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Millimeter Wave Frequency Band Applications

Millimeter Wave Component Test

En )))))N))

» On Wafer Device Characterization HD Disc Player
» Wireless HDMI & WiGIiG ( E-Band)
» Automotive Radar Components ( E& W-Band)

Antenna

* Integrated on-wafer antenna arrays

* (Sub) mm-wave interferometer for astrophysics
(Emerging)

» Atacama Large Millimeter Array (ALMA) (NRAO,
ESO, IRAM)

» Deep Space Radio Telescopes

Materials and Imaging

* Free space material measurements.
 Security Imaging Systems

+ Corrosion Detection

* Bio-fuel (Emerging)
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THz Frequency Applications

* Radio Astronomy

« Atmospheric Studies g THE JOURNAL OF
« Chemical / Molecular Spectroscopy = PHYSIGAL
» Plasma and Accelerator Diagnostics
* Biological Imaging

» Materials Characterization

» General Test and Measurement

CHEMISTRY
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* Millimeter wave and THz applications

» Basic system architecture
« Capability Enabling Active Device Measurements

« Active Device Measurements
« SCMM Broadband Amplifier Characterization
« SCMM of 60 GHz Tx / Rx components
* IMD Spectrum measurements
« THz Power Calibration
« Materials Measurements at THz
¢« Q&A
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Measurement Driven Architecture

Millimeter wave Millimeter wave

Devices Measurements
_ : « S-Parameters (N-port,

 Passive Devices Differential ) (NP

© uipliicis « Absolute power

. M|xe_rs « Gain compression

* Semiconductors ‘ « Pulsed measurements

‘ Antenpas * Material parameters

- Materials « Time domain
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Measurement Driven Architecture

Millimeter wave
Measurements

Millimeter wave
Features

S-Parameters (N-port,
Differential, Translated)

Absolute power

Gain compression
Pulsed measurements
Material parameters
Time domain

Calibration: S-Parameters & Power
Bias Tee

Differential Source
Remote Modules
Measure & level power
Pulse drive and measure
Measure mixers
Measure multi-ports
Wide dynamic range
Measure multiple bands
Probing
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Solution Architecture

Network Analyzer is the

Vector Network Analyzer measurement engine.

Optional Test Set Controller
interfaces to modules

Millimeter Wave Test Set controller

Frequency || Frequency | | Frequency || Frequency
Extenders || Extenders | | Extenders || Extenders

111

THz Frequency Extenders
provide frequency conversion
and signal coupling

‘7%~ Agilent Technologies



PNA / PNA-X Network Analyzer
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Key Enabling Features:
« 26.5 /43.5/50/67GHz versions

» Configurable Test set options N5247A 4-Port PNA-X

* Rear panel RF / LO Output

» Rear panel direct IF Access

* Test set controller interface

* Frequency Offset Capability

 Dual, spectrally pure sources with low phase noise

* Integrated pulse measurements

» Source Power Calibration & Receiver power leveling
» Broadband match corrected power Calibration

‘7%~ Agilent Technologies




Millimeter Wave Test Set Controller

* Provides LO & RF distribution to modules

* Provides DC power to modules

« 2-port (N5261A) and 4-port (N5262A) versions

* Flexible setup: measure multiple bands

* Mixer Measurements without external Sources

* Easily switch between PNA/PNA-X and mm-wave mode

 u _— _— _— -PNA/PNA'X __________________________
R —— Srcl  Src2 LO IFx5 10
N I

— ] [ow ] [ e o = e

> 3 @ o' 2 .o] > .9' v ot ]

Y .o_o’ "o_o P [RF sw] [RF sw| [ IF Switch | LPwr

: ‘_ (—‘—- N ]_. .— |50|at0r X4444444
- R v ‘lll vYVvy
"] ) RF x 4 LOx4 IFx8 Pwr x 4




Millimeter Frequency Extenders

* Broadband Extenders: 10M-110GHz Banded Frequency Extenders
* Banded Extenders: 50 GHz ... 1 THz WR 15 50— 75 GHz

WR 12 60— 90 GHz
WR 12E 54 — 92 GHz
RFin— L xN_| — — Mwave Test (WR 10 75 — 110 GHz
Port WR6 110 — 170 GHz
WR5 140 — 220 GHz
WR3 220 — 325 GHz
WR 2.2 325 — 500 GHz
WR 1.5 500 — 750 GHz
WR 1.0 750 — 1.1 THz

Ref LO Test
IF In |IF




MHz to 110 GHz Broadband Solution

Single-sweep over 10MHz-110GHz
2-port & 4-port options
Based on N5247A 67 GHz PNA
1.0 mm Test Port
Key Features:

» Built in Kelvin Bias Tees

* Power levelin

Agilent Technologies



Banded Waveguide solutions to 1.1 THz

Banded Waveguide solution Without
- Test Controller

/ -_— -
PNA / PNA-X Banded Waveguide
Solution With Test Set Controller

Banded Waveguide solution With
Proprietary Test Controller

Agilent Technologies
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* Millimeter wave and THz applications
* Measurement Solution

» Basic system architecture
Capability Enabling Active Device Measurements

SCMM of 60 GHz Tx / Rx components
IMD Spectrum measurements

THz Power Calibration
 Materials Measurements at THz
¢« Q&A
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Broadband Amplifier Measurement Application

Measurement Requirements

» Single Connection Measurement
Input match

Output match

Amplifier gain

Amplifier compression
Amplifier pulsed response
4 Port True Differential

Port 3 Port 4

Agilent Technologies



4- Port Match corrected Source power Calibration

File

Trace/Chan MarkerfAnalysis

Measure

Measure Balanced
Format

Scale

Display

Avg

Cal

Scale...
Cal Wizard...

Stimulus  Utility Help

dB/ 0.00dB Trace

Start Cal
Correction ON/off

Power Cal
Manage Cals

Calibration Wizard...
Cal All Channels...
Cal Preferences...

Properties...

Port Extension ...
Interpolation ON/off
Fixtures

Cal Kit...

ECal

CalPod

System Z0

Calibration Wizard: Begin Calibration
@ SmarCal (GUIDED Calibration)
() UNGUIDED Calibration (Response, 1-port, 2-port): Use echanical Standards

(©) Use Electonic Calibration (ECal)

<Back

Select calibration preference.

Notsure about preferences?
Assistance is available in the online
Help.

["|Save this choice and don't show this page nexttime

Ne> | [ cancel | [ Hep

Select Ports for Guided Calibration

Cal Type Selaction
APon Cal
3Por Cal
2Font Cal
1Fort Cal

4Poit Gal Configuration

] Calibrate source and receiver power

<Back [ New [ concel | [ Help

Guided Calibration: Select DUT Connectors and Cal Kits

DUT Conneclars Cal Kits
Port1 1,00 mm female ~ | [B50594 Detabased
Por2 [1.00 mm mele = | [B5058A Detebased
Fortd | 1.00 mm female ~ | [B5058A Databased
Pond 1,00 min male = | |B5059A Darsbased

Madify Cal: Change Cal Methad. standards.

Cal Method: 4-Port

<Back | Mex> Cancel Help

Power Cal Settings

Power cal at:

Use Multiple Sensors

Sensor Setfings..

Accurag

cy
Add Sensor Talerance:

Sensor ‘smn Stop Adapter |Cnnnemnr ‘Cal Kit ‘

50 GHz Senso w | 10000000 NH: =] S0O000ODGHe [+ [ |Use | Ignored - + | emove
|\vBandSense v | SLONNDGH:  |+] 75000000GrHz  [2] [ JUse | lgncred - ~ | Remove |
VeBand Sens w ||75000000GH:  [2| TinonwooncHe 2] Tluse |ignored - ~ [Remove

Max Nurber of Readings: 13 |z|

cBack || Neo»

| [ Gancet | [ Heln
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Broadband Amplifier Match and Gain Results

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

Tr 1 511 LogM 10.00dE/ 0.00dB Tr 5 521 LogM 10.00dB/ 0.00dB Tr 6 543 LogM 10.00dB/ 0.00dB
RO 00 B0 00

Gain Characteristics

Input Match

Hr N

,ﬂ%‘

=Ch1: Start 10.0000 MHz — Stop 110.000 GHz Ch1: Start 10.0000 MHz —— Stop 110.000 GHz

~ Tr 2 52210gM 10.00dB/ 0.00dB Tr 4 544 1ogM 10.00dE/ 0.00dE ~ Tr 7 S121ogM 10.00dB/ 0.00dB Tr 8 534 LogM 10.00dE/ 0.00dB

Outpyt-iatch Reverse Isolation

Cont. S33 SrcPwrCal

~i#7i- Agilent Technologies



Broadband Amplifier Adding Power Sweep

Trace/Chan Response Marker/Analysis Stimulus Utility Help

Tr 2 511 LogM 10.00dB/ 0.00dB Tr 6 543 LogM 10.00dB/ 0.00dB  Tr 3 521 LogM 10.00dE/ 0.00dE

Sweep Type Sweep Properties R
OK

Linear Frequency Start Power -60.00 dBm

© Power Sweep CW Freq 77.000000000 GHz

Log Frequenay Stop Power  -6.03 dBm | aeply

Cancel
CW Time Points 201 —_—
Segment Sweep IF Bandwidth 100 Hz ‘ Help

Phase Sweep

top 110.000 GHz - N - Stan 10.0000 MHz Stop 110.000 GHz Quick Start...

Tr 8 R1,110.00dBm/ -30.0dBm IERIIE. 1 10.00dBm/ -30.0dBm Tr 11 R3,3 10.00dBm/ -30.0dBm Tr12 D3 10.00dBm/ -30.0dBm

User Preset
on | OFF

Input Output Power Sweep

2Ch2: -60.000 C 77.0000 GHz Stop -6.0300 dBm

Cont. Ch2 Tri0 C* Response SrcPwrCal™ LCL 2013-10-19 06




Broadband Amplifier Adding Pulsed Response

Internal
pulse generator
& RF modulation

Pulse receiver
(gating & filters)

[ =
>|Frequency Extender[I=I] . I > (=] Frequency Extender [~

o s

Pulsed RF —> Pulsed MM —> Pulsed |IF —>

Agilent Technologies



Broadband Amplifier Adding Pulsed Response

Cont.

File

Trace/Chan Response Marker/Analysis

Ch3 Tri5

Tr 6 543 10.00dB/

Pulse Measurement
off
Standard Pulse
9 Pulse Profile
Properties

| Autoselect Pulse Detection Method
Narrowband

Wideband

V| Autoselect IF Path Gain and Loss

IF Path...

/] Optimize Pulse Frequency
V| Autoselect Profile Sweep Time

IFBW  600.00 kHz

Basic <<

Bm Tr1d B1 1

R3,3 C* Response

Pulse Timing
Pulse Width 100.000 usec [Z]
1.000 msec [Z]

Pulse Frequency ~ 1.000 kHz  [2]

Pulse Period

Measurement Timing

Stimulus Utility Help

Name ‘Width Delay

Pulse Gen

Sourcel 1100.000 usec  {50.000 usec

Pulsel

Source2 |100.000 usec  |50.000 usec

Pulsel

Rcvr A |3.620 usec

Pulse0

Rcvr B |3.620 usec

Pulse0

Revr € |3.620 usec

Pulse0

Revr D |3.620 usec

Pulse0

Rcvr R1|3.620 usec

Pulse0

Rcvr R2 |3.620 usec

Pulse0

Recvr R3 |3.620 usec

Pulse0

Recvr R4 |3.620 usec

Pulse0

Master Pulse Trigger |Internal v
| Autoselect Width & Delay

Autoselect Pulse Generators

Pulse
Generators...

Apply ‘ [ OK ] ‘ Cancel

| | me

Ip 2 Input outp

Hz

—
%
—,
"
—,
%
prr———.
\
————
—

Quick Start...

—
%

User Preset
on | OFF

SrcPwrCal* | P

LCL 2013-10-19 06:19
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Broadband Amplifier Adding True Mode

Measurements

Topology: |BAL-BAL -
Balanced Port 1 Balancad Port 2
DuT

Stimulus Balanced Port Offset Sweep(CW Time Only)

) Single Ended Select Port: Enable Phase Sweep

~ Sweep Phase On: _Port 3 -
2llncliiode Phase Offset: 0,000 deg E

(*) Forward True Mode Bl e s Start Phase: 0.000 deg £

Reverse True Mode Power Offset: 0,000 dB E Stop Phase: 360.000 deg E
() Source Only Mode Offset as fixture Offset as fixture
[ OK ] l Cancel I l Help I

Integrated True-mode Stimulus Application:
ITMSA (Option 460)

» Applies DUT/VNA mismatch-corrected true-differential
or true-common-mode stimulus in forward, reverse or
both directions.

» Precisely control amplitude and phase offsets.
» Make fully-error-corrected balanced measurements on

balanced-input and balanced-output as well as one port
single-ended and one port balanced devices.

- Agilent Technologies




Broadband Amplifier Adding True Mode
Measurements

File Trace/Chan Response Marker/Analysis Stimulus Utility Help

Channel 1 Power Level -5.00 dBm E m

Tr 4 5dd21 Logh 10,0008/ 0.00dE Tr 7 5dd12 Logt 10.0048¢ 0.00dE Tr 1 5ddi1 Log 10.00d8/ 0.00dE Tr 6 5dd22 Logtd 10.00dB/ 0.00d8
50,00
4n.on * Power Level
. . 30,00 . !
rential Gain & Isolation ..., Differential Input / Output Match
' Power
10,00
ON | off
0.00 0.00
1000 1000 l
Power...
2000 -20.00 L \\Uf Tf‘\ A \\\(( V/ f\uf/ /\
-30.00 -30.00 ol l“.u/ w - d
Wer an
-40.00 -40.00
5000 T 00 Attenuators...
1 Chl: Start 10.0000 MHz —— p 110.000GHz ff ‘2  Chi: Start 10,0000 MHz = — Stop 110.000 GHz
Tr 3 512 Logh 10.00dB/ 0.0045 [ 543 LogM 10.00dB/ 0.00dE Tr 5 511 Loght 10.00dB/ 0.00dE Tr 9 544 Logh 10.00d8/ 0.00dB
50.00 50,00
40,00 40,00
30,00 30,00 -
»n Single-ended Gain & Isolation .0 L OINgle-ended Input / Output Match Start Power
10,00 10,00
| _..-—-"\_‘
0.0 (’# 0.00 Stop Power
1000 10,00
20,00 20,00 \ /Z\\\/n_/\ m M /\'\
| | A I A
-30.00 -30.00 o More »
-40.00 /\\ ! /J 40,00 U U \
| — ST | -
50.00 F——1 50.00
3 »Chl: Start 10.0000 MHz —— Stop 110.000GHz [l ‘4 Chi: Start 10,0000 MHz —— Stop 110.000 GHz Favorites
. e i s ———————————————.
CH 11 PNARF Source 2 PNA LD Source
Cont.  CH1: 543 C 4-Port SrcPwrCal® LCL
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* Millimeter wave and THz applications
* Measurement Solution

« Basic system architecture

Capability Enabling Active Device Measurements

SCMM Broadband Amplifier Characterization

IMD Spectrum measurements

THz Power Calibration
 Materials Measurements at THz
¢« Q&A
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SCMM of 60 GHz Tx/Rx Components

Measurement Requirements

e Conversion and S-Parameters of Tx

« Spectrum of Tx output with RF applied

« Spectrum measurement of Tx output for
LO Leakage

 Tx Detector versus Output power

« Tx Detector vs. Input Power Sweep

e Rx Conversion and S-Parameters
« Rx Power Sweep of input Power
« Rx Swept LO Response

« Rx Noise Figure measurement

i3 Agilent Technologies Agilent Confidential



Tx Measurement Configuration Using SMC

SMC Setup : Channel 1 b4

ANALOG INPUT ALI1 Sweep | Power | Mixer Frequency | Miger Power Mixer Setup |

[ Hardware Configuration

R SEgE: s Port 3: Thru Add Source ...
Part 4: Thru Path Configuration. ..

rConverter Model: Single Stage

— lE_E Port4 v
- P S—| X == @—l—_l

Lo B

TSTIF

[ &

DC IN LO1: |Motcontrolled =

Save Lo [o]4 I Cancel | Apply | Heln

REF
IF

TX RF
Input

Tx

@J Tx Detector Output

ry

Agilent Technologies Agilent Confidential




TX Measurement Con

SMC Calibration Setup

[¥ Independent power cals for input and output parts. (ho thry)

Additional Pawer Cal Step
[~ Ensble 0] Power Cal

[~ Enshle 02 Power Cal

[~ Enghle Phase Carrection

Fhase Correction

(@) Use Knownhiixer Delay | 0.000000 ps E

() Use Characterized hixer
| Use Phase Peference Calset

Browse.

X|

< Back

Next > I

Cancel |

Power Cal Settings for Port 4

Powercal st |Port 4 v

Power Meter Settings

[~ De-embed adapter [~ Use Power Table

Fower Sensar Cannectar Cal it Faver Taie, |
[ignorea - [ <
Accuracy
[mevance 02506 [5]  MaxNumber of Readings: [ 13 E
<Back | S I Cancel | Help

As Use alse

| Existing calsets

x|

1.0mm cal
Calset_1
CalSet_10
CalSet_10_Port_1
CalSet_10_Port_1.1
CalSet_10_Port_3
CalSet_11
Calset_12
Calset_13
CalSet_14
Calset_15

‘ Selact calset from list or type new name below:

.

[ TX_Cal

Edit Name:

[sme | o [ v |

figuration - Calibration

SMC Calibration: Select DUT Connectors and Cal Kits

DUT Connectors Cal Kits

Part3
Port4

[APC 35 male

[N4g91-60004 ECal 01076
[wi1644A

]|
|

[~ Modity Cal: Change Cal Method, standards

CalMethod: 2-Port .

x|

<Back

Next> |

Cancel

Help

x
x «
- Sensor A Sensor B
Liii Refarence Cal Factar [ 1000 % [5] Reference Cal Fator | 1000 % 2]
@ GPIB  Address | 14 B
E FREQUENGY (CALFACTOR a) [ |FREGUENGY —TEal FaSTOR
1 00000 7% i
2 77.000000 Hef 5.5 5|
. ‘ 3 73000000 | 27y
© Ay VISA resource '7 4 000000 ] 00 %) i}
Bl sios Deloto Gal Fagtor | 1 ] Delate All | Delota Gal Factor [ 1 2] Delate All |
Semsars Load Cal Factors... J . | Lo = | Save Cal Factors... I
Seting I Use this I~ Usath i
Tolerance 0050 dBm [5] o - o
Minimum Frequency | 75.000000 GHz Minimum Frequency | 10.000000 MHz 5]
L oah s = 3 E Maximum Frequency [ 110.000000 GHz 2] Masimurm Frequency | 50.000000 GHz (2]
et e Cammiarincind € ntermal Zera € Intermal Zera
™ Use Loss Table Edit Table
oK | Cancel | Help |
oK Cancel | e |

Using SMC Calibration allows for independent calibration of each port.

Agilent Technologies



Adding Conversion and S-Parameters of Tx

SMC Setup : Channel 2 m

Sweap | Fower Mier Frequency |M|Xer anerl Mixer Setup |

~Mixer Frequency

IM.UUUUUUUUU GHz I 16.000000000 GHz Calc Input |

ID Hz [v Input > LO
i:l File Trace/Chan Response MarkerfAnalysis Stimulus Utility Help _|=® ﬁ
Calc Lo . ]
ot [sirvoin = 1+ |E4.UUUUUUUUU GHz IBE.UUUUUUUUU GHz el | Tr 4 IPwr LOQM 10.00dBm/ 0.00dBm
@ - |E4 000000000 GHz I 96.000000000 GHz Calc Output |

50.00 | Tx version & S-Parameters 84.000 GHz
84.000 GHz

GHz

20.00

Save. Load. Ok I Cancel Apply Help |

> Qutput Start 84.0000 GHz — —
Hod  CH2 sS4 C" SMC_2P SrcPwiCal LoL

Agilent Technologies




Adding Spectrum of Tx output with RF applied
Using IMDx

Fraquency | Tone Powar Miker Frequency | Mixer Power | Miver Setup |

Mixer Frecuency

T ENIES:

calc ot |

o1 [Fied =] [0+

¥ Input = Lo

1+ [ 54000000000 GH:
G - | 94000000000 GHz

output [l -

calc Lo

Calc output |

Save. Load
IESVER | U

|

Cancel | apply | Help |

. Fie TrocelChon Resporse Werker/pnlyss _Stimus_Usity

Frequency |Tune Power | Mixer Frequency | Miker Power | Mixer Setup |

[-Sweep Type
@ Linear]
1 2nd Order Spectrum
" 3rd Order Spectrum
" Nth Crder Spectrum  Qrder N:

FStmuls Settings—————————————

fc (Tene Center) ma
DeftaF [Too00o00 Mz |
fl [ 12235000000 Gz [£]
2 [ 14008000000 Gz [£]

Resolution B | 3.000000 MHz E

Response Seftings—————|

Start Spectum: | 79.000000000 GHz 2]
[f sseacanas o |
Center Spectrum: lma
Span Spectrum: ma

Stop Spectum

Port 4 Bypass Switch

=  Rear Panel

| Combines Path
(& Theu Path

= Thm Path

 Combiner Path |

IMX Spectrum Setup: Channel 4

Frequency Tone Power |Mw Frequency | Mixer Power | Mixer Setup |

[ Power On (il Channels):

DUT Irput DUT Output
Input Part: Farts = OutpLtt Port: Fort4 ~
Source Attenustor 0dB H Source Afienustor 0B
Recelver Aftenuator 0dB E Receiver Aftenustor: 0cB B
[ Tone

[~ Coupled Tone Powers [+ ALC On 1 Power f2 Power

Powerleveling |

Ficed 1000 dEm (=] [10.00dBm 5]

= T ]

el

@ Set Input Power
" Set Input Power, recefver leveling
" Set Input Power, equal tones at output

" Set Output Power, receiver leveling

External cotrbiner required for messurements at
port 3 &

Path Configuration.

oK Cancel Apply | Help |

oK I Cancel Apply

Help

Hold  CH 4 Output No Cor

—|5] %]

LCL



Adding Spectrum measurement of Tx output for
O Leakage — Uses IMDx

IMX Spectrum Setup: Channel 8

Frequency | Tane Power | Miver Frequency | Mixer Power | Mier Setup |

~Sweep Type
@ Linear

¢ 2nd Order Spectrurm
¢ 3rd Order Spectrum

" Nth Order Spectrum Order N: g 1

- Stimuls Settings

DettaF: 0Hz E
fl 14.000000000 GHz E
2 14,000000000 GHz E

fe (Tane Centery: | 14.000000000 GHz E

Resalution BY: | 1.000000 MHz E

Response Settings

StoriSpectur: | 79485000000 Gz |
Stop Specturm: WE
Center Spectum: lma
e S lma

oK Caricel £pply

Help

Channel 8

Frequency Tone Pawer | Mixer Frequency | Mixer Pawer | Mixer Setp |

[ Fower on (all Channels)

[~ Coupled Tone Powers Jv aLcon

Fower Leveling

(® Set Input Fawer

(" Set Input Power, recefver leveling

( Set Input Power, equal tones at output
" Set Output Power, receiver leveling

-DUT Input DUT Output
Input Port: Port 3 - Output Part: Port 2 =
Source Attenustor 0dB Source Attenustor 0B B
Receiver Atenuetor 048 Receiver Attenuator 0B H

[ Tone Power

1 Power f2 Povver

Fixed “26.00 dBm E 5.00 dBm

External combiner required for measursments at
port 3 and 4

{Path Configuration... |

oK Cancel Al Help

Trace/Chan Response MarkerfAnalysis Stimulus Utiity Help

V1




Adding Tx Detector versus Output power -
Simulated

SMC Setup : Channel 6 m

m: File Trace/Chan Response MarkerfAnalysis Stimulus Utility Help - ﬁlﬁ

Tr17 SC23 LogM 10.00dB/ 0.00dB Tr 18 IPwr LogM 10.00dBm/ 0.00dBm
IEPE] TX Detector Volt..., LinM 0.100v/ 0.00V

Sweep | Pawer Miter Frequency | Mixer Power | Mier Setup |

[-Miier Frequenc:

: 14.000 GHz
nput [ 14.000000000 GHz | [ 16.000000000 Gz cal Input : 84.000 GHz
01 [Fixed =2 [0he % Input > L0 : ! 96.000 GHz

4.000000000 GHz | | 96.000000000 G Calc Lo
Ouput [Start/Stmp - e : . . 84 000 GHZ
(- [82.000000000 GH: |[66.000000000 G- | cale ouput | :

Save.. Load, o« | cacel apply Help

Equation:

I sqri(Tr19) |

Kl

Ch6: SMC Input  Start 14.0000 GHz — Stop 16.0000 GHz
>Ch6: SMC Output Start 84.0000 GHz — Stop 96.0000 GHz

Hold  CH 6: TXDetectorvoltage | No Cor SrePwrCal LcL

I No known errors.

[+ Enabled <- Backspace <- - Store Equation | Delete Equation |

Functions/Constants: Operators:  Trace Ch Param

built-in - + Trl A | [5C23 A~

- Tri0 SC32 7 g ?
* Tril 533

/ Tri2 522 4 5 6
( Trio Pwr

) Tri7 OPwr 1 2 3
; Tri8 RevIPwr

= Tri9 RevOPwr

E Tr2 x| |z ¢ O -+

[” Use Short Names

ﬂ

Cancel ‘ Help Import Functions

Agilent Technologies




Adding Tx Detector vs. Input Power Sweep -
Simulated

SMC Setup : Channel 7

L:_‘j File Trace/Chan Response Marker/Analysis Stimulus Utlity Help - ﬁlﬂ

Sweep | Power  Mixer Frequency | Miser Power | Mixer Setup |
| Tr20 SC23 LogM 10.00dB/ -20.0dB N T Detector Volt... , LinM 50.00mV/ 0.00mV
Tr 27 OPwr LogM 10.00dBm/ -20.0dBm

it [ 1400000000 G [esms | TX Detecetor vs Power Sweep 1: 0.000 dBm 8.12dB
> 1. 0.000 dBm | 352.88 mV

[ Mirer Frequenc

o1 |Ficed ] [ore ¥ Input > LO

(= + |84.000000000 GHz calc Lo
Output [Fived -
- |84000000000 GHz Calc Cutput |

Save Load oK cancel Aply Help

SMC Setup : Channel 7 m

Sweep Fower |M\xer Frequency | Mier Power | Mber Setup |
[v Bower On (all Channelsy [~ Port Powers Coupled

FDUT InputPort——————————————— ~DUT OuiputPart

Input Port: m Qutput Port: m
Power Lavel [irmeEn Powsr Level [oonaem ]
Source Attenuator: [ Autn ,FE Source Attsnuator [ Auto IFE
Receiver Atenuator(C) o] RoceiverAtenuator(8)  [00B 5]
Source Leveling Mode m Source Leveling Mode m

[~DUT Input Part Power Sweep [~DUT Output Port Power Sweep—————————————

Start Power, [200048m 5] Start Pawer [oo0dEm [£]
Stop Power [os0cEm 5] Stop Power [oo0cEm [£]
Poirts EE |

Power Step: ,WE

_ B

Bave Load OK Cancel | Apphy | Help |

Stop 0.00000 dBm

Hold  CH7 TxDetectorVoltage No Cor SrcPwrCal* LCL

Agilent Technologies




Rx Measurement Configuration Using SMC

[SMC Setup : Channel 2

Swesp | Power | Mixer Freguency | Mixer Power Mixer Setup |

~Hardware Configuration

Comertr Stages: [T~ | Fort 3: Thru Add Source ...
Port 4: Thru Path Configuration...

~Comverter Model: Single Stag

S
. -
Input
>< El=|
=
RF |
LO ot fpots =]
DC IN
Save Load. oK | Cancel Apply Help
REF
L ‘
X3
[@
x5 x|

Sweep | Fower | Mixer Frequency Miker Power |Mixer senp |

[LO1: Port 4 Power Setings | [-LO2: ot Contralled

LOT Power: 11.00 dBm E LOZ Paower, -10.00 dBm E
SowceLeveling Mods:  [internal x| Sowcelewlngmeds: | <]

~Port Setting
Fort 3 Fort 4
Source Attenuator 0dB B Source Atenuator 0dE g
Receneratenuaor 068 5] Receneratenuaor 068 5]
~Swapt Power Setting
Start Stop Step
LO1 Swept Fawer |—m 00 dBm H |n 00 dBm H | 0,050 8 H

Path Configuration,

LOZ Swept Pawer ma 0.00 dBm E 0.050 B E

Save Load ok Cancel Apply Help
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Rx Measurement Configuration - Calibration

SMC Calibration Setup

[~ Mavequide/In-Fixure/On-Wafer Setup

[ Independsnt power cals for input and output ports. (ho thi)

[~ Enahle Phase Correction

Phase Caorrection

Addiional Power Cal Step:

(8 Uze Known Mixer Delay | 0.000000 ps E

X|

Power Cal Settings for Port 1

Powercal at  |Fort 1 b

Powet Meter Setings.

x|
|

[~ De-embed adapter

[ Use Power Tahle

nghle oyer Cal se Characterzed Mixer ower Sensor Connector al Ki ower Tehle...
Enghle 01 Power Cel C UseCh ol i P 5 C ch Cal Kit P Tahl
[~ Enchle LOZ Poer Gl (C Use Phizse Referance Calset I\gnared ;I I ;I
Erawse Accuracy
’VTDIerance: 0.250 dBm E ax Mumber of Readings |T3 Iﬂ
< Back | Next > | Cancel | Help | < Back Cancel | Help

SMC Calibration: Select DUT Connectors and Cal Kits

[~

DUT Cannectors CalKits

Cal Method: 2-Fort,,
[w115444

|N4E§H-EUUU4 ECal 01076

[
[~

|Se|ect the calkit vou will be using from this Hat‘\

Port1 IW—band waveguide

Port2

[~ Modify Cal: Change Cal Method, standards.

| Dlent > |

<Back Cancel Help

Save As User Calset

Existing calsets

1.0mm cal a
CalSet_1
CalSet_10

CalSet_10_Port_1

CalSet_10_Port_1.1

CalSet_10_Port_3

CalSet_11

CalSet_12

CalSet_13

CalSet_14

Calset_15 |

Select calset from list or type new name below:

| RX_Cal

Edit Name

Cancel |

Help

Using SMC Calibration allows for independent calibration of each port.
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Adding Rx Conversion and S-Parameters

SMC Setup : Channel 3 m

Seep | Fower Mixer Frequancy |M\xer’ Power I Mizer Setup I

Mixer Frequenc

Input - 86100000000 GHe Calc Input
Lot [startStp > [12.ma780000 Gz [12076000000 GHz | [~ mput > Lo

I+ IH[I 000000000 GH IHEIEIEI[I[I[IEIEIEIEI GH Calc LO
Output |Start/Stop hd

&)~ |s0000000MH: [ 600.000000 MH: cale Output |

40.00

30.00

20.00

Save Load cancel
| 10,00

0.00
-10.00
-20.00
-30.00
-40.00

-50.00
-60.00

L:_I;J File Trace/Chan Response MarkerfAnalysis Stimulus Utility Help

Tr 1 SC21 LogM 10.00dB/ -10.0dB

Tr16 S11 LogM 10.00dB/ -10.0dB
RX IF Frequency Response

>Ch3: SMC Qutput Start $0.0000 MHz — —

&[] (Pwr LogM 10.00dBm/ -10.0dBm
Tr12 S22 Logh 10.00dB/ -10.0dB

167.662 MHz
167.662 MHz

167.662 MHz
167.662 MHz

-47.16 dB
-7.31 dBm

-32.63dB
-78.86 dB

Stop 500.000 MHz

Hold ~ CH3 [Pwr CASMC 2P SrcPwrCal’
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Adding Rx Power Sweep of Input Power

SMC Setup : Channel 9 m L:_‘:J File TracefChan Response Marker/Analysis Stimulus Utiity Help Jﬂﬁ
vesp | Power tber Frequency |wher Power | Miver Se | 2 5C21 LogM 10.00dB/ -40.0dB Tr 25 IPwr Loght 10.00dBm/ -40.0dBm
~Mixer Frequency
i >2; -0.453dBm | -46.39dB
———— BT —— RX Swept Input Power For RX Compression - s }je N
o1 [Fired = [12:825000000 GHz I~ Input > L0 0.00

)+ |[110.000000000 GH Calc Lo

Output |Fixed hd
(& - |100.000000 MHz Cale Output | -10.00

-20.00

-30.00

-40.00

Save Load ok | cacel £pply Hel 50.00

-60.00

ISMC Setup : Channel 9 m

Sweep  Power |M|><Er Frequency | Mixer Pawer | Mier Setup | -70.00
[ Fower On tAll Channeis) | Port Powers Coupled

[DUT InputPort—— -DUT Output Fort

Input Port: [Pt =] Output Fart Fort 2 - -80.00
Power Level Fim || powertave oondsm [+
Source Atenustor [ auto | 0 9B Source Attenuator: [ Auto [0 9B =] -90.00
Recsivar AtienustoniA) 0dB E Receiver Atenuator(5) 0dB E '

Source Leveling Made [irternal =] Source Leveling Made [irternal =] E

[-DUT Input Port Power Sweep DUT Output Part Power Swesp——————————

Start Power. [-s0o0aEm 5] Start Power. [oo0aem 5]
Stop Power [1000dEm 5] Stop Power [oo0aEm 5]
Fower Step: IWE

>Ch9: SMC Output Start -50.000 dBm — — CW 96.1000 GHz Stop 10.000 dBm

Hold  CH& SC21 CrSMC 2P SrcPwrCal” LCL

Path CorfigLration. .

Save Load ok | cancet | sty | e |
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Adding Rx Swept LO Response

LE;I;J File Trace/Chan Response Marker/Analysis Stimulus Utiity Help _ Eﬁ

e | P | : Tr 30 SC21 LogM 20.00dB/ -60.0dB Tr31 IPwr LogM 20.00dBm/ -60.0dBm
e Tr 33 $11 LogM 20.00dBf -60.0dB

[ g { [ 22 Logh 5.000dB/ 0.00dB

soucelevelngmode:  inernal < | sourceleelngmode: | <] 0.00 Rx Response 'LO Swept

F‘S”D’:; Atenustor [XE] B Z:.; Atenustor. [XE] S| -5.00

Receiver Atienuat 0B =] Receiver Attenustor = £
- Swept Power Setting: - - o .1 0.00 — - — S
LO1 Swept Power: |—suuuBm HIWUUUdEm E”uwsus H s Corfuratin

-15.00

-20.00

25,00 |
30,00
35,00
-40.00

4500

-50.00
>Ch11: Port4 Start -5.0000 dBm — — CW 96.1000 GHz Stop 10.000 dBm

Hold ~ CH11/S22 CrSMC_2pP SrcParCal LCL
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Summary SCMM of 60 GHz Tx / Rx components

File Trace/Chan Response Marker/Analysis Stimulus Utility Help

Tr 2 5023 20.00d8/ Tr 3 522 20.00d8/ Tr 4 IPur 10.00dBm?  Tr & S22 10.00d87 Tr 1 SC2110.00d8/ Tr10 IPur 10.00d8m/
Tr 7 IPwr 20.00dBm/  Tr 9 0P 20.00d8m/ Tr 6 OPwr10.00dBm/  Tr 8 SC23 100048/ Tr11 OPwr 10.00dBm/  Tr12 522 10.00d8/

10000 [ T3¢ Byep] P @ 38 GHE Carression Mdssurdmant E0.00 [ T Fwep] Freqlency] 1. | S2PO00Hz 1007 d6r Tr16 511 10.00d8/

50.00 40.00 B S NN | P N 5888 Swidpt IF Fiespdnse df Ax

£0.00 30.00 + 1 oshoodHe lest g :

40.00 20.00 1 24000 GH -4 DE dR 123 gg

20,00 i 10.00 000

0.00 o —— 0.00 — =] | R —— —

20,00 — i 0.0 n 0o ——

-40.00 20,002 O e y . 1

7 Al 000

60,00 | gy A LR A 1 TWAT TR AT Y 4000 v |

20,00 -40.00 .
-100.00 SBi0dEm | 48] dB -50.00 8

1 Chi: SMC input St 25,000 dBrg .- 0C Stop 0.00000 dBm || 2  Ch2 SMC Output Start 84.0000 GHz _ Stop 96.0000GHz || (3 Ch3: SMC Output Start 50.0000MHz  Stop 300.000 MHz

Output Loghd 10.00d4Bm/ 30 DUTREMPI 10.00 Tx Doutput Trlg etectar Yalt.. .

b4 SpEctrun Far 0 ptﬁ‘ﬂﬂ@-ﬁ -l 80.00 oize|Figur 522
70.00 Eg gg eteclor Ref levell

£0.00 :

s0.00 30.00

20.00
40.00 10.00
30.00 000

20,00 1000

10.00 ] 20,00
0.00 [ 30,00

4000 40.00
| | ] 2000 |ch5]swpd: 373 50,00

2000 [ch 4 Pravh =10

4 Chd: PS5 Start 79.0000 GHz Stop 89.0000 GHz | 5 >Ch5: NFCS Start 50.0000 M.Hz Stop 300.000 MHz [l ‘6 ChE: Receivers Start 84.0000 GHz Stop 36.0000 GHz

Tr 23 Output Logh 10.00dBm/ 20.0dBm Trz0 522 Tr21 TwDetector Volt... Tr 24 SC21 B.000dB/ Tr 25 |Pwr 5.000dEm/
Ti¢ M SpEctrum for 7 LedkaBe Irsmett 1. Tr 27 T Output Power Tr 26 OPwr 5.000dBm/

100.00 500 E » .
1 8o T Detector Regponse Swept Ingut Polver A 00 Fi< Bwiepl Power For|Rx Corpregsion

50,00 500
40,00 10,00
2000 15.00
om0 2000
2000 25,00 -]

-h——--ﬁ— 4000 0,00
£0.00 et 35.00 =
_,_/

; -40.00
Ch 8Ptawh =100 Aot -34.5F dbnj -45.00
7 ChE PS5 Start 75.0000 GHz Stop 110.000 GHz 8 Ch7¥: Receivers Start 0.00000 = Stop 1.4593 mz 9 Ch3: SMC Input Start -30.000 dBm Stop 0.00000 dBm

CH 5 1:[PNA RF Source 2:[PNA LO Source
Cont.  CHES: DUTRNPI C SNC_2P_MNaA SrcPwrCal LCL
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Agenda

* Millimeter wave and THz applications
* Measurement Solution

» Basic system architecture
Capability Enabling Active Device Measurements

SCMM Broadband Amplifier Characterization
SCMM of 60 GHz Tx / Rx components

THz Power Calibration

 Materials Measurements at THz
¢« Q&A
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Measurement Setup

—> |Frequency ExtenderD:ﬂ—D'D:{] Frequency Extender | «—
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IM Spectrum: Measurement

iﬁ File Trace/Chan Response Marker/Analysis Stimulus Utility Help _ Eﬂ

* Measurement Setu A
P Trace 4 Marker 1 [74.9950901804 GHz []

° ASS i g n M eaS u re me nt CIaSS 000 Tr 1 OQutput LogM 10.00dBm/ 0.00dBm ?’ - Input LogM 1?00d8§’g§£§§: - ggg ggm )
« Set Path configuration to Thru | I
pa‘th 20,00 Hin
» Setup the port power to correct | G D
Input Spectrum  —
> arge
i StImU|US s le AT } "hr“‘f'U WWW D KR s Compression
- Set start and stop frequency D At L 5= s R A A |
~ | Input/Spectrum L
 Measure '
-90.00 Search...
* Input and output Spectrum
1 >Ch2: PS Start 74.9500 GHz — — Stop 75.0500 GH=z Favorites
CH 21 FNA RF Source 2[PNALD Source
Cont.  CH2 Input cr Avg=33 LCL
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Agenda

* Millimeter wave and THz applications
* Measurement Solution

» Basic system architecture
Capability Enabling Active Device Measurements

SCMM Broadband Amplifier Characterization
SCMM of 60 GHz Tx / Rx components
IMD Spectrum measurements

 Materials Measurements at THz
¢« Q&A
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THz Power Calibration

WR1.5 System Configuration

——

Analogue Input (Al1)

a‘ aaaaa

@) |
LO
TEST IF 0-10 Volt Output
Per Power Range
REF IF
Power
Supply Calorimeter

Agilent Technologies



Sweep Setting — PM-4 200 uyWatt Range

Sweep Setup m 1.1
|1 jv Channel .
[+ Stepped Sweep - sweep moves in discrete steps
|| 40.000 sec EI Dwell Time - delay before measuring each point é
- _ a
I 0 usec rzl Sweep Delay - delay before first point of sweep 2
—
[~ Fast Sweep - reduce measurement settling time 2
Sweep Sequence %
" Standard x
5 Point Sweep: measure all parameters before stepping to the
next point
OK Cancel Help -0.1 : i ’
0 20 40 60 80 100
Time (sec)

PM4 Port Power Characterization

1. Measurement of power with the PM4 at these frequencies are very sensitive and require at
least a 20 second settling time for a valid measurement

2. Configure the system to sweep the frequency range of interest as well as the number of points

3. Inthis example we use 500 GHz - 750 GHz with 201 point characterization, while it is not

required for the source calibration it provides the full characterization

Turn off RF to the Frequency extender zero and calibrate the Calorimeter

Turn on the RF and save the measurement results as a file.

o b
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PM4 Port Power Characterization

File TracefChan Response Marker/Analysis Stimulus Utility Help

Tr 1 R1,1LogM 10.00dBm/ 0.00dBm Tr 2 Al1,1 Real 2.000U/ 0.00U
I Erikson PM4 Calo..., LogM 10.00dBm/ 0.00dBm
50.00 1. 613.674GHz [-0.82dBm
>11:  550.000 GHz 24.52dBm
40.00
30.00
20.00
10.00

e
0.00 ﬂ—«—vﬁvﬁi\wb L e I — <
-10.00 u \\W

-20.00 1

-30.00

-40.00

-50.00

1 >Ch1: Primary Start 500.000 GHz — — — Stop 750.000 GHz
Cont.  CH 1: EriksonPM4Calorime] No Cor LCL

* Note Trace 3 above is created by using the equation editor to convert the analog input Al1,1 into a
power reading of dBm.

* In this example we do this by taking the displaying the (sqrt (Tr2/50)), in which 50 is the 10V to 200
uWatt range

« Save Trace 3 above into a file and add the RF power setting used, in this example we used +3 dBm

Agilent Technologies



Verification of calibration

File Trace/Chan Response Marker/Analysis Stimulus Utility Help

B R2.2 LogM 10.00dBm/ 0.00dBm Tr 2 Al1,2 Real 2.000U/ 0.00U

Tr 3 Erikson PM4 Calo..., LogM 10.00dBm/ 0.00dBm
50.00 > 1 625.000 GHz 30.15dBm
1: 625.000 GHz +30.64 dBm

40.00

30.00

20.00

10.00

0.00» <

-10.00

-20.00

-30.00 e

-40.00

-50.00
1 >Ch1: Primary Start §50.000 GHz — — — Stop 700.000 GHz

Cont.  CH1: R22 C Response SrcPwrCal LCL

Measurement of port 2 source power as shown by the PNA-X receiver R2,2 in
comparison to the actual measured PM4 power at port 2.
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* Millimeter wave and THz applications
* Measurement Solution

» Basic system architecture
Capability Enabling Active Device Measurements

SCMM Broadband Amplifier Characterization
SCMM of 60 GHz Tx / Rx components

IMD Spectrum measurements

THz Power Calibration

* Q&A
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THz Materials Measurement Solution




Calibration is Required

Before a measurement can be made, a calibration
must be performed to remove systematic errors.
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THz Materials Measurements e’ Real Part
Permittivity

B eumwDemo.tst - Agilent Technologies 85071 E=n E
File View Measure Chart Display Preferences Help
3 BB B & 5% fuew S+ 10—+ 37

0.75 to 1.1 Terahertz Materials Measurment
e' 0.40/DIV 1.5mm thick PTFE sample Ch1 Port1,2 2014-02-05 13:00:08
Tran e Fast 4.00 i 925.27 GHz 2.00
0.00~4.00 >1: 925.27 GHz 2.00
2
Poly Fit
0.00~4.00
. 3.60
3.20
2.80
2.40
1
AV
2.00 S
1.60
1.20
0.80
0.40
0.00 750.00 GHz 35.00 GHz / 1100.00 GHz

For Help, press F1 [ch 1 [Port 1.2 | Offiine [cAP [NUM [scRL

| EEIEEEAEIE IR - o)
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THz Materials Measurements e’/e” Tan Delta

B eumwDemotst - Agilent Technologies 85071 | = el =)
File View Measure Chart Display Preferences Help

e HE @& e % o+ 1 =372

0.75 to 1.1 Terahertz Materials Measurment
Loss Tangent e 100.00m / DIV 1.5mm thick PTFE sample Ch1 Port1,2 2014-02-05 12:56:49
Tran e Fast 500.00m = 925.00 GHz 5.37m
500.00m~500.00m 1= 925.00 GHz 1.20m
e'le'
Poly Fit
500.00m~500.00m
o'/e  400.00m
300.00m
200.00m
100.00m
]R%U%'A i
Ao, A ~ AAA, A A
0.00m £ i e Y
-100.00m
-200.00m
-300.00m
-400.00m
-500.00m 750.00 GHz 35.00 GHz / 1100.00 GHz
For Help, press F1 m Port 1,2 | Offline mm

B

< : 5 W 124PM |
1 ’j " EII Rl 00|

Ble g o]elx
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Agenda

* Millimeter wave and THz applications
* Measurement Solution

» Basic system architecture
« Capability Enabling Active Device Measurements

* Active Device Measurements

« SCMM Broadband Amplifier Characterization
SCMM of 60 GHz Tx / Rx components
IMD Spectrum measurements

THz Power Calibration

Materials Measurements at THz
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Thank You
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