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A 'non-RF' Laptop contains CPU, GPU, RAM, SSD etc
All requiring RF device modelling of transistors and components
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Why is Device Modeling Critical (& Process Design Kits) RFIC

DEVICE MODELING
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Challenges of Broadband Measurements (other than calibration)

IEEE 5WR\MTT-S

TECHNOLOGY SOCIETY



aniIMmMs

Connecting Minds. Exchanging Ideas.

Challenges of Broadband Measurements to 220GHz

* Broadband solutions typically require
e Multiple probes
* Multiple extenders
e Multiple calibrations
* Multiple measurements

* Then the data needs stitching
together

* Discontinuities

* Whole process is time consuming,
manual and intensive
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200 MHz to 500 GHz 172-886 Using 172-886 MLTRL to Thru Centre
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Challenges of Calibration Drift

Calibrating on Aux Chuck or measuring DUT on Right side
Port 1 Extender | N

T
W n

Measuring DUT on left side
| Port 2 Extender
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Thermally Isolated Extenders

Inclined — Thermally Isolated Extenders
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Hot Chuck

® -
-
o IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY

=D)) )

=3 P~

Having the extenders inclined
offers naturally improved
thermal isolation

Air jets improve cooling of
platen surface

Result is extenders stay at
ambient temperature and not
affected by thermal chuck

This greatly improves drift
stability regardless of chuck
location
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Comparison Between Extender/Probe Integration

Horizontal Extender — 50mm VDI WG - Probe Horizontal Extender — Direct Connect - Probe

QSUF IRy,
)
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Drift comparison — Horizonal Extender — 50mm WG - Probe
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Drift comparison — Horizonal Extender — Direct Connect - Probe RFIC

\ 214, 13.1685982%

13 Max EVM 13.16

Direct connect with Horizontal extender
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Drift comparison — Inclined Extender — 45deg WG - Probe
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Inclined extenders with port savers - Max EVM
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Measurement comparisons — Line

1 2
0 0
10 01  Measurements are Line 4 from the MLTRL post
- -0.2
20 03 corrected
g ° 2 04
40§ 05 * No obvious degradation of return loss from any
-0 0.6 . . . .
60 ) 07 | of the configurations tested (a sensitive metric)
140 160 180 200 220 140 160 180 200 220 . . . .
GHz GHz e Transmission measurements within
—e— LINE 4 NATIVE FROM CAL (511) —e— LINE 4 NATIVE FROM CAL (512)
—=— LINE 4 FROM CAL DIRECT (ST1) —=— LINE 4 FROM CAL DIRECT (512)
—=— LINE 4 FROM CAL INCLINED (ST1) —=— LINE 4 FROM CAL INCLINED (512)
3 4
0 0
-0.1 -10
-0.2 -20
m -0.3 m -30
T .04 ® 40
-0.5 .50
-0.6 60
-0.7 |
140 160 180 200 220 140 160 180 200 220
GHz GHz
—=— LINE 4 NATIVE FROM CAL (521) —=— LINE 4 NATIVE FROM CAL (522)
—e— LINE 4 FROM CAL DIRECT (521) —e— LINE 4 FROM CAL DIRECT (522)
—=— LINE 4 FROM CAL INCLINED (S21) —=— LINE 4 FROM CAL INCLINED (522)
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Measurement comparisons — Symmetric offset short

0
10  Comparable results between all
-20 . .
30 configurations
% -40 . . .
o0 M  Some phase offsets due to positioning errors
-70 . . . . .
80 * Evidence of improved isolation when using
140 160 180 200 220 .
Ghz included
DS2 DS2 DIRECT (S11) - gg gg :::SIEE‘TE[;]ESD) . .
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GHz -08 40 4B
—s— DS2 DS2 INCLINED (521) —e— DS2 DS2 INCLINED (S522)
DS2 DS2 DIRECT (S21) DS2 DS2 DIRECT (522)
—e— DS2 DS2 NATIVE VDI (S21) —e— D52 DS2 NATIVE VDI (522)
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New Dual Band 220GHz Integration

* Combines coax and waveguide
bands via diplexer integral to the
probe

* Single sweep measurements

— One set of probes
— One Calibration
o — One Measurement

S
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Features & Benefits of Dual Band

 Re-use existing tools R

— Probe station, extenders, positioners
and tophat enclosure

* Manual, semi-auto or fully-auto systems
* Full thermal capability

 Dark, EMI Shielded and dry
measurements

* Allows an existing N5291A to be
extended to 220 GHz

* High power output to the device

* Biasis provided locally via the N5291A
bias tee
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Minimum settable power accurate to the probe tip
IneeutHeIp

Tr 1 R1,1 LogM 0.100dB/ -39.8dBm

e After correction of the
install Cal files (@ the
Probe Tip) settable to -

40 dbm

Iy

el I i I hwu’p@;'hikujlwnlﬂflwl il IR W" s * Correction applied using

| E supplied values for
probes, 130 GHz Rf
cables and power table
for VDI extenders

-40.09dBm

B/ 0.00dBm

e Alternatively - data can
be obtained from 2 tier
3 probe calibration if cal
il e O o [ S e kit available

T
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Maximum settable levelled power of -6 dbm throughout the band

File Instrument Response Stimulus Utility Help

Tr 2 R1,1 LogM 10.00dB/ 0.00dBm

»>Ch1: Start 100000 MHz — —
Tr5 | ch1 || intTrig [EEER BW=100 |CA Response
RFOn | UpdateOn  IntRef | (J Unleveled, source 2, out 1

mﬂ&USSFBHGHZ JBB| Hardeeys X

Display || Setup
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Scale Math

Avg BW cal

Marker f§ Search
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Freq [| Power

£
&
o
o

Higher power levels are
possible but this is the
maximum that can be
levelled for the band
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Dynamic Range

File Instrument Response Stimulus Ut\l\ty

RFOn | UpdateOn IntRef

g 1™ “J"**r‘**”“'w'""’"" W*‘]

Help
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Verification of power at the probe tip..

* Power evaluated using 1Imm also
PM5 VDI power meter
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Thermally tested to 150 °c

Temperature of 220 Broadband probes and extender flanges

0.511388889, 51.369

Temperaturae “C

1 2 3 4 5 6

Time from start (hours)

= LEFT PROEE Lax (C) —— RIGHT PROBE La=t (C) Left head next to flange Last (C) Rght head next to flange Last (C)

/ -4 | - "
"y o “ -~ 2 " N
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* Probe tip at 150 °c but flange limited to 52 °c worst case and the rest of the extender is
in ambient air with platen jet cooling
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* Approaches were taken similar to those used for our Wafer level measurement
solutions namely
— Measurements of multiple transmission lines

— Repetitive calibrations without moving the probes and evaluating for variation of post LRRM
open and Cal to cal worst case Sij variation

— Repetitive calibrations with measurement of ISS line standards
— Measurement drift as a function of time and temperature
— Measurements of active devices

Using motors
ISS Alignment al PrfrmLRRMi ISS Alignment al PrfrmLRRMI Save Cal Data t40PSL
.{Pbpt 9| '| cal Calibratio } 75 & Cal Data ) — } .—[Pbpt ing cal Calibratio Pesit Rght

Yes
Yes |
| Counter <=5 o
ounter <= 0

T

5“
s
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o IMS S

Connecting Minds. Exchanging Ideas.

D))))]

=or
NS

Measurement of transmission lines T220

of ISS tr es

T

\—‘.

0 20 40 60 80 100 120 140 160 180 200 220
GHz
——1ps 220 (521) —— 3 ps 220 (521) —— 7 ps 220 (521) —— 14 ps 220 (521) —— 27 ps 220 repos (521) —— 40 ps (521)
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Comparative measurements with 1145 and T220 Broadband

r
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Comparative of ISS tr ission lines (Similar ISS but different unit)

0 20 40 60 80 100 120 140 160 180 200 220

Gl
27 ps 220 repos (S21) —e— 40 ps (S21) 40PS 145 (S21) —— 27PS 45 (S21)

< OF Micgy,
Ph iy,
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Calibration / Measurement repeatability
* 100HzIF

e 10 MHz to 220 GHz
* 40 ps with 5 cycles on 185-400 50 um specific iss with LRRM

40 ps Line standard comparison - 5 Calibration and measurement cycles

dB
S S T TN

0 20 40 60 80 100 120 140 160 180 200 220
GHz

0‘5 oF Mll.‘ﬂa%
&
&
S

7y
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40 PS Repetitive Calibration and Line measurements

5 * A new calibration precedes
each device measurement

EVM Delta (%)
¥y 4
(X} E-Jl W n o~ I

&

—ll

o
tn

0 . e gl
0 20 40 60 220

—e— 40PS_1(%21) —— 40PS_2(%21) —— 40PS_3 (%21) —e— 4OPS_4 (%21)
—e— 40PS_5 (%21)

QSUF IRy,
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®
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Calibration / Measurement repeatability - Phase

PS Repetitive Calibration and Line measurements (Phase)

* Aside from outliers
Phase for a 40 ps line is
repeatable within +/- 1
degree

Mﬁm@glmm&m ot ib‘ﬁw A
i

GHz
—— 40P5_1 (Norm2l) —e— 40PS_2 (Norm2l) —e— 40P5_3 (Norm2l) —e— 40PS_4 (Norm2l) —e— 40PS_5 (Norm21)
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Calibration repeatability — Open in air variation

Port 1 - Cal repeatability - EVM W.R.T First Open

* 10 calibration cycles with eLRRM
+ -6dbm 100 Hz 801 points
; . * Air vents for the air conditioning system
o were directed away from the system

EVM W.R.T First Open

QSUF IRy,
&
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Calibration Repeatability — Error set Sij comparison

Sij Delta from First to Nth calibration

0.06

0.05

0.04

Magnitude

0.03

0.02

0.01

0 20 40 60 80 100 120 140 160 180 200
GHz

—=—1- AS MaxTrace —— 2-ASMaxTrace ——3-ASMaxTrace —— 4 -AS MaxTrace ——5-AS MaxTrace

6 - AS MaxTrace —— 7 -AS MaxTrace —=— 8-AS MaxTrace —e—9-AS MaxTrace 10 - AS MaxTrace

220

& system Tools
Probe-Contact  System Repeatability Emor SetManager Eror Set Augment 'Compare E";.U;és.iﬁnf

This toal allows you te compare how the results of carrecting  raw measurement would be affected by twa different error sets
T perormthe compariscn.selec two eror seis and opionsly selectan SnP il that represents s messurement ot would
be Corrected by aither of the error sefs

All three items must have matching frequency lists.

Select two calibration emor sets to compare

Error Set1 | RRMZ220_241 - lzl
Error Set?  LRRM220_245 T ]
Select the mode of comparison

O Show Vector Magnitude Difference
@ Compare using WWorst Case SnP*
() Compare using SnP from file

SoP File: | | [(Eromaetorsnr _ |

Perform the comparison

Diference Dats iem Narme

[ Omit Cresstalk Terms

X

IEEE MICROWAVE THEORY &

Compared using
WinCalXE Error set
comparison tool

This was automated
using a sequence

Uses same error set as
Open comparison

T
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Drift / Noise with respect to time and temperature at 128.7 GHz

6 * System was calibrated
and left to drift with
5 measurements every 3
4 ( | minutes at -6 dbm 100
| ) \ « S par sweep taken but
| ' L, | ”' - fixed frequency point
2 \m m “ l .' M used that was next to
i M0 ! ,' N ' [ the crossover point
‘ | \ * Air temperature
o L L measured with logger

Time (Minutes)

—EVM P1@128.7 GHz =—EVM P2@128.7 GHz Temperature

\‘\\S oF M"-'ﬂﬂ%
&
&
S

4
%
‘MTT-S A
- I~ =
M S =
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TECHNOLOGY SOCIETY
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Video of drift evaluation with Wincal remoting and Python

4 (@ RF Data Viewer - Drift using 128 cross”

13
File View Report Instrument Tools Window Help

» R X F P & I [onsOrectyportsver comparsonworkipEADPODL - B AN E_'E P LD E
& X ptions

w %DELTA PORT]

% Delta

|OUTPUT: 128.70 GHz 0.00 % Deita |

o
0 20

—=— QUTPUT (%11)

%DELTA PORT2

Varigble explorer  File explorer Heb
TPython console

0 console 14 E

runfile( C:/Users/GFisher/OncDrive - FormFactor, Inc/INVESTIGATIONS/Direct v port sever
comparison work/DEADPOOL/Deadpoo]l DRIFT PROCESSING from 108 mins.py', wdir='C:/Users/GFisher/
OneDrive - FormFactor, Inc/INVESTIGATIONS/Direct v port saver comparison work/DEADPOOL')

& %
IIE

File Dats
, line

exectile{filename, namespace)

File Lers che Data a
customize\spydercustonize.py”, line 95, in exe
exec(conpile(scriptiext, filename, ‘exec’), glob, loc)
sers/GFisher/OneDrive - FormFacter, Inc/INVE ToNs/Direct v port saver comparison
adpool DRIFT PROCESSING from 100 mins.py 54, in <module>

KeyboardInterrupt
QUTPUT: 134.20 GHz 0.00 %Delta ‘

In [13]:

In [13] E F o GATIC v [+]
compa e I e o a / 0 20

—— QUTPUT (%22)

Permissions: RW  End-of-lines: CRLF  Enceding: ASCIT Line 33 Columm: 1 Memony: 61%

 OF Michg
o ",

3
&
$
a
=

& IEEE S WXMTT-S
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Real life activg device data (Teledyne device)

30

0
)]

=3 P~

dB
P
L D o I
L‘-r_‘-_11-
.\‘---.
‘.h‘
o
.,

20 - -

GHz
= T3C 70-130G-325C (512) =——T5C 125-185G b52C (312)
— TSC 150-175G-552C (512)

s0{t M/
40 1 AN kS S
_Ef) : :Ill; o
: H
60 | E" sl
0 20 40 60 80 100 120 140 160 180 200 220

NS

QSUF IRy,
«*““

%

%,
§ = %
= =
E =

®
-
o IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
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Active demo device measured at -30 dbm

1 2
0 0
-1 -10
2 20
-3 -30
-4
40
m -5 1]
© T .50
-6
-60
-7
-70
-8
-80
-9
-90
-10
0 20 40 60 80 100 120 140 160 180 200 220 0 20 40 60 80 100 120 140 160 180 200 220
GHz GHz
—— Fet bias 0.4 VGate 3 VDrain (S11) —— Fet bias 0.3 VGate 3 VDrain (S11) —=— Fet bias 0.4 VGate 3 VDrain (§12) —— Fet bias 0.3 VGate 3 VDrain (S12)
—=— Fet bias 0.2 VGate 3 VDrain (S1) —=— Fet bias 0.1 VGate 3 VDrain (S11) —— Fet bias 0.2 VCate 3 VDrain (512) —— Fet bias 0.1 VGate 3 VDrain (512)
—e— Fet bias 0 VGate 3 VDrain (S11) —e— Fet bias 0 VGate 3 VDrain (S12)
3 4
8
— et
6
4
2
0
@
T 2
-4
-6
-8
-10
0 20 40 60 80 100 120 140 160 180 200 220

GHz
—=— Fet bias 0.4 VGate 3 VDrain (521) —— Fet bias 0.3 VGate 3 VDrain (521)
—— Fet bias 0.2 VGate 3 VDrain (S21) —e Fet bias 0.1 VGate 3 VDrain (S21)
—=— Fet bias 0 VGate 3 VDrain (521)

-1.0

—e— Fet bias 0.4 VGate 3 VDrain (S22) —e— Fet bias 0.3 VGate 3 VDrain (S22)
—=— Fet bias 0.2 VGate 3 VDrain (S22) —— Fet bias 0.1 VGate 3 VDrain (522)
—— Fet bias 0 VGate 3 VDrain (S22)

IEEE 7W\MTT-S

TECHNOLOGY SOCIETY

S(1,1)

m2

freq=90.00MHz
S(2,2)50.889/-0.035

impedance = Z0 * (17.071 - j0.089)

dB(S(1,2))

\
~ 2
a |
& |
//
% /
\\\ __///
freq (10.00MHz to 220 0GHz) —
freq (10.00MHz to 220.0GHz)
"7 s B m1
10 m3 20 freq=13.71GHz
20 15 dB(S(2,1))=7.502]
a0 m3 n-{ M1 mé
40 freq=32.01GHz = 5] m4 freq=70.21GHz
p dB(5(1,2)=-20.493|| = dB(S(2,1))=3.852
50 S o
-60] T 5
70| 10
80 5]
a0 20
20—t 738 T O AN N
20 40 60 80 100 120 140 160 180 200 220 20 40 60 80 100 120 140 160 180 200 220

freq, GHz

freq, GHz

Thanks to Rob Sloan for
designing and providing the
demo device...
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New Modular Positioners

Positioner Body Positioner Arm

* Choose manual or programmable body

* Multiple arms for each application
Fast-swap dovetail mounting — Easy & safe
Upgradable

* RF TopHat/lceShield compatible

Programmable VDI Mini Extender Arm

Allows optimized measurements, lower cost of ownership and ease of use

o (1 mm%

%
BN
g
‘MTT-S 34 s '
B
IEEE MICROWAVE THEORY &

TECHNOLOGY SOCIETY DENVERZ“Z
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Storage Pod for easy and safe swapping

o o mmg,

& IEEE NAYMTT-S
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Values of Inclined Waveguide Connection

e Calibration Stability

* Frequency extender is isolated from effects of
thermal chuck

* Reduces drift due to varying heat from chuck as you
measure across the wafer

eVue IV

* Measurements over temperature

* The only solution for full range hot and cold
measurements without condensation

* Full TopHat for frost-free, dark and EMI-shielded

* 45 deg port saver to avoid extender damage

* When swapping probes, reduce risk of damage to
extender test port MicroChamber® AttoGuard® / PureLine™

* Improves crosstalk between ports
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Connecting Minds. Exchanging Ideas.

Values of single sweep broadband solution

* No time taken to swap bands

* Less effort combining results

* Less potential for mismatch between bands

* Full over temperature solution 10 MHz to 220 GHZ
* Full power levelling -40 dBm to -6dBm

* Power calibrated to the probe tip

QSUF IRy,
&

&
3 A =
£ £

®
-
o IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY

DENVER2022



