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		                                                                                                                                             rohs compliant   sata-disk module 4  sdm4 7p/270d middle profile specifications     july 5 th , 2013      version 1.3                                     apacer technology inc.  4 th  fl., 75 hsin tai wu rd., sec.1, xizhi, new taipei  city, taiwan 221  tel: +886-2-2698-2888     fax: +886-2-2698-2889  www.apacer.com   

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              1  ? 2013 apacer technology inc.                                                                                                        rev. 1.3      features:        standard serial ata revision 2.6  ?  compliance with sata revision 2.6  specifications  ?  sata 3.0 gbps  ?  ata-compatible command set     capacities  ?  2, 4, 8, 16, 32 gb     performance*  ?  burst read/write: 300 mb/sec  ?  sustained read: up to 85 mb/sec  ?  sustained write: up to 80 mb/sec     intelligent endurance design  ?  built-in hardware ecc, enabling up to  16/24 bit correction per 1k bytes  ?  static/dynamic wear-leveling   ?  flash bad-block management  ?  s.m.a.r.t.  ?  power failure management  ?  ata secure erase  ?  trim     nand flash type:  slc       temperature ranges  ?  operation:          standard: 0c to 70c (32 ~ 158f)          extended: -40 ~ +85c (-40 ~ 185f)  ?  storage: -40c to 100c (-40 ~ 212f)     supply voltage  ?  5.0 v    5%     power consumption (typical)*  ?  active mode: 233 ma@5.0 v  ?  idle mode: 75 ma@5.0 v     connector type  ?  7-pin signal connector  ?  power segment in two types: power cable  and power cable-less types     form factor  ?  sata disk module (58.00 x 24.00 x 1.00**,  unit: mm)     shock & vibration***  ?  shock: 1500 g  ?  vibration: 15 g     mtbf:  >2,000,000 hours     rohs compliant     write protect (optional)  ?  enabled by onboard hardware switch  *varies from capacities. the values for performance s and power consumptions presented are typical and  may vary depending on  flash configurations or platform settings. the term  idle refers to the standby state of the device.  **only the thickness of the module. for details, pl ease see ?physical characteristics?.  ***non-operating 
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 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              3  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    1. general description  apacer?s  sata-disk  module  4  (sdm4)  is  a  high-perfor mance,  embedded  ssd  dom  (disk  on  module)  designed  to  replace  the  conventional  sata  storage  d evices.  sdm4  can  be  fitted  into  a  standard  serial  ata connectors commonly found in desktops, it-stb,  industrial pc and thin client systems. in addition,   sdm4 provides an innovative way for design-in clien ts with compact host computing systems.   apacer?s  sdm4  is  built  in  with  an  efficient  microco ntroller  that  drives  the  potential  of  nand  flash  an d  delivers optimal performance. with its compact form  factor and sata 3.0 gbps interface, this product i s  well suited for embedded flash storage applications  offering customizable and expanded functionalities  as  well as more cost-effective designs, better perform ance and increased reliability.      2. functional block  sdm4  includes  the  sata  and  flash  management  control lers,  and  flash  media,  as  well  as  the  sata  standard interface. figure 2-1 shows the functional  block diagram.                                   figure 2-1:  functional block diagram              controller  flash   satai interface   flash  interface   & ecc engine   flash   flash   flash            host   sata 3.0 gbps  interface 

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              4  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    3. pin assignments      table 3-1:   signal segment   name  type  description  pin 1  gnd    pin 2  rxp  + differential receive signal  pin 3  rxn  - differential receive signal  pin 4  gnd    pin 5  txn  - differential transmit signal  pin 6  txp  + differential transmit signal  pin 7  gnd      table 3-2:   power segment   name  description  pin 1  vcc (5v)  pin 2  gnd       signal pin1  power pin1  for power  cable-less  type  power pin1  for power  cable type 

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              5  ? 2013 apacer technology inc.                                                                                                        rev. 1.3      figure 3-1:  sata cable/connector connection diagram   the  connector  on  the  left  represents  the  host  with  tx/rx  differential  pairs  connected  to  a  cable.  the  connector on the right shows the device with tx/rx  differential pairs also connected to the cable. not ice  also the ground path connecting the shielding of th e cable to the cable receptacle. 

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              6  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    4. product specifications  4.1 capacity  capacity  specification  of  sdm4  product  family  is  av ailable  as  shown  in  table  4-1.  it  lists  the  specifi c  capacity and the default numbers of heads, sectors  and cylinders for each product line.  table 4-1:   capacity specifications  capacity  total bytes*  cylinders  heads  sectors  max lba  2 gb  2,011,226,112  3,897  16  63  3,928,176  4 gb  4,011,614,208  7,773  16  63  7,835,184  8 gb  8,012,390,400  15,525  16  63  15,649,200  16 gb  16,013,942,784   16,383   16   63   31,277,232   32 gb  32,017,047,552  16,383  16  63  62,533,296  *display of total bytes varies from file systems wh ich means not all of the bytes can be used for stor age.  **cylinders, heads or sectors are not applicable fo r these capacities. only lba addressing applies.  lba count addressed in the table above indicates to tal user storage capacity and will remain the same  throughout the lifespan of the  device. however, the total usable capacity of the s sd is most likely to be less than the total physica l capacity because a small portion  of the capacity is reserved for device maintenance  usages.       4.2 performance  performances of sdm4 are listed below in table 4-2.   table 4-2:  performance (typical)  capacity   performance  2 gb  4 gb  8 gb  16 gb  32 gb  sustained read (mb/s)  75  80  80  85  85  sustained write (mb/s)  28  55  55  80  80                           note: results may differ f rom various flash configurations or host system set tings.   

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              7  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    4.3 environmental specifications   environmental specification of sdm4 series follows  military standards, indicated in table 4-3.   table 4-3  sdm4 environmental specifications  item  specification  operating temperature  0~70(  )     extended temperature  -40 ~ +85 (  )  storage temperature  -40~100(  )  vibration (non-operating)  10~2000(hz), 15(g), sine  wave, x, y, z axis  vibration (operating)  20~2000(hz), 7.69 (grms), ran dom wave, x, y, z axis   shock (non-operating)  1500(g) half-sine wave,  x, y, z axis    shock (operating)  50(g), half sine wave,  x, y, z axis   4.4 mean time between failures (mtbf)  mean time between failures (mtbf) is predicted base d on reliability data for the individual components   in sdm4. the prediction result for sdm4 is more tha n 2,000,000 hours.  notes about the mtbf:  the mtbf is predicated and calculated based on ?tel cordia technologies special report, sr-332, issue  2? method.     4.5 certification and compliance  sdm4 complies with the following standards:     ce      fcc      rohs     mil-std-810        

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              8  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    5.  flash management  5.1 error correction/detection  sdm4 implements a hardware ecc scheme, based on the  bch algorithm. it can detect and correct up to  16 bits or 24 bits error in 1k bytes.  5.2 bad block management  current production technology is unable to guarante e total reliability of nand flash memory array. whe n  a  flash  memory  device  leaves  factory,  it  comes  with   a  minimal  number  of  initial  bad  blocks  during  production or out-of-factory as there is no current ly known technology that produce flash chips free o f bad  blocks.  in  addition,  bad  blocks  may  develop  during  program/erase  cycles.  when  host  performs  program/erase  command  on  a  block,  bad  block  may  app ear  in  status  register.  since  bad  blocks  are  inevitable, the solution is to keep them in control . apacer flash devices are programmed with ecc, blo ck  mapping  technique  and  s.m.a.r.t  to  reduce  invalidit y  or  error.  once  bad  blocks  are  detected,  data  in  those blocks will be transferred to free blocks and  error will be corrected by designated algorithms.    5.3 wear leveling  flash memory devices differ from hard disk drives ( hdds) in terms of how blocks are utilized. for hdds ,  when  a  change  is  made  to  stored  data,  like  erase  or   update,  the  controller  mechanism  on  hdds  will  perform overwrites on blocks. unlike hdds, flash bl ocks cannot be overwritten and each p/e cycle wears   down the lifespan of blocks gradually. repeatedly p rogram/erase cycles performed on the same memory  cells will eventually cause some blocks to age fast er than others. this would bring flash storages to  their  end of service term sooner. wear leveling is an imp ortant mechanism that level out the wearing of bloc ks  so  that  the  wearing-down  of  blocks  can  be  almost  ev enly  distributed.  this  will  increase  the  lifespan  o f  ssds. commonly used wear leveling types are static  and dynamic.   5.4 power failure management  power  failure  management  plays  a  crucial  role  when  experiencing  unstable  power  supply.  power  disruption  may  occur  when  users  are  storing  data  in to  the  ssd.  in  this  urgent  situation,  the  controlle r  would  run  multiple  write-to-flash  cycles  to  store  t he  metadata  for  later  block  rebuilding.  this  urgent   operation  requires  about  several  milliseconds  to  ge t  it  done.  at  the  next  power  up,  the  firmware  will  perform a status tracking to retrieve the mapping t able and resume previously programmed nand blocks  to check if there is any incompleteness of transmis sion.  5.5 ata secure erase  ata secure erase is an ata disk purging command cur rently embedded in most of the storage drives.  defined  in  ata  specifications,  (ata)  secure  erase  i s  part  of  security  feature  set  that  allows  storage  drives to erase all user data areas. the erase proc ess usually runs on the firmware level as most of t he  ata-based storage media currently in the market are  built-in with this command. ata secure erase can  securely wipe out the user data in the drive and pr otects it from malicious attack.    

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              9  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    5.6 s.m.a.r.t.  s.m.a.r.t.  is an  abbreviation for  self-monitoring,  analysis and reporting technology, a self-monitorin g  system that provides indicators of drive health as  well as potential disk problems. it serves as a war ning  for users from unscheduled downtime by monitoring a nd displaying critical drive information. ideally,  this  should allow taking proactive actions to prevent dr ive failure and make use of s.m.a.r.t. information  for  future product development reference.   apacer devices use the standard smart command b0h t o read data out from the drive to activate our  s.m.a.r.t.  feature  that  complies  with  the  ata/atapi   specifications.  s.m.a.r.t.  attribute  ids  shall  include initial bad  block count, total later bad bl ock count, maximum erase count,  average erase count ,  power on hours and power cycle. when the s.m.a.r.t.  utility running on the host, it analyzes and repor ts  the disk status to the host before the device reach es in critical condition.  note: attribute ids may vary from product models du e to various solution design and supporting  capabilities.    5.7 trim   trim, though in capital letters usually, is a memor y computation command rather than an abbreviation.  it  is  mainly  a  sata  command  that  enables  the  operating   system  to  inform  the  ssd  (solid  state  drive)  which blocks of previously stored data are no longe r valid, due to erases by the host or operating sys tem,  such as file deletions or disk formatting. once not ified, ssd will begin the discard of the invalid lb as and  retain more space for itself, in fact, the discarde d is no longer recoverable.  when an lba is replaced by the operating system, as  with overwrite of a file, the ssd is informed that  the  originally occupied lba is determined as no longer  in use or invalid. the ssd will not save those bloc ks  in  garbage  collected  sectors.  noticeably,  a  file  de letion  command  by  host  or  operating  system  never  actually erases the actual content, rather, just th e file is marked as deleted. this issue is even spe cifically  noticeable for flash based memory devices, such as  ssds. in fact, an ssd will keep garbage collecting  the invalid, previously occupied lbas, if it is not  informed that these lbas can be erased. thus, the  ssd  would experience a significant performance downfall .                                    

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              10  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    6.  software interface  6.1 command set  this section defines the software requirements and  the format of the commands the host sends to sdm4.  commands are issued to sdm4 by loading the required  registers in the command block with the supplied  parameters, and then writing the command code to th e command register.   table 6-1:   command set  code   command   code   command   e5 h   check  power mode   f3 h   security erase prepare   06h   data set management   f4 h   security erase unit   90 h   execute device diagnostic   f5 h   security freeze lock   e7 h   flush cache   f1 h   security set password   ea h   flush cache ext   f2 h   security unlock   ec h   identify device   70h   seek   e3 h   idle   ef h   set features   e1 h   idle immediate   c6 h   set multiple mode   91h   initialize device parameters   e6 h   sleep   c8 h   read dma   b0 h   smart   25 h   read dma ext   e2 h   stan d by   c4 h   read multiple   e0 h   standby immediate   29 h   read multiple ext   ca h   write dma   20 h   read  sector   35 h   write dma ext   24 h   read sector ext   c5 h   write multiple   40 h   read verify sectors   39 h   write multiple ex t   42 h   read verify sectors ext   30 h   write sector   10h   recalibrate   34 h   write sector ext   f6 h   security disable password                                           

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              11  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    7.  electrical specification   table 7-1:   operating range  item  description  required voltage  5 v5% ( 4.75-5.25v)  operating temperature  0c to +70c (standard)  -40c to 85c (extended)    table 7-2:  power consumption (typical)  capacity   modes  2 gb  4 gb  8 gb  16 gb  32 gb  active (ma)  180  215  215  220  230  idle (ma)  70  72  75  75  75                           note: results may differ f rom various flash configurations or platforms. 

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              12  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    8.  physical characteristics  8.1 power cable type  7-pin/270 degree module                                             unit:  L   tolerance:  0.25 

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              13  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    8.2 power cable-less type  7-pin/270 degree module                                                  unit:  L   tolerance:  0.25 

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              14  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    8.3  write protect switch (optional)                       description of apacer write protect:  apacer implements the virtual write scheme that all ows write commands to go through the flash  controller and data temporarily stored, but no data  has been actually written into the flash. since th e  virtual write scheme runs at device level, it requi res no software or driver installation and is indep endent  from the host os.                                            write protect switch   enable  disable 

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              15  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    9.  product ordering information  9.1 product code designations  a p   sdm   x x x x  f    5  x  n    ? p  x  x  x                                                                  capacit ies :   002g:       2gb  004g:       4gb  008g:       8gb  016g:     16gb  032g:     32gb    serial ata flash module     apacer product code   apacer brand   form factor   f: 7p/270d  solution version     version control  flash type   t: toshiba  c:   micron   temperature range  blank: standard  w: extended temperature  power source selection  blank: power cable type  c: power cable-less type  a: standard   p: write protect  

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              16  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    9.2  valid combinations  7p/270d mp: power cable type                   capacity  standard  extended temperature  2gb  APSDM002GF5AN-PT   APSDM002GF5AN-PTw   4gb  apsdm004gf5an-pt   apsdm004gf5an-ptw   8gb  apsdm008gf5an-pt   apsdm008gf5an-ptw   16gb  apsdm016gf5an-pc   apsdm016gf5an-pcw   32gb  apsdm032gf5an-pc   apsdm032gf5an-pcw     7p/270d mp: power cable-less type     capacity  standard  extended temperature  2gb  APSDM002GF5AN-PTc   APSDM002GF5AN-PTwc   4gb  apsdm004gf5an-ptc   apsdm004gf5an-ptwc   8gb  apsdm008gf5an-ptc   apsdm008gf5an-ptwc   16gb  apsdm016gf5an-pcc   apsdm016gf5an-pcwc   32gb  apsdm032gf5an-pcc   apsdm032gf5an-pcwc     7p/270d mp: power cable type with write protect                   capacity  standard  extended temperature  2gb  apsdm002gf5pn-pt   apsdm002gf5pn-ptw   4gb  apsdm004gf5pn-pt   apsdm004gf5pn-ptw   8gb  apsdm008gf5pn-pt   apsdm008gf5pn-ptw   16gb  apsdm016gf5pn-pc   apsdm016gf5pn-pcw   32gb  apsdm032gf5pn-pc   apsdm032gf5pn-pcw     7p/270d mp: power cable-less type     capacity  standard  extended temperature  2gb  apsdm002gf5pn-ptc   apsdm002gf5pn-ptwc   4gb  apsdm004gf5pn-ptc   apsdm004gf5pn-ptwc   8gb  apsdm008gf5pn-ptc   apsdm008gf5pn-ptwc   16gb  apsdm016gf5pn-pcc   apsdm016gf5pn-pcwc   32gb  apsdm032gf5pn-pcc   apsdm032gf5pn-pcwc      note:  please consult with apacer sales representatives fo r availabilities.   

 sata-disk module 4    apsdmxxxxf5an-pxxx                                                                                                                                                              17  ? 2013 apacer technology inc.                                                                                                        rev. 1.3    revision history    revision  date  description  remark  0.1  11/25/2011  preliminary release    1.0  12/02/2011  official release    1.1  1/19/2012  revised capacity specifications    1.2  11/16/2012  updated product ordering information due to  firmware change    1.3  07/05/2013  updated product ordering information due to  firmware change     
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