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Millimeter Wave Application Space

NEED FOR MILLIMETER WAVE COMPONENT CHARACTERIZATION

Commercial Industry
LR

Automotive radar
77 GHz & 120 GHz

802.11 AD
Wireless HDMI
g Radar/EW
71-76 & 81-86 GHz
12 -18 GHz & 26-40 GHz
A a5k 94 GHz to 650 GHz

oesy wwv‘v..NIST.gov
Secure communication system
44 GHz t0 93 GHz

Next Gen wireless communications
MSG"

60-90 GHz

Aerospace Defense
Millimeter Wave imaging Industry
35 GHz to 325 GHz
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Millimeter Wave Application Space

NEED FOR MILLIMETER WAVE COMPONENT CHARACTERIZATION

* Millimeter wave components are underlying building blocks of systems in:
« Automotive radars
* Wireless 5G communication solutions
* Imaging & Materials applications

* Device characterization and validation of millimeter wave components
» Millimeter wave couplers & filters — Front - end Tx/Rx
» Mixers (Fundamental, Harmonic and differential) - Receivers and upconverters
* Millimeter wave amplifiers - Transmitters

* Millimeter wave sources - Transmitters % ® [\ [> Q Y

« Magnitude and phase information crucial for simulation during design stage

* Ensure devices meet specifications during manufacturing
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Typical Millimeter Wave System Implementation

DISTRIBUTED SYSTEM ARCHITECTURE

Vector Network Analyzer _ Network Analyzer is the measurement
engine
Millimeter Wave Test Set controller 4mmmmm R uired Test Set Controller interfaces to
modules
F F F F :
pecuency | Frequency | Frequercy | Frequery | | SEENEEEE Froquency Extenders provide frequency
conversion and signal coupling

Network Analyzer

Test Set Controller

Frequency Extenders
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Millimeter Vector Network Analyzer Architecture

DISTRIBUTED ARCHITECTURE - BASED MEASUREMENT REQUIREMENTS

 Bring the measurement to the device

 Stable system architecture

DOnft Impact On Calibrated Measurements

« Sufficient power to get desired compression
behavior

Delta Magnitude dB

] 10 20 30 40 50 &0 70 B0 S0 100 110
GHz

« Accurately control the phase of the stimulus

—— System with drift (S11)
e [{|57514 Relative Measurements (511)

* Fully corrected and traceable measurements
with uncertainty
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Challenges of Distributed Architectures

ACHIEVING MILLIMETER WAVE FREQUENCY COVERAGE

Bias Force Input e N
50V 1A ?
( Broadband Combiner/Coupler 1.0 mm (M)
Low Frequency Input 500 Hz — 67 GHz —— DC-130GHz TEST PORT

500 Hz to 100 MHz ? - LF%J —
24- 40 GHz Amplifier Multiplier Chain ¥ ¥ > | AN
LFE Bias Combiner -
& Bias Tee
Wid

ideband G-Cell Recgiver

24 - 40GHz r

N
| |V \/
RF IN: 0.10- 26.5GHz :lﬁ 5 . = SV VS BV
_| Amplifier 0.01-24GHz | Amplifier Switch / - REE IF TEST I
> i > X |
9 Switch Combiner 3

ouT ouT

| 40 — 67GHz [\ O—é? @—q
[32-67GH2 Amplifi:ar Multiplier Chain j_,[64-134GHz Amplifier Multiplier Chain]_

T LO

A

REF IF OUT (E:

TEST IF OUT ?

LO IN: 0.10- 26.5GHz

9 . /

Keysight Implementation of Broadband Frequency Coverage

KEYSIGHT

TECHNOLOGIES



Challenges of Distributed Architectures

ADDING LOW FREQUENCY TO MILLIMETER WAVE VNA

LFE Source / Receiver Module

==

g ——z
@ o LFE Input
® ] External bias
\/\ S g S -
><< >< Test port
Pulse : — S o Sy
modulator
Standard {j
source

10 MHz —

26.5/67 GHz

SO

R | Keysight Implementation of low frequency coverage 500 Hz — 100 MHz
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Challenges of Distributed Architectures

ACTIVE DEVICE CHARACTERIZATION

* Provide Kelvin bias at the DUT
* Limited ground loops.
» Low leakage typically less than 400 pA is desirable

LEMO Sense Connector

g
=
it}
o
il

BNC Force Connector
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Challenges of Distributed Architectures

COMPACT PROBE STATION INTEGRATION VS THERMAL STABILITY

Trade off size
versus stability

System Stability

S22 (mag) V8 Frequency @ 25 Deg C

0.04

Current Industry Capability

0.03

"% Prolfe-Positioner with fully X-Y=Z control 002

(74

0.01

] I ¢
0 l‘—""rf."'“""'“""'"——T—“""'—'“'""'“"'r""-]"'“'—'“ LARE 1 4'; BRAREE A S LE'EE A | A | DR .‘lﬂ"""’lw
-0.01 4

-0.02
Current Industry Capability
-0.03
-0.04
10.000 30.000 50.000 70.000 90.000 110.000
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Broadband Millimeter Wave System Calibration

MILLIMETER WAVE CALIBRATION CHALLENGES

» Wide frequency coverage 500 Hz to 125 GHz

* Broadband Load | /
* Closed form polynomial models are limited g / \ D
* |nductance short model : \/- —

Capacitance open model T /\?v\[ m / ooooooooooooo
Mﬁ/ \ .

Load match and delay

Traditional SOLT Methods of error extraction limited

Limited Smith Chart Coverage
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Broadband Millimeter Wave System Calibration

DATABASED OFFSET SHORT CALIBRATION

» Key features of a Millimeter Wave Coaxial calibration kits
 Eliminates need for broadband load
* Implementation of multiple shorts to cover frequency range
» Devices are characterized using a database model
» Method of calibration is enhanced least squares fit

“D-Q
T ———
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Broadband Millimeter Wave System Calibration

MAINTAIN TRACEABILITY AND UNCERTAINTY

« Use of standard connectors versus frequency coverage
« Standards compliant connectors imply ease of traceability

» Traceable 1.0 mm calibration through 1.0 mm calibration kit devices

Instrument Response Stimulus Uty Halp

ORBOOODGE
o WECH

Keysight IEEE 287-2007
compliant 1.0 mm Connector

Tra chil Ny =" il | © S-Ton

AFOn | UpdaieOn  IntRel |Colcetio_shale_J.ona has besn e, LTL | MIemeas-1d e
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Broadband Millimeter Wave System Calibration

ON-WAFER CALIBRATION STANDARDS

» Supported Calibration Methods
« SOLT Short Open Load Thru
« SOLR Short Open Load Reciprocal
 LRM Line Reflect Match
 LRRM Line Reflect Reflect Match
 TRL Thru Reflect Line

s

« Special requirements > 50 GHz -
* Microwave absorbing ISS holder reduces unwanted mismatch _
- |deal Calibration applications LRRM, LRM & SOL-R calibrations
* ISS enhanced for CPW transmission mode — thinned to 10 mils = \\\

13 12
[SHe
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Broadband Millimeter Wave Power Calibration

MILLIMETER WAVE RECEIVER POWER CALIBRATION

Traditional methods
« Utilize multiple sensors to cover frequency range
» Typically waveguide sensors
« Coaxial Sensors limited to diode based detection

Broadband Power sensor technology
« Thermal based technology

» Easily expanded to 120 GHz using Calorimeter
characterization

V & W Band Power Sensors
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Passive Device Characterization

RECEIVER 93 GHZ BANDPASS FILTER CHARACTERISTICS

* Measurement System Capability
» Accurate S-Parameter Calibration
« Dynamic range
* Noise floor / isolation
* Trace noise

« Measurement Requirements
* Filter Bandwidth
* Filter rejection
« Match in passband
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Passive Device Characterization

93 GHZ BAND-PASS FILTER MEASUREMENT RESULTS

Fl= Ir=trumert Pespon==  Stmuus  Ublky  Helo

BRBEBOODO

EE o1 o 2uoa e e

Typical Instrument Port power +6 dBm

Isolation

Isolation
-96 dB

=76 dB

BW~2.05Ghz

Typical Instrument Noise floor -114/dBm Un_ndrimem_lmporen mmuie Uy Fen

. . EEBEE taxk b ke [P E
Typical Instrument Dynamic range -120 dB e

=Chl: Sk 1 Gl
FRINE TR oo RTINS RE
Rran | lipaskar [T

Filter Match -18 dB

Wort Case
corrected error
0.03dB

T ch iy Bl Tl cacal
ror pheo [2XEA0 £ | s B
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Passive Device Characterization

HIGH-PASS FILTER

Measurement Requirements
* Filter 3dB roll-off
* Low frequency rejection
« Match in Passband

Measurement System Capability
* Accurate S-Parameter Calibration
« Dynamic range
* Noise floor / isolation
* Trace noise
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Passive Device Characterization

HIGH-PASS FILTER 3 DB BANDWIDTH

Fle Instrurmert Resporse Stimubus Uity Help
ERoaaan ———T=] [

BB 521 LogM 200005 -E0.0dE

3 dB roll-off 63.517 GHz

Chi InfTrg Swp | BW=100 | CAd-Port

SEON | Ipeaten m

Tl

Trigger

AT L : ) 3 58 0B Pria: ]I it ]
| I-| . |II'. A |""1_ i __.-,_.l‘L,-".-."".__.ﬁl f_ Vi
Isblation /' Rejection -116 dB
i | N (- ."II. / rr.'.-.w-][-'rm--]
i 1 T BT !
B

Passband of 61.483 GHz scae per Diviion T
LA ', |'-'".. -II'-;"I“"'_-..I |rllh_,. "'.,Ir |lllI,.-"',,..-"'II!Ir'nl.f..- K o7 s Imm
% biation/ e
~ ==
| k , .
LRI
i
- 25 dB Passband Match |||1 |f|| | AL mm
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' \ S I
e=m
fdp Presst
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Millimeter Wave Amplifier Characterization

AMPLIFIER PERFORMANCE SPECIFICATIONS

* Input Match

« Gain

 Output Match

* Reverse Isolation
« Compression

* Total Harmonic distortion

* Low Frequency performance
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Millimeter Wave Amplifier Characterization

AMPLIFIER LINEAR PERFORMANCE SPECIFICATIONS

File Instrument Response Stimulus Utility Help

Sheet 3 Sheet 4 Sheet 5

Tr12 R1.1 LogM 10.00dB/ 0.00dBm
Input

Gain ~10 dB to 5 dB slope

Tr 4 B.1LogM 10.00dBE/ 0.00dEm
40 |- OutputP i

-4.77 dBm

Tr 3 522 LogM 10.00dB/ 0.00dB
Oulput Mateh - 30.000 GHz -26.13.dB 60 s ; - 30.000 000 000 GHz -60.69.dB
2. 60000 GHz -18.44 dB N 2. 60.000 000000 GHz -4555dB
90.000 GHz -10.92 dB 20 . 90.000 000 000 GHz 4029 dB

3

2
0 00 | verse Isolation -40 dB to -60 dB
Bl chi st .. >C : MHz — Stop 12

713 || cnh1 || inttrig |[GEEER BW=1k | C 2-Port | Srccal
RFOn UpdateOn IntRef | Single -ended amplifier.csa has been saved. LCL 2017/07/26-08:22
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Millimeter Wave Amplifier Characterization

AMPLIFIER 1DB COMPRESSION PERFORMANCE

* Requires accurate characterization of Power

« Accurate measurement of the Power .
Comprassion from hnear gan
e Source power sweep vs Freguency 11 R .
IR T YT Y L o
D 9 EEs ST 9060 sabae poy e sortutette Toel
é 3 adbass \Y sas
5
: TTRLE.
y . RN |
5 T A AR :
. i )
5 20 18 10 5 0 5
Input poasr (@8im)|
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Millimeter Wave Amplifier Characterization

AMPLIFIER 1DB COMPRESSION PERFORMANCE

KEYSIGHT
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File Instrument Response Stimulus Utility Help

B shet:  sheet2  Sheet3 Rl Sheets

Output Power @1 oTBm Compression
9 dBm to 3 dBm slope

Tr17 C ornptqalnﬂ Lo 10.00dB/ 0.00dB
Gain @ Compression ~

9dB to 3 dB slope

9.37dB
7.37dB
4.53dB

Compln21 LogM 10.00dB/ 0.00dBm

-0.35 dBm
dBm
-0.63 dBm

-14.13dB
-14.36-dB
-11.36 dB

Tr14 || cha | intTrig m BW=100k | C GCA2P | Srccal
RFOn UpdateOn IntRef |Single -ended amplifier.csa has been saved.

LCL

2017/07/26-08:18




Millimeter Wave Amplifier Characterization

AMPLIFIER HARMONIC CHARACTERISTICS

File Instrument Response Stimulus Utility Help
]
-2774 dBm

B8 shect: BELSZI Sheet3  Sheet4
HZ ~+ 4 dBm
-34.65dBm

B LogM 10.00dB/ 10.0dBm ) _
Amplifier Harmonic tput v Ou put signal @ L
-1 G 45,64 dBm

Sheet 5 Sheet 6
442 dBm

2nd Harmonic2~ -28 dBm

|
-5.79 dBm
-50.36 dBm

Iﬂput signal @ 30 GHz ~ - 6 dBm &
89 00G -66.50 dBm
: . 00 3 -59.92 dBm

l"Tr 6 R1LogM 10.00dB/ 10.0dBm

Amplifier Input ¢

2nd Harmonic ~ - 50 dBm

3rd ' Harmonic~-67 dBm

armonic ~-86dBm
Noise floor limited

RBW 10

~ 0ms
LCL 2017/08/16-14:05

[ SsrcCal™

cn2 | intrrig |([JEEER) Bw=10k

s
RFOn | UpdateOn Single -ended amplifier_THD.csa has been saved.
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Millimeter Wave Amplifier Characterization

VERIFYING HARMONIC CHARACTERISTICS ADD 10 DB ATTENUATION
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File Instrument Response Stimulus Utility Help

B shect: BESSERN cShest3  Shest4

]

_FTr 6 R1LogM 10.00dB/ 10.0dBm
0| Source Signal

Inp-1 signal @ 30 GHz ~ - 6 dBm

2nd Harmonic ~ - 50 dBm

I

it 10

Receivs_r Compressionis 0 dBEﬂ @ 30 GHz o

-6.45 dBm

0 -43.35dBm
=4: 1198 3 -58.81.dBm

34 Harmonic ~ - 43 dBm

|

-60.49 dBm

4th Harmonic ~ - 86 dBm
Noise floor limited

s | cnz | intrg |([ RN Bw=10k c Srecal® 7595
RFOn UpdateOn IntRef |Single -ended amplifier.csa has been saved.

LCL 2017/07/26-14:29




Millimeter Wave Amplifier Characterization

A UNIQUE APPLICATION FOR TOTAL HARMONIC DISTORTION MEASUREMENT

Differential 1/Q Setup : Channel 1 él
Measurement Set Up E3 - Utilizes the ability to set sources and tune

Froquency Range receivers independently on a VNA

Range Name |Settings

F1 CW Freq 30.0000000000 GHz

F2 CW Freq 60.0000000000 GHz

F3 CW Freq 90.0000000000 GHz

F4 CW Freq 120.0000000000 GHz Edit

New ] I Remove l I Save... ‘ ‘ Load... ‘

Sources

Source Name State Frequency Power Phase

Port 1 Auto On F1 0.00dBm N/A Edit

Port 2 Off F1 -5.00dBm N/A

Port 3 Off F1 -5.00dBm N/A

Port 4 Off F1 -5.00dBm N/A

Port 1 Src2 Off F1 -5.00dBm N/A

Add Source... | Power ON (All Channels)
OK ’ Cancel I ‘ Apply l | Help |
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Millimeter Wave Amplifier Characterization

POWER AMPLIFIER TOTAL HARMONIC DISTORTION

KEYSIGHT
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File Instrument Response Stimulus Utility Help

B shesti  Shest2  Sheet3

Sheet 4

Tr22 OPwr_F1 LogM 10.00dB/ 0.00dB

wr_F4 LogM 10.00

Frequency
30
60
90
120
Total Harmonic Distortion

Sheet 5

Sheet 6

Output Power (dBm)

5.19
-26.52
-33.09
-44.15

2.89E+00

Active Window e

Watts
3.30E-03
2.23E-06
4 91E-07
3.85E-08

THD @ 2.89%

Fund Power 5.19 dBm
Input-Power 0.19-dBm

2nd-Harmonic Power -26.5dBm

—3"Harmonic Power -33.09dBm
Harmonic Power -44.15 dBm

C 2-Port SrcCal

126 || cn7 | intrig |(ERERR Bw=100k

RFOn UpdateOn IntRef

LCL 2017/07/27-16:00




Millimeter Wave Amplifier Characterization

File Instrument Response Stmulus Utlity Help
T )
(]

B Sheet:  Sheetz BELCER Sheetd

Input Match Utilizing log Frequency
sweep -21 to -35 dB

Low Frequency Gain Utilizing Log
Frequency sweep 500 Hz to 4 GHz with 22

dB Gain

Output Match log Frequency Isolation Utilizing log Frequency
sweep -31dB

sweep -23 dB

LCL || 277251648

Iri0 Ch3 IntTrg i Bw=100k  © 2-Port Srcizal
RFOn UpdateOn ImtRef  Single -ended amplfiercaa has been saved.
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Millimeter Wave Amplifier Characterization

DIFFERENTIAL AMPLIFIER CHARACTERIZATION

Differential Amplifier
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Millimeter Wave Amplifier Characterization

DIFFERENTIAL AMPLIFIER CHARACTERIZATION
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File Instrument Response Stimulus Utility Help

ol =]e]a]e [ cve i

DIQ-SRC - = Sheet 9 Sheet 10

Sdd11LogM 1

3l Inpu

R1.1LogM 10.00
Port 1 Input

4

Tr60 B,1 LogM 10. 3/ 0.00dBm

Port-1-Output P = 1. 30.000 000 000 GHz -1.07 dBm 40 [Port40 € S 00 000 G T.03dBm
2- 60.000 000 000/GHz 1.15dBm 20 2: 0 000 0.45dBm
3o Hz 1.61dBm ) : 00-000 2.11dBm

Start 000 Hz—
Tre1 | chnt | intTrig |([ESEE BW=1k || C 4-Port | Srccal
RFOn  UpdateOn Cluse Window command undone LCL 2017/08M7-16:32
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Millimeter Receiver Characterization

E-BAND RECEIVER CHARACTERIZATION

* Receiver Gain and Match
* Receiver Gain Compression
* Receiver IF Bandwidth Performance

 Receiver LO Harmonics
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E-Band Receiver Characterization

RECEIVER GAIN AND MATCH PERFORMANCE

RF Input Frequency:

60 GHz to 90 GHz > » 2 GHz Base Band Frequencies
-20 dBm Received Power

LO Input Frequencies
« 58 - 88 GHz Fundamental
e -10dBm LO Power
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E-Band Receiver Characterization

RECEIVER GAIN AND MATCH PERFORMANCE

KEYSIGHT

TECHNOLOGIES

|'Ga.uir'u Compression for Mixer/Converter Setup : Channel 3

l

i { 1%
I Frequency ' Power [ Compression ' Mixer Frequency | Mixer Power = Mixer Setup 8 ’
Hardware Configuration
v Florviages; 11—' Port 3: Thiu i Add Source ...
Port 4: Thru l Path Configuration...
Convertar Madel: Single Stage
B ¢ 7 1 El ﬁ"m'}\l o
Portl  ~ X — | —{ X} Port2  ~
N 1 B NN
b s 1 :
\>\. / D
N\
Jv-" N\ -
1 {5
LO1: ll:-‘ortriri -
Save.. Load.. | oK | Cancsl || Appy || Help




E-Band Receiver Characterization

RECEIVER GAIN AND MATCH PERFORMANCE

File Instrument Response Stimulus Utility Help
oREAEEAa0 B O
—
D =T\ BARIIIF Response=-Band COMFRCVR COMP MXR SPURS IF HRMNC
C2 Q 0 / Tr 2 1PwrLogM 10.00dB/ 0.00dBm
Peak to Peak: 1.07 dB

Peak to Peak: 489 dB
Mean- 451dB Mean -1987dB
Std- Dev: 112dB Std- Dev::

RFE Input Power -20 dBm

Tr 13 S22 LogM 10.00dB/ 0.00dB
Peak to Peak:
Mean:
Std- Dev::

Std. Dev- 460dB

RF Output Match -5.58 dB

Tr1 | ch1 || inttrig |(EEEED Bw=1k |[C sMC 2P| Srccal
RFOn UpdateOn IntRef Marker Stimulus command undone. LCL 2017/08/04-16:06
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E-Band Receiver Characterization

RECEIVER GAIN COMPRESSION

RF Input Frequency:
60 GHz to 90 GHz
-50 dBm to +5 Received Power

2 GHz Base Band Frequencies

LO Input Frequencies
« 58 - 88 GHz Fundamental
e -10dBm LO Power
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E-Band Receiver Characterization

RECEIVER GAIN COMPRESSION

KEYSIGHT

TECHNOLOGIES

.
Gain Compression for Mixer/Converter Setup : Channel 3

Fraquency | Power [ Compression l Mixer Frequency = Mixer Power
Sweep Type M

Mixer Setup |

Data Acquisition Mode
9 Linear Sweep @ SMART Sweep

J

Total Number of Points: 201 (100001)
1 CW Frequency Sweep Power Per Frequency (2D) Compression Method:
Compression from Linear Gain 1 dB
Sweeap Fraquency Per Powar (20)
Segment Sweap
Sweep Settings
Number Of Points 201 l: IF Bandwidth  1.000 kHz | -
Stant 60.000000000 GHz 3] Stop 80.000000000 GHz [%]
Center 75000000000 GHz |3 Span 30.000000000 GHz |3
Save... Load... | Ok || cancel || Apply || Hep




E-Band Receiver Characterization

RECEIVER GAIN COMPRESSION

KEYSIGHT

TECHNOLOGIES

lGﬁain Compression for Mixer/Converter Setup : Channel 3

‘ Fraquency ’ Powar | Comprassion  Mixar Fraquency ‘ Mixer Power | Mixer Smup’

Compression Method

9 Compression from Linear Gain
Compression from Max Gain Laval 1.00 dB E
Compression from Back Off
X/Y Compression Delta | 10.00 dB [ :

Compression from Saturation From Max Pout | D.100 dB [:

SMART Sweep 2D Sweep
Tolerance 0.500 dB :| Safe Mode...

Maximum lterations 20 - |

[7/Show lterations |/ Read DC at Compression Point

End of Sweep Condition ]Defauh =

Settling Time 0.000 msec E

9.00 dB

Compression Point Interpolation

Save.. || Load.. ] OK , Cancel

Apply

Help




E-Band Receiver Characterization

RECEIVER GAIN COMPRESSION

File Instrument Response Stimulus Utility Help

D E-BAND LIN IF Responsesg:=lilfeely: RCVR COMP MXR SPURS IF HRMNC

-4

Tr 9 CompS11LogM 10.00dB/ 0.00dB
21 2000 GHz r14.78 dB

40

“Input Match @ 1 dB Compression -18 dB

¥

Tr27 Compin21 LogM 10.00dB/ 0.00dBm
=1 y. 000 000 GHz -5.86.dBm

Jutput Sta

Peak to Peak: 5.66.dB
Mean: -4.46-dB
1.28dB

3.38 dBm

Tr28 | cn3 || intrrig |([BEGEE Bw=1k |[caGcAzr| srccal
RFOn  UpdateOn IntRef |Marker Stimulus command undone.

LCL 2017/08/04-15:45
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E-Band Receiver Characterization

RECEIVER IF BANDWIDTH PERFORMANCE

RF Input Frequency: »

Fixed 77 GHz : X |1:(r)eMLIJ—IeznC 5 GHz Base Band
-20 dBm Received g y

Power

LO Input Frequencies
Swept 76.99 - 72 GHz
Power -10 dBm LO Power
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E-Band Receiver Characterization

KEYSIGHT

TECHNOLOGIES

'SMC Setup : Channel 2

’ Sweep ‘ Power | Mixer Frequency | Mixer Power | Mixer Setup }, "é‘: <‘
Mixer Frequency
B i | 77.000000000 GHz | Calclput |
Lol SwaruStop v 76.990000000 GHz  72.000000000 GHz  linput > LO
e e | 130.000000000 GH. [§§ 130.000000000 GH | Calc LO ‘
Output  Start/Stop - | C—
0. 10000000 MHz 5.000000000 GHz || Calo Output |
Save... Load... Ok |  cancsl Apply Help |




E-Band Receiver Characterization

IF BANDWIDTH PERFORMANCE

RECEIVER

File Instrument Response Stimulus Utility Help
EEBEEa0 T )
. . =ak : =1 7{_46[‘1 GH z ]

0.04dB

-10.19dB 1: 2. GHz
0-01dB

-10.19dB

Peak to Peak: 16.40dB
Mean: 6.68 dB

Std. Dev: 550dB
74502 |GH z 641dB

'
IF-Output Match-9.19 dB over IFﬁ Frequency
|

itput Start  10.0000 MHz

LCL 2017/08/04-15:5%

16 | chz | inttig |([EREE BwW=1k | C SMC_ 2P | SrccCal
RFOn UpdateOn IntRef |Marker Stimulus command undone.
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Receiver Harmonic Characterization

RECEIVER LO HARMONICS IMPACT

Base Band Frequencies

. * 1 GHz Fundamental (F2)
« 2 GHz (F3)
« 3 GHz (F4)

RF Input Frequency (F1)
71 GHz to 76 GHz >
-20 dBm Received Power

LO Input Frequencies

« 70 - 75 GHz Fundamental (F5)
« 69-74 GHz (F6)

« 68-73GHz (F7)

« -10dBm LO Power
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Receiver Harmonic Characterization

RECEIVER HARMONIC - VNA FREQUENCY CONFIGURATION

RF & IF Input/ Measurement Frequencies

Differential 1/Q Setup : Channel 5 ——

Measurement Set Up -9-

Frequency Range

Range Name |Settings -~
F1 71.0000000000 GHz - 76.0000000000 GHz

F2 CW Freqg 1.0000000000 GHz

F3 CW Freqg 2.0000000000 GHz

F4 CW Freq 3.0000000000 GHz ﬂ

New \ I Remove Save... Load... ‘
Sources
Source Name State Frequency Power Phase
Port1 Auto On F1 -20.00dBm N/A
Port 2 Off+Match F2 -5.00dBm N/A
Port 3 Always On F5 -10.00dBm N/A
Port 4 Off F1 -5.00dBm N/A
Port 1 Src2 Off F1 -5.00dBm N/A

[v| Power ON (All Channels)

Help

. Add Source...

[ OK ] [ Cancel \

KEYSIGHT
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LO Input Frequencies

Frequency Range

Range Name |Settings :I

F4 CW Freq 3.0000000000 GHz

F5 70.0000000000 GHz - 75.0000000000 GHz

F6 69.0000000000 GHz - 74.0000000000 GHz

F7 68.0000000000 GHz - 73.0000000000 GHz j
New ] l Remove l l Save... l l Load... l

Port 1

Port 2

\ 4

Port 3



Receiver Harmonic Characterization

DEFINE MEASUREMENTS

New Trace @

| IPwrF1 =al F1

] OPwrF1 = (b2_F2*1)/(1*1)

] sC21 = (b2_F2*1)/(al_F1*1)

] LOPwr = (a3_F5*1)/(1*1)

] LOPwr2nd = (a3_F6*1)/(1*1)

] LOPwr3rd = (a3_F7*1)/(1*1)

] 1RF1IF = (b2_F2*al_F1)/(al Fi*al F1)
] 1RF2IF = (b2_F3*al_F1)/(al_Fi1*al F1)
] 1RF3IF = (b2_F4*al1_F1)/(al_Fi*al F1)

| LO_RF Leakage = (al_F5*1)/(1*1)
'] LO to IF Leakage = (b2_F5*1)/(1*1)

|| Create in New Window ‘ Edit Parameters...

OK | | Cancel | | Help
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Receiver Harmonic Characterization

LO HARMONICS AND LEAKAGE

File Instrument Response Stimulus Utility Help

Taw |
Active Window [ 1=]
B VxR conv IFResponse cWComp  GoX  [ERGLGAE MXR SA (-]

Tr23 IPwrF1 LogM 10.00dB/ 0.00dB Tr )PwrF1 LogM 1 ] Tr24 SC2120.00dB/ 0.00dB
=1 [73.50 Hz
IE 000 GHz

Input Power at Fund. =-19.71 dBm

10
0 » Output Power @ Fund =-9.73 dBm -
[T 2SN S DU A [ SO S S .. LO-RFLeakage = -59.81 dB

20 Conversion @ Fund.

-16.82 dB
- iB

10
-10

Tr31 || ch5 | IntTrig m BW=100k|| C 3-Port | SrcCal LCL | 2018/04/03-16:48
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Receiver Harmonic Characterization

RECEIVER LO LEAKAGE - CLOSER LOOK

File Instrument Response Stimulus Utility Help

B8 MXR Conv IFResponse CWComp  GCX

MXR HRM

Tr26 1RF1IF LogM 10.00dB/ -20.0dB

Conversion @ 2 Harmonic -38.47 dBm

MXR SA

Tr 30 LOPwr2nd LogM 20.00dB/ -30.0dB

Tr27 Ch5

InETrig MBW:mOK C 3-Port || Srccal

LCL

20158/04/03-16:49

KEYSIGHT
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RF Input Frequency (F1)
71 GHz to 76 GHz
-20 dBm Received Power

Port 1

\ 4

Port 3

LO Input Frequencies

« 70-75 GHz Fundamental (F5)
e 69-74GHz (F6)

* 68-73GHz (F7)

* LO Power set at -10 dBm

Port 2



Recelver Harmonic Characterization

RECEIVER LO HARMONIC LEAKAGE SPECTRUM ANALYSIS

File Instrument Response Stimulus Utility Help

Slc]n]m]s]a) et ey TN ¥
equency T i

B E-BAND LIN IF Response=-Band COMFRCVR COMP MXR SPURS (Bl it e ()

B LogM 10.00dB/ 0.00dBm

-84.33 dBm
-15.51.dBm
-75.33dBm
-69.37 dBm
54 dBm
8dBm
dBm

Bm

Bm

LO Feed thru & Mixing products . e 25dBm

IF Fundamental
@ 1GHz -15.5dBm

Noemhwh =

W oo

IF 2"d Harmonic
@ 2 GHz -69.37 dBm

RBW 1kHz/VBW 1 kHz

Tr22 || en7 || intrig |(EERED Bw=1k c SreCal 5145
RFOn  UpdateOn IntRef LCL 2017/08/04-15:17
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Millimeter Component Characterization

DISCUSSION TOPICS

* Millimeter Wave Component Application Space
» Millimeter Vector Network Analyzer Architecture
« Calibration At Millimeter Wave Frequencies
 Passive Filter Characterization

« Amplifier Characterization

* Receiver Characterization

e Conclusions

KEYSIGHT
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Millimeter Component Characterization

CONCLUSIONS

* Clearly a big drive for utilization of Millimeter
wave frequencies

» Millimeter Vector Network Analyzer architecture
IS key to support characterization of the
components

« Capabillity to fully calibrate impedance and
power

« Software applications key to make
measurements simple

* Passive Filter Characterization
« Amplifier Characterization
* Receiver Characterization
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Thank you!

._0_.

Suren Singh
Millimeter Wave Applications Expert
Keysight Technologies
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