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Market trend of
mmWave radar and
5G communication




Market trends

EMERGING NEW APPLICATIONS

e

5G

chipset providers,
operators,
and NEMs

[ Automotive Biomedical |
\ and Energy

Power Steering Control
Rear-view camara
Backup sensors

Power Seat Control

Vehicle-to-Everything
(V2X) Communications

Parsonnel Oc_cupancg
Detection Syslems (PODS)
for Air Bag systems

Remote Keyless Entry

Electronic Stability
Control Module

Advanced
Radar & EW

Solutions

Climata Control Systam

Infotainment/Navigation
Modules (DVD, eCalls, Hands
Free Telephony, GPS)

Instrument Clusters

Fuel Injection 'Module
Pawer Train &
Engine Management

Anti brake Locking system
Praasus Mot ing, (MIL, SIL, HIL)

lre Pressure Monitoring system

Emission Control Module Adaptive Lighting Control
Radar Collision Avoidance

Hybrid Electric Vehicle
(HEV)/ Electric Vehicle (EV)
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“Applications at millimeter frequencies

1. Automotive radars
(76-77 GHz, 24 GHz,77-81GHz)

AMIFMILA
5221620k | [Ty
il 90-108MHz
149284kt 170-220MHz
GPS ATRTINMH?

24GH

_Smart key entry
12511 32kHz
Key-less entry system =

31 5MHZ/4 33MHz 'I:i‘r-éA[')‘rA(e;sure monitor

3 EMHz

(from ESI Group HP)

v" Front long range radar: 76-77 ,77-81GHz
v' Rear short range radar: 24 GHz
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802.11 n ] 03
(2.4 GHz & 5 GHz) || "

2. Next-generation wireless
communications

(WiGig, 60 GHz band)

Peak Data Transfer Speeds (Gbps)

Download a 120-min

802.11 ac 15 Movie: ~10 sec
(5 GHz) '

WiGig 4
(60 GHz) |

Demonstration experiment at Narita Int’l airport
(Feb. 18-26, 2016)



Newﬁ Operating Bands In 5G NR —up to 40G by FR2

|
ISM ISM " 64-71GHz
Note :

Adds 1.5 GHz of new spectrum in Adds 8.25 GHz of new spectrum in Frequencies ub to 90 GHz 3GPP band n258 refers to the-_range
frequency bands frequency bands q P between 24.25-27.5 GHz and is

= En il 2 commonly called 26 GHz. And 3GPP

investigated .
et e band n257 refers to 26.5-29.5 GHz. Itis

n77: 3.34.2 GHz n257: 26.5-29.5 GHz
n78: 3.3-3.8 GHz n258: 24.25-27.5 GHz common/ylcalleriZEas s
n79: 4.4-5 GHz n260: 3740 GHz

A lot of 5G commercial trial & initial

. New bands Supporting operators
deployment focus on:
 3.6to 3.8GHz band (part of n77 & n78) Band n77 (3300-4200 MH2) NTT DOCOMO, KDDI, Softbank Mobile, China Mobile, China
e 26to 27.5GHz band (part of n257 & n258) Band n78 (3300-3800 MH2) Unicom, China Telecom, KT, SK Telecom, LG Uplus, Etisalat,

Orange, Telecom Italia, British Telecom, Deutsche Telekom, Telstra

N
NTT DOCOMO, KDDI, Softbank Mobile, China Mobile, KT, SK

‘ ; Band n257 (26.5-29.5 GH
. Downlink 3.4 to 4.2GHz i ( 2) Telecom, LG Uplus, Etisalat, Orange, Verizon, T-mobile, Telecom

Band n258 (24.25-27.5 GHz) _ o
ltalia, British Telecom, Deutsche Telekom, Telstra

KEYSIGHT Satellite Ground Station Keysight World 2020 Taipei Source: Huawei 5
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Material performance requested by 5G and mmW radar

* |[deal performance is “air” Aumina
1203
- Designers have to use dielectric material to hold or to EOR
protect signal line, but they prefer “as same as nothing 0 b c: Spceed of light
there”. Magnesia
Spinel (Mg0)
(Mg0-Al:03)
 Lower Dk & Low Df Wl "
(3li|.~loe.-25ios)

« Lower DK( g) : To achieve lower latency/delay signal
» Lower Df (tand): To avoid signal loss at high speed signal

Forsterite
o (2Mg0+Si02)

b
~

Steatite (Mg0-Si0:)

Cordierite
(2Mg0+2A1:03+58i0z)

Propagation delay Tpd(ns/m)

» Users’ request

« Dk and Df at target frequency range = to cover 30GHz and U I I
80GHz 0 4 5 6 71 8 9 10 Il

Permittivity &
Propagation delay vs. Dk of ceramics

Figure modified based on https://www.jstage.jst.go.jp/article/ieejfms1990/113/7/113 7_495/ pdf/-char/ja
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https://www.jstage.jst.go.jp/article/ieejfms1990/113/7/113_7_495/_pdf/-char/ja

Desired performance for mmWave radar material

Product mmWave radar

Material Bumper Radome Antenna & print circuit board
Emblem
Paint

e =

Requirement

Good transparency for
mmWave

Low cost, Small footprint,
Avoid performance degrade at
mmWave

Desired electric
performance

KEYSIGHT
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Low refection and low loss
=Low dk, less than 3.0

Low df to avoid loss in

mmWave range

Low loss transmission line = low
df, High conductivity.

Accurate dk value & anisotropy

| understanding for good design

All application request low dk and low df material

/Illi

Radome Signal processing circuit

Ref. Denso Technical review vol.9 No.2



Expected performance for 5G dielectric materials

Product Rigid / Flexible IC / Antenna Others

print circuit board | Semiconductor | protection,
Mobile chassis

Material Resin IC package Resin Glass
Base material Sealing material | Paint Transparent base
Composite Adhesive Optical material
Registration Under fill Camera lens
Adhesive Anti-reflection film
Coverlay Connector form
Copper Clad
Laminate (CCL)
Pre-preg

Expected Low dk, Low df, Low | Low dk, Low df,

performance loss, Low User expects that filling space by resin doesn’t change
transmission performance vs. air
loss(Surface
conductivity)

KEYSIGHT
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All application request low dk and low df material




Typit:al PCB material Dk and Df

(a) Characteristics of PCB materials

Loss tangent (tand) ) Df

»

0.1

0.01

Low dk Polyimide
resin

Estimated
By author

1 L 1

For semiconductor
packaging

LCP: Liquid crystal polymer

1

20
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25 30 35
Permittivity (€,) Dk

Ref; NikkeiBP 2017July

https://tech.nikkeibp.co.jp/dm/atcl/maqg/15/398081/071100093/

40

(b) Low loss PCB material examples

(a) T®D

im | IETT e}

® Panasonic |R-5575 Thermosetting resin Released on June 2017
(details are hidden)

@ Panasonic |FELIOS LCP &R-BM17 Cpre as LCP Prod. on Jan. 2017

©) MGC HL972LF type LD BT resin Prod. on May 2017

@ DYCONEX 3t |Advanced LCP Subtrates |LCP Early production

® "'Murata MetroCirc LCP and Fluorine resin | [Production.
(estimation by nikkeibp) ' Released on Nov. 2016

® Rogersit CuClad Fluorine resin (PTFE) | Production

@ Sumitomo Elec | #7F Fluorine resin Under development

Keysight World 2020 Taipei
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https://tech.nikkeibp.co.jp/dm/atcl/mag/15/398081/071100093/

Challenges of
Dielectric Parameter
Measurements

o5 ‘
AL




Result often differs from simulation...

 Another 8 to 12 weeks to run
the 2"d round
e Cost thousands$

6. Evaluate the

circuit and find
difference!

4~ weeks

5. Make an
actual circuit

4-6 weeks

KEYSIGHT
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1. Design a
circuit

/‘ /. 7
/Pure copper /

/ conductivity
/ /

g tamd |

2. getting ¢,
tand from the
data sheet

2+. Material Test

3. Circuit
simulation

4. Design the
final circuit




Dielectric constants in the in-plane X and Y directions may be

different
Liquid crystal polymer (LCP film)
1. Low water absorption

2. Excellent high-frequency electrical characteristics (low permittivity, low
dielectric loss)

3. High dimensional stability

But, strong anisotropy
...In recent years, a method for controlling anisotropy has been developed

Longitudinal stretching A
. it SLE {EH
,_ - 4 & Transverse stretching
LS he / 199959533 3339
ii; CCCep,

KEYSIGHT
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Case 2 (¢lass epoxy substrate / FR-4

KEYSIGHT
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FR-4 is impregnated glass cloth (Dk = 6.3) with organic resin

( Df =2 - 4) , and then stacked many layers

—_—

Supplier A; Nominal value of Dk =4.4

AR
‘\“\\\-
SRR G W

SRR ARRRN

“‘\“\‘

S

WRW AR AN

SO OO

SOOSCOI RS

S

RSSO

Supplier B ; Nominal value of Dk = 4.2




Results are different depending on what measurement method
IS used  The glass epoxy substrate has its anisotropy due to its structure.

Actual meas. value of supplier A
permittivity in plane direction = 4.43
permittivity in thickness direction = 4.02

—— “Nominal value” means in plane direction

Actual meas. value of supplier B
permittivity in plane direction =4.55
permittivity in thickness direction = 4.22 |

——“Nominal value” means in thickness
direction

KEYSIGHT Keysight World 2020 Taipei
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The electric field in the vertical (thickness) and horizontal
(surface ) direction

Strip line / Micro strip line Coplanar line Differential transmission line,
| Filter, Coupler

EAHER

KEYSIGHT

TECHNOLOGIES
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Not only surface direction, but also thickness direction
measurement

Coupler

*Dominant direction is vertical and horizontal, both.

KEYSIGHT Keysight World 2020 Taipei
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Materials Characterization Challenges

ACCURATE?

Which method should | use?

Improper fixture selection
causes fallure results

KEYSIGHT
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Solutlon Mapping: 5 major methods

|Impedance analyzer

< : I INetwork analyzer
| >
100Hz | 100MHZGHz 10 20 30 40 60 77 110 GHz
- : M o =
| 2) Coaxial prol | ° Frqqu_e cy
R L_4) Free space | <oeaied
circular ®

10-1 .. . °
1) Parallel |-, waveguide ,
| Coax. Holder WG holder [
. plate, v = * "t oo, 400" o Whispering
P Erdr /o : Gallery

-2 I Induc [, ‘ ! ° e
10 % ”
. ¢ °
! ®
=1 °e % | BCD o
10 *eboe°’ ' Resonator e
Strip Line (Ring) 7 Cutoff Circular
Resonator ) WG Resonator
104 I y °
°
TM,,, Cavity Resonator o®
Perturbation N e T D T .o o ®
10-° | ®eceoe ’
TEy; s SPD Resonator ceeee
A\ Fabry Perot Open Resonater

tan 0

I

: Split cylinder Resonator 2 dielectric resonator (Coax . _ .

I I Cable Loop antenna 2 dlelec.trlc resonator (with
I Coupling) NRD guide coupling)

I
KEYSIGHT Keysight World 2020 Taipei
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Select the most suitable method for your MUT

COMPROMISE IS NO LONGER REQUIRED

Parallel Plate & Inductance Low Frequency below 1GHz

o B Best for thin flat sheets
g-and p, =
Coaxial Probe 4 Broadband
a Best for liquids, semi-solids
£, ,
Transmission Line : ‘ Broadband
T Best for machine-able solids
g.and |,
Transmission Free Space : _ Broadband, mm-wave
Non-contacting
g.and ., d

Resonant Cavity Single frequency

High accuracy, Best for low loss, or
very thin samples

KEYSIGHT
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New mmWave Material
Test Solutions

* Balanced Circular Disk Resonator (BCDR)

* Split Cylinder Resonator (SCCR)

A
21




Material measurement method for mmWave type 1
 Continuous frequency point measurements (For Dk or high loss)

S-parameter Free space
method method
> Free space (Corrugated circular
O method (Horn waveguide)
o antenna, Lens 50GHz-1THz
= antenna)
<5 Coaxial probe Waveguide 5G - several
L 10M - 50GHz sample holder § hundreds GHz
ilel® “N1501A 26-50GHz g

*max
determined by
MUT handling
to modify

1G

KEYSIGHT
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Material measurement method for mmWave type 2
- Best for low loss, plate or film type MUT

a

Fabry pelot open

? L resonator

= TE mode g?:::;?dDii::Ee (perturbation method)
o : . :
O Split Cylinder Cavity B Resonator I 18 - 140GHz B
LL Resonator 10- 120 GHz TEMy, mode

10 — 80GHz

KEYSIGHT
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Resonant Cavity Fixtures available thru Keysight

Model # Description

N1501AE19

1.1 GHz, 3.5 mm (m) Split Post Dielectric Resonator

Model #

Description

Model # Description

N1501AEQ3

2.5'GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-710

10 GHz, SMA (f) Split Cylinder Resonator

N1501AE04

5.0 GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-720

20 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AE10

10.0 GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-724

24 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AE15

15 GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-728

28 GHz, 2.92 mm (f) Split Cylinder Resonator

Software: N1500A option 003

e e e

KEYSIGHT
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N1501AKEAD-735

35 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AKEAD-740

40 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AKEAD-750

50 GHz, 2.4 mm (f) Split Cylinder Resonator

N1501AKEAD-760

60 GHz, 1.85 mm (f) Split Cylinder Resonator

N1501AKEAD-780

80 GHz, 1 mm (f) Split Cylinder Resonator

N1501AKEAD-ST1

Software Split Cylinder Resonator Starter Kit

B Pty Masusasert Liflaee

b Hieie

a

Maasiuremaent Results

]

o 4 ' [N

Software: KEAD unique one
(included in N1501AKEAD-ST1)

des Frsin

N1501AE67 | 67 GHz Balanced Circular Disk Resonator

N1501AE11 | 110 GHz Balanced Circular Disk Resonator

-é, 4.0 T T T T T 0.010 T T T T T

2 38f o St 1 E [ & Sitayinder rasonator

E 46l 2 0008k .

2 . Software: BCDR unique one

= . .

5 (included in N1501AK67/11) , |
3.0 [ [ [ [ = s e

0

20 40 60 80 100
Frequency (GHz)

0.004!

0

20 40 60. 80 10
Frequency (GHz)

85072A 10 GHz Split Cylinder Resonator

Software: N1500A option 003




Low loss (<107-2) solution mapping

E-Field direction Horizontal (X-Y) /@//<— /
(Vary depends on er’ & freq.)

@ TMOXxO0 perturbation cavity KEAD, Keycom, etc. 1G to 10 GHz JIS C2565, ASTMD2520
Y & TEO1x Split Post Dielectric Resonator QWED (N1501AEXX) 1.1G to 15 GHz 0.7 mm, 15mm x 15mm
-n-‘ﬁ (SPDR) @15G
P TEO11 Split Cylinder Cavity Resonator Keysight (85072A), KEAD Up to 80 GHz IPC TM-650 2.5.5.13 20 um ~ 300 um (best for
L (SCCR) (N1501AKEAD) 100 um), 34mmx45mm >
20G
TEMOOx Fabry-Perot Open Resonator Keycom Up to 140 GHz JIS R 1660-2 10~20um, max 100um.

65mm x 65mm

I
[ 1
E-Field direction Vertical (2) / /

VoYY
A s o s
- Parallel plate capacitor method Keysight 16451B/453A 30M /1 GHz ASTM D150/ n/a
|| " Line/Ring resonator Keycom, self-made, etc. Up to 15 GHz IPC TM-650 2.5.5.5.1
""mLamm  TMOXO Balanced Circular-Disk Resonator ~ Oshima (N1501AE67/11) Up to 67/110 GHz  Plan to publish IEC IC in 0.1 mm ~ 1mm, Best for
(BCDR) 2020 May 0.2~0.5mm, 50mm® x 2 ea.

KEYSIGHT
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New mmWave Material
Test Solutions

4 Balanced Circular Disk Resonator (BCDR)

* Split Cylinder Resonator (SCCR)

A
" 26




Exterior Photo of BCD Resonator

BALANCED TYPE CIRCULAR DISK RESONATOR

KEYSIGHT
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BCD Resonator and PNA (Coce

Configuration

.and WG Banded)

A) COAX.BAND < 70GHz

m1.85mmCoax. DISK electrode and
1.0mmCoax. ZMUT

Only PNA supprted

L>900mm

4/‘
"1.om I‘uCoax.
1.85

a .85MmCoax. B) Waveguide BAND

BANDED Module or
10M-110GHz BB.Head

|

a
rrr - -
LR R -
»

3
rrr
» -
» »
& | lnnaamy
b .

| -

l -

@ 1.0(m)-1.0(m) Cable

i b o200

2 350 {3 t I = 2

< 290 i WG-1.0(f) adapter
& BCDR |

>

Software

@ 190
‘ s
e
1
- | S \o.. - // 120
KEYSIGHT _

e Windows PC 64bit

Millimeter wave
Module

——




Setting electrode and MUT inside Cavity
Cu circular disk

(t=60um) @ .

Upper side -

MUT Centerlng annulus .
(doughnut ) sheet thin film ; ;

Lower sidg
MUT

KEYSIGHT
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Set up the MUT and electrode

KEYSIGHT
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Resonant Frequency (Approximation formula)

TMyuyo RESONANT FREQUENCY APPROXIMATE EXPRESSION

s
A~ Sfomo = X"0mo
s N TN
[+ | =
\ a ,ﬁ,"' _— R= radius of center electrode
™= fo10 = 3.8317 . . c
e I 70155 €.,= permittivity (Dk) of thickness direction
020 — /-

_fi Y T ’
E-field f030 —

diameter
PTFE( er=2.04) disc ®15mm  fy,,=17.07GHz

FR4 (er=4) disk ®15mm  fy0= 11.89GHz
PTFE(er=2.04), disk ®18mm o= 14.22GHz

FR4(er=4) , disk ©18mm  fy,,= 9.9GHz

KEYSIGHT
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A

Electromagnetic field distribution In
== TMy,o resonance mode

-
- -
-

-’ SA

’ ~, a N,

o / o N / N
o — \

Electrode g1 =S|\ A ;8N =
<1 = LS | < [ <& !
£ MUT == = V= V=
1 I_ / \\ // ‘\\ l_ ,ll ‘\\ l_ ,,'

S v = o L’

copper plate -20 | - |

"Qgﬂ d | 2R=29.992mm  pTFE _
Pee = t=0.983mm
m '40 —
= I i
= 60 b
- - Unwanted l

™ resonant | i

TIXVIllO - 2,10 mode 80 UM ST YT, T | I

5 10 15 25 30

Frequency (GHz)

Dielectric measurement in microwave —
IEICE, vol. J89-C, no.12, pp.1039-1046, Dec.

2006
® X == S — ,. .
A EE_'E“'ﬁeﬁlj ,\E%ﬁj Hasuike, Kawabata, Kobayashi




TM,,o Resonant Frequency (Approximation)

CALCULATED FROM RESONATOR DIAMETER AND DIELECTRIC CONSTANT

TMOmMO BCDR, Electrode diameter vs. Permittivity vs. Resonant frequency (GHz)
Electrode ectrode

Electrode

diameter diameter diameter

mm mm (mm)

Permittivity Permittivity Permittivity
X'omovaie Mode | 2.04 | 4.2 6.5 Mode | 2.04 | 42 | 6.5

3.8317 = TMO010 21.33 14.87 11.95 TM010 17.07 11.89

7.0155 = TMO020 39.06 27.22 21.88

10.1743 & TMO030

TM060 72.81

8.32 TMO070 101.38 70.65 56.79 TM0O70 84.48 58.88 47.33

70.99

TMO080 144.22 100.51 80.80 TMO080 115.38 80.41 64.64 TMO080 96.15 67.01 53.86

29.0468 @ TMO090 161.72 112.71 90.60 TM090 129.38 90.17 72.48 TM090 107.82 75.14 60.40

32.1897 TM0100  179.22 124.91 100.40 JTM0100 143.38 99.92 80.32 JTM0100 119.48 83.27 66.94

*Maximum measure-able frequency is determined by thickness and permittivity. See next page.
KEYSIGHT
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Factors that determine the Max. Frequency

ncy of radial radiation

T=MUT thickness
C=Speed of light

Example of maximum frequency calculation
a) T=1mm er=2 = 52.85GHz
b) T=1lmm er=4 = 37.37GHz
_ c) T=1mm €er=9 = 24.91GHz

When the thickness of the specimen is increased, the unloaded Q increases. But at the same
time, the cutoff frequency regarded as a waveguide consists of center electrode and upper/lower
electrode is decreases , and the electromagnetic energy has a radius propagating in the direction
toward the outside of the resonator. This radiation causes a limit of measurement frequency.

KEYSIGHT
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Max frequency becomes
lower when MUT is thicker

Max. Frequency(Max. GHz) determined

by thickness and permittivity er

TMomo permittivity VS. Max. frequency(GHz) MUT: PP 1mm Oyer SO!GHz**

X can measure at TMomo under Max. freq. 40}

21| {dB)

Permittivity 2.04 4.2 6.5

Thickness Max.GHz Max.GHZ Max.GHz "

mm -10F
1.0 Cs28) 366 294

IS

0.9 58.3 . 406 327

0.8 65.6  45.7 36.7

0.7 75.0 52.2--__42.0 )

0.6 87.5 61.0 49.0 T

0.5 104.9 /3.1 >8.8 **The resonance peak waveform

0.4 131.2 91.4 73.5 disappeared due to the influence of energy
0.3 174.9 121.9 98.0 leakage, making measurement impossible
0.2 262.4 182.9 147.0

KEYSIGHT
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0.1 524.7 365.7 294.0



Max available frequency vs. thickness & Dk

Max. Frequency vs. thickness , permittivity
130

\\ —-0.1mm
120 0.4mm
—-—0.2mm
110 |
—-—(0.3mm
100
90 ] . ——0.4mm MUT
30 ommn ——0.5mm Thickness
T 70 —-0.6mm
S
o 60 ——0.7mm
1mm
50 ——0.8mm
40
—-—0.9mm
30
20 ——1mm
10
0
1 2 3 4 5 6 7 8 9 10

KEYSIGHT
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BCD RESONATOR Resonant traces

@ . 4— 56— 7 (c)

m1 2 3 v v v v
— vV v —
g )
Frequency (GHz)
d
@ o | 910117 .
m=12345678vvwv1213
@ 40k YYVVVVVY vy
& -80F
| Alumina |
-120 | | | -]
0 20 40 60 80 100 0 20 40 60 80 100
Frequency (GHz) Frequency (GHz)
Only TMy,,, modes are observed up to 110 GHz (PTFE: polytetrafluoroethylene, COP: cyclic

e (adizteneen) olefin polymer, FR-4: flame-retardant type 4)

KEYSIGHT
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BCD Resonator Software

MATLAB base Software on Windows (64bit ) PC

WA =t — -Each meprert =tup SaveslLond etate
Stxt ke | 5 QM Span per segrvent
r 2 R un we Rl ke - ' l Sane salw
Shp ¥4, | QM S EEEE—
‘ i Pontz per cograr): | Eoch seermsit 200
Huroct heg | M powes 111 parez Lond state
[FEw | ll-lr e FUN ot segromt 5'-'3-1}3! v
-- mn ye I
Povey | -5 diin He WA setin ]
Sarph & Reonelor parannlans Aeozumamrt mtup : 7 “heasummart coctrol
Sarghs Thckness () 135w File e prefix | o
: v | wecsoan | | Fecoiows |
Uncertarty ol t o Drecteeynars | 20170701
Dick Disrsater (D) S Nurcee joeliert Wess. Cnly
Condxctisty (o) | 61 WS Visaddess |  GHBEIERGTR ————
thewtarsyal 0 | TRl Ucavtanty nabok Wotosdweed v I*’“;"'*l
Pamitthky va Freguancy ~MUtiGwer option
=0.25 mm, D=13 mm
100 e~ fenkxa
= O8n
;-:
= 0l
Z
=
é 3N
1
(7
20
P 3 I ) &
Pemittivity
KEYSIGHT Keysight World 2020 Taipei
TECHNOLOGIES



Measurement result

MUT NAME - H

Sampks & Resonator porometers
Sargls Thackners (1l 13 e
Woartyinty of 1 -
Oy Diswwatey (D) : m
Cordetroty () Lt

Uniartaney ol o' : M WTsSm

| e |

023
0224
02567
02275

02203

Tang

LRLEL)
1
my
1N

| aTencfesd]

00313
9521504
T te0
62400
65171e-0d
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S21] (i0)

1328 133 1132

1334 13536 1338 134

Fregquency (GHz)

20 30 40 A0
Froquency (Gliz)

|S21](dB)

114

Pull down menu

FPeak 1

20 50 40 A0
Froquency (Gliz)

39



Measurement result example (COP 188 um)

COP (188um) -
x
lﬂ Y T T T T .I . . ]
E{ 3
26k
[‘E, 3
24k : -
H $eoeeoococooogd = :
=l _,E}_Fa—ﬂ—ee_‘e_ﬁ

22k - g/"f

|-
L]
I~
L]

. . . . . * () . . . . -
20 40 o0 E2O0 100 120 20 40 o0 B0 100 120
Frequency (GHz) Frequency (GHz)

KEYSIGHT

TECHNOLOGIES



Excellent repeatability

Data from AIST,
- #¥}:. COP
MUT: COP (Er’ 2.3x, tanD (cyclic olefin polymer)
~4E-4) A
Thickness: 0.2509 mm * BUAE: 0. 2509 mm
# of meas: 7 « SAITEMEIEL: 78]
Freq ~ 130G + JER#: ~130 GHz
Dk =~2.3
Df =4 x 10E-4
' R tabilit s
epeatability =
Repeatability Average
Dk: < 0.2%
Df: < 5% VEEEER <0.2%
v EEIE& < 5%

KEYSIGHT
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BCD Resonator specification

Typical performance
Frequency f: about 10GHz - 110GH
Circular disk size : ¢15mm, ¢12mm, @ 18mm

Permittivity &rn: 1.1 =10 Accuracy: £(1- 5%
Loss tangent fanén : 102- 10« Accuracy: =(10-30)%

Size of Dieleciric sheet (Sample = Material Under Test)
MUT Thickness(t) : 0.1 - Imm 0.5mm{(better)
MUT SIZE @ 30mm - @ 50mm >2 times of circular disk electrode

diaometer
Fixture Dimension about W104 X D172 X H329.5 mm
Weight about 5kg

Connector type
NT150TAET1: 1.0 mm(f) Coax.(Max.110GHz)
N150TAE67: 1.85 mm(f) Coax.(Max.67GHz)

KEYSIGHT
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Measurement sample (MUT)

Required number of MUT
1 pair (same permittivity, same thickness )

Suitable sample
Plastic plate-shaped dielectric substrate, sheet dielectric substrate

Not suitable for measurement

Roughness on the surface and having protrusions

(Surface roughness: preferably 30 um or less)

hard and easily broken (thin vitreous, thin ceramic substrates, etc.)
Warping with a hard subsirate

Copper-clad board or substrate with copper electrode left

KEYSIGHT
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How to iset;in the cavity for square sheet

cut the

Better

MUT Positioning guide ring

KEYSIGHT : Keysight World 2020 Taipei
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S;amgpleﬁ préparation

Specimen plate

Best way ( two samples from the same sheet)

KEYSIGHT . 2 , : . Keysight World 2020 Taipei

TECHNOLOGIES

Spare sample
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Summary

|.  Wide frequency range, 10 GHz to 67G or 110 GHz

II. Multi frequency-points measurement by using multiple higher modes, such
as TMo10,020+0n0- - -

lll. Good for low loss material, tand range from 0.01 to 0.0001.
V. Measure permittivity with E-field of thickness direction

V. Do not need to know MUT thickness accurately. (Disk electrode diameter
accuracy and its position is much important.)

VI. Remote control and calculation software are bundled. Complete
measurement package for the lower loss materials

VIl. Thickness: 0.1mm to 1.0mm

VIIl.Not easy to measure the “hard” and “thin” materials . it means the fragile
materials like glass, because of using strong clumping fixture. Very
sensitive to the roughness of surface.

KEYSIGHT
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New mmWave Material
Test Solutions

* Balanced Circular Disk Resonator (BCDR)
v’ Split Cylinder Resonator (SCCR)

A
AT




Split Cylinder Cavity Resonator for Dk/Df test

gz |
|
Easy to use low Dk/Df test up to 80 GHZ! Automotive radar
AD - Satellite

» Designed for easy operation and high repeatability.

« ldeal for low loss materials (0.0001< tand < 0.01 typical)

Model # Description

N1501AKEAD-710 10 GHz, SMA (f) Split Cylinder Resonator
\ N1501AKEAD-720 20 GHz, 2.92 mm (f) Split Cylinder Resonator
e ’//\’ N1501AKEAD-724 24 GHz, 2.92 mm (f) Split Cylinder Resonator
S | i = o N1501AKEAD-728 28 GHz, 2.92 mm (f) Split Cylinder Resonator
N1501AKEAD-735 35 GHz, 2.92 mm (f) Split Cylinder Resonator
N1501AKEAD-740 40 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AKEAD-750 50 GHz, 2.4 mm (f) Split Cylinder Resonator

N1501AKEAD-760 60 GHz, 1.85 mm (f) Split Cylinder Resonator

N1501AKEAD-780 80 GHz, 1 mm (f) Split Cylinder Resonator
N1501AKEAD-ST1 Software Split Cylinder Resonator Starter Kit

KEYSIGHT
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0 N o 01 A WO N P

S. Dev

28GHz
3.5513135
3.5573029
3.5373529
3.5475343
3.5462314
3.5546762
3.5535140
3.5463382
3.5492829
0.0063110

£
40GHz

3.5461616
3.5513652
3.5454758
3.5451975
3.5571790
3.5534020
3.5450251
3.5533046
3.5496389
0.0047489

80GHz
3.5316448
3.5259343
3.5286601
3.5406693
3.5343098
3.5418378
3.5301140
3.5460484
3.5349023
0.0071602

Excellent Repeatability up to 80 GHZz!

Repeat 8 measurements: removing/inserting the sample every time

28GHz
0.0014638
0.0014652
0.0014661
0.0014636
0.0014635
0.0014570
0.0014585
0.0014584
0.0014620
0.0000035

tand
40GHz
0.0014985
0.0015015
0.0015031
0.0015016
0.0015048
0.0015082
0.0015111
0.0015120
0.0015051
0.0000049

80GHz
0.0026641
0.0027728
0.0027724
0.0026712
0.0027275
0.0026762
0.0027662
0.0026603
0.0027138
0.0000513



Sample size limitation

thickness(mm) permittivity and thickness for accurate measurements
1.2

left graph is a guideline for material
size and permittivity

0.8

0.6

tand guideline is hard to set clearly
but tand < 0.01 is arough guideline

0.4

0.2

&

2.5 3 315 4 4.5 5 5.5 6 6.5

N

£(DK)

60GHz 80GHz

28GHz

40GHz

——10GHz
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;olit:CyIinder Configuration: PNA/ENA/Streamline supported

| Streamline Example ]

The same design concept for all
frequencies:
10/20/24/28/35/40/50/60/80(3 Hz

: | 1HODISADI
-

- e
— W

24GHz ~ 28GHz © g0GHz  80GHz

KEYSIGHT Keysight World 2020 Taipei . . 51

EEEEEEEEEEEE



Split Cylinder Key Design Features

Designed for easy operation and high repeatability

Test software with step by
step instruction ensures right
measurements from the
beginning.

KEYSIGHT Keysight World 2020 Taipei : 52
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Resonant Cavity Fixtures available thru Keysight

Model # Description

N1501AE19

1.1 GHz, 3.5 mm (m) Split Post Dielectric Resonator

Model #

Description

Model # Description

N1501AEQ3

2.5'GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-710

10 GHz, SMA (f) Split Cylinder Resonator

N1501AE04

5.0 GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-720

20 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AE10

10.0 GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-724

24 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AE15

15 GHz, 3.5 mm (m) Split Post Dielectric Resonator

N1501AKEAD-728

28 GHz, 2.92 mm (f) Split Cylinder Resonator

Software: N1500A option 003

e e e

KEYSIGHT
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N1501AKEAD-735

35 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AKEAD-740

40 GHz, 2.92 mm (f) Split Cylinder Resonator

N1501AKEAD-750

50 GHz, 2.4 mm (f) Split Cylinder Resonator

N1501AKEAD-760

60 GHz, 1.85 mm (f) Split Cylinder Resonator

N1501AKEAD-780

80 GHz, 1 mm (f) Split Cylinder Resonator

N1501AKEAD-ST1

Software Split Cylinder Resonator Starter Kit

B Pty Masusasert Liflaee

b Hieie

a

Maasiuremaent Results

]

o 4 ' [N

Software: KEAD unique one
(included in N1501AKEAD-ST1)

des Frsin

N1501AE67 | 67 GHz Balanced Circular Disk Resonator

N1501AE11 | 110 GHz Balanced Circular Disk Resonator

-é, 4.0 T T T T T 0.010 T T T T T

2 38f o St 1 E [ & Sitayinder rasonator

E 46l 2 0008k .

2 . Software: BCDR unique one

= . .

5 (included in N1501AK67/11) , |
3.0 [ [ [ [ = s e

0

20 40 60 80 100
Frequency (GHz)

0.004!

0

20 40 60. 80 10
Frequency (GHz)

85072A 10 GHz Split Cylinder Resonator

Software: N1500A option 003




Question?
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http://en.wikipedia.org/wiki/Image:F-117_Nighthawk_flight.jpg
//upload.wikimedia.org/wikipedia/commons/9/9e/Graphen.jpg
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