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| INTRODUCTION

BACKGROUND

As the importance of EMC has increased over the years, new standards and
procedures have been instituted to work toward the goal of true electro-
magnetic compatibility in all equipment. Fast, accurate measurements to
meet existing standards are a must for the EMC engineer,

The purpose of this note is to describe the measurement procedures used
with the HP 8550 series of plug-in spectrum analyzers in order to measure
the parameters specified in MIL-STD-461, 462.

BENEFITS

1. The spectrum analyzer reduces the time required to scan a given fre-
quency range and to reduce the resultant data to a useful format.

2. By viewing large portions of the spectrum at a time, individual inter-
ference components are not likely to be missed. Intermittent signals are
much more likely to be observed.

3. The spectrum analyzer is readily used for “‘quick checks™ during design
stages: it helps the EMC engineer work for designed-in compatibility.

HOW TO USE THIS APPLICATION NOTE

Procedures will be given for each method in MIL-STD-461, 462 which
requires a calibrated receiver. These procedures will include test setups,
control settings, calibration procedures, information on signal interpretation,
spurious response detection, front end overload, and recording techniques.

Although the examples given are for MIL-STD-461, 462, most of the pro-
cedures are general in nature and may be used in conjunction with other
MIL-STD or other EMI specifications. The test methods to be described are:

CEO1 Conducted Emission, 30 Hz to 20 kHz, Power Leads
CE02 Conducted Emission, 30 Hz to 20 kHz, Control and Signal Leads
CE03 Conducted Emission, 20 kHz to 50 MHz, Power Leads

CE04 Conducted Emission, 20 kHz to 50 MHz, Control and Signal
Leads

CE06 Conducted Emission, 10 kHz to 12.4 GHz, Antenna Terminal

CS01 Conducted Susceptibility, 20 Hz to 50 kHz, Power Lead
CS02 Conducted Susceptibility, 50 kHz to 400 MHz, Power Lead

REO1 Radiated Emission, 30 Hz to 30 kHz, Magnetic Field

REO2 Radiated Emission, 14 kHz to 10 GHz, Electric Field

REO3 Spurious and Harmonic Emissions, 10 kHz to 40 GHz

REO4 Radiated Emission, 20 Hz to 50 kHz, Magnetic Field

REO5 Radiated Emission, Broadband, 150 kHz to 1 GHz, Vehicles
and Engine-Driven Equipment

REO6 Radiated Emission, 14 kHz to 1 GHz, Overhead Power Lines



RS01 Radiated Susceptibility, 30 Hz to 30 kHz, Magnetic Field
RS03 Radiated Susceptibility, 14 kHz to 10 GHz, Electric Field
RS04 Radiated Susceptibility, 14 kHz to 30 MHz

Organization within each method is essentially the same and can be outlined
as follows:

X1 Instruments and Accessories Used
X.2 Test Setup

X.3 Control Setting and CRT Calibration
X4 Calibrating and Marking Display

X.5 Frequency Calibration

X.6 Precautions

X.7 Signal Identification

Each measurement generally consists of calibrating the analyzer, connecting
the signal pickup device, and observing the resultant spectrum display. In
cases where extra steps are involved, a measurement procedure is included
in Section X.4. Whenever a different procedure is used for different fre-
quency ranges within a method, each procedure is presented in its entirety.

The specification limits and details of a given method are subject to change
as the applicable standards are changed. However, the methods presented
here should allow you to make any changes with a minimum of difficulty.

NOTE: There are several cases where either the 8554L (500 kHz to 1250
MHz) Tuning Section or the 8555A (10 MHz to 40 GHz) Tuning Section
may be used below 1 GHz. Wherever one unit is suggested, the other may
be substituted in this range.

All calibrations assume essentially zero loss in the interconnecting cables.
When this is not the case, cable losses should be taken into account.



Il CALIBRATION OF
MEASUREMENT EQUIPMENT

CALIBRATING THE SPECTRUM ANALYZER FOR dBuV

The HP spectrum analyzers are calibrated to read signal level directly in
dBm (decibels referred to one milliwatt). In order to measure signal levels
in dBuV (decibels referred to one microvolt) it is only necessary to add
107 dB to any dBm reading; i.e., 0 dBm (50£2) = +107 dBuV (50%2).

Then: Signal Level (dBuV) = Signal Level (dBm) +107 dB

An optional IF section is available which provides measurements directly
in dBuV. The 8552A Option HO4 or 8552B Option H04 will allow you to
measure signal levels in dBuV with any of the tuning sections. Since this
capability simplifies measurements, it should be considered for any spectrum
analyzer to be used for EMI measurements. A modification kit is available
to add this capability to standard 8552A/B [F Sections.

USING THE BANDWIDTH FACTOR (B) TO CALIBRATE
THE DISPLAY FOR BROADBAND IMPULSE SIGNALS
Broadband signals are discussed in detail in the Appendix.

To calibrate the CRT display so that the spectral intensity S of broadband
impulse signals can be read directly in dB above 1 uV/MHz, subtract Band-
width Factor B for the appropriate IF bandwidth from the calibrated narrow
band scales as follows:

a. If the analyzer is calibrated in dBm,

S (in dBuV/MHz) = V (in dBuV) — B (in dBMHz)

dBuV | dBuV/MHz

—r — ey 70 87
| 1 ‘ LOG REF
+
- == ——F - 60 77
7 I 10
|
s — 1 — — 55 B 67
- i I J 40 57
5 1 ' l ~30
I L
I? Js ' 0 30 47
ML { ‘ -40| G
| [ de
5 — —— f— + 1 f—ied 0 37
Lo— I | i i | !
5 i . gl 10 27
|
| " |
I— N S S S g 17
1 i T 1 =0/
+ /
4 -3 -2 -1 CENTER 1 2 3 4
FREQUENCY

Figure 1. Bandwidth Factor B for this situation is =17 dBMHz (typical for 100 kHz
Bandwidth), the conversion is as follows, The level marked 70 dBuV corresponds to:
70 dBuV - (<17 dBMHz) = 87 dBuV/MHz, etc.
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b, If the analyzer is calibrated in dBm,
S (in dBuV/MHz) = V (indBm) - B (in dBMHz) +107 dB

The procedure for determining the Bandwidth Factor B is given in the next
section.

dBm | dBuV/MHz

rrrrrrreey <30 | 94
LOG| REF
> — +—F -1 ] 40 84
1 |
- S Y S ! | = 4
3 20 50 7
= 4
5 D) 60 6
L
L
(6]
| - 70| 54
N 1 -40| G
dB
— = 4
3 1 50 80 4
2 [ eo| 0| 34
t o| 24
1 : ' =TV AE
N PO T TR I PR O [ RS (S
-4 -3 -2 -1 CENTER 1 2 3 4
FREQUENCY

Figure 2. The level marked =30 dBm corresponds to: -30 dBm - (=17 dBMHz)
+107 dB =94 dBuV/MHz.

PROCEDURES FOR DETERMINING THE BANDWIDTH
FACTOR B (FOR USE WITH THE LOGARITHMIC DISPLAY MODE)

BWi
1 MHz

Bandwidth Factor B (in dBMHz) = 20 log
where BWi = impulse bandwidth

There are four procedures for determining B which are useful with the
spectrum analyzer. Each yields results which agree within 1 dB of the other
methods. Each method will be described in some detail. The methods are:

1. Measure the area under the I response to an impulse and divide by the
amplitude.

2. Measure the 6 dB bandwidth.
3. Measure the area of the detector response to an impulse and divide by
the amplitude.

4. Measure the response to a known pulse modulated signal.

The last method is the most accurate, but the procedure is the most com-
plicated and can best be performed with the 8554L (500 kHz - 1250 MHz)
or 85565A (10 MHz — 40 GHz) Tuning Sections since a microwave test signal
is required to get optimum results.

The Bandwidth Factor need only be measured once for each bandwidth
with a particular IF section. Changing the tuning section does not affect
the Bandwidth Factor,



Method 1

Connect the 30 MHz calibrator to the input of the spectrum analyzer and
select the LINEAR display mode., The LINEAR SENSITIVITY should be
set to 1 mV/div.

Tune to the 30 MHz signal and set the BANDWIDTH to the desired position.
Narrow the SCANWIDTH until the display nearly fills the CRT (See Fig-
ure 3). Slow the scan until the DISPLAY UNCAL light goes out.

Figure 3. Scan width adjusted to allow measurement of the area under the response curve.

Use the LINEAR SENSITIVITY VERNIER to bring the peak of the display
to the top graticule line.

Measure the area under the curve by either photographing the display and
using a planimeter or counting the squares under the curve.

A(k)
BWi (in kHz) = 8
where A = area in em?
k = SCAN WIDTH PER DIVISION (in kHz)
BWi

and B = 20 log 1 MHz

Method 2

Set up the spectrum analyzer as in Method 1 with the 30 MHz calibrator
signal displayed in LINEAR and the peak on the top graticule line.

Read the frequency difference between the half voltage points. This is the
6 dB bandwidth which is approximately equal to BWi. (See Figure 4.)



6 dB OR
1/2 VOLTAGE

k

e

Figure 4. Measurement of 6 dB bandwidth,

Method 3

(This method is described in MIL-STD-826, Method 2003.) Connect an
impulse generator to the spectrum analyzer input. (See the Appendix for
front end overload considerations.) Tune the spectrum analyzer to a con-
venient frequency within the bandwidth of the impulse generator.

NOTE: The 8445A Automatic Preselector should always be used with the
8555A (10 MHz - 40 GHz) Tuning Section when making broadband mea-
surements.

Set the spectrum analyzer to ZERO SCAN and set the BANDWIDTH as
desired.

Switch to the LINEAR display mode and adjust the LINEAR SENSITIVITY
for an on-screen display.

Connect the VERTICAL OUTPUT to an oscilloscope and adjust the oscillo-
scope controls for a maximum display area in the calibrated portion of the
CRT.

Measure the area of the display by either counting squares or integrating
with a planimeter. Also measure the amplitude of the display.

BWI (in Hz) = 24)
A
where A = area in ¢cm?2
H = pattern height in cm
S = sweep rate in em/sec.
Method 4

The measurement setup 1s shown in Figure 5. Parts of the following proce-
dure differ according to the bandwidth being measured: the (a) column is
used with 10, 30, 100, and 300 kHz IF bandwidth settings: the (b) column
with 1 and 3 kHz.

When the average value for BWi has been determined, calculate B and enter
data on a calibration record sheet.



8614A 8403 OPT 02
SPECTRUM
SIGNAL GENERATOR PIN MODULATOR ANALYZER
POWER OUT EXT. PULSE
UNCAL CAL INPUT ouTPUT INPUT
[ ] > - L ] L 4 -
] .
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Figure 5. Setup for impulse bandwidth measurement.

The performance of the pin modulator should be checked before making the
impulse bandwidth measurement. See Appendix A, Equation (4).

Impulse Bandwidth B can be determined from Equation (14) of the Ap-
pendix. This yields:

oo BWL Vi, o N
B = 20 log 1 MHz =~ 120 log Vp 20 log 7 +120] (dB MHz)
. - ; : Vi .
A detailed step-by-step procedure follows in which the term 20 log T
p

obtained directly as difference of two dB readings of the signal generator
attenuator. The pulse width 7 is measured for nominal bandwidths of 1 kHz
and 3 kHz directly by an oscilloscope that is first calibrated by means of a
frequency counter. The pulse width 7 is measured indirectly for nominal
bandwidths of 10 kHz to 300 kHz by measuring the frequency distance of
the main lobe zeros of the displayed spectrum with a frequency counter.

NOTE: The bandwidth settings below 1 kHz are not used for the applica-
tions described in this note.

1. Make the following instrument control settings on the spectrum analyzer.

EREQUENEY .c o vimnws oo sy v o 1000 MHz
SEANWIDTH wow o= o5 vwresw v s PER DIVISION
TUNING STABILIZER ... ...cooivivnenn. ON
INPUT ATTENUATOR.. .5 i cemam s ssms 0dB
LOG REF LEVEL .. ..... .. —-40 dBm (70 dBuV)
LOG/LINEAR . .. .. ... .. ... ..... 10 dB Log
VIDEDFPILTER « .o commne s wmmisne om s OFF
SOANMODE v s sanss v owsm pe waens INT
SOAN TRIGGERE @6 ousd 58 50lass mi 59 AUTO
(8555A Tuning Section Only)

RANCE: sivawes sagwaey o5 s s 0—2.05 GHz
SIGNAL IDENTIFIER ................. OFF

=1



Set the BANDWIDTH control as desired and use the following chart to

determine remaining control settings.

Bandwidth selected: |1 kHz| 3kHz [10 kHz| 30 kHz [100 kHz|{300kHz
SCAN WIDTH PER DIVISION| 5 kHz | 10 kHz | 50 kHz 100 kHz [ 500 kHz | 1 MHz
SCAN TIME PER DIVISION|0.2 se¢ | 50 msee |10 msee | 10 msee [ 5 msee | 5 msec

Ja.

4da.

ba.

Ba.

Ta.

8a.

10.
11.

12

.

10 to 300 kHz IF Bandwidths

. Set modulator to INTERNAL

PULSE; set RATE and WIDTH
as specified in Chart 1.

Adjust WIDTH control of mod-
ulator until the distance be-
tween both the zeros adjacent
to the main lobe of the dis-
played spectrum is as specified
in Chart 1.

Note the exact location of the
left zero adjacent to the main
lobe of the spectrum on the
spectrum analyzer CRT.

Set frequency counter to PLUG
IN and record frequency as f1.

Decrease signal generator FRE-
QUENCY until the right zero
adjacent to the main lobe is at

the exact location noted in
step  4da.

Read off frequency as 2,
Return signal generator fre-

quency to 1000 MHz.

3b.

4b.

obh.

6b.

1 and 3 kHz IF Bandwidth

. Set modulator to EXTERNAL

PULSE.

Set pulse generator output to
10V.

Set frequency counter to 1
VRMS LEVEL.

Adjust RATE of pulse genera-
tor until frequency counter-
reads f3 as specified in Chart 2.
Note length of one period on
oscilloscope CRT.

7h. Adjust RATE of pulse genera-

8b.

tor to value specified in Chart 2.
Adjust WIDTH control of pulse
generator until width of pulse
on oscilloscope CRT is exactly
the length obtained in step 6b.

Adjust signal generator ATTENUATOR until peak of the main lobe of
the spectrum is at exactly the chosen reference height (i.e.. 0, =10,
—-20, =30, -40, etc.) on the spectrum analyzer CRT display.

Read signal generator ATTENUATOR as ay in dBm.

Turn pulse modulation off by switching modulator to EXTERNAL AM.

Adjust signal generator ATTENUATOR so that the height of the peak
of the now-displayed CW signal is at exactly the reference height used

in step 9.




13. Read signal generator ATTENUATOR as ap in dBm.
14b. Calculate impulse bandwidth:

14a. Calculate impulse bandwidth:

) f1-£2 )
BWI = 9710 (a1-ap)/20 BWI = 70 (ag-ap)/20
15. Calculate Bandwidth Figure B:
BWi
B = 20log 1 MHz
or
f1 -12
15a. B = ap—ay +20 log > MHz 15b. B = ap-ay + 20 log 1 MHz
Bandwidth Selected 10 kHz 30 kHz 100 kHz 300 kHz
Modulation Rate 2.5 kHz 7.5 kHz 25 kHz 75 kHz
Modulation Width 10 usec 3.3 usec 1 psec 0.33 usec
Null Separation 200 kHz 600 kHz 2 MHz 6 MHz

Chart 1. Modulator Settings for Bandwidths fram 10 kHz to 300 kHz.

Bandwidth Selected 3 kHz 1 kHz
£3 30 kHz 10 kHz
Modulation Rate 800 Hz 250 Hz

Chart 2. Modulator Settings for 1 kHz and 3 kHz Bandwidths.






11l LABELING AND MARKING THE DISPLAY
GRATICULE FOR PHOTOGRAPHY

Marking the horizontal frequency axis and the vertical amplitude axis with
numbers is a convenient way to record the spectrum information of the
display in a photograph. Specification limits of the MIL-STD being used
can also be marked directly on the display. Special pencils such as Stabilo-
Swan No. 8008, TAG-Richard Best No. 264, or Pentel Sign Pen can be used
for this purpose. Remove any filters from the CRT to reduce parallax pro-

blems.

Because the display graticule is on the inner surface of the tube face, parallax
must be considered when marking the outer surface and when photographing
the display. HP Oscilloscope Cameras 196A and 197A use an ultraviolet
light to illuminate the background of the display. Because of the location of
this light, marked lines will cast a shadow on the phosphor surface of the
display; this shadow is always above the marked line. When using a 197A
camera, the shadow line appears much lighter than the real line, but this
is not so with a 196 A camera. With the 196A, broken lines should be used
for marking (you can break a solid line easily with a pointed eraser). The
shadow of the broken line will be distinguished from the original marks
because it will show as a solid line in the photograph. Figure 6 illustrates
the two types of photographs.

'T:_I 'I _:_'_g SHADOWS

i

TRUE
MARKINGS

SHADOWS

N TRUE
MARKINGS

PICTURE TAKEN WITH OSCILLOSCOPE CAMERA 196A

Figure 6. Photographs of Oscilloscope Display

1






IV TEST PROCEDURES FOR MIL-STD-461, 462 METHODS

1. METHOD CEO1 CONDUCTED EMISSION,
30 Hz TO 20 kHz, POWER LEADS

The objective of this method is to measure the conducted interference on
power leads to the device under test over the specified frequency range,

1.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8556 A Option H11
Spectrum Analyzer 1F Section, Model 85528 Option HO4
Spectrum Analyzer Display Section, Model 141T

Current Probe, Genistron Model GCP-5120, or equivalent

Current Probe Amplifier, Genistron Model GF-8470, or equivalent
Ten Microfarad Feed-Through Capacitor(s) per ARP-936

Isolation Transformer

Band-Reject Filter

Step Attenuator, Model 355D

1.2 Test Setup
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1.3 Control Settings and CRT Calibration
Narrowband Interference

Frequency
Measurement Range Band- | Scan Width
Number . width |(0—10f mode) | '"PUt Level | Log Ref Level
fmin fmax

1 #20 Hz 200 Hz | 10 Hz 2() Hz/Div -10 dBV 120 dBuV
2 200 Hz 2 kHz | 30 Hz | 200 Hz/Div -10 dBV 120 dBuvV
3 2 kHz 20 kHz |300 Hz | 2 kHz/Div -10 dBV 120 dBuV

“Measure only from 30 He

Broadband Interference

Scan Width (0—10f mode) . . . .. 2 kHz/Div
Bandwidthi. .5 coovemem s s s, T RHZH
Input Tevel o coownan vs vz o -10 dBV
Log Ref Level . ............ 120 dBuV
NARROWBAND | BROADBAND
dBuV dBuV/20 kHz
RS S 120 123
' T LOG | REF
5 — ] ! — 5l 10 113
5 1 S5 100 103
: ] 551 90 93
L : 2
N ' ' ¢ “a0] G &
dB
3 =5 ° 73
2 T | E— —_____' — T _‘GE' 60 63
: 1 ="y 50 53
- Akl e kel - l‘_l bl ke - ol Ld Ll :::
4 -3 -2 -1 CENTER 1 2 3 a
A FREQUENCY T
tﬂ"lln fmm:

Figure 1B.

*a correction factor will be gdded to the measured value to obtain the brogdband noise in o 20 kHz
impulse handwidth as required by Method CEOL. This factor is approximately 3 dB. It may be
caleuluted from the formula:

BWi

F 120 log 30 kHz

Where F correction factor

BWI Impulse bandwidth when the 10 KHz bandwidth is used.
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1.4 Calibrating and Marking Display

Spectrum Analyzer Input
MIL-STD-461 Limits Example Only Signal = Spec Limit +
Evuqueney Current Probe Transfer Impedance
Narrowband Broadband Transie{:ﬂ Il:lprdance Narrowband Broadband
(dBuA) (dBuA/20 kHz) o (dBuV) (dBuV/20 kHz)
30 Hz 120 0 120
100 Hz 120 ] 120
200 Hz 120 [} 120
100 Hz 120 90 0 120 ]
1 kHz 103 0 103
10 kHz 52 0 62
20 kHz ol 0 a0
‘ o add 1o get
L addd L0 ot

B AT T ) b S i - et ok 1
H: T T e 1 bs: -
120 . et -
T 1 - T 1
I8} 1 v
i -
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100
1 17 o ‘_:‘" - N )
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: i - : BROADBAND LIMIT
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b ' i 150488411 (dBuV/20 kHz)
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L B i
i yo. - s
80 [ S NARROWBAND LIMIT
:lv ﬂ ::“--“"-‘UBFVL_'
t] 1A ..
0
THT Nowm:
EXAMPLE ONLY. 0 dB{] transter i - =
0 of p i b uIH.Ta.lu-m--' i
4 ibration of your proba and sdd to wpee. limits 1
to obtain voltage limits for CAT, i e
20 — —
- d
-+ BENDE 4 1 ot 3
T T T ¥ 1 +te
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3 I AU -+t oo
b {rrp et te =
HHHHH - IS8 Eaa ot Loit 1120ty o W H ﬁ;‘.‘... i =
10 100 Tk 106 100
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Figure 1C.

Add transfer impedance in dBS2* of your current probe to MIL-STD specifi-
cation limits in dBuA (narrowband) and in dBpA/20 kHz (broadband) to
obtain spectrum analyzer input signals in dBuV (narrowband) and dBuV/20
kHz (broadband). See tables and curves above,

Copy values onto the spectrum analyzer display. (See following examples.)

*dBL) = dB above 1£1, i 1082 = 20 dBQ2
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EXAMPLES
Measurement 1 (Narrowband)
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Figure 10,

CRT calibration is obtained from control settings in Section 1.3. Specification limit is copied from
the preceding figure.

Measurement 2 (Narrowband)
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Figure 1E.

Measurement 3 (Narrowband)
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Figure TF.
Broadband Measurement
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{Example, correction factor = 3 dB}
Figure 1G.

NOTE: The exact labeling of the broadband scale depends on the actual bandwidth of your analyzer.
See Section 1.3.
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Mark frequencies, specification limits, and method number directly on CRT
face or use overlay. A photo of the spectrum will then contain all informa-
tion.

1.5 Frequency Calibration

Set all controls as shown in Step 1.3. With no input to the spectrum analyzer,
adjust the ZERO ADJ to bring the LO feedthrough signal to the left edge of
the CRT.

1.6 Precautions

Before connecting the input signal, insert the step attenuator between the
current probe and the spectrum analyzer. Set the analyzer to scan from
0 — 200 kHz. Start with the attenuator set to 50 dB and decrease the attenu-
ation in 10 dB steps until 0 dB is reached. If any signals exceed the specifica-
tion limit before 0 dB attenuation is reached, stop the test at that point.
Measure the signal level by taking into account the attenuator setting. This
will avoid overload of the input and possible damage to the spectrum
analyzer.
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1.7 Signal Identification
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2. METHOD CE02 CONDUCTED EMISSION,
30 Hz TO 20 kHz, CONTROL AND SIGNAL LEADS

. The objective of this method is to measure the conducted interference on
control and signal leads to the device under test.

2.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8556 A Option H11
Spectrum Analyzer IF Section, Model 8552B Option H04

Spectrum Analyzer Display Section, Model 141T

Current Probe, Genistron Model GCP-5120, or equivalent

Current Probe Amplifier, Genistron Model GF-8470, or equivalent
Band-Reject Filter (for information bandwidth of device under test)
Step Attenuator, Model 355D

Isolation Transformer

2.2 Test Setup

AC PHASE 2

AC PHASE 1

—

GROUND PLANE

R
I

- SOLATION
\%TRANSFDRMER
. POWER CABLE

POWER CABLE
TEST SAMPLE

TEST SAMPLE

STEP \\
ATTENUATOR ™5

SPECTRUM

ANALYZER POWER LEAD REMOVED

FROM CABLE
50 OHM SHIELDED INTERCONNECTING
EABLE . _=—{ 'RURRENFF¥ATRE CABLES

= BAND REJECT
FILTER

EMI METER BOND

Figure 2A. Typical probe test setup for conducted
measurement of interconnecting cables.

2.3 Control Settings and CRT Calibration

Narrowband Interference

Frequency
Measurement Range Band- | Scan Width
Input Level | Log Ref Level
Number ; width | (0—10f mode) | "PU" -8V€l | HO9 Ret Leve
fmin fmax
1 20 Hz* [ 200 Hz | 10 Hz 20 Hz/Div -10 dBV 120 dBuV
2 200 Hz| 2kHz | 30 Hz| 200 Hz/Div -10 dBV 120 dBuV
3 2 kHz | 20 kHz | 300 Hz | 2 kHz/Div -10 dBV 120 dBuV
*Measure only from 30 Hz
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Broadband Interference

Scan Width (0—10f mode) ... .. 2 kHz/Div
Bandwidth . ... .. wrersirnans ww wave RONCHZ®
Input Level ......co0u.. .... =10dBV
Log Rel Level . .. xwsen ve va 120 dBuV
NARROWBAND | BROADBAND
dBuV dBuV/20 kHz
G S - 120 123
1 LOG | REF
o
5 — —F 1 — gl 10 13
5 I S5 100 103
5 : e 93
L -
¥ 0
Pl s baw s te i ban e b a s Lovan b a g dauaa sy
\f 1 -5 G 80 83
- dB
3 ¥ 50| 70 73
2 _:- 60| 60 63
1 0, 0 &
.: ?—’
-4 -3 -2 -1 CENTER 1 2 3 4
) FREQUENCY f
i“'“n 'max
Figure 2B.

2.4 Calibrating and Marking Display

Example Only Spectrum Analyzer Input
MIL-STD-461 Limits Current Probe Signal = Spec Limit +
Frequency Traitar Inged Transfer Impedance
Narrowband Broadband (dBLl) Narrowband Broadband
(dBuA) (dBuA/20 kHz) (dBuV) (dBuV/20 kHz)
30 He 120 0 120
100 Hz 120 ] 120
200 Hz 120 i 120
100 Hz 120 90 0 120 90
1 kHz 10 (1 103
10 kHz 62 l 0 62
20 kHz 50 ! al

]]
L’aclﬁ 1o get

g il 0 gt

o
-

*A correction factor will be added (o the measured value to obtain the broadband noise in a 20 kHz
impulse bandwidth as required by method CEO2. This factor is approximately 3 dB. 1t may be
caleulated from the formula:

BWi
F = 20 log —
£ 20 k2
Where I = correction fuctor in dB
BWi = impulse bandwidth when the 10 kHz bandwidth is used.
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Figure 2C.

Add transfer impedance (in dB§2) of your current probe to MIL-STD specifi-
cation limits in dBuA (narrowband) or dBuA/20 kHz (broadband) to obtain
spectrum analyzer input signals in dBuV or dBuV/20 kHz which correspond
to the specification limits. See tables and curves above.

Copy values onto the spectrum analyzer display. (See following examples.)



EXAMPLES

Measurement 1 (Narrowband)

sac L -
LDG | REF
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Figure 2D,

CRT calibration is obtained from control settings in Section 2.3. Specification limit is copied from
the preceding figure.

Measurement 2 (Narrowband)
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Figure 2E.
Measurement 3 {(Narrowband)
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Broadband Measurement
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Figure 2G.

NOTE: The exact labeling of the broadband scale depends on the actual bandwidth of your analyzer.
See Section 2.3.
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Mark frequencies, specification limits, and method number directly on CRT
face or use overlay. A photo of the spectrum will then contain all informa-
tion.

2.5 Frequency Calibration

Set all controls as shown in step 2.3. With no input to the spectrum analyzer,
adjust the ZERO ADJ to bring the LO feedthrough signal to the left edge
of the CRT.

2.6 Precautions

Before making any measurements, set the step attenuator to 50 dB. Scan
the spectrum analyzer from 0 to 200 kHz. Observe the display as the attenua-
tion is decreased in 10 dB steps. If any signal exceeds 120 dBuV on the dis-
play before 0 dB attenuation is reached, stop the test at that point. Measure
the signal levels by taking into account the attenuator setting. This will avoid
overload of the input and possible erroneous readings.

2.7 Signal Identification
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3. METHOD CEO3 CONDUCTED EMISSION, 20 kHz TO
50 MHz, POWER LEADS

The objective of this method is to measure interference conducted on the
test device power leads over the specified frequency range.

3.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8566A Option H11
Spectrum Analyzer Tuning Section, Model 8553B

Spectrum Analyzer IF Section, Model 8552B, Option H04
Spectrum Analyzer Display Section, Model 141T

Current Probe, Genistron Model GCP-5120, or equivalent

Current Probe, Genistron Model GCP-5130A, or equivalent
Current Probe Amplifier, Genistron Model GF-8470, or equivalent
Ten Microfarad Feedthrough Capacitors

Step Attenuator, Model 356D

Isolation Transformer

3.2 Test Setup
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Figure 3A. Typical current probe test setup for conducted emission measurements
on power leads.

3.3 Control Settings and CRT Calibration

3.3.1 20 kHz to 200 kHz. For measurements in this range, use the model
8556 A Tuning Section and the GCP-5120 Probe.

Narrowband Interference

Frequency Range . ...... fmin = 20 kHz /fmax = 200 kHz
Bandwidth . . ... ... .. .. .. .. ... 300 Hz
Seal Width oo v v sssenm o 20 kHz/div. (0—10f mode)
InpAb eVeL: sviw s srasianies o veneerdi O i -40 dBV
LogRef Level. ............. 0 uueueennn. 80 dBuV
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Broadband Interference

Frequency Range....... fmin = 20 kHz/fmax = 200 kHz
Bancawitdthrasus im sanen veoasiss o SdTes 0 ey 3 kHz
Scan Width . ............. 20 kHz/div. (0—10f mode)
TPt L8RBL: v o wnviwmsn sumns su wsammnETs o -40 dBV
TiagRel Tievell : ic io e 23 cimtien v mibusmms sos s 80 dBuV

NARROWBAND | BROADBAND

dBpV dBuV/MHz
I 2 e T T T T 80 127
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. - 1 5 ™ 17
6 20 60 107
5 X =0 50 97
L * &
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I - G 40 87
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3 < 7
3 = 20 67
|
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-4 -3 -2 -1 CENTER 1 2 3 4
+ FREQUENCY 1
f|'|'|||'| fmax

Figure 3B.

3.3.2 200 kHz to 50 MHz. For measurements in this range, use the Model
8553B Tuning Section and the GCP-5130A Probe.

Narrowband Interference

Frequency Range
Measurement q Y Bandwidth | Scan Width Center Log Ref
Number fmin fmax Frequency Level
1 200 kHz | 2 MHz 3 kHz | 200 kHz/Div 1 MHz | 80 dBuV
2 5 MHz* | 50 MHz 30 kHz 5 MHz/Div 26 MHz | 80 dBuV

Broadband Interference

Frequency Range
Measurement Bandwidth | Scan Width Center Log Ref
Number fmin fmax Frequency Level
1 200 kHz | 2 MHz 30 kHz | 200 kHz/Div 1 MHz 80 dBuV
2 5 MHz* | 50 MHz 100 kHz 5 MHz/Div 25 MHz 80 dBuV
*Measure from 2 MHz
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BROADBAND
dBuV/MHz
NARROWBAND | MEASUREMENT
dBuV 1 2
e T ey 8D 107 97
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Figure 3C.

3.4 Calibrating and Marking Display

o Example Only Spe‘ctrum Analvn’ar !nput

Eroency MIL-STD-461 Limits Current Probe s_g::ls; rs::c Lc:mn +

Transfer Impedance Pacance
Narrowband Broadband (dBL1) Narrowband Broadband
(dBuA) (dBuA/MHz) (dBuV) (dBuV/20 kHz)
20 kHz 50 124 0 50 124
30 kHz 47.5 118 0 475 118
50 kHz 44 110 0 44 110
100 kHz 39.5 98 0 39.5 98
150 kHz 37 92 0 37 92
200 kHe 35 87 0 35 87
200 kHz 35 87 8 43 95
300 kHz 32.5 80 10 42.5 0
500 kHz 29 72 14 43 86
1 MHz 245 61 14 38.5 5
2 MHz 20 50 14 34 64
10 MHz 20 50 14 34 64
50 MHz 20 50 14 34 64
Eadd to get J
—':'"add Lo get
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Figure 3D.

Add transfer impedance (in dBS2) of your current probe to MIL-STD specifi-
cation limits in dBuA/MHz (broadband) to obtain spectrum analyzer in-
put signals in dBuV and dBuV/MHz. See table and curves above.

Then, copy the values obtained onto the spectrum analyzer display. See the
following examples.
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EXAMPLES
20 kHz to 200 kHz
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METHOD CE03
Figure 3E.

Calibration of narrowhand signal level due ta setting controls as in Section 3.3.1.

Broadband signal level calibration is obtained by subtracting Bandwidth Figure B from the dBuV
calibration.

Example: +30 dBuV = (-47 dB MHz) = 77 dBuV/MHz

200 kHz to 2 MHz

NARROWBAND | BROADBAND
dBuv BN MH2

07

97
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[ \ 0

5 7
L NARROWEAND s
[} P | I
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w
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57
|

4 1 -2 -1 CENTER 1 2
O He FREQUENCY
METHOD CEO3

Figure 3F,

NOTE: The exact labeling of the broadband scale depends on the actual bandwidth of your analyzer
and should be measured beforehand.

2 MHz to 50 MHz

NARROWBAND | EROADBAND

dBuV dBal Mz
[ - 80 a7
| 70 7
- ]
" = B0 7
[
5 LYY, [ S — — — ] 7
|
L | |
b - . - | £l 57
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— | w 0 7
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| 4
Lol P Y
-4 -3 -2 -t GENTER 1 DR | 4
0 He FREQUENCY 50 MMz
METHOD CE03
Figure 3G.

Narrowband and broadband limits are copied from table or curves.
Label frequency scale as shown in Section 3.3.
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Specification limits, frequencies, and method number may be market dir-
ectly on CRT or an overlay may be used. A photo of the spectrum will then
contain all information.

3.5 Frequency Calibration

Set all controls as shown in step 3.3. For the 20 kHz to 200 kHz range,
remove the input to the spectrum analyzer and adjust the ZERO ADJ to
bring the LO feedthrough signal to the left edge of the CRT.

For the 200 kHz to 50 MHz frequency range, use the FREQUENCY control
to bring the LO feedthrough signal to the left edge of the CRT.

3.6 Precautions

Before connecting the input cable, set the step attenuator to 60 dB. Scan
the full frequency range (either 0—200 kHz for the low frequency analyzer
or 0—100 MHz for the higher frequency analyzer) on the spectrum analyzer.
Remove attenuation in 10 dB steps while observing the display. Continue to
remove attenuation until some signals do not behave linearly (i.e., they do not
go up in 10 dB steps) or until 0 dB is reached. Use the least amount of
attenuation which allows linear behavior while making the measurement. (Be
sure to account for the attenuator setting in calculating the signal level.)

3.7 Signal ldentification
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4. METHOD CE0O4 CONDUCTED EMISSION,
20 kHz TO 50 MHz, CONTROL AND SIGNAL LEADS

The objective of this method is to determine the interference conducted on
control and signal leads to the test device over the specified frequency range.

4.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8556 A Option H11
Spectrum Analyzer Tuning Section, Model 85563B

Spectrum Analyzer IF Section, Model 8552B Option HO4
Spectrum Analyzer Display Section, Model 141T

Current Probe, Genistron Model GCP-5120, or equivalent

Current Probe, Genistron Model GCP-5130A, or equivalent
Current Probe Amplifier, Genistron Model GF-8470, or equivalent
Ten Microfarad Feedthrough Capacitors

Step Attenuator, Model 355D

4.2 Test Setup

AC PHASE 2 —

AC PHASE 1

B _ GROUND PLANE

o __15(_}_1_ATION \ /F’UWEH CABLE
TEST SAMPLE

TEST SAMPLE
0s

POWER CABLE

SPECTRUM
ANALYZER

50 OHM SHIELDED ™) INTERCONNECTING

cfﬁ,/’cunnsm PROBE CABLES

POWER LEAD REMOVED
FROM CABLE

Figure 4A. Typical probe test setup for conducted measurement of interconnecting cables.

4.3 Control Settings and CRT Calibration

4.3.1 20 kHz to 200 kHz. For measurements in this range, use the Model
8556 A Tuning Section and the GCP-5120 Probe.

Narrowband Interference

Frequency Range..... fmin = 20 kHz/fmax = 200 kHz
BandWidth .« vocion e se sis 8niaas s smnses s e s 3 kHz
ScanWidth ............. 20 kHz/Div (0—10f mode)
TAPUELENEY -« sovmmem pe wwswsem o5 siaasin -40 dBV
Log Ref Level ..... ... . ... ... ...... 80 dBuV
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Broadband Interference

Frequency Range. .. .. fmin = 20 kHz/fmax = 200 kHz
Bandwidth .. ..... .00t 300 Hz
Scafn Width .. cowes s s 20 kHz/Div (0—10f mode)
Input Level o sennn ok Y3iee 68 S ian ok ies -40 dBV
Log Ref Level .. ... ... ... . ... .0..... 80 dBuV
NARROWBAND | BROADBAND
dBuV dBuV/MHz
e A T 80 127
I LOG | REF
; s 0 70 117
a8 |
< I = 107
g 1 =5 50 97
T L
L
P ' T i 0 40
rtr 2 T 40| G L
I dB
Z i ] X 77
2 <l 20 67
T 70/ 10 57
/
I T I T Al b Ill!‘_lllu - e do i L L) i) Jlll/
-4 -3 -2 -1 CENTER 1 2 3 4
) FREQUENCY 1
fmin Imzn:

Figure 4B.

4.3.2 200 kHz to 50 MHz. For measurements in this range, use the Model
8553B Tuning Section and the GCP-5130A Probe.

Narrowband Interference

M Frequency Range
easurement Bandwidth | Scan Width Center Log Ref
Number fmin fmax Frequency Level
1 200 kHz | 2MHz 3 kHz | 200 kHz/Div 1 MHz | BO dBuV
2 5 MHz* | 50 MHz 30 kHz 5 MHz/Div 25 MHz | 80 dBuV

Broadband Interference

M Frequency Range
easurement Bandwidth | Scan Width Center Log Ref
Number fmin fmax Frequency Level
1 200 kHz | 2 MHz 30 kHz | 200 kHz/Div 1 MHz 80 dBuV
2 5 MHz#* | 50 MHz 100 kHz 5 MHz/Div 25 MHz 80 dBuV
*Measure from 2 MHz
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NARROWBAND
dBuV
80
I LOG | REF
7 + -10 9
T 6
6 -20 0
5 + -30 50
L 1 X
MD T 0|6 ¥
I dB
3 i 50 %
2 T )
1 T =
] g
L L 1l 1 L i 1l L i1 I L Ll . Ll Ll hedodol L i1 L Ll f
-4 -3 -2 -1 CENTER 1 2 3 4
A FREQUENCY T
frnin frnam
Figure 4C.

4.4 Calibrating and Marking Display

BROADBAND

dBuV/MHz
MEASUREMENT
1 2
107 97
97 87
87 77
77 67
67 57
57 47
47 37
37 27

Example Only Spectrum Analyzer Input
MIL-STD-461 Limits Current Probe Signal = Spec Limit +
Frequency Teansfor s Transfer Impedance
pedance
Narrowband Broadband (dB£2) Narrowband Broadband
(dBuA) (dBuA/MHz) {dBuV) (dBuV/20 kHz)
20 kHz 50 124 0 50 124
30 kHz 47.5 118 0 475 118
50 kHz 14 110 0 41 110
100 kHz 39.5 98 0 395 98
150 kHz 37 92 0 37 92
200 kHe 35 87 0 35 87
200 kHz 35 87 8 43 95
300 kHz 325 50 10 42.5 90
500 kHz 29 72 14 13 86
1 MHz 245 61 14 38.5 75
2 MHz 20 50 14 34 64
10 MHz 20 50 14 34 64
50 MHz 20 a0 14 34 64
et
o add to get
= add Lo get
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o i g e B J
BROADBAND LIMIT {dBuV/MHz) 1

OADBAND LIMIT MHz) |1}
=T BROADBAND SPEC LIMIT (dBuA/MHz) 1]
o S5 o o 5 W) B e 3 et £ e
E ] powes i R T ADD TO GETP T T Y M e
s FEEH FEH A i
20 —_ - i | -
. o = R FUNCTION (81 111
+ T —'? ! = B A b 1131
il 1 T T 1
] I it = R Yeiei 1 R0 B E it 1
» oes: 4 ) L 1
20 kHz 100 kHz 1 MHz 10 MHz 50 MHz
FREQUENCY (Hz)
Figure 4D.

Add transfer impedance (in dBS2) of your current probe to MIL-STD specifi-
cation limits in dBuA (narrowband) and in dBuA/MHz (broadband) to
obtain spectrum analyzer input signals in dBuV and dBuV/MHz. See table
and curves above.

Then, copy the values obtained onto the spectrum analyzer display. See the
following examples.
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EXAMPLES

20 kHz to 200 kHz

NARROWAAND | BROADEAND
L BV /MY
127

5 N L "
\mmun
w07
[* SN |
] £
% sl s
L NAR AND |
[ | L]
N4 | |
3 ”
; &7
: 57
4 1 -1 -1 CENTER 1 2 i 4
0 Hr FREOUENCY 200kHr
METHOD CEDR

Figure 4E.
Calibration of narrowband signal level due to setting controls as in Section 4.3.1.

Broadband signal level calibration is obtained by subtracting Bandwidth Figure B from the dBuV
calibration.

Example: +30 dBuV - (-47 dBMHz) =77 dBuV/MHz

200 kHz to 2 MHz
NARROWHAND | BROADBAND
Y B MHE
| 17
¥ - ™ o
| | |
T [ | BADADBAKD i = =
~y — B0 n
L | NAHROWBAND | {l’
3 ¢ o i e q 0 il
a8
] | e n | 57
7 | £l [ a
1 l ;‘ -"“j‘. 0 ar
| [ ] ; |
4 -3 -2 -1 CENTER 1 2 ] 4
o FREGUENCY 30
METHOO CEOX
Figure 4F.

NOTE: The exact labeling of the broadband scale depends on the actual bandwidth of your analyzer
and should be measured beforehand.

2 MHz to 50 MHz
RARROWBAND | BROADBAND
iy 3B ViMHs
L2
7 i ar
5 n
5 nac-inmﬁ L
! ol -
s _NARROWSAND
3 o
7 —]— — g F] ar
1 T ) | =, ¥ &
4
Y T e e :
0 He FREQUENCY 50 MHz
METHOD CE0D
Figure 4G.

Narrowband and broadband limits are copied from table or curves.

Label frequency scale as shown in Section 4.3.

34



Specification limits, frequencies, and method number may be marked direct-
ly on CRT or an overlay may be used. A photo of the spectrum will then
contain all information.

45 Frequency Calibration

Set all controls as shown in step 4.3. For the 20 kHz to 200 kHz range,
remove the input to the spectrum analyzer and adjust the ZERO ADJ to
bring the LO feedthrough signal to the left edge of the CRT.

For the 200 kHz to 50 MHz frequency range, use the FREQUENCY control
to bring the LO feedthrough signal to the left edge of the CRT.

4.6 Precautions

Before making any measurements, set the step attenuator to 60 dB. Scan
the full frequency range (either 0—200 kHz for the low frequency analyzer
or 0—100 MHz for the higher frequency analyzer) on the spectrum analyzer.
Remove attenuation in 10 dB steps while observing the display. Continue
to remove attenuation until some signals do not behave linearly (i.e., they
do not inerease in 10 dB steps) or until 0 dB is reached. Use the least amount
of attenuation which allows linear behavior while making the measurement.
(Be sure to account for the attenuator setting in calculating the signal level.)

4.7 Signal Identification

INITIAL EMSPLAY

3

T

50 LW
-

LIk an
..

| | | ] | | | DUES SPECTHUM N YES
[F] 10| LINE DENSITY
INCRENSE?

SET SWEER “|
TIME CON - - - - + + + . \
TROL ONE 3 X | /
STER COW \ /

!ﬂlllh : /

< i e DBOLE SIGNAL No VES N
AMPLITUDE DECREASE
| | B BY MORE THAN 10 dB?
12 10
i 5
8 i
SET ATTENUATOR
CONTIOL ONE el
STER OW (] 1 1 -
LADD 10 48 | i ]
o) | 1 + 0
| |1 1
1 |
2 I | | 7
" T INARAOW BAND]| BROACEAND
’ : * 2 ' i SPURICUS
WO Yis WO MO
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5. METHOD CE06, CONDUCTED EMISSION,
10 kHz TO 12.4 GHz, ANTENNA TERMINAL

The objective of this method is to measure the conducted interference ap-
pearing at the antenna terminals on receivers and transmitters in key-up and
key-down conditions, RF amplifiers, and other devices intended to be con-
nected to an antenna.

5.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B
Spectrum Analyzer Tuning Section, Model 8555A
Spectrum Analyzer IF Section, Model 8552B Option H04
Spectrum Analyzer Display Section, Model 141T
Automatic Preselector, Model 8445A

Step Attenuator, Model 354 A

Amplifier, Model 8447A

Rejection Network for Fundamental Frequency
Attenuator

Directional Coupler#

Dummy Load*

“Dependent on test setup required.

5.2 Test Setup

TEST | || REJECTION | | STEP || SPECTRUM
SAMPLE ATTENUATOR NETWORK ATTENUATOR ANALYZER
TEST DUMMY
SAMPLE COUPLER LOAD
REJECTION STEP SPECTRUM
ATTENUATOR M= 'WETWORK [ | ATTENUATOR ANALYZER
it g =

| | _ SHIELDED ENCLOSURE, ANECHOIC
TEST || CoupLER |—H FQUIPMENT | ™ clAMBER, OR OPEN AREA.

SAMPLE | ANTENNA ||
e |

REJECTION STEP || SPECTRUM

ATTENUATOR =— ‘\cTwork [ | ATTENUATOR ANALYZER

NOTE: AVERAGE POWER TO SPECTRUM ANALYZER AT f,
MUST NOT EXCEED -40 dBm.

Figure 5A. Test setups for Method CEDB. See MIL-STD 462 for individual require-
ments. (When the amplifier is used, it will be inserted between the step attenuator
and the spectrum analyzer.)
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5.3 Control Settings and CRT Calibration

5.3.1 10 kHz to 100 MHz. For measurements in this range, use the Model
8553B Tuning Section and the Model 8447A Amplifier (key-up only).

Measurement | Frequency Range | iith| ScanWidth | Comter | Log Ref*
Number fmin fmax Frequency Level

1 10 kHz | 100 kHz 10 kHz 10 kHz/Div 50 kHz | 80D dBuVv

2 100 kHz 1 MHz 30 kHz | 100 kHz/Div | 500 kHz | 80 dBuV

3 1MHz | 10 MHz | 100 kHz 1 MHz/Div 5MHz | 80 dBuV

4 10 MHz | 100 MHz | 100 kHz | 10 MHz/Div 50 MHz | 80 dBuV

*In the key-down mode, the Log Ref Level depends on the transmitter under test and the atten-
uator or coupler used. It should be set about 40 dB higher than the specification limit. As an
example. if the output power of the transmitter is + 10 dBW and a 30 dB attenuator is used, then
—20 dBW will appear at the rejection network. The specification limit is =60 dBW for spurious
outputs from the transmitter or =90 dBW at the rejection network (since spurious responses will
also he attenuated by the 30 dB attenuator). This amounts to =60 dBm or +47 dBuV at the
spectrum analyzer. Therefore, the Log Ref Level would be set to about 80 dBuV.

BROADBAND
dBuV/MHz
NARROWBAND | MEASUREMENT NO.
dBuV 1 | 2 |3+4
e ey 60 97 | 87 | 77
¥ LOG |REF
7 — o] 50 a7 | 77 | 67
= 1 — =5 W 77 | 67 | 87
g — - —39] 30 67 | 57 | a7
L T l'[')
I 4|| il Al 144 B - ll--l il AL il il - _do G 20 5? 4? 3?
N I dB
3 s —55f 10 47 | 37 | 27
3 ——o] © 37 |27 |
- - 1 —t— =10 27 | 17 | 7
T 4
il Ll bl - ke de LA L L el Ll i i il Ll L i
-4 -3 -2 -1 CENTER 1 2 3 a
\ FREQUENCY 1
fmin Tmax

NOTE: THE CRT SCALE ACCOUNTS FOR
THE 20 dB GAIN OF THE AMPLIFIER.

Figure 5B.
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5.3.2 100 MHz to 12.4 GHz. For measurements in this range, the Model
8555A Tuning Section and 8445A Automatic Preselector should be used.

Measurement Frequency Range Fr ¥ Center Log Ref***
: Bandwidth | Scan Width
Number fmin fmax Band ’ e Frequency Level
1 () He 2 GHz* 0.01-2.05 100 kHz | 200 MHz Div 1 GHz 60 dBpV
2 1.5 GHz 3.5 GHe** | 1.5—-3.55 100 kHz 200 MHz Div 2.5 GHz 60 dBuV
3 3.5 GHz 1.5 GHz 2.6—1.65 100 kHz 100 MHz/'Div 4.0 GHz 60 dBuV
4 4.5 GHz 6.5 GHz 4.13—-10.25 100 kHz | 200 MHz Div 5.5 GHz 60 dBuV
5 6.5 GHz 4.5 GHz 6.17-10.25 100 kHz | 200 MHz/ Div 7.0 GHz 60 dBuV
6 H.5 GHz | 105 GHz #.23—-14.35 100 kHz 200 MHz'Div 9.5 GHz G0 dBuV
7 10.5 GHz | 12,6 GHz 8.23—14.35 100 kHz | 200 MHz Div 11.5 GHz 60 dBuV
SMeasure fromm 100 ML o 1.8 Gl g
*fMeusure from 18 GH e
*ESee mole m Section 8.4
NARROWBAND | EROADBAND
dBuV dBuV/MHz
LA B L B e o e e 60 77
I LOG |REF
-+
7 T T 50 67
5 1 50 40 57
I
T a7
5 T = 2
L : 5 ::')
([ ST SIS AT AT TN NN U T8 U S A UPRN RN NTRE T S 0 U T U SO T A AU O 37
i ~20] G 20
I dB
T 10 27
3 L -50
5 e 60 i} 17
- -10 7
] £ B -70/,
t )
il LA i i A i L Aod bl - |"| Aod L hddi Aol L LA L A x
1 -4 -3 -2 -1 CENTER 1 2 3 4 f
FREQUENCY
fmin fmim

Figure 5C.

5.4 Calibrating and Marking Display

5.4.1 Key-Down Mode. To obtain specification limit for CRT calibration,
proceed as follows:

1. Determine the peak output power of the transmitter under test.
2. Read the specification limit from MIL-STD-461A.

3. Subtract the attenuation of attenuator or directional coupler.
4. Add 137 dB to convert to dBuV from dBW.

Example

1. 30 dBW transmitter to be tested.
2. Specification limit from MIL-STD-461A = -60 dBW
3. 30 dB coupler used gives —90 dBW limit at output.
4. =90 dBW +137 dB = +47 dBuV limit on spectrum analyzer
(+90 dBuV Log Ref Level would then be used to give convenient display.)
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dBuV

e NMMIEMEEENS 1)
T LOG | REF
7 T 0| 90
T | 50
6 20
5 i 30| Y0
L I -
{ [ VAT VAN S VA W T T N M VAN SO N A T W N0 T O O S L A NN O 0 (I W 'S
N | ~a0] 6 20
SPEC LIMIT it dB
3 T )
2 [ — il e
1 I F0;, 0
T /
Ll Ll ) P L A d i i llll:hlllJ Aod i ) I L A i i i|||§
-4 -3 -2 -1 CENTER 1 2 3 4
FREQUENCY
10 kHz METHOD CE06 100 kHz
Figure 5D.

All other frequency ranges will be similar.

5.4.2 Key-Up Mode and Receivers. The specification limit is +34 dBuV for
narrowband emissions and +40 dBuV/MHz for broadband emissions. There-
fore, the limits can be readily marked on the CRT using the scales given in
Section 5.3.

For example, Measurement 1 in Section 5.3.1 would yield the scale markings
shown below.

NARROWBAND | BROADBAND
dBuV dBuV/MHz
B o R e e 60 97
E LOG | REF
1
5 + =T 50 87
1
o+
- f ] %5 40 77
NARROWBAND +
5 E 1 — e 67
- I
L I
| S e ”..‘...1 PRPETIE TN R S e PETUTE e o 2 e 020 57
N4 | + -40| G
¥ dB
| 1 | -
3 T 50 10 47
| BROADBAND T
5 1 = _..4____66. 0 37
| -10 7
1 -70/ %
-4 -3 2 -1 CENTER 1 2 3 4
10 ki FREQUENCY 160 Ik

METHOD CEO6

Figure 5E.
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Specification limits, frequency, and method number may be marked directly
on CRT or an overlay may be used. A photo of the spectrum will then
contain all information.

5.5 Frequency Calibration

5,5.1 10 kHz - 100 MHz. Set all controls as shown in Section 5.3.1. Adjust
frequency control or Fine Tune to bring the LO feedthrough signal to the
left edge of the CRT.

55.2 100 MHz - 12.4 GHz. Set all controls as shown in Section 5.3.2. For
measurement 1, adjust the Frequency control to bring the LO feedthrough
signal to the left edge of the CRT. For all other measurements, use the
frequency settings given in the chart.

5.6 Precautions

Before making any measurements, set the step attenuator to 60 dB. Use the
preset scan mode on the spectrum analyzer (either 0—100 MHz or FULL
SCAN, depending on the tuning section in use). Remove altenuation in
10 dB steps while observing the display. Continue to remove attenuation
until some signals do not behave linearly (i.e., they do not increase in 10 dB
steps) or until 0 dB is reached. Use the least amount of attenuation which
allows linear behavior while making the measurement. (Be sure to account
for the attenuator setting in calculating the signal level.)

5.7 Signal lIdentification

5.7.1 10 kHz — 100 MHz

HITIAL DISPLAY

o
5 10
0 = )
. - | { ! ! L
5 1 T i 1)
Ol T T + "
1] I ! l 1=
[ ' 1 =4 .
50 woa
LiN an "
i ]
=== 3 | L | DOES SPECTRUN O YES
12 I 1 0] LINE DENSITY
INCREASE" \
b i g \
SE1 SWEER \ K
TIME CON : S5 L | - | 2 | \
TROL ONE X 0 /
ST1LP COW \
- | iz " \ i
! \ [
L E— = \
A 50 \ |
. . \
5 L \ r'
] \ i
' [ i o i \
w7 MO WO VES i
- LaG DOES SIGNAL wo VES NG
2L o8 AMPLITUDE DECATASE \
I [ T 4 BY MORE THAN 10 48" |
- | 1
10 0|
0 0
SET ATTENUATOR
CONTROL ONE i rnl
STEP CW & 1 T I
LADD 10 48) I " 1
iy
] | 50
\ AR
: ! |
Hiink I -
5 $ " [WARRGW BANG] [ARGADBAND)
’ t ] e SPURIOUS
no vES MO #o



5.7.2 100 MHz — 12.4 GHz

INITIAL DISPLAY

T i T T s
w1 S
e |- p—— | —-—
& T 1 T:‘
F I T [ T %
| [ | | |
o = Ymas
5 T
LIk df
] ] I ] [ 9 :
DOLS SPECTAUM i) vES
| 1 L 1 1 i LIKE DENGITY
7 | 10| INCHEASE?
BV D N [ S A I
SET SWEER T | | T | I | | \
TIME CON I
FROL N - !
STEP GG 6 0|
C 4— L . g
i + .
F w
[ [ i T ;
No ' NO NO Vi f
<50 LOC o DOES SIGNAL
LN il AMPLITUDE DECREASE NO YES N
| } I 0] BY MORE THAN 10 a8
7 I I o (
1o | T ) \u
SET ATTENUATOR 3| T I I I 1 I \
CONTHOL ON
STEF Cw 4 et
ADD W0 i [ 1 T an
1
: | | T L \
i | 50
1 ]
i 1 I ll
W ‘ I I | | I = \
[ o N * Hin
NO o VES  NO ) ]
o 50 06 t
L. 48 15 HAND SCALE N VES NO
0] INGOWRECT?
7| i
T ]
TOENTIFY SIGNAL W T |
l\)le'l': BIGRAL IDENTIFIER
(DNE SIGNAL AT 4
TIMEL (] 3|
i |
EZ3NH He |
o
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6. METHOD CS01, CONDUCTED SUSCEPTIBILITY,
30 Hz TO 50 kHz, POWER LEAD

The objective of this method is to determine the susceptibility of the test
device to electromagnetic energy injected on its power leads over the speci-
fied frequency range.

6.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8556A Option H11
Spectrum Analyzer IF Section, Model 8552B Option HO4
Spectrum Analyzer Display Section, Model 141T

Oscillator, Model 200CD

Rejection Network, Solar Model 7021-1, or equivalent
Isolation Transformer

Amplifier, Solar Model 6552-1 A, or equivalent

6.2 Test Setup

POWER
SOURCE T
AEJECTION ‘
NETWORK 1
ISOLATION
TRANSFORMER
OSCILLATOR 3
&
POWER AMP SPECTRUM
ANALYZER
TEST SAMPLE

Figure BA. Test setup for Method CS01. (NOTE: Spectrum analyzer to be used
unterminated as a high impedance voltmeter.)

6.3 Control Settings and CRT Calibration

The spectrum analyzer will be used as a monitor of the signal level to the
test sample. The input should be isolated from the line frequency by a
suitable rejection network.

Since individual requirements will vary, the following control settings will be
given as a guide only. These settings will give a full screen indication with a
10 volt input signal level.

SecanWidth. .. ....... ... .. 0—10f
Per Division ....... 20 Hz (30 Hz — 200 Hz range)
200 Hz (200 Hz — 2 kHz range)

2 kHz (2 kHz — 20 kHz range)

Bandwidth . ........ 10 Hz (30 Hz — 200 Hz range)
30 Hz (200 Hz — 2 kHz range)

300 Hz (2 kHz — 20 kHz range)

IRt LAVEY, crnran v snamvemnis 55 ialemaam s -10 dBV
Log Ref Lievel . .x i viswnes in vibans +140 dBuV
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INPUT

VOLTAGE
10V
I LOG |REF
7 0] WV
3 20| WV
5 = 30| 03V
L L
1 0
i L i Al LA Lo g - bl Aod i i dod i i Al L 4 L bl D‘]
l{,a + —a0| G &V
dB
5 S T |[ = 30 mV
2 i %o| 1omv
|
7 70/ ImV
7
: g
Ll L Ll i i Al L L A A L L - el el LA L L Aol il - A
-4 -3 =2 -1 CENTER 1 2 3 4
fmin FREQUENCY !max

Figure 6B.

6.4 Calibrating and Marking Display

A chart similar to Figure 17 of MIL-STD-461A should be drawn with the
appropriate values for the test sample. Then, as the oscillator is tuned to each
frequency, the level should be set to that given by the chart.

Alternately, they may be transcribed to the CRT graticule for the frequency
range of interest.

EXAMPLE:
Assume a supply voltage of 30V to the test sample.
- SRR |
v H —rr
1v - — - el - - poedi
lo; : ' I ::I_Mrta — 1Itl; = 'Ililtll'll. : = _‘_I;I:lh

Figure 6C. Chart of injected voltages for 30V supply

From this chart we can now draw the levels directly on the CRT. In this way, it is only necessary to
adjust the level to the resulting line for each frequency.
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Figure 6E.
INPUT
VOLTAGE
- v
l | LOG | REF
1
| I ——— ——— e R i B
T——t_ SETLEVEL |
{ S M |
5 1. ] v
— —- 0y
L
L | o
| - 5 0
4 | G
w I[ i
— == = ].—--- s v
[ |
. | 31 —l 0wy
i JI = {— = i L
. {2
-4 =3 -1 =1 CENTER 1 2 a [
FLLH FREQUENCY Howry
METHOD €501
Figure 6F.

These figures are examples only.

6.5 Frequency Calibration

Set all controls as shown in Section 6.3. With no input to the spectrum
analyzer, adjust the ZERO ADJ to bring the LO feedthrough signal to the
left edge of the CRT.

6.6 Precautions

Before making any measurements, begin with the oscillator set to low power,
and increase its level to the desired output. This will prevent inadvertant
overload of the spectrum analyzer input.

6.7 Signal ldentification
Does not apply.
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7. METHOD CS02, CONDUCTED SUSCEPTIBILITY,
50 kHz TO 400 MHz, POWER LEADS

The objective of this method is to determine if the test sample is susceptible
to electromagnetic energy injected on its power leads.

7.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B

Spectrum Analyzer Tuning Section, Model 8554L

Spectrum Analyzer IF Section, Model 8552B Option HO4
Spectrum Analyzer Display Section, Model 141T

Oscillator, Model 651B

Signal Generator, Model 608E

Amplifier, Instruments for Industry Model M5000L, or equivalent
Attenuator, 30 dB Model 8491 A Option 30

Coupling Capacitor, Solar Model 7011-1, or equivalent

7.2 Test Setup

SIGNAL

] | SOURCE

SPECTRUM
ANALYZER

i1
VATTENUATOR (30 dB)

POWER TEST
SOURCE SAMPLE

I

Figure 7A.

7.3 Control Settings and CRT Calibration

7.3.1 50 kHz to 50 MHz. The model 8553B Tuning Section should be
used for measurements in this range.

M Frequency Range *
easurement g Bandwidth | Scan Width Center Log Ref
Number fmin fmax Frequency Level
1 50 kHz | 500 kHz 10 kHz 50 kHz/Div | 250 kHz | 110 dBuV
2 500 kHz | 5 MHz 10 kHz | 500 kHz/Div | 2.5 MHz | 110 dBuV
3 5 MHz | 50 MHz 100 kHz 5 MHz/Div 25 MHz | 110 dBuV
*Input attenuation > 10 dB
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SIGNAL SOURCE
VOLTAGE LEVEL, dBuV

140
| LOG | REF
7 4 = 5 130
1 :: l
2 b } — 5 120
1
3 = — 5 110
L
r I O O, (<= PO Y I 9 100
N4 -a0| G
a8
— i e 90
3 50
2 50 1 e0| 80
3 1 i 76/ EL
T /
-4 -3 -2 -1 CENTER 1
i FREQUENCY f
!mm 1l‘|'lal
Figure 7B.

NOTE: This figure takes into account the 30 dB attenuator (model 8491A)

at the input to the spectrum analyzer.

7.3.2 50 MHz to 400 MHz, The Model 8554L Tuning Section is used for

this measurement range.

Scan Width........... 50 MHz/Div
Center Frequency 250 MHz
Bandwidth . ............. 300 kHz
Log Ref Level ....... 110 dBuV
Input Attenuator ........... 20 dB

SIGNAL SOURCE

VOLTAGE LEVEL, dBuV

............................... R 140
I LOG | REF
<+
7 -10 e
5 55 120
110
5 -30 1
L 5
| it 100
N8 -40| G
dB
90
3 50
P 60 80
1 -70/ L
/
1 LA i i Ll 4 P ] I O O TN T T O L | L il {‘
4 -3 -2 -1 CENTER 1 2 3 a4
50 MHz FREQUENCY 500 MHz
Figure 7C.

NOTE: This figure takes into account the 30 dB attenuator (Model 8491A)

at the input to the spectrum analyzer.
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7.4 Calibrating and Marking Display

The signal source is to be adjusted for an output of 7 volts rms. This is
+137 dBuV. Therefore, the display may be marked with a horizontal line
3 dB from the top as a reference.

SIGNAL SOURCE
VOLTAGE LEVEL, dBuV

U R I S I r||lr‘llel‘élF| 140
SElT LEVEL Lo
7 T <1 130
6 BT 129
I |
5 1 55 110
I L
L
Iq ok ba saa i | dod 402 100
N dB
3 e 90
2 1260 80
1 70/ 70
7
L Ll L L Ll 1l Ll L | L Ll 'l Ll - bl Ll Ll Lol i /
4 -3 -2 -1 CENTER 1 2 3 4
FREQUENCY
KH
50 kHz METHOD C€S02 i

EXAMPLE: MEASUREMENT NUMBER ONE.

Figure 70.

7.5 Frequency Calibration

In each case, the FREQUENCY or FINE TUNE controls should be used to
set the L0 feedthrough signal to the left edge of the CRT.

7.6 Precautions

Be sure to set =10 dB input attenuation on the spectrum analyzer. Also,
approach each power level setting from the low power side to avoid inad-
vertant overload of the spectrum analyzer.

7.7 Signal Identification
Not applicable.
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8. METHOD REO1, RADIATED EMISSION,
30 Hz TO 30 kHz, MAGNETIC FIELD

The objective of this method is to measure the magnetic field radiated from
electrical and electro-mechanical equipment.

8.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8556 A Option H11
Spectrum Analyzer IF Section, Model 8552B Option H04
Spectrum Analyzer Display Section, Model 141T

Loop Sensor, as described in MIL-STD-461

8.2 Test Setup

SPECTRUM
ANALYZER ™. TEST SAMPLE

Figure 8A.

8.3 Control Settings and CRT Calibration

Measurement | Frequency Range ) Scan Width Input | Log Ref
Bandwidth
Number fmin fmax (0—10f mode) Level Level
1 20 Hz* | 200 Hz 10 Hz 20 Hz/Div 60 dBV | 60 dBuV
200 Hz 2 kHz 10 Hz 200 Hz/Div -60 dBV | 60 dBuV
3 5 kHz##* | 50 kHz 10 Hz 5 kHz/Div -60 dBV | 60 dBuV

“Measure only from 30 Hz
**Measure from 2 kHz to 30 kHz
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LEVEL

TTT T T

4 3 -2

-1 CENTER 1 2

FREQUENCY

Figure 8B.

8.4 Calibrating and Marking Display

dBuV
T 60
LOG | REF
=10 50
30 40
3| 20
[ 5
(e]
- 2
_4p] G ¢
dB
50 10
0| ©
o,/ -10
/
Al K
ot
*max

MIL-STD-461 Loop Correction Spe"ctrum Analyz‘er Ivnput
L. Signal = Specification
Frequency Limits perionn Limit + Correction Factor
(dBpT) (dBpT/uV) (dBuV)
30 Hz 140 80 60
100 Hz 119 69.5 49.5
200 Hz 106 63.8 42.2
400 Hz 95 5.7 37.3
1 kHz 79 50.2 28.8
2 kHz 67 44.2 22.8
5 kHz 51 36.4 14.6
10 kHz 39 30.4 8.6
20 kHz 27 24.4 2.6
30 kHz 20 20.5 -0.5
I—.—subtract to get 4*
-
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Figure 8C.

Subtract loop correction factor in dBpT/uV from MIL-STD specification
limits in dBpT to obtain spectrum analyzer input levels in dBuV. See table
and curves above,

Copy the values onto the spectrum analyzer display. (See the following exam-
ples).
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EXAMPLES

Measurement 1

-M"‘--\_SPE'I:I{;;IT L
~
7 e
':""""---...____
|
5 =
L
il .
Mu
3

-4 ' 3 -2 -1 CENTER 1
FREQUENCY
30 He
METHOD REOT

Figure 8D.

CRT calibration is obtained from control settings in Section 8.3. Specification limit is copied from
preceding figure.

Measurement 2

e ]| o
5 !
o ._\\?:!EELII\II'I
F— —
¥ | i
0

-4 -3 -2 -1 CENTER 1 2 - | 4

* FREQUENCY 2 WHe
200 He METHOD REDT
Figure 8E.
Measurement 3
- I
" =
5
TE
N
}_E_ SFEC LIMY
3
T —
2
1

} 4 3 -2 -1 cENTER ] 4
Mz FREQUENCY 50 kHz
METHOD REQT

Figure 8F.
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8.5 Frequency Calibration

Set all controls as shown in Section 8.3. With no input to the spectrum
analyzer, adjust the ZERO ADJ to bring the LO feedthrough signal to the
left edge of the CRT.

8.6 Precautions

Before making any measurements, set the Input Level control to —10 dBV
and scan the 0—200 kHz frequency range to insure that no strong signals
are present which will overload the spectrum analyzer.

Change the Input Level setting in 10 dB steps until the —60dBV isreached.
If any signal goes off screen, it is an emission above the specification limit.

8.7 Signal ldentification

As the Input Level is stepped in Section 8.6, observe the signal levels on the
CRT. If any signals change by more than 10 dB per step, they are spurious
signals. (Any signal which is within specification will not cause spurious
responses.)
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9. METHOD REO02, RADIATED EMISSION,
14 kHz TO 10 GHz, ELECTRIC FIELD

The objective of this method is to measure the radiated electric field emis-
sions from the test sample.

9.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B
Spectrum Analyzer Tuning Section, Model 8555A
Spectrum Analyzer IF Section, Model 8552B Option HO4
Spectrum Analyzer Display Section, Model 141T
Automatic Preselector, Model 8445A

Step Attenuator, Model 354 A

Rod Antenna, Singer Model 95010-1, or equivalent
Biconical Antenna, EMCO Model 3104, or equivalent
Log Spiral Antenna, EMCO Model 3101, or equivalent
Log Spiral Antenna, EMCO Model 3102, or equivalent
Amplifier, Model 8447D

TWTA, Watkins-Johnson Model 295, or equivalent
TWTA, Watkins-Johnson Model 296, or equivalent
TWTA, Watkins-Johnson Model 297, or equivalent

10 uFD Feedthrough Capacitor

9.2 Test Setup

AREA OF

MAXIMUM RADIATION
TEST SAMPLE
S\ TOPOWER_  10uf FEED THROUGH
GROUND PLANE -~ / _ SOURCE “._, CAPACITORS (BOND
7 - ;—’7 ¢ .~ 7“JO GROUND PLANE)
—_ | [ T “I e \1 \\\
/ Ly, N ",
Lo — =) “ M
== —. — {— — e ——— \
B %
‘l\ - | AT LEAST 2 METERS =
i o | \ TEST ANTENNA
y — STEP | \ ONE METER FROM
SPECTRUM ATTENUATOR ‘—\TEST SAMPLE
ANALYZER

NOTE: WHEN AMPLIFIERS ARE USED THEY WILL BE CONNECTED |
DIRECTLY TO SPECTRUM ANALYZER INPUT, .o, AFTER STEP ATT. ||
ENUATOR AND PRESELECTOR IN THE INPUT SIGNAL PATH.

Figure 9A. Typical test setup for radiated measurements.
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9.3 Control Settings and CRT Calibration

9.3.1 14 kHz to 20 MHz.

In this frequency range, use the following equip-
ment: Model 8553B Tuning Section and Model 95010-1 Antenna.

Measurement | Frequency Range
: Bandiilitth: | Soan Wity | /& | Eog/Rut
Number fmin fmax Frequency Level
1 10 kHz* {100 kHz 3 kHz 10 kHz/Div 50 kHz | 90 dBuV
2 100 kHz 1 MHz 30 kHz | 100 kHz/Div | 500 kHz | 90 dBuV
3 2 MHz** | 20 MHz | 100 kHz 2 MHz/Div 10 MHz | 90 dBuV
*Measure from 14 kHz
**Measure from | MHz
BROADBAND
BV /IMHz
NARROWBAND | MEASUREMENT
dBuV 1 2 3
e e 90 137 117 107
. | | LOG | REF
5 —+ — ——gl 80 27 107 97
|
3 — | 4 + t T 70 17 97 47
e ‘ St & 107 81 17
s o
[ i o 50 97 77 &7
M 40| &
3 | ¥ I _Bd 40 a7 67 57
|
- i | T Sl Eae.- & ) 77 57 47
| 4
- | } | I 0, 20 67 47 37
-4 -3 -2 -1 CENTER 1 2 3 4
. FREQUENCY T
forin fmax
Figure 9B.

9.3.2 20 MHz to 200 MHz. In this range, use the following equipment:

Model 8555A Tuning Section

Model 8445A Automatic Preselector
Model 8447D Amplifier

Model 3104 Antenna

Frequency Range

Band Bandwidth | ScanWidth | _C°™" | Log Ref Level
fmin fmax Frequency

gg;— 20 MHz | 200 MHz | 100 kHz | 20 MHz/Div | 100 MHz 90 dBuV




NARROWBAND | BROADBAND

dBuV BV MHz
T ——— N —— 81
i LOG | REF
7 T o] M a
. | e | 61
5 F 30| ¥ | al
3 T T O boddecdinlndo .0 |
n(a ~ap| G
di
—t—1 i T a
. ¢ 21
6 1
i 70y,
/
L Ty 4L a4 Faw i Y A i ded AL ek i e J—Lf
-4 =3 ) -1 CENTER 1 2 3 4
A FREQUENCY T
imm T

NOTE: SCALES SHOWN TAKE INTO ACCOUNT
THE 26 dB GAIN OF THE PREAMPLIFIER.

Figure 9C.
9.3.3 200 MHz to 1 GHz. In this range, use the following equipment:

Model 8555A Tuning Section

Model 8445A Automatic Preselector
Model 8447D Amplifier

Model 3101 Antenna

Bend .. o scowin SRR S SRR B 0.01 — 2.05 GHz
Frequency Range. . ... fmin = 200 MHz/fmax = 1 GHz
Bandwidth . ......... ... .. ..., 100 kHz
Scan Width. ......... Se W S S e 100 MHz/Div
Center Frequencyi- « ouim s 5u o s iinsias 500 MHz
Log Ref Level. . . ..., 90 dBuV
NARROWBAND | BROADBAND
dBul dBuV IMHz
T r ™rY 64 a
LOG | REF
7 +———1—5 7
= —t—— +— 55| 44 61
5 T T 34 51
L L
th ”_lai)d%“ | 41
3 55 14 | i
2 _ﬁ| a | 21
|
7 o, ° 1
- -d“"—3.A“—Z““—'I“Clﬁ;\FT‘EAH“'I‘ “2““3“ 4 i
] FREQUENCY 1
Vi Tmax

NOTE: THE SCALES SHOWN TAKE INTO ACCOUNT THE
26 dB GAIN OF THE PREAMPLIFIER.

Figure 90.
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9.3.4 1GHz — 12.4 GHz. In this range, use the following equipment:

Model 85565A Tuning Section
Model 8445A Automatic Preselector
Model 3102 Antenna
Model 295 Amplifier (measurements 3 and 4 only)
Model 296 Amplifier (measurements 5 and 6 only)
Model 297 Amplifier (measurement 7 only)

Frequency Ra
Measurement Band q Y Range Bandwidth | Scan Width Center Log Ref
Number fmin fmax Frequency Level
1 0.01-2.05 1 2 GHz* 10 kHz 100 MHz,Div 1.5 GHz 60 dBuV
2 1.50—3.55 1.8 2.0 GHz 10 kHz 20 MHz Div 1.9 GHz 60 dBuV
2 1.50—-3.55 2.0 3.0 GHz 10 kHz 100 MHz/Div 2.5 GHz 90 dBuV
1 2.60—4.65 3.0 4.0 GHz 10 kHz 100 MHz/Div 3.5 GHz 90 dBuV
b} 2.07-6.15 4.0 6.0 GHz 10 kHz 200 MHz/Div 5 GHz 90 dBuV
6 4.13-10.25 | 6.0 8.0 GHz 10 kHz 200 MHz/Div 7 (GHz 90 dBuV
7 6.17—10.25 | 8.0 | 10.0 GHz 10 kHz 200 MHz/Div 9 GHz 90 dBuV
*Measure from | GHez to 18 GHz only
MEASUREMENTS
3 THROUGH 7
NARROWBAND | MEASUREMENT
dBpV 142
o R 65 ! 60
[ B 5 | LOG | REF ‘
3 | g 1 T 50
3 —'i""‘ i 4 | A5 B
5 T 30 35 30
L
i
Ly i <l o ’
J - 25 20
a [ | -4o0| G
N | dB
T i | T = ke
5 Rl & B 1]
[
| | -5 -10
1 | | : 70/
| - L7 |
? -4 -3 -2 -1 CENTER 1 2 3 4 ?
FREQUENCY

NOTE:

SCALE SHOWN TAKES INTO ACCOUNT 25 dB
GAIN IN THE TWT AMPLIFIER (MEASUREMENTS
3 THROUGH 7 ONLY)

Figure 9E.
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9.4 Calibrating and Marking Display

Spectrum Analyzer
MIL-STD-461 Limits Antenna | |nput Signal - Spec Limit -
Frequency Factor Antenna Factor
(dB/m)
Narrowband Broadband Narrowband | Broadband
(dBuV/m) | (dBuV/m/MHz) (dBuV) (dBuV/MHz)
14 kHz 35 100 0 35 100
100 kHz 325 90.5 0 32.5 90.5
1 MHz 26.5 80 0 26.5 80
20 MHz 20.5 66 0 20.5 66
20 MHz 20.5 66 11.5 9 4.5
25 MHz 20 65 11.7 8.3 83.3
30 MHz 21 64 12 9 52
40 MHz 23 62.5 13.56 9.5 49
50 MHz 245 61.5 12.5 12 49
60 MHz 26 60.5 8.5 17.5 52
70 MHz 27 60 7 20 53
80 MHz 28 59.5 8 20 51.5
90 MHz 28.5 59 12 16.5 47
100 MHz 29 58.5 14 15 44.5
120 MHz 30.5 575 16 14.5 41.5
130 MHz 31 57 156 16 42
150 MHz 32 56.5 16 16 40.5
180 MHz 33.2 55.5 19 14.2 36.5
200 MHz 34 55 19 15 36
200 MHz 34 55 25.0 8.5 29.5
250 MHz 35.5 57 215 14 35.5
300 MHz 36.5 59 18.5 18 40.5
400 MHz 38.5 61.5 19 21.5 42.5
500 MHz 40 63.5 20 20 13.5
600 MHz 41.5 65.5 22 19.5 43.5
800 MHz 43 68 24.5 18.5 43.5
1 GHz 45 70 27 18 43
1 GHz 45 = 26.5 18.5 -
1.5 GHz 475 — 30 17.5 ==
2.0 GHz 49.5 = 325 17 =
2.5 GHz 51 = 34.5 16.5 —
3.0 GHz 52 = 36.3 16.7 =t
4.0 GHz 54 = 39 15 S
5.0 GHz 55.5 = 41 14.5 =
6.0 GHz 56.5 ~— 42.5 14 -
7.0 GHz 57.5 = 44 13.5 .
8.0 GHz 58.5 = 45 13.5 =
9.0 GHz 59.5 = 46 13.5 .
10.0 GHz 60 = 47 13 —
L subtract —'
to get
subtract
1o get
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1
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1 GHz
FREQUENCY

Figure 9G.

Subtract antenna factor (dB/m) of your antenna from MIL-STD limits in
dBuV/m (narrowband) and dBuV/m/MHz (broadband) to obtain spectrum
analyzer input signal levels in dBuV and dBuV/MHz. See table and curves
above. Then, copy the values obtained onto the spectrum analyzer display.
See the following examples.
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EXAMPLES
14 kHz to 100 kHz

NARTOWSAND | BROADIAND
-y eV M
W m
| L0G | ML
¥ - = ur
. - — - n w
|
0y wr

§ o
N "-—-.-...._E-'_uulo
i — HARROWRAND
¥ | L
| |
T T I — o
J
2t = v r &
FREQUENCY
uln. METHOD AESZ 100 ke
Figure 9H.

Calibration of narrowband signal level due to setting controls as in section 9.3.1.

Broadhand signal level calibration is obtained by subtracting Bandwidth Figure B from the dBuV
calibration.

Example: +90 dBuV - (-47 dBMHz) = +137 dBuV/MHz
100 kHz to 1 MHz

NARROWRAND | BROADBAND
- il M
T 0 n
] | voa | nir
|
s e e 107
by n
] | [ | I £ |
| |
R == P
L | T o
n:‘ t -G] g W "
N1 1 T——p - L
i | |
5 AR OWRANG » 57
i Ty o «
el ;
= R T -1 CENTIW 1 +
FREQUENCY
100 kHa METHOD ALRE 1 ity
Figure 91.

NOTE: The exact labeling of the broadband scale depends on the actual bandwidth on the actual
bandwidth of your analyzer and should be measured beforehand.

1 MHz to 20 MHz

-y M
- w0
] | L0G | REF
¥ T = ] o
| |
& ? L L] L i
I I |
g T - L ”
L T o e 5
; o » ‘ o
-
— -1 e e | =
H — | o
-~ | |
i ] | | o, | o
) | ] ]
o B A R T
FAEGUENCY
T METHOD A0 20 Mk
Figure 9J.

Narrowband and broadband limits are copied from table or curves.

Label frequency scale as shown in Section 9.3.

Specification limits, frequencies, and method number may be marked directly
on CRT or an overlay may be used. A photo of the spectrum will then con-
tain all information.
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FrURTHER EXAMPLES

20 MHz to 200 MHz

g LOG

BROADBAND

+HHt

NARROWBAND

-4 -3 -2 -1 CENTER 1 2 3 4
FREQUENCY
20 MHz METHOD REQ2 200 MHz

Figure 9K.
200 MHz to 1 GHz
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7 f i L
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1 oo lany L e
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z | I ‘4
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Figure 9L.
1GHz to 1.8 GHz
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Figure 9M.
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FURTHER EXAMPLES

1.8 GHz to 2 GHz
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7 s e
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Figure 9N.
2 GHz to 3 GHz
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Figure 90.
3 GHz to 4 GHz
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Figure 9P.
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FURTHER EXAMPLES

4 GHz to 6 GHz

NARROWBAND
dBuv
R e W Madid ket pena
7 T e[ ] P
3 T = [
5 1 - 3
I L
Mo - -40| G
- SecLMIT 3 L o
z < w0 °
T ST
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Figure 90.
6 GHz to 8 GHz
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®
5
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3
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FREQUENCY
6.0GHz METHOD REO2
Figure 9R.
8 GHz to 10 GHz
NARROWBAND
dBpV
e e e s 65
s LOG | REF
7 - - 55
[ - 0|
5 4 =30 By
] L
ol Tt MO it 9 o
N 1 a8
= SPEC LIMIT ———f— e (R
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7 : =
: 4
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Figure 98.
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9.5 Frequency Calibration

Set all controls as shown in step 9.3. For the 14 kHz to 1.8 GHz range, use
the Frequency control to bring the LO feedthrough signal to the left edge
of the CRT. For all higher frequency measurements, use the calibration of
the spectrum analyzer dial.

9.6 Precautions

For each frequency range, start with the spectrum analyzer in the Full Scan
mode and the step attenuator set to 60 dB. Decrease the attenuation in
10 dB steps while observing the display. Continue removing attenuation until
some signals do not behave linearly (i.e., they do not go up in 10 dB steps)
or until 0 dB is reached. Use the least amount of attenuation which allows
linear behavior while making the measurement. (Be sure to account for the
attenuator setting when calculating the signal level.)

NOTE: If broadband noise exists at a level near the specification limit over
a wide bandwidth, the recommended rod antenna may become overload-
ed. In these cases, a passive antenna and band pass filter must be used ahead
of any RF amplification.

9.7 Signal ldentification

9.7.1 14 kHz to 20 MHz

INITIAL DUIPLAY
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B e | i /|
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9.7.2 20 MHz to 10 GHz
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10. METHOD REO03, SPURIOUS AND HARMONIC
EMISSIONS, 10 kHz TO 40 GHz

The objective of this method is to measure transmitter spurious and harmonic
emissions in the radiated field.

10.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B
Spectrum Analyzer Tuning Section, Model 8555A
Spectrum Analyzer IF Section, Model 85562B Option HO4
Spectrum Analyzer Display Section, Model 141T
Automatic Preselector, Model 8445A

Step Attenuator, Model 354 A

Waveguide Attenuator, Model P382A

Waveguide Attenuator, Model K382A

Waveguide Attenuator, Model R382A

Rod Antenna, Singer Model 95010-1, or equivalent
Biconical Antenna, EMCO Model 3104, or equivalent
Log Spiral Antenna, EMCO Model 3101, or equivalent
Log Spiral Antenna, EMCO Model 3102, or equivalent
Antenna per Drawing ES-DL-201090

Amplifier, Model 8447D

TWTA, Watkins-Johnson Model 295, or equivalent
TWTA, Watkins-Johnson Model 296, or equivalent
TWTA, Watkins-Johnson Model 297, or equivalent
TWTA, Watkins-Johnson Model 393, or equivalent
TWTA, Watkins-Johnson Model 338, or equivalent
Frequency Counter, Model 5340A, or equivalent
Test Oscillator, Model 651B

Signal Generator, Model 608E

Signal Generator, Model 612A

Signal Generator, Model 8614 A

Signal Generator, Model 8616A

Signal Generator, Model 618C

Signal Generator, Model 620B

Signal Generator, Model 626 A

Signal Generator, Model 628 A

Sweep Oscillator Mainframe, Model 8690B

Sweep Oscillator, Model 8696A Option H27

Sweep Oscillator, Model 8697A Option H42
Waveguide Mixer, Model 11517A

Taper Section, Model 11519A

Taper Section, Model 11520A

Directional Coupler, Model K752A

Directional Coupler, Model R752A

Waveguide to Coax Adapter, Model P281 A

Optional
Low Pass Filter, Model K362 A
Low Pass Filter, Model R362A
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10.2 Test Setup

TRANSMITTING
ANTENNA ANTENNA

Y

[ty =
I BAND l
BLEET . ATT EiJTlEEYOH
FILTER
AMPLIFIER
K SPECTRUM
TRANSMITTER —+4 { ANALYZER
T 85538
POWER SIGNAL
MONITOR GENERATOR [—] GOUNTER
Figure T0A. Test setup 10 kHz — 110 MHz
TRANSMITTING
ANTENNA ANTENNA
:; CONTROL VOLTAGE
| i SR R P =1 | o kel e o oy e i g =
| | . |
BAND |
REJECT PRESELECTOR ATTENUATOR
FILTER |
| |
|
AMPLIFIER |
|
|

1
SPECTRUM
THANSMITTER |—d ANALYZER

T 8555A
r

POWER SIGNAL

MONI TOR GENERATOR ROLNTER

Figure 10B. Test setup 110 MHz — 18 GHz

10.3 Control Settings, Calibration, and Measurement Techniques

10.3.1 10 kHz to 110 MHz. Measure the fundamental output power
directly from the CRT in a manner similar to Method REO2 for transmitters
which are not pulse modulated. That is, measure the spectrum analyzer
reading in dBuV, add the antenna factor, add the attenuator setting, and
subtract the amplifier gain.

Compute the power from:

R? Ei2
30

Where: R = antenna separation in meters
Ei field strength in volts/meter

I
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Insert the band reject filter to reject the fundamental frequency and remove
attenuation to increase sensitivity. Scan the remainder of the frequency
range measuring each emission as above.

For pulse modulated transmitters, obtain a convenient display of the output.
Then set the Log Reference Level to give a display at a convenient reference,
and connect the signal generator to the input.

Modulate the signal generator in a manner similar to the transmitter and set
the output level to give a display at the level previously noted. Read the
output level in dBm. Add 107 dB to obtain dBuV and use this figure as
the spectrum analyzer input level. Proceed as in the previous case for the
remainder of the procedure.

10.3.2 110 MHz to 18 GHz. The procedure in this range is similar to that
above. Above 12 GHz, however, the antenna factors are not given and the
power at the transmitter needs to be calculated per the formula in MIL-
STD-462. For transmitters which are not pulse modulated, though, the
voltage in dBuV can be read directly from the spectrum analyzer,

For pulse modulated carriers, use the method given ahove.
Remember to include the insertion loss of the preselector in your calculations.

TRANSMITTING
ANTENNA ANTENNA

N/

SWEEP SWEEP VOLTAGE
SECILLATOR. = 0 o ey

TAPER MIXER
SECTION

t— PRESELECTOR

TWTA

l

THANSMITTER }—l ATTENUATOR
powen “o—— Naivzen
MONITOR

T 86654

SIGNAL
GENERATOR

DIRECTIONAL
COUPLER

Figure 10C.  Test setup 18 GHz — 40 GHz

10.3.3 18 GHz to 40 GHz. For the 18—26.5 GHz range set the sweep
oscillator for a sweep in the 20—28.5 GHz range. Use the sweep output on
the sweeper to externally scan the spectrum analyzer. (Some readjustment
of the Display Adjust controls will be necessary to calibrate the display to
cover the horizontal scale.)

The spectrum analyzer should be set for a scan width <1 MHz/Div with a
LO frequency (tuned on the dial) of about 4 GHz. The spectrum analyzer’s
L0 is not used for mixing in this case, and the narrow scan width will enable
the signal identifier circuitry.
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To scan a range of frequencies, set the sweep oscillator for a range 2 GHz
higher than the desired range. Use the 300 kHz bandwidth on the spectrum
analyzer. Since a 2.05 GHz IF frequency is desired, set the preselector to
about 2.05 GHz by supplying an external +2.05V signal to the programming
connector. (Fine adjustment may be used to “peak’ the signals on the dis-
play.)

Each signal will appear twice on the CRT separated by 4 GHz. These are
image responses. To identify the frequency of each signal, narrow the sweep
width on the sweep oscillator around that signal and turn on the signal
identifier. With the band scale set for the 10+ mixing mode, any signal
which identifies with the smaller image to the left is 2.056 GHz higher than
the sweep oscillator frequency. Any signal which splits to give the smaller
image to the right is 2.05 GHz lower than the sweep oscillator frequency.

Measure the amplitude of the signal as described previously under pulse
modulated carriers.

The method for 26.5 —40 GHz is identical except the sweep oscillator will
be used in the 28.5 — 42 GHz range.

Alternate Method 18—40 GHz

RECEIVING
ANTENNA
TAPER
SECTION
LOW PASS
ATTENUATOR FILTER TWTA )_D MIXER
SPECTRUM
ANALYZER
COUNTER

Figure 100. Test setup 18 — 40 GHz

The internal LO of the spectrum analyzer can be used with slightly lower
sensitivity than the above method. However, the signal identifier may be
used as described in the instrument operating manual, and narrower band-
widths may be used. Sensitivity will typically be =108 dBm to 26.5 GHz
and =100 dBm to 40 GHz in a 300 Hz bandwidth. The measurement tech-
nigue is otherwise similar,

10.4 Calibrating and Marking Display

For each range a reference may be established using a known output from
the signal generator and the calibration marked on the CRT in a manner
similar to Method RE02. Then each signal level can be read from the CRT
directly in radiated power.

10.5 Frequency Calibration

In the range below 18 GHz, the frequency counter is used to count the
signal generator frequency. This will give a direct reading of the signal fre-
quency if the generator is tuned to the same point on the CRT as the un-
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known signal. Above 18 GHz, the sweep oscillator frequency is read from the
dial scale, and the unknown signal is that frequency +2.05 GHz as described
in Section 10.3.

10.6 Precautions

Be sure to set the attenuator to maximum attenuation before making any
measurements. Then remove attenuation until a convenient display is obh-
tained. Be very careful to insert the band reject filter before looking for
spurious outputs.

NOTE: In the 1.8 —18 GHz range, the preselector will work to reject the
fundamental and no reject filter may be required.

10.7 Signal ldentification
As previously described.
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11. METHOD RE04, RADIATED EMISSION,
20 Hz TO 50 kHz, MAGNETIC FIELD

The objective of this method is to measure magnetic field emissions from
the device under test.

11.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 85566 A Option H11
Spectrum Analyzer IF Section, Model 8552B Option HO4
Spectrum Analyzer Display Section, Model 141T

Loop Sensor, as described in MIL-STD-461

Ten Microfarad Feedthrough Capacitor

Calibrator, EMCO Model 6402, or equivalent

11.2 Test Setup

1METER —

MID-POINT AXIS OF SENSOR

TILTED TOWARD
TEST SAMPLE

= T
| T ! GROUND PLANE

.
SHOCK MOUNTS
WITH BOND STRAPS

. SPECTRUM
\\. P - ANALYZER
\~
10 uFD \ \
FEED THROUGH | ™ e

Figure 11A. Typical test setup for radiation measurements (magnetic field sensor).

11.3 Control Settings and CRT Calibration

Measurement | Frequency Range . Scan Width
Log Ref Level
Number i = Bandwidth (0—10f mode) og Ref Leve
1 20 Hz 200 Hz 10 Hz 20 Hz/Div 40 dBuV
2 200 Hz 2 kHz 10 Hz 200 Hz/Div 40 dBuV
3 5 kHz* 50 kHz 10 Hz 5 kHz/Div 50 dBuv
*Measure from 2 kHz
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LEVEL

dBuV
MEASUREMENT MEASUREMENT
1+2 3
- R e IS B e 40 50
I LOG | REF
= —1 — ; 5 30 40
6 o [l e I 11 = 20
| - t ' ‘ — J 10 20
5 t | [ -30
L : 1 L
0
[] L |_|_|J il ! 1 L
MC ! 5] G 0 10
L [ dB
= R — =i -10 0
3 i ! -50
N NS/ . N U T _
2 . 1 5 20 10
; ———T—1 =Ty -30 -20
s
/
I A0 P UMD NS T YRS A “-1--'--.- 14||l.1..|.|.1.‘}
-4 -3 -2 -1 CENTER 1 2 3 a
} FREQUENCY x
f!‘|1ll'l 'man

Figure 11B.

11.4 Calibrating and Marking Display

MIL-STD-461 | Loop Correction | Srectrum Analyzer Input
- Signal = Specification

Frequency Limits Factor N :

(dBpT) (dBpT/uV) Limit + Correction Factor
(dBuV)

20 Hz 60 83 =23

100 Hz 60 69.5 -9.5
200 Hz 60 63.8 -3.8
400 Hz 60 57.7 2.3
1 kHz 60 50.2 9.8
2 kHz 60 44.2 15.8
5 kHz 60 36.4 23.6
10 kHz 60 30.4 29.6
20 kHz 60 24.4 35.6
30 kHz 60 20.5 39.5
50 kHz 60 16.0 34.0

___' subtract to getl —+
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Figure 11C.

Subtract loop correction factor in dBpT/uV from MIL-STD specification
limits in dBpT to obtain spectrum analyzer input levels in dBuV. See table

and curves above,
Copy the values onto the spectrum analyzer display. (See the following

examples.)
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EXAMPLES

Measurement 1

dBaV
- T - a0
| | | L0G | REF
| | | |
= } O S L o S
\ .
— i A | ! 1} g I— g 20
-t (= T 1 30 »
L
IT b " o
4 ) 40| G
N SPEC LIMIT 48
I 1 T | | | - 10
3 ’ 4 | 50
| { l
= NN /SRS, S| S SSEE) SO S -3
2 = | [ i | en' 2
— . 3
i =T 30
. s o .
4 -3 2 1 CENTER 1 2 3 4
. FREQUENCY
20 Hr METHOD RE04 200 Hr
Figure 110.

CRT calibration is obtained from control settings in Section 11.3. Specification limit is copied from
preceding figure.

Measurement 2

dBu v
T - 40
LOG | REF
| | .
-2 1 | | T l = =
— 1 f i . | — 0
& 1 seecumiT | | =i
! ' 1 + + | e 0
{ L
| | ) AP
MO - | | a0 G ©
| 1 | dB
—_‘ — - 4 - e =) mn
5 e T <y 20
1 ] 70/ ‘]
i i A
4 -3 2 1 CENTER 1 2 3 4
FREQUENCY
200 Hz METHOD HEO4 2 kHe

Figure 11E.

Measurement 3

dauv
: ’ = 50
| | | LOG | REF
: I | | I | ] a0
i SPEC LIMIT _, | I
x I L] at
5 =
I
L, Lt ddiiai s, ! g & 10
i - i g
a8
é | B — b=g 0
T 1 L : 1 | 1 = 10
— | | | ! I gy, 20
sl | . b gl
4 3 2 1 _CENTER 1 2 | 4
FREOQUENGY
2 hHe METHOD AEDD Ll

Figure 11F.
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11.5 Frequency Calibration

Set all controls as shown in Section 11.3. With no input to the spectrum
analyzer, adjust the ZERO ADJ to bring the LO feedthrough signal to the
left edge of the CRT.

11.6 Precautions

Before making any measurements, set the INPUT LEVEL control to =10
dBV, and scan the 0—200 kHz frequency range to insure that no strong
signals are present which will overload the spectrum analyzer.

Change the INPUT level setting in 10 dB steps until =60 dBV is reached. If
any signal goes above 50 dBuV, it is above the specification limit at any
point.

11.7 Signal Identification

As the INPUT LEVEL is stepped in Section 11.6, observe signal levels on
the CRT. If any signals change by more than 10 dB per step, they are spur-
ious signals. (Any signal which is within specifications will not cause spurious
responses.)
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12. METHOD REO05, RADIATED EMISSION, BROADBAND,
150 kHz TO 1 GHz, VEHICLES AND ENGINE-DRIVEN EQUIPMENT

The objective of this method is to measure the broadband interference radi-
ated by vehicles and engine-driven equipment.

12.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B
Spectrum Analyzer Tuning Section, Model 8554L
Spectrum Analyzer IF Section, Model 85562B Option H04
Spectrum Analyzer Display Section, Model 141T

Step Attenuator, Model 355D

Rod Antenna, Singer Model 95010-1, or equivalent
Biconical Antenna, EMCO, Model 3104, or equivalent
Log Spiral Antenna, EMCO, Model 3101, or equivalent
Amplifier, Model 8447D

12.2 Test Setup

- 1 METER -

TEST SAMPLE

ANTENNA SPECTRUM
A ANALYZER

-

‘ STEP
_ATTENUATOR

N\
AMPLIFIER
(WHEN USED)

A

Figure 12A.

12.3 Control Settings and CRT Calibration

12.3.1 150 kHz to 20 MHz. In this range, use the following equipment:

Model 8553B Tuning Section
Model 95010-1 Antenna

Frequency Range
Measurement q Y 9 B S Wi Center Log Ref
Number fmin fmax Frequency Level
1 200 kHz* | 2 MHz 30 kHz | 200 kHz/Div 1 MHz | 90 dBuV
2 2MHz |20MHz | 100 kHz 2 MHz/Div 10 MHz | 90 dBuV
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BROADBAND

dBuV/MHz
MEASUREMENT MEASUREMENT
11? lg?
107 97
97 87
87 77
77 67
67 57
57 47
47 37

T 'LOG | REF
7 T o O I S
6 i -20
I |
5 1 | | =30
I L
4 + -40| G
| I dB
3 1 50
I
2 1 T 1 =60
3
.- ?03
4 -3 =2 -1 CENTER 1 2 3 4
4 FREQUENCY 1
r['I1ll'l Imax
Figure 12B.

12.3.2 20 MHz to 200 MHz.

Model 8554 L Tuning Section
Model 8447D Amplifier
Model 3104 Antenna

In this range, use the following equipment:

Frequency Range . ]
: Bandwidth | Scam Width | Center Frequency | Log Ref Level
fmin fmax
20 MHz | 200 MHz 100 kHz 20 MHz/Div 100 MHz 90 dBuV
BROADBAND
LEVEL dBuV/MHz
O e aaa me . 81
6 LOG | REF
3 B
7 ; =T
3 T =0 O
+
T
5 T = O
L 1 6
1 Ad i) i Al Ad i i b n A P bk, G 41
a4 T -40
5 i dB
¥ 31
T 50
? 1
2 he 60 =
i 3 F0,
1 Y
A Al e e A Al D, l‘-- hekend L el Al A i ’!
-4 -3 -2 -1 CENTER 1 2 3 a f
) FREQUENCY
f
LT max

NOTE: SCALE SHOWN TAKES INTO ACCOUNT THE
26 dB GAIN OF THE PREAMPLIFIER.

Figure 12C.
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12.3.3 200 MHz to 1 GHz. In this range, use the following equipment:

Model 8554 L Tuning Section
Model 8447D Amplifier
Model 3101 Antenna

fmin = 200 MHz
Frequency Range
fmax =1 GHz
Bandwidth 100 kHz
Scan Width 100 MHz/Div
Center Frequency 500 MHz
Log Ref Level 90 dBuV
BROADBAND
LEVEL
dBuV/MHz
LGS A RS RA RS B BAAAS SAans Radas RARAS RARGS RAA 81
| I LOG | REF
7 =1 T =8 ™
I l_
6 1 T =0 ©
I
- - I =5 51
L 1 5
| Lada 41
4 + 40| G
N I dB
3 Sl Faaa mae - 50l 3
i
T |
2 ] —s0| 2
1 70, M
il A g a d o alaaag lIJl“'—ljllullulllullli ...:;
-4 3. =z -1 CENTER 1 2 3 4
\ FREQUENCY T
fmin fmax

NOTE: THE SCALE SHOWN TAKES INTO ACCOUNT
THE 26 dB GAIN OF THE PREAMPLIFIER

Figure 120.
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12.4 Calibrating and Marking Display

MIL-STD-461 Spectrum Analyz'er '
. Antenna Factor Input Level = Spec Limit —
Frequency Limits
(dBuV/m/MHz) (dB/m) Antenna Factor
(dBuV/MHz)
150 kHz 88.6 0 88.6
1 MHz 80 0 80
20 MHz 66 0 66
20 MHz 66 115 54.5
25 MHz 65 11.7 53.3
30 MHz 64 12 52
40 MHz 62.5 13.5 49
50 MHz 61.5 12.5 19
60 MHz 60.5 8.5 52
70 MHz 60 1 53
80 MHz 59.5 8 51.5
90 MHz 59 12 47
100 MHz o8.5 14 44.5
120 MHz 57.5 16 41.5
130 MHz a7 15 42
150 MHz 56.5 16 40.5
180 MHz 55.5 19 36.5
200 MHz 55 19 36
200 MHz 55 25.5 295
250 MHz 57 215 35.5
300 MHz 59 18.5 40.5
400 MHz 61.5 19 42.5
500 MHz 63.5 20 43.5
600 MHz 65.5 22 43.5
800 MHz 68 24.5 43.5
1 GHz 70 27 43
[ l'"subtract to get —J
=
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Figure 12E.

Subtract antenna factor (dB/m) of your antenna from MIL-STD limits in
dBuV/m/MHz to obtain spectrum analyzer input signal level in dBuV/MHz.
See tables and curves above.

Then, copy the values obtained onto the spectrum analyzer display. See the
following examples.
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EXAMPLES

150 kHz to 2 MHz 2 MHz — 20 MHz
\ o0 | WEE " ‘ i ' m]lu; >
" o = 1l %
L i "--.._,__‘_‘_"_“ SEC LT 3 i ‘_4&""‘--__. -_.-u_mni; _l_ﬁ [3 i
I'u‘ t E L ." S | - E -
g - 5 |[ e l—_“ 5]
i e £) .l ‘ T | w v
i 70/ L |__—|:_ W ] T i J“IJ: i
Figure 12F. Figure 126.
Broadband signal level calibration is obtained NOTE: The exact labeling of the broadband
by subtracting Bandwidth Figure B from the scale depends on the actual bandwidth of your
dBuV calibration obtained from control set- analyzer and should be measured beforehand.
tings in Section 12.3.1.
Example: +90 dBuV — (-27dBMHz) =
+117 dBuV/MHz
20 MHz — 200 MHz 200 MHz — 1 GHz
| = —t—1T ¥ — ——'Jlr— T M
0 —“—F‘x b 1 | =
T - s s t = o
v "“‘--.,,,____ WL LY ; WET LT | k ’
T ~ef: : T
i) | 1. ¥ £} el = *
5 =1 % © g i -
] “—_‘mf 1" T | Nf "
Figure 12H. Figure 121.

Broadband limits are copied from table or
curves, Label frequency scale as shown in Sec-
tion 12.3.
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Specification limits, frequencies, and method number may be marked direct-
ly on CRT or an overlay may be used. A photo of the spectrum will then
contain all information.

12.5 Frequency Calibration

Set all controls as shown in step 12.3. With no signal input, use the FRE-
QUENCY control to bring the LO feedthrough signal to the left edge of the
CRT.

12.6 Precautions

For each frequency range start with the spectrum analyzer in the full scan
mode and the step attenuator set to 60 dB. Decrease the attenuation in
10 dB steps while observing the display. Continue removing attenuation
until some signals do not behave linearly (i.e., they do not increase in 10 dB
steps) or until 0 dB is reached. Use the least amount of attenuation which
allows linear behavior while making the measurement. (Be sure to account
for the attenuator setting when calculating the signal level.)

NOTE: The recommended rod antenna may become overloaded at a level
below the specification limit if the input noise exists over a wide band of
frequencies. In these cases, a passive antenna and bandpass filter must be
used ahead of any RF amplifiers.

12.7 Signal identification
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13. METHOD REO06, RADIATED EMISSION,
14 kHz TO 1 GHz, OVERHEAD POWER LINES

The objective of this method is to measure the interference radiated from
overhead power lines. The limits shown in this method are those for fair
weather. The techniques, however, are identical for wet weather.

13.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B
Spectrum Analyzer Tuning Section, Model 8554L
Spectrum Analyzer IF Section, Model 8552B Option H04
Spectrum Analyzer Display Section, Model 141T

Step Attenuator, Model 355D

Rod Antenna, Singer Model 95010-1, or equivalent
Biconical Antenna, EMCO, Model 3104, or equivalent
Log Spiral Antenna, EMCO, Model 3101, or equivalent

13.2 Test Setup

Test antenna to be 50 feet from outside phase conductor at a position
normal to tower. See MIL-STD-461 Method REOQ6.

SPECTRUM

X ANALYZER
ANTENNA D
J

TER
1ME ﬁ X STEP
ATTENUATOR

TEST ANTENNA TO BE 50 FEET
T FROM OUTSIDE PHASE CONDUCTOR
~ AT A POSITION NORMAL TO TOWER.
SEE MIL-STD-462 METHOD RED6.

Figure 13A. Test setup for method REOG.

13.3 Control Settings and CRT Calibration

13.3.17 14 kHz to 20 MHz. In this range, use the following equipment:

Model 8553B Tuning Section
Model 95010-1 Antenna
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Frequency Range
Measurement Bandwidth | Scan Width Center Log Ref
Number fmin fmax Frequency Level
1 10 kHz* | 100 kHz 1 kHz 10 kHz/Div 50 kHz | 100 dBuV
2 100 kHz 1 MHz 10 kHz | 100 kHz/Div | 500 kHz | 100 dBuV
3 2 MHz#*# | 20 MHz | 100 kHz | 2 MHz/Div 10 MHz | 100 dBuV
*Measure from 14 kHz
**Measure from 1| MHz
BROADBAND
dBuV/MHz
MEASUREMENT NUMBER
1 2 3
e 187 137 117
T LOG | REF
1 |
T {
7 T o 147 127 107
= T 137 117 97
5 =9 . 127 107 87
If Fis - i 2 17 97 77
N + -40| G
[ dB
1 |
= 4 | : 5 107 87 67
" ]| - | e 97 77 57
; 7 87 67 47
/
-4 R -1 CENTER 1 2 3 4
) FREQUENCY T
fmin fmax
Figure 13B.

13.3.2 20 MHz to 200 MHz. In this range, use the following equipment:

Model 8554 L Tuning Section
Model 3104 Antenna

Frequency Range. ... fmin = 20 MHz/fmax = 200 MHz

Bandwidth
Scan Width
Center Frequency
Log Ref Level

83

...........................

......

......................

........................

100 kHz

20 MHz/Div

100 MHz
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Figure 13C.

13.3.3 200 MHz to 1 GHz. In this range, use the following equipment:

Model 8554 L Tuning Section
Model 3101 Antenna

Frequency Range..... fmin = 200 MHz/fmax = 1 GHz

Bandwidth. ............... e . 100 kHz
Beah WIALE: :ovves on o v o P 100 MHz/Div
Center Frequency .......oouiiiiiinnnnnns 500 MHz
LogRefLevel ................ P 60 dBuV
BROADBAND
dBuV/MHz
1 LOG | REF
7 T =T
5 1 <5 57
5 . T a7
& L
I|_ NPTETL] e EUST En] (MU, FENpES [ STPOY! Cermem) e £ 37
1 I -q0] G
N i 3 dB
+ |
3 I 50 27
2 1 =5
i T 70/, 7
t /
Ll JL - Aol JAll‘r_llli i il I S S | II-I'{(
-4 -3 -2 -1 CENTER 1 2 3 4
’ FREQUENCY ?
fmin fmmc

Figure 130.
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13.4 Calibrating and Marking Display

MIL-STD-461 Spectrum Analyzer
Limits Antenna Factor Input Level = Spec Limit -
Freguecy Broadband (dB/m) Antenna Factor
(dBuV/m/MHz) (dBuV/MHz)

14 kHz 148 0 148
20 kHz 145 0 145
50 kHz 136 0 136
80 kHz 132 0 132
100 kHz 130 (0 130
500 kHz 115 0 115
1 MHz 109 0 109
2 MHz 102 0 102
10 MHz 88 0 88
20 MHz 82 0 82

20 MHz 82 11.5 70.5

25 MHz 80 11.7 68.3
30 MHz 80 12 68

40 MHz 80 13.5 66.5

50 MHz 80 12,5 67.5

60 MHz 80 8.5 15
70 MHz 80 T 73
80 MHz 80 8 72
90 MHz 80 12 68
100 MHz 80 14 66
120 MHz 80 16 64
130 MHz 80 15 65
150 MHz 80 16 64
180 MHz 80 19 61
200 MHz 80 19 61

200 MHz 80 25.5 54.5

250 MHz 80 21.5 58.5

300 MHz 80 18.5 61.5
400 MHz 80 19 61
500 MHz 80 20 60
600 MHz 80 22 58

800 MHz 80 24.5 55.5
1 GHz 80 27 53
l'.'ssubtmct to get —T

-
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Figure 13E.

Subtract antenna factor (dB/m) of your antenna from MIL-STD limits in
dBuV/m/MHz to obtain spectrum analyzer input signal level in dBuV/MHz.
See tables and curves above,

Then copy the values obtained onto the spectrum analyzer display. See the
following examples.
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EXAMPLES

14 kHz to 100 kHz
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Figure 13F.

Broadband signal level calibration is obtained
by subtracting Bandwidth Figure B from the
dBuV calibration obtained from control settings
in Section 13.3.1.
Example: 100 dBuV - (-57 dBMHz) =

+157 dBxV/MHz

1 MHz to 20 MHz
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I
' 4 -3 -3 1 CENTER 2 ) .
FREDUENCY
1 M METHOD REOH 0 W

Figure 13H.

Broadband limits are copied from the table or
curves. Label frequency scale as shown in Sec-
tion 13.3.

200 MHz to 1 GHz

100 kHz to 1 MHz
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Figure 13G.

NOTE: The exact labeling of the broadband
scale depends on the actual bandwidth of your
analyzer and should be measured beforehand.

20 MHz to 200 MHz
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Figure 131.

P
i | l-m!nn id
i [ e 11T ¥
— fﬁ-‘% 5
0 Il +—1 4 =1 4 ! '! I
| i
1 = = "'E "
1] I_'_I_ ";'___"I [ i-_,, 1
==t ' 5 W
[T [~
T =T 1 “+mg !
! |
. 3 <2 <) CANTEM 1 T I, .
FREDUENCY
00, W METHOD HEDS ) G
Figure 13J.

87



Specification limits, frequencies, and method number may be marked
directly on CRT or an overlay may be used. A photo of the spectrum will
then contain all information.

13.5 Frequency Calibration

Set all controls as shown in Section 13.3. With no signal input, use the FRE-
QUENCY control to bring the L0 feedthrough signal to the left edge of the
CRT.

13.6 Precautions

For each frequency range, start with the spectrum analyzer in the full scan
mode and the step attenuator set to 60 dB. Decrease the attenuation in
10 dB steps while observing the display. Continue removing attenuation
until some signals do not behave linearly (i.e., they do not increase in 10 dB
steps) or until 0 dB is reached. Use the least amount of attenuation which
allows linear behavior while making the measurement. (Be sure to account
for the attenuator setting when calculating the signal level.)

13.7 Signal Identification
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14. METHOD RS01, RADIATED SUSCEPTIBILITY,
30 Hz TO 30 kHz, MAGNETIC FIELD

The objective of this method is to determine the susceptibility of a test
device to radiated magnetic fields.

14.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8556 A Option H11
Spectrum Analyzer IF Section, Model 8552B Option H04
Spectrum Analyzer Display Section, Model 141T

Oscillator, Model 200AB

Resistor, 1 ohm, 2W

Loop Radiator per MIL-STD-461

R
OSCILLATOR VVVA O LOOP

14,2 Test Setup

SPECTRUM
ANALYZER

Figure 14A. Test setup for Method RSO1. (Note: Spectrum Analyzer to be used
unterminated as a high impedance voltmeter.)

14.3 Control Settings and CRT Calibration
The spectrum analyzer will be used as a monitor of the signal level to the
radiating loop.

Although individual requirements will vary, the following information will
assume certain conditions as an example. See MIL-STD-462 for more com-
plete information. Assumed Conditions:

Test sample bandwidth <10 Hz

Output adjusted for 6 dB S/N ratio

Measurement F“"qlue"'ﬂv Range Scan Width Center Bandwidth Log Ref
Number fmin fmax Frequency Level
1 0* 200 Hz 20 Hz/Div (0—10f) 10 Hz 120 dBuV
2 Ok 2 kHz | 200 Hz/Div | (0—10f) 10 Hz 90 dBuV
3 k¥ 5 kHz | 500 Hz/Div 2.5 kHz 10 Hz 50 dBuV
4 5 kHz | 10 kHz | 500 Hz/Div 7.5 kHz 10 Hz 30 dBuV
5 10 kHz | 15 kHz | 500 Hz/Div | 12.5 kHz 10 Hz 30 dBuV
6 15 kHz | 20 kHz | 500 Hz/Div | 17.5 kHz 10 Hz 30 dBuV
7 20 kHz | 25 kHz | 500 Hz/Div | 22.5 kHz 10 Hz 30 dBuV
8 25 kHz | 30 kHz | 500 Hz/Div | 27.5 kHz 10 Hz 30 dBuV
*Measure from 30 Hz
**Measure from 200 Hz
***Measure from 2 kHz
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VOLTAGE LEVEL (dBuV)
MEASUREMENT NUMBER
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Figure 14B.

14.4 Calibrating and Marking Display

A constant correction factor will be added to the spectrum analyzer level to
obtain the flux density in dBpT referred to a 1 Hz bandwidth.

Since the current through a 1§2 resistor is numerically equal to the voltage
across it, we don’t need to correct for the current reading.

To convert from voltage to flux density, then, the relationship B =5 x 10°
TESLA/AMP can be used. This yields 0 dBpT = -34 dBuV.

Then, to account for the 10 Hz bandwidth of the spectrum analyzer, we
must subtract 10 dB from the reading to get dBpT/Hz.

Therefore, dBpT/Hz = dBuV + 34 dBpT/uV - 10 dB/Hz or dBpT/Hz = dBuV
+ 24 dBpT/uV/Hz

This will calibrate our CRT scale, and it will also allow us to mark the
specification limits on the CRT.

Spectrum Analyzer Input Level = Spec Limit —24 dB.

90



s CORRECTION FACTOR (dBpT/uV/Hz,

100 He 1 kHz 10 kHz 100 kHz
FREQUENCY (Hz)

Figure 14C.

Transfer the curve from Figure 14C to the spectrum analyzer CRT. This will
indicate the maximum level for a 6 dB S/N ratio on the test device.
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EXAMPLES

30 Hz to 200 Hz
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Figure 14D.
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20 kHz to 25 kHz
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200 Hz to 2 kHz
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5 kHz to 10 kHz
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145 Frequency Calibration

Set all controls as shown in Section 14.3. For measurements 1-3, start with
no signal input and adjust the ZERO ADJ to bring the L0 feedthrough signal
to the left edge of the CRT. For measurements 4—8, use the calibration of
the frequency dial.

14.6 Precautions

Start each measurement with the oscillator at low power and increase slowly
to the desired level to avoid inadvertant overload of the spectrum analyzer.

14.7 Signal ldentification
Does not apply.
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15. METHOD RS03, RADIATED SUSCEPTIBILITY,
14 kHz TO 10 GHz, ELECTRIC FIELD

The objective of this method is to ensure that a test sample does not exhibit
degradation in performance when subjected to an electric field.

15.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B
Spectrum Analyzer Tuning Section, Model 8555A
Spectrum Analyzer IF Section, Model 8552B Option H04
Spectrum Analyzer Display Section, Model 141T
Automatic Preselector, Model 8445A

Receiving Antennas

Rod Antenna, Singer, Model VR-1-105, or equivalent
Rod Antenna, Singer, Model VA-105, or equivalent
Biconical Antenna, EMCO, Model 3104, or equivalent
Log Spiral Antenna, EMCO, Model 3101, or equivalent
Log Spiral Antenna, EMCO, Model 3102, or equivalent

Transmitting Antennas

Rod Antenna, Singer, Model VR-1-105, or equivalent
Rod Antenna, Singer, Model VA-105, or equivalent
Biconical Antenna, EMCO, Model 3104, or equivalent
Log Spiral Antenna, EMCO, Model 3101, or equivalent
Log Spiral Antenna, EMCO, Model 3102, or equivalent
Test Oscillator, Model 651B

Signal Generator, Model 608E

Signal Generator, Model 612A

Signal Generator, Model 8614 A

Signal Generator, Model 8616A

Signal Generator, Model 618C

Signal Generator, Model 620B

Amplifier, Instruments for Industry Model M5000L, or equivalent
Amplifier, 200—1000 MHz (to be determined)
Amplifier, Model 489A

Amplifier, Model 491 A

Amplifier, Model 493A

Amplifier, Model 495A

Frequency Counter, Model 5340A
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15.2 Test Setup

The test setup shall be as required by MIL-STD-462 for the placement of
antennas. For calibration purposes, the receiving antenna will be placed in
the location where the test sample will be during testing.

15.3 Control Settings and CRT Calibration

Measurement
Measurement Tun?ng Antenna'|  Scan Width Center Frequency Range Band Log Ref
Number Section Freq Y 5 Level
fmin fmax
1 85538 =1 20 kHe/Div | 100 kHz 14 kHz 150 kHz - 120 dBuV
2 LHERE %2 100 kHe/Div | 500 kHe 150 kHz 1 MHz = 120 dBuV
3 B5518 =2 2 MHz/Div 10 MHz 1 MHz 20 MHz - 120 dBuV
4 8655HA =3 20 MHz/Div | 100 MHz 20 MHz | 200 MHz | 0.01-2.05 120 dBuV
5 HobhhA =4 100 MHz Div | 500 MHz 200 MHz 1 GHz | 0.01—2.05 120 dBuV
6 8355A #5 100 MHz/Div | 1.5 GHz 1 GHz 1.8 GHz | 0.01-2.05 120 dBuV
7 B355A =5 20 MHz/Div | 1.9 GHz 1.8 GHz 2.0 GHz | 1.50-3.55 120 dBuV
b R5HA =5 100 MHz /'Div | 2.5 GHz 2.0 GHz 3.0 GHz | 1.50—3.55 120 dBuV
8 Ba55A | =5 | 100 MHz/Div | 3.5 GHz 3.0 GHz 4.0 GHz | 260—-4.65 120 dBuV
10 H#500A =b 200 MHz/Div 5 GHz 1.0GHz | 6.0GHz | 2.07-6.15 120 dBuV
11 8555A #5 200 MHz/Div 7 GHz 6.0 GHz 8.0GH: | 4.13-10.25 | 120 dBuV
12 HGG5A =0 200 MHe/ Div 9 (iHz 8.0GHz | 10.0 GHz | 6.17-10.25 | 120 dBuV
LAntennas
No. 1 — Model VR-1-105
No. 2 — Model VA-105
No. 3 — Model 3104
No, 4 — Model 3101
No. 5 — Maodel 3102

VOLTAGE
dBuV
R B e 120
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> 1 3 110
= { =5 100
5 i 3|
L ; ;
l il i LA 44 A i i Ak 4 A i L i i L4l LAl i
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1 dB
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2 i 60 60
7 T o, 90
J T 4
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4 -3 -2 -1 CENTER 1 2 3 4
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Figure 15A.
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15.4 Calibrating and Marking Display and

r

P o, e ot

Measurement Procedure

Copy specification limits from MIL-STD-461.
Copy antenna factors supplied with your antennas.

Subtract antenna factors (in dB) from specification limits at as many
frequencies as required to get a detailed curve. This is the input voltage
to the spectrum analyzer for the specified field strength.

Record the values obtained in c.

Mark the curves obtained on your spectrum analyzer display (as shown

in examples for Method RE02). Your analyzer is now calibrated for the
required field strength.

Connect the calibrated antenna of the proper frequency range to the
spectrum analyzer, and place the antenna where the test sample will be
placed.

Adjust signal generator output level until the displayed signal reaches
the marked curve on the spectrum analyzer.

Read and record attenuator setting on the signal generator.

Repeat procedure until whole frequency range is covered.

Replace calibrated antenna by test sample.

Follow procedure in MIL-STD-462. Set output attenuator on signal
generator to values recorded in step h.

15.5 Frequency Calibration

Use the Model 5340A Frequency Counter to record the frequency of the
signal generator for each point to be tested.

15.6 Precautions

Always use at least 20 dB of input attenuation on the spectrum analyzer.
Start each measurement from a low signal level, slowly increasing to the
specification to avoid overloading the spectrum analyzer input.

15.7 Signal Identification

Does not apply.
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16. METHOD RS04, RADIATED SUSCEPTIBILITY,
14 kHz TO 30 MHz

The objective of this methodjs to determine the susceptibility of a test
sample to radiated fields of speciiied intensity.

16.1 Instruments and Accessories Used

Spectrum Analyzer Tuning Section, Model 8553B

Spectrum Analyzer IF Section, Model 8552B Option H04
Spectrum Analyzer Display Section, Model 141T

Parallel Plate Line per Method RS04

Matching Pads per Method RS04

30 MHz Low Pass Filter

Test Oscillator, Model 651 B

Signal Generator, Model 608E

Amplifier, Instruments for Industry, Model M5000L, or equivalent

16.2 Test Setup

PARALLEL PLATE LINE

MATCHING MATCHING
PAD PAD
TEST
[ DEVICE
30 MHz
LOW PASS
FILTER
|
AMPLIFIER
SIGNAL SPECTRUM
GENERATOR ANALYZER

Figure 16A. Test setup for Method RS0D4.

16.3 Control Settings and CRT Calibration

Measurement . Center . Log Ref
R
— Frequency Range | Scan Width Beatifienoy Bandwidth il
1 14 kHz—500 kHz | 50 kHz/Div | 250 kHz 3 kHz | 120 dBuV
2 500 kHz— 30 MHz | 5 MHz/Div 25 MHz 30 kHz 120 dBuV
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Figure 168B.

16.4 Calibrating and Marking Display and

Measurement Procedure

NOTE: Examples will be given for 1V/m field intensity.

a.

b.

C.

d.
e.

Using Figure RS04-4, we determine that 1V/m equals 0.45V corrected
spectrum analyzer reading.

0.45V = +113 dBuV, then, subtracting 30 dB for the loss in the pad,
the spectrum analyzer input voltage is +83 dBuV.

Adjust signal generator output until a level of +83 dBuV is indicated on
the spectrum analyzer.

Note any degradation of test device performance.
Continue steps ¢ and d for entire frequency range.

16.5 Frequency Calibration

An external frequency counter may be used if high frequency accuracy is
required. However, dial accuracy of the signal generators should suffice.

16.6 Precautions

Start with signal generator set for a low power output and slowly increase to
desired level to avoid overloading the spectrum analyzer input.

16.7 Signal Identification

Does not apply.
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APPENDIX A
MEASUREMENT OF IMPULSE BANDWIDTH
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NOMENCLATURE

BW2
BW;
fL
fo

Vp1> Vpy

Vout

Teff

Impulse bandwidth of a preselector filter
Impulse bandwidth
Frequency width of main lobe of frequency spectrum

Signal generator frequency delivered to PIN modulator;
center frequency of frequency spectrum

Pulse repetition frequency = 1/T

Spectral intensity of an impulse signal in rms volts/MHz
Time between two pulses

rms voltage of pulse signal during “on” time

rms voltage of single frequency line of impulse spectrum

Peak value of voltage transient (in rms volts) at the output
of a lossless filter having an impulse bandwidth, BWj,
caused by an impulse signal at the input

Peak value of voltage transients (in volt peak) at the input
mixer created by a dec or RF pulse, respectively

Voltage maximum of the frequency spectrum main lobe
measured by the spectrum analyzer in rms volts

1/7; difference between frequency fo and frequency of
adjacent zero of spectrum

Half peak width of RF pulses; 1 /Af

Width of a hypothetical rectangular pulse of the same
height (V1) and same as the actual pulse
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DEFINITION OF IMPULSE BANDWIDTH

Impulse signals of short duration having a frequency spectrum that far
exceeds the bandwidth of a calibrated voltmeter and having a repetition
frequency substantially less than the voltmeter bandwidth are termed broad-
band impulse signals. They are measured in terms of their spectral intensity
in volts per megahertz or dB above one microvolt per megahertz.

Impulse signals cause transient responses in a voltmeter of limited band-
width. The peak value of these responses is proportional to the spectral
intensity of the impulse signal and to the bandwidth of the voltmeter —
the exact value of this voltmeter bandwidth has to be known in order to
measure the broadband impulse signals. It has been named the “impulse
bandwidth”. Unlike the 3-dB bandwidth, its value cannot be found easily
from CW response measurements because the transient behavior depends on
the exact shape of the frequency response, on the design of the bandpass, or,
if logarithmic amplifiers are used, on the gain-shaping performance.

Impulse bandwidth (BW,) is specified as the ratio of the peak value of the
voltmeter transient (Vp) divided by the spectral intensity of the impulse
signal (S) causing it:

A%

BW; =
Wi=g

(1)

Spectral intensity is specified in rms volts, so Vp must be measured in rms
volts; that is, the absolute voltage peak of the transient must be divided by
/2. This correction is not necessary in usual measurements since substitu-
tions are carried out with CW signals, which are calibrated in rms values.

MEASUREMENT OF IMPULSE BANDWIDTH

Impulse bandwidth can be measured directly only by using calibrated im-
pulse signal sources and Equation (1). Mechanical line-discharge type impulse
calibrators can be used with certain reservations for determining the impulse
bandwidth of the spectrum analyzer. This method tends to overload the
analyzer front end even with using the 8445 Preselector or is limited in
dynamic range, therefore, another technique is explained in the following
paragraphs.

USE OF PIN MODULATOR TO GENERATE SIGNAL OF
KNOWN SPECTRAL INTENSITY

An impulse signal of accurately known spectral intensity can be generated
by using a CW signal generator and a PIN modulator (HP series 8730) built
into an HP 8403 Modulator:

SIGNAL GENERATOR PIN M%%Jsmmﬁ SPECTRUM ANALYZER
8614 o W 8555A /85528
Figure A-1
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The PIN modulator is operated between its “on” and “off” state either by
de or by impulses. The amplitude of the signal generator CW signal leaving

the PIN modulator during the “on” condition is independent of PIN modu-
lator pulse modulation frequency or pulse width.

y_DN_W r—ON—T
AN 7 A A e Ak A
ST ATARAVAVAYAILIII EY

Figure A-2

The PIN modulator, however, possesses finite rise and fall times, so, in
general, the signal at its output has the following shape.

he T —l SIGNAL GENERATOH FREQUENCY
i

VOLTAGE | j

— T —= TIME —

T=HALF PEAK WIDTH (AT —) fr PULSE REPETITION FREQUENCY

.
T
Figure A-3

The frequency spectrum of the impulse shown consists of discrete frequenc1es
at £y, fo + Iy, £ - £y, fo + 21}, £y — 2f;, ete., or, in general,

fn = fo =+ nfr. (2}
(See Figure A-4.)

The voltage of the frequency f, is

Teff fy Teff
Vfo=V1T=V1 Teff'fr=V1'E‘T (3)

7eff = T for the 8403 PIN Modulator for all practical purposes. This can be
verified by measuring Vi, directly using a bandwidth much narrower than
the pulse repetition frequency fr. Equation (3) then yields

Tett _ Vo Ot ()

T V]_ fr
Use Equation (4) to check the performance of the PIN modulator before
making the impulse bandwidth measurement. For a properly working instru-
ment, Equation (4) will yield

Teff
=& by

The spectrum of the impulse is shown in Figure A-4. Its shape is determined
by pulse width 7 and the shape of the impulse in the time domain presenta-
tion. The half-peak pulse width determines the zeros of the frequency
spectrum. Hence, measurement of frequency distance 2Af between the two
zeros adjacent to signal generator frequency f, gives an accurate measure for
impulse width (see Figure 4-A); 7 = 1/(Af).
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For measurement of the impulse bandwidth, spectral intensity must be
constant over the range of this bandwidth. Therefore, it is necessary to
choose the impulse width narrow enough so that the flat portion extends
well over the range of the bandwidth to be measured. On the other hand,
it is desirable to make the spectral intensity as high as possible by making
the impulse width as wide as possible.

CW SIGNAL — AMS VALUE OF PEAK OF

B I TRANSIENT RESPONSE

FREQUENCY SPECTRUM

OF IMPULSE SIGNA [ o e e e = e

BW;
Vp=Vqrfp T T T BWV,
=

VOLTAGE HH H ViZ=vird
JLu_LuI\ SEEE . "
1-— e em o i
| £ ! | FREQUENCY —=
| 1 1
| |
———— pAf= = ——————p—— :— _.__.;

Figure A4

Since the exact shape of the spectrum depends on the exact shape of the
impulse, which is not entirely known at short impulse widths (0.2 us) be-
cause of rise and fall times in the order of 20 to 40 ns, the spectrum for the
worst case should be considered. The worst case spectrum is given for a
triangular pulse shape. For this, frequency f, + nf; or frequency f, — nfy will
have the following voltage:

sin('n'-‘r-n-fr)]2 5)

2= Vitgenfy) = V1 -7 I - [ T-7-n-fy

Normally, as frequencies outside twice the 3-dB bandwidth have very little
effect on the peak voltage of the transient response of the voltmeter, it is
sufficient to keep this portion flat. If we choose
1
7 ~ 10 BWsgp (6)
it follows from Equation (5) that a relative drop, a, in spectral line voltage
between frequencies fy and fg = (0.1/7) will be:

a, = 0.29 dB (This is the flatness of response for a (7)
triangular impulse over twice the 3-dB bandwidth.)
By 0.14 dB (This is the flatness of response for a (8)

rectangular impulse over twice the 3-dB bandwidth.)
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VOLTMETER TRANSIENT

The voltage peak of the voltmeter transient is the summation of the voltages
of all the spectral lines within the bandwidth of the voltmeter. Due to the
non-linear phase-versus-frequency characteristic of bandpass filters around
the stop-pass-band boundaries, this summation has to take phase (or delay)
distortion into account. That is why it is difficult to determine the impulse
bandwidth from measured frequency response alone. With a frequency
spectrum extending well over the range of the bandwidth and consisting of
discrete frequencies spaced at a distance of f; apart and having the same
voltage Vg, the peak of the transient response of the voltmeter becomes

Vp = VZ - m (9)
where
BW;
m =" = number of spectral lines within the
r
impulse bandwidth BW;. (10)
Substituting Equation (10), we get
BW;
Vp = V2 L f!’ (11)
and, with
Vo=V .7 .18, (12)
Equation (9) now becomes
BW;
Vp=V1"f‘fr'fr =V -7 - BW;. (13)
Impulse bandwidth is
Y 1
BW; = Vi T (14)

8 s g e i =Vy-7- (15)
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APPENDIX B
MAXIMUM BROADBAND SIGNAL LIMITATIONS
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MAXIMUM BROADBAND SIGNAL THAT CAN BE
MEASURED WITHOUT FRONT END OVERLOAD

Impulse signals of the form shown in Figure B-1 can overload the spectrum
analyzer front end while the displayed signal at the CRT is far below full
scale. The frequency spectrum of both these signals has the general form

VOLTAGE

I

—

Vo,

T

| i

VOLTAGE‘

|

-

shown in Figure B-2.
1

J —l —
m TIME TIME
® Al -1
1
Figure B-1
N
VOLTAGE Vv 271 OLTAGE
P1 T
i
1 2 3 f4 2
) m 2 5
he - . »
j FREQUENCY T FREQUENCY
Figure B-2

The maximum spectral intensity is

for Figures B-1A, B-2A

Vpq:71-2 v
P1 & P1
Srms = T i = \/-f Vpl *T1 = \/2- fL (16)
for Figures B-1B, B-2B
Vpo -T2 Voo -7 A"
P2 T 2 P2
Sms = T ’ vz = !:f/_z_ = f—L (17)

Because of the broadband input of the spectrum analyzer, the signal appears
at the input mixer as shown in Figure B-1. The signal displayed at the CRT,
however, appears as

Vp /2 - BW;
p 1
Voutyms = Srms - BWj = £, (18)
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Therefore, when using a narrow IF bandwidth, the impulse bandwidth BW;
is narrow and the displayed voltage small.

The input voltage Vp necessary to overload the front end mixer (defined as
the point where its conversion loss has increased by 1 dB) is approximately
Vp

m = 0.07V rms (for each of the tuning sections)

The width of the main lobe, f[,, can be determined from the spectrum
analyzer display of the signal. BWj, the impulse bandwidth for a particular
IF bandwidth setting, is known or can be measured using the method given
in the calibration section of this application note.

When using logarithmic display and vertical calibration in terms of dBuV/
MHz, the display signal for which overload starts is

Vp 1 MHz
Srms = 20 log (ﬁ VZ T ) (19)
The following table has been calculated from Equation (19).

MAXIMUM BROADBAND SIGNAL WITH RESPECT TO MIXER OVERLOAD
(ADD INPUT ATTENUATOR SETTING IN dB TO THE VALUES SHOWN)

Width of Signal | Displayed Signal |

Main Lobe Maximum
fo dBuV/MHz

10 kHz 140

100 kHz 120

1 MHz 100

10 MHz 80

100 MHz 60

1000 MHz 40

FRONT END OVERLOAD BY IMPULSE CALIBRATOR

The spectrum of an impulse calibrator usually extends over an extremely
wide frequency range. The spectral intensity it delivers is constant over any
small portion at the low end of this range. Peak voltage Vj of an impulse
calibrator signal of spectral intensity Syygin V rms/Hz after passing through
a preselector filter with a passband of width BWg in Hz is

Vo(peak) = /2 - Spns - BWy = Vimg - /2. (20)

When using logarithmic display and vertical calibration in terms of dBuV/
MHz, the maximum permissible amplitude of an impulse calibrator is

Vp 1 MHz
Srms = 2010g( 1;“\‘,‘“' * BW,

The following table has been calculated from Equation (21).

(21)
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MAXIMUM BROADBAND SIGNAL FROM AN IMPULSE CALIBRATOR AS
FUNCTION OF PRESELECTOR BANDWIDTH WITH RESPECT TO
FRONT END OVERLOAD

(ADD RF ATTENUATOR SETTING IN dB TO THE VALUES SHOWN)

Filter (Ahead of Maximum Impulse Calibrator
Front End (Having Signal
An Impulse Bandwidth dBuV/MHz (rms)

BW2 85538 8555A

1 MHz 97 97

10 MHz 77 77

30 MHz 67 67

100 MHz 97 57

300 MHz 47 47

1000 MHz 37 37

3 GHz 27 27

10 GHz 17 17

Note 1. 8553B Tuning Section has a low-pass filter of 120-MHz bandwidth ahead of mixer.
2. 8445A Automatic Preselector has a bandwidth of from 20 to 70 MHz.
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APPENDIX C

LIST OF SPECTRUM ANALYZER SENSITIVITIES
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TABLES OF CW SENSITIVITIES

Broadband sensitivities are not listed. They can be obtained by subtracting
the bandwidth factor, B, from the CW sensitivities given in the tables. B is
found from the equation:

Impulse Bandwidth
1 MHz

B = 201log
Example: Impulse bandwidth is 1 kHz and CW sensitivity is =127 dBm or
-20 dBupV
Then,
Broadband sensitivity is:
10°
-127 dBm - 20 log IO-E = -127 + 60 = -67 dBm/MHz

or

108
-20 dBuV -20 log _(;E = +40 dBuV/MHz
1

Model 8556A Spectrum Analyzer

Noise Figure Equivalent Noise Voltage
Frequency
dB BW = 1 kHz BW = 10 Hz
20 Hz — 300 kHz 22 -122 dBm -142 dBm
-15 dBuV -35 dBuVvV

Model 8553B Spectrum Analyzer

Noise Figure Equivalent Noise Voltage
Frequency
dB BW = 300 kHz BW = 10 Hz
1 MHz — 110 MHz 24 =95 dBm -140 dBm
+12 dBuV -33 dBuV

Model 8554L Spectrum Analyzer

Noise Figure Equivalent Noise Voltage
Frequency
dB BW = 300 kHz BW = 300 Hz
1 MHz — 1250 MHz 32 -87 dBm -117 dBm
+20 dBuV -10 dBuV
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Model 8555A Spectrum Analyzer

NOTE: Does not include Automatic Preselector or low noise amplifiers.
The insertion loss of the preselector and gain/noise figure of preamps must
be taken into account.

Frequency (GHz) Noise Figure Equivalent Noise Voltage
Mixing Mode dB BW = 300 kHz BW = 300 Hz
0.01— 2.05 29 -90 dBm -120 dBm

1- +17 dBuVvV -13 dBuV
1.50— 3.55 217 -92 dBm -122 dBm
1- +15 dBuV -15 dBuVv
2.07— 6.15 36 -83 dBm -113 dBm
2. +24 dBuVvV -6 dBuV
2,60— 4.65 217 -92 dBm -122 dBm
1+ +15 dBuV -15 dBuVv
411— 6.15 49 -90 dBm -120 dBm
i+ +17 dBuV -13 dBuVv
4.13—10.25 41 -78 dBm -108 dBm
3- +29 dBuV -1dBuV
6.17—10.25 39 -80 dBm -110 dBm
2+ +27 dBuV -3 dBuv
6.19 —14.35 49 -70 dBm -100 dBm
4- +37 dBuV +7 dBuvV
8.23 —14.35 44 ~75 dBm -105 dBm
3+ +32 dBuV +2 dBuV
10.29 — 18.00 54 -65 dBm -95 dBm
4+ +42 dBuV +12 dBuV
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