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ABSTRACT

The major application and market place for Low-Temperature Cofired
Ceramics (LTCC), is in the mini, portable electronic products. LTCC is the
technological trend of wireless communication module. This thesis will
describe the design method to minimize RF Front End Module of LTCC
and measurement of the module. In this design, LTCC is used as a substrate,
all non-passive components are integrated, as much as possible, in all
layers of LTCC, while passive components and any components that
cannot be easily integrated in LTCC layer are placed on top of the LTCC.
All space will be effectively used, producing smaller module. The non-
passive elements in this design include one power amplifier and two RF
switches, one of the switches 1s used as transmit/Receive and the other for
Antenna Diversity. The passive elements in this design include the
matching and power circuits of the PA, and one band pass filter circuit. In
the traditional way to use the FR4 as substrate, we need to measure the
passive components circuit performance to confirm the matching circuit
component value. This will prove the working performance. Then use the
RF simulation software tool to prove the circuit. Use the software to
simulate the different dialectical constant in the same type circuit structure.
The above will achieve the design specification. If we use the RF
simulation software and utilize the layout space, and keep the specification,
that will match the IEEE 802.11 B/G specification. Finally when using the
13 layers LTCC, it can achieve the design specification when integrating
the design into 2.4GHz product. The input and output port already matches
the 50 OHM. Therefore, it could provide the easy and fast integration with
the whole chip and antenna port. It can achieve new product development
time, save man power and material. When this LTCC module assembled,
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use OFDM signal to test it when the EVM is less then 5%. We can achieve
the average power of 16.4dBm, average current about 200mA, it is 26.9dB
to average gain, so long as the transmitter is offered the power of -10.5dBm
is enough to promote relatively. Use one to regard IEEE802.11b/g as the
standard chip set to combine and test, this throughput of data average
21Mbps. The performance is the same as original FR4 board's product, and
the total circuit size will be only 5.4 mm x 4.0 mm x 1.0 mm. To compare
with the original, this can save around 82.4% of space.
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The 802.11g mini-PCI adaptor offers an additicnal
802.11b mini-PCI for a higher speed connection to

share printers and files just like a wired netwaork.

Product Name

54Mbps Wireless LAN mini-PCI Adapter

WMIR-103GW
54Mbps 802.11b/g Wireless LAN mini-PCl adapter

mini-PCI version 2.2 wirelesslize all Notebooks that have a mini-PCI slot for expansion.

Moverover, the easy setup instantly turns your Notebook into a wireless station that is able to

General Specifications

Mode Name
WMIR-103GW

Host Interface
Ralink RT2560

Operating Voltage
3.3VE50¢

System Current Consumption
TX peak: 440mA 3.3 VDOGSANMbps)
RX peak: 220mA @3 3 VD

Roaming
Full mobility and seamless roaming from cell

And across points

LED Indicators
No

Freauency Range
2.4GHz to 2.4835GHz ISM bandwidth

Media Access Protocol
CSMA/CA with ACK

Number of Channels

& IEEE802.11b/g =

~RF SWITCH ~ 2 2 p =
) BTR 2R 0 Mt B P
500

%@J‘j 2 B

*

| g

7

N

option on top of the popularly deployed
up to 54Mbps. The product, compatible to

Rx Typical Sensitivity

802.11q:

-70 dBm
72

@54Mbps
@48Mbps
36Mbps
N @24Mbps
m @18Mbps

dBm

802.11b:

-83 dBm @11Mpbs
-87 dBm @5.5Mpbs
-89 dBm @2Mpbs
-90 dBm @1Mpbs

Antenna Connectors

Hardware diversitv support: Transmit
and receive on main and auxiliarv
antenna connectors

Security

WEP 64/128-bit, TKIP, WPA, _B802.11i

USA, Canada and Taiwan - 11; Japan - 14

Most European Countries - 13; France - 4

Temperature Range
0~55°C (operating), -20~65°C (storing)

Data Rate
802.11q: 54, 48, 36, 24, 18, 12, 9, and 6Mbps
802.11b: 11, 5.5 2, and 1Mbps

Modulation
802.11q: OFDM
802.11b: CCK, DOPSK, and DBPSK

Tx Typical Power
802.11g: +14dBm @54Mbps

802.11b: +18dBm @11Mbps

Gemitek

Winaless Broadband Anywhars

without notice.

©Gemtek Technaiogy Inc., All Rights Reserved. This document is for planning purposes only, and is not intended to madiy or supglement any
SpECifiCaLoNS oF WarFENDEs FEIaNNg Lo products of Gembex TEChNology. GEMEK May Make thanges 1o Specficalions and CEscriptions 2t any Hme,

Operating Range
Open Space: 100-300m; Indoor: 30-100m
The transmission speed varies in the

surrounding envirgnment,

Driver Support
windows® XP, Windows® 2000, Windows® ME,
Windows” 98SE

AL kR ¢ Gemtek
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Parameter Symbol|Min.| Typ. |Max.| Unit
Bias Voltage Vc 3.3 \Y
Reference Voltage Vref 2.9 \Y
Frequency f 2.4 12.45| 2.5 |GHz
Input Power@OFDM Pin -10 dBm
Output Power@OFDM Pout 15 dBm
Output Power@CCK Pout 19 dBm
Error Vector Magnitude@OFDM EVM <5 %
Power Gain@OFDM Gp 25 dB
Total Current Ic 200 mA
Input Power for 1dB compression P 20 dBm
Power Detector Voltage Range Vb 0.12, - |2.84| V
Tx,Rx Port Return Loss S11 <-10 dB
Antenna Port Return Loss S22 <-10 dB
Rx path Insertion Loss @2.4~2.5GHz 3 dB
Switch Control voltage High Vswn 3 133|36|V
Switch Control voltage Low VswL 0 - 102V
Switching time max. Tsw 50 nS
Antenna or T/R Port Isolation 22 dB
Attenuation @DC-880MHz 20 dB
Attenuation @880-1250MHz 40 dB
Attenuation @1250-1680MHz 20 dB
Attenuation @1680-1990MHz 40 dB
Attenuation @1990-2170MHz 20 dB
Attenuation @210 & 3fOMHz 30 dB
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£3.0 #Eak Bonp
e Test Conditions * Ve=3.3V, Vire[=2.7V. Ta=25 1
Parameter Symbol besi-Conditions Min. [vp. Max Lnii

Bias Voltage Ve 3.3 V
Reference Voltage Vrel 27 V
Frequency I 2.4 245 2.5 GHe
Output Power Pout a Pin—-5dBm 22 dBm
Error Vector Magnitude EVM wPout=19dBm. 640AM/ 54Mbps 2.5 %o
Power Gain Gp 27.5 dB
(Quiescent current lpy 80 mA
Total Current I wPout=19dBm. 640QAM/ 54Mbps 140 mA
Adjacent Channel Power 1 Padj wPout=21dBm. CCK/ | IMbps -39 dBe
Adjacent Channel Power 2 Padj wPout=21dBm, CCK/ | IMbps -6 dBe
Second Harmonics 2f wPout=19dBm, 640QAM/54Mbps -40 dBc
I'hurd Harmomies 3l wPout=19dBm. 640AM/54Mhbps -6 dBe
nput Power for 1 dB PIdB | @Ve=33V 265 dBm
COMmpression

Power Detector Voltage Range VDET V
Input Return Loss Sin wPm=-10dBm 13 dB
Output Return Loss Saa WPin=-10dBm 12 dB
Power Down

Vrel "ON" 2.7 V
Vel "OFF” 0.2 Vv
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11 Zopt=6+j0.7 ; S11=10-j9 > & * gt o 47k ~ A A 47K L 2 4B IPY
pé‘/r'—— o B °

=i

6. PA die with FR4 PCB

¢ * TRL calibration kit #-# |4 f I 343 R BL2 Jew ™ I P AR BE
& o
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EIS. PA Bl

234 A BT R ime Bl

L7 #-Zopt 12 % SI1 ™ F|HE F % 2.45GHz 7 500hm =% » i *
Microwave Office #fstiy » ™ e LBt (B 9. ) 2 7 fe i (H
11. ) » s %4 (B 10. )& (B 12. ) o £ * PR TR0 2
0402 2 T ~ TFRETRTE (R 13. ) » ZERHS S8 FTH

R e d (B 14 ) 2 (B 15 ) Tive g

§ ekl i g
FAAME GREE RAEL > S REMFRETT LI TE 50 '

%&ﬁ°&§#ﬁﬁ%3ﬁ%ﬁﬂ*ﬁéﬁiﬁﬁﬁ’uﬁ%ﬁ»m
FuS1] %8B S50 Fed e di=8 > W E VB {EEL g’ﬁ@?]jg;é & o
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In Match
IND =i
PORT =
P=1 ID=L1 NET="S11"
Z=50 Ohm L=1.8 nH
1
MSUB
Er=4.6
H=15 mil
T=1.4 mil
Rho=1
E— Tand=0.002
|8'§(P;1 ErNom=4.6
C=27pF | Name=FR1

Swp Min
2.3GHz

®9. PA g » =4 7 e T B ] F10. PA 5 » = ™ fe g &

Zopt Matching smith

Ul

Swp Max
2.5GHz

SUBCKT A .
i DR DRz 56 A
NET="Zopt_X" = = 5 S *
OPL L=0.72 nH L=1.14 nH C=4.65 pF V= SI1.1] )
EM Zopt Matching
! E G £ 8[1,1] o3
PORT Ideal Zopt -
P=1 S
ssuB 2=50 Ohm
Er=9.1
B=642 um CAP
T=12um CAP
Rhoet 1D=C1 1B=C2
Tand=0.002 C=3.52pF C=1.212 pF

Name=CT2000

>

[

Al Fe R S %

®l12. PA ﬁ%l
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EM In Match

Measure In Match

Measure Zopt Matching

212

FI1S. PA 85 20 ™ e B ik 9

Swp Min
2.4GHz

=

£ Bl
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e
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A
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=
N
N
(9,
@
an
N
=
Ty
et
]
_j

Bl 16. ) » B {FE T AT NEFBUELPART R T

BHE A g ISR SRR P ERR R BREFE C =

W, = for 2.4GHz,
\/ﬁ Vce = GND
ViEL=4.2200> ¢ BER T ED - BET pLC
B > 4o (B 17, ) #57 > %83 e H2rE O
1 > o FEFWEEEPANZ H ﬁ%] T pe TR Ak
B O(W 18, ) » AGHERBNEET LF T
#ﬁ,’ﬁ 3 Ohm "f:b./ﬁhlﬁ(“’h%z o] e PORT
P=1
Z=50 Ohm

B 16. RF Choke #§: @]

RF Chock RF Chock with Zopt and Zopt_X
Swp Max Swp Max
{ 2.456Hz P 2.45GHz
\\ / )

\ /

of
- S[,1]*
Zopt
—-8[1,11* = S[1,1]*
Lump CKT of RF Choke Zopt_X
- S[1,1]*
RF Choke with Zopt and Zopt_X
Swp Min Swp Min
2.45GHz 2.45GHz
Bl17. RF Choke &2 % #7H@]} @B 18. RF Choke ¥ Zopt %
i Zopt*1p el %
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24 BHATE M

241  SHHTEE M AT

EPAE OB cnEt L AT ER RS R o E R @as R (B
19. ) 2 H 3 BLB - Fl5 @ % 9 & 24GHz~2.5GHz » F]* &4 »~
35 4 (Insertion Loss) ~ F.5 {3 (Isolation) ' 2 B B “» 3 5 & B I8 P & /R
AR d R (24 ) ARl a4 5 5 06dB ) pith

g TIA BEPEE M > F % ¢ F 0 1.2dB 424 -

ot

Cl O
RH°—|_'L “—:Eiom
oo [2] }rSFI—OM
mo_f ﬁ:ETowl

B 19. RE SWITCH - #. ]

R i ¢ Bright

Fo4 SAER B ALE

MW Electrical Specifications at 25°C with 0, 43V Control Voltages

Parameter Test Conditions Min. | Tvp. | Max. | Unit
Input Power +25dBm
Insertion Loss DC-1.0GHz 03 0.4 dB
’ o 1.0 -2.0GHz - 0.4 0.5 dB
2.0 -3.0GHz 0.4 0.6 dB
Input Power +25dBm
Isolation DC-1.0GHzZ 24 26 dB
1.0-2.0GHz 22 24 - dB
20-3.0GHz 21 23 dB
DC-1.0GHz 1.2 1.4
VESWER 1.0 -2.0GHz - 1.2 1.4
2.0-3.0GHz 1.5 1.6
Input Power for | dB compression 2.50GHz 30 - dBm
Second Harmonics [=2.5GHz. Pir=25dBm - =75 - dBe
Third Harmonics f=2.5GHz, Pi—25dBm 5 -80 5 dBe

] o - For two tones (£=2.5GHz, 2.501GHz | .
Intermodulation Intercept Point (11P3) - 55 s dBm
(@ Input power +20dBm
Switch Time S0 - ns
Control Current Input Power +25dBm - 4 100 nA

AL kR : Bright
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242  BHHEEE B A

FA RS- s e A e s Y950 &4 LTCC 3
Bor* - Rl B s deiiiid e gjpgl Bk
F AR B S ERF VA BRERM T - BE R A
He - %EEHE@F e B B (RF T/R Switch) e— =334 stz » — =3

BEEjrs, ¥-3px s 4 E# M (Antenna Diversity Switch) BJ4# 5] %
ﬁﬂwﬁﬁ(Pon) oﬁwa%;iggﬁa,’&féwﬁgiﬂ» -,ﬁm (DC) #
ot kAT EM U ROEE > AaiE g g AR 2B
BrE RIT] o FIML R T EAL TR T R W 3# B B
B endgmr JF 3 B onred 28 (DCBlock) - i@ % - B ﬁi?ﬁ EWF o

243 HAER B R

Ed pREAFREREE L (B 200 ) 7 T ESHER B A7 ON
oAk BT o F 484 5 0.5dB@2.5GHz 0 &7 OFF” ek T o
Isolation = 27dB@2.5GHz -

0
—=DB(|S[2,1]]) *
10 SW ON
-+ DB(|S[2,1]]) *
SW OFF
A
-~ DB(IS[2,1])) * =
-20 PCB Through Loss P
_— B
BT
=
—e—8B—
-30
1 2 3 4 5
Frequency (GHz)

R120. SHA7 B £ Rl %
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25  HHAAE

2.5.1  Fi ik BARK

% 7 i 7 1.9GHz #¢ 43 #7441 30dB ; 2.1GHz ¢ 43 #r+#] 25dB ; 4.8GHz
W drd] 20dB  FIp A m it PR RA Behs SNkt a i o

MHPE D AT E 2o sk o de (RS0 ) o pbd TR Z fFek 3t o F
S AR T § 4T 2dB

ﬂ*ﬁ&4%wim@ﬁiﬁm#r%ﬁﬁ%%’@%m&&%
E 91’/"?’;f§'%5-‘;; 0.002 > /‘%ﬁ’)é_l}:%_ﬂ35um 70um S

1 o ;E w2 P HEF L 245GHz 0 B R L 15% M b o0 Ak
BB B LA P RIROIR 0 TR S ST P RO B gl
BT E AL P AR v AR B AR AT - T
R R E o

'ﬁ%‘%ﬁ%ﬁ_ﬁg’ﬁ%mml Bode (B 21, ) #77 - AT R

S
HHED P - BEERECFZ BRRENP 2 RREZF
BETF CI2-C32 EAAp e i B & JRipenk R F ke id il
245GHz 41 * is4fg & & % C13 k4| MAfenF gho d 30 X 53
RO Btk A p ot B2 @])‘5%]514EFE/JIF Lﬁf?}’ gt
Cl1~C22 B E£AuP*F U RA BN > UEL ZTIHE4eenT FAE o

253 Hi A B

4o (B 22. ) 5 GiEAH s o R B 0 YRt 2.1GHz % R
% % 40dB > ®4f 4.8GHz % 28dB > fpt & R (F IR AT F AR R bF e
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P AL ik T RR 2 WARanEL o

25 R BARL SRA

Item min |typ |max
PASS BAND INSERTION LOSS 1.5 1.8
PASS BAND RIPPLE 0.6/ 0.8
PASS BAND RETURN LOSS 9.6/ 11
at DC to 880MHz 50[ 55
at 880~960MHz 45 50
at 960~1990MHz 40| 45
at 1990~2100MHz 250 30
STOP—BAND
ATTENUATION at 2100~2170MHz 200 25
at 3000~3200MHz 15/ 20
at 3200~3500MHz 200 25
at 3500~4900MHz 200 21
at 5900~6800MHz 200 21
CAP
ID=C2
- . esE
CAP CAP / ‘ ‘ CAP
ID=C3 ID=C6 CAP ID=C4
C=C11pF C=C12 pF ID=C7 C=C33 pF
FORT | L e ||
om0 | | a
CAP I I
ID=C1 AP CAP
C=C10 pF D=C5 D=C8
— 71 C=C20 pF | C=C30 pF |
L . E |
SL'U\?:&H um SLI{%Z\?\I’}ZU”‘ SLI:TVJ:\?VL;um
L=L1 um L=L2um L=L3 um
SSUB=TL SSUB=TL SSUB=TL

Bl21. = F¢ F gk &

17

PORT
P=2
Z=50 Ohm



-10

BPF _circuit

— DB(|S[1.1]]) &
MW._circuit

— DB(|S[2.1]1) &
MW_circuit

1

13 16 19 22 25 28 31 34 37 4 43 46 4.5
Frequency (GHz)

F122. = P it F EM WS %
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AERBE DR OTERME LR R AR LTCC Bkt 22 g 7 =5
oo (FEM) et ] > gd 3 - § T2 B % &4 0 4o
P T LTCC St sf e snp 303 B > 11§ ml'“

TR Bl4e (B 25, ) #r7 > B3 LTCC F #heni &~ 2 e & ;
$7(UTL, UT2, UT3) » 4k d = 2 #icf 5 7 %~ %Em}@(LTI) TR
(CT1, CT2, CT3, CT4)e 322 & LTCC p 254 & 4 S de @ R 7 ﬁ»;( RF
Choke ) (Cm2, Lm2) ~ # 3z = ‘3?%] > 7 A7 B (Lml, Cml) ~ 7 3%
Egﬁig;]:"‘" fie & ¥ (Lm3, Lm4, Lm5, Cm3, Cm4)~ & i & B(BPF)% 48 %
W LR R B o A 0402 E R TR 05 TR B
10mm? ¢ & o @ 2 s L é ~ i (CB1, CB2, CB3, CB4, CBS, CB6, CB7,
RB1)& #7330 FEM F e ¥ 2 e FR4 shfi4r b > ok A REIL G &
¥ 9758 5 B CB6,CB7 7 % 3 & o

'S
D
[a—

~

o AR E YR

el BEMS4Ammx40mmx 1.0 mm h= BHEA S ) k=
=t LTCC S#g v 2B e » F]pt & LTCC % st A1 > 8 B X A 7
0.8mm > M F 02mm iF5 LTCC *+ » =~ it § 3% 3452 2 F » 4ok 97
oo 5 RIS A AL s B R A S R R R S 2 R
PRI S EFREERRE O P (B5um) kRt BT
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Pad R RET o RIS 0 MR B RS G P (T0um) 3k B
¢ FE"&K:‘; ”J‘-I" ]ﬁ /,& )i‘:*f?u}iﬁ%])\@?lpl FE';Jl»mm*‘f'-),L o i3 /Tgl:%i—%"":i"\ %3‘;‘\

8o mﬁ?j R (P ff ) PCB 0 B 0 7 5k Bk h m@?l AT
FREBAITRTES A F W R B AL T A 42 (GND) &
FRIED LR TREE o 0 B GrT RS & B R B
R BN RN RG] Bk iz B o LTCC ¢ & R3l4e (%

% & ¢t — RF Front End Module shd&%r} » RS £ 32 £ 8~
F B R &% FEY - FEM B flit THE S Rk
%Fﬁjhlﬁﬁ‘f.%’—g‘ o fh & /Li«“l (]}5] 24. ) 7. ;\ s 'l‘jﬁpéillﬁéﬁmﬁ Foo

(98]
[\ 9
(\®)
A
=¥
(1;34-
\‘&v
ﬁ
-n\:\,
;L\~
&é
b
\_

5 AMEBRYNNL e (F 260 ) 917 > KPP BT R BRA
ﬁ@*’iﬁiﬁﬁﬁ%#yﬁ%auﬁﬁ%w£ﬁ4%7ﬁ%wz
AP TEBRFTE o RS Bl p 2 T R BT LTCC i A+
=
a5

\

;L@?l»‘*“.a:&i(ﬁﬁfl28.)£$%]ﬂi"““ i (B 29. ) o T
Fregrd R T B (RF Choke) (M1 30. ) ~#fckaic (W31 ) ~ !
2t B (B 32 ) o0 3 Ep TR ST A 2 P e 4
TP FA BALIFE G FrcbAd o Flt e Fiek Bepp T
i 32% i 4‘@,%1 (Viahole) #e3 ik b7 Fx s By 7 017
AAchr (B33 ) o PR Bl r TRTBRFLEF LR
f_ﬁ_—‘fgl&% it o FP AT A P*s&%ﬁlm_&% PR R D

z
B MA@l Az R B ER T feA R o 5 ﬁmﬁiﬂ?} e
Gl AR S el SRV I 4 ;E‘_ 7] RF Choke e782 58 o fefirezkzt? » 47

T RRFIRA LT S e GRS B b (32, )
PR 0 2 REH MR F R TR Aot TR AR A s g o
HESEEE SUKI RS US- 3 SRR CEIE R =R et R R
B (RF Switch)if £ - F]yt 3 #-2 jnfe%7(DC Block)® % C11~C22 * 7

20



Bep ook AR PG 4
W - LETRPIE T >

FEABERDTHALE BPADHFEF 53 0o BT g 5% o0
Rl IERA & B> Tl &3 o * RlG % & 2 A8 PAD & f&°
E2Z BT - BEZ b, TEA A N EpFR Y o & FEM 915

BRI L AR T RE RPN AT I e 0t 2k
S W P RG TR UK RlG TAREAE 0 4o(R23.) 0 Al

3 (Via) 2832 eda » ¥ 87T %
T i
2L R* o @ BAINKGT PAD 77 50

P SMD ~ i3 & AT e B TR PG T ORGSR IR € VR
B2 T R A SRS o 4B R 38T 3 4B 3 4 - FEM
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Gl F A A g RE o
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3.3 HREEE

g e M 2 1% Ansoft 2 @ 1A ch= BT g HFSS » & 7
RS S LP 4T o

fir TR TEARRY e f LTCCH #o#f it 2 B 5 1.615mm
X051 mmx0.798mm > J[* T FEF2Z tHmhARTRE > Y URDS TR
P B Rl o Jd HFSS i %o (B 34 ) 7 0 BT
fie T B & f=2.4GHz ~2.5GHz g £ > S11<-24dB - 11 ¢ % 47R k4
@ $eif (1,0) ehizd o

fRd TR B R L -k LTCCA Y 47 ik Al 5 & 5 2.19 mm
X 1.38mmx0.798 mm » #-TF = T EFOTERFAT S 0 T EP BT
e m&;“*LPF’%’zmd HFSS ##genis &40 (B 35. ) #77 » #
T He T B B f=2.4GHz ~ 2.5GHz s £ 0 S22 <-26dB ° 14 ¢ % 2 E] &
7 ° 4T (1,0) hizi o

RF Choke fif keni= % F > - % 5 & 4 § 3| F ek (Port) 1 2
B4 Port P - 7 G GRS SRR T

®
&g%%biiﬁ%w?uﬁégviﬁPA&ﬁ%ﬁ&ﬁﬁzﬁ%?
bh R

_

&

N
Y

ERES /é] LTCCH#L % » »rit#fF 2 F 5 1.29 mm x 1.52 mm x 0.798
mm > &d HFSS #ifg e %4 (B 36. ) 32 (B 37. ) #77 » RF Choke
T B e Port i = 2.4GHz ~ 2.5GHz =74 B #7fic#t o Isolation ¥ £
85 dB - j¥4% & 1 Port :ﬁ#,'g » e Return Loss 5 2.38 ~ 242 dB» & £
FFEF A £ €5 d RF Choke 4£4f ©

Rx Trace . iv & + » 2 & §_# RF Switch -7 Port #c $3 £33 < 7 PAD

TPt AR D LA ARG o BB PE 0 B IY B P T g > Trace €
i—ﬁ PR RP P IR FEAE? RGET o BEE DT o 5d
HFSS #g e % 4-(® 38. )% (B 39. ) #7571 > Return Loss <-29 dB >
Insertion Loss < 0.06 dB -

BPF ficf g % 4 (] 40. ) 777 » 3 en? wHi 5 5 245GHz -
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WA PN A AN 5 1.9dB o -8By F 8K 2.04GHZ o &

E

E
=
N

Rl

%6. LTCC & & 4]

BEC (&R R4 R um S
RLO1 12|
RVOI 35
RLO2 12
RV02 35
RLO3 12
RVO03 35 y
RLO4 12
RV04 35
RLO5 12
RV0S 35
RLO6 12
RV06 35
RLO7 12
RVO7 70
RLOY 12
RV0S 70
RL09 12 s
RV09 70
RL10 12
RV10 70
RLI11 12
RV11 70
RL12 12
RV12 35 )
RL13 12
RV13 35
£ et [RL13B 12
Total 798
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% 7. FEM £%rendld| 2 gt g

U UU

Pinl b —A =
] O ~

L] (]
N0 o

—

0.4 o

B124. #73& 3 R4 0 FEM 4&%r

Pin No. | Pin Name |Description
1 Tx1in |RF in for the FEM
2 GND  |General Ground, suggest RF Ground
3 Rx RF out for FEM, Receive port for Chipset
4 Vref  |Bias current control voltage for the first/second stage.
5 GND  |General Ground, suggest RF Ground
6 Tx_En |Transmitt Enable, Hi="3.0V", Pin12 Rx_En must be "0V"
7 ANT1_En |Antenna port 1  Enable, Hi="3.0V", Pin11 ANT2_En must be "OV"
8 ANT?2 |Antenna port 2
9 GND  |General Ground, suggest RF Ground
10 ANT1 |Antenna port |
11 ANT?2_En |Antenna port 2 Enable, Hi="3.0V", Pin7 ANT2_En must be "0V"
12 Rx_En [Receive Enable, Hi="3.0V", Pin6 Tx_En must be "0V"
13 PD  [Power detector output voltage.
Supply voltage for bias reference and control circuit. This pin can be
14 Ve combined with . o .
both VC1 and VC2 pins, resulting in a single supply voltage (referred
to as Vo).
Center . .
Groung GND  |Both DC and RF Ground as well as heat sink for the power amplifier

24
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RTILV
g /140001
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NV aNg_ |zedTer
2 mw 2
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— TINVPA X1-0 o % 221 1/4dLt
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cu) 6
T TLNAaOA R . IDAILLNO 1/Hu o1 moLy
7 AND NI < Z Oﬁm I < NI dND = 5 TrI~ NI V
e LNODA — - g TALNO UM A = T !
HO|LIMS Buujuy uui\w_mm HOLIMS /L S PRFFE R < = A
€In n - -
— L TINVPA X0} . g < % g 10icvdd
Hz In
: sl=lz|=
Twopryadr [
- o A
eAYq JO QO.H Uo S[MPON DDLT Ym <--- gy nmo ﬁme . __ Nﬂ:\o\maooﬁ
(use1D) SINPOIN DDLT JO PISUT <--- W) ‘W] locomusi{  do 9
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IND \ A

_CAP

N
LA\
N
2
™
L

(
(

A]PJ |
AP [
e
Ra
]
AP |

C

BPF

PA output
matching

RF Choke

PA input \Rx Trace

matching

B]27. FEM rp 3R % & 7 3, B
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Lm]l
pa REM_J P T

Bounding PAD B

Cml

Cin

PTFO |_

i}
4

Lm3 Lmd
e
PA out Cm3

T/R Switch
Bounding PAD l l

F129. FEM £13 S 2c & By 01 L4 e i o )
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Bounding PAD

—
L& L

oonlill
—in
i

®131. FEM ¢ Rx Trace # % B
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BI32. 4 ik B 2815 B [

PA Via Hole
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In_Match_S

Swp Max
5GHz

-+ 9[1,11*
FEM926

2.4 GHz
r 0.953919
x 0.104628

; 2.5 GHz
/ r 1.00987
, x -0.126352

=" s Swp Max
5GHz
S[2,2] *
FEM926 |-

24 GHz
1 0.977379
1% 0.0814688 |

L S N I 7

-1 0.999488
x -0.0722881

AN
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Choke_S21_dB

-60
— DB(|S[3,12]|) *
Choke of FEM929
-70
80 |
2.4 GHz jvﬁ
-90
-85.624 dB 2 5 GHz
-86.683dB| -
-100
2 3 4 5
Frequency (GHz)
B136. FEM RF Choke 7 LTCC i & 4.2 % (S21)
Choke S11 dB | DB(|IS[12,12])) *
2 A Choke of FEM929
-4 K 2.5 GHz ~
24GHz || .2.386dB
-2.423 dB
-6
-8
-10
-12
2 3 4 5
Frequency (GHz)

31

®37. FEM RF Choke % LTCC i /& it s % (S11)




-0.2

-0.4

-0.6

-0.8

Rx_S21_dB

2.4 GHz 2.5GHz
-0.06668 dB -0.06863 dB
— DB(|S[54]) *
FEM926
Frequency (GHz)

®138. FEM Rx Trace % LTCC i k& tig g % (S21)

-28

-30

-32

-34

-36

Rx_S11_dB = DB(S[4.41) *
= FEM929
2.4 GHz 2.5 GHz
- - —— DB(|S[5,5]]) *
29.725 dB XMJ?% dB| © 22>

X R
e

A\

Frequency (GHz)

®139. FEM Rx Trace % LTCC & & #igt % % (S11)
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40

BP3216

~_
— DB(|S[1,1]]) & — DB(|S[1,1]]) &
MW _circuit HFSS_fem0901b
— DB(|S[2,1]]) & — DB(IS[1,2]]) &
MW __circuit HFSS_fem0901b
15 18 21 24 27 3 33 36 39 42 45 48 5
Frequency (GHz)

®40. FEM BPF 7 LTCC i & 2 MWoffice first r* #iz
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ik Bo 2.5 d HFSS %] 2D modeler file » £ 4 Autodesk =% %
% Bl 508 AutoCAD &k = = 2 2222 5 {2 (] o ﬁ;?l hod Kok (4
6. ) LTCC % R3] m??ﬁﬁ-l Yodt o 10 5 A FEELST A (T o

422 LTCC £ = F-4& 8]

FPELTCC L A mprd 4 L B2 ¢ > F5 7
IR R ’—"“f"ﬁ ETEREL T LY L RFLT 3 ¥ VR
S A TR AR RS
Biplf oo 2R R e (208 ) 4T THERS
EF o R A THG AP I Viao BTG § S B8

i
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e

%8. LTCCg*%&p =

Item L W T | unit
FEMO001 | 5.401 | 4.003 | 0.802 | mm
FEMO002 | 5.399 | 4.002 | 0.805 | mm
FEMO03 | 5.403 | 4.001 | 0.798 | mm

®42. LTCC =

et
=
=1
=
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Bl43. LTCC £ = 5% & B

LTCC ez = » » (71 iFe 23+ Lo u’g‘{,{ti CORE R P S A

§ W BE By o FlLE R SR T 5] B & LTCC &4 ehit
g%@MDJ%’ﬁEZﬁﬁﬁ%klgﬁﬁﬁﬁmm’%u B
Bz o P B QR DR ‘szgmfw ApLR R 4 F
HF e it (B 44, ) o b adai® (B 45 ) 8§ @ i3

mmﬁ?(%%ZM§)’ﬂﬁ@ﬁ(@46)ﬁ%£ﬁ#ﬁﬁ%ﬂ
LIS R AP ETRESA N B LG TR AE > B
PR e ERGE ST (B 150 &) > MWL FiEhi A
WEBRFIRFEDERRT o izl EREMLAET LR 5o
A mangse? > PA @ % 1 15545 -~ 5 3F RF Switch £ @ % 1 5
EEM O BERY T IELEAR P - o
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#* OFDM 5.2 42 & (ESG) 24 OFDM % 5L 1 Txin#§ > &
EIERIE a8 (Power Meter) % w & 3 %’ilv\ #7 & (Vector Signal Analyzer)
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Tx Pout (dBm), Gain (dB), EVM (%)

Tx Pout (dBm), Gain (dB), EVM (%)

bt bt b e B

OO A NN 00O O — B A NN~ D!
TT

e i e BRI RN BRI

%9. OFDM Power Gain Current & EVM

Channel] 1 7 13 14 | AVERAGE
Gain (dB)| 26.5 268 269 27.2 26.9
Current (mA)| 206.0 209.0] 197.0] 193.0 200
Pin (dBm)| -10.5| -10.5| -10.5] -10.5] -10.5
Pout (dBm)| 16.0 163 164 16.7 16.4
EVM (%) 49 500 45 44 4.7
P1dB (dBm)| 18.4| 20.5/ 19.8] 20.8 19.9

Ch1_OFDM Power Gain Current & EVM

21:

21 20 -19 -18 -17 -16 -15 -14 -13 -12 -1 -10 9 & 7 6 5 4 3 2 - 0

Tx Pin (dBm)

B]56. Channel 1 OFDM Power Gain Current & EVM

Ch7_OFDM Power Gain Current & EVM

e T |

21 20 -19 -1&8 -17 -16 -15 -14 -13 -12 -11 -10 9 8 7 -6 S5 4 3 2 - 0

Tx Pin (dBm)

B]57. Channel 7 OFDM Power Gain Current & EVM
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5.3.3 Power Detector & & & ip|

i * OFDM 5.4 4 ® (ESG) # 2 OFDM % %.i%¥ 1 Txin§ » 14
# % % (Power Meter) & B ANT Portl » ¥ [ pFi¢g * § & £ (Voltage
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25 1

st
=

0.5
0 ‘
0 5 10 15 20 25
Pout (dBm)
8]59. Power v.s. Detector Voltage
% B L o4p 4L E .
5.4 —',’E BE 1 SBSF é\» g_/E'J

-SRI PR hERERT B R kg F ks B
@?ﬁ%%’@%%ﬁﬁﬁ(mHMM)%%&ﬁWHAW$%Sﬁ’
TR R AR AIELAR 2 TORARED A MRER T > TR >
FEM £ i i i 3Lif (7 ik o 25 - 3R R 37 denm Mpp+ » @
* NetlQ o & #7F 3 i ik @ﬁ%ﬁﬁ] 2 408Y Chariot — e (T F L f—f-‘lﬁéf]-‘—’%‘ 2_
PIRE PR o

47



PRES M P e P BB RB T A O FEM AR @ﬁ%]
Z (Throughput) s»eiy B2 F ¥R EEApF o

#10. 7 %% 225 ¥R 2 0 Throughput £ P18 %

Throughpu Card with using Front End Reference Card
Card-> AP 20.891 20.892
AP -> Card 21.107 20.992
Throughput — USE_mod_Caul_4F_3m 60
24000 Pax 1
— :LITDSQE_PMP_CM_SWEB
.00 — USE_n(Carl AP S
22000 — L;Sag_fEf_AP_Caﬁﬁm_éﬂs
21.00 .
2000
é 19.000 +
12.000
17.000
16.000 +
15.000
14.000 i T T T i
C:00:00 0:00:10 00020 C:00:50 00040 0:00:50 C:01:00
Elapsed firne (hororo:ss)
B160. F 5 = 23 %1 P& %2 e Throughput & P|.%

(B 60.) 5 “7& :'E‘Jﬁ’!p*})fifﬁﬁi%]f?" ( Throughput ) #cig B3, » H J=tg
87 357% & 20 Mbps ~ 22 Mbps 2 [ » T 32ig+ 484 21 Mbps + 7 o

48



=
S s
e O
= e sty
5 S

¢ % FEM 2|
#4 2 RF 3
SRR il
L EF S IE]
X

49



4
“4.\"
E

-

= PA s ix

\\\?{.r

WE = FEad#H >
Rl T mﬁxjﬁ}i@‘r 0 T 13
RO D { T
LTCC"“L P % en
ey A VIR G o
13 ;‘& LTCC‘{"LL///"L'_ é_ﬁl
4%
ﬁ@ﬁ

S

° Rt TR - ﬁfﬁLTCC 2p 2
TR T
@]@:— B OAR T
m%&%‘i}%} WA
7 LTCC ®WAghi v o d 2078 * thi %\i
BREEEHEZEY o 5d EEMHEED
wAHE R E g «EJH% sk b
e

*?’%*ﬁpﬁxmﬁ%%#ﬁ’“ﬁﬁ Zpe:

”ﬁé‘i

Y

=k

|

59 4F o

'ﬂ&%ﬁ—

._\\

B R RS ST U S
%ﬁ%%*’wﬁﬁpi i
B SR AT R KRR

~H ““—*’\“

&

» 1B %_Bv__f‘:f’_éﬁi%@,i 7 26.9dB 1% 2k £ 43 o

W BRI 4B

By Lz B oo
moy

<i% 16.4dBm -

OFDM 3t 5LiRl5# » e EVM < 5%y ™ » % gy 1 ¢ 5
m® LTCC sngFir i & & it s B g
ff””mMpﬁ%%’ﬁﬁ%ﬁ%%%ﬁiﬁﬁ%ﬁﬂﬁﬁgé—
PRASFDORT o R A FRA AH TR % © 4K

v

z a2 0402 Gugd L F TR TR R EL > f 4t - B 5040 &0

@a#@m%;fﬁlk

3

fan
W

£ AR
N

FARAB T B GH S 11.6 mm x 10.6 mm %3 122.96
mm’ > & % LTCC % Henbf4f 5 4 > ¢ < + 7 2P 5.4 mmx 4.0
mm %) o G AR 216 mm’ e R A C e 17.6% 0 FFE G
B F 824%z2 % (B 64 ) » 328 & FEM ¥ en itdg - 4p g >
R ZRFAF AR - LT REMB AR B E - L AR AR 2 K
oA AMBALFRIBBLIEFE % - L A AR, RLE %Y FEM
- HER L FARREYG AR B HE Y RS
MR AEE 0 TR SEE S A AR RCFS S FtipfRaite o

50



BV L ERERASEEFIIR A ARG R EEEE
AARR A K- TEF L S L AR
2 2
122.96 mm 82.4% OFF 21.6 mm
54 mmx 4.0 mm
V A
E .
PA E Size
Reduction
Eﬂ gor J[T] @
sWl| O

>t

11.6 (mmr

1

-2

Bl64. FEM 7 & % 77 & Bl

51




10.

11.

12.

\\\?{r
ol

v

G AR RO FAEEA A § K MOE XM T (LTCC) drkzt e ¥
EARREFLFEET] ¥4 % Sl 52587 -

D.M. Pozar, Microwave Engineering, John Wiley & Sons, New York, 1998, 2nd
Ed.

A.Sutono, D. Heo, E. Chen, K. Lim, J. Laskar, Compact Implemen -tation of
Component Library in LTCC Technology and Its Application to CMOS RF Power
Amplifier Design, Electrical Performance of Electronic Packaging, 2000, IEEE
Conference on., pp. 288-291.

G.. L. Matthaei, L. Young and E. M. T. Jones ,Microwave Filters Impedance
Matching Networks and Coupling Structures, New York: McGraw-Hill, 1980,
pp.355-410.

S. Chakraborty, K. Lim, A. Sutono, E. Chen, S. Yoo, A. Obatoyinbo, S.-W. Yoon,
M. Maeng, M.F. Davis, S. Pinel, J. Laskar, A 2.4-GHz Radio Front End in RF

System-on-Package Technology, IEEE Microwave Magazine, June 2002, pp.
94-104.

G. Zheng, S. Pinel, K. Lim, R. Li, M. Tentzeris, J. Papapolymerou, J. Laskar, B.
Lenoir, P. Blondy, D. Baillargeat, and P. Guillon,Design of compact RF
components for low-cost high-performance wireless front-ends, Microwave and
Milli -meter Wave Technology, 2002. Proceedings. ICMMT 2002. 2002 3rd
International Conference on, 17-19 Aug. 2002 , pp. 259-262.

Chang-Ho Lee, Member, IEEE, Albert Sutono, Sangwoo Han, Kyutae Lim,
Member, IEEE, Stephane Pinel, Emmanouil M. Tentzeris, Member, IEEE, and Joy
Laskar, Member, IEEE, A Compact LTCC-Based Ku-Band Transmitter Module,
IEEE TRANSACTIONS ON ADVANCED PACKAGING, VOL. 25, NO. 3,
AUGUST 2002, pp. 374-384.

J. S. Hong, M. J. Lancaster, Microstrip Filters for RF/Microwave Application,
Microwave Magazine, IEEE , Volume: 3, Issue: 3, Sept. 2002 , pp. 62-65.

L. K. Yeung, and Ke-Li Wu, A compact second-order LTCC bandpass filter with
two finite transmission zeros, Microwave Theory and Techniques, IEEE
Transactions on, Volume: 51, Issue: 2, Feb. 2003, pp.337-341.

W.-Y. Leung, K. -K M. Cheng, and Ke-Li Wu, Multilayer LTCC bandpass filter
design with enhanced stopband characteristics, Microwave and Wireless
Components Letters, IEEE [see also IEEE Microwave and Guided Wave
Letters], Volume: 12, Issue: 7, July 2002, pp. 240-242.

V. Piatnitsa, E. Jakku, and S. Leppaevuori, Design of a 2-pole LTCC filter for
wireless communications, Wireless Communications, IEEE Transactions
on, Volume: 3, Issue: 2, March 2004, pp.379-381.

S. A. Raby, and A.C. Cangellaris, Interconnect properties and multilayer bandpass
filter design in LTCC substrates, Wireless Communications Conference, 1997.,
Proceedings, 11-13 Aug. 1997, pp. 187-192.

52



pr AR S EE

Kﬁ—

— ~ fo=2412MHz #7 8 i#] 2 %

P18 T 3 B~ B n ~ EVM % 2 #ichh o

Chl_OFDM_Power-Gain-Current-EVM

power | Power | 97 |cumrens|  EYM
dBm | dBm dB mA % dB
-20.5 6.31] 26.81 164 0.13| -57.72
-19.5 7.35| 26.85 165 0.35| -49.12
-18.5 8.39| 26.89 168 0.49| -46.20
-17.5 9.34| 26.84 170 0.71| -42.97
-16.5 10.23| 26.73 172 0.99| -40.09
-15.5] 11.17] 26.67 174 1.36| -37.33
-14.5| 12.44] 26.94 179 1.89| -34.47
-13.5] 13.28] 26.78 184 2.38| -32.47
-12.5] 14.16| 26.66 190 3.02| -30.40
-11.5] 15.05] 26.55 197 3.81] -28.38
-10.5| 15.97| 26.47 | 206 4.92| -26.16
-9.5| 16.91] 2641 217 6.34| -23.96
-8.5] 17.71] 26.21 229 8.09| -21.84
-7.5| 18.41] 2591 243 9.54| -20.41
-6.5| 19.13] 25.63 | 259 10.76| -19.36
-5.5] 19.78] 25.28 | 277 11.69| -18.64
-4.5| 20.96| 25.46 | 296 12.39| -18.14
-3.5 21.50] 25.00 | 317 13.01} -17.71
-2.51 21.90] 2440 | 339 13.76| -17.23
-1.5| 2247 2397 | 361 14.56| -16.74
-0.5| 22.80] 23.30 | 385 15.38| -16.26
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= ~ fc=2442MHz #7 & B 5% *

Ch7 OFDM_Power-Gain-Current-EVM

Power | Power | 9 | cumrent|  EVM
dBm | dBm dB mA % dB
-20.5 6.23] 26.73 166 0.07| -63.10
-19.5 7.37) 26.87 | 167 0.15] -56.48
-18.5 8.43| 26.93 169 0.26| -51.70
-17.5 9.22126.72 | 171 0.50] -46.02
-16.5| 10.27, 26.77 | 173 0.69| -43.22
-15.5 11.10 26.60 | 175 0.99| -40.09
-14.5| 12.43| 26.93 180 1.55| -36.19
-13.5| 13.40, 26.90 | 185 2.11| -33.51
-12.5| 14.36| 26.86 | 192 2.68| -31.44
-11.5]  15.31} 26.81 199 3.98] -28.00
-10.5| 16.33| 26.83 | 209 4.97 -26.07

-9.5| 17.53{27.03 | 226 6.05| -24.36
-8.5| 18.49] 2699 | 241 8.39( -21.52
-7.5] 19.21} 26.71 | 259 10.03| -19.97
-6.5| 19.90} 2640 | 279 11.21] -19.01
-5.5  20.54| 26.04 | 301 12.12] -18.33
-4.5|  21.02 25.52 | 327 12.85] -17.82
-3.5]  21.59[ 25.09 | 353 13.47| -17.41
-2.5] 2194|2444 | 383 14.16| -16.98
-1.5| 22.26] 23.76 | 413 14.94| -16.51
-0.5| 22472297 | 443 15.65] -16.11
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= ~ fc=2472MHz #7 & B % *

Ch13 OFDM_Power-Gain-Current-EVM

T 10 an | oL v
dBm | dBm dB mA % dB
-20.5 6.55/ 27.05 | 164 0.04| -67.96
-19.5 7.58] 27.08 | 165 0.09| -60.92
-18.5 8.58( 27.08 | 166 0.14| -57.08
-17.5 9.62| 27.12 | 167 0.23| -52.77
-16.5| 10.51| 27.01 169 0.37| -48.64
-15.5| 11.51) 27.01 171 0.57| -44.88
-14.5| 12.65/ 27.15 | 175 0.90| -40.92
-13.5| 13.61| 27.11 179 1.33| -37.52
-12.5| 14.49) 26.99 | 183 1.90| -34.42
-11.5|  15.43] 26.93 189 2.89| -30.78
-10.5| 16.43| 26.93 | 197 4.50| -26.94

-9.5| 17.51{27.01 | 210 6.87| -23.26
-8.5| 18.36] 26.86 | 223 8.95( -20.96
-7.5| 19.11} 26.61 | 239 10.39| -19.67
-6.5| 19.78] 26.28 | 258 11.42| -18.85
-5.5| 20.41] 2591 | 282 12.19| -18.28
-4.5|  20.92| 2542 | 308 12.79] -17.86
-3.5| 21.44] 2494 | 337 13.44| -17.43
-2.5| 21.791 2429 | 369 14.29| -16.90
-1.5| 21.97] 23.47 | 401 15.16] -16.39
-0.5| 22242274 | 432 16.17| -15.83
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. ~ fc=2484MHz #7 & Bl % %

Ch14 OFDM Power-Gain-Current-EVM

Power | Power | 9 | curent| EVM
dBm | dBm dB mA % dB
-20.5 6.791 27.29 | 164 0.03| -70.46
-19.5 7.90| 27.40 | 165 0.08| -61.94
-18.5 891|27.41 | 166 0.12( -58.42
-17.5 9.87/27.37| 167 0.17| -55.39
-16.5| 10.76| 27.26 | 168 0.28| -51.06
-15.5] 11.74/27.24 | 170 0.46| -46.74
-14.5| 12.86|27.36 | 173 0.83| -41.62
-13.5| 13.85/27.35| 177 1.18| -38.56
-12.5| 14.87/27.37| 181 1.74| -35.19
-11.5] 15.78| 27.28 | 186 2.79| -31.09
-10.5 16.69| 27.19 | 193 4.36| -27.21

-9.5| 17.73127.23 | 206 7.15| -22.91
-8.5| 18.59/27.09| 218 9.15| -20.77
-7.5| 19.38] 26.88 | 234 10.57| -19.52
-6.5| 20.01} 26.51 | 254 11.54| -18.76
-5.5| 20.76/ 2626 | 278 12.29| -18.21
-4.5  21.20[ 25.70 | 305 12.95| -17.75
-3.5 21.60/ 25.10 | 334 13.70| -17.27
-2.51 21.97|24.47 | 365 14.57| -16.73
-1.5] 22.13] 23.63 | 396 15.53]| -16.18
-0.5| 2241|2291 | 426 16.69| -15.55
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