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SETRT I PR R I PP R IR b — Ny, RS R AT e, SRR AE AN Blad iy,
FMCE B - D 1 R R TR B, BOE I Bk 30 9k s AR e (R I 1) — 250, gl
s A (X i A B )

BRI ZEF Tco, Tskew, Tjitter, Tcrosstalkes: - , ERCRIRE I, ok, H
B R NS, BTk O sk

Lo —ANBEIIZ N, Bs B NS A BIE S, A AL S 1 T N TR
v B AEIER BT, AT AR AT A0S R OREF N TR

WARSAE 1, SR Telk REAL AL BIA I a5 (2 T I Ta), X SEr ) ARG T 2o i 4E
B (Tco) , Bl CATHIE] (Tflighttime) , HHELRFFHREIZESR (Tsw) , PR LI\
JUE M PR (Terosstalk, Tjittersse- ) FFH T X R 2 A U S T .

«» TPCB skewtTclock skew +Tjitter +Tco data +Tflt data +Tsetup<Tcycle

ARG 2, R T B s R e f D Bt Y E N (Teo mind I0_E s/ dls AT I 1A)
(Tfllghttlme min) ZJEIiSH], A N ASEEIE B B 2N ORI ]

+ Tco data +Tflt data +Tclock skew+Tpcb skew>Thold

FOEBCF A%, AT M A T PR B A Bt R BEAT N Pk 3. ANERAR A B Ui
AW AE 2

*  tourput_gelay_max = The CPU_DH[31:0] and CPU_DL[31:0] maximum delay is 2.8 ns (taken from Marvell's MV6446x hard-
m ‘ware specification). |

*  tinput_setup = For all IBMTS0GX signals, the value is: 1.1ns (taken from the IEM750GX datasheet).
According to the formula above, with a maximum clock skew of 0.3 ns:

tFI'y_hme < tl:ycle-’L!Z)c.ltput_*:halay'_rnaa( 3 t|l'||:ll.||_5€1.l.lp - tctoch_skew =5ns-28ns-1.1ns-03ns

=> tFN_hmE[dala_lJus:- <0.8ns

*  toutput_geray_max = The CPU_DH[31:0] and CPU_DL[31:0] maximum delay is 2.3 ns (taken from the IBM750GX datasheet).
tinput_sewp = The CPU_DH[31:0] and CPU_DL[31:0] setup is 1.7 ns (taken from Marvell's MV6446x hardware
specification).

According to the formula above:

tery_tme < eycle = toutput_aelay_max = tinput_setup ~ tciock_skew =5 NS -2.3ns-1.7ns - 0.3 ns
==> triy_time(data_bus) < 0.7NS

0.3ns<Tfly time<0.7ns
B AR RO SRR SR, FAT P R A A 0

. LR IR R I P e R Bl TCLk I, XERESURIINR . 33M. 66M 1)L [RI I 4 5 2k,
T SRR AN S R R R RE S 5 R T, AT BT 58k, 100M LU_L (S A I
SR PR Bk, 133M LRSS, i@ B o8, 75 DR AR K.

1. BRMES “mELE”
2. FAMAM g, JTHE¥ES




E l\c éﬁk%ﬁﬁ‘]lﬁl% PCB &VI"EF“U EF.W‘E%EQUH*IE ' Eﬂ]xmuﬁﬁﬁ:@

Your best partner

— B o Wb #IR. B EREE EZHEANXE : http://www.edadoc.com/book

o

Ty LRI B R A KR, AR, i Cadence Allegro RIS BE28K
R, FLREHh S &t A& T & Total Etch Length, WiASSEATH F K &-F
Propagation Delay.

JE: 100M 22 1350 LI, H TP IER 50K, G i GERLCT B 8 F 550 # Skew (746862 1l AX 7517
A T T ST, IS LA AN FEZC B T o B FE 250 e Bl A G 2557 ) s (LA tH AT A2
] Total Etch Length HIHIFELIFi k1], TTAAZ Propagation Delay

|§ SEEE I Maximum Total
g+ Electrical Constraint Set Objects Minimum Total Etch Etch
=& Signal Integrity Type | S Name mil mil
=& Timing * * . — :
=& Routing Dsn__|
----- & Wiring
----- & Vias

----- & Impedance
=~ _E Min/Max Propagation Delays
|— ----- B Total Etch Length
----- & Differential Pair
@ Relative Propagation Delay

=@ all Canctrainte

WTXAZ, KRGELERARA? TN FIFE S, A2 Mission Impossible ?

1. JLIn] i Sk I O R B A ARG N, I RN, vt R

2 JLIRIE Bl R Z P R AR K, —MIE LT T DA O R WA KK,
3 WSy I R R, TRk i, SR RIE KRB SE T K

4. 100M BA_EfILRI I Biud 2, G ICHEATIN PP A, S XU

o

5. WRPB&NF
FRCEAERFARAER T, WP DA . BE B RS R
EEE

@FgEKR -2 M BRI T Teo, — M 2 RULAS ns, 8 m N B a2, B
CIICIRII Bt TH IR )20, A5 5 IRl AT — AN A ke i

@A TR ZOZ B SR, B 1) Teo M LA/ o A ER TR AL FH R TR] A2 ) Aol
RYE, MZEI Bl SN g2 DDR.
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@RI R [ I B 2 (0 B I I PRI AN IR S, 3832 I3 fi 2 e K 1R I 3 5 »
e PR 22 B2z | Jitter HRPLAE . AEATRIEIE N B, AR PRAIEE Bit Bl AL,
TH AR I ORI £ O 2 o

@Erick: R Z I SEm, LRI A BRI B W R IR EA NS Y clock skew,
$ i %54 data [1) skew, LA clock Fil data 2 [A][¥) skew R e xR 6. SR IR A 5 1 8,
Al AR clock skew, 1M H. clock F1 data % F 41 P 22 73 3 AH ) 42t mT LUE ¥k clock Al
data 2 [A] skew. {HUEYEIAIE 2 Y clock AR (142 m i R T Atr 6, IXFE LB F o A 1o v e 1)
K serdes T .

BARRFIE AN N T H A

Ly s 2L ) I s P AR E L) — AN R R BRI Teo, R KATI I 2 — > )

2. HT O LERESIE GERFFIN T 7K, Teo AREN/DN, W #SAE 3ns B L, HL5
A1) Teco max 15F 5. 4ns, IXIHEWIER I SPH AR LE 133M LAk, — NI 3 () 1] [] A
W TecoWZHT

3v LR BRI, JLRINER A L R AR MERE T2 200M DA b, JLSEAT M 28 DA ] B o 2 i
76 133M BL BRI g i v e a8 dE R R T .

BESR Teo S M3 [ I Bl S Sl (M B ZE N R, AT 4 Ip2nT DUE XA ) @i, ?
TR BRI 2 TG ), P IER AR &5, AN SN ke (Rl E s T, 1 I
AR — A ATE . REEE R A Teo ZEM, FRINBIA A Teo R, TZPIAN Teo
AR T =T ? BATEEVE, W FEFR:

Strobe

Driver — Receiver

Data
@ Flight time
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1. CLK itk )5, &id—"MHRIR Tco $ERT, ##EA Strobe 55— & H
2. HHEH Strobe {552 FFEM) Flight Time, A2
3. BelomdR i Strobe {5 S RN E R HEATRAE, 75 B A AR R TR

AL 7 R FE I 2k, T Strobe Fil Data —i#g &, —&ATE), e T I Bh
REJZERS (Tco) A, H—ie sa i EIBBIXRMERBE (T Flight Time) o XA UEAN
FEARAGAE T BEAR ) R AR Q0 2

XRESR, ELMKBEOCEARZENE T, ERMEIE—2. 7T, Kl
RmLEEL, e REEK. fRE A Cadence Allegro [IHEINAE B R MRS, Uit (R 20 I8
VR B T 1 L U sl A FRAT 15 FH ) Propagation Delay Mo

U BATHEIR FD 26 LM e R 22 A0S, DR —8, — i s R s AR nSLEF L
A A 2, AN ] DA R AR 2 B IR OC R e, BUR 55 e 2 Il B R — 30y, #E 3
kB (8505 , RIEA e R (BT o HEHTERARERGTERE, TEFEL
AN AR o SR 5 X B AR, ANEIRAE ZU4F, JERKAM (5 P41 B0 21,
Xlst Total Etch Length H%K, RAZ0M L AR I /NG Fl 5

6. DDR3/DDR4 R} ¥k RMEAR
DDR & 4L Y (R [R) 20 I 7, FAT 1Ak BA DDR3 A48, 1E4HUEBH R DDR % v 75 B L I IN Pk R o

S, Y EAE R H AR & Strobe Fl Data 2 FiA, SR JE L Bk 2 5 I AR
I H] 6 2R 3 HOX /N HAR, HZE Strobe Fl Data 25K ¥ it, % DDR (i R THREA A4
T o ALV AREABERLE] 10Gbps B3 B mid %, %2 /b7 DDR3 (1) 1600Mbps A& {1
AWAE. BIL P RPN LORFRINT R T oK, RN b derating UELHE, X T 1. 25ns
) Tek K, GHEREA A A

Speed DDR3-800 DDR3-1066 DDR3-1333
Units NOTE
Parameter | Symbaol MIN MAX MIN MAX MIN MAX
Data Timing
DQE.DAS to DO skew, per group. per access inlein] - 200 - 150 - 125 Ps 12
D42 output hold tme from DQS, A5 aH 028 - 028 - 038 - tCHiawg) | 1%.g
D2 low-impedance time from CK, TK BLZDa) -B00 400 -600 300 -500 250 ps 13,14, F
D42 high-impedance time from CK. TR HZ(DQ) - 400 - 300 - 250 s 1314,
DS(base) -
- ] - 25 d, 17
Data setup time to DQS, TUE referenced ACITE =
to Wil ACIV L (AC) levels tDS(base)
AC1E0 125 - 78 - 0 os d. 17
Data hold time to DQS, DQAS referenced tDH{bass)
1o Vi{DCIV (DC) levels DC100 150 - oo - & ps d.17
DG and DM Inpat pulse width for each input DIPW 800 - 440 - 400 s 28
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AtDS, AtDH Derating in [ps] AC/DC based’

DQ@S,DQs Differential Slew Rate
4.0 Vins 3.0 Vins 2.0 Vins 1.8 Vins 1.6 Vins 1.4Vins 1.2Vins 1.0Vins
AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH

20 88 50 88 50 88 50 - - - - - - - - - -

15 59 34 59 34 59 34 67 42 - - - - - - - -

1.0 0 0 0 0 0 0 8 8 16 16 - - - - - -
SEI)SW 09 - - -2 -4 -2 -4 6 4 14 12 22 20 - - - -
rate 0.8 - - - - -6 -10 2 -2 10 6 18 14 26 24 - -
Vins 07 - - - - - - -3 -8 5 0 13 8 21 18 29 34

06 - - - - - - - - -1 -10 7 -2 15 8 23 24

05 - - - - - - - - - - -1 -16 -2 K] 6 10

04 - - - - - - - - - - - - -30 -26 -22 -10

{HZ N DX GKERE S VREAT, WFD I P RGEEARIETE 2 Jq, B T Tek 22/ ik e A2
INZAL, A 2 AR R S A N

* WRITEs at DDR3-1066

Element Skew Component Setup Hold Units Comments
Clock Data/Strobe chip PLL jitter 35 35 ps
DRAM tJITper 45 45 ps  derate back out what DRAIM tests for
Clock skew 0 1] ps
Transmitter Memory Controller Skew 238 238 ps Assume similar to DRAM, used DRAM's

Interconnect “Controller uses uncoupled package model, some inerease can be expacted pending Controller model used; probably in the 15ps to 30ps
1 victim (1010...), 4 aggressors (FRBS); Different termnation schems for 800

DQ Crosstalk and 1S 25 25 ps  other than that used for 1066 and 1333 should reduce xilk to less than 29ps
DQS Crosstalk and ISI* 5 5 ps 1 shielded victim (1010...), 2 aggressors (FRBS)
Wref. Reduction 10 10 ps +/- 30 mY included in DRAM skew; additional = (+/-10 mV) / (1 V/ns)
Reff Mismatch 1] o ps | +/-6% accounted for by DRAM spec
Path Matching (Board) 10 10 ps  Within byte lane: 185 ps/in * 0.1 in, Impedance mismalch within DQS to DQ
Path Matching (Module) 10 10 ps  Module routing skew (30% reduction with leveling)
Input Capacitance Matching 5 3 ps strobe & data shift differently
OOT Skew (1%) 5 5 ps  Estimated
Total Interconnect 70 70 ps
Receiver DRAM Skew 165 165 ps tDS, tDH from DRAIM spec.derated for faster slew rate and to Vref
Total Loss Total Skew 472 472 ps [ Trans +rec. + interconnect skew
Max Eye Time Allowed 469 | 469 ps
Budget 6L Timing Margin -3 -3 ps |6 laver board (siripline), 45-ohms, 0.135mm trace fo trace spacing |
6 to 4 layer DQ Crosstalk and 15! T 7 ps  increase using microstrip vs strip line
DQS Crosstalk and 1] 17 17 ps increase using microstrip vs strip ling
Budget 4L Timing Margin -27 27 ps 4 layer board (micronstrip) 45-ohms. 0.135mm trace to trace spacing |

AT (ISD , L MR (Crosstalk) , A RDIF MR (SSN) 45, #ia
W4 K (R I A

PrAfE R, BRAT TR i 0 r 2 A5 5N (DDR3 (¥ DS AT CLK AN 22 S8 45 K1)
Jr AR e, MR R ALK S P R, FATIAE DDR3 R AL DL 2 KR
KT

Technology DDR2 DDR3
Delay Matching Requirement (232l 25K)
Match ADDR/CMD/CTRLto CLK tightly YES YES
Match DQ to DQS in same lane tightly YES YES
Match DQS to CLK loosely YES Not Required
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DDR3 DDR4

FADQ/ECCEMIM DQSERAREFE EI4ADQ/ECCERIN DQSFHARIFE
100milA 50milA

. DQS =i TEHAFISES milik DQS Z34rd R FISFES miliAy

Source-Synchronous Signal

E#ADQ/ECCEHAFIFTE30mIlA [E4EDQ/ECCEHHAFIFEL0mIlN
EEESTEERREEELE EEEESTEEREEELS
CLKZ S LeXd RIS T 2mil CLKZ 55 a5 AR T 2mil A

Clock Signal
EA—DIMMMICLKZ [BIEH<FEE20milA [A—DIMMEICLKZ IR {FHES milA

Source Clocked Signal  |F—{-DLL{E, CMDERFHAFIFES00mIl | F—1-DLLAE, CMDERE{FISE

(MA[15:00], BA[2:0], RAS N, " 25milA
CAS_N, WE_N, FrECMDIESERSHMNATIMAEE | FrBCMDiESERSXIMATIMRFE
MA_PAR)/BG[1:0],ACT_N,C[2] 2inchiy 2inchiy

[E—"DLLZE,UDIMM CTLE S| _ - e
{H57E100milFy , for ROIMMUESSEE | o DL, CTLE S SHCERISTE

: i :
240mili 25mily , for RDIMM{FZE100milA

Source Clocked Signal
CS_N[9:0], ODT[5:0], CKE[5:0]

7. BHNE

YT ORI R IE, KSR .
AT A TR, Wt n] BL A i i !
WAL EE S S, AR R IT 1118
PTLASE NI BOR T . S ™ 4%, Elﬂ?%ﬁgﬂij(, ARG E !

XAPENAZATAR 2 WA TR R, B DASRAT Tt 2 H RETE 2SR L)

> DDR3 [AZH (¥ DQ F1 DQS 7%+ /-1mil &K

> DDR3 [AI41f¥) CLK Fil Add/Ctrl/Cmd 752+ /-10mil F5
> DDR3 f#) CLK 1 DQS 7%+ /-100mil &K

» PCIE3.0, Z/X% W Gsi+/- Omil 55K, WA mzE

FRAL AR IE T LART AN -

> LRI ZY LS, b H
> BT NI AR 275 e B

FEALHIREN, HIBUAERRAT TR UG, Mz “ A", (HE R A 2 !
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S A ACEESEH— F» B PCB e P A TRMBAR BEPF e SOk, KR4 .
T POB ¢ T AR A B AR R A 7 LA B 240 SRl RS U
S RS b T R IE 7 SRRl AR BT BN POB 31T o8
ST T ORCE, IR LS

AR, EZ BT B TR A SR 2880, FUR XA % AE H 2k AR, ik
woml, WERHK, RS DI Rt

SR SCEE, W e XA TR [ R ST NG00, S50 R di A ST-List iifig.
Hefe X LT 1 A Ul

http://www. edadoc. com/cn/ jswz/show 780. html

"We are engineers. We are supposed to think."
WO B, i A 42 “Design Guide” , fI4/& “Spec”

8. EFKE5EH
ZHTMSCEAA L, BT S KIAE B, Wi H RS . B LLRRATTE e A,
+/-10mil Xf PRI RS 22202 Bifbl+ /- 1mil 5K HE+/-10mil 4% T 10 %, R4
HOASIRZ?
RENAZIEAAF md o6 A EB S I SCE . (F 5 2 BRI ? ), B
R ER. CEMNEE, ST D% [F—FBEREZ, a2 T2
145.9ps/in, HPIRZEINAES 173.6ps/in.
AT A W R UET 145~170ps, XTariRgkskit, & ps ZERF N R E LK S
J& 6mil £ 4. LA, +/-10mil Z5KAl+/-1mil 25K, FERE] L2 R AN 3ps. FA
KEERANRGE, A2 /DRIIETT Y 3ps & 1)?
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Voltage [mV]

Voltage [mV]

FEERFE—ANBIE, AR RN P DN, 7 4 D2 ps 2. WHEK
B, KEAAT XL

G AEAT N T IR 85 R B SRR AR Imi 1 382 Bmil, BE R e et K
FERAT RO, AT PE T, R BATTHI L 28 gy

> WP ENBRE A, REIZEC TR T, (AR AN R L T g
> PRI TN APt (FURBUERIAL S, BIANHA S TR, | B T
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IR AR BE P DL L EEgT, IS A R T AP .
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R CE RN S LU, Prl B2 S KA 2 5 18 I — M il S 5h— 4
RITTRE : AR A AN R GRG0 R SR BRI . IS T R AT
JEFARRTE, RS Dot th B QR A I

9. BITELRT

SEATBMIT R RIS, 16T L A, ZRMZE, BoAMRE N RE R A air
ZEWBIURAT I, M2 A N PG X NI S A AT A S AP . AN AU, 12 R YR
OB R, SRR NSRRI R, SATREKRT

R MR G, AR A5, DDR3 R0 E0E AN T A S Smil KX A ™
. BEIXFEMPIE, TR HGRANE:  “F&, WRMRIT - o PSR,
XA RN LIRS A0, AR LG A S PR 3R 9+ /-1mil, +/-0.5mil 4
KIXFEEESR, BATCLRIRWL T o +/-5mil B +/-10mil, XCOEARDFET, B
WEF, s HE, XAERKENHMAT

BT HRATEL, BUAERE T, KGOS ESR 1 T B4 H AT BB
o i?

Parallell Parallel

Backplane

IR AT R AR 0 & SerDes A, 1Y SerDes(Serializer-Deserializer) & H11T #%
Fff HR 2 BT AR . HB AT 2% (Serializer) tHFR 4 SerDes & %4 (Tx), (Deserializer)t#5 k%
Wediii Rxo RT3k K], 42FAF 1 SerDes ) TAEJ5 .
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Embedded Clock and
Serial Data @ 1 Gbps

Data 9:0

Il

= FoEEEE BN
@ 100 MHz
11 Traces Vs 1
(actually 1 pair of traces)
100 MHz
Embedded Clock and
Serial Data @ 1 Gbps Data 9:0
- T ml | SCDR @ 100 -MHz

P RO (Deserializer)

(actually 1 pair of traces)

Recovered Clock (RBC):
100 Mhz

FER R, Mo e e i KU, BATA LR R SerDes 19 TARJBRAN 1Y, M LK, K

IR A 2

>IN Bl PR AE 2250 BRI Y
> BT, INEME S HE TR

10, FiE BT RER (SerDes) HIEKENR
M ESCRTDARE GG BI45 10 il AT R AR I R ik S B, Ao 7 B
TR AL A 5 5 NP 1) L, el AT R o, BRI DGR 75 L SEALC IR DO FE A ) 2 1l
REE L PTUAZE 0 5 2200 0 2 (R EAS AT S R s I 2 O AR AT i A IR R AR A T A%
LTRSS =18

I AT S Ze BT A S AR SN PP 1) 8, AR R E B Jitter, BRAS, BUREREIREE )
AL, ORTEM R ZE I RS G 5 ik, DAL S S A T 0

ZEor X B S, g

> Ok AR A R AR ARASE il 7 DA R ZE AR e
> 2RI AR T A R A
> PUREREE, v BHRESE R )

XL, 22 AR, MRS AR SRENUE LD M UE M R, ARSI P R
S BLITREA TR o oAb o AU 2 /5 LU TR ey T FR AT R AR VIR BEAT T
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VE: YR P TT I L TER ST ZEAN G ZER L IHFA LR, i B MI B ZE0 e s 25T
TR BASIT D, 1 1T e TER AR 227 TE A0, JHAE AR AT 9 257 26 A2 e i
EEE

Y

DAL TTHE, TETAT B, F AL T I TAT ARSI T L
L G A 1925 74 DDR4)

W AR U Ry R AT A BT ZE R S ZE 00 X 2 IR AR, IR At A R0«

Intel f¥) PDG HLifi, XJ[i— Bundle P ¥5/%) PCIE3 {5 51 QPI {5 S T2 KER . ANl
e AMR AN ER, IR A RA T, FEAR A RS XA 1.

Table 3-6. Length Matching within a Routing Bundle (Sheet 1 of 4)

Routing bundles are differential pairs that share a common exqualiztation register. Differential pair 0 and 1

are a bundle, differential pair 2 and 3 are a bundle, and so on. For example on PCle

PE1B_TX_DN/DP[0] and PE1B_TX_DN/DP[1] or PE1B_TX_DN/DP[2] and PE1B_TX_DN/ DP[3] are two

examples. On Intel QPI, QPIO_DTX_DN/DP[00] and QPIO_DTX_DN/DP[01] or Intel QPI, QPIO_DTX_DN/

DP[02] and QPIO_DTX_DN/DP[03] are also two examples.

Length match pairs in a bundle to within 0.5 inch for PCIe3 and 1 inch for Intel QPI.

Device A Device B
} @
Equalization Equalization
Register Bundle Register

Guideline } f

[P~ Z A SCEE B, R ORI, IUAEAHORE AT 2 G 2 UL ? .

1. SERIRE AR IR PR, ARGK, M e — AN, B2,
REGELR K. OXIHE SR OE RN, SMA—8L SRR KEENR
SRS, TR — AR

2. VEIRDL IRl LR IO TSR, LR AR (RS FURI R T WS R, i)
FJUA ps DGIERWIF T C+/-10mil Ze47) o SE0TH AI L0 A fiiAS , dik 2 SSN,
ISI, Crosstalk 4%, ANZLEAESRIIGR C+/-1mil) 1 280 1 HoAl 57 22 1 1 122
o GXIHE SR L DAL T, SH—BUREE, RERHEFHL, Teo, KATHAIH
AT, (PRSP0 R A 2 SRR, SRk 11 T UUBEME 7 SRR 1R )

3. EOMLERATMLE, BRI, ZEOMER, SRR S A ST, AN TR OSSR
MBI T, TG 24k (G R TR (B LGt A, SAE T R
R, REF AL, —AMB S AR RS T, LG (0 A A
RAERL - 250
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I, AR NURLYE T BT, AT B RS 22 00 0 TR S R 2

1B LXK ERIZN T ST, TG (R HIER AR 00
JAIR, 245 75y BRI PSR, IR I “ Kt ™ B -

[<T—1E]

— R L T PCB il PCB iltiy KREE L PRMIEN S IR SS . 1E A Bk K
vk PCB vk ], FerlfEh E L SEE L HABSZOFANRY, BRI T 500
RN KB FE PCB Bvh HIBA, SR, WIE2 K.

—1 i N PCB A% Aot 2009 4F, fiF) ARPU& (7 4H4E S0KMD , KRHK A H A,
f ] () — N L &, TPS K s A2~ B B DL B R R HI5 N, BU T K& P $
HEEE R 52 2 AR IR 25

—JH N PCBA &) N FIRYN, e LT sy) . BIAT 12 4% SMT o4k, B4tk
%+ XPF. NXT3. £ HBFENRIHL. IR PR w5, R PG
AOI. XRAY. BGA RIEGENLER S, TSR /M LEN SMT I . 412555
A5 o

[TRELE]D

G AR HR YT — TR AT BR A W) R&D BOARWIFEHB AN, I 2 T 1K 7 ki e
BV, AL A ORRFRE A AAT TR SR QIR LR, CARE D3 T HARF ROl
TE, RN T N XA, o v ]  F 5 2 — AR A
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