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Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

CCD ctpyKtypu. CMOS ceH30pu 3a cbXpaHeHue n o0bpabotKa Ha
nsobpaxxeHusa (image sensors)

= CCD cTpyKTYyp# - 6a3mpaHmn Ha TpaHCcPep Ha 3apsas MeXKAY CBbP3aHu
renToBe B paMWUTE HA KaHaNeH (perncTpos) NpeHoc.

Bugose NpuaoXXHU peLueHuUA:
X Surface-channel (SCCD);

X Buried-channel (BCCD).

Peanu3zayusa Ha CCD peaucmposus mpaHcgep:
- 8 paMKume Ha 2-¢a3u Ha MAaKmMosusA cueHasl;
- 8 paMmKume Ha 3-¢ha3u Ha MAKMOoBUSA CueHasl;
- ¢ noseye ¢ha3u (MynamugazeH mpaHcgep).

Npumep: TpaHchep Ha 3apag, B 2-dasosa SCCD cTpyKkTypa (dasm @,,0,)
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SCCD ctpyKTypu. CTpyKTYpa U aHaNU3 Ha
pabortarta

CTpyKTypa:

¢ poly-Si renToBe Nog, KOUTO Ce CbXpaHABa

3apaga (bold) - ‘storage gates’ (SG);

** reMToBe C KOUTO ce oCbLllecTBABa

TpaHcdepa (oT poly-Si unn metan) -‘transfer

gates’ (TG)— pa3nonoxeHu Bbpxy no-geben

OKWCEH CN0U N C NO-BUCOKO Nnparoso

HanpexeHue (V;=2V). U3rpaat ponata Ha

bapuepa mexay cbceaHute ‘storage gates’.

» Heka 8 Hayasnomo Ha npouyeca nod SG1 uma
3apA0 (noazuyecka ‘1°), a noo SG3 da auncsa

3apA0 (nozuyecka ‘0’). NNokazaHu ca 2 cbceoHuU

Knemku (cells).
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SCCD ctpyKtypu. CTpyKTypa U aHanus Ha
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SG1,5G2 ca pasgeneHu eauH oT Apyr u ce

CbXpPaHABAT, ¢’ 2

» B momeHTa t=2 @,=1 (@,=0) v 3apaaa ce npeHacs

oT 30HaTa noa SG1 Kbm SG2;

" B momeHTa t=3 oTHoBO @, 1 @,=0 1 3apsaga ce

CbXxpaHABsa nopg SG2;

B momeHmu t=4 u t=5 aHanuzvm 3a emopama
K/iemkKa e aHasn02u4eH rno omHyoweHue
npemecmsaHemo Ha 3apA0a Ype3 3amMecmsaHe Ha
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T.e., mexxay momeHTU 1 n 5 TpaHchepsbT Ha 3apsaaa
MeXAy ABe CbCeHU KNeTKM ce OCbLLEeCTBABA B
PaMKUTe CaMO Ha eaunH Nepunos Ha TAKTOBUA CUTHA.
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SCCD cTpyKTypu. XapaKTepucTuKu

Bcekn CCD enemeHT MMa ABe 3anomMmHALWM KneTku /cells/, Bcaka oT KouTo ce
cbeTom oT: (1) O6nacT 3a cbxpaHeHWe Ha 3apsaaa /3anoMHSALLKN CTPYKTYpu/
nnn “kowHunua/sBegpo” (bucket); (2) Transfer gate; (3) Storage gate.

[lseTe 3anomHALWM Knetkn B CCD enemeHTa — aHanornM4Ho Ha eaunH Master-
Slave cnHxpoHeH D-Tpurep.

1 3a peannsauyms Ha 2-dpa3os npouec Hanpumep B CCD 500Kb perncrposa
CTPYKTYpa ce n3nckeat 1Mb 3anomHAWM KNETKM BbPXY YMna.

1 No-pobpo cboTHOoWEeHNEe mexKay 6pos 3aNOMHALLM enemeHTU 1 6pos
3aNOMHALWM KeTKK B pernctpoBmute CCD CTPYKTYpU — Ypes yC/I0XKHEHA TaKTOBA
cxema.
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SCCD u BCCD ctpyKtypu. Npegumcrea Ha BCCD

MpakTuuyecku cxemu Ha Image ceHsopwm /nony/ - skntousa (1) CCD
CTPYKTYypa u (2) naxoaHa cekuua. Npu ToBa GOoTOHUTE B CEH30pPA
AOCTUTraT A0 CUAULMEBATA NOBBbPXHOCT NPE3 ONTUYHM NELLU, Npes
KOUTO Ceé KOHBEPTMPAT B EN1IEKTPOHM.

LianoTo nsobparxkeHue ce “3axsaiia” 8 CCD maTtpuuara /array/, oT
KOATO B MOC/NE/ACTBUE Ce YeTe Ypes npemectBaHe pes no pen /shifting
& transferring/ Kbm n3xoaa — B ISICHO Ha CXemarTa.

Uu3xo0

Q1 @2 @1 @2|reset

. o & \d % % Vi

—r
n" n |

‘ CCD cTpyKTypa M3XoaHa cekuma,
|

p-mur nooa03#Ka i
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SCCD u BCCD ctpyKktypu. Npegumcrea Ha BCCD

OcHoBeH HeaocTaTtbumM Ha SCCD - HaanumneTo Ha NOBbPXHOCTHU CLCTOAHMUA,
KOWUTO OrpaHuyaBaT NOABUKHOCTTA U OT Tam Bbp30aeincTBneTo Ha
npubopwure;

PeweHune —ypes TpaHchep Ha 3apsaga noa cneumnaneH srpageH (buried) TbHBK
N-CNI0 MaZIko NoJ, NOBbPXHOCTTA Ha NaacTuHaTa - BCCD cTpyKTypa /aacHo/.

OCHOBHO U3MUCKBaHe — N-BrpadeHnAT o) [e]7 Aa € 6e,£I,EH Ha €/1IEKTPOHMN.

Takmosuam u ynpasaasauwjume cu2HaaAuU ce nooasam c ommecmaaujo /offset/
HarnpexeHue, Yulimo MaKcumMym e MasKo oo no8bpxHOCMma Ha Si
noonaoxcka. [lpu mosa enekmpoHUMe, UHHeKmupaHu 8 npubopa ce
CbXPAHABAM UMEHHO 8 M0o3U nomeHuuasneH Makcumym.
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Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

SCCD n BCCD ctpyKtypu. NMpegumcrtea Ha BCCD

ObeaHeHUAT N-CNoM Npeana3Ba HOCUTENUTE Ha 3apaj, (enekTpoHuTe) aa
NOCTUIHAT NOBBPXHOCTHUTE CbCTOSHUA U BOAAT A0 YCKOPABaHe Ha TpaHcdepa.

Mpepaumcrsa Ha Buried-channel CCDs (BCCD):
" IUNCA Ha BINAHNE OT NOBbPXHOCTHU CbCTOAHUSA;

" N0-BMCOKA YecToTa Ha paboTa npm NpeHoC Ha 3apAaa B cpaBHeHme cbc SDDC
nopaau NO-BMCOKaTa NOABUMKHOCT Ha HocuTenuTe B obema Ha noanoXkKaTa (oKono
2 NbTM NO-BUCOKA).

N3nonsBaHe Ha SCCD/BCCD — KaKTo B UndpOoBU, Taka M B aHA/IOTOBU NMPUTOMKEHMUS.

Image ceH3opuTe — noHacToswem c obem ot ctotun Meranmkcenu. Npu Buaeo-
KaMepuTe Ca MHTErpMpaHu 3ae4Ho C NameTTa B paMKuTe Ha obuy, umn.
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CMOS image ceH30pH

MosBa: (1) B cneacteue Ha
pa3sutneto Ha CMOS TexHONOrnATa;
(2) Bb3MOXKHOCT 33 ynaBsiHe Ha cnaba
cBeT/InHa n npeobpa3yBaHeTo 1 B
HOCUTE/IN Ha 3apAAa.

CeH30pu C akTUBHM NukKcenun (Active
Pixel Sensors, APS) : eknrouyeam
ycuneamer 3a 8CEKU nuKces.

- C €AUHNYEH TPAH3UCTOP, CBbP3aH C
LA (a). 3apaaa ce npeobpasysa B
HanpeXeHue 4Yp3 ycunsaten nog WA;
- C aKTUBEH ycuneaten (6): no-ronama
YyBCTBUTENIHOCT - NAbTHOCT 20 Ao
30% no-BM1COKa;

- C UIHTerpmpaHe Ha 3apAaaa noj renTa
(8) u ycunsaren .

100
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Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

OCHOBHM XapaKTEepPUCTUKU U Applications

NMPUNOXHKEHUA HA » Cellular and Smartphone

CMOS image ceH3opuTte Features
» 14" 8M resolution (1.12 micrometers)

(] BucoKa cTeneH Ha nHTerpauus;  Backside lllumination (BSI)

[ oTHOCKTENIHO HUCKA UeHa; * Progressive scan

 HucKa KoHcyMmMpaHa MOLLHOCT; * [2C interface

O BMCOK paHAeMaH Ha MPOU3BOACTBO. » Sub-sampling: Vertical and horizontal
1B", "

- BUAeOoKamepu,,  Built-in Phase Lock Loop (PLL) with Dual

PLL (second PLL for MIPI® output)
* High Dynamic Range (HDR)
» Lens shading correction
» Defect pixel correction
» Picture flip (horizontal and vertical)
» Context switch
* Built-in VCM driver
* Built-in temperature sensor
» Standby mode, Power down mode
* OTP (4k-bits one-time memory)
* Built-in regulator (1.2V)

- MYITUMEANNHU NPUNOXKEHMUA,
B T.4. PC Kamepuy;

- CUCTEeMU 3a CUTYPHOCT ;
- BM,D,EO-TEHE(I)OHI/I UT.H.

Mpumep — Toshiba
T4KO5 — 8Mpixels
BSI (Backside illumination)
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MpeacraBaHe onMcaHUETO Ha UMPPOBU CTPYKTYPHU
Husa Ha onucaHue n abcrpakuua. Y-guarpama Ha Nainckn-KyH (Gajski-Kuhn)

MoBeaeH4YeCKO

- CUCTEMHO;

- AITOPUTMUYHO;

- PerucTpoBo
(RTL);

- normnyecko (NP);

- Ha HuBO M.

- TONONOrMHU KNeTkn (moaynu);

- TONONOrNYeH moaynan (Makpocu);

Behavlogl \

/ Structural

Systems [ acm Ha HDL onycaHue CPU, Memory
Algorithms | bﬁ\ o S bsystems, Buses
Registethransfer w - ALUS, Registers
Logic > » Gates, Flipflops
Transfér functions ‘i & Transistors

- NONUIOHY;

- KIbCTEPY;

N

- yun (UC), obnactn.

feomeTpuuHo (dusmnuecko)

- Polygons
@ Cells, ModUle Plans
W Macros, Floof Plans
W Clusters

P Chips, Physical Partitions

Geometry

CTpYKTYPHO
- uP, namety;

- 610KOBEe, LWUHWU;
- AJTY, peructpu;
- JIE, Tpurepu;

- TPQH3UCTOpPMU.

Huea Ha
npeocmassHe

(abcmpakuus):

" cuCmemMHoO
(apxumexkmypHo)
" hYHKYUOHA/HO

" f102UYecKOo

= ghusuyecko.
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Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

YcTpoucTBa C Nporpammpyema JIorukKa
(Programmable Logic Devices, PLDs): FPGA, CPLD

ApxuTeKTypa Ha umnose FPGA

U Bupgose uHTErpanHu cxemu (CTPYKTypu):

= Custom UC: KnneHTCKM cneumnduyHm CTPYKTYPU C NPOU3BOIEH CHCTAB U
YHUKANHO NpeaHa3Ha4YeHUe;

= ASICs (Application Specific ICs, notpebutencko-opueHtmpatu UC):
CTPYKTYpU ¢ 610KOBO-PUKCMPaHaA CTPYKTYpPa, AoonpeaensaHa ot
noTpebutena cbobpasHo cneundUYHUTE HYKAU (NPOoEeKT).

+* Bupose ASICs:

» Ha 6a3aTta Ha T.Hap. “6a30BM MaTpuuHu Kpuctann” — Gate Arrays. MNpeasaputenHo
Cb3gaaeHn CTpyKtypu ot JIE n ap. enemeHTtun. lNepcoHanmsaumara Ha GyHKUMKUTE ce
M3BbPLIBA Ype3 O0O0MbAHUMEAHU MEXHOMAO02UYHU rnpoyecu (MaCKu, TEXHONOFMYHU
npouecun) 3a Cb3aaBaHe Ha HEOHXOAMMUTE BPB3KK;

» Ha ba3aTa Ha “cTtaHpapTHU Knetkun” — Standard Cells. CbBKynHOCT OT 6/10KOBe €
dUKCUpPaHa CBLBKYMHOCT OT €N1eMEeHTU U NINHUM 3a Bpb3Ka Mexay Tax. KpanHara
CTPYKTYpa Ce peanusupa 4Ype3 rpocpamMupaHe HA B8Pb3Kume MeXAYy OTAeNHUTE
6nroKoBe.




Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

“NMpoctn” nporpamunpyemm nornyeckm cxemum — PLA, PAL
(Simple Programmable Logic Devices, SPLD)

= Programmable Logic Array (PLA) - matpuun AND n OR —

nporpammpar ce 1 ABeTe MaTpULm.

- KATO CaMOCTOATEe/IEH YMN UM 4YaCT OT MUKPONpoLecopa;
- NMO/N3Ba Ce 3a peann3auma Ha N0rMKa 3a geKoampaHe Ha MaKpPOKOA-UHCTPYKUUnUTe, rnpum
dGYHKUMOHaNHN B1OKOBE KaTo NamMeTun, myntunaekcopm, AJ1Y.

Vid
¢ a—d:J ﬁf df | F, =4
X & :
[ o0 Biag L = —=
D i g | AND F=a,va, =XV XyZ
) @ l j,>c —Jj _Jj:L_ -j ‘ matrix _
e S LSS F:aova1:XvayZ
l o el | i 2
Fe@iEsHN =1
‘,dd a) a] aq) 1 /
LT — S o
| .
= o = = 2 I OR
"t L ’J_‘ = matrix
LS = E = 2 17
B ]
b 13



Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

“NMpoctn” nporpamunpyemm nornyeckm cxemum — PLA, PAL
(Simple Programmable Logic Devices, SPLD)

" Programmable Array Logic (PAL) - matpuum AND 1 OR — nporpammpa
ce camo M matpuuaTta (UM matpuuata e duKcnpaHa)

PAL / PLA matpuuute (SPLD) ry6aT nasapHOTO CM NpUCHCTBUE CU NOpPaan
332 CMeTKa Ha “rbBKaBun” PLD apxMTEKTYpU C yBeNNYEHA CTEMEH HA
NHTEerpauus

PROM — Bupg SPLD, npn KOUTO aApecHUTE LUMHU UTPAAT POAATA Ha
NNOTNYeCcKn BXxo40Be, a U3X0AM Ca LWMHUTE 33 AdHHMN.

o lporpamupaHe Ha PLDs:
- C NpemaxBaHe Ha Bpb3Ku (fuses);
- CbC Cb34aBaHe Ha BPb3Ku (anti-fuses);
- ypes cxemu namet (memory-based circuits).
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CNnoXHu nporpamupyemu N10rM4yeckmn yCTpomcrea
(Complex Programmable Logic Devices) - CPLD

KoHuenuwna Ha CPLD:

J Hakonko PLD 6nokoBe - makpokneTku (macrocells) B pamkute
Ha eANH YN C UHTEPKOHEKUMU (BPpb3KK) OT YHUBEPCANEH TUN
MeXay TAX.

o MpocTnTe NorMyeckn BPb3KKU Aa Ce OCbLLECTBABAT BbTPE
BbB BCEKU ONOK;

o Mo-cnoxHuTte (M3UCKBALLM Bpb3Ka MexXay otaenHu 610xkose)
NIOTMYECKU PYHKLUMM Aa NON3BAT YHMUBEPCA/IHUTE KaHaauM 33
BPb3Ka.

v'CPLDs ca ot PAL-Tun (n3non3saT siormka Ha 6a3ata cyma oT
npon3BeaeHna) B MaKpPOKIETKUTE.



Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

YcTpoicTBa C nporpamupyema 10rmka
Programmable Logic Devices, PLDs (High Density, HD Logic): FPGA, CPLD

Field Programmable Gate Arravs (FPGAS) High-Densitv Uuun Complex PLDs (CPLDs)
® MaZlKnN n3rpaxgawm b (”d)VlHa”, “fine grainEd” CTp.); (] ronemu nsrpaxgalm b (”rpy6a”’ “coarse
= “DerncTpoBo” opuUeHTUpPaHA apXUTEKTYPA; grained” cTpyKTypa);
® pa3npeneneHn mexaycbeamHeHus. " Knacuyecka PLD-TUN apxuTeKkTypa;

"  UeHTpanusmpaHu (B eaHa obnacr)
U Kayectsa / ocobeHocTu: MeXAyCbeANHEHUSA.

= oTHOCUTENHO 6aBHM “pin to pin performance”

nopasy HEONTUMA/HU BPB3KM; U Kauectsa / ocobeHocTu:

U npeackasyemm 1 OoTHOCUTE/ZTIHO NOCTOAHHU

" noaxoAaAaLwm 3a cTpykTypu Tmn “pipelining” (kackagHo N
napameTtpum (6bp3oaencrTeme, 3aem.nnoul);

CBbP3aHU CTPYKTYpH);

= 106pK KayecTBa NPU peannsaLma Ha CAoXKHMU N1D, " NoAXoAAwWwM (ONTUMaNHK) 33 peannsauma Ha

NPEHOC Ha AaHHM: T.Hap. “narrow gating” GyHKLMMN. KA, 6posum: T.Hap. “wide gating” ¢yHKuuM.
O O O A B
O O D‘D :I :I
O O O
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Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

YcTpoiicTBa ¢ nporpamupyema J1ormka

(Programmable Logic Devices, PLDs): FPGA, CPLD
ApxuTeKTypa Ha umnose FPGA

OcobeHocTn Ha FPGA cTpyKTypuTe:

- MAaTPUYHA OpraHu3auma: ABymepHa CTPYKTypa oT 6a10koBe JIE, wnHu (nnHun)
33 Bpb3Ka mexay 6nokoBeTe, gonbaAHUTENHN B10KoBE, BX/13X. 610KOBE;

- PYHKLUMOHANHO cneundumumnmpaHe Ypes AONBAHUTENIHO NPOrpaMmmupaHe Ha
eNeKTPUYEeCKU BPpb3Ku (KoHdUrypupaHe) - ypes dann 3a koHbdurypupaxe (8
otaenHa RAM) — MHOrokpaTHoO!

Field Programmable Gate Arrays — FPGAs

[MporpammpaHeTo — ype3 pa3sBOMHU CUCTEMM, AaBaALLN Bb3MOKHOCT 3a:

- MPOEeKTUpaHe, BK/. onnucaHue c esamun 3a HDL;

- CUMY/1aUMA Ha NPOEKTA;

- OLiEHKa Ha 6bp3oaencTeme/3aemaHa naoll/Ppus.pecypcu;

- U3N0N3Ba onpegesieHa TeXHON0rMA 3a NporpammpaHe Ha BPb3KUTE U
onTUMM3aumMs Ha pecypcuTe (Hanp. XST Ha pupmaTa Xilinx).
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YcTpoucTBa C Nporpammpyema JIorukKa
(Programmable Logic Devices, PLDs): FPGAs

** Tunose FPGA

" Penporpamupyemum (6a3npaHun Ha BkatoveHa SRAM) — SRAM-based:

- SRAM onpeaens (cneunduumpa) mexxaycbeanHEeHUATa;

- SRAM peduHunpa normnkata B otaenHute LUT (Look-Up Tables). Ypes LUT ce
AedUHMPAT CTOMHOCTTA Ha U3Xo4a KaTo KOMBMHAUMA OT CTOMHOCTUTE Ha
BXOAHWUTE CUTHANM.

= EgHOKpaTHO nporpamupyemm (One-Time Programmable) — OTP:
- TPAAMLUMNOHHA reMTOBA JIOTUKA;

- “anTn-fuse” peanmnsauma Ha Bpb3KUTe (M3rpaxKaaT ce BPpb3KKU, HE CE NPEKBLCBAT) -
He nanckea PROM 3a npexBbpaaHe Ha nporpamaTta Kbm FPGA cTpyKTyparTa.
I Camo ea4HOKpPATHO M3MN0A3BaHEe Ha YMna;

- € No-BUCOKO 6bp3oaeicTeme (6e3 SRAM 3a nporpammpaHe), No-BMCOKa CTENeH Ha
NHTErpaLma, HACKa LeHa, Mnca Ha BAMAHUE OT O-4aCTULIK.
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YcTpoiicTBa ¢ nporpamupyema J1oruka

(Programmable Logic Devices, PLDs): FPGA
ApxuteKtypa Ha umnose FPGA

ynpaB/ieHue Ha
/0 6nokose TaKT. CUrHas

\ /
1D &8 000010

FPGA maTtpuua

L]
L]

<
bnok RAM namer;

cneuudUUHN CTPYKTYpH
— (Hanp. yMHOXUTeNN 1 ap.)

L

]

Ity

HEN

EEREEE
HEEN

% [ ]
A1 N
/HI/I[]II[I]II[I '\m[nul\{u]
MaTpuyHa CTPyKTypa oT MeXayCbeAMHEHNA: WNHN/ANHWN 33

KoHbUurypupyemm J1b Bpb3Ka mexay J/1b
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YcTpoicTea ¢ nporpamupyema J1orMKa
ApxuTteKtypa Ha unnose FPGA. OcobeHoctn npu Xilinx Spartan 3E pamnnums

® basupaHu Ha AByMmepHa (MaTpuUUuHa) CTPYKTypa oT norndeckun knetku (logic cells, LC) n
nporpammpyemu Knroyose (SW);

= BcAKa KNeTKa MoXKe Aa 6bae nporpamupaHa 3a U3nb/iHEHWE Ha onpegeneHa pyHKUmS;

= BCEKM K04 MOMKEe Aa Ce Nporpammpa 3a OCbLLECTBABAHE BPb3Ka MeXKAY KNETKUTE;

» MNpouec Ha gedpuHMpaHe Ha cneundryYHUTE BPB3KM 3a NOAyYaBaHe Ha “custom” cxemarta —upes 3apexaaHe Ha
dann (KoHourypaumoHeH) > field programmable (BmecTo fabric).

U NMornueckn knetkn — cberas: (1) LUT (Look-Up Table, 2”21 namert): kKombuHaumoHHa ctpyktypa /LUT/ n D-
Tpurep /D FF/, 3a peannsauma npounssonHa n-sxogosa J1d; (2) Macro cell (makpo-kneTku/610KoBe): CTPYKTYpY,
pa3paboTeHn Ha TPAH3UCTOPHO HMBO WU BNIOKEHU AMPEKTHO B FPGA maTpuuaTta KaTto otaenHun 6nokose: |OBs,
DCM, MUX, npouecopHu agpa (cores).

LC LC LC X1 — Y
—— (nornuecka SW (nornuecka | SW = (nornuecka |— X2 —
— (kntoy) —{(k1t04) —
KneTka) {RAIOH ) KneTka) JIt0H) K/neTKa) LUT D=
CLK
SW Sl SW S SW
(koY) (kntou) (koY) (kntou) (koY) Xn
LC LC LC CLK
—— (nornuecka | SW | (normuecka || W ] (normuecka |—
KneTKa) LRI04 knetka) | waod) knetka) |




Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.

yCTpOﬁCTBa C nporpamupyema 10ruka
ApXxuTeKtypa n ocobeHoctn Ha FPGA unMnose ot cepuaTa Spartan3E Ha Xilinx

A T e T |OBS — BXOOQHO-U3X04HW BriokoBe
_ ] (pasnonoxeHn nNo nepugepusaTa Ha
' ] — KpucTtarna, CBbp3aHu C N3BOAUTE Ha Yuna);
e — CLBS — KOHurypupyemm nornyecku
] Onokose;
Al |E| BlockRAM — 6nokoBe ABynoptoBn RAM:
[ —
DI e ] — Multiplier(s) — ymHOXUTENM;
Sl (el —
— ‘ AN DCM — GriokoBe 3a ynpasrneHue Ha
= e \ TaKTOBWS CUrHan.
acs H Multiplier
CLEB Array
Equivalent (One CLE = Four Slices) Block Maximum
System | Logic Total | Total | Distributed | RAM | Dedicated Maximum | Differential
Device | Gates Cells |Rows |Columns | CLBs | Slices | RAM bits!"l | bits!'l | Multipliers | DCMs | User V0 | VO Pairs
CASIOOE | TR | ot | & I3 Ay | o ok ToR g , e a0
[RCIGIE0E | 250K 5 508 kX 26 612 | 2448 aak. 1ok 12 4 172 i
XC35500E | 500K | 10476 | 46 M 1,164 | 4556 T3K, 360K 20 4 232 52
XC351200E | 1200K | 19,512 B0 45 2168 | 8,672 136K S04k, 28 8 304 124
XC351600E | 1600K | 33,182 76 58 3,688 | 14,752 2K B48K 36 8 376 155

http://www.xilinx.com/support/documentation/data_sheets/ds312.pdf
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yCTpOﬁCTBa C nporpamupyema NornKa
ApxuteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx
Example: XC3S250E -4 FT 256 C 1 addtional code to specify Stepping 1)

Mask Revision Code
Device Type T— Temperature Range:
C = Commercial (T ; = 0°C to 85°C) Fabrication Code
Speed Grade | = Industrial (T, = -40°C to 100°C)
Process Technology
Package Type Number of Pins D8312_03_111805 Devioa Ty s
Package Date Code
Stepping Code (optional)
- Kopnycu: QFT (Quad-Flat Type package) nnu camo FT; Spoed Grade Lo‘:pg::; e
- npumepu > CP132: yun 8x8 mm, TQ144: unn 22x22 mm; Tomperature Range
- stepping S0,S1: nogo6peHma B TexH. S1 (>2006), Bcuukn cneg 2009 .
- speed grade: 3a C (-4,-5), 3a | (camo -4) —_— T T
DE312-1_08_102005

BbTpellHaTa CTPyKTypa, onTMMU3MpaHa no OTHOLIEHMe Ha:

* MPUNOXEHUS C BUCOKa NNbTHOCT Ha JIC;

* UHTErpupaHe Ha ronsm 6pown norndeckn énokose, LIOC cTpykTypu, ynpaenssalln yCTPOUCTBA U OP. N3UCKBALLN
3HauuTenHu obpaboTeaLlM pecypcr U OTHOCUTEMNHO Mariko MHTepdencHn cxemn u I/O Bpb3KMK.

I'Ipep,u MCTBa U Bb3MOXHOCTMU:

* ynnose c¢ ronsim obem 100K go 1.6M renta, TexHonorna L=90nm (noHacTosiwem 0o 28nm — Virtex6);
* HACKa LeHa Ha NpunoXeHusita npym MHOrO BUCOKAa NITbTHOCT Ha pasnosiaraHe;

* NleCeH upgrade Ha CbLUECTBYBALLN NPOEKTN, TpaHCAEP Ha NPOEKTU KbM ApYyrK nnatdopmm n ynnose (design
migration), HUCKM Ha4YanHu pasxoau 3a pa3paboTka Ha NPOEKTUTE;

* nogabpxa oo 376 eanHniHn/156 andepeHumanym 1/O nopta Nnpu CKOPOCT Ha TpaHcdep Ha agaHHUTE oo 622Mb/s;
* AN3alH C pasnuyHn 3axp. Hanpexenus 3.3V /2.5V /1.8V /1.5V /1.2V, ctaHpgapti LVCMOS, LVTTL, HSTL, SSTL;
* nogabpxa DDR (Double Data Rate) TpaHcdep n DDR SRAM cbce ckopocT Ha obmeH Ao 333 Mbl/s.
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yCTpOﬁCTBa C nporpamupyema NornKa
ApxuteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx

CTpYKTYpa U CXeMOTEXHUKA

I/O 6nokoBe: npegHa3Ha4yeHMe, CbCTaB

" OCbLlUECTBSIBA Bpb3ka mexamn 1/0O nssoau
(pins) Ha yuna un normyeckuTe GrokoBe;

" NoAabpXKa 4BYNOCOYHO NpegaBaHe Ha
AaHHn n T.S. (BUNC) cbeTosiHKE;
| | weo ™ NOOAbPXKA ronamMo pasHoobpasue oT
| ; T cTaHZapTn, BKN. AndepeHumanHu;
| Pulllp £ X ESD
i rul % . "BkniouBa DDR (double data-rate) peructpu
: i Xe g CTpyKTypaTta cwu.
. P || puk 2 Zes
[ OFF2 Qutpat | | "T
—]CE Driver = =
oTeLKz ot p | o Pexxumn: nsxoneH; BxoaeH; 3a 1.S. Becekun
| =B | e cbc cBon ElM (kaTo Tpurep nnun perncrop).
1 . OupsPuth | [Mporpammnpyemo 3akbCHEHHMe.
| <+ _~] wemos, Tt pel | |
o < ~ | v Opranusaums B 4 6pos 6aHkn: Bank0...Bank3
| Single-ondad Standards | |
IDDRINY D.,.-...'D D al using VREF |
IDDRINZ > =1 1= i P IFF1 : ‘.:ganF Bank 0
ICLK > oK :
ICE 3R "f" | o R
2 < { xlm!n ™ -
i /] e 5 E
| L e IFF2 |
ICLK2 L oK '
| SR REV :
SR> ]
REV > put Pt | Bank 2
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yCTpOﬁCTBa C nporpamupyema NornKa
ApxuteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx

DCM DCM b a Dt
180" 0 g PAD To Fabric
'<7 r— - —————— 1 ﬁ? r—""—"—"—"—"——— 1 1
| FDDR | | FODR | D Q D2
»—— D1 | =1 D1 I
| o1 |— | | al f— |
| | | ICLK2
1> CLKd | > CLKt | ICLK1
| || | | || | D D @ D4
| DDR MUX | I DDA MUX = o
— — PaD —
: : : : A To Fabric
(S— 7 | . | iz IDDRINZ
I | | | D O——{—p o—02
[ 2 — | [ Q2 I
| | I | ]
: > CLK2 | —:—D:}CLH'E | ) oLk
L o o o _! L o e e _! ICLKZ2

DDR (double data rate) doyHkuua — peanusaumsa

» TEXHUMKA, NPU KOSATO obpaboTkaTa (TpaHcdepa) Ha AaHHU Ce CUHXPOHM3NPa €AHOBPEMEHHO MO
npeaeH n no 3ageH opoHT Ha TakT.curHan (I0B — aBonkn pernctpu 3a Bcekn ot Tpute nbTs: I/O/TS);

" n3nosi3ea Aea Tpurepa n MUX 3a npegasaHe Ha JaHHW U NO ABaTta (ppoHTa €e4HOBPEMEHHO;

» DDR unanonsea 2 TakToBM curHana, gedasmpanu Ha 180°, konto ce ocurypsisat ot DCM (Digital
Clock Manager) 6noka;

" Bb3MOXHOCTU. €NHNYHO UM KaCcKaaHO rNMpunoXxeHme (C'bC curHarnm ot cbceaHun VI3BOLI,VI).
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yCTpOﬁCTBa C nporpamupyema NornKa
ApxuteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx

/] e ° o - o Left-Hand SLICEM Right-Hand SLICEL
P N I N I (Logic or Distributed RAM (Logic Only)
4 | 1l | or Shift Register)
4 : X0v3 || X1¥3 ” x2Y3 xava:...
LA B [ ———————————+
/s I xovz || x1v2 il xevz |[ xav2 || e oo N cLB
/7 b L __JL__Ji <
// |_______I|_______I i
Spdrtan-3E : Xov1 ([ xtvi [lil xev1 || xavi fi oo |
/ FPGA | 1 | |
7 if x0v0 || x1Y0 fij x2v0 || X3Y0 || e e e <
/ e e e e swich| | CouT Interconnect
d _ LLLU\-LLLHCE’-LU-LLL b Matrix | | ! 1o Neighbors
e SLICE
o= q_é Siice <Ii> X0Y1 <
D8312:2_31_021208 SHIFTOU
| SHIFTIN
- SLICE
CLBs - KoHdurypupyemu N Sovo [$
Niorn4yecku 6nokose (I J——--
CIN DS096-2_05_082104
CLB cLB CLB LUTs / Equivalent RAM16 / Distributed
Device Rows | Columns | Totall!! | Slices | Flip-Flops | Logic Cells SRL16 RAM Bits
XC3S100E 22 16 240 960 1,920 2,160 960 15,360
XC3S250E 34 26 612 2,448 4,896 5,508 2,448 39,168
XC3S500E 46 34 1,164 4 656 9,312 10,476 4656 74,496
XC3S1200E 60 46 2,168 8,672 17,344 19,512 8,672 138,752
XC3S1600E 76 58 3,688 14,752 29,504 33,192 14,752 236,032
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yCTpOﬁCTBa C nporpamupyema NornKa
ApxuteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx

SRL16 FiMUX D FiMUX D
L_RAM16 c P
LUT4 (G) ary Register LUT4 (G) army Register
D D
F5MUX D FS5MUX D
SRL16
I_ RAM16 Carry Register Carry Register
LUT4 (F)
D D
Arithmetic Logic Arithmetic Logic
SLICEM SLICEL Ds912:2.13_020906

Pecypcu B SLICES

KoHcdurypunpyemum nornvyecku 6nokose (CLBS):
OCHOBHM rpaamnBHU CTPYKTYpu B FPGA |

[MpeaHa3Ha4vyeHune: 3a peanu3aunsa Ha KOMOMHALNOHHM BrTIOKOBE M CUHXPOHHWU YCTPONCTBA.

Bb3amMoxHOCTH, CTpYKTYypAa:
O Matpu4yHa opraHusauus no pegoBe U KOSOHW;

o Bcekun CLB BkntoyBa 4 Slices (2 gsovikn): “nesute” (SLICEM) peanuaupat yHKUMS NamMeT u
normnyeckun onepauuu, a “aecHute” (SLICEL) - camo norndeckn onepaumu,

o Bceku Slice cbabpxa no 2 Look-Up Tabnunum (LUTS) 3a peanusaumsi Ha NorM4eckn CTpykTypu,
2 en.namert (nesute) u ap. LUTs moraTt ga ce nanonaear kato: 16x1 RAM, 16-bit pernctop;

o Hanunymeto Ha MUX u noruka 3a npeHoc Ha JaHHW NO3BOSiABa peanusaunsa Ha apuTMETUYHN U
JIoOrnm4ecku onepaunn ¢ no-rondma pas3paaHOoCT.




SHIFTIN

Lugposa cxemomexHuKa, crey. KCT, ®KCY, 2012-2013 yu.200.
YcTpoicTBa C nporpamupyema J10ruka
ApxuteKkTypa n ocobeHoct Ha FPGA uunose ot cepuata Spartan3E Ha Xilinx - SLICEs

COoOuUT

I -1
I 4 i—— Y8
I [
EXINA >+ 1
EXING C——+ LH ;. —
I HXORG GYMUX .
LY
I _) i = v
a
Gla:1] m AL4:1] =] :
1 : i G-LUT DY™MUX 1
3 FO . ——
) £ i T wais) mcis :D— o @ | Yo
a1 2
1 - FFY :
1 DICE‘_MUX ws D1 CE ]
e - i ox -
ALTDIG q___J--T-- ---::E 5— SR _REWV I
I = 1 I
; ' ;
[
| GAND [ P— I
o — ~=a DIG
a8y | CvoG L 5 BYOUT
I Top Portion !
- — o — e ————— ] > o oan e Ja San SEs SEn ams =) R Sy e i — s e e e ol o s - o
l < B —— — —— — — — — — — — ————— — — S — —— — — — — —— — — — — e — —I
CE ——&— il
CLKD—|—T 1
sA H 1
| I wWSsG 1
| S we N
| o 1
| WSGEN ]
SUICEWE1 o= ecmc e e Jwe il
I T E—— WEOC 1
WSF il
|
- __-..-_|_____--_________.___cl’"'_"‘ﬂ"ﬂ"___..___-..____.
I ::_ — — — — — —— — — — — — — i — — — — — —— i ———— —— — ] e — — . — o — —
H XEBMLIX 1
I3 | oF nux VLI — ! —C—> x8
| LN . 1]
'R 7 i FSMUX I
1 i ; : CYSELF __D > Fs
s -~ | XORF Lr\l I
H ]
1 : ws ol ! > — x
9 a 1+ I | I
Fi4:1] Aga:1] D I
F-LUT e XM e REv .
| I
| o s WF[4:1] MC15 = aQfI——T— xa
" — FFX I
1 ce :
I
i cvoF cK :
1 1 I
i I
1 1
1 CYINIT
BX — : i ———— 7 BXOUT
_______________ e o L _BottomPortion
]
LEGEND: Logic Functions g ﬂ
v
—=- Distributec RAM and SHIFTOUT ciN

Shift Register Functions

DS 2-2_32_0e2007

27
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YcTpoiicTBa ¢ nporpamupyema J1ormka

ApxutekTtypa n ocobeHoct Ha FPGA unMnose ot cepuaTta Spartan3E Ha Xilinx

=Y | FIMUX |
PN —————) |
G[4 1]|4I A1) D Y0 FXINB | | # FX (Local Feadback to FXIN)
3 : 0 |
P l ¢————+— Y (General Irtarconnact)
G-LUT N

|
Ya
b

- #= 5 {Local Feadback to PXN)
. A=
Als) p FFX = XQ g | X{Genoral Intarconnac)

|
F-LUT
| b
| |

LUTs — cTpyKTypa, PyHKUUN

F4:1]

* RAM-6a3upaHu CTpyKTypu 3a peanmsauma Ha J10;
* Bcsika LUT (G-LUT, F-LUT) 8 SLICEM moxe aa ce
KoHpUrypumpa Kato pasnpegeneHa RAM / 16-bit perncrop;
* LUTs numat 4 nornyeckun Bxoaa (A1-A4) n 1 nsxop (D):
NO3B0/ISIBA peannsaums Ha nponssosHa /1P Ha 4 npomeHANBY;
* n3xoabT Ha LUT — kbm MUX 3a paswinpeHme, KbM CTPYKTYpU
3a npeHoc (carry) n aputmeTnyHa ob6paboTka NAM KbM eIEMEHT NaMeT;
* N03B0/1IBa 06paboTKa ¢ pa3wmpeHa pa3psagHocT — pipelining (ascHo).

FXIMBE
FXIMA

FXIMBE
FXIMNA

EX

i

Fx

F5
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yCTpOI‘/'ICTBa C nporpamumpyema NormKa
ApxuTteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx

Write » Read(3)
(®Read = Write
< | Spartan-3E <
§ Dual-Port 5
Block RAM | &

Write —-\> < _——t— Write
Read -w—t—" ——— Read
Total Total

Number of | Addressable | Number
RAM Locations of

Device Blocks (bits) Columns
XC3S100E 4 73,728 1
XC3S250E 12 221,184 2
XC3S500E 20 368,640 2
XC3S1200E 28 516,096 2
XC3S1600E 36 663,552 2

BnokoBe RAM
Pexnmu Ha paboTa

" yeTeHe/3anuc npes nopt A;
» yeTeHe/3anuc npes nopt B;
* npegaBaHe (TpaHcdep) Ha AaHHK OT NOPTA->nopT B;

* npegaBaHe (TpaHcdep) Ha AaHHM oT nopTB 2> nopTA.

B1H3MOXHOCTU, CTPYKTYypa:

v oT 4 po 36 6noka namer;

v’ opraHu3auuns Ha Bceku brok: 18K buta
KOHpUrypmpyemm AByrnopToBu CTPYKTYPU;

v’ NpefHa3Ha4YeHne — 3a CUHXPOHHO CbXpaHeHne Ha
ronemun obemu aaHHu (6e3 bydepHO CbXxpaHeHue).
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YcTpoiicTBa ¢ nporpamupyema J1ormka

ApxuTteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx
AREG |

(Optional) BCOUT
—_—A
CEA ——{CE B Pr—
A[170) =—— D Q B_INPUT = CASCADE BCIN
—> PREG |
(Optional) BCOUT
RST — A
CEP —CE 5 P
RSTA D Q — P35:0] B_INPUT = CASCADE BCIN
BREG N
(Optional) BCOUT
RST —_ A
CEB CE B Pr—
B[17:0] D Q RSTP B_INPUT = CASCADE BCIN
—> BCOUT
RST A
P }b— o
—B
RSTB B_INPUT = DIRECT BCIN
CLK 06312.2_27_001206

YmHoxutenu (multipliers): npeaHasHayeHune U CTPyKTypa:

" 33 U3BbPLUBAHE Ha ABOMYHO YMHOXeHMe P = A x B Ha gaHHM ¢ makc.ObimknHa 18 6uta;
= MOraT Aa CryXaTt 3a BPeEMEHHO CbXpaHeHUe Ha OAaHHU U KaTo NMpeMecTBaLUn CTPYKTYPU;

» paboTata Ha 65IoKOBETE MYMTUMIEKCOPU Ce nognomara 1 oT aHanorM4yHuTe CTPYKTYpH,
Hanu4yHu B Slices;

= pasnonara ¢ gonbiHutenHu pernctpn AREG, BREG, PREG (BbTpeLuHn).



PSINCDEC

CLKIN
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yCTpOI‘/'ICTBa C nporpamumpyema NormKa
ApxuTteKtypa u ocobeHoctn Ha FPGA uunoBe ot cepuaTta Spartan3E Ha Xilinx

PSDONE

CLKFX
CLKFX180

LOCKED

j'v?‘— STATUS [7:0]

BbnokoBe 3a ynpaBneHue Ha YyectotaTta (DCMs)

¢ 2,4 vnn 8 rnoka, 0GMKHOBEHO Pa3nosIoXKeHU Han-rope U Han-gosy BbpXy ymna.
Okono DCMs uma pasnonoxeHu 6nokose CLBS;

% OCbLUECTBSABAT MBKaB KOHTPOS Ha TakToBaTta YecTtota, )a3oBOTO OTMECTBAHE U
pPasfM4yHOTO NOCTbIMNBAHE Ha TaKTOBUS CUrHan B otaenHuTe cTpykTypu (signal skew);

+» n3nonaea DLL (Delay-Locked Loop) BrpageHn 6nokoBe ¢ KOUTO ce noaabpika BUCOKa
NPEUN3HOCT Ha TaKTOBUSA CUrHAI NPU NPOMSIHA Ha 3axp. HanpeXxeHue n Temnepartypara;

“*-Bb3MOXHa peayKuusa Ha YyectoTaTta Ao SMHz;



