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ﬂ Motivation )

— Wireless Landscape
— Characteristics of WPAN(IEEE802.15.TG3c)
— Schematic diagram of our system

(™™ LTcC S0P at 60GHz

— Characteristics of LTCC Substrate
— Characteristics of transmission line
— Characteristics of wire bonding

— Chip interconnection solution

m Summary )




ETHRI Microwave Devices Team

Wireless LandSCape contnuaiye

IEEE standards addressing high data rate transmission at mm-Wave, especially 60 GHz band

¢ [EEE 802.15.3¢C

- Standard Working Group
- Participation of

over 15 companies

¢ 60 GHz band

 World wide band allocations
- 7 GHz bandwidth
- 100Mbps to multi-Gbps rates
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Drivers include: Frequency allocation WW, bandwidth, capacity, power, cost, and reliability
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Characteristics of mm

o Wireless transmission

@ New unlicensed 60 GHz band
@ Short range < 10 meters

¢ High data rate > 100Mbps

@ Multimedia capability

- 60 GHz is best solution for short range high data rate applications
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Potential WPAN Applicatio

=] Ad-hoc information distribution with 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

=] Broadcasting video signal transmission
system in sports stadium : ~1.5Gbps

To Outside }
Broadcast
Van

Transmitter & Receiver
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WPAN Applications (conti

=] Huge data file transmission : 305 (Windows 2000, :o,en,er) Er
Ultra high speed download system

=] mm-Wave video-signals transmission system :

“ Py i AR AR \gommunication Satellite
e IPRetwork= 4~ W, Broadcast Satelite
T = g

mmWave Tx

System TV with mmWave
Video—> Rx | > Video
signals 60GHz signals
Millimeter-wave ?
Conceptual Image Transcewerﬂ y 7
= Data Distribution at Apartments/condominiums : RS T
mm-Wave PAN for on-demand transmission '

or/and re-broadcasting of video and data signal for ad-hoc terminals
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LTCC (Low Temperature Cofired Ceramics
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Millimeter wave SoP

o LOSS

- dielectric and conductor loss increase with frequency
@ Substrate solution

— Low dielectric loss at mmW-band, at 60 GHz

— Low cost packaging materials
ofransmission Line solution

— low loss transmission at 60 GHz
@ Chip interconnection solution

— Low loss flip—chip or wire bond
— Microstrip or CPW transmission line
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Substrate(LTCC) issues

Ferro ABS (casio, wamg)sio, sio,, caB,o, |

Typical Fired Physical Properties Typical Fired Electrical Properties

Thermal Coefficient of |8 ppm/°C Dielectric Constant (1-100 |5.9 +0.20

Expansion (25 - 300°C) GHz)
Tape Shrinkage Dissipation Factor (1-100 |<0.2 %

X,Y 15.3+0.2 % | GH2)
Z (unlaminated to fired) 24 +0.29 |InsertionLoss (10 GHz) <0.18 dB/in
Fired Density 2.45 glem® Bulk Resistivity >10"% Q/cm

Flexural Strength (3 >160 MPa

AE-5 Dislectric Coenstant and Tan Delta

point bend) e o
Thermal Conductivity 2 W/mK s aours
(With Thermal Vias) >50 W/mK e -
i
3 i
i‘m 1.003%
o -
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Ansoft Designer
[calculation of line width)

Microstrip single

Dimenzions

Electical

wi|0.740064

Z0 |50

y

P |0.30833

IE

Er, TAND, MSAT, MREM, TANM ‘

E |45

Details>»

Frequency Frequency
0 Analysis | Auta Caloulate OFF | Reset Al | i

Substrate Metalization

Lavers MetalMame Code  Resistivity Thickness

H 0.1mm Er |58 Bottom  |sitver 163934 |0.01 ror

HU  [1.Bmm  TamD [0 Middle |sitver 163934 [0.01 e

Msat |0 TANM [0 Top  |None* | |

MFiem [0 RGH |0

Unitz

Dlimenszion

rmm =~

Frequency
GHz -

Impedance
Ohm

Electrical
Length

Deg

Resistivity

ubhm*cm

Cancel
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Ansoft HFSS

(Simulation of line width)

il

..//
-
v
18 ep 2006 Ansoft Corporation 10:10:22 =
XY Plot2 reZoWavePortT))
HFEEModell we 1ddum
Setup1 : Sweepl
5150 T | n_
| | reiZaWavePart]])
] I } w1 dum
1 Selup! ; Sweapl
41,00 | . ‘ olup] | Sweep
] | - ¥
| | reiZaiNavePort1)
| | wel8um
- 50,50 | ‘ Selup! : Swespl
| |
% | |
[+ | |
55000 i !
z
% 4950 .
4900
4850
50, 85,00 0.00 5,00 T0.60 75.00
Freq [GHr]




ETRI Microwave Devices Team

TransmISSIOI'I Llne (Microstrip linel

¢ Dielectric Thickness: 100 pm

—

— >
a8) -1 »m
© )
> //ﬁ :
. = o
m..ll;_-'on f '1_"_ ._." g~
m%%go k2 ,:'n-w o) easured
g mmulated
b 50 55 60 65 70
| e _ Frequency(GHz)
Sub. height Line length S11[dB] S21[dB] S12[dB] S22[dB]
18t 2mm -31.1 -0.16 -0.18 -29.7
layer(100.m])

Amm -22.8 -0.1 -0.42 -24.3
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Ansoft HFSS

Ansoft Designer [Simulation of :||ne width)

[calculation of line width)

Microstrip single E|
Dimensions Electrical Units
w [0309085 zo [50 Difr s
mm ¥
& Frequency
7 GHz ~
P |0.237038 ‘ [H Er, TAND, MSAT, MREM, TANIM ‘ E |45 et
Frequency Frequency Ok
0 Analysiz | Auto Calculate OFF | Reset Al Electical
Substrate Metallization Length
Layers Metal Mame  Code o
H 0. 2mm Er |58 Bottorn | silver 9
= Fiesistivity 18 Sep 2006 Ansoft Eorporation 1:14:57 Vo
HU 1.6 TamD (0001 Middle |silver Im ”xsrsmnuz" mg;!uﬂ:‘au%nn:
[Setup! : Swaap!
MSat |0 TAMKM |0 Top “None” TN — : ; : e S : : ; ; r—
| magZoavePorty
l— 0 290
MFiem |0 IEl } ;ﬂlplmfddupl
50.00 ‘ T—— Y1
Dietails > Ok | Cancel } x?;znmmmm
= | Setup! - Sweepl
B 4000 ‘
§ \
3 |
g :
% 4800 ! | 1 1
|
|
|
.00 |
1
|
|
46.00 I
50,00 35,00 60.00 65,00 T0.00 7500
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Transmission LINe microstrip linel

¢ Dielectric Thickness: 200 um ——

— Simuated S11, S22
— Simuated S21, S12
— Measued S11, S22

-10—|— Measured S21, S12
an 2085 Ansoft Corporation 11:40:08
Smith Plat 1
ms208_gmm
we W g0
10 [P Y ™ =
120 s T ®
130 A TN, B0
o e - 20
150 0
160
1

Fequency (GHz)
Sub. height Line Lenght S11[dB] S21[dB] S12[dB] S22[dB]
2nd Amm -23.9 -1.25 -1.18 -173
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Ansoft HFSS

Ansoft Designer [Simulation of_ line width)

[calculation of line width]

Dimensions Electrical Units

w o [01z2868 zo [50 Dimension
P =
WD [0.433965 — cLw e EF i)

B ,W ﬂR i J Il_) 1 ||L Frequency
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-50 —| 2mm mesaured
4mm mesaured
— - 2mm simulated
— - 4mm simulated

-60 — |
50 55 60 65 70

Frequency (GHz)

Sub. height Line lenght S11[dB] S21[dB] S12(dB] $22(dB]
1st 2mm -22.4 -0.15 -0.12 -204

ayert 100m - amm -21.7 -0.0 ~0.37 -22.44
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Ansoft HFSS

Ansoft Designer [Simulation of line width)

[calculation of line width]

Dimenszionz Electrical Unitz

w 0197881 20 [s0 || Dimension
wiD [0.552637 / ReH _ 'G’ B \E‘F \ mm ]
L 11
A

B W de T '|L Frequency
GHz =
P [0.346e88 £, TARD

Impedance

Frequency Ohm
B0 Analyzis | Auto Caleulate OFF | Reset Al Bl
Substrate Metallization Length
Layers Metal Name  Code Deg
’— - ks T
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¢ Dielectric Thickness: 200 um

o 2
Sub. height Line length
2nd 3mm
layer{200.m)

omm
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Transmission LINe cecew iine:

0

S11[dB]

g 1.3
B 20 N et San S =
2 / \ / N~ S
— —
= -30 1° 8
; \/ = 5

; 55Frequerflss:y(G.Hz) N "

S21[dB] S12[dB] S$22[dB]

-0.17 -19.1

-0.39 -21.3
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TransmiSSion Line (summaryl

< Design of 50 transmission lines
- using Designer and HFSS

< Simulated value is coincide with measurement.

a Microstrip or CBCPW line is suitable for transmission lines at 60GHz.
- low loss (0.1dB/mm)
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Interconnectlon (wire' bonding)

Bonding Type S11 §12
single wire -2160B - 0.17dB
double wire -2860B - 0.100B

single ribbon - 274d8 - 0.10dB
wire o ribbon & double ribbon  -243dB - 0.09dB

{e

b Y

T g A A
-5 ol a % g ) % -0.05 |-/ ;
=0.10 [ \ "_m'\ \.‘/&70.]0 qz_ul#.
~h=1004m 018 \ -10 v
A —

-0.15
-10 \.»’p

S, (dB)

> D=200um

0:20
-0.20
~0.25 56 58 60 62 64
-15 -0.30
/ 56 58 60 62 64 90

S (dB)

v
V4 !
Ribbon, size=2x0.5mil? &%%M mﬁﬂ

80 VIR —&— single-wire
- double—wire
\

S, (dB)

Wire, dia.=1mil (25um) )

,,,,, —6&— single-ribbon
—H— double-ribbon
~40 i i

%0 s p 50 55 60 65 70
Frequency (GHz) Frequency (GHz)

-35

50 55
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Interconnectlon (wire; bending)

CBCPW Line ([ielectric thickness -200um]

S, (dB)

-20

Microwave Devices Team

Bonding Type

single wire
double wire

single ribbon
double ribbon

311

-9.19dB
- 14.5d8
- 15.4dB
- 22.1d8

512

- 0.75dB
- 0.35dB
- 0.31dB
- 0.12dB

.0
-0.1
~—
o _ k¥ n
Cl '!'.:’m-a«}& i
US\I"— 3 %f' \\\
-0.4
-0.5
56! 58 0 62! 64
L
= S SR SIS
wéﬁﬁﬁizﬁﬁg o
—=— double—wire
—=— single-ribbon
I | | |
50 52 54 56 58 60 62 64

Frequency (GHz)

"

*?

N

¢

-20

S11
S21

Qé#ggp E N
b
P :"‘ \_’-“;"

-25

-30

50

5

5

60 6

Frequency (GHz)
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Interconnection| wiesondiig A - 5

Wire or ribbon & Wire or ribbon &

Single or double Single or double
|
ﬂ@
-y

Dielectric thickness (100um) Dielectric thickness (200.m)
-Single ribbon or double wire bonding -Single ribbon or double wire bonding

- nearly 50 Ohm at 60GHz - high Impedance state
<Low loss transmission -To match 50, Increase the line width.
- 8,,=~-0.1dB and S,,=~-20dB -Double ribbon bonding is required.
-Low loss transmission
* 821=~_U.10B and 311=~_200B

y.
|
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Wire length v.s. Line 10SS

@ Gap distance : acceptable RF degradation during the interconnection

Gold single ribbon 1 @ 60 GHz 15

- CPW
. dielectrics=100um

05

> Gap K
distance

AS21 0r AS12 [dB]
o
o
AS110r AS22 [dB]

-0.5

. m-S21 —A-S12 | 1 -10
- —e—S11 -e—S22 ]
Photograph of 100um gap 0 100 200 300 400 500

Gap Distance [xm]
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Interconnect I0SS of wire-L

o Low loss and Simple Process : Wire-Bonding technique
o Symmetric performancelS,,=S,,) of Wedge bonding method

0.2
I through I|ne only M
- 0.0 | 2 Wire-bonding v.s. Flip-chip bonding
=]
2 0.2 1 \ « ETRI(2006) « IBM(2005)
o |
- S/ single ribbon solder ball
o - single ribbon . .
£ -04 | s with 200.m interconnect Mﬁ” 1.5mm
= | &g N =
B 1.5mm 1.5mm
0.6 <1||n> ffffffffffffffffffffffffffffff 2004m 11.5mm
1.5mm 1 1.5mm
200/”"3 - Ribbon wire loss - Solder ball loss
08 | 0.11dB @ 60 GHz 0.7dB @ 60GHz
50 55 60 65 70

Frequency [GHZ]
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Amp module

Chip interconnection Solution

_ _ « CPW line
Chip set Solution « Cavity structure,

*0.12 m pHEMT LNA  « Ribbon Wedge bonding technique
* Via-hole ground

Substrate Solution
e Ferro A6-S LTCC

>- Internal silver conductor

 External gold conductor
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Amp module [LNAJ

o LNA module S—-parameters

10.2mm

- hp8720C N/A

- freq.=20~70GHz
. S,,=~19.4dB and AS,,=—0.4 dB
° 811=~_3.5dB and AS11=_5.3 dB
° 322=~_7.gdB and A322=1.2 dB

Sa1 [dB]

30 ¢
20 -
10 -
o
10 ¢
2 |
-30 E
-40
50
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—=— bare chip
—=—LTCC module

50

55 60 65 70
Frequency [GHZz]

S110r S22 [dB]

10
15 |
20 [-
25

_307\\\\

- —— bare chip S11 |
r  —=— bare chip S22 |
[~ —LTCC module S11-~~~~ e
[ —+ LTCC module S22 !
‘ L L L L ‘ L L L L ‘

50 55 60 65 70
Frequency [GHZz]
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< Design of 50 transmission lines
- using Designer and HFSS
< Microstrip or CBCPW line is suitable for transmission lines at 60GHz.
— low loss (0.1dB/mm)
< Single ribon bonding is adequate for interconnection
- simple
— low loss (0.1dB/bonding)

2 Characteristics of Amp module
- AGain (S,,) : 0.4 dB
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