Measuring Impedance with the Bode 100

OMICRON Lab Webinar Nov. 2014

%%
OMICRLC:\IEI



Let's start with a question

* Why do the presenters wear moustaches?

http://moteam.co/omimobros
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http://moteam.co/omimobros

Agenda

* Direct Impedance measurement methods
° Indirect Impedance via Gain

* Measurement examples

* Time for discussion

* Wishes & feature requests
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Impedance Measurement Methods

* Direct Measurements
— One-Port
— Impedance Adapter
— External bridge (e.g. High Impedance)

* Indirect Measurements (via Gain)
— Two-Port shunt-thru
— Two-Port series-thru
— Voltage-Current Gain
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Direct Measurement Methods

e Support full impedance calibration (open/short/load)

* Directly displaying impedance, reflection and admittance
- Ls, Lp, Rs, Rp, Cs, Cp, Q, VSWR

[¥ Trace 1(TR1) | [W Trace 2(TR2) | Format |Mag -
Coor [N~ | Color [N~ | Ymax | hag (dE)
: Phase (%)
Measurement |lmpedance - Measurement |Impedance - Yimin Phase (rad)
Y-Scale |Tg '
Display |Data - Display |Data - Polar
Format |Mag - Format |Phase (7) - Real
Imag
Ymae (100,000 Ymax |200,00 © Data -> M gg
Ls
Y¥min |1.00 mC2 Y¥min |-200,00 ° Sdvanced |y
Y-Scale ¢ Lin Y-Scale % Lin e
* Log TR1 " Log TR2 2(TR2) | Myquist
™ Log ITR1I (" Log TR Q(Tg)
Data - Memary 1 | Data -»> Memary 1 | ' '
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Direct Measurement Methods

One-Port Impedance Adapter

QUTPUT CH1 CH2 QUTPUT CH1 CH?2
o Bode 100 o o “ Bode 100 o 0

DUT

B-WIC / B-SMC

External Bridge

OUTPUT CH1 CH 2
o Bode 100 o o

External Bridge

.||-mJ
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One-Port Method (Overview)

e Standard VNA impedance measurement via S11
* As with any VNA most accurate around 50 Q)

* Recommended from 0.5 Q - 10 kQ

* Full frequency range 1 Hz — 40 MHz

* Uncalibrated measurement is possible

* Full impedance calibration possible to remove influence
of cable or measurement setup
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One-Port Method (Setup)

Measurement setup  Bode Analyzer Suite

oUTPUT CH 1 cH2 1. Frequency Sweep Mode &=
o /\f/ o O quency P
2. Trace Settings

- Measurement: Impedance
- Format: e.g. Mag & Phase or Real & Imag...

3. Frequency Settings
— Start Frequency
— Stop Frequency
- Sweep Mode, Number of Points

= D]
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One-Port Method (Device Configuration)

If Measurement is set to Impedance, the Impedance/Reflection
configuration is used for the measurement

[F Trace 1(7R7) |

Coor [T~ |
I Measurement ‘Impedance j I

—7 Display |Data -

Fommat |Mag {dB) -
Cenfiguration @ Ymax |20.00dBQ
— . Ymin |-80,00dEQ
Device Configuration | Connection Setup | P @ [
“Scale * Lin

Measurement: ¢ Gain/Phase J| /¢ Impedance/Reflection " Log TR1

" LogTRI|
Recsiver
RECEIVER 1 Bandwidth
z -

[ eeecan ]

S Main Memary

[ Trace 2(TR2) |
|
Reflection
Data
Mag {dB)
10,00dB
-40.00 dB
& Lin
" Log TR2
C Log

Main Memory
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One-Port Example

Measure inductance and self resonance of a power inductor
(uncalibrated)

DUT: 22 uH shielded power inductor (WE 744 77 912 2)

Datasheet:
D Electrical Properties:
Properties Test conditions Value Unit Tol.
Inductance 1 kHz/ 250 mV L 27 HH +20%
Rated current AT=40K IR 1.41 A max.
Saturation current IAULI < 10% lgat 1.7 A typ.
DC Resistance @ 20°C Rpe 0.09 Q typ.
DC Resistance @ 20°C Rpe 0.11 Q max.
Self resonant frequency fres 15 MHz typ.
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One-Port Example

105
1 1
4
. LN I
£ 108 £ 103 \\
c £ o
O 102 Q 10
— = 10!
1
P_: 10 __#H7 ||| TRU/Ohm 100
100 Cutsord] 100,000 104,101m 101 7 [TR1/Ohm
Cursor 2 14,647M 27,191k
104 cocl 14,647M‘ 27191k 102 Ctrrsor 1 1,000k ‘104.016m
102 103 104 ‘105 106 107 102 108 104 105 108 107
f/Hz flHz
] mmmmm TR1: Rs(Impedance)
= TR1: Mag(Impedance)
100 5 40u 1
50 / 30u
o I = A /
N N2y
o o
- [
flHz| TR2/° 10u
-50 Cursor 1] 100,000 7,563 I flHz | TR2/M
Cursor 2| 14,647M 0,000 Gursor 1] 1,000k 21,484y
C2-C1| 14,647M -7,563 0 ‘
-100 1 102 108 104 10° 106 107
102 108 104 105 106 107 fIHz
flHz s TR2: Ls(Impedance)
= TR2: Phase(lImpedance) gg
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Impedance Adapter Method (Overview)

* Special software mode for our B-WIC and B-SMC
Impedance test fixtures

* Frequency range 1Hz — 40 MHz
* Max. impedance range 0.02 Q) - 600 kQ

* Full impedance calibration required
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Impedance Adapter Method (Setup)

Measurement setup  Bode Analyzer Suite

1. Frequency Sweep (Impedance Adapter)
o e 0 o Mode & & 5= @)

2. Trace Settings
- Format: e.g. Mag (Log) & Phase or Rs & Cs

DUT

B-WIG B-SMG 3. Frequency Settings
— Start Frequency
— Stop Frequency
- Sweep Mode, Number of Points
4. Device Configuration
— pre-set for excellent results
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Impedance Adapter Calibration

°* B-WIC

* B-SMC

OPEN SHORT LOAD %%
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User Calibration / Probe Calibration

* User Calibration (User Range Calibration)
Calibrates at exactly the frequencies that are currently measured
+ No interpolation, suitable for narrowband probes

User Calibration Points

| |
10 Hz 40 MHz

* Probe Calibration (Full Range Calibration)
calibrates at pre-defined frequencies and interpolates in-between
+ Calibration does not get lost when frequency range is changed

Probe Calibration Points
I I I interpolation

| |
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Impedance Adapter Example

Measure capacitance and ESR of a aluminum capacitor
DUT: 220 uF aluminum capacitor (ECA1HM221)

M Standard Products
Case size Specification Lead Length Min. Packaging Q'ty
Cap. Ripple | tan & Le_ad Lead Space )
WV | ; . Current Dia. X : Straight -
(x20 %)| Dia. |Length (120 Ha) | (120 Ho) Straight Taping | Taping Part No, Leags Taping
(+85 °C)| (+20 °C) *B | &
(V) | (uF) | (mm) | (mm) [(mArms) (rm) | (mm) | (mm) | (mm) (pcs) | (pes)
220 | 10 125 | 400 | 012 0.6 5.0 50 ECATHM221( ) 200 500
psg = 200 012 0.720@ 120 H
= = = (. VA
wC  2m-120Hz - 220uF
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Impedance Adapter Exam

10!
£ /
= 100
5 \
=
x 10-1 I s s e e S el
|_
102
102 108 104 105 106 107
flHz
= TR1: Mag(Impedance)
1007
50+
o i
T o
50+
-100
102 108 104 105 108 107
flHz

= TR2: Phase(Impedance)

Smart Measurement Solutions

nle

100
E
O L 7
<101
—
o
|_
f/Hz | TR1/Ohm
102 Cursor 1[120,000 233,077m |
102 108 104 105 106 107
flHz
= TR1: Rs(Impedance)
1,0m
0,8m "
L06m !
&
—=0,4m
0.2m == =TT T iR SRR
0.0 [ Cursor 1| 120,000‘ 17,561y |
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External Bridge Method

* Use with custom measurement bridges
(e.g. optimized for very high impedance values)

* Use for measurements that require high power
(external amplifier + directional coupler)

* Frequency range 1Hz — 40 MHz or depending on bridge
* Full impedance calibration required

OUTPUT CH1 CH 2
o Bode 100 o o

OUTPUT CH1 CH 2
o Bode 100 o o

Fl{eflected

7 N
/ -/

Directional Coupler

External Bridge

N
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External Bridge Example

° Measure very high impedance with custom bridge

* Detailed explanation is available for download
http://www.omicron-lab.com/bode-100/application-notes-know-
how/articles-use-cases.html#3

el -—\%\6\—“?

2k2 100

—— A\ —
2k2 2k2 —
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External Bridge Example

DUT: 470 pF capacitor 108
5
E 10
4
0 10
— 103
o
102
101
102 103 104 105 108 107
flHz
mmmmm TR1: Mag(Impedance)
2,0n: 1
1,5n
LL
N
o 1,0n
= ,
0,5n~Ap
L fIHz TR2/F
0 0: Cursor 1| 1,000k 477,924p
102 108 104 108 106 107
fiHz %Y
= TR2: Cs(Impedance) OMICRON
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Indirect Measurements (via Gain)

°* Bode 100 measures Gain
— Gain result must be transformed to impedance
— or already equals impedance

* Thru calibration to remove influence of probes & cables
* Trace settings:

[¥ Trece 1(TRY) | [¥ Trce2(TR2) |
coo ] = cil
Measuremel nt |Gain hd Measureme: nt |Gain -
Display _|Data - Display_IData - |
Format |Mag A Format |Phase (%) -
Ymax [5.00 Ymax [200,00°
Ymin |1.00m Ymin |-200,00
Y-Scale ¢ Lin Y-Scale * Lin
* Log TR1 " log TR2
" Log TR " Log TR
Data -> Memory 1 | Data -> Memary 1 | g q
Main | Advance d | Memory Main | Advance: d | Memory OMICRON
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Indirect Measurement Setups

Shunt-Thru Voltage-Current Gain
OUTPUT /\r/:H 1 CH 2 OUTPUT /\'/:H 1 CH2
o Bode 100 o Bode 100 o o

B-WIT 100

Series-Thru

CH1 CH2

OUTPUT
o Bode 100 ° o

%%
OMICRON
I LAB

Smart Measurement Solutions Page 24 -




Shunt-Thru Method

* Derives impedance from standard S21 VNA measurement
* Very accurate below 10 Q

* Best choice for ultra-low impedance measurements (mQ)
* Full frequency range 1Hz — 40 MHz

* Uncalibrated measurement is possible

* Thru calibration possible to remove
Influence of cables or probes

OMICRON
I LA B

Page 25 -

Smart Measurement Solutions




Shunt-Thru Method

°* Measurement Setup

OUTPUT CH1 CH2
o Bode 100 ° o

2 ° fa

-
)
[a]

S21
1-S21

* For frequencies <10kHz use a common mode transformer to reduce
the cable braid error!

* Configure Bode 100 to measure S21
(terminate CH2 with 50 Q and select Gain)

° Convert S21 to Impedance: Zyyr = 25Q
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Shunt-Thru Example

5 mQ shunt resistor (Dale WSR-2)

1

-207 Calculate 1E+4 1E+5 1E+6 1E+7 1E+8
-30 >
o0-a01 Impedance ot
=-s0.
D: L
= 0,01
o]
80 e 105 106 107 0,001
flHz
= TR1: Mag(Gain) Magnitude ZDUT
X 0.17Q
Inductance at 10 MHz: L = = = = 2.55nH % %
w  10.6MHz-2m 44
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Series-Thru

Derives impedance from standard S21 VNA measurement
Very accurate for high impedance values > 100 Q

Full frequency range 1 Hz — 40 MHz

Uncalibrated measurement is possible

Thru calibration possible to remove influence of cables
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Series-Thru

°* Measurement setup

* Convert S21 to Impedance: Zpyr = 100 £ -

S21
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Voltage-Current Gain

* Suitable for in-circuit measurements
(input impedance/output impedance)

° Modulate signal with output of Bode 100
* Connect CH1 to current and CH2 to voltage signal -

OUTPUT CHA1 CH2
o Bode 100 o o V V
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Voltage-Current Gain calibration

* Thru-calibration is possible by using a 1 Q resistor. This
compensates the frequency response of the probes
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Application Example — DC Sensitivity

* Measure DC voltage sensitivity of ceramic capacitors
* One-port method and DC-bias injector (J2130A)

* See also application note: http://www.omicron-lab.com/bode-
100/application-notes-know-how/application-notes/dc-biased-
Impedance-measurement.html

Picotest J2130A
+ DC Bias Injector

DC Bias

ouTt

0osc
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http://www.omicron-lab.com/bode-100/application-notes-know-how/application-notes/dc-biased-impedance-measurement.html

Feel free to ask questions via the chat function...

If time runs out, please send us an e-mail and we will follow up.
You can contact us at; info@omicron-lab.com

Thank you for your attention! %%
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