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. 60GHz | sion Syster

'+ Video Transmission Systems |
 Wireless link for BS/CS satellite broadcasts
« Communication among Buildings

e 7GHz band available without license.
e Japan: 59-66GHz USA: 57-64GHz

 Less interference with other wireless systems

=0 )

94GHz Image Sensor, High Resolution Radar

77GHz Automotive Radar
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Characteristicsdf Millimeter-Wave

Circuits

Frequency > 30GHz
Short Wavelength

Parasitic Components
On the order of pH/fF
Cannot be ignored

Accuracy of
Elements/Circuits/Connections

Process/Mounting/Measurement...

‘ '

Superior Measurement/Evaluation technologies
are necessary at Millimeter-Wave frequencies.
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Desig nFeatu res of_
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Millimeter-Wave I\/II

Characterization of all MMIC

circuit blocks is critical.
Systems, Tr characteristics, VCO, Mixer, LNA, PA, Filters, Antennas...

Development; Cost; Faster

time to market...
. y

Millimeter-Wave circuit design requires
robust development environment
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TAIYO YUDEN
Requests, Proposals

-

UMS Ansoft
Information Supplement Development of DK for AD

UMS PH15 design kit
Ansoft Designer / Nexxim ver.3
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= Millimeter-Wave MMIC Design Environments

MMIC Foundry

United Monolithic Semiconductors (UMS) '?'._

GaAs Foundry Service at UMS T a ="
Excellent track record in manufacturing | "ot #f¢ SGh 06Hz g SOGHZ - 1006H:
Millimeter-Wave MMICs : ]

i Power pHEMT  (0.25pm)
; : . : r . Fraquency
Proprietary technologies and expertise ' ' : \ a\,.ﬂ.&
_ A T PPH25X High Power pHEMT (0.25um) ‘\35
- 0.25um and 0.15um Supporting processes including: r
PHEMT - Air bridges ' ' !
_ - MIM capacitors 4R
) ézrr?olt—:llf;/rdiode - TaN and TiWSi resistors L. Power pHEMT (0.16um)

- 100um thinning | | . | |
- Via-holes -

Design manuals and Design Kit 80GHz Suppo
PH15 Proces

=
—+

[72)

Quality Control System for Wafers by PCM:| L |
Test production ‘aw | IPowerInGaPHIBT i
ASIC ' ! - l l]\l"."
HB20M VCO + Divider InGaP HBT ‘;\.,.e']\
Additional Service Available: | | : | o
100% on-wafer testing (DC, RF and Power) | 15501 Schottky Diode Technology
Dicing and Sorting ! ; . i i
Visual Inspection
AN\ Leadinglnsight TAIYO YUDEN
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Millimeter-Wave MMIC Design Environments

/Nexxim ver. 3

T e e —— |
7 _aMneeEERE. i
NEXXIM Circuit DESIGNER |
- Int ted Environment

Simulator  |© Ly Iiegratec Envionn

e Layout Editor
» System / 2.5D Planar EM

Bt P, 21

|

High speed

Nonlinear Analysis Layout changes are

reflected in real time.

with Planar EM an
» Speed up design process HFSS
* High-Speed Nonlinear Analysis
e Seamless integration
e Circuit analysis
» Layout
» Electromagnetic Field Simulation
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GaAs Re

@ Ansoft Designer/Nexxim Alpha Relea:
File Edit \iew Project Drawm

UMS PH15 DK for AD/Nexxim ver. 35%_
Passive Element Example

sistance'

- Project28 - Nexximl — SchematicEditor

L S

P = T

Part name PHlSRES

7

. |
e g |1

.“

DEW na\a\xgmmwunw BB ERREGY 7|

= R[0S

Sl BE

2 Fa i 1702 Yo e[| @ @

Blo®rEeLse

Hie @ 4 W] Hr‘-l—?D-H:o\OuAb\ —
=T rojec _lolx )
: E‘ ?J:DQE*H UMS Ph15 W20 : M?'Er‘f‘ U n It: l u m
Data
- [E] Excitatl .
8 i r FixR=yes
B { WI/L changed to meet resistance value
%Y;"E:;Z” R=1500hm [+ % } FI X R:n O
S Lo | Resistance value changed to meet size
41 New Page A . Ew:ml ph15reS_T IS Changed
S 1o R is changed according to temperature.
= \< 1 Min Size of W/L: 10um
E=T e
: \ These changes are reflected to the
S o 20 i - Layout in real time.
Al ¥ \
4 i Sy B
i‘ Defirition GAASREST_new' in librany umspt SCelLib has been modified. [1:30 4% 7 12, 2008) «| EII
4 et units, when specified, are written o the netlist in S1. This may or may not be apprapriate for 3 rodel or element parameter. [1:37 4% 712, 2005) 4
= .
mank 1 niodk - skipped [1:37 4% 712, 2008) B

Number of selected items: 0
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Nonllnear Element

TS N e

_
@ Ansoft Designer/Nexxim Alpha Release — Project3] — Nexximl — SchematicEditor
Eils Edit View Project Draw Schematic Newxim Gircuit Iools Window Help

< =R Y T
Z|EEMzl.mecBe | rEe L ¢ o
Hie@wmAm [[FL¢eo|>oNvoaAm

il x T=TJE3 | [mm Projectal - Nexximl - XY Plot 2 ; _lo| %
= —=
= 12 2005 aniertcoporiton ey
EE T I T Aot Ti1—o]
e Nz 1 e oot pom g
Excitations

Ports

]
P
S Analvsic B

i
cur s s portz i
ol Desien Verif 1 s
Optimetrics e
==
Results - s 5 port P
| T s
B Plat IgmaK=0.Z5mA ] o
S 30 Plot ¢

[ Nexximzx
£ Definitions
=] Gomponents

[Proprrtims. Praipciat — Woscimt - Nesrimd ]

. Parameter Vakoms | Genaral | Gyntol | Proparty Ditplayve |
L \ = Yok T Cpbingabon ™ Tonee 1 Gonkiity  Satitcs
Wit i i
FIGHZ] - >
- Vi Unit | Cvabasted Vo D Calkiack Ovarride
] Mexoini ! Mt Pags [ o T | [ ovars |
! - PHISHFET Wodal fane = [
Hexxirm2 b1 um s Gate Frger Witth PHISIET (]
(ilalldald M Project31 — Nexxim2 — Layout 1 Harkar of Fraes PHISHLT r
] UMS Phix (T3 mA  03imA r
. - anottComporatan Active [
Praject Search (o=
i Layout
ane] _ I~ Show Hidden
s
_ [ S
=
E
i 5 = et 1
S nw g 007
Z oc
i
/ Inegate (000
. ug-
5 oc
L] Tt
L negatte 1007
UG-
. ——— | o
. . L [ il
. o
Param Valuss [General [ 5: 4 [ v | |]4| Tl
255 Frojectal (E:/User/aD3_prajects/) — ]| =
o =1
o e «
al - Parameter units, when specified, are witten to the netistin 1. This may or may not be appropriste for a madsl or element parameter, (11:20 45 7 12, 2005)
Mo netlst property for companent 1D in circuit . so itwil be ignored (11:20 4 712, 2005)
Analyzing...E:/User/AD3_projects/Project31 results/Newim /temp/DV71_SE3 V7B.cr (1:20 48 712, 2005)
analysisdefstatuc]. Tring DC conv=1 (11:20 4% 712, 2005 [ |
N oo s B et dobe (4.0 e T 47 ANAEY

Mumber of selected items: 0 GAP li
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UMS PH15 DK for AD/Nexxim ver. 3=
I\/Ilvcrostrll_EIements

W=10um
S=10um
P=100um

ANSOFT

=B

W=10um
G=0.1um

W1=10um
W2=10um
G=0.1um

W1=10um
VW2=10um
WYW3=10um
VW4=10um

VW1=10um
WW2=10um

VW3=10um

i

W1=10um
W2=10um

:

W1=10um
W2=20um

A=60deg
LS=100um

L)

A=60deg
LS=100um
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Millimeter-Wave Band

| I\/Ieasurement/EvaIuatlon Technology |

N W = B

' Technology for High Resolution I\/Ieasurement

SOLT

Calibration
= B
m B

H B
Open Load

I

Short  Through

Electrical Length 1 degree = 5um @ 60GHz
(Thickness of GaAs Substrate 100um)

Contact position must be accurately controlled
h Lesaugindlgnt

TAIYO YUDEN
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Measurement/Evaluation Technology of

Mllllmeter-Wave Band
&E.gl-: _' i

i 28 , i '
I [ = TS li'

Technology forAccurate Compensatlon -

Reference Reference

Plane Plane
DUT DUT
[ | I
I — - o
1 . = 11
Measurement Data Pad Data DUT Data

A\ Leadinglnsight TAIYO YUDEN
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Cgmpensation Method = =

:
. . &
:

] LS

T, LS |-
= S

Electrical Length

Electrical Length
and Magnitude

De-embedding

Equivalent Circuit for Pad » De-embedding

A\ Leadinglnsight TAIYO YUDEN
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Extractlon of pad datag

LA LAl
: —-———' J !

s
-— o

e e I.-'_h'_ Ll

\\ Excess

Thru Open Short Inductance
#

ﬁm r””wf? ‘De embedding

Easier?
Pad Equivalent circuit more accurate?
A\  LeadingInsight TAIYO YUDEN
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easurement Refe

Unknown Circuit

2Z .cosechy 2Z.cosechyr

Symmetric Plane

Transmission Line: Characteristic Impedance and

. . | Transmission coefficients are known
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Easy-to-use approach

using Ansoft Designer

Known
Transmission Lines

il

Uses two
different length
lines with pads

Lengthl Length2

: 1

S-parameter ‘ de-embedding
Pad

LeadingInsight TAIYO YUDEN
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. Pr|n0|le of thls methodDjjj

= -_— m
™

ir_|1 " "
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EIF IIM\ U1K Illlll!*ﬂ _‘.
m -,

=, .0 B J, e

Virtual Open and Short Conditions

==

it

N N
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Easy-to-use approach

. using Ansoft DeS|ner
Ideal Data (two different length lines)

Case A Case B

Step 1) Calculate ZoHalf and ZoShort using Fieldsolver

Assumplonls Hs l= abmown Lre

from HFSS
A oRiER il
Use this to identify the known TRL i ' [ i,
to be characterized S ] S mamn
‘I‘ a0 . | ‘I‘ a0
o 150um Case A 200um
E,tf.g.,"%),.,Read in Measured S-parameters
i <
Bartlett Principle t [ auae i
idzaFSho;tm::I%%Serfa i _tad # EEESFARIEERRC
for 2 different lines and test fixture ———F © W ¥ L—— —— e
il .
Case B 300um
Measured Data A Measured Data B

Measured Data (two different length lines with pads)

Algorithm integration in AD project
A\  LeadingInsight TAIYO YUDEN
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Verifying the Connector Extractlon Wlth

Measured Results

= b = 22 Sep 2006 Ansoft Corporation 10:51:34 Y1=C—
; T XY Plot 1 dB(S11) [db]
A Verify LA
-+
i & 000 0.00
=7 ] iEm—— ’ 4B(S33) (]
' e ] ;\‘ [ NWA1
i -10.00 7 \ i

/

| ] e Y1
/ \ e ///K\ I dB(522) [db] |

NVVA1

” 1
A,—y / Y1t
- — | dB(544) [db]

P N ] / NWA1
-40.00

. dB(S21) [db]

-50.00 NWA1
Reference Line ) [ 1.0

; I Yz
Sl dB(S43) [db]

] NWA1
-70.00',,,,,,,,,,,,,,,,,,,,7.5.00

0.00 10.00 20.00 30.00 40.00 50.00
F [GHZ]
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Design and Evaluation of
Millimeter-Wave MMICs
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C=0.198pF
W=24um
= L=25um

ref
L=25um

10

Measurement Pad Equivalent Capacitor

; . Circuit
A\ LeadingInsight TAIYO YUDEN
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. Capacitors

ua

A\

\ Meas
-10.00 I | I

| uremer
C=0.198pF ) ) '
el ] Simulation
MeasurerI\ent Data S 20
?m 1 2 Portl Po2 2 1 %4 ?
-30.00-

ik \ / L L R EPRES M) S VAR . 1
' ' " FlGRy ' '

Measurement and

de-embedding Pad Data
Simulation agree well.
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Measurement Data

AT PN R 4
[

de-embedding Pad Data

FET Photograph
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GLOBAL STANDARDS i .
N
Atior
=20.00 P =
g N
~ ' Measurement
? -30.00!
0% . . . ; 00

10
20.00

S21 \ S22
15.005

10.00 ]

5.00 ]

iIsurement

$21 [dB]

N

%\

& ) \

Simulation <
00 B0

.00

\/‘\%

D'Ol?.m] 10.00 " 20.00

A\ LeadingInsight " TAIYO YUDEN

Application Workshops for High-Performance Design
ANSOFT - . . Page-28

3000 30,00 50
F [GHz]



Open Stub Photograph

0.00
l -10.00 \ /
77 : /)
6 /,] & Simulation
& 2 2000
5
-30.00
Measurement—,
-40-08_ 50.00 80.00  70.00

0 1000 2000 3000 40.00
j F [GHz]

Measurement corresponds with Simulation.

Layout
A\ LeadingInsight TAIYO YUDEN
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*Eval uati“on of '

MMIC components

- Filter
- LNA
- PA
T - Mixer o
- §ﬂ>j L= L
= Mixer AMP BPF PA RF RF |37Ff|: NA Mixer| |F
'Y
l Lo Lo
,\\ LeadingInsight g
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0.00

Simulation

Measurement —»|

-5.00

o

S 1000

0
-15.00
-20.0& 0

A\

ANSOFT

1000 720,00 30,00 4000 50,00 6000 70,
16H2]

LeadinglInsight
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0

s21 [dB]

0.00

-20.00 ﬁ
SimulatioQ // v
. R
40,00 \
Measurement
-60.00

-80.00

f Simulation : -2.7ngGOGHz

Measurement : -2.0dB@60GHz
000 " 10.00 " 2000 " 3000 " 40.00 " 50.00 T 60.00 " 70.00
F [GHz]
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SRS

LNA

Leadinglnsight TAIYO YUDEN

A E‘!=-—-
L] ST iuﬁ .y =
it B e
Mixer e - v~ e 1_
[ IF bl
. Four Stage LNA

Size 2.2mmX2.8mm
Vd =25V Id=130mA

LNA Photograph
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25

Gain
Measurement : 22.1dB@60GHz
Simulation : 21.8dB@60GHz

15 7

Measurement : 3.9dB@60GHz

=
s
20
é o /
o, /
o o
Q
o
=,
~
=
=
g
©
)

10 NF Simulation : 3.2dB@60GHz
5 " -
—a g =0 " = -
0
55 57 59 61 63 65

Measurement comparatively corresponds with Simulation.
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A

Three Stage PA

Size 2.2mm X2.8mm
Vd = 2.5V Id = 85mA

PA Photograph
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$11 [dB]

S21 [dB]

Leadinglnsigh
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30.00

0.00

-30.00

-6(.').0(?t

Measurement comparatively corresponds with Simulation.
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| Gain | Simulation
15.00
g - / N
'§ 10.00 J/ \\
ﬁ 5.00 J/
5 - /Pout Simulation
Q
o 0.00 //
-5'9200.00 ~ 500 " 1000 _-5.00  0.00 5.00 - 10.00
Pin [dBm]
Simulation P1dB 16.3dBm @Pin=1dBm
A\ LeadingInsight TAIYO YUDEN
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< S Mixer
Z4 -_g:E-‘-q ~ ar e ', new
Mixer AMP BPF PA | \ggmrg' S

:. | —q!wmi«* =

o - T i ; .i'

°lo - Bl |
i : Simulation ry |
0.00 — n/ m'{7 W\\/
T;}N 500 ,
_ ..| Measurement [ o \
g - ' 5 -1000 A
[ ki 4
S 2 Measurement
3 1000 5. 15.00 |
gl gg- 20.00 'l
& 1500 e . .
“ Simulation
2.0 w0200 30004000 5000 50.00° 70.00
20,00 F [GHz
0.00 " 000 20,00 30, [Glﬂg] 0 50.00  60.00 70.00
0.00
Size 2.2mm X2.8mm |y e
RF:60GHz P\ |
L0:29.5GHZz S e
: Measurement
M|Xer Photograph -80'0(?. 007 20.00 30 0 A0.007 5000 60.00° 70.0C

F [GHz]

Measurement corresponds relatively well with Simulation.

A Leadinglnsight TAIYO YUDEN
ANSOFT orkshops for High-Performance Design Page-37



Circuit Desigln of

Transmitter and Recelver

High speed calculation is necessary to
analyze large scale integrated circuits!

Transmitter Tx Photograph
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Slmulated Transmltter Results

77~-.7T7~.vw _____

T“\ -
| Il"

20.00 25.00
15.00 ///2400
- )
Conditions: o 7N e
£ - ///’ \\Y\ —
RF Frequency : 60GHz 5 50 v :
Lo Frequency : 29.5GHz ] / 22007
IF Frequency : 1GHz ' / VB
Power Sweep : -20dBm~0dBm ™ % 21.00°
Harmonics :5 4 _
-10'%0.00 - =20.00 © =20,00 ° -15.00 10,00 -0, 80'00

IF [dBm]

Nexxim iIs able to analyze large scale integrated circuits.
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]
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.

« Material/Lamination Technologies
« Various products using these technologies
m Talyo Yuden provides

 High Frequency Products, Technology and Services

m Millimeter-Wave MMIC
« UMS PH15 Design kit
* Ansoft Designer / Nexxim ver.3

« measurement corresponds well with simulation
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Contact Us

e = /
-~ .\ﬁl*%# 7

:E;QES"* o |

0 About ThIS Presentatlon and Ta|yo Yuden Products
m Taiyo Yuden Web Site:

—  http://www.yuden.co.|p/products/index.html

m About Ansoft Products and Technologies:

— Contact: Mark Viglione Ansoft Austin, Texas

— mviglione@ansoft.com
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