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| ARTWORK |

=

of A7) A& W AAAe] BEA B AAA 2 B A9A P GAIshe] 1EAe] PCB
g ArsEd 1 %4 9

5449

w7 716e (FWE ARTIORK A1l 4 PCB A171A] 489

CPCBEAA Lu AHg
1wy we Ak

D AR (R
2) A4

(o)
S

R LG B R lin

ST Lo B i

2] O

OE
3) I 2EA E AF wjAES A A S},
4) EEAHS a1 ske] wjx g,
5) Balance®} ¢4 7lo]l FAH == vfx], wjA3ic).

6) NOISE(crosstalk, undershoot,
7) &% AR LOGICAL LAYER

overshoot )& 9 signal integrityS L& a|A v A A3},

(1) DRAFT 1 : PCB_NAME_TAG, STACKUPS 374 % &
(2) DRAFT 2 : BOARD DIMENSION
(3) DRAFT 3 : H-FAF 2 wjXd FA99 AA
(4) DRAFT 4 : CONNECTOR, LEDS LA H-3EFA
3.2 PCB 7|7 % % 7]+== AA 7+

1) PCBY] 7]4+% A A

R=] ~2 =+ r 4 =1 ~2

Rlg ur e \
(] Q
R=1~2 = % 4 =R=1~2
(0K) (NG)
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(P C B )
T
>0 L RES
|H|i4tg.1 ﬂ\‘
R 55201 N -
= | - |1 y.
50%0.1 . 50+01 Solder = -
Mask 0.5mm O]&
« 7]55& =7 3 SOLDER MASKE 3kA] &=ttt
3.3 ARRAY Eje] PCB AA| 7=
1) ARRAYH PCBO] wid P ul&= e Was dFo= g},
- T "
slot f sewing -@- -@-
b hole £=
slot / sewing o Toout .@. _@_
B
TR
glot  sewing @ -@
E Az B Az
. [ == B = ) i.-.. "\-i K
L OK) H&EI0| = (NG
* A - e A7hgake] TAo] &olsitt
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m JHENo: 1
S Jl=
PCB 2 Al Jl&
PAGE : 3
(FHE
3.4 Bz 7tol= AA 7E
) FEAFAY A PR ARG o] B S)5te] obd] Y3} go] Bz sto|=g HA G,
o U -, L'fd—“\.
slot —}[] HE 70| U e
vEEEJtrI—_:’ :)T:) — s — =
gewitiz hole
- O] - )
22 ( 0K | Az 23 L NG 3=

3.5 FIDUCIAL MARK A 7]
1) 713 9121 MARK
SMD A4 (Top. Bottom)oll the-x} 7o

| FIDUCIAL MARKE

23% o)l AAZ .

+
r e —Y——————————— Yy 3mm
ETXNS
PCB s @ o Ao et
R BN
LC:I ------------------------------------------------ OJ :311]11]
adl S =T
3mm 3mm
2) B 0 An)e EAdo| whel Zolrt o g oo} o] /)| EFE V|EoR I},
0.6mm
254 o ‘Ei’lalgfi Mask
‘,_/"/) l N -
i o | | @ | | O
‘lmn 40,5 Dot ' lmm #1.0 Dot 'imm' J1.0mm loa
==7]:0.2mm)
x* NOTE @ REHS2= PCB A ZA] or HFAlo MARKS H 3317 93 A o]},
x* NOTE : REH T 9 AdE& ZPATTERNC. 2 3}l SOLDER MASKA @& 3o}
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& oL Jee 2y

-
— — e B
— — e B
— — e B
— —2.54mm| - :’:;
— — j,/ o
= — / s
— — -
— — / )
— — SIS
— — 32{']5
— —

o3| @ |L00000000000000] @ | g™ oo ¢ Nom solder

2 2
M H N ol & F S
2leEd I Xl [mm]
0.3 ~0.7 4 #1, #2 #3, #4 TCP, QFP
49} 8F
0.8 0] & 2 #1, #4E=H#2 #3 QFP / PQFP, BGA
288k 0.65 0| ol 2 #1, #4E=H#2 #3 VSOIC, 24'H

3.6 2-EZ g A9 AERA
1) Z}7+e] HEo|= & E A (Silkscreen), LOCATION(Ref, Des) AEjnl=H9] AaE 3% 7|8},

Locaton

YC 1 0 2 Taees

G ometry &H J|=2 5.2.6 &=

DH'

+
] ' I
AEHn3

Lazo =z
#* NOTE @ 1. AlEvl=E SMD F3Fo i8] AAH(+H)= ®7] e},
2. 9]FEAI= PAD wpEZEo| 327] %}
3. BGASY] A9t A H-3Eeo AVIHT 0.2 mm A AAE ®7|3
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PCB £ Al Jl&
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4. B-E Package JE)

1) IC Package 3 El

Pad?fi}f:yle Package Style

bga Ball Grid Array

cfp Ceramic Flat Package
cqfp Ceramic Quad Flat Package
dip Dual In-Line Package

fp Flat Package

lce Leadless Chip Carrier
plcc Plastic Leaded Chip Carrier
pga Pin Grid Array

qfp Quad Flat Package
pafp Plastic Quad Flat Package
sip Single In-Line Package

sod Small Outline Diode

S0j Small Outline J-leaded Package
sop Small Outline Package
SSop Shrink Small Outline Package
to Transistor Outline

sot Small Outline Transistor
tsop Thin Small Outline Package
simm Single In-Line Memory Module
z1p Zigzag In-Line Package
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(3

5. golrge AA 7|E
glol v # gl = 3 49 ueg Az,
ke Gt o] e A= "= ] wo] Ao A RECOMMENDS}= SPECCO. 2 A A 3hc}.
o)

1) PAD SIZE A77]% (PADTFZA o] PAI A &2 45)
PAD [ LAND)
\ S]!-iID i
] [ T
: 1
o -
X
7] % X [mm] Y [mm] Z [mm]
reflow + 0.05 + 0.05 + 0.5
wave + 0.05 + 0.00 + 0.90
2) CHIP RESISTORs
IY
el
) P
A1 [nm] REFLOW [mm] FLOW [mm]
L i T X y C p X Y C p
0.6 0.3 | 0.25 | 0.23 | 0.32 | 0.26 | 0.72 - - - -
1.0 0.5 | 0.35 | 0.5 0.6 0.5 1.5 - - - -
1.6 0.8 | 0.45 | 0.8 1.0 0.8 2.4 0.8 0.8 0.8 2.4
2.0 1.25 | 0.6 1.2 1.4 1.0 3.4 1.2 1.25 1.2 3.4
3.2 1.6 0.6 1.3 1.6 1.8 4.4 1.3 1.6 1.2 4.4
3.2 2.5 0.6 1.3 2.6 1.8 4.4 1.3 2.5 1.2 4.4
4.5 3.2 0.6 1.6 3.2 3.3 6.5 1.6 3.2 3.3 6.5
6.4 3.2 1.1 2.0 3.2 3.6 7.6 2.0 3.2 3.6 7.6
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PAGE: 7
(:H =
o IIIIIIII ‘
E
TYPE A (mm) B (mm) W (mm ) L(mm) p(mm)
5.7 7.7 0.5 1.5
SOP 1.27
10.0 12.0 0.5 1.5
TSOP 10.0 12.0 0.4 1.5 0.80
5.7 7.7 0.4 1.5 0.635
SSOP
10.0 12.0 0.4 1.5 0.65
10.0 12.0 0.25 1.5 0.50
TSSOP
7.6 9.6 0.25 1.5 0.50
SioIC SiIC
e Jf L L
\szzzzz | e | [ rrmrrr e, |
= | | |« |l |+
-4 -4 +A +4
(HG) (HG)
* NOTE : 1.VENDER®] ©}2} LEAD FOOT PRINTS] ZAolx}7} 9o} ojwst Ao %= LEADZ} PAD ©FZ

ISE PCB €4 &

= vltog 119 4uE A3},

719k e 7= o] 2] RECOMMEND SPECe] whe} A&t Au o 7lsoz A7
R T
S0IC
e, L5
\Nmzza EERERERT
S et =l |-
0a 04 0.4 &
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() T
4) PLCCs |
DDDDDDD%;
|
— —
—1 —1
—1 —
I —
—1 —1
—1 —
—1 —
~—4H 000000
—H [+ —aLk—
Unit [mm] | Almm] | B lom] | W lml | L [m] P [mn]
PLCC-20 8.9
PLCC-28 11.5
PLCC-44 16.5
PLCC-52 19.0 0.5 2.0 1.27
PLCC-68 21.5
PLCC-84 29.0
PLCC-32 40 | 15

# NOTE : 1.VENDER®] uw}2} LEAD FOOT PRINT®] Z}o]7} 9o} oju]dl 2 9-o = LEAD7} PAD oF&% wi=

Hom e s A,

PLCC PLCC
\szzzzz ' N rrrrr] | EZZZma L 3,
| | | | | |+ — |
-1 -4 +4 +4
(i NG CHGD
2.7719F & 79+ vlo]# <] RECOMEND SPECel uwhe} 4 83tAY ther|Eoz A g,
[ © mm]
FLCC

s ooty
e
15|03 ng|la
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(F)H <
5) QFP, PQFP [©+9] : mm]
HHOOO000 =

—/ I:I_T

= = A e R

= = I o

— — [&+9 i mm ]

ITITTE] I

P [mm] W [mm] L [mm]
0.800 0.5
0.650 0.4
0.635 0.5 2.0
0.500 0.25
0.400 0.2

6) ARRAY RESISTER ( ¥-3%=7] : 3.2mmL * 1.6mmW )

P P
—1 M M M
H i i
o s
L
|+
W
PINS
@49 [ | 2 B L v P
8 PIN 0.8 2.8 1.0 0.35 | 0.80
10 PIN 0.8 2.8 1.0 0.35 | 0.85
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(M T
7) BGA & CSP Solder Mask
(1) Padel 7 @
7~ Pad
Via—Hole
FPattern —
Pitch [ mm ] 1.27 1.0 0.8 0.5
Solder mask 0.65 0.60 0.50 0.04
pad 0.50 0.45 0.35 0.25
Vi Land 0.70 0.55 0.40 0.30
e Hole 0.40 0.35 0.25 0.20
Pattern 0.15 0.10 0.7 0.7

(2) BGAE Via Solder Mask=]#

© Top Solder Mask#x12] : Drill HoleX.t} 0.1mm = A 3hc},
© Bottom Solder Mask* 2] : Via pad®.t} 0.1mm A 3o},
(3) SilkQl <} Dead Space
BGAS] €] SilkQl+= P39 AFHE AT + J=F AMEEHE FF9 A7EH
2= }

=
T QRS ofgs} o]

0.2mm o FA AAS L, FEF9 Dead Spacerx FE7F 715
=
(4) Silk<13 ¢} Dead Space 4 |
:— —————————— —: ?Ome
oy
| I ! |
! i BGAF}%E NEAE
| |
p ! o
A
—poEEEd J
3min s I3mm

Dead Space(q¥ 5 4°F 22 -§4)
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(F:)H =
6. WA A] a1 AFEE
6.1 7|24 njdA}et
(1) ¥ 2= 2 CLEARANCE[ ¥+ :mm]
_ oo = PAD e CLEARANCE
T = [ mm] GRID
mm LAND | TYPE | DRILL T™-T | T-P | V-V | V-P
PIN2} 14/2.54mm 0.6 0.25 | 0.25 | 0.25
PIN2} 244/2.54mm 0.25 1.5 [ROUND| 1.0 | 0.25 | 0.2 0.2
PIN2} 344/2.54mm 0.15 0.25 | 0.12 | 0.12 | 0.3 0.3
SOP/1.27mm 0.2 0.5 0.25 | 0.12 | 0.12
TSSOP/0.5mm 0.12 0.25 0.25 | 0.12 | 0.12

(2) Y= (NEGATIVE) ®j

@ PCB 9] Mo ZRE 0.5mmo]A v A A3,

@ POWER #2]42 0.5mm ©]42] FAE AF&-3tot.

@ +d¥2 VCToll, -9 G\ND T o2 a3},

« +12V,-12VE 3 ol Yo F o A9x= 24V v, 2y B 449 BT
VCCEoll st War, -ddS GNDZFoll ol 2 FolA & AA7E A7IA Fes
eh. 2 Aol A NOISE Ao Hdolo] & &= gl

(3) SignalZ (POSITIVE)ul A
@ DIFFERENTIAL LINES- +,-419] %3} Zol& 2 FollA A widgtt.
@ 255 WA A A
@ PCB 7] 7*HOLE® wi’d Abo]&= 1.0mmo]”d2] 017—%7%“4% A gkt
@ AL 7= wjAL 455 o]

B F9%7F L7 (CLOCKAI 3 ) HE &4%71134& HHH S Shr},
=3 Al

o
-
™
o
—
M
ol
ol
9
=
r
ild
)
o,
O
)
=
o
w
w
@
&
-~
il
=
N
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(F:)H =
(4) A< LINE o =
- Decoupling Capacitor= IC F-3&2] ALAI} 714 7M7k2 ko) v x| gk},

A
- AYA(VCC, -48V, +12V, GNDG )2 & FAA wiA3star 71s3k 3k A5 (NEGATIVE) ol A
Hjj A gk o}
(5) CLOCK LINE(X-TAL,0SC) wjA &

- CLOCK LINES %= GNDZ Shieldingdtc}.
- CLOCK LINES t}E4lz ) WA vjAstar 2ol wjAdsict.

- CLOCK LINEZ} DATA BUS LINE¥}e] #H3f wjAd& v 3o,
- CLOCK LINE ¥jAd2 753k gk VIAS AR&3bA] &al & oA wjd gt
(6) BUS LINE wjAl 9
- CLOCK LINE® BUS LINES M= HasHA vjdehA] RS dF o= g,
o, FasA wid & Fert e A9 L Abolel G\ND AlEE AR gt
(7) 12/22+5 &2 vl gho, (PHOTO COUPLER, RELAY, TRANS)
- 1A FERe AR AAY S22 wolzrt 23hE 3| Rol | 2352 tdF st
7h sEn. uebA gEalse LS E s BEalzla, sl
o

Mo
7} Balo] ¥4 GE% W),

w

OP AMP2] %’%ﬂ
(9) FILTER ®jd ¥

- 9 PATTENU]E]-E M= aapetA] A w A gkt

- FILTER7}A] ] w2 2 H o2 g},

- gAY 948 FYsA mdeA Ze

- FILTERZ AF&-3F LINES GROUNDE Shielding@+th.

— CONNECTOR®| 4] FILTER7ZFA] ©] w2 2o =2 o).

= & FAA sk (4), ()9 ' dol= FHdo]

n:E
[
=
v
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6.2 GNDEF 2 Az
(1) PCB LAYER® GND
- 9k : GND PATTERNS #31 &7 ab 123 GND PATTERN W& x}-g3it).

- 4Z0] ¢ HATE 3k T o] o E NDFTE A S,

(2) HAo] gr3=01A] GND COPPER &#+E 22ttt
- A G\ND : HUAGND FFL AR FA st ddef bgstE #gict
- AW GND ARl vRs Fas HHoR Jh

@® BETA GROUND®] ZFA]Hefli= WF=A] GROUND VIAE 4F9) hrt.
@ BETA GROUNDW]o| 7}53g+ B2 GROUND VIAE 4Fqlgtct.
6.3 PAD®] Trace AAA a1ejAat
(1) ¥3F9 31dS 27] s PAD 2 TraceEs thy oz A A 3kt}.

L1l [zl [3]

00 L

L OKE)D [ oK) [ OK)
t
(4] (51 1
—/ =G
“_—| |—_‘n\ ——— COMPONENT
| SCLDER ROTATION
MIGEATION
y |
[ HG) [ WG

(2) PADE #E3}= Through-Holed #3kt}.

u

SR
IVH [ Interstitial
(HG) (DK Via Hale )
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6.4 DRC =L
1) DRC =71
* PCBA| 2= A2 A ZAFE 2 A

o
il

78S 7|22 3] DRC(Design Rule check) A IS A A3t}
- Trace to trace clearance : 0.12mm ©]%
- Trace to pad clearance : 0.12mm ©]%

]

&

— Trace to via clearance @ 0.12mm ©
- Via to via clearance : 0.3mm ©]%
- Pad to pad clearance : 0.3mm ©]%
- Pad to via clearance : 0.3mm ©]%

2) AU

- CAD Tool layoutollA] On-line IS Yo 2 3 ¥+ On-line AAS 2 &3}x L

A 7 9-o|% HF=A] Gerber Datas A A 3l7] Aol DRC(Design Rule Check) A I E 3dhr},

6.5 A¥+=%9 (Gerber Data)

Gerber Data 3}

* ZFYLAYER FILE (GERBER/PDF)

* SILK TOP/BOT (GERBER/PDF)
SOLDER MASK TOP/BOT (GERBER/PDF)
DRILL TABLE GB (GERBER/PDF)
MECHANICAL DRAW (GERBER)
TOP/BOT_PASTE (GERBER/PDF)

DRILL DATA/BIT

*

*

*

*

*
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* APERTURE LIST/PCBG
Netlist

*

*

neutral_file

* BOM

* Jocation_smd

MOUNTING DRAWING (PDF)
s 2% (PDF)

*

*

2) GERBER FORMAT

* DATA FORMAT . GERBER
* COORDINATE 0 2.3

* DATA CODE : ASCII
* E.0.M CODE *

* STOP CODE : MO2

* DATA UNIT o MILS

* DATA MODE : ABS(o)

7. Impedance controlled PCB A A

7.1 Impedance® # <]
Z 3} A] A (Propagation Delay)©] §li <Y A<= (Transmission Line)’d2] vl Pointoll A 2]
A o Ao vjE L.
A5G 2w o) WAS=E AR FAE Welal,Zo® ¥A3HH Resistance, Capacitance,
Reactance, Inductive Reactance®] 3o 2 1 ©9l= Q (Ohm)o]t}.

7.2 PCB'S d¥dx
Signal ¥} Reference PlaneAle] 9] Line Geometry,Dielectric Distance 1¥]il =& ¢
9] Dielectric Constant®] ¥=o|t},

.

Reference Plane®] §l+ Characteristic Impedance:= U= F= ¢l , MLBol A 2] Reference

of
rr

],

=3

Plane Power or GroundZo]th

1ZE PCB €4 +¢ OIERIN JHE &
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JH&ENo: 1
M S D=
(=m o« PCB = ﬁl jl = PAGE : 16

+ Ay PCB A
D AAegd BEol PB FAt duds s el
2) daH A PCB AAe %= o|3l(Stripline, MicroStripline etc) 3c}.
3) PCB AlZAAZ5E d5d dvdx AAG PCB §4&(Er)3 Tine Core, Prepreg?]
AR dFET. AASS THAAL HAH 9 ded s A5 xE AA g
4) F FA 2ol S layerd YYHAE FAE GO = control ). (trace width &4)
5) dud 2~ ATz 44 ° 5 A ARES o] &ete] 87 a2 ghell oig
trace width 4HE d+=rt}.
6) Brtk HE Jydx PB AAE 7] flsiA = PCB A=Al PCB 771, A¥ds A5+
Z2 9Z3te] AzAANA &Fe Al E du e PR AAS 3},
7.3 Y9 ze G3FE v A= Factor
PCB 2l 3 =2E52 vt 22 Factorsoll 23| %Zlii?@ﬂﬂﬁﬁ%
D 32FW), 3274 (T) 2) dAFAM)  3) 329 def 4) Fd&(Er)
7.3.1 dHAx A

1) Az 3= ST E) =t 9F2 Prepreg

7.4 d9dx IR FA4
1) Surface Micro Strip Line

Cu Pattern

PrePreg Trace’} PCBY] &&= 913

Reference Plane
(Power or Ground)
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gutsto

H

(F)W T

PCB £l Jl=

JH&ENo: 1

PAGE : 17

2) Embedded Micro Strip Line

3) Strip Line

Yol k=R

4) Dual Strip

Line

Yol k=R

7.5 AAA ) FA W FAE

1) Core CCL

Thin Core(0.8t°]&}) : Eu& A 9]3F EpoxyWte] F745 AF&3H
0.025t, 0.08t, 0.1t, 0.15t, 0.2t, 0.3t, 0.4t, 0.5t, 0.6t, 0.8t AE7} Akl A}glo]aL
FoARg wE AAA 7 FeE $ = Q.

RS
2) Prepreg

Sl A 9 & 4 JAE Preprege AHHH O 2 4712
=, 1080, 2116, 7628 o]¥ 71 FA= AdwHo 247k 0.0
AAZ 10802] S F3F 2% o] Algsfor HAE
Qo E# 2 7} Prepreg =
o FAS wAEo] Wy okt Ao

epreg®] EA4F PRESS 2] A &

P
TANGE

i
mb

Lo

o Ete] A A S oF 3T},
B &) 78

e R} gt 913

Trace”} PCB W&ol 9%

F09] TraceZ} W=

Al A3 HARE Hol=

sk 71e] Trace7} WlS-oll A
Afolell 913

ol A
Abolell 14

rir
o
N
=
pacs
)
rE
[
>
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ZFgt Impedance Al Aol A1 = 1060<X10. 05mm, 1080<X10 . 06mm, 2113<X10 . 09mm, 2116<X10. 11mm, 7628<X]
0.18mm o &xF+10%% = # -8t FFsirt.
3) Copper Foil
a4 24 713 Tuk T 1/2(02], 1021, 2[0z]18%01H, 22kl F7] 0.0175mm,0.0350mm,
0.0700mm =& AR&3tH #rh. &, W59 Aol Oxidation 34S BIXESH 7|E} o 71A]
o -

CRCILA l ostol FuF FAVE A Hase Ak e, 9T e Afols e

4) A=A <] v"dﬂg
AE 298 Lot ¥ AUL A, Tk A5 T A Resin 9 % H Flow-rated] weh
Z o o ]—

N2 Aol A= 4.4~4.8 £10%8 =5 AHshdE AT

7.6 Differential Impedance

20

"I o] yeks] Ayrts F FroA = §F IR (DA HE § IRole (HAETt
AFdy, F 329 AJazgd T3 =209 Impedance kel 33 Crosstalk coefficientol
o]l Differential Impedance’} 274 ¥ T},

2) Advantages of Differential Signal Transsmission
- High Clock Rate Possible(>100 MHz)
- Low EMI Spectrum ( Low Signal Liftel 7]1<1)

- Low Power Consumption
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() T
7.7 54 dy = dhalel] 9%k Als g2t Ao (Reflection)
Hkatglol] th3t Aol B}AHS 3l 2159 Undershoot, Overshoot, “1#] il Ringing Backo]&h+=
Noise A& HAast & = vk, 75 & A59 vhatae A7t ddsts A5 529 54
P2 gro] Wst & g s A frh. webA 1AA o= whAbake] o)gk AT of 55 43}
at7] st 54 JAdAE FUEA FAAZA F AEF aglstefof gt}
PCBAell 739 AFde] 54 dadxs A 3, 4 57, Reference Plane#] 72|, FR49
A& 2 PCB Parameter k3 A&l F7F2 2-8ob= Fopaclel ofste] AA =] xInt.
w3l FU3 A7) Parameter S zte AlsAMolgtx 1 Ao 919] Micro Strip, Strip, Dual
Strips 7t PCB & 5 F=ol wel 54 d9dx g WA dck. FaE Strip Line 7325
Zts AEAe] iy 54 d¥d2(Z0)9k a4 Propagation Delay(Tp0)+= 8l &4+ &3}
A & 5 k.
7.8 54 9¥EE Aojs FI WAL Ao

@9 Aol F w#de §35) (Ls 2e A5 B9 dFHe] 54 vste vad 22 32o=
vERd 4= Q.

2L =720/ N {1+ (CL/CO)}

Tp = Tp0 x ¥ {1 + ( CL / CO )}

L 0 F7rE Fab aqlel oste] WAE A 54 dydx

TpL @ F7F9 HF-3b aQlol] oste] WAH @9l de] T Propagation Delay

CL F71E F3} a9l o3te] HAE W doe] I ¥4k Load Capacitance
QoA AT FAS o] gste] = AlzE PCB A5 209 Tpo#S & 4 k. 2=vd
&719] Parameters CL ¥ C0°| %t F8hH ¥sh= @ ZILS A= & AS Aok, w9 do] &
A 1 A2 0 v 4= ol&ste] AxE & 5 9l

CO= Tp0O / 20
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7.9 PCB &l &2 ImpedanceE M o= 22X
1) Az AF F2AdA 2 & 5 = ALY AA
2) Termination Method % Value® %F=

3) Crosstalk ¥HA) Q9le] HAs}
4) Flight Timed] =& T3 A4 npde] gn

@ PCBEH & & PCB A 22

A g SAUHE
e : 010-9807-0117

el E-Mail : adetec@hanmail.net
3| AF E-Mail : pandoman@empal.com

® PCB &3 Jl= 22 (Impedance & H|)
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A AL BE

£ & 010-3227-8022
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® PCB &}l Jl= &2l (High-Speed, Simulation)
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SHE E : 010-7979-1062
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