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‘Wieless Landscape

® EEE standards headed toward mm-wave WPAN (60 GHz)

10000
= |EEEB02.15.3¢ |
~ Standard Working Group 1000
- Participation of over
20 Companies g 100
S
® 60 GHz Band g 10
- World wide band allocations &
~ 7 GHz bandwidth 1
~ 100 Mbps to multi-Gbps |
rates ' 0.1 - - - - F————
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Drivers Inciude: Frequency aliocation, bandwlﬁtri capacity, power, cost, and rellability
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60 GHz Wireless Applications

Point-to-Point network extension ::
- Easy and immediate construction

of temporal broadband network

such as in exhibition-site for...
Advertisement information distribution

or Contents downloading service

Live Video
Distribution

Transmitter & Receiver
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60 GHz Wireless Applications
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- Uitra high speed download system

@ mm-Wave video-signals transmission system :

Broadcast Satellite

restriaf Broadcast

mmWave Tx

Video=
slonais

- mm-Wave PAN for on-demand transmission
- re-broadcasting of video and data signal for ad-hoc terminals
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| Bo,f based 60 GHz O/E Transceiver

@ RoF (radio—over—fiber) based communication system
CENTRAL OFFICE (CO) Access Point (AP) WIRELESS TERMINAL (WT]

W 60 GHz O/E Transcelver SoP
Ivc vlu

MMICs

60 GHz Devices Integration on LTCC 60 GHz O/E Transcelver
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® s LTCC sultable for 60 GHz applications P

Sl Key issues

= Loss A
- dielectric and conductor loss Increase with frequency

= Substrate solution
- Low dielectric joss :
- Low cost packaging

= Transmission ine
- low loss transmission at 60 Hz

= Chip interconnection solution
- Low loss flip-chip or wire bond
- Microstrip or CPW transmission line
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Characteristics of Substrate
@ LTCC Greensheets for millimeter wave
Material Property Units Al A2 B1 B2
Electrical
- Dlelectric Constant (0.1~2 GH2) 78 74 59 59
- Dlelectric Loss Factor 0.1~2 GH2) 0.0015 0.0005 0.0012 0.0012
Thermal
- Expanslon Coefficient (ppm/K} 58 6 7 >8
- Conductivity (W/mK) 33 A4 2 2
Mechanical Do
- Flexural Strength {Mpa) 320 230 170 >160
- Young’s Modulus (Gpa) 120 150 92 92
Physical o
- Green Tape Thickness (mils) 45/6.5/10 2/510 5/10 5/10
-~ Flred Tape Thickness {mlis} 36/5.4/8.1 | 1.8/45/9 3714 39778
41 AT Al Loaive P ; i
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Characteristics of Substrate

- Low Insertion and return losses at 60 GHz and up to 90 GHz
- Low material cost & multi-layer possible
. CPW (h=100m, L=4mm)

0.007

SR
R From data

Loss tangent

Insertion loss [dB]
Return loss [dB}

shéet

________________________

55 60
Frequency {GHz)

Frequency {GHz]
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¥ A5G Goat Lokity

Return Loss(dB)
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5o 55 80 65 70
Frequency(GHz)
Thickness tine iength $11idB) $211dB) $121dB] $221dB]
1 layer 2mm -31.1 -0.16 -0.18 -287
(100um} 4mm -228 041 042 -24.3
. 11 T limmuneviusm

SRR Ginturt Luadier

o Dielectric Thickness: 200 pm

Characterlstics of ransmission Line.

@ Microstrip line [2‘Iave,r‘sil‘ N

Thickness Line length S11{dB] $21[aB] $12[dB] §22[d8]
2 layers amm -239 -1.25 -1.18 -17.3
{200.m} 6mm -30.6 ~-0.58 -0562 -34.0

. 12
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== 2mm mesaurea

— 4mm mesauted
- - 2mm simulated
~ - 4mm_simulaled

e 50 5‘5 5:) 5; 70 s
Frequency (GHz)
Thickness Line length S11(d8l] $21{dB] $12{dB} $22(dB]
1 tayer 2mm -224 -0.15 -0.12 -204 -
(100.m} Amm ~21.7 ~0.40 -0.37 ~224
ST RAE Kiokal Lodies
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% 515 elo sis 70°
Frequency{(GHz)
Thickness Line fength S11(dBl $21[dB] $12[dB] $22(d8]
2 layers 3mm -186 -0.16 -0.17 -19.1
(200,m) 5mm -435 -035 -0.39 -273
14
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= Wire bonding

o CBCPW Line (Dielectric thickness: 100 um) Type of bonding S11 $12
single wire - 21.6d8 - 0.17dB
double wire - 28.608 -0.1008
single ribbon ~ 27.4dB - 0.10dB
double ribbon - 24348 - 0.09dB
Wire or ribbon &
Single or double
* D=200 ¥
§ . % @ i
' Wire, dia.=1mil (285/m) N i ;:_ﬁf !
’ Ribbon, size=2x0.5mil ke - dngeeie ‘ oo
* 0 [} [} :5 x s 56- ﬁlo 5‘5 e
Frequency (GHz) Frequency (GHz)

= Wire bonding
o CBCPW Line (Dielectric thickness: 200 um) Type of bonding S11 S12
j single wire ~-9190B | -0.75a8
double wire - 14508 | -0.35d8
singie ribbon - 15408 | - 03148
double ribbon - 22.108 - 0.12d8
° [ 1 ° 0.0
s g——( !%":}! ! 1 5 q rs 4 ot
4 Y it
. 4 -10 by -0.2
g 4abd %’L
~ 10 #5082, - -0~ §11 :
F ; oF -p Zo 821 Al 058
7
o : - g 2 B il 0.0
s y:{ E i o’ i ﬂ ¥
—6 double-wire : 5 - - 0.5
1 -3~ single-ribbon
R T s.z eln -3 08
Frequency {GHz) 50 55 60 65 70

Frequency {GHz)
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= Influence of dielectric thickness

wire or ribbon &
single or double

Dielectric thickness (100um}

« Single ribbon or double wire bonding
- nearly 50 Ohm at 60 GHz

» Low 1oss transmission

+ §,y: -0.1d8B, 8,,: -20dB

YRS flokat Lk
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~Characteristics of Interconnection

Dielectric thickness (200.m]
- Single ribbon or double wire bonding
- high impedance state
+ To match 50<, Increase the line width.
- Double ribbon bonding is required.
+ Low loss transmission
+ 8y —0.1dB, S,,: -20dB

Microwave Devices Team

_ Characteristics of Interconnection

™ Interconnectlon loss from wire length

e Gap distance : acceptable RF degradation during the Interconnection

Gold single ribbon

ap
distance

AS21 0r AS12 [dB]

18

—
e — e

@ 60 GHz
CPW
dielectrics=100m

AS11 0r AS2: [dB)

-~ 821 —4—S12
—+—-811 o822

Lea

........

300

=

100 200

Gap Distance [in]
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® Interconnect loss of wire-bonding

o low lass and simple pracess : Wire-Banding technique
o symmetric performance (S,, = S,,] of wedge bonding method

02 | v
[ through line only

Wire-bonding  Fiip-chip bonding

5l
9

&

single ribbon

&
>

with 200;m interconnect

Insertion loss [dB]

&
>

= Conslderations for MMIC madule

Solutions tor Interconnection
Solutions for Mounting '

+ CPW line
- cavity structure - rfibbon wedge bonding
+ via-hole ground connection

- Iow 10Ss substrate

Solutions for Materials
} - Internal sliver conductor

J + external gold conductor




" chip Interconnection

= LNA (low nolse amplifier] Module

o S-parameter measurement

- by hp8720C N/A
- frequency: 50~70 GHz
- S,,=~19.4dB and 48,,=-04 dB

Sn |dB]|

- 8,=~-3.58 and 45,,= -5.3 dB - T e T medae
- S,;=~~7.90B and 4S,,~ 1.2 4B o n e
Frequency [GHz]

10.2mm

S or Sz [dB]

"~ bare chip S11
—+— bare chip §22 !
-25 [ - LTCC module 11~~~ " [
~+= LTCC module §12

13.1mm

LNA Module 50 58 0 65 )

Frequency [GHz|
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£ LTCC Technology is very suitabie for 60 GHz application &

k LTCC substrate shows low loss at 60 GHz
- low insertion and return losses
% Microstrip or CBCPW line Is sultable for transmission
lines at 60 GHz.
- low loss (0. 1dBImm1
® Single ribbon bonding Is adequate for |nterconnectlon
- Simpie
- low loss {0.1dB/bonding)
& Characteristics of MMIC module
- Gain difference {4S21): 0.4 dB

1D Gt e
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