SECTION 6
ADJUSTMENTS & CALIBRATION

6~1. GENERAL

6-2. This section describes the procedures to be fol-
Iowed in order to correstly adjust the 8500 /351D Autchet
Counter. In general, adjustments should be made only if
the instrument is nct operaling within gpecifications, or
following replacemeni of components. Test equipment re-
quired is specified in Table 5-1, If adjustments do not
result in specified performance, refer to Section 5.

IMPORTANT

Many sdjustments are dependent npon pre-
vious onss. It is essential that care be taken
to perform adjustments in exacﬂy the order
presented belew. Adjustment locations are. .
shown in Figure §-1.
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6-3. POWER SUPPLY ADJUSTMENT

6-4. Prior to any power supply ac'?‘lji' tments, thamstru—

ment shounld be allowed 1o Wam~ug}.:fbr at least 20 minntes,

All voltages are measured on Gounter Interconnect Board
Al113, Adjusiments are made accnrdmg io the follﬂwmg
procedure: RN

a. ©Connect DVM to GND on Alla
b, Measure +12 V output. Ad]ust AiD'JR? until uutput
is +12.,000 £ .010 V. :

c. Measure +5 V output. Ad]ust Alﬂ?RlS um:li uutp
is +5.4000 = 010V, B

d. Measure -12 V output. Ad]ust ALUTRZL unhl outpu't :

is -12.000 = .010 V.

e. Measure -5.2 V output. Adjust A107R31 until outpiit
is -6.200 + 010 V.

6-5. BAND [ ADJUSTMENTS (20 Hz to 300 MHz)

No Band I adjustments are required.

6~-6. BAND Il ADJUSTMENTS {100 MHz fo 850 MHz)

a. Threghold: ' S k3

(1) Set BAND SELECT swltch to the 100 MHz -
850 MHz pasﬂmn

{2) Gonnect z .‘LDD MHz, -20 dZBm oW s:.gnal to i:he
Band II input connector. Set A109R41: (an Presualer)
to maximm sensinmty

) {3} Heduce signal lev-el until counter just begms
to miscouni. . ‘ - '

(4} Adjust Alﬂﬁ?ﬁrll until the readmg mst dmps to
al}l zerps. ‘ : ,

6-7. BAND i ADJUSTMENTS (825 MHZ !:o 1 4/13 Gsz

(5) Reconnect cable 1o A2I34J2

c. In-Band Detector switching point:
(1) Disconnect cable from A204J2.

(2) Connect sweep generator to A203P2. Set
contrels as follows:

Sweep 265 MHz downward to 235 MHz
Level 0 dBm
Markers Every 10 MHz




A202
ADJUST-
MENTS:
SEE FIG.
19-16A -

A203Re64
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A109RA1
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(8) Adjust A203R64 50 the switching spike is co-
incident with the 250 MHz marker as shown in
Figure 6-2.

' (4) Reconnect cable to A20472. °
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 FIGURE §-2
IN-BAND DETECTOR SWITCHING POINT

4. PII\T Lewvel Cnnt:n:ll Thrashold'
(1) Unplug Source/Ampllfler power plug AZ0871.

i

(2) Connect a 3 dB pagl to the Band III input con~
nector. Apply & +3 dBm, 1.0 GHz, sguare-wave
modulated signal to the pad.

-{8) Observe the 'sguaré-wave sigial at A204TP1,

{4) Adjust Aéﬂmﬁl until the square-wave at TP1
is 80 to 100 mV 111 amphtude

(5) Reconmect Snurce/Amphﬁer puwar plug.

e. YIG Driver Offset and Slope: .

NOTE: For this adjustment a Summing Amplﬁier capa-

ble of providing a variable DC offset is recommended.
One can be constructed as shown i in Fagure 5-1,0ora
dual trace oscillosdope with differential inputs (such

as HP1200A)may be used if the signal is applied to one
side of the differential input, and a variable DC power

supply to the other input.

(1) Connest dual trace oscilloscope as follows:

Ch. A AZ03TPE (Video Detector Qutput)

Ch. B A202J3 pin 1(Ramp) via Summing
' Amplifier

Ext. Trig. AZQ3TF5 (CONVERTER RESET)

(2) Ground A203TP1.

(3} Apply a signal of approximately 1.1 GHz at
~15 dBm tt Band III input.

(4) Depress RESET switch.

{5) With nc DG offset applied, adjust Channel'B
vertical sensitivity so each ramp step is two ver-
tical divisions (approximately 10 mV/div). Set
Channel A to 20 mV/div. Set time base to 5 ms/cm
and set time base multiplier ta X10. Oscilloscope
display should sppear as shown in Figure 6-3.

FIGURE 6-3
-1 GHz COMB LINE IDENTIFICATION

(8) Reduce the input frequency to 1.0 GHz. When
the input frequency is exactly 1 GHz, the center line

“ of the three comb lines on Channel A shouid null.
' This identifies the 1 GHz comb line. The 800 MiHz
.comb lina is t‘he hne praceedmg the 1 GHz line.

[7) Remova tha ground frnm A203TP1 and place it
-~ on AZUSTPZ Daprass the RESET swnch

(8) Ad]ust YIG Offset AZ0ZR48 so the ramp resets

&t 50% (1 div) of the fourth ramp step (See Figure

6-4).

ORI AT TOORY

FIGURE 6-4
YIG DRIVER OFFSET ADJUSTMENT



{9) Tune slowly from 1 GHzo18.GHz.Asthe fre-
quency is changed, adjust the DC offset and the

S hoguznntal Dosition conigol pfythe-oscillescope to
maintain the upper, porton: o ;the ramp. o the dis-
play. Above 10 GHz, the time base will need to be
increased to 10 mege/Aivyaeys costorel (1)

148 the frequency.is-changed, AadjustYIG slope with
-5+ AR02R53; ss0-the ramp resel oceurs. in' the range of

= 40-£0.60%0f: the full step. amplitude; jAt:18 GHz, ad-
just-R53 50 reset occurs atB0% obthe;srep amplitude.
encaioizaet LGIE o weligiton oood orld 5 o

¢ {10):: Betheckv¥IG Qffset AZ0ZR4I and neadiust
at 1 GHz if necessax is readjusted,

i
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(8): Tune o 18- GHz ,(212 -4~on 350D} and observe
lead;ng edge posmon with respect to DAC 2 "Ramp
Center". This should be approximately one divi-
sion to the left of "Ramp Center™.

(6) If necessary,:readjust A202R16.until the leading
edge of the video pulse is the same distance to the

;L.nght of "Ramp ‘Centertat.1-GHz, 86 it:is tothe left
of “Ramp Center" at 18 GHz (12.4 GHz on 350D),

-non tognn U Daek el of ec #1001 foanned 1D
B . Final ;Vldeo Detegtor Gain Adjustment "

s oer Niats

b
NOTE: The procedure of paragraph B 7b wﬂl not neces-
sarily resulf L inoptimum.performance. Thefollowing pro-

_cedure sets the Video Detector gain. to. give maximum

sensitivity without loss of instrument acguracy:
Brusigme v VaE G0 w G0 &
(1) Set stable source power level to -20 dBm, and
freguency.o.8 GHz {short ferm stability <& kHz).
Connect source to the Band III input. Ohserve fre-
quency indication on counter.

(2} Reduce input power slnwly whilsg f::equently
pressing RESET butidn. At émé power 16vél, the
counterwﬂlleselock o s iplt i@ T

. e o rieaet o TN
WS

Detector gain {adjust A203I{22} and'repeat steps
. {2),end (3] until an erronsous count is-pbtained.

(5} .Once an erroneous.count is obtained, begm
o decreasmg Vidao Detector /gain and repeat steps
“* {2} 'and (3)'unfil frequency indication is eifher
correct, Or zgro [no LOCK), as power level is
vatied and counter is reset.
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h. Comb Leveling/Bias:

NOTE: The most important function of comb leveling
is to insure that spuricus mixing products (due to
doubling of the comb frequency within the Mixer),
do not cause erroneous readings. Thus this leveling
procedure insures that maximum output due to these
mixing products are below the lock threshold.

{1} Connect oscilloscope as follows:

Ch. A A203TP§ (Video Detector output)
Ext. Trig. AZ202P1 pin 12 {CONV. RESET)
Time Base 2 ms/div

(2) Ground A203TP1.

(3) Apply a 1.6 GHz signal at +7 dBm; observe
the Video Detector signal.

(4) Slowly tune the frequency upward. At some
frequencies, a spurious output corresponding to
approximately one half the input fregquency will
be visible. '

(5) ‘As the frequency is varied from 1.5 to 18 GHz,
adjust A202RBY so no spurlous signal has an am-
plitude in excess of 280 mV. Befer to Figure §-7
for a typical display. {Vary scope time base as
necessary to keep the dispiay on tha screen.)

IMPORTANT: Do not attenuate comb lines more
than absolutely necessary to maintain maximum
spurious outputs of 2090 mV, - Comb line powsr
relates directly to sensitivity.

FIGURE 6-7
COMB FREQUENCY HARMONIC GENERATION

6-8. TIME BASE CALIBRATION

IMPOCRTANT

The precision of time base cali-
bretion dirsetly affects overall
counter accuracy, Reasons for
recalibration, end procedures to
be used, should be thoroughly
understood before attempting
any readjustment.

6-8. The fractional frequency error in the frequency
indicated by the counter, is equel to the negative of the
fractional frequency error of the Time Base Oscillator
with respect to ite true value. That is:

Afg A%

fs f

where {; is the true frequency of the measured signal,
and f; is the true frequency of the Time Base Oscillator.
Thus the inaccuracy associated with a frequency meas-
surement, is directly related to the guality of4he Time
Base Oscillator, and a measure of the precision with
which it was originally adjusted.

6-10. TCXCG CALIBRATION

6-11. The standard time base oscillstor used in the

counter is a temperature-compensated crystal oscillator:
a TCXO (Allf). The highest and lowest actual measured
frequencies of this oscillator will differ by no more than

.2 parts in 10%.if the temperature is varied slowly from

0° to +50°C. Thereiore, an indicated measurement will
exhibit the same fluctnation sven though the signal being
measured i not changing. To center this fAnctuation
on the true velue of the measuretl signal, each TOXO has
imprinted on its side, the frequency to which it must he
set at +2520. The-calibration procefiure for this adjust-
ment is described in Paragraphs §-15 through 8-17.

B-12. At apprnxﬁmate room temperature {+25°C.), the
slope of the freguency vs. temperature curve, is normally
no worse than -1 x 10~ 7 parts per °C, Therefore, if the
counter is used in an ordinary laboratofy environment,
the TCX0 may bs set as close to 10 800 000 Hz as desired.
In this environment, & psak-to-peak temperature varia-
tion of 5°C. will Tesult in & measured signal error due to
oscillator temperaturs characteristics of no more than

+ 2.5 x 10~ 7 parts. Refer to Paragraphs §-23 through 6-28
for a recommended edjustment procedure. ‘

6-13. Another sourcge of inaccuracy in the measured sig-
nal due to the Time Base Oscillator originates in the nat-
ural aging characteristic of the crystal. Aging refers to
the long term, irreversibie change in frequency, gener-
ally in the positive direction, which all quartz oscillators

6~5



experience. The magnitude of this fregnency fluctuation
in the TCXO is specified to be less than 8 x 10~ 7 parts
per month. This may be expected to 1mprove in time to be
no worse than 1 x 10~ € parts per year in continupus
service,

6-14, Error due to aging adds directly to error due to
temperature perturbations. Thus the freguency of recali-
bration is dependent upon the overall acouracy require-
ment of the counter and its environment. For example: If
the counter is subjected to the full cperating temperature
range, and initially adjusted properly, then one month
later, the inacouracy over temperature could he expected
to vary from + 1.8 x 10~ ® parts, to - 0,7 x 10~ © parts.

6-15, TCXD CALIBRATION PROCEDURE
NOTICE

For both TCXC recsalibration methods:

- Remove.tap cover of counter. Connect
counter to reliable powser source. Note
ambient temperature.

§-16. METHOD L

Measu:fs the frequensy of the TCXO at the rear
panel 10 MHz IN/OUT connectar, with a secand -counter
of kknown calibration accuracy:

b. Adjust the TCXO if necessary, by turning the
calibration screw on the TCXO case until the measured
fréquency is the same as that shown on the TCXO cali-
bration label,

kit 17\. ME’I‘HGB 2

TR, Apply a 10 DOD 000 He SIgnal from a frequency
standard or other oscillator of suitable accuracy and
. stability to the Band ¥ input of the counter. AIl1 RESOLU
‘FTION switthes should be set to dlsplay al:l the digits
'mblud_lng the 1 Hz dagit : .
b. -Adjust the TCXO until the indicated readmg on the
counter is offset from 18 000 000 Hz by the negative of
the frequency shown on the TCXO, For example: If the
TCXO calibration lsbel shows a freguency of 10 000 003
¢ Hz, adjust the TCXO untll the dlsplayﬂd reading shows
5 EBB 99‘7 Hzo

i

5'-‘!:8 DVEN STABTLIZED OSCILLATOR CALIBRATION

g= 19 Iff arie ef the Oven Stabilized Osciliator options is
installed in the gounter {see Secticn 0), the effects of
temperaturs perturbations and aging must still be con-
siderad, although the magnitude of these inaccuracies
associated wrth each oscillator are greatly reduced.

crn b

6= 2ﬂ Full beneflt pf the Oven Stabilized Oscillator char-
acteristics dap phly be realized if the Oscillator.is run-
ning ‘continnousty: that is, with the counter always con-
nécted {o a source of AC power. Under these conditions,

the perturbations in frequency will generally be in the
positive direction for either an increase or decrease in
temperature from +25°C, The aging characteristic is also
generally in the positive direction,

B-21. The freguency of readjustment of the Oven Stabili-
zed Oscillator is determined by the level of accuracy
required, A method of adjusting the oscillator v an inac-
curacy of less than 1 % 10~ % parts, relative o a standard,
is given in Paragraphs 6-22 through 6-26.

6-22, OVEN STABILIZED OSCILLATOR TEST PROCEDURE
NOTE: This procedure is also usahle
with the TCXO under the conditions
described in Paragraph 6-12.

6-23. TEST EQUIPMENT REQUIRED:

See Table 5-1.

€-24. Figure 6-8 shows the test set-up for determining
the frequency of the Oven Stabilized Oscillatar (A112),
The frequency inaccuracy, relative to a standard, is
determined by observing the drift of the oscilloscope pat-
tern. The fractional frequgg.qy offset is computed from:

Tarift of zero crossing _ AfT

T pbgervation time of dri'ft - 1

For example: If the'pattern drifts at a rate of .01 micro-
second every 10 seconds, the frequency is in érror by
1 part in 10%,

LR [ Frequency I

Comparator Standard
FIGURE 6-8

TIME BASE CALIBRATION

Fiaivild

HI.



6-25. AL fregquency checks and adjustments should he
made only after the Oven Stabilized Oscillator has been
connected lo its operating power supply for 24 hours.

I the oscillator has been discommected from its power
source for more than 24 hours, it may require 72 hours of
continuous operation to achigve the specified frequency
aging rate (refer fo paragraph 7-12).

6-26, TO MEASURE OSCILLATOR FREQUENCY:

a. Connect the counter's internal oscillator output
signal from the 10 MHz IN/OUT connector (on the rear
pénel of the counter) to the vertical input of the oseil-
loscope.

b. Trigger oscilloscope externally with the freguency
standard. The VLF Comparator is used to determine
the absolute frequency of the standard.

c. Setoscilloscope sweep rate o 0,1 yeec/cm and
expand X10; this results in a sweep rate of .01 ysec/cm.

d. Adjust oscilioscope vertical controls for maximum
gain,

e. Determine the frequency difference (see para.§-24).

f. Horizontal drift of ospilloscope display in 1 sec/sec,
is a measure of the difference between the frequency
standard and the counter oscillator frequency. If the
difference is excessive for the desired counter applica-
tion, vary the TIME BASE ADJUST control on the rear
panel of the counter until the pattern stops drifting.
NOTE: For highest accuracy, the counter should be op-
erated for 72 hours prior tp adjustment.

6-27. LOCKBOX ADJUSTMENTS
No lockbox adjustments are required.

6-28. Instrument calibration is now complete,

6-7



