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MnocKocTb KannbpoBKU: cepeaunHa MNpoxopaa

B [Ipoxopa AonXeH 6bITb NOIHOCTbIO U3BECTEH!
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TpyaHOCTU B AMana3oHe MM-BOJIH

B Harpyska npamo y 30HO08B
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Harpy3ka, pasameuieHHas y ron0BKU

B Touka nepexoga — HeO4HOPOAHOCTb
B HeogHopoaHoe none
B lImnepgaHc Harpysku: - HenpeaeneH
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UamepeHne «KMHAYKTUBHOCTU» HArpy3Kku

Inductance L, pH

-7

Extracted Load Inductance

— LP2
— LP1

TG

140

|
150

\‘ J oo

160

| | |
170 180 190 200

Frequency, GHz

210 220

& MPICORPORATION

Measurement meets Simulation.
R&S-CST-MPI. Mocksa, 12-13
Anpens 2016. A. PymaHues

Company Confidential

16



HecmabunbHaa «nsameputenbHas oCb»

CORPORATION Reapy For THe Test™



HecmabunbHaa «nsameputenbHas oCb»

CORPORATION Reapy For THe Test™



Yem panblue oT nepexoaa — Tem ayyile

B [lepexos B KONAaHapPHYO MOAy 3aBepLueH

ChopmupoBaHa CTPYKTypa Nons
OnpepeneHa beryuwaa BONHA

MOXHO onpeapenntb nimneanaHc
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Yem pganblie ot nepexoaa — Tem nyyiue

[ThoCKoCcTb KaNMbPOBKN — cepegmHa Npoxoaa
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OnpepeneHue onopHOro nmneaaHca Z,..

B KannbposKa onpeaenser onopHbIN MNeaaHc
M3MepeHUmn Zp,,

B TouHoe onpepeneHune Z,.. - KNOY K NPaBUJIbHOW
MHTepnpeTaunn S-napameTpos namepaemoro Yri

Port 1 Port 2 ( \
00— O
a vV S| VvV e o b‘L o ZDUT o ZREF
“ N\ N i = — =
o — ™ ai  Zpur +|ZREF

Measuremen t meets Simulation.

R&S-CST-MPI. Mockaa, 1215 Company Confidential 24
Anpens 2016. A. PymaHues

& MPICORPORATION



berywana Bo/sIHA
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KonnaHapHble mepbi: NIST RM8130 (GaAs) u
KoMmmepuecKaa noanoKka (Moaukop)
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Mpobnembl nnaHapHbLIX BOIHOBOAOB
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U3mepeHue Z,, y npn manbix NnoTepax AU3/1eKTPUKa

B NIST meToa KOHUEHTPUPOBAHHOM HArpy3Ku
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D. F. Williams and R. B. Marks, "Transmission line capacitance measurement," Microwave and Guided Wave Letters, IEEE, vol. 1, pp. 243-245,1991.
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R. B. Marks and D. F. Williams, "Characteristic impedance determination using propagation constant measurement," IEEE Microwave and Guided Wave Letters, vol. 1, pp. 141-143, June 1991.
D. F. Williams and R. B. Marks, "Transmission line capacitance measurement," Microwave and Guided Wave Letters, IEEE, vol. 1, pp. 243-245, 1991.
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NIST RM8130 (GaAs)

{ %;:: Nattonal Institute of Standard and Technology
Report of Intrestigation

Reference Material 8130

Coplanar Waveguide Calibration Set

This Reference Material (RM) is intended for use by industrial laboratories that wish to implement the procedure
described in Part 1 of the NIST/Industrial MMIC Consortium’s “Proposed Procedures for Verifying Probe Station
Integrity and On-wafer Measurement Accuracy” for the measurement of microwave probe station stability and for
verifying the ability to repeat on-wafer microwave measurements performed at NIST. RM 8130 measures the
instrument drift (stability) of microwave probe stations and verifies the ability of a laboratory to repeat NIST
measurements. It consists of a coplanar waveguide (CPW) calibration set fabricated on a gallium arsenide wafer.
Each RM is individually tested, bears a boule number, wafer number, a calibration set number (see Table 1), and
comes with a data disk unique to the RM. The RM wafers are mounted on a glass slide for ease of handling.

Table 1. RM Calibration Set Data

Calibration Set Serial No. 3

Boule No. 5634

Wafer No. 7

Measured Line Capacitance 1.7877 pF/cm
(information value only)
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CnnyeHune AByX YCTAaHOBOK
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Fig. 1. Verification results on integrity of the wafer-level
measurement setup used.

R. Doerner and A. Rumiantsev, "Verification of the wafer-level LRM+ calibration technique for GaAs applications up to 110 GHz," in ARFTG Microwave Measurements Conference-Spring, 65th, 2005, pp. 15-19.
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N3mepeHue NOCTOAHHOMN pacnpeaenieHun
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A. Rumiantsev, “On-Wafer calibration techniques enabling accurate characterization of high-performance silicon devices at the mm-wave range and beyond,” Fakultat fur
Maschinenbau, Elektrotechnik und Wirtschaftsingenieurwesen, BTU Cottbus, Cottbus, 2014.
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N3mepeHune xapaKTepucTuyecKoro
CONPOTUBAEHUA
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A. Rumiantsev, “On-Wafer calibration techniques enabling accurate characterization of high-performance silicon devices at the mm-wave range and beyond,” Fakultat fir
Maschinenbau, Elektrotechnik und Wirtschaftsingenieurwesen, BTU Cottbus, Cottbus, 2014.
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Maschinenbau, Elektrotechnik und Wirtschaftsingenieurwesen, BTU Cottbus, Cottbus, 2014.
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R. B. Marks and D. F. Williams, "Characteristic impedance determination using propagation constant measurement," IEEE Microwave and Guided Wave Letters, vol. 1,
pp. 141-143, June 1991.

D. F. Williams and R. B. Marks, "Transmission line capacitance measurement," Microwave and Guided Wave Letters, IEEE, vol. 1, pp. 243-245, 1991.
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ceBAo beryLian BO/NHA
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MNceBao b6erywian BosHa
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Mone3Ho o3HakomuTbes c: D. Williams, “Traveling waves and power waves”, Microwave Magazine, Nov-Dec 2013.
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Mepexopn K ncesno 6erywien BonHe

beryuime BOsHbI

MpeobpazoBaHue

S-napameTpbl
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KonnaHapHbit BonHosoa: 100 MIy

Component:

Abs
Frequency: 0.1
Phase: 0
Dist, -40dB: 3184
Line Imp. [Ohms]: 58,11
Alpha [1/m]: 1.446
Wave Imp, [Ohms]: 189.5
Beta [1/m]: 5.348
Accuracy: 2,593e-17
Mode type: QTEM
Maximum: 1.298e+06
Plane at x 16,42

Measurement meets Simulation.
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KonnaHapHbiv BonHoBoA: 7 My,

Component: Abs
Frequency: 6.8932
Phase: 0

Dist, -40dB: 1191

Line Imp. [Ohms): 50,42
Alpha [1/m]: 3.867
Wave Imp, [Ohms]: 168.9
Beta [1/m]: 331.4
Accuracy: 6.051e-17
Mode type: QTEM
Maximurm: 1.209e+06
Plane at x 16,42

Measurement meets Simulation.
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KonnaHapHbit BonHosoa: 20 My,

Component: Abs
Frequency: 20

Phase: 0

Dist, -40dB: 618.9
Line Imp. [Ohms):  50.12
Alpha [1/m]: 7,441
Wave Imp, [Ohms]: 168.1
Beta [1/m): 957.4
Accuracy: 3.636e-17
Mode type: QTEM
Maximurn: 1,203e+06
Plane at x 16,42

Measurement meets Simulation.
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KonnaHapHbiv BonHoBOA: 60 'L

Component: Abs
Frequency: 60
Phase: 0

Dist, -40dB: 349

Line Imp. [Ohms]:  49.83
Alpha [1/m]: 13.2
Wave Imp. [Ohms]: 166.1
Beta [1/m]: 2885
Accuracy: 7.136e-17
Mode type: QTEM
Maximum: 1.21e+06
Plane at x 16.42

Measurement meets Simulation.
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KonnaHapHbiv BonHosoa: 100 My,

Type: E-Field

Component: Abs
Frequency: 100
Phase: 0

Wave Imp, [Ohms]: 154.4
Dist, -40dB: 381.1
Alpha [1/m]: 12.08
Beta [1/m]: 4987
Accuracy: 6,965e-17
Mode type: Hybrid
Maximum: 1.077e+06
Plane at x 16.42

Measurement meets Simulation.
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B/B, : Pesynbratbl CST mogenupoBaHusn
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BuptyanbHaa mTRL (CST) u usmepenums

Re(epsilon)
58
— measured
5.6
— simulated
54 —
_f -
5.2
3 | 1 | ! !
0 20 40 60 80 100 120
Frequency (GHz)

Measurement meets Simulation.
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BuptyanbHaa mTRL (CST) u usmepenums

Im(epsilon)
0.2
0 J—
___‘___|_‘-|—_._

02— rﬁ
-04 —

—— measured
0.6 — :

—— simulated
-0.8 | 1 | | l

0 20 40 60 80 100 120
Frequency (GHz)
ﬂ MPICORPORATION Msg‘ssug?m'm’ait;?? liljtg’n Company Confidential

Anpens 2016. A. PymaHues

50



BuptyanbHaa mTRL (CST) u usmepenums

beta/betal

2.7

— Re(35[1,1])
26 — measured

— Re(S[1,1])
55 simulated
2.4 —
2.3
2.2 | | | | |

0 20 40 60 80 100 120
Frequency (GHz)
Measurement meets Simulation.
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BuptyanbHaa mTRL (CST) u usmepenums

alpha

— measured

— simulated

Attenuation (dB/cm)

0 | | | |
0 20 40 60 80 100 120
Frequency (GHz)

Measurement meets Simulation.
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BuptyanbHaa mTRL (CST) u usmepenums

Line Zo
54
—— simulated
52 — —— measured
£
o)
=
~
D
o
50 — ——
48 | | | | |
0 20 40 60 80 100 120
Frequency (GHz)

& MPICORPORATION

Measuremen t meets Simulation.
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BuptyanbHaa mTRL (CST) u usmepenums

Line Zo

0.2

-0.2 —

Im(Zo), Chm

-04 —

-0.6 —

I

—— simulated

—— measured

-0.8 |

& MPICORPORATION

!
40

! ! !
60 80 100 120

Frequency (GHz)

Measurement meets Simulation.
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MembpaHHaa KonnaHapHaa IMHUA

KonnaHapHaﬂ TNMHUNA Ha NOJTIUKOpPE

MembpaHHas KonaaHapHaa AUHUA

w S, W, 8 w SiN
sr.mcm | | | | | | 13 4
tand t K membrane e

U. Arz, M. Rohland, and S. Blttgenbach, Improving the Performance of 110 GHz Membrane-Based Interconnects on Silicon: Modeling, Measurements, and Uncertainty Analysis, in EEE Trans. on
Components, Packaging and Manufacturing Tech., vol. 3, No. 11, Nov. 2013
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MembpaHHaa KonnaHapHaa IMHUA

 EEEEEWNEEEEEEEEEEE RN R E N

25_ ........ ...... ....... .

2r measurement of CPW on GaAs wafer| -
s == === GaAs CPW model
=) measurement of membrane CPW
15 | ===== membrane CPW model

20 40 60 80 100
Frequency (GHz)

U. Arz, M. Rohland, and S. Biittgenbach, Improving the Performance of 110 GHz Membrane-Based Interconnects on Silicon: Modeling, Measurements, and Uncertainty Analysis, in EEE Trans. on
Components, Packaging and Manufacturing Tech., vol. 3, No. 11, Nov. 2013

Measurement meets Simulation.
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NIST mTRL B QAlibria: 3akoHYeHHasa uenb

@ﬂ\hbﬂa Expert Mode - CAMPINQAlIbria\Data\FormatProject-Show\DSM.QAcp & S(abstALPbusVNACa]ibrationSoﬂ,.,[F:’ W
g S &
» | | File  Options Results Help
Define standards
"‘Kl v
o .'
= Start Frequency, Hz : 100M T s
= | Stop Frequency, Hz : &G
o [, | Frequency Points : 201
I A e —-:| Power, dBm : 5
- ]
IFBW, Hz : 100
L ]
SUBSTRATE - AC-2 CALIBRATION METHOD - NIST mTRL * | PROBE C
— L LS4 s |
W mwmnnumn I - ’
II||||||I|||I| [ L= ] |p
o wumnmni S
<llElI= s
Thru Short Line 1 Line 2 () = — D)
@l o]} 4| ol®
L O} —=—=10
Pitch : 100~250  Calibration Tier : First d(o)s
| L T-150-GSG T-150-G5G
SOLT/LRM/SOLR/mTRL Reference Impedance, Ohm : 50 =
TITAM Reference Plane, um : 300 I‘-"z"-'
Measurement meets Simulation.
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MPI MP80-DX ana TouHou mTRL Kannbposku

AL=70 um

Measuremen t meets Simulation.

R&S-CST-MPI. MockKsa, 12-13 Compa ny Confldentlal
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3aKka4yeHue

B [lnhaHapHble IMHUM — OMOPHbIE 3INEMEHTbI ANA
TOYHOM KaNMBbPOBKM 30HAOBbLIX U3MEPEHUNI

B Ba)HO NOHMMaTb AB/IEHNE ANCNEPCUMN,
onpeaeneHue beryuwen BONHbI U NCEBAO
napameTpoB

B JocTtynHbl MeToAbl U MHCTPYMEHTbI AN
MOAENNPOBaHUNA, USMEPEHUA U KaTMOPOBKU

B MeTtponornyeckoe obecneyeHme B pa3paboTke

Measuremen t meets Simulation.
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THANK YOU
FOR YOUR ATTENTION

2 MPICORPORATION

For more information, please visit:
WWW.mpi-corporation.com






