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Features


 e.MMC 5.1 Specification Compatible
–

 
Backward compatible with previous e.MMC specifications

 
 

 Operating Voltage

V
 

 : 1.7V - 1.95V or 2.7V - 3.6V–
 

CCQ

V
 

 : 2.7V - 3.6V–
 

CC



 

Density: 4 / 8 / 16 GB of Data Storage



 

Data Bus Width:
–

 

SDR Mode: 1 bit, 4 bit, 8 bit
–

 

DDR Mode: 4 bit, 8 bit
–

 

HS200 Mode: 4 bit, 8 bit
–

 

HS400 Mode: 8 bit

 
 
 
 
 

 
 
 

 
 
 


 Clock Frequency: 52 MHz, 200 MHz

–
 

SDR Mode: up to 52 MHz
–

 

DDR Mode: up to 52 MHz
–

 

HS200 Mode: up to 200 MHz
–

 

HS400 Mode: up to 200 MHz



 

BGA Packages
–

 

153-ball VFBGA — 11.5 mm x 13 mm x 0.8 mm



 

Operating Temperature Range

 

–

 

Industrial (–40°C to + 85°C)

Key Supported Features
 HS400, HS200

 Boot Feature/ Boot Partition

 Partitioning, RPMB, RPMB Throughput Improve 

 HPI, BKOPS, BKOP Operation Control

 Sanitize, Discard, Trim, Erase

 Lock/Unlock

 High Priority Interrupt

 Secure Removal Type

 

 

 

 

 

 

 

 

 

 

 

 

Configurable Drive Strength

 

 



 

Cache, Cache Barrier, Cache Flushing Report



 

Reliable Write



 

Hardware/ Software Reset



 

Health Monitoring



 

Field Firmware Update



 

PON, Sleep/Awake



 

Packed CMD, CMD Queuing



 

Data Strobe Pin, Enhanced Data Strobe



 

Production State Awareness



 

Write protect, Secure Write Protection

 

 

8GB, 3.3 V, e.MMC Flash 

– Industrial Extended (–40°C to + 105°C)
Automotive (–40°C to + 85°C)–

–
 

Automotive Extended (–40°C to + 105°C)
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1. General Description
SkyHigh e.MMC is a managed NAND memory solution designed for embedded applications. SkyHigh e.MMC includes a flash 
controller and a standard MLC NAND flash memory, and is compatible with the JEDEC JESD84-B51 with backwards compatibility 
to previous e.MMC specifications.

Designed for faster throughput and large data transfer, SkyHigh e.MMC offers high performance, great reliability, and minimal 
latency. In addition to higher performance, SkyHigh's e.MMC offers optimum power management features resulting in reduced 
power consumption, making it an ideal solution for mobile applications.

In addition, highly optimized SkyHigh firmware fully utilizes the MLC NAND capabilities leveraging wear-leveling, defect 
management, garbage collection, and ECC to enhance product life.

The SkyHigh e.MMC product family offers a vast array of the JEDEC e.MMC features including HS200, HS400, high priority 
interrupt
(HPI), boot partitions, RPMB partitions, background operations, hardware reset, and power off notification.

Combined with an advanced e.MMC feature set and SkyHigh's commitment to quality, SkyHigh e.MMC is ideal for industrial
applications as well as set top boxes, gaming consoles, and consumer electronic devices.

2. SkyHigh Product Offering
The SkyHigh e.MMC product offering includes: 4/8/16 GB in 153-FBGA (11.5 mm x 13 mm) packages.

 8 GB: S40FC008

– 153 VFBGA (11.5 x 13 x 0.8, 0.5 mm ball pitch)
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Package Configurations3.

Figure 3.1  FBGA 153 (Top View, Balls Down)
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 Table 3.1  Pin Description

DescriptionTypePin Name

Bidirectional data channels used for data transfers.I/ODAT0 - DAT7

Bidirectional command channel used forI/OCMD device initialization and command transfers.

Clock input.InputCLK

Hardware reset.InputRST_N

Supply voltage for the flash memory.PowerVCC

Supply voltage for the memory controller and MMC interface.PowerVCCQ

Internal power node. Connect capacitor to ground.PowerVDDI

Ground pin for the flash memory.PowerVSS

Ground pin for the memory controller and MMC interface.PowerVSSQ

Data strobe.OutputDS

Not connected.—NC

Reserved for future use. Do not connect.—RFU
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4. Architecture
SkyHigh e.MMC is an embedded non-volatile storage solution with a MultiMediaCard (MMC) interface, a high performance 
memory controller, and state of the art flash memory all supported by SkyHigh optimized flash management software. Based on 
the JEDEC industry-standard MMC System Specification v5.1, the SkyHigh e.MMC product family is offered in standard
JEDEC BGA packages. Figure 4.1 represents the basic block diagram of the SkyHigh e.MMC.

Figure 4.1 SkyHigh e.MMC Architecture

5. Key Supported e.MMC Features
SkyHigh e.MMC supports the JEDEC JESD84-B51 specification.

5.1 Boot Operation
SkyHigh e.MMC supports boot mode as well as alternate boot mode. Boot operations can be performed at high speed and dual 
data rate timings.

Figure 5.1 MultiMediaCard State Diagram (Boot Mode)
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Figure 5.2  MultiMediaCard State Diagram (Alternative Boot Mode)

Figure 5.3  Partitions

Note:
1. CMD0 with argument 0xFFFFFFFA.

5.2 Partition Management
e.MMC specifications allow for the device to have the following partitions: a User Data Area for general purpose storage, two boot 
partitions for storing boot images, and the Replay Protected Memory Block (RPMB) for data management in a replay protected and
authenticated manner.

The SkyHigh e.MMC device can be configured as below:

 Factory configuration supplies two boot partitions size of 4 MB each and one RPMB partition size of 4 MB. These partitions are
configured in Enhanced (SLC) mode for higher reliability.

 The host can create up to four General Purpose Partitions within the User Data Area. These partitions can be configured in
Enhanced (SLC) mode or Default (MLC) mode. The host will also need to configure the size of each partition. These attributes 
can be programmed by the host only once in the device life-cycle (one-time programmable).

 In addition to the General Purpose Partitions the host can also configure a segment of the User Data Area to be accessed in
Enhanced (SLC) mode. The host will need to specify the starting location and size. These attributes can be programmed by the
host only once in the device life-cycle (one-time programmable).

Table 5.1  Partition Type

NAND ModePartition

SLC ModeBoot Area 1

SLC ModeBoot Area 2

SLC ModeRPMB Area

User Data Area

MLC or SLC ModeGeneral Purpose Partition

SLC ModeEnhanced

MLC ModeDefault

CLK

CMD

DAT[0] S EE E SS010 512 bytes
+ CRC

512 bytes
+ CRC

Min. 74 clocks 
required after 
power is stable 
to start boot 
command

0 m5 s
max

100 ms typ
150 ms max (Boot from Boot Partition)
1 sec max (Boot from User Area)

CMD1 CMD2 CMD3RESP RESPRESPCMD0/ResetCMD0
(1)

GPA 3GPA 3GPA 2GPA 1RPMBBoot 2Boot 1 Enhanced User Data Area (SLC mode) Default User Data Area (MLC mode)

General Purpose Partition

User Data Area
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5.3 Sleep (CMD5)
Sleep/Awake (CMD5) is used to switch the device between Sleep and Standby mode. During the Sleep state, VCC can be switched
off for maximum power savings. While a device is in Sleep mode it can only respond to the Reset (CMD0) and Sleep/Awake (CMD5)
commands.

5.4 High Priority Interrupt (HPI)
High Priority Interrupt (HPI) is intended to suspend an ongoing operation while allowing for a high priority read operation to be
performed.

5.5 Background Operations
e.MMC devices are equipped with a Background Operations feature. When enabled, Background Operations allow the e.MMC 
device to perform a number of routine data maintenance operations such as wear leveling, garbage
collection, erase, and compaction while the host CPU is not being serviced.

5.6 Auto Background Operations
Auto Background Operations is a feature that allows the e.MMC device to fully manage background operations without any 
requirements from the Host. The e.MMC device will check if background operations are required at specified intervals and initiate 
background operations if needed. This frees the host from having to develop software to manage these maintenance tasks and 
ensure that the e.MMC device is operating at the optimum performance levels. Issuing any command while auto background 
operations are occurring will stop the current background operation activities. There will be a maximum latency of 40 ms if auto
background operations are interrupted by any read or write command from the host.

5.7 Trim
Similar to the Erase operation, the Trim function performs a targeted erase on specific write blocks. Data that  is no longer needed, 
designated by the host, will be erased during background erase events.

 
     
 

 
  

5.8 Sanitize
Sanitize is intended for applications with high security requirements that can afford the performance impact. This command is used 
in conjunction with standard Erase or Trim operations and requires the device to physically remove data from  the unmapped user 
address space. The busy line will be asserted once the Sanitize operations begin and will remain busy until the
operation has been completed or interrupted.

5.9 Hardware Reset
Used by the host to reset the device, hardware reset moves the device into a pre-idle state and disables the power-on period write 
protection on blocks that were set at power-on as write protected.
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Notes:
1. Bit 31 is set to LOW if device is not finished with the power up routine.

2. The voltage for internal flash memory (VCC) should be 2.7V - 3.6V regardless of OCR Register value.

5.10 Health Monitoring
Health Monitoring is a proprietary feature of the SkyHigh e.MMC product that provides useful information about the life span of the 
NAND flash component. The host can query for the device’s health by using the CMD60 command to get information such as the 
number of bad blocks and the number of erase cycles for each block. EXT_CSD registers [269:254] also contain valuable device 
health information. A separate application note is available with the full details of the CMD60 command and EXT_CSD registers
[269:254]. A non-disclosure agreement (NDA) is required to view this application note. Contact your nearest SkyHigh sales office 
for more information.

5.11 Field Firmware Update
Field Firmware Update is a feature that allows the host to upload a new version of the firmware to the e.MMC. This can be done by 
setting the device into FFU mode and performing writes with the arguments defined in the FFU_ARG register. A separate application 
note is available with the full details of this feature. A non-disclosure agreement (NDA) is required to view this application note.
Contact your nearest SkyHigh sales office for more information.

6. Register Values

6.1 OCR Register
Operation Conditions Register (OCR) stores the e.MMC voltage profile. In addition, it contains the status bit (31) which is set when
the device power up has been completed.

Table 6.1  OCR Register

ValueOCR SliceField Description

00 00000b[6:0]Reserved

VCCQ Dual Voltage: 1b[7]: 1.7 - 1.95 range

VCCQ 000 0000b[14:8]: 2.0 - 2.6 range

VCCQ 1 1111 1111b[23:15]: 2.7 - 3.6 range

0 0000b[28:24]Reserved

Sector Mode: 10b[30:29]Access Mode

e.MMC power up status bit (busy) (1) [31] —
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6.2 CID Register
The Card Identification Register (CID) contains the card identification information used during the card identification phase.

 Table 6.2  CID Register

CID ValueCID sliceWidthField IDField Name

01h[127:120]8MIDManufacturer ID

01b[113:112]2CBXCard BGA

00h[111:104]8OIDOEM/Application ID

See product table[103:56]48PNMProduct Name

[55:48]8PRVProduct Revision (Note3)

32-bit unsigned binary integer assigned at random[47:16]32PSNProduct Serial Number

[15:8]8MDTManufacturing Date (Note 1)

[7:1]7CRCCRC7 Checksum (Note 2)

Always 1[0]1—Not Used

Notes:
1. Descriptions follow JEDEC e.MMC Standard Specifications.
2. The CRC7 checksum (7 bits). This is the checksum of the CID contents  
    computed according to 0.

3. Product Revision is a combination of Controller and Firmware Revisions.

  

6.3 Product Table

 Table 6.3  Product Table
 

SkyHigh Part Number Density  Product Name in CID Register (PNM)     

        S40FC008

 

8 GB

 

�³S�����������´���±

 

533430303038h
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7. AC Parameter

7.1 Bus Timing

Figure 7.1  Bus Timing Diagram

Note:
1. Data must always be sampled on the rising edge of the clock.

Data Data

DataData
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High Speed Timing7.2

Backward Compatible Timing7.3

 Table 7.1  High Speed Timing

RemarkUnitMaxMinSymbolParameter

Clock CLK

fClock Frequency Data Transfer Mode PP MHz520
CL  30 pF 

Tolerance: +100 kHz

fClock Frequency Identification Mode OD Tolerance: +20 kHzkHz4000

tClock Low Time WL CLns6.5  30 pF 

tClock High Time WH CLns6.5  30 pF 

tClock Rise Time TLH CLns3  30 pF 

tClock Fall Time THL CLns3  30 pF 

Inputs CMD, DAT (referenced to CLK) 

tInput Set-up Time ISU CLns3  30 pF 

tInput Hold Time IH CLns3  30 pF 

Outputs CMD, DAT (referenced to CLK) 

tOutput Delay Time During Data Transfer Mode ODLY CLns13.7  30 pF 

tOutput Hold Time OH CL2.5  30 pF 

tSignal Rise Time RISE CLns3  30 pF 

tSignal Fall Time FALL CLns3  30 pF 

 Table 7.2  Backward Compatible Timing

RemarkUnitMaxMinSymbolParameter

Clock CLK

fClock Frequency Data Transfer Mode PP CLMHz260  30 pF 

fClock Frequency Identification Mode OD kHz4000

tClock Low Time WL CLns10  30 pF 

tClock High Time WH 10 

tClock Rise Time TLH CLns10  30 pF 

tClock Fall Time THL CLns10  30 pF 

Inputs CMD, DAT (referenced to CLK) 

tInput Set-Up Time ISU CLns3  30 pF 

tInput Hold Time IH CLns3  30 pF 

Outputs CMD, DAT (referenced to CLK) 

tOutput Hold Time OH CLns8.3  30 pF 

tOutput Set-up Time OSU CLns11.7  30 pF 
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DDR Interface Timing7.4

Figure 7.2  DDR Interface Timing

7.5 Timing Specifications for HS200 Mode

7.5.1 HS200 Clock Timing
HS200 mode is available when VCCQ is 1.7V to 1.95V, and the clock timing should conform with the timing diagram shown in 
Figure 7.3. CLK input timings need to meet the clock timing across the entire range of operating environment. CLK timings must be 
measured while CMD and DAT signals are either high or low. HS200 supports clock frequencies of up to 200 MHz.

 Table 7.3  DDR Interface Timing

RemarkUnitMax.MinSymbolParameter

Input CLK1 

Includes jitter, phase noise%5545Clock Duty Cycle

Input DAT (referenced to CLK-DDR mode) 

tInput Set-up Time ISUddr CLns2.5  20 pF 

tInput Hold Time IHddr CLns2.5  20 pF 

Output DAT (referenced to CLK-DDR mode) 

tOutput Delay Time During Data Transfer ODLYddr CLns71.5  20 pF 

tSignal Rise Time (All Signals) RISE CLns2  20 pF 

tSignal Fall Time (All Signals) FALL CLns2  20 pF 

Data

tPP

tISUddr

Input

Output

tODLYddr(max)

min (VIH)

min (VOH)

max (VIL)

min (VIH)

max (VIL)

max (VOL)

CLK

tIHddr

tISUddr

tIHddr

I

tODLYddr(min)

tODLYddr(max)

tODLYddr(min)

Data Data Invalid

Data Data Data
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Figure 7.3  HS200 Clock Signal Timing

Notes: 
1. VIH denotes VIH(min.), and VIL denotes VIL(max.).

2. VT = 0.975V, Clock Threshold (VCCQ = 1.8V); indicates reference points for timing measurements.

HS200 Input Timing7.5.2

Figure 7.4  HS200 Device Input Timing

Notes:
1. tISU and tIH are measured at VIL(max.) and VIH(min.).

2. VIH denotes VIH(min.), and VIL denotes VIL(max.).

 Table 7.4  HS200 Clock Signal Timing 

RemarkUnitMax.Min.Symbol

tPERIOD 200 MHz (max.) between rising edges.ns—5

tTLH, tTHL 0.2 t— PERIOD ns
tTLH, tTHL < 1ns (max.) at 200 MHz, CBGA = 12 pF. The 
absolute max. value of tTLH, tTLH is 10 ns regardless of 
clock frequency.

%7030Duty Cycle

 Table 7.5  HS200 Device Input Timing

RemarkUnitMax.Min.Symbol

tISU 5 pFns—1.40  CBGA  12 pF

tIH 5 pFns—0.8  CBGA  12 pF

VCCQ

Clock
Input

VSS

VIH

VT

VIL

tPERIOD

tTLH tTHL

VCCQ

Clock
Input

VSS

VIH

VT

VIL

tPERIOD

tISU tIH
VCCQ

VSS

CMD.DAT[7-0]
Input

VIL

VIH

Valid
Window
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7.5.3 HS200 Output Timing
The tPH parameter is defined to allow device output delay to be longer than tPERIOD. tPH may have random phase relation to the 
clock upon initialization. The Host is ultimately responsible to find the optimal sampling point for the Device outputs, while switching 
to the HS200 mode.

The impact of a temperature drift (TPH) has to be taken into account when setting the sampling point. Output valid data window 
(tVW) is available regardless of the drift (TPH) while the position of data window varies by the drift.

Figure 7.5  HS200 Device Output Timing

Note:
1. VOH denotes VOH(min.), and VOL denotes VOL(max.).

Note: 
1. Unit Interval (UI) is one-bit nominal time (i.e. UI = 5 ns at 200 MHz).

 Table 7.6  HS200 Device Output Timing

NotesUnitMax.Min.Symbol

tPH UI20
Device output momentary phase from CLK input to CMD or DAT lines output.
Does not include a long term temperature drift.

TPH
-350 

(T = -20°C)

+1550

(T = 90°C)
ps

Delay variation due to temperature change after tuning.
Total allowable shift of output valid window (tVW) from last system Tuning 
procedure.
TPH is 2600 ps for T from -25°C to 125°C during operation.

tVW UI—0.575
tVW = 2.88 ns at 200 MHz.
Host path may add Signal Integrity induced noise, skews, etc. Expected tVW 
at Host input is larger than 0.475 UI.

VCCQ

Clock
Input

VSS

VT

tPERIOD

VOL

tVW

CMD.DAT[7-0]
Input

VOH

Valid
Window

VOH

VOL

tPH VCCQ

VSS
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Figure 7.6  TPH Consideration

Implementation Guide:
 The host should avoid sampling errors that are caused by the TPH drift.

 Tuning should be performed while the device wakes up after sleep.

 Reducing operating frequency can help overcome the TPH drift.

7.6 Bus Timing Specification in HS400 Mode

7.6.1 HS400 Device Input Timing
The CMD input timing for HS400 mode is the same as CMD input timing for HS200 mode.Figure 7.7 and Table 7.4 show Device 
input timing.

Sampling point after junction cooled to -20°C

Sampling point after junction heated to +90°C

Sa tmpling poin after turning

Sampling point

= 1550 psΔTPH= -350 psΔTPH

Valid 
ndowWi

Valid 
Window

Valid 
windoW
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