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"2.4GHz Laminate RF Functional Library

* Why Embedded?
— Cost

= Reduced component and assembly cost more than
compensates slight substrate cost increase

« Standardize Substrate for leveraging volume
, — Routing
= More area for die, routmg, and other components
: — Package Height Restrictions

» Ceramic RF Functional Block Components are typically
1mm in height

* Why a library?
— Basic filters and baluns are common to WLAN/PAN
— Reduced development time
= Usually customized to customers configuration
+ Parasitics and via placement can impact performance
— Lower development costs
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Preferred Substrate Construction

Getek ® RF Substrate
— May also use BT-MG
= Variance may be higher due to temperature and humidity effects
— €,=3.95, loss §=.010
» 2 Core Construction
— Blind Vias between layers 1-2, 3-4
— Through vias 1-4
— Nominal thickness .510 mm
* Suitable for

- Controlled impedance lines, resonant structures, BALUNS, filters, couplers,
matching circuitry, ground planes thermal planes

- Frequencies to 6 GHz

Through Via Blind Via

"'_3 nun mmnn‘/"u i
!

.. T - ___.4 T - ._-__-_._-.. ] l -
Nommal Thlckness—.S 10mm £=3.95
Loss Tan=.01 Blind Vias 1-2, 3-4 Through Vias 1-4

—m—.u.—-
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Today’s Filtering Solutions

Biuetooth
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| High Pass Filters as Alternative

Protects Receiver from main threats of Cellular
- GSM, DCS/PCS, CDMA Mobile TX (1980MHz)
* Attenuates harmonics of the transmitter
— 10-15dB depending upon architecture if in the transmit path
— Also protects receiver from 802.11a systems
* Addition of Notch Structure
- For higher selectivity requirements for GSM (>30dB)
* Alternative filter designs
— Where proximity of cellular is not a major concern
= Bluetooth mouse for example (1m separation opposed to 1mm)
— Where insertion loss is critical
= Selectivity and Insertion Loss tradeoff
* Embedded in 4 layer substrate
— saving top layer area

* Eliminates costly component
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40dB Selectivity Filter

40dB at DCS/PCS

30dB at GSM

2.5dB IL typical In-band

15dB at 5.8GHz, IEEE 802.11a band

Used where rejection is a must and overall RX Noise
Figure can be sacrificed

HPF Module Circuit:
EM Simulation versus Measurement

0

=104

/ T ] eq—2 399GH,
! dB(821 meas)--3 057,

g
§ -20-] / i
w / \/ eq=2 400GHz
S -30- i i dB(SZ“ EMmId)- 2.323
0 . h@T EM sinulation
© a4/ YW ) eq-1 900GHz
: \’i - dB(SZ1 meas)=-40.082
Ayt T T T T T T T
01 06 11 16 21 26 31 36 41 46 51 56 61

freq-1 .900GHz
dB

freq, GHz (S21EMmid)=-40.489
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30dB Selectivity Filters

F- 30dB at DCS/PCS, 16dB at GSM

F + ~10dB at 5.8GHz , IEEE 802.11a band

'+ 1.35dB in-band IL

* Adequate protection to DCS/PCS Mobile TX that may be
incorporated in same unit

¥ « (.27dB lower loss than filter with 30dB rejection to 1.98GHz,
¢ base station PCS TX or Mobile PCS RX

mi0
o "a _ freq=2.400GHz 400GHz
] YA Y YA |dB(S21EM30)=-1.296 B(821meas30)-1 346
& 0-{m24 TR IR TR mis m22
3% . I B Y req=2.500G 2.500GHz
g3 2 o dB(SZ1EM30)—-O 528)dB(521meas30)=-0.971
S ] . 20
Qain 7] eq=1.700GHz req=1.694
83 .71 dB(S21 EM30)=-34.308 dB(SZ1meas30)— 32.016
‘ m19 m4
S eq=1.900GHz eq=1.900GHz
PSR S B S Y R B(SZ1 EM30)=-32.062 dB(821meas30)=-30 063
m21 m24
freq. GHz req=900.0MH2 €q=800.0MHz
dB(SZ1EM30)— 16.574 B(821mea530) 16.399
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Technology
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30dB Selectivity Filters

30dB DCS/PCS Base
Station TX/Mobile RX

. T 21 20
= 8 oSV A e STy = |
L -10. { o =-1.4 =-1..
« 10dB@5.8GHz .. "] ¥ | \ /1 A
v WE - T I L E’le =2.500GHz __[freq=2.500GHz
- * 1.5dBIL pe o] \pda " | BB(S21in)1 177|dB(S 2 EM= 1171
ge m€§ 41,980 e
E. ; =1.980GHz =1.980GHz
4 * Provide 30dB 40 ot d;?sz1nn)=-33.022’g§(qs21EM).-—32.659
b 0. m26 27
" ) freq=1700GHz _ [freq=17

protection to PCS
base station TX,
Mobile RX at cost of
0.27dB Insertion Loss

Improved GSM Selectivity at cost of 0.3dB Insertion Loss
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freq, GHz m20
€q=900.0

MHZ
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dB(S21lin)=-16.838

25

H T 7 Sk
* +3 passive o L req=24006Hz | freg=2 4006 freq=2 400GHz
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freq, GHz m 10 m15
frog=900 OMHz 2g=900 Ol freq=900.0
Q k dB(S21in)=-40 484 BSZ1EM) % 506 dB(S21meas) 37034
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20dB Selectivity Filter
* <1 dB Insertion Loss
* 18-20dB Selectivity
DCS/PCS
& - 14dB GSM
! . .
* Stand alone application
m11 m8
S = === freq=2.400GHz req=2.400GHz
] < f \ / \»‘_ dB(S21EM20)=-0.868| |[dB(S21meas20)=-0.915
85 -10] L Yy f mi2 mi6
8 1V if \ eq=2.500GHz eq=2.5OOGHz
g mj ) dB(S21EM20)=-0.662| |dB(S21meas20)=-0.911
S5 1 m14 mo
D oj freq=1.700GHz freq=1.700GHz
=R 3 dB(S21EM20)=-20.334| |dB(S21meas20)=-18.635
R ] mi5 7 1000
] —rr eq=1.000G q=
0 Tk iR EMSt 20 164 (321me3520)—-19 929
freq, GHz m13 m1
[freq=000.0MHz q-90
dB(821 EM20)=-14.496} |dB(S21 measZO)—-1 3.981
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" Embedded 5.7GHz Bandpass Filter

BANDPASS FILTER VERSION 1
MOMENTUM, LINEAR, AND MEASURED

INSERTION LOSS RETURN LOSS
. .Jow 4 \\\;\ 0. N 9 P ——
i) e -10. %Z""Fﬁ
i_i 20 m, \, / ». 13 \{ e
= 0 = \ /‘/ 30 5‘
¥ PR \ i
SIS S S S S S S0 S S SR I S
et L freq, GHz freq, GHz

wezar .
m3
req= 1 920GHz !(e =4.740GH ‘eQ~4 5 4002
uB?S(z 1))=-31 809|c! %(2 1))= un_u] uB(S(I '))- 15 951 ueqsn 1)) 15 982 dB( (1.1))=16.259
m?
lre% GHz )fre 125 006GHZ qs
21meas)=-34 691 dB( 21meas)=-0 35| {el3f¢ Hmeas)—-lo 809 GE(Slvmeas)- 18.528

BANDPASS FILTER VERSION 2
MOMENTUM AND LINEAR

INSERTION LOSS RETURN LOSS
° 0
’ s 0:4 " a——_—
- ‘:' s L el w _,'/
R m ’ ";:7 20 ¥ ‘\.{'
* '/; . ‘g ' <304 |' ;
ORGSR e B e e R S
tinear - freq, GHL 1o, OF
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E; 1.990GHz ‘l
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B(S21 =-37 5. = freq=4.450GHz2 l
(S21mom)=-37.526|idB(S21mom)=-1.448] 305 tmomy=-10.208 B(SZ?mom o 0ad]
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i
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Substrate Baluns

"50 Ohm BALANGED
INSERTION LOSS . M ; 200 Ohm BALANCED
e High Z a.nd Low Z Designs INSERTION LOSS
LR VA \ -~ Configurable to your 0 I
fayf \\]( WA needs 7 T
g =] W / — Low Z Stripline Ly / N,
T = Up to 100ohms ol |
- iy balanced .
m, mZ2T . i 1.'5 rTs 1}) z.'z 2'470 15 3}13.‘1 :'4 3.
lg§?§313iggSH§at)=.o,ssz][ﬁéﬁ%ﬁgﬁf&fpa 559] * 3 layers required ot ‘
H H mi
50 Ohm BALANCED - ngh Z bfoadSIde 358?55: oG 1)n)=9597
RETURN LOSS coupled
o ‘ « 4 layers required 200 O_lf_lme?\JALANCED
e AR * Under Die Substrate 0 RETURN LOSS
o] :g, L Design )
. T: . — Takes advantage of die =
a 2 < "C'm Gi L] -] "w area =30
F; py—— Bt + Same substrate ] e
dB(S11ideal_bal)=-19.372 iE:?hdeal_bal):-‘lS.Bu construction as f“ters 14 19 18 20 z,z'u ;:zn 30 31 34 30
R0 e RIS g '
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Statistical Variation Study Underway

OBJECTIVES:

— Determine the electrical variance of the functions
= Across an Individual Panel
= Across Panels within a Substrate Lot
Across Substrate Lot Dates (3 lots/ base material)
Across Material Lots
Across Base Material
Across 2 vendors
e Utilizing Getek and BT-MG
— Correlate Performance to Substrate Construction
« Will cross section applicable functions

« Utilize measured electrical data (dielectric constant, loss
tanget) of base material if available

ar“kor Pg 13  ©2002 Amkor Technology, Inc.
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Filter Statistical Analysis

Variable Sigmac lS\tgd'%)‘::
Material mechanical limits Line Width 6 |+2.2um
N Core Thickness 6 +.11 mils
taken as 6 sigma values Prepreg Thickness 6 |=.15mis
. « . Copper Thickness Layers 1,4 6 +1.7um
Material electrical properties Copper Thickness Layers 2.3 5 1= 3um
and component value limits Pemmittivity 3 |+o
. Loss Tangent 3 +.00006
:. taken as 3 sigma values Cap value <5pF T Tx o%F
- o Statistical Analysis done on Capvalue>5pf _3__[*.16pF
. *based on vendor supplied variances for indicated Sigma value

linear filter model
* 10,000 frials

R m1 m2 m11
o W freq=2 400GHz freq=2 400G req=2 4
-5 § e dB(S21%in)=-1 588 dB(821EM)-- dB(S21meas) -1.760,
10 { Nl ms M6
5 . 15 / N freq=2.500GHz ||freq=2.500GHz freQ- 500
W I i |dB(S21lin)=-1 355| |[dB(S21EM)=-1.559 dB(S21meaS) -1422
[ - md e i3
Loy W) O ifreq=1 700GHz freq=1 freq 1.700G!
-0 Edh dB(SZﬂ!n) 36 383 dB(321EM)— 36.198 dB(S21meas) -35.241
a5 ! m3 m3 mi4
=TT T T T T freq=1980GHz  |ireq=1 980GHz req=19
01 08 1.1 16 21 26 31 36 41 46 51 55 61 [dB(S21hn)=-31.883 dB(SZ1EM) 31479 dB(SZ1meas) .31.563
freq, GHz m7 m10 15
freq=900 OMHz freq=90!
dB(821I|n)-40484 dB(SZ1EM) 40 508, dB(SZ‘lmeas) -37034
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~Example Data: Laminate Embedded Filter
Attenuation/Insertion Loss

3 EARARY ALY MM SRANF RSN MMM MRS J
: freq, GHY
‘ ’ B : °J — —
ey i ‘h"‘; 1 ) - i - .
103 B \\._‘ .ié ’ N o] . ,{‘ \\
3 . LN 4 Q\ ' ] ; W .
0] | \‘af;ﬂ TR 2 o ' by \g{\/
2] ! 20] . ;
] ; i
; ! 1.2,
40 IRY o] T
I {1y BT-MG
o] ¢ Getek ] V
] T E
AT AR AR S AN AN A MR A0 M S B A ST MRS RAAMY AR RAMMS ARAM LAAM SERMH RAAMNE

Ir
req. GHz Ireq, GHz

In Band Insertion Loss 1.47dB-1.86dB over all materials/lots
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GSM Insertion Loss

Insertion Loss 880MHz (dB)

e

500 o B " - .

o ] ;

) '. f~

Good margin to 32dB =~ *] | I j
Y - 100+
specification S e e L

.50 .48 .0 44 .42 .40 .38 .36 .39 .32 -30

ndecriigt s Bt e F B PR T T

Insertion Loss 900MHz (dB)

1
I N - I I )

indetsbizhearsma B0E S Hbn Y 8 SIS0

Insertion Loss 920MHz (dB)

T e e

Ry M A r % 5 -
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Wider Variation, spread,

at endpoints (1.7GHz

and 1.95GHz)

Still adequate margin to

30dB requirement at

endpoints

1710w
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a5 u oy 2 4 B B m W X
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is conservative

— based on 3.2dB overall I.L. with

) v Froopagp g
60 .48 45 .44 .42 40 .38 .36 34 32 30

¥ O® ¥ B B ¥ B T W
]

ossible Small yield loss to
1.9dB Insertion Loss requirement

1.9dB Insertion Loss requirement

two antenna switches at their

maximum 0.6dB [.L.
specification for all trials
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Insertion Loss 1.75GHz (dB)

e LA AL L IO T

DCS/PCS Insertion Loss

Insertion Loss 1.7GHz (dB)

Insertion Loss 1.85GHz (dB)

- 8 a 388

- . Beaaasus
ES S ST S T

In Band Insertion Loss

Insertion Loss 2.4GHz (d8)

20
71— .
24 22 21 J43 A6 12 .0
Az Aeqoam AMETrad P I 2N D
Insertion Loss 2 45GHz (dB)
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"V‘MEUmmary: Embedded Laminate RF
Functional Blocks

* Base Library of Laminate Embedded Filters and
Baluns developed for 2.4GHz Applications

— S-Parameters are provided at connection points
— Utilizes a low cost 2 core construction
» Statistical Variation Study in Report Phase

* Measurements over variants show solid
performance

* Filters and Baluns are available for customer use

er“kor Pg 19  ©2002 Amkor Technology, Inc.
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2.4GHz LTCC RF Functional Library

* Why LTCC?
— Cost
= Reduced cost due to lower height allows for low cost encapsulation

« Combined functions into one LTCC piece may allow for 2 layer
lower cost laminate carrier substrate

« All LTCC package substrate may be small enough in size to be cost
effective with laminate

~ Routing

= Smaller vias and capture pads with all vias filled allows for tighter
routing and lower cost for fine pitch flip chip

— Package Height Restrictions
= Lower height 0.48mm nominal compared to 1mm to fit under shield

Lty

QM'(OI' Pg 20  ©2002 Amkor Technology. Inc.
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Other Low Profile Designs

5GHz 802.11a BALUNSs
. * 2.4GHz, 5GHz £22.11 Low Pass Filters
* 2.4GHz, 5GHz 802.11 PIN diode Antenna Switch

* 900MHz, 1800MHz, 1900MHz, GSM/DCS/PCS Low
Pass Filters

* 900MHz, 1800MHz, 1900MHz, GSM/DCS/PCS PIN
diode Antenna Switch

* 900MHz, 1800MHz, 1900MHz, GSM/DCS/PCS
Couplers

anﬂ(or Pg 25 ©2002 Amkor Technology, Inc.
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Passive Integration Methodologies

On die integration
— Module/IC partitioning is key
* IPN (Integrated Passive Networks)
— Glass, GaAs, Silicon
° Discrete Arrays
— Silicon
— Discrete passive arrays

¢ Planar Structures ST
— Inlaminate or LTCC i Active dio

— BALUN:S, filters, matching 1§ %
structures

— 2.4GHz Library filters and
BALUNSs are developed — =

* Passives in Substrate Philips Silicon IPN for Bluetooth

— Ceramics buried in IWPC Jan 03
laminates

— LTCC Passives

amkor Pg 26  ©2002 Amkor Technology, inc. L
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Why Embedded Passives?

Density
— Higher degree of integration in same or smaller area
-~ Enables shorter IC to passive conductor paths

* Cost
£ — Lower cost through less assembly process and smaller package
4 » Highly dependent on embedded component density

« Highly dependent on application
- REF critical matching or filtering component difficult at this time
- Large value wider tolerance bypass components a good fit

« Reliability
— Fewer soldered components under overmold should be more

reliable
— Proven technology for board flexing without embedded passive
cracking
emkor Pg 27  ©2002 Amkor Technology, Inc. N Qab}mg é Microelectronic World
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Technologies for Rigid Substrates
Ceramic Filled FR4 resins

— Capacitive density: ~2-5pF/cm®

— Not useful for packaging applications

* Thick Film Ceramic
— Capacitive Density: ~50nF/cm?
— Screened and fired thick film paste
— Useful for 100pF to 10nF as bypass capacitors

* Thin Film
— Capacitive Density: 10nF/cm? and 200nF/cm?
— Submicron film process
— Punch through issue?
— In early development stages

* Silicon
— Capacitive Density: up to 15nF/cm?
— Good for smaller value capacitors
— Localized array of capacitors may have routing issues

. LT e e ot 3
6‘21!5&,‘; Pg28  ©2002Amor Technology,ino. L bling 5 Microelectronic World
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Embedded Passive Challenges

Immature Infrastructure

— Materials and processes in development

— Design tools do not exist or are immature
i — Need to identify/test "known good passive inner layers™?
— Unknown yields and reliablity

— Acceptable tolerances? (depending on application/function of
passive)

° Cost
— Embedded capacitor density of ~6/cm2 is currently required to
offset Material and process cost
» This assumes no package/substrate shrink
= This is at todays current pricing without high volume cost reduction

QMkor Pg 29  ©2002 Amkor Technology, Inc. S et
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h 'l'deal, Discrete, and Embedded Passives

* Linear models and circuit theory use ideal components
¢ Real components and embedded components differ from ideal
» Linear models simulate quickly and allow for quick optimization

R e LAl INSERTION LOSS 56nH

REAL VERSUS IDEAL

IDEAL, DISCRETE, AND EMBEDDED INDUCTORS

| SAPES M N B AL S
EIVRST I B T B

4 ) ideal 56nH mductor  fea. Grz
wieal H8nH inducion 1ol HERH LSO

123l ~enH induetor \_‘/

Treq (100 0MHz 10 13 10GHT)

"

SHUNT 39pF S11
freq (1 ¥EOGHz to 7 10IGHY) freq () 1C3GH2 10 7 100GH)
REAL VERSUS IDEAL INSERTION LOSS 39pF in
P shunt REAL VERSUS IDEAL
‘ \ .

B T ) A S S S
¢ s 3 10 0w

L2
ideal 30pF capacttor beq, GHz

- N N e
rea (1 100GHz 10 7 100Gy froa (1 1096Hz 10 7 1606t ideat 36pF capacitor v vt gopae i
L kL

fieq (100 OMHz 1o 13 10GH2}
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inductors:

Inductor Q

In addition, geometry affects

freq. GHz

Inductance

Inductor Geometry
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Meets required isolation levels for *
cell phone applications

near field, 60-70dB Isolation, .

two shielded compartments .
— Far field performance equal to
traditional method .

2 Turn Inductor #1 with Large Opening Shield Tabs

EMBEDDED SHIELDING

Transfer Molded Integrated Shielding

Requires less area than traditional
shields (.4-.5mm per side)

High volume overmolded process
MSL levels highly dependent upon
shield configuration

Process Development Timeline
dependent upon customer drive
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EMBEDDED SHIELDING

Filtering can protect the desired signa; Bluetooth Signal

from interferers arriving through the Amplifiod
antenna Blustooth m Bgf;:;th
¢ Circuit coupling may degrade either the L Receive e Siamat
i 2.4GHz receiver or the PCS receiver — > Irqm Antonna
— May cause a larger noise level in nt 2 PCS Signal
2.4GHz LNA "gg'ug;;:;"
— May enable AGC of PCS receiver if
within AGC Bandwidth v/ &
« Typical AGC BW> IF BW v % ’
» May enact up to 30dB of AGC degrading - ;l:

receiver sensitivity
¢ Circuit isolation is required to maintain
the level achieved by the filters
e Careful circuit layout in conjunction with
shielding can prevent these issues.

PCS Transmit
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NWA EMBEDDED SHIELDING
HP8720D Test Methodology

30dB
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with 30¢B pad in piace

measure with only via substrate

ina 8§21 measurement of each structure
runners in-between the s*“uc‘x*es

nners in-between the s‘vz. *U“s

5} AZc one shield over the structure connected ¢
wort land take S21 measurement

8} Add second shield of same type and take §27
measurement

7} Repeat steps 5 & 6 for 4 of each structure with 3
different shield types and 4 different structures
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Integrated Shielding

Performance Examples

Patch 31 with Large Opening Shieid Tabs & Turn Inductor 82 with Large Opening Shield Tabs
10 -30
4 m:oué:ozn 25po 30D wH0 40p0 48] wbo o000 tsho 70po 7, e @ 1001 0 5 0 88t0 7000 75bo 8obo
30 P ey e e ; o4 1 - oh wire aalrared dl lf
P 50 reacdine withnkiner Aoy 00 s < '/M{ha*m e '?-ri-iﬁ-‘lnll-d', \ "\ !7 x
o ) (e ST ! g ™1 EEa e T
p - 70 -4 =~ .@
£ 4 ne sfrald 4 @ e shiela Ji
d 100 P
; o risd tery
. > 11 |
) | ST . ; I A NN NN Y I ) O Y I
Freq (Mh2) Freq (Mhz}
L
Configurations
LT RTTS
e wea
s e
1D.Dmm§-‘,.- . ' ‘* ,
2 L& i** 1.1
B KX LR | ot
f—-—lD.Dnm—-{ -] |—-
0Aamm max
. e
Qm!sgg'; Pg 35 ®2002 Amkor Technology, Inc. b{mga Micrqelectronic World

<+ Test Vehicle Description
~ ~ Bluetooth Device (~10x14x1.6mm)
~ Adding grounding ring to layout
» Through vias to bottom side to complete
shield
~ Shield concept complete ‘
» Drawn shield will be compared to Folded |
* Test Vehicle will be used for
—~ Process development
—~ Mechanical reliability verification
—~ Development of design rules
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EMBEDDED SHIELDING

After passive and die assembly, shield is attached
* Same Transfer Mold Process

* Same SAW Singulation Process, module may have one or
multiple shields with one or multiple compartments
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SUMMARY

l.aminate Embedded RF Functions

— Various Filters, BALUNSs, couplers, etc. for Bluetooth, 802.11, and
Celiular

* LTCC Embedded RF Functions

: — Various Filters, BALUNS, Diplexers, Antenna Switches,
V couplers, etc. for Bluetooth, 802.11, and Celiular

* Embedded Passives

— Various Inductor topologies
« Performance different than ideal or discrete inductor
« Must look at inductor performance in overali RF function

— Working on embedded ceramic capacitors in laminate

* Embedded Shields
— Program in place to identify and define key design ruies
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