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Silais | LMol Caw 4

Term of acronym

ASIC
BGA
CAD
CLB
CPLD
CRC
CSD
DCM
DCI
DDR
DFS
DLL
ESD
FDDR
FLOPS
FPD
FPGA
FPS
GCLKs
GP I/Os
GPR
GSR

Explanation

Application Specific Integrated Circuit
Ball grid array

Computer-aided design
Configurable Logic Blocks
Complex programmable logic Device
Cycle Redundancy Code

Card Specific Data

Digital Clock Manager

Digitally Controlled Impedance
Double Data rate

Digital Frequency Synthesizer
Delay Lock Loop

Electro-Static Discharge

Double Data rate D-FF

Floating Point per Seconds

Field Programmable Device
Field- Programmable Gate Array
Fine Phase Shift

Global Clocks

General-purpose User 1/Os
General Purpose Register

Global Set/Reset

€



HDL
IBUF
I0OB
ISP
JTAG
LUT
LVCMOS
LVDS
MIMD
MPI
MPGA
MPP
NRE
OCR
PDS
PLA
PVM
RTL
TAP
TCK
TDI
TDO
TMS
UMA
VCP
XST

Hardware description language
Input Buffer

Input Output Block

In System Programming

Joint Test Action Group
Look-up Table

Low Voltage CMOS

Low Voltage Differential Signal
Multiple Instruction Multiple Data
Message Passing Interface
Mask-Programmable Gate Array
Massive Parallel Processing
Non Recurring Eng

Operating Conditions Register
Power Distribution Systems
programmable logic array
Parallel virtual machine
Register Transfer Level

Test Access Port

Test Clock

Test Data Input

Test Data Output

Test Mode Select

Uniform Memory Access
Virtual Com Port

Xilinx Synthesis Technology
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LS 329 Artix-Y Kintex-Y Virtex-V Spartan-1 Virtex-1
Log|0Ce”S Y‘OY’~~~ 2Ah’hhi Y’~~~,~~~ \O~’~~n V1~’~~~
Block RAM YiMb Y¢Mb AoMb ¢ AMb YAMb
DSP Slices V08 ),4Y. o YA« YA Y001

DSP
Performance
_ VY AGMACS' Y,¢0.GMACS T1,YYYGMACS Y¢:GMACS Y,8Y4GMACS
(symmetric
FIR)
Transceiver
1 Y'Y 1 A Al
Count
Transceiver
1.1Gb/s VY. oGb/s YA +oGb/s Y.YGb/s VY YAGD/s

Speed

Total
Transceiver

_ Y)Y YGb/s A+ +Gb/s Y YA¢Gb/s °+Gb/s °Y1Gb/s

Bandwidth
(full duplex)

V- Giga multiply-accumulates per second
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Memory
Interface
(DDRY)

PCI Express®

Agile Mixed
Signal
(AMS)/XADC

Configuration
AES

I/0 Pins

I/O Voltage

Artix-Y

Y, 11Mb/s

Gen'x¢

Yes

Yes

V.YV, ) YoV,

1.0V, VAV,
YoV, YTV

Kintex-V

Y, ATTMb/s

GenYxA

Yes

Yes

V.YV, ) YoV,

1.0V, VAV,
YoV, YTV

Virtex-Y

\ AVTMb/s

GenYxA

Yes

Yes

Y,V

VYV, VYoV,

1.0V, VAV,
YOV, TV

Spartan-1

A+ +«Mb/s

Gen\x)

Yes

ovi

V.YV, VeV,
VAV, YOV,
YYV

Virtex-1

Y, 11Mb/s

GenYxA

Yes

Yes

Y,V

V.YV, VeV,
VAV, YoV
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Virtex-1 FPGA ML1 -+ ¢ Evaluation Kit

L oo b sl 3ls 0590 lo 58l Coew Lol lizl ples slyls ML 0 L5l sy
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FPGA: XCVVLXY ¢ T-YFFGY)e1

Configuration

Onboard configuration circuitry (USB to JTAG)

VIMB Platform Flash XL

YYMB Parallel (BPI) Flash

System ACE CF with YGB Compact FLASH (CF) Card
Communications and Networking

Vo/Y o o/N o0 Tri-Speed Ethernet (GMIL, RGMII, SGMII, MII)
SFP transceiver connector

GTX port (TX, RX) with four SMA connectors

USB To UART Bridge

USB Host Port and USB Peripheral Port

PCI Express xA Edge Connector (card supports up to x¢ GenY with Virtex-1 LXY £+ T-)
silicon)

Memory

DDRY SO-DIMM ()Y MB)

BPI Linear Flash (YY MB) (Also available for configuration)
IIC EEPROM (A Kb)

Clocking

Y++ MHz Oscillator (Differential)

11 MHz Socketed Oscillator (Single-Ended)

SMA Connectors for external clock (Differential)

GTX Reference Clock port with ¥ SMA connectors
Input/Output and Expansion Ports

V1xY LCD character display

YA



DVI Output

System Monitor

User Push buttons (°), DIP switches (Y), LEDs (1Y)
User GPIO with two SMA connectors
Two FMC Expansion Ports

High Pin Count (HPC)

Eight GTX Transceivers

Y1+ SelectlOs

Low Pin Count (LPC)

One GTX Transceiver

1A SelectlOs

Power

VYV wall adapter or ATX

Voltage and Current measurement capability of .2V, Y.V and V.YV, ).+ V supplies
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P& ol Glyes o Oldes gla! U aiin Jate [SoSG a4 b oaisS G0 g 6, Sl
a baw oYU Sledbl gl L) Giulpsog,g b oosS o Sl @ axg b > 0 4 adsle
w‘w YA b)5.A u.,\)o 3) J}L oolowuoj.crfl» sé)‘df‘sag_f‘)..\.m‘déﬁ) ijlJ

ey Seb Sl jLsle -Y-14-Y

ojl>] (g oo 0ol By A aS LSS ools Oje 90 o)l Al8gs Dy JSLe SOy Sl
b mo aSile) o) CVPYAT L s VATYY L@Tcﬁé#ﬂlw.mo@\)m&%gw)@o
3)le gl asly acazd 90,5 padad o ools liome Ojgar Oygn 2 0l oo (0585 00y G SLSS
g g oilg lejen Sldes Gl SN Lz g S bglas alex

13,15 0924 00lo ‘51..01 oo g ol oals ooy Lis V-V S 0 a5 jghailes

A Sy 3l GXle g A Sy yo iy L)
B &je 5l uiles 9B Oye o iiigd LY
B oye A Se il ool Jlasl X

A Sye 4B Oyg 3l ool Jlasl ¥

\A



Write | | Read(3)
(@ Read | | | | Write

‘:__:, Spartan-3 m

o Dual Port 5

| BlockRAM |&
Write Wiite

| | ||

Read (- | Read

e 6514 oelow—\(—\" Ji..)

Py Seb &ye JUKw (Syme-Y-14-Y

& by sllllaw L RAMB)1-S[w] 45 &5 9 RAMB)1-S[Wa]-S[Wb] alSgs &g
Sledbl a5 5 VY Jgaz 50 LS .ol oo ool (jlis ailBlos &g A=Y g AT LS o Lyl

Y% ‘5_‘3).9./:» dw.:‘)_)

WEA RAMB16_Sw,_Swg|

ENA

SSRA
T —— DOPA[pa—1:0
_cka | iy
ADDRA[r,—1:0 DOA[wa—1:0]

- p———

DIA[Wa—1:0

DIPA[3:0

WEB
ENB

SSRB DOPB[pg—1:0]

S— L DOB[wg—1:0]
ADDRBJrg—1:0] .
DiBwg1.0]

DIPB[3:0]

W

d)'lfsé Q)%—/\—Y‘ JSM.;

WE RAMB16_Sw
EN
SSR
CLK S
ADDR[r-1:0] DO[w-1:0]
DI[w—1:0 -
DIP[p—1:0]

DOP[p—1:0]

Gl OHe AT S

address bus & Slos -F-14-Y

\At



ENB=High)ais Jld <90 aSile; 10 .ol o yiasd ;0 ;0] bglas oload 00 fpund 0010 yuune
L CLKA) 1, S L bLs,l jo 5,005 g s5lail ol yley (cmsl (oo ol slo g 51,5 (ENA L

IV](cal sanl il 5 cledlbl a5 5 4o a5 ghiles) ail,35 (CLKB
031> (69959 wb -0-14-Y

Ol cpl gl oo aig SIS b slo ad b abadl> yoyol e ;0 DI Wb (63,9 50 b ools
Sl ul oged 3y aslp S0 YE L VY FANA Ojgar 1) Ohg 00ls s (0,0 a5 515 592

Oyga Oy 50 a5 Sl S8 a3 0sd 000 LG 0ul 0ol Dyey S DOy DI pvs 90y sl

\PYAY 7 . -

0 S 11 y0). el Wooslail 4y Loy lls alhdls e o all e (parity) olaces slgis Slass

(parity aliv gla coo

@ S (DO o alin jghy) weea DI Wb 0 aSp oy lo Cop olawi 00,5 o bad adeis

ool 0ael =Y Jgaz 10 950 (pl 0,5 00l e IS 58

osld >9850 wb—F-14-Y

s ools DO slouzg > ol wales #, ! Jd 6 WE aSilej ools 4y cwlul oo yiwd

WSS oo S |y adadl> oalls 20 u»)oTJ:;u)o 0uls 0 yud

:Read-First § Write-First

Al



ool Uy 1y 0ols g canl DO &jg (39)5 50 dad (65,5 odls oaims ylas Write-First

DO &je ey Sy g ey 40 00l 0SB ools saims lis Read-First .o o RAM
Jed L1, DO >4,> No Change (pguw dastic Cul 05d o0 Aldsi o, ;0 i ool aSilej
Sk 5 0 ) LS ools s oye a5 o0 0gmg Sl (pl WS 0 (IO L aladl> 0 WE s )8

D g0 00,3, DO g DI yuo 90 sl (630, aoli ool 0903 (63, aolipy cao Y2 L VY FANA
wl oo Parity ools slgssg,9 aiilen Parity ools slyusg,>

$99,9 (pl gl oler EN JUKw b aSCiley ,o «(Write Enable)  ypig Oldas ouisS Jled
oile Oldes (b EN 5 ol Jd 12 WE aSallin 0SS o Jled 5, 10 1) o ools iy
G odds (20 ol alatls e 5l 1 e sols (pme alabl> G Il ol o il pdy 6l GBS

288 (o0 5502 DO slo (29>

SlSob 0,5 Sl lp |y SWS JUKw (899,59 ! (Clock Enable) cels S Lo Jlad
LDO s> o b odls (55 555 sln DI sludgys yo b osls ilgh sl S (o0 JUb g,
7 0398 Oldos gl 00y G WS UK EN aSCiloy DO (29,5 aladls 0,5 oy o
SRVAL aascis 45 (g )lke b |, DO g5 oymy ol 08 oo 00,1, aSiile; o Set/Reset
00 Gl 05 5 Sldes p Gye SO0 Gyl Sldas S o LSS el 00l plass
o Sbeyee SN JUSw b JUSK (nl iles (o0 6 S0ws | ools aladle (slgizme 5 0l (58]

sl

A&



gh Glojen lldes (nl aSul g Conl (idgh 5 (ilss Sldes (sl S JUSew (639,915
ol s SN JUS Jub slo ad 385 Lo b bl oy ey 5l S slaassyg plos
sl grlas i ools (2 9y b slp Egose
:YQ)}; Sl G =YY
3529 DIDO (lowsls 1y W-p) Lo e 5l (Fgliie slass QLil (Sl o yiss 50 D90 Sy o
Sl 2y sl ddaen (b 9o pl 0,5 eaalin 1) geb9e (nl Gl (o0 PEY Jgu yo 0l
Sye A Dy ool Wb oye STall oo Jaass Oyg o gl ooy Wb o ye Sl g i
iSile) oo o plowl ) 1o ol 0,5 550 Slilee «Silogil &g o) Sob sl Sglica B
D9l (oo oile> Ghupe Wb b Sy Sy ) G c0dd aldgl (oS el (250 b Dje STy e ool
alie jokarams p 3 1) (phije b B odS oS5l 08 (2ye b le (b 550 Djgar (090 D)
D9 (g0 0lg> 0 By b Dygn Kol G 0ud gl nse b b Sy S )3 eols Al
boco A ol b aSeellin 0,5 salss i (250 o5 Sl 4 1) (Ao sleiidn (090 O

b 2o Egemme )l (W) ools jne (IS (250 098 (oo o ytws o (BLol gy Con el ity

Bs A sl s olal Cos 1 £-Y Jga

No. of Block RAM
DI/DO Bus Width DIF/DOP Total Data Path ADDR Bus Addressable Capacity
(w — p bits) Bus Width (p bits) Width (w bits) Width (r bits) Locations (n) (bits)
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CLKFX_MULTIPLY Frequency multiplier constant Integer from 2 to 32
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Symbal Description Device Package Min Max Units
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CLB Array
Equivalent | (One CLB =Four Slices) | pjstributed | Block RAM Maximum
Systern Logic Total RAM Bits Bits Dedicated Maximum | Differential
Device Gates Cells(? |Rows | Columns | CLBs (K=1024) (K=1024) | Multipliers | DCMs | User /O /O Pairs
XC385012) 50K 1,728 16 12 192 12K 72K 4 2 124 56
XC3520002) 200K 4,320 24 20 480 30K 216K 12 4 173 76
XC35400(2) 400K 8,064 32 28 896 56K 288K 16 4 264 116
XC351000%) M 17,280 48 40 1,920 120K 432K 24 4 391 175
XC351500 1.5M 29,952 64 52 3,328 208K 576K 32 4 487 221
XC352000 2M 46,080 80 64 5,120 320K 720K 40 4 565 270
XC354000 4M 62,208 96 72 6,912 432K 1,728K 96 4 633 300
XC355000 5M 74,880 104 80 8,320 520K 1,872K 104 4 633 300
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Speed Grade: -¢
Minimum period: Y.)YAns (Maximum Frequency: ' Y¥4.Y)°MHz)
Minimum input arrival time before clock: ¥.£+Yns
Maximum output required time after clock: V.)1ens
Maximum combinational path delay: £.YAVns
Delay: £€.YAVns ().YVYns logic (YY.A%), Y.AYens route ("V.Y%))

Total memory usage is V) 1 £71A kilobytes
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00000000
D 1214 85 0 TH
]
Pin | Name Function (SD Mode) Function (SPI Mode)
1 DATI/CS Date Line 3 Chip Select/Slave Select (55)
2 CMDy DI Command Line Master Out Slwve In (MOST)
3 V551 Ground Ground
4 VDD Supply Voltage Supply Voltage
5 CLK Clock Clock (SCK)
] VEE2 Ground Ground
T DATO/DM) | Dats Line 0 Master In Slawe Out (MISO)
8 DATL/IR() | Data Line 1 Unused or IRQ)
] DAT2/NC | Date Line 2 Uimsed

SD 4 SPI (slose ;> SD CARD sla 4,1, ¥ S

L, s ¥E LYY o 4305 b )lS 251 Ygans ¢ 95 oailss OCR jiu 5l ol 4dis 385 8,
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VD (reple: max, B0 m peak to peak) 27V-35Y
Ta=2°C @3V
Value Measurement Notes
Sleeg fall b Max
Read il mé Typical
Wrte [ mé Typical

) 583 550 s SD CARD bl ,l 092

. . . . Y .
Cduw Al (G9l> 9,500 45 (550 )0 gad Jog ) S 9 S0 GIO sla (p w0 b ) oo o (0

pull Cesglio b oyl ool Lghas .sgas osliwl SD CARD L L3 ,| gl o1 51 o)ls (oo casl SPI 5,153

Host

Roar Rews Rwe -.\.!3.....» up
a ﬁ VSS

Write Protect -_-—
CMD .
DATD-3 N
CLK ' .

i

C1_i£:z iCa
—_ ; L: SD Memory
Card
)J/;;.:Sj)S,,,elgSD CARD bl logou ¥ S
bl sl SS9

Y - General Input Output
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CLK ﬁsz ]
Vdd T Ves SD Memory
Vss T Card (A)

DO-3(A) | D0-D3.CMD,,

CMD(A) [y v

CLK =

—T :’;:2 SD Memory
T T Card (B)

D0-3(B) }: DO-D3.CMD |
CMD(B) [+ |

CLK =

vdd

Vss | MMC (C)
D0-3(C) Jx D0.CS,CMD ;| D1&D2 Not
CMD(C) Connected

Voo MbPS e b abadl> & S aixb bLs | eubllb Wb JS5g, F JSi

SPI (ol | SS9
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SD CARD s gy sy ¥ Jgr

First Byte | Bytes 2.5 Last Byte
0 |1 | Command | Argument (MSB First) (RC !

SD CARD o &l ysss (1 ¥ Jgor

Command | Argument Type | Description

(MD0 | None RL | Tl the card to reset and enter 1ts idle state.
CMDIG | 2-bit Block Length | RL | Select the block length

(MDIT | 32t Block Address | RL | Read o sgle block

()
(
(

|

MDA | 3Dt Block Address | RL | Write a single Dlock.

MD | None RL | Nent comumand will be applieaton-speifc (ACMDXX).
DS | Noue RS | Read OCR ((perating Condifions Register)
ACMDAL | None RI | Initalze the card
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| Byte | Bit | Meaning

1 7 | Start Bit, Always ()
i | Parameter Error
5 | Address Error
4 | Erase Sequence Error
3 | CRC Error
2 | Illegal Command
1 | Erase Reset
(0 | InIdle State

1l oo O Jgizr Cend 4 a5 wsd oo Jlo)) SEND_STATUS jgiws 4 Sl> 45 ubY gl ol

RY g9 glid Jgor
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| Byte | Bit | Meaning

1 T | Start Bit, Always ()

Parameter Error

Address Error

Erase Sequence Error

CRC Error

Illegal Command

] 0= =] TN Ry f )

Erase Reset

In Idle State

=]

ot
=

Out of Range, CSD Overwrite

Erase Parameter

Write Protect Violation

Card ECC Failed

Clard Controller Error

Unspecified Error

[ L= L1 I S iy { M)

Write Protect Erase Skip, Lock/Unloclk Failed

0 | Card Locked

Sz 9 RY &b plea Jol ol gl oo Jlwyl Read_OCR jgiws 4 Olg> 10 (0L 0 by oyl

RY &5 Gl # Jour

D5l (50 OCR oz ) Glgizme (sam ol

| Byte | Bit | Meaning

1 7 | Start Bit, Always 0
i | Parameter Error
5 | Address Error
4 | Erase Sequence Error
3 | CRC Error
2 | Hllegal Command
1 | Erase Reset
(0 | In Idle State
2-5 | All | Operating Condition Register, MSB First
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Set Clock
to A00kHz CMDO
¥ '
Assert CS CMD41
¥ L
Delay 74 -
» CMD35
Clocks
¥
Deassert C3
Any Respnse
¥ )
- Timeout
Delay 16
Clocks CMD35&
Return
Error

Return
OK

!

Set Clock
0 maximum
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Data < j5iws g9 4y i 00ls (sl S'gby (i g oyailg> jglate oy :Data Token — -Y
D55 oo 8 eols &S| slawl o Token

o 1y oxlem gl 5l 0,90 Sledbl s yo 4y wilgis SD CARD  olS ,» :Error Token — -Y
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Data Packet

Data Token| Data Block | CRC |
1 hyte 1- 2048 bytes 2 hytes
Data Token Error Token
| 1 | 1 |1 |'| | 1 | 1 | 1 | 0| Data token for CMD17/18/24 |0||:|| l:l| Flags |
[1]1]1]1]1]1]0] 0] Data token for CMD25 L Enor

CC error
Card ECC failed
Out of range

| 1 | 1 |1 |1 |1 | 1 | 0| 1 | Stop Tran token for CMD25

Data Response L Card is locked
[x[x]x] o] status [1]

010 Data accepted

101 Data rejected due to a CRC error

110 Data rejected due to a write error
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Mext Command

From Host
to Card
Crata from
Card to Host
From Card
/ to Host
Dataln -—--- Command / / Command
CrataCut Rezponze Diata Block | CRC | ——-— ee— —
S ok SO ailes oV Sl
Sok vz ol
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From host Stop

4 rdis) Transmissicn
io cardis] command
From card
o host Diata from From card

/ card to host 1o host
Dataln —| Command / Command
Da:aDLrl4| Responss |—| Data Block | CRC |——i Ciata Block | CRC | | Response |
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Cata

Datafrom oot o
and busy
From host Start block host o from card Mew
to card Fm:n r':‘a“: token card command
0 hos \ / from host
Diataln Command \\ Data Block / Command
Catalut Responzs — Response | Busy ———
Sk S pRhg A S
ok diz g

aolol p pw Sy Ssl iligl gid (et wigd dlligl Wb aS LS el olowi jeiws ol 5l LS8
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Data
- response
ta from
Start block @ and busy
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From host token
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to host ‘1\ / card
Dataln —— o \ EIE] ata M
ataln -| ormmand \ EEIu:u:k / l |EI ock l I
Datalut———————— —| Responss I———% Da‘.a_?esp:un5s| Busy |————ﬂ Data_Fesponse| Busy |-——-| Busy |——
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Name | Widh

CD | 128 | Condidentfication number. mcividualcard number for dentication

RCAT |16 | el card addhess:loca systom adrss f aca, dynamicaly
suggesied by the caid and approved by te hostdurng niazaton

(50| 128 | Card specic ata: ifomation about e card opraton condons

SCR | 64| SO Confguration Regtr: lormaton aboul he S0 Cards speci
e capabies.

OCR | 3| Cpereton Condition Regsler

NOTE: 1) The RCA regaster 15 not avaulable in SPI Mode.

OCR (Operating Conditions Reg)

035950 OCR .0l oo SD CARD 4335 g5, 4 azl, SMbl sl o ¥Y jr,

30 ey ol S s o plid |y il o o iws BB adadl> OIS g Lo oS (g5l

24

|| oo

g0 0 0

Reserve

Operatin

Voltage
27-38

Reserve

Busy




OCR Reg \\ s

CID (Card Identification Reg)
Ol el 5o SD CARD (6l LSy (ololids o5 o (55l 45wl (g0 (L VF o) S0
s BB )5 bags ()] Sligiome g 090 (o (S35 aslip calibl> )15 Sl plKin o yian
ol 00 0851 dowond ;0 e opl JolS 70 bl o3
CSD (Card Specific Data)
Slhgize JulS 7,8 . ol SD CARD Gledbl 4y v yiws gl 5L 0550 Sledbl & (g9l>
One Time(R/W) « Read Only(R) ¢4 CELL TYPE ygiws .ol o0 03551 dosands ;o jn>, oyl

A2 oo olis |y Erasable(R/W/E) L

e le ) (pl )0 ppe Sledbl 51 S

5 OVY 5l ag 2READBLLEN 1o Le ol LB S Jsb aseies READ_BL_LEN
22 o)lsem WRITE_BL_LEN SD CARD 5 3505 455 Wb il oo pelas LB cul Y+ FA

3l s READ BL_LEN

s S5k Jsb A Jpor

READ_BL_LEN Block Length

0-8 Feserned

9 29= 517 Bytes

1 21 = 248 Bytes
12-15 Fesemed

WS e et |y g b cle sl slast a5 o V6, sas Sy SECTOR_SIZE

WS s Ao ) Jsoz illas |, SD CARD 5ls sls L6 s FILE_FORMAT_GROUP

b oo Ve Jpor

14y



FILE_FORMAT_GRP |FILE_FORMAT Type
0 0 Hard disk-lke file system with partbon table
0 1 003 FAT (floppy-ike) with boot secior only (no parition tahls)
0 i Universal File Format
0 3 Others/Unknown
1 01,213 Reservad

SCR (SD CARD Configuration Reg)
Al 15 lawgi 45wl o0 SD CARD (sus S Sledlbl (ggl> a5 ail oo (b Ay ) SO
el 00 00 5] donans 10 ) cpl JolS 7 b 9l oo (S5, 4elp alibl> LS 5o suilus
RCA (Relative Card Address)
iz b JouS bl op)5 50 0Ll lawg a5 canl ool (ol a5 ol Lb ¥ e ) SO
Sg oo aid S las s Initialize | as ¢ aldl> oIS
SD Status

2 55 o b alable & lS g (o8 s Saiy) CMD VY 5 CMD 08 & ey, i,

el 00U oo)sT w 9 )-MM->) u—" Jv"ls

Ol ygiws Jle )l

3059, b Jaud Zewly aes o gl Ol jgiws  olad 4 ojlgen Ol SPL o j0 SD v B
.)9.....: Sy 2 JJY-) aQ S uioao By VoW kS.s KLY ) QAM ‘) 0us oold G
Dgd )l jgiws el ailsr Jos Jloyo O)5 a5 LK -
B9l byl jeiws Gl BUSY & IS a5 oS -
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DC Characteristics:

ltem Symbal Condition MIN. Typ. MAX, Unit Note
For CMDQ, 15,55,
Supply Voltage 1 Voo - 20 - 36 v ACMD41 Only
Supply Voltage 2 - 2.7 - 36 V' | For All commands
Input | High Level Viy - VDD*0625 | - - v
Voltage | Low Level ' - - - VDD'0.25 | V
] VDD=2V
Output High Level Vou (OH = -100uA VDD*0.75 - - v
Voltage _ VDD=2V .
Low Level Voo OL = 100uA - - VDD*0125 | V
38V . i 20
Standby Current lec de‘; %vWHZ mé,
Clock Stop - ) 02
! 3.6VI25MHz - - 80 \rite
Operation Voltage | loca [ 75y g0 | ™ Read
Input Voltage Setup
Time \rs - - - 250 ms
AC Characteristics:
Frp
i TwL TwH
VIH
CLK
VIL
> I‘TTHL LH
Tisu T
| VIH
INPUT >\ )<
VIL
VOH
OuUTPUT
VOL
TopLy TobpLy
MAX) T "~ o1 (MIN}

AR




Table : AC Characteristics

ltem Symbol Min. Max. Unit Note
Clock Frequency CcL<100pF
(In any Sates) Fsty 0 25 MRz | (7cards)
Clock Frequency cL<100pF
(Data transfer Mode) Fep 0.1 25 MHz (7Cards)
Clock Frequency CL<250pF
(Card identification Mode) Foo | 100 | 400 | KMz 500
Clock ng Time Ty 10 - ns CL<100pF
Clock High Time TwH 10 - ns (7Cards)
Clock Rise Time Tus - 10 ns
Clock Fall Time T - 10 ns
Clock Low Time Tw 50 - ns
Clock High Time T 50 - ns CL < 250pF
Clock Rise Time e - 50 ns (21Cards)
Clock Fall Time T - 50 ns
Input Setup Time Tiey 5 - ns CL < 25pF
Input Hold Time Ty 5 - ns (1Cards)
Output Delay Time Tomy 0 14 ns




CMD SPI Argument Resp Abbreviation Command Description
INDEX Mode
CMDO Yes None R1 GO _IDLE_STATE Resets the SO Card
CMD1 Yes None R1 SEND_OP_COND Activates the card's initialization process.
CMD2 No
CMD3 No
CMD4 No
CMD5 Reserved
CMDB Reserved
CMD7 No
CMD8 Reserved
CMDg Yes None R1 SEND_CSD Asks the selected card to send its card-specific
data (CSD).
CMD10 Yes None R SEND_CID Asks the selected card to send its card
identification (CID).
CMD11 No
CMD12 Yes None Rib STOP Forces the card to stop transmission during a
_TRANSMISSION multiple block read operation.
CMD13 Yes None R2 SEND_STATUS Asks the selected card to send its status register.
CMD14 Mo
CMD15 Mo
CMD16 Yes [31:0] block length R1 SET_BLOCKLEM Selects a block length (in bytes) for all following
block commands (read & write).”
CMD17 Yes [31:0] data address R1 READ_SINGLE Reads a block of the size selected by the
_BLOCK SET_BLOCKLEN command 2
CMD16 Yes [31:0] data address R1 READ_MULTIPLE Continuously transfers data blocks from card fo
_BLOCK host until interrupted by a STOP_
TRAMSMISSION command.
CMD19 Reserved
CMD20 No
CMD21
CHbQS Rasarved
CMD24 Yes [31:0] data address R1# WRITE_BLOCK Writes a block of the size selected by the
SET_BLOCKLEN command *
CMD25 Yes [31:0] data address R1 | WRITE_MULTIPLE_BLOCK | Continuously writes blocks of data until a stop

transmission token is sent (instead of ‘start block’).

The only valid block length for write is 512 bytes. The valid block length for read is 1 to 512 bytes. A set block
length of less than 512 bytes will cause a write error. The card has a default block length of 512 bytes. CMD16 is
not mandatory if the default is accepted.
The start address and block length must be set so that the data transferred will not cross a physical block
boundary.

Data followed by data response plus busy.

The start address must be aligned on a sector boundary. The block length is always 512 bytes.




CMD SPI Argument Resp Abbreviation Command Description
INDEX Mode

CMD26 No

CMD27 Yes None R1 PROGRAM_CSD Programming of the programmable bits of the CSD.

CMD28! Yes [31:0] data address | Rib SET_WRITE_PROT If the card has write protection features, this
command sets the write protection bit of the
addressed group. The properties of write protection
are coded in the card specific data
(WP_GRP_SIZE).

CMD29* Yes [31:0] data address | Rib CLR_WRITE_PROT If the card has write protection features, this
command clears the write protection bit of the
addressed group.

CMD30 Yes [31:0] write protect R1 SEND_WRITE_ If the card has write protection features, this

data address PROT command asks the card to send the status of the
write protection bits 2
CMD31 Reserved
CMD32 Yes [31:0] data address R1 ERASE_WR_BLK_START | Sets the address of the first write block to be
_ADDR erased.
CMD33 Yes [31:0] data address R1 ERASE_WR_BLK_END Sets the address of the last write block in a
_ADDR continuous range to be erased.

CMD34 Reserved

CMD37

CMD32 Yes [31:0) don't care” Rib ERASE Erases all previously selected write blocks.

CMD39 No

CMD40 No

CMD41 . Reserved

CMD54

CMD55 Yes [31:0] stuff bits R1 APP_CMD Motifies the card that the next command is an
application specific command rather than a
standard command.

CMD56 Yes [31:0] stuff bits Ri1 GEN_CMD Used either to fransfer a Data Block to the card or

[0]: RD/WR.2 to get a Data Block from the card for general
purpose/application specific commands. The size
of the Data Block is defined with
SET_BLOCK_LEN command.

CMDS7 Reserved

CMD58 Yes None R3 READ_CCR Reads the OCR register of a card.

CMD5% Yes [31:1] don't care* R1 CRC_ON_OFF Tums the CRC option on or off. 41" in the CRC

[0:0] CRC option option bit will turn the option on, a 0" will turn it off.
CMDg0-83 No

* The bit places mmust be filled but the values are irrelevant.

1) These features are not currently supported in the SanDisk SD Card.

2) 32 write protection bits (representing 32 write protect groups starting at the specified address) followed by 16
CRC bits are transferred in a payload format via the data line.

3)  RD/MWR_: “1"=the host will get a block of data from the card. “0"=the host sends a block of data to the card.

OCR Register -




OCR Bit VDD Voltage Window OCR Bit VDD Voltage Window
03 Reserved 17 2930
4 161.7 18 3031
5 1718 19 3132
: Jgg 20 3233
— 2 3334
8 2021 p Tais
9 2122 —
10 2223 4 3530
1 2324 4% fesaved
12 2425 3 Card power up status bit (busy)
13 2526
14 2627
15 2728
16 2829
-  CID Register
Name Type | Width CiD— Comments CID Value
Slice
Manufacturer 1D (MID) Binary # [127120) | The manufacturer IDs are 0x03
controlled and assigned by the SD
Card Association.
OEM/Apglication 1D (OID) ASCII 16 [119:104] | Ideniifies the card OEM andlor the SD ASCI Code 0x53, Ond4
card confents. The OlD is assigned
by the 3C."
Product Name (PNM) ASCII 40 [103:64] | 5ASCII characters long SD128, SD064, SD032,
SD016, SDo08
Product Revision™ (PRV) BCD 8 [63:56] Two binary coded decimal digits Product Revision (30)
Serial Number (PSN) Binary 32 [55:24] 32 Bits unsigned integer Product Serial Number
Reserved 4 [23:20]
Manufacture Date Code (MDT) | BCD 12 98] | Manufacture date-yym (offset from | Manufacture date(for
2000) example: Ape 2001 = x014)
CRCT checksum™ (CRC) Binary 7 [7:7] Calculated CRC7
Not used, always 1’ 1 10:0]
. 3C = The 2 SDA founding companies; Toshiba, SanDisk, and MEI,
L The produet revision 1s composed of two Binary Coded Decimal (BCD) digits, four bits each, representing an “n.m”

revision number. The “n” is the most significant nibble and the “m” is the least significant nibble. Example: The
PRV binary value filed for product revision “6.27 will be: 0110 0010,

Lot The CRC Checksum is computed by the following formula:

CRC Calculation: Gi{x)=x7+3+1

M(x)=(MID-MSB)*x119+...+{(CIN-LSB)*x0

CRCI6...0}=Remainder]( M(X)*x7)/G(x)]

- CSD Register




Name Field Width | Cell | CSD-Slice| (CSD Value CSD Code
Type
CSD structure CSD STRUCTURE 2 R [127:126] | 1.0 00b
Reserved f R [25:120] |- 00o000b
data read access-lime-1 TAAC
Binary i R [119:112] | 1.5msec 00100110b
MLC 8 R [119:112] | 10msec 00100110b
data read access-time-2 in CLK cycles| NSAC ] R [111:104] |0 00000000b
(NSAC™100)
max. data ransfer rate TRAN_SPEED i R [103:96) 25MHz 001100100
card command classes ccc 12 R [95:84] All (incl. WP, 1E5h
Locklunlock)
manx. read data block length READ_BL_LEN 4 R [83:80] 512byte 1001b
partial blocks for read allowed READ_BL_PARTIAL 1 R [79:79) Yes b
write block misalignment WRITE_BLK_MISALIGN 1 R [78:78] No Ob
read block misalignment READ_BLK_MISALIGN 1 R [7777] | No b
DSR implemented DSR_IMP 1 R [76:76] No Ob
Reserved 2 R [75:74] . 00b
device size C_SIZE 12 R [73:62) SD128-3843 FO3h
SDO64=3807 EDFh
SDO32=1867 74Bh
SD016=899 383h
SD008=831 33Fh
mayx. read current @VDD min VDD_R_CURR_MIN 3 R [61:59) 25mA 100b
max. read current @VDD max VDD_R_CURR_MAX 3 R (58:56] 25mA 011b
max, write current @D min VDD W_CURR_MIN 3 R [55:53] 25mA 1006
may, write current @V0D max VDD _W_CURR_MAX 3 R [52:50) 35mA 100b
device size multiplier C_SIZE_MULT 3 R (49:47) SD128=64 100b
SD064=32 011b
SD032=32 011b
SD016=32 011b
SDO08=16 0100
erase single biock enable ERASE_BLK_EN 1 R [46:46]) ¥Yes b
erase seclor size SECTOR_SIZE 7 R (45:39) 32blocks 00111116
wrile protect group size WP_GRP_SIZE 7 R (38:32) 128sectors 1111111b
wrile protect group enable WP_GRP_ENABLE 1 R [31:31] Yes 1b
Reserved for MuliMediaCard compatibility 2 R [30:29] 00b
wrile speed factor
Binary R2W _FACTOR 3 R [1:16) X16 100b
MLC R2W_FACTOR 3 R [1:4] X16 0100




max, write data block length WRITE_BL_LEN 1 R [25:22) 512Byte 1001b
partial blocks for write allowed WRITE_BL_PARTIAL 1 R [21:21] No 0
Reserved 5 R [20:16] D0000b
File format group FILE_FORMAT_GRP 1 Rw(M| 1515 |0 0ob
copy flag (OTP) copPy 1 RIW(1)| [14:14] Nat Original 1b
permanent wnite protection PERM_WRITE_PROTECT 1 RAN(1)| [13:13] Not Protected | Ob
lemporary write protection TMP_WRITE_PROTECT 1 RW | [12:12) Not Protected Ob
File format FILE_FORMAT 2 RA(1)] [11:10] HD wipartition | 00b
Reserved 2 R |[9:8] 00b
CRC CRC 7 RW [ [7:7] CRCY
not used, always'1’ 1 [0:0] 1b
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Abstract:

The fast processing of data is an important issue which has been desired
from the past. It is obtained with special hardware’s, algorithms and
programming methods including parallel processing. One of the newest
hardware technologies that have made practical usage is called FPGA’s.
Nowadays has provided hardware with help of one or more processors
including special peripheral devices, Able to run algorithms with high
computational and complexity.

One Application of this Real-Time signal processing is the implementing of
image and video processing algorithms. Implementation of algorithms and
methods on these processors represents Parallel processing capability and
usage importance of these chips in large systems and real-time processing
systems.

In this thesis after the hardware design it has been attempted to build it. Then
focus on implementation of the edge detection algorithm as a case study and
sample programs and then try improving performance of designed system. In
fact, in this project we seek to design hardware with processor core of FPGA.
In addition it has been considered using of the chips and the other components
for communicating with outside of the board.

One of the important targets of this project is design and manufactures an
evaluation board with high compatibility, Hardware test and demonstrates its
ability to implement an edge detection algorithm as a sample program. finally
compare the performance of designed hardware with software (PC) in terms of
speed process. Microprocessor system design considerations, schematic and

PCB design and hardware design are the main topics discussed in the plan.

Keywords: Hardware Design, Signal Processing, Configurable Devices,

Parallel Processing, FPGA
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