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Application Space

Commercial Industry

Automotive radar
77 GHz & 120 GHz

WiGig 802.11 ad
57-71 GHz

Radar/EW
12 -18 GHz & 26-40 GHz
94 GHz to 650 GHz

otesy wwv‘v.. N IST.gv
Secure communication system
44 GHz t0 93 GHz

Next Gen wireless communications “5G”
38 — 40 GHz & 60-90 GHz

Millimeter Wave imaging Aerospace Defense
35 GHz to 325 GHz Industry
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Millimeter Wave Components

THE NEED FOR CHARACTERIZATION

Millimeter wave components are underlying building blocks of systems in:
* Imaging and sensing
» Cyber security
 EW Radar and communication systems

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
PNA-TDR
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Typical System Implementation

DISTRIBUTED ARCHITECTURE

Vector Network Analyzer — Network Analyzer is the measurement
engine
Millimeter Wave Test Set Controller 4 Required Test Set Controller interfaces to
modules
F F F F :
pecuency | Freqwency | Freawery | Freqwey | | SEENEE Froquency Extenders provide frequency
conversion and signal coupling

Network Analyzer

Test Set Controller

Frequency Extenders
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Millimeter VNA Architecture

* Bring the measurement to the device

1.2 Loss for 8 cm

dB

 Stable system architecture

i L LU L
i == R = R B S R SR )

« Sufficient power to get desired compression
behavior

0 10 20 30 40 50 60 70 & S0 100 110

—— Jom-Cable_(4-04-6-51 (S21)

® Accurately ContrOI the phase Of the StImU|US Dnift Impact On Calibrated Measurements

* Fully corrected and traceable measurements | Device failures after 8 Hrs.
with uncertainty

Delta Magnitude dB

0 o 20 0 40 50 &0 70 20 %0 100 110
GHz
—— System with drift (S11)
e [|575914 Relative Measurements (S11)
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Distributed Architectures Challenges

ADDING LOW FREQUENCY

LFE Source / Receiver Module

[ ] [ ]

LFE Input

_T External bias
@—M S S T 0

—— s ><< ><< s Test port
modulator
Standard ij
source
10 MHz -
26.5/67 GHz
[ R1 [ A )

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

ACTIVE DEVICE CHARACTERIZATION

* Provide Kelvin bias at the DUT
 Limited ground loops.

» Low leakage typically less than 400 pA is desirable
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LEMO Sense Connector

BNC Force Connector

Vd =0.1 and 1.5V

The measured Ids for Low Vd are
different (from RF and DC).

This will cause the differences with
extraction



Distributed Architectures Challenges

Prabe Positioner with fully X~Y~Z: control
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SIZE STABILITY TRADEOFF
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Millimeter Wave System Calibration

MILLIMETER WAVE CALIBRATION CHALLENGES

» Wide frequency coverage 500 Hz to 125 GHz /

- Broadband load T / \
* Closed form polynomial models are limited
¢ Inductance short model / \(' % ot s
« Capacitance open model I/\L/x,“,/ W\ m/ ,

* Load match and delay
* Traditional SOLT methods of error extraction limited

 Limited Smith chart coverage
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Calibration

DATABASED OFFSET SHORTS

» Key features of a millimeter wave
coaxial calibration kit

* Eliminate need for broadband load

* Implements multiple shorts to cover
frequency range

» Characterize devices using a
database model

s e

» Enhanced least squares fit method of
calibration

KEYSIGHT 13
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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
RAFDn | UpdsieOn  IntRel |(Coloetio_sial=_J.cza has besn s, LTL | MIemeas-1d e
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Broadband Millimeter Wave System Calibration

ON-WAFER CALIBRATION STANDARDS

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

e
HEEs

» Special requirements > 50 GHz

« Microwave absorbing ISS holder reduces unwanted mismatch o R e
- Ideal Calibration applications LRRM, LRM & SOL-R calibrations T
* ISS enhanced for CPW transmission mode — thinned to 10 mils \ |
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Power Calibration

RECEIVER 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
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Amplifier Test

* Input match

* Gain

* Output match

* Reverse isolation
« Compression
e Total harmonic distortion

 Low frequency performance
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Amplifier Test

LINEAR PERFORMANCE
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TECHNOLOGIES

File Instrument Response Stimulus Utility Help

BEEETE shet2 eet3  Sheet4  Sheets

Tr12 R1.1 LogM 10.00dB/ 0.00dBm
Input
-10.19 dBm

Gain ~10 dB to 5 dB slope

Tr 4 B.1LogM10.00dB/ Tr1 S$11LogM 10.00dB/ 0.00
Quiput P r : He o |_Input Maich

Tr 3 S22 LogM 10.00dB/ 0.00dB
Output Match :30.000 GHz -26.13.dB 60 : 6 - 30.000 000 000 GHz -60.69 dB
2-— 60000 GHz -18.44-dB » 2 60.000-000 GHz -45.55dB
90.000 GHz 1092 dB 20 : 90.000 000 000 GHz 4029 dB

3

2 Qutput Match -18 dB everse Isolation -40 dB to -60 dB

- [ 1 v mmr e T

rt 1 Hz — 1

Hz — op 125

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




Amplifier Test

* Requires accurate characterization
of power

 Accurate measurement of the
power

e Source power sweep versus
frequency
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File Instrument Response Stimulus Utility Help
B so

Pwr Sweep GCA DIQ-THD

$21LogM 5 000dB/ -10 0dB

>Ch2: Start -30.00 dBm — —

SA

Pulse Profile STD PULSE

Tr41 B,1LogM 5.000dB/ -10.0dBm

CW 80.0000 GHz

Stop 5.00 dBm

Tr5 | ch2 || intTrig m BW=1k | C 2-Port | Srccal

LCL 2018/03/07-14:14




Amplifier Compression

1DB GAIN COMPRESSION

File Instrument Response Stimulus Utility Help

Sheet 3 Sheet 4 Sheet 5

C - O

Compln21 LogM 10.00dB/ 0.00dEm

3.90 dBm

Ch4 Iir09

= Gains(

)0dB
30.000 000 000 GHz -14.13dB
0 -14:36 dB
-11.36dB

0
9.37dB I n
7.37dB
4.53dB

GHz

Tr14 | cna | intrrig |[GEZER BW=100k | C GCA2P | Srccal
RFOn  UpdateOn IntRef | Single -ended amplifier.csa has been saved. LCL 2017/07/26-08:13
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Amplifier Spectrum

HARMONIC CHARACTERISTICS

File Instrument Response Stimulus Utility Help
el el I T e e sl
B shect:i EESEIN Sheet3  Sheet4  Sheet5  Sheet6

BLogM1 10.0dBm OUIPU
Amplifier Harmonic Output [

)

. 1: 30.000 000 000 GHz 442 dBm

| 2nd-Harmonic ~-28 dBm 2 60000000100 GHz | 2774 dBm

34 Harmonicssss 86 @Bz | -3465dBm

I 2 =4 120.000 000 000 GHz -45.64 dBm
|

thHarmonic ~ - 46 den

=Ch2: SA Start 10 Hz — RBW 10 kHz/ 10 kHz

- Tr 6 R1logM10.00d8/ 10.0dBm Input signal @ 30 GHz ~ - 6 dBm

— e ——— — |
Amplifier Input S um 30.000 000 000 GHz -5.79 dBm

60.000 000 100 GHz -50.36 dBm
89.099 999 900 GHz 0-dBm

2nd Harmonic ~ - 50 dBm - 120.000 000000 G -59.92 dBm
3rd Harmonic = - 67 dBm

AN Harmonic,= ~.
Noise floor limited

75 | cn2 | g |([EEGEE Bw=10k [ sreCal® ~ 0ms
RFON | UpdateOn single -ended amplifier_THD.csa has been saved. LCL | 2017081161405
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Amplifier THD

» Utilizes the ability to set sources
and tune receivers independently
on a VNA

differential I/Q Setup : Channel 1

Measurement Set Up

Frequency Range

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 |
Mew Remove Save... 1 Load...
Sources
Source Name State Frequency Power Phase
Port 1 Auto On F1 0.00dBm N/A Edit
Port 2 Off Fl1 -5.00dBm /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
P — /| Power ON (All Channels)
OK Cancel Apply | Help




Amplifier Test

TOTAL HARMONIC DISTORTION
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File Instrument Response Stimulus Utility Help

T B E
)

Tr21 IPwr_F1LogM 10.00dE/ 0.00dB
Tr 24 F 0.0 -

B shesti  Sheet2  Sheet3  Sheet4  Sheet5 [ENSL

Tr22 OPwr_F1 LogM 10.00dB/ 0.00dB

Tr 25 OPwr_F4 ( )
- 30.000 000 00C 510dB

10
-531dB

Frequency Output Power (dBm) Watts
30 5.19 3.30E-03 DN @PEILZ

60 -26.52 2.23E-06
90 -33.09 IRyl tndPower 5.19-dBm

120 -44.15 3.85E-08

Fund

Totl Harmonic Distortion 2.89E+00

2nd Harmonic Power -26.5 dBm

3" Harmonic Power-33.09-dBm

Tr26 | cn7 | intrrig |(GECEM BW=100k | C 2-Port | Ssrccal
RFOn  UpdateOn IntRef LCL 2017/07127-16:00




Amplifier Test

LOW FREQUENCY PERFORMANCE
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File

olejr]m]a]a)

B Shesti  Sheet:

Instrument Response Stmulus Utility Help

Sheet 3 Sheet 4 Sheet 5

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

dB Gain

Output Match log Frequency
sweep -23 dB

7 5331 0 M A0 00dR O 00dE

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

Isolation Utilizing log Frequency,
sweep -31dB

Slop 4.00000 GHz

LCL || 277251648

Iri0 Ch3 IntTrg i Bw=100k  © 2-Port Srcizal
ImRel  Single -ended amplfier caa has been Saved.

RFOn  UpdaleDn
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Receiver Tests

E-BAND RECEIVER

* Linear Gain
* Receiver Match

« Compression

Fundamental Mixer
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E-Band Recelver Test

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

File Instrument Response Stimulus  Utility Help

[:l = :=LWIeARNIIF Response=-Band COMFRCVR COMP MXR SPURS IF HRMNC

— TR
Number of Points  [zil8 l:::]

Tr 2 |Pwr LogM 10.00dB/ C

Peak to Peak: 439 dB Peak to Peak:
Mean: 457dB Mean:
Std- Dev: T12-dB Std- Dev:

RF Input Power -20 dBm

|
.
.
I —
T| Conversmn Gain 4.5 dB
) |
|

Tr 3 S11LogM 10.00dB/ 0.00dB

Tr13 S22 LogM 10.00dB/ 0.00dB
Peak to Peak:

3 Peak to Peak:
Mean: - 3 dB Mean:
Std. Dev:: 4 6[) dB Std. Dev:

RF Output Match -5.58 dB

Tr1 | ch1 | IntTrig m 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
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[

Gain Compression for Mixer/Converter Setup : Channel 3

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

Compression Method

@ Compression from Linear Gain

Compression from Max Gain Laval 1.00 dB E Back Oft | 10.00 dB ]

Compression from Back Off

X/Y Compression 9.00 dB

Compression from Saturation

SMART Sweep 2D Sweep
Tolerance 0.500 dB z| Safe Mode... Compression Point Interpolation
Maximum lterations 20 - |
[71Show lterations || Read DC at Compression Point
End of Sweep Condition ‘Dafauh -
Settling Time 0.000 msec E
save.. || load. | OK | Cancel || Apply Help




E-Band Receiver Characterization

RECEIVER GAIN COMPRESSION
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File Instrument Response Stimulus Utility Help
() el 3 = e vl

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

Input Match @ 1 dB Compression -18 dB

Tr27 Compin21 LogM 10.00dB/ 0.00dBm
0 =1 y. 000 000 GHz -5.86.dBm

Input Power @ 1 dB Compression -5.86 dBm
ir

put Start

Peak to Peak:
Meal
Std Dev: .
1. 75000GHz ___ -3.38dBm

Output Power @ 1 dB Compression -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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Time and frequency domain

Amplitude
“equenc‘{
2‘/}))@
Oscil!oscope Vector Network
View Analyzer (VNA) View

No difference in information content between the time domain and frequency domain

KEYSIGHT S93011A PNA-TDR Introduction 34
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Time and frequency domain

Using Fourier Transform techniques, the time domain response can be mathematically transformed
Into the frequency domain response and back again without changing or losing any information.

VNA
Sinewave sweep Frequency response
re T~
DUT
> >
0 f 0 f
Frd e md T
Impulse input 1 DUT Impulse response ;' I'.
il . 2 R i
0 t 0 >
Integrate l T Differentiate Integrate l T Differentiate
Step input DUT Step response "
) P f l] > f

KEYSIGHT
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Time domain measurements

TDR (Time Domain Reflection)

« Evaluate the impedance
iden - gl profile to locate
DUT discontinuities
A & « Shape and polarity of the
reflections provide insight
about the line

KEYSIGHT
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TDT (Time Domain Transmission)

« Evaluate propagation delay
wave wave and rise time degradation
= | our | ™ -+ Propagation delay important
for differential signals
« Useful for monitoring crosstalk
and mode conversion

Incident Transmitted

5n 4n 4.5n)

[T [EA[ES

‘ Ty 'IA = ~ ) [Dfierntel )
o -

p

Vertical
> W N <> A
| |
e
100k |~ C* 4-Port

|
[ ] [ )
N’ p—
=
1 INETr Swp BW=

5 | cn 0
RFON | UpdateOn | IntRef

Eye/Mask




Frequency domain measurements

et gl « Evaluate reflection of signal " wme ¢+ Evaluate attenuation of signal
i DUT through interconnect - | | through the interconnect

» Useful for estimating highest
useable frequency, or the
bandwidth of the interconnect

Reflected
wave

un
Setup Horizontal ] Vertial Parameters Gating Trace Cortrol erti
W " U" ‘I’ i~ " nov ; A sdd11 sdd12 sdc1 Sdc12 | Measure |S-Farmmeler ) [Diferenta -] W 0 U" ‘I. J 0 Ny ; A sdd11 sdd12 sde11 Sdc12 | Messure [SFammeter ] [Diferenta v
TDRTDT ® ® ® o sdd21 sdd22 sdc21 sdc2z | Format - TDRTDT ® ® o ® sdd21 sdd22 sdc21 sdc22 | Format -
- R - e Scd11 scd1z scell Sce12 s Step v Smoothing \ e’ \ p— Scd11 Sed12 Secll Secl2 L hd
Eye/Mask 0dB Scd21 Scd22 Sce2l Scc22 109 - Eye/Mask 048 scd21 scd22 Scc21 Scc22 109 -
Tr3 |[ ch1 |[ intTrig | Swp | BW=100k|[ C*4-Port Sim TR [Full Tr7 | ch1 |[ intTrig | Swp | BW=100k|[ C*4-Port Sim TOR [Full
RFON | UpdateOn | IntRef

LcL || 2017112211651 RFON | UpcateOn  IntRef LCL || 2017n221-16:51
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Time domain response resolution

File Instrument Response Stimulus Utility Help
Tdd11 Impedance 20.00Q/ 1000 Tr 2 Sdd11 LogM 10.00dB/ 0.00dB
240 50

« Determines the degree to which closely
spaced impedance mismatches can be

resolved
 Inversely related to the frequency bandwidth

frequency bandwidth .

n 3n  35n 4n  4.5n
TTTTT Data Marker Marker
'I SSSSS | Run || single Mem 'I off 'I arch

sl 7 Parameters

1 n
Setup ﬁ;nzom % e Cmml % = ing Trace Control
| I | I Tdd11 Tddl2 | Tdel Tdel2 | Measure |Time Domain | Diterential ]
TDRITDT . @ . @ Tdd21 Tdd22 Tdc21 Tde22 | Format  |Impedance =[] Peeling
N e’ > R Ted1l Ted12 Teell Tecl2 Stimulus | Lowpass Step -
EyelMask prpes ETREE BT Ted21 Ted22 Tec21 Tec22 Rise Time [ 10:90% -~

Tr1 | ch1 | inttrig | swp |[Bw=100k|[ c*2-Port Sim TOR [Full] | Zr | Tform

EE rron | upsateon| IntRer LcL || zo17m2m1 1631
response resolution (At) t

Increasing frequency bandwidth leads to finer time domain resolution
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Time domain range (alias-free range)

File Instrument Response Stimulus Utility Help
Tdd11 Impedance 20.00Q/ 1000 Tr 2 Sdd11 LogM 10.00dB/ 0.00dB
240 50

« Discrete frequency points obtained by the
VNA causes time domain response to
repeat every 1/Af seconds (aliasing in
the time domain)

« Limits maximum DUT length that can be
measured

1 n
Horizont: ertical

o ‘ o | N VA ing Trace Cortrol
I | I Tdd11 Tddl2 | Tdel Tdcl2 | Measure [Time Domain | Diterential -
TDRITDT o ® @ Y Tdd21 Tdd22 Tde21 Tde22 | Format |Impedance *|[[] Peeling
e’ > Ted11 Ted12 1 Teel2 Stimulus
EyeMask prmess ETPEE B Ted21 Ted22 Tec21 Tec22 | piseTime [10:90% - B

Tr1 | ch1 | inttig | Swp |[Bw=100k | C* 2-Port sim TOR [Full]| Zr | Trorm
EE rron | upsateon| IntRer LoL | 201721 -16:31

time domain range

1 M. e
00 Ao T
80
60
Af ol
40
-500p 0 n 3n  35n 4n  4.5n
TTTTT Data Marker Marker
'I SSSSS | Run || single Mem 'I off 'I arch
sl 7 Parameters

Finer frequency domain resolution leads to longer time domain alias-free range
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VNA or TDR Scope?

Measurement domain Display domain

File Instrument Response Stimulus Utility Help

I8 Sdd11LogM 10.00dB/ 0.00dB [Trace Max On]

4

>t

art

tor () () (s | L [v) () [ ne ]3] 2) (%]

=
e Verical Pt~ [ Bl

P WA N YA e e St Sz [wenre [Soumme S 5

TDRITDT . Y . Y sdd21 sdd22 sde21 22 |Format  [Logheg >
- - e & wn s sen s | <)) smooting

EyeMask T scaz1 scdz2 secz1 sz | -

s | Chi | g | Swp | BWei0k| C-apor sm ToR (Fun

B rron updateon iner To [z

signal

>t

)| 2 3. 4n 4.5r
£ Il [ e e s [ me [v](3)(2) (%]

- Horizontal Vertcal Parandlen Gatng | Trace ol
v <L> ~ N 'IA Tad11 Toar2 o1t Te12 | messure (T Doman <) [fssn. =
TDRITDT . Y . Y Tdd21 Tdd22 Tde21 Td22  |rormat [impedance ][] Peeling
e \a’ \a’ Ted11 Ted12 Tec11 Tecl2 \Smm [P—r— -]
EyelMask o Ted21 Tedz2 Tec21 T2 |piserime (1090%
Tr1 | cn1 | intg || Swp |[BW=100k)[ C* 4-Port sim TOR [Full | Zr | Trorm
DB rron | Upsateon | inteer Lot || zommantisse
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VNA or TDR Scope?

Measurements (Modes)

Frequency Domain (S-parameters) Yes Yes Yes
Time Domain (TDR/TDT) Yes Yes Yes
Eye Diagram / Mask Testing No Yes (simulated) Yes (live)
Oscilloscope (measure waveforms) No No Yes
Jitter Analysis No No Yes
Features S93010A Time domain S93011A PNA-TDR TDR Scope
Speed and Accuracy Best Best Fair
ESD Robustness Best Best Fair
Simple and Intuitive Operation Fair Yes Yes

KEYSIGHT
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593011 PNA-TDR vs S93010A Time domain
S93011 | ’v_j_-

S93010A Time domain

S93011A PNA-TDR

traditional VNA soft-key
architecture

Measurements
Frequency Domain (S-parameters) Yes Yes
Time Domain (TDR/TDT) Yes Yes
DC Estimation Method Fair Good
Eye Diagram / Mask Testing No Yes (simulated)
Advanced Signal Integrity Analysis Features
Gating Yes Yes
Stressed Eye Diagram Analysis of No Yes
Interconnects
Hot TDR (Avoid Spurious) No Yes
User Interface Fair Good

Similar look-and-feel to TDR
scopes

S93011A PNA-TDR is a superset of S93010 Time domain

KEYSIGHT
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What is S93011A PNA-TDR?

S93011A PNA-TDR is an enhancement of the S93010A Time domain analysis
software. The software, running on the PNA-X/PNA/PNA-L Series B-model Vector
Network Analyzers, offers digital signal integrity engineers an one box solution for
characterizing high speed serial interconnects.

3 Breakthroughs

for Signal Integrity Design and Verification

Simple and Intuitive Operation

TTTTTT

Fast and Accurate Measurements

CEEE

= | ESD protection inside

EIVE TS

High ESD Robustness

www.keysight.com/find/pna-tdr

KEYSIGHT
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Simple and intuitive operation

File Instrument Response Stimulus Utility Help

""" J 0 . Tr 3 Sdd11LogM 10.00dB/ 000dB  Tr 4 Sdd22 LogM 10.00dB/ 0.00dB ) Ded iC ated G U I for T D R an aIyS I S

------ Return Loss provides intuitive operation for users

not familiar to VNAs and S-parameter
measurements

« Easily locate source of loss,
reflections and crosstalk by
simultaneous analysis of both time
and frequency domains

Ch1: Start 264735 MHz ——

-1n -500p 0O 500p gl 5n 2.5n 3n 3.5n 4n | Stop GHz
or (Tly) (e ]y e o | oy (o) (demey) e v(3]) (2] %]
; o

Setup Horizontal | rtical Parameters Gating Trace Contral
W I n « : L I n v , A Tdd11 Tdd12 Tde11 Tdcl2 | Measure [Time Domain ~ | [Dferentia
TORITDT . ® . @ Tdd21 Tdd22 Tde21 Tdc22 | Format Impedance * ][] Peeling
pe— R p— Tedll Ted12 Tecll Tecl2 Stimulus | Lowpass Step -
EyeMask T R S NI —
Tr1 Ch1 IniTrig Swp ||BW=100k | C 4-Port Sim TDR | Zr | Tform
RFOn | UpdateOn  IntRef LCL || 2017/1116-16:56

Similar look-and-feel to TDR scopes
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Simple and intuitive operation

Setup Wizard

» The Setup Wizard guides you through all of the steps, making setup intuitive and error-free
« Automatically sets the optimum parameters (range, resolution, windowing, etc.) for your DUT

TDR Setup Wizard

==

TDR Setup Wizard

=

1=

TDR Setup Wizard

==

TDR Setup Wizard

==

Step 1/4: DUT Topology

Step 2/4: Deskew

Step 3/4: DUT Length

Step 4/4: Rise Time

OTICPT
-- E0 @

_____

Do not connect the DUT yet.

Select the topology of Device Under Test

(DUT).
Single Ended . Differential
1-Port " 1-Port
Single Ended , Differential
2-Port T 2Pot
Single Ended
Bal Port
4-Port config

- @E@Tg

e m® @

@

1. Connect all cables an

2 Disconnec tDUT from ca

3. Press Deskew button.

d fixtures

bles an.

Since the loss of the cables is not removed from the

Automatically compensates the electrical
length ofthe cables an

d fodures to VNA

measurement, cables should be low loss and

s shon as possible.

d fitures

| JoRaie.0,

2080 O @ O

The length of the DUT is automatically

measured and used to set the time span for

time domain measurements.

1. Connect DUT to cables / fodures.

2. Press Measure button

/
Note:

When testing mubiple DUTs with different langths,
measure the DUT lengt h sing the langest DUT

10 allow for the use of the same instrument sefiings
for 2l measurements.

QL0L0.0;
T

Set rise time of step stimulus.
( 16.9ps - 572ps)

Rise Time EE 4ps
Definition _10—9{]% b

Note:
Minimum risa tme values is kmited by the DUT
length seting

Close
L

<tk | [_nest>]

Next >

<mook || now> |

< Back H Finish

Simple 4-step operation
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Fast and accurate measurements

DUT: 50 Ohm pattern

VNA-TDR TDR Scope

VNA Based TDR measurements

= Low Noise

KEYSIGHT
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Fast and accurate measurements

DUT: 50 Ohm pattern

VNA-TDR TDR Scope =

Averaging

can lower noise

KEYSIGHT
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Fast and accurate measurements

KEYSIGHT

EEEEEEEEEEEE

DUT: 50 Ohm pattern

VNA-TDR TDR Scopes

Averaging...

Real 'Tl m e A EELVSES




Fast and accurate measurements

160

140

120

100

Dynamic Range [dB]
N LSy [«2] [e:]
o o o o

o

Dynamic Range Comparison
VNA vs TDR Scope

!

i

VNA: > 120 dB

\

TDR scope: 40 to 50 dB

KEYSIGHT
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20 30 40
Frequency [GHz]

——N5247B ——86100D-202 (ave=32)

50

60

70

TDR Scope S93011A PNA-TDR

[Source]

*Source power rapidly decreases with increase in
frequency

=> |oss of accuracy for higher frequencies

Noise
t
. -~
Signal /‘ IET
>t fo f
[Receiver]
*Broadband

+All noise up to the bandwidth of the system is
observed
=>NO noise reduction

—

fo f

[Source]

*Source power leveled and constant across entire
frequency range

=> NO loss of accuracy for higher frequencies

Noise

Aphoglp

; -—

Slgnal/\ /\ ET
\VARVA

[Receiver ]

*Narrowband

*Noise attenuated in stopband of filter
=> Noise reduction

IFBW

fc>f

For further details (including mathematical analysis), refer to the White Paper “Comparison of Measurement Performance between

Vector Network Analyzer and TDR Oscilloscope” (5990-5446EN).

Significant differences in performance due to the instrument architecture

S93011A PNA-TDR Introduction

49




Fast and accurate measurements

System default calibration

To achieve reasonable accuracy without user calibration, calibration at the test ports is performed at the factory
(“System Default” calset ) and applied in the TDR Measurement Class.

m LogM 10.00dB/ 0.00dB Sdd22 LogM 10.00dB/ 0.00dB

Tdd11 & Mem Impedance 20.0007r1200dd22 Im 000 Ir3 Saﬂ & Mer
&dd1
20

10

I . | |
M 1 . 0 64n 3.64n 564n 7.64n 64n 13.64n 15.64n 17.64n 26.4735 MHz Sto z
rof plane "ERIRERES 1)
Verti ers |
. ’ o [EOEEBE System Default Cal at test ports
TORTDT * yellow trace: User Cal at end of test cables
cdl TCCIT TCCT [Stimulus  [Cowpass Step hd
Eye/Mask Ted22 Tee2l . msetime 1030z~ | EXT

Tr1 Ch1 IntTrig Swp BW=100k | C~4-Port Sim TDR | Zr | Tiorm

RFON_ UpdateOn | IntRef

LCL 20171 2721-17:12

User calibration is recommended for higher accuracy
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Fast and accurate measurements

Error correction technique comparison

Deskew
Error Correction Techniques « Commonly used in time domain instruments
A « Simple to perform
Most «  Only corrects for dela
accurate oiggfra)l OF(UEI::;?I d 4 ;
oDeskew and Uu\} [3}
Loss Compensation
Accuracy . . delay loss mismatch
Full calibration (ECal)
& Deskew . .
« Commonly used in frequency domain
& Time Domain Gating instruments
— > * Requires more standards
Level of Difficulty ~  Easiest «  Accounts for all major sources of error
@ B g

delay loss mismatch

Measure the true performance of your device

KEYSIGHT
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Fast and accurate measurements

Measurement comparison: Deskew vs Ecal (DUT

thru adapter)

Deskew

File Instrument Response Stimulus Utility Help
(- B o
]

Tr 1 T11 Impedance 1.0

Tr 3 S11LogM1

Mismatch not removed...

HW Wl MWIW W[W‘"W‘ MWIW ﬂ W l'||w|| IW {1* ernn]"ﬁ\mm»

Chi- S ~

0mdB/ 100mdB Tr 7 S21LogM 1.0 10.100dB/
- Rise Time:
300m |
200m |
Toom Loss not removed...
om }7 — ﬁml—h—h_“""'""mw.m_'_
| A
-100m Rise t|me deg adatlon 4
-500p -400p -100p 0 100p 2 Op 400p 500p p 4
TIECE Auto Stop Data arker Marker
TDR ‘I Scale vl | Single I Mem 'I - Search ‘I Ble 'I I I 9 I xl
Setup Horizontal Vertical Parameters Gating Trace Control
<> ~ 0 n v I A T11 T12 T13 Ti4 Measure | Time Domain ~ |[Single-Ended -|
TDR/TDT . <) . . Y T21 T22 T23 T24 Format  |Vokt x)
_ N \ T31 T32 133 T34 Stimulus | Lowpass Step -]
EyelMask — a1 T2 3 T4 userme (03| BRI
Tr5 | ch1 IntTrig Swp | BW=100k|| C*2-Port | TDR [Deskew] | SVC | SrcCal* | Sim | Tfor... LCL | 2013m3m01-15:20

Full calibration

Full calibration (ECal)

Tr 1 T11 Impedanc

Tr 5 T21 Volt 50. v/ 100mV T 6

Rise Time:

3/ 0.00dB

100m »

om ———r——

-100m

T[ECE Auto SIDQ Data Marker Marke!
TDR “] Scale ‘I | Mem ‘I v -
Setup Basic More Functions Average Adv Waveform Hot TOR
setup DUT Topology [Single-Ended 2Pat. ¥ | | Deskew | i
i stim. Ampl. =1 | o I
TDR/TDT Wizard T m | [ - | Dielectric Const.
—— DUTLength \ Auto | ——— veoctyractor [N
Eye/Mask ‘ Presat (Cable Length = Os) | ECal | Sa oD ‘ Basic Mode »>
Tr7 | ch1 | IntTig | Swp |BW=100k| CA2Port | TDR [Full| SVC | SrcCal | Sim LCL || 20130301-15:31
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Higher ESD Robustness

Higher robustness against ESD, because protection circuits are implemented inside the
instrument for all ports, while maintaining excellent RF performance.

Proprietary ESD protection chip

Reduce instrument repair fees and downtime

KEYSIGHT
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The S93011A PNA-TDR application...

...provides a one-box solution for high speed serial interconnect analysis

Frequency domain Eye diagram

Time domain

...brings three breakthroughs for signal integrity design and verification

Simple & Intuitive Fast & Accurate _
Operation Measurements High ESD Robustness

o s

www.keysight.com/find/pna-tdr
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New E-band VNA system, N5252A

EEEEEEEEEEEE



Automotive and 5G

E-BAND APPLICATIONS

[ 5G Automotive RADAR

Current
IMT 24 GHz LMDS
bands Licensed Licensed
@ b B
U~ N
A EE B 5
e BB
i L ) |l |
Y o > 8 3 3 Y
. : 4 Ln Ln L Ly o
GHz
73 20 30 40 50 60 70-80
Bop & e g B 5 g 4 2
mmWave spectrum leading to a dramatic increase in bandwidth availability
Proposed 53 bands -GlobalMobileService Satellite Service -RADAR,A&D
Source: FCC, Intel Architecture Group, ITU, 11715 Meeting Notes, Company analysis
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NS5252A E-band (60 G - 90 GHz) VNA system

* More affordable E-band VNA than PNA-based E-band VNA

2 or 4-port S-parameter measurements using PXI-VNA modules

» Power calibration at test ports with an external waveguide sensor

 LO signal supplied by a PXI-VNA card is daisy-chained to the other modules
» Dedicated modules for the use only with Keysight PXI VNA's

» Controlled by a desktop computer

KEYSIGHT
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Key measurement performance

* Frequency range: 60 GHz to 90 GHz

* Dynamic Range (BW=10Hz): 100 dB minimum / 110 dB typical

* Test Port Power: +13 dBm typical

- Magnitude Stabillity : +/- 0.15 dB, typical (over 1 hour in stable environment after warm-up)
* Phase Stability: +/- 2 degree, typical (over 1 hour in stable environment after warm-up)
 Test Port Interface: WR-12 IEEE 1785-2a compatible with UG-387/UM

 Test cable length: 1.2m

KEYSIGHT
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Configuration

Description
N5252A PXI-based E-band (60 G — 90 GHz) VNA system Option 200 Option 400
Items included in the N5252A gty gty
VDI VNAX WR-12 modules WR-12, 60 GHz - 90 GHz, TxRx Mini VNAX with 1.2m cable 2 4
N5262AC12 60 GHz - 90 GHz, WR12 Calibration kit from VDI 1 1
M9O374A PXle Network Analyzer 300 KHz - 20 GHz 2 4
M9374A-551 N-Port Calibration Software 1 1
Y1242A PXI Jumper Cables 2 4
M9005A with opt 002 5 slot PXI Mainframe with PCle Desktop adapter 1 1
Y1213A PXI EMC Filler Panel kit 3 1
Y1212A PXI Slot Blocker 3 1
M9374AU-010 Time Domain
U8489A and E281CS 120 GHz USB power sensor, and 1mm coax (f) to WR-12 waveguide adapter

E8486A and N1913/4A or E4416/7A E-band waveguide power sensor, and power meter

A desktop computer is required.

KEYSIGHT
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Desktop computer requirement

» Operating systems: Windows 7 64 bit or Windows 10 64 bit

* Processor speed: 2.4 GHz recommended, (1.5 GHz dual core x64 minimum)
 Available memory: 8 GB recommended; 1 GB minimum

 Available disk space: 1.5 GB available hard disk space minimum

* Instrument driver: Keysight IO libraries Ver. 18.1.23218.2

* An open PCle slot

KEYSIGHT
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Millimeter Component Characterization

DISCUSSION TOPICS

* Millimeter Wave Component Application Space
» Millimeter Vector Network Analyzer Architecture
- Calibration at Millimeter Wave Frequencies

« Amplifier Characterization

* Receiver Characterization

* PNA-TDR

* N5252A E-band VNA system

e Conclusions

KEYSIGHT
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Component Characterization

CONCLUSIONS

 Clearly a big drive for utilization of
millimeter wave frequencies

» Millimeter vector network analyzer
architecture is key to support
characterization of these components

» Capability to fully calibrate impedance
and power ensures that millimeter
wave measurements are accurately
computed

« Software applications key to make
measurements simple
« Amplifier characterization
* Receiver characterization

* PNA-TDR

KEYSIGHT
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