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1. INTRODUCTION,

/

2. The directional detec tc»/r , a directional coupler

with built-in crystal detector, is designed for use in

coaxial systems over a relatively wide frequency
range. Applications include closed-loop leveling,
observation of RF envelope variation, and power
monitoring. Output polarity of detected signal is
normally negative, but positive output polarity is
available as Option 03. The cover shows Model 786D
with Option02 Load Resistor, available when optimum
conformance to square-law characteristicsis re-
quired. Table 11lists complete 1nstrument
specifications.

3. The directionai detector and the optional square-
law load (HP 11523A) are separately, housed. This
arrangement permits choice of directional detector
operation for optimum square-law response for de-
tected outputs of up to 50 mV (with the load attached)
or maximum output sensitivity (without the load). For
proper identification the directional detector carries
the same serial number as the load. Always check
that the serial number of the load and directional de-
tector are identical. '

4. The type N connectors on these directional detec-
tors mate compatibly with connectors whose dimen-
sions conform to MIL-C-39012 or MIL-C-T1 (see
Figure 2), In addition, the connector bodies are
stainless steel for long wear.

5. PRECAUTIONS.

6. STATIC ELECTRICAL DAMAGE.

7. The maximum pulse rating for the detector ele-
ment (diode) used in the directional detector is
0.1 erg of energy. A four-foot length of coaxial
RG58/U cable, the equivalent of a 100-pF capacitor,
when charged to 14 volts, is the equivalent of 0.1 erg
of energy. Be certain that connecting cables are
always connected to associated equipment and dis-
charged before connecting to the detector output,

8. HANDLING DAMAGE.

9. DO NOT HANDLE DETECTOR ELEMENT NEED-
LESSLY. Static electricity which builds up on the
body, especially on cold, dry days, must never be
allowed to discharge through the detector element.
Avoid exposed leads to or from the detector output,
since these are often touched accidentally. Refer to
Paragraph 28 for proper precautions.

Models 7 86D/787D/788C

10. OPERATION.

11. The directional detectoris useful as the sampling
and detection device in closed-loop leveling setups as
described in Paragraph 17. It can also be used as a
calibrated power monitor by determining the correla-
tion between detected output and main-line RF output
levels, or for relative RF envelope observation with
an oscilloscope. If the directional detector is to be
permanently mounted for any application, refer to
Figure 1, which illustrates the location of the four
mounting holes and the general side dimensions. Be-
fore installing in any setup, the following should be
considered:

a. Thetype N connect. s are HP compatible type N
connectors which are designed to mate with standard
50-ohm type N connectors. They mate with all other
type N connectors except HP 'precision” male con-
nectors. Use adapters made from other type N con-
nectors with '""precision’ connectors.

b. The detector element usedis sensitive tu either
amplitude-modulated or continuous-wave (CW) RF

- power. If RF power is amplitude modulated at a

1000-Hz +2% rate, the sensitive HP Model 415B or
415E (SWR Meter) can be used as the indicator. For
CW detection, a dc milliammeter or millivoltmeter
(with an input impedance of at least 100K ohms), such
as the HP Model 425A Microvolt-Ammeter can be used
as the indicator,

c. When using an oscilloscope to obse rv e wave-
shapes of rise times less than 5 psec, the coaxial
cable connecting the detected output and the oscillo-
scope should be as short as possible and terminated
with a shunting resistor. Ideally, thisresistor should
be 50 ohms to terminate the coaxial cable in its char-
acteristic impedance. However, with 50 ohms, the
video pulse may have too small an amplitude to drive
some oscilloscopes. Typically, the required value is

between 50 and 2000 ohms. The larger the resistance,

the slower the observable rise time. Oscilloscopes
ideal for this application are the HP Models 140A or
175A, depending upon required bandwidth, .

d. A low-pass f{ilter ‘should be used in all applica-
tions of the directional detector where harmonic fre-
quencies may be present.

12. SENSITIVITY CHARACTERISTICS,

13. The sensitivity characteristics of the directional
detectors is well defined in two ranges of main line
RF power output, a lower range extendingup to 500 uW
(50 uW for the 788C) anda higher range between 5 and
35 mW (0.5 and 3.5 mW for the 788C). In the lower
range the ratio of detected output to main line RF
power output (sensitivity), in microvolts per micro-
watt, is at least 4:1 (40:1 for the 788C). In the higher
range, the pratio, in millivolis per milliwatt, is at
least 2.8%:1 (28.5:1 for the 788C). Between ranges,

and beyond the higher range, sensitivity character-
istics «.u‘y from detector element to detector element,

Beyondthe’ Mgher range Sensitivity diminishes to a
saturation 18vel (a maximum detected output of 300 to
500 mV) whgre increased main line RF power produces

-no significant increase in detected output.
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Table 1. Specifications
786D 787D 788C
Frequency Range (GHz): 0.96 - 2.11 1.9 - 4.1 3.7 -8.3
Frequ{é;;{cy Response (dB):1 - +0.2 +0.2 +0,3
Sensitivity with Respect to Power:
Low Level (uV/uW CW) . >4 >4 40
!
High Level (power in mW to produce
100 m¥ out) | <35 <35 <3.5
Directivity (dBj: 30 26 20
ik ‘
Equivalent Souzrce Reflecticn o <0.06 <0.075 <. 111
Coeflicient: (1.13 SWR) (1.16 SWR) (1.25 SWR)
SWR: 1.15 .15 1.20
Maximum Input (W, peak or average): 10 10 1
Approximate Insertion Loss (dB): 0,25 0,35 0.6
RF Connector Type:3 o e
Input: Type N (coaxial) Male Male - Male
Output: Type N (coa:_iial) Feniale Female Female
Length: (in.) 6 4-1/8 | 4-7/8
(mm) 152 124 124
Weight:
Net (Ib) 1 - 3/4 3/4
(kg) 0.45 0.34 " 0.34
Shipping (Ib) 2 2 2
(kg) 0.9 0.9 0.9
Nominal Coupling 20 20 10

1Includes coupler and detector variation with frequency as read or a meter calibrated for square-law

detectors (e.g., HP 415E SWR Meter).

2 The apparent reflection coefficientat the output of an RF generating system, usingadirectional detector

in a closed-loop leveling system.
3

MIL-C-T1,

FOR ALL MODELS

Detector Output Impedance: 15k maximum

shunted by approximately 10 pF.

e
Detector Element:?;;?fsﬁupplied.

002

Noise: <200 uV peak-to-peak with CW power ap-

plied to produce 100 mV output. .
Detector Output Polarity: Negative.

Detector Output Connector: BNC female.

003

Type N connectors mate compatibly with connectors whose dimensions conform to MIL-C-39012 or

Options:

Furnished withload resistor for optimum

‘square-law characteristicsat24°C (75°F),

< +0.5 dB variationfrom square law over
arange of atleast 30 dB from lowlevel up
to 50 mV peak output (working into external
load > 75 kf?); sensitivity typically 25% of
that of the unloaded detector.

Positive polarity detector output, no ad-
ditional charge.
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Figure 1. Outside Dimensions .
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Figure 2.

14, 'SQUARE-LAW LOADING.

15. The square-law load (HP 11523A) is selected for
optimum response (minimum deviation from square
law) at 24°C (75°F). Typically, detected output varies
+0.3 dB from exact square law for values of output
voltage between 5 mV and 50 mV. At higher temper-
atures output voltage vsinpui power deviationis more
negative and at lower temperatures the opposite is
true. The change with temperature is approximately
0.04 dB/°C. For example, a detected output which
varies 0.3 dB from exact square law at 24°C would
vary about -0.2 to +0.4 dB at 22°C (72°F).

16. CLOSED-LOOP LEVELING.

17. TECHNIQUE., The directional detector has a
direct application in systems employing closed-loop
leveling of an RF source. Any variation in the RF
output level causes a proportional variation in the
detected output level, and this is fed back *o maintain
a virtually constant RF output level. Generally,
modern sweep oscillators, such as HP Model 690C/D
sweep oscillators and 8690 series sweep oscillators,
have built-in leveling amplifiers to amplify this signal
and adjust RF output to maintainit ata constant level.

18. LEVELING POINT CONSIDERATIONS.

19. The closed leveling loop holds RF power constant
at the point of RF sampling. Thus, if samplingis done

Type N Connector Dimensions

at the generator output connector, discontinuities in
the transmission system between the connector and
load cause uncontrollable power variaticns at the load.
However, if the sampling point is located as near the

' load as possible, transmission system discontinuities

are contained within the leveling loop and their effects
are automatically compensated.

20. LEVELING VARIATIONS.

21. In leveling applications, the directional detector
has considerable advantage over separate coupler and

 detector. With a perfectly matched load, the leveling

variation due to the directional detectoris equal toits
frequency response. The corresponding figure for
separate coupler anddetector is the sum of (1) coupling
variation, (2) frequency response of the catector, and
(3) mismatch between the detector and auxiliary arm
of the coupler. Typically this figure varies from
about +0.5 to +1 dB, depending upon the frequency
range. ’

22. In most cases, however, the directional detector
looks into an imperfectly matched load. Here, the
excellent source match of the directional detectors
(due primarily to the high directivity) minimizes the
effect of the reflected signal. Table 2 shows how
small the worst-case leveling variations are when a

"load with an SWR of 2 is connected to the output of a

directional detector.
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Table 2. Worst-Case Effectsonl.eveling (indB) "
Due to (1) 2:1 Load SWR Alone 4nd (2) 2:1 Load -
SWR and Detector Fequency Response |

\ )v;l‘ ‘ ‘ -

- | 786D | 781> | 788C
2:1 Load | “+0.16 | £0.20. | +0.31
'2:1 Load Plus +0, 36 +0.40 | +0.61
Freq. Response i o

93. CALIBRATED POWER MONITOR.

24. The directional detector can also be used .as a .
By determining the correlation’ be- e

power monitor.
tween the detected output and the main-line RF output

levels the detected output can be calibrated directly
in mV/mW and'the directional detector can then be
used to sample and indicate RF power levels at any
A power meter can be used to.
measure main-line RF output levels for ‘calibration

point in a system.

of the detected output. Ano e cilloscope, dc volt-
meter, or SWR Meter can be used to measur e the

detected output. ‘[

25. MAINTENANCE. .

26. Succeeding paragraphs give instructions for re-
pair of the directional detector and the 11523A
(Option 02) Load Resistor. Figure 3 illustrates the
replaceable detector assembly for the 786D, 787D
and 788C. Figure 4 illustrates the replaceable load
assembly for the 788C, 786D, and 787D load assem-
blies are not’ ﬁeld-replaceable. Flgures 5 and 6
illustrate the replaceable 11523A load resistor as-
sembly. Stock numbers reqmred when ordering re-
placement parts are given in the respective assembly
illustrations. To order a replacement parf, address
order of inquiry to your local Hewlett-Packard sales
and service office (see listings at the rear of this
Note).

27, DETECTOR ELEMENT REPLACEMENT,
i

CAUTION

The detector element (see Figure 3) can be
damaged electrically by incorrect handling.
Read the following handling precautions be-
fore doing anything which involves detector
element,

o
)
v\

" COMPRESSION SPRING
1460 - 0012 ..’

LOCK. WASHER .
| INCLUDED WITH " -~
=\ BNC. CONNECTOR

'CAP CONNECTOR

SR R

5020 - 0210
- RE,S‘:,!S"‘T‘I,{\/E MATERIAL

| oer(:.scggn I;LNT - |
. E—_] D Kl
Aeer Nores T

CAPACITIVE WASHFR r=:tz==- )

'CRYSTAL MOUNT  CTTT

NOTES

" Ne gatxve polarl ty dxode /f0044'3 80"
,(00423-800 if matched load resistor needed

- for 11523A); positive polarity diode:
#00423-803 (00423-801 if matched load re~
sistor needed for 11523A). . :

2. Capsule spacer includes polyiron insert.

{ Capsule spacer must always be mserﬁed to

. that black polyiron insert contacts with
'~ crystal mount (notunder side of diode). Use
" with new washer furnished.

' '
BN
"t
.

Figure 3, Detector Unit Assembly ,

St
A R
o
.
i o
" M
e !

28. HANDLING PRE(*A(ITIONu.\ e

a. Before insta]ling de i e t, tor element in mount,

touch exposed metil on mount with hand to dlscharge

any static charge. "Then' m.sert detector element
, P

b. When handing crystal to another pex son,. -touch R

hands first to ensure there is no difference in atatlc

~electrical potentlal between you.

‘ )
¢. Do not use an ohmmeter to measure forward-

‘and back-resistance. . The open-circuit voltages and

short-circuit currents from the ohmmeter can damage
detector element (diode)




|
.,.;Mo(}éls 796/16/787D/788C

I
T

e
3 ) :
g LOAD OUTER
: o ,,«ff””d CONDUCTOR
% ! 5 00798-210
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v
b FLAT HEAD SCREW .
Vo jgl/f/ 4-40 X Yg" !
P : 2 SCREWS K
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L

POLYIRON LOAD
00798-40I

, LOAD CENTER ZONDUCTOR
/ 6N798-209

Figure 4.

.788C Load Assembly
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29." PROCEDURE.

a. Note Figure 3 and remove connector cap from -

body. To remove connector cap, use gas pliers with
nvlon jaws or protect connector body W1th heavy paper
or mpe. !

b. Remove old cletector element

c. Install repl .1 cement detector element; black
‘re sistive end goes into crystal mount (detector
Memeht is a snug fit but not a forced fit).

d. ‘Replace connector cap and TIGHTEN FIRMLY.
t”! Note

detector cl«sment ordered by the -800 or -801

e “f‘\ number given in Figure 3, The resistor is |, 1250-0096 ' 1250- 0254
RN /'for use'in 11523A Load Resistor and must be - ! - Ao 7
.+ | installed\lo retain proper square-law opera- | o SOLD;&'J{'SESE s050-3D15 S
Vo “tion if the directional detector is equipped | Ly / g ’
| " with this optlonal load ] o r' ,‘j;"r' |
‘ ; ) : . (l ‘ :
30 DE I‘h.(‘TOR BNC REI£LACEMENT L ;o Rc*placemevtresnstor is supphed w1th replace- g
. . S ' ment detector elements ordered by the -800 ar g I
i 31_ "[‘OQLE, REQU]RED , ' ‘ S R Jﬂ)l number given in Figure 3, Note: Enure o
. : SRR | as,,embly minus resistor 1savaihble 4«3“.' ’
- a. Needle-pomt soldermg mm. v AN ]1523 600., , R S
. b. Gas' pliers W1th nylon ]aws. - | Lo “':‘ . f a ,'. | ); S f’ ; ,,
c. Male BNC mating connector ? 1 Ly . ’( | A ,..{(;.,
: ‘ B T RSN I
d. 'I‘weezersﬁ oo ‘ ; e -Figu_r,-),eg 5, 11‘523A Cuta,vay V;ew Sl
b ‘( \ . , ’\,1 v ‘ . ‘ “'_ "‘ I';ll',:\ I.: a :':‘):' D ‘,"‘, L N
" ' ’(lv l' 1‘ Ii ltll ' ‘I | . ;I | ' ) ‘:'I:: l\l“ “." ‘.\/ :,

E / A resistor is included with each replacement

. a. Refer to Figure &,

32. PROCEDURE.

a. Refer to Figure 3. Remove BNC connector and
lockwasher.

PRETEA

| b Unsolder spring solderéq to center conductor

lead. ' ‘

c¢. Slip spring over center conductor lead of new

“BNC and solder. -

d. Let épring cool and then replace lockwasher and
connector in connector cap. '

33. 788C LOAD REPLACEMENT.

a.’ Referto Figure 4. 'Remove two retammg screws
and the load outer conductor | o

/

b. Remove load and any ivose or broken portlons
of the old load from inside the load outer conductor.

c. Replacement 1s\_the reverse of remc)val.

34. REPLACEMENT OF 11523A MALE BNC.

, ‘ < S

Unscreiw male BNC and
lockwasher . from -housing by using a 3/8~inch open-
end wrench and holding housw eltlwr in - vige or

- with gas phers.. o !

/
-
).
il

/

o Note’
) /

It gas, pllers do not have nylon jaws, the
housmg should be protected ’ ;

b. Unsolder resxstor., /

¢. Solder remstor to new. BNC

s

| ,'t[':" .

l / ' /

RES!STOR CONTACT SPRING

5000-0234 .

LOCK WASHER

(INCLUDED WITH ;
" BNC) /

i

LOCK WASHER
(INCLUDED W}TH,
. BNC)

\a\ XSt e Py

2

e

Seolit W

MALE BNC - 1

. FEMALE BNMC
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KL R ’ - ;o , ! ' /' : / Lo : : ' ,
co gggNEcm RN 39 FREQUENCY RESPONSE CHFCK by -
| 1250 0254 S i R
s o "FRE QUENCY RESPONSE: 0.2 dB R
‘ | (+0.3 defor 788C). ST AR
Ca. Set up test e quxpment as Shown | in Flg‘ure ’7 S ;

""‘Wlule the purpose of the low pass filter is' to ehm1-~ SAE A
nate. the effects of harrmonics in the sweep oscillator .
‘:output it is not effective at the lowest frequenmes be- . .

" cause of its octave pass'} band. Asa regult, harmonics: . .0,
can cause out of tolerance indications at these lower L
lrequenc1es The attenuator shown at the 1nput to the

LU : - dlrectlonal detector should be large enough to hold

! CONTACT SPRING | | | the power reaching the thermistor mount below . the

'\ IR ‘damage level (30 mW average for the Model 478A)

Figure 6, 11523A BNC Assemmy.r'

b Set sweep oscillator for a leveled RF output

d.’ Let resistor cool then check resxstance from ‘.',
- male BNC pin through re51stor, resistance measured
should be w1th1n 10% of that 1ndlcated by-the codlng

Set RF output - level for'a convement reference
. near full scale on power meter. , -

d. Set sweep osullator for manual sweeping. Note
total variation of power ‘meter indication while manu-
ally sweeping frequency s]owly through the directional
detector range., Total variati 1on should not exceed
0.4 dB (0.6°dB for 788C). If this variation is.ex--
ceeded monitor de output of 786D by means of a BNC

Replace lockwasher and male BNC.

. 35. REPLACING 11523A FEMALE BNC

a. Unscrew BNC w1th a BN(‘ wx ench or male BNC

used as a wrench. L N 'tee and SWR ‘Meter. Subtract A SWR Meter from |
b. Unsolder- contact 'spring‘ S | L8 A Power Meter R R ( |
c. Prepare replacement BNC connector Y 4o, -SENSIT,tVI'ry.cHECK. | BRTE |
(l) Cut center condictor lead to approxxmately o St "
1/32 inch (refer to Figure 6)," | o SEN‘%ITIVITY > 100 mV de te cted output =

for 35 mW (3 5 mW for 788C) RF output
( ) /Wlth flat file, smooth end of lead w1pe off .

! th t | i ' |
dury wi weezers or sxmll'tr metal: “a.; Set up test equlpment as shown 1n Flgure 7 W1th

PR t. )
-.-:I';‘/-‘ 1nstrumen | , the' f ollowing exceptions: the 10- dB Pad should be o
l(, Sk tact connected between 786D and 478A and detceted output - -
nmd soldlgr contact spring over center contluctol leaa connectedto a dc voltmeter ‘the ough a BNC- to-bmdmg ‘
A | ;000 o post adapter. _,. o L
e G CAUTEON o
R Use solder sparingly or it will creep hack on A | I ":
ot : ', spring,” Solder on spring dcstroyslts useful—- : Average RF power exceedlng 30 mW w1ll o
L "7 hess and is dlfficult to remove R ,' B ~ daimage the HP’ 478A ‘'Ther mistor Mount ' Do
/‘f R , /f"n ;o o not apply more:. than 30 mW to mount

B ,’/“

Ve Let contact sprmg cool and then screw BNC

’ 1nto housmg R B L |
| . ’ \ POWER METER

36..';: PEnFonMANcs*c’néc/KS.,;”' "

" SWEEP OSCILLATOR ' .‘ le

.

| 37. The perf ormance check péocedures g,wen m

‘ Paragraphs 39, through 47 verify that the directional ' ,
detectoz meets its specxhcatwns. Test setups a}xd /
‘instri¢tions ‘are given only fdl the 786D.. Measure~

. oy
\
L . ’
v ’ N

(e TR B

: ";v”fment techmques for ‘the’ 787D and 788C are smmlur LOV!,E{-‘ESS L ,
. .. and differences’in specihcatmn are mentioned wherd* | i S
| they exist. Y P JEEET L TTHERMISTOR MOUNT
S AR A ATTENUATOR |1p 786D
, " ‘ 38 Table 3 hsts the rectfmmended test equfpment R J .
L Other equlpment may be ‘used provxded it meets or | N v, ’ , |
,‘ exceeds the crltlcal spemflcatxons». / : /.’ / Figure 7., Frequency.Response Check
o , " T,“.‘. .t / . a ‘ v v o ’ - ‘ t - ' } . : ]
L L K , RK " R :
) b ,I-‘""v:! / Y ‘ ‘ K : .
s S I | o |
( L }‘;";.I‘f,,”/l . { L,',' “' ,""- L
A ‘ il — — PO
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YA

.
'.I'J Vs

H

f

.) :

) ,:""’I';yil)‘"le 3. Recomzﬁended Test Equibfn,ént

'I'nstrum’ém T'ypé

o Cr/iti,cal Specifications

" . Check

ki

“Model

)

H21-8691A/B (786D)

Bandpass Filter

4

Rejection: Not less than 40 dB

’ ) . .
o )

Slweep Oscillator | FreQuénéy Ré;;}'ge: (directional detector) | All

P q e 8692A/B (787D)
Pawer Quipul: 10 mW 8693A/B (780C)
Leveled Capability:* +0.1 dB !
Residual FM: Eéss than 50 kHz . A

Low-Pass or Freque;({éy Range: (directional detector)|All .1 3608 (786D)

" 2:0C (787D and 786D)

360D . (787D and 788C)
Microphase LTP 8200
+ 360D (788C)

Power Meter and
Thermistor Mount

/

Frequency Range: (directional detector)

Power Range: -10 to +10 dBm

Accuracy: +3%

Frequency Response

3

Sensitivity

431C (metér) and
478A (mount)

|

Connectors: Standard type N
Residual SWR: 1. 04

SWR

Frequency Range: (directional detector)| Frequency Re’Sponse 8491A-10
o - | Attenuation: 10 dB Sensitivity |
F’iﬁ'édAttenuato‘r ¥ | SWR |
| Frequency Range: (directional detector) | Directivity 8491-010 (786D)
. . N 8491- 020 (all)
Attenuation: (directional detector 8491 - 006 (787D)
directivity) - ' tT
}
DC Voltmeter Range: 20 to 100 mV ‘('Sensitivity 412A
Input: 10 megohms -
Accuracy: - +2% of full scale
SWR Meter Frequency: 1000 Hz +2% SWR 415B or 415E
Calibration: Square Law Directivity |
Accuracy: +0.05 dB
(on EXPAND scale)
Input: 200K ohms
Directional Detector | Frequency Range: . (directional detector) [ Directivity 786D (786D)
: |  Neoats 787D (787D)
Detected Output: Negative 788C (788C)
Sensitivity: 4 uV/uw
Frequency Response: +0.3 dB
Sliding Load Frequency Range: (directional detector)|SWR 905A/907A
- Connectors: Standard type N Directivity |
Residual SWR:** 1,05
~ Slotted Line Frequency Range: (directional detector) 805C (786D and 787D)

817A Swept Slotted
Line System

" %% Residual SWR: 1.10 from 1.0 to 1.5 GHz.

* Excluding coupler and detector variation (with the 786D the leveling capability would be 0.3 dB).
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41, SWR CHECK (Swept Frequency).

'
i
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b. Startmg at minimum, carefully increase CW-RYF
power to obtaina 100-mV readmg on the dc voltmeter.
35 mW (3.5 mW for 788C) or less
(power meter reading plus attenuatlon of attenuator)
produces a 100-mV detected output. v

) ' \
¢ /

c. Repeat above check at all points of 1nterest_

across the band.

' MAIN LINE. SWR: < 1.15 (1.20 for 788C).

,42; Swept-frequency SWR testing is preferred since
it will show narrow out-of-specification frequency

bands which might be missed with fixed-frequency
testing, To sweep‘ test proceed as follows:

a. Connect equipment as shown in Figure 8 Equip-
ment Setup. .

b. Level the sweep 0ScC illator as instructed in
Figure 9. n

¢. Correct the detector at the point marked ""Device
under test" in Figure 8, =

d. Set the sweep oscillator to sweep the band of
interest. ' ,

" Models 786D/787D,/788C

Q. Wlth the osculoscope on LOGARITHMIC MODE
‘move the carriage over at least one-half wavelength
(if a storage oscilloscope is not available take a time
expoasure of the trace).

f. Measure the width of the trace at the widest
part. Reverse the detector and repeat measurement.

R Run a trace with the carriage stationary. Read
the trace width. Subtract this readlng from the read-
ing obtained in step e. : :

h. Complite the voltage ratio using the formula: .

log™! (dB/20)

SWR =
or ‘
"1.15 SWR =, 1.2 dB
and ' h
1.20 SWR = 1.56 dB

i}

43. If the bandwidth of the oscilloscope is too low or ,
the sweep rate too high, |
the SWR pattern will be lost. Due to noise the widest
bandwidth may not ‘give the best pattern, but the opti-
mum combination can easily be determined experi-

mentally by keeping the slotted-line carriage stationary . .

Swept Frequency

Oscilloscope Indicator

o e “\a o m @ w
LN
(\ 0O o ® o

pooooQ ”o::o&o

Qllasp
(1

oes ASYYD ITT|
Slotted Line B - LN \ W |
Sweep Adapter - .

Sweep
Osclliator

H et

Device

qnder test g

Sliding Load

’ oy & PR |
Slotted Line [J—

Carriage

'To connect the Model 817A for operation refer
to the numbers in the illustration above and the
following:

- 1. Connect 448A Slotted Sectionto 817A Coaxial
- Slotted Line withlonger arm to Slotted Line,

2. Connect output of sweep oscillator tolevelex
unit. .

3. Connectprobe output of leveler unitto sweep
oscillator ALC INPUT. Referto Manual for
sweep oscillator for leveling instruction.

4. Connect probe output of carriage
VERTICAL INPUT of the oscilloscope.

5. Connect the device under test to the other |
end of the coaxial slotted line.

6. Connect a load (preferably a sliding load) to
the other port of the device under test if it
is a two-port device.

- To mechanically couple the shding load refer to
~the text.

Figure 8,

Equipment Setup

some of the fine structure of ..~

Yy
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' Swept Frequency
,  Oscilloscope ‘

Indicator
'0®wﬁ
© o & o
‘E’ [ ] [ o
/i 1 0::'0“ .
T : _1\1, A
p [ 2
: Sweep
(o]
T o gm Oscil later
o® o .

N

! oad

Siotted Line
Sweep Adapter ' F

e=rmE
Slotted Line ﬂr

Carriage

1.‘ Be sure long arm of Adapfer T is connected to -

slotted line. Do NOT use reversed as leveling
will be affected.

2. I moro thari one sweep oscillator is to be used
start with the lowest frequency one. Sweep
desired band. .

3. Connect a BNC-T connector between the probe
output on the sweep adapter and the ALC input
to the sweep oscillator.

4. Remove the load on the slotted line.

5. Connect the oscilloscope input to the BNC-T
connector installed in step 3.

8. While: observmg low end of band with oscillo-
scope set'to linear response, wide: ‘bandwidth, |
and 5 mV/cm sensitivity adjust POWER LEVEL .|
to level at.25 mV output and then slide leveling

- probe’ m unt11 the response just flattens out.
Do notuse more insertion than necessary since

: "‘_exress probe insertion causes ripples or slope.

~"'on response curve. If ripples appear whichare
not caused by excessive probe insertion, adjust
the EXT ALC GAIN control for minimum rlpple

~._Note in 690 Series Sweepers the power. level
and ALC gain interact and may require careful
adjustment to obtain 25 mV and MAX leveled
output. Excessive ALC gain can also cause
ripples. If the sweep ‘oscillator will not level .
try adjusting EXT ALC GAIN. Too little loop
gain will keep the sweep osc111ator from
leveling.

7. Return output of oscilloscope to ‘slotted line
“probe and connect load. Insert this probe to
get 5 mV output. Do NOT insert probe far
enough to touch center conductor. This may
burn out crystal diode.

Note that due to the extremely wide frequency range
of the slotted line the RF output may vary widely
even though the input is leveled. This nccurs be-
cause the ethcxency of both nrobes drops off at the
lower frequencies. 'Since leveling is controlled by
the dc voltage developed by the leveling probe this
voltage will depend upon the efficiency of the probe
pickup. However, by matching the characteristics
of both probes and using them as a matched pair the
output variation can be held to Approxlmatelv +3 dB
per octave.

CAUTION

Do NOT tighten the thumbscrew of these ,

probes so tight that the tubing on the prnhe,,

is bent. Normal finger- -tightness, using only
 the fingers and'not the hand, is proper.

‘ments in Coaxial Systems" HP Journzl,

Figure 9.

and adjusting the sweep rate and bandwidth for the
most crooked trace (for further information sce
Stephen F. Adam, ''Swepi-Frequency SWR Measure-
Vol. 18,
No. 4, Dec. 1966, pp 15-20; or Application Note 84,
both obtainable free from your nearest HP? office.

44. A more exact method of measuring SWR is to

.couple the sliding load to the probe mechanically so
' that they both move together (see Figure 10).

This
eliminates the effect of reflection due to the load

.. since the load is in the same phase relationship to the

Leveling

probe at all times.1 To couple a slotted line carriage
mechanically use a piece of 3/8" round aluminum
tubing approximately 18" long plus the length of the
directional detector with a right-angle bend 4'" from
one end. Clamp a 7/8" ID cable clamp around the

l,B. O. Weinschel, et al., '"Precision Coaxial VSWR

Measurement bv Coupled Sliding-Load Technique, "'
IEEE Transactions onInstrumentation and Measure-

ments, Vol. IM-13, No. 4, Dec, 1964, pp 292-300.
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" SwéptFrequency, / © o '/46 SWR CHECK (Single ,F,.?i"éq/uency). .

Iﬁdlcoior ;; 2y S i v
: N o AT ‘ R PR ,..
"y-h ’ f’ ;";'.;" : "“, "/| ‘:‘{"x'a' ‘. ’-,"’v"’ L - B
& (G ) cﬂ‘ . el e - MAIN LINE SWR:. < 1.15 (1.20 for 788C).
l ” / i ' }. ' ".' "‘;' : ’- ll‘("“' o ,’/ ‘,l’ . . ‘ C ‘ aaad ‘ ,’ .
o & ° " A
' , ‘a. bét up test equlpment as shown in Figure 11,
oo ; / I A o ’

b Set sweep OSClll’ItOF for a single frequency,
1000 Hz square -wave modulated RF output.

o 3 "

' g::ﬁfdfo, A te. Ad]ust squale-wave modulation frequency for
ooy & maxunum SWR. Meter indication on 40-dB NORMAL
) oA n.g wo, Y Mechon‘cﬂ| N ! : S

Stotted AT 5 R
Line K
Sweep i T

- geale,

/ ' /

Adapter , === “‘”"“’Link | y :
iy, W et =W | d. Phase shdmg load to obtain minimum SWR
Lf(TfCLyIqu 7l L == <2 Scale indicztion.
Slotted Line R ur?ggr‘cfest S"d‘”g L°°d s ; Ad]ust slotted line carriage for minimum SWR- .~
e - 3 I smlo indication as near center of slotted section as
_ v poqsmle. Repeat steps d and e for absolute mini-
Carriage " : f‘; “mium reading since the steps interact. »
l f. Setal. Omchcatton onSWR Meter SWR- EXPAND
| | +/ scale,
Figure 10, Mechanically-Coupled i e '
Sliding Load SR . Adjust slotted line fox a mammum SWR bcaln'
| indication. L e
- | | - h. Phase sliding load for 2 minimum SWR reading
adiusting barrel of the load and connect the two cable = and record. Specification: SWR reading. muqt not
clamps together. Connect the long end of the shaft to exceed 1.15 (1.20 for 788C). - . 1. :.
the moving portion of the slotted line carriage. If an: " P R e
HP Model 809B/C Slotted Line Carriaye is used, the | s _' | I AT
shaft can be clamped in the micrometer holder. Adjust,' "< \ R R
the various clamps so that the load tracks with the 47, DIRECTIVITY CHECK, N
carriage over the entire length of travel. This tech- S B

nique can also be used with single-frequency measure- LAEL , R : :
- ments eliminating the need for computations. MINIMUM. JRECTIVITY: 30 dB for 786D

| - (26 dB for 787D; 20 dB for 788C).

45. If the results are doubtful at any frequency, test EEC L LR

for SWR at that frequency using the single-frequency _
SWR test which follows. - . 4. Setup equipment as shown in Figure 12.
SWEEP OSCILLATOR ~ SWR METER SWEEP OSCILLATOR R |
A RF’ 1 . . SWR METER
: 1 L low pass - ¢ o
LOW PASS FILTER . b N
FILTER 1
’ Vo C .\ .‘" V
, ] DIRECTIONAL 1
ATTENUATOR J DETEGTOR ; -
e ’ [ : Ll ATng(l)\lé)éTOR l o
= A B [ ] sHoRt
| SCIDING LOAD - HPT86D
' SLOTTED LINE HP786D y ]
. . ) LT
Figure 11, SWR Check - y L Figure 12. Directivity Check
\

W
A
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’

| phase aalldmg load.

‘Models 786D,/787D,/788C

b. Set sweep. oscillator for leveled, square-wave’

)

modylated RF output.

c. '‘Set 0-dB reference on SWR Meter.

i
)

d. Remove Attenuator from setup.

Connect"sho.rt to mZile connectdr (786D under
test) and using a female fo -female adaptor connect
786D under test to 786D - :

. vSet sxye’_ep oscillator for 100-second sweep rate.

" g. Ncte SWR Meter indication and continuously
If koth minimum and maximum
indications are greater than the 0-dB reference, the
directlonal .detector meets the directivity specifica-
tlons. However these readings are un('orrected

woree --than -actual -value readings.

h. To determme actual d1rect1v1ty firstadd attenu- .
ation of attenuators used, in step a to each reading
~made in step g; then subtract minimum from maximum
- readings and find difference value (My).

For example,

)

[

o I ‘ : . | ' //
if readings were 0.5 and 5.4 dB and assuming atteriri- |
ation of attenuators used is equal‘to 30 dB, then txe/

- minimum is 30.5 dB and the maximum is 3 4 dE.
The difference between the two readings is 4.9 dB

(whlch is M )

5\
bR

! _ X
- Refer to Flgure 13 Determme values for My
whlch are the two correction factors to be used. Add
the mi.imum ’"eadmg of step hito each correction (Mz)
For example\, if the ditference in dB (M1) is 4.9 dB,
- then from: thé graph (Figure lo) the two\correctlono
are 2.1 and 13.3 dB. One corrected vaiue is sliding
load returnloss and the other is 7 86D directivity, hut
it is impossible to. dlstmgulsh which, ,,‘,\r_“ \

j. To 1c1ent1fy d}.l‘CCthlty reading, lobsen ﬁhdmg
‘lead center condudtor lock and slightly loosen con-
‘nection to 786D without rotating center conductor.
Tighten lock... o

"-‘.-"x

k. Repeal stcos d through i. The ("bx're('fecl value
for sliding load returnloss should remain practically
the same as original correciled reading (within a few
tenths of a dB). The 786D dir&ctivity is the other \
Orlgmal corrected readmg whu.h has changed

\
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CHAFRT FOR SFPARATING TWO SIGNALS

- LOSS MEASUREMENTS
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. WHEN THEIR SUM AND DIFFERENCE ' |
| ARE KNOWN / ‘ i |
' il |

M, = DIFFERENCE IN dB BETWEEN. ’ o
|

|

MINIMUM AND MAXIMUM RETURN

CORRECTION IN dB TO BE ACDED TQ
SMALLEST DB READING

IF LOAD REFLECTION'IS GREATER THAN
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- ; ’Ii! 1 i
w e
9 i ;{; i IH TR A HA T y
z B A i A Al
@« | AU A i i T L AR
W [ it e o bt B
. i : il
IR L ey Akt T it R e i
< gl iftiy i i L r ’
SRR A e A i 1 e i 41
! Y Al i, : ! N, i !
s | o m |
A il t : i e il i l)unh.. . ‘
g:l | i | . 4;1 ‘!T[ i l"'*"jﬂ il ’
1t ¥ a} i } i
| : | Ik *H | b
0 z Lt ! bl i Il i -
2 4" 6 14 16 18 20 22 24 26 b

Figure 13.
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.m. The following is an example of measurement
steps with actual readings and conclusions.

(1)
(2)

(4)

(5)

(6)

- (M

SWR Meter readings were 0. o and 5.4 dB.

The attenuators used were 20 dB and 10 dB;
hence, the readings indicate 30.5 and

35.4 dB.
(3) .

The difference between the r:inimum and

maximum readings ts then 4.9 dB.

Referring to Figtlre\‘ 13, the two correction
factors are 2.1 and 13.3 dB.

The minimum reading (30.5 dB) added to
each results in two corrected readings:
3%.6 and 43. 8 dB.

To determine which reading represents the
sliding load, the sliding load center conductor
is partially unplugged from the 786D.

'I’he above steps were repeated which resulted
in SWR Meter indications of 25. 5and 28.0 dB.
The difference between the two readings is

Models 786D/787D/788C

2.5 dB whtch from Flgure 13 determined the
two c correction factorstobe 1. and 18.0 dB.

(8) The two correction factors added to the
25.5 dB minimum gave corrected readings
of 26.7 and 43.5 dB.

(9) The sliding load return loss was 43.5 to

43.8 dB, because making a bad connection

" between the sliding load and the 786D did not
affect this reading much.

(10) The 786D directivity was 32.6 dB, because
making a bad connection between the sliding
load and the 786D did affect this reading
causing a reading which did not agree with
either of the previous corrected readings.

' 48. PARTS REPLACEMENT.

49, Parts replacementfor these directional detectors
by the customer is not recommended. The fastest
assembly and test time for the most experienced
personnel is five full man days per detector.




