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 No real components are purely resistive or reactive
+ Every component is a combination of R, C and L elements
+ The unwanted elements are called parasitics

Unwanted
Rand L of
leads

Capacitor Equivalent Circuit

Intrinsic C

Unwanted R and C
of dielectric
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Series / \ Parallel

Model Rp Model
Rs Cs
Low-Impedance Device

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

Cp
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Which Model Is Correct? Rp
Rs Cs
Cp
Series model Parallel model

m Both are correct
Cs=Cp(1+D?

= One is a better approximation

= For high Q or low D components, Cc ~ Cp
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OPEN/SHORT #1{&
Test Fixture Residuals
/\/\_/_\
Residual Stray
Impedance (Zs) Admittance (Yo)
O TN e
Hc GJI'_ Rs Ls
Hp OH-
| Co Go Zdut
e O 171,
{
Lc G—I—
| Test fixture residuals
" sgute_ Zm-Zs
1-(Zm-Zs)Yo
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OPEN/SHORT#{E[RIE
Zs
Hc 1
1 Zm Yo Zdut
Hp
X G—\ ro Go OPEN SHORT ‘
P
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Yo = Go + joCo Zs = Rs + jols 7d Zm-7Zs
; f———
(Rs + jols << C_ﬁ%o— SHORT Impedance << Rs + jols i zm - z9)vo
(a) OPEN £ (b) SHORT £
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OPEN/SHORT/LOAD ##f&
AR
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LCREES: Vlg cb E V2 Zdut | DUT
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Zxm RAN2TPES

Zdut = (AxV2+Bx12)/(CxV2+DxI2) = (AxZxm + B)/ (CxZxm + D)

where Zdut = V1/I1 and Zxm = V2/I2
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OPEN/SHORT/LOAD #f#

HARIE
Zstd (Zo - Zsm) (Zxm - Zs)*
(Zxm - Zs) (Zo - Zxm)

Zdut =

Zo: OPEN measurement value
Zs: SHORT measurement value
Zsm: Measurement value of the LOAD device
Zstd: True value of the LOAD device
é(m . DUT Measurement value
dut
. DUT Corrected value
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Test fixture selection by SMD size
https://www.keysight.com/tw/zh/assets/7018-06727/brochures/5965-4792.pdf

* Applicable SMD size [code in mm / (EWA code in inch)]**

EEzsgzgszsy
win EEESEEEEEER v i
l:lns?i- Test fixture  Model Electrode usable g g g § § E E E ﬁ E E LxWxH LxWxH
fication  type number  type frequensy 2 2 S R 2 8 & & £ £ 5 (mm {mm}
Parallel 40 GHz a = 3 = = 3 = 01x05x05 Bx10xt0
Paratlel 120 MHz a = 01x03c03 5x1Bx16
: 5D, Paralle 120 MHz 07206508 :
SMD, Paratlel 15 MHz SeeNote7  Le<0
Tweezers™
SMDfLead™ 160824 Parallel 500 MHz SecNote®  L<18
SMD. Gengral 161827 Parallel 2GHz o (N o fabos [ e f L)1 L<20
g+ 161944 Bottom 2GHz a ) e sl s JSH L2 L<15
161964 Paralkl ___ 3GHz Paralel shectrods
RE 161958 Parallel 3GHz %
7 mm* 16196L Parallel 3GHz =
191960 Parailel 3 GHz .
161974 Bottam 3 GHz L
161974-001  Bottom IGHz « s 8 = e
161988 Botiam T [ | ] 0201 to 040 sizes only
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Negative D Problem and its Causes
*Negative D Problem

C-D Measurement

m Theoretically, it is not possible to have negative D

for passive components.
5o R
Xc

m Negative D is seen in very low D measurements

DUT: Capacitor C =100 pF, D = 0.001
@ 1 MHz

R:l6 XC>>R
Xc=16k
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Negative D Problem and its Causes
« Causes of Negative D

1. Inaccurate measurement instruments
= Negative D is seen in very low D measurements

Example:
C =100 pF
D =0.0008 @ 100 kHz, 1 Vrms)

Product | D Accuracy | Possible Readout
4288A | £0.0005 0.0003 to 0.0013
4263B | £0.001 -0.0002 to 0.0018

d==——-- - ——--—---1™

p=R
'-: Xc
N

<" 0.0005 accuracy
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Negative D Problem and its Causes
« Causes of Negative D
2. Contact resistance in a 4-terminal configuration
m Contact resistance in 2-terminal contact D Error =  Cx (RL + RH)
(o
006@
5 >
6 S
g :@‘@ Negative
sign
m Contact resistance in 4-terminal connection 2 90 = 2 Dl Ehiplig < Challe)
D 4-terminal contact
Rhc Rlc Clc
He [y e L
R o Y= (e Lp Go
Chp—/ R = ni Capacitance value Cx
Error caused by Rhp with Chp:
Magnitude error:mf1 Phase error: «Chp Rhp (rad)
m Contact resistance also degrades SHORT compensation
AV ST DGy
Negative D Problem and its Causes
+Causes of Negative D
3. Improper SHORT compensation
: m Cs =100 nF
= Shorting Plate D = 0001 @ 1 MHz
(PN: 5000-4226)
o o
Oy ¢ 7R
: . _ D 1
m Typical Residuals (@ 1 MHz) ol joCs
Ls =26 nH =16m -jl6
Rs =2 mQ = Measured D 3
Rs + jXs = 2mQ + j163 mQ _RIRs  (1652)XI0
X-Xs 16-0.163
=-0.0028
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Negative D Problem and its Causes

Causes of Negative D

4. Complicated residuals
m Long Cable, Scanner, Handler
m OPEN/SHORT compensation cannot eliminate the measurement error

Instrumen
t I % I % } DUT

Instrumen
t

m Perform OPEN/SHORT/LOAD compensatlon

AV SIS By Gy

Calibration and Compensation Comparison

Theory

Calibration

® Eliminates instrument system errors
® Defines the "Calibration Plane” using the CAL standard
® | ow Loss C Calibration improves high Q measurementin RF

Cable correction

® Eliminates the effects of cable error
® Extends the "Calibration Plane" to the end of the cable

Compensation

e Eliminates the effects of error sources existing
between the "Calibration Plane" and the DUT

OPEN/SHORT
Compensation

® Eliminates the effects of simple fixture residuals

OPEN/SHORT/LOAD
Compensation

® Eliminates the effects of complicated fixture residuals

MWERET INSYUN
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Which compensation technique should you use?
- Selection Guideline -
1] -1
Test (= Kevfga*ggest
Fixture OPEN/SHORT  CORRECTION
——————————————————— (1a) (1b)—---=--- i
T H Test
—:* OPEN/SHORT . Fixture
DUT (@) =imem=ess fro
DUT
A EEXSIEHT DiNGvuN
~ > =
aEHE
Which compensation technique should you use?
- Selection Guideline -
000 o000
prs -
Keysight Test
Non-Keysight CABLE LENGTH Leads
CORRECTION
T ||| — - P PR 1§ | A
Test |
Fixture ©° oPEN/SHORT/LOAD
__________________ [20] OPEN/SHORT/LOAD
¥ e e
DuT DUT
A KEYSIGHT JINSYUN
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