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Product Overview 
 
 Capacities 

− 128GB, 256GB, 512GB 
 
 Form Factor 

− 2.5” SSD 
 
 SATA Interface 

− SATA Gen3 
− SATA Revision 3.2 

 
 Flash Interface 

− Transfer rate up to 533MT/s 
 
 Performance1 

− Read: up to 550 MB/s 
− Write: up to 500 MB/s 

 
 Reliability 

− Mean Time Between Failure (MTBF) 
2,000,000 hours 

 
 Advanced Flash Management 

− Dynamic Wear Leveling 
− Bad Block Management 

− TRIM 
− SMART 
− Over-Provision 
− Firmware Update 
− SmartZIP™ 

 
 
 
 
 
 
 

 Power Consumption2 
− Power supply of 2.5” SSD: 5V±5% 
− Active Mode (Typ.) < 2,120 mW 
− Idle < 365 mW 
− DEVSLP mode: < 5 mW 

 
 Temperature Range 

− Operation: 0°C ~ 70°C 
− Storage: -40°C ~ 85°C 
 

 RoHS-Compliant 
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1. Introduction 

  1.1 General Description 
Axeme’s 2.5” SATA Solid State Disk (SSD) delivers all the advantages of flash disk technology with Serial ATA 
I/II/III interface, including being fully compliant with standard 2.5-inch form factor, providing low power 
consumption compared to traditional hard drive and hot-swapping when removing/replacing/upgrading flash 
disks. The device is designed based on the standard 7-pin interface for data segment and 15-pin for power 
segment, as well as operating at a maximum operating frequency of 200MHz with 30MHz external crystal. 
Moreover, it can reach up to 550MB/s read as well as 500MB/s write high performance measured by 
CrystalDiskMark v5.0). 
               
                       Table1 – Device Order Summary 

Part Number Capacity Operation Storage 
H6A4A11128G5AZ 128GB 0°C ~ 70°C -40°C ~ 85°C 
H6A4A11256G5AZ 256GB 0°C ~ 70°C -40°C ~ 85°C 
H6A4A11512G5AZ 512GB 0°C ~ 70°C -40°C ~ 85°C 

 

 1.2 Controller Block Diagram 

 
 

Figure 1-1  2.5’’ SATA SSD Controller Block Diagram 
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 1.3 Product Block Diagram 

 
 

Figure 1-1  2.5’’ SATA SSD Product Block 
 

 1.4 Product Block Diagram 

1.4.1. Error Correction Code (ECC) 
Flash memory cells will deteriorate with use, which might generate random bit errors in the stored data. 
Thus, 2.5’’ SATA SSD applies the LDPC (Low Density Parity Check) of ECC algorithm, which can detect 
and correct errors occur during read process, ensure data been read correctly, as well as protect data from 
corruption. 
 
1.4.2. Wear Leveling 
NAND flash devices can only undergo a limited number of program/erase cycles, when flash media is not 
used evenly, some blocks get updated more frequently than others and the lifetime of device would be 
reduced significantly. Thus, wear leveling is applied to extend the lifespan of NAND flash by evenly 
distributing write and erase cycles across the media. 
 
Axeme provides advanced wear leveling algorithm, which can efficiently spread out the flash usage through 
the whole flash media area. Moreover, by implementing both dynamic and static wear leveling algorithms, 
the life expectancy of the NAND flash is greatly improved. 
 
1.4.3. Bad Block Management 
Bad blocks are blocks that do not function properly or contain more invalid bits causing stored data unstable, 
and their reliability is not guaranteed. Blocks that are identified and marked as bad by the manufacturer are 
referred to as “Early Bad Blocks”. Bad blocks that are developed during the lifespan of the flash are named 
“Later Bad Blocks”. Axeme implements an efficient bad block management algorithm to detect the factory 
produced bad blocks and manages bad blocks that appear with use. This practice prevents data being 
stored into bad blocks and further improves the data reliability. 
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1.4.4. TRIM 
TRIM is a feature which helps improve the read/write performance and speed of solid state drives (SSD). 
Unlike hard disk drives (HDD), SSDs are not able to overwrite existing data, so the available space 
gradually becomes smaller with each use. With the TRIM command, the operating system can inform the 
SSD so that blocks of data that are no longer in use can be removed permanently. Thus, the SSD will 
perform the erase action, which prevents unused data from occupying blocks at all time. 
 
1.4.5. SMART 
SMART, an acronym for Self-Monitoring, Analysis and Reporting Technology, is an open standard that 
allows a solid state drive to automatically detect its health and report potential failures. When a failure is 
recorded by SMART, users can choose to replace the drive to prevent unexpected outage or data loss. 
Moreover, SMART can inform users impending failures while there is still time to perform proactive actions, 
such as save data to another device. 
 
1.4.6. Over-Provision 
Over Provisioning refers to the preserving additional area beyond user capacity in a SSD, which is not 
visible to users and cannot be used by them. However, it allows a SSD controller to utilize additional space 
for better performance and WAF. With Over Provisioning, the performance and IOPS (Input/Output 
Operations per Second) are improved by providing the controller additional space to manage P/E cycles, 
which enhances the reliability and endurance as well. Moreover, the write amplification of the SSD becomes 
lower when the controller writes data to the flash. 
 
1.4.7. Firmware Upgrade 
Firmware can be considered as a set of instructions on how the device communicates with the host. 
Firmware will be upgradable when new features are added, compatibility issues are fixed, or read/write 
performance gets improved. 
 

 1.5 Low Power Management 

1.5.1. DEVSLP Mode (Optional) 
With the increasing need of aggressive power/battery life, SATA interfaces include a new feature, Device 
Sleep (DEVSLP) mode, which helps further reduce the power consumption of the device. DEVSLP enables 
the device to completely power down the device PHY and other sub-systems, making the device reach a 
new level of lower power operation. The DEVSLP does not specify the exact power level a device can 
achieve in the DEVSLP mode, but the power usage can be dropped down to 5mW or less. 
 
1.5.2. DIPM/HIPM Mode 
SATA interfaces contain two low power management states for power saving: Partial and Slumber modes. 
For Partial mode, the device has to resume to full operation within 10 microseconds, whereas the device 
will spend 10 milliseconds to become fully operational in the Slumber mode. SATA interfaces allow low 
power modes to be initiated by Host (HIPM, Host Initiated Power Management) or Device (DIPM, Device 
Initiated Power Management). As for HIPM, Partial or Slumber mode can be invoked directly by the 
software. For DIPM, the device will send requests to enter Partial or Slumber mode. 
 
 

                                   - 5 - 



                            Commercial SATA 2.5” SSD 

 1.6 Power Loss Protection: Flushing Mechanism (Optional) 

Power Loss Protection is a mechanism to prevent data loss during unexpected power failure. DRAM is a 
volatile memory and frequently used as temporary cache or buffer between the controller and the NAND 
flash to improve the SSD performance. However, one major concern of the DRAM is that it is not able to 
keep data during power failure. Accordingly, the controller applies the GuaranteedFlush technology, which 
requests the controller to transfer data to the cache. For controller, SDR performs as a cache, and its size is 
32MB. Only when the data is fully committed to the NAND flash will the controller send acknowledgement 
(ACK) to the host. Such implementation can prevent false-positive performance and the risk of power 
cycling issues. 
 
Additionally, it is critical for a controller to shorten the time the in-flight data stays in the cache. Thus, 
Axeme’s controller applies an algorithm to reduce the amount of data resides in the cache to provide a 
better performance. This SmartCacheFlush technology allows incoming data to only have a “pit stop” in the 
cache and then move to the NAND flash at once. If the flash is jammed due to particular file sizes (such as 
random 4KB data), the cache will be treated as an “organizer”, consolidating incoming data into groups 
before written into the flash to improve write amplification. 
 
In sum, with Flush Mechanism, controller proves to provide the reliability required by consumer, industrial, 
and enterprise-level applications. 
 

 1.7 Advanced Device Security Features 

1.7.1. Secure Erase 
Secure Erase is a standard ATA command and will write all “0xFF” to fully wipe all the data on hard drives 
and SSDs. When this command is issued, SSD controller will erase its storage blocks and return to its 
factory default settings. 
 
1.7.2. Write Protect 
When a SSD contains too many bad blocks and data are continuously written in, then the SSD might not be 
usable anymore. Thus, Write Protect is a mechanism to prevent data from being written in and protect the 
accuracy of data that are already stored in the SSD. 
 

 1.8 SSD Lifetime Management 

1.8.1. Thermal Monitor (Optional) 
Thermal monitors are devices for measuring temperature, and can be found in SSDs in order to issue 
warnings when SSDs go beyond a certain temperature. The higher temperature the thermal monitor detects, 
the more power the SSD consumes, causing the SSD to get aging quickly. Hence, the processing speed of 
a SSD should be under control to prevent temperature from exceeding a certain range. Meanwhile, the SSD 
can achieve power savings. 
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 1.9 Adaptive Approach to Performance Tuning 

1.9.1. Throughput 
Based on the available space of the disk, The controler will regulate the read/write speed and manage the 
performance of throughput. When there still remains a lot of space, the firmware will continuously perform 
read/write action. There is still no need to implement garbage collection to allocate and release memory, 
which will accelerate the read/write processing to improve the performance. Contrarily, when the space is 
going to be used up, the controller will slow down the read/write processing, and implement garbage 
collection to release memory. Hence, read/write performance will become slower. 
 
1.9.2. Predict & Fetch 
Normally, when the host tries to read data from the SSD, the SSD will only perform one read action after 
receiving one command. However, the controller applies Predict & Fetch to improve the read speed. When 
the host issues sequential read commands to the SSD, the SSD will automatically expect that the following 
will also be read commands. Thus, before receiving the next command, flash has already prepared the data. 
Accordingly, this accelerates the data processing time, and the host does not need to wait so long to receive 
data. 
 
1.9.3. SmartZIP™ 
Write data to the NAND Flash costs time. To improve the write speed performance, the controller launches 
with compression technique—SmartZIP™. 
 
Whether a file could be compressed or not depending on the file type, for file types have redundancy data 
pattern, through our embedded encode engine, we could reduce the amount of data that is actually written 
to the Flash. Comparing to the SSD without the compression, write efficiency is raised and the SSD 
endurance is also improved since Flash could be benefit from less data written for a longer SSD lifetime. 
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2. Product Specification 
 Capacity 

− From 128GB up to 512GB 
− Support 48-bit addressing mode 

 
 Electrical/Physical Interface 

− Compliant with SATA Revision 3.2 
− Compatible with SATA 1.5Gbps, 3Gbps and 6Gbps interface 
− Support power management 
− Support expanded register for SATA protocol 48 bits addressing mode 
− Embedded BIST function for SATA PHY for low cost mass production 

 
 Supported NAND Flash 

− Support up to 16 Flash Chip Enables (CE) within single design 
− Support 8-bit I/O NAND Flash 
− Support Toggle 3.0 and ONFI 4.0 interface 
 

 ECC Scheme 
− 2.5” SSD applies the LDPC (Low Density Parity Check) of ECC algorithm. 

 
 UART/ GPIO 
 
 Support SMART and TRIM commands 
 
 LBA Range 

− IDEMA standard 
 
 Performance 
 

Capacity Part Number 
Sequential (CDM) ATTO 

Read 
(MB/s) 

Write 
(MB/s) 

Read 
(MB/s) 

Write 
(MB/s) 

128GB H6A4A11128G5AZ 550 450 560 540 
256GB H6A4A11256G5AZ 550 490 560 540 
512GB H6A4A11512G5AZ 550 490 560 540 

Note1：Performance was estimated based on TLC NAND flash. 
Note2：Sequential R/W is measured while testing sequential R/W 5 times by CrystalDiskMark. 
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3. ENVIRONMENTAL SPECIFICATIONS 

 3.1 Environmental Conditions 

3.1.1. Temperature and Humidity 
 
Table 3-1 High Temperature 

 
 
Table 3-2 Low Temperature 

 
 
Table 3-3 High Humidity 

 
 
Table 3-4 Temperature Cycling 

 
Notes: 
1. The operation temperature is measured by the case temperature, in which can be decided via the 
S.M.A.R.T. Airflow is suggested and it will allow device to be operated at appropriate temperature for each 
component during heavy workloads environment. 
 
3.1.2. Shock 
 
Table 3-5 Shock 

 
 
3.1.3. Vibration 
 
Table 3-6 Vibration 
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3.1.4. Drop 
 
Table 3-7 Drop 

 
 
3.1.5. Bending 
 
Table 3-8 Bending 

 
 
3.1.6. Durability 
 
Table 3-9 Durability 

 
 
3.1.7. Electrostatic Discharge (ESD) 
 
Table 3-10 ESD 

 
 
3.1.8. EMI Compliance 
 
Table 3-11 EMI 

 
 

 3.2 MTBF 

MTBF, an acronym for Mean Time Between Failures, is a measure of a device’s reliability. Its value 
represents the average time between a repair and the next failure. The measure is typically in units of hours. 
The higher the MTBF value, the higher the reliability of the device. The predicted result of 2.5’’ SATA SSD is 
more than 2,000,000 hours. 
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 3.3 Certification & Compliance 

Table 3-12 Certification & Compliance 

 
 

4. ENVIRONMENTAL SPECIFICATIONS 

4.1 Supply Voltage 
 
Table 4-1 Supply Voltage 

 
 

4.2 Power Consumption 
 
Table 4-2 Power Consumption in mW 

Capacity Part Number 
Power Consumption 

Read 
(mW) 

Write 
(mW) 

Partial 
(mW) 

Slumber 
(mW) 

Idle 
(mW) 

DEVSLP 
(mW) 

128GB H6A4A11128G5AZ 1600 1720 20 14 320 4.9 
256GB H6A4A11256G5AZ 1620 1750 19 15 320 4.9 
512GB H6A4A11512G5AZ 1900 2000 22 15 335 4.9 

NOTES: 
1. The average value of power consumption is achieved based on 100% conversion efficiency. 
2. The measured power voltage is 5V. 
3. Samples were measured under ambient temperature. 
4. Sequential R/W is measured while testing sequential R/W 5 times by CrystalDiskMark.  

DEVSLP is measured while entering device sleep mode for 5 minutes. 
5. Power Consumption may differ according to flash configuration and platform. 
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5. INTERFACE 

5.1 Pin Assignment and Descriptions 
 

 
 

Figure 5-1 2.5’’ SATA SSD Pin Assignment 
 
Table 5-1 Signal Segment Pin Assignment and Descriptions 

 
 
Table 5-2 Power Segment Pin Assignment and Descriptions 
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6. SUPPORTED COMMANDS 

6.1 ATA Command List 
 
The following ATA command list table is followed by ATA8-ACS4 SPEC. 
 
Table 6-1 ATA Command List 

 

 
 
 
 
 

                                   - 13 - 



                            Commercial SATA 2.5” SSD 

 
 

6.2 Identify Device Data 
 
The following table details the sector data returned by the IDENTIFY DEVICE command of ATA8-ACS4 
SPEC 
 
Table 6-2 List of Device Identification 
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Table 6-3 List of Device Identification for Each Capacity 

Capacity 
*1 

(Word 1/Word 54) 
*2 

(Word 57 – 58) 
*3 

(Word 60 – 61) 
*4 

(Word 100 – 103) 

128GB 3FFFh FBFC10h EE7C2B0h EE7C2B0h 
256GB 3FFFh FBFC10h FFFFFFFh 1DCF32B0h 
512GB 3FFFh FBFC10h FFFFFFFh 3B9E12B0 
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7. PHYSICAL DIMENSION 

Form factor: 2.5” SSD 
Dimensions: 100mm (L) x 69.85mm (W) x 7.00mm (H) 
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Figure 7-1 Product Mechanical Diagram and Dimensions 

 

8. REFERENCES 

The following table is to list out the standards that have been adopted for designing the product. 
 
Table 8-1 List of Standards References 
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9. TERMINOLOGY 

The following table is to list out the acronyms that have been applied throughout the document. 
 
Table 9-1 List of Terminology 
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10. PRODUCT WARRANTY POLICY 

In the event the Product does not conform to the specification within Axeme agreed warranty period and 
such inconformity is solely attributable to Axeme’s cause, Axeme agrees at its discretion replace or repair 
the nonconforming Product. Notwithstanding the foregoing, the aforementioned warranty shall exclude the 
inconformity arising from, in relation to or associated with: 
 
(1) alternation, modification, improper use, misuse or excessive use of the Product; 
(2) failure to comply with Axeme’s instructions; 
(3) Axeme’s compliance with customer (including customer’s suppliers, subcontractors or downstream 
customers) indicated instructions, technologies, designs, specifications, materials, components, parts; 
(4) combination of the Product with other materials, components, parts, goods, hardware, firmware or 
software not developed by Axeme; or 
(5) other error or failure not solely attributable to Axeme’s cause (including without limitation, normal wear 
or tear, manufacturing or assembly wastage, improper operation, virus, unauthorized maintenance or 
repair). 
 
EXCEPT FOR THE ABOVE EXPRESS LIMITED WARRANTY, THE PRODUCT IS PROVIDED “AS IS,” 
AND AXEME MAKES NO OTHER WARRANTIES (WHETHER EXPRESS, IMPLIED, STATUTORY OR 
OTHERWISE) REGARDING THE PRODUCT OR ANY PORTION OF IT. AXEME SPECIFICALLY 
DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR 
PURPOSE, NONINFRINGEMENT. UNLESS OTHERWISE AXEME AGREED IN WRITING, AXEME DOES 
NOT RECOMMEND NOR WARANT PRODUCTS FOR USE IN LIFE SUPPORT, NUCLEAR, MEDICAL, 
MILITARY, TRANSPORTATION, AUTOMOTIVE, AVIATION, AEROSPACE INDUSTRY OR OTHER 
APPLICATIONS WHEREIN A FAILURE OR DEFECT OF THE PRODUCT MAY THREATEN LIFE, INJURY, 
HEALTH, LOSS OF SIGNIFICANT AMOUNT OF MONEY (“CRITICAL USE”), AND CUSTOMER AND 
USER HEREBY ASSUMES ALL RISK OF ANY CRITICAL USE OF THE PRODUCT. 
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