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22 SD-RiHXET

SD AN Z—FPEIERRIAE<S/MIRAIINY, EEfm<SHETRR, SO RREEIHSEFHR
[EERETE. RIERSHAR, REVEERTIRKEDLAR. D RaSE—1 6 FHHEMAIM
S8, HPE—NFHADSS, wSSHALbit7 7 bite AEEN 01 “, HE 6 4 bit ALK
LS. B2 PMFPEFE S MFHAGSSE. 5 6 NFT5/9 7 4 bit BI CRC 320 1 4 bit AY
ERNL FEE SPIEZLAIATE, CRC Ede(777a#, W FEF7R, Command Ran<, BHIE
FH#HFIFRRERR, Hl0 cMD17, XAEHE Command B2+ #HHIRY 17, SD REAAIMNY AL
RiffE, JETHREXERNES.

First Byte Bytes 2-5 Last Byte
0 | 1 | Command | Argument (MSB First) CRC | 1

SD Command Format

SD RWB N GSSIREI—MELN, B GSE—EHNRAE. MAAERELTENHRSSE
BX. & sPIiERH, B=MIIME: R1, R2, R3,

[ Byte [ Bit [ Meaning

1 T Start Bit, Always 0
Parameter Error
Address Error

Erase Sequence Error
CRC Error

Hlegal Command
Erase Reset

In Idle State

] Il [ o] [RN] QS Raiad ]

Response type R1
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| Byte | Bit | Meaning |

1 T | Start Bit, Always 0
6 Parameter Error
5 Address Error
4 Erase Sequence Error
3 CRC Error
2 Hlegal Command
1 Erase Reset
0 In Idle State
2 7 Out of Range, CSD Overwrite

Erase Parameter

Write Protect Violation

Clard ECC Failed

(Clard Controller Error

Unspecified Error

Write Protect Erase Skip, Lock/Unlock Failed
Card Locked

] Wl [ ] ] RSN k] R

Response type R2

[ Byte | Bit | Meaning

1 T Start Bit, Always 0
6 Parameter Error
5 Address Error
4 Erase Sequence Error
3 CRC Error
2 Hlegal Command
1 Erase Reset
0 In Idle State

2-5 All | Operating Condition Register, MSB First

Response type R3

221 SD-k 2.0 iRERIMRCETR

(L _FB/SRERTZE/D 74clock, FF SD RRIEMRIETTHL

(2) Frisk cs (R sb &

(3) &% cMD0o, EER[E 0x01, HEN Idle K

@ ATKXBISDRE201FE 1.0, HE MMC £, XERIENNE LFEHN, BEREERE
sD2.0 ZBMAS cMD8, HNR cMD8 IREIFTFEIR, WHITHIEA 2.0 &, H—PEHR KX
< CMD55+ACMDA41, EZiR[E] 0x00, #HRE SD2.0 =

(5 N8R cMD8 IREIEHRNIFIRTA 1.0 RIZE MMC R, 1JEE/T7§ CMD55+ACMDA41, IREIFEIEIR,
W79 sp1.0 =, EtLsp1.0 REIAMIN, MNRE—ERIEINRET, REER, WHE PR
X cMD1 HHTHIMAM, WMRREIFTEIR, WHER MMC R, !ll]%?‘ —ERURECT, IREE
iR, MAFEERBZE, ¥MatkeEsR, (@d cvbie ATLAKES SD R—RIEIEEHHKE)

©® csHim

3/9



222 SD-RANEFER

(U &IX CcMD17 (EEHR) = cMD18 (ZR) 1@<, IR[E 0x00
@) BKEUETTIASHE fe (T fc) +IETVEURE 512Bytes + CRC 125& 2Bytes
EOALEEMAVEHEISEE 512Bytes

from fram data from card Next
host card to host Command
to card—__\\ to host _\
Dataln - - command | - command |
Dataout ..................... response s data b]ock CRC .......................

Figure 7-3: Single Block Read Operation

223 SD-ESEE

L &KX CcmMD24 (EEER) Bf cMD25 (ZB#R) Bap<, iR[E 0x00
(2) REHBUEFHESE fe (B8R fc) +IETVEUE 512Bytes + CRC 18X3% 2Bytes

T — — T T T = T

Start
Block

new command

from fmrg Tokn ata from Data e
host rar host response and rom host
to card_\ to host q to card busy from
card
Dataln command data block ................................. command

DataQut. - &% .. & response |- ... data_response|busy|.....................

Figure 7-6: Single Block Write Operation

3 EREat

TEEZERS sd_card_top REFIEFHITN AR, sd_card_top B& 3 NFIERF, D5IA

sd_card_sec_read_write.v, sd_card_cmd.v #1 spi_master.v {4, BIBNZEXZN TTERR:
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sd_init_done

sd_sec_read
sd_sec_read_addr_
sd_sec_read_data_
sd_sec_read data valld
sd_sec_read_end

sd card sec read
write

sd_sec_write
sd_sec_write_addr
sd_sec_write data_
sd_sec_write_data_req
sd_sec_write_end

cmd_req

cmd_req_ack

cmd_req_error

cmd

cmd_rl

cmd_data_len

block_read_req

block_read_valid sdﬁcardﬁcmd

block_read_data

block_read_req_ack

block write req

block_write data g

block_write_data_rd

block_write_req_ack

3.1 sd card sec read write

wr_req

wr_ack

data_in _ | SPi_master

»-

data_out

LA/ sd_card_sec_read_write fabRim 15208 :

(ESa b
clk in
rst in
sd_init_done out
sd_sec_read in
sd_sec_read_addr in
sd_sec_read_data out
sd_sec_read_data_valid out
sd_sec_read_end out
sd_sec_write in
sd_sec_write_addr in
sd_sec_write_data in
sd_sec_write_data_req out
sd_sec_write_end out
spi_clk_div in
cmd_req in
cmd_req_ack out
cmd_req_error out
cmd in
cmd_rl in
cmd_data_len in
block read_req in
block_read_valid out
block _read_data out

ENERETIN
SEEMBMAN, BEM
sd R#IatsERk

sd REBEXIEAERK

sd RS Xkt

sd REXIEHAYEEE
sd R XIEHATEIEEL
sd RBXIERR

sd RBXREEK

sd RBEXEIERNE
sd REXEERENE

1588

SPI# M

sd FEXEIEREIRIERL, #2A1 sd_sec_write_data —MITEPEIRA

sd RBEXEIER5TH

SPIRY$R534], SPIRTEMSRER=FRGERIER/ ((spi_clk_div+2) *2)

sd RApLIEK

sd RApLIERME

sd ReapLIEKIEIR

sd Rape, @S+SEHCRC,
sd RepSHIFHY R1 ML

sd R L /RIREAVEUERE,
BRERIEENERK
BREGEREEIERRY
BRERISEENE R

—3t 48bit

REBDan IR BIEREE
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block read_req_ack out BB K&

block write _req in MR K
block write_data in HsREE

block_vrite_data_rd out HEIRSHIRER, 1281 block write_data — M EREES
block_write_req_ack out RS RN

sd_card_sec_read_write IRERE—MAHL, B57oh SD Rltalt, TEIIEREIEIGW
IWEHEEIRE, HAAKE CMDO 5<%, REKRIE CMD8 &3¢, BAIX CMD55, EEXKIX
ACMDA41#1CMD16, MIRNEIEH, sd F#RHTEMN, FiF SD RBEXANESHS.

S_WAIT RE

ack ack ack ack ack ack
» S CMDO S CMD8 » S CMD55 » S CMD41 » S CMD16 AD WRITE

S_IDLE

\i

\ 4

\

m %4\ lE Efﬁ Y \/

REFEEXIEEES, AaBEXNESERE, TENRRIGESRSHIEIRE.,

ack -
S CMD24 |——=| S_WRITE (ite o SWRITE |
3 ack END
r%\d
ack )
S_CMD17 |——| S_READ _33((*, S_RESD_E _

FIARRPENTRNSE, SD RAIBNITERRE AT RRIEGSHESE, F
R AT B BRI TR TEEES.

parameter SPI LOW SPEED DIV = 248

parameter SPI_HIGH SPEED DIV = 0

3.2sd card cmd

sd_card_cmd 1&RIxAAHBEI0T :
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&S & o iR

sys_clk in SRELEETIN

rst in BEEMEN, BEM

spi_clk_div in SPIBS$HoI4M, SPIBTHPSTER=FGERIER ((spi_clk div+2) *2)
cmd_req in sd RapSEK

cmd_req_ack out d EmSiERNE

cmd_req_error out EpSIENKREIR

cmd in sdF&pS, BS+BE+CRC, —3E 48bit

emd_rl in sd R SHIFAI R1 L

cmd_data_len in sd REnSTEENNEIRRE, KEbo < RE R
block_read_req in PEUEISEELS K

block read_valid out HREGEEREIRE

block_read data out HREEIEEEN SR

block_read req_ack out HREUEEEEE KN

block_write_req in REUESIEK

block write_data in REGES IR

block_write_data_rd out REUESEUEIER, 1281 block write data —MF$HEIER
block_write_req_ack out IR E RN

nCS_ctrl out F SPI master =FIRE, cs FrifiEHl

clk_div out Z| SPI Master 558§, AIHPDIRSEL

spi_wr_req out Zl) SPI Master 1554128, NFHIEK

spi_wr_ack in KB SPI Master 1528, BIEKNE

spi_data_in out Zl| SPI Master 15%88, S&UE

spi_data_out

K8 SPI Master 5Hl58, 1EE0R

sd_card_cmd RIRFESLI sd REAGSIREIE, 155 _LBIIRMHEY 88 NEHRRURTE:, ZUE
RAYER STHESHHURSHIIOT.
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HI%ASIL fir A Bl

JILFF fiir A N2 -
S_CMD_PRE S_CMD S_CMD_DATA S_END
R ] 5124 M "5CRC B
/. |'S WRTTE TOK S WRITE_ S WRITE. S WRITE_ S_WRTTE_ S_WRITE_ S_WRITE_
S_IDLE — S_INIT S_WAIT | UK s DATA 0 DATA 1 CRC suc BUSY ACK
54580 spi clk SR A R 51245
S_READ_WAIT S_READ S_READ_ACK

M SD2.0 BRERTIATLIER], NERRESWSE SD | &REMNAL47~46 (N
01", RASKREFEA.

4./.2 Command Format
All commands have a fixed code length of 48 bits, needing a transmission time of 1.92 ps @ 25 MHz
and 0.96 ps @ 50 MHz.

Bit position 47 46 [45:40] [39:8] [7:1] 0

Width (bits) 1 1 6 32 7 1
Value L T X X X G 2

Description | start bit |transmission bit| command index argument CRCT end bit

Table 4-17: Command Format

FTLARCES R ERENG 48 [ap RIS/ \ L5 17\iH) 0x40 HEHR(FSRIRVERBEAN, Rl
BTIT—RARE:

190 spi_wr_req <= 1" bl;
191 C5_reg <= 1"Bb0;
192 [ iflbecte oot == 1R 401
193 cend_data <= (emd[47:40]1 | & hd0);
194 elze iflbyte_ent == 15" dl)
195 send_data < end[39:32]:
106 [ ales iflhvte ent == 1R A7]
3.3 spi_master

spi_master {RHRFESERY, SP —NFHANES, 2 SPURSHE idle BIRHR, #ENZE wr_req
BEENE, 27 4% 8 DCLK, FHE datain BIEURBMEAHFOXEHE MO (F54k L. MOSI 7E 8
A DCLK AYAIEHEHE/T datain HY{E 0x58,
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[BIRY spi_master FEFFHSEREY MISO BINRYEYE, 4EHRAY 8 (A data_out EEHILHSCIN SPI
B— 1 FHRYEEIEE,

4 SBOIRSR

THIWESRE, TGS LED SR— P THsIME, X MR sd FhE—BR
MOE— 0T, SIEERN, BONHRRE KEV2 5T, $F—, HEAT sd &, BATE
B, AEIEERRENEIIE,

FrAiRiRE
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