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Embedded MMC(C5.0
EM-20 INDUSTRIAL EEMM(C MEMORY 4GB 1O 64GB

1 Product Features

e Fully compliant with JEDEC e-MMC 5.0 Standard (JESD84-B50)
e 153-ball BGA, 0.5mm pitch
1.5 X 13mm, RoHS compliant
e MLC NAND base technology
e Multiple MLC or enhanced/reliable mode partitions user configurable according to e-MMC Spec 5.0
e High performance e-MMC 5.0 specification
o Eleven-wire bus (clock, Data Strobe, 1 bit command, 8 bit data bus) and a hardware reset
Three different data bus width modes: 1-bit (default), 4-bit, and 8-bit
Clock frequencies 0-200MHz, High Speed Mode HS400
Up to250MB/s sequential read and up to 90MB/s sequential write in MLC mode

O O O

e Power Supply: (Low-power CMOS technology)
o VCCQ1.7V...1.95V or 2.7V...3.6V e-MMC( supply
o VCC2.7V...3.6V NAND Flash supply

e Optimized FW algorithms
o Power-fail data loss protection
o Wear Leveling technology
Equal wear leveling of staticand dynamic data. The wear leveling assures that dynamic data as
well as static data is balanced evenly across the memory. With that the maximum write
endurance of the device is guaranteed
o Read Disturb Management
The read commands perregion are monitored and the content is conditionally refreshed when
critical levels have occurred
o Auto Read Refresh
The interruptible background process maintains the user data for Read Disturb effects or Retention
degradation due to high temperature effects
o Diagnostic features with Device Health Report according to e-MM(C Spec 5.0, and new Firmware
FW2 with detailed Lifetime Monitor data.
Field Firmware update according to e-MM( Spec 5.0
Discard and Sanitize, Trim
Boot Operation Mode and Alternative Boot Operation Mode
Replay Protected Memory Block (RPMB)

O O O O

e High reliability
o Designed with sophisticated firmware architecture for industrial and embedded markets.
o Ideal for application like POS/POI, PLC, loT, gaming, medical and use as general boot medium for
embedded applications.
o The productis optimized for long life cycle that requires superior data retention as well as power
fail safety.
o Intensive write applications should use the enhanced/reliable mode

o Industrial Temperature range, -40° up to 85°C

e (ontrolled BOM & PCN process

HERAEEE G

.-
43
mm m
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2 Ordering Information
Table1: Standard Product List

Density Part Number Temp. Range Firmware Flash Technology
4GB SFEM4096B1EATO-1-GE-111-STD

8GB SFEM008GB1EATO-1-GE-111-STD

16GB SFEM016GB1EA1TO-1-GE-111-STD -40°C to 85°C FW1: default MLC NAND Flash
32GB SFEM032GB1EAITO-1-LF-111-STD

64GB SFEM064GB1EAITO-1-HG-111-STD

4GB SFEMy096B1EAITO-1-GE-121-STD

8GB SFEM008GB1EA1TO-1-GE-121-STD FW2: detailed

16GB SFEM016GB1EMTO-1-GE-121-STD -40°C to 85°C Lifetime Monitor MLC NAND Flash
32GB SFEM032GB1EATTO- [ -LF-121-STD data

64GB SFEM0o64GB1EATO-1-HG-121-STD

3 Product Description

The Swissbit e-MMC( is a managed non-volatile storage consisting of a single chip MMC controller and a NAND
flash memory chip inside a JEDEC defined standard BGA package. It is specially designed as a small form factor
memory product for storage of data and as a boot media. The performance is optimized to a mostly read
operation mode at low power consumption. The utilization of MLC NAND technology, with the option to
configure the memory in reliable mode, targets higher demanding industrial applications, which is supported
by the industrial temperature grade specification.

The e-MMC controller directly manages NAND flash, including ECC, wear-leveling, IOPS optimization and read
sensing. The EM-20 firmware features support high throughput for large data transfers and performance for
small random data more commonly found in code usage. It also contains several security features as well as
multiple boot partitions. For read intensive applicationsthe EM-20 uses advanced refresh features for
retention optimization.

e-MMC communication is based on an advanced 11-signal bus. The communication protocol is defined as a part
of the JEDEC e-MMC standard and referred to as the e-MM(C mode.

Swissbit AG Revision: 1.14
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3.1 Performance Specification
Table 2: Performance

System Performance Typical Sustained’ Max. MLC Max. reliable mode® Unit
Elzrcsl;t B;;?wﬁr?)nsfer Rate HSgoo (max 400 MB/s
4GB 170 250 260
8GB 175 250 260
Sequential Read 16GB 175 250 270
32GB 175 250 270
64GB 175 250 270
4GB n 15 45 MBIs
8GB 17 25 60
Sequential Write 16GB 15 25 80
32GB 20 L5 110
64GB 21 90 160
4GB 3500 4750 5800
8GB 3800 5100 5900
Random Read 4kB 16GB 3800 5100 5750
32GB 3800 5100 5800
64GB 3800 5100 5800
LGB 1000 1200 1900 0P
8GB 1300 1500 2100
Random Write 4kB 16GB 1150 1350 1850
32GB 1350 1600 1950
64GB 1400 1800 2000
1. Note1: Typical sustained performance of dirty drives, MLC, HS400, controller supplier proprietary USB3 reader board, Cristal Disk

Mark
2. Note 2: HS400, MLC mode, controller supplier specific test-environment (to exclude influence of 05 overhead)
3. Note 3: HS400, enhanced/reliable mode, controller supplier specific test-environment (to exclude influence of 0S overhead)
4. Targetvalues

Table 3: Device Power Consumption

Typ. Read Current Typ. Write Current
Capacity yP yP Typ. Standby Unit
VCCQ 1.8V VCC3.3V VCCQ 1.8V VCC3.3V Current
4GB 150 32 72 19 0.15 mA
8GB 150 34 80 30 0.15 mA
16GB 155 38 80 37 0.18 mA
3268 160 38 92 63 0.18 mA
64GB 180 38 105 80 0.20 mA
1. Values given for an 8-bit bus width, a clock frequency of 200MHz DDR mode, V((=3.3V+5%, V((Q=1.8V+5%
2. Standby currentis measured atV((=3.3V+5%,8-bit bus width without clock frequency
Swissbit AG Revision: 1.14
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3.2 Environmental Specifications

3.2.1 Recommended O perating Conditions

Table 4: e'MMCRecommended Operating Conditions

Parameter min typ max unit
Operating Temperature -40 25 85%) °C
*) high temperature operation reduces the data retention time

3.2.2 Recommended Storage Conditions

Table 5: e'MMC Recommended Storage Conditions

Parameter min typ max unit
Storage Temperature -40 25 85%) °C
*) high temperature storage reduces the data retention time

3.2.3 Reflow Profile and MSL
Table 6: Reflow and MSL conditions

Parameter Condition
MSL Level 3 (storage condition 168 hours, =30°C/ 60% RH)
Reflow According to IPC/JEDECJ-STD-020D.1:
Peak temp 260°C, 217°C endurance 60~150 seconds, up to 3 times reflow

Figure 1: Reflow profile

T Peak temp. 260°C
P f
Max. Ramp Up Rate = 3°C/s
Max. Ramp Down Rate = 6°C/s
v
o 1L k t A
E S .
Tsmax Reflow: time 60-150 seconds
3 temperature above 217°C
©
} S5
o
o {
S ts
Q Preheat/Soak: time 60-120 seconds
= temperature 150-200°C
Time =
3.2.4 EMC
Table7: EMC
Parameter Condition
EMC/ EMI Human Body Model: Machine Model: Charged Device Model:
up to £2 kV up to 200V up to 500V
according to according to according to
MIL-STD-883G, Method 3015.7 JESD22-A115 JESD22-(101
Swissbit AG Revision: 1.14
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3.3 Physical Dimensions
Table 8: Physical Dimensions

Physical Dimensions Value unit
Length 13+0.1

Width 11.5+0.1 mm
Thickness 1.0 max.

Weight (typ.) <1g g

3.4 Reliability
Table 9: Reliability

Parameter Value
Data Retention at beginning @ 50°C 10 years
Data Retention at life end (3k PE cycles) @ £0°C 1year
Swissbit AG Revision: 1.14
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L Capacity specification

Table10: e-MM( capacity specification

Capacity Sectors Total addressable User Data Area (Byte)
4GB 7,630,944 3,909,091,328
8GB 15,269,888 7,818,182,656
16GB 30,539,776 15,636,365,312
32GB 61,079,552 31,272,730,624
64GB 122,159,104 62,545,461,248

The enhanced/reliable mode requires double the amount of MLC-memory!

Table 11; Partition capacity specification

Capacity Boot partition1 Boot partition 2 RPMB

LGB 2048KB 2048KB 512KB

8GB to 64GB 4,096KB 4096KB 4096KB
Swissbit AG Revision: 1.14
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5 Card Mechanical

5.1 Physical description

The e-MMC contains a single chip controller and Flash memory module(s). The controller interfaces with a host
system allowing data to be written to and read from the Flash memory module(s). Figure 2and Figure 3 show
card dimensions.

Figure 2: Mechanical Dimensions e-MMC(

Package Mechanical (1.5 x13.0 X 1.0mm)

Aoaolc
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Figure 3: Mechanical Dimensions e-MM( (continued)
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6 e-MMCDevice and System

6.1 e-MM( System Overview

sulissbit”

The e-MMC specification covers the behavior of the interface and the Device controller. As part of this
specification the existence of a host controller and a memory storage array are implied but the operation of

these pieces is not fully specified.

Figure 4: e-MMCSystem Overview

Host e*MMC Device Controller
Mot Clock CMD, Data Array

) -

Reset Specified by esMMC Standard
VCC, VCCQ, .
[ ] outofscope
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6.2 Pinout

Figure 5: Ball assignment (top view, ball down)

suwlissbit®

1 2 3 4 5 6 7 8 9 10 11 12 13 14
ro 0y ) A D D B T T N A A
A \\NE/ (\NE \DATU l[\)AP \DATZ \l/ss ) \\NE \ NC/ \ NE/ (\Nf/ 1 NC/ \ NC/ \\NE/ (\NC/
B \/\NE/" (DATB‘ \DAT4‘ lDAIS/‘ \DATE‘ \DAT?‘ \\NE/" \ NC/‘ (NE/‘ (\NE/‘ \/\NE/‘ \/\NE/‘ (\NE/‘ (\NC/‘
-~ > ~ - PR N -~ -~ -~ -~ -~ ~ -~
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NG NNy () () (s ey e e CHCACY
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Table12: Pinout
Name Type Ball No. Description
Clock:
CLK I M6 Each cycle directs a 1-bit transfer on the command and DAT
lines.
Command:
A bidirectional channel used for device initialization and
(MD 1/0/PPIOD M5 command transfer. Command has two operating modes:
1) Open-drain for initialization.
2) Push-pull for fast command transfer.
DATo 1/0/PP A3 Data 1/00: Bidirectional channel used for data transfer.
DAT1 1/0/PP Ay Data 1/01: Bidirectional channel used for data transfer.
DAT2 1/10/PP As Data 1/02: Bidirectional channel used for data transfer.
DAT3 1/10/PP B2 Data 1/03: Bidirectional channel used for data transfer.
DATY 1/10/PP B3 Data 1/04: Bidirectional channel used for data transfer.
DATs 1/10/PP By Data 1/05: Bidirectional channel used for data transfer.
DAT6 1/0/PP Bs Data 1/06: Bidirectional channel used for data transfer.
DAT? 1/0/PP B6 Data 1/07: Bidirectional channel used for data transfer.
RST_n I K5 Reset signal pin
V(C S E6, F5, J10, K9 VCC: Flash memory I/Fand Flash memory power supply.
VCCQ : Memory controller core and MMC interface 1/0 power
VCeQ S 6, My, Nu, P3, P5 Q Y P
supply.
V/SS S A6, E7, Gs, H10, J5, K8 VSS: Flash memory I/Fand Flash memory ground connection.
VSSQ S (4, N2, N5, Py, P6 VSSQ: Memory controller core and MMC I/F ground connection.
VDDi () VDDi : Connect capacitor Creg from VDDi to GND.
DS 0/PP Hs5 Data Strobe: Newly assigned pin for HS4,00 mode.
NC Not connected
1. l:input; O: output; PP: push-pull; OD: open-drain; NC: Not connected; S: power supply.
Swissbit AG Revision: 1.14
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6.3 e-MM(C Communication Interface

The e-MMC device transfers data via a configurable number of data bus signals. The communication signals
are:
e (lock (CLK)
Each cycle of this signal directs a one bit transfer on the command and either a one bit (1x) or a two
bits transfer (2x) on all the data lines. The frequency may vary between zero and the maximum clock
frequency.

e Data Strobe (DS)
This signal is generated by the device and used for outputin HS400 mode. The frequency of this signal
follows the frequency of CLK. For data output each cycle of this signal directs two bits transfer(2x) on
the data - one bit for positive edge and the other bit for negative edge. For CRC status response output
and CMD response output (enabled only HS400 enhanced strobe mode), the CRC status is latched on
the positive edge only, and don't care on the negative edge.

e (ommand (CMD)
This signal is a bidirectional command channel used for Device initialization and transfer of
commands. The CMD signal has two operation modes: open-drain for initialization mode, and push-
pull for fast command transfer. Commands are sent from the e-MMC host controller to the e-MM(C
Device and responses are sent from the Device to the host.

e Input/Outputs (DATo-DATY?)
These are bidirectional data channels. The DAT signals operate in push-pull mode. Only the Device or
the host is driving these signals at a time. By default, after power up or reset, only DATo is used for
data transfer. A wider data bus can be configured for data transfer, using either DATo -DAT3 or DATo-
DAT?7, by the erMMC host controller. The e-MMC Device includes internal pull-ups for data lines DAT1-
DAT7. Immediately after entering the 4-bit mode, the Device disconnects the internal pull ups of lines
DAT1, DAT2, and DAT3. Correspondingly, immediately after entering to the 8-bit mode the Device
disconnects the internal pull-ups of lines DATI-DAT7.

6.4 Bus Protocol

After a power-on reset, the host must initialize the device by a special message-based e-MMC bus protocol. For
more details, refer to section 5.3.1 of the JEDEC Standard JESD84-B50.

6.5 Bus Speed Modes
e-MMC defines several bus speed modes as shown in Table 13.

Table13: BusSpeed Mode

Max Data Transfer
Mode Name Data Rate 10 Voltage Bus Width Frequency (implies x8 bus
width)
Backwards
Compatibility with Single 3.3/1.8V 1,4 8 0-26MHz 26MB/s
legacy MMC card
High Speed SDR Single 3.31.8V L, 8 0-52MHz 52MB/s
High Speed DDR Dual 3.31.8V L, 8 0-52MHz 104MBI/s
HS200 Single 1.8V 4, 8 0-200MHz 200MB/s
HSy00 Dual 1.8V 8 0-200MHz 4LOOMBI/s
Swissbit AG Revision: 1.14
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6.5.1HS200 Bus Speed Mode

The HS200 mode offers the following features:

e SDR Data sampling method

6.5.2 HS200 System Block Diagram

Figure 6 shows a typical HS200 Host and Device system. The host has a clock generator, which supplies CLK to
the Device. For write operations, clock and data direction are the same, write data can be transferred
synchronous with CLK, regardless of transmission line delay. For read operations, clock and data direction are
opposite; the read data received by Host is delayed by round -trip delay, output delay and latency of Host and
Device. For reads, the Host needs to have an adjustable sampling point to reliably receive the incoming data.

(LK frequency up to 200MHz Data rate — up to 200MBJs
8-bits bus width supported
Single ended signaling with 4 selectable Drive Strength
Signaling levels of 1.8V

Tuning concept for Read Operations

Figure 6: HS200 Host and Device block diagram
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|

Output Circuit
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Sampling
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DAT[7-0] / DAT[3-0]

Input Circuit

Host Device
6.5.3 HS400 Bus Speed mode
The HS4oo mode has the following features:

e DDR Data sampling method

e (LK frequency up to 200MHz, Data rate is — up to 4LOOMBI/s

e Only 8-bit bus width supported

e Signaling levels of 1.8V

e Supportup to 5 selective Drive Strength

e Data strobe signal is toggled only for Data out and CRC response
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6.5.4 HS400 System Block Diagram

Figure 7 shows a typical HS400 Host and Device system. The host has a clock generator, which supplies CLK to
the Device. For read operations, Data Strobe is generated by device output circuit. Host receives the data which
is aligned to the edge of Data Strobe.

Figure 7: HS400 Host and Device block diagram

Clock Generator » CLOC K‘*‘%
Qutput Circuit - .
i
TEEE DAT-In, CMD+'
Sampling T
Paint. ‘
I ' CMD Resp Output.
CMD Response: < -t
o . .
Host- Tuned Clock Strobe+ Device-
DAT Input Circuit | ‘J
DAT-Out+ )‘
DAT Output |
Swissbit AG Revision: 1.14
Industriestrasse 4
(H-9552 Bronschhofen www .swissbit.com EM-20_data_sheet_Rewviiy

Switzerland industrial@swissbit.com Page16 of 4.8



http://www.swissbit.com/
mailto:industrial@swissbit.com

suwlissbit®

7 e-MMCFunctional Description

7.1 e-MMC(C Overview

All communication between host and device are controlled by the host (master). The host sends a command,
which results in a device response. For more details, refer to section 6.1 of the JEDEC Standard JESD84-B50.
Five operation modes are defined for the e-MMC system:

Boot operation mode

Device identification mode

Interrupt mode

Data transfer mode

Inactive mode

7.2 Boot Operation Mode

In boot operation mode, the master (e:MMC host) can read boot data from the slave (e:-MMC device) by keeping
CMD line low or sending CMDo with argument + oxFFFFFFFA, before issuing CMD1. The data can be read from
either boot area or user area depending on register setting. For more details, refer to section 6.3 of the JEDEC
Standard JESD84-B50.

7.3 Device Identification Mode

While in device identification mode the host resets the device, validates operation voltage range and access
mode, identifies the device and assigns a Relative device Address (RCA) to the device on the bus. All data
communication in the Device Identification Mode uses the command line (CMD) only. For more details, refer to
section 6.4 of the JEDEC Standard JESD84-B5so0.

7.4 Interrupt Mode

The interrupt mode on the e-MMC system enables the master (e-MMC host) to grant the transmission allowance
to the slaves (Device) simultaneously. This mode reduces the polling load for the host and hence, the power
consumption of the system, while maintaining adequate responsiveness of the host to a Device request for
service. Supporting e'MMC interrupt mode is an option, both for the host and the Device. For more details,
refer to section 6.5 of the JEDEC Standard JESD84-Bso0.

7.5 Data Transfer Mode

When the Device is in Stand-by State, communication over the CMD and DAT lines will be performed in push-
pull mode. For more details, refer to section 6.6 of the JEDEC Standard JESD84-Bso0.

7.6 Inactive Mode

The device will enter inactive mode if either the device operating voltage range or access mode is not valid.
The device can also enter inactive mode with GO_INACTIVE_STATE command (CMD15). The device will reset to
Pre-id/e state with power cycle. For more details, refer to section 6.1 of the JEDEC Standard JESD84-B50.
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7.7 HIW Reset Operation

Figure 8: H/W Reset Waveform
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1. Device will detectthe rising edge of RST_n signal to triggerinternal reset sequence

Table14: H/W Reset Timing Parameters

Symbol Comment Min Max Unit
tRSTW RST_n pulse width 1 [us]
tRSCA RST_n to Command time 200’ [us]
tRSTH RST_n high period (interval time) 1 [us]

1. 74 cycles of clock signal required before issuing CMD1 or CMDo with argument oxFFFFFFFA

7.8 Noise Filtering Timing for H/W Reset

Device must filter out 5ns or less pulse width for noise immunity

Figure 9: Noise Filtering Timing for H/W Reset
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Device must not detect these rising edge.

Device must not detect 5ns or less of positive or negative RST_n pulse. Device must detect more than or equal

to 1us of positive or negative RST_n pulse width.
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8 The e-MMCbus

The e-MMC bus has eleven communication lines and three supply lines:

e (MD :Command is a bidirectional signal. The host and Device drivers are operating in two modes, open
drain and push/pull.

e DATo-7 :Data lines are bidirectional signals. Host and Device drivers are operating in push-pull mode.
e (LK :Clockis a host to Device signal. CLK operates in push-pull mode.
e Data Strobe: Data Strobe is a Device to host signal. Data Strobe operates in push-pull mode.

Figure10: Bus Circuitry Diagram

b R_'J.'!'

Foo ]F{va

- Data [7 D]-.
Host - CMD [ Davice
- — C
L . _ Data Strobe
C"= —
Cz —
— —_— {:'.'_ c'—
R Dats Strobe
1

The Rop is switched on and off by the host synchronously to the open-drain and push-pull mode transitions.
The host does not have to have open drain drivers, but must recognize this mode to switch on the Rop. Roar and
Remp are pull-up resistors protecting the CMD and the DAT lines against bus floating device when all device
drivers are in a high-impedance mode.

A constant current source can replace the Rop by achieving a better performance (constant slopes for the signal
rising and falling edges). If the host does not allow the switchable Rop implementation, a fixed Rewo can be
used). Consequently the maximum operating frequency in the open drain mode has to be reduced if the used
Remp value is higher than the minimal one given in.

Roata strobe IS pull=-down resistor used in HS400 device.
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8.1 Power-up

8.1.1 e-MMC power-up

An e-MMC bus power-up is handled locally in each device and in the bus master. Figure 11 shows the power-
up sequence and is followed by specific instructions regarding the power-up sequence. Refer to section 10.1 of
the JEDEC Standard JESD84-B5so0.

Figure 11: e-MMC Power-up Diagram
Supply voltage

Memory field
working —
voltage range

— o o o o— — o— o— —

Card logic working
voltage range

K — - } -
! |, V.-Poweruptime | me
. ol : Ak | = L I
L L\.-'ccQ Power up time N i First CMDI to card ready
| » X ~ s
1
TR Nocl Ng 1 Ng
Tnitialization |0 iy | =8 cMD T > |1 ¥ CMD2)
sequence
| Inbiakisations | Optional repetitions of CMD1
delay: I until the card responds with
The longest of: lmsec, busy bit set.

74 clock cycles, the supply ramp-up
fime, or the boot operation period
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8.1.2 e-MMC Power Cycling

The master can execute any sequence of V¢cand Ve power-up/power-down. However, the master must not
issue any commands until V¢cand Vg are stable within each operating voltage range. After the slave enters
sleep mode, the master can power-down V¢ to reduce power consumption. It is necessary for the slave to be
ramped up to V¢ before the host issues (MD5 (SLEEP_AWAKE) to wake the slave unit. For more information
about power cycling refer to Section 10.1.3 of the JEDEC Standard JESD84-Bso0.

Figure 12: e-MMC( Power Cycle
Supply voltage

oo (MIN)

! command Input pronibiteg _ Sleep mode Command Input prohibited Ime
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8.2 Bus Operating Conditions
Table15: General Operating Conditions

Parameter Symbol Min Max. Unit Remark
Peak voltage on all lines -0.5 VC(EQ5+ v
All Inputs

Input Leakage Current (before initialization sequence and/or the

. . -100 100 HA
internal pull up resistors connected)

Input Leakage Current (after initialization sequence and the

- . . -2 2 HA
internal pull up resistors disconnected)

All Qutputs

Output Leakage Current (before initialization sequence) -100 100 pA
Output Leakage Current (after initialization sequence) -2 2 HA

8.2.1Powersupply e-MM(

In the e-MMC(, V(¢ is used for the NAND flash device and its interface voltage; Vy is for the controller and the
MMC interface voltage as shown in Figure 13. The core regulator is optional and only required when internal
core logic voltage is regulated from Vcc. A Creg Capacitor must be connected to the Vopiterminal to stabilize
regulator output on the system.

Figure 13: e-MMCInternal PowerDiagram

vcce

vccaQ

-

Data Strobe -¢—— \J Control Signals
Core Regulator -

(Required for 3.3V VCCQ)
|

RESET —p»
VDDi

cﬂwy

CLK —— |
CMD -=—p

DAT[7:0)g—»-

Data Bus

MMC 1/O Block
NAND 1/0 Block

MMC Controller

Swissbit AG Revision: 1.14
Industriestrasse 4
(H-9552 Bronschhofen www.swissbit.com EM-20_data_sheet_Reviiy

Switzerland industrial @swissbit.com Page 22 of 4.8



http://www.swissbit.com/
mailto:industrial@swissbit.com

m

suwlissbit

8.2.2 e-MM(CPowerSupplyVoltages

The e-MMC supports one or more combinations of VCCand VCCQ as shown in Table 16. The VCCQ must be defined
at equal to or less than VCC.

Table16: e-MM( Operating Voltage

Parameter Symbol MIN MAX Unit Remarks
Supply voltage (NAND) Ve 2.7 3.6 Vv
Supply voltage (1/0) Veco 27 36 v
1.7 1.95 v
Supply power-up for3.3V trrun 35 ms
Supply power-up for1.8V trruL 25 ms

The e-MMC must support at least one of the valid voltage configurations, and can optionally support all valid
voltage configurations (see Table 17).

Table17: eeMM(Voltage Combinations

vCeo
1.7V-1.95V 2.7V-3.6V'
VCC 2.7V-3.6V Valid Valid

1. VCCQ(1/0) 3.3 volt range is not supported in HS200 /HS400 devices
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8.2.3BusSignallineload

The total capacitance (. of each line of the e-MMC bus is the sum of the bus master capacitance Cyost, the bus
capacitance Cgys itself and the capacitance Coevice of €-MMC connected to this line:

C. = Chost + Caus *+ Coevice

The sum of the host and bus capacitances must be under 20pF.

Table18: Signal Line Load

suwlissbit®

Parameter Symbol Min Max Unit Remark
chleIII)-up resistance for Remp 4.7 50 Kohm to prevent bus floating
Pull-up resistance for .
DATO-7 Roar 10 50 Kohm to prevent bus floating
Itis not necessary to put pull-up resistance
Pull-up resistance for on RST_n (H/W rest) line
RST_n Rest_n b1 50 Kohm 1 4 host does not use HIW reset. (Extended (SD
register [162] = 0 b)
Bus signal line . .
capacitance CL 30 pF Single Device
Slngle. Device Coon 6 DF
capacitance
Maximum signal line
inductance 16 nH
Impedance on CLK / CMD
| DATo~7 45 55 ohm Impedance match
Serlal s resistance on (LK SRew o W7 ohm
line
Serial's resistance on SRemp o ohm
CMD / DATo~7 line SRoato~ “7
10+ It should be located as close as possible to the
2.2+0.1 0.22 balls defined in order to minimize connection
) parasitic
(H1is only for HS200. It should be placed
Vcco decoupling capacitor pF adjacent to VCCQ-VSSQ balls (#K6 and #Kuy
CH1 ] - accordingly, next to DAT [7..0] balls). It should
: be located as close as possible to the balls
defined in order to minimize connection
parasitic.
10+ It should be located as close as possible to the
V(CC capacitor value 2.2+0.1 0.2 pF balls defined in order to minimize connection
’ parasitic
To stabilize regulator output to controller core
' . logics. It should be located as close as
Vooi capacitor value Cres %041 2.2+01 uF possible to the balls defined in order to
minimize connection parasitic
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8.2.4 HSyoo reference load

The circuit in Figure 14 shows the reference load used to define the HS400 Device Output Timings and
overshoot / undershoot parameters.

The reference load is made up by the transmission line and the Crererence Capacitance.

The reference load is not intended to be a precise representation of the typical system environment nor a
depiction of the actual load presented by a production tester.

System designers should use IBIS or other simulation tools to correlate the reference load to system
environment. Manufacturers should correlate to their production test conditions.

Delay time (td) of the transmission line has been introduced to make the reference load independent from the
PCB technology and trace length.

Figure 14: HS400 reference load

Driver o o

Device /O Measurement Point
Zo=50 Ohm

td = 350 ps Crererence = 4pF

Reference Load

8.3 Bus Signal Levels
As the bus can be supplied with a variable supply voltage, all signal levels are related to the supply voltage.

Figure 15: Bus Signal Levels
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mnput !
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t
8.3.1 0pen-drain Mode Bus Signal Level
Table19: Open-drain Bus Signal Level
Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VOH VDD - 0.2 v I0H = -100 pA
Output LOW voltage VoL 0.3 Y I0L=2mA

The input levels are identical with the push-pull mode bus signal levels.
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8.3.2 Push-pull mode bussignal level— e-MMC(

The device input and output voltages shall be within the following specified ranges for any Vpp of the allowed
voltage range

For 2.7V-3.6V Ve range (compatible with JESD8C.01):

Table 20: Push-pullSignal Level—High-voltage e-MMC(

Parameter Symbol Min Max. Unit Conditions

Output HIGH voltage VOH 0.75 * VCCQ ' IOH = =100 pA @ V, min

Output LOW voltage VoL 0.125 * VCCQ Y I0L =100 pA @ V. min

Input HIGH voltage VIH 0.625 * VCCQ VCQ + 0.3 Y

Input LOW voltage VIL VSS - 0.3 0.25 * VCCQ \
Swissbit AG Revision: 1.14
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For 1.70V — 1.95V V¢ range (Compatible with EIA/JEDEC Standard “EIA/JESD8-7 Normal Range" as defined in the

following table):

Table 21: Push-pull Signal Level—1.70 -1.95 Vo Voltage Range

Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VOH Ve — 0.45V v IOH = -2mA
Output LOW voltage VoL 0.45V v I0L = 2mA
Input HIGH voltage VIH 0.65 * Vo Veeo + 0.3 v

Input LOW voltage VIL Vss — 0.3 0.35 * Voo’ v

1. 0.7 *VDD for MM(™y.3 and older revisions.
2. 0.3 *VDD for MMC™.3 and older revisions.

8.3.3 Bus Operating Conditions for HS200 & HS400

The bus operating conditions for HS200 & HS400 devices is the same as specified in sections 10.5.1 through
10.5.2 of JESD84-B50. The only exception is that VCCQ=3.3v is not supported.

8.3.4 Device Output Driver Requirements for HS200 & HS400

Refer to section 10.5.4 of the JEDEC Standard JESD84-B50.
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8.4 Bus Timing

Figure16:Timing diagram: data input/output
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8.4.1 Device Interface Timings

Table 22: High-speed Device Interface Timing

Parameter | Symbol Min Max. Unit Remark

Clock CLK

(CL(;;!( frequency Data Transfer Mode fpp o 523 MHz $I(.)I§é(r)]c[;f+wo|mz
(C(I)oDc)k frequency ldentification Mode f0D o 400 KHz Tolerance: +20KHz
Clock high time tWH 6.5 ns (L <30 pF

Clock low time twi 6.5 ns (L <30 pF

Clock rise time®* tTLH 3 ns (L <30 pF

Clock fall time tTHL 3 ns (L <30 pF

Inputs CMD, DAT (referenced to CLK)

Input set-up time tISu 3 ns (L <30 pF

Input hold time tiH 3 ns (L <30 pF
Outputs CMD, DAT (referenced to CLK)

Output delay time during data transfer | tODLY 13.7 ns (L <30 pF

Output hold time tOH 2.5 ns (L <30 pF

Signal rise time® tRISE 3 ns (L <30 pF

Signal fall time tFALL 3 ns (L <30 pF

1. C(LKtimingis measuredat 50% of VDD.

2.
3.
L.
5.
measured by min (VOH) and max (VOL)
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Table 23: Backward-compatible Device Interface Timing
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Parameter Symbol Min Max. | Unit | Remark’
Clock CLK?

(CL(;;Q( frequency Data Transfer Mode fpp 0 -6 MHz (L <30 pF
(C(I)oDc)k frequency ldentification Mode fOD o 400 kHz

Clock high time tWH 10 (L <30 pF
Clock low time twiL 10 ns (L <30 pF
Clock rise time* tTLH 10 ns (L <30 pF
Clock fall time tTHL 10 ns (L <30 pF
Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 3 ns (L <30 pF
Input hold time tiH 3 ns (L <30 pF
Outputs CMD, DAT (referenced to CLK)

Output set-up time® tosu n.7 ns (L <30 pF
Output hold time5 tOH 8.3 ns (L <30 pF

1. The Device must always start with the backward-compatible interfacetiming. The timing mode can be switchedto high -speed
interface timing by the host sendingthe SWITCH command (CMD6) with the argument for high -speed interface select.

2. (LKtimingis measuredat50% of VDD.

3.  For compatibility with Devices that support the vi.2 standard or earlier, host should not use > 26 MHz before switchingto high -

speedinterface timing.

(LK rise and fall times are measured by min (VIH) and max (VIL).

tOSU and tOH are defined as values from clock rising edge. However, there may be Devices or devices which utilize clock falling

edge to output data in backward compatibility mode. Therefore, itis recommended for hosts eitherto settWL value as long as

possible within the range which will not go over tCK-tOH(min) in the system orto use slow clock frequency, so that host could

have data set up margin for those devices. In this case, each device which utilizes clockfalling edge might showthe correla tion

either between tWL and tOSU or between tCK and tOSU for the device in its own datasheet as a note orits application notes.

v oE
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8.5 Bus Timing for DAT Signals During Dual Data Rate Operation

These timings apply to the DAT[7:0] signals only when the device is configured for dual data mode operation.
In this dual data mode, the DAT signals operate synchronously of both the rising and the falling edges of CLK.
The CMD signal still operates synchronously of the rising edge of (LK and therefore complies with the bus
timing specified in section 10.5 of JESD84-B50, therefore there is no timing change for the CMD signal.

Figure17: Timing Diagram: Data Input/Qutputin Dual Data Rate Mode
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In DDR mode data on DAT[7:0] lines are sampled on both edges of the clock
(not applicable for CMD line)

8.5.1Dual Data Rate Interface Timings
Table 24: High-speed Dual Data Rate Interface Timing

Parameter | Symbol Min Max. Unit Remark

Input CLK'

Clock duty cycle 45 55 % Inr;)cilslzdes Jitter, phase
Input DAT (referenced to C(LK-DDR mode)

Input set-up time tisuddr 2.5 ns (L <20 pF

Input hold time tiHddr 2.5 ns (L <20 pF

Output DAT (referenced to CLK-DDR mode)

Output delay time during data transfer | tODLYddr 1.5 7 ns (L <20 pF

Signal rise time (all signals)? tRISE 2 ns (L <20 pF

Signal fall time (all signals) tFALL 2 ns (L <20 pF

1. C(LKtimingis measuredat 50% of VDD.
2. Inputs CMD, DAT rise and fall times are measured by min (VIH) and max (VIL), and outputs CMD, DAT rise and fall times are
measured by min (VOH) and max (VOL)
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8.6 Bus Timing Specificationin HS200 Mode

8.6.1HS200 Clock Timing

Host CLK Timing in HS200 mode shall conform to the timing specified in Figure 18 and Table 25.

CLK input shall satisfy the clock timing over all possible operation and environment conditions. CLK input

parameters should be measured while CMD and DAT lines are stable high or low, as close as possible to the
Device.

The maximum frequency of HS200 is 200MHz. Hosts can use any frequency up to the maximum that HS200
mode allows.

Figure 18: HS200 Clock Signal Timing

- tpERIOD >
veea. .
VIH /7
CLOCK Vv
INPUT =
Vi, \‘
| \ /
MSS..o _>E @ lTLH tra 5 —

Note1 : Vi denote Viy(min.) and V. denotes Vy(max.).

Note2 : Vi=0.975V - Clock Threshold, indicates clock reference point for timing measurements.

Table 25: HS200 Clock Signal Timing

Symbol Min. Max. Unit Remark
teerion 5 - ns 200MHz (Max.), between rising edges
to t _ 02 t ns trn, tme < 1ns (max.) at 200MHz, Cgea=12pF, The absolute
T T ) PERIOD maximum value of tny, tme is 10ns regardless of clock frequency.
Duty Cycle 30 70 %
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8.6.2 H5200 Device InputTiming
Figure 19 and Table 26 define Device input timing.

Figure19: HS200 Device Input Timing
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Note1: tsy and tw are measured at Vy(max.) and Vi(min.).
Note2: Vi denote Viw(min.) and V. denotes Vi(max.).

sulissbit”

Table 26: HS200 Device InputTiming
Symbol Min. Max. Unit Remark
tisu 1.4 - ns (sen < 6pF
i 0.8 ns (sen < 6pF
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8.6.3 H5200 Device Qutput Timing

tew parameter is defined to allow device output delay to be longer than teerion. After initialization, the tpy may
have random phase relation to the clock. The Host is responsible to find the optimal sampling point for the
Device outputs, while switching to the HS200 mode.
Figure 20 and Table 27 define Device output timing.
While setting the sampling point of data, a long term drift, which mainly depends on temperature drift,
should be considered. The temperature drift is expressed by ATey. Output valid data window (tw) is available
regardless of the drift (ATew) but position of data window varies by the drift, as described in Figure 21.

Figure 20: HS200 Device Qutput Timing
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OUTPUT WINDOW
VoL S VoL
! \
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Note: Vo denotes Vou(min.) and Vo, denotes Vo(max.).
Table27: QutputTiming
Symbol Min. Max. Unit Remark
t o , Ul Device output momentary phase from CLK input to CMD or DAT
PH lines output. Does not include a long term temperature drift.
_ Delay variation due to temperature change after tuning. Total
AT (A3T52 +1550 s allowable shift of output valid window (Tww) from last system
PH 220°0) (AT=g90°() | P Tuning procedure ATpy is 2600ps for AT from -25°C to 125°C
during operation.
tyw=2.88ns at 200MHz Using test circuit in Figure 15 including
Tow 0.57 _ ul skew among (MD and DAT lines created by the Device. Host path
515 may add Signal Integrity induced noise, skews, etc. Expected Tyw
at Host input is larger than o.475Ul.
Note : Unit Interval (Ul) is one bit nominal time. For example, Ul=5ns at 200MHz.
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Figure 21: ATpy consideration

Arpy =-350ps Arpr =1550ps
i-1-1 |Sampling point
i1 iwmpow | Sampling point after tuning
i {1 |waow ) Sampling point after junction heated to +90 “C
__________ _\\\: i i f]fr__________
| ' W‘: vl  Sampling point after junction cooled to -20 °C

Implementation Guide: Host should design to avoid sampling errors that may be caused by the Ampy drift.
It is recommended to perform tuning procedure while Device wakes up, after sleep.
One simple way to overcome the Apy drift is by reduction of operating frequency.
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8.7 Bus Timing Specification in HS4.00 mode

8.7.1 HS400 Device InputTiming

The CMD input timing for HS400 mode is the same as CMD input timing for HS200 mode.
Figure 22 and Table 28 show Device input timing.

Figure 22: HS400 Device Data input timing
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Table 28: HSg00 Device input timing

Parameter Symbol Min | Max | Unit | Remark
Input CLK
Cycle time data transfer tPERIOD 200MHz(Max), between rising edges with
mode > respect to VT.
Slew rate SR 1.125 Vins With respect to VIH/VIL.
Allowable deviation from an ideal 50% duty
Duty cycle cycle.
distortion tekDCD 0.0 03 ns With respect to VT.
Includes jitter, phase noise
Minimum pulse width tCKMPW 2.2 ns With respect to VT.
Input DAT (referenced to (LK)
Input set-up time tiIsuddr 0.4 ns (Device < 6pF With respect to VIH/VIL.
Input hold time tiHddr 0.4 ns (Device < 6pF With respect to VIH/VIL.
Slew rate SR 1.125 Vins With respect to VIH/VIL.
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8.7.2 HS4oo Device OQutput Timing

The Data Strobe is used to read data in HS;00 mode. The Data Strobe is toggled only during data read or CRC
status response.

Figure 23: HS400 Device outputtiming
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Table29: HSyoo0 Device Qutputtiming

Parameter | Symbol | Min Max | Unit | Remark
Data Strobe

Cycle time data transfer

200MHz(Max), between rising edges With

mode tPERIOD 5 respect to VT

Slew rate SR 1125 Vins \llc\)li;gl respect to VOH/VOL and HSyo0 reference
Allowable deviation from the input (LK duty

Duty cycle distortion tDSDCD 0.0 0.2 ns cycle distortion (tckDCD)

With respect to VT

Includes jitter, phase noise

Minimum pulse width tDSMPW 2.0 ns With respect to VT

Max value is specified by manufacturer.
Value up to infinite is valid

Max value is specified by manufacturer.
Value up to infinite is valid

Read pre-amble tRPRE 0.4 - tPERIOD

Read post-amble tRPST 0.4 - tPERIOD

Output DAT (referenced to Data Strobe)

With respect to VOH/VOL and HS4o0 reference

Output skew tRQ 0.4 ns load

Output hold skew tROH 0.4 ns \llc\)lgg respect to VOH/VOL and HSyo0 reference

Slew rate SR 1425 Vins \ll(\)lgcg respect to VOH/VOL and HS4o0 reference
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Table 30: HS400 Capacitance and Resistors

Parameter Symbol Min Type Max Unit Remark
Pull-up resistance for C(MD RCMD 4.7 100 kOhm

Pull-up resistance for DATO-7 RDAT 10 100 kOhm

Pull-down resistance for Data RDS 10 100 kOhm

Strobe

Internal pull up resistance DAT1- . kOhm

DAT7 Rint 10 150

Single Device capacitance (Device 6 pF

0 e-MMCRegisters

Within the Device interface six registers are defined: OCR, CID, (SD, EXT_CSD, RCA and DSR. These can be
accessed only by corresponding commands (see Section 6.10 of JESD84-B50).

Table 31: e-MMC( Registers

Width s -
Name (Bytes) Description Implementation
CiD 16 Device Identification number, an individual number for identification. Mandatory
Relative Device Address is the Device system address, dynamically
RCA 2 assigned by the host during initialization. Mandatory
DSR 2 Driver Stage Register, to configure the Device's output drivers. thlonal, not
implemented
(sD 16 Device Specific Data, information about the Device operation conditions. Mandatory
Operation Conditions Register. Used by a special broadcast command to
OCR b identify the voltage type of the Device. Mandatory
Extended Device Specific Data. Contains information about the Device
EXT_GD 512 capabilities and selected modes. Introduced in standard v4.0 Mandatory

The host may reset the device by:
e Switching the power supply off and back on. The device shall have itsown power-on detection
circuitry which puts the device into a defined state after the power-on Device.
e Aresetsignal
e Bysending a special command
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9.1 OCR Register

The 32-bit operation conditions register (OCR) stores the VDD voltage profile of the Device and the access mode
indication. In addition, this register includes a status information bit. This status bit is set if the Device power
up procedure has been finished. The OCR register shall be implemented by all Devices.

Table 32: OCR register

OCR bit \VCCQ voltage window typ. value

[6:0] Reserved 000 0000b

[7] 1.70 = 1.95V 1b

[14:8] 2.0 — 2.6V 000 0000b

[23:15] 2.7 - 3.6V 1111 11Mb

[28:24] Reserved 0 0000b

[30:29] Access Mode 10b (sector mode, for devices >2GB)
[31] Card power up status bit (0=busy; 1=ready)"

1. This bit is setto LOW if the Device has not finished the power up routine.

9.1.1 Memory Addressing

Previous implementations of the e-MMC specification (versions up tovg.1) implemented byte addressing using
a 32 bit field. This addressing mechanism permitted for e-MMC densities up to and including 2 GB.

To support larger densities the addressing mechanism was update to support sector addresses (512 B sectors).
The sector addresses shall be used for all devices with capacity larger than 2 GB.

To determine the addressing mode use the host should read bit [30:29] in the OCR register.

9.2 CID Register

The Card Identification (CID) register is 128 bits wide. It contains the Device identification information used
during the Device identification phase (e:-MMC protocol). For details, refer to section 7.2 of the JEDEC Standard
JESD84-Bso0.

Table 33: CID register

Register Name Bit Width |Description typ. Value FWh typ. Value FW2

MID 8 Manufacture 1D oxDA (Swissbit) 0oxDA (Swissbit)
- 6 Reserved 000000 000000

CBX 2 Device/BGA 01 01

01D 8 OEM/Application ID 0X00 0X00

PNM 48 Product Name e.g."00008G" e.g."00008G"

PRV 8 Product Revision e.g. ox10 (rev.1.0) e.g. ox11 (rev. 1.1)
PSN 32 Product Serial Number XXXXXXXX XXXXXXXX

MDT 8 Manufacture Date XX XX

CRC 7 Check sum of CID contents (RC7 chksum CRC7 chksum
- 1 Not used; always=1 1 1
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The Device-Specific Data (CSD) register provides information on how to access the Device contents. The (SD
defines the data format, error correction type, maximum data access time, data transfer speed, whether the
DSR register can be used etc. For details, refer to section 7.3 of the JEDEC Standard JESD84-B50.

Table 34: CSD register

Register Name Bits Bit Width|Description typ. Value FW1 typ. Value FW2
(SD_STRUCTURE 127:126 2 (SD structure 0x3 0x3
SPEC_VERS 125:122 A System Specification version oXl4 (N
- 121:120 2 Reserved - -
TAAC 119:112 8 Data read access-time 1 oxyF oxyuF
NSAC M0 8 ?,\?Stzclfgg)access—time 2 in CLK cycle 0XOT 0X01
TRAN_SPEED 103:96 8 Max. bus clock frequency 0X32 0X32
(Ccc 95:84 12 Device command classes 0xo0F5 oxoFs
READ_BL_LEN 83:80 L Max. read data block length 0X9 0X9
READ_BL_PARTIAL 79 1 Partial blocks for read allowed 0X0 0X0
WRITE_BLK_MISALIGN 78 1 Write block misalignment 0X0 0X0
READ_BLK_MISALIGN 77 1 Read block misalignment 0XO0 0XO0
DSR_IMP 76 1 DSR implemented 0X0 0X0
- 7574 2 Reserved - -
C_SIZE 73:62 12 Device size OXFFF OoXFFF
VDD_R_CURR_MIN 61:59 3 Max read current @VDD min (0)¢4 (0)¢4
VDD_R_CURR_MAX 58:56 3 Max read current @VDD max ox7 ox7
VDD_W_CURR_MIN 55:53 3 Max write current @VDD min 0X7 0X7
VDD_W_CURR_MAX 52:50 3 Max write current @VDD max ox7 ox7
C_SIZE_MULT 49:47 3 Device size multiplier 0X7 0X7
ERASE_GRP_SIZE L6:42 5 Erase group size ox1F ox1F
ERASE_GRP_MULT 41:37 5 Erase group size multiplier ox1F ox1F
WP_GRP_SIZE 36:32 5 Write protect group size ox?li((z1F6$L;12?gE()iB) oxoF
WP_GRP_ENABLE 31 1 Write protect group enable 0x1 0x1
DEFAULT_ECC 30:29 2 Manufacturer default ECC 0X0 0X0
R2W_FACTOR 28:26 3 Write speed factor 0x2 0x2
WRITE_BL_LEN 25:22 L Max. write data block length 0X9 0X9
WRITE_BL_PARTIAL 21 1 Partial blocks for write allowed 0XO0 0XO0
- 20:17 L Reserved - -
CONTENT_PROT_APP 16 1 Content protection application 0XO0 0XO0
FILE_FORMAT_GRP 15 1 File format group 0X0 0X0
copy i 1 Copy flag (0TP) 0X0 0X0
PERM_WRITE_PROTECT 13 1 Permanent write protection 0XO0 0XO0
TMP_WRITE_PROTECT 12 1 Temporary write protection 0XO0 0XO0
FILE_FORMAT 11:10 2 File format 0XO0 0XO0
ECC 9:8 2 ECC code 0X0 0X0
(RC 701 7 Checksum of (SD contents - -
- 0 1 Always=1 ox1 ox1
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9.4 Extended CSD Register

The Extended (SD register defines the Device properties and selected modes. Itis 512 bytes long. The most
significant 320 bytes are the Properties segment, which defines the Device capabilities and cannot be modified
by the host. The lower 192 bytes are the Modes segment, which defines the configuration the Device is working
in. These modes can be changed by the host by means of the SWITCH command. For details, refer to section 7.4
of the JEDEC Standard JESD84-B50.

Table 35: Extended (SD Register

Register Name Bytes V\?ixzitti Description typ. Value FW1 typ. Value FW2
Properties Segment
- 511:506 6 Reserved - -
EXT_SECURITY_ERR 505 1 Extended security 0X00 0X00
- - Commands Error
S_CMD_SET 504 1 Supported Command Sets 0X01 0X01
HPI_FEATURES 503 1 HPI features 0X01 0X01
Background operations
BKOPS_SUPPORT 502 1 support 0X01 0X01
MAX_PACKED_READS 501 1 Max packed read commands 0x3C 0x3C
MAX_PACKED_WRITES 500 1 Max packed write 0x3( 0x3(
commands
DATA_TAG_SUPPORT 499 1 Data Tag Support 0X01 0X01
TAG_UNIT_SIZE 498 1 Tag Unit Size 0X03 0X03
TAG_RES_SIZE Lo7 1 Tag Resources Size 0X00 0X00
CONTEXT_CAPABILITIES 496 1 Context management capabilities 0X05 0X05
0x03 (4GB) 0x03 (4GB)
oxo7 (8GB) 0x07 (8GB)
LARGE_UNIT_SIZE_M1 495 1 Large Unit size oxo7 (16GB) oxo7 (16GB)
oxoF (32GB) oxoF (32GB)
oxi1F (64GB) oxoF (64GB)
Extended partitions attribute
EXT_SUPPORT Loy 1 support 0X03 0X03
SUPPORTED_MODES 493 1 Supported modes 0X01 0X01
FFU_FEATURES 492 1 FFU features 0X00 0X00
(E)P(E)E/%TION_CODE_TIM 491 1 Operation codes timeout 0X00 0X00
FFU_ARG 490:487 L FFU Argument 0x0000ffff 0x0000ffff
Reserved 4,86:306 177 Reserved - -
NUMBER_OF_FW_SECT
ORS_CORRECTLY_PROG | 305:302 L4 Nlrjomt)ae;q%zgw seciors comectly 0X00000000 0X00000000
RAMMED prog
Swissbit specific data revision
301 1 index 0X00 0X01
300:299 2 MLC Target erase count 0X0000 0x0BB8
298:297 2 MLC current average erase count 0X0000 variable
206:295 5 MLC current maximum erase 0X0000 variable
count
294:293 2 pSLC Target erase count 0X0000 oxyE20
292:291 2 pSLC current average erase count 0X0000 variable
VENDOR_PROPRIETARY SLC current maximum erase
_HEALTH_REPORT 290:289 2 [c)ount 0X0000 variable
288:287 2 Spare blocks on CEo 0X0000 variable
286:285 2 Spare blocks on CE1 0X0000 variable
284:283 2 Spare blocks on CE2 0X0000 variable
282:281 2 Spare blocks on CE3 0X0000 variable
280:279 2 Runtime bad blocks on CEo 0X0000 variable
278:277 2 Runtime bad blocks on CE1 0X0000 variable
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Register Name Bytes V\Ilgi%tt% Description typ. Value FW1 typ. Value FW2
276:275 2 Runtime bad blocks on CE2 0X0000 variable
2742273 2 Runtime bad blocks on CE3 0X0000 variable
2721270 3 Vendor proprietary health report 0X000000 0X000000
(not used)
DEVICE_LIFE_TIME_EST T s 0X01 0X01
VP B 269 1 Device life time estimation type B (fresh device) (fresh device)
DEVICE_LIFE_TIME_EST S . 0X01 0X01
VP A 268 1 Device life time estimation type A (fresh device) (fresh device)
. . 0X01 0X01
PRE_EOL_INFO 267 1 Pre EOL information (fresh device) (fresh device)
OPTIMAL_READ_SIZE 266 1 Optimal read size 0X01 0X01
oxoy (4GB) oxoy (4GB)
OPTIMAL_WRITE_SIZE 265 1 Optimal write size 0x08 0X08
(8116/32/64GB) (8116/32/64GB)
?IZTEl MAL_TRIM_UNIT_ 264 1 Optimal trim unit size 0X01 0X01
DEVICE_VERSION 263:262 2 Device version 0X0000 0X0000
0X00000000000
00003 (4GB)
FIRMWARE_VERSION | 261:254 8 Firmware version 0X00000000000 OXOngzgzoooo
00002
(8/16/32/164GB)
PWR_CL_DDR_200_36 Power class for 200MHz,
0 253 ! DDR at VCC=3.6V ox00 ox00
CACHE_SIZE 252:249 L Cache size 0X00000400 0X00000400
GENERIC_CMD6_TIME 248 1 Generic CMD6 timeout 0X19 0X19
POWER_OFF_LONG_TI 7 ! Ppwer off notification(long) oxEF oxEF
ME timeout
BKOPS_STATUS 246 1 Background operations status 0X00 0X00
CORRECTLY_PRG_SECT . Number of correctly programmed
ORS NUM 245:212 A sectors 0X00000000 0X00000000
1st initialization time after
INI_TIMEOUT_AP 241 1 partitioning ox64 ox64
- 24,0 1 Reserved - -
PWR_CL_DDR_52.360 | 239 1 ;’06"{’,‘" class for 52MHz, DDR at 0X00 0X00
PWR_CL_DDR_52_195 238 1 fog"s"\?r class for 52MHz, DDR at 0X00 0X00
PWR_CL_200_360 237 1 Power class for 200MHz at 3.6V 0X00 0X00
PWR_CL_200_195 236 1 Power class for200MHz, at 1.95V 0X00 0X00
MIN_PERF_DDR_W_8 Minimum Write Performance for
_52 235 ! 8bit at 52MHz in DDR mode ox00 ox00
MIN_PERF_DDR_R_8_ Minimum Read Performance for
52 34 ! 8bit at 52MHz in DDR mode 0X00 0X00
- 233 1 Reserved - -
o ox1 (4/816/32GB) | ox11 (4/8/16/32GB)
TRIM_MULT 232 1 TRIM Multiplier 0x22 (64GB) 0x22 (64GB)
.SrEC—FEATURE—SUPPOR 231 1 Secure Feature support 0X55 0X55
oxB(4oB) | N
SEC_ERASE_MULT 230 1 Secure Erase Multiplier 0X01 5
(816132/61GB) ox2C (32GB)
ox21 (64GB)
o (4oB) | N
SEC_TRIM_MULT 229 1 Secure TRIM Multiplier 0XO01
(8116/32/64GB) ox2C (32GB)
ox21 (64GB)
BOOT_INFO 228 1 Boot information 0Xxo7 0xo7
- 227 1 Reserved - -
BOOT_SIZE_MULTI 226 1 Boot partition size ox10 (4GB) ox10 (4GB)
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Register Name Bytes V\Ilgi%tt% Description typ. Value FW1 typ. Value FW2
0X20 0X20
(8/16/32/64GB) (8116/32/64GB)
0x06 (4GB) 0x06 (4GB)
oxo7 (8GB) ox07 (8GB)
ACC_SIZE 225 1 Access size 0x07 (16GB) 0x07 (16GB)
0x08 (32GB) 0x08 (32GB)
0x09 (64GB) 0x09 (64GB)
ox10 (4/8/16GB)
HC_ERASE_GRP_SIZE 24 1 High-capacity erase unit size 0x20 (32GB) ox40 0Xx01
(64GB)
_— . . ox1 (4/8116/32GB) | ox1 (4/8/16/32GB)
ERASE_TIMEOUT_MULT 223 1 High-capacity erase timeout 0x22 (64GB) 0x22 (64GB)
REL_WR_SEC_C 222 1 Reliable write sector count 0X01 0X01
L . . ox10 (4GB)
HC_WP_GRP_SIZE 21 1 S"'i'zgeh capacity write protect group oxo1 (8GB) 0X10
0x02 (16/32/64GB)
0x0A (4GB)
S_c vcc 220 1 Sleep current (VCQ) 0Xx08 0XO0A
(8/16/32/164GB)
0x0B (4GB)
S_C Ve 219 1 Sleep current (VCCQ) 0X08 0xo0B
(8/16/32/64GB)
PRODUCTION_STATE_A Production state awareness
WARENESS_TIMEOUT 28 ! Timeout Ox14 Ox14
S_A_TIMEOUT 217 1 Sleep/awake timeout 0x13 0x13
?I\LAEEEP_NOTIFICATION_T 216 1 Sleep Notification timeout oxoF oxoF
0X00748000 0X00748000
(4GB) (4GB)
0x00E90000 0x00E90000
(08GB) (08GB)
. 0x01D20000 0x01D20000
SEC_COUNT 215:212 L Sector Count (16GB) (16GB)
0X03A40000 0Xx03A40000
(32GB) (32GB)
0X07480000 0X07480000
(64GB) (64GB)
- M 1 Reserved - -
Minimum Write Performance for
MIN_PERF_W_8_52 210 1 8bit at 52MHz 0x08 0X08
Minimum Read Performance for
MIN_PERF_R_8_52 209 1 8bit at 52MHz 0Xx08 0X08
MIN_PERF_W_8_26_4 Minimum Write Performance for
52 208 ! 8bit at 26 MHz, for 4bit at 52MHz 0x08 0x08
MIN_PERF_R_8_26_4 Minimum Read Performance for
52 207 ! 8bit at 26MHz, for 4bit at 52MHz 0x08 0x08
Minimum Write Performance for
MIN_PERF_W_g 26 206 1 Lbit at 26MHz 0x08 0X08
Minimum Read Performance for
MIN_PERF_R_4 26 205 1 Lbit at 26MHz 0Xx08 0X08
- 204 1 Reserved - -
PWR_CL_26_360 203 1 Power class for26MHz at 3.6V 1 R 0X00 0X00
PWR_C(CL_52_360 202 1 Power class for 52MHz at 3.6V1R 0X00 0X00
PWR_CL_26_195 201 1 Power class for 26MHz at 1.95V 1R 0X00 0X00
PWR_CL_52_195 200 1 Power class for 52MHz at 1.95V1 R 0X00 0X00
EA/'}ERT””)N—SWITCH—TI 199 1 Partition switching timing 0X03 0X03
&%T—OF—INTERRUPT—H 198 1 Out-of-interrupt busy timing oxouy oxouy
DRIVER_STRENGTH 197 1 I/0 Driver Strength ox1F ox1F
CARD_TYPE 196 1 Device type 0X57 0X57
- 195 1 Reserved - -
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Register Name Bytes V\Ilgi%tt% Description typ. Value FW1 typ. Value FW2
(SD_STRUCTURE 194 1 (SD structure 0X02 0X02
- 193 1 Reserved - -
EXT_CSD_REV 192 1 Extended (SD revision 0X07 0X07
Modes Segment
CMD_SET 191 1 Command set 0X00 0X00
- 190 1 Reserved - -
CMD_SET_REV 189 1 Command set revision 0X00 0X00
- 188 1 Reserved - -
POWER_CLASS 187 1 Power class 0X00 0X00
- 186 1 Reserved - -
HS_TIMING 185 1 High-speed interface timing 0X01 0X01
- 184 1 Reserved - -
BUS_WIDTH 183 1 Bus width mode 0X02 0Xx02
- 182 1 Reserved - -
ERASED_MEM_CONT 181 1 Erased memory content 0X00 0X00
- 180 1 Reserved - -
PARTITION_CONFIG 179 1 Partition configuration 0X00 0X00
BOOT_CONFIG_PROT 178 1 Boot config protection 0X00 0X00
SBOOT_BUS_CONDITION 177 1 Boot bus Conditions 0X00 0X00
- 176 1 Reserved - -
ERASE_GROUP_DEF 175 1 g;%ihn'iggzsny erase group 0X00 0X01
BOOT_WP_STATUS 171 1 Eeog?stt‘é"rrs'te protection status 0X00 0X00
BOOT_WP 73 1 Eeog(i);[tg;ea write protection 0X00 0X00
- 172 1 Reserved - -
USER_WP 17 1 User area write protection register 0X00 0X00
- 170 1 Reserved - -
FW_CONFIG 169 1 FW configuration 0X00 0X00
oxoy (4GB) oxoy (4GB)
RPMB_SIZE_MULT 168 1 RPMB Size 0X20 0X20
(816/321614GB) (816/32161LGB)
WR_REL_SET 167 1 Write reliability setting register ox1F ox1F
WR_REL_PARAM 166 1 ‘r’ggitsetgf”ab“ity parameter X0 X0
SANITIZE_START 165 1 Start Sanitize operation 0X00 0X00
BKOPS_START 164 1 g;g‘r‘;%'(')yn:tart background 0X00 0X00
BKOPS_EN 163 1 Egitc)llsehg)l?eckground operations 0X00 0X00
RST_n_FUNCTION 162 1 H/W reset function 0X00 0X00
HPI_MGMT 161 1 HPI management 0X00 0X00
;#RTITIOMNG—SUPPO 160 1 Partitioning Support 0Xxo07 0xo7
0x0000E9 (4GB)
0x0000E9 (4GB) 0x0001D2 (8GB)
MAX_ENH_SIZE_MULT 159:157 3 Max Enhanced Area Size 0x0001D2 0x0003A4 (16GB)
(8116/32/64GB) 0x000748 (32GB)
0x000E90 (64GB)
EARTITIONS—AT[R'BUT 156 1 Partitions attribute 0X00 0X00
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Register Name Bytes V\Ilgi%tt% Description typ. Value FW1 typ. Value FW2
PARTITION_SETTING_C e .
OMPLETED 155 1 Partitioning Setting 0X00 0X00
GP_SIZE_MULTy 154:152 3 General Purpose Partition Size 0X000000 0X000000
GP_SIZE_MULT3 151:149 3 General Purpose Partition Size 0X000000 0X000000
GP_SIZE_MULT2 148:146 3 General Purpose Partition Size 0X000000 0X000000
GP_SIZE_MULT 145:143 3 General Purpose Partition Size 0X000000 0X000000
ENH_SIZE_MULT 142:140 3 Enhanced User Data Area Size 0X000000 0X000000
ENH_START_ADDR 139:136 L Enhanced User Data Start Address 0X00000000 0X00000000
- 135 1 Reserved - -
SEC_BAD_BLK_MGMNT 134 1 Bad Block Management mode 0X00 0X00
PRODUCTION_STATE_A .
WARENESS 133 1 Production state awareness 0X00 0X00
TCASE_SUPPORT 132 1 Package (ase Temperature is 0X00 0X00
controlled
PERIODIC_WAKEUP 131 1 Periodic Wake-up 0X00 0X00
PROGRAM_CID_CSD_D Program CID/CSD in DDR mode
DR_SUPPORT 130 ! support oxol oxol
- 129:128 2 Reserved - -
127:121 7 Vendor Specific Fields (not used) - -
VENDOR_SPECIFIC_FIEL . Firmware revision (e.g. "12 3 04" _
D 120:117 A for FW2) oxoCo30004
16:64 53 Vendor Specific Fields (not used) - -
NATIVE_SECTOR_SIZE 63 1 Native sector size 0X00 0X00
USE_NATIVE_SECTOR 62 1 Sector size emulation 0X00 0X00
DATA_SECTOR_SIZE 61 1 Sector size 0X00 0X00
INI_TIMEOUT_EMU 60 ] 1st initiqlization after disabling 0X00 0X00
sector size emulation
CLASS_6_(CTRL 59 1 Class 6 commands control 0X00 0X00
DYNCAP_NEEDED 58 1 Number of addressed group 0X00 0X00
to be Released
E)ECEPHON—EVENTS—G 57:56 2 Exception events control 0X0000 0X0000
E)T(EEPHON—EVENTS—ST 55:54 2 Exception events status 0X0000 0X0000
E)l(]TT—EPARTITIONS—AﬂRI 53:52 2 Extended Partitions Attribute 0X0000 0X0000
CONTEXT_CONF 51:37 15 Context configuration all oxoo all oxoo
K%EED—COMMAND—ST 36 1 Packed command status 0X00 0X00
EQCKED—FAILURE—IND 35 1 Packed command failure index 0X00 0X00
.IF.)I(Z)V'\\I’ER—OFF—NOTIHCA 34 1 Power Off Notification 0X00 0X00
CACHE_CTRL 33 1 Control to turn the Cache ON/OFF 0X00 0X00
FLUSH_CACHE 32 1 Flushing of the cache 0X00 0X00
Reserved 31 1 Reserved - -
MODE_CONFIG 30:30 1 Mode config 0X00 0X00
BASSDE—OPERATION—CO 29:29 1 Mode operation codes 0X00 0X00
Reserved 28:27 2 Reserved - -
FFU_STATUS 26:26 1 FFU status 0X00 0X00
:DZREE_LOADING_DATA_S 25:22 L Per loading data size 0X00000000 0X00000000
0x0039C000 0x0039C000
mX—STZREE—LOADING—D 21:18 L Max pre loading data size (4GB) (4GB)
- 0X00738000 0X00738000
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Register Name Bytes V\Ilgi%tt% Description typ. Value FW1 typ. Value FW2
(08GB) (08GB)
0x00E80000 0x00E80000
(16GB) (16GB)
0x01D00000 0x01D00000
(32GB) (32GB)
0x03A00000 0x03A00000
(64GB) (64GB)
PRODUCT_STATE_AWA Product state awareness
REN 17:17 1 bl t 0X01 0X01
ESS_ENABLEMENT enablemen
EECURE—REMOVAL—WP 16:16 1 Secure removal type 0XO01 0X01
Reserved 15:0 15 Reserved - -
Note1 : Reserved bits should read as "0."
Note2 : Obsolete values should be don't care.

9.5 RCA Register

The writable 16-bit Relative Device Address (RCA) register carries the Device address assigned by the host
during the Device identification. This address is used for the addressed host-Device communication after the
Device identification procedure. The default value of the RCA register is 0x0001. The value 0x0000 is reserved
to set all Devices into the Stand-by State with CMD7.
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10 Part NumberDecoder

suwlissbit®

S F EM o646 B 1 E A 1 T0O -1 - H G- 1m - STD
2 3 L 5 6 7 8 9 10 1 12 13 14 15
Manuf. Option
Memory Type. Configuration
Product Type Manuf. Code: Flash Mode
Capacity_| L Manuf. Code: Flash Package
Platform— L Temp. Option
Generation — L Flash vendor Code
Memory Organization Number of flash chips/ichannels
L Technology

10.1 Manufacturer

|Swissbit code | S |
10.2 Memory Type
| Flash | F |
10.3 Product Type
| Embedded MMC (e-MM() | EM |
10.4 Density
4 GByte 4096
8 GByte 008G
16 GByte 016G
32 GByte 032G
64 GByte 064G
10.5 PCB form
| BGA (embedded SSDs) B
10.6 Product Generation
1
Generation >
10.7 Memory Organization (Technology)
| Flash Products Embedded BGA | E |
10.8 Technology
| e-MMC controller e-MMC 5.0 | EA |
10.9 Channels
|1channe| | 1 |
10.10 Flash Code
|Toshiba | Kioxia | TO |
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10.11 Design / Temp. Option

suwlissbit®

Industrial Temp. Range
-4,0°C to 85°C

10.12 DIE Classification

MLC MONO (single die package) G
MLC DDP (dual die package) L
MLC QDP (quad die package) H
10.13 PIN Mode
Single nCE & R/nB E
Dual nCE & R/nB F
Quad nCE & R/nB G
10.14 Configuration XYZ
X-> BGA Form Type
BGA Form Type X
1.5 X 13mm, 153ball 1
Y > Firmware
Option Y
]
Standard
2
Z > Feature
Feature Z
Standard 1
10.15 Option
Swissbit / Standard STD
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11 Revision History

Table 36: Document Revision History

Date Revision[Description Revision Details

June 07, 2017 1.00 |Initial release Doc. req. no. 1706
November 07,2017 [ 1.10 |Added 4GB version Doc. req. no. 1948
January 18, 2018 1.11  |Formal changes Doc. req. no. 2035
May 08, 2018 1.12  |Formal changes and product picture update Doc. req. no. 2192

Included FW2: added products (table 1), updated CID and (SD
definitions, updated EXT_(SD (new Vendor Proprietary Health

Nov 29, 2019 113 Report data, aligned some unit/group size definitions, Doc. req. no. 3293
corrected S_C VCC and S_C VCCQ)

May 08, 2020 1.14  |Corrected tables in chapter 8.6.1. to 8.7.1 Doc. req. no. 3666

Disclaimer:

No part of this document may be copied or reproduced in any form or by any means, or transferred to any
third party, without the prior written consent of an authorized representative of Swissbit AG ("“SWISSBIT"). The
information in this document is subject to change without notice. SWISSBIT assumes no responsibility for any
errors or omissions that may appear in this document, and disclaims responsibility for any consequences
resulting from the use of the information set forth herein. SWISSBIT makes no commitments to update or to
keep current information contained in this document. The productslisted in this document are not suitable for
use in applications such as, but not limited to, aircraft control systems, aerospace equipment, submarine
cables, nuclear reactor control systems and life support systems. Moreover, SWISSBIT does not recommend or
approve the use of any of its productsin life support devices or systems or in any application where failure
could result in injury or death. If a customer wishes to use SWISSBIT productsin applications not intended by
SWISSBIT, said customer must contact an authorized SWISSBIT representative to determine SWISSBIT willingness
to support a given application. The information set forth in this document does not convey any license under
the copyrights, patent rights, trademarks or other intellectual property rights claimed and owned by SWISSBIT.
The information set forth in this document is considered to be "Proprietary” and “Confidential” property
owned by SWISSBIT.

ALL PRODUCTS SOLD BY SWISSBIT ARE COVERED BY THE PROVISIONS APPEARING IN SWISSBIT'S TERMS AND CONDITIONS
OF SALE ONLY, INCLUDING THE LIMITATIONS OF LIABILITY, WARRANTY AND INFRINGEMENT PROVISIONS. SWISSBIT MAKES
NO WARRANTIES OF ANY KIND, EXPRESS, STATUTORY, IMPLIED OR OTHERWISE, REGARDING INFORMATION SET FORTH
HEREIN OR REGARDING THE FREEDOM OF THE DESCRIBED PRODUCTS FROM INTELLECTUAL PROPERTY INFRINGEMENT, AND
EXPRESSLY DISCLAIMS ANY SUCH WARRANTIES INCLUDING WITHOUT LIMITATION ANY EXPRESS, STATUTORY OR IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

©2020 SWISSBIT AG All rights reserved.
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