~u
.- e j
W 343950 R ---’--- o
2 1.6959m0 Tlmea | R NS ES oeEe D
3439050 e
a3 0.028° A

Application Engineer
Jaehyun Lee

ROHDE&SCHWARZ
Make ideas real



-9 "
S ALY TS
‘ ¥

\ ol ‘/\ (I |

- ; 2 | ’
1 .- _. . S
A , rss 14! ﬁ.

B AW

ji) RRULLAR:

" VN .

e

Aq l-

e o 1S,
- -
L ° e

. "

13
N
1

FI07:7
















R&S®LCX

LCX200 - LCR Meter o . ) .
Settings e uC Vector Ratio Measurement

Digital Signal Processing

Signal Source

L
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cuit modsl
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uivalent circuit model

R&S®LCX

R | 100.000 mQ
X | 258.000 mQ

_ ® ..“.,E.m;.., -
Cp| 1.00000 pf I I ] |-
D | 0.00150 -m el -m el

Select Measurement Pair 1:

Cs-Q

Gs-Q Cs-D Cs-Rs

Gp-Q@ Cp-D Cp-Rp (p-G
Rs - X G-B

Z-0r Z-8d Y-Br Y-8d




Series vs. parallel models

Q (quality factor)

_____0______

frequency

A [ ><

pol_
L.

_X
Q=3









R&S®LCX

1.00000 pf
D_| 0.00150

R ] 100.000 mQ
X ] 258.000 mQ




Imaginary axis

Real axis



Imaginary axis

C. : 510.866 nF
_ D : 0.004 11
Z : 3115420
Qq: -89.765 °

Vm304.5mVRMS  Im9.770mARMS  Acc: £0,05% + 1 mQ

1.00 V RMS

Frequency:
10 000 Hz

Range:

Man: 100 Q

Voltage Bias:

10.000 V

R&S®LCX



/ Select / attach fixture \

;erform corrections
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Steps in using the LCX

/ Select DUT type \
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/Choose measurements\

/ Configure test signal \
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/ Review results \
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Select fixture and DUT type

LCR Meter
" R&SCLCX
® ROMDEASCHWARZ
- - [}
H G @ Z---|===|5
100. mQ
Yo oooma C
- [

LCX-Z1: through hole
LCX-Z4: tweezers

LCX-Z3 SMD Test Fixture

LCX-Z2: Kelvin clips

LCX-Z5 Transformer
Test Cable




Configure test signal R&S®LCX

® ROHDE&SCHWARZ LCX100 - L

D 18:10:14

@ | mmeos
a R : 3.4395Q #0203
(]

E‘ Functions Settings

| Displ ;| owm T
| B Veas. | Trans- i |
| Mode ormer

Frequency:

* X : 1.6959mQ 1000 k2
iy | 2i3e9sa T
Bs - 0.028° Aut - 100

_(I) ] Vm: 68.09 mV RMS |m:19.80 mA RMS 6[Z]:0.374% £6:0742°
Powe
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Perform corrections

NG o) a 51652

- Short Correction

tnabled
Start Sho '
Start Sho

Load Correction

Correction menu

Open/Short/Load Correction

Open Correction

Short Correction

.ﬁl. SN O S L|
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https://www.youtube.com/watch?v=SRnBh_s5Ozg

LCR Meter
- Cp | 1.00000 pf -|---|---|-
- D | 0.00150 - e - -l
R | 100.000 mQ
0 258,000 mQ 7
- ° O0O0O0

R&S®LCX

=3 zu4 wsl: DC, 4 Hz to 10 MHz

Hae dMg A M2 100 mV to 10 V / max. 200mA

Q|5 pC HIo|o{A &1 7|5
OIOo|E| Logging 7| &

Transformer 58 7|5

Remote ZHEE 7|5
Source ZL|EE 7|
e E2|AH ¥ J|s
CIX|E 110 £E



LCR Meter

R&S®LCX

JUSB1A/LCX100/loggin...10708T143916.658.csv

Cp| 1.00000 pf
D | 0.00150

R | 100.000 mQ
X | 258.000 mQ

I=111

FOj4, HAE MY U M

&, DC HIO|O{ A

1 pF/div

10 m/div

200 Q/div
50 */div

Reset View



LCR Meter
- Cp | 1.00000 pf -|---|---|-
- D | 0.00150 - e - -l
R | 100.000 mQ
0 258,000 mQ 7
- ° O0O0O0

R&S®LCX

=3 zu4 wsl: DC, 4 Hz to 10 MHz

Hae dMg A M2 100 mV to 10 V / max. 200mA

CIOlE| Logging 7S
Sweep 5 7|5
Transformer 58 7|5

Remote ZHEE 7|5
Source ZL|EE 7|
e E2|AH YU¥ J|s
CIX|E 110 £E



LCR Meter R8SPLCX

1.00000 pf
D _| 0.00150

100.000 mQ
X_| 258.000 mQ

=111

e|= pc Hojoj2: 0 V to +40 V (DC)
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Production &
test

Impedance Analyzer

Wide impedance range
Fast and high resolution
Advanced test (Material science)

General purpose
Suitable for production



- MFIA IMPEDANCE ANALYZER



https://www.youtube.com/watch?v=fA3PNKB7AqE

MFIA

©-© ©

9.0 0.0 0. 009 9.

» MFIA Technical Specs

1 mHz to 5 MHz
1mQto1TQ

10 V bias, no current bias
No current drive

Test signal 1 pVto 10 V
0.05% basic accuracy

Lock-in based, no ext. feedback,
DC coupled

eNpo

@

1 48.005pF  ®als
1 15.383kQ
1 662790 Tim
§-89.753° Mo

» LCX Technical Specs

4 Hz to 10 MHz

100 mQ to 100 MQ

40 V bias, 200 mA bias
Current drive (200 mA)

Test signal 10 mV to 10 V
0.05% basic accuracy
ABB architecture



LabOne®S/W on PC

Impedance Analyzel

MFIA impedance Analyzer

Measurement C [=] Equivalent Cireuit

Signal (V) 0 B Mode 4 Terminal ( 3534146 kohm
Osc Freguency

-161.71707 MOhm

Enable Te

Mode Application | Advanced
LCR Impedanc Range Control
High — medium setting v Input Contral

Representation Rp +161.71707 MOhm

-89.98748 deg
Parameter 2 Cp Parallel Capacitance (F) +10.00000 HZ
Current Range 10

Parallel Resistance +739.99230 GOhm
B Voltage Range 1 Parallel Capacitance .41567 pF

-0 ©
0.00 0.

Parameter 1 Rp Parallel R

Plotter > Data Acquisition Add Row
o A rol Settings History Math
I T K | RunSiop | _sige_|
usB : Horzontl
Start (Hz) 10 C
LAN Stop (Hz)
Length (pts
Sweep Param  Osc 1 Frequ
Sweep Mode ential

Linear  Logarithmic

Remaining  14.8s
Pot1 Y Ptz ] x¥ E
Demod R viov

= Impedance (Ohm)

=" Phase (deg)
De
= Capacitance (F)
ample Parallel
e for new group]

BE HE E B

DEV3382 Bodl=] APILog sweeper

()# To read the acquired data from the module, use a# while Qvl ovVQ  comMm



DC-Link Capacitor ESR 0.7 mQ

@ 11.3 kHz

™
11.3573 kHz
718.876 uOhm

Inductance (H)

19.5973 nH
176.843 kHz

13.698 nH ESL 95 nH

283.459 kHz

@ 742 kHz

9.4984 nH
742.726 kHz
P3

|
|
I
|
|
|
I
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
[
|
|
|
|
|
|
|

X2:4.9633MHz
A=+4.9623 MHz

X1:1.0102 kHz

104 2L

3 a
E Emm @ Frequency (Hz),




High-Q Capacitors
& Supercapacitors test

Impedance 1 Sample Rep Parameter 1
. Impedance 1 Sample Phase(Z)
i max=23.7698x 1e3

Impedance 1 Sample Quality Factor

X2:99.9172kHz

4=+98.9216 kHz




Materials Research
- Dielectric Materials

T impedance 1 Sample AbS() |

|
X2:5.0626 MHz
A=+5.0626 MHz

Impedance (Oh

-
|
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

X1:1.0272mHz I
|

. Impedance 1 Sample Parallel Capacitance

I
Impedance 1 Sample Phase(Z) X2:5.0626 MHz

| A=+5.0626 MHz

X1:1.0272mHz

10®
Frequency (Hz)




Impedance (pF)

Semiconductor Characterization
: Deep Level Transient Spectroscopy DLTS
: Fast C-V Profiling

!
[l Demod 1 Sample Aux In 1 X2:-3.108s  x1:-2.052s

Impedance 1 Sample Rep Parameter 2 A=-1.056s
-557.225mV 4‘_

I Demod 1 Sample R

—“—‘ \~ -559.54mV

Impedance (pF)

|
I
I
I
I
I
|
|
|
|
[
|
|
|
|
25.7761pF r{!
I
|
I
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I
——‘—l— 57.8-’19”|AAJ——|_@5' 8371pA

|
|
|
]
|
|
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|
I
1
|
|
|
|
|
|
5‘2 25,7707 pF
|
|
|
i
I
|
|
| 1
| |
I |
| |
|

Y2:26.2759 pF
£=+60.2FF




Bioimpedance
: Sensors

Spoken word recognition via capacitive sensors Arm movement via capacitive sensors

The University of Manchester

10
Time (s)



https://pubs.acs.org/doi/abs/10.1021/acsami.0c20173
https://pubs.acs.org/doi/10.1021/acsnano.0c01643
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