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ABSTRACT

Although Digital Storage Oscilloscope (D50) appeared from 80s of last centurY,but it

didn't have certain charaelers of Analog Oscilloscope.For example,it's bandwidth was narrQw,

resolution was low and real-time performce was bad.However, after decades of years,as the

development of digital circuit and large-scale intergrated circuits,especially the performance

of high speed A/D Converter and the storage capacity of RAM grown rapidly,the sampling

rate and real-time performance of DSO are greatly improved.More and more engineers used

DSO instead ofanalog oscilloscope.

This thesis introduce a design of DSO which has dual-channel, IGSPG sampling

rate,8-Bit resolution and 200M Hz bandwidth.According to these performance characters, a

structure based on ARM+FPGA is presented. The author explained three modules of the

design, which inc1ude hardware composed by high speed A/O Convener and FPGA, software

composed by interpolation, FFT and digital filter, GPIB interface logic module design.

This thesis put forwords design idea and method based on the traditional OSO. National

Semiconductor company introduced a new series high performance,low power,Dual

8-Bit,500MSPS A/D Convener which had Dual-Edge Sampling mode in 2005.1n DES mode,a

single input is sampled by twice,resulting in IGSPS with a 500MSPS input clock.As digital

data buffer and memorY,FPGA is selectcd from Xilinx company's Sparten-3E series by

considering the price and high performance.FPGA can extract useful data from A/D

Convener's muti-channel based on different time-base,it also finish some digital signal

process task such as Sinc interpolation filter.The other digital signal process inc1ude FFT and

digital filter are finished in ARM.GPIB interface is universal in DSO,in order to make good

use ofthe FPGA's internal resource and reduce circuit scale, The GPIB function is integrated

in .he FPGA.

At lase, we debug the A/D Convener Sampling system by Chipscope Pro.A analyse

about why the bad data is appeared is given,and the author propse a solution about how to

eliminate the glich.At last,the useful data is given.

Key words: OSO, FPGA, High Speed A/O Converter,Sinc Interpolation,GPIB
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il!i*,'i&'i"~il!i#&Jlt8.tE~+1'il!i*, Rjr)~il!i#&~~" ••~~".~,.~il!i*
Ei(!/xil!iJE'~ii'(~ j'f1IfiJ, 'i& 'i"~il!i #& (fl ii'i. Ej J{J( j"fI%1Ii' tJJ ffi~, J{J(j"f,*,~n IPliI,il!> j!}j I!J
mmrt:, '&OE; ili lJililUI1il!iW. INJlttEiZl3twjWJ, ~il!i#&.J;!<""fJJr!.\ 1V-j'~jf)7ä.

J1tAA+"I'ftIV-J5, .m~TIK0~~HP0~.~'i&'i"~il!i#&J1tfJ;k~~~J1t,

1'E1'I'i&'i"'1'il!i1mM\ TJIilIJi••frJ IGHz 1j,J:, 1'E't:; H'"c'E jljjflfmMll!j'J,1jf)7Fil!i#.. ili 1J\i T
Ffrii'i (j(ll&'i"~il!i1mj'J;ijf) {tlJilf51, ~,tAl!L Q'-~r'!i.<&Rjf)~il!i1m(J{JftB, 1'El&'i"'Fil!i1mJ!!

!ßm.
'i& 'i"~il!i #& t'f7ttEJ{J( j"fI%J:JIiln, M!iH}}J{J( j"fI%~"T j!ij1{f.1l1, JIil ii'li3':Jif{fM 3':+

f{f, ffilS'Z~1E~i(il!iJ{J(j"f~IA((.J*nillM 100%lIifl(J;3': 3%M3': \'11,111. 'Ö,. IGHz (J'JJ{J(j"f

ItlJi.t,% 5GHz,1J3': lOGHz, :ll;IX, JIil,:Js'!&'i"'Fil!i#~~'El'fr$, j;!;fUfJ;ijf)7J,il!i~&*f1ljjj~

7J<>1', ""i1iPT j;!;1fffYII+ 7J1'il!i)E', :l'IXiil~~ll~ :btf~ "'lfotllilJE'ßWUIIil<i'U,t'En1]!, WIX,
JRm ~j(tJlli#&lJntJ.tl~ "'fj(tJill figj), M~illiiCi(!~J:JtllJ!iliU~~'i&ilW\'i,~J1t1Jj\ljJl'!~JifHJl

ij,\Jl'J, 'liJ:3':7i:c'E Ei i;!JiliUi'll'.5r, ""15, '!&'i"7Fil!i#.Ejj'J1jf)'Fil!i1m-j"fJit1'f"f\\Ht"*!f!in~t
.~, .~il!iW~-.~~, ••~ili• .\}~.m."~~&.mtE"~J:~~~.

l&'i"~il!i#~PT7r:O*J'i&'i":r+lit~il!i#& CDSO, Digital Siorage Oscilloscope) *1l'i&'i"~

7't~il!i#& CDPO, Digital Phosphor Oscilloscope).
DSO Mtlllj!il~'%frJ)ff:::,a.~il!iW, JRm T ffljrj(t~J1#*t!iftJ, Pnl1!l LI rfr~. DSO

"I' 'li,1]!'ftllljHoJw.~JJII@PT fig",,:bt je T -IX~ 'JHle, un 1'EM'% E.~i iil*, 1JHm~7i:c'E.
71' tli*. Ej j'J,1jf)'I' il!i#.~ I5J (J{lA , l&'i"mit~ il!i1m fjg \Jj; j\f0.1*mM.\}, PT Ij, jJJlk il!i JE' j(t

Jilln~t. r!'\Tfij, DSO i\F(~~IO'H~lJtl'», ItlJlt, ~fjg*~~~FM ·C} '''~ijjJ fl'"j;;lJt %'1'».

8--1 ND'l!191 H(;~'i~aHlilill1ir.l~H ~lt~a~

00 LI l&'i"fj'fi~",il!i*~!IDUHtFl#JI\t"l~
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Dsa tElIJ *ir!dJ1118',#t1)!ii1!~*Ii1Pi:!i, Jiji'Ftn:5HJiffil}, iflßJffiji'r, DPa ;!J7lopJ(,

~®J)JHeJ1HiJ ir''"'ffmn#'*!liIz)I2.3I, ~n 1*1 1.2 !'fr'J'.

~~~ft~~$~~ttTIm~~~~~m,

H; J:<I,,) 1Ii 1k.
..............................................

~.B~.fi.B••~~•• g. ~8

••••• ~.~, 8.~•• ~••N
:iF*tt.. . . . . . . . . . -. . . . . . . . . . . . . . -. . . . . -. . . -. . . -. . . . . . . . . . . . . . -. . . . ,

1'lI 1.2 'i&"'!iZJ'tiFilldiii if)MI !lI:m!i*>i ", jt)

Dsa *ir>±J1I1J1HnO fliJ ilIi W, r:li 'J't",H!:llli*"~ jj;rj31J iSi)[; fliJJ1HllJiliif, Pfr liJ. r.& >±llliJm
'"'*ir>±ßJ!B',JI['lijj, ffij DPa JeJ&'f.1tiJ'J ilIi)[;l1lJmffi'-$:ltIHtfi'A '*':J'iJ&J1ii J!I' 9" ,mit
flJl1lJm J!I' 9" ff./ fii'l} 1*1 f#.]l miliflJJii1'f' ,*!Jt. ilIi)[;J&Jm]lm:ltIHt, 1iJ.:&]lmJel1lJmJ'f'J&

jl,H~ !iUIJ,\jlfi'9', jJ)j~"J" [f,HfJfL i&:ll' TlUt!l#:%tEJ&Jl,ii>±J1I1;Jyffij ff./mFiiii. r.\ !1HVl'iJJn

T "tElIJ IPIi'BJ", j'i)~rr\Jiji'f'JE%fiUJ. ffi ""~lIl'j, riiJ !t'i1Jl1Hnlii.." 8',i;lJii'<'i''i1jJifJfie:?k '"
*W. DPa t",I[>±J1I1#&.EjWpJ(,(fJtJIl~*'*!Jt-jl;jjHr I 11', 7lopJ(,.@'ii",r-llli, 13 MiJ!UjM~~ {&

illiJl'its'if,IJI11', [f,]I>1, Y.::f):!' 1~'1 'Filii#& intlll ~UIJ.lt.

§ 1itr, 1'E1 [i.n!rtmJ:rrr .!\lflj i/', 'I" iCil'.J&'f.'FilIi#.JVJ'3':nß;l] ~:EmF ,Po, ~n Tek, Fluke,
Agilent ~;I~di-\\!, EI. ikf1:l ~ ifl. f1~ 8Jr;rsx1k#:l~1tfr 0

Tek 0i'fjiJ<) TDS6000 ,*YIJff./ DSa in,j}!%c;t: 6GHz-15GHz, lIH'('jjijIfJiil,':i;t:~U)(j(

Jilii:ii 40GHz, J'(iJilli:iiit,fj'fiti*J]';t:fO 64M, DPa70000 ,*YIJ(J'J DPa, :t:t 41'Jilli:ii[f,Ji'1Ji!

{&B', 25 GS/S B',*tfif', 4JHJilli:ii 10M IY,[i.lfi', 1lft'j;jjJtlliilJt 250,000 l'i1!iWI*I%tB',m 4

f·t DPx®fii.." pJ(, l%i,* fft, Pfrfl'%~.."~ -lir'lijlli;H!(T tEiCiJili 8',*tfifr ff fiU!iH,\'JiJWt ir, iSi
JIHIi~HtHe.

Agilen! 0i'fj ifJ"Jt1fm 80000 ,*YU Infiniium 'f'ilIi#&ifJ'Ii,!%tJ 8GHz-I3GHz, *tfjjij

IftJ''ßJilli:i:i 20 GSaJs, )(j(Jilli:i:i 40 GSaJs, fi'ii!ii*J.ltili;t:fIJT 64M, 't';Ji!'ßj'Jiililoin*ik~

".1' P', Jiililo if1'l'ii;lJillrJ:IJ:*Ii\:, Jiililo ir) I!!I!;ltHi;lJ _ Jii"l'lfl ifJ 7FilIi#&'f!If,;':!kffi.g-!l'!ii$ if.J JS'Z Illi

U•• *.ff./ffi..,,7lo.t1,jjJM.~;l]'f'ilIiJm••:!k'*.ff./.p',H~.jjij.if.J@.U

::ffiffij~ J& 8', iW~ :lli:f,'iJ.lt11iIITit,~&, JA ffij Jiij.:: llIi!J.ltjt!l~ iCi I'!Myiji fliJ~Wrä:lli:.
Fluke 0i'fj i/', WaveExpert ,*YIJ i/', DSa 'Il'i!%;:;\;t: 100GHz, fl.jiti*/.lr 512M, p)t;l] §
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§ iWtElJ'I P;J JF(J'&J&JLl\':"'fiL H'E Ei c.'Ei'" '\'ilH,"J&'1'7fii~",i1Ii ~~, :lt'\'iFf:J JLl\'::>%
l=] J.'f 1J'10 jjj -&r 'tUI{;, :I1&1'T4':j[j!J&'1'.fHi~if,i1Ii~tb:,~,t!i*. tEi3:fj't~i1lC ~, i[!tJJ~,j'l:.'1'r

Ei~.mi'".~IJ'Ii'"J&'1'WMif,i1Ii~~~.M., ".IJ'I*~.i'"M •••
~;!I,,'JifiLg;;tt, *W!I!!'l:.' $:1~fit'J- j'; ;l:Villi1d U',:<)'; 1ft*11'-JiliIßj2; IGHz, *ff ':ii f.i\: j2;

jj'J 200MHz, Wfl~i*!.lt:'kJ4lJiillili 4k (n:<).;wt*ffJ&"f'Wfili",i1Ii~. '\'~:JcJ'R;p., YHfjj.&
ftT, l'ikW:tri!l!, 1'T Ei 1;Iri&i't', J'ttiT<imHtJ:, i1IiJ~*fiili, J&!j"iEr~, f!<I!1H;<il;'J~rjJfjt. *.*
fJt*ffJ'~IJiliND WJ!I1~HFPGA+ARM(1{;.(!),j:HtflJ, 'EiJlii1lr,ij,j ND WJ!I1~HFPGA (I{;
'lNWi*jj", J5jiM ARM Mi!i~tJL1'2if;'Ji3:j!ljtlMr.g:ljl.

J&Wi*UH!JJ11iiW",,,,J!!Ä!fJiil' -Ig(niJ,ll1lL iOiJili A/D WJ!I1~~'f~ FPGA ffir>l<. :'kJ]' j2;jj'J.*
fJt IG *11'-Jili$(J'J'l:.'$:, *ffJ],IJ'Il\':'/'.%tl:0TIJ(j{JldiJili~iillili ND ~J!I1l* ADC08D500,
i$:;t:; ff ''Jiiillililbl iOi*ffJiliIß1J 500MSPS, ~iillili~"J*I1'- J5, nTl;l.ffJit'l'iillili*ffJili
ifr':'kJ IGSPS (J'J ND WJ!I1l*, ;;r;{j(l'WH I&*~t i11'T\'i(t't ,1.11 ],11\'f.i\:, ~~'J' T .gj'jlWijJiii/R,
FPGA *ffJ Xilinx 0jjjU', Spartan-3E .*;y~U',;t:;H XC3S500E, :lt,:liJiliU', 10 Qnri'J.tll'ifj(1i:!

Jili ND *tfi'lf'H!', 500MSPS (J'JJ&"f'iil' -Ig-, *i1.:lt'l'- '1J il',W!iffliijlJ;iPT WiilJEM7Fi1Ii~iiW

iiJ<!*!.lt(JiJ'l:.'$:, ff P;J 'I'1J (f.J~~n'ti iWPT cUI.ii'i(J'Jt;<il;'J ND *11'., i*J IK~@ii'I·*,*~ii ;;)J&
"f'w.-Ig (f,JQ:!ill ilit'tiJt T j&I[Hf,"I"15, l=] J5~iij ARM (I{;tll' i=I ili'II"ii; J<. ii'i, iH;/",J*mrm
iI,~ 'ßj'jI -. FlFO t;>it'J -. -tlß5HI{;J&'1'iil'.f# JQ:E1L f!<I!1it .glljtf,jIH'ttkl&tE-ff FPGA 'P, 1'1
~ T;kiJ):U', 9" +t.l!f~!#I&.gj'jl, 7!,{j( t't ,J;], .*ff[(J'J!#I&!.lt, jjjjfiJt'1JJn]' i5mU', J<.ii'i1'1'f1J
-r"-'''''r:J "l1'!.1.:t: 0

MlI";/iLU',t;<if;'J*J1l], =-J'i!.i~jjj (J'J ARM9 Zff S3C241Oo S3C241 0JQ:!ill~ i'J. ARM920T
!<J P;] tb:, Will<]' 'I'- '&1 (J'JJ"- i*J liiiliL "'Ai'; USB tll' Q, LCD t;<iIi'Jilii, Nand-flash 'fll SDRAM
t;>iIi~~ii, UART J'F!V$tJtI:'Q~~, tE DSO Wil'\', i3:®tI:'Qtittly.f,Mm'l:.', j,l,jjjj;k;k

~~]'.*.~W~,.~],.*.~PTRti.ARM9.],'I'-~~'ti.*,:ltlblMIW.$

j;l;fH 233MHz, iliJt'1JJn ],lI";/iL~ JQ:!illfiUJ. ARM9 iilli,UIJ i=I iillH\, X'JJ.'HtU',4"fftJL

AT89C2051 1':'iIi')' !1l*:<).;f)\\5I' jjjjWi t~1lI! -. !ifiill(J'JB li'ut'i\li!ll=] i,Ii< Ii!l, *HJ t~llI!, JJiiillAc-&r
;;f( ,,'Wjjjjl'ik it, :<).;f)\\ T 1'1' fjUt (J'll':'iIi'JjjjjWifl1.& ftT· (JiJ AtJLW jjjj 0

*ii~:Jc~'l:.'I'liJj;ßTjjtrjimJili ND *wmiM'..H-~, J&"f'w.~U',JQ:!illt~Y<-. GPIB tll'Q
tt'!Y<.
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Jmf':J&'HHili7J"iBi#ii1i1:JliitIJ!J\\tE Br~'=+'$:if:E!'Jm't. t1J~t!i*Bi&I&R-!l. -1J\(iJ<

*. jj]j1!l)\XJilliHJ&'f'rHti7J"iBi#iiil%/iftJmOOJzQoo 2. I !!Ir'l<.

L~ AID
"SillV lIlIli

2 AID
"liIlilIlIli

[)
I

~I ~illalli I0 I l!;g "11
lio:li

I 11111 I I l!i;< I

00 2.\ jffillll&*fj'fi~iFilIi~~(MIiI!J~!OO

'3 f,;, 'l5i!1AJ&'f'mit7J"iBi Vor;, jj]jü A/D 4'VJikVo.#f~itrAl:ffi fl'J f';'·E] $Ij j!A1& t1J& fr'J J& 'f'fll
ffi'f Ai'ffili#ii. ~m1i1 tE*ff 11'1 i!it .g,lJHJiJ t<*rrF/f I1frIM1i~i!lff, iJij13: I!'I tx.#ii iI',1!'I::&.g
lffl /f l1fr illiimlJ~itr Affi -\e}. 'fI Jil iS::l: !.\i\fft<I!:&1)\i5. - I'II!'I::&iYdHijJE. J!IJ*wmm "I' 11fr. ii'.!l
!it JmVo. jj]jüMi'f1i1iVo. i*J*I+J&Wi E!'J j(J:~nl\ ff,17J". HP PTtE1li'.I,'.Lill!%f,;, "l' Itllli.Ej 111 fB] (j{J~

*.ili l'Jt '"'ffi -15 .glli iBi1f5 •
~JTft(jlJ7FilIiVo.* iJL 111~' CRT i1%ti\'!i I" fiJH&ffi. [);J iJij,fH'ff,17J<®i If'm11,1; iI',f,;, -\e} •

111 T7FiBi1t1: fl<J 'l'1:J.lt '1nJ3tIMJ!WtliJt& lt. !!Ir 1;1. J'tif!i(iJß1:*, r I\\' 11, fB] il'J 11,1;:illSljj]jIff,;,
-\e};iJti&'ItlHIJ. TruJ&'f'i'ffJt'FiBi#ii 5i:n~ T 13:@IIJAL # 1l.iiE~Hn i& ;l;'i\'i~,

• PT 1;1. .iilc7J":kiMI'JJii1I!'1!:&fi\'.g,

• PTJillü~I!l :J'ttF'IH~Hl J'Mii'fMJi'ti!lif:i: 13 i;lJfr-JiJWi,b

• PT m::Mfll. jff!!1\iBiif5,
• PT wmMftAr, '1'.I*t!lE!'JiBiif5fu 7J"iBiVo.:i: 13 i;I)*t!l E!'J~"JiBilf5i!1ff ltlJ(,

• iBiif5ffi,GlPTIIJJ&'Fi!l1fj(J:.I1I1. JzniBiif5i1',}JrI, iIi/i., *, ~, t'.!l7)-, "7(7)-, ,'tJ&, mJ&,
FFT ili;l1~,

• ~if USB, GPIB, RS 232 W;l;-rI't1:'D. PT:9;!%i1i;,l~Ii1;f~'Ii1trJ&Wi. J&Wij~f1-.
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*Wl'!!'J]!.$OfiJfjj;rj- €t J!Y(iITii1Ul"WiITiI'i'.it 1GSPS, Jl"t'fwmitjjIJ 200M Hz, fffiti*&
:1'J jijiITii!'! 4k (y,J ,,1iiITi ek 1111&-'f'1i'litii'n!i#i' (J'J i'l'f1L, :kill! (rJJ1i*m,iFo%,

• jj'J.71,Jjf~', f)',*"LCD 320*240, tT:J'tjiJiJId,

• ,~J!H,SI:, 200M J!Y(iITii!'!,
• *WI'i'., jijiITii!'! lGSPS,

• fffiti*J1r, jijiITiill 4K,
• .i(!lX* WIl";ffi' ][5)-IIF*' , 8bit,

• iil;k:t'itrAIßlE, 300V B:ij[[IßlE,

• Irl];, 2ns/div-50ns/div,I-2-5 !ti!l32~,

• 1t1iAxfjJ(&, 1 mV - 200 mV/div ±2V ,200 mV - 5 V/div ±50 V,

• 1t1iXIIIlif , ß:ij[[ , 3<" im, W11!J ,

• titrA'JllJt, I MQ ,13 pF

• J:3t1l1l'fiJ, ~ 1.8ns,

• 'ßJR1J~t,

• I!'I!:&1J' 'it ,
• iITififWr:l,

J'ß/X, J1~,t,

i3i;!J, rtl'f, tJiljlJj, jfilM~'E}I!'I!:&,

USB, RS232 f'>1t1iiJlUB1&Wi, GPIB .ffilt;>.

i5Hi fliJ 1&-'f'Mtii'ilIi#i' ±'J]!-E!fIi,~trJ ffi -Efi}.lI!H~J;/I, r\;JiITi*W1i'iiH~J;/I, 1!'I!:&!S.'il;lj
fJ,lJ;/l, 1&!!1J!,1l!l1f~J;/I, ~J'(! ilIilB (f" lil7FIS.' iJjrJfMJ;/I \J& IlI!jlUS' iJjrHMJ;/I, jfilßillim,t!J;/I$i'i!
fL ilß5)- ffi pi,(; •

~n1fl2,2 mii'Jjl*~fJt(J'",~,#1J'~<I!IfI, ARM9 ;E;}t S3C241O Jjl~fx(J'Jff:,c.'f~i1jrJ;1',;

!t. tEJltr~.Jojj',);iITi H'"*!li~U(, 1!'I!:&~~'itJiiJldi;!Jff, W4:!(*W1&Wi, J5~.iITirl$ r:l Jojjf
ilßIlI!J1.l ek1'.ilA;IiliITiift, iITirl i*J "". USB t'i' ihrJ#i'ek1'.il USB (y,J~f'i1iITi ift, iITi rl i*J "". LCD t;>
'l'I,,,m 'Ir "r,,' L B - ,", m ,<> ""'ti'I 'j~i'iIt1I!J!-;j'jr -.L.:!J~~ux ,e:-1'H AA 111~ Q

f~trJfi'! "'l'i)ldl!l1 rtl~j\-E!}'T;;ffi' ffilliill ~~ l!Il rtl~, 1'IJJiftS'iJjlH1WJ, I!'I.:& ffi 'E} :&'t#:;, w SI:
~ff;~#~~Q

JRfflij(;k #:;iJId ~~itr AilIiW H'" illiJ1rt11 Wi l'IJ, li!I.;kfll%( ~jQ, J:"F fti;!JilIilB$i'. i:,;i)jJe::f

IOJ iMllUrJfi'!-Efi!l1r'lt*\J~J1lJjf~,HJ'J fJ.7F Vii l'IJ, i;l;m,tPI \J tiijKHiF!~*rJJl[xtilii JI)i!liTimrj

fit , TJ ~U,t '!:!*~j;k:fi'! -Ef i!I11'%( ~Ii, ~j 'Ni'! -Ef i!I11'1i!I.;k •
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~i:li

~ttrt-R*

iIDiii2-~ i)IiJ:flli

It~

~ 2.2 fi'UJ!~At DSO ,~,1*1J~m~

• ~~m~*~.A~ M~••OO~~~.A~~~mm~ $*.Ä~W

7}1tJ7J:r:~ 0 .A1~1/5U J]' ~1fW31~i&t .7J:it, ~p DC .A;fD AC fr~A 0 DC • .g-7J:it1~1§

~!H~1[~ltJii*ilß1L - lI:t1* ~?fi::A*ft (AC *0 DC) ~ ~UI~~~.ß<J~%~~o

AC.o1J~~y!ljtE.A)lffil*o~~. rs ~~~-1'-ItJ,~, :13:*-, 1*·:7Jr-JDC*~ff;lt~~JHfT,

W~~~*~AC*~&~~m~*~.~o

mmü~~~~~fi ~mm~~~Ü~~~,~~ ~.%tEma ~ ~B~

tt\*o
*m~lR7tHI~IJJ~rem~*m1:E lOOMHz ~ ~m*~~it~~ffi9iw~/J\JW 20MHz ~

g!.!:~l 0 :l3:tfmt~~1~ 1Ii- Ef!' *O-Tm, :l3:xl itt1T;-3Z*ltEfl~~~~~F-m' JtJEflo
~~~rno*$~m~, *x~*/~M~o

1"lJ:i!*~Eg~: /i'i):i! A/D *~IH2i1t~jt:J1g~ift,jJJfJEg~-*)§ß<J1g~,*~1H:i!AFPGA
pg~ff, ~Ai1i/'B@~i)~HtJJfJ)§, ARM re~t@JlX'.JEo W3J=l A/D ~1~.B~*~B~·t'frnPLL
FtF., :ft~tJj;j;lli; ~ E8 ARM J.irl SPIl~Ji~ifi~o JM!/t1§--.:dttA FPGA P9 15, fM!/t1~""':1

zfiJEr-J*tf~t@7.f~IQ1~ff, 1fl!ll~Z)§Ij<]~t@~mJZJ§, k -f~~miB<]~H.I;fD1~. 0

fO!ll~~7tultli%: El3~~Wß<J~:i!f1ttfH~!j:Xit~*D DIA ~.ElJJx, El3 ARM ~1t5u DIA ~t9i]f

b~!j:X{g ,.!:5)f.J m Bt'JfO!ll~tnuA1g°:itl:1Tb~!j:X, ~Ü~{g :i!AFPGApg, %JJXÜ

~o

~~~~.*~*.~~~itt1T~~~.,&ffi,~~*~,~~ ~JJfJ,&m~

~%~, ~'E!ffi:

7



( 1) il!i Wlli: ill , tE I>Hii W'i'i iJuiJ; 8'Jtl! öLr, jjH,t!fHfJ }i:\ ill tTNi1J'lJEr~ , tiRu tIl JJ;j

~i1il!iW •
(2) J&!IIi>1l111j'Jl*:tfJ1W!J&!lliilltT-®rj)fitjEr~, ~1JJ&,*JJlliJili, &ffi, @jt,t FFT

H~7HJT •
(3) j(;lil!i i~illüil!~ flJ:, i'JiJfX:ll;$J&j(1l !!m'ß, }lij tUj, Il1lliW$lif>{j![$P.

J\<Ijiil!ii~8'J1,"'l'tQ#i~I''!*, 'flJfIl ARM9 'F i*J'i'iiI'J LCD iiJiflltQ#j~~~JRtQ#i~ LCD, "t

JJUliBiWJ&JlHnJ\<tji.itJ.ill1'l'. EI3 Hß7rJ&"i'ffi '%>1l111iJ'"i-:j'ftE ARM 9'%1&, ;\1(lj1i3KJ&
jJ,iiiE;JJi$:k'f LCD (J{J ~t~@I>HilJ, 011'.13. LCD iJ',II'j;JJi'f" ,~'lJ( 1:Js, iN,t~7j,8'Jtm1J!:%1!l! (Hf,

~ 'J'illut1 il!ii~f,:llC, ;t r!IJ~f!I$J. J\<l\l, ~7j,IIi!!IIi ij;J&"i'mill7j,il!i1mTIü ilii llJ!:IJI: WllJ! iJ', W
i-t, 'l'il!iiliil1,HJ\+=1'1Ii!@tJ;\idtlRJ1'., ml'lIi!@tJ\<1'f'.'Wi1'f';;l'JWiH'J\<![<,. l:J.JR1!ifljJ\<
4'!=r1illIJJ§lM'jytl!fjT. HEiWJJE~fNYlti:w:1:r:tto

llJ!:IJI:!'ltlj~~*, llJ!f,~ 111 !r!iHIL 89C2051 JIHQtlj~, iiJij1llJ!:lJl:tj' :YIJÄBJlt,*"tI.ffi5<t4l'H

llJ!{tL iI'JB Jlt" - E!.1'f llJ!tJir, 'r' Jtmvl'ff tIlllJ!{tL il'JllJ!ilJ:, oll' JliiJiWi' Jt;flL it, RS232 *IJ
I~J ARM9 8'J RS232 *lJi'iiffillJ!ffi, ARM9I1i!Jl'llJ!ffittvn'ffll§Z8'JllJ!f..t9'llIif1i1J1'. J1'!Jt;flL
~ T!'ltf,IJllJ!:lJl:Jlf, [iiJ Il'lf''t DSO it, Ik 1JiBi(J{) Ei i~lj{* ,%, l1;HJt~ fIl J~* Ei til'l'iBiilii.

JlHliliiJiiMJli;J(i"! ffi usBt1:' IJ, GPIB t1:' IJ, ;I11J $P. USB gllNi glJ fIl rj) fit"tl.ffi'l'il!i #~

flJ PC it, i!ft1:', ~ '!\J!i1i Jei 'Fil!i iliiiiJij1 USB i!ft1:' I'f ~}j1 Ei $Jf<'i iliL PC )f,lr:il,if(JJlj ij; 'Fil!i ilii,

.R II,m Jf"i' ffl iXi'tJei 'l'il!i ilii i!ftl::, g[J t<1JJf~"twllilli'JiJ&!IIi, ;If l:J. :f'fili'jtlJ&!IIi.ill1 'FtE IllJ!i1i
Je, JAifriJJUt!<IWi!H'i!' t'H!\J!!';; (I'JiH,\. GPIB iITifflt1:' IJ Qil!rj",iX#~'ii'; fIl iI'Jt1:' IJ 1JÄ,
fIl 'filiWiX iliiZJilJ 8'J lii!f, iiJij1j\1j1'« (J{J '!\1llCAA fitl!.t illl&';; 1'1 ili~:Q iX#~ Ei $JiliW8', )I'SIt,
1JiJI!Jlifl'flliIJOUli. GPIB t;>tljIJ:!'.:Jt:ll; 9' (f);)CllJ!;t';Jt, I'Illlr.R 'iHil Jlf&J&0 i'iHit'tf', ;r;

(y'ifI'fllfr1!!.l, ifriJl'l;519!iJ~. Imt. 'fIJfIl FPGA "t1.ffii1!<t1:'IJ;r;i)(~'i'iIJOH'IIIJß:'jl1'Ti&:k

~"tfllifl'., * ••9'8'JGPIBt1:'IJEA~fIlF~A*"t.8'J.

*.~Jt'f:1'ß~i;J(!lV&'F-i;J('!\lt1\iliiJe,rrr U1/,jlj1iti'i'~'W,i' '!\illl, ji!;fj;ntlfit(I'Jj(;#.

i1', '&; l1I!Jt!l1ff W"[I t/;'HJi(JEAA, lj1i!f!jJJIJä k!~i':.'i!!mj'Jljl:)ii§"", iili jiliJ&"i'f.'t '% iFo '!\M!~~ '&' 10J I!i!.
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(nm1i1. ITIT:GiIUIJ~~& l'Ij)(1'1 ((~ mir:!:lln~ * 1;1<= illl1iJill"h i't Jitm1i1 ''t'. jffi ','I'* IIB*
~~#~~.~mW~A~~~~~~~~~~W~~.U@~*~~~~*~~.~

II!ffiHJ1iJ&~*~~(EitLf2Iftrii]o 3fn)~AjMIJ ND ~*~U5. 'B;Jjft.ii!~7J'i1!i~~TIüIUJ:

"Udiv" 7f~ (1i'11-'l w~ ((~*~jffilfiillfT*lnlli,lf.tJltEJ!, JA ITIT1'I~I)- $J&w.rJiEc=ill

Hitl iliWJ1~ ~), ~1'~~ll~ ~~ t""rtf. #fJ&'i' fif -lg 1i\' (J("J A i1!i )f;iHt~~ 0 ;<;j~A fif -lg ill

fT*~«JjffiJ.l[%;lJ*~Jililf'oJN,:JJ*~jffilf'E!3ND ~*~«J$I.i*JiliIßtk~.*~JiliIßE!3

* ~ li'tH't"fljl) 0

i9iW5f1if$!loi'fiit1*-lgi1!iJBilIll'i7Hrr((~tf;if~tl. 'B'eJ},5 ~lli *1if$ (;;I(~lnHf1if

If'l *1I11'Hol] 5f1ifIß CIiVK 'l'5fIifIfi) 0

~Jli5HifIfi J;:,&1'*~!2. ((~f.\ljl:)i;J:j(;j0. (j(J= illfljl)J&"7' ((~fiLJ&. ili*.t J;:,j(;j1~~ lYiHaq
jjIJ~ltlJli~Hi'i~~&o 'B,",E!3 AiD ~*~(Mf1if$tk~. 'ii';U AiD ~*~HH:f~J&W.

(nfiLJ& (BilL B 5fJ&&4fjlll(r~*mJ& OlolJ&idiv) *!!<>F 0 ~J&'i'1ffm7J'i&~~9", ~lli

5f1if$ '"' tk~ * rH';J.l[ (Ei oE'tl' I!J%. -119: li!liJL fiL J&~5HJl$ ,,';j, 1f! fiL J&~~* ~ rüJ -L" •

*~JiliIßlI!fflJO. 1\TI1J~itrA1*-lg JjjjjIf' ilHH~. ~lli *1ifIf'Bi.ITITrll!fo I!JJit5ljl!J~IJ-S-'!'I'I!'J*
il~~fljl). !l1J)i1<*~. ND ~J#i~((~7f1ifIßjffi",J1UIl8 fiLo 5ljIUJ**"it((~;~I;j;j!M'. i2\;

J'ln 8Bits ((~ ND ~J#i~o

*'l'*"it~~m~~~xt~A1*~*~~~J&M~*~ffi.#Ä4lj1'*~ffilj)(~rr

folO ((~ l"j~lJ. *n IJ;!W7J'i&~~-~. * 'l'f!ffl~ r(~jffiJ.l[1j)( tk'f li'jitli ((~ Wl'i' (silII) 0 jffi ',''';7J'i&~~

~U~7J'~*~BJ&,",~~~.~itli~~~~~~~~~~*~jffi$*~~~. ~~

i;~~ «J 7J'i1!i ~~m~ ili (nJHY' i!ßIßJ'( *T~:!iI:-f.J~ (r, 1ftitliW'i'iz r;;1-!lo1-T %1 «J 0 ~'t\i11JO

B~ 1I1l,~'i'izr • 'Fi1!i~-eJ:1lJ ((~* ~ jffi Ißili ,WllJO 0 T f!!IJ! -11-1itliW'i'iIfi~ '"", lli'Jl' ((~ .
12i11JJ!1'1fi~'Fi&~~*~'".lli:\lt11*~ IPI~JNttt«) 1ft:l,1;W'i'i, ~JfJ J!l'Ift:l,1;W'i'i Ift7J'i1!i
••~iliK~n~JN&~~~7fm$o~~itliW'i'iffi.~"JN*.~a.~itliW'i'iffi·.

~J!1'l9:'i'j'ffiz-F 7J'i1!i~~~ffJ "JN*~li't*~jffi'ß" illfl'I~ 0 J!1'*~jffiIßiliil.t~~

7J'i1!i~~tt*m~~IYi~ili~*~jffi$o
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1tH!'i fli~JIii'l<J "Uill, 'J:' JA ~111+fi'f "4- 'I'x;li;,ll- A'J tl\ü ~!ltili1i"'5, *I+!®!IM~',jij:kT~

T 2 IJ'ili1i -Ei1i< I,,!®!$ , ~[J *~JIii*'t!®!$1Jli1i-Ei!®!'!-l (f] jlIjIJ'i. 7FiIH.!iJIJ JIHJf'Ji:i!!OBfi'f-Ei

B~, :tJ T 'I!!lJ' B%iIKt'J:' ,Mj'" T iJZ 'J:'* jEli!O (f, 'I<'7Ffi'f "4- !®!IHt.EI iE'J:'* ntr,o jt!l~<'7F 1i1i
"'5i1!UB A'J iMl.!!'. 1& J1ii !c':'®iili ',:i;iA:J.J&rlij Wj1i<y'J:'+1'*1+11.,;1-Ht~:1: JE1Jj; [fJ fi'f"'5 ~1Il'i ,

tE1J""ti'i (5/.r, Mfi'f"'5 (t] !U11J'J:'* 1110-"", '" l"t&)JfJ JiIl1(0,1'1+,8 jjJHt~,tJE iJ~:±: 'j:f '"'

1i1i -Cl ~ 'l<Jtl.
'* lXiihf iJ'J:'* iiJi:k 8',*I+$:J.J 1GS/s, HtlJj;/ftf,O* tlHr-J iiJi:kfi'f"'5!®!$:J.J 200M Hz.

xtiE~f-~3~HjL h~XJ7J'~~t±:lf,j(dfi!Y-J{~~·MI1. 'fl~~At'~m}?ij 2S ij;:*f'f-. ~ilk~7J"lli

lI"'J:'&Jr.J~ 10 IX*I+. llUi.\'J:' Jfl 1GS/s fJ'J*I+j)ßIfIJIUji", 200 MHz 8',Ii'f"4-!i:T iiJtit8', ,
tE",'l'i'tj'i (5/.r, iE jjJ iJ i'eJfl*'tr", 8', 1Ul",1Ji'l;*f!lI~ ",iI!if.. [fJ l!iU'U.!!', Ä1Ji'l<!i:iiliJ1tt1'

*1+#.:±:1i<ffim*~jE •••, "'#1Ji'l;.1JE.~••
E;Jt;Mai!i:iJ Sin(x)/x ffil&iEWJeim ••~ttl&llif,8m:1l:!il9*. E~t;Milif,:i]i,*J:.

PT iJiA1J1l:!iLi-'l'I'lllifl! fI1J{i)f; illiil!if.., -e: I%~'li Tl'H&fi'iiMWm(t] :3':JlM!i1Ij'(r ~i'. j=( 'J:'tiJ
i2!il&J1ii 111;:1';!i: 't iI!i iB iOl r.L, E ~t; 1*1 taitEl&",E ~t;iI!i IO{8,tT4li~ l&;Ii;n, -e:ttiJ1:8', fi'f"'5:Re
--Nil:fj ill'iI!i (j~~llE ~t;iI!i. iiliJ1i'eH! jE ~t; MiliMU-E r'] Jlß '<!:lllimj~ffiEi, [ii]ff 8',* I+!®!

$, &Jr.JiJZ11ii 251X*1+~,tHtt,'i'lOj1!lj)jJ.\\\"'1'E~t;iI!i, "'1'l&ffie1l:!iLillliii:ffi. E;Jt;~

jJIj:Jjf*1+ i)'~yj'lJff1l:!le<lUl",8', 1110, 9d'U0!.7F8" 1/4, t: i%fjl&fj'liIi~1mjtJl> T 10 Jil.

E~t; 1*1 taiiE!itlili l1::tEE~t;iI!iimt"::WJ;!i:'t(t,fi!,ilIi!Hi!, 01JtE1i<JeiiJlj~*1+ Ie< I'fiJjJljA "I' I'fiJ
,8:<:iltr, ~ tifif.. H'tM4ii1'llXl'l' ,M,f9x-1ÜLi't'i!l1J' '<!:llli.

:tJ T J!iHIT ,',), !®!1i1i -Cl- J1'H!(' [fJ '* lOHt, '*)\\ tftT*Jfl~l&*1+8'mi'l;, 7'G:3':*m '*111*
fI' ~1J 'tt, tE",'l'I';J]'ttr, ",iI!i #.1&llif-1X1mJl ;!i:,jij~'m:~jt!ltlll1Ji1l!iilW il!iJE' (f] *:f!('l&llif,
ji'Jj Jeim~H]l",iI!i)f;~&1' B~:& tE-IX*ff)JfJ J\IJ '!' WIX [fJ, -e:PT iJ7'Gr.J<1'(L Ix.I:MW1i1i

"'5 8', trll JJt • '* Ii'I* I+fj=:~ lli'J:'t.Ht,
( I) ",iI!i f..J'c:Jjf- t:ll:7'Gi'!t (r; iI!i JBl&lliffj' A~Hi~f.., fi.\Jei jlj'i!l1J'1Ul",lMl':ffi •

(2) tE iftjl;!i: 'JHfJltr, 7F iI!if.m!ltimir-Ei i!llT i&~*:f+ •

(J) I3;;1J 7'Gr.J<it1'Jir"4- fl', [iiJ l"ttrlljJi.

'*)\\Ut~i9:tl''J:'*:&, ,*111*ff$tJ IGSPS, 111 m);!;j"] 200MHz, !frß:7Hff$;J, 8bit,

4ij~iilii11(r-]fi'iiti*!ll':tJ 4k, ff ll')]!*II1OJ)J:I€II1O'"''*.
-'l'I'~lij)ßl&'1'fl'ii~",iI!if.~[fJ1J$:&, *11] /,lij)ß A/D $'#!*f.li+f!il!I'I' FlFO +MCU +LCD

t'iiJjlJ f.~ A'J flil'J'I'!Ii ITJ *'*1'\\\7j<il!if.li JA*I+ ,l&llif '<!: llli JIl' j") Jiil7j< fl', - )\\ YIJ (r, J1:f1i1, :t:t: 'f' fi!, M
MCU M ND $I)!*f..8',*1+1'2i!;'jcglJ%, MCU M FIFO t'i'#i1J'I!.IJ%, MCU 1*1Jlßl&llifl&llif'<!:
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J!Il, ilJ't&t,,#jIJ EI!j'jJ, LCD t"i!i'J1*((" El!,ä%~;t;1'SU,~llß7r, iJJ'fiiJiRJ'IJB'" 'I' filAI~)iJ(,JJ{((" EI!,

'J5G#.f'HJl;t;, El!,ä%U:"" l'it1' -*"JtH'"m'~I3!'!fI(fiJO, ,,-1'J';jJili (("-*"Jt*iJi, 'm-JEtHu
"J~',\tt 1I11:k:k ~fil; 0

];'fJ:>t (j'J-"" Jjjl [z;J, :;fs:WlliiB*JfJT ;Q;Jili ND $.J'H.+FPGA +ARM9 H'",ji1iftMi;J,
~pl1!J 3.1 rfr7f', HujiffiOJ'~ffl FPGA El!,llj\jiHHzm, f~1'1''tiiW$r.rO'J'f!f.8, ffl FPGA *t"ilitl
A/D $OtYlll:lill15',',d, iili*tr', ;IHt1J IJi iiliiJ&W H'"!):m, 1011,-1xt'i&W1HIIllJtfIJJlJjffi (j'J!I:!: 1111
J§JiffiOJ'IJffl ARM9 Ii-lllß$Er (f-) 'tii1Jj!*"l'itfJLill15'jl;>mL fi),Ji'iJA FPGA 9'w:IlJt*ffiJ&W"
llMJ-iJ&ffiWI1, xt LCD O'Jjl;>#jlJ, .lJ'(l),!O'J!IH.R, il!iJ[> H'"liil7f', ~fJi'i USB tll'1:l'f(1 RS232

$1:lO'Jjl;>MWo.1'-*.~31'~BO'J~~iliS,:k:k.~T.#E\!,., iJJ'fffGAO'J
IJIJA, -""l&l1iiH'"i;ftrR!tPJIV.jI} FPGA flJillPJIV.i'E ARM MGS, J'ftll'iI'JiiJHlltl:'I:lfi),Ji'j
USB, GPlB W1IjIPJIV.i'E FPGA Ii-jJ'GS, 1JI!~Jl'it1'jiHi"J!IJP",-m, lt'lIJPTi,j(f~1'H"Ji;J((.J

iffiJfJ t1, r'f~)(tHPPJ!;,ltL
5bit(contro] bus)

&1') /,'i ~- [ & tu {,'i .~- 2 /
,,"

01'n
1 ~!J i! ADe Idata

f;i .f} ~ JJ: ll! ~ FPGA data ARM9 f---

t:i i! ADe I data

t
I~ 14

3 il

~
i;I) ot 01'

PLL /t+ Jr 01' 5brt(control bus)tU!
clkldataiLE

1'il3.1 1.'f,)iliJlH''fJi\ilftl1*It[!'iI

13 jjl', ~ :5-HilA A/D $"*1*JfJ 1'1JIjg*lJ!'M1", [z;J 1)';0111&it );tJ,<, [$<!lJ" H'"~W,;lI~fi'

j1]JiIiL PJJfJ W]j5 Vii 1J)J,tjj llL fl~ Ixil!i ""JHiJO II!] 0 'Ij:'f IV. J:15171< '!l' ,*, :>fs:WIi!iR!;J1H 2005
4:"< 00 1'!'lli\-'F-'l'f*~i'i)1fltl:l (fiJ*,5HiltrA, JfJ(J'I'$J;!; 500MSPS O'J)(J(iffijQt!tJt)lJ&"f'$O*f.~

ADC08D500, :iI>~ AID $O*f..(("'f!fJ'<i'E'f;lt,~,t1fjg*llfiJOJ;iJ;ffi, i'Elii'(("-"" ND $0*

#.9', ~T*tr'Jili$il!1li IGSPS, jfrj"" Ipt :X:B,!Of!«WJi5tHg1',Hil'i'EJHliO'J7K 'f', JJII2.;ltr)J
;ffi- JE I!! IJi 0 jfrj :il>t)( MD $0* lI:l (j'J r)J;ffi1il;~ IAw IV. r , [z;J Jiti'E ilti;1 E\!,llj\ 1l1::.E j1"i'E1J i,j(
MD $.*f..IJII iltit:!J:1!\1*, ::ff)(l'i1'i' T El!,j'jJfJii ((.JIR ilii"i' !,BJ, jfrjJ3jf"mfil;-* .,~:;fs: IV. ll: IM
iC:'*.((;PJ~',ltL ;lt.Af*tHg~lJrI61,

]I



• 8Bits J,I:I+f,'; J.l)[ ,

• 800MSPS Q;r);JlH+Jililf',
• 10- 18 l-RliI4Ifl;

• rHiitLJ& (ENOB) j;!; 7.5Bits (~itrAfi'f~ 250MHz irD,
• 1t~5r:lci;l\tli!U1: (DNLl 1) +O.15LSB,

• pJ i),\j (JiJ1'~1r)'IiJi A VI!: IJJ ,
• 500MSPS Jl;II1J,I:I+IftlmtJrJJ'ff 1.4W. jl;i'II'Ii\iI5rJJ'ff:tJ 3.5mW,

• 5i:M'I(!illJ&W,IfIl'Il)iJ(illJ&m If' (JiJ ~itr llJ 101M',
• 1.9V {!\Eß (1.8V-2.0V).

~ ~'~~~b_AIlC _ ......TCH. ,U_Poft

, ~,
, ', '
'------------ -- -- ----- ----------------_!

;~~E~~"["~"'~"~":"'t"~"[-i-JciWiii:n--n--- m:
.".~r:--- '
Vor_ MI ...... l~u~~~~~~b-V AIlC r=: ......reH· 11l\'llSPm

.-r 11- i
~

;::::::::_----~-:- ::::. :_-------------:::::::_---~
, . ,

v.,o-_ ":':::

'''-''--.---'l/

.~ +---+---1&H>--.

g:,·~it~kr!~.. ~~=~~Cl.J(.~ L....J __- - ~- - --
00 3.2 ADC08DS009 I*Jm~tilittJ:tUOO

ADC08D500 rrJ P;J f,ßrlillJ1'IHj(IJlIl I~ 3.2ffr7J'. V,,, +, V'N'-.!;i V"Q +, V'NQ - iitWiJiij
&5T'liJiAli.. CLK+. CLK - iit~5r*f!(qI1M''liJiAJ:.. &5r'liJiAPI Uiij fl;fil;if$(JijJjj'VoJ,
ifiJiijt~i*1m~ilfl-1- I, 2 B',ffi"l5Tlf!i1m. J3:f'e#lJ&W,i'L~,i;l\J:rt,~tJ llJ!fjijlf':1l!:*tf:i!lFf'
6'1-'1'. Jl.f*;JEiji, T irfli'IB',*tffj'[:jjji'EZJ6(JiJT+ 13T,,, U'Jäi'Ji'E DI!j\t1'J DQ .UitrllJ,
ii'ii T +T,,, IpJäi'1 B'J*tff[[:jjj:tET +14T,,, lI1äi'li'E Dld !j\t1'J DQd J:~itr tI:. i;.(Jit'!l<lft, J&w,3l:
t'JB',i'E Dl (DQ) tn Did (DQd) J:~itrtl:, ~j!u&1-~tJllJJ&W,!fjijlf'f\~*tf!fjijlfi(JiJ-4'.

ADC08D500 ~~ T "'-iilliJ:!fj/jJl;J.ffiii)H'li*tfj;!; 500MSPS rI'JJiliIHf. 1il:;I;:rr-J*f A\iit fj/jljj;
ill11')iJ(illill*tf (DES), f\j(>J:J'tJit-Jiij iilliJ:! (JiJ fi'f~ i'E II1M'ffi -'3- (Ji] -1- )IiJ WJ P;J "!i)}j1-ill

illi'l1'r*tf. t'JIfI;i!.:r,- P;J 'Brr-Ji)}jl'~i*~"i!l1T3l:fiH*W. 1il:itj;!;~'J 1GSPS rr1*tf'*.
i'E DES 1'~'in, .R r'l-Jiijffi-I'lJJ!i*H'. !Jj-Jiijffi'%~:i:, JJ!i~A fi'f -'3-i'E-1-~i*~" PJ
i;.(*m>Jf'I'B'üft-i'.i*tf. ii'ii:tE!Jj-1-~i*1m P;J i;.(*H'Il>JM'rrH· ~i'.i*I+, J3:ff:,t-1
*tflptM'r.'ilWI P;Jxt*fif~i!l1TTWiiX*tf, f'e 500MHz *tfm~fj/jIjj;i!l1T IGHz rr,*tf.
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tE DES !~~tT, ~itr:±: !"-1' 1, 4(f%'f -"Je7t ,11m!, epffi-,,}:5H lJ'jHHf~itr:±:. tE*ff
Jili if':tJ 500M Hz Irl, ~1' \iru :±: Wij I:l rnl&J1iiJili If'!" 250M Hz.

PJlliJlfi'f -"Je!"t.ii!!\t-Jtl'@ifi~itr:±: il'J, Mj)U!'Ji57H'J jJ DQd,D1d,DQ,DI. 'f< 3,1 iIli'l:' A'"
iJtu}J T tE EDS I~ÄT/!t\Htr Jl:~iij I:l A'"ti'dli'..

",31 WS lll5'\:rM~Dllitr.'1:

1& JmIi1J 'I' 'iHIi!JlHtlll" ~i!1JlH"Ill"- . ~ 1..1

lii!ii1!~J<1' Qii!ii1!~J<1'

Dl JHY' 13 -'nti"l'IIiJWJiiV I .. *n 131'IH,~I,jJPI *!" 131'IHI'I'j,jJPI
lJt'f~ 11lj r Y;fd r.J in .f4- 11lj Q ~ lJ ti'j -q-

Dld *ff 141'IIWI,mWJ,iij 1j~ *n,31'U,mmWI *n 131'II't~I'mWI

D{if·~· ljiJ I 1;M 0 f~ -r~. ljiJ Q tiM Dfif~'

DQ *n 13 l'IIWI' j,\jJ!ll,jij Q *ff 13,5 NWI'!'I *ff 13,5 NWI'!'I
1;fd t:I f~f.fj- JPIlliJ I 1;hJ1:I {Ci~- JPI liiJ Q y;J,J l:J {G~

DQd *rt 14 l' 11;f TJI1mJtJJ111j Q Jtttf 14.51'1/;tfJjlJr.1 51Hf 14.5 -l'lIttJjlJ1.1
1iiJ D{F.f~· Milu I Y'jij 0 1~~· Wl ilu Q ylirJ 0 f* ~~.

~Itr:±: rm$!Ä:5r:tJ (!itll&J1ii if'1§lÄ1'iJ:<xitll&J1iilf'I*Ä, tE*itll&J1iilf'I$!Ä-F, ~Itr Jl: l&
J1ii %11 \iru :±: 1,,!t'I' (f.J jjijif'ifll5J, WiJli6ltl1ltm! jjJ I;J,tE \iru :±: 1111'/' (f.J J:3'1-rJ*11', jfijtE:<Xi!.ll&J1iiIf'
IRÄ-F, ~itr Jl: 1,,11'1' ir" jjijIf'!" ~Itr Jl: l&J1ii Jili If' rr" - 4', IMII ,Hß6It ~J1 ~.1H@itE ~itr Jl: !,,!\'!'(rü
fH1ITWldiJ i'f\~IIJlH"', 7I'tie*j.t"""~. * ffi jlj(jMiI1lli:'U~rt,TjjJ ~l ~i'il\;~ ~H il'Jlltl'I'Jlijj$,

Jl'1 JJn .li\~flftJt t1.
%UIll ADC08D500 :<xiiI*ffil'Ji:i\:1'I'f.'Ht, tE:FII''tJJnflf"lftil!f'"!&* R9ti'illi'.T i<E.li\ffirr"

t(!)XWll:jf,jjj;J!t ,i Ii T -fti. ""*ffJiliif' jJ 500MHz, \iru:±: ,,·!t'I'tE:<Xl&tliilf'\iru:±: ttiÄT ,
\llJ:±: lI'1t'l'jjijlt' jJ !25MHz, Ili'i'fiJ; T i51;iü6ltl1ltiliiA'"ttLjlJ:jjijlt', l5J Ipt, *)ll T 'ilI'fiJ;JiliIJ[A'"m!

W!kIJMliJilil&J1iirr"*ff, iliJG'J' T ,gliJl:!klJ\\rmfUlL iliJ'iHH .li\~("J"HHL

3,1.3 ii1Jil*l$,giljHI'JII1MiiJiit

tE ,i:JJilil&J1ii(I'J*fI' .li\fk'!' , *flqpt,'I'xfitIiHltlli'J)! rtJ, Ipt4'l'fi'f -"JefHf- B rtJNz;ij~~

~M ,i:JJili A/D \{,J!Ii~~iI'J*fI'tlfj~F~)i1i,q~.EIl'f*HqptM'iI'J14z;JJ, ~ iJ Ij\jj*Hqptf.J il'J~
crn Nil JE rn 14z;JJ, i:i\:1'HNJ i!!i ffF jJ1LiNilz;JJ •

EIl 'f*ff!"-l'imjjij(rmtj[, ~ItrAffi -"Je* I;J, IrlM'ffi-"JetEjjijJjXJ:*'I'I crp :tJ~ItrA fil'-,,} 'f/I
u-HHii -"} rn '1HJ1. EIl HLiN4z;JJ jj![1&T Ipt ,'I'fi'f '% liJ § j'jf;T~ 1'1' jjij,t, (f.J 'IV!JE, i:i\:t'i'f.l'~ l5J
1,,1 tß'f<IJ\\i'E T IPlHfi'f -"Je R'"jjijl1'!J:, ~itrAffi"}.!j 71111~1'1'jjijlfil~ J" wIM'ffi -"Je.!jo&ffii5, ;l1;

jjijil'i JJ!op.;J WJtHn:ill::12tJ rtJ :±: 1J\\ tE* 11'1111'/' p.;J I'IJ (l'J, I'wt. ~i J" jjijif' p.;J I'IJ ili:±:1J\\T \iruAfi'f
"}(f.JjlJjlf', Mjfij~fiJ; T AlD \{,J!Ii~.(f.Jli'!lfi'~iJEtjfj~.)i1i~'H AlD \{,J!Ii~~(j(Jffil!HtSNR.
u-,,'I'iI'HLiN4z;JJm SNR il'J)i1i1~1!"EIl~t 0-1) rdlJt,
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SNR=-20Ioa2Jf",,",xtJI7TEJ (3-1)

lVI", ;;"",og'l<'F~itr"'tJ<jl:)fiiJi}ir,JiJi*, ,JI7TER 'I<iJ'ILKHi;lJ, JA (3-1) 'i-\PTlOUfj':J:llrt
"i'14i;1JiI!E:k, ~"ND ~7J!tiiliiffi j:\m il',);I' lqij ißiI!E:k.

E33'1<~T~~~~KH~~S", ••mE••~ffi.~~S"'ffiJi}JiJi*~*

*, ;f1j IstL if.J1J'3\l: tLiß it1'ET E,b

4

2

6

4

.~
o

, öi

2 3 5 7 10 20 30 SO 70 100
FREOUENCY OF FULL SCALE SINE WAVE INPUT - MHz

- taJ O.5ps SNR 20 1~10[2:lt ]
I I •

I. 'p,
ta =1'2ps

,
,

t a =10ps ,
t~:SOps --
t~ !;SOPs

-
" ,
tj= 12jPS -

7.

.,

,,.
'00

90,.
~
u
, 6.
~

ili 50

4.
3.

2.,.

1'il3.3 I.'f,m AID f't1'k*H"l!<I~'fjlfL1HlqJii'J;)U;

EI3 E 33 PT~n, ~n m A/D $l.iJ!tiillitLJ&il!Eiflj, S"'JiJi*iI!E:k, Il1t'I't-li;lJiI!E:k, JJI>i'-xt
ii'iJ!\'! Itif.JJ;liI~r~iiXiI!E:k. tE**tJt 'I' ,A/D 1'#J!tif,~ il',*tfiWlIßl" 500MHz, *tft,\ml" 8Bits,

fl~)(tLl& (ENOB) i3 7.5Bits, 'll'1*iiEJ!tfil',tltiE'lMi;, ~"*tfIl1M'il',t,'ilJ'!''ll'*~""ilj"

J!ll!~IIlT ADI ~jjj 2004 "fflE:J::il',-W,l:J':,tlfiEfr"ßiift"f (PLL) ;J!;Jt ADF436 1_7.
PLL jj]j '1;,' EI3 'i;\:;f1j illi (PD), "f 111iJ!!. (LP), lliJ':'JIli il,)j f,~ (YCO) :fliPT31:,f!iUH}JiJi

f,~m~J" i!;!;*Jjj(llli~E 3,4 ffr~.

JHß,Ii',JIlit'i' R 5}JiJi1"'t(fJ*;1j-JiJi*~ YCO if.JS:±:JiJiIßt'i':i1 N5}JiJimtE'i;\:;f§f,~j,HT

,ffltLlt'f,(, 1"'ti!Ril:tQ#j~""lli, t'i':i1"fl1lvgilJi~~IJi!tM}:fiU;J.m, tQ#;11 YCO 1"'tffril.

JIli i'ti JiJi I*' •

urFIN
1 1 I 'I>: ~I ilI 1 1J1' Iii iJ! i1l ilI 1 IlEwllii'liilll FO

1
R~H~i

1 1 ( PD) 1 1 ( LP) 1 . 1 (veo) 1

N5H!,

1'iI 34 IflltYlfU*JJ:ll'lIl'iI

EI3 Cf PLL if.J JiJi I*'-&:-I& N:*)('1 ;f1j tL I'i! J'i*11;'MrH~ fl jl'! f.!t il', j1]1 ffilJit III , [Jj tt tEl::;Jili* 11"
)j\ tJt 'I' ',:,,;1,,;HHt1I'lt'l'ilJi. ADI ~ '" '1'1" il', ADF4360 )j\ Ji~;;'::Jt1:'1:' EI3 J&=r''i;\:iftilii, t,'i\f.'
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El!1\ii*, R5t®!iffi, A iH&iffi, B iHj(i/i!lO!~ftljj\'i'J' P/P+I 7filiiiiffiilll&. jfrj ADF4360-7

Ej""*JirJ((" ADF4360 ;('.;!t*1HtA1'f;ljj:<ii:f("~ltri±:®!,*Ii"ffil 050~1800MHz), ITrHl VCO

\llJ 1I.: liM fiE1Jj;i1t11'= 5t®!, I!I jfrj;J:J;=7t ®!)f, Ei'" \iPi::IJ ®!'fi1J 175~900M Hz, iiilJE 7 ** fiE

H~'!M<.

z;!t f(.J i: 'J:f'IHlE1;1'1, m:& fn ®!'"1iPi tI: i"l'ffi, 3.0~3.6V fn EI! ii~ ltllli, OJ iliUJJUrHN7t

®!im (P/P+! 7H~1J 8/9,16/17), OJiliaffi'EI!1\ii* (ep), fNJrH~l&''HEI{!L'ßl'''j§il!~%''.

tE;i!.;!t P-] Jlß, flHlifm'it1" ,"IJ ffn'~ ilJ: EI! 'f 'I' 15J, mN5HijW.*'JtJ WH· 'I' [5J fMt ®!fN l&

P 111 P+1,)(J(fN5)®1 •• Ei'"1iPi tI: [5w-tiJßz;!Jj!1jl' jiji,1iHlli7tiWiim, t:ifJM!rJTJ"i'J'tE A111 B(A<B)

:ifi1t11'i,\HI-lJI, tE 1* A111 1* B5} Jjii i/Her lJIn'l"11'1. fN ';'\1'1mrl '1! 'f Ji Iili eg'f, tE ~tJA A

(P+I) l'Jlijjplz)f" ~t A ?,fi'fimii-lJIjirJ,,?, iJ1rJfN'itG;7lirleg'f3tJiilJ:'tl'f, ;2il:~ P+I 7t

!Ili1i/. ff.JEj r-JjJl!;J:J;w.LtVl-l&, Jltlrt, ~J< B lJf:i'fimiF(-j" B-A 1'l&, )(J(m7t!lli1•• ff.JmlJl3t1J P,

flHJ'ü P(B-A)l'JliljpJ. ];[jirJ B5t!lli1i/.W!iI@J5Y, ~itr::IJilJ:rtl'f, fltjifj!1jii-lJIi/.lliii1fr'iJ'Ji A

111 B, "" l,.jjiffN'it;2il;rJ1iIi:l21J /.'r, rtl"I'. iillüii';- 7'6J1't ffJ)IjJ jllJ, 15'1&i/. In5t!lli1 lt1J 'it 3-2

Pfr,J' •

N =(P+ I)A +P(B- A)= PB+A

9lrJmMfilliim1iPitl:Ei'"®1'ß1J Fo (~ffiJjii$) ,~II'it 3-3 Pfr;;y;.

Fo = NxfREFIN IR =(Bx P+ A)xfREFIN / R

0-2)

0-3 )

0-4)

ADF4360-7 ;Ei!tWilt 8/9 1u 16/17 j!1j:rI'ii-l&m'it, -ll\tji'ilScr, 3~ltrtl:!Ili1$IJ(/.'lifnll1{01

;;j;JtJ 16/17, 1iPitl:!Ili1$lJ(ilJ:lrt~JtJ 819 tl-lJI••• B tE ADF4360-7 ,!,j'ijii'J'lJIff.Jli1l'h11J 3~

8191 ,A ffJ j'iji'iJ:l&1"1]1 Ji O~31 , :IHt!lli1 lt OJ lV-iillU A'lU BffJlJf:i'fi/.illi&t"" ElJ ADF4360-7

~;Ei!tmMOJ., tE.i'J'.~im.l&Il1, 0~.JEB>AA1'fN>~-~.

:tE*Ji\ fiE '100 , 'J:f~ff ADF4360-7 ~itrtl:ffJ®!,*" ~,;'J:fW",ffi)i\Zfnj'fJlß'tll:fta, ;G;!'\

H~ I W'!' ,~,Jjiij:'Jt~ E!3;Ei Jt j'filß H'"j!1j1'~fJ'[ '1!!:f tIt JE Ei'". jfrj A '1!1:f)i\Zit!JXi'J'jJ:!3 Ei'"{!Li'J' IV

~*t:ifJzOOff.J.15' •• , 'it(34).tl:TJi\.ff.JIW'!'~!Ili1$~*.eg.~~)i\Z~

Ji\, iJirl jl)13 j'fJlß rtll:fillW'" Ji 1nH 1,.1. x--t)i\Z Ei'" ~itr::IJ iiij'ßJi 1300M Hz,~Itr:±: !Ili1'HMfilß eg

.z fHJ ffJ~ISi~Ji\ 'it1J ,

F _ 1

, - 2trJ6.2pF(O.9nH + L",)

'" (3-4) ,!" 6.2pnll O.9nH 1};i!.;!ti*JJlßf(.Jeg!l1i1~eg'j1l:illi:, L"r 1JJi\fMfWegl:filli:, E!3

JIt~.,3IWiWi"'U"Il1,'it'!'ff.J~~'J:fElJ~.eg!l1iQ%HtIt"" 3*.eg!l1iffi~~

2~HIl1, OJIV-JtJ••~•• jfrj*••iliJjii$IJ(*Il1, ~i:.~ElJ*.'1!!l1iilltlt",.tE

,*W+I-'p!KJtJ fnj'Hlß 'tl.illJi I3nH, ~itr lI.ifn 'P '~'!Ili1$t', Ji 500MHz. .JEi&ti,," fl'J'J:f3K.

15



**m"l"*mfJJlk 1MHz iJ<J'Ill:ttlljjjjrti. *IIJ ~1::;iJ<J'Ill:ttlljjjj$~fIJTt't iOilf:MIttlllJi'1',
1'5) l:i-& llil'iilO.E'f:MI fr; tflßL iWJ':i. * PLL *ffW;ll:MIiltilJi#iH'litiJJm Iill 3.s,'l'il!llf:MIJrlllJi' t1 fit
1'IJIfJiJHW !t$fti'il" ltJ%i. itlfJijJ iltilJi#ii iJ<J1W!t Jlk 30KHz. ~~7)-1jjjj bt R~16. Eil ADI t't1!t
H~fJj U1X i'" ADI_SimPLL,t~nri'/. 'lve:fn '!l '.I'l ili7)-J)IJ;/] C, =2.7nF. c, =820pF .
c,=27nF. R,=910n. R,=Slon.

CP

c3

RI

c2

VTUNE

1'iJ 35 J'.fl1\il!iil!i<"

**m9'JHfIl,II,JIi<*1IJ NEWWOO 0i'fJ i8 16.0MHz ~iH"II,JIi< CTCXO). :ft'!t,CiEIll'

'J'T O.9ppm.TCXO fl)'jilJ ADF4360-7 iJ<J~oIjIrJt'I'~itrA~I~REF; •. rJ-JßiI'!lrf,(*~itrtl::~l~

CP ~ VCO 'iIIlJA~I~ VTUNE zrilJfliJIf:MIilti!!i'!l:Fii~nIill3.S ffr'l<U';.

ADF4360-7 rJ-JIiß~##iifliJt'fu'JJlkJi]iii SPI *"ffl)'D*tQ#i'Iil'J. SPI Jlk-fl'*W!',rn1
fl)' D. :E'lJ'i'EffJi'E CPU ~!"rnIiilOiili#'f'i' Z rilJiltfi'lOJiJi * W'I&Wift\Wi. i'E CPU :t;t :1: f1iJ{j:

{jLwm-r. 'l&Wit.iißLf"'iIIlJ. "'ßLi'Eiltr. iilOßLi'EFP. 1J:3:)(UJi]iffi, 'l&Wif"~itriili$it;jiIJ!L

~l'.ljUL

**i:UlJffJ ARM9 ;c::Jt(l'J SPI fl)'D. *t;<jj;lJ ADF4360-7 x-!:lti*JIißil'J1\i'1'f.#iitQJJ;'j,
ARM9 f1iJ GPG9, GPEI2, GPG6 5H'J ~ ADF4360-7 f1iJ LE, DATA, CLK ttla. :lt9"

LE :tJIJn>J<i'Efi~. "'JitßL'Ii"iIi'!\-'Fw'IJn>J<'I&Wi. DATA 1J*11''l&Wi~itrA. CLK ;1"*11'1',
tll'~JiIAo

'l&Wi\)jjA i!';II,!J1'11' DATA i'E&1' CLK f1iJJ:Jlill JA MSB (jiHiIi~~j(ßL) Jf!ltlflUx

1)A 24 ßL{j:ßLilif'i'#ii"I", J'[jilj LSB C~iilO~~j(ßL) ElAiGiiJGFP. i'E LE U'üflillf;#

M, i'E 24 ßL{j:ßL 1\i'##.9' 'l&Wi-IX t1 \!Ji# A § :liF1\i'##'. jIfiltln-1' § :liF1\i'##>rfJ tJJ
~lift. § tiF~##'i8j'!H$ EiI{j:ßL~##>U';~*j»jßL DB I, DBO *rkCiE. M~1'f.illil!ii\ilHfJ

J~JiJ1'11 R-C-N. C 'fII N ili##MI'JM{jJ:r'~I\i\Is'Z*T Sm" 1I'!1'i"1ill~rJIill3.6 rfr'l'.
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POWER-U~

CLOCK J-------'U"'------..........---it;l-----&..----L

DATA --<R~ff~~ff~~>-< I~II~ )>-----.(I>~l---«n~ff~~ff~~>
'--__----J I I

LE ----InL.....--__~, '\ "h

00 3.6 ADF4360-7 ~1J§E3B~I:f

EI3 $~~ 2 ~ AlD $~~~*1ffJHJU~ ,{ei;:t4~], {ei;I~Fß<JB~·4;rjJ, $~~~- PLL

tiiltr 1 EJ<JB~'4;Jt*1T*~tiiltrtl:l, JJs: J?1ffl T ADI 0EJ 2005 iF } EttHr-14;[ll*~~ AD9513[81,

BA - ß~tiiltrtl:l, 1tHei;a''J:t4Z9J (<10-3 pS) fD;ffi1fLI~ -, LVCS t~ÄI:Btiiltrtl:l. l:I tWi$PJ

:Qs: 800MHz, ~1-tiiltrtl:l-=JPJ!Aiii;f.~*ffiJJ!~, *~mlEjA 1 ~Ij 32 PJ~*o ;;$::~UJtr:p, EI3
!i'i]:i! A/D ~ I±\ EJ<J 1]~'4;[~ I:l 1A FPGA 1!fm, ~ FPGA /Gfffi~ f11j ftiffi~{,~B'HrjJ, H $~~W3JM;l

ND $1t~~MH~I]t4;rjJfIPP , {B ~~/-: Wi ~~'Ii tI:l l' FPGA 1]~'4;[ll~A~1t~J:FJ 0

O·0<0~ ~ , 'T ~

PLl(ADF436O) IIH'!'*RlHAD9513 I 
Jm.i!lAJDatM'

Jm.ll2AJDattI'

FPOAatM'

00 3.7 B1#bt lt!.ltilJ*J!'!1

;;$:*~ r:p IM"4;rt1tt1: I=E!, JM;l J*11 !.l1J III 3.7 MT 7.0 ,~A 16MHz B~ B~'4;J~ , tfrm tI:l WH% 500MHz

1~14Z9J, 1~"* F' EJ<J Dt4;rjJ1i§ -'7} 0

17



EI3 - -mIftffiH= 0 ifnj:FJl[~ te B1~$ftiJij1~ 0, ~**~~*:r-r§J'I1 ~gIWJ:i! 320MHz ~5t1P-7c

~ AD8138[9lltlJr 5t$#f:*, E -=f*lMh~i~HtEJl,]~~~EJI,]{t7c$rJtrA1'=:-'%~Yi; ~. 200MHz,

ffiJ AD8138 ff ~~fEr''J~AI~'I1~~, -3dB mJ.!S"lJJit 320MHz, lJJifnj~t~:H~~ l=I!.,,)7~

tffHfnj~:Ltß~D1~i~~;k., 'tB1 -5ttrnute~UJJ"1b;JjrntrAtlj 5t A/D $#f:*~, ~ -1t AID

*{f:*~8"J'~ ~g~O/G$~~1li~, f,A.ffiJ1*WJ T f~*.m~1J OC 1~/~, J1t1~~8"J~JE T ~~

B1~*, 00 3.8 :1JlfÜtffifj§- ~ 5t1J§-O rfl gJi.!ilJ]i)J~L

AD8138 B1 VOCM 13'( A/D ~~f:*~~teB1~~l=I!-f VCMO, fFl=I!1liJ'J 3.3v,1~-'~)A

IN+~1JDA, IN-fttffi~M--t-l=I!~.tL R4 13'(:Liß, rntrte l=I!1li7'J V3-V2, I!I 3.8 IJ ~D:

0-5)

0-6)

0-7)

E13J: 0-5),0-6), 0-7) J:l'1~: V3 -V2 =R2V;,/R1 , l29J1t, :(±~~1FifnjiAt:p, PJIJ,~

i1i)rrl~ R2 ~n RI Er''J~!4&7IH11~~J1j(7c~~-@-ND ~f:*~*~8"Jm:~o **~9=l, EI3

1W~~~~~.ililJJlJ,~gm~.ili8"Jm:~ , ~~a~~ffi~, k~~mT~#~

I~Jl)(;f~ - ~fi I ßI,]~~11, ep R2=Rl =499f>.o
Rl

R..3
499

VCC3V3

B

~
R4
Res3
499

~

VCMOO

R:3

Res3
499

U?
AD8138
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ö\J'f iiliiili:<; illili~lH1'fHiIi (n1'1 fi~'I.:' *3.0'1.:'''''M, -11: iCiiili1'1, JJl\tE iCiiili'!&115'lt4! "I"
Ffrm (I'J ND t~jUiBiiilirJ)1+1if:3ULEi MSPS (("*"Jl, i2(~,t'l.:'*J1H1',!&j@fl'iit1m H'JiililJ[

ili'l.:'~z~~,ill~~*m;rr,iili~«,=~Ä~~,~~~~:<;illili;rr,iili,!&j@*m~~

'±§Ä(fJ'!&J!'iiill. -1- 4 illili 40MHz *fflf' 16 tLfi'illt,!&jf,*m~jUHi-*ff 0_15 *i~'±

32MB8'J '!&j@:iil , J'Ji~ , ill '11,1/"'I.:' iJiJ lil~«*« iil1* ff '!& jjIi •
7)-m(fjMU~""M RAM, FIFO %" EilT~fFJ 7J-m8'Jmit#~7f'1Y.ll'))JnT Etll!J\ (fj:iG1'1

'!&f1L J1'IÄ T EtllJ't1ß( (r" "i' I'a], J1'I!Jn T j(;J:l:tflfurj (J'" ,(,), iilt, ;11' l'ltE1fJ iilt I;;;iili IpH'I'iilt (J'"",]I>{ill
ll')~T ••(fj7f'~ß1'1, ~~~m~.(fj,!&j@~~1ml1:ili.*~m~••fi(fj-#~

'$. ~u' FPGA • fit n 1l'illUI'J Ji'I!JU, ~*~:<; I'I'J r,iE1'ell(iHiji1J1!fiIH" r,-1: (I'Jf'fiitt.'iftJ*'M'

1UHiI8'J mitf.:i.

*.fit ,!" HtrJ'" tiiiili A/D W/iAf.~I'I'J ~1iI:±: ilj-\ijillili.:<;, Pn*~HMHiI (I'J mitf.~*m
m*mli* (fj'!&jf" rrr ilJ (fj«fitf.~'!&iU:*iiiilir] 8 r,-, jJII-Z- EtllJ'tIß(1:(fj'!&WiiltMi!l~I:iilt*i

ÄÄJ1'IIJn, ilifilJt illlfJ)i\il1'J )Jn T, ;11' l'l'l.:' J1'IIJntieffjrj 'ßl!J\!Pt«iit1mi!t1T1'rIXJ1' (("ii'tJlJ(, 7f'1Y.

~'til); T '!!"1-••8'JmliIWl'ilül'll1'J!Jn Tll(vl-tM"jt;rJB'JX1t1Jl', rrr ~!Pt-'F*MJt(("mitf.~, liii
~i2t1t T m,&lltiCi, t"jt;rj!!U;F,((" FPGA ;1:',:14-.

iJl!ilJiCiiili FPGA *miJj(1Jtr~MiCiiili ND ~~1m*m((":<;illili'!&W,]fl1t,!&jjIi(("~i'1,*n

'!&"i'ilj-\ij(fJBiJd:Jlli. EilT FPGA (fJ 10 jiMl:lii't'I'JiiliJll''l:!*~ A/D ~~f.~~'itrWl'fJlpl",,*H~

~, 1i'l'ltJi!!€{i9't1B'J'il'3R, * DSO fl,j'l.:'1ff1-illili 4K (fj«1i11~iU:, Iilm FPGA (fjM~"i'

I','ij ill1'r-JE I'n'l:!3R, tE FPGA i*J iß'l:!1H&"i'BiJd:Jlli, ill il,i'l:!tiiiili (I'J*i't;f.~*'liI!!Jfii!&,
i;j(il'liJ<*~m, Q~i2t1tT Xilinx 0i'f)B'JfiifrltvU;:;(fj Spartan-3E .:y@ FPGA ;151'\

XC3S500E.
Spartan-3E ~ Xilinx 0i'fj 2005 .J1HI::((" FPGA .:yr], ~mll!J-t*fifJ7ti!t(j," 90nm *rj

.I~tt*'±P(fj.~~~.*.~(fj1m#mJll'~loHn~IWHn, ~.&~••
;n;(("liJ<*11: FPGA fil~ 'I'liiiil);(r", :ItJ3:t!t1-t T H!Pt ~~l11;l; ,!"l'.'B'Ji9'it, ;11' l'l fj~l]j; ~ ttx
ilti1l:!Jd:Jlli f.~, t'~ 1l:! t" *~f.~'fflilj -E} Jd: Jlli f.~, i2( <!;1J1! Spartan-3E• :yrJrrJ;1:',; M11flltÄÄt't ~li ,
~'til); T ~1~'(fjliJ<*'f[I,(,),1*~.B'JliJ<*, ~ Spartan-3 E .:y~;~;r,-;/, '!' 'l'.,(fj "':Jiili*m••~
~11:.;;JJllifli(j<J)i\i]fl T DSOll(ii-(("-:Jj\: FPGA, XC3S500E 10'1.:' P;J aiIWii1in1Itlfi~'f.'i }2,;/,

(101:

• 500K 1-.fitn,
• 104761-~11J.:iG (Ln

• 360KBits (I'J RAM «iiM!< (Block RAM);

• 73KBits iiJ7J-~ RAM 'Y':iG <Distributes RAM);
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• 41'lill"f'W1t'I''r','JmJ'(ljG (DCM),
• 20 l' 18X 18 ffi:fl';l!l!l'HIJ;itm, (Multipliers),

• JilekJ1ir.M 1/0 l&j! 2321',
• Jilex*']} 1/0 l&;iJ 921',
• 5i:M' SPI mDjjl"I:i-'i'l'j:&~Hl'J3Hl flash )(;):Jt/!iGl'i,

• i\lL%"l:ijl. DDR fj'fl~g~m D,

• 5i:M'Jtl~!i\11 DDR mD,
• 5i:M 181'1'JI!ifllI/0 fff-/lL §jf, LVCOMS, LVlTL. HSTL *11 SSTL J'(lr,Mffi"ffff-

/lL !'J-& LVDS, RSDS, mini-LVDS !il';l;;]Hii-~fff-/l[,

• JiiiA 1/0 Dl&Wil$~Itr'f,i!; 622MHz,
• ISE (ml&~xl'I'j;fiJl:) IJ'l,!1tilt)(;) Spartan-3E A\y'j;J::JtilliHMi:i},lmT,lt.
JAJ:i<1> fl'JJ1ii'mf;J; 'I" , RAM fJ'1itY<il';A'Hfi 1/0 Df(;iil::.jfElJ!'~iliiilJE*A\!:iii!i(vl-

ff.J'lJi*. EilT XC3S500E 5i:M' LVDS il'J [/0 !Ii1iA, i\H1jfE AlD I"ijiAg~~ItrAil'JLVDS lJ1i"f

J"[m~ItrA:Jt 1/0 UnpJ , Oti/,'j!}IJnl"il!!!. i!'iJt AlD I"il!!!~,i,',~~8 JI!iiU 8 :Eil LVDS ffi -e:!Ii1i ili,
,g,3:tIM~ 64 {f[~;Hi-ruA, J1t;)'r, ND $"ti~7.#~4iJtrI±IOR (out ofrange) {~i-~*~7J,~JrjtH

!Jl'i'iiJ< ili, -:Eili!t7J1I'HN'!Ii1iAlif"f, ,i,',~ 68 :EiI*,J}ffi"f~ItrAf~ FPGA i*J, i!'i:Eii AID '1';
*~-'5j',)jfE FPGA fl'Ji!fm~11OO 3.9 JYI'F.

ADCI ADC2

, DI DI<\ Dl( PQ4, DI DIe\, DQ, D~
c1k r-- i'- l"- r-- r-- i'-

clk

FPGA
ORI OR2

1'iI 3.9 1:,iiß AID ""l'k*~loj FPGA ~jJUF:t'!.I'iI

* A\iJil9:V1-ir):11i'lJi* Ji'olK'I'J3 11,\ JA 2.5ns 3': 5s, !'J- 1-2-5 (F-JI[;JJ:iVill, tE-1'ljjj
JE I," fBJ ~'JI: i*Jffrrr.; itJ )1Hl': B l&'i-H&A ((.J::j; [EI, III ~t::j; i7.l'lJi iltrr.M ((.H1jfE AlD I"il!!!g~- IW

IGSPS fl'Jiili$jIH'f, tElrt:11i$Ji;k:lrl, pJ!'J- l!!!1&li&fEiJ'J Irtt<l'illl1*ffi, @llJ:fE*f'f~-'f'i&

AlD 1"il!!!~!Ii1ilfj itJ*T\,,{ffi:l&1iI:;E~1t. AID 1"il!!!~!Ii1iili iJ<JffillX ltili~*T:f [jjJ, i!tF~iii

~'@'i&1\j:/j'- ;HIt(M~fff-:f:lt"E, Ilt~, i'E*}i\#,; ,*" iIl'ij'clei1'/::ifE AID 'b'JIii~((,* tr'ilR

'*' ffijJ(,JI!iütE FPGA i*Jilll1-/j'-~IiJ{j(fI'JÜ*'IL ;V;f1,i'll'((;l&mi&ill FPGA i*J((;fj'fi~g",

::j;rl,i'lJi((.Jl&Wiil!iüiJli:±:, i!tFiliJiltffi3T"l:JJj\T AlD 'l';l!!!#~*f'ffE!fI(I'J~lt.
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- - - ,. , ,

J'l';~ IIHOl *ltiiliof' ::(:j' %OlH:'t ,IA~ lilHli lI!ll~-i* ffi~~ l.L~F

(lh) of' * )r.J )~

(11,) J&
I 2.5ns IG 25 10 I llii I 200M 5
2 50s IG 50 10 2 llii I 100M 5
3 IOns IG 100 10 HlIl 50M 5
4 25ns IG 250 I I llii I 20M 5
5 SOns IG 500 I 2 llil I 10M 5
6 O. lus IG 1000 I Hlil SM 5
7 O. 25us IG 2500 I 10 llii I 2M 5

8 O.5us 250M 1250 I 5 llii I IM 5
9 I" 2sml 2500 I 10 llil I 500K 5
10 2.5us 250M 6250 I 25 llii I 200K 5
11 5us 250M 12500 I 50ll1I I lOOK 5
12 JOus 250M 25000 I 100 llii I 50K 5
13 25us 2Sml 62500 I 250 llii I 20K 5

14 50us 250M 125000 I 500 llii I lOK 5
15 O.lms 250M 250000 I 1000 llil I 5K 5
16 O. 25ms 2Sml 625000 I 25001111 I 2K 5
17 O.5ms 250M 1250000 I 5000 llii I IK 5
18 Im, 250M 2500000 I 10000 llii I 500 5
19 2.5ms 250M 6250000 I 25000 llii I 200 5
20 5m, 250M 12500000 I 50000 llii I 100 5
21 IOms 250M 25000000 I 100000 llii I 50 5
22 25ms 250M 62500000 I 250000 llil I 20 5
23 50ms 2sml 125000000 I 500000 llil I 10 5
24 O. ls 2sml 250000000 I 1000000 llii I 5 5

25 0.255 250M 625000000 I 2500000 llii I 2 5
26 0.5s 2Sml 1250000000 I 5000000 llii I I 5
27 I, 250M 25000000000 I 10000000 llh I 0, 5 5
28 2. 55 250M 62500000000 I 25000000 IdI I 0, 2 5
29 5, 250M 125000000000 I 50000000 NI I 0, I 5

ITii "3 u-,i!i!i lt'Bi:'HI'J u-'ti'*' f9'J~n 5ns U-'t. i'f 1GSPS Ei',*tfiJlFtlr, fffliHJititR7Ff{,I"1
r5J5!J 50ns, *mlll'Ij((,I2,Hlf 50 1', ;J;!:ffitiiiilJE'lJi*f{" J!ffJtll,)'lJi5lt1fr*f{,!j&i!Ntff
jJIj{1[ A'J!d:J!I[, - mtA'J1J~lf i<J< t1jJljfMn.iEiJ!(tiJj{1[, irlJfI'Jz rilJ A'J%im lt'Bi:i:1 tEr -:41 I"llf
FfrI'r~~, tE**rJi'l'jjHH .iEjtjiJjffiA'J1J~, jiJjffiIlC jJ 10, 1, tE ~PWjWj 12,ZrilJJiljA 9

l'ffi , J!iH!':niW tI:l rn f.iJ&JE I;J, iiiil JE tEiiH' Ift;J;l; 5ns r i\'11'ffH, rn Jiil7F •

*- 32 *- iJ'T Ift;J;l;, * tfiilijfl, Jilj11'!jfl!=j1*"'1 jijiItlZ riiJ A'J)(;j I-"Z;JU\, 'f': '" tE FPGA

'& 32 IIHil*ltjilFf\'",j('t@'1t~'&
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E13T A/D $t;jifl111Ht"*lHiHIl7} 41J'Jl, jlj'-1J'Jl~t.tIl!l';MlJJ!o 250M Hz, I2iJJit"3n--liIlii&t'i'i
tE 0.5u,-5, 1t'i1'HI fl-11I-j, FPGA jjJRt1:'i&~-1J'Jl(MWi}, ilu:l'iJtiR -1J'Jlji!i-€}~:ff, )2;1..1A/D

$t;l!il1liHi'"~,}i&*tfjJßIf'::*J 250M Hz, ilUlill,W'i'itE 2.5n,-0.5u, 1i'1, *tfjJßIf'1<iYA;!J IG.
311-1iIliW'ti' tE 2.5n" 5n, *n IOn, 1..1. E!:J 'J'j;;ij Jjf*tf)e\l&<250, l2iJ Jit1/,;'1:'xt*tffJ'1l&iIT

fl!5ti!ll'i"lfliitiiEr" i3:1t!.::*J TMitW:ii-, tJt-*ffl [f.Jlillfi$;!J 10. lififii1J§;<!J;iR([i) B
iJj!:!\ )/,,'1:' jl}~I[l1J(, "3 1ft iIliW: 'i'itE 25n" 50n" 0.1 u" 0.25u, 1..1. tE* j!j'JiiijIf':f3l' ((.Jiltrlit
r, j;;ijJjf*j!j',,,J&~250, l2iJ~tJ=t1I,i'l:'xt*tfiIT~!IJIJ(tln"L ~ilft;1;!;W'i'i*T0.25u, 1ft,

tE~i&*l1"'f' '" 250M H 1'-1, rO; Jjf* j!j'}e\ l&>250, l2iJ JitH )/.'I:';<!*l1" 8'" l& ffii!liJ'~!I JIJ(.
tiU:!Yi~, FPGA il,;lGli)G5i'Il&!lli8'"lilIJlJ(, i!.!ii'f*Ii!flj1fiiE;l7:, i:!tJ§liM ARM wJlJ(*tf

l&!IIi, 00 3.10 #) :1: T FPGA fJ'ijfiJ1ij[; [!;) nß 'ß1J'Jl Ijji~J1moo. 00 3.10 'I' lJ17f'H'"JJ!o--t- A/D

$t;*#~([i)*I:Iltl1J'Jl, !ffitrtll411J\l&Wdj§-€}, FPGA 5t*'JUfrI"I:J;I;~:;!'i'J'T 0.5u" YU!1H'TJ1IJ
:I'i 11!I1J'Jll&J!ii I'iJZVT A/D $t;*#i;(("~1tr :1: 1..1"1', 5HIJ WA 4 -t-5!YW RAM I, RAM2, RAM3,

RAM4, YAJ§lR J!ii l"li!i!&:;!'i 'J'T 25n, **,) UfrJi1o:;!'i il,,'I:'i!liTlifii1iiEJ'r, lifii1i ((.) t!i!-nffA50t

I:I RAM 5, "31..1i!,li*T~T 0 5u" H)/';;<!~t '" :JiI:-1J'Jljj§-\'}i!llHII JIJ( tln jjJ, ~I[lli(((.J~*
ffA50t RAM6.

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

COl1lrol ,
, logic

Dual-port
,, -'--- ,

RAMI ,---- -'---
Dual-port

intcrp
Dual-,

RAM2
olalio -- PO" f+.,

data RAM
Dual-port " 54 channcl ~atas RAM3,

dala -
~ ,,

M Dual-port , ARM, RAM4
ADe u

X Olle channcl Dual-cJock Dala ,
Bnrac poCl

,oe RAM
6,
~

-

FPGA

00 3.10 FPGA 1i·fit;ly!7GI*J·tf~lt!Jti'i~i~~J

J§.((.JARM9lR."i!,li((.JW:K*~UfrM.-t-ff •••tIlill*3ß":J;I;W:fi((.Jl&.,
~ 3. II #) tIl TtlJl!'Z (11 iJiEf!i!~. tEffiili!'(!.7L rJ'J n~, ~!I JIJ( #~*1Jlifiiiti #~,\! ~ll! (11 jIJj-t-tlil7fo ~!I

JIJ(#~ ((.J11' ffl Ji10 lRJ!ii 1Pt:J;l; ((.J:f 1'iJ, t:i< I~t;ffi I!'Z [f.J IPjfB] rB]~*~Ii JIJ(*l1"iiti, ~ 3.12 Ji10lilllJX#WJ

it\11J\~, iltr~M A/D ((.J~itrtlll"IM' ciock tSSi1j1Jjl1J\;t-t-l,il 5 i,,"l&#~, tJ'! 2 t1-l&.*ll,il 25 i:1'

l&. ([iJ!:JiWi;, 1"if.:T ;t-t-il-f>i'7}Jiiij8'"1I"-t"I'1i'f-"J· , tSSi1l&!lliJ2tn.J§, J2tn*ilI 8'"11""'1'1*
-~~ D ti:&,r,~JtHrfQ!j!:&<>
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lI't:Mi <O.5us

V_4 .m .ii!1 ill itic ·!N ~r Y~J vI( A
1t l:ot )(l1. ~iiJ Cl RAM

n·t ~.\i <25ns

").l;

!tfl ffi. t}; * i!.i
A)(l1.~iiJr:JR

AM

III 3.11 FPGA r'J '1Jl'lIm[I~I:iI

1111 iIlI. t,ti * ME
A.)(l1.~IJR

AM

data input
data output

c'c D F1ip-Flop

I
selecI dala I MUX

c'_'
1coulltcrr

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

·1 Counter"ICounter . - - - - - .... - ... -

ICounlcr ~ -1 Counter ~ ... ····················Icountcr~

00 3. 12 NOlHilI r'J fflltlll'll III

j!Jjj!j\nH'I'7tjjijffi""(f',1b'!5 j;1-'!&f,~, l~ 2 iH&f,~Mt,! 25 j;1'l&f,W,1'l&lI\!!liLJ::~'i<l1l

(n~IiIjJ(If*(1"E. 00 3.13 '1bFTvrl&~(mIDiFl', 1'l&, J;lR~itr1±l(]<J~liljJ(jjijIf.

c10ck

III 3. 13 ~111lX lil! "Wb}#!$

EIlT'!< 3-2 Et'2%t1±l HIiIjJ($, ]ljjtE,'"j)ß(]<J FPGA i*Ji~~A'T;t1"";J7tjjijj;I'l&f,~1'J'nr

23



~~E13 MillmJ1X;81-ff:s<]/Glü>jE, rmJ3:-='-1$:Tpij~7tMJis~fft~, J3:ff1$::ii~ T EI3 -j(ii

.mJ1X;~~~/G.~,#~mrl-~.M~~ft,~~~7tMJift7tMJi~~~~~~BM

~~ftJ , ~1M~~ftfIH}~ ~u ~To ARM ~:* 8"'J 81- "' fit j[ , Q l2J. tt(mUm~~~ J5JT 1ffl~ ß<J iV91
If,.:*M*ff ß<JB1M:ittü1m It!. 0

3. 3 FPGA g§cil[

:tE Xilinx B<] FPGA r:p ~Uf:l T SRAM ~iUm z:., mJH;~1J~jrm3ff1*ft PROM, EPROM,

Flash :*1i1i;fj FPGA S~r~x)(1tf, It J::d&1M= Z9Jr~xjiJ FPGA !*J-tfß, X'J- FPGA:itt

tfi'!CJio FPGA1of$tlll WcJi1J:rt:, 'E1fl5.:t$, M$, ±ff- M:Jf, SPI, BPI l2J.&JTAG

~~:rt:~o$Ü :rt:~~~~$~~ ,~~~,L~~~~~,:JfÜ :rt:~8~~

~8'J'1~~, :iill'~, L~~~?J1!o $Jtl ' J: lrJ:Jf1T/'JJ: ~IHffl~jr~i~1J~ Flash fF~i'JiGj[)(

1tfl'flt'<;'f2$:o :tE*(Ji:1&Zitr:p, .v ffl - $ :rt:M FPGA WC [24,26], - XC3S500E ;f13~YJic.En

Flash Z)=f7E XCF04SV020Co ~ ß<JL~)IOOYo 00 3_14 J5JT7J' 0

J •
1a,} I)

,-" XC3S500E
XCF04SV02OC

XC):,OO!!·. ')~OC

"'<

'-tc~V-I-t-~°l*-l·17~~g~~

\.~C:t.VX

\.1XM7X
. \~Mrx

• \.'CCkUX
\.1XA.O'X

,..----'-----"'-1 \.~c...ox

I-t----"Tr-IP'" \ll::cnu
\.'Ceolt
\'1:'('DU

; ~~::~
• \.1;('11'1· ~:::~

"'$

;; ~~i~ ~. ~:~rt
'l.t:Cl'''.r. ...ceo

rKl-UllJB ~T

~WJ7 l....--_----'-"'r"'.....IXll"....."'~" er
1']0 CCU: ) cu:

-.CCl\1)

1n========~'Im

, tCIt
I":

'11 11 emD..

~ 3.14 =t$h:C ~WL~:a~_~

FPGA~ IJJtPCCLKM!*J-tfßjj-{Jl3atJR l:±l~t'f'~, ~Flashmi!tB' trll , Flash iirl DIN

iJ IJJt4J:tEIJ1t'fl-l*1ß~~WCit~t\5~A FPGAo

:tE $m:rt:r, M[2:0]fJ<J=~'5IJJtP~-ß~±i!!, :tEWcJi~, HSWP '5IJJtP~'{~1tL1~:*1t:J5JT

Et-lffl? 1/0 B"J-lI\ EE!,~Jl ~)(:, ' @G- ~*B1, HWSP iJlJJtP PJl~H/F~-%tB"J 1/0 iJl

JJt4J1!Effl 0
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~tm*~:f~i3cs<]EE!.~ ~?tWHm?t, -ti~?tt'H~~Ia.J:i! A/D $~~~, :!fj)'r-$?tM!

~~ FPGAo *~~~ ,c.,~Ijpx:*~IEI~, 1!ffl7l:t~m- Ji!.B<:J EE!.$i EZI117 lJJiJfd EE!.$i~ ~

~1~ EE!. 0 A/D ~~:r.Fr fJT mB<:J $P! JE1~ EE!. EE!.lli;;E+ 1.9V, ffi) l1j!Jt A/D ~~:r.Fr1:E ~ I 1,\ ~r-J't~ (Jt

r ~FJ*Mi<:JJj}$;;E 1.4W[61,$:~FJ *-ES<] EE!.tJ1E:tE 700mA-800mA zrSJ, EZl117 8<:J1ft EE!. EE!.tJ1E'~~t

1WlJE 800mA f:r''J~*, $:-1- ND $'~~~/1Jt1ffl~-Jt EZ1117 *1ftEE!.o FPGA 1ftrt?ty~ ~

*~1~ Eß, J0 ~lffi 0 1ft Eß, ~~IHl}J tJ! i3c1~ It 0 I*J *~1ft It EE!.lli:tJ 1.2V, EI3 EZ 11 17 (,:I± rt ; ~ ijM11i
i3cßfi5 FPGA ~ :g:j38<:J DCMs, ?t~Z9J, J!!i[.jfiJ 1Jjt;p,& JTAG ~ D1~ Eß, 1~ EßEE!.lli 2.5V,

tß - EZI117 ~1tl;; Ja ftlffiDIJJ~ti!1T fi5 3.3V" 3.0V" 1.5V" 1.8V" 2.5V ~g;*rllJ!!i[.jf,

E13T$ülJAEi<:J~:W~tJiSt& LVDS 1~7' $:$ülJA Ja ftlffi 8<:J~ 1& y~ 2.5V,ffi)ßftflij ARM9 Ja
ftlffi D i:ß 7'l 3.3V,$: FPGA B<:J$üIJ tI:l EE!. Sf1&Jr.7'l 3.3V,~W31- EE!.~tß~:W E EZI117 ~Hn:1~o

, 3.15 7'lr.;u:i! A/D 8<:J1~~~tR, ' 3.16 7'l FPGA B<]11 ~~i3co

19V(AOC1)

...h

T .

.
T.

J=
~ 3.15 ~~ ND B<J1t~~f!IWc
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1.2V

25V

33Y
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ffi~ JitJill-IN{i!!i'i jJIjfh -fl'~ illii&, illi 1:1:: ffi~ '1":f II,i,):, fI'J 7H1 ({i!!i'iM'I''fVt ),

Jit ~';j fil~ ((.J MUll' 'tu 1\';!ll', 1§IJjlll tE '" it.t'Nbillfir:* tk 'I' , &ffl illi i& ;JJ i'tHqH\;rH1Hf rtl !l!i1 'Ht:!i1 ;
51"f-fl':!UHfrw<1\'ß~'*, 11Hir-P;-illlf-&fl';JJ1t; ((.J7Hfr, lq J:I:j ffi -EJ <P W:W rtl -&f'j' fi'J&,
w<1\'i ffl~* (n1J·It;, xtfir ~illl1!l!i1ilfHi'J Mfr, JATfij,!O JE fir -~ 'I' (r-11'ftxfir ,11.\, f§IJ~umllH~

:lLlIl~*o :R 9', J&'i"ffi-'f i*lt~j&illii&~~JI.tJiJl'fJ&'i"ffi -EJJitJillrr,ffil&f.MJ- 0

J& 'i"fir -EJ- fl'J i*J lB\il-S" ((.J Wfril1 tt 'ß(7::, it tUJ! i/" rr"lt rill {ßJii;f;, '" I>Hl '):'3I'l!!.Jii IJ; 0

Sparten-3E *J'JfI'J FPGA r'J1'f$'/Jrr,ilWIl1iiIJ;i'fu 20 /j'-f~f't*It;~lL jJ7::!lJif*H',J&"Hir
~Jit~J1I".22It'tf!\ Tl&!kHr.J'H" Imt. 1'E**tk<p in i*JtifiHttJi'JDttE FPGA i*JilliT(i'J 0

tE DSO r'J fl'JxtJ&JmJit~J1rt,,,,uHl,):,3I':f~i&;b\, HiT ARM9 t\!tu 32 ftLJ&Jmitf/:·lE:IJ)';fn
5 ~Jl'tJ&i'j[[7KtjHJ&ji)jJ;!s 203MHz (r.JfJW:;YlijJIIlI 19I, 7'G1& DSO i*J€S'f:Ul~f71;::k:(nJ&'i"fii

-EJ·JitJm!J1ojiJ1Trtl, [);JJ!t, **tfti*J DSO ((.J-@J&'i"fir-EJ·JitJillIjf, f§lj~J&'i"illii&g~,

FFT, JJ&x')ffi~fI'JJ&'F€S"$i'j[jijiJJJ1Dttr:ARM9 r'J7'GliJ" gs"'~'FfI'Jimm, iiE"kJt7'G:i:

~rro JJ~xt-&/j'-J&'i"ffi-EJJitJill~~illrr~~W~o

tEJ&'i"fHit7J'il!i~~<P, tE_!fi\if-il!i!81!'t, ~*WrtlJ&Jm ,<!'\J&;r;fEIJj;;f; 1"), i1i'i.1'Jl'ilJu,<!'\
J&:;ffj~iW;fE,):,3I', :Ri1;f'Hu 00 4.1 rYf7f' 0 lli!Jm Im* milj 1\\\ TI 1<J3'IJJ&Jm Je:, tii!!\t-JE ir,J&
.HU;JJIt;, .ArYf~'i.1'#J&, HUJ:I:j"~~I\\\~~#rtlJ&.o

o

, "I

.. " •

,,",

o
~.

T,

I~ 4.1 '\1( 'i'li["} r'l tif,iiirr: 00

'):'tJJ !I]i:lJU';,Mlfir-EJ, "Hir-EJ*W1!'tJI.t16' jjjjJl1 'i)' -/j'-E* ((.1 Im WJ, UII* WJE Jm, :R
r-J '#>% 1 X')'fJii ,'.I,!l!i1It' j) Im fi','IiIlAJ*1rJ fir -EJ, *W!l!i1If';;~y&ii& Im rtl 2 f;~\7I-fj~tK

U~ffi~ 0 ii<JEJill8J5R~JIii",n 1982 fr't't J:I:j, 'I&*W fi"Jill.Ji. ~oM;;;J*~JIii"'J!l!i1It', [);J

Jlt, Jilli~J:.R '):' )fI1J; 'fJii Ii!i!l!i1If' 2 ffr f(,* W!l!i1'fix-1\iItrM", -EJ*W, ~.t fj~:f ",ttH',tJJ!I1m
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~iim -"je. r!nm, m'f 'iilt"f'ft 7T' iBi1m jf!rj§, iBiJ~ (r" ~lIl'i lHfrJl!, "10 ',',Oll 'IJ' B'", JI\! llHHil , illi
'li';;;.:tJ4it1' )j'jj WJQj>')ji I0 1'31H'f ,o!;:;;Hie#t 11: JEIt(M~' -"je~1I i'p,34I, rrr I)-$B'" l& ~?-i'f

fit; 7J' ilIi*~ (r" ~1 Ji&Jl!, l'iiJfUUit;l!Ili'f:ffi B'". f!. tr~llJJt, Jal fiHIJHJ l&"Fm-"je Jltl!llJX**f!. iiJ
,m B'" f\E:Ji;; ~f~l Ji& ~Jiil!ll i'f:111~ i&htl&"Fi'ffill7T'ilIi*~&. ~ijj~mH'" 1HJI! 10J!!2.

Q1011 t(! (f(jliJiJB:ill:iill Jll3HIJ !'J<tHift,f iJEliJi*~, WI!"J25'1'I';Jj$iiJ I) <&'"7J'liJi*~7H!l$,
;fijIlnHil7T'm:Q, fElJl':;fi'I,lü (j{J fkJ jfljtJ"ji:;Iil5fIJHJMI j!(' i'Jj l& Sin(x)/x J25'1'1' ){'!'IIf (j{J liJiJIWJ jfljiJE
,',r:U .!w.[24.26]
fl)(1'iil 0

fkJ tift (f(j;Jj$, wJj10 ,m.Ji.ff,l:;Iil tE 1ft*T (f(j* ff J!;: z. l'ilJtiftA;jl'=f1' ,o!;:*:ill:J:l11ft*TiBO~, i*J

jJIj Efll& B'" 1'1'HJ »,l:Jl!,'1'$1:1: J25®tiftA J,~ B'"ili, ITü'l'$1 H'" ~IimtifiA1ft*T B'"* f'fffi I)Fc f~1 fU (r"
- *Y'IJ l&11S, ill iiJ I) ~H'X:tJmJjft*T (j{J liitrAf*ji:) ilIiJ~>'l;rr, * jt!jijjjfi I) Fo 1!IflJ (j{J*ffl&11S ,
J25ffi*JjfIj(f(j~m~~~'f>'l~T*ff(f(j!jijj$.

m'fl'~ (r"*ff!jijj,~, illiüf~j:;'[I~''Je1*1!Iflj(("'Pi;U.l!'iiU(r"ill);!l'~ (fj. i&i' X(I)Jl!,~itr

At'\!ji:) f,;, -"je, Q 1,T,!jijj'~:tJ ;;,*ff )j'jjJIIHHJIJ:tJ T 511] T', ifHIJ(J'J N 1'*ffJ!;: 7HIJ:7iJ X(n) ,

Y(n),J25 =,1'll1tJ1:illl&icj'üNLj)JI-I" 51'I*Fo 1<1 fUijijj'f' i'Jj l& 7HIJ;Iil X(w) , X(eJ"') , Y(ei"' ),

Y1IJJ25=.1'EfIl& H'"iI\'ilJ.l!'ii'i IX(wll, IX(eJm')I, IY(ei"')1 zJilJ(r"**Jailfl 4,2, 00 4.3, 00 4.4 m

_____~rh_(-:-"')_I ... cu

-2;rr.fc 27rfc

-6n -4;11" -2n

T T

1'iJ 4,3

T T T T \

Ifl4.4 Y(n)1~-%}(t~l\JM&ittt URf;y,j:'iJJUJ r)

),A,J: ooiiJ I)'Ü:±:, X(n)tn Y(n) (j{Jf\!j:;'["r51'1* X(eJw' )5fn Y(ei'" ) );!~1trAI''!lf,(j,;, -~ (r"
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f(~11: "ElI:'*x(cu) tE ~Jj ljt1: Ei'JJ;l*'H'mJ!Jl T *11 rrrm: tr.. illirl bt'W 00 4.3 *11 00 4.4 :&: JJl\ ,
~ JA X(ej",r) ~*l Y(ej~jT ), Hfl,i*m -1'"1J2iß(~~ H(eJeJT

) ~zgW cl:r 'L.'~.${ft.T ± 2" Ir ,

± 4" / T, ±8" / T ... "'i3:®$*B'~J>ijiim;!i'iJJIJ\\'IX(ei<>r )1 il'Jl1'i i'.ii.~,tnr '" T, H(eiWr ) il'Jw.lJ3r
i'I~IH(eiror)l, JlIloo 4.5 Pfr",.

IH(ej~)1

T
-

T'

- 2JT -JT JT 2JT
- -

T' T T T'

00 4.5 i1til!i#~ H(eiwr ) B'J%\JJ!i1\ (T'~T/3)

bt'Woo 4.3 ;fnoo 4.4, t\~IIIY(el"r)HX(ei"r)IIH(ei"r)1,/& Sin(x)!x millEM]((fJ*IJU,t;lJ;
'* 1:1:: »jI!\Z H(ei<>r ) B'~ lI'Iljt EJj '1& h(n) B'~ '*fftli.

x.m!i1nr~u

{T/T
,(2Jm " 2Jm " ~h""'''')

1

. 1 ---<--- n/''''1«
H(e JM

) = T' T T' r'
a(cu11 ;Il; 'f': ffi)

(4- J)

(4-2 )

'f': :IJ!; - 1-nEJj liWmJ!Jl 11 2~IT' il'JmJ!JlMtE, lIi! tIIi*'f'I' ;E l~IL H il.i5t'* tJj nEJj '1& il'J i(~

11:~I Ei~*, 1!.\i5Jl}»j;ll;i1lrr '" JO] WJ1, T'iI'J*,f'I', jtotHJ; lf: i'.ii.iill!!3 iJJIKi~,t nr '" tJi1'l. ;E

.:xtillffi0'f:h D~TIT'.

I) 5tittl:n fJ!1'I& (fJf(~1I:1~- Ei~*,

fI!IiJi H(cu) il'JJ>ijii1'.-EJj'l&JlIloo 4.6 Ffr'J' , W'I

I - I 8. AB
hit) ~ - fH(cu)dcu ~ - fAe'~dcu ~ -SalBt)

2n _'$,> 2;r -8 Jr

e(w)

-----Jct{----i..... w

~ 4.6 n~!fl~ irt
~t 4-2 '1'~litFEJj'l& Sa(x)~Sin(x)/x, X'I h(t) W\J j!Jl T'*'t'('",i51)H~*'tFffi'%

AB
h(n)=-Sa(BnT') (4-3)

";Il; jjijim EJj '1& jlrJl~ 4_7 Ffr '" •
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~)
J U

AlT'

U L...",
I I r r

-4. -2. 2. 4n
- - -B 0 B - -
T' T' T' T'

2) I't1J1l'114.5 fill'1l4.7, MtljiJ!;iJJi#~(rJo'&Jt;'J.I: h(n). J~:±lffilstL(J(J1:i.fli1'J.1:nriffniJ§J&(J()

j!lj1'~J&::Je)A= lOT', B = "lOT' ,8:lJltnJjq,

h(n)=Sa(J1I1/0) (4-4)

i$iJ!;iJJi#:W, IIil< i'1'I~@:I" -1' Sin(x)/x ~lil'l' iJ§ J&. 111 T~lil'l' iJ§ J&:I"-1'x IllH(: I'I'J~~ [);J
5I!IHtJ. 3k~F:!t:JJi\{iFfnrfiE(fJ, I'Wt. tEJ&'f'1'fli~7FiJJi #~'!'il1i'i"*ffl -1''j:j"IlG!K rfll'i'Jlj
7IH1'1~i$xIlG!Kri'J~*:!t:1Ji\iJJiWB', f"J Iill 0 "'1**iMXW1i:ffl1fIlG!l'Cri'Jlj hd(n)*~ ilTfiE(n
i/llJlI});(xllG! -l'C1'f.9lj h(n),nr*ffl@iJ§J& w(n)*:!t:1Ji\ i$$iilfr1, Ull hAn) = h(n)w(n) • jjijtE:'k~F

fr'JiEt'f'!'1f 1lG!-l'CI'H~ hd(n)i!tl{)( ('" F.:'l&)~I~'1t~JN€W\1:±l t,!;!I! ((,;\i'W)'. EilT*)j\~j't'I', 19:
i-HtJ(I'Jtai1ilIf'~ 10, tMX~tEj!ljj!ljJ"Zrfi]taiA 9 1'"", I'1:IJltrUü!;(j!lj1'J"ZräJtaiA 9
l' ,s,:tJ iJilFf, ~WJ<, 1* (ntn-ttn;f~ ffl FPGA *:'klJi\ ((,tE ~j( f"J Iill iJ!;iJJi1Ili rM') •

!J1!'!.\ h. (n)i!tl{)( rfl ,,!!,J&~K, i:1-Ur!, !lHrJ;\i'illl'~X~~)j, 1E!{VI!iI!Jt'J.#,J&$~1JI!~1'1'
ltlilJHßt1J@1J'fJl'l, t.ii!ff(3k~'fii"urMä!l!€ I't1J1, 80 l' ,#: ((1\11*,Ij« B~'i"+T 1%, [);Jjjiji!t
JfJ( T 80 l' ,#: 11'::Je! 'iJ" 1lG!i"'fy.;y~ rfll'C1ll' fiEl»; iJIj;Ex-H\(jIUi'iIll' rfl 'J:i '" 0

WWLtjjO((,});(Jm, -Oi' 5t~,;'J:ixj x(n)illrrJt'1*I'I', t1l~X:I"tE~itrA ((,j!Ijj!lj F.:iZfäJIillA 9
1'$"2,, iEiiJG€l'!t'ji'i'l*m'f.9'j x '(n),!'X€ l'i)(j x '(n)*H111,1;ii1iiJ!;iJJi#~ h,,(n):'klJi\ Sin(x)/x
f'l tai, UII,

k~oo k~40

y(n) = x'(n) *h,(n) = Lx'(k)h(n- k) = Lx'(k)h,(n - k)
k~-<o k~-40

(4-5 )

Eil T h,,(n)1{)( T 80 1''iHJu!!" lil('BHI-:'f W-1' y(n).'2, ~,;'J:iilllT 80 i'X rfl*Iti'11 80 IX
fr'J)Jnlt, !'XjjijtE x(n)'!'1f 90% (nwJ2" mlt*)JniEU3k~'fJ::I"&1f~J«j{J, JfrW~U

l' y(n)F.:iIJl1j(ffi'iJ' 8IX*Iti'lJ 8lxhnlt, i31i"~MiEi9'i:I'-fi'i:I-U1'Ji5i;, tHt 8 ,X*It1'U
8~~ItU~~:±l-1'~~m, i31'm@~Jfrffi*rflM.o

11' ~1I x!jl*lUJi\ , ;;!i 'l"J!& fQ (Mä*(j{13k ~T-J:~*i'i'l* 1'1' J1tr rr, ~itr A1ii~ x(n) rr,JtMi (j{J 8
1',#:, jj'fi'X11ruA-1' x(n) , t'i")1Iill1ili:I-t'{, ~itrW((J"" 10 l' y(n)1il, jjijEilT);~IJIiiIi3 10 l'
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(4·6)

y(n)ffi[fJ!J!,Z.jjtr~itrA(f" 8 '1' x(n)i:O:B'"ffil11 h(n)(Mi!l&. i3JI!.1'N·-!ll~fH~IIH1HfjiH!

~3M~A~Q~8'1'x~B~ffi.&~~A-'1'x~~J§~~~~~~!ll*ff~.~

J§ -"'i~-J $(f" hd(n)~l&fF 8 iXJlidldii tl: . :ItiljE~ 8 '1'~1i* llVJn~itr tll-'1' il'Jl&Jlii ITP j)-'1'
y(n) i:O:. 1<\ iX,H'[ IJ:: 10 '1' i!i. [fJffi. m:'1'il'J\(rtr tU. iJij iJ!)ill'f.~ h,,(n}iI'J 80 '1'~l&"J ~ ')l7'i;ff
iiJ:tE-'1''&:i1lj) 80 '1'l'i(JiJ ROM !,(!j(;r<J. ffl"i·tlfJi);/Ji';\)lJ(l&. Eli'fll'l*l'I:ffJirJ x'(n)1I

241 A Ii H"b~].'".., ~r 0= ·H·* 320 A ,"i ,I·" :": "'''~' 40 A IiE 0= 40 A ,"i -",,,,,,v,,,,I "", l1J(. tr1'/\~,}-t- ~ 11=1 7",,'FJ I ".. :x.}i.x,. ;R;·1 rJU I "" =JlI=I I "" ;..E./u/9llr] ,

.R1'1 'I' rilJ((.J 250 '1'A(;t ,'H/.! 'll! (f'J1'1l&ffi •

EliL~~~~. ~miJ!)~~~~ili~,

7
Yjl') = I reg[i}*hj(i)

i=O

x(n)

004.8 jPJ"l-'lt,riiJtiBi#~(M1$!tI~

&~itrA -'1'*Wffi x(n). ~.i'i1 10 Ixjjj;JJn€r,J§fll YH-!' reg[x]'t<7f'*ff#1i"y'j(;. 0

!'(!j(;!i!o1I1i"I'j[iß;)ij(;, ~A~iliIl1i'4'fIilj\l],tjJ 10, I.

*-*~Jt"". MJiM AID *Wffrlll(r,l&JliiiE,';!:-'1' 8 ffLMiJ·~l&Jlii. fEliJijl&'1'mit7f'~

#1i~-illi][7HI\$"" 8 ffL. iJijiJ!)~#1i hd(n)(f'j~l&tiJ""-'1'i'l'-Bl&. Pfr~jJT1J!''f:ff FPGA

r<j'H'. ']\j'7'i;'ll!jjj~H~ltl;J<fE i:O:l&. ;tll,j;j;\'dt rl" iEJlJ( 8 ffL1'I~·~l&Jlii. !IfiJij:;j·fitl1J*.Jt
l&JliifM1ifflf((J'"mr,. :it1jmr,~Ii*j) 16 ffL1'I~~l&. 't< 4.1 !J!,jHi(~IR\i)!;~~ h,,~(J'"
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IIj (i) i-O i-I i-2 i-3 i-4 i-5 i-6 i-7

j=O 0 0 0 0 128 0 0 0

j-l 253 4 249 14 126 245 6 252

j-2 250 9 243 30 120 236 1I 249
j=3 247 12 237 47 110 231 14 246

j-4 245 15 232 65 97 228 16 245
j-5 244 16 229 81 81 229 16 244
j=6 245 16 228 97 65 232 15 245
j-7 246 14 231 110 47 237 12 247

j-8 249 II 236 120 30 243 9 250
j=9 252 6 245 126 14 249 4 253

'IxI'Fi&t+r fl'J1i!i* ml,f'i1jllll~ 4.9 Ifrii', itj!hltrA-1'*I'i'1i'J: x(n), ~,\; HE!'''! lilJ 10 1'Jal1i'J:J§
!'C< y(n), x(n)7f'!Jfr!hltrA, y(n)~,\;7f'!Jfr!<}!hItr tIl, !hItrAIi'itr tIll"j"l')liJ j\lj lt7» 10, 1.

I ]f- Mi I

!jlA x(n)

•i<=O,
reg[7]<=rcg[6]
rcg{6]<=rcg[5]
rcg[5]<=rcg[4]
rcg[4]<=rcg[3]
rcg[3]<=reg[2]
reg{2]<=reg[ I]
rcg[ 1]<=rcg(O]
rcg[O]<=x(n)

•yi{n)<-

7
L reg[j] x hi[j]

j = 0

•
~W yi(n),i<=i+ I

0 -(lf

M
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:tlHm~.-tMi'H~ B<:J~ lßiI,1J,'t , tE FPGA pg 1&it 8''3 pg tiiJi7G B<:J;oj!f~: ~:t~m:tlll 00 4.10

fff~o *i!itit*fflT VHDL iJ:l =Wiit~-1-:tJl!#~B<:JJ}]F1~, I *i&it~--1-miffltH~*,

X1 fftU~:gg:15(fi 1*B<:J~*, tE**~i&itB<:J ~u m, f!ffl fftU~fjj ~ ~f~ Quartus2 B<:JJ.f:Li
*1T~ -€r;flJ fjj Ä 0

data ">8
RAM!f!7G

x(n)~ A 25x8bit x(n

) / addresslclock

7tlißf6
*r-t~3fUtEtli'~

mIm Iß f6 ,~- IJI: Iß ~
8x8?f :Ir- Im Iß i'1i

Lclock

00 4. I0 JE5~ I*J fi ireYff( :?tli1il1!1~:~~J I!l

~ Ie., iJi j[;XE--1-' lR ij! ji; , . 9=' 'E1:J%*~~ Eg~~, ,EIHlu'z: /- ~A ~tu ili B<:J B~· irr ~,& pg $

JE~M1m~ B<:J~-1-B~·4N', *Y* ~,&/ .,)JQ Eg~ 8 X 8Bits *1{~7*Y*' -fJ1:: Eg~~X*~~

RAM;f1l ROM ij!ji;, pgf:fß*H~~ji;ffl 1f-f*~A8'J"F1tr8 -1-!i&~o

1W**~ 9='1!ffl Bi FPGA fi § B-WmB11ij!1~*,' !J~, *Jl*y*:gg:B<:Jfft~tejJJ ~

1"&1m EI BB<:JI'TJ~WC .' FPGA pg**rt~~ß<] =*:B<:J-tt,9:tE -1-B~·i'f,pg:7tpx--1-~ffL*

Y*JE~, JE~J!J.t ~r:~!J* 7f ffl;!t1tßJZ$~~~, FPGA tni2s:~if,~~~1ft'm *~

Y*, 1Z9:'~ Sin(x)/x pgfWB<:J~miJt *1JIl:iE., r~T*1JQie.~~r, - :1:J1::Eg~;fll~H:gg:Eg

~~ - ffl tnJZ$~~tmi;fll1'f-fit~~~~m-fi~~, $~:t~*1:EfI:1rJJ -~* *Y*:ilfttn FPGA .-tm
fiilUt~mimtL

dock

start

cllklOO

mrarnaddms

~ romaddrm

mmuH

dkout

mSm!

I ,
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~ 4.11 ~t\jTtfWJ/\f~-,%;;giE5t~Er-J-l'iE5!mH 1)] ~%~, x(l1)*~tfWJ/\Er-J:m

111'~1m, $iItr/\B~'~'h9:Jr;;g 100MHz, ~Ji1mflJE1llj)§1~n~OEr-J 10 l'$iltrt\j~~;;g surn

f="7o M~ 9J iJJ lj;g .1, $rJtr t\j surn f="7 9- fI ff-i "7.iE~Ji :~ ",' 3f 1:EJi :~ "" 1';f§ 1(~ 2
-t-""ZrB f.!/,]~JEE$5i:Äf1ß,,~A-@, PT lj*fJT L \ ~fEJ~1:E ~ ",,~B"J ~B~' 'Af.!/,], J3:.iE~

~iE~ffi Er-J*ttffi~ ,M~--t-OOOO&~~Tffim.~f.!I,] ~to

~:ffJififItfWJ t\jff:Juti(,E~ B1 rä]Jlrmff:f4~Ju p ~J.m :j~~;;g - iE st fftJ ~~ 0 ~ 4.12 ~7J' T1JtfI
ffimE81Bz%~:mtELCD ErJ, ~,~4.13.illL7J'TffiflIi1)§lj n7J:c~tELCD B"J~~,

J-J..9J P ·ljitl.m, ffif h)§, ~%~Er-J~1~ , ill~;JJr.J~m: JjjitfWJ/\Er-J.iEs~~, 1~~Er-J.illL

~t\j T1SZ%f.!/,]fflll1 0

EI3 *Bz~H~-'% P '~~*fI~F, $5i:1~~Jj~ ~ f.!/,] p"lj }~j]i:ittfWJ/\j]imill1T~%*~, ~~

%$5i:~a$~.F~.*-, ~~"~A~$", ~~, 1:E~ ~~~1SZft9, *fflT
~-~1SZBillfiTmH~ ~~o~~~f.!I,].m7J'1SZBffi~,~ ~~ft ~.illLEr-Jtt

~o ~~~Q, f~m~~BJt~Bf!fEr-J0 1~:*:, - JJt1~)(ltF~iOEX "1:iJ~~~lJil,~I3fl'~~Bo

ffij1:E~ -~~~:g~9J, JJ!IH~~@:%J.mJ3:Jl:bfi'D~fl"~~fto Jlt&f-, f~m:g~f!f!f1jtt~Ml~B~'rBj~

~~ffij~~,~~~~BEr-J~~~tt,ffij~*~~ft.~-~fff.!l,]~Bo~*~~ft~

&f---t- '~tt~mt ~~{y$i:&~~U&, :m:t:JT~$H~ 0 J3::*:Afa'j~T il-:iflEr-J~~BEr-J~~Ji*~o

-.*~,~ ~~ftplj%;;g~:*:~:flR"fI~~.~@"~llR"~~~.~
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$."0 FlR ~1Jf~ *~EEJ~9=JRff~B, &ffflt8, lI:t ~-1l~ f,,,,,;E;{ite." /G=~

~o Wf~, FIR~1BZ~IY-J{tjJ~o[l1j$1Y-J / Li1=H~o lI:t>,~, 1JJ~1tfflftE~IY-J~\H':HEl1fLo[l1j$*

·~b FIR ,~,'.r..B5!. IIR """,,, ,'tri:! .B5!. -Ir td:. ~. *fr I Rn: 7=;~ Tl 7=; tl7. nr <"1::. A X:fa. 11 XIII 'A"Ja J),e;~{JXftrro -{}IC:d1X-ft~1:C~ ~xx.. 1Ä.J1J'FJ~ ,,' A'FJ 1ZX/" , JJJ Fj~zs:/r"!J;~ 0 JY\.J.;±"(;l::j

~,Ä{tjJ.~$~~~~~~*, ~~~*ffl&~~.*~~0~/G~~1.~~

~'t1fEl1}Lo --tL ~1JJl):fr~~~1Y-J X ~1*J~ili~'t1fEl1}Lo 4.2 *f FIR ~D UR 1J;g1Bz~!

1tT-1-~~~, iw'F Wf7J\' ~~FIR~lJf~;;tI3~mJE*~~"o

*4.2 FIR ~~~nll IIR 1J!YBz~(:I'1tEFi~~~!g(

FIR ~1B<:Rii IIR~~~

1r Ij~ -L~ Jl,j( {lP QI~J rE- X II[R *}l7J( {lP QI~ J.5Y.

X imPf.& t'jt fHmPf&/i.!l!
':t~jE !l6,~m~ m~jE'~

~J1:*ftt~, !l6,~mm ~~!t& ~JJ::~'~~f

PT~ fij ij!it!!~'jH~][~;t§{fL*f'~ /' U~i!i{!;Jjt!!tjH~][~iflHfL*ftl
7f' !l6'~ t$:EHt~~!Mr* !l6'~m~ ffl :bHt~~it!!tt*

§ ~I ,FlR IY-J ~~it1J1'tU~:Jt\a ,)!jt'''!~1Bt~fM~$~'~ fF~#ili1[:)'1Y-J~1i:±LtlY-J,

~@ili1[:)'B']1J~ffLf!JEEJ~~, ~JI{$:Jm~~Edl~1i-3&~ili~0 '~PLf!J' I~~ -~rj1~*

~#1J~,~~#1J~~~~~,ff~$~Lf!J'~iJT~~~, oom~~ftill~~1J~

fIl- • -.I<- 83 if§
l:1 \j "'9,).. ~~'\ ICJ' 0

1~jj~- ~1EZ~1:Eg;~~ B~jg~H~~- J.m, :tI~IOO 4.14?fi~o

Hev Yev
J

-CI)

00 4.14 fl1mi~-'1'~~~~$Yi:tE):7F;@';OO

Ä9=J, ~A1§ 1=1 ~ X(w) , ~ 1±\1§ 1=1 ~ Y(w) , 1~im.~~~~~ H(w) , ~1I'JzfEi] ß<J**J1!::

Y(OJ) = H(OJ)X(OJ) (4-7)

yen) = hd (n) *x(n) (4-8)

. -9=J hd(n)B"J~ht:r. ~E13 H(W):itt1T1Q}\l1t~~t!k1~iIjB"J:

hAn) =_1 SH(OJ)eJ"wdOJ=_1 wS<eJ"wdOJ = OJc Sa(OJc n) (4-9)
2Jr 2Jr Jr Jr

-00 -We
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lliJlittEWiJ§ '!&1\l:i;I-i't "I' , 8JT*i)gi!!i~~ rn W~ faJ ~!'\i iJ§ '!& hd(n);ll!::UI!b(, ;r;r1~JtJ FIR i)g
i!!i~~et;IJ\L ffr lJ-'l:'1\J(J{)( hd(n)ilolIlUiJI:krn i\[lj)-' "",:rr: hd(n)ilolllt!ijH'ZßjH"i!Ii~~bF. 1\J(

J{)( 8',11)'t;l;!;i2\;F1Hit-f'l'WiJ§ '!&*u hd(n)i'f.II~tjI(J:mtJ·*fR, ,Mn tEilijjtjl(J: rr,!lHR, ,~1,(u IJU
riiJl' Wet;~fJ:;),tMJ'ItU.J{)( h,J(n), iiJiJ1-'iE1'-l:IlUfJjgWWI:J Je "fj~'IJ l'11" f191'ffljjtJ(J{)( I:U

*, rlUl'WrnitJtJHJHJ(J{)(, &~H!iiE©nrnri'JIHjiJitJtJ, ffij!JUiilJII)jW~IJ::ff'iJ, t:#i©
Wrnri'~itT-'iErn.iE, §rnMN~Ewrn_.~!'\i~•• 8JT~W••T"tjI(J:
rf) hd(n)iJ§'!&, ~tE_W{]l'IJilti!!i~~i>; /Jn j!j[~!1(f)_.~J!'\i, [J 4.15 ~bFT::f [5J 1'-l:!lut
_I~:q rn)~ I~:q , [J 4. I 6 *71' T ::f f'iJ WiJ§ '!& jlt_I'~(fJl~ I~:q •
L5r--~-~-~-~---,

0

1

5 •••• j::~:qv.~~~~~:t:
, I , ,. , . ,

o . '"..-....... '-
a 0.20.4 0.60.8 1

1.5r--~-~-~-~---,

,
;,. -

I~ 4.15 Cf 15J WJ Jl:JJl':tHli'f'~ljiHIJ W~;J

L5r--~-r.-~.-~.-..., 1.5 r--,~-~,-~.-~,--,. . . , , , ,

~~jt}i!N=~l J- 1: -iQili8~ilN~;1 ]
0.5 .- •• :- •• - •• - ••~.---:---- 0.5 •• -.:.- ••\ •• -.-~ •• --: ••••

• , , I •, . , .. , , , .o I 0 I , , ,

o 0.20.40.60.8 1 0 0.20.40.60.81

I'!J 4. 16 '1' ",HII IU", l&3<tJ>i'I'~Ij\i(IIlt'~

8J [J 4-11 nr lJ-1'l:±:, WiJ!1'!&B'J}l'V\*u1'-l:Ij,[X1imi!!i~ö((,ttfj~);1iI~+7}~\lJ!. Ell lit,

nrlJ-N.~TWiJ§'!&rnFIRilti!!i.rn1\l:*~.,

(I) ;f, 'iE rrr 'J)' $' rn_ ~ll~'~ 1-"2 iJ§ '!& H d (w)

(2) ßI H Jw) miTi"J:lz:"I'i2!~l!i<f<'milti!!i. (fJ hd(n)

ß)8JJ1.m~.mrna+ ••'l:'$', .'iEWiJ§'!&rn*V\~.NN

(4) !JIl W!i!:j!j[f<'1l'1j et; ~fi)gi!!i. rr, w~tjI(~lj!'\i

(5) t>:!J& i)!; i!!i ~ii tl fj~

tE~~iili,!&'j<fi'f<t7Fil!i~ii9' ,lIti;l'TJ1H'f_'t'Tl 1GHz rniIUlli,!&'j<i)!;i!!i ~ii. 3*W_
~l.tlr~M, i"iiJi,!&'j<i)gi!!i.((,j\.JtJljjj.1!:!~MUld.1'lr~. ,!&'j<i)gi!!i~~((,J3:W ~ 'llt

iJW\'itiitllB W1Ht T 7Fi!!i ~ii B'JlIti;1- •
ii1i -\} X(n)illiJ11':TJ N 8', FIR i"illi'i&'f.i)!;i!!i~ii h(n)fl5 f1%1tr tl: y(n)'ti.iEÄTJ,
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yen) = h(n) , x(n) = h(O)x(n) + h(l)x(n -I) + + h(n -I)x(n - N + I) (4-10)

jJ T i*iiEvgi1!i 1*Jill111' rJ;J (j{J ~1tr lli ffi '.iJ **"f!ilM'::f51', 'J]i 01< vgi1!i gW,!l!ii$~ li\ZaJill1iY i*J
B~ iM!l!ii'IIHH,Uli I. iliiffl @jt<fttJ'i~f ~tt!l!iiIf'flH.fz:, iiJ!'J iiE 1lJl, ~ FI R J& 'f-&iSi im 8', ffi
tfUflJ& h(n)ililJJl rYIJ%.-f'l, ~,tfjEililJJlJ:J2ßf"J%.-f'f, i*M'fil''.iJ)Bt'to

h(n) =h(N -1- n) fl~)('1'!iJ', m<'i:i- h(n) =-h(N -1- n) 'i\'f)(;m,
IIH1'i*ffiUt~'J]iol<, i2!;J'Ij 31 1Ifr#!JI!Jj 1)){ (j{J FIR &i1!i1*, ffiUt~*tJjm 00 417,

~... t((N-3)fl) I'((N-1)11)

I~ 4.17 FIR iJtilldIU"Ji~\ItJ (N=31)

*~J'Ij Matlab iiJ!'Jwrllli 3111fr#l}1!Jj FIR vgiSiill\8',101filJ~~li\ZffiJ&, 1,UIHr,*fI'!l!iiIf'j[ji
i&l't'jJ IGHz, il"üt!l!iiIfi)HIJ~ 250MHz, 100MHz, Jiu,,& 4.3,"& 4.4 m'Fo

'1< 4 3 .lillJiJiif 250MHz 11'1. h(nl*'lll'1< (N~31)

-0.0017 0.0000 0.0029 0.0000 -0.0067 0.0000
0.0141 00000 0.0268 0.0000 0.0491 0.0000

-0.0969 0.0000 0.3156 0.5008 0.3156 0.0000
-0.0969 0.0000 -0.0491 0.0000 -0.0268 0.0000

0.0141 0.0000 -0.0067 0.0000 0.0029 0.0000
-0.0017

- . ,

0.0000 0.0012 0.0028 0.0042 0.0039 0.0000
-0.0083 -0.0186 -0.0254 -0.0212 0.0000 0.0396
0.0919 0.1451 0.1849 0.1997 0.1849 0.1451
0.0919 0.0396 0.0000 -0.0212 -0.0254 -0.0186

00083 0.0000 00039 0.0042 0.0028 0.0012
0.0000

a*ffi Ut 'I", 83 T xt FI R (r,iEWJill& il'J 'J]i 01< c!f::f~j~ Iili, IZ;I ffij i&l't' tE!5 'IM ((, ARM9

r'J11111, ilii ARM9 '!' ,:;& 203MHz (j{JI'"t4'illfN'}Wrl--tililJjf~WJIJtrilJtE/L+~tiJL13
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us ßi:JL X'I'T!j;IJffi!\iJ!ItI30Hz li:1'(('Jiil7J,J.jj'*iJl7'G1?:Jl!:Ji!.IMfJ. ffijÄ ARM f"J 32 {!LB'JfI

tHi'l1'1tß i<Effl~""i'f A\ilitniJ l11l'!;Jj ij!1 (f,$I,it* jE ,"'ilit,. ~)i.jJntkT iliff (f'iilil.ll'. 00
4.18. 00 4.19 Jl!:~J<.tt!\iJ!ItI;.g 250MHz B'JiJ!iil!i1mB'J~!\iJ!I~~$11Jffl!\iJ!ll'J$. 00 4.20. 00 4.21

;Ii,~J<.tt!\iJ!Ifi:Oll 100M Hz ((, i%il!i1m ((,~!\iJ! I~ $*nffl!\iJ!I~$.

, . .-- - .. , --.--. ---. -. ---- __ ---.
-80

, ,....
···--,···--~··_···t-·-··1---··~----·-r···--', .

L--f,:--~',---c_';;_-_+---;;'-;;--~·--_:;";;--+-,--;'-;,---;-100
o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Frequency(Hz) X 108

20,---,.-----,---,-----,.--------,.--.,----,.-----,-.----,. . . . .
or---!---i---+---+-~-~-.~------: _. -_. ~ ..... -:' ... - -~ --_.-

!@ -20 .----.:.- •• - •..•••••• - ••.•• - ••.• ~•••• -:"- •• _-.- .• __ .:•.. _--~-----
~ .
•'g -40
~

], -60
••

- ... -.1._ .. · ,· ,· ,· . , . , , , , .-.- -. -,-' -- - ',-- - - --r" - - _. -. - -,- - - -- -r - - -. '1--- -- ','" - - -,- - -- --· . , . , , , . ,
• • , , , , I I •
I • " I I I I.. ..., ,..... ~ .. _.. __ ... _-.-._-.~..... _-. .~

, . , • .~.;. I----~

o"""-,--,----,----,---,.---,--,--T,---r-,.. .· , . . , , , ,
' • ~. _ ••• ~_ ••••• " • _ J. .' .,'-. _. . . , , , ,~ -500

••
~.i! -1000

•••f -1500

-2000L_~=-_-'-_-~--!---,"=-~:--""=--7---c'=-_...J
o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Ii'reQuency(Hz) x 108

20,---,.-----,---,-----,.--------,--.,----,.-----,-----,

-80

· .
...• _~ .••••.:..•••. ~_ •... , •....•:- ••• , •• , ••• j •...•.:...•• -:., --_.· . , . . . , ., . . . .. ........ _.. _-, _ -.. _._.~-_._-- _- - .. - -· . . . . .· , . . . ., , , . . . .
- •••• , ••• '-',' - ••••• P.P" •••••• '.'_'" -r" ••• ,· ...,

L--f,';;--+---,-'-;----,~.--~.'-;;--~.--_:;'";;_-+---,;'-;,---;-100
o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

FreQuency(Hz) X 108

. .
of---!---i---+---+-~-~-·C····· -: ..... ~ ..... ':' .. --.;- -.

§ -20 --~ .• -.-., ~- ~ •.... ~....• :.. •..•• ; •..••.:...• -.:..-- .
•
] -40

], -60
••
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,,,, , ,
- - -. ",' • ••• ',' - - -. - r" -

- ••• _.I • •••

. ... _._~ .. __ ._-_ .. _-.-._-.~._... _- ..
, " , ~" I--'~

o",,-,---.,.---~---,---,--,---,--r,--,--,
,, ,

, , , , , , ,
' , •• __ .~ ••••• ~ .•• _ •• '. • J. .'_. _ .• _L ••. . , , , , ,, ,. ,,, , , , ,

.. _.. -,' _... -r'· - - .1---.- -,.... -','" _., , . , ,, , , , ,, , , ,, , , ,

~ -500
u
u

~2 -1000
u••f -1500

-2000~--,;-';;---!--:"-;;-~---;;';;--~--;;'";--~-~';;----:o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

FreQuency(Hz) X 108

~ 4.21 *tf~* lGHz, mtl1:~* 250MHz *t1~J(riJmz

Jl};',UIl!®$)lJ 40MHz, w,J.l[)lJ 4 (("iE~j(i!!i. 'ÜJJnJ:w,J.l[)lJ 0.2 BI\i!fl'fF)lJJ),(!Iii{",-"l',

7HIJjj]ii1~J<.lt!®If,.J;!: 250MHz *~ 100MHz A'JJ&~&i!!i~~. ~*!JJ100 4.22, 00 4.23, 00

4.24 ffr7f\ <>

6

4

2

0

-2

-4

-6
0 10 20 30 40 50

X 1 <f'>

1'iI 4.22 b~ Pf;4J'ruA fi'f .~}

6

4

2

0

-2

-4

-6 0 10 20 30 40 50
X 10G

1'iI 4.23 ~'.lUiii'l' 250M Hz %/lIU'iI
6

4

2

0

-2

-4

-6
0 10 20 30 40 50

X J. Oe.

00 4.24 <J<.tl:J>!'''. I OOMHz %/*00
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1J TU:,!&öf'fffil1,J' ilIi1*1'1::$HJiiWHÄ 'i!i!il WI Jf':IJ111'I<tlt11ffi!, ::f1Jl.rittE l/tljliJ:'J:'*lIjJJlI.
ilIi Jl', ffii fi'J:' *tEJ;j)jljliJ:Mt!ifrr im'Jfil~)ij A fj;['~ H',J;jjjHL 111 'f'J;jjjljlitlHJ" '!J:;IJll.t/(iili H',il'filli7}
,Jifu:Jt{I!!J;j)jljli il'JiWlJiJ: , lZJ ttiZ~.t ,7J'Jli'!&öf'fffir,'f'ilIi#;;J'H:r1'I<iiliNi:;L "f'~it (FFT) il'J:$}

'JirjJfit.
FFT r~i't~1'I<iilii:t-rf DFT H"-0f'1't'fi't. 5!'1'f--tIf:JJr1J N i~iI'Jl1l11i!*ffJU, DFT

iflj JE5i.1J ,
N-I N-I 2 2

X(k)= 2:x(n)W;' = 2:x(n)(cos..!:nk- jsin..!:nk)
n_O ".0 N N

(O';k';N-I) (4-11 )

N-l 2 N-l 2
X(k) = 2: x(n)cos..!:nk - j2:x(n)sin ..!:nk) = Ulk) - jV(k) (0'; k,; N -1)(4-12)

n=O N n=O N

N-l 2
Ulk) =2:x(n)cos..!:nk

n=O N
(0'; LN-I) (4-13)

N-l 2
Ulk) =2:x(n)cos..!:nk

n=O N
(0'; LN-I) (4-14)

iZWt, X(k}ir,f!,\'!&ffiiMJII :$}-f,IJ 11 ,

A(k) =IX(k)1 = JU'(k)+V'(k) (O,;k,; N -I) (4-15)

(4-16)(0 ,; k ,; N - I)ß(k) = Arg[X(k)] =

_ arctan V(k) (U(k) 2 0)
Ulk)

V(k)
Ir - arclan --(Ulk) < 0)

Ulk)

E!3>1: 46 "fiiEHJj, :j;~l!JiE~nu",~tif.Jtt-rW&JNJ5i:I-t'ffSi'!&il'Jii·t'ffil, Wm~i:I'r~ N
.8 DFT JiJi ~,i 'lli in12: '!&* i't M, f11 12: '!&hll i't /j( '!& A, 7t j}u~ ,

M,=N' (4-17)

A, = N(N -I) ~ N' (4-18)

;3 x(n);Ii;'!J:;JHIj, ffii1Jl.1JI. w;' ;li;12:'!&, lZJttJ:~12:'!&*i'tHH;Ii;'!J:;,!&'fIl U'!&irJ*i't.
iZffiI'J-~12:'!&*i'tM3~~~'!J:;'!&iI'J*$.lZJtt, mffi'JliiI'J'!J:;'!&*$~'!&11,

M =2N', (4-19)

40



EIl 'f-/XU'!&)JlliHfi "j "ij!Jj /X '!i< ,!&;I!j)JIl , [] JitJjliil,,!J:' il'J '!i<'!&!Jn!i; /X'!&:'kJ

A, = 2N(N -I) ~ 2N' (4-20)

(4-21 )N
(Osks--I)

2

OJ i'J. iiE Il)j, "j x(n)R:U'!&Ji'3'tl f(" I,WL JjIif/,i!J:' f("*!i;tll)JIIi";!;/X'!&'!it, fll JitiiJ.w., xii';

Jioul& /Xl&ifR:'!i<l&ilitrIXl&frllc« IIJJ, ß.Jihttr OFT (("ilitri.lt~ N' '"'iE'~. '3 N!iJ(;k:
(j(mWcr (!m N~ I024)ilirn.l:IH:O'ii'·;k:. ili:>.lltriiJIM" il'JjIH':.

%tlJ'll Pf3'tl il'J f,';J JtlltU"itliiJ i'J.;k:;k:II*{l1Oili:>f:l1l. i3:Ji',tijHkiili{(li:>LII'I'~* (FFT). m
JIii ~ >t ili 'f. JE El. jj( X(k) = DFT[x(/l)]. 0S /l.k sN-I ,N :JJ {I~ l&. xli) = x(2i) •

x,(i)=x(2i+I), OsisN/2-1 • 'j!,' Xo(k)=DFT[x,(i)]. X,(k)=DFT[x,(i)] ,

OsksN/2-1, W'j,

{

X(k) = X,(k) + x, (k)W:

N •
X(k +-) =X,(k)- x, (k)WN2

:1,l; 21,,)5)- FFT Ji',tiHtlJ'lli3:1'f,';JJ!lJtL :It N ,#, x(n)7)-f!lIJjJ<~l&FHtltM1Jl&rHIj, 11.\
J§5Hl'J~*,&j!Jj1' N/2 }2,(J'" OFT...JliI1iiJWt x(n)illfJ·ill'.~j;5)-f!lI, -/X~j{t~j'ü M-I

1!(5)-f!lI. liiJ§:It N }2, OFT 7rf!ll/& N/2 l' 2 ,#, (r" OFT. 00 4.17 iit lfj T i!i!i 2 1115)- FFT 'ff!i;

(j<jf1i!Fi'lIIoo •

i~1 j 0
,-0

.. J:. y'.

r<lI1>
2'-1ffi l == +00m 2 = 2m I

m1=N/m,
I j~j+l

.. 1 yc,m.=jxm 1 j<m~.. 100
k , =m~+r I i~i+l

k, :k,+m , <?y",- 2n: . 21[
u = x(k, )cos(- r) + y(k 1 )SII1(-')

T- j't
v = y(k 1 leos(~r) - x(k 1 )sln(- 'j i< L

m, m l
"0x(k,)=x(kl)-u y(k1)=y(kl)-v

x(k ,)= x(k,)+u y(kl)=y(k,)+v

Ir-r+l return

I
00 4.26 1Ji 2 IpUr FFT l!i!IH100
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i!!!UI'l:'i1X'tif;-1' ("J 1Il[;I;L jjlr.-!\~tJArfY~ x(n)illl~tj(J!il ~ rXJIIJiiffllYtl((;, @~,

~u!lWZffli!;l; 211-15)- FFT ;rritf1' DFT ,H'{, J!lJ16,jiJi:l'i x(n)-IXWf,'lJf,f5)-!fI1I, jf'7fltfii(;1l!

ilJiJ'lly~, [:§Jit, tEft FFT iErr.Z jltr, 16,jJJJ7't){<1 x(n)ill1T-IXJ'I[y~, flrZ;,gJ!!!fHly~ 0 tE

i!!!iHIYIJ if;i.'U'i1ill~Wr~t4tnr "J (j';, -,,01c* (j'TfJi'tiEmd::kiE;rriili&t!'.1IiI, i!lJ! tEJfJ
T -'!'i'fllftit, i!'!'I'1JitJi'o rn n mJ!!!J'l'J& p(n)H'rWI n+ I (flJ!!!f'i'J& p(n+ I),rXJi'i J;l Jit~1fL

N~J!!!rfm.ßo:k:k.~TiE;rrmiili.o

fjlj)trilfi if-J J&"7' il!iiBi mHg 15), * Ji';i1!UP, FFT (j';@'r.t!!.Ji!otEJi'iI;l.jit'J ARM9 '!" ill1T if-J ,
'3\i1lAiJ'JJ"HIJJ& N It1Ji:kIl-J, FFT miErr.ß:tf1@t!!.J1'IIJn, iErr.iJ'JIP!I'ß]t!!.tf1@Jt');<;, FFT

B~ iE;rr 1I'li'oJflnJ fit:kT Ji'i liM 1U1 ;j<miJ'J liJlJ iIJi 111 (oJ, iJ!tI&:f ,jt:!l; 11'1 ,\l1 7J'~,I'i t!< , IZJ J1t , jal f"f
tE ARM I*J.~\ FFT (j'; iE rr. iili l.ll J<,*i&,t 'i' Jii~1lI' (j'; f;ß5)- 0

i!lJ!ffl T i!'l:M'1Jit.~);T FFT if-JiErfiilillr,
( I) rn T tE FFT TI;rr 'i', ~"ju'!~jE"t Pli J& ffi if;TI;rr "~,; '!J' :kiil F(; iEr{ II-Ii'0J, nr~ , ~'i'tt

li)f'1r:ji:J~, tEiErr.i.'U'i1'i', HWJ~ TM&1'1l!uil'J~"t!OCjE"tiH{, IZJtttEt'i1f'i'iE1'i"Z
.,nrJ;l:l'ii!·~.~jE.m.J&mB7't~UW*,~.-1'.a.,tE~~~@m.

J&1I1, j§:l1:'iJ,\jm.t:\:•• l&~IJjiJ 0

(2) Mf, rnT FFT iy,JiE:n~i'J.f.'!:iE;rr, ARM JltJillf.iI*!il:f3ttfi'J.f.'!:iEU, JifrfliJ'Ji'J.
,~\iE;rrilll~ tE-1'~7* (j';i'J. iH~Wilii "I" ill1T iJ'J, ilfi J3iilillr1& tQ, ~'i' 1,,; il,i'!J' illiTl&i"-1' 1,,1

.'1':;1- fib'cl&i.'f J!'i,. J& it'J,H):, 1:51 Jlt, fiJ')fJ JE}2,mÄ*f-l: 'M' i.'f}2,mÄ~ -1'1& AW;!fI1I~1J
it,rrA#m~.",7't:l'i=.Mm~B~~ft~.T&,~UW ••J;lJi'iW*••~

;(51'tz;JJ tf1I5J m&J& ~n nJ 0

tUf, rrfj!I'l'!Ji;~iJ'Ji.'U'i1 'i', fiJ'ffl T J),(&iE~):, ff-~ÄiErUf-J\iIlAJ&W;Ofll\ill WJ&

JI" llfmlDtMrf<t f.~ 'i' tEl I5J m&J'l', Rn J,AJit i!'l1'11!lt[:IlXJ&W;ff~~tiErr., WIJ iEU.!1HMX
ff!iXrri!i!'l1'I1!ltl (:!l;J&I1!ltl+uJ&lt!lt!l:), ,\l1rx, J),(&iE;rrl'~iT ARM (j';ff!it!'P·:iG 0

fIJfflJ:>ß1Jit, :k:kfitl:U FFT if;:iEUiiliif;, *Ji';~fi'i', '3 ARM9 i(ü$JJJ"'I",'rr
96MHz", TI;I1:-lx 1024 t,( FFT ml"II'ß]},\,l!itj\;il'J 200ms .,::;jjjIJ 16ms, :k:kfiU;;'Ti:I'
;rr (j';iilii(;, 15J"'lill'J'TJi'ilim;j<JJli(;liJ'JiIJi~,*I 30ms , iiiilJE T Ji';~fitlflt((;'!J'* 0

1!i1 4.27 Ji!ojE"tiKll1J!Xfi'f.,lU'i'tt 1024 ,#, FFT 'l!'JiAJi'i m~i1i, },\,[!i1 'i'nr J;lOlJ W, ~

il"fJi'oJ13J'-,fd[t!<, 71'irJill ihl';>{m.!1! 0
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00 4.27 iE'i~~1~ -.=;&~J:1 1024 ,Si, FFT ~tfkJ§ EJ<J®!iM>:

fit -Y.:E:::~ -, ~liHM<~J - -PI~\~~; :,.""..t~-~ ~)tr, - ÄrJ3*illff-@~Mlt1~

/J\Er'1:ii1~~, J! ~Jg 1024 R}9: iWlJE.iE5~1= 1=1 )~llVU~~fa Er'1~*, - ·ft FFT ~:W~B'J,

i§:PX;J J~\~~-$~~ ·B~1tlt~, ~*~J!@:iiI~~f=7' JJJIV-tE*1$t .jIJB~ 1024 ,,,' JJO

jft@mfEt~, 1Jet, 1024 ,8~>'7*"$1~7~JE~~JtEJ~*ft:L
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JJl.1~1j(~~l\): -&f'I'~\itt, J)Jfj~-&cFf' J!k.lLt1\:j', -1-)j\fJt!i2'ii;i7,i'l:''t 1'1 'I' f'iiJ~1li

frHUl-;Ijj jj} ['iiJ I 11', iffiJi fiiJ!t \tjJ;;Ijj*jfil&-1- dJ ilrt:lJltS' i1i~ fn 11.' fUitJt, jfij-11\( fr]

~Hf, lj,l1fiffiil\ jJ; 1:1 xii 'fiNJE 'l:'*, '3 i)l" IJ<I ~F iffi1f[I'J '11.' fj~ jj(~~ jJ; 1:1 tiF~E :k't l,UIJ GP1B
~lJrI5.381o

l&'f-mir,71' ilUIiJl1'f GPIß jJ; 1:1, 'I' iJ(nJTJ.1bJ'ilUIiI ft tE'*1t!l'lJ\i5 , JE fj~ ti'Z I

11' tEiMt!l'llti5, ti'ilrf:lJl~ffJr;;t;'*1GI&RJt: ffJ jiifj1 Ij!l1:lillNir;;. GPIß litilt'J,:i fn'M',<2,~,t

;Ii, -1-1J)! 1:1 "JitjJ; I51-jjJ(1\T'l! 't f19 Wf,\- tn t:1I'Ji!l1fiffim. iJI GPIB jJ; 1:1 t1l-$tl:' 1:1 )j\ 'Ji
fr] f!iftJi!l11'RHt, -1I\(1J)! 1:I)j\ fJtJi!o- i';:j(;j- ,,({ifit, ffij GPIß 1J)! 1:1 J1IJ Ji!o - i'i,j(;j N ,<2,1ifit.

GPIß Ji!o-f'rl&'f-1t[I'J24 JJI1i~j'11',~,~J<, t:1!lJf. 8*l&jj,~, 5 *tS';j;lJ~ (ATN, EOI,

IFC, REN, SRQ), 3*J!jFF~ (DAV, NRFD, NDAC) tir 8 *ll!!tl~. GPIß ti'f1Hl'

11' 8tiJHilj, 'l"Ti $1f, mviffiil\1i~t[30,31[. tM,t""til. ffr1'f"J'i'i 1lI1""iffiü,~,~J<JI~Jf1if

;t, 1'1iitfniffi!ll'dJiiltliiml7l-tJu". dJ'f GPIB fI'~l&Wi!'J".ilL!1: 8ilL (-1-'l"i'i), l&Wi-1I\(

~ ASC 1lli!l't'r!f'!l1iÄ1ifit. GPIB 1'f-1-r11\T*t'i;iIilJ,~,tJ1,. tE,~,~J<J:1'1iitfj(mhfrI~tn

l&Wi, Kt; ~,l:rI:-1-iJIt;', -1- jjJ(t;''t1-"Jit;'. l&Wi '!l tE,~,~xJ:»- iJIMiJ '!!i1\T1tit.

GPIß 1J)! 1:1 [I'J 16 W1J'r,%~)l- liJ<=:!ll, Ju1 rß 51 ffrif-, -&r~''l; IfiJ [l'JJ}jfj~,

I, l&Wifff~x

M'z:l&J!'1 10 ~J:1Hij!Jjf'I''I' f'iiJ fj(jffi ,b" {;[;~m~ttlll&Jl'im~t. l&J!':E\!~t-EJJf.1ti$

l&Wi'l"Ti, 1*i5'f-i'i, fn'i;{;[;~$;'. {;[;~tAÄ1'1iiti,'!,t'i;#iIJjJ; mjJfj~fj(rl"IJJlJ~{;[;~, iJl
lt!ll:rl:, '!!ill!!l:rI:, lii'Jll!!l:rI:$;'.

2, l&Wi 'l"i'iit 'Jiitrp} i1i'JJlJ~

:h jijHiE ~EliIO ::UJ1lt!ltEl&WiIlJ~J: j~liPil&Wi, ;Xitl&Wi fI'~iJ);i1i &,,,1 tE1J)!Jjj(l&l!'i fl'J 'Ji:1i
B ~~* -&P]'1J)! !&l&Wi ftl'tMLr 71'fiE*tl&WiiD1'B.Tl&WiIlJ~ 11'1!'1ff l&Wi 1'f~:x, ffij 'J1:.1i .R 'ßj'
~;Hnl&Jl'i'ßj·0(11t71'fj~jj';!&l&Jl'i. l&Jl'i-!i21J)!!&1GJ;", ~,tI,;yj'[llP'MniJjj!1i, l&jjm~~1J)!!&

1G. iJjj!1i1#~n'J1:.1i B!&!~l&WiJ6 ~~lI1li~iJjj!l&Wi. :tJJlt, W'B. T=:*~~, EliiJjj!J)jfiEtll'Ji:
J)Jfj~)l-j)IJtS';I;~, i,'!, 'i1J!1il&Jl'i[I'J1tIM. l\):'B.iIf,iJjJfj~, ~l1:JjJfj~tlE *~~*'i1~Jil&Jl'ij~IMfj(]

1i~~;Ii,=:~~~~*.~=:*~;Ii"

1)l&Wi1'f~:X~, up DAV~. ~*~lll;Xitl&Wifl9i1r.i1ifj(Ji1!iJjJfjEtS'*'Jti'Hj, '3 DAV

~Jl!:Tj" It\31'1,,1, *7J'l&WiIlJ~(DIO)nHrrI'Jl&Wir,T0i, 'J1:.1i"T i,'!,1J)!!&. '3 DAV ~Jl!:
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-rl~, 'ß'flpt. 'lbr,'!&J!liJrt1&J:&1'r1&m, Dx1'tll~ fE1'r1&m, t!!.:JC%i, '!i:11::f)j\z}1:'<&.
2)*f1HitPj'tI:'<&'!&m~ .. , ll~ NRFD 1&. j>;j}1&EI!tI:'<&'!&m~l't'9"fr;'!i:r}Jfii~fV[j, "&

71''!i:11t1:'<&'!&J!lifl'Jf11'1lrtliO/.. ~ NRFD 1&!It-rfilO Eß{j'[lp!, '1bF}jIiW'!i:11 'I" ~j>1'r-1''!i:
11*f1Ei\-!zi'tI:' <&'!&m , iili~uil!m1'iHg&'!&m, :If~'!&m:JC~!I. ~ NRFD 1&!It-riCi 1tl{j'[
Ipt. "&71'rrrrI '!i:11ß) c.f1Ei\-!zi"tI:'<&'!&Wi, iili ~Uil,~11jjJJ;l &'!&Wi1-T%i.

3)'!&Wi* tI:'<& 1&, llU NDAC 1&. j>;j}~" Eil tI:'<& '!&~. fl'J~l't' 'I' fl'J '!i: r}J iiEfElIJ, "&71'JI\
tit 9" i1';~'!i:11t1:'<&'!&J!Ii inti'!O/.. O!!I NDAC 1&!It-rf[\; Iß{j'[IIt, "&71'~'!i:11'F ~j>1'r-1'

n'ö* tI:' <& 7'6 '!& Wi , ~ NDAC!It'Fr'J, Eß{j'[ Ipt. '1bF~ '!i:11J$j c.tI:' <& 7'61&J!Ii •

V
NRFI

A

~DI01-DI08

ND

iI1&A iI1&B iI1&C

~,

A=
"0
REN
Em

00 5.1 GPIB /i1\l(,gl*&Jtutl'H1!00

3, iili IIJ tI:' 1:1 '8' J!M Jrt ~..

1)it:b'ti1Jl" ll~ATN1&. j>;j}1&.1:'ll' Ellt"'1'tt2#i'JfElIJ, H! i'&it;ATNm.IiL ti:'i'tI:' [:]
Jl\tJE itl~ €t~'flWWiATN1& (n Iß{j'[ I'",f[\; ll~ PT 1<J Ilfr'!&WiIIJ1&J: rt1 m.E!. fl'J~!l:i. ~ATN~ 1
111, 'l<71'tEDIO~"J:m~JOitlill.\'i'.:lHS''I!i'&:(~fI'J~It!ltl:' [:] ill.\'i'., :lt1t!lrMTi5t i\-1I'I1::ffig ICu .~,

!&J:tltit;ifl.Q.. ~ATN~OI'1, '1bFDI01&J:1J<1'r rtJ;I;!;~l't'ill.Q" j>;®Wi.@ EI! f'F ;J~iJI1'tin

ill'iE'iiliiI:ItiJf r}J fig'IiJ ilJi! r}J figtltit;.
2)tI:' [:] fliM\1&, ll~ IFC1&.~1& ElJt21";-fJeIlJ, H! iJ.tltit;IFci~ .Q" 1!t~~l't' Ij' rtJM,

W[:] J}Jfigl't"j' B~uil';fJJMi~i.5. ~ IFC~ 11Pt. "&'F1'l1't&it;IFCi~ .\i(;/]A, ~~ß'fI'JW*

tI:' [:] r}J fig@JitJtJJMi~i.5. ~ IFC~OIIt, 'l<71'1'l'l!i'l;i:IFCil'j,E!.TJlI'l. ~~i'i' itltl:' 1:1 r}) fig::f
"" .". .-v m'l:X:;.1'1.,- )je;: ~In "

3)~f;;1J1!H'g!&, ll~REN~x. - €t PTf!m~l't'PT iJ.tI:'AJI\tJEI11', t!!. PT iJ.'i'WAJI\tJE
ffijJ'(!J!ll1!tH!. ~~l't' li!i ~1'F - €t,Wiili 1j(g~i(!1!ll1!t1lJ 1'1, :ItREN1&i'f-r-1' I;;; Eß{j'[. ~iII'i

ß'ilIAw!iJi"JI\~1'1, REN1& Eil t:1'tt2#jlj. ~REN~ 11'1, t21'tR 'll' ~:Jil: €t f:j( w.l;\tit; iJlll!llIL
~~ß'#fillA~t"'~i.5. lI"1'JI\~iE',:i;li;tfm'i1 "I" REN1&'ll'- ~J'[ f!Hl'TJf[\; 'ß{j'[o
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4)IJ~%-ii'i*1iJt , ~pSRQ1iJt, i:3:*' 1iJt ::0iJt'"Jj~%-ij'i* r}J fiEiI'JiJII@i\<;j',')jIiM'l1!eJtJ, "3

SRQ~ 11..1. 1{11Jl *!:ii"P 3':0''''-i;i\<;li'i'!i*)J~%-, i'!i*t,;;ti'~ifiJ~EJl. "3SRQ~Oil'1. 1{

IIJl *!:ii9' 41-1' i\<; j','I 1'1' jE1!( ,
S)tli JR jjl<iHJ}lj 1iJt, ~p EOI1iJt i:!i<1iJt ",Wj;rl' JTJjiE: d:i iW/ii 1~JtJ, "3itf1\T:&iZi\<;l't' ir'! ,\i!,7'G '1'

J§, :&ENOii!),",(EOI~I), iill~lmti-1&w, Bt'i'1'ii\i)j!;!iJ1:[, d:i Cf Iltil'!:&iZ Ei11J i\<; ß: ii1 ,""

Pfr I;1.ATN~O, E!lf21\T~JtJ, "3t';;1\TilllHH5-Bi; 111, 7t:&-IHI' 1J:!t1TBi; Ei1I11-i1i- ii')'bl,
r!'\J§:&IDY~ IiiH!.(~PATN~ I, EOI~ I), :&i!i\:!t1T A\i; ,

GPlBiillJtJm I:J ;J!;)t '"' EI z;JJil!~m*tfi "I" i(Jtb:,~,;J!;Jt, § Jitrll1J'f"'TI, NI, NEC!iP - ~
0i'1j ':Ei"'1iHIEEE-488tM5if!iJGPIB;1!.;)t, 1]1 i*J jf il1:'" ':Ei'" Ilt!i:mJ4- f!iJj-~, Ifl Cf ;1!.;fj-':E

i'" fI'r!Hfrtl, ~~!GPlBm I:J ;J!;Jtr(Jfk:lliW,;rr,;;F'F, jfij{E1&'1'mit7J'ilJiv.~ 9', iFf'JJ!olTrioT
GPIBfl:' I:J r}JfiEtjlil,;'iM1~JtJ, jfij H jT,j~JtJ;lt 9'1'J'1II< JUI'r}J fiE , IZltt. IZlIltil1:1'J'!ü'll!~JtJ r}J

,iE7'GJI"i(yl;' JtJ ;1!.;Jt, E!I 'f-FPGA{E**UE9"1!1i:!\'" ~!it Ei1l/oiJ IJJI4J, IZJIlt"J J.!i~JtJ FPGA
:;i:;!J\l.tlH5i7'GiiJ(;4< ffJ;J!,; Jt it1liß:5)- r}J fiE 'l6I ,

OOS.2:!,Ji!:j}j;GPIBfl:' I:J ;1!.;Jt i(~ I*JllP}JfiEtk 00, ;1!.; Jt I*J Iißt,!;ttJ d:imili')l5G, 'i7\i0VL

1&W,iillillWililiJ<, (EGPIB J'i';f,rj;1!,;H 9' ,::/'i'fi;x~ ~1f~~ililiJ<miU· 5G,'i7\i0Vllfll 01'fl:' I:J

~.f!iJ~'i7\i0m~iiJ(;.w,iillm~::0~.~lillUiill.f!iJ1&.aHI;1.&~fiJ'i'«.iill.f!iJ

1&Jl,HHJt,

~;1!.;!'~ Ifl ~m~lt1ljJl:i;j\fIfltJ;!tk, ~ 1f~~v'l:" tM" ~~Jt m,",i'f liIlWJ:Ic, ~Ii Jl!Jf,ff~i'f

r"lt~tk 1;1. &Jl'!~ltJ'!JfjEt';;#jlj~J:Ic, 9' Ilii 'i7\i0~m~w ililiJ<,
-,,- ,~,.,. im H-"", '~"'J*13A.,..,-!> '" 'U' eh 7A" -JE ""'""nm 6A", '*. .,.., -!> "" "'J, ","'""11.:.' n d IWO"'I" m ~ri 'TL. T:,l I.-q-11-1l1f,:;R." T I -,,) n ..::::; ·"r 1",j ?fit, I PJ 19.- hJ 1-"""(,,''' 0 '\IiX"x.[:J-'...r."f,lf

t\HJt jE WO ((~ ~ 1f~II!lliJ:,~ f'iiJ WE# tn OB IN-i!i\ {ilinjiJi 1"1 r,;; ;f,rJ;J!,;H i(~ ;Jil:-~ 1f~ ,~1f~~

1i!lliJ:iH!l*ffJ3 *,~1f~~;Z\;1'f~x,;!HJC-€;-DBIN 1;1.& WE# PlOlE*HI.;\2~:fj'.~~lt1lliJ:,

;1!.; )j- Ej I:&~lill ~~ iill. '"' {1'<:1I\8Ül~ [Iij l&Jl'. ,~, H,lll Cf~1f~~II!lliJ:i1\liIltt1J:1c;Z\; "I' *11$ i(~

~1fU.!)i5G,lZljfij~~U.".J:Ic.tk.#~."JJ.!i~R~~1&.~~[lijiill.,.~ft

JeCPU I*J 'j1;: iill i3I: 1&Jl, ,~,1iJt" A11J tIJ 1.;\2~1f~~1)l 5G,il)G1\T Ji!o Je1&w, JAtIJ$ i(15G.A 1ljCPU

9', ~1iJti~ .IUEU111!1!.lz: i(~!Ii<f,!lfE!.l<. 0 ffJ -ili.-":1iJt, (EHI1iJtJ:,ift-IH:MH ,lH~iZ-*,

~Hifi ,g(--tir'! ,gBYTE), ~Hfl:' I:J ii1 ,g{E~tl\ir'! ,gi1\f,!l.!)i5Gi*J ill1TwliIl. ii1,gwf,!l.!)i

;n;fJ({ff,ff~I ft1JJ't(ATN ~rÜ JtIHiiJi!i\ftffJ,1Zl 1JH",i'fATN ~rr"t, 1&W,Ht1iJtJ:71'",~
tl\fl:'DMa,i:3:ff~fl:'I:JM,\i!,~I;1.'"'lt1lliJ:,iill~,,,<~jjI<.~~-,{E ••I~1Jrt

(ATN~W)'I",1&w,tl\J:lMJO~~f4;ii1 ,g,i:3:Il1M ,Ii\i'fliIl'Y'5G/f'J@ftffJ, tt"f~ ~xiil g iH!ltt!
tkHjft,!;-€;- T Il!ltUt1J(U,WlliiQMLA ,MTA ,OTAWm,bl,
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lili JjjJ iiJ;4'wli!\f~tk:;lHeljli JjjJiiJ;4'~ #11:\ 8', f1l:51!L Wli!\~itr tI:,;Üj JiOt2 jf,11J'l P-] 'I'i'F ~ftlJn 8',
fit}] ,ifmtl\-'!'I''FfJl: re~J!!;; :$:Imiil ,@,~itr /\3'IJ11:' I:J 9J ,it 9" öfr. J1tfRtk:i&tit1ii*",:$:J:f~ if;

i1J< i~ ,@,ttfi'lifll"l,mffill1tt%t8',;I;li;{t11iJjjJ iiJ;4'Wli!\f~tk: 8', ~itr tIl ffi -J!!;;:h '"-'f11~, 1'j-J!!;;
Ij!IJ7ol JIiJ<i'1'11~.

IUl-<""
11:".-.""

1t!l!All
.. MAll

R,<,-,
••• ;2111\" •

c. .., ••••• 1!I.*l11ll1. .,.
,~

I .11.6:4<•• , ..
.J-.l1I:;j}.:.ki ••, ..

.lI- If .6: t'.
',~f{{;I~ .- •••

"",9" •• .111.",
•••

f---< Ilfr ell.1I!•• -->•• • • ••
~ ....~ .~.1:I

•••Allttc« ••• -•••

..lIall

11:' I:J J)jfitiJ<Ji&ttl-JJ!JJ!l'i1JJ)J ,M~tk:i5ttl 8',ffi'~'. tJi!!\\ IEEE488, I lM5Z 5j g;~FW:tl-(fJ'lJ'

1', i&tiiktllH J\'!'l'11:' I:J J)lH't, Vjjl11tlttJ, :'11:11tl ttJ ' iJI1!i-, '!fi1!i-, Jl~*il'i3j<' iMS'/
:$:ts', 1I:\f'lii" ~ifn ~~1'1'1!'I.J,t. ~t9' iJj)(11j1ttJ11:' m)J fit1*ijE;t fljj iilI\ 8'J iHI01't~itr, :'11:11tl
t!J11:' I:J J)) fit1*iiElE ,IOII!l11:' :'I1:li];jl!li~ ,g ,iJt1'r11:' I:J J)) fiht ~~1~'tE11:' I:J J:reJ&!!ii:&~JiIJ~t1t1l

-J!!;;~~1'löfr, '!fit;-11:' I:J J)Jfjm~~1'I'tE11:' I:J J:1%:'11:* Ei T Äfl!l~~1'fr"'J&!!ii, :$:1'"Ji,tJ>o:$:lm
t5'#;~(fmiK;;,I(J§I'JiK). i3Jlmöfr T1"1'r(c)J)Jfit, [f 7oJtEJ&'f'#iij;iFil!i#~tEEi z;lJiliti:lli:ffitft
'1" ,(;],;I;lW:h-1':'11:1'"t; rI'i 5:l iJ}fFtE, l1J Jt1M"t;'*»iliTli];f'i1 rfJtS' i1i'J.

81'1% I:JJ)jfittJ0-7oJ'I!.+1fi*:I*i0, i3tFtEilJ VHDL g;lJI',i3J!!;;1fiE:ft!fHf'~~iJ<J:I*i0
Ui18'JI';{i!<'J/XP]' iJ ~ IA:I*i0jJLi&tii-. 70J T f*l\f:l*i0jJLZ.rilHflE: rr,:I*i0tli1q 8',tlJ~-jJ(

tLi5tit*J1l f'iJ:!:I':I*i0jJ\, tElIWI'ffi-\}8'JI!'I.J,tr, 'fc1i)ti't"i':I*i0z.rilHf,$Hr. R5I;i't"i'
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flJ' Qr}J fitWH 101,1:'1:' J!!: ?HJT tlJ tfl$ Ei'~ flJ' Qr}J fit Ei'~ iki5 00,1;(&-i'tik i5z raJ tHMI'J iki5'&
m,ij"Jffl VHDL 7tp)(;:ltiki5;fJLfr~JI"~, :!tittlj-!,i;;i-f;fn:9Jfm{/j;ii,'tiVG19!T 1Lj!U(~-i'tl'm Q

:9!fibZ'tlt$ 51;t'Ä:I:!<, 1..!\ 15;J%-i'tl't~:I:!<J!flJ'Jtil* illpU fft Ei'~mQ1:iki5 ;fJt:I~:I:!<. :)1; 'I" iki5
:lfL 'f!1H~:I:!<l'fril,ifl'Jf~ ~-@* Ei iki53CJ!, ~Yr-@m'J* Ei ;l1;ft!lt'Ä~l'fri"''tEi'~f~ ~.

~T."mQ~.~WH~~.~$n.w, ~~~.R.tlJTL~.,T~.,

AH r}Jfmlll SH r}jfm, ;l1;ft!lflJ'Q:9JfitIOJlillPT1'1.
(l) LJ}Jfit

~~.(L).'f.W~.~~M.Q ••~.~*Ei;l1;~.W~.WMg,ml;(
J'LJ!!: Y,i'l:' ."'x.Wm,\i!, Ei'~.W ~li$WW:OkJ '!IT r}J fit. otH"!ITr}J flt!i!1!lE T='!''''d,lill irJ ,\i!, Ei'~ fit
jJ, jj)(;1'!iiJt='!'I' I f1'f~Ä. -'!'I'J;::R'!lTf~Ä, ~I'!lTr}Jflt!ltT R'!lTf~~t:I!'t. PT l;(flJ'i' Ei i;JJ

iJ!tlii\*fftI11', illPT I;( ft1J-'/\'iill& #~*f'J!ffl. ~-'!'I''''':1;I;:<fs:'!lTfSiÄ. ~'!'I'I ftft.\Ä E!J r5'
111' ;X'!lTJtilliJ:fl'J1J$*iil'i'i'. tE,*fft '1" I Wrm"'i'i'r.fifitl)j;m~t,,1'!i Ei'mif,'j, K11l PT 1;(1RJ!ii
m••;l1;~~.,ili;l1;~~•••AW."m~~.liJ:fI'J.~.~*,-8.W~PTI;(
WW1J '!IT r}J fMliJlr}jfit, fE!~j!Ij '!'1'r}J fit1' fm 1OJi'1Jtilf1'ffl, l'fit ~JtiJIl&Wi, )(I!lTl&Wi. Pfr

1;(5.wa*~~1'!i, .~~••liJ:I5, ;J%Ei~••;l1;~~••
I!lTJj]fitiilW=l'iki5:'!lT11l2ffJiki5 LIDS, 1!lT11l·;'J.hl:iki5 LAOS lnl!IT11lWmiki5

LACS. 00 5.31JJO}Jfmiki5oo, :)1;'1' v '&'J'iZ't~ "jj)(;", "'&'J'iZ''tlt "Ej" ,~m1'Wd'

l',,11liJ'Jiki5'Jf:Jf, ~~M LIDS 'Jf:Jf)'IJ LAOS r(~1kf'tWj!ljrm,

I) Ion
:<fs:JtilH'!IT 10n,~i!ii!R~Ei'~HI!lT7f"'F't. 10n~l, L r}Jfm19!M LIDS 'Jf:Jf)"J LAOS, nE

1\lm~.IiiiHL

""hn ~ I <;A<;S I
MLJ\ ;: ("<;I>S J

IFe

LIDS

UNI. :1 AC[)S I
["" :1 CACS I

IMTA ,,( "CDs 11
ATN

LAI.)S

ATN
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2) MLA/\ IAcDsl

MLA B3 12 1t I±l 0 ~1&iOMLAl~ ,~, ff.Jt)j!:12:1=fxt~~][:itIJJ IJJT - ±J1:, ~Ä PX 79 IYr 0

IZ9MLA79$~m, " i&~#&]i pg EJl,JAHJ}j~~16\~Jj1~ -ACDSo

xtLJ}J~~VHDL*~~~~1)jÄ, ~5.479LJ}J~~11J 00 0

o
o
o
o
o
o
1

o
o

(2) TJ}j~~

~J}J~(T)M~#& ~~~~,~Ä. mg~ct~ 1t~~~~~Ä~~. 0

.]fl~, $*'§tl5~Hi\~:Jm,*· 12irJ.&.DAB !!.~*1T~*EOS.lffi 1::1 tJ\,~:~~:Tf STB;fQ RQS,

lJ-Edffi;t DAB ~*EJ!,].~IHlt~ END.o T J}j~~~I2Y*~~~~, R [g*~ 1tf!f!it:~ ij1<
.RijL" MLA !J!U/G*Bl -!J1:, ~~1TB36~~jJo T JjJ~~tJ\,~<!zIl~ 5.50

7'G%*JT TlDS, TADS, TACS .=.l'tJ\~o i3:.=.l'tJ\~EJl,JfFf§ rPJ-BJ:~~~1t~$

r&l~, DAB, EOS ~ r&W" ENDo

pon

TFC({-€ t41-'-J )
(OTN v [MTA DA I ACDS 1

ATN
(~t21)..J )

pon

I (:fE t4JA) )

ATN AI SPMS 1

ATN
({f t2iAJ )

I "

00 5.5 T J}jfj~tL(?,§OO

~:im.EE!.tm!(pOnl~ ,~), ~{EIFCtJ\~r, TJjJ~~~T?-"" l*JiIC~TIDS; , ~:im..R iftJf-'

(ton=l), p 1&ilJ s<JiJUtEJJ1:MTA, !J!U B3TIDS5t:if:iOTADS; ~121!t4-ATN=0E1(:'fg/G~

t!tSPMS ), ~r'<1!tJf~€liJ:ift1!t~QIlJT1!tJf~€lxtit, fifi lJ-TJ}j~~2LepM TADS5t:ifiUTACS 0
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tEillATACSttc.'}§' T~~~3fP~2stJ!~:liWL" 2stJ!jc}§2stEND~f\j}~,; ~1!t~t&iUEND

m,!ffi,}§, 4-ATN=l, T:r:jJ~~3f~f=lf'T1I:2stJ!, ~11=t iOTADSt'C~ ; tETADSt'C~~, ;S:~

tt:i!:7*~Jf~rlJr±1!Ü1L ~~. ~ffJlHSi~~j[~TJjj~~, :# J] iljtJJPf=lt'\~TIDS; EIX1!t1z~~

tt:i!:7ÄM~:li~*~~, *~:li~TJjj~~.~~M~o

SPIS ,SPMS ,SPAS J.25:.=.-t-t'\~ j'J 1T }~i;~ ffiJ tR 0:1t 9=J SPIS,SPMS ffl T~g~1!t

~~~*~~~, SAASffl- p~1!t~:i!:m t'\~~~o

~YJffi~ji(pon)j§, :Sx:tEIFCff-ffl~, ~TSPlS; ~t~1st1±l SPE:iH!&j§, SPIS~~·

~Jfilj SPMSo El3 SPMS 3tJi ~-~Jlt'CJc.'OO, ?JT~~JiJ1:~~~~T TADS Z)§J3.

ATN=Q, ~~·hA TADS illA SPAS, ffiJ::fillA TACS; SPAS t'\~, T :r:}j~~ttt\j STB *0
RQSo

x,j T :r:jJ~~ VHDL l~~ :r*jii-t1JJÄ: 'i&~f ~~:Jfr!ia1, T Jjj~~{JJ~OO:tLoOO 5.60

o
o
o
o
o

o
o
o

I!I 5.6 i9:~1~:i21~~EJ<J T J)Jrr~11.r~1!I

*~,,,,~a,' , T :r:}j~~1JJÄOO:tLoOO 5.70

o
ATN 0
ACDS 0

MTA 0

OTA 0

SPE 0

SPD 0

nos 1

TAOS 0

SPAS 0

SPMS 0

SPIS

ROS 0

(3) SH Jjj~~

(±tt:i!:~~~f\jJmB<]~E:9=J:J6,~]j!19:jf~CSH) :r:jJ~~, ~WC ij~:r:jJ~~tt:i!:~t~~ m,!ffi,o

~:r:jJ~~ 6 -t-t'\~, B.R~r~lj~ DAV ~o ~ol~ 5.80

l)E@.~~im(pon))§, SH :r:jJ~~~T;<'"Pflt'Cc.' SIDS, 1ItlJ1 SH Jjj~~ "f$:- :J1t1J*~jf

::f$~i151j DAV~, &P2stJ! DAV=Q ~f\j}~,o

2)?:Ett 37Hi=f(J[.Z-B~·, SH :r:}j~~~~.Jm~ SIDS ffiJillA SGNS t'\~:
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CD~ IU(Ji;JtJ}] ~~9.t TACS ~[jC~" JJ:t Bt, ~Jl~ rPJ ,8,f~:~ 15t:it~ JlWL~, 0

®.~~~~~9.t SAAS~~, ~Bt, .~~rPJ~~15t~I~~~-o

®*9&:'I8~FrB~~~9.t CACS ~~, 1:O*~rPJ~-t-~j[15t~~~'Pg;~1~, , o:f:E SG

NS ~~ ", /' ft~15t~, {El:kE&lf~~H&miJD(fIJDIO f& ,J5fi ~JJ:tE"J15t~ DAV=ü m
I~O

DI\V

~I 5.8 H J}]B~t'\~~

3) E!.~~~1mi[ DIO ~L, ~~F:±' -t-*ti!!lrt~ nba, SH ~~~M SGNS ~JffIJ

SDYS ~,e.'o :f:EJJ:t~/e.' ,§5tiJ:~1! DIO ~ 9t\~c.,fE, SH ~~m~~~~~1J ~ft

~ff;lt~ 0

4)' ~mift DIO f& 9t.1L~lE)§, *J3.J5fifj ß<J~~t~B~fi~*g~1rS)§(*45t3W
RFD y~,~,), SH M SDYS ~~*.Aflj STRS ~~o ftJJ:t~~ ,SH ~~~15t~DAV=l y~

I~' jmj;ng~ DIO ~~L~~m ~Y:, -*45t~ 7f5zß*45t~mo

5)" J5fi- ~ji*45t:JG~W~)§, SH JjJ~~ff;lt45tflj DAC llt~" 'JEM STRS ~Jfflj

SWNSo :f:E~~~e.' ,SH JjJ~~4>- DAV=ü, miM) DIO f&J:.8<]~;f)i- 0

6)' I ~1m DIO ~Lt~l~)§, "{LI -*t-tßWJ/~, nba, SH ~~g~~:ifflj SGNS 0

X'JSH~~~VHDL*- ~~JfUVF11J1r., 1JJ:1\~~n~5.9o

clk 0

A1'N •
TACS 0
nb 0

AFO 0

OAC 0
QAV 0

SWNS 0

STAS 0

SNYS 0
SIDS •
SGNS 0
sOY$ 0

dc.d 0
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(4)AH J}Jfi~

~~ft(~)Qrr ••~I~~~W&WnA.AW~~a*~wQ~ft,ß~

tiUJQ*OHJ NRFD:ln NDAC i<J<EjiJf1'l"il'J SH JJJtibllij'Jittj, i!jHjE.iHifOJ1!lWtJJi:&Wi~,\j!"

WtEj,<i;1'l"((" SH J}Jfj~J1I1TJittj, iJjHjEilElifllx~JI!lWtJJi:WQi~,IiJ" AH JJJfiH'll'm 5 'i''i!\
i0 !Ii r.J< , !lrJl1!l 5, I0,

I)rr EßiJl!WiiJi(pon~ I), Wi.1'l"i;H<i;1'l"&*Trr CACS 'i!\i0, 11'J3. L J;JJfi~Un :'f'Jlt'f- lI>csl,

iE:'f'Jlt OC'ADSI, rrJ:i&ifiiiJ-f'i'ti'iöLr,AH J}JfiEr.fl#fJ1lA~ll~1ti~~'i!\i0 AIDS, rrJlt
:l:J\i0r, &W:'f'fiH»;tJJi:m;JI!lifl,l;!" ~I;l:& RFD~I,DAC~I,

2)"j,<i;1'l"J1IA~IJi;WJ'i!\i$ CACS, :& ATN~I i~,\j!" Wi.1'l"&WB'" L J}Jfj~Jlt'f- ILACsl

Wt OC'ADSI, 'i< 1l)J&W'll'WtJJi:~i<J<W Qm,I>JWt1\T&W illliJ" rrr I;l AH #f3i::if~IJ~1'l"*ilElIt

&'i!\i$ANU,rr~'i!\i$r, ~~~~, &W~ftm.JltT*lIt~ •• ~.

RFD~O.DAC~O,

3)rr ANRS 'i!\i$r. ;/!i ATN~I, #fRWJ1IAl'IJ~ti·c.*lIt~T'i!\i$ ACRS. 'i<'l)J*1It
WtJJi:W Qifl ,h!,:;/!i ATN~O, !J!IJ "'Ji$&Wil,lIt&WtJJi:l&WJ6, #ff''t-'i'*Jl!lifl ,I;!, rdy, ~

AH )}, ANRS 3i::if~O ACRS, ilElItWtJJi:&Wi~.IiL ~IJ, AH J.:iJtj~. RFD~I i~,\j!" iiJi~IJJJi

~il'lItWtJJi:l&W, ;!HU~ DIO i<J<J:il'Jl&WQEWi&, &IIQEfl DAV~I il1.g~IJj;!;,

4)'fiWtJJi:~IJ DAV~I i~,\j!" AH #f)}, ANRS 3i::if~IJ ACDS 'i!\i$, ~1J't&W7f!li'iiiJi~

Jt AH J}Jfj~WIjj(<l&W,

5)WIjj(7'li<l&WJ§. AH #f3i::ifl'IJ AWNS 'i!\i$, rr~'i!\i$r. EI3'f- c.~'2WIjj(7'li<l&W,

AH J}JfiE. DAC~1 i~j,h!" [fojlO'. RFD~O m,l;!" ItiJiJl!~*'l)Jl&WWIjj(7'li*,

AIDS
(pon)

(DAC)
(RFI))

v--.......... A1N V I.ACS V LADS

"

RFD I)AC

(""IN V <<ly) ~-;;:;

i\NRS

-v-
AlN rdy

«(f. t2!"i)

(RFD)

ACRS

DAC

DAV [DAV]
ID1\\ DAV

RFD

AWNS

RFD

(DA,
(<<Ir A"IN )V(T2 AA1N) _'''

"AC

00 5.10 AH J)JIJEtk.;'$OO

6)rriJl!~.I!M DAC~1 il:j,~\J6, *'l)JP!ifl~c/!i'WIjj(<l&W7'li*, #fJiiiilj,I,),i<J<J:(nl&W
4> DAV~O, ~1'l"WIjj(~IJ DAV~O i~ ,\j!,J§, #f3i::if~IJ ANRS 'i!\i!<, i\1'lItWIjj('F-'i''i''l\' ,

:lt AH JJJti~ VHDL fl1fi'!,limiJJJ'j;, AH J;JJfj~iJJJ'J;lmlJ 11!1 5,11,
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o
o
o,
o
o
o
o
o
o
o
o

o
o

~ 5.11 AH J}Jß~1J],:aOO

jffiJiX1~-'t~ 0 J}] ~~ EJ<J ij\~ ~:ii1r 5-]- fJT,*t~m~ij\~ Z rEJ $!'~ EJ<Jij\~*i~ ,7tpxX1
~J}]~~Ij<]mit, #:ii1rr~it-~DJ}]~~{jj ,~Px T~-'t~ Jjj~~EJ<Ji2T' .j[,m~, ~~·~-'tm

~$ntl.Atmu tB ~. ~it~)§, ~Px GPIB EJ<J~ 0 J}J~~ij\,~AJ1JJi~, ~j:J ~ 5.120

~_~~4. ~~* ~,~Ji.-'tm*~~~~~~~ ••~~,**~~~
f~*~1l{5]' .....r~ÄJ}] ~~:

" ~~}~mLRi.j~Tf:k(ton=l), Eixt&iU 13 EJ<Ji.~:I:tg*.Il: MTA, T Jjj~~ EI3 TIDS ~ifiU

TADS, ~~tffi:~-*.Il:~i.~ 0 JttB~·1s7 1 (TADSvTACSvSPAS =0) ~ ,( ~~~tmtr

tB1s,m) #~~·{s-7~.A~4o

"19:~:&tB**1!!m,~ nba=l (*TWT Tir.iJ~%Um), Ä1iJ.9ilf*~:ji1t-&PPJ*~f=lo ~,

, fJi- DJT:?i:I4J f$~T~t&~.fi~B1,. NRFD eR) e~m fi~~T) =0 tmu.A~~o

-~81rEJ~:iß.)§~~*~t~1~ 2 eeSDYSVSTRS) A(TACSVSPAS)=l) e~1} lßilf*~)

~~, ~~~Il~ F1U=~ l.9iJ&C~1*1t-iE1':E:ii11T, !lt1~-'%Ii5JB~'~A n 1*t:&~~3f J=I, 19:

~~tB!i&lio

1~7 2 ~~A--'t~rEJM:iß., mt~f'=r --'tfflJl71cJ1=F RG-CLK fF~~~1~-'%, JttJJj~~~

MI' 2 re~ ~$lfIj tB~tliHT .A~H!8~, * ~~A5t:i3~:i3iU IEC -BJ:f%o /,*T1':E W:ji{t-7t
pxZ p, ~~/t~g:&DAV=l e~:Jm ~j1:), ~ ~~~~\~ffi1~i.iE~mT-BJ:~L~ Z J=I/t
~g 7ffi!i&mr ~j(o T HS-ENB*'~2liIJ 1 EE!. '-'EJ<Jß1rEJ, /,Jf1'±1s 1 ~1s 2 T 0

1'B1f1o B1~UllI~ p l;), 0
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:. : j":; :: : j_:; :: :: i:- : :: :.i-
:: i:: :: i::::; : ;: ~

!!! !! ... JI

~j ~tl~ 1

00 5.12 GPill }:t!D:~MiM~**~OO

/"Jf DAV=l, NRFD(R)~PPJ'f~~;910 Tfij" fififI~Jf~~B4YJ~IJ~t@~PfINDAC(R)

(~:@*t&iO) =0 ß~', PJft-~M:lßJ§mHJj! "~:@1=f~~", &P~ DAV=Oo f1}~Ji-~

M:lßj§, -~limU~~~~~~*o ~J§~Tfij~~ ~~~ J§-~ p~.1 0

I.~ l'I1J :t.]J:j] ~~11ttk:{± 19:~ ±l!: /'9 i3t~- (J\~m:tt~iLf~ B~ g); rJ1" ~ 5. 13 /'g 15t~ ~1fr

W.~o r.,~m~.~~m~ili~g);~Ä~~D~~ ~.~~~d~t&o~~,

E13JJlmJJJ~~t~*, ~ 1f-fiti~7G, tteAJl, ~:Jmj][i0: ", {f~.El.pX;7 GPIB ~~5tl;5Jt 0

clk

HS·ENS 0

.... SSy 0

RG·CLK 0

NRFD1 0

DAV1 0

NDAC1 1

NRFD 1

DAV 0

NDAC 1

~ 5. 13 ~:i~J&tJiH1JÄ
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~:i! AID *W]UJtB<]f!ff~;PCB tpjm~ 6.1, Ä'1J:6::i11-tk:{tjU'-5:\>J\Eßii%tRfik ARM9

Z Jt S3C2410 .& Ä)'r IE B<] ft m: It ~~ ~, ki:i11 ~P:tJ xilinx 01=i Sparten-3E ~ JHf-J

XC3S500E, ~.&r;;qJl: A/D ~~~.M ADC08D500, EI3 :(.fif,diJ:\~f1§t, tJO:·'F~ T -tk: A/D

~t~.Mo

LCD~P

FLASH

1!l6.1 M:W*tr:~f4: pes;flR

5fUm Xilinx 0~~1~Hr''J Chipscope Pro 1=1 ~~~'JZ$:&7tfJT{)C Iffi,t~7t:fJT~~.&1f~~ErJ

1/0 /J\)'r~~Ui'J(ftt~~--.MHiliA1&it 9=', E:~1-M pg tfl31=?7;f~ITi ,8, f=? 7~}y\~Jmh:Ji 0 I
~A PC, :tJ 1&vr ffllf JDt %Ij<] iJ I}]!jJ 0 ~ jlJ EfJ1~ I=l IJJ~ illirlJZm7tfJT{x:itt11'7t tJT 0

;4s:~~B<]WiJiJ:\lIF~7-] Xilinx i; 1=i mt~B<] Chipscope Pro, ~T*' L>., IJJ ~1~'~*:±I}Y\
AlD ~~~~[p~AFPGA pg E8~:Jm, mJ -m=ftmJZ~:7tfJT{)(k -j;f:J.!J-t E8{)(~~o
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:tE AID ~-H~~$WJ/:1j~1mß<J:i!$~~U250MHz, 1~iJ:\8<:Ji1f.; 9=J /:1j1JJ/. -+ Ibl~o ~#E

h\$WJ)dJiij~At!FftE8<:J1EJ*~, FPGA l*J~xJlX8<:J~1m3t~~5fm'ß<JlE5*~, ITü~%WiJtz:/- 0

f0 Chipscope Pro :i1t1T5tfJT, -~~~m~/f'F-j~X1*, I!I TJtz: -T7C~~~1m, J~"1nJ

~mi 'm-~ 0

:tE.iE~·M·f5(. , A/D ~f#c~~nu/:1j~Ii~ ßI'1~m@~~ß'Jtst~~1t, 3:f:EL:tC*f:fß,J
fiH8 71-E;lfr ~1fHN FPGA *JlX , :(;10~ 6.2 wr~, 7id$ ß~·tltl ß<J :fH'J:tE~IF(~ :X~ ß~' raJ S<:J
9=J~~.~'~~.~ 8<:J,*.~M8<:J ~~~d. ,~•. ~~.~WGAß<J

10 ~iffi 0 8<:J~\1*~ß~'rB, ~ITü, ~~!F8<:J1~iJ:\9=J, 1tIßil.4fj:-t-~~tMitt/f'~~ - ß1~ft,

~m,8.~J::~~~Ff'1~~4-tß~·~U/f'II5Jt\7, &P~U~ FPGA 8<:J~Ii3:f:~~x'J*, 5zDOO 6.3 JiJTh,
~f:f*~S<:J~~~~~oij\G/J\, /:1jlJJ/.!fIifi?i:Ff-J P F-j~·t1**t~;bQ 0

....
clk

EI DAn

DATl(7)

DATA(6)

DATA(S)

DAn(4]

DATA(3)

DATA(2)

DATA(I ]

DATl(O)

SMph_dk

(iJ tiMPl._OC···

....
elk

B DATA

DATl(7)

DATA(6)

DATA(S)

DATl(4)

DATA(3)

DJ,Tl(2)

DATl(l)

DATl(O)

s..ph_elk

[3 s..ph_oC .

100.0 os 110.,0 os 120.0 os 130.,0 1\1 I

I!J 6.3 ~I: Jill;tB't~ (5L ~W*115UI;/\ '''-'

jii15-}fJT, :tEri'lJJl**"$~#E9 tz:~7C~~~;Jm~ OOJL-t-nl!l:
(1) ~--t-~;Jm~:x~~IJi!i)§--t-~:l:I~F(~H~zJBFf'11fu~o

El3 - AID $~~~~Ii~/:1j ß<J3:f:1T 81fI~;Jm/f'IJ:r~~:lt~~ß~-tst:±n~, &H't,~ -1'7t
J15iji: T,!;LIJ ' 6.3 J!6i~~~wr~, El3T&h~;Jm ~~ZrS]ß<JfhTU*$, f%t '3:f:1T~;Jm~ß1 ~~

S<:J ~raJ~ffl, a*WJlItf:/f' Ißi 8<:J't~m.r, 83 ~t~1hTU*$S<:J~ l'aJ1~~-, ~ p !J.f&.I~S<:J 0 ITü
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:tE,ai:i~HI''J71Hf-~~9=J, EI3 *ff-f1-tI'BJm1Jls\J1lUJi, iffil{$s~f'=1 mm: &T~~;:8~-['B El'J~~Ji,

:iZ:lrll{hTUl~ffixt71Hf-~~j{B' -['BJ -< 'rtl/GIJJ.mPJ~ 0 00 6.4 cl ttß*~T ~(;j:f- BfJ1f~j{EI1 I'BJ, {p.xi~

~WU8'·I'B ffi[riJs~J'tFi6G. {~:i!*ff- ,~tJi!i 3F El<:Fff~;:~±~~{hTU{$JlEi~H~~, JLf7f~)i6

ojriJ, l]fi'l]:i!*1f- ,{fm{$;f[]~tJi!i OA 1f~;:~~JLff§/'>ß, xt 1Q~*1f-)f6ojriJ1IVJ\o ~Jtt*

*f$~r, ~m:~s\JIJJ~~'t1~ -0

10.0 ns
I

20.0 ns
I

14

00 6.4 f~~*frq;[J~~' l fF~IFfir~)[1R tt~

(2) ItJl4Hffi.jE~:gJß

**~*1f-ß<J~FR4 t/i, jE~:gJß~~79 160ps/~-t, xt 250MHz S<Jfi'l]:i!~~, :iZ:
#~Jß~/G~m~ß<Jo:tE~#~~t/i~~BfJ~r~, E13~~~ ~~BfJ~JßEI1~7f~,

~ Jtt1~ t 1:E~- {X{$t/iJjiJt{$iUffi *Il ß~- irr s<J 5G ll11'JiC, t:.1I'J~ I'BJ B<J -J,.JC~ mt ~~m:JJX;7C~ ~
tJi!i B<J f'=~ 0

(3) * ff-Il~- ~rr El<J ll~ Z9J

El3 -~tJi!i ü*1f- B,· t rl1 B<Jm1fHJJl ffl9!15t*1f- EI''J, ~ I :li1t ß<J* 1f- ~.~~ Ü 1f~;:~ tJi!i~
±~ B<J cl I'B ß~· ~IJ, 1t. I - * 1f- ß~·H' BfJ f§1fL{fm{$, i:~ JJX;*1f- ß~· ~U s<J {tu{$ , {t1 .1f~j{~ tJi!i
x ~m15t~ {hTUt~, 1t1 ~:Jm x Jx \~~mJJE TO fziiij ß<J~2L1~:JVB1rBJ, fArro 3&-&~!t&

tJi!i fJ<J m:~ 0

;lt1m:if 15~ !J1l ~.ELmll1 rJic , 1~ ~ 7t~älb @, ~ßPT ~~ jjj:PX71Hft ilJ :I;T- ~tfJi5 0

ffli1~1~ Z ['B f-f~Jß ß<J1Jrt;;f.H~ g; , H~~~ ffl S~ JE :

(1) jE!l!BiT~

79 T 1~iH.iIffi~1~711l"ß~~t [riJ-B~-rB ",,1Jl1t, IJJ~Jjm~:g./ ;ltjE~**:EJR,o 1***,

,1Jt :tE~~1== 7~J:. i&Ji~HJ.\"", ji~ rai:i!ß<JiZm*;j:rr15(j9!~ & ~~1== 7~{hTUf$S<J B~· I'BJ,
·~t ~:±l .iJ~@J !!!BiT~ s<J JEE ~, ~ JJQ!!!BiT~ ffiP IJJ 0 ~ J,'~ BfJ fljj( ,9J! rm~ - 7t ~9!~ -- {,\TU f$ B1 rBJ ,

1m~ -lrr1$t/i*~J~o

(2) %Uffl FPGA rkJ#ßs<J 10 ftliij 0 s~~JßJj}~~

Sparten-3E ~:9Uß<J FPGA:tE TO ftliijo1)H~T"$iltr)dr-JMJßJ}]~~, ii~t:.j]JI;.HPnJ~"$iltrA

1~ ß<J~i8.EI1rBJ, iPnJ~mlE j:l lJ.:it 0-5.8ns, t\7:itE:1-J 500ps, J3:*f-)jlJt~~, mEJ!,]iPnJ~~~1~

~~, ~~1I'J*:JVxt~-3&, m~~T~@J!l!Bfi~B<J.~o

a~~.~rl~~, ~ !!!BfiÜ~J~~~${X~~Bt/i~~, PX*~fi'l],-~

{tffl FPGA rkJ TO ftiffi 1j<]~:ißJjJ~~:itttriPnJiJ\, ii:i1xt'ffJ:~iH~~ß<]i)\1JiJ\, J1R~JAlW~liijr\'D:i!
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0-255,

t±:l
~/\1~-5~ HP ~ -a] t f= 8'] 8165A {- ;@jiU~ 1st r ~. A/D 8''3~ t±:lll~Hß 11

~r:p 128 ~~Jt 0 ~16.5 7Etm~/\!Ijffi:M<:I:-fuat, DQd ~ffil:M<~~~IJB~~WJ. JA~ep-ar~

DQd ~ftijEJ<J~iJIj/\1iffJ/';]-*37~ 128. ~~~m.iE]fflo

:New Proleet I 1
~ Waveform . DEV:1 MliDevice1 (XC3S500E) UNIT:O MylLAO (ILA) D~ r:t !BI•.ut:v., MyUBVICe', Q<...."ti~UUI~

9 UNIT.O MylLAO (llA) BusISignal )( 0 1565 1645 1725 1805 1885 1965 2045
I I I I I I I

Trigger Setup F2_........I•••• "I"::Waveform .... DI Y2

U;.:~ ......... .... DQ 54 54 X541i1mxX 54 g54X X54:« 54 XI i4X_ 54 XX X •
Signals: DEV: 1 UNU: 0 0-. BIet Ei •• E4 X E4 11 E4 »: E4 X E4 X E4 &

.... 01
}

.... DQ
0- Dgd 128 128 128

.... Dld

... DQd
CH: 0 DataPort[Oj
CH: 1 DataPort(1j
CH. 2 DataPort(2j
CH: 3 DataPortl3j
CH: 4 DataPort[4j
CH: 5 DataPort(5l
CH: S DataPort(Sj
CH: 7 DataPort[7j
CH: 8 DataPortl8j
CH. 9 DataPort(9j ~
CH: 10 DaiaPortl1 0) p., I> i ••H!2.JI.I I I I .1
CH: 11 DaiaPort(11)
CH 12 DalaPortl12) X; 0 ~rEJ 0: 0 I'I~ 6 ()[-o) 0 J
CH' 13 DataPortl131 -... ~

Upload

~ 6.5 $JtuAf4iij~ifuErj' FPGA ~4:Y: ß{J!tilrli

~ 6.6 7E1j§- ~!j!f=~ 20MHz .iEs~:VXB1. DQd ftiffi:M<~~UEJ<J~1m. ~~8']7E- :cjJ-3t

~~.~*~~.. ~.~~m~~~~~~*~~~~.~.*~~o

NewProject I • ~ Waveform· DEV:1 Ml/Oevice1 ()(CJS500E) UNIT:O to.'ll/1lAO lilA) a'otütl! !BI•Ut:V.1 MyueVlce I (.X.l",;,JbI:JiUU

9 UNIT'O MyILAO (1lA) BusISIgnal )( 0 1800 1805 1810
I I 1Trigger Setup ...

Waveform .... DI 00 00 00 32 li' 3

.... DQ 121 121 1t>34Xnror 255 X17~ 4RX114X82X51 23X 7 0 16 o Xs... ~
Signals: OEV: 1 UNU: 0 0- D:lel 00 00 00 2Fli'3

... DI

.... DQ
.... DQd 131 131 1b32X226lt>33lt>OnoOSilt S 104X70X44 o X 2 10X 7 )(12 S o X4

... Dld

... OQd
CH: 0 DalaPort[O]
CH: 1 OataPort[1]
CH: 2 DataPort[2]
CI I: :J D8'8rortp]
CH: 4 DataPort[4]
CH: 5 DalaPort[5]
CH: 6 DataPort[6]
CH: 7 DalaPort[7]
CH: 8 DataPort[8]
CH, 9 DataPortl9J

~

CH: 10 DataPort[1 O)
• 1 1.!.u.J.u.J • I •CH: 11 Dataportl11 j

CH: 12 DataPortl12j [X:o TIIII 0; 0 mTIl '" ()[-D) 0 1
CH. 13 DaiaPOr1l131-

VplO8d ..
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00 6.7 f~-5~tz: -1J05ZB~-, DQd!tjJij~L&iIJ8~~;Jm, 009- p-~ -iljf~i1!f*tff J:J

0, f(ijJAf~t:g ~~~IjJ1'!Ji1!fE8rB]~~~F-m-~R, 9-rB]f3Z.f3Z..-Rff 1"~mi 11, ~ -JiJtJimt~1j

f:Eitfii1!f, :t-r%Ji1!f~*~1 -iIj8~fl~f:E 230 l~~J,' '*~;':-fr1J05Z8~!f,ftEo

w Proieet i @j WiMlform - OEV:111oMlevice1 (XC3S500Ej UNIT:O MylLAO (ILA) JJ.% " " (ig, a D
t:V:l MyueVICe"1 tx.t...::.:H::i:lUU

\' UNIT:O MylLAO ~LA) Bus!S;onal X 0 155 160 165
I 1 1Trigger Setup .

VVaveform ... DI 79 79 79 30 2F 00

... DQ 0 o 7 XI S3X 255 )Q4Q1(; 2& 255 X15<OO
nals: DEV: 1 UNIT: 0 ] ... DId 7'- 7/0 X79X7AX31 X2EX 00
... DI

11lf192X 1t138lt>31X235b28lt>24X 239 :t1(
... DQ

0-- DQcI e e 0 239

... Dld

... DCd I'
CH, 0 DataPorilOI
CH: 1 DataPorlll]
CH: 2 DataPorll2]
CH: 3 DataPorll31
CH: 4 DataPortl41
CH' 5 DataPortl51
CH, 6 DataPortl6]
CH. 7 DataPortl71
CH' S DataPortlS] I,
CH: 9 DataPortl91 '~
CH: 10 DaiaPortl1 0) • ••• •• • II •CH: 1'1 DataPortl11j

(?o ~rt1 ~ JCH: 12 DalaPort(12j 0: 0 l>.(X-Q):O

CH' 13 DataPortl131 -
.. .. .. .. ..

Upload o.

Ne
, u

I~ 6.7 ~,Ajtfij~1i~B1' FPGA ~t&B''1iJ&j@

JAJZ. 1"~% -11\, DQd ~ifd~L&~mi~*J:Ef4ti, ~J~ TiWlJi! ND ~mEr~**~o

~Ji$~~~*tf~m~E8W~~~€!tjJijA~9.W,f:Em~~~mE8~

ADC08D500, Sparten-3E *~Ij Er-J XC3S500E, S3C2410 *:t1L.\~ftf J::.~!~ T~:ii*tf1f:
fi41, IE~tI*J1aHt;!Jt:, aPIB fB#JIj~~!fj(~jI!1tj:~* p 1TE8o
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i'EJ1*-:9'~ fl911'tI'oJ1lL :<1<A~ -"i T Jit1l:1~ii1ii11 200M Hz "'(IV", '!l; 111J,HN&'f-1"fiiti
7J'iIJi#~ (IIJM:&If1'. ~1I:1l& 'f-1"fiiti7J'iIJi #~ fI9 iU ":J:\IH'I' ii1i Iß;J;j IGHz, iU /<:J ~'itr Af'" -Ig !l!i1Iß
200M Hz, 1"fjititiHll'1J 2500 l'B. ci: '!'xJ:i(J'(!, M' ilfi1si:J[f, liid1';l]1Jl!. 1'TEI i;!Ji!J1:'>'l' , :i't
""""I"F' ,,",m"" i" ,",,,, ,- "" 0""'''''''1 "", •., "<f/J' ff:~ ill, Q.x '';1-1'1111' :k!{ ,.:JE,H-, Jll!J!1.X.1:I. I i~ .:;.cJ'.J.-JJ He."

:<1<Ai'E~1I:1l&'f-fff<ti7J'iIJi#~ inr!if:&ctW!'I' 7'61& T J;lrIf1',
( I) ~"*Ji\ rft;l] ~iIt f1'
iCi:i)ß'!l; IrlJ& *1"fiili7J'ill'#~ Ji\ ißt (IIJ1i]hf;IJ, ;6,"iJiJA,>J;"* iMI fjtjf.!iJ; :1: 'JX, I'J ["lImr:!()J 7)

1'>l''FI~J;kfl9J;!JH'E. ;11',,)1'>l'l~J;ki!l1Tl@(r~f~' f19\\tiol'!J&iiL :<1<Ji\tJt '!'. EI3'fJH?fii1i$1)(
(:,j, 'lJ' oj(7Hij#~f'ti'E '!!.I% "I' Rl:ur y}1], EB JltHJ FPGA +ARM iMliltjJIHH~ f'iftJt il', FlFO

+MCU+LCD t5'i1i~#. irJ tliltJ. i2';:I'i'tliltf'1'{J(1ItA T Ji\ tJt inm!& t.L jjJ~HHllt.:,JE tl,
;11'il~Jiy T '!!.I%IRil', R 'HIIJ)J:t€. iU!tjJ~",f19t1i mill iiE nJj T~;I]~il',jjJ1Ttl.

(2) :\IHrJi\ rft Jf,i 111H'Rilti>!'

••1'>l'~~m~f19.JE,.WJi\rft'!'.&~~f19*ffi'!!.I%f19.i>!',smll1".J;k

'1" PLL ;~'H' ADF4361_7 *jrIi'IH'7li'iC~ AD9513, ND $~*~ ADC08D500. Sparten-3E
Ji\JiIJ(IIJ XC3S500E &:Itmc'i'!' Flash ;(O,~ XCF04SV020C ~.Jlt7f, jjftEJiOO'!'f[Sm T LCD

,TI! 7J'tli r:J, USB tli r:J" *r:J~J-ftlitli r:J rniltiol' •
(3) ;1:'ftli*11 f~f~' '!!.I%~,j",

El3i1tiol'l.ij(!illOOI!!JIW 4 Ji!. PCB IR. 7'6!&ffr1'i:t'i"tliIf1'. i!l1Jlll.l%V:J~. WMJ1f'iIS
m,,) FPGA f19~'>'l', ARM ")rrt,'H~J;kfl9~'i'l',, ARM M AfD ~*#~f19~'>'l'" '!!VjjHlH)

E ~ ""''"'"'''''):l';()E 1.:1:II"J m.~j'o

(4) 1&.iltEJi!~J;k\\t,i'

Ji\tJt '1' \\trl'rH -4I;l&*fi'f-Ig-ilt!illil',rnt" SmiE~~ [kJ ffi, l&*iJHiIJi#fi. ~iJitj!i~*

~'. i'E:<1< Ji\rft 'I' , EI3'fiE~~ [kJ trliif,'!l;rrlti'll'oj( ,tl)(~);, IZJtt~~i,1Ij)iErffD(i'E FPGA [kl
,~" rt' .". /,>, ,- """11"- C w, ARM '",-" eh ~" rt'-,,",lJx,. -R.- ,I, g_~,t_ fJ 1+ Il:l.>'ifii. '1"-...... )0-" 'T" 7T'./Jx'"

(5) GPI8I~J;ki!J1:iol'

EI3'fooommRmTGPIB&H~.'!'f19~"w".~"m.~~n,,*&~m.

fI(JJ)Jfj~, IZJ J1t&1'T;6''lJ'fJeHJ~mfI9 GPIB ;(O,~. :<1<Ji\rft '!'f'Jm FPGA '*' T.I ir-JJt [kJ 'tiVjjL
'!tfjl\T GPIB tli r:J (IIJJ1l'l'l,yn)Jfj~.

(6) ijIJ~tlimj)fiT

i*A7HiT4ij:IXWd~1l'J lH (F-Jtli m" fI'i'R.Aii1i*WJi\ ißt in%' J!i,. jHiT WJ&.1"'t 'f,!WJ

60



(J'J~[);J. ;It:tE FPGA rJ-ltfil;f~1IJ 1/0 lilijrJj[i!SJ)Jfib1H'f(]<1iß)'Il;<. Q~l'1J!~TiHilj(I%,ff'!&

!IIi.

*1J:#; '1". '!&'f-ffft~'Fi1X1mJE~,i1I1!!lIIr (]<J-@i:\(i1t,
( I) ]i gJiJE1'UE-JE ((J'f fit . II~ !J; it' ii'i iiJOi1X J~::f '\t'JE. PI!;( el}-I!l~ '!l liJliJii (("InfiU

11' :±l~@ i:\(i;!) !JJ<9!1!A~@5Gf,~H'.
(2) EIl 'f*]i 1;11"'" '!&!IIi JttJmIIH1<~ jBktiliffi WH'!. :Jt1': '!&!IIi Jtt Jm iJ'J jm FFT. '!&

'f-iJ!ii&:~JjJfittJI:Ii!otEJ§~;; ARM *;iii:m(rJ. ifri ARM JttJmf,~-IJHJ'Jiln.il!itf*i$*~. ;z:
itX:k:kll*illO T ]i~JttJml&!llifjt)J. ~nfiE;jjfm*Tl&!lliJttJm((n iHlitikA FPGA i*J 7'01&. J!IJ

nJ WJU!!<'i\!<:;InJttJm'!&!IIi ((,fit)). jß:h Jf:&lI':iCi*ffiili'fi(j<J DSO mJE TJiH:u.
(}) tE*]i~'I". fEfHJ!!JT1!!Ui FPGA, ARM, 4'-)HJl~;E;)t. ;Z:ii'iI&Hl:1H'iU'i'

fll:l&:k. ifriil-l\-1'",,: Jt (f.] '1?:f<Jli i'Fm D jß~-1'1&:ill:'»i (]<] (j<j (ii]IIl!. ~jijftl&~ 111 (H]~ i&HHu

litt!". ifriJii ffo*1i!i'f FPGA 'I"i';((, SOpe N:*~Tl&:k(r':&J!<. ;f'JfH FPGA rJ-1Jl)(;cJ;t1,iE
!(!:EJl*~("m$PI!;(#fIl-;\* ARM ''i''((JIW7'O:3':fD1A FPGA rJ-n'GiiJO. JAifriEll-#1 FPGA;E;
)",7'OI&'Il;<1']igJi. ;Z:7F1JI.1'Wn1&*. :k:ktiUiJi T ]i~(j<jjjU&Ilt. ifriil iliIJU!!< T ]i~7l

:& 4'l:T<JIi i'H(, 11, (i1J •
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