JEDEC
STANDARD

DDR3 SDRAM Standard

JESD79-3

June 2007

JEDEC SOLID STATE TECHNOLOGY ASSOCIATION

Samsung Electronics Co., Ltd.
Ex. 1085, p. Cover-1



NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the JEDEC legal Counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard is to
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption
may involve patents or articles, materials, or processes. By such action JEDEC does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting

the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint. Within the JEDEC organization, there are procedures whereby a JEDEC standard or
publication mya be further processed and ultimately become an ANSI standard.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC at the address below, or call (703) 907-7559 or
www.jedec.org.

Published by
©JEDEC Solid State Technology Association 2007
2500 Wilson Boulevard
Arlington, VA 22201-3834

This document may be downloaded free of charge, however JEDEC retains the
copyright on this material. By downloading this file the individual agrees not to
charge for or resell the resulting material.

Price: Please refer to the current
Catalog of JEDEC Engineering Standards and Publications online at
http://www.jedec.org/Catalog/catalog.cfm

Printed in the U.S.A.
All rights reserved

Samsung Electronics Co., Ltd.
Ex. 1085, p. Cover-2



PLEASE!

DON’T VIOLATE
THE
LAW!

This document is copyrighted by JEDEC and may not be
reproduced without permission.

Organizations may obtain permission to reproduce a limited number of copies
through entering into a license agreement. For information, contact:

JEDEC Solid State Technology Association
2500 Wilson Boulevard
Arlington, Virginia 22201-3834
or call (703) 907-7559

Samsung Electronics Co., Ltd.
Ex. 1085, p. Cover-3



Samsung Electronics Co., Ltd.
Ex. 1085, p. Cover-4



JEDEC Standard No. 79-3

Contents

o0 o1 ST P R UPRR PP 1

2 DDR3 SDRAM Package Pinout and AdAreSSIiNg .......ccccvveivereiiieieeieieeseesiesee e eeeseesaesne e 3

2.1 DDR3 SDRAM x4 Ballout using MO-207 (Top view: see balls through package) ...... 3

2.2 DDR3 SDRAM x8 Ballout using MO-207 .........coiiiiitii i 4

2.3 DDR3 SDRAM x16 Ballout using MO-207 (Top view: see balls through package)..... 5
2.4 Stacked / dual-die DDR3 SDRAM x4 Ballout using MO-207 (Top view: see balls through

PACKAGE) ..ttt e e 6

2.5 Stacked / dual-die DDR3 SDRAM x8 Ballout using MO-207 .................cooiinn. 7
2.6 Stacked / dual-die DDR3 SDRAM x16 Ballout using MO-207 (Top view: see balls through

PACKAGE) ..ttt 8

2.7 PINOUL DESCIIPLION ... .eotiiiieiii ettt sttt e e sae et e s ra e teeneesaeesreaneenneas 9

2.8 DDR3 SDRAM AQUIESSING .....vevetiitiriesiiaieeieiesie sttt ss bt sse st sbe s 11

2.8. L 512D ottt bbb 11

2.8.2 LGB ot 11

2.8.3 26D it eneens 11

2.8 4 AGD e 11

2.8.5 BGD it neens 12

3 FUNCEIONAI DESCIIPLION ...ttt bbbt 13

3.1 Simplified State DIAgram ..........ccoveiuiiieie e e e re e e 13

3.2 BaSIC FUNCHIONAIITY .....ccueiiiiiiiiie ettt ae e 14

3.3 RESET and Initialization ProCEAUIE ...........cocveriiiieiiee ettt 15

3.3.1 Power-up Initialization SEQUENCE........cccveiieiieieee et 15

3.3.2 Reset Initialization with Stable POWEr ... 17

3.4 ReQIStEr DETINITION ..ottt bbbttt 18

3.4.1 Programming the MOde REQISEIS.......ccvcieiieie e s 18

3.4.2 M0ode REGISIEr MRO ......couiiiiiiieieee ettt 19

3.4.3 MOde REGISIEr IMRL ...t 22

3.4.4 M0Ode REGISIEr MR2 ......cciieie ettt ere e ne e e 25

3.4.5 M0ode REGISIEr MR ...t re e 27

4 DDR3 SDRAM Command Description and OPeration............ccoceveeveeerenenenenieseseseeeenns 29

4.1 Command Truth TabIe ......cc.oiiiii e 29

4.2 CKE TIUN TaDIE ..ttt nne s 31

4.3 No OPeration (NOP) COMMANT .......coeiiiiiiriiiiiiesiesiesee e 32

4.4 DeSEIeCt COMMEANG .....ouviiiiiieiiiesie sttt bbbttt 32

4.5 DLL-OFT MOGE......otiiiiie bbbttt e ae s 33

4.6 DLL on/off SWItChiNG PrOCEAUIE. ........eoiiiiieieesie e 34

4.6.1 DLL “on” t0 DLL “Off” PrOCEAUIE .......ocveieiiiiiieiiisiieiieieie e 34

4.6.2 DLL “Off” t0 DLL 0N PrOCEAUIE .....cooviiiieitieiiieie st 35

4.7 Input clock FreqUENCY CRANGE .......oouiiiiiiee e 36

4.8 WIITE LEVEIING ..ottt ettt e e st et e st e te e e e sneenneaneenneas 38

4.8.1 DRAM setting for write leveling & DRAM termination function in that mode......38

4.8.2 ProCedure DESCIIPIION ......c.ueiiieieieieesie ettt 39

4.8.3 Write LeVeling MO EXIt.........ccceiiiiiiiieiiiie s se e e e 41

4.9 Extended TeMPEratUre USAGE .......coveruirrieriesieeieaiesieesiesiee e s e sieestesneesteeseesseesseeeesneesneas 42

4.9.1 Auto Sel3f-Refresh mode - ASR Mode (0ptional).........cccooeveiiiiniiiininieeeee, 42

|

Samsung Electronics Co., Ltd.
Ex. 1085, p. i



JEDEC Standard No. 79-3

Contents
4.9.2 Self-Refresh Temperature Range - SRT ..o 42
4.10 MUIti PUIPOSE REGISTEN ... eeieeiieieeee ettt sttt e e sneeaeaneennes 44
4.10.1 MPR Functional DeSCIPLION .......ccuiiiiiiiieiie ittt e 45
4.10.2 MPR Register Address DefinitioN..........cccoovviiiniiinieieeee e 48
4.10.3 Relevant Timing Parameters .......ccccccueiieieiieieeie e se e se et ae e sre e ereas 48
4.10.4 ProtoCOl EXAMPIE ..ottt e 48
4.11 ACTIVE COMMANG ..oiiiiiiiieitiesieeie sttt et eree e asaeaseessaenaesseesseaneesseesseaneessens 53
4.12 PRECHARGE COMMANG .....oouiiiiiiiiiiiiiiee ettt 53
4.13 READ OPEIALION ......vitieiiieiieitieste ettt sttt ste et e teesaesbeesbeeneesbeesbesneesbeenbeaneesaeas 54
4.13.1 READ BUISE OPEIATION ....couiiiiiiiiieieeiie ittt 54
4.13.2 READ Timing DefiNitiONS .......ccvciiiiiiieiiiie st 55
414 WRITE OPEIALION ...ttt sttt sttt sbe et sbeesbe s s e sbeenbeaneenneas 62
4.14.1 DDR3 BUISt OPEIALION .....cueiiieiieieieesie ittt 62
4.14.2 WRITE Timing VIOlatioNS ........cccoiiiiiieii e 62
4.15 Self-RefresSh OPEIatiON. ......c.ooiiiiiiiiieieie et st nae s 71
4.16 POWEI-DOWN IMOOES. .....cvieiieiiieiieiie sttt sttt sreesteaneesneenaeaneenneas 73
4.16.1 Power-Down Entry and EXIt ........ccccoveviiiiiiiicc e 73

4.16.2 Timing Diagrams for CKE with PD Entry, PD Exit with Read, READ with Auto Pre-
charge, Write and Write with Auto Precharge, Activate, Precharge, Refresh, MRS: 75

5 0n-Die Termination (ODT) ....cciiieii ettt ra e re e te b e sneesreeneenreas 85
5.1 ODT Mode Register and ODT Truth Table.........ccooeeiiiiiiii e 85
5.2 SYNChronouS ODT IMOTE .......ccuiiiiiiiieicieee et 86

5.2.1 ODT Latency and PoSted ODT ........ccccoveiiiieieeie et 86
5.2.2 TIMING PArAMELEIS .. .ooueiiiiiiieiesiiesie ettt sttt sttt sreenbeeneesbeebe e 86
5.2.3 ODT dUING REAGS: .....eouveiiiiitiitiiieeee ettt 88
5.3 DYNAMIC ODT ..ottt st e e e s re e teese e e beenteaneesteeneeareenneens 89
5.3.1 FUNCLIONAL DESCIIPLION: ....eeviiiiiitieie ettt 89
5.3.2 ODT Timing DIAQIAMS ......oouiiiiiiiiiieieieieite ettt 91
5.4 ASynchronouS ODT MOGE ........coviiiiieie ettt 94
5.4.1 Synchronous to Asynchronous ODT Mode TranSitions ...........ccccevveevieevieesinecinenn, 95

5.4.2 Synchronous to Asynchronous ODT Mode Transition during Power-Down Entry 95
5.4.3 Asynchronous to Synchronous ODT Mode Transition during Power-Down EXxit ..96
5.4.4 Asynchronous to Synchronous ODT Mode during short CKE high and short CKE low

PEITOUS ..ttt bbb bbbt bbb bbb 98
5.5 ZQ Calibration COMMANGS ........ceeiiviiiriiiieeirie ettt esre e sbeesbresreesaeesbeesbeeas 99
5.5.1 ZQ Calibration DeSCrPIION ......cceeruiiieiiieie e 99
5.5.2 ZQ Calibration TIMING .......cccuiiiiiieieierere e 100
5.5.3 ZQ External Resistor Value and TOIErancCe..........ccocovvveevveeiieiiie e 100
6 Absolute MaxXimum RATINGS ......ccuoiiiiiiieiieie e et enes 101
6.1 Absolute Maximum DC RatiNGS .......c.civeriiiieiieieiiese e seesesee e ee s e e eee e eeesaesnes 101
6.2 DRAM Component Operating Temperature RaNQe ..........cccceeveieeiesieieesieseece e 102
7 AC & DC Operating CONMITIONS.......ccueeiiiierieiie ettt nae e nes 103
7.1 Recommended DC Operating CONAIIONS........ccccuviieriereiieenesieseese e e eee e sae e 103
8 AC and DC Input Measurement LEVEIS.........c.ccveieiieiicic e 105
8.1 AC and DC Logic Input Levels for Single-Ended Signals ...........ccooeviiiiniiiininenene 105

1

Samsung Electronics Co., Ltd.
Ex. 1085, p. ii



JEDEC Standard No. 79-3

Contents

8.2 AC and DC Logic Input Levels for Differential Signals ..........ccccccevvveveiieiiv e i 107
8.3 Differential Input Cross Point VOIAge .........cccoveieiieiecececce e 107
8.4 Slew Rate Definitions for Single Ended Input Signals ... 108
8.4.1 Input Slew Rate for Input Setup Time (tIS) and Data Setup Time (tDS) .............. 108

8.4.2 Input Slew Rate for Input Hold Time (tIH) and Data Hold Time (tDH) ............... 108

8.5 Slew Rate Definitions for Differential Input Signals..........cccccoooiiiiniiininccee 109

9 AC and DC Output Measurement LEVEIS .........cccvviieieeiiiie e 111
9.1 Single Ended AC and DC Output LEVEIS........ccociveiieiieicece e 111
9.2 Differential AC and DC OUPUL LEVEIS .......ccoiiiiiiiiiiiieeeee s 111
9.4 Differential OULPUL SIEW RALE..........ccoveiieiiiieseee e eneas 113
9.5 Reference Load for AC Timing and Output Slew Rate ...........ccccevevveiieieece i 114
9.6 Overshoot and Undershoot SPeCITICALIONS ...........ccoiiiiiiinieieere s 115
9.6.1 Address and Control Overshoot and Undershoot Specifications............c.cccccveue.. 115

9.6.2 Clock, Data, Strobe and Mask Overshoot and Undershoot Specifications............ 116

9.7 34 ohm Output Driver DC Electrical CharaCteristiCs ..........ccovervvereiieereerinseenesieneens 117
9.7.1 Output Driver Temperature and Voltage Sensitivity .........cccccevvevierieeiesieesesiinnnnn 119

9.8 On-Die Termination (ODT) Levels and 1-V Characteristics ..........cccoovvvrvenieeneniennnnns 120
9.8.1 On-Die Termination (ODT) Levels and I-V CharacteristiCs..........c.ccevvrvvrrvrrennnnnn 120

9.8.2 ODT DC Electrical CharaCteriStiCS .........cocvririririeinieiiesie et 121

9.8.3 ODT Temperature and Voltage SeNnSItIVILY .........cooeiieiiiienieie e 124

9.9 ODT Timing DefiNITIONS........ocuiiiiiiiiiiiieiee e 125
9.9.1 Test Load fOr ODT TIMINGS.....ccueiieierierieaieseesieseesieeseeseesseesaessaessesseesseessesseessens 125

9.9.2 ODT Timing DefiNItIONS .....cccuiiiiiiiiieiieitceie e 125

10 Idd Specification Parameters and Test CONAITIONS .......c.cccveeerieerenienieie e 129
10.1 IDD Measurement CONMITIONS ........ccuuirierierieriesiesie et 129
10.2 IDD SPECITICALIONS .....eouveiieitieiisiie sttt sttt sttt e e e nbe s e sbeebeeneenreas 141
11 INPUL/OULPUL CAPACITANCE .....vviveieeieitesee sttt bbbt 143
12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600...........ccccccevvervennen. 145
12.1 ClOCK SPECIFICALION ....cueiiiiiiiii ettt nreas 145
12.2 Clock Jitter SPECITICALION .........eiiiieiieieieiee e 146
12.3 Refresh parameters by deVice denSity ........ccccviieiieieiieseee e 148
12.4 Standard SPEEA BiINS ......ccuiiiiiiiie et 149
12.4.1 Speed Bin Table NOTES .......ccoiiiiiie s 153

13 Electrical Characteristics and AC TiMING ....ccooiveiiiieiieeie e se e see e 155
131 JITEEE INOTES ..ottt sttt sttt b et be et e e ntesneesbeeneenreas 162
13.2 TIMING Parameter NOTES ........cceiiiiiieieieriese st 163
13.3 Address / Command Setup, Hold and Derating ...........cccccvevuerienieeiesieeie e seese e 164
13.4 Data Setup, Hold and Slew Rate Derating .........ccccevererrenrienienieie e 170

iii

Samsung Electronics Co., Ltd.
Ex. 1085, p. iii



JEDEC Standard No. 79-3

Contents

Figure 1 —Simplified State DIagram .........ccooeoieieieeiese e 13
Figure 2 —Reset and Initialization Sequence at Power-on Ramping.........cccocvevvvieenesieesvennene 16
Figure 3 —Reset Procedure at Power Stable Condition ... 17
FIQUIre 4 —tMRD TIMING ..o bbb 18
FIQUIE 5 —tMOD TIMING ....iiiiiiiieceee et e et e reente e e sreereenes 18
Figure 6 —MRO DEFINITION .....ccuoiiiiiiiiiiie e sre e 19
Figure 7 —MRL DEFINITION .....ooiiiiiiiciesi bbb 22
Figure 8 —MR2 DEfINITION .....ccuoiiiiieicc et 25
Figure 9 —MR3 DEFINITION ....ocuiiiiiiiiiiiie e 27
Figure 10 —DLL-off mode READ Timing OPeration...........ccocuuvrieieiieienenenie s 33
Figure 11 — DLL Switch Sequence from DLL-on to DLL-Off ..o 34
Figure 12 —DLL Switch Sequence from DLL Off to DLL ON......coooveiiiiininieeecee e 35
Figure 13 —Change Frequency during Precharge POWer-down ............ccocceeviieninnsesieniennens 37
Figure 14 —Write 1eVEliNg CONCEPL.......ocviieeieceece e 38
Figure 15 —Timing details of Write leveling sequence [DQS is capturing CK low at T1

ANA CKNIGN AL T2t bbbttt 40
Figure 16 —Timing details of Write leveling eXit...........cccoiiiiii i 41
Figure 17 —MPR BIOCK DIAQIaM ......ccuoiiiiiiieiiiiesie e 44
Figure 18 —MPR Functional Block Diagram (X4 CONTIQ) ......ccceeererininininieieeeseeseesie s 46
Figure 19 —MPR Functional Block Diagram (X8 config) .........ccceevvivieiiiiisiicie e 46
Figure 20 —MPR Functional Block Diagram (X16 CONfig) ........ccooveriiriiniienenieneene e 47
Figure 21 —MPR Readout of predefined pattern, BL8 fixed burst order, single readout.......... 49
Figure 22 —MPR Readout of predefined pattern, BL8 fixed burst order, back-to-back readout50
Figure 23 —MPR Readout predefined pattern, BC4, lower nibble then upper nibble............... 51
Figure 24 —MPR Readout of predefined pattern, BC4, upper nibble then lower nibble .......... 52
Figure 25 —READ Burst Operation RL =5 (AL =0, CL =5, BL8)....ccccccvevviiiviieirciecreee 54
Figure 26 —READ Burst Operation RL =5 (AL =0, CL =5, BL8)....ccccoevinriieiirveee 54
Figure 27 —Clock to Data Strobe RelationShip .........ccoooeiiiiniiiiieeeeese e 55
Figure 28 —Data Strobe to Data Relationship ..........ccccoevviiiicie e 56
Figure 29 —tLZ and tHZ method for calculating transitions and endpoints.............cccccevevenenne. 56
Figure 30 —Method for calculating tRPRE transitions and endpoints ............c.ccocvvvvvnnenennn. 57
Figure 31 —Method for calculating tRPST transitions and endpoints...........cccccvevvevvevieveennene 57
Figure 32 —READ (BL8) t0 READ (BL8)......cccoieiiieieiese et 58
Figure 33 —READ (BC4) t0 READ (BC4) ....cuviieieieesese ettt 58
Figure 34 —READ (BL8) t0 WRITE (BL8) .....ccviiiieiiiie et 59
Figure 35 —READ (BC4) to WRITE (BC4) OTF ...c.voiiiiie e 59
Figure 36 —READ (BL8) t0 READ (BC4) OTF ....ocieeee et 60
Figure 37 —READ (BC4) t0 READ (BL8) OTF ....ooiiiiieesereseeeeeie et 60
Figure 38 —READ (BC4) to WRITE (BL8) OTF ......oiiiiieieceeieeeieie e 61
Figure 39 —READ (BL8) t0 WRITE (BC4) OTF .....oooiiiiieiereeeeeie e 61
Figure 40 —Write Timing Parameters.........cccceiieieeieiee e et sae e sre e ens 63
Figure 41 —WRITE Burst Operation WL =5 (AL =0, CWL =5, BL8)....cccecvrvrnirirrieienn 64
Figure 42 —WRITE Burst Operation WL =9 (AL = CL-1, CWL =5, BL8) .....cceccvevvvvennne 64
Figure 43 —WRITE (BC4) to READ (BC4) OPEration...........ccccecvveieeiesieieeieeseesie e sia e 65
Figure 44 —WRITE (BC4) to PRECHARGE Operation...........cccoceiieieriieneniieseenie e 65

v

Samsung Electronics Co., Ltd.
Ex. 1085, p. iv



JEDEC Standard No. 79-3

Contents
Figure 45 —DDR3 Write Timing Definition ..........ccccooviiiiiiiicc e 66
Figure 46 —WRITE (BL8) t0 WRITE (BL8) ....ceeiiiiiiieiiesiesieseseeeie et 67
Figure 47 —WRITE (BC4) to WRITE (BC4) OTF ..ot 67
Figure 48 —WRITE (BL8) to READ (BC4/BL8) OTF ......cccctiiiiiieieie et 68
Figure 49 —WRITE (BC4) to READ (BCA4/BL8) OTF......cccctiiiiiieieieiesiesie e 68
Figure 50 —WRITE (BL8) t0 WRITE (BC4) OTF ....cvoiiieieceeeeeeee et 69
Figure 51 —WRITE (BC4) t0 WRITE (BL8) OTF ....cvoiiiiiiciiieeee e 69
Figure 52 —Self-Refresh ENtry/EXit TIMING........ccoviiiiieiiiicce e 72
Figure 53 —Active Power-Down Entry and Exit Timing Diagram .........ccccceeeeverinenienininennenn 74
Figure 54 — Power-Down Entry after Read and Read with Auto Precharge ...........c..ccccevennenne. 75
Figure 55 — Power-Down Entry After Write with Auto Precharge ..........cccocoovvveeieiicivcnee, 75
Figure 56 — Power-Down ENtry after WITE..........coooviiiiniieeeeee s 76
Figure 57 — Active Power-Down Entry and EXit Timing Diagram ..........c.cccceecvvieenviiennnernenne 76
Figure 58 — Precharge Power-Down (Fast Exit Mode) Entry and EXit...........ccccoevviiiinenenne. 77
Figure 59 — Precharge Power-Down (Slow Exit Mode) Entry and EXit..........cc.ccovvivvieiinnnne. 78
Figure 60 — Refresh Command to POWer-Down ENtry.........ccccecviviieiiiieene e 78
Figure 61 — Active Command to POWEr-DOown ENtry.........cccoceiiiiiiiieiienecee e 79
Figure 62 — Precharge/Precharge all Command to Power-Down Entry ...........cc.coovvvvinnenne. 79
Figure 63 — MRS Command to POWEr-DOWN ENIY........c.cccovveiiiieiiee e 80
Figure 64 —Power-Down Entry/Exit Clarifications - Case 1 .........cccocevvrienienienieenisie e 81
Figure 65 —Power-Down Entry/Exit Clarifications - Case 2 .........cccccevvveneneneniniseseeeees 82
Figure 66 —Power-Down Entry/Exit Clarifications - Case 3 .........cccocvevvvierieeiesieene e 83
Figure 67 —Functional Representation OF ODT ..........coooiiiiriiiieiieee e s 85

Figure 68 —Synchronous ODT Timing Example for AL = 3; CWL =5;
ODTLon =AL + CWL -2 =6.0; ODTLoff = AL + CWL - 2 =687
Figure 69 —Synchronous ODT example with BL =4, WL = 7......ccccoiiiiinienieneee e 87
Figure 70 —ODT must be disabled externally during Reads by driving ODT low. (example:
CL=6;AL=CL-1=5RL=AL+CL=11;CWL =5;0DTLon=CWL +AL-2=38;

ODTLOf = CWL + AL = 2 = 8) uiiiii ittt sttt e e 88
Figure 71 —Dynamic ODT: Behavior with ODT being asserted before and after the write......91
Figure 72 —Dynamic ODT: Behavior with ODT pin being asserted together with write command

for a duration 0f 6 CIOCK CYCIES........oiiiiieee e 92

Figure 73 —Dynamic ODT: Behavior with ODT pin being asserted together with write command
for a duration of 6 clock cycles, example for BC4 (via MRS or OTF), AL =0, CWL =5.93

Figure 74 —Dynamic ODT: Behavior with ODT pin being asserted together with write command
for a duration of 4 clock cycles93

Figure 75 —Asynchronous ODT Timings on DDR3 SDRAM with fast ODT transition: AL is ig-

110 =T USRS ORTPR PRSP 94
Figure 76 —Synchronous to asynchronous transition during Precharge Power Down (with DLL

frozen) entry (AL = 0; CWL =5; tANPD = WL -1 =4) .o 96
Figure 77 —Asynchronous to synchronous transition during Precharge Power Down (with DLL

frozen) exit (CL =6; AL=CL-1; CWL=5;tANPD=WL-1=9) .cccc.eceivrrrrirrrrerrerrennn, 97
Figure 78 —Transition period for short CKE cycles with entry and exit period overlapping

(AL =0, WL =5, tANPD = WL = 1 = 4) ittt 98
Figure 79 —ZQ Calibration TIMING ........ccooviiriiieiee e 100

\'

Samsung Electronics Co., Ltd.
Ex. 1085, p. v



JEDEC Standard No. 79-3

Contents
Figure 80 —Illustration of VRef(DC) tolerance and VRef ac-noise limits..............ccecverveenenne. 106
FIgure 81 —ViX DEeFINITION......ccciiii et e e neenneas 107
Figure 82 —Input Nominal Slew Rate Definition for Single-Ended Signals............ccccccocuen.e. 108
Figure 83 —Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#.............. 109
Figure 84 —Single Ended Output Slew Rate Definition............ccccccoevveiiiiiiicieccc e, 112
Figure 85 —Differential Output Slew Rate Definition.............ccooveeieiiiiiniinieieee e 113
Figure 86 —Reference Load for AC Timing and Output Slew Rate.............c.cocvvriniinnnenns 114
Figure 87 —Address and Control Overshoot and Undershoot Definition.............c.ccceevinenen, 115
Figure 88 —Clock, Data, Strobe and Mask Overshoot and Undershoot Definition ................ 116
Figure 89 —Output Driver: Definition of VVoltages and CUITENtS.........cccoeveririeninienieieinenes 117
Figure 90 —On-Die Termination: Definition of VVoltages and Currents............ccccccovvevveienen. 120
Figure 91 —ODT Timing Reference LOad.........c.cooveiiiieiieiiiie e 125
Figure 92 —Definition Of tAON ... oo 126
Figure 93 —Definition of tAONPD e, 126
Figure 94 —Definition of tA0F e 127
Figure 95 —Definition of tA0FPD e 127
Figure 96 —Definition Of tAPC ... e, 128

Figure 97 —IDD1 Example (DDR3-800-555, 512Mb x8): Data DQ is shown but the output buffer
should be switched off (per MR1 bit A12 ="1") to achieve lout = 0OmA. Address inputs are split
L QTR I o =Tt TSRS 132

Figure 98 —IDD2N / IDD3N Example (DDR3-800-555, 512MD X8).......cccecviervvivninienianns 134

Figure 99 —IDD4R Example (DDR3-800-555, 512Mb x8): data DQ is shown but the output buff-
er should be switched off (per MR1 bit A12="1") to achieve lout = OmA. Address inputs are
SPIT INTO 3 PANTS. ..ottt ettt sttt e st et e et e sbe et e neesbeeneenreas 137

Figure 100 —lllustration of nominal slew rate and tVAC for setup time tDS (for DQ with respect
to strobe) and tIS (for ADD/CMD with respect to clock)..........ccoovvvieiiiciieiecc e 166

Figure 101 —Illustration of nominal slew rate for hold time tDH (for DQ with respect to strobe)
and tIH (for ADD/CMD with respect t0 ClOCK). ........cccooiiiiiiiii e 167

Figure 102 —Illustration of tangent line for setup time tDS (for DQ with respect to strobe) and tIS
(for ADD/CMD with reSpect t0 CIOCK) .......ceeiiiriiiiiiice e 168

Figure 103 —lllustration of tangent line for for hold time tDH (for DQ with respect to strobe) and
tIH (for ADD/CMD with respect t0 ClOCK) .......ccoiveiiiieiicc e 169

Figure 104 —Illustration of nominal slew rate and tVAC for setup time tDS (for DQ with respect
to strobe) and tIS (for ADD/CMD with respect to CloCk)..........cccooviiiiiiiiniiininice 172

Figure 105 —Illustration of nominal slew rate for hold time tDH (for DQ with respect to strobe)
and tIH (for ADD/CMD with respect t0 ClOCK). .....ccuoveriiiiiiiiiiie e 173

Figure 106 —Illustration of tangent line for setup time tDS (for DQ with respect to strobe) and tIS
(for ADD/CMD with reSpect t0 CIOCK) ......ccveivieiiiicciece e 174

Figure 107 —Illustration of tangent line for for hold time tDH (for DQ with respect to strobe) and
tIH (for ADD/CMD with respect t0 ClOCK) .......ccuovveiiiieiice e 175

Vi

Samsung Electronics Co., Ltd.
Ex. 1085, p. vi



JEDEC Standard No. 79-3

Contents

Table 1 —Input / output functional deSCrIPLION.........cccueiierii i 9
Table 2 —State Diagram Command DefinitionS............cccovveiiiieiiiie e 13
Table 3 —Burst Type and BUrISt OFTer .........coiiiiieieiee e 20
Table 4 —Additive LatenCy (AL) SELHINGS......coiieeiieieiieie e see e eee e e sae e snees 23
Table 5 —TDQS, TDQS# FUNCHION MatFiX.....c.coiiiiieiirie ettt 24
Table 6 —Command Truth TabIe.........ccvii i 29
Table 7 —CKE TrUth TaDIE.....c.viieiee b 31
Table 8 —MR setting involved in the leveling procedure..........c.coveveiiieiicie e 39
Table 9 —DRAM termination function in the leveling mode ..., 39
Table 10 —Mode Register DESCIIPLION .......ccveiiiieiieie et sre e snaenne s 42
Table 11 —Self-Refresh mode SUMMAIY.........cc.coiviiiiic i 43
Table 12 —MPR MR3 Register DefinitioNn .........cccooviiiiiiiiiiiieeeeee e 44
Table 13 —MPR MR3 Register Address Definition..........cccocvieiieiiiiie e 48
Table 14 —Power-Down Entry Definitions .........ccccooieiiiiiiic e 73
Table 15 —Timing Values tXXXPDEN Parameters...........ccocovviereeieniienieieseeseseeseesiesee e 80
Table 16 —Termination Truth TabIe........ccccoiiiiee e 85
TaDIE 17 ——ODT LALENCY ..eveiieeieiiie ittt sttt sttt ettt sb e beeseesbeesbeeneenreas 86
Table 18 —Latencies and timing parameters relevant for Dynamic ODT .........c.ccoccevivviviiinnnnn 89
Table 19 —Timing Diagrams for “DynamiC ODT” .......ccccciveieiiiere e se e 91
Table 20 —Asynchronous ODT Timing Parameters for all Speed Bins..........ccccceevieiiiinnnn, 94
Table 21 —ODT timing parameters for Power Down (with DLL frozen) entry and exit transition

015 1o SRS 95
Table 22 —ZQ Calibration Command Truth Table..........coceeoiiiiiiii e, 99
Table 23 —ADbsolute Maximum DC RaTINGS.......cceiiiiriiriierenesesese s 101
Table 24 —TempPerature RANGE........ccviueiieeieesie et sre e sreeneeenes 102
Table 25 —Recommended DC Operating CONAItIONS ..........ccceoveiirriniienieeresie e 103
Table 26 —Single Ended AC and DC INPUt LEVEIS ..........ccoviiiiiiiiieieee e 105
Table 27 —Differential AC and DC Input LEVEIS.........cccoovviiiieiiiciee e 107
Table 28 —Cross point voltage for differential input signals (CK, DQS) ......cccccevviiniinniene. 107
Table 29 —Single-ended Input Slew Rate Definition ..........ccocvvvievinieiiiese e 108
Table 30 —Differential Input Slew Rate Definition ..........ccccoevviiiiiein s 109
Table 31 —Single-ended AC and DC Output LeVelS.........cccooveiiiiiiiiieeeee e 111
Table 32 —Differential AC and DC OUtPUL LEVEIS ........ccoiiiiiiiiiiceeee e 111
Table 33 —Single-ended Output Slew Rate Definition ..........ccccovveviiveviiesese e 112
Table 34 —Output Slew Rate (single-ended) .........ccoooeiiiiiiiiiiii s 112
Table 35 —Differential Output Slew Rate Definition ...........cccccevveiiiiiiinneeeseee e 113
Table 36 —Differential Output SIEW RaLE .........cceiieiieiiie e 113
Table 37 —AC Overshoot/Undershoot Specification for Address and Control Pins............... 115
Table 38 —AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask........ 116
Table 39 —Output Driver DC Electrical Characteristics, assuming R%Q = 240 w ; entire operating

temperature range; after proper ZQ calibration ............ccccoviiiiiiiii i 118
Table 40 —Output Driver Sensitivity Definition ...........ccccooiiiiiiiiiiiee e 119
Table 41 —Output Driver Voltage and Temperature SENSItiVity .........ccccccevvveveieenveiesieeniene 119
Table 42 —ODT DC Electrical Characteristics, assuming R%? = 240 w +/- 1% entire operating

temperature range; after proper ZQ calibration ...........ccocvoeiiiiiniii 121

Vil

Samsung Electronics Co., Ltd.
Ex. 1085, p. vii



JEDEC Standard No. 79-3

Contents

Table 43 —ODT Sensitivity DefiNItION.........cccooiiiiiiiii s 124
Table 44 —ODT Voltage and Temperature SENSITIVILY .........ccccviieriiereiiieseeie e 124
Table 45 —ODT Timing DefINITIONS........cooiiiiiiiiie e 125
Table 46 —Reference Settings for ODT Timing Measurements ...........ccocevererenenennsiennenns 125
Table 47 —Overview of Tables providing IDD Measurement Conditions and

DRAM BERAVIOK ...ttt sttt st nre e enes 129
Table 48 —Definition of SWITCHING for Address and Command Input Signals................. 129
Table 49 —Definition of SWITCHING for Data (DQ)........ccoeevueiieiiiieiieceeeese e 130
Table 50 —For IDD testing the following parameters are utilized. ...........cccoovriiiiiieinnene 130
Table 51 —IDD Measurement Conditions for IDDO and IDD1 .........cccccocvvvevienieneeiieseeiene 131
Table 52 —IDD Measurement Conditions for IDD2N, IDD2P(1), IDD2P(0) and IDD2Q....133
Table 53 —IDD Measurement Conditions for IDD3N and IDD3P(fast exit).........ccccceeveuenne. 135
Table 54 —IDD Measurement Conditions for IDD4R, IDD4W and IDD7 ..........cccccccevvennnee. 136
Table 55 —IDD?7 Pattern for different Speed Grades and different tRRD, tFAW conditions.138
Table 57 —IDD Measurement Conditions for IDD6, IDD6ET, and IDD6TC ..........cccceeueenee. 139
Table 56 —IDD Measurement Conditions for IDD5B...........cccccvieiieieiieneee e 139
Table 58 —IPP Specification Example 512M DDRS3.........cccoveiieeveieecceeeeee e, 141
Table 59 —IPP8 Current DEfiNItioN ...........cccciiiiiiieiiieceece e e 141
Table 60 —IPP8 SPECITICALION .........cvevieiiiieicceee et 142
Table 61 —Input / Output CAPACITANCE .......cveeieeiecie e 143
Table 62 —DDR3-800 SPEEU BINS.......ccceiiiiiiiiieiesie ettt 149
Table 63 —DDR3-1066 SPEEU BINS.......cceiiiiiieieieiesiesie et 150
Table 64 —DDR3-1333 SPEEA BiNS.......cciuiiiiiieeiecie ettt 151
Table 65 —DDR3-1600 SPEEA BINS.......cciuiiiiiiiiiiiie et 152
Table 66 —Timing Parameters by SPeed BiN ........cccooiiiiiiiiiiiiiseeeese e 155
Table 67 —Min and Max SPEC VAIUES .........ccoieriiiiiiiesic e 162
Table 68 —ADD/CMD Setup and Hold Base-Values for 1V/NnS .......ccccccevveiicciiciic e, 164
Table 69 —Derating values DDR3-800/1066 tIS/tIH - ac/dc based ..........ccccevvvvvevviinivenenne, 165
Table 70 —Required time tVAC above VIH(ac) {below VIL(ac)} for valid transition........... 165
Table 71 —Data Setup and Hold Base-ValUEs ............cccoovveiiieiie i 170
Table 72 —Derating values DDR3-800/1066 tDS/tDH - ac/dc based ............ccccevevviinineennne. 171
Table 73 —Required time tVAC above VIH(ac) {below VIL(ac)} for valid transition........... 171

viii

Samsung Electronics Co., Ltd.
Ex. 1085, p. viii



JEDEC Standard No. 79-3
Page 1

DDR3 SDRAM Standard

(From JEDEC Board Ballot JCB-06-71, formulated under the cognizance of the JC-42
Committee on Solid State Memories.)

1 Scope

This document defines the DDR3 SDRAM specification, including features,
functionalities, AC and DC characteristics, packages, and ball/signal assignments. The
purpose of this Specification is to define the minimum set of requirements for JEDEC
compliant 512 Mb through 8 Gb for x4, x8, and x16 DDR3 SDRAM devices. This
specification was created based on the DDR2 specification (JESD79-2) and some
aspects of the DDR specification (JESD79). Each aspect of the changes for DDR3
SDRAM operation were considered and approved by committee ballot(s). The
accumulation of these ballots were then incorporated to prepare this JESD79-3
specification, replacing whole sections and incorporating the changes into Functional
Description and Operation.
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2 DDR3 SDRAM Package Pinout and Addressing
2.1 DDR3 SDRAM x4 Ballout using MO-207 (Top view: see balls through package)

[1 [2 3 |4 5 [6 [7 |8 E |10 [11 |
A e e e e
B
c | [N v ] Ne o]
D
E
F | [NnC VSS VDD NC NC VSS VDD NC | [A
G VSS VSSQ DQO DM VSSQ VDDQ B
H VDDQ DQ2 DQS DQ1 DQ3 VSSQ C
J VSSQ NC DQS# VDD VSS VSSQ D
K VREFDQ |VvDDQ NC NC NC VDDQ E
L NC VSS RAS# CK VSS NC F
M oDT VDD CASH# CK# VDD CKE G
N NC cs# WE# AL10/AP  [ZQ NC H
P VSS BAO BA2 A15 VREFCA [vSS J
R VDD A3 AO A12/BC# |BA1 VDD K
T VSS A5 A2 Al A4 VSS L
U VDD A7 A9 A1l A6 VDD M
v | [NC VSS RESET# |A13 Al4 A8 VSS NC | [N
w
Y
A [No_ N e | Ne ] NG [N
AB
AC | [NC NC NC NC NC NC |

1 2 3 4 |5 [6 |7 8 9

Note 1: Green NC balls indicate mechanical support balls with no internal connection. Any of the
support ball locations may or may not be populated with a ball.

MO-207 Variation DW-z (x4)
with support balls

1234567891011
MO-207 Variation DT-z (x4) §$$i$i$i$$$$
COO0O+0+++0+00
A000+++000 8 8 A
s000 111000 AT RRaIIL:
CO00+++000 H 1000111000+
2295111883 {18881 18881
E
-0001 11000 § 198811808t
1988111898 i1g88 s
KOOO+++000 T+000+++000+
U+000+++000+
19001 IT008 ommwa  WSS92TITIIS
MOOO+++000 opulated ba
NOOO+++000 -+ Ball not populated A§$$¢$¢¢¢_‘O—¢$$
AB+++++++4+++4++
ACOO+O+++0+00

Samsung Electronics Co., Ltd.
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)

2.2 DDR3 SDRAM x8 Ballout using MO-207

[1 [2 3 |4 5 [6 [7 |8 B [10 [11
AR e ] e e
B
c | e e ] Ne ] e ] Ne e
D
E
F | [NnC Vss VDD NC LD Vss VDD NC A

TDQSH#
G VSS VSSQ DQO DM/TDQS [VSSQ VDDQ B
H VDDQ DQ2 DQS DQ1 DQ3 VSSQ c
J VSSQ DQ6 DQS# VDD VSS VSSQ D
K VREFDQ |VDDQ DQ4 DQ7 DQ5 VDDQ E
L NC VSS RAS# CK VSS NC F
M oDT VDD CASH# CK# VDD CKE €
N NC cs# WE# AL0/AP  |ZQ NC H
P VSS BAO BA2 A15 VREFCA |VSS J
R VDD A3 AO A12/BC# |BAl VDD K
T VSS A5 A2 Al A4 VSS L
U VDD A7 A9 A1l A6 VDD M
v | [NC VSS RESET# |A13 Ald A8 VSS NC N
w
Y
| [N e Ne ] e ] NC v
AB
AC | [NC NC NC NC NC NC
1 2 3 4 [5 [6 |7 8 9

Note 1: Green NC balls indicate mechanical support balls with no internal connection. Any of the
support ball locations may or may not be populated with a ball.

MO-207 Variation DW-z (x8)
with support balls

1234567891011

AOO+O0+++0+00

Y- PP . .98

MO-207 Variation DT-z (x8) D4+++++++++++
E+++++++++++

NYTEALELY) £ 3888118880
£000+ 11000 11888t Iesst
CO00+++000 K+000+++000+
DPOOO+++000 L+O000+++000+
©900+++000 118881118881
FOOO+++000 P+000+++000+
1999111888 18881 1888
3000111883 U+000+++000+
VOOOO+++0000

KOOO +++000 W+ 44+ 4+ + + +++
LOOO+++000 X +++++++++++
MOOO+++000 O Populated ball %22121112122
NOOO +++000  + Ballnot populated ACOO+O0+++0+00
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)
2.3 DDR3 SDRAM x16 Ballout using MO-207 (Top view: see balls through package)
[1 [2 3 |4 5 [6 [7 |8 E |10 [11 |
A e e ] N e ]
B
[¢
D | [NC VDDQ DQUS5 DQU7 DQU4 VDDQ VSS NC | [A
E VSSQ VDD VSS DQSU# |DQU6 VSSQ B
F VDDQ DQU3 DQU1 DQSU DQU2 VDDQ C
G VSSQ VDDQ DMU DQUO VSSQ VDD D
H VSS VSSQ DQLO DML VSSQ VDDQ E
J VDDQ DQL2 DQSL DQL1 DQL3 VSSQ F
K VSSQ DQL6 DQSL# VDD VSS VSSQ G
L VREFDQ |VDDQ DQL4 DQL7 DQL5 VDDQ H
M NC VSS RAS# CK VSS NC J
N oDT VDD CASH# CK# VDD CKE K
P NC CS# WE# A10/AP  [ZQ NC L
R VSS BAO BA2 A15 VREFCA |VSS M
T VDD A3 AO A12 BA1 VDD N
u VSS A5 A2 Al A4 VSS P
v VDD A7 A9 A1l A6 VDD R
w | [NC VSS RESET# |A13 Al4 A8 VSS NC | (T
Y
AA
AB | [NC NC NC NC NC NC |
1 2 3 4 |5 [6 |7 8 9

Note 1: Green NC balls indicate mechanical support balls with no internal connection. Any of the
support ball locations may or may not be populated with a ball.

MO-207 Variation TBD (x16)
with support balls

MO-207 Variation TBD (x16) 4567891011

34567809
AQO0O0+++000
BOOO+++000
CO00+++000
POOO+++000
EQO0O+++000
FOOO+++000
GO000+++000
HOOO+++000
JOOO+++000
KOOO+++000
LOOO+++000
MOOO+++000
NOOO+++000
POOO+++000
ROOO+++000
TOOO+++000

O Populated ball
- Ball not populated

EEXE<CHTVZErXeIOTMOO®H>
o++0++++++++++++++0+4+0 -
0++0000000000000000++0 ™
+++0000000000000000+++ »
0++0000000000000000++0
+++++++++++++ 4+ T
+++++++++++++H+HHH T
+++++++++H++++H 4+ T
0++0000000000000000++0
++4+0000000000000000+++
0++0000000000000000++0
o++0++++++++++++++0+4+0
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)

2.4 Stacked / dual-die DDR3 SDRAM x4 Ballout using MO-207 (Top view: see balls through

package)

[1 [2 3 |4 5 [6 [7 |8 B [10 [11
A e e ] e ] N [Ne e
B
c | e e ] e ] N [Ne e
D
E
F | [NC VSS VDD NC NC VSS VDD NC A
€ VSS VSSQ DQO DM VSSQ VDDQ B
H VDDQ DQ2 DQS DQ1 DQ3 VSSQ c
J VSSQ NC DQS# VDD VSS VSSQ D
K VREFDQ |VDDQ NC NC NC VDDQ E
L oDT1 VSS RASH# cK VSS CKE1 F
M oDTO VDD CASH# CK# VDD CKEO €
N cSs1# CSo# WE# AL0/AP  [ZQO ZQ1 H
P VSS BAO BA2 A15 VREFCA |VSS J
R VDD A3 AO A12/BC# |BAl VDD K
T VSS A5 A2 Al Ad VSS L
U VDD A7 A9 ALl A6 VDD M
v | [NC VSS RESET# |Al3 Ald A8 VSS NC N
w
X
A | [Ne v Ne ] N e e
AB
AC | [NC NC NC NC NC NC

1 2 3 4 [5 [6 |7 8 9

ite 1: Green NC balls indicate mechanical support balls with no internal connection.
Any of the support ball locations may or may not be populated with a ball.
ite 2: This stacked ballout is intended to use only with stacked/dual-die packages, and does not apply to non-
stacked/single-die packages. This document (JESD79-3) focuses on non-stacked, single-die devices
unless otherwise explicitly stated.

MO-207 Variation DW-z (x4)
with support balls

12345678 91011
AOO+O0+++0+00
R-Y- P R .98
MO-207 Variation DT-z (x4) D+++++++++++
E+++++++++++
1234567809 FOOOO+++0000
AQO0O0+++000 G +000+++000+
BOOO+++000 H+O000+++000+
5 K+O000+++000+
999 ITo08 119981112281
500111000 N 188811 199sT
GCO00+++000 R+000+++000+
HOOO+++000 T+000+++000+
JOOO+++000 U+000+++000+
KOO0 +++000 wR22RFEI222°
1000111006 O opuiessal Noototiistas
M +++ Populated ba
NOOO+++000 + Ball ot populated abdS TS TTTETES
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)
2.5 Stacked / dual-die DDR3 SDRAM x8 Ballout using MO-207

[1 [2 3 |4 5 [6 [7 |8 E |10 [11 |
A e e e e
B
c | [N v ] Ne o]
D
E
F NC VSS VDD NC ML VSS VDD NC A

TDQSH#
G VSS VSSQ DQO DM/TDQS [VSSQ VDDQ B
H VDDQ DQ2 DQS DQ1 DQ3 VSSQ C
J VSSQ DQ6 DQS# VDD VSS VSSQ D
K VREFDQ |vDDQ DQ4 DQ7 DQ5 VDDQ E
L oDT1 VSS RAS# CK VSS CKE1 F
M 0oDTO VDD CASH# CK# VDD CKEO G
N CS1# CSo# WE# AL10/AP  [ZQO ZQ1 H
P VSS BAO BA2 A15 VREFCA |vss J
R VDD A3 AO A12/BC# |BA1 VDD K
T VSS A5 A2 Al A4 VSS L
U VDD A7 A9 A1l A6 VDD M
v | [NC VSS RESET# |A13 Al4 A8 VSS NC | [N
w
X
A | oo Ne ] Ne ] NG JNe
AB
AC | [NC NC NC NC NC NC |
1 2 3 4 5 [6 |7 8 9

ote 1: Green NC balls indicate mechanical support balls with no internal connection.
Any of the support ball locations may or may not be populated with a ball.
ote 2: This stacked ballout is intended to use only with stacked/dual-die packages, and does not apply to non-
stacked/single-die packages. This document (JESD79-3) focuses on non-stacked, single-die devices

MO - 207 Variation DW-z (x8)
with support balls

unless otherwise explicitly stated. 12345678 91011

AOCOO+O+++0+00

CoSTSTTTE1dS

MO-207 Variation DT-z (x8) D+++++++++++

E4+++++++++4+4

123456789 FOOOO+++0000

AQOOO+++000 G +O00+++000+

BOOO+++000 H+O000+++000+

CO0O0+++000 J+OO0OO0+++000+

K+O000+++000+

29991108 11888 T To08T
E il |

£000+++000 N 189811133881

P+O0C0O0+++000+

GOOO0+++000 R+000+++000+

HOOO+++000 T+000+++000+

VOOOO+++0000

KOOO+++000 W+ + + + ++ + +++

939 +1o99 o PO Y e e

M ++4+000 Populated ball
NOOO+++000 -+ Ball not populated ﬁg$$¢$¢¢¢$¢$$
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)

2.6 Stacked / dual-die DDR3 SDRAM x16 Ballout using MO-207 (Top view: see balls through

package)

[1 [2 3 |4 5 [6 [7 |8 B [10 [11 |
A e e ] e Jne ]
B
c
D | [NC VDDQ DQUS5 DQU7 DQU4 VDDQ VSS NC | [A
E VSSQ VDD VSS DQSU# |DQU6 VSSQ B
F VDDQ DQU3 DQU1 DQSU DQU2 VDDQ c
€ VSSQ VDDQ DMU DQUO VSSQ VDD D
H VSS VSSQ DQLO DML VSSQ VDDQ E
J VDDQ DQL2 DQSL DQL1 DQL3 VSSQ F
K VSSQ DQL6 DQSL# VDD VSS VSSQ €
L VREFDQ |VDDQ DQL4 DQL7 DQL5 VDDQ H
M oDT1 VSS RASH# cK VSS CKE1 J
N oDTO VDD CASH# CK# VDD CKEO K
P cSs1# CSo# WE# AL0/AP  [ZQO ZQ1 L
R VSS BAO BA2 A15 VREFCA |VSS M
T VDD A3 AO A12 BA1 VDD N
U VSS A5 A2 Al Ad VSS P
v VDD A7 A9 ALl A6 VDD R
w | [NC VSS RESET# |Al3 Ald A8 VSS NC | [T
Y
AA
AB | [NC NC NC NC NC NC |

1 2 3 4 [5 [6 |7 8 9

te 1: Green NC balls indicate mechanical support balls with no internal connection.
Any of the support ball locations may or may not be populated with a ball.
te 2: This stacked ballout is intended to use only with stacked/dual-die packages, and does not apply to non-
stacked/single-die packages. This document (JESD79-3) focuses on non-stacked, single-die devices

unless otherwise explicitly stated.

MO - 207 Variation DU-z (x16)
1234567829
AOQO0O0+++000
BOOO+++000
CO00+++000
POOO+++000
EQOOO+++000
FOOO+++000
GO000+++000
HOOO+++000

JOOO+++000
KOOO+++000
LOOO+++000
MOOO+++000

NOOO+++000
POOO+++000
ROOO+++000
TOOO+++000

O Populated ball
-+ Ball not populated

EEXE<CHTTVZErRCIOTMMOOW>

MO - 207 Variation TBD (x16)
with support balls

=
N
w
N
(631

0++0++++++++++++++0++0
0++0000000000000000++0
+++000000000000000 0+++
0++0000000000000000++0
R B L s
e+ttt o
Ht+t e+
0++0000000000000000++0
+++000000000000000 0+++ ©
0++0000000000000000++40 5
0++0++++++++++++++0++0 £
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)

2.7 Pinout Description

Table 1 — Input / output functional description

Symbol

Type

Function

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All address and control input signals
are sampled on the crossing of the positive edge of CK and negative edge of CK#.

CKE

Input

Clock Enable: CKE HIGH activates, and CKE Low deactivates, internal clock signals
and device input buffers and output drivers. Taking CKE Low provides Precharge
Power-Down and Self-Refresh operation (all banks idle), or Active Power-Down (row
Active in any bank). CKE is asynchronous for Self-Refresh exit. After VREFCA and
VREFDQ have become stable during the power on and initialization sequence, they
must be maintained during all operations (including Self-Refresh). CKE must be
maintained high throughout read and write accesses. Input buffers, excluding CK, CK#,
ODT and CKE are disabled during power-down. Input buffers, excluding CKE, are
disabled during Self-Refresh.

CS#

Input

Chip Select: All commands are masked when CS# is registered HIGH. CS# provides for
external Rank selection on systems with multiple Ranks. CS# is considered part of the
command code.

oDT

Input

On Die Termination: ODT (registered HIGH) enables termination resistance internal to
the DDR3 SDRAM. When enabled, ODT is only applied to each DQ, DQS, DQS# and
DM/TDQS, NU/TDQS# (When TDQS is enabled via Mode Register A11=1 in MR1)
signal for x4/x8 configurations. For x16 configuration ODT is applied to each DQ,
DQSU, DQSU#, DQSL, DQSL#, DMU, and DML signal. The ODT pin will be ignored if
MR1 is programmed to disable ODT.

RAS#. CAS#. WE#

Input

Command Inputs: RAS#, CAS# and WE# (along with CS#) define the command being
entered.

DM, (DMU), (DML)

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked when
DM is sampled HIGH coincident with that input data during a Write access. DM is
sampled on both edges of DQS. For x8 device, the function of DM or TDQS/TDQS# is
enabled by Mode Register A1l setting in MR1.

BAO - BA2

Input

Bank Address Inputs: BAO - BA2 define to which bank an Active, Read, Write or
Precharge command is being applied. Bank address also determines which mode
register is to be accessed during a MRS cycle.

AO - A15

Input

Address Inputs: Provide the row address for Active commands and the column address
for Read/Write commands to select one location out of the memory array in the
respective bank. (A10/AP and A12/BC# have additional functions, see below). The
address inputs also provide the op-code during Mode Register Set commands.

A10/ AP

Input

Auto-precharge: A10 is sampled during Read/Write commands to determine whether
Autoprecharge should be performed to the accessed bank after the Read/Write
operation. (HIGH: Autoprecharge; LOW: no Autoprecharge). A10 is sampled during a
Precharge command to determine whether the Precharge applies to one bank (A10
LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the bank is
selected by bank addresses.

Al2/BC#

Input

Burst Chop: A12 / BC# is sampled during Read and Write commands to determine if
burst chop (on-the-fly) will be performed. (HIGH, no burst chop; LOW: burst chopped).
See command truth table for details.

RESET#

Input

Active Low Asynchronous Reset: Reset is active when RESET# is LOW, and inactive
when RESET# is HIGH. RESET# must be HIGH during normal operation. RESET# is a
CMOS rail to rail signal with DC high and low at 80% and 20% of Vpp, i.e. 1.20V for DC
high and 0.30V for DC low.

DQ

Input / Output

Data Input/ Output: Bi-directional data bus.

Samsung Electronics Co., Ltd.
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)
2.7 Pinout Description (Cont.)

Table 1 — Input / output functional description

Symbol Type Function
Data Strobe: output with read data, input with write data. Edge-aligned with read data,
DQU, DQL, DQS, centered in write data. For the x16, DQSL corresponds to the data on DQLO-DQLY7;
DQS#, DQSU, Input / Output DQSU corresponds_to the data_on !DQUO-DQU?. The data strobe DQS, DQSL,_ and
DQSU#, DQSL, DQSU are paired with differential signals DQS#, DQSL#, and DQSU#, respectively, to
DQSL# provide differential pair signaling to the system during reads and writes. DDR3 SDRAM
supports differential data strobe only and does not support single-ended.
Termination Data Strobe: TDQS/TDQS# is applicable for x8 DRAMs only. When
enabled via Mode Register A11 = 1 in MR1, the DRAM will enable the same termination
resistance function on TDQS/TDQS# that is applied to DQS/DQS#. When disabled via
TDQS, TDQSH Output mode register A11 =0in l\(/?Rl, D(I\DA/TDQS wiIIF;))F;ovide theQdatanask function and
TDQSH# is not used. x4/x16 DRAMs must disable the TDQS function via mode register
A11 =0 in MR1.
NC No Connect: No internal electrical connection is present.
Vbbo Supply DQ Power Supply: 1.5V +/- 0.075 V
Vsso Supply DQ Ground
Vpp Supply Power Supply: 1.5V +/- 0.075 V
Vss Supply Ground
VREFDO Supply Reference voltage for DQ
VREFCA Supply Reference voltage
ZQ Supply Reference Pin for ZQ calibration
Note: Input only pins (BAO-BA2, A0-A15, RAS#, CAS#, WE#, CS#, CKE, ODT, and RESET#) do not sup-
ply termination.

Samsung Electronics Co., Ltd.
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)
2.8 DDR3 SDRAM Addressing
2.8.1 512Mb
Configuration 128Mb x 4 64Mb x 8 32Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO - BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
BL switch on the fly A12/BC# A12/BC# A12/BC#
Row Address Ao - A12 Ao - A12 Ao - A11
Column Address Ao - Ag,A11 Ao - Ag Ao - A9
Page size 1 1KB 1 KB 2 KB
2.8.2 1Gb
Configuration 256Mb x 4 128Mb x 8 64Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO - BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
BL switch on the fly A12/BC# A12/BC# A12/BC#
Row Address Ao - A13 Ao - A13 Ao - A12
Column Address Ao - Ag,A11 Ao - Ag Ao - A9
Page size 1 1KB 1KB 2 KB
2.8.3 2Gb
Configuration 512Mb x 4 256Mb x 8 128Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO - BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
BL switch on the fly A12/BC# A12/BC# A12/BC#
Row Address Ao - A14 Ao - A14 Ao - A13
Column Address Ao - Ag,A11 Ao - Ag Ao - A9
Page size 1 1KB 1KB 2 KB
2.8.4 4Gb
Configuration 1Gb x 4 512Mb x 8 256Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO - BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
BL switch on the fly A12/BC# A12/BC# A12/BC#
Row Address Ao - A15 Ao - A1s Ao - A14
Column Address Ao - Ag,A11 Ao - Ag Ao - A9
Page size 1 1KB 1KB 2 KB

Samsung Electronics Co., Ltd.
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2 DDR3 SDRAM Package Pinout and Addressing (cont'd)
2.8 DDR3 SDRAM Addressing (Cont.)

2.8.5 8Gb

Configuration 2Gb x 4 1Gb x 8 512Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO - BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
BL switch on the fly A12/BC# A12/BC# A12/BC#
Row Address Ao - A15 Ao - A15 Ao - A15
Column Address Ao - Ag, A1z, A13 Ao - Ag, A1 Ao - Ag
Page size 1 2 KB 2 KB 2 KB

Notes: 1. Page size is the number of bytes of data delivered from the array to the inter-
nal sense amplifiers when an ACTIVE command is registered. Page size is
per bank, calculated as follows:

page size =2 COLBITS « ORG = 8

where

COLBITS = the number of column address bits
ORG = the number of I/O (DQ) bits

Samsung Electronics Co., Ltd.
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3 Functional Description

3.1 Simplified State Diagram

This simplified State Diagram is intended to provide an overview of the possible state transitions and the commands
to control them. In particular, situations involving more than one bank, the enabling or disabling of on-die
termination, and some other events are not captured in full detail.

MRSMPR, CKE_L
Write Self

Power
Applied

Activating

Command
Sequence

Figure 1 — Simplified State Diagram

Table 2 — State Diagram Command Definitions

Abbreviation Function Abbreviation Function Abbreviation Function
ACT Active Read RD, RDS4, RDS8 PDE Enter Power-down
PRE Precharge Read A RDA, RDAS4, RDASS PDX Exit Power-down
PREA Precharge All Write WR, WRS4, WRSS8 SRE Self-Refresh entry
MRS Mode Register Set Write A WRA, WRAS4, WRAS8 SRX Self-Refresh exit
REF Refresh RESET# Start RESET Procedure MPR Multi-Purpose Register
Note: See “Command Truth Table” on page 29 for more details.

Samsung Electronics Co., Ltd.
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3 Functional Description (cont'd)

3.2 Basic Functionality

The DDR3 SDRAM is a high-speed dynamic random-access memory internally configured as an eight-bank DRAM.
The DDR3 SDRAM uses a 8n prefetch architecture to achieve high-speed operation. The 8n prefetch architecture is
combined with an interface designed to transfer two data words per clock cycle at the 1/0O pins. A single read or write
operation for the DDR3 SDRAM consists of a single 8n-bit wide, four clock data transfer at the internal DRAM core
and two corresponding n-bit wide, one-half clock cycle data transfers at the 1/0 pins.

Read and write operation to the DDR3 SDRAM are burst oriented, start at a selected location, and continue for a burst
length of four or eight in a programmed sequence. Operation begins with the registration of an Active command,
which is then followed by a Read or Write command. The address bits registered coincident with the Active
command are used to select the bank and row to be activated (BAO-BAZ2 select the bank; A0-A15 select the row; refer
to “DDR3 SDRAM Addressing” on page 11 for specific requirements). The address bits registered coincident with
the Read or Write command are used to select the starting column location for the burst operation, determine if the
auto precharge command is to be issued (via A10), and select BC4 or BL8 mode ‘on the fly” (via A12) if enabled in
the mode register.

Prior to normal operation, the DDR3 SDRAM must be powered up and initialized in a predefined manner. The
following sections provide detailed information covering device reset and initialization, register definition, command
descriptions and device operation.

Samsung Electronics Co., Ltd.
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3 Functional Description (cont'd)

3.3 RESET and Initialization Procedure
3.3.1 Power-up Initialization Sequence
The following sequence is required for POWER UP and Initialization.

OR

1.

Apply power (RESET# is recommended to be maintained below 0.2 x VDD, (all
other inputs may be undefined). RESET# needs to be maintained for minimum 200
us with stable power. CKE is pulled “Low” anytime before RESET# being de-
asserted (min. time 10 ns). The power voltage ramp time between 300 mv to
VDDmin must be no greater than 200 ms; and during the ramp, VDD > VDDQ and
(VDD - VDDQ) < 0.3 volts.

*VDD and VDDQ are driven from a single power converter output, AND
* The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or

equal to VDDQ and VDD on one side and must be larger than or equal to VSSQ and
VSS on the other side. In addition, VTT is limited to 0.95 V max once power ramp is
finished, AND

« Vref tracks VDDQ/2.

«Apply VDD without any slope reversal before or at the same time as VDDQ.
*Apply VDDQ without any slope reversal before or at the same time as VTT & Vref.
*The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or

10.
11.
12.

equal to VDDQ and VDD on one side and must be larger than or equal to VSSQ and
VSS on the other side.

After RESET# is de-asserted, wait for another 500 us until CKE becomes active. Dur-
ing this time, the DRAM will start internal state initialization; this will be done indepen-
dently of external clocks.

Clocks (CK, CK#) need to be started and stabilized for at least 10 ns or 5 tCK (which
is larger) before CKE goes active. Since CKE is a synchronous signal, the corre-
sponding set up time to clock (tIS) must be meet. Also a NOP or Deselect command
must be registered (with tIS set up time to clock) before CKE goes active. Once the
CKE registered “High” after Reset, CKE needs to be continuously registered “High”
until the initialization sequence is finished, including expiration of tDLLK and tZQinit.

The DDR3 SDRAM will keep its on-die termination in high-impedance state during
RESET# being asserted at least until CKE being registered high. Therefore, the ODT
signal may be in undefined state until tIS before CKE being registered high. After
that, the ODT signal must be keep inactive (“low”) until the Power Up initialization
sequence is finished, including expiration of tDLLK and tZQinit.

After CKE being registered high, wait minimum of Reset CKE Exit time, tXPR, before
issuing the first MRS command to load mode register. (tXPR=max (tXS ; 5 x tCK)

Issue MRS Command to load MR2 with all application settings. (To issue MRS com-
mand for MR2, provide “Low” to BAO and BA2, “High” to BAL1.)

Issue MRS Command to load MR3 with all application settings. (To issue MRS com-
mand for MR3, provide “Low” to BA2, “High” to BAO and BAL.)

Issue MRS Command to load MR1 with all application settings and DLL enabled. (To
issue "DLL Enable" command, provide "Low" to AO, "High" to BAO and "Low" to BA1
— BA2).

Issue MRS Command to load MRO with all application settings and “DLL reset”. (To
issue DLL reset command, provide "High" to A8 and "Low" to BAO-2).

Issue ZQCL command to starting ZQ calibration.
Wait for both tDLLK and tZQinit completed.
The DDR3 SDRAM is now ready for normal operation.

Samsung Electronics Co., Ltd.
Ex. 1085, p. 15



JEDEC Standard No. 79-3
Page 16

3.3 RESET and Initialization Procedure (cont'd)
3.3.1 Power-up Initialization Sequence (cont'd)

tMOD

Figure 2 — Reset and Initialization Sequence at Power-on Ramping

Samsung Electronics Co., Ltd.
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3 Functional Description (cont'd)
3.3 RESET and Initialization Procedure (cont'd)

3.3.2 Reset Initialization with Stable Power
The following sequence is required for RESET at no power interruption initialization.

1. Asserted RESET below 0.2 * VDD anytime when reset is needed (all other inputs may be
undefined). RESET needs to be maintained for minimum 100 ns. CKE is pulled “LOW”
before RESET being de-asserted (min. time 10 ns).

2. Follow Power-up Initialization Sequence step 2 to 11.
3. The Reset sequence is now completed, DDR3 SDRAM is ready for normal operation.

tMOD

Figure 3 — Reset Procedure at Power Stable Condition

Samsung Electronics Co., Ltd.
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3 Functional Description (cont'd)

3.4 Register Definition
3.4.1 Programming the Mode Registers

For application flexibility, various functions, features and modes are programmable in four Mode Registers, provided
by the DDR3 SDRAM, as user defined variables and they must be programmed via a Mode Register Set (MRS)
command. As the default values of the Mode Registers (MR#) are not defined, contents of Mode Registers must be
fully initialized and/or re-initialized, i.e. written, after power up and/or reset for proper operation. Also the contents of
the Mode Registers can be altered by re-executing the MRS command during normal operation. When programming
the mode registers, even if the user chooses to modify only a sub-set of the MRS fields, all address fields within the
accessed mode register must be redefined when the MRS command is issued. MRS command and DLL Reset do not
affect array contents, which means these commands can be executed any time after power-up without affecting the
array contents.

The mode register set command cycle time, tMRD is required to complete the write operation to the mode register
and is the minimum time required between two MRS commands shown in Figure 4.

al

4//% )
<[] Y U~ U U

Figure 4 — tMRD Timing

The MRS command to Non-MRS command delay, tMOD, is required for the DRAM to update the features, except
DLL reset, and is the minimum time required from an MRS command to a non-MRS command excluding NOP and
DES shown in Figure 5.

Ta0 Ta1 Ta2

< OLD Setting Updating Setting NEW Setting >

Figure 5 —tMOD Timing

The mode register contents can be changed using the same command and timing requirements during normal
operation as long as the DRAM is in idle state, i.e. all banks are in the precharged state with tRP satisfied, all data
bursts are completed and CKE is high prior to writing into the mode register. The mode registers are divided into
various fields depending on the functionality and/or modes.

Samsung Electronics Co., Ltd.
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3 Functional Description (cont'd)
3.4 Register Definition (cont'd)

3.4.2 Mode Register MRO
The mode register MRO stores the data for controlling various operating modes of DDR3 SDRAM. It controls burst

length, read burst type, CAS latency, test mode, DLL reset, WR and DLL control for precharge Power-Down, which
include various vendor specific options to make DDR3 SDRAM useful for various applications. The mode register is

written by asserting low on CS#, RAS#, CAS#, WE#, BAO, BA1, and BA2, while controlling the states of address
pins according to Figure .

| BA2 | BA1|BA0|As~Aws| Az[Au ] Aw| Ao | As | A7 | A | As | As | As | A2 | A1 | Ao Address Field
[ ol [T oJo [ ot [pr WR oL ™M CASLatency | RBT cL| BL | Mode Register 0
[ [
A8 DLL Reset A7 | mode A3 |  Read Burst Type Al | A0 BL
0 No 0 | Normal 0 Nibble Sequential 0|0 8 (Fixed)
1 Yes 1 Test 1 Interleave 0 | 1 | 4or8(onthefly)
v Item#1586.05/06(Mar.’05) 1 0 4 (Fixed)
1 1 Reserved
DLL Control for Yy v
Al2 © Write recovery for autoprecharge
Precharge PD
Slow exit (DLL off) All | A10 | A9 WR(cycles) A6 | A5 | A4 | A2 | CAS Latency
Fast exit (DLL on) 0 0 0 Reserved 0 0 0 0 Reserved
0 0 1 5*2 0 0 1 0 5
Y 0 1 0 62 0 1 0 0 6
BA1 | BAO MR Select 0 1 1 %2 0 1 1 0 7
1 0 0 0 8
0 0 MRO 1 0 0 52
0 1 MR1 1 0 1 0 9
*2
1 0 MR2 ! 0 . 10 11100 10
1| 1 MR3 1110 1272 1] 1] 1] 0] 1i0ptionafor
1 1 1 Reserved DDR3-1600)
*1: BA2 and A13~Al5 are RFU and must be programmed to 0 during MRS.

*2 : WR(write recovery for autoprecharge)min in clock cycles is calculated by dividing tWR(in ns) by tCK(in ns) and rounding up to

the next integer: WRmin[cycles] = Roundup(tWR[ns]/tCK[ns]). The WR value in the mode register must be programmed to be
equal or larger than WRmin. The programmed WR value is used with tRP to determine tDAL.

Figure 6 — MRO Definition

3.4.2.1 Burst Length, Type and Order

Accesses within a given burst may be programmed to sequential or interleaved order. The burst type is selected via bit
A3 as shown in Figure 6. The ordering of accesses within a burst is determined by the burst length, burst type, and the
starting column address as shown in Table 3. The burst length is defined by bits AO-AL. Burst length options include
fixed BC4, fixed BL8, and ‘on the fly’ which allows BC4 or BLS8 to be selected coincident with the registration of a
Read or Write command via A12/BC#.

Samsung Electronics Co., Ltd.
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3.4 Register Definition (cont'd)
3.4.2 Mode Register MRO (cont'd)

Table 3 — Burst Type and Burst Order

Starting _ : _
LBeLrj\EJStth \I?V%?‘-Pé A%%Igggs burst t%gggiﬁgguentlal burst ty(;()j;gi;%ﬁrleaved Notes
(A2,A1,A0) B B
4 READ 000 0,123 TTTT 0,123 TTTT 1,23
Chop 001 1,230, TTTT 1,032 TTTT 1,2,3
010 2301TTTT 2301TTTT 1,2,3
011 3,012 TTTT 32,10TTTT 1,2,3
100 456,7,TTTT 456,7,TTTT 1,2,3
101 56,74 TTTT 5476 TTTT 1,2,3
110 6,745 TTTT 6,7,45TTTT 1,2,3
111 7456 TTTT 7654TTTT 1,2,3
WRITE o,vv 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1,2,4,5
VAV 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1,2,4,5
8 READ 000 0,1,2,3,45,6,7 0,1,2,3,4,5,6,7 2
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6 2
010 2,3,0,1,6,7,45 2,3,0,1,6,7,4,5 2
011 3,01,2,745,6 3,2,1,0,7,6,5,4 2
100 4,5,6,7,01,2,3 45,6,7,0,1,2,3 2
101 5,6,7,4,1,2,3,0 5,4,7,6,1,0,3,2 2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1 2
111 7,45,6,3,0,1,2 7,6,5,4,3,2,1,0 2
WRITE \VAVAY) 0,1,2,3,45,6,7 0,1,2,3,4,5,6,7 2,4
Notes: 1. In case of burst length being fixed to 4 by MRO setting, the internal write operation
starts two clock cycles earlier than for the BL8 mode. This means that the starting
point for tWR and tWTR will be pulled in by two clocks. In case of burst length being
selected on-the-fly via A12/BC#, the internal write operation starts at the same point
in time like a burst of 8 write operation. This means that during on-the-fly control, the
starting point for tWR and tWTR will not be pulled in by two clocks.
2. 2)0...7 bit number is value of CA[2:0] that causes this bit to be the first read during a
burst.
3. T: Output driver for data and strobes are in high impedance.
4. V: avalid logic level (0 or 1), but respective buffer input ignores level on input pins.
5. X: Don’t Care.

3.4.2.2 CAS Latency

The CAS Latency is defined by MRO (bits A9-A11) as shown in Figure 6. CAS Latency is the delay, in clock cycles,
between the internal Read command and the availability of the first bit of output data. DDR3 SDRAM does not
support any half clock latencies. The overall Read Latency (RL) is defined as Additive Latency (AL) + CAS Latency
(CL); RL = AL + CL. For more information on the supported CL and AL settings based on the operating clock
frequency, refer to “Standard Speed Bins” on page 147. For detailed Read operation refer to “READ Operation” on
page 54.

3.4.2.3 Test Mode

The normal operating mode is selected by MRO (bit A7 = 0) and all other bits set to the desired values shown in
Figure . Programming bit A7 to a ‘1’ places the DDR3 SDRAM into a test mode that is only used by the DRAM
Manufacturer and should NOT be used. No operations or functionality is guaranteed if A7 = 1.

Samsung Electronics Co., Ltd.
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3.4 Register Definition (cont'd)
3.4.2 Mode Register MRO (cont'd)

3.4.2.4 DLL Reset

The DLL Reset bit is self-clearing, meaning it returns back to the value of ‘0’ after the DLL reset function has been
issued. Once the DLL is enabled, a subsequent DLL Reset should be applied. Any time the DLL reset function is
used, tDLLK must be met before any functions that require the DLL can be used (i.e. Read commands or ODT
synchronous operations).

3.4.2.5 Write Recovery

The programmed WR value MRO (bits A9, A10, and A11) is used for the auto precharge feature along with tRP to
determine tDAL WR(write recovery for auto-precharge)min in clock cycles is calculated by dividing tWR(in ns) by
tCK(in ns) and rounding up to the next integer: WRmin[cycles] = Roundup(tWR[ns]/tCK[ns]). The WR must be
programmed to be equal or larger than tWR(min).

3.4.2.6 Precharge PD DLL

MRO (bit A12) is used to select the DLL usage during precharge power-down mode. When MRO(A12 = 0), or ‘slow-
exit’, the DLL is frozen after entering precharge power-down (for potential power savings) and upon exit requires
tXPLL to be met prior to the next valid command. When MRO(A12 = 1), or ‘fast-exit’, the DLL is maintained after
entering precharge power-down and upon exiting power-down requires tXP to be met prior to the next valid
command.

Samsung Electronics Co., Ltd.
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3 Functional Description (cont'd)
3.4 Register Definition (cont'd)

3.4.3 Mode Register MR1

The Mode Register MR1 stores the data for enabling or disabling the DLL, output driver strength, Rtt_Nom
impedance, additive latency, Write leveling enable, TDQS enable and Qoff. The Mode Register 1 is written by
asserting low on CS#, RAS#, CAS#, WE#, high on BAO and low on BA1 and BA2, while controlling the states of

address pins according to Figure .

[ BA2 [ BAi|Bao]Aas~Aws] Azfan| Aw] Ao as| A7 [ As | As | as | As | A2 | A1 [ Ao Address Field
| o+l | 0 | 1 | o*! | QOff|TDQ$ o+l Fn_Nom| o+t |Leve|}?n_Nom| D.I.C| AL }?ﬂ_Noml D.I.C| DLL| Mode Register 1
F— I
I
A9| A6 |A2 *3
All TDQS enable Rtt_Nom AO| DLL Enable
0 Disabled 0 0 0 ODT disabled 0 Enable
1 Enabled 0 0 1 RZQ/4 1 Disable
0|1]0 RZQ/2
] 0|11 RZQ/6
A7 Write leveling enable 1(0]0 RZQ/12%2
0 Disabled 1101 RZQ/8*2
! Enabled 1(1/0 Reserved
1111 Reserved
" Note 1: RZQ = 240 Q)
Ad4| A3| Additive Latency Note 2: If RTT_Nom is used during Writes, only
0 | 0 | O(AL disabled) the values RZQ/2, RZQ/4 and RZQ/6 are allowed.
0 1 CL-1 Note 3: In Write leveling Mode (MR1 [bit7] = 1)
with MR1[bit12]=1, all RTT_Nom settings are
1 0 CL-2 allowed; in Write Leveling Mode (MR1[bit7] = 1)
with MR1[bit12]=0, only RTT_Nom settings of
\j 1 1 Reserved RZQ/2, RZQ/4 and RZQ/6 are allowed.
A12 | Qoff "2
I
0 Output buffer enabled _
. ” A5 | Al Output Driver Impedance Control
1 Output buffer disabled 0l o Reserved for RZQ/6
*9. H _ DOS
2: Outputs disabled - DQs, DQSs, DQSs. R RZQI7
v 10 RZQITBD
BAl | BAO MR Select 111 RZQ/TBD
0 0 MRO I Note 1: RZQ = 240 Q
0 1 MR1
1 0 MR2
1 1 MR3

*1:BA2 and A8, A10, and A13 ~ A15 are RFU and must be programmed to 0 during MRS.

Figure 7 — MR1 Definition
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3.4 Register Definition (cont'd)
3.4.3 Mode Register MR1 (cont'd)

3.4.3.1 DLL Enable/Disable

The DLL must be enabled for normal operation. DLL enable is required during power up initialization, and upon
returning to normal operation after having the DLL disabled. During normal operation (DLL-on) with MR1 (A0 = 0),
the DLL is automatically disabled when entering Self-Refresh operation and is automatically re-enabled upon exit of
Self-Refresh operation. Any time the DLL is enabled and subsequently reset, tDLLK clock cycles must occur before
a Read or synchronous ODT command can be issued to allow time for the internal clock to be synchronized with the
external clock. Failing to wait for synchronization to occur may result in a violation of the tDQSCK, tAON or tAOF
parameters. During tDLLK, CKE must continuously be registered high. DDR3 SDRAM does not require DLL for
any Write operation. For more detailed information on DLL Disable operation refer to “DLL-off Mode” on page 33.

The direct ODT feature is not supported during DLL-off mode. The on-die termination resistors must be disabled by
continuously registering the ODT pin low and/or by programming the RTT_Nom bits MR1{A9,A6,A2} to {0,0,0}
via a mode register set command during DLL-off mode.

The dynamic ODT feature is not supported at DLL-off mode. User must use MRS command to set Rtt. WR,
MR2{A10, A9}={0,0}, to disable Dynamic ODT externally.

3.4.3.2 Output Driver Impedance Control

The output driver impedance of the DDR3 SDRAM device is selected by MR1 (bits A1 and A5) as shown in Figure .

3.4.3.3 ODT Rtt Values

3.4.3.4 Additive Latency (AL)

Additive Latency (AL) operation is supported to make command and data bus efficient for sustainable bandwidths in
DDR3 SDRAM. In this operation, the DDR3 SDRAM allows a read or write command (either with or without auto-
precharge) to be issued immediately after the active command. The command is held for the time of the Additive
Latency (AL) before it is issued inside the device. The Read Latency (RL) is controlled by the sum of the AL and
CAS Latency (CL) register settings. Write Latency (WL) is controlled by the sum of the AL and CAS Write Latency
(CWL) register settings. A summary of the AL register options are shown in Table .

Table 4 — Additive Latency (AL) Settings

A4 A3 AL
0 0 0 (AL Disabled)
0 1 CL-1
1 0 CL-2
1 1 Reserved

Note: AL has a value of CL - 1 or CL - 2 as per the CL values programmed in the MRO
register.

3.4.3.5 Write leveling

For better signal integrity, DDR3 memory module adopted fly by topology for the commands, addresses, control
signals and clocks. The fly by topology has benefits from reducing number of stubs and their length but in other
aspect, causes flight time skew between clock and strobe at every DRAM on DIMM. It makes it difficult for the
Controller to maintain tDQSS, tDSS and tDSH specification. Therefore, the controller should support *write leveling’
in DDR3 SDRAM to compensate the skew. See 4.8 “Write Leveling” on page 38 for more details.
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3.4 Register Definition (cont'd)
3.4.3 Mode Register MR1 (cont'd)

3.4.3.6 Output Disable

The DDR3 SDRAM outputs may be enabled/disabled by MR1 (bit A12) as shown in Figure . When this feature is
enabled (A12 = 1), all output pins (DQs, DQS, DQS#, etc.) are disconnected from the device removing any loading of
the output drivers. This feature may be useful when measuring module power for example. For normal operation,
A12 should be set to ‘0.

3.4.3.7 TDQS, TDQS#

TDQS (Termination Data Strobe) is a feature of X8 DDR3 SDRAM that provides additional termination
resistance outputs that may be useful in some system configurations.

TDQS is not supported in X4 or X16 configurations. When enabled via the mode register, the same termi-
nation resistance function is applied to the TDQS/TDQS# pins that is applied to the DQS/DQS# pins.

In contrast to the RDQS function of DDR2 SDRAM, TDQS provides the termination resistance function
only. The data strobe function of RDQS is not provided by TDQS.

The TDQS and DM functions share the same pin. When the TDQS function is enabled via the mode regis-
ter, the DM function is not supported. When the TDQS function is disabled, the DM function is provided
and the TDQS# pin is not used. See Table 5 for details.

The TDQS function is available in X8 DDR3 SDRAM only and must be disabled via the mode register
A11=0 in MR1 for X4 and X16 configurations.

Table 5 — TDQS, TDQS# Function Matrix

MR1(A11) DM/ TDQS NU/ TDQS
0 (TDQS Disabled) DM Hi-Z
1 (TDQS Enabled) TDQS TDQSH#

Notes: 1. If TDQS is enabled, the DM function is disabled.
2. When not used, TDQS function can be disabled to save termination power.

3. TDQS function is only available for X8 DRAM and must be disabled for X4
and X16.
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3 Functional Description (cont'd)
3.4 Register Definition (cont'd)

3.4.4 Mode Register MR2

The Mode Register MR2 stores the data for controlling refresh related features, Rtt. WR impedance, and CAS write
latency. The Mode Register 2 is written by asserting low on CS#, RAS#, CAS#, WE#, high on BA1 and low on BAO
and BA2, while controlling the states of address pins according to the table below.

MR2 Programming
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| BA2 | BA1|BAoJAs~As] A2[An] Ao] As| As| A7 [ As | As | Aa | As [ A2 | A1 | Ao AddressField
TN
[ ot | 1o | ol | Rt_WR | 0] srr] AsR] cwL | PASR | Mode Register 2
|
\i
AT| Self-Refresh Temperature (SRT) - -
Range A2|Al|A0 Partial Array Self-Refresh (Optional)
0 | Normal operating temperature range 0jojo Full Array
Extended (optional) operating 0|01 HalfArray (BA[2:0]=000,001,010, &011)
temperature range 0|1]0 Quarter Array (BA[2:0]=000, & 001)
0|11 1/8th Array (BA[2:0] = 000)
1|00/ 3/4Array (BA[2:0] = 010,011,100,101,110, & 111)
\J
1101 HalfArray (BA[2:0] = 100, 101, 110, &111)
A6 Auto Self-Refresh (ASR)
11110 Quarter Array (BA[2:0]=110, &111)
0 Manual SR Reference (SRT)
: 1011 1/8th Array (BA[2:0]=111)
1 ASR enable (Optional)
\J \j
Al10|A9 Rtt WR _
- - A5|A4|A3| CAS write Latency (CWL)
0 | O | Dynamic ODT off (Write does not
affect Rtt value) 0jojo 5 (ICK 22.5ns)
1 Reserved 0|11 8 (1.5ns>tCK=>1.25ns)
11010 Reserved
1101 Reserved
v 11110 Reserved
1111 Reserved
BAl | BAO MR Select
0 0 MRO
0 1 MR1
1 0 MR2
1 1 MR3

*1: BA2, A5, A8, All ~ A15 are RFU and must be programmed to 0 during MRS.

Figure 8 — MR2 Definition
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3.4 Register Definition (cont'd)
3.4.4 Mode Register MR2 (cont'd)

3.4.4.1 Partial Array Self-Refresh (PASR)

Optional in DDR3 SDRAM: Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine
if DDR3 SDRAM devices support the following options or requirements referred to in this material. If PASR (Partial
Array Self-Refresh) is enabled, data located in areas of the array beyond the specified address range shown in Figure
will be lost if Self-Refresh is entered. Data integrity will be maintained if tREFI conditions are met and no Self-
Refresh command is issued.

3.4.4.2 CAS Write Latency (CWL)

The CAS Write Latency is defined by MR2 (bits A3-Ab), as shown in Figure . CAS Write Latency is the delay, in
clock cycles, between the internal Write command and the availability of the first bit of input data. DDR3 SDRAM
does not support any half clock latencies. The overall Write Latency (WL) is defined as Additive Latency (AL) +
CAS Write Latency (CWL); WL = AL + CWL. For more information on the supported CWL and AL settings based
on the operating clock frequency, refer to “Standard Speed Bins” on page 147. For detailed Write operation refer to
“WRITE Operation” on page 62.

3.4.4.3 Auto Self-Refresh (ASR) and Self-Refresh Temperature (SRT)

Optional in DDR3 SDRAM: Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine
if DDR3 SDRAM devices support the following options or requirements referred to in this material. For more details
refer to “Extended Temperature Usage” on page 42. DDR3 SDRAM’s must support Self-Refresh operation at all
supported temperatures. Applications requiring Self-Refresh operation in the Extended Temperature Range must use
the optional ASR function or program the SRT bit appropriately.

3.4.4.4 Dynamic ODT (Rtt_WR)

DDR3 SDRAM introduces a new feature “Dynamic ODT”. In certain application cases and to further enhance signal
integrity on the data bus, it is desirable that the termination strength of the DDR3 SDRAM can be changed without
issuing an MRS command. MR2 Register locations A9 and A10 configure the Dynamic ODT setings. If RTT_Nom is
disabled by setting MR1 (bits A2, A6, and A9) to “0”, RTT_WR is also disabled; in Write leveling mode, only
RTT_Nom is available. For details on Dynamic ODT operation, refer to “Dynamic ODT” on page 87.
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3 Functional Description (cont'd)

3.4 Register Definition (cont'd)

3.4.5 Mode Register MR3
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The Mode Register MR3 controls Multi purpose registers. The Mode Register 3 is written by asserting low on CS#,
RAS#, CAS#, WE#, high on BA1 and BAO, and low on BA2 while controlling the states of address pins according to

the table below.

MR3 Programming

| BA2 | BA1 | BAO|A15~A13| A12|A11| A10| A9 | As | A7 | As | As | A4 | A3 | A2 | AL | Ao| Address Field

IR

[ o2 | 1 1] o+t [MPR|MPR Loc | Mode Register 3
|
MPR Operation MPR Address
A2 MPR Al | AO MPR location
0 Normal operation*3 0|0 Predefined pattern*?
1 Dataflow from MPR 0 1 RFU
1 0 RFU
1 1 RFU
\J
BAl | BAO MR Select
0 0 MRO
0 1 MR1
1 0 MR2
1 1 MR3

*1:BA2, A3 - Al5 are RFU and must be programmed to 0 during MRS.

* 2 : The predefined pattern will be used for read synchronization.

* 3 : When MPR control is set for normal operation (MR3 A[2] = 0) then MR3 A[1:0] will be ignored.

Figure 9 — MR3 Definition
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3.4 Register Definition (cont'd)
3.4.5 Mode Register MR3 (cont'd)

3.4.5.1 Multi-Purpose Register (MPR)

The Multi Purpose Register (MPR) function is used to Read out a predefined system timing calibration bit sequence.
To enable the MPR, a MODE Register Set (MRS) command must be issued to MR3 Register with bit A2 = 1. Prior to
issuing the MRS command, all banks must be in the idle state (all banks precharged and tRP/tRPA met). Once the
MPR is enabled, any subsequent RD or RDA commands will be redirected to the Multi Purpose Register. When the
MPR is enabled, only RD or RDA commands are allowed until a subsequent MRS command is issued with the MPR
disabled (MR3 bit A2 = 0). Power-Down mode, Self-Refresh, and any other non-RD/RDA command is not allowed
during MPR enable mode. The RESET function is supported during MPR enable mode. For detailed MPR operation
refer to “Multi Purpose Register” on page 44.
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4 DDR3 SDRAM Command Description and Operation
4.1 Command Truth Table
(a) note 1,2,3,4 apply to the entire Command Truth Table
(b) Note 5 applies to all Read/Write command
[BA=Bank Address, RA=Rank Address, CA=Column Address, BC#=Burst Chop, X=Don’t Care, V=Valid]
Table 6 — Command Truth Table
. CKE AO-
Function Abtti)(;?lv'a Previou | Current CS# | RAS# | CAS# | WE# BBI:%_ AAll.35 g:g#; AA%S Qfl Notes
s Cycle | Cycle
Mode Register Set MRS H H L L L L BA OP Code
Refresh REF H H L L L H \% \% \% \% \%
Self Refresh Entry SRE H L L L L H \% \% \% \% vV 7912
. H \% \% \ 7,891
Self Refresh Exit SRX L H 3 g g v \ \% \% \% \% 5
Single Bank Precharge PRE H H L L H L BA \% \% L \%
Precharge all Banks PREA H H L L H L \% \% \% H \%
Bank Activate ACT H H L L H H BA Row Address (RA)
Write (Fixed BL8 or BC4) WR H H L H L L BA | RFU \% L CA
Write (BC4, on the Fly) WRS4 H H L H L L BA | RFU L L CA
Write (BL8, on the Fly) WRS8 H H L H L L BA | RFU H L CA
Write with Auto WRA
Precharge (Fixed BL8 or H H L H L L BA | RFU \% H CA
BC4)
Write with Auto WRAS4
Precharge (BC4, on the H H L H L L BA | RFU L H CA
Fly)
Write with Auto WRASS8
Precharge (BL8, on the H H L H L L BA | RFU H H CA
Fly)
Read (Fixed BL8 or BC4) RD H H L H L H BA | RFU \% CA
Read (BC4, on the Fly RDS4 H H L H L H BA | RFU L L CA
Read (BL8, on the Fly) RDS8 H H L H L H BA | RFU H L CA
Read with Auto RDA
Precharge (Fixed BL8 or H H L H L H BA |RFU| V H CA
BC4)
Read with Auto RDAS4
Precharge (BC4, on the H H L H L H BA |RFU| L H CA
Fly)
Read with Auto RDASS
Precharge (BL8, on the H H L H L H BA | RFU H H CA
Fly)
No Operation NOP H H L H H H \% \% \% \% \% 10
Device Deselected DES H H H X X X X X X X X 11
L H H H
Power Down Entry PDE H L \% \% \% \% \% 6,12
H \% \% \%
. L H H H
Power Down Exit PDX L H \Y \Y \Y \Y \Y 6,12
H \% \% \
ZQ Calibration Long ZQCL H H L H H L X X X H X
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.1 Command Truth Table (cont'd)

CKE
. AO-
. Abbrevia BAO- | A13- | A12- | AlO-
Function tion | Previou |Current| C5# | RASH | CASH | WEK | ‘gaz | ‘AT5 | BC# | AP | A | Notes
s Cycle | Cycle
ZQ Calibration Short ZQCs H H L H H L X X X L X

Notes: 1.

10.

11.
12.

All DDR3 SDRAM commands are defined by states of CS#, RAS#, CAS#, WE# and CKE at the rising
edge of the clock. The MSB of BA, RA and CA are device density and configuration dependant.

RESET# is Low enable command which will be used only for asynchronous reset so must be main-
tained HIGH during any function.

Bank addresses (BA) determine which bank is to be operated upon. For (E)MRS BA selects an
(Extended) Mode Register.

“V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating)
logic level”.

Burst reads or writes cannot be terminated or interrupted and Fixed/on the Fly BL will be defined by
MRS.

The Power Down Mode does not perform any refresh operation.

The state of ODT does not affect the states described in this table. The ODT function is not available
during Self Refresh.

Self Refresh Exit is asynchronous.
VREF(Both VrefDQ and VrefCA) must be maintained during Self Refresh operation.

The No Operation command should be used in cases when the DDR3 SDRAM is in an idle or wait
state. The purpose of the No Operation command (NOP) is to prevent the DDR3 SDRAM from regis-
terng any unwanted commands between operations. A No Operation command will not terminate a
pervious operation that is still executing, such as a burst read or write cycle.

The Deselect command performs the same function as No Operation command.

Refer to the CKE Truth Table for more detail with CKE transition.
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.2 CKE Truth Table
Table 7 — CKE Truth Table
a) Notes 1-7 apply to the entire CKE Truth Table.
b) For Power-down entry and exit parameters See 4.16 “Power-Down Modes” on page 72.
¢) CKE low is allowed only if tMRD and tMOD are satisfied.
CKE
E— = : Command (N)3
Current State? revious urrent RAS#, CAS#, WE#, Action (N)3 Notes
Cycle Cycle CS#
(N-1) (N)
L L X Maintain Power-Down 14, 15
Power-Down -
L H DESELECT or NOP Power-Down Exit 11,14
L L X Maintain Self-Refresh 15,16
Self-Refresh -
L H DESELECT or NOP Self-Refresh Exit 8,12,16
Bank(s) Active H L DESELECT or NOP Active Power-Down Entry 11,13,14
Reading H L DESELECT or NOP Power-Down Entry 11,13,14,17
Writing H L DESELECT or NOP Power-Down Entry 11,13,14,17
Precharging H L DESELECT or NOP Power-Down Entry 11,13,14,17
Refreshing H L DESELECT or NOP PreChargeEr'?t‘r’;"’er'Down 11
H L DESELECT or NOP Precharge Power-Down 11.13,14.,18
All Banks Idle Entry
H L REFRESH Self-Refresh 9,13,18
For more details with all signals See 4.1 “Command Truth Table” on page 29. 10
Notes: 1. CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock
edge.

2. Current state is defined as the state of the DDR3 SDRAM immediately prior to clock edge N.

3. COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N),
ODT is not included here.

4. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this
document.

5. The state of ODT does not affect the states described in this table. The ODT function is not available dur-
ing Self-Refresh.

6. CKE must be registered with the same value on tCKEmin consecutive positive clock edges. CKE must
remain at the valid input level the entire time it takes to achieve the tCKEmin clocks of registeration. Thus,
after any CKE transition, CKE may not transition from its valid level during the time period of tIS + tCKEmin
+ tIH.

7. DESELECT and NOP are defined in the Command Truth Table.

8. On Self-Refresh Exit DESELECT or NOP commands must be issued on every clock edge occurring during
the tXS period. Read or ODT commands may be issued only after tXSDLL is satisfied.

9. Self-Refresh mode can only be entered from the All Banks Idle state.

10. Must be a legal command as defined in the Command Truth Table.

11. Valid commands for Power-Down Entry and Exit are NOP and DESELECT only.

12. Valid commands for Self-Refresh Exit are NOP and DESELECT only.

13. Self-Refresh can not be entered during Read or Write operations. For a detailed list of restrictions See
4.15 “Self-Refresh Operation” on page 70 and See 4.16 “Power-Down Modes” on page 72.

14. The Power-Down does not perform any refresh operations.

15. “X” means “don’t care* (including floating around VREF) in Self-Refresh and Power-Down. It also applies
to Address pins.

16. VREF (Both Vref_DQ and Vref_CA) must be maintained during Self-Refresh operation.

17. If all banks are closed at the conclusion of the read, write or precharge command, then Precharge Power-
Down is entered, otherwise Active Power-Down is entered.

18. ‘Idle state’ is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE
is high, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS,
etc.) as well as all Self-Refresh exit and Power-Down Exit parameters are satisfied (tXS, tXP, tXPDLL, etc).
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.3 No OPeration (NOP) Command

The No OPeration (NOP) command is used to instruct the selected DDR3 SDRAM to perform a NOP (CS# LOW and
RAS#, CAS#, and WE# HIGH). This prevents unwanted commands from being registered during idle or wait states.
Operations already in progress are not affected.

4.4 Deselect Command

The DESELECT function (CS# HIGH) prevents new commands from being executed by the DDR3 SDRAM. The
DDR3 SDRAM is effectively deselected. Operations already in progress are not affected.

Samsung Electronics Co., Ltd.
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.5 DLL-off Mode

DDR3 DLL-off mode is entered by setting MR1 bit AO to “1”; this will disable the DLL for subsequent operations
until AQ bit set back to “0”. The MR1 AO bit for DLL control can be switched either during initialization or later.
Refer to “Input clock frequency change” on page 36

The DLL-off Mode operations listed below are an optional feature for DDR3. The maximum clock frequency for
DLL-off Mode is specified by the parameter tCKDLL_OFF. There is no minimum frequency limit besides the need to
satisfy the refresh interval, tREFI.

Due to latency counter and timing restrictions, only one value of CAS Latency (CL) in MRO and CAS Write Latency
(CWL) in MR2 are supported. The DLL-off mode is only required to support setting of both CL=6 and CWL=6.
DLL-off mode will affect the Read data Clock to Data Strobe relationship (tDQSCK), but not the Data Strobe to Data
relationship (tDQSQ, tQH). Special attention is needed to line up Read data to controller time domain.

Comparing with DLL-on mode, where tDQSCK starts from the rising clock edge (AL+CL) cycles after the Read
command, the DLL-off mode tDQSCK starts (AL+CL - 1) cycles after the read command. Another difference is that
tDQSCK may not be small compared to tCK (it might even be larger than tCK) and the difference between
tDQSCKmin and tDQSCKmax is significantly larger than in DLL-on mode. tDQSCK(DLL _off) values are vendor
specific.

The timing relations on DLL-off mode READ operation have shown at following Timing Diagram (CL=6, BL=8):

Figure 10 — DLL-off mode READ Timing Operation
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.6 DLL on/off switching procedure

DDR3 DLL-off mode is entered by setting MR1 bit A0 to “1”; this will disable the DLL for subsequent operations
until AQ bit set back to “0”.

4.6.1 DLL “on” to DLL “off” Procedure
To switch from DLL “on” to DLL “off” requires the frequency to be changed during Self-Refresh outlined in the

following procedure:

1. Starting from Idle state (All banks pre-charged, all timings fulfilled, and DRAMs On-die Ter-
mination resistors, RTT, must be in high impedance state before MRS to MR1 to disable

the DLL.)

2. Set MR1 bit AO to “1” to disable the DLL.

3. Wait tMOD.

4. Enter Self Refresh Mode; wait until tCKSRE) is satisfied.

5. Change frequency, in guidance with “Input clock frequency change” on page 36.

6. Wait until a stable clock is available for at least t{CKSRX) at DRAM inputs.

7. Starting with the Self Refresh Exit command, ODT must continuously be registered low
and CKE must continuously be registered high until all tMOD timings from any MRS com-
mand are satisfied.

8. Wait tXS, then set Mode Registers with appropriate values (especially an update of CL,
CWL and WR may be necessary. A ZQCL command may also be issued after tXS)

9. Wait for tMOD, then DRAM is ready for next command.
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ColTa | T | | Ter fTes ) | (e | Te | (T |TRL | T ||| Th
ek I IO a0\ 8NV ATATANINATANITAN
- e ——M0D et ﬁ_{ o et = | L
S I I e I R I e A e e A
~ (. (! — r (W (! (! —r—\ ! | —
oMD e s Mo Jior Hf— \ Bl D i D i Vi I
R N R I B e e e e S B e e T T I T N I AR
| | | | | | | | | | | | | | | | | | | | | |
ckel 1 TW | T W W W CPOW T WL
B | \\ | | \\ | \ T T \\ T T \\ T T \\ T \/ | | \\ | | | \\ \\__!_
cal BEEL SN ST UNREREERS 5 W IS EEEE IR R
b ] b starting with idie State, RTT in Hi-Z state | | | | | | 1| |
| | | | | | | | 2) Disable DLL by setting MR1BitAOto 1 | | | | |
| | | | | | | | 3) Enter SR | ‘ | | | | | | | | |
v v |0 4 ChangeFrequency | | ||
5 oL oh 1o off hen ! ! ! ' 5) Clock must be stable at least t [ O [ ! !
T T T N B O = 3= S A A A A S N N
! ! ! ! ! ! ! ' 7) Update Mode registers with DLL off parameters setting ! !
L ‘8) Any vali‘d com‘mand‘ A T T I AR I

Figure 11 — DLL Switch Sequence from DLL-on to DLL-off
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.6 DLL on/off switching procedure (cont'd)

4.6.2 DLL “off” to DLL “on” Procedure
To switch from DLL “off” to DLL “on” (with required frequency change) during Self-Refresh:

1.

Starting from Idle state (All banks pre-charged, all timings fulfilled and DRAMs On-die Ter-
mination resistors (RTT) must be in high impedance state before Self-Refresh mode is
entered.)

oDT

|
T
|
|
|
i
|
|
|
»{ ODTLoff + 1x
|
|
|
T
|
|
|
|
|
|
|
|

|
1)‘ Stérting from Idle state

2. Enter Self Refresh Mode, wait until tCKSRE satisfied.

3. Change frequency, in guidance with "Input clock frequency change" on page 36.

4. Wait until a stable clock is available for at least ({CKSRX) at DRAM inputs.

5. Starting with the Self Refresh Exit command, ODT must continuously be registered low and
CKE must continuously be registered high until all tDLLK timing from subsequent DLL
Reset command is satisfied.

6. Wait tXS, then set MR1 bit AO to “0” to enable the DLL.

7. Wait tMRD, then set MRO bit A8 to “1” to start DLL Reset.

8. Wait tMRD, then set Mode Registers with appropriate values (especially an update of CL,
CWL and WR may be necessary. After tMOD satisfied from any proceeding MRS com-
mand, a ZQCL command may also be issued during or after tDLLK.)

9. Wait for tMOD, then DRAM is ready for next command (Remember to wait tDLLK after DLL
Reset before applying command requiring a locked DLL!). In addition, wait also for tZQoper
in case a ZQCL command was issued.
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Figure 12 — DLL Switch Sequence from DLL Off to DLL On

Samsung Electronics Co., Ltd.
Ex. 1085, p. 35



JEDEC Standard No. 79-3
Page 36

4 DDR3 SDRAM Command Description and Operation (cont'd)

4.7 Input clock frequency change

Once the DDR3 SDRAM is initialized, the DDR3 SDRAM requires the clock to be “stable” during almost all states
of normal operation. This means once the clock frequency has been set and is to be in the “stable state”, the clock
period is not allowed to deviate except for what is allowed for by the clock jitter and SSC (spread spectrum clocking)
specifications.

The input clock frequency can be changed from one stable clock rate to another stable clock rate under two
conditions: (1) Self-Refresh mode and (2) Precharge Power-down mode. Outside of these two modes, it is illegal to
change the clock frequency.

For the first condition, once the DDR3 SDRAM has been successfully placed in to Self-Refresh mode and 'CKSRE
has been satisfied, the state of the clock becomes a don’t care. Once a don’t care, changing the clock frequency is

permissible, provided the new clock frequency is stable prior to 'CKSRX. When entering and exiting Self-Refresh
mode for the sole purpose of changing the clock frequency, the Self-Refresh entry and exit specifications must still be
met as outlined in See 4.15 “Self-Refresh Operation” on page 70. The DDR3 SDRAM input clock frequency is
allowed to change only within the minimum and maximum operating frequency specified for the particular speed
grade. Any frequency change below the minimum operating frequency would require the use of DLL_on- mode ->
DLL_off -mode transition sequence, refer to “DLL on/off switching procedure” on page 34.

The second condition is when the DDR3 SDRAM is in Precharge Power-down mode (either fast exit mode or slow
exit mode). ODT must be at a logic LOW ensuring Rtt is in an off state prior to entering Precharge Power-down mode

and CKE must be at a logic LOW. A minimum of 'CKSRE must occur after CKE goes LOW before the clock
frequency may change. The DDR3 SDRAM input clock frequency is allowed to change only within the minimum
and maximum operating frequency specified for the particular speed grade. During the input clock frequency change,
ODT and CKE must be held at stable LOW levels. Once the input clock frequency is changed, stable new clocks must

be provided to the DRAM 'CKSRX before Precharge Power-down may be exited; after Precharge Power-down is
exited and tXP has expired, the DLL must be RESET via MRS. Depending on the new clock frequency additional
MRS commands may need to be issued to appropriately set the WR, CL, and CWL with CKE continuously registered
high. During DLL re-lock period, ODT must remain LOW and CKE must remain HIGH. After the DLL lock time,
the DRAM is ready to operate with new clock frequency. This process is depicted in Figure 13 on page 37.
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.7 Input clock frequency change (cont'd)

PREVIOUS CLOCK FREQUENCY NEW CLOCK FREQUENCY

CKE
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MNote 1: Applicable for both SLOW EXIT and FAST EXIT Precharge Power-down time scale
Note 2: 1CKSRE and TCKSRX are Self-Refresh mode specifications but the values they represent are applicable here
{note 2 can be removed when TCKSRE and tCKSRX are redefined in timing table}

Note 3: TAOFPD and tAOF must be statisfied and outputs High-Z prior to T1; refer to ©DT timing section for exact requirements

g: Indicates a break in DON'T CARE
g

Figure 13 — Change Frequency during Precharge Power-down
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.8 Write Leveling

For better signal integrity, DDR3 memory module adopted fly by topology for the commands, addresses, control
signals and clocks. The fly by topology has benefits from reducing number of stubs and their length but in other
aspect, causes flight time skew between clock and strobe at every DRAM on DIMM. It makes it difficult for the
Controller to maintain tDQSS, tDSS and tDSH specification. Therefore, the controller should support *write leveling’
in DDR3 SDRAM to compensate the skew.

Write leveling is a scheme to adjust DQS to CK relationship by the controller, with a simple feedback provided by the
DRAM. The memory controller involved in the leveling must have adjustable delay setting on DQS to align the rising
edge of DQS with that of the clock at the DRAM pin. DRAM asynchronously feeds back CK, sampled with the rising
edge of DQS, through the DQ bus. The controller repeatedly delays DQS until a transition from 0 to 1 is detected.
The DQS delay established through this exercise would ensure tDQSS, tDSS and tDSH specification. A conceptual
timing of this scheme is shown as below.

atck [ L KN L L[ L[ L[ L[ 1]
Source
diff_DQS
Destination diff_CK q | | | | | | | | | |
diff_ DQS
DQ X | 0 X 0
Push DQS to capture 0-1
transition
DQ x X 1 X 1

Figure 14 — Write leveling concept

DQS/DQSH# driven by the controller during leveling mode must be terminated by the DRAM based on ranks
populated. Similarly, the DQ bus driven by the DRAM must also be terminated at the controller.

One or more data bits should carry the leveling feedback to the controller across the DRAM configurations X4, X8,
and X16. On a X16 device, both byte lanes should be leveled independently. Therefore, a separate feedback
mechanism should be available for each byte lane. The upper data bits should provide the feedback of the upper
diff_DQS(diff_UDQS) to clock relationship whereas the lower data bits would indicate the lower
diff_DQS(diff_LDQS) to clock relationship.

4.8.1 DRAM setting for write leveling & DRAM termination function in that mode

DRAM enters into Write leveling mode if A7 in MR1 set "High’ and after finishing leveling, DRAM exits from write
leveling mode if A7 in MR1 set ’Low’ (Table 8). Note that in write leveling mode, only DQS/DQS# terminations
are activated and deactivated via ODT pin not like normal operation (Table 9).
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4.8 Write Leveling (cont'd)
4.8.1 DRAM setting for write leveling & DRAM termination function in that mode (cont'd)
Table 8 — MR setting involved in the leveling procedure
Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Qoff) Al2 0 1
Table 9 — DRAM termination function in the leveling mode
ODT pin @DRAM DQS/DQS# termination DQs termination
De-asserted Off Off
Asserted On Ooff
Note: In Write Leveling Mode with its output buffer disabled (MR1[bit7] = 1 with

MR1[bit12] = 1) all RTT_Nom settings are allowed; in Write Leveling Mode
with its output buffer enabled (MR1[bit7] = 1 with MR1[bitl2] = 0) only
RTT_Nom settings of RZQ/2, RZQ/4 and RZQ/6 are allowed.

4.8.2 Procedure Description

Memory controller initiates Leveling mode of all DRAMs by setting bit 7 of MR1 to 1. With entering write leveling
mode, the DQ pins are in undefined driving mode. During write leveling mode, only NOP or DESELECT commands
are allowed. Since the controller levels one rank at a time, the output of other rank must be disabled by setting MR1
bit A12 to 1. Controller may assert ODT after tMOD, time at which DRAM is ready to accept the ODT signal.

Controller may drive DQS low and DQS# high after a delay of tWLDQSEN, at which time DRAM has applied on-
die termination on these signals. After tDQSL and tWLMRD, controller provides a single DQS, DQS# edge which is
used by the DRAM to sample CK driven from controller. tw LMRD(max) timing is controller dependent.

DRAM samples CK status with rising edge of DQS and provides feedback on all the DQ bits asynchronously after
tWLO timing. There is a DQ output uncertainty of tWLOE defined to allow mismatch on DQ bits; there are no read
strobes (DQS/DQS#) needed for these DQs. Controller samples incoming DQ and decides to increment or decrement
DQS delay setting and launches the next DQS/DQS# pulse after some time, which is controller dependent. Once a 0
to 1 transition is detected, the controller locks DQS delay setting and write leveling is achieved for the device.
Figure 15 describes the timing diagram and parameters for the overall Write Leveling procedure.
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4.8 Write Leveling (cont'd)
4.8.2 Procedure Description (cont'd)

CK*5:——«:

cmp }MRS Xj}xo UNOPUNOPUN@)Q oﬂobomo >C:><Nop>Q<|pop>CxNop><

| D |

oDT

diff_DQS™ ;

All DQs/
Prime DQ 1

Remaining

DQs |

' — N ' A\

' tWLDQSEN

L | tDQSL(min)®|tDQSHmIR® | » , tDQSL(min)| DQSH(mIn)
| P | |

\\

\

IJ

tWLMRD: ! ! ' | !  tWLOT tWLOE

— 0

]

\ A
! '
b\

|

7

. DRAM has the option to drive leveling feedback on a prime DQ or all DQs. If

feedback is driven only on one DQ, the remaining DQs must be driven low,
as shown in above Figure, and maintained at this state through out the level-
ing procedure.

MRS: Load MRL1 to enter write leveling mode

NOP: NOP or deselect

diff DQS is the differential data strobe (DQS, DQS#). Timing reference

points are the zero crossings. DQS is shown with solid line, DQS# is shown
with dotted line

CK/CK# : CK is shown with solid dark line, where as CK# is drawn with dot-
ted line.

DQS needs to fulfill minimum pulse width requirements tDQSH(min) and
tDQSL(min) as defined for regular Writes; the max pulse width is system
dependent.

Figure 15 — Timing details of Write leveling sequence [DQS is capturing CK low at T1

and CK high at T2
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.8 Write Leveling (cont'd)

4.8.3 Write Leveling Mode Exit
The following sequence describes how Write Leveling Mode should be exited:

After the last rising strobe (see ~T111) edge, stop driving the strobe signals (see ~T128). Note: From now on, DQ
pins are in undefined driving mode, and will remain undefined, until tMOD after the respective MR command
(T145).

Drive ODT pin low (tIS must be satisfied) and keep it low. (see T128).
After the RTT is switched off, disable Write Level Mode via MR command (see T132).

4. After tMOD is satisfied (T145), a any valid command may be registered. (MR commands may already be issued
after tMRD (T136).

SR IS R

' RN N : |
BA: : “ : :“: | \\ ' !
T Ty e | . | :
B EE YT S ks ti AR L giweo : : |
o )
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. DQl o \'\ l \\: l\\l e \;\ \\
o fewlorror ] L P o) e e
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Figure 16 — Timing details of Write leveling exit
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.9 Extended Temperature Usage

Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR3 SDRAM devices
support the following options or requirements referred to in this material:

a. Auto Self-refresh supported
b. Extended Temperature Range supported

c. Double refresh required for operation in the Extended Temperature Range (applies only for devices supporting the
Extended Temperature Range)
Table 10 — Mode Register Description

Field Bits Description

Auto Self-Refresh (ASR) (Optional)

ASR MR2(A6) |programmed to indicate Topgg during subsequent Self-Refresh operation

0 = Manual SR Reference (SRT)
1 = ASR enable (optional)

when enabled, DDR3 SDRAM automatically provides Self-Refresh power management
functions for all supported operating temperature values. If not enabled, the SRT bit must be

Self-Refresh Temperature (SRT) Range

Refresh operation
SRT MR2(A7) |If ASR =1, SRT bit must be set to 0,

0 = Normal operating temperature range
1 = Extended (optional) operating temperature range

If ASR = 0, the SRT bit must be programmed to indicate Topggr during subsequent Self-

4.9.1 Auto Self-Refresh mode - ASR Mode (optional)

DDR3 SDRAM provides an Auto Self-Refresh mode (ASR) for application ease. ASR mode is enabled by setting
MR2 bit A6 = 1, and MR2 bit A7 = 0,. The DRAM will manage Self-Refresh entry in either the Normal or Extended

(optional) Temperature Ranges. In this mode, the DRAM will also manage Self-Refresh power consumption when
the DRAM operating temperature changes, lower at low temperatures and higher at high temperatures.

If the ASR option is not supported by the DRAM, MR2 bit A6 must be set to Oy,

If the ASR mode is not enabled (MR2 bit.A6 = 0p), the SRT bit (MR2 A7) must be manually programmed with the
operating temperature range required during Self-Refresh operation.

Support of the ASR option does not automatically imply support of the Extended Temperature Range.

Please refer to the supplier data sheet and/or the DIMM SPD for Extended Temperature Range and Auto Self-Refresh
option availability.

4.9.2 Self-Refresh Temperature Range - SRT

SRT applies to devices supporting Extended Temperature Range only. If ASR = 0y, the Self-Refresh Temperature
(SRT) Range bit must be programmed to guarantee proper self-refresh operation. If SRT = 0y, then the DRAM will
set an appropriate refresh rate for Self-Refresh operation in the Normal Temperature Range. If SRT = 1, then the

DRAM will set an appropriate, potentially different, refresh rate to allow Self-Refresh operation in either the Normal
or Extended Temperature Ranges. The value of the SRT bit can effect self-refresh power consumption, please refer to
the IDD table for details.

For parts that do not support the Extended Temperature Range, MR2 bit A7 must be set to 0, and the DRAM should
not be operated outside the Normal Temperature Range.
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Please refer to the supplier data sheet and/or the DIMM SPD for Extended Temperature Range availability.
Table 11 — Self-Refresh mode summary

MR2 MR2 . Allowed Operating Temperature Range for
A6l | Al7] Self-Refresh operation Self-Refresh Mode
0 0 Self-refresh rate appropriate for the Normal Normal (0 - 85 °C)
Temperature Range
Self-refresh rate appropriate for either the
Normal or Extended Temperature Ranges.
0 1 The DRAM must support Extended Normal and Extended (0 - 95 °C)
Temperature Range. The value of the SRT bit
can effect self-refresh power consumption,
please refer to the IDD table for details.
ASR enabled (for devices supporting ASR and o
1 0 Normal Temperature Range). Self-Refresh Normal (0 - 85 °C)
power consumption is temperature dependent
ASR enabled (for devices supporting ASR and o
1 0 Extended Temperature Range). Self-Refresh Normal and Extended (0 - 95 °C)
power consumption is temperature dependent
1 1 Illegal
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.10 Multi Purpose Register

The Multi Purpose Register (MPR) function is used to Read out a predefined system timing calibration bit sequence.
The basic concept of the MPR is shown in Figure 17.

Figure 17 — MPR Block Diagram

To enable the MPR, a MODE Register Set (MRS) command must be issued to MR3 Register with bit A2 =1, as
shown in Table 12. Prior to issuing the MRS command, all banks must be in the idle state (all banks precharged and
tRP/tRPA met). Once the MPR is enabled, any subsequent RD or RDA commands will be redirected to the Multi
Purpose Register. The resulting operation when a RD or RDA command is issued is defined by MR3 bits A[1:0]
when the MPR is enabled as shown in Table 13. When the MPR is enabled, only RD or RDA commands are allowed
until a subsequent MRS command is issued with the MPR disabled (MR3 bit A2 = 0). Power-Down mode, Self-
Refresh, and any other non-RD/RDA command is not allowed during MPR enable mode. The RESET function is
supported during MPR enable mode.

Table 12 — MPR MR3 Register Definition

MR3 A[2] | MR3 A[1:0] Function
MPR MPR-Loc
don't care Normal operation, no MPR transaction.
0b (Ob or 1b) All subsequent Reads_ will come from DRAM array.
All subsequent Write will go to DRAM array.
1b Tasbﬁee13 Enable MPR mode, subsequent RD/RDA commands defined by MR3 A[1:0].
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.10 Multi Purpose Register (cont'd)

4.10.1 MPR Functional Description

One bit wide logical interface via all DQ pins during READ operation.

Register Read on x4:

» DQIO0] drives information from MPR.

» DQI3:1] either drive the same information as DQI[O0], or they drive Ob.

Register Read on x8:

» DQIO0] drives information from MPR.

» DQ[7:1] either drive the same information as DQI[O0], or they drive Ob.

Register Read on x16:

» DQL[0] and DQUI0] drive information from MPR.

» DQL[7:1] and DQUIJ7:1] either drive the same information as DQL][0], or they drive Ob.

Addressing during for Multi Purpose Register reads for all MPR agents:

* BA[2:0]: don't care

* A[1:0]: A[1:0] must be equal to ‘00’b. Data read burst order in nibble is fixed

* A[2]: For BL=8, A[2] must be equal to Ob, burst order is fixed to [0,1,2,3,4,5,6,7], *) For Burst
Chop 4 cases, the burst order is switched on nibble base  A[2]=0b, Burst order: 0,1,2,3 *)
A[2]=1b, Burst order: 4,5,6,7 *)

* A[9:3]: don't care

* A10/AP: don't care

» A12/BC: Selects burst chop mode on-the-fly, if enabled within MRO.

* Al11, Al13,... (if available): don't care

Regular interface functionality during register reads:

» Support two Burst Ordering which are switched with A2 and A[1:0]=00b.

» Support of read burst chop (MRS and on-the-fly via A12/BC)

» All other address bits (remaining column address bits including A10, all bank address bits) will be
ignored by the DDR3 SDRAM.

* Regqular read latencies and AC timings apply.

» DLL must be locked prior to MPR Reads.

Note: *) Burst order bit 0 is assigned to LSB and burst order bit 7 is assigned to
MSB of the selected MPR agent.
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4.10 Multi Purpose Register (cont'd)
4.10.1 MPR Functional Description (cont'd)

Figure 18 — MPR Functional Block Diagram (x4 config)

Figure 19 — MPR Functional Block Diagram (x8 config)
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4.10 Multi Purpose Register (cont'd)
4.10.1 MPR Functional Description (cont'd)

Figure 20 — MPR Functional Block Diagram (x16 config)
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.10 Multi Purpose Register (cont'd)

4.10.2 MPR Register Address Definition

Table 13 provides an overview of the available data locations, how they are addressed by MR3 A[1:0] during a MRS
to MR3, and how their individual bits are mapped into the burst order bits during a Multi Purpose Register Read.
Table 13 — MPR MR3 Register Address Definition

Read
MR3 A[2] | MR3 A[1:0] Function Burst Address Burst Order and Data Pattern
Length .
AJ2:0]
Burst order 0,1,2,3,4,5,6,7
_ BL8 000b Pre-defined Data Pattern [0,1,0,1,0,1,0,1]
Read Predefined Burst order 0.1.2.3
1b 00b Pattern_for system BC4 000b Pre-defined Data Pattern [0,1,0,1]
Callbration Burst order 4,5,6,7
BC4 100b Pre-defined Data Pattern [0,1,0,1]

BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 01b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7

BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 10b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7

BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 11b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7

Note: Burst order bit 0 is assigned to LSB and the burst order bit 7 is assigned to MSB of the

selected MPR agent.

4.10.3 Relevant Timing Parameters

The following AC timing parameters are important for operating the Multi Purpose Register: tRP, tMRD, tMOD, and
tMPRR. For more details refer to “Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600" on
page 143.

4.10.4 Protocol Example
Protocol Example (This is one example):
Read out predetermined read-calibration pattern.

Description: Multiple reads from Multi Purpose Register, in order to do system level read timing calibration based on
predetermined and standardized pattern.

Protocol Steps:

* Precharge All.
* Wait until tRP is satisfied.
* MRS MR3, Opcode “A2 = 1b* and “A[1:0] = 00b*
» Redirect all subsequent reads into the Multi Purpose Register, and load Pre-defined pattern into
MPR.
»  Wait until tMRD and tMOD are satisfied (Multi Purpose Register is then ready to be read). During the
period MR3 A2 =1, no data write operation is allowed.
* Read:
* A[1:0] = ‘'00’b (Data burst order is fixed starting at nibble, always 00b here)
* A[2] =‘0'b (For BL=8, burst order is fixed as 0,1,2,3,4,5,6,7)
» Al12/BC =1 (use regular burst length of 8)
» All other address pins (including BA[2:0] and A10/AP): don't care
» After RL = AL + CL, DRAM bursts out the predefined Read Calibration Pattern.
* Memory controller repeats these calibration reads until read data capture at memory controller is
optimized.
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4.10 Multi Purpose Register (cont'd)
4.10.4 Protocol Example (cont'd)

After end of last MPR read burst, wait until tMPRR is satisfied.
MRS MR3, Opcode “A2 = 0b" and “A[1:0] = valid data but value are don't care”

» All subsequent read and write accesses will be regular reads and writes from/to the DRAM array.
Wait until tMRD and tMOD are satisfied.

Continue with “regular” DRAM commands, like activate a memory bank for regular read or write
access,...

Figure 21 — MPR Readout of predefined pattern, BL8 fixed burst order, single readout
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4.10 Multi Purpose Register (cont'd)
4.10.4 Protocol Example (cont'd)

Figure 22 — MPR Readout of predefined pattern, BL8 fixed burst order, back-to-back readout
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4.10 Multi Purpose Register (cont'd)
4.10.4 Protocol Example (cont'd)

Figure 23 — MPR Readout predefined pattern, BC4, lower nibble then upper nibble
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4.10 Multi Purpose Register (cont'd)
4.10.4 Protocol Example (cont'd)
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Figure 24 — MPR Readout of predefined pattern, BC4, upper nibble then lower nibble
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.11 ACTIVE Command

The ACTIVE command is used to open (or activate) a row in a particular bank for a subsequent access. The value
on the BAO-BAZ2 inputs selects the bank, and the address provided on inputs AO-A15 selects the row. This row
remains active (or open) for accesses until a precharge command is issued to that bank. A PRECHARGE command
must be issued before opening a different row in the same bank.

4.12 PRECHARGE Command

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks. The
bank(s) will be available for a subsequent row activation a specified time (tRP) after the PRECHARGE command is
issued, except in the case of concurrent auto precharge, where a READ or WRITE command to a different bank is
allowed as long as it does not interrupt the data transfer in the current bank and does not violate any other timing
parameters. Once a bank has been precharged, it is in the idle state and must be activated prior to any READ or
WRITE commands being issued to that bank. A PRECHARGE command is allowed if there is no open row in that
bank (idle state) or if the previously open row is already in the process of precharging. However, the precharge period
will be determined by the last PRECHARGE command issued to the bank.
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.13 READ Operation
4.13.1 READ Burst Operation

During a READ or WRITE command, DDR3 will support BC4 and BL8 on the fly using address A12 during the
READ or WRITE (AUTO PRECHARGE can be enabled or disabled).

A12 =0, BC4 (BC4 = burst chop, tCCD = 4)

Al2=1,BLS8

Al12 is used only for burst length control, not as a column address.

1 1| _tRPST
N - -~ N - - =

Dour >V< Dour >
n nel

( Dour’ )( Dour )A Dour >( Dour ) Dour >( Dour »
n2 n+3 ned [\ n+s n+6 JA\ n+7

B TRANSITIONING DATA m DON'T CARE

(<<
K
COMMAND3
ADDRESS4
tRPRE
DQs, DQS# y--TT
DQ?
cL=5
RL=AL+CL
NOTE: 1. BL8,RL=5,AL=0, CL=5.
2. Dout n = data-out from column n.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at T0.
Figure 25 — READ Burst Operation RL =5 (AL =0, CL =5, BL8)
cK#
K
COMMAND3

Bank,
ADDRESS4 ZX kW

DQS, DQS#

DQ2

AL=4

CL=5

RL=AL+CL

NOTE: 1.

swnN

BL8, RL=9, AL=(CL-1),CL=5.
Dour n = data-out from column n.

NOP commands are shown for ease of illustration; other commands may be valid at these times.
BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at T0.

B TRANSITIONING DATA m DON'T CARE

Figure 26 — READ Burst Operation RL =5 (AL =0, CL =5, BL8)
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.13 READ Operation (cont'd)

4.13.2 READ Timing Definitions

(Applied when the DLL is enabled and locked)
4.13.2.1 DDR3 Clock to Data Strobe relationship
(See Figure 27)

Rising data strobe edge parameters:

» tDQSCK min/max describes the allowed range for a rising data strobe edge relative to
CK, CK#.

» tDQSCK is the actual position of a rising strobe edge relative to CK, CK#.
* tQSH describes the data strobe high pulse width.

Falling data strobe edge parameters:
* tQSL describes the data strobe low pulse width.

tLZ(DQS), tHZ(DQS) for preamble/postamble (see 4.13.2.3 and Figure 29)

RL Measured

to this point
CLK/CLK#
tDQSCK (min) tDQSCK (min)
f— l<— — l<— tHZ(DQS)min
t1LZ(DQS)min_y | l tQsH _ tQsL
DQS,DQS# [ e \
Early Strobe
tRPRE
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit 6 Bit 7
— ~— tHZ(DQS)max
tDQSCK (max) tDQSCK (max) tDQSCK (max) tDQSCK (max)
1 z(DQS)max | . —> f<— —>
DQS,DQS# r--- - - - el \ V""" \V—yv-"-\VV—y -
Late Strobe  — N AN AN N AN AN
tQsH  tqsL tQsH tsL
tRPRE Q ¢ Q &
Bit 0 Bit 1 Bit 2 Bit 3 Bit4 Bit5 Bit 6 Bit 7
NOTES:

Within a burst, rising strobe edge is not necessarily fixed to be always at tDQSCK(min) or tDQSCK(max). Instead, rising strobe edge can vary between tDQSCK(min) and tDQSCK(max).
The DQS high pulse width is defined by tQSH and the DQS low pulse width is defined by tQSL

Likewise, tLZ(DQS)min and tHZ(DQS)min are not tied to tDQSCKmin (early strobe case) and tLZ(DQS)max and tHZ(DQS)max are not tied to tDQSCKmax (late strobe case); However,
they will tend to track each other.

The minimum pulse width of read preamble is defined by tRPRE(min). The minimum pulse width of read postamble is defined by tRPST(min).

Figure 27 — Clock to Data Strobe Relationship
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4.13 READ Operation (cont'd)
4.13.2 READ Timing Definitions (cont'd)

4.13.2.2 DDR3 Data Strobe to Data relationship
(See Figure 28)
Rising data strobe edge parameters:
» tDQSQ describes the latest valid transition of the associated DQ pins.
» tQH describes the earliest invalid transition of the associated DQ pins.
Falling data strobe edge parameters:
» tDQSQ describes the latest valid transition of the associated DQ pins.
» tQH describes the earliest invalid transition of the associated DQ pins.
tDQSQ; both rising/falling edges of DQS, no tAC defined

Figure 28 — Data Strobe to Data Relationship

4.13.2.3 tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHZ and tLZ transitions occur in the same access time as valid data transitions. These parameters are referenced to a
specific voltage level which specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or begins
driving tLZ(DQS), tLZ(DQ). Figure 29 shows a method to calculate the point when device is no longer driving
tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS), tLZ(DQ) by measuring the signal at two different voltages.
The actual voltage measurement points are not critical as long as the calculation is consistent. The parameters
tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as singled ended.

Figure 29 — tL.Z and tHZ method for calculating transitions and endpoints
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4.13 READ Operation (cont'd)

4.13.2 READ Timing Definitions (cont'd)

4.13.2.4 tRPRE Calculation

Method for calculating differential pulse widths for tRPRE.

Figure is TBD
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Figure 30 — Method for calculating tRPRE transitions and endpoints

4.13.2.5 tRPST Calculation

Method for calculating differential pulse widths for tRPST.

CK

DQS
Single ended signal, provided
as background infqrmation

f

DQS
Single ended signal, provided
as background information

=

DQS - DQS

Resulting differential signal,
relevant for t
specification

RPST

|

tRPST_begin

RPST

t2

tRPST_end

TD_TRPST_DEF

Figure 31 — Method for calculating tRPST transitions and endpoints
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4.13.2 READ Timing Definitions (cont'd)

4.13 READ Operation (cont'd)
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4.13.2 READ Timing Definitions (cont'd)

4.13 READ Operation (cont'd)
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.14 WRITE Operation
4.14.1 DDR3 Burst Operation

During a READ or WRITE command, DDR3 will support BC4 and BL8 on the fly using address A12 during the
READ or WRITE (AUTO PRECHARGE can be enabled or disabled).

Al2 =0, BC4 (BC4 = burst chop, tCCD = 4)
Al2=1,BLS8
A12 is used only for burst length control, not as a column address.

4.14.2 WRITE Timing Violations
4.14.2.1 Motivation

Generally, if timing parameters are violated, a complete reset/initialization procedure has to be
initiated to make sure the DRAM works properly.

However, it is desirable for certain minor violations that the DRAM is guaranteed not to “hang
up” and errors be limited to that particular operation. (for reference: add more motivation here
later, or refer to the *“Read Synchronization™ section if available)

For the following, it will be assumed that there are no timing violations w.r.t. to the Write
command itself (including ODT, etc.) and that it does satisfy all timing requirements not
mentioned below.

4.14.2.2 Data Setup and Hold Violations

Should the data to strobe timing requirements (tDS, tDH) be violated, for any of the strobe edges
associated with a write burst, then wrong data might be written to the memory location addressed
with this WRITE command.

In the example (Figure 4.14.2.4 on page 63), the relevant strobe edges for write burst A are
associated with the clock edges: T5, T5.5, T6, T6.5, T7, T7.5, T8, T8.5.

Subsequent reads from that location might result in unpredictable read data, however the DRAM
will work properly otherwise.

4.14.2.3 Strobe to Strobe and Strobe to Clock Violations

Should the strobe timing requirements (tDQSH, tDQSL, tWPRE, tWPST) or the strobe to clock
timing requirements (tDSS, tDSH, tDQSS) be violated, for any of the strobe edges associated
with a Write burst, then wrong data might be written to the memory location addressed with the
offending WRITE command. Subsequent reads from that location might result in unpredictable
read data, however the DRAM will work properly otherwise.

In the example (Figure 4.14.2.4 on page 63) the relevant strobe edges for Write burst A are
associated with the clock edges: T4, T4.5, T5, T5.5, T6, T6.5, T7, T7.5, T8, T8.5 and T9. Any
timing requirements starting or ending on one of these strobe edges need to be fulfilled for a valid
burst. For Write burst B the relevant edges are T8, T8.5, T9, T9.5, T10, T10.5, T11, T11.5, T12,
T12.5 and T13. Some edges are associated with both bursts.

Samsung Electronics Co., Ltd.
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4.14 WRITE Operation(cont'd)
4.14.2 WRITE Timing Violations (cont'd)

4.14.2.4 Write Timing Parameters

This drawing is for example only to enumerate the strobe edges that “belong” to a Write burst. No
actual timing violations are shown here. For a valid burst all timing parameters for each edge of a
burst need to be satisfied (not only for one edge - as shown).]

5 Tq T Tzi T3 |14 |15 (|16 |T7 |18 |[T9 T1;D T1;1 T'I;2 T13 |T14
CKdiff_L'_L *L '—L'_L,

CMD WR

Addr —{A
T T T T T T T I I I I
csEA ] SRR REEREREEEE |
Neunsls T T e T
WL | eeDass | ]
L s ]
0 L N O O A O I I
I I I I I I | | I I I I I I I
NN oast L n [ ]
I I I I I I I | I I I I | I I
i i i i i : tWIPF?.E I_.I-H-tDQS!'l i i i tWIPST i

Dasdift TR 1 SR ! h

1 T et i A A N I R
T T O O o= I Y N OO O
DQ I I 1 I I 1 mmwmmm I 1 I

Figure 40 — Write Timing Parameters
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4.14 WRITE Operation (cont'd)
4.14.2 WRITE Timing Violations (cont'd)

CK#
&K

COMMAND3

WL = AL + CWL

ADDRESS? 9( B

I T i i,

tWPRE 1 1 1 I tWPST
l l l l i i
PR

vas,oast /77 /7777171771777 T /Yf\_'/__\;/_\'_/i\__/f\m

COEDED DT ED DT

DQ?

NOTE: 1.

N

BL8, WL =5; AL=0, CWL=5.

Din n = data-in from column n.

NOP commands are shown for ease of illustration; other commands may be valid at these times. E‘ TRANSITIONING DATA m DON'T CARE
BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at TO.

Figure 41 — WRITE Burst Operation WL =5 (AL =0, CWL =5, BL8)

COMMAND3 D(WRITE )@( )@( NoP )m( )@( m XZD( m m m( )m( m

ADDRESS4 D(

[
s XL L L T T L ///// 77777}

tWPRE

LS ITTTTIIIIITTITI T T T _"m X

DQ2

AL=4 CWL=5

WL = AL + CWL

NOTE: 1.

pwN

BL8, WL=9; AL=(CL-1),CL=5, CWL=5.

DN n = data-in from column n.

NOP commands are shown for ease of illustration; other commands may be valid at these times. E’ TRANSITIONING DATA m DON'T CARE
BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at T0.

Figure 42 — WRITE Burst Operation WL =9 (AL = CL-1, CWL =5, BLS8)
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4.14 WRITE Operation (cont'd)
4.14.2 WRITE Timing Violations (cont'd)

CK#
K

COMMAND3

ADDRESS4

LI

// /

oas.oast 7/ /111111111 T TT T 7T T AL\T\'L\___XL\___”'" 11T /)/7// /

L L
{{ o D D VZ Dn \\
Q2 (EDEDEDED) ((

WL=5

D TRANSITIONING DATA m DON'T CARE
NOTE:

. BC4, WL=5,RL=5.

Din n = data-in from column n; Dout b = data-out from column b.

NOP commands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO[A1:0 = 10] during WRITE command at TO and READ command at Tn.

tWTR controls the write to read delay to the same device and starts with the first rising clock edge after the last write data shown at T7.

nphwn

Figure 43 — WRITE (BC4) to READ (BC4) Operation

CK#
&K

COMMAND3

1 1 tWRS

| |
aooresst X i ), /11T /11111, /) /L, /111111, /17, //J/V ////

T 777 hmﬂ 717777 SN

o2 @D SDEDGD (’ (/

WL=5

D TRANSITIONING DATA m DON'T CARE
NOTE: 1. BC4, WL=5,RL=5.
2 Din n = data-in from column n; Dout b = data-out from column b.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:0 = 10] during WRITE command at TO.
5. The write recovery time (tWR) referenced from the first rising clock edge after the last write data shown at T7.
tWR specifies the last burst write cycle until the precharge command can be issued to the same bank .

Figure 44 — WRITE (BC4) to PRECHARGE Operation
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4.14 WRITE Operation (cont'd)
4.14.2 WRITE Timing Violations (cont'd)

0 T T2 T3 T4 5 T6 7 T8 To T10
cK# - - --- v v r--- ===
CK 1 ---/\ ---I\ e | - ~
SRS TGS 1/ G /1) G Y/ Y, 0 Y/ G U1 O VU O Y/ O ) = VU = U
WL = AL + CWL ! ! ! !

woress: X X//////17777777777 7777777777 77777 7777777777 777777, LT T L T

I I I I
DSH | tDSH | tDSH |

] ] = wesT(

DQSS(min) tWPRE(min) , , .
ves.oese 777771771 1777777777 77777777 77777777777777% -~ X F 1L X" KL XL X[ X 77777777z

- - A A Ag.
10QsL | 1DQsH_| 1posL | 1posH_ | tbQsL | tbQsH_| 1posL | posH !
1 | 1 | Ll

IDQSS|tDSH |

n)

tDQSH(min) ! tDQSL(min)

DSS DSS tDSS tDSS DSS
VA D V{ Di on VW D D v/ D Dn W\
bQ? (D@D @) @) D),
I I I I
I I I I
1 1 1 1
DSH tDSH tDSH tDSH

tDQSS(nominal) tWPRE(min) tWPST(min)
B

vas.oest /7777777777 77777 7777777777777 7777777777777 -~ X" X - - X X X X Xz

- - - - [P
tDQSL | tDQSH | tDQSL | toQsH_| tDosL [ tDosH_| 1DosL | tbsH
tDQSH(min) tDQSL(min)

tDSS tDSS tDSS tDSS tDSS

oQ? (G @D E @ @) @ @ @),

1DQss | | | |
DQSS(max) tWPRE(min) ' ] ] ] tWPST(min)
oasoest // /1111111111111 T _f T YT _{/\__:___V | _flK__:v I _{/\TL__\/ [ X777z
DQSL | tDQSH_ | tDQSL | tDQSH. | 1DQSL | tDQSH | tDOSL | tDQsH
lDQSH(m\n)Ll N L N o M T | DgsL(min)

oQ? (@D @) ED)EN) EN SN )

NOTE: 1. BL8, WL=5 (AL=0, CWL =5)
2. Divn = data-in from column n. B TRANSITIONING DATA m DON'T CARE
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at T0.
5. tDQSS must be met at each rising clock edge.

Figure 45 — DDR3 Write Timing Definition
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4.14 WRITE Operation (cont'd)

4.14.2 WRITE Timing Violations (cont'd)
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4.14 WRITE Operation (cont'd)

(cont'd)
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4.14 WRITE Operation (cont'd)

4.14.2 WRITE Timing Violations (cont'd)
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.15 Self-Refresh Operation

The Self-Refresh command can be used to retain data in the DDR3 SDRAM, even if the rest of the system is powered
down. When in the Self-Refresh mode, the DDR3 SDRAM retains data without external clocking. The DDR3
SDRAM device has a built-in timer to accommodate Self-Refresh operation. The Self-Refresh-Entry (SRE)
Command is defined by having CS#, RAS#, CAS#, and CKE held low with WE# high at the rising edge of the clock.

Before issuing the Self-Refresh-Entry command, the DDR3 SDRAM must be idle with all bank precharge state with
tRP satisfied. Also, on-die termination must be turned off before issuing Self-Refresh-Entry command, by either
registering ODT pin low “ODTL + 0.5tCK” prior to the Self-Refresh Entry command or using MRS to MR1
command. Once the Self-Refresh Entry command is registered, CKE must be held low to keep the device in Self-
Refresh mode. During normal operation (DLL on), MR1(AO = 0), the DLL is automatically disabled upon entering
Self-Refresh and is automatically enabled (including a DLL-Reset) upon exiting Self-Refresh.

When the DDR3 SDRAM has entered Self-Refresh mode, all of the external control signals, except CKE and
RESETH#, are “don’t care”. For proper Self-Refresh operation, all power supply and reference pins (VDD, VDDQ,
VSS, VSSQ, VRefCA and VRefDQ) must be at valid levels. The DRAM initiates a minimum of one Refresh
command internally within tCKE period once it enters Self-Refresh mode.

The clock is internally disabled during Self-Refresh Operation to save power. The minimum time that the DDR3
SDRAM must remain in Self-Refresh mode is tCKE. The user may change the external clock frequency or halt the
external clock tCKSRE after Self-Refresh entry is registered, however, the clock must be restarted and stable
tCKSRX before the device can exit Self-Refresh operation.

The procedure for exiting Self-Refresh requires a sequence of events. First, the clock must be stable prior to CKE
going back HIGH. Once a Self-Refresh Exit command (SRX, combination of CKE going high and either NOP or
Deselect on command bus) is registered, a delay of at least tXS must be satisfied before a valid command not
requiring a locked DLL can be issued to the device to allow for any internal refresh in progress. Before a command
which requires a locked DLL can be applied, a delay of at least tXSDLL and applicable ZQCAL function
requirements (TBD) must be satisfied.

CKE must remain HIGH for the entire Self-Refresh exit period tXSDLL for proper operation except for Self-Refresh
re-entry. Upon exit from Self-Refresh, the DDR3 SDRAM can be put back into Self-Refresh mode after waiting at
least tXS period and issuing one refresh command (refresh period of tRFC). NOP or deselct commands must be
registered on each positive clock edge during the Self-Refresh exit interval tXS. ODT must be turned off during
tXSDLL.

The use of Self-Refresh mode introduces the possibility that an internally timed refresh event can be missed when
CKE is raised for exit from Self-Refresh mode. Upon exit from Self-Refresh, the DDR3 SDRAM requires a
minimum of one extra refresh command before it is put back into Self-Refresh Mode.
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4 DDR3 SDRAM Command Description and Operation (cont'd)
4.15 Self-Refresh Operation (cont'd)

tCPDED =»
tCKESR

[P

Figure 52 — Self-Refresh Entry/Exit Timing
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4 DDR3 SDRAM Command Description and Operation (cont'd)

4.16 Power-Down Modes

4.16.1 Power-Down Entry and Exit

Power-down is synchronously entered when CKE is registered low (along with NOP or Deselect command). CKE is
not allowed to go low while mode register set command, MPR operations, ZQCAL operations, DLL locking or read /
write operation are in progress. CKE is allowed to go low while any of other operations such as row activation,
precharge or auto-precharge and refresh are in progress, but power-down IDD spec will not be applied until finishing
those operations. Timing diagrams are shown in Figures 53 through Figures 66 with details for entry and exit of
Power-Down.

The DLL should be in a locked state when power-down is entered for fastest power-down exit timing. If the DLL is
not locked during power-down entry, the DLL must be reset after exiting power-down mode for proper read operation
and synchronous ODT operation. DRAM design provides all AC and DC timing and voltage specification as well
proper DLL operation with any CKE intensive operations as long as DRAM controller complies with DRAM
specifications.

During Power-Down, if all banks are closed after any in progress commands are completed, the device will be in
precharge Power-Down mode; if any bank is open after in progress commands are completed, the device will be in
active Power-Down mode.

Entering power-down deactivates the input and output buffers, excluding CK, CK#, ODT, CKE and RESET#. To
protect DRAM internal delay on CKE line to block the input signals, multiple NOP or Deselect commands are
needed during the CKE switch off and cycle(s) after, this timing period are defined as tCPDED. CKE_low will result
in deactivation of command and address receivers after tCPDED has expired.

Table 14 — Power-Down Entry Definitions

Status of MRS DLL | PD Relevant Parameters
DRAM bit Exit
Al12
Active Don't On | Fast tXP to any valid command
(A bank or more | Care
Open)
Pre Charged 0 Off | Slow | tXP to any valid command. Since itis in
(All banks precharge state, commands here will be
Precharged) ACT, AR, MRS/EMRS, PR or PRA

tXPDLL to commands who need DLL to
operate, such as RD, RDA or ODT control

line.
Pre Charged 1 On | Fast | tXP to any valid command
(All Banks
Precharged)

Also, the DLL is disabled upon entering precharge power-down (Slow Exit Mode), but the DLL is kept enabled
during precharge power-down (Fast Exit Mode) or active power-down. In power-down mode, CKE low, RESET#
high and a stable clock signal must be maintained at the inputs of the DDR3 SDRAM, and ODT should be in a valid
state but all other input signals are “Don’t Care” (If RESET# goes low during Power-Down, the DRAM will be out of
PD mode and into reset state.) CKE low must be maintained until tCKE has been satisfied. Power-down duration is
limited by 9 times tREFI of the device.

The power-down state is synchronously exited when CKE is registered high (along with a NOP or Deselect
command). CKE high must be maintained until tCKE has been satisfied. A valid, executable command can be
applied with power-down exit latency, tXP and/or tXPDLL after CKE goes high. Power-down exit latency is defined
at AC spec table of this data sheet.
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pre-

tion of
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or :I-E

Eg

P D

Dis ACT, NO

Wote: VAL command at
charge command.

CMD

does not affect the “exit to entry/re-entry” condition which still uses tCKE (shown between states

Power Down “entry to exit” timing diagrams using tCKE will be updated to tPD and use the
Tn and Tx).

Active Power Down Entry and Exit timing diagram example is shown below. Note, all existing
values listed in the above table (including Precharge Power Down drawings). Note, this ballot

4.16.1 Power-Down Entry and Exit (cont'd)

4.16 Power-Down Modes (cont'd)

Figure 53 — Active Power-Down Entry and Exit Timing Diagram
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Write and Write with Auto Precharge, Activate, Precharge, Refresh, MRS:

4 DDR3 SDRAM Command Description and Operation (cont'd)

4.16 Power-Down Modes (cont'd)
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Figure 55 — Power-Down Entry After Write with Auto Precharge
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4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)
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4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)

w . g
e — T
\\\\\ A e E—
> —
wwwww S C—
3 S — e
wwwww 3 |
‘W _\U B m ““““““““ @ w ““““““ m “““““““
% g e
T Er i
_mm _\/\_ E HA ““““““““ W:« “““““ m “““““““
\\\\\ I e R R
“““ wumu‘»;:“::::;:::;:::‘ ::;;:m‘::::;:::r
S R R
wwwww a1 ‘g
,,,,, Al 128

m _\/\_ I ﬂ:: “““ MA “““““ b

Wumu 2

o

}

W

Precharge Power-Down (Fast Exit Mode) Entry and Exit

Figure 58

Samsung Electronics Co., Ltd.

Ex. 1085, p. 76



Page 77

JEDEC Standard No. 79-3

4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)
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Figure 60 — Refresh Command to Power-Down Entry
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4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)
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Figure 61 — Active Command to Power-Down Entry
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Figure 62 — Precharge/Precharge all Command to Power-Down Entry
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4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)
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Figure 63 — MRS Command to Power-Down Entry
Table 15 — Timing Values tXXXPDEN Parameters
Status of DRAM | Last Command Parameter Parameter Value Unit |Notes
before CKE_low
Idle or Active Activate tACTPDEN 1 tCK
Idle or Active Precharge tPRPDEN 1 tCK
Active RD/RDA tRDPDEN RL+4+1 tCK
Active WR for BL8OTF, tWRPDEN WL + 4 + (tWR / tCK) tCK |1
BL8MRS, BC4OTF,
BC4MRS
Active WRA for BL8OTF, tWRAPDEN WL+4+WR+1 tCK |2
BL8MRS, BC40TF,
BC4MRS
Idle Refresh tREFPDEN 1 tCK
Idle Mode Register Set tMRSPDEN tMOD
Notes: 1. tWR is defined in ns, for calculation of tWRPDEN, it is necessary to round up tWR / tCK to next integer.
2. WRin clock cycles as programmed in mode register.
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4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)

Figure 64 — Power-Down Entry/Exit Clarifications - Case 1
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4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)

Figure 65 — Power-Down Entry/Exit Clarifications - Case 2
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4.16 Power-Down Modes (cont'd)
4.16.2 Timing Diagrams (cont'd)

Figure 66 — Power-Down Entry/Exit Clarifications - Case 3
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5 On-Die Termination (ODT)

ODT (On-Die Termination) is a feature of the DDR3 SDRAM that allows the DRAM to turn on/off termination
resistance for each DQ, DQS, DQS# and DM for x4 and x8 configuration (and TDQS, TDQS# for X8 configuration,
when enabled via A11=1 in MR1) via the ODT control pin. For x16 configuration, ODT is applied to each DQU,
DQL, DQSU, DQSU#, DQSL, DQSL#, DMU and DML signal via the ODT control pin. The ODT feature is
designed to improve signal integrity of the memory channel by allowing the DRAM controller to independently turn
on/off termination resistance for any or all DRAM devices. More details about ODT control modes and ODT timing
modes can be found further down in this document:

e The ODT control modes are described in 5.1.
The ODT synchronous mode is described in 5.2

e The dynamic ODT feature is described in 5.3

e The ODT asynchronous mode is described in 5.4

« The transitions between ODT synchronous and asynchronous are described in 5.4.1 through 5.4.4
The ODT feature is turned off and not supported in Self-Refresh mode.

A simple functional representation of the DRAM ODT feature is shown in Figures 67.

oor :
To other | | VDDQ/ 2 |
circuitry | | BTT |
like | |
RCV,.. | | [Switch |
[ ' DQ, DQS, DM, TDQS
I |
Lo J

Figure 67 — Functional Representation of ODT

The switch is enabled by the internal ODT control logic, which uses the external ODT pin and other control
information, see below. The value of RTT is determined by the settings of Mode Register bits (see Figure on page 22).
The ODT pin will be ignored if the Mode Register MR1 is programmed to disable ODT and in self-refresh mode.

5.1 ODT Mode Register and ODT Truth Table

The ODT Mode is enabled if either of MR1 bits A2 or A6 or A9 are non zero. In this case, the value of RTT is
determined by the settings of those bits (see Figure on page 22).

Application: Controller sends WR command together with ODT asserted.

« One possible application: The rank that is being written to provides termination.

« DRAM turns ON termination if it sees ODT asserted (except ODT is disabled by MR).
* DRAM does not use any write or read command decode information.

e The Termination Truth Table is shown in Table 16.

Table 16 — Termination Truth Table
ODT pin DRAM Termination State
0 OFF
1 ON, (OFF, if disabled by MR1 bits A2, A6 and A9 in general)

Samsung Electronics Co., Ltd.
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5. On-Die Termination (ODT) (cont'd)

5.2 Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-down definition,
these modes are:

* Any bank active with CKE high

» Refresh with CKE high

« ldle mode with CKE high

« Active power down mode (regardless of MRO bit A12)

» Precharge power down mode if DLL is enabled during precharge power down by MRO bit A12.

The direct ODT feature is not supported during DLL-off mode. The on-die termination resistors must be disabled by
continuously registering the ODT pin low and/or by programming the RTT_Nom bits MR1{A9,A6,A2} to {0,0,0}
via a mode register set command during DLL-off mode.

In synchronous ODT mode, RTT will be turned on ODTLon clock cycles after ODT is sampled high by a
rising clock edge and turned off ODTLoff clock cycles after ODT is registered low by a rising clock edge.
The ODT latency is tied to the write latency (WL) by: ODTLon = WL - 2; ODTLoff= WL - 2.

5.2.1 ODT Latency and Posted ODT

In Synchronous ODT Mode, the Additive Latency (AL) programmed into the Mode Register (MR1) also applies to
the ODT signal. The DRAM internal ODT signal is delayed for a number of clock cycles defined by the Additive
Latency (AL) relative to the external ODT signal. ODTLon = CWL + AL - 2; ODTLoff = CWL + AL - 2. For details,
refer to DDR3 SDRAM latency definitions.

Table 17 — ODT Latency

Symbol |Parameter DDR3-800 |DDR3-1066 |DDR3-1333 |DDR3-1600 |Unit
ODTLon ODT turn on Latency WL-2=CWL+AL-2 i
ODTLoff | ODT turn off Latency WL -2 =CWL +AL - 2 cK

5.2.2 Timing Parameters

In synchronous ODT mode, the following timing parameters apply (see also Figures 68):

ODTLon, ODTLoff, tAON,min,maXv tAOF,min,max-

Minimum RTT turn-on time (tponmin) is the point in time when the device leaves high impedance and ODT resistance

begins to turn on. Maximum RTT turn on time (taonmax) is the point in time when the ODT resistance is fully on.
Both are measured from ODTLon.

Minimum RTT turn-off time (taopmin) is the point in time when the device starts to turn off the ODT resistance.
Maximum RTT turn off time (tpoopmax) is the point in time when the on-die termination has reached high impedance.
Both are measured from ODTLoff.

When ODT is asserted, it must remain high until ODTHA4 is satisfied. If a Write command is registered by the SDRAM
with ODT high, then ODT must remain high until ODTH4 (BL = 4) or ODTHS8 (BL = 8) after the Write command
(see Figure 69). ODTH4 and ODTHS8 are measured from ODT registered high to ODT registered low or from the
registration of a Write command until ODT is registered low.
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5.2 Synchronous ODT Mode (cont'd)
5.2.2 Timing Parameters (cont'd)

% %
.
T
) 5
N N -
¥ To) ER
% o =
: 2o [E
B e
. T3
- - 11 - | .
T
' 232 5
-.% B < O L_II._-
Y S -
% 18y B
\j ="
- 5 §
- 180 |e-
X I |F
A E T -
B TUE
c O
v .—_— I~
o~ 1Es &
F© o .
% N _m noE S I
W Rt i ¥ o = I I i A I I lo. ...+ 4 R R .
F ¢ Mn O . .r_m ﬂv J v Il ﬁ I
A ' Bl
.4..% ............................ e e s R - % W_ ._M..ﬂ./L .................... N .......... LR R Sl EEEEE- b
= O m C = m
b - L O R L e 2 e —3S-
- c — O =
= < S gl B PN 1 1 A O I S [ I D = ...
- S R | 2T [P < 2 S
N ot T [= R BRI ﬂv o '
[ T et RS
' (o) < o H n m = v A 4 m
T e - L 0.% ....................... U Y RS
o o SR -
N H_ © QO | ..W\/L. ....................... v, .....................................
1 | R | R — = 90
m ................... A .................................... o] D " e
= X [a)
L S o

DRAM_RTT

DRAM_RTT

Figure 69 — Synchronous ODT example with BL

4, WL =7.
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5.2 Synchronous ODT Mode (cont'd)
5.2.2 Timing Parameters (cont'd)

ODT must be held high for at least ODTH4 after assertion (T1); ODT must be kept high ODTH4 (BL = 4) or ODTH8
(BL = 8) after Write command (T7 ). ODTH is measured from ODT first registered high to ODT first registered low,
or from registration of Write command with ODT high to ODT registered low. Note that although ODTH4 is satisfied
from ODT registered high at T6 ODT must not go low before T11 as ODTH4 must also be satisfied from the
registration of the Write command at T7.

5.2.3 ODT during Reads:
As the DDR3 SDRAM can not terminate and drive at the same time, RTT must be disabled at least half a clock cycle
before the read preamble by driving the ODT pin low appropriately. RTT may nominally not be enabled until one clock
cycle after the end of the post-amble as shown in the example in Figure 70. Note that ODT may be disabled earlier
before the Read and enabled later after the Read than shown in this example in Figure 70.
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Figure 70 — ODT must be disabled externally during Reads by driving ODT low. (example: CL = 6;

AL=CL-1=5;RL=AL+CL=11; CWL =5; ODTLon = CWL + AL - 2 = 8; ODTLoff = CWL + AL -
2=8)
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5 On-Die Termination (ODT) (cont'd)

5.3 Dynamic ODT

In certain application cases and to further enhance signal integrity on the data bus, it is desirable that the termination
strength of the DDR3 SDRAM can be changed without issuing an MRS command. This requirement is supported by
the “Dynamic ODT” feature as described as follows:

5.3.1 Functional Description:

The Dynamic ODT Mode is enabled if bit (A9) or (A10) of MR2 is set to "1’. The function is described as follows:

e Two RTT values are available: RTT_Nom and RTT_WR.
— The value for RTT_Nom is preselected via bits A[9,6,2] in MR1.
— The value for RTT_WR is preselected via bits A[10,9] in MR2.
* During operation without write commands, the termination is controlled as follows:
— Nominal termination strength RTT_Nom is selected.
— Termination on/off timing is controlled via ODT pin and latencies ODTLon and ODTLoff.
* When a write command (WR, WRA, WRS4, WRS8, WRAS4, WRASS) is registered, and if Dynamic ODT is
enabled, the termination is controlled as follows:
— A latency ODTLcnw after the write command, termination strength RTT_WR is selected.
— Alatency ODTLcwn8 (for BL8, fixed by MRS or selected OTF) or ODTLcwn4 (for BC4, fixed by MRS
or selected OTF) after the write command, termination strength RTT_Nom is selected.
— Termination on/off timing is controlled via ODT pin and ODTLon, ODTLoff.
Table 18 shows latencies and timing parameters which are relevant for the on-die termination control in Dynamic ODT
mode.

The dynamic ODT feature is not supported at DLL-off mode. User must use MRS command to set Rtt WR,
MR2{A10, A9}={0,0}, to disable Dynamic ODT externally.

When ODT is asserted, it must remain high until ODTHA4 is satisfied. If a Write command is registered by the SDRAM
with ODT high, then ODT must remain high until ODTH4 (BL = 4) or ODTHS8 (BL = 8) after the Write command
(see Figure 69). ODTH4 and ODTHS8 are measured from ODT registered high to ODT registered low or from the
registration of a Write command until ODT is registered low.

Table 18 — Latencies and timing parameters relevant for Dynamic ODT

Name and Description | Abbr. Defined from |Defined to Definition for all DDR3 Unit
speed bins
ODT turn-on Latency |ODTLon registering turning termination |ODTLon =WL -2 tok
external ODT |on
signal high
ODT turn-off Latency | ODTLoff registering turning termination |ODTLoff = WL — 2 tck
external ODT | off
signal low
ODT Latency for ODTLcnw |registering change RTT ODTLcnw = WL —2 tck
changing from external write | strength from
RTT_Nom to RTT_WR command RTT_Nom to
RTT_WR
ODT Latency for ODTLcwn4 |registering change RTT ODTLcwn4 = tck
change from RTT_WR external write |strength from 4 + ODTLoff
to RTT_Nom (BL = 4) command RTT_WR to
RTT_Nom
ODT Latency for ODTLcwn8 |registering change RTT ODTLcwn8 = tCK(avg)
change from RTT_WR external write |strength from 6 + ODTLoff
to RTT_Nom (BL = 8) command RTT_WR to
RTT_Nom
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5.3 Dynamic ODT (cont'd)
5.3.1 Functional Description (cont'd)

Table 18 — Latencies and timing parameters relevant for Dynamic ODT

Name and Description | Abbr. Defined from |Defined to Definition for all DDR3 Unit
speed bins
minimum ODT high ODTH4 registering ODT registered low |ODTH4 =4 tCK(avg)
time after ODT ODT high
assertion
minimum ODT high ODTH4 registering ODT registered low |ODTH4 =4 tCK(avg)
time after Write (BL = 4) Write with
ODT high
minimum ODT high ODTH8 registering ODT registered low | ODTH8 =6 tCK(avg)
time after Write (BL = 8) Write with
ODT high
RTT change skew tapc ODTLcnw RTT valid tapc(min) = 0.3 * tCK(avg) tCK(avg)
ODTLcwn tapc(max) = 0.7 * tCK(avg)

Note: tAOF,nom and tADC,nom are 0.5 tCK (effectively adding half a clock cycle to ODTLoff, ODTcnw and

ODTLcwn)
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5 On-Die Termination (ODT) (cont'd)
5.3 Dynamic ODT (cont'd)

5.3.2 ODT Timing Diagrams
The following pages provide exemplary timing diagrams as described in Table 19:

Table 19 — Timing Diagrams for “Dynamic ODT”

Figure and |Description
Page
Figure 71 on |Figure 71, Dynamic ODT: Behavior with ODT being asserted before and after the write.
page 89
Figure 1 on |Figure 1, Dynamic ODT: Behavior without write command, AL = 0, CWL = 5.
page 90
Figure 72 on | Figure 72, Dynamic ODT: Behavior with ODT pin being asserted together with write command for a
page 90 duration of 6 clock cycles.
Figure 73 on |Figure 73, Dynamic ODT: Behavior with ODT pin being asserted together with write command for a
page 91 duration of 6 clock cycles, example for BC4 (via MRS or OTF), AL =0, CWL =5.
Figure 74 on | Figure 74, Dynamic ODT: Behavior with ODT pin being asserted together with write command for a
page 91 duration of 4 clock cycles.
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Figure 71 — Dynamic ODT: Behavior with ODT being asserted before and after the write

Note: Example for BC4 (via MRS or OTF), AL =0, CWL =5. ODTH4 applies to
first registering ODT high and to the registration of the Write command. In
this example, ODTH4 would be satisfied if ODT went low at T8 (4 clocks
after the Write command).
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5.3 Dynamic ODT (cont'd)
5.3.2 ODT Timing Diagrams (cont'd)
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Figure 1 — Dynamic ODT: Behavior without write command, AL =0, CWL =5

Note: ODTH4 is defined from ODT registered high to ODT registered low, so in this
example, ODTH4 is satisfied; ODT registered low at T5 would also be legal.

CK, CK#| |

CMD

oot| /[ il il i
' le——— :)D'é‘Lo n—r—» | | | <—§— DD‘;:LLO -f—:—> \ |

L

S e IEEEECUIEEED 3=

L e | L e
e T e
B W'— > T[%)_O T_%ync_Dy%amicSA—élZO 2

Figure 72 — Dynamic ODT: Behavior with ODT pin being asserted together with write command for
a duration of 6 clock cycles

Note: Example for BL8 (via MRS or OTF), AL=0, CWL =5. In this example,
ODTHS8 = 6 is exactly satisfied.
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5.3 Dynamic ODT (cont'd)
5.3.2 ODT Timing Diagrams (cont'd)
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Figure 73 — Dynamic ODT: Behavior with ODT pin being asserted together with write command for
a duration of 6 clock cycles, example for BC4 (via MRS or OTF), AL =0, CWL =5.

Note: ODTH4 is defined from ODT registered high to ODT registered low, so in this
example, ODTH4 is satisfied; ODT registered low at T5 would also be legal.
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Figure 74 — Dynamic ODT: Behavior with ODT pin being asserted together with write command for
a duration of 4 clock cycles

Note: Example for BC4 (via MRS or OTF), AL =0, CWL =5. In this example, ODTH4 =4 is
exactly satisfied.
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5 On-Die Termination (ODT) (cont'd)

5.4 Asynchronous ODT Mode

Asynchronous ODT mode is selected when DRAM runs in DLLon mode, but DLL is temporarily disabled (i.e. frozen)
in precharge power-down (by MRO bit A12). Based on the power down mode definitions, this is currently (comment:
update editorially after everything is set and done...): Precharge power down mode if DLL is disabled during precharge
power down by MRO bit A12.

In asynchronous ODT timing mode, internal ODT command is NOT delayed by Additive Latency (AL) relative to the
external ODT command.

In asynchronous ODT mode, the following timing parameters apply (see Figure 75): taonpp min,max: tAOFPD,min,max-

Minimum RTT turn-on time (taonepmin) is the point in time when the device termination circuit leaves high
impedance state and ODT resistance begins to turn on. Maximum RTT turn on time (taonppmax) is the point in time
when the ODT resistance is fully on.

taonppMin and tagnppmax are measured from ODT being sampled high.

Minimum RTT turn-off time (toorppmin) is the point in time when the devices termination circuit starts to turn off
the ODT resistance. Maximum ODT turn off time (taorppmax) is the point in time when the on-die termination has
reached high impedance. tageppmin and taopppmax are measured from ODT being sampled low.
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NARYAAVAVAVAVAVAVAVECAVAVAVAVAVAVAVAVAY )
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Figure 75 — Asynchronous ODT Timings on DDR3 SDRAM with fast ODT transition: AL is ignored

In Precharge Power Down, ODT receiver remains active, however no Read or Write command can be issued, as the
respective ADD/CMD receivers may be disabled.

Table 20 — Asynchronous ODT Timing Parameters for all Speed Bins

Symbol Description min |max |Unit
tAoNPD Asynchronous RTT turn-on delay (Power-Down with DLL frozen) 1 9 ns
taoEPD Asynchronous RTT turn-off delay (Power-Down with DLL frozen) 1 9 ns
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5. On-Die Termination (ODT) (cont'd)
5.4 Asynchronous ODT Mode (cont'd)

5.4.1 Synchronous to Asynchronous ODT Mode Transitions

Table 21 — ODT timing parameters for Power Down (with DLL frozen) entry and exit transition period

Description |min max

ODT to RTT |min{ ODTLon *tCK + tAONmin; tAONPDmin } | max{ ODTLon * tCK + tAONmax; tAONPDmax }

turn-on delay [ ming (WL - 2) * tCK + tAONmIn; tAONPDmin } | max{ (WL - 2) * tCK + tAONmax; tAONPDmax }

ODT to RTT | min{ ODTLoff * tCK +tAOFmin; tAOFPDmin } | max{ ODTLoff *tCK + tAOFmax; tAOFPDmax }

turn-off delay [ ming (WL - 2) * tCK +tAOFmin; tAOFPDmin } |max{ (WL - 2) * tCK + tAOFmax; tAOFPDmax }

tANPD WL -1

5.4.2 Synchronous to Asynchronous ODT Mode Transition during Power-Down Entry

If DLL is selected to be frozen in Precharge Power Down Mode by the setting of bit A12 in MRO to “0”, there is a
transition period around power down entry, where the DDR3 SDRAM may show either synchronous or asynchronous
ODT behavior.

This transition period ends when CKE is first registered low and starts tANPD before that. If there is a Refresh
command in progress while CKE goes low, then the transition period ends tRFC after the Refresh command. tANPD
is equal to (WL -1) and is counted (backwards) from the clock cycle where CKE is first registered low.

ODT assertion during the transition period may result in an RTT change as early as the smaller of tyonppmin and
(ODTLon*tck + tagymin) and as late as the larger of tpyonppmax and (ODTLon*tck + tagymax). ODT de-assertion
during the transition period may result in an RTT change as early as the smaller of taopppmin and
(ODTLoff*tcK + tagpmin) and as late as the larger of tagpppmax and (ODTLoff*tck + taopmax). See Figure 21 and
Figure 76. Note that, if AL has a large value, the range where RTT is uncertain becomes quite large. Figure 76 shows
the three different cases: ODT_A, synchronous behavior before tANPD; ODT_B has a state change during the
transition period; ODT_C shows a state change after the transition period.
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5.4 Asynchronous ODT Mode (cont'd)
5.4.2 Synchronous to Asynchronous ODT Mode Transition during Power-Down Entry (cont'd)
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Figure 76 — Synchronous to asynchronous transition during Precharge Power Down (with DLL
frozen) entry (AL =0; CWL =5; tANPD =WL -1=4)
5.4.3 Asynchronous to Synchronous ODT Mode Transition during Power-Down Exit

If DLL is selected to be frozen in Precharge Power Down Mode by the setting of bit A12 in MRO to “07, there is also
a transition period around power down exit, where either synchronous or asynchronous response to a change in ODT
must be expected from the DDR3 SDRAM.

This transition period starts tANPD before CKE is first registered high, and ends tXPDLL after CKE is first registered
high. tANPD is equal to (WL - 1) and is counted (backwards) from the clock cycle where CKE is first registered high.

ODT assertion during the transition period may result in an RTT change as early as the smaller of tyonppmin and
(ODTLon*tck + taonmin) and as late as the larger of tagnyppmax and (ODTLon*tck + tagymax). ODT de-assertion
during the transition period may result in an RTT change as early as the smaller of taopppmin and
(ODTLoff*tcK + tagpmin) and as late as the larger of tagpppmax and (ODTLoff*tck + taormax). See Table 21.

Note that, if AL has a large value, the range where RTT is uncertain becomes quite large. Figure 77 shows the three
different cases: ODT_C, asynchronous response before tanpp; ODT_B has a state change of ODT during the transition
period; ODT_A shows a state change of ODT after the transition period with synchronous response.
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5.4 Asynchronous ODT Mode (cont'd)

5.4.3 Asynchronous to Synchronous ODT Mode Transition during Power-Down EXxit (cont'd)

_async
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DRAM_RTT_C_as
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ODT_A_sync
_A_sync
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Figure 77 — Asynchronous to synchronous transition during Precharge Power Down (with DLL

:9)

6; AL=CL-1; CWL=5;tANPD=WL-1

frozen) exit (CL

Samsung Electronics Co., Ltd.

Ex. 1085, p. 95



JEDEC Standard No. 79-3
Page 96

5 On-Die Termination (ODT) (cont'd)
5.4 Asynchronous ODT Mode (cont'd)

5.4.4 Asynchronous to Synchronous ODT Mode during short CKE high and short CKE low peri-
ods

If the total time in Precharge Power Down state or Idle state is very short, the transition periods for PD entry and PD
exit may overlap (see Figure 78). In this case, the response of the DDR3 SDRAMs RTT to a change in ODT state at
the input may be synchronous OR asynchronous from the start of the PD entry transition period to the end of the PD
exit transition period (even if the entry period ends later than the exit period).

If the total time in Idle state is very short, the transition periods for PD exit and PD entry may overlap. In this case the
response of the DDR3 SDRAMSs RTT to a change in ODT state at the input may be synchronous OR asynchronous
from the start of the PD exit transition period to the end of the PD entry transition period. Note that in the bottom part
of Figure 78 it is assumed that there was no Refresh command in progress when Idle state was entered.
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Figure 78 — Transition period for short CKE cycles with entry and exit period overlapping (AL =0,
WL =5, tANPD =WL - 1 =4)
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5 On-Die Termination (ODT) (cont'd)

5.5 ZQ Calibration Commands
5.5.1 ZQ Calibration Description

ZQ Calibration command is used to calibrate DRAM Ron & ODT values over PVT. DDR3 SDRAM needs longer
time to calibrate Ron & ODT at initialization and relatively smaller time to perform periodic calibrations.

ZQCL command is used to perform the initial calibration during power-up initialization sequence. This command
may be issued at any time by the controller depending on the system environment. ZQCL command triggers the
calibration engine inside the DRAM and once calibration is achieved the calibrated values are transferred from
calibration engine to DRAM 10 which gets reflected as updated Ron and ODT values.

The first ZQCL command issued after reset is allowed a timing period of tZQinit to perform the full calibration and
the transfer of values. All other ZQCL commands except the first ZQCL command issued after RESET is allowed a
timing period of tZQoper.

ZQCS command is used to perform periodic calibrations to account for VT variations. A shorter timing window is
provided to perform the calibration and transfer of values as defined by timing parameter tZQCS.

No other activities should be performed on the DRAM channel by the controller for the duration of tZQinit, tZQoper
or tZQCS. The quiet time on the DRAM channel helps in accurate calibration of Ron and ODT. Once DRAM
calibration is achieved, the DRAM should disable ZQ current consumption path to reduce power.

All banks must be precharged and tRP met before ZQCL or ZQCS commands are issued by the controller.

ZQ calibration commands can also be issued in parallel to DLL lock time when coming out of self refresh. Upon
Self-Refresh exit, DDR3 SDRAM will not perform an 10 calibration without an explicit ZQ calibration command.
The earliest possible time for ZQ Calibration command (short or long) after self refresh exit is tXS.

In dual rank systems that share the ZQ resistor between devices, the controller must not allow any overlap of tZQoper
or tZQinit or tZQCS between ranks.

Table 22 — ZQ Calibration Command Truth Table

CKE
Function prov | Next | CS# | RAs# | CAs#| we# | BA2 | A1 a1z | at0 | S0
Cycle | Cycle
ZQ Calibration Long (ZQCL) H H L H H L X X X 1 X
ZQ Calibration Short (ZQCS) | H | H | L | H | H | L | X | X | X | 0 | X

Samsung Electronics Co., Ltd.
Ex. 1085, p. 97




JEDEC Standard No. 79-3
Page 98

5 On-Die Termination (ODT) (cont'd)
5.5 ZQ Calibration Commands (cont'd)

5.5.2 ZQ Calibration Timing

e L4 LILILS JERSEERENEES TSNS

cmp  — zhoL X NoP/Deselect Y vanfn—{———(  28CS Xnor /peseea }{ vabow——

S Y G )
apoR K ) S ¥ )
D)
CKE J
m—— Z0init or tZ20oper  ——= — tZQACS —
Do Bus * 1 Hi-Z >/ Activifies >< Hi-Z >11 Activities

MNotes:
ODT must be disabled via ODT signal or MRS during calibration procedure.
*All devices connected to DO bus should be High impedance during calibration.
Figure 79 — ZQ Calibration Timing
5.5.3 ZQ External Resistor Value and Tolerance

DDR3 DRAM has a 240 ohm +/-1% tolerance external resistor connecting from the DDR3 SDRAM ZQ pin to
ground.

The resistor can be used as single DRAM per resistor or shared between a pair of DRAMs in a dual rank DIMM.
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6 Absolute Maximum Ratings
6.1 Absolute Maximum DC Ratings
Table 23 — Absolute Maximum DC Ratings
Symbol Parameter Rating Units Notes
VDD Voltage on VDD pin relative to Vss -0.4V ~1.975V \% 1,3
VDDQ Voltage on VDDQ pin relative to Vss -0.4V ~1.975V \% 1,3
ViN, Vour | Voltage on any pin relative to Vss -0.4V ~1.975V \ 1
Tste Storage Temperature -55 to +100 °C 12
Notes: 1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage

to the device. This is a stress rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not implied. Expo-
sure to absolute maximum rating conditions for extended periods may affect reliability

surement conditions, please refer to JESD51-2 standard.

VDD and VDDQ must be within 300 mV of each other at all times;and VREF must be not greater than
0.6 x VDDQ, When VDD and VDDQ are less than 500 mV; VREF may be equal to or less than 300 mV

. Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the mea-
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6 Absolute Maximum Ratings (cont'd)

6.2 DRAM Component Operating Temperature Range

Table 24 — Temperature Range

Symbol Parameter Rating Units Notes
- Normal Operating Temperature Range 0to 85 °c 1,2
OPER Extended Temperature Range (Optional) 8510 95 °c 1,3
Notes: 1. Operating Temperature Topgg IS the case surface temperature on the center / top side of the DRAM.
For measurement conditions, please refer to the JEDEC document JESD51-2.

2. The Normal Temperature Range specifies the temperatures where all DRAM specifications will be sup-
ported. During operation, the DRAM case temperature must be maintained between 0 - 85 °C under all
operating conditions

3.

Some applications require operation of the DRAM in the Extended Temperature Range between 85 °C
and 95 °C case temperature. Full specifications are guaranteed in this range, but the following addi-

tional conditions apply:

a) Refresh commands must be doubled in frequency, therefore reducing the Refresh interval tREFI to 3.9 ps. It
is also possible to specify a component with 1X refresh (tREFI to 7.8us) in the Extended Temperature
Range. Please refer to supplier data sheet and/or the DIMM SPD for option availability.

b) If Self-Refresh operation is required in the Extended Temperature Range, then it is mandatory to either use
the Manual Self-Refresh mode with Extended Temperature Range capability (MR2 A6 = 0, and MR2 A7 =
1) or enable the optional Auto Self-Refresh mode (MR2 A6 = 1,, and MR2 A7 = 0,). Please refer to the

supplier data sheet and/or the DIMM SPD for Auto Self-Refresh option availability, Extended Temperature
Range support and tREFI requirements in the Extended Temperature Range.

Samsung Electronics Co., Ltd.
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7 AC & DC Operating Conditions
7.1 Recommended DC Operating Conditions
Table 25 — Recommended DC Operating Conditions
Rating
Symbol Parameter Unit | Notes
Min Typ Max
Vpp Supply Voltage 1.425 15 1.575 V 1,2
Vppg | Supply Voltage for Output 1.425 15 1.575 V 1,2

Notes: 1.Under all conditions VDDQ must be less than or equal to VDD.
2. VDDQ tracks with VDD. AC parameters are measured with VDD and VDDQ tied together.
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8 AC and DC Input Measurement Levels
8.1 AC and DC Logic Input Levels for Single-Ended Signals
Table 26 — Single Ended AC and DC Input Levels
DDR3-800, DDR3-1066, DDR3-1333, DDR3-1600 .
Symbol Parameter Unit Notes
Min Max

VIH(DC) DC input logic high Vref + 0.100 TBD \% 1
VIL(DC) DC input logic low TBD Vref - 0.100 \Y 1
VIH(AC) AC input logic high Vref + 0.175 - \% 1,2
VIL(AC) AC input logic low - Vref - 0.175 \% 1,2
VRefDQ(DC) Reference Voltage for DQ, 0.49 * VDD 0.51 * VDD \Y 3,4

DM inputs
VRefcA(DC) Reference Voltage for ADD, 0.49 * vDD 0.51 *vDD \Y 3,4

CMD inputs
VTT Termination voltage for DQ, VDDQ/2 - TBD VDDQ/2 + TBD

DQS outputs

Notes: 1. For DQ and DM, Vref = VrefDQ. For input only pins except RESET#, Vref = VrefCA.
2. See 9.6 “Overshoot and Undershoot Specifications” on page 113.

3. The ac peak noise on Vgt may not allow Vet to deviate from Vigerpcy by more than
+/-1% VDD (for reference: approx. +/- 15 mV).

4. For reference: approx. VDD/2 +/- 15 mV.

The dc-tolerance limits and ac-noise limits for the reference voltages Vgerca and Vgerpg are illustrated in Figure 80.
It shows a valid reference voltage Vge(t) as a function of time. (Ve stands for Vgerca and Vigerpg likewise).
VRet(DC) is the linear average of Ve(t) over a very long period of time (e.g. 1 sec). This average has to meet the
min/max requirements in Table 26. Furthermore Vge(t) may temporarily deviate from Vgegpcy by no more than +/-
1% VDD.
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8 AC and DC Input Measurement Levels (cont'd)
8.1 AC and DC Logic Input Levels for Single-Ended Signals (cont'd)

A voltage
VDD
A
N
Viei(t
VRef C-NOISE Ref(!)
\Y
VRef(DC)=7~ - - : A \;e;fg;;)max
VRef(DC)min
4y
VSS
—p
time

Figure 80 — Illustration of Vgefpc) tolerance and Vger ac-noise limits
The voltage levels for setup and hold time measurements Viyacy, ViHoc) ViLac) ad V) pc) are dependent on
VRet-
“VRet “ shall be understood as Vgef(pc), as defined in Figure 80.

This clarifies, that dc-variations of Vg affect the absolute voltage a signal has to reach to achieve a valid high or low
level and therefore the time to which setup and hold is measured. System timing and voltage budgets need to account
for Vgef(pc) deviations from the optimum position within the data-eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage
associated with Vs ac-noise. Timing and voltage effects due to ac-noise on Vet Up to the specified limit (+/-1% of
VDD) are included in DRAM timings and their associated deratings.
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8 AC and DC Input Measurement Levels (cont'd)
8.2 AC and DC Logic Input Levels for Differential Signals
Table 27 — Differential AC and DC Input Levels
DDR3-800, DDR3-1066
Symbol Parameter DDR3-1333, DDR3-1600 Unit | Notes
Min Max
V\Hdiff Differential input logic high +0.200 - \Y,
VL giff Differential input logic low - - 0.200 \Y
Notes: 1. Referto “Overshoot and Undershoot Specifications” on page 113
8.3 Differential Input Cross Point Voltage
To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross
point voltage of differential input signals (CK, CK# and DQS, DQS#) must meet the requirements in Table 28. The
differential input cross point voltage Vx is measured from the actual cross point of true and complement signal to the
midlevel between of VDD and VSS.
VDD
- — — -CK#, DQS#
------------------------------------ VDD/2
CK, DQS
VSS
Figure 81 — Vix Definition
Table 28 — Cross point voltage for differential input signals (CK, DQS)
DDR3-800, DDR3-1066, DDR3-1333, DDR3-1600 )
Symbol Parameter Unit | Notes
Min Max
Vx Differential Input Cross Point Voltage rel- -150 150 mV

ative to VDD/2
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8 AC and DC Input Measurement Levels (cont'd)

8.4 Slew Rate Definitions for Single Ended Input Signals
8.4.1 Input Slew Rate for Input Setup Time (tIS) and Data Setup Time (tDS)

Setup (tIS and tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VRef
and the first crossing of VIH(AC)min. Setup (tIS and tDS) nominal slew rate for a falling signal is defined as the slew
rate between the last crossing of VRef and the first crossing of VIL(AC)max.

8.4.2 Input Slew Rate for Input Hold Time (tIH) and Data Hold Time (tDH)

Hold nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VIL(DC)max and
the first crossing of VRef. Hold (tIH and tDH) nominal slew rate for a falling signal is defined as the slew rate
between the last crossing of VIH(DC)min and the first crossing of VRef.

Table 29 — Single-ended Input Slew Rate Definition

Figure 82 — Input Nominal Slew Rate Definition for Single-Ended Signals
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8 AC and DC Input Measurement Levels (cont'd)

8.5 Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK, CK# and DQS, DQS#) are defined and measured as shown in Table 30
and Figure 83.

Table 30 — Differential Input Slew Rate Definition

_ Measured )
Description Defined by
from to
Differential input slew rate for rising edge (CK - Vi v Vi e ViHditfmin - ViLdiffmax
CK# and DQS _ DQS#) ILdiffmax ILdiffmin DeltaTRdiff
Differential input slew rate for falling edge (CK Vi Vi VHdiffmin - ViLdiffmax

Note: The differential signal (i.e. CK - CK# and DQS - DQS#) must be linear between these thresholds.

Delta TRAIff

Differential Input Voltage (i.e. DOS - DOS; CK - CK)

p—
Delta TFdIff

Figure 83 — Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#
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9 AC and DC Output Measurement Levels

9.1 Single Ended AC and DC Output Levels
Table 31 shows the output levels used for measurements of single ended signals.
Table 31 — Single-ended AC and DC Output Levels

Symbol Parameter DDR?"g?%’ %ggg 1333, it Notes
Vonpc) |DC output high measurement level (for IV curve linearity) 0.8 X Vppg \Y,

Vompc) |DC output mid measurement level (for IV curve linearity) 0.5 x Vppg \Y,

Vorpc) |DC output low measurement level (for IV curve linearity) 0.2 X Vppg \Y,

Von(ac) |AC output high measurement level (for output SR) V11 +0.1 X Vppg \Y, 1
Vorac) |AC output low measurement level (for output SR) V11-0.1 X Vppg Y, 1

Notes: 1. The swing of £ 0.1 x Vppq is based on approximately 50% of the static single-ended output high or
low swing with a driver impedance of 40 Q and an effective test load of 25 Q to V11 = Vppp/2.

9.2 Differential AC and DC Output Levels
Table 32 shows the output levels used for measurements of differential signals.
Table 32 — Differential AC and DC Output Levels

Symbol Parameter Dlggg g?]% %ggg Unit | Notes
Voudi AC differential output high measurement level (for output SR) +0.2xV Vv 1
OHdiff(AC) DDQ
Voudifiacy | AC differential output low measurement level (for output SR) -0.2X Vppg Vv 1

Notes: 1. The swing of £ 0.2 x Vppq is based on approximately 50% of the static single-ended output high or
low swing with a driver impedance of 40 Q and an effective test load of 25 Q to V11 = Vppg/2 at
each of the differential outputs.
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9 AC and DC Output Measurement Levels (cont'd)

9.3 Single Ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between Vg (ac) @nd Vopac) for single ended signals as shown in Table 33 and Figure 84.

Table 33 — Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge | |, Vv Vor(ac) - VoL(ac)
OL(AC) OH(AC) DeltaTRse
Single-ended output slew rate for falling edge | |, Vv Vor(ac) - VoL(ac)
OH(AC) OL(AC) DeltaTFse

Note:  Output slew rate is verified by design and characterization, and may not be subject to production test.

Figure 84 — Single Ended Output Slew Rate Definition

Table 34 — Output Slew Rate (single-ended)

DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600 U
nits

Parameter Symbol | Min | Max | Min | Max | Min | Max | Min | Max
Single-ended Output Slew Rate SRQse 25 5 2.5 5 2.5 5 TBD 5 V/ns

Description: SR: Slew Rate

se: Single-ended Signals
For Ron = RZQ/7 setting

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)

Samsung Electronics Co., Ltd.
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9 AC and DC Output Measurement Levels (cont'd)

9.4 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between VOLdiff(AC) and VOHdIiff(AC) for differential signals as shown in Table 35 and Figure 85.

Table 35 — Differential Output Slew Rate Definition

_ Measured )
Description Defined by
from to

Differential output slew rate for rising edge Vohdifiac) - VoLdiff(AC)

Voudifiiac) | VoHdiff(ac) DeltaTRdiff

Differential output slew rate for falling edge Vohdifiac) - VoLdiff(AC)

Vondifiiac) | VoLdiff(Ac) DeltaTEdiff

Note: Output slew rate is verified by design and characterization, and may not be subject to production test.

Figure 85 — Differential Output Slew Rate Definition
Table 36 — Differential Output Slew Rate

DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600 -
nits
Parameter Symbol | Min | Max | Min | Max | Min | Max | Min | Max
Differential Output Slew Rate SRQdiff 5 10 5 10 5 10 | TBD 10 | V/ns
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
diff: Differential Signals
For Ron = RZQ/7 setting
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9 AC and DC Output Measurement Levels (cont'd)

9.5 Reference Load for AC Timing and Output Slew Rate

Figure 86 represents the effective reference load of 25 ohms used in defining the relevant AC timing parameters of
the device as well as output slew rate measurements.

It is not intended as a precise representation of any particular system environment or a depiction of the actual load
presented by a production tester. System designers should use IBIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers correlate to their production test conditions, generally one or
more coaxial transmission lines terminated at the tester electronics.

Figure 86 — Reference Load for AC Timing and Output Slew Rate
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9 AC and DC Output Measurement Levels (cont'd)

9.6 Overshoot and Undershoot Specifications
9.6.1 Address and Control Overshoot and Undershoot Specifications

Table 37 — AC Overshoot/Undershoot Specification for Address and Control Pins

Figure 87 — Address and Control Overshoot and Undershoot Definition
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9 AC and DC Output Measurement Levels (cont'd)
9.6 Overshoot and Undershoot Specifications (cont'd)

9.6.2 Clock, Data, Strobe and Mask Overshoot and Undershoot Specifications

Table 38 — AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask

Figure 88 — Clock, Data, Strobe and Mask Overshoot and Undershoot Definition
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9 AC and DC Output Measurement Levels (cont'd)

9.7 34 ohm Output Driver DC Electrical Characteristics

A functional representation of the output buffer is shown in Figure 89. Output driver impedance RON is defined by
the value of the external reference resistor RZQ as follows:

RON3z4 = Rz / 7 (nominal 34.3 Q £10% with nominal Rzq = 240 Q)
The individual pull-up and pull-down resistors (RONp,, and RONp) are defined as follows:

\% -V
RONp , = DDIQ Out under the condition that RONp is turned off (1)
’ Out‘
\Y
RONp, = lOut under the condition that RONp,, is turned off 2
‘ Out‘
Chip in Drive Mode
_Output Driver
‘ . ‘ VDDQ
| |
| |
o | b
0]
other i RON,, i
circuitry
like | | —be
Out
‘ ‘ Out
| |
IR
e J VSsQ
I0_RON_DEFINITION_01

Figure 89 — Output Driver: Definition of Voltages and Currents
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9 AC and DC Output Measurement Levels (cont'd)
9.7 34 ohm Output Driver DC Electrical Characteristics (cont'd)

Table 39 — Output Driver DC Electrical Characteristics, assuming RZQ = 240 Q ; entire operating
temperature range; after proper ZQ calibration

RONjom Resistor Vout min  [nom |max |Unit Notes
340 RON3spg | Vorde = 0-2 x Vppg 06 |[1.0 11 |Rypol/7 [1,2,3
Vomde = 0.5 x Vppg 0.9 1.0 1.1 Rzo/7 [1,2,3
Vorde = 0.8 x Vppg 09 |[1.0 14  |Rypol7 [1,2,3
RON3spy | Vorde = 0.2 x Vppg 09 1.0 14 |Rgpol7 [1,2,3
Vomde =05xVppg (0.9 1.0 11 |Rypol/7 [1,2,3
Vorde = 0.8 x Vppg 06 1.0 11 |Rgpol/7 [1,2,3

Mismatch between pull-up and pull- | Vopmde -10 +10 % 1,2, 4
down, MMPUPd 0.5 x VDDQ

Notes: 1. The tolerance limits are specified after calibration with stable voltage and
temperature. For the behavior of the tolerance limits if temperature or volt-
age changes after calibration, see following section on voltage and tempera-
ture sensitivity.

2. The tolerance limits are specified under the condition that Vppq = Vpp and
that VSSQ = Vss.

3. Pull-down and pull-up output driver impedances are recommended to be
calibrated at 0.5 x Vppq. Other calibration schemes may be used to achieve
the linearity spec shown above, e.g. calibration at 0.2 xVppg and
0.8 x VDDQ'

4. Measurement definition for mismatch between pull-up and pull-down, MMp._

uPd-
Measure RONp, and RONpy, both at 0.5 * Vppq:

B RONPu - RONPd
PuPd ~ RON

MM x100

Nom
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9 AC and DC Output Measurement Levels (cont'd)
9.7 34 ohm Output Driver DC Electrical Characteristics (cont'd)

9.7.1 Output Driver Temperature and Voltage sensitivity
If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 40 and Table 41.
AT =T - T(@calibration); AV=VDDQ - VDDQ(@calibration); VDD = VDDQ

Note: dRoNdT and dRopndV are not subject to production test but are verified by
design and characterization.

Table 40 — Output Driver Sensitivity Definition

min max unit
RONPU@ Vopge 0.6 - dRoNdTHYAT| - dRondVH*AV] 1.1 + dRondTH*AT| + dRondVH*AV]  RZQ/7
RON@ Vomde 0.9 - dRoNATM*|AT| - dRoNAVM*AV] 1.1 + dRoNdTM¥|AT| + dRondVM*AV|  RZQ/7
RONPD@ Vorge 0.6 - dRondTL¥AT] - dRondVL*|AV| 1.1 + dRoNdTL¥AT| + dRondVL*AV|  RZQI7

Table 41 — Output Driver Voltage and Temperature Sensitivity

min max unit
dRo\dTM 0 15 %/°C
dRondVM 0 0.15 %/mV
dRo\dTL 0 15 %/°C
dRondVL 0 TBD %/mV
dRonNdTH 0 15 %/°C
dRondVH 0 TBD %/mV

These parameters may not be subject to production test. They are verified by design and characterization.
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9.8 On-Die Termination (ODT) Levels and I-V Characteristics (cont'd)

9.8 On-Die Termination (ODT) Levels and |-V Characteristics

9.8.1 On-Die Termination (ODT) Levels and I-V Characteristics

On-Die Termination effective resistance RTT is defined by bits A9, A6 and A2 of the MR1 Register.
ODT is applied to the DQ, DM, DQS/DQS# and TDQS/TDQS# (x8 devices only) pins.

A functional representation of the on-die termination is shown in Figure 90. The individual pull-up and pull-down
resistors (RTTp, and RTTpy) are defined as follows:

VDDQ — VOut . .
RTTp, = under the condition that RTTpy is turned off (3)
“Out‘
_ VOut -, .
RTTpy = under the condition that RTTp,, is turned off 4)
“Out|
Chip in Termination Mode
___obr
‘ . ‘ vDDQ
| |
e
| | Lo =log -1
To I I out ~ 'Pd Pu
other i RTTp, i
circuitry| | |
like |1 | —iPbe
RCV, i RTT,, i out
IRV o
| |
ot ! VSSQ
I0_CTT_DEFINITION_01

Figure 90 — On-Die Termination: Definition of Voltages and Currents
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9 AC and DC Output Measurement Levels (cont'd)
9.8 On-Die Termination (ODT) Levels and I-V Characteristics (cont'd)

9.8.2 ODT DC Electrical Characteristics

Table 42 provides an overview of the ODT DC electrical characteristics. The values for RTTggpg120, RT Teopu120s

RTT120pd240: RTT120pu240: RTTa0pago: RTTa0pugo: RTT30pds0: RTT30pus0 » RTT20pda0. RTT20puso are not
specification requirements, but can be used as design guide lines:

Table 42 — ODT DC Electrical Characteristics, assuming RZQ =240 O +/- 1% entire operating
temperature range; after proper ZQ calibration

MR1 A9, A6, A2 |RTT Resistor Vout min |nom |max |Unit Notes
0,1,0 1200 |RTT1o0pa240 | VoLde 06 [1.00 |11 |[Ryo |D23)4)
0.2 x VDDQ

Vonde 09 100 [14 |[Ryg [D23)9
0.8 x VDDQ
RTTlZOPU240 VOLdC 0.9 |1.00 14 RZQ 1) 2) 3) 4)
0.2 x VDDQ
VoHde 06 [1.00 |11 [Ryg [1)2)3)4)
0.8 x VDDQ
RTTlZO VIL(ac) to VIH(aC) 0.9 |1.00 1.6 RZQ/2 1) 2) 5)
0,0, 1 60 Q RTTsopdi0 | VoLde 06 [1.00 |11 |[Ryo2 [1)2)3)4)
0.2 x VDDQ
Vorde 09 [1.00 |14 [Ry2 [1)2)3)4)
0.8 x VDDQ
RTTsopuizo | VoLde 09 [1.00 |14 [Rypo2 [1)2)3)4)
0.2 x VDDQ
Vonde 06 [1.00 |11 |[Ryo2 [1)2)3)4)
0.8 x VDDQ
RTT60 VIL(ac) to VIH(aC) 0.9 |1.00 1.6 RZQ/4 1) 2) 5)
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9.8 On-Die Termination (ODT) Levels and I-V Characteristics (cont'd)
9.8.2 ODT DC Electrical Characteristics (cont'd)

Table 42 — ODT DC Electrical Characteristics, assuming RZQ =240 O +/- 1% entire operating

temperature range; after proper ZQ calibration

MR1 A9, A6, A2 |RTT Resistor Vout min |nom |max |Unit Notes
0,1,1 40 Q RTTi0pas0 | Volde 06 [1.00 |11 |[Ryo/3 [1)2)3)4)
0.2 x VDDQ

Vonde 09 [1.00 |14 [Rzo/3 [12)3)4)
0.8 x VDDQ
RTTi0pus0 | Volde 0.9 [1.00 [14 |Rypo/3 [12)3)4)
0.2 x VDDQ
0.5 x Vppq 0.9 [1.00 |11 |Rzo/3 (1)2)3)4)
VoHdc 06 100 [11 |Rype/3 [123)4)
0.8 x VDDQ
RTT40 VIL(ac) to VIH(aC) 0.9 |1.00 1.6 RZQ/6 1) 2) 5)
1,0,1 300 RTTs0pas0 | Volde 06 [1.00 |11 |[Ryo/d [1)2)3)4)
0.2 x VDDQ
Vonde 09 [1.00 |14 [Rzo/4 [1)2)3)4)
0.8 x VDDQ
RTTa0pue0 | VoLde 0.9 100 [14 |Rypo/d [12)3)4)
0.2 x VDDQ
VoHdc 06 100 [11 |Rypo/d [12)3)4)
0.8 x VDDQ
RTT30 VIL(ac) to VIH(aC) 0.9 |1.00 1.6 RZQ/8 1) 2) 5)
1,0,0 20 Q RTT,0paa0 | VoLde 06 [1.00 |11 |Rzo/6 [1)2)3)4)
0.2 x VDDQ
Vonde 09 [1.00 |14 [Rzo/6 [1)2)3)4)
0.8 x VDDQ
RTT0puao VoLde 0.9 [1.00 |14 |Rzo/6 |1)2)3)4)
0.2 x VDDQ
VoHdc 06 100 [11 |Rypo/6 [1)2)3)4)
0.8 x VDDQ
RTTZO VIL(ac) to VIH(aC) 0.9 |1.00 1.6 RZQ/12 1) 2) 5)
Deviation of V), w.r.t. VDDQ/Z, DVy -5 +5 |% 1) 2) 5) 6)

Notes:

1. The tolerance limits are specified after calibration with stable voltage and tempera-
ture. For the behavior of the tolerance limits if temperature or voltage changes after
calibration, see following section on voltage and temperature sensitivity.

2. The tolerance limits are specified under the condition that Vppg = Vpp and

that VSSQ = Vss.

3. Pull-down and pull-up ODT resistors are recommended to be calibrated at

0.5 x Vppgq. Other calibration schemes may be used to achieve the linearity
spec shown above, e.g. calibration at 0.2 x Vppg and 0.8 x Vppgq.

4. Not a specification requirement, but a design guide line.
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9.8 On-Die Termination (ODT) Levels and I-V Characteristics (cont'd)
9.8.2 ODT DC Electrical Characteristics (cont'd)

5. Measurement definition for RTT:
Apply Vi(ac) to pin under test and measure current I(Viy(ac)), then apply
VIL(ac) to pin under test and measure current (V) (5¢)) respectively.

_ __ViH(ac) — VIL(ac)
RTT = I(VIH(ac)) - I(VIL(ac))

6. Measurement definition for V), and DV),:
Measure voltage (V) at test pin (midpoint) with no load:

AV

(Z‘VM-1).um

M
Vbbo
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9 AC and DC Output Measurement Levels (cont'd)
9.8 On-Die Termination (ODT) Levels and |-V Characteristics (cont'd)

9.8.3 ODT Temperature and Voltage sensitivity
If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 43 and Table 44.
DT =T - T(@calibration); DV=VDDQ - VDDQ(@calibration); VDD = VDDQ

Table 43 — ODT Sensitivity Definition

min max unit
RTT 0.9 - dR71dT*|AT| - dRy7dV*|AV] 1.6 + dR7dT*AT| + dRdV*|AV| RZQ/
2,4,6,8,12

Table 44 — ODT Voltage and Temperature Sensitivity

min max unit
dRrdV 0 0.15 %/mV

These parameters may not be subject to production test. They are verified by design and characterization
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9 AC and DC Output Measurement Levels (cont'd)

9.9 ODT Timing Definitions

9.9.1 Test Load for ODT Timings
Different than for timing measurements, the reference load for ODT timings is defined in Figure 91.

VDDQ
DUT
CK,CK DQ.DM VTT =
B DQS, DQS 44444{::}44H3VSSQ
TDQS, TDQS RTT
=250

l

VSSQ

Timing Reference Points BD_ REFLOAD_ODT

Figure 91 — ODT Timing Reference Load
9.9.2 ODT Timing Definitions

Definitions for taon: taoneD: taor: taorpp @nd tapc are provided in Table 45 and subsequent figures.
Measurement reference settings are provided in Table 46.

Table 45 — ODT Timing Definitions

Symbol |Begin Point Definition End Point Definition Figure

taoN Rising edge of CK - CK# defined by |Extrapolated point at VSSQ Figure 92
the end point of ODTLon

taonep | Rising edge of CK - CK# with ODT Extrapolated point at VSSQ Figure 93
being first registered high

taor Rising edge of CK - CK#defined by | End point: Extrapolated point at Figure 94
the end point of ODTLoff VRTT_Nom

taorpp | Rising edge of CK - CK# with ODT End point: Extrapolated point at Figure 95
being first registered low VRTT_Nom

tapc Rising edge of CK - CK# defined by | End point: Extrapolated point at Figure 96
the end point of ODTLcnw, VRTT_Wr and VRTT_Nom
ODTLcwn4 or ODTLcwn8 respectively

Table 46 — Reference Settings for ODT Timing Measurements

Measured RTT_Nom RTT_Wr Setting | Vg1 [V] Vsw2 [V] Note
Parameter Setting
taoN Rzql4 NA 0.05 0.10
Rzq/12 NA 0.10 0.20
taonPD Rzql4 NA 0.05 0.10
Rzq/12 NA 0.10 0.20
taoF Rzol4 NA 0.05 0.10
Rzqf12 NA 0.10 0.20
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9.9 ODT Timing Definitions (cont'd)
9.9.2 ODT Timing Definitions (cont'd)

Table 46 — Reference Settings for ODT Timing Measurements (Cont.)

Measured RTT_Nom RTT_Wr Setting | Vg1 [V] Vawz [V] Note
Parameter Setting
taoFPD Rzol4 NA 0.05 0.10
Rzql12 NA 0.10 0.20
tapc Rzq/12 Rzq/2 0.20 0.30

Begin point: Rising edge of CK - CK
defined by the end point of ODTLon

CK
CK
DQ, DM
DQS,DQS
TDQS, TDQS
End point: Extrapolated point at VSSQ
TD_TAON_DEF
Figure 92 — Definition of tpgy
Begin point: Rising edge of CK - CK with
ODT being first registered high
CK
CK
|
|
DQ, DM
DQS,DQS
TDQS,TDQS

End point: Extrapolated point at VSSQ

TD_TAONPD_DEF

Figure 93 — Definition of taonpp
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9.9 ODT Timing Definitions (cont'd)
9.9.2 ODT Timing Definitions (cont'd)

Begin point: Rising edge of CK - CK
defined by the end point of ODTLoff
CK |
CK
DQ, DM
DQS,DQS
TDQS,TDQS
777777777777777777777777777777777777777777 VSSQ -
TD_TAOF_DEF
Figure 94 — Definition of taof
Begin point: Rising edge of CK - CK with
ODT being first registered low
CK |
CK
DQ, DM
DQS,DQS
TDQS,TDQS
777777777777777777777777777777777777777777 VSSQ -
TD_TAOFPD_DEF

Figure 95 — Definition of tpoorpp

Samsung Electronics Co., Ltd.
Ex. 1085, p. 125



JEDEC Standard No. 79-3
Page 126

9.9 ODT Timing Definitions (cont'd)
9.9.2 ODT Timing Definitions (cont'd)

Begin point: Rising edge of CK - CK Begin point: Rising edge of CK - CK defined by
defined by the end point of ODTLcnw the end point of ODTLcwn4 or ODTLcwn8
CK
CK
g
VRTT_Nom
DQ, DM End point:
- nAe Extrapolated
DQsS, D& point at VRTT_Nom
TDQS, TDQS
End point: Extrapolated point at VRTT_Wr
VSSQ—
TD_TADC_DEF

Figure 96 — Definition of tpopc
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10 IDD Specification Parameters and Test Conditions

10.1 IDD Measurement Conditions
Within the tables provided further down, an overview about the IDD measurement conditions is provided as follows:

Table 47 — Overview of Tables providing IDD Measurement Conditions and DRAM Behavior

Table number Measurement Conditions

Table 51 on page 129 IDDO and IDD1

Table 52 on page 131 IDD2N, IDD2Q, IDD2P(0), IDD2P(1)

Table 53 on page 133 IDD3N and IDD3P

Table 54 on page 134 IDD4R, IDD4W, IDD7

Table 55 on page 136 IDD7 for different Speed Grades and different tRRD, tFAW conditions
Table 56 on page 137 IDD5B

Table 57 on page 137 IDD6, IDD6ET (optional), IDD6TC (optional)

Within the tables about IDD measurement conditions, the following definitions are used:
*+ LOW is defined as VIN <=V ac(max.): HIGH is defined as VIN >= V|yacmin.):
» STABLE is defined as inputs are stable at a HIGH or LOW level.
* FLOATING is defined as inputs are Vgreg = Vppg / 2.
* SWITCHING is defined as described in Table 48 and Table 49.

Table 48 — Definition of SWITCHING for Address and Command Input Signals

SWITCHING for Address (row, column) and Command Signals (CS, RAS, CAS, WE) is defined as:

Address If not otherwise mentioned the inputs are stable at HIGH or LOW during 4 clocks and
(row, column): change then to the opposite value

(e.g. Ax Ax Ax Ax Ax Ax Ax Ax Ax Ax Ax AX.....

please see each IDDx definition for details

Bank address: If not otherwise mentioned the bank addresses should be switched like the row/column
addresses - please see each IDDx definition for details
Command Define D = {CS, RAS, CAS, WE } := {HIGH, LOW, LOW, LOW}

(CS, RAS, CAS, WE): |Define D = {CS, RAS, CAS, WE } := {HIGH, HIGH, HIGH, HIGH}
Define Command Background Pattern=DDDDDDDDDDDD ...

If other commands are necessary (e.g. ACT for IDDO or Read for IDD4R), the
Background Pattern Command is substituted by the respective CS, RAS, CAS, WE
levels of the necessary command.

See each IDDx definition for details and Figure 97 through Figure 99 as examples.
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10 IDD Specification Parameters and Test Conditions (cont'd)
10.1 IDD Measurement Conditions (cont'd)

Table 49 — Definition of SWITCHING for Data (DQ)

SWITCHING for Data (DQ) is defined as

Data (DQ)

Data DQ is changing between HIGH and LOW every other data transfer (once
per clock) for DQ signals, which means that data DQ is stable during one clock;
see each IDDx definition for exceptions from this rule and for further details.
See Figure 97 through Figure 99 as examples.

Data Masking (DM) NO Switching; DM must be driven LOW all the time

Timing parameters are listed in the following table:

Table 50 — For IDD testing the following parameters are utilized.

Parameter DDR3-800 |DDR3-1066 DDR3-1333 DDR3-1600 Unit
Bin 555 |6-6-6 |6-6-6 |7-7-7 ‘8-8-8 7-7-7 ‘8-8-8 999 |8-8-8 |9-9-9 ‘101010
tekmin(IDD) 2.5 1.875 1.5 1.25 ns
CL(IDD) 5 6 6 7 8 7 8 9 8 9 10
tR)CDmin(ID 12,5 |15 |11.25|13.13 (15 |10.5 |12 |135 [10 |11.25|125 |ns
D
tremin(IDD) 50 |52.5 |48.75|50.63 |52.50 |46.5 |48 [49.5 |tbd |tbd |tbd ns
gz)/-\Smin(lD 375 |375 |375 |37.5 |37.5 |36 36 36 thd thd thbd ns
trpmin(IDD) 12,5 |15 |11.25|13.13 (15 |10.5 |12 |135 [10 |11.25|125 |ns
teaw(DD) |x4/ |40 |40 |375 [375 |375 |30 (30 (30 (30 |30 (30 ns
X8
x16 |50 |50 |50 |50 (50 |45 |45 |45 |40 |40 |40 ns
trrp(IDD) | x4/ |10 10 7.5 7.5 7.5 6.0 6.0 6.0 6.0 6.0 6.0 ns
x8
x16 |10 |10 |10 |10 |10 |75 |75 |75 |75 |75 |75 ns
trec(IDD) - 90 90 90 a0 90 90 90 a0 90 a0 90 ns
512Mb
tRFCb(IDD) - 110 |110 110 |[110 |110 |110 110 |[110 |110 |110 110 |ns
1G
tRFCb(IDD) - 160 |160 (160 |160 |160 |160 (160 |160 |160 |160 160 |ns
2G
ZRE%(IDD) - tbd tbd tbd thd tbd thd tbd thd tbd thd tbd ns

The following conditions apply:

1. IDD specifications are tested after the device is properly initialized.

2. Input slew rate is specified by AC Parametric test conditions.

3. IDD parameters are specified with ODT and output buffer disabled (MR1 bit A12).
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10 IDD Specification Parameters and Test Conditions (cont'd)
10.1 IDD Measurement Conditions (cont'd)
Table 51 — IDD Measurement Conditions for IDDO and IDD1
Current Ibpo Ibp1
Name Operating Current 0 Operating Current 1
-> One Bank Activate -> One Bank Activate
-> Precharge -> Read
-> Precharge
Measurement Condition
Timing Diagram Example Figure 97
CKE HIGH HIGH
External Clock on on
tek tckmin(IDD) tckmin(IDD)
trc trcmin(IDD) trcmin(IDD)
trAs trAsmin(IDD) trAsmin(IDD)
trep n.a. trcomin(IDD)
trRRD n.a. n.a.
CL n.a. CL(IDD)
AL n.a. 0
cS HIGH between. Activate and HIGH between Activate, Read and
Precharge Commands Precharge

Command Inputs (CS,RAS,
CAS, WE)

SWITCHING as described in
Table 48;

only exceptions are Activate and
Precharge commands; example of
IDDO pattern:

AODDDDDDDDDDDDDD PO
(DDR3-800: tgag = 37.5ns between
(A)ctivate and (P)recharge to bank 0O;

Definition of D and D: see Table 48)

SWITCHING as described in

Table 48; only exceptions are
Activate, Read and Precharge
commands; example of IDD1 pattern:

AODDDDRODDDDDDDDD PO
(DDR3-800 -555: trep = 12.5ns
between (A)ctivate and (R)ead to
bank 0;

Definition of D and D: see Table 48)

Row, Column Addresses

Row addresses SWITCHING as
described in Table 48;

Address Input A10 must be LOW all
the time!

Row addresses SWITCHING as
described in Table 48;

Address Input A10 must be LOW all
the time!

Bank Addresses

bank address is fixed (bank 0)

bank address is fixed (bank 0)

Data I/O

SWITCHING as described in
Table 49

Read Data: output data switches
every clock, which means that Read
data is stable during one clock cycle.
To achieve lout = OmA, the output
buffer should be switched off by MR1
bit A12 set to “1”.

When there is no read data burst from
DRAM, the DQ I/O should be
FLOATING.

Output Buffer DQ,DQS
/ MR1 bit A12

off / 1

off /1
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10 IDD Specification Parameters and Test Conditions (cont'd)
10.1 IDD Measurement Conditions (cont'd)

Table 51 — IDD Measurement Conditions for IDDO and IDD1

Current Ibpo Ibp1
Name Operating Current 0 Operating Current 1
-> One Bank Activate -> One Bank Activate
-> Precharge -> Read
-> Precharge
oDT disabled disabled
/ MR1 bits [A6, A2] /10,0] 110,0]
Burst length n.a. 8 fixed / MRO bits [A1, A0] = {0,0}
Active banks one one
ACT-PRE loop ACT-RD-PRE loop
Idle banks all other all other
Precharge Power Down n.a. n.a.
Mode /
MRO bit A12

TO |T1 |72 [T3 [T4 |75 |T6 |T7 |T8 |T9 |T10| [T12| |T14| |T16| |T18
A AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
BA[2:0] 000
ADDR_a[9:0]| 000 | X 3FF X 000 X 3FF X 000 X
ADDR_b[10]
ADDR_c[12:11]| 00 X 11 X 00 X 11 X 00 X
cs[\_/ L/ L/
RasIN] /] T\ LT [T\ /
casl / T\ / \ / \ / \ / L/
WEL/ T\ \_/ AR VAR /
oMD [ACT{ D {D#{D# Y D YROXD#}D# X D Y D XD#YD#{ D § D X0#)PRE(D ) D {D#)0
DQ 00880088
DM = IDD1 Measurement|Loo -

Figure 97 — IDD1 Example (DDR3-800-555, 512Mb x8): Data DQ is shown but the output buffer

parts.
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10.1 IDD Measurement Conditions (cont'd)
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Table 52 — IDD Measurement Conditions for IDD2N, IDD2P(1), IDD2P(0) and IDD2Q

Current

IDD2N

Ipp2p(1)

1bp2p(0)

Ibb2g

Name

Precharge

Standby Current

Precharge Power

Down Current
Fast Exit -
MRO bit A12 =1

Precharge Power
Down Current
Slow Exit -

MRO bit A12 =0

Precharge Quiet
Standby Current

Measurement Condition
Timing Diagram Figure 98
Example
CKE HIGH LOW LOW HIGH
External Clock on on on on
tck tckmin(IDD) tckmin(IDD) tckmin(IDD) tckmin(IDD)
trc n.a. n.a. n.a. n.a.
tras n.a. n.a. n.a. n.a.
trep n.a. n.a. n.a. n.a.
trRRD n.a. n.a. n.a. n.a.
CL n.a. n.a. n.a. n.a.
AL n.a. n.a. n.a. n.a.
cs HIGH STABLE STABLE HIGH
Bank Address, Row | SWITCHING as STABLE STABLE STABLE
Addr. and described in
Command Inputs Table 48
Data inputs SWITCHING FLOATING FLOATING FLOATING
Output Buffer off/ 1 off/ 1 off/ 1 off/ 1
DQ,DQS
/ MR1 bit A12
oDT disabled disabled disabled disabled
/ MR1 bits [A6, A2] |/[0,0] /10,0] /10,0] /10,0]
Burst length n.a. n.a. n.a. n.a.
Active banks none none none none
Idle banks all all all all
Precharge Power n.a. Fast Exit/ 1 Slow Exit/ 0 n.a.
Down Mode / (any valid Slow exit (RD and
MRO bit A122 command after ODT commands

tXP2) must satisfy

tXPDLL-AL)

NOTE:

1. In DDR3, the MRO bit A12 defines DLL on/off behavior ONLY for precharge power down. There are
two different Precharge Power Down states possible: one with DLL on (fast exit, bit 12 = 1) and one with

NOTE:

2. Because it is an exit after precharge power down, the valid commands are: Activate, Refresh, Mode-
Register Set, Enter - Self Refresh
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10 IDD Specification Parameters and Test Conditions (cont'd)
10.1 IDD Measurement Conditions (cont'd)

=

T0 [T [tz [13 14 [15 16 [17 [18 [T9
s A B W A AW W A AW W
BAZO[ 0 )( 7 Y 0 (]
ADDR[12:0]| 0000 X 1FFF X 0000 (]
cs
Ras[\ / \ / \ ]
cas[ / \ J \ B
e[\ / \ / \ ]
ewp | Yo% (0 ) © ) oF ) D% Y D )b ) oF ) oF )
DQ[7:0] | FF A 00 A 00 \FF X FF OE)@
DM - >

IDD2N / IDD3N Measurement Loop

Figure 98 — IDD2N / IDD3N Example (DDR3-800-555, 512Mb x8)
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10.1 IDD Measurement Conditions (cont'd)

IDD Specification Parameters and Test Conditions (cont'd)
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Table 53 — IDD Measurement Conditions for IDD3N and IDD3P(fast exit)

Current Ippan Ipp3p
Name Active Standby Current Active Power-Down
Current?

Always Fast Exit

Measurement Condition

Timing Diagram Figure 98

Example

CKE HIGH LOW

External Clock on on

tck tckmin(IDD) tckmin(IDD)

tre n.a. n.a.

tras n.a. n.a.

trep n.a. n.a.

tRrRD n.a. n.a.

CL n.a. n.a.

AL n.a. n.a.

cs HIGH STABLE

Addr. and cmd Inputs | SWITCHING as described in | STABLE
Table 48

Data inputs SWITCHING as described in | FLOATING
Table 49

Output Buffer off /1 off /1

DQ,DQS

/ MR1 bit A12

oDT disabled disabled

/ MR1 bits [A6, A2] |/[0,0] /10,0]

Burst length n.a. n.a.

Active banks all all

Idle banks none none

Precharge Power n.a. n.a. (Active Power Down

Down Mode / Mode is always “Fast Exit”

MRO bit A12 2 with DLL on

NOTE:

1. DDR3 will offer only ONE active power down mode with DLL on (-> fast exit).
MRO bit A12 will not be used for active power down. Instead bit A12 will be used
to switch between two different precharge power down modes.
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10.1 IDD Measurement Conditions (cont'd)

IDD Specification Parameters and Test Conditions (cont'd)

Table 54 — IDD Measurement Conditions for IDD4R, IDD4W and IDD7

Current Ippar Ippaw Ipp7

Name Operating Current Operating Current All Bank Interleave Read
Burst Read Burst Write Current

Measurement Condition

Timing Diagram Figure 99

Example

CKE HIGH HIGH HIGH

External Clock on on on

tek tckmin(IDD) tckmin(IDD) tckmin(IDD)

trc n.a. n.a. trcmin(IDD)

trRas n.a. n.a. trasmin(IDD)

trcp n.a. n.a. trcomin(IDD)

tRrD n.a. n.a. tRrRDmMin(IDD)

CL CL(IDD) CL(IDD) CL(IDD)

AL 0 0 treomin - 1 ek

CSs HIGH btw. valid cmds HIGH btw. valid cmds HIGH btw. valid cmds

Command Inputs SWITCHING as described | SWITCHING as described | For patterns see Table 55

(CS, RAS, CAS, in Table 48; exceptions are |in Table 48; exceptions are

WE) Read commands => Write commands =>

IDD4R Pattern:

RODDDR1DDDR2DDDR3
Rx = Read from bank x;
Definition of D and D: see
Table 48

IDD4W Pattern:

WODDDW1DDDW2DDD
W3 DDD W4 ...

Wx = Write to bank x;
Definition of D and D: see
Table 48

Row, Column
Addresses

column addresses
SWITCHING as described
in Table 48;

Address Input A10 must be
LOW all the time!

column addresses
SWITCHING as described
in Table 48;

Address Input A10 must be
LOW all the time!

STABLE during
DESELECTs

Bank Addresses

bank address cycling (0 ->
1>2->3..)

bank address cycling (0 ->
1>2->3..)

bank address cycling (0 ->
1->2->3..), see pattern
in Table 55

DQ I/0

Seamless Read Data Burst
(BL8): output data switches
every clock, which means
that Read data is stable
during one clock cycle.

To achieve lout = OmA the
output buffer should be
switched off by MR1 bit

Seamless Write Data Burst
(BL8): input data switches
every clock, which means
that Write data is stable
during one clock cycle.

DM is low all the time.

Read Data (BL8): output
data switches every clock,
which means that Read
data is stable during one
clock cycle.

To achieve lout = OmA the
output buffer should be
switched off by MR1 bit

Al2 setto “1". Al2 set to “1".
Output Buffer off/ 1 off/ 1 off/ 1
DQ,DQS
/ MR1 bit A12

Samsung Electronics Co., Ltd.

Ex. 1085, p. 134



10 IDD Specification Parameters and Test Conditions (cont'd)
10.1 IDD Measurement Conditions (cont'd)

JEDEC Standard No. 79-3
Page 135

Table 54 — IDD Measurement Conditions for IDD4R, IDD4W and IDD7

Current

IDD4R

IDD4W

IDD7

Name Operating Current Operating Current All Bank Interleave Read
Burst Read Burst Write Current

OoDT disabled disabled disabled

/ MR1 bits [A6, A2] |/[0,0] /10,0] /10,0]

Burst length

8 fixed / MRO bits [AL, AO]
={0,0}

8 fixed / MRO bits [AL, AO]
={0,0}

8 fixed / MRO bits [AL, AO]
={0,0}

Active banks all all all, rotational
Idle banks none none none
Precharge Power n.a. n.a. n.a.
Down Mode /
MRO bit A12
TO |T1 |T2 T3 T4 |15 |16 |77 |78 [T9 |T10 |T11l |T12
N AYAYAVAVAYAVAVAVAVYAYAY AVAVAYAY
BA[2:(] 000 X 001 X 010 X 011
\ \
ADDR_a[9:0] 000 X 3FF X 000 X 3FF
ADDR_b[10]
ADDR _c[12:11]| 00 X 11 X 00 ) 11
s\ J \_/ \|/ e
sl T\ \/ \/ \_
cs[ 1\ J \ / WY, \
we| T\ \/ \/ \_
CMD[2:0] (RDY D Y b# \D# YRDY D Y D# Y D# YRDY D ) D# ) D# { RD YD
DQ[7:0] } 00){00)}FF)FF(00)00)FF)FF{00Y00)FFIFFY00}00}FFFF]
DM -> Start of Nleasurement Loog

Figure 99 — IDD4R Example (DDR3-800-555, 512Mb x8): data DQ is shown but the output buffer
should be switched off (per MR1 bit A12="1") to achieve lout = 0OmA. Address inputs are split into 3

parts.
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10 IDD Specification Parameters and Test Conditions (cont'd)
10.1 IDD Measurement Conditions (cont'd)

Table 55 — IDD7 Pattern for different Speed Grades and different tRRD, tFAW conditions

Speed

Bin

Org.

tFAW

tFAW

tRRD

tRRD

IDD7 Pattern?

Mb/s

[ns]

[CLK]

[ns]

[CLK]

(Note this entire sequence is repeated.)

800

all

x4/x8

40

16

10

4

AORAODDAL1RALIDDA2RA2DDA3RA3D
D A4RA4DDA5RA5D D A6 RA6 D D A7 RA7
DD

all

x16

50

20

10

AORAODDAL1RALIDDA2RA2DDA3RA3D
DDDDDA4RA4D DA5RA5D D A6 RA6 D
DATRA7TDDDDDD

1066

all

x4/x8

37.5

20

7.5

AORAODDAL1RALIDDA2RA2DDA3RA3D
DDDDDA4RA4D DA5RA5DD A6 RA6 D
DA7TRA7TDDDDDD

all

x16

50

27

10

AORAODDDDA1I1RA1IDDDDA2RA2DD
DDASRASDDDDDDDA4RA4DDDDAS
RASDDDDA6RA6DDDDA7RA7DDDD
DDD

1333

all

x4/x8

30

20

AORAODDAL1RALIDDA2RA2DD A3RA3D
DDDDDA4RA4DDA5RA5DD A6 RA6 D
DATRA7TDDDDDD

all

x16

45

30

7.5

AORAODDDALIRA1IDDDA2RA2D DD A3
RASDDDDDDDDDDDDDA4RA4DDD
AS5RASDDDA6RA6DDDA7RA7DDDD
DDDDDDDDD

1600

all

x4/x8

30

24

AORAODDDALIRAIDDDA2RA2D DD A3
RASDDDDDDDA4RAADDDASRASDD
DA6RA6GDDDA7RA7TDDDDDDD

all

x16

40

32

7.5

AORAODDDDA1IRA1IDDDDA2RA2DD
DDASRASDDDDDDDDDDDDA4RA4
DDDDASRASDDDDAG6RA6DDDD A7
RA7TDDDDDDDDDDDD

NOTE:

1. AO = Activation of Bank 0; RAO = Read with Auto-Precharge of Bank 0; D = Deselect
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IDD Specification Parameters and Test Conditions (cont'd)

Table 56 — IDD Measurement Conditions for IDD5B

Current

IDDSB

Name

Burst Refresh Current

Measurement Condition

CKE HIGH
External Clock on

tek tckmin(IDD)
trc n.a.

tras n.a.

trcp n.a.

trRrD n.a.

lRrc tRFcmin(IDD)
CL n.a.

AL n.a.

cS HIGH btw. valid cmds
Addr. and cmd Inputs SWITCHING
Data inputs SWITCHING
Output Buffer DQ,DQS off /1

/ MR1 bit A12

OoDT disabled

/ MR1 bits [A6, A2] /10,0]

Burst length n.a.

Active banks

Refresh command every
tRFC=tRFCmin

Idle banks

none

Precharge Power Down Mode
/ MRO bit A12

n.a.

Table 57 — IDD Measurement Conditions for IDD6, IDD6ET, and IDD6TC

Current Iops

IbD6ET (optional) Ibp6TC (Optional)

Self-Refresh Current
Normal Temperature
Range

TCASE = O . 85 OC

Name

Auto Self-Refresh
Current}2
Tcase - See Table 60

Self-Refresh Current
Extended Temperature
Range *

TCASE =0..95°C

Measurement Condition

Temperature TCASE =85°C TCASE =95°C TCASE - See Table 60
Auto Self Refresh Disabled / Disabled / Enabled /
(ASR) /
MR2 bit A6
“01) HOH “1”

Samsung Electronics Co., Ltd.
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10.1 IDD Measurement Conditions (cont'd)

IDD Specification Parameters and Test Conditions (cont'd)

Table 57 — IDD Measurement Conditions for IDD6, IDD6ET, and IDD6TC

Current

Iope

IDD6ET (optional)

IDD6TC (optional)

Name

Self-Refresh Current
Normal Temperature
Range

TCASE =0..85°C

Self-Refresh Current
Extended Temperature
Range !

TCASE =0.95°C

Auto Self-Refresh
Current!:2
TCASE - See Table 60

Self Refresh Normal / Extended / Disabled /
Temperature Range

(SRT)/

MR2 bit A7 “0” “1” “0”

CKE LOW LOW LOW

External Clock

OFF; CK and CK at LOW

OFF; CK and CK at LOW

OFF: CK and CK at LOW

tck n.a. n.a. n.a.

trc n.a. n.a. n.a.

tras n.a. n.a. n.a.

trep n.a. n.a. n.a.

tRrRD n.a. n.a. n.a.

CL n.a. n.a. n.a.

AL n.a. n.a. n.a.

cs FLOATING FLOATING FLOATING
Command Inputs FLOATING FLOATING FLOATING
(RAS, CAS, WE)

Row, Column FLOATING FLOATING FLOATING
Addresses

Bank Addresses FLOATING FLOATING FLOATING
Data I/0 FLOATING FLOATING FLOATING
Output Buffer off/ 1 off /1 off/ 1
DQ,DQS

/ MR1 bit A12

OoDT disabled disabled disabled

/ MR1 bits [A6, A2] |/[0,0] /10,0] /10,0]
Burst length n.a. n.a. n.a.

Active banks

all during self-refresh actions

all during self-refresh actions

all during self-refresh actions

Idle banks all btw. Self-Refresh actions |all btw. Self-Refresh actions |all btw. Self-Refresh actions
Precharge Power n.a. n.a. n.a.

Down Mode /

MRO bit A12

NOTE:

1. Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR3
SDRAM devices support the following options or requirements referred to in this material.

2.Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR3

SDRAM devices supporting ASR support the Normal or Extended Temperature Range.

Samsung Electronics Co., Ltd.

Ex. 1085, p. 138



JEDEC Standard No. 79-3

Page 139
10 IDD Specification Parameters and Test Conditions (cont'd)
10.2 IDD Specifications
IDD values are for full operating range of voltage and temperature unless otherwise noted.
Table 58 — Ipp Specification Example 512M DDR3

Speed Grade DDR3-800 |DDR3-1066 |DDR3-1333 |DDR3-1600 |Unit |Notes
Bin 5-5-5 7-7-7 8-8-8 9-9-9
Symbol Max. Max. Max. Max.
Ibpo mA x4/x8

mA x16
Ibp1 mA x4/x8

mA x16
Ippop (0) slow exit mA X4/x8/x16
Ippop (1) fast exit mA x4/x8/x16
Ippan mA x4/x8/x16
Ipp2q mA | x4/x8/x16
Ippap (fast exit) mA x4/x8/x16
Ibpan mA x4/x8/x16
Ibpar mA x4

mA x8

mA x16
IbDaw mA x4

mA x8

mA x16
Ibpss mA X4/x8/x16
Ibps mA
lppeeT" mA
IppsTct mA  |Referto

Table 60

Ibp7 mA x4/x8

mA x16
NOTE:

1.Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if
DDR3 SDRAM devices support the following options or requirements referred to in this material.

Table 59 — Ippe Current Definition

Symbol Parameter/Condition

Ibps Normal Temperature Range Self-Refresh Current: CKE < 0.2V; external clock off, CK and CK# at 0V; Other control and
address inputs are FLOATING; Data Bus inputs are FLOATING, PASR disabled.
Applicable for MR2 settings A6 = 0 and A7 = 0.

IpDeET Extended Temperature Range Self-Refresh Current: CKE < 0.2V; external clock off, CK and CK# at 0V; Other control and
address inputs are FLOATING; Data Bus inputs are FLOATING, PASR disabled.
Applicable for MR2 settings A6 = 0 and A7 = 1.

Samsung Electronics Co., Ltd.
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IDD Specification Parameters and Test Conditions (cont'd)

10.2 IDD Specifications (cont'd)

Table 59 — Ippe Current Definition

Symbol Parameter/Condition
IppeTC Auto Self-Refresh Current: CKE < 0.2V; external clock off, CK and CK# at 0V; Other control and address inputs are
FLOATING; Data Bus inputs are FLOATING, PASR disabled. Applicable when ASR is enabled by MR2 settings A6
=land A7 =0.
Table 60 — Ippg Specification
Symbol Temperature Range Value Unit Notes
IDDG 0-85 OC mA 3,4
IDDBET 0-95 OC mA 5,6
0°C-~T, mA 6,7,8
Ippetc T~ Ty mA 6,7,8
mA 6,7,8

Tz ~ ToPERmax

agprwNE

o

Some Ipp currents are higher for x16 organization due to larger page size architecture.

Max. values for Ipp currents considering worst case conditions of process, temperature and voltage.

Applicable for MR2 settings A6=0 and A7=0.

Supplier data sheets include a max value for Ippg.

Applicable for MR2 settings A6=0 and A7=1. Ippget is only specified for devices which support the Extended
Temperature Range feature.

Refer to the supplier data sheet for the value specification method (e.g. max, typical) for Ippget and Ippgtc
Applicable for MR2 settings A6=1 and A7=0. IppgTc is only specified for devices which support the Auto Self Refresh
feature.

The number of discrete temperature ranges supported and the associated Ta - Tz values are supplier/design specific.
Temperature ranges are specified for all supported values of Topgr. Refer to supplier data sheet for more information.

Samsung Electronics Co., Ltd.
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11 Input/Output Capacitance

Table 61 — Input / Output Capacitance

DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600

Parameter Symbol | Min | Max | Min | Max | Min | Max | Min | Max |Units | Notes
Input/output capacitance Cio
(DQ, DM, DQS, DQS#, TDQS, 15 | 30 | 15 | 30 | 1.5 | 25 | TBD | TBD | pF | 1,23
TDQS#)
'C“E;t capacitance, CK and Cck | tBD| 16 |TBD| 16 | TBD | TBD | TBD | TBD | pF | 2,3,5
Input capacitance delta Cock | o |o015| 0 |o015|TBD | TBD | TBD | TBD | pF | 2,3.4
CK and CK# ' ' e
Input capacitance C 2,3,6

(All other input-only pins)

TBD | 15 | TBD | 15 | TBD | TBD | TBD | TBD | pF

Input capacitance delta, DQS and | Cppgs 0 0.20 0 0.20 | TBD | TBD | TBD | TBD | pF |[2,3,12

DQS#
Input capacitance delta Cpi cTrR| i 2,3,7,
(All CTRL input-only pins) T 05| 0.3 05| 03 | TBD | TBD | TBD | TBD | pF 8
Input capacitance delta Cpi_apD | _ i 2,39,
(All ADD/CMD input-only pins) | _cvp 05 | 05 05| 05 | TBD | TBD | TBD | TBD | pF 10

Input/output capacitance delta | Cp,o
(DQ, DM, DQS, DQS#)

-0.5 0.3 -0.5 03 | TBD | TBD | TBD | TBD | pF |2,3,11

Notes: 1. TDQS/TDQS# are not necessarily input function but since TDQS is sharing DM pin and the para-

sitic characterization of TDQS/TDQS# should be close as much as possible, Cio&Cdio require-
ment is applied (recommend deleting note or changing to “Although the DM, TDQS and TDQS#
pins have different functions, the loading matches DQ and DQS.”)

This parameter is not subject to production test. It is verified by design and characterization. Input
capacitance is measured according to JEP147(“PROCEDURE FOR MEASURING INPUT CAPAC-
ITANCE USING A VECTOR NETWORK ANALYZER (VNA)") with VDD, VDDQ, VSS,VSSQ
applied and all other pins floating (except the pin under test, CKE, RESET# and ODT as neces-
sary). VDD=VDDQ=1.5V, VBIAS=VDD/2 and on-die termination off.

This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here
Absolute value of Ccg-Cex#.

The minimum C¢y will be equal to the minimum C,.

Input only pins include: ODT, CS, CKE, A0-Al15, BAO-BA2, RAS#, CAS#, WE#.

CTRL pins defined as ODT, CS and CKE.

Cp ctrL.=C|(CNTL) - 0.5 * C|(CLK) + C|(CLK#))

ADIS pins defined as A0-A15, BAO-BA2 and CMD pins are defined as RAS#, CAS# and WE#.
Cpi_apbb_cmp=C|(ADD_CMD) - 0.5%(C,(CLK)+C|(CLK#))

Cpi0=Ci0(DQ) - 0.5%(Co(DQS)+C,o(DQSH))

Absolute value of C,o(DQS) - C,o(DQS#)

Samsung Electronics Co., Ltd.
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600

12.1 Clock Specification

tCK(abs) is not subject to production test.

Samsung Electronics Co., Ltd.
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)

12.2 Clock Jitter Specification

DDR3-800 | DDR3-1066

Parameter Symbol min | max | min | max Units
Clock period jitter tIM(per) | TBD  TBD | TBD = TBD ps
gt’;';;;g?‘i t';i“e’ during DLL | 4y 7perick) | TBD TBD | TBD = TBD ps
ft'{:r'e o cycle clock period M) | wa TBD | nla  TBD ps
ftrgfiﬁiﬁ;%ef?:ﬁk?:;:dem 4 | YITecick) | nia | TBD | na | TBD ps
Cumulative error across n tERR(nper) TBD TBD TBD TBD ps

cycles

Average high pulse width tCH(avg) TBD TBD TBD TBD tCK(avg)

Average low pulse width tCL{avg) TBD TBD TBD TBD tCK{avg)

tiTduty) | TBD TBD | TBD | TBD ps

Duty cycle jitter

DDR3-1333 | DDR3-1600

Parameter Symbol min | max | min max Units

Clock period jitter tJIT{per) TBD TBD | TBD TBD ps
Clock period jitter during DLL | 4 oo 1y | TBD | TBD | TBD |~ TBD ps
locking period

ft?‘:r'e o cycle clock period tJIT(cc) nWa | TBD | nia TBD ps
Cycle to cycle clock period

jitter during DLL locking period | WIT(ccick) | wa | TBD | nfa | TBD ps
Cumulative error across n {ERR(nper) TBD 18D TBD TBD ps

cycles

Average high pulse width tCH(avg) TBD TBD TBD TBD tCK(avg)

Average low pulse width tCL(avg) TBD TBD TBD TBD tCK(avg)

Duty cycle jitter tIT{duty) | TBD  TBD | TBD TBD ps

Samsung Electronics Co., Ltd.
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)
12.2 Clock Jitter Specification (cont'd)

Add note for tCH(avg) and tCL(avg)

tCH(avg) is defined as the average high pulse width, as calculated across any consecu-
tive 200 high pulses:

N A
D rcH;
= )

/- \
."fl t\ AR ave) ]
N=200

J

tCL{avg) is defined as the average low pulse width, as calculated across any consecu-
tive 200 low pulses:

4
f

N
> L
=R

IIII'I.I 3
f {N x rC:K{a\rgj ]

N=200
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)

12.3 Refresh parameters by device density

Parameter Symbol 512Mb 1Gb 2Gb 4Gb 8Gb Units Notes
REF command to ACT or tRFC 90 110 160 300 350 ns
REF command time
Average periodic refresh tREFI 0°C< Tepse$85°C 7.8 7.8 7.8 7.8 7.8 us
interval
85°C < Tease < 95 °C 3.9 3.9 3.9 3.9 3.9 us 1
Notes: 1.

Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to deter-

mine if DDR3 SDRAM devices support the following options or requirements
referred to in this material.
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)

12.4 Standard Speed Bins
DDR3 SDRAM Standard Speed Bins include tCK, tRCD, tRP, tRAS and tRC for each corresponding bin.
Table 62 — DDR3-800 Speed Bins

For specific Notes See 12.4.1 “Speed Bin Table Notes” on page 151.
Speed Bin DDR3-800D DDR3-800E
Unit Notes
CL - nRCD - nRP 5.5-5 6-6-6 !
Parameter Symbol min max min max
Inte_rnal read command tan 125 20 15 20 ns
to first data
A(_:T to |nter.nal read or tred 125 . 15 . ns
write delay time
PRE command period trp 125 . 15 . ns
ACT to ACT or REF tre 50 . 595 . ns
command period
ACT to PRE command thAS 375 | 9*tREFI | 375 | 9*tREFI | ns
period
CL=5 |[CWL=5 tck(ave) 2.5 3.3 Reserved ns 1)2)3)4)
CL=6 |[CWL=5 tek(ave) 2.5 3.3 25 3.3 ns 1)2)3)
Supported CL Settings 5,6 6 Nck
Supported CWL Settings 5 5 Nck
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)
12.4 Standard Speed Bins (cont'd)

Table 63 — DDR3-1066 Speed Bins
For specific Notes See 12.4.1 “Speed Bin Table Notes” on page 151.

Speed Bin DDR3-1066E DDR3-1066F DDR3-1066G
CL-NRCD -nRP 666 777 883 unit Note
Parameter Symbol min max min max min max
Internal read command to
t
first data AA 11.25 20 13.125 20 15 20 ns
ACT to internal read or
t — — —
write delay time RCD 11.25 13.125 15 ns
PRE command period trp 11.25 — 13.125 — 15 — ns
ACTWOACTOrREF | | 4875 | _— |s0625| — | s25 | — ns
command period
ACTtoPREcommand | v | 375 |9*werl| 37.5 |9*wReFl| 375 |9*wReFl| ns
period
cL=5 CWL=5 |tckave)| 2.5 3.3 Reserved Reserved ns 1)2)3)4)6)
- CWL=6 |lckave) Reserved Reserved Reserved ns 4)
cL=56 CWL=5 |tck@ave)| 25 3.3 25 ‘ 3.3 25 3.3 ns 1)2)3)6)
- CWL=6 |lck@ave)| 1.875 <25 Reserved Reserved ns 1)2)3)4)
CL =7 CWL=5 |tckave) Reserved Reserved Reserved ns 4)
- CWL=6 |[tckpave)| 1.875 \ <25 | 1.875 \ <25 Reserved ns 1)2)3)4)
CcL =38 CWL=5 |lckave) Reserved Reserved Reserved ns 4)
- CWL=6 |[tcknave)| 1.875 \ <25 | 1.875 \ <25 | 1.875 | <25 ns 1)2)3)
Supported CL Settings 56,7,8 6,7,8 6,8 Nck
Supported CWL Settings 5,6 56 5,6 Nck
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)
12.4 Standard Speed Bins (cont'd)
Table 64 — DDR3-1333 Speed Bins
For specific Notes See 12.4.1 “Speed Bin Table Notes” on page 151.
Speed Bin DE)Rf’iz)lnﬁ)e’F DDR3-1333G | DDR3-1333H D(E;Rg(';i?)?”
P P Unit Note
CL - nRCD - nRP 7-7-7 8-8-8 9-9-9 10-10-10
Parameter Symbol | min | max | min | max | min | max [ min | max
Internal read
ommand to first data tan 10.5 20 12 20 135 20 15 20 ns
ACT to internal read
. . t . — — . — —
or write delay time reo | 105 12 135 15 ns
PREcommand | | 405 | — | 12 | — |135| — | 15 | — | ns
period
ACTWOACTOrREF| | g | | 4g | — | 495 | — | 51 | — | ns
command period
ACT to PRE 9* 9* 9* 9*
command period tRas | 36 | oer | 3 lrer| 8 |wer| B | wem| ™
cL=5 CWL=5 |tckave)| 2.5 3.3 25 3.3 Reserved Reserved ns (1,2,3,4,7
“TlewL = 6, 7 |tck(ave)| Reserved Reserved Reserved Reserved ns 4
CWL=5 |tckave)| 2.5 3.3 25 3.3 25 3.3 25 3.3 ns 1,237
CL=6] CWL=6 |lckave)| 1.875 | <25 Reserved Reserved Reserved ns |1,2,3,4,7
CWL =7 |tckave)| Reserved Reserved Reserved Reserved ns 4
CWL =5 |tckave)| Reserved Reserved Reserved Reserved ns 4
CL=7| CWL=6 |lckave)| 1.875 | <25 | 1.875 | <25 Reserved Reserved ns |1,2,3,4,7
CWL=7 |tckave)| 1.5 |<1.875| Reserved Reserved Reserved ns 1234
CWL =5 |tckave)| Reserved Reserved Reserved Reserved ns 4
CL=8| CWL=6 [tckave)| 1.875 | <2.5 | 1.875 | <25 | 1.875 | <25(1875|<25| ns | 1,237
CWL=7 |tckave)| 1.5 [<1.875| 15 [<1.875 Reserved Reserved ns 1,2,3,4
cL=09 CWL =5, 6 |tckave)| Reserved Reserved Reserved Reserved ns 4
“TewL=7 tekave)| 15 ‘<1.875 1.5 |<1.875 1.5 |<1.875 Reserved ns | 1,234
CL = CWL =5, 6 |tckave)| Reserved Reserved Reserved Reserved ns 4
. 1.5 |<1.875 1.5 |<1.875 1.5 |<1.875 ns 1,23
10 = t . .
CWL=7 [lekave) (Optional) (Optional) (Optional) 15 |<1875 ns 5
Supported CL Settings 56,7,8,9 5,6,7,8,9 6,8,9 6, 8, 10 Nck
Supported CWL Settings 56,7 56,7 56,7 56,7 Nck
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)
12.4 Standard Speed Bins (cont'd)

Table 65 — DDR3-1600 Speed Bins
For specific Notes See 12.4.1 “Speed Bin Table Notes” on page 151.

Speed Bin Dl(joifi'olr?;?G DDR3-1600H | DDR3-1600J D?oi?i-(}r?;:?K
Unit | Note
CL - nRCD - nRP 8-8-8 9-9-9 10-10-10 11-11-11
Parameter Symbol | min | max | min | max | min | max | min | max
'”temf; rf?f‘sot' g‘;t”;ma“d tan | 10 | 20 |11.25| 20 | 125 | 20 |1375| 20 | ns
chvtiénéglr;‘;"tﬁ: O toep | 10 | — |1125| — | 125 | — |1375| — | ns
PRE command period| trp 10 — | 1125 | — 12.5 — | 1375 | — ns
Agﬁ:?ﬂ?ﬂ?pg:gf the | 45 | — |4625| — | 475 | — |4875| — | ns
* * * *
et ZSEocdommand tRas | 35 tF?EFI 35 tF?EFI 35 tF?EFI 35 tF?EFI ns
cL=5 CWL=5 |tckave)| 2.5 3.3 2.5 3.3 2.5 3.3 Reserved ns 1(1,2,3,4,8
CWL =6, 7, 8|tck(ave)| Reserved Reserved Reserved Reserved ns 4
CWL=5 [tckave)| 2.5 33 2.5 3.3 2.5 3.3 2.5 3.3 ns | 1,238
CL=6] CWL=6 |tckave)| 1.875 | <25 |1.875| <25 Reserved Reserved ns |1,2,3,4,8
CWL=7,8 |tckave)| Reserved Reserved Reserved Reserved ns 4
CWL=5 |tckiave)| Reserved Reserved Reserved Reserved ns 4
cL=7 CWL=6 |tckave)| 1.875 | <25 | 1.875 | <25 | 1.875 | <25 Reserved ns |1,2,3,4,8
CWL=7 |[tckiave)| 1.5 |<1.875| Reserved Reserved Reserved ns 1(1,2,3,4,8
CWL =8 |[tckave)| Reserved Reserved Reserved Reserved ns 4
CWL=5 |[tckiave)| Reserved Reserved Reserved Reserved ns 4
_g CWL=6 |[tckave)| 1.875 | <25 | 1875 | <25 (1875 | <25 |1875|<25| ns | 1238
CWL=7 |tckave)| 1.5 |<1.875| 15 [<1.875| Reserved Reserved ns |1,2,3,4,8
CWL=8 |[tckiave)| 1.25 | <15 Reserved Reserved Reserved ns 1,2,3,4
CWL =5,6 |tckave)| Reserved Reserved Reserved Reserved ns 4
=9| CWL=7 |tck@ave) 15 |<1.875| 15 |<1.875| 1.5 |<1.875| Reserved ns 11,2,3,4,8
CWL=8 |[tckiave)| 125 | <15 | 1.25 | <15 Reserved Reserved ns 1,2,3,4
CWL =5, 6 |tckave)| Reserved Reserved Reserved Reserved ns 4
“[TcwL=7 tckave)| 1.5 |<1.875| 15 |<1.875| 15 |<1.875| 15 ‘<1.875 ns | 1,238
CWL=8 |[tck@ave)| 125 | <15 | 125 | <15 | 125 | <15 Reserved ns 1,2,3,4
_ |CWL =5, 6, 7|tckave)| Reserved Reserved Reserved Reserved ns 4
< < <
CWL=8 ekave) 1&?)\F;Jti|onall).5 1&205pti|onall)'5 1&?)5pti|onall).5 125 | <15 :2 1,2,3
Supported CL Settings 56,7,8910/56,7,8,9,10(5,6,7,8,9,10| 6,8,10,11 Nck
Supported CWL Settings 56,7,8 56,7,8 56,7,8 56,7,8 Nck
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12 Electrical Characteristics & AC Timing for DDR3-800 to DDR3-1600 (cont'd)
12.4 Standard Speed Bins (cont'd)

12.4.1 Speed Bin Table Notes
Absolute Specification (Topgr; Vppg = Vpp = 1.5V +/-0.075 V);

Notes: 1. The CL setting and CWL setting result in tCK(AVG).MIN and tCK(AVG).MAX
requirements. When making a selection of tCK(AVG), both need to be ful-
filled: Requirements from CL setting as well as requirements from CWL set-
ting.

2.tCK(AVG).MIN limits: Since CAS Latency is not purely analog - data and
strobe output are synchronized by the DLL - all possible intermediate fre-
guencies may not be guaranteed. An application should use the next smaller
JEDEC standard tCK(AVG) value (2.5, 1.875, 1.5, or 1.25 ns) when calculat-
ing CL [nCK] = tAA [ns] / tCK(AVG) [ns], rounding up to the next ‘Supported
CL.

3.tCK(AVG).MAX limits: Calculate tCK(AVG) = tAA.MAX / CLSELECTED and
round the resulting tCK(AVG) down to the next valid speed bin (i.e. 3.3ns or
2.5ns or 1.875 ns or 1.25 ns). This result is tCK(AVG).MAX corresponding to
CLSELECTED.

4.'Reserved’ settings are not allowed. User must program a different value.

5.‘Optional’ settings allow certain devices in the industry to support this setting,
however, it is not a mandatory feature. Refer to supplier's data sheet and
SPD information if and how this setting is supported.

6.Any DDR3-1066 speed hin also supports functional operation at lower fre-
guencies as shown in the table which are not subject to Production Tests but
verified by Design/Characterization.

7.Any DDR3-1333 speed bin also supports functional operation at lower fre-
guencies as shown in the table which are not subject to Production Tests but
verified by Design/Characterization.

8.Any DDR3-1600 speed bin also supports functional operation at lower fre-

guencies as shown in the table which are not subject to Production Tests but
verified by Design/Characterization.

Samsung Electronics Co., Ltd.
Ex. 1085, p. 151



JEDEC Standard No. 79-3
Page 152

This page left blank.

Samsung Electronics Co., Ltd.
Ex. 1085, p. 152



Page 153

JEDEC Standard No. 79-3

sd aglL 09T 08T 002 (@2) 1101 18)IC pouad 31940 01 81940
pouad
sd adgl agl 0L 0. - 08 08 - 06 06 - (o1 1ad) Ly | Bupjoo| 171@ Buunp Jenir pouad %20(0
sd adglL adl 08 08 - 06 06 - 00T 00T - (ad)Lic Janir pouad %2010
xew'* uiw’ xew' uiw’ xew' uiw’ xew' uiw’
(Ainp)Licy | (Knp)Licy | (Anp)Licy | (Anp)Lict | (Ainp)Lict | (Ainp)Licy | (Anp)Lict | (Anp)Lic:
+ Xew + Ul + xeuw + Ul + xew + Ui + Xeuw + Ul
(Bre)sion | ‘(Bre)sion | ‘(Bre)sion | ‘(Bre)sion | ‘(Bre)sion | ‘(Bre)sion | ‘(Bre)sion | ‘(Bre)sion Wi 3sind MO X0010 BiNjoSqy
X Xxew X uiu X Xew X uiw X Xxew X ulu X Xxew X uiw
sd ‘(Bre)101 | ((Bre)10) | ‘(BAe)10) | ‘(Bae)T108 | ((Bae)10L | ‘(Bae)101 | (BAe)1D) | ((BAR) 1Y | (sae)T1On
xew' uiw’ xew' uiw’ xew* uiw’ xew' uiw’
(Anp)Licy | (Kinp)Licy | (anp)ict | (Anp)Licy | (Anp)Lict | (Anp)Lict| (Ainp)Lict | (Ainp)Licy
+ Xew + Ul + Xew + ulw + Xew + Ul + Xeuw + Ul
‘(6ae)X01 | ‘(Bae)MOL | {(Bae)y Dl | ‘(Bae)MOL | ‘(BAe)yO1 | (BAe)MDI | {(BAe)) Dl | ‘(BAe)MO) Ui 8sind HOIH 0010 anjosay
X Xew X Ui’ X Xeuwl X Ui’ X Xew X uiw’ X Xew X uiw’
sd ‘(6ae)HOD! | (Bre)HOL | (Bre)HOY | (BAe)HOY | ‘(BAe)HOL | (BAe)HOY | ‘(BAR)HOY | (BAe)HOL | (Sge)HOY
xew uiw xew uiw xew uiw xew uiw
(ad)Liey | (ed)Licy | (ed)iiry | (ad)Licy | (ed)Licy | (ed)Licy | (d)Licy | (8d)Liry POLBH 00[3 AINOSTY
+ Xew + Ul + Xeuw + Ul + xew + Ui + Xew + uiw
sd (Bre)y0n | (Bre)y0y | (Bae)yon | (Bae)y Ol | (Bae)yol | (Bae)yon | (Bre)yoy | (Bre)yor | (sqe)yon
| (Bre)yon|  agl agl €50 L0 €50 A4 €50 A4 (Bre)10) yipm asind mo| abessny
} (Bre)yor|  qgal agl €50 A4 €50 L0 €50 L0 (Bre)HO Wpm asind yoiy sbeiany
] sd J T abed uo ,suig paads plepuels, 1'2ZT 99S (Bre)y polad 20]|D abelany
d (apow
9 su - 8 - 8 - 8 - 8 40 11a)Mo1 40 7171Q) dwWiL 8j9AD ¥20]D WNWIUIN
Buiwi] %0010
S9J0N sHun Xen Ui XeN UuIN XeN Ui XeN UuIn |[oqWAS Jlarawered
009T-€ddd €EEeT-€dad 990T-£€ddd 008-€ddd
© :99 9|qel 01 A|dde 09T abed wouy sarou [eisuab Buimojio) ayL 910N

ulg paads Ag sialaweled Bulwi] — 99 ajgel

Buiwi] DV pue sonsueloeIeyD o119 €T

Samsung Electronics Co., Ltd.

Ex. 1085, p. 153



JEDEC Standard No. 79-3

Page 154

13 Electrical Characteristics and AC Timing (Cont.)

Samsung Electronics Co., Ltd.

a|qurelsod
T (Bre)yon - ¥'0 - ¥'0 - 0 - ¥'0 1Sdm1 JLIFIM renuasayip #s0a ‘sOA
a|queald
T (Bre)y0) - 60 - 60 - 60 - 60 IddML JLIMM [enualsgip #50d ‘sOA
€T 2T | (Bre)on - 80 - 8€0 - 80 - 80 SO awn mo| Indino [enualayip #s0A ‘sdA
€T ‘2T | (Bre)on - 80 - 8€0 - 8€'0 - 820 HSO1 awn yBiy ndino renuasayip #sOA ‘sdA
a|qurelsod
€T ‘2T ‘TT | (BAe)3D1| TT 810N €0 TT 810N €0 TT 810N €0 1T 810N €0 1SdHl avay fenuasayip #s0A ‘sOA
6T ‘T |(Bre)yOl| 6T 810N 60 6T 910N 60 6T 910N 60 6T 910N 60 Jdd a|qureald avay [enuasayip #sOA‘'sdA
Buiwi] ago.ns eleq
s|aAa] (AP)IIA / (OP)UIA 01 paduaisal
IT'p sd agl adl 00T 0ST (eseq)Ha} #s0d 'sOA woyy swi pjoy ereq
sjana| (9B)JIA / (9B)YIA 01 paduaialal
TP sd adglL agl 14 <7 (eseq)say #s0a ‘sdA o1 swn dnss eleq
vT ‘€T ‘2T sd S22 - 0S¢ - 00e - (0]0]% - (OA)ZHY | #D MO woy swn souepadwi ybiy OA
¥T ‘€T ‘CT sd sze 0S¥ - 052 005 - 00¢€ 009 - 0]0]7% 008 - (©a)zn #510 MO woly swn souepadwi-mo| OA
€T 2T | (Bre)yon - 9g0 - 9g°0 - 9g0 - 9g0 HO1 #5043 'sOQa woy awn pjoy indino OA
SSadde
€T 'CT sd 00T - 62T - 0ST - 002 - Osoa Jad ‘dnoib Jad ‘mexs O@ 01 #50a ‘sda
Buiwiy ereqg
2z sd agl agl 09 09 - G/l S/ - 00T 00T - (Ainp) Licy Janir 819AD Aing
(1odog $81942 05 ‘67Q
sd adl agl agl agl adglL adglL agl adgl ! ‘ZT ‘TT = U SS0JJR 10113 BAIRINWND
(1adoT $819A0 0T
sd adl agl agl agal adglL adglL agl agl -9)dyN ‘6 ‘8 '/ ‘9 = U SS0IOE JOMI3 BANEINWND
sd agl agl aqal adgl adlL adlL adl adgl (1adg)yy $8124A0 G SS0I0® J01IB BAIRINWND
sd agl agl agl agl adlL adlL adgl adgl (J1adp)dy $8|2A0 7 SS0I0® J04IB BAIRINWND
sd agl agl agl agl adlL adlL adgl adgl (1adg)dy $8|2A0 g SS0I0® J01I BAIRINWND
sd agl agl agl agl aglL agl adglL adal (1adz)dy $8|9A0 ¢ SS0I0® 10413 BAlRINWND
pouad Bupjao)
sd agl ovT 09T 08T (01 *00) LIy | T171@ Buunp Jenir pouad 894D 01 8j9AD

S9JON sHun XeN uiin XeN uiiN Xen uiiN XeN uIN |oqWAS Jarsweled

009T-£4aad €eeT-eddda 990T-€4ddA 008-£4aad
e :99 9|qel 01 A|dde 09T abed wou) sajou [eiauab Buimolo) ayL :910N

(p.au02) ulg paads Aq sialaweled Bulwil] — 99 a|gel

Ex. 1085, p. 154



Page 155

JEDEC Standard No. 79-3

13 Electrical Characteristics and AC Timing (cont'd)

poliad
) 06T sabed 01 2T sabed sabed uo g9 a|qel 01 Z9 a|qel 01 1ajoy ol puewwod 43y 10 | DV 01 10V
) 0GT sabed 01 /1T sabed sabed uo g9 a|qel 01 Z9 a|qel 0] Jajoy dy polad puewwod 34d
] 0GT sabed 01 21T sabed sabed uo g9 a|qel 01 Z9 a|qel 0} Jajey any awn Aejap 211IM 10 peal [eulaiul 01 | DV
arepdn puewwod 195 Jaisibay apo
- ugT)xew - uzT)xew - uzT)xew - uzT)xew aom epdn p 195 Ja1s16ay apoN
MOu - % - v - 4 - % adm awl 81942 purwwod 189S JaisiBay apoN
9 su - ST - ST - ST - ST dM1 awn A1snodal 31 1M
(sugz ‘M (sugz (sugz ‘M (sug'z puewwod peal [eulsiul 0} uonoesuel)
8T ‘o - Juyp)xew - Juyp)xewl - Juyp)xew - Jup)xew qH1W allIM [eulaiul Jo uels woly Aejaqg
(sug'z ™M (sugz ™M (sugz "M (sug'z M Kejsp puewiwod IDYVYHIIUJ
) - Juyp)xew - Juyp)xew - Juyp)xew - Jupy)xew SRS 0] puewwod av3y [eulaiu|
Aou - ¢1S - ¢18 - ¢T1S - ¢1S AT1a) awn Buroo| 11a
Buiwi
SSaJIppVY pue puewwo)
8bpa Buisu #3D ‘MO
9 (Bre)yon - Z0 - 20 - Z0 - Z0 HSQ woJy swn pjoy abpas buljies #sOA ‘'sOA
8bpa Buisu #3D ‘MO
2 (Bre)yon - Z0 - 20 - Z0 - Z0 ssa 01 awn dnias abpa Buljies #sOA ‘'sOA
abpa Buisu
J (Bre)yon G20 G20~ G20 G20~ G20 G20 - G20 G20~ ssoal #2 MO 01 8bpa Buisu #sOA ‘sOA
yipim
(Bre)y10) 90 ¥'0 9'0 ¥'0 90 70 90 7’0 HSOQ! as|nd yBiy 1ndul fenuaiayip #sOA ‘sOA
UIpIm
(Bre)0) 90 ¥'0 9'0 0 90 70 90 ¥'0 giele]! as|nd mo| Indui [enuasayip #50A ‘'sOA
(219 + 1Y wouy psousisiay)
¥T ‘€T ‘2T sd Sze - 0S¢ - 00¢€ - 00 - (sOa)zH awn sauepadwi-ybiy #S0O0 pue sOA
(T - 19 woJy padualssey)
vT ‘€T ‘2T sd 144 0S¥ - 052 00§ - 00¢ 009 - (0]0]4 008 - (sda)zn awn souepadwi-mo| #s50A pue SOA
#510 "M Buisu woy swin
€T ‘¢T sd 00¢ 00c¢ - Gée Géce - G9¢ G9¢ - 0S¢ 0S€ - MOsOQl ssao9e Indino abps Buisu #SOA ‘sOA
SOJ0N suun Xen UlN Xen Ul XeWn uliN Xen Ul |[oqWIAS Jalsweled
009T-€ddd €eeT-e4ada 990T-£ddd 008-€ddd
® :99 a|qel 01 A|dde 09T abed wouy sajou [eisuab Buimojo) ayL :910N

(p.auo02) ulg paads Ag sta1aweled Buiwil — 99 a|qel

Samsung Electronics Co., Ltd.

Ex. 1085, p. 155



JEDEC Standard No. 79-3

Page 156

13 Electrical Characteristics and AC Timing (cont'd)

Samsung Electronics Co., Ltd.

sbuiwi] ysauay JIes
(suot (suot (suot (suot
+(u +(u +(u +(u
WD IW)O4 IW)D4 W) PUELLLLOD
N e Oy RN pIeA e 0] HOIH 3N Wol) 19say X3
- Jug)xew - oug)xew - Jug)xew - oug)xew ddxi
Buiwi] 19s9y
MOou - adglL - agl - agl - agl Seloy4! awi) uone.qifed Loys uonelado [eulloN
Mou - 952 - 95¢ - 952 - 962 ladodza awi) uonelqied N4 uonelado [ewioN
MOou - Z15 - FARS] - FARS] - Z1§ widz awin uoneigied 1353y pue dn-ijemod
Buiwi uomrelqied
SELE]
(OP)IIA 1 (OP)UIA 01 paduBIaal #MD MO
9T ‘q sd agl agl 002 Gl2 (sseq)Hn wioJj aWi pjoy ssalppy pue puewwod
SELE]]
(9B)IIA / (9B)YIA 01 paoualIafal #MD ‘MO
9T ‘q sd adglL agl S2T 002 (eseq)sn 0} awi dnias ssalppy pue puewwo)
) su - o - SY - 0S - 0S MV azis abed gyjz 10} MOpuUIM SJeAllde INoH
9 su - 0g - 0¢ - g'/€ - or My} 8z|s abed gy T 10} mopuim 8JeAloe INo4
(sugz M (sug'z "M (suot ‘M (suot M azis abed g¥z
9 - Jup)xew - Jup)xew - Jup)xew - Juy)xew adl Jo} pouad puewwod JAILOV 01 JAILOY
(sug ‘i (sug "y Amcw.w Amcv_OH azis abed g1
) - Jup)xew - Jup)xew - Jup)xew - Sup)xew ayun 1o} pouad puewwod JAILDV 0} JAILOV
pouad
3 LT abed uo suig paads prepuels, 2T 993 Syl puewwod I9HVYHIIHd 01 IAILOV
(xa)ddin
Hddn 10} ¥SIN 0118Inq peaY HdIN 10 pul
awn abreyoaid
Mou ((Bre)3101 7 dyy)dnpunos + Y (uiw)Tvas + A1an02a1 ajum abreydsaid ony
Mou - v - v - % - v aoso Kejap puewiwiod #SyD 01 #SVD
S9JON sHun XeN uiin XeN uiiN Xen uiiN XeN uIN |oqWAS Jarsweled
009T-£4aad €eeT-e4ddq 990T-£4dd 008-£4aa
e :99 9|qel 01 A|dde 09T abed wou) sajou [eiauab Buimolo) ayL :910N

(p.au02) ulg paads Aq sialaweled Bulwil] — 99 a|gel

Ex. 1085, p. 156



Page 157

JEDEC Standard No. 79-3

13 Electrical Characteristics and AC Timing (cont'd)

Alua umoQq J1amod
0z Mou - T - T - T - T NIaddd} 0] PUBWIWOD YIHd 10 F¥d 40 Bulwil
Anus umoQ
0¢ Aou - T - T - T - T N3IdAd1ow} 19MOd 0] purwWwod | DV Jo Buiwil
u u u u Buiwi] 11x3 01 Anugz umoq 1amod
ST (4341« 6 | W)IANDY | 14TH1 £ 6 | IW)INDY | (43}« 6 | W)INDY | 14T « 6 | 1W)INO) adi e
Mou - T - T - T - T a3aado Kejop s|gesip ssed puewwo)
(suszo's (sugzo's
(sug "y | A (sug 2 tpim asind winwiuiw 330
- oug)xew - oug)xew - oug)xew - oug)xew ENe)l
(suye (suye (supe (suye T1a
SO D MO SO pax20| e Buuinbal spuewwod 0} uazol}
I4 - upT)Xxew - upT)xew - upT)Xxew - upT)Xew 11adxy 77a yum umoq Jamod abreyosaid 1x3
71a pax20] e Bulinbal
JOU spuewwo?d 0] usazoJd) 71d yum umog
(sug M (sug > (sug'2 M (sugz ™M 1amod abreydaid 1IX3 ‘puewod pijeA
- Jug)xew - oug)xew - Jug)xew - Jug)xew dxa Aue 0] Uo 77Q YuIm umoq Jamod 1Ix3
sBuiwi] umoq 1amod
(su (su (su (su X3 1858y 40 (XAd)
0T Mou 0T Mou 0T Mou 0T Mou X3 UMOQ-1aM0d 10 (XHS) IX3 ysalay
- G)xew - g)xew - G)xew - g)xew XHSHO! J19S a10j3q wawalnbay %2010 pifeA
(su (su (su (su (3ad) A3
0T MOu 0T Mou 0T Mou 0T Mou umod-1amod 10 (34S) Anu3 ysauey
- G)xew - G)xew - g)xew - g)xew JYSHDY J19S Jaye Juswalinbay 320D pifeA
Hv_wﬂc Hv_.wM_: Hv_.wﬂc .ﬂv_wﬂc Buiwn 1xa 01 Anua ysaioy
oS 10J YIpIM MO winwiiul
- IDE)e)! - IW)IHO) - w)3M0) - W)IMNIL | JSIANDY HOS 10} Ll IO N
(u (u (u (u 71 paxdo| e
Mou - 1)) g glat! - w)X11Q - W)X 11Q) - w)y1Iar|  11asxs Buninbai spuewwod 01 ysayay J|9s X3
(suot (suot (suot (suot
+(u +(u +(u +(u 71a pax20] e Bulinbal
_éw_u_% _vaw% _vaw% _va_u_% 10U SPUBLILIOD 0] YSAUIY JIOS 1XT
- oug)xew - oJug)xew - Jug)xew - Jug)xew SX1
S9JO0N suun XeN uiiN XeN uiin XeN uiin XeN uiin |[oqWIAS Jla)awered
009T-€ddda €EET-€dAdA 990T-€ddd 008-€4dd
® :99 a|qel 01 A|dde 09T abed wouy sajou [eisuab Buimojo) ayL :910N

(p.auo02) ulg paads Ag sta1aweled Buiwil — 99 a|qel

Samsung Electronics Co., Ltd.

Ex. 1085, p. 157



JEDEC Standard No. 79-3

Page 158

13 Electrical Characteristics and AC Timing (cont'd)

sBuiwi] Bulana a1up
4} (Bre)y0) L0 €0 L0 €0 L0 €0 L0 €0 oawi maxs abueyd olweudp | 1y
92UaJ3J3al J011dO woly
Zt's | (Bre)yol L0 €0 L0 €0 L0 €0 L0 €0 Ele)! awn Jo-uin YM L1Y pue WON L1
2T 'L sd T4 5zz- 052 052- 00¢g 00¢- (o]0} 00t- NOW? uo-uwiny 11y
(uazouy 771@ Yyum umoQ-lamod)
su 6 T 6 1 6 T 6 P ad4owi Kejap yJo-uiny | 1Y SnouolyauAsy
(uazouy 771@ Yyum umoQ-lamod)
su 6 1 6 1 6 T 6 1 ddNow? Aejap uo-uiny | 14 SNOUOIYIUASY
87g
Mou - 9 - 9 - 9 - 9 8HLAO pue puewwod a1 yim awi ybiy 1ao
049 pue puewwod allM YlIMm 1o
Mou - 14 - 4 - 14 - 4 ¥H1AO PUBLILIOD 31LM Inoynm swn ybiy 1ao
sbulwil 1do
(u (u (u (u Anua umoQ
- w)aowns - IW)AON} - IW)AOIN} - IW)AoW! | NIAdSHIn 1amod 01 puewiwod SHIA Jo Bulwil
Alus umoQ
12 '02 Mou - T - P - T - 1 NIAd434 1aMod 01 puewwod 43 Jo Buiwil
T+ dM T+dM T+ dM T+ dM (SHTDQ) Anua umoq
0T Mou - +Z+1IM - +2+TM - +Z+IM - +Z+ 1M | NIadvam 1amod 01 puewwod Yy Jo Buiwil
( ( ( (
(Bre)yon (Bre)yon (Bre)on (Bre)y0on (sanvog) Anus
/ dM) / M) / H4M) / M) umo(q 1amod 0} puBlIWIOd JAN 4O Bulwi|
6 Mou - +Z+1IM - +2+TM - +2+1IM - +2+1M | NIAddMm
(Ele]%el!
T+dM T+dM T+dM T+dM ‘SYNSTG ‘410819) Anua umoQ
0T Mou - +¥+ M - +¥+ M - +7+ M - + ¥+ 1M | NIAdVIMW 1amod 0} puewiwod vy Jo Buiwil
( ( ( (
(Bre)y10) (Bre)>10) (Bre)¥0) (Bre)y0) (d1ov04 ‘syINg1g ‘4108149) Anus
/ dM) / ¥4MY) / dM) / 9D umoQ Jamod 0} pUBLIWIODd YA 40 Bulwi |
6 Mou - +1+ M - +7+ 1M - +¥+ 1M - +¥+1M | NIaddml
T T T T Anua umoQ
Aou - +¥+71d - +¥+7d - +v+71d - +7+7d | NIAdQydr | Jemod 01 puewwod yay/ay Jo Buiwig
S9JON sHun XeN uiin XeN uiiN Xen uiiN XeN uIN |oqWAS Jarsweled
009T-£4Adq €eeT-edaa 990T-£4ada 008-€4aad
e :99 9|qel 01 A|dde 09T abed wou) sajou [eiauab Buimolo) ayL :910N

(p.au02) ulg paads Aq sialaweled Bulwil] — 99 a|gel

Samsung Electronics Co., Ltd.

Ex. 1085, p. 158



Page 159

JEDEC Standard No. 79-3

13 Electrical Characteristics and AC Timing (cont'd)

Su 4 0 [4 0 4 0 [4 0 30TV 10413 Indino Buians| alupn
su S/ 0 6 0 6 0 6 0 oW Kejap indino BuiaAs| a1
Buissoio
#5120 ‘MO Buisu 01 Buissoid #sOA ‘sOA
(Bre)X0) - agl - ST0 - ST0 - ST HIW Buisu woJy awin pjoy Buiaas| 1M
Buissoio
#s0a ‘sOA buisu 01 Buissoid #3110
(Bre))10) - adl - ST'0 - ST0 - ST0 STW M2 Buisu wouy swn dnyas Buljaas| 1M
pawwrelboud sI spow
€ Mou - 14 - G2 - 14 - G2 N3sSOAIW Buijana| aum Jaye Aejap #s0A/sOA
pawweiboud sI apow Bulans|
€ Mou - ov - oY - oY - ov QNI aum saye abpa buisu #sOA/sOA isiiH
S310N sHun XeN ]]7N Xen UuIin XeN Ui Xen Ui |[oqWIAS lalaweled
009T-€ddd €EET-€dAd 990T-€ddd 008-€ddd
® :99 a|qel 01 A|dde 09T abed wouy sajou [eisuab Buimojo) ayL :910N

(p.auo02) ulg paads Ag sta1aweled Buiwil — 99 a|qel

Samsung Electronics Co., Ltd.

Ex. 1085, p. 159



JEDEC Standard No. 79-3

Page 160
13 Electrical Char

13.1 Jitter Notes
(ballot 06-21, 1681.05

Specific Note a

Specific Note b

Specific Note ¢

Specific Note d

Specific Note e

Specific Note f

acteristics and AC Timing (cont'd)

, added 7/28/2006) integrated into AC Param table/notes on 8/1/2006)

Unit ‘tCK(avg)’ represents the actual tCK(avg) of the input clock under operation. Unit
‘nCK’ represents one clock cycle of the input clock, counting the actual clock
edges.ex) tMRD = 4 [nCK] means; if one Mode Register Set command is registered at
Tm, another Mode Register Set command may be registered at Tm+4, even if (Tm+4 -
Tm) is 4 x tCK(avg) + tERR(4per),min.

These parameters are measured from a command/address signal (CKE, CS#, RAS#,
CAS#, WE#, ODT, BAO, A0, Al, etc.) transition edge to its respective clock signal (CK/
CK#) crossing. The spec values are not affected by the amount of clock jitter applied
(i.e. tJIT(per), tJIT(cc), etc.), as the setup and hold are relative to the clock signal
crossing that latches the command/address. That is, these parameters should be met
whether clock jitter is present or not.

These parameters are measured from a data strobe signal (DQS(L/U), DQS(L/U)#)
crossing to its respective clock signal (CK, CK#) crossing. The spec values are not
affected by the amount of clock jitter applied (i.e. tJIT(per), tJIT(cc), etc.), as these are
relative to the clock signal crossing. That is, these parameters should be met whether
clock jitter is present or not.

These parameters are measured from a data signal (DM(L/U), DQ(L/U)0, DQ(L/U)1,
etc.) transition edge to its respective data strobe signal (DQS(L/U), DQS(L/U)#) cross-

ing.

For these parameters, the DDR3 SDRAM device supports thPARAM [nCK] = RU{
tPARAM [ns] / tCK(avg) [ns] }, which is in clock cycles, assuming all input clock jitter
specifications are satisfied. For example, the device will support thRP = RU{tRP /
tCK(avg)}, which is in clock cycles, if all input clock jitter specifications are met. This
means: For DDR3-800 6-6-6, of which tRP = 15ns, the device will support thRP =
RU{tRP / tCK(avg)} = 6, as long as the input clock jitter specifications are met, i.e. Pre-
charge command at Tm and Active command at Tm+6 is valid even if (Tm+6 - Tm) is
less than 15ns due to input clock jitter.

These parameters are specified per their average values, however it is understood
that the following relationship between the average timing and the absolute instanta-
neous timing holds at all times. (Min and max of SPEC values are to be used for calcu-
lations in Table 67.

Table 67 — Min and Max SPEC values

Parameter Symbol min max Units
Absolute clock period tCK(abs) tCK(avg),min + tJIT(per),min tCK(avg),max + tJIT(per),max ps
Absolute clock HIGH pulse width tCH(abs) tCH(avg),min x tCK(avg),min + | tCH(avg),max x tCK(avg),max + ps
tJIT(duty),min tJIT(duty),max
Absolute clock LOW pulse width tCL(abs) tCL(avg),min x tCK(avg),min + tCL(avg),max x tCK(avg),max + ps
tJIT(duty),min tJIT(duty),max

Example: For DDR3-800, tCH(abs),min = ( 0.48 x 2500 ps ) - 100 ps = 1100 ps, if
tCH(avg),min = 0.48 tCK(avg) and tJIT(duty),min = -100 ps
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13 Electrical Characteristics and AC Timing (cont'd)

13.2 Timing Parameter Notes

Notes:

1.
2.

o g s w

© N

10.
11.
12.

13.
14.

15.
16.

17.

18.

19.
20.

21.

22.

Actual value dependant upon measurement level definitions which are TBD.

Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT
commands.

The max values are system dependent.
WR as programmed in mode register
Value must be rounded-up to next higher integer value

There is no maximum cycle time limit besides the need to satisfy the refresh interval,
tREFI.

For definition of RTT turn-on time tAON See 5.2.2 “Timing Parameters” on page 84.
For definition of RTT turn-off time tAOF See 5.2.2 “Timing Parameters” on page 84.
tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR /
tCK to the next integer.

WR in clock cycles as programmed in MRO.

The maximum postamble is bound by tHZDQS(max)

Output timing deratings are relative to the SDRAM input clock. When the device is
operated with input clock jitter, this parameter needs to be derated by t.b.d.

Value is only valid for RON34

Single ended signal parameter. Refer to chapter <t.b.d.> for definition and measure-
ment method.

tREFI depends on TOPER

tIS(base) and tIH(base) values are for 1V/ns CMD/ADD single-ended slew rate and
2VIns CK, CK# differential slew rate. Note for DQ and DM signals, VREF(DC) =

VRefDQ(DC). For input only pins except RESET#, VRef(DC) = VRefCA(DC). See
13.3 “Address / Command Setup, Hold and Derating” on page 162

tDS(base) and tDH(base) values are for 1V/ns DQ single-ended slew rate and 2V/ns
DQS, DQS# differential slew rate. Note for DQ and DM signals, VREF(DC) =
VRefDQ(DC). For input only pins except RESET#, VRef(DC) = VRefCA(DC). See
13.4 “Data Setup, Hold and Slew Rate Derating” on page 168.
Start of internal write transaction is defined as follows:

For BL8 (fixed by MRS and on- the-fly): Rising clock edge 4 clock cycles after WL.

For BC4 (on- the- fly): Rising clock edge 4 clock cycles after WL.

For BC4 (fixed by MRS): Rising clock edge 2 clock cycles after WL.
The maximum preamble is bound by tLZDQS(max)
CKE is allowed to be registered low while operations such as row activation, pre-

charge, autoprecharge or refresh are in progress, but power-down IDD spec will not
be applied until finishing those operations.

Although CKE is allowed to be registered LOW after a REFRESH command once
tREFPDEN(min) is satisfied, there are cases where additional time such as tXP-
DLL(min) is also required. See Figure 65 — “Power-Down Entry/Exit Clarifications -
Case 2" on page 81

tJIT(duty) = +/- { 0.07 * tCK(avg) — [(0.5 - (min (tCH(avg), tCL(avQ))) * tCK(avg)] }. For
example, if tCHACL was 0.48/0.52, tJIT(duty) would calculate out to +/-125ps for
DDR3-800. The tCH(avg) and tCL(avg) values listed must not be exceeded.
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13 Electrical Characteristics and AC Timing (cont'd)

13.3 Address / Command Setup, Hold and Derating
(Ballot 06-20, 1627.31 updated 7/28/2006)

For all input signals the total tIS (setup time) and tIH (hold time) required is calculated by adding the data sheet
tIS(base) and tIH(base) value (see Table 68) to the AtlS and AtIH derating value (see Table 69) respectively.
Example: tIS (total setup time) = tIS(base) + AtIS

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vggr(qc) and
the first crossing of Vaeymin. Setup (t1S) nominal slew rate for a falling signal is defined as the slew rate between
the last crossing of Vrer(qc) and the first crossing of Vil(ac)max. If the actual signal is always earlier than the
nominal slew rate line between shaded “Vgrgp(qc) to ac region”, use nominal slew rate for derating value (see Figure
Figure 100). If the actual signal is later than the nominal slew rate line anywhere between shaded “Vggg(qc) to ac
region’, the slew rate of a tangent line to the actual signal from the ac level to dc level is used for derating value (see
Figure 102).

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vil(dc)max and
the first crossing of Vrer(qc). Hold (tIH) nominal slew rate for a falling signal is defined as the slew rate between the
last crossing of Vih(dc)min and the first crossing of Vrer(qc). If the actual signal is always later than the nominal slew
rate line between shaded ‘dc to Vrer(qc) region’, use nominal slew rate for derating value (see Figure 101). If the
actual signal is earlier than the nominal slew rate line anywhere between shaded “dc to Vrgp(qc) region’, the slew rate
of a tangent line to the actual signal from the dc level to Vrer(qc) level is used for derating value (see Figure 103).

For a valid transition the input signal has to remain above/below V1 (ac) for some time tyac (see Table 70).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached
VIHiL(ac) @t the time of the rising clock transition) a valid input signal is still required to complete the transition and

reach Vin/L (ac)-

For slew rates in between the values listed in Table 69, the derating values may obtained by linear interpolation.

These values are typically not subject to production test. They are verified by design and characterization.
Table 68 — ADD/CMD Setup and Hold Base-Values for 1V/ns

unit [ps] DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600 reference
tIS(base) 200 125 TBD TBD VIHIL(ac)
tIH(base) 275 200 TBD TBD VIHIL(de)

Note:

(ac/dc referenced for 1V/ns DQ-slew rate and 2 V/ns DQS slew rate)
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13 Electrical Characteristics and AC Timing (cont'd)
13.3 Address / Command Setup, Hold and Derating (cont'd)
Table 69 — Derating values DDR3-800/1066 tIS/tIH - ac/dc based
AtlS, AtIH derating in [ps] AC/DC based
CK,CK# Differential Slew Rate
4.0 ViIns 3.0V/ns 2.0V/ns 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins
AtIS | AtIH | AtIS | AtIH | AtIS AtIH AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH
20| 8 | 50 | 88 | 50 | 88 | 50 | 96 | 58 | 104 | 66 | 112 | 74 | 120 | 84 | 128 | 100
15|59 | 34 | 59 | 34 | 59 | 34 | 67 | 42 | 75 | 50 | 83 | 58 | 91 | 68 | 99 | 84
10| 0 0 0 0 0 0 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
%I\SB/ 0.9 -4 4 | -2 -4 6 14 | 12 | 22 | 20 | 30 | 30 | 38 | 46
Slew 08| 6 | -10| -6 | -10| -6 | -10 | 2 10 | 6 | 18 | 14 | 26 | 24 | 34 | 40
rate

Vins | 07| -11 | -16 | -11 | -16 | -11 | -16 | -3 8 5 0 | 13| 8 | 21| 18 | 29 | 34
06|-17 | -26|-17|-26|-17| 26 | 9 |-18| -1 |-10| 7 2| 15| 8 | 23 | 24
05| -35|-40| 35| -40 | -35 | -40 | 27 | -32 | -19 | 24 | -11 | -16 | -2 | -6 5 | 10
04| -62|-60| 62 | -60 | 62 | -60 | -54 | -52 | -46 | -44 | -38 | -36 | -30 | -26 | -22 | -10

Table 70 — Required time tyac above VIH(ac) {below VIL(ac)} for valid transition

Slew Rate [V/ns] tyac [ps]
min max
>2.0 75 -
2.0 57 -
15 50 -
1.0 38 -
0.9 34 -
0.8 29 -
0.7 22 -
0.6 13 -
0.5 0 -
<05 0 -
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13 Electrical Characteristics and AC Timing (cont'd)
13.3 Address / Command Setup, Hold and Derating (cont'd)

Note: Clock and Strobe are drawn
on a different time scale.
\
DQS N
tDS tDH
— | —>
Voo T T T | T T T - -
ViH@e Min - — — — — |
VREF to ac
region
ViHdgmin _ _ |
nominal
slew rate
VREF(c) - e L e -
nominal
/slew rate

ViL(de)y max = — [~ A~ £

VREF to ac
VIL(ac) max - — + — - - - - - — region
VSS _ — ] — — —_ —_ — — ] _ —_— — —] — — —_— —_— —_— —_— —_— —_— =

—> <+— —> <+“—
ATF ATR
Setup Slew Rate _ VREF(c) - ViL@agMaX  Setup Slew Rate _ ViH@e)Min - VRer(dc)
Falling Signal ATF Rising Signal ATR
Figure 100 — Illustration of nominal slew rate and tysc for setup time tpg (for DQ with respect to

strobe) and t,5 (for ADD/CMD with respect to clock).
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13 Electrical Characteristics and AC Timing (cont'd)
13.3 Address / Command Setup, Hold and Derating (cont'd)
Note: Clock and Strobe are drawn
on a different time scale.
nominal
slew rate
nominal
slew rate ——] dc to VRer
region
VSS ___________ _— 1 — - - - = — 4 — —
—> — —> «—

ATR ATF

Hold Slew Rate _ VReF(de) - ViLdoMaX  Hoig Slew Rate _ ViF(de)MiN - VREF(dc)
Rising Signal ~ ATR Falling Signal ~ ATE
Figure 101 — Illustration of nominal slew rate for hold time tpy (for DQ with respect to strobe) and
tjy (for ADD/CMD with respect to clock).

Samsung Electronics Co., Ltd.
Ex. 1085, p. 165



JEDEC Standard No. 79-3
Page 166

13 Electrical Characteristics and AC Timing (cont'd)
13.3 Address / Command Setup, Hold and Derating (cont'd)

Note: Clock and Strobe are drawn

on a different time scale.
DQS N
tDS tDH
4+—r|—>
Voo T T T T T T T T _ VAG -
nominal  |¢ t
line
ViHaymn - - - — — | — — — — — - — — = B — — N\ -
(ac) VREF to ac
region
ViHgggmin - — — — | — — - - - - — —C
tangent
line
VReEFde) K@ ——F———"""""M- @ —|-————— -\ -
|- tangent
line
ViLggmax -~/ ~W\— [~~~ ~"Y 7|7 |-~~~
VReg to ac
region
ViL(ac) max - - -]--—————=-
nominal
line —> «—
tVAC ATR
Vg - |- — |- - - - - - — — — — — = — — — — — — — -
Setup Slew Rate_ tangent line[VyacyMin - Vrer(de)l
Rising Signal ~ ATR
—> — .
ATF ' Setup Slew Rate  tangent line[Vrer(c) - ViL(acyMax]
Falling Signal = ATF
Figure 102 — Illustration of tangent line for setup time tpg (for DQ with respect to strobe) and t;g

(for ADD/CMD with respect to clock)
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13 Electrical Characteristics and AC Timing (cont'd)
13.3 Address / Command Setup, Hold and Derating (cont'd)

Note: Clock and Strobe are drawn

on a different time scale.
\
DQS L
tDS tDH
+—r | ¢—>
Voo [T T T T -
ViHggmin - — — — —|— — — — — — - -
ViHdgmin = — = — — |- — = — = — e
dc to VReg
region tangent
VREFe) -~ ——— | ——— — — 4 ——————
tangent
dc to Virer line 1 \
nominal
line
VSS _____________________ — 4 — -
—| |- — -
ATR ATF
Hold Slew Rate_ tangentline [ Vrep(c) - Vi (dcymax |
Rising Signal ~ ATR
Hold Slew Rate _ tangent line [ Vgeymin - Vreg(de) |
Falling Signal ~ ATE
Figure 103 — Illustration of tangent line for for hold time tpy (for DQ with respect to strobe) and t|y

(for ADD/CMD with respect to clock)
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13 Electrical Characteristics and AC Timing (cont'd)

13.4 Data Setup, Hold and Slew Rate Derating
(Ballot 06-19, 1627.28 updated 7/28/2006)

For all input signals the total tDS (setup time) and tDH (hold time) required is calculated by adding the data sheet
tDS(base) and tDH(base) value (see Table 71) to the AtDS and AtDH (see Table 72) derating value respectively.
Example: tDS (total setup time) = tDS(base) + AtDS.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vggr(qc) and
the first crossing of Vpaymin. Setup (tDS) nominal slew rate for a falling signal is defined as the slew rate between
the last crossing of Vrer(qc) and the first crossing of Vy_ocymax (see Figure 104). If the actual signal is always earlier
than the nominal slew rate line between shaded “Vrgp(qyc) to ac region’, use nominal slew rate for derating value. If
the actual signal is later than the nominal slew rate line anywhere between shaded “Vgrgg(qc) to ac region’, the slew
rate of a tangent line to the actual signal from the ac level to dc level is used for derating value (see Figure 106).
Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V;; ¢max
and the first crossing of Vrer(qc)- Hold (tDH) nominal slew rate for a falling signal is defined as the slew rate
between the last crossing of Vgcymin and the first crossing of Vrer(qc) (see Figure 105). If the actual signal is
always later than the nominal slew rate line between shaded “dc level to Vg (qc) region’, use nominal slew rate for
derating value. If the actual signal is earlier than the nominal slew rate line anywhere between shaded “dc to Vrgr(qc)
region’, the slew rate of a tangent line to the actual signal from the dc level to Vrgp(qc) level is used for derating value
(see Figure 107).

For a valid transition the input signal has to remain above/below VIHALac) for some time tyac (See Table 73).
Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached
VIHiL(ac) at the time of the rising clock transition) a valid input signal is still required to complete the transition and
reach Vpyit_(ac)-

For slew rates in between the values listed in the tables the derating values may obtained by linear interpolation.
These values are typically not subject to production test. They are verified by design and characterization
Table 71 — Data Setup and Hold Base-Values

Samsung Electronics Co., Ltd.
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[ps] DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600 reference
tDS(base) 75 25 TBD TBD VIH/L(ac)
tDH(base) 150 100 TBD TBD VIH/L(dc)

Note: (ac/dc referenced for 1V/ns DQ-slew rate and 2 V/ns DQS slew rate)
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13 Electrical Characteristics and AC Timing (cont'd)
13.4 Data Setup, Hold and Slew Rate Derating (cont'd)

Table 72 — Derating values DDR3-800/1066 tDS/tDH - ac/dc based

AtDS, ADH derating in [ps] AC/DC based *
DQS, DQS# Differential Slew Rate
4.0 Vins 3.0V/ns 2.0VIns 1.8 Vins 1.6 ViIns 1.4Vins 1.2Vins 1.0 Vins
AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH

20| 8 | 50 | 8 |5 |8 |5 | -] -] -1 -1-1-1-]-
15|50 | 34 | 590 | 34 | 59 | 34 | 67 | 42| - | - | - | - | - | -
10lo]o]olof[olol]es %] 16 ] - - -]-

o (09| - | - | 2|4 2] 4|6 14 | 12 | 22 | 20 | - | -

Slewlos[ - | - [ - | - | 6| 0] 2] 2|10 6 |18 14|26 | 24

Vins (07 - | - | - | -] - | - | 3| 8|5 ] 0] 13| 8 |21]|18] 2 | 34
06 - | - | - | - - [ - -7 -] 2107 =2]155]38]23]24
o5 - | - | - | - -1 -1 -1 -[]-[-12t]16] 26510
04l - | - | - [ -1 -1 -1 -1 -1 -T-1-1-13/]=26]=22]10

NOTE:

1.Cell contents shaded in red are defined as ‘not supported’.
Table 73 — Required time tysc above VIH(ac) {below VIL(ac)} for valid transition

Slew Rate [V/ns] tyac [ps]
min max
>2.0 75 -
2.0 57 -
15 50 -
1.0 38 -
0.9 34 -
0.8 29 -
0.7 22 -
0.6 13 -
0.5 0 -
<05 0 -

Samsung Electronics Co., Ltd.
Ex. 1085, p. 169



JEDEC Standard No. 79-3
Page 170

13 Electrical Characteristics and AC Timing (cont'd)
13.4 Data Setup, Hold and Slew Rate Derating (cont'd)

Note: Clock and Strobe are drawn
on a different time scale.
\
DQS N
tDS tDH
—> | —>
Voo T T T | T T T - -
VIH(ac) mn - — — — — |
VREF to ac
region
ViHdgmin _ _ |
nominal
slew rate
VREF(c) - e L e -
nominal
/slew rate

ViLde) max ~— — [~ A~ £

VREF to ac
VIL(ac) max - — + — - - - - - — region
VSS _ 1 — — ] — — —_ —_ —_- — ] _ —_— — —] — — —_— —_— —_— —_— —_— —_— =

—> <+— —> <4+—
ATF ATR
Setup Slew Rate _ VREF(c) - ViL@agMaX  Setup Slew Rate _ ViH@e)Min - VRer(dc)
Falling Signal ATF Rising Signal ATR
Figure 104 — Illustration of nominal slew rate and tysc for setup time tpg (for DQ with respect to

strobe) and t,5 (for ADD/CMD with respect to clock).

Samsung Electronics Co., Ltd.
Ex. 1085, p. 170



JEDEC Standard No. 79-3

Page 171
13 Electrical Characteristics and AC Timing (cont'd)
13.4 Data Setup, Hold and Slew Rate Derating (cont'd)
Note: Clock and Strobe are drawn
on a different time scale.
nominal
slew rate
nominal
slew rate ——] dc to VRer
region
VSS ___________ _— 1 — - - - = — 4 — —
—> — —> «—

ATR ATF

Hold Slew Rate _ VReF(dc) - ViL@)M3X  Hold Slew Rate _ ViH(de)Min - VRerF(dc)
Rising Signal ~ ATR Falling Signal = ATF
Figure 105 — lllustration of nominal slew rate for hold time tpy (for DQ with respect to strobe) and
tjy (for ADD/CMD with respect to clock).
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13 Electrical Characteristics and AC Timing (cont'd)
13.4 Data Setup, Hold and Slew Rate Derating (cont'd)

Note: Clock and Strobe are drawn
on a different time scale.
DQS - =
tDS tDH
“—r|—>
Voo T T T T T[T T T _ VAG -
no_mlnal <
line
ViH@oymMn - - — — - — — — — — - — — - - — — N\ - - — — -
(ac) VReg to ac
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ViHggmin - — — — | — — — _ _ - - - — — —C
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line
VReEFd) @ """ & —|-————— -\ -
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Vigggmax - — )W\ |-~~~ |- |-~~~ -~
VREF to ac
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V|L(ac) max. -——-—-l--—--———— = -
nominal
line —> —
tVAC ATR
Vs - |- — |- - - - - - — — — — — — — — — — — — — -
Setup Slew Rate_ tangent line[VyacyMin - Vrer(de)l
Rising Signal — ATR
—> — )
ATF | Setup Slew Rate  tangent line[Vrerqc) - ViL(acmax]
Falling Signal — ATE
Figure 106 — lllustration of tangent line for setup time tpg (for DQ with respect to strobe) and t;g

(for ADD/CMD with respect to clock)
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13 Electrical Characteristics and AC Timing (cont'd)
13.4 Data Setup, Hold and Slew Rate Derating (cont'd)

Note: Clock and Strobe are drawn
on a different time scale.
CK
CK
DQS === ——1 -
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DQS 1 S
tDS tDH
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Voo T T[T~ - -
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tangent
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line
VSS _____________________ — 1 — —
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ATR ATF
Hold Slew Rate_ tangentline [ Vrep(c) - Vi (dcymax |
Rising Signal ~ ATR
Hold Slew Rate _ tangentline [ Vygemin - Vrer(de) |
Falling Signal ~ ATE
Figure 107 — Illustration of tangent line for for hold time tpy (for DQ with respect to strobe) and t;y

(for ADD/CMD with respect to clock)
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