values hess than — 48 are b]nnléed Format
.is up to 481 one- to three-digit coordinates (including lcad:ng zcroi and minus signs), cach scpu.ratcd bya L‘omma.'
~ space, CR, LE, or combination of these delimiters. .

Term:  Sequences with less than 481 C()Ol‘dmat"'l mus: be :ermmmcd wnh a scm:colon or u.ddmonal two—]euer
programming code. Ssquences with 481 coordinates must be terminated by a dchmnter (comma, space, CR, LF or
combination) or by an additienal two—!ct(rr programming mde

E:@amplc
, E T I R R :
' ASCII sequence 0, —4, BOO, —50, D0; .  (Stoordinates) -
Example: I ) '
_ £l 42 3 M s o B
ASCHlssqusmce OCR -4CR B00CR -50CR 0TS (5 coordinaies
: : ' . - A followed by .
Y. Take Sweep code)
Example:’ . : L S o B
o [T 7 A ‘Rase - p4B1 ‘
" . ASCIIsequence -5 100 375 ... 10 ~5CRLF -~ (ASCH spaces ©
L . . -,J o bétween
“_‘ I -coopdmates)“

.']1' . . . )




v lnd:cu!rng ‘the totai number of fuil und parnghweeps rcmmnmg ’Th.esmtus regmer may bc ncccssed by n.serial poll
‘ frum,l]é cumroﬂm nnd K6 will be tow. o .

S

wians that wﬂl trigger a service request, When ane of ﬂu:se conditions occurs, the SRQHine
he statd reginter are set - bit & and the approprinte bit for the particular sumcc requnst
Tom the controlter reseis the smtuw register and SRQ lme )
| l T

o o oie-byte mask for scttmg sermc requesr cund:tmn.'i (SRQ lmc pu]lbd only by se!ected cnndltmns) Musk
value is set to 0 at power-on, .

ﬁ":;’t:':sah : I?qscrintinn of Senvice Condition u:';i;:;‘
o End of Sweep N N 1
1 Not used P . N I Y
2 Fast Sweep Brror -~ J4 "
3 INPUT--B-A Ertor o B )
4 Digital Average/MAX HOLD Error . o 16 s
5 Syntax Error . L) .
6 Universal HP-TB Service Request Bit R )
. (set when service condition exiats) :
7. Not used ‘ : {128y

Fnr example, n mask vajue of 51 (l + 4 + 8 + 16 + 32)cnables nl! possxble service request cond:tmnl. The mask
must e 5ent as the binary byte 00111101,




o Qutput Devh:e Identificwtion

-—@—| Enter [—(ﬂﬁ:! CchH Lj—-

Instrument returns a three-character string, 853", for identification.

OFn  SetINPUT -B—A offsetn = 0 — 975)

Ouiput = m n -
i : L[Mdlllnnal Commndslj

n:  Sets r-caordinate of reference trace during trace arithmetic. Value is mmally set to 400 (mld-sc,n.en) or 800 (top
praticule line) by position of jumgper mtcrnni to instrument.

FP ‘ Output front panel contral settingy

Front Panel Settings: A lZ-character strmg representing cucrent display conlml scllmgs Format is twn:lve ASCH
bytes in the form of control setting codes; “ACmBCmDCnICn" .

where” m = j-q

n =0,

REMOTE OPERATION (REN required)

ACnECn Set TRACE A, TRACE B control (n = | ~ 4)

[ovtout |- ' -
¥ : ]\lhdditional mmmands’j ‘

Remotefy control troce functions.

n; n=1 CLEARWRITE
n=2 MAXHOLD
n=3 STOREVIEW -~
n=4 STOREBLANK

Remote operation is denoted by a “@" appenring next to display function catlouts, just tc; left of graticule,

DCn  Sei Digital Average control{n = 0,1)

o -G -
' ’ “, l’m!dlllunal Dummandslj

Remotely control digital :fvé:_nging.

n: ne=0 Torn OFF
n=1 TurnON
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ICn _‘ Set INPUT = B~A control {n = 0,1}

’ Lnddl‘(iudal Cummunds‘j

Remotely control trace normalization.

n: n=0 TurnOFF
n=1 TurnON

4z
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CONVERSION Eaup:nons“

The i‘ullowmg eqnatlom allow conversion l‘rorn dBm to
dam\’ or ABV inu 500 5yst=m“ T

dBm + 107dB cprV

aBm + 47 dB dBm‘.r

dBmV + 60dB =Hgav RELE I
Ifie js desued to cqnvm tmm !ogaruhmu. wnits to imt..xr
units, then the gquations gwen below will be useful. Keep
in ming. that' the logumhmu: lcvels are nll rcfcrenced to
linent units. - )
Thas isi -

* 00Bm referéenced to 1 mW -
0dBmY referenced to { my
- 0gBuY referenced tw IpV -

o

'

o

N dﬁ,;‘{;:_ 9

Cabe e o APPENDIXA - W
R AMPLITUDECONVERSIONS

. \ '
g
To calculzue 2 linear Ievcl stmp[y take the unn]o;, af thL
logamhmlu Icvel ,

dBin t(: !-'(m“’:l.

N B !
t]lim )[}] In_i.; [ W'i ]() -5
S 27 dBmV e me’v’) K I'I b
_ v e dlimye
t]BmV -«l i} k)ul—m . Iog ‘-Em RS

o . SN
h dn,lv‘mv(,t\fj ’

LA Sl ¥
N Tng——--—v‘ Vo Juyr ) _'r) _

Flgure A—l conbe uscd tn Lunvcrt irom dBm lb volzagc in
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. Labeliag -
LULL

"The following examples illustrate some of.thc ways the
- entire command set of the HP B33A may be used when

APPENDIXB |
PROGRAMMING EXAMPLES FOR THE HP 853A

i

operated with the HP-B5 BASIC [anguage controllern {t;
|

‘assumed that the user has o prior knowledge of contr

operation and the BASIC propramming language. '}

" The programming codes and examples are divided into

four functional categories: Labeling, Trace Datz 1/0,
Sweep Control and Instrument Starus, :mr.l Display Re-

. mote Operation,

A user new to the system should first work through the
examples to become familiar with the various program-
ming codes, and then refer back 1o this Operation man-
val as needed when developing programs (refer to Chap-
ter 5 for u detniled HP 1B syntax reference guide for the
HP 833A),

" The following programs assume the selectable interface
address is 7 and the HP 853A HP-IB address is set to 18

(see Chapter 5),

IF an illegal lwi).-letter mnemenic is. sent to the HP B3JA
{i.e.,, one that is not included in the programming code

" set), the message SYNTAX ERR will appear on the CRT.

To remove (he SYNTAX ERR message, send the com-

~mand CLEAR or press HP-IB CLEAR (PLOT GRAT)

on the HP B53A front panel Eor several scconds. Clearing
the HP 353A status register also removes the message;
refer 1o the RS programming code in Chapter 5§ for de-

' 'l.nls

Input upper, lower CRT annotation line

The LU or LL programming code allows the transfer of ;

up to 60 characters selected from the ASCII character set

(ree LU,LL cadles in’ Chapter 5) to each of the two CRT,

dxsp[ay lines, To demonstrate the use of both display lines

- with the alphanumeric chamcler set. run the followmg
program

IB OUTPDT ?18

' HIN ERCH DISPLAY BUFFERY

286 OUTPUT 718 ;;"LLA123456789 a
quick brown fox Jumred . over
the lazy doo's back”

;*LUTHE $53R CAN
ANMOTATE 60 TOTAL SPACES WIT

The controller executes an OUTPUT statement to trans-
fer the character string in  free-field format, To prevent
unnecessary bus traftic, compact ficld formatting trans-
fers na leading or trailing spaces:

12 DUTPUT 718 USING
o extra SPracest”

wKe "L.U N

RU.RL  Restore upper, lower CRT annatation Jine

T restore the upper and lower lines of annotation to the
power-on condition, use the following commands:

18 DUTPUT 718
28 OUTPUT 713

JXRU.
PR

or

18 DUTPUT 718 ;“RU RL*

LPn  Se annotation line positi‘on {n =t 8)

“This programming code is proviided to change the posi-

tion of the nonnotation kines relative 10 the CRT grativule
lines (the battom graticule line is designated n = 1), [t
helps ensure that labels do not interfere with o displayed
signal. An example program demonstrates the use of the
LPcode: .

18 OUTPUT 718
ST}

20 OQUTPUT 718 ;“LP3"
38 OUTPUT 718 ;“LP?*
48 QUTPUT 718 ;"RU RL"

The labels can be-moved from the turn-on positlon, n =

8, to other vertical levels, but will be blanked when they

interfere with the trace.

CS  Output character string (upper. lower CR'T annota-
tion linesy

AH display annotation can be transt‘err’ed toa 122-char
acler string, d:mensloned in the controller and then print-
ed:

18 DIM C3T122]

26 QUTPUT 718 ;“Cs"
38 ENTER P18 ; C%
48 PRINT C%

P"LL THIS IS A TE-




The array in line 10 is dimensioned to store the charagter
strings from both annetaiion lines. A “CS” prejram-

ming cade calls for the transfer of dlsp[ay characters into

the string array. Statement, 40 results in a display of the

character string on the contmlier The ASCH controller

cade for specifying end-of-tent (ETX) is included in the
character string, accounting for the two extra 'chnracters
dimensioned, '

Trace Daia 0

TATB OCutput trace decimal (ASCII) values -
BA,BB Ontput trace binary values

Speed, storage requirements, and programming conven-
lence govern the chofce of troce date cutput technigues,
i.e., the optimuem wse of the commands TA,TB and
BA,BB. Three different me*’,ads follow:

Mathod | (ASCH decimal data transier Into Inleglr
array)

Method I provides fast transfer of all 481 trace values
from the HP 853A to o numeric array dimensioned in the
controller (=1.75 sec). After reformatting, the trace data
can be processed by the controller. The array storage re-
quirement is 3366 bytes (3 x 481 + 1923 = 3366) of con-
troller memory. The following example includes the
transtér of trace datn to the controller and reformatting
into an integer array:

‘18 DIM ASC1923]

28 INTEGEF B(486)

‘38 OUTPUT 718 ;“TA<

40 ENTER 718 ; A$

50 FOR I=A TO 480

60 J=411+1
79 B(I)= VAL CASTY, J+21>
86 NEXT I ‘

String array AS is assigned a length of 1923 charncters;

the numeric array B is dimensioned a, o 481-value INTE- -

GER armny to save storage space (3 bytes/value vs, 8
bytes/value). The TA instruction is sent and the string
A3 is transferved in lines 30 = 40, Thig string now must be
converted to 0 numeric array of 481 values, accomplished
in the For..vur0, JNEXT loop set up in lines 50 - 80.

Method Il {Direcl ASCIl decimal transfer and stor-

age)

Method 11 is convenient for temporary stornge of trace
values when no data processing is required. The follow-
ing example shows the use of the M progeamming code
{which inputs ASCII decimal trace values) to-return a
stored trace to the HP 853A:

1o DYM ASC19231

29 oUTeUT Vig :*TAY -

1380 ENTER 718 ; R¥

48 PRAUSE \
58 DUTPUT 718 i *IA", A¥

’ Method s convenient becm--e it requires Ims im'ny

sloTage (IQB ‘bytes), But the data is in string form {con-
version is necessary before m.lmerlcal calculations can be
made). The trace transfer time js npproxlmmely 1.28 see-
ands for TA and apprnxnmate]y 0.70 second for 1A (refer

fo 1A,1B for further details).

Method li) (Fast ujaca ansTer io.r storage)

When the fostest possible transfer of trace- values is re-
quired, Method H1 is the best choice. This method trans-.
foes trace values in bindry form as quickly as possibli: for
later conversion to a numeriu arruy, -

: 2
1@ DIM ASC278]
28 IDBUFFER R¥ :
© 3@ DUTPUT 718 ;:“BA"
46 TRAMSFER 718 T0 A$ FHS

AS i5 dimensioned 8 bytes more than transferred ke, 2
bytes/ value x 481 + 8 bytes = 970 bytes), The [0 BUF-
FER statement designates A% to have a working léogth of
962 when executed, The BA programming code is sent in
line 30 to coll for a transfer of byte values, and line 40
provides for » fast hand-shake {FHS) TRANSFER, The
time required to transfer a full trace Is approximately [55
macc.

', When it i3 necessary to convert AS into numerie duta, the

following code can be used:

50 THTEGER Bc4384)

€0 FOR 1=0 TG 488

7e J=231+1

88 BC(1)= 256*HUH(H$[J])+HUH(H$[J

98 NEXT 1

Two 8-bit bytes are required to specity the full range,
—48 to 973, of the digital CRT display: the first byte
carries the two most significant bits, and the sevony byte
corries the eight least significant bits, To combine ench
pair of bytes from AS into a single nomeric value, it is
necessary to canvert both string vaiues 1o numeric values,
multiply the first by 2 = 256, and ndd it te the second. .
Note that this program works only for positive trace val-

-iey; for underrange values, test for 2’ complement nnd

make the appropriate conversion.
45



lalB Inpuurar:eintcgervnlues

These commanchl{ahow the controller to output up to 481

integer trace ‘ilties into trace A or trace B. Values in the

range — 48/t 975 are displaycd at corresponding levels

on the CRT; values less than —48 are blanked. A and 1B
--are useful for rc-emenng trace dala that has been Pprevi-

ously stored using the TA or TB programming codes (see

Methed 1), or for transferring o controller-generated
" "rrace” {such as a test limit line stored in tran:e B).

Place the HP 853A display in the CLEAR WRITE A and
STORE VIEW B modes, then rua the following example:

18 QUTPUT 718 ;"IB*

- 28 FOR I=8 TD 6@ .

38 QUTPUT 718 :360,398.388, 300,
-58.,-58.-58.,-58

48 HEXT

" 'The programming code IB in line 10 instructs the HP
853A to receive a numeric string of values for troce B.
‘Lines 2040 sst up o sequence of display values for
transfer (the value - 50 blanks the troce), When the data
wransfer is complete, the result is. o dashed limit fine
viewed in trace B. ‘

JA,JB  Input trace binary viduss

Datn transfer over the interface. bus can be performed
more rapidly by using the JA or JB programming codes
rather than JA or IB. The following example shows how
these programming codes can be used to compare o
stored trace with a current {race:

18 DIM A$C978]

28 1OBUFFER A%

38 OUTPUT 718 ;“BA"

48 TRAHSFER 718 TO FIS FHS
o8 DISP LEHCA$?

98 QUTPUT 718 USING "K,.B" i "JA
109 TRANSFER A$ TO 718 FiS ‘

Lines 10 - 50 transfer the 481 two-byte binary values
from trace A to the string array A$, wiik = fast hand-
shake, and then display the length of AS.

In Line 90, the USING “K,B" format is sent with the JA'
programming cade to cutput a strng of byte values, with

no end-of-line sequerce (CR or LE), to the HP 8533A, |

Line 100 causes a frst TRANSFER of data from string
AS. )

e

ARBF Output peak coordinates

XY  Output coordinates of current point in sweep

It often ﬁﬂppens that the only, data point required is the

peak value of the 481-point CRT trace. To oblain the »-
and y-axis coordinates {0 to 480, 0 to 975) of the mani-
mum respense, use the AP or BP programming code for
trace A or trace B respectively. If there is more than ane
response af the peak level (i.e., two ideniical values in
different *X' locations), then the left:mast “X7 will be
returned after you enter the code:

-18 OUTPUT 718 ;"AP”*
28 ENTER 718 ; 4. Y
38 DISP X.Y

The %,y coordinates of the current point in & manual
sweep can be transferred usmg the XY programming
code, allowing the controller to monitor dlspluy dala
while in the manual sweep mode.

18 DUTPUT 718 ;“X‘l‘“.
28 ENTER 718 ; X.7¥
36 DISP X.Y¥

Sweep Control and Instrument Status

TS,7Sn . Take o sweeps (n = Oto 63)

The TS programming code allows the triggering of spec-
trum anolyzer sweeps. from a contreller. This capnb]hty

. can be used to initiate swccps when the analyzer b in ei-

ther the qmgle ar contintous sweep mode,

NOTE

It is importani to have an updated Irece
" before transferring data.

When sent to the HP 853A, the TS programming code
1yiggers o sweep and inhibits subsequent commands wntil
that sweep is complete. Upon completion of Jhe sweep,
the syster resumes nermal operation, Consider the fol-
lowing example:

180 DUTPUT 718 USING ".K" ; *Tg

20 BEEP

30 OUTPUT 718 ;"LU Ho displar u
ntil end-of-sweer.”

48 PRUSE

58 OUTPUT 718 :"RU"

68 QUTPUT 718 ;"TS528"

- —
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Alfter putting the spectrum analyzer plug-in in single

“sweep inode, set the sweep time to 0.5 sec/ DIV ond run' )

this program, Receipt of the TS code initiates a sweep, at
which time a tone is generated by line 20, indicating that
the controller is free to proceed, but the HP B53A is not.,
The message on line 30 will be displayed on the HP 853A
CRT only after the end-of-sweep. !

If the USING “#,K” were 10 be omitted in line 10, the

contraller would attempt to transmit the usual terminat-

" ing CR and LF after the ASCIK characters TS. These can-
not he accepted until the spectrum analyzer has com-
pleted its sweep, so line 20 (rapresenting all other

- contreller and non-HP §53A bus activity) would effec-
tiveiy be held up until the end-of-sweep ocours, The US-

" ING “#,K”" lormat with the TS code alluws other bus
.u.tw:ty during the sweep,

After the program PAUSE; return the SWEEP TIME/

DIV to AUTO and then press CONTINUE oo the cons

treller. Line 50 restores the npper display line to normal
maode. The “TS20" programming code, in line &0, trig-
gers a get of 20 sweeps and holls up bus activity until the
set of sweeps is complete,

" RSB Set request seevice conditions (b = mask)

A serfal poll may be performed to check the contents of
the HP 853A status register, which indicates certoin con-
ditions in the instrment (refer.to the HP-IB syntax refer-
ence guide in Chapter 5). Any combination of conditions
van be enabled by sencing a request service mask over the
bus to the HP 853A (conditions not selected will not pull
the SRQ line). For example, to enable all available ve-
quest service conditipns, the mask must be the binury
equivalent of the decimal sum of each component, or 61
{1+ 4+ 8+ 16+ 32 = 6t). Sending 2 mask replaces
amy previous mask enabled in the HP B53A. The mask is
* set to a defnult value of O at power-on,

The following example program demonsirates the use of
the RS code along with a series of illegnl conditions
which, until corrected, will gencrate SRQ messages anct
set appropriate bits in the HP 853 A status regiater:

IG-HU;?UT 718 USIWNG "K.B" ; “RS
28 QUTPUT 718 ;»y2"

"38 OUTPUT 718 ;"AC2DC1*

489 S=SPOLL(7i8)

99 DISP S

68 PAUSE ‘

78 QUTPUT 718 ;*ACI1DCL™

80 \IF S<{6@ THEN CUTD 40

90 LOCAL 718

In line 10, the mask value is set to 61, thus cnabling all
request service conditions. The USING “K,B" format

" outpyts the mask value 35 one 8-bit byte to the HP B53A.

With the mask set, the i.legal mnemonic ¥Z sent in line 20
causes the § YNTAX ERR(OR) message to appear an the
HP 853A ¢ RT uatil a serial potl is performed {this crror

" condition has o decimal mask valu= of 32).

The display state selected in line 30 (refer to ACn, BCn, |
DCn commands) couses an additional request service
condition (the decimal value 16 represents this Digital Av-~
erage/MAN HOLD crror state). Note the HP B53A CRT
annotation indicating remote control {henceforth called
“remote indicntors™),

In lines 40—30 a’ serin} poll is performed; the decimal
virlue of the status register contents (including the uriiver-
szl HP-IB SRQ bit; a decimal value of 64) is then dis-
pluyed by the controfler. Initinlly, a value of 112 is re-
turned {16 + 32 + 64 = 112), This serial poll clears the
syntax error condition and. removes the error message

"' SYNTAX ERR from the HP 853A CRT,

The program stops at the PAUSE statement in line 60,
Line 70 is execurzd by pressing the HP-85 CONTINUE
key; this selects o legal display state, removing oll service
request conditions. The progrom initintes another serial
poll and the value 80 {16+ 64 = BD) is returned, since
this was the fast status re;wler conient prior to LlLill'mE
all ervor conditions.

A final press of the CONTINUE key executes one addi-
tional serial poll, retorning the value € to indicate that po
enabled service request conditions eccurred sinve the pre-
vigus serinl poll. The instvument iy then returned to local
control, -

“OI - Ouput Device {dentilication

_ The pregramming code OF can be used to identify wheth-

cr an HP 853A is connected to the interlace bus, The
contraMer ideneifies a device as an HP 853A if the string
“B53" is returned when using the foltowing progrnm:

19 DIM RA$C4]

28 QUTPUT vis ;01"
‘30 EMTER 718 ; R¥
48 DISP RA¥ '

Disptay Remote Operation ‘
All HP 853A display states and signal pr.ouussing mades
nre ‘programmable over the HP-IB, The HP BS3A re-
sponds to a remote front panel command the same woy it
does to o manual front panel change.
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ACn,BCn  Set trace control

The front panct display siate of teace A or trace B can be
selected by sending lhe mpectwe ACn ot BCn program-
ming codes.

"

The value n tokes on the following meanings: .

n = | for CLEAR WRITE

n = 2 for MAX HOLD |
= 310 STORE VIEW .

n = 4to STORE BLANK

For example, the foltowing lines can be used to remutely
program a new front panel setting:

18 QUTPUT 718 ;*ACL®
28 QUTPLT 718 ;"BC2*

“ot
18 OUTPUT 718 ;“ACiBC2"

Mote that u sguare remnle mt.l:cator 15 dlsplaycd an the
CRT,

DCn  Set digital average control
ICn  Set INPUT — B—A control
OFn  Set INPUT — B—A offser

Display processing of trace data can be conteolled re-
motely using the above programming codes, The value n
takes or: the following mennings:

DCn: Digital nvcragc mode,

n = 0 for Normal )
= | for Digital average

18

ICn: Normalize state,
"1 = Qfor INPUT — B—+A OFF
= 1for INPUT — B—~A ON

OFn: Normalize offset Male
n = Q1o 975 for vertical offsat value dn CRT
" {For default values refer to the HP) Xﬁ wnlax v
guide) . . ) o

To achieve digital averaging over, for example, 30 sweeps, T
place the spectrum analyzer in SINGLE SWEEP mndc-
and RUN this example: Y

19 OUTPUT 71 ;"HLleczncxuif“
23 DUTPOT 715 5°T5 3%
3@ LOCAL 713

FP  OQutput front pancl control sertings

"This command interrogates the HP B53A display for its

current front panel control settings. The P 853A can

output the present status of ACn, BCn, DCn, ICn over ™. 7 v
the bus into a 12-character string dimenstoned in the con-

troller, This string array can later be possed back 1o the

HP 853A Lo return the front panel to its original state:

18 DIM ASLC12]
20 QUTPUT 718 ;"Fp"

3@ ENTER 718 ; A3 {
48 DISP AS .

88 OUTPUT V18 AR¥ .
CA,CB  Clear trace memory
Either trece memory can be completely blanked by send-

ing a CA or CB programming cade o the HP 853A (all
values of trace memory are set to —350, indienting

blanks).
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The HP 85598, [§558B, and BSITA Spectrum Analyzer

plug-ind are oompat:blc with all HP lHU—Scrlcs display

mainttanies. However, the HP 130T- 5:;!{:5 display main- .

frames (ﬂm HP 1BOTR, 181T 145TR, -and t82T) are pnr;

urularly recommended for use Witk M ecomommy spcc- .
- they . feature '

trum . analyzer ' plug-ins ;| si.
mcdlum—pers:stcncc CRT phosphor “and nonbuffcred
rear pane] exiliary outputs, compnnble with most
Hewlelta-Pat.kar:] X-Y Recorders

HP 132T Dlsplay

The HP 182T Dlsplny is cabm:t style mmni’mmc with -

an enrn—largc CRT. v1ewingarea

HP, 1B1T Dlspray

The HP I18IT Dlspiny isa cabmet style -nnmfrume witha’

variable persistence/storage. CRT. The analog storage
feature aliows signal traces o be preserved for [ater view-
ing or photography. The variable persistence feature is
convenient for viewing slower sweeps during narrow=
band. wide—spnn signal analysis,

P 181TR Dlsplay

The HP ISITR stplay features the same varlablc ;u.r~

sistence/storage CRT a3 the HP '181T, but is designed m

mount in a standard 19—inch mck or stack wuh Ather i m- .

strumentation.
HP1BOTRDIsplay = L

The HP- thf!'R'Display mainframe is designed to mownt

in a standard 19-inch rack or. atack with o:her imstrumen- - :

tatipn.

1§;tIT»Serles Display Front Panel Featuras

;

. CALIBRATOR (130TR, 182T): Provides 1 kHz
sguare wave at two amplitudes: 250 mV and 10V P

"p{not used with spectrum analyzer).

# Ground Connection {180TR, 182T): Providés uﬁas-'

sis ground connection peint.

[ ] SCALE(ISDTR 1B2T): Adjusts CRT graticule illu-
mmntwn

APPENDIXC ~~ .-
" 1so-ssmrss mspuws

“"rii'AcE ALIGN: Adjusts CRT trace olignment
: wxlh humonm.l praticule l:ne*i

: FOCUS Adjusts CRT u'au:: shurpness

} . ASTIG; Ad]usts‘CRT.jputshapc.
. @ INTENSITY: Adjusts CRT trace intensity,

- . FINﬁ BEAM: Intensifies trace and forces nh-

screen display (normn]ly not "used w:th spectrum
nnalyzer) .

‘e HORIZON’I‘AL POSI TION: Sipgle knob provides

coarse and fine horuonial ad;uslment of CRT

epage .

™ MAGNiFlER: Selects horizontal deflection factor
) (normally leit inleosi'inn .

‘. DISPLAY Selects CRT sweep source (normnl]y left
in INT position}.

@ EXT VERNIER: Provides continuous _déﬂec:io'n

" factor gdjustment for external CRT sweep signals.
In CAL detent position, deflection factor is select-
ed by MAGNIFIER control (rormally not used

- with spectrum analyzer),

" ® EXT COUPLING; Selects EXT INPUT ac or dc

coupling (noemally not used with spectrum nnalyz-
Er). . . .

® EXT INPUT: BNC input for external CRT sweep
signal (nermally not used wish spectrum analyzer).

NOTE

HORIZONTAL EXT INPUT does not
sweep the spectrum analyzer first LO.
Analyzer should ba set 1o 0 {zero) FREQ
SPANIDIV, AUTO TIMEIDIV, and SINGLE
SWEEP TRIGGER when operated wilh an
external horizontal input,

180T-Serlos Display Rear Pane) Features

] {:-AUX A Vertical Output: P;NC output provides de-
. tected video signal from a 50-ohm output impe-
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dance, Typical 0-B00 mYV range corrcspond.q to full
" B-division display deflection.

& AUX B PENLIFT/BLANKING OUTPUT: BNC

output provides a- + 15V penlift/blanking signal

from a 10K-chm outp:t impedance when CRT”

teace is blanked. Otherwise output is low at OV (low
impedance, 150 mA max.) for an unblanked trace.

¢ AUX C2L.4 MHz IF OUTPUT: BNC output pro-

. vides 25.4 MHz IF signal (lincarly refated to spec-
Jtrum analyzer RF input) from a 59-okm output im-
pednnce Output bandwidth controlled by spectrum
analyzer RESOLUTION B_W sétting; output ampli-
tude controlled by INFUT ATTEN, REFERENCE
LEVEL FINE, and first six REFERENCE LEVEL
positions,

® AUX D Horizontal Output: BNC outpat provides

horizontal sweep voltags from a SK-okm output
impedance, The —5V to + 5V range mrrcsponds 1o
full 10-division display def]ecunn

Z-Axia Input; BNC Inpur with.a $K-ohm impe-
dance allows external modulatlon of CRT trace in-
tensity. ‘Approximately -+ 2V blanks pormal-inten-
sity trace; negative voltage increases trace intensity.
Maximent input voltage 1 20 Vde,

" NORMALIZER INTER;CONN {180TR/182T):

Provides connections for HP 8750A Storage Nor-
malizer.



APPENDIX D
CONTROL FUNCTIONS

This appenadix identifies and briefly describes the con-
treis used to operate the economy spectrum analyzers
and the H® 853A Spectrum Analyzer Display mainfra-
me. For detailed informaiion oti the Functiona) capabili-

ties nnd limitations of individuat cortrols in particulnr
measurement operations, refer Lo the cnoropiate para-
graphs in Chapters | through 4.




1P 853A SPECTRUM ANALYZER DISPLAY
' N (B

FRONT PANEL FEATURES
i

TRACE A, B: Selects CRT display mode fur cnch of
© two Indépendent dlguu! trace memarics,

CLEAR WRITE: Cnntinunusly updates traie

memory with current input signnl date and
disglays  truce memory contents on CRT,
MAX HOLD: Updutes trace rﬁemurjr with mais,
mur input signul data and displays trace mesm-’
ory contents n CRT.

STORE VIEW: Current trace memory contents
ure preserved nnd displayed on CRT. ©

STORE BLANK; Furrent trice mumary cane
tents are preserved withowt bheing displayed on
CRT.

< ANALGG DISPLAY: CRT display switchen
te eonventional analeg display of current in.
put signal when both STORE BLANK push
buttons are pressed.

DGTL AVG: Activates digital Rltering ulgarithm that
nveruges trace duta aver successive sweeps, Digital
averaging shouwld he pestarted ofter sny change in
spectrum analyzer control settings,

INPUT—B~+A: Subtracts cartents of rce B memory
point-by-point from currenl input signul dutu and
stores result (pormalized Inpat signal date) in trace A
memory. Relerence line is Factory-preset ot cenler’
horlzontal CRT gratieule llne; normuolized trace ap-
pears at referesice line when tnput signal daty is ident.
teal to stored trave B. Reference line indicates 0 dRt
far relative amplitide messurements,

PLOT GRAT/HMIB CLEAR: Initlules sequence of
plotter communds over HPB to plot CRT pratleule
lines {and remotely-programmed annclation). Press
push button ugain to sbort uetive plnl HIMB plotter
must be sut to Nsten-only mode,

To reeover from tlega] HP-IB commands {SYNTAX
ERR) snd te resct disploy state, press.push buttan

“for at least 3 seeonds to perform HPAIB CLEAR.
Instrument returns Lo LOCAL and dxsu.mlmues any
HP-1B opcrmnn in progress,

" Activate digital test routines by pressing PLOT GRAT

‘plotter must be set tw listen-only made. ;

push button while switching. LINE power ON. Push
button then selucls dssired test rotine. Press both
PLOT GRAT uml PLOT TRACE push huttons to

revert ta nornm! display state. .

. PLOT TRACE: Initistes sequence of plotier com-

mimds over YP1B 1o plot displayed CRT trace(s).
Press push button agaln to abort sclive plot. HP-IB -

/
!

LINE: AC liné switch. Switches instrument prirm{ry

power ON and OFF,

INTENSITY; Atljusts hrigillnuﬁ uf CRT truce(s)and

unnaduiion charnciers,

SCALE: Adjnsts CRT  hackground - illumination,
SCALE contra! Is disabled in ANALOG DISPLAY
mode.

Y PGSN: Adjusts verticul pnsmun of CRT trace,
Usz ¥ POSN wlth reference pattem in diglead test
routine #4 to align digital trace memory coordinates
with |.'l:f|respur!t!ing CRT gratlcule lincs,

X POSN: Adjusts horizontal position of CRT truce.
Use X POSN:with reférence patterd in digital test |
routing &4 tollign digital trace memory covrdinales
with curm.‘zpur'ldlng CRT graticule lines,

1
TRACE AL](-:N: Ratates trace ubout center of CRT......-

i
FOCUS: Adjusts sharpness of CRT Irace.

CRT Atnotatlon: Indlcutes display coniral settimgs.

REAR PANEL FEATURES

Line Pawer Ruceplacle: Three-contuctor mufe ecept-
gele for vonmeeting ae power cable, Power plug re-
foining brockot, included with standard -Instrument,
curt be dnstulled ty preven| power dable <disconnection
when instrument is in transit. Power cable coils an
specinl rear feet when not in use.

15,

21.

2 I
(=]

FUSE: Springleaded’ holder” for cortridgestype pri-
mary puwer fuse.

- SELECTOR (VOLTS) Adupts prlmury power Lrans-

former Lunfguratlun to vulmbe of ac piimary power
snurce, .

ADDRESS: Switch settings determine address of

Jinstrument to be used for communications via HP[B.

Adldress is set as sum of the switches, whcre AS=16,
Ad=8, A3=4, A2=2 und Al=1. - |

HORIZ (SWEEF) CUTPUT: BNC jack is & sweep out-
put or sweep input, depénding on the position of
SWEEP switch on Interface Assembly A%, SWEEP
‘switch on assembly A9 5 factory set for swcl.p olte
put (INT).

As a BNC output, HORIZ (SWEEP) QUTPUT providés

horizontal sweep voltuge from a SK-ohm output jm-

_pedance, The <5V to +5V output range correspands
“to a full 10division CRT horizontal deflection,

As 3 BNC input with » 20K-0hm input imp~dunee,
HORIZ (SWEEP) OUTPUT allows the CRT display 1o

he swept by » =3V to +5V external horizontal sweep

signal (upproximately 30Wseu mmumum fweep rale
for dighial display made),

VERTICAL (VIDED) QUTPUT: BNC output provides

" detected video slgnal from o 50-0bm output imped-

ance, ‘Typical 0400 mY output runge corresponds
ti Fall Btiviston CRT verticol deflection.

BLANK (PENLIET) GUTPUT: BNC sutput prosides

Ju HISY penliftfhlanking signad from o 10K-ohm vui-

put impedance when CRT trace §s blanked. Otherwise,
output i low ot OV {low impedance, 150 mA max.)
for an unblanked trace,

214 MHz IF OUTPUT: BNC output provides 214
MHz IF signal (lincucly related to spectrum RF input)
from 8 SDhm outpud impedance. Spectrum analyzer
RESOLUTION BW setting controls the output bund.
width, Spectrum unalyzer INPUT ATTEN, REFER-
ENCE LEVEL FINE, and the Tirst six REFERENCE

. LEVEL pusitiens control the ortput amplitude, Qut-

put level Is approximately ~10 dBm into 50 ohms
with u sigoal displayed ut Reference Level,

H2IB Conneclur: Hewlen-Pockurd  lnterface Bus
vonnection nllows remote instrument vpention and
direct digital plotting of CRT display,
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ECONOMY SPECTRUM ANALYZER PLUG-INS -

FRONT PANEL FEATURES

1. FREQUENCY GHiz (EIP 8559A): Displays spectruin -

wnalyzer center frequency.

2. START-CENTER (HP 8558B, 8557A): Selectsmode

of FREGUENCY MHz (3) readout;

3. FREQUENCY. MEIz (MP 8558B, 8B557AY Displuys
apectrim analyzer start or center fraquency.

4, FREQCAL(HP B559A); Adjusts FREQUENCY GH:
{1} readvut for enlibration on 35 Miz CAL OUTFUT
slgnal.

5. TUNING: Adjusls spevtrum analyzer stort or center
frequency. Coarse tunlng is provided by large knob;
smuller knob provides FINE tuning,

6, FREQUENCY BAND GHz (HP 8559A): Scleets cali-
brated frequency band. Shifts FREQUENCY GH:
(1)} readont snd adjusts CRT frequency and amplitude

cullbration for proper. display of ii-hand signals.

7. ALTIF (1P 8539A) Shifis first B 15 MELz to elim-
tnote busellng WY caused by input signaty at approxl-
malely 30075 Gilz, : '

8. SIG IDENT (HP B359A) ldLnuhcs currect FRE-

QUENCY BAND GHz {6} for unknown signal, Shidis

IE ol bowers displayed stpnals on slternate spectrism
antlyzer SWL’L‘pQ Cmrm.l response is [ MHz shift to
Jeft.,

9. VERTICAL POSN: Adjusrs vertical pustlion of CRT
Lrace,

10, VERTICAL GAIN: Adjusts deflection chrenit goln for
amylitude senle colibration of CRT display,

- 11, FREQUENCY CAL (HP 8558B): Removes tuning
hysteresls fram first LO (YIG oscilletor), FRE-
QUENCY CAL should be pressed before gulibration
and whenever TUNING (5) Is Lhnnged by morg than
50 MHz,

[2 .-;-FRE.QUENCY ZERD (HP 8358B, 8557A)'~ Adjusts

" FREQUENCY Miiz (3. readout for. cahbmuon on
‘LO feedthrough {0 Hz} .

o !

REX BASELINE“CL‘IPP‘ER: vaqnu CRT blooming In
variable - persistence, 'storage display. mainframes . . R
{such .os 'the HP L31T/TR) by blanking the lower:
portion-af the' CRT display. When it is operating in - -
418 dlgital’ display. mode, the HP 853A Spectrum |
Analyzér Display does not respond to this.control,,

14, VIDEO FILTER: Postdetection - low-pass - filter
smooths CRT tence by avemging random noise: The

MAX (detent) poqltlon selects 1.5 Hz bandwidth for .-

maxtmum ftoise avésaging and nofse level measure-
ments. The VIDEO FILTER bandwxdth is scaled by

resolution bandwidth (23) seiting. “The MAX VIDEO _
FILTER should not be used for CW'signal analysis.-

.IS. SWEEP Indicator: Remains Ih:du:lng each 'sweeﬁ,

16. SWEEF TRIGGER: Selects swecp trippes modc

VIDEO Sweep triggered en internal poal-
delcction videe waveform. One-half major
division of vertical deflection {notse, AM sig.
mal, etc,) Is required to trigger sweep. VIDED
is normally used with O (2¢ro) frequency span
far time-domain anulysis,

LINE: Sweep lrlggered at oc [ine frequency.

FREE RUN: Eril of each sweep lnggers few
aweep.

SINGLE: Single sweep irig,gered or reset by
turning SWEEP TRIGGER clockwise momen-
tarlly,

17. st LO OUTPUT (HP 8558B); 50-0hm BNC output
provides 2,05-3,55 Gz first LO signal ut approx-
mitely +10 dBm. Terminate [st LO OUTPUT with
50-vhm lond when not la use, '

18, INPUT 508 Preciston type N (female) or BNC (fe-
male} signal ibput copnector with 50-chm input jm-
pedance.

Options 001 and 0G2: INPUT 750~ 75-0hm BNC

{female) signal input connector.

20.

21.

22,

{ CAUTION E
: EO;:I;ml ‘BNC pnnnmor; migh'z‘;-',:al.tsn '
" dantage if wsed directly with Option 007,
* pnd 002 75-ohitt BNC INFUT and CAL-.
. QUTRUT cnnmc!on

19 SWEEP TlMEIDIV Selet.ts time requu'ed 10 sweep

Cone m:uur hasizontal dlvismn on CRT
S

L AUTD Automutlcul]y selects fnstesl allpwable. . -
* . sweep timé 23 o function of FREQ SPANIDN .

{(22), RESOLUTION BW (23), and VIDED

“FILTER {14) seftings, to maintain.. dlsplny“'_".

ampll!udu calibration. - AUTO operation re-
+, tained. with' FREQ SPAN/DIV and RESOLU
; TJON BW cantrols unconpled

- TIME/DIV: Se[ccts cnltbmtell sweep l[m
.. TIME/BIV is used primarily. with O (Zdro}..

klml . o [

F (Full Band HP 8559A) Spuctrum analyzer i
«+ sweeps entire selected frequency band. FRE- .

QUENRCY, GHz {1) rendout ~corzesponds te
[omtmn of . tqn:ng marknr chsplay-.d op CRT.

. F (Full Sp-in HP' BSS?A} Spcctrum unalyzer

- ,sweeps entire fzequem.y range; FREQUENCY

MHz (3). readout corresponds to- location: of
l.mlng mnrkr.r dlsplayed on CRT

'j{ 23, RESOLU IICNJ BW: Seles,ts snecteum analyzer 3-8

bundwmth Ahgnment Jof O]’TIMUM - markings

[><) fmtom ucnl.ly selects. opnmurn resolution
‘bandwn.!th ﬁ;sr any ftuquency spaii, When puched in,
. RESOLUT{UN BW couples mechahu.n!ly with FREQ
o SPANDh (22! R

"CAL OUTP’UT BNC (femalc) output pmvuIes cali-
bmhun Slgn:l[ from” $0~nhm cutput tmpcdancc

. frequency span for time-domain’ shdlysis of .- -

't aimplitude’

_modulation ‘wavéforms, Dﬂpl

. calibration not Bunranteed § fm' o:h:r Frequency'

 Spins.

- MAN: Enubles m.lnual i’requency scan using . -

VAN SWEEP knob,

o

PRDBE POWER {HP 85583 SSS’M) Ptu‘titles pnwer

for: high-impedance attive, probes,: suchas the HP a

11714, (See Operation and Service Manual for delmls. L -,
26, REFE_RENCE I.EVEL.: Alljusls pawer levei (in ¢Bm

regurdmg use w:th Opﬁons 001 and 002 )

g:nn to culibrate top CRT gratigute line for'zbsolute
arnpltlude meusurements,

FREQ SPAN/DIV: Selects - CRT homumal axis
frequency calibmlmn

MHz}DlV
kHz/DIV: Selects desiréd frequency span, Align-

REI- LEVEL CAL: Ad_]usu spctrum :Inalyzcr RF, ¥

ment of OPTIMUM markings (<) selects .

* uptimum resolution bandwldth (23),

D (Zero Span): Spectrum analyzer operades asd
" - manually tunied recejver, ot frequency indicated
by FREQUENCY GHz or FREQUENCY MHz
readout, for time-domaln dmp[ny of dignal
" modutation,

'BNC connectars ' might cause
&amaqe if used directly with Option 001
el 002-75-5hm BNCINPUT, and CAL
OI.I'I‘FU'I' mnnamn A

5. "10 dB{DIV'—] dB/BIV—LIN' (Amplitude , Scale):
' _- Selem (,RT venjcal axis nmpulude cahbmtton {loga-

or dBmV) represented by top CRT graticule line.

""Large outer knob adjugts REFERENCE LEVEL In
calibrated 10-0B steps; FINE vernier provides 12 dB
of continuous adjustment, )

27. INPUT ATTEN: Selects deslred RF Input attenuation,
indicated by blie numbers {push and tum),

REAR PANEL FEATURES

28. Pl Connector: Connects spectrum analyzer plug ln to
display mainframe. -

29, HORIZ GAlN Allows 1/2 majar division of hoﬂz-
.ontal gain adjustment to calibrate spectrum analyzer
plug-in with HP 180-Series tisplay mainframe,
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Figure 3-3. HP 8559A Front Panel '
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Model BS3A ' , . ‘ : . Performance Tests

i SECTIONIV
' PERFORMANCE TESTS

required 1o check the performance of a particular -
‘ i : plug-in in combination with the HP 853A Display
472, The HP Model 853A Spectrum Analyzer, Dis- are provided in the Operation and Service Manual
play has no specified performance Limits ilseif; its supplied with the plug-in.
electrical perfor mance is dependent on the operating | :
parameters of the plug-in spectrum analyzer installed " 4-3. If you merely want to make sure the HP 853A
in it. For this reason no performance tests are includ-, * . i5 operating, do the Operation Verification procedure
ed in this Operation and Service Manual. ‘All tests i provided in Section H of this manual.

41.INTRODUCTION

i

+1/4-2




Model 853A

Adjustments

. SECTION'V
ADJUSTMENTS

51., INTFIODUCTION

5—2 Thls section descnbes lhe ad_mstments used to
Lesmre the HP 853A to its peak operating condition
after aTepair, or to compensate for changes resulting
frum componcnt aging. Wustrations showing the ap-
propriate tes. setups are included in the adjustment
procedurés. Table 5-1 lists alt the adjustments by ad-
‘justment name, adjustment reference designator, and
by the paragraph numbet of the adjustment proce-
dure Inchuded in the table is a brief descnpuon of
the purpose of the adjustment.

5-3. Data taken during an adju's.'.trhenlt should be re-
‘corded in the 5paces provided in the procedure.

Comparison of initial data with data taken during -

later adjustments is nseful for preven:atwe mainte-
nance and :mubleshootmg

“When' the covers of tha Instrument
are Yyemoved, terminals are exposed
that have voltagas capable of causing
death. The adjustments in his sec-
tion should, therefore, be performed
‘only by a skilled person who knows
the hezard involved. :

NOTE

Before _performing any adjustments,
_ allow one-half hour warm-up lime,

54. EQUIPMENT REQUIRED

3-5. Test equipment and accessories required for
the adjustment procedures ars listed in Table 1-3. I

the listed equipment is not available, substitute
eguipment may be used prov:ded it meets the mini-
mum specifications given in the table,

56. Adjustment Tools

5-7. For adjustments that require a non-metallic tun-
ing tool, use fiber tuning tool, HP Part Number
8710-0033 (check digit 4). When a non-metallic tun-
ing tool is not requiréd, you may use an ordinary
small, flat-bladed screwdriver or other suitable tool,
Regardless of the tool used, do not try to force any

- adjustment control. Slug-tuning inductors and varia-

ble capacitors especially, are easﬂy dumaged by exces-
sive force,

58. RELATED ADJUSTMEN_TS

59, Relaied adjustments are those adjustments
made with controls that are to some extent interde- .
pendent. This interdependency means.that when you
make a repair in a circuit affected by one of these

' controls, you must do the adjustment procedures

prescribed for all the controls related to the. one in
the repaired circuit. Related adjustments are listed by
their respective groups in Table 5-2. .

§10. FACTORY SELECTED COMPONENTS

5-F1. ‘'Table 5-3 is a list of factory selected compo-
nents used in the HP 853A. The components are list-

- ed by reference designator, related adjustment para-

graph, and by basts of selection. Factory selected
components are identified by an asterisk (*} in the
schematic diagrams in Section VHI and in the Re-
placeable Parts lists in Section VI, Part numbers for
standard values of selected components are listed in
Table 5-4,



Ad;ustments

Model BasA

Table 3-1. Internal Adjustuble Cmﬁponems (1or2)

Raforence

 Adjustment

Designator Name ‘:’:lrl;?r:::t - Purpose
A3R20 +15V 5-12 . Adjusts Display Power Supply +15 volts output.
AIR2I 15V, 512 Adjusts Display Po\lwer Supply —15 valts vutput,
AIR2E +5.05V 512 Adjusts Pisplasr Power Supé]y +5.05 volts output.
AIR3D Aé’rlG 3-16 Adjusts roundness of sbot on CRT.
A3R3I PATTERN 516 Cun_eéts for curvature in CRT trace,
AdR4 Hy 313 Adjusts Jevel of oﬁtput from High Voltege Power
Supply to CRT, :
"AIRIB INTEN LIM 5-13° Sets maximum CRT trace intensity.
A4RZ9 FOCUS LIMIT 516 Sets range of fmntpﬁel FOCUS control.
ASRI MAX OFE(set) 5.15 Adjoss offset of maximam pesk détector output to ADC.
AS_RZS MIN DFF(se.t) 515 Adjﬁsts offset of minkmum peak detector output to ADC.
© ASR50 Swp OFF(sél) 5-13 Adjiests nfi‘set. of horizontal sweep for use by ADC,
ASRS2 ‘ SWPGAIN 5-1‘5 Adjuats gulﬁ of horiznntai sﬁvgcp for use by ADC.
ASRS5B ADC OFF(sét) ' 5-15 Adjusfs offset of D;illlil;t from Track and Hald amplifier.
'ASR‘p'll ADCGAIN 5-15 ft\djustsi gain of Teack nnd Hold output ump]lﬁer.‘
A3REL DGTL X GAIN | 515 Adjusts vutput level of autput from Digital X Genertor,
ASR92 DGTL X {SFF(sel) 5-15 Adjuats output offset voltege of Digital X Génertur.
ASRS7 STRK (“;MN 5.15 Adjuats overall galn of Digital ¥ Generator,
A5SR59 YFB 5;15_ " Adjusts magnitude of feetlbuck' current in Digit.ul‘\’
Generator,
) AlSRl.(M INTEN EQ 513 A'djusts rejative inteml.ty of short: u;-td long CRT strakes,
ABCOL - ﬂF TRIM 5-16 k " Campensiies Tor high-frequency rcspo;'ls'c of Control
: - Gote Amplifter,
Aﬁk‘z. DGTL Y OFF(set) 5.15 Adjusts digital veriical offset re]ni‘tlve to CRT gtut.l_culc.
AGR4 DGTL Y GAIN 5-15 Adjusts digital vertical prin relative to CRT graticule,
A6R20 X GAIN . - 517 Adjusts gnin of X Axls Ampﬁﬁ:r. .




Modet 853A

Adjustments

_1265V

Table 5-1. Internul Adjustable Components {2 of 2)
Reference Adjustment Adjustment Purpase
Designator Name Paragraph P
~ ABRI0 ¥ GAIN 317 . Adjusts gain of ¥ Axis Amplifier.,
A6R1Z4 INTEN GAIN 516 Adjuats the pain of the Voltage-to-Current Converler for
o : » maximum +70V ot output of Control Gnte Amplifier,
AERI3S DYN FOCUS 5-16 Adjusta amount of intensity dyn.umiu fogus carrection
) of CRT display,
ABR15] HF GAIN 5.16 Adjusts high freQucncy response of Control Gate
. " Amplifier.
ABR153 ‘MIN INTEN 513 ‘ Adjusts mirimum voltage in Control Gate Am.p]lﬂer to
: ’ 516 set minimum CRT trace intensity, ’
" ABR13 +15.08V 512 Adjusts +15.05 volis butput of Plug-In Puwer Supply
’ Assembly.
ABRI? 5-12 Adjusts -1 2,65 volts oulpet of Flug-In Power Supply

Assembly.

53



. Adjustments Modlel B53A
Tuble 5-2. Related Adjustments
' . . A Paragraph
Assemhly Replaced or Repairad ~ Perform the Following Related Ad|u§trnenls Number

Al Front Panel Assembly

AlAl Display Control Assembly

. A2 Dispﬁy Adjust Assernbly |

A3 Display Power Supply Assembly

Ad High-Voltugs Power Supply Assemh]y.

AS Duta Converter Assembly

A6 XYZ Amplifler Assembly

-A? Processor Asscmbly

AR Plugdn Power Supply Assembly

AY !nterfuuc Assumh]y

AlQ HPIB Intérconnect Assembly
Al1 Primury Switching Assembly
Al2 Motherbonrd

Al3 Fon Module Assembly

" T1 Transformer Assembly

U1 HighVoltage Multiplier Assembly

¥1 Cathode Ray Tube

None

Nung

Frant Pane! Adjustments

Law-Voltuge 1’u\yer Supply Adjustments
Digital Starsge Adjustments

Z Axis Adjusiments

Anplog Deilection Adjustments

High-Voltage Power Supply Adjustmcnts
2 Axls Adjustment

Digitnl Sternge Adjustments

Analog Deflection Adjustments
Digltul Storuge Al!jusimcnis

Z Axis Adjustments

An.ﬂug Defleetion Adjustmients

Nene

Low.-¥allage Power Supply Adjustments

None

None

None

~ None

None |

Mone

High-Voltage Power Supply Adjuslmen1§

illgli-Vultngc Power Supply Adjustments

-Digital Storage Adjustments

Z Axis Adjustments
Analog Deflection Adjustments

1 Beet, 111,
. Chap, |

3-12
3-15
5-16
517

513
516

515
517

515
516
517

513

513
513
16
517

.54

om0



Model 853A

Adjustments

Table 5-3. HP 8534 -Factory-Selected Components

A6RS0

Selected to shift adjustment ranpe of AGR20 X GAIN,

. Refarence Designator Bagis for Selection
AGRIIS' Selected in conjunctivn with AERZI to center ¥ POSN mljusl.munt.
ASR21 I Selected in cuiijunctioﬁ with A6R1S ta center Y POSN adjustment,
_ ASR29 Selected to shit'? adjustment range of AGRI0Y GAIN. .‘
A6R34 Selected in conjunction with AGR41 to center X POSN adjustment,
+ ABR4I Selectet ln conjunction with ABR34 to center X POSN adjustment, \




Adjustments

Model 553A

o

Table 5-4. HP Part Numbers of Standard Value Replacement Components(1 of 3)

CAPACITORS

RANGE: 1to 24 pF

TYPE: Tubular
TOLERANCE:

1t09.1pF=1.25pF

1010 24 pF = 28%

RANGE: 2? to 680 pF
TYPE: Dipped Mica
TOLERANCE: 5%

‘::2'; HP Part Number g \:;I;f ’ HP I’arf Number l[:)
10 0160-2236 - 8 27 : 0160-2306 3
12 01602237 b 30 g:gg-g'gg 2

3. -2 5

18 1500051 : 32 01602308 :
; feagt 39 01400190 7
20, 0160-2240 . 4 : ‘ :
: 43 D160-2200 6
2.2 0160-2241 ‘ 5 47 D160-2307 4’
24 0160-2242 & 51 . 0160-2201 7
27 0160:2243 7 6 0140019t 8
30 01602244 8 52 . 0140.0205 s

33 01500059 8

68 01400192 9

16 01602246 0 75 <7 01602202 ¢ 8
39 L D160:2247 - 1 - B2 g{ggg;gg 0
.22, ~ 91 12 q

47 ol6ozip P o160 220 0
5.1 0160-2250 6 1o 0140.0194 .-
. . 120 0160-2205 1

56 0162251 7 130 01400195 2
4.2 0160:2252 a 150 01400196 3
6.8 01602253 9 16D D160-2206 2
7.5 0160-2254 0 ‘ .
8.2 0160-2255 1 180 01400197 4

. 200 - 01400198 5
0.t 0160-2256 2 220 01600134 1
10.0 0160-2257 3 240 0140019 6
11.0 Dr60-2258 4 270 0140-0210 2
120 01602259 5 ,
13.0 0160-2260 8 o o ;
. 360 0160-2209 3
15.0 0160-2261 9 390 0140.0200 0
16.0 0160-2262 ] 430 0160-0939 4
180 0160-2263 1
200 0160-2264 2 470 01603533 0
0.0 0602265 3 510 0160:3534 I
\ 560 01603535 2
.60 B160-3536 3
24.0 G160-2266 . 4 s 01603537 ]
1




Madel 853A - o " Adjustments

Table 5-4.-HF Part Nun;bam of Standard Value Replacement Components (2 of 3)

' RESISTORS . 1
RANGE: 10 to 464K Ohms
TYPE: Fixed-Film - :
WATTAGE: .126at1125°C
. TOLERANCE: 21.0%
i Iy ) C
"";'l';' HP Part Nursher | p v(';l;;a HP Part Number | V{Tﬁw HP Part Number D
100 - 07570346 2] 464 . 06980082 7.1 25K a757.0199 -3
1.0 . 0757.0378 o sil 07570416 7 237K 0698-3158 3 3
12,1 0757.0379 11 562 0757.0417 8 | 2K 0694-3159 5 !
133 '0698-3427 0 619 07570418 9 IWTK 06943449 3 :
14,7 D6YB-342H 1] o1 0757.0419 1] 31.6K DGYH-3160 &
16.2 0757.0382 4 | 750 + 7570430 3| 348K 07574123 N
17.8 - 07570294 9 425 - 07570421 4 383K 0608-3161 v |,
196 0698-3429 2| 9oy 07570422 5| a4k DAOE-3450 Y
1.5 069853430 5 10K Q757-0280 k! 464K DAOR-3162 0 }
237 " eoKa43) 6 LIK 0757-0424 7 51K 0757-0458 . 7 :
26.1 0698-3432 - 7 12K 07570274 5 s62K 0757.0459 #
2.7 0698.3433 8 | 133K 07570317 7| 618K 07570460 !
36 0757.0180 2 147K 0757-1094 v oM, 1K (1757-0461 N
348 | 0698-3434 9 1.62K D757-0428 t 75.0K 7570362 3
3 0698-3435 0| 78K 0757-0278 o | wask | 07570463 4
422 . DI57.0316 6 | 1wk _06YE-DRR3 & | vook 0757-0464 5
6.4 6984037 G| 245K [ . DEOEO034 R ELLS 07574465 b
511 ors70304 | 0] 23K 068.3150 6 [ 110K 07570466 7
56.2 0757.0395 I ] 260K (069H-00R5 U0 AT 07570467 #
TR 07570276 7] a7k | - UBYR3ESI 7] 13K DAYR-345) 0
68,1 07570397 31 316K, - 07570219 D | MK DAYS-3452 !
750 0757-0398 -4 | 348K 0698-3152 Bl o2k 0757-0470 3
82.5 0757-039 5] 3RIK U6Y8-3153 9 | 178K 06083243 8
"800 1 0757.0400 " 4mK DavB.31 54 & | 196K '0698.3453 2
tao - 0757.0401 0| 464K O6UB-3155 N 5K, |- 06983454 3
Lo 0757.0402 Ll sk 075740438 3| 237K 06983266 5
22t 0757.0403 | 56K 07570200 7| 26tk 069H-3455 4
133 0698-3437 N ICBL S 0757.0290 5 2wk 0698-3456 5
147 06U8-2438 31 aBIK 0757-0439 4 | 318K DGYE-3457 6
162 0757-0405 41 7,508 | - 0757-0440 7 | 348K D6Y8-3458 7
178 0698-3439 41 BI5K (07570441 8 | 383K 0608-3459 4
w5 0A98-3440 7| w09k . 0757.028K 1| axK (1698-3460 L
215 - 0698-3441 B} 100K - 07570442 v 464K Q6YE-3260 u
237 L D69R-3447 9 [ 110K 0757-0443 0 .
61 DA9E-3]132 4 121K 07570444 1
187 . 06983443 4 13.3K 0757.0249 2
316 © o 0698.3449 1| 147K | - DE9B.3I56 2
348 © Q6YB.3445 - 2] 16K 0757.0447 4
383 0698-3446 3 [7.HK D6VE-3136 #
422 06983447 4 19.6K D6UB-3157 3
57
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Tuble 5-4. HP Part Numbers of Standard Valie Rep{aéemem Components (3 0f 3)

RESISTORS
'

RANGE: 10 to 1.47M Qhms

TYPE: Fixed-Fitm

WATTAGE: .5a1125°C

TOLERANCE: t1%

"

Value | HPPast | € Value | HP Part C Value | HPPart C Value | HP Part [
[191] Number D {) Number D [13)] Number 1} {82 | Number | D
100 § 0757004 [ 4 | 215 | vensaanl | 0§ 404K | DoRB3ME | 4 TIDK 07570859 | 2
TLO | 05750085 | & %7 |30z | o8 SOLK | 01570833 | 20| 2K [ 0757000 [ S
120 | 7570986 | 6 | 361 [OISTEOO0 | 5 g S 42| DISTUBI4 | 3 133K [ 0757-0310 0
3| o7sroner [ o | 2e7 povsTIM2 | 7| 69K O7STI06 | D | MTK | 0GUR-3175| 5
147 | pevr.3ams | 2 L de | Deekdan2 | GRIK | OTST-0835 | 4 (] N62ZK | 07570130 2
162 | 075709 | 0 | dag | oeowrsor |2 7.50K | 0757-0836 | & 178K [ DIST.0129 | 9
178 | coun3gy | 3 3| OnoR-3404 | 3 b BISK| OTST0837 [ 6 [ 196K | D75T0063| O
194 | coodad0 | o | d2r 7| Daod30s | 4 WAOK | DTST083H | 7 25K | 07570127 7
5 | aeuss3or | 70 4ee | DevmDooo |7 100K | 07570839 | & 237K | K9B344 | 7
137 | 0pY8.3392 | 8 f SIE |-DTSTOHI {9 12,1K | D757.0841 } .2 21K | 07570064 | 1
ot | .07ST0003 | B 562 [ 075T0R15 | D 13,36 | DB9B-3413 | 4 WK | 07570154 O
7] 06983303 | % 619 | 075T0ISE [ 4] 147K 0698-34t4 | 5 26K | 06983425 | B
6 | De9s-3ivd | o |0 4Rl O7ST08Me | | 162K | 07570844 | 5 K [ 07570195 9
M8 ] 0698335 | 1 750 | DTATOHIT | 2 ITRE | D6OR.0025 | 8 33K | 0757.0133| 5
M| Devddee | 2] B25 | o7avoRIB | 3 100K DAOR-3415 | 6 | 423K | 07570134 | b
422 | 0avB-3397 | 3 90 | 07570819 | 4 F. 215K | oavR3siac| 7 | 464K | 06083426 | 9
464 | DOVE3E | 4 L.ODK [ O757.0059 { 5 23T 0avh3417 | B | SHIK | 07570035 | 7
51,1 | 07571000 | 7 LIOK | 07570820 | 7 260K [ 0avB-AR | % | 562K | u7sTORes | 3
56.2 | 571000 | B [ 120K | DYs7OBII | R IR 0eR3ID3 | % ) 19K | 0757.0030 ] 4
619 | 07570002 | & 133K [ DAvR3406 | 5 3LOK | G6U8-3419 [ 0} sBIK | 0757.0R6% | 4
6.0 1 07570794 | 41 1LATK| 07571078 [ 9 ] 348K | 06983420 | 3 -f 750K | 0757-0037| w
750 D7570795 ¢ 5 | )6ZK | O757-087F | 0 | 383K | 06983420 | 4 [ 815K |o757.0870) 7
825 ['0757-0796 ( & | L78K | 00980089 [ 4 | J22IK| 06983422 { 5 | -vioK | 07570138 | o
90.0 [ 07570797 | 7 196K | 00083407 | 6 46.4K | 0698-3323 | & I 0757005 | 4
we | 07570198 |2 215K | Oovk-3408 | 7 SLIR| 07570853 | o[ LM [ DI570039 )
Ho | 07570798 | 8 2A7K | 093400 | R 50.2K | 07570854 [ 7 1.2IM | D75T-0871 | &
121 | 0757079 | 0 261K | pova.0n28 | 7 61.9K | 07370309 | 7 1.33M | 0737-01%4 | &
133 | vovH3309 | & LH7K | D6vE-Fror | 7 681K | 07570855 | % 1470 | C6vH-3464 | 5
147 {- 06983400 | 9 | 306K | oeod-3410 .0 1 | 750K | 07570856
162 07570802 | § | 348K | ca0iA411 | 2 BLSK | 0757.0857 | O
178 06983334 1 B b 3H3K | pavR32 | 3 YOOK | 07570858 | 1
W6 070 | 9 | 422K | 0av8-3346 | 2 100K | 0757.0367 | 7
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ADJUSTMENTS

512. LOW-.VOLTAGE POWER SUPPLIES CHECK AND ADJUSTMENT
lI(EFERENCE: .

Al and A8 Schematics }

DESCRIPTION:

- The low-voltage suppl:es on Plug-in Power Supply Assembly A8 and on D]sp[a}, Power Supply A3 are checked

and adiusted as necessary for correct output voliage levels.

EQUIPMENT: )
 Digital VORMELES .\ eeeeeeeeerressnaeeeaneseeeeneenss e HP 3455A
Spectrum Amalyzer plg-n. . .....oooii i e e " HP 8357A, B55BB, or 8559A
. SPEGTRUM ANALYZERLARILY DHEITAL vor.mnsnl
- D I“'R”“
i " i nlO T
Figure 5-1. Low-Voltage Power Supplies Adjustmnent Test Setup
PROCEDURE:

Plug-In Power Supply Assembly AS

‘1. Set display LINE switch to OFF disconnect ac power cord and remove lhe HP SSSA lop cover, Connect
the eqmpmem asshown in thure 5 1.

NOTE

Connect digital volimeler ground fo iasl point ABTP2 when monitoring volt-
ages on Plug-In Power Supply Assembly AB.

A Reconnect ac power cord, install spectrum analyzer plug—m and set display LINE switch to ON,

3. Adjust potmtlometer A8R13 (+15. OSV ADJ) for +15.05 = 01 Vdcat
- ABTP1.

4. - Connect digital voltmeter to ASTPS. Adjust poten'mmeter ASRI7 {—12.65V AD)) for a voltmeter read-
ing of — 12,65 +=0.01 Vdc.

5.9
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ADJUSTMENTS . | " (

512. LOW-VOLTAGE POWER SUPPLIES CHECK AND ADJUSTMENT (Gont'd)

The vollage at ABTP4 {chack In the next stap) is hazardous.
5. Connect digital voltmetet 1o ABTP4. Voltmeter should indicate + 100 +2 Vde.

6. Disconnect the digital voltmeter. The three amber LEDs (DS] through DS3) on Plug-In Power Supply
' Assembly AB should be lit, indicating that the supply voltages are present and at the correct levels.

7. ‘Set LINE switch to OFF and remove spectrum analyzer p]ug -in from the display mainframe.

8. Set LINE switch to ON. “The + IDOV power indicator LED (DSI) on Phig-In Power Supply Assembly AB
should be very dimly lit, indicating proper safety shutdown of the + 100V supply wheén p]uu-m spectrum
analyzer is removed from dispiay m:m‘framé (Shutdown is pirtial; lO{)V supply output |s reduced to less
than 20volts.) .

Display Power Supply Assambly A3

9. Set LINE switch to OFF and instalt spectrum enalyzer plug-m in display mmnframc Set. LINE switch.i¢
ON,
"'NOTE S -

When measuring \roltagas on Dlsplay Power Supplyl Assambly A3, connect
digital volimeter ground to 1est point A3TP35.

10. . Connect dlgllal voltmeter to test point A3TP2, Ad_]ust potentiometer A3R20 (+ ISV ADJyfora vul!mctcr ;
reading of +15.00 0.0 Vdc. . .

11. - Connect digital voltmeter to test point A3TP4 Ad_]ust patentiometer A3R2! {—15¥ ADJ) for a voltmeter,
reading of '— IS 00 +0.01 Vde. -

12, Connect digital voltmeter to test point AJTP7. AdJI]Sl poteatiometer AIR28 {+ 5V ADJ) for a voltmeter
: readmg of +-5 05 £0.01 Vdc, ) .

13, Connec_t digital vo!tmeler totest point A3TP3. Yoltmeter should indicate —~12.0 = 0.5 Vdc,
" 'The valtags at tesi point A3TP6 (checked in the naxi step) is h!gh enough o
 Cause you severo injury if contacted.

14.- Connect the r.hglta.l voltmeter to test point A3TP6. Voltmeter shoulr.l mdlca!e +158 £2.0 Vdc

15. Disconnect the dJsltal vol:meier The four amber LEDs {DS! throogh D34) on Display Power Supply
- Assembly Al should be lit, indicating that the supply vollages are present and at the correct levels

16, "When you have completed the above checks and “adjustments, set thr LINE to OFF, disconnect lhe i -

‘ power cord, and replace the HP BSJA top cover .

. 510
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ADJUSTMENTS

513. HIGH VOLTAGE POWER SUPPLY ADJUSTMENT
REFERENCE: ’ '

Ad Schema;ic. See Figure 5-11 at the back of this s:c'linn for locations of adjustments on assemblies A5 and Aé.

DESCRIPTION:

A high-voltage probe is requited 10 measure the high-voltage cathode supply to the CRT. The probe accuracy is ’
checked by comparing measurements of the + 158V supply with, and without, the probe in the test setup, Any
error is compensated for when the CRT cathode supply voltage is set. The Intensity Limit adjustment is set m
limit the CRT control grid voltage and, in effect, to limit the maximum CRT trace intensity.

azrea | SPECTRUM ANALYZER ' DIHIH\L VOLTMETER

L P ——,

T m}

IETELEED
ELETEY i
wsnnnno &

el@lele]

RnQ (G ene (B

6‘&“:‘

¥
H
¥
H
H
i

S ——
Figure 5-2. High-Voltage Power Supply Adjustment Test Setup ‘
EQUIPMENT: '
Dlgnal Voltmeter ...... been ........... e e e aan HP 3435A
. High-Voltage Probe (1000:1 Divider) .. . e HP 34t11A
Spectrom Apalyzerplug-in ......oeviiiiiiiiiiiainen, . HP 8559A 85388, or 8557A

HIGH-YOLTAGE PROBE.

To minimize shock hazard, use a non-metallic ndjustmeni tool for adjust-
menls 0% High Voltage Power Supply Assembly A4.

The following procedure probes voltages thal. If contacted, could cause par-
sonal injury or death. ‘ . '

| .
o NOTE
E Mjusimani 61' High Voltage Power Supply Assembly A4 should notbo a

routine maintanancs procedure. Adjusiment should be done only when the '
high-voltage power supply or tha CRT is repalrad or replaoed
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ADJUSTMENTS

518, HIGH VOLTAGE POWER SUPPLY ADJUSTMENT (Cont’d)

NOTE

It High Voliage Pawar Supply Assembly Ad, or an adjusiable component in

the assembly, is replaced, set all edjusiments on the replaced assembly to
midrange (except A4R18 INT LIM, which should be set fully counterclock-
wise) betore turning tha instrument an. If the CRT is replaced, set the front-
panel INTENSITY control fully counlerclockwise before applying powar.

" PROCEDURE:

After disconnecting the ac line power cord, allow at least 30 seconds for
capacltors in.the high-voltag~ power supply-to discharge belore removing
the protaclivs cover of High Voltage Power Supply Assembly Ad. '

I Sr.t LINE switch OFF, dlSL‘OI.‘llle(.t power c.ord and remove the HP B53A top CcOVer, Removc protective
cover of High Voltage Power Supply Assembly A4.

'2.  Remove screw that attaches assembly Ad to cavity, Partly remove board from cavity to read value of
voltage written on Transformer Assembly AdAl. Record this voltage and reattach assemb[y A4 to cavity
with sciew,

Ve
:
To prevent permanent damage to the CRT, be prepared to turn off the instru-
. ment If a bright spot appears on screen. Sei INT LIM adjustment ASR18 fully
" counterclockwise befors !nstalling a new High Voltage Power Supply As-
sembly A4,
3. ‘Reconnect power cord install spectrum analyzer plug-in, and set LINE switch ON, If a bright spot
. appears on screen, immediately turn off displny mainframe, I bright spot does not appear, set controls as
follows:
TRACE A L.ttt iiiast st ii et ettt r b arrrres STORE BLANK
TRACEB ......covvivnnnar, N ST heeeaaraten STORE BLANK
DGTLAYG L. otiinmnrneaarnene et nrnstsnnnsttssnt e rnrnanrrraenssas OFF
INPUT—B—~A ... .ccvereininrennsn s et et a e e taaas OFF
SCALE | i iiiiiiniiiinssiirantsirnnssnsiosiosasitaresssscinsais Full cotnterclockwise
1 <1 O Dim CRT trace
FOCUS...... R v Crereraaes Midrange
FREQSPAN/DIV ...t iciiniiinnranenns e errrerrrraras i -0MHz
RESOLUTIONBW ...t vennes e e
INPUTATTEN ......ovnveneinnn . e :
REFERENCE LEYEL e :
Amplitude Scale ......
SWEEPTIME/DIV ........... e e e ewraans Vi
VIDEOFILTER . ..ot il areaaaas S
512
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Adjustments . '

543. HIGH VOLTAGE POWER SUPPLY ADJUSTMENT (Cont'd)

High Vallage Power Supply

4. Calibrate high-voltage probe as follows: ‘

a.

5. Set DVM 1o IOV range ancl attach high-voltage probe ground lead to the HP SSJA Lhasus Measure .

Set d]g:lal voltmeter (DVM) to AUTO range, measwe cmtput of +158Y supply at A3TP6 w;th
standard DYM prube, and record reading.

Connect 1000:1 divider probe to VM, measure + 158V supply, and record reading.

+_ Vde '

Ve

high-voltage probe

v

reading.

calibration factor,

Multiply volwge recorded in step 2 by calibration factor ca!culated in step 410 yield desired vo[tage

L= Vde

| WARNING I

High voltage prasenl at A4TP1 c:uuld, if cnnlaclad cause savere mjury or

dealh.

output of high-voliage cathode power supply at A4TP1. CATH test hole (p[atcd-thruugh hole at edge of
~ PC.board).

6. Adjust AdRa HV for a voltmeter reading equnl to lhc voltage reading ua[ctilqted in step &L,

 tntensity Limit and Focus Limit

NOTE

The DBVM must have 10 megohms input resistance for correct measurement.
" If the HP 3455A Digital Volimeter is used, the 100-volt or ths 1000-voli range
musi be used. Do not use AUTO range.

7. Dlsconnect 1000:1 divider probe from DVM and COnn standa.rd DVM probe Connect DVM to CONT
GATE QOUT test point AGTP2, -

Divide reading recorded in step 4a into reading recorded in step flb This gives calibration Factor of

513
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ADJUSTMENTS

5-13 HIGH VOI..TAGE. POWER SUPPLY ADJUSTMENT {Cont'd)

B. Set front-panel: INTEN control for a voltage reading of 30.0 0.2V, (If voliage at CONT GATE OUT test
point. AGTP2 cannot be reduced 1o + 30V, adjust MIN INTEN A6R153 just enough to allow reading of

+30 +0. 2V)

"~ This vnllaga must be set correcily before INT LIM polenlinmetar AdR1Bis
adjusted, or permanent damage to the CRT could result. . ‘

‘9. Adjust MAN SWEEP contml to rmdranse pos:tion

10. Ad,]ust A4RI8 INT LIM clockwise untll adoti is barely visible on CRT.

Adjust front-panel INTEN control to d:splay CRT dot at ncrmal mtens:ty Adjust A4R29 FOCUS LIMIT
for best focus of CRY dot.

1L

12, Repszat steps 8—11 untilno further adjus:mem is nmsa.ry

13, Disconncit DVM from test pmnt AGTP2. Set LINE switch OFF, disconnect power cord, and walit at Ienst
30 seconds befors replacing protective cover of Hngh Voltage Power Supply Assembly Ad. '

14. Perl‘orm Z-Axis Adjuslment Procedure (paragraph 5-16in thh Sccnon)

5-14
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. ADJUSTMENTS

514. DIGITAL STORAGE TEST ROUTINES

Eleven test mutmes comamed in the firmware of the HP B33A, are used 1o adjust, venfy the correct opeml:on
of, and truuhlmhont the digital storage c:rcultry

Test routings are accmsed by turcing the.- lnstrumenl off, pressing and holding PLOT GRAT, turning the mstru—’
ment on, and then rcIcasmg PLOT GRAT. The first routine accessed i in this manner will be test routme #0

In test routines #0 and 4, a fuur—chamcter code, dmplayed on the nght -hand side of the CR'T, represents the
current revision of the program ROM.'

The test routines are numbered from #0 through #9 and #A on lhc Ieft~hand side of the CRT To v:cw the oulput
of the various test routines, proceed as follows

‘1, Access t:sL mutme #0inthe manner dcsmbcd above.

2. After tast routine #0 is selected, the PLOT GRAT push button can be pressed and released successwe[y to
step the test mutmes sequentmll)r from #1 through #A

3. For all test modes, stl:ctmg STOR:: BLANK A and STORE BLANI{ B at the samv. time switches the
- display to the analog mode. Although this doesn't deactivate the test routines, they will no longer be visible
oh the CRT. For any other TRACE A or TRACEB se]ecnon the test routine display is active.

4. o exit the test routine modc, press and release PLDT GRAT end PLOT TRACE simultancously, or turn
the instrument LINE power switch OFF then ON.

_‘Dlsplay Adjusi Liro Test Pattemn _
Use test routine 0 (Figure 5-3) for the Tollowing front panel adjustments:

TRACE ALIGN
X POSN ,
" Y POSN

- NGTE.

The slightly different display pattern of test routine #4 can also be usod for
thess adjusiments,

The trace is generated from fixed values in memory that correspond to the top horizontal graticule line and the
vertical centerline, When trace alignment and position adjustments are properly made, the generated horizontul
line should be displayed over the top horizontal graticule live, and the center tick mark should be positioned
over the vertical cemer[me eiched on the CRT, This matches the center of the top horizontal graticule line wnh
the corresponding position sent through the Hewlett-Packard Interface Bus (HP-IB) to the plotter.
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ADJUSTMENTS

514. DIGITAL STORAGE TEST ROUTINES (Cont'd)

—
i

I_' ORI ~...»h=|.|flt.
IllllllﬂilllﬂliiFihl‘llﬂ}L I

[ IO T 8 (li-h muldsavg
L UL 3 { AR L ‘Itmfﬁ'

Tast Routine #0 . Test Routing #1

Figure 5-3, Test Routines #0 and #1

Stroke Generator Test Patiern
Test routine #1 (Figure 5-3)is used for the following adjustments:

© INTEN EQ{ASR104)
Y FB (ASR9%)
STRK GAIN (ASRIT)

The chamctcr d:ap]ay verifies operauon of the character ROM and associated circuitry. The full ASCII charac-
ter set is displayed,

The stairstep display verifies operation of the output digital-to-analog converter (DAC), Eleven levels should be.
seen; these correspond to 512, 236, 128, 64, 32, 16, §, 4, 2, 1, and 0. The wransitions to the last two levels are
difficult to see on the CRT trace. Note that the levels have been offset by 128 to position all of them wllhm the
graticule area.

The square wave is used to adjust and verify the operation of the stroke generator; there should be no more than
a minimal overshoot or undershoot. Note that the overshoot ot undershoot appears at the right-hand edge of
the square wave rather than at the vsual left-hand edge. This is because the CRT tmces are wrilten backward
{going from right to left).

The test pattern on the right half of the screen is used to adjust and verify the stroke intensity modulation
circuitry. When the front-panel INTEN control is at midrange, the brightness of the shurt strnkes (the inverted
‘V*) should be the same as that of the rest of the pattern.
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ADJUSTMENTS

514. DIGITAL STORAGE TEST ROUTINES (Coni'd)

Tast Routing #2 . . Tast Routine #3

Figure 5-4, Test Routines #2 and #3
Peak Detector Droop Test '

Test routine #2 (Figure 5-4) is used to measure the amount of hold-mode droop in the maximum peak detector
circuit. The droop is the amount the voltage or the hold capacitor decreases over time because of leakage of the
hold capacitor and of the components copnected to this capacitor. The ficmware implements o digital-storage
oscilloscope mode, The sweep is triggered by a positive-going signal at the hovizontal center of the screen. The
sweep time per division is adjuslable with the spectrum anatyzer SWEEP TIME/D1V control. Note that only
the right half of the screen is used for the test mode. Trace A displays the data acquired by the sample detector,
while Trace B dlsplay:. the data acquired by the maximum peak detector,

Focus Test Pattern
TESI routine #3 {Figure 5-4j is used for the following adjustments:

FOCUS (Front panel)

HF TRIM (A6C61)

ASTIG (A3R30)

HF GAIN (A6R151)

DYN FOCUS {A6R135)
" FOCUS LIMIT (A4R25)

‘The separate dots making up the letter X should be observed to determine how well the CRT beam is focused.
The chasacters can also be moved 10 mid-screen and bottom-screen posmons tocheck the focus in those areas of
the screen by momentarily pressing PLOT TRACE. o
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5-134; DIGITAL S'I‘ORAGETES]' ROUTINES {Cont'd}
0ulpu| Test Pattern _
Test mutme i (Flgure 5-5) prmudes the nulput test pattern that is used for the following adjustments

TRACE ALlGN (Front panel)
X POSN (Front panel)

Y POSN {Front panel} -
PATT {(A3R31)

DGTL X GAIN (ASRE1)
DGTL X OFFSET (A5R92) . : " :

DGTL Y OFFSET (A6R2) ' '
DGTLY GA]N (A6R4) - : - !

The lines are generated from fined values in memory that com:spund to the top, bottom, left, and right
graticule lines that are transmitted over the HP-IB to a plotter. The generated horizontal lines should coincide
with the top and bottom graticule lines etched on the CRT. The two vertical lines should be spaced 10 divisions Lt
apart, but are often offset slightly from the side graticule lines becasise of CRT nonlinearities. (X POSNis

adjus{ed so that the center tick mark lines up with the center vertical grancule line.)

¥ VIDED [P
Il EminaQtE Qaaaeld Ya21d  Yeinsld  rfeasnIX fd‘

MUURRRE UV - A2 IATETE DL ) ) MRBCDEFGH LMD WY §
FORSTUNGECYZ ([ l'_'uﬁiﬁthlmnm!wny!(II‘!

S

Tost Routing' 34 : Test Routine #6

* Figure 5-5, Test Routines #4 and #5
Input Test Houilna

Test routinz #5 (thure 5~5) i5 used for the fol!owmg adjustments

MAX OFF (ASR) ‘ ‘ | ' 2

MINOFF (ASR25) : , ‘ N
ADC OFF (ASRS8) - : ‘ :

ADC GAIN (ASR71)

SWP OFF (ASRS0)

SWP GAIN (A5R52)

318
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ADJUSTMENTS

514. DIGITAL STORAGE TEST ROUTINES (Cont’d)

The trace data is acquired using an algbrithm similar to that used for normal operation, except that absolute

rather than incremented X positions are used. To avoid gaps in the trave, use sweep times of 100 ms per division
or slowér. When manual sweep mode is used, the trace may be updated in either direction. The PLOT TRACE
push button cart be pressed to switch between three ADC input signals: the maximum peak detector output, the
minimum peak detector outpm, and the video signai from the spectrum analyzer plug—]n The following infor:
mation is cllsplayed. '

)

X: Instantaneous value of X

Xmm Minimum value of sweep. updated atretrace - ’ N

anx Mmumum valuc of sweep, updated at retrace )

Y: Instantancons value of ¥ {the selected input)

Ymin: Minimum value of the selected input, updated at retrace

Ymax: Maximum value of the selected input, updated at retrace

The readings are used pnma.nly to set lhe ~ain and offset adjustment of sweep (X) and video (Y).. precedmg the
analog-to-digital convcrs:on

‘No gaps in the trace should be seen when a horizontal lme is d1sphyed in linear mode with swerp times of 100

ms per division and slower. If lhcre are gaps, the d:g]tn.l to-analog converter {DACY used in the ADC r.‘lrcult is

- the primary suspect.
Sweep Time Test

Test routine #6 measures the sweep time of the spectrum analyzer plug-in by measurin'g the time between retrace
. pulses. Momentarily pressmg the PLOT TRACE pmh button clears the timing and triggers a new sweep. If the
anatog display mode i4 selected, an analog trave is displayed during each sweep, after which the displuy
mainframe switches to the dxg]t.].l mude to display the measured sweep time.

Memory Tast Reulines

J
Test routines #7 #8, and #9 perfurm tests on the various memorics that are accessed by the microprocessor, The
memory is repeatedly tested as'long as the instrument is in a given test routine. This providey a convenient
means to troubleshoot mterrmuent memory problems. .

For example, run the test unattended for an extended lcngth ‘of time, or try healmg, cooling, or shaking the
microprocessor board (Processer Assembly A7). If a failure occurs, the test stops, and failure indicators are
dlsp!ayed on the CRT, The indicators are a horizontal line at a given pqs:tlon on the CRT and repeated charac-
ters in the annotation area of the CRT, These indicators assist in narcowing the fault location to a defective IC.

{See Memory Fault Location ludicators listed in Table 5-5 below. ) If two indicators point to different faults,

start with the primary indicator given in the table.

When the instrument is turned on, a power-on verification test is performed, This test runs each of the memory
test routines once and takes about 5 seconds to complete. If the verification test fails, refer to Table 5-5 for an
interpretation of the displayed failure indicators.
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514 DIGITAL STORAGE TEST ROUTINES (Cont'd)

Syslem Mlmory Test. Salect test routine #7 to test system memory. Any (ailure that affects lhc data bus also
shows up as a failure in this test. Since the character memory ares is located in the system memory, a pattern is
seen moving through the annotation area of the CRT. Unlike the other test routines, the test routine [abel (“#77}
is not displayed during test routine #7. If the test stops, refer to the Memory Fault Locotion Table for an
interpretation of the dxsplayed failure indicators.

[y o

Program Memory Test. Select test routine #8 to test program memary. No trace or character, except-for '#8,’
is displayed unless the test fails. Refer to the Memory Fault Location Table for an interpretation of. displayed
failure indicators.

. Siroke Memory Test. Select test routine #9 to test stroke (trace) memory, A momentary display of ‘49" is
followed by an unfocused pattern movmg through the entire CRT area. If the test fails, refer to the Memory
.. Fault Location Table l'or an interpretation of dnsplayed failure indicators. Each cycle through the test lakt.s

about 4 seconds.
Tuble 5-3. Memory Fau.!'l Location indicators
. - o —_— . Test Routine
Primary Indicator -Secondary Indicatar |- Cireuit Under Test Dofective IC Number
Lineat0dB . LeterA  Bystem Memory . -
Line at -5 dB Letter B : System Memory ATUE . W# g
- Lineat ~10dB . Latter System Memory ATU7 #
Letter D ) Linc ot —15 UB Program ROM - ATU34 8
Letter E : " Lingut 2048 Stroke Memary ‘AU ¥
Letter F Line pt 25 B ) Stroke Memory ATU9 #
Letter G : Linv at -304B : Stroke Memory A7ULD #
Letter H . Lineat -35dB - - Stroke Memory ATUEL #
"'Any faflure thn_g affects both high and low nibbles of dota ot datn bug ¢an cavse this fajture,

HP-IB Tost.

. Tocheck the HP-IB hardware, select test routine #A. In this routine, the HP-1B processor i8 set o a Talk-Only/

_ Listen-Only mode, which allows it to handshake and talk to itself to perform a self-test. Additionally, the
‘processor sends a binary count pattern out on the HP-IB connector and activates the HP-1B handshoke lines,
With an oscilloscope, you can quickly check these outputs for evidence of problems in the sssociated bus driver
circuitry. .

The test routine displays “#A" if the HP-IB hardware is working properly, and “FAILED" if it is not. Momen-
tarity pressing the PLOT TRACE push button clears the “FAILED” display and restarts the test, each cyclc of
- which takes about 0.1 second.

ot

" Adjustments ‘ ' : D ) ., Model BS3A

ADJUSTMENTS

517.. ANALOG DEFLECTION ADJUSTMENTS (Cont’d)



Model 8534 . - . Adjustments

'ADJUSTMENTS

515. DlGITAL STORAGE ADJUSTMENTS
REFERENCE

A5 anid A6 Schematics. See Figure 5- ll 'at the back of this section for Iocanon of adjustments on assemblics AS
and A6. .

NOTE )
The analog deflection ad]uslmttnls {paragraph 5-17) must be performed be-
fore the digital storage adjustments. Each of the digltal storage adjust-
ments must be performed in the order presented-

DESCRIPTION:

. A description of all digital storage test routines is provided in paragraph 5-14, with instructiovis for entering and

exiting the routines. For convenience; some descriptions are repeated here. The test setup for digital storage
adjustments is shown in Figure 5-6.

The following adjustments are included under Digital Storage Adjustments:
Digital-to-Analog Output Adjustmems

Stroke Generator Adjustrrtcnts ‘
Digital Gain and Offset Adjustments

Analogo-Digital Input Adjustments

" Peak Detector Droop Test '
ADC, Peak Detector. and Sweep Adjustments

EQUIPMENT

Required eqiipment is listed individr.ially foz each adjustment section.

PROCEDURE:

Remove top and bottum covers from HP BSSA. Pcrform the fol!uwmg adjustment procedures and tests in the
order they are presented.

Sfiroke Ganerator Adjustmenis

. DESCRIPT]ON':

Test routine #1 is vsed to adjust and verify correct operation of the stroke generator circuitry, The charauu.r
display verifies operation of the character ROM and associated circuitry. The full ASC[I character set is dis-
played.

The stairstep display verifies response of the cutput drgrm] to-analog converter (DAC) to changes in each of its
10 input bits. Eleven levels should be seen; these correspond to 512, 256, 128, 64,32,16,8,4,2, 1, and 0, The
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transitions to the last two levels are difficult to see on the CRT trace. Notethat the levels have been offset by 128
to position all of them within the graticule area for convenient viewing.

05C1LLOSCOPE

oty e [P
N t PROBE

v W
"3 npny o_.-;e

SFECTRUM AHALYZIER

Figure 5-6. Stroke GenemfarAdjustmems Test Setup

The square wave display (adjacent to the stairstep) is used to adjust the stroke generator circuitry; there should

be n¢ more than a minimal overshoot or undershoot. Note that the overshoot or undershaot appears at the
nght hand edge of the square wave rather than at the usual left-hzmd edge. T‘us is because the CRT traces are

written backward (going from ng,ht to left).

EQUIPMENT: o
Oscilloscope ........ eareasasraans i e rrrerrarr e ens vooo HPIT4IA
10:1 Divider Probe . ......oivvuniens eeas itk errrrenrenneras HP 10004D
Spectrum Analyzer plog-in ...... Ceeeees e rrreraererrernen » HP 83594, 85588, or B557A
PROCEDURE ‘ ‘

1. Set oontrols as follows:

* HP853A ond Spectrum Analyzer plug-in:

. TRACEA........ BT e ——— e .. WRITE
TRACEB.. ... ..vv0eeenens e rerataaaa st e annanrnaan s — STORE BLANK

DGTLAVG .....c0le,,. Frerrrrenea e ssran ik retvierrerrrarrraraes OFF'

- FREQSPAN/DIV ........... ‘
RESOLUTION BW..,
INPUT ATTEN .....,
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HFP 1741A:
Channel A Volts/DIV ........0.es F e e 0.1V (1.0V/DIV on screen)
CTIME/DIY .« vvvenrinnisesreinsenseasinsssessnnssneresrnrernennrrsrnnn 0.5 msec

Simultancously press PLOT GRAT and LINE push buttons to turn the instroment on and display test
routine #0. Press PLOT GRAT again to select test routine #1.

Connect oscilloscope probe to ASTP3 STROKE LEN and probe ground to ASTP] GND. Adjust TRIG-
GER control as necessary for a stable display on the oscilloscope CRT similar to that shown in Figure 5-7,

- Adjust ASRS9 Y FB potentiometer for a flat-topped stroke pattern (far right pa:tern on the HP 853A

CRT). Corresponding V-pattern on nscnllosmpe CRT should also appear flat-topped after adjustment (see

. Figure 5-7),. . ,
" Adjust ASRS7 STRK GAIN potentiometer for a symmetrical Vepattern on oscilloscope CRT,

Adjut YFB
[ABRI}

for flat-toppad_ - .

patiem ~d : : E—
Adjust STRK L~ . T

GAIN (A5RA7} .

for symmetrical '
V-pattarn et et L T

Figure 5-7. Stroke Generator Pattern

* Repeat steps 4 and 5 until no further acdjustoent is necessary.

 Disconuet oscilloscope from A5STP3.

Verii‘y that all characters are clearly and carrecﬂy displayed on CRT. -

Verify that there are 11 Ievels on the staircase d:splayed in test routine #1. (The last two transitions are - -
-difficult to discern.) .

Observe stroke pattern on the HP 833A CR‘T. With .I'N']'EN control at midrange setting, adjust ASRI04
INTEN EQ potentiometer for uniform intensity above and below inverted 'V

C R REE TR

U e i e A G 1Y KGN R S R T T TR il e

an T e i T

T T LTI R TRk ]
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515. DIGITAL STORAGE ADJUSTMENTS (Cont'd)
Digital Gain and Ofiset Adjustments
DESCRIPTION:

"The digital gain and offset adjustments are perfurméd aftet the analog deflection adjustments, The digital gain

and offset adjustments align the digital reference pattern of test routine #4 with the fixed CRT graticule lines, .

This cstablishes a digital X and Y coordinate for each point-on the CRT, and ensurcs that CRT plots made via
HP-1B correspond to the CRT display. ) ' : :

EQUIPMENT:

Spectrum Analyzer plug-in o..ilesinrivrrrrrirrerea e iiiaenns HP B559A, B'SSEB,‘ or HSS?A :

PROCEDURE.:

1, . Set'controls as follows:

CTRACEA « e e e e ean e e e e T WRITE
TRACEB ..vovveneirsinnieennnenns ietireneeniea et STORE BLANK
DATLAVG oo, OFF

INPUT-B—A ......... e O OFF

SCALE ; cer ) ... Fullcounterclockwise
INTEN s s ar e Midrange
SWEEP TIME/DIV ) "AUTO

SWEEPTRIGGER . ....ioviiiriianierrrrrir e JETTTT. eas FREE RUN

2. Simubtaneously press PLOT GRAT and LINE switch tor turn instrument on and displny test routine 0.
Press PLOT GRAT to select test routine #4. .

;

3. Adijust ASREI DGTL X GAIN and ASR9Z DGTL X OFFSET so that iwe vertical lines of test pattern
coincide with extreme left and right graticule lines on CRT. Exact coincidence should pecur at center of
both graticule lines. These two adjustments are interactive; repeat until best match is achieved.

4, Readjust ASR92 DGTL X OFFSET so that tick mark at center of display coincides with center graticuie
line. ’ } o ' C

3. Adjust A6R4 DGTL Y GAIN'and A6R2? DGTL Y OFFSET so that two horizontal lines of test pattern
. ¢coincide with top and bottom graticule lines on CRT. Exact coincidence should vccur at center of both
graticule lines. These two adjustments are interactive; repeat until best match is achieved.
Paak Delector Droop Test .
DESCRIPTION:

Test routine #2 is used to measure the amount of held-mode droop in the maximum peak detector circuit, The
droop is the amount the voltage on the hold capacitor de¢reases over time because of lenkage of the hold
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capacitor and of the components ca.nected to this capacitor. The firmware implements a digital-storage oscillo-
scope mode. The sweep is triggered by a posmve-gomg signal at the horizontat center of the screen. The sweep
time per division is adjustable with the spectrum analyzer SWEEP TIME/DIV control, Note that ynky the right
half of the screen is used for the test mode. Trace A displays the data ncqum:d by the l;:r.mph: detector, while
Trace B displays the daia acqmrcd by !hc maximun pcak detector _

EQUIPMENT: . } Lo .
SpectromAnalyzer Plug-in .......oviiiiiiii i e HP 85394, 8558B, or 8557A
PROCEDURE:
1. Set controls as foltows: ) : - . . -
TRACEA .. .iivviiiiiiniinnnnn, N ferene v i STORE BLANK
TRACEB..... e e e e . STORE BLANK
DGTLAVG ....... N b e ia ey OFF
" INPUT - B—"A et b saa s a e r e e s OFF
CSCALE ... bt b by .+, Full connterclockwise
INTEM . e e e Midrange
FREGSPAN/DIV .. ... .oiivnvnias e i 5MH:
RESOLUTION BW ... it iii it it ierieneninnvas . 100kH:
INPUT ATTEN . ... 104B
~AmplitudeScale .. ..o e e e ey e, LIN
SWEEPTIME/DIV ...... e A et e er e 0.1 mSEC
SWEEP TRIGGER.. ........ e e eae e ren s ++... FREERUN

'2, Connect CAL OUTPUT slgnal to apectrum ana]yzm INPUT, Adjust REFERENCE LEVEL and TUN-
ING controls to power level and frequency indicated! on front panel next to CAL OUTFUT connector,
placing signat peak at top graticule lme in center of CRT. .

3, SetTRACEAte WRITE, and set LINE switch OFF

4. Jumper test point ASTP15 POS PEAK TEST to chassis ground (Sec Fl.gurr: 511 for Iocation of
ASTP15)

5.. Simultaneously press PLOT GRAT and LINE switch to turn instrument on and du,play test routine #0.
Press PLOT GRAT two more times to select test routine #2.

6. Setspectrum analyzer SWEEP TIME/DIY to 0.5 sec. and observe dr;)ép waveform on right side of CRT,
Decay of signal level from top screen should be less than 8 vertical d:v1smns {full screen) within twu
. horizontal divisions (1 sec.). . .
7. Remove jumper from ASTP1S.
ADC, Peak Detector, and Sweep Adjustmenls

DESCRIPTION:

Offset adjus!menfs for the maximum and minimum peak detector circuitry are provided to minimize differ-
ences between the peak detector output levels and a fixed video input Tevel,
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‘T"he offset and gain of the ADC ure adjusted for accurate digitizing of the video inpiut signal fmm'lhe_ spectrum
analyzer plug-n. Y values of 48 and 848 correspond to the bottom and top CRT graticule lines respectively.

The horizontal sweep ramp from the spectrum analyzer plug-in is scaled and shifted by the sweep oftser and
gain adjustments, This sweep ramp is digitized to determine the horizontal calibration of the digitized video
data. X yalues of 16 and 496 correspond to the leftmust and rightmost CRT graticule ]mes respectively (i.e., the
beginning and end of the sweep ramp).

._QUIPMENT ‘ :
Digital Volimeter ........ YU OSSRt HP 3554
Spectrum Analyzer plug-in .. oooiii il iie i ... HP8539A, 85588, or B557A
“SRECTOIN ) ‘ .
ANALYZILRA DIGITAL VOLTHETER
T
LN LG 2
ol EOLUTN
Figure 5-8. ADC, Peak Detector and Sweep Adjustments Test Setup
PROCEDURE:
Peak Detgclor Ofisets
1. Setcontrols as follows: o

SCALE .........ovvnvvniinnas erisraan s eraer e Full counterclockwise

.................... bevesremnees . Midrange

FREQSPAN/DIV ....oveiiiiirriri i iierennrnenernss v O0MH:z
" RESOLUTIONBW .....c.coiiiiiniiiinnnrnnes Cereersrrrra e ieans 3 MH:z
INPUTATTEN . oiniiniii i iiiinian i i eiseisst s saiiesniasins cmnnn 10dB
REFERENCELEVEL ......i...... P Fh s bt —10dBm
Amplitude Scale .. ... e renrrraererrire i rnrer - sraesbarerasareaass LIN
"SWEEPTIME/DIV ...iviiniiiiniiiniriinsneanes e ereersaees MAN
SWEEPTRIGGER .........cv0ensss e ae e e aeaaas FREE RUN
VIDEOFILTER ...t it i it i ara s a e MAX (detent)
"MANUALSWEEP ..........oo.ooonvns R T L L IS TR T Midrange

5-26
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DIGITAL STORAGE_ADJUSTMEI\!TS {Cont'd)
NOTF
Tolerance for all adjvsimenisls +1 couhl.

Simultaneoﬁs]y press PLOT GRAT and LINE switch to tirn instrument on and display test rdutine £0.

‘Press PLOT GRA1 (o select test routine #5. Note that pressmg PLOT TRACE selects the video input

signal, the output of the maimum peak detector circuit, or the output of the minimum peak detecmr
circuit as !he input to thc AN, Select VIDEO INPUT. :

‘ connechAL OUTPUT signal to spectrum analyzer INPUT. Adjust REFERENCE LEVEL and TUN-

l'NG contrels to power level and I‘rcqur:ncy indicatcd on front panel next to CAL OUTPUT cnnnecior

Adjust spectruia analyzer TUNING control for a maxlmum value of Y dxspldyed on the dtspluy
mnml’rume CRT (1 e., tune to peak of CAL OUTPUT sngna!)

Adjust spectrum ana!yzcr REFERENCE LEVEL [ "trol forY= 443 on lhe CRT."
Press PLOT TRACE to select MAX PEAK DET as the ADC i input.

Ad_]ust MAX OFF potmhom:ter A3RI for Y 448 on the CRT. _

Prcss P]..DT TRACE lo select MIN PEA]{ DET a.s the ADC i mput S

9.
10, Adijust MlN OFF potentlomeler ASRZS for Y =448 on the CRT
11, Press PLOT TRACE to sclect VIDEO INPUT Repeat step. 5—11 at least once  until no further ndjusl-
ment 15 TIECESSArY.
_ADC Offset and Gatn ‘
SRR C NDTE
Thls adlustrmnt directly affects refative verticai trace positioning betwean
ANALCG DISPLAY and DIGITAL DISPLAY modes.
Dusconncct CAL DUTPUT signal from spectrum analyzer INPUT, Set INTEN control full coum:rclock-
w:se '
13. .Select ANALOG DlSPLAY mode by s:ttmg TRACE A and TRACE B to STDRE BLAN‘K Increase
; ': INTEN control setting until dot is visioleon CRT,
14

Ad'ust spectrum analyzer VERTICAL POSN and MANUAL SWEEP oontmls to place dot precu.e]y on

.. centerof bottom CRT graticule line. -
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15, Set TRACI:. Ato WRITE and increase INTEN cuntrol semng as nc:essary to display test muum: #5
Ad]ust ADC OFF potentiometer ASR58 for Y = (48 onthe CRT. R

I;ﬁ.‘ SethTEN control full counterclockwise, ‘

ll?. Sel. TRACE A to STORE BLANK to selecl ANALOG D‘SPLAY mode Increase INTEN control w(img
"¢ until dot is visibeon CRT.

18., " Connect CAL OUTPUT signal 1o spectrum analyzer {NPUT. Adjust spectrutn analyzer TUNING control
' lo place dot as closs a.g possible to tup of CRT (l e., tunc to peak of CAL OUTPUT 51gnal) '

.l9. Acl}ust spectrum analyzer REFERENCE LEVEL cuntrol to place dot precisely on top CRT grancule line.

2[) Se,l TRACE A to WRITE and increase INTEN contml selling as necessary to d:splay test roulme #3,
Adjust ADC GA]N potemlometer ASR’TI forY= 848 onthe CRT.

21. Repeat steps 12 20 at least once until no further nd]uslment is necessary
Sweop Oifsei and Galn _
' ."‘ . l o .- NGTE '

‘ o Thls adjusimant dlreclly affects mlalive horizontal frace positioning be-
o tween ANALOG DISPLAY and DIGITAL DISPLAY modes.

22 (‘onnoct dlgxlal voltmeter to A9TP5 as shown in Figu:e 5.8, ‘
2. Adjust spectrum analyz:r MANUAL SWEEP comrol for -5.00 £0.01 Vi at AJTPS.
2»1 i Adjust Swp OFF (sweep ol'fset) potentmmclcr ASRS0 for X= =016 on the CRT ‘

25. Ad]us; spectrum ana!yzer MANUAL SWEEP c:ontrnl fur +5.00 £0.01 Vdc at ASTPS.
26 Ad_lust SWP GA]N potentmmetcr ASRSZ forX —\496 on the CRT. '
.27, -_Rep&.t ;te\ps 22 -26 at.least om:c until no further adjl,lslmenl is necessary.
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516. Z AXIS ADJUSTMENTS
REFERENCE:

A3, A4, and A6 Schematics. See Figure 5-11 at the back of this section for lucatlnns of ad_lustments on
assemblies A% and A6,

DESCRIPTION:

Internal test routines of the display mainframe are used o adjust its astigmatism, dynamic focus, trace align-
ment, atd frequency response.

—

seipzg SPECTRUM AMALYTER ‘ OIOITAL VOLTHETER

EEEED
s unn @:
inavinou &

E‘—-_/

Figure 5+9. Z Axis Adjustment Test Setup

EQUIPMENT:
Spectrum Analyzer plug-in ....... U, ...». HPBS59A, 85583. or 85574
" Digital anlmeterA .......................................... PN + -HP 3455A

PROCEDURE:

"To minimize shock hazard use a non-melallic adjustment tool for adjust-
ments on XYZ Amplifier Assambly AB.

Fucus Limit, Astigmatism, and Dynamlic Focus
1.' Set LINE switch OFF, disconnect power cord and Temove HP 853A top cover.
2. Reconnect power cord and install spectram analyzer plug-in,

3. Set display mainframe controls as follows:

TRACEA..... N WRITE

SCALE....... v eaarenansans s anas [, . Full counterclockwise
INTEN ........ FEETTRPT TPP P T R T P EETTRTTI Midrange -

4. Center FOCUS screwdriver adjustment on front panel.

5. Slmultaneous]y press PLOT GRAT and LINE switch to turn mstrument ON and display test routine #0
(Test routine number i is displayed on left side of CRT) :

529
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6.

9.

Press PLbT GRAT until test routine #3 is selected. (See Figure.s-d.) This routine displays, in CRT annota-
tion, two rows of X% that are formed by a dot matrix. Press PLOT TRACE to vary the position of the
LWO FOWS. ‘ .

Set front-panel INTEN control fully clockwise. Adjust AIR30 ASTIG and A4R29 FOCUS LIMIT for
sharpest dots at center of displayed annotation. -

Decrease front-pane]l INTEN control until characters ars dim but visible. Adjust ASR135 DYN FOCUS
for sharpest dots displayed throughout displayed annotation. o ‘

Return front-pancl INTEN control to midrange setting,

Pattern and Trace Align

10.
il
12,

13.

Fress PLOT GRAT to select test routine #4, Observe horizontal and vertical lines that trace perimeter of
CRT display. ' .

Adjust front panel TRACE ALIGN screwdriver adjustment to align both horizontal lines for best match

" to graticule perimeter.

Adjust A3R31 PATTERN potentiometer so that both horizontal and vertical traces have minimal curva-
ture. : :

Repeat steps 6 through 12 at least once until no further adjustment is necessary.

z Axfs Frequency ﬁﬁsmnse

14,

15,

Decrease display intensity with front-panel INTEN control until charecters ot CRT are dim but visiblp,
Then adjust HF TRIM capacitor A6C6t and HF GAIN potentiometer AGRS1 for the best uniformity of
chgractcr intensity. : :

Set the front-panel INTEN control fully counterclockwise.

Minlmum Intensity and Intensity Galn

16.

Set controls as follows: ‘
TRACEA ....... e, . STORE BLANE
TRACEB ..........oovcvvvivinns. . STORE BLANK
DGTLAVG . .oivviieiiiininienans b e e ek e e reraehas OFF
JNP-B—A oo o s OFF
SCALE..... SN [ v+« Full counterclockwise
INTEN . e e ereaann Full counterclockwise
FREQSPAN/DIV ..ovveiiiiiihir e es e e OMHz
RESOLUTIONBW ............... B IMH:
INPUT ATTEN ........... B S TR vree 10dB
REFERENCE LEVEL..... ! L | T 11
AmplitudeScale . ........ . . i, e “LIN
SWEEPTRIGGER......._.,......_ ................ berrar . [ FREE RUN
. YIBEOFILTER...... L MAX (detent)
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17. i spectrum analyzer plug-in is an HP 85594, set SWEEP T]ME/DIV to 2 uSEC and adjust AGR153 MlN
INTEN potentiometer clockw:sc until trace chsappems, then adjust countcrclockwwe until trace is barely
vigible,

If spectrum analyzer plug-in is an HP 8558E or 8557A, set SWEEP TIME/DIV 10 0.1 4SEC and adjust
AG6R153 MIN INTEN patentiometer clockwise until trace disappears; then adjust counterclockwise slight-
Iy past the point where the trace becomes visible.

18. Set SWEEP TIME/DIV to MAN. Turn MANUAL SWEEP control fu]ly counterclockwise until dot is of f
+ BCT cen

19. Connect voltmeter to A6TP2 CONT GATE OUT. Gradually increase INTEN control to fuIIy clockwise
position. Voltage should not exceed +70V Adjust A6R124 INTEN GAIN for a voltmeter reading of
+70.0 -.I:O 2V.

. NOTE
A16R153 MIN INTEN and A4A18 INT LIM atiect the adjustment range of
AGA124 INTEN GAIN. if A6R124 INTEN GAIN has Insufficlent adjustment
range, ropeat siaps 1519 to readjust AGR153 MIN INTEN. If ABR124 INTEN
GAIN stll Iacks adequate adjustment rengs, perform High Vollage Power
_ Supply Adjustment (paragraph 5-13) to adjust A4R18 INT LIM.
20. Disconnect voltmeter from A6TP2. Adjust INTEN and SCALE controls to miﬂrang:.

21, Set LINE switch off, dfsconnéct power cord, and replace HP 853A. top cover.
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517. ANALOG DEFLECTION ADJUSTMEHTS
REFERENCE:

A2 and A6 Schematics. See Figure 5- ll at the back of the section for locations of adjuslments on assemblies A5
and AG

DESCRIPTION: )

With the HP 853A Display mainframe set for operation in the Analog Display mode, all digital circuitry is
bypassed for a conventional analog display. The horizontal deflection circuitry is adjnsted to gnsure a centered
10-division CRT trace when a — 5 to + 5 volts horizontal sweep ramp I3 supplied by the spectrum analyzer plug-
in. The vertical deflection circuitry is adjusted to ensure that video signals of 400, 800, and 0 millivolts place the
CRT trace at the center, top, and hottum gratlculc lines respectively (t.e., a vcrtlcal deflection factor of 100 mV/
division). .

SPEGTAUM .
ANALYLER 01@ITAL VOLTMETER
T N
E: Do ENCRET
=5 pnopuc - DO
- =43 buubnng B
= (L)
o
I
LR
ftit- LLILES '

Figure 5-10. Analog Deflection Adjustments Test Setup

EQUIPMENT: "

- Digital VoBmeter ... vveeeeerinriaeinns e rrr e eras HP 3455A

 Bpectrum ANAIYZET DRIGN +.vvvr'ernensisensienenanenns .. HP B559A, 8558, or 85374

To mlnlrﬁlzn shock hazard, use a non-metallic écmwdrlvar for adjustments
on XYZ Amplifier Assembly A6.

PROCEDURE:

1. SetLINE sWi;ch OFF, disconnect power cord and remove HP 833A top and bottom covers.

542




Model B33A . AjUsLments

ADJUSTMENTS

517. ANALOG DEFLECTION ADJUSTMENTS (Cont'd)

2, Reconnect power cord, set LINE switch ON, and connect equlpmmt as shown in Fgure 5- lO Set controls

as follows:

TRACEA ..iiiiviiiiiiiiciasannrseesnantnnneserinn, e STORE BLANK -
TRACE B .. vttt iisuioissisrsisennassinnansnaarsrssssannnes STORE BLANK
DGTLAVG ........... vt anerrr e R QFF
INPUT-B—-A .. G OFF
SCALE ....vtivrrrenrnns b beeeenann et arhenriraaneas Vevesrer. Fullcounterclockwise
INTEN ..... PO RN e iiriesrrraraeannr et Midrange
TUNING ........ivvevnees e >30MHz
FREQSPANSDIV .. .coviiiirarinernriranns e ame e s
RESOLUTIONBW .. ....coviviiinnss RO e

- INPUTATTEN .............
REFERENCE LEVEL ...,....
AmplitndeSeale ...... P
SWEEP TIME/DIV .ovvvreiierrrrrrrarirersrirsrrrrrnmrserenes e eens

‘ VIDEOFILTER ....uhviviiinieiee . IO
Horizontal Galn Adjusiment

3. Adjust spectrum analrier VERTICAL POSN screwdriver nd]ustrnem to position CRT dot approximately
two divisions above hnh m hnnznntal graticule ]me

4, AdJusl spectrum analyzer IANUAL SWEEP control for 0.00 = 0 01 Ydc at ASTPS.
5. Adjust front-panel X POSN screwdnvcr adjustment to position CRT dot on center vemc':a.l graticule line. _
' NOTE

If the X POSN adjustment ltacks adequate fanga or requires cenlering,
change the values of iaclory-selectad raslstors A6R33* and AGRA1" uslng

Table 5-6.
Table 5-6. X POSN Factory-Sefected Resistor Values
‘Dasived Shift in Divisions ABR3A* ABR41*
1 Right . 10K ' 19.5K
% Right 9.00K . 162K
(Nominally Centered) 905K ' ' 17.8K
% Left 905K 19,5K .
ILeft . - : B25K. . 19.6K _ v

. 6. Adjust MANUAL SWEEP conrol for - 5:00 +0.01 Vdcat AYTPS. .

7. Adjust ASR20 X GAIN potemipmé:er to position CRT dot on leftmost vertical g‘ralicule line, -

5-33




Adjustments . ) , . . Model 853A

ADJUSTMENTS

517. ANALOG DEFLECTION ADSUSTMENTS (Cont'd)
NDTE

If AGR20 X GAIN locks adequate adlusimen! range, change iha value of {ac-
tory-selected rasisior ABR50". Increase tha value of the resistor i the gain is

* foo high (CRT dot too far to tha left); decrease the value of the resisior if the
gain Is oo low.

‘8. Adjust MANUAL SWEEP contml for +5.00 £0.01 Vdc at A9TPS. CRT dot should be on nghtmoﬁt A
vertical graticule line.. :

9. Repeatsteps4—-8 until no further adjustment is necessary. . o ‘ |
. ) ' - |
Verllcal Geln Adjustment

|
10. Connect dxg:tal voltmeler to A9TP4 Adjust MANUAL SWEEP control to posmon CRT dot on cenier I
graticule line. o

11. . Adjust spectrum ana!yzcr VERT]CAL POSN screwdriver adjustment for a DVM readmg of 0.60 +0.01
¥dc at A9TP4.

12; _ Connect CAL ouTPUT signal to spectrum analyzer INPUT, Adjust REFERENCE LEVEL and TUN- f
ING controls to power level and frequency indicated on front panel next to CAL OUTPUT connector. - q {.

13.  Adjust spectrum analyzer TUNING control for maximum voltage at AYTP4 (still tuﬁed to CAL OUT- L
PUT signal). Adjust REFERENCE LEVEL control for 0,40 +0.01 Vdc at ASTP4. ‘

M. Adjust frnnt-panel Y POSN screwclnver adjustment to position CRT dot on genter horizontal gratxcule |
_bine, -+ . -

NOTE

if the Y POSN adjusiment lacks adequate range or rbqulras centering,
change ihe values of factory- saleclod resistors AGR19* and A.GH21" using

Tabla 5-7.
Table 3-7. Y FOSN Facradqs‘e!ecred Resistor Values . - #
Desired Shift in Divisions RGRIS* AtER21" ' :

- 1Up 133K 909K
KBup 162K . 10K
(Nominally Cenlerzd) 17.8K 10K

] % Down } : ‘17.8K ' 900K

! : IDown 162K 825K

t
. : . Y [
.5-34' | T ‘ : , _ | . ) . E



Madel 8534 | : ' . o Adjustinents

ADJUSTMENTS

5~1'f ANALOG DEFLECTICN ADJUSTMENTS (Cont’d)

15.

16.

17.
18,
19.

_ bottom covers.

Adjust spectrum analyzer TUNING for maximum voltage at ADTPd Adjust REFERENCE LEVEL
control for 0.80 +0.01 Vdc at ASTP4.

Adjust AGRSD Y GAIN potennometer to position CRT dot on topmust hunzoma! grancule lme
NOTE

$f AGR30 Y GAIN lacks adequate adjusiment range, change the value of fac-
" tory-selected resistior AGA29*. Increase the value of the resisior if the gain is
toe high (GRT dot above fopmost gmllculu line); decrease the value of the
rasistor if the galn istoo lnw ‘ o s
Disconnect CAL OUTPUT signal from spectrum analyzer INPUT and adjusl VERTICAU POSN 'i(.rcw-‘
driver adjustment for 0.00 =0.01 Ydc at ASTP4. CRT dot should be on botmm horlzomai graucu!e Imc

Repeatsteps 12— 17 untll no further adjustmem is necessary.

When B.djlls!mcnl is cumplete, set LINE swm:h' OFF, d:sconnect power cord :md mstall HP 853A top and ]

NOTE '

To ensure that CRT plols made via HP-IB comspund fo Ihe CHT display, lhe
digital storage adjustments (paragmph 5-15) should be parlormud atler the
analog deflection adjusiments :




' Adjustrents

Model 8534

AS7AB
DATA CONVERTER
ASSEMBLY AS
POS PEAX TEST
ASTP1E .
{recassed appraox.
3/4 Inch helow -
board edqa) e
_ =
MAX OFF
ASAT T o
o
@l
MIN OFF |-
AsRzs ] e
s
sup_aain —1 &)
AGRS2 A
swp aFF ~]
ASRBO ) §|
. - '/
ADG OFF -
PHTT RN [ ]
‘ ,/”"/
ADE GAIN 7 ‘
ASRT 1 =
DETL X OFF o
ASADZ N :';
N
peTl ¥ Bain | -fO]
ASRB1 ]
0]

o
oS
—em
azr
m
(=]

Y FB |
A5R99

\ .

ool 4 Iict

N

N

STRE_BAIN
A5RST .

Y i

X¥2 AMPLIFIER
ASIEMBLY AS

HOTE

FOA LOGATIONS QF TE&T
PAINTS HOT SHOWN HEKE,
SEE COMPONERT LOCA-
TIONS TLLUSTHATIDNS FOR
AS ANL AB iN SECTION VII)

Y AGTPA
D16 Y GAIN
ABRA
18
6AZ -
INTER BAIN
ABA124
DYN FOCUS
AGR13S
HE GaIN
ABR1G Y
MIK INTEN
AER153
CONT @ATE QUT
ABTP2
HE TRIM

CB1

Ag
(Recessed)

536

Figure 5-11. Data Converter Assembly A5 nd XYZ Amplifier Assembly A6

Adjustments and Test Points Locations
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Model 853A

Keplaceable Farts

~SECTIONWI
REPI.ACEABLE PARTS .

§1. INTRODUCTION

62. This section contains information for ordering .

replacement parts. Table 6-1 includes a list of refer-
ence designations and a list of abbreviations used in
the parts list. Table 6-2 lists names and addresses that
correspond to the mannfacturer code numbers i the
parts list. Table 6-3 lists all replaceable electrical parts

in alpha-numerical order by reference designation.

Table 6-3 also lists replaceable mechanical parts that
are related to the bouard assemblies. All other replace-
able mechanical parts, are shown in F:gures 6-1
thruugh 6-7 . . .

63, REPLACEAB‘LE‘PARTS usr

64. Table 63, the hst of rep]aceable paﬂs. is orga—‘

mzed as fu!lnws

I. Electrical assemblies and their ‘ooml.:ro.nenls -
alpha—numerical order by referencc designmidn

2. Mlsccllaneous parts, with appropnate eleclrml -

assembly -

3, Chassis-mounted electrical parts, in alpha-nu-
merical order by reference designation -

4. Mech anical chassis parté, at end of parts list

&5, The followmg mformatlon i l1sted for cnch
“part: .

<L The chlctt-Pilc_k'a.fd part numt;cr -
" 2. The part number check digit (CD)

3. Thetotl quanhty (Qiy) in the instrument. This
quantity iz given only once, ot the f irst appear-
ance| uf the part in the list,

4, The dcscnphon nf the part

5 A fl\ft-dlglt codc ml:hcatmg a typ]ca! rmanufac-
turer of the part .

6. ‘Thcmanul'acturer’spart number. -
6-6. ORDERING INFDHMAT[ON

67, 'Toordera pa:t listed in the replaceable pm’ts
- table, quote the Hewlett-Pickard part number (with
“check digit), indicate the quapmy required, and ad-
dress the order to the nearest: FHewlett-Packard of-
fice, The check digit will edisute aecurate and timely
processmg of your order..

6—8 Tb order a part that isnot hsled in the replnce~
able parts table, include the instrument rmodel num-

" ber, instrument serial number, the description and

~function of the part; and number of parts required.
- 'Address the order to thc nearest Hew[en—P'tckard of-
fice.

6l



Replaceable Parts

. Tuble 6-1. Reference Deslgharions an Adbreviations (F of 3

Model 853A

Assembly

AT

l'n:nlllumluu

v Fany, Molor

coraee . Billery

\ Copnehior

« oo Coupler

. . IJlml Biude Thyrislor, Step
Reewvery Dsudtl'&( R}, Viructor

e ieeaae Direellounl Conpler

C oL crrreerranenn Delay bing

D&........ Annonciator, Liunp, Light

Esmiiting Dipde (LED), Signaling
- Device  (Awlible  or - Visiblep
E....... . Miscelluneons Elearrleal Pagt

A

.......... Acrons Flots, Aceylie, Ajr
{Dry Metbodh, Ampere
1, Adjust, Adjusiment

. American Nations!

Slun urd\}nslitulu.l!urmt.rly '
USASI-ASAL

SAESY e Assembly

AWLG L. Amerlean Wire Gage

‘B
rre s Binary Coded Devimal
o Bogrd, Bundle

o+ Beryllium Copper
..... Type af Conpectur

l!-EfU e
IiNr.

BRe L., Bc:u Btlring
BRS . <o Druss
BSC. .. veans s Busig

.IS'I'NH,.....4..........4.. Iueicn

[+

. oo Cupneiiines, Capacilor,
(.unl:r Tupped, Cenlistoke,
Cermet, Clrenlar Mil Foet, Clased
Cup, Cold, Compression
CCp .,  Corbon Cumpasitinn Plastic
CD.ovee « Codmibum, Curd,
! tum-uruwn. Cuord
CER,.oovvvvvv oo Ceramic
CHAM . .. Ummlr.r
CHAR .

i b (i :
CMOS L, Lemplemeniary Myl
L Onfule uluiuuullulur
CNOUT. ... Conducting, Conductive,
Cundugtevity, Cinducior
CONT.. SUonre, Continnmis,
Canrul, Coproller
CONV,
LPRS

Compression
. Cup Painl

- F
CWw.. ... s Wave

. ALtenusnr, l'-ul-nnr LimllLr .

vows Comverter

REFERENCE DESIGNATIONS

vheviene Fuse

. Fllier

. Hardware

Cirenlatar

3o Elearrlenl Conpevtor {Siationary
Portion}, Yack

K. derrerrsanaas Relay
L. . Coil, Induetar
M Meter

o 0 cal Purl

| PP ElmrlullG’.ommlurlMuvublL
Porlion), Plig

oo, Silicon Comralled Rectilivr
ISCR), Tramiseor, "Triode Thyrisior

R : cevevee oo Resistor

ABBREVIATIONS

p

Deep, Depletiun, Depih,
Dl.lmuu:r. DIN.'LI Current

Daclingion
Dt\l’ GL ooy DinlelPhihukate Gliss

DBL. v, ... Double
DCPR . o Degoder
PEG, .. . Duegree
D- }|()LE D-5haputt Hole

voeen Dinmerer

In-Ling Preknge
+v .o DipSolder
. Dupletion Made
e Type Designulion
Devp, i)mlh Dimeyric
eh,
ppy I'MIN I"R i l)ouhlt' I’oIL Tllru:
. 'Throw, Minlsure
DPDTMINFR ... Dunble Pale Duuhll.'
‘Thruw, Minimure
BWL. .. e lluer

E
vvarssearocaaes E-Ring

oo Extendud, memn.
Exurunl Extinguish

i £

Fahrenhely, Farnd, Fepale,
Fil [ Resistor), Fixed, Flange,
Fiint, Fluwrine, Freguency
[ Lachan Film £ Compasition,
Eddae il CutufT Frequency, Foce
IFDTHRY .. oo Fevd Thiaugh
E o Female
Filtiser Hxd
Flash, Flat, Fluid
. Flar Point
vooo From
o Freguency
rent €inin Bandwidth
nition Frenuencyls

Prm.luul (T

}'NIJ..... ........ Corneenn Fived

5.

I’ YT cone Framsfurmy
s Termingl Benrd
T o Thermwsotple
TH. o Test PPuine

L L lnlugnuw.‘ Cirenit, Microcrenn
Vo trof Pl
V. leeitkdonn Ihiode (Lenen),

W o, Cable, Tramvmission Pagh, Wire
Ceenee Socke
. krysmlUnIt[I’iwm.\unh.

Quary)
¥ o Tunest Cuvity, Tuned Cireuil

G
GEN L oo Gienernl, Gengrapor
i Cenrnneaes Sround
G, Generdl Porpose, Gy
H
) 1 I, o Henry, Hermaphirodite,

H:NL Feole 2kuneier, Hol, Flub

Tside Dinmeter, Hydrogen
HDW. . oo iy r o Hartlware
HEX ........ Hessdecimal, Hewoigon,

. }lunuu(nml
o covon Belieal
. Hewlen-Packard Compray,
Hmll l‘lm Horsepower

HILE
HI*, .

Collector Carrent,

cntinm, Inside Diamcier

...... Voo Forvward Currni,
|l'|||.'(l'lll.'||l.ltl? Freyuency

[m.h indioim
e o Il
o Integral, Intensity, Inteenal
Incernul, bnrersintinnal

J-

e Junetion Field EfTeg)

JFEF cooviin i

I||nctinn Field Elewt
Tramslsior -

K

. Kelvin, Key, Kily, Potussivn
' vener e Kl
G Kllomlu Direet Cuopent




Model 833A . '

Replaceable Farts

Table 61, Reference Designations und Abbreviations (2 o fl'3)

L

A Lluht Emnittimg Diode
“ Lengh, Long
. Luu-ur Lqu.lr Inpxr Lineurity

i <o Link Lock
. Lenkage, Locking
-+ Logulype

LUML .o Luminous
]
Moo Mule, Musimus, Mega, Mil,
Milli. Mode, Momentary, -
Munnting Hole Cenfers, Mounling
Hule Digmaler

vovee Milliampere
: Muchined
Muximum

. olded Chrbon
riun, Megacycle,

Microvireuir, Molded Corbon -
Compositinn

Menl, Muullic
ctl, Melullorgicn)

Fianies Ml’gilhurll‘

Vraeeaeaes M

Ceen Mald, Molided

MM Magnetlzed Muieriol

- (Reslrivied ArticTes Cucke): -
nilllmeger

MOM . Cenaaraa s MoRlenidey

AT . .. Mounting

. Menallie
usic Wire
oo Milliwan

MTLC
AMUW |
MW, 0

il

M.sovas o es Fun Oty Intrinsic Staml
OFf R, Moo, anmm.nnd '
Mitrogen; None

. MChunnet
» Marulenry
. Nnnomutcr. MNunmetalliv

Cienneeoe e Numinn
cove, Negative Positive

" Mg Tratsispor
NS. .. ond, Non-Shorting, Muse
NUM . Mumetie, Numetlea)
NMYL.. .o Nylon (Pulyamider
[+}
OA Lo Oiher Besirued

Artieles, Group A [Resreted
r’ﬁrln.lutulln). Over-All

Hibe Drab, Omside Vinmerer
OPAMP. ... ... Operitiona) Amplifier
OFT ... ... Optical, Optiun, Optlonul

]

PA L,
Amplifier, Pm\urw\"glt. .
Praetinlnm

Q..

. :.. Nermnlly (Ipen, Number

voe oo Pionmpene, Power

PAN-HD. ...,
PAR .,

........... Pun Heud
voeee Purallel, Parity
Lewd (Mendt, Push Button
. Biencouleomb, Plece,

Prlnu.d (.II’LIIII 3
PCB. . oovea o Printed Clrenit Bourd
P-CHAN P-Chanpel
PD e Pl adim, Pilch

Powsr Dissipation
PBicoluryd: Pipe, Femule
on; Power Factor

Dinmeter,

I'uukng.».-
Phistic

' .. Panel
coee Posiive Negalive
(Transisior)
coey Pulyearbopage
voo. . Polyester
. Potenivimeier
Pozidrly Reeess

ili
FOIL YL'

Purple, Purpose
vevirrers Platin
. . Part, Pinl. Platinem,
Print, Pube Time

PW . Power Wirgwound, Pulse Wldlh
Q
e Fiuuruufﬁluril

R..vvivvior. Runge, Red, Kesistanee,
Resisior, Rlghi, Ring, Rosin,
ltubsber-Rusin, Run "Torgue

REb Referenuee

' Rn:r.islm

. ngld
. Ronnd
Reur

svee s Subminlature, A Type.
* 4 Threaded (.onnm.lur)
S

coes Spacing
ngh Pale Danbie
Subminiuture
.. Slingle Pole Single Fhrow
Ferraeuaonion o SHUARE
Stitlnkess Sieel

S Sive

<o Predislon

ol .

T

T vvveer oo Tobh Widih, Faper, Teeth,
‘Temperature, Tera, Teslu,
l'htmmnln»llr.|l||~||Inl|nn}.
‘Thickness, Time, Timed, Tooth,
‘Turns Ritloy, “Fypical

TA i
T

ey Thermoplnsie
« Thread, Thrended
Thick
TO o Pagkuge l'yps Designativg,
“Troy Ounee
wa...,.

voveoes Tross Head
veivaen s Drlmmer
‘Tarn, Turns
ren L Tonion

TRMR

U

- Mictafurad

v Micrubenry

o Min.mlhnr. Underwriters”
Laburatories, ine.

UNHDND,

Unhardened

LT \'unmllmn.\'nnuhlr VIllrut.
“Vull, Yolinge
VAC, cecenens Vi Ve,
ruling Corren

VAC/DC . .y Yales, Allernalng ind
Direct (.‘urrull ,
VAR, . covees Vorinble

¥, ‘> ' Vul|~. Direat Currant
W

e WL Watinge, White,
W ide, Widih, Wire

L, Ambicit Temperure.

. Tupping

WACE, L, Wik / Cenduglive Plustie

W/SW cevinnns With Swieh

WW. ... Toraes Coeees Wire Weund
X

Xoveoo By IUsed Whih Dimensionsy,

Ruaetnnee

NETR v i l'r.mt.l\lur
¥

YIGo . oo Yuriumeiron-Ciarne
z

AMR v e o




Model BS3A

Replaceable Parts
Table 6-1, Referenrce Designations and Abbreviatlons (3 of 3}
: MULTIPLIERS ]
Abbreviation Prefix Mudtiple .
T . e 1ot
G © g Aot "
M mepu 104
i1 ) kil 197
tu : ek 10
, © der [y
) centi 102
m milli w
g mier 108
» ) npno [ing
p plce T
¥ . famin T
u e i
Table 6-2. Manufacrurm Code List
Mfr. No. Manufactorer Name  + Address Zip Code
00000 ANY SI\TISFACI'ORY SUPPLIER ' .
00471 DOW-KEY CO BROOMFIELD, WY 80020
0112} ALLEN- BRADLEY CO MILWAUKEE, w1 © 53204
#1295 TEXAS INSTR INC SEMICOND CMI’NT DIV DALLAS, TX 75222
01542 HP DIV 0 OPTOELECTRONICS PALD ALTO CA 24304
01613 GE CO SILICONE PRODUCTS BUS DEPT .WATERFORb, NY 12188
01808 SMALL PARTS INC COSTA MESA, CA 92626
02111 SPECTROL ELECTRONICS CORP CITY OF IND, CA 91745
02114 FERROXCURE CORP , SAUGERTIES, NY 12477
02145 RAYCHEM CORP MENLO PARK, CA 4025
02201 | RICHCO PLASTIC INC CHICAGO, IL ‘ 60646
02923 CHOMERICS INC WORBURN, MA (HLTEH
03480 HEYMAN MFG CO ' KENTWORTH, N1 07H33
04225 THOMAS AND BETTS €O INC ELIZABETH, NJ
04480 , BUSSMAN MFG DIV OF McGRAW-EDISON CO EARTH CITY, MO 63178
04495 COMMERCIAL PLASTICS CO R  MUNDELEIN, IL 60060
04604 -FEDERAL SCREW PRODUCTS CO - CHICAGD, 1L 60618
04713 MOTOROLA SEMICONDUCTOR PRODUCTS SANTA CLARA, CA Y5050
04748 FEDERAL MOGUL CORP RBR AND PLASTIC GROUP DETROIT, MICH 43235
04805 ILLINOIS TOOL WORKS INC SHAKEPROOF ELGIN, 1L 60120
04878 TINNERMAN PRODUCTS INC CLEVELAND, OH
05347 UNITED MINERAL AND CHEMICAL "DRP NEW YORK, NY 10013
05665 PRECISION MONOLITHICS INC . PHOENIX, AZ #5008
07263 FAIRCHILD SEMICONDUCTOR DIV MOUNTAIN VIEW, CA 14042
08666 PANEL COMPONENTS CORPORATION . SANTA ROSA, CA 25401
17856 SILICONMIX INC SANTA CLARA CA 95054
18324 SIGNETICS CORP - SUNNYVALE, CA 24046
19701 | MEPCO/ELECTRA CO . MINERAL WELLS, TX T T6URT
24046 | TRANSITRON ELECTRONIC CORP : WAKEFIELD, MA 01880
2435% ANALQGG DEYICES INC " NORWODOD, MA 02052
24546 CORNING GLASS WORKS (BRADFORD) BRADFORD PA | 16701
27014 MNATIONAL SEMICONDUCTOR CORP SANTA CLARA €A 95051
28480 HEWLETT-FACKARD CQ CORPORATE }IQ PALO ALTO, CA 94304
29832 TELEDYNE PHILBRICK NEXU. DEDHAM, MA 02026
IL5RS RCA CORP SOLID STATE nw o 5OMERVILLE, N3
Joist AAVID ENGINEERING INC LACONIA, NH 0144
34335 ADVANCED MICRO DEVICES INC SUNNYVALE, CA 94086
34640 INTEL CQRP ) MOUNTAIN VIEW, CA v505] -
51642 CENTRE ENGINEERING INC . STATE COLLEGE, PA ’ 16801
52063 EXAR INTEGRATED SYSTEMS INC SUNNYVALE, CA 94086
52763 STETTNER-TRUSH INC CAZENOVIA, NY 13035
56289 SPRAGUE ELECTRIC CO NORTH ADAMS MA 017
72136 ELECTRO MOTIVE CORP FLORENCE, 8¢C 06236
75915 LITTELFUSE INC DES PLAINES, IL 60015
84411 ‘FRW CAPACITOR DIV OGALLALA, NF. 6 53

| -y



.~ Replaceable Parts

B
Model B53A. .
- Tahle 6-3. Replaceable Parts
Reference HPPant |c o . Descripti Mifr he
: scription . Mfr Part Number
Designation | Number (D ¥ P Code . )
nis . hntihy-Ahnby | 4 t TIRALAT LARTANL ABOENBLY TnABh L DANS3I-Lannt
A1A1081 1990-n4lr 7 L LED-LAKE LUM-TNI=IHGH TRaRIHA-HAR RYF=16 B[’rll‘iﬁ 12800407
AlaLlL 10816kl r t EONNCRTAR 20-PTH W POGT TYPE R0 178 1«60
ALAIAY Hrap-3631 a5 n REBINTOR-UAAD Ci!HTADL £P 10H JEX L1W a04na 2100-3563%
AEALRY 00-5431 5 REDTRIGR-VAIL LOWTADL CP 10H 10% LIH ananp C100-3611
LILIGE] DA9E=3444 2 B} REDINTAR 348 4% ,EDAM F IN=Ge-140 24%44 N4 A /0-TO-TALR-T
ALALEL S101~2180 5 " NWITEH-PP A-THIAT IOK LDHR © 6 EPRUHV"v TRARD A101=-2108
A LA a2 A2 [a% L1 AWITCH-PD A-OTATIDH 1AHN 0 F SPACTING an4nd '“ﬂl RIS
ALALLT HSIM-2124 2 B HWITEI-PDR DPRT ALTHG DA 11DVAC dnsan 01-233A
ALRIDA JIE01-2124 T BWIT P NCDT ALTHG 04 110VAG Habo .!!El‘l AIP4
RIALRT wn-aing w 4 GWLTGI-PR DRET MDA . L26A 13NVAG pARN Jlﬂ1j2!ll'ﬂ
AiAIGA R RN VB 1S L} HUTTCH =PI DPOT HOM L 1505R §1SRE tiana | 320y -R30%
ar ROUDA=RODED | B t DIGALAY ADTHNT ADLEMALY ARADG Aun%-s0002
Pt BIst=} 7A0 7 2 CONNCETNR-BCL. ENNT PIN .04 W-RA-RY BG AB4R0 0%40-~1 TR
AZED 0IRA=-3FI0 7 CONNECTOR-NLL [ONT BEN 04 MN-BLEL-NT SR rOann AN40-1700
II"III-“‘IE. T 1 m.iunnrr- PHH. H3. G asnn n300-1M12
2Ina-40n2 ] b ATMIUTINA-WvAR 1 RECAOHH I.DI 17T raann c2100-4n07
2 00-ALLE o a2 . REAIATOR+YAR ST f1H 10X 1T ' 20am *1an-4nto
ANM.-ann?: a H AFNINTOR--VAR 2.7 K 10X 2T 2uafn M no-aphy
RAlbg-AnLe L] REOIGRTON-VAR S DIH LRX 17 20480 Han--Aant o
,J- avnmI~annoa | A 1 RUMFLAY POWAN GUPRLY AGLERSDLY BIELT [ 11 SRR
ulﬁﬁ-ubﬁ ] CAPACITOR-BXD 1000PF +- 10% IKVDC CER Hison Q%80 M4B6
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Replaceable Parts - Model 853A
Tabls 6-3. Replaceable Parts
Reference HP Part |c a Dascripti Mir y
tonati : cription Mir Part Number
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Model 853A .
‘
hem HPFart (G nﬁ Descriptian - My, - Mir. Pant
Number * (D : . Code Number
1 00A53-20037° | D 1 [ SUB-FRAME, FAONT 28480 ' c0asr2go27
2 0085300003 |0 [ 1 | CAT ADIUST-PANEL * zZgago 00433.00ead
3 00883-0000% |8 [ 1 | FRONT DISPLAY PANEL 28380 00863-00001
3 15200218 (4| 1 | SHOCK PAB NPANASWDS73LG . 28480 200215
5 03700606 |7 | 13 | BEZEL-PUSHBUTTON 0,330-IN SQ JADE GREY 78480 13700606
6 ~ p3me1012 9| 2 | DECALKB caPp 316 InSER ze4mD naso-totz
7 50409808 |o | 2 | KNOB, 5/15" SERIES 28480 B040-8305
3 50408816 (3 | 2 | PUSMBUTTGM, SQUARE, MINT GREY 2480 5040-3816
o 5040-8817 (4 | 2 | PUSHEUTTON, SQUARE, JADE GREY 28480 5040-9817
10 S040-5818 ] 2 PUSHBUTTON, SQUARE, WILLOW GREEN . 2B480 * s040-83910
11 scan-8821 (6 | & | PUSHBUTTON,5QUARE, OLIVE GREY. 28480 50401821
12 50413500 |7 | 1 | PUSHBUTTON, CHINA WHITE ZBSE] 5041-3900
13 0085320005 6 | 1 | ExXTEMSION PUSHBUTTON 28480 DDGG3-20005 -
a 1400-0Q17 o 1 CLAMP-CABLE .312:.01A ,J78.-WD NYL . - Q1480 2308 RED
18 05101148 |2 [ @ | RETAINEN-RUSH ON KB YO-5HFT EXT . DaBzE CA134:017:27
18 30300195 |2 | 4 | sCREW-SET 2.8 .0044n LG ' »| 2asm0 30300195
7 05180211 |0 | % | SCREW-WACH M3 X 0,5 GMA-LG P 28480 0818-0211
‘ 0556580170 {5 | 2 DBLBG:G0170

AN-HD
KMNOE A55Y INCLUBES iTEM3 6, 7, AND 14

28480

P

HKeplaceable Parts

RN ey

? 99 2

[» 28

o § o qooo]

Iy

? 13 PLACES

9

SEE DETALA-
: FOR OTHER
\ PUSH BUTTON LOCATIONS
y . .

4 PLACES

ZPLALES

P DETAIL A

Flguré 6-1. Front Fanel, Parts Locations
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Model 8534

nescri'ption v M'l. Mf'. Pal‘t
_ \ " Code Number
’.:: RN ' . . ' ‘
. 00553;00002 g 1 REAR PANEL ’ 28480 00853-00002
, - 0380-1529 6 2 | STANDOFF-HEX 6.1-MM-LG M3.,5 X 0,6 THD 28480 0380-1523
e 2150-0586 2 2 WASHER-LK HLCL 4.0MM 4,1-MM-ID 20480 ~2190-0586
053%-0006 1 2 NUT-HEX D8BL-CHAM M4 X 0.7 3.2MM-THK 28480 0535.0006
0400-0225 1 { A/R | GROMMET-CHAN SERR .031-IN-GRV-WD 02201 SNGS-1
a515-0413 2 4 SCREW-MACH M4 X 0.7 6MM-LG PAN-HD 28480 05150413
0515.0211 B 1 SCREW-MACH M3 X 0.5 6MM-LG PAN-HD 28480 0515-0211
30500890 6 8 WASHER-FL M2451D 284080 30500890
0315.0729 5 4 SCREW-MACH M2.5 X 0.45 18MM-LG PAN-HD 28480 04515.0739
08150402 9 2 SCREW-MACH M2.5 X 0.45 4MM-LG PAN-HD 28480 0515-0402
11 03600355 2 2 TERMINAL-SLDR LUG PL-MTG FOR No. 5-5CR 04880 541
12 3050-0891 7] 10 WASHER-FL MTL.C 3.0MM 3,3-MM-1D 28480 3050-0891
13 . 21500384 Q 6 | WASHER-LK HLCL 3.0MM 3,1-MM-10 ' 28480 2100-D584
14 05350004 9 ] NUT-HEX DBL-CHAM M3 X 0.5 2 4MM-THK 28480 0535.0004 |
1% 2110-05&? 9 1 FUSEHOLDER-CAP 12A MAX FOR UL 0B666 031,1666
16 2110-0566 0 1 FUSEHOLUER-EXTR POST 12A 250V 0B666 031,1677
17 2110-0369 3 I3 FUSEHOLDER-COMPONENT NUT THREAD M12.7 08656 . 0383.0016
18 1400-0249 aQ 1 CABLE TIE ,062-625-DIA ,091-WD NYLON . 04225 TY-23M-B
19 05150737 ' 3 4 SCREW-MACH M2.5 X 0,45 JOMM-LG PAN-HD 28480 0515-0737
20 - 00853-20045 2 2 FAMN HOUSING 28480 008%3-20045
21 Q065300012 1 1, FINGER GUARD - 28480 00853-00012
22 06240099 1 8 SCREW-TPU 440 ,375-1IN-LG PAN-H D-POZI 28490 0624-0099
23 03150772 6 2 | SCREW-MACH M3 X 0.5 BMM-L_G 90 DEQ FLH-HD 23480 o515-0772
23 0380-1380 b 4 STANDOFF-HEX 25-MM-L.G2 M3,0 X 0,7 THD 28480 0380-1380
25 05150738 a4 ) SCREW-MACH M5 X 0.8 14MM-L.G PAN-HD 28400 0515.0738
26 85680-00047 1] 1 COVER, TRANSFORMER 28480 B5680-00047
27 0390-0006 | 3 ‘8’ INSULATOR-FLG-BSH T, NY!.ON 28480 03900006
28 0085300018 7 1 SHIELD, TRANSFORM ™ 28480 00853-00018
29 B8150-3284 5 L A/R | WIRE 18 AWG G/Y 800V 28480 8150-3284
e - 81500149 7 | A/R | WIRE 22 AWG W/BR/3Y 300V 28480 8150-0159
3 B 0890-0029 Q 6 TURING-H5 28480 08%0.0029
32 | 08900983 -] 4 TUBING-HS 28480 0890-0983
33 1400-0017 4] 1 CLAMP-CABLE ,J12DiA 375WD 04495 1953-58-RED
©34 ,8150-0152 0 | A/R | WIRE 28 AWG W 600V 28480 8150.0152
- 3050-0893 9 L) WASHER-FL. MTLC 4.06MM 4 Q—MM-ID 28480 3050-0893

ZPLS

Replaceable Parts

Figure 6-2 Rear Panel, Parts Locations (1 of 2)
6 27/6-28
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Modet 853A % g |
i
‘ i\ |
. ' 1 I
Item HPPat | C Qty } : Descriotion M. Mfr. Part
: Number | D A ,p , Code Number
: 1 1 ’ f
il
1 008523-00028 9 1 BRACKET, CENTER PANEL ASSEMBLY ‘ 2B4B80 00853-00028
2 00843-20028 b] 1 SUPPOFIT\ FRONT CENTER ! 28480 00853-20028
3 sozp:804 | 7 | 1 | REARERAME 28480 5020.6804
4 0085300028 6 1 PLUG-IN SHELF ASSEMBLY 28480 00853-00025
5 0083300029 0 1 ENCLOSU}RE: HV, DATA, XYZ ASSEMBLIES 28480 .00853-00025
6 b0853-00010 9 1 HEA‘I’SI K PLATE . 28480 00853-00010
L7 00853-00011 Q 1 PANEL,CRT ENCL . 28480 00853-00011
B 03150413 21 2 SCREW- CH M4 X 0.7 6MM-LG PAN-HD 28480 05148-0413
9 0085300008 5 1 BRACKYT, CRT 28480 - 00853-00GCa
10 o0s33-00030 3 1 CRT SUFYDRT ASSEMBLY 28480 40883-00030
11 0515-0407 4 2 SCREW! ACH M3 X 0.5 10MM-LG PAN-HD 28480 0315-0407
12 D624-0411 1 13 SCREW-1£Q 6-19 ,313-IN-LLG PAN-HD-PQZ) 28480 0624-0411
13 0085340001 2 1 UPPER GUIDE RAIL: RIGHT SIDE 28480 00853-40001
14 0085340002 3 1 UPPER GUIDE RAIL: LEFT SIDE 28480 00833-40002
15 . 008353-2002% 8 1 { FRAME MODRULE, FRONT ) 28480 a0853-200245
16 ooss3-00026 | 7 | 2 | conTACT, sPRING ‘ 28480 "00853-00026
17 'Quas3-20038 3 2 SIDE RAIL, BOTTOM . ' 28480 00833-20038
18 00853-20029 4 2 SIDE RAIL, TQOP 28480 00B53-20039
19 0400-0001 1 1 GROMMET-RND ,562-}N- iD 75 IN\GRV-0D 04604 1662
20 [1]. 33 5-9395 9 6 SCREW-MACH Ma X 0.7 6MM-LG 90-DEG-FLH- HD 28480 08515-0255
21 2380-0003 - 2 . NUT*HEX*W/LKWR 8-32-THK ,125-IN-THK 04803 5311-081800-00-0280-2580
22 053150211 B a3 SCREW-MACH M3 X 0.5 6MM-LG PAN-HD 208480 0515.0211
23 30800891 | 7 | 15 | WASHER-FL MTLC 3.0 MM 3.3 MM-ID 28480 30500831
24 2510-0192 6 16 SCREW-MACH 8-32 .25-IN-LG 100 DEG 284480 2510-0102
9 2 NUT-HEX DBL-CHAM M3 X 0.5 2.4MM-THK 28480 0535-0004

25 0333-0004

12)

(s)ers

: . \

a .

23

H)2rPs

AIZWI
#REFER TO TABLE &-3 FOR HP PART NUMBER

18)2PLS

(=

(=]

‘(23)=ms R
B . ] [ '
22)5PL5
3 :
3 L] ' &PLS
0
\u '
) S
] 4
[+] 3 %
S . (22)ems
b Y u
2
a
N n s 0
L0 8 23)6PLS
20)2PL5. 3
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B)erLs /@
”
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9
s
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Replaceable Parts - ‘

TPLS

Figure 6-3. Frame Assembly, Parts Locations
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Model 853A . , , I; I o ‘ . ' . ‘ S : : ' . ‘ - Replaceable Parts

{ ll
H i '
b HPPart |, : N Wifr. " Mifr. Part
© Hem Qty | .- . Description !
- Number . |D ‘ Cade Number
1 0085360031 | 4 | 1 | sHIELD AsseEmBLY ' g, 28480 00853-60051
2 . 0400-0009 9 1 ‘"GROMMET-RND ,125.1N-1D ,25-IN-GRV-0OD - 01808 C250
3 0460-0114 " | 3 [A/R | TAPE-INOL, 1.25-IN-W .25-IN-T POLY-FM . 05347 TESA 7614761 ,
. [ 1
AlawiMPl 4150-0149 5 A/R WIRE 22 AWG W/BK/G 300V PVC 7 X 30 105C ' 28480 B8150.0149
AlaWimp? 0890-0983 5 |A/R | TUBING-HS .125-D/.062-RCVP .02.-WALL X 02148 RMF-100-1/8-BLK
AlAW1IMP] 0362.0227 1| 2 CONNECTOR-SGL CONT SKT 1,14.MM-BSC-52 . ul4ls 02.05.5216
) i
f.' A
, Al4WIMP3
2
: \ , S _ : , AW MP}
T L - | ‘ , o S AW MP2 j
: : ) - , P
. * 1) [
- REFER TOTABLE?’ 6-3 FOR HP PART NUMBER.

. . ' ‘ i

i

y !

]
ﬁ
! ot

' o | | , - : ' . | B I ' ' , Figure 6-4. CRTAssemny, Parts Locations
‘ ) ‘ - ' | ‘o 633/6:34




Model 853A
ftem . HP Part [ Description Mir. Mir, Part
Number D Code Number
1 0085300013 2 | BOARD, INSULATOR 28480 00853-00013
2 00853-20033 8 | caTcH 28480 00853-20033
a 0085300038 1 { LATCH CATCH SPRING ' 28480 00853:00038
4 8160-041% 9 | RFI "D" STRIP CNDCT-ELSTMR AG-P 02923 10-05-4699-140
5 0515-0795 3 | SCREW-MACH M2 X 0.4 20MM-LG 28480 0515.0795
6 3050-0891 7 | WASHER-FL MTLC 3.6MM 3,3-MM-1D . 28480 3050-0891
7 0515.0772 6 | SCREW-MACH M3 X 0.5 8MM-LG B0-DEG-FLH-HD 28450 0515.0772
8 '0515-0395 9 | SCREW-MACH M3 X 0,7 6MM-LG 30-DEG-FIL.H-HD 23400 0515-0395
T 9 . 0515-0211 B | SCREW-MACH M3 X 6.5 6MM-LG PAN-HD 2d480 0515-0211
1. 1o 08150413 2 | SCREW-MACH M4 X 0.7 6MM-LG PAN-HD 284af. 05815-0413
i s . .
. 11 o0853-20024 | 7 | SHAFT, LONG, DISPLAY ADJUST 2a3a0 00853-20024
i 12 . 008583-20023, 6 | SHAFT,SHORT, DISPLAY ADJUST 28480 00853-20023
13 9135.0052 8 | RF) CRT SHIELD 28480 9135.0082
yo18 1490-0841 7 | COUPLER-RGD .375.L.G BR5 28480 1490-0841
15, '3G:30-0007 5 .| SCREW-SET 350 ,125-IN-LG SMALL CUP-PT 28480 3030-0007
16 ' §0853-00019 . | 0 | COVER-HIGH VOLTAGE ‘28480 0085300019
17 0085300024 ] 7 | HOLD DOWN, DATA/XYZ BOARDS 28480 00853-00024
i’ 18 0085320031 { 6| COVER, PLUG-IN POWER SUPPLY 28480 00853-20031
T ST ., 00853-20032 7| COVER, DISPLAY POWER SUPPLY 28480 06B53-20032
, |~ 20 ' 008532044 1 | BUSHING T 208480 00853-20044
oo 05150407 4 | SCREW-MACH N3 X 0.5 10MM.LG PAN-HD 28480 0515-0407
2. 0785340003 | 4 | CRTBEZEL. . 22480 00853-40003
6 28480 0515.0219

0515-021%
Y .

SCREW-MACH M3 X 4.3 6MM-1.4 90-DEG-FLH-HD

Replaceable Parts

Figure 6-5. Chassis Parts
6-35/6-36




Model 853A

B
HP Part

00853-60049

FRONT PANEL COVER ASSEMBLY

Item Ci. - Description M. -~ Mir. Part
Number D ‘ P Code Number
1 04085340011 4 HANDLE ASSEMBLY 28480 00853-20011
2 5001-0439 B8 TRIM, SIDE FRONT 28480 5001-0439
3 00853-20035 0 HANDLE, PIVOT ' 28480 . 008C3-20035%
4 2510-0192 6 SCREW-MACH 8-32 .25 iN-LG 100-DEG 28480 . 2510.0192
.1 09050854 ) 3 O-RING 1,489-IMN-ID .07-IN-XSECT-DIA v Q4748 AS5568-029-N11
[ 0085340007 . B COLLAR, BEZEL . 28480 0085340007
7 5020-8734 2 GEAR, RING HANDLE 28480 5020-8734
A 5020-8733 . 1 GEAR, HUB HANDLE ' 28480 5020-8733
9 1460-0604 , 7 SPRING s 28480 1460-06043
10 2190-055’5» . ‘2 WASHER-LK HLCL 4,9MM 3,1MM-10 284380 23190-0586
i { . Ly
11 051804, %; ", B\'! SCREW-MACH M4 X 0.7 20MM-L.G PAN-HD 28480 0515-0443
12 23600k i} @it SCREW-MACH 6-32 ,5-IN-L.G PAN-HD-POZ] 28480 2360-012%
13 5041-2642 R TRIM CAP : o : 28480 5043-2642
14 00853-40009 0 REAR FEET v N o 20480 0085340009
15 23600219 9 5C R!‘EW—MACH 6-32 lJ)#&-IN-LG PAN-HD-FOZI 28480 23500219
: . Sy N
16 00853.00040 5 BOTTOM COVER ASSEMBLY - 28480 00853-00040
17 00853-00039 2 TOP COVER ASSEMBLY : 28480 00853-00039
18 8160-0410 ] RFI “D" 5TRIP CNDCT-ELSTMA ,078-IN-WD Q2923 .. 10-05-1363-1250
19 5001-5827 a TRIM-SD FRONT FR t . 28480 5001-5827
20 0 28480 . 00a53-60049

Replaceable Parts

. Figure 6-6. HP 853A Cabinet Parts
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- : E ‘ ‘ Replaceable Parts

Model 853A ‘ ‘ ' : ‘ f : o o r
- ‘ ' Sl S ’ ‘ :
' [
' HPPart - | C : M Mir. Part ' : ‘ o ' R
ltem Description : o i : . .
‘ Number D . P Code Number . y . ‘ T L @

1 1460-1345 5 TILT STAND ) 2=HGBD l 1460-1345

2 5060-9936 2 S5IDE COVER WITH HANDLE o . 28480 5060-9036

3 5060-9911 3 SIPDE COVER, PERFORATED ' 28480 5060-0011 -
‘4 5060.-9846 3 COVER, BOTTOM . ) 28480 5060-0046 t
5 5060-9834 9 COVER, TOP o 28480 5060-9824

6 5060-9803 l 2 STRAP HANDLE , . ' 2Bdﬁ0 o 5060-9803

7 5040-7220 1 COVER, STRAP HANDLE, RIGHT-REAR ’ 28480 5040-7220

8 5040-7219 a COVER, STRAP HANDLE, RIGHT-FRONT 28480 5040-7219

9 26800172 1 SCREW-MACH 10-32 ,375-IN-LG 100 DEG 28480 2680-0172

10 5040-7221 2 FOOT, REAR 28480 . 8040.7221

11 2360-0195 "D SCREW-MACH 6-32 .312.IN-L.G PAN-HD-POZI 28480 2360-0295

12 5040-7201 8 FOOT, BOTTOM : 28480 5040-7201

13 5060-008% B KIT, FRONT HANDLES 28480 © - 80&0-0089

14 5040-7202 9 STRIP, TRIM TOP . ' ) ) 28480 ' 5040-7202 )

v

; : 2 1L, AT
‘ , : : FERONT

LPLD

' : . ' ' L ‘ | . ) ‘ o - ‘ : R : o : Figure 6-7. HP 853A Cabinet Parts{Option 001) -
| o o | - | S D © 6:39/6-40
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~ SECTION VII
MANUAL BACKDATING CHANGES

]
'\‘

LT INTRODUCTION ' \ C ' L o
' lower than the the serial number prefix shown on the
7-2 ‘This manual apphes directly to HP 8534 bpcc- ‘revised manual’s title page) to change the revised:
"trum Analyzer Displays with the serial numbdésprefix . manual so that it pertains to his instrument. Because
shown under SERIAL NUMBERS on its tiile page. ‘the HP 853A is a new instrument, no such change
' As time passes, an HP instrument manual might be . information is required in this manuval. For addition-

revised to reflect design changes incorporated into al information about the-applicability of the manual
the instrument. In that event, information is provid-  relative to the instrument serial number, refer to the
ed in this section which enables the user of an older raragraph headed INSTRUMENTS COVERED RY
instrument - (i.e., ope with a serial number prefix - MANUAL in Sectionl. ;
{
\-
!







el Service

Lt SECTION VI
“u % TSERVICE

8- INTRODUGTION

8-2. 'l'hrs secnun prov:des instructions for trouble-
- shooting and repairing the HP 853A Display main-
frame. It includes general troubleshooting informa-
tion, block diagrams of the instrument, circuit-

descriptions, parts identification rllustranons, and. C

schematlc dragra.ms

terminals of Primary Switching As-
'sembly A13, Line Filter FL1 (mounted
on the reai panel) and. gt the LINE
-switch, whether the LINE switch is on
‘or off. Wher the covers are removed, ..
* care must be taken to avaid contaci
* with these exposed terminals, which

have voltages. capable of causing

lWARNINGI | ‘

_,Troubleshootlng and repair of thle !n-
. strument are performed with power
- applied to the Instrument and protect-
. lve covers removed. Instrument serv- -
_Ice should be performed only by serv-

ice-iralned personnel who are aware

* of the hazards Involved. Where main-

tenance can be performed without

power applied, the power should be

removed. When any repalr is com- .

pleted, be sure that all safety fea:

. tures, including protective grounds.
_are intact and funcllonlng

With the ac power cahle oonnected

the ac Ilne voltage Is present at the

death. Any maintenance or repzir of
tho opened Instrument under voltage
should be carried out only by a skilled . /

. - person whio'Is aware of the hazard in-
o volved S L
L Alter disconnecling thi6 ac Iine power

cord, allow at least 30 seconds for
high-voliage,capaoltors to discharge
before procéeding with maintenance.

" 83,  SERVICE INFORMATION INDEX

g-4. - Table 8-1 lists specific kinds of information ,

"about the spectrum analyzer main assemblies, and

indicates where the information is located. The serv-
ice information for each assembly normally includes .

. a description ‘of the assembly circuits, a diagram
- showing the locations of the assembly components,
" and a schematic of the assembly crrcqrts. Service in-

Table 8-1, Sérvice Informa tion C’ross-Reference

} i } ) .
%’:&? ‘ o Assemblv,Neme" Schematic Component Location
AIA! '_ : Display Control Assembly Figure 8-8 - Figure 8.6
A2 oo Display Adjust Assembly’. Figure 88 - Figure 8-7
A3 " Display Power Supply Assembly Figure 8-12 . " Figure 8-10 ‘
A4 Hrgh-Voltnge Power Supply Assemhlv Figure 8-14 Figure 8-13 ,
. A5 Data Converter Assembly Figure 8-26 | Figure 8-25  ~
A6, XYZ Amplifier Assembly , Figure 8-34 Figure 8-33
JTAT . Processor Assembly | ... ’ . Figure 843 Figure 842
o, A8 . ‘ | “Plug-In Power Supply Assemb!y Figure 8-12 Figure 8-11
. i " A9 " Interface Assernbly Figure 846" Figure 8.45
Lo AlD HP-IB Interconnect Assembly Figure 848 1. Figure 847
T A1l Primary Switching Assembly Figure 8-12 . «| *  Figure 8 I
I-lf A2 Mothesboard Assembly ‘ Figure 8-50\ . Figure 849
T AL :” Fan Module Assembly - \\ Flonre 8-12 7 ,' -
. Ald " CRT Assembly ) . : Figue 3-14 ., || - -
N . ) L o o [
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formatmn for the Proccssor Assembly, AT, aiso in-

cludes signaturé analys trolibleshooting informa- +

tion. The cirpuit descnptnons and component
l6cations d:agram precede the assembly schematic.
‘The assembly numbers are’ printed in large, bold-
faced, alpha-numenc characters (e.g., A4} in the
Iowgr nght-hand corner of each schcmauc dlagram

8 5, SCHEMATIC S\’MBOLS TERMINOLOGY
AND VOLTAGE LEVELS g

8-6 Mnemomcs for control lines and mgral paths

‘Model 853A

Mnemonics indicating functions of digital compo-
nents are listed in Table 8-2. Uless indicated other-
wise in schematic notes, test conditions for tne signal
and dc voltage levels shown on the bleck and sche-
mati¢ diagrams are provided in Table 8-3. Voitage
levels are indicated in volis.

8-7. TEST EQUIPMENT

8-8. 'Test instruments and accessories used to main-
tain the spectrum analyzer are listed in Table I-3. If

. the listed instrumnent is not available, another instru-
- ment that meets the required minimum specifi 1catlons
" may be substituted.. '

are explained on the schematlcs where they are used.

Table 8~2 Mnemonics jor D:gmrl Component Functions .

I _ Mnemonic Dmmmun Mnemonic Definition
CLKIN . clock in' LWR low write
CLK OUT clock out LD load
- CLR clear MUX nultiplexer
" CNTEN - count enable R ‘ reset
CNTR . counter . RA reasd A
CRY carry 'RB rend B
D data 'RDY ready
.DAC | ‘digitnl to unalog converter R/W read{low-write
- DIR " direction s set
EN" enable - . SELB ‘select B
i+ ENR | eniable read \ SERIN serial in
ENW _ enable write © SH/LD shift/low-load
FF " flipflop 5.0. set overflow
INH inhibit shift SREG | shift register
"LCS - low chip select "U/D up/down
LEN low enable VRer voltage reference
LIRQ low interrupt request ‘WA write A
L NMI low nen-maskable interrupt WB write B
LRD- low read ' 38T 3-state output

M
[
!
i




Model 853A

Table §-3, Front-Panel Control Settings for Schematic Meusurement Conditions

Service

. Function Setting
B853A Display Mainframe
-SCALE INTEN mid range
TRACE A CLEAR WRITE
TRACEB CLEAR WRITE
INTEN mid runge
All other settings OFF -
Plug-In
'INPUT ATTEN (dB) 10dB ,
Amplitude Scale 10 dB/DIV '
FREQ SPAN/DIV INTERFACE ASSEMBLY A9: 5 MHz
S ALL OTHER ASSEMBLIES: 10 MHz
RESOLUTION BW ! MHz : ‘
TiME/DIV - AUTR
TRIGGER FREE RUN
START-CENTER CENTER
BASELINE CLIPPER OFF
VIDEO FILTER OFF
'TUNING Center CAL OUTPUT signal,
REFERENCE LEVEL Set CAL OUTPUT signal peak nt
REF LEVEL FINE . REFERENCE LEVEL,

TROUBLESHOOTING - GENERAL |
General Troi:blﬁshooling Procedure -
The following procedure isolates a félilure to the assembly levél.

1. After checking the line voltage selector and line fuse F1 located on the instrument rear panel, turn the HP
853A LINE switch on, The instrument should complete a self-check within 5 seconds. Theself-check tests
Syster: Memory, Stroke Memory, and program memory (ROM) on Processor Assembly A7, using digital

. Storage test routines #7, #8, and #9. If the self-check fails because of memory failure, the CRT displays one
. or two indicators that locate the faulty memory component(s). Table 5-5 defines the indicators, ‘Test
routines are described in Section V. o -

2. To check analog circuitry, bypass the digital circuitry by pressing both STORE BLANK push buttons. In
analog display mode, the HP853A functions as a conventional CRT display. Check for 2 normal analog
CRT trace while varying front panel controls, If the STORE BLANK push buttons fail to activate analog
display mode, Processor Assembly A7 might have a circuit failure. Verify this by disconnecting Processor
Assembly A7 from the HP 853A. The mainframe automatically. defaults to analog display mode when the .

 digital control circuitry is removed. :

Proper operation of the HP 853A during analog display mode verifies that the power suppllies (A8, A3,
Ad), CRT, deflection amplif iers (A6), and sections of the interface circuitry (A7) are operational, Proceed
to troubleshoot these circuits as necessary if problems are apparent.

3. If the HP 853A functions normally in analoz display mode, most circuii problems are located on Data
¢ Converter Assembly A5, Processor Assembly A7, or Interface Assembly A9, .

8-3
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. Signature analysr; troubleshooting information for Processor Assembly A'T is prowded in F:gure 841. Use HP ‘

“Test routines, described in detail in Section V, exercise the mainframe digital circuitry. Instructions for all
-test routines are contained in the Program ROM, A7U34, To activate the test routines, switch LINE power

off, then on, with the PLOT GRAT push button depressed. Successive pressing of the PLOT GRAT push

button selects all of the test routines. The test routines cannot be accessed when the mamframe is in analog

display mode.

Problems in the digital storage output circuitry located on Data Converter Assembly AS can be confirmed

using digital storage test routines #0, #1, #3 and #4. The CRT patterns for these test routines are generated
without using the digital storage input circuitry. During these test routines, digitized sweep and video
information from the plug-in is not stored in Stroke Memory and System Memory. Instead, the CPU

- stores programmed digital information. The Data Converter Assembly, AS, converts this into analog
- signals which are processed by the XYZ Amplifier Assembly, A6, and displayed on the CRT. Figure 5-3

shows the strokc generator test pattern generated by test routine #1.

If test rouline #1 indicates that the digital storage output circuitry is functioning properly, proceed to check
the digital storage input circuitry by selecting digital storage test routine #5. The PLOT TRACE push
button can then be presacd to manually select the input signal to Data Converter Assembly A5 (P1-50).
Data values stored in memory are displayed on the CRT to aid in troubleshoonng Figure 5-5 shows a

typical CRT dlsplay for test routine #5.

- If test routine #5 indicates a possible problem in the maximum peak detector circuitry, perforin the peak

detector droop test in the Digital Storage Adjustments (paragraph 5-14) using test routine #2,

The Processor Assembly, A7, contains most of the digital c1rcu1tf§ in the HP 853A. Use the signature
analysis troubleshooting procedure detailed in Figure 8-41 to troubleshoot this assembly The procedure
delects a high percentage of digital failures. :

Perform the Operation Verification procedure as outlined in Secuon V to verify proper operation of the
HP 853A with an RF plug-in.

' ITROUBLESHOOTING -~ SIGNATURE ANALYSIS

Model 5004A or HP Model 5005A Signature Analyzer.

Figui'e 8-1 describes how to use the signature analysis troubleshooting diagrams.
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Use of Signature Analysis Troubleshooting Diagrams

. Connect signature analyzer and set controls according to diagram instructions.

Set up ftest conf iguratiaii as indicated (connect and/or remove special test jumpers, etc.).

Verify the +'5 Vdc signature" for the test ﬁeing performed; as indicated in green lettering on

main verification path (green line). This signature can be verified by probing the +5 Vdc
supply or by pushing and releasing the reset key on the signature analyzer probé If +5
Vdc signature is incorrect, first check equipment settings and connection. Then check for
activity at CLOCK, START, and STOP connections using s:gn;,uure analyzer probe If no
activity, refer to appropriate schematic for troubleshooting.

Begin probing the printed circuit board at the beginning of the greé.ri line on the diagram

Probe every point indiéated by the green line.

If signature at node is mcorrect node is suspect. ]nformanon printed in red on the trouble-
shooting diagram is helpful for tracmg problem to its source; location instructions 9
indicate the next closest pin connected to the circuit node. For example, instruction “24-5”

indicates that a circuit node signature originates at U24, pm 5. (Note that pin I oneach IC .

is square.)

Interconnecting red lines show related input and output pins. Red lines o connect
inputs that affect only the outputs to.which they are connected.

Intérconnecting black lines @ 'represent a physical cohnection between IC pins.

To locate the faulty source node, use the troubleshootmg diagram and circuit schemancs to

. check sxgnatures

Verify si_gnatures to all l'C‘ pins connected to a suspect node. If all signatures for a circuit |

node are not identical, the printed c_ircuit board, connectors, and solder joints should be

checked for faults. After locating faulty node, proceed with conventional troubleshooting.”

Use the HP 546A Logic Pulser and HP 547A Current Tracer. -

. ' Before repiai:ing any suspected defective component, follow instructions printed in red on
" the troubleshooting diagram. These troubleshooting instructions are usually referenced by

an asterisk (*).

ICPIN1

(SQUARE PAD)\

INPUT »
{RED PAD) o
- B W '
T N
(BLACKPAD)—__ | | | @UFIF|@uehF

. RF7A @
’ 53:3 Eemu HUS ¢
- .Hctas EUPFH
52F8
DIVIDER BETWEEN
TEST INDICATES ~> G0 TO U45
CHANGE IN TEST : ‘ - :
CONNECTIONS ’ . U3l u4o ust u4z uso A
(HEAVY BLACK LINE , W758y @ 755U @ 5U @ | o :
. T o P o --‘-75’?" . 83 o pEC A ®a00:
! : ‘ o .
INDICATES WHERE TO A3 3 I LR o EE‘?EZ "R eco0s
CHECK (U0 PIN 3) i B3: dears AEe.  eNiile o
IF SIGNATURE IS E Egga; ""‘“Eggaa E',gq& - | ° (E1) " (B) cPU "/
INCORRECT | L — 55{;“3 iCa Pap08 707 Egg:;g ﬁ AR08 Eggqg FETH E;mg ] ® Ui ADORESS CHECK
(RED LETTERING}  — ' ° C113 @ Py Y] ® 8774 o . 7050® 721) ot e - @B88CC CLOCK . TPB
¥ o - _ 0 Fsee  START "\ TPG T
p—— / iy ' 0 o4Pa . STOP "\ .TPE
\ ! ! HPOS REMOVE E1 .
0 aHa7  EWITCH A2 OFF
GO TO 1 1933 t
u34 - Go TO 0 7 78F
(C) ADDRESS _ J 4104 5SVDC 0004
MULTIPLEX ® -
FROM CHECK ® ADDRESS Us1
. \—“ Us0 ® -CﬂECK |60
FROM U35‘ ) [ ] ] usg ny  @E: [
; P , ® @i:2) 312 ®
? GO TO w24 . (4P 8 9|8t [4)
: > . iy (415.: (210 @0 .
T us7 58 {18 0 (2)Ke: @
o 40 W |® . z 2198 O
4 E BOFP E 548C ~ (p:i [ i) Y 1 I L
MAlNVERIFICATION/ V) cphi UE“I (gzer ) | .TPB w‘s\ Jase @eje eI
J . . _ )
PATH (GREEN LINE) 0001 msi E Qen (A) CLOCK CHECK A
o € € gcpp U1gC E ; "i . . . USE OSCILLOSCOPE -
} ‘ / FAOM U2S . SJCPH. L ] TPR7 (CNT 16) . NUMBERS IN [} ARE’ )
L\\ N > ’ P8 (cLk 20) [ FREGUENCIES IN MHZ
" THIS INPUT CORRlENDICATEs * " INFORMATION AND
AFFECTS ONLY CT SIGNATURE : INSTRUCTIONS FOA
THIS OUTPUT " {BLACK LETTERING) PHYSICAL CONNECTION MAIN VERIFICATION PATH
' BETWEEN ICPINS - {GREEN LETTERING)
{BLACK LINE) :

ULy’

¥

U3s
m e
® ®
. ° 4
FROM ®5H21 A @HAPT
®7FTF @755p
u45 ®ccce QHFPO o
@555 ®1243 T

GO TO Ud4

TITLE OF TEST
OR CHECK

TEST
CONFIGUHATION

LOGIE STATE
(BLAEK LETTERING)
1= PROBE LIT

0= PROBE NOT LIT

INDICATES CONSTANT

Figure §-1. General Signarw"e Analysis Troub!eshdoﬁng Instructions
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GEN ERAI.. CIRCUIT DESCRIPTION

The HP 853A consists of two major functional systems called the Input System and the Output System Fxgures
8-4 and 8-5 are functional block diagrams, showing analog and digital signal flow. The Input System i xs shown
on the lefi side and the Output System is on the nght side of Figure 8-5.

The lnput and the Output Systems function asynchronously and mdependently The central processing unit .
(CPU) controls the Input System. The Counter controls the Output System. (See Figure 8-2.) The Input System
measures VIDEO and SWEEP information generated by the plug-m, converts it to digital data and stores it in
Stroke Memory The Input System also collects information from various interfaces and latches, and stores this
information in Stroke or System Memory. Data corresponding to front panel control settings is stored in System
Memory. The Output System fetches data from System and Stroke Memory and d:splays it on the CRT as
traces, graticules, and characters.

The Input System isa nncrocomputer. in the HP 853A, the mxcrocomputer is part of the Processor Assembly,
A7. Refer to Figure 8-3.

The CPU performs arithmetic and log:c operauons It contains enough memory to prov:de temporary storagc
for its internal operation. . : o

. INPUT QUTPUT
/T OSYSTEMTN\ , /_ SYSTEM — \
YNEGRMAT 10N | ‘ | | ‘
1. —————"or""] ANALOG TO DlelTM. 70 VERTICAL DATA -
ug-1n | SWEEP DIGITAL A ‘
PLUG-IN | iNFomuaTion | convension =y B WEMOAY corNALOg | HOD TONTAL L
CPU CONTROL [ . - . gounTER

: Figore 8-2. CPU and Couriter Control the Input and Outpm Systems E

DATA BUS '
DATA BUS . : -\

MULTIPLEXER -
a

STROKE
MEMORY

SYSTEMI]
MEMORY

N\ ADURESS oua !J

Figure 8-3, Microcomputer Blook Diagram
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The Program ROM is memory that contains instructions for the CPU These instructions are commumcated to
the CPU via the CPU Data Bus. ‘

Stroke and System Memories contain data arranged by address.

The CPU manipulates data that it fetches from certam addresses in Stroke or System Memory, accordmg to
instructions that it receives from the Program ROM. The CPU stores its calculations in Stroke and System
Memory T, ‘

The Program ROM also receives srgnals from the CPU. ‘These s:gnals may determme the next-step instructions .
that the CPU will execute

The CPU measures the analog SWEEP voltage (— SV to +5V)and the analog VIDEO srgnal ‘The CPU uses
the Control Latches in Processor Assembly A7 to control the circuitry in Data Converter Assembly A5 that
converts the analog signals to digital information. This circuitry consists of Multiplexer, Peak Detectors, Track
and Hold, and Analog to Digital Converter. During normal operation, the CPU alternately takes samples of the
horizontal and vertical signals; the value of the SWEEP srgnal {X) determines the memory address at which the
VIDEO (Y) value is stared. : ,

The Counter in the Processor Assembly A7 controls the other major function of the HP 853A it fetches stroke
and character data from Stroke and System Memory and converts it to individual strokes which are displayed
on the CRT

The Counter controls the Output System via the Counter and Data Busses The Counter uses the data bus only
when the CPU is accessing an instruction from the Program ROM via the CPU Data Bus. Thus, the CPU and
the Counter use the same data bus, but not at the same time.

The Counter accesses Stroke Memory for trace data. The CPU (Iaput System) has processed the VIDEO signal
(Y) and has sequentially stored stroke data in Stroke Memory at 512 addresses. The addresses correspond to 512
horizontal positions on the CRT. The vertical axis of the CRT is divided into 800 values. The stroke data stored
corresponds to the y value of the VIDEO signal at each of these horizontal positions. The Counter samples the
stroke data at these 512 addresses sequentially and routes it through the Y Data Buffer to the Digital Y Genera-

tor, located in the Data Converter Assembly, A5. The Digital Y Generator and the Y Amplifier (A6) process the. - '

stroke data to provide 512 vertical deflection signals for the CRT, which correspond to the 512 honzontal o
positions. This process produces a trace consisting of 512 mdtvxdual strokes. ' .

Data Converter Assembly A5 generates a honzontal del’lectlon signal (DGTL X) used durmg digital display
mode. The Digital X Generator in A5 receives control signals from the Counter in A7 and generates a ramp that
is amphl‘ iedin the XYZ Amphf' er Assembly, A6, and passes to honzontal deflection plates of the CRT.

The mtensrty and focus of each stroke is modulated The Z-axis signal (CONTROL GATE), generated in XYZ
Amplifier Assembly A6, controls both the brightness and the blanking of the trace. The Digital Y Generator in
Data Converter Assembly A5 sends stroke length information to the Control Gate Amplifier in A6. Stroke,
length information modulates the stroke intensity so that long and short strokes have similar intensity. Informa-

tion corresponding to the horizontal position of the trace modulates stroke focus in the Focus Gate Amplifierin' -

AG6. Blanking Logic in Processor Assembly A7 combmes all blanking inputs and contro! logic inputs to produce
one blanking signal for the CRT. e

The Counter displays dot matrix characters on a raster by modulatmg the mtenstty of a series of ramps, The
Character Generator on Processor Assembly A7 converts ASCH code (American Standard Code for Informa-
tion Interchange) to blanking information which is processed by Blanking Logic in A7, and amplified by the
Contro} Gate Amplifier in A6 to modulate the Z-axis of the CRT. The ramps are formed by loading two values

into the Y Data Buffer (A5), which are then alternately loaded into the Digital Y Generator. The Drgltal Y |

Generator draws strokes between these two values to form the raster. .
3-8 '
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Graticule illumination is also formed by a series of ramps. Values corresponding to zero and full-scale CRT
beam deflection are loaded into the Y Data Buffer on Data Converter Assembly AS. These values are tken

alternately loaded into the Dlgltal Y Generator which draws strokes between them to form 5 12 full-scale ramps.
The CRT beam is defocused to give uniform illumination. -

All information that passes between the plug-m and the HP 853A Display mamframe passes through the

lnterface Assembly, A9,

The CPU monitors various interfaces and latches They communicate front panel control settings, sweep status
signals from the plug-in, HP-IB address code, and HP—]B Input/Output signals.

During digital display mode, the ‘Counter refreshes the display every 17.9 ms. At sweep speeds slower than 5
msec/DIV, the CPU stores SWEEP and VIDEQ information at the same rate as the plug-in sweep.

At sweep speeds of 5 msec/DIV or faster (10 msec/DIV or faster when using drgrtal average mode), the CPU
does not have enough time to process the SWEEP and. VIDEO signals to digital information. To maintain
display information, analog traces and digitally controlled character and graticule information are displayed
alternately on the CRT, This is called mixed mode. The Comparator in Interface Assembly A9 monitors plug-in
sweep speeds and signals when sweep speeds are greater than or equal to 5 msec/DIV (or 10 msec/DIV). The
Counter and Blanking Logic in A7, and the Comparator in A9 interact, producing a signal which steers digital

or analog information through the Drgrta!/Analog Switch in the XYZ Amphfrer Assembly, A6. (For detailed

description of mixed mode. refer to Counter section of Processor Assembly A7 circuit descrrptron )

When the mainframe is in analog mode (press front panel controls STQRE BLANK), the VIDEO and SWEEP
signals from the plug-in are routed directly to the XYZ Amplifier Assembly A6, at pin 50. Thus, in analog
mode, VIDEO and SWEEP bypass the digital circuitry and are displayed as analog traces on the CRT.

8-9/8-10
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Figure 8-6. Display Control Assembly A141, Component Locations
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Service A  Model 853A

‘ +26V Reetltler 0

. Dtodes CR9 and CR10 and filter capacrtor C5 are connected as a full-wave, center-tapped rectrf' jer which
produces an unregulated dc voltage of approximately +26V. Capacitors C13 and C14 filter RFI. :

A crowbar circuit reacts to primary power overvoltage. When the line input voltage exceeds the selected value
by approximately 40%, the + 26V Rectifier output exceeds the breakdown voltage of zener diode VR3, produc-
ing positive voltage at the gate of SCR Q5. When Q5 conducts, a large primary current in transformer T1 blows
‘fuse F1. Resistor R21 maintains zero gate voltage unless the breakdown voltage of VR3 is exceeded.

' 24V Rectifior @

. Diodes CR14 and CRIS and filter capacitor C9 are connected as a full-wave, center tapped recttfter which
produces an unregulated dc voltage of approximately — 24V, Capacitors C15 and C16 reduce conducted RFI,
“ReStstor R11 provides an isolated ac output to the plug-in, for line-triggered sweep.

" +100V ﬂegulator ©

’l'tatnsistors Ql, Q2, and Q4 forrn a feedback amplifier that converts the unregulated voltage from the +200V
Rectifier to a regulated +100V supply for the plug-in (25 mA maximum). Transistor Q2 is the driver for Q4.
. The emitter of Q1 is connected through CR8 to the + 15V supply, which serves as reference. The + 100V output

I dtvrded by R6 and R7, and compared to the + 15V reference at the base of Ql

. Feedback action is as follows. If the output is higher than + 100V, the base-emitter voltage of Q! is high,
_causing more collector current tu flow in Q1. This decreases the base current to Q2, and thus lowers the voltage
at the base of Q2. Since Q2 and Q4 are connected as series emitter followers, the emitter voltage of Q4 decreases
to maintain a stable + 100V output. R .

- Feedback loop stability is provxded by C3 Resistor R8 provrdes bias current for CR8. Diode CR6 prevents
_excessive current through Q1 when the supply output is shorted to ground Diode CR7 protects Q1 from reverse
btas Power dtssrpatton in Q4 is reduced by R1. Overvoltage protection is provrded by F3and VR4

'll‘ansxstor Q3 is normally off, and provides current limiting at about 32 mA. The emitter of Q3 i is connected to
. the supply output which is normally independent of load current. As the load current increases, the voltage

across R3 also increases. This increases the voltage at the base of Q4, and at the base of Q3 through divider

network R4 and R5. When the load current increases to about 32 mA, Q3 turns on. The voltage at the base of

Q2, and the output voltage decreases. This circuit is a foldback current limiter which has less current at short
. circuit than at its maximum current capabilty.

"When a plug-in is not installed, Q6 turns off the + 100V supply. Current flowing through R2 passes through

R20 to ground, decreasing voltage at the basc of Q2; the output voltage decreases to less than +20V. When a

plug-in is installed, the base of Q6 is grounded, turrung Q6 off and enabling the + 100V supply The supply can
-also be enabled by groundtng TP3 (ENABLE) ‘ _

+15V Hogulator L E )

Voltage regulator Ul supplies + 15,05V to the plug-in. It maintains a + 1.25V reference voltage between the

OUT and AD/J terminals. This voltage is applied across R14, producing a current which flows through R12 and

~ RI13. The voltage at the ADJ terminal is determined by the voltage drop across Ri2, and R13 plus the break-'
down voltage of VR] The output voltage is 1.25V greater than the ADJ terminal voltage

| Capacitor C7 provides noise ftltenng Diode CR12 discharges C7 and protects Ul when the output is grounded
CR11 protects U1 if the input is grounded. Resistor R15 provides bias to LED DSZ when the supply is on.
- Diode CRIS provrdes reverse-voltage protection.

518




from the unregulated voltages on A8 to the circuits on A3..

Model 853A . . " , _ : o , Service

o

When overvoltage occur;s, a zener diode in the blug-in canses excess current to blow F1. If the supply output is

shorted to ground, F1 usually blows, unless Q1 limits the current to a value lower than the fuse rating.

—12.6V Regulator @ ‘ 3

Voltage regulator U2 operates similar to U1, and provides — 12.65V to the plug-in. Resistor R23 reduces the |
power dissipation of U2, When the output is grounded, F2 usuaily does not blow. (U2 contains current limiting

circuitry.) ‘ |
DISPLAY POWER SUPPLY ASSEMBLY A3
" +158V Regulator @

Operation is similar to the + 100V Regulator, except that a constant current source provides base current for

- Q2. Zener diode VRI is biased to about 2.5V by RS, which produces a drop across R1, causing 0.6 mA to flow

in Q3. Divider network R6 and R7, and R2 set the current limit.
+15V Regulator @

Voltage regulator U} is similar to ABU1I and supplies + 15V to the mainframe. Overvoltage protection is en-
abled when the output voltage is high enough to forward bias VR7. This turns on SCR Q7, which shunts the
output and causes U} to current Limit, : ' - .

When cable W5 (con'necté A3 to motherboard) is disconnected, CR16 and CR17 provide a ground-refurn path

- 15V Regulator @

Voltage regulator U3 is similar to Ul and supplies — 15V to the mainframe. Transistor Q8 (SCR) provides
overvoltage protection. ' : .

+11V Rectifier 0
Diodes TR12 tﬁrough CR15 and filter capacitor C12 forma full-wave bridge rectifier that produces an unregu-

lated dc voltage of about + 11V, C15 reduces conducted RFI. Fus¢ F1 blows if any of the rectifier components -
are shorted. R19 and CR11 provide an alternate ground-return path when W5 is not connected. :

+5V Regulator @

Vol'tége regulator U4 is similar to A8U1 and supplies + 5V to the mainframe. Overvoltage protection is provid-
ed by SCR Q6. ‘ ‘ o ‘

CRTBias @

This circuitry establishes voltages for astigmatism and pattern adjustments, and the accelerator mesh of the

" FANMODULE ASSEMBLY A13 | | S

Fan Regulator @ - '

Regulator u2 produces an output voltage of about — 12V that drives the Fan Mbdulé Assembly, Al3..CR4"
provides reverse — voltage protection. C6 stabilizes U2. . : .

Fan Mbdu}e Assembly A13 converts the — 12 Vdc input to three ac signals which drive the field coils of the
brushless dc fan Bl. : : '
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~ Service Model 853A

Troubleshootlng

Each of the regulatea supphes has an LED. When one or more of these are v tht check for a blown fuse in that
circuit, lf all the LEDs are unlit, check the primary circuit.

Do not short the + lOOV supply when a plug-in is installed. Thls causes excess current to flow through the
vemcal driver of the plug-m, from the + 15V Regulator to the grounded + 100V line, causing ABF1 to blow.

The + lOOV supply uses the +15V supply as a reference Therefore, the + 100V supply turns off when the
+ 15V is off.

820 '
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DISPLAY POWER ASSEMBLY
- 00853-80003

L~ MPo". MP1b

- MP4, NP5,
| MPB, MP7

A

MP4, MPB,

- WP MPIE

' B Figzgre 8-10. Display Power Supply Assembly A3, Component Locations
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HIGH VOLTAGE POWER SUPPLY ASSEMBLY A4, CIRCUIT DESCRIPTION

Hazardous voltages are present in thisassembly

‘ 'Htgh Voltage Power Supply Assembly A4 prov1des operatmg potentlals for the cathode-ray tube (CRT). The =~
nominal potentials are: _ ‘ ,

‘. Cathode, - 2450 Vdc
® Control.gnd, -2500 Vde |
P Post‘accelerator (from High Voltage Quadrupler), +9000 Vde
. Focus grid, - 1650 Vdc o
| '_o. Filament, 5 9Vacflbatingat -'-2450Vdc S | | ' v f

Voltage potential for’ accelerator mesh, and ad_)ustments for astlgmattsm and pattern are located on Dtsplay
Power Supply Assembly A3.

+ 2BV Fllter 0
. Tlus c1rcu1t serves two purposes:

. Fl!tenng by L1, L2, Ct, and C2 resluces the level of the 40-k}-lz ripple (t‘rom the high-voltage osctllator) _ |
that is present in the power. supply ' ‘ .

e Ftltermg by Rl C3, and the Darlmgton palr Q2 and Q3 removes the 120-Hz npple on the +26V UNREG -
- supply line before it is applied to the pnmary of the high-voltage transformer A1T1, thus reducing lme-
 related intensity modulation. o

Osclllato: Drlver )

The collector of Ql is connected to the primary winding of lugh-voltage transformer AIlTI, and a feedback
- winding is connected to the base of Q1. Positive feedback from this winding causes the circuit (o oscillate at a
- frequency (approximately 40 to 45 kHz) determined primariy by the characteristics of A1T1. Q1 operates as a
Class C amphf’ ier, supplymg a current of about 2A peak over a conduction penod of less than one-half cycle

* Osclilator Blas Currant Regulator Q

‘ Amphfler U1 regulates the dc level of the: CRT cathode voltage by contmlhng the base drwe to Q1 through the
feedback winding. The cathode voltage is sampled via current through the Feedback circuit, ‘which is compared
with a reference currcnt through R3 and R4 at U1 pin 3. The output of U1 drives the base of Q1 at the level (set
by HV potentiometer R4) necessary to maintain about —2450 Vdc at the cathode of the CRT. Noté that Ul
does not switch at the 40-kHz rate. It controls the average bias current for the base of Ql .which controls its

conduction penod

~ The CRT Illamant potential Is connected to the hazardous cathode potential .
of —2450 Vdc. Measurement of the filament voltage Is not recommendad, as
. most volimeters are not rated 10 withsland a tloating input of this magni .
‘ -tude

High Vol‘taga Transtormer 0
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Transformer A1T1 and transistor Q1 form an oscillato:f circuit whose power is provided by the +26V UNREG
line. The primary winding is connected to the collector of Q1, and the feedback winding is connected to the base
of Ql. A1T1 has two secondary windings: one supplies high voltage and the other, a filament voltage of 5.9 Vac
to the CRT. ' o , '

The high-voltage winding of AIT1 is tapped to provide a sine wave for the level shifters. The winding is also
tapped at another point that is connected to the high-voltage multiplier, in which the voltage is quadrupled,
rectified, and filtered, The resulting + 9000 Vdc is applied to the post accelerator of the CRT. The full output of
the secondary is rectified by AICRI and applied to the High Voltage Filter. -

High Voltags Filter @ and Feedback @

The components C9, C10, and R13 filter out the 40-kHz ripple on the rectified high voltage from the high
voltage transformer The output of the filter is a nominal —2450 Vd: whose value is set by HV potentiometer

R4 to the value marked on AITI. This sets the CRT filament voltage to 5.9 Vac, the potential required for
maximum CRT life, The output of — 2450 Vdc goes directly to the cathode of the CRT and floats the filament
at the same potential via R12, The CONT GRID and FOCUS GRID voltages are derived from this voltage.
Feedback current for the Oscillator Bias Current Regulator is provided through R14-and C12. .

Turn power off hefore connecting or disconnecting a test probe. TP5 in this
block Is located near high voltage. ' '

Control Grid Level Shiiter ®

The CONT GRID voltage is referenced to the CATH voltage with an intensity control bias developed by means’
_ of a level shift circuit. This bias voltage is generated by a sine-wave signal, from a tap on a secondary winding of
" AIT], that is coupled through A1C)1. The top and botiom of the sine wave are clipped, ‘with the top being’
clipped by diode CRS. The upper clipping level is set by INT LIM potentiometer R18. The bottom of the sine
wave is clipped by the action of diode CR1%. The lower clipping level is set by the CONTROL GATE voltage
. from XYZ Amplifier Assembly A6. The clipped sine wave is coupled through C14 to the rectifier circuit CR9
and CRI0 to generate a dc bias voltage across R21. The dc level established is negative with respect to the
cathode and is applied to the CRT control grid. Capacitor C15 removes 40-kHz ripple from the bias voltage and
allows fast pulse signals to be coupled directly to the control grid. Neon tubes VR3 and VR4 go into conduction
if the cathode-to-grid potential is greater.than about 180 Vdc, This provides protection to the CRT and associ-
" ated circuitry, especially during instrnent turn-off. Spark gaps are provided to protect components from
possible arcing between electrodes in the CRT. : ' -

With the CONTROL GATE input at the maximum level of +70 Vdc, the maximum clipping of the bottom of
the sine wave occurs. This results in the smallest peak-to-peak swing of the stne wave, since the upper clipping
level is held constant by the infensity limit divider network. The rectified and clipped sine wave is then at its
minimum dc valve, providing the minimum reverse bias of the control grid with respect to the cathode voltage.

This provides maximum CRT intensity. ' e '

CAUTION

. Misadjustment of INT LIM potehliome'ter'ma can permaneantly damagé the
CR:;’I:; as little as 10 seconds, by allowing the grid-lo-cathode to be forward
blased. _ N _ S

INT LIM pot¢ntiomctei‘ R18 is set so that a +30 Vdc level at the CONTROL GATE input cbrresponds to the

CRT beam cutoff point. The maximum CONTROL GATE voltage is +70 Vdc at maximum intensity. At this -

maximim level of 40 Vdc above cutoff, the control grid is still réverse-biased by 20 Vdc to 50 Vdc, depending
- onthe CRT. o L ‘ ' ‘ '
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The control gnd must not be allowed to go positive with respect to the cathodé. If this should happen, perma-
nent damage to the CRT (a hollow cathode) can occur in as little as 10 seconds. The symptom of a hollow
cathode is that increasing the front-panel INTENSITY control at some point caunses the CRT intensity to -
diminish rather than to continue increasing.

Zener diode VRS protects the CRT cathode from any excesswe' voltage on the CONTROL GATE line that

might result from a failure or mlsadjustment in XYZ Amplifier Assembly A6. It has a voltage llmlt of 75 Vde, -

which, even in the worst case, results in a grid-to-cathode reverse bias of 10 Vdc.

The CONTROL GATE level, and hence the CRT intensity, is a function of the front-ponel INTENSITY
control. In digital storage modes, this level is modulated by the trace stroke length and by the type of informa-
tion being refreshed in the display; i.e., traces, characters, and graticule illumination.

Focus Grid Level Shifter @ .

Turn power off befora connecling or disconnecllng a test probe. TP6 in this
block Is 'oealed near high voliage.

The FOCUS GRID voltage is set by a res:stor divider string (R28 R29, R30 and from -panel FOCUS control)
from the cathode with a dynamic focus correction bias developed by means of a level shift circuit. Zener diodes
'VR6 and VR7 clamp the FOCUS line voltage to + 300 Vdc if the line should be opened. The wiper of FOCUS
LIMIT potentiometer R29 s filtered by C18. The focus grid is a little more neganve than this because of the bias
voltage developed by the level shift circuit. This bias voltage is generated by a sine-wave signal fromatapona
‘secondary winding of A1T1. The signal is coupled through A1C2. The top and bottom of the sine wave are
clipped, with the top bemg clipped by diode CR12. The upper clipping level is set at a fixed voltage by VR8. The
bottom of the sine wave is clipped by the action of CR15. The lower clipping level is set by the FOCUS GATE
voltage from XYZ Amplifier Assembly A6. The clipped sine wave is coupled through C19 to the rectifier circuit
CR13 and CR14 to generate a dc voltage across R33, Capacitor C20 removes 40-kHz npplc from the bias
voltage and also allows fast pulse signals to be coupled directly to the focus gnd

The FOCUS GRID signal provides dynamic focus correction to compensate for defocusing caused by changes -
in trace position and CONTROL GRID level. The CONTROL GRID leve! is itself dynamically changed as a
function of trace stroke length. During the time the gratlcule illumination raster is being refreshed on the CRT,

the FOCUS line is pulled to ground, defocusmg the trace to gwe even background illurnination.

Spark gaps are prov:ded to protect components from possxble arcing between electrodes of the CRT.
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DATA CONVERTER ASSEMBLY AS, CIRCUIT DESCRIPTION

The Data Converter civcuit has four major functions. First, it converts vertical analog information (VIDEO)
from the RF plug-in to digital information (stroke data) for storage in Stroke Memory (A7). The Maximum
Peak Detector, Minimum Peak Detector, Multiplexer, Analog to Digital Converter, and Decoding and Timing
circuits perform this function, according to instructions from the Decoding and Timing circnit, which is con-
trolled by the Processor Assembly, A7, : - ‘ - :

. Second, the Data Converter processes stroke data from Stroke Memory to forni the verticai deflection signal
(DGTL Y) for the CRT. The Y Data Buffer and Digital Y Generator accomplish this fung:tion.{

Third, the Digital'X Generator generates a ramp (DGTL X) which sweeps the CRT beam horizontally for trace
‘A, trace B, characters, and graticule illumination. ' ' . ' :

- Fourth, Z Moﬂulation modulates the CRT beam intensity so that short and !'ong strokes have the same bright-
ness (STROKE LEN). - .

Maximum Paak Detector € | |
The Maxim_um Peak Detector monitors the VIDEO input signal and holds its maximum input level until it is

reset. Decoding and Timing resets the peak detector according to commands from Processor Assembly A7. A
simplif; ied schematic of the Maximum Peak Detector circuit is shown in Figure 8-15, _ :

Q24,025,028

v
. _ S .
HAX INUN
lOID pen'«"nmcrun
ea - i
A .
vy 0 ' ' J
HOLD - '
) ]
9 , HAX PH RESE -

Figure 8-15, Simplified Maximum Peak Derector Schematic

The VIDEO input signal is fed to emitter follower Q24. (See detailed schematic, Figure 8-26.) When the VIDEO
input is a positive-going voltage (more positive than the previous maximum), CR2 is forward biased, and hold-
capacitor C5 is charged to a higher value. Since the gate of Q21B is tied to its source, the voltage at the source of
Q214 is the same as the voltage at its gate, This voltage appears (affer two emitter-base voltage drops) at the
right side of differential pair Q26A and Q26B. MAX OFF potentiometer R1 adjusts the offset of this circuit for .
.a gain of 1. U12 buffers the output. . _ - | ' : | .

MAX PK RESET from Decoding and Timing resets the Maximum Peak Detector, A 200ms, négative-goirllé} .
 pulse from the MAX PK RESET line tusns off Q18, allowing the gate of Q19 to be forward biased by +11V,
through R14 and R15. The pulse turns on Q19 for a period of 200 ns and discharges C5. '

U32 compares the input and output of the peak detector. A TTL high level is produced when the input is less
-than the output. o . |

Minimum Peak Detector €

The M.inimum' Peak Detector monitors the VIDEO input sighal and holds its minimum input level until it is

eset. Circuit operation is the same as that of the Maximum Peak Deiector except that supply polarities are

reversed and PNP transistors are used instead of NPN transistors. A simplified schematic of the Minimum
Peak Detector is shown in Figure 8-16. : , - |

When the VIDEO input is a .negétive-going voltage (more negative than the previous minimum ), CR4 is -
forward biased and hold-capacitor Cl4 js charged to a more negative value, CR14 (see Figure 8-26) creates an
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Figure 8-16. Simplified Minimum Peak Detector Schematic

offset between the output and the emitter of Q14. This ensures that the voltage across C14 is always négativ'e for
positive outputs from OV to +1V. MiN OFF potentiometer R25 adjusts the offset of the Minimum Peak
Detector. U13B compares the input to the output. : : ‘

MIN PK RESET resets the Minimuin Peak Detector. A negative-going pulse from the MIN PK RESET line
‘turns on Q13, causing C14 to discharge. SR '

Decoding and Tlml'n'g )

This circuif provides timipg for the Maximum Peak Detector, the Minimum Peak Detector, and the Track and .
Hold circuits. : C : ' o

lnitfally,-the proceséor requ °tsa com;érsion, setting the REQ CONYV line high. Thé D flip-flop, U30, delays the
REQ CONYV signal until it 1s clocked by a positive-going CNT1 signal. This delayed REQ CONYV signal be-
comes the HOLD signal. When OLD is high, it instructs the Track and Hold circuit to hold its peak value.

The HOLD signal also triggers a one-shot multivibrator, U29A, which produces a 200 ns pulse. This pulse is

timing for the reset pulses that control the discharge of the hold-capacitors in the maximum and minimuni peak -
detectors Q) @ . The timing pulse passes to NAND gates U19A and U19C, together with Processor Assemily

control lines IN SEL A and IN SEL B, which steer the reset pulses to either the Minimum Peak Detector or the

Maximum Peak Detector. See Table 8-4 and Figure 8-17. .

Table 84, Peak Detector Reset Pulses

CINSELA. | INSELB .
Minimum Detector Enabled _ : ‘ 0 |
- Maximum Detector Enabled - - 1 0
VIDEO (Analog mode) . B oy
- Both detectors disabled ‘
SWEEP (Analog mode) \ .
- Both detectors disabled

U29B is a one-shot muitivibrator, which is triggered by the 200 ns timing pulse. The U29B output of 500 ns goes
to NAND gates U20A and U20B, together with inputs from comparators U}3 and U32. When the 500 ns pulse
is high, a high from comparators U13 and U32 will set flip flops U31A and U31B, respectively. This indicates
that the VIDEO signal level rose and fell, indicating it has noise characteristics: L NOISE is low. I

When L NOISE is low, the CPlU (A7) determines the ami:litude of the noise display by sampling the minimum
and maximum peak detector outputs. - ' ' ) v
834 AN
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Mulllplexer O
The Mult:plexer switches inputs to the Tl'ack and Hold circuit, accordmg to the loglc states of IN SEL A and iN-. .

SEL B. The signals switched are the outputs.of the max]mum or minimum peak detectors. VlDEO ot SWEEP R
Table 3-5 is a truth table for the Multiplexer. . , :

"9, Tuble8:5 Multiplexer Truth Table . .

INSELA | INSELB | . . MULTIPLEXER OUTPUT (PIN 13)
ot 0 0 | Minimum l’enleDetet:tot :
L | SN I 9 -} Moximum Peak Detector
o | o1 ] viEo - "
oyl | sweer

The components at pms 7 and 16 011 UlO are voltage dmders and filters for the U10 power supphes o

. / ]

‘The SWEEP mput is attenuated and offset by, divider networks R52 and R53 and R50 and VR1. The sweep
ramp, —5Vto +5V,is changed toa ramp ot‘ OV to + lV VR1is t'mpc:'ature compeusated N

Track and Hold o

Thts clrcmt holds or tracks its mput slgnal {maxnmum or mxmmum peak detector outputs VlDEO or SWEEP) E
thure 8-18isa sxmphf !Cd schemanc of thc cucutt ‘ : , , ,

When tracking, HOLD (from Decodmg and Tumng) is low, Q'I is off, and FET switch QB is on, (t,losed) (See' '
‘Figure 8-26.) The voltage across, C28 tracks the inpi voltage. The capacitor voltage passes to the hlgh impe-
dance X10 ampllfter formed by QIOA QlOB U9, and resistors R69, R70, and R71. \

When the Track and Hold circuit is holding, HOLD is high. Q7 is on, and FET swttch 08 is off (open) The
mput mgnal charges hold-capamtor L28 and C28 holds its charge. ; ) o

U9 maintains equal voltages at the gates of Ql0A and A10B; As U9. ampl:ftes its input by 10 it varies the SR

voltage at the gate of Q10B to maintain equal current through 1dent1ca.l resistors, R67 and R68. When the input
exceeds about 1.2 volts, U9 beégins to saturate, and it can no longer maintain equal current through R67 and
Ré68; the voltage at its mputs begins to differ. CR15: !muts the dlt'ference between the U9 mputs to 0 6volts.
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‘Figure 8-18, Simplified Track and Hold Schematic -

U9 is normally not saturated because the input signals from the Multiplexer usually do not evceed 1.2V. The .
—5V to -+ 5V sweep signal is attenuated to a OV to-+ 1V ramp in the Multiplexer circuit. Vertical rignals from

the minimum and maximum peak 'detectors, and the VIDEO signal can exceed: 1.2 volis'when the spectrum

analyzer Cisplay scale is set to 1dB/DIV." >

Qua, Q"B.; a"&ngQU.ﬁ an input vbllpagf-f ]fl‘?l.!quéf._‘ | L - o
' Analog to Digital Converter @+~

The Analog to Digital Converte ‘ converts the analog voltage from Track and

CPU stores this data in Stroke Memory (A7),

" Using internal sensing resistors, U6 senses the analog v'olta'gé from ‘Track and Hold and a'p'r.ogrl';_iﬁihiéd currént
from the successive approximation register, U8. The resulting currents are compasid.in:U6 and the dif ference .

generates an error voltage at pin 15. The efror voltage causes comparator U7 cuiput 10 ‘20 high or low. The ...
comparator output, fed back to UB‘,.-Vdc{sgrmin‘gs' whether. the bits ;hat'. generated th_cLpﬁrtqg;.‘ammgllcurrent inuU6.: .

- should be ahighor lowstate. .. " ;- W' el .

' 'When HOLD is high, the successive approximation register (SAR) cycle begins. Initially, all of the output bits © "
from US are set high. Then each of the bits is set low one at a time, sitccessively ‘from the most significant bit - L
(MSB) to the least sigificant bit'(LSB): The value of the SAR output changes by, ope half, as eachbit is set. . ..

“low." As-each bit'is set low; U6 compares the:analog voltage froin the-Track and Hold ciraiil itei the pro- .. - -
grammmed current from the SAR: If the corrent produced by the analog.voltage is lower than the programmed.

-'cur_rcnt,';compara'wr' U7 output is low, The U7-output is fed back to the SAR. I the output of U7 is'low, the

 data bt in the SAR that was sef low, remains low. If ihe output of U7 is high, the date bit i the SAR that was

" set low, becomes high. The next'bit is thefi'set low, and the comparison process begins again, The ADC BUSY T

* line signals the completion of the conversion.. = <+ '« © ..

 ONT,1isthe clock for this process. When the HOLD signal s low, UB s eset:. ..

' Since the CPU in Processor Assembly A7 can process only 8 bits of data-at a time, the 10 bits of data are
changed to one 8:bit byte and.one two-bit nibble. Whei ADC HI BYTE is high (address-$1), 3-STATE buffers
U27 and U28 output the eight high order bits to the Data Bus. WhenADC LO BYTE i high'(address §0), U27
. outputs the two low order bitstothe DataBus. = e e
to . oy \ [ e !

Y Data Buffer @

I

; Tl'h'e_Y ‘Data Buffer routes data from the Data‘.:Bds to the 'Digfial‘Y'”"C‘iéﬁéi'étldfilﬁ “:i'iia”ifi\'/ld&‘lilé;tion o It

processes 11 bits of data: 10 bits of vertical display information and 1 bit of blauking information. It stores this -

data temporatily on scratch pad memorics U21, U22, and U23, which- are 16bit (4 x 4) RAMs. STRK DATA a
_STRB write-¢nables the RAMs. STROKE SEL sefects the output which is read by digital to analog converters
' Ul and U1. STROKE SEL, after invsrsion by U17, chooses the set of inputs onto which the Data Bus writes. . ‘

Dager g KBRS

| Inputs to DAC Ul4‘a‘fe"‘thé-m'ost_ significant ‘e‘ig}';it‘bits of data from Bﬁffers-UZ_l and 1773 U14 converts this
‘digital data to analog current, This current passes to the.Z Modulation circuit @. -~ - : '
836 T .o e
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_Dlgital Y Generator 0

Data from the Y Data Buffer provides verttcal display information which represents the traces on the CRT. The
Digital Y Generator circuit generates a vertical srgna! for the CRT when the instrument is in the drgltal drsplay
mode.

- The HP 853A Display mainframe draws 512 strokes per sweep: one stroke for every bucket of the horizontal
“axis. The Digital Y Generator determines the slope of each stroke by companng the vertical value of the last

" bucket, to the vertlcal value of the next bucket. The drfference in value is proportional to the slope of ihe
trace. ‘

" A simplified schematic is shown in Frgure 8-19. DAC Ul provides an output current proportronal to the vertical -

value of the next bucket. A current proportronal to the vertical value of the last bucket is produced in R99 and
'R100 when C47, the hold capacitor, is charged through Q1 dunng the sample interval. The currents are summed
in a current node at the source of Q4. The summed current is passed to integrator U3 which produces aramp.
The ramp, DGTL Y, has a slope propornonal to the difference between the currents at the summing node

CURRENT :
. ' BUMNING ceq,
‘ HEDE —
. TR :znc _C Lot e -
i~/ ‘ - lay ) U3 — DGTL ¥
. ' [+ * .
. R ' -
! o C INTEGAATOR |
CHoug ¥ : SAHPLL 'Y
. ' [ . :

[Cha% BTRONE)
Figure 8-19, Sfmpfiﬂed Digital Y Generator r Schematie

- DGTLYis produced intwo steps. in the first step. the clrcurt is holdmg the last value of Y. STRK GEN TIMG
from the Processor Assembly is low for | HS, and FET switches Q1, Q2 and Q3 are on (closed}. (See Figure 8-
20 ) The output of U3, the last valueof Y, is stored on C47. FET switch Q4 is of f (open). :

In the second step the circuit is sampling current. STRK GEN TIMG is high for 6 us, and Ql, Q2 and Q3 are

. off. Q4 is on. (See Figure 8-21.) The voltage stored on C47 during the hold interval now appears across R99 and -

" R100. The current through R99 and R100 is added with current from Ul at the source of Q4. and is passed to
the mtegrator U3. U3 produces aramp, DGTL Y.

lroursrv A o

o
ca0 - ca0 T
-ve+ . g ¥
—- noTL > e
. !.l!‘ . . _v ' K T OUNEXT ¥ ‘.“ : g ,‘T-m‘"u‘
Figure 8-20. Holding Y . |  Figure 8-21. Sampling Y
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T The Digital X- Generator produces the mwtooth zamp, DGTL X. The dnsplay §equenté is- trace A, gratrcule.. PR
i+ illumination, trace B, and charactert (See Figure 8-23.) This sequence’ repeats itself continually at an apptoxi-

. 'Service | o ' ' o ' Model 853A°

An RLC network is formed by R117, L7, and C47, which aliows C47 to charge and stabilize in 1 us.
Potentrometer R97 Y GAIN, ad]usts the DAC current that reprcsents full vertical scale deflection.
Transrstor Q3 mrmmlzes leakage through Q4, during the penod when C47 is holdmg

Z Modulallon o |

- TheZ Modulatxon circuit varies the intensity ot‘ the CRT trace accordmg to the stroke length 50 that both long
' and short strokes have the same brightness. .

)
‘ The Z Modulation cn'cmt acts as an absolute magnitude detector The outputs of DACU14 and U2 are propor-
tional to the positions of the next data pomt and last data point, reSpectwely These outputs are summed at the
input of U15. The current at the summing node is brdn'ect:onal and is converted to a umdnectlonal volttge,
whtch is proportional to the length of the trace. ' - :

» Frgure 8-22(A) represents the Z Modulation cnrcmt when the net current at the' summmg node is movmg away
from the input of U15. The output of U15 becomes positive, turning CR13 on. The voltage out of U16 i is equal
to the voltage at its input plus the voltage across R109,0rIx R109

tufe
fw]

1

ey
p—— DINONE Lo

STROKE LEN
in *— 0 = in

(8}

~ Figure 8-22, Simpliﬂed Z Modu!ation Schematic

Flgure 8-22(B) represents the Z Modulauon circuit when the net current at the summmg node is. movlng toward
the input of U15. The output of 1J3 becomes - neganvp, turmng CRlO on. 'l'he voltage out of Ulﬁ is equal to -
the voltage across R109, orlleO9 IR T PRI L -

. . ui’ et

C83provtdeshrghfrequencycompensatlon I '_ L L

o RlO4 INTEN EQ. adjusts mtensny evenness for Iong and short strolces

.DlgltaIXGenerator L I » ) ; S ;.'_ff,,'-',:. SDPE
TN ‘ R T ' n e L

.. mate rate of 55 Hz, and. should not be confused’ with the sweep rate controlled by the froal'~ panel SWEEP -
"' . TIME/DIV control. 'Il'at.es A and B are swept l'rom nght to left Gratxcule tllumlnauon and charac.tcrs ;.arc f, ‘f T
sweptfromlefttonght ,;;‘.n.n L SRR o ',‘,3:.‘, R : :
L (j26 and C4] form the mtegrator that produces the DGTL X tawtooth rnnp The slope of the ramp 15 vaned by
- the currents through resnstors RSS R86 and R87 wlnch are summed at the spurce of Q’2.3 (See Frgures 8-..4 5
and8-26) SRR UORRRIISE e , . 'g

o | U4A and U4B are voltage sources for the b:as currents through RBS R86 and RS'L The voltage from U4A 1s i

- 8-38
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’ 47, 9K3
' . 1 ' [ '

o < asans e ! |

. . | l ‘ o
{ pspL ; | l l I .
: TRACE . . - . - .
: : . BBPL I.__._—' I ‘ I—————
CHAR - ) |
Cav e '

LW EAPAR = CHARACTERS —= o m:cau:—ntuu—-"-macz-:

F, igure 8-23, DigitaIX G-enemtor Timing

USisa CMOS device. It reacts to input logic lcvels by pul]mg its correspondmg outputs to its sunoly voltage.
levels, which are approx:mately +5V and ground. If the input voltage exceeds +2.5V, the output voltage is
+ 5V; if the input voltage is less than -+ 2.5V, the output is at ground. U4B is the voltage source for the bias
current through R85. : ‘ .

The L X CLAMP R line resets the mteérator output to OV, so that traces A and B always start at the sante place
at the right side of the CRT display. When L X CLAMP R is low, QS turns on and CR11 is reverse-btased This

_turnson Q22,  discharges C41, and sets Uz2e output to OV

The X HOLD LEFl' line opens the input to .ntt.grator U26, thus stoppmg the ramp output. This ensures that
the first character dxsplayed is always positioned at the left side of the CRT display. When X HOLD LEFT is
high, Q6 is off and Q23 is on; the summed currents from R85, R86, and R87 pass to U26 and are integrated.
When X HOLD LEFT is low, Q6 is on, turning off QZ3 the current path to the U26 mput is opened, and
integration stops. - . .

" The X HO” . LEFT signal is‘ active during raixed mode only, at sweep speeds of 5 ms/DlV'or t‘astér (10 ms/

DIV or faster if in digital average display mode). At these sweep times, there is insufficient time for digital

- display circuitry to convert analog information to digital data and store it. To maintain display information, a

mixed mode takes place in which both analog and digital information are displayed on the CRT: the graticule
illumination and characters are digital information; traces A and B are analog information (VIDEQ) from the
spectrum analyzer plug— in. A number of complete sweeps must be displayed to maintain uniform brightness
of the analog trace. Q23 is held open by the X HOLD LEFT. This delays the start of character sweep until X
HOLD LEFT returns to its normally low state. (For detailed descrtptlon refer to Counter section of Processor
Assembly AT cu'cutt description.)

- The ramp out of integrator U26 is from — - 1.0V to OV. The X OFF adjustment in resistor divider network R91,

R92 and R93 shifts the ramp by 1V, changing the output to 0V to + 1.0V at TP4 (DGTL X).

) L X CLANP R .
V4 \\U‘B } ozz .

_gund DB!'I'I.

‘ flgure 8—2#. Simplified Digital X Generator Schematic

e
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XYZ AMPLIF!ER ASSEMBLY AB CiRCUIT DESCHIPTION

The XYZ Ampllfter Assembly amplifies analog or digital signals to drive the horizontal and vemcal deflection
p!ates of the CRT. DGTL Y, VIDEO, DGTL X and SWEEP are amplified in voltage to current converters and
‘thenin current to voltage converters before passing to the CRT deflection plates :

So that characters, scale illumination, and traces will have proper mtensrty and focus, this assembly modulates '
Z-Axis intensity and focus according to modulation and blanking signals from the Processor, Data Converter,
and Interface Assemblies. The Voltage to Current Converter, Z-Axis converts modulation voltages to current
sources. These current sources are surnmed and amplified in current to voltage converters that drive the control
and focus grxds of the CRT. . .

DigltallAnalog Switch (X and Y) 0

This switch steers VIDEO or DGTL Y to the Voltage to Current Input Amplifier, Y-Axis @, and SWEEP or
DGTL X to the Voltage to Current Input Amplifier, X-Axis @ . Sec Figures 8-27 and 8-34.

HOGTL
'
i

VIDEn
0 Y —0

INEEP —Ow P I_.D_ o
: X
NOTL N =m0’ AR > DEFLECTION
: , : PLATES

Figure .8-27 X and Y Amplifiers

Swrtch U2 contams four smgle-polc, single-throw, JFET analog switches connected as two double-pole, double-
throw switches. U2B and U2C are normally closed. U2A and U2D are normally open.

When digital dlsplay modes are selected, or during character and graticule tllummatron display when in mixed
mode, HDGTL is high. DGTL Y and DGTL X from Data Converter Assembly A5 pass to the Voltage to
Current Input Amplifiers. (For detailed: descnptton of mixed mode, refer to Counter sectron in Processor
Assembly AT circuit description, ) :

When analog dtsp]ay mode is seIected HDGTL is low and VIDEO and SWEEP pass to the Voltage to Current
Input Amplmers

Voltage to (‘urrent Input Amplifier, Y-Axis @

This circuit converts its input voltage to two current sinks which drive the Output Driver Amplifier A, Y Ax:s
and Output Driver Ampifier B, Y Axis. The nominal input is OV to +.8V. The two current sinks are propor-
tional to the voltages present at the two CRT deflection plates. These current sinks are complimentary and are
produced by a senes of diffl erentta! amplifiers. See Figure 8-28.

Figure 8-28 shows the Voltage to Current lnput Amplifier containing three drfferentral pairs. To understand the
amplifier, first assume that the basé¢ of Q5 is at 0V and bias resistors R19* and R21* are equal For this case, the
entire amphf ier is balanced and output currents 1, and I, are equal.

847




Service ' . 3 . | , Model 853A

e +18V
I oy hg20 8K
. Toet,a8 eE¥ o Y POSH
o 1aL o 5.4 R
oLt -scace OV 1w L -18
DEFLECTION Qr

+15VF4

A =W

2150 v 2140 ‘

2130 2180

~4BY -3y

I, Oc ¥ AT CAT DEFLECTION PLATE V-
I Oc V AT CAT DEFLECTION PLATE Y+

Figure 8-28. Voltage to 'C"urrent Ihp‘ut Ampliﬁer, YAxis .

In the actual circuit, R19* and R21* are rot equal Full screen def lectton occurs when VIDEO (or DGTL Y) is
at 0.8V. Mtdscreen deflectton occurs when 0.4V is present at the base of Q5. :

Ideally, R19* and R2!"‘ are selected so that the cql}ector valtages of Q6 and Ql6 are equal and the output
currents, I, and 1,, are equal when 0.4V is presefit at the base of Q5. In ‘practice, however, the resistors are
selected to provnde mtdscreen CRT det‘lectton with 0 4V applted

Voltage levels for troubleshootmg are indicated on the XYZ Amplifier Schematic, Figure 8«34 and on Figure 8-
28. For these measurements, first put the HP 853A in digital display mode and then short the base of Q5 to
ground, This unbalances the output current I, and I, and causes the CRT beam to be at the bottom of the CRT
display, if the amplifier is operating correctly. Smce the ampltf ier stages are dc coupled any errors present inone
stage will be repeated in following stages T

All six stages have current gain, but only Q6 and Q16 have significant voltage gain, -

Front panel control Y POSN, varies the base voltage of le by a few tenths of a volt. This offsets the amplifier
to adjust CRT beam ref lection.

Y GAIN adjustment R30 compensates for varying deflection factors of different CRTs Res:stor R26* is
selected to optimize the range of R30.
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‘modes at amplifier A output protect against CRT arcing. o

. varies the mtensxty of traces and characters.
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Voltage to Current Input Amplifier, X Axis @

This circuit operanon is identical to the Voltage to Current Input Ampllfler. Y Axis, except that the nominal
input voltage range is from OV to +1.0V. Grounding the base of Q26 causes the CRT beam to go to the left of
the display if the amplifier is operating corrcctly

Output Driver Amplifier A, Y-Axis ©
Output Driver Ampllller B, Y-Axis Q@

These two amplifiers are current to voltage amplifiers and are identical. Amplifier A is driven by Q17, which is

~ the non-inverting output of the Voltage to Current Input Amplifier, Y-Axis: Amplifier B is driven by the -

inverted output, Q7. Ampllflers A and B are both wndeband mvertmg amplifiers that dnve the CRT vertical.

-deflection plates. Amplifier A is described.

Emitter follower Q19 can be ignored as a current path for low l'requency operatlon It is ac coupled to QS and

Q21 to improve the high frequency performance of the circuit.

* First, assume that the input to amphfer Ais open and that all the transistors have infinite beta and no base

current. The base voltage of Q8 is approximatcly +0.6V. The base voltage of Q21, determined by the drop
across R58 and K59, is approximately + 148V, This sets the emitter and collector current of Q21 to about 7 mA.

Now assume that the input of amplifier A is connected to the input amphfler QI7) Any current sunk by the
input amplifier is supplied by Q21 and Q8 through'R57. Current, amplified by Q20, is coupled to QZI through

" C10, and coupled to QB through R61. Transistors Q8 and Q20 have high voltage outputs, which increase as

current through the feedback loop, R57, increases. This feedback is 180° out of phase with the input to amplifi-
ér A. Thus, the input voltage to amplifier- A remains at OV. For every milliampere ot‘ current sunk by the mput
amplifier, the output voltage of amplifier A rises +23.7V.

The combined voltage gain of the Voltage to Current mpnt Ampl:f ier, Y Axis and the Output Dnver Ampllf ier
A, Y Axisis about 120.

The collector current of Q8 is 7 mA, since any current through R57 into the base of emitter follower Q20
mcrﬂases the voltage at the base of Q8, which is turned on sufficiently to sink 7 mA.,

Output Driver Amplifier A, X-Axis @ =~ S
Output Driver Amplllier B, X-Axis @ - |

- The operatxon of these circuits 13 :dent:cal to Output Driver Amphf jers A and B, Y Axls

Z Multiplexer @

The Z Multlplexer, U4, selects mtenmy modulation voltages that represent varying intensities for scale illumina-
tion, traces, and characters displayed during digital or analog mode. The Voltage to Current Converter, Z-Axis
converts the Z Multiplexer output to current sources that drive the control gate and control grid ampl:f iers. See

- Figure 8 —29. The inputs to U4 are controlled by GRAT EN and L INTEN MOD.

Front panel control SCALE INTEN varies the intensity of graticule 1llummanon Front panel control INTEN

.
VOLTAGE
W o 10 CURAENT

Y CONVERTER

© - BI38 wNALDD INTEN u.-:a\
+8v1 " o
- ' | Ua-2 . T oc INTENSITY
SCALE INTEH  Ud-34 | o —
‘ I SEALE] 34 o : :

STAUKE LEW ba- .42

+18VF s ——8 G111+ "UPPER' MALF : ‘ LONER
- L v v HALF OF U4
CONTROLLED BY '
v aiAl €M
| LINE NOD EM

Figure 8-29. Z Multiplexer

8-49




_ Service S : . ‘ 3 . Model 853

" Voltage to Current Converler, Z-Axis @

~ This circuit converts its mput voltage from the Z Multiplexer to two current sinks that drwe the Control Gate

Amplifier and the Focus Gate Amplifier,

Common emitter amplifiers Q3 and Q13 prowde one current sink; Q4 and Q14 prov.de the other cu.rent sink.
The differential amplifier pair, Q3 and Q4, have a nominal input voltage range from 0V to + V. CR8, R118,
and R117 form a diode clamp and voltage dmder so that the voltage. dltference to the ampllfler pair never
exceeds 1V. .

- Transistor Q13 forms a current sink mversely proportlonal to the intensity level. 'Ii'ansntor QM forms acurrent

sink inversely proportional to the mtensxty level,

INTEN GAIN adjustment R124 eontrols the relative gain of the inverting and nouinvefting side of the amplifi-
er. o ' ‘ :

Test point l3 at the base of emitter follower Q25, may be shorted to ground for troubleshooting, This blanks

- the CRT. Voltage levels noted in funcuon block Jon the schematic dxagram Figure 8-34, apply when TP13 is

grounded
Dynamic Focus, X-Axis @

This circuit sinks varying amounts of current from the Focus Gate Ampllf ier @ to maintain sharp focus as the
X input is swept. Figure 8-30 shows that the current sink is an exponential function of the absolute value of X,

Emitter qurrent of Q40 and Q4I is a function of the voltage difference at the bases of Q40 and Q4l When X +
(TP9) is high, and X — (TP10) is low, Q40 turns on, sinking more current. Wheu the CRT beam is at mldscrcen,

- X+ equals X —, and thr voltage dlf ference at the bases of Q40 and Q4l is zero,

Resistor R90* is a factory select part and adjusts the armount of dynamic focus eompensatxon Diodes CR3 and
'CR6 provide temperature compensation,

Focus Gate Amplifier ©

The Focu‘: Gate Amplifier supplies a correction voltage to the focus grid of the CRT. Figure 8-31 i5 a simplified

. schematic of the Focus Gate Amplifier. Focusing varies as front panel intensity, stroke length, and horizontal

I

o ﬂ o . CUARENT STMK !
‘ : . THAGUGH G40, G43

) WILGCAEEN RIGHT
' X DEFL EGT 10N

[ igure 8-30, Current Source DYN Focus
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- position change. Currents inversely proportion'a! to these signals are summed at a curren! node; the current is
= amplified to produce the CONTROL GATE output. The CRT beam defocuses during graticule illumination.

The DYN FOCUS signal is a current sink proportional to the horizontal position of the CRT béam. (Refer to
'Figure 8-34.) When GRAT EN is high during gratlcule illumination, Q2 turns on and sinks DYN FOCUS
“current to ground; the voltage level at the base of Q11 lS zero, and the beam defocuses, producing uniform
graticule illumination. - <

s When GRAT ENis low Q2 turns off, ThlS allows the summing of DYN FOCUS current with cuirent from the
© . Z Multiplexer {via Q1) that is inversely proportional to stroke length or intensity.

- Transistor Ql has low input impedance and high output impedance. lt isolates the summing-current node at
=" Qll from theZ Mulhplexer N

" The mrrectnon voltage at FOCU& GATE varies from + 5V to + 70V, | S ,
' l‘ ; L , ) '

L I - I“:nreu I

L
wit

BUMNING -
NUDE

. > FOCLS OATE

DYN- FOCUR €< X Plan

.
1
T o Sihowe T

" '."" ' thu:r.b 8-31 Focus Ga.e Amplffrer Simpiified Schematic..

:“hl,
e

Comrol Gate Amplifier @ o .
\ < Analog Blanking'@® /" 0 A e e
Analqglmgital BlankSng Saﬁar.! 0 R A

T I}
!_u:rg 3 \" i ; } i

'I'he Control Gato Amphﬁer isa currr:nt to voltaga amphﬁer snmllar to the Focus Gate Amplifier. It drives the
vcontru. fznd of theﬁRT “Beam c,a}r}ent, pmportlonal to siroke length or intensity, is amplified to produce the
3 cqntml grzd ..oltage (CONTI{'DL GATE)’:Whtch vanes from +25V to + 70V Flgure 8-32 is a simplified sche-
‘manc @r the Cpntrol Ghte Am‘phher B KA
i N

A .B.ank.mg swlt g Q24 mrns‘bi‘f the- lneam curtent gcwrdmg to the loglc levels o[’ analog and d:gltal blankmg :
v shgials, AN{..qu Nxmtyqnd LDGTL{BLNK.,

lkﬂ

".1*1 thz Analeg/D ‘al Blankm% §BIC(.£ circ 16;’ the ANLG/LDGTL signal (from A7) steers either L DGTL
¥ -'BLNK OF; ANLG g Nh (T’l'L) 0 pm 8 of FJ3 Alogic high from U3 turns off Q24, shutting off current to the

b current.to - ,oljage am;)hf;er ‘The beam isBlanked; CONTROL GATE is at +25V, Diodes CR15 and CR16
,ensure thal ne; Lurrent p'isses o3 when QZ4 is com.uctmg Resistor R150 s a pull-up resistor.

Z-The Anafog Blankmg t,xrcmt c:qnvérts ANLG F.NK to TTL levels, fcr compatibility with U3. Traasistor Q10 is
always on, with basp current’ spi‘ 1 mA. When ANLG BLNK is high, Q10 collector current is 3 mA and'the
voltag%: pt,TP}2 ig i+ 4V. The CRT beam is bianked if ANLG/LDGTL is high. When ANLG BLNK is low, Q10
collector cum‘t}t s i mA and TPJZ is at OV, apprommately This blanks the CRT beam if ANLG/LDG 1L is
',.f [OW '»,-‘l‘l g P ' 3

EIAT
AHLG/LOGTL
g-‘;::!.‘oc INTEN d 24

O ‘ . Q .
— Q ,Ik _'\: m CONTROL OAYE
‘ | I/ ‘
. I "
H
1

]

W . Tox BIADKE LN |
L |
i

R .‘ i _]_l_rL ANLG BLNR {1V} ' . _
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. B Figu}e 8-32. Control Gate Amplifier, Simplified Schematic . - ‘
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PROCESSOR ASSEMBLY A7, CIRCUIT DESCRIPTION

The Processor Assembly controls the HP 853A m'ainframe, which consists of _ two functional'systems: the Input
System and the Output System. (See General Circuit Description and Figure 8-5.) The central processing unit \
(CPU) and counter control these systems: B ' ‘ o

P The CPU controls conversion of sweep, video, and ffont-panel signa}s to digital data, and stores it in
memory. - .

o The counter converts digital data to analog information and displays it on the CRT.
CPU and Program ROM @ '

The CPU, U50, manipulates data using the address bus, A0 through A15, and the data bus DO through D15,
(Refer to Data Multiplexer.) The address bus specifies the hardware or memory location that is to supply or
receive data on the data bus. The CPU stores data in Stroke Memory or System Memory @ @ . It also fetches
data from Stroke and System memory, and the Program ROM @, U34, which is a read-only imemory that
contains instructions for the CPU. ‘ ‘ * : ‘

This circuit has the following coritrol lines.

‘L' ROM EN (flow ROM enable) switches the multiplexers in System Memory and Stroke Memory. When L
' ROM EN is high, the CPU address bus addresses memory. The CPU Program ROM is disabled and the CPU
controls the data on the data bus, DO through D15. When L ROM EN is low, the counter bus addresses
memory and controls the data on the data bus, DO through D15. While the Counter controis the data bus, the
Program ROM is enabled, and the CPU fetches a command for its own internal operation, usingthe CPU data -
bus lines d0 through d7. _ ‘ o S -

LWW (Iow-read/Wﬁte) aﬁd RJLW‘(read/low-writ'e), LR/W determines the direction of data through the Data
'Multiplexer @ . When LR/W is low, data passes from the Data Multiplexer to the CPU. LR/W and R/LW
,control HP-IB data flow through U24, in the HP-1B Interface and Sweep Status Interface 0.

L CPU RESET (low GPU reset) restores the CPU, to its initial state. When power is initially turned on,
comparators U5S3A and"{J53B generate the L CPU RESET pulse, which remains low until the +5V supply
exceeds about + 4V, Capacitor, C1,and R3 cause a delay which holds the voltage at pin 1 of U53 low for about
-200 ms. The L CPU RESET pulse may also be generated by grounding TP5.

" All clocks are 2 MHz, except DOT CLK; which is 4 MHz. Figure 8-35 shows clock waveforms, all referenced to
CLK (00). . ‘. o I '

Data Multiplexer @

The C?U processes eight bits of data at a'tim'e. The data multiplexer converts the 8-bit CPU data bus, J7
through do, to a 16-bit data bus, D15 through DO, Table 8-6 shows how ihe busses correlate.

When a_cqppsing System Memory, the CPU processes data on data tines D7 - DO through transceiver U20,

When accessing Stroke Memory, the CPU ‘i:foces.ées data on data lires D15— D0 through transceivers U20,
U21, and U22. The CPU progesses Stroke Memory in three steps: ' ’ I
" First, U20 s enabled, and eight bits, D15 — D8, which correspond to CPU data bits d7 — 0, are processed.

Second, U21 i~ enabled, and four bits, D7 - D4, which _correspond to CPU data bits d7—d4, are proc-
essed. The CPU ignores CPU data bits d3 — d0. : T :

Third, U22 is enabled, and four bits, D3 — DO which correspond to CPU data bits d7—d4, are proCesséd.
Agair, the CPU ignores CPU data bits d3 — d0. ‘ - :
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Table 8-6, 8-Bit CPU Data Bus and 16-Bit Data Rus Correlation

" 2. bie POI) fas Teanslates to 16-Bit " System Memory Data Stroke Memory Dava

8-Bit CPU Data Bus ' Data Bus " Contents Contents
4740 D15-D8 Character Buffers, 8 MSB Stroke Data
' _ CPU Scratch Pad & Stack "
u7-d4 ' D7-D4 Not Used ' 4 LSB Stroke Data
d7-d4 -r:_;—oo ‘ Not Used Blurtking Data

Control lines from U135, U57B and U57D enal:le tranceivers U20 U21, and U22, When L ROM EN is htgh
and pins 4 and 5 of Ul5are low, UlSis enabled AlO and All determine whrch U15 output is active (fow).

Stroke Memory.and Multiplexer ®

Stroke Memory contains four static read/write, random access memory (RAM)  chips, US, U9, U10, and U11"
that receive and send data on the data bus. These RAMs are accessed by a 10-bit address, ADO~ AD9 Multi-
plexers U40, U41, and U42 route commands from the CPU, Counter, and Memory and l/O Select Generator to
these RAMs.

Stroke data is stored in stroke memory as 1024 16-bit words. There are 5 12 words for tace A and 512 words for
trace B. These words correspond to 512 positions on the CRT display, located across the CRT's horizontal axis.
A 16-bit word is processed asone 8-bit byte and two 4-bit nibbles. Table 8—7 lrsts the contents of Stroke Memory

The high byte of stroke data, DlS D8 contains the 8 most srgmftcant bits representmg the vertical value of the
video signal. The low byte of stroke data D7~ D6, contains the two least srgmf icant bits of the vertical value.
D4-D3 are blankmg information. Bits D1 and DO are not used, The extreme rtght and left positions on the
CRT’s horizontal axis are blanked so that only trace data within the gratrcule area is displayed. Brts D5 and D4
are fracttonal bits (l/ 2 brt and 1/4 bit) used for digital averaging; they are not displayed.

L ROM EN determines whether the CPU or Counter is addressmg the RAMs. The CPU addresses the RAMs
with address bus bits AO— A9. The CPU stores stroke data in Stroke Memory sequentially. It also fetches data
from Stroke Memory for arithmetic operations, such as normalizer functrons .

The Counter addresses the RAMs with countér bus bits CNTS CNTI13, and C'NTIS As the Counter counts,
stroke data is accessed sequentiatly l' or display on the CRT CNTlS selects trace A or trace B

The followmg srgnals control Stroke Memory:

L ROM EN (low ROM enable) switches multiplexers U40, U41, and U42. When L. ROM EN is low, the A
inputs are selected When L ROM EN is high, the B inputs are selected (SEL B)

L CS (low chip select) is the enablmg input to the RAM chips U8, U9, UlO and Ul1. Multtplexer U40 selects
either L MS1 or L MS3 to be the low chip select signal. When L CSis low, Stroke Memory is enabled.

MS1 (memory select 1) enables the Stroke Memory RAM:s (via L CS). When L ROM EN is high and MS] is
low, the CPU controls Stroke Mentory.

MS3 (memory select 3) enables the Stroke Memory RAMs (vra L CS). When MS3 is low and L ROM EN is
low, the Counter controls stroke memory

Hl- BYTE RILW (high byte read/low-wnte) controls the direction of data in US and U9.

LO-BYTE HILW (low byte read/low-write) eontrols data d:rectlou inU10.
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' Table 8-7. Processor Adc{resses

Service

CPU Address Function
- ' _ General 1/0 Interfaces
- %0 Analog-to-Digital Converter (Low Byte)
, .58 Analog-to-Digital Converter (High Byte)
’ .. /820 Display Pushbuttuons, Write Control
: ©. 528 Display Pushbuttons, Store Control
.‘ '$30 HP-1B Address Switch, Sweep Status
' Control Lutch Interface
319 . Trigger Sweep Start/Reset Function
318 Arm the Sweep Start/Reset Function
, 31A End Request Conversion Pulse
51B Start Request Conversion Pulse |
’ $1c Input Select A Low
31D Input Select A High
S1E Input Select B Low
$IF. Input Select B High
$12 Disable Analog Fust Sweep Function
513 Enable Analog Fast Sweep Function
HP-1B Registers
$38 HP-IB Data Register '
$39 " Interrupt Status Register for Incoming D.stn
“ $3A Interrupt Status Register for Bus H.mdsh.lke
53B - Serial Poll Register
$3C ", HP-IB Auddress Status Register
33D Auxiliary Command Register
33E- HP-IB Switch Selected Address Register
$3F° Not Used
: . System Memory
$380-3BF Character Buffer for Upper Printed Line on Display
33C0-33FF Character Buffer for Lower Printed Line on Display
$40-837F Scratchpad Memory and Machine Stack for CPU
‘Stroke Memory
$400-35FF ~ Blanking Datu for Trace B
' 3600-$7FF Blanking Data for Trace A
$800-89FF ~ Stroke Data for Trace B (High Byte)
$A00-3BFF Stroke Data for Trace A (High Byte)
SCO0-3DFF - Struke Data for Trace B (Low Byie)
SE00--3FFF Stroke Data for Trace A (Low Liyte)
$1000-DFFF Not Used
Proéram Memory (ROM)
SEQ00-3FFFF HP-IB and Plot Subroutines
Control Setting Display Subroutines
Executive Program and Trace Data Handling -
Initintization and Test Subroutines
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CTL RILW (control read/low-wrrte) controls data direction in U11.

System Memory and Multiplexer @

System Memory is similar in structure to Stroke Memory. System Memory comprises static RAM chips, U6 and
U7, and multiplexer chips, U37 - 39. The multiplexers route signals from the CPU, Counter and Memory and
1/0 Select to the RAMs. !

The RAM chips contain a scratch pad memory and machine stack for the CPU’s own internal operation. They '

also contain two character buffers, one for each line of character drsplay Refer to Table 8-7.

L ROM EN, asin Stroke Memory, determines whether the GPU or Counter is addressing RAM. By addressing
RAM with address bus lines AD— A9, the CPU stores the front panel settings in the character buffers as ASCII
code. Counter bus lines CNT9 through CNT14 select the character position, and CNTS selects the upper or
lower buffer.

The followmg srgnals control System Memory

L ROM EN (low ROM enable) switches the mult:plexers U37, U38, and U39. When L ROM EN is high, the B

inputs are selected (SEL B) When L ROM EN is low, the A inputs are selected.

LCS (Iow chip select) is the enabling mput to the RAM chrps U6 and U7. Mult:plexer, U39 selects either MS0
or MS2 to be the low chip select signal, When L CS is low, System Memory is enabled.

MSO0 (memory select 0) enables System Memory RAMs (viaL CS) When MSO is low and L ROMENis hugh
the CPU controls System Memory ‘

MS2 (memory select 2) enables the System Memory RAMs {viaL CS) When MSZ and L ROMEN are low, the
Counter controls System Memory.

SYS RILW (system read/low-write) controls direction of data flow in System Memory.

Memory and /0 Select ©@ - SRR | -

This circuitry generates the following control lines. | - o

MSO  Refer to System Mcmory and Multiplexer @.

‘M-S.1 ~ Refer to Stroke Memory and Multiplexer ®.

‘MS2 Refer to System Memory aud Multiplexer @.

MS3 Referto Stroke Memory and Multiplexer @ .

LI/CSEL ow mput/output select), when low, enables the 1/0 Decoder.

DSPI. TRACE and DSPL CHAR tog:ther control the timing and direction of the DGTL X ramp.

DSPL 'I'RACE (drsplay trace) controls timing of the negative portion of the DGTL X ramp for d:splay of
traces. It also initiates strobing of stroke data to Y Data Buffer. DSPL TRACE is high when traces are dis-
played. (Refer to circuit descnptrons of D1splay Control Logic and Blankmg Logic in this section. Also refer to
Digital X Generator in A5.) -

DSPL CHAR (display characters) controls timing of the positive portron of the DGTL X ramp for display of

characters. It enables blanking logic for characters, and provides phase shift in Counter. (Refer to Display
Control Logic, Blanking Loglc. and Counter circuit descriptions. Also refer to Digital X Generator in AS5.)
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~ LXCLAMP R (low X clamp right) clamps DGTL X sweep ramp (A5)to 1V,

Model 853A e e . Semide:

Stroke Select Generator @

A

STROKE SEL determines which of the Y Data Buffer (AS) inputs and outputs are enabled.

Display Control Logic © A
This circuit generates signals that time the display of information on the CRT. It controls some circuitry on the

" Data Converter Assembly, AS. , :

STRK GEN TIMG (stroke generator timing) controls the timing of the Digital Y Generator (A5) and Blanking
Logic. It times the drawing and blanking of trace data from Stroke Memory (A7) that is stored temporarily in
the Y Data Buffer (A5). When STRK GEN TIMG is high (6 us), the Digital Y Generator (A5) processes stroke
information from the Y Data Buffer and generates DGTL Y; a stroke is drawn which corresponds to one of the
512 buckets of the CRT display. Whén STRK GEN TIMG is low (1 ps), the CRT beam is blanked (L DGTL
BLNK) and the Y Data Buffer is switched. See Figure 8-36 and Data Converter Assembly A5 circuit descrip-
tion, ' ' . '

}

AL
sinnninpnnni g
SR I e S O I I O

=

I o o

L
w

CHTA I g !___- _
STAK RN TING I : l
Y L .
CHAR OT BHIFY — l_J
’ '.:_

oy ey L
ENENATOR !
ou'teuT

C

CHTA DURING TRACE
AATICULE
ILLUWINATION
. WHEN DGPL CHAR
15 LOw

" £MTH DELAVED WHEW
_ DSPFL CHAR 15 HIOH | }

. ) "STRONE 8EL |

"TI: A

Figure 8-36. Stroke Generator Timing |

. DSPL TRACE (display traces); when high, enables STRK DATA STRB.

STRK DATA STRB (stroke data strobe) strobes trace data into the Y Data Buffer (AS5). Refer to Data Con-
verter A5 circuit description. : - . o

'STROKE BLNK (stroke blahk) blanks the CRT as the Y DATA buffer (A5) is loaded. |
Refer to Data (fonvertei’ circuit description. ’ -

DSPL CHAR (display characters) is high during character display.
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X HOLD LEFT X hold left) is active during mixed mode. This signal holds DGTL X value constant (A5)
during analog display interval, so that character line is positioned correctly and all characters are displayed. ‘
- {Refer to Counter circuit description for detailed operation of mixed mode.) ‘

- Read/Write Select @ _
READ/WRITE SELECT generates four commands for stroke and system memory. These outputs are active
P one at a time when Al5 and WR CLK are low and LR/W is high. A10 and Al determine which output is
Lo active
f SYS RILW (system read/low-wnte) controls the direction of data in System Memory

CTL RILW (control read/low»wme) controls data direction in the portton of Stroke Memory that corresponds -
to data lines DOthrough D3, .

LO-BYTE RILW (low-byte read/low-wnte) controls data drrectron in the portron of Stroke Memory that
stores the least significant data bits of the VIDEO (Y) data.

HI-BYTE RILW (high-byte read/low-wnte) controls data direction in the port:on of Stroke Memory that
~ storesthe eight most significant data bits of the vrdeo data.

Counter ©®

The counter fetches trace and character data from System Memory and displays it, together with graticule
illumination, on the CRT. It addresses System Memory via the counter bus, CNTI — CNT16, and controls the
data bus when L. ROM EN is high.

. CNT1 through CNT4 determine that strokes are drawn every 7 ps. CNTS through CNT13 determine that a
trace is drawn in 3.58 ms and consists of 512 strokes (481 within the graticule). CNT14 through CNT16 select

~ what is being drawn during the display refresh cycle: trace A, trace B, characters, or graticule illumination, The
display refresh cycle, shown on Figure 8-37 repeats every 17.9ms (55.8 Hz).

CNTS5 is delayed when it selects either the upper or lower row of characters for drsplay When DSPL CHAR is
high, itis gated with CNT4 at U54R, delaying CNT 5. See Figure 8-36. :

CNT1 through CNTI16 are produced by dividing L CPU CLK. The first divider in the chain, U36, divides 2
MHz by 14 to preduce CNT1 through CNT4. U27 divides CNT4 by 256, and the first stage of U4BA divides the

- U27 output by 2, producmg CNTS through CNT13. The remainder of U4BA is a divide by 5, producrng Ci4
‘through C 16. , .

At sweep speeds 5 msec/DIV or faster (10 ms/DlV or faster if in DGTL AVG mode), the CPU does not have
enough time to process the analog SWEEP and VIDEO signals into digital information for display on the CRT,
To maintain display information, analog traces and digitally controlled characters and graticule illumination are
displayed alternately on the CRT. This is called mixed mode. The Interface Assembly, A9, monitors the plug-in
sweep speeds and srgnals when the sweep speeds are greater than or equal to 5 ms/DIV (or 10 ms/DIV); SLOW
SWP goes low. ,

The CPU reads the sweep status interface portion of U12 (L) at the end of a sweep. When SLOW SWP goes
low, it initiates the mixed mode process: ANLG FST SWP EN goes high {CPU address A13). The Counter gates
ANLG FST SWP EN with RETRACE, producing ANLG FST SWP, which goes to Blanking Logic @,

- producing ANLG/LDGTL. ANLG/LDGTL travels to XYZ Amplifier Assembly A5, and ultimately produces -
the signal HDGTL that switches the Digital/Analog Switch (A6), which selects either the plug-in VIDEO and
SWEERP signals, or the DGTL X and DGTL Y signals, to drive the CRT deflection plates.

Both of the digitally derived traces are blanked tbut not eleared) during mixed mode operation (L DGTL
BLNK). The Counter cycles through its normal display sequence trace A (blanked), graticule illumination,
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UNE DIBPLAY REFRESH CYCLE
17.0ms

oNT13 - = x e ok d
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l
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I
t
!

!

X OUTPUT 10
CAT HOAIZ
BEFL PLATES

L X CLANP RIOWT

BTART TRACE A ———u BTART TRACE B
CHARAGTERD ———————tojun==TRALE *"L—m.un TRACE B

Flgure 8-37. Disp!ay Refresh Cycle

trace B (blanked), and characters, except that trace B timing (trace B i is now analog) is controlled by RETRACE
instead of DGTL X. ‘ ‘

F)gure 8-38 shows how trace B timing is controlled in mixed mode. After graticules are drawn, COUNT EN
‘goes low. Normally, COUNT EN would remain low for 1 us, but since the mainframe is in mixed mode,
COUNT EN does not go high again, ¢nabling the Counter to count, until RETRACE signals the start of the
" plug ~in sweep, by going low. The Counter now counts for 3.58 ms, and after this period, COUNT EN again
goes low, this time waiting for the end of the plug-in swecp, which is signalled by RETRACE going high.

/O Decoder @

The CPU uses the 1/0 Decoder to enable, one at a tlme; v'anous interfaces and latches that receive or send data
according to CPU commands. The /O Decoder is enabled when L. ROM EN is high and 1/0 Sel is low
Address bus lines A3, A4, and A5 determine whlch mterface, Iatch, or command isenabled.
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Figure 8-38. Mixed Mode Timing (Analog/Digital Display)
The 1/0 Decoder also enables commands for Data Converter Assembly AS.
Table 8-8 lists the circuitry co:ntrolled by the /0 Decodelj. =
Table 8-8. 1/0 Decoder Truth Table -
v AB Al A3 CPU Addresses o 1/0 Decoder Output Enabled
1 1 1 $38-3F HP-IB Talk & Listen Interface ((§)
1 1 0 $30-37 HP-IB Address Switch & Sweep Status Interface ({J)
! 0 1. $28-2F Store Control Switch () '
r 0 0 $20-27 _ Write Control Switch (@)
0 1 i $18-1F Control Latches ()
0 1 -0 $10-17 Control Latches ()
0 0 1 $8F .| ADCHIBYTE(Q))
0 0 0 $0-7 ADC LO BYTE ()

HP 1B Interface and Sweep SIatus Interiace @

The microprocessor-controlled device, U24, handles all the talk and listen functions that occur during HP-1B
operation. During HP-IB operation, the CPU sends and receives data (D8 — D15), using address bus lines A0,
Al, and A2, which correspond to address locations $38 through $3F U24 formats the data to and from the
HP—]B dewce U23 and U14 are buffers. (Refer to Table 8-7.)
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RILW and L/RW dictate whether the CPU is reading or writing to the HP-IB device.

Buffer U12 is enabled when the 1/0 Decoder is enabled and the CPU is accessing address $30. The HP-1B
address is sensed by U12, The rear panel ADDRESS switch provides contact closures to ground, which are’
translated to TTL levels with pull-up resistors. : -

Buffer U12 also 5t6res plug-in sweep status information.

When LMANUAL is low, it indicates that the sweep is in manual niodﬁ. ' ,
When SLOW SWP s high, it indicates that the sweep is slow enough to digitize. (Refer to Counter @ .) '
Wheﬁ RETRACE is high, it indicates that the plug-in is retracing.

Store Control Switch @ :

This interface buffers four inputs from the front panel pushbuttons that control the CRT display. The inputs are
contact closure to ground, translated to TTL input levels by pull-up resistors. The CPU accesses U4 at address

$28, when the 1/0 Decoder is enabled. -
U4 also buffers inputs from Data Converter Assembly AS. -

ADC BUSY (analog to digital conversion busy)is high during analog to digital conversion and goes low when
conversion is finished. : . -

LNOISE is low when the VIDEQ input (A5) has noise characteristics.

Write Contro! Switch @ : ' : , |

This interface buffers six inputs from the front panel pushbutton switches that control the CRT ciisplay. These
inputs, again, are contact closure to ground and are translated to TTL input levels by pull-up resistors, The
- CPU accesses buffer U3 at address $20 when the 1/0 Decoder is enabled.

Control Latches @

" The CPU uses the control latches to control various Opera'tioris of Data Converter Assembly A5 and the plhg—
in. Address lines A1-A3 specify which latch output is active (high) and A0 determines whether the latch is set or
cleared. (Refer to Table 8-7.) ‘ : ‘ A

The following signals afe contro) latch outputs: |
REQ CONV (request conversion) initiates the analog to digital conVersipn in Data Converter Assembly AS,

INSELAand IN SELB (input select A and input select B) select aﬁalog signals for digital conversion, (Refer to
Table 8-5 and A5 circuit description.) , - ' :

L SWP TRIG (low sweep trigger) triggers a sweep in the plug-in when a high from U30 pin 9 is ORed with TRIG
from U24. . | .

ANLG FST SWP EN (analog fast sweep enable) enab_leél mixed mode. (Réfer to Cdunter (D)

: Blanking Logic @
Blanking Logic decodes timing signals and switch positions to turn off the beam on the CRT.

~ The signal at TP4 (L DGTL BLNK) blanks the beam of the CRT during digital dis;ilay mode. When the signal
" at TP4is low, the CRT is blanked. During analog display mode, the blanking signal from the plug-in blanks the
CRT beam. _ .
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S




) . !

Service | - - / - Model 853A
ANLG FST SWP EN (analog fast sweep enable), when high, blanks dlgxtal traces and enables mixed mode
(Refer to Counter circuit description in this section.)

STRKE GEN TIMG (stroke generator timing), when low, blanks for 1 s, each 7 us.

STRK BLNK LCHD (stroke blank latched), when low, blanks dlgltally displayed strokes,

WACTL and WBCTL (wrlte A control and write B contro]), when low blank dlgltal trace A and digital trace B,
respectwely ,

L CHAR DOTS (low character dots) controls blanking of the raster for character d:splay Character dots are
drawn when the signal is low.

ANLG FSTSWPisa timing sxgnal for mlxed mode. (Refer to Counter circuit descnpnon in this section.) .

ANLG/LDGTL (analog/low-dignal) selects digital or analog display. When low, dxgxtal display is active; when
high, analog display is active. ‘

Character Generator @

The Character Generator generates two rows of characters onto the CRT by drawing a dot matrix on a vertical
raster. The'Counter forms the raster, which is a series of ramps, by alternately fetching the two Y Data Buffer

outputs that correspond to the endpoints of the ramps. As the ramps are drawn, the character generator blanks .

portions of the raster. The portions not blanked form up to eight dots on each posmve«-gomg ramp, as shown on
Flgure 8-39 ‘

The CPU senses the front panel control settings and stores them as ASCII code in System Memory. (ASCIlis

the American Standard Code for Information Interchange ) During the character portion of the display refresh

[ ONE CHARACTER THAGE ]
[ | T rodion

[

fo—— 7

p————
L'—s
fo— L4
- 3
M

e e ¢

Figure 8-39. Dot Matrix Blanking Superimposed on Raster
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cycle, the Counter stores the ASCII code in buffer U19. The code, together with CNT6 'CNT7, and CNTS8
form the address to the character ROM U33.

The dot matrix output from U33 is the input to both U3} and U32 shift registers. U31 and U32 shift out the dot.

~ positions. A dot rcpresents a portlon of the vertical raster which is not blanked and is 250 ns wide.

‘ Ret‘er to ttmmg dragram Figure 8-40, for the following cycle.

CHAR DOT SH goes high. Character code (ASCII) from address $3C2 in System Memory is clocked into
buffer U19 one or more times by CLK @0 gated with A15 (ROM EN), and passes to character ROM U33.

CHAR DOT SH goes low. Dot positions for the letter “R” are loaded into shift registers U3l and u32.

'DOT CLK EN inhibits the shifting of dot posrttons out of U31 and U32, When DOT CLK EN goes low, dots

for “R” are shifted out. The most significant bit of U32, H, is shifted out first. Bit H, and also bits G, F, and
E which follow, are grounded. Thus, L CHAR DOT, the output at pin 7, is initially high and these dot positions
are blanked. Next, bits D, C, B. and A of U32 are shifted out. These bits are high and cause L CHAR DOT to
go low. L. CHAR DOT remains low as bits H, G, F, and E shift out of U31, as these bits are also high for the

letter “R.” ThiS produces a pattern of dots on the CRT that form the left edge of “R.”

While dot posxttons for “R” shift out of U32 and U3l ASCII code for “C”(address $382) is loaded into buffer
U19. After the last bit for “R”(bit E of U31) shifts out, CHAR DOT SH goes low, and dot positions for “C”
are transferred from U19 into U31 and U32. Now, dot positions for *C” shift out. Bits H through A of U32

: ', and H through C of U31 shift out, forming the L CHAR DOT srgnal which produces, this time, a pattern of

dots on the CRT that form the left edge of the letter “C.”

Note that L CHAR DOTS on Figure 8-40 corresponds to the left edges of “R” and “C” drawn on the first
posmve ramp in thure 8-39.

The precedmg sequence occurs eight times for each pair of characters, upper and lower, shifting to the next
character column with each new cycle. One sweep contains two rows of sixty-four characters, Only sixty are
accessible by the user. Each row of character spaces is sequentially numbered from left to right.

DoTL ¥
o
HAARSETER. ADDRESS«93C2’ UORE
CHARACTER H x ADDRESS»$382 x ADDAEBS~$3C2 Knnneas-m:
. . 'Inl
Han :unr Cuocken 1e1a || crackeo Twra-us " "
pl i || 2 B || v ik
EN, AND PABBED 7O U321, u33,
CHAR DOY BMIPT
| \ y — L _ U
LeaD LOAD *A® INTD W31, 32 “LoAD "c* INTD U31,02°
" BHIFT ENABLED ‘ ‘
DOT CLODK EN .+  weeweemae—— | SHIFT INWIBITED L SHITT et b sntey temtntten
L CHAR DOYB = = == == o oo o oy it o o v e oo
' : | S| wJ
laLIul‘N Bl. N NBK BBLI ,N!;I BHL'ATHSK
H v—h\ -
SHIFY REGISTER QUTPUTIE= = m = e — — = nursumnurru-Hnrrucmureﬁ&'———-—c —-;
‘ ulz U3 bl uat

CIMRACTF.M Il'lﬂ'l’ I':HAHB B DB‘I’ GN*RABTERB
PIRHIIJ BI.AHK P!Fllﬂll '

‘‘‘‘‘ ; ILEFT EDGE OF "R", *C"} BCRAEEW D078 wrm—iiom ] 00OSSCH
Yo, REXT RHOW - 00800080
~ 0OCD800ON OROLODOS
. oK
) N ) .
L ' [ L 1) .~

Figure 84 0. Character Generator Timing
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CNT 5 chooses the upper or lower row of characters for display. (For proper character dlsplay, CNT 5 is delayed ‘
“by the Counter circuitry when DSPL CHAR is high. See Figure 8-36.) - q

L CHAR DOT (low character dots) is high when the trace is blanked and is low when a character dot is being ,
drawn. i

STROKE SEL (stroke select) selecto odd or even strokes. It selects one of the Y Data Buffer outputs.

DOT CLK EN (dot clock enable), when high, inhibits the shift register output. It is the STROKE SEL signal,
.delayed by one CLK 00 cycle,

DOT CLK clocks the shifting of dot positions (bits H throus h A).
CHAR DOT SH (character dot shift) enables the shift registers, U31 and U32,
TROUBLESHOOTING |

Troubleshoot Processor Assembly A7 using the signature ana]ysrs troubleshootmg diagrams, Figure 8-41, These .
. diagrams supply instructions for verifying operation of most of the digital circuitry on Processor Assembly A7,

The procedure first checks clock crrcurtry,. then checks the address bus, address decoding circuitry, the counter
and counter bus (checks A —E). If this circuitry is operating correctly, the data bus and character generator can
be verified next (checks F and H). The I/0 buffers can also be verified (check I).

The above procedure does not fully test stroke and system memory (U6 Ul Dor HP—IB cnrcultry (Ul4 U23 :
U24). ‘

b - - f

: A system memory check and stroke memory check is activated when the HP 853A is turned on. This self test 3
- can be activated manually. Digital test routines #7 — #9, described in Section V, identify faulty memory compo- :
nents with fault location mdrcators displayed on the CRT. (Refer to Table 5-5.)

Signature Analysis also locates program ROM (U34) and character ROM (U33) f ailures,

Troubleshoot the HP-IB interface circuitry using srgnature anaIysns and digital storage test routine #A. Flrst use

" signature analysis to verify all input lines to the HP-IB microprocessor, U24, Then, activate digital storage test
routine #A (refer to Section V). Test routine #A checks U24, setting U24toa talk—only, listen-only mode for self-
test. When test routine #A is actwe, U24i 1gnores any signals from the HP—]B device. Replace U24 if the message
“FAlLED” appears on the CRx. _

If test routine #A runs successfully, a binary count sequence goes to data lmes D101 - D108, allowing bus dnver
- U23 to be partially verified with an oscllloscope If these checks fail to locate a failure in the HP-1B circuitry,
suspect Ul4 or U23 _
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s the data multiplexer U20~-U22, only program

memory data should appear on the CPU data bus, d0~d7. All decoding logic tied to the
dicated, signature analysis is independent of plug-in control settings and can be p

This generates a binary count sequence on the address bus that cycles through the contents of
bus A0 through A9 is checked at the inputs of System Memory, U6 and U'7, and Stroke Mem-

Switch A7S1A2 off. Thig causes the CPU (U50) to repeatedly execute instruction AND #529,
To verify cﬁeration of address multiplexers U37 ~ U42, the binary count scquénce‘ on address
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Figure 841, Processor Assembly A7, Signature Analysis Troubleshoolting Diagram (1of4)
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D. Display Counterl(;heck

Signature Analyzer connections: - ‘ o | , ' : : L ' :
CLOCK "\ A7TP8 (CLK 0} o ' ' ' : ' . 4 ’ _ PR i
- START "\~ A7TP7(CNT 16) - : - oo . : Ny ' L L
STOP ~\_ A7TP7(CNT 16} T ' : ‘ '
GND ATTPYS
Remove jumper A7EL K
Switch A7SIAS ON. y S g S ‘ , ‘ ‘
Ground A7TP3 to A7TP2 with a short jumper. : ' . L _ S _ ‘ L | :
Set spectrum analyzer and SWEEP TIME/DIV control to AUTO and SWEEP TRIG- ' . o _ ' : : ' (
.. GER control to SINGLE (or remove plug-in from display mainframe). ' ‘ ‘ '

W TPS (GND)

UDISPLAY
SINGLE SWEEP MODE)

COUNTER CHECK
CLOCK L TPB
STAAT L TP?

STOP 1 TP7
REMOVE E3 ’
SWITCH A3 ON
GROUND TP3
{PLUG-IN IN AUTO,
SvDC 4FF8

(D)

El

BTre {CLK BD)

@ TP7 (CNT 18)

ON

Grounding A7TP3 forces a low at the enable inputs of counter U36. This causes counters u36,
U27, and U48A to continuously cycle through the display count sequence, which appears on the
. counter bus, lines CNT2~ CNTI16. All display logic circuits tied to the counter bus are exer-

cised. , ‘

AS

Ad
B TPE {A15)

__Ag
A3

- A4
TP7 NOT CHANGING) CHECK FOR ACTIVITY

IF GATE IS NOT FLASHING (CNT i6 AT
(PROBE FLASHING) AT OUTPUTS OF U3E,

U27 AND U4B TO SEE WHICH COUNTER

STAGE HAS STOPPED.

- OFF

*
.

Y

NOTE

~Note that START and STOP'signals rely on “roper operation of the three counters. If the gate
light on the signature analyzer is not flashing, check the counter outputs in sequence to deter-

mine which counter stage has stopped. ‘

<
<
4

®zcEH
2CPH
0000
Qooo

@ 4FF8

@
s
w
-
[ 2

(o]
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’

e
2|leo
:
uoca Mozus
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E. Display Counter Multiplexer Check

u4z

(SHEET 3)

Signature Analyzer connections:
CLOCK .. A7TP8(CLKp0)" -
START -/~ ATTP6(AlS5)

'STOP “_ATTP6 (Al3) . _ . _ ‘
GND ATTPY - : - - » C _ -
Remove jumper A7EL. o s : - '

Switch A7S1A3 OFF. Switch A7S1A4 and A7S1A5 ON.
Remove ground jumper from A7TP3. :

DATA. BUS CHECK

GO TU

The display count sequence on the counter bus lines, CNT5 — CNT13, is checked at the outputs
of System Memory and Stroke Memory address multiplexers, U37 — U42, Full operation of the
address multiplexers i$ verified by this check if the Address Multiplex Check (C) has been
performed. - : o - '

. GO TO (E}
u2s——> DISPLAY COUNTER

(E)- DISPLAY COUNTER MUX CHECK

CLOCK . TP8B

- MUX CHECK

| RG]

u3s

START & TPE

T
9z
®

REMOVE GROUND FROM TPS. .
-5VDC_ 7554

STOP L TPG&
SWITCH A3 OFF
~-BWITCH A4 AND A5 ON

BTP: (+5V)
BTP2 (GND)
us7
ago/@
e

7Y
SUBH

-
<

o

.
®
®

sausl|®

CTEETY [ )

~

N
7
L

u3s|
.o

@000

‘Rcfer to Figure 8-1 for generul signature mmolysis instructions,

Unle.?s otherwise indicated, signature analysis is independent of plug;in control settings and con be performed with ' . : . .
plug-in removed. = ‘ . _ : : ! M < < )

| o | | , “ o | L ' , | Figure 8-41. Processor Assembly A7, Signature Analysis Troubleshooting Diagram (2of4)
: ' 8-73/8-74
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E DataBus Check . - : , | _ The binary count sequence generated by the data bus test routine verifies blanking logic (Ul, 0 us, SooXe ' e8ed66se. E
. L . | ‘ U5 —UI8, and U45) and character generator (U19, U28, and U31 —U33). Character columns z > Bigks Sl Q E7%E Dot ny
| Signature Analyzer connections: _ are read from the character ROM U33 into shift rzgisters U3} and U32, and shifted into the m necsssee T Geseesee Bz
-+ CLOCK "\ ATTP8 (CLK 00) . < | blanking logic (U17, U18, and U45). | < ' > YO
START "L A7TP3 (ANLG FST SWP EN) | ! - - o z | . oy |
STOP °\. ATTP3 (ANLG FST SWP EN) : Signatures on U19, U33, and parts of U31 and U32 require moving the CLOCK connection to i  feccccccecccesse S % &4 o 3 'S
GND  ATTP9 , ATTP8 (CLK 00). | . N _esesseo e S
, , ‘ | . _ & - n ! -
. _ ‘ o P : ‘ : _ z ~ @ |
Data Bus Test Routine Start-Up Procedure: - ‘ _ ~ *For the next check move clock connection to A7U3L, pin 2. Switch A7S1Al off, without EE = > see e 2
Install jumper A7EL. : : turning power off. ' : - S - ®.
Switch A7S1A3 on. o : ' o =% Doy w N
Switch A7S2A2, ATS1A4, and A7SIAS off. ‘ 25 1 elelaingl z -8
Set LlNl} switch OFF, and then ON, or ground A7TPS (RESET) momentarily. ‘ ; ity = - ' B e E ek RSP rERg o n
Then switch A7SIA2 on. - : ' . : . 6z 2lel2lz|9 ;§3§ Eggﬁ‘é%&&'&ﬁ‘ﬂ'ﬁ’.'ﬂo &
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. ) N . . ‘ : . o oY . - o '3 b -y - - - ~
When CPU U50 receives a power-up RESET signal with A7S1A2 off, a data bus test routine - 3 82 |3 S & %JE gs ‘ BELILZECUNgS Gesiecbsbiosb8800850 g -2
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. - w T =L " Ijw)alE] P homwmEmn%a o Wy X
,,,,,,,, | S . | 5 I 2% b 1334544 44 Besssssccsso  mececee 58852
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‘Switch A7S1ALl off | | . T i ~o¥5 B> ‘ ' |
. . . Enless otherwise indicated, signature anal ¢ dent of o i i . ; ' . '
Perform Data Bus Test Routine Start-Up Procedure (F). ‘ plug-in removed. Brature analyss is independent of pug-n conteol s#llngs afld can be performed with o 226 «3 | o X ‘ e,
' ‘ ' [ g Figure 8-41. Processor Assemblj' A7, ng’natizre Analysis Troubleshooting Diagram (3 of 4)
i ) . ' . ottt ‘ B

~ 875/8-76




Service

\
@ (0F ¥12) Bdi
SONIL13S TCHLNOD YO3IHD 0O/1
{13Nvd uvad) (23Lv ©3dWNr) .
0000/0=3Y¥ 9I-dH 0000/0IW 8-1NdNI
‘dN00/3=1V¥ 8I-dH, 0000/d0l B-1NdNI| 0000/SONILL3S 11v| ef |8t | ao
{TaNvYd HY3H) ‘
0000/0=2Y GI-dH|0000/59NT113S WIHL0|dN00/SINILIAS HIHLO|
dnoo/T=2v aI-dH dNo0/30vHL 107d “dnoozv 3L1uM| e lzr| sa
(13NYd HY3H) ‘ . o
. 0000/0=EY 8I~dH|0000/SANILLIIS HIHLO[0000/SONTLLIIS WIHLO
dNo0/F=EY AI-dH dnoo/1vys 107d dnoo/v oloH xve| vt Lot | osa
(TANYd Hvyau) : -
0000/0=F¥ HI-dH i - 0000/S9ONIL13S HIHLO
dn00/t=¥¥ BI-dH| dNO0/SONILLIS Y dn00/8 ILIHM| 25 &% | ti0
(1aNVd HY3N) , - ,
0000/0=5Y 81-dH|0000/SENILLAS HIHLO{0000/SONILLIS HIHIO
] dN00/t=6Y EI-dH| dNO0/8 MNY18 3HOLS dnoo/a 070H X¥W| & |3 | 2t0
dNOO/STNIJZEN ONNOYI[0000/SINILIAS HIAHLO; dNOO/NO V= B-LNINI -
__ " 0000/S9NILL3S 11V| dN00/V ¥NY18 3H01S|0000/340 v=8-1IndNI| ¢ |€3 | et0
JN00/STNId2EN ONNoualdnoo/sTNIdrn oNnodal  dnoo/No 9Av 1190
0000/89NIL13S T1¥| 0000/SONILLI3S T1¥| 0000/440 9AY 119a| g |ar | via
dN00/LINId2TN ONNOYO|dN00/LINTdyn -ONNOYY -
0000/59NIL113S 1Iv| 0000/59N1L135 17v| o0o0oo/senirlas 1w| € | st oo
 ENId S2NrdoLS | OFNId S2nd0lS | WNId Gen-doLs ‘
) BNIJ S2nL1HYLIS | OINId S2n-LlHVIS BNId S2N-L14V1S - m_mm NId mmmm
‘ 0 V1Y
JUNLYND1S/SON1113S 10HLINOD fEn)o2n|vLva
.}
dnoo JO0AS °
o . ] )
e ® . .
* o ®
* o ®
® i [ ]
® [ ] L
[ ) ® [ ] [ ]
] " .- n -
‘82N ozn
® ®
[ ] * L ] [ ]
u u s ® e . .
* o e * o @
e o o o
. . ® o e o
. o e. o o o
s o ° * o o
® . s o e o
- - - e e e @ .
[ ] [ [ ] ] \ ,
2tn vn £n
oy W3LHIANOD VLIVO 3JAOW3Y
2FY CHVOENIHLIGH WOHd QM 193NNDISIO .
340 GY ONY PV mm mwmmmm onal .
‘ ND) 2
©(376vL 338) . d0iS ¢ .
(378Y1 335) L. LBY1S
- 8d1-1. %3073 : :
f ¥323H0 0/1 (1) (As+) 3418 &
B =
SE g
= 8 m
SE i
- m
™! . =
- N N U =8 =
- — Tt -
< &3 : E
- = &
. = = £
5] m aVu m
m [-F) R 0 w 21
e wy l.llr.l ..Nu..
g < gg. g
E & So £
FE £ 3= 2
g2 £ 23 =
T g 43 $ o
E k= & £
o -0 w =B
bt B <, = & =
by O (] 8 2
- b A = 27 - £ g
< D TR gy g 32
> €= a Z 2
| s <5 ES 2z
8 E 95 3§ g 2
S 2 &8 EE s 3
i M < - E o 3 E 3
80 g . <3% o6& - - R
..H.l\\m.r e B =) U oot O W m
Ws.l.\nl»r -OmS S m.mu..m - &
EESgazS<gy £S5 T 2
— O f= mmeFOVr u..m o m.”u - _ N - m - e
s CSgEsi<3is SES : I
s SPJU<EEEGE ELiE 5 3
z -mKTf wmAn._m S2% % »
5 MCRPDoommc o'y 8 5 2
o £9EB2EEZ3s Fig 25
= E0nhnoOMeddn Mmam ; M 5
= B o EEE g 2
7] =g 3 £ S

plug-in removed,

~

Figure 8-41, Processor Assembly A7, Signature Analysis Trozébleshooting Diagram (4 of 4)
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INTERFACE ASSEMBLY A9, CIRCUIT DESCRIPTION

Interface Assembly A9 processes the analog vertical, sweep, and penlift signals from the pIug—m to drive cir-
cuitry in the XYZ Amplifier Assembly A6 and Data Converter Assembly AS. Also, the input sweep rate is
detected and used to control the display mode.

This assembly generates an error signal which is fed back to the plug-in. Thrs error signal limits the AUTO
TIME/DIV sweep rate when digital display mode is selected. A comparator signals Processor' Assembly A7
when manual sweep mode is active. The Interface Assembly buffers a sweep trigger signal generated by the
Processor Assembly. It also senses the plug-in sweep speed and initiates mixed mode. (For detmled description
of mixed mode, refer to Counter circuit description of Processor Assembly AT) :

Video Amplltier (A

the differential vertical output from the plug-m is attenuated in the lnterface Assembly, formmg the VlDEO
input for the XYZ ampllfters and the analog-to-digital converters in assemblies AS and Ab.

Transxstor Q8 amplifies the difference of the signals at its bases and drives emitter follower Q7. The Q7 output is
fed back through R7 to the inverting base of Q8, where it is summed with one of the differential inputs fed
through R2. The oth. - differential input is divided by R1 and R3 and applied to the noninverting base of Q8.

The voltage gain equals R7/R2 or R3/R1. Resistor R8 provrdes output voltage offset. When the two inputs are
equal, TP4 is about 0.4V. . _ ‘

Resistor RS sets the emitter current in Q8. VR] determines Q7 emitter \tottage Resistor R4 sets the collector
current in the inverting half of Q8. Bias current for Q7 is provided by R10. Supply filtering is provided by RS,
Cl C2, C'i and LI. The ampllf ier is isolated from external loads to prevent oscillations by R9 and R11.

8woep Bu!fer 0

When sw1tch Sl is set to the INT posmon. the -5V and + SV sweep signal from the plug-in passes through

unity-gain amplifier US to the XYZ Amplifier Assembly and the Data Converter Assembly. The sweep signal .
also passes through R31 to the rear-panel HORIZ (SWEEP) output Res:stor R32, CRS5 and CR6 prevent the

U5 input from exceeding power supply lkmits. . .

When swrtch St s set to the EXT posmon, the s:gnal present at the rear-panel HORIZ (SWEEP) becomes the
sweep mput to US When no sweep signal is present, R30holds the US input at OV,

iAutomatlc Sweep Time (AST) lelter, General Descriptton

F:gure 8-44 illustrates how the basic sweep cxrcuttry in the plug-in and the AST limiter circuitry interact. In the
plug-in, a current source feeds an integrating capacitor, forming a ramp. When the ramp voltage has i «creased
to +5YV, a comparator tnggers a switch to reset the integrating capacitor to — 5V and the cycle repeats. The
value of the current source is proportronal to the slope of the sweep voltage wav=form. When AUTO TIME/
DIV is selected, the current source is varied by both the plug-i: and Interface Assembly A9, The plug-in varies
the current source with resistors (R), according to plug-in, front-panel control settings. The lnterface Assembly _
varies the current source with feedback current IFB,

‘The sweep rate is detected by differentiating the sweep waveform; the output of U4A is negative when the slope
of the sweep exceeds a threshold value determined by R13. This causes the output of integrator U4B to increase,
producing more feedback current for the plug-in. This decreases the current feeding the mtegratmg capacrtor,
decreasmg the slope of the sweep ramp.

Sweep Dmerentlator ()

Sumnung ampltfler U4A produces an output proportional to the slope of the sweep voItage waveform The
sweep voltage is applied-across C3, producing a current proportional to the sweep voltage change per unit time.
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Figure 8-44. Automatic Sweep Time‘Limiter‘ ‘

The constant current in R13 is subtracted from the current produced by C3. The difference passes through .
R18. When the currents produced by R13 and C3 are equal, U4A output is zero. During a sweep, the U4A
output is ‘positive or negative when the C3 current is less or greater than the current through R13. During
retrace, C3 current is negligible a and Rl3 biases the U4A output posmve :

When a digital display mode other than DGTL AVG is active, Q6 is off and Rl4 and R15 producea 1.2V drop
across R13. This corresponds to a 120 V/sec slope, equivalent to a 8.3 masec/DIV sweep. When DGTL AVG
mode is active, Q6 is on and R14 16 produce a0. 66V drop across R13. This yields a 66 V/sec slope, equwalent
toals msec/DlV sweep.’ .

AST Lzop Integrator 0

Amplifier U4B mtcgrates the error—voltage output of U4A to prowde a feedback sngnal to the plug-m Resistor
R19 determines the current integrated by C8. Resistor R20 provides feedback loop compensation. Diode CR2
prevents U4B ontput from being less than — 0.6V, ‘

The U4B output is converted by R.'Zl , CR4, and Q4 to current. The collector current of Q4 is the same as Q4B
since' R24 and R25 are equal. Q4A is a 6.5 mA current source. When the AST limit feedback loop is active
during auto sweep, times and digital display mode, Q4A collector voltage is about + 11V. When U4B output is
high, CR4 is reverse-biased and all current {rom Q4A goes to the plug-in, slowing its sweep. As U4B output
decreases, CR4 conduc:s through R21, diverting Q4A current from the plug—m, allowing the sweep rate to
mcrcase

8-90 R
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il

Switch Q3 disables the AST limit feedback loop when both STORE BLANK buttons are pressed Current flows
through R27, turning on Q3. No current flows to the plug-in. When no input connection is made, R28 provndes
base current to Q3. ‘

For tronh’eshooting, ground TP7. This turns Q3 off and enables the AST limit feedback loop.
Slow Sweep Detect @ ' |

When digital display mode and calibrated sweep times are active, the feedback loop is disabled and the output
of integrator U4B ramps up or down according to the sweep rate. Comparator U1A provides an indication to
the Processor Assembly of the sweep rate. For sweeps slower than the threshold determined by R13 (8.3 ms/
DIV or 15 msec/DIV), U4A output is positive during the forward-portion of the sweep. This causes the output
of integrator U4B to decrease to —0.6V.- Thus, the inverting input of U1A is less than the noninverting input
determined by R22 and R23; this forces U1A output high. For sweeps faster than the threshold (R13), U4B

output increases. The inverting input of U1A is then higher than the nomnvertmg input determined by R22and

R24; U1A output goes low.
Comparators @

- Comparators U1B and U1C convert PENLIFT to a RETRACE signal for Processor Assembl§ A7, and a
switching signal for Q5. PENLIFT is OV during the'sweep, and + 15V during retrace. PENLIFT is compared

~with + 5 Vdc (U2R5 and U3RS5). When PENLIFT is greater than + 15V, CR3 and U2R6 protect the comparator '

mputs

The LMANUAL sngnal notifies Processor Assembly when manual mode s actwe The output of UID is
normally at + 5V; it is OV during manual mode.

Sweep Trigger @ _ |
Transistors Q1 ahd Q2 convert L SWP TRIG to levels compatible with the the plug-in. Transistors Q1'and Q2.

-are normally off. To trigger a sweep, L SWP TRIG initially goes to OV, then returns to + 5V. Transistor Q1 turns |

on. Current through R36 turns Q2 on. The collector of Q2 goes to + 15V and resets the sweep, When Q2 turns
off, its output returns to — 15V, triggering the sweep ‘
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