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		  Datasheet File OCR Text:


		  logic devices incorporated              www.logicdevices.com 1 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product ddr2 10.5mm x  12.5mm 84 ball  fbga ddr2 10.5mm x  12.5mm 84 ball  fbga ddr2 10.5mm x  12.5mm 84 ball  fbga ddr2 10.5mm x  12.5mm 84 ball  fbga ddr2 10.5mm x  12.5mm 84 ball  fbga fast, low power, high density, wide word memory   ddr2 25mm2 module [imod]:  x0zrugv  x[[[zrugzlgwkv +ljkshuirupdqfh  x0esv  x7(03(5$785(   &?≀?&   ,?≀?&   (?≀?&   0?≀?& /rzsrzhu  x9vxsso\  x:dwwvpd[ 6sdfhvdylqjirrwsulqw  xpp[pp[pdwul[z edoovppslwfk  xpporzsurilohkhljkw features 7khupdoo\hqkdqfhg,pshgdqfh pdwfkhglqwhjudwhgsdfndjlqj  'liihuhqwldogdwdvwureh qelwsuhihwfkdufklwhfwxuh  *e	*elqwhuqdoedqnv  1rplqdodqgg\qdplfrqglhwhuplqd - wlrq2'7irugdwdvwurehdqgpdvn vljqdov  3urjudppdeoh&$6odwhqf\&/ dqg  )l[hgexuvwohqjwk%/ridqgexuvw fkrs%&ri  6hohfwdeoh%&ru%/rqwkhio\ 27)  6hoi$xwr5hiuhvkprghv  xpvf\fohuhiuhvk 2xwsxw'ulyhu&doleudwlrq $gmxvwdeohgulyhvwuhqjwk  5hgxfhg,2  5hgxfhgwudfhohqjwkvgxhwr wkhkljko\lqwhjudwhglpshgdqfh pdwfkhgsdfndjlqj  7khupdoo\hqkdqfhgsdfndjlqj whfkqrorj\doorzvlolfrqlqwhjudwlrq zlwkrxwshuirupdqfhghjudgdwlrqgxh wrsrzhuglvvlsdwlrqkhdw  +ljk7&(rujdqlfodplqdwhlqwhu - srvhuirulpsuryhgjodvvvwdelolw\ ryhudzlghrshudwlqjwhpshudwxuh  6xlwdelolw\rixvhlq+ljk5holdelolw\ dssolfdwlrqvuhtxlulqj0lowhpsqrq khuphwlfghylfhrshudwlrq  5r+6frpsoldqw benefits l9d2xxmxxsbg5 product offerings: d ensity :  *e *e *e *e *e *e d epth :  32m 32m 32m 0 0 0 p art  n umber :  l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5 l9d264m80sbg5 w ord  w idths :  [ [ [ [ [ [ ddr2 10.5mm x  12.5mm 84 ball  fbga ddr2 10.5mm x  12.5mm 84 ball  fbga ddr2 10.5mm x  12.5mm 84 ball  fbga l9d2xxmxxsbg5 available timings: c lock :  0+] 0+] 0+] d ata  r ate :  0ev 0ev 0ev   ddr2-800 ddr2-667 ddr2-533 c ycle  t ime :  qv qv qv integrated module products  l9d264m80sbg5

 gnd (core) gnd (i/o) data (i/o) v+ (core power) v+ (i/o power) unpopulated nc cntrl ref level  address dnu vssdl vddl rfu dq0 dq14 dq15 vss vss a9 a10 a11 a8 vddq vddq dq16 dq17 dq31 vss a dq1 dq2 dq12 dq13 vss vss a0 a7 a6 a1 vdd vdd dq18 dq19 dq29 dq30 b dq3 dq4 dq10 dq11 vdd vdd  a2 a5 a4 a3 vss vss dq20 dq21 dq27 dq28 c dq6 dq5 dq8 dq9 vddq vddq a12 nc vss nc vss vss dq22 dq23 dq26 dq25 d dq7 ldm0 vdd udm0 udqs3 ldqs0 udqs0 ba0 ba1 ldqs1 udqs1 vref ldm1 vss nc dq24 e cas0\ we0\ vdd \ 1 e w \ 1 s a r 3 s q d l 0 k l c vss udm1 clk1 f g 1 e k c \ 1 k l c s s v \ 1 s c \ 1 s a c \ 0 k l c 0 e k c d d v \ 0 s a r \ 0 s c h d d v q d d v s s v s s v dl d v sdl s v q d d v d d v s s v s s v j d d v q d d v s s v s s v d d v s s v q d d v d d v s s v s s v clk3\ cke3 vdd cs3\ clk2\ cke2 vss ras2\ cs2\ k nc clk3 vdd 2 k l c 2 s q d l \ 3 s a r \ 3 s a c vss we2\ cas2\ l dq56 udm3 vdd we3\ ldm3 udm2 vss ldm2 dq39 m dq57 dq58 dq55 dq54 udqs2 dq41 dq40 dq37 dq38 n p 5 3 q d 6 3 q d 2 4 q d 3 4 q d d d v d d v s s v s s v 2 5 q d 3 5 q d 9 5 q d 0 6 q d r 3 3 q d 4 3 q d 4 4 q d 5 4 q d s s v s s v d d v d d v 0 5 q d 1 5 q d 1 6 q d 2 6 q d t d d v 2 3 q d 6 4 q d 7 4 q d s s v s s v q d d v q d d v 8 4 q d 9 4 q d 3 6 q d s s v 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 a b c d e f g h j k l m n p r t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq nc nc ldqs2\ odt nc nc ldqs3\ udqs3\ ldqs0\ udqs0\ dnu udqs1\ ldqs1\ nc nc nc dnu udqs2\ rfu nc rfu nc c n c n rfu vdd rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu logic devices incorporated              www.logicdevices.com 2 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2.0 gb, ddr2, 32 m x 64 integrated memory module (imod) l9d232m64sbg5 high performance, integrated memory module product f igure  1a - sdram : ddr2 p inout  t op  v iew ball /signal location diagram:

 gnd (core) gnd (i/o) data (i/o) v+ (core power) v+ (i/o power) unpopulated nc cntrl ref level  address dnu vssdl vddl rfu dq0 dq14 dq15 vss vss a9 a10 a11 a8 vddq vddq dq16 dq17 dq31 vss a dq1 dq2 dq12 dq13 vss vss a0 a7 a6 a1 vdd vdd dq18 dq19 dq29 dq30 b dq3 dq4 dq10 dq11 vdd          vdd  a2 a5 a4 a3 vss vss dq20 dq21 dq27 dq28 c dq6 dq5 dq8 dq9 vddq vddq a12 nc vss   nc vss vss dq22 dq23 dq26 dq25 d dq7 ldm0 vdd        udm0 udqs3 ldqs0 udqs0 ba0 ba1 ldqs1 udqs1 vref ldm1 vss nc dq24 e cas0\ we0\ vdd \ 1 e w \ 1 s a r 3 s q d l 0 k l c vss udm1 clk1 f g 1 e k c \ 1 k l c s s v \ 1 s c \ 1 s a c \ 0 k l c 0 e k c d d v \ 0 s a r \ 0 s c h d d v q d d v s s v s s v dl d v sdl s v q d d v d d v s s v s s v j d d v q d d v s s v s s v d d v s s v q d d v d d v s s v s s v clk3\ cke3 vdd cs3\ ldqs4 clk2\ cke2 vss ras2\ cs2\ k nc clk3 vdd cas3\ ras3\ ldqs2 clk2 vss we2\ cas2\ l dq56 udm3 vdd we3\ ldm3 cke4 clk4 cas4\ we4\ ras4\ cs4\ udm2 vss ldm2 dq39 m dq57 dq58 dq55 dq54 udqs4 clk4\ dq71 dq70 ldm4 udqs2 dq41 dq40 dq37 dq38 n dq60 dq59 dq53 dq52 vss vss dq69 dq68 vdd vdd dq43 dq42 dq36 dq35 p dq62 dq61 dq51 dq50 vdd vdd dq67 dq66 vss vss dq45 dq44 dq34 dq33 r vss dq63 dq49 dq48 vddq vddq dq65 dq64 vss vss dq47 dq46 dq32 vdd t 12345678910111213141516 a b c d e f g h j k l m n p r t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq ldqs4\ nc nc ldqs2\ rfu rfu rfu rfu rfu rfu rfu rfu odt udqs4\ nc nc ldqs3\ udqs3\ ldqs0\ udqs0\ dnu udqs1\ ldqs1\ nc nc nc dnu udqs2\ nc f igure  1b - sdram : ddr2 p inout  t op  v iew ball /signal location diagram: logic devices incorporated              www.logicdevices.com 3 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2.2 gb, ddr2, 32 m x 72 integrated memory module (imod) l9d232m72sbg5 high performance, integrated memory module product

 dq0 dq14 dq15 vss vss a9 a10 a11 a8 dq1 dq2 dq12 dq13 vss vss a0 a7 a6 a1 vdd          vdd  dq18 dq1  dq29 dq30 b dq3 dq4 dq10 dq11 vdd         vdd            a2 a5 a4 a3 vss vss dq20 dq21 dq27 dq28 c dq6 dq5 dq8 dq9  vddq  vddq nc vss vss dq22 dq23 dq26 dq25 d dq7 ldm0 vdd        udm0 udqs3 ldqs0 udqs0 ba0 ba1 ldqs1 udqs1 vref ldm1 vss nc dq24 e cas0\ we0\ vdd \ 1 e w \ 1 s a r 3 s q d l 0 k l c vss udm1 clk1 f g 1 e k c \ 1 k l c s s v \ 1 s c \ 1 s a c \ 0 k l c 0 e k c d d v \ 0 s a r \ 0 s c h d d v q d d v s s v s s v dl d v q d d v d d v s s v s s v j d d v q d d v s s v s s v d d v s s v q d d v d d v s s v s s v k \ 2 s c \ 2 s a r s s v 2 e k c \ 2 k l c 4 s q d l \ 3 s c d d v 3 e k c \ 3 k l c nc clk3 vdd 2 k l c 2 s q d l \ 3 s a r \ 3 s a c vss we2\ cas2\ l dq56 udm3 vdd         we3\ ldm3 cke4 udm4 clk4 cas4\ we4\ ras4\ cs4\ udm2 vss ldm2 dq39 m dq57 dq58 dq55 dq54 udqs4 clk4\ dq73 dq72 dq71 dq70 ldm4 udqs2 dq41 dq40 dq37 dq38 n dq60 dq59 dq53 dq52 vss vss dq75 dq74 dq69 dq68 vdd          vdd        dq43 dq42 dq36 dq35 p dq62 dq61 dq51 dq50 vdd          vdd dq77 dq76 dq67 dq66 vss vss dq45 dq44 dq34 dq33 r vss dq63 dq49 dq48 dq79 dq78 dq65 dq64 vss vss dq47 dq46 dq32 vdd      t 12345678910111213141516 a b c d e f g h j k l m n p r t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq ldqs4\ nc nc ldqs2\ odt udqs4\ nc nc ldqs3\ udqs3\ ldqs0\ udqs0\ dnu udqs1\ ldqs1\ nc nc nc dnu udqs2\ a12 vssdl vddq vddq dq16 dq17 dq31 vss a vddq vddq vss nc gnd (core) gnd (i/o) data (i/o) v+ (core power) v+ (i/o power) unpopulated nc cntrl ref level address dnu vssdl vddl f igure  1c - sdram : ddr2 p inout  t op  v iew ball /signal location diagram: logic devices incorporated              www.logicdevices.com  september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2.5 gb, ddr2, 32 m x 80 integrated memory module (imod) L9D232M80SBG5 high performance, integrated memory module product

 gnd (core) gnd (i/o) data (i/o) v+ (core power) v+ (i/o power) unpopulated nc cntrl ref level  address dnu vssdl vddl dq0 dq14 dq15 vss vss a9 a10 a11 a8 vddq vddq dq16 dq17 dq31 vss a dq1 dq2 dq12 dq13 vss vss a0 a7 a6 a1 vdd vdd dq18 dq19 dq29 dq30 b dq3 dq4 dq10 dq11 vdd vdd  a2 a5 a4 a3 vss vss dq20 dq21 dq27 dq28 c dq6 dq5 dq8 dq9 vddq vddq a12 nc ba2 nc vss vss dq22 dq23 dq26 dq25 d dq7 ldm0 vdd udm0 udqs3 ldqs0 udqs0 ba0 ba1 ldqs1 udqs1 vref ldm1 vss nc dq24 e cas0\ we0\ vdd \ 1 e w \ 1 s a r 3 s q d l 0 k l c vss udm1 clk1 f g 1 e k c \ 1 k l c s s v \ 1 s c \ 1 s a c \ 0 k l c 0 e k c d d v \ 0 s a r \ 0 s c h d d v q d d v s s v s s v dl d v sdl s v q d d v d d v s s v s s v j d d v q d d v s s v s s v d d v s s v q d d v d d v s s v s s v clk3\ cke3 vdd cs3\ clk2\ cke2 vss ras2\ cs2\ k nc clk3 vdd 2 k l c 2 s q d l \ 3 s a r \ 3 s a c vss we2\ cas2\ l dq56 udm3 vdd we3\ ldm3 udm2 vss ldm2 dq39 m dq57 dq58 dq55 dq54 udqs2 dq41 dq40 dq37 dq38 n p 5 3 q d 6 3 q d 2 4 q d 3 4 q d d d v d d v s s v s s v 2 5 q d 3 5 q d 9 5 q d 0 6 q d r 3 3 q d 4 3 q d 4 4 q d 5 4 q d s s v s s v d d v d d v 0 5 q d 1 5 q d 1 6 q d 2 6 q d t d d v 2 3 q d 6 4 q d 7 4 q d s s v s s v q d d v q d d v 8 4 q d 9 4 q d 3 6 q d s s v 1 2 3 4 5 6 7 8 9 10111213141516 a b c d e f g h j k l m n p r t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq nc nc ldqs2\ rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu rfu odt nc nc ldqs3\ udqs3\ ldqs0\ udqs0\ dnu udqs1\ ldqs1\ nc nc nc dnu udqs2\ rfu nc rfu nc rfu c n c n rfu rfu rfu rfu rfu vdd rfu rfu rfu rfu rfu f igure  1d- sdram : ddr2 p inout  t op  v iew ball /signal location diagram: logic devices incorporated              www.logicdevices.com 5 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 4.0 gb, ddr2, 64 m x 64 integrated memory module (imod) l9d264m64sbg5 high performance, integrated memory module product

 gnd (core) gnd (i/o) data (i/o) v+ (core power) v+ (i/o power) unpopulated nc cntrl ref level  address dnu vssdl vddl rfu dq0 dq14 dq15 vss vss a9 a10 a11 a8 vddq vddq dq16 dq17 dq31 vss a dq1 dq2 dq12 dq13 vss vss a0 a7 a6 a1 vdd vdd dq18 dq19 dq29 dq30 b dq3 dq4 dq10 dq11 vdd          vdd  a2 a5 a4 a3 vss vss dq20 dq21 dq27 dq28 c dq6 dq5 dq8 dq9 vddq vddq a12 nc ba2 nc vss vss dq22 dq23 dq26 dq25 d dq7 ldm0 vdd        udm0 udqs3 ldqs0 udqs0 ba0 ba1 ldqs1 udqs1 vref ldm1 vss nc dq24 e cas0\ we0\ vdd \ 1 e w \ 1 s a r 3 s q d l 0 k l c vss udm1 clk1 f g 1 e k c \ 1 k l c s s v \ 1 s c \ 1 s a c \ 0 k l c 0 e k c d d v \ 0 s a r \ 0 s c h d d v q d d v s s v s s v dl d v sdl s v q d d v d d v s s v s s v j d d v q d d v s s v s s v d d v s s v q d d v d d v s s v s s v clk3\ cke3 vdd cs3\ ldqs4 clk2\ cke2 vss ras2\ cs2\ k nc clk3 vdd cas3\ ras3\ ldqs2 clk2 vss we2\ cas2\ l dq56 udm3 vdd we3\ ldm3 cke4 clk4 cas4\ we4\ ras4\ cs4\ udm2 vss ldm2 dq39 m dq57 dq58 dq55 dq54 udqs4 clk4\ dq71 dq70 ldm4 udqs2 dq41 dq40 dq37 dq38 n dq60 dq59 dq53 dq52 vss vss dq69 dq68 vdd vdd dq43 dq42 dq36 dq35 p dq62 dq61 dq51 dq50 vdd vdd dq67 dq66 vss vss dq45 dq44 dq34 dq33 r vss dq63 dq49 dq48 vddq vddq dq65 dq64 vss vss dq47 dq46 dq32 vdd t 1 2 3 4 5 6 7 8 9 10111213141516 a b c d e f g h j k l m n p r t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq ldqs4\ nc nc ldqs2\ rfu rfu rfu rfu rfu rfu rfu rfu odt udqs4\ nc nc ldqs3\ udqs3\ ldqs0\ udqs0\ dnu udqs1\ ldqs1\ nc nc nc dnu udqs2\ vdd f igure  1e- sdram : ddr2 p inout  t op  v iew ball /signal location diagram: logic devices incorporated              www.logicdevices.com 6 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 4.5 gb, ddr2, 64 m x 72 integrated memory module (imod) l9d264m72sbg5 high performance, integrated memory module product

 gnd (core) gnd (i/o) data (i/o) v+ (core power) v+ (i/o power) unpopulated nc cntrl ref level  address dnu vssdl vddl dq0 dq14 dq15 vss vss a9 a10 a11 a8 dq1 dq2 dq12 dq13 vss vss a0 a7 a6 a1 vdd          vdd  dq18 dq19  dq29 dq30 b dq3 dq4 dq10 dq11 vdd         vdd            a2 a5 a4 a3 vss vss dq20 dq21 dq27 dq28 c dq6 dq5 dq8 dq9  vddq  vddq nc  ba2  nc vss vss dq22 dq23 dq26 dq25 d dq7 ldm0 vdd        udm0 udqs3 ldqs0 udqs0 ba0 ba1 ldqs1 udqs1 vref ldm1 vss nc dq24 e cas0\ we0\ vdd \ 1 e w \ 1 s a r 3 s q d l 0 k l c vss udm1 clk1 f g 1 e k c \ 1 k l c s s v \ 1 s c \ 1 s a c \ 0 k l c 0 e k c d d v \ 0 s a r \ 0 s c h d d v q d d v s s v s s v dl d v q d d v d d v s s v s s v j d d v q d d v s s v s s v d d v s s v q d d v d d v s s v s s v k \ 2 s c \ 2 s a r s s v 2 e k c \ 2 k l c 4 s q d l \ 3 s c d d v 3 e k c \ 3 k l c nc clk3 vdd 2 k l c 2 s q d l \ 3 s a r \ 3 s a c vss we2\ cas2\ l dq56 udm3 vdd         we3\ ldm3 cke4 udm4 clk4 cas4\ we4\ ras4\ cs4\ udm2 vss ldm2 dq39 m dq57 dq58 dq55 dq54 udqs4 clk4\ dq73 dq72 dq71 dq70 ldm4 udqs2 dq41 dq40 dq37 dq38 n dq60 dq59 dq53 dq52 vss vss dq75 dq74 dq69 dq68 vdd          vdd        dq43 dq42 dq36 dq35 p dq62 dq61 dq51 dq50 vdd          vdd dq77 dq76 dq67 dq66 vss vss dq45 dq44 dq34 dq33 r vss dq63 dq49 dq48 dq79 dq78 dq65 dq64 vss vss dq47 dq46 dq32 vdd      t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 a b c d e f g h j k l m n p r t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq vssq ldqs4\ nc nc ldqs2\ odt udqs4\ nc nc ldqs3\ udqs3\ ldqs0\ udqs0\ dnu udqs1\ ldqs1\ nc nc nc dnu udqs2\ a12 vssdl vddq vddq dq16 dq17 dq31 vss a vddq vddq f igure  1f- sdram : ddr2 p inout  t op  v iew ball /signal location diagram: logic devices incorporated              www.logicdevices.com  september 16, 2013 lds-l9d2xxmxxsbg5 rev e 5.0 gb, ddr2, 64 m x 80 integrated memory module (imod) l9d264m80sbg5 high performance, integrated memory module product

 logic devices incorporated              www.logicdevices.com  september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product t able  1: p in /b all  l ocations   and  d escriptions     ball assignments            symbol                  type                                         description                    l6 )*)* l13, k12, l2, k1 01 **. k2, m6 g1, g13, k16 .0 g2, f12, k15 l5, m11 f1, g12, l16 /0 f2, f13, l15 00 () 000 e2, e13 m15, m5, n11 (( n12, e5 n5 )) l11, f6 k6 e6, e10 l12, f5 k5 )) l10, g6 / %%&& &&%% $$$$' ''' ((>'@ e12 b11,b12,c5,c6,e3,f3, g3,h3,h16,j3,j12, -./033 557 $$''++ --77 $$$%%& &''() *++++ -----. /0335 2'7 clk0, clk0\, clk1, ck1\ clk2, clk2\, clk3, clk3\ &/.&/.? cke0, cke1, cke2 &.(&.( cs0\, cs1\, cs2\ &6?&6? 5$6?5$6?5$6? 5$6?5$6? &$6?&$6?&$6? &$6?&$6? :(?:(?:(? :(?:(? 8'08'0 8'08'08'0 ldm0, ldm1 /'0/'0/'0 8'468'46 8'468'46 8'46 8'46?8'46? 8'46?8'46? 8'46? /'46/'46 /'46/'46 /'46 /'46?/'46? /'46?/'46? /'46? $$$$ $$$$ $$$$$ 5)8 %$%$>%$@ 9uhi 9 dd 9 dd 4 9vv on-die termination: 5hjlvwhuhg+ljkhqdeohvrqgdwdexvwhuplqdwlrq 'liihuhqwldolqsxwforfnvrqhvhwiruhdfk[elwv &orfnhqdeohzklfkdfwlydwhvdoorqvlolfrqforfnlqjflufxlw &kls6hohfwvrqhiruhdfkelwvriwkhgdwdexvzlgwk &rppdqglqsxwzklfkdorqjzlwk&$6?:(?dqg&6?ghilqhrshudwl rqv &rppdqglqsxwzklfkdorqjzlwk5$6?:(?dqg&6?ghilqhrshudwl rqv &rppdqglqsxwzklfkdorqjzlwk5$6?&$6?dqg&6?ghilqhrshudw lrqv 2qh'dwd0dvnfqwoiruhdfkxsshuelwvrid[zrug 2qh'dwd0dvnfqwoiruhdfkorzhuelwvrid[zrug 'dwd6wurehlqsxwiruxsshue\whrihdfk[zrug 'liihuhqwldolqsxwri8'46[rqo\xvhgzkhq'liihuhqwldo'46pr ghlvhqdeohg 'dwd6wurehlqsxwiruorzhue\whrihdfk[zrug 'liihuhqwldolqsxwri/'46[rqo\xvhgzkhq'liihuhqwldo'46pr ghlvhqdeohg $uud\$gguhvvlqsxwvsurylglqj52:dgguhvvhviru$fwlyhfrppdqg vdqgwkh froxpqdgguhvvdqgdxwrsuhfkdujhelw$iru5($':5,7(frpp dqgv )xwxuh$gguhvv%dqn$gguhvvlqsxwv %dqn$gguhvvlqsxwv%$rq*erqo\ 667/b9rowdjh5hihuhqfh 3rzhu6xsso\ ,23rzhu6xsso\ *urxqguhwxuq cntl input cntl input cntl input cntl input cntl input cntl input cntl input cntl input cntl input cntl input cntl input cntl input cntl input input future input input supply supply supply supply

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 9 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 9vv4 966'/ 9''/ d0, d1, d2, d3 '''' '''' '''' '''' d20, d21, d22, d23 '''' '''' '''' '''' '''' '''' '''' '''' '''' d60, d61, d62, d63 '''' '''' '''' '''' nc do not use unpopulated supply supply supply input/output t able  1: p in /b all  l ocations   and  d escriptions  c ontinued     ball assignments            symbol                 type                                          description                    5777 ****++ ++---- .... h5 h12 $%%& &''( ''&& %%$$ $$%% &&'' e16,d16,d15,c15 &%%$ 7553 3110 1133 5577 7755 3311 0113 3557 7755 3311 1133 5577 e15,g11,h6,h11,j6,  -/// f9,k11  $ ,2*urxqguhwxuq '//3rzhu '//*urxqg 'dwdelgluhfwlrqdolqsxw2xwsxwslqv 1rfrqqhfwlrq 5(6(59(')2563(&,$/&216,'(5$7,213,16 8qsrsxodwhgedoopdwul[orfdwlrqorfdwlrquhjlvwudwlrqdlg

 logic devices incorporated              www.logicdevices.com 10 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2.0 gb, ddr2, 32 m x 64 integrated memory module (imod) l9d232m64sbg5 high performance, integrated memory module product d0 512mb  aba vref odt vdd vddq vss vssq dq  0       dq  7 dq  8       dq  15 dq  0       dq  7 dq  8       dq  15 cs0\ cke0 clk0 clk0\ ras0\ cas0\ we0\ ldqs0 ldqs0\ udqs0 udqs0\ ldm0 udm0 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm vssq vss vddq vdd odt vref a0-a12,  ba0-1 a d2 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  32 ! ! ! dq  39 dq  40 ! ! ! dq  47 cs2\ cke2 clk2 clk2\ ras2\ cas2\ we2\ ldqs2 ldqs2\ udqs2 udqs2\ ldm2 udm2 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d1 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  16 ! ! ! dq  23 dq  24 ! ! ! dq  31 cs1\ cke1 clk1 clk1\ ras1\ cas1\ we1\ ldqs1 ldqs1\ udqs1 udqs1\ ldm1 udm1 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d3 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  48 ! ! ! dq  55 dq  56 ! ! ! dq  63 cs3\ cke3 clk3 clk3\ ras3\ cas3\ we3\ ldqs3 ldqs3\ udqs3 udqs3\ ldm3 udm3 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm a f igure   2a - f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com 11 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2.2 gb, ddr2, 32 m x 72 integrated memory module (imod) l9d232m72sbg5 high performance, integrated memory module product 1.  d0 512mb  aba vref odt vdd vddq vss vssq dq  0       dq  7 dq  8       dq  15 dq  0       dq  7 dq  8       dq  15 cs0\ cke0 clk0 clk0\ ras0\ cas0\ we0\ ldqs0 ldqs0\ udqs0 udqs0\ ldm0 udm0 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm vssq vss vddq vdd odt vref a0-a12,  ba0-1 a d2 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  32 ! ! ! dq  39 dq  40 ! ! ! dq  47 cs2\ cke2 clk2 clk2\ ras2\ cas2\ we2\ ldqs2 ldqs2\ udqs2 udqs2\ ldm2 udm2 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d1 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  16 ! ! ! dq  23 dq  24 ! ! ! dq  31 cs1\ cke1 clk1 clk1\ ras1\ cas1\ we1\ ldqs1 ldqs1\ udqs1 udqs1\ ldm1 udm1 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d3 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  48 ! ! ! dq  55 dq  56 ! ! ! dq  63 cs3\ cke3 clk3 clk3\ ras3\ cas3\ we3\ ldqs3 ldqs3\ udqs3 udqs3\ ldm3 udm3 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d4 256mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  64 ! ! ! dq  71 cs4\ cke4 clk4 clk4\ ras4\ cas4\ we4\ ldqs4 ldqs4\ udqs4 udqs4\ ldm4 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm a a f igure   2b - f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com 12 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2.5 gb, ddr2, 32 m x 80 integrated memory module (imod) L9D232M80SBG5 high performance, integrated memory module product d0 512mb  aba vref odt vdd vddq vss vssq dq  0       dq  7 dq  8       dq  15 dq  0       dq  7 dq  8       dq  15 cs0\ cke0 clk0 clk0\ ras0\ cas0\ we0\ ldqs0 ldqs0\ udqs0 udqs0\ ldm0 udm0 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm vssq vss vddq vdd odt vref a0-a12,  ba0-1 a d2 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  32 ! ! ! dq  39 dq  40 ! ! ! dq  47 cs2\ cke2 clk2 clk2\ ras2\ cas2\ we2\ ldqs2 ldqs2\ udqs2 udqs2\ ldm2 udm2 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d1 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  16 ! ! ! dq  23 dq  24 ! ! ! dq  31 cs1\ cke1 clk1 clk1\ ras1\ cas1\ we1\ ldqs1 ldqs1\ udqs1 udqs1\ ldm1 udm1 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d3 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  48 ! ! ! dq  55 dq  56 ! ! ! dq  63 cs3\ cke3 clk3 clk3\ ras3\ cas3\ we3\ ldqs3 ldqs3\ udqs3 udqs3\ ldm3 udm3 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d4 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  64 ! ! ! dq  71 dq  72 ! ! ! dq  79 cs4\ cke4 clk4 clk4\ ras4\ cas4\ we4\ ldqs4 ldqs4\ udqs4 udqs4\ ldm4 udm4 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm a a f igure   2c - f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com 13 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 4.0 gb, ddr2, 64 m x 64 integrated memory module (imod) l9d264m64sbg5 high performance, integrated memory module product d0 1024mb  aba vref odt vdd vddq vss vssq dq  0       dq  7 dq  8       dq  15 dq  0       dq  7 dq  8       dq  15 cs0\ cke0 clk0 clk0\ ras0\ cas0\ we0\ ldqs0 ldqs0\ udqs0 udqs0\ ldm0 udm0 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm vssq vss vddq vdd odt vref a0-a12,  ba0-2 a d2 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  32 ! ! ! dq  39 dq  40 ! ! ! dq  47 cs2\ cke2 clk2 clk2\ ras2\ cas2\ we2\ ldqs2 ldqs2\ udqs2 udqs2\ ldm2 udm2 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d1 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  16 ! ! ! dq  23 dq  24 ! ! ! dq  31 cs1\ cke1 clk1 clk1\ ras1\ cas1\ we1\ ldqs1 ldqs1\ udqs1 udqs1\ ldm1 udm1 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d3 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  48 ! ! ! dq  55 dq  56 ! ! ! dq  63 cs3\ cke3 clk3 clk3\ ras3\ cas3\ we3\ ldqs3 ldqs3\ udqs3 udqs3\ ldm3 udm3 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm a f igure   2d - f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com  september 16, 2013 lds-l9d2xxmxxsbg5 rev e 4.5 gb, ddr2, 64 m x 72 integrated memory module (imod) l9d264m72sbg5 high performance, integrated memory module product d0 1024mb  aba vref odt vdd vddq vss vssq dq  0       dq  7 dq  8       dq  15 dq  0       dq  7 dq  8       dq  15 cs0\ cke0 clk0 clk0\ ras0\ cas0\ we0\ ldqs0 ldqs0\ udqs0 udqs0\ ldm0 udm0 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm vssq vss vddq vdd odt vref a0-a12,  ba0-2 a d2 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  32 ! ! ! dq  39 dq  40 ! ! ! dq  47 cs2\ cke2 clk2 clk2\ ras2\ cas2\ we2\ ldqs2 ldqs2\ udqs2 udqs2\ ldm2 udm2 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d1 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  16 ! ! ! dq  23 dq  24 ! ! ! dq  31 cs1\ cke1 clk1 clk1\ ras1\ cas1\ we1\ ldqs1 ldqs1\ udqs1 udqs1\ ldm1 udm1 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d3 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  48 ! ! ! dq  55 dq  56 ! ! ! dq  63 cs3\ cke3 clk3 clk3\ ras3\ cas3\ we3\ ldqs3 ldqs3\ udqs3 udqs3\ ldm3 udm3 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d4 512mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  64 ! ! ! dq  71 cs4\ cke4 clk4 clk4\ ras4\ cas4\ we4\ ldqs4 ldqs4\ udqs4 udqs4\ ldm4 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm a a f igure   2e - f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com 15 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 5.0 gb, ddr2, 64 m x 80 integrated memory module (imod) l9d264m80sbg5 high performance, integrated memory module product d0 1024mb  aba vref odt vdd vddq vss vssq dq  0       dq  7 dq  8       dq  15 dq  0       dq  7 dq  8       dq  15 cs0\ cke0 clk0 clk0\ ras0\ cas0\ we0\ ldqs0 ldqs0\ udqs0 udqs0\ ldm0 udm0 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm vssq vss vddq vdd odt vref a0-a12,  ba0-2 a d2 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  32 ! ! ! dq  39 dq  40 ! ! ! dq  47 cs2\ cke2 clk2 clk2\ ras2\ cas2\ we2\ ldqs2 ldqs2\ udqs2 udqs2\ ldm2 udm2 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d1 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  16 ! ! ! dq  23 dq  24 ! ! ! dq  31 cs1\ cke1 clk1 clk1\ ras1\ cas1\ we1\ ldqs1 ldqs1\ udqs1 udqs1\ ldm1 udm1 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d3 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  48 ! ! ! dq  55 dq  56 ! ! ! dq  63 cs3\ cke3 clk3 clk3\ ras3\ cas3\ we3\ ldqs3 ldqs3\ udqs3 udqs3\ ldm3 udm3 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm d4 1024mb  aba vref odt vdd vddq vss vssq dq  0 ! ! ! dq  7 dq  8 ! ! ! dq  15 dq  64 ! ! ! dq  71 dq  72 ! ! ! dq  79 cs4\ cke4 clk4 clk4\ ras4\ cas4\ we4\ ldqs4 ldqs4\ udqs4 udqs4\ ldm4 udm4 cs\ cke ck ck\ ras\ cas\ we\ ldqs ldqs\ udqs udqs\ ldm udm a a f igure   2f - f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com 16 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product command decode control logic mode registers cke ck ck# cs# ras# cas# we# odt refresh counter row- address mux   row- address  latch  and  decoder bank 1 bank 2 bank 3 13 sense amplifiers 64 bank control logic column decoder 8 2 column- address counter/ latch 2 address register a0-a12 ba0-ba1 16 13 10 16 13 8,192 16,384 3 i/o gating dm mask logic udm, ldm udqs, udqs# ldqs, ldqs# dq0-dq15 256 (x64) bank 1 bank 2 bank 3 memory array (8,192 x 256 x 64) sense amplifier bank 0 bank 0 64 read latch 16 16 16 16 mux col0, col1 16 drvrs dll ck, ck# dqs generator 4 data udqs, udqs# ldqs, ldqs# 64 write fifo and drivers ck out ck in ck, ck# 8 input registers 64 data 16 16 16 16 2 2 2 2 16 16 16 16 2 2 2 2 2 16 rcvrs 4 odt control sw1 sw2 sw3 sw1 v dd q sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 v ss q col0, col1 f igure   2g - 32 m eg   x  16 i nternal  d ie  c onfiguration  f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com  september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product command decode control logic mode registers cke ck ck# cs# ras# cas# we# odt refresh counter row- address mux   row- address  latch  and  decoder bank 1 bank 2 bank 3 bank 4 bank 5 bank 6 bank 7 13 sense amplifiers 64 bank control logic column decoder 8 2 column- address counter/ latch 2 address register a0-a12 ba0-ba2 16 13 10 16 13 8,192 16,384 3 i/o gating dm mask logic udm, ldm udqs, udqs# ldqs, ldqs# dq0-dq15 256 (x64) bank 1 bank 2 bank 3 bank 4 bank 5 bank 6 bank 7 memory array (8,192 x 256 x 64) sense amplifier bank 0 bank 0 64 read latch 16 16 16 16 mux col0, col1 16 drvrs dll ck, ck# dqs generator 4 data udqs, udqs# ldqs, ldqs# 64 write fifo and drivers ck out ck in ck, ck# 8 input registers 64 data 16 16 16 16 2 2 2 2 16 16 16 16 2 2 2 2 2 16 rcvrs 4 odt control sw1 sw2 sw3 sw1 v dd q sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 v ss q col0, col1 f igure   2h - 64 m eg   x  16 i nternal  d ie  c onfiguration  f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com  september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product command decode control logic mode registers cke ck ck# cs# ras# cas# we# odt refresh counter row- address mux   row- address  latch  and  decoder bank 1 bank 2 bank 3 14 sense amplifiers 32 bank control logic column decoder 8 2 column- address counter/ latch 2 address register a0-a12 ba0-ba1 17 14 10 17 14 16,384 8,192 3 i/o gating dm mask logic dm dqs, dqs# dq0-dq7 256 (x32) bank 1 bank 2 bank 3 memory array (16,384 x 256 x 32) sense amplifier bank 0 bank 0 32 read latch 8 8 8 8 mux col0, col1 8 drvrs dll ck, ck# dqs generator 2 data udqs, udqs# ldqs, ldqs# 32 write fifo and drivers ck out ck in ck, ck# 4 input registers 32 data 8 8 8 8 2 2 2 2 8 8 8 8 2 2 2 2 2 8 rcvrs 2 odt control sw1 sw2 sw3 sw1 v dd q sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 v ss q col0, col1 rdqs rdqs# f igure   2i - 64 m eg   x  8 i nternal  d ie  c onfiguration  f unctional  b lock  d iagram

 logic devices incorporated              www.logicdevices.com 19 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product command decode control logic mode registers cke ck ck# cs# ras# cas# we# odt refresh counter row- address mux   row- address  latch  and  decoder bank 1 bank 2 bank 3 bank 4 bank 5 bank 6 bank 7 14 sense amplifiers 32 bank control logic column decoder 8 2 column- address counter/ latch 2 address register a0-a12 ba0-ba2 17 14 10 17 14 16,384 8,192 3 i/o gating dm mask logic dm dqs, dqs# dq0-dq7 256 (x32) bank 1 bank 2 bank 3 bank 4 bank 5 bank 6 bank 7 memory array (16,384 x 256 x 32) sense amplifier bank 0 bank 0 32 read latch 8 8 8 8 mux col0, col1 8 drvrs dll ck, ck# dqs generator 2 data udqs, udqs# ldqs, ldqs# 32 write fifo and drivers ck out ck in ck, ck# 4 input registers 32 data 8 8 8 8 2 2 2 2 8 8 8 8 2 2 2 2 2 8 rcvrs 2 odt control sw1 sw2 sw3 sw1 v dd q sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 sw1 sw2 sw3 r1 r2 r3 r1 r2 r3 v ss q col0, col1 rdqs rdqs# f igure   2j - 128 m eg   x  8 i nternal  d ie  c onfiguration  f unctional  b lock  d iagram

 c  =  commercial &rpphufldofodvvlqwhjudwhgfrpsrqhqwixoo\dfurvv?≀ ?& i  =  industrial ,qgxvwuldofodvvlqwhjudwhgfrpsrqhqwixoo\dfurvv?≀ ?& e  =  extended ([whqghgfodvvlqwhjudwhgfrpsrqhqwrshudeohdfurvv?≀ ?& m  =  mil-temp 0lo7hpshudwxuhrqo\fodvvlqwhjudwhgfrpsrqhqwrshudeohdfu rvv?≀?& logic devices incorporated              www.logicdevices.com 20 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product features &rqiljxudwlrq 5hiuhvk&rxqw 52:$gguhvvlqj %dfn$gguhvvlqj &roxpq$gguhvvlqj >0hj[edqnv[@[l02' . .$>@ %$>@%$>@ .$>@ ldi imod addressing                                         t able  2:  a ddressing 25 3  qv qv qv    533 533 533    ldi part number speed grade t ck avg t able  3:  k ey  p arameters cl=3 cl=4 cl=5 cl=6 data rate [mbps] l9d2xxmxxsbg5[c, i, e, m]25 l9d2xxmxxsbg5[c, i, e, m]3 /'[[0[[6%*>&,(0@

 sample part number: l9d2xxmxxsbg5 core frequency mhz 333 400 38 3 25 l9d2 note:  not all options can be combined.  please see our part catalog for available offerings. bg5  logic ddr2 integrated module 25 x 25 x 1.7mm  255 ball array clk temperature commercial (0 o c to 70 o c) industrial (-40 o c to 85 o c) extended (-40 o c to 105 o c) c i e code m military (-55 o c to 125 o c) temp speed  data rate mbs 667 800 word =  32m 64m xxm xxs wordwidth =  x64 x72 x80 s= single channel 267 533 features f igure  3 - ddr2 p art  n umbers logic devices incorporated              www.logicdevices.com 21 september 16, 2013 lds-l9d2xxmxxsbg5 rev e 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product
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 p ackage  o utline  d imensions     parameter/condition                                                             symbol              value                              units                notes 2xwsxw0,1vrxufh'&fxuuhqw 2xwsxw0,1vlqn'&fxuuhqw p9 p9 t able  16: o utput  dc c urrent  d rive 9 dd '& 9 ref '&   i oh   i ol p ackage  o utline  d imensions                             parameter                                             symbol                 min                       max                 unit s     notes $&gliihuhqwldofurvvsrlqw9rowdjh $&gliihuhqwldo9rowdjhvzlqj p9 p9 1,6 t able  15:  d ifferential  ac o utput  p arameters [9 dd 4 - [9 dd 4 1 9 2; $& 9 vzlqj crossing point v ox v ss q vswing v dd q v tr v cp logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 36 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 127(6  7khw\slfdoydoxhri9 2; $&lvh[shfwhgwrehderxw[9 dd 4riwkhwudqvplwwlqjghylfhdqg9 2; $&lvh[shfwhgwrwudfn yduldwlrqvlq9 dd 49 2; $&lqglfdwhvwkhyrowdjhdwzklfkgliihuhqwldorxwsxwvljqdov pxvwfurvv f igure  8 - d ifferential  o utput  s ignal  l evels 127(6  for l oh '&9 dd 4 99 287  p99 287 9 dd 4, oh pxvw ehohvvwkdq : iruydoxhvri9 287 ehwzhhq9 dd 4dqg9 dd 4 p9  for l ol '&9 dd 4 99 287  p99rxwo ol pxvwehohvvwkdq 21 : iruydoxhvri9 287 ehwzhhq9dqgp9  7kh'&ydoxhri9 ref dssolhgwrwkhuhfhlylqjghylfhlvvhwwr9 77    7khydoxhvrio oh '&dqgo ol '&duhedvhgrqwkhfrqglwlrqvjlyhq lq1rwhvdqg7kh\duhxvhgwrwhvwghylfhgulyhfxuuhqw fdsdelolw\ wrhqvxuh9 ih 0,1soxvdqrlvhpdujlqdqg9 il 0$;plqxvdqrlvh pdujlqduhgholyhuhgwrdq667/buhfhlyhu7khdfwxdofxuuhqw  ydoxhvduhghulyhge\vkliwlqjwkhghvluhggulyhurshudwlqjsrl qwvhh rxwsxw,9fxuyhvdorqjd : ordgolqhwrghilqhdfrqyhqlhqwgulyhu fxuuhqwiruphdvxuhphqw

 p ackage  o utline  d imensions                                      parameter                                                                          min              typ            max        units  notes                                                                                                                  2xwsxw,pshgdqfh 3xooxsdqgsxoogrzqplvpdwfk 2xwsxwvohzudwh t able  17: o utput  c haracteristics 0  1,2 1,2,3  - -  5 : : 9qv 6hh2xwsxw'ulyhu&kdudfwhulvwlfv output (v out ) reference  point 25  v tt  =  v dd q/2 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 127(6  $evroxwhvshflilfdwlrqv?& d 7 c   d ?&9 dd 4 9 9 dd  9?9  ,pshgdqfhphdvxuhphqwfrqglwlrqvirurxwsxwvrxufh'&fxuuhq w 9 dd 4 9rxw p99 287 9 dd 4o oh pxvwehohvvwkdq  : iruydoxhvri9rxwehwzhhq9 dd 4dqg9 dd 4p97kh lpshgdqfhphdvxuhphqwfrqglwlrqirurxwsxwvlqn'&fxuuhqw9 dd 4  99rxw p99rxworopxvwehohvvwkdq : iruydoxhvri 9 287 ehwzhhq9dqgp9  0lvpdwfklvdqgdevroxwhydoxhehwzhhqsxooxsdqgsxoogrzq erwk duhphdvxuhgdwwkhvdphwhpshudwxuhdqgyrowdjh  2xwsxwvohzudwhiruidoolqjdqgulvlqjhgjhvlvphdvxuhgeh wzhhq 9 77 p9dqg9 77 p9iruvlqjohhqghgvljqdov)rugliihuhq - wldovljqdov'46['46[?rxwsxwvohzudwhlvphdvxuhgehwzhh q '46['46[? p92xwsxwvohzudwhlvjxdudqwhhge\ghvljq  exwlvqrwqhfhvvdulo\whvwhgrqhdfkghylfh  7khdevroxwhydoxhriwkhvohzudwhdvphdvxuhgiurp9 il '&0$; wr9 ih '&0,1lvhtxdowrrujuhdwhuwkdqwkhvohzudwhdvphdvxuhg iurp9 il $&0$;wr9 ih $&0,17klvlvjxdudqwhhge\ghvljq  $ooghylfhv,1'8675,$/(;7(1'('dqg0,/7(03ghylfhv uhtxluhdqdgglwlrqdo9qvlqwkh0$;olplwzkhq7flvehwzh hq ?&dqg?& f igure  9 - o utput  s lew  r ate  l oad

 v out  (v) 0.0 0.5 1.0 1.5 120 100 80 60 40 20 0 i out  (ma) logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product p ackage  o utline  d imensions                            voltage (v)                                        min                                 typ                                 max                   units                     p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ t able  18: f ull  s trength  p ull -d own  c urrent  ( ma )                                                             f igure  10 - f ull  s trength  p ull  d own  c haracteristics

 v ddq  - v out  (v) 0 C20 C40 C60 C80 C100 C120 0 0.5 1.0 1.5 i out  (ma) logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 39 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product p ackage  o utline  d imensions                            voltage (v)                                        min                                 typ                                 max                   units                     p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ t able  19: f ull  s trength  p ull -u p  c urrent  ( ma )                                                             f igure  11 - f ull  s trength  p ull  u p  c haracteristics

 70 60 50 40 30 20 10 0 0.0 0.5 1.0 1.5 v out  (v) i out  (mv) logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product p ackage  o utline  d imensions                            voltage (v)                                         min                                typ                                 max                   units                     p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ t able  20: r educed  s trength  p ull -d own  c urrent  ( ma )                                                             f igure  12 - r educed  s trength  p ull  d own  c haracteristics

 0 C10 C20 C30 C40 C50 C60 C70 0.0 0.5 1.0 1.5 v ddq  - v out  (v) i out  (mv) logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product p ackage  o utline  d imensions                            voltage (v)                                        min                                typ                                  max                   units                     p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ t able  21: r educed  s trength  p ull -u p  c urrent  ( ma )                                                             f igure  13 - r educed  s trength  p ull  u p  c haracteristics

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product p ackage  o utline  d imensions                  voltage (v) across clamp                   min power clamp current              min ground clamp current        units                    p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ p$ t able  22: i nput  c lamp  c haracteristics                                       f igure  14 - i nput  c lamp  c haracteristics voltage across clamp (v) minimum clamp current (ma)  25 20 15 10 5 0  0.0  0.1  0.2 0.3  0.4  0.5 0.6 0.7  0.8  0.9 1.0 1.1 1.2 1.3  1.4 1.5  1.6 1.7 1.8

 f igure  15 & 16: o vershoot /u ndershoot  s pecifications maximum amplitude overshoot area v dd /v dd q time (ns) volts (v) maximum amplitude undershoot area time (ns) v ss /v ss q volts (v) v ss /v ss q figure 15:  overshoot figure 16:  undershoot logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product p ackage  o utline  d imensions                                      parameter                                                                          25                       3                     units 0d[lpxpshdndpsolwxghiruryhuvkrrwduhdvhh)ljxuh 0d[lpxpshdndpsolwxghdoorzhgiruxqghuvkrrwduhdvhh)ljxuh  0d[lpxpryhuvkrrwduhdderyh9 dd   vhh)ljxuh 0d[lpxpxqghuvkrrwduhdehorz9 vv vhh)ljxuh t able  23: a ddress   and  c ontrols  p ins     9 9 9qv 9qv     specifications p ackage  o utline  d imensions                                      parameter                                                                          25                        3              units 0d[lpxpshdndpsolwxghiruryhuvkrrwduhdvhh)ljxuh 0d[lpxpshdndpsolwxghdoorzhgiruxqghuvkrrwduhdvhh)ljxuh  0d[lpxpryhuvkrrwduhdderyh9 dd 4vhh)ljxuh 0d[lpxpxqghuvkrrwduhdehorz9 vv 4vhh)ljxuh t able  24: c lock , d ata , s trobe ,  and  m ask  p ins     9 9 9qv 9qv     specifications

 see note 2 see note 5 9 ,; $& p ackage  o utline  d imensions     parameter/condition                                                          symbol             min                        max                   units     notes ,qsxwvhwxswlplqjphdvxuhphqwuhihuhqfhohyhodgguhvvedoov edqndgguhvvedoov&6?5$6?&$6?:(?2'7'0 8'0/'0dqg&.( ,qsxwkrogwlplqjphdvxuhphqwuhihuhqfhohyhodgguhvvedoov edqndgguhvvedoov&6?5$6?&$6?:(?2'7'0 8'0/'0dqg&.( ,qsxwwlplqjphdvxuhphqwuhihuhqfhohyhovlqjohhqghg8'46[ /'46[ ,qsxwwlplqjphdvxuhphqwuhihuhqfhohyhogliihuhqwldo&.&.? 8'46[ 8'46[?/'46[/'46[? 9 9     t able  25:  ac i nput  t est  c onditions 9 dd 4[ 9 dd 4[ 9 rs 9 rh   9 ref '& 9 rd 127(6  $ooyrowdjhvuhihuhqfhgwr9vv  ,qsxwzdyhirupvhwxswlplqj t ,6elvuhihuhqfhgiurpwkhlqsxwvljqdo furvvlqjdwwkh9 ih $&ohyhoirudulvlqjvljqdodqg9 il $&irudidoolqj vljqdodssolhgwrwkhghylfhxqghuwhvwdvvkrzqlq)ljxuh   6hh,qsxw6ohz5dwh'hudwlqj  7khvohzudwhiruvlqjohhqghglqsxwvlvphdvxuhgiurp'&oh yhowr$& ohyho9 il '&wr9 ih $&rqwkhulvlqjhgjhdqg9 il $&wr9 ih '&rq wkhidoolqjhgjh)ruvljqdovuhihuhqfhgwr9 ref wkhydolglqwhuvhfwlrq lvzkhuhwkhvwdqjhqwwolqhlqwhuvhfwv9 ref dvvkrzqlq)ljxuh dqg  ,qsxw zdyhirup krog  t ,+e wlplqj lv uhihuhqfhg iurp wkh lqsxw vljqdo furvvlqjdwwkh9 il '&ohyhoirudulvlqjvljqdodqg9 ih '&irudidoolqj vljqdodssolhgwrwkhghylfhxqghuwhvwdvvkrzqlq)ljxuh  ,qsxwzdyhirupvhwxswlplqj t '6dqgkrogwlplqj t '+zkhqvlqjoh hqghggdwdvwurehlvhqdeohglvuhihuhqfhgiurpwkhfurvvlqjri '46 8'46 ru /'46 wkurxjk wkh 9 ref  ohyho dssolhg wr wkh ghylfh xqghu whvwdvvkrzqlq)ljxuh  ,qsxwzdyhirupvhwxswlplqj t '6dqgkrogwlplqj t '+zkhqgliihuhq - wldogdwdvwurehlvhqdeohglvuhihuhqfhgiurpwkhfurvvsrlqw ri'46[ '46[?8'46[8'46[?/'46[/'46[?dvvkrzqlq)ljxuh  ,qsxwzdyhirupwlplqjlvuhihuhqfhgwrwkhfurvvlqjsrlqwoh yho9l[ri wzrlqsxwvljqdov9wudqg9fsdssolhgwrwkhghylfhxqghuwhv wzkhuh 9wulvwkhwuxhlqsxwvljqdodqg9fslvwkhfrpsohphqwdu\lqsxw vljqdo dvvkrzqlq)ljxuh  7khvohzudwhirugliihuhqwldoo\hqghglqsxwvlvphdvxuhgiu rpwzlfhwkh '&ohyhowrwzlfhwkh$&ohyho[9 il '≀[9 ih $&rqwkhidoolqj hgjh iru h[dpsoh wkh &.&.? zrxog eh p9 wr p9 iru &. ulvlqjhgjhdqgzrxogehp9wrp9iru&.idoolqjhgjh logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product i nput  s lew  r ate  d erating )rudoolqsxwvljqdovwkhwrwdo t ,6vhwxswlphdqg t ,+krogwlphuhtxluhglv fdofxodwhge\dgglqjwkhgdwdvkhhw t ,6edvhdqg t ,+edvhydoxhwrwkh ' t ,6dqg ' t ,+ghudwlqjydoxhuhvshfwlyho\6hwxsdqgkrogwlphvduhedvh g rqphdvxuhphqwvdwwkhghylfh1rwhwkdwdgguhvvdqgfrqwurosl qvsuhv - hqwwkhfdsdflwdqfhripxowlsohglhwrwkhv\vwhp7klvfdsdflw dqfhlvohvv wkdqwkhhtxlydohqwqxpehuriglvfuhwhghylfhvgxhwrwkhkljkh uohyhori glhlqwhjudwlrqkrzhyhulwpxvwehdffrxqwhgiruzkhqgulylqj wkhvhslqv 6ohz udwhv rq wkhvh slqv zloo eh vorzhu wkdq slqv zlwk rqo\ rqh  glh ordg xqohvvphdvxuhvduhpdghwrlqfuhdvhwkhvwuhqjwkriwkhvljqdo gulyhudqg orzhuwkhwudfhlpshgdqfhsursruwlrqdoo\rqvljqdovfrqqhfwlqj wrpxowlsoh lqwhuqdoglh t ,6 wkh qrplqdo vohz udwh iru d ulvlqj vljqdo lv ghilqhg dv wk h vohz udwh ehwzhhqwkhodvwfurvvlqjri9 ref '&dqgwkhiluvwfurvvlqjri9 ih $& 0,1  6hwxs qrplqdo vohz udwh  t ,6 iru d idoolqj vljqdo lv ghilqhg dv wkh vohzudwhehwzhhqwkhodvwfurvvlqjri9 ref '&dqgwkhiluvwfurvvlqjri 9 il $&0$; ,i wkh dfwxdo vljqdo lv odwhu wkdq wkh qrplqdo vohz udwh olqh d q\zkhuh ehwzhhqwkhvkdghgv9 ref '≀$&uhjlrqvxvhwkhqrplqdovohzudwh iruwkhghudwlqjydoxh,iwkhdfwxdovljqdolvodwhuwkdqwkh qrplqdovohzudwh olqhdq\zkhuhehwzhhqwkhvkdghgv9 ref '≀$&uhjlrqwwkhvohzudwh  ridwdqjhqwolqhwrwkhdfwxdovljqdoiurpwkh$&ohyhowr'& ohyholvxvhg iruwkhghudwlqjydoxh t ,+ wkh qrplqdo vohz udwh iru d ulvlqj vljqdo lv ghilqhg dv wk h vohz udwh ehwzhhqwkhodvwfurvvlqjri9 il '&0$;dqgwkhiluvwfurvvlqjri9 ref '&  t ,+qrplqdovohzudwhirudidoolqjvljqdolvghilqhgdvwkhv ohzudwhehwzhhq wkhodvwfurvvlqjri9 ih '&0,1dqgwkhiluvwfurvvlqjri9 ref '& ,iwkhdfwxdovljqdolvdozd\vodwhuwkdqwkhqrplqdovohzudwh olqhehwzhhq vkdghgv'&wr9 ref '&uhjlrqwxvhwkhqrplqdovohzudwhiruwkhghudwlqj ydoxh ,iwkhdfwxdovljqdolvhduolhuwkdqwkhqrplqdovohzudwholqh dq\zkhuhehwzhhq vkdghgv'&wr9 ref '&uhjlrqvwkhvohzudwhridwdqjhqwolqhwrwkhdfwxdo vljqdoiurpwkh'&ohyhowr9 ref '&ohyholvxvhgiruwkhghudwlqjydoxh $owkrxjkwkhwrwdovhwxswlphpljkwehqhjdwlyhiruvorzvohzu dwhvdydolg lqsxw vljqdo zloo qrw kdyh uhdfkhg 9 ih >$&@9 il >$&@ dw wkh wlph ri wkh ulvlqj forfnwudqvlwlrqdydolglqsxwvljqdolvvwloouhtxluhgwrfr psohwhwkhwudqvlwlrq dqguhdfk9 ih $&9 il $& )ruvohzudwhvlqehwzhhqwkhydoxhvolvwhg7deohdqg7deoh wkhghudw - lqjydoxhvpd\ehrewdlqhge\olqhdulqwhusrodwlrq                   t able  26:  ddr2-400/533 s etup   and  h old  t ime  d erating  v alues  ( t is/ t ih) cmd/addr  slew rate v/ns    150 125  0 -11 -25   -110   -350 -525        21 0  -31   -125  -292  -500  -1125  209   155 113 30 19 5 -13    -255 -320     119 113 105  51 30 16 -1  -53 -95  -262    -1095  239  210   60  29 6 -23 -65  -232 -315   -1065    135 105  60  29 6 -23 -65  -232 -315   -1065 sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv                  2.0v/ns                              1.5v/ns                                 1.0v/ns                     ck, ck\ differential slew rate           units ' t is  ' t ih  ' t is  ' t ih  ' t is  ' t ih 

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product                   t able  27:  ddr2-667/800 s etup   and  h old  t ime  d erating  v alues  ( t is/ t ih) cmd/addr  slew rate v/ns 150  133 120 100  0 -5 -13 -22  -60 -100  -200 -325  -1000      21 0  -31   -125  -292  -500  -1125   163 150   30 25    -30    -295    119 113 105  51 30 16 -1  -53 -95  -262    -1095 210 203 193  160  60 55   36 0    -265      135 105  60  29 6 -23 -65  -232 -315   -1065 sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv sv                  2.0v/ns                              1.5v/ns                                 1.0v/ns                     ck, ck\ differential slew rate           units ' t is  ' t ih  ' t is  ' t ih  ' t is  ' t ih 

 v ss ck# ck t ih t is t ih setup slew rate  rising signal setup slew rate  falling signal tf tr  tf = v ih(ac)min  -  v ref (dc)  tr = v ddq t is nominal  slew rate v ref  to ac region v ref  to ac region v ref (dc)   - v il(ac)max v ih(dc)min v ref(dc) v il(ac)max v il(dc)max v ih(ac)min nominal  slew rate setup slew rate  rising signal  tf  tr tangent  li ne (v ih[ac]min  - v ref[dc] )   tr = tangent line tangent  line v ref  to ac  region nominal  line t ih t is t ih t is v ss ck# ck v ddq v ih(ac)min v ih(dc)min v ref(dc) v il(dc)max v il(ac)max v ref  to ac  region nominal  line logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  17 - n ominal  s lew  r ate   for   t is f igure  18 - t angent  l ine   for   t is

 tr tf nominal  slew rate dc to v ref   region t ih t is t is v ss ck# ck v ddq v ih(dc)min v ref(dc) v il(ac)max v il(dc)max v ih(ac)min dc to v ref   region nominal  slew rate t ih tangent  line dc to v ref   region t ih t is t is v ss v ddq v ih(dc)min v ref(dc) v il(ac)max v il(dc)max v ih(ac)min dc to v ref   region tangent  line t ih ck ck# hold slew rate  falling signal tf tr (v ih [dc ]min  - v ref[dc] )  tf = nominal  line hold slew rate  rising signal tangent line   (v ref[dc]  - v il [dc] max )  tr = nominal  line tangent line logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  19 - n ominal  s lew  r ate   for   t ih f igure  20 - t angent  l ine   for   t ih

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product          t able  28 - ddr2-400/533  t ds,  t dh d erating   values   with  d ifferential  s trobe dq slew rate v/ns 125  0 -11 - - - -  21 0  - - - - 125  0 -11 -25 - - - -  21 0  -31 - - - - - 95 12 1 -13 -31 - - - - 33 12 -2 -19  - - - - -  13 -1 -19  - - - -  10  -30 -59 - - - - - 25 11  -31  - - - - 22 5    - - - - - 23 5 -19 -62  - - - -  -6 -35   - - - - -   -50 -115 - - - - - 6 -23 -65  - - - - - - 5  -103 - - - - - - -11 -53 -116         4.0v/ns            3.0v/ns           2.0v/ns           1.8v/ns           1.6v/ns            1.4v/ns           1.2v/ns            1.0v/ns           0.8v/ns dqsx, dqsx\ differential slew rate         21 0 - - - - - 125  0 - - - - - 127(6  )ru doo lqsxw vljqdov wkh wrwdo t '6 dqg t '+ uhtxluhg lv fdofxodwhg e\ dgglqj wkh gdwdvkhhw ydoxh wr wkh ghudwlqj ydoxh olvwhg lq wkh deryh wdeoh  t '6 qrplqdo vohz udwh iru d ulvlqj vljqdo lv ghilqhg dv wkh vohz udwh ehwzhhqwkhodvwfurvvlqjri9 ref '&dqgwkhiluvwfurvvlqjri9 ih $& 0,1 t '6qrplqdovohzudwhirudiluvwfurvvlqjri9 il $&0$;)ljxuh liwkhdfwxdovljqdolv dozd\vhduolhuwkdqwkhqrplqdovo hzudwholqh ehwzhhq wkh vkdghg v9 ref '& wr $& uhjlrqw xvh wkh qrplqdo vohz udwhiruwkhghudwlqjydoxh,iwkhdfwxdovljqdolvodwhuwkdq wkhqrplqdo vohzudwholqhdq\zkhuhehwzhhqwkhvkdghgv9 ref '≀$&uhjlrqw wkhvohzudwhridwdqjhqwolqhwrwkhdfwxdovljqdoiurpwkh$ &ohyhowr wkh'&ohyholvxvhgiruwkhghudwlqjydoxh)ljxuh  t '+ qrplqdo vohz udwh iru d ulvlqj vljqdo lv ghilqhg dv wkh vohz udwh ehwzhhq wkh odvw furvvlqj ri 9 il '& 0$; dqg wkh iluvw furvvlqj ri 9 ref '& t '+qrplqdovohzudwhirudidoolqjvljqdolvghilqhgdvwkh vohzudwhehwzhhqwkhodvwfurvvlqjri9 ih '&0,1dqgwkhiluvwfurvv - lqjri9 ref '&,iwkhdfwxdovljqdolvdozd\vodwhuwkdqwkhqrplqdo vohzudwholqhehwzhhqwkhvkdghgv'&ohyhowr9 ref '&uhjlrqwxvh wkhqrplqdovohzudwhirughudwlqjydoxh)ljxuh,iwkhdf wxdovljqdo lv hduolhu wkdq wkh qrplqdo vohz udwh olqh dq\zkhuh ehwzhhq vkd ghg v'&wr9 ref '&uhjlrqwwkhudwhridwdqjhqwolqhwrwkhdfwxdovljqdo iurpwkh'&ohyhowr9 ref '&ohyholvxvhgiruwkhghudwlqjydoxhvhh )ljxuh  $owkrxjkwkhwrwdovhwxswlphpljkwehqhjdwlyhiruvorzvoh zudwhvd ydolglqsxwvljqdozlooqrwkdyhuhdfkhg9 ih >$&@9 il >$&@dwwkhwlphri wkhulvlqjforfnwudqvlwlrqdydolglqsxwvljqdolvvwloouht xluhgwrfrp - sohwhwkhwudqvlwlrqdqguhdfk9 ih $&9 il $&  )ru vohz udwhv ehwzhhq wkh ydoxhv olvwhg lq wklv wdeoh wkh ghudwlqj ydoxhvpd\ehrewdlqhgyldolqhdulqwhusrodwlrq  7khvhydoxhvduhw\slfdoo\qrwvxemhfwwrsurgxfwlrqwhvw7 kh\duhyhul - ilhge\ghvljqdqgfkdudfwhul]dwlrq  6lqjohhqghg'46[uhtxluhvvshfldoghudwlqj7khydoxhvlq7 deoh duhwkh'46vlqjohhqghgvohzudwhghudwlqjzlwk'46uhihuhqfhg dw 9 ref dqg'4uhihuhqfhgdwwkhorjlfohyhov t '6edqg t '+e&rqyhuwlqj wkhghudwhgedvhydoxhviurp'4uhihuhqfhgwrwkh$&'&wulssr lqwvwr '4uhihuhqfhgwr9 ref lvolvwhglq7deohdqg7deohsurylghv wkh 9 ref edvhg ixoo\ ghudwhg ydoxhv iru wkh '4  t '6d dqg t '+d iru ''57deohsurylghvwkh9 ref edvhgixoo\ghudwhgydoxhviru wkh'4 t '6ddqg t '+diru''5 ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh 

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 50 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product          t able  29 - ddr2-667/800  t ds,  t dh d erating   values   with  d ifferential  s trobe dq slew rate v/ns 100  0 -5 -13 -22  -60 -100 63  0  -31   -125  100  0 -5 -13 -22  -60 -100 63  0  -31   -125  112  12  -1 -10 -22     12 -2 -19   -113   91  19 11 2 -10 -36   66  10  -30 -59 -101  136 103 36 31 23  2   99  36 22 5    -152  115   35 26  -12 -52 111 90    -6 -35   160  60 55   26 0  123 102 60  29 6 -23 -65   139   59 50  12  135      -11 -53 -116         4.0v/ns            3.0v/ns           2.0v/ns           1.8v/ns           1.6v/ns            1.4v/ns           1.2v/ns            1.0v/ns           0.8v/ns dqsx, dqsx\ differential slew rate        63  0  -31   -125  100  0 -5 -13 -22  -60 -100 127(6  )ru doo lqsxw vljqdov wkh wrwdo t '6 dqg t '+ uhtxluhg lv fdofxodwhg e\ dgglqj wkh gdwdvkhhw ydoxh wr wkh ghudwlqj ydoxh olvwhg lq wkh deryh wdeoh  t '6 qrplqdo vohz udwh iru d ulvlqj vljqdo lv ghilqhg dv wkh vohz udwh ehwzhhqwkhodvwfurvvlqjri9 ref '&dqgwkhiluvwfurvvlqjri9 ih $& 0,1 t '6qrplqdovohzudwhirudiluvwfurvvlqjri9 il $&0$;)ljxuh liwkhdfwxdovljqdolv dozd\vhduolhuwkdqwkhqrplqdovo hzudwholqh ehwzhhq wkh vkdghg v9 ref '& wr $& uhjlrqw xvh wkh qrplqdo vohz udwhiruwkhghudwlqjydoxh,iwkhdfwxdovljqdolvodwhuwkdq wkhqrplqdo vohzudwholqhdq\zkhuhehwzhhqwkhvkdghgv9 ref '≀$&uhjlrqw wkhvohzudwhridwdqjhqwolqhwrwkhdfwxdovljqdoiurpwkh$ &ohyhowr wkh'&ohyholvxvhgiruwkhghudwlqjydoxh)ljxuh  t '+ qrplqdo vohz udwh iru d ulvlqj vljqdo lv ghilqhg dv wkh vohz udwh ehwzhhq wkh odvw furvvlqj ri 9 il '& 0$; dqg wkh iluvw furvvlqj ri 9 ref '& t '+qrplqdovohzudwhirudidoolqjvljqdolvghilqhgdvwkh vohzudwhehwzhhqwkhodvwfurvvlqjri9 ih '&0,1dqgwkhiluvwfurvv - lqjri9 ref '&,iwkhdfwxdovljqdolvdozd\vodwhuwkdqwkhqrplqdo vohzudwholqhehwzhhqwkhvkdghgv'&ohyhowr9 ref '&uhjlrqwxvh wkhqrplqdovohzudwhirughudwlqjydoxh)ljxuh,iwkhdf wxdovljqdo lv hduolhu wkdq wkh qrplqdo vohz udwh olqh dq\zkhuh ehwzhhq vkd ghg v'&wr9 ref '&uhjlrqwwkhudwhridwdqjhqwolqhwrwkhdfwxdovljqdo iurpwkh'&ohyhowr9 ref '&ohyholvxvhgiruwkhghudwlqjydoxhvhh )ljxuh  $owkrxjkwkhwrwdovhwxswlphpljkwehqhjdwlyhiruvorzvoh zudwhvd ydolglqsxwvljqdozlooqrwkdyhuhdfkhg9 ih >$&@9 il >$&@dwwkhwlphri wkhulvlqjforfnwudqvlwlrqdydolglqsxwvljqdolvvwloouht xluhgwrfrp - sohwhwkhwudqvlwlrqdqguhdfk9 ih $&9 il $&  )ru vohz udwhv ehwzhhq wkh ydoxhv olvwhg lq wklv wdeoh wkh ghudwlqj ydoxhvpd\ehrewdlqhgyldolqhdulqwhusrodwlrq  7khvhydoxhvduhw\slfdoo\qrwvxemhfwwrsurgxfwlrqwhvw7 kh\duhyhul - ilhge\ghvljqdqgfkdudfwhul]dwlrq  6lqjohhqghg '46 uhtxluhv vshfldo ghudwlqj 7kh ydoxhv lq 7d eoh  duhwkh'46vlqjohhqghgvohzudwhghudwlqjzlwk'46uhihuhqfhg dw 9 ref dqg'4uhihuhqfhgdwwkhorjlfohyhov t '6edqg t '+e&rqyhuwlqj wkhghudwhgedvhydoxhviurp'4uhihuhqfhgwrwkh$&'&wulssr lqwv wr'4uhihuhqfhgwr9 ref lvolvwhglq7deoh7deohsurylghvwkh 9 ref edvhgixoo\ghudwhgydoxhviruwkh'4 t '6ddqg t '+diru''5 ,wlvqrwdgylvhgwrrshudwh''5ghylfhvzlwkvlqjoh hqghg '46krzhyhu7deohzrxogehxvhgzlwkwkhedvhydoxhv ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh 

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 51 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product          t able  30 - s ingle -e nded  dqs s lew  r ate  d erating  v alues  u sing   t ds b ,  t dh b   dq slew rate v/ns 130  30 25  5    53 32 -10    -93 -135  130  30 25  5    53 32 -10    -93 -135  130  30 25  5    53 32 -10    -93 -135  130  30 25  5    53 32 -10    -93 -135   112   32 20  -13 -63   -15 -29  -69   -203 155 122 55 50  30  -3 -53    -32   -102  -206 160  60 55   26 0  123 102 60  29 6 -23 -65   139   59 50  12  135      -11 -53 -116         2.0v/ns           1.8v/ns           1.6v/ns            1.4v/ns           1.2v/ns            1.0v/ns           0.8v/ns           0.6v/ns           0.4v/ns dqsx single-ended slew rate derated (at v ref )   53 32 -10    -93 -135  130  30 25  5             t able  31 - s ingle -e nded  dqs s lew  r ate  f ully  d erated  (dqs, dq  at  v ref )  at  ddr2-667 dq slew rate v/ns 330 330 330   391   522 291 290 290 290 290 290 290 290  330 330 330   391   522 291 290 290 290 290 290 290 290  330 330 330   391   522 291 290 290 290 290 290 290 290  330 330 330   391   522 291 290 290 290 290 290 290 290     362               355 355 355  392              365 365 365                   392                       2.0v/ns           1.8v/ns           1.6v/ns            1.4v/ns           1.2v/ns            1.0v/ns           0.8v/ns           0.6v/ns           0.4v/ns dqsx single-ended slew rate derated (at v ref )   291 290 290 290 290 290 290 290  330 330 330   391   522          t able  32 - s ingle -e nded  dqs s lew  r ate  f ully  d erated  (dqs, dq  at  v ref )  at  ddr2-533 dq slew rate v/ns 351      510           339 351      510           339 351      510           339 351      510           339   395    525  662 336 335 335 335 335 335 335 335        535   332 332 332 332 332 331 332 332 331 390 399        329 329              555  692 326 325 325 325 325 325 325 325          2.0v/ns           1.8v/ns           1.6v/ns            1.4v/ns           1.2v/ns            1.0v/ns           0.8v/ns           0.6v/ns           0.4v/ns dqsx single-ended slew rate derated (at v ref )           339 351      510   ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh 

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 52 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product          t able  33 - s ingle -e nded  dqs s lew  r ate  f ully  d erated  (dqs, dq  at  v ref )  at  ddr2-400 dq slew rate v/ns      513 560 622  391 390 390 390 390 390 390 390       513 560 622  391 390 390 390 390 390 390 390       513 560 622  391 390 390 390 390 390 390 390       513 560 622  391 390 390 390 390 390 390 390                                            595                  605                    2.0v/ns           1.8v/ns           1.6v/ns            1.4v/ns           1.2v/ns            1.0v/ns           0.8v/ns           0.6v/ns           0.4v/ns dqsx single-ended slew rate derated (at v ref )   391 390 390 390 390 390 390 390       513 560 622  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh  ' t ds  ' t dh 

 v ref  to ac  region v ref  to ac  region setup slew rate  rising signal setup slew rate  falling signal  tf  tr v ref(dc)   - v il(ac)max  tf = v ih(ac)min  -  v ref(dc)  tr = nominal  slew rate v ss dqs# 1 dqs 1 v ddq v ih(dc)min v ref(dc) v il(ac)max v il(dc)max v ih(ac)min t dh t ds nominal  slew rate t dh t ds note: 1. dqs, dqs# signals must be monotonic between v il(dc)max  and v ih(dc)min   .  tf  tr setup slew rate  rising signal setup slew rate  falling signal tangent line (v ref[dc]  - v il[ac]max )  tf = tangent line (v ih[ac]min  - v ref[dc] )  tr = t dh t ds t dh t ds v ss dqs# 1 dqs 1 v ddq v ih(dc)min v ref(dc) v il(ac)max v il(dc)max v ih(ac)min nominal line tangent line nominal  line tangent line v ref  to ac  region v ref  to ac  region note: 1. dqs, dqs# signals must be monotonic between v il(dc)max  and v ih(dc)min.   logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 53 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  21 - n ominal  s lew  r ate   for   t ds f igure  22 - t angent  l ine   for   t ds

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  23 - n ominal  s lew  r ate   for   t dh hold slew rate  falling signal hold slew rate  rising signal v ref(dc)  -  v il(dc)max  tr = v ih(dc)min   -  v ref(dc)  tf =  tr  tf nominal  slew rate dc to v ref   region t ih t is t is v ss dqs# 1 dqs 1 v ddq v ih(dc)min v ref(dc) v il(ac)max v il(dc)max v ih(ac)min dc to v ref   region nominal  slew rate t ih note: 1. dqs, dqs# signals must be monotonic between v il(dc)max  and v ih(dc)min.   f igure  24 - t angent  l ine   for   t dh tangent  line dc to v ref region t ih t is t is v ss v ddq v ih(dc)min v ref(dc) v il(ac)max v il(dc)max v ih(ac)min dc to v ref region tangent  line t ih dqs 1 dqs# 1 hold slew rate  falling signal tf tr tangent  line (v ih[dc]min  - v ref[dc] ) tf = nominal  line hold slew rate  rising signal tangent  line (v ref[dc]  - v il[dc]max ) tr = nominal  line note: 1. dqs, dqs# signals must be monotonic between v il(dc)max  and v ih(dc)min.

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 55 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  25 - ac i nput  t est  s ignal  w aveform  c ommand /a ddress  b alls t is a logic levels v ref  levels t ih a t is a t ih a t is b t ih b t is b t ih b ck# ck v ddq v ih(ac)min v ih(dc)min v ref(dc) v il(dc)min v il(ac)min v ssq vswing (max) f igure  26 - ac i nput  t est  s ignal  w aveform   for  d ata   with  dqs, dqs# (d ifferential ) dqs# dqs t ds a t dh a t ds a t dh a t ds b t dh b t ds b t dh b logic levels v ref  levels v ref(dc) v il (dc)max v il (ac)max v ssq v ih(dc)min v ih(ac)min v ddq vswing (max)

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 56 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  27 - ac i nput  t est  s ignal  w aveform   for  d ata   with  dqs (s ingle -e nded ) dqs v ref v ref(dc)   v il(dc)max v il(ac)max v ssq v ih(dc)min v ih(ac)min v ddq vswing (max) logic levels v ref  levels t ds a t dh a t ds a t dh a t ds b t dh b t ds b t dh b f igure  28 - ac i nput  t est  s ignal  w aveform  (d ifferential ) v tr vswing v cp v ddq v ssq v ix crossing point

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product p ackage  o utline  d imensions       function                                    cycle        cycle         cs\         ras\        cas\        we\      ba 1 -ba 0    a n  -a 11        a 10         a 9 -a 10       notes                                                                                                      load mode refresh self refresh (175< self refresh (;,7 precharge 6,1*/(%$1. precharge $//%$1.6 bank activate write write  zlwk$87235(&+$5*( read read  zlwk$87235(&+$5*( no operation device deselect power-down (175< power-down (;,7  1-3  1-3 1-3,6 1-3      1-3 1-3 1-3,9 1-3,9 t able  34: t ruth  t able  - ddr2 c ommands l l l ; h l l l h h h h h ; ; h ; h l l l ; h h h h l l l l h ; ; h ; h l h h ; h l l h l l h h h ; ; h ; h %$ ; ; ; %$ ; %$ %$ %$ %$ %$ ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; l h l h l h ; ; ; ; ; ; ; ; ; ; ; ; ; h h l h h h h h h h h ; ; l h l l l h l l l l l l l l l h h l h l cke   prev       current dgguhvvlqjghshqglqjrqghqvlw\dqgfrqiljxudwlrq  %dqn$gguhvvhv%$ghwhuplqhvzklfkedqnlvwrehrshudwhg xsrq %$ gxulqj d /2$' 02'( frppdqg vhohfwv zklfk prgh uhjlvwhu lv surjudpphg  6(/)5()5(6+h[lwlvdv\qfkurqrxv  %xuvw 5($'6 ru :5,7(6 dw %/    fdqqrw eh whuplqdwhg ru lqwh u - uxswhg  7kh 32:(5'2:1 prgh grhv qrw shuirup dq\ 5()5(6+ rshud - wlrqv 7kh gxudwlrq ri 32:(5'2:1 lv olplwhg e\ wkh 5()5(6+ uhtxluhphqwvrxwolqhglqwkh$&sdudphwulfvhfwlrq 127(6  $oo''56'5$0frppdqgvduhghilqhge\vwdwhvri&6?5$6? &$6? :(?dqg&.(dwwkhulvlqjhgjhriwkhforfn  7khvwdwhri2'7grhvqrwdiihfwwkhvwdwhvghvfulehglqwkl vwdeoh7kh 2'7ixqfwlrqlvqrwdydlodeohgxulqj6(/)5()5(6+6hh2'7wlpl qj irughwdlov  v;wghqrwhvhlwkhudv+wrut/wexwdghilqhg/2*,&/hyho iruydolg, dd  phdvxuhphqwv  %$%$ iru ghqvlwlhv xs wr *e prgxohv %$ lqfoxghg iru edqn dgguhvvrq t *eprgxohv  $qqlvwkhprvwvljqlilfdqwdgguhvvelwirudjlyhqghqvlw\ dqgfrqiljxud - wlrq 6rph odujhu dgguhvv elwv pd\ eh v'21u7 &$5(w gxulqj froxp q commands truth table h h h l h h h h h h h h h h l &roxpq $gguhvv &roxpq $gguhvv &roxpq $gguhvv &roxpq $gguhvv &roxpq $gguhvv &roxpq $gguhvv &roxpq $gguhvv &roxpq $gguhvv 52:$gguhvv 23&rgh

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product current state  any idle row active read  $xwr3uhfkdujh 'lvdeohg write $xwr3uhfkdujh 'lvdeohg t able  35:  t ruth  t able  - c urrent  s tate  b ank   n -  c ommand   to  b ank   n ; h h h l h l l h h l h l l cs\         ras\ command/action notes deselect 123frqwlqxhsuhylrxvrshudwlrq no operation 123frqwlqxhsuhylrxvrshudwlrq activate vhohfwdqgdfwlydwh52: refresh load mode read  vhohfw&2/801dqgvwduw5($'exuvw write  vhohfw&2/801dqgvwduw:5,7(exuvw precharge ghdfwlydwh52:lqedqnruedqnv read vhohfw&2/801dqgvwduw5($'exuvw write vhohfw&2/801dqgvwduw:5,7(exuvw precharge vwduw35(&+$5*( read vhohfw&2/801dqgvwduw5($'exuvw write vhohfw&2/801dqgvwduw:5,7(exuvw precharge  vwduw35(&+$5*( 1-6 1-6 1-6     1-6,9   1-6,9   1-6,9 127(6  7klvwdeohdssolhvzkhq&.(qzdv+,*+dqg&.(qlv+,*+d qgdiwhu t ;615kdvehhqphwliwkhsuhylrxvvwdwhzdv6(/)5()5(6+  7klvwdeohlvedqnvshflilfh[fhswzkhuhqrwhgwkhfxuuhqw vwdwhlvirudvshflilfedqndqgwkhfrppdqgvvkrzqduhwkrvh doorzhgwrehlvvxhgwrwkdw edqnzkhqlqwkdwvwdwh([fhswlrqvduhfryhuhglqwkhehorz  &xuuhqwvwdwhghilqlwlrqv  7khiroorzlqjvwdwhvpxvwqrwehlqwhuuxswhge\dfrppdqglv vxhgwrwkhvdphedqn,vvxh'(6(/(&7ru123frppdqgvrudoorzd eohfrppdqgvwr wkhrwkhuedqnrqdq\forfnhgjhrffxuulqjgxulqjwkhvhvwdwhv $oorzdeohfrppdqgvwrwkhrwkhuedqnduhghwhuplqhge\lwvfx uuhqwvwdwhdqgwklvwdeoh dqgdffruglqjwr7deoh cas\         we\ ; h h l l l l h l l h l l h ; h l l l h h l h h l h h l h l l l l l l l l l l l l l idle: row active read write 7khedqnkdvehhqsuhfkdujhg t 53kdvehhqphwdqgdq\5($'exuvwlvfrpsohwh $52:lqdedqnkdvehhqdfwlydwhgdqg t 5&'kdvehhqphw1rgdwdexuvwvdffhvvhvdqgqruhjlvwhudffh vvhvduhlqsurjuhvv $5($'exuvwkdvehhqlqlwldwhgzlwkdxwrsuhfkdujhglvdeohgdq gkdvqrw\hwwhuplqdwhg $:5,7(exuvwkdvehhqlqlwldwhgzlwkdxwrsuhfkdujhglvdeohgd qgkdvqrw\hwwhuplqdwhg precharge read w/  auto pre- charge enabled row activate write w/ auto pre- charge enabled 6wduwvzlwkuhjlvwudwlrqrid35(&+$5*(frppdqgdqghqgvzkhq t 53lvphwwkhedqnzlooehlqwkhlgohvwdwh 6wduwvzlwkuhjlvwudwlrqrid5($'frppdqgzlwk$xwr3uhfkdujh hqdeohgdqghqgvzkhq t 53kdvehhqphw$iwhu t 53lvphw wkhedqnzlooehlqwkhlgohvwdwh 6wduwvzlwkuhjlvwudwlrqrid:5,7(frppdqgzlwk$xwr3uhfkdujh hqdeohgdqghqgvzkhq t 5&'lvphwwkhedqnzlooehlqwkh 52:dfwlyhvwdwh 6wduwvzlwkuhjlvwudwlrqrid:5,7(frppdqgzlwk$xwr3uhfkdujh hqdeohgdqghqgvzkhq t 53kdvehhqphw$iwhu t 53lvphw wkhedqnzlooehlqwkhlgohvwdwh

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 59 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product refresh accessing mode  register precharge all 6wduwvzlwkuhjlvwudwlrqrid5()5(6+frppdqgdqghqgvzkhq t 5)&lvphwwkh''56'5$0zlooehlqwkhdooedqnvlgohvwdwh 6wduwvzlwkuhjlvwudwlrqridwkh/2$'02'(frppdqgdqghqgvzk hq t 05'kdvehhqphw$iwhu t  05'lvphwwkh''56'5$0zlooehlq wkhdooedqnvlgohvwdwh 6wduwvzlwkuhjlvwudwlrqrid35(&+$5*($//frppdqgdqghqgvzk hq t 53lvphw$iwhu t 53lvphwdooedqnvzlooehlqwkhlgohvwdwh  7khiroorzlqjvwdwhpxvwqrwehlqwhuuxswhge\dq\h[hfxwdeo hfrppdqg'(6(/(&7ru123frppdqgvpxvwehdssolhgrqhdfksrv lwlyhforfnhgjh gxulqjwkhvhvwdwhv  $oovwdwhvdqgvhtxhqfhvqrwvkrzqduhloohjdoruuhvhuyhg  1rwedqnvshflilfuhtxluhvwkdwdooedqnvduhlgohdqgexuv wvduhqrwlqsurjuhvv  5($'vru:5,7(volvwhglqwkh&rppdqg$fwlrqfroxpqlqfoxgh 5($'vru:5,7(vzlwk$87235(&+$5*(hqdeohgdqg5($'vdqg:5,7( vzlwk $87235(&+$5*(glvdeohg  0d\rupd\qrwehedqnvshflilflipxowlsohedqnvduhwre hsuhfkdujhghdfkpxvwehlqdydolgvwdwhirusuhfkdujlqj  $:5,7(frppdqgpd\ehdssolhgdiwhuwkhfrpsohwlrqriwkh 5($'exuvw ; h ; h h l l h h l l h h l l h h l l h h l l command/action notes deselect 123frqwlqxhsuhylrxvrshudwlrq no operation 123frqwlqxhsuhylrxvrshudwlrq $q\frppdqgrwkhuzlvhdoorzhgwredqnp activate vhohfwdqgdfwlydwh52: read  vhohfw&2/801dqgvwduw5($'exuvw write  vhohfw&2/801dqgvwduw:5,7(exuvw precharge activate vhohfwdqgdfwlydwh52: read vhohfw&2/801dqgvwduwqhz5($'exuvw write vhohfw&2/801dqgvwduw:5,7(exuvw precharge activate vhohfwdqgdfwlydwh52: read vhohfw&2/801dqgvwduw5($'exuvw write vhohfw&2/801dqgvwduwqhz:5,7(exuvw precharge activate vhohfwdqgdfwlydwh52: read vhohfw&2/801dqgvwduwqhz5($'exuvw write vhohfw&2/801dqgvwduw:5,7(exuvw precharge activate vhohfwdqgdfwlydwh52: read vhohfw&2/801dqgvwduw5($'exuvw write vhohfw&2/801dqgvwduwqhz:5,7(exuvw precharge 1-6 1-6 1-6 1-6   1-6 1-6   1-6 1-6   1-6 1-6   1-6 1-6   1-6 cas\         we\ ; h ; h l l h h l l h h l l h h l l h h l l h current state  any idle row active,  active,  or precharge read  $xwr3uhfkdujh 'lvdeohg write  $xwr3uhfkdujh 'lvdeohg read  $xwr3uhfkdujh write  $xwr3uhfkdujh t able  36:  t ruth  t able  - c urrent  s tate  b ank   n -  c ommand   to  b ank   m cs\         ras\ ; h ; l h h l l h h l l h h l l h h l l h h l h l ; l l l l l l l l l l l l l l l l l l l l n otes  c ontinued

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 60 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product  7klvwdeohdssolhvzkhq&.(qzdv+,*+dqg&.(qlv+,*+d qgdiwhu t ;615kdvehhqphwliwkhsuhylrxvvwdwhzdv6(/)5()5(6+  7klvwdeohlvedqnvshflilfh[fhswzkhuhqrwhgwkhfxuuhqw vwdwhlvirudvshflilfedqndqgwkhfrppdqgvvkrzqduhwkrvh doorzhgwrehlvvxhgwrwkdw edqnzkhqlqwkdwvwdwh([fhswlrqvduhfryhuhglqwkhehorz  &xuuhqwvwdwhghilqlwlrqv 7khplqlpxpghod\iurpd5($'ru:5,7(frppdqgzlwk$87 235(&+$5*(hqdeohgwrdfrppdqgwrdgliihuhqwedqnlvvxppdul ]hglq7deoh  5()5(6+dqg/2$'02'(frppdqgvpd\rqo\ehlvvxhgzkhqdooe dqnvduhlgoh  1rw8vhg  $oovwdwhvdqgvhtxhqfhvqrwvkrzqduhloohjdoruuhvhuyhg  5($'vdqg:5,7(volvwhglqwkh&rppdqg$fwlrqfroxpqlqfoxgh 5($'vru:5,7(vzlwk$87235(&+$5*(hqdeohgdqg5($'vru:5,7( vzlwk $87235(&+$5*(glvdeohg  $:5,7(frppdqgpd\ehdssolhgdiwhuwkhfrpsohwlrqriwkh5 ($'exuvw  5htxluhvdssursuldwh'0  7khqxpehuriforfnf\fohvuhtxluhgwrphhw t :75lvhlwkhuwzrru t :75 t &.zklfkhyhulvjuhdwhu idle: row active read write read  zlwk  auto precharge hqdeohg write zlwk  auto precharge hqdeohg 7khedqnkdvehhqsuhfkdujhg t 53kdvehhqphwdqgdq\5($'exuvwlvfrpsohwh $52:lqdedqnkdvehhqdfwlydwhgdqg t 5&'kdvehhqphw1rgdwdexuvwvdffhvvhvdqgqruhjlvwhudffh vvhvduhlqsurjuhvv $5($'exuvwkdvehhqlqlwldwhgzlwkdxwrsuhfkdujhglvdeohgdq gkdvqrw\hwwhuplqdwhg $:5,7(exuvwkdvehhqlqlwldwhgzlwkdxwrsuhfkdujhglvdeohgd qgkdvqrw\hwwhuplqdwhg 7kh5($'zlwk$xwr3uhfkdujhhqdeohgru:5,7(zlwk$xwr3uhfkdu jhhqdeohgvwdwhvfdqeheurnhqlqwrwzrsduwvwkhdffhvv shulrgdqgwkh3uhfkdujhshulrg)ru5($'zlwk$xwr3uhfkdujh wkhsuhfkdujhshulrglvghilqhgdvliwkhvdphexuvwzdv h[hfxwhgzlwk$xwr3uhfkdujhglvdeohgdqgwkhqiroorzhgzlwkwk hhduolhvwsrvvleoh35(&+$5*(frppdqgwkdwvwloodffhvvhvdoo riwkhgdwdlqwkhexuvw)ru:5,7(zlwk$xwr3uhfkdujhwkhsu hfkdujhshulrgehjlqvzkhq t :5hqgvzlwk t :5phdvxuhg dvli$xwr3uhfkdujhzdvglvdeohg7khdffhvvshulrgvwduwvzlw kuhjlvwudwlrqriwkhfrppdqgdqghqgvzkhuhwkhsuhfkdujh period (or  t 53ehjlqv7klvghylfhvxssruwvfrqfxuuhqw$xwr3uhfkdujhvxfk wkdwzkhqd5($'zlwk$xwr3uhfkdujh lvhqdeohgrud:5,7(zlwk$xwr3uhfkdujhlvhqdeohgdq\frppd qgwrrwkhuedqnvlvdoorzhgdvorqjdvwkdwfrppdqggrhv qrwlqwhuuxswwkh5($'ru:5,7(gdwdwudqvihudouhdg\lqsurfhv v,qhlwkhufdvhdoorwkhuuhodwhgolplwdwlrqvdsso\frqwhqw lrq ehwzhhq5($'gdwddqg:5,7(gdwdpxvwehdyrlghg from command (bank n) write with auto  precharge read with auto  precharge t able  37:  m inimum  d elay   with  a uto  p recharge  e nabled minimum delay (with concurrent auto pre- charge) units (cl - 1) + (bl/2) +  t wtr (bl/2) 1 (bl/2) (bl/2) + 2 1 t ck t ck 5($'ru5($'zlwk$xwr3uhfkdujh :5,7(ru:5,7(zlwk$xwr3uhfkdujh 35(&+$5*(ru$&7,9$7( 5($'255($':,7+$xwr3uhfkdujh :5,7(ru:5,7(zlwk$xwr3uhfkdujh 35(&+$5*(ru$&7,9$7( to command (bank m) n otes

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 61 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh '(6(/(&7 ixqfwlrq &6? +,*+ suhyhqwv qhz frppdqgv iurp ehlqjh[hfxwhge\wkh''56'5$07kh''56'5$0lvhiihfwlyho\  ghvhohfwhg2shudwlrqvdouhdg\lqsurjuhvvduhqrwdiihfwhg'( 6(/(&7 lvdovruhihuuhgwrdv&200$1',1+,%,7 deselect 7kh35(&+$5*(frppdqglvxvhgwrghdfwlydwhwkhrshqurzlqds du - wlfxoduedqnruwkhrshqurzlqdooedqnv7khedqnvzlooeh dydlodeohiru vxevhtxhqwurzdfwlydwlrqdwdvshflilhgwlph t 53diwhuwkh35(&+$5*( frppdqglvlvvxhgh[fhswlqwkhfdvhrifrqfxuuhqw$87235(&+$ 5*( zkhuhd5($'ru:5,7(frppdqgwrdgliihuhqwedqnlvdoorzhgdv orqj dvlwgrhvqrwlqwhuuxswwkhgdwdwudqvihulqwkhfxuuhqwedqn dqggrhvqrw ylrodwhdq\rwkhuwlplqjsdudphwhuv$iwhudedqnkdvehhqsuhf kdujhglw lvlqwkhlgohvwdwhdqgpxvwehdfwlydwhgsulruwrdq\5($'dq gru:5,7( frppdqgv ehlqj lvvxhg wr d edqn lgoh vwdwh ru li wkh suhylrxv o\ rshq urzlvdouhdg\lqwkhsurfhvvrisuhfkdujlqj+rzhyhuwkh35(& +$5*( shulrg zloo eh ghwhuplqhg e\ wkh odvw 35(&+$5*( frppdqg lvvxhg wr wkhedqn precharge 7kh 12 23(5$7,21 123 frppdqg lv xvhg wr lqvwuxfw wkh vhohfwhg  ''5ghylfhwrshuirupd123&6?lv/2:5$6?&$6?dqg:(?du h +,*+7klvsuhyhqwvxqzdqwhgfrppdqgviurpehlqjuhjlvwhuhggx ulqj lgohruzdlwvwdwhv2shudwlrqvdouhdg\lqsurjuhvvduhqrwdii hfwhg no operation (nop) 7kh:5,7(frppdqglvxvhgwrlqlwldwhdexuvw:5,7(dffhvvwrd qdfwlyhurz7khydoxhrqwkhedqnvhohfwlqsxwvvhohfwvwkhe dqndqgwkhdgguhvvrqwkh dgguhvvlqsxwv$ 0 $ i zkhuh$ i lvwkhprvwvljqlilfdqwfroxpqdgguhvvelwirudjlyhqfrqiljx udwlrqvhohfwwkhvwduwlqjfroxpqorfdwlrq7khydoxhrqlqsxw $ 10  ghwhuplqhvzkhwkhuruqrw$87235(&+$5*(lvxvhg,i$87235(&+ $5*(lvvhohfwhgwkhurzehlqjdffhvvhgzlooehsuhfkdujhgdw wkhhqgri:5,7( exuvwli$87235(&+$5*(lvqrwvhohfwhgwkhurzzloouhpdlqr shqiruvxevhtxhqwdffhvvhv /2*,&uv''5l02'vdovrvxssruwwkh$/ihdwxuhzklfkdoorzv: 5,7(ru5($'frppdqgvwrehlvvxhgsulruwr t 5&'0,1e\ghod\lqjwkhdfwxdouhjlvwud - wlrqriwkh5($':5,7(frppdqgwrwkhlqwhuqdoghylfhe\$/for fnf\fohv ,qsxwgdwddsshdulqjrqwkh'4uvlvzulwwhqwrwkhphpru\duud\ vxemhfwwrwkh'0lqsxworjlfohyhodsshdulqjfrlqflghqwzlwk wkhgdwd,idjlyhq'0vljqdolv uhjlvwhuhg/2:wkhfruuhvsrqglqjgdwdzlooehzulwwhqwrphpru \liwkh'0vljqdolvuhjlvwhuhg+,*+wkhfruuhvsrqglqjgdwd lqsxwvzlooeh ljqruhgdqgd:5,7(zlooqrwehh[hfxwhgwrwkdwe\whfroxpqo rfdwlrq write 7khprghuhjlvwhuvduhordghgyldedqndgguhvvdqgdgguhvvlqsx wv7kh edqndgguhvvedoovghwhuplqhzklfkprghuhjlvwhuzlooehsurjud pphg 7kh/0frppdqgfdqrqo\ehlvvxhgzkhqdooedqnvduhlgohdqg dvxe - vhtxhqwh[hfxwdeohfrppdqgfdqqrwehlvvxhgxqwlo t 05'lvphw load mode (lm) 7kh$&7,9$7(frppdqglvxvhgwrrshqrudfwlydwhdurzlqds duwlfxodu edqnirudvxevhtxhqwdffhvv7khydoxhrqwkhedqndgguhvvlqs xwvghwhu - plqhvwkhedqndqgwkhdgguhvvlqsxwvvhohfwwkhurz7klvurz uhpdlqv dfwlyhrurshqirudffhvvhvxqwlodsuhfkdujhfrppdqglvlvvx hgwrwkdw edqn  $ suhfkdujh frppdqg pxvw eh lvvxhg ehiruh rshqlqj d glii huhqw urzlqwkhvdphedqn activate 7kh5($'frppdqglvxvhgwrlqlwldwhdexuvw5($'dffhvvwrdq dfwlyh urz 7kh ydoxh rq wkh edqn dgguhvv lqsxwv ghwhuplqh wkh edqn d qg wkh dgguhvv surylghg rq wkh dgguhvv lqsxwv $ 0 $ i  zkhuh $ i  lv wkh prvw vlj - qlilfdqw froxpq dgguhvv elw iru d jlyhq frqiljxudwlrq vhohfwv wkh vwduwlqj froxpqorfdwlrq7khydoxhrqlqsxw$ghwhuplqhvzkhwkhuruq rw$872 35(&+$5*(lvxvhg,i$87235(&+$5*(lvqrwvhohfwhgwkhurzz loo uhpdlqrshqiruvxevhtxhqwdffhvvhv/2*,&uv''5l02'vdovrv xs - sruwwkh$/ihdwxuhzklfkdoorzvd5($'ru:5,7(frppdqgwreh lvvxhgsulruwr t 5&'0,1e\ghod\lqjwkhdfwxdouhjlvwudwlrqriwkh5($' :5,7(frppdqgwrwkhlqwhuqdoghylfhe\$/forfnf\fohv read 5()5(6+ lvvxhg gxulqj qrupdo rshudwlrq ri /2*,&uv ''5 l02' dqg  lvdqdorjrxvw&$6?ehiruh5$6?&%55()5(6+$ooedqnvpxvwe hlq wkh lgoh prgh sulru wr lvvxlqj d 5()5(6+ frppdqg 7klv frppdqg lv qrqshuvlvwhqwvrlwpxvwehlvvxhghdfkwlphd5()5(6+frppdq glv uhtxluhg 7kh dgguhvvlqj lv jhqhudwhg e\ wkh lqwhuqdo uhiuhvk f rqwuroohu 7klvpdnhvwkhdgguhvvelwvdv'rquw&duhwgxulqjd5()5(6+frp pdqg refresh 7kh 6(/) 5()5(6+ frppdqg fdq eh xvhg wr uhwdlq gdwd lq /2*,&uv ''5l02'hyhqliwkhuhvwriwkhv\vwhplvsrzhuhggrzq:khq lqwkh 6(/) 5()5(6+ prgh wkh ''5 ghylfh uhwdlqv gdwd zlwkrxw h[whuqd o forfnlqj$oosrzhuvxsso\lqsxwvlqfoxglqj9 ref pxvwehpdlqwdlqhgdw ydolgohyhovxsrqhqwu\h[lwdqggxulqj6(/)5()5(6+rshudwlrq self refresh

 7kh 02'( 5(*,67(5 lv xvhg wr ghilqh wkh vshflilf prgh ri rshudw lrq ri /2*,&uv ''5 l02' 7klv ghilqlwlrq lqfoxghv wkh vhohfwlrq ri  d exuvw ohqjwk exuvw w\sh &$6 odwhqf\ rshudwlqj prgh '// 5(6(7 :5, 7( uhfryhu\dqg32:(5'2:1prghdvvkrzqlq)ljxuh&rqwhqwv ri wkh 02'( 5(*,67(5 fdq eh dowhuhg e\ uhh[hfxwlqj wkh /2$' 02'( /0 frppdqg ,i wkh xvhu fkrrvhv wr prgli\ rqo\ d vxevhw ri wk h 05 yduldeohvdooyduldeohvpxvwehsurjudpphgzkhqwkhfrppdqglv lvvxhg 7kh 05 lv surjudpphg yld wkh /0 frppdqg dqg zloo uhwdlq wkh vwr uhg lqirupdwlrq xqwlo lw lv surjudpphg djdlq ru xqwlo wkh ghylfh or vhv srzhu h[fhswiruelw0  zklfklv6(/)&/($5,1*5hsurjudpplqjwkhprgh uhjlvwhuzlooqrwdowhuwkhfrqwhqwvriwkhphpru\duud\suryl ghglwlvshu - iruphgfruuhfwo\7kh/0frppdqgfdqrqo\ehlvvxhgruuhlvvx hgzkhq dooedqnvduhlqwkh35(&+$5*('vwdwhlgohvwdwhdqgqrexuvw vduhlq surjuhvv7kh0hpru\frqwuroohupxvwzdlwwkhvshflilhgwlph t 05'ehiruh lqlwldwlqjdq\vxevhtxhqwrshudwlrqvvxfkdvdq$&7,9$7(frppdq g9lr - odwlqjhlwkhuriwkhvhuhtxluhphqwvzloouhvxowlqdqxqvshflil hgrshudwlrq mode register (mr) burst length cas# bt pd a9 a7 a6 a5 a4 a3 a8 a2 a1 a0 mode register (mx) address bus 9 76543 8 210 a10 a12 a11 ba0 ba1 10 11 12 n 0   0   14 burst length reserved reserved 4 8 reserved reserved reserved reserved m0 0 1 0 1 0 1 0 1 m1 0 0 1 1 0 0 1 1 m2 0 0 0 0 1 1 1 1   0 1 burst type   sequential interleaved m3 cas latency (cl) reserved reserved reserved 3 4 5 6 7 m4 0 1 0 1 0 1 0 1 m5 0 0 1 1 0 0 1 1 m6 0 0 0 0 1 1 1 1   0 1 mode normal test m7 15 dll tm   0 1 dll reset no yes m8 write recovery reserved 2 3 4 5 6 7 8 m9 0 1 0 1 0 1 0 1 m10 0 0 1 1 0 0 1 1 m11 0 0 0 0 1 1 1 1 wr an 2 mr m14  0 1 0 1 mode register definition mode register (mr) extended mode register (emr) extended mode register (emr2) extended mode register (emr3) m15 0 0 1 1 m12   0 1 pd mode fast exit (normal) slow exit (low power) latency 16 ba2 1 %xuvwohqjwklvghilqhge\elwv0 0 -m 2 dvvkrzqlq)ljxuh5($'dqg :5,7( dffhvvhv wr wkh ''5 ghylfh duh exuvwrulhqwhg zlwk %856 7 /(1*7+ehlqjsurjudppdeohwrhlwkhuirxuruhljkw7kh%8567/( 1*7+ ghwhuplqhvwkhpd[lpxpqxpehurifroxpqorfdwlrqvwkdwfdqehd ffhvvhg irudjlyhq5($'ru:5,7(frppdqg :khqd5($'ru:5,7(frppdqglvlvvxhgdeorfnrifroxpqvhtxd owr wkh%8567/(1*7+lvhiihfwlyho\vhohfwhg$oodffhvvhviruwkdw %8567 wdnhsodfhzlwklqwklveorfnphdqlqjwkdwwkhexuvwzloozuds zlwklqwkheorfn li d erxqgdu\ lv uhdfkhg 7kh eorfn lv xqltxho\ vhohfwhg e\ $ 0 $ i  zkhq %/  dqg e\ $ 3 $l zkhq %/  zkhuh $l lv wkh prvw vljqlilfdqw froxpq dgguhvv elw iru d jlyhq frqiljxudwlrq  7kh uhpdlqlqj ohdvw v ljqlilfdqw dgguhvvelwvlvduhxvhgwrvhohfwwkhvwduwlqjorfdwlrqzl wklqwkheorfn 7khsurjudpphgexuvwohqjwkdssolhvwrerwk5($'dqg:5,7(exuv wv burst length f igure  29 - mr d efinitions 1rwhv0%$lvrqo\dssolfdeohi rughqvlwlhv?*euhvhuyhgiruixwxuhxvhdqgpxvwehsurjud pphgwr3  0rghelwv0qzlwkfruuhvsrqglqjdgguhvvedoov$qjuhdwhu wkdq0$duhuhvhuyhgiruixwxuhxvhdqgpxvw  ehsurjudpphgwr3  1rwdooolvwhg:5dqg&/rswlrqvduhvxssruwhglqdq\lqg lylgxdovshhgjudgh logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 62 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product

                burst length                       address (a[2,1,0])               type = sequential                          type = interleav ed   0,1,2,3 1,0,3,2 2,3,0,1 3,2,1,0         t able  38:  b urst  d efinition   order of accesses within a burst 0,1,2,3 1,2,3,0 2,3,0,1 3,0,1,2         0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 100 101 110 111   starting column logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 63 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product $ffhvvhvzlwklqdjlyhqexuvwpd\ehsurjudpphgwrehhlwkhuvh txhqwldorulqwhuohdyhg7kh%85677 do   n + 3 do   n + 2 do   n + 1 ck ck# command dq dqs, dqs# cl = 3 (al = 0) read t0 t1 t2 dont care transitioning data nop nop nop do   n t3 t4 t5 nop nop t6 nop do   n + 3 do   n + 2 do   n + 1 ck ck# command dq dqs, dqs# cl = 4 (al = 0) read t0 t1 t2 nop nop nop do   n t3 t4 t5 nop nop t6 nop notes: 1. bl = 4. 2. posted cas# additive latency (al) = 0. 3. shown with nominal  t ac,  t dqsck, and  t dqsq. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  30 - cl $fwlyh32:(5'2:13'prghlvghilqhge\elw0 12 dvvkrzqlq)ljxuh 3'prghhqdeohvwkhxvhuwrghwhuplqhwkhdfwlyhsrzhugrz qprgh zklfk ghwhuplqhv shuirupdqfh yhuvxv srzhu vdylqjv  3' prgh elw 0 12   grhvqrwdsso\wr35(&+$5*(3'prgh :khqelw0 12  vwdqgdugdfwlyh3'prghruvidvwh[lwwdfwlyh3'prgh lvhqdeohg7khw;$5'sdudphwhulvxvhgiruidvwh[lwwlplqj7 kh'//lv h[shfwhgwrehhqdeohgdqguxqqlqjgxulqjwklvprgh :khqelw0 12  dorzhusrzhudfwlyh3'prghruvvorzh[lwwdfwlyh3' prghlvhqdeohg7kh t ;$5'6sdudphwhulvxvhgiruwkhvorzh[lwdfwlyh 3' h[lw wlplqj 7kh '// fdq eh hqdeohg exw viur]hqw gxulqj $&7, 9( 3' prgh ehfdxvh wkh h[lwwr5($' frppdqg wlplqj lv uhod[hg 7kh sr zhu gliihuhqfhh[shfwhgehwzhhq, dd 3qrupdodqg, dd 3orzsrzhuprghlv ghilqhglqwkh''5, dd 6shflilfdwlrqvdqg&rqglwlrqvwdeoh 7kh&$6/$7(1& dll p osted   cas# r tt o ut a 9 a 7 a 6 a 5 a 4 a 3 a 8 a 2 a 1 a 0 extended   mode   register   (ex) address   bus 976543 8210 a 10 a 12 b a 0 b a 1 10 11 12 n 0  14 e1 0 1 output drive strength fu ll redu c ed posted cas# additive latency (al) 3 0 1 2 3 4 5 6 reser v ed e3 0 1 0 1 0 1 0 1 e4 0 0 1 1 0 0 1 1 e5 0 0 0 0 1 1 1 1   0 1 dll enable enab l e   (norma l ) disab l e   (test / debug) e0 15 e11 0 1 rdqs enable no y es o cd  p rogram a n 2 o ds r tt dqs# e10 0 1 dqs# enable enab l e disab l e rdqs r tt  (nominal) r tt   disab l ed 75  150  50  e2 0 1 0 1 e6 0 0 1 1   0 1 o utputs enab l ed disab l ed e12   0 1 0 1 mode register set m ode   register   ( m r) extended   mode   register   (e m r) extended   mode   register   (e m r 2 ) extended   mode   register   (e m r 3 ) e15 0 0 1 1 e14 m rs b a 2 1 16 0  ocd operation 4 o cd   exit   reser v ed reser v ed reser v ed enab l e  o cd   defau l ts e7 0 1 0 0 1 e8 0 0 1 0 1 e9 0 0 0 1 1 notes: 1 . e 16  ( b a 2 )   is   on ly  app l i c ab l e   for   densities   8 1g b,   reser v ed   for   future   use,   and   must   be   programmed   to  0 . 2 . m ode   bits   (en)   wit h c orresponding   address   ba ll s   (a n  )   greater   t h an   e 12  (a 12 )   are   reser v ed   for   future   use           and   must   be   programmed   to  0 . 3 . not   a ll l isted   al   options   are   supported   in   an y  indi v idua l  speed   grade. 4 .as   detai l ed   in   t h e    initia l i z ation   (page  82 )   se c tion   notes,   during   initia l i z ation   of   t h e  o cd   operation,          a ll  t h ree   bits   must   be   set   to  1  for   t h e  o cd   defau l t   state,   t h en   set   to  0  before   initia l i z ation   is  fi nis h ed.   logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 65 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh(;7(1'('02'(5(*,67(5frqwurovixqfwlrqveh\rqgwkrvhdydl odeohdqgfrqwuroohgyldwkh02'(5(*,67(505wkhvhdgglwlrq doixqfwlrqvduh '//hqdeohglvdeoh287387'5,9(vwuhqjwk2q'lh7huplqdwlrq 2'73rvwhg$/2ii&kls'ulyhu,pshgdqfhfdoleudwlrq2&'' 46?hqdeohglvdeoh dqg2xwsxwglvdeohhqdeoh7khvhixqfwlrqduhfrqwuroohgyldwk helwvvkrzqlq)ljxuh7kh(05lvsurjudpphgyldwkh/0frp pdqgdqgzloouhwdlqwkh vwruhglqirupdwlrqxqwlolwlvsurjudpphgdjdlqruwkhl02'orv hvsrzhu5hsurjudpplqjwkh(05zlooqrwdowhuwkhfrqwhqwvri wkhphpru\duud\surylghg lwlvshuiruphgfruuhfwo\ 7kh(05pxvwehordghgzkhqdooedqnvduhlgohdqgqrexuvwvdu hlqsurjuhvvdqgwkhfrqwuroohupxvwzdlwwkhvshflilhgwlph t 05'ehiruhlqlwldwlqjdq\ vxevhtxhqwrshudwlrqv9lrodwlqjhlwkhuriwkhvhuhtxluhphqwvf rxoguhvxowlqdqxqvshflilhgrshudwlrq extended mode register (emr) f igure  31 - emr d efinitions

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 66 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh'//pd\eh(1$%/('ru',6$%/('e\surjudpplqjelw( 0 gxulqj wkh/0frppdqgdvvkrzqlq)ljxuh7khvhvshflilfdwlrqvduh dssolfd - eohzkhqwkh'//lvhqdeohgiruqrupdorshudwlrq'//(1$%/(lv uhtxluhg gxulqj 32:(583 lqlwldol]dwlrq dqg xsrq uhwxuqlqj wr qrupdo rsh udwlrq diwhukdylqjglvdeohgwkh'//iruwkhsxusrvhrighexjjlqjruh ydoxdwlrq (qdeolqj wkh '// vkrxog dozd\v eh iroorzhg e\ uhvhwwlqj wkh '/ / xvlqj wkh/0frppdqg 7kh '// lv dxwrpdwlfdoo\ ',6$%/(' zkhq hqwhulqj 6(/) 5()5(6+ rshudwlrq dqg lv dxwrpdwlfdoo\ uhhqdeohg dqg uhvhw xsrq h[lw r i 6(/) 5()5(6+rshudwlrqv $q\wlphwkh'//lv(1$%/('dqgvxevhtxhqwo\uhvhwforfn f\fohv pxvwrffxuehiruhd5($'frppdqgfdqehlvvxhgwrdoorzwlphir uwkh lqwhuqdo forfn wr v\qfkurql]h zlwk wkh h[whuqdo forfn  )dlolqj  wr zdlw iru v\qfkurql]dwlrq wr rffxu pd\ uhvxow lq d ylrodwlrq ri wkh t $& ru t '46&. sdudphwhuv $q\wlph wkh '// lv ',6$%/(' dqg wkh l02' lv rshudwhg ehorz 0+ ] dq\ $872 5()5(6+ frppdqg vkrxog eh iroorzhg e\ d 35(&+$5*( $//frppdqg dll enabled/disabled 2'7 hiihfwlyh uhvlvwdqfh 5 77 ()) lv ghilqhg e\ elwv ( 2 dqg( 6  ri wkh (05 dv vkrzq lq )ljxuh  7kh 2'7 ihdwxuh lv ghvljqhg wr lpsu ryh vljqdolqwhjulw\riwkhphpru\fkdqqhoe\doorzlqjwkh''5php ru\frq - wuroohuwrlqghshqghqwo\wxuqrqrurii2'7irudq\rudooghyl fhv5 77 hiihf - wlyhuhvlvwdqfhydoxhvri :  : dqg : duhvhohfwdeohdqgdsso\wr hdfk'4'46'46?8'468'46?/'46/'46?8'0/'0vljqdov %lwv ( 6 ,e 2  ghwhuplqh zkdw 2'7 uhvlvwdqfh lv hqdeohg e\ wxuqlqj rqrii vvzvzruvzw 7kh2'7hiihfwlyhuhvlvwdqfhydoxhlvvhohfwhge\hqdeolqjvzlw fkvvzw zklfk hqdeohv doo 5 ydoxhv wkdw duh  :  hdfk hqdeolqj dq hiihfwlyh uhvlvwdqfhri :  (r 77 >())@ 56lploduo\livvzwlvhqdeohgdoo5 ydoxhv wkdw duh  :  hdfk hqdeoh dq hiihfwlyh 2'7 uhvlvwdqfh ri  :   hdfkhqdeolqjdqhiihfwlyhuhvlvwdqfhri :  (r 77 >())@ 56lpl - oduo\ li vvzw lv hqdeohg doo 5 ydoxhv wkdw duh  :  hdfk hqdeoh dqg hiihfwlyh2'7uhvlvwdqfhri : 5hvhuyhgvwdwhvvkrxogqrwehxvhgdvdq xqnqrzqrshudwlrqrulqfrpsdwlelolw\zlwkixwxuhyhuvlrqvpd\u hvxow 7kh2'7frqwuroedoolvxvhgwrghwhuplqhzkhq5 77 ())lvwxuqhgrqdqg riidvvxplqj2'7kdvehhqhqdeohgyldelwv(dqg(riwkh(0 57kh 2'7 ihdwxuh dqg 2'7 lqsxw edoo duh rqo\ xvhg gxulqj $&7,9( $&7 ,9( 32:(5'2:1 erwk idvwh[lw dqg vorzh[lw prghv dqg 35(&+$5*( 32:(5'2:1prghvrirshudwlrq 2'7 pxvw eh wxuqhg rii sulru wr hqwhulqj 6(/) 5()5(6+ prgh 'xu lqj 32:(583dqg,1,7,$/,=$7,21riwkh''5l02'2'7vkrxogehglv - deohgxqwlowkh(05frppdqglvlvvxhg7klvzloohqdeohwkh2'7 ihdwxuh dwzklfksrlqwwkh2'7edoozlooghwhuplqhwkh5 77 ())ydoxh$q\wlphwkh (05hqdeohvwkh2'7ixqfwlrq2'7pd\qrwehgulyhq+,*+xqwlo hljkw forfnvdiwhuwkh(05kdvehhqhqdeohg on-die-termination (odt) 7kh'46?edoolv(1$%/('e\elw( 10  '46?lvwkhfrpsohphqwriwkh gliihuhqwldogdwdvwurehsdlu:khq',6$%/(''46?vkrxogeho hiwiordw - lqjkrzhyhulwpd\ehwlhgwrjurxqgyldd :  to 10k : uhvlvwru dqs\ enable/disable 7kh287387'5,9(675(1*7+lvghilqhge\elw( 1 dvvkrzqlq)ljxuh  7kh 1250$/ '5,9( 675(1*7+ iru doo rxwsxwv lv vshflilhg wr e h 667/b 3urjudpplqj elw ( 1   vhohfwv qrupdo ixoo vwuhqjwk '5,9( 675(1*7+ iru doo rxwsxwv 6hohfwlqj d 5('8&(' '5,9( 675(1*7+ rswlrq( 1  zloouhgxfhdoorxwsxwvwrdssur[lpdwho\wrshufhqwr i wkh667/'5,9(675(1*7+7klvrswlrqlvlqwhqghgiruwkhvxs sruwri oljkwhuordgdqgrusrlqwwrsrlqwhqylurqphqwv output drive strength 7kh287387(1$%/(',6$%/(ixqfwlrqlvghilqhge\elw( 12 dvvkrzq lq)ljxuh:khq(1$%/('( 12  doorxwsxwv'4'46'46?ixqf - wlrqqrupdoo\:khq',6$%/('( 12  doorxwsxwvduh',6$%/('wkxv uhprylqjrxwsxwexiihufxuuhqw 7khrxwsxw',6$%/(ihdwxuhlvl qwhqghgwr ehxvhggxulqj, dd fkdudfwhul]dwlrqri5($'fxuuhqw output enable/disable 7kh2))&+,3'5,9(52&'ixqfwlrqlvdqrswlrqdo''5-('(&ih d - wxuhzklfklvqrwvxssruwhge\/2*,&'hylfhvl02'ghylfhwkhuh iruhwklv ixqfwlrqpxvwehvhwdqgpdlqwdlqhglqwkhghidxowvwdwh(qde olqjwklvixqf - wlrqrxwvlghriwkhghidxowvhwwlqjvzloodowhuwkh,2gulyhf kdudfwhulvwlfvdqg wkhwlplqjdqgrxwsxw,2vshflilfdwlrqvzlooqrorqjhuehydol g off-chip driver (ocd) impedance calibration 3267(' &$6 $'',7,9( $/ lv vxssruwhg wr pdnh wkh frppdqg dqg gdwdexvhiilflhqwiruvxvwdlqdeohedqgzlgwkvlqwkh''5l02' %lwv( 3 -e 5  ghilqh wkh ydoxh ri $/ %lwv ( 3 -e 5  doorz wkh xvhu wr surjudp wkh ''5 l02'zlwkdq$/riruforfnv5hvhuyhgvwdw hvvkrxogqrw eh xvhg dv dq xqnqrzq rshudwlrq ru lqfrpsdwlelolw\ zlwk ixwxuh uhylvlrqv pd\uhvxow ,qwklvrshudwlrqwkh''5l02'doorzvd5($'ru:5,7(frppdqg wr ehlvvxhgsulruwr t 5&'0,1zlwkwkhuhtxluhphqwwkdw$/ d   t 5&'0,1 $ w\slfdo dssolfdwlrq xvlqj wklv ihdwxuh zrxog vhw $/   t 5&' 0,1 y  [ t &.7kh5($'ru:5,7(frppdqglvkhogiruwkhwlphriwkh$/eh iruhlw lvlvvxhglqwhuqdoo\wrwkh''5l02'ghylfh5/lvfrqwuroohg e\wkhvxp ri$/dqg&/5/ $/&/:5,7(odwhqf\:/lvhtxdowr5/p lqxvrq forfn:/ $/&/y[ t &. posted cas additive latency (al)

 do   n + 3 do   n + 2 do   n + 1 ck ck# command dq dqs, dqs# al = 2 active n t0 t1 t2 dont care transitioning data read n nop nop do   n t3 t4 t5 nop t6 nop t7 t8 nop nop cl = 3 rl = 5 t rcd (min) nop ck ck# command dq dqs, dqs# active n t0 t1 t2 dont care transitioning data nop nop t3 t4 t5 nop t6 nop di   n + 3 di   n + 2 di   n + 1 wl = al + cl - 1 = 4 t7 nop di   n t rcd (min) nop al = 2 cl - 1 = 2 write n              notes:          1.  bl = 4   2.  shown with nominal  t $& t '46&.dqg t dqsq.    3.  rl = al + cl = 5.              notes:          1.  bl = 4   2.  cl = 3.   3.  wl = al + cl - 1 = 4  logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  32 - read l atency f igure  33 - write l atency

 a 9 a 7 a 6 a 5 a 4 a 3 a 8 a 2 a 1 a 0 extended   mode   register   (ex) address   bus 976543 8210 a 10 a 12 a 11 b a 0 b a 1 10 11 12 n 0 14 15 a n 2 e14 0 1 0 1 mode register set m ode   register   ( m r) extended   mode   register   (e m r) extended   mode   register   (e m r 2 ) extended   mode   register   (e m r 3 ) e15 0 0 1 1 m rs 0 00 00 sr t0 00 00 0 0 b a 2 1 16 0 e7 0 1 srt enable 1x  refres h  rate   ( 0 c   to  85 c) 2x  refres h  rate   ( >85 c) notes: 1 . e 16  ( b a 2 )   is   on ly  app l i c ab l e   for   densities   1g b,   reser v ed   for   future   use,   and   must   be   programmed   to  0 . 2 . m ode   bits   (en)   wit h c orresponding   address   ba ll s   (a n  )   greater   t h an   e 12  (a 12 )   are   reser v ed   for   future   use           and   must   be   programmed   to  0 . logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh (;7(1'(' 02'( 5(*,67(5  (05 frqwurov ixqfwlrqv eh\rqg w krvh frqwuroohg e\ wkh 02'( 5(*,67(5 &xuuhqwo\ doo elwv lq wkh  (05 duh uhvhuyhgh[fhswiru(  zklfklvxvhglqfrpphufldorukljkwhpshudwxuhrshudwlrqvd vvkrzqlq)ljxuh7kh(05lvsurjudpphgyldwkh/0frppdqg  dqgzloouhwdlqwkhvwruhglqirupdwlrqxqwlolwlvsurjudpphgd jdlqruxqwlowkhl02'lvvxemhfwhgwrdorvvrisrzhufrqglwlr q5hsurjudpplqjwkh(05zlooqrw dowhuwkhfrqwhqwvriwkhduud\surylghglwkdvehhqshuiruphg fruuhfwo\ bit e  $  pxvwehsurjudpphgdvvwwrsurylghdidvwhu5()5(6+5$7(rq ,7(7ru0ghylfhvli7 c lvrugrhvh[fhhg?& (05pxvwehordghgzkhqdooedqnvdu hlgohdqgqrexuvwvduhl qsurjuhvvdqgwkhfrqwuroohupxvwzdlwwkhvshflilhgwlph t 05'ehiruhlqlwldwlqjdq\vxevh - txhqwrshudwlrq9lrodwlqjhlwkhuriwkhvhuhtxluhphqwvfrxogu hvxowlqdqxqvshflilhgl02'rshudwlrq extended mode register 2 (emr2) f igure  34 - emr2 d efinitions

 e14 0 1 0 1 mode register set mode register (mr) extended mode register (emr) extended mode register (emr2) extended mode register (emr3) e15 0 0 1 1 a9 a7 a6 a5 a4 a3 a8 a2 a1 a0 extended mode  register (ex) address bus 976543 8210 a10 a12 a11 ba0 ba1 10 11 12 n 0 14 15 an 2 mrs 0 0 0 0 0 0 0 0 0 0 0 0 0 ba2 1 16 0 notes: 1. e16 (ba2) is only applicable for densities  1gb, reserved for future use, and must be programmed to 0. 2. mode bits (en) with corresponding address balls (an ) greater than e12 (a12) are reserved for future use         and must be programmed to 0. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 69 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh (;7(1'(' 02'( 5(*,67(5  (05 frqwurov ixqfwlrqv eh\rqg w krvh frqwuroohg e\ wkh 02'( 5(*,67(5 &xuuhqwo\ doo elwv ri wkh  (05 duh uhvhuyhgdvvkrzqlq)ljxuh7kh(05lvsurjudpphgyldwkh /0frppdqgdqgzloouhwdlqwkhvwruhglqirupdwlrqxqwlolwlv surjudpphgdjdlqruxqwlowkh l02'lvvxemhfwhgwrdorvvrisrzhufrqglwlrq5hsurjudpplqjw kh(05zlooqrwdowhuwkhfrqwhqwvriwkhphpru\duud\surylg hglwlvshuiruphgfruuhfwo\ extended mode register 3 (emr3) f igure  35 - emr3 d efinitions

 t vtd 1 cke r tt  power-up:  v cc  and stable  clock (ck, ck#)            t = 200 s (min) 3 high-z dm 15 dqs 15 high-z address 16 ck ck# t cl v tt 1 v ref v ddq c ommand nop 3 pre t0 ta0 dont care t cl t ck v dd odt dq 15 high-z tb0 200 cycles of ck are required before a read command can be issued mr with dll reset t rfc lm 8 pre 9 lm 7 ref 10 ref 10 lm 11 tg0 th0 ti0 tj0 mr without dll reset emr with ocd default tk0 tl0 tm0 te0 tf0 emr(2) emr(3) t mrd lm 6 lm 5 a10 = 1 t rpa tc0 td0 sstl_18   low level 2 valid 14 valid indicates a break in  time scale lm 12 emr with ocd exit lm 13 normal operation code code a10 = 1 code code code code code t mrd t mrd t mrd t mrd t rpa t rfc v ddl t mrd t mrd emr t = 400 ns (min) 4 lvcmos low level 2 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product ''5l02'ghylfhvpxvweh32:(5('83dqg,1,7,$/,=('lqdsuhgh ilqhgpdqqhu2shudwlrqdosurfhgxuhvrwkhuwkdqwkrvhvshflilhg pd\uhvxowlqxqgh - ilqhgrshudwlrq)ljxuhlooxvwudwhvdqgwkhqrwhvrxwolqhw khvhtxhqfhuhtxluhgiru32:(583dqg,1,7,$/,=$7,21 initialization f igure  36 - ddr2 p ower -u p   and  i nitialization

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product %hiruhdq5($'ru:5,7(frppdqgvfdqehlvvxhgwrdedqnzlwklq wkh''5l02'durzlqwkdwedqnpxvwehrshqhgdfwlydwhg hyhqzkhqdgglwlyh odwhqf\lvxvhg7klvlvdffrpsolvkhgyldwkh$&7,9$7(frppdqg zklfkvhohfwverwkwkhedqndqgwkhurzwrehdfwlydwhg $iwhudurzlvrshqhgzlwkdq$&7,9$7(frppdqgd5($'ru:5,7( frppdqgpd\ehlvvxhgwrwkdwurzvxemhfwwrwkh t 5&'vshflilfdwlrq t 5&'0,1 vkrxogehghilqhge\wkhforfnshulrgdqgurxqghgxswrwkhqh[ wzkrohqxpehuwrghwhuplqhwkhhduolhvwforfnhgjhdiwhuwkh$ &7,9$7(frppdqgrqzklfk d5($'ru:5,7(frppdqgfdqehhqwhuhg7khvdphsurfhgxuhlvx vhgwrfrqyhuwrwkhuvshflilfdwlrqolplwviurpwlphxqlwvwrfo rfnf\fohv)ruh[dpsohd t 5&'0,1vshflilfdwlrqriqvzlwkd0+]forfn t &. qvuhvxowvlqforfnvurxqghgxswr7klvlvvk rzqlq)ljxuh $vxevhtxhqw$&7,9$7(frppdqgwrdgliihuhqwurzlqwkhvdphed qnfdqrqo\ehlvvxhgdiwhuwkhsuhylrxvdfwlyhurzkdvehhqfo rvhgsuhfkdujhg7kh plqlpxpwlphlqwhuydoehwzhhqvxffhvvlyh$&7,9$7(frppdqgvwrw khvdphedqnlvghilqhge\ t 5&$vxevhtxhqw$&7,9$7(frppdqgwrdqrwkhuedqn fdqehlvvxhgzklohwkhiluvwedqnlvehlqjdffhvvhgzklfkuhv xowvlquhgxfwlrqriwrwdourzdffhvvryhukhdg7khplqlpxpwlp hlqwhuydoehwzhhqvxffhvvlyh $&7,9$7(frppdqgvwrgliihuhqwedqnvlvghilqhge\ t 55'''5zlwkedqndufklwhfwxuhvkdyhdqdgglwlrqdouhtxluh phqw t )$:7klvuhtxluhvqrpruh wkdqirxu$&7,9$7(frppdqgvpd\ehlvvxhglqdq\jlyhq t )$:0,1shulrgdvvkrzqlq)ljxuh activate   command don  t   care t1 t0 t2 t3 t4 t5 t6 t7 t rrd   ( m in) row row read ac t ac t n op t fa w  ( m in) b an k  address c k # address c k t8 t9 co l b an k  a ac t read read read ac t n op row co l row co l co l b an k  c b an k  b b an k  d b an k  c b an k  e ac t row t10 b an k  d b an k  b b an k  a note: 1 . ddr 2 - 533  (- 37 e,   x 4  or   x 8 ),   t c k = 3 . 75 ns,  b l  = 4 ,   al  = 3 ,   cl  = 4 ,   t rrd   ( m in)  = 7 . 5 ns, t fa w  (  in )  = 37 . 5 ns.   command dont care t1 t0 t2 t3 t4 t5 t6 t7 t rrd t rrd row row col bank x bank y row bank z bank y nop act nop nop act nop nop rd/wr t rcd ck# address bank address ck t8 t9 nop nop f igure  37 - e xample : m eeting   t rrd (min)  and   t rcd (min) f igure  38 - m ultibank  a ctivate  r estriction

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 5($'exuvwvduhlqlwldwhgzlwkd5($'frppdqg7khvwduwlqjfro xpqdqgedqndgguhvvhvduhsurylghgzlwkwkh5($'frppdqgdqg wkh$87235( - &+$5*(lvhlwkhuhqdeohgruglvdeohgiruwkdw%8567vhtxhqfhru dffhvv,i$87235(&+$5*(lvhqdeohgwkhurzehlqjdffhvvhgl vdxwrpdwlfdoo\35( - &+$5*('dwwkhfrpsohwlrqriwkhexuvw,i$87235(&+$5*(lvgl vdeohgwkhurzzlooehohiwrshqdiwhuwkhfrpsohwlrqriwkhe xuvw 'xulqj5($'exuvwvwkhydolggdwdrxwhohphqwiurpwkhvwduwlq jfroxpqdgguhvvzlooehdydlodeoh5($'odwhqf\5/forfnvodw hu5/lvghilqhgdvwkhvxpri $/dqg&/5/ $/&/7khydoxhri$/dqg&/duhsurjudppdeo hyldwkh05dqg(05frppdqgvuhvshfwlyho\(dfkvxevhtxhqwgd wdrxwhohphqwzloo ehydolgqrplqdoo\dwwkhqh[wsrvlwlyhruqhjdwlyhforfnhgjh dwwkhqh[wfurvvlqjri&.[dqg&.[?)ljxuhvkrzvh[dpsoh vri5/edvhgrqgliihuhqw$/ dqg&/vhwwlqjv '46['46[?lvgulyhqe\wkh''5l02'dorqjzlwkrxwsxwgdwd7 khlqlwldo/2:vwdwhrq'46[dqgwkh+,*+vwdwhrq'46[?frlqfl ghqwzlwkwkhodvwgdwd rxwhohphqwduhnqrzqdvwkh5($'suhdpeoh t 35(7khorzvwdwhrq'46[dqgwkh+,*+vwdwhfrlqflghqwzlwk wkhodvwgdwdrxwhohphqwduhnqrzdvwkh 5($'srvwdpeoh t 3567 8srqfrpsohwlrqrid%8567dvvxplqjqrrwkhufrppdqgvkdyhehh qlqlwldwhgwkh'4exvvzloojr+,*+=$ghwdlohgh[sodqdwlrq ri t '46&.'46[wudqvl - wlrqvnhzwr&/dqg t $&gdwdrxwwudqvlwlrqvnhzwr&.[lvvkrzqlq)ljxuh 'dwdiurpdq\5($'exuvwpd\ehfrqfdwhqdwhgzlwkgdwdiurpdv xevhtxhqw5($'frppdqgwrsurylghdfrqwlqxrxviorzrigdwd7k hiluvwgdwdhohphqw iurpwkhqhzexuvwiroorzvwkhodvwhohphqwridfrpsohwhgexuv w7khqhz5($'frppdqgvkrxogehlvvxhg[f\fohvdiwhuwkhilu vw5($'frppdqgzkhuh[ htxdov%/f\fohvvhh)ljxuh 1rqfrqvhfxwlyh5($'gdwdlvlooxvwudwhglq)ljxuh)xoovshh gudqgrp5($'dffhvvhvzlwklqdsdjhrusdjhvfdqehshuiruph g''5l02'ghylfhv vxssruwwkhxvhrifrqfxuuhqw$87235(&+$5*(wlplqj ''5l02'ghylfhvgrqrwdoorzlqwhuuxswlqjruwuxqfdwlqjridq 5($'exuvwxvlqj%/ rshudwlrqv2qfhwkh%/ 5($'frppdq glvuhjlvwhuhglwpxvw ehdoorzhgwrfrpsohwhwkhhqwluh5($'exuvw+rzhyhud5($' zlwk$87235(&+$5*(glvdeohgxvlqj9/ rshudwlrqwkh5($'p d\eh lqwhuuxswhgdqgwuxqfdwhgrqo\e\dqrwkhu5($'exuvwdvorqjdv wkhlqwhuuxswlrqrffxuvrqdelwerxqgdu\dqgwklvdoorzhg gxhwrwkhqsuhihwfkdufklwhf - wxuhriwkh''5l02'$6vkrzqlq)ljxuh5($'exuvw%/ r shudwlrqvpd\qrwehlqwhuuxswhgruwuxqfdwhgzlwkdq\rwkhufr ppdqgh[fhswirudqrwkhu 5($' 'dwdiurpdq\5($'exuvwpxvwehfrpsohwhgehiruhdvxevhtxhqw :5,7(exuvwlvdoorzhg$qh[dpsohrid5($'exuvwiroorzhge\ d:5,7(exuvwlvvkrzq lq)ljxuh read

 read n op n op n op n op n op b an k  a , co l  n c k c k # command address dq dqs,   dqs# d o n d o n t0 t1 t2 t3 t4 n t5 n t4 t5 c k c k # command read n op n op n op n op n op address b an k  a, co l  n rl  = 3  (al  = 0 ,   cl  = 3 ) dq dqs,   dqs# d o n t0 t1 t2 t3 t3 n t4 n t4 t5 c k c k # command read n op n op n op n op n op address b an k  a, co l  n rl  = 4  (al  = 0 ,   cl  = 4 ) dq dqs,   dqs# t0 t1 t2 t3 t3 n t4 n t4 t5 al  = 1 cl  = 3 rl  = 4  (al  = 1 +  cl  = 3 ) don  t   care t ransitioning   data notes: 1 .d o  n  =  data-out   from  c o l umn   n . 2 . b l  = 4 . 3 . th ree   subse q uent   e l ements   of   data-out   appear   in   t h e   programmed   order   fo ll owing d o  n . 4 .s h own   wit h  nomina l  t ac,   t dqsc k ,   and   t dqsq. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  39 - read l atency

 ck ck# command read nop read nop nop nop nop address bank, col n bank, col b command read nop read nop nop nop address bank, col n bank, col b rl = 3 ck ck# dq dqs, dqs# rl = 4 dq dqs, dqs# do n do b do n do b t0 t1 t2 t3 t3n t4n t4 t5 t6 t5n t6n t0 t1 t2 t3 t2n nop t3n t4n t4 t5 t6 t5n t6n dont care transitioning data t ccd t ccd notes: 1. do n (or b) =  data-out from column  n (or column b). 2. bl = 4. 3. three subsequent elements of data-out appear in the programmed order following do n. 4. three subsequent elements of data-out appear in the programmed order following do b. 5. shown with nominal  t ac,  t dqsck, and  t dqsq. 6. example applies only when read commands are issued to same device. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  40 - c onsecutive  read b ursts

 command read nop nop nop nop nop nop nop read t0 t1 t2 t3 t3n t4 t5 t7 t8 t6 t4n t6n t7n ck ck# t5 t7 t8 t5n t6 t4n t7n command nop nop nop nop read nop nop nop read t0 t1 t2 t3 t4 dq do n do b dont care transitioning data address bank, col n bank, col  b address bank, col n bank, col  b ck ck# cl = 4 cl = 3 dq do n do b dqs, dqs# dqs, dqs# notes: 1. do n (or  b) = data-out from column n (or column  b). 2. bl = 4. 3. three subsequent elements of data-out appear in the programmed order following do n. 4. three subsequent elements of data-out appear in the programmed order following do b. 5. shown with nominal  t ac,  t dqsck, and  t dqsq. 6. example applies when read commands are issued to different devices or       nonconsecutive reads. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  41 - n onconsecutive  read b ursts

   t0 t1 t2 dont care transitioning data t3 t4 t5 t6 command read 1 nop 2 nop 2 valid valid valid read 3 valid valid valid t7 t8 t9 ck ck# cl = 3 (al = 0) t ccd address valid 4 valid 4 cl = 3 (al = 0) dq do do do do do do do do do do do do a10 valid 5 dqs, dqs# notes: 1. bl = 8 required; auto precharge must be disabled (a10 = low). 2. nop or command inhibit commands are valid. precharge command cannot be is- sued to banks used for reads at t0 and t2. 3. interrupting read command must be issued exactly 2   t ck from previous read. 4. read command can be issued to any valid bank and row address (read command at t0 and t2 can be either same bank or different bank). 5. auto precharge can be either enabled (a10 = high) or disabled (a10 = low) by the in- terrupting read command. 6. example shown uses al = 0; cl = 3, bl = 8, shown with nominal  t ac,  t dqsck, and  t dqsq. ck ck# t0 t1 t2 dont care transitioning data t3 t4 t5 t6 t7 t8 t9 t1 0t11 al = 2 cl = 3 rl = 5 wl = rl - 1 = 4 t rcd = 3 command act  n nop nop nop nop nop nop read  n nop nop nop write dqs, dqs# dq do n do n + 1 do n + 2 do n + 3 di n di n  + 1 di n + 2 di n + 3 notes: 1. bl = 4; cl = 3; al = 2. 2. shown with nominal  t ac,  t dqsck, and  t dqsq. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  42 - read i nterrupted   by  read f igure  43 - read- to -write

 ck ck# t0 t1 t2 dont care transitioning data t3 t4 t5 t6 t7 address bank a bank a bank a  t ras (min)  t rtp (min)  t rp (min) al + bl/2 - 2 ck + max ( t rtp/ t ck or 2ck) command read nop pre act nop nop nop nop    4-bit  prefetch dq do do do do a10 valid valid cl = 3 al = 1 dqs, dqs#  t rc (min) notes: 1. rl = 4 (al = 1, cl = 3); bl = 4. 2. t rtp   2 clocks. 3. shown with nominal  t ac,  t dqsck, and  t dqsq. ck ck# t0 t1 t2 dont care transitioning data t3 t4 t5 t6 t7 t8 cl = 3 al = 1 dqs, dqs# first 4-bit  prefetch second 4-bit prefetch t rtp (min) t rp (min) address bank a bank a bank a t rc (min) t ras (min) a10 valid valid al + bl/2 - 2ck + max ( t rtp/ t ck or 2ck) dq do do do do do do do do command read nop nop nop nop nop nop act pre notes: 1. rl = 4 (al = 1, cl = 3); bl = 8. 2. t rtp   2 clocks. 3. shown with nominal  t ac,  t dqsck, and  t dqsq. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product $5($'exuvwpd\ehiroorzhge\d35(&+$5*(frppdqgwrwkhvdph edqnsurylghg$87235(&+$5*(lvqrwdfwlydwhg7khplqlpxp5( $'wr35( - &+$5*(frppdqgvsdflqjwrwkhvdphedqnkdvwzruhtxluhphqwvwk dwpxvwehvdwlvilhg$/%/forfnvdqg t 573 t 573lvwkhplqlpxpwlphiurpwkh ulvlqjforfnhgjhwkdwlqlwldwhvwkhodvwelw35()(7&+rid5 ($'frppdqgwrwkh35(&+$5*(frppdqg)ru%/ wklvlvwkhwlp hiurpwkhdfwxdo5($' $/diwhuwkh5($'frppdqgwr35(&+$5*(frppdqg)ru%/ wkl vlvwkhwlphiurp$/[&/diwhuwkh5($'wr35(&+$5*(frpp dqg)roorzlqj wkh35(&+$5*(frppdqgdvxevhtxhqwfrppdqgwrwkhvdphedqnfd qqrwehlvvxhgxqwlo t 53lvphw+rzhyhusduwriwkhurz35(&+$5*(wlphlv klgghqgxulqjwkhdffhvvriwkhodvwgdwdhohphqwv ([dpsohvri5($'wr35(&+$5*(iru%/ duhvkrzqlq)ljxuhd qglq)ljxuhiru%/ 7khghod\iurp5($'wr35(&+$5*(wrw khvdphlv$/ %/y&.0$; t 53 t &.ru[&.zkhuh0$;phdqvwkhodujhuriwkhwzr read with precharge f igure  44 - read- to -precharge ? bl = 4 f igure  45 - read- to -precharge ? bl = 8

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product ,i$ 10 lvkljkzkhqd5($'frppdqglvlvvxhgwkh5($'zlwk$87235(& +$5*(ixqfwlrqlvhqjdjhg7kh''5l02'vwduwvdq$87235(&+$ 5*( rshudwlrqrqwkhulvlqjhgjhriforfnwkdwlv$/%/f\foh vodwhuwkdqwkh5($'zlwk$87235(&+$5*(frppdqgsurylghg t 5$60,1dqg t 573duh vdwlvilhg,i t 5$60,1lvqrwvdwlvilhgdwwklvulvlqjforfnhgjhwkhvwduw srlqwriwkh$87235(&+$5*(rshudwlrqzlooehghod\hgxqwlo t 5$60,1lvvdwlvilhg :khqwkhlqwhuqdo35(&+$5*(lvsxvkhgrxwe\ t 573 t 53vwduwvdwwkhsrlqwzkhuhwkhlqwhuqdo35(&+$5*(kdsshqv :khq%/ wkhplqlpxpwlphiurp5($'zlwk$87235(&+$5*(wrwk hqh[w$&7,9$7(frppdqglv$/ t 573 t 53 t &.:khq%/ wkhplqlpxp wlphiurp5($'zlwk$87235(&+$5*(wrwkhqh[w$&7,9$7(frppdqg lv$/forfnv t 573 t 53 t &.7khwhup t 573 t 53 t &.lvdozd\vurxqghg xswrwkhqh[wlqwhjhu$jhqhudosxusrvhhtxdwlrqfdqdovreh xvhg$/%!y&. t 573 t 53 t &.,qdq\hyhqwwkhlqwhuqdo35(&+$5*(grhvqrw vwduwhduolhuwkdqwzrforfnvdiwhuwkhodvwelwsuhihwfk 5($'zlwk$87235(&+$5*(frppdqgpd\ehdssolhgwrrqhedqnzkl ohdqrwkhuedqnlvrshudwlrqdo7klvlvuhihuuhgwrdv&21&855 (17$87235( - &+$5*(rshudwlrq([dpsohvri5($'zlwk35(&+$5*(dqg5($'zlwk $87235(&+$5*(zlwkdssolfdeohwlplqjuhtxluhphqwvduhvkrzql q)ljxuh read with auto precharge from command (bank n) read with auto  precharge minimum delay (with concurrent auto pre- charge) units (bl/2) (bl/2) + 2 1 t ck 5($'ru5($'zlwk$xwr3uhfkdujh :5,7(ru:5,7(zlwk$xwr3uhfkdujh 35(&+$5*(ru$&7,9$7( to command (bank m) t able  39:  read u sing  concurrent auto precharge

   ck ck# cke a10 bank address t ck t ch t cl ra t rcd t ras 3 t rc t rp cl = 3 dm t0 t1 t2 t3 t4 t5 t7n t8n t6 t7 t8 dq 8 dqs, dqs# case 1:  t ac (min)   and  t dqsck (min)   case 2:  t ac (max)   and  t dqsck (max)   dq 8 dqs, dqs# t rpre t rpre t rpst t dqsck (min) t lz (min) t lz (max)   t ac (min) t lz (min) do n t hz (max) t ac (max) t lz (min) do n nop 1 nop 1 command act ra col n pre 3 bank x ra ra bank x bank x 6 7 7 77 act bank x nop 1 nop 1 nop 1 nop 1 t hz (min) one bank all banks dont care transitioning data read 2 address 5 t rtp 4 t rpst t dqsck (max)   t9 notes: 1. nop commands are shown for ease of illustration; other commands may be valid at these times. 2. bl = 4 and al = 0 in the case shown. 3. the precharge command can only be applied at t6 if  t ras (min) is met. 4. read-to-precharge = al + bl/2 - 2ck + max ( t rtp/ t ck or 2ck). 5. disable auto precharge. 6. dont care if a10 is high at t5. 7. i/o balls, when entering or exiting high-z, are not referenced to a specific voltage level, but to when the device begins to drive or no longer drives, respectively. 8. do n = data-out from column n; subsequent elements are applied in the programmed order. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  46 - b ank  r ead  ? w ithout  a uto  p recharge

     4-bit prefetch ck ck# cke a10 bank address t ck t ch t cl ra t rcd t ras t rc t rp cl = 3 dm t0 t1 t2 t3 t4 t5 t7n t8n t6 t7 t8 dq 6 dqs, dqs# case 1:  t ac (min)   and  t dqsck (min)   case 2:  t ac (max)   and  t dqsck (max)   dq 6 dqs, dqs# t rpre t rpre t rpst t rpst t dqsck (min) t dqsck (max)   t lz (min) t lz (max)   t ac (min) t lz (min) t hz (max) t ac (max) t lz (max) do   n nop 1 nop 1 command 1 act ra col n bank x ra ra bank x act bank x nop 1 nop 1 nop 1 nop 1 nop 1 t hz  (min) dont care transitioning data read 2,3 address al = 1 t rtp internal precharge 4 5 5 55 do   n notes: 1. nop commands are shown for ease of illustration; other commands may be valid at these times. 2. bl = 4, rl = 4 (al = 1, cl = 3) in the case shown. 3. the ddr2 sdram internally delays auto precharge until both  t ras (min) and  t rtp (min) have been satisfied. 4. enable auto precharge. 5. i/o balls, when entering or exiting high-z, are not referenced to a specific voltage level, but to when the device begins to drive or no longer drives, respectively. 6. do n = data-out from column n; subsequent elements are applied in the programmed order. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  47 - b ank  r ead  ?  with  a uto  p recharge

   dq (last data valid) 4 dq 4 dq 4 dq 4 dq 4 dq 4 dq 4 ldsq# ldqs 3 dq (last data valid) 4 dq (first data no longer valid) 4 dq (first data no longer valid) 4 dq0Cdq7 and ldqs collectively 6 t2 t2 t2 t2n t2n t2n t3 t3 t3 t3n t3n t3n ck ck# t1 t2 t3 t4 t2n t3n t qh 5 t qh 5 t dqsq 2 t dqsq 2 t dqsq 2 t dqsq 2 data valid  window data valid  window dq (last data valid) 7 dq 7 dq 7 dq 7 dq 7 dq 7 dq 7 udqs# udqs 3 dq (last data valid) 7 dq (first data no longer valid) 7 dq (first data no longer valid) 7 dq8Cdq15 and udqs collectively 6 t2 t2 t2 t2n t2n t2n t3 t3 t3 t3n t3n t3n t qh 5 t qh 5 t qh 5 t qh 5 t dqsq 2 t dqsq 2 t dqsq 2 t dqsq 2 t hp 1 t hp 1 t hp 1 t hp 1 t hp 1 t hp 1 t qh 5 t qh 5 data valid  window data valid  window data valid  window data valid  window data valid  window upper byte lower byte data valid  window t qhs   t qhs   t qhs   t qhs   t qhs   t qhs   t qhs   t qhs   notes: 1. t hp is the lesser of  t cl or  t ch clock transitions collectively when a bank is active. 2. t dqsq is derived at each dqs clock edge, is not cumulative over time, begins with dqs transitions, and ends with the last valid transition of dq. 3. dq transitioning after the dqs transitions define the  t dqsq window. ldqs defines the lower byte, and udqs defines the upper byte. 4. dq0, dq1, dq2, dq3, dq4, dq5, dq6, or dq7. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  46-  x 4,  x 8 d ata  o utput  t iming  ?  t dqsq,  t qh,  and  d ata  v alid  w indow f igure  48 - d ata  o utput  t iming  ?  t dqsq,  t qh,  and  d ata  v alid  w indow

   ck ck# dqs#/dqs or  l dqs#/ldqs/udq#/udqs 3 t0 1 t1 t2 t3 t3n t4 t4n t5 t5n t6 t6n t7 t rpst t dqsck 2  (min) t dqsck 2  (max) dq (last data valid) dq (first data valid) all dqs collectively 4 t ac 5  (min) t ac 5  (max) t lz (min) t hz (max) t3 t3 t3n t4n t5n t6n t3n t3n t4n t4n t5n t5n t6n t6n t4 t5 t5 t6 t6 t3 t4 t5 t6 t4 t hz (max) t lz (min) t rpre 1rwhv 5($'frppdqgzlwk&/ $/  lvvxhgdw7  2.   t '46&.lvwkh'46rxwsxwzlqgrzuhodwlyhwr&.dqglvwkhorqjw hupfrpsrqhqwri'46vnhz  '4wudqvlwlrqlqjdiwhu'46wudqvlwlrqvgh?qh t dqsq window.  $oo'4pxvwwudqvlwlrqe\ t '464diwhu'46wudqvlwlrqvuhjdugohvvri t ac.  5.   t $&lvwkh'4rxwsxwzlqgrzuhodwlyhwr&.dqglvwkh3orqjwhup frpsrqhqwri'4vnhz  6.   t lz (min) and  t $&0,1duhwkh?uvwydolgvljqdowudqvlwlrqv  w+=0$;dqgw$&0$;duhwkhodwhvwydolgvljqdowudqvlwl rqv  ,2edoovzkhqhqwhulqjruh[lwlqj+ljk=duhqrwuhihuh qfhgwrdvshfl?fyrowdjhohyho exwwrzkhqwkhghylfh ehjlqvwrgulyhruqrorqjhugulyhvuhvshfwlyho\ logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  46-  x 4,  x 8 d ata  o utput  t iming  ?  t dqsq,  t qh,  and  d ata  v alid  w indow f igure  49 - d ata  o utput  t iming  ?  t ac  and   t dqsck :5,7(exuvwvduhlqlwldwhgzlwkd:5,7(frppdqg''5l02'ghyl fhvxvh:/htxdowr5/plqxvrqhforfnf\foh:/ 5/&.7k hvwduwlqjfroxpq dqgedqndgguhvvhvduhsurylghgzlwkwkh:5,7(frppdqgdqg$87 235(&+$5*(lvhlwkhuhqdeohgruglvdeohgiruwkdwdffhvv,i$ 87235(&+$5*(lv hqdeohgwkhurzehlqjdffhvvhglv35(&+$5*('dwwkhfrpsohwlrq riwkhexuvw 'xulqj:5,7(exuvwvwkhiluvwydolggdwdlqhohphqwzlooehuh jlvwhuhgrqwkhiluvwulvlqjhgjhri'46[iroorzlqjwkh:5,7( frppdqgdqgvxevhtxhqwgdwd hohphqwvzlooehuhjlvwhuhgrqvxffhvvlyhhgjhvri'46[7khor zvwdwhrq'46[ehwzhhqwkh:5,7(frppdqgdqgwkhiluvwulvlqj hgjhlvnqrzqdvwkh :5,7(suhdpeohwkhorzvwdwhrq'46[iroorzlqjwkhodvwgdwdl qhohphqwlvnqrzqdvwkhsrvwdpeoh 7khwlphehwzhhqwkh:5,7(frppdqgdqgwkhiluvwulvlqj'46[hg jhlv:/? t '4666xevhtxhqw'46[srvlwlyhulvlqjhgjhvduhwlphguhodwlyh wrwkh dvvrfldwhgforfnhgjhdv? t '466 t '466lvvshflilhgzlwkduhodwlyho\zlghudqjhshufhqwrir qforfnf\foh$ooriwkh:5,7(gldjudpvvkrzwkhqrplqdo fdvhdqgzkhuhwkhwzrh[wuhphfdvhv t '466>0,1@dqg t '466>0$;@pljkwqrwehlqwxlwlyhwkh\kdyhdovrehhqlqfoxghg )ljxuhvkrzvwkhqrplqdo fdvhdqgwkhh[wuhphvri t '466iru%/ 8srqfrpsohwlrqridexuvwdvvxplqjqrrwkhufr ppdqgvkdyhehhqlqlwldwhgwkh'4zloouhpdlq+ljk=dqgdq\ dgglwlrqdolqsxwgdwdzlooehljqruhg 'dwdirudq\:5,7(exuvwpd\ehfrqfdwhqdwhgzlwkdvxevhtxhqw :5,7(frppdqgwrsurylghfrqwlqxrxvgdwdiorzrilqsxwgdwd7k hiluvwgdwdhohphqwiurp wkhqhzexuvwlvdssolhgdiwhuwkhodvwhohphqwridfrpsohwhg exuvw7khqhz:5,7(frppdqgvkrxogehlvvxhg[f\fohvdiwhuwk hiluvw:5,7(frppdqg zkhuh[htxdov%/ )ljxuhvkrzvfrqfdwhqdwhgexuvwvri%/ dqgkrzixoovshh gudqgrp:5,7(dffhvvhvzlwklqdsdjhrusdjhvfdqehshuiruphg $qh[dpsohriqrq  frqvhfxwlyh:5,7(dffhvvhvlvvkrzqlq)ljxuh''5l02'ghy lfhvvxssruwfrqfxuuhqw$87235(&+$5*(rswlrqvdvvkrzqlq7deo h ''5l02'ghylfhvgrqrwdoorzlqwhuuxswlqjruwuxqfdwlqjdq\: 5,7(exuvwxvlqj%/ rshudwlrq2qfhwkh%/ :5,7(frppdqgl vuhjlvwhuhglwpxvweh doorzhgwrfrpsohwhwkhhqwluh:5,7(exuvwf\foh+rzhyhud:5 ,7(%/ rshudwlrqzlwk$87235(&+$5*(glvdeohgpljkwehlqwh uuxswhgdqgwuxqfdwhg rqo\e\dqrwkhu:5,7(frppdqgdvvkrzqlq)ljxuh 'dwdirudq\:5,7(exuvwpd\ehiroorzhge\dvxevhtxhqw5($'f rppdqg7riroorzd:5,7( t :75vkrxogehphwdvvkrzqlq)ljxuh7khqxpehuri write

 dqs, dqs# t dqss (max) t dqss (nom) t dqss (min) dm dq ck ck# command write nop nop address bank a, col b nop nop t0 t1 t2 t3 t2n t4 t3n dqs, dqs# 5 dm dq dqs, dqs# dm dq di b di b di b dont care transitioning data t dqss 5 wl   t dqss wl -  t dqss t dqss 5 wl +  t dqss notes: 1. subsequent rising dqs signals must align to the clock within  t dqss. 2. di b = data-in for column b. 3. three subsequent elements of data-in are applied in the programmed order following di b. 4. shown with bl = 4, al = 0, cl = 3; thus, wl = 2. 5. a10 is low with the write command (auto precharge is disabled). logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product forfnf\fohvuhtxluhgwrphhw t :75lvhlwkhuru t :75 t &.zklfkhyhulvjuhdwhu'dwdirudq\:5,7(exuvwpd\ehiroor zhge\dvxevhtxhqw 35(&+$5*(frppdqg t :5pxvwehphwdvvkrzqlq)ljxuh t :5vwduwvdwwkhhqgriwkhgdwdexuvwuhjdugohvvriwkhgdwd pdvnfrqglwlrq write continued units t ck from command (bank n) write with auto  precharge minimum delay (with concurrent auto pre- charge) (cl-1) + (bl/2) +  t wtr (bl/e)  1 5($'ru5($'zlwk$xwr3uhfkdujh :5,7(ru:5,7(zlwk$xwr3uhfkdujh 35(&+$5*(ru$&7,9$7( to command (bank m) t able  40:  write u sing  c oncurrent  a uto  p recharge f igure  46-  x 4,  x 8 d ata  o utput  t iming  ?  t dqsq,  t qh,  and  d ata  v alid  w indow f igure  50 - w rite  b urst

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  51 - c onsecutive  write- to -write f igure  52 - n onconsecutive  write- to -write ck ck# command write nop nop nop nop nop address bank, col b write bank, col n t0 t1 t2 t3 t2n t4 t5 t4n t3n t5n t6 t6n dq dqs, dqs# dm di n di b t dqss (nom)  wl   t dqss dont care transitioning data wl = 2 wl = 2 1 11 notes: 1. subsequent rising dqs signals must align to the clock within  t dqss. 2. di b (or n), etc. = data-in for column b (or column  n). 3. three subsequent elements of data-in are applied in the programmed order following  di b. 4. three subsequent elements of data-in are applied in the programmed order following di n. 5. shown with bl = 4, al = 0, cl = 3; thus, wl = 2. 6. each write command may be to any bank. ck ck# command write nop write nop nop nop address bank, col b nop bank, col n t0 t1 t2 t3 t2n t4 t5 t4n t6 t5n t3n t1n dq dqs, dqs# dm di n di b dont care transitioning data   wl   t dqss t dqss (nom) wl = 2 t ccd wl = 2 1 1 1 notes: 1. subsequent rising dqs signals must align to the clock within  t dqss. 2. di b, etc. = data-in for column b, etc. 3. three subsequent elements of data-in are applied in the programmed order following di b. 4. three subsequent elements of data-in are applied in the programmed order following di n. 5. shown with bl = 4, al = 0, cl = 3; thus, wl = 2. 6. each write command may be to any bank.

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product   ck ck# command dq dqs, dqs# wl = 3 write 1  a t0 t1 t2 dont care transitioning data di  a t3 t4 t5 t6 write 3  b di b t7 t8 t9 wl = 3 2-clock requirement address a10 valid 6 valid 5 valid 5 valid 4 valid 4 valid 4 nop 2 nop 2 nop 2 nop 2 nop 2 77777 di  a + 1 di a + 3 di a + 2 di b + 1 di b + 2 di b + 3 di b + 4 di b + 5 di b + 6 di b + 7 notes: 1. bl = 8 required and auto precharge must be disabled (a10 = low). 2. the nop or command inhibit commands are valid. the precharge command cannot be issued to banks used for writes at t0 and t2. 3. the interrupting write command must be issued exactly 2   t ck from previous write. 4. the earliest write-to-precharge timing for write at t0 is wl + bl/2 +  t wr where  t wr starts with t7 and not t5 (because bl = 8 from mr and not the truncated length). 5. the write command can be issued to any valid bank and row address (write command at t0 and t2 can be either same bank or different bank). 6. auto precharge can be either enabled (a10 = high) or disabled (a10 = low) by the  interrupting write command. 7. subsequent rising dqs signals must align to the clock within  t dqss. 8. example shown uses al = 0; cl = 4, bl = 8. f igure  53 - write i nterrupted   by  write

   t dqss (nom) ck ck# command write nop nop nop nop nop nop nop address bank a, col b bank a, col n read t0 t1 t2 t3 t2n t4 t5 t9n t3n t6 t7 t8 t9 t wtr 1 cl = 3 cl = 3 cl = 3 dq dqs, dqs# dm di b t dqss (min) dq dqs, dqs# dm di b t dqss (max) dq dqs, dqs# dm di b di di dont care transitioning data wl   t dqss wl -  t dqss wl +  t dqss nop di 2 2 2 notes: 1. t wtr is required for any read following a write to the same device, but it is not  required between module ranks. 2. subsequent rising dqs signals must align to the clock within  t dqss. 3. di b = data-in for column b; do n = data-out from column n. 4. bl = 4, al = 0, cl = 3; thus, wl = 2. 5. one subsequent element of data-in is applied in the programmed order following di  b. 6. t wtr is referenced from the first positive ck edge after the last data-in pair. 7. a10 is low with the write command (auto precharge is disabled). 8. the number of clock cycles required to meet  t wtr is either 2 or  t wtr/ t ck, whichever is greater. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  54 - write- to -read

   t dqss (nom) ck ck# command write nop nop nop nop nop address bank a, col b bank, (a or  all ) nop t0 t1 t2 t3 t2n t4 t5 t3n t6 t7 t wr t rp dq dqs# dqs dm di b t dqss (min) dq dqs# dqs dm di b t dqss (max) dq dqs# dqs dm di b dont care transitioning data   wl +  t dqss wl -  t dqss   wl +  t dqss pre 1 1 1 notes: 1. subsequent rising dqs signals must align to the clock within  t dqss. 2. di b = data-in for column b. 3. three subsequent elements of data-in are applied in the programmed order following di b. 4. bl = 4, cl = 3, al = 0; thus, wl = 2. 5. t wr is referenced from the first positive ck edge after the last data-in pair. 6. the precharge and write commands are to the same bank. however, the precharge and write commands may be to different banks, in which case  t wr is not required and the precharge command could be applied earlier. 7. a10 is low with the write command (auto precharge is disabled). logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  55 - write- to -precharge

   ck ck# cke a10 t ck t ch t cl ra t rcd t ras t rp t wr t0 t1 t2 t3 t5 t6 t6n t7 t8 t9 t5n nop 1 nop 1 command 3 5 act ra col n write 2 nop 1 one bank all banks bank x pre bank x nop 1 nop 1 nop 1 t dqsl t dqsh t wpst bank x 4 dq 6 dm di n dont care transitioning data wl  t dqss (nom) t wpre dqs, dqs# address nop 1 wl = 2 t4 bank select notes: 1. nop commands are shown for ease of illustration; other commands may be valid at these times. 2. bl = 4 and al = 0 in the case shown. 3. disable auto precharge. 4. dont care if a10 is high at t9. 5. subsequent rising dqs signals must align to the clock within  t dqss. 6. di n = data-in for column n; subsequent elements are applied in the programmed order. 7. t dsh is applicable during  t dqss (min) and is referenced from ck t5 or t6. 8. t dss is applicable during  t dqss (max) and is referenced from ck t6 or t7. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  56 - b ank  w rite  ? w ithout  a uto  p recharge

   ck ck# cke a10 bank select t ck t ch t cl ra t rcd t ras t rp wr 4 t0 t1 t2 t3 t4 t5 t5n t6 t7 t8 t6n nop 1 nop 1 command 3 act ra col n write 2 nop 1 bank x nop 1 bank x nop 1 nop 1 nop 1 t dqsl t dqsh t wpst dq 6 dm wl  t dqss (nom) dont care transitioning data t wpre dqs, dqs# address t9 nop 1 wl = 2 di n 5 notes: 1. nop commands are shown for ease of illustration; other commands may be valid at these times. 2. bl = 4 and al = 0 in the case shown. 3. enable auto precharge. 4. wr is programmed via mr9Cmr11 and is calculated by dividing  t wr (in ns) by  t ck and rounding up to the next integer value. 5. subsequent rising dqs signals must align to the clock within  t dqss. 6. di n = data-in  from  column  n; subsequent  elements  are applied  in  the  programmed order. 7. t dsh is applicable during  t dqss (min) and is referenced from ck t5 or t6. 8. t dss is applicable during  t dqss (max) and is referenced from ck t6 or t7. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  57 - b ank  w rite  ?  with  a uto  p recharge

   ck ck# cke a10 bank select t ck t ch t cl ra t rcd t ras t rpa t wr 5 t0 t1 t2 t3 t4 t5 t7n t6 t7 t8 t6n nop 1 nop 1 command 3 act ra col n write 2 nop 1 one bank all banks bank x bank x nop 1 nop 1 nop 1 nop 1 nop 1 nop 1 t dqsl t dqsh t wpst bank  x 4 dq 7 dm dont care transitioning data wl  t dqss (nom) t wpre pre dqs, dqs# address t9 t10 t11 al = 1 wl = 2 di n 6 notes: 1. nop commands are shown for ease of illustration; other commands may be valid at these times. 2. bl = 4, al = 1, and wl = 2 in the case shown. 3. disable auto precharge. 4. dont care if a10 is high at t11. 5. t wr starts at the end of the data burst regardless of the data mask condition. 6. subsequent rising dqs signals must align to the clock within  t dqss. 7. di n = data-in for column n; subsequent elements are applied in the programmed order. 8. t dsh is applicable during  t dqss (min) and is referenced from ck t6 or t7. 9. t dss is applicable during  t dqss (max) and is referenced from ck t7 or t8. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 90 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  58 - write ? dm o peration

 dqs dqs# t dqsh t wpst t dqsl t dss 2 t dsh 1 t dsh 1 t dss 2 dm dq ck ck# t1 t0 t1n t2 t2n t3 t4 t3n di dont care transitioning data t wpre 3 wl -  t dqss (nom) notes: 1. t dsh (min) generally occurs during  t dqss (min). 2. t dss (min) generally occurs during  t dqss (max). 3. subsequent rising dqs signals must align to the clock within  t dqss. 4. write command issued at t0. 5. for x16, ldqs controls the lower byte and udqs controls the upper byte. 6. write command with wl = 2 (cl = 3, al = 0) issued at t0. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 91 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  59 - d ata  i nput  t iming 35(&+$5*(fdqehlqlwldwhge\hlwkhudpdqxdo35(&+$5*(frppdqg rue\dq$87235(&+$5*(lqfrqmxqfwlrqzlwkhlwkhud5($'ru: 5,7(frp - pdqg35(&+$5*(zlooghdfwlydwhwkhrshqurzlqdsduwlfxodued qnruwkhrshqurzlqdooedqnv7kh35(&+$5*(rshudwlrqlvvkr zqlqwkhsuhylrxv5($' dqg:5,7(rshudwlrqvhfwlrqv 'xulqjdpdqxdo35(&+$5*(frppdqgwkh$ 10 lqsxwghwhuplqhvzkhwkhurqhrudooedqnvduhwreh35(&+$5*(' ,qwkhfdvhzkhuhrqo\rqhedqnlv wrehsuhfkdujhgedqndgguhvvlqsxwvghwhuplqhwkhedqnwreh suhfkdujhg:khqdooedqnvduhwrehsuhfkdujhgwkhedqndgguh vvlqsxwvduhwuhdwhgdv v'rquw&duhw 2qfhdedqnkdvehhq35(&+$5*('lwlvlqwkhlgohvwdwhdqgpx vwehdfwlydwhgsulruwrdq\5($'ru:5,7(frppdqgvehlqjlvvxh gwrwkdwedqn:khq dvlqjohedqn35(&+$5*(frppdqglvlvvxhg t 53wlplqjdssolhv:khqwkh35(&+$5*($//frppdqglvlvvxhg t 53$wlplqjdssolhvuhjdugohvvriwkh qxpehuriedqnvrshqhg precharge

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 92 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh,qgxvwuldowhpshudwxuh''5l02'ghylfhvzkhq7 c lv d ?&uhtxluhvd5()5(6+f\fohdwdqdyhudjhlqwhuydori ?60$;dqgdoourzvlqdoo edqnvpxvwehuhiuhvkhgdwohdvwrqfhhyhu\pv7kh5()5(6+e hjlqvzkhqwkh5()5(6+frppdqglvuhjlvwhuhgdqghqgv t 5)&0,1odwhu7kh dyhudjhlqwhuydopxvwehuhgxfhgwr?60$;zkhq7 c lv!?& refresh ck ck# command nop 1 nop 1 nop 1 pre cke ra address a10 bank bank(s) 3 ba ref nop 1 ref 2 nop 1 act nop 1 one bank all banks t ck t ch t cl ra dq 4 dm 4 dqs, dqs# 4 t rfc 2 t rp t rfc (min) t0 t1 t2 t3 t4 ta0 tb0 ta1 tb1 tb2 dont care indicates a break in  time scale notes: 1. nop commands are shown for ease of illustration; other valid commands may be possi- ble at these times. cke must be active during clock positive transitions. 2. the second refresh is not required and is only shown as an example of two back-to- back refresh commands. 3. dont care if a10 is high at this point; a10 must be high if more than one bank is active (must precharge all active banks). 4. dm, dq, and dqs signals are all dont care/high-z for operations shown. f igure  60 - r efresh  m ode

 ck 1 ck# command nop ref address cke 1 valid dq dm dqs#, dqs nop 4 t rp 8 t ch t cl t ck 1 t ck 1 t xsnr 2, 5, 10 t isxr 2 enter self refresh mode (synchronous) exit self refresh mode (asynchronous) t0 t1 ta2 ta1 dont care ta0 tc0 tb0 t xsrd 2,  7 valid 5 nop 4 t cke (min) 9 t2 odt 6 t aofd/ t aofpd 6 td0 valid 7 valid 5 indicates a break in  time scale t ih t ih t cke 3 notes: 1. clock must be stable and meeting  t ck specifications at least 1   t ck after entering self refresh mode and at least 1   t ck prior to exiting self refresh mode. 2. self refresh exit is asynchronous; however,  t xsnr and  t xsrd timing starts at the first ris- ing clock edge where cke high satisfies  t isxr. 3. cke must stay high until  t xsrd is met; however, if self refresh is being re-entered, cke may go back low after  t xsnr is satisfied. 4. nop or deselect commands are required prior to exiting self refresh until state tc0, which allows any nonread command. 5. t xsnr is required before any nonread command can be applied. 6. odt must be disabled and r tt  off ( t aofd and  t aofpd have been satisfied) prior to enter- ing self refresh at state t1. 7. t xsrd (200 cycles of ck) is required before a read command can be applied at state td0. 8. device must be in the all banks idle state prior to entering self refresh mode. 9. after self refresh has been entered,  t cke (min) must be satisfied prior to exiting self refresh. 10. upon exiting self refresh, odt must remain low until  t xsrd is satisfied. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 93 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh6(/)5()5(6+frppdqglvlqlwldwhgzkhq&.(lvorz7khglii huhqwldoforfnvkrxoguhpdlqvwdeohdqgphhw t &.(vshflilfdwlrqvdwohdvw[ t &.diwhu hqwhulqj6(/)5()5(6+prgh7khsurfhgxuhiruh[lwlqj6(/)5()5 (6+uhtxluhvdvhtxhqfhrifrppdqgv)luvwwkhgliihuhqwldofo rfnpxvwehvwdeohdqg meet  t &.vshflilfdwlrqvdwohdvw[ t &.sulruwr&.(jrlqjedfnwr+,*+2qfh&.(lv+,*+ t &.(>0,1@kdvehhqvdwlvilhgzlwkwkuhhforfnuhjlvwudwlrqvwk h ''5l02'pxvwkdyh123ru'(6(/(&7frppdqgvlvvxhgiru t ;615$vlpsohdojrulwkpiruphhwlqjerwk5()5(6+dqg'//uhtxl uhphqwvlvxvhgwr dsso\123ru'(6(/(&7frppdqgviruforfnf\fohvehiruhdsso \lqjdq\rwkhufrppdqg self refresh f igure  61 - s elf  r efresh

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product ''5l02'ghylfhvvxssruwpxowlsoh32:(5'2:1prghvwkdwdoorz vljqlilfdqwsrzhuvdylqjvryhuqrupdorshudwlqjprghv&.(lvx vhgwrhqwhudqg h[lwgliihuhqw32:(5'2:1prghv32:(5'2:1hqwu\dqgh[lwwlpl qjvduhvkrzqlq)ljxuh'hwdlohg32:(5'2:1hqwu\frqglwlrq vduhvkrzqlq )ljxuh7deohlvwkh&.(7uxwk7deoh''5l02'ghylfhu htxluh&/(wrehuhjlvwhuhg+,*+dfwlyhdwdoowlphvwkdwdq dffhvvlvlqsurjuhvviurpwkh lvvxlqjrid5($'ru:5,7(frppdqgxqwlofrpsohwlrqriwkhexuv w7kxvdforfnvxvshqglvqrwvxssruwhg)ru5($'vdexuvwf rpsohwlrqlvghilqhgzkhq wkh5($'srvwdpeohdqg t :5:5,7(wr35(&+$5*(frppdqgru t :75:5,7(wr5($'frppdqgduhvdwlvilhgdvvkrzqlq)ljxuh dqg)ljxuh ru)ljxuh7khqxpehuriforfnf\fohvuhtxluhgwrphhw t :75lvhlwkhuwzrru t :75w&.zklfkhyhulvjuhdwhu 32:(5'2:1prghlvhqwhuhgzkhq&.(lvuhjlvwhuhgorzfrlqflghq wzlwkdq123ru'(6(/(&7frppdqg&.(lvqrwdoorzhgwrjr/2: gxulqjd02'( 5(*,67(5ru(;7(1'('02'(5(*,67(5frppdqgwlphruzklohd5($ 'ru:5,7(rshudwlrqlvlqsurjuh vv,i32:(5'2:1rffxuvzkhq dooedqnv duhlgohwklvprghlvuhihuuhgwrdv35(&+$5*(32:(5'2:1,i 32:(5'2:1rffxuvzkhqwkhuhlvdurzdfwlyhlqdq\edqnwklv prghlvuhihuuhgwrdv $&7,9(32:(5'2:1(qwhulqj32:(5'2:1ghdfwlydwhvwkhlqsxwdq grxwsxwexiihuvh[foxglqj&.&.?2'7dqg&.()rupd[lpxps rzhuvdylqjv wkh'//lviur]hqgxulqj35(&+$5* (32:(5'2:1([lwlqj$&7,9(3 2:(5'2:1uhtxluhvwkhghylfhwrehdwvdphyrowdjhdqgiuhtxhq f\dvzkhqlw hqwhuhg32:(5'2:1([lwlqj35(&+$5*(32:(5'2:1uhtxluhvwkhg hylfhwrehdwwkhvdphyrowdjhdvzkhqlwhqwhuhg32:(5'2:1 krzhyhu wkhforfniuhtxhqf\lvdoorzhgwrfkdqjh 7khpd[lpxpgxudwlrqiruhlwkhu$&7,9(ru35(&+$5*(32:(5'2:1 lvolplwhge\wkh5()5(6+uhtxluhphqwvriwkhghylfhv t 5)&0$;7khplqlpxp gxudwlrqiru32:(5'2:1hqwu\dqgh[lwlvolplwhge\wkh t &.(0,1sdudphwhu7khiroorzlqjpxvwehpdlqwdlqhgzklohlq 32:(5'2:1prgh&.( /2:dvwdeohforfnvljqdodvwdeohsrzhuvxsso\vljqdodwwkh lqsxwvriwkh''5l02'$oorwkhulqsxwvljqdovduhv'rquw&d uhwh[fhsw2'7 7kh32:(5'2:1vwdwhlvv\qfkurqrxvo\h[lwhgzkhq&.(lvuhjlvw huhg+,*+lqfrqmxqfwlrqzlwkd123ru'(6(/(&7frppdqg power down mode

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 95 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product   ck ck# command nop nop nop address cke dq dm dqs, dqs# valid t ch t cl enter   power-down mode 6 exit power-down mode dont care t cke (min) 2 t cke (min) 2 valid valid 1 valid t xp 3 ,  t xard 4 t xards 5 valid valid t is t ih t ih t1 t2 t3 t4 t5 t6 t7 t8 t ck notes: 1. if this command is a precharge (or if the device is already in the idle state), then the power-down mode shown is precharge power-down. if this command is an activate (or  if  at  least one  row  is already  active),  then  the  power-down  mode  shown  is active  power- down. 2. t cke (min) of three clocks means cke must be registered on three consecutive positive clock edges. cke must remain at the valid input level the entire time it takes to achieve the three clocks of registration. thus, after any cke transition, cke may not transition from its valid level during the time period of  t is + 2   t ck +  t ih. cke must not transition during its  t is and  t ih window. 3. t xp timing is used for exit precharge power-down and active power-down to any non- read command. 4. t xard timing is used for exit active power-down to read command if fast exit is selec- ted via mr (bit 12 = 0). 5. t xards timing is used for exit active power-down to read command if slow exit is selec- ted via mr (bit 12 = 1). 6. no column accesses are allowed to be in progress at the time power-down is entered. if the dll was not in a locked state when cke went low, the dll must be reset after exiting power-down mode for proper read operation. f igure  62 - p ower -d own

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 96 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product current state  power-down self refresh bank(s) active all banks active t able  41:  t ruth  t able  - cke action (n) notes 0dlqwdlq32:(5'2:1 32:(5'2:1h[lw 0dlqwdlq6(/)5()5(6+ self-refresh exit $fwlyh32:(5'2:1hqwu\ 35(&+$5*(32:(5'2:1hqwu\ 6(/)5()5(6+hqwu\ 1-6        command (n) cs\, ras\, cas\, we\ ; '(6(/(&725123 ; '(6(/(&725123 '(6(/(&725123 '(6(/(&725123 refresh l h l h l l l h l l l l h h h h cke curr. cycle (n) prev. cycle (n-1) 6krzqlq7deoh  9dolg frppdqgv iru 32:(5'2:1 (qwu\ dqg ([lw duh 123 dqg '(6(/(&72qo\  2q 6(/) 5()5(6+ ([lw '(6(/(&7 ru 123 frppdqgv pxvw eh lvvxhgrqhyhu\forfnhgjhrffxuulqjgxulqjwkh t ;615shulrg5($' frppdqgvpd\ehlvvxhgrqo\diwhu t ;65'forfnvlvvdwlvilhg  9dolgfrppdqgviru6(/)5()5(6+([lwduh123dqg'(6(/(&7 rqo\  32:(5'2:1dqg6(/)5()5(6+fdqqrwehhqwhuhgzkloh5($' ru:5,7(rshudwlrqv/2$'02'(ru35(&+$5*(rshudwlrqvduh lqsurjuhvv6hh6(/)5()5(6+irudolvwriuhvwulfwlrqv  0lqlpxp&.(+,*+wlphlv t cke=3 x  t &.0lqlpxp&.(/2:wlphlv t cke = 3 x  t &.7klvuhtxluhvdplqlpxpriforfnf\fohvriuhjlvwud - wlrq  6(/)5()5(6+prghfdqrqo\ehhqwhuhgiurpwkh$//%$1.6lg oh vwdwh  0xvwehdohjdofrppdqgdvghilqhglq7deoh 127(6  &.(qlvwkhorjlfvwdwhri&.(dwforfnhgjhq&.(q zdvwkhvwdwh ri&.(dwwkhsuhylrxvforfnhgjh  &xuuhqwvwdwhlvwkhvwdwhriwkh''56'5$0lpphgldwho\sul ruwrforfn hgjhq  &rppdqgqlvwkhfrppdqguhjlvwhuhgdwforfnhgjhqdqgd fwlrqq lvduhvxowrifrppdqgq  7khvwdwhri2'7grhvqrwdiihfwwkhvwdwhvghvfulehglqwkl vwdeoh7kh 2'7ixqfwlrqlvqrwdydlodeohgxulqj6(/)5()5(6+  32:(5'2:1prghvgrqrwshuirupdq\5()5(6+rshudwlrqv7kh gxudwlrqri32:(5'2:1prghlvwkhuhiruholplwhge\wkh5()5(6+  uhtxluhphqwv  v;w phdqv v'21u7 &$5(w lqfoxglqj iordwlqj durxqg 9 ref  lq 6(/) 5()5(6+dqg32:(5'2:1+rzhyhu2'7pxvwehgulyhq+,*+ ru/2:lq32:(5'2:1liwkh2'7ixqfwlrqlvhqdeohgyldwkh(05  h[whqghgprghuhjlvwhu  $oovwdwhvdqgvhtxhqfhvqrwvkrzqduhloohjdoruuhvhuyhgx qohvvh[solf - lwo\ghvfulehghovhzkhuhlqwklvgrfxphqw

   d o c k c k # command dq dqs,   dqs# rl  = 3  t0 t1 t2 don  t   care t ransitioning   data n op n op t3 t4 t5 va l id t6 t7 t c k e   ( m in) address a 10 n op c k e read va l id p ower-down 2  or   se l f   refres h  entr y n op 1    va l id d o d o d o notes: 1 .in   t h e   examp l e   s h own,   read   burst  c omp l etes   at  t5;  ear l iest   power-down   or   se l f   refres h entr y  is   at  t6 . 2 . p ower-down   or   se l f   refres h  entr y  ma y  o cc ur   after   t h e   read   burst  c omp l etes.   ck ck# command dq dqs, dqs# rl = 3  t0 t1 t2 dont care transitioning data nop nop t3 t4 t 5 valid valid t6 t 7 t cke (min) address a10 nop cke read valid power-down or  self refresh 2  entry nop 1 do do do do notes: 1. in the example shown, read burst completes at t5; earliest power-down or self refresh entry is at t6. 2. power-down or self refresh entry may occur after the read burst completes. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  63 - read- to -p ower -d own   or  s elf  r efresh  e ntry f igure  64 - read  with  a uto  p recharge - to -p ower -d own   or  s elf  r efresh  e ntry

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product   ck ck# command dq dqs, dqs# wl = 3  t0 t1 t2 dont care transitioning data nop nop do t3 t4 t5 valid valid t6 valid t7 t8 t cke (min) address a10 nop write valid power-down or  self refresh entry 1 t wtr nop 1 do do do cke note: 1. power-down or self refresh entry may occur after the write burst completes. f igure  65 - write- to -p ower -d own   or  s elf  r efresh  e ntry   ck ck# command dq dqs, dqs# rl = 3  t0 t1 t2 dont care transitioning data nop nop t3 t4 t 5 valid valid t6 t 7 t cke (min) address a10 nop cke read valid power-down or  self refresh 2  entry nop 1 do do do do notes: 1. in the example shown, read burst completes at t5; earliest power-down or self refresh entry is at t6. 2. power-down or self refresh entry may occur after the read burst completes. f igure  66 - write  with  a uto  p recharge - to -p ower -d own   or  s elf  r efresh  e ntry

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 99 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product ck ck# command dont care t0 t1 valid refresh t2 t3 t cke (min) cke power-down 1 entry 1 x  t ck nop note: 1. the earliest precharge power-down entry may occur is at t2, which is 1   t ck after the refresh command. precharge power-down entry occurs prior to  t rfc (min) being  satisfied. f igure  67 - refresh c ommand - to -p ower -d own  e ntry c k c k # command don  t   care t0 t1 va l id ac t t2 n op t3 t c k e   ( m in) c k e p ower-down 1 entr y 1  t c k address valid note: 1. the earliest active power-down entry may occur is at t2, which is 1   t ck after the activate command. active power-down entry occurs prior to  t rcd (min) being satisfied. f igure  68 - activate c ommand - to -p ower -d own  e ntry

 ck ck# command dont care t0 t1 valid pre t2 nop t3 t cke (min) cke power-down 1 entry 1 x  t ck address a10 valid all banks  vs single bank note: 1. the earliest precharge power-down entry may occur is at t2, which is 1   t ck after the precharge command. precharge power-down entry occurs prior to  t rp (min) being satisfied. logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 100 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product f igure  69 - precharge c ommand - to -p ower -d own  e ntry

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 101 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product ck ck# command dont  c t0 t1 valid lm t2 nop t3 t4 t cke (min) cke power-down 3 entry t mrd address valid 1 t rp 2 nop notes: 1. valid address for lm command includes mr, emr, emr(2), and emr(3) registers. 2. all banks must be in the precharged state and  t rp met prior to issuing lm command. 3. the earliest precharge power-down entry is at t3, which is after  t mrd is satisfied. f igure  70 - load mode c ommand - to -p ower -d own  e ntry

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 102 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product :khqwkh''5l02'ghylfhlvlq35(&+$5*(32:(5'2:1prgh2'7 pxvwehwxuqhgriidqg&.(pxvwehdwdorjlf/2:ohyho$plql pxpriwzr gliihuhqwldoforfnf\fohvpxvwsdvvdiwhu&.(jrhv/2:ehiruhf orfniuhtxhqf\pd\fkdqjh7khghylfhlqsxwforfniuhtxhqf\lv doorzhgwrfkdqjhrqo\zlwklq plqlpxpdqgpd[lpxprshudwlqjiuhtxhqflhvvshflilhgiruwkhsdu wlfxoduvshhgjudgh'xulqjlqsxworfniuhtxhqf\fkdqjh2'7dq g&.(pxvwehkhogvwdeoh /2:ohyhov:khqwkhlqsxwforfniuhtxhqf\lvfkdqjhgqhzvwde ohforfnvpxvwehsurylghgwrwkhghylfhehiruh35(&+$5*(32:(5 '2:1pd\ehh[lwhg dqg'//pxvwehuhvhwyld05diwhu35(&+$5*(32:(5'2:1h[lw' hshqglqjrqwkhqhzforfniuhtxhqf\dgglwlrqdo/0frppdqgvplj kwehuhtxluhg wrdgmxvwwkh&/:5$/dqgvriruwk 'hshqglqjrqwkhqhzforfniuhtxhqf\dqgdgglwlrqdo/0frppdqg pljkwehuhtxluhgwrdssursuldwho\vhwwkh:50505dqg05 'xulqjwkh'// uhorfnshulrgrif\fohv2'7pxvwuhpdlqrii$iwhuwkh'// /rfnwlphwkh''5lvuhdg\wrrshudwhzlwkdqhzforfniuhtx hqf\ precharge power down clock frequency change   ck ck# command valid 4 nop address cke dq dm dqs, dqs# nop t ck enter precharge power-down mode exit precharge power-down mode t0 t1 t3 ta0 t2 dont care valid t cke (min) 3 t xp lm dll reset valid valid nop t ch t cl ta1 ta2 tb0 ta3 2 x  t ck (min) 1 1 x  t ck (min) 2 t ch t cl t ck odt 200 x  t ck  nop ta4 previous clock frequency new clock frequency frequency change indicates a break in  time scale high-z high-z t cke (min) 3 notes: 1. a minimum of 2    t ck is required after entering precharge power-down prior to changing clock frequencies. 2. when the new clock frequency has changed and is stable, a minimum of 1    t ck is required prior to exiting precharge power-down. f igure  71 - i nput  c lock  f requency  c hange  d uring  p recharge  p ower -d own  m ode

 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 103 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product 7kh''5dssolfdwlrqvpd\irufhd5(6(7vwdwhwrwkhghylfhdq\ wlphgxulqjqrupdorshudwlrq,idqdssolfdwlrqrufrqwuroeorf ngluhfwvwkh''5ghylfhru duud\wrhqwhu5(6(7frqglwlrq&.(lvxvhgwrhqvxuhwkhghylf huhvxphvqrupdorshudwlrqdiwhuuhlqlwldol]dwlrq$oogdwdzl ooehorvwgxulqjd5(6(7frqglwlrq krzhyhuwkh''5l02'zloofrqwlqxhwrrshudwhsurshuo\liwkh iroorzlqjfrqglwlrqvrxwolqhglqwklvvhfwlrqduhvdwlvilhg 7kh5(6(7frqglwlrqghilqhgkhuhdvvxphvdoovxsso\yrowdjhvd oovxsso\yrowdjhvdqg9 ref duhvwdeohdqgphhwdoo'&vshflilfdwlrqjxlgholqhvsulruwr  gxulqjdqgdiwhuwkh5(6(7rshudwlrq$oorwkhulqsxwvriwkhg hylfhduhdv'rquw&duhwgxulqj5(6(7zlwkwkhh[fhswlrqri&.(  ,i&.(gursv/2:dv\qfkurqrxvo\gxulqjdq\ydolgrshudwlrqlq foxglqjd5($'ru:5,7(exuvwwkhphpru\frqwuroohupxvwvdwlv i\wkhwlplqjsdudphwhu t '(/$ logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e  2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product cke r tt bank address high-z dm 3 dqs 3 high-z address a10 ck ck# t cl command nop 2 pre all banks ta0 dont care transitioning data t rpa t cl t ck odt dq 3 high-z t = 400ns (min) tb0 read nop 2 t0 t1 t2 col n bank a t delay 1 do do read nop 2 col n bank b high-z high-z unknown r tt  on system  reset t3 t4 t5 start of normal 5 initialization  sequence nop 2 indicates a break in  time scale 4 t cke (min) do notes: 1. vdd, vddl, vddq, vtt, and vref must be valid at all times. 2. either nop or deselect command may be applied. 3. dm represents dm for x4/x8 configuration and udm, ldm for x16 configuration. dqs represents dqs, dqs#, udqs, udqs#, ldqs, ldqs#, rdqs, and rdqs# for the appropri- ate configuration (x4, x8, x16). 4. in certain cases where a read cycle is interrupted, cke going high may result in the completion of the burst. 5. initialization timing is shown in figure 35. f igure  72 - reset f unction
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 logic devices incorporated              www.logicdevices.com september 16, 2013 lds-l9d2xxmxxsbg5 rev e 113 2 - 5.0 gb, ddr2, 32 m [64 m] x 64/72/80 integrated memory module (imod) l9d232m64sbg5 l9d232m72sbg5 L9D232M80SBG5 l9d264m64sbg5 l9d264m72sbg5   l9d264m80sbg5 high performance, integrated memory module product )ljxuh'dwd2xwsxw7lplqj t $&dqg t '46&. )ljxuh:ulwh%xuvw  )ljxuh&rqvhfxwlyh:5,7(wr:5,7(  )ljxuh1rqfrqvhfxwlyh:5,7(wr:5,7(  )ljxuh:5,7(,qwhuuxswhge\:5,7(  )ljxuh:5,7(wr5($'  )ljxuh:5,7(wr35(&+$5*(  )ljxuh%dqn:ulwh:lwkrxw$xwr3uhfkdujh  )ljxuh%dqn:ulwh:lwk$xwr3uhfkdujh  )ljxuh:5,7('02shudwlrq  )ljxuh'dwd,qsxw7lplqj  )ljxuh5hiuhvk0rgh  )ljxuh6hoi5hiuhvk  )ljxuh3rzhu'rzq  )ljxuh5($'wr3rzhu'rzqru6hoi5hiuhvk(qwu\  )ljxuh5($'zlwk$xwr3uhfkdujhwr3rzhu'rzqru6hoi5hiu hvk(qwu\ )ljxuh:5,7(wr3rzhu'rzqru6hoi5hiuhvk(qwu\  )ljxuh:5,7(zlwk$xwr3uhfkdujhwr3rzhu'rzqru6hoi5hi uhvk(qwu\ )ljxuh5()5(6+&rppdqgwr3rzhu'rzq(qwu\  )ljxuh$&7,9$7(&rppdqgwr3rzhu'rzq(qwu\  )ljxuh35(&+$5*(&rppdqgwr3rzhu'rzq(qwu\  )ljxuh/2$'02'(&rppdqgwr3rzhu'rzq(qwu\  )ljxuh,qsxw&orfn)uhtxhqf\&kdqjh'xulqj3uhfkdujh3rzhu 'rzq0rgh  )ljxuh5(6(7)xqfwlrq  )ljxuh2'77lplqjiru(qwhulqjdqg([lwlqj3rzhu'rzq0rgh  )ljxuh7lplqjiru056&rppdqgwr2'78sgdwh'hod\  )ljxuh2'77lplqjiru$fwlyhru)dvw([lw3rzhu'rzq0rgh  )ljxuh2'77lplqjiru6orz([lwru3uhfkdujh3rzhu'rzq0r ghv )ljxuh2'77xuq2ii7lplqjv:khq(qwhulqj3rzhu'rzq0rgh  )ljxuh2'77xuq2q7lplqj:khq(qwhulqj3rzhu'rzq0rgh    )ljxuh2'77xuq2ii7lplqj:khq([lwlqj3rzhu'rzq0rgh   
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