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 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                1   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2       fe atures:     ?   standard serial ata 2.6 (gen. 2)   C   serial ata 2.6 (gen. 2)   C   sata ii, 3.0 gbps   C   ata - compatible command set   ?   capacities   C   1,  2,  4 , 8 , 16  gb   ?   performance *   C   burst read/write: 300 mb/sec   C   sustained read: up to   43  mb/sec   C   sustained write: up to  42  mb/sec   ?   intellig ent endurance design   C   built - in  h ardware ecc ,  enabling u p to   16/24   bit  correction  per  1k  byte s   C   static wear - leveling   scheme together  with  dynamical block allocation   to  significantly increase the  lifetime of  a   flash device  and optimize the  disk  performance   C   fla sh bad - block management   C   s.m.a.r.t.   C   power failure management   C   ata secure erase   C   trim   ?   nand flash type:  s lc   ?   mtbf:  >2 ,000,000     ?   zero power data retention   C   no battery required for data storage   ?   temperature  r anges   C   operation:            standard:  0c to 70c             exte nded:  - 40 ~ +85 c     C   storage:  - 40 c  to 100 c    ?   supply v oltage   C   5.0 v    5%   ?   p ower consumption  (typical) *   C   active mode:  190   ma @ 5.0 v   C   idle mode:  85   ma @5.0 v   ?   c onnector  type   C   7 - pin signal connector   C   option   : 2 - pin additional power connector   ?   form factor   C   sata disk module     C   dimension (w/o housing):  30.00x20.0 0x1.00 **, unit: mm   C   dimension (w/ housing): 32.50  x23.30x8.53 ** , unit: mm   ?   shock & vibration   C   shock: 50g (approx.)   C   vibration: 15g (approx.)   ?   rohs  c ompliant     *varies from capacities.  the values for performances and power co nsumptions  presented are typical and  may vary depending on  flash configurations  or platform settings .  the term idle refers to the standby state of the device.   **  without including the size of sata connector  
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 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                3   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     1 . general des cription   apacers  s ata - disk  module   4   ( s dm 4 ) is  a  high - performance,  embedded  ssd   designed  to  replace  the   conventional  sata  hard disk drive.  sdm ssd  can be plugged into a standard  serial ata 7 - pin  connector  commonly found i n  desktops,  it - stb,  industrial  pc   and  thin client  systems .   moreover,  apacer  provides  an  innovative  way  for  design - in  customers  to  strengthen  the  vibration - resistance  between  sdm 4   and  mainboard.    apacer  s  sdm 4   has  a  built - in  microcon troller   with  file  management  firmware  that  communicates  with  s ata standard interface . t his means  sdm 4  does not require additional or proprietary host software such  as  flash  file  system  (ffs)  and  memory  technology  driver  (mtd).  this  product  is  well   suited  for  embedded  flash  storage  applications  offering  new  and  expanded  functionalit ies   as  well  as  more  cost - effective designs, better performance and increased reliability.    sdm 4   series  is   designed  to  work  at  5  volts  and  use s   a  standard  s ata  driver th at  complies   with  major  operating systems  such as  microsoft  s   windows  series .   f eaturing technologies as  apacer - specifi c  w ear - leveling algorithms , s.m.a.r.t,   enhanced data integrity ,  i ntelligent power failure   management ,  ata secure erase ,  and trim,   apacer  as sures users of a versatile  device on data storage.   1.1 performance - o ptimized  controller   the  heart  of  sdm 4   is  the  flash   controller,  which  translates  standard  s ata  signals  into  the  data  and  controls   of  the  flash  media .  th e   s ata  and  flash  management  controller  are   specifically  designed  to  attain high data throughput from  the  host to  the  flash.   1.1.1  power   management unit (pmu)   the  power   m anagement  u nit (pmu)  controls  the  power consumption of  sdm 4 .  it can   drama tically extend   product battery life by  leaving  the  idle  part of the circuitry  into sleep mode.   the pmu has zero wake - up  latency.   1.1.2  sram buffer   the  flash  controller performs as a sram buffer to optimize the host  s data  transfer to and from the flash  media.                  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                4   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     2.  functional block   sdm 4   include s  the   s ata   and  flash  management  controller s ,   and  f lash  media ,  as  well  as   the  s ata  standard interface.  figure  2 - 1 shows the functional block diagram.                       f igure   2 - 1 :   f unctional block diagram                               sata    controller   flash  media    serial ata   interface   flash    management   controller  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                5   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     3.   pin  assignment s                                                                                    signal segment   pin   type   signal description   s1   gnd     s2   rxp   +differential receive  signal   s3   rxn   - differential receiv e signal   s4   gnd     s5   txn   - differential transmit signal   s6   txp   +differential transmit signal   s7   gnd                                                            power segment   pin   signal description   p1   vcc (+5v)   p2   gnd     power pin1   vcc (+5v)   gnd   power cable type w/o  housing   power cable type w / housing  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                6   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2       figure 3 - 1:  sata cable/connector con nection diagram   the  connector  on  the  left  represents  the  h o st  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. n otice  also the ground path connecting  the shielding of the cable to the cable receptacle.  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                7   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     4 .   capacity  specification   capacity  s pecification  of  sdm 4   product  family  is  available   as  shown  in  t able   4 - 1 .  it  lists   the  specific  capacity  and   the  def ault number s  of  heads, sectors and cylinders for each product line.   table   4 - 1 :    c apacity  s pecification s   capacity   total  b ytes *   cylinders   heads   sectors   max lba   1 gb   1,011,032,064   1,959   16   63   1,974,672   2 gb   2,011,226,112   3,897   16   63   3 ,928,1 76   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   1 6,013,942,784   16 , 383   16   63   31,277,232   *display of total bytes varies from file systems.  which means not all of the bytes can be used for storage.   ** cylinders,   h eads  or   s ectors are not applicable for these capacities. only lba addressing applies.     4.1   performance  specification   4.1.1  ata mode support    sdm 4   supports the following ata operating modes:   ?   supports up to pio mode - 4   ?   supports up to multi - word dma mode - 2   ?   s upports up to ultra dma mode - 5     4.1.2 performance   p erformance s  of  sdm 4   are listed below in table 4 - 2.   table  4 - 2:   performance  (typical)   capacity   performance   1  gb   2  gb   4 gb   8 gb   16 gb   sustained read (mb/s)   38   43   43   43   43   sustained write (mb/s)   12   24   24   41   42                             note: results may differ from various flash configurations.        

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                8   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     4 . 2   environmental  specification s     environmental  s pecification  of  sdm 4   product  family   which  follows  the  mil - std - 20 2  and   mil - std - 810   standards   is available  as  shown in t able   4 - 3 .    table  4 - 3  sdm 4   environmental specifications   item   specification   operating temp.   0~70    (standard);  - 40 ~ +85    (extended)   non - operating temp.   - 40~100(  )   humidity   10~95% r.h, non - conden sing   operating vibration   10~2000(hz), 15(g), sine wave, 1(hr)/per axis   non - operating vibration    20~2000(hz), 7.7(grms), random wave,  1(hr)/per axis   operating shock   50(g), 11(ms), half - sine wave   non - operating shock   1500(g), 0.5(ms), half - sine wave                              4.3 mean time between failures (mtbf)   mean time betw e en failure s  (mtbf)  is  predict ed  based on   reliability data for the individual components  in  sdm 4 .  although m any component mtbfs are given in databases and often these values are  not r eally  accurate , the  prediction result for  sdm 4  is more than 2 ,000,000  hours.   notes about the mtbf:   the mtbf is predicated and calculated based on   telcordia technologies special report, sr - 332, issue  2   method.      4. 4  certification and compliance   sdm 4   compl ies with the following standards:   ?   ce  C  en55022/55024   ?   fcc  47cfr part15  class b   ?   rohs   ?   mil - std - 202   and  mil - std - 810   ?   sata ii (sata rev. 2.6)   ?   u p to ata/atapi - 7   ( including s.m.a.r.t.)        

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                9   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     5 .  flash management   5 . 1   error correction / d etection   sdm 4   implements a  hardware ecc  scheme, based on the  bch  algorithm.  it can detect and correct up to   16  bits or 2 4  bits error in 1k  bytes.   5 .2  b ad block management   although  bad blocks  on the flash media are  already identified by the flash   manufactur er ,  they  can also be  accumulated  over  time  during  operation.   sdm 4  s   controller  maintain s  a  table  that  lists  those   normal  blocks with disk data, the  fre e  blocks for wear leveling, and bad blocks with errors. when a normal block  is  detected  broken,  it  is  replaced  with  a  free   block  and  listed  as  a  bad  block.  when  a  free   block  is  detected broken, it is then removed from the  fre e block list and marked as a ba d block.    during device operation, this ensure s  that newly accumulated bad blocks are transparent to the host. the  device will stop file write service  once  there are only two  fre e blocks left such that the read function is still  available for copying the f iles from the disk into another.   5 .3  wear leveling   the  nand   flash  devices  are  limit ed  by  a  certain   number  of  write  cycles.  when  using  a  fat - based  file  system, frequent fat table updates are required.  if  some area on  the  flash  wears out faster   than other s ,  it  would  significantly reduce  the lifetime of the whole ssd ,  even if  the erase counts of  other s are far from  the write cycle limit . thus, if the write cycle s can be distributed evenly across the media,  the lif e time of the  media  can be prolonged significant ly. th is scheme  is called  w ear   leveling.     apacer s   w ear - leveling  scheme  is achieved  both  via  b uffer  m anagement and apacer - specific s tatic  w ear   leveling.   they  both  ensure  that  the  lifetime  of  the  flash  media   can  be  increased,  and  the  disk  access  performance  is optimized as well.   5 .4   power failure management   the low power detection on the controller initiates crucial data saving before the power supplied to  the  device  is  too  low.  this  feature  prevents  the  device  from  c rash  and  ensure s   data  integrity   during   a n   unexpected power - off .     5 .5   ata secure erase   accomplished by t he secure erase (se) command, which added to the open ansi standards that control  disk drives,    ata secure erase   is built into the disk drive itself and thus far less susceptible to malicious  s oftware  attacks  than  external  software  utilities.  it  is  a  positive  easy - to - use  data  destroy  command,  amounting to  electronic  data  shredding.  e xecuting the  command  causes  a  drive  to internally  completely  erase all possible user data. this command is carried  out within disk drives, so no additional software is  required.   o nce executed, neither data nor the erase counter on the device would be recoverable, which  blurs  the  accuracy  of  device  lifespan.  the  process  to  erase  will  not  be  stopped  until  finished  while   encountering power failure, and will be continued when power is back on.  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                10   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     5 .6   s . m . a . r . t .   s.m.a.r.t.   is  an  a cronym  for  self - monitoring,  analysis  and  reporting  technology,  an  open  standard  allowing  disk drives  to  automatically monitor their own health and re port potential problems.  it  protects the  user  from  unscheduled  downtime  by  monitoring  and  storing  critical  drive  performance  and  calibration  parameters.   ideally, this should allow tak ing  proactive actions to prevent impending  drive failure.    apacer  devices   us e   the  standard  smart  command b0h  to  read  data  out  from  the  drive  to  activate  our  smart  feature   that  complies  with   the  ata/atapi - 7  specifications .  b ased  on  the  sff - 8035i  rev.  2.0  specifications,  apacer  smart  defines  vendor - specified  smart  attribute  ids  ( a0  ~  a5,  and  0c) .  they  represent  initial  bad  block  count,  bad  block  count,  spare  block  count,  maximum  erase  count,  average  erase  count  and  power  cycle.  when  the  apacer  smart  utility  running  on  the  host,  it  analyzes  and  reports the disk status to the hos t b efore the device reaches  in critical condition.       5 .7   t rim   m ade of millions of nand flash cells , ssd  can be written into groups called pages in 4k size generally,  but  can  only  be  erased  in  larger  groups  called  blocks  of  128  pages  or  512kb.  these  stipulati o ns  are  partially the source of many performance issues.   until an address gets used again, the ssd has to keep  track of every last bit of data thats written on it. the ata - trim inst r uction tilts the balance in favor of the  ssd. trim addresses a major part  of the performance degradation issue over time that plague s  all ssds.  a trim enabled drive running an os with trim support will stay closer to its peak performance over t ime.                                                          

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                11   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     6 .     software interface   6 . 1 command  set   this section defines the software requirements and the format of the commands the host sends to  sdm 4 .  commands are issued to  sdm 4  by  loading the required registers in the command block with the supplied  parameters, and then writing the command code to the command register.    t able   6 - 1:   command set   code   command   code   command   e5 h   check power mode   f3 h   security erase prepare   06h   data set m anagement   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   s et 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   wri te 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     apsdm xxxx x 5 an - axxx                                                                                                                                                                12   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     7 .     electrical  specification   caution:   absolute  maximum  stress  ratings  C   applied  conditions  greater  than  those  listed  under  absolute maximum stress ratings may cause permanent damage to the device. this is a stress rating  only and functional operation of the device at these conditions or conditions greater t han those defined in  the  operational  sections  of  this  data  sheet  is  not  implied.  exposure  to  absolute  maximum  stress  rati ng  conditions may affect device reliability.   table  7 - 1 :   operating  r ange   range   ambient temperature   5v   standard   0c to +70c   extended temperature   - 40 c  to 85 c   4. 7 5 - 5. 2 5v                             table  7 - 2:    a bsolute maximum power pin stress ratings   parameter   symbol   conditions   input power   v dd   - 0.3v min. to  6.5 v max.   voltage on any pin except  v dd   with respect to gnd   v   - 0.5v min. to v dd  + 0.5v max.     table  7 - 3 :    recommended  s ystem  p ower - up  t iming   symbol   parameter   typical   maximum   units   t pu - ready 1   power - up to ready operation   200   1000   ms   t pu - write 1   power - up to write operation   200   1000   ms   1.  this parameter is measured only for initial qualification and after a design or process change that  could affect this parameter.       table  7 - 4:   power consumption (typical)   capacity   modes   1  gb   2  gb   4 gb   8 gb   16 gb   active  ( ma )   160   160   200   185   190   idle  ( ma )   71   71   71   85   85                            note: results may differ from various flash configurations  or platforms .     7.1   electrostatic discharge   electrostatic discharge     item   amount of   discharge   voltage   air  discharge   10   +8kv  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                13   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     10   - 8kv   contact  discharge   25   25   +4kv   - 4kv   indirect  discharge   (hcp)   25   25   +4kv   - 4kv   indirect  discharge   (vcp  front)   25   25   +4kv   - 4kv   indirect  discharge   (vcp left)   25   25   +4kv   - 4kv   indirect  discharge   (vcp  back)   25   25   +4kv   - 4kv   indirect  discharge   (vcp  right)   25   25   +4kv   - 4kv     7.2   elect rical fast transient/burst   electrical fast transient/burst     inject   line   polarity   voltage   kv   inject   time   (second)   inject   method   l - n - pe      1kv   60   direct       additional information :   eut stopped operation and could / could not be reset by operator at kv.   no fal se alarms or other malfunctions were observed during or after the test.     the contact discharges were applied at least total 200 discharges at a minimum of four test points.  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                14   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     8 .    p hysical  characteristics   8.1 power cable type    7 - pin/180  degree  low  profile  module       8.1.1     w/o housing                                                                                           unit:  L   tolerance:  0.25  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                15   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     8.1.2   w/ housing                     unit:  L   tolerance:  0.25  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                16   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     8.2 power cable - less type    7 - pin/180  degree  low profile  module       8.2.1   w/o housing                                           unit:  L   tolerance:  0.25  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                17   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     8.2.2   w/ housing                                                           unit:  L   tolerance:  0.25  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                18   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     9.  pr od uct o rdering  information   9.1   product  code designations   a   p     sdm     x x x x   x     5   an       C   a   x   x   x                                                                   capacit ies :   001g:       1gb   0 02 g :       2 gb   004g:       4gb   008g:       8gb   016g:     16gb     serial ata flash module     apacer product code   apacer brand   form factor   a : 7p/ 18 0d  without housing   b: 7p/180d with housing   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  

 sata - disk module  4     apsdm xxxx x 5 an - axxx                                                                                                                                                                19   ?   20 12  apacer technology  inc.                                                                                                          rev .  1.2     7.2   valid combinations     7p/ 18 0d   l p  without hosing : power cable type                   capacity   standard   extended temperature   1gb   apsdm001ga5an - at   apsdm001ga5an - atw   2gb   apsdm002ga5an - at   apsdm002ga5an - atw   4gb   apsdm004ga5an - at   apsdm004ga5an - atw   8gb   apsdm008ga5an - ac   apsdm008ga5an - acw   16gb   apsdm016ga5an - ac   apsdm016ga5an - acw     7p/ 18 0d   l p  with hosing : power cable type                    capacity   standard   extended temperature   1gb   apsdm001gb5an - at   apsdm001gb5an - atw   2gb   apsdm002gb5an - at   apsdm002gb5an - atw   4gb   apsdm004gb5an - at   apsdm004gb5an - atw   8gb   apsdm008gb5an - ac   apsdm008gb5an - acw   16gb   apsdm016gb5an - ac   apsdm016gb5an - acw        7p/ 18 0d   l p  without hosing : power cable - less  type     capacity   standard   extended temperature   1gb   apsdm001ga5an - atc   apsdm001ga5an - atwc   2gb   apsdm00 2 ga5an - atc   apsdm002ga5an - atwc   4gb   apsdm004ga5an - atc   apsdm004ga5an - atwc   8gb   apsdm008ga5an - acc   apsdm008ga5an - acwc   16gb   ap sdm016ga5an - acc   apsdm016ga5an - acwc     7p/ 18 0d   l p  with hosing : power cable - less  type     capacity   standard   extended temperature   1gb   apsdm001gb5an - atc   apsdm001gb5an - atwc   2gb   apsdm002gb5an - atc   apsdm002gb5an - atwc   4gb   apsdm004gb5an - atc   apsdm004gb5an - atwc   8gb   ap sdm008gb5an - acc   apsdm008gb5an - acwc   16gb   apsdm016gb5an - acc   apsdm016gb5an - acwc       note:  valid combinations are those products in mass production or will be in mass production. consult your  a pacer   sales   representative to confirm availability of valid combina tions and to determine availability of new combinations.    
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