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Abstract
The mobile computer & wireless local area network(WLAN) is very

popular all over the world so far. And we believe that the wireless local area
network access point (WLAN “AP)::and device equipment are key
components to internet communication. The IEEE 802.11X wireless local
area network access pointz(IEEE 802.11X WLAN AP) is widely used in
WLAN communication. Therefore high-reliability is required. This is a field
case study of reliability for the ‘mean time between failure (MTBF) of the
IEEE 802.11X WLAN AP. We obtain the failure mode information and
mean time between failure (MTBF) value via the accelerated life test result
and thermal profiles test result of the IEEE 802.11X WLAN AP in prototype
stage. And the testing result can be utilized as an important reference for
engineers to improve the design and the components selection of IEEE
802.11X WLAN AP.

Keywords : wireless LAN access point, reliability, mean time between

failure(MTBF), accelerated life test, failure mode analysis
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FETRATA & ¢

FAEMETH
(New Product

-

Concept)

FERTEA SR
(Build Product SPEC):
TR EH %ﬁv
(Functional SPEC)

MEFEARRE

(Reliability SPEC)

MEET TR
(Availability Evaluation)

&= (prototype)f¢ Fx &

IREEFADT LRI
(Before ES Reliability Planning)
= i)i —‘J.»_L %]

(RE design plannmg):
KERBPRREE G
(Setup Test Environment
&

Condition)

1R &EFE
(Engineer Samples; ES)

B 3-2 #TA &

IAREERADELET ER
(Suggestion of components for
Engineer Sample):
FERARER
(Verify the Com ponents SPEC)
FEREBERR
(Screen Test for Components)
AR RAGRR
(Thermal Profiles)

P

¥

IRESWENTEIRLN
(Engineer Sample
Analysis):
FEEER
(RE Evaluation)
TS FIEFERFER
(MTBF Prediction)
% PN A A HF
(FMEA Analysis)

% A
(FTA Analysis)
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1RFEARETHES #%
1EBARS 1 BRBEREL A FERS ARFEARESHS KRR (Electrical Screen Test
(Enpgineer (Stress Screen Test for ES): (ES Functional Check): & Check For ES):
. FF 438 % (Burn-In Test) o BRI T ORAE S BB
Samples; ES) # ¥ % (Vibration Test) (Verification Test for (Vzlt-lfie_' uency Test)
B F BRR(HALT Test) Function & SPEC) auency
THREMBERRR
(Power Cycle On/Off)

Plan

BREEsFESZIEAN 2 1IRFEARS
(Result Analysis For Customer/ W R4 BE R 1IRBRAEERERS BERS
Critical Verify for MP) : (Mechanical Screen (Environment Screen Test for ES):
temvierE A AR E FERLGE Test for ES): B KRR
Approval for MP (Cust(ir‘ner Verify Te§t) HPEd AR (Hi-Low Temperature Test)
lfiié_é’lir%i_lfg (Random Vibration) EBR R
%O IR R T 3R ETH% (Temperature-Humidity Test)
(ES MTBF Demo Test) (Drop Test)

Bl 3-3 T304 s IR IR 35k 0 hif iE 5%

el

il e B0
|

“ﬂ@ﬁ“&ANAPMF<+ ﬁﬁ,’% f&ﬁﬂ%ﬁ Tim {8 &

Fe- HEHEET A mlcm vmfﬁnwjg VIC & 2 il f2 A
THER 2 F@AEX @lﬁi(nano meter of devices) » 1 :E | HEAE | 2
ARV e F] G P w0 FF ; BEH]?‘JTAL—_L}%;( e ﬁ”ﬁll‘éi ESIU R

Foiv A - W RETEEL P EF TR T2 KRS E

g

TR G AR Y R - e RF SHE & P e WLAN AP A 538 (7 4
BEHFEK URFE A 2F7d pPAE AT B R EaTRTE >
fd ADFPRFNRL A F B (ODM)E S WLAN & 55 A# > 85
HEIRLPEAZ A28V LR P T d A ST LR PIFEE
29 SEFATEFLE B REFLERRFEEAE S 0 K
(performance) g2 38 o L EF 4 F B F|3 (factor) ¥ # it B B> ¥+
ek 2B RGNS E > TS N FIFF PRI IE

(interaction)[14] o T FHT F F ot 3 F L EF R fF > T ¥ 5

14



B3t 0 blde P A T Bicdpid 3 WLAN & 597 F 5 6 fani %E»}%{
BB T PR RFRAS * afch? LEAER P £

Yedl TG ORIERRARE SRR X B 0 BT A B A R
LR g EF RS FWHREENE DI o AT WLAN 2 %87
foenfe * pRisrp g > H 3 B JC kA s f itz ts o plEAM e
RN M A0 1 TF S N A oA i ehis 5 4 e model A 2 H 4
B X 2R o et - REF LR AN MEAE S G 0T R
BORAE » de i Has R MTBF 2 5l IR ~ % 500 G 8 5 050+ 4o
Chi-Squared £7 3 fica fie 8% [15]  HBEF R B HF > 6 T 7 5

\v

L RCRCE S5 I =R = R R N PRl Yl N R
S HBE B S B i L AR o
«”—"'%ﬁj‘%é “r % WEAN A T AR T AP BRSNS T
ARFRPEF LA VRAEFR A LT~ i@ F KR 6
Btk €7 R BT ERE PRI A IR G B R A A

LU s e IE I e

/—‘ A\

3-1 WLAN AP¥ 4 B % %

¥ 3 & (Reliability)d F & b R 5 7 g aie 4 0 Aok TI&L?
BEEI T AT UL T R R ME?},@—;« RHAESTRAE ¥
fotodek PR A ST R T T i G R T o
KA HEE* 3t kg PRARE- sl VLG

AR T B RSN £ RS TR S iE AR
ASQC ~ 1SO 84022 [EC 271% 454 7 LA T 7 b e & 3t
[20] > BT < o] £ o Bldrdt A E 2 5 o PlER DV LA pel
WA 2 a L s B A T RE A PR o TR A P R E fR

“%1
pe

L"}
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S A e B RGN T ARRLEG AT h b
AER ST M- B AR T RBELETHEA LA A A%
OpF [ [20] o ¥ “H 4335 AGREE (Advisory Group on the Reliability of

Electrical Equipment) » E'J”ﬁ - BRIPREE RIBRS DT T T

FREAI - AS(ERLER)ND L DEGRER P E TR LR TR
BEIIRESET > REFHAIFH S d A2 L & seni g o 9

AR FRELTFE ALY T ORY R A SR
ERE g R AR BT A c R RV AR e

#E B - 37 o

¢ % TR B ¥ 1 (T8 & (Operating conditions) :

A EE kSN iEARY o g X TIPN P RTRBL AT S RS D
PR LD D BR~BEE -BG RE -RBFE RS R4
T4 TR TIEEHEFZ RSk T o F B RBIER
Fraw Py - TP FNF R AR w40 R RG2 iﬁ"‘,ﬁ%é\'

Rt Iﬁﬁ/,g/;%tg_r%%%gtﬁqggfgzo I j‘f—ﬁi"iﬂ F4¢rEop Vi

BiEEE kp AL o u iR R 045C; %R :0~95%RH; =

‘gh’{

4.00G ~ 5~500Hz; AC¥DCZ & % 100~240VAC ~ 5VDC-

~~
Iy

)R P iF = 17 ¢ (Adequate performance) :
EirA s e Rt anfEdey 3he & RERAE4p Tenet oo R LA

16



FRA Y R AP RT UNA S B E LS L R 0 1 E A
2

%
zmh
T
_“
N
A
o
| 4
\ I
/H}
,N-

sz el B (Failure criteria) » 12 PP Fx
it A AR TP ALA SR N A P A RS ABRLDOES
e B A SO A ¥ MEEFRFT A cg > Baip 4 A3
APCFR A= MR e TR g A Y BV AR 6 kg
FAI* 2 A2 MRS F B o A WLAN APA 505 it
A3 S5 E 1 ¥ 11002 = poE 7]58dBm 3 & AR g o

(=) % i * pF R (Time) -

- HAFDRFE T ZIEFDFZ > Flap AR TR
FIRE A R% o R GAGA TR odo- ZRPHBEE 4 A 0 TR
fo & 2 iE S & )]*u/ﬁ“ Do FV R PR 0 A VY F AR
P o FAFTRAFL AR A ST R FR (S EZEE)T G
LE ek PFRAEA v * 2 &8 (useful life period) » B ¥
F R g tﬁhﬁ%{,% o A2 WLAN APZ St * 2 622 24§
TASEEFYP VTR I A S AP AT F2 TR 2@l vl
PR 2 & iF 340,000) pF )j*q\li%{ e I P P MTBF e iE & i
$140,000-] pF 12+ oo

(= )% % sty 5 (Probability)
FEAREALFLEBHFE A PR BB 2 R
TNAEAST AR AP SN ficlE > - 57 d RHREFIT AR DR

oA B0 b G T A PO B AT A PR T - B

o

pgré’_ﬁjr{)i’lll\:iﬁ—‘ipbbﬁ'{ Eﬁ"/ﬁ—\?ﬁ ?_P_Ef{‘@ﬁ”%ﬁ@'ﬂ;o
*#<v WLANAP A v B kp 2 & RH>Z R 4B 0 T ¥
B2 g ehig % B BT (MTBF ™ *2iE 5 40,000 -] BF; A(1)=2.5x10 ~

17



JBE) > TG 90%eniE oK o

FATAARLY RFRAST LR DRE S A7 bR
B BRlhH s dg iR s dcEs g3 o AT P W mﬁ\’-f“f S S
Bigthd # B dd o ¥ % ohdgihy v
(- )7 FAER(®):

A7 RRAFRT O S “TUT BFOSRO< 1 hE 5
TEHE I ¥ e E- BT AR SEEF(®G) 0 d R84 pr
L3 5R T iLE:R(t)'*’ 3 FAAFDS ¥ menfes - o
R(t=1-F(t) » F(t) % * # ’ q}zkﬂ AT S o AT pdE

rAAESBRBEELAF LI - P AN FERPFRFEIMIBFE 2
40,000 FF » ¥ % & R(=MTBF)= 36.78% -
(= )& T3 A(V):

4 7.‘;3;;‘?%&{%)%_%1 FI AR e Hplans § - pr &
PReh g 5B A A PTA R BT o g A ok L W kPR S A
o K T e sk Ao o BEH s/ ) (x0T = /hr) & 2
Z/F &P PF(Ax10° =/hr) 0 $#30 3 F AR R 2 plg Y 2R (Fi T
failure unit) 3 ¥ i~ > 12&4F==x/+ & -] F(Ix107 =/hr) o #7020 29548
B kA S s S M0=2.5x10 7 =/ pF o
(=)ZT 5% & (MTBF & MTTF):

#%Q%iﬁé&ﬁﬁﬁ%?&%ﬁﬁﬁé&ﬁiﬁﬁiﬁﬁ

A RS R AT LR hE Sl TR P K T

¥ [& PF 7 (mean time between failure; MTBF) » 4 224 4 18 Tué‘ 3

ang LA &5 L3594 > F F (mean time to failure; MTTF) o

HEfZsdbne b EopRAgF 22005 Bk E- k5% 4

18



SR ER AR R L TR T > AR R E N >
RFIFREBOOIAPF RO HERE TRA G- BER D
Sl B-H BE N F N4 A o BIH E D LT16]

FF N BERASE R AT 0§ NOBZED

d

A BHARAN, (OBL 2% PletgEt FF OV LA R

= NO__ N.O
N, N.O+N,®

2T R AR TR T LR PO R RSN A
M

b

N NO
N, TN.OEN, ©

Fla o B B4 P aEgpten= o2 RO +F({)=1-
BORIREY PR O A DOAL P B Ry AN Bl

F(t) =

Ao Bl () Ep Ay 2 B ik BN 2 50 & -
i 4% 3 % A& & #c(probability density function) » @ (AN /At) * (1/ N,)

LH- pRHRERAsE A o TP et 2R B A
& H(probability failure density function) f{(t) & :

() = Lim[(/N, Y(AN /At)]

RE+A)-RO _ dR(t)

—_ lim

19



HP FU)s £ 2% 4~ & & B (failure cumulative distribution

function ) » d (3t LH VT F
R)=1-Fy=1- [f(z)dr = | f(r)dr

= fi)= - T = d';t)

3-2 WLAN AP 154 »z % Iy pF FF (MTBF)

A2 WLANAP A Hchv .84 kp £ 2en £ T8 A5
TR ERg R PEFT H3 90%:hiz -k MTBF &7 25
40,000 -] B, M0)=2.5x10 ~ =/ pF o

T RR B Y iz - sl Y & & (Expected Life) 0 @
AT 4R % SLRIHE G T 3% o IR P B (Mean Time Between
Failure » MTBF) » % # i34 * S 4L 5 T 24 »cpF fF (Mean Time to
Failure » MTTF) > # #c® Fen® & 5 [7)4

mTer (MTTR) =, tf (t)dt =- |- ¢ de# dt

=-t*RW|, +[, R(t)dt = [R(t)dt - ¢=*

RV,

#7304 22 (failure rate) T £k - P o Fl(ti~t2) 2 B = (A
oo TN FDE - B L ek Bt - TR FEU AR
- PER R B Aol m oy R A AT L R R o A X T A AT N

[R(t1)- R(t2)] / [(t1-t2)*R(t1)]

g PT AT ARF G- RS e ek kg MR RS

[t tHAt] > BN F 2B 5 ¢
[R(t)-R(t+At)] / [At * R(t)] = [R(t1)- R(t2)] / [(t1-t2)*R(t1)]

20



A(D)ER R 4 »2 % (instantaneous failure rate ) whZ & 5 @ F -85 4

P AT PE R IEARITI R PR R PUE o Fpt 0 A e F Sl A (1)

SR
R(t) - R(t+ At)
AO= A T AT R (D)
1 - R (1)
SRy, O
R(t) " dt R (1) R (1)

2 eF A(Odk 5 F B 0 RIA R F B R Sk Radp B A e
(exponential distribution) » ] MTBF & A ()3 5 &|# > ¥

1 r
A ()= 1= => MTBE=L =T :T=2 1,
MTBF M 858, T &

=> 2m=2x )\ xT= (2xT)ZMTBE=2xt *MTBF /MTBF =~ (2, o)

AP LS dandk s 182 sk EE > MTBF & MTBF 2t
BT 58 F%PEF r ZQR%KEF T 943k A~RHE o m

L RRBRET T Y T4 sk A B
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3-3WLAN AP X 354 »c ¥ I ¥ ¥ 3¢ % (MTBF Prediction)
FRAEAGOP DR

w7
ek 2t ik e R 2

B & S o

Paf >tV A RTE AT H 23 2
Fo R TR A pE s S E R R
YR A RASFAEFAF R 0 T e
AP S E T IS

;Hd

\

> /1

Fi = % et -

3-3-1 #g i % % ;* (Similar Equipment Method)
HEFTFELAIE Ty AR TP A SHFEPRG| BRI 97
MEH T LR A TE R R R TR JT“UU VeR~BIPY:
Ll SRS ]

k2 Bl a gl o oAt A

rr%'—i? ja}i °
REFHNAE T LA GE EFeAR A Ao [22]
(1) 2P A SPEEAAS TN i s Ry
2

s 1)
= P e ﬁfrﬁ’!ﬁ sl

(2) fHrL TR eR] A& S

D FARIT 0 2 S B A A
Feenig R R T LR E i o

(3) #-5g i

e A L

o *F BB G AP o
(4) Ferltis%x 4 A& R TR R & 2 AR
A EET A

3-3-2 A 0UAf Se ik

- (Similar Complexity Method)

3

?’é%ﬁ?iﬁﬁﬂfﬁﬁ?%’ﬁﬁ%ﬁé%’ﬁ%
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BFE o FP R EPNIALY FER Y AT P R R
2R s e 0§ BMIL-STD-338A © ehil 4 > £ ek R334 4
P A e R R EE[22] -

3-3-3 #g i F k2 (Similar Technology Method)
Kp 0w Re TR G 0E R TR (AR R AR IR 0 St B R TR IR A

R E G R EY AR B DA s T d T LR BLE

FEERBFH LAY AEFIAD %‘Lﬁ?ﬁﬁﬁf” Bl FL B A

=

A1
gl
bl
W
.a-’\
w?
;o
=
‘“F
\%

e MIL-STD -338A #dx3t (17 )

“-_El—_:v%‘ﬁ» J\,% l%‘}"% 1;1: Eﬁfdx,ﬂ’x;’}_:/;
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s AGa %1 R 3+ itz - i (Generic) 4 22 ~Niz &7 5138
;F,
v

3-3-5 % # R4 & 472 (Part Stress Analysis Method )

FERS APTEREH R F0INUIE RO R
#* Pt (fF) 2 BB SEFel {7 & gl mIR TR T
Bl ReNA ST PRI Y s MR 5 A AT T
-7V 4r e MIL-HDBK-217F % K& & £ #& *FL%’ N7 2 o — AL N Ao
[20] :

\T
(E«a
3
(Q
M
b
ﬁ N
4y
4y
o
w3\

3-3-6 Bell-core 4 #7%
Bell-core # R 5 #F®E 7 & =@ (theBell-core Client
Companies, BCCs) fEM R A g E I ke ¥ 4R ﬁ*‘a{ffpﬁ %

FEERRE D PG AR S 0 B - ERE DR 2 E 0 2R IRE

BN AR ARG TIFEFIRAE T fg.}ii =) ;%& Bell-core A
R SEE S SR FEEY L T L L R
12 AL, '/Elfbl‘it@“r«)f%ﬁ"? %+ 5 ¥ 7 gv#ég; ﬁ' *"ﬁii\”m:‘éz\mi*’zo
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S L EH R R RS Fé%igiy% VR R B LS A IR N EIE
L o
GEZ R EEETE Sy RS 2 R EE Y (In Service)

¥ gougr 23854
B2 iRFFREABAFER > GE P LI ERFT R 5%
? F

ERVRARIFRE S UERE ST o AT BIE T Bell-core & 172
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FETLICFLRRAGEARR . FEFEE LG A GER:
B o W FRAITHRA 0B KRR A (thermal couple) Rl & B 4
FEEdd G o B34 0 LB E S T RA EFRREE

WA ST AR LITERGRE? > EFARSEREL IT- BKF
B @ @Rl ok BUE AZ DRI i i > BT BE RET
(thermal couple recorder)® BIR4EZE it chd o B R > T edkd - B
BRI ERIPIE R OEEFERRI VRS - BARERIDE e

PRI REAGERLIFNRERET Y R AL EE R
FORFERE CFEFENAGEAF N REREL Y 2R 2 (P
AR FEARCRATHFEFREA RS (AR A TPt
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3-5 WLAN AP FMEA Z2FTA% 7

FMEA & FTA R 7 B 1 42} 4 fEixt * 51 8 » 3w
) B AoteE 2 B e o A& RH 202 Bt & WLAN AP 04 »2 ke
}5 0 o

& FTA 2 it d72 6 0 %7 il Tk 2> & 5 23 &g

Bk K ek A F i (basic event) BT BF kAT &

(FHTERL P)ERS A EErT e T 3 B)% 2T i s
BEA ERFEQrE BRSSP ER)E AL TR (WE L ER
BIE o

F1 % WLAN A& 5 chRFSHE J & 8- 30 g & @& % Az eh £ jegf i
(super-heterodyne receiver/transceiver) iz H e 5 2 0 4oB]3-5 #77 o
RN LR RERES RE R L PR AT SERE T
BLEAOENE RTESEHRES ) oA Habgh g a
TS 5 FR Y e Mo B R 25 T R R AL

SARERS oom 2 iR T e A g F T RS B 0y

¥ oD B R A R R SSRGS e TR F L

lv\’ﬁﬂé:*%? R ETRBIF NI AT SERER T L AT

HFAZGRD
RFIIF CONY

SN
" -
RF LO
HFAIAES
P
®]3-5 Intetrsil Prism 802.11b 4z ¢} £ 7 H- W
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— R A T S R T R ARG BLPE € ) R Ty 0 AR
3-6475T 0 MELIG Y X A2 1 F AL F i it BBPF)E §
FIHEF b enig F HEEL o d SYWLAN 5 4 BF 5 1 (TDD)Je s kb o
F) LT & 3 SR e B R (T/R switch) 5 5 2 5 2 2 jc P4, chsr
oo BT ORAWELE D M2+ B(Low Noise Amplifier » LNA) » B
ST A TR AIUEL TR D BT 1 T R T R SR e
B L] (8 R B d P UBLSEI L (SNR) R R o (rLNA e 5 A%
oSBT RS ﬁ%%m?ﬁaw’twﬁﬁéﬁiﬁﬂﬁ%a%
B MR R RS BdE 0 T O 3 ens FRLNA R R
(mixer)? ¥ #F 2%+ B ol ¥ /34 o

$o gt LRt e 3 0 LNA 2R B2 B € 4o BT %
Ja ik B AR U ELT 4R e 1T e R 3-642 °F 2 AR T T o
7 iEd N F K LNA P mixer 3200 L $ 0> N KF IR &
SN R TIPS Eﬁ%ﬁﬂﬁifﬁiﬁ’% Tk B B LNA e 2o 2 mixer S0y
riB¥a® b » BALUN #-f fossifide S Hap o ¥ 7 2 8 7 fe 150
BT o P i A LNA Emixer 2 FF B 4% 1¥iF § 4 fz(conjugate

matching) » ™M 43 F 2 B0 T RREFATE AP o B e 0
Bo e T AR B AR ERI A R A
IELNA> - S B ¥ - BRIG L6 & 2 B Fipid B &5 4
LNA z [ o

BAZ Z TR > FHA LI RIBIRS Z 2T
(1) CMOS RFICS(TSMC 0.25 £ m) : T/R switch ~ single-end LNA -
differential-LNA ~ mixer ~ Quadrature VCO.
(2) Passive off-chip components : RF BPF ~ image reject filter ~ BALUN -
[F374MHz SAW filter.
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N [ 2.40~2.483GHz )
IF 374MHz
Difrerential
RF mixer  saw filter

Antenna TIR Switch Image-rejecton
filter LMA

Single-and

BPF
LM&
PLL Frequency
@

2.4GHz Heterodyne Receiver Controller
Quadrature VGO

2 AT R

] 3-6 IEEE 802.11b/g 4z ¢t %

(3) Other components - frequency synthesizer(MC12210) ~ PLL
controller(PIC).

#7117 WLAN AP7 - EN  RSREE s a1

s — B B kLo
¥ 10T o do% BWLAN AP 4 30:8 7 & 22 i B &
£ »reni B R

£ WLAN AP & L

§ 4 e o

g kREEr
17 0 AeBI3-747F 0 k¥ uE T

|

5=

pha
=)

)

4y
Rl
"
k'3

“ﬁn&.

N
fﬂ’?"” F"?_.
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TS

] 3-7

e s

WLAN

i T

ﬁz‘*m [f{?

B
f{‘/ (REFH I
ﬁ@‘ *% %

30
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FMEA - H i En P 2F 3R TLELA T E > 2R3
1950 & &% > R E Bt A SEF K - W 2 2BEEY O
- IR AT T B m@ P 2N ek = ¢ - WLAN AP 22 FMEA
217 AT
Step 1 F& T_% 5 ix 7%

WLANAP 2 3 & Z7% 5 il } Spely ¥ i i% T
Step 2 /-2 bk &R =t A f2 1 F kLR =

WLANAP 2. 3 %87 & 2 0§ k& isif ks
Step 3 /& %1% sv W] ® B (functional block):

WLAN AP A #8145 7c| = [ 48 4c| + [2 5 1w g (PCBA) it

Step 4 T_& & ¥ T B
W54 it | = [#-& PCBAIF [958 PCBA T (75 2 3¢ ®

Dt

T 4w E(PCBA) S &t | = [B I gdl] & (250 * £ 5 # 5 SR i

Step 5 ZI 8 & B % B2 L7 i
BSAE 5 PR B L CEEL B L (F 4T
TH R PR S 3 10 e i
Step 6 iF 1) 5 »Tz & ATA| fy:
R NN T T N
Step 7 45 1 4 »a N 8 4 2 R 7
ﬁ‘ﬁﬁ_’% % :Cage or Housing %3] ~ /4% 2% ~ &2k 12 ~ iF# -~ PCBA
%o o

,cr

=
o

@ =+ 7 @ :Chip 48’ 3% ~ FLASH Memory Data Loosed ~ Components &

RS
Step 8 3 % FMEA Table
Step 9 #-4F & 42 & ¥ %3 » FMEA Table:
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Bt a4 A2

Step 10 & 7 fi#i-F AL 2

AP x siem

M= ArAE T I WLAN AP 2

./,

oA,

Bt 1,

s TN e

/

Pl 2

y
-,

gl s = B kTR

FMEA # 4c% 3-1 #75r > d WLAN

v*i,ﬁ;’;},”

D ARZ PR A A BT & R IR B R T o

# 3-1 WLAN AP 2. FMEA %~ 17 %

FMEA Analysis Report:

System: WLL035 WLAN AP
Subsystem: Mechanical & Electrical Field
Author: Avril / Johnson
Date: 02/05/2005

¥ oo Rl

32

No: | Subsystem | % »zfi;¢ % 3z ¥ Fie |RJE ¥R
V|7 |RA
e |20 PER
EALAEY
1
1 | Mechanical | Holding Cage or 203 13| 18 | 4rapdd e @it A5k
Housing %4
No Power § ColdSolder .| 1 /3|3 ]| 9 4v 5 36 % PCBA
No Power e I't3 13| 9 | Relayoutor 3k %] 4%
Holding B 2 31312 18 ¢z X Housing or
Heatsink
PCBA £t#| PCBA # 2 |32 |2 | 18 | OQC ¥ % pFi%6- 1% &
LA ¢ ER R 1173} 3 ¢z Packing
2 Electrical | Shutdown | Chip g3 |3 |33 JLiE R e
#731 FlashData |2 |3 |3 | 18 JBiE R i
Loosed
%721 But FitA R 312(3| 18 i % e it
Restart OK
Remark:
Fap ko REMET QRMEEL 3 M A AR 1 RAEKS
PR & TR iR R kR B B 0 4% RF SHIE & 7 (chip)df

Ak BLEACA R sk Bk BB E AR S Bt o




3-6 WLAN AP 4cig & & 335%

i3I ERTRASDE FFH A KGR Flt BRI
TR F el R B BT 95 X0 A R LR
BEEH & nR RAp e €40 0 R A ¥ LR 451K EMTBF R 3 o
A

(

Fid b ERASR RS R S A SRR AP0 A b D
Foenie v R C R E KRR £ AR R b A S 5 - A

PER 4 A ehy P RARSEA M T AN AT K Y Rk

BEEA ARG o AR ARSI R EE 2 FAR
ﬁvi{é’zﬁ,’ifiﬁ Fh AR o BB iR BB s T3 ok B R e

R F ARV RO APV EEF AL RE SR 5 RG]
Mgt B AT EZ IR FRIRT 2 AR IR o

P AR B RN S doe AR A RN LD
B EEBEA iy 0 M RS A FehE jb)i/w\ﬁ RN R
FIEL ST dee e RN T fRA SR A F 2 BT LR KT -
EL AL d MY TR BRI KT A SRR
FlF+ 2 - o TR R AR F @& T &t - P [S][22] 0 ¥ FliE
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THRE TR ¥ IR AE X EHA
LA B PRI 5 4 el i 0 3
FE-RBOFRAUEF AR BB IE KRG 2 A
ERAE F 6 TR S FlEE e AL BB {17 - ¢ o

FHRZMET EE AT LA SDNEE AR Gy hieid F AR

gt ¥R l%'}*"‘i—%—ﬁ%fﬁ° FERRER Y P TR
RS N IR N L - FHEALE D HEET E TS

(Chi-Squared; y * )4 geffl e e

B RMFEATFRIBOMREE SR L TR VN ERE N ER A
Ao BT 2R R AFSIE L L 2]
T RS iR G R2 A T B B ARERY R
BRFo AR SRS ~PIREFR 2 E%TR
w3 AR EY REih B R EFERT R RRE

SRR ASTAESCFUMES £ R 205
PR S P M e YA R AR i RS
(Accelerated Factor) » 3%#4vid F|+ ¥ £ 57 5 %3 M4 & 9w 4 &
LR A AR R E R BERORRE LR H SRR W
Rt RH T2 E S - BEBELHT IR H bR S SR

FEARAWNFd FEF L BELp (MIL-HDBK-217F) % H 4p B 21

it d 4

o B e ot R AT L R LR R TE R bl Y L8
Blg A I T R AT e - MR R AR SR F A& 3R B
Bt 4B B KRR A S BT h T ARE ke BT A vy 2 A

¥5 607 NP F R IR 2R 2r(Arrhenius) B3V [22] 5 4o i 2EEUR 4 AR
A S e T BRE S Pl & 3k ¥ £ Bl (Inverse Power Law)#-5% [29] ;
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4o i 48 & & 4 #3738 (Combination Model) | # 41 * Eyring 4v:# & & &
B ARG EAE R RE RS T2 M R[22]; ettt s T A
B EH A SR ,,1;4,3‘“56%’31?’«?&?*1 beig E b2 B
FOHP R B EEKO T LSS e TH S A KR
BB Ml R R iTa A S e g skl ¥ - 2 G B A
hEH TR NREERY 0 ERFRR RAERII A a2 2
S 4 T RER[22] o f Tt e 2 BeF A P o i ¥ - TR o
®F A PR R E S e B SR A il 2 PIRE
**ﬁﬁ‘*wﬁo%ﬁ%&%@*ﬂé%?&ﬁﬁ&\@&‘é&
SRS 21 (Pt RRE HH S B (T B E o
Pt R A ERA AP RERER o et A oy VR Y
PREDFT % EPRCE LS S0 By 0 4 UG A S AT
F R hd & A 2 2% [20] ¢
FiRAE g4 AT B ARICE A - TR F el RS S

ﬁﬁﬁﬁ’ﬂ—é% W VR LR o IR Y

A& BBy Y R REAERARGEIFRY B4 T2LE R
SRR SRR SR AR Y AR VAR L T S
er_u;f;a;j':'_ﬁ::\,T}b g vé‘%"’r"ﬁh& ,;{,t; }grr’m#ﬂim]"}%ﬁm?)g
HETFEL e Ho DMP N HY AR T - 2R

o BNE L A A snA AP oY BT &Y RO R(Bayser) ¢
F- 2 e MAHFVEES Py B G- FARBT IK
(Cumulative Distribution Function ; f§ i = CDF)2 fF e % > fL 5 P
o SO [18][22] > ST LSRR AT IR ¢ AR R R A
Tk R e E o

THEF T hE hR AR LB P
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[6] - T+ 1 ifj‘uiﬁﬂ EEREZERDPRRZ KA A
MeegE 4 o 4 TR TR Al mend < boid R Bl - A
Fenit B E REAe £ B S B R e s X E P T 4]0 4%
«‘F’K =+ &7 L R #r 2 = (Arrhenius Law) o

Rfpd Rieafe LLET TR §- BHFEd CEF o 327
*%?%?%’Wﬁiﬁkﬁﬁ L3 Fenlh B e ok g B end
Fi o2k ~F RFLDEFF 58 2 FTHER FDFF 5 70
oo BTG E’v’ﬂa‘?’;a‘i’;’%*“’“ ¥ #> 4 & (Chemical kinetics ~ & fLF

h

4 & > Reaction kinetics)e748 3 o — 4k

=t

B
Fi BT I EEFOAEBECERF R ZERZER S A
%i%%%Aﬁﬁﬁvﬁﬂ Fb b WA R LR
HEREFFTERR ARF AR OV LR BHRINA 0 P4
F s dph s R 2 ER BEERBEEHF R F gL

B A SET R R REe R F P Behe i sk BF > Arrhenius
BV ™ R A S8 R Rl AR el o ér_?')fl%“ L i
kdm et AP ERIEERRAOB G- EY PR CHEHN T I ARE G

u
S FL A RO R FIE R AR e B g 5

A 4 pkend Fl o Eip A et B AL L R #77 425% (Arrhenius
Equation)® ¥ J&i# & &8 B B BoA~ b 3 F & o1 = T 5N

E.
R-T

k=A-exp( — )

ks V8 F R34 Prenk i & % Bk(rate coefficient) » A 5 ¥ ¥,

Ea 7% it it (activation energy) » ¥ = 5 i & B (Kilo-Joule) "R 5 3 & %
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¥ % #ic(universal gas constant) > T 3 & ¥+/8 A& & (in degrees Kelvin) < R
¥ % 8.314 x 10-3 kJoule mole-1K-1 -
SEERI AR S
G=C-exp(— i )
B-T
m B E Bk ik F
» ok Bl K

i B R R E 2. Y E 1Y 5t £ (activation energy) “H i+ i (R

m O aQ
TR

i\

k45 eV)

™

% L X (Boltzman) ¥ #c( 0.00008623 eV/K)

—]

LELBIEETOBYER

BRAD IR - ASHLTQREIr A ShF A E 2 B i fd

o Pl A S B F bl H A s E b A R Qo
Gn=Q

=
o

n=(Dmexp @t )
C B-T

ﬁb/%@ﬁfl“‘%grr%m%@m ’Q'fr'C ﬁf#rg;;;r.,_p—\gxﬁgg:

2 2
H

In(n)=U+E/BT; ¢ U=InQ/C)
T 28 %8 B 5 = 5 Kelven: #* *r % Arrhenius v :g B K aqd X [22]-
FrrRE TR %

F_&
=
bt 4
B
‘3;
foes
“3
=
(dm
S
IR
5
i
"
R
F_&

o AR R VT MR A B RIS
M- i £ T AL wﬁ@ﬁghv%@ﬁi%@w?iﬂ°

FNET A TiRFTAESR FE% 0 T F2 E8dy 0 R Arrhenius
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o) S 2 et KOG
AF =(G1/G2) = ( . )=Exp { (E)(l_l) }
n, B 1. T

AF % 4vig & 9 4eig F]+ (accelerated factor) &~ 2 4 B 472 B R 2 T
HFE BE St TARTE A E AN B A Rk
EEREREML ~T2) TV @atei@d F]F A HP 5 BATE R EES
FAFEAVEE TP oz R gk E o EL T3 R
eV(Electron- Volts) » 4 B eviE it it & g~ E RO Y e 4 g
FLOEF o PERTARTATUBI R A DES FIRE MR
FF R F AR O BRLZEESDERNETF GHF - F R
Bl R AFEFFF AP PR RE B357 R L5 ¥ #[20] 0 H
Benk oo FAIY R B BESTHHE ~ Arrhenius SeiE & 4 Bl K
¢ R o A AR AR Rk s 2 E R (T ~T2 )5 @5C ~25
C) Flad5CHAE #imend S b2 1 (B R > #7145 C 5 B+
A R ER B R B R T B AT R T hiE0.75 eV 5 #[22] -

3-7TWLAN AP MTBFif & B ¥ <
Bt A wAd selp R E - B F ol (TARE A4S |
Rr-fFaapFrp) aTREH Sl 3522 o & fedh
P a3 S enfiAs Y AT U ERBOE R T RK T 2 F gL
MEEEBEEEITUEY Ad IR FABRTAE S 2 E B F A
oo FH o B A el (T E R BIR R R
ABETNESARG BAEFORT ZREERK T 2

fie > T A A% D4 iR

o el ]
f1ﬁ\ilu °

i

——.E

&

ER AR Sd AsE ~ ) £ A (pilot run)FFEFEF S T

mg
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i WA BE ST A TR TR EET A T 0% T 2
F)VE S €5 TP TRANFEESETE SRR

FhRPI RO R T ER AL - A
oo - B} @ * g T2 3 + 2 (Chi-Squared) ¥ %14 %
Kolmogorov-Smirnoviz T (™ T~ § K-Stk %) > H K-St Tz #-4 5>
VAR T P o

Mot 2 g s R R K R LRl s £ A Karl
Pearson %1900# 7 4% ) cfas = = SiHg

PR R L E & R

B R A HIC BARSRE! X, Xy, X} 0%
PR SR N BRANTAO0IEE AR RS BREFLA
PrBCEL R B8 4 sclicenlp

C
i=1.2.n=>n=2, O, (i=l.n)

2 W R A FR) B AT B A s £ Fo(0) 5 -

ENE m-,-,. Pr”b\fi—f /ﬂ\]ﬁcwl'ﬁ:t % F (X)J)s B34 iﬁté\i‘r » BV d

N

A SRS PR B 0 o LEH RN £ B & BX 0 B aE B
WK S MR R FAE L WA S ki R S 4
Bomfe o Hit 282 B~ R8s R BRRAR R R TR
S A S R R Sl A PR, s R o

{HO:F(x>=Fo<x>
H,:F (X)#F,(X)
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B RE A R S R X B X RGP
—P{Xe Aij Al B&FHY PR - FUPAL e Lh & BERHOT > X~
Fo(x) » 2 R e 5 A fepRIE S - ¢ oaB F Ao fec 8P ¢ EEi=
EX)=nPi > i=12,..c, EQ*%m&E&XH 5 E /> FTHBHE

A P ERE o EFTBERE TR ATE

2 _ = (Oi_Ei)2
2 E

ETTRS

X

PREFRARIARY G- BRYRY A DA E A e
AZPIHEIEE S BRFAFT LR E > Td F 2 0pEY 5 d 4
WG o kR ERRY BT RFDp d B 4 HIERE D
1 TR R By LR L B F(RAT By 7
AIEGBEY ) ek B AR s kAR AT A R BX
Ho » #7114 b & Bk Ho ool st By ” 2 fae A e s 5 o
BREF R A kA
3-8 WLANAP ¥ £ B E 7+ if5%k

¥ LR MIBF EF @ > o » 5 AE L5 - BHF KRG
WLAN AP 846 > 2846 5 & = 2004 & 9% 3 31k § 5 5 3 i fd
2.— » ¥ * HIRF Chipset 3 ODM &1 2 & % = shafy 2% 4L+ 7
LERE - @M S YR R SR 2rE i 0.13um(130 2 )%
#2.¢1 IEEB802.11x & % » f prototype F# Bt & 180 = » % %
B B 325 1% (temperature humidity testing chamber)? & {7 4c i & & 3F
B ORER SR A A TR ER GRRDE R TLE
EY

iR B 2w 0 LB (TR B & i 5% (environment stress
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screening test; ESS test) o 3t 3§ F L ¥ B 4eik & :E @ 5 0 NASA
© 7P SE 4R B (random vibration)£? ;§ & §5 %k (temperature cycling)£_
B oax g e B =t 5 3E & iE 33 % (burn-in screening test)[17] o #71Y 3%
180 Fip|fr th & L8 {724 /] FFend45 CIp'EGFE % (Fl s A &P
B P RBERIFEE S A5C) (T 30 A BT IR B %K
Bofe BB 7 24 ) PEE R BTRESR 0 P RSk cDiE 2 R B9 IEC
68-2-14Nb 4§ iF 12 o L& (7 BUR LI K PIT B G E R 2 B i
TR R PR R FRFRLS D EFLIFEBRHA SR
#1752 ESS test(24 | pren A5 CIEEEFE )2 (& > )‘I.%iif? 45°C e
MTBF 8 B 4cif & ép3d5k o :2(7 MTBF 4t & R %RPF » 5 - X
Tk % chamber ¥ 180 & en{F Rl h S2 F 7 £ ek R o 1245
P 2 R #7242 3% (Arrhenius Equation) 378 & 45°C ™ » % — ¥ > 2 4%
W R T B 2% T s 075 eV[22] 5K 17 4k F1F 5 6.3018 B~
Bhc: 6 FLEABENERASEF > i FlF 5 60 4 ﬁ‘ﬁl{%iﬁ'ﬁﬁ‘ £
W EAR60RLITL AR AL BT CER 2 AFLIT6 R
WEHREFT D MTBF &5 £ 7 & 740,000 -] PFenz pFis ok 2855% o A
WY F G FRP A papE 2 B 3R (7 22 47 ch FMEA £ FAT
BT g e TS F 3R B FR * MIL-STD-781D 17 % » a3 B

R R L
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BA AR ERT Y O Fla T EDRRA S AR B
FaEEERIIRYREZE I ITTAED B4 PELE TIPS T

I
I~
\

iﬁm}im"”fg}i@% N ){; b"iﬁﬁa}r&f@% ‘K%FL/Q,L_}% 2k
EE fﬁ-% S U S Ol W = i T B T ) T T
(De-rating) o “71 B 3f TR PR AV R B A * kR g §
ot B AR DE S R F R LR TR DI LR
EBIEEPY B G Skt & > (safety margin) > & & s 'E K

TERBASITRR - KT FREBOFELSE TELH S

-

TEHRRBRFMTE L L E R (unction temperature) © #7) F A &

=
ik
—
oF
T
8

F o T AR I ARER U4 A 772 8 £ 4 47 (thermal analysis)
FRARBI G IS B A PRI E Fo ok g A AR
(over stress)sE it > P2 B % T LAREF £ (7T L o AT BAr— B A

& T R 0 T Bz e U~ 7R T R

7 P{“;‘L"% ;\4 °

K

= WLAN AP 4% 0 % L rﬂ,ﬁh A RFZKAE & 7 2chf &

SRR T 3K o RFEHE & & fdfk (¥ € 5~ £ chat £ 42 4¢(dissipate)

TR F b~ S R R{rAEEe o ¥ AEAR
BB o HRFSHIE S 2 chf@adrd o JoBI3-8977 » g gl i &
& & (junction temperature)FTI o TImaxi & 7 it KX BB kg f
B oo — 4 A 1503]200°C - Ta 5 # & % (dies) e % # (surrounding
ambiance)if & ; Tcs RFZIE H # PR R - Oz e v B F o

#1 fE (thermal resistance) °
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P s RBEEAR
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e

RFSHET § ot tdy & chnt $P0g 4 0 Tog
"’JEE*‘: RFE’T"};F'BB1HE’L\)L§X“FTJIJ" g_"-'! ’—-ﬁ}:%"ﬁ—-ﬂ};j«;‘?ﬁ

FEE W A (power-de-rating curve) i fo e B]3-947 5 o A E U T N

Ti-TA=6 A% PD

¥ F
Dhmax

P

T Max

LR Pl % o1 g 4)3 w5
ﬁvﬁg?]ﬂziiﬁ‘;ﬁis? A4 AT
hASBRERE Al A5 % EicE 5 (heat-sink) 0 4o B]3-10977 0 &

fl

b0 T R kP BB Ao RI3-1147
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—&— Nature Convection —#—Heat-Sink with 20LFM

100 +—m= L i i i i i

= 80 68.4°C _./
o
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o
o
'5 40
o
5 20 \
@ \
0 f f } f } f f f f f f }
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AMBIENT TEMPERATURE [°C]
BI3-10 BH4E & % % 5 4odcdh & R 3E 20 R
z T T 1
= Alrow 11m)
1.8 [ —_— 0]
i N —_— |
173 o - - = 2@
. ==== 5w __ |
3 e -
1.46 = =
N a - Fee
=£ 133 o . — T
2 12 s P BB e
FEREC ™ = - L =
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0173

25 P8 32 36 40 43 47 K1 K5 5B ER GE TO TI OTF &1 BS SR 82 86 1M
Amblent Tempearature - c

B13-11 % H?v;'? ST PSR g B R EE AW AR

TR B A0 (%) 5 R SRR U 257 CCENAYRT R
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P AR EEYEET R 2 5 BEORE S bldeit BB Rk
ﬁ;é&ﬁmﬁm*ﬁT%”ﬁiﬁvﬂm%L}’U%W%AE” % B o
BB PERFSHAE & & A F eI 42 47 > P 9303 5 (RFE
e B B3R PR S% s TR 80%01 (E LR B AR
& > TRESHR S 3 1 PRt ¢ iR R 3 ACE125CRB I ¥ -

3-10 WLAN AP % i& 4 3c$ 72 3. %
WLAN AP i fe- €% I RF SAE & 5 > RE S & 7 1 1%

AR

—~

PE & 0 24GHZ shpcik M T L 5 ents 8 o @ 13457 9 5L 42
sienfgit CE=h*f> H¢Y E4 7 & hait 9 vl f53F R
iﬁﬁ%ﬁ%?ﬁ“fﬁﬁfﬁﬁ%’ﬁﬁﬁ%ﬁ?ﬂ S E
e(d B A FRBRTEFT) R TRAEME A E ALY A1 (R
@@’jfg¢¢lmmxwﬁﬁwﬁ Eun g A @ FR RS
BGA &z 5 5 W4 o 4ofk BIFE ik RS F A B L d E% A
F7 o IR PR SRR 4 RS ) IR 47 (solder crack) s

GALE R0k G0 AR L AT Rk 8 2 R 3 R
i

~‘

BT T BH2RM M TETF FA L AP AT
RO A4k TRER S BT AGEE S AF Y RITASSMEL P &
BR 2 O RRERFIENT MR RS AEHEF 0 F TET

FEAME RPEBHEET T PD

=
NIRRT

~mmy

Bi% FOUIE TR 2 R

(B RS % SRS Y R i S ) TR )3

K F e m LR R G - TE 0 T L AREF AR A P
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Booow IR R TIRA - T I Aot AT 0 R i eh
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BRAEILES - BV R
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44

rE B¥xEHHG
4-17 LR FHRS*

A E% AR 2 FlA E MIL-STD-781D 5 2 22 e 2 PF ik X 38 5%
L3150 0 do B 4-1 P10 AR BBk 2 FRI R s 180 B A
T 180 BB FF 2 m A EFL 2 B LA % (prototype) 0 iE (7T 35
% ST IR PF B o7 33% (MTBF demonstration test) > 4o/= 3 = i #73F >
RRCRBRLPFERZ AER ASCTEREEFHEE GE%K 0 4oR 42
Aror o U RERTA S22 B IR R 0 R LA S 250
(Arrhenius Equation) A< /8 & 45C ™ » &2 W2 TR F
itie 5 0.75eV AT RF4viE F]F 5 63818 B~F ¥ s 6 » Trﬁlaaéﬁ»?f‘)?‘l
PedEVER ASCREDREATS Y 17— O EiApg ¥R
BV RER 25CL T 6 ) hipBREsey > F AR AREKRY O
FRrHa L EEF 0 Y2 B MTBF-H#F > £ mandsh it % 4
o 4.1 P17 0 Al REERE R Ar A S-en & 3 5§ #ie(constant
failure rate) o

d 2B Z|ET4TAT 7 0 WLAN AP e R £ F # & & & ehi
Fo2AFRETFag Wy &“QQBA\‘QP\%IO%’JJ%{QO%W’
Gk Q0% iRl 4 (power)2 T 0 Qo B 01 AR A2 A H 2
W FaErad & (4 E G 60,000 £ 40,000 ) ) o H]w
D(discrimination) = G o/61=1.5> % & &7 4.5 & & 5 % B D232 5%
PER o RBRIE T 45 % {8 r Renz BRI 2 A B IR A 5 43,800 /)
PEo s R L 90% 0 — 23 3 BN AR Y A0 T Jo gk an

~—’

FEEFTF D A faug & B 2 (fitness test) > 3+ & I F 5 90%niG
J“g‘ﬂﬁ’rﬂﬁ Tsﬁin"ﬁiﬂfsr;’mruﬂﬂ)iﬁg"g 'J’LJ%T\’?’%IE
21340 pEE R B (pivo) s 101987 0 FE 4T B 2R
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AP 4ade s & K (null hypothesis) » 8P K & 38 5 AU E 3R
LRBEFFAST 43800 T BE G  € 3 & 90%:1
SR o A PR LIEIAEY Ll B L2 AR AIER RSB RS
o3RS G

L1 L R R |
FBF R LI ln(90/61)/(91 90) Xt 1n(1_a )/(91 90)
EBEXH[2=In(Oub 1)/(———) Xt —hl( )/(———)

L1 ¥ 123 5T (7RmAF L Slope=ln(90/6’1)/(9i—9i) N -
1 0

A B IE TN AR Bl 0 WA B AP o RS S
e B hfpfh & o

L1
L2
pSir i
A
3 1

t1=359,422Hrs

(MTBF=9,216 Hrs)

eI e [
Py t2=800002 Hrs

t3=150,596Hrs
A (MTBF=22,477 Hrs)
1 t4=289,080Hrs

p (MTBF=43,800 Hrs)
[ ]
. t5=500,000Hrs
[ ]
[ ]
| — - | | >
t1=350.422 (MTBF=9216)  12=80,000 13=150,506 t4=289,080 t5=500,000
(MTBF=22,477) (MTBF=43,800)

G BRI (Hrs)
@B 4-1 MIL-STD 781D ## &+ 4| B
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# 4-1 MTBF demonstration &5 % % 3 2.

Model :WLLO035 IEEE 802.11 b/g Wireless Access Point
Target MTBF :43800 Hrs
Failure Rate= 1/43800=0.000022831
Confidence level = 90%
Assume the Failure was appeared in the Boundary of inspect point; N=n*6=30*6=180 Pcs

Test Date |01/06/05'(01/13/05'|01/20/05'| 01/2705' |02/03/05'|02/10/05'|02/17/05'{02/24/05'{03/03/05'|03/10/05'|03/17/05'{03/24/05'|03/31/05'|04/07/05'
Total Test 24 192 360 528 696 864 1032 1200 1368 1536 1704 1872 2040 2208
Time(Hrs)
Pi 0.000548]0.003826]0.0038110.003797/0.003782|0.003768|0,003753|0.003739]0.003725| 0.00371 |0.003696|0.003682|0.003668|0.003654
ei=N*Pi 0.0986 |0.688689(0.686053(0.683426| 0.68081 [0.6782040.675607,0.673021|0.670445|0.667878|0.665321(0.662774|0.660237| 0.65771
Oi=Defect 0 1 0 0 0 2 0 0 0 0 0 0 0 0
Quantity
lei-Oi| 0.0986 {0.311311(0.686053]0.683426| 0.68081 {1.321796/0:675607|0.673021{0.670445(0.667878|0.665321]0.662774|0.660237| 0.65771
Xi=[(e1-01)"2| 0.0986 |0.140723|0.686053|0.683426| 0.68081 [2.576137{0:675607]0.673021|0.670445|0.667878(0.665321]0.662774|0.660237| 0.65771
/ei]
Cumlated 0 1 1 1 1 3 3 3 3 3 3 3 3 3
0i=C
X-Sq Value in| 4.6 7.8 7.8 7.8 7.8 13.4 13.4 13.4 13.4 134 134 134 134 13.4
Table
(90%;r=2c+2)
MTBF Hrs |2020.93 9216.825(17281.55(25346.27|33410.99(224°77.57|26848.21|31218.85|35589.49|39960.13|44330.77|48701.41|53072.05|57442.69

Sum Xi= 10.1987 < Chi-Square: X ? (a=0.9,r=2¢+2=8)=13.4; =>Fitness OK
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4-2 % »x kL $7
F-¥+2 >t A2 (7 FMEA & FTA 445 > (536 FTA 49 4 15 >

N

g

A g 4 R 'ﬂjﬁﬁ PR B RS gk st dol 4-3 o o &

AL R S A 42 47T o KT A 47 0 WLAN AP i L4 snendp

e

P Bl4c B 4-5 7o 0§ PR T 5 & A & 5 (RF chipset) &1 1%
P Z & g8 0 2 AGHz s 4 5 1%

"yx‘(

WEhiZE om 1347 P 5> 42
Nt o E=h*f> B¢ E47n B oh it itk fils R
A SR & 50 (TR 5 ﬁ%?b”ﬁ*’ Bop L ESTH IR
o RBPERMEA G NS ARKRY P EE A T RIS
EBART AL LI RS T F IS P BRI R RS
T4 47 (solder crack) s iw o

\..

BARE A D G BT AT B AR T ROTRET
BFARADRG - BT BEZ AP REBT 2R LG
PR BT AR 5 AR T E ARSI & P ek S RS
AR B R CEREBEAETT R E I RS EHHRE
FRMRTEBAME ENL BHESLS I T N IT IR REETA S

VR4 pE S B A RA IR 4o 44 41T

(PCBA layout)en= j2 #-2 5.1 (FpF 3 & F R~ 22 FF ajedpd
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Reliability MTBF Prediction Sheet

Model WLLO35 IIE: 1

Standard Telecordia SR-332 Issue 01, GB, GC BOM Ver: MAO
Unit Ambient |45 °C Date: 2005/01/06
Temperature

MTBF Value :110376 Hours

Document |Ver 1.0 Issue Date: 2005/01/06
Version
Phase N/A Author: Avril Tseng
Part Number Description Qty | Ab |7E|7Q| AP |AP*QTY
1800-00213A E/C,470uF 100V +-20% 6 46.0 [1.2 (5.9 [325.68 [1954.08
1800-00068A E/C,220UF 10V +-20% 5 45.0 (1.2 (5.9 (318.6 1593
1800-00080A E/C,470UF 25V +-20% 6 45.0 1.2 (5.9 1318.6 |1911.6
1000-012400 IC,PBGA316,BCM3368 WLAN RF Chip 1 26 3.3/1.0/85.8 85.8
1000-01042A IC,PLCC28,L9500,High-Voltage Ringing SLIC for VoIP Application |1 26 3.3[1.0185.8 85.8
1012-001770 IC,SOT-223,LM1117MPX-1.8,800MA VOLTAGE REGULATOR 1 25 3.3(1.0182.5 82.5
2000-000760 X'TL,SMD,GC1600006,16MHz 18pF +-30ppm 1 25.0 (1.0(1.0 (25 25
2000-005380 X'TL,49S(DIP),24MHZ 20PF +-15PPM 1 24.0 (1.0]1.0 (24 24
1800-00256B E/C,DIP,ELZ108M010T1A6H160,1000uF 10V +-20% 1 20.0 [1.215.9(141.6 |[141.6
1800-00474A E/C,DIP,ELZ477M6R3T2A6E110,470uF.6.3V +-20% 1 20.0 |1.215.9|141.6 |141.6
1011-007520 |IC,TSOP1154,HY57V281620HCT-H,433MHz 8M*16 SDRAM 3.3V 1 19 |[3.3|1.0| 62.7 62.7
1011-008800 |IC, TSOP56,TE28F320J3C110,3V32MBIT INTEL STRATAFLASH 1 18 [3.3|1.0( 594 59.4
MEMORY
1011-00736A |IC,TSOP1144,1S61LV6416-10T,10ns 3.3V 64K*16 HIGH-SPEED 1| 18 |[3.3|1.0| 59.4 59.4
CMOS SRAM
1001-000060 |[IC,SMD,SN75240, TRANSIENT SUPPESSOR 1| 15 [3.3[{1.0( 495 495
1007-00433A |IC,S016,MM74HC4052MX,DUAL 4°*CHANNEL ANALOG 1 15 [3.3|1.0 495 49.5
MULTIPLEXER
1007-005210 (IC,US8-8,NC7SZ74K8X, TINYLOGIC UHS D-TYPE FLIP-FLOP WITH 1| 15 [3.3|1.0| 49.5 49,5
PRESET AND CLEAR
1012-004210 (IC,SOP8,MP1580HS,4.75~25V 2A STEP-DOWN SWITCH-MODE 1 15 [3.3|1.0 495 49.5
REGULATOR
1013-000490 |IC,SOT23,NC7SZ04M5X, TINYLOGICTM UHS INVERTER 1 15 |[3.3|1.0| 495 49.5
1016-000200 |IC,SOT-23,MAX809S,3-Pin Microprocessor Rest Monitors 1| 15 [3.3(1.0( 49.5 49.5
1099-001450 [IC,SOP8,TISP6NTP2ADR,P-GATE OVERVOLTAGE PROTECTORS 2| 15 [3.3[{1.0( 495 99
1800-00497A |E/C,DIP,470uF 10V +-20% 2| 10.0 [{1.2]5.9| 70.8 141.6
1800-00528A |E/C,DIP,ESM477M035T1A5H150,470uF 35V +-20% 1 10.0 [1.2]5.9| 70.8 70.8
2106-000030 |TACT SW 4PIN(TS-01PV-130) 2| 8.0 [1.0(1.0 8 16
1900-001160 |FERRITE BEAD,SMD,AMB1608R601NT,0603 600R +-25% 30| 7.0 |1.0(1.0 7 210
1900-001210 |[FERRITE BEAD,SMD,AMC3216Q500NT,1206 50R, +-25% 2| 7.0 {1.0]1.0 7 14
1900-002190 |[FERRITE BEAD,0805,60R +-25% 2| 7.0 {1.0{1.0 7 14
1901-001310 |[FERRITE CHOKE,DIP,RL1010-100K,10uH +-10% 1 7.0 |1.0]|1.0 7 7
1901-001560 |[FERRITE CHOKE ,,,,,,WBC0610R6H 2| 7.0 {1.0]1.0 7 14
1901-002660 |[INDUCTOR COIL,DIP,100UH +-10% 1l 7.0 |1.0]1.0 7 7
1901-002990 |CHOKE INDUCTOR,DIP,15uH +-10% 3] 7.0 |{1.0[1.0 7 21
1902-004070 [DIPLEXER,DIP,PASSBAND:5~65MHZ 88~860MHZ 2| 7.0 {1.0]1.0 7 14
1203-000170 |T/F,SMD5,ARI235TR0502T,1CT:1 1| 4.0 [1.4]1.0 5.6 5.6
1205-000070 |T/F,SMD16,LF-H41S,T/R=(1:1)(1:1) 1| 4.0 |1.4]1.0 5.6 5.6
1302-000110 |VARISTOR,0402,V0402MHS03,42V 3pF 5/ 4.0 {1.7]1.0 6.8 34
1500-000670 [TRANSISTOR,SOT-23,PNP,MMBTA92 2 40 [1.7(1.0 6.8 13.6
1500-001180 |TRANSISTOR,SMD,25SB1188,IC=-2A VCE=-32V PNP 0.5W 2| 4.0 (1.7]1.0 6.8 13.6
1501-00029A |TRANSISTOR,SOT23,MMBTA42LT1,300V 500mA NPN 2| 4.0 (1.7]1.0 6.8 13.6
1502-000660 |TRANSISTOR,SOT252,MTD6P10E 2| 40 [1.7|1.0 6.8 13.6
1599-000390 |TRANSISTOR,SOT363,MBT3946DW1T1 2| 40 |1.7|1.0| 6.8 13.6
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1601-000220 |DIODE,DIP,1N5400,50V 3A 1| 3.0 [1.7]2.4] 12.24 | 12.24
1601-000280 |DIODE,SMD,ES2D,2A 200V 2| 3.0 [1.7(2.4| 12.24 | 24.48
1601-000370 |DIODE,SOT23,BAV99,Switching DIODE 3| 3.0 |1.7(2.4] 12.24 | 36.72
1601-001240 [DIODE,SMD(SMA),B340A,3A 40V 1] 3.0 [1.7]2.4] 12.24 | 12.24
1601-001650 |DIODE,SOT23,MMBD7000LT1,100V 200MA,DUAL SWITCHING 4( 3.0 |1.7]|2.4| 12.24 | 48.96
DIODE
1603-001010 (LED,DIP,(G),3 § *4,L-934ZP/4GD-RV 1| 3.0 (1.7]|2.4| 12.24 | 12.24
1603-001340 (LED(G)*3,DIP,3 ¢ ,L-934ABB/3GD-RV 1| 3.0 (1.7]|2.4| 12.24 | 12.24
1000-012410 [IC,SMD,BCM3420,SILICON DIGITAL CABLE TUNER 1| 2.6 [3.3|1.0f 8.58 8.58
2404-001030 |PHONE JACK 8P8C,(E5388-E00212) 3] 1.6 [1.0|10f 1.6 4.8
2404-00042A |PHONE JACK 6P4C(DBK)(E5564-80A012) 2| 1.2 {1.0{1.0f 12 2.4
2407-000010 |USB JACK,DIP,E8144-B01321 1] 1.2 [1.0|1.0] 1.2 1.2
1705-000030 |0603*4,YC164-JR-0733R,8PIN-4R 1/16W 5% 33R 4/ 1.0 |25(1.8] 45 18
1705-00003A 0402*4,8PIN-4R 33R 1/16W 5%,YC124-JR-0733R 4/ 1.0 |125]1.8] 45 18
1802-001540 [M/C,0805,0.068uF 50V +-10% 2| 1.0 {1440 56 11.2
1802-00166F |M/C,0805,CC0805ZRY5V8BB224(Lead-Free),0.22uF 25V +80%-20% 3] 1.0 [1.4]40[ 56 16.8
1802-00175A |M/C,0805,0805B474K160BP,0.47uF 16V +-10% 2| 1.0 [1.4[40[ 56 11.2
1802-00197C |M/C,0805,CC0805MKY5V8BB105(Lead-Free),1uF 25V +-20% 1] 1.0 [1.4]4.0] 5.6 5.6
1802-00298G  |M/C,1206,CC1206ZKY5V7BB475(Lead-Free),4.7uF 16V +80%-20% 2| 1.0 [1.4]40[ 56 11.2
1802-003200 [M/C,1812,C1812Y474M251T(Lead-Free),0.47uF 250V +-20% 2| 1.0 [1.4[40[ 56 11.2
1802-00349G [M/C,0603,CC0603JRNPO9BN270(Lead-Free),27pF 50V +-5% 2| 1.0 {1440 56 11.2
1802-00351B |M/C,0603,CC0603JRNP09BN330(Lead-Free),33pF 50V +-5% 6] 1.0 [1.4]40[ 56 33.6
1802-00354G [M/C,0603,CC0603JRNO9BN470(Lead-Free),47pF 50V+-5% 2| 1.0 [1.4[40[ 56 11.2
1802-00378F |M/C,0603,CC0603JRNPO9BN471(Lead-Free),470pF 50V +-5% 9] 1.0 {1440 56 50.4
1802-00387H [M/C,0603,CC0603KRX7R9BB102(Lead-Free),1000pF 50V +-10% 22| 1.0 [1.4]40| 56 123.2
1802-00397A |M/C,0603,CC0603KRX7R9BB332(Lead-Free),3300pF 50V +-10% 7] 1.0 {1440 56 39.2
1802-00401A |M/C,0603,0603B472K500NT,4700pF 50V.+-10% 2| 1.0 {1.4[4.0f 56 11.2
1802-00418H [M/C,0603,CC0603KRX7R7BB473(Lead-Free),0.047uF 16V +-10% 7] 1.0 [1.4]40[ 56 39.2
1802-00424J [M/C,0603,CC0603KRX7R9BB103(Lead-Free),0.01uE 50V:+-10% 7] 1.0 [{1.4[{4.0[ 56 39.2
1802-004490 |M/C,0603,1uF 16V +80%-20% 3] 1.0 {1.4[{4.0( 56 16.8
1802-00506B |M/C,0402,220PF 50V +-10% 1| 1.0 [1.4]4.0| 56 5.6
1802-006110 |M/C,0603,5600pF 50V +-10% 1] 1.0 [1.4]4.0] 5.6 5.6
1802-007530 |M/C,0603,CC0603KRX7R9BB822(Lead-Free);8200pk 50V+-10% 1] 1.0 [1.4]4.0] 5.6 5.6
1802-007670 |M/C,1206,LMK316F226Z(Lead-Free),22uF 10V +80-20% 4/ 1.0 |1.4(4.0] 56 22.4
1802-00805A |M/C,1206,CC31F1E106Z-TSM,10uF 25V.+80%-20% 1] 1.0 [1.4]4.0] 5.6 5.6
1802-008170 |M/C,0805,CC0805JRNPOOBN102(Lead-Free),1000pF 100V +-5% 4 1.0 |1.4]40] 5.6 22.4
1802-00839A |M/C,0805,JMK212BJ475MG-T,4.7uF +-20% 12 1.0 |1.4]|4.0| 56 67.2
1802-00860A |M/C,0603,CC0603JRNP09BN100(Lead-Free),10pF 50V +-5% 2| 1.0 [1.4[40[ 56 11.2
1802-009480 [M/C,1206,CC1206KRX7R0BB104(Lead-Free),0.1uF 100V +-10% 8] 1.0 {1.4[4.0( 56 44.8
1802-01114A [M/C,0603,CCO0603GRNP09BN181(Lead-Free),180pF 50V +-2% 1| 1.0 [1.4]4.0| 56 5.6
1802-01116A |M/C,0603,CC0603GRNP09BN151(Lead-Free),150pF 50V +-2% 12| 1.0 |1.4]40] 5.6 67.2
1802-01240X |M/C,0603,CC0603JRNP09BN221(Lead-Free),220pF 50V +-5% 4/ 1.0 |1.4]40] 5.6 22.4
1802-01309A |M/C,1206,CC1206MRY5V7BB106(Lead-Free),10uF 16V +-20% 23| 1.0 [1.4]4.0| 56 128.8
1802-01318X |M/C,0603,CC0603ZRY5V8BB104(Lead-Free),0.1uF 25V+80%-20% 111] 1.0 |1.4]4.0] 5.6 621.6
1805-000180 |[C/C,DIP,CD1010F103Z2KVA5S525,0.01uF 2KV +80%-20% 1] 1.0 [1.4]4.0] 5.6 5.6
2406-000190 [1*4P WAFER,DIP,P:2.0,2420-04ST1 2| 0.8 [1.0|1.0f 0.8 1.6
1702-00024J |R,0603,RC0603JR-070R(Lead-Free),1/10W 5% OR 9] 05 [1.4[1.0f 0.7 6.3
1702-00038G [R,0603,RC0603JR-0722R(Lead-Free),1/10W 5% 22R 2| 05 (1.4([1.0f 0.7 1.4
1702-00044F |R,0603,RC0603JR-0733R(Lead-Free),1/10W 5% 33R 9] 05 [1.4]10f 0.7 6.3
1702-00057G [R,0603,RC0603FR-0775R(Lead-Free),1/10W 1% 75R 2| 05 [1.4[1.0f 0.7 1.4
1702-00064F |R,0603,RC0603FR-07110R(Lead-Free),1/10W 1% 110R 2| 05 (1.4([1.0f 0.7 1.4
1702-00075A |R,0603,RC0603FR-07180R,1/10W 1% 180R 1| 05 [1.4]1.0] 0.7 0.7
1702-00096F |R,0603,RC0603JR-07300R,1/10W 5% 300R 9] 05 [1.4[1.0f 0.7 6.3
1702-00117G |R,0603,RC0603JR-07470R(Lead-Free),1/10W 5% 470R 4 0.5 |1.4]1.0] 0.7 2.8
1702-00160A |R,0603,RC0O603FR-074K75,1/10W 1% 4.75K 2| 05 [14]10f 0.7 1.4
1702-00178F |R,0603,RC0603JR-071K5(Lead-Free),1/10W 5% 1.5K 1] 05 [1.4]|1.0] 0.7 0.7
1702-001860 [R,0603,1/10W 5% 2.7K 3] 05 (1.4(1.0f 0.7 2.1
1702-00189F |R,0603,RCO603FR-073K6(Lead-Free),1/10W 1% 3.6K 1| 05 [14]1.0] 0.7 0.7
1702-00194G [R,0603,RC0603JR-074K7(Lead-Free),1/10W 5% 4.7K 8] 05 [1.4[1.0f 0.7 5.6
1702-00214A |R,0603,RC0603FR-0717K4,1/10W 1% 17.4K 1] 05 [1.4]|1.0] 0.7 0.7
1702-00242A |R,0603,RC0603FR-071K,1/10W 1% 1K 1| 05 [1.4]1.0] 0.7 0.7
1702-00251B |R,0603,RC0603FR-0710K,1/10W 1% 10K 1] 05 |14]1.0] 0.7 0.7

66




1702-00252J |R,0603,RC0603JR-0710K(Lead-Free),1/10W 5% 10K 12| 05 |14]10] 0.7 8.4
1702-00259G [R,0603,RC0603JR-0715K(Lead-Free),1/10W 5% 15K 1] 05 [1.4]|1.0] 0.7 0.7
1702-00262F |R,0603,RCO603FR-0720K(Lead-Free),1/10W 1% 20K 8/ 0.5 [1.4]10f 0.7 5.6
1702-00417A |R,0603,RC0603FR-0751R,1/10W 1% 51R 1] 05 [1.4]|1.0] 0.7 0.7
1702-00418A |R,0603,RC0603FR-07430R,1/10W 1% 430R 1] 05 [1.4]|1.0] 0.7 0.7
1702-00461B |R,0603,RC0603JR-071K(Lead-Free),1/10W 5% 1K 8] 0.5 [1.4]10f 07 5.6
1702-00545B |R,0603,RC0603FR-07267K(Lead-Free),1/10W 1% 267K 2| 05 [1.4[1.0f 0.7 1.4
1702-00589F |R,0603,RC0603FR-07100K(Lead-Free),1/10W 1% 100K 14| 05 |1.4]1.0] 0.7 9.8
1702-00690A |R,0805,RC0O805FR-0749R9,1/8W 1% 49.9R 4/ 05 |14(1.0] 0.7 2.8
1702-007100 [R,0805,1/8W 5% OR 1] 05 [1.4]1.0] 0.7 0.7
1702-007460 |R,0805,1/8W 5% 75R 2| 05 (1.4(1.0f 0.7 1.4
1702-01052A |R,0805,RC0O805FR-071K,1/8W 1% 1K 2| 05 [14]10f 0.7 14
1702-011980 |R,0805,1/8W 5% 10M 4/ 0.5 |1.4]1.0] 0.7 2.8
1702-012200 |R,1206,1/4W 1% 49.9R 4 0.5 |1.4]1.0] 0.7 2.8
1702-013590 |R,0603,RCT034123FTP,1/10W 1% 412K 1| 05 [1.4]1.0] 0.7 0.7
1702-016890 [R,0603,1/10W 1% 162K 2| 05 [1.4[1.0f 0.7 1.4
1702-016940 [R,0603,1/10W 1% 383K 2| 05 (1.4(1.0f 0.7 1.4
1702-01891A |R,0603,RC0603FR-07390R,1/10W 1% 390R 5/ 05 [1.4]1.0f 0.7 3.5
1702-01939A |R,0603,RC0603FR-0756R,1/10W 1% 56R 1] 05 [1.4]|1.0] 0.7 0.7
1702-019880 |[R,0603,1/10W 1% 5.36K 2| 05 (1.4(1.0f 0.7 1.4
1702-01989A |R,0603,RCT036192FTP,1/10W 1% 61.9K 2| 05 [14]10f 0.7 14
1702-02077A |R,1206,RC1206FR-070R,1/4W 1% OR 1] 05 [1.4]|1.0] 0.7 0.7
1702-02179A |R,0805,RC0805JR-071M(Lead-Free),1/8W 5% 1M 2| 05 [(1.4(1.0f 0.7 1.4
2410-00003D |POWER JACK,DIP,TK18-001,6.3¢% 2.1mm 1| 04 (1.0{1.0| 0.4 0.4
3037-000412 |PCB,PKE220VB-D17,I1D:37-000062 REV2 1| 0.2 [1.0]1.0] 0.2 0.2
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WS R R AR RA GRS R

THERMAL PROFILES TEST DATA FORM

UNIT TESTED: 1 S/N: PAGE OF
ENGINEERING SPECS: WLLO035 with DATE :2005/06/01

802.11g Mini-PCI LAB NAME:RE

F/W: BOM Ver.XP BOM

TEST SPECS: TEST BY : Johnson Wang
TEST PROCEDURE : CHK BY :K.Y. Chen

TEST EQUIPMENT USED : YOKOGAWA Thermal Couple RecordKSON Temperature-Humidity. Chamber

Test Condition & Result:
mponen ren 24Hrs Result: (¢ ;
oo e T st T e Tempo(C) | Remark
95%RH | 90%RH | 90%RH
1 U3 BCM3368 84.2 85
2 U9 BCM5325 83.1 85
3 Q2 2SB772 77.1 70
4 Q3 2SB772 78.7 70
5 U4 MC34063A 58.2 70
6 U7 24438161 66.8 70
7 U23 MP5308 61.9 70
8 | CI1100V 470uF | 10L.3 105
9 U22 MC34063A | 62.0 70
10 U17 BCM3416 931 125
11 U18 BCM3401 71.1 75
12 Ul1 BCM3406 71.5 75
13 Ul BCM2050 68.8 70
Cage of
14 Mie beT 65.3 70
15 Surface of 63.0 70
Housing

COMMENTS : The testing sample was in the ping mode during the test 4%
Loss. .(with lynsis housing) .
SNR, Down Stream Power, Up Stream Power(Before/Past Test):.

TEST RESULTS: (V)ACCEPTABLE ( )FAILED
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0,.if X <X,

k .
F.(X)= n+1’lf'xk<x<xk+1"k:1’2’ ..... n
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B g B 4
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BE AR ERZ LR 25°C 7 igH
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PRSI A ST AR AL Y PR R PR
(Stress-Strength Interference) 5 FA# > ™ T K s ~ E g B 5
X(W R TR ) (€7 R4 5 (A& PR 5 A
A P AREAERE DREFEERAE D MRS X=-Y>0 *FX>Y

EX<SYHE S HnTE 4 Ao PV ART A7 5

Reliability R=P( X >Y)
=> Unreliability=Failure Rate Function F = P( failure) = P (X<Y)

B ARRI o B4 B R AE T ARG - /2 2B (deterministic value )
& & % % & e (probabilistic distribution ) > 4-Bl— I B2 #71 o @
AR R 4 B S RVVAR G S P R Aot 2 Bl o AL
BT AR R BB ARSI A G o ot 2 Bl - FIE

AT o FTIUBlZ 2 B F e LR TP T 5L

Reliability R= P( X> Y) = Ly:OXfY(Y)dY: f; fx(x)dx
=1- [ x(xdx

ARlE 2 B3P s BRX BY G F ol v TR
F RS EFX(X) 0 Fy(y)% #85 % & Sdifx(x) 0 fy(y) 5 = 4w o P04

Mot -5 R ARG T ART A p AT
Reliability R= P( X>Y) = P( X- Y>0)= jj fX, Y(X, y)dXdy
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function) » 4r% X &Y 3 S M3 P Agh T 2 2 RGE AR R K

(random variable)p¥ > B|d Blw # > H¥ LR ¥ £ 5

r=[ fY(WI-Fx(Vdy= [~ XO)Fy(x)dx
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