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Material
Measurements

In-circuit
Tests
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Measurements
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Z: Total opposition a device or circuit offers to the flow of AC

Imaginary axis

Z=R+ jX (rectangular-coord)
Z= |Z|Z O (polar form)

+ Z(R,X)
X === x  Impedance
! R=]Z]| cos©
1zl E X=1]Z|sin®
1z| =/ Rz +X2
] i
; Real axis 0 = tan'}(X/R)

mARRARAS

Unit of impedance: ohm (Q)

KEYSIGHT EERHRIENRELHE
B INSvun ZITEERE

Series and Parallel Combinations

. . R jX
Real and imaginary Z=R+jX
components are (Impedance is easier to express)
connected in series
R .
( jRX RX2 R2X
Z= = — ) ——
R +jX RZ + X2 jR2+X2
: Impedance is too complex
Real and imaginary X (Imp plex)
components are <
connected in parallel G
Y=G+jB
(Admittance is easier)
\ iB

Unit of admittance: Siemens (S)
conductance, G and the susceptance, B

KEYSIGHT SER R ER EREHE
TECHNOLOGIES R INSYUN SER RS
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(a)

Inductive and Capacitive Reactance

L (Inductance)

X,= 2nfL = oL
: Angular frequency (= 2xf)
R X,
i z
Xy
[
(¢]
R

Inductive vector
on impedance plane

C (Capacitance)
1 _1

X =
7 2nfc T @C

R X

[

-iX,
]

C

z

(b) Capacitive vector
on impedance plane

D = dissipation factor =
=tand

2
Q

Parasitics

* No real components are purely resistive or reactive

e Every component is a combination of R, C and L elements

¢ The unwanted elements are called parasitics

Unwanted
Rand L of

Intrinsic C

PLE N

leads

Unwanted Rand C
of dielectric

Capacitor Equivalent Circuit

X -X
Q = quality factor = L - ¢
R R
= tan 0
KEYSIGHT RRNREREREHE
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Series Model

Series and Parallel Models

Capacitor Equivalent Circuit

MA———] ——
—“—‘\Mr—

/—'VW—\ Rp

Parallel Model

A

Low-Impedance Device
(Large C,Small L; |Z]| <10 Q) High-Impedance Device

Cp

(Small C, Large L; |Z]| > 10kQ)

1k0 100 kD
lowZ L~ Medumz _~"t HighZ
| Series =
=5 Patallel |

Relationship between Series and Parallel mode

Series Parallel Dissipation factor
Cg
L {Bame value for series and paraliel}
Wi =
Capacitance Cs=Cpil + 07 Co=Cs/(1 + D3 D= Rs/¥s = wlsks
0= Gp/Bp = Gps[wbp)= 1/{wCphp)
Inductance Ls=Lp/{1 +07) Lp=Lsi1+ 07 D= Rs/Xs = Rs/fuuls)
0= Gp/Bp = wlpGp = wlp/Rp
Resistance Rs = ApD%/(1+ D7) fp = Rs{l + 1707 —

KEYSIGHT SRPHRIEURBEHET
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Ideal, Real, and Measured values Component Dependency Factors

¢ |deal value
* Measurement conditions that determine the measured

¢ Excludes effects of parasitics impedance value

e Academic interest only

o Effects depend on component materials and manufacturing

¢ Real value processes

¢ Takes into consideration the parasitics * Four major factors:

* Frequency dependent » Test signal frequency

* Measured value o Test signal level

* The value obtained with + % « DC voltage and current bias
and displayed by the i
measuring instrument. - o - ¢ Environment

Instrument Test fixture Real-world device

JE(RREIRE
JEfRREIRE

The goal of measurement: measured value very close to real value

KEYSIGHT
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X versus Test Signal Frequency

AAA Capacitor

IX|

Resonant Frequency (@)
Frequency

Xe =X,

Example Capacitor Resonance

Impedance versus Frequency
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AC

C versus Test Signal Level

AC voltage dependency of ceramic SMD capacitors for

various values of dielectric constant (K)

High K

Mid K
\

\ Low K

Capacitance change due to
AC voltage dependence of
Kvalue

AC Test Signal level (Vac)

C versus DC Voltage Bias

DC bias voltage dependency of type |
and Il SMD capacitors

AC A

Type |
COG or NPO (Low K)

Type ll
X7R,Y5V, or Z5U (High K)

.......... Capacitance change due to
DC voltage dependence of K value

DC bias voltage
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AL A

L versus DC Current Bias

DC bias current dependency of cored
inductors

Inductance roll-off due to
.+ magnetic saturation of inductor core

DC bias current

C versus Temperature

Temperature dependency of ceramic capacitors for
different K values

Ac 4

K: Dielectric Constant

Temperature (°C)
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(1) Auto-Balancing Bridge method

Measurement Principle
Virtual ground (driven at 0 V)

Signal
Source
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(2) RF I-V method (3) Network Analysis method

Measurement Principle

Current detection

Measurement Principle

Vine V, V, < ::

DUT

<

AsV=V,-V, andl=2V,/R

KEYSIGHT EERHRIENRELHE
BINSYuN EETEERE
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0scC

Directional Bridge or
Coupler

I Reflected
Signal
AM—= |
4 ¥
Ve Z-7,

I'= =
Zy Vine I+ Z,

Z0:50Qor75Q
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Impedance Measurement Methods and Instrument selection

1) Frequency
. These determine the most
2) DUT impedance suitable method

3) Required measurement accuracy

4) Electrical test conditions

These determine the proper

5) Measurement parameters . p P
instrument and test fixture

6) Physical characteristics of DUT

Impedance [Ohm]

Impedance measurement range depends on the method

1

wC

10% accuracy range

EA991B Grny

10k b N
N,
1k p
N,
-~ \\\
100 |
L ES061B S\
0 (S-pararef) \\\
N,
1
100m _I

1.E+01 16402 1.E+03 1.E+04 1.E+05 1.E+06 1E+07 1.E+08 1L.E+09
Frequency [Hz]

Capacitor
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HINSYuN EEREE B
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Agenda

Introduction

Impedance Basics & Measurement Method
Fixturing and cabling

Calibration and compensation

Impedance product lines

— Impedance analyzer / LCR meter

NG E
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JE{EHRERE © RLC meter| %
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JIEfBRRE

SENREXBRIND
SIINSYUN 55055

Fixturing and Cabling

LF impedance measurement
»1-1 Terminal configuration
»1-2 Guarding
»1-3 Test Fixtures in the LF range
RF impedance measurement
»2-1 Terminal configuration in the RF range

»2-2 Test port extension in the RF range
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TECHNOLOGIES
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1-1 Terminal Configuration

Precision LCR Meter

."‘.° X T—

‘,_iu—t
[‘li‘
ra |

g

00000
0
70

20006

o 2 Y
x H, : High current

H ., : High potential

L : Low potential

L., : Low current

KEVSIGHT SENBERERERE
T INSYUN SEREERAS

KEYSIGHT

TECHNOLOGIES
A

uthorized Distributor

1-1 Terminal Configuration

» Types of configuration

= Two-terminal (2T) configuration
m Three-terminal (3T) configuration
m Four-terminal (4T) configuration
m Five-terminal (5T) configuration

m Four-terminal pair (4TP) configuration

ERERREXNEECHT
HINSvun ZIREE

MEBRARAT
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1-1 Terminal Configuration
» Two-terminal (2T) method
Lc Lp Hp Hc
L lH
,,,,, \J\/\»/\/77 I
[ H,J
I I DUT T
£3. — =1
?jv,\ \>jv\
 C—

Typical Impedance Measurement Range (Q2)

i%u\zsolgﬁlg R'NSYUN =@ ﬂﬁE‘Y?ﬁ&i&fé}ﬁ

Authorized istributor

1-1 Terminal Configuration

» Three-terminal (3T) method

im

G Lc Lp Hp Hc
(J (J

10m  100m 1 10 100 1K 10K 100K 1M
Typical Impedance Measurement Range (Q2)

KEYSIGHT f*WiIE‘tw&i‘“?éﬁ
FRRRBRA A R INSYUN £ SENRERA o
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1-1 Terminal Configuration
» Four-terminal (Kelvin, 4T) metho}s:iorL Hoor Le

Coupling, M3

Magnetic
flux

~

Test current

Lc Lp Hp
M1 M2
o . T
iy
[ | -

II DUT II T
=7
=

1
\Y
< >
im 10m 100m 1 10 100 1K 10K 100K M

Typical Impedance Measurement Range (Q)

oM

1-1 Terminal Configuration

» Five-terminal (5T) method

im

10m 100m 1 10 100 1K 10K 100K

ECHNOLOGIES
uthorized Distributor

KEVSIGHT 2B REREMENT
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1-1 Terminal Configuration

» Mutual inductance error

For mQ DUT ' N

Test current

DUT

Vvea # Vour

1-1 Terminal Configuration
» Four-terminal pair (4TP) method

Return

) . Test
111 current

Magnetic
fluxes are

t t t t t t t
im 10m 100m 1 10 100 1K 10K 100K M 10M

Typical Impedance Measurement Range (Q2)

KEVSIGHT SENBERERERE
T INSYUN SEREERAS =

TECHNOLOGIES
Authorized Distrbutor
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1-1 Terminal Configuration 1-2 Guarding (1 of 3)

» Four-terminal pair (4TP) simplified schematic Stray capacitance and leakage current

Auto-Balancing Bridge Type Instrument

Null
Rr Det. []
Rs
Lc Lp H Hc
l Interconnect outer I Stray Capacitance :.;__ Voltage Difference __;.: Stray Capacitance
shielding conductors &

_— Leakage Current (l,c,)

_,-<~

meas = Idut + Ileak

KEYSGHT DGy ZEHRE ks - KEYSGHT DGy ZEHREmkwE .

MEBRARAT
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1-2 Guarding (2 of 3) 1-2 Guarding (3 of 3)

Guard Mechanism and Solution Key Points to Consider

Auto-Balancing Bridge Type Instrument

(a) Minimize impedance of guard line. (b) Do NOT connect the guard terminal
directly to the ground conductor.

Shield
Conductor|
Ground
5557555;;;5;/ Conductor

Conductor

Potential difference — 0 V
Stray C effect — Nothing

20T BNSvun EREERRRNE 2 KEYSIGHT PINSyuN ZEEEAE NS "

19
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1-3 Test Fixtures and test leads in the LF range

Fixture and DUT connection |Fixture model number |Applicable DUT

cable type configuration type
Direct 5-terminal 16047A Lead type
attachment 16044A SMD type
type fixture
3-terminal 16047E Lead type
16034G/H SMD type
Fixture with  [4-terminal 16089A/B/C/D Lead type
test leads
3-terminal 16334A SMD type
16065A Lead type

Test leads 4-terminal pair |16048A/D/E/G/H

2-1 Terminal Configuration of RF Test Fixtures

Coaxial One Port Measurement 7

“““““““ Stray Y
Measurable Y

Rarnge
Residual Z

DUT
Freq
m Py
i | .
Residual |g "V Noncomial | The measured value is also affected by a
Impedance E z number of conditions surrounding the DUT:

Test Fixture
Electrical [~~~ ¥ « Ground plate
: Coaxial

Length H « Terminal layout

« Dielectric constant of the insulator

Test Port « Other conditions

KEYSIGHT EERHRIENRELHE
BINSYuN EETEERE

TECHNOLOGIES
Authorized Distrbutor

mARRARAS
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2-2 Test Port Extension in RF Range

» Calibration plane extension

Test Port

Port Extension

(a) Port Extension

(b) Low impedance DUT

Measurement Error

Instrument
Inaccuracies <]

Noise

;E::%>2W§

Test
Fixture

Instrument Cable

i

DUT
Rx + jXx

KEVSIGHT SENBERERERE
T INSYUN SEREERAS

KEYSIGHT SENBERERERE
T INSYUN SER RS

72
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Z Analyzer
LCR Meter

Compensation # Calibration

100 ©Q

]

Standard Device

—

Calibration Plane

Calibration and Compensation

Defining the "Calibration Plane" at which measurement
accuracy is to be specified.

100 ©

(Measurement accuracy is specified.)

Calibration and Compensation

» Cable Correction

Extending the Calibration Plane using specified Keysight cables.

(Keysight 16048A/B/D/E)

LCR
Meter

Calibration Plane

LCR
Meter

Keysight
Measurement
Cable

[ Ey p——

Calibration Plane

5&5?2%’&'1! BNSvun

ERMREXREERD
mARRARAT

KEYSIGHT RS
s NINSYUN EEEEEERE
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Calibration and Compensation

Reducing the effects of error sources existing between the DUT
and the instrument's "Calibration Plane".

Fixture,
Z Analyzer, ! Cables, .
LCR Meter ! Scanner. etc. m 2 types of compensation:
1
| - OPEN/SHORT compensation
100 Q ! DUT
o v 2@ 1000 - OPEN/SHORT/LOAD compensation
1

Calibration Plane

KEYSIGHT 2R R EREUAHE ,
e JINSYUN EEREEERS -

Authorized istributor

Calibration and Compensation
OPEN/SHORT Compensation

Basic Theory Test Fixture Residuals

/\N/—\
Residual Stray
Impedance (Zs) Admittance (Yo)

P —— Pt~
He GJ_ Rs Ls

| Zm Co Go Zdut
L
PO 171,
\

I Test fixture residuals

Zdut= — ZM-Zs
1-(Zm-Zs)Yo

E(EE}ZSOIECl;EI R'NSYUN ERMRERREEHD

Authorized istributor

MEBRARAT

23



6/3/2020

Calibration and Compensation Calibration and Compensation

» OPEN/SHORT Compensation Issues

OPEN/SHORT Compensation Problem 1: Difficulty in eliminating complicated residuals
Hc Rs Ls Hc Rs Ls SCANNER — pyr [(5
e I
Hp 4 r( Hp ] _L ) N KJ Stray capacitance
3 Zs Co 5= $Go |SHORT
" i/o CoT SGo OPEN tp 0] T i m{ﬂm{l - —i—
L — e 0— ) LCR Meter I | é Residual inductance
c Yo:Go+]mC01 Zs=Rs+ jols %\‘i
Rs +jols<< — = B [ f— . .
(Rs+jo Go +joCo ) SHORT Impedance << Rs + joLs W: N - % Residual resistance
(a) OPEN measurement (b) SHORT measurement Com'plicated residuals
Zs Problem 2: Difficulty in eliminating Phase Shift Error
1 7m-7s Nonstandard length cable* Ut
Zm Yo Zdut Zdut= ———— LCR Meter
1- (Zm - Zs)Yo
* | ]
(c) Compensation formula *Or none-Keysight cable Test Fixture
KEYSIGHT ERMREXREEHD , KEYSIGHT @R IS N
pooce JIINSYUN EEREEERS v e JINSYUN ERREZRAS *
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Calibration and Compensation

» OPEN/SHORT/LOAD Compensation

Basic Theory

Measurement
Instrument Vi

Unknown 2-terminal

Zxm pair circuit

Zdut=(AxV2+Bx12)/(CxV2+DxI2) = (AxZxm + B)/ (C x Zxm + D)

where Zdut = V1/I1 and Zxm = V2/I2

Calibration and Compensation

OPEN/SHORT/LOAD Compensation

Basic Theory
Zstd (Zo - Zsm) (Zxm - Zs)*

Zdut =
(Zxm - Zs) (Zo - Zxm)
Zo: OPEN measurement value
Zs: SHORT measurement value
Zsm: Measurement value of the LOAD device
Zstd : True value of the LOAD device
Zxm: DUT Measurement value

Zdut: DUT Corrected value

*These are complex vectors. Conversions to real and imaginary
components are necessary

KEYSIGHT SENBERERERE
T INSYUN SEREERAS ’

KEYSIGHT =ERRIEXIRERLHT
BINSvun EITEE

TECHNOLOGIES
Authorized Distrbutor

MEBRARAT
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Practical compensation examples

—

Keysight Test
CABLE LENGTH Leads
CORRECTION
(b)=======~-- T

A Test
Fixture

» Practical Examples

B)

Test M=
Fixture

OPEN/SHORT

OPEN/SHORT

if:;%!ggl‘g 3|NSYUN EEPHRIEX R EHE

mARRARAS

Authorized istributor

Practical compensation examples

» Practical Examples

) - : -
--1-1') 1-1-1-]
_1
Keysight Test
Non-Keysight CABLE LENGTH Leads
CORRECTION
Cabl? ______ @d) === H{4------
r
Test
Fixture OPEN/SHORTILOAD (o /sHORT/LOAD

(20)

KEYSIGHT SENBERERERE
T INSYUN SER RS
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Practical calibration and compensation in RF range

Port Extension

Test Port Extension Cable

OPEN/SHORT/LOAD Calibration
Electrical Length Compensation

OPEN/SHORT Compensation

SENREXBRIND
SIINSYUN 55055

M

M

M

v

D>

M

KEYSIGHT
TECHNOLOGIES
Authorized Distrbutor

Agenda

Introduction

Impedance Basics & Measurement Method
Fixturing and cabling

Calibration and compensation

Impedance product lines

— LCR meter / Impedance analyzer

SENBERERERE
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Product Overview

LCR Meters & Impedance Analyzers & Network Analyzers

LCR Meters & Impedance Analyzers o Network Analyzers

v Specialized to measure LCR & impedance
v High impedance accuracy
v Wide impedance measurement range
v’ Main target application:
« Capacitors, inductors, resonators
* Materials
* Semiconductor
* In-Circuit (E4990A w/42941A)

v'Measure S-parameter, also can be used for
impedance measurement
v'Higher Frequency range
v Main target application:
* Filters, Antennas
* DC-DC converters
« Amplifiers, Mixers

KEYSIGHT RRNRELEREHE
oo JRINSYUN SEREEEAS

Authorized istributor

LCR Meters

LCR meter

E4980AL
precision LCR meter

o

E4980A
precision LCR meter

E4981A
Capacitance meter

—

E4982A
LCR meter

KEYSIGHT =i
TECHN%L(O;GIES QlNSYUN :‘:Eﬂ]g

Authorized istributor

---- Impedance Analyzer ----

New

E4990A
Impedance analyzer

E4991B
Impedance analyzer

RRER R HE
BRARAT

~. Network Analyzer

L
——tses

ES071C
ENA network analyzer

ES0618B
ENA network analyzer

N

28
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LCR Meters

What Is LCR & Impedance Measurement?
Measure Z, then calculate LCR value...

Measurament parameters

= Cp-O, Cp-0, Cp-G, Cp-Ap

*+ Cs-D, Cs-0, Cs-Rs

+ Lp-D. Lp-D, Lp-G. Lp-Rp. Lp-Roc!
Ls-D. Ls-0. Ls-As, Ls-Rde! D, Q

Inductance
(Ls, Lp)

= Y-Bd. Y-Br

Reactance (X)
* Wide-ldet

1. Option E4980A-001 is required.

Resistance (R)

Cp
99.97011 pF
D

0.000021

99958

vV IAC 62
OFF DG OFF E4980A

(Cp-D measurement)

-—
i "% Capacitance
. Z—BBd.Z-Br Phase (0) (Cs, Cp)
-

LCR Meters

Overview

- Spot frequency measurement
- Numeric only display

- Lower price than analyzer

- High speed

- Application specific

Bl
TEAS TIVE

Cp 99.99778 pF

0.000f
0

i E4982A Measurement Display

1MHz— 3GHz r’im“é £4982A LCR meter

‘ - SO
Q E4980A precision LCR meter
T

(20 Hz ~ 300 kHz/500 ktz/1 MHz ] G E4980AL precision LCR meter

E4980A Measurement Display

[ 20 Hz — 2 MHz,

120 Hz, 1 kHz, 1 MHz EA4981A capacitance meter

Frequency (Hz)

10 100 1k

10k 100k 1M 10M 100M 1G 10G
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L-I-V and C-VV Testwith auto switch

Matrix Switch (1A)

IV (VF& IR)
Voltage: +/- 200V L--V and CVTest Within Probe Station
Current: 3ADC

O 20Hz- 2z YCSEL DC Parameter:
C\: 1pF ~ ImFwith +/- 40V 1 "

KEYSIGHT
TECHNOLOGIES
Authorized Distributor

LCR Meters

Key Products Overview

E4982A LCR Meter 1 MHz to 3 GHz

d: /material up to 3 GHz

* An industrial standard in RF i
 Target applications — passive components
* Target customers — manufacturing

* Migration opportunities — 4286A, 4287A

E4980AL/A Precision LCR Meter 20 Hz to 300 kHz, 500 kHz, 1 MHz / 2 MHz

* A new standard for low-frequency impedance measurements up to 2 MHz

* Target applications — passive components, semiconductors, MEMS, materials
* Target customers — R&D, manufacturing, QA, incoming inspection

* Migration opportunities —4279A, 4284A, 4263B

E4981A Capacitance Meter 120/1k/1MHz

* A new standard for ceramic capacitor (C) production tests
* Target applications — capacitors

* Target customers — manufacturing

* Migration opportunities — 4278A, 4268A, 4288A

SENBERERERE
-PINSYlN R EARAS *0
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Impedance Analyzers

* No real components are purely resistive or reactive

Impedance Analyzers

e Every component is a combination of R, C and L elements

Unwanted Rand C

Capacitance meter precision LCR meter

P ETTT LCRmeter ——— - - - Impedance Analyzer - NetworkAnalyzer _ * The unwanted elements are called parasitics
’ N '
] 1 1 !
3 |
: L@ : New : : Intrinsic C
i | E®, | l g | v
' i o | ; 4
1 E4980AL 1 " 1 . ! . _| |_—°
I i i i I J
1 precision LCR meter 1 > —vr o SOREV 1 £5071C : I
| ; | E4990A | ENAnetworkanalyzer 1 gnwsfl‘_te‘: | | AAN =
i ' 7 -
i Mt Lw i Impedance analyzer | 1 Ie:gs ° { ;
! - ! 20 Hz — 120 MHz ! |
| . .
: E4981A E4980A : : :
1 1 1 !
1 1 1 ! X .
! - ' S — ! = ! of dielectric

' H - o ' E50618 !

| - | E49918 ;o EAneworkanayzer Capacitor Equivalent Circuit
| 49827 | Impedance analyzer | i

N LCR meter , 1MHz — 3 GHz . I

KEYSIGHT R IR ERANE KEYSIGHT RERRER ERAHE
R 3 INSYUN SEREERAS B R 3 INSYUN SER RS .
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Impedance Analyzers

X versus Test Signal Frequency |

Impedance | X|

Resonant Frequency (®)
Frequency

KEYSIGHT :RlNSYUN EEPHRIEX R EHE

TECHNOLOGIES
Authorized Distrbutor

mARRARAS

Impedance Analyzers

Example Capacitor Resonance
Impedance versus Frequency

2] R 6|

KEYSIG
TECHNOLOGIES
Authorized Distrbutor
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Impedance Analyzers

- Sweeps parameter, displays graphics 3
. Frequency
. DC Bias
. AC level
- Use model
. Frequency characteristics
analysis
. Resonant analysis
. Circuit modeling

E4991B Impedance analyzer

I
E4990A precision impedance analyzer o
[ 20 Hz— 10M/20M/30M/50M/120 MHz ] -

10 100 1k

10k 100k 1M 10M 100M 1G 10G

KEVSIGHT 2B REREMENT ]
SINSYUN ZETEE
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Impedance Analyzers

E4990A Impedance Analyzer
Key numbers...

»Frequency range: 20 Hz ~ 10M/20M/30M/50M/120 MHz

» Basic measurement accuracy: 0.08% (0.045 % typical)

Versatile Analysis Functions

ACLVL

zQ C
Frequency
DCLVL
Frequency Sweep DC Bias Sweep

Equivalent Circuit Calculation

KEYSIGHT RERRELERANE
proees JRINSYUN EEEESERS

Authorized istributor

AC Level Sweep
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Quick and comprehensive analysis by
Multi-channel and Multi-trace

- ch2

4 JORCR - 2 A Test Signal (AC) Dependency
(0SC Level Sweep) 4 traces
I3 . U

. .Cp
[ 12| :
]
» oz
W i
- Vac lac
Frequency Dependency a
(Log Freq Sweep) cprr e G
4 traces
; ) ]
Ch3

D
D 1 L] B DC Bias Dependency g
h (DCBias Sweep)
2traces

e e L Ry et

* Check wide frequency performance of Z, theta, Cp and D in Channel 1
* Check AC level dependency at 1kHz in Channel 2
* Check DC Bias level dependency in Channel 3

TECHNOLOGIES
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Impedance Analyzers

Key Products Overview

* An industrial standard in RF impedance/material measurements

* Target applications — passive components, semiconductors, materials
* For—R&D, QA, incoming inspection

* Replaces 4291A, E4991A

* 0.65% basic accuracy

* Anindustrial standard in mid-freq. impedance measurements

* Target applications — passive components, semiconductors, materials, in-circuit
« For— R&D, QA, incoming inspection

« Replaces — 4192A, 4194A, 4294A

* 0.045% (typ.) basic accuracy

JEMRRRRE : RLC meter(BR A ERIH FE RS

JEBREE & [ 4

GEBBIE - LCR meter [ B3 Shik B 2

y

Ed=oil
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