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Thanks to Joint Collaboration
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Why is Device Modeling Critical (& Process Design Kits)

DEVICE MODELING
Process and
technology SPICE
development Library
creation .
IC Design
Measure, PDK creation
Model, and
Validate validation
SPICE
. models e
Z [¢ T e D
o3 'E—:a')" -
| Fabrication
IC Test
pl g |
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Challenges of Broadband Measurements (other than calibration)
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Challenges of Broadband Measurements to 220GHz

200 MHz to 500 GHz 172-886 Using 172-886 MLTRL to Thru Centre

« Broadband solutions typically ° ——
reqUire A \/\\._

* Multiple probes 2

* Multiple extenders 3
* Multiple calibrations 4
* Multiple measurements 5

* Then the data needs stitching
together

e Potential Discontinuities

* Whole process is time consuming,
manual and intensive

o 50 100 150 200 250 300 350 400 450 500
GHz
—— 2.68_PS-MLTRLI30 (S21) —— 2.68_PS_MLTRL220 (S21) —=— 6.32_PS-MLTRLI130 (S21)
—— 6.32_P5_MLTRL220 (521) —e— 42.04_PS-MLTRLI130 (521) —e— 42.04_PS_MORE (521)
—— 2.68_PS_MLTRL330_ (521) —— 6.32_PS_MLTRL330_2 (521) —=— 42.04_PS_MLTRL330_2 (S21)
2.68_PS-MLTRL500_ (S21) 6.32 PS-MLTRL500_ (S21) 42.04_PS_500_1-MLTRL500_ (S21)
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Challenges of Calibration Drift

Calibrating on Aux Chuck or measuring DUT on Right side

T
TR w%ﬁﬂ

i —

Hot Chuck

Measuring DUT on left side

Port 1 Extender i \\
: i

ay
ﬂ_,fif i
Hot Chuck .
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Thermally Isolated Extenders

Inclined — Thermally Isolated Extenders « 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

. = " ?- \;\] /: ~: _F — Ch UCk
Hot 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 Inclined Extender — 45deg WG - Probe
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EVM ¥ 100

15

13

11

[

Drift comparison — Horizonal Extender — 50mm WG - Probe

VDI native port saver - Max EVM

140, 0.51

242, 5.B07396495

138, 5.921721036 o -’“ 2415, 087

50 100 150 200 250

Time (Minutes)
Portl EVM Max  ——Por2 EVM Max

Temperature

w

Temperature delta”c

+0.51

11.5
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EVMN x 100

15

15

1

Drift comparison — Horizonal Extender — Direct Connect - Probe

Direct connect with Horizontal extender

100

Port1 EVM Max

150

Time (Minutes)

Port 2 EVM Max

213, 15.60251976

\ 214, 15 16859829

2145, -245

200 250

Temperature

10

H‘""

w

Temperature Delta *C

Max EVM 13.16

A°C at Max EVM -2.45
Max EVM per A°C 5.37

-2.45

5.55
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EWI ¥ 100

15

13

11

Drift comparison — Inclined Extender — 45deg WG - Probe

Inclined extenders with port savers - Max EVM

1045, -1.01
102, 3.370330158

109, 3.024182504

Time (Minutes)

——Max EVM1 ——Max EVM2 Temperature

11

350

Temperature delta *C

-1.01

3.33
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Digital Imaging System
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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
¢ One Measurement
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Features & Benefits of Dual Band

Re-use existing tools Y

» 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
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Minimum settable power accurate to the probe tip

File Instrument Response Stimulus Utility Help

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

L N "m Muwn Hl' M,' M‘ flM N M |'il|~4'| H |*Jrllf\ Hi hr“wﬂ%‘ﬂh”}‘}I.ﬁ'ﬂl.\“»” ‘nﬂ!‘r lli,,‘#l " 'M Il‘b/llﬂ'"w'|l‘|4"”' ||;' M * ||’ﬂ|

nnnnnnnnnnnnnnnnn

e A8 Marker 5

77777

555555

111111

11111

ZZZZZZ

|§_. Hardkeys ‘?

15

« After correction of the
install Cal files (@ the
Probe Tip) settable to -
40 dbm

 Correction applied
using supplied values
for probes, 130 GHz Rf
cables and power table
for VDI extenders

« Alternatively - data can
be obtained from 2
tier probe calibration if
cal kit available
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Maximum settable levelled power of —6 dbm throughout the

band

File Instrument Response Stimulus Utility Help
= — A=l =0 1 8

Tr 2 R1,1LogM 10.00dB/ 0.00dBm

15 || ch1 | intTrig [[EEEN BwW=100 |Ca Response
RFCn  UpdateOn IntRef | (J Unleveled, source 2, out 1

ISR all 218.0887321 GHz E Hardkeys (%)

H

€3 || LoL || 2022/0810-12:12

16

« 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 Utility Help
(== Gl T
/M LogM 50.00dB/
GHz
0-GHz

-72.44 dB
-73.16dB

Tr 5 $12/M LogM 50.00

-79.15dB
-71.76 dB
-72.61dB

e

Trd | cni |[inmrig [EEEN Bw=10 | NoCor
RFOn |UpdaleOn | InfRef

NECC SN 220 GHz

Bm

D Y
1

o

9 dBm
14-dBm

03 dBm
-72.35 dBm
-7344 dBm

(s .
et

.35 dBm
-115.52 dBm
8.93 dBm
-71.73 dBm
-72.55dBm

Hardkeys

Trigger

Utility

Save Macra
Recall

|

er
Stimulus

LCL | 2022/04/25-11:31
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« 10 Hz with probe in Air and

chuck down

$
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Verification of power at the probe tip..

« Power evaluated using 1mm
also PM5 VDI power meter

CONFIVEKEYSIGHT



Thermally tested to 150 °c

Temperature of 220 Broadband probes and extender flanges

Time from start {hours)

—LEFTPROBELast [€)  —— RIGHT PROEBE La (C) Left head nex to fiange Last (C) RN head next to flange Last (C)

Probe t|p at 150 °cbutﬂange limited to 52 °c worst case and the rest of the
extender is in ambient air with platen jet cooling
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Thermally tested to 150 °c

150C Measuremen t comparison

: « Comparison is of a Cal
on metal and
measurement on

) metal as compared to
cal on absorber with
measurement on

. absorber

e Increased loss is
expected

-0.5

-15

dB

-35

-4

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

—=— 14 ps 220 150C - ON METAL (S12) —— 14 ps 220 ON ABSORBER (S12)
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System evaluation

» 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

 Python scripting was used for all the testing with Wincal and for analysis purposes

Using motors move
Measure Open in ISS Alignment and Perform LRRM / ta 40 PS Line - .
Air probe positioning Wincal Calibration Save Cal Data Position Right Measure Line
Probe

Yes

21 @ ~ORMF~ACTOR™




Measurement of transmission lines T220

asurement of ISS t

)
-1
-2
3
[}
s
-4
-5
-6
-7
[} 20 40 60 80 100 120 140 160 180 200 220
GHz
—— 1ps 220 (S21) —— 3 ps220 (S21) —— 7 ps 220 (S21) —— 14 ps 220 (S21) 27 ps 220 repos (S21) —— 40 ps (S21)
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Comparative measurements with I145 and T220 Broadband

Gl
27 ps 220 repos (S21) —— 40 ps (S21) 40PS 45 (S21) —e— 27PS 1145 (521)
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Calibration / Measurement repeatability
« 100 Hz IF

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
9 e b bW b L oo

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

24




Calibration / Measurement repeatability

40 PS Repetitive Calibration and Line measurements

EVM Delta (%}
b

0 20

40

60

80

100

120
GHz
—a— 40PS_1(%21) —=— 40PS_2 (%21) —=— 40PS_3 (%21) —=— 40PS_4 (%21)
—— 40PS_5 (%21)

140 160 180 200 220

25

* A new calibration precedes each
device measurement

« EVM = Error vector magnitude
e ((Re1-ReN)M2+(Im1-ImN)~2)N-1
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Calibration / Measurement repeatability - Phase

ibration and Line measurements (Phase)

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

—— 40PS_1(Norm2l) —— 40PS 2 (Norm2l) —e— 40PS_3 (Norm2l) —e— 40PS_4 (Norm2l) —— 40PS_5 (Norm21)
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Calibration repeatability — Open in air variation

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

o 10 calibration cycles with eLRRM

« -6dbm 100 Hz 801 points

: « Air vents for the air conditioning

: - system were directed away from the
os system

o PR T e it o i AL ¥ % ¢ |
0 20 40 60 80 100 120 140 160 180 200 220

EVM W.R.T First Open
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Sij Delta from First to Nth calibration

Calibration Repeatability — Error set Sij comparison

0.06

0.05

& System To

» Compared using WinCalXE Error set comparison
tool — Looks at the worst case S parameter
change on a set of unity data

« This was automated using a combination of

sequence and Wincal math scratchpad
» Uses same error set as Open comparison

28 @ ~ORMFACTOR™



Drift at ambient temperature

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

23.8
23.7

23.6

23.5

23.4

233

23.2

23.1

23
100 200 300 400 500 600
Time (Minutes)

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

29

°C

Temperature

System was calibrated and left to
drift with measurements every 3
minutes at -6 dbm 100 Hz

S par sweep taken but fixed
frequency point used that was
next to the crossover point

Air temperature measured with
logger

Data was processed using Wincal
with a Python script using Wincal
marker functions
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Video of drift evaluation with Wincal remoting and Python

cEEp N B F P & D o0t ot sover comprson norkpEroroo. | B
X Hep 5

3

Veriable explorer | Fie explorer

IPythan consale

exectile(filename, namespace)

End-of-lines: CRIF  Encoding: ASCTI Line: 33 Column: 1 Memory: 61 %

runfile(

View  Rep t Took  Window Help
*Hals @
PERCENY DELTA] New Page

%DELTA PORT1

% Delta

[OUTPUT: 128.70 GHz 0.00 % Delta

—— OUTPUT (%)

%DELTA PORT2

OUTPUT: 134.20 GHz 0.00 %Delta

0 20

—=— OUTPUT (%22)

4]
0 20

—— OUTPUT (%22)

End-of-fines: CRLF  Encoding: ASCTT Line: 33 Column: 1 Memory: 61%

30
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Real life active device data (Teledvne device)

10 |

dB

|
.j(“-.\“. iF.

-30 1] "-._' I
40 | Ell".. __,-*:"-’1HW“-.-H|-,,J‘

ail
5 I
oy 1"51‘ I"'II_I"HLI-!

II.'

30

o //" ;:"F\ﬁé,f"{r
':I 1 IIll i

-10 fb \‘/ :.': _-.'.

-20 L

0 20 40 &0

—— TSC 70-130G-325C (512)
—— TSC 180-175G-552C (S12)

80 100 120 140 160

GHz
—— TSC 125-185G 652C (512)

180 200 220

31
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Active qlemo device meaqured at -30 dbm

0 0
a -10
2 20
3 -30
-4
-40
@ -5 o
< T -50
]
-60
7
-70
-8
-80
K]
-90
10
o 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 (ST) —— Fet bias 0.3 VGate 3 VDrain (ST)) —— Fet bias 0.4 VGate 3 VDrain (S12) —— Fet bias 0.3 VGate 3 VDrain (S12)
—— Fet bias 0.2 VGate 3 VDrain (S1]) —e— Fet bias 0.1 VGate 3 VDrain (ST —— Fet bias 0.2 VGate 3 VDrain (S12) —e Fet bias 0.1 VGate 3 VDrain (512)
—— Fet bias 0 VGate 3 VDrain (STI) —— Fet bias 0 VGate 3 VDrain (S12)
3 4
8
Rt
6
4
2
0
)
T 2
-4
-
-8
10
o 20 40 60 80 100 120 140 160 180 200 220 08
GHz - -1.0

—— Fet bias 0.4 VGate 3 VDrain (521) —— Fet bias 0.3 VGate 3 VDrain (521)
—— Fet bias 0.2 VGate 3 VDrain (S21) —s— Fet bias 0.1 VGate 3 VDrain (521)
—— Fet bias 0 VGate 3 VDrain (S21)

—— Fet bias 0.4 VGate 3 VDrain (522) —— Fet bias 0.3 VGate 3 VDrain (522}
—— Fet bias 0.2 VGate 3 VDrain (S22) —— Fet bias 0.1 VGate 3 VDrain (S22)
—— Fet bias 0 VGate 3 VDrain (522)
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R

m2

freq=10.00MHz
5(2,2)£0.889 / -0.035

impedance = Z0 * (17.071 -j0.089)

s(1,1)
s@2,2)

I =

freq (10.00MHz to 220.0GHz)

\ / \U/

freq (10.00MHz to 220.0GHz)

A0S m1
20— freq=13.71GHz
5 |dB(S(2,1))=7.502

m1

m4

dB(S(1,2))
dB(S(2,1))

L S e IS LA sy oy e ey e T
20 40 60 80 100 120 140 160 180 200 220

freq, GHz

designing and providing
the demo device...

T T ——
20 40 60 80 100 120 140 160 180 200 220
freq, GHz

« Thanks to Rob Sloan for
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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/IceShield compatible

VDI Mini Extender Arm

Allows optimized measurements, lower cost of ownership and ease of use
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Storage Pod for easy and safe swapping
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—
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=
-
-
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Values of Inclined Waveguide Connection

« 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
g pr

« 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

« Improves crosstalk between ports
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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 levellings -40 dBm to -6dBm

« Power calibrated to the probe tip
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