
'Vlu 1 @>/ (p) l!l 

., ., " 
-a'VI fl fl lfl w 'fl 
..i ., " 
"!felfl1.flW'fl 

1~t!eJcJf111 @>@> "!jij~ ,11'1.JTU @>rn "15M 
' 

\l'Uth~inru rn,000,000 

"qfl'Vlfl~e1.:iti~V1eJ~bb~~e11J1~e1n bb 'U\J b3J'U'Ue1{V1im.1 b iia'U l thLbn'a3Jfl1\Jf'l3J 

~\Jmru~b~n'Vl'aeJUni1'b.iue1an"l1 (i)(i) "lfi1fl lij1'U1'\.J (i)GJl "qfl 

bb~~::'tifl\J<a::ne1u;(1a 
' .. 

@> "1J fl b11 'U 'U eJ 'W1 
' 

l!l 111~'1 FPGA 
" 

rn 111~'1 MCU 
" 

ci'. 111~l:li;11'\lf'S'U".ieJ\l'S'Ufl1".i 1 'IJ1bbfl".i1I 
" 

ct 111~l:li"l1?11'1v1 (touch slider) 
" 

b 111~l:!Vll:leJ~ LEO bb'U'U RGB (RGB LEO) 
" 

gi1 L11~l:lb61l'UL61leJi1P1111il'<il'U~ (Color Sensor) 
" 

~ 111~'1b61l'Ub61leJibbG'l'1 (Light Sensor) 

~ 111~'1b6ll'Llb6lleJi1~~ruV1{)lJLb'1tf111~f'LI (Humidity & Temperature) 

@lo L11(;1'1L6/l'Ub6lleJi~mH5'LIYhb".i~ (IR Pulse sensor) 
" 

(p)(p) 111~l:lb6ll'Ub6lleJfr(;11~cJ~'V11..:Jbb'U'U~'l..l'Vhb"J~ (IR Distance Sensor) 
" 

@)\!, L11~'111eJLIP1eJi~iii (DC Motor) 

@)(;)1 t11~l:IG'fb~tlmn1P1vi (Step Motor) 

@>ci'.111~'1J1Vl'S'U'S'U~qjqj1rubb 'U'U~'UYh b ".i~ (IR Receiver) 

@>ct 111~'1J1v1fo~..:iiqiqi1rubb'U'UB'U~1b"J(;1 (IR Transmitter) 

@lb 111~'1'1eJ~mn~~'U~1'U (Basic Logic Gates) 

(p)g)/ eJUff'aW'UWf1eJ'Uf11"JY1(;1'1eJ..:J 
' 

@>~ bf1~eJ..:J1M~qjqJ1ru'V11-l1~'W1 

(p)~ 'llM'U".i~1!1'1l!-J'1f11".i'V1~'1eJ-lbb'U'U~'11~:::Vl~'€JLb'U'U All in one 
' 

l!Jo "1JM~~IP1ell:l:U'1Mfa\P'leJ{bb'U'U True RMS 
' 

l!J@> rn:::FleJ11tl1b\P'leJ{V'!{eJ11bf711 

(i) "J1fl~~bijf!fl~11 'U 

,JTU1'1.J @> 'q~ 

,l1'Ll1'1..1 @> 'QM 

,l1'UTU @> "15~ 
' 

lil1'U1'1..1 @> 'Q~ 

,J1'Ll1'U @> 'Q~ 

,11'U1'1..1 @ 'Q~ 

,lTUTU (9) '11~ 
' 0 

lil1'1.J1'1..1 ® "/j~ 
' 0 

'<il1'LITU ® 'q~ 

'.J1'1.J1'1.J @> "ll~ 
'.J1'1..11'U ® 'Q~ 
,11'\.J'J'I..I (9) '11\ii 

' 
~1'U1'U (9) "ql91 

~1'1..11'1.J ® 'Q~ 

lil1'U1'1..1 ® 'Q~ 

'11'U1'U ® "/j~ 
' 

'.J1'U1'1.J @> 6Q(;1 
0 .J 

lil1'U1'1.J (9) bf1".ieJ..:J 
' 0 .. 

lil1'U1'1.J @> bf1".ieN 
' 0 .. 

lil1'U'J'U ® bf1'HM 

lil1'U'J'U ® "/j~ 
' 

~ • I "' .,._ "' cl .,/ "" ., ( 
@>. @> b U'U~M'Vl~l:leN bbl:!~ u!]'U \Pl f11'S'V11-l1 li11fl"J'S11Vl e)e)flLb 'U'U:1.11 b 'W eJ f11'Sb 'S cJ'Lli bb 'U'U\J 'Hl.11 f111 Integrated 

Learning System) f1".iel'Uf1~lJi1-um..:ilil1~~\P'leJl:l, eJ'Ll1~eJf1, 1111f11f1eJ'LI 1'V11l:lbl:leJ'S (MCU), bbl:ltbeJ~'Vi~beJ (FPGA) 

(9).® tm..:i"1{1..:i6UeJ..:J"ll~V1~'1eJ.:J1>1eJ..:iii~n'l'1-ru:::LthJ L11~'1~1i (Modular System) ~'U".i~f1eJ'U~l1cJbbl!-J-!11-!llil".iVl~n 
' " 

(Main unit) bL'1::: 111v1'1eJtlmru\vleJYh..:i~"1111Tm~vit>Y..:iLLG'l:::t1eJvi L tl~c.J'U 1vi'"1:::linn b ~eJm111~~Vl~'U 1 'Uf11".ii~ihf1'rrn " , , .. 
f111 b "JcJ'Uf11".iG'leJ'U 

( 'U1tl~'U~'U.fl'Vl) L 'V'l'111th~~'Vli) 

iJ1~u1'Urrrn..1m1 

('U1tJCUfj'\"l~ vil'VleN) .. 
f1'fi :w fl1) 



., ., ' 
'a'VI~ fllll W'fl 

~e)fll'U1 W'tl 6/j\1] Vl 1116'1 el ,:i ~~ (,1 el"' LL6'1 t el'U1~ el fl LL uu Ll.l'Utrn1~ ~m.J L ~ £J'U 1 i.h LLml.l 1'1'J'Ufll.l elU fl 'HU~ L~ flVl'rni1 fl~ . , , , 
-:iui.ht111ru .n,000,000 

(i).bll (,J')"lj\11'Vl\116'tel-:ILL6'tt Ll.l1116't!J1el-:l[:.J~{,l'ii)1fl1?1111~ijr,rum~?I-:! n1-1111Jl-1-:!Vl'ULL ~-:ILL ';j,:j L'Vlmti1'Vl5'Ufl151 i-:11'U 
, '\I , "I '\I 

'VI\Jfl 1 'LI'IX0.:iui)tT~m5 (Laboratory Grade) 

0>.ll'. ih:::'U'U'Uel.:Jfl'Ufl1111'U6'telvlJl£Jt'U~1'W L'U'U 5:::'U'U'Uel.:Jfl'Ufl156"m.:i'iil1 (Short Circuit Protection) 'Vl~el 
"" 

1:::'U'U'\JB.:Jfl'Um:::bb'1bfl'U (Overload Protection) b~01''11111'UG'l0\91Jlt.l"UB.:Jrnon.:i1mbr1~0'\Jmru 
'IJ ' 

., ..i , ., ..i .,. , ..i .. 1· 1 "' " 
0> .ct 1el.:J1'U fl11 L "ljeJ1J(,leJfl'ULfl1mfleJ11~1 L\,le)';iL ~€lfl1"H "Vt.l'U u'l LLfl1:Wfl1'Ufl:W fl11 LL?lvl.:J[:.J'1 LL'1t fl1'l1 Lfl'l1t'VI 

' 
-rra\l""'t\JtY1ru'\111.:i 1 vJvh 1~ 

"' ... IEI 'a1ll~::belll~ bQ'¥l1::'Vl1U'Vlfl'IJfl 
' 0 ~I CV d d CV d I CV 1 ' .. l!J.0> "ll\91 L1J'U'Uel'S\91 \11'U1'U 0> "1!\9] L u'U"ll\9lbbeN1.:J'iil1'Vl'1fl'Vle)e)nLb'U'U1l1b~e)';je).:J';j'lJfl11b"llel:I.J(,le)fl'U :I.J\91'1{,11.:J 11 11 

, ', , iu I ., ., ., .. 
flUl'1 fl'l;Ult\91.:J'U: 
' 

Iv.@.@ ~111n1Lu111iqJqJ1rulvlvhLL6'tt'N'iil11J'U1"11111~ (Signal Generator & Counter) 
" ' Q, " l!:>.0>.(i).(i) "lWI bfl1'UL\,lel1 LL 'U'Ut.l'UL1el1 LL61!6'1 

• 'IJ 

- 'U'Nm111ffi'Ufl1'f1vl (Frequency Range)® Hz fi.:i ~~ MHz 'Vl~0~n11 

- 'U1.:J';ittltb1"'1 (Time Interval) TH o.o® µs fi.:i ~~ µs 'Vl~t1~n11 

- ~qiqi1ru0'U~Vll)leJ.:J'at1.:J1U'at~'Ur1t1::(in1~~.:i .n . .nV bLrlt ,:;:>./ (Logic Threshold Vmin L~ 

111nn11 l!J.o Vp) 

- '<iltlbb?lvl-:![:.J6'tbb'U'U~~\,lel'°' bb?lvl-:![:.J'°'1m~'IJ€ltlfl11 ~ 'Vl"'fl (Digits) 

l!J.(i).(i). l!J "qvl 111 b 'Uvl~t\Jt\11 Ul'UT~fl1 

- 6'111J11'1fl1b'U\9liqJqJ1ru sine, square bbG'lt triangle 
I ,=ii cf 41/ I 

- 6'11111';i'1'<il1tlfi1111J'1 : (i) Hz '1.:J l!J MHz 'Vl';i0fl11.:Jfl11 

I!:>. (i), Iv 'Vl'IJ1'<iltlbb6'l\91.:J[:.J"' 116'li!llb\Jlel1/Lbv1JUijb{,lel1LL 'U'U~~{,lelfl 

h@.h@ ?11111'lt:l1vlbb1.:J~'ULvl\,l1.:J : I!:> V, ll'.o V V1~0ffJ1.:Jn11 

h@.ht!l ?11111'lt:l1\9lfl1tbb?IL'V'l\,l'S.:J : l!Joo µA, l!J A 'Vl~e)ffJ1.:Jfl11 
., L <.::::,. ' n.'I.::::,. " d ®.@.bll 'Vl'U1\lelbb?l!,l.:lr;.Ji;'l 'Jl;'l(,111 b\,le)';ibbl;'lt bL€l1Ju:W L\,le)';j bL 'U'U€l'U1l;'l€) n 

., QI 1aal I Cl.I ,::f 4 II I 

h(i) . .n.0> ?111111m\91LL'l-:l\9l'U r1\,l1-:I t.11'U1\91 : o t:l-:1 .no V 'Vl10m1.:im1 

l!:>.@ . .n.l!:> ?111111t:li'111m:::LL?1Lvlm.:i ~1'Ui111 : o fi.:i <9loo mA V1~eln11.:in11 

l!:>.<9l.ll'. -qi,i;(1bb6'1\91.:J?lm'U:::r10::(ifl (Logic indicator) 

l!i.@.ll'..@ lvi1Lb?l\91.:Jr;.J'1LL'U'U LED 1l_J,i'mJff'J1 ~ 1vi1 
h@'l.et'. (Joy Stick Switch) 

®.G).d:'..G) fo"l1'Ul"llJ1~\911lJLL'U1LLf1'U X, Y 'V!~el~f1'J1 
' 

lv.<9l.b ~111\9l1!J11'UVl1'ULL'U'U'Ufo~11~ (Po~entiometer) 

('W1l'JVIPl'Vfi iJ1n'\J~~lil.:!) 

m'iiim'i 



., ., ; 

'a'Vl~fl111W'VI 
..i ., ; 
"11elfl111W'VI 

VIU1 r,n/@)® 

"ll \91'Vl \91mN~~ \Pl v 61 LLmrn'U1~ v n LL 'U'U L:U'U'Uv i'V'l -s'v:u L ~V'U 1 tJ·mmiim'U flii~tJ n'HU BL~ nwrn'll n~ . ' ~ 

1lJueivn11 @)@) "tl'U\91 i1'U1'U @)r,n "tl\91 -1utJ1tmru r.n,000,000 
' 

®.@).b.@) i1~1\ll1'U'Vl1'U'U,r'U~11~@) KQ Vl~€l~fl'J1 

h@). b.l!J i1~1\ll1'U'Vl1'U'U,r'Ufl11~ @)00 KQ Vl~€l~fl'J1 

®.@).lri 6'11\Jl6dLL'U'UVl1j'U (Rotate Switch) 

®.@).lri.@) "11\Jl"ll'Vl:U'U 1~ b '<il\91 Vl~el~fl'J1 • • 
®.@).~ ~\91~'1~°"11\916d (Pulser Switch) 

®.@).~.@) Lel11>l'V'l\,lLLcJfl06'1".it'V'l{eJ:U~1LL'l.hLL'U'U A LLG'l~ A 1lJtieJcJfl11 Iv "tl\91 Vl~'El:U1flfl'J1 • • 
"''i" ' ( d ) ®.@).~ L'El'U~l"l\91L\91eJ';iLL'U'ULLfl'UVl1j'U Rotate Enco er 

CV ( Ciil Q I 

®.@).~.@) "1fl!qj1U.!Le:J1\91'V'j\Jl PA, PB Vl1'El\91fl'J1 

®.@).@)O "tl\91?11{;16116V€l1l'1 (Data switches) . " 
®.@).@)0.@) ?11\Jl'll-Uvm~1lJuvvn11 ~ "ll\91 V1~v~n11 " . 

®.@).@)@) "11\91~11 'V'l-1 
' 

\v.@).@l® LLV1i;i-1~1v1v·lbL'U'U'\Jfufl11~ 

®.@),@)r.Tl Lbvti;i..:i~1c.J 1'V'hL'U'\.Jfl-1~ 

h@),@)r.Tl,@) bb 1'1~'\J 1 vh~1 + ct V ri1V1fo1-1v1~~\Jle)'1~'"J 1 ,J 

®.@l.@lr.rt.l!? bb ".i-1~'U 1 vJvh + r.n.r.n V '11Vlfo1>1'11 MCU Lb'1~ FPGA "1:lJcJ 1 'VllJ '\ll~elfl'11'1fl11 

®.@),@)is:° ~\91'<ilelbb&'l\91..:J~mL'U'U~1ij\;leJ'1 (Digital Display) 

lv.@.@<i'.'.@lil'ElLL&'l\91'1~mL'U'\.J lri segment hJueivn11 is:' ~\91 

®.@),@)Ci'.°.lvB'U~\,lbb'\.J'\.J ~-Ci'.°-®-@) '\ll~e)~fl11 

l!?.l!? L:U\91"1 FPGA 0 

'<il1'UTW@) ~\91 
" 

Iv.Iv.@ 1-H-ui.J FPGA \Jl-StQG'l Cyclone '\/!~el Spartan 'Vl~mviti'ULVh 

l!:>.l!:>.l!:> i1i1-w1'UG'lel~flbfl\Jl (Logic Elements) 1iltieJcJfl11 C§lo,ooo LEs 

hlv.rn i1Vl't.bvr1111Ji1'11'Vlf'ULfl'U 1 'U".iLLml.l ( Configuration Memory) 'U'U 11.J~G'l 

Iv.Iv.Ci'.° i1'1\911Pl'EJ"'umnru (1/0 Pins) ~L~'Ell.JIPl'Elfl'ULl.J'U'U'EJ{\911~eiv1-1&21t\911flbL'1~iJ'1'EJ\91J1cJ . ., ., 

l!?.tn 13..1\91'1 MCU li11'UTU @) "tl\91 
" ' 

lv.tn.@ LiJ'U1lJ 11"1".il"l'El'U 1'Vl".i"1LG'leJ{'lJ'U1\91 rn\v-'U\,l (rnlv-bit) fl111JL~11lJueic.Jfl11 @bo MHz 

~.m.~ ih~uu~mnaUm~ Wi-Fi bb61~ Bluetooth t-w~1 

l!>.r.n.r.n i1V1'U1cJl°l111J'11 Flash 1lJu'vcJfl11 is:' MB Lb'1~ RAM hluvcJfl11 (f@)l!, KB 

1:u~'1'11V1-ru1m-ru m-s 1 '\J1LLm:u ~1'U1'U @ 4/ji;) 

"tl'a'lh~~Vli) 

th~o1'Um".i:urn".i 

('U1tlVIP1Yi'a "1fl'lJ'a'a"il-:J) 

• 
. 

('U1tlru~Vi'1 'Vi1Vlel-:J) 



.., .., " 
".i'VI ~ fl ".ill W '1 • 
col .., " 

'1Jvi'Vlvi"1e:i-:i~~(;l m1 LL"1te:i'U1~e:in LL 'U'U L:1.J'U'Ue:iiv-i~m.J L ~ti'U 1 U'SLLm:1.Jm'UFJ:1.JBtJ n'HUB L~nwrniln&1 'tielfl".iilW'fl • ' . ' 
1:wuBt1n11 (9)(9) "llilvi 1ii1'U'J'U (9)Q1 -qvi -:!'UU';it:1.J1ru m,000,000 

lv.G:'..(9) b tJ'U 1:1.JV1"1 b~B:l.J~B~1'UY-ieJ'S(;l USB b.;jeJ Lm 'Uf11':ib ~tl'U 1 U'Sbbf1':i:l.Jbb"1t~'Uf1 (Debug) 
'U ., 

lv.G:'..lv ';je),:j-r'l.Jf11';j 1 U'Sbbn'S:l.JVl-:1:atJ FPGA bb'1t MCU 1 'U"qVl'VlV1'1€M 

Iv.ct L:l.J~'1Vl'1J?l1'1~ (touch slider) ~1'U1'U (9) -qvi 

lv.ct.(9) 1-ffL'Vli'l fo 1'1~t:1.Jer?ILL'U'U'U':it~1vl'W1 (Capacitive Touch) 

lv.ct.lv i1bbt1'Ut11er?1i1'Vl-r'Uf11'SUB'Uf11bb'U'U~m~m (Slider) 'Vl~abb'U'U'Vlrl1tJ(;;'1LL'VI\J'1 

l!i. 'o b:l.JVl"''Vl"'eJVl LED LL'U'U RGB (RGB LED) 1ii1'U'J'U ® 'ljvJ 
'U ' 

.1 v ..I 9'1tl ., 
lv.b.(9) u'Stf1B'Ul'l'Jtl'Vl"1BV1 LED LL'U'U RGB 'V1?11111';itl~?l:l.J"!;H(,JliJ1f1f11':ii'l1'UFJl.l?lqjqj1n.l PWM 

... 0 ., ~ •• 1.~ .d .'1 ., ... " 
lv. b.lv :l.J1'11il'S'<il1f1Vln'Stbb?I b -vrn1b Y-ieJueJ'1f1'UF111:l.J b?ltl'Vl1tl"LJeJ'1'Vl"'eJ(,J LED Lb"'t'U8-s(;'IFJ'J'Ufl:l.J 

111~'1b61f'UL61feJi(;l':i'Jlil-.5''U~ (Color Sensor) '11'U1'U ® "q(;l 

lv.~.(9) LlJ'Ub61l'Ub61feJ'S(;l':i'J'<il'iij'LJ~bb'I.J'I.J~~(;leJ'1 (Digital Color Sensor) 

l!:>.~.l!:> "'1111':imLtJmbtltLLri:::6'1-:iF11e:i-:irith:::ne:i'\.J~LLvi-:i, b-Ut11, tl1L~'U (RGB) Lbri:::m1iiLiimG1-:i 1~ 

lv.~ L:l.J~'1b61f'Ub"l!B'SbbG'l-:J (Light Sensor) 

lv.~.@) L"Ub"l!'Ub"llB-Sbb'U'U LOR 'Vl~eJ Phototransistor 

lv.~.lv i11..:iliJ':i'U1''U':it~'UtqJqJ7ru (Signal Conditioning) b~BLVIL~f11beJ1ii'Vj1,1~b'Vlll1t?111 

Iv.ti 1:l.J~"'L61f'Ub61leJ'S1(;1~nJVl.fJfob'1:::m111t'U (Humidity & Temperature) lii1'LI'J'U ® "q(;l 

tv.ci.(9) L61lb61f'UL61feJ-SLL'I.J'I.J~~1,1e:iri~i1F11111LL:Wt1v1"'-:i (L'llt1 1,1':itf1'1 SHT 'Vl~mvitirn'\lh) 
'IJ 'IJ 

QJ "'1 I ~ -=i 3 1 I Cf ,di Q I 

lv.~.lv G'f1lJ1':im(;leJWVl.fl:l.J 'U"!l'J-!l o tl-:J <to eJ-:Jl"11b61l'1b61ftlG'f bb'1:::Fl11:1.J°!l'Ub'U°!l1-:J lvo tl'1 ~oo/o RH 'Vl'H)(,lf1'J1 
' 'IJ 

lv.@)o 1ii~m"l!'Ub"l5Bi~r1&10'Uvl1b':i(,l (IR Pulse sensor) '11'U1'U (9) "q(,l 

\v.@)O.@) b tJ'Ub61f'Ub61lvi~1V1fo1(,leJ\,l';i7f11':ib~'U"LJeJ-:J'!X1 h (Heart Rate) 1(,lti 1 -UbbG'f-:J~'Uvl'S7b ':i(,l 

lv.®o.lv i11..:ilil':imv-:itqJqJ7ru (Filter) LL"1t"LJ~ntitqJqJ7ru (Amplifier) mtiL'UL:l.J~~ 

lv.®C9l 111~m"l!'Ub8lleJi1(,l':ittlt'Vl1'1bb'I.J'I.J~'Uvl1b':i(,l (IR Distance Sensor) 

\v,@)(9),@) ?11111'Stl1(,l'SttJ:::'Vl7'11m'U•1h..:i11luvtlf111 @)0 ~'1 ~o b6!J'U~L:l.J\,l';j 

lv. @)@).lv L 'IX bB11ri'Vj\,l b lJ'UbL 'S..:J~'U 1 ~'W1~'13.J~'Ufifl'U"Jt tlt'Vl1'1'Vf~eJ"'qJqJ1'1.l~~\,leJ'1 

\v.@)lv 1ii~'111m1,1Bi~; (DC Motor) '11'U1'U (9) ~(;I 

lv.@lv.(9) L tJ'U11m1,1Bfl vl'W1mtLLG'fm.:iv-i~vll"!l(,JL vJB.:l'Vl(,l':ieJU ( Gearbox) 
' 

lv.@)lv.lv ii'Nlil':i"LJUllab\,leJi (Motor Driver) ~"'1111':itlrl1Ufl11Fl1111 L ~1bb'1:::'Vll"1'V17'11~u'U 1:w~rt 

\v.(9)m b:l.J(,l~m~tJm1L1,1eJi (Step Motor) '<ij1'U1'U (9) "I!(,) 
'IJ ' ~ , 21 II v ,d 

lv.@m.(9) L'U'U:l.Jab1,JeJ'SLL'\.J'\.Jf111 (Stepper Motor) Y-i'SB:l.l"qVl"LJ'U:l.Jabl,leJ';i'Vlb Vl:l.J1t?l:l.J 

lv. C9lbl1. lv G'f73.J1':itll°l'J'Ui'l:l.Jf11';j'Vf3.J'UL tJ'UeJ'11"11'Vl~eJ'<i11'U1'Ufl111~B ~1'1 bb:W'UV1 ' , 
\!J.@les:'. 16-l~"1~1Vlfo~'U~'1JqJ1flJLL'U'Ufl'UVhL1(Pl (IR Receiver) ~1U1'U ~ ~\Pl 

Q.I Q.I c:t. oAI .J .,d .c!il -=I 1 

lv.®G:'..® 1u"'ruru1rueJ'Un11b1Vl'Vlm11.1t1mi:,i-s~1'U (m~ kHz) 'Vl'SeJL'Vltl'UL'Vl1 
vv ~ 

('U1tl~'U~'U.ti'Vl'S 'W'll'SU'S~i1vti) 

tJ':i~o1'Ufl'fi:J.Jt111 

('U1t1Vll'1W'S :JJ1n'U'S'S'1.:J) 

fl';j';j:J.jf11';j 

,-J 

('U1tlfU~'l"l~ vi1vtt1.:i) ... 
fl1~:J.Jf111Lbft~L~'!J1'Uf111 , 



., ., ~ 

1Vli'lfilVlW'II 
"" ., ~ 'tlelfil1.flW'II "1l \9l'Vl \916'l e:i-:i~~ \Jl eJ 6'l LLG'l t eJ'IJ1~ eJ fl LL U'lJLl.J'U'I.JeJiV'I ~e:Jl.J L ~ tl'IJ L th LLmlJ fll'J'U flllJeJtl m ru BL~ fl°r'l'Se:Jti fl~ • ' , , 

hh!e:it1fl11 @@ "llti\91 :6'1'1J1'1J @m ~\91 -:iutl-atmru m,000,000 

lv.@ci'..lv ii1-:il;J"rneJl'l'r~·m,f1Jf1J1ruLde:i-:i~m11t11'1J11.1~6'l 

lv.@<i'. 11.1~"1ri1vifor:l-:ir!,f1Jfll1U.!Lb 'U'UB'IJYhb 1\91 (IR Transmitter) 

lv.@<t.@ 1 offviG'leJl?IB'IJ<rb1 L 11?1fll111.1 L -u1.1~-:iri1vifom1r:l-:iif1Jf1J1ru-u'e:il.JG'l 

lv.@<i'..lv ii1-:il;J1-UUifl)fl)1ru?t-:i L ~eJ 1 m~1t tlt'Vl1,:jfl11?t-:i~ L?f ~t11 

l!:i.@b LlJ~G'lG'leJ~flLfl(;jiff'IJ~1'1J (Basic Logic Gates) 

l!:i.@b.@ tl1tfleJ'U~1tlG'leJ~flLfl\Jliff'IJ~1'1J L"ti'IJ AND, OR, NOT, NANO, NOR 
"" 

q I .. .,I I I .,j q t,.,f """" ~ t, 
l!:i.@ b.l!:i lJl;J\91\,le) (Socket) Vf';je)l;J\91'Vl\916'leJ,:j'Vl?f11J1';i(lV'l'J,:j\Jle)'J,:jl;J';jb V'le)fl1';jb ';jtl'IJ';jV'l'IJ~1'1Jl?ll;J\Jle)ft ~"1 

• 'I \J ca 

l!:i.@G'1i e:i'l.Jmru'lhtfle)Ufl1';i'\ll\916'lm :ij1'1J1'1J @ "ll\91 , ' 
l!:i.@G'1i.@ ?11t11vM1vi-rum1'Vl\91"1eJ-:i (Experiment Wires) b'lJ'IJ~\9l?f1tlLzjeJlJIJien-:il;J1 (Jumper Wires) 

..:.::ii 21.J~ Q.l~I I Cl.I 

fl\ru.fl1V'l?f,:j lJO'IJ'J'IJVllJ'VlLL"1M LL ';i,:j Vl'J"ll'J\JleJLL 'IJ'IJfl';it"ll'U 
, " ' 

'U1~fleJUJ11t1'°'1tlLL'U'U e'.J-e'.J (Male-to-Male), Lifo-e'.J (Female-to-Male) bLG'l~ Lilt1-Liit1 
" " " 

(Female-to-Female) "1J'IJ1\i1\"\111.IU11~1-:ifl'U 111JLL~1hh!e:iufl11 @oo L6"'U~eJ~\i1 

l!:i.@G'1i.l!:i '°'1U USB 

L'U'U?f1U USB ri1vifo-ru-~-:i-ue:iiimbflt 1 U1bbmi1 (Data Transfer) ~~fl11a.JL?f~U<a?f-:i I 

" " 1 
ilfl'J1lJU1'Jhi'UeJtlfl11 @.ci'. LlJl,l'j i1um1lJ'UeJtlfl11 @) L"''UIJieJ"ll\91 b~e:i1-ff~11.1nu11.11?16'l Mq:U 

, ., I 

bLG'l~ FPGA 

l!:i.@b'll.Q1 )~'U'U~\91Ln'U Ll.1~'1LL'1~~'l.Jmru (Storage System) I 

- ~e:i-:iiifl~eJ-:!U1'al;JV!~eJ~~\9lbnUeJ'Umru~ffifll1-:!?1~1-:!LL~-:!bb';i~ (b"ti'U V'IG'l1?f&imm\i1 ABS) 
' " . 

- rrnJ1'1Jiifl11LLU,:j"lje),:j~\91Ln'U (Compartments) ~V'le)~f1Uba.J~G'l'VY-:i mb ';i7cJfl1';j L~e)Ue){lf1'1Jfl\171J 

L~UV17ULLG'lt?ft\911fl~elfl7';i\Jl';i'Jl;J?feJ'U 

l!:i.@G'1i.ci'. Lbt:-J{li;Jel'J-:Jl;J1.fl1U'IJeJfl (Breadboard) ilLL~'IJL'WL\;!UeJi\91 (Breadboard) "ll'IJ1"11lJ'UeJUfl11 ~mo l;Jl?l 

-.S1'U'J'IJ @ Lb~'U b~eJ 1m 'Umru~iifl1'rn\91'1eJ-:l~eJ"Wil1 b ~lJb~lJ.fl1tl'IJtlnL1J'U'I.JeJ{\91 

, 

l!:i.@G'1i.et ~\9lbfl~ti.:iiim?t~l.1~1Vl,r'\.Jfl11'Vl\91'1~N (Mini Toolkit) 'UWfleJ'UJbti 'U1fl~'U'UG'l1tlLLVl'1lJ (Tweezers), 

~l.l\;1\91G'l1tl"ll'U1\9lb~fl (Side Cutter) Lb'1~ 1"llfl'N~1'Vl,r'U'U,r'Ul;J'U (AdJ·ustment Screwdriver) '\.J11l;J1 'IJ 
" ' ~ I Q I ~I Ci! 

6lfeJ{!Vf';ieJf1"1eJ-:i Lfl'Ue:JU1-:I b u'U1:: L 'U U'U .. "" m 11Vfl::Leltl\ilel'IJS"J 

m.® ~ije:im11i.:i1'ULL"1~1u'1Jijlliin1'l (Manuals & Lab Books) 

m.®.@ ~L?f'Uti11m~e:i-:1~\9l'Vl11-liie:im11-B'nu (User Manual) LLG'l::1-1rle:im1Y11'1Jnu1lm1 (Lab 
" " " ~ 

ManuaVExperiment Book) ~n~-d0V11r1·rnur1~3.ln11'Vl~~ei-:i"Uei-:i 13.1~~~-:i (i)b 11vm1 ~1'U1'W1~ueivn11 ®bfl . " 
( 

0 ., ~..i., Jt) 
"11\il 1J11l.ll;J1'U1'Ur11.nru'Y'l'Vll;J\il"ileJ . . ' 

'V'l'll'i'lh~~l'li) 

'lh~1i1'U m1:1J m1 

('U1cJl'lt'l'V'l'i mm.J'i'i\J.:J) 

fl'i'i:!Jfll'i 

('U1t1ru~'V'l~ vhvm.:i) 
fl'i'i:IJ fll'i LL~~ b~'ll1'4 fll 'i 



., ., d 

"J'VI ~ Fl l .n ru en 
cl o, d 

'l1 v Fl 1.n wen 

m.(9).® ~ijel~el-:mi~-rr'U\>lel'UflTl\;lel''l-~'-il':i fl1':iL;cJ'UL\9\Pll>l'lelV1-:I LLm::t:-J'1fl1':iV1\Pl'1€1-:1€JV1.:!'lil>lL'-il'U r:11:wT~mtlu 

1 .. ., .J.. • I ,, 1 I 

J71~1 'Vltl'Vl"JelJ71~1el-:I fl~~'Vl:Wil1'Vl u"J~ flel'U b "V1 v-:11tl 

Q1.® n11fo'\Jwn'ULbm::u~fl1"J'Vl~-:Jfl1"J"V1cJ (Warranty & Service) 

Q1.®.(9) ~b?l'Uel':i1Fn1J1el-:Jfu'\J1~n'U~rum'Vl~'UF11btlunm hlLJelc.Jfl11 (9) ti 'W'Ut1\Plv1n-!uffi~f'IJ:wel'IJ'1G'I~ H 
,., 

Fl"a'Um'U 

1 I V o, ..i O I 1" al ._ II ti m.lv.\v 'U"J:::'Vl11-:l"J:::cJ:::L1'11fl1'fi'U'lh:::n'U 'Vl1nLFl"Jel-:l'll111>lUfl'Vl"Jel-'lv1flfl1"J 6ll-'l1'Uufl\>1 ~Lr:l'Uel"J1Fl11ilel-'l 

~1b'U'Ufl1'abbm"V'Vl~mtl~t1'UL'Vl:WL~mt11'U (9)ct'. 1'1.J 'U'Uv1fl1'Uffii-stJLbi-'l 11,m11lfi111r11ti~1t11111~ J-'li'U 

m.Q1 flN?l1JiJ~LL'1:::fl1"JG'l'W'IJG'l'U'U'Vl1.:lb'Vlfl'Ufl (Qualifications & Support) 
Ill II II Q, ~Q dc1 d ti O I Q ~ Q Q Q ~ .dil 

Q1. Q1. (9) ~ bG'l'Uel "J 1 fl 1 \>1 el.:J b U'U'U l,l '\_J fl fl '1'Vl1J fl111J b 'll cJ'J'll1 'Y \>11'\J fl1 'a'iJ1'Vl'U 1 cJ Lb'1 ~ 1,1 \Pl 1,1,:i-q \Pl'Vl\11'1 el-:J el b'1fl'Vl"Jel'U fl?l'Vl"Jel 

Flel:i..JVh bl,leli 1111 t1ii'Vl'W-:J~elvl>l'Vl~ b uc.1u'Vl1 ru"!l Ei~~fl1J1el-:i1,11:w fl!J'Vl1l1c.J 

m.m.lv Vl'W-:l~el,r'\J"Jel-:Jfl1"Jr:l'W'Ur:l~'U (letter of Authorization/Support) 

(fl) '11'Vl'S'Utltlmru'Vlifl (bFl~el-:J111l~qjqJ1ru ~11l~~lilelmJ'1~folilelfLL'U'U True RMS LL'1:iflellJYbLlilel{) 

~ bG'l'U el"J1 Fl 1vft~ f 'IJ fl1"J l°1 \Pl b~ el fl v ~ 111 el -:J'W1'Vl'W-:J~ eJ bb(;l-:J ~ -:J\Jl'J bb Vl'U -J1'Vl'U1 ti v 1 fl~~~ lil'Vl~el\Jl'J bb 'Vl'U-J1'Vl'U1 ti el V1-:J b 'U'U 
V V 

m-:i m"J t 'Utl"J::: b 'Vl Pl1 'Vlc.11J1 bbG'I\Pl-:i "nel'U fl1"J'1-:J'U1:w 1 'U"''Y'Y1" b ~el v'UEJ'Ufl1"J?l'W'IJ?l~'U'Vl"'-:im-a"tJ1t1 bb'1:::el:: 1 'VIG'lbb 'VJ 

( "V) rl1wru"ll111 b:W'U'Ueli111 bb'1~ L:W\11'1 1 umru~~ bG'l'Uel"J1Fl1 b 'U'U~t:-l~lil'Vl~eJ ~'11>),J'U1~~\il.flUJ'1LeJ-:J ~eJ-:Ji1'Vl'W-:J~el 
, " " \I " -rm 0-:Jfl1"J L 'U'U~t:-J~(,1/~-w'\,),J'U1t:-l~lil.flrusn wfo:WVl'W-'l~el V'UEJ'Ufl1"Jrl1"JeJ-'lel::: 1 'VI~ LL'1::: fl1"Jr:l'W'\Jr:l'U'UVl"'-'lfl1"J"ll1cJ b 'U'U 

V V s 

1 Q./dll II II ~ odil q CV 

Gn.Q1,Q1 'U'J'Utl'U"llelb?l'Uel t:-JLr:l'Uel"J1Fl1\>lel-:J bb 'U'U LbFl\>llil1'1eJ fl ( Cata looue) 'Vl"Jel"J1tl'1~ beJtl\PlFlN'1fl~ru::: bu'Vl1~ 
V ~ ' 

(Data Sheet) "Vel-:J-w'?1111~LG'l'Uelb~eltl"J~flel'I.Jfl1"J'Viv1"Jru1V11-:J~1'Ub'VlFl'UFl 
' 

ii: ~'llmnhh::ne1un1"JV1~fleJ~ 
ct.(9) bfl~0-:i1111"''Y'Y1ruV11-:i1 v-1v11 ' 0 "" v1'U'J'U (9) bFl"aeJ-:J 

ct. (9).(9) ~ru"'n~ru~ Lu'Vl1~'Vl1-:JL 'VlFl'LIFl 

ct.(9).(9).(9) L 'U'ULfl~eJ-:J111li'Y'Y1N'V11-:J 1 v-1~1'll'Ul11~1ii~mL'IJ'Ulij\1JLn'I.Ji'Y'Y1W (Digital Storage 

Oscilloscope) ilLLrlUfl11:W5 (Bandwidth) 1~'Ueltlfl11 (9)00 MHz 

~.(9).(9).\v i'.l"liel-:i"'t1J'Y1N€J'U~lil (Channels) 1~'lJeltlfl11 lv "!!el-:J~qjqJ1ru 

ct.(9).(9).m i'.leYm1m<a~lJ(,11eJV1-:J"'qjqJ1ru (Real-time Sampling Rate) 11Wvt1n11 (9) GSa/s 

ct.(9).(9),(( i1Fl11:W~fl"VeJ-:J'Vl'U'JcJFl'J1:W'oJ1L 'Ufl1"JLn'U"lJmJ'1 (Memory Depth) h}uelcJfl11 (9)0 Mpts 
d QJ CV d )Y --==:. Q.I dc1 -=I 

L VieJ';ieN ';jlJ fl1':iU'UVl fl '1 qjqj 7 ru \Pl '-il'V1'1Vl:W fl'J7:W'1::: L el cJ l>l\J-:J 

~.(9).(9).ct nVIU1v€lbLG'l~Nt:-l'1Lb'\J'IJ~ (Color TFT LCD) "V'U1\Pl 1~,jeltln"J1 ~ d1 'J\11(,17:WbL'U'J'VlLLcJ-:J 

Yi"ll1th~~Y1i) 

i.h~o1um'i:wm'i 

('U1f.J'V11'1'1'i'S :W1f1U'J'J'1-:i) 

fl'i'i:Wfll'i 

( 'U 7 cJ t:\J ji'Vm vi1 'VleN) 

fl'i'i:Wfll'ibb'1:::b'1'lll'4f11'i 



"1J(,l'Vl(916'1el-:l~~\Jlel6'1 LL6'1tel'U1~el fl LL '\J'ULlJ'U'Uel1'W1ellJ L ;V'U 1th LLfl1lJFl'J'Uf1lJel'Uf1".HlJB L~fl'Vl':iel'Ufl~ . , , 
hJuelVfl11 @)@) 'll'U(,l '11'U1'U @)GTI "1J(,l -:l'U'U':itmru m,000,000 • 

es'..@).@).b nv1-:in-1i''Uf11':i'J(91~1B\Jlb'U~ (Automatic Measurements) hh!elVfl11 GTIO ~1 LL6'1tn 

-w-:ini'U FFT '11V1-r'Ulbf111:::v1i1'qiqi1ru 1 'U b(,l blJ'Url11lJ~ 

es'..@).@).m/ i1'Wel{1J1L-Belil\Plel USB Host G11V1-ru'1'Uvin-um,16'16'1-:lbbv.J6'1"ll1(911yj LL6'1t USB Device Vl~el 
0 Ill.I _d I Q ~ 

LAN ?11Vl':i'U b'llellJ\Jlelf1ellJ'W1L\Jlel':i 

es'..@).@).~ m1J11~1'Ur1112-1'lJ6'1el(,lJ1 cJLL6'1te.J~1J1Jiru,i' mru-W?f(,le.J~\JlmV 1 'U'U':it L'Vlf'11 'VlV ~el-:i 1~-ru ... . 
., 

bba'J 

- mru~?flil'U1b'V1'iil1fl\Pl1-:i'UWL'Vll11 ~el-:i1~,r'UlJ1\Jl':i~1'U?f1fla b"!1'U CE, FCC Vl~ellJ1\Jl':i~1'U~'U , ... ... 
d .cil I al II' ct. d .di Q.I al Q,I' .c:it. 1V ~ 
'Vl L 'Vl EJ'U L 'V11'iil1 nu1t b 'V1111e.Je.Ja\Jl LYm tJ'UtJ'Url112-I uffeJ (91.fl EJ LLa:::rirum'W'lleNe.Ja\Jl.flru'1 ,, ' 

es'..@).@).~ n?11tJ 1 'W':i'U (Probe) ~n~1m12-1~?fel(,lf16"el-:inui1Lf1~el-:I ~1'U1'UL~'UelVfl11 Iv L~'U ~el"ll(,l 
' 

"' .al 
es'..@l.\v ';i1V6'1tbelV(9lel'U1 

"" IV ~I 1 il I 1" I es'..@l.@l.@l G'l'Url1bu'U'llel-:i Viii 2-lbfltJ '!l-:i1'UlJ1flel'U 

es'..@l.@l.\v mru-WG'l(,le.J~\Jl.fl1V 1 mht b 'V11111 'VlV ~el-:i 1~-rrnr1~eJ-:i'VllJ1V:I.J1\Jl'j~1'Ue.J~\J1Jlru6Vlel\Jl?f1Vlfl':i':ilJ (llel fl.) 
' - , 

1 'U11tJf111v1ijtJ1::: f11111 fl1Vl'U(9llJ1 IJl';i~1'ULLi1 '11Vl,r'U~?f (9l'U1 L 'V1'iil1f1~1-:IU';it b '\11111 ~el-:i 1~,r'U ... . 
2-11\Jl':i~1'U"11fl6'1 b"!1'U CE, FCC Vl~ellJ1\Wa~1'U~'Uv1LviV'Ub'V11'iil1fl'U':itb'Vll11~e.J~\11 L~elV'UEJ'Uf111lJ ... "' ,, 
,J a el (91 Ji v LL a::: ri ru.fl 1'W'll el-:! e.i ~ \JlJl ru,i' 

., ., .,., ., ~., ~I 1'., I :i,.,., ., d 
es'..@l.®.m ~ LG'l'Uel':i1f11\Jl el-:i':i'U u':it fl'Ufjru.fl1'Ws1'Uf11 L u'Ub1a1 lJ'Uelt:Jf111 @) u 'U'Uf;l(9l'iiJ1f11'U'Vlf1f.1.lt m1ii f111 

1J111'iil-ru~G'llil 1~a-:i'U1ii1 'U 1 uvi11'iil-ru V11n~?f(il"U11(,l'Ufl'W-S€J-:i'ii11nm11 -u-:i1'Utln~ ~-v1v~€J-:i , , , \I 

lii1L 'U'Uf11':iLLm 'lJVl~m 'U~tJ'U 1'1,m1 ~mv 1 'U @)(t 'J'U i!'U'iil1fl'J'Uvl1\il-r'ULL';ij-:i b(iltJ 1~~(91~11 "tl~1tJ 1(911 
., .., 

vi'-:i~'U 

es'..@l.@l.es'. ~ b6'1'Uel':i1fl1vl1~-ru f11'j~(,l b~el fl'iiltlna-:itl1V1i!-:i~mL\Pl-:i~,:i\;11 Lb 'Vl'U'11Vl'U1 V'iil1 fl~e.J~Vl'Vl~el\;11 LL 'Vl'U ,, ,, 
0 I I ~I 'I QI 1 I 'I ., .al "' ., 

'iil1Vl'U1t:JeJEJ1-:ib u'U'Vn-:inTl b'\Ju':i::l b '\11111 'Ylt:Jm bb'1vi-:i "mmm1a-:i'IJ1i1 b'IJ'1qjqj1" b YWt:J'Wt:J'Wf11':i 

G'l'U'UG'l'IJ'IJVl~-:inTl6l.J1 mba:::0::: 1 vi~ wvi' • 
.cd Cl , 0 IV al O 

es'..lv bfl1a-:ir1m.J'Wlb\J1eJ1 ?11V11'Uu1:::mmm 'iil1'W1'W ® "Ui;J 
' 

<i:'..\v.@) i1V1'U'JtJ'lhtii'Jflv-Jflmn-:i (CPU) 1l.i'Ueltlfl11 ~ bbfl'UVl~fl (~ core) bb6'1t ~ bbfl'Ub?li'.lel'U (~ Thread) 
OI 'i 'i OI,.: ., .. ~ U! oidlJ 'llJ 'l 

bb'1t:ub'Vlf1 L 'IJ L'1m VUJG'lqJqJ1t:U'U1'Vln1 Llil L 'Un';it:U'\lllilel-:J "llf11111G'l11.11'H1 'UnTnh~111'1eJ'1~-:J (Turbo 

Boost Vl~el Max Boost) b(iltJnf111lJL~ri"'q)qj1UJ'U1Wf11~-:J~(,l hlumm11 es'..b GHz '11'U1'U @) Vl'U'JtJ 

(·1.rn.J~'U~'U.n'Vl 

th~o1um'il-lf11'i 

('U1tl'Vll'lm l-!1f1U'i'iv.:i) 

fl'i'il-lf11'i f1'i'il-lf11'i bb~~ L~"IJ1'\Jf11'i 
' 



., .., ~ 

'fVI~ Fllll tulfl 

~ el Fl'3 .n tu 6t1 • ~utl·=rninru m,000,000 

<i'..lv.lv VI\J1tJ'lh~lJ1m . .mmn~ (CPU) iJVl'U1tlfl11lJlij1bb'U'U Cache Memory 1'llJL'U1~l'l'U (Level) b~t.11n'U 

'U'U11Pl 1:w'1Jeltlfl11 @)D MB 

iJV1U'ltJ'l.h~m"'e-i"'b~eJbL?11P1-:imV'I L1P1tJil1-m.1~m~ru~mh-:i11P1e1ci1-:iV1~-:i V1~e1~n11 ~-:iii • 
®) L'U'ULLe-J-:i1-:i'-J1L~'ElbLG'IIPl-:i.f11V'lbLtlfl'-J1flbLe-J-:i1-:i'-J1Vl'1fl~1JVI\J'lcJfl11lJ"il1'U'U11Pl 1:iJ'IJeJeJfl11 1v GB Vl~el 

tv) iJV1i.l11:J'lh~m"1t:-1m ~mLG'l(;l-:imV'l~(;l~-:iti ~mtl 1 'WVI\J1cJ'l.h~lJ1"'e-i"'n"'1-:i LL 'U'U Graphics 
'IJ 

Processing Unit ~?11lJ11'11-UVI\J1cJFn1lJ'iil1Vl~fl 1'Ufl11bLG'l1P1-:imV'l'U'U11Pl 1:w'IJelcJfl11 1v GB Vl~el 
.,. ' ..,j .cla 1 1"' ' 0 

.., 1 c;n) lJVl'U'l cJ'U1tlJ'l"' e-im V'leJbLG'IIPl-:imV'l'VllJFl11lJG'l1lJ11'1 'Ufl11 "lJVl'U'JcJF\11lJ1il1Vl"1fl 'Ufl1'~LLG'IIP'l-:i.fl1V'I 

'U'U11P11:iJ,!€ltln11 lv GB 

<i'..l!:>.<i'. iiVIU1tlfl11lJ'il1Vl~fl (RAM) "ll'UIP'I DOR ct Vl~el~fl11 ii'U'U11Pl 1:iJ,!e1vn11 @'Jb GB 

<i'..l!:>.ct iiVIU1cJilP'ILf1'1.J'U€llJ'°'"lJ'UIPl Solid State Drive 'U'U11PlF111lJ1il1:W'IJeltlfl11 ctoo GB lij1'U1'U @) Vl'U'ltl 
'IJ , 

Q I d I di I 4 o::::t I 

lJ"lJ€l-:iL"ll€JlJl,)€J1t'U'UbF11€l'U1cJ (Network Interface) LL'U'U @lo/ @)oo/@)ooo Base-T 'Vi1€l1Plf711 

'il1'U1'U 1:w'IJelcJfl11 (9) 'lle1-:i 

<i'..\v.b'JI ii-tleNLzjellJ\91el (Interface) LL'U'U USB lv.o Vl~el~fl111:w'IJelcJfl11 c;n 'l!el-:i 

<i'..lv.W: iiLL'IJ'U'WlJ'Vhb"'tLlJ1~ ., 
<i'..lv.~ iio:vmbr.'l~-:imvfiJ'U1~1:iJmmm1 lvm il1 'il1'U1'U ® V1u1c.1 

<i'.. ®.®o ii"lllPl L 'lhbLmm~uu,Jlilli\ m1'11V1-ru bFl~eJ-:iFleJlJ'W1 b\JleJ{ bbm~ bFl~el~Fl€llJ'W1 b\JleJTI '\J\JlUn bb 'U'U~'Vlfifl11 
• ...J ' 

<J IV <J o .., 
0 

I <> t 1 ( ) .Jd<> ~ ,! .J v 
~·M1'U.fl1tl ~'UG'l1'Ufl-:i1'U uW L.fl'V1(,)1P1\Jl-:im,11n 1-:i-:i1'U OEM 'VllJ"''UG1'VlD'Vl~fl\Jl€l-:i\Jl1lJfl~VllJ1tlbb"'t 

1m-rum1 L -u-:i1'UfJlJfl'U"llelti\vlbb1{b ~cJ'U L 'U1bbmlJfl1'\JFllJ MCU Lb'°'~ FPGA ~fl1Vl'UIP'I L 'U"lJIPl'VllP'l'°'m ' , 
<i'..\v.@l@) 11cJ"'~bBcJIPl~'U1 'UeJ-:i"q1P1'l.l1tm"'e-1"' 

<i'..l!>.®®·® ~'Wfl1\1lmb 'U'U'UeN 1 Vl:W 1:wLFlcJ H-:i1'WlJ1fleJ'W 

<i'..®.®®·® lJ1\Jl1~1'Ue-1~\Jlfi ru,i' 'W?l~~e,i~l,)m tJ 1 'LI'\.J':i~ L 'Vli211 'VlcJ\1leJ-:i 1~-ru bF1~eJ-:iV1mcJmm~1'U 
~ , ~ 

e-J~l)lfiUl'1ell)IG'l1Vlm':ilJ (lJBf1.) 1 'U':i1cJfl1':i~iJ'\.J1tfl112lfl1Vl'U~lJ11)l';i~1'Wbb~1 (b'U'U lJelf1. ®ctb@l Vl~el , ~ 

lJBf1. blvmb~) "11V1-r'U'WG'l~'U1b'll11il1f1\111-:i'l.l1~b'Vli2l~e)-:i1~-ru1111)113l1'UG'l1fl"1 b'l!'U CE, FCC 'Vl~B .. ' b 'Vltl'Ub 'V11 
" IJ v Q 1 Cl/ iCl II' ~I 1 . II • ~I cv CV cu ~ cu 

<i'.. l!:>.®®.m e-J b?l'UB111"111)lel-:i':i'U u':i~fl'Ufl'1J.f11V'IG'l'UF11 b u'Ub 1"'1 lJ'Uel cJ m1 ® u 'U'U'1~1il1n1'U'Vl\Jl':i11il"J'U 
'IJ ' 

'WG'IIP'I , 

<i'..l!:>.®@l.<i'. ~bG'l'Uel':i1F11m1Pr-rum1~1Plb~Bn1il~\1le)-:i'U1V1ir-:i~elbb\11-:i~-:i~1bb'Vl'U"il1Vl\hv,i1n~e-1~\JlVl~e) 
'IJ 'IJ 

.., 0 ' ' !'1 1 . I 1 I 1 .., d "" .., (,)1Lb'Vl'U'11Vl'U1tleJcJ1-:iLu'W'V11-:ifl1"J 'Wu':itL'Vli21 'Vltl3.J1LLr.'l(;l-:i "neJ'Wfl1"J"1-:i'W1lJ 'Wr.'lqjqj1" bYleJcJ'UcJ'Ufl1':i 

?l'U'U?l'W'UVl°"'-:Jfl11'Ul l:JLL"1telt 1 Vl'1 LL 'V1 , 

'U';i:::fi7Ufl'rn.Jfl1';j 

('U7EJV1131Yi"J mm.J';i"J\1-:i) 

f)';i';jl.Jfll';i 

(u1EJru'3i " vi1viei-:i) 

f1';i';i1Jn7'm":::L"'!J1'Ufl1';i , 



'll~~~\Jle)i;llji;'l~i)b\JleJ'fo'IJ'IJ True RMS li11'U1'U @ -q~ 
Ci'..:.@ b'U'ULfl~e:i-r~~,J~1.11ruV11sJ1'VilrhLL?l~sJi:-Jmb'IJ'IJ~~'Vi''1 ?111.J11{11~fi1Lb'IJ'IJ True RMS 

<i'. . .n.lv '1€1Lb?l~sli:-J1;'lbb'IJ'IJ LCD ilm11.11;'l:::Lifo~1m111bb?l~sli:-J'1 (Display Counts) 1~-wmm11 b,ooo Counts 
, .., .., , ~.1.f ~I , 11 

<i'. . .n . .n ii-wsJ n-U'\.JnTn~fl''aeJ'Ufl'llJ11 cJ rn1~ sl\Wel b u'UL u'\.JeJ cJ1sl'WeJ cl: 

- LL1.:l~'\.JLYlvhm:::LL?I\Jl1.:i (DC Voltage) LL1;'l:::m:::LL?l?l~'IJ (AC Voltage) Accuracy 1~Ln'U : 

±(§).oo/o 

- m:::bb?IL'WVhm:::LL?lm.:i (DC Current) bb1;'l:::nwLb?l?li;r'U (AC Current) 

- fl11l.Jl)l1'UV11'U (Resistance) 

- rn1u1:::~m:m?11Yl-w1 (Capacitance) 
.J 

- fl11l.J{) (Frequency) 

- 'Vl~?leJ'UL~ 1e:i~ (Diode Test) bbflt'Vl~?leJ'Ufl11l.J111€JL~eJsJ (Continuity) -w{e:il.JL~cJ-!liqJqJ1ru 

- V1'U1~ Temperature Measurement Accuracy 1~Ln'U: ±(9).o% 

<i'..rn.<i'. ih:::'U'U'U1'Ub'U~cJ'I.J"1bsJrn11~ 1~cJeJ\Jl 1u:im (Auto Range) 
... ..., ,.., I II :"I .,j ..,'i .,....,i 1!'1!:"JII 

<i'..rn.cr uv~.:in6ll'Ufl.:lfl1vt'U1'1€l (Data Hold) LLi;l::: u~Lfl1€l.:!€l\Jl b 'Ul.J\J\Ll.J€l lJ b~ b'llsl1'U 

<i'. . .n.b il?11cJL'W1'UG11vtfo Test lead 

<i'. . .n.ITTI il?11d "W1'U1~~ruvt\)ii 

<i'..rn.~ :!J1\Jl1~1'Ufl11l.J'U'1e:J~JlcJ ;le:JslL\'11'UlJ1\Jl';i~1'Ufl111J'U'1€l~JlcJ'Vl1sJL'W'W1e:JV1sl'W'elcJ CAT Ill booV V!~'el ... ... 
~ffJ1 tvl11JlJ1\Jl';i~1'U IEC b(i)O(§)O ... 
Ci'. . .n.~ fl11'fo1eJ,!lfl(Ufn'W LL'1:::?i'Vlfifl11"V1 cJ , 

' 
<i'. . .n.~.(9) mrihf?t~i:-J~\Jli)1cJ 1 'W'U1::: b'Vl\ilL Viel \;le),!IL~foLfl~e).:IVl:!J1cJ l.J€ln. 1 'U11cJfl11'Y1ilu1:::rnia1 

f11Vl'W~bb~1 rl1vtf'Ui?l~'U1b6V1'11fl~1,!!'U';i:::b'Vl\il \11€1-!!L~'S'Ul.J1tvl';i~1'U6'11fli;'l L-li'U CE, FCC Vl~e)l.J1\Jl';ifi1'U~'Uv1 
' "' ... 

b vi cJ'U b 'Yl1'11 fl'U1::: b 'VIP!~ i:-J~\Jl 
" 

<i'..rn.~.lv ~b?l'Utl11fl1v11~fon11~~b~€ln'1:::~e),!l'U1V!'Usl~e)bb\11sl~.:J\911bb'Vl'Uli11Vl'U1cJ'11fl~i:-J~\JlVl~e) 
" " 

(111 LL 'Vl'Uli11vti.11cJeJ~1..:i L tl'UV11..:i rn11 'Uu1::: L VlPlL VlcJm LL?l~..:i "ne:i'Ufl111;'l.:J'U1l.J 1 'U'1f\!f\!1" L ~eJV'UV'Ufl11?l'U'IJ?l't'U 

'Vf"'.:Jfl11"1.11cJLb"1:::eJ::: L Vl~bb'VI 

Ci'..<§'.'. L~:::fle)l.J~1 b\Jle:J{'W~e:J:W bfl1t li11'U1'U (9) 'll~ 

Ci'..<§'.'..@) Lfl1sJG'f {1sJ 1~:::Vl1'11 m VI~ nVl;eJ1G'l~v1nrn1:wl!ur1sJ bb ~sl Lb 1.:i 'W'U~fl'W?l'W:WVl;mfl~e)'U~1~1cJ1:::'U'U Epoxy ' 

a::.a::.b bb~'\.J'Vl'U11~::: (Table Top) vh<il1n 1~iirn1tivt'\.J11~u€lcJfl11 ®~ iiii. bfl~€l'U~1~1cJ1?1~U€l-:in'\.J1€lcJ~~ 
., 

I ,:!j I O ,:!j ._ "' 'i I 

"V1'Ubb1;'l:::fl11t1"1J'U (b'll'\.J Melamine wrn PVC) bbfl::::wrn1tl~"l.leJ'U (Edge Banding) b~cJ1eJ'UeJcJ1.:J 

L~cJ'IJ{mJ 

i.h::u1'Wm"a:1..1m"a 

( ,.mm 121 m :i.n n u·m1-:i) 

fld"a:I.Jfl1"a 



"ll\Pl'Yl\PlffeVl~~(,\ B'1 LL'1t m.J1~m1 LL 'U'U Ll-l'UtJBi-w'Sm.J L "!ltl'U 1th LLF111Jrl'J'Ufl1JBt.l fl'H\JB L~fl'Yl'HJiin~ • • • 
1~il'Bt1n11 @)@) "llii\Pl ~1'U1'U @)GTI "ll\Pl -:itJt.l·rnmru Gn,000,000 

lJ I "" 

'UBtlfl'J1 lrict'. LS/l'U\,\Ll-J\,\1 

ci:'..ci:'..ci:'. i1,lB-:i"11V1f'U'SBtl?l1tl 1 vJ ( Grommet) L ~Bfl'J11JL 'U'Uit b 'Utl'U Lb'1:::i11'W~b'Vitl-:J'WB"11'VlftJ11-:i-q\Pl'Yl\Pl'1B-:Jbb'1t 

"" ' flBlJ'W'Jb\1lBi 

ci:'..ci:'..ct'. 
~I ti ,: 1 , .. .d ., ) d I ., 'l • I"' "'"" 

L u'ULf71BLL 'U'U l-JlJ'Yl'WflLL "ll'U (Armrest-free L 'WBfl111Jfl'1B-:J(,l'J b 'Uf711 u~'\.J(,\-:J1'U 

ci:'..ci:'..b Lfl1-:J&'l'S1-!!~tl'-:i LL~t'W'UflVk~'11'\11fl1&'l\Pl~'Yl'U'Yl1'U L ~\Plvi1 fl111J&'lt'e)1\Pl~1tl LL'1t 1~&'lt&'ll-J~'U • • 
Ci'..Ci'..lri Ltl'ULL tJ'Um1ii~-:ifl-:i~ (Fixed Height) iim1ii~-:i~tl'-:i L'Vlm:::&'l:Wfl'Uit~'U 1~:::tJ~'1~m1 (tJ•rnmru Ci'.ct-Ci'.~ 

LS/l'U&iL1J\1l1) 

Ci'..Ci'..~ Lfli-:J&'l'S1-:J"ll1 Ln1iL 'U'ULL 'U'Ufl-!I~ 1~&'11l-J1itl'Vl:L!'UiB'U~11\1l L ~e) fl11l-ll1''Ufl-:J LL'1t&'l1J15"1Jrutt.ll)'1&1-:i1'U 1 vJvh 

tJ "' ,:""~'! .d o ., .'1 ., d 1 1 ' o 'l .,.,f ~I ci:'..ci:'..~ '11tl"ll1Lf71Bl-J 'ilJ1B-!l'Yl'Yl1'11fl'J&'l~uB-!lfl'Uf711'1'U tl'1LL'1t 1J'Yl1 b 'Vl'W'UL u'UiBtl 

d 1 ., ci:'..ci:'..@)0 L-:JB'U "llflfJJ.fl1'WLL'1tfl111mB-:J • 
<C\ V ( I.I ~I V c:Jq 4 oQ ,. cJ 

Ci'..Ci'..@)O .C9l flf;U.fl1'W e-J'1(,l.flf;U6Vl: \;le)-!) L u'U'W&'l\Pl'Yll-Jflf;U.fl1'Wl-J1\;11~1'1.J..:J1'1.J'e)(,l&'l1'Vlfl111J 'Vli'e) e-JG'l\;l'\11fl b 1-!1-!11'1.J'Yl 
, , , 61 , 

1111-r'Umm~1'Uf711'\.J~'Vl11-!11'Uflf;U.fl1'W (ISO ~00(9)) 'Vl~Bl-J1(,l1~1'U&'l1fl'1~L~tl1'VB-:J .. . ~ 

ci:'..ci:'..@)o.lv m1f'U1B-:Jfl11'\.J~fl11V16"-:im1"1J1tl: ~L&'l'UB11fl1\P1B..:JLL'U'U 'Vl'U-:J~B1'1.J1B-:Jfl111'1.J'UWfl'Ult?I\Pl L\Pltl 
'U • 

1:::'U L1B'U 1 "lJ m1-r'Uu1::: n'U m1&'l'U'U?l'U'UB::: 1 'Vl'1 LL'1::: m 1 b -ih~1 L u'Um1 LLm "llm&-d11\Pl'UflV'l~B-:i\Jl'1B\Pl1:::v::: L 1m • • • 
1tJ'I.J1:::n'U L~BvmY'Wm11JV'I-SB:WL'Ufl11\PlLL'1V16"-:im1"1J1t1 

'U 

"tJ., "tJ OJ cv ti 1•11 1 ~ 1 cvv vd ci:'..Ci'..@)O.GTI ittltb'J'111'\.J itfl'U: 1'\.J 1tfl'Uflf;lJ.fl1V'IV'l&'l\PlL u'UL'J'11 l-J'U'e)tlfl'J1 Cs> u 'U'Utl\Plli!1fl'J'U'Vl 

flru:::n11iim1mcu1ii\1l1'J'1,r'U~?I\Pl 
' 

ir. nT~~~~-:im1:::m~~m:ru~3.1 (Training) 
., 

"" ., 
ct.@) fl1~\Jl\Pl\Jl-:Jbb'1t'Yl\Pl&'leJ'U 

• • 

~-~-@) ~"ll1tl\P1€l..:J~1L 'U'Uf711"ll'U?l-:J ~\Pli-:i LL'1t'Yl\Pl&'lB'Uf7111 -H-:i1'Ufl1firu,-'ivim1t1m11 ~'W'SBl-l1 °il-:J1'U ru 
o::::al-=:al..:;;:i,, V 0 

&'ltl1'U'Yl'Y11'Yltl1'1tlfl1'Vl'U\Pl 

ct'..(9).lv \,)e)-:J(;l1 L ii'U n11&i\Pl~-:JS/le)'\"J(,) Ln1~'11 L tl'U'11'Vl-r'U fl11 b "Utl'U 1 tJ1 LLmii LL'1tfl'J'Ufll-J Gnlv-bit MCU • 
LL'1::: FPGA '1-:J1'U"ll\Pl'U1tm'1e-i'1 (Computer Workstation) 'Ylfl"ll\Pl ·niiii-:im1'1-:J'Yltb'UEJ'U~"ll~'Yli (~1i1) 1~ . . ' 

"' "" "' tlfl\1lB'1 L W'UiBtl 
'U 

I.I ii' 0 d I I d Q.I Q..I 

ct'..@) .GTI ~"ll 1 t)(,\ e)-:j'Y] 1 f71i'Yl \Pl ?I B'U f711 b "ll e)l-J (,le) W'Vl'J 1-:i-ii (Pl'Y] \Pl'1 e)-:j LL'1 t Lfl 1 e)-:j'J \Pl ?I qJqJ 1 ru ( Oscilloscope) 

L ~ B 8'1.J cJ'U'J11 t'U'UJ-:J'Vll-J \Pl'Vl1-:J1'U~'Jl-l fl'U b~ B ~ 1-:J&'l:W'U'rnJ 
'U 

ct.I€> LeJ fl?l1'SU'S~ fleJ'U f11'S 1 i~1'WLL~~ ~flelfl1~'Vl~~el~: 
'U 

('l.rnJVll11Vl'j 1l1m.J'j'j,J~) 

ff'J 'ill fl1 'i 

p 
(\J1tlru~vm vbvm.:i) .. 



., ., ' 
'aVl~fl111W'll 
..i ., ' 
"1e1fl111W'll 'll~'Vl ~" eJ-:1~ ~ l?l eJ" LL"~ eJ'U 1~ eJ f1 LL 'U'U L~'U'U eJ {'V'l 1eJlJ L ;£J'U L th LLm~m'U f1~ e:itl mru~ L~ n'Vl'rnil f1 ~ 

' ' ' 
1l.l'Ue:i£Jn11 @)@) "!1il~ 'iij1'U1'U @).rt ~~ -:i'Utl·rnmru .n,000,000 

ct.lv.m \,leJ-:1~~ 1 "Miir1i'le:im11i-:11'Umnrusn (User Manual) Lbi;'l~fli'le:itln'IJ~fl11'Vl~i;'le:J-:i (Lab Manual) 
'U , ,, -:,,,J 

L 'U'UJ71'M11 'Vl£J 'iij1'U1'U 1lJ'UeJ£Jf1'J1 (9) °!1~\Ple.l°!1~tlnmim1 (Vl~vb'U'U 1 v.J~~~",1i;'lf111~i;'l:::L0£J~?f-:!) , , ~ 'U 

ct.iv.iv L-rl'vV111 'U~i'lvtl~mimwi'e:i-:ime:i'Ur1~:1.Ji1-umh•i~ i-:iil: 

- m11i.:i1'Utmn'U"!Je)-!j Ql\v-bit MCU LLi;'l~fl111inu Wi-Fi/Bluetooth 
"" 

"" 'i'.1 'i "' .. JI - fl1'jb"!J£J'U b u1LLm:1.J bf'il1-:l?f11-!li;'lff~f1'\Al'U~1'U'U'U FPGA 
"" V V 

- "U'U\?leJ'Ufl11'Vl~i;'le)-!l';i"J~fl'UL61l'UL61leJ{Lrn~ L~~i;'l\Pl1~1 l1~ @>b i1£Jfl1i 

ct.Ql m1tlnv'U1:1.J (Training): 

ct . .n.m ~L?f'UeJ11f111>1eJ-!l~~eJ'U1:llb~-:!tl~mifl11 (Workshop) L~£J1fl'Ufl11L-U-:!1'Uf11J1W"Vl 61leJ'W\J1LL1i Lbl;'l::: 
"" 'i. I JI "' 'l ,, ' ... "' "' d .. .., ~ I"' I I 

fl11b"!JcJ'U b uibbni:llfl"J'U~:1-Jb 'Uel-:!~'U b Vlbbf1'4fli;'l1fl1Vlivb°<il1Vl'U1'Vl"!Je.l-:!1'VlcJ1mJ b:ll'Ue.lcJf111 ct 'Vl1'U 

ct.Ql. \v ~"!J1cJ\>leJ-:l'<ij~~-:!1'Vl tl1 mer L ~tl1°!1181:I.J1~1 L 'U'Ufl11tJF1eJ'lJ'j:I.J L 'Mbbflfl'j bbl;'l:::'Ufli;'l1f11"!JeJ-:!1'Vltl1~tl L 'U'U 
\.I 'U 0~ 'U , 

nm1lJ'Lie:ivn11 iv 1'U (Vl~v @)® -&11:1.J-:i) 

ct . .n . .n "!JeJ'UL"!J~m1tlne:iu1:1.J1>1e:i-:itl1:::ne:iu~bv: 

- m11'tlLfl~v-:iilv1~LLl;'l:::fl11~-:ir11 Digital Storage Oscilloscope mooMHz 

- m11'tl61le.Jv-l\J1Lb1{~\,1J'U1W'U'U (IDE) 6'11wfo Ql\v-bit MCU Lb"'~ FPGA 
!:-11 ."1 JI "' . ., ., ' 

- fl1ibbf1 b "!Ju~Vl1b'Ue.l-!l~'U (T roubleshoot1ng) bbi;'l:::fl1i~bb"''jf1'l'}1f11flill'1 

- ~ L?f'UeJ11f11\,le)-:J'<ij~Vl1 LeJ f1?f 11tJ1~f1eJ'U fl11eJ'U1~ Vl1eJ~e)fl1'j?feJ'U L t11tJ LL 'U'U~~\JleJ'1 L 'MLLfl~ L "U1 
'IJ 'II 'IJ 

'S'U fl1'je)'IJ'j:I.J'V)f1fl'U 1~tlfl1 'je.)'lJ'jlj\)le)-:J~1 L il'U fl1'j 1 'M Lb~1 b?f ~°<i)J71 V 1 'U1:::v::: rnn~-:1:1.Je.l'U 
' 

ct . .n.~ ~"!J1V \,le.)\j b 'U'U~'S ue'.j~'llel'Ufl11 i~1vJ-:iV1:1.J~ 1 'U fl11tlnv'Ui:I.J ( i1:I.Jfl11'Vl V1fl1bbi;'l::: Lelf1?11ith::: f1e.l'U) 
'IJ 'II .., .. 

ct'..~ fl11?f'U'U?f'U'U'Vl1-:J b 'Vlfl'Ufl: 
' 

- ~"!J1t1lli'ti-:i~~ 1 "Mil-dti-:i'V11-:im1~~\PleJ~eJ?f11L ~eJ"!JeJ'S'Ui'11LL 'Ut:'U1'Vl1-:!L'Vlf1'Ufl (Technical Support) VI"'-:! 

f11 i ~ f1 e.l'U 1:1.J L?f ~'oJ i'U \J1"'e.l ~ it: V ~ L 1"'1 fotJ1::: fl'U 

b. n1-ai'uth::n'Ubb~::'U~n1'aVl~~n1'a"tl1cJ 

b. m 1::: cJ:: b 1i;'l1 fl111'ui.J1:::n'U: 
II 21 QJ a I V V ~I 1 I ti I ~I V CV V d 

- t:-J"!J1cJl?leJ~1'Uu1::: n'Ur1rum'V'l'V'l?f~'Vlm1t1n1'H u'UL1m m.mvm1 m u 'U'UC1~°<il1m'U'VlF1ru:::m1:1.Jfl11 ,, 'I , , 

~11°<il'S'U~?f~ 1~i;'l~'U1:ll L 'UL 'U~i1'il'S'U~?f~ b~tl'U1eJcJbb~1 
' ' 

b.l!i fl11~1Lil'Ufl11LLm"!Jmru'6'11~'Uf1'\Al'fo-:1 (Service Level Agreement): 

b. lv.m Vl1 f1~?f ~ Ln~f11i'll11~'U f1'\Al~e.l-!lel'UL ~eJ-!l:I.J1'oJ1f1fl1'j L i.:i1'U~1~Uf1~ ~"!J1 £J\,leN~1 L 'U'Ufl11 LLm "!JVl~eJ 

Ltl~t1'ULV1~i."MLLi1L?f~°<il mt11'W @lct 1'U 'UU°<il1n1'W~1~foLL~-:i'11nV11-:11'VlcJ1"'t11~vhifi~r11ti~1vt~1 J-:ii'U 

b.lv.lv 1 'Umru~t,1e.).:J'U1~?f~f1'1'U 1 '\.J6llv:I.JLL61l:ll ru 13l'UV'U~fl1'j bb6'1::: 1 inm Ln'Uf1'J1~f11Vl'U~ ~"ll1cJfl"J'j~~Vl1 
' 'IJ 'IJ 

~'1~~~Flru6ln~ru:! 1n~ LfhMnuin 1 ~V11~1'Vlv1trv 1 i~1-ui1·rn~i1r1·r-n (t1~) L ~ei 1~1 ~mt'Vl'U~um·n~v-u 
' ' 

'1!':ii.h:::~'Vlt) 

\h~61'Ufl'i'ia.Jfl1'i 

(1.rn.1'Vl~'V'l':i l.J1fli.J':i':i'1-:i) 

fl'i'ia..lfl1':i 

---..f'1J 
('U1E.Jru~vm ~1'Vltl-:i) .. 



"ll\ilVl\ill;lel~~~ \Pl ell;! LLl;I::: elt.!1~elfl LL 'U'U LlJ'U'Uel{V'l ~ell.IL ;cJ'U 1 ,J·mmlJfl'l'UfllJelU mruB L~flVl'aeltifl'1 . ' . 
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