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A New Type of 5-Pole Low Pass Filter Using Defected Ground Structure
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* Abstract

In this paper, a new type of S-pole low pass filler{LPF) having defected ground structure(DGS) and very wide
iransmission line elements is proposed. The previously presented design method of 3-stage LPF wsing DGS is
generalived to design Nepole LPFs for V=5, As an example, a 3-pole LPF having DGS is designed and measured.
The accuraste curve-fitting method 10 determing the series inductors in the prototype filter, and ultimately the size of
IG5 15 deseribed, The proposed S-pole LPF has wransmission line clements with a very low impedance o realize the
required shunt capacitance instead of open stubs, Therefore, open stub, Tee-junction, Cross-junction, and high
impedance line are not required for the proposed LPF, while they all have been essential in conventional LPFs.
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Fig. 1. A microstrip line with a dumb-bell shaped D
pattern and S-parameters by EM simulation.
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Fig. 2. (a) Equivalent circuit of the microstrip line

with unit DGS, () Butterworth prototype of
one-pole LPF.

556

&
] =
0
T o,
E -3
o =1
[=1
I-'
TR 3 =Y O | |
I | ——=21EM
Ty 5 . =1 ans srmedabloamarg s
&5 b----oea s __'?_-:'[-"Lf-h":l__. | B ;
.=k o e e Bl e
£n L= - ! i
a 1 s 3 a = i 7 | 3 10

Frequency [GHz)
08 3. BM AgHeld Ase B WA Fo
L-C #20] s-z2}e|E
Fig., 3. Separameters of the equivalent L-C network
with EM simulation results agreed.

olH& whe) &abel et Berl FHE R S 8
2 eae] foldlths DGSE FHE RFE T
Aol 71x sk

M. DGSE 0|23 5ChLPFel 43
34 2E LPF 3|29 DGS #8

o] HAME DGSE ol Sale] S¢b LPFE A3
w ol Y| SEa gk 19 4 59 LPFE] 4
& 8 2 (prototype cireuitye] th w 71e A gli=0, 1, 1,
3, 4, 5, 65 ol ol 2lE ol e Az Y
8 ool AFEE 2AgEelct o] 4

ool £, 918 LPFE 43 &%} LPFR W&
7] S1&te] 4] (@)~6)2] YEasg Fay 2AY
g FAE AL L, G, Ly G L:¢] gh& AAg
& 9o} oi7| 4 we= LPF2] apg Fapgo|th

X &y s _-'"'-ri'-‘{-'_ -
L'. e o . o, i L.:i [4]
= 3y 5
Jr.nl:{_ o {:l.:l
el gy
.l T ey G )

1@ 12] DGSE L thal ARy slsiMe 1"
58] SrpAo] wol M uhEs oo SR 4 (MHY

8 4. 5-&t 4
Fig. 4. A 5p

% gagzs
A% LPFE
A (B 7,
Ly, Cuol T4
e 2366 G
o B Y
gl=ul, 0.0 «
a3 e
0% LPF
L-C ¥] 37
L 89 LpF
Cis 8 3
Held 57

—l— B=
wc'r"l.

L]
oY

a# 5. 3
Fig. 5. g

H 1,001
Table 1. P
'_l-‘n::{m;
clements.
oo S0 L
BLfi

| ——

4t
£
__ﬂ__
!
' B}

 streetpoet

D — e




T -

A &)
£
&
x 4
ikl
| §1-&)
s B
|

(4
(3)
()

ad
14

Ba

A8 4. 59 sujqE 9% LPF
Fig. 4. A 5-pole Chebyshev prototype LPF.

5 glde el gho] Fhefof gict 4 (4)5 (NESFH
A E LPFe w3 FoE T8 5 e,
A (8}t ek glel A 29 19 ebd DGS2] F7t
L, Cy®] Zkz}d 22832 nH, 0.2026 pF 2 B2 LPF#|
et 1366 GHzo|th o|4 4 ()~(6)E o] F
e W s HEE L, G, L, G, L 78 5
ded, 001 dB 2 §E e Su YA T LIFY
Aol il 7 1 Heldsch

A8 LPF &2 sle AlAAg 2198HE DG5S
L-CudE 7388 wadty J9 63 P2 42

2 918l LPF 827h Bk Leh Lo] ROHE L
Cis ¥ 537 = Lo-Ca BE TH78} otk E9,
Aald B8 98 C=CeCuE Yehigich

R e I
w L {w'ﬂ*‘ @l (7)

x ......I""\']:k‘l‘l"l_.
oYY o — n—_l |
CRI

J& 5. 3 <vEs) L.C T4 #ze Frpd
Fig. 5. Eqelity of a series ||'|:h::tu'tu:|L-C1:mﬂid canat,

A P2 FZE o1 2¢ A2 E 52 Y 3 o7

LI.! ka 11
Cy ICH Cia % T

k Cia

— —
- -

A8 6. L-C 33 528 o9 w38 9y 5% LPF
Fig. 6. Modified S-pole prototvpe LIPF using L-C resonator,

- Lowi . | T-t'n Ly 1
o = — ?leu'll [E|£]+m

32 L3 DesS B

add L7t L 2R RE AZE 272 DGSA
sHiLglojol golye 3ol Zadth Lol e
DGS T8 2(Ln - Cu)shs] 34 HE oA HEH
4 (92 2o ol HAM wed) LE FHLEER
Lis-Cooll #kel= DGS(¢18F “DGSITe 278
#Asm g,

e Pl L2 i g (9)

DGS S7hE el M ¢l¥Els 2 Abzbde] A
mH o gjuHe] 708k, AMAHE F2 9
&2 7iglgi=, o2 28 78 Falde H
fich 947 @8 A7E T4 19 B9 MY 05
mm* 35 mmE2 PR, Aalztel A doe] 3
FG=S)i WA T 19 Tef B2l wist e F
7} LC2] ool df ¢ gk 29 T 2W, F
7ho] L2 A 4 Apd AFHH LR v @
®W, 27he Ce A gAsith o3l DGSel £

i

E 1,000 dB 213 5o A4z LPFe] 914 s2aagks) Wity 2wt
Table 1, Prototype clements of the S-pole chebyshey LPF with .01 dB ripple and transformed elements.

Pratotype Element | Scaled Scaled Element Final Final

| elemenis walies elements | values elemeniz _n;lr;nwm valies
IR O A I | e =

& 07563 K | 25433 mH) Lir - G 2.2832 (k) =0.2026 (pF)

o 1.3049 C: | nTss2 R Cie 1.7552 (pF)

u T Lu=Ca 42862 (nH) - 0.2026 (pF)

) 1aMe | G=0 17552 (pF) | e 1.7552 (pF)

s 0.7363 | Ly 25433 (nH) La =G 22832 (nH)-0.2026 (pF)
R | 2 ) . =il

7

streetpoet



WETRRRTRELE M164 Mo 2005% 65

6.0 040
55 || —8—eq.L[nH] ‘
50 =5—&q. C [pF] i 035
i | 030
% 4.0 h 0.25 %

1 0.20

015

e 010
40 45 30 55 60 65 70 75 80
Square DS dimension (G=S) [rmm)

J8 7. AAGE AFE 05 mmxis mmE 244
& o AAEE DGS Ao a2 £ LC
ael W

Fig. 7. Equivalent L-C values vs the dimension( =5
of DGS for the fixed connecting slot0.5 mm
¥3.5 mm),

o] £rElE §719 Lol $rte CET O & &
T gvjErx gl ;

Ad @R A%F 1AW 5718 O A9
WARER, GuF Gt #ox 73R #3gs=
A o gk waba EAE gl e 996
o DGE32| dd 52 278 0.5 mmx3s mmE
A 3, Cu=Cuol B2 4 (9 M L9 o) =)4:2)
Aok ahgby 4 (10pE $8he] Liy(=4.2862 aH)E
% = Uk

HAF Lli=1, 3o #igsh: DGSY 2718 T4
BENE Tl Ao 3 4 ook 29 8
- A 52 27E 05 mmx3s mmE A
w O FARRE B e Apd oE St
L-C# gty g Folod & L.Cot 4 e}
W Aol o] 2¢ 2] At A A SrhsR
A 2F L-Crb FHgayed =g L-Co} 2
0.1 %, 025 %2] LA} ool ol § B EtalA
g "o 2o ozl Had L HUss
DG5S A7§ Adse o el ol S8 o
i @hoh wlEbd LPF 44 A3 9le] A DGSIE
A% + gl

% el 42862 nHE 97 $18 G=5= 6.66 mm
b ok 223 G=8=6.66 mmy] of THukwiy) g

WE

rle

]

R

¥ 57he] G 0228 pFelrh o)A Cu7} &2 4
31 0.2026 pFell A A28 A ghel 0228 pFa

2o FUW UEAXOE BES 5} 9
dhe] L7t 4.2862 nHoll 4 4.1855 nH 3Fo8 )4 &7
FHEC Cu7} 24| 2pe) 2t gl7] B Y22 [u
HE WE Aolrh Q138 ¢ 4 ek oAl A 2
H & ol 8-, 41855 nHell sigels G=S= 6.55
mme| ¥, ¢] of2] 57} Ck= 0.227 pFelg), C7} ws)
A $onE oA o o)4bs] Wb Waahx g

et AR WE AHAEA(C) FHE ¢

£.0
5E |

2.0 c X :
4 g B 7 8
Sauare DGES size (G=5) [mm]

(a)

Q250 :

025 r | —sgq.C ;}1
0240 p

0.23

= (23 r

= NS

“azo p

025

.20

N.2E

R 3 .

4 5 6 7 8

Squara DGS size (G=5) [mm)

(b)

18 8. dded A5E 05 mmx35 mm2 A4
& 9 DGS Aol ald () 71 L3 T4
WEE L ) 5rF 8 FHugw C

Fig. 8. (a) Equivalent [ and curve-fited [ values and
{b) equivalent C and curve=fined C walues v the
dimension((7=5) of DGS for the fixed connec-
ting slow0.5 mm=3.5 mm).

stel Arglehe |
arouju} £7}e
el skl DaSs3
A 541 I
F4iel thstel

Lo= T
Ly

33 84 Al

2 S g
2] #lolohi-E
ay 14 54
LPFe] HAE
(Cu=Ci=1.7552
o] M DGS 4
oz #fEsg
7|7+ +44

i EE
Yol Ay 4
of oje|AR:
] BapA) 1y
M iy
EAHE A= 5
of 2], %
o8 &84y -
A o
dag FH

24 ¢H4

Unit=mm

a8 9. 5¢L
7 A
Fig. 9. Layom
deter

streetpoet



= Bk
2 W
k71 &
|4 &
i luE
Cha] 22
i 0,55
| e )
] @t
H-E 4

kL
H &4

K5 and
v e
Ineg-

sto] ARldte DGS Alele] FHE AF AR} &
sojuiul Frhe IHE A EE MHHIEE o
Tt DGS3E] A7t opA] A gk ohE A
ME £A4¥ DGS3E A4 ARz HE AAANEL
T ofsted st 7]e ok

o
L3+mfcm (10)

33 HE FWME(Cq2l B

A Zmalg] ey e 2&s o4sE LFF
9] #ejobg2 1@ 95 3ot Al yis DGS HEE
a7 14 BAE 3 e s gdech oA
LPFe) 4# & shdalr) flabe] wig Afalds
(Co=Cu=1.7552 pF) & AR &S Fal7) deb glch
ol AL DGS el Alole] HA# A(DE AHH
os dEgc of el f44 92 DGS3Y
a7z 44 Ao,

4 MM LPFY F8¢ 539 “25Es
Bald HG 240 2= LPF'7L SE 8 87 $&
o vpo| ARAEY Mo F& SGH0Z(AMA
E| B3l KAk 2 Bart glek 238A 2 =i
Me &5 M2 &8 34 Weid 19 14
EAY O2 35 mmZ 2ok dF A2 &
o oate, B AuAE AUs H2E B7H
oz St Axg el Jd4 AHE DE
HAghe o] 2 vl LPFolH Wa§ iy a4
HAg 7HEE gtk

4 szt Zelx, dolzh ] AE AR

N i e ey, el
DGS I_FFTamn W2

OGS LPF Saction (W)

38 9. 5¢ LPFY] #lelolf. Col #leted 2% D
71 HAH s ejof Yt

Fig. 9. Lavout of the S-pole LPF. Proper £ should be
determined to realize Ch.

A H1A 8 ol &Y ARE 52 AN T3 4

St MMARAOE 4 (1) ek el 2] (12)
2 EREE ofte 714 deEA0E etk LPF
8] w2l 2366 GHeoll A 1,7552 pFe] A=A gl
Zh= 35 mm ME e ME 429 el 10.6 mm
2 A4gch 24 o] 42 L~078 oHE 714
slg e AE Zheth o] of 12 5 DGS Hde] F4
Abalg] Azt fich

o)A DGS32] 3718 +3Y + ek WE A
AE A8 Ae M27 7Y dEEAL)E PHAR
2, 4 (100& 4 (133} el A= oo} dict. P74
Hog gdag deeis Li=-2L~3744 nHzt 5
=, 4 (138 o] &3 Y2 -F Lus 3.2066 nHelth
oldl 1% 8% ol&-3W HEFHoE HAd Ghc
525 mm7} 5132, DE 535 mmr} §okh

C=T‘é—qsm(m) (I

Lf';_ﬁ“( ) (12)

x
Fhrﬂ_f—'

) e (13)

AAg LPFE o4 W& A%E& 7P s,
F1&e] LPFell A Bols= s Aeust gl s
wAY S oA AVe A4 42 B9 A
g8l Aol glvh wheld AEE AFHE fdAM &
TEE Tee- B 4748 A% oaivh gick Ao
o4 wWolHang Mz 2t s B Y3
o, £Ad Y AT FH delMe iy FElE
F 283 A5% + 2k

IV. 5E-DGSLPFE| A5

o)A S¢h-DGSLPFE] 713 HA4& 4Hix®
gk L-CRE T4 ol 43el o7& ADSE Al
sl S-slevle], 19 92] #@ojobi& EnsembleE
A 4bat Sompebol ], Tl A2 A EEle] A
S-shebo|efr ¢ 10e] §Al 2eiA qlch AR
HolA) 7} 4 Al dAHHe g SHE AeE d
29 B4 2 98 ook 7l & EYUAs v
obsiiiel Ea sl DOSTH] S Thdelnt, ME A
ANEAE dddte §& Hgd2e] Ay} g
o] g FabpeMe] B4 fielch DGSTHE

309

streetpoet



BETEERERTLE H164 WY 005568

...........................

—— X HEM}
+ e o] S D)

. 1 =52 1DE)

Frecuency [GHz]

18 10, 57 DGSLPF) S-mlabe]E A
Fig. 10. Performances of the S-pole DGSLPF,

FEE LC HERT 249 g4 LPF A
T HeolA] §e Ao D A" Raislns
Chd oAk JHeE #PET of S 2 )3
o AIHE Bol 3T gloh 85 GHeoll M Syo] ks
=& peak WYL Mol 3L 0y A s
A Hate] A Lo)(h7} 8.5 GHzel 4] whutsbe
Hdals] e 2 olsifet Ty peake) i
of vif- F2) WEd 2o gl A Hadolgdy @
T g

4718 DGSLPFE 3hgt 54 9] 71 &7)7) vl g 3
AL Y whaAbA ok a2 4
gt Hulrlel A o] FrEe] QY whal A%o 2ol
NENE D71 e SNz WS Ao ¢
ok ek No| A e o ubr)e] A% &4 g
AbEdle] AADE, A8 DGSLPF7F 2He Hae)
Wif- fk Aelek shAch #9829 102 AAE
LPF2] StR ajgho] wff- Bl 2 ciefe] s o) fo)x)

EUFE Mo rs g

Ir

V. WS

T =rtlAls ol ¥ DGSY) Mo R MEo
WA W4 vlela2 AEYS o) fdle] Apuy
Fo ANEAE AW sfadd Ad M2 gl
N-wt LPF 432 39 -& A A st 7126 A3 3
ERDGSLPF 447 whi& N5E LPF 42 9vbgla)

a0

7171 $18led, 27171 oE DGS HEEE AR aie]
5S¢ LPF 44§ ol 24 AAakgic) 302 DGSe
7% H4e] W2 Srie) LCE Ry se] LPF
9 A Fabgg Ads Wi AMEgen,
% LPF 2xjglez Ry A3 e AHHEAE
THIZ] #Ele] DGS2) A2 E A= v e =
RS 3 AAeso =8 ¥y A
SE T SEte Agn2e) E91 LCFE A
ahal o) & DGSe] A7) 9 DGS Ale]e] #4429
ol E HAst=d whelaiadr,

AehE 5% LPFE 7| AEHa) Tee® T 4
A EAS aar) gl 8 A0Y oJnus A
EF A LPF 474 diers e 27 g
Huuls HdEe] ¢ Hee] gk s3g) M=
& ATV E 24 A9 L2422 Bk o
& A AH FYe] o o3 # £ 2

MG A Y e JAES Eélo 7
Elade] HEE ek 1) DESY L-C S71 H2E
Delate o] & o] & ¢ lumped-clement LPFE 4143}
o ADSefM 1 B4 NEdolday, 2) 244
LPF #|o]el & o &3te] EM ABelol4slT, 3)
24 Azste] 4% 548 v oo
Aol 2dA T S At & Ao o 2
A&7 wfEed, Al A% DGSLPF 44 W ujs.
g el 3 sleg sgE

& =AM E Ng DGSLFPE) of 24 55F o 5]
& A AlEhgich T2 Ne] SET 2 Aealy da
£ & oA A v a2 Heel HiE
Seh SEF E =EelA AlAld DGSLPF 44 ey
2 o] 2R A E LPF #at of] 2l Bt 227
CPWell i 28eo] rl=gluz Cpwealal DGS
LPF dAlels @& A9 2o 7odd,

a1nE#

[1] V. Radisic, Y, Qian, K. Coccioli, and T. lioh, "No-
vel 2-D photonic bandgap structure for microsirip
lines", IEEE Microwave Guide Wave Lem. vol, §,
ne. 2, pp. 69-T1, Feb, 1993

[2] F. K. Yang, K. P. Ma, Y. Qian, and T. ltoh, "A

uniplany
ture and
fEEE In
8 pp. I
[3] C. 5. Ei
novel -
planar (3
vol, 10
[4] T. Y. ™
photon -
Trans,
S40.532,
[5] D. Ahn,
and T. It
the e
IEEE T
1, pp. B4
|6] 1. 5. Lin
M, "Lk
MICTOSLTIf
Elecironi
Oct. 2NX
[7] J. 8. Liry
and 5. N
vider", IF
Len., vel,
[%] 1. S, Lin
Nam, “/y

streetpoet



AL 3l
A DGSE
ited LPF
5 e,
JolPat s

g 3

i+ 47 5
N AR
a3, 3)
e
- 3 ¢

| o
B o §-

1 o7
bl e
el 7hg
i
i F=7}
£ 9] DGS
e 2 o

Itoh, "MNo-
microstrip

al. vol. 8,

[, loh, "A

uniplanar compact photonic-handgapiue-pba) struc-
ture and its applications for microwave cirewts”,
IEEE Trans. Microwave Theory Tech, vol. 47, no,
8, pp. 1508-1514, Aug 1999,

I3] C. S. Kim, L. 5. Park, D. Ahn, and J. B, Lim, "A
novel 1-d periodic defecied ground structure for
plamar circuits™, JEEE Microwave Guide Wave Leit,,
vol. 10, no. 4, pp- 131-133, Apr. 2000,

[4] T. ¥. Yun, K. Chang, "Uniplanar one-chmensional
photonic-bandgap structures and resonators”, JEEE
Trans, Microwave Theary Tech., vol. 49, no. 3, pp.
549-553, Mar. 2001,

[3] D. Abhn, 1. 8. Park, C. 5. Kim, J. Kim, Y. Qian,
and T. Itoh, "A design of the low-pass filter using
the novel microstrip defected ground structure”,
IEEE Trans., Microwave Theory Tech., vol. 49, no.
1, pp. 86-93, Jan. 2001.

[6] J. 8. Lim, C. §. Kim, J. §. Park, D. Ahn, and 5.
Mam, "Design of 10 dB 90 branch line coupler using
microstrip line with defected ground structure”, JEE
Efectronics Lerr., vol. 36, no. 21, pp. 1784-17835,
Oet. 2000,

7] J. §. Lim, S. W, Lee, C. S, Kim, J. 5. Park, D Ahn,
and §. Nam, "A 41 unequal wilkinson power di-
vider", [EEE Microwave and Wireless Components
Lew., vol. 11, no. 3, pp. 124-126, Mar. 2001,

[8] J. S. Lim, 1. . Park, Y. T. Lee, D. Ahn, and 5.
Nam, "Application of defected ground structure in

As HA FEE o) Q2 5 Ad B3 omr|

reducing the size of amplifiers”, JEEE Microwave
and Wireless Component Letters, vol. 12, no. 7, pp.
261263, Jul, 2002.

[% Y. T. Lee, L. S. Lim, J. 5. Park, D. Ahn, and 5.
Num, "A novel phase noise reduction technique in
oscillators wsing defected ground structure”, fEEE
Microwave and Wireless Componemnt Letters, vol.
12, no. 2, pp. 3941, Feb. 2002.

[10] Jong-Sik Lim, Yong-Chae Jeong, Dal Ahn, and
Sangwook Nam, “Improvement in performance of
power amplifiers by defected ground siructure”,
JEICE Trams. Eleciron, vol. E87-C, no. 1, pp. 32-

59, Jan. 2004,

[11] Yong-Chae Jeomg. Jong-Sik Lim, "A novel fre-
quency doubler using feedforward technigue and
defected ground structure”, JEEE Microwave and
Wircless Components Letters, vol. 14, no. 12, pp.
557-359, Dec. 2004.

[12] J. & Lim, C. § Kim, Y. T. Lee, D. Ahn, and 5.
Nam, "A new tvpe of low pass filter with de-
fected ground structure”, 32nd Ewropean Micro-
winve Conferenice Proceedings, pp. 32-36, Sep. 2002,

[13] G. L. Matthaei, L. Young, and E. M. T. Jones,
Microweave Filters, fmpedance-Matching Networks,
and Conpling Structires, Ancch House, Dedham,
19810 ;

[14] A. Sweet, MIC & MMIC Amplifier and Oscillator
Cireuit Desing, Arech House, Boston, 9490,

Il

streetpoet



MERRELEE T B6E Wl 2006568

4 % 4

19918 290: A7 R
# (FHA

1993d 24 Aot
3 (ZHHH A

2005 24 MEcEE A
EHE Y (3N

19938 2490 ~ 19991 34 fhaH =t

BAGE FARMN AR RodErledFt

AYdr4

20039 34 ~2003 749 MEAE BR2 FREA
@ upabE A3yl

2003 74 ~2004% 99 B A

2004 951 ~20054] 240: -3 A
$are dredsad dddrd

200543 340 ~#lA: sHYdER L leTEr 2T

IF A0 2255 54 H28E HA, :a- s
A ey g 52 &4, 54 F2e RYY R 3=
LR

Halga

H AT

W34 Apk
o] 2] o] =) g vk

.'-

2002 29: AP A5G
= (ForAb

20014 104~ 20034 24 #=Aabg

AdT frigdTs 9434

20034 341 ~2004% 240 = g-;,h:u
# A BIT FAREAT

Bt ERCRTE

2004 34120054 290: University of California at Los
Angeles VRARE 1)

2005 340~ HPBGIEY AEAPA

[ BASOH RF, vlelaZot £% AR 44 ¥ F5&
By 5

£
W
-

LS

1984 24 M7chetaE AAEel
s (FEAH

19860 24 MFrdiebn HAgEE
# (FHEAD

19904 §9): A 7bo b #apaah
# (Fehakah

1900 59 ~19924 290 s

1 el

‘*”‘“” gL JUAEFER 29

B2 3.;"‘3-3":'#] RF. vle]alaal 5207 ] 3 44 5

602

98 24 MAiaE
# (FEAh

19 24l MU EE AAgEe
3 (FEHAD

1996 84 Adidte #aaE

R (FAD

M 199113 29] 19984 24]: i)

HEGARR M7y

1968+ 34~ EA: AR T AP LGS
AU 8T IDEC WG HYRS

[F 2420 RF 3 Microwave 22 84 9 44 F

ik ol

FRT W

19815 290: MEWHE Habgd
2 (F8A

1983 840 $EFEed A7
A 238 (FEAAD

1989t 5%]: University of Texas ot
Austin H 7T (FAuAR

19900~ AMfditE #AF

L b
[E BAE0H AA4d 3 A4, gy @ 2250 Y
2 44 5

g 19814 290 M#sE Axbge

LR

BN 19334 290 MAwGE AabEet

EEXCLERY

B 1993 29 ARt AREY
3 (FEHRAD

19834 290~ 1998 1240: $aa
AEAATH Bl

1909 140 ~2005 44 HREDEPATY YAy

005 44~ WA RNl gd T AYETL

[F Bysol] wes sl 2758 42 24 5

kB

Y

A >

Yin

L
L 18

AR :
i A
A3
JEE

- Ly

% 23

I this
is implen
mvinima
the milx

Test
mask al ;
15 linear |
it is venl

Key w

H &4
A& &4
B uhda
wel M= F
o} 81 A&z
Aol A

LETE
b
= 7Y
- S

streetpoet



	scan0002
	scan0003
	scan0004
	scan0005
	scan0006
	scan0007
	scan0008
	scan0009
	scan0010

