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FHE Tx7|7|et olLX| 2EY ed TA1719] 7t 50
Holl wat MM 2lz H| 7|ge 22 71" 2 olnvt = R
ot gt=x SE7Ies w2z OXE 2=o A Itk MH
o H72 E0/20| ZOIFX|2 OHR 2|2= %2 SETY

Mo AXt E49| efstz AA7E FHE o of2{|dX|2 Uk

HJII

ofd2a 7| MSE CXIE AMSE #HEsiF= analog—to-
digital converter (ADC) SA| 0}'- a1 3|2 A9 oEeE
=2 ZZ YoM TeiMES H5S e Aol i oFLC

dsel F7e= 35

[EFEW =2 FFTUeR SEsk= ADC

4 g Mzl 37|17t

=2 JETYcE SHsl= ADC Z& signal-to—noise
| =

HES A= 47

MY SEO|M= 2= (distortion)0] T
A2 =2 signal-to—noise—and—distortion ratio (SNDR)&
ZH= ADC AAI7t o{™ct.

O3 12 siMEet HEszo| W2 ADC TEO0|Ch ZafAl
(Flash) ADC o= 22l (Pipeline) ADC, SXHZARY BIX|IAH
(Successive approximation register) ADC, ZEt-A|210f
(Delta—Sigma) ADC &2 Ctdst ZF2 ADC & medium—to—
low £ S877/0M =2 SHA=E B2 4 U= HE-A|D0}

ADCE EZ ChEt MINZ 0183t QIE{HOIASZ It AIAR0| B
oI5l ABEIBA $27t XI4Eo= F7kste FAolct,
l()()()“\
Flash type

100 I~

10 = Pipeline type

Successive fappfoximation register (SAR) ty]

0.1

Sampling rate (M samples/second)

Delta—Sigma
type
\ \ | | | 1,

8 10 12 14 16 18 20

Resolution (number of bits)
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ZEt-Al20F ADCO| Ttx= O3 29 Z0| ZE-A|a0r 2&3(0]
B (Delta=Sigma modulator)2t CIA|H|O]M EE (Decimation
filte)2 TMECt HE-A|TZ0F ADCO| 2ol $IXIGH= -2

A ZE (anti-aliasing filter)= ASCH ofAte] nF ot HHo|
EXot= O0|=E H|7at0d Yz|old (aliasing) SH&i0| LSt
A=E otAl ECh.
QHMEZ dAlof HIEl-A|T0} ADCOIA= QtE|-H2|0d HEIQ|
AH=7F Nyquist-rate ADCOfl Hlal SOFX|A| =11, ool w2t ZE
A7t OlsiX|H 7=l= HEQ| mbel AZJt CHE WAL ADC
ol Hislil ZAsh= FEo| Uch
Delta-Sigma ADC
Analog Digital
input . output
signal Am,k ! D?lta— Decimation signal
aliasing —»  Sigma — Flhiarr l(OSR)
filter | i | modulator | I's 2fo
‘ T
Analog Digital

\
\
1
O 2. def-Aa0F ADC &

tEl-¥2|ojd HHE SuEt ofdRa As= dEl-AT0r 2F
HolE{Z YHAECH HE-A|T0F 2E20[E= MR MSE 2
HHUEY = CXE ds=z Hath

S= HiAloio[N HEIS SHtE
7t Hete CX|E ololgz E=3E
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Z|& Nyquist-rate2 Fot4
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MTH HAI7H ZolshAC HHH, ofd2a HAE =
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HE-Al20r 2E0|EE 37 active-RC HE7|Z 0|83t &
£-A|Zt dE-A|O0t 2=3(0]E{QF switched—capacitor X&7|
£ 0|&3t= OA-AlZH REN-A|O0F ZEHO0|EZ Lhs & UL

I2-A|7h Web-A|D0F BER0[ENS OJM-AZH YEt-A|D0} 25
HolEf0] HIsH ATHxoR e AT WE HEATO| A
7} FHssict

J2fLt 22 XIE (clock jitter)oll T2 R2iZsH, S Hato| g
Feol Iot= HES #m (1]

J10f Hisl OM=AlZh HE-A|TOF 2E0|E = 22 X|Efol Y
SHX| 941, S watof gt &0l X0 robust B EHO| AT
11 2 JoME Oft-A[Zh HEH-A|T0F 2S|0[E Q] MTY 47
SEC=R Ot i,

—

i

MELoe] ALK FLS2A

3 32 0o|&-AlZt HEf-A|T0F 2E(0|E 0] YEIEHoZ AEE]
switched—capacitor H&27(0|Ct, ®, phased|Al UHLS

JE MEZ HIHAIH (C)ll R (charging)st, AHEE X5

®, phase I XM HIAIE (C)2 Ui &= (V,,)0 HHHA

ICt, ®,2t O, phases= Ot O, phase? falling edge?t X

= AS E)d charge injection?| g&kg ZO{&LCY,

rﬂ rH1 o 2 r|r

Utrdo= FEt-A|20t 2E2|0/E{2Q] switched—capacitor X&
7] AAdME MEYEE S MMS AT 6l 25
2flo|Efe| U™ Thup HHE ALIX| S2 complementary switch

£ 0|83t= Z<27t Lk NMOS EHMX|AEQL PMOS EUX|AE
2 FHElE complementary switche & EX|AE{7} HE A
AE R, = - MU= It

38 4 (@)ollM & 4 UR0| R,= H2 NMEUS 7HX|H, UH
ol Hatof M2 XMl Wtz Aot w2t NMOS EziX
ELt PMOS E#MXIAEE H=ESQZ AEsi¥E
complementary switchE AIE5t¥S tf ME L= M52l
g 4 Al 5k

o T[> |'_>d

rz HI

JeiL SSHY0| HotX|H, EMXIAETL & z2tol2 EX|
ol Rz 13 4 (D)2 20| eeddlsel F737] 220(M 3
Al Bk Eo MEME I3 BojRich X0l o 'ROLX|
A =M complementary switch® NMOS EZHX|AE?} PMOS
E#MXIAEI & O 7Xl= LHAUS He7t MI1A 2o
switched—capacitor M&7|7} H4 S=i6tX| ZsHA| ECt

Mot dlE-A|0F Analog—to—digital Converter?| 7|& S

Complementary switch

_ 1
TN I
/L

Cs . ®,

| .
| J Ss
—o0 V..
$,./'Ss +
l VC\I lv(’\l [ VCM

|V11u’| Vob-Virun Vin
(0)

22 4, Complementary switch®

(@) =2 SSTYIMY 2-Xe (b) 2 33

Bootstrapped switch 7|H& AM2SH MM ZE-
Alzotr ADC

=2 FFHYM AR 30| XMEto| M7= EHE siZEsh]
QIgt 7|¥olle switched—opampZ 0|&3st= 7|¥ [2],
switched-RC M&7|E 0|85tz 7I¥ [3], J2|1 7H 20| AtE
|7 Q= bootstrapped switch 7|8 [4]0] !Ct. Bootstrapped
switch 7|52 EMX|IAE ALRIX|Q| A0|E0 YHLsELt 32
Y (V)22 2 Mol 7t=AE st 7I#olct O 5=

bootstrapped switch 7[H2| 7|2 3|22t Efo[2 Cto|o{E off
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M HEL-A|10} Analog—to—digital Converter®| 7|& =&

N S8t HOIE P (V,,)0 HEIE 2OIEC 32 (Clock) A1 X 72191 O, phase?t RS T N, E9f ol 4] (2)et
S7} lowl RN Cp HUAEIS BITY (VB2 SHA 2
=Hal AST OlE}lA = =X

7|3, S2t AlS7} hightt Sl Q2iAlSet HIAE Y SHE & Vo 3D 4 1 o |
20| Cishx EMXIAE AQIX|Q| HO|E0 QI7tel= H2lo|c E N1I7T 2 on,SW2 - Lswi >E
HRIAE] AQIXIO| HO[E-AA FRO| BFHY (V)02 A

- = Al 7 2d — AMEHO| AQ = E3l s=2% A%
UHS0], rail-to-rail 252 AH0| Jhs8tE & 4= UL, A (12 QIUIMAE, cut-off YEo] AYIRIS Safl 2= Fun

Zo| gatoz MZal Alet M Al N, T M2to| 87t A7 |

T2/ BIUYLCH B2 H0| EUTAES| Aol=R otk 2, f aSBm M2 A 2ol Mkl 275 Mo 9=s 22 8 CIFF 79| wet-Ala0t 250l 22 C1o[0f2 oAl

bootstrapped switch 7 MA =2 71|O|E—H|-I:|,7_F Heto 75t SNDRO| 213t 7HM 27 Eot.

2 0I5t 7| T A

_ﬁ
o o

First Integrator Output

a2l 62 [6lolM HMQtsH= subthreshold—leakage suppression
Bootstrap circuit AQIXIE 0|28t switched—capacitor X&7(o|ct, 12 6 (a)=
-------- Wi il QEtAIs (V,)2 MEZSHE O, phasedidel o= S, S, S,
Vi -
Vs = AQIX|7F X1, S, S, S; AQURIE MRIHA N, N, N, =E9|
OREEN (G (S s 27 SHEoEL
f -
Clock Clock % 6 (b)e] MES o= o, phaseoﬂ}d S‘, Sp, Ss ESENM |
RN eessten V """" ' X, S, S, S A%UXI7H HAMM S,E Sofl s2= FHTURE Y
drive
= Otx= Hzlo|Ct, .
Va L1 Ve o
Input sampling
@ switch
a _ 3
12! 7. Subthreshold—leakage suppression AQIX| A2 Of20f @2 )
B e £3 FFT H|1 (a) AFRSIX] 22 E2 (b) A2t 22 (6] i 05 o
PP Vaive = Vin + Vop signal level
Vi e 7ol olgt CIFF 7= a9 9 M27| £ H9 oAl
HEl-AlO0F ADCO| ®HE ZFZTU2 HE7|2 &4 HRol= |
Voo gte Zoh. 22 3TTY2=Z sl HEJ| W operational  QIHEIZ 0|28t switched—capacitor Z£7|
Vi transconductance amplifier (OTA)2l EHEt EMXIAESO| € Switched- capacitor ®27|2 TAE= 0[A-A|ZH BE-A|DD}
7| saturation FHOA triode FH2Z HOZ 4= 2A2M, OTA  zS3[0|E{0fA] OTAS SHAIXQI S20|X|2t FMMEB| Ystoz
of HlEHRl SHeR dedeel dxs REE + o | ROFE 4 Qs EMXIAEC BEHY B0 e HUo|A

b
o 9| OTA &7l= mMets J1EICh 220z OTA thdl QIHEE AR

= d= S 8t switched—capacitor M&7|& 0|&st0] XTI ZEt-A|20t
Ly o+ Ao, 2 £2-20|E (slew-rate)E  ADCE AMAE AlS0| ST QUCH

29| B7t2 YEl-A|T0} ADC HAMQ| ARME B7t

et 2E-A|Z0F ADCel AN MEZ7H 22 oTAQ Ch2A| QIHElS siLt)

4 tc'-*%% HEE ots 720 2¥2 MUY MU ZE-AT SR (virtual ground)7t EAEIX] =Ch "= olsf oltEl=
ADC #70il 2 o|™s Zct. ZHIZ OTA CHAl switched—capacitor ME7[0 AF25HH QIHE]
of & Lcof 2EAl MU0 M7(AH Ect

2] 5, Bootstrapped switch 71
a) 712 32 (b) EtO|Y CHo|o{ 12 Off Al

Subthreshold—leakage suppression A{XIE ALESt
XMMY HE-A|Z0F ADC

W2 REMY (V)2 = EUXIAE AYXE ARHE
o

bootstrapped switch@t Z*
SEUYUN A{XIE FSAIE 5 UL

med 2oz Y= 2E-ADD 2E20/Hs WE 22 2
Zof ol wat o Hefe| x= HAE o+ UCh CTASE  olEo Qlad Lo AlYl= QEAl XU DXL REIXQL
JelLt %2 XY R Qs subthreshold FHUM S2& + N o= ot e T& & 881 #2 cascade-of-integrators with o W3 Soz HIE 4 Q= Q40|22 2TM M7 7|Ho| ALR
& (eakage) H=7t &716Hl &ln, Zatsioz syl opm  H O Sublesholo-leakage ijppji'g[‘ fjjt'iox'f% switched- feedforward (CIFF) A= ®E7| 2{0| M7t &0t MM 4 o] maxio|ct
(=] i ME7 Dgo e | - = - -
£ gwsh =, capacior =271 (@ g = Aol Bolska, Moz Mo B2 OTAS 47IE 4 lof 2
_ O "R E| AMCEAO| O 2 | _ = st
oM AMoiat g2 39| Qo e 12 72 subthreshold-leakage suppression AQ|X| AFZ 02 = YHE ygrel =20| CIFF 728 0185kt Ut [6-10] 12102 2IHHE At&2 switched-capacitor 2712 0fA[0]
| E_oo_ -l §_| 2t switched—capacitor H&7[0f| A of T2 &3 FFT v|mo|c) CH (1], YBASE MEZISH= O, phaseOd C, HIHAIE | 2
S 284RI9| 2-MEZ Rygu, FEHRE | 01245t S, 29|12 a8 9= CIFF 720N H27| SHMY Holel ot oIS B oa ®ots MZ2sict ¢, phasedlAls C, HIHAIEG] X2
EHRE Rogey, THERE Lefhn 9HE, 858 TUU O )0 sgsix) ere ool Hlmate o, subthreshold-leakage OFDY, MAX ZR AS0l Wat 2| E W= Dk omm myo| UEIS TISHOR XZ30f QE U co
Lo Co| F2 Al 2 e ~ EX—1=} o = = =
phaseZt 5= M N, =] T2 4 (2 20, suppression AXIE ALESH (b)2] A< harmonic distortionO| + QU R Hmﬂ x4r=17|9| H2 7IEYY (VREF) thH| 40%, & omMg st JHATXIZE M50, OTAZ AR
3 ZAS A2 2 4 ULk SNDRS (a)2] ES 77dB, ()2 2 U H2719] 42 30%, M HR H2719] EH2 20% OIUH2  switched-capacitor ME7(0f4et 22 Satg oi7 == 20|
Vi1 =Via ~Ronswi * Lswe ) o g1 4Bz 4 dBO| Rf0|= HoICt A2 29 S AT UES € 5 U0 Ch J2iLt 2 39 YEHEQI OTAS AKESH switched—capacitor
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XMHQ JE-A|Z20} Analog—to—digital ConverterQ| 7|& S&f
HMET|Qt HuHE M, TN MAHE st F7HEQ AIAIE C, I 2 8 kHz tHe] Alatig 2= [4] M, Dessouky and A, Kaiser, “Very low—voltage digital-audio A &
2t AQIX| S, 2 Qlall 32Ol BXEIt ZUI5H A U 4 it MY dE-Aa0F 2E2]0[E Mstun modulator with 88-dB dynamic range using local switch
bootstrapping,” IEEE J. Solid-State Circuits, vol. 36, pp. 349-355,
o, Cr Ref 22T Bandwidth| SNDR| AZE ot ENES Mar, 2001,

1 I W | kHa | (0Bl | [uw ] °e [pJ/step] [5] J.-B, Park, S.-M. Yoo, S.-W. Kim, Y.~J. Cho, and S—H. Lee, ‘A

o, 1 15— _ _ : _

N 9] 12 428 |630| 35 | Ofl um CMOS | 354 10-b 150-MSample/s 18 V 123-mW CMOS A/D converter with 400

Si MHz input bandwidth,” IEEE J. Solid—State Circuits, vol. 39, no. 8, pp.

Co [10] 25 | 614 |820| 31 | 65nmCMOS | 025 13351337, Aug, 2004
Vin °— I— b—o0 V0 s . 3
I | [15] 15 600 |740| 6 90 nm CMOS 1.22 [6] H. Roh, H. Kim,Y. Choi, and J. Roh et al., “A 0.6~V Delta-Sigma
S: D, /S,

modulator with subthreshold-leakage suppression switches,” [EEE

[16] 1.2 500 84.0| 10.8 | 013 um CMOS | 0.83 . .
Trans, Circuits Syst. II, Expr. Brief, vol. 56, no. 11, pp. 825-829, Nov.
Veu 71 | 10 | 500 |760| 26 | 9% nmcmos | 050 2009,
~ ] ) [18] 1.2 500 772 5 90 nm CMOS 0.84 [71J. Roh, S. Byun, Y. Choi, H. Roh, Y. Kim, and J. Kwon, “A 0.9-V
1210, QIHEES 0|28t switched—capacitor Z27] oAl [11] 60— uW 1-bit fourth—order delta—sigma modulator with 83-dB dynamic
_ _ sy = range, IEEE J. Solid-State Circuits, vol. 43, no. 2, pp. 361-370, Feb.
Z2 UEE M EEf-A|T0F ADC HsH|w == 2008,

2ER-A|20t 2=2{0|E{et CAIHOIE EEZ FYEE HE-AD

WEI-AID0 2EAOIEISC) MSHDE AE HeE HeAD
OF ADCOIA RZQF HEI-AIT0} RE0JE) AT 2 ofzi

(power consumption) CHH| AEHS (bandwidth)zt SNDRE 0|

[8] F. Michel and M. Steyaert, “A 250-mV 7.5 uW 61 dB SNDR SC A &
modulator using a near—threshold—voltage—biased inverter amplifiers

23t ol Al ()T 22 MSX|4(Figure Of Merit: FOM)2 ot 2F 2 27 SIS0 oo A7HSHEC0 = Hiet Z0] in 130 nm CMOS” TEEE J, Solid-State Gircuits, vol, 47, no, 3, pp.
Moz AlRslm ot [1], X 327t FE 0|R= dAHlo|M ZEl= DIME 3-e w2 709-721, Mar, 2012,
OI5HY, AH|MET HAZ ZANZI o B6H ofd2a 3|27t F [9] T. Nagai, H. Satou, H. Yamazaki, and Y, Watanabe, "A 1.2V 3.5mW
_ Power consumption £ 0|R= HE-AODF 2EY0[Es W2 T AXt S49 A% modulator with a passive current summing network and a variable
FOM = ST Bandwidh ©) ofst U AQIX| FESEAM|, ME7| ETY HeQ Mgt So= M gain function,” in IEEE ISSCC Dig, Tech. Papers, Feb, 2005, Vol. 1, pp.
Aol o{2{=0] UL, 494-495,
E 12 22 2HE Y kHz el M5 (bandwidth)S EHY [10] B, Putter, "A 5th-order CT/DT multi-mode A ¥ modulator,’ in
O ste MY YER-AII0H DE0EISS MSHIBEOICE B yium m 13t B 22 Ssf0] Avlst =2=1 20| xxet o IEEE ISSCC Dig, Tech, Papers, Feb, 2007, pp, 244-245,
=2 LEE HE-AD0 REHO0E Y W2 S glx|a0f ADCO| B GITIF BES| wEED Qon, SxX| [11 Y. Chae, and G. Han, "Low voltage, low power, inverter-based
Yoz Sist= 2=80|HE= 250 mVE SXt6t= [8]0|Ct, Clotst GIm2 E5 X|AROl MSSIAI2 Ho|T Qct 2151 XA switched—capacitor delta—sigma modulator," IEEE J. Solid-State

Circuits, vol, 44, no. 2, pp. 468-472, Feb, 2009,

= TR 291 SI1= St HTE S EE-A0h ADC (121K ~P, Pun, S. Chatterjee, and P, R. Kinget, “A 0.5-V 74-dB SNDR
T , O, Jee, . R s .0~ -

(8] HEH-AlO0r 2Z=0[ElE 22 MSO| HYUS RAESIE o o= groz L X|AE Zi0Z GAlSICH

Zat 2AF (Clock booster) 3|22 7510 &S FQto|A Q) 25-kHz C(?’ntinuous—timfz delta—sigl"ma' modulator with a return—to—

AQZ| 25 ZME sHHsIMSH, OTAL oIHEIZ 0|23t lcs/i)en 50[;2 IEEE J. Solid=State Circuits, vol. 42, no. 3, pp. 496-507,
ar, .

Al
itched— itor ME712 AIREORIM ARMET I .
swilched-capacilo = A 1 A [13 Y. Chen, K. P. Pun, and P, Kinget, “A 0.5-V 81.2-dB SNDR

@i 4 A 4 4 A

t audioband continuous—time Delta—Sigma modulator with SCR
B feedback,” Analog Integr. Circuits Signal Process., vol. 67, no. 3, pp.

H 2= M kHz o] ASUHEES = MY ZE-A|T0t 25 985-292, Jun, 2011

Ho[E{2] gsH|mEO|Ct MSIiHe| S7t2 Loy MEY * [14] J. Sauerbrey and R. Thewes, “A 0.6 V 70 dB SNR 0.3 MHz BW

ot49| B7I2 XMEJ| OTASl AZFME0| It E 19 multibit switched—opamp modulator,” in Proc, Eur, Solid-State Circuit

reference =251t H|WstH ADMH0| SUASS & & UL Conf., 2006,

[15] P. Fontaine, A. N, Mohieldin, and A, Bellaouar, "A low—noise low—
H 1. 44 kHz thel Alsois voltage CT A% modulator with digital compensation of excess loop
=]

1_ % =~
Xt HE-AaoF 2520/ HsH|w R f r n delay," in IEEE ISSCC Dig, Tech. Papers, Feb, 2005, Vol. 1, pp. 498-499.

[16] C. W. Tsang, Y. Chiu, and B, Nikolic, "A 1.2V, 10.8mW, 500kHz

[1] R. Schreier and G. C. Temes, Understanding Delta—Sigma Data

Reference |5 5 2 & [Bandwidth/SNDR -2 - gSA Converters. Piscataway, NJ: [EEE Press, 2005 sigma-delta modulator with 84dB SNDR and 96dB SFDR," in IEEE
V] [kHz] | [dB] |[uW ] [pJ/step] [9] V. Peluso, P, Vancorenland, A, M, Marques, M. S. J. Steyaert, and Symp. VLSI Circuits, Jun, 2006, pp. 162-163, ' ”

[6] 0.6 20 81 34 | 013 um CMOS | 0.093 W, Sansen, “A 900-mV low-power A% A/D converter with 77~dB [171Y. Ke, P. Gao, J. Craninckx, G. V. Plas, and G. Gielen, "A 2.8~to~

7 | 09 | 20 | 73| 60 | 013 um CMOS | 041 dynamic range, TEEE J. Solid-State Circuits, vol, 33, no, 12, pp. 1887 8.5 mW GSM/bluetooth/UMTS/DVB-H/WLAN fully reconfigurable CT

A% with 200kHz to 20MHz BW for 4G radios in 90nm digital CMOS,"
in IEEE Symp, VLSI Circuits, Jun, 2010, pp. 153-154.
[18] P. Crombez, G. V. Plas, M. S. J. Steyaert, and J. Craninckx, "A

8 | 025 | 10 | 61 | 75 | 013 um CMOS | 0.41 1897, Dec. 1998,
i - e - (3] G.—C. Ahn, D.-Y. Chang, M. E. Brown, N, Ozaki, H. Youra, K.
[12] 05 25 74 | 300 |018 um triple wel| 1.46 Yamamura, K, Hamashita, K, Takasuka, G. C, Temes, and U, -K.

1l 05 e 812 | 625 1013 om tobwel| 133 Moon, “A 0,6-V 82-dB delta-sigma audio ADC using switched-RC single—bit 500 kHz—-10 MHz multi@ode powerfperfonnanc? scalable
integrators, IEEE J. Solid-State Circuits, vol. 40, no. 12, pp. 2398— 83~t0~67 dB DR CTA X for SDR in 90 nm digital CMOS," IEEE J.

[14] 0.6 312 65 | 7200 | 90 nm CMOS 794 9407, Dec, 2005, Solid—State Circuits, vol. 45, no, 6, pp. 11691171, Jun, 2010,
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Freq[MITz]

71719 AHBZO| B2 ZAHBZINM MY ZJak SH0| S 0 T ARl0| MTS MA| KLYl Jl& EES LIRS MY
Zo{X|= SEfO| FMYULHAIO| £2 021 UX|TH J|EQ M M HH RMM HAAZ(WPC, Wireless power consortium) * ¥
2 RIFEN= S0i7(710) A AEHO 0SS MEel| W20l 20084 222 AIXOZ 20104 4FNK| HAP| QE WAIS 7| “EEE
olofl CHEH SHEMOR O|SAW W2IMS SHE5LY| YshM RMH  EIOZ 59IE 0Pt MEZ PM M M gl chsf mEr é
xS 7|20] 22450 Qct (Xl:Q)e WHAIPCH HHEE EECO LIRS M5 27 A T b
(Performance requirements), QIE{HO0|A HO|(Interface - _ j

2007 MIT 22|3t0te| Marin Soljacic @4El0| 2MMFE  definition), & &4 Al (Compliance testing)oll &3t LI0| (Heomor ol =
Jl& F siLbel A7 2HES 0|28 FMMAFAES AIHSICY
T2 Qs BA OfuiX| ®& 7120 MEHEUD, 0|F AhEo

7t
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