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1. Product Description

Zetta SD NAND is an embedded storage solution designed in a LGA8 package form. The
operation of SD NAND is similar to an SD card which is an industry standard.

SD NAND consists of NAND flash and a high-performance controller. 3.3V supply voltage is
required for the NAND area (VCC). SD NAND is fully compliant with SD2.0 interface, which is
utilized by most of general CPU. The advantages of the SD NAND include high quality, low power

consumption and cost performance.

2. Product List

C it Part b Pack Size
apacity art number ackage e, Bee Actual. st e
Capacity
8Gb ZDSDO8GLGIAG LGAS 8x6.2mm -40°C to +85°C 1000MB pSLC
16Gb ZDSD16GLGIAG LGAS8 8x6.2mm -40°C to +85°C 1860MB pSLC

3. Features

Support up to 50Mhz clock frequency

Support 1/4 bit mode

Built-in HW ECC Engine and highly reliable NAND management mechanism
High Speed model supported.

Smaller package LGAS8 (Land Grid Array)

Operation Conditions Temperature Range: Extended Ta =-40°C to +85°C

<O =L =L =L o=l o=

v Storage Conditions Temperature Range: Tstg =-65°C to +150°C
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4. Block Diagram

Memory core

¥

Reset

Memory core interface |

Reset

Power on Detection

Controller

DATO
DAT1

CD/DAT3
CLK V5SS vCcC CMD

DAT2

N

5. Pin Assignments(SD Mode& SPI Mode)

DAT2 VDD XX VDD
DAT3 DAT1 CS . XX
Top view Top view
clk P DATO CLK DATO
GND CMD GND CMD
SD Mode SPI Mode

SD 4-bit mode SD 1-bit mode SPI mode
CD/DATI3] | Data line 3 N/C Not Used Cs Card Select
CMD Command line | CMD Command line | DI Data input
GND Ground GND Ground GND Ground
VDD Supply voltage | VDD Supply voltage | VDD Supply voltage
CLK Clock CLK Clock SCLK Clock
DATIO] Data line 0 DATA Data line DO Data output
DAT[1] Data line 1 N/C Not Used NC Not Used
DAT[2] Data line 2 N/C Not Used NC Not Used
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6. Bus Protocol

6.1 SD Bus Mode protocol

The SD bus allows the dynamic configuration of the number of data line from 1 to 4 Bi-directional data
signal. After power up by default, the SD card will use only DATO. After initialization, host can change the
bus width.

Multiplied SD cards connections are available to the host. Common VDD, VSS and CLK signal
connections are available in the multiple connections. However, Command, Respond and Data lined
(DATO-DAT3) shall be divided for each device from host.

This feature allows easy trade off between hardware cost and system performance. Communication over
the SD bus is based on command and data bit stream initiated by a start bit and terminated by stop bit.

Command: a command is a token that starts an operation. A command is sent from the host either
to a single card (addressed command) or to all connected cards (broadcast command).
A command is transferred serially on the CMD line.

Response: a response is a token that is sent from an addressed card, or (synchronously) from all

connected cards, to the host as an answer to a previously received command. A
response is transferred serially on the CMD line.

Data: data can be transferred from the card to the host or vice versa. Data is transferred via the

data lines.

Card addressing is implemented using a session address, assigned to the card during the
initialization phase. The basic transaction on the SD bus is the command/response transaction (refer to
Figure 1). This type of bus transaction transfers their information directly within the command or

response structure. In addition, some operations have a data token.

from from from
host host card
ta card(s) to card to host

CMD command ............................ command B response ................................

FRAT covsbommvnsonmm o mo s s s s s e e s A R | B R S A R B

~operation (no response) | operation (no data) ..,

"

Figure 1: “no response” and “no data” Operations
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Command tokens have the following coding scheme(refer to Figure 2).,Each command token is
preceded by a start bit (0) and succeeded by an end bit (1). The total length is 48 bits. Each token is

protected by CRC bits so that transmission errors can be detected and the operation may be repeated.

transmitter bit:

"1'= host command Command content: command and address information

or parameter, protected by 7 bit CRC checksum
end bit:

start bit v
always0' i i f always "1
v

o |1 CONTENT CRC | 1
total length=48 bits

Figure 2: Command Token Format

Response tokens depending on their content. The token length is either 48 or 136 bits. (refer to

Figure 3)

transmitter bit:
'0'=card response Response content: mirrored command and status infor-
mation (R1 response), OCR register (R3 response) or
RCA (R6), protected by a 7bit CRC checksum end bit:

start bit: 0
always'0' ——1 l f always '1
0

0 CONTENT 1
end bit:

total length=48 bits Ryt
< (_ always "1

0 0 CONTENT=CID or CSD CRC| 1
total length=1236 bits

R1, R3,R6

R2

. Figure 3: Response Token Format
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Data transfers to/from the SD Memory Card are done in blocks. Data blocks are always
succeeded by CRC bits. Single and multiple block operations are defined. Note that the Multiple Block

operation mode (refer to Figure 4).

from from data from card stop command
host card fo host stops data transfer
to card to host

CMD A command . response ................................................ command . response

DAT? - )ioiiitirsennssnmn it data block |crc| | - |data block|crc|. - .| data block|crc| - ... ..
«....... block read operation . data stop operation. .,
P multiple block read operation »

Figure 4: (Multiple) Block Read Operation

The block write operation uses a simple busy signaling of the write operation duration on the data

line (see Figure 5) .

crc ok
response
from from data from and busy stop command
hast card host from stops data trans-
to card to host to card card fer
to host

DAT -} oo | data block |crcf. -{data block |crc|||busy]| ..
«....... block write operation . data stop opergation |
s multiple block write operation .

Figure 5: (Multiple) Block Write Operation
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6.2 Card Initialization and Identification Process

6.2.1 SD MODE:

After the bus is activated the host starts card initialization and identification process. The initialization
process starts with SD_SEND_OP_COND (ACMD41) by setting its operational
conditions and the HCS bit in the OCR. The HCS (Host Capacity Support) bit set to 1 indicates that the
host supports High Capacity SD Memory card. The HCS (Host Capacity Support) bit set to 0 indicates
that the host does not support High Capacity SD Memory card.

Card returns response

Ver2.00 or later SD Memory Card(voltage mismatch)
or Ver1.X SD Memory Card
or not SD Memory Card

Norr compatible voltage range
or check pattem is not correct

ACMD41
with HCS=0

No response

cards with non compatible
voltage range(card goes to
'ina’ state) or timeout

(no response or busy) occurs / Card returng

/ If host supports high capacity, HCS is setto 1

ACMD41
with HCS=0or1

cards with non compatible voltage range
/ or time out(no response or busy) occurs

Card returns Unusable
ready

Not SD Memory Card

Verl.X
Standard Capacity
SD Memory Card

Ver2.00 or later
Standard Capacity
SD Memory Card

Ver2.00 or later
High Capacity
SD Memory Card

Figure 6: Card Initialization and Identification Flow (SD2.0 mode)
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6.2.2 SPI MODE:

The SD Card will enter SPI mode if the CS signal is asserted (negative) during the reception of the

reset command (CMDO). If the card recognizes that the SD mode is required it will not respond to the
command and remain in the SD mode. If SPI mode is required, the card will switch to SPI and respond

with the SPI mode R1 response. The only way to return to the SD mode is by entering the power cycle. In

SPI mode, the SD Card protocol state machine in SD mode is not observed. All the SD Card commands

supported in SPI mode are always available.

Not Mandatory to send CMD58:
Not Mandatory to send CMD58:
Though it is recommended

1o be done in order io gel

the supported voltage range

Verl.X SD Memaory Card
or Not SD Memory Card

of the cand.
Cards with non
compatible voltage -
m”gem._' CMDS8
Card (READ OCR)
lllegal Command
(argument=0x0)

Card returns
'in_idle_state=0"

Not SD Memory Card

Ver1.X

Card returns

‘in_idle_state'=1

If host supports
high capadaity,
HCSissetto 1

Standard Capacity

SD Memory Card

Figure 8: SPI Mode Initialization Flow

CMDO+
CS Assened("0"

CMD58

(READ OCR)

!

ACMD41
with HCS=0or1

Ver2.00 or later
Standard Capacity
SD Memory Card

Card returns response
without illegal command

Non-compatible voltage range
or check pattern error

Compatible voltage range
and check patternis correct

Cards with non compatible voitage range

Card returns
in_idle_state'=1

Card returns
‘in_idle_state'=0
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6.3 Wide Bus Selection/Deselection

Wide Bus (4 bit bus width) operation mode may be selected/deselected using ACMDG6. The default
bus width after power up or GO_IDLE (CMDO) is 1 bit bus width.

In order to change the bus width two conditions shall be met:

a) The card is in

b) The card is not locked

A locked card will responds to ACMDG6 as illegal command.

6.4 DC/AD Characteristics

‘tran state ¢ (no data is transferred).

Item Symbol MIN. TYP MAX. Unit Note
Supply Voltage VDD 2.7 3.6 Vv
Input High VIH | VDDX0.625 VDD+0.3 Vv
Voltage Level
Low VIL VSS-0.3 VDD X0.25 Vv
Level
Output High VOH | VDD X0.75 — \% IOH=-2mA, VDD=V DD min
Voltage Level
Low VOL — VDD X0.125 \ IOL=2mA, VDD=V DD min
Level
- mA VDD = 3.3V, Clock STOP,
Standby Current ICC1 0.2 — Ta=25°C
Operation Write - 12 20
Current Read IcC2 — 16 25 mA | 3.3V/50MHz
Input Voltage Setup Vrs — 250 ms  |From OV to VDD min
Time
Operation Write — — 21.8 — MB/S 50MHz
Speed Read — — 21.1 — MB/S 50MHz
Peak Voltage and Leak Current
Item Symbol Min. Max. Unit Note
Peak voltage on all lines -0.3 VDD+0.3 \Y
Input Leakage Current
for all pins -10 10 uA
Output Leakage
- 10
Currentforall outputs 10 UuA
Signal Capacitance
Item Symbol| Min. Max. Unit Note
Pull up Resistance RCMD
P oaT | 10 100 KO
Total bus capacitance cL | __ 40 F 1 card
for each signal line P CHOST+CBUS<30pF
Card capacitance CCARD
for signal pin _ 10 pF
Pull up Resistance RDAT3
inside card ( pinl) 10 90 kQ
Capacity Conneted to cc
i - 5 uF
Power line

10
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7 Internal Information

7.1 Registers

The SD NAND has six registers and SD Status information: OCR, CID, CSD, RCA,DSR, SCR and SD Status.
DSR IS NOT SUPPORTED in this card.

SD card Registers
Resister o _—
Name Bit Width Description
OCR 32 Operation Conditions (VDU Voltage Profile and Busy Status
CID 128 Card Identification information
CSD 128 Card specific information
RCA 16 Relative CardAddress
DSR 16 Not Implemented (Programmable Card Driver): Driver Stage Register
SCR 64 SDMemory Cards special features
SD Status | 512 Status bits and Card features

11
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7.1.1  OCR Register

This 32-bit register describes operating voltage range and status bit in the power supply.

1) This bit is valid only when the card power up status bit is set.
2) This bit is set to LOW if the card has not finished the power up routine.

12

VDD Voltage Window

OCR register definition
OCR bit position | OCR Fields Definition
0-3 reserved
4 reserved
5 reserved
6 reserved
7 Reserved for Low Voltage Range
8 reserved
9 reserved
10 reserved
1 reserved
12 reserved
13 reserved
14 reserved
15 2.7-2.8
16 2.8-2.9
17 2.9-3.0
18 3.0-3.1
19 3.1-3.2
20 3.2.3.3
21 3.3-3.4
22 3.4-35
23 3.5-3.6
24-29 reserved
30 Card Capacity Status (CCS)'
31 Card power up status bit (busy)
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7.1.2 CID Register

The Card IDentification (CID) register is 128 bits wide. It contains the card identification information

used during the card identification phase. Every individual Read/Write (RW) card shall have a unique

identification number. The structure of the CID register is defined in the following paragraphs:

CID Register
IName Field Width  [cID-slice
Manufacturer 1D MID 8 [127:120]
(OEM/Application ID OID 16 [119:104]
Product name PNV 40 103:64]
Product revision PRV 8 [63:56]
Product serial number PSN 32 55:24]
reserved - u [23:20]
Manufacturing date MDT 12 [19:8]
CRC7 checksum CRC 7 [7:1]
ot used, always 1 - 1 [0:0]

13
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7.1.3 CSD Register

CSD is Card-Specific Data register provides information on 128bit width. Some field of this register can
writable by PROGRAM_CSD (CMD27).

CSD Register(2.0)

Name Field LNidth Value Cell Type [CSD-slice
ICSD structure CSD _STRUCTURE 2 01b R 127:126]
eserved - i 00 0000b R 125:120]
data read access-time (TAAC) 8 OEh R 1119:112]
data read access-time in CLK|(NSAC) ] 00h R [111:104]
cycles (NSAC*100)
jnax. data transfer rate (TRAN SPEED) ] B32h or 5Ah R 103:96]
card command classes COG 12 01x110110101b R 95:84]
jmax. read data block length (READ BL LEN) 4 ] R [83:80]
artial blocks for read allowed READ BL PARTIAL) 1 0 R 79:79]
write block misalignment WRITE BLK MISALIGN) |1 0 R [78:78]
Fead block misalignment READ BLK MISALIGN) [1 0 R 77:77]
DSR implemented DSR_IMP 1 X R [76:76]
reserved - 6 00 0000b R 75:70]
device size C SIZE 22 00 xx0xh R 69:48]
e served - 1 0 R 47:47]
erase single block enable ERASE BLK EN) 1 1 R 46:46]
erase sector size SECTOR_SIZE) 7 i7Fh R [45:39]
write protect group size WP GRP_ SIZE) 7 0000000b R 38:32]
write protect group enable WP GRP ENABLE) 1 0 R 31:31]
eserved “ 00b R 30:29]
write speed factor R2W FACTOR) 3 010b R 28:26]
max. write data block length WRITE_BL_LEN) 4 9 R [25:22]
artial blocks for write allowed [WRITE BL PARTIAL) 1 0 R 21:21]
reserved - 5 00000b R [20:16]
File format group (FILE FOEMAT GRP) 1 0 R 15:15]
copy flag (OTP) COPY 1 X RV 1) 14:14]
permanent write protection PERM WRITE_PROTECT |1 i RAN(1) [13:13]
femporary write protection TMP WRITE PROTECT [1 X R/ 12:12]
File format (FILE_ FORMAT) 2 00b R [11:10]
reserved - - 00b R 9:8]
CRC CRC 7 poooooob R/W 7:1]
not used, always'1’ - 1 1 - 0:0]

Cell Type:R: Read Only, R/W: Writable and Readable, R/W(1): One-time Writable / Readable
Note: Erase of one data block is not allowed in this card. This information is indicated by

“‘ERASE_BLK_EN”.

Host System should refer this value before one data block size erase.

14
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714 RCA Register

The writable 16-bit relative card address register carries the card address that is published by the card
during the card identification. This address is used for the addressed host-card communication after the
card identification procedure. The default value of the RCA register is 0x0000. The value 0x0000 is
reserved to set all cards into the Stand-by State with CMD?7.

8 Power Scheme

8.1 Power Up

Power up time is defined as voltage rising time from 0 volt to VDD min and depends on
application parameters such as the maximum number of SD Cards, the bus length and the
characteristic of the power supply unit.

Supply ramp up time provides the time that the power is built up to the operating level (the bus
master supply voltage) and the time to wait until the SD card can accept the first command,The host shall
supply power to the card so that the voltage is reached to Vdd_min within 250ms and
start to supply at least 74 SD clocks to the SD card with keeping CMD line to high. In case of SPI
mode, CS shall be held to high during 74 clock cycles.

Supply voltage
A
VDD max
Bus master supply voltage | Valid voltage range for
____________ all commands
|
_ I I
Vg min L
| I
I I I - ]
| £ I Time out value for ! tin.'rs
. —1 ntializaton process = 15ec |
.ﬂ’wﬁrﬁplmﬁpqiuﬂwﬂaﬂp_uplmﬁ- | R of first ACMD41 to card ready i
|
acmp|| N Acmp| Nee | ACMD N
Initialization sequence—]CMDO _lc""DB L = 4 — 41 CMD2
- Optional repetitions of ACMD41
| Initialization delay: until no cards are responding
The maximum of with busy bit set

1 msec, 74 clock cycles
and supply ramp up time

15
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9. Package Dimensions

LGA8 8x6.2mm (Land Grid Array)
b2

(o] =] b -
{
| ni'e.
o | = :I
b f
= []
A ]
st 14
9 T 3
-} =—-0.30 T
TOP VIEW BOTTOM VIEW
| —
a4 al
SIDE VIEW
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
MILLMETER
2l MIN NOM MAX
D 7.85 8. 00 8. 05
E 6. 15 6. 20 6. 25
L1 0. 75 0. 80 0. 85
L 0. 85 0. 90 0.95
b 0. 50 0..55 0. 60
bl 0. 87 0. 92 0. 97
h2 2.75 2. 80 2. 85
b3 0.15 0.20 0. 25
e 1. 27BSC
A 0. 80 0. 85 0. 90
Al 0. 18 0,20 0. 22

16
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10. Ordering Information
The ordering part number is formed by a valid combination of the following

— Green Code
G=Green/Reach Package

Product Carrier
U = Tube; T = Tape & Reel; A = Tary

Temperature Grade
E = Extended (-25°C to +85°C)
| = Industrial (-40°C to +85°C)

Package Type
LG = LGAS8 (Land Grid Array)

Device Density
08G = 8Gbit (1GByte)
16G = 16Gbit (2GByte)

Product Family
SD =2.7~3.6V

Company Prefix
ZD = Zetta

17
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11. Revision History
Version Date Description
1.0 2023/12/8 Original version

18



	6.1   SD Bus Mode protocol
	6.2 Card Initialization and Identification Process

	6.3  Wide Bus Selection/Deselection
	6.4 DC/AD Characteristics
	7.1 Registers
	7.1.1     OCR Register
	7.1.2     CID Register
	7.1.3     CSD Register
	7.1.4      RCA Register
	8.1 Power Up

