mmwW/ THz =40l -2l 8 H
HERKIIAEA&I| {=2|0]4&

BHUE S4 =3

2z
52 R EHIASZ X AR
201348 13Z
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L=

CHIE YEQT2AI] HZ2IHO0IE KR
C BIE| Y ERR AR 291010)7
CHIE EFEHI|O =Q SR 20}

M2 s8SE =0t

2c|0lEU/H == SE =0t
St 30N =8

« Z S J1.1THZIHA| & & Jiset Banded VNA &=

c22MANQ

AMNES EE PE des:=d) dg8d, It dEE s

« PNA/PNA-X J|gt &= H&0| NlZot= 018
« H=C2IAH0lE Suite: Z2US Xts =8, 015 8= =58, 88 LAHES
=4, QARHHWHEE/EAESFE.

e On-wafer=& £24&
e THZ EEOZ & &
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HEHUE/AIAZ A DIEt?

S21
) o] 3= A =,
_IE-I I-:||§—r—'|j-_¢_ﬁjl(VNA)' m DuT (M Sll 822
« A=/E8tS HIAE AIAE EFAL S

12
« RF/OI0|AZ2 1 SIHHEQ| &=8tak 1)}
Aetak BEAHM Y BHS (S-Ut2H0IE) S & 3t

o Mo M=) 2 Agl Htst
e IR WIEHN AE =54H
X0 =SH HEHE HS

o - QA
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HIERIZ=&I]: SENE

Hg
SEAL B
EHAF &g
SEARDE A SHARIE _ B
QAIF R Q) AT} R
s
= TH It i / 220l
S— Parameters U EHA, AHOI Q| A
S Sy == A S—Parameters
Sop, S HEH =
R+ X, 21 12
Lp G+iB T.r
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-

PNA-X(N524XA), NVNA
SHE d&ot= 1) 45 VNA

10 M to 13.5/26.5/43.5/50/67 GHz
Banded mm-wave to 2 THz

Agilent ‘s
S EI | ER D24

RF & Microwave Test Accessory Product Portfolio ﬂﬁ
" wtin 3 764 K300 e
e - “ T  emme.
% - == LSS
~ . e 2 o9

PNA(N522XA)

E 14&S VNA
! 10 M to 13.5/26.5/43.5/50/ 67/110 GHz
”‘

luuouou Banded mm-wave to 2 THz

am|

AE OF ~ PNA-L(N523XA) -
HI=EZ k" Af Ew HIAOIA JHE & Db &S JhRIS) VNA l-ﬁﬁ
2es 300 kHz to 8.5, 13.5, 20 GHz ‘
- 10 MHz to 43.5, 50 GHz
= ENA(E5072A) | PNA-X
d1 21D 459 ENA Receiver(N5364A)
e voss 30kHz104.5,8.5GHz — 8530A CH Al 2
— ENA(E5071C) =
: B AON0IAIOIE Ol ABSls MO VA P
i * 9KkHzto 4.5/6.5/8.5 GHz
300 k /20 G —
ENA-L(E50618)° 7 ENA 92| 0/ & IHTHz VNA
BILISI SHAOI NA + 74, 5 Hz 03 GHz,  A| B| K Al A Etl
T 2THz DX

. MbBlE RF VNA,100 k to 1.5/3.0 GH
FieldFox ? ‘

SUHE RFZ4D]
5 Hz to 4/6/9/14/18//26.5 GHz
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PNA GiZ2l|30l&

> cll Ol 9|4 SR AE BEZ oA
z=) =% el TResHAE = HEILLEIAE S
(o I} 2401 Ef
IMD, &S

A
1

fJ
4

=

1 Ca ’ g
true differential, - 4
HMEESE hotS,, )

P
>
r T
AMBAE  Jmetgptol~ ﬁZ, Iy 0N Clgzoem PO E
W . WRPLVAVAN JECEER-E
jm 110 C =

AZcHHE WE
20 18 €ealol

W= Lo
Atomic
HEE 2 Metrology Force
BE/ ANy
*X-I1 2} 01 Ef S 4 3} uF el 3
BAHas Cilo S4 X2 ;

0| =1 = A T

'
\ .
@

X- I} 20/ H & Agilent Technologies & SS4/Z

==
gL/t =<
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VNAL2l 22 S =0
&I BAF L = OF

« 0Oi0IZ2 20} dlA Physic:

- ) D012 20 =& MEdteh = dBZS0 HZEot= It

. OIO|AZIIE 0|26 RS =
~0b= X2 2AS (0: ME, Hi0l2
~20l B2 2HE (0: B, MO

- Hatol= A= (0 ats 2=, 001321} o+, MXELH Ol =2 EHéh)

- DHOIZ2I WA 0I01 & J1£2 2 HE2IH0IE Y
- Ol g A& X| & (Medical Diagnosis and Therapy )
- = E ¥ PH(Homeland Security )

- T2 NlA =410 2FAH(Process Analytics & Enhancement )
- U A =& L 010/ & (Nano scale measurements and imaging )
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=l Ool& o
9 AMEHY T/ = (Medical Diagnosis and Therapy)

Medfield Diagnostics Brain Imaging System Microwave Stethoscope:
- VgeT, \ 8 A New Method for Measuring
Human Vital Signs

Ruthsenne Gagarin, Nuri Celik , Hyoung-sun Youn, and Magdy Iskander

Hawaii Center for Advanced Communications
University of Howaii,
Honolulu, HI. USA

Vital Signs Parameter Extraction

ol : . . : : . :
Y VYV VLAV AW A AR AT
3 T RV WV W W W W R AT
2l 4
L] a2 @ Gﬂ““ ‘M]Bﬂ 100 12 140 RED: 811
.;.i o j i j j j j BLUE: S,,
E" mf —
L] a2 a 6’0 I;J Iéﬂ = =
Timg (sec) -
; Breathing Rate Set-Up
BEEf —
55 0o -
3 . r r =
: ) ) Two Experimental Set-Ups:
g 4 12BPM | —r Y 1) Manual Air Pump
R o 2) Computer Controlled
ioo E— : : : s Breathing Rate

Manual Air
Pump
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H=2lAHO0l& 0
= & Z 9(Homeland Security)

Threat Images

Planar, Confocal Lens -
Millimeter Wave Imaging System : = .

R

C4 Simulant Disc
0.5 cm thick

n e MIRAE’(Millimeter-wave Imaging Radiometer Equipment),

o d &, 2009
PROTOTYPE SYSTEM 94GHz, LNA =442t
Footprint: 10 cm deep, 1 meter wide - - e — =
Speed: Real time imaging (20 frames/sec) 2 - |2 e n!: ®A ofed us.(mlaw. !
Scanning 10 Million voxels/sec. = A S vy )

28 271, 59, W% Bo| HAROL 28
/ WelojEjn; o 824

Safety:  RF exposure intensity 1/100,000 of = =,_;2:.'.: =% - _ =

typical cell phone.
No Moving Parts: Digital electronic architecture.
Cost: Off-the-shelf digital components. weiolefat

T goam rog U RE
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& 24 F 8t (Process Analytics & Enhancement

NASA space shuttle external tank foam experiments

- Petland | O Lo

-
Juow  [Tasnorting :,r“='=.'.‘r~v. aﬁvm”
—— -
N

i &

Pharmaceutical Tablet Measurement System

Automated Microwave
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H=cl3H0l& o
Lt 2 SF 0 010/

How do we measure small things? Dopant profiling application: SRAM Il

Topography nm Dopant density
-SMM is a near field system. The resolution is determined by the Electric field interaction area with the

sample. This is on the order of 5-10 nm

-SMM uses a network analyzer to measure the vector reflection coefficient caused by the tip-sample
interaction; this gives information about the matenal properties (dielectric properties)

|| 250

125

-While an AFM needs “contact” to make a measurement the SMM can measure without contact. You can be
1-10 nm away from the sample and still have good sensitivity

PNA network analyzer =

>p-LDD

n-well

p+

n-doped
)\annel
p-channel

Analysis of human Rhinovirus on Gold-Patterned
Glass Substrates

Topography

[

o

TE A 2 B3 &dHsa

Viruses bind specifically to gold island
= SMM phase image resolves viruses from
inorganic substrate better than AFM topography
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i

2c|0le Iy Blictdl== =2l A0l &

(YRIDIE BEHE =7
« AOIIH &S ClHIOIA 2
- 24 HDMI & WiGig
« AtsXtE dIoI
* Metrology & > 110 GHz

_/

2|
=)

&

[t
K
— 5

—==— )

it
== )

HD Disc Playe)

= & A+ =8 (Material Measureemnt)2 00| &
- AR HE =3
« 20t 0|0I& AlAE
- S
¢ t”'Olg SE (gé’bjlé) Active/passive
S Moo are
ER J

- OHHILE =&

* (Sub) mm-wave interferometer for astrophysics
(B&JI=): Korean VLBI Network

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

3 *':'I"l
« LM 1UEHEE (Expanding) Ai s
2- 3 THZ) (Emerqgino I 024TH
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http://www.emscan.com/include/get.php?path=/File/Emscan AMS.pdf
http://cp.home.agilent.com/upload/cmc_upload/tmo/images/IMG-1000001021_tn.jpg
http://www.gizmag.com/pictures/hero/8813_140208120151.jpg
http://www.tvsnob.com/images/hdxa1.jpg
http://news.sel.sony.com/images/small/consumer/home_audio_video/blu-ray_disc/BDP_S1_FRONT_f_sm.jpg
http://www.google.com/imgres?imgurl=http://topicsofconversation.com/wp-content/uploads/2009/04/body-scan.jpg&imgrefurl=http://topicsofconversation.com/full-body-scanners-like-total-recall-are-being-tested-in-airports/&h=400&w=350&sz=20&tbnid=FJNhkmm5k7uOAM:&tbnh=124&tbnw=109&prev=/images?q=whole+body+scan&hl=en&usg=__kw-2LApSWQJroFmroBWPoc30wpM=&ei=gRNRS5PSJ4f-sgO3wb2FCA&sa=X&oi=image_result&resnum=6&ct=image&ved=0CBgQ9QEwBQ

o 2UIMOZ JIE MlE2d|&=0| 2:12
SEHC YOl /U= 2= UtO| X FEHC
NsAd=Z
° NS
O O
« THz 8IS 8 S
T Ings
° [_Cl-I-l
e (Y= <1 octave
. SYD IM BE B
a
« JtA0| HI& S
. —i—&&! b1 a=2xb
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2|06 INTHz &t Y

Band| MIL Series | P1785(") fc fmin fmax a@ b2 a? b2 /m

Name Name (GHz) (GHz) (GHz) (inches) | (inches) (um) (um)
W | WR-10 |WM-2540 | 59.014 75 110 0.100 | 0050 | 2540 | 1270 | | -
F | WR-08 |WM=2032 | 73.767 90 140 0.080 | 0.040 | 2032 | 1016 |
D | WRO06 |WM-1651| 90.790 110 170 0.065 | 0.0325 | 1651 | 8255 @
G | WR05 |WM-1295[ 115.75 140 220 0.0510 | 0.0255 | 1295 | 647.5 ~
~ | WRO04 |WM-1002 | 137.27 170 260 0.0430 | 0.0215 | 1092 | 546 WR15
T WRO03 | WM-864 | 173.49 | 220 330 0.0340 | 0.0170 | 864 | 432 —
~ [ WR2.8 | WM-710 | 211.12 | 260 400 0.0280 | 0.0140 | 710 | 355 /“\
T WR22 | WM-570 | 262.97 | 330 500 0.0220 | 0.0110 | 570 | 285 |/ =
T WR19 | WM-470 | 318.93 | 400 600 0.0190 | 0.0095 | 470 | 235 =
T | WR15 | WM-380 | 394.46 | 500 750 0.0150 | 0.0075 | 380 | 190 v '
T WR12 | WM-310 | 48353 | 600 900 0.0120 | 0.0060 | 310 | 155 /
[ WR1.0 | WM-250 | 599.58 | 750 1100 | 0.0100 | 0.0050 | 250 | 125 L
: . WM-200 | 749.48 | 900 1400 . n 200 | 100
: " WM-164 | 913.99 | 1100 1700 : Z 164 82
: : WM-130 | 1153.0 | 1400 2200 : 2 130 65 WRI10
. : WM-106 | 14141 | 1700 2600 : : 106 53 = ‘\\
" " WM-86 | 1743.0 | 2200 3300 . : 86 43 o @

-

(' Proposed naming convention, IEEE working group P1785

@) MIL series waveguide dimensions (ininches) and P1785 waveguide dimensions (in millimeters) \./ /

vary by as much as 3% for waveguide smaller than WR-03

s

:] WRO03
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http://www.google.co.kr/imgres?imgurl=http://www.antenna-theory.com/tutorial/waveguides/waveguide.jpg&imgrefurl=http://www.antenna-theory.com/tutorial/waveguides/waveguides.php&usg=__F4S2mcPVAa_qqqaU11xfydSwJyA=&h=251&w=323&sz=17&hl=ko&start=12&zoom=1&tbnid=KlfxwFtzZnDnlM:&tbnh=92&tbnw=118&ei=hxWST6mGKO6OiAfY07GtBA&prev=/images?q=waveguide&hl=ko&newwindow=1&sa=X&gbv=2&tbm=isch&itbs=1

CIH2 7

e MIL-F-3922/74-00x =&
- SX I el IOl Y(E R =3)+2 <= WRO08
- A& Z2O <=WR05
%U}X—lgg A'.%El I' o= i

LS o

— T/

« MIL-F-3922-67B 72 (UG387)
CZRHX TJI0) CHE D12 (FE =) >= WR10
_ OIE{ W0l A 5/2 2% = N8 @ 325GHzZ |
- 213 EZ0l "precision 67B “7AS £, J|ZE2 T 52— \¢
Qi ABED S IO Bl =Jl<  WRI10

* Future: IEEE P1785 working group
-Partl: (HE U HUtAE )] E2
-Part2 : WG Z&l Al &2

Propbsed
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B0 A2 SE2| WAl

|_n
_r'_—_l
1
e

wd lidde LUsoll 2ol 28!

¥ HE=0 HEtk
(Load) — OH X[ (match)
At &l (Offsets & Shims) —

o - I} 2+ O] TEJU 2EEA

=2 BN =E
« ZcHX JI&E X2 EH OFR2
« Ji =2 ™ (Apature) 37|

MZA E3

-iiﬁﬁ
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Offsat shim

waveguide aperture

alignment
pins (optional)

() C. Oleson, A. Denning, "Millimeter Wave Vector Analysis Calibration and Measurement Problems Caused by
Common Waveguide Irregularities”, Nov. 2000 ARFTG Conference Digest
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CIBHOIA- VNA SE 2+ AIZ & )|
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=) R

U< 10 MHz Ol A 110 GHz ©®E A EF

« 1.0mm s= 24 H AHHO0lA
«c A X

0 J

Ofl M kalbin Bias -T

. HEAIE HE
E= 20|

(@)
. (dEHAROF:

o

et 30A2 ndE I
(==, 2 HAKH, AOIH &2 CIH0lA =F)

AMAE

WR15
WR12

WR10
WR6
WR5
WR3
WR2.2
WR1.5
WR 1.2
WR 1.0

Measurement

26.5 GHz Applications
43.5 GHz

50 GHz

50 - 75 GHz
60 — 90 GHz

WRI12E 54 -92 GHz

75— 110 GHz
110 -170 GHz
140 - 220 GHz
220 — 325 GHz
325 - 500 GHz
500 — 750 GHz
600 — 900 GHz
750-1.1THz

Anticipate ___Accelerate ___Achieve
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Banded & I} 2t Al AEl

26.5 GHz
43.5 GHz
50 GHz
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Z2UHY 110GHz =58 i

HEgE 2E= FIECEM

o T AR 10 MHZz-110 GHz EOIAZ B & A

¢« 2-LE/J4-LE =M A= LICH,

e 67GHz PNA £ = PNA-X Al WR15 50— 75 GHz

e OIEHHIOIA =1mm s 24 H WR12 60 - 90 GHz

« =& Kelvin Bias Tees WR12E 54 - 92 GHz

e |l = WR10 75- 110 GHz
. TIHSY e WR6 110 - 170 GHz
« True differential = WRS 140 - 220 GHz
c A =X WR3 220 — 325 GHz

WR2.2 325 -500 GHz
WR1.5 500 - 750 GHz
WR 1.2 600 - 900 GHz
WR 1.0 0.75-1.1THz

oM =
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Chaansl and Souce Pod Selecton Calbration Sahes

LI bt wayts b
thig pon

Tl Peror 110,00 i Choarad [1 5] [Pent M o= I
Accusecy Cancal
Piomwriat O [T ] E uuuuuu 0500 dBm
¥ ] ibrstion On
e Humber of Fschngs IJ_ = [~ s -

Ui P racenver AT iy (R power sidles) Optione. | - Caniig |

Aot Baravos 7 od
TN NN NN NN NN NN NEENNNRRNNNEERRRREREE

ML AATR WE =2 8l =1
SS90 Z2d d=e dES HAE 2
M s S0t LIt Estd 82
ArE Ar0ll 2folf 2 & & LILE
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2 @ 0 dBm

File TracefChan Response Marker)(\nalysis Stimulus  Utility Help
Channel 1 \ Power Level [0.00 dBm &
Tl R1.1 LogM 10.00dBm/ 20.0dBm \
30.00 =1 0.0000 dBm 0.08529 dBm
Power Level
20.00
\ Powit
10.00 N ON | off
0.00 R
/ Powier and
-10.00
Afttenuators..
-20.00 / /
30,00 {
Start Power
40.00 ]
/ Stop Power
-50.00
/ More »
-60.00
-70.00
1 >Ch1: Start -50.000 dBm —/ Cw 110.000 GHz Stop 0.00000 dBm
Cont. CH1: R1,1 &Mem /:A Response SrcPwrCal LCL

50dB & A2 @ 110 GHz

Agilent Technologies




HAH A JIE X2 OHE SIS AlSR S

b il i

L2 A YOIH CIBI0I29) S 5F

File Trace/Chan Response Marker/Analysis Stimulus Utility Help
Trace 2 Reference Level |-10.000 dBm = “
B R1.1 LogM 10.00dBm/ -10.0dBm
40.00 B 55.006 GHz -49.98 dBm
Autoscale
30.00
Autoscale
20.00 All
10.00 Scale ‘
0.00 ) Reference
Level
-10.00¥ 4 Reference
Position
-20.00
Electrical
-30.00 Delay s /Ll j| R1 AA
Phase = (=
-40.00 T
\ A Ciffe3 CIAZdI0l @50
2 A
-50.00 /\ o unv\,-’ nvg (waravy * dBm, T J j |
dg8g 2dst
-60.00
2 =Ch2: Start 10.0000 MHz — Stop 110.000 GHz Favorites
CH 2 1:[PMNARF Source 2/PMA LO Source
Cont.  CH2: R1.1 C4 Response SrePwrCal LCL LvL
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e E2 88 A

ig File Trace/Chan Response Marker/Analysis Stimulus Utility Help — |E|ﬂ

Channel 3 Port 1 Start Power E

Tr 7 R1,1 LogM 10.00dBm/ -20.0dBm Il B.1 LogM 10.00dBm/ -20.0dBm
10.00 | Gain Compression 1: -8.000 dBm 7.96 dBm _
. p TF A
- > 1 %Eo?pdrlim 4g§ ﬂgm‘ Power Level ° _U_:” _?_ iL == /l\_l jl E—” Ué %l
C Pout: 9.6 dBn¥
Cnl:::: Le?.«ZI: 5 g Power jl E 8 j |' él- léa 8
'10.00 CUIIIIJ. yﬁulld ON I off — o O o E L
] I LR AE HEE Jis
-20.00 = =
=E wee | OGP EFLIC
-30.00 - 1T — — —
S rvrand | 0 S| 0|5 =S SE(|

-40.00 / Attenuators... DH _?_ %g

-50.00 / ]

-60.00 N/j/ * Start Power

-70.00

Stop Power

-80.00

-90.00 More »

3 »Ch3: Start -70.000 dBm — — Cw 98.0000 GHz Stop -8.0000 dBm ]
CH 3 1:PMNARF Source 2:[PMA LO Source v

Cont. CH3: Bl C* Respanse SrcPwrCal LCL i

98GHz , Z < HHIf AMPE&E S I8 &<
(R1,1)1} =2 (B,1) 70dB & A g
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o

WA

= &8 38k Jis

File Trace/Chan Response Marker/Analysis Stimulus Utility Help
Trace 1 Scale Per Division E “
Il R1.1 LogM 0.200dBm/ -8.00dBm Tr 2 MyPwr,1 LogM 0.500dBm/ -8.00dBm
-1.00 | 5 Parameter Measfyirement 1. 75000 GHz  7.96 dBm
Autoscale
L e =AD g E JIEe =
= =
» Auesale +/ 0.2dB &t E
| — - =
— SXIGHs 2401 JHs BHLICH
7. cale
- 85102 &< zIH +/-1dB
-7.80 Reference (.
& Level j |- =)
e WW%W - W\F’W Reference
820 /\ ) Position
Electrical
-840 Delay
860 Phase
Offset
-8.80
More »
-9.00
>Ch1: Start 75.0000 GHz — Stop 110.000 GHz
1 Ch2: Start 75.0000 GHz — Stop 110.000 GH=z Favorites
CH 11 PNA RF Source 2/PRA LD Source
Cont. CH1. R1,1 " Response LCL
AR Test ZE 212 PNA-X(RLL)0IA =X &t 201}

_l
IHAANE OlEol =& st 2d(MyPwr) 2| bl w
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PNA &

rr

B
S

JIBt2] 110 GHz AlA

ozZ
j—><

Al2H0ll A S UHERAI=4I
MY 28t SHE S

I =2 80 =8 8F

I E2 E2dIE

MY £2 EdIOIA 201 &4

- 1E220lE s80 HE Uer 88 Jis

IR ES I (Y A

O = -

« 0l =HI: CPU € 1dI01& Jts, /122 D

2SS FII/ Hgst ER HIE

§

[ ]
A
|

PNA Spec’dd=s @ 67 GHz
«110dB AlAE SHEY S

*+11 dBm && I

110 dBM& S e

*+12 dBm £=41J] 0.1dB &=x EQIE
*0.003 dB EFIOIA £ 0|X @1kHz IF BHEZ
=2 OFAT: <0.03dB/deg C
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File Trace/Chan Response Marker/Analysis Stimulus Utility Help
Tr 1 R1,1LogM 20.00dBm/ 0.00dBm B,1 LogM 20.00dBm/ 0.00dBm

60.00 ; 67.000 GHz  10.01dBm

40.00 : 67.000-GHz -114.32-dBm

20.00

0.00 M
-20.00
-40.00
-60.00
-80.00

-100.00

1120.00 -114 dBm

-140.00
>Ch1: Start 10.0000 MHz — — Stop 67.0000 GHz

Caont  CHT1: B, ) SrcPwrCal® Avg=10
Anticipate __Accelerate ___Achieve
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A 2EBA

X aete] M2dLe=z2 HE
! -

HEHUERIAZHIIZ AtEotI| I ol
HEOHA "HE PNA” 2 B3 Jts.

MHEO HIAE
67GHz Mt Xl 2] VNA
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Millimeter Module Configuration

Available Configuration(s):

Standard PNA

WR-10
WR-15
VDI
WR-06
E-Band
WR-03

Selected Configuration: IBmadband 10MHz - 110GHz

Test Set Properties

Selected Test Set: N5262A A

¥ Route PNA RF to rear panel "RF OUT"

™ Enable Test Set RF ALC I” Enable Mixer Mode
Max Power limit at multiplier RF IN: [11.00 dBm =]

~RF Cable Loss (DO NOT include test set gain)

New | Remave Power Offset: WE Power Slope: ,ma
Frequency Settings
Start Frequency Stop Frequency Multiplier Source
Multiplier RFIN: ~ 11.1666666667 GHz 18.3333333333 GHz 6 g
Multiplier LOIN: 83750000000 GHz 137500000000 GHz EE|
Test Port Frequency: [67.000000000 GH:[]  [110.000000000 GF[]

o] [

Cancel

Agilent Technologies




85059A 1 mMm &Y WA 3!
DC 0| A 110 GHz

JYEEE WH J|l=

» Use of “weighted least squares database
cal’2 Jt& A5 Jts8 FLE WdE S Jtsot
g LICt.

*Agilent = J|& E& lab & LILCH

~ =L ==

nH EE FOl0l 08t S5 e
MHEHES SX&Q DA 2 &) Ot

ZEot S8 2= HE )82 OtE d=et

H=E SH/IEds &L [DIHZS 0lA

MI|=stoZ]

“‘weighted least squares fit

4 EE 7|31| &2 otlte JtE 2ot ‘A2 HEHES 1mm uE

g\
==}
27
= I
© 0
mo

Co
C’-'am

Jt=eLc IS JIE BRS EE S 40
- Air ProbeS LIS CHol EOIS =X LI, Q = Jlsatl 2D, 012 0l 2ol
OlAFROl EO1 022 0ff CHEH RO 2 2ty & 9 = 10MH201|A-| 110 GHzA]
Y ENEE-E R bR HEE MEO| Jts
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SE=0F

e« & S Utct0lH , 9 kHz to 110 GHz

« 3 L= 4 X E True Xt =(Differentia)lC| BFO| £
= %‘f(Gain Compression)/ It A&

° J\u-ll Ea-l XI-I

« otRH HAZofA Ll0IHU S&

- 220U VN SE

« & &= (Material) &

« OHHILI =&

c & S 2A & (Pulsed RF) =&
« A0|IH &H(On-wafer) &

|>I

™

B

Ul

clOlE= S8 =& gL
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Z S XS (True Differential)
A& L0/ AL 28 5 S 4 5f

File Trace/Chan Response Marker/Analysis Stimulus Utility Help

Channel 1

Power Level [BXoE:l:]y E

=

Tr 4 Gouzl Loght 10 O0dE Tr 7 SddT2 Loghl 10,0045/ 0.0008 TU 1511 Loghl 10.000B7 000G Tr b_5adz2 Loght 1000067 0.00dE |
4000
* Power Level
000
20.00
Power
1000
ON | off
it
ol Ay |
wer...
A I A
300 !
U Power and
-40.00
I o Attenuators..,
10.0000 MHz —— op 110.000 GHz 2 Chl: Start 10.0000 MHz —— Stop 110.000 GHz
Tr 3 612 Log 10.00d8/ 0.00d6 I 543 Logh 10.00d8/ 0.00d8 Tr & Gi1LogW 10.00dB7 OL00dE  Tr 9 S4d Logh 10.00d6/ 0.00dE
5000 5000
4000 4000
3000 2000
Start Power
2000 2000
10.00 10.00
‘\"\_
0.00 0.00 Stop Power
000 000 \ N U
2000 2000 \jf \Mf\v 1 ey /\‘
-30.00 /J -30.00 "‘I ' More »
-40.00 40,00
[ LI
-60.00 N/_ \/ -50.00
3 >Chi: Stan 100000 MHz —— Stop 110.000GHz || 4 Chi: Stan 10.0000 MHz —— Stop 110.000 GHz Favorites
CH1 1:PNARF Source 2{PNA LO Source
Cont.  CH1: 543 C 4-Port SrePwrCal LCL

St Ao 2 110GHz &=712| Single ended 2t Mixed
mode differential &
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g

XS (True Differential) CIHIO| A

HAE ClH0lA: Magic Tee

2 I

3/ 4-port CIHIO[ A

(+) Port Balanced S-params
' (¥) Por

Delta Port + Swept power (compression)
* Swept phase (sensitivity)
crua': 04)
-0
(-) Port : Sigma Port
‘ 10.0470.08)
File TracefChan Response MarkerfAnalysis Stimulus Utility Help File TracefChan Response MarkerfAnalysis Stimulus Utility Help
| BEEEEARCT  G  RI G ] | ISR R I AN
50.00 5000
w0 Gain—Delta-in“to-"Common-mode-out” a0 - ; '
) Gain? "sigmain’ to "Common-mode out

30.00 30.00

2000 2000

1000 . 1000

.00 Slgma (+) 000

-10.00 1000 -

20.00 o—NpDelta (') 2000 o—SIgma (+) L)

-30.00 -3000

o]

4000 - At EmaiN S -40.00 Delta (') °

-£0.00 £0.00
1 >R Sar 75,0000 Gz — Top 110000 GHz 1 >CRT Siar 75,0000 GHz — : : Sop 110000 GHz

v H 0 A r 5 in]

5000 . . ] 5000 . . X ] .

P, Gain:_"Delta in!" to "Differential out" i 3ain: 'Sigma in" to "Differential out”
3000 3000

2000 2000

10.00 10.00

0.00 000

-10.00 -10.00

-20.00 -20.00

-30.00 3000

RO -20.00 SaaVaa Vst SRR AT E———

v

-50.00 50.00

2 T, Star 75,0000 GHz — Stop 110,000 GHz 2 CRI: Star 750000 GHz — Sfop T10.000 GHz
Cont  CH1: Bscl2 |CA 4-Port LCL Cont. CH 1: Bsci2 | CA 4-Port LcL
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2|0l I 05§ &= (Gain Compression)&&

File TracefChan Response MarkerfAnalysis Stimulus Utility Help
( alibration ) Trace 1 Marker 1 [98.0000030720 GHz
5371 Loghd T0.004EF 0.00dE TrZ oag Loghd T0.00dET 0.O004E — |

Trd S511Loghd10.004B/ 0.004E
® : ; I' al‘ D | E-I 50.00 S-Parameters of W-Band émplifier =1 ga 00003 GHz 20623 dB
40,00 * Marker 1 &=

e ANS& NMHA o Marker 2
(Source Power Cal) R S = ~ )

) |
(

ET Marker 3
« =4I| S (Receiver Cal) o e |

-30.00

S Ht2LAIE fH =gk As Reference ™
=000 O = = I = |
-50.00
1 >Ch1: Start 75.0000 GHz — — — Stop 110.000 GHz
= x j I . More Markers b
4 Tr 5 531 Loghd 0200480 1.40dE Tr 2 HR1.7 Loghd 10.00dBmS -20.0dB
- é-l il By 1.4 (Stl I I I U I U S) 30.00 rGamCDm;r ssion at 88 GHz ; - S AT R AT |
20.00 R -44.7000 dBm 2.0247 dB
=1 8.5900 dBrm |-7.7916 dBm Turn Off
(=) T A= a——m—
- AY =T : —= |
o N2 AIS —?—_I SR= e [ — Properties b
— = 2 L T/ -20.00 ——
-30.00
Sweep source power Merker
( p p ) = Functions
-50.00 — —
= &4 (0OH= 'H Olled ==
6000 —e=—n 'I-I '—:(E _—'_') [H E—"x-l—‘ .
000 Favorites
2 Ch2: Start -40.000 dEm = =— Cw/ 98.0000 GHz Stop 5.0000 dBm

~

C->| IVI eaS u re) Cont. CH 1: 531 Ch 2-Port SroPwrCal LCL

* S-Ltct0lH
&
o)

S (Absolute power)
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HEZ (IM Spectrum) S8 @ 75 GHz

=% File Trace/Chan Response Marker/Analysis Stimulus Utili Hel
my p y ty P I—I }dl O"
Trace 4 Marker 1 | 74.9950901804 GHz £ o A -
Tr 1 OQutput LogM 10.00dBm/ 0.00dBm H nput LogM 10.00dBmy 0.00dBm —_ _
0.00 ; 1] 74995 GHz [399d =X =2 EH A SHEC}H
F =1 74995 GHz -10.26 dam Max }6 i B > R —] —_ =2 O
10.00 17
=24 | A EE 2 . e A2 14 AH
- So  AnES Min =) = S &4 :Thru pathi
/— e IE N2 Y| MEH
-30.00 é/ ’ 4—— =/ = — M
-40.00 Target
-50.00 ] T T Sk TETHTREATTT | ompression -/ O-| —l—x a ( tl muilu S)
-60.00 WMI‘ EREN LR SIS ST — N Peflhogennl, oo i o ° | Xl_ 0 E 0 _|- A /\—| x_l
_ TG }\ —/ / O L I -U— I =2 O
70,00 = — i
Olgd NI &=cd
80,00 =7 4/ —09 Bandlwiclth
=X
= XA (Measure)
-90.00 Search...
B Ol/=cd ANHIEc2d =X
100,00 | Ch 2 Pt Avg = 33 L] = /E = — o B O_I
1 >Ch2: PS Start 74.9500 GHz — — Stop 75.0500 GHz Favorites
CH 2 1:[PNA RF Source 2[PNA LD Saurce
Cont.  CH2 Input cr Awg=33 LCL




JJh

& @ 110 GHz

=t HZE(Single Connection)

File Trace/Chan Response Marker/Analysis Stimulus Utili Hel - —
- ' T P . EJ|NOIHAE AP CI=
Channel 4 CW Frequency [EEE i ReIeE: E| = = == =
Tr 1 o11 Loghl 100D/ 0006 11 & 512LoaM 100007 0.0GEE Tr 2 .1 Loghl 10.00d0m 0.00d5m 1 3 B.1 Log 10.00d0m7 0-00d0m =X =2 ol = >4 /XH > ;l A
° = = o =2
o nssp ac;:zr:1 eLt:?MwnEP.ijfnlnnnda Tr & 522 Loght 10,0048/ 00048 is EE Trput s Dt povee of Ampifer — = T I’ O:|| = O:|| = = T
40.00 ! Start
00
00 D:,I- A|
o 2000
- 10.00 Stop ° O:I Dﬂ/ XH O:' 4 E OI 6'— O.” a_l jl-A
-t 1t ] 000 = = — - [ R
aom < ey : P —— i S S B | P ) _ :
1000 1000 O.” Ol __I A O f = X Al
[ ] - e
20,00 = U /V,?V" 20,00 / Center T 'U’ o n Wa er -/ O
VARV R ESN TS g — AO|IH T2RYUQ| M= 342
4000 — — 000 T ey e — —/ T =
50,00 il 50.00 Span _
1 O Start 10,0000 MHz ———— Stop 110.000GHz || 2 ChZ Stat 100000 MHz —— Stop TI0000GHz X Ol @) E N\_I El H |_ Ol A |_ 11 =
Tr 7 F1.1 Loght 10.0D2Emy D-00dBmTr & E.1 Logh 1000387 C-00dbm W F . 000dn/ 600w Tr10 E11000d0n/ 50 0dm I
nm G ST apmaen ap dn] | 2200 T 77 mGAR  3f 9 —
000 Bl il 1| 3pooded 2| 2dBm| 1200 »2|  77hoocHE 38 dbm| cw El o] A D:| Cl— _7,:_ T A
tprp Pl .0 dm| : T FrpuGHE  2[is dem H— T o | - o -
1000 Ciofrp Poul: E: dEim| 200
Comp Leve|: 51 dE]
0.00 Lomp. 1 | |
=
1000 1800
20,00 =] -28.00
" Fr
2000 2000 equenc
=] o:: t '
4000 4800 set...
|
5000 50,00
£000 €300 |
7000 70.00 | th 4 Pl g - o0
3 Ch3 Stan 50000 dBm—— _ Cw 93,0000 GHz Siop 3.0000 dBm || /4 >Chd Receivers Stat 75,0001 GHz —— Stop 790000GHz
CH 4 1:[PNA RBF Source 2 PNALO Source Y
Cont. CH4: R1] C* Response SrcPwrCal” Avg=600 LCL Y

HHE2 110GHz &S=3)19 s-LtcetilH =4,

SIAE EF, IMAMEY =X

L) _— —/

=Rk
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02|01 I 2UA (mixer)EH

Tr 1 |Prwr Logh 10.00dBm/ 0.004Bm Tr 2 511 Logh 10.004B/ -20 048

HAE ClH0lA: WRI0 2 & o IEEIE | o iR
30.00 10.00
75 - 110GHz _ 94-13.8GHz nE A I ||| S SR T
RF%‘ — = LO i} I =20, n
> IF - LA B
30,00 0,00
o o
1 Ch1: Mxr Input Start 75.0000 GHz — Stop 110.000 GHz 2 Ch1: Msrinput Startt 75.0000 GHz — Stop 110.000 GHz
w A (Calibration) =
« S-Utct0lE (2-port Cal) o
° /d i% | X &4 (Source Power) e 1 2= & Conversion Loss) tH ==
A ad -30.00
« =4I| ™= (Receiver power) on B N ——
-60.00 it SR I
-70.00
3 >Ch1: bxr Input Start 75.0000 GHz — — Stop 110.000 GHz
i - Tr 'l f;(:,?l LogM 10.00dB/ H0.0dB - 1IPwr LogM 10.00dBm/ -6.00dBm J
=8 X4 (Stl mulu S) dnap (1A T I
a:l o 86.00 _ : - 1 12.12u-1 dBm 7078 dBm
e LONE AE 003 2= A ((Conversion Lass) [ LO & &
5.00 ¥ !// - S—
== -6.00 M S A
= 8 (Measure) L W7
; = 26.00 = / L
- & EH (M atCh) - /;/,v y
. M = Pt |
—_— A 1 >Ch1 Port 3 S(Bl’[ ~20.000 dBm —— —— ——  CW 77.0000 GHz= Stop 11.000 dBm
« H=tZ=4l(Conversion Loss)
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o
A

A= (Material) &

O s Ot T Gy P o wam
FEEAE RSSO D ST T k- EE e e
i Teflon brand PTFE 422.278126000 GHz 20623 00002 8 50 ? 1 E SW
422.331260000 GHz 20623 0.0002
. GRL Cal, PNA-X with VDI WR2.2 extensions and horns TN as Tuh tue
280 422437500000 GHz 20623 0.0003
422490626000 GHz  2.0623 00003
422 20023 0.0003
422 20623 0.0003
20623 0.0003
422 20623 0.0003
422, 20022 0.0004
42 20622 0.0004
20022 0.0004
i 20622 0.0004
i 20622 0.0004
i 20622 0.0005
- 4 20022 0.0006
—— e~ ptfe 90deg mem3 | 4 20022 0.0005
pt 20622 0.0005
4 20622 0.0005
423, 20622 0.0006
423 2.0622 0006
423 20622 0.0008
423 20622 0.0006
20622 0.0006

423,
423663126000 GHz  2.0622  0.0006
423600250000 GHz  2.0622  0.0007
423650376000 GHz 20622 0.0007
423712600000 GHz 20622 0.0007
423706625000 GHz 20022 0.0007

423 Y
423871875000 GHz  2.0622  0.0008
423 o

423,
424,

424, X
424137500000 GHz  2.0623
424, GHz  2.0623

o, e .

Quasi-optical W-CH Al A&l
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& ANAE

JJ

Antenna

WR1D0
WR10 TR Head OML Dual Revr Head
v
— 909D 040
QL : OmL
Wave Guide Head Receive ML i — i
;| | ¥Wave Guide Head —
H
Biaz cable i
BT421A STAMA Biaz cable
power supphy power supply
+12V @ 2A +12V @ 24
o

15 meter cables /C_F

“—~—~>“*“ 15 meter cables Part 1 Port 2

3% 22
52 O O 28
T=O
LO RF
IF1f | I1F2 IF3| |IF4

R1 V )
B
830174 Amplifier  2ea. f&‘x 20dB |

874214 pwr supply 2ea. /| @ LO [ 1 LO E
Nl:l—\;\\l ji @‘E
RF 83017A Amplifier
| E R 874 A pwr supphy
N:IN 2048 N5261A Test Set Controller igm 040
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Internal
pulse generator
& RF modulation

Pulse receiver
(gating & filters)

Frequency Extender[J] [ Frequency Extender |<
Pulsed RF —> Pulsed MM —> Pulsed IF —>
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2A

JJh

S

w H(Calibration)
« S-Utct0[ & (2-port Cal)
CAER HE

— L M

(Source Power)
o« =0 M

(Receiver power

XA (Stimulus)

SRS

e WA BIX

e Tl = IRAE
=& (Measure)

o S-UtctO| H
« 8} &= (Absolute power)
« & A lI}S (Pulse waveform)
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[E:-aj File Trace/Chan Response Marker/Analysis Stimulus Utility Help — |E ﬂ
Channel 2 CW Frequency | 98.000000000 GHz [Z] Freq
I R1.1 LogM 20.00dBm/ -40.0dBm
60,00 =1 991825 ps 7.78 dBm
Start
40.00
Stol
20,00 "
0.00 Center
-20.00 [[ w\ Span
-40.00
/ \ cw
-60.00 0 \/} /_/\J
-80.00 u
/ Frequency
-100. Offset...
-120.00
-140.00
2 >Ch2: Start 0.00000 s — CW 98.0000 GHz Stop 199.65 ps Favorites
CH 71 [PNARF Source 2:PNA LO Source
Cont.  CH2 R1.1 C* Response P LCL
o AZO| IH A _} S
100us €A =0 HA [t 98GHz
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On Wafer: Cascade®} &

CASCADE

Anticipate __Accelerate ___Achieve

J

It =& D=0l Bias Tee WE.

=t & 2= 1 Test port & 22|
Cascade = £E Probe Station0fl =1} %=
SN Os A E2E U AELN ES IIs

wdE M ols

“Weighted Least Squares” DI =
S3J18te] HIolE Jlet s XA
Unknown through & XI&. H 2 A€l
Z @8t “Adapter Removal Cal” CH Xl
“Adapter Characterization” Macro

T2 )8 L&

A E & (match)/ & g(Mismatch)
PNA-X/PNA IOl J/8t W& HI0IH 2&
ts, A& X 82| Cal GI0I1H Jts

GIOIE HIOlA cal GIOIEIE Ol=2 LRM
On-wafer Cal Jts

AMEX B2l On-wafer & 2! X &

Page 41



=3B

e LY R=: 10MHz - 110GHz WR 15 50— 75 GHz
e (< XISt modules: 50GHz ... 1 THz WR12 60 -90 GHz

WR 12E 54 -92 GHz

WR10 75-110 GHz
WR6 110-170 GHz
WR5  140-220 GHz
WR3 220-325GHz
WR 2.2 325 -500 GHz
WR 1.5 500 - 750 GHz
WR 1.2 600 -900 GHz
WR 1.0 750-1.15THz

RF in ——-| x N { '_> | — —e MM Test Port
RF RF
LO
Ref LO Test
IF in IF
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| ==
KA = =
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500 — 750 GHz WIERITE 4 J| (2010)
750GHz- 1.1 THz WIEQ A2 4| (2011)

WR-1.5500 - 750 GHz =& &%

~—=100 dB

N SN S™N N NN NN WMNWNWNWNWMNWMNWMNWNIWIN NN
NY N NY NN NN NN N N NN N NN NN

& KKK EE KKK KKK S &

o A oV AN o7 &V ro/-\ & NPV AT A

: o o © o o' o A A
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7 Ao
OHA S EQS YUe|0|HINTHzZ &5 &89 0| &
e 2/4 LE 110GHzOIA 1.ATHzIHK £2& Jl=s 249 & LU2I0IHI &2 M
« CPUY OdI0IE JIs, g H HD &/ & Jis: &= && U 8ot )| s
e YU XD H=° MZ2 PNASHPNA-X DBt L2|0IE &84
- E2 A)| ded, &882 548 89, P1dB, EdIOIA 201X S5..
o I E2 Ul otEE =2 Mg A E2 A 82, It dstet IR e
.« JIE =2 oHH T <0.03 dB/degC
o« ISP CE MEHOZ PNA/PNA-X D2 RPEZ MEH Jis - AHOISHZE SER
« MYBet=2 Flt+ WE Jl= . 2 J| Jt3 Jl=, Primary Metrology Lab
- AHE Mol s
« Cascade AI2} 212 &t & X 510l On-wafer S& S 2 &t Probe Statin HE &3 46
M=
e MHEHE= XNSZHC=Z R&D Ul EXH &GOS |= ARE T2 = U= 24
I

- 2010 & AIAHl =l = 500-750 GHz VNA Al A& A Of
-2011 & NIAH == 750GHz- 1.1THz VNA Al A& A O
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