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The text of this Technical Report is based on the following documents:

Draft Report on voting

103/206/DTR 103/223/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates that it
contajns colours which are considered to be useful for the correct understanding of its
contepts. Users should therefore print this document using a colour ‘printer.



http://www.iec.ch/members_experts/refdocs
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=540892e68a04ae786666bccee94b0452

-6 - IEC TR 63352:2022 © IEC 2022

INTRODUCTION

This document describes a high-dynamic-range spectrum measurement system to measure
spectra in the frequency range 140 GHz to 300 GHz. Although millimeter-wave (mmWave)
technology has high potential for both industries and users, there are no developed techniques
for evaluating spectra suppressing the unwanted response generated in the measurement
system. In addition, the commercialized spectrum analyser for this frequency band cannot
accurately measure low power input signals due to the insufficient dynamic range while high
power signals are input to the spectrum analyser simultaneously. This document describes the
high-dynamic-range spectrum measurement system with low unwanted response for measuring
spectra in the frequency range 140 GHz to 300 GHz, and proposes an mmWave pre-selector
to suppress the unwanted response generated in the measurement system.
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TRANSMITTING AND RECEIVING EQUIPMENT FOR
RADIOCOMMUNICATION -

RADIO SPECTRUM MEASUREMENT METHOD - 300-GHz SPECTRUM

MEASUREMENT EQUIPMENT

1 Scope
This dgedment—spesifies—spestrum—measurement-methods—inthefrequeney—range—40-GHz to
300 GHz. This document also provides background information, describes | gystem
configyrations, key mmWave pre-selector technology, as well as some examples ofthe’spurious
measufement of antennas under test (AUTs) over the air.
2 Ngrmative references
There @re no normative references in this document.
3 Terms, definitions and abbreviated terms
3.1  Terms and definitions
No terms and definitions are listed in this document:
ISO and IEC maintain terminological databases for use in standardization at the following
addresges:
e |E( Electropedia: available at http://www.electropedia.org/
e |SQ Online browsing platform:.available at http://www.iso.org/obp
3.2 Abbreviated terms
mmWpave millimetre-wave
ACLR adjacent channel leakage power ratio
ATT attenuator
AUT antenna under test
DANL displayed average noise level
DUT device under test
FCC Federat-Commumications Commission
FOD foreign object debris
IF intermediate frequency
IR infra-red
LIDAR light detection and ranging
LO local oscillator
OOK on-off-keying
OTA over the air
PC personal computer
PHY physical layer
QAM quadrature amplitude modulation
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RBW resolution bandwidth

RF radio frequency

SHM sub-harmonic mixer

SPA spectrum analyser

TE mode transverse electric mode

TOI third-order intercept

YIG filter yttrium-iron-garnet filter

WRC World Radiocommunication Conference

4 B43ckground to measurement up to 300 GHz

4.1 |EEE Std 802.15.3d

The IEEE SA Standards Board approved the first edition of the IEEE Std 802:15.3 standard on
March (15, 2016; it was also adopted and approved by the ISO/IEC nationhal bodies. There are
three gmendments to IEEE Std 802.15.3. IEEE Std 802.15.3d-2017(Amendment 2) copsiders
non-coherent OOK and coherent QAM up to 64 on the 300-GHz-band. Two PHY modes are
defined that enable data rates of up to 100 Gb/s using eight different bandwidths betweg¢n 2,16
GHz amd 69,12 GHz. The current frequency plan is depicted in ‘Figure 1, although it copsiders

a broad range of possible channel allocations.
252,72 30456 321,84
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Figuresd\~ IEEE Std 802.15.3d-2017 (Amendment 2) frequency plan

4.2 FOD radar

After theAir France Concorde crash in 2000, which was caused by engine ingress of funway
debris, a@irportoperators focused o the use of —foreigmobjectdebris{FOD) detectiomsystems.
Several technologies, such as cameras, IR, LIDAR, and other sensors are being tested. One
candidate is the mmWave radar because it can detect small metallic objects using converted
automotive radar in the 77-GHz band. If the system requires finer resolution, the 92-GHz to
100-GHz band for radio location services should be used for the purpose.

4.3 Experimental frequency license above 95 GHz

The Federal Communications Commission (FCC) announced new rules to encourage the
development of new communication technologies and expedite the deployment of new services
in the spectrum above 95 GHz, such as data-intensive, high-bandwidth applications, as well as
imaging and sensing operations. To enable innovators and entrepreneurs to readily access this
spectrum, the Spectrum Horizons First Report and Order creates a new category of
experimental licenses for use of frequencies between 95 GHz and 3 THz. These licenses will
give innovators the flexibility to conduct experiments lasting up to 10 years, and to more easily
market equipment during the experimental period.
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4.4 ITU WRC-19 agenda item 1.15

Agenda item 1.15 covers the identification of frequency bands for use by administrations for
land-mobile and fixed services applications operating in the 275-GHz to 450-GHz frequency

range.

The 275-GHz to 296-GHz, 306-GHz to 313-GHz, 318-GHz to 333-GHz, and 356-GHz to

450-GHz frequency bands are identified for land-mobile and fixed service applications,

where

no specific conditions are necessary to protect Earth exploration-satellite service (passive)

applications.

The 296-GHz to 306-GHz, 313-GHz to 318-GHz, and 333-GHz to 356-GHz frequenc
may onmly be used by land-mobile and fixed service applications when specific condi
ensure|protection of Earth exploration-satellite service (passive) applications are determ
accordpnce with Resolution 731 (Rev.WRC-19).

In thosg parts of the 275-GHz to 450-GHz frequency range where radio-astronomy appli
are usqd, specific conditions (e.g. minimum separation distances and/or ayoidance angle
be nedessary to ensure protection of radio-astronomy sites from land-mobile and/o
servicq applications on a case-by-case basis in accordance with Reso6lution 731 (Rev.WH
Use of| the above-mentioned frequency bands by land-mobile and,fixed service appli

bands
ons to
ined in

cations
s) may
r fixed
C-19).
Cations

does npt preclude the use by, and does not establish priority<over, any other applicafions of

radio services in the 275-GHz to 450-GHz range.

4.5 ssue of conventional spectrum measurement for mmWave

Unwanted responses in the spectrum-analyser, RF front-end prevent accurate sp
observption of target signals. There are three main unwanted responses. The first is
responge, which occurs when a signal is input tosthe spectrum analyser at the image freg
The second is multiple response. The frequency components | m * RF frequency — n

ectrum
image
uency.
" Local

frequency | (where m and n are integers) ©ccur due to spectrum-analyser circuit non-lipearity.

The mdltiple response occurs when the~frequency of the components equals the IF fred
The thifd is residual response, whichxdccurs due to multiples of internal frequency comp

uency.
bnents,

such ap local oscillator frequencys\and local oscillator intermediate frequency. A pre-gelector

can bg used to suppress image’ response. (The two other unwanted responses
supprepsed by frequency design.) However, there is no tunable pre-selector like a YIG f
frequencies above 80 GHzwFigure 2 shows the results of observing a signal using a sp
analyser without a pre-selector. Unwanted responses can be seen in addition to the
signal,[making it difficUltto recognize the wanted signal.

can be
Iter for
ectrum
vanted
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Figure

Center 60.000GHz Span 20.000 000Gz

(AL

pD-GHz band spectrum measurement

Dverview

mmWave frequency band for G-band; H-band and J-band.

IEC

Figure 2 — Spectrum observed by spectrum analyserdithout pre-selector

0-GHz spectrum analyser supports signals from 140 GHz to 300 GHz; the 1¢
dth is split into three bands and each,band is covered by a spectrum analyser. ]

Table 1 — Frequency-bands covered by spectrum analyser

Frequency [GHz] 140 to 190 185 to 260 255 to 315
Band G-band H-band J-band
Waveguide WR-5 WR-4 WR-3

3 shows thevexternal appearance of the J-band spectrum analyser and signal

0-GHz
[able 1

source

used for evaluation. The target specifications for the J-band spectrum analyser are diven in

Table 2.
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Figure 3 — External appearance of 300-GHz band spectzgélgnalyser

Table 2 — J-band spectrum analyser target s&gzjfications
N\,

Frequency band 255 GHz to 31%!—?2
Unwanted response < -60 dB —1‘3 dBm input
Displayed average noise level < —1§0QB¥/HZ
Third-order intercept point >¢®Bm

%

N
800-GHz spectrum analyser config$§tion

b local oscillator, an IF proces@1g part, and the display as shown in Figure 4.
oF

RF front- \\
______________ _rt;.________,

Hard spectrum analyser is comp&‘ed of an RF front-end including a pre-selecfor and

Pre-selector (_Q_> Mixer | IF processing || Display

There

Q/C) Local oscillator
N

Figure 4 — Standard spectrum analyser configuration

are two options for generating local signals above the 100-GHz band. Figure 5 shows
the configuration for generating an optical local signal, and Figure 6 shows the configuration

for generating an electrical local signal.

YEC
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RF Input
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300 GHz |
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IEQ

Figure 6 — 300-GHz spectrum analysis system with electrical local signal genergtion

Table J

compares these methods for generating the spectrum-analyser local signal.

Optical

local s

9IIG: gcllclatiun hGD thc qdvqlltagc, fIUIII [=] flcunllby CAtUIIdIbI:It)’ pclcpcbtiv
other performances are similar. Future discussions are based on a system using electrical local
signal generation based on the cost advantage.

, while
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Table 3 — Comparison of two local signal generation methods

SPA with electrical
LO oscillator

SPA with electrical
optical LO oscillator

Comment

Dynamic range

++

++

Equivalent output level and local
signal purity

Measurement speed

++

Takes time to switch frequency

Frequency extendibility

++

+++

Optical method easier to extend
frequency range

Footprint +++ ++ Equivalent head size but optical
method needs extra box
Cost ++ + Electrical: Optical = 1. TJo
Key
+: Avergage
++: Godd
+++: Exjcellent
5.3 mmWave pre-selector
Figure |7 shows a standard spectrum-analyser configuration. Distortion components oc¢ur due
to the lise of non-linear parts, such as the mixer and amplifier; and are displayed as spurious
in the gpectrum.
Loss\ Distortion
Pre- / \ IF filter Video filter
selector MIX (RBW) Detector (VBW)
K %
Y g D=
Local A/D
oscillator 1
A F—{AD PU Memory
Sweep ,1.
generator S857 8!
Isinse s
4
b
IEC
Figure 7 — Standard spectrum-analyser configuration

As explained in 4.5 a pre-selector can suppress image responses. Fomula (1) shows the
frequency relationship of the local signal, RF signal, and IF signal, where the frequencies of the
IF signal, RF signal, and local signal are expressed as fr, frr, and f o, respectively.

JiF =/RF ~ flo

(1)

Fomula (2) shows the relationship for the image frequency f),g and Figure 8 shows the
relationship of each frequency component. When the component fj,g is input to the spectrum

analyser, a pseudo-response is observed, making it difficult to separate the wanted response
due to frr and pseudo-response due to fjyg-
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fimg = 2 % (fLo ~ /rF) (2)
S JimG Nlo JRF
m
A A

p—— 4

NI |

Figure 8 — Image response mechanism

Since tfhe non-linear parts, such as the mixer and amplifier, generatelharmonic compgnents,
higherjorder image response components are represented by Fomula'(3).

fimg = (m % frg) — (n % fip) (3)

The pre-selector is key to reducing spurious response displayed on the spectrum apalyser
becauge it suppresses image responses.

Figure |9 shows the conventional pre-selectioah method for the mmWave band. Figure 10/ shows
a newly developed filter-bank-type pre-selector that is smaller with faster switching andl lower
insertign loss compared to the conventional method. Figure 11 shows the measured ré¢sult of
the filtgr bank; the insertion loss is_Jess than 5 dB up to 315 GHz.

Waveguide BPF6
BPF4 :
ﬂ' BPF3
BPF2 O
BPF1
Switch(SP3T)

IEC

Figure 9 — Conventional preselection method
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In | Waveguide BPF 3 Waveguide | Out

IEC

Figure 10 — Filter-bank type pre-selector
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Figure 11 — Measurement results

54 Performance of mmWave spectrum analyser

5.4.1 General

Figure 12 shows the measurement system configured from a 300-GHz front-end, spectrum
analyser, local signal source, and personal computer (PC). The front-end is configured from a
pre-selector, sub-harmonic mixer (SHM), and IF amplifier to convert the input RF signal to the
IF output. The part generating the local signal includes amplifiers, multipliers, and bandpass

filters. The SHM is used for frequency down-conversion, and the IF frequency relationship is
shown by Fomula (4).

SiE = IfjRr =2 > fLol (4)

The spectrum analyser processes the IF signal to display the spectrum on the PC.
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5.4.2

Figure |13 shows the set-up for the level calibration. The signal generator gutputs a sigrn
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Figure 12 — Measurement set-up

Signal source for calibration and test

ency of 42,5 GHz to 52,5 GHz to the frequency converter which multiplies the s
l;iz to 315 GHz. The controller adjusts the level of the signal from the frequency co

r

Bm, therefore ensuring a sufficient signal level {0 the calorimeter is import

Bm and an output of -8 dBm is ensured by the ‘test signal source of the 300-GH

mmWave calorie meter

Coqioller IZ\ 3‘/)/—\—-”"’,—.]
l—
———

Det

|

Figure 13 — System set-up for level calibration

= -
i ] 300-GHg
— b B D=
- Spectruf
Calibration software Signal generator analyse
Frequency converter
42,5 GHz to 52,5 GHz 255 GHz to 315 GHz

al with
gnal to
hverter

than —15 dBm. The output signal level is measured simultaneously by the detector in

eter to
ure 14
nge is
ant for
urce is
7 band

=]

IEC

255 GHz to 315 GHz

Signal \| Variable . o Variable \
generator [ | BPF | | Multiplier BPF — Amplifier — ATT Coupler
A A \ |
Detector
PC Dlgltal
multimeter

Figure 14 — Signal source for level calibration and evaluation
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Figure 15 shows the output power when the output level is controlled to within
-15dBm % 0,5 dB. Figure 16 shows the spurious level. The signal-source purity should be
better than the target spectrum analyser spurious level. The spurious level is less than -70 dBc,
which is 10 dB better than the spectrum analyser's unwanted response (Table 1). Consequently,
the spurious performance is sufficient for the test signal source.

-10 T T T T T

- Measured value ]
-12 Target -
13 i
14 | i

-16 \ -
-17

-15,0dBm 0,56 dBm

255 275 295 315
i Frequency [GHZ]

Output power [dBm]
N
o

IEC

Figure 15 Signal source output power

—@— Measured data

Target

-100 —
255 265 275 285 295 305 315

¢ Frequency [GHz]
IEC

Spurious level [dBc]

Figure 16 — Signal source spurious performance

5.4.3 Spectrum measurement

Figure 17 shows the spectrum measurement results. At an RBW of 1 MHz, the spectrum from
255 GHz to 315 GHz can be measured in 70 s.
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Figure 17 — Spectrum measurement result from;255 GHz to 315 GHz
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Figure 18 — Relationship between input RF signal and displayed frequency

Figure 19 compares the spurious response performance for each IM(m,n) component generated
in the dpectrum analyser. A typical spurious performance of —90 dBc is achieved across|the full
frequemcy band excluding the image component. The image response performance fan be
measufed with and without the pre-selector, excluding the 265-GHz to 310-GHz band|due to
test sef-up limits.
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Figure 19 — Comparison of spurious response with and without pre-selector
(RBW =1 MHz, Detection = Positive/Negative)
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5.4.5 Displayed average noise level

The displayed average noise level (DANL) is an important index of spectrum-analyser
performance. Figure 20 shows the measured DANL for the J-band spectrum measurement
system with no RF signal input. The measurement results when RBW = 300 Hz have been
converted to RBW = 1 Hz. The worst DANL is —-145 dBm/Hz.
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Figure 20 — Displayed@average noise level

5.4.6 Third-order intercept point

value where the levels of the fundamental components and distortion are the same. Devices
with a high TOI have high linearity-performance. The combination of TOl and DANL detgrmines
the spgctrum analyser dynamic range, so the balance is important. A spectrum analyser with
better TOIl can measure a signal with lower distortion. The TOI is important when obserying the
adjacept channel leakagepower ratio (ACLR) of modern transmitters because the| ACLR
indicatgs the degree ofinterference with neighbouring channels. When measuring thg ACLR
using g spectrum analyser, the spectrum analyser's TOIl performance should be better than the
transmjtter's distertion performance. Figure 21 shows the TOI definition. When two sigpals, f4

and f,| are input'to a non-linear device, distortion signals are observed. The compgnents,
2xf11/2and 2 xf,-f, are the third-order distortion components. Any increase (z) in the
device [fundamental level doubles (2n) the third-order distortion level.

Non-Iir:i/ear circuits generate harmonic.components. The third-order intercept (TOI) point is the
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Figure 21 — Third-order intercept point
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Figure 22 shows the measured TOI. The TOI performance at a frequency separation of 10 GHz
is better than +23 dBm; at a frequency separation of 10 MHz, it is better than 10 dBm over the
entire frequency range.
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Figure 22 — TOl measurement results
(Span 0 Hz, ATT 0 dB,.RBW 300 Hz)

6 Spectrum analyser overall performance

6.1 Seneral

Table 4 shows the overall performance of the spectrum analysis system from 140 GHz to
315 GHz. This document does notiexplain G-band and H-band spectrum analysers, bjut both
have the same pre-selector type:

Table 4 <:Frequency bands covered by spectrum analyser

Band G-band H-band J-band
Frequency [GHz] 140 to 190 185 to 260 255 to 315
DANL [dBm/Hz] <-142 <-140 <-144
TOI [dBm] > +13 > +13 > +11
Waveguide WR-5 WR-4 WR-3

6.2 Measurement examples

Figure 23 shows the configuration of the integrated spectrum measurement system. The
purpose of spectrum measurement by the system is to both measure the occupied bandwidth
of the fundamental wave component and to measure out-of-band unwanted emissions. The
microwave band radio standards specify the device under test (DUT) Ty power and unwanted
emission values at the antenna connector, but the number of the devices without antenna
connector increases. Consequently, an integrated spectrum measurement system was
configured consisting of assembled spectrum analysers to measure the spectrum over the air
(OTA) for each band from 140 GHz to 315 GHz and the measurement system effectiveness was
evaluated.
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Figure 23 — Integrated spectrum measurement system

6.3 Integrated spectrum measurement system evaluation

The us

propag
the me

First, t
ADUT
power
conned

pasured Ty power, antenna gain, and Ry power.

e integrated spectrum measurement system evalyation method is shown in Fig
was configured from a standard gain horn antenfia)and a signal source with a kn

ted to each spectrum analyser in the integrated spectrum measurement syste

bbility of the integrated spectrum measurement system was exaluated by comparing the
lation losses found from the theoretical fomula with the propagation loss calculated from

ure 24.
bwn Ty

for each of the G-, H-, and J-bands. Similarly, a standard gain horn antenpa was

m. The

propagjation loss L., was found from Fomula (6);,derived from the Friis transmission formula,

where
power,

On the
by Fom

G, and G, are the Ty and Ry antenna gain, respectively, and P, and P, are the Ty
respectively.

s =P/(Pththl’)

other hand, L, in the.'propagation loss theoretical formula for free space was cal

Li = (4ndl))?

and Ry

(6)

culated

ula (7), where fis-the wavelength and d is the distance between the Ty and Ry anfennas.

(7)

The values of the propagation loss L, found from Fomula (6), based on the measured Ry power,

and of

the propagation loss L, found from Fomula (7) were compared.
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Figure 24 — Integrated spectrum measurement system evaluation

Propagation loss measurement results

25 shows the propagation loss measurement systeni\for evaluating the int
m measurement system. The distance d between the Iy and Ry antennas at thqg signal

side and front-end side was 500 mm, which is a relatively short distance for the
and is based on the antenna physical aperturexn addition, a radio-wave abgorbent

| was attached to the front face of the signalssource and front-end to reduce th
tanding wave.

Measured value

-
Frequenfy

Ty power:
—10 dBm((Grband, H-band)
—-15 dBm (J-band)

G-band / H-band signal source

d =500 mm

Distance between antennas*

G-band / H-band front-end

Radio anechoic chamber

Figure 25 — Propagation loss measurement system

Table 5 —

IEC

IEC

grated
r-field

effect

Model

Frequency

[GHZz]

Gain Aperture

[dB] [mm]

Dimensions W x H

G-band

HOS5R

140 to 220

22 to 24 12,56 x 9,6

H-band

HO4R

170 to 260

22 to 24 10,6 x 8,1

J-band

HO3R

220 to 325

22 to 24 8,4 x6,4
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Figure 26 — Propagation loss (propagation-distance 4 = 500 mm)

bn the measured Ry power and the propagation loss L; found from Formula (7). L,

cy of 1,4 dB (G-band), 2,0 dB (H-band);»and 1,2 dB (J-band). The difference betw

Fvaluation with integrated spectrum measurement system

putput flange of a 12x multiplier and the OTA spectrum was measured. Table 6 |

This measurement used an input frequency to the DUT of 11,75 GHz. Consequ
pected that42x multiplier components and spurious response including harmonicg

ement. system. Table 7 lists the theoretically calculated frequency compg

26 shows the comparison between the propagation loss L, found from Formula (6)

L found
offset
een L,

includes antenna gain errors between simulation values and the actual antenng gain.
This erfor can be suppressed by the intreduction of measured antenna gain.
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t using
P same
ently, it
would
ectrum
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ns with

Eed in‘the multiplier. Figure 28 shows the observed spectrum measurement screeg

n. Only

expected frequency components are observed, meaning that the measurement system did not

genera

te unwanted responses and works well.


https://iecnorm.com/api/?name=540892e68a04ae786666bccee94b0452

IEC TR 63352:2022 © IEC 2022 - 25—

Table 6 — 12 Multiplier specifications

Model SGX105
RF output flange WR-5.1, UG-387/U-M
RF frequency 140 GHz to 220 GHz
Output power +4 dBm (typ.), 0 (min.)
Multiplier 12
Input frequency 11,67 GHz to 18,33 GHz
Maker Virginia Diodes Inc.

Distance between antennas

4 =500 mm G-band / H-band / J-band

< > front-end
RF input 12x Multiplier fb"
11,75 GHz 0 [ Q)
Ty :[

. G ,(Q )
l' r
- /’\

¢ Azimuth Vd
0 : elevation angle

IEC
Figure 27 — Spectrum evaluation in OFA measurement environment

[able 7 — Output signal and spurious frequency (11,75 GHz input frequency

calc:raizze:‘:'zzlll.lincy Multiplier calc-lr.lraet::ie:‘:'zzltl.lincy Multiplier

[GHz] [GHz]

141,0 12x (output) 235.0 20x
152,75 13x 246.75 21x
164,5 14x 258.5 22x
176v25 15x 270.25 23x
188,0 16x 282.0 24x
199,75 17x 293.75 25x
211,5 18x 305.5 26x
223,23 19x

1" This information is given for the convenience of users of this document and does not constitute an endorsement

by IEC of the product named.
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